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ABSTRACT

Essential oils (EOs) and various extracts of Twarisschinus molle L. were screened for their chehticaposition
and antioxidant activities. EOs were obtained byrbglistillation from leaves, stems and fruits ofn$lle and
characterized by GC-FID and GC-MS. Leaf EO was ahterized mainly bys-eudesmol (14.82%), elemol
(13.71%),a-eudesmol (12.76%), d-limonene (9.25%) and spattmlllé’.21%). Stem EO was characterized mainly
by elemol (20.7%), 6-epi-shyobunol (20.36%), d-fieme (16.19%) andi-eudesmol (7.01%). Fruit EO was
characterized by 6-epi-shyobunol (16.22%), d-liman€15.35%), spathulenol (8.16%) and 4-epi cub§b@4%).
Phenolic components of various extracts were evatla The antioxidant activities of EOs and vari@xracts
were assessed by DPPH and ABTS assays. Our retutged that the fruit essential and the methamtlet
expressed the highest antioxidant activities in A®TS assay (I§ of 32.6 £ 0.6 mg/L and 7.1 + 0.2 mg/L,
respectively). Suggestion on relationships betvabemical composition and antioxidant activity iglimed.
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INTRODUCTION

The genusSchinusL. (Anacardiacegeis native to South America and encompasses alibgp8cies [1]Schinus
molle (pepper treeyvas introduced in Tunisia, as an ornamental playn&rench colonisers in the late 1900s. It's a
dioecious and female plant growing up to 7—10 nt inaduces large crops of small pink to reddislitgrarranged

in bunches on pendulous stems.

S. mollehas been used in folk medicine in several coutiiavas used as antiviral, antibacterial, antioxidarnd a
topical antiseptic [2], antitumoral [3], also asalgesic and central depressant [4] and as repel@htinsecticidal

against several pathogenic herbivores and insests (j8], [6], [7]. It was also used in the treatmehtoothache,

rheumatism, menstrual disorders, respiratory aimdny tract infection [8], [9].

The essential oils oSchinus mollefrom different provenances have been previouslyewa#ten and some
differences in their chemical profile and biolodieativities have been observed [10], [11], [123]. Other studies
were interested in evaluating the antioxidant proge of EOs and extracts 8thinus moll¢14], [15], [16], [17].

To our knowledge, our study is the first dealinghwthe chemical composition &. mollestems EO. Furthermore,
little is known about the phenolic profile 8f mollefruits exctracts. Thus, the present investigati@s undertaken
to characterise the chemical composition of esakails from leaves, stems and fruits frénmollecollected in the
northen of Tunisia. The phenolic content of varienracts (hexane, ethyl acetate, ethanol and methaere also
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determined. Furthermore, we evaluated the antioxidativities of the essential oils and variousr@otis by using
1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2,2'-a#i 3-ethylbenzothiazoline-6-sulphonate (ABTS) gssa

EXPERIMENTAL SECTION

2.1. Plant material

Schinus molléeaves, stems and fruigere collected on March 2012 from trees growinthimLac 2 region, located
in Tunis governorship in Tunisia. The harvestedemals were air-dried at room temperature (20 #C2 for 1
week. Dried materials were hydrodistilled and vasi@xtracts prepared. Samples were identified byRtha El
Mokni and voucher specimens were deposited in grbdrium of the Department of Biology of the Faguif
Sciences of Bizerte.

2.2. Extraction methods

2.2.1. Essential oils

Three lots of 50 g of each air-dried organ typa\és, stems and fruits) were separately hydroeig$t{500 mL
water) in a Clevenger type apparatus for 2 h (fied after a kinetic survey during 15, 30, 45, 8B, 90, 105, 120
and 135 min). This extraction procedure gave pallwish essential oils which were dried with antous sodium
sulfate and kept in amber vials at 4 °C for furthealysis. Ng5O, was removed before use of the essential oils. All
experiments were done in triplicate and the exwactields were calculated.

