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Abstract. Background and aim: since ancient times, Olea europaea L. Notably, the olive leaf has been used in 
ethnopharmacology to treat fevers and malaria. Currently, this aerial part aroused the interest of researchers 
around the world in the fields of medicine and pharmacology due to their beneficial effects on human health, 
including anti-hypertensive hypoglycemic, hypocholesterol, antimicrobial properties, as well as utilized to pre-
vent Alzheimer’s disease and to provide protection from colon, breast, and ovarian cancers. Additionally,has 
a great antioxidant potential due to their high phenolic content.Despite the knowledge of bioactivities of 
olives that have been frequently reported, the majority of them were related to cultivated olives, whereas wild 
olives are even less recognized or unknown like our case subsp. laperrinei. The purpose of this work was to 
realize a comparative evaluation of the phytochemical profile, total phenolic, and flavonoids contents, as well 
as the antioxidant potential of both aqueous and methanolic extract from two subspecies such as Olea europea 
subsp.laperrinei from Sahara and Olea europaea var. sylvestris from north of Algeria has been done. In order 
to understand how environmental stress exerted on these wild species affects the capacity to synthesizesec-
ondarymetabolites as well as antioxidant potential. Methods: Chromatography liquid with High-performance 
(HPLC) was used to identify and quantify the constituents of subspecies, the total phenolic and flavonoids 
content in the extracts was determined using Folin-Ciocalteu and spectrophotometric method respectively, 
and the antioxidant activity was analyzed in vitro using DPPH scavenging method. Results: HPLC analysis 
showed that Oleuropein is the main compound in all extracts in which the Saharan extracts showed a height 
level (276.157 mg/g), furthermore, all the extracts obtained showed reasonably high total phenolic and flavo-
noid contents and good radical scavenging activity notably those from subsp.laperrinei were more important. 
Furthermore, the highest values were obtained using methanol as solvents than water. Conclusions: The results 
also showed that wild olives have very high antioxidant potentials and it could be deduced that their leaves can 
under stress conditions increase the synthesis of bioactive as in the case of subsp. laperrinei compared to var. 
sylvestris from no stressful condition. Also, demonstrate the value of wild olive leaves as a natural antioxidant.
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contents, antioxidant potential
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Introduction

Medicinal plants are the main source of medicines, 
due to the abundance of what is known as secondary 
metabolites (1). For this reason, people all around the 
world, turn to traditional medicine as an alternative to 
modern therapies. In which the pharmaceutical indus-
try demonstrates that natural products continue to be 
a very valuable source for the production of new com-
plex organic molecules that frequently exhibit pharma-
cological properties, such sources are becoming more 
and more important (2,3). In Algeria, many plants are 
traditionally used to treat many diseases, among these 
plants is Olea europaea L. (1,4,5) which is included in 
the Oleaceae family (6), it is one of the most essential 
fruit trees in Mediterranean regions, it is frequently 
employed in traditional medicine (7,8).

Olive leaves are a copious by-product generated 
by the olive oil industry and olive tree pruning (6). 
These aerial parts are currently attracting growing at-
tention in the vast field of medicine and pharmacol-
ogy (9), due to their high phenolic contents, olive 
leaf extract becomes one of the most effective sources 
of plant polyphenols with high antioxidant poten-
tial (10). Typically, the Phenolic compounds in olive 
leaves are numerous and of diverse nature, which the 
major groups of phytochemicals in Olea europaea L. 
leave extracts such as the phenolic compounds (11) 
and polyphenolic compounds (secoiridoids and flavo-
noids) (10,12).

In effect, the active constituent and frequently 
reported of olive leaf extract is Oleuropein a secoiri-
doid with great antioxidant activity in vitro (13). The 
health-promoting properties of this compound have 
been extensively studied (14), principally for their an-
tioxidant properties and therapeutic benefits such as 
antimicrobial and antiproliferative activities (15,16), 
furthermore Flavonoids are a widely distributed group 
of polyphenol compounds that are recognized as anti-
oxidants in diverse biological systems (17), it has pos-
sessed anti-inflammatory, anti-allergic, antiviral and 
antiproliferative activities (18,19), as well as hypoglyce-
mic properties (20), however, the variability in qualita-
tive and quantitative of total phenolic compounds and 
evidently the magnitude of the antioxidant capacity of 
olive leaves extracts might depend on several factors 

mainly rests upon the environmental conditions (21), 
the olive cultivars/varieties analyzed (22,23), as well as 
the extraction method/solvent (22-24).

Free radicals are a major contributor to the 
emergence of different human diseases, including 
cancer, Alzheimer’s disease, neurological disorders, 
cardiac reperfusion… ect (25), in this context using 
synthetic antioxidants is a necessity for reducing oxi-
dative stress but the extensive use of these additives 
in the food industry, exhibit genotoxic, carcinogenic 
effects (26,27) and hemorrhaging (28). In contrast, 
using natural antioxidants derived from plants does 
not induce side effects (28, 29) and has greater advan-
tages over using synthetic antioxidants (30). As a re-
sult, it has become a necessity for the pharmaceutical 
and cosmeceuticals industry the shift towards natural 
products (31).

Olive leaves are classed as a source of several an-
tioxidants (32), for the purpose of valorization of wild 
olive leaves as cheap and natural antioxidants we con-
ducted this study, the current study was carried out to 
comparatively analyzed, the total phenolic and flavo-
noid content, to identify and quantify some of them 
by HPLC method, as well as to evaluate the antioxi-
dant activity of both aqueous and methanolic leaves 
extracts of two wild subspecies of Olea europaea L. 
which belongs to two different bioclimatic levels such 
as Olea europaea subsp. europaea var. sylvestris from the 
northern region is characterized by a Mediterranean 
climate with dry summers and wet winters and Olea 
europaea subsp. laperrinei an endemic subspecies from 
the Saharan region in Algeria has a hyperarid climate 
with summers that are exceptionally long, and with a 
very low precipitation rate, In order to explain how 
environmental conditions affect the plant’s capacity to 
synthesize secondary metabolites.

In light of our knowledge, only a few research 
have been made on the chemical profile and the an-
tioxidant of leaves extracts issues from wild subspe-
cies of Olea europaea L., furthermore no data were 
also provided on the antioxidant activity and the 
amount of total phenolic and flavonoid compounds of 
the Saharan endemic subspecies “Olea europea subsp. 
laperrinei”, as well as is the first to investigate the 
comparative evaluation between two wild olive sub-
species in Algeria.
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Materials and methods

Sources and processing of plant material

The aerial parts of two wild species were col-
lected in February 2021, were collected at two loca-
tions: Olea europaea subsp. europaea var. sylvestris was 
harvested from the northern region in Algeria “Setif, 
Oued El bared” (36° 37 N, 05° 40; 814 m), while Olea 
europaea subsp. laperrinei was collected from massifs of 
Hogar which are located in “central Algerian Sahara 
Tamanrasset (23°21N, 05°47 E; 1952m), (Figure 1) 
and (Figure 2).

The samples were identified at Laboratory of 
(L.V.R.B.N), University of Setif 1. Voucher specimens 
were deposited in the herbarium of the Department of 
Ecology and Biology, Setif University, Algeria. Aerial 
parts of the plant material were dried at ambient tem-
perature under obscurity.

