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Abstract: Background: Micromeria species are rich in bioactive compounds such as phenolics which
have several medicinal properties. Different solvents are used for extraction of these substances from
natural products and solvent type has a major importance in extraction efficiency. In this context, three
solvent systems of methanol, ethanol and acetone and their mixture at 50% were used to extract the
phenolics with biological effects from Micromeria graeca (L.) Benth. ex Rchb.

Methods: The total phenolic and flavonoid contents were determined by the Folin-Ciocalteu and alu-
minium chloride methods, respectively. The antioxidant capacity of the extracts was evaluated using
three different assays. The antifungal capacity against the two strains Candida albicans and Aspergil-
lus niger by using the method of diffusion on disc was also carried out.

Results: The 50% acetonic extract gave a better rate of extraction which is 14.4% and presents the
highest contents in total phenolics and flavonoids which are of 46.7 + 2.3 mg gallic acid equivalent /g
dry matter and 2.4 + 0.1 mg quercetin equivalent/g dry matter respectively. A better antioxidant activ-
ity for the various tests was observed for 50% methanolic and acetonic extracts. The extract of 50%
acetone recorded the most important antifungal activity.

Conclusion: The findings of this study showed that the extract prepared with the 50% acetone from
Micromeria graeca has the highest phenolics content and revealed the best biological activities. So,
this study has allowed us to find the suitable solvent for the preparation of the M. graeca extract for

several uses.

Keywords: Antifungal activity, Micromeria graeca (L.) Benth., phenolic compounds, polar extracts, radical scavenging activ-

ity, reducing power, total antioxidant activity.

1. INTRODUCTION

Secondary metabolites of herbal origin have been found
to be very potential for the prophylactic against different
ailments due to their capacity of activity in numerous biolo-
gical mechanisms [1]. The natural source, the likelihood to
be consumed through the diet, ease of acquirement and redu-
ced adverse effects encouraged increased interest in the use
of phytochemicals [2].

A very important medicinal plant family is the La-
miaceae, where it stands for about more than 3000 species of
plants dispersed in the warm and temperate region such as
the Mediterranean countries. Plants of this family are widely
cultivated for perfumery, culinary and ornamental purposes.
Besides, they are very rich in medicinal properties,they have
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a great worth in natural medicine and pharmacopoeia [3].
Generally, several Micromeria species are used against heart
disorders, headache, wounds and skin infections, antispas-
modic, stimulant, and expectorant. Besides, the most usage
of Micromeria species are in colds as herbal teas [4-6]. Mi-
cromeria graeca is a widespread herb in Algeria and is fre-
quently used for medicinal purposes and as a condiment.
Studies on this species are infrequent and mainly concerned
about essential oils [7, 8]. However, there is little data about
the medicinal constituents of M. graeca such as the nonvola-
tile phenolic compounds [9].

Different solvent systems have been used for extraction
of polyphenols from plant materials. Extraction yield is de-
pendent on the solvent and method of extraction. Water, hy-
droalcoholic mixtures of ethanol, methanol and acetone are
commonly used to extract phenolic compounds from plants
[10]. Researchers generally use water [11], ethanol [9], me-
thanol [5] or acetone [12] for the extraction of phenolics
from Micromeria species. So far, there is no reports dealing
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with the comparison of the efficiency of various solvents to
extract phenolic compounds.

The aim of the current study was to determine the most
suitable solvent system using ethanol, methanol, acetone and
their mixtures with water at 50% for extraction of biologi-
cally active substances (phenolic compounds) from M.
graeca (L.) Benth. ex Rchb aerial parts collected in Bejaia
(Algeria). Additionally, the antifungel and the antioxidant
activities were described; total phenol and flavonoid contents
of different extracts were also evaluated.

2. MATERIALS AND METHODS
2.1. Plant Material

Aerial parts of the investigated medicinal plant were col-
lected in August 2009 from Bejaia Algerian locality.
Voucher specimen (BR 0000005333899) was authenticated
botanically by J. Lejoly (Laboratory of Systematic Botany
and Phytosociology, Free University of Brussels (ULB),
Belgium) and was deposited in the Herbarium of the Na-
tional Botanical Garden of Meise (Belgium).

