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Abstract

Lfitat A., Zejli H., Bousselham A., El Atki Y., Lyoussi B., Gourch A., Abdellaoui A., 2020: Comparative 
evaluation of Argania spinosa and Olea europaea leaf phenolic compounds and their antioxidant activity. – 
Botanica, 26(1): 76–87. 

We conducted this study to determine and compare the content of phenolic compounds and flavonoids in the 
argan and olive leaves as well as their antioxidant capacity in aqueous, methanolic, and ethyl acetate extracted 
fractions. In vitro antioxidant activity was evaluated in comparison with synthetic antioxidants by assessing 
DPPH• radical scavenging capacity, ferric reducing antioxidant power, scavenging ability by inhibiting the 
β-carotene/linoleic acid emulsion oxidation, and by the ABTS radical scavenging activity assay. Total phenolic 
content in argan samples ranged from 221.69 ± 2.07 to 1.32 ± 0.01 mg GAE/g DW and in olive samples from 
144.61 ± 0.82 to 1.21 ± 0.02 mg GAE/g DW. Total flavonoids content in argan samples varied from 267.37 ± 
1.12 to 25.48 ± 0.02 mg QE/g DW, while in olives from 96.06 ± 0.78 to 10.63 ± 0.05 mg QE/g DW. In vitro 
antioxidant studies strongly confirmed the antioxidant potency of argan and olive leaves and their richness in 
secondary metabolites that are effective in free radicals scavenging and metal chelating capacities, indicating 
their antioxidant power.

Keywords: antioxidant activity, Argania spinosa, flavonoids, Olea europaea, phenolic compounds, radical 
scavenging.

INTRODUCTION

During the past decades, it became apparent that 
reactive oxygen species (ROS) and reactive nitrogen 
species (RNS), collectively termed RONS (Woot-
ton-Beard & ryan, 2011), exert a multitude of bio-
logical effects. They are covering a broad spectrum 
that ranges from physiological regulatory functions 
to damaging alterations participating in the patho-
genesis of an increasing number of diseases (al-
fadda & Sallam, 2012). Free radicals and RONS 
are metabolic products continuously generated from 
various cells in the human body, and they are fun-
damental to many biochemical processes. They 
represent an essential part of aerobic life produced 

as an effect of oxidative metabolism and mediated 
oxidative damage to macromolecules namely lipids, 
proteins, DNA, and, thus, result in the incidence of 
severe illnesses (athar, 2002). To maintain a state 
of homeostasis, living organisms are striving to keep 
those highly reactive molecules under tight control 
with the help of an intricate system of antioxidants 
(Wootton-Beard & ryan, 2011). For that, plant nat-
ural antioxidants have been investigated due to their 
safety and efficiency (Shi et al., 2019).

The Mediterranean flora exhibits broad biodi-
versity, including a notably high number of native 
aromatic and medicinal plants, many of which may 
have several pharmacological potencies (tair et al., 
2014). Argania spinosa (L.) Skeels is the only repre-
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sentative of the Amphi-Atlantic tropical/subtropical 
Sapotaceae family in northwestern Africa (Penning-
ton, 1991). It is a shrubby threatened plant, endemic 
and grows mainly in the arid and semiarid southwest-
ern part of Morocco, plays a vital environmental and 
socioeconomic role. Its conservation is a significant 
stake for the country. The oil prepared from its fruit is 
the best-known product of the tree; the fruits and fo-
liage are mainly used in the feeding of herds (Charr-
ouf & guillaume, 2007), especially goats with a diet 
contribution proportion of 35 to 68% (el aiCh et al., 
2007). As a positive benefit, the residents emphasise 
good sensory quality (colour, juiciness, taste) and 
healthiness of the herd meat that depends on argan 
leaves and fruits in their feeding diet.

Olea europaea L. is distributed mainly in the 
Mediterranean basin since ancient times, and its cul-
tivated forms have been introduced into many areas 
(BeSnard et al., 2007). The most well-known use of 
the olive tree is undoubtedly the production of the 
oil used for food, cosmetic and therapeutic purposes 
(BiSignano et al., 1999). Additionally, its medicinal 
properties are attributed to their leaves which are pri-
marily used as animal feed (Souilem et al., 2017) and 
latterly as a valuable source of energy biomass and 
bioactive compounds (SPinelli & PiCCh, 2010; gul-
lón et al., 2018).

In recent years, significant attention was attracted 
to some plant leaves regarding their bioactive mol-
ecules. Likewise, argan and olive leaves have been 
themes of several studies. However, to our knowl-
edge, these works have never been the subject of 
comparative studies between argan and olive leaves 
under the same experimental conditions (djidel et 
al., 2014; Khaliq et al., 2015; daKiChe et al., 2016; 
ÇetinKaya & Kulak, 2016). This study for the first 
time presented a comparative evaluation of the anti-
oxidant potency level of different argan and olive 
leave fractions, potentially rich in bioactive mol-
ecules and precursors of antioxidant nature necessar-
ily used for plant protection and during the process of 
the fruit fatty acid synthesis.

