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Introduction the bacterial matrix of plaque biofilms. ' Different
degrees of pathological bacterial that colonizes the

Dental plaque is a thin whitish or pale tooth and gingiva at different site will results in

yellow biofilm that builds up on the teeth. These different types of oral diseases. The oralenvironment
biofilms are complex aggregation of diverse enhancing the growth of acidogenic and aciduric
microorganisms. Overgrowth or imbalance of the microorganism’s results tooth decay and dental
dental plaque microbial communities will lead to the  carries which is characterized by itreversible
growth of more pathological organisms deeper inside  solubilization of tooth mineral by acid produced by
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these organisms. > Apart from dissoluting minerals
from teeth, the microbial community also affects the
gums adjacent to teeth causing periodontal diseases.
This diseases occurred when the dental plaque
organisms induce inflammatory responses due to
various compounds elicited such as toxins in the
tissue. Same time are responsible for loss of
perindontal tissue, pocket formation and loss of
teeth. Periodontal diseases are divided into two
general groups which are gingivitis and
periodontitis.’

Numerous attempts have been made to use
antibacterial agents to control the microbial causes @
periodontal disease Antimicrobial age
chemotherapeutic agents that reduceitife
bacteria present, either by
certain organisms or by
bacteria. The drugs
produced many side
drugs extracted
herbal extract ar,
beside that this d
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zeylanicum tree i ep h--i
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zeylanicum  plant _has

composition that varies
constituents of t e
which make up 75% of the
Other chemical components 'J
cinnamyl acetate, eugenol, cryophy hé
benzoate. Cinnamomum zeylanicum extr :
widest spectrum of bacterial inhibition actmty whe :
its antibacterial properties can inhibit the growth of
many types of bacteria compared to other plants. ® °
In previous studies, Cinnamomum zeylanicum
extracts can inhibit gram positive and gram negative
bacteria with its low concentrations.'® ' This
promising antibacterial activity of cinnamon causes
cinnamon to be studied constantly with a wider range
of bacteria. This study was driven based on a few
main objectives where evaluating the antibacterial
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activity was the main goal. The aims were to
evaluate the antibacterial activity of Cinnamomum
zeylanicum aqueous extract and ethanol extracts on
different microorganisms of the dental plaque and to
compare the overall effects of Cinnamomum
zeylanicum  extracts against an antibacterial
mouthwash, Oradex containing antibacterial agent
Chlorhexidine.

Materials And Methods

Preparation of Plant Extracts
Cinnamomum zeylanicum dried stem bark
rom a local market and extracted
vents which is water (Aqueous
thanol Extract). Both
procedures. Both
ilization by a freeze-
ms of the extracts.
from the solutes
at it can retain
during long-
were stored
ated (-4°C)
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est later on. Apart from these microorganisms, a
dental plaque pool sample was also obtained, where
dental plaques were extracted randomly from the
mouth and cultured in Brain Heart Infusion (BHI)
broth and THIO Glycolate broth. These broths were
chosen to grow aerobic, anaerobic and facultative
bacteria respectively.
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The positive control used throughout this i 3
= i RO ested Dental plaque
study was Oradex antibacterial mouthwash, that was zelanicin organisms pool sample
purchased from the Student Dental Clinic, Faculty of e, P , , 5
Dental, University Malaya. On the other hand, sterile v v v
distilled water was used as the negative control. s Eflianol f:'f‘g;f:;’}"
Experimental Procedures ; b
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. . . Freeze-dry Bl-;jl t:r TH‘I.}J
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all the disks (positive and negative control, two Dilute
aqueous extracts and two ethanol extracts) was vsing BBS
observed where clear zones (complete inhibitio T

were seen on the agar and the diameter; :

-
measured using a ruler to the neases : Test

(mm) readings. This test was de d

wum Inhibitory
ragion (MIC)

Minimum Inhibitory C

The mini
values were also
to determine
extracts that ca
organisms afie
plant concgnirs
visible gro
the Minim !
test was also ¢ Hcate different tH

