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ABSTRACT

The thymus belongs to the family Lamiaceae, conynesdd as spice and medicinal herb, recognizedebgral

pharmacological properties, such as antispasmodittiseptic, antibacterial and many other bioactadt The
chemical composition and the antioxidant activifytoymus’s essential oils of three different Momtaegions
were studied. The essential oils were identifieaimpmatographic analysis (GC and GC/MS). Indeackssential
oils of Thymus vulgaris and Thymus satureoidesntagn compound determined was the Carvacrol he wpres
78.4% and 49.3% respectively. The quantitative rd@teations of total phenolics, total flavonoids,damarious

antioxidant activities (1,1-Diphenyl-I-2-picryl-hgaizyl radical and 2,2-azinobis 3 ethylbenz-thiazelsulfonate) of
plants extracts have carried out using colorimetmethods. The total phenolic content, expressqagasf gallic

acid equivalent (GAE) per mg of extract, was fouaded between 121,44 and 143,17 pg GAE/mg andabe

values of 1,1-Dipheny I-2-picryl-hydrazyl radic®RPH) free radical scavenging activity between 3,54d 5,749
pg/mL. This study indicated the three oils of thyrpossessed high antioxidant properties, thereforan be

considered as a bioresource of phenolic and soafaeeatural antioxidant.

Keywords: Thymus vulgaris, Essential oils, ABTS, Antioxidautivity, 1,1-Dipheny |-2-picryl-hydrazyladical.

INTRODUCTION

Plants such as vegetables, fruit and spices mediibgrbs..., have been used to cure many diseas®s ancient
time. Today in this modern world, even though sgtithdrugs are readily available and highly effeetin curing
various diseases, there are people who still predarg traditional folk medicines because of tHegs harmful
effects. There is a wide diversity of compoundgeesally secondary metabolites, found and isolditech plants
and studies have shown that these compounds haieararer [1,2], antibacterial [3,4], analgesic [Znti-

inflammatory [6], antitumor [7], antiviral [8] anchany other activities to a greater or lesser exténtioxidants are
significant regarding reducing oxidative stressakhtould affect and damage biological molecules $§hthetic
antioxidants such as butylated hydroxyl anisole ABHoropyl gallate (PG), butylated hydroxyl tolue(@HT)

which have been used to prevent oxidation have be@mnd to cause internal and external bleedingais and
guinea pigs at high dose [10,11]. Attention is ¢fiere turned to the use of natural antioxidanthsag bioactive
flavonoids and polyohenols which are of great ingoce due to their high efficiency at trapping fra€icals.
Antioxidants such as flavonoids, phenolics, terp@soflavonols, proanthocyanidins and tannins avendl in
various plant products. The essential oils of thyare widely used as antiseptics in various pharotarz fields
and as flavoring for many types of food [12]. SeVespecies of thymus have already proved theibaaterial,
antifungal, antioxidant and other pharmacologicetivities [13-18]. In Morocco, the kind Thymus (fdyn
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lamiaceae), is represented by 21 species of wtidrd endemic [19], the Mediterranean region isctrger of this
kind [20]. At present time, this plant is cultivdta large scale in Morocco. Evidently Thymus vulgaontinues to
command a very important place in expanding woritket. The composition of the essential oils vasisngly
between thym plants. In recent years, a widmge of spectrophotometric assays has beermptetioto
measure antioxidant capacity of foods, the stmpmpular being 2,2 0 -azino-bis-3-ethylbenztbime-6-
sulphonic acid (ABTS) and 1,1-diphenyl-2-piciydinazyl (DPPH) assay, among others such aggewx
radical absorbance capacity (ORAC) and ferdaducing ability of plasma (FRAP) assay [2]1-dthe aims of
the present paper are characterisation the chegocaposition of essential oils of Thymus vulgarisni Morocco
(Tafraout and Errachidia) and Thymus satureioidésr{akech). The antioxidant activities were alstedmined by
1, 1-diphenyl-2-picryl hydrazyl (DPPH) radical seaging activity and Radical cation ABTS + scaveggactivity
methods. Furthermore, the evaluation purpose egtbndas use the thymus spice as a potential source o
antioxidant compounds.

MATERIALSAND METHODS

Plant material

Plants of Thymus were collected in June 2014 frbred region of Morocco: Tafraout, Marrakech anda&hnidia.
The plants were deposited at the Laboratory ofSitientific Institute of Plants in Rabat, Moroccd€el were then
ground to a powder with a special grinder and lk¢pbom temperature until use.