2.2. Chemicals

All chemicals and reagents used in this study are of ana-
lytical grade. Methanol, ethanol, acetone and Folin-Ciocalteu
phenol reagent were purchased from VWR BDH Prolabo
(Madrid, Spain). 1, 1-Diphenyl-2-picryhydrazyl radical
(DPPH’), gallic acid and quercetin were obtained from
Sigma-Aldrich Chemicals (represented by Algerian Chemi-
cal Society, Setif, Algeria). Anhydrous sodium carbonate
(Na,COs3) and aluminium chloride (AICl;) were purchased
from Biochem, Chemopharma (Montreal, Quebec).

2.3. Extraction Procedure

Dry powder (25 g) of M. graeca was extracted by mac-
eration with ethanol, methanol, acetone and their mixture at
50% (500 mL) at room temperature for 24 h. After filtration,
the extracts were concentrated under vacuum at 40°C and
stored at -4°C until used. The extraction yield was calculated
as follows: Yield (%) = W{/W, x 100, where W, was the
weight of extract after solvent evaporation and W, was the
weight of the dried powder of plant material.

2.4. Antifungal Activity

The following fungi were used: Aspergillus niger (2CA
936) and Candida albicans (ATCC 1024). Fungal cultures
were grown on PDA at 25°C for 7 days. Suspension of each
fungus was prepared in 0.85% normal saline. After that, the
turbidity of the fungal suspensions was adjusted at 0.5
McFarland standard. A seeded agar plate was prepared by
pouring 20 mL PDA into a sterile plate and uniformly over-
laying the solid medium with 5 mL of soft agar, preinocula-
ted with 100 pL fungal suspensions.

The antifungal activity of different M. graeca extracts,
was investigated using the disc-diffusion technique [13].
Sterile filter discs (diameter 6 mm) were impregnated with 5
uL of samples and placed on the medium. After incubation at
37°C for 24 h, the diameter of the inhibition zone was mea-
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sured and reported as the mean + SD of three replicates for
each fungel species.

2.5. Antioxidant Activity

2.5.1. DPPH’ Radical Scavenging Activity

The ability of extracts to scavenge the DPPH" radical was
measured using the method of Brand-Williams [14]. Ali-
quots (100 uL) of samples were added to 2 mL of DPPH
solution (1x10™ mol/L) and the absorbance was determined
at 517 nm after 30 min. The ability to scavenge the DPPH’
radicals was calculated using the following equation:

Scavenging effect = [(Ag - A1)/ Ay] x 100

Where A, is the absorbance of the control and A, is the
absorbance of the sample.

The radical scavenging capacity of the tested extracts was
compared to that of quercetin, ascorbic acid, a-tocopherol,
gallic acid, butylated hydroxyanisole (BHA) and butylated
hydroxytoluene (BHT).

2.5.2. Reducing Power Assay

The reducing power of M. graeca extracts was deter-
mined according to the method of Oyaizu [15]. Various con-
centrations (1 mL) were mixed with phosphate buffer (2.5
mL, 0.2M, pH 7.0) and 2.5 mL of 1% potassium ferricyanide
[K3Fe(CN)g], then the mixture was incubated at 50°C for 30
min. After incubation, 2.5 mL of trichloroacetic acid (10%)
were added and the solution was centrifuged for 10 min.
Finally, 2.5 mL of the supernatant were mixed with 2.5 mL
of distilled water and 0.5 mL of FeCl; (0.1%) and the absor-
bance was measured at 700 nm.

The reducing power of quercetin, ascorbic acid, o-
tocopherol, BHA and BHT samples were also assayed for a
comparative analysis.

2.5.3. Phosphomolybdenum Assay (P-Mo)

The total antioxidant capacity of extracts from M. graeca
was investigated according to the method of Pan et al. [16].
The extract solutions (0.2 mL) at different concentrations
were mixed with 2 mL of reagent solution containing 0.6 M
sulphuric acid, 28 mM sodium phosphate and 4 mM ammo-
nium molybdate. The tubes were capped and the mixture was
incubated in a water bath at 90°C for 90 min. After cooling
at room temperature, the absorbance of each solution was
measured at 695 nm against a blank.

The total antioxidant activities of ascorbic acid, a-
tocopherol, gallic acid BHA and BHT samples were also
assayed for a comparative analysis.

