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Abstract

Thymus riatarum (Family Lamiaceae) is endemic Moroccan species used at numerous medicinal and culinary effects. The objective of the
current study is to determine, for the first time, antioxidant activity, total flavonoid and total phenolic content of four extracts (water, methanol,
ethanol, and ethyl acetate) of Thymus riatarum aerial parts from Morocco. The antioxidant properties were evaluated in vitro using five
separate methods, inhibition of free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH), measurement of total antioxidant capacity, ferric
reducing/antioxidant power (FRAP) assays, Total phenolic, and total flavonoid contents. The ethanol extract was able to reduce the stable free
radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) with an ICs, value equal to 0.11+0.016 mg/ml and showed an important total antioxidant, which
was probably due to its high polyphenols content (328.5+3.216 mg GAE/g DW). The reducing power of water extract was found superior than
those of synthetic antioxidants (0.150+0.013 mg/ml). However, flavonoids were determined at the highest level in ethyl acetate extract. These
findings suggest that Thymus riatarum may be a new potential source as a natural antioxidant and recommended for further food applications.
Keywords: Antioxidant activity, DPPH, Flavonoids contents, FRAP, Thymus riatarum, Total phenolic content.

INTRODUCTION
Various plants have used as both traditional medicine and food
throughout the world. Therefore, investigation of natural
antioxidant has been a major research interest for the past two
decades as many studies interest institutions have been screening
plant materials for possible antioxidant properties [1].
Oxidative stress is important from a biomedical point of view
because it caused a variety of human chronic diseases, such as
diabetes, allergies, cardiovascular, neurodegenerative and
inflammatory diseases.
The Mediterranean region can be described as the center of the
genus Thymus (family Lamiaceae) [2]. This genus is represented
in Morocco by twenty one species, twelve are endemic [3]. Some
of these species have been used for their preservative and
medicinal properties [2] and have been added to foods (condiment
and spice) [4] their oil and extracts has found applications in
cosmetic, such us toothpastes, and deodorants [5]. It is reported in
the previous research that Thymus species have strong
antibacterial [6], antioxidant [7], antifungal [8, 9] antispasmodic
carminative [10], diuretic effects [11] and antiviral activities [2].
In the present paper, we report the results of a study aimed to
evaluate the antioxidant activities of methanol, ethanol, aqueous
and ethyl acetate extracts of Thymus riatarum. These activities
were determined by using five in vitro assays: inhibition of free
radical 2, 2-diphenyl-1-picrylhydrazyl (DPPH), measurement of
total antioxidant capacity, ferric reducing/antioxidant power
(FRAP) assays, Total phenolic, and flavonoid. To the best of our
knowledge, the antioxidant activities of Thymus riatarum extracts
have not been carried out.

MATERIAL AND METHODS
Reagents and standards
2,2-Diphenyl-1-picrylhydrazyl  radical (DPPH), Butylated
hydroxytoluene (BHT), aluminum chloride (AICI3), sodium
phosphate, ammonium molybdate, iron Il chloride (FeCLsj),
potassium ferricyanide (KsFe(CN)g), sodium nitrite (NaNO,),
ascorbic acid, gallic acid and Folin-Ciocalteu were purchased
from Sigma-Aldrich (St. Louis, MO, USA). Sodium carbonate
(Na,COs) was purchased from Prolabo (Paris, France). All the
other chemicals and solvents used were of analytical grade.
Plant materials
Aerial parts of Thymus riatarum were collected in January 2016 in
a winery located in hills in the region of Taza, 100 km from Fez
city, Morocco. They were identified by Professor Amina Bari,
botanist (Department of Biological Sciences, Faculty of Science,

Sidi Mohammed Ben Abdellah University, Fez (Morocco). The
plant material was dried for 7 to 10 days in the shade, and then
stored in cloth bags at 5°C until extraction.

Preparation of extracts

Plant material was powdered (5g) and extracted with 100 ml of
solvent (water, methanol, ethanol, and ethyl acetate) for 8 h using
a Soxhlet extractor. Afterwards, all the resulting extracts were
filtered and evaporated under reduced pressure at 40°C using
rotary evaporator. The obtained extracts were kept in sterile
sample tubes and stored in a refrigerator at 4°C.