M ethanolic extract

A methanol extract of thymus (vulgaris and satudas) was prepared by soxhlet apparatus (6 h ¢ixirdc The
solvent was evaporated under reduced pressure & 4Sing rotary evaporatdHeidolph G1, Germany). Prepared
extracts were stored at -4 °C until further analySeéhe experiment was performed at triplicate.

Essential oil extraction

The extraction of essential oils was carried outsbsam distillation in a Clevenger-type apparatig].[ Three
distillations were carried out by boiling for 4 200 g of fresh plant material with 800ml of watera 1.5 | flask
connected to a condenser. The essential oil yielsl determined from the dry matter evaluated frometsamples
of 30 g dried for 48 hours in an oven at 50 ° Ce Egsential oil was stored at - 4 ° C in the darthe presence of
anhydrous sodium sulfate. It is diluted in methgiéb, v/v) prior to GC analysis (gas chromatogrgmmnd GC/MS
(gas chromatography coupled to mass spectrometry)

Gas chromatography analysis (GC-FID)

GC analysis was carried out using a Perkin-ElrAatosystem XL GC apparatus (Waltham, MA, USA) eqeaid
with a dual flame ionization detection (FID) systanmd the fused-silica capillary columns (60m*0.22mD., film
thickness 0.2bm) Rtx-1 (polydimethylsiloxane) and Rtx-wax (pdiygleneglycol). The oven temperature was
programmed from 60 °C to 230 °C at 2 °C/min anchtheld isothermally at 230 °C for 35 min. Injectamd
detector temperatures were maintained at 280 °@pfs were injected in the split mode (1/50) ugdieium as a
carrier gas (1 mL/min) and a 0ji injection volume of pure oil. Retention indiceRI) of compounds were
determined relative to the retention times of deseof n-alkanes (C5-C30) (Restek, Lisses, Frandg) linear
interpolation using the Van den Dool and Kratz eique[28] and software from Perkin-Elmer.

Gas chromatography mass spectrometry (GC-M S)

Samples were analyzed with a Perkin-Elmer turbo smdstector (quadrupole) coupled to a Perkin-Elmer
Autosystem XL equipped with the fused-silica capiyl columns Rtx-1 and Rtx-wax. Carrier gas: heli(tn
mL/min), ion source temperature: 150 °C, oven tenajpee programmed from 60 °C to 230 °C at 2 °C/amd then
held isothermally at 230 °C (35 min), injector teargture: 280 °C, energy ionization: 70 eV, electimmzation
mass spectra were acquired over the mass rang@s86ba, split: 1/80, injection volume: Qu2 of pure oil.

Componentsidentification

The identification of the essential oil constittemias based on: (i) comparison with the mapectra of
authentic reference compounds where possitde layy reference to WILEY275,NIST 02 and Adamass
spectral libraries [29-32] (ii) comparison ofietr retention index (RI), calculated relatite the retention
times of a series of C-5 to C-30 n-alkanegh linear interpolation, with those of our oWnrary of authentic
compounds or literature data [32,33].

Deter mination of total phenolic content
The amount of total phenolics in methanolic plaxttacts was determined with the Folin-Ciocalteaagent using
the method of Spanos and Wrolstad [34], as modifiedister and Wilson [35]. Briefly, 0.5 ml of samepsolution
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was mixed with 2.5 ml of Folin-Ciocalteu reagertitid with distilled water 1:10, followed by thedition of 4 ml

of NaCGO; (7.5 %, w/v). The mixture is then incubated iwater bath at 45°C for 30 min and the absorbance wa
measured at 765nm using a UV-Vis spectrophotormragamst blank sample. The standard curve of gadlid is
obtained under the same conditions as above usiagge of concentrations (0-300 mg/l). The coregion of
total phenolic compounds in the extracts vdgtermined as mg of gallic acid equivalentngsian equation
obtained from the standard gallic acid gragmd expressed as mg gallic acid/g of extfaxt GAE/g
extract). The data were presented as the averagelafate analyses.

