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*is study examined the secondary metabolite content and the antioxidant activities of hydromethanolic P. lentiscus L. leaves
extracts at different altitudes. *e results indicated that the contents of polyphenols and flavonoids were significantly (p≤ 0.05)
high in the low altitude, unlike the Chl (chlorophyll), tannins, and ascorbic acid, which were reported to have higher content in the
high altitude. *ese results showed that the P. lentiscus L. is more adaptable to higher elevations than low elevation, where the
plant was probably stressed. On the other hand, the analyses of correlation between the antioxidant activity and phytochemical
content affirmed that the antiradical activity (DPPH) correlated with the content of polyphenols; however, the total antioxidant
activity is correlated with the flavonoid content. *ese results revealed the importance of P. lentiscus L. leaves as a natural
antioxidant and gave an idea of the altitude effect on the biochemical parameters of leaves.

1. Introduction

Morocco is considered one of the richest countries in flora
and fauna biodiversity in the Mediterranean basin. Its
geographical position and orographic and climatic factors
provides favorable ecological conditions for developing rich
and varied flora. Aromatic and medicinal plants constitute
an important part of this biological diversity.*ey are part of
the population’s natural resources directly improving their
income and still include an essential source for traditional
healers [1]. *e northeast of Morocco is also considered an
important reservoir of floristic diversity, especially aromatic
and medicinal plants [2]. *eir biological effects approved in
recent years, in vivo and in vitro, and bioactive substances
discovered in modern medicine are assimilated from eth-
nopharmacological surveys [3]. *e reasons that support the

use of medicinal plants are their low cost, availability, and
moderate toxic effects compared to conventional therapy
[4]. We cite P. lentiscus L., also known as mastic tree or
Lentisk, among these aromatic and medicinal plants [5]. *e
genus Pistacia belongs to the Anacardiaceae family and
encompasses about twenty species, including the evergreen
leaves or deciduous shrubs and small trees ranging from 5 to
15m in height [6]. P. lentiscus L. is known for its resin
biosynthesis [7] and contains anthocyanins [8]. *e
chemical composition of essential oils mastic gum, leaves,
unripe, and ripe fruit contains more than 250 compounds
[9] characterized by a large fraction of monoterpene hy-
drocarbons during flowering. Some studies have highlighted
the potential benefit against inflammation and infections of
P. lentiscus L. [10–12]. In addition, the high content of
polyphenols present in the extracts makes them attractive
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against chronic and degenerative diseases and as nutra-
ceuticals in human health [11]. *e essential oil and gum of
the plant have been widely used as flavoring additives for
beverages and foods and in traditional medicines [13].
Pistachio species are commonly used in food industries, such
as adherent production, alcohols, non-alcoholic refresh-
ments, cosmetics, dentistry as a filling ingredient, and
toothpaste production [14]. P. lentiscus L. leaf extracts have
been widely studied for their antimicrobial and anti-
mutagenic activities [15, 16] as well as for their antioxidant
capacity [17]. In addition, mastic oil exerted antiproliferative
and proapoptotic effects against human leukemia and
inhibited vascular endothelial growth factors [13].

However, little research is devoted to studying the effect
of the environment on secondary metabolites of P. lentiscus
L. leaves. *is work aims to determine the environmental
impact, specifically the altitude, on the leaf’s content of
certain biochemical indices and the leaf’s antioxidant activity
of P. lentiscus L. distributed in the northeast of Morocco at
different altitudes.

2. Materials and Methods

2.1. Plant Material. P. lentiscus L. was determined by the
Department of Waters and Forests, Ministry of Agriculture,
Maritime Fisheries, Sustainable Development, and Waters
and Forests. *e leaves were collected, in June 2021, from
two zones (Z) with two sites (S) for each zone: the Debdou
forest (Z1) 33° 59′ 09″ N, 3° 03′ 04″W and the Beni Snassen
forest (Z2) 34°46′48.45″ N 02°34′48.03″ W. Samples were
taken from two individuals chosen randomly within the two
zones with two different altitudes for each zone (4 altitudes).
*e altitudes are as follows: S1.1� 1400m, S1.2�1120m for
Z1 and S2.1� 780m, S2.2� 720m For Z2. *e samples were
cleaned to eliminate damaged, diseased, or infected branches
and leaves with pests, and then were dried in an oven at 50°C
for 48 h, milled and conserved in polyethylene bags at −20C
until subsequent use.

