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Quality, composition and antioxidant activity of Algerian wild olive (Olea europaea L. subsp. Oleaster) oil
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Wild olive trees, also called oleasters, are largely distributed all around the Mediterranean basin. The objective of this study was to evaluate the quality, the composition and the antioxidant activity of four Algerian oleaster oils in comparison to an extra virgin olive oil (EVOO) reference. Three of the four oleaster oils exhibited a composition in accordance to the extra virgin oil category. The total phenol, ortho-diphenol and tocopherol contents were equal to higher in the oleaster oils, than in the EVOO reference. Moreover, all the oleaster oils exhibited higher antioxidant properties than the EVOO reference. Interestingly, the phenolic composition of the oleaster oils differed greatly between samples. Two compounds usually not described in olive oil were identified, namely eriodictyol and naringenin. Principal component analysis (PCA) applied to tocopherol and phenolic compounds showed clear variability between oil samples. Taken together, these results highlight the high potential of oleaster oil as a phytochemical resource, a possible alternative food and a genetic resource to improve the olive oil quality.

Introduction

The olive tree and oleaster are two subspecies europaea of Olea europaea which are naturally distributed all around the Mediterranean Basin. They form a complex set of cultivated (Olea europaea subsp. europaea var. europaea) and wild forms (Olea europaea subsp. europaea var sylvestris) [START_REF] Breton | De l'olivier à l'oléastre: origine et domestication de l'Olea europaea L. dans le Bassin méditerranéen[END_REF]. The oleasters reproduce sexually by wind pollination and their seeds are mainly dispersed by birds [START_REF] Baldoni | Genetic Structure of Wild and Cultivated Olives in the Central Mediterranean Basin[END_REF].

Oleasters differ from the cultivated olive trees by the presence of spinescent juvenile shoots, smaller fruits characterized by a less fleshy mesocarp and a higher stone/mesocarp ratio, relatively low oil content, a longer juvenile stage, and a higher ability to survive in harsh environments [START_REF] Terral | Beginnings of olive cultivation in relation to Holocene bioclimatic changes[END_REF]. The oleaster resources aroused a considerable interest to develop and select new olive cultivars with superior oil quality [START_REF] Baccouri | Wild Olive (Olea Europaea L.) Selection for Quality Oil Production[END_REF].

Several studies reported benefic effect of olive oil from cultivars on the human health, but little is known about oleaster oil [START_REF] Hannachi | Fatty acids, sterols, polyphenols, and chlorophylls of olive oils obtained from Tunisian wild olive trees (Olea europaea l. var.sylvestris)[END_REF]. Olive oil is the main source of lipid in the Mediterranean diet [START_REF] Tanjour | An evaluation of physicochemical parameters of some wild olive oil varieties in Syrian Coastal Territory[END_REF]. It is considered as the most useful edible oil in the world due to its good characteristics such as its fine aroma and pleasant taste, and its high resistance to oxidation. It was also reported that the olive oil has no adverse effect on the human body, due to the absence of cholesterol [START_REF] Hannachi | Fatty acids, sterols, polyphenols, and chlorophylls of olive oils obtained from Tunisian wild olive trees (Olea europaea l. var.sylvestris)[END_REF].

Recent studies have reported that oleaster oil presents higher contents of antioxidant and oleic acid than oil from cultivars [START_REF] Dabbou | Comparison of the Chemical Composition and the Organoleptic Profile of Virgin Olive Oil from Two Wild and Two Cultivated Tunisian Olea europaea[END_REF]. [START_REF] Belarbi | Oleaster oil positively modulates plasma lipids in humans[END_REF] reported that the consumption of oleaster oil has improved the plasma lipid profile of healthy volunteers.

Oleaster oil is also reported as an antidote to some poisons and is a good hair lubricant [START_REF] Bammi | Les plantes medicinales dans la foret de l'achach ( plateau central, maroc )[END_REF].

Algeria has important olive resources that are not valorized. Olea europea species occupies as much as 2.3 % of the total cultivated surface of Algeria. Algerian oleiculture is divided into 3 zones: West, center (Kabylie) and East [START_REF] Abdul-Hussain | Influence of the gibberelic acid on the germination of the seeds of olive-tree Olea europea L[END_REF]. Vast uncultivated areas are occupied by oleaster in Bejaia (East center).

The present study was conducted to compare the oil composition and the antioxidant activity of four oleaster olive oils from the province of Bejaia with a commercial extra virgin olive.

For this purpose we investigated several oil quality indices together with the composition in fatty acids, tocopherols and phenolic compounds and the antioxidant activities of the four oleaster oils.

Materials and methods

Plant material

Four Algerian oleaster populations originating from Bejaia (Tifra, Adekar, Sidi-Aich and Tazmalt) were harvested between mid-December 2011 and early January 2012. Olives from the Chemlal variety were purchased from the oil mill and were used as control.

The olive harvest has been done by hand from adult oleaster trees which were selected, regarding their fruit load and size and the shape of their leaves. This feature allows differentiating oleaster from cultivated olive tree.

Oil extraction

The oil extraction was performed at the Experimental Farm of the Technical Institute of Fruitbearing Arboriculture and the Vine (TIFAV), using oleodoseur (Levi-Dilon-Lerogsame) equipped with a centrifuge divider (3000 rpm). Four and a half to five kilograms of olives were crushed with a hammer mill and slowly mixed for 30 min in two steps, 15 min without addition of water, and 15 min after addition of warm water at 30 ± 1 °C (50 mL for 920 g of olive paste). The resulting paste was centrifuged to extract the oil. The oil was decanted, transferred into dark glass bottles, and stored in the dark at 4°C until analysis. The extra virgin olive oil (EVOO) reference was extracted from Chemlal olives with the same process than oleaster oil.

