Available online: www.notulaebotanicae.ro

[EVAP)]

AcademicPres

Print ISSN 0255-965X; Electronic 1842-4309

Notulae Botanicae Horti

Not Bot Horti Agrobo, 2019, 47(3):836-847. DO1:10.15835/nbha47311534 Agrobotanici Cluj-Napoca

Original Article

Effect of Maturation Degree on the Fixed Oil Chemical Composition,
Phenolic Compounds, Mineral Nutrients and Antioxidant
Properties of Pistacia lentiscus L. Fruits

Kaissa BOUDIEB*, Sabrina AIT SLIMANE-AIT KAKI,
Hayet AMELLAL-CHIBANE

University of M hamed Bougara of Boumerdes, Faculty of Natural Sciences, Laboratory of Soft Technology, Valorization,
Physical-Chemistry of Biological Materials and Biodiversity, 35000, Boumerdes, Algeria; b.kaissa@univ-boumerdes.dz (*corresponding author);
aitkaki_sabrina@yahoo.fr; chibane_bayet@yahoo.fr

Abstract

This study aimed to evaluate the maturity stage effects on the bioactive metabolites content, the antioxidant activity and
color variation of Algerian Pistacia lentiscus L. fruit. For this propose, both red and black fruits of the selected species
representing two different maturation stages immature and mature, respectively are chosen. Our experimental study was
initiated by a GC/MS analysis in order to determinate the fixed oils chemical composition. An AAS for macroelements and
ICP-MS for microelements was carried out to evaluate the mineral composition. Furthermore, phenolic, anthocyanins and
total sugars compounds level were determinate. Also, a chromameter was used to detect the color changes of fruits powders. At
last, antioxidant activities were evaluated by DPPH and FRAP assays. As a result, the fixed oil qualitative evaluation, revealed
new molecules were synthesized in the mature fruit oil which gives it a higher quality than one of the immature stage, we also
noted that the accumulation of the oils increases with the fruits maturation while the sugar content decreases significantly. In
addition, the results obtained showed that the bioactive molecules were found to be significantly high at the mature stage and
its affects positively the P. lentiscus antioxidant activity. High levels of minerals (Ca, Mg, Mn, Cu and Zn) observed in mature
fruits ensure a high nutritional quality compared to immature ones. To conclude, the phytocomponents of P. lentiscus fruit

are accumulated during maturation, which provides it with an important qualitative and quantitative value in terms of both

curative and/ or nutritional fields.
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Introduction

Belongs to the Anacardiaceae family, Pistacia lentiscus L.,
commonly known as lentisk or mastic tree is member of the
aromatic species, growing wild in several Mediterranean
regions. It is termophilous evergreen shrub, which can reach
three meters in height and producing red globose berries in
clusters that turn black as they ripen (Iserin ez 4/, 2001;
Bozorgi et al., 2013; Llorens Molina ez 4l., 2015). Their areal
parts have been well used for a long time ago as remedies for
various diseases such as eczema, asthma, hypertension,
peptic ulcer, diarrheic, inflammation and infections (Longo
et al., 2007; Djenane et al., 2011). In addition to their
therapeutic effects the plant is also used in the agri-food
sector (Bampouli ez 4/, 2015).

Last years, several studies have been interested on the
various uses of P. lentiscus fruits, galls, resin and leaves in

which the obtained extracts of these different parts showed
both in wivo and in wvitro biological activities like
antiatherogenic, anti-inflammatory, antioxidant, antimicro-
bial, hypotensive, anticancer, antiarthritis and antigout,
treatment of wound, antiasthmatic and anthelmitic activity
(Nahida ez al,, 2012).

According to the same studies, all these activities are
related to the bioactive phytochemicals compounds
especially phenolic ones (Martinez ez al., 2017).

Actually, phenolic compounds regrouped the largest
range of phytochemicals known as a powerful natural
antioxidants and antimicrobial agents (Bampouli ez 4/,
2015; Martinez et al., 2017).

In fact, several factors can affect the plant’s chemical
composition qualitatively and quantitatively (Rallo ez 4/,
2018), among others development stage, climatic condition
and both harvest region and period (Vicente ez 4., 2009).
Meanwhile, it is known that numerous physical chemical
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and biochemical changes occur during ripening of the fruits
(Seraglio ez al., 2017), including color skin variation, which
is considered as an important parameter for nutritional
quality evaluation (Xiao er 4/, 2018), maturity fruit
detection, mineral (Seraglio ez al,, 2017), chemicals and fatty
acids composition (Hosni ez /., 2011).

To our knowledge, the relationship between Pistacia
lentiscus L. maturity stage and both their qualitative and
quantitative composition as well as antioxidant activity have
not been established yet.

Therefore, this study was carried out which initiated by
a GC-MS qualitative analysis, followed by a determination
of bioactive metabolites contents and a comparison of
powder fruits color. At the same, an evaluation of macro
and microelements was carried out. Our study is over by an
evaluation of the methanolic fruit extracts antioxidant
capacity using two techniques DPPH and FRAP.

Materials and Methods

Plant material

Pistacia lentiscus L. plant fruits were collected during
December 2015, from Dellys (region of Northern Algeria ;
latitude 36’55° (N), longitude 03’57° (E), altitude 08). Peel
color was used as criteria to assure the immature (red) and
mature (black) fruits, which were chosen for this study (Fig.
1). The collected fruits were manually separated and air-
dried at room temperature, and finally they grounded and
stored in glass bottles in cool, dry and dark place until used.

