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ABSTRACT

The essential oil obtained by hydrodistillation nfroseeds ofSyzygium aromaticuniMyrtaceae)
growing in Benin was analyzed by gas chromatografid®) and gas chromatography-mass spectrometry
(GC/MS). Twenty-one components, which representedi%®9of the total constituents of the oil were
identified. The essential oil is rich in hydrocamnsamonoterpenic. The major constituents found \veeigenol
(60.4%),trans-B-caryophyllene (24.0%). The oil extract revealediraportant antiradical activity and a high
antimicrobial activity.
© 2012 International Formulae Group. All rights erged.
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INTRODUCTION Indonesia’s Mollucas islands (Politeo et al.,
Syzigium aromaticurh. (syn. Eugenia 2010). The essential oil obtained from the buds
caryophyllataL. Merr. & Perry) are certain of this plant (clove oil) finds extensive use in
essential plant oils, widely used as fragrances dental formulations, toothpaste, breath
and flavors in the perfumery and food freshener, mouthwashes, soaps, cosmetics items
(Murray, 2000). The exact geographical origin and insect repellent. The oil possesses
of the clove tree is unknown. It is probable antibacterial, antifungal, antioxidant and
that the tree originated in the warm and humid cytotoxic properties (Baratta et al., 1998;
climate of tropical Asia, perhaps in the Dorman et al, 2000; Gayoso et al., 2005;
Mollucas. Prashar et al.,, 2006; Politeo et al., 2010).
The clove-producing areas are located Traditionaly for its medicinal properties
on the islands of Ceylon and Penang as well as(treatment of dental care, analgesic and
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antiseptic etc) (Cai and Wu, 199&yzygium of 2.0 uL were injected manually in a split
aromaticumoil has been demonstrated to be mode. The percentage compositions were
effective in treating antifungal (Chami et al.,, obtained from electronic integration
2005) antibacterial (Cai and Wu, 1996; measurements without taking into account
Beuchat, 2000; Friedman et al., 2002; Kalembarelative response factors. The linear retention

and Kunicka, 2003)anticarcinogenic (Zheng et
al.,, 1992) antiallergic (Kim et al., 1998),
antimutagenic activity (Miyazawa and Hisama,
2001) analgesic, anesthetic, stimulating,
stomach ache tonic, antiemetic, antiseptic,
antispasmodic (Sellan, 2002; Lavabre, 1992).

On the chemical point of view, Politeo et
al. (2010)identified eugenol (80.5%) as the
dominant volatile compound of the essential oil
sample of dried clove buds from Croatia
(Politeo et al., 2010).

The present study was designed to
investigate the chemical composition and
evaluate the antimicrobial, antiradical
activities of this essential oil extracted fr@&n
aromaticum seeds commonly used as food
and in perfumery.

MATERIALSAND METHODS
Plant material

The plant material was collected in the
areas of Abomey-Calavi in Benin in June
2006. The sample was authenticated by the Pr.
Akoegninou of the Herbarium of Abomey-
Calavi University, Department of Vegetal
Biology where voucher specimen
[AA6417/HNB] was kept for future reference.
Batches of 200 g of fresh seeds were
submitted to hydrodistillation for 3h using a
Clevenger-type apparatus; after decantation
the oils were dried using over anhydrous
NaSQ, sodium sulphate and stored in sealed
vials below 10 °C until using.

Gas Chromatogr aphy-M ass Spectrometry

The oils were analyzed on a Varian CP-
3380 GC equipped with a HP5 (100%
dimethylpolysiloxane) fitted with a fused
silica capillary column (30 m x 0.25 mm i.d.
film thickness 0.25 um); temperature program
50 — 200 °C at 5 °C/min, injector temperature
220 °C, detector temperature 250 °C, carrier
gas N at a flow rate of 0.5 mL.mih Diluted
samples (10/100, v/v, in methylene chloride)
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indices of the components were determined
relatively to the retention times of a series of
n-alkanes (G-Cyg).

