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Abstract We have studied the antimicrobial properties of 6-bromoeugenol and eugenol by three
strains: Pseudomonas aeruginosa (S1), Escherichia coli (S2) and Staphylococcus aureus (S3). We
have determined the minimum inhibitory concentration (MIC) for a range of concentrations using
the disc diffusion method. We note that all samples present an antimicrobial activity toward the
tested bacterial strains at different concentrations (1, 0.5 and 0.25 mg/ml). The 6-bromoeugenol
gives modest activity with (S7) and (S3). Eugenol reacts positively with the Pseudomonas
aeruginosa (S1) at all concentrations and with the Escherichia coli (S2) at 0.5 mg/ml. We remark
that the Pseudomonas aeruginosa (S1) is the more sensitive strain than Escherichia coli (S2) and
Staphylococcus aureus (S3). We have estimated the activity coefficient which has confirmed the
antimicrobial activity of the different samples. So, 6-bromoeugenol has shown his efficiency as
antimicrobial agent.

1. Introduction

The antimicrobial activity of essential oil extracts are found in oxygenated compounds such
as alcohols and phenolic derivatives. Furthermore, the hydrocarbons may also have antimicrobial
effects [1, 2]. Several studies have shown that essential oils have a higher antibacterial activity than
their main components. Thus, the minority components of these essential oils may be the cause [3-
5]. Lot of research group has studied the antimicrobial activity of medicinal plant extracts as:
Digoxin (Digitalis lanata), Salicylic acid (Salix herbacea) and Inulin (Inula helenium). They have
found these extracts are actives not only against bacteria but also against fungus, yeast and virus [6,
7]. Other groups have isolated and identified the metabolites responsible for the antimicrobial
activity. This state constitutes a platform for several applications such as pharmaceutical industry,
medicine and natural therapy [8-11]. Many papers have evaluated the different activities of eugenol,
its derivatives and essential oils [12-15]. The free radical scavenging activity of 6-bromoeugenol
and eugenol has studied. The 6-bromoeugenol has given the high antioxidant activity value [16].
So, the authors have shown the efficiency of the (§5)-6,6’-dibromo-dehydrodieugenol as cytotoxic
agent for melanoma [17]. Eugenol and 5-allyl-3-nitrobenzene-1,2-diol have given a high
antioxidant capacity due to the presence of hydroxyl group o the aromatic ring [18]. The
antimicrobial activity of epoxide-eugenol was evaluated and was found higher as achieved for
eugenol [19]. We report here the antimicrobial activities of 6-bromoeugenol and eugenol.

2. Materials and methods

2.1. Disc diffusion method

6-Bromoeugenol was prepared from commercial eugenol [16]. To study the antibacterial
activity of the samples, three strains have been used: Pseudomonas aeruginosa (ATCC 27853),
Escherichia coli (ATCC 25922) and Staphylococcus aureus (ATCC 25293). The strains were stored
at 5°C in sterile tubes containing 10 ml of medium slope cultivation (nutrient agar). Thus, we have
used the following media: the nutrient agar for the isolation and maintenance of bacterial strains, the
Mueller Hinton agar to study the susceptibility of bacteria for various products. To evaluate the
antibacterial activity of the above mentioned products, we have used the middle agar diffusion
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method. This method allows us to determine the minimum inhibitory concentration (MIC) for a
range of concentrations.

From a pure culture of bacteria on isolation medium (nutrient agar medium) with a
maximum of 24 hours, scraped with a sealed Pasteur pipette few well insulated and perfectly
identical colonies. Then, the discharging Pasteur pipette in 10 ml of sterile saline and homogenized
bacterial suspension ; opacity should be equivalent to 0.5 McFarland or an OD of 0.08 to 0.10, read
at the wavelength of 620 nm corresponding to 10° CFU/ml [20]. This method has allowed the
identification of the antibacterial effect of the compounds tested on bacteria, as well as the
determination of the resistance and the sensitivity of these strains by 6-bromoeugenol and eugenol.

The principle of this technique is the same as the antibiotic susceptibility test. The discs
are loaded from the extract and deposited on the surface of the solid culture media Muller Hinton
and seeded with well-defined bacterial species. The test sample starts broadcasting its application to
the culture medium, and to promote bacterial growth, these plates are incubated in the incubator for
24 hours at 37°C. The sample's effect on bacterial growth is reflected by the presence of the
inhibition area devoid of bacteria. The same principle is followed for the positive control. The
antibiotics used are: gentamicin, ampicillin, penicillin and chloramphenicol. The experimental
results are expressed as the mean of the values obtained: standard deviation (SD).