Extraction procedure

The extraction of phenolic components was performed
on the delipid residues obtained after cold extraction of the
fixed oils contained in P. lentiscus fruits, passing through the
following steps:

Oil extraction

The oil contained in the fruit was extracted in triplicate
according to the method presented by Rombaut (2013).
Dry powder of immature and mature fruits, previously
ground, was separately homogenized with hexane in ratio of
1:10 (w/v) and stored at ambient temperature for 2 hours
with magnetic agitation. The mixture was filtered to
separate the residues using Whatman No. 1 paper. The
solvent was then removed using the rotary evaporator (RE
300P, Stuart, United Kingdom) at 40 °C and the weight of
the extract was measured to determine the lipid content in
the plant material. The chemical composition of the fixed
oil was identified by GC/MS.

Methanolic extract

Dried fat-free powder of red and black P. lentiscus fruit
(5 g) was extracted in triplicate with 100 ml of methanol
99.7% and the mixture was shaken for 24 hours at ambient
temperature. The extract was filtered, and the solvent was
removed from the sample using a rotary evaporator at 40 °C,
dry extracts obtained were weighted and the percentage of
crude was calculated. The samples were then stored at 4 °C,
for use in further studies.
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GC-MS analysis
Fatty acid compounds were analyzed on an Agilent
7820A gas chromatography system coupled to Agilent 5975
series quadrupole mass spectrometer working in EI mode
and resolved on a Termo HP-5MS column (30 m x 250 um
x 025 pm) (J&W Scientific, USA). Compounds were
desorbed at 260 °C injection port. Analysis was performed
in programmed temperature : 50 °C for 5 min, then (50-
250 °C) over 25 min, then 250 °C for 5 min using Helium
as a carrier gas with a flow of 1.2 ml/min. Gas
chromatography/mass spectrometry (GC/MS) interface
temperature was set to 280 °C. Compounds were identified
using NIST 11 library of mass spectra on Agilent
Chemstation software.

Total phenolic contents (TPC)

TPCs of methanolic extracts of immature (MER) and
mature (MEB) lentisck fruits were established using the
Folin-Ciocalteu colorimetric assay as described in Sinﬁeton
and Rossi’s (1965) method. 200 ul for each extract was
introduced into a test tube; the mixture (1 ml of Folin
Ciocalteu diluted 10 times and 0.8 ml of sodium carbonate
7.5%) was added. The tubes were shaken and kept for 30
minutes at dark. The absorbance was then read at 765 nm
using the UV / Vis spectrophotometer (Optizen Pop,
Mecasys Co. Ltd., Dacjeon, Korea). A calibration curve with
a different concentration of gallic acid was prepared. The
results were expressed as gallic acid (mg) equivalents per

gram (g) of dry extract.

Determination of total anthocyanins (ANCs)

Total anthocyanins (ANCs) were measured by the pH
differential method according to Giusti and Wrolstad
(2001). The dried powder of red and black P. lentiscus fruit
(1 g) was extracted with 20 ml HCl-methanol (1 %, v/v) for
2 h. Extracts were homogenized thoroughly with 0.025 M
potassium chloride pH 1 buffer and similarly with sodium
acetate buffer pH 4.5 in 1:10 ratio of extract to buffer. The
absorbance of these solutions was obtained at 520 and 700
nm, by wusing UV-visible spectrophotometer. The
absorbance of the diluted sample (A) was calculated as
follow:

A = (Asz0— A 700) pH 1.0 = (As20 — A 700) pH 4

The anthocyanin monomeric pigment content in the
initial sample was calculated using the formula below:

Anthocyanin content (mg/liter) = (A x MW x DF x
1000)/ (e x 1)

( M\’)(/: molecular weight for cyanidin 3-glucoside = 449.2
mol

4 e: is the molar absorptivity of cyanidin 3-glucoside =

26,900 (g/mol), and DF the dilution factor. Anthocyanin

content was expressed as milligrams of cyanidin 3-glucoside

(cy-3-glu) equivalents per grams of dry weight (dw) of the

triplicate extracts.

Evaluation of antioxidant activity by Diphenyl-Picryl-
Hydyazyl tests (DPPH)

Antioxidant activity was measured by the DPPH
method assay (1, 1-diphenyl-2-picrylhydrazyl) according to
the protocol described by Sanchez-Moreno (2002). 50 pl of

the immature and mature fruits extract at different
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concentrations were added to 1950 ul of DPPH methanolic
solution (0,0025 g/ml). After vortexing, the mixture was
stored in the dark for 30 minutes and the optical density
was measured at 515 nm. Control contains only the DPPH
solution and the positive control was represented by
standard antioxidant solutions; ascorbic acid absorbance
was measured under the same conditions as the test sample.
Antioxidant activity was estimated as percent inhibition or
percentage of antioxidant activity, according to the
following formula:

% Antioxidant activity = (AbS contol - Abs ) / (AbS control
x 100)

Where, Abs is the absorbance at the wavelength of 515
nm. The concentration in mg of dry extract per ml of
solvent (mg/ml) that inhibits the formation of DPPH
radicals by 50% is defined as ICso value.