Determination of plant extract yield

The yield of dried extracts based on a dry weight 
basis as obtained from 5g of the leaves was calculated 
from the equation (A):

yield% *�
� �
� �

W g
W g
1
2

100………… (A) (33)

W1: the weight of the extract after the solvent 
evaporation in grams

W2: the weight of the dry plant material in grams.

Preparation of aqueous extracts

The extraction from plants is an important step in 
the separation of medicinally active portions notably, 
bioactive constituents using selective solvents through 
standard procedures (31, 34), in which maceration 
is a technique widely used in medicinal plants re-
search (34), However has been suggested by Vongsaka 
et al. (35) as more applicable, compared to other 
modern extraction methods, is known as the “Green 
method” (36). In our study water extract was obtained 
by maceration (modify (too according to Bougandoura 
et al. (37) method. 5g of dried leaves of each plant were 
extracted with 100ml of distilled water for 24 hours 
at room temperature (around 20 °C), The whole is 
filtered through filter paper N° 1 in order to separate 
the grounds from the filtrate. The aqueous extract was 

Figure 1. Olive tree of Olea europaea subsp. laperrinei and Olea europaea subsp. europaea var. sylvestris. (a. Tree of Olea 
europaea subsp. laperrinei; b. Tree of Olea europaea subsp. europaea var. sylvestris).
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homogenized. The resultant mixture was allowed to 
react for 1 min and 1.5 mL of 20% Na2CO3 was 
added. It was mixed thoroughly and incubated in 
the dark for 2 h and then the absorbance was re-
corded at 760 nm using a visible light spectropho-
tometer (Spectronic 20 genesys TM). A Gallic acid 
was used as a standard for the calibration curve. The 
total phenolic compounds content was expressed 
as mg equivalent of Gallic acid per gram of extract 
(mg GAE/gE).

Determination of total flavonoids content

Total flavonoids content was determined using a 
spectrophotometric method based on the formation of 
flavonoid complex with aluminum chloride. A volume 
of 1 ml of 2% AlCl3 solution prepared in methanol was 
added to 1 ml of sample solution at room temperature. 
After 30 min of incubation the absorbance was meas-
ured at 430 nm using a visible light spectrophotometer. 

powdered by lyophilization and stored at refrigeration 
(4°C) until analysis.

Preparation of methanolic extract

The areal parts of the samples were cut into very 
small pieces and macerated in 80 %methanol for 24 
and 48 hours at laboratory temperature. The ratio of 
dried plant to solvent is 1:10 w/v. The extract was col-
lected by filtration and evaporated to dryness under a 
vacuum (38). The dry extract was conserved at -18 °C 
until used.

Determination of total phenolic content

The total phenolic content of plants extracts 
was determined spectrophotometrically accord-
ing to Foline-Ciocalteu method (39). A volume of 
0.5 Ml of 50% Folin-Ciocalteu reagent was mixed 
in a test tube containing 0.1mL of the extract and 

Figure 2. Olive tree branch with leaves of Olea europaea subsp. laperrinei and Olea europaea subsp. europaea var. 
sylvestris. (a. leaves of Olea europaea subsp. laperrinei; b. leaves of Olea europaea subsp. europaea var. sylvestris)
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Identification of active biomolecules 
by HPLC-DAD analysis

In order to detect and quantify the phenolic com-
pounds in the different extracts, we evaluated them by 
Chromatographic analyses, which were achieved on an 
Agilent series 1260 HPLC-DAD instrument (Agilent, 
Waldbronn, Germany). The instrument includes a 1260 
Quat pump VL quaternary pump, an online degasser, 
1260 ALS auto sampler, 1260 TCC column thermo-
stat and 1260 DAD VL diode array detector. Chroma-
tographic separation was done in a ZORBAX Eclipse 
XDB-C18 column (4.6 mm × 250 mm I.D., 3.5 μm par-
ticle size). The elution conditions were as follows: mobile 
phase A (0.1% acetic acid in water) and mobile phase 
B (100% acetonitrile), flow rate of 0.5 mL/min, sample 
injection volume of 10 μL, and operating temperature 
40°C. The running gradient was as follows: A; 0–22 min, 
10%–50% B; 22–32 min, 50%–100% B; 32–40 min, 
100% B; 40–44 min, 100–10% B. Re-equilibration du-
ration lasted 6 min. DAD detector scanned from 190 to 
400 nm and the samples were detected at 254, 280, and 
330 nm. The injection volume was 5 μl for every sam-
ple and reference standards. Congruent retention times 
compared to standards were used to identify the peaks. 
Phenolic chemicals were quantified using HPLC by 
comparing peak areas with those used as internal stand-
ards. data were represented as mg/g and (mg/ml).

Statistical analysis

The average and standard deviation were used to 
express the results. Data were statistically analyzed, to 
determine if there are any significant differences be-
tween the aqueous and methanolic extracts as well as 
between subspecies studied in this research, which were 
statistically analyzed by ANOVA using the statistical 
package CoStat, with the criterion of P values <0.05.

Results

Plant extract yield

The percent yields of different extracts from dry 
plant materials were reported in (Table 1, Figure 3).

The yellow color indicated that the extracts contained 
flavonoids. Quercetin was used as a standard for cali-
bration. Total flavonoid content was calculated as mg 
equivalent Quercetin per gram of extract (mg EQ/
GE) (40).

Evaluation of antioxidant activity in vitro

Anti-radical scavenging activity was evalu-
ated using 1,1-diphenyl-2-pic rylhydrazil (DPPH) 
radical (0.004% in methanol) according to the 
method described by Kulsic et al. (41) with a mi-
nor modification. In order to prepare 0.004% (w/v) 
DPPH solution, 4mg of DPPH was dissolved in 
100mL of methanol. Concerning the sample solu-
tions 4mg of aqueous and methanolic extracts were 
dissolved in 1mL of distilled water and methanol. 
In parallel, serial dilutions were performed in or-
der to prepare different concentrated solutions for 
each extract (20ug/mL; 40ug/mL; 60ug/mL; 80ug/
mL; 100ug/mL), then one milliliter of extracts pre-
pared at different concentrations was added to 1mL 
of DPPH-methanol solution. The mixtures were 
shaken vigorously and left standing in the laboratory 
conditions for 30 minutes in the dark. The optical 
density (DO) was measured using a Spectrophotom-
eter at 515 nm against the blank. The blank consisted 
of 1mL of methanol and 1mL of DPPH solution 
(0.004%), and BHT (Butylated hydroxytoluene) was 
used as a positive control.

All determinations were performed in triplicate. 
The optical density was recorded and the percent of 
inhibition (PI) was calculated according to the math-
ematical formula (B):

PI% =
A At
A
0
0
�� �

 × 100, where (B),

A0: optical density of the blank (control) at start-
ing time.

At: optical density of the sample after 30 min.

Antioxidant activity results are expressed as IC50 
value (µg extract/mL) (concentration providing 50% 
inhibition of DPPH radicals), which was calculated 
graphically by interpolation from linear regression 
analysis.
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gallicacid calibration curves figure 4. The values ob-
tained for the total phenolic compounds are presented 
in (Table 1, Figure 5).