2.2. Determination of the minimum inhibitory concentration (MIC)

The mother solution (1 mg/ml) is obtained by dissolution of 1 mg of sample (6-
bromoeugenol and eugenol) in 1ml DMSO. To evaluate the MIC of each sample, different dilutions
are prepared (0.5 and 0.25 mg/ml) from the mother solution. The tests are repeated three times.
Discs of 6 mm diameter are prepared with paper Nel Whatman, and autoclaved for 20 minutes at
120°C then are impregnated with various solutions of extracts previously dissolved in
dimethylsulfoxide (DMSO). Discs are deposited on the surface of an inoculated medium (spread)
by a microbial suspension with an optical density of 0.5 McFarland. After release, the dishes are
incubated for 18 to 24 hours at 37°C. After incubation, the samples effects appear as a transparent
circular area corresponding to the absence of the growth record. The diameter of this area is the
largest; so the strain is more sensitive [21]. Discs impregnated with DMSO or ethanol is also used
as negative control. The antibacterial activity was determined by measuring the diameter of the
inhibition area. The activity is determined for different concentrations of various samples and
evaluated around inhibition discs [22].

2.3. Determination of the activity coefficient (A)
From the inhibitory diameter @ and the volume of sample V, the inhibitory area S and the
coefficient of activity A are estimated using the equations given as follow [23-25]:

A=S/V Eq. 1
S=n(D?/4) Eq. 2

Where S: inhibitory area (cm?); V: volume of sample (ul) and ®: Inhibitory diameter (mm). (Agar
diameter included (6mm)). In this work, the volume of sample was taken equal to 20 pl.

3. Results and discussion

First, we have studied the sensitivity of the following antibiotics: gentamicin, ampicillin,
penicillin and chloramphenicol on different bacterial strains using the disc diffusion method. The
results are shown in Figurel.
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Fig. 1. Inhibitory areas of antibiotics on tested strains. 1, Gentamicine: Genta;
2, Ampicilline: Amp10; 3, Penicillin: P10 and 4, Chloramphenicol: C30.

We have observed that the bacterial strains react differently to the antibiotics. So, we remark
that the gentamicin and ampicillin have a greater inhibitory area than 15 mm. The two antibiotics
are very sensitive to the used bacterial strains: Pseudomonas aeruginosa (S1), Escherichia coli (S2)
and Staphylococcus aureus (S3).

Penicillin and chloramphenicol react differently to the strains. They express: no inhibition
area with Pseudomonas aeruginosa (SI), middle activity with Escherichia coli (S2) and high
activity with Staphylococcus aureus (S3). From these results, we conclude that Pseudomonas
aeruginosa (S1) is resistant to penicillin and chloramphenicol (Figure 2).

Then, we have evaluated the antimicrobial activity of the following compounds: 6-
bromoeugenol and eugenol by the same method. Three bacterial strains: Pseudomonas aeruginosa
(S1), Escherichia coli (S2) and Staphylococcus aureus (S3) are used for these tests. This test allows
us to determine the minimum inhibitory concentration (MIC) from a range of concentrations by
measuring the diameters of inhibition areas of microbial growth in round of discs, which represent
the maximum antimicrobial activity. We note that the diameter of the inhibition area varies from
one bacterium to another and from a sample to another. The variation of antimicrobial activity
explains the variations in their chemical properties. These results are reported in Table 1.

Table 1. Antibacterial activity results of 6-bromoeugenol and eugenol.
Sample Strain (MIC) (mg/ml) @ (mm)*  Sensitivity S (cm?® A (cm*/pl)°
Pseudomonas aeruginosa
ATCC 27853 (S1)
6-Bromoeugenol Escherichia coli
(BrEU) ATCC25922 (52)
Staphylococcus aureus
ATCC 25923 (S3)
Pseudomonas aeruginosa 025 3
ATCC 27853 (S1) ’ N
Eugenol Escherichia coli 05 8
(EU) ATCC25922 (52) ’ *
Staphylococcus aureus / / / /
ATCC 25923 (S3)
Pseudomonas aeruginosa
ATCC 27853 (S1)
J Escherichia coli
DMSO ATCC25922 (S52) / 6 . / /
Staphylococcus aureus /
ATCC 25923 (S3)