GC/MS analyses were performed using
a Hewlett Packard apparatus equipped with a
HP5 fused silica column (30 m x 0.25 mm;
film thickness 0.25 um) and interfaced with a
quadruple detector (Model 5970). Column
temperature was programmed from 70 ° to
200 °C at 10 °C/min; injector temperature was
220 °C. Helium was used as carrier gas at a
flow rate of 0.6 mL.miit, the mass
spectrometer was operated at 70 eV. Diluted
samples (10/100, v/v, in methylene chloride)
of 2.0 uL were injected manually in the split
mode.

The identification of individual
compounds was based on the comparison of
their relative retention times with those of
authentic samples on the HP5 column and by
matching the linear retention indices and mass
spectra of peaks with those obtained from
authentic samples and/or the NBS75K.L and
NIST98.L libraries spectra and published data
(Adams, 2007; Joulain and Konig, 1998).

Antiradical activity
Freeradical scavenging activity: DPPH test

Antiradical scavenging activity was
determined using 1,1-diphenyl-2-
picrylhydrazyl (DPPH) following the Mellors
and Tappel method (Mellors and Tappel,
1996), adapted to essential oil screening
(Alitonou et al., 2010). 1,1-diphenyl-
picrylhydrazyl [1898-66-4] was purchased
from Sigma-Aldrich chemistry and the
solutions were prepared with analytical grade
solvents purchased from standard commercial
sources.

DPPH was dissolved in ethanol to give a
100 puM solution. To 2.0 mL of the ethanolic
solution of DPPH were added 100 pL of a
methanolic solution of the antioxidant
reference eugenol at different concentrations.
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The essentials oils and the fractions were
tested in the same manner. The control,
without antioxidant, is represented by the
DPPH ethanolic solution containing 100 pL of
methanol. The decrease in absorption was
measured at 517 nm after 30 min, at 30 °C.

All measurements were performed in
triplicate and the concentration required for

50% reduction (50% scavenging
concentration Sk was  determined
graphically. All the spectrophotometric

measures were performed with a SAFAS UV
mc2 spectrophotometer, equipped with a
multicells/multikinetics measure system and
with a thermostated cells-case.

The free radical-scavenging activity of
each solution was then calculated according
the following equation (Avlessi et al., 2005):

Ablonk-Asampis
SC% = Ablank :
Antiradical activity was expressed as s3C
(mg.L?), defined as the concentration of test
material required to cause a 50% decrease in
initial DPPH absorbance.

Antifungal activity
Preparation of the culture medium

11.5 g agar of yeast extract (Yeast
extract AGAR) and 10 g of anhydrous glucose
are mixed with 500 mL of distilled water for
the preparation of culture medium. After
sterilization and additon 5 mL of
oxytetracycline (0.1%), this medium was cast
in limp of Petri dish 9 cm in diameter at a rate
of 17 mL.

Detection of the moulds

A quantity of vegetable weighed from
gardening culture, fresh tomato fruits and
banana leaves was diluted in sterile peptone
water in order to detect fungi responsible of
their deterioration. 30 min after homogenizing
each sample, 0.1 mL of the inocula was
spread out on the sterilized mould medium
(Yeast Extract Glucose Agar: YEGA) and
uniformly. The present limp was incubated at
25 °C = 1 °C five days awarded from day
light.
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Transplantation and mycelial growth

The moulds detected aftexamination
and identification then, are transplanted
(subcultured) using a disc of 6 mm in
diameter which carries spores from the
anamorph mould on the surface of Petri dish
containing the former medium YEGA
containing tested essential oils at different
concentrations or no (positive control). In the
same way, four dilutions of synthetic
fungicide (tebuconazole, with a commercial
name folicur 250 EW and concentration of
250 g.L") at respective concentration of 0.05,
0.1, 0.5 and 1 ppm had been prepared by
successive dilutions of the commercial
fungicide in sterile distiled water. The
synthetic fungicide represents the control
tester. The moulds subcultured were incubated
at 25 °C + 1 °C. The mycelial growth was
appreciated every day by measuring the
average of two perpendicular diameters
passing by the middle of the disc, from the
first day till the seventh one at, least 6 days
(Khallil, 2001).