Deter mination of total flavonoid content

Total flavonoids were measured by a colorimetrgagsaccording to Dewanto V, [36] with some modifica. One
millilitre of dissolved sample (0.5g dried prodiret50ml 80% aqueous methanol) was placed in a 1@otimetric
flask. Distilled water was added to obtain a tealume of 5 ml and then 0.3 ml of NaN(50 gL™) was added.
About 0.3 ml of AIC} (100 gL %) was added after 5 min, the mixture was allowestamd for another 6 min. About
2 ml of 1 M NaOH was added and the total volume imaseased to 10 ml with distilled water. The migtwas
allowed to react for 15 min and the absorbancemeasured against prepared reagent blank at 51T meramount
of the total flavonoids was expressed as rutinwvadents (mg rutin/g sample) through the calibratanve of rutin.
All tests were performed in triplicate

Antioxidant activity evaluation

The antioxidant activity of Thymus extracteori all regions was assessed using free abd@@venging
activity (RSA) with DPPH (1,1-diphenyl-2-pichyldrazyl) and ABTS (2,2-azinobis-(3-ethylbenzatioline-6-
sulphonic acid)) radical assay.

DPPH radical scavenging activity

Oils were dissolved in methanol to get 500 pg/mEktsolutions separately, lower concentrationd (5,15, 50, 75,
100 pg/ml) of oils were prepared by serially dihgtistock solutions. Ascorbic acid was weighed (%0each) and
dissolved in 100 ml of methanol to get 500 pg/mkktsolutions separately, lower concentrationssebebic acid
(2, 5, 10, 15, 50, 75, 100 pg/ml respectively) waepared by serially diluting stock solutions.

The stable DPPH radical was used for determinadfoftee radical-scavenging activity of the oilsgttests were
carried out as described by Mensor LI [37], witmmgomodification. The 0.2 mM solution of DPPH irtimanol
(7.8 mg in 100 ml) was freshly prepared and 0.®Dhthis solution was added to 2.5 ml of differenhcentrations
of oils prepared (5 - 100 pug/ml) and allowed tacteat room temperature in the dark for 30 min.a&hsorbance
was read at 517 nm against blank samples. Lowarhdisce of the reaction mixture indicated higheefradical
scavenging activity. BHT was used as a positiveroband all measurements were done in triplicatee radical-
scavenging activity (RSA) or the percentage ofbithan of the extract was calculated using thedwihg equation
[38]:

% RSA = [(AD — AE)/ AD]*100

Where AD = absorbance of DPPH alone;
AE = absorbance of DPPH in the pmeseof various oils;

IC50 value was determined from the plotted graplsa#venging activity against the different concatidns of
thymus oils, which is defined as the total antiexiinecessary to decrease the initial DPPH radaatentration by
50%. BHT was used as reference compound. The dhdioixactivity was expressed as the antioxidantieficy
(EA) [39]: calculated as follows:

1

A = 1c50

ABT Sradical scavenging assay

The scavenging activity of oil against ABTS radieals determined by following the method describgdRbberta
et al. [40]. Briefly the stock solutions of 7 mM AB and 2.4 mM potassium persulphate3Qs) in equal volumes
were allowed to stand in the dark for 12-16 h ammaemperature. Prior to assay, ABTS solution wiagedl in

methanol to give an absorbance of 0.700 + 0.0B4tnm. 2 ml of the resulting solutions was alloiedeact with
200ul of the plant oil with different concentrati¢h — 100 pg/ml) and the reaction mixture was varteand
absorbance was measured at 734 nm after 1 minsdime was done for the Trolox standard (6-hydro%y723-

tetramethylchroman-2-carboxylic acid) of varioumcentrations (2 — 100 pug/ml). The percentage itibib of

ABTS+ by the oil was calculated and compared withldx. The percentage inhibition of ABTSby the oil was
calculated using the equation:
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ABTS radical scavenging activity (%): = (1- Algod AbSoniro) * 100

Where Absynio i the absorbance of the control (ABT&lution without test sample)
ADbs;ampieiS the absorbance of the test sample (ABESlution with oil).