Ferric reducing antioxidant power (FRAP)

The reducing power of immature and mature fruits
extract has been determined according to the Yen and Chen
(1995) method. In test tubes containing 1 ml of sample
solution at different concentrations diluted in distilled
water, were added 2.5 ml of phosphate buffer (0.2 M, pH
6.6) and 2.5 ml of potassium hexacyanoferrate [K; Fe
(CN)g] at 1% in distilled water. The mixture was incubated
at SO °C for 20 minutes. A volume of 2.5 ml of
trichloroacetic acid (10 %) was then added and the mixture
was centrifuged at 3000 rpm for 10 min. The supernatant
(2.5 ml) was mixed with 2.5 ml of distilled water and 0.5 ml
of FeCls (1%) freshly prepared. A blank without sample was
prepared under the same conditions. The reading was made
at 700 nm. In this method, increased absorbance of the
reaction mixture means increased reducing power.

Color measurement

The color of dry powders of immature and mature P.
lentiscus fruits was measured, using a Chromameter (Model
Chromameter, Konica Minolta, Osaka, Japan) and the data
were expressed in L* (lightness), 4*(redness-greenness) and
b*(yellowness-blueness) values. The color reading was taken
three times. 2* and &* values were used to calculate chroma
(C* = [a® + ] '), and hue angle (H°= arctangent 5*/
a*)(0°: red-purple, 90°: yellow, 180°: bluish-green, 270°:
blue) ( McGuire, 1992).

Total sugar content

The total sugar content was determined by colorimetric
assay using the phenol-sulphuric acid method (Dubois ez 4/,
1956). The two samples of immature and mature fruit
powder placed in glass tubes (10 g) were extracted with
distilled water in a water bath at 85 °C for 2 hours. The
tubes were then centrifuged at 4000 rpm for 10 minutes.
The supernatant contains the total sugar mixture to be
measured. The determination was made from 0.5 ml of
extract to which 0.5 ml of 5% aqueous phenol solution and
2 ml of 98% concentrated sulphuric acid were added. After
vortex homogenization, the tubes were placed in a water
bath at 90 °C for S minutes, then stored in the dark for 30
minutes to cool the mixture before reading the absorbance
of the solution to the spectrophotometer at 492 nm, the
blank consists of 0.5 ml of water to which all the assay
reagents have been added. The quantification of total sugars
was performed by a calibration curve with different
concentrations of glucose solution at 1 g/1.

Mineral composition

The mineral constituents (Ca, Na, K, et Mg)
present in lentisk fruits were analysed, using an atomic
absorption spectrometry (Zeenit 700 Pis based on the
Zeeman technique. It covers both flame AAS and graphite
furnace AAS, Germany). An inductively coupled plasma-
mass spectrometry Agilent 7700 ICP-MS systems has been
employed for trace element determination (Fe, Mn, Cr, Co,
Cu, Zn, Ni, Cd, Pb and As). Samples used were mineralized
by dry ashing in a muffle furnace at 550 °C until a white ash
of constant weight was obtained, than the yield of minerals
was calculated and the dissolved samples in hydrochloric
acid were used to estimate their mineral content.

Statistical analysis

All analyses were performed in triplicate and results are
expressed as average values with standard deviation (+ SD).
Analysis of Variance (One-way ANOVA), followed by
Tukey’s HSD Test was carried out to determine significant

group differences (p <0.05) between means, using Statistica
7.1 (StatSoft Inc, France).

Fig. 1. Plant material: Pistacia lentiscus L. fruits and dry powders. a: dry powder of red fruit, b: red and black fruits of P. lentiscus,

c: dry powder of black fruit
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Results and Discussion

The yields of fixed oil, phenolic extract, ash and total

sugars from immature and mature fruits are summarized in

the Table 1.

Total lipid content and GC-MS analysis of the fixed oil

The yield of fixed oils extracted from P. lentiscus varied
from 11.25% for immature fruits (red) to 32.18% for
mature fruits (black) as shown in Tablel. Total lipid
accumulation showed an increasing trend as maturity
progressed. In good agreement with our results, Charef ez 4.
(2008) reported that the crude fat level of the P. lentiscus
fruit was found to differ from 32.8% for black fruits to
11.70 % for red fruits. The transition of the fruit from the
immature (green) to mature (red) was characterized by a
significant increase in total lipid contents of Schinus molle L.
fruit as reported by Hosni ez 4. (2011).

Fatty acids compounds of immature and mature fruit of
P. lentiscus fruits, were identified through mass
spectrometry attached with GC and the active principles
with their retention time (RT), Kovat’s index (KI),
Library Score (LS), nature of compounds, molecular
formula and molecular weight (MW) are summarized in
the Table 2. Chromatograms of the both extracts were
represented in the Figs. 3 and 4.

Analysis of phytochemical composition of the both oil
extracts by gas chromatography-mass spectrometry (GC-
MS) revealed the presence of various compounds such as
saturated fatty acid, mono and polyunsaturated fatty acid,
triterpeénes, phytosterols, steroids, phenolic lipids and
alcoholic compounds.

Fourteen (14) phytoconstituents were identified in
hexane extract of immature fruits and 21 components were
identified in hexane extract of mature fruits. In addition to
the volatile compounds of red fruit and except of oleic acid-
3-hydroxypropyl ester: fatty acid ester, ecight new
constituents have been produced at the mature stage (Table
2). Such as squalene, an important natural polyunsaturated
triterpene, intermediate metabolite in the synthesis of
cholesterol, steroid hormones and vitamin E and D i vivo
in humans and animals. Furthermore, it exhibited an
antioxidant, anti-bacteria and antifungal function
(Hataminia ez al, 2018). On the other hand, squalene
directly influences the stability of oil, and its chain-breaking
ability contributes to the regeneration of a-tocopherol
(Rallo ez 4l., 2018). This probably explains its appearance in
the mature stage in the form of a-Tocopherol acetate. As
reported by Pereira ez al. (2015), a-Tocopherol acetate is the
result of esterification of a-Tocopherol, this process
improves its stability, and when in contact with the skin, its
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hydrolysis exposes the phenolic hydroxyl part of «a-

Tocopherol; the most common component in vitamin E,
which is the functional and active group responsible for the
antioxidant activity.