The antifungal activity was evaluated
by the following equation(Chang et al.,
2000):

[=[1-<]%100
deo

with | - antifungal index d- diameter of

growth of Petri dish treated out of essential

oil; d. diameter of growth of the control

(witness) [Petri dish without essential oil ].

Test of determination of the fongiostatic or
fungicidal activity

With the experimental concentrations
where neither growth, nor germination was
observed, the fungiostatic or fungicidal
activity was tested. This test consisted in
taking the mycelial disc not germinated at the
end of the incubation of the Petri dish and
reintroducing it in a new culture medium
(former one) nine without natural extract. If
the mycelial growth is always inhibited, the
fungicidal activity of the natural extracts and
in the contrary case, it's spoken about
fongiostatic the activity.
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Antibacterial activity
Essential oil emulsion

2 mL of Mueller Hinton broth added
with 0.02 g/L (w/v) of phenol red were added
40 pL of essential oil and 2 drops of Tween
80 had been introduced in an hemolyse test
tube and homogenized.

Preparation of bacteria suspensions

This preparation was carried out from
the three stocks of tested bacteria. A pure
colony of each stock was suspended in 5 mL
of Mueller Hinton broth. After incubation at
37 °C for 2 hours, we obtained ®1lGFU/mL
corresponding to the scale 2 of McFarland
standard.
Determination of Minimal
Concentration (MI1C)

The method used was reported by
Yehouenou et al(2010). 100 pL of bubble
Mueller Hinton broth containing of phenol red
to 0.02 g/L were distributed in all the 96 wells
of microplate. 100 uL of essential oil
emulsion (initial solution) were added well of
the first column except that of the second line
and we carried out successive dilutions of
reason 2 were carried out well by well till the
12" one and the remaining aliquot (100 pL)
were rejected. 100 pL of Mueller Hinton
which not containing phenol red were
introduced on the first well of the first
columns and successive dilutions of reason 2
were carried out as before. All the wells of the
second column received 100 uL of bacteria
suspension except the first line which
represents the negative control and the second
line, the positive control. The microplate one
was finally covered with paper parafiim and
was incubated at 37 °C during approximately
18 hours.

Inhibitory

Antibiotic capacity of the extracts

The antibiotic capacity of essential oil
was in experiments in the following way:
Muller-Hinton Agar (MHA) prepared and
sterilized is cast in limp of Petri Dish of
diameter 90 mm. The microbial suspension
carried out starting from colonies isolated
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from Escherichiacoli on the one hand and
Staphylococcus aureusn the other hand is
spread out on the surface of the MHA at a rate
of 0.1 mL of the aforementioned suspension
(0.1 mL of the phase logarithmic curve of the
bacterium to a density adjusted on scale 0.5 of
McFarland corresponding to 30fc/mL). In

the center of the Petri Dish sown using one or
the other of the stocks, one deposits, For
coli, the discs of antibiotic of reference
Chloramphenicol (30 pg), Gentamycine (10
png), the Nalidixic acid (30 pg) and
Ceftriazone (30 pg) on the one hand andor
aureus the discs of antibiotics of reference
Lyncomycine (15 pg) Erythromycine and
Tétracycline (30 pg). Each Petri Dish of MHA
more (stock) is sown of only one disc of
antibiotic and investigate essential oil three
times with the concentration corresponding to
that of the antibiotic disc of reference. A
witness (sterile disc of 6 mm of diameter) is
also deposited on the Petri Dish in the same
experimental conditions. The Petri Dish thus
sown are incubated at 37 °C + 1 °C during 24
hours. The readings are made by measuring
the diameters of the halos of incubation for
each disc of reference and essential oil.