2.2.2. Various extracts

The extraction method was sequential extractiom wiilvents of increasing polarity. Solvents usedewbexane,
ethyl acetate, ethanol and methanol. 5 g of hagdeftiits were placed in hexane (50 mL) for 24 damfrequent
agitation at ambient pressure and temperatureniikeire was filtered using Wattman paper (GF/A, 1f). The
solvent was evaporated using a rotary evaporatderumacuum at 35 °C. Then, the firstly extractedvgher was
extracted with ethyl acetate under the same camditas with hexane. The same procedure was applietthe
following solvents. Extracts were kept in ambels/iand stored at 4 °C for further analysis.

2.3. Chemical components analysis GC-FID and GC-MS

Essential oils analysis were carried out by gasmiatography (GC) on a Hewlett—Packard 6890 gaswdwa@graph
(Agilent Technologies, Palo Alto, California, USAquipped with a flame ionization detector (FID) aad
electronic pressure control (EPC) injector. A 5%hdinyl, 95% dimethylpolysiloxane apolar HP-5 capillcolumn
(30 m x 0.25 mm, 0.25 um film thickness; Hewlettlkard, CA, USA) was used. Injector and detectorpiemratures
were set, respectively, at 250 and 300° C. Analyse performed using the following temperaturegpam: oven
temps isotherm at 35°C for 10 min, raised from @205°C at the rate of 3°C/min and then kept isotiadly at
205°C for 10 min. For analysis, il of diluted essential oils were injected in 60plitsmode. The flow rate of the
carrier gas (N2, U) was 1.6 mL/min.

Essential oil analysis was performed on an AgiléBBOA GC system, coupled to an Agilent 5975C mass
spectroscopy detector with electron impact ionarat{70 eV). A HP-5 MS capillary column (30 m x 0.82%n,
coated with 5% phenyl methyl silicone, 95% dimepim}ysiloxane, 0.25 mm film thickness; Agilent Teologies,
Hewlett-Packard, CA, USA) was used at a tempergitmgrammed to rise from 60 to 260 °C with a 5 °{D/nate
then rise to 340°C with a 40 °C/min rate, the @argas was helium N60 with a 1.2 mL/min flow reatplit ratio
was 60:1. Scan time and mass range were 1s and0@0mdz, respectively. The identification of volatil
components was assigned by comparison of theird€eiition indices) relative to {€C,,) n-alkanes obtained on a
non polar HP5-MS column, with those provided in literature or with those of authentic compoundailable in
literature and the authors’ laboratory. Furthenitfeeation was made by comparison of their reeardnass spectra
with those recorded in the Wiley 09 NIST 2011 msssctral library of the GC/MS data system and oftudalished
mass spectra [18] and by-coinjection of availakfienence compounds (>99% purity) provided from cwrcial
suppliers (Sigma—Aldrich, Darmstadt, Germany) afgsalved in dimethyl sulfoxide (DMSO) Sigma—Aldrich
(USA). Data were expressed as relative percentbties dotal peak area.

2.4. Determination of total phenolic content

The total phenolics amount of each extract wasrdéted by the Folin—Ciocalteu method [19]. Briefilie diluted
aqueous solution of each extract (0.5 ml) was mwdth 2.5 ml of the Folin—Ciocalteu reagent (0.2. Nhis
mixture was allowed to stand at room temperaturé&sfmin and then sodium carbonate {8@&;) solution (75 g/L
in water, 2 ml) was added. After 60 min of incubatithe absorbances were read at 765 nm against blank. A
standard calibration curve was plotted using gailtici (O to 300 mg/L). Results were expressed asfggllic acid
equivalents (GAE) per gram of dry weight (mg of G4Bf dw).
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2.5. Total condensed tannin content

The condensed tannin contentfmolleextracts were determined by the vanillin metho@] [&ith modifications:

50 pl of each extract solution was mixed in a tese with 150 pl of vanillin (1% in 7 M $$0Q;) in an ice bath. The
mixture was kept at 25°C for 15 min. Then the abance was read at 500 nm versus methanol as a Iitasklts

were expressed as mg catechin equivalents (CEjilpgram of dw (mg of CE/kg of dw) from a calibrati curve.