Fix Plant/Cox ! ; s
: S fusion

pnstrating the
ay

volved i est @
opposite 0 res involved in MIC - Table 1 shows ¥ of inhibition

the bacterial dilutio done first ind€ad of plan on agar weooT tafeach of the
extracts i he results d.'e g ted. For the ¢ utans and B.
lowest ba centration ang s gili there are zope und the tested

bacteria that inhibited by pt the negati ntrok disk. Higher
ian of plant e owed a larger

concentrati

e nhibifiofngreated compared to the lower
Table 1: The " ‘ﬁ ncentrs i .%‘ e ethanol extracts
d 1

'Zong (DIZ) 0 L,L*‘ i ; e arente ionwin comparisons to the
independent Disk I CSHS I8 : A Chs L. casei showed
plate for each i n plant extracts disk
biL. Ay 00 mg/ml of aqueous extract
G (ma/ml) 10 zone seen around the disk A.
e 200 | 100 | 200 : e;zcomitans showed resistance towards
;— e :? ° :j :‘l‘~= = 1 plant extracts disk because no zones can be
coli - 3 2 . . .
e T T T BT R = identified on this organism plate. On the ot‘her. hand,
L casci B ] VAR T T - the dental plaque pool samples showed no inhibition
ii’"n&:'::' : 2 y L R ) el zones for the entire plant extracts disk except for the
jonmniye- - - S = = . . & e
i 9 higher concentration of ethanol extract which is 200
Dental plaque | - - - = mg/ml. For the positive control disk, inhibition zones
(Aerobic) 1 135 :
e - - - - can be seen for all the organisms tested. The lanfgest
{Facultative) 8 1 inhibition zone which is 22.5 mm was produced by S.
:::::lrm:l)u- E HEIS T 5 E aureus whereas the smallest zone identified from A.

actinomycetemcomitans, with 9 mm.
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The negative control disk, inoculated with sterile
distilled water deesn’t inhibit the tested organisms;
therefore no inhibition zones can be seen around
every negative control disks used.

2- Minimum Inhibitory Concentration (MIC) Test
Minimum Inhibitory Concentration (MIC)
Value

Table 2: The number of bacterial concentration (cells/ml) for each organism inhibited by the low

aqueous extract (100 mg/ml)

Organisms

Fixed plant concentration Oradex Distilled
(Low concentration:100 mg/ml) (+) water

control )
control

Bacteria concentration (cells/ ml)

x10° [ 1x10t 1x10° 1x10°

1x10° 1x107 1x10°

S. aureus - - -

E. coli

S. mutans

L. casei

B. fragilis

A. actinomyce-
temcomitans
Dental plaque
(Aerobic)
Dental plaque
Facultative
Dental plaque =k
Anaerobic

++]r |+

+ = Bacterja gio cleria gro

Table 3: T eri ati
aqueous exir

Fixed
conc!
Organisms

x10° Ix1 xl

S. aureus
E. coli - - -

S. mutans -
L. casei e
B. fragilis -
A. actinomyce- +
Temcomitans

Dental plaque

Aerobic)

Dental plaque

Facultative

Dental plaque
(Anaerobic)

+ = Bacteria growth = 1

The graph showed the lowest plan
concentration needed to inhibit the growth of the
microorganisms. The values are the same for the two
independent tests done and these values were based
on the bacterial growth seen on the agar plates after
an overnight incubation in the confirmation step
(spot inoculation). The last plant concentration that
inhibits the growth of these organisms is regarded as
the MIC values. From the graph, the MIC value for
S. aureus was 25 mg/ml of aqueous extract
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control

t concent¥ation (cells/ ml)
1x10° 1x10° 1x1

- - +

12.5 mg/ml of ethanol extract. These values are
the lowest MIC values obtained in this study. The
MIC values for E. coli, S. mutans and L. casei were
100 mg/ml, 50 mg/ml and 200 mg/ml for the
aqueous extract respectively.On the other hand, 25
mg/ml of ethanol extract is the MIC value for both E.
coli and S. mutans whereas 50 mg/ml ethanol extract
inhibits L. casei Bacteroides fragilis required low
concentration of both plant extracts to be inhibited
which are 100 mg/ml of aqueous and 50 mg/ml of



