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 ABSTRACT 
 
Statement of Problem: The Strep. mutans, Staph. aureus, Cand.albicans, 
and Cand. Glabrata are the most common cuases of oral infections and the 
use of chemical drugs usually leads to drug resistant microorganisms.                    
Purpose: The aim of this study was to investigate the antimicrobial activity 
of Cinnamon and Eucalyptus oils against this oral microorganism. 
Materials and Methods: The oils were prepared by steam distillation and 
their inhibitory activity at different concentrations and the minimum inhibit -
ory concentrations (MIC) were determined. Strep. mutans, multi drug resist-
ant (MDR) Strep. mutans, Staph. aureus, methicilin resistant staph. areus, 
Candida. albicans, C.glabrata were used in this study. The data were analyz-
ed using Chi square and Fisher statistical test. 
Results: All of the bacterial and fungal isolates were sensitive to Cinnamon 
and Eucalyptus. Cinnamon oil showed strong promising inhibitory activity 
on all the S.mutans isolates at a concentration as low as 3.12%. Eucalyptus 
oil showed less inhibitory activity, as the least effective concentration of 
this oil was 25%. The MIC of Cinnamon and Eucalyptus oil ranged 12.8-
51.2 and 64-256µg/ml, respectively. 
Conclusion: Both Cinnamon and Eucalyptus oils exhibited antimicrobial 
activity but their effectiveness varied. Cinnamon oil showed stronger inhibi-
tory activity as measured by MIC determination. S.mutans, the etiological 
agents of dental caries, were highly sensitive to Cinnamon oil and hence it 
may be used as an antiseptic in toothpaste, mouthwash or chewing gum for 
prevention of dental caries and other oral infections. 
 

 * Corresponding author. Fani MM., Address: Dept. of Oral Medicine, School of Dentistry, 
Shiraz University of Medical Sciences, Shiraz, Iran.;   Tel: 0711-6263193-4;   Fax: 0711-
6270325;     E-mail: fanim@sums.ac.ir 
 

Introduction 
Infectious diseases represent an important cause of 
mortality among populations in developing countr-
ies. Although many new antimicrobial agents were 

produced in last decade, resistance to these drugs 
by the infectious agents has remarkably increased 
[1-3]. Moreover, the spread of drug resistant patho-
gens is one of the most serious threats to successful 
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treatment of microbial diseases. Due to the prese-
nce and increase of numerous drug resistant stra-
ins, there is an urgent need to develop novel antim-
icrobial agents; hence, much attention has been m-
ade on medicinal plants during the last decade [4-
8]. Many hundred of plants worldwide are used in 
traditional medicine as a remedy for microbial inf-
ections. The oil extract of green tea (camellia sine-
nsis) [9], garlic (Allium sativum) [4, 7], Cinnamon 

(Cinnamomum zeylanicum) [10], Eucalyptus gl-
obulus [11], Zataria multiflora [12], Artemizia fed-
dei [13], and Rosmary (Rosmarious officinalis) [14] 
were the most extensively researched medicinal pl-
ants which have been reported to have cidal or inh-
ibitory activity on various bacterial, fungal and vir-
al agents. 

Various microorganisms such as Streptococcus 
mutans, Staphylococcus species, Actinomyces, Ba-
cteroides, fusiforms, candida species are present in 
the oral cavity of human beings which under speci-
al circumstances cause oral and systemic infections 
[9, 15-18]. Streptococcus mutans, the main causati-
ve agent for initiation and progression of dental ca-
ries, bacteremia and cardiovascular infections [15-
16] have been reported to be highly sensitive to ga-
rlic oil while they were multiply-resistant to the ro-
utinely used antibiotics [4]. Other oral bacteria such 
as Prophyromonas gingivalis, Actinobacillus actio-
nmycetecomitans, Fusobacterium nucleatum and 
Haemaphilus influenza were found to be sensitive 
to Cinnamon and Eucalyptus oils [10-11, 18-20]. 