2.6. Total flavonoid content

Total flavonoids were estimated according to thevBanethod [21] using a microplate reader. To 96l pite,
100 pl of each variety extract was mixed with aigoh (100 pl) of aluminium trichloride (AIG) in methanol (2%).
The absorbance was measured at 510 nm againggentddank sample consisting of methanol (100 pd) extract
(100 pl) without AICE. Quercetin was used as reference compound to peothe calibration curve, and results
were expressed as milligrams of quercetin equival@E) per gram of dry weight (mg of QE/g of dw).

2.7 Total anthocyanin content

Total anthocyanin contents were measured usingpkhalifferential absorbance method [22] using twdfdrs:
hydrochloric acid-potassium chloride (pH 1.0, 0.2 &hd acetic acid-sodium acetate (pH 4.5, 1 M)q8i6-well
plates. 20 pl o6. molleextract was mixed with 180 pul of correspondingféns and the absorbances were measured
at 510 and 700 nm after 15 min of incubation. A amaxtinction coefficients) of 29600 (cyanidin-3-glucoside)
and absorbance of: A = [(A510 — A700) pH 1.0 — (A51 A700) pH 4.5] were used for anthocyanin caliota

The final results were expressed as milligram afnigin-3-glucoside equivalent (C3GE) per gram of deight

(mg C3GE/g dw).

2.8. DPPH assay

Antioxidant scavenging activity was evaluated uslngr-diphenyl-2-picrylhydrazyl free radical (DPPE23] with
some modifications Aliquots (1.5 mL) of variousudibns of the test material (pure antioxidant, esakoil or plant
extracts) were mixed with 1.5 mL of methanolic DP§tiution (0.2 mM). The mixtures were incubated30rmin
at 25 °C, then the absorbance at 520 nm was mehsSthie absorbance in the presence of plant extrastrecorded
asAsampieWhile the absorbance of the control reaction wasnded as\y.n. The free radical-scavenging activity
of each solution was then calculated as inhibigercentage as follows:

% inhibition = [(Apiank) ~ Asampie)/Apiand] X 100.

Antioxidant activity was expressed ass§@mg/L), defined as the concentration of the esakwoil or extract
required to cause a 50% decrease in initial DPPhtaatration. Ascorbic acid was used as positivetrobrAll
measurements were performed in triplicate.

2.9. ABTS radical-scavenging assay

The ABTS (2,2'-azinobis-3-ethylbenzothiazoline-@ipbonate) radical scavenging capacity of EOs andoua
extracts was determined [24BTS was generated by mixing a solution of ABTSx() at pH 7.4 with potassium
persulfate (2.5 mM) followed by incubating the roibe in the dark at room temperature for 16 h beftme The
mixture was diluted with ethanol to obtain an absoice of 0.70 £ 0.02 at 734 nm. For each sampletedi
methanol solution of the sample (100) was mixed with fresh ABTS solution (9QQ), and then the absorbance
was read 6 min after initial mixing. Ascorbic aeighs used as a standard. The radical scavengingtiastiof EOs
and various extracts was expressed by (@g/L) values which represent the concentratiothefsample required
to scavenge 50% of ABTS radicals. The radical sogivey activity 1G, was calculated using the same equation
previously used for the DPPH method. All measuregmermre performed in triplicate.

2.10. Statistical Analysis
All data were expressed as means + standard dmwatif triplicate measurements. The confidencetdinvere set
atp < 0.05. Standard deviations (SD) did not exceedd@%he majority of the values obtained.

