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Pistacia lentiscus is an aromatic member of the Anacardiaceae family, endemic to the Mediterranean regions, which produces red
and black oleaginous seeds in maturity. Our study focuses on the characterization of Pistacia lentiscus seed oils from three
localities of High Atlas Mountain in the Azilal region of Morocco. Our results showed a very appreciable oil yield reaching more
than 21% which clearly differs between the three sites studied (21.33 +0.17% in Boizoghrane, 15.22 +0.10% in Tighanimine, and
7.67 +0.29% in Tawjanizm locality); the analysis of the total fatty acids composition revealed a predominance of the unsaturated
fatty acids represented essentially by the oleic and linoleic fatty acids, and also the triglyceride composition was dominated mainly
by POO + SOL, POL + SLL + PoOP, and OOO. This potential of the chemical composition offers the possibility of producing
nutraceutical oil, which represents a source of income capable of insisting vulnerable local populations to protect this species from
deforestation, thus maintaining biodiversity, and to reduce by this interest the migratory flow from marginal areas.

1. Introduction

Pistacia lentiscus, known as Mastic tree, is named in Mo-
rocco as “Drou” or “Tidit.” This plant is a membership of the
Anacardiaceae family. It is a three-meter-high branched
shrub with a resin odor [1]. Its leaves are paripennial and
persistent and are found in lowland, low, and medium
mountains in Morocco, under semiarid, humid, subhumid,
and perhumid bioclimates [2]. Moreover, lentisk is known
for its medicinal properties since antiquity. In fact, it used
and practiced in traditional medicines for treatment of ul-
cers, eczema, hypertension, sore throat, cough, and kidney
stones [3]. Mastic seed oil is often used as an application
remedy to treat burns or back pain [4].

Benhammou et al. [5] reported that this oil has good
nutritive quality because of its content in unsaturated fatty
acids (70%) and saturated fatty acids (26%). The tri-
glyceride (TAG) composition of lentisk oil showed that
the majority of TAGs of this oil are of mono- and

polyunsaturated forms, and the main constituents are
SOL+POO (27.58+2.36%) followed by SLL+POL
(21.50 £2.06%) [6]. According to Arab et al. [7], the yield
of phenolic compounds obtained from Pistacia lentiscus
fruit is 61.34% (vegetable powder), whereas the concen-
tration of the phenolic fruit extract, expressed as gallic
acid, is 31.81 mg/ml.

The study of acute toxicity realized by Boukeloua et al.
[8] showed a low toxicity of Pistacia lentiscus fixed oil. The
high values of oral and intraperitoneal lethal doses of both P.
lentiscus fixed oil administered in mice, respectively,
(LD50 =37 ml/kg body wt., p. 0 and LD50 = 2.52 ml/kg body
wt., i. p.) show their low acute toxicity. The subchronic
toxicity test conducted in rabbits at different doses (0.5, 1,
and 2 mL kg—1) for 28 days via oral route also did not result
in any signs of toxicity. The biochemical results indicate that
this oil maintains the rates of aspartate amino transferase
(AST) and alanine amino transferase (ALT) in the physi-
ological norms [9].
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However, until now, no studies have been made on the
composition of the lentisk seeds, especially the chemical
composition of the lipid profile, in the Azilal region, having a
particular forest on the High Atlas Mountains with a fa-
vorable microclimate for several plants with high added
values and also with a vulnerable population of which this
plant can constitute a source of income in a spirit of pro-
tection of the biodiversity, and this region is characterized by
a semiarid climate in the North and subhumid climate in the
South. Therefore, the main objective of the presented work is
to highlight the chemical composition of Moroccan lentisk
seeds under the influence of pedoclimatic conditions of the
study area.