According to many medical researches about 
antibacterial activity of the herbal drugs, in the 
present investigation we studied the possibility of 
the inhibitory activity of Cinnamon and Eucalyptus 
oils on S.mutans, S.aureus, Methicillin resistant st-
aphylococcus aureus (MRSA), Candida albicans 
and Candida glabrata isolated from various oral in-
fections of human subjects.   
 
Materials and Methods  
For this in vitro study, 188 patients with various or- 

al infections such as dental caries, periodontal dise-
ases, thrush, oral abscesses and oral lesions associ-
ated with artificial denture were included and sam-
pled. S.mutans were isolated from the extracted ra-
mpant carious teeth. The extracted teeth were incu-
bated in 10 ml Todd-Hewit broth (Merk- Germany) 
at 37°C in the presence of 5% CO2 for 48 hours. A 
Mitis- Salivarious- Bacitracin- Agar (MSBA) med-
ium was sub-cultured from Todd- Hewit broth and 
incubated at 37°C, 5% CO2  for 72 hours. S.mutans 
were identified by biochemical tests as described 
elsewhere [4, 21].  Staphylococcus aureus were is-
olated from patients with oral abscesses, periodont-
al diseases, gingivitis or other related oral infectio-
ns. The samples were inoculated in Mueller-Hinton 
broth and incubated at 37°C for 48 hours and S.au-
reus were then identified on the basis of colonial 
morphology and biochemical tests. Candida albic-
ans and Candida glabrata were isolated and charac-
terized from the oral samples of patients with thru-
sh, oral abscesses and oral lesions associated with 
artificial denture. The samples were cultured on 
Cornmeal agar (CMA) containing Tween 80 and 
kept at room temperature for 3 weeks. Candida sp-
ecies were characterized by Germ tube test. All the 
isolates of S.mutans (n=82), S.aureus (n=57), C.al-
bicans (n=30) and C.glabrata (n=19) were kept on 
culture media at 4°C until used. S.mutans ATCC 
25175 and S.aureus ATCC 25923 were used as co-
ntrols. Candida albicans (ATCC 90028) and C.gla-
brata (ATCC 90030) were also used as control.  

 
Detection of Methicicillin resistant Staphylococcus aureus 
(MRSA) 
All the S.aureus isolates were checked for sensit-
ivity to methicillin. Detection of mecA gene or its 
product, penicillin Binding Protein (PBP2a), is co-
nsidered as the gold standard for MRSA confirmat-
ion. However, the recent investigations suggest 
that disk diffusion using 30µg cefoxitin is also hel-
pful and is superior to the most previously recom-
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mended techniques [22-23]. Clinical Laboratory 
Standard Institute (CLSI) also has published zone 
diameter breakpoint guidelines for cefoxitin for 
demonstration of MRSA [24]  .A total of 57 isola-
tes of S.aureus were checked for methicillin resist-
ance and Minimum Inhibitory Concentration (MIC) 
determination by using 30µg disk and E test strip 
of cefoxitin (AB Biodisk, Solna, Sweden). Briefly, 
cell suspension of each isolate of S.aureus was pre-
pared and its turbidity was adjusted to No 0.5 Mac 
Farland. One tenth milliliter of this suspension was 
seeded on Mueller-Hinton BBL ΙΙ agar (Becton-
Dickinson, Heidelberg-Germany) and a 30 µg cef-
oxitin disk was placed on the agar and incubated at 
36°C for 19 hours. The zones of inhibition were 
measured in mm by a caliper and then recorded. E 
test cefoxitin MIC testing was carried out using 
Mueller-Hinton BBL ΙΙ agar, the plates were kept 
at 36°C for 19 and MICs were determined followi-
ng the recommendations of the manufactures [22].  
 