2.6. Determination of Total Phenolics Content

The concentration of total phenolics was measured by the
method depicted by Brahmi et al. [17]. Briefly, an aliquot
(100 pL) of the samples was added to a 10 volumetric flask
containing 6 mL of distilled water. 0.5 mL of Folin & Cio-
calteu’s phenol reagent was added to the mixture and shaken.
After 5 min, 1.5 mL of Na,CO; solution (20% w/v) was
added with mixing and the solution was diluted to volume
with dH,O. After incubation for 60 min at 25°C, the absor-
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bance versus the prepared blank was read at 760 nm. Total
phenolics content was expressed as mg gallic acid equiva-
lents (GAE)/1 g of dry matter.

2.7. Determination of Total Flavonoids

The Total Flavonoids Content (TFC) was measured by a
colorimetric assay as described by Brahmi ef al. [17]. Ali-
quots extracts samples solutions (1.5 mL) and calibration
solutions of quercetin (20, 40, 60, 80 and 100 pg/mL) were
individually introduced in a 5 volumetric flask and immedi-
ately 1.5 mL AICI; aqueous solution (2 g/100 mL) was
added and thoroughly mixed. Absorbance of the mixture,
which was yellow in colour, was determined at 430 nm ver-
sus the prepared blank. The TFC was expressed as mg of
Quercetin Equivalents (QE)/1 g of dry matter.

2.8. Statistics

Triplicate analyses for each measurement were conducted
for each sample. Differences between the means were evalu-
ated with one way ANOVA, using the Statistica 5.5 with
least significance difference. The significance level was
fixed at 0.05 for all the statistical analysis. Correlation coef-
ficients (R?), to determine the relationship between antioxi-
dant activity and phenolics content, were calculated by using
Microsoft Office Excel application.

3. RESULTS AND DISCUSSION
3.1. Antifungal Activity

The antifungal activity of M. graeca extracts was mani-
fested by the presence of inhibition zones and the results
obtained showed a sensitivity of the two strains towards all
the extracts. This explains the use of Micromeria plants for
the treatment of many infectious diseases [4]. The activity
was increased depending on the concentration used and the
extracts prepared with 50% solvents had great potential,
where aqueous acetone extract exhibited the more potent
effect against Candida albicans. It was followed respectively
by the aqueous ethanolic and methanolic extracts. However,
for the 100% solvents, the most important activity towards
C. albicans was obtained with the methanol extract, while
the acetone extract showed the lowest activity. In the activity
against Aspergillus niger, the most important zone of inhibi-
tion was observed with 50% acetonic extract followed by the
100% one, whereas the methanolic extracts revealed the
lowest activity (Table 1).

The most active extract against the two studied strains
was the aqueous acetone one. This efficacy may be related to
the solvent ability to solubilize chemical compounds con-
tained in this plant. These results may also be explained by
the high content of phenolic compounds quantified in this
extract.

The other extracts showed no activity or revealed only a
weak effect (MIC >2000 pg/mL). It is generally the non po-
lar extracts of aromatic plants which exert a notable antimi-
crobial activity. Thus, the antifungel activity of Micromeria
species polar extracts was rarely reported in the literature.
However, many studies have been carried out on the antifun-
gal activity of the essential oils of several species belonging
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to the Micromeria genus with respect to different fungal
strains [4, 18-20].

The studies carried out on the antifungal activity of the
polar extracts of Micromeria species showed their inefficien-
cy. The methanolic extract of M. fruticosa ssp serpyllifolia
was inactive against 15 fungi and a yeast tested by Giilliice et
al. [21]. Furthermore, according to Ali-Shtayeh ef al. [11]
the water extracts of M. nervosa were inactive against C.
albicans. Recently, El Khoury ef al. [22] demonstrated that
an aqueous extract of M. graeca completely inhibited afla-
toxin production by 4. flavus but without reducing fungal
growth.

3.2. Antioxidant Activity

M. graeca antioxidant activity was rarely reported in the
literature. In their review study Charde ef al. [23] have men-
tioned that among the medicinal plants shown to have anti-
oxidant activity, M. graeca has the capacity to scavenge the
hydroxyl radical [24].

Antioxidant activities of different extracts (acetonic, me-
thanolic, ethanolic and their mixture with water) from M.
graeca were tested by the DPPH radical scavenging, the
iron(I1I) to iron(II) reducing activity and the phosphomolyb-
denum assays.