RESULTSAND DISCUSSION

3.1. Chemical composition

3.1.1. Essential oils

The leaf, stem and fruit essential oils exhibitedight yellow color with pungent and pepper-likeoara. The
essential oil yields in leaves, stems and fruit§$.ofmollewere respectively 1.86%, 1.94% and 2.52% (w/wtineda
to dry material weight). They differed greatly frahose reported by [25] and [13]. To our knowleagestudy for
essential oil composition was made®mmollestems.
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The components d. molleessential oils have been determined by GC-FID a@eMS analysis. The essential oil
volatile compounds of differer&. molleparts; their retention indexes and their percerstagere listed in Table 1.
All the constituents were arranged in order ofrtledition on the HP-5 column. A total of 36, 30 a&idcomponents
representing 100% of the total content, were idiedtin S. molldeaf, stem and

Table 1. Chemical composition of leaves, stems and fruits essential oils of Schinusmolle L

Leaf EO StemEO Fruit EO

Nr  Compounds RI (%) (%) (%)
1 a-pinene 931 0.68 0.8 1.6
2 B-myrcene 988 0.58 1.74 1.53
3 I-phellandrene 1026 2.32 4.1 5.45
4 p-cymene 1033 1.94 2.18 2.54
5 d-limonene 1036 9.25 16.19 15.35
6 trans-para-2,8-menthadien-1-ol 1122 n.d. n.d. 109
7 cis-p-mentha-2,8-dien-1-ol 1128 n.d. n.d. 0.63
8 1,8-menthadien-4-ol 1182 n.d. n.d. 0.36
9 cryptone 1189 n.d. n.d. 0.64
10 isopiperitenol 1196 n.d. n.d. 3.73
11 trans-(+)-carveol 1216 0.28 n.d. 0.64
12 cis-p-mentha-1(7),8-dien-2-ol 1227 n.d. n.d. 80.4
13 sabinyl acetate 1289 n.d. n.d. 0.36
14 a-copaene 1376 0.68 0.39 0.73
15 pB-elemene 1391 0.19 0.3 0.66
16 o-gurjunene 1410 0.5 0.52 0.74
17 a-caryophyllene 1419 1.22 0.71 4.3
18 aromadendrene 1439 n.d. 1.56 n.d.
19 o-humulene 1454 0.46 0.33 0.9
20 valencene 1477 0.17 n.d. 0.3
21 a-amorphene 1479 0.23 n.d. 0.38
22 germacrene D 1481 0.24 0.57 2.02
23 pB-selinene 1485 0.36 n.d. 0.23
24 o-selinene 1493 0.68 0.43 113
25 o-muurolene 1499 1.36 0.36 0.75
26 germacrene A 1509 n.d. n.d. 0.27
27  4-epi-cubebol 1512 1.42 0.49 7.84
28 ledol isomer - n.d. 0.34 0.27
29 B-cadinene 1524 5.03 2.93 4.27
30 elemol 1540 13.71 20.7 1.24
31 a-calacorene 1545 0.19 n.d. n.d.
32 germacrene B 1554 n.d. 0.33 n.d.
33 palustrol 1561 1.13 0.16 0.44
34 spathulenol 1578 7.21 5.23 8.16
35 caryophyllene oxide 1580 2.85 n.d. 1.08
36 viridiflorol 1590 2.46 0.67 1.34
37 ledol 1596 1.29 0.38 0.73
38 humulene oxyde 1598 0.73 n.d. n.d.
39 a-ylangene 1600 n.d. n.d. 0.41
40 oplopenone 1605 0.42 n.d. n.d.
41 y-eudesmol 1631 5.75 2.99 0.38
42  7.alpha.-H-Eudesma-3,5-diene - 3.97 2.35 4.25
43 B-eudesmol 1651  14.82 4.68 0.99
44 g-eudesmol 1652 12.76 7.01 -
45  6-epi-shyobunol 1680 3.03 20.36 16.22
46 T7-acetyl-2-hydroxy-2-methyl-5-isopropylbicyclop4O]lnonane - 0.18 n.d. n.d.
47 isoledene 1723 0.66 0.55 3.23
48 cis-Z-.alpha.-bisabolene epoxide 1740 1.26 0.66 1.31
Total identified compounds 100 100 100
Monoterpene hydrocarbons 12.83 22.83 23.93
Aromatic monoterpenes 1.94 2.18 2.54
Monoterpene alcohols 0.28 - 6.75
Monoterpene ketones - - 0.64
Monoterpene ethers 2.85 - 1.08
Sesquiterpenes 81.93 75 64.72
Others 0.18 - 0.36