Statistical analysis

Data were subjected to analysis of
variance (ANOVA). They were expressed as
the mean =z standard error of triplicate
measurements; standard deviations did not
exceed 5%.

RESULTS
Chemical composition
The yield of the essential oil obtained by

hydrodistillation of fresh seed oByzygium
aromaticum  is 0.18%. Twenty-one
compounds representing (99.4%)yfzygium
aromaticum oil was identified by GC/MS
(Table 1). the majority being the oxygenated
monoterpenes and sesquiterpene hydrocarbons

eugenol (60,4%), trang$ caryophyllene
(24.0%) and eugenol acetate (10.0%) and a
lower concentration ofy-muuroléne (1.4%)
andp-sesquiphellandréne (1.7%).
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Antiradical activity

The determination of the concentration
of antioxydant necessary to decrease DPPH
radical concentration by 50% (so called SC50)
give 10.3 £ 0.5mg/L for the essential oil and
1.60 + 0.08mg/L for eugenol.

Antifungal activity
The antifungal activity of the essential
oil of Syzigium aromaticurh. was evaluated

and the following results were shown in
Figure 1. We observed 78% of inhibition rate
after 2 days for concentrations 1pL of
essential oil.

Antimicrobial activity
The results of the antimicrobial activity were
reported in Table 2.

Table 1: Chemical composition of essential oil of see®pfygium aromaticum.

RI*  Component Per cent Identification
Composition methods

831  furfural 0.2 MS, RI
1370  eugenal 60.4 GC, MS, RI
1423 trans-B-caryophyllene 24.0 GC, MS, RI
1438 [-duprezianene 0.1 MS, RI
1442 a-guaiene 0.1 MS, RI
1451 (2)f-farnesene 0.1 MS, RI
1463 a-himachalene 0.1 MS, RI
1473 a-humulene 0.1 MS, RI
1494  pmuurolene 1.4 MS, RI
1514 germacrene D 0.1 MS, RI
1517 eugenol acetate 10.0 GC, MS, RI
1537 [B-sesquiphellandrene 1.7 MS, RI
1560 J-cadinene 0.2 MS, RI
1569 10-epia-cubebol 0.1 MS, RI
1616 isolongifolanone 0.1 MS, RI
1639 davanol B(isomere 2) 0.2 MS, RI
1697 davanol acetate 0.1 MS, RI
1708 heptadecane 0.1 GC, MS, RI
1724 cedroxyde 0.1 MS, RI

Total identified 99.4

Monoterpene hydrocarbons 0.2

Oxygenated monoterpenes 60.4

Sesquiterpene hydrocarbons 38.1

Oxygenated sesquiterpene 0.7

RI*, Retention index relative to n-alkaness{Cy) on a DB1 capillary column; GC, identification whased on
retention times of authentic compounds on a DBZEdusilica capillary column; MS, identification wassed on
computer matching of the mass spectra of peaksNB875K.L and NIST98.L libraries and published dgtdams,
2007; Joulain and Konig, 19983, tentatively identified based on comparison eiention index of the compounds
compared with published data (Adams, 2007; JowdathKonig, 1998).
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Table 2: Antimicrobial activity (Minimal Inhibitory Concenttion: MIC value, mg/mL and
Minimal Bactericide Concentration: MBC value, mg/mlof essential oil of seed of
Syzygium aromaticum.

Microbial stock Minimal Bactericide

Concentration (M BC)

Minimal Inhibitory
Concentration

(MIC) (mg/mL) (mg/mL)
Escherichia coliATCC 25922 0.20+0.01 3.12+0.16
Staphylococcus aureusT CC 25923 0.025 £ 0.002 1.56 + 0.09

Table 3: Evaluation of the sensitivity of the microbial cks tested with respect to antibiotics
of reference and of the essential 0ilSyfzygium aromaticum.