In the DPPH assay, the scavenging effect of M. graeca
was increased by increasing the concentration of various
extracts and it was varied significantly between them. The
50% acetonic extract recorded the highest scavenging activi-
ty, it was followed by methanol 50%, ethanol 50%, methanol
100%, ethanol 100% and acetone 100% was the least active
extract (Fig. 1). However, the reference compounds used
demonstrated marked scavenger activity (Table 2).

The nature of the solvent used plays an important role in
extracting the antioxidants such as phenolics. DPPH’ react
with phenols via two different mechanisms: direct abstrac-
tion of phenol H-atoms and electron transfer processes. The
contribution of one or the other pathway depends on the na-
ture of solvent [25].

According to the obtained results, the solvent-water mix-
tures were efficient for the extraction of compounds that are
effective donors of hydrogen atoms or electrons to the
DPPH'. Similarly, in the literature, the ageuous methanolic
extract (70%) of Satureja montana (116.36 £ 12.83 ng/mL)
[26] was potent to scavenge the DPPH" radical.

These results are in contrary to other reports where a
strong DPPH’ scavenging was established for the 100% ace-
tonic extract from M. cilicica [12] and for the 100% metha-
nolic extracts of Satureja cuneifolia [27] and M. fruticosa
[21]. Besides, among the species studied by Vladimir-
Knezevi¢ et al. [9], the ethanolic extracts of M. croatica
(29.48 + 0.51 pg/mL), M. graeca (8.79 = 0.01 pg/mL), M.
juliana (17.52 = 0.33 pg/mL) and M. thymifolia (6.53 £ 0.13
pg/mL) showed potent DPPH’ scavenging ability.

This difference is probably related to the procedure of ex-
traction used. Other factors may also affect the scavenging
effect such as the harvest season, the age and the origin of
the species.
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Fig. (1). DPPH’ radical scavenging activity of different extracts of Micromeria graeca at different concentrations. Each value represents a
mean £ SD (n = 3). Meth.50% : methanol at 50 (v/v), Eth.50% : ethanol at 50% (v/v), Ace.50% : acetone at 50% (v/v).

Table 1.  Zones of growth inhibition (mm) and the minimal inhibitory concentrations MICs (ng/mL) and minimal bactericide con-
centrations MBCs (ug/mL) in the antifungal activity for M. graeca different extracts against Candida albicans and Aspergi-

lus flavus.
C. albicans A. flavus C. albicans A. flavus
ATCC 1024 2CA 936 ATCC 1024 2CA 936
Extracts Inhibition Zone (mm)' MIC (pg/mL) MBC (png/mL) MIC (pg/mL) MBC (png/mL)
Methanol 11+1 8+0 >2000 >2000 >2000 >2000
Meth.50% 12.6+0.6 8+0 1000 >2000 >2000 >2000
Ethanol 10+1 10+1 >2000 >2000 >2000 >2000
Eth.50% 14+0 940 1000 >2000 >2000 >2000
Acetone 940 11+1 >2000 >2000 >2000 >2000
Ace.50% 16+0 12.3£0.2 500 >2000 1000 >2000
Gallic acid 15+0 12+0 500 1000 1000 >2000

'Values of diameter of inhibition zone (mm) including disc diameter (6 mm) are mean of two different experiments = SD, Meth.50% : methanol at 50 (v/v), Eth.50% : ethanol at 50%

(v/V), Ace.50% : acetone at 50% (v/v).

In the reducing power method all the extracts possessed
the ability to reduce iron(IIl) in a linear concentration-
dependent manner. The methanolic and acetonic 50% ex-
tracts were a significantly (p < 0.05) better iron(IIl) reducer
than the other extracts, followed by the ethanolic 50% and
100% solvent extracts.

The ICso value for the methanolic 50% extract was high
as compared to the standards ICs, (Fig. 2; Table 2). The re-
ducing power of M. graeca extracts might be due to their
electron-donating ability. Accordingly, the aqeuous metha-
nolic extract might contain higher amounts of reductone,
which could react with free radicals to stabilise and block
radical chain reactions [25].

However, ICs, values for reducing power obtained in this
study were comparatively elevated as compared to the pre-
vious study realized by Vladimir-Knezevi¢ et al. [25] for
three Micromeria species (M. croatica, M. juliana, M. thymi-
folia) ethanolic extracts where I1Csy ranged between 9.64 +
0.40 and 17.46 = 1.41 ug/mL.