2. Materials and Methods

2.1. Plant Material. Pistacia lentiscus seeds were harvested at
full maturity (identical red color of seeds) from natural
populations in three localities: Tawjanizm (TA), Boi-
zoghrane (BO), and Tighanimine (TI) of the Azilal region
(Morocco) (Table 1), during December 2015. Identification
of the species was confirmed in regional herbarium MARK
faculty of Sciences Semlalia in Marrakech (Morocco). A
voucher specimen (MARK 10938) was deposited at the
herbarium of this faculty. The seeds are taken manually from
small and large plants of different heights (top and bottom)
on the two sides of mountains and then mixed from each
sampling site. Then, the seeds were sorted and thoroughly
cleaned of all impurities, and after drying at 40°C, the seeds
were ground to obtain a powder.

2.2. Extraction and Oil Content. The extraction of the oil was
carried out for 6 hours with hexane in a Soxhlet extraction
system, and at the end of the extraction, the solvent is
evaporated in a rotary evaporator under vacuum, with slight
heating (+30°C). The residual traces of hexane were removed
by bubbling the extracted oil with nitrogen. The extracted
oils are stored under nitrogen in the refrigerator until
analysis.

2.3. Fatty Acid Composition. The total fatty acid composition
of the lentisk oils was determined according to the AFNOR,
T60-233, and T60-234 method. The methyl esters were then
analyzed by gas chromatography (GC) using a Varian CP
3380 chromatograph with a flame ionization detector
equipped with a capillary column packed with a stationary
phase: CPWAX 52 CB (length: 25m, inner diameter:
0.25 mm, and outer diameter: 0.39 mm). The temperature of
the oven is 180°C, the temperature of the injector is 200°C,
and the temperature of the detector is 210°C. The carrier gas
is nitrogen.

2.4. Analysis of Triglycerides by HPLC. The method of tri-
glyceride determination was according to the official method
of the Commission of the European Union (1991). The
analysis of triglycerides was carried out in a Jasco PU-2080
LC as well as an intelligent HPLC pump equipped with a

Journal of Food Quality

Jasco CO-2065 in addition to the furnace column and a Jasco
RI-930 refractive index detector equipped with Jasco AS-
2055 autosampler. The column used was an omnisphere
5 um C18, length 250 mm, and 4.6 mm ID. The conditions of
the analysis were 50:50 v/v acetone/acetonitrile solvent,
1.2 mL/min flow rate, and 40°C oven temperature.

2.5. Statistical Analysis. All experiments were conducted in
triplicate with SPSS Inc. software (version 13.0). One-way
analysis of variance (ANOVA) was used to determine sig-
nificant differences among means, with the significance level
taken at a=0.05. Tukey’s HSD test was used to perform
multiple comparisons among means.

A principal component analysis was studied using factor
analysis of XLSTAT statistical software version 2011. The
relationships between harvest sites and the parameters
studied were also evaluated by Pearson’s product moment
correlation at P <0.05.

3. Results and Discussion

3.1. Oil Content. The seeds show a good oil yield, and the
average values obtained from studied localities are shown in
Figure 1. The highest oil content corresponded to Boi-
zoghrane seed at 21.33+0.17%. This value is almost con-
sistent with that found by Boukeloua et al’s study [8] of
lentisk seeds from west of Skikda (Algeria) (20.25% + 0.10),
followed by Tighanimine at 15.22+0.10%. This yield is
higher than that reported by Charef et al. [10] (11.72%) for
red mastic fruit of lentisk collected from a forest located
70km from the Algerian capital, and the lowest value was
obtained for Tawjanizm seed oil at 7.67 +0.29%, which is
close to the value obtained for P. lentiscus harvested in
France by Ferlay (9.8%).

The oilseeds of the lentisk from Boizoghrane and
Tighanimine can be classified as oil-rich such as sunflower
oil, peanut oil, palm oil, and soybean; therefore, these seeds
can be used as a source of vegetable oil. On the contrary, the
lentisk seeds taken from Tawjanizm, in which the oil content
does not exceed 12%, are classified as seeds moderately poor
in fat.

From these results, it can be said that the oil yield of
lentisk seeds is influenced by the sampling zone, and the
large difference in the oil yield between the three localities
can be explained by the maturity of the lentisk seeds (in fact,
the amount of oil increases during the seed maturation
phase) as reported by Charef et al. [10] (11.70% for red fruits
and 32.8% for black fruits) and also can be explained by the
different bioclimatic conditions close to each site [11].