ethanol extracts. The highest MIC value comes from
A. actinomycetemcomitans with 300 mg/ml of
aqueous extract and 150 mg/ml of ethanol extract.
This MIC values were the same for the anaerobic
dental plaque pool samples. Higher aqueous extract
was needed which is 300 mg/ml to inhibit both
aerobic and facultative dental plaque pool samples
but only 75 mg/ml of ethanol extract required to
inhibit both of these samples. There was no
inhibition seen by the negative controls therefore
bacteria were seen growing on the plates. The
positive control showed inhibition for all the tested
organisms and dental plaque pool samples except
actinomycetemcomitans where a few colonie
seen on the agar plates.
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g * The results
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Table 4:The De

Ethanol Extract (50 mg/m

Cinnamomum zeylanicum

aureus, E. coli, S. mutans and B. fragilis were
completely inhibited and no sign of growth seen on
the agar. :

The numbers of bacteria inhibited were
increased in A. actinomycetemcomitans and dental
plaque pool samples with the high aqueous extract
given where 1x10° cells/ml of aerobic dental plaque
pool sample is being inhibited.The results for the
ethanol extract were shown in Table 4 and Table 5
where in Table 4, the lower ethanol extract was
tested. Based on the results, 100 mg/ml of ethanol
extract can inhibit more organisms with S. aureus, E.
coli and S. mutans being completely inhibited. High
ncentration of B. fragilis, 1x10 cells/ml and 1x10°
. 0 asei was inhibited whereas significant

0 al plaque pool samples were seen.

ati ple bacteria were inhibited
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sults presented in
ion of bacteria in
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o differences.
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Oradex Distilled
() water
Organisms control) =)
control
cteria concentration (cells/ ml)
ixig 1x107 ixi0 ixi0” ixit? ixi0’ 1x10°
S. aureus - - - - - - - +
E. coli - +
S. mutans - - - - +
_L casei + & - - - +
B. fragilis i = = z - £ = +
A. actinomyece- + + + + + + F +
term i z
Dental plaque (Aerobic) & + + £ + - - +
Dental plaque (Fa ) + + - - - - +
Dental plaque (Anaerobic) + * + i * +
+ = Bacteria growth - =No bacteria growth
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Table 5: The number of bacterial concentration (cells/ml) for each organism inhibited by the High

Ethanol Extract (100 mg/ml)

Organisms

Fixed plant concentration
(High concentration: 100 mg/ml) (+)

Oradex

Distilled
Gligase!
control

control)

Bacteria concentration (cells/ ml)

1x10° 1x10” 1x10°

1x10° 1x10° 1x10° 1x10°

S. aureus - - -

- - - +

E. coli - - K

S. mutans - - -

L. casei . z 3 5

B. fragilis : g 5

A. actinomyece- + + -
temcomitans

;
:
i
4|+ |+ |+

Dental plaque - - -
(Aerobic)
Dental plaque - -
(Facultative)
Dental plaque +
(Anaerobic)

+ = Bacteria growth tert

Plant
Concentration

(mg/ml)

Dental Plaque OrHﬂ

A =S aure . acti
B=E. co =
C=S5. mu

D= L. casei

E = B. fragilis

Figure 2: Lowest plant concentrati i
an overnight incubation.

Discussion

In the present study, the antibacterial
activities of  Cinnamomum  zeylanicum  were
evaluated against various dental plaque organisms
including the dental plaque pool sample. The disk
diffusion test was done to screen the antibacterial
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rowth of tested organisms after

activity of the plant extract. The concentration
chosen was based on literature review of previous
studies where the disk diffusion test results gave a
hint of the resistance or susceptibility of the tested
organisms against the plant extracts. The more
susceptible organisms required a lower starting value
of plant extract for the Minimum Inhibitory