E. coli (Diameter mm) S. aureus (Diameter mm)

Chloram- Genta- Nalidixic ~ Ceftriazone Lynco- Erythro-  Tetracycline
phenicol mycine Acid mycine mycine
18.0+0.7 18.0+0.7 00.0+0.0 21.0+£0.8 24@% 24.0+0.9 30.0+£1.2
E.O 20.0+0.8 125+0.5 13.0+0.6 00.0+0.0 18M% 30.0+1.2 00.0+£0.0
EOQ: Essential ol
—o—nL —=3.L SpL
100
- e = A
:5:.4?\ 80 r )
-
= 60
g
= 40
—
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= 20 P
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0] 1 2 3 4 5 [ 7
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Figure 1: Action of the essential oil of seed $fzigium aromaticurb. with various concentrations
on the mycelial growth oAspergillus parasiticus

DISCUSSION by Politeo et al. (2010) for the variety 6f
Chemical composition aromaticumidentified in Croatia.
Globally, the essential oil was

dominated by aromatic structures p-menthane
and was characterized by high percentage of
eugenol (60.4%) accompanied hyans/f-
caryophyllene (24.0%). This chemical profile
corresponds to the one previously described
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Antiradical activity

Significant free radical scavenging
activity was observed for the essential olil;
they were compared to that of the commercial
antioxidant eugenol, which is widely used as a
reference.




G. A. ALITONOU et al. / Int. J. Biol.

The essential oil was less active,
compared to its major constituent eugenol.
This essential oil is also less active than that
obtained by Politeo et al. (2010).

Antifungal activity

We noticed a progressive increase in
ratio reduction (antifungal capacity) going
from 20 to 91.11% during the 6 days with the
three concentrations (1 pL, 3 pL, 5 pL) of
essential oil oSyzigium aromaticurh. tested
(Figure 1).

The essential oil of seed @yzigium
aromaticum L. is most active against
Aspergillus parasiticus it showed a total
inhibition of the mycelial growth (fungicidal)
to a higher concentrationl pL.

After having reintroduced the mycelial
disc of the Petri dish having for concentration
1uL essential oil in a culture medium nine
without natural extract, we noted that this
essential oil carried on a fungicidal activity
againstAspergillus parasiticus

This activity is probably due to the
presence of the majority compound (eugenol)
or has a synergy between the majority
compound and the minority compounds.

Antimicrobial activity

The essential oil of the seed®yzygium
aromaticum almost has an antimicrobial
activity very interesting against
Staphylococcus aureufATCC 25923 and
Escherchia coliATCC 25922. MIC = (0.025
+ 0.002) mg/mL and (0.20 + 0.01) mg/mL
respectively (Table 2). In spite of a lack of
antibiotic capacity (theoretically calculated)
the Minimal Inhibitory Concentration (MIC)
and the Minimal Bactericide Concentration
(MBC) determined this essential oil showed a
strong antimicrobial activity.

Antibiotic capacity of the extracts

The averages of the diameters of the
halos of incubation measured in mm are
consigned in the Table 3. These results show
that E coli ATCC 25922 is very sensitive to
Chloramphenicaol, Gentamycine and
Ceftriazone, but resistant to Nalidixic acid. On
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the other hand, the essential oil ofS.
aromaticumpresents an inhibiting action on
the stock compared to Gentamicine in
Chloramphenicol and the Nalidixic acid and is
without action on the stock compared to
Ceftriazone, whereas S. aureus is very
sensitive to Lyncomycine, Erythromycine
and Tetracycline, while the essential oil with
an inhibiting activity on S. aureuscompared
to Lyncomycine and with Erythromycine
and resists to Tetracycline.

Conclusion

The essential oil extracted from the seed
of Syzygium aromaticunis rich in eugenol
with a strong content (> 60.4 %). It detains a
high bactericide activity againgscherichia
coli andStaphylococcus aurewnd antifungal
againstAspergillus parasiticusSomewhere it
presents a very interesting antiradical activity.
The essential oil shows compartmental
antibiotic activities compared with antibiotic
of reference with respect to the stocks tegted
coli andS. aureus
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