Quality indices

The free acidity, the peroxide value and the UV spectrophotometric indices (measured at 232 and 270 nm) were determined according to the European Union standard methods (Commission Regulation (EEC) no. 2568/91).

Fatty acid composition

The analytical method for the determination of fatty acid composition was described in regulation to the European Union standard methods (Commission Regulation (EC) No 796/2002 of 6 May 2002). Fatty acids were converted to fatty acid methyl esters (FAME) by shaking a solution of 0.5 g of oil in 5 mL of hexane to which were added 0.5 mL of a methanolic potassium hydroxide solution (2 N). The mixture was stirred for 30 sec and then centrifuged at 3000 rpm for 5 min. A hundred microliters of the supernatant were removed and mixed with 1 mL of hexane.

One microliter of the methyl esters mixture was analyzed on a Gas Chromatograph (Chrompack C 9002) with a capillary column (30 m × 0.32 mm; the film thickness 0.25 µm) operated at 200°C. The temperature of the injector and the flame ionization detector were maintained at 250°C. The carrier gas was nitrogen.

Tocopherol analysis

Tocopherols were extracted using a method adapted from [START_REF] Bele | Tocopherol content in vegetable oils using a rapid HPLC fluorescence detection method[END_REF]. Hence, 50 mg of oil were diluted in 1 mL of hexane. After a 10 min centrifugation at 5000 rpm, the samples were filtered on a 2 µm filter. and tocopherols were determined from this solution, whereas -tocopherol was determined on a solution diluted 20 times in MeOH / Hexane (80 / 20, v / v). Ten microliters of sample were analyzed on HPLC-MS using the analytic method extensively described in [START_REF] Nonviho | Lophira lanceolata seed oil extraction method (ancestral and modern) modifies the properties of the oil[END_REF].

Extraction of the phenolic fraction

Extraction was carried out according to the method described by Olivier et al. (2004). Ten grams of oil were dissolved in 10 mL of MeOH / H 2 O (80 / 20, v / v). The mixture was vortexed and centrifuged at 3800 rpm for 15 min. The polar fraction was transferred in a 50 mL volumetric flask. The extraction was repeated three times and the volume was made up to 50 mL with MeOH / H 2 O (80 / 20, v / v).

Total phenol content

Total phenol content was determined using the Folin-Ciocalteau method. In a 20 mL volumetric flask, a volume of 0.5 mL of Folin-Ciocalteau reagent was added to 2 mL of the phenolic extract. After 3 min, 4 mL of a sodium carbonate solution (10 %) was added, and the total volume was adjusted with distilled water to 20 mL. After 90 min of incubation in the dark, the solution was centrifuged, and the absorbance was read at 765 nm. The total phenol content was expressed in mg equivalent of gallic acid per kilogram of oil (mg GAE / kg; [START_REF] Favati | Rapid determination of phenol content in extra virgin olive oil[END_REF] 

Colorimetric determination of ortho-diphenols

Four milliliters of phenolic extract were dissolved in 1 mL of solution of sodium molybdate dihydrate (5 %) in ethanol/water (1 : 1). The mixture was shaken vigorously. After 15 min, the absorbance was measured at 370 nm and the results expressed using a caffeic acid calibration curve [START_REF] Mateos | Determination of phenols, flavones and lignans in virgin olive oils by solid-phase extraction and high performance liquid chromatography with diode array ultraviolet detection[END_REF].

Chromatographic analysis of phenolic fraction

Compounds contained in the phenolic fraction were separated on a U-HPLC system (Prominence, Shimadzu, Japan) composed by a binary solvent delivery pump connected to a diode array detector and a MS spectrophotometer. One microliter of phenolic extract was separated on a C18 Kinetex (100 mm × 2.1 mm) column (Phenomenex, USA) by using a gradient elution from 10 to 70 % MeOH for 9 min, then 100 % MeOH for 2 min with a flow rate of 500 µL min -1 . The column was equilibrated to 10 % MeOH for 2 min prior to the next run. Compound identification was realized by comparing the retention time, the absorbance maxima and the MS spectra to authentic standards whenever available. When no standard was available, an identification was proposed based on the comparison of the MS spectra to metabolomics databases (ReSpect: http://spectra.psc.riken.jp, Mass Bank:

httpwww.massbank.jp) and to the available literature [START_REF] Cardoso | Characterisation of phenolic extracts from olive pulp and olive pomace by electrospray mass spectrometry[END_REF][START_REF] Torre-Carbot | Characterization and quantification of phenolic compounds in olive oil by solid-phase extraction, HPLC-DAD and HPLC-MS/MS[END_REF][START_REF] Toth | Phenolic profiling of various olive bark-type and leaves: HPLC-ESI/MS study[END_REF]. Compound quantification was based on six-point standard curves measured at 280 nm for tyrosol (0.54 -18 µg / mL) and oleuropein (1.5 -50 µg / mL), at 300 nm for p-coumaric acid (0.16 -16 µg / mL) and at 350 nm for luteolin (0.28 -28 µg / mL), apigenin (0.27 -27 µg / mL), naringenin (0.27 -27 µg / mL) and eriodictyol (0.28 -28 µg / mL). All the analytical curves were linear (r² = 0.99). Phenolics for which no standard was available, were expressed relative to tyrosol (hydroxy-tyrosol), oleuropein (DHPEA-EDA, hydroxy-oleuropein aglycon, methyl oleuropein aglycon, oleuropein aglycon, Ligstroside aglycon isomers) and luteolin (methoxy-luteolin). Limit of detection (LOD) and limit of quantification (LOQ) for tyrosol were respectively 0.1 µg / mL and 0.3 µg / mL. LOD and LOQ for oleuropein were respectively 0.5 µg / mL and 1.5 µg / mL. LOD and LOQ for the other standards were respectively 0.05 µg / mL and 0.15 µg / mL.

