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ABSTRACT
The total phenolic (TPC) content and flavonoids from fruits of three populations of Pistacia lentiscus (lentisc) were
measured. Additionally, the polyphenol profile was analyzed using ESI-QTOF, MS/MS. The colorimetric assays
revealed high levels in flavonoïds (from 13.78 mg RE / g dw (RM) to 23.46 mg RE / g dw (TB)) and in total phenolic
compounds (from 24.84 mg GAE / g dw (KO) to 46.07 mg GAE / g dw). Furthermore, the main polyphenols are phydroxybenzoic acid, gallic acid, cinnamylidene acetic acid, quinic acid, p-coumaric acid 4-O-glucoside, 5galloylquinic acid, isomer of caffeoylquinic acid, 3,4,5 O-trigalloylquinic acid, quercetin, taxifolin, quercetin-3-Oglucuronide, luteolin 6,8-di-C-hexoside, oleoside and epirosmanol. From a nutritional standpoint, these results
show that lentisc fruits have a promising food value.
Keywords: Phenolic compounds, flavonoids, ESI-QTOF, MS/MS, spectrophotometric assay.

INTRODUCTION
Pistacia lentiscus is a particularly representative forest shrub of the hottest areas of the Mediterranean climate,
characterized from the ecological point of view, for a high tolerance to climatic variations. It can grow under
relatively low rainfall slices and adapts to all soils . In Tunisia, this species is common in the northern region and
becomes more scarce in the center and south. Traditionally, in the Tunisian population, the fruit of Pistacia lentiscus
is known for its many therapeutic effects, it is appreciated in the treatment of scabies, rheumatism, minor burns and
in the manufacture anti-diarrheal medicine [1]. It is also taken orally to treat respiratory allergies and the stomach
ulcers [2]. Its oils are monounsaturated and their high content of essential fatty acids demonstrates the importance of
their food value [3-4].
In addition to traditional primary metabolites: lipids, carbohydrates, amino acids and proteins, plants often
accumulate a diverse group of secondary metabolites that play a major role in the digestibility in the physiological
protein utilization and in the plant defense against environmental stress [5]. Eighty percent of the phenolic
compounds are mainly in the epidermal tissue of the fruits. These are phytomicronutriments and pigments generally
responsible for autumnal colors of leaves and flowers (yellow, orange, red) [6]. Phenolic compounds are
biologically active molecules having one or more benzene ring bearing one or more hydroxyl functions [7]. These
compounds consist of approximately 8000 different molecular species and are divided into several categories:
phenolic acids, flavonoids, tannins obtained by polymerization of flavonoids, lignans and coumarins. Polyphenols
are the most abundant antioxidants in our diet derived from intakes of fruits, vegetables and grains. They are also
used as additives in certain food products, pharmaceutical and cosmetic industries [8]. These compounds can protect
the cell against oxidation and reduce the risk of various degenerative diseases associated with oxidative stress
components. They are also involved in the prevention of the body against cardiovascular disease, cancer, diabetes
and neurodegenerative diseases [9]. Different methods of analysis of phenolic compounds are available. Most
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common in the literature is high-performance liquid chromatography (HPLC), but to improve the result, HPLC can
be coupled with other techniques such as mass spectrometry [10]. This coupling allows a better identification of the
eluted compounds but it has still many constraints hindering its full implementation.
Many studies have determined the phenolic composition of Pistacia lentiscus resin and leaves, but no studies have
yet been conducted to determine the phenolic composition of these fruits. The aim of this work was to identify, for
the first time, the phenolic compounds present in the methanolic extracts from Pistacia lentiscus fruits, using the
QTOF-ESI-MS/MS and to determine their contents in total phenolic compounds and in flavonoids, based on
spectrophotometric assays.
EXPERIMENTAL SECTION
Reagent and standards
Methanol, acetic acid, catechin, vanillin, rutin, gallic acid and Folin-Ciocalteu reagent were acquired from Sigma
Aldrich (Paris, France). NaOH was purchased from Merck (Darmstadt, Germany) and Na2CO3, AlCl3, NaNO2,
H2SO4 were obtained from Fisher Scientific SA (Loughborough, Spain).
Samples
P. lentiscus fruits of L. (Lentisc), at full maturity, being in the wild, were taken from three regions of Tunisia:
Korbous (KO) (Northeast of Tunisia, at 36 ° 49'N of latitude and 10 ° 34 'E of longitude, characterized by a
subhumid climate and a sandy clay soil), Tebaba (TB) (Northwest of Tunisia, at a latitude of 37 ° 00'N and a
longitude of 9 ° 06 'E, characterized by a humid climate and a sandy clay soil) and Rimel (RM) (North of Tunisia, at
37° 14'N of latitude and 9° 54' E of longitude, characterized by a subhumid climate and a sand dune limestone soil)
in January 2009. The fruits from each region were collected from 10 trees and mixed for further analysis.