According to the yield values of the extracts ob-
tained, it was observed that methanol as a solvent 
gives best yields than water and methanolic extract 
from Olea europea subsp. laperrinei gives a greater yield 
of (37.20 ±6.47%), followed by methanolic extract of 
Olea europaea subsp. var. sylvestris (35.60 ± 3.18 %). In 
the same way, extraction yield using water as a solvent, 
also is higher in the Saharan subspecies subsp. laperri-
nei (25.60 ±0.23%) than the variety from the Mediter-
ranean region (22.20± 2.24%).

Total phenolic contents

Total phenolic contents were determined for 
aqueous and methanolic extracts of Olea europaea var. 
sylvestris as well as Olea europea subsp.lapperinie. The 
total quantity of phenols in the analyzed extracts are 
measured using the Folin–Ciocalteu, according to the 

Table 1. Yield, total polyphenols and total flavonoids in aqueous and methanolic extracts of the aerial parts of Olea europaea subsp. 
europaea var. sylvestris and Olea europea subsp. laperrinei.

Plants amples Extract type Yield (%)
Total polyphenoles
(mg GAE/g Ext)1

Total Flavonoids
(mg QE/g Ext)2

Olea europaea subsp. europaea var. sylvestris Methanolic extract 35,60 ± 3,18 18,13 ± 1.04 14.30 ± 0.47

Aqueous extract 22,20 ± 2,24 17,57 ± 0.34 12.98 ± 0.99

Olea europea subsp. laperrinei Methanolic extract 37,20 ± 6,47 26,75 ± 2 .16 22.83 ± 0.13

Aqueous extract 25.60 ± 0,23 18,93 ± 1.17 15.24 ± 0.27

mg GAE/g Ext:mg of Galic Acid Equivalent/ g of dried Extract; mg QE/g Ext:mg of Quercetin Equivalent/g of dried Extract; each value in the table 
presented as mean ± standard deviation (n=3)

Figure 3. Yields of different extracts obtained from var. sylves-
tris and subsp. laperrinei. (abbreviations: AqN: aqueous extract 
from Northern subspecies; AqS:aqueous extract from Saharan 
subspecies; MethN: methanolic extract from Northern subspe-
cies; MethS:methanolic extract from Saharan subspecies).

Figure 4. Gallicacid calibration curve used for polyphenols 
determination.

Figure 5. Total polyphenol content of different extracts 
samples expressed as mg of Galic Acid Equivalent/g of ex-
tract. (abbreviations: AqN: aqueous extract from Northern 
subspecies;AqS:aqueous extract from Saharan subspecies; 
MethN: methanolic extract from Northern subspecies; MethS: 
methanolic extract from Saharan subspecies).
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while methanolic or aqueous extract of Olea europaea 
var. sylvestris showed a lowest concentrations (14.30 ± 
0.47 mg QE/g Ext)(12.98 ± 0.99 mg QE/g Ext).

Antioxidant activity of plantextracts

The antioxidant activity of the methanolic and 
aqueous extracts of two subspecies and the positive 
control (BHT)against very stable free radical DPPH 
was evaluated using a spectrophotometric method 
by following the reduction of this radical which was 
accompanied by a color change from violet to yel-
low (DPPH-H), which can be measured at 515 nm. 
The ability of plant extracts to reduce DPPH radicals 
was determined by the decrease in their absorbance at 
515 nm. Free radical scavenging effects results were 
defined as the amount of antioxidants necessary to de-
crease the initial DPPH radical concentration by 50% 
in 30 minutes (IC50), a lower IC50 value indicates 
higher antioxidant activity (Figure 8).

The obtained results for antioxidant activity evalu-
ated by DPPH radical scavenging activity ranged from 

Results suggest that the leaves extracts of both 
subspecies can be arich source of polyphenols, in ad-
dition, the phenolic contents varied considerably be-
tween the four leaves extracts studied, in relation to the 
solvent used the methanolic extracts shown to contain 
higher amounts of phenolic components than water 
extracts. As mentioned above, concerning the samples 
studies the greatest quantity of phenols were observed 
in the methanolic and aqueous extracts of the sample 
from the Saharan region (26,75 ± 2 .16mg GAE/g 
Ext), (18,93 ± 1.17 mg GAE/g) respectively, whereas 
the methanolic and aqueous in the sample from the 
Mediterranean region showed a muchlower concen-
tration of phenols (18,13 ± 1.04 mg GAE/g), (17,57 ± 
0.34 mg GAE/g) respectively.

Flavonoid concentration

The concentration of flavonoids in various extracts 
was determined using a spectrophotometric method 
based on the formation of flavonoid complex with 
aluminum chloride, the content of flavonoids was ex-
pressed in terms of quercetin equivalents (mg quercetin 
per gram of extract) (Figure 6), the summary of quan-
tities of flavonoids in the examined extracts is reported 
in Table 1 and Figure 7. Overall, The concentration of 
flavonoids in the tested extracts ranged from 12.98  ± 
0.99 to 22.83 ± 0.13 mg QE/g of extract, regarding 
to extracts, the methanolic extract of the two subspe-
cies having greater contents of flavonoids compared to 
the aqueous extract, in fact, the extract of Olea europaea 
subsp. laperrinei showed the highest concentration of 
flavonoids in either a methanolic or aqueous (22.83 
± 0.13 mg QE/g Ext) ,(15.24 ± 0.27 mg QE/g Ext), 

Figure 6. Quercetin calibration curve for flavonoids 
determination.

Figure 7. Total Flavonoids content of different extract sam-
ples expressed as mg of Quercetin Equivalent/g of extract. (ab-
breviations: AqN: aqueous extract from Northern subspecies; 
AqS:aqueous extract from Saharan subspecies; MethN: metha-
nolic extract from Northern subspecies;MethS: methanolic ex-
tract from Saharan subspecies)
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phenols (hydroxytyrosol and tyrosol), phenolic acids 
(vanillic acid, caffeic acid, gallicacid, ferrulic acid, p-
Coumaric acid, Chlorogenic acid), flavones (luteolin, 
Quercitin, Apigenin) and secoiridoids (Oleuropein 
and verbascoside) in which sixteen and seventeen 
phenolic compounds were identified in aqueous 
and methanolic extract issue from Olea europaea var. 
sylvestris respectively, in contrast, the aqueous and 
methanolic extract issue from Olea europea subsp. 
laperrinei showed fourteen and eleven compounds 
respectively.

54.01 ± 0.46 to 82.33 ± 0.50 µg/mL Table 2. The high-
est capacity to neutralize DPPH radicals was found 
in the methanolic and aqueous extracts of endemic 
Saharan sub species Olea europea subsp.laperrinei with 
an IC50 value of 54.01 ± 0.46µg /ml and 66.97 ± 0.41 
µg /ml respectively, these concentrations are near those 
exerted by positive control (BHT). In contrast, the mi-
nutest antioxidant activity was determined for extracts 
from Olea europaea var. sylvestris with values of 70.19 
± 2.09µg /ml (methanolic extract) and 82.33 ± 0.50 µg 
/ml (water extract) approximately two folds of that of 
BHT (Figure 9).