3.2. Fatty Acid Composition. 'The fatty acid composition of
Pistacia lentiscus seeds is shown in Table 2. The lentisk oils of
the three localities had high amounts of monounsaturated
fatty acids (MUFA) with values between 52.43% and 53.67%
of total fatty acids (TFA). It was followed by polyunsaturated
fatty acids (PUFA) between 22.27% and 25.32% and then
saturated fatty acids (SFA) representing 22.25 to 24.07% of
TFA. The major FA was oleic acid (C18:1) with the highest
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TaBLE 1: Geographical parameters of the three localities of lentisk seeds.

- . Level of the Annual Minimum Maximum
Localities Latitude Length . o 0
sea (m) rain (mm)  average temperatures (‘'C)  average temperatures (°C)
TA 31°54'58'74"N  6°35'12'77"0 1422.86
BO 31°54'44'47"N  6°35'40'08"0 1410.44 260.3 4 to 10°C 20 to 40°C
TI 31°54'8'33"N 6°35'47'78" 0 1416.06
55 oil in terms of the composition of palmitoleic acid (C16:1)
and stearic acid (C18:0). On the contrary, the composition
20 - of the lentisk oils studied exceeds that of olive oil con-
% taining palmitic acid, linoleic acid, and linolenic acid. Thus,
g 127 higher values of palmitic and palmitoleic acid compared
% wd. with rapeseed oil are recorded. These findings are in
= agreement with the results reported by Dhifi et al. [6], but
51 the percentage values were different. This inconsistency
0 . could be attributed to different causes, such as genotype
Tawjanizm Boizoghrane ~ Tighanimine and growing conditions.
Locality

Figure 1: Oil content of lentisk seeds from the three localities.

amount of Boizoghrane seed oil (53.23%), followed by
Tawjanizm at 52.50%. The lowest value corresponded to
Tighanimine seed oil at 51.56%. These values were similar to
those reported by Dhifi et al. [6] and Charef et al. [10]. The
oleic FA is reputed for its role in the preservation of car-
diovascular diseases and its nutritional value [12]. Fur-
thermore, linoleic acid (C18:2), an essential FA, accounted
for 20.95% to 23.77% of whole FA; it has favorable nutri-
tional implications and beneficial physiological effects in the
prevention of coronary heart disease and cancer [13], and it
provides lipids necessary for cell membrane repair and
cellular respiration [14]. For palmitic acid (C16:0), the
highest value was detected in Boizoghrane seed oil at 23.01%
followed by Tawjanizm oil (22.55%) and 20.51% for Tigh-
animine oil. The content of oleic acid, linoleic acid, and
palmitic acid from three localities studied is consistent with
the results obtained by Dhifi et al. [6].

The values obtained in unsaturated fatty acids (UFA) for
the three localities are higher than those obtained by Dhifi
et al. [6] and lower than those reported by Charef et al. [10].
This is explained by the absence of linolenic acid in the oils
studied by Charef et al. [10]. The percentage of saturated
fatty acids (SFA) is higher than that reported by Charef [10]
and lower than those obtained by Dhifi et al. [6]. The low
saturated/unsaturated FA ratio (0.35) reveals a high content
in UFA which may give it nutritiona and, dietetic virtues and
curative properties. The FA composition of Pistacia lentis-
cusseeds’ oil is similar to that of Pistacia vera [15] and
Pistacia atlantica [16]. The existence of omega 6 and 9 in
this oil makes it as an alternative source of these essential
FA. Furthermore, the profile of FA confirms the similarity
between Pistacia lentiscus oils and other edible vegetable
oils such as rapeseed, olive, sunflower, and cotton. The fatty
acid profile of three oil samples is in accordance with the
standards of the Codex Alimentarius for rapeseed oil
concerning specially stearic acid, oleic acid, linoleic acid,
and linolenic acid, and it also corresponds to that of olive