Ethyl iso-allocholate, another Steroid identified in the
oil of black fruit, known by its antimicrobial, anti-
inflammatory, anticancer, antiasthma and diuretic activities
(Daffodil ez 4l., 2012). 3-acetoxy-7, 8-cpoxylanostan-11-ol a
terpene alchohol, among the detected compounds at the
mature stage of fruit, as reported in previous study, had anti-
inflammatory and antimicrobial properties (Zekeya ez al.,
2014). Methyl-Z-5, 11, 14, 17-cicosatetracnoate, Z, Z-9-
hexadecenoic acid-9-hexadecenyl ester and Arachidic acid,
are Methyl ester, unsaturated fatty acid ester and saturated
fatty acid compound, respectively, were also determined in
oil extract for mature fruit.

Furthermore, among the similar compounds detected in
the both extract; palmitic acid (C16:0) a saturated fatty
acid, which if it is combined with linoliec acid, decrease
cholesterol levels in blood. This is significant because
linoliec acid (18:2); polyunsaturated omega-6 fatty acid, is
always found with palmitic acid in olive, palm and coconut
oils as reported by French ez al. (2002). This observation
was also supported by our data on immature and mature
lentisk fruit oil.

Oleic acid (C18:1), a mono-unsaturated omega-9 fatty
acid also determined in both extract. Its content level as
indicated in the GC-MS chromatogram (Figs. 2 and 3),
increased with maturate stage. It is also noted that the high
amount of oleic acid corresponds to low level of linoleic
however opposite trend was observed of the oil for mature
fruits. Oil extracted from red and black fruit samples is
relatively rich in phytosterol like B-sitosterol. These findings
were in agreement with those indicated by Trabelsi ez /.
(2012) in his study about the sterols at the different stages of
maturation in P. lentiscus. Lupeol, another triterpene were
synthesizes during the ripening process, Lupeol has been
shown to exhibit beneficial activity against inflammation,
cancer, arthritis, diabetes, heart diseases, renal toxicity and
hepatic toxicity (Saleem, 2009). Nevertheless, this type of
compounds is not reported in P. lentiscus aerial parts in the
majority of previous studies.

Determination of total phenolic content and anthocyanin

Extraction yield of phenolic components of P. lentiscus,
ranged from 18.28-23.64% for immature to mature fruits
(Table 1), while TPC increased from 252.38 to 503.87 mg
of gallic acid equivalents/g of dry extract in immature and
mature stage, respectively (Table 2). These results showed
that TPC of methanolic extracts of lentisk fruits was
strongly affected by maturity stages.

Table 1. Composition of some bioactive content of P. lentiscus fruits at both maturity stages

Immature fruits

Mature fruits

Means +SD Means +SD P
Oil yield (%) 1125 227 32,18° 1.87 <0.01
Phenolic extract (%) 18.28" 0.81 23.64° 1.10 <0.01
Tortal sugars (mg/100 g dw) 5.63" 0.41 333" 0.03 <0.01
Ash (%) 3,68 0.017 2,98 0.169 <0.05

SD: standard deviation, dw: dry weight; a-b: different letters indicate differences between means in the same row according to Tukey testat p < 0.05.
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Table 2. Gas chromatography coupled to mass spectroscopy (GC-MS) results of the fatty acids composition identified in the fixed oil of immature
and mature P. lentiscus fruits

Compound Molecular Molecular Red fruit Black fruit
Compound RT KI LS

nature formula weight (g/mol) oil oil

Palmitic acid 26.63 1942 88.7 Saturated faty acid (C16:0) CiH:,0p, 256.43 a4 4

5a, 17a-pregnan-20-one 29.70 2065 93.0 Steroid / / + +
Sa-16, 16-dimethyl-androstan-17-one 30.01 2075 87.8 Steroid CyuH;,0 302505 + +

polyunsaturated omega-6
Linoleic acid 3222 2095 90.7 CisH3,0, 280.452 + +
fatty acid (C18:2)
monounsaturated omega-9
Oleic acid 3242 2113 86.9 CisH30, 28247 + +
fatty acid (C18:1)

Oleic acid-3-hydroxypropyl ester 35.28 2154 91.4 Fatty acid ester CyH4O5 340.548 + -
3-hydroxy-3a, Se-androstane-11, 17-dione 3547 2300 88.9 Steroid CiyHxO; 302414 + +
Methyl-Z-5,11,14,17-cicosatetracnoate 35.61 2308 927 Methyl ester C,H;,0, 318,501 - +
Methyl lambertianate 35.80 2325 90.5 Methyl ester CuH305 330.468 + +
Arachidic acid 38.19 2359 887 Saturated farty acid (C20:0) CyH,0, 312,538 - +
Butyl-9,12,15-octadecatricnoate 38.28 2399 879 facty acid butyl ester C,H30, 334544 o o
Pentadecylphenol 38.40 2406 94.3 phenolic lipid CyH;0 304.518 + +

Palmitic acid-a-monoglyceride 38.60 2482 915 Saturated faty acid (C16:0) CiH3,0, 256.43 + +