2.2. Hydromethanolic Extract Preparation. Each sample of
P. lentiscus L. leaves of the four sites was extracted with
methanol (80%, v/v). *e extract was filtered after macer-
ation for 48 h with an agitator maintained at room tem-
perature. *en, concentrations of 50mg/mL in methanol
(80%, v/v) were prepared and stored at −20°C until each use.

2.3. Biochemical Indices

2.3.1. Photosynthetic Pigment. *e content of Chl a, Chl b,
and total Chl was determined by grinding approximately
0.2 g of the fresh leaf sample in 20mL of acetone (80%).
*en, the mixture was placed for 48 h at room temperature
in the dark [18]. *e absorbances (Abs) are then read using a
spectrophotometer at 663, 645, and 652 nm. *e Chl a, b,
and total Chl contents were calculated using the following
formula:

Chl a(μg/mL) � 12.21 × Abs663 − 2.81 × Abs645;

Chl b(μg/mL) � 20.13 × Abs645 − 5.03 × Abs663;

Total Chl � Chl a + Chl b.

(1)

2.3.2. Total Polyphenols. *e total polyphenol contents of
the four sites’ leaves were determined by following the
Folin–Ciocalteu method described by Velioglu et al. [19],
with three repetitions for each site. About 500 μL of the
diluted extract from each sample was mixed with 3.75mL of
distilled water and 250 μL of the Folin–Ciocalteu reagent.
After 5min, about 0.5mL of sodium carbonate solution
(20%) was added. Afterward, the mixture was incubated in
the dark for 30min, and the absorbance was then measured
at 760 nm using the spectrophotometer. Total polyphenol
content was expressed in milligrams of gallic acid equivalent
(GAE) by 100 g of dry matter (mg GAE/100 g DM).

2.3.3. Flavonoids. *e flavonoid contents were estimated by
following the aluminum chloride colorimetric method de-
scribed by Koolen et al. [20] with three repetitions for each
site. About 500 μL of the diluted extract was mixed with
500 μL of the methanolic solution of aluminum chloride (2%
p/v). *e absorbances are then measured at 430 nm, after
incubation at room temperature for 40min. *e flavonoid
content was expressed in milligrams of rutin equivalent (RE)
by 100 g of dry matter (mg RE/100 g DM).

2.3.4. Condensed Tannins. *e content of condensed tan-
nins was determined by the vanillin method described by
Julkunen [21], with three replicates for each site. About 50 μL
of each extract is added to 1500 μl of the 4% vanillin-
methanol solution. *en a volume of 750 μl of concentrated
HCl is added. *e mixture obtained is left to react at room
temperature for 20minutes. *e absorbance was then
measured at 550 nm. Condensed tannin concentrations were
expressed in micrograms of cyanidin equivalent (CE) by
100 g of dry matter (μg CE/100 g DM).

2.3.5. Ascorbic Acid. *e ascorbic acid (AscA) content was
estimated using the modified method of Mau et al. [22], with
three replicates. About 1 g of the dried leaves are added to
10mL of oxalic acid (1%) followed by stirring for 15min.
After filtration, 3mL of the filtrate was mixed with 1mL of
2,6-dichlorophenolindophenol (DCPIP) 5mM; the absor-
bance was then measured at 515 nm after 15 s. *e con-
centrations of AscA are expressed in milligrams of AscA
equivalent by 100 g of dry matter (mg AscAE/100 g DM).

2.4. In vitro Antioxidant Activity. *e in vitro antioxidant
activity of P. lentiscus L. leaves extracts was assessed using
the 1,1diphenyl-2-picrylhydrazyl (DPPH) radical scaveng-
ing assay and phosphomolybdate assay (Total antioxidant).
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2.4.1. DPPH Radical Scavenging Assay. To determine the
scavenging activity of the DPPH-free radical of leaves, a
concentration of 1mg/mL of the first extract concentration
(50mg/mL) is prepared. *e antioxidant activity is deter-
mined by the modified method described by Braca et al. [23],
with three replicates. About 0.1mL of the extract was added
to 2.9mL of DPPH (6.10−5) in methanol, and the Abs were
then measured at 517 nm after incubation for 30min at
room temperature. *e distilled water was used as a control.
*e percentage inhibition activity is calculated according to
the following equation:

(%)Inhibition activity(DPPH)

�
((Abs control − Abs extract))

Abs control
× 100.