Bitter index K 225

Bitter index was carried out according the method described by [START_REF] Inarejos-Garcia | Discussion on the objective evaluation of virgin olive oil bitterness[END_REF].

One gram of oil was dissolved in 5 mL of hexane, and then was extracted with 5 mL of 

Antioxidant activities

Radical Scavenging Activity Using DPPH

The radical-scavenging activity was determined using the method described by [START_REF] Amro | Antioxidative and radical scavenging effects of olive cake extract[END_REF]. The result of radical scavenging activity was expressed as mg gallic acid equivalent per kilogram of oil (GAE / kg)

Radical scavenging activity against the radical ABTS .+

The radical scavenging activity against the radical ABTS .+ , was determined according to the method of [START_REF] Re | Antioxidant activity applying an improved ABTS radical cation decolorization assay[END_REF]. ABTS .+ was generated by the oxidation of ABTS with potassium persulfate. Prior to assay, the ABTS .+ stock solution was diluted with ethanol to an absorbance of 0.700 ± 0.020 at 734 nm. Then 990 μL of a diluted ABTS .+ solution was mixed with 10 μL of the test sample and the absorbance was measured at 734 nm after 30 min. The radical scavenging activity was expressed as mmol Trolox / kg of oil.

-carotene bleaching assay

This antioxidant assay was evaluated according to the method described by Gorinstein et al. 

(A 0 -A t ) / (A°0 -A°t)],
where A 0 and A°0 are the absorbance values measured at zero time of the incubation for test sample and control, respectively, and A t and A°t are the absorbance measured in the test sample and control respectively, after incubation for 180 min.

Statistical analysis

All the results are reported as the mean values (n = 3) and were subjected to analysis of variance using the Statistica 5.0 package (StatSoft'97 edition) using the least significant difference (Newman-keuls) test. Significance was defined at p < 0.05.

Principal component analysis (PCA) was applied to oil samples according to their values of tocopherol and phenolic compounds. The analysis was carried out using XLSTAT 2009.1.02.

Results and Discussion

Quality Indices

All the oleaster oils, exhibited quality indices within the ranges established for "extra virgin" olive oil (EVOO) category (Table 1). Free acidity is considered an important quality indice, which has been used exclusively as a traditional criterion for classifying olive oil. The free acidity of the oleasters oils did not exceed the upper limit of 0.8 % established by the IOOC (IOOC, 2003) norm, and corresponding to the EVOO class. The four oleasters oils exhibited significant differences with regard to their free acidity (from 0.20 to 0.37 %), moreover they all had lower value than the EVOO reference oil.

The four oleasters presented lower free acidity values than oils from Turkish varieties (from 0.5 to 1.17 %) previously studied (Tanilgan et al., 2007). On the contrary, they compared with free acidity values found in Tunisian oleasters oil (from 0.17 to 0.34 %) [START_REF] Dabbou | Comparison of the Chemical Composition and the Organoleptic Profile of Virgin Olive Oil from Two Wild and Two Cultivated Tunisian Olea europaea[END_REF].

The peroxide value and UV characteristics are two main analytical parameters that evaluated the oxidation state of the oil. As showed in Table 1, all the oleaster oils presented peroxide values within the range of the Extra Virgin Olive (EVOO) category. The peroxide indice of these oleasters oil were lower than those found in some Tunisians oleaster oils [START_REF] Dabbou | Comparison of the Chemical Composition and the Organoleptic Profile of Virgin Olive Oil from Two Wild and Two Cultivated Tunisian Olea europaea[END_REF].

UV spectrophotometric characteristics were expressed by measuring the specific extinction coefficients at 232 and 270 nm corresponding to the maximum absorbance of hydroperoxides and secondary products of oxidation. All the oleaster oils studied presented values of K 232 and K 270 (from 1.69 to 1.79, and from 0.048 to 0.17 respectively) within the range of EVOO category (Table 1).

Oleasters 1 and 2 exhibited similar K 232 and K 270 than the EVOO reference. By contrast, oleasters 3 and 4 had significantly smaller K 232 and higher K 270 values than the EVOO reference. The coefficients of specific extinction of our oleasters oils were similar to those of Tunisia oleasters, (K 232 from 1.61 to 2.36 and K 270 from 0.12 to 0.17; [START_REF] Dabbou | Comparison of the Chemical Composition and the Organoleptic Profile of Virgin Olive Oil from Two Wild and Two Cultivated Tunisian Olea europaea[END_REF].

Fatty acid composition

The four oleaster oils exhibited a fatty acid composition qualitatively comparable to the commercial EVOO reference, with palmitic, oleic and linoleic acids as the major fatty acids, while palmitoleic, stearic, linolenic and arachidic acids were present in smaller amounts (Table 2).