Unsaturated fatty acid ester
11,13-Eicosadienoic acid methyl ester 38.70 2583 89.9 C,H;50, 322533 + +
(C20:2)
Squalene 39.50 2914 89.6 Triterpene CsHso 410718 - +
Sale derived from cholan
Methyl cholate 40.45 2995 97.1 CsHiOs 422.606 - +
steroid

Ethyl iso-allocholate 4207 3094 985 Steroid derivative CyHiiOs 436.633 - +
a-Tocopherol acetate 44.45 3154 90.6 Alcohol tocopherol C;Hs,0;5 472754 - +
{-sitosterol 46.66 3173 956 Phytosterol CyHs50 414706 + +

Lupeol 47.62 3270 98.0 Triterpene CyHs5O 426729 + +
3-acetoxy-7,8-epoxylanostan-11-ol 48.50 3295 90.2 Alcoholic compound CyH504 502.768 o o

Z,Z-9-hexadecenoic acid-9-hexadecenyl

’ 51.43 3385 86.9 Unsaturated facty acid ester C3HuO, 504.87 - +

ester

RT: retention time, KI: kovat’s index, LS: library score; + : presence, - : absence of the molecule.
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Fig. 2. GC-MS chromatogram of immature P. lentiscus fruits oil extract
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Fig. 3. GC-MS chromatogram of mature P. lentiscus fruits oil extract
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differences between means according to Tukey test at p < 0.05

In a study examining the effect of maturity on phenolics
of cherry fruits (Prunus avium L.), it was noted that TPC
increased for un-ripened to fully —ripened stage (Mahmood
et al., 2013). Our results were also according with those
reported by Shin ez al. (2015) in Cudrania tricuspidata
extract, where the hight level of total phenolic contents was
shown at the fully mature stage. Xiaoa ez al. (2018)
investigated the concentration of the total free phenolic
content in two varieties of grape at five ripening stages and
found that the concentration to sharply increase from the
veraison stage to the ripe stage. Total phenolic compounds
decreased during the ecarly stages of sweet cherry
development but exponentially increased from the stage
that coincided with the anthocyanin accumulation and fruit
darkening (Serrano ez al,, 2005). As shown by Mahmood ez

al. (2013), red fruits accumulate antocyanins and flavonols
during maturity, which explains the high content of
polyphenols.

(IID\NCS) are flavonoid pigments, which are responsible
for the red, blue, purple, and violet colors of fruit (Martinez
et al., 2017; Chaves-Silva et al,, 2018). ANCs are unique
among flavonoids as their structures reversibly undergo pH-
dependent transformation in aqueous solution. At a pH
beﬁ)w two, anthocyanins exist predominantly in the red
flavylium cation form and colorless after rapid hydratation
of the flavylium cation at pH values ranging from 3 to 6 (He
and Giusti, 2010).

As shown in Table 3, ANCs of P. lentiscus varied
significantly as maturity progressed (p < 0.05). The highest
anthocyanin content was obtained in black fruits with 3.75
mg cyanidin-3-glucoside eq/g of dry powder, while the
lowest content was observed in red fruits with 0.2 mg
cyanidin-3-glucoside eq/g of dry powder. These findings are
in agreement with previous studies reporting that
anthocyanin accumulation in sweet cherries increased
during fruit development and correlated positively with
abscisic acid levels, which is responsible for regulating the
expression of anthocyanin biosynthesis genes (Teribia ez 4/,
2016). ANCs content in dark brown berries of black
currants increased by a factor of 4.0 to 4.6 times its level in
reddish berries (Rubinskiene ez 4/, 2006). An exponential
increase in total anthocyanins was also observed in sweet
cherries with low concentrations in the early stages, and a
sharp increase in later stages of maturation (Serrano ez al,
2005). ANC:s levels, as reported by Akond ez al. (2011),
were directly related to the color of the bean tegument; the
black colored bean contained the highest anthocyanin
content than the white or yellow one. The same finding was
obtained in another study, where anthocyanins were not
detected in the light-colored seed cultivar of BRS
Xiquexique (Moreira-Araujo ez 4/.,2018).
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Table 3. Determination of total phenols and anthocyanins of immature and mature P. lentiscus methanolic extract

Immature fruits

Mature fruits

Means +SD Means +SD P
Total phenols
P 252.38° 5.78 503.87° 10.46 < 0.001
(mg gallic acid eq/g of dry extract)
Anthocyanin
mg cyanidin-3-glucoside eq/g 02" 0.02 375 0.2 <0.01
g oy g /g

of dry powder)

SD: standard deviation; a-b: different letters indicate differences between means in the same row according to Tukey testat p < 0.05.

Resulss for antioxidant activity

Antioxidant activity of the methanolic extracts of red
(MER) and black (MEB) fruits of P. lentiscus were carried
out by two chemical techniques (DPPH free radical
scavenging and FRAP assay).

In this study, the antioxidant activity of the both
extracts and synthetic ascorbic acid (as positive control) was
determined from the half-maximal inhibitory concentration
(ICso) for scavengers; is the amount of antioxidant required
to decrease the initial of 2, 2-diphenyl-1-picrylhydrazyl
(DPPH) concentration by 50%.

The obtained optical densities values had made it
possible to calculate the percentage of antioxidant activity to
plot curves (percentage of inhibition as a function of the
different concentrations), having a linear or logarithmic
shape. From these curves, we determined the ICso value of
each extract (Fig. 4). High ICso values express lower
reducing activity, while lowest values express greater
reducing activity.