Antibiotic sensitivity by disk diffusion on S.mutans isolates 
Antibiotic sensitivity profile of S.mutans (n=82) 
was determined according to the method of Bauer-
Kirby [25]. Disks of penicillin, amoxicillin, tetrac-
ycline, imipenem, ceftriaxone, erythromycin clind-
amycin rifampin, vancomycin and teichoplanin 
were placed on a MSBA medium which was previ-
ously seeded with the test organism. Then the inhi-
bition zones were measured after 72 hours of incu-
bation at 37° C in the presence of 5% CO2. Interpr-
etation of resistance was based on Clinical Labora-
tory Standard Institute. Those isolates of S.mutans 
which were resistant to four or more of the above-
mentioned antibiotics were considered as Multi-
Drug resistant (MDR) strains and were used to det-
ermine the antibacterial activity of Eucalyptus and 
Cinnamon oils. Broth microdilution susceptibility 
testing for estimation of MICs of amphotericin, 
flucytosine, fluconazole, itraconazole and varicon-
azole were carried out on all the candida isolates 

according to the recommendations of NCCLS as 
described in M27-A2. 
 
Preparation of Eucalyptus globulus and Cinnamomum 
zeylanicum oils 
Cinnamon and Eucalyptus oils were prepared by 
steam distillation for 3 hours according to Senhaji 
et.al [10]. The disteillation flask containing Cinna-
mon powder or Eucalyptus fresh leaves was conne-
cted to the steam generator by a glass tube and to a 
condenser to retrieve the oil. The recovered mixtu-
re was allowed to settle and the oil was withdrawn 
and kept at 4°C until used. Ten percent dimethyl 
sulfoxide (DMSO) with Tween 80 (0.5% V/V) was 
used as diluent for the antimicrobial activity 
testing. 
 
Disk diffusion assay 
The antimicrobial activities of Cinnamon and Euc-
alyptus oils were determined by disk diffusion test 
on solid media. MSBA, BAP, and CMA culture 
media were used for S.mutans, S.aureus, and Can-
dida species, respectively. Cell suspensions of each 
isolate were prepared and adjusted to 108 Colony 
Forming Unit (CFU)/ml in sterile Mueller-Hinton 
broth and 0.1 ml of this suspension was seeded on 
appropriate culture media. A 6 mm in diameter ste-
rile Wattman filter paper No 5 (Rund filter, Mach-
erey-Nagel, D-5160 Doren Germany) was impreg-
nated with 50µl of different concentrations (100, 
50, 25, 12.5, 6.25 and 3.12%) of respective oils 
and placed on the abovementioned culture media. 
The plates were sealed with parafilm to avoid eve-
ntual evaporation of the test sample, kept at room 
temperature for 45 minutes to allow oil diffusion, 
and were then incubated at 37 or 30°C for 48-72 
hours. The diameter of the zone of growth inhibiti-
on was measured and recorded. Sterile filter paper 
soaked in DMSO was used as control in each expe-
riment. Inhibition zone of less than 7 mm was con-
sidered as negative. 
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MIC assay 
The agar dilution method as recommended by Nat-
ional Committee for Clinical Laboratory Standards 
[26-27] with minor modifications was used. Final 
concentration of 0.5% (V/V) Tween 20 (Sigma) 
was incorporated into the agar medium to enhance 
the oil solubility. A series of two-fold dilution of 
each oil ranging from 0.2- 51.2µg/ml for Cinnamo-
n and 16-256µg/ml for Eucalyptus oils were prepa-
red in Mueller-Hinton agar at 48°C. The plates 
were allowed to stand at room temperature for 30 
minutes and were then inoculated with 3µl aliquots 
of the cultures containing approximately 105 CFU/ 
ml of each microorganism. The plates were incuba-
ted at 37 or 30°C for 24-72 hours. MICs were deter-
mined as the lowest concentration of the oil inhibi-
ting the visible growth of each microorganism on 
the plates. Inhibition of bacterial and fungal growth 
on the plates containing test oil was judged by co-
mparison with the growth in blank control plates. 
The data were analyzed using Chi-square and Fish-
er exact tests in SPSS version 11.5. 

