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ABSTRACT
Aim: The aim of this study is to evaluate the minimum inhibitory 
concentration (MIC) of cinnamon bark oil against Lactobacillus 
acidophilus and incorporate it in the liquid component of glass 
ionomer cement (GIC) followed by determination of its effect 
on the compressive strength.

Materials and methods: Antibacterial effect of various con-
centrations of cinnamon bark oil was evaluated using broth 
microdilution method with 96-well tissue culture plate. Minimum 
inhibitory concentration of the cinnamon bark oil against  
L. acidophilus was determined and that concentration was 
then incorporated into the liquid component of the GIC, and its 
compressive strength was evaluated. For compressive strength 
testing, teflon mold of 4 mm diameter and 6 mm height was used 
for the preparation of samples. The prepared specimens were 
stored in distilled water at 37°C for 24 hours in an incubator. 
After 24 hours, the samples were subjected to the universal 
testing machine at a speed of 1 mm/minute for compressive 
strength evaluation. The maximum load required to fracture 
the specimen was recorded.

Results: A volume of 20 µL/mL was found to be the MIC 
of the cinnamon bark oil against L. acidophilus. The mean 
compressive strengths of conventional and cinnamon bark 
oil-incorporated GIC revealed no significant difference.

Conclusion: Cinnamon bark oil has antibacterial property 
against L. acidophilus. Incorporation of 2% v/v cinnamon bark 
oil did not adversely affect the compressive strength of GIC.

Clinical significance: By incorporating this bacteriostatic agent 
to GIC, the progress of caries and failure of restorations can be 
prevented by inhibiting the growth of L. acidophilus. Clinically, it 
can be used in cases of deep dentinal caries, early childhood 
caries, rampant caries, and patients with high caries index.
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INTRODUCTION

Dental caries is an irreversible chronic infectious disease 
causing loss of tooth structure. The lack of the hermetic 
seal in the restored tooth and persistence of cariogenic 
bacteria can cause recurrent caries, leading to failure of 
restoration. One possible solution to overcome this is to 
use dental materials with an antibacterial property.1 Glass 
ionomer cement (GIC) is the mainstay of restoration in 
the primary dentition. Therapeutic benefit for this may 
therefore be achieved by combining antibacterial agents 
with GIC. However, the incorporation of antibacterial 
agents in restorative materials frequently interferes with 
its physical properties. Studying the physical properties 
combined with the antimicrobial effect after adding those 
agents is a valuable approach.2,3

These limitations can be overcome by the addition 
of an herbal antibacterial extracts. Among the plants, 
studied Cinnamomum zeylanicum Blume (cinnamon) is 
one of the most effective antibacterial agents.4,5

The purpose of this study was to determine the in vitro 
antibacterial effect of cinnamon bark oil on Lactobacillus 
acidophilus and its effect on compressive strength of GIC 
after incorporating the estimated concentration in a liquid 
component of GIC.

MATERIALS AND METHODS

This study was conducted in the Department of Pae-
dodontics and Preventive Dentistry, Jagadguru Sri Shi-
varathreeshwara Dental College and Hospital, Mysuru, 
India, in two phases.

Antimicrobial Testing and MIC Determination of 
Cinnamon Bark Oil against L. acidophilus

Antimicrobial testing and MIC determination were 
done at the Department of Microbiology and Biochemistry, 
Jagadguru Sri Shivarathreeshwara Medical College and 
Hospital, Mysuru, India. The standard reference strain 
of L. acidophilus (TSP-Lal) was procured in freeze-dried 
vacuum ampoules from Triphase Pharmaceuticals Pvt. 
Ltd., Mysuru. These freeze-dried organisms were added 
to MRS broth to make a suspension of the culture. A few 
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drops of the suspension were streaked on to MRS agar in 
a Petri plate as it is the selective media for L. acidophilus 
and were incubated at 37°C under aerobic conditions for 
72 hours. The purity of the cultures was checked periodi-
cally by colony morphology and Gram staining.