The analyzed oleaster oils showed fatty acid composition (Table 2) in compliance with established limits by IOOC (2003), except for oleaster 4. However, the fatty acid composition was specific for each oil sample. The oil of oleaster 4 distinguished from the other oleaster oils by a low proportion of palmitic and palmitoleic acids (9.16 and 0.36 respectively; Table 2) and the presence of arachidonic (C20 : 0) and gadoleic acids (C20 : 1). The percentage of saturated fatty acids (SFA) of the studied oleaster oils was also calculated and they show a variation between samples and their geographical origin, and also between oleasters and commercial EVOO. Moreover, the oil of oleaster 4 exhibited a ratio of unsaturated on satured fatty acids (UFA / SFA) comparable to the one of the commercial EVOO and much higher than the other oleaster oils (Table 2). Within the unsaturated fatty acids, the proportion of oleic (C18 : 1) and linoleic acid (C18 : 2) distinguishes oleasters 2 and 4, that exhibited a higher C18 : 1 / C18 : 2 ratio than oleasters 1 and 3 (Table 2).

Linolenic acid ranged from 0.65 % for oleaster 2 to 1.2 % for oleaster 4 which exceeds 1 % limit established by the IOOC ( 2003). An excess of the linolenic acid proportion has been previously reported for Moroccan varieties (El Antari et al., 2003a). Also [START_REF] Anwar | Characterization of olive oils obtained from wild olive trees (Olea ferruginea Royle) in Pakistan[END_REF] noted a minor discrepancie in olive oil from wild Pakistan olives with respect to the standard olive oil composition (linoleic acid slight exceeding 1% 

Tocopherols

The total tocopherol content varied from 87 to 182 mg / kg (Table 3). The oils from commercial EVOO and the oleaster 2 exhibited the lowest concentrations, whereas oleaster 1, 3 and 4 had significantly higher concentrations (Table 3). Tocopherols play a key role in preserving oil from rancidity during storage. Moreover, -tocopherol, classically termed vitamin E, constitutes a beneficial molecule for human health [START_REF] Huang | Olive Oil, the Mediterranean Diet, and Cardiovascular Health[END_REF].

According to [START_REF] Baldioli | Antioxidant activity of tocopherols and phenolic compounds of virgin olive oil[END_REF], the total tocopherol content in good quality oils is generally higher than 100 mg / kg. Regarding this indicator, all the oleaster oil tested, with the exception of oleaster 2, could be classified as good quality oils. Regarding the proportion of the different tocopherol isomers, -tocopherol was the major one, ranging from 90 % (commercial EVOO) to 98 % (oleaster 3) of the total content (Table 3). The -isomer was the less represented with a proportion below 1 % in all five oil. The isomers  and , which couldn't be distinguished since they were eluted at the same time, represented a part ranging from 1.6 % (oleaster 3) to 10 % (commercial EVOO). These proportions are in accordance with those classically found in virgin olive oil.

Total phenol content

The amount of phenolic compounds in EVOO is an important factor when evaluating its quality, given that the natural phenols improve its resistance to oxidation, and to a certain extent, are responsible for its sharp bitter taste [START_REF] Gutierrez Rosales | Contribution of polyphenols on the oxidative stability of virgin olive oil, 24th World Congress ISF[END_REF]. The results of the colorimetric determination of total phenol content in oil extracts ranged between 135 mg GAE / kg (commercial EVOO) and 202 mg GAE / kg (oleaster 3). As seen in Figure 1-A significant difference were observed (p < 0.05) between the samples. In particular, all the oleaster oils had significantly higher amount of total phenol content than commercial EVOO.

Total phenol content of the oleaster oil samples in this study were higher than those recorded in Pakistani oleaster oils (from 23.6 to 92.4 mg GAE / kg; [START_REF] Gulfraz | Isolation and characterisation of edible oil from wild olive[END_REF].

The obtained values of ortho-diphenols (Figure 1-B) varied between 25 mg CAE / kg (commercial EVOO reference) and 81 mg CAE / kg (oleaster 3).

The ortho-diphenol assay led to the same conclusions as the total phenol content, in the fact that all the oleaster oils displayed significantly higher amounts of ortho-diphenols that the reference EVOO.

Phenolic composition

A list of the main phenolic compounds found in the different olive oil, together with their concentrations is given in the Table 4. The phenolic compounds could be classified into four classes, namely the free phenolic alcohols (hydroxy-tyrosol, tyrosol), free phenolic acids (pcoumaric acid), secoiridoid derivatives (DHPEA-EDA, ligostroside and oleuropein derivatives) and flavonoids (eriodictyol, luteolin, naringenin, apigenin, methoxy-luteolin).

Whereas almost all these compounds could be found in all the oil samples, the concentration of each compound varied significantly between them, leading to specific phenolic composition for all the five oils studied (see Supplemental Figure 1). Indeed, free phenolic alcohol concentrations ranged from 5.8 mg / kg in oleaster 3 to 115 mg / kg in oleaster 2.

Phenolic acids represent a minor part (around 1 mg / kg) of the phenolics present in all the five oils. The total concentration of secoiridoid derivatives ranged from 124 mg / kg (oleaster 2) to 326 mg / kg (oleaster 3). The distribution of individual secoiridoid is, however, oilspecific. Indeed, the high concentration of secoiridoids observed in oil of oleasters 3 and 1 is mainly explained by a high concentration of a ligstroside aglycon derivative and hydroxyoleuropein aglycon, whereas their concentration in other secoiridoids is low compared to other oil samples (Table 4). Total flavonoids represented between 1.3 mg / kg (oleaster 2) and 17 mg / kg (oleaster 1), with luteolin being the major flavonoid.