3.3. Analysis of Triglycerides. The triglyceride composition of
seeds’ oil in the three localities revealed the existence of 16
triglycerides and had high amounts of POO + SOL, OOO,
and POL + SLL + PoOP. The triglyceride (TAG) composition
of lentisk showed that the majority of the TAGs is in mono-
and polyunsaturated forms (Table 3). Considering the fatty
acid composition, the main constituents were stearoyloleyl-
linoleylglycerol (SOL) and palmitoyl-dioleylglycerol (POO)
for 21.24 to 24.71% of the total TAGs. Stearoyl-dilino-
leoylglycerol (SLL) and palmitoyl-oleyllinoleol glycerine
(POL) accounted for 16.37 to 16.47% of the total TAGs,
while trioleylglycerol (OOO) and dioleyl-linoleylglicerin
(OOL) were significantly represented with quantities, re-
spectively, of 15.28 to 16.02%, and 11.57 to 14.44%. These
results are in agreement with those reported in the literature
for a study on grape seed oils [6].

It should be noted that our oils are rich in triglycerides
formed by the combination of oleic, linoleic, and palmitic
fatty acids, which confirmed the composition results of fatty
acids.

3.4. Statistical Analysis. The Pearson correlation coeflicients
between the oil content (TH) and fatty acids values (C16:1,
Cl17:1, C18:0, C18:1, and C18:2) and triglycerides (OLL,
SOS, SO0, 00O, POP, POL, POL+SLL+POOP, and
OOL + PLnP + PoOP) were calculated. Then, the analysis
was performed to determine the strength of the relationship
between the three sampling localities and the analytical
parameters.

The correlation circle (Figure 2) represents the evolution
and the relationship between the variables studied. Three
distinguished groups of components were found. The first
group corresponded to the correlation between oil content
(TH), cis-10-heptadecanoic acid (C17:1), and oleyl-dili-
noleoyl-glycerol (OLL). The second group showed a strong
correlation between the two harvest sites Boizoghrane (BO)
and Tawjanizm (TA) in terms of the composition in tri-
glyceride (SOO). The third group consisted of triglycerides
palmitoyl-dilinoleoyl-glycerol (PLL) and triglyceride (SOS)
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TaBLE 2: Pistacia lentiscus seed oil fatty acids composition (%).

Dhifi et al,  Charef et al,, 2011 (Algeria)

TA BO I 2013 Pistacia.l Pistacia L, (red Olive 0ilCOI, Rapeseed oil CODEX

(Tunisia) (black seeds) seeds) 2013 STAN 210-1999
Cl16:0 22.55+0.02 23.01+0.04 20.51+0.11 23.52+3.01 19.5 16.3 7.50-20.00 1.5-6.0
Cl6:1 0.38+0.16 0.44+0.13 0.53+0.23 1.19+0.12 2.1 1.0 0.30-3.50 ND-3.0
C18:0 0.98+0.20 1.05+0.10 1.34£0.05 1.41 +0.02 1.7 0.7 0.50-5.00 0.5-3.1
C18:1 52.5+0.35 53.23+0.53 51.56+0.21 51.06+4.37 55.3 53.5 55.0-83.00 8.0-60.0
C18:2 22.14+0.44 20.95+0.45 23.77+0.38 20.71+2.25 21.4 28.5 3.50-21.00 11.0-23.0
C18:3 1.45+0.06 1.31+£0.02 1.54+0.01 0.47+0.10 — — <1.00 5.0-13.0
MUFA 52.88+0.06 53.67+0.02 52.43+0.12 524+7.18 57.4 54.5
PUFA 23.59+0.51 22.27+0.47 25.32+0.38 21.18+2.23 21.4 28.5
SFA 23.53+0.65 24.07+0.56 22.25+0.48 26.42 21.2 17.0
MUFA/ 2.244+0.05 2.41+0.05 2.07+0.04 2.47 2.68 1.91
PUEA 24+0. A41+0. 07+0. . ) :
SFA/UFA 0.31+0.01 0.32+0.01 0.29+0.01 0.35 0.27 0.2

MUFA monounsaturated fatty acids, MUFA polyunsaturated fatty acids, SFA saturated fatty acids, and UFA unsaturated fatty acids.