HPLC-DAD analysis of plant extracts

Identification and quantification of individual 
polyphenols Present in the extracts were carried out 
by using data from HPLC/DAD analyses, the data 
of phenolic compounds of each extract are listed in 
Tables 3 and 4.

The contents identified in all the extracts studied 
are numerous and diverse nature, grouped according 
to major molecular characteristics such as substituted 

Table 2. In vitro antioxidant activities of investigated Olea europaea subsp. europaea var. sylvestris and Olea europaea subsp. laperrinei 
leaves extracts, and positive control (BHT).

Samples Extract  type  DPPH ***IC50(ug/ml) (1)

Olea europaea subsp. europaea var. sylvestris Methanolic extract 70.19 ± 2.09

Aqueous extract 82.33 ± 0.50

Olea europea subsp. laperrinei Methanolic extract 54.01 ± 0.46

Aqueous extract 66.97 ± 0.41

BHT 41.65 ± 0.00

(1) Eachvalueisrepre sented as mean ± SD (n=3).
(2) Results were compared using ANOVA from CoStat Software p<0.001.***

Figure 8. DPPH scavenging effect of standard antioxidant BHT.
Figure 9. Comparison of antioxidant activity (IC50) of different 
extracts with BHT.
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most abundant component of the aqueous extracts, 
whereas Oleuropein and Luteoline7glucoside was the 
predominant in the methanolic extracts.

As described in (Table 3 and 4), the number and 
quantity of compounds are different between extracts 
types and subspecies studies, which var. sylvestris ex-
tracts are predominant in terms of the number of iden-
tified compounds, but subsp. laperrineiis dominating 
relative to the amount of these constituents.

Discussion

To the best of our knowledge, only a few investi-
gations have been made about the bioactivities of leaf 
extracts issues from wild subspecies of Olea europaea 

Concerning var. sylvestris methanolic extract, 
Oleuropein (142.773mg/g) was the major compound 
followed by Luteoline7glucoside and Apigenin-
7-glucoside, while Luteolin (0.078 mg/g), Gallic acid 
(0.121 mg/g) were the minor phenolic compounds, 
also Oleuropein (11.586 mg/g) represented the pre-
dominant component of the aqueous extract followed 
by Rutin, hydroxytyrosol and Luteoline-7-glucoside. 
Regarding the methanolic extract of subsp. laperri-
nei, Oleuropein (276.157 mg/g), Luteoline7glucoside 
(10.557 mg/g) and Rutin (8.471mg/g) were the major 
compounds, in the other hand the main compounds 
in aqueous extract as Oleuropein (28.07 mg/g), Rutin 
(13.40 mg/g) and Quercitin (8.41 mg/g).

The characteristic shared between the two sub-
species’ extracts is that oleuropein and rutin are the 

Table 3. Phenolic compounds evaluated by HPLC-DAD expressed in (mg/ml)/(mg/g) of Olea europea subsp.europea var. sylvestris 
leaves extract.

Olea europaea subsp. europaea var. sylvestris

Aqueous extract Methanolic extract

N° TR Compounds
Concentration 

(mg/ml)
Concentration 

(mg/g) RT Compounds
Concentration 

(mg/ml)
Concentration 

(mg/g)

1 7.072 Gallic acid 0.0024 0.165 7.076 Gallic acid 0.0014 0.121

2 10.149 Hydroxytyrosol 0.0752 5.186 10.151 Hydroxytyrosol 0.0222 1.93

3 11.489 Chlorogenicacid 0.0508 3.503 11.492 Chlorogenicacid 0.0334 2.904

4 12.857 Tyrosol 0.0467 3.220 12.855 Tyrosol 0.0157 1.365

5 13.579 Caffeicacid 0.0184 1.268 13.576 Caffeicacid 0.0113 0.982

6 14.090 Vanillicacid 0.0049 0.337 14.290 Vanillicacid 0.0062 0.539

7 15.363 Rutin 0.1029 7.096 15.357 Rutin 0.0741 6.443

8 15.742 Verbascoside 0.0272 1.875 15.983 Verbascoside 0.0643 5.591

9 16.387 Luteoline7 
glucoside

0.0716 4.937 16.382 Luteoline7 
glucoside

0.0963 8.373

10 17.061 p-Coumaric acid 0.0015 0.103 17.225 p-Coumaric 
acid

0.0027 0.235

11 18.057 Apigenin- 
7-glucoside

0.0517 3.565 18.050 Apigenin- 
7-glucoside

0.0773 6.721

12 18.109 Ferrulicacid 0.0229 1.579 18.238 Ferrulicacid 0.0178 1.547

13 18.841 Oleuropein 0.1680 11.586 18.827 Oleuropein 1.6419 142.773

14 21.154 Naringinin 0.0110 0.785 21.164 Naringinin 0.0298 2.591

15 Luteolin n.d. - 22.964 Luteolin 0.0009 0.078

16 23.335 Quercitin 0.0274 1.889 23.435 Quercitin 0.0033 0.287

17 25.804 Apigenin 0.0027 0.186 26.386 Apigenin 0.0029 0.252

∑ 0.6853 47.262 2.1015 182.40

n.d.: notdetected.
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disparity in yield results is not related only to the type 
of solvents but could be caused by several of param-
eters, such as pH, temperature, extraction time, and 
sample composition. Additionally, the location and 
time of the harvest influence the yield extraction (1). In 
our results the extract leaves issue from subsp. laperrinei 
has a greater yield than var. sylvestris, the values ob-
tained were similar to those obtained byArab and Yah-
hiaoui (42), while other authors found less yield (1,43).

Many human diseases, such as cancer, and Alz-
heimer’s disease, are mainly caused by free radicals. The 
Antioxidant compound can deactivate the free radicals 
by chelating metals or donating hydrogen atoms. The 
use of commercial antioxidants is therefore required 
and many of them, such as butylated hydroxyanisole 
(BHA) and butylated hydroxytoluene (BHT), are pro-
duced synthetically. However, these synthetic antioxi-
dants are reported to be toxic. As a result, there is an 

L. in addition, the present paper is the first, to inves-
tigate the antioxidant activity and quantify the total 
phenolic and flavonoid content of subsp. laperrinei, as 
well as, the comparative evaluation between two wild 
olive species in Algeria.

In the comparison between the values obtained 
from the two subspecies studies, different relations can 
be found In our study. the analysis of the yield results, 
total phenols, and flavonoid content in all the extracts 
assessed suggests that the results follow a variation with 
a similar dynamic,it was also noticed that the highest 
values were obtained using methanol as solvents than 
water. Numerous studies show also that extracting sol-
vents influenced the extract yields and phenolic con-
tent, Moreover, has been reported that high yields are 
obtained with methanol (24). Water also plays an es-
sential role in the extraction process of polyphenols by 
increasing their diffusion in the tissues of plants. The 

Table 4. Phenolic compounds evaluated by HPLC-DAD expressed in (mg/ml)/(mg/g) of Olea europea subsp. laperrinei leaves extract.

Olea europea subsp. laperrinei

Aqueous extract Methanolic extract

N° RT Compounds
Concentration 

(mg/ml)
Concentration 

(mg/1g) RT Compounds
Concentration 

(mg/ml)
Concentration 

(mg/1g)

1 10.185 Hydroxytyrosol 0.0525 5.25 Hydroxytyrosol n.d.