MATERIALS AND METHODS

Reagents and standards
The chemicals 2,2-diphenyl picrylhydrazyl 

(DPPH), ABTS (2,2’-azino bis (3-ethylbenzothia-

zoline-6-sulfonic acid)), butylated hydroxytoluene 
(BHT), Trolox (6-hydroxy-2,5,7,8-tetramethylchro-
man-2-carboxylic acid), ammonium molybdate, 
sodium phosphate, sulfuric acid, gallic acid, FeCl3, 
K3Fe(CN)6, and Folin–Ciocalteu reagents were pur-
chased from Sigma-Aldrich (St. Louis, MO, US). All 
the other chemicals and solvents used were of ana-
lytical grade. The absorbance was measured with a 
spectrophotometer (Model Jasco V-530).

Plant material and extraction
Argan (Argania spinosa (L.) Skeels var. apicu-

lata) and olive (Olea europaea (L) var. moroccan 
picholine) leaves were collected in April 2018, from 
Agadir (30°26′ N, 9°36′ W) and Sefrou (33°49′45.68″ 
N, 4°50′22.12″ W) regions, respectively. The leaves 
were dried for two weeks at ambient temperature and 
crushed in an electric blender. The leaf extracts were 
obtained by Soxhlet apparatus fractionated extraction, 
using 50 ml of solvent as distilled water, methanol or 
ethyl acetate, and 3 g of argan or olive leaf powder 
(the quantity that was conserved during the process 
of extraction). The Soxhlet extraction lasted for 16 
hours, each time we used a new type of solvent for 
the total depletion of the plant material. The use of 
different solvents provided three different fractions of 
leaf extracts that were refrigerated in an airtight bottle 
protected from light and oxygen until analysis.

Yield
The yield of raw material extraction was defined 

as the ratio between the mass of the dry extract ob-
tained and the mass of the treated plant material. 
First, we calculated the mass in grams of the dry 
extract resulting from the dryness of one ml of the 
leaf extract (M1), using a glass dish and the oven for 
evaporation:

M1 = D1–D0, where M1 – mass in grams of the 
dry extract resulting from the dryness of one milli-
litre of leaf extract obtained; D0 – mass in grams of 
the empty glass dish; D1 – mass in grams of the glass 
dish that was filled with 1 ml of leaf extract and that 
the solvent was removed.

The extraction yield was calculated by the fol-
lowing formula:

Y = (M1 × 50) /M0 * 100, where Y – yield ex-
pressed as a percentage; M0 – mass in grams of the 
plant material initially treated.
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Total phenolic content
Total phenolic content (TPC) was determined 

colourimetrically by the Folin-Ciocalteu method 
(SlinKard & Singleton, 2010). Briefly, 0.5 ml of 
known dilution of the extract and 2 ml of 7% sodium 
carbonate solution were added to 2.5 ml of 10% (v/v) 
Folin-Ciocalteu reagent. The absorbance was read at 
760 nm after 2 h of reaction at room temperature in 
the dark. Gallic acid was used as a standard for the 
construction of the calibration curve. Total phenolic 
content was expressed as milligrams of gallic acid 
equivalents per gram dry weight (mg GAE/g DW).

Total flavonoid content
Total flavonoid content (TFC) was determined 

spectrophotometrically using the procedure de-
scribed by djeridane et al. (2006) that is based on 
the formation of a flavonoid-aluminum complex. The 
sample of 1.5 ml was mixed with 1.5 ml of 2% alu-
minum chloride (AlCl3) solution. After incubation at 
room temperature for 30 min, the mixture absorbance 
was measured against the blank at 430 nm. Querce-
tin was used as a standard for the construction of the 
calibration curve, and the total flavonoid content was 
expressed as mg quercetin equivalents per gram dry 
weight (mg QE/g DW).

Antioxidant activity

Scavenging ability on DPPH radical
The antioxidant potential of the extracts was de-

termined based on their scavenging activity of the 
stable 1,1-diphenyl-2-picrylhydrazyl (DPPH) free 
radical, and it was measured after the BuritS & BuCar 
(2000) method. Briefly, 0.1 ml of various concentra-
tions of the extract or standard antioxidant was added 
to 0.75 ml of methanolic solution of DPPH (0.004%) 
and 0.65 ml of methanol. The mixture was shaken 
vigorously and placed in the dark at room tempera-
ture. The absorbance was measured at 517 nm after 
30 min of incubation time. The synthetic antioxidant 
BHT served as a positive control, and the inhibition 
percentage was calculated using the following equa-
tion:

DPPH scavenging capacity (%) = [(A0 – A1)/A0] 
* 100, where A0 is the absorbance of the control at 
30 min and A1 is the absorbance of the sample at 
30 min.