Based on the ICs values, the data shows that the DPPH
radical scavenging activity of the samples increased in the
following order: MER < MEB < Ascorbic acid. With ICsp
values of 0.54 £ 0.043 mg/ml, 0.28 + 0.01 mg/ml and 0.087
+ 0.006 mg/ml, respectively.

This essay showed that mature black fruits exhibited
significantly greater antioxidant activity than the immature
red fruits (p < 0.05). However, the both extracts have a
lowest antioxidant activity than the ascorbic acid. The
results highlighted significant increase in DPPH scavenging
activity as maturity progressed. The similar pattern of
increase in DPPH radical scavenging activity in relation
with ripening stage of cherry fruit has been reported by
Mahmood e# 4l. (2013). The same result was also obtained
in previous study investigated the antioxidant activity in
Cudyrania tricuspidata at various maturity stages (Shin ez 4/,
2015).

The antioxidant potential of MER and MEB was also
evaluated through the Ferric-Reducing Antioxidant Power
(FRAP assay), due to the reduction of the Ferric
trig)yridyltriazine, Fe*-TPTZ complex to its ferrous form,
Fe** -TPTZ. Values of the optical densities obtained in this
study, made it possible to draw curves for each methanol
extract and synthetic ascorbic acid (positive control). The
results presented in Fig. 5 show that the reducing power is
proportional to the increase in the concentrations used.

This assay shows that the ability to reduce iron is almost
the same for the MER and MEB, with a slight increase
observed in mature P. lentiscus fruit extract. While the both
extracts reveals a lower antioxidant power than the ascorbic
acid.

Both analyzes suggest that mature fruit with a high
content of total phenolic is a richer source of antioxidant
than immature ones, whereas, the degree of fruit maturation
does not have a great influence on the iron reduction
capacity as on the free radicals of DPPH.

Furthermore, several studies have found a relevant
correlation between the highest antioxidant properties and
bioactive compounds such as phenols, tannins,
anthocyanins and total flavonoid contents (Skrovankova ez
al.,2015; Nobre ez al., 2018). Therefore, both phenolics and

anthocyanins influence antioxidant activity considerably.

Color analysis

As shown in Table 4, color of lentisk fruit varied
significantly during maturation. The lightness coefficient
L*, ranged from 31.5 to 35.2 for a black and red fruits,
respectively. Results showed that L* decrease significantly as
fruit ripening stage. The immature fruit had the greater
luminosity value where the lower luminosity values noted in
the mature one, which is distinguished by a black color of
fruits. We also observed that the values of #* and &%
chromaticity coordinates, decreased significantly from
unripe to ripe fruit.

The 4* or red-green values ( all values positive), where
the highest for the unripe fruits (11.1), whereas the lowest
values were shown by the ripe fruits (4.6), these results agree
with the color of the unripe seeds, characterized by red skin.
For black fruit, we suppose that the color has been masked
by the yellow color of the fixed oils witch increased at this
stage of ripening. The &* or yellow blue values, indicating
the turn of the color of lentisk fruit from yellowish at the
immature stage to bluer color at the mature stage. The
chroma C* an index of color saturation or intensity, the
values of chroma decreased significantly from the immature
to mature stage (p < 0.05). Therefore, P. lentiscus fruits lose
its brightness as the increasing of darkening skin color. The
hue angle A° determines the red, yellow, green, blue, or
intermediate colors between adjacent pairs of this basic
colors, where the lower hue angle indicate a redder color, as
shown by the results obtained in the fruits in two
maturation stage, with 0.51° for immature fruits and 0.53°
for mature fruits, the variation of this values was not
significant between the two stages (p > 0.05). Similarly, to
other studies, it was admitted that the change in colors
during the maturation of fruits correlated with the increase
of anthocyanins and total phenolic compounds, where color
of the peel becomes red, yellow and/or blue (Williams and
Benkeblia, 2018).
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Table 4. Change in color parameters L*, #*, b*, C* and " in both maturation stages

Immature fruits

Mature fruits

Means +SD Means +SD P
L 35.2° 0.95 315" 0.0 <0.05
a 1L1° 0.90 46 0.30 <005
b* 64" 0.90 2.9 0.10 <0.05
o 12.8° 117 5.4° 022 <0.05
H 051 0.045 053 0.04 NS

L*: values indicate lightness (black L* = 0 and white L* = 100), 4*: values indicate redness-greenness (red 2* = 100 and green 2* = -100), b*: values indicate yellowness-
blueness (yellow &* = 100 and blue 4* = -100), C*: chroma value, A: hue angle; SD: standard deviation; a-b: different letters indicate differences between means in the

same row according to Tukey test at p < 0.05; NS: not significant.
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Fig. 5. Reducing power of P. lentiscus fruits methanolic extracts
at both maturity stages. MER: methanolic extract of red fruits,
MEB: methanolic extract of black fruits

Total sugar content

The total sugar content as indicated in Table 1,
decreased significantly as maturity progress (p < 0.05), from
5.65 for immature fruit to 3.33 mg /100 gof dry powder, for
mature fruit. These results were in accordance with reports
previously published by Trapani e 4/. (2015), who studied
the evolution of sugar contents during olive fruit ripening
and found that sugars content kinetic decreased during the
progressing maturity of fruits and indicate that there is an
opposite relationship between oil and sugar contents; the oil
content showed an upward trend, while the sugar content
showed an opposite behavior with a downward trend. On
the other hand, it is well known that sugars are precursors of
oil biosynthesis, and they provide energy for metabolic
changes, and generate secondary metabolites that cause the
specific flavor of the final product (Rallo ez 4/, 2018).
However, studies of other non-oleaginous fruits such as
cherry fruit, star apple fruit, Cudrania tricuspidata and
blackberry fruits have shown increasing sugar content
during ripening (Tosun ez al,, 2008; Mahmood ez 4l., 2013;
Teribia e al., 2016; Williams and Benkeblia, 2018).