 
Results 
In this study, 82 isolates of S.mutans, 57 of S.aur-
eus, 30 of C.albicans, and 19 of C.glabrata were re-
covered from the oral cavity of patients with vario-
us oral infections. Out of 82 isolates of S.mutans, 
20 (24.4%) were resistant to at least four antibioti-
cs, so they  were considered as Multi-Drug resista-
nt-S.mutans (MDR- S. mutans). Table 1 presents 
the resistance rate of the S.mutans isolates. The hi-
ghest resistance rate was observed for tetracycline 
while no resistance was detected to vancomycin 
and teichoplanin. 

Table 2 shows the resistance patterns of 20 
MDRS.mutans isolates. Five different patterns 
were identified: 17 isolates were resistant to 5 anti-
biotics (patterns No, 1, 2 and 3), 2 resistant to 4 
(pattern No 4) and one isolate was resistant to 6 
antibiotics (pattern No 5). According to the criteria  

Table 1   Resistance rate of 82 S.mutans isolates recovered 
from carious teeth to antibacterial agents by disk diffusion 
tests 
 
Antibacterial agents No of resistant isolates (%) 
Tetracycline 20 (24.4) 
Penicillin 18 (21.9) 
Amoxicillin 15 (18.3) 
Erythromycin 18 (21.9) 
Rifampin 14 (17) 
Clindamycin 12 (14.6) 
Ceftriaxone 1 (1.2) 
Imipenem 1 (1.2) 
Vancomycin 0 (0) 
Teichoplanin 0 (0) 

 
suggested by CLSI [27], out of 57 isolates of S.au-
reus, 21 (36.8 %) were identified as MRSA. 
 
Table 2  Resistance patterns of 20 MDR strains of S.mutans 
recovered from carious teeth to antibacterial agents by disk 
diffusion test 
 
 

Pattern No. Resistance pattern No. of patterns 
1 P, AMX, RIF, TET, E 8 
2 P, AMX, TET, E, CLIN 5 
3 P, E, CLIN, RIF, TET 4 
4 AMX, CLIN, TET, RIF 2 
5 P, E, IMIP, TET, CEF, CLIN 1 
Total MDR strains              20 

 

P-Penicillin, AMX- Amoxicillin, E- Erythromycin, RIF-Rifampin, 
TET- Tetracycline, CLIN-Clindamycin, CEF- Ceftriaxone, IMIP-
Imipenem. MDR- multi drug resistant  

 
Table 3 shows the results of cefoxitin sensitiv-

ity by MICE test and disk diffusion methods (Bau-
er-Kirby). The zone of growth inhibition around 
30µg cefoxitin disk varied from 22-33 mm for 
non-MR-SA and 8-18 mm for MRSA. The MIC of 
Cefoxitin ranged 0.5- 4µg/ml and 6-24 µg/ml for   

  
 

Table 3  Results of MIC-E test and disk diffusion technique, 
using  cefoxitin strip and 30µg disk for identification of 
MRSA 
 

Bacterial type MIC range 
(µg/ml) 

Range of inhibition 
zone (mm) 

Non-MRSA (n=36)   0.5 – 4 22-23 
MRSA (n=21)   6.0-24 8.0-18 
MRSA ATCC 25923 12.0 16.0 
 
MRSA- Methicillin Resistant Staphylococcus aureus. MRSA were 
characterized as described by Skov R et al [23] and CLSI [24]. 
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Table 4  Antimicrobial activity of various concentrations of Cinnamon ( C ) and Eucalyptus (E) oils on microorganisms isolated 
from the oral cavity of patients with oral infections by disk diffusions tests 
 

Con of Oils 
% 

 MDR S.mutans 
( n=20 ) 

N.MDR S.mutans 
(n=62) 

MRSA 
(n=21) 

N.MRSA 
(n=36) 

C.albicans 
( n=30) 

C.glabrata 
(n=19 ) 