1.00 7 Low 0.384 0.0192

1.00 6.5 - 0.331 0.0165

0.5 7 Low 0.384 0.0192

0.502 0.025

0.502 0.025

/

/ 6 - / /

a: Inhibitory diameter

b: Inhibitory area

c: Activity coefficient

d: Dimethylsulfoxyde, control reaction

From Figure 2, we note that all samples present an antimicrobial activity toward the tested
bacterial strains at three different concentrations: 1, 0.5 and 0.25 mg/ml. The obtained diameters
vary between 6.5 and 8 mm. We also remark that the Pseudomonas aeruginosa (SI) is the more
sensitive strain than Escherichia coli (S2) and Staphylococcus aureus (S3). The last one was
particularly resistant microbial strain.
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The 6-bromoeugenol gives modest activity with (S7) and (S3) despite of (§2) where we note
a low sensitivity at 1 mg/ml (® = 6.5 mm). We observe that eugenol reacts positively with the
Pseudomonas aeruginosa (S1) at all concentrations and with the Escherichia coli (S2) at 0.5 mg/ml
(® = 8 mm). The Staphylococcus aureus (S3) does not be sensitive to eugenol. With P. aeruginosa
(87), we remark that all samples are less sensitive than gentamicin and ampicillin. However, the
situation is reversed with penicillin and chloramphenicol which express no inhibition area. So, the
samples have modest antimicrobial activity by comparing to the four antibiotics.

We observe that the P. aeruginosa (S1) shows an efficient sensitivity for all the samples (6-
bromoeugenol and eugenol) at different concentrations. In Figure 3, we give the inhibitory area
obtained with Pseudomonas aeruginosa (S1) for the studied samples.

Genta (120 pg)

Amp10 (10 pg) - S1
30 P10 (6 ug) s2
C30 (30
/ 3030 15) - 3
25

C1:1.00 mg/mL
20 C2: 0.50 mg/mL
C3: 0.25 mg/mL

Diameter (mm)

G A P C - C€C1 C2 C3 - C1 C2 C3
Antibiotics/Tested Compounds

Fig. 2. Histogram of diameters vs. antibiotics and tested samples. Gentamicin (Genta: 120 pg/disc),
Ampicillin (Amp10: 10 pg/disc), Penicillin (P10: 6 pg/disc) and Chloramphenicol
(C30: 30 pg/disc). 6-Bromoeugenol: BrEU and Eugenol, EU. P. aeruginosa: (S1), E. coli: (S2)
and S. aureus: (S3).

Fig. 3. Inhibitory areas obtained with Pseudomonas aeruginosa (S1). The following samples are
used: A) 6-bromoeugenol and B) eugenol. 1: C1 = Img/ml; 2: C2 = 0.5mg/ml; 3: C3 = 0.25mg/ml.

Next, we have determined the minimum inhibitory concentration (MIC) for the different
strains. So, the P. aeruginosa (S1) shows an efficient sensitivity for all the samples (6-
bromoeugenol and eugenol) with MIC of 1, 0.25, 0.5, 1 and 0.25 mg/ml respectively (Table 1). The
Escherichia coli (S2) are more sensitive to 6-bromoeugenol and eugenol with MIC of 1, 0.5, 0.25

and 0.5 mg/ml respectively. Staphylococcus aureus (S3) was very sensitive to 6-bromoeugenol with
MIC of 0.5 mg/ml (Figure 4a).
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Fig. 4. Histograms of: a) MIC and b) activity coefficient vs. tested samples. 6-Bromoeugenol:
BrEU and Eugenol: EU. P. aeruginosa: (S1), E. coli: (S2) and S. aureus. (S3).

Finely, we have estimated the coefficient of activity A. So, the value of the activity
coefficient A is given as follow: very sensitive strain is equal tol; sensitive strain is equal to 0.025.
However, the resistant microbial strain has a value less than 0.0192. From Figure 4b, we can
confirm that eugenol has more antimicrobial activity than 6-bromoeugenol. From these results, we
conclude that the Staphylococcus aureus (S3) is resistant to eugenol. This study provides an activity
coefficient order for the tested antimicrobial agents as follow: eugenol (0.025) > 6-bromoeugenol
(0.0192) (Table 1).

4. Conclusions

In this study, we have evaluated the antimicrobial properties of the synthetic products: 6-
bromoeugenol and eugenol. The strain of Staphylococcus aureus (S3) is revealed to be the most
resistant. The Escherichia coli strain (S2) is more resistant than the Pseudomonas aeruginosa strain
(S1). So, the Pseudomonas aeruginosa (S1) was found to be the most sensitive strain. We have
determined the minimum inhibitory concentration (MIC) for a range of concentrations using the
disc diffusion method. We have noted that all samples present an antimicrobial activity toward the
tested bacterial strains at three different concentrations: 1, 0.5 and 0.25 mg/ml. The evaluation of
the activity coefficient has confirmed the antimicrobial activity of different samples. In addition, 6-
bromoeugenol has shown his efficiency as antimicrobial agent vis-a-vis eugenol. We can conclude
that the antimicrobial activity depends of several factors like as the interaction between the
microbial environment and the tested samples.
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