Spectrophotometric determination of antioxidant
Methanol extract preparation
A sufficient amount (7 g) of the fruit of Pistacia lentiscus was finely ground in a mortar and was stirred with 70 mL
of methanol at 30 °C for 24 hours. The extract was filtered through No.1 Whatman filter paper. The residue was reextracted with 70 mL of methanol. The extracts were filtered again, combined and concentrated under vacuum at 40
°C, and they subsequently used for spectrophotometric assays of flavonoids, condensed tannins and total phenolic
compounds.
Determination of total phenolic compounds
Total phenolic compounds content was determined using the Folin-Ciocalteu reagent [11]. The latter is constituted
by a mixture of phosphotungstic and phosphomolybdic acids which is reduced during the phenols oxidation in
mixture of the blue oxides of tungsten and molybdenum. At a well-defined volume of the previously prepared
methanolic extract (0.125 mL) was added 0.5 mL of distilled water, 0.125 mL of Folin-Ciocalteu, and 1.25 mL of
sodium carbonate (Na2CO3, 7%) to promote an alkali environment and initiate the redox reaction. The mixture is
then incubated in the dark for 2 hours. The absorbance is measured at 760 nm using an UV spectrophotometer. A
reference range based on gallic acid is prepared in parallel and under the same conditions. The total phenolic
compound contents are in milligram of gallic acid equivalent per gram of dry matter (mg GAE / g DW).
Determination of flavonoids content
The method used is based on the complex formation between the aluminum chloride (AlCl3) and flavonoids. The
orange color intensity indicates the importance of flavonoid content in plants.
Seventy-five microliters (75 µL) of NaNO2 (5%) was added to 250 µL of the methanol extract. After six minutes, a
freshly prepared AlCl3 solution are added to 150µL. A second incubation for 5 min at room temperature is
performed, followed by the addition of 0.5 mL of NaOH (1M). The mixture was then adjusted with distilled water to
a final volume of 2500µL. The absorbance reading was performed at 510 nm [11]. A calibration curve based on
rutin at different concentrations was prepared in parallel and under the same conditions of flavonoids quantification.
The results are expressed in mg equivalent of rutin per gram of dry Weight (mg QE/g DW).
Identification of different phenolic molecules using ESI-QTOF MS, MS / MS
Extraction of phenolic compounds
Ten milliliters of pure methanol were added to an appropriate amount (1g) of the dehydrated and powdered plant
material. After intense agitation by vortex for 30 min, the mixture is incubated in the dark for 24 h at 4 °C, then
filtered through a Whatman paper n.4 and evaporated to dryness using a rotary evaporator. The residue was
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redissolved in methanol/ water (1: 2 v/v) and eluted over a solid-phase extraction C-18 column (SPE) of Supelco
Type.
The solid phase extraction was carried out in four successive stages:
- The SPE column was activated by percolating 1 mL of methanol followed by 1 ml of methanol/water (1: 1 v/v)
using a Visiprep SPE Vacuum Manifold (Sigma Aldrich, Alberta, Canada). The column must not dry before the
loading of the sample.
- The sample was loaded onto the SPE cartridge dropwise
- The column was washed with 1 ml of acidified water to remove the sugars and other polar compounds.
- Phenolic compounds were eluted with 2 mL of 90 % methanol.
The residue obtained was filtered through a microfilter of 0.45 µm and was used for the subsequent identification of
various phenolic compounds.
Analysis of phenolic compounds from the fruit of Pistacia lentiscus using the ESI-QTOF-MS, MS / MS
Various phenolic compounds are detected using a quadrupole time of flight (QTOF) mass spectrometer (Waters),
with electrospray ionization (ESI), operating in the negative ionization mode and using control software Mass Lynx
(ver. 4.0). Twenty microliters of the residue obtained were injected directly into the loop, and carried by the mobile
phase (composed of methanol and water with 0.5% acetic acid) with a flow of 150 µL / min. The source temperature
was 100 °C and the cone voltage was set at 50 V. The drying gas N2 has a flow rate of about 540 L / h.
The identification of the compounds was carried out by referring to the literature [12-13-14] and was confirmed by
MS / MS.
The collision energy was optimized for each compound varied from 15 to 40 eV. LM and HM quadrupole resolution
was varied between 12 and 16 and the argon (target gas) was held at a constant pressure in the collision cell. Most of
the MS/MS spectra of the phenolic compounds were obtained automatically using a data dependent survey scan.