100 C 
E 

62* 
41 

64 
38 

43 
29 

44 
38 

54 
48 

51 
45 

50 C 
E 

51 
20 

52 
19 

28 
14 

28 
18 

27 
24 

27 
23 

25 C 
E 

35 
9 

25 
8 

15 
0 

15 
8 

13 
12 

14 
12 

12.5 C 
E 

21 
0 

15 
0 

9 
0 

8 
0 

8 
0 

8 
0 

6.25 C 
E 

16 
0 

9 
0 

0 
0 

0 
0 

0 
0 

0 
0 

3.12 C 
E 

9 
0 

8 
0 

0 
0 

0 
0 

0 
0 

0 
0 

 
Abbreviations: MDR-multi drug resistant, MRSA-methicillin resistant S.aureus, * - figures are the mean diameter of inhibition zones in mm. 
10% Dimethyl sulfoxide was used as control, which showed no zone of inhibition. 

 
Non-MRS-A and MRSA, respectively ( p < 0.05). 
All the isolates of C.albicans (n= 30) and C.glabr-
ata (n=19) were sensitive to amphothericin B, fluc-
ytosine and voriconazole with MIC ranging 0.12- 
0.5µg/ml. However, a total of 4 (21%) of C.glabra-
ta and 6 (20%) of C. albicans showed decreased 
susceptibility to itraconazole (MIC > 0.5µg/ml) and 
fluconazole (MIC > 16µg/ml). The inhibitory activ-
ity of Cinnamon and Eucalyptus oils on the afore-
mentioned bacterial and fungal isolates from the 
oral cavity of patients with oral infections as meas-
ured by disk diffusion is summarized in Table 4. 
Cinnamon oil was found highly active on both 
MDR and Non-MDR-S.mutans at concentrations 

3.12-100% by producing the zone of inhibitions 
ranging 8-62 mm in diameter. The least active con-
centration of this oil on other microorganisms 
tested was 12.5% producing inhibition zone of 8 
mm in diameter. Eucalyptus oil at concentrations 
of 100, 50 and 25% was effective on MDR and 

Non-MDR-S.mutans producing zone of inhibition 
ranging 8-41 mm in diameter. The least active 
concentration of this oil on other microorganisms 
tested was 25% producing 8 mm inhibition zone. 
There was no inhibition of growth by 10% DMSO 
used as control. Table 5 is a summary of s the MIC 
of both oils. Cinnamon oil showed maximum acti-
vity with MIC values ranging from 12.8-51.2µg/ 
ml, followed by Eucalyptus oil with MIC values of 
64-> 256µg/ml against all the bacteria and unicel-
lular fungi tested. 
 
Discussion 
One of the most important problems in the success-
ful treatment of infectious diseases is the develop-
ent and spread of resistant pathogens to antimicro-
bial agents. Besides the side effects, high consum- 
ption of various antibiotics may lead to the develo-
pment of supra-infection when antibiotics eradicate 
normal flora.  Despite  the advent and development  

 
Table 5  Minimum inhibitory concentrations (MIC 90) of Cinnamon ( C ) and Eucalyptus (E ) oils (µg/ml) against bacterial and 
fungal isolates of patients with oral infections.  
 
Oils MDR S.mutans N. MDR S.mutans MRSA N.MRSA C.albicans C.glabrata 

C 12.8 12.8 25.6 25.6 51.2 51.2 
E 64 64 128 128 256 >256 

 
Abbreviations: MDR-multi drug resistant, MRSA- methicillin resistant Staphylococcus aureus. N-none 
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of antimicrobial agents, bacterial and fungal infect-
ions are still a major health problem; therefore, 
there is an urgent need to develop new antimicrob-
ial compounds, with higher activity, greater sensiti-
vity, and less toxicity. The studies carried out on 
medicinal plants during the last decade indicate that 
essential oils or the extracts of some medicinal pla-
nts could be considered as a potential source of no-
vel antimicrobial agents [4-14, 19-20]. In vitro stu-
dies in this investigation showed that both Cinnam-
on and Eucalyptus oils exhibited inhibitory activity 
on all the microorganisms tested but their effective-
ness varied.  