2 11.496 Chlorogenicacid 0.0428 4.28 11.494 Chlorogenicacid 0.0299 4.271

3 12.830 Tyrosol 0.0235 2.35 Tyrosol n.d.

4 13.791 Caffeicacid 0.0102 1.02 Caffeicacid n.d.

5 14.051 Vanillicacid 0.0046 0.46 Vanillicacid n.d.

6 15.321 Rutin 0.1340 13.40 15.335 Rutin 0.0593 8.471

7 16.008 Verbascoside 0.0426 4.26 15.946 Verbascoside 0.0482 6.885

8 16.311 Luteoline7 
glucoside

0.0611 6.11 16.341 Luteoline7 
glucoside

0.0739 10.557

9 17.025 p-Coumaric 
acid

0.0183 1.83 17.324 p-Coumaric 
acid

0.0187 2.671

10 17.988 Apigenin- 
7-glucoside

0.0479 4.79 17.995 Apigenin- 
7-glucoside

0.0354 5.057

11 18.064 Ferrulicacid 0.0256 2.56 18.194 Ferrulicacid 0.0156 2.228

12 18.799 Oleuropein 0.2807 28.07 18.782 Oleuropein 1.9331 276.157

13 21.034 Naringinin 0.0090 0.90 20.683 Naringinin 0.0340 4.857

14 23. 303 Quercitin 0.0841 8.41 Quercitin  n.d.

15 Apigenin n.d. - Apigenin  n.d.

∑ 0.8368 83.680 2.2481 321.153

n.d.: not detected.
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of the hydroxyl groups compared to the functional car-
boxyl groups (1). Therefore, the antioxidant potential 
of the subspecies studies is height compared to many 
other published results in Algeria (51), France and 
Serbia (47), while other studies showed a high activ-
ity to our finding (43, 48), furthermore, our results are 
added to the other reported (32, 56, 57) to confirm 
that olive leaves are a source of several antioxidants.

As previously noted, the variations in the antirad-
ical activity observed for the various extracts studied 
related to the bioactive content, in order to identify 
and quantify those chemicals and estimated their pos-
sible influence on the antioxidant potential an HPLC-
DAD technique is employed, a difference in the 
number and quantity of compounds was detected be-
tween extracts types and subspecies studies, which var. 
sylvestris extracts are predominant in terms of the num-
ber of identified compounds while subsp. laperrinei is 
dominating relative to the amount of these constitu-
ents, consequently we can deduce that, like in the case 
of subsp. laperrinei, not only the number of identified 
compounds but also the quantity and structure of these 
phenolics can influence the bioactivity ensured by the 
plant (48). The characteristic shared between all ex-
tracts that is Oleuropein predominant compound, the 
results of other researchers studying different species 
of Olea europaea L. in various extract types were in line 
with that Oleuropein is the most abundant phenolic 
compound in water extract, methanol extract (49) and 
also in both methanolic and ethanolic extracts (58), 
therefore we can deduce that Oleuropein would be re-
sponsible for great antioxidant activities (13) observed 
in our subspecies, moreover our results confirm that it 
is a well-known antioxidant derivative (59).

The HPLC analysis showed the richness of all ex-
tracts by oleuropein, a well-known antioxidant deriva-
tive that could explain the highest antioxidant activity 
found (59). The health-promoting properties of this 
compound have been extensively studied principally for 
their antioxidant properties and therapeutic benefits, 
such as antimicrobial and antiproliferative activities 
(15, 16). Several studies suggest that the phenol ex-
tract with high hydroxytyrosol content obtained from 
olive leaves (Olea europaea L.) increased the oxidative 
stability of different food lipids (butter and lard) (60). 
Interestingly, some studies showed that other phenolic 

increasing interest in natural antioxidants that are pre-
sent in many plants (44). In this context, the interest 
in the olive leaf and its chemical composition has re-
cently been increasing. In fact, Olive leaves are consid-
ered a cheap raw material that can be used as a source 
of high-added-value products (45). This research was 
done to confirm the ability of leaf extracts issued from 
wild olives to synthesize secondary metabolites, to 
evaluate their capacity as natural antioxidants, as well 
as to examine how geographic differences could influ-
ence the chemical composition and bioactivity of wild 
olives.

In general, the results obtained in this work in-
dicate clearly that leaf extracts obtained from the two 
wild olive subspecies contain high concentrations of 
phenols and flavonoids. According to the solvent used 
the Methanolic extracts of the two subspecies were 
shown to be containing higher phenolic component 
levels compared to water extracts. in relation to the 
two wild subspecies examined the methanolic extract 
of the subsp.laperrinei spread from Sahara contains a 
very high proportion of these phenolic compounds. 
These height concentrations of phenolic found in all 
our extracts can be explained by the type of solvent. 
Therefore, polar solvents were the best extraction 
media for phenolic compounds (46). These amounts 
found are in agreement with numerous research which 
have been done on methanolic extract of olive leaf from 
Tunisia, Malta, France, Serbia (47) and in Chemlali 
variety from west of Algeria (48) as well as Meski cul-
tivar from Tunisia (59). In contrast to our results, other 
studies determined the height concentration of these 
phytochemicals (43, 50, 51), additionally according 
to the results, flavonoids represent the major fraction 
of polyphenol compounds; this result is in accordance 
with those suggested by Chu et al. (17).

On another side, the extracts from the Saharan 
region also induce an increase in the scavenging activi-
ties of free radicals more than those from the northern 
region related directly to their higher levels of polyphe-
nols (22,52,53), these later can prevent the synthesis 
of free radicals and opposing the oxidation of macro-
molecules (54,55), the variability of the antioxidant 
activity observed between leaf extracts of the two wild 
olives can be explained by the structure of the phenolic 
compounds, notably by the number and the position 
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two samples is maceration with methanol than water. 
It gives a high extract yield, the maximum total phe-
nolic and flavonoid contents, the greatest antioxidant 
activity as well as the main active components. More-
over, it could be confirmed that not only cultivated 
but also wild olive leaves are considered a source of 
natural antioxidants due to their height amounts of 
total phenolic and flavonoid content and good radi-
cal scavenging activity which are detected preceding. 
Despite wild olive “subsp. laperrinei” spread in arid 
regions (Sahara) but containing a high amount of 
these phytochemicals and Greater antioxidant activ-
ity which is similar to that presented by BHT than 
var. sylvestris which collected from a habitat with more 
favorable conditions.

In addition, the variability demonstrated between 
the two subspecies explained clearly the role of habitat 
factors in the production of these secondary metabo-
lites and on the other hand, the role of the secondary 
metabolites in the ecophysiological process of plants 
to adapting in stressful conditions (lower precipita-
tion, higher temperatures). As a result, it has become 
a necessity for the pharmaceutical and cosmeceuticals 
industry the shift towards natural products.

Conflict of Interest: Each author declares that he or she has no 
commercial associations (e.g. consultancies, stock ownership, equity 
interest, patent/licensing arrangement etc.) that might pose a con-
flict of interest in connection with the submitted article.

