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Table 1 The mean inhibition zone diameters (mm) of Cloveand Fennel essential oils and the effects of its
interaction with chloramphenicol antibiotic on some pathogenic microorganisms

Antimicrobial substance CEO FEO Chl In (Chl + CEO) In (Chl+ FEO)
croorganism
Enterobacter aerogenes 17.60 £0.41° 10.90 £0.32°¢ 13.30+0.80°  18.00 +0.38* (Syn)  14.30 £0.47° (Syn)
Salmonella typhi 13.80 +0.48" 11.50 +0.68° 12.10+0.33°  16.80 £0.30* (Syn)  13.20 +0.62° (Syn)
Bacillus cereus 22.40+£0.50° 18.00 +£0.40° 1770 £0.60°  29.40 £0.37*(Syn)  17.30 £0.57° (Ant)
Staphylococcus epidermidis ~ 27.10 £0.65" 20.50 +0.53¢ 19.90+0.71¢  31.10 £0.64* (Syn)  23.40 +0.58° (Syn)

-Values are expressed as mean +standard deviations, n = 3; different letters (a, b, ¢ and d) in each row show
significant difference at p< 0.05.
-Cloveessential oil: CEO, Fennel essential oil: FEO, Chl: Chloramphenicol, In: Interaction, Syn: Synergy, Ant:
Antagonism.
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Microordadism 4 FIC, 2 FICy 2 FICap Enténvéractéowerogenes
Table 2 Ind 3 1 2 Salmonella typhi
The Add 1 0.5 0.5 Bacillus cereus
results Ind ) | 1 Stapfzylocqc.cus
of the epidermidis

interaction of antimicrobial activity of Cloveand Fennel essential oils
FIC s = (MIC, combination / MIC,4 alone) + (MICg combination / MICg alone), Syn-synergy, Add-addition, Ind-
indifference, Ant-antagonism

Table 3 MBC (Fennel essential oil) MBC (Clove essential oil) Microorganism The
128 64 Enterobacter aerogenes
128 64 Salmonella typhi
16 32 Bacillus cereus
16 16 S tapfzylocqc.cus
epidermidis

minimum bactericidal concentration (mg/mL) on some pathogenic microorganisms
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Clove and Fennel have been widely used in traditional medicine for treatment of diseases. Regarding the
existence of the active biological compounds in these plants, it seems that these plants have considerable
antibacterial effects.In this experimental study, the Kirby—Bauer,the dilution method in the liquid medium

and minimum bactericidal concentration (MBC) were used to evaluate and compare the antibacterial
effects of the Clove and Fennel essential oils. The interactions were determined by calculating fractional
inhibitory concentration (FIC), according to the European Committee for antimicrobial susceptibility
testing protocol. The checkerboard method was performed using 96-well microtiter plates. The results
showed that Staphylococcus epidermidis was the most sensitive strain to Clove and Fennel essential
oils.The effects of interaction of Clove and Fennel essential oils with chloramphenicol antibiotic on all
bacteria showed synergistic status (except for the fennel essential oil on Bacillus cereus).Calculation of
fractional inhibitory concentration indicated that there was no interaction between the Clove and Fennel
essential oils on Salmonella typhi, Enterobacter aerogenes and Staphylococcus epidermidis. Regarding
the checkerboard data, one FICIs (>0.5 to 1) indicated the additive effect (Bacillus cereus). Bacillus
cereus is one of the most important bacteria that causing food poisoning, it is possible to use a
combination of Fennel and Clove essential oils as a natural preservative in the food industry.
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