- : not determined; n.d. : not detected. RI* : m@ten index relative to (C6—C22) n-alkanes on tHSHMS column

The leaf essential oil consists of sesquiterpe@&98%), monoterpene hydrocarbons (12.83%), moeatpthers
(2.85%), aromatic monoterpenes (1.94%), monoter@doghols (0.28%) and other compounds (0.18%). i@@n t
other hand, the stem essential oil consists sespeites (75%), monoterpene hydrocarbons (22.83@aematic
monoterpenes (2.18%). Otherwise, the fruit esdemtil consists of sesquiterpenes (64.72%), moneteep
hydrocarbons (23.93%), monoterpene alcohols (6.75)matic monoterpenes (2.54%), monoterpene ethers
(1.08%), monoterpene ketones (0.64%) and other oangs (0.36%). Leaf EO was characterised mainhB-by

96



Kasmi Abir et al J. Chem. Pharm. Res,, 2016, 8(5):93-101

eudesmol (14.82%), elemol (13.71%)eudesmol (12.76%), d-limonene (9.25%) and spatioll€7.21%). Stem
EO was characterised mainly by elemol (20.7%), issBpobunol (20.36%), d-limonene (16.19%) ardudesmol
(7.01%). Fruit EO was characterised by 6-epi-shyob16.22%), d-limonene (15.35%), spathulenol §86}) and
and 4-epi cubebol (7.84%).

No data was reported in the literature regardimgdiemical composition &. mollestemessential oil. Our results
showed that the three studied essential oils wkegacterized by the predominance of sequiterpeRes. is in
disagreement with previous works that showed $hanholleessential oils were characterized by the predomcima
of monterpene hydrocarbons [26], [10] and [25].

By referring to the literature Table 5, the invgated S. molleleaf and fruit essential oils showed a marked
difference in composition, by comparison to essérmils from the same organs collected at Mogratagkouan),
in the North-Eastern of Tunisia [25]. The major gaments in fruit and leaf oils were limonene $Aghellandrene
(35.9-65.4%),a-phellandrene (24.3-20.1%), myrcene (12.8-7.7%) @pthene (5.9-1.7%). Leaf essential olil
from S. mollegrown in the Evora region, in southeast Portugataioed mainlyu-phellandrene (25.9%), limonene
(11.7%),p-myrcene (11.1%)3-phellandrene (10.5%) and elemol (9.0%). While FE® was characterised mainly
by B-myrcene (51.3%), limonene (14.1%j}phellandrene (14.0%) arfidphellandrene (11.0%) [10]. Furthermore,
the Costa Rica®. molleleaf essential oil was found to be richdtpinene ang-pinene [12]. In a recent study, [27]
founded that the major compoundsSfmolledried leaves EO from Brazil were cubenol (27.1#8&xyophyllene
oxide (15.3%) and spathulenol (12.4%), while ine fruit oil the main components weBepinene (36.3%) a-
pinene (20.3%), germacrene D (12.1%) and spathu{&thol%).

The qualitative and quantitative analysis showedabdity in the essential oils extracted fro& molleleaves,
stems and fruits. It is well known that such vaoias are due to several factors such as speciegraghical origin,
harvesting time, climatic and soil-growth condipplant part used and isolation method [28].

3.1.2. Various Extracts

Extraction yields of variou$. molleextracts are presented in Table 2. Ethanolic eitnad the highest yield
(6.87%), followed by methanolic extract (6.35%)xd&ueic extract (2.72%) and finally ethyl acetateract (2.25%).
[8] usedS. molleaerial parts, the yield of hexanic extract was/e.6Moreover, the yield of ous. molleethanol
fruits extract (6.87%) is less important than $emolleethanol fruits extract (10.82%) obtained by [29].