The concentrations providing 50% of initial free 
radicals inhibition (IC50) were calculated from the 
graph of inhibition percentage.

Ferric reducing antioxidant power
Ferric reducing antioxidant power (FRAP) assay 

measures the electron-donating ability of antioxidants 
using the potassium ferricyanide reduction method. 
Antioxidants reduce the ferric iron/ferricyanide com-
plex to the ferrous form. It was assessed according to 
the oyaiZu (1986) method, whereby, various concen-
trations of extracts (2.5 ml) were mixed with 2.5 ml 
of phosphate buffer (0.2 M, pH 6,6) and 2.5 ml of 1% 
potassium ferricyanide (K3Fe[CN]6). This mixture 
was incubated at 50°C for 20 min, and then, 2.5 ml of 
10% trichloroacetic was added, and the mixture was 
centrifuged at 3000 rpm for 10 min. The upper layer 
fraction (2.5 ml) was mixed with 2.5 ml of distilled 
water and 100 µl of 0.1% ferric chloride (FeCl3). The 
absorbance was measured at 700 nm, and quercetin 
was used as a positive control. Higher absorbance in-
dicated higher reducing power, and the results were 
expressed as IC50 (mg/ml), which was the effective 
concentration corresponding to 0.5 of absorbance.

Total antioxidant capacity
The total antioxidant capacity (TAC) test is based 

on the reduction of Mo (VI) to Mo (V) and subse-
quent formation of a green phosphate/Mo (V) com-
plex at acid pH (Prieto et al., 1999). A total volume 
of 25 µl of the extract or standard antioxidant at 
various concentrations was added to 1 ml of reagent 
solution (0.6 M sulfuric acid, 28 mM sodium phos-
phate and 4 mM ammonium molybdate). The closed 
tubes were incubated in a thermal block at 95°C 
for 90 min and then cooled to room temperature. 
The absorbance was measured at 695 nm against a 
blank, and ascorbic acid was used as a positive con-
trol. The antioxidant activity was expressed as mg 
ascorbic acid equivalents per gram of dry weight  
(mg AAE/g DW).

β-Carotene bleaching assay
The β-carotene bleaching inhibition test was per-

formed as described by oZSoy et al. (2008) with a 
slight modification. This method was carried out 
to estimate the capacity to inhibit the β-carotene 
bleaching using a β-carotene/linoleic acid model. We 
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transferred 10 μl of linoleic acid and 100 μl of Tween 
80 into a flask, and then added 1 ml of β-carotene 
solution (2 mg of β-carotene powder dissolved in 
10 ml of chloroform). After that, the chloroform was 
removed by using rotary evaporation at 40°C. To the 
residue, 25 ml of 30% hydrogen peroxide was added 
slowly, and the solution was vigorously shaken to 
form a stable emulsion. To 2.5 ml of this prepared 
emulsion we added 100 μl of diluted extract or ref-
erence antioxidant (ascorbic acid) at a concentration 
of 35 mg/ml. A negative control was carried out in 
parallel, comprising 2.5 ml of the β-carotene emul-
sion and 100 μl of methanol. The mixture was well 
stirred, and the reading of the absorbance was imme-
diately (t0) at 470 nm against a blank test consisting 
of the emulsion without beta-carotene. The covered 
test tubes were placed in a water bath set at 50°C, 
and the reading of the absorbance was made at differ-
ent time intervals (0 min, 60 min, 90 min, 120 min, 
150 min and 180 min) and by keeping the sample 
tubes in the water bath until the visual disappearance 
of β-carotene in the control sample (about 180 min). 
The bleaching rate of the β-carotene solution was de-
termined by measuring the difference between initial 
reading in spectral absorbance at time 0 min and after 
180 min. Samples antioxidant activity was evaluated 
in terms of bleaching inhibition of β-carotene using 
the formula:

AA = % inhibition = [1 – (As0 – As) / Ac0 – Ac)] 
*100, where As0 and As were the absorbance values 
measured at zero time of the incubation for test sam-
ple and control, respectively. Ac0 and Ac were the 
absorbance measured in the test sample and control, 
respectively, after incubation for 180 min.