Mineral composition

The average values of the ash content of immature and
mature lentisk fruits were given in Table 1. The ash content
represents the total amount of mineral salts present in the
fruit. According to the results shown in Table 1, immature
fruits are richer in ash content compared to mature fruits,

with 3.68 + 0.017% and 2.98 + 0.169%, respectively. In a

study investigating the effects of maturation stage on cherry
fruit, Mahmood ez al. (2013) indicated that as maturity
progressed, ash contents decreased significantly. Similarly, in
literature, Elgiin ez a/. (1990) indicated that the ash content
declined as the corn ripens. In other studies, investigating
the changes in the functional constituents of firiks at
different maturation stages, it was shown that ash contents
of firik samples decreased with increasing maturation stages.
A plausible explanation proposed in this study, suggests that
the decrease in the percentage of ashes and proteins is due to
the accumulation of nutritional components in the kernel
during the maturation period (Ozkaya ez 4/, 2018).

The potassium (K) content of lentisk fruits was higher
than the amounts of other minerals, such as Ca, Mgand Na
(Table 5).This finding is agree with those obtained
by Aouintiez al. (2013),who show that P. lentiscus fruits
have a high potassium accumulation value compared to
other minerals. In other study investigating the chemical
composition of lentisk fruit oil, Dhifi ez 4/ (2013)
highlighted that Na is the most abundant mineral content
in mature seeds, following by K, Ca, Mg, Fe and Cu. The
variation in mineral content differs ipending on the
species and the environment's influence (Seraglio ez 4/,
2017).

The data indicated that Sodium (Na) and Potassium
(K) levels decreased significantly from the immature stage to
the mature stage, while Magnesium (Mg) and Calcium (Ca)
contents recorded the highest levels at tl'gle mature stage.

Significant differences of the accumulation of mineral
elements were found between immature and mature fruits
g‘P < 0.05). Sodium content decreased significantly from red

ruit stage to black fruits stage from 323.2 to 114.9 mg/kg,

respectively, similar to the trend observed for potassium
content, whereas Potassium was the predominant mineral
with contents of 1,3866.6 mg/kg for unripe fruits and
1,3075 mg/kg for ripe fruits. As shown by Loué (1979), in
his study of interaction between potassium (K) and sodium
(Na) in plants, Sodium is not considered a strictly essential
element for the growth of plants, although, it is a secondary
element necessary for certain plants. Absorption of sodium
by the plant is greatly reduced in the presence of relatively
low concentrations of potassium (which plays a protective
role), while potassium (K) uptake by the plant is generally
very little influenced by relatively high sodium
concentrations. Potassium is critical to the performance of
many of the plant's enzymatic functions, and controls the
metabolism of superior plants, which eventually affects the
levels of metabolites (Wang ez 4/, 2013).
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Table 5. Mineral compositions of immature and mature P. lentiscus fruit samples

Immature fruits

Mature fruits

Means

Means

Analysis (mg/kg) +SD (mg/kg) +SD p
Macro minerals
Na 32325 2.83 114.96° 058 <0.001
- K 13866.66" 3145 13075 141.97 <0.05
z Mg 617.5" 2.63 7347 925 <0.01
Ca 1653.58° 436 2759.66° 1422 <0.001
Micro minerals
Fe 3422° 0.70 2225 043 < 0.001
Mn 192° 0.01 447° 0.026 < 0,001
Zn 5.12° 0.02 7.88° 0.065 < 0,001
Cu 4.41° 0.02 515" 0.03 < 001
- Heavy metals
E Cr 0.167* 0.0026 0.09° 0.003 < 0,01
< Ni 055° 0.052 0.78° 0.01 <005
Co 0.021° 0.002 0.032" 0.002 <0.05
cd 0.0036° 0.0002 0.0065" 0.00026 < 0.001
As 0.015° 0.0017 0.019* 0.002 <0.05
Pb 0.148" 0.002 a 0.001 < 0,01

AAS: atomic absorption spectrometry, ICP-MS: inductively coupled plasma-mass spectrometry; SD: standard deviation; a-b: different letters indicate differences

between means in the same row according to Tukey test at p < 0.05.

The highest calcium content was found in the mature
fruits (2,759.6 mg/kg) followed by immature fruit (1,653.5
mg/kg). Calcium is important for the building of bones and
teeth (Vicente ez al,, 2009). In plants, it is typically linked to
pectic substances and is thought to have a strong effect on
the rheological characteristics of the cell wall and, therefore,
on the texture of fruits and vegetables (Rose ez al., 2003;
Vicente ez al, 2009). It has been also associated with
regulation of the fruit ripening process and postharvest
storage life (Ferguson, 1984). Previous data on the
importance of calcium in plant growth prove their high rate
of accumulation in mature P. lentiscus fruits.

Magnesium (Mg), recorded a high level of accumulation
at mature stage with 734.7 mg/kg, against 617.5 mg/kg at
immature stage, as shown in Tablge 5. Mg plays an essential
role in protein synthesis; it activates several enzymes (more
than 100). In plants, Mg is a component of the chlorophyll
molecule that has a fixed magnesium central atom non
dissociable (Vicente et al,, 2009). It is suggested by Khader
and Rama (2003) that the increase in magnesium contents
at the maturity stage may have been due to existing of
unfixed Mg ions that accumulate in fruits with age.