Statistical analysis

Means of triplicate analysis were calculated and data was
expressed as mean + SD. One-way ANOVA statistical analysis
followed by Tuckey-test was performed using the GraphPad
Prism 5 (Microsoft Software) for comparison between the
extracts. A difference was considered to be statistically significant
when P < 0.05.

Total phenolic content

Total phenolic content of the extract was determined by Folin-
Ciocalteu method [12]. The 0.5 ml of a known dilution of the
extract and 2 ml of 7% sodium carbonate solution was added to
2.5 ml of 10% (v/v) Folin-Ciocalteau reagent. The absorbance
was read at 760 nm (Jasco v-530) after 2H of reaction at room
temperature in the dark. Gallic acid was used as standard for the
construction of calibration curve. Total phenols contents were
expressed as milligrams of gallic acid equivalents per gram
powder (mg GAE/g DW).

Total flavonoids contents

Total flavonoids contents of extracts were measured by the
aluminium chloride colorimetric assay [13]. 1 ml of sample or
rutin standard solution was added into a 10 ml volumetric flask
containing 4 ml of distilled water. To the flask 0.30 ml 5% NaNO,
was added, after five minutes 0.3 ml 10 % AICI; was added to
react for six min. After that, 2 ml NaOH was added and the total
was made up to 10 ml with distilled water. The solution was
mixed and absorbance was measured against the blank at 510 nm
(Jasco v-530). Rutin was used as standard for the construction of
calibration curve. Total flavonoids contents were expressed as mg
rutin equivalents per gram dry weight of each extract (mg RE/g
DW). All samples were analyzed in triplicate.

Antioxidant activity

DPPH radical scavenging activity

The DPPH method was introduced 50 years ago by Blois [14].
The ability extracts to scavenge the DPPH radical was measured
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using the method by Wu et al. [15]. 0.1 ml of various
concentrations of extracts or standard was added to 1.5 ml of
ethanolic solution containing 0.1 mmol of DPPH (2, 2-diphenyl-1-
picrylhydrazyl). The absorbance of the mixture was measured at
517 nm with a spectrophotometer (Jasco V-530) after 30 min of
incubation time at room temperature in dark. The percentage
inhibition was calculated by the following equation:

I (%) = (1-(As/ Ag))*100
Where A, is the absorbance of the negative control, and A is the
absorbance of the sample. BHT served as positive control. The
ICs values were calculated as the concentration of causing a 50 %
inhibition of DPPH radical.
Reducing power capacity
The reducing capacity of the tested extract was determined in
accordance with the procedure of Oyaizu [16]. 100 pl of extract
was mixed with 500 pl of phosphate buffer (0.2 M, pH 6.6) and
500 pl of potassium ferricyanide [KsF, (CN)g] 1%. The obtained
solution was incubated at 50 °C for 20 min. The mixture was
acidified with 500 pl of Trichloracetic (TCA) 10 % which was
then centrifuged at 3000rpm for 10 min. The upper layer of the
solution (2.5 ml) was mixed with 500 ul of distilled water and 100
pl of FCls (0.1 %), and the absorbance was measured at 700 nm
(Jasco v-530). Quercitine was used as standard. The results were
expressed as ICsy (mg/ml). ICsy (concentration corresponding 0.5
of absorbance) was calculated by plotting absorbance against the
corresponding concentration.
Total antioxidant capacity
The assay was based on the reduction of Mo (VI) to Mo (V) and
subsequent formation of a green phosphate/Mo (V) complex in
acid pH [17]. A total volume of 25 pl oils dissolved in ethanol
was added to 1 ml of reagent solution (0.6 mol/l sulphuric acid, 28
mmol/l sodium phosphate and 4 mmol/l ammonium molybdate).
The mixtures were incubated at 95 °C for 90 min then cooled to
room temperature. The absorbance was measured at 695 nm
(Jasco v-530). The total antioxidant activity was expressed as the
number of equivalence of ascorbic acid (mg AAE/g DW).