ABTS radical scavenging activity
The assay of ABTS+ radical scavenging activity 

was performed using the method of re et al. (1999) 
with a slight modification. The cationic radical 
ABTS+ was obtained by the reaction between 10 ml 
of 2 mM ABTS (diammonium salt) and 100 μl of 
potassium persulfate K2S2O8 at 70 mM. The mixture 
was incubated in the dark for 24 hours at room tem-
perature before use. The ABTS+ solution obtained 
was diluted with methanol to obtain an absorbance 
between 0.7 and 0.8 at 734 nm. We mixed 2850 μl 
of generated ABTS+ solution with 150 μl of extract 
or used a standard Trolox as a positive control. The 

absorbance values were measured at 734 nm against 
a blank after 30 min of incubation in the dark. Anti-
radical power of the extract was expressed as the in-
hibition percentage of the radical ABTS+ according 
to the following formula:

ABTS+ radical scavenging activity (%) = [As–
Ac] / Ac * 100, where As is the absorbance of the 
sample at t = 30 min and Ac is the absorbance of the 
control at t = 30 min. The IC50 values were calculated 
as the concentrations providing 50% of initial ABTS+ 
radical inhibition.

Statistical analysis
Statistical analysis was carried out by one-way 

analysis of variance (ANOVA) test using a statisti-
cal package programme (GraphPad Prism 5.03), and 
the significance of the difference between means 
was determined by Duncan’s multiple range test at 
(p < 0.05) significant level. Pearson’s correlation (r) 
was carried to determine whether there was a statis-
tically significant positive or negative relationship 
between the phenolic compounds and antioxidant ac-
tivities. Assays were performed in triplicate, and the 
results were shown as mean ± SD.

RESULTS

Yield, total phenolic and flavonoid contents
The extraction yield of argan and olive leaves 

varied under the solvent used (Table 1). The yield of 
argan leaf extracts decreased depending on the sol-
vent in the following order: aqueous > methanolic > 
ethyl acetate. Meanwhile, the yield of olive leaf ex-
tracts descended from methanolic to ethyl acetate ex-
tractions. According to myaSniKov et al. (2010), the 
discrepancy in the extraction yield is highly depend-
ent on the kinetic process: temperature, pressure, and 
solvent polarity during plant material extraction.

In general, the aqueous and methanolic leaf frac-
tions showed higher values of phenolic and flavonoid 
contents than the ethyl acetate fractions (Table 1). 
Quantitative analysis showed that the total phenolic 
content in aqueous fractions was higher than in meth-
anolic ones. Conversely, the rate of flavonoids in the 
methanolic extracts was greater than in aqueous sam-
ples. Total phenolic compounds were estimated by the 
use of the standard curve equation of gallic acid equiv-
alent: y = 11.554 x (r2 = 0.9934, p < 0.05). The high-
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est values of phenolics were detected in aqueous and 
methanolic argan fractions with the content of 221.69 
± 2.07 and 210.93 ± 1.24 mg GAE/g DW, respective-
ly. In olive fractions total phenolics composed 144.61 
± 0.82 and 60.08 ± 0.31 mg GAE/g DW, respectively. 
On the other hand, flavonoids content exceeded in 
methanolic and aqueous argan fractions (267.37 ± 
1.12 and 123.12 ± 0.49 mg QE/g DW, respectively) 
compared to the corresponding fractions of olive 
leaves (96.06 ± 0.78 and 83.23 ± 0.21 mg QE/g DW). 
Flavonoid content was calculated in terms of quercetin 
equivalent using a standard curve equation: y = 6.0423 
x + 0.065 (r2 = 0.99, p < 0.05). The total flavonoid 
concentrations in ethyl acetate fractions of argan and 
olive leaves (25.48 ± 0.02 and 10.63 ± 0.05 mg QE/g 
DW, respectively) were estimated higher compared 
to the total phenolic contents (1.32 ± 0.01 and 1.21 ± 
0.02 mg QE/g DW, respectively) (Table 1).

Reducing antioxidant power and radical scaven-
ging activities

In vitro antioxidant activities, expressed as frac-
tional concentrations providing 50% inhibition, are 
presented in Table 2. The lowest IC50 value expressed 
the highest antioxidant activity. The ferric reducing 
antioxidant power activity of the studied leaves varied 
significantly from 0.420 to 1.880 mg/ml (p ˂ 0.05). 
The most effective antioxidant power activities 
were detected in methanolic and aqueous fractions 
of argan and olive leaves (0.420 ± 0.001 and 1.018 
± 0.004 mg/ml, respectively). Methanolic olive and 
aqueous argan extracts reached the medium of inhi-
bition at 1.380 ± 0.002 and 1.647 ± 0.007 mg/ml, re-
spectively. The lowest reducing ability was detected 
for ethyl acetate fractions of olive (1.720 ± 0.001 mg/
ml) and argan (1.880 ± 0.003 mg/ml). In addition, all 
samples tested were estimated to have lower antioxi-
dant activity compared to quercetin used as a positive 

control (IC50 = 0.033 ± 0.006 mg/ml; y = 0.0135 x + 
0.0354; r2 = 0.9946, p < 0.05).