(2)

2.4.2. Phosphomolybdate Assay. *e phosphomolybdate as-
say (total antioxidant activity) was measured by the method
suggested by Umamaheswari and Chatterjee [24] with three
repetitions. About 100μL of the extract (1mg/mL) was added
to 1mL of the phosphomolybdate reagent (0.6M sulfuric acid,
28mM sodium phosphate, and 4mM ammoniummolybdate).
*e solution is incubated in a water bath at 95°C for 90min,
and Abs was measured at 695nm. *e results are expressed as
milligram equivalents of α-tocopherol by 100 g dry matter (mg
ETOC/100 g DM).

2.5. Statistical Analysis. All graphs and results are made
using SPSS Statistics 17.0 software. Data were expressed as
mean± standard deviation. *e Student-Newman–Keuls
(SNK) test was used to rank the means using letters with
significant differences. ANOVA one way test is used to
analyze the variance of the results with altitude as a factor.
Pearson correlation determines the relationship between the
secondary metabolites analyzed and antioxidant activity.
Regression is used to determine the dependence of tannin
content and altitude as a factor.

3. Results and Discussion

3.1. Photosynthetic Pigment. *e highest Chl a, Chl b, and
total Chl contents are observed in the samples from site: S1.2
(Altitude: 1120m), with a significant difference (p≤ 0.05)
compared to the chlorophyll contents of the other sites.
However, the minimum values are observed in the samples
from site 4 (Altitude: 720m) with a significant difference
(p≤ 0.05) (Figure 1). Generally, the highest chlorophyll
contents were observed at high altitudes. In nature, chloro-
phyll molecules are found in several forms [25], the most
common being a and b. While chlorophyll is characteristic of
plants more exposed to light [26], the concentrations of
chlorophyll a and b depend on environmental factors, such as
light exposure, temperature, and humidity which vary with
altitudes [27]. Chl a and Chl b bind to light-collecting
complex (LHC) proteins via weak non-covalent bonds [28].
*e light energy captured by the LHC protein is transferred to
the thylakoid chloroplast [29]. In our current study, the Chl a

content was higher than the Chl b content at the four sample
collection sites. In addition, minimum values in total Chl are
observed on samples from site 2 of zone 2. *e low chlo-
rophyll content can be considered as an adaptive protective
mechanism in the event of plant stress [30, 31]. Chlorophyll
reduction may also result in LHC protein degradation and
disruption and degradation of the envelope of thylakoids and
chloroplasts [28, 29]. On the other hand, the high chlorophyll
content of Z1 showed that the plants are less exposed to stress
conditions than plants in zone Z2.*ese high Z1 content may
be due to the upward activation of enzymes responsible for
the regulation and photosynthetic carbon reduction and
protection of chloroplasts against oxidative damage.

3.2. Total Polyphenols. *e maximum values of polyphenols
content are observed in the plants of the two sites S1.1 and
S2.2, presenting the altitude of 1400m and 720m, respec-
tively, with a significant difference (p≤ 0.05), compared to
sites S1.2 and S2.1 (1120m and 780m, respectively) (Fig-
ure 2). *e results obtained in our study are in close
agreement with those reported by Rodriguez-Perez et al.
[32], who identified different phenolic compounds in
P. lentiscus L. leaves and are also confirmed by Boucheffa
et al. [33]. In comparison with other authors, Gardeli et al.
[34] found that the polyphenol content was 588mg GAE/g
in leaves of P. lentiscus. Other studies reported by Djeridane
et al. [35] (23.5mg EAG/g DM) and Atmani et al. [36]
(136.25± 18.9mg CE/g DM) showed low levels of phenols
compared to our result. Other studies have been conducted
on Lentisk have demonstrated that the polyphenol content
of leaf extracts depends on several factors such as altitude,
and the process of the extraction is applied [37, 38].
However, phenolic acids are directly involved in the re-
sponse of plants to different types of stress. Improved
metabolism of phenylpropanoids and the number of phe-
nolic compounds can be affected by various environmental
factors: synthesis of isoflavones and several flavonoids
generated when plants are infected or damaged, as well as
under low-stress conditions [39, 40]; this can be explained by
the high content of polyphenols in the leaves at the S2.2.