The phosphomolybdenum test was also used to determi-
nate the total antioxidant capacity of the different extracts. In
this assay, the extracts of M. graeca extracts showed a dose
response.

The methanolic 50% extract exhibited the highest total
antioxidant followed by acetonic 50% and ethanolic 50%
extracts. The extracts prepared with 100% solvents showed
low activity (Fig. 3; Table 2). However, superior ICs, values
were obtained for all the test samples with respect to positive
controls.

The total antioxidant activity of the ethanolic extracts of
some Micromeria species has been determined [9, 25], but
the expression of the results is different for a possible com-
parison.

In all assays, we recognized that the extracts obtained
with aqueous solvents have better antioxidant activity,
whereas the lowest activity is obtained with pure solvents.
This can be explained by the polar nature of the active sub-
stances existing in M. graeca extracts. Therefore, the differ-
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Table2. Antioxidant activity of different M. graeca extracts and standards expressed as ICsy (ng/mL).

Sample DPPH Test Reducing Power Total Antioxidant Activity
Methanol 483.2+19.4¢ 501.5+17.7° 483+7.1%
Meth.50% 440.4+0.4¢ 242.5+1.4° 348+7.1"

Ethanol 866.5+57.4' 559.542.2" 547+2.8"
Eth.50% 458.1£10.7¢ 493.5+3.5" 469.5£21.9¢
Acetone 993.2+38.1° 549+17" 475.5+7.8¢
Ace.50% 340.3+3.6" 2523453 372+5.7"

a-tocopherol 276.6£1.4° 10.3 +£0.2° 16.6 £0.2°
Ascorbic acid 82.0+£2.9° 2.8+0.2° 9.6 £0.3°
BHA 161.9+3.8° 24+0.1° 103 +0.4°
BHT 647.2+18.6" 59+0.1° 272+0.6°

Quercetin 63.6£0.7° 28.5+2.5¢ nd

Gallic acid 37.240.5° nd 292+25.5°

The results are expressed as means + SE of triplicate experiments. For each organic solvent, values in the same column bearing different letters are significantly different atp < 0.05,
Meth.50% : methanol at 50 (v/v), Eth.50% : ethanol at 50% (v/v), Ace.50% : acetone at 50% (v/v), BHT : Butylated hydroxytoluene, BHA: butylated hydroxyanisole, nd : not deter-
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Fig. (2). Reducing power activity of different extracts of Micromeria graeca at different concentrations. Each value represents a mean + SD
(n =3), Meth.50% : methanol at 50 (v/v), Eth.50% : ethanol at 50% (v/v), Ace.50% : acetone at 50% (v/v), BHA: butylated hydroxyanisole,

and asc : ascorbic acid.

ence found between different extracts is mainly due to the
change in the polarity of the solvents which modifies their
ability to dissolve a group of antioxidant compounds and
thus influences the estimation of antioxidant activity [10].

Phenolics are one of the most effectual antioxidative
components involved in the antioxidant effect of medicinal
and aromatic plants. Therefore, it is substantial to determine
the phenolic content and to evaluate its involvement to an-
tioxidant capacity.

3.3. Total Phenolics and Flavonoids Contents

The Folin-Ciocalteu method used to determine the Total
Phenolics Content (TPC) showed that TPC ranged from 2.6

to 46.7 mg gallic acid equivalent/g dry weight. Whereas, the
Total Flavonoids Content (TFC), evaluated by aluminium
chloride method, varied between 1.2 and 2.5 mg quercetin
equivalent/g dry weight. We noted that TPC and TFC of M.
graeca extracts are dependent on the solvents and concentra-
tions used (Table 3). All extracts prepared with 50% solvents
contained highest levels of TPC. The lowest amounts of total
polyphenols were obtained with 100% ethanol and 100%
methanol, respectively. Excluding 100% acetone, our results
clearly showed that higher TPC was obtained with an in-
crease in polarity of the solvent used.

The extraction of phenolics is dependent on their solubi-
lity in the solvent employed and the increasing of this solubi-



6 Current Nutrition & Food Science, 2018, Vol. 14, No. 0

[S=]

o
*
-
A

Absorbance at 695 nm (u.a)

200

b

300

Brahmi et al.