Considering all 50% inhibition concentrations 
obtained by DPPH assay, the methanolic argan frac-
tion showed the greatest antioxidant efficacy (IC50 
= 0.212 ± 0.001 mg/ml), followed by the aqueous 
and ethyl acetate argan fractions (IC50 = 0.823 ± 
0.004 mg/ml and 0.940 ± 0.003 mg/ml, respectively) 
(Table 2). Meanwhile, the IC50 values of the meth-
anolic, aqueous and ethyl-acetate olive leave frac-
tions showed a decrease in antioxidant activity, ex-
pressed as an increase in the inhibitory concentration 
(1.380 ± 0.005; 1.643 ± 0.014 and 1.725 ± 0.021 mg/
ml, respectively). Antioxidant activity of argan leaf 
extracts showed the same trend as olive extracts and 
was lower compared to the BHT used as a positive 
equivalent control (IC50 = 0.110 ± 0.002 mg/ml).

Regarding the ABTS assay, the results were vary-
ing and higher antioxidant activity was observed 

Fig. 1. Total antioxidant capacity of different argan and olive 
leaves fractions expressed as mg AAE /g DW (mg ascorbic 
acid equivalents /g dry weight). AQ – aqueous, ME – metha-
nolic, EA – ethyl acetate, Arg – argan, Olv – olive. Each co-
lumn value represents the mean ± SD of three samples (***– 
significant at p < 0.05)

Table 1. The extraction yield, total phenolic and flavonoid contents in aqueous, methanolic and ethyl acetate extracts of argan 
and olive leaves

Sample
Yield (w/w) % Total phenolic content1 Total flavonoid content2

Argan Olive Argan Olive Argan Olive
AQ 50.91 33.93 221.69 ± 2.07a 144.61 ± 0.82a 123.12 ± 0.49b 83.23 ± 0.21b

ME 24.17 46.01 210.93 ± 1.24b 60.08 ± 0.31b 267.37 ± 1.12a 96.06 ± 0.78a

EA 6.26 5.75 1.32 ± 0.01c 1.21 ± 0.02c 25.48 ± 0.02c 10.63 ± 0.05c

Results represent mean ± SD (n = 3). AQ – aqueous, ME – methanolic, EA – ethyl acetate, 1 – mg GAE /g DW (mg gallic acid 
equivalents /g dry weight), 2 – mg QE /g DW (mg quercetin equivalents /g dry weight). Mean values followed by different 
superscript in a column are significantly different (p < 0.05).
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compared to all aqueous argan fraction (Table 2). 
The aqueous argan extract showed higher scavenging 
activity against the ABTS+ radical than the aqueous 
olive extract (IC50 = 1.380 ± 0.013 and 3.342 ± 0.006 
mg/ml, respectively). Contrary, methanolic olive frac-
tion expressed a stronger activity than the methanolic 
argan fraction (IC50 = 1.647 ± 0.004 mg/ml and IC50 = 
2.120 ± 0.002 mg/ml, respectively). Using ABTS as-
say, ethyl acetate fractions were ineffective in radi-
cal scavenging and were expressed as undetectable 
results. All the examined samples were estimated to 
hold lower antioxidant activity compared to Trolox, 
with an IC50 value of 0.126 ± 0.005 mg/ml. Otherwise, 
the ABTS assay provided significantly higher antioxi-
dant activity than using the DPPH method. We can 
explain that by the fact that lower stability was asso-
ciated with higher reactivity of ABTS+ radicals com-
pared to DPPH• radicals.

Total antioxidant capacity 
Total antioxidant capacity (TAC) assay estimated 

both water-soluble and fat-soluble antioxidants (Prieto, 
1999). TAC values were detected by using standard 
curve equation equivalent to ascorbic acid: y = 1.517 x – 
0.0564 (r2 = 0.9955, p < 0.05). Argan and olive meth-
anolic fractions exposed the highest antioxidant poten-
tial compared to the rest of fractions. TAC obtained in 
the methanolic argan fraction was the highest (501.5 ± 
2.97 mg AAE/g DW), and then decreased in the follow-
ing fractions: methanolic olive (345.7 ± 3.57 mg AAE/g 
DW), aqueous argan (296.7 ± 2.05 mg AAE/g DW), 
aqueous olive (271.2 ± 1.97 mg AAE/g DW), ethyl ac-
etate argan (178.1 ± 2.29 mg AAE/g DW) and the ethyl 
acetate olive (162.2 ± 3.84 mg AAE/g DW).