RESULTSAND DISCUSSION

Chemical composition of Essential il

The essential oil isolated by hydrodistillation thfe whole plant of thymus vulgaris was purple yelloil;
determination of the percentage composition ofdhmples was based on peak area normalization withsing
correction factors. As shown in table 1. Thirty-armanpounds were detected representing 96% of thedi. The
major compounds in T.satureioides were carvacrg3%), Borneol (10,2%), p-Cymene (6%), Linalol @)7and
Y-Terpinene (5%). Other constituents3.5 %) were Camphene;Pinene, E-Caryophyllene. These results are near
to that of Bouzidi which carvacrol content (26.5%6)lowed of borneol (20,1%) reported the abundaothpounds

in T.satureioides [41]. However, in our study, Gamol was present at higher percentage of 49,3 Pereas
borneol only reached 10,2 % of the total esseatial

Tablel: Chemical compositions (%) of essential oilsof T. vulgarisand T.satureioides (GC and GC-M S analysis)

Thymusvulgaris Thymus satur eioides

Components Ir apol | It pol | HE% apol | Ir apol | It pol | HE% apol
Tricyclene - - - 921 10173 0,2
a-Thujene 923 | 102 0,1 923 1095 0,9
a-Pinene 931 | 1023 0,4 931 1025 2,4
Camphene 944| 1068 0,1 94 10[70 3,5
1-Octen-3-ol 961 | 1441 0,2 - - -
Octan-3-one 964 1248 0,2 - - -
B-Pinene 971 | 1111 0,1 971 1111 0,5
Octan-3-ol 979 | 1384 0,3 979 1384 0,5
Myrcene 981 | 1159 0,2 982 1199 1,3
a-Terpinene 1010 1179 0,3 101p 119 1,0
p-Cymene 1014| 126 4,6 1014  12p8 6,0
1,8-Cineole 1022| 120 0,2 102p  12p9 0,3
Limonene 1200 0,4 1022 120 0,5
Y-Terpinene 1049| 124 0,5 105p 1243 5,0
trans-Hydrate sabinene 1058 14p5 0,1 1054 1455 0,p
Terpinolene - - - 1080 128]L 0,1
Linalol 1084 | 1538 0,6 1084 1538 5,7
Camphre 1122] 150 0,2 112p  15p6 0,1
trans Pinocarveol 1124 1639 0,3 - E -
Borneol 1150 | 1684 0,8 115 1690 10,2
Terpinen-4-ol 1162 159§ 0,7 116B 1595 1,2
a-Terpineol - - - 1174 1698 1,5
Carvacrylmethylether 1224 1597 0,3 - E -
Carvacrol 1286 2193 78,4 1286 2193 49,3
E-Caryophyllene 1418 159 3,1 1418 15092 4,6
Caryophyllene oxyde - - - 157( 197 1,2
Aromadendrene 1434 1602 0,9 - E -
Alloaromadendrene 1459 1643 0,2 - 1 -
Ledene 1491| 1684 0,6 - - -
Spathulenol 1563| 210} 0,7 - - -
Caryophyllene oxyde 1569 1970 0,6 - E -
m-Camphorene 1964 2524 0,3 - - -
p-Camphorene 1999 2549 0,3 - E -
Total amount of compound 95,7 96

Ir apol = retention indices on the apolar columnxf)
Ir pol = retention indices on the polar column (Ri%ax)
HE% apol = Relative percentages of components (#)yalculated on GC peak areas on the apolar column

The major constituents the essential oil of T.vtikyare Carvacrol (78.4%), p-cymene (4.6%) and Brqzhyllene
(3.1%). These results are in agreement with thatddoy M.Boukhatem et al, reported the majority poomds are
carvacrol (83.8%) and p-cymene (8.15%) [42]. Moexpwther results are in total contradiction withrs[43,44].
For example Shazia Shabnum indicates that the t&sseit of T.vulgaris has a high rate in thymol6(2%), y-
terpinene (14.1%)-cymene (9.9%), linalool (4.0%), myrcene (93.5%Rinene (3%) and -thujene (2.8%) [45].
Zambonelli was raported thymol (22-38%}terpinene and p-cymene [46].
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Total phenolic and flavonoids contents deter mination

The concentration of total phenols was determineitié three methanolique extracts of Thymus pldntEigure 2,
the results of the colorimetric analysis are givéhey were derived from the absorbance values efetktracts
solutions compared to the standard solutions dicgatid equivalents. The total polyphenol contgfitBC) of the
three extracts from Marrekch, Tafrout and Errachidie: 121,32; 138,75 and 143,17 mg gallic acidvadgnts
(GAE)/g of extract respectively. This values agtatives to the values reported in the literaturedther Thymus
species such as Thymus spathulifolius (141 mgthepolar subfraction of a methanol extract, regubhy [47] and
Thymus serpyllum (113 mg/g of an ethanol extraeported by [48], T.vulgaris from Southern lItaly $16 mg
GAE/qg) reported by [49] and T. caramanicus (1242062 mg/g) reported by [50]