The MS analysis was performed between a mass range of 50 to 1100 m/z. When a signal from the mass spectrum of
sufficient intensity is reached, the peak selected automatically. The test takes 20 seconds. Thereafter, the instrument
returns to the MS mode until a subsequent signal of sufficient intensity is reached and the process repeats.
Unselected phenolic compounds of interset were analyzed later by manually selection of these peaks.
Statistical analysis
The experimental data were analyzed using a Statistical Analysis System (XLSTAT 2014). Results are presented as
mean and standard deviation (SD). Differences were considered statistically significant by Duncan’s new multiple
range test at P ≤0.05.
RESULTS AND DISCUSSION
Total phenolic compounds of Pistacia lentiscus fruits
The total polyphenol content of the Pistacia lentiscus fruits extract is determined by the Folin-Ciocalteu assay at a
wavelength of 760 nm. A calibration curve was established with the gallic acid and the results are expressed in mg
GAE/g dry weight (DW).
Total phenol compounds (TPC) of fully ripened P. lentiscus fruit from different Tunisian populations varied from
24,84 mg GAE/g (KO) to 46,07 mg GAE/g (TB) on a dry weight basis (Table 1). Significant difference (p<0.05)
between the study populations was recorded, which may be due essentially to geographical conditions, climate and
soil. Comparing these results with literature, the content of TPC from the Pistacia lentisus fruit is high to that
obtained in nuts such as hazelnuts (22.5 mg / 100g), cashews (86.7 mg / 100g) [15], Soja (0.9 mg GAE/g dw) and
grenade (1.38 mg GAE/g dw) [16-17]. Also, our results are high compared with those obtained from a related
species of the Anacardiaceae family Pistacia vera from Argentina and Turkey (between 360 and 463 mg GAE/g
dw) [18-19]. On the other hand, our results are near to those obtained by [20] by studying the composition of the
Iranian Ocimum basilicum (from 22.9 to 65.5 mg GAE/g of dry material). In addition, the TPC amount of Anthemis
arvensis is similar to that obtained at the Rimel station [21].
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The richness of P. lentiscus with these compounds confirms its nutritional and medicinal value and it can be used as
a potential source of phenols. Indeed, their important role is widely shown in the protection against certain diseases
because of their possible interaction with many enzymes and their antioxidant properties [22]
Table 1: Total polyphenols, flavonoids and condensed tanins compositions of Pistacia lentiscus fruit
Stations
Rimel (RM)
Korbous (KO)
Tebaba (TB)

Total phenolic content
(mg GAE/g DW)
32,47±1.12b
24,84±1.79c
46,07±2.74a

Flavonoids
(mg RE/g DW)
13,78±1.44b
22,90±0.39a
23,46±4.72a

Data followed by different letters are significantly different from other (p<0.05) according to Duncan's test.
Flavonoids of Pistacia lentiscus fruits
The flavonoid class of molecules includes many natural compounds divided into several families. The most
important of which are catechins, quercetin and isoflavones. These are polyphenolic pigments which are responsible
for most of the colorations in flowers and fruits [23]. There have been many therapeutic virtues and they are
particularly active in maintaining good circulation. Some also have anti-inflammatory and anti viral properties,
others have protective effects on the liver [24].
The dosage of flavonoids was performed according to the method described by Dewanto et al. [11], using rutin as
standard. Inspection of Table 1 shows that the flavonoïd content varies from 13.78 mg RE/g dw (RM) to 23.46 mg
RE/g dw (TB). This significant difference between the two populations of Rimel and Tebaba could be due to
geographical conditions, climate and soil.
Our results show that Pistacia lentiscus is rich in flavonoïds in comparison with other herbs (Ruta montana: 1.62 mg
RE / g dw), (Thymelaea hirsuta: 4.95 mg RE / g dw), Oudneya africana: 7.66 mg RE / g dw) and (Artemisia herba
halba: 11.31 mg RE / g dw) [21].
The high content of flavonoids detected in our samples is interesting, this gives them an important nutritional and
therapeutic value. Indeed, these compounds are capable of inhibiting carcinogenesis [25] and to protect the gastric
mucosa against various ulcerogenic agents [26].
Identification of various phenolic compounds from Pistacia lentiscus fruit using ESI-QTOF-MS, MS/MS
Phenolic compounds of Pistacia lentiscus fruit were detected and identified using an electrospray ionization
quadrupole time-of-flight mass spectrometer QTOF2 (Waters), operating in negative ion mode and using a checking
and processing software Mass Lynx (v. 4.0). This technique allows detection of molecular species even at trace.