—#—Methanol
Meth.50%
—#&—Ethanol

—>—Eth.50%

Acetone
Ace.50%
Gallic acid
Asc

BHA

a-toco

400 500

Concentration (ug/mL)

Fig. (3). Total antioxidant activity of different extracts of Micromeria graeca at different concentrations. Each value represents a mean + SD
(n = 3), Meth.50% : methanol at 50 (v/v), Eth.50% : ethanol at 50% (v/v), Ace.50% : acetone at 50% (v/v), asc : ascorbic acid, BHA: buty-

lated hydroxyanisole, o-toco : a-tocopherol.

Table3. Effect of different solvents on polyphenol and flavonoids contents and extraction yield of M. graeca extracts.

Total phenoli content Total Flavonoid Content Percentage Extraction Yield

(mg Gallic Acid Equivalent/g dw)® (mg Quercetin Equivalent/g dw)® (%)

Acetone 45.0 +£2.6" 12+ 0.1° 2.4

Acetone 50% 46.7£2.3" 24+0.1° 14.4

Methanol 43+0.6° 13+ 0.2° 8.8

Methanol 50% 14.9 £2.4° 1.2+ 0.1° 13.7

Ethanol 2.6+0.3° 1.8+0.1° 4.8

Ethanol 50% 37.9£1.6° 1.7+ 0.1° 13.4

(a) expressed as means + SE of triplicate experiments. For each organic solvent, values in the same column bearing different letters are significantly different atp < 0.05, Meth.50%

: methanol at 50 (v/v), Eth.50% : ethanol at 50% (v/v), Ace.50% : acetone at 50% (v/v)

Table 4.
contents (TFC).

Correlation between M. graeca different extracts antioxidant activities and total phenolic (TPC) and total flavonoid

Assays Correlation R
TPC TFC
1Csy of DPPH radical scavenging ability 0.666 0.006
1Cs of reducing power 0.540 0.477
1Cs of total antioxidant capacity 0.490 0.586

lity is relied on the solvent polarity [28]. So, Lopez-Cobo et
al. [26] used different aqueous mixtures with methanol,
ethanol and acetone (80, 70, 60 v/v) to determine the optimal
extraction solvent of S. montana. They found that metha-
nol/water mixtures, gave the best chromatographic profile.
This is consistent with the results obtained by Sultana et al.
[29] in studying the effect of extraction solvent on the phe-
nolic contents of selected medicinal plant extracts, they sho-
wed that higher phenolic contents were obtained using
aqueous organic solvents, as compared to the respective ab-
solute organic ones. Nevertheless, Oke et al. [27], in their

study of a plant from Satureja genus found that pure metha-
nol, showed a high TPC (222.5 £ 0.5 pg/mg). The differen-
ces might be ascribed to the different availability of extracta-
ble components, resulting from the varied chemical composi-
tion of plants [29]. Besides, in the case of Folin-Ciocalteu
method different reagent concentrations, timing of addition
and incubation, and different standards used to express the
results may be a source of this difference.

Regarding TFC, low contents were found in all the ex-
tracts but it was always the aqueous acetone extract which
has the highest content, followed by the ethanolic extracts
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(100 and 50%). These results are in agreement with those
found by Vladimir-Knezevi¢ et al. [25]. They noted that the
concentrations of TPC in three Micromeria species from
Croatia were significant, varying from 9.69 to 13.06%. Phe-
nolic acids were the most abundant compounds (5.26-
6.84%), followed by tannins (3.07-6.08%), but low percen-
tage of flavonoids were found (0.01-0.09%).

The findings of various antioxidant assays in the analy-
zed sample were correlated with total phenolics content ob-
tained by Folin-Ciocalteu method (Table 4); although this
correlation was not very high, probably due to the nature of a
spectrophotometric method analysis used as that is not as
specific [26]. These results were not in line to those of Vla-
dimir-Knezevi¢ et al. [25], who found a very strong correla-
tion between amounts of TPC and antioxidative activities.

ICso values of reducing power and phosphomolybdate
showed an average correlation (R%; 0.477, 0.586) with total
flavonoid content. However, TFC revealed a very weak cor-
relation with the DPPH assay and match with the results des-
cribed by Vladimir-Knezevi¢ et al. [25]. An explanation to
this could be based on the fact that flavonoids were found in
low content, hence the radical scavenging effect could not be
linked to the presence of flavonoids in M. graeca extracts.