This level of total phenols were found te ligher than the values reported in therdiure for Thymus
species such as T.vulgaris harvested in IraB20.42 mg gallic acid (GAE)/g) reported by [51]dan
T.satureioides collected from Rich in eastern Higlas of Morocco (48.43 mg eqAG/g) reported by][52

160
140
120
100
80
60
40
20

T.V Errachidia

T.V Tafraout
M TPC (mgGAE/g extrait)

M TFC (mgGAE/g extrait)

T.S Marrakech

Figure 2: Phenolic and flavonoids contentsin the studied three plant extracts

The result of total flavonoid contents of the threethanolique extracts of genus Thymus is giveRigure 2. The
total flavonoid contents in the different extragtgied from 136,34; 121,32 and 116,22 mg rutiniesjent/g of
extract. Among the three extracts, T.vulgaris fr&machidia contained the highest (136,22 mg/g) arhaf
flavonoids followed by T.vulgaris from Tafraout (IL32 mg/g) and T.saturioides from Marrekch (116023/Q).
These values were lower than those reported by {@iigh found the total flavonoid content 186.925%.19 mg eq
rutin/g and that of [53] (172.79 + 2.12) mg rutiquévalent/g but higher than those reported by [4pP8 + 1.6 mg
RE/g DW. These variations in TPC and TFC couldréated to various factors. One such factor mayhee
difference of genetic potential of individual culis for polyphenol biosynthesis [55]. Maturityasen, geographic

origin, fertilizer, soil type, storage conditioneadaamount of sunlight received may also be critinathis respect
[56].

Deter mination of antioxidant activity with 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging method.

The antioxidant activity of the different thymudsowas evaluated using methanolic solution of stditde radical,
DPPH. A freshly prepared DPPH solution exhibiteeplpurple color with an absorption maximum at Btz This
purple color generally disappears when an antioidg present in the medium. Thus, antioxidant mulles can
quench DPPH free radicals (i.e., by providing hgdm atoms or by electron donation, conceivablyaviie radical
attack on the DPPH molecule) and convert them yellw-colored product (i.e., 2,2-diphenyl-1-hydreg, or a
substituted analogous hydrazine), resulting inearehse in absorbance [57]. Figure 2 depicts DP&lital
scavenging activities (%) of thymus essential dilsm: Errachidia, Tafraout and Marrakech (BHT wise
antioxidant reference). As shown in figure 2| ails obtained from Thymus species showeudtioxidant
activity in these assay. Comparing data, [ipears that the domestication did not greadfject the

11
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antioxidant property of the Thymus specieadigtd, since the values did not differ simgumiftly between
thyme oils. T. Vulgaris from Errachidia had thepmntant antioxidant activity, whit an inhibition aetively of
(96.94 + 0.11) %, similar to that of BHT with a niael inhibition percentage of (96.99 + 0.08)% at ttame
concentration (figure 2).

100 +

I L4
7/7l%
90 _—
S ~ —&— T. Errachidia
= —o—
2 80 T. Tafraout
£ T. Marrakech
P —w— BHT
(=]
2 70
8
c
[]
1=
(0]
e 60 -
50
40 T T T T T T T T T T T
0 20 40 60 80 100

Concentration (pg/ml)

Figure 2: DPPH radical scavenging activities (%) of oils of thymusfrom Errachidia, Tafraout and Marrakech. BHT was used as positive
control

Concentrations which provide 50% inhibition (IC5@¢re calculated from the curve of Figure 5 andshr@wn in
Table 2. The values of IC50 calculated for Thymiis confirmed the reactivity of these samples agaDPPH.
The most potent oil was obtained from T.vulgérom Errachidia (IC50 = 5,14dg/mL), but it was less potent
than the pure compound used as positive apntnamely the synthetic antioxidant BHT (IC50
2,04ug/mL) (table 2).