β-carotene bleaching assay
The measure of the β-carotene bleaching inhi-

bition was determined based on the ability of the 
studied fractions to reduce hydroperoxides as free 
radicals generated in a linoleic acid system via beta-
carotene bleaching assay (oZSoy et al., 2008). As 
shown in Fig. 2, the highest percentage of β-carotene 
bleaching inhibition was found in methanolic argan 
(83.96%) and olive (68.41%) leaf fractions followed 

Table 2. Inhibitory potentials of aqueous, methanolic and ethyl acetate fractions of argan and olive leaves of different antioxi-
dant models compared to standard antioxidants

Sample
IC50 (mg/ml)

FRAP DPPH ABTS
Argan Olive Argan Olive Argan Olive

AQ 1.647 ± 0.007c 1.018 ± 0.004b 0.823 ± 0.004c 1.643 ± 0.014c 1.380 ± 0.013b 3.342 ± 0.006c

ME 0.420 ± 0.001b 1.380 ± 0.002c 0.212 ± 0.001b 1.380 ± 0.005b 2.120 ± 0.002c 1.647 ± 0.004b

EA 1.880 ± 0.003d 1.720 ± 0.001d 0.940 ± 0.003d 1.725 ± 0.004d ND ND
BHT _ 0.110 ± 0.002a _
Quercetin 0.033 ± 0.006a _ _
Trolox _ _ 0.126 ± 0.005a

Results are expressed as mean ± SD (n = 3). ND – undetectable, AQ – aqueous, ME – methanolic, EA – ethyl acetate, BHT – 
butylated hydroxytoluene antioxidant. Values in the column followed by a different letter superscript (a–d) are significantly 
different (p < 0.05).

Fig. 2. Percentage of β-carotene bleaching inhibition (I %) 
in different argan and olive extracted fractions. Each column 
value represents the mean ± SD of three samples. AQ – aque-
ous, ME – methanolic, EA – ethyl acetate, Arg – argan, Olv – 
olive. Vertical bars labelled with different letters are signifi-
cantly different at p < 0.05
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by aqueous argan (59.92%) and olive (26.27%) ones. 
The lowest β-carotene bleaching was detected for 
ethyl acetate argan (16.88%) and olive (9.84%) leaf 
fractions.

Correlations between phenolic compounds and 
antioxidant activities

Pearson’s correlation coefficients between the 
total phenolic and flavonoid contents and their anti-
oxidant capacities were determined to find their 
contribution to the antioxidant capacity of the ana-
lysed samples. The results indicated that TPC and 
TFC positively correlated with TAC and β-carotene 
bleaching inhibition and negatively with FRAP and 
DPPH assays (Table 3). However, significant cor-
relations were found only between TFC and FRAP, 
TAC and β-carotene inhibition assays.

Table 3. Pearson’s correlation coefficients between total phe-
nolic content (TPC), total flavonoid content (TFC) and the 
different antioxidant methods used

Variables FRAP DPPH ABTS TAC β-carotene
TPC –0.63 –0.57 –0.08  0.72  0.69
TFC –0.86* –0.79 –0.16  0.96**  0.87*

* significant at p < 0.05, **significant at p ≤ 0.01.

DISCUSSION

Based on biological and chemical mechanisms, 
different antioxidant activity assays have been re-
ported to measure the antioxidant potential of plant 
materials (BajPai et al., 2005; Badami et al., 2007). 
Consequently, the reaction mechanisms of the anti-
oxidant compounds are closely related to the reactiv-
ity and chemical structure of the free radicals as well 
as the environment in which these reactive species 
are found (franCenia SantoS-SánCheZ et al., 2019). 
Their functional mechanism relies on radicals deacti-
vation by two significant mechanisms, which are the 
HAT (hydrogen atom transfer) and the SET (single 
electron transfer) reactions; or they may occur in 
parallel (Wright et al., 2001). Therefore, it is gener-
ally recommended to use more than one method to 
determinate antioxidant power of samples. Because 
their free radicals have different trapping capacities, 
where each chelating technique is specific for a very 
determined type of radical, and which can also con-
tribute to the confirmation of the validity of results.