RESULTS AND DISCUSSION
Total phenolic (TPC) and total flavonoids (TF) contents

Table 1: Total phenolic and flavonoid contents of extracts from
T.riatarum

Sokmen et al. [18], T. serpyllum (113 mg/g of an ethanol extract,
reported by Mata et al. [19], T. vulgaris harvested in Iran
(5.82+£0.42 mg gallic acid (GAE)/g) reported by [20], Thymus
caramanicus (124.30 mg GAE/Q) reported by Safaei-Ghomi et al
.[21], T. satureioides collected from Morocco (48.43 mg eqAG/g)
reported by [22] and in Italy, T. vulgaris (165.1 mg GAE/Q)
reported by Mancini et al. [23]. While T.capitatus showed a total
flavonoid content value of (10.62+0.24 mg QE/g DW) [24].
Baharfar et al. [25] recorded that the flavonoid contents value of
T. kotschyanus ranged from 32.04-74.60 mg QE/g DW. Other
research  demonstrated that the aqueous extract of
T. satureioides, T. atlanticus, and T. zygis had a greater flavonoid
contents (182.79 + 3.23 mg QE/g DW) (155.11 + 3.90 mg QE/g
DW) and (208.13 + 4.20 mg QE/g DW) respectively [35]. This
difference in results depends on the type of solvent and the
methods of extractions [26]. Previous studies have shown that the
amount of phenol compounds in plants depend also on biological
factors and environmental conditions (temperature, water stress
and salinity). In other hand, a recent research by Pereira and
Cardoso [27] summarized the polyphenolic compositions of
various Thymus species. In addition, various experimental
investigations have shown that many secondary metabolites such
as polyphenol compounds extracted from medicinal and aromatic
plants had a high antioxidant activity due to their hydroxyl groups
and protected more efficiently against many diseases caused by
free radical [28].

DPPH radical scavenging activity
Table 1: DPPH radical scavenging activity and ferric reducing
power capacity of different extracts from Thymus riatarum.

Type of DPPH FRAP
extracts (mg/ml) (mg/ml)
Ethanolic 0.110+0.016° 0.312+0.017°
Methanolic 0.085+0.010° 0.179+0.013¢
Ethyl acetate 0.76620.028" 0.639+0.053*
Aqueous 1.079+0.016° 0.150+0.013¢

BHT 0.119+0.002° -
Quercitine - 0.03+0.006°

Type of Total phenolic content ~ Total flavonoid content

extracts (mg GAE/g DW) (mg RE/g DW)
Ethanolic 328.5+£3.216% 212.3+1.528°
Methanolic 291.2+1.767° 192+1.732°
Ethyl acetate 3.850+0.196° 349.7+1.155%
Aqueous 170.9+1.863° 13.78+0.347°

All the results were expressed as mean + SD of three different trials. a —d
Column wise values with same superscripts of this type indicate no
significant difference (P<0.05). In each line, values followed by different
letters are significantly different (P < 0.05).

Phenolic compounds are considered to be the major contributors
to the antioxidant capacity of plants. Among the four extracts of
Thymus riatarum (Table 1), the ethanol significantly demonstrated
the highest phenolic content (328.25 + 3.216 mg GAE/g DW),
followed by methanol (291.2 + 1.767 mg GAE/g DW), water
(170.9 + 1.863 mg GAE/g DW) and ethyl acetate value of (3.850
+0.196 mg GAE/g DW).

The total flavonoid contents significantly varied among the
studied extracts (Table 1). The uppermost amounts were observed
for ethyl acetate (349.7 + 1.155 mg QE/g DW). Whereas
minimum one was noticed for water (13.78+0.347 mg QE/g DW).
This level of total phenols was found to be higher than the values
reported in the literature for Thymus species such as T.
spathulifolius (141 mg GAE/g of a methanol extract, obtained by

Data are reported as mean values = SD of three measurements. Means
were significantly different when P<0.05; values followed by different
letters are significantly different.

Table 2 depicts DPPH radical scavenging activities of extracts of
Thymus riatarum. The lowest ICsy values indicated the highest
free radical scavenging activity of the extract. As shown in Table
2, all extracts obtained from Thymus riatarum showed antioxidant
activity in this assay with an ICsy ranged from 0.085 to 1.079 mg
/ml for methanol and aqueous extracts, respectively. The ICsy
value of methanolic (0.085 + 0.010 mg/ml) and ethanolic extracts
(0.110 + 0,016 mg/ml), were significantly similar to that BHT,
positive control, (0.119 * 0.002 mg/ml). This antioxidant
propriety may be attributed to the presence of certain compounds
in our extracts with hydrogen donating ability. The methanolic
extract of T.riatarum showed higher activity than that founded by
Ben El Hadj Ali [29] (ICso = 0.011 mg/ml) and lower than the
I1Cs, value of Thymus caramanicus reported by Safaei-Ghomi [21]
(ICsg = 0.043 mg/ml). In addition, previous research attested an
important antioxidant activity of various extracts from Thymus
species such as T. praecox [30] and T. vulgaris [31].