The proportion of each phenolic class to the total phenolic concentration highlighted that secoiridoids are the main phenolics in all five oils with proportions ranging from 51 % (oleaster 2) to 96 % (oleaster 3) of the total phenolics. This is in accordance with previous studies on Italians olive cultivars [START_REF] Cioffi | Phenolic compounds in olive oil and olive pomace from Cilento (Campania, Italy) and their antioxidant activity[END_REF]. Free phenolic alcohols were the second most represented class of phenolics in oleaster 2 (47.5 %), 4 (15.8 and commercial EVOO (25.2 %), whereas they were only the third class in oleaster 1 and 3.

The flavonoids accounted for 0.5 to 5.2 % of the total phenolic concentration, which correspond to the range currently observed in olive oils [START_REF] Murkovic | Analysis of minor components in olive oil[END_REF].

The five analyzed olive oils recorded luteolin and apigenin rates ranging from 0.76 to 1.88 mg / kg, and 0.07 to 1.07 mg / kg respectively.

In addition to luteolin and apigenin, which are common flavonoids of olive oil, small concentrations of eriodictyol in all the samples, and naringenin, in oleaster 1 and 3 were detected. Since these compounds were identified recently in olive barks and leaves [START_REF] Toth | Phenolic profiling of various olive bark-type and leaves: HPLC-ESI/MS study[END_REF], to our knowledge, this is the first time that they are reported in olive or oleaster oil.

They were also quantified in citrus fruits such as grapefruit, lemon and orange [START_REF] Robards | Phenolic compounds and their role in oxidative processes in fruits[END_REF].

Naringenin and naringin are responsible for the bitterness of some fruit juice, mainly orange and grapefruit [START_REF] Ribeiro | Naringin and naringenin determination and control in grapefruit juice by a validated HPLC method[END_REF], and eriodictyol has the ability to reduce bitterness of some molecules, such as caffeine, quinine, amarogentine, paracetameol, denatonium benzoate and salicin [START_REF] Ley | Masking Bitter Taste by Molecules[END_REF].

Interestingly, the comparison of the relative part of each phenolic class highlighted the similarity between the phenolic composition of oleaster 1 and 3, and between oleaster 4 and the reference olive oil. However the phenolic composition in the oil of oleaster 2 is clearly different with an equivalent distribution of free phenolic alcohol and secoiridoids.

The influence of variety on phenol compounds in olive oil was well documented in bibliography. The concentration and composition of phenolic compounds in olive oil are strongly affected by agronomical, biochemical and technological factors such variety [START_REF] Tura | Influence of cultivar and site of cultivation on levels of lipophilic and hydrophilic antioxidants in virgin olive oils (Olea europea L) and correlations with oxidative stability[END_REF][START_REF] Baccouri | Composition, quality and oxidative stability of virgin olive oils from some selected wild olives (Olea europaea L. subsp. Oleaster)[END_REF], maturation degree (Baccouri et al.2008), the content of phenolic glycosides initially present in olive and the activity of various endogenous enzymes acting on these glycosides (Servile et al., 2004[START_REF] Romero-Segura | The role of olive-glucosidase in shaping the phenolic fraction of virgin olive oil[END_REF]. The amount of endogenous enzymes in olives (beta-glucosidases, L-phenyalanine ammonia lyase, peroxydases and polyphenoloxidase) depends principally on the variety and maturation degree of olives [START_REF] Salvador | Influence of fruit ripening on 'Cornicabra'virgin olive oil quality: a study of four successive crop seasons[END_REF]. Oleaster is known for its resistance to difficult conditions like hydric stress which could explain the appreciable content of phenols. The work of [START_REF] Baccouri | Composition, quality and oxidative stability of virgin olive oils from some selected wild olives (Olea europaea L. subsp. Oleaster)[END_REF] on olive oil from selected some wild olives concluded that genetic factors influence olive oil quality and mainly phenolic composition.

Bitter index K 225

The values of K 225 ranged between 1.86 and 4.88 (Figure 1-C), commercial EVOO exhibiting the lowest value and oleaster 3 the highest.

The values of bitterness intensity displayed a high correlation with the total phenol contents (r = 0.98). The bitterness is seen as a positive attribute to tolerable intensities in virgin olive oil [START_REF] Inarejos-Garcia | Discussion on the objective evaluation of virgin olive oil bitterness[END_REF]. The accumulation of phenols with bitter characters in the olive is a defense mechanism against phytopathogen [START_REF] Amiot | Accumulation of oleuropein derivatives during olive maturation[END_REF]. Since the wild olive tree is subjected to strong abiotic and biotic constraints [START_REF] Nardi | Domestication of olive fly through a multi-regional host shift to cultivated olives: Comparative dating using complete mitochondrial genomes[END_REF], we can postulate that it may, at least partially, explain the high bitterness intensities recorded for our oleaster oils.

Radical scavenging activity (DPPH test)

The results of the radical-scavenging activity of the methanol extracts expressed as percent inhibition of DPPH radical ( There was a linear correlations (p < 0.05) between the anti-radical power of the methanolic extracts and the total phenol content (r = 0.85) and ortho-diphenol content (r = 0.80).

Antiradical activity against ABTS radical

The methanolic extracts exhibited distinct capabilities to neutralize the ABTS radical that were highly correlated (p < 0.05) to the total phenol content (r = 0.97) and ortho-diphenol content (r = 0.92).