3.3. Flavonoids. Figure 3 represents the content of flavonoids
observed on the leaves of P. lentiscus. *e highest range is
marked in site S2.2 (Altitude: 720m) with a significant dif-
ference (p≤ 0.05) compared to sites S1.1, S1.2, and S2.1
(1400m, 1120m, and 780m, respectively); flavonoids, belong
to a large group of polyphenolic compounds, are part of the
polyphenol synthesis pathway and help the plant against
oxidative stress situations, which explains the results which
are compatible with the variations in polyphenol contents on
the 4 sites. In comparison with other studies, flavonoid
contents in P. lentiscus L. leaves were 12.93± 1.69mg/g and
8.21± 0.09mg/g, which was found by Atmani et al. [36] and
Krimat et al. [41], respectively. Indeed, flavonoids rely on
many biological activities, including antiviral, antispasmodic,
antitumor, antiplatelet aggregation, antiallergic, anti-inflam-
matory, antihypertensive, and antimicrobial activities [42, 43].
Furthermore, the high content of flavonoids is exploited by
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Figure 1: Chlorophyll a, b, and total chlorophyll content the P. lentiscus L. leaves at different altitudes. Data are means of three replicates.
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representing raw materials for various potential products,
including pharmaceuticals and nutraceuticals based on their
traditional uses [44]. *is also explains its traditional use and
the various scientific studies carried out.

3.4. Condensed Tannins. Figure 4 illustrates the concen-
trations of condensed tannins. *e highest concentrations
are observed at the level of the S1.1: 1400m and S1.2: 1120m,
with a significant difference (p≤ 0.05), compared to the

concentrations of tannins condensed in the samples from Z2
(Figure 4). Tannins are present in the P. lentiscus L. leaves
with high contents, especially at high altitudes. In com-
parison with our result, a study by Atmani et al. [36] re-
ported that the P. lentiscus L. leaves showed a high tannins
content (909.4± 42.61mg tannic acid equivalents/g dry
extract). Several research works have found that the different
tissues of these shrubs are rich in tannins, and they have
noted a large variation in tannin content [45]. Another study
reported beneficial effects of condensed tannins in ruminant
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feed because they promote the absorption of amino acids in
the small intestine by protecting them from the effects of
gastric juice, which explains the use of the leaves of this plant
to treat a major gastric problem in animals [46]. Further-
more, the condensed tannin concentrations show a signif-
icant negative correlation (r� −0.967∗∗) (Table 1) with
altitude: when the altitude is high, the tannin content will be
less in the leaves (Figure 5).

3.5. Ascorbic Acid. Figure 6 shows the concentrations of
ascorbic acid observed at four sites. Site S1.2 gives the
maximum value with a significant difference (p≤ 0.05)

compared to other sites. *e leaves are the primary source of
ascorbic acid in plants [47] as a water-soluble antioxidant
with exceptional importance in plant cells, protecting plants
from oxidative damage [48]. *e reducing properties of
ascorbic acid come from the enediol group, thanks to which
it can directly remove various forms of ROS (reactive oxygen
species). However, as a substrate of ascorbate peroxidase,
ascorbic acid protects plant cells from oxidative stress and
eliminates ROS [49]. Besides, the increase in ascorbic acid
synthesis in terms of oxidative stress is associated with its
role in the ascorbate-glutathione cycle [50]. However, the
concentration of ascorbic acid is high in P. lentiscus L. leaves
and can be exploited and valorized as a source of vitamin C.

Table 1: Correlation between the analyzed biochemical and antioxidant activity. DPPH: 1,1-diphenyl-2-picrylhydrazyl.