Table 2. Extraction yields (%) of essential oilsand variousfruits extracts of S. molle

Samples Yield (%)
Leaf EO 1.86 + 0.01
Stem EO 1.94 +0.03
Fruit EO 2.52 +0.03

Hexane 2.72+0.00
Ethyl acetate 2.25 + 0.04'
Ethanol 6.87 £0.24

Methanol 6.35+0.12
Values within rows with different superscripts {jasx€re significantly different (p < 0.05);
+ Standard deviation.

The chemical composition of the varioBs mollefruits extracts was depicted in Table 3. For phenolic coumpls,
ethyl acetate extract was the richest (123.7 #ig/GAE /g dw), followed by methanol (86.2 + 2.3 B4E/g dw)
and ethanol extracts (82.5 = 1.6 mg GAE/g dw). Tdweelst value was 9.8 + 0.4 mg GAE/g dw in hexaneaexkt

The amount of total tannins showed that it was eatrated in the hexanic extract (280.6 + 10.5 mgkGHEw)
followed by the ethyl acetate extract (85.2 + 3@ GE/kg dw). No tannins were found in the ethamal mmethanol
extracts.

Flavonoids were also detected $1 molleextracts. The results showed a strong variatiom wlie solvent of
extraction. The ethanol extract (74.6 + 2.54 mg Q&W) being the richest. Methanol and ethyl acetatigacts
showed the lowest value with 4.3 + 0.15 and 1.7.040ng QE/g dw, respectively. Hexane extract coethino
flavonoids. Flavonoids were presented in small amt@oompared to the two families mentioned above.

Anthocyanins were also found, but in small quasgittompared to the other families. The hexane extntained
the highest amount of total anthocyanins (3.37a60ng C3GE/g dw) and the ethanol extract was fdorige the
poorest with 0.45 + 0.02 mg C3GE/g dw. Anthocyarpigaments were not detected in ethyl acetate aritianel
extracts.
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Table 3. Chemical composition of S. molle Fruit extracts

Phenolics Tannins Flavonoids

Extracts Anthocyanins (C3GE)

(GAE)? (CE)® (QE)®
Hexane 9.8+0% 280.6+105 nd 3.37 £0.08
Ethyl acetate 123.7 +1.7¥ 85.2+34 1.7+0.04 nd
Ethanol 825+1% nd 74.6 +2.58 0.45 +0.02
Methanol 86.2+2%8 ndf 43+0.18 nd’

2 mgl/g dw;”: mg/kg dw; nd: not detected; Values within colsmith different superscripts (a—d) were signifitpulifferent (p < 0.05); £
Standard deviation

Little is known about the phenolic profile of ti&® mollefruits extracts. [30] founded that the amount atak
phenolics extracted with aqueous solutions finmollefruits was 7.6 mg of GAE/g dw. The phenolic compadsin
were mainly chlorogenic acid 0.19 + 0.01 (mg/g dellagic acid 0.124 + 0.002 (mg/g dw) and quercdénvatives
0.42 + 0.06 (mg/g dw). Three anthocyanins: (cyamBgalactoside, cyanidin-3-rutinoside and peonrRlin
glucoside) were detected in the fruitsSwhinus mollear. areira by paper chromatography using standards and UV
analysis [31]. In other investigations 81 molle [32] andOno [33] had identified the biflavonoids chamaejasmin,
agathisflavone and tetrahydroamentoflavone as agethe dihydroflavonol engeletin and the flavonoémrpetin-3-
rhamnoside. Tannins content®f mollehas not been reported in the literature.

Our findings showed th&. molleis rich in phenolic components which are respdasibr several therapeutic
effects in particular for the antioxidant activifyhey could trap free radicals and activate otmtioaidants in the

body. Phenolics could activate the natural antieameechanism defense. Tanins (hydrolysable andecta®dl) not

only increase the resistance against several cartery even have anticancer activity that reduaed,sometimes
even totally eradicate tumors.

3.2. Antioxidant activity
Essential oils and different extracts were indiwliiy assessed for antioxidant activity using twstée ABTS and
DPPH free radical scavenging. Results are sumnuhiris€able 4.