Ferric reducing capacity

The ferric reducing power assay does not involve free radicals,
but involves reduction of the ferricyanide to ferrocyanide, by the
reducing agent [17]. This capacity is compared to that of
quercetin. The results (Table 2) showed a range for FRAP
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antioxidant capacity from 0.150 + 0.013 to 0.639 + 0.053 mg/ml.
The aqueous extract significantly contained the highest ferric
reducing power (0.150 + 0.013 mg/ml) than the other extracts.

This strong ferric reducing power of T. riatarum extracts
demonstrate the good hydrogen and/or electron donor abilities of
these extracts which probably owed to their antioxidant propriety.
Previous studies had indicated that the Thymus species possessed
the most effective capacity for ferric reducing power [32- 34].

Total antioxidant capacity

10004 g

800+

6004

400

Total antloxldant capaclty (mg AAE/g Dw)

Figure 1: Total antioxidant capacity of different extracts from
Thymus riatarum
Each value represents means + SD (n=3). Different letters are
significantly different (P < 0.05)

The total antioxidant propriety was evaluated by the formation of
phosphomolybdenum complexes. This assay is based on the
reduction of Mo (VI) to Mo (V) by the extract; the reaction of this
method is accompanied by the appearance of a green color. The
results of the studied extracts were expressed as ascorbic acid
equivalents (mg AAE/g DW) (Figure 1). The ethanol significantly
revealed the highest total antioxidant capacity (845.7+4.619 mg
AAE/g DW) followed by methanol (615.3+16.80 mg AAE/g
DW), then water (479+6.928 mg AAE/g DW) and ethyl acetate
((22.67+£0.5777 mg AAE/g DW). Previous published papers
demonstrated that extracts of Thymus spices have strong ability to
act as antioxidant [29,34,35]. In another study, they evaluated the
ability of T. vulgaris oil to protect the laboratory animals from the
toxic effects of AFs [36].

CONCLUSION
The present study is the first characterization of the antioxidant
capacities of Thymus riatarum extracts. All investigated extracts
showed remarkable antioxidant potential and important phenolic
and flavonoid contents of this Moroccan thymus. Thus, the
present study suggests this plant can be a source of natural
antioxidants. It may be used in many fields, such as cosmetics,
pharmaceutical fields and natural food preservatives, which is
very well justified by the present work.

CONFLICTS OF INTEREST
The authors declare no conflicts of interest related with this
manuscript.

ACKNOWLEDGMENTS
The authors offer their sincere thanks the Regional Center of
Interface, University Sidi Mohamed Ben Abdellah, Fez, Morocco,
for providing the GC/MS.

(11

[2]
[3]
[4]
[5]

6]