Another parameter that expresses anti-radical pevesrcalculated from the first parameter (IC50)alhis noted
"EA" (Efficacity antiradical, equal to 1/IC50). E¥alues of all essential oils are significant. Morelg these values
are larger, more anti-radical power is high (Tahlel

Table 2: IC50 and EA values of different thymus essential oilsand BHT

1Cs0 pg/ml) EA

Thym Errachidia 5,141 0,194
Thym Tafraout 5,204 0,192
Thym Marrakech 5,749 0,174
BHT 2,041 0,490

Indeed, the antioxidant activity of three thymus/ésy superior to that of essence T.spathulifo(i@50 = 243.2
g/ml; [47]), the essence of T.caramanicus (IC5063.@9 pg/ml; [50]), the essential oil of T.zygi€H0 = 75.97 +
0.86 pg/ml [58]) and essential oil of T.bleicherian(IC50 = 77.8 pg/ml; [59]). These results showat tthree
essential oils of Thymus show an antioxidant atstivery interesting.

Radical cation ABTS + scavenging activity

The ABTS radical is generated by the reacttdnABTS and potassium persulphate when atioddant is
added, ABTS is converted to a non radicainforhe ABTS method gives a measure of the antandidctivity
of oil by determining the reduction of the radication as the percentage of inhibition of absorbaic7/34 nm. All
of three oils were found to exhibit strongBPS scavenging activities, and their activitiegere in
concentration dependent manner, as showngimi3, this figure depicts a steady increaseenABTS radical
scavenging capacity of essential oils from T.Eridieh T.Tafraout and T. Marrakech up to a conceiamnaof 100
pl/ml (Fig. 3).

12
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Figure 3: ABTS Radical scavenging activity of oilswith different concentrations

The experimental data revealed that antioxidanticof oils is proportional to phenolic compoundsncentration.
Table 3 presents the IC50 values of the studiexj thie highest reductive capacity resided with oil obtained
from Errachidia (IC50= 5,001g/mL). The oils from Tafraout and Marrakech exhetditower scavenging activity
with no grand difference between them (IC50= 5,1§6nL; IC50= 5,335.9/mL), respectively. Trolox was used as
a standard antioxidant. In this study, the IC5Qu&alof the studied oils were less than the valuthefreference
antioxidant Trolox (IC50= 0.32fkg/mL). The efficacy antiradical (EA) values of terthymus in comparison with
Trolox are significant.

Table 3: IC50 and EA values of different thymus essential oilsand Trolox

1Cso g/ml) EA
Thym Errachidia 5,001 0,200
Thym Tafraout 5,156 0,194
Thym Marrakech 5,335 0,18)
Trolox 0,321 3.115

Based on the above results, it appears thate was a very positive correlation bemveantioxidant
activity of the oils and their content ofettphenol, carvacrol. These results are ctmiswith the close
relationship between carvacrol content and hhémtioxidant potential reported by many atgho
[60,47,61,62]. The high content of carvacrol indlgaris and T.satureioides oils therefore likedyplains their
strong antioxidant activity compared other ailsch as T.ciliatus, T.pallidus and T.broussonatiis, which

contained lower levels of this compound [8@pnoterpene hydrocarbons, particulafyTerpinene is also
characterized by strong antioxidant activity icth may be higher than that of phenols. phesence of
strongly activated methylene groups in thislaoule is probably the reason for this propg61,63]. The

content of borneol does not appear to cagelaith the antioxidant activity of T. satimiele oil studied.

This result supports the idea that this vi@attompound has a lower antioxidant activityan that of
carvacrol [64,65]. In general, the antioxidaattivity of essential oils is the product afdditive and/or
synergistic effects, as they are complex meduof several classes of compounds.

CONCLUSION

The essential oils of three Moroccan thynpopulations sampled (T.vulgaris from Errachidiajulgaris from
Tafraout and T.satureioides from Marrakech) infed&@nt context climatic have been investigated compared
for their chemical composition. Carvacrol waarfd as a major compound (78.4 and 49.3%) in T.vidgdls and
T.satureioides respectively, followed by borneal @arcymene. Significant quantitative chemicariability was
noted, with carvacrol levels being higher tie T.vulgaris from Errachidia and Tafraout (asitt). Moreover,
this study focused on the phenolic fraction andahtoxydant activity of essential oils: T.V fromrrkchidia, T.V
from Tafraout and T.S from Marrakech. The resulthed present study suggests these plants can bareesof
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antioxidants. It may be a potential used in marsid§, such as natural preservatives of food, cadsspet
pharmaceutical fields and pharmacological prepamativhich is very well evidenced by the presentkwor
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