References

1. Addab N, Fetni S, Hamlaoui F, Zerguine A, MahlouL K. 
Comparative evaluation of antioxidant activity of etha-
nolic extracts from leaves of Olea europaea L. from Eastern 
Algeria. J FacMed. 2020; 4(2):579- 586. doi:10.51782/jfmo 
.v4i2.106.

2. Boldi AM. Libraries from natural product-like scaffolds. 
Curr Opin Chem Biol.2004; 8: 281 - 286. doi:10.1016/j 
.cbpa.2004.04.010.

3. Clardy J, Walsh C. Lessons from natural molecules. Nature. 
2004; 432: 729 - 837. doi:10.1038/nature03194.

4. Bouchefra A, Idoui T. Nutritional effect of virgin olive oil 
“Sigoise variety” on growth performance, plasma lipids and 
endogenous microflora of Wistar rats. Les technologies de 
laboratoire.2012;7(26) :20-26. https://revues.imist.ma/index 
.php/technolab/article/view/572/475.

compounds can be involved in the antioxidant activity 
of olive leaf extract for example, rutin has good effects 
such as antioxidant, and anti-aging, their beneficial ef-
fects are attributed to their ability to reduce oxidative 
stress, in high-cholesterol-diet-fed (61, 62). Besides, 
luteolin may have preventive benefits against the ap-
pearance of diabetes-related cardiac dysfunction by 
minimizing oxidative stress (63); moreover, gallic acid 
also possesses beneficial effects on human health and 
decreases oxidative stress (64).

The variability seen in the phytochemical profile 
and antioxidant potential between sub-species studies, 
as well as the predominant of the stressful one, subsp. 
laperrinei” in both types of extracts than the Mediter-
ranean subspecies, may be explained the role play by 
secondary metabolites in the process of plants adapt-
ing to the ecological condition in their environments 
(65), in which synthesis and accumulation of those 
metabolites, mainly the phenolic compounds increased 
during stress It could support the suggestion that phe-
nolics could play a key role in the ecophysiological 
adaptation of Olea europea L. to the specific ecologi-
cal conditions (48), additionally, Edziri et al. (50) hy-
pothesized that the significant differences observed in 
leaves methanolic extracts of four olive cultivars from 
Tunisia can be explained by many factors including 
genetic origins, geographical region, soil composi-
tion, environmental climate, altitude, rainfall and the 
amounts and type of phenol contents may vary accord-
ing to the olive variety. Furthermore, the type of sol-
vent used through the extraction protocol (66). These 
factors may directly affect the chemical profile and, as a 
result, their therapeutic effects, as in our study.

Conclusion

Olive leaves are widely applied in different fields 
due to their wide range of bioactivities. Moreover, the 
valorization of Algerian genetic heritage, especially 
wild olives and Saharan endemic subspecies which are 
unknown until this day like our case of subsp. laper-
rinei is becoming a necessity to demonstrate their im-
portance, by studying their bioactive content.

From the results of this preliminary study, the op-
timal extraction procedure for the dried leaves of the 



Progress in Nutrition 2023; Vol. 25, N. 3: e2023032 13

Agric. 2000; 80:561–566. doi:10.1002/(SICI)1097-0010 
(200004)80:5<561:AID-JSFA574>3.0.CO;2-%23 .

18. Ndhlala A R, Kasiyamhuru A, Mupure C, Chitindingu K, 
Benhura MA, Muchuweti M. Phenolic composition 
of Flacourtia indica, Opuntia megacantha and Sclero-
caryabirrea. Food Chem. 2007; 103:82–87. doi:10.1016/j 
.foodchem.2006.06.066 .

19. Sharma S, Stutzman J D, KelloffG J, Steele V E. “Screening of 
potential chemopreventive agents using biochemical mark-
ers of carcinogenesis”. Cancer Res.1994; 54: 5848–5855. 
doi:10.1023/A:1009702822807.

20. Al-Azzawie H F, Alhamdani M S S. “Hypoglycemic and 
antioxidanteffect of oleuropein in alloxan-diabeticrabbits”. J. 
Life Sci. 2006; 78: 1371-1377.doi:10.1016/j.lfs.2005.07.029.

21. Niaounakis M, Halvadakis CP. Olive Processing Waste 
Management: Literature Review and Patent Survey, second 
ed., vol. 5, in: Waste Management. Elsevier, Amsterdam 
.2006; xvi + 498.https://www.sciencedirect.com/bookseries 
/waste-management-series/vol/5/suppl/C.

22. Olmo-García L, Bajoub A, Benlamaalam, S, et al. Estab-
lishing the phenolic composition of Olea europaea L. leaves 
from cultivars grown in Morocco as a crucial step towards 
their subsequent exploitation. Molecules. 2018; 23: 2524. 
doi:10.3390/molecules23102524.

23. Nicolì F, Negro C, Vergine M, et al. Evaluation of phy-
tochemical and antioxidant properties of 15 Italian Olea 
europaea L. cultivar leaves. Molecules. 2019;24, 1998. 
doi:10.3390/molecules24101998 .

24. Abaza L, Taamalli A, Nsir H, ZarroukM. Olive Tree (Olea 
europeae L.) Leaves: Importance and Advances in the Analy-
sis of PhenolicCompounds.Antioxidants. 2015; 4: 682-698;  
doi:10.3390/antiox4040682.

25. Zeriouh W, Nani A, Belarbi M, et al. Phenolic extract 
from Oleaster (Olea europaea var. Sylvestris) leaves reduces 
colon cancer growth and induces caspase-dependent apop-
tosis in colon cancercells via the mitochondrial apoptotic 
pathway. PLoS ONE .2017; 12:1–19. doi:10.1371/journal 
.pone.0170823 .

26. Sarma A. D., Mallick A. R. and Ghosh A. K. “Free Radi-
cals and TheirRole in Different Clinical Conditions: An 
Overview,” International Journal of Pharma Sciences and 
Research, Vol. 1, No. 3, 2010, pp. 185-192.

27. Ito N, Hirose M, Fukushima H, TsudaT, Shirai T, 
Tatenatsu M. Studies on Antioxidants: Their Carcino-
genic and Modifying Effects on Chemical Carcinogens.
Food ChemToxicol. 1986; 24: 1071-1092.doi: 10.1016 
/0278-6915(86)90291-7.

28. Chen C, Pearson M A, Gray I J. Effects of syntheticantioxi-
dants (BHA, BHT and PG) on the mutagenicityof IQ-like 
compounds, Food Chem.1992; 43: 177- 183. https://doi 
.org/10.1016/0308-8146(92)90170-7.

29. Kahl R, Kappus H. Toxicology of the Synthetic Antioxi-
dants BHA and BHT in Comparison with Natural Antiox-
idant Vitamin E. Zeitschrift-fur. Z Lebensm Unters Forsch. 
1993; 196: 329-338. doi:10.1007/BF01197931.

5. Stark A H, Madar P Z. Olive Oil as a Functional Food: 
Epidemiology and Nutritional Approaches.Nutr. Rev.2002 
;60: 170-176. doi:10.1301/002966402320243250.

6. Romero-García J M, Niño L, Martínez-Patiño C, 
Álvarez E, CastroM J N. Biorefinery based on olive biomass. 
State of the art and future trends.Bioresour. Technol.2014; 
159: 421–432.doi: 10.1016/j.biortech.2014.03.062 .