Concentration (MIC) test whereas the resistance
organisms such as A. actinomycetemcomitans,
needed a higher concentration of extract. The MIC
test was used as the main antibacterial test to
evaluate the antibacterial activity because this test
can determine the lowest plant concentration needed
to inhibit visible (99%) bacterial growth. From the
MIC test, the Minimum Bactericidal Concentration
(MBC) can also be identified but MBC was not
emphasized in this study. After the MIC value of
each organisms determined, a random low and high
plant extract concentration was chosen to be used in
the fixed plant concentration test. The values chosg
for the later test is within the MIC valug
highest and lowest MIC range
organisms. The motive of thi
the number of bacteria
chosen plant concen
Cinnamomum zeyla
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study uses Orag
the recommenc
dental plag
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1
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solvents li : =d amou
of this co e
making the yantib
extract lesse
the results obt
consistent with
low concentratio
extracts and M
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values from this study
is more soluble in pentené
ethanol which explains the™need
concentration of the ethanol extrac
similar  antibacterial  effects
microorganisms.

The first organism to be inhibited at the
lowest plant concentration was S. aureus followed by
S. mutans. It showed that gram-positive cocci
bacteria were the most susceptible to the cinnamon
extract. Between S. qureus and E. coli, higher
concentration of extracts needed to kill E. coli
because E. coli is a gram-negative bacilli organism.
But L. casei which is also a bacillus, but a facultative

al activity o
ed to the ethano

=
towards

Cinnamomum zeylanicum

anaerobe gram-positive bacterium required a higher
plant extract perhaps due to its environmental
conditions where it grows that causes L. casei to be
more resistance. A. actinomycetemcomitans proved.
to be the most resistance organisms compared to the
others because this particular bacterium is a gram-
negative bacillus which grows in an anaerobic
environment and posed as the most pathogenic
organism. These factors may contribute to the
resistance and provided better mechanisms in
avoiding the antibacterial activity of cinnamon
extracts. For the dental plaque pool samples, the
anaerobic cultures were the most resistance leading
higher MIC values. Microscopic observation
notep. gram-negative and gram-positive

n in the culture compared to the
pmprised more of gram-

-positive  organisms
the antibacterial
anicum extracts -
anisms. The type
gial role. Gram-
hick layer of
d teichuronic
rigidity and
eptidoglycan
agents that
provide less
ability barrier.

e bacterid
tidG iGan,  in
1d: C PEP o]
cts the cell
er is pene
anaged kill the
otectiOiR due to its ineffe

C()ﬁi
pbran

structural
characteristic
philic solutes,
e barrier to the
ith these special
bacteria were more
agents including
. cinnamon
interacts with the cell
bts and leaks out small ions
components. This interaction
tegrity of the cell which induces the
depletion of intracellular ATP (adenosine
triphosphate) molecules. The interaction also caused
more cell constituents to be release to the
environment and the alteration of intracellular pH to
a lower pH.

In comparison, chlorhexidine, a cationic
substance that binds to bacterial cell wall and kills it.
'* The mechanisms of chlorhexidine is more efficient
in disrupting the organisms’ cell wall. Therefore, the
antibacterial properties of chlorhexidine is better

aride compo Thi

impermeab
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compared to cinnamon extracts. This explanation 7. Gulab N. J, Onkar D. D. Carolina M. J.

was side by side with the presents study’s results Identification of the major fungitoxic
which showed that Oradex mouthwash could inhibit component of cinnamon bark oil J
all the organisms tested including the dental plaque Fitopatology 2005; 30(4).

pool samples. However, even if the antibacterial 8. Lopez P., Sanchez C., Battle R. and Nerin C.
actions of chlorhexidine was good, it didn’t manage Solid- and vapor-phase antimicrobial activities
to inhibit completely 4. actinomycetemcomitans of six essential oils: susceptibility of selected
growth This study showed that the ethanol extract of foodborne bacterial and fungal strains. J
Cinnamomum zeylanicum has a better antibacterial Agricultural and Food Chemistry 2005; 53(17):
properties compared to the aqueous extract in the 6939-46.

entire antibacterial test done. 9. Singh HB, Srivastava M, Singh AB and

Srivastava AK. Cinnamom bark oil, a potent
fungitoxicant against fungi causing respiratory
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