Phenolic compounds are bioactive secondary me-
tabolites that are ubiquitously present in plants and 
plant products reported to be active as antioxidants 
(Cheynier, 2012).Their demodulation with chemical 
samples causes the reduction of reactive molecules 
into more stable ones by several potential pathways 
(Badami & Channabasavaraj, 2007). Other studies 
have agreed in the beneficial and protective health 
effects of phenolic compounds in biological systems 
due to their capacity to transfer electron free radicals, 
chelate metal catalysts (ferrali et al., 1997), activate 
antioxidant enzymes, reduce alpha-tocopherol radi-
cals, and inhibit oxidases (CoS et al., 1998; heim et 
al., 2002). Since the antioxidant compounds found 
in plants have different polarities, different solvents 
have been used to isolate antioxidants (gong et al., 
2012). In the fractionated extraction, it is quite es-
sential to use different extraction solvents for a 
single sample to maximise the number of analysed 
fractions targeting further compounds or compound 
classes (Salem et al., 2017). In the present study, the 
fractionation was selective according to the polarity 
of the solvent, and it was performed by Soxhlet ex-
tractor to obtain leaf fractions rich in varied phenolic 
nature precursors. This extractor apparatus was later 
adapted for the extraction of multiple polar com-
pounds (aZmir et al., 2013) despite that it has initial-
ly been conducted for lipid extraction using solvents 
such as hexane or petroleum ether (Soxhlet, 1879). 
Phenolic compound and flavonoid extractions from 
herbal plants are suitably performed with polar protic 
solvents such as water, methanol, ethanol, and po-
lar aprotic solvents most frequently the ethyl acetate 
and the dichloromethane (amruthraj et al., 2012). In 
our case, we used polar protic and aprotic solvents in 
favour to trap hydrosoluble precursors of fatty acid 
synthesis with antioxidant potential, necessary dur-
ing the ripening (maturation) process of the fruit. The 
bioactivity of natural compounds present in argan 
and olive leaves are of great interest as powerful pro-
tective agents (el adiB et al., 2015; oughilaS et al., 
2018; vogel et al., 2015). Their phytochemical char-
acterisation has identified interesting phytoconstitu-
ents. Two major flavonols (myricetin and quercetin) 
and their glycoside derivatives are the most abundant 
in argan leaf extract determined as myrecitin-3-ga-
lactoside, myrecitin-3-gluctoside, myrecitin-3-xylo-
side, quercetin-3-galactoside, quercetin-3-glucoside, 
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quercetin-3-arabinofuranoside, quercetin-3-rhamno-
side, and hyperoside (tahrouCh et al., 2000; daKiChe 
et al., 2016). While in olive case, they are described 
as oleuropein, luteolin 7-O-glucoside, apigenin 7-O-
glucoside, luteolin 4’-O-glucoside, verbascoside, ru-
tin, and caffeic acid (Pereira et al., 2007).

Recent evaluations of argan and olive leave phe-
nolic compounds and their antioxidant activities 
have revealed huge diversity of the results. For argan 
leaves, the phenolic compounds content varies from 
29.91 to 447.22 mg GAE/g DW; similarly, the fla-
vonoids content shifts from 1.18 to 185.93 mg QE/g 
DW (fahmi et al., 2013; djidel et al., 2014; el adiB 
et al., 2015; daKiChe et al., 2016; KeCheBar et al., 
2017) under the influence of the extraction technique, 
the genotype and harvesting period variety as well as 
the impact of the geo-climatic conditions. For olive 
leaves, the phenolic compound content is in the range 
of 1.60 to 268 mg GAE/g DW (hayeS et al., 2011; 
mylonaKi et al., 2008; Ben Salah et al., 2012; Kha-
liq et al., 2015; KulaK et al., 2016; athanaSiadiS et 
al., 2017a, b; oraK et al., 2019). In the same context, 
olive leaf flavonoid content shifts between 40.27 to 
144 mg QE/g DW (SKerget et al., 2005; maKriS 
et al., 2007; Khaliq et al., 2015; ÇetinKaya & Ku-
lak, 2016) under the influence of the solvent type, 
the age of trees subjected to different water regimes, 
the multiple cultivars collected from separate loca-
tions and tree genotype factors. In turn, IC50 value is 
a sort of measure that indicates the effectiveness of a 
substance or a group of molecules in inhibiting a spe-
cific free radical type. The available literature of the 
studied leaves scavenging capacity has been reported 
to be largely varying among solvent type used for the 
extraction. DPPH IC50 values range, for argan, from 
0.002 to 0.125 mg/ml (djidel et al., 2014; daKiChe 
et al., 2016; KeCheBar et al., 2017). Analogously, 
olive IC50 values for DPPH assay significantly vary 
between 0.007 and 0.970 mg/ml (aBaZa et al., 2011; 
Ben Salah et al., 2012; Khaliq et al., 2015; oraK et 
al., 2019). FRAP IC50 values vary, for argan, from 
0.239 to 0.330 mg/ml (KeCheBar et al., 2017) and 
from 0.007 to 0.018 mg/ml (aBaZa et al., 2011) in 
olive extracts. Further, the ABTS inhibition concen-
trations range from 0.005 mg/ml to 0.009 mg/ml in 
olive samples (djidel et al., 2014).Compared to the 
previous studies, our results were in between of the 
qualitative and quantitative tests carried out. They 