CONCLUSION

In this study, the solvents used influence the total poly-
phenol and flavonoid contents and the antioxidant and anti-
fungal activities of Micromeria graeca extracts. The 50%
acetone was the most efficient solvent for polyphenol extrac-
tion from this species. Micromeria species are used in tradi-
tional medicine to treat dermatomucosal and skin infections ;
they are also used as a food plants which can be a valuable
source of natural antioxidants. So, this study has allowed us
to find the suitable solvent for the preparation of the M.
graeca extract in order to improve its efficiency.

Hence, in future studies it is recommended to choose
aqueous acetone for extraction and determination of phenolic
compounds of M. greaca. However, further studies are ne-
cessary to determine what compounds are active in the va-
rious extracts.

ETHICS APPROVAL AND CONSENT TO PARTICI-
PATE

Not applicable.

HUMAN AND ANIMAL RIGHTS

No Animals/Humans were used for studies that are base
of this research.

CONSENT FOR PUBLICATION
Not applicable.

CONFLICT OF INTEREST

The authors declare no conflict of interest, financial or
otherwise.

Current Nutrition & Food Science, 2018, Vol. 14, No. 0 7

ACKNOWLEDGEMENTS

We would like to thank everyone who helped in the
achievement of this study and in particular Pr. J. Lejoly for
his confirmation of the identification of plant studied.

REFERENCES

[1] Elsebai MF, Abass K, Hakkola J, Atawia AR, Farag MA. The wild
Egyptian artichoke as a promising functional food for the treatment
of hepatitis C virus as revealed via UPLC-MS and clinical trials.
Food Funct 2016; 7: 3006-16.

2] Pereira E, Pimenta Al, Calhelha RC, et al. Effects of gamma
irradiation on cytotoxicity and phenolic compounds of Thymus
vulgaris L. and Mentha x piperita L. Food Sci Technol 2016; 71:
370-7.

[3] Raja RR. Medicinally potential plants of Labiatae (Lamiaceae)
family: An overview. Res J Med Plant 2012; 6: 203-13.

[4] Duru ME, Oztiitk M, Ugur A, Ceylan O. The constituents of
essential oil and in vitro antimicrobial activity of Micromeria
cilicica from Turkey. J Ethnopharmacol 2004; 94: 43-8.

[5] Formisano C, Oliviero F, Rigano D, Saab AM, Senatore F.
Chemical composition of essential oils and in vifro antioxidant
properties of extracts and essential oils of Calamintha origanifolia
and Micromeria myrtifolia, two Lamiaceae from the Lebanon flora.
Ind Crop Prod 2014; 62: 405-11.

[6] Abdelwahab MF, Hussein MH, Kadry HH. Cytotoxicity and
antioxidant activity of new biologically active constituents from
Micromeria nervosa grown in Egypt. Bull Fac Pharm 2015; 53:
185-94.

[7] Tzakou O, Couladis M. The essential oil of Micromeria graeca (L.)
Bentham et Reichenb. growing in Greece. Flavour frag J 2001; 16:
107-9.

[8] Vuko E, Dunki¢ V, Bezi¢ N, Rusci¢ M, Kremer D. Chemical
composition and antiphytoviral activity of essential oil of
Micromeria graeca. Nat prod Commun 2012; 7: 1227-30.

[9] Vladimir-Knezevi¢ S, Blazekovi¢ B, Kindl M, Vladi¢ J, Lower-
Nedza AD, Brantner AH. Acetylcholinesterase inhibitory,
antioxidant and phytochemical properties of selected medicinal
plants of the Lamiaceae family. Molecules 2014; 19: 767-82.

[10] Turkmen N, Sari F, Velioglu YS. Effects of extraction solvents on
concentration and antioxidant activity of black and black mate tea
polyphenols determined by ferrous tartrate and Folin-Ciocalteu
methods. Food Chem 2006; 99: 835-41.

[11] Ali-Shtayeh M, Al-Nuri M, Yaghmour RM-R, Faidi Y.
Antimicrobial activity of Micromeria nervosa from the Palestinian
area. ] Ethnopharmacol 1997;58:143-7.

[12]  Oztirk M, Kolak U, Topgu G, Oksiiz S, Choudhary ML
Antioxidant and anticholinesterase active constituents from
Micromeria cilicica by radical-scavenging activity-guided
fractionation. Food Chem 2011;126:31-8.