TasLE 3: Triglyceride composition of the seed oil of Pistacia lentiscus by HPLC (%).

TA BO TI Dhifi et al. (2013)

LLL 2.64 2.26 3.40 1.32+0.28
PLLn 0.79 0.71 0.83

OLL 0.50 6.21 8.77 5.67+1.62
PLL 7.28 6.94 7.27 7.97 +1.86
POLn 0.29 0.28 0.23

OOL + PLnP + PoOO 11.57 11.57 14.44 9.83+2.03
POL + SLL + PoOP 16.37 16.39 16.47 21.50 +2.06
PPL 3.96 3.96 3.55 558+ 1.12
000 15.74 16.02 15.28 12.04 + 1.43
POO +SOL 24.14 24.71 21.24 27.58+2.36
POP 7.91 8.31 6.42 8.51+1.09
Ga0O 0.40 0.30 0.03

SO0 1.39 1.36 1.05

POS 0.94 0.97 0.99

AOO 0.05 0.03 0.03

SOS 0.04 0.00 0.02

LLL: trilinoleoyl-glycerol, OLLn: oleyl-linoleoyllinolenoylglycerol, OLL: oleyl-dilinoleoyl-glycerol, PLL: palmitoyl-dilinoleoyl-glycerol, OOL: dio-
leyllinoleoylglcerol, SLL: stearoyl-dilinoleoylglycerol, POL: palmitoyl-oleyl linoleoylglycerol, PPL: dipalmitoyllinoleoylglycerol, OOO: trioleylglycerol, SOL:
stearoyloleyl-linoleoylglycerol, P OO: palmitoyl-dioleylglycerol, and PPO: dipalmitoyl-oleylglycerol.

. Biplot (axes F1 et F2 : 100,00 %)

8 ci7: |TH
OLL

TI

SO0

F2 (29,42 %)
o

-4 *TA

-8 PLL
SOS

-12
-16 -12 -8 -4 0 4 8 12 16

F1 (70,58 %)

TA: Tawjanizm
BO: Boizoghrane
TI: Tighanimine

FiGure 2: Correlation circle of variables according to PCA of the seed oil of Pistacia lentiscus and according to oil content fatty acid and
triglyceride composition.
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that were highly correlated. The dispersion of the variables in
this way showed a significant variability of the parameters
studied under the effect of the sampling site.

The positive correlation is highly significant between the
oil content and the C17:1 fatty acid, thus between the oil
content and the OLL triglyceride on one side. On the
contrary, the negative correlation is highly significant be-
tween the oil content and triglycerides (AOO, SOS and PLL).
The strong correlation (r>0.7) between cis-10-heptadeca-
noic acid and oleyl-dilinoleoyl-glycerol and their positive
relationship with oil content and the negative relationship
with triglycerides (AOO, SOS, and PLL) showed the im-
portance of these five parameters in the characterization of
three oils studied.

The correlation circle and the biplot showed that the oils
from three sampling sites analyzed were characterized by a
very interesting composition diversity defined by three types
(oil content, fatty acid composition, and triglyceride com-
position) of the lentisk oils and discriminated by the oil
content that is the variable.

4. Conclusion

On the basis of our study, it may be concluded that the
results of this work showed that the seeds of lentisk can be
used as an edible oil source. This oil had an interesting oil
yield and presents a high content in the unsaturated fatty
acids. It is rich in C18:1 whose dietary virtues are well
established and also rich in C18:2 which is an essential FA
with beneficial physiological effects. Those compounds may
be used to study the potential use of oils from these seeds in
pharmaceuticals, foodstuffs, and cosmetic industry. In a
further work, we will try to complete this research by val-
orizing unsaponifiable matters in the oils evaluating bio-
logical activities and to evaluate toxicity of lentisk oil. Such
study could achieve industrial application of this plant oil.
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