Polyphenols Flavonoids DPPH Total antioxidant Tannins Ascorbic acid

Polyphenols Pearson correlation 1 0.813∗∗ 0.625∗ 0.534 0.254 −0.566
Sig. (2-tailed) 0.001 0.030 0.074 0.425 0.055

Flavonoids Pearson correlation 0.813∗∗ 1 0.415 0.690∗ 0.248 −0.484
Sig. (2-tailed) 0.001 0.179 0.013 0.438 0.111

DPPH Pearson correlation 0.625∗ 0.415 1 0.432 −0.310 −0.880∗∗
Sig. (2-tailed) 0.030 0.179 0.161 0.326 0.000

Total antioxidant Pearson correlation 0.534 0.690∗ 0.432 1 −0.262 −0.703∗
Sig. (2-tailed) 0.074 0.013 0.161 0.411 0.011

Tannins Pearson correlation 0.254 0.248 −0.310 −0.262 1 0.555
Sig. (2-tailed) 0.425 0.438 0.326 0.411 0.061

Ascorbic acid Pearson correlation −0.566 −0.484 −0.880∗∗ −0.703∗ 0.555 1
Sig. (2-tailed) 0.055 0.111 0.000 0.011 0.061

∗∗Correlation is significant at the 0.01 level (2-tailed). ∗Correlation is significant at the 0.05 level (2-tailed).
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3.6. In vitro Antioxidant Activity. Figure 7 shows the per-
centage of inhibition activity of DPPH observed in the
P. lentiscus L. leaves. *e highest portions are presented by
two altitudes different S1.1: 1400m and S2.2: 720m, re-
spectively, with a significant difference (p≤ 0.05), com-
pared to other sites. Figure 8 shows the total antioxidant
activity of the leaves observed in the four-study zone. *e
highest value was recorded in S2.2 (720m), with a sig-
nificant difference (p≤ 0.05) compared to other sites. *e
antioxidant activity is related to secondary metabolite
content analyzed in this study. *e analyses of correlation
between antioxidant activity and phytochemical content
(Table 1) affirmed that the antiradical activity (DPPH)
correlated with the content of polyphenols, and this result
corresponds with a study confirming that polyphenols are
responsible for DPPH activity [51]. However, the total
antioxidant activity is correlated with the flavonoid content
(Table 1).

4. Conclusion

P. lentiscus L. leaves’ extracts are rich in important chemical
compounds, especially phenolic compounds, which confer
an important antioxidant power to the plant. *e altitude
factor had no significant correlation with the contents of the
main secondary metabolite other than tannins. Nevertheless,
there was a significantly higher content of these metabolites
at lower altitudes. However, future research is needed to
confirm and enhance our study’s high ascorbic acid content.

Data Availability

*e data used to support the findings of this study are
available from the corresponding author upon request.
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A. Slatnar, “Lipophilic antioxidants in edible weeds from
agricultural areas,” Turkish Journal of Agriculture and For-
estry, vol. 42, pp. 1–10, 2018.

[27] I. Hadif, S. A. Rahim, I. Sahid, and A. Rahman, “Influence of
chromium metal on chlorophyll content in leaves of paddy
Oryza sativa L,” International Journal of Chemical Sciences,
vol. 13, pp. 1238–1252, 2015.

[28] C. Wang and Q. Zhang, “Exogenous salicylic acid alleviates
the toxicity of chlorpyrifos in wheat plants (Triticum aesti-
vum),” Ecotoxicology and Environmental Safety, vol. 137,
pp. 218–224, 2017.

[29] J. Wang, M. Lv, F. Islam et al., “Salicylic acid mediates an-
tioxidant defense system and ABA pathway related gene
expression in Oryza sativa against quinclorac toxicity,” Eco-
toxicology and Environmental Safety, vol. 133, pp. 146–156,
2016.

[30] A. Khoulati, S. Ouahhoud, O. Bekkouch, S. Mamri, and
M. Choukri, “Impact of the saffron extract on growth and
antioxidant enzymes activity of Solanum lycopersicum
L. seedlings in Morrocan open field conditions,” Vegetos,
vol. 34, no. 0123456789, 2021.

[31] A. Khoulati, S. Ouahhoud, S. Mamri et al., “Valorization of
Moroccan crocus sativus L . By-products: foliar spraying of
aqueous tepal extract stimulates growth and confers antiox-
idant properties in eggplant seedling under greenhouse
conditions,” BioMed Research International, vol. 2020, Article
ID 8812157, 2020.
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