S.mutans were the most susceptible isolates to 
cin-8/7namon oil at a concentration as low as 
3.12%, while Eucalyptus oil was not effective on 
S.mutans at this concentration (Table 4). MRSA, 
Non MRSA, C.albicans, and C.glabrata regardless 
of their sensitivity to antibiotics and antifungal age-
nts were equally sensitive to Cinnamon oil and their 
growth was inhibited at 12.5% whereas Eucalyptus 
oil was effective at the concentration of 25%, indic-
ating stronger activity of Cinnamon oil.  

Quale JM et al. [28] have shown that consump-
tion of commercially available Cinnamon bark cou-
ld improve oral candidiasis of patients with HIV in-
fections. Fluconazole resistant C.albicans (n=6,  

20%) and C.glabrata (n=4, 21%) examined in our 
study were equally sensitive to Cinnamon oil with 
MIC= 51.2 µg/ml. Eucalyptus oil, though effective 
on these unicellular fungi, showed much higher 
MIC (256->256 µg/ml). Several studies have shown 
that Cinnamon oil had a strong and consistent inhi-
bitory activity against various pathogenic microorg-
anisms [29-30] while other investigators have repo-
rted the better antimicrobial activity of Eucalyptus 
oil [20, 31]. 

The data obtained in this study indicate the stro-
nger activity of Cinnamon oil as it showed lower 
MICs on all the microorganisms tested (Table 5). 
The antimicrobial activity of Cinnamon oil is attrib-

uted to the presence of cinnamaldehyde which is 
the predominant active component found in Cinna-
mon oil [32]. Ooi LS et al [33] have found both cin-
namon oil and cinnamaldehyde equally active on 
Gram positive and Gram negative bacteria (MIC= 
75-600 µg/ml) and unicellular fungi (MIC=100-450 
µg/ml). Cinnamaldehyde was also shown to inhibit 
the growth of antibiotics resistant and sensitive Hel-
icobacter pylori [34] and hence Cinnamon bark tak-
en orally may prevent gastric ulcer caused by these 
bacteria.  

Cinnamon oil was not harmful when consumed 
in food products and may be used as an agent to 
inhibit the growth of bacteria, molds, and yeast cel-
ls in food preservation. However, there are occasio-
nal case reports of allergic contact dermatitis [35] 
and stomatitis [36] among the consumers of Cinna-
mon oil. Eucalyptus oil has been used in inhalation 
therapy to treat bronchitis and sinusitis. Inhalation 
of Eucalyptus vapor augments the output of respire-
tory tract fluid and maintain the ventilation and dra-
inage of the sinuses. Eucalyptus oil is well docume-
nted as being extremely toxic if ingested particular-
ly among children [37]. However, systemic Eucaly-
ptus oil poisoning post-topical application has been 
reported [38].  

Complex extract of the tea tree and Eucalyptus 
oils has been shown to have strong bactericidal act-
ivity against MRSA [39]. This complex has been 
administered percutaneously into bone, to treat an 
intractable MRSA infection of the lower tibia in an 
adult male patient and his symptoms resolved after 
3 months [40]. In our study, both MRSA and non-
MRSA were equally sensitive to Eucalypt-us oil 
with MIC=128µg/ml. However, considering the 
low inhibitory activity of this oil, as measured by 
MIC determination, its toxicity and side effects, its 
application as antiseptic is limited to topical use. 
 
Conclusion  
Cinnamon  oil  which  exhibited  stronger inhibitory  
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activity particularly on S.mutans, the etiological 
agent of dental caries, which is not toxic when ing-
ested and has no harmful reactions and side effects, 
could be used as an antiseptic and may be incorp-
orated into tooth paste, mouthwash and chewing 
gum for prevention of dental caries and other oral 
infections. 
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