[13] Brahmi F, Abdenour A, Bruno M, Silvia P, Alessandra P, Danilo F,
Drifa Y-G, Fahmi EM, Khodir M, Mohamed C. Chemical
composition and in vitro antimicrobial, insecticidal and antioxidant
activities of the essential oils of Mentha pulegium L. and Mentha
rotundifolia (L.) Huds growing in Algeria. Ind Crop Prod
2016;88:96-105.

[14] Brand-Williams W, Cuvelier M-E, Berset C. Use of a free radical
method to evaluate antioxidant activity. LWT-Food Sci Technol
1995;28:25-30.

[15] Oyaizu M. Studies on products of browning reaction. Japanese J
Nutr Diet 1986;44:307-15.

[16] Pan Y, Wang K, Huang S, et al. Antioxidant activity of
microwave-assisted extract of longan (Dimocarpus Longan Lour.)
peel. Food Chem 2008; 106: 1264-70.

[17] Brahmi F, Hauchard D, Guendouze N, ef al. Phenolic composition,
in vitro antioxidant effects and tyrosinase inhibitory activity of
three Algerian Mentha species: M. spicata (L.), M. pulegium (L.)
and M. rotundifolia (L.) Huds (Lamiaceae). Ind Crop Prod 2015;
74:722-30.

[18] Tabanca N, Kirimer N, Demirci B, Demirci F, Baser KHC.
Composition and antimicrobial activity of the essential oils of
Micromeria cristata subsp. phrygia and the enantiomeric
distribution of borneol. J Agri Food Chem 2001; 49: 4300-3.



8 Current Nutrition & Food Science, 2018, Vol. 14, No. 0

[19]

[20]

(21]

[22]

(23]

Marinkovi¢ B, Marin P, Knez[levi¢-Vukclevi¢ J, Sokovic M,
Brki¢ D. Activity of essential oils of three Micromeria species
(Lamiaceae) against micromycetes and bacteria. Phytother Res
2002; 16: 336-9.

Lakusi¢ B, Risti¢ M, Slavkovska V, Anti¢-Stankovi¢ J, Milenkovié
M. Chemical composition and antimicrobial activity of the
essential oil from Satureja horvatii Sili¢ (Lamiaceae). J Serb Chem
Soc 2008; 73: 703-11.

Giilliice M, Sékmen M, Sahin F, Sskmen A, Adigiizel A, Ozer H.
Biological activities of the essential oil and methanolic extract of
Micromeria fruticosa (L) Druce ssp serpyllifolia (Bieb) PH Davis
plants from the eastern Anatolia region of Turkey. J Sci Food Agri
2004; 84: 735-41.

El Khoury R, Caceres I, Puel O, ef al. Identification of the anti-
aflatoxinogenic activity of Micromeria graeca and elucidation of
its molecular mechanism in Aspergillus flavus. Toxins 2017; 9: 87.
Charde M, Shukla A, Bukhariya V, Mehta J, Chakole R. Herbal
remedies as antioxidants: An overview. Int J] Pharmacol Res 2011;
1:25-34.

[24]

[25]

[26]

(27]

(28]

[29]

Brahmi et al.

Couladis M, Tzakou O, Verykokidou E, Harvala C. Screening of
some Greek aromatic plants for antioxidant activity. Phytother Res
2003; 17: 194-5.

Vladimir-Knezevi¢ S, Blazekovi¢ B, Bival Stefan M, Alegro A,
Készegi T, Petrik J. Antioxidant activities and polyphenolic
contents of three selected Micromeria species from Croatia.
Molecules 2011; 16: 1454-70.

Lopez-Cobo A, Goémez-Caravaca AM, Svarc-Gaji¢ J, Segura-
Carretero A, Fernandez-Gutiérrez A. Determination of phenolic
compounds and antioxidant activity of a Mediterranean plant: The
case of Satureja montana subsp. kitaibelii. J Funct Foods 2015; 18:
1167-78.

Oke F, Aslim B, Ozturk S, Altundag S. Essential oil composition,
antimicrobial and antioxidant activities of Satureja cuneifolia Ten.
Food Chem 2009; 112: 874-9.

Naczk M, Shahidi F. Phenolics in cereals, fruits and vegetables:
Occurrence, extraction and analysis. J Pharm Biomed Anal 2006;
41:1523-42.

Sultana B, Anwar F, Ashraf M. Effect of extraction solvent/
technique on the antioxidant activity of selected medicinal plant
extracts. Molecules 2009; 14: 2167-80.