Indeed, the methanolic extract of oleaster 3 exhibited the best anti-radical activity against ABTS radical (1.806 mmol Trolox, Table 5) with inhibition of 75 %, (Table 5), follow by the extracts of oleasters 2, 1, 4 and the commercial EVOO (Table 5).

Our results were in agreement with those obtained by [START_REF] Kesen | Characterization of the Volatile, Phenolic and Antioxidant Properties of Monovarietal Olive Oil Obtained from cv[END_REF] in Turkish with Halhali variety, but lower than the Spanish varieties obtained by Gorinsetin et al. (2003).

Antioxidant assay (AA) using β-Carotene

All the methanolic extracts had the ability to inhibit the degradation of β-carotene with an inhibition ranging from 53 % (commercial EVOO) to 65 % (oleaster 3) (Table 5).

Positive correlations (p < 0.05) were noted between the total polyphenol content and orthodiphenols with the percentage inhibition of degradation of -carotene with respective correlation coefficients of 0.79 and 0.76. [START_REF] Gorinstein | Comparison of the contents of the main biochemical compounds and the antioxidant activity of some Spanish olive oils as determined by four different radical scavenging tests[END_REF], have reported a positive correlation (r = 0.99) by applying this method on methanol extracts of some Spanish olive oils.

Principal component analysis

Principal component analysis was applied to evaluate the variability between oil samples regarding their tocopherol and phenolic compound composition and concentration. As shown in Figure 2 (A-B), results of PCA indicate that two factors account for 77.20 % of the total variance (F1: 51.44 %, F2: 26.26 %). The first factor was correlated positively with tocopherol, total tocopherols, ligstroside aglycone isomer 1, eriodictyol, naringenin, and negatively with methyl-oleuropein aglycon and tyrosol. The second axe was correlated positively with (+)-tocopherol, -tocopherol, DHPEA-EDA, oleuropein aglycon, ligstroside aglycon isomer 2, and negatively with p-coumaric acid.

The samples are opposed according their rates in α-tocopherol (oleaster 2), (+)-tocopherol and -tocopherol (oleaster 1 and 3).

Concerning phenolic compounds, the three groups were opposed according to their concentrations in p-coumaric acid, tyrosol, methyl oleuropein aglycon (in oleaster 2), hydroxy-oleuropein-aglycon, methoxy-luteolin, apigenin, luteolin, naringenin, eriodictyol, ligstroside aglycon isomer 1 (in oleaster 1 and 3). Oleaster 4 has a composition close to the EVOO, they are structured in the same group.

The individualisation of samples analyzed according to the subjects was the result of high intra-population variability in relation to the parameters analyzed. A clear variability (tree structured groups) was shown not only between oleasters but also between EVOO and oleasters. Oils from wild olive (oleaster) and cultivated olive could be differentiated by the levels of polar component (phenolic compounds) and tocopherol isomers.

Conclusion

In conclusion, our investigation allowed to extensively characterizing the composition and antioxidant properties of four different oleaster oils. Our results confirmed that there is a great variation between oleaster oils in all of the parameters measured. The fatty acid composition of oleaster 4 showed a similar pattern to the EVOO reference regarding notably the balance between unsaturated and saturated fatty acid content, whereas the other oleaster oils contained a higher proportion of saturated fatty acids. Regarding the total content of antioxidant molecules (total phenol, ortho-diphenol and total tocopherol), all the oleaster oils (except oleaster 2 for tocopherol) had a higher content than the EVOO reference. The total phenol, and ortho-diphenol contents were highly correlated to the antioxidant properties of the oil, implying that the oleaster oils exhibited higher antioxidant properties than the EVOO reference. Interestingly, the phenolic composition of the oleaster oils was highly divergent regarding notably the secoiridoid, flavonoid and phenolic alcohol contents. Taken together,

these results highlight the high potential of oleaster oil as a phytochemical resource, a possible alternative food and a genetic resource to improve the olive oil quality. Additional studies are necessary to corroborate these results and to better characterize the Algerian patrimony of wild olives. Values are means ± standard deviations (n = 3). 

  MeOH / H 2 O (60 / 40, v / v). The mixture was vortexed and centrifuged at 3500 rpm for 10 min. After the removal of the hexane layer, the polar fraction was transferred in a 10 mL volumetric flask and the volume was made up to 10 mL with MeOH / H 2 O (60 / 40, v / v). An aliquot of this solution (1.25 mL) was diluted to 5 mL with the same solvent (MeOH / H 2 O 60 / 40, v / v). The absorbance was recorded at 225 nm. Bitter index K 225 was calculated from the equation: K 225 = A 225 / C, where C = g oil / 100 mL, A = absorbance at 225 nm.

( 2003 )