3.2.1. Essential oils

The results showed a promising antioxidant actiatyessential oils from leaves, stems and fruitatiSically
significant differences were observed for essemtisl In the ABTS radical scavenging assay, esaleail from
fruits of S. molleshowed the best antioxidant activity with and@f 32.6 £ 0.6 mg/Lwhich was more marked than
essential oils from leaves and stefi@s, of 232.8 + 8.0 mg/Land 223.0 + 6.0, respective@) the other hand, the
three essential oils seemed to possess low fréeatatavenging activity in the DPPH assays¢l€ 10 000 mg/L
for fruits essential oil and Kg of 3586.9 + 119.0 and 3559.2 + 122.0 mg/L, retpely for leaves and stems
essential oils). These results were compared torse acid used as positive control giving an ABai®li DPPH
scavenging activities of 1.9 + 0.1and 4.4 + 0.2lmgéspectively.

Table 4. Antioxidant activity of S. molle essential oilsand various extractsusng ABTS and DPPH radical-scavenging assays

Samples ABTSICs(mg/L)  DPPH ICs(mg/L)

Leaves EO 232.8+8.0 3586.9 +119.0

Stems EO 223.0£6.6 3559.2 £122.0

Fruits EO 32.6+0.6 > 10 000

Hexane 35.6+0.8 539.4+13.3

Ethyl acetate 19.7+0.7 30.7+£0.9

Ethanol 8.7+03 125+0.4

Methanol 71+0.2 9.2+0.3

Ascorbic acid 1.9+0.1 4.4+0.2

Relative standard deviation < 5%.Values within eohs with different superscripts (a—h) were sigaifity different (P < 0.05). + standard
deviation

The antioxidant activity 0. molleessential oils was more important according toAB&S assay, compared to the
DPPH assay. This activity is significant, espegiaihce these essential oils are composed maintyasfoterpenes
and sesquiterpenes which have a moderate actitypared to phenolics and Ascorbic acid.

Our findings were in agreement with previous stsdie fact, [11] found that the fruits essentidlafiS. mollehave
shown a low DPPH antioxidant activity with ansj®@alue of 3697.6 + 104.0 mg/L. With regard to the ABtest,
the same authors reported thagalue of the fruit essential oil fro®. mollewas 270 + 12.0 mg/L. However, our
S. mollefruit essential oil showed an 4€of 32.6 + 0.6 mg/L. In another study, [12] measluthe antioxidant
activity of the essential oil of fresh leaves&fmolleusing DPPH assay and they obtained ag Vv&@lue of 36.3
pa/mL. They have considered it as a weak free ahditavenging activity when compared to the vabi#ained for
other plant EOs. Moreover, [10] have demonstrated the EOs from leaves and fruits $¢hinus moll€rom
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Portugal (16 mg/mL) promoted a free radical scairengffect by the DPPH assay of 4.8% and 5.5% &isdy.
But this was much lower than that which was recdrie ascorbic acid (14%).

The major compounds detected in our leaf EO \eeedesmol (14.82%), elemol (13.71%)eudesmol (12.76%),
d-limonene (9.25%) and spathulenol (7.21%). Stem \#&3 characterised mainly by elemol (20.7%), 6-epi-
shyobunol (20.36%), d-limonene (16.19%) aneudesmol (7.01%). Fruit EO was characterised bpiéshyobunol
(16.22%), d-limonene (15.35%), spathulenol (8.168#)d a-eudesmol (7.84%). Our results are consistent with
those of [34] and [35] who reported the antioxidactivity of elemol,a andp-pinene, and limonene.

Furthermore ou. molleEOs revealed various compounds such-psiene (0.68%, 0.8% and 1.6% respectively in
leaf, stem and fruit EOs); I-phellandrene (2.32%4.9%4 and 2.18% respectively in leaf, stem and f&E@s) and p-
cymene (1.94%, 2.18% and 2.54% respectively in Eaim and fruit EOs). These findings are in acaocé with
those of [36] who founded and - pinene, p-cymene angd and -phellandrene ir5. molleEO that presented
antioxidant activity.