(71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

REFERENCES
Sokmen A, Gurel E, M. Babaoglu, E. Gurel, and S. Ozcan. Bitki
Biyoteknolojisi “Plant biotechnology” (Eds.), Sekonder Metabolit
Uretimi (Secondary metabolite production). Selcuk University Press,
Konya, 2001, 211-261.
Stahl-Biskup E & Saez F. Thyme. London: Taylor & Francis 2002.
Benabid A. Flore et écosysttmes du Maroc. Evaluation et
préservation de la biodiversité, Paris. 2015.
Zhang DY, Yao XH, Duan MH, Wei FY, Wu GH, Li L. Variation
of essential oil content and antioxidant activity of Lonicera species
in different sites of China. Ind. Crops Prod., 2015, 77, 772-779
Costae P, Medronho B, Gongalves S, Romano A. Cyclodextrins
enhance the antioxidant activity of essential oils from three
Lamiaceae species. Ind. Crops Prod., 2015, 70, 341-346.
Rota MC, Herrera A, Martinez RM, Sotomayor JA, Jordan M.
Antimicrobial activity and chemical composition of Thymus
vulgaris, Thymus zygis and Thymus hyemalis essential oils. J. Food
control. 2008, 19, 681-687.
SariKurkcu C, Sabih Ozer M, Eskici M, Tepe B, Can S, Mete E .
Essential oil composition and antioxidant activity of Thymus
longicaulis C. Presl subsp. longicaulis var. longicaulis. Food and
chem. toxicol. 2010, 48, 1801-1805.
Goncalves MJ, Cruz MT, Cavaleiro C , Lopes MC , Saguaro L.
Chemical, antifungal and cytotoxic evaluation of the essential oil
of Thymus zygis subsp. sylvestris. Ind. Crops Prod. 2010, 32, 70-
75.
Pinto E, PinaVaz C, Salguaro L., Goncalves MJ, Costa-de-Oliveira S
, Cavaleiro C, Palmeira A , Rodrigues A , Martinez-de-Oliveira.
Antifungal  activity of the essential oil  of Thymus
pulegioides on Candida, Aspergillus and dermatophyte species. J.
medic microbiology. 2006, 55, 1367-1373.
Dob T, Dahmane D, Benabdelkader T, Chelghoum C. Studies on the
essential oil composition and antimicrobial activity of Thymus
algeriensis Boiss. et Reut. Int. J. Aromather. 2006, 16, 95-100
Hazzit M, Baaliouamer A, Verissimo AR, Faleiro ML, Miguel MG.
Chemical composition and biological activities of
Algerian Thymus oils. Food Chem. 2009, 116, 714-721.
Slinkard K, Singleton V, Total phenol analysis: automation and
comparison with manual methods. Am. J. Enol. Viticult. 1977, 28,
49-55.
Zhishen J, Mengcheng.T, and Jianming W. The determination of
flavonoid contents in mulberry and their scavenging effects on
superoxide radicals. Food chem. 1999, 64, 555-59.
Blois MS, Antioxidant determinations by the use of a stable free
radical. Nature. 1958, 181, 1199-1200.
Wu C, Chen HM, & Shiou CY. Free amino acids and peptides as
related to antioxidant properties in protein hydrolysates of mackerel
(Scomber austriasicus). Food research internat. 2003, 36, 949-957
Oyaizu M. Studies on products of browning reaction: antioxidative
activity of products of browning reaction. Jpn. J. Nut. 1986, 44, 307-
315
Pierto P, Pineda M, Aguilar M. Spectrophotometric quantification of
antioxidant capacity through the formation of a phosphor-
molybdenum complex; specific application to the determination of
vitamin E. Anal. Biochem. 1999, 269, 337-341
Sokmen A, Gulluce M, Akpulat HA, Daferera D, Tepe B, Polissiou
M. The in vitro antimicrobial and antioxidant activities of the
essential oils and methanol extracts of endemic Thymus
spathulifolius. Food Control. 2004, 15(8), 627-634.
Mata AT, Proenca C, Ferreira AR, Serralheiro MLN, Nogueira JMF,
Araujo MEM. Antioxidant and antiacetylcholinesterase activities of
five plants used as Portuguese food spices. Food Chem. 2007,
103(3), 778-786.
Eghdami A, Eizadi M, Sadeghi F. Polyphenolic content and
antioxidant activity of hydroalcoholic and alcoholic extract of
Thymus vulgaris. J Bio Env Sci (JBES). 2013, 94-101
Safaei-Ghomi J, Ebrahimabadi AH, Djafari-Bidgoli Z, Batooli H.
GC/MS analysis and in vitro antioxidant activity of essential oil and
methanol extracts of Thymus caramanicus Jalas and its main
constituent carvacrol. Food Chem. 2009, 115, 1524-1528.
Fadili K, Amalich S, Dedianhoua KN, Bouachrine M, Mahjoubi M,
EL Hilali F, Zair T. Polyphenols content and antioxidant activity of
two species from Moroccan High Atlas: Rosmarinus officinalis and
Thymus satureioides. Int J Inno Sci Res. 2015, 17(1), 24-33.