 2003 with slight modification. The method involves the oxidative degradation of -carotene in the presence of linoleic acid. An emulsion was prepared by mixing together 0.2 mg of carotene in 0.2 mL of chloroform, 20 mg of linoleic acid and 200 mg of Tween 40. After evaporation of chloroform, 40 mL of H 2 O 2 were added to the emulsion. Four milliliters of the emulsion was mixed with 0.2 mL of oil extracts. The tubes were placed at 50 °C in a water bath. A blank emulsion was prepared as previously mentioned without -carotene. A control was prepared replacing the extract with methanol. The absorbance at 470 nm was measured from time 0 (t = 0) and each 15 min until the color of -carotene disappeared in the control tubes (t = 180 min). The antioxidant activity (AA) of the extracts was evaluated in terms of bleaching of the -carotene using the following formula, AA = 100 [1 -
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 list1 Figure listFigure 1: Total phenol, ortho-diphenol and bitter index K 225 in oil samples. Values are means ± standard deviations (n = 3). a,b,c,d Different letters indicate significantly different values (p < 0.05).
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 212 Figure 2: Principal component analysis (PCA) of the tocopherols and phenolic compounds of olive oil samples. A: Vector Distribution of Tocopherols and Phenolic Compounds. B: Distribution of oil samples with the analyzed compounds. Supplemental Figure 1: U-HPLC chromatograms of phenolics from the oleaster and olive oils. The profiles were recorded at 280 nm. (A) oleaster 1, (B) oleaster 2, (C) oleaster 3, (D) oleaster 4 and (E) EVOO reference. (1) Hydroxy-tyrosol; (2) Tyrosol; (3) p-coumaric acid; (4) Eriodictyol; (5) Luteolin; (6) DHPEA-EDA; (7) Ligstroside aglycon isomer 1; (8) 10-Hydroxy oleuropein aglycon; (9) Naringenin; (10) Apigenin; (11) Methoxy-luteolin; (12) Oleuropein aglycon; (13) Methyl oleuropein aglycon; (14) Ligstroside aglycon isomer 2.

  a,b,c,d Different letters in the same row indicate significantly different values (p < 0.05).

  chromatograms of phenolics from the oleaster and olive oils. The profiles were recorded at 280 nm. (A) oleaster 1, (B) oleaster 2, (C) oleaster 3, (D) oleaster 4 and (E) EVOO reference. (1) Hydroxy-tyrosol; (2) Tyrosol; (3) p-coumaric acid; (4) Eriodictyol; (5) Luteolin; (6) DHPEA-EDA; (7) Ligstroside aglycon isomer 1; (8) 10-Hydroxy oleuropein aglycon; (9) Naringenin; (10) Apigenin; (11) Methoxy-luteolin; (12) Oleuropein aglycon; (13) Methyl oleuropein aglycon; (14) Ligstroside aglycon isomer 2

  

  

  

  ). The oil of oleaster 1 is characterized by the highest percentage of palmitic acid (15.4 %), compared to other oleasters.The stearic acid, reported as a marker of varietal characterization by ElAntari et al. (2003a), distinguished the oil of oleasters 2 and 4 (3.68 and 3.38 % respectively) from the other oils (oleaster and EVOO reference).

Table 5 )

 5 , and mg GAE / kg show that the methanolic extracts have different abilities to scavenge DPPH radical (p < 0.05). The extracts of oleaster 3 and 2 had the best activities with 207 and 202.61 mg GAE / kg respectively, and inhibited 85.29%

and 83.48% of the DPPH radical respectively, On the other hand, the extract of the commercial EVOO had the lowest activity (107.84 mg GAE / kg) with an inhibition of 58.71 %. These results are higher than some Turkish olive oil varieties analyzed by

Kiralan and Bayrak (2013)

.
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Table 1 :

 1 Quality indices of oleaster oils compared to the commercial EVOO (Extra Virgin

	Olive Oil)				
	Quality index	Oleaster 1	Oleaster 2	Oleaster 3 Oleaster 4 Commercial	(EVOO)
				EVOO	I.O.C.
					2003
	Free fatty acids	0.25 ± 0.03 b 0.31 ± 0.03 c 0.20 ± 0.03 a 0.37 ± 0.03 d 0.42 ± 0.03 e	≤ 0,8
	[% oleic acid]				
	Peroxide index	6.75 ± 0.25 c	5.5 ± 0.29 b	3.75 ± 0.75 a 7.25 ± 0.25 c 7.25 ± 0.25 c	≤ 20
	[meq O2 kg -1 ]				
	K232	1.76 ± 0.01 b 1.78 ± 0.01 bc 1.69 ± 0.01 a 1.71 ± 0.01 a 1.79 ± 0.02 c	≤ 2.5
	K270	0.06 ± 0.01 a 0.05 ± 0.01 a 0.18 ± 0.01 b 0.16 ± 0.02 b 0.07 ± 0.01 a	≤ 0.20
	Values are means ± standard deviations (n = 3).	
	a, b, c, d Different letters in the same row indicate significantly different values (p < 0.05).	

Table 2 :

 2 Fatty acid composition of studied oils samples (% m/m methylic ester).

	Fatty acids		Oleaster	Oleaster	Oleaster	Oleaster	Commercial	(EVOO)
			1	2	3	4	EVOO	I.O.C.2003
	Palmitic acid	C 16 : 0	15.40	12.98	13.60	9.16	11.13	7.5-20
	Palmitoleic acid	C 16 : 1	1.71	1.12	1.02	0.36	1.65	0.3-3.5
	Stearic acid	C 18 : 0	2.15	3.68	2.98	3.38	2.62	0.5-5.0
	Oleic acid	C 18 : 1	67.98	72.17	64.69	75.40	76.14	55-83
	Linolei cacid	C 18 : 2	12.01	8.89	17.02	8.93	10.19	3.5-21
	Linolenic acid	C 18 : 3	0.73	0.65	0.66	1.20	0.68	≤ 1.0
	Arachidic acid	C 20 : 0	ND	0.48	ND	0.68	ND	≤ 0.6
	Gadolei cacid	C 20 : 1	ND	ND	ND	0.45	ND	≤ 0.4
	Unsaturate Fatty Acid	UFA	82.43	82.83	83.39	86.34	88.66	
	(UFA)							
	Saturate Fatty Acid	SFA	17.55	17.14	16.58	13.22	13.75	
	(SFA)							
	U FA/ S F A	UFA/SFA	4.70	4.83	5.03	6.53	6.45	
	Oleic acid/ Linoleic acid	C 18 : 1 /	5.66	8.12	3.80	8.44	7.47	
		C 18 : 2						

ND: Not detected.