7. Nunes M A, Pimentel F B, Costa A S G, Alves R C, 
Oliveira M B P. Olive by-products for functional and food 
applications: Challenging opportunities to face environ-
mental constraints.Innov. Food Sci. Emerg. Technol.2016; 
35: 139–148. doi:10.1016/j.ifset.2016.04.016.

8. Somova L I, Shode F O, Ramnanan P, Nadar A. Anti-
hypertensive, anti-atherosclerotic and antioxidant activ-
ity of triterpenoids isolated from Olea europaea subspecies 
Africana leaves J. Ethnopharmacol.2003; 84:299-305. 
doi:10.1016/S0378-8741(02)00332-X.

9. Sedef E l N, Karakaya S. Olive tree (Olea europaea) leaves:  
Potential beneficial effects on human health.Nutr.  
Rev.2009;67(11): 632–638.doi:10.1111/j.1753-4887.2009 
.00248.x.

10. Brahmi F, Mechri B, Dabbou S, Dhibi M, Hammami M. 
The efficacy of phenolics compounds with different po-
larities as antioxidants from olive leaves depending on sea-
sonal variations. Ind.Crops Prod. 2012; 38:146–152. doi: 
10.1016/j.indcrop.2012.01.023.

11. Talhaoui N, Taamalli A, Gómez-Caravaca A M, Fernández-
Gutiérrez A, Segura-Carretero A. Phenolic compounds in 
olive leaves: Analytical determination, biotic and abiotic 
influence, and health benefits. Food Res. Int. 2015; 77:  
92–108. https://doi.org/10.1016/j.foodres.2015.09.011

12. Altarejos J, Salido S, Perez-Bonilla M, et al. “Preliminary 
assay on the radical scavenging activity of olive wood-
extracts”. Fitoterapia.2005;76: 348-351. doi:10.1016/j 
.fitote.2005.02.002.

13. Benavente-Garcia O, Castillo J, Lorente J, Ortuno A, Del 
RioJ A. “Antioxidant activity of phenolics extracted from 
Olea europaea L. leaves” Food Chem. 2000; 68:457-462. 
doi:10.1016/S0308-8146(99)00221-6.

14. Tripoli E, Giammanco M, Tabacchi G, Di Majo D, 
Giammanco S. La Guardia M. The phenolic compounds of 
virgin olive oil: structure, biological activity and beneficial 
effects on human health. Nutr Res Rev.2005;18:98–112. 
doi:10.1079/NRR200495.

15. Bulotta S, Corradino R, Celano M et al. Antioxidant 
and antigrowth action of peracetylatedoleuropein in thy-
roidcancercells. J. Mol. Endocrinol. 2013; 51: 181–189. 
doi:10.1530/JME-12-0241.

16. GoulasV, Exarchou V, Troganis AN, Psomiadou E, Fotsis 
T, Briasoulis E.Phytochemicals in olive-leafextracts and 
their antiproliferative activity againstcancer and endotheli-
alcells. Mol. Nutr. Food Res. 2009; 53:600–60.doi:10.1002 
/mnfr.200800204

17. Chu Y H, Chang C L, HsuH. Flavonoidcontent of sev-
eralvegetables and theirantioxidant activity. J. Sci. Food 



Progress in Nutrition 2023; Vol. 25, N. 3: e202303214

44. Salah MB, Abdelmelek H, Abderraba M. Study of Phenolic 
Composition and Biological Activities Assessment of Ol-
ive Leaves from different Varieties Grown in Tunisia. Med 
chem 2012; 2: 107-111. doi: 10.4172/2161-0444.1000124

45. Briante R, Patumi M, Terenziani S, Bismuto E, Febbraio F. 
Olea europaea L. leaf extract and derivatives: antioxidant 
properties. J Agric Food Chem. 2002;50: 4934–4940. dio: 
10.1021/jf025540p

46. Badarinath AV, RAo KM, Chetty CMS, Ramkanth V, 
Rajan TVS, Gnanaprakash K. A review on in-vitro antioxi-
dant methods: comparisons, correlations and considerations. 
Int. J. PharmTech Res 2010;2 (2): 1276–1285.

47. Stankovic M, Curcic S, Zlatic N, Bojovic B. Ecological 
variability of the phenolic compounds of Olea europaea 
L. leaves from natural habitats and cultivated conditions. 
Biotechnol. Biotechnol. Equip.2017; 31(3): 499–504. doi: 
10.1080/13102818.2016.127580.

48. DEBIB A, Boukhatemm N. Phenolic Content, Antioxidant 
and Antimicrobial Activities of “Chemlali” Olive Leaf (Olea 
europaea L.) Extracts.IJPPE.2017; 6: 38-46 ,2297-6922. 
doi: 10.18052/www.scipress.com/IJPPE.6.38.

49. Edziri H, Jaziri R, Chehab H, et al. A comparative study on 
chemicalcomposition; antibiofilm and biological activities 
of leavesextracts of fourTunisian olive cultivars. Heliyon. 
2019; 5(5): e01604. doi: 10.1016/j.heliyon.2019.e01604.

50. Himour S,Yahia A, Belattar H. Oleuropein and Anti-
bacterial Activities of Olea europaea L. Leaf Extract. Eur. 
Sci. J. 2017;13(6):1857 – 7881 (Print) e -1857- 7431.doi: 
10.19044/esj.2017.v13n6p342.

51. Saiah H, AllemR, EL Kebir FZ. Antioxidant and antibacte-
rial activities of six Algerian medicinal plants. Int J Pharm 
Pharm Sci. 2016; 8(1):0975-1491.

52. Luís Â, Domingues F, Gil C, Duarte A. Antioxidant activity 
of extracts of Portuguese shrubs: Pterospartumtridentatum, 
Cytisusscoparius, and Erica spp.J Med Plants Res.2009;  
3: 886 – 893.

53. Nicolì F, Negro C, Vergine M, et al.Evaluation of phyto-
chemical and antioxidant properties of 15 Italian Olea eu-
ropaea L. cultivar leaves. Molecules. 2019; 24: 1998. doi: 
10.3390/molecules24101998.

54. Van AckerSA, Tromp M N., Haenen GR, Van Der 
Vijgh WJ, Bast A. Flavonoids as scavengers of nitricoxide 
radical. Biochem. Biophys.1995; 214:755–759. doi: 10.1006 
/bbrc.1995.2350.

55. Puppo A. Effect of flavonoids on hydroxyl radical for-
mation by Fenton-type reactions; influence of the iron-
chelator. Phytochemistry. 1992; 31:85-88. doi: 10.1016 
/0031-9422(91)83011-9.

56. Bouaziz M, Sayadi S. Isolation and evaluation of an-
tioxidants from leaves of a Tunisian cultivar olive tree. 
Eur J Lipid Sci Technol. 2005; 107: 497–504. doi: 10.1002 
/ejlt.200501166.

57. Ranalli A, Contento S., Lucera L, Febo M D, Marchegiani 
D, Fonzo V D. Factors affecting the contents of Iridoid 
Oleuropein in olive leaves (Olea europaea L.). J. Agric. Food 
Chem. 2006; 54, 434–440. doi: 10.1021/jf051647b.