2691


https://scholar.google.fr/scholar?cluster=1668517963609355747&hl=fr&as_sdt=2005&sciodt=0,5
https://scholar.google.fr/scholar?cluster=1668517963609355747&hl=fr&as_sdt=2005&sciodt=0,5
https://pdfs.semanticscholar.org/8fc5/c03cf461c17d1d539e25ceb47be0f8f40732.pdf
https://pdfs.semanticscholar.org/8fc5/c03cf461c17d1d539e25ceb47be0f8f40732.pdf
https://pdfs.semanticscholar.org/8fc5/c03cf461c17d1d539e25ceb47be0f8f40732.pdf

[23]

[24]

[25]

[26]

[27]
(28]

[29]

[30]

Aouam | et al /J. Pharm. Sci. & Res. Vol. 10(11), 2018, 2689-2692

Mancini E, Senatore F, Del Monte D, De Martino L, Grulova D,
Scognamiglio M, Snoussi M, De Feo V. Studies on Chemical
Composition, Antimicrobial and Antioxidant Activities of
Five Thymus vulgaris L. Essential Oils. Molecules. 2015, 20(7),
12016-12028.

Jabri-Karoui |, Bettaieb I, Msaada K, Hammami M, & Marzouk.
Research on the phenolic compounds and antioxidant activities of
Tunisian Thymus capitatus. J.Funct Foods. 2012, 4, 661-669
Baharfar R, Azimi R, & Mohseni M. Antioxidant and antibacterial
activity of flavonoid-, polyphenol- and anthocyanin-rich extracts
from Thymus kotschyanus boiss & hohen aerial parts.J. Food Sc
Tech. 2015, 52, 6777-6783.

Ksouri R, Megdiche W, Falleh H, Trabelsi N, Boulaaba M,
Smaoui A, Abdelly C,. Influence of biological, environmental and
technical factors on phenolic content and antioxidant activities of
Tunisian halophytes. C. R. Biol. 2008, 331, 865-873.

Pereira OR, Cardoso SM, Curr. Anal. Chem. 2013, 9, 382-396.
Vaya J , Mahmood S , Goldblum A, Aviram M, Volkova N,
Shaalan A , et al. Inhibition of LDL oxidation by flavonoids in
relation to their structure and calculated enthalpy. Photochemistry.
2003, 62, 89-99.

Ben El Hadj Ali I, Bahri R, Chaouachi M, Boussaida M, Harzallah-
Skhiri F. Phenolic content, antioxidant and allelopathic activities of
variousextracts of Thymus numidicus Poir. organs .Ind. Crops Prod.
2014, 62, 188-195

Ozen T, Demirta I, Aksit. H. Determination of antioxidant activities
of various extracts and essential oil compositions of Thymus
praecox subsp. skorpilii var. skorpilii. Food Chem. 2011, 124, 58-
64.

[31]

[32]

[33]

[34]

[35]

[36]

Roby MHH, Sarhana MA, Selima KAH, Khalel KI. Evaluation of
antioxidant activity, total phenols and phenolic compounds in thyme
(Thymus wvulgaris L.), sage (Salvia officinalis L.), and marjoram
(Origanum majorana L.) extracts. Ind. Crops Prod. 2013, 43, 827-
831.

Habashya HN, Abu Serieb MM, Attiaa WE, Abdelgaleilc SAM.
Chemical characterization, antioxidant and anti-inflammatory
properties of Greek Thymus vulgaris extracts and their possible
synergism with Egyptian Chlorella vulgaris. Journal of Functional
Foods. 2018, 40, 317-328

Tohidi B, Rahimmalek M, Arzani A. Essential oil composition, total
phenolic, flavonoid contents, and antioxidant activity of Thymus
species collected from different regions of Iran. Food Chem. 2017,
220, 153-161

Khouya T, Ramchoun M, Hmidani A, Amrani S, Harnafi H,
Benlyas M, Filali Zegzouti Y, Alem C. Anti-inflammatory,
anticoagulant and antioxidant effects of aqueous extracts from
Moroccan thyme varieties. Asian Pasific Journal of Tropical
Biomedicine. 2015, 636-644.

Tepe B, Sokmen M, Akpulat HA, Daferera D, Polissiou M,
Sokmen A. Antioxidative activity of the essentialoils of thymus
sipyleus subsp. sipyleus var. sipyleus and Thymus

sipyleussubsp. sipyleus var. rosulans. J. Food Eng. 2005, 66, 447-
454.

El-Nekeety AA, Mohamed SR, Hathout AS, Hassan NS, Aly SE,
Abdel-Wahhab MA, Antioxidant properties of Thymus vulgaris oil
against aflatoxin-induce oxidative stress in male rats, Toxicon. 2011,
57,984-991.

2692



	Statistical analysis
	Total phenolic content
	Total flavonoids contents
	DPPH radical scavenging activity
	Total antioxidant capacity