Table 4 :

 4 Concentrations of individual phenols (mg / kg of oil) in oil samples determined by U-HPLC. Eriodictyol 0.62 ± 0.09 b 0.04 ± 0.01 a 0.71 ± 0.12 b 0.05 ± 0.01 a 0.05 ± 0.01 a .01 a 0.17 ± 0.01 c 0.11 ± 0.01 b 0.35 ± 0.01 d Methoxy-luteolin 0.94 ± 0.03 e 0.24 ± 0.01 b 0.51 ± 0.04 c 0.12 ± 0.01 a 0.81 ± 0.01 d

		Oleaster 1 Oleaster 2 Oleaster 3 Oleaster 4	Commercial EVOO
	Hydroxy-tyrosol	1.9 ± 0.6 b	10 ± 1 c	0.68 ± 0.24 a	2.2 ± 0.3 b	36 ± 1 d
	Tyrosol	10 ± 1 b	105 ± 2 d	5.1 ± 1.7 a	47 ± 1 c	46 ± 1 c
	Total Phenol alcohol	12 ± 2 b	115 ± 2 e	5.8 ± 1.9 a	49 ± 1 c	82 ± 1 d
	Phenol acid (p-coumaric acid)	0.66 ± 0.10 c	1.5 ± 0.3 d	0.34 ± 0.06 a 0.64 ± 0.04 bc 0.39 ± 0.02 a
	DHPEA-EDA	4.0 ± 0.6 a	5.5 ± 0.3a b	5.7 ± 1.6 b	12 ± 1 c	13 ± 1 c
	Ligstroside aglycone isomer 1	177 ± 28 c	10 ± 1 a	225 ± 36 d	53 ± 6 b	30 ± 4a b
	10-Hydroxy oleuropein aglycone	81 ± 12 d	16 ± 2 a	69 ± 12b d	61 ± 10 b	59 ± 9 b
	Methy-oleuropein aglycone	0	56 ± 14 b	0	49 ± 3 b	30 ± 1 a
	Oleuropein aglycone	24 ± 3 a	37 ± 5 b	27 ± 5 a	59 ± 2.12 c	90 ± 5 d
	Ligstroside aglycone isomer 2	0	0	0	24 ± 2 b	17 ± 1.59 a
	Total secoiridoid	286 ± 44 c	124 ± 19 a	326 ± 55 d	260 ± 14b c	240 ± 13 b
	Luteolin	13 ± 3 c	0.97 ± 0.17 a	5.6 ± 1.0 b	2.2 ± 0.1 a	3.2 ± 0.2 ab
	Naringenin	1.2 ± 0.2 a	0	1.4 ± 0.7 a	0	0
	Apigenin 0.07 ± 0Total Flavonoids 1.1± 0.1 e 17 ± 3 e 1.3 ± 0.2 a	8.5 ± 1.8 d	2.5 ± 0.1 b	4.4 ± 0.2 c
	Total phenol	316 ± 44 b	242 ± 19 a	341 ± 58 d	312 ± 14 b	327 ± 12 c

Table 3 :

 3 Total and individual tocopherol concentrations in oil samples (mg / kg of oil)

	Samples	-tocopherol	and -	-tocopherol	Total tocopherol
			tocopherols		
	Oleaster 1	157 ± 4 b	13.0 ± 0.4 b	0.46 ± 0.2 b	165 ± 11 b
	Oleaster 2	85 ± 4 a	2.1 ± 0.4 a	0.13 ± 0.02 a	87 ± 4 a
	Oleaster 3	179 ± 6 c	2.9 ± 1.1 a	0.16 ± 0.06 a	182 ± 7 c
	Oleaster 4	146 ± 5 b	16.8 ± 3.2 c	0.67 ± 0.05 c	164 ± 7 bc
	Commercial	96 ± 8 a	11.0 ± 2.7 b	0.71 ± 0.09 c	107 ± 9 a
	EVOO				
	Values are means ± standard deviations (n = 3).		

a,b,c,d 

Different letters in the same row indicate significantly different values (p < 0.05).

Table 5 :

 5 Antioxidant activities of oil samples as determined by three different assays. Values are means ± standard deviations (n = 3). a,b,c,d Different letters in the same row indicate significantly different values (p < 0.05).

	Samples	DPPH (%)	DPPH(mg GAE / kg)	ABTS (%)	ABTS mmol Trolox / kg	-carotene (%)
	Oleaster 1	81,33 ± 0.44 c	197,41± 1.06 c	42,09 ± 1.48 b	1,014 ± 0.036 b	64,26 ± 0.69 c
	Oleaster 2	83,48± 0.30 d	202,61± 0.72 d	51,66 ± 2.43 c	1,244 ± 0.058 c	56,70 ± 2.06 ab
	Oleaster 3	85,29± 0.14 e	207,00± 0.35 e	75,00 ± 1.75 d	1,806 ± 0.042 d	65,41 ± 2.24 c
	Oleaster 4	75,95± 0.44 b	184,35± 1.06 b	33,57 ± 0.59 a	0,808 ± 0.014 a	58,99 ± 3.12 b
	Commercial	58,71± 0.29 a	142,51 ± 0.69 a	30,78 ± 1.01 a	0,741 ± 0.024 a	53,04 ± 1.10 a
	EVOO					
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