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Abstract: The study aimed to determine the in-vitro anti-bacterial effect of cinnamon (Cinnamomum zeylanicum Blume) 
oil on pathogenic oral bacteria. Essential oil from cinnamon tree bark was extracted using steam distillation technique and 
analysed using gas chromatography (GC) and gas chromatography – mass spectrometry (GC-MS). Broth microdilution 
test was used to determine the Minimal Inhibitory Concentration (MIC) of oil against major oral pathogens in caries and 
periodontal diseases viz. Streptococcus mutans, S. mitis, S. salivarius, Aggregatibacter actinomycetemcomitans, 
Porphyromonas gingivalis and Fusobacterium nucleatum. Bacterial cell membrane modification following exposure to 
the oil was observed using scanning electron microscopy (SEM). Through the GC/GC-MS analysis, cinnamaldehyde was 
identified as the major component of cinnamon oil (82.5% in relative amount). Both cinnamon oil and cinnamaldehyde 
showed antibacterial activity against the tested bacteria (MIC 0.21 - 0.63 mg/mL and 0.8 – 0.15 mg/mL respectively). Cell 
membrane changes were observed following 2h exposure to the oil. This finding suggests cinnamon bark oil as a potential 
therapeutic agent in preventing bacterial-related oral diseases. 
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INTRODUCTION 

 Dental caries (tooth decay) and periodontal disease (gum 
disease) are the most common oral diseases worldwide [1]. 
One of the most important contributing factors for the 
progression of these oral diseases is the biodiversity and 
complex nature of the dental plaque; it acts as a biological 
film where various bacterial species interact and may form a 
protective barrier against anti-microbial agents, resulting in 
resistance to common antibacterial agents used in clinical 
dentistry [2]. Among the strongly disease-associated oral 
bacteria are the anaerobic Gram-negative species of 
Porphyromonas gingivalis, Treponema denticola and 
Enterococcus faecalis, as well as mutans streptococci [3, 4]. 
These bacterial species are most virulent in dental plaque 
community and are resistant to treatment modalities, with a 
number of them being difficult to cultivate when tested in in-
vitro environment [5]. Thus, many recent research are 
increasing being carried out to develop effective antibacterial 
agents against them. 
 Common domestic spices and herbs including betel 
leaves, black pepper, cloves and cinnamon have been used 
traditionally as remedies for oral conditions like toothache 
and gum swelling. More recently, scientific research has also  
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shown potential antibacterial properties of extracts from 
these herbs [6-9]. Application of the development of such 
bioassays in clinical science may offer beneficial knowledge 
and approach to management of oral disease. Several studies 
have been done to determine the usage of herbal essential 
oils in managing dental diseases [7, 10]. Among the plants 
studied is Cinnamomum zeylanicum Blume (cinnamon) [8, 
11]. Cinnamon is locally grown and available and has been 
used safely in traditional medicine for decades. Although 
antimicrobial properties of cinnamon oil have been reported 
recently, scientific evidence on the action of cinnamon oil on 
pathogenic oral bacteria, particularly pathogens related to 
periodontal disease, is still scarce. Thus, this study aimed to 
identify and determine the in-vitro anti-bacterial effect of 
cinnamon (Cinnamomum zeylanicum Blume) bark oil on 
selected pathogenic oral bacteria.  

MATERIALS AND METHODS 

Essential Oil Extraction 

 Dried bark of Cinnamomum zeylanicum Blume were 
purchased from a local nursery. Approximately 150g of 
coarsely grounded herbal material were used for extraction 
of essential oil using the hydro-distillation technique for 8 
hours. The oily layers were separated and dried using 
anhydrous magnesium sulphate, purified through a modified 
wool filter and finally stored at 4°C in air-tight bottles until 
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use. Moisture content was measured separately using the 
Dean’s stalk and done in triplicates [12]. 

Gas Chromatography (GC) and Gas Chromatography-
Mass Spectrometry (GC-MS) 

 A Shimadzu GC2000 gas chromatography equipped with 
column DB-5 (1 µm thickness, 30 m length, 0.25 mm i.d) 
was used for the analysis of oils. Injector and flame 
ionization detector (FID) temperature were maintained at 
250°C. The samples were dissolved in ethyl acetate and 0.1 
µL of each samples were injected in split mode. Nitrogen 
was the carrier gas used with a flow rate of 1.0 mL/min. 
Initial temperature of the oven was programmed at 75°C for 
the initial 10 min, then 3°C/min to 230°C for 5 min. Total 
program time was 73.33 min (modified from [13]). 
 Essential oils were ‘spiked’ using the combined 
chromatography technique [14]. Using the same protocol as 
before, each essential oil sample was injected with a mixture 
of standard hydrocarbon series of C8 – C21. Location of each 
carbon series were identified based on the retention time of 
carbon series run in the chromatogram earlier. 
 Analysis of the essential oils were also examined using a 
Shimadzu QP5050A GC-MS System with column HP-5MS 
and held at stationary phase under controlled condition; 
initial temperature at 75°C for 5 min, then maintained at 
250°C for 10 min. Helium was used as the carrier gas at 1.2 
mL/min air flow. Injector and detector temperature were 
maintained at 240 – 280°C.  