3.2.2. Various extracts

For the DPPH assay (Table 4), the methanol expassessed the most important activitys{l€ 9.2 £ 0.3 mg/L),
followed by the ethanol (I = 12.5 + 0.4 mg/L), ethyl acetate (4G 30.7 = 0.9 mg/L) and hexane £ 539.4 +
13.3 mg/L) extracts. Ascorbic acid was used astipestontrol and exhibited an §gequal to 4.4 + 0.2 mg/L.

Table 5. Origin, Organ type and major compounds of some EOsof S. molle previously reported in the literature

Origine Organ Type Major compounds References

Brazil Leaves and fruitsL eaves [27]
cubenol (27.1%)
caryophyllene oxyde (15.3%)
spathulenol (12.4%)
Fruits
B-pinene (36.3%)
a-pinene (20.3%)
germacrene D (12.1%)
spathulenol (11.4%)

Portugal  Leaves and fruitd eaves [10]
a-phellandrene (25.9%)
limonene (11.7%)
B-myrcene (11.1%)
B-phellandrene (10.5%)
elemol (9%)
Fruits
B-myrcene (51.3%)
limonene (14.1%)
a-phellandrene (14%)
B-phellandrene (11%)

Argentina Leaves elemol (12.7%) [36]
a-pinene (11.7%)
B-pinene (9.3%)
limonene (8.3%)
a-phellandrene (8.2%)

Brazil Leaves a-pinene (35.28%) [38]
limonene (32.21%)
B-pinene (15.42%)

Tunisia Leaves a-phellandrene (22.16%) [39]
a-phellandrene (6.49%)
a-pinene (5.20%)

Leaves and fruits L eaves [25]

limonene ang-phellandrene (65.4%)
a-phellandrene (20.1%)
myrcene (7.7%)
a-pinene (1.7%)
Fruits
limonene an@-phellandrene (35.9%)
a-phellandrene (24.3%)
myrcene (12.8%)
a-pinene (5.9%)
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Concerning the ABTS assay, the methanolic extrezsgnted the most important antioxidant activits{l= 7.1 +
0.2 mg/L), followed by the ethanol (= 8.7 + 0.3 mg/L), ethyl acetate g£= 19.7 + 0.7 mg/L) and hexane
extracts (IGy = 35.6 £ 0.8 mg/L). Ascorbic acid was used astpascontrol and exhibited an igequal to 1.9 £ 0.1
mg/L. We can deduce also that ABTS assay preseaits activity when we compare the results of ABTSagg0
those of the DPPH one.

We noted that when polarity increases, the antamticictivity ofS. mollefruits extracts increased. Thus, the best
antioxidant activities correspond to the polar ficats (methanol and ethanol). The IC50 values ofeodracts are
encouraging enough to prompt us to try to identifg molecules responsible for this activity. Acdogdto the
literature, [30] found that the antioxidant actvif the aqueous fruit extract 8f molleusing the DPPH assay was
about 45%. This result may be due to the contetdtaf phenolics which was about 7.6 mg of GAE/grtkermore,
the leaf extract 06. molleprepared with 30 mL of 0.1% HCI in a solvent mietMeOH/water, 80:20, v/v) showed
an antioxydant activity (umol TE/g DW) of 298.2 4.2, 26.9 + 5.9 and 620.9 + 7.5 respectively in BPRBTS
and ORAC assays (Chirinos et al. 2013).

CONCLUSION

Essential oils from leaves, stems and fruit§omolleand various extractsere identified and investigated for their
antioxidant activity. Total phenols, flavonoids,nténs and anthocyanins contents of various extrastse
determined. Our data revealed tisatmolleis rich in phenolic compounds and that the esakotis and various
extracts induced promisirig vitro antioxidant activity. These research findings sstiigatSchinus moll@ssential
oils and extracts could be considered as a potaiteanative of natural antioxidants or flavouriadditives which
could be used in the food industry along with th@atential applications in the pharmaceutical itdugor the
prevention and/or the treatment strategies of sdiseases caused by free radicals. Further resesamhehis
underutilized specie are required to target spalfi the most interesting molecules responsibl¢hefbiological
properties.
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