The changes of these mineral contents throughout the
ripening differ according to each fruit species, In a study
investigating the nutritional potential of myrtaceae fruits
during ripening, Seraglio ez 4l. (2017) highlighted that the
maturity influenced mineral contents of the fruits while
higher values of calcium and potassium were found in the
ripe stage and no significant difference were obtained for
magnesium concentration throughout the ripening period.
Although, in another study about the different changes
during ripening of blackberry fruits, Tosun ez al. (2008)
indicate that K and Ca contents exhibited moderate
changes, whereas Mg levels decreased in the ripe mature

stage.

Results obtained by an Inductively Coupled Plasma-
Mass Spectrometry (ICP-MS); method has been employed
for the determination of the trace mineral contents of
lentisk fruit at two maturity stages, are listed in Table 5.

The data indicated that the concentration of Manganese
(Mn), zinc (Zn), copper (Cu) increased as maturity
progression, while iron (Fe) level decreased in mature fruits,
whereas the heavy metals as Chromium (Cr), Nickel (Ni),
Cobalt (Co), Cadmium (Cd), Arsenic (As) and lead (Pb),
are found in trace amounts.

Iron content ranged from 22.25 mg/ kgfor mature fruit
to 3422 mg/ kg for immature fruits, this interval of
concentration could be explained by the decrease of plant
chlorophyll levels and the increase of anthocyanin content
during ripening stage as shown in our previous data where
suggesting that anthocyanin level increased in black fruit
stage. According to Vicente ez al. (2009), there is a strong
correlation between iron level and chlorophyll content.
Thus, insufficient iron intake leads to a disruption of
chlorophyll development. Since Fe is stored in plastids in
the phytoferritin form, which is comparable to the ferritin
in animal cells. These findings agree with those reported by
Williams and benkeblia (2018). It was also indicated that
iron (Fe) deficiency increased total phenolic content, this
phenomenon has been observed in previous study on grape
Berry, strawberry and lemon juice (Shi ez 4/, 2018).

Manganese (Mn) concentration increased
approximately by four times to 4.47 mg/ kg, in the mature
fruit (Table 5), Mn is a key component of enzyme systems
(Vicente ez al., 2009). As suggested by Lopez ez al. (2008), it
may be used for the ripe olives as catalytic compound during
the oxidation process. Manganese (Mn) oxides considered
biogenic in origin within natural systems, they are the only
oxidants of Cr (Tang ¢ al., 2014). Therefore, the high level

of Mn in the mature stage as shown in this study was very
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effective for the degradation of Cr uptaked by the plant.
This explains the decrease of chromure element at the
mature stage of P. lentiscus fruit from 0.167 to 0.090 mg /kg.

Znic is pervasive microelements which serve to activate a
number of plant cell enzymes (Vicente et al., 2009). As
shown in Table 5, Zn concentrations were found to be
higher in the mature fruit (7.88 mg/ kg) than in red fruit
(5.12 mg /kg). This finding is agree whit the result of Tosun
et al. ( 2008) who reported that Zn content in blackberry
fruits increased from the red fruit stage to ripe stage.

It was also observed that the copper (Cu) level of black
fruits was higher than those of red fruits. In fact, copper is a
constituent element of the catalytic oxidation of phenols in
acrobic conditions, which give rise to ortho-quinones,
biphenols or benzoxepines (Esguerra ez al., 2014). It follows
that the copper content in lentisk fruits is positively
correlated with the phenolic content.

As shown in Table 5, content of heavy metals such as
lead and cadmium increased significantly during
maturation, this data can be attributed to many causes,
including environmental pollution and pesticide traces.
However, their accumulation remains lower than the limit
values for Cd and Pb proposed by HO (1999), which
ranged from 0.3 to 10 mg/kg Therefore, the presence of
heavy metals at very low concentrations does not affect the
nutritional quality of the fruit.

Conclusions

The results of our work show that the mature fruits of
Pistacia lentiscus L. had a high content of phytoconstituents
and nutrients which reflects their high nutritional value. So,
qualitative analysis of hexane extract by GC-MS reveled, in
addition to its composition in volatile compounds such as
mono and polyunsaturated fatty acids in the immature
stage, fixed oil of lentisk fruits is richer in volatile
compounds at maturity thanks to the synthesis of new
molecules such as squalene, a-Tocopherol acetate, reflecting
its high nutritional value. Total sugar decreased, while all
secondary metabolite tested reached their highest values in
the mature stage. In addition, a direct relationship between
metabolites and antioxidant activity and color has been
reported. On the other hand, analysis of macro and
microelements indicates a high content for most minerals
such as calcium, magnesium, zinc and copper in mature
fruits; however, a high concentration of iron was indicated
in the immature fruits.

In addition, our results confirm the influence of P.
lentiscus fruits maturity stage on their fixed oils chemical
composition, phenolic compounds level, sugar content,
antioxidant activity and mineral composition.

Furthermore, they provide valuable information on the
biosynthesis and accumulation of P. lentiscus bioactive
compounds which determinate the best harvesting period
for the studied species and in order to benefit from the
nutritional value of its fixed oil or whole fruit, which can
also contribute to the better use as well as to the
improvement of the value of this non-timber forest product,
particularly in the pharmaceutical and nutritional fields.
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