The optical density (OD) of standardized bacterial 
suspension was adjusted to 0.1 which corresponds to 0.5 
McFarland standard and 1.5 × 108 CFU/mL. The antimi-
crobial activity of cinnamon bark oil was determined by 
broth microdilution method recommended by Clinical 
Laboratory Standards Institute using MRS broth. The 
96-well tissue culture plates were used for testing various 
concentrations of cinnamon bark oil. Serial dilutions of 
the cinnamon bark oil samples ranging from 20 to 2.5 µL/
mL were prepared in 10% dimethyl sulfoxide (DMSO); 
0.2% chlorhexidine (CHX) was used as a positive control, 
and MRS broth was used as a negative control.

A volume of 100 µL of the prepared samples, at 
increasing concentrations of 2.5, 5, 10, 20, and 100 µL of 
the prepared bacterial inoculums were added into the 
wells of 96-well tissue culture plate. Bacterial inoculum 
was added to all the wells except the negative control and 
then kept for incubation at 37°C for 24 hours.

After 24 hours of incubation, the antibacterial activ-
ity was recorded using visual confirmation and reading 
of absorbance using a multimode plate reader (EnSpire, 
Perkin Emler) at 600 nm wavelength. The OD values were 
then determined using the multimode plate reader. The 
lowest concentration of series which inhibited visible 
growth of bacteria was recorded. In the present study, 
20 µL/mL dilution of cinnamon oil in DMSO exhibited 
considerable bacterial inhibition. Hence, it was considered 
as the minimum inhibitory concentration (MIC) for cin-
namon bark oil against the L. acidophilus.

A volume of 20 µL/mL concentration of cinnamon 
bark oil was incorporated in the liquid component of 
GIC and was vortexed to obtain a homogeneous mixture 

which was then used to prepare experimental GIC for its 
compressive strength evaluation.

Testing Compressive Strength of Conventional 
and Cinnamon Bark Oil-incorporated GIC

The samples for compressive strength were tested at 
the Department of Polymer Science and Technology, 
Sri Jayachamarajendra College of Engineering, Mysuru, 
India.

For the purpose of compressive strength evaluation, 
13 specimens of each group were tested.

Preparation of samples

All the samples were prepared by a single operator using 
standardized teflon molds with inner dimensions of  
6 mm thickness and 4 mm diameter (Fig. 1). The teflon 
molds used for preparing specimens were coated with 
petroleum jelly lubricant before the insertion of material 
to facilitate removal of hardened samples. The material 
was mixed according to the manufacturer’s instructions 
and then inserted into the teflon molds (Fig. 2). The 
specimens were covered with acetate strips and sealed 
with knobs. The specimens were removed from the 
molds after the initial setting time (Fig. 3). A single coat 
of varnish was applied to each specimen. Specimens were 
kept in 100% relative humidity for 60 minutes, and then 
they were stored in distilled water at 37°C for 24 hours 
in incubator as per International Standard Organization 
(ISO) and British Standards.

Compressive Strength Testing

For compressive strength testing, the specimens were 
placed with their flat ends up between the plates of uni-
versal testing machine. A compressive load was applied 
along the long axis at a crosshead speed of 1 mm/minute. 
The maximum force applied when the specimen fractured 

Fig. 1: Customized teflon jig for preparation of samples Fig. 2: Condensing the GIC into teflon mold
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was recorded (Figs 4 and 5), and the compressive strength 
was calculated by the following equation:6,7

Compressive strength F
d

= 4 2π

where F is the maximum applied load (N), and d is 
the diameter of the specimen (mm).

The data obtained were subjected to statistical 
analysis.

Statistical Analysis

Descriptive statistics was done to evaluate the mean of 
both the groups and independent t-test was performed 
to compare the means of both the groups.