Figure 1 shows the ESI-QTOF-MS spectrum of the methanol extract of the Pistacia lentiscus fruit. Fourteen
phenolic compounds were identified (Figure 2 and Table 2), which are: 8 phenolic acids (p-hydroxybenzoic acid,
gallic acid, cinnamylidene acetic acid, quinic acid, p-coumaric acid 4 -O-glucoside, 5-galloylquinic acid, isomer of
caffeoylquinic acid and 3,4,5 O- trigalloylquinic acid), 4 flavonoïds (quercetin, taxifolin, quercetin-3-O-glucuronide
and luteolin 6,8-di-C-hexoside), one secoiridoïd (oleoside) and one phenolic diterpene (epirosmanol).
Analysis of the resin of Pistacia lentiscus by Kaliora et al. [27], using HPLC and GC-MS has allowed the
identification of 15 different phenolic compounds which are cinnamic acid, tyrosol, p-hydroxybenzoic acid, phydroxyphenylacetic acid, vannilic acid, homovanillic acid, O-coumaric acid, protocatechuic acid, 3-4dihydroxyphenylacetic acid, syringic acid, p-coumaric acid, gallic acid, ferulic acid, caffeic acid and sinapic acid.
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Figure 1: ESI-QTOF-MS spectra of the methanol extract of Pistacia lentiscus fruit
Table 2: ESI-QTOF-MS, MS/MS fragmentation of compounds identified in the methanol extract of the Pistacia lentiscus fruit
ESI-QTOF-MS
Ions [M-H]Phenolic compounds identified
m/z
p-hydroxbenzoïc acid
137
Gallic acid
169
Cinnamylidene acetic acid
173
Quinic acid
191
Quercetin
301
Taxifolin (dihydroquercetin)
303
p-coumaric 4-O-glucoside acid
325
5-Galloylquinic acid
343
Epirosmanol
345
Cafeoylquinic acid isomer
353
Oleoside
389
Quercetin-3-O-glucuronide
477
Luteolin 6,8-di-C-hexoside
609
3,4,5,-O- Trigalloylquinic acid
647
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Figure 2: MS/MS spectra of some identified phenolic compounds. A: p-hydroxbenzoïc acid; B: 5-Galloylquinic acid

Generally, the phenolic compounds are involved in interactions of plants with their environment, by playing the role
of certain pathogenic recognition signals or allowing them to withstand to various biotic and abiotic stresses.
According Boutigny and et al. [28], phenolic acids significantly inhibit the accumulation of mycotoxins in wheat.
Moreover, these compounds which represent the major portion of polyphenols identified in lentisc fruit, have
physiological effects well expressed: anti-inflammatory, anti-bacterial, sedative, hepatoprotective [29]. Other studies
have demonstrated the inhibitory effect of gallic acid, quinic acid and its derivatives galloyles on the oxidation of
LDL lipoprotein [30]. Four different molecules belonging to the class of flavonoids have been identified in our
samples. These phenolic compounds may exert a variety of biological activities including antioxidant,
vasculoprotective, antihepatotoxic, antiallergic, anti-inflammatory, anti-ulcer and even significant antitumor
properties. They are also able to modulate the activity of certain enzymes and to change the behavior of several cell
systems [31]. Previous work has demonstrated the role of quercetin in inhibiting the growth of cancer cells [32] and
in protection against cardiovascular disease [33]. Similarly, this molecule appears to have antiulcer effects [34], as
well as antioxidant, antiallergic, antiviral and anti-inflammatory activities [35]. Furthermore, taxifolin is a powerful
flavonoid with more therapeutic effects. In fact, it protects cell membranes, improves the activity of capillaries and
blood microcirculation throughout the body and normalizes metabolism at the cellular level. It also has antiinflammatory and hepatoprotective activities, a anti-edematous effect, it reduces cholesterol levels and reduces
clotting and blood viscosity [36-37]. The oleoside (m/z 389) detected and identified in our samples, is a phenolic
molecule belonging to the class of Secoiridoid. These molecules have been identified primarily in olives and olive
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oil [38], they prevent or retard the growth rate of a range of bacteria and micro-fungi, but to our knowledge, there is
no data in the literature about the possible use of these secoiridoid as antimicrobial agents against pathogenic
bacteria in humans [39]. If we consider the direct food use of polyphenols, consumption of 10 to 100 mg of a given
phenolic compound significantly increases the antioxidant capacity of plasma serum, this increase could reach 20%
within 2 hours after consumption foods rich in polyphenols [40].
CONCLUSION
In the present study, the total phenolic and flavonoid contents from three populations of Pistacia lentiscus were
evaluated spectrophotometrically. Moreover, the identification of its various phenolic compounds has been
performed for the first time by ESI-QTOF MS / MS. The main results of our study are summarized as follows: the
fruit of Pistacia lentiscus is characterized by a high content of total phenolics and flavonoids and by the presence of
eight phenolic acids, four flavonoids, one secoiridoid and one phenolic diterpene.
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