30. Nadhala R A, Moyo M, Staden VJ. Natural Antioxidants: 
Fascinating or Mythical Biomolecules. Molecules. 2010; 
15:6905-6930.doi: 10.3390/molecules15106905.

31. Azwanida N N. A Review on the Extraction Methods 
Use in Medicinal Plants, Principle, Strength and Limi-
tation.MedAromat Plants. 2015; 4: 196. doi: 10.4172 
/2167-0412.1000196.

32. Bouaziz M, Fki I, Jemai H, Ayadi M, Sayadi S. Effect of 
storage on refined and husk olive oils composition: Stabi-
lization by addition of natural antioxidants from Chemlali 
olive leaves. Food Chem.2008 ;10: 253–262.doi: 10.1016/j.
foodchem.2007.10.074.

33. Stanojević, L., Stanković, M., Nikolić, V, et al.Antioxidant 
activity and total phenolic and flavonoid contents of Hiera-
cium pilosellaL. extracts. Sensors. 2009;9: 5702-5714. doi: 
10.3390/s90705702.

34. Handa S, Khanuja S P, Longo GRakesh D D.Extraction 
Technologies for Medicinal and Aromatic Plants. UNIDO 
and ICS, Trieste, Italy .2008; 260 : 21–54.

35. Vongsaka B, Sithisarna P, Mangmool S, Thongpraditcho-
tec S, Wongkrajangc Y, Gritsanapana W. Maximizing total 
phenolics, total flavonoids contents and antioxidant activity 
of Moringa oleifera leaf extract by the appropriate extraction 
method. Ind Crops Prod. 2013;44: 566–571. doi: 10.1016/j 
.indcrop.2012.09.021.

36. Dhanani T, Shah S, Gajbhiye NA, Kumar S. Effect of ex-
traction methods on yield, phytochemical constituents and 
antioxidant activity of Withania somnifera. Arab. J. Chem. 
2013; 10:S1193 – S1199. doi: 10.1016/j.arabjc.2013.02.015.

37. Bougandoura N, Bendimerad N.antifungal activity of 
aqueuous and methanol extracts of Satureja calamintha ssp. 
(nepeta) briq. Revuedes Bio Ressources. 2012; 2 :1-7.

38. Djeridane A, Yousfi M, Nadjemi B, Maamri S, Djireb F, 
Stocker P. Phenolic extracts from various Algerian 
plants as strong inhibitors of porcine liver carboxylester-
ase. J EnzymeInhibMedChem.2006; 21(6):719726.doi: 
10.1080/14756360600810399 .

39. Singleton V L, Orthofer R, Lamuela- Raventos R M. 
Analysis of total phenols and other oxidation substrates 
and antioxidants by means of folin-ciocalteu reagent. 
Methods Enzymol. 1999; 299:152- 178. doi: 10.1016 
/S0076-6879(99)99017-1.

40. Kosalec I, Bakmaz M, Pepeljnjak S, Vladimir-Knezevic S. 
Quantitative analysis of the flavonoids in raw propolis from 
northern Croatia.Acta.Pharm. 2004; 54: 65- 72.

41. Kulsic T, Radomic A, Katalinic V, Milos M. Use of differ-
ent methods for testing antioxidant activity of Oregano es-
sential oil. Food. chem. 2004; 85(4): 633-40. doi: 10.1016/j 
.foodchem.2003.07.024.

42. Arab K, Bouchenak O, Yahhiaoui K. Evaluation of the bio-
logical activity of wild and cultivated olive leaves. Afrique 
science.2013;09:159 – 166.

43. Luís Â, Gilb N, Amaral M E, Duarte A P. Antioxidant 
activities of extracts from acacia melanoxylon, acacia deal-
bata and Olea europaea and alkaloids estimation. int j pharm 
pharm sci .2012;4(1): 225-231.



Progress in Nutrition 2023; Vol. 25, N. 3: e2023032 15

streptozotocin. European Journal of Pharmacology.20(1–3), 
131–137. doi: 10.1016/j. ejphar.2009.07.027

64. Pandey KB, Rizvi SI. Plant polyphenols as dietary antioxi-
dants in human health and disease. Oxid Med Cell Longev. 
2009; 2: 270-8. doi:10.4161/oxim.2.5.9498

65. Khan TA, Mazid M, Mohammad F.Status of second-
ary plant products under abiotic stress: an overview. J 
Stress PhysiolBiochem. 2011;7(2):75–98.doi:10.31031 
/SBB.2018.02.000545.

66. Zaïri A, Nouir S, Zarrouk A, Haddad H, Khélifa A, Achour 
L., Phytochemical profile, cytotoxic, antioxidant, and allelo-
pathic potentials of aqueous leaf extracts of Olea europaea. 
Food Sci Nutr. 2020; 19; 8(9):4805-4813. doi: 10.1002 
/fsn3.1755

Correspondence:
Received: 10 February 2023
Accepted: 3 July 2023
Sara Bouchoucha, MD
Department ofecology and vegetale biology, Laboratory of 
natural resources valorization, Faculty of Natural and Life 
Sciences, University Ferhat Abbas Sétif 1
Sétif 19000, Algeria
E-mail: sarrabouchoucha41@gmail.com

58. Monteleone J I, Sperlinga E, Siracusa, L. Water as a Solvent 
of Election for Obtaining Oleuropein-Rich Extracts from 
Olive (Olea europaea) Leaves. Agronomy .2021; 11: 465. doi. 
10.3390/agronomy11030465.

59. Orak H H, Karamać M, Amarowicz R, Orak A, Penkacik K. 
Genotype-Related Differences in the Phenolic Compound 
Profile and Antioxidant Activity of Extracts from Olive 
(Olea europaea L.) Leaves. Molecules. 2019;24(6): 1130. doi: 
10.3390/molecules24061130.

60. Salta FN, Mylona A, Chiou A, Boskou G, Andrikopou-
los N. Oxidative stability of edible vegetable oils enriched 
in polyphenols with olive leaf extract. Food Sci. Tech. Int. 
2007; 13:413. doi: 10.1177/1082013208089563

61. Augustyniak A, Bartosz G, Cipak A, Duburs G, 
Horakova L, Luczaj W, Majekova M, Odysseos AD, Rack-
ova L, Skrzydlewska E, Stefek M, Strosova M, Tirzitis G, 
Venskutonis PR, Viskupicoca J, Vraka PS, Zarkovic N. Natu-
ral and synthetic antioxidants: an updated overview. Free Radic 
Res. 2010; 44: 1216-62. Doi:10.3109/10715762.2010.508495

62. Ghasemzadeh A, Jaafar H Z E Rahmat A. Antioxidant 
activities, total phenolics and flavonoid scontent in two 
varieties of Malaysia young ginger (Zingiber officinale 
Roscoe). Molecules. 2010; 15: 4324-4333. Doi: 10.3390 
/molecules15064324

63. Wang, C., Li, J., Lv, X., Zhang, M., Song, Y., Chen, L. I., & 
Liu, Y. (2009). Ameliorative effect of berberine on endothe-
lial dysfunction in diabetic rats induced by high-fat diet and 