showed that argan leaf total phenolic and flavonoid 
contents were greater than their contents in the olive 
leaves. It was revealed that in aqueous extracts, TPC 
and TFC were 1.5 times higher than those observed 
in olive samples. While methanolic extracts were 
more than two times richer in total phenolic and fla-
vonoid compared to the olive samples. With a simi-
lar tendency, an increase of the extracts TPC/TFC 
means an increase of the scavenging potential, which 
led to a decrease of the IC50 values obtained. Most 
studied fractions presented a low IC50 value, which 
indicates a higher antiradical activity and confirms 
their good antioxidant potential. For both leaf spe-
cies, the ABTS+ radical scavenging activity of ethyl 
acetate fractions could not be determined due to their 
inhibition value of less than 50%.

As it was revealed for the in vitro antioxidant 
power determinations, the chemical and molecular 
approaches of the assay should be taken into consid-
eration by the reason of its impact on the mechanism 
and kinetics of antioxidants such as the influence of 
the structure of the antioxidant molecule (lü et al., 
2009) and the pH of the assay solution on the anti-
oxidants reactivity (amorati et al., 2006; AbrAmovič 
et al., 2018). Notably, the large antioxidant potential 
variability noticed among species has been scientifi-
cally explained by its dependency on many factors 
such as the biological restrictions (genotype, organ 
and ontogeny) (alfaro et al., 2013), the environ-
mental stresses (temperature, salinity, water stress 
and light intensity) (fahmi et al., 2011; KeCheBar 
et al., 2017), geographic origin and harvesting date 
(al-rimaWi et al., 2014), agronomic techniques (ir-
rigation, fertilisation) (maChado et al., 2013) as well 
as the experimental conditions (storage, extraction 
technique and thermal processing) (KSouri et al., 
2008; aouidi & hamdi, 2016). Indeed, the solvent 
polarity level and their accordance with the species 
nature appeared to be playing a significant role in 
secondary metabolites extraction.

CONCLUSION

The present work was the subject of a compara-
tive study between argan and olive leaf antioxidant 
activity under the same experimental conditions. In 
vitro antioxidant activity estimation showed that both 
plant leaves had significant antioxidant potential. The 
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antioxidant capacity of argan leaves was found to be 
significantly higher than that of olive leaves. The 
different analysed extract fractions of both species 
revealed the presence of high content of phenolic 
compounds responsible for the observed antioxidant 
activities. Argan and olive leaves can be considered 
as having significant antioxidant potential, expand-
ing their ability to replace synthetic antioxidants in 
the food industry.
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ARGANIA SPINOSA IR OLEA EUROPAEA LAPŲ FENOLINIŲ JUNGINIŲ IR ANTIOKSI-
DANTINIO AKTYVUMO PALYGINIMAS

Aziza Lfitat, Hind ZejLi, Abdelkamel BousseLham, Yassine eL atki, Badiaa Lyoussi, Abdelka-
der Gourch, Abdelfattah aBdeLLaoui

Santrauka

Šis tyrimas buvo atliktas siekiant nustatyti ir pa-
lyginti bendrą fenolinių junginių ir flavonoidų kiekį 
argano ir alyvuogių lapuose, o taip pat jų antioksida-
cines savybes vandeniniuose, metanoliniuose ir etilo 
acetato ekstraktuotose. Antioksidantinės ekstraktų 
savybės buvo įvertintos in vitro, naudojant DPPH•, 
ABTS radikalų surišimo gebos, geležies redukcijos 
galios bei bendro antioksidantų gebėjimo slopinan-
ti β-karotino / linolio rūgšties emulsijos peroksida-
ciją metodus. Nustatytas bendras fenolinių junginių 
kiekis, išreikštas galo rūgšties ekvivalentu argano 
lapų ekstraktuotose kito nuo 221,69 ± 2,07 iki 1,32 

± 0,01 mg/g sausos masės (MS), o alyvuogių eks-
traktuotose – nuo 144,61 ± 0,82 iki 1,21 ± 0,02 mg/g 
MS. Bendras flavonoidų kiekis, išreikštas kvercetino 
ekvivalentu, argano mėginiuose įvairavo nuo 267,37 
± 1,12 iki 25,48 ± 0,02 mg/g MS, o alyvuogių la-
puose – nuo 96,06 ± 0,78 iki 10,63 ± 0,05 mg/g MS. 
Tyrimas parodė, kad argano ir alyvuogių lapuose 
nustatyti plifenoliniai junginiai pasižymi didele lais-
vųjų radikalų surišimo geba. Argano lapų ekstraktų 
antioksidantinės savybės stipresnės nei alyvmedžių 
lapų. Tirtos lapų žaliavos yra natūralių antioksidantų 
šaltiniai.
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