Identification of Oil Constituents 

 All components of the essential oil were identified by 
comparing their retention indices (RI) based on Kováts index 
calculation using homologous series of alkanes C8 – C21 [14, 
15] and GC-MS database library. 

Bacterial Culture and Growth Maintenance 

 Oral bacteria used in the study were Aggregatibacter 
(Actinobacillus) actinomycetemcomitans (ATCC 29522), 
Fusobacterium nucleatum (ATCC 25586), Porphyromonas 
gingivalis (ATCC 33277), Streptococcus salivarius (ATCC 
13419), Streptococcus mitis (ATCC 6249) and Streptococcus 
mutans (ATCC 25175). All the strains were purchased from 
the American Type Culture Collection (ATCC).  
 A. actinomycetemcomitans was cultured in tryptic soy 
broth-vancomycin (TSBV), P. gingivalis and F. nucleatum 
were cultured on trypticase yeast agar enriched with 5% 
fresh bovine blood, haemin (5 µg/mL) and Vitamin K (0.5 
µg/mL) (ETY). Streptococci spp. were cultured and 
maintained on mitis-salivarius-bacitracin-sucrose (MSA) 
agar. A. actinomycetemcomitans, P. gingivalis and F. 
nucleatum were grown in anaerobic environment with 5% 
H2, 5% CO2, 90% N2 at 37°C for 24 to 48 hours while 
Streptococci spp. were grown aerobically throughout the 
study.  

Broth Microdilution Technique  

 The antibacterial assay techniques were based on broth 
microdilution techniques in accordance to standards 
recommended by laboratory guidelines for aerobic bacteria 

[16] and anaerobic bacteria [17] where bacteria were grown 
and tested in suspension broth. All bacteria were initially 
cultured in their respective test broth i.e. Streptococci spp. 
and A. actinomycetemcomitans in BHI broth, and P. 
gingivalis and F. nucleatum in ETY broth. 

Minimal Inhibitory Concentration 

 Two-fold serial dilutions of oil samples ranging from 
10.0 - 0.08 µL/mL (v/v) were prepared in dimethylsulfoxide 
(DMSO). Each series of mixtures were mixed in BHI and 
ETY broth separately, and dispensed into a 96-well 
microtitre plate (100 µL/well). Subsequently, suspensions of 
the 24 - 48 h cultured bacteria in BHI and ETY broths were 
adjusted to 0.5 McFarland turbidity standard (approximately 
1.5 x108 cfu/mL). Each bacterial suspension were dispensed 
into the wells to give a range of final concentrations of 
samples of 5.0, 2.5, 1.25, 0.63, 0.31, 0.16, 0.08, 0.04 µL/mL. 
Triplicate samples were performed for each test 
concentration in addition to a blank sample (without 
bacterial suspension). 

 After 48 h incubation, the antibacterial activity was 
recorded using visual confirmation and reading of 
absorbance using a plate reader (Varioskan, Fischer 
Scientific) at 590nm wavelength. The lowest concentrations 
of series which inhibited visible growth of bacteria, were 
recorded as the Minimum Inhibitory Concentration (MIC) 
for each extract. Tests were repeated three times and the 
means of MIC values of each test were recorded.  

Antibacterial Activity of Volatile Constituents of the 
Essential Oils 

 Based from the gas chromatography analysis, main 
constituents of the essential oils were identified and used as 
the test agents. Final concentrations of standards used were 
1600 – 12.5 µL/mL (v/v). Similar methods were employed as 
above to prepare the sample mixtures, bacterial suspensions 
and reaction wells for determination of MIC values. 

Scanning Electron Microscopy 

 The bacterial membrane changes was determined by 
scanning electron microscopy (SEM), modified from [18] 
and standard operating protocol adapted by SEM Unit, 
Universiti Kebangsaan Malaysia Medical Centre (PPUKM). 
Overnight cultured bacteria in suspension broths were 
exposed to cinnamon oil prepared in DMSO at 2.5 mg/mL 
(w/v) and incubated either aerobically or anaerobically for 
2h at 37°C. Cultures without presence of cinnamon oil were 
used as controls. The bacteria cells were then collected 
through centrifugation at 1000 rpm for 1 min, rinsed twice in 
PBS (pH 7.2) and fixed in 3% glutaraldehyde (grade I) 
between 30 min to 1h at room temperature. The cells were 
washed with PBS three times for 10 min each wash and left 
to sit in 1% osmium tetroxide (OsO4) for 30 min to facilitate 
observation in appropriate contrast during viewing later. The 
cells were again washed with PBS for 10 min, followed by 
distilled water twice for 10 min each. Subsequently, cells 
were dehydrated in graded ethanol solution at 30%, 50%, 
70% and 90% for 10 min each step. Lastly, the cells were 
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dehydrated twice in absolute ethanol concentration for 10 
min intervals and cleaned with acetone twice for 15 min. The 
cells were finally observed under scanning electron 
microscope (Quanta200, FEI, Netherlands) at 20,000x 
magnification. 

RESULTS AND DISCUSSION 

Chemical Composition of the Essential Oil 

 The evaluation on the chemical composition of essential 
oil of C. zeylanicum bark was carried out using GC/GC-MS. 
In the essential oil, seven major constituents were identified, 
representing 87.6% of the total oil (Table 1). The major 
compound in the C. zeylanicum bark oil was cinnamal-
dehyde (82.5%), followed by α-pinene (1.4%) and cis-beta 
ocimene (1.3%). The rest of the components were present in 
amounts less than 1%. The cinnamaldehyde being the major 
component of cinnamon bark oil is in agreement with those 
previously reported, i.e. 44.2% [12] and 68.95% [8]. 

 C. zeylanicum oil showed strong growth inhibition 
activity against all the pathogenic oral bacteria tested, with 
MIC mean values between 0.21 + 0.04 to 0.63 + 0.23 µL/mL 
(v/v) and no preference over the type of bacteria tested 
 

(Table 2). From the oil analysis, two major volatile standards 
i.e cinnamaldehyde (Fluka 96350) and eugenol (Fluka 
46100) were selected and tested on the bacterial species. 
Both cinnamaldehyde and eugenol standards showed 
profound activity against both Streptococci spp. and Gram 
negative anaerobes (Table 2). Active concentration for both 
compounds ranged between 0.15 – 0.8 µg/mL (w/v). The 
findings on the activity of cinnamon bark oil against both 
Gram positive and Gram negative bacteria in this study is 
quite similar with a previous report [8]. 

Morphological Changes Following Exposure to Cinna-
mon Oil 

 The changes on the bacterial cell surface following 2 h 
exposure to the cinnamon bark oil (2.5 mg/mL) were 
compared with the unexposed bacterial cells (Fig. 1). There 
is increased translucency of the bacterial cells of S. mutans, 
P. gingivalis, and F. nucleatum. These findings suggest that 
exposure to cinnamon bark oil may have induced changes to 
the surface membrane of the tested bacteria. However, the 
changes observed differ from one bacteria species to another, 
suggesting the mechanism on how cinnamon bark oil 
induced the changes to the surface membrane may differ 
according to the bacteria species tested.  
 

Table 1. Identified Chemical Constituents of C. zeylanicum Bark Oil 

Constituents % Amount RI Identification Methods 

α-pinene 1.4 941 a, b 

1,8-cineole 0.5 1034 a, b 

(Z)-β-ocimene 1.3 1039 a, b 

Borneol  0.9 1168 a, b 

Cinnamaldehyde <E-> 82.5 1288 a, b 

Eugenol 0.5 1363 a, b 

Isoeugenol<(E)-> 0.5 1450 a, b 

RI (retention index) and percentages of yield (%) were calculated based on the concentrations obtained on column DB5; a = retention index based on calculation of Kováts index8; b 
= Gas chromatography-mass spectrometry 

 

Table 2. Minimum Inhibitory Concentrations (MIC) of Cinnamon Oil and Major Volatile Compounds against Oral Bacteria 
 C. zeylanicum Oil Eugenol Cinnamaldehyde 

A. actinomycetemcomitans 0.21 0.15 0.23 

F. nucleatum 0.42 0.80 0.30 

P. gingivalis 0.63 0.80 0.30 

S. salivarius 0.31 0.40 0.40 

S. mitis 0.52 0.40 0.40 

S. mutans 0.63 0.40 0.40 

MIC values indicated as means, in µl/mL or µg/mL. Tested concentrations ranged between 0.04-5.0 µL/mL w/v (essential oils) and 12.5-1600 µg/mL w/v (standards).  



Anti-Bacterial Activity of Cinnamon Oil The Open Conference Proceedings Journal, 2013, Volume 4    15 

CONCLUSION 

 The findings reported in this study suggest that cinnamon 
bark oil and its constituents have a potential to be developed 
as a therapeutic agent in preventing bacterial-related oral 
diseases. Further in-vivo studies on the mechanisms of the 
antibacterial activities of cinnamon bark oil are warranted. 
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