RESULTS

Minimum inhibitory concentration of cinnamon oil was 
found to be 20 µL/mL as this concentration was first to 

show visible decrease in the turbidity. The mean OD 
value for this group was least compared with the other 
concentration tested.

The mean compressive strength observed for con-
ventional GIC and cinnamon bark oil-incorporated GIC 
was 61.21 ± 4.59 and 59.39 ± 4.53 MPa respectively, with a 
p-value of 0.32 (p > 0.05), indicating a nonsignificant dif-
ference between the mean compressive strength values 
of conventional and cinnamon bark oil-incorporated GIC 
(Table 1 and Graph 1).

Figs 3A and B: Prepared specimens of 6 mm height and 4 mm diameter

Fig. 4: Fracture of specimen postload application

Fig. 5: Hounsfield universal testing machine with appropriate 
software to record all parameters

A B
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DISCUSSION

Dental caries is one of the most common chronic infec-
tious diseases affecting the oral cavity.8 The microbial 
populations associated with dental caries are known to be 
highly complex and variable. According to Munson et al9  
and Chhour et al,10 Streptococcus mutans and Lactobacil-
lus species are dominant microorganism in the lesion 
of advanced caries, and these two are considered as a 
principle microorganism in the pathology of dental caries. 
S. mutans is the organism causing initiation of caries, 
whereas Lactobacillus causes progression of dental caries. 
van Strijp et al11 showed that lactobacilli in the dentin 
specimens were positively correlated with the lesion 
depth. They are now considered as secondary invad-
ers rather than initiators of the caries process resulting 
in secondary caries.12 The Lactobacillus count is used to 
evaluate the carious risk.13,14 A strong correlation has been 
established between the Lactobacillus count and caries; 
the higher the decay-missing-filled index, the higher the 
number of children harboring a high Lactobacillus count.15 
Since Lactobacillus is the common pathogenic organism 
causing secondary caries,12 there is a need of an antibacte-
rial agent which can inhibit the growth of Lactobacillus, 
in turn preventing secondary caries. Thus, in this study, 
antibacterial effect and MIC of the cinnamon bark oil was 
determined against L. acidophilus.

Dental caries is a phenomenon causing irreversible 
loss of tooth structure. It is treated by the removal of 
the decayed tissue and replacing it with a biocompatible 
restorative material. In comparison with other materials 
used in clinical restorative dentistry, there is no better 
example, i.e., preferentially useful in consideration of 
pediatric dentistry than GIC. For children, these materials 
have offered an alternative that has insidiously become a 
“standard of care” in a variety of clinical indications for 
children.16 Glass ionomer cement has gained wide accep-
tance and popularity, mainly due to its ease of handling 
characteristics, chemical bonding to tooth structure, and 
fluoride release.17 However, according to Mazzaoui et al,18 
the amount of fluoride released from GIC is not sufficient 
to show an antibacterial effect against caries-causing 
pathogens which can give rise to secondary caries. In 
addition, Yap et al19 showed that GIC does not promote 
an efficient antibacterial effect despite the presence of 
fluoride. The cariostatic effect of GIC is still doubtful.20 
Clinical studies have shown that residual bacteria located 
under a GIC restoration are viable for up to 2 years.21,22 
Therapeutic benefit may therefore be gained by incorpo-
rating antibacterial agent in the GIC. Previously, in the 
scientific literature, efforts have been made to improve the 
antibacterial effect of GIC by incorporating CHX,2,3,23,24 
antibiotics,25 xylitol,24 and cetrimide.3 Incorporation of 
these agents improved the antimicrobial effect of the GIC 
on cariogenic microorganisms.26 However, Takahashi  
et al27 concluded that incorporation of CHX diacetate 
at 2% or greater concentration significantly decreased 
compressive strength and bond strength of GIC. Also, 
addition of the antibiotics, such as metronidazole, cipro-
floxacin, and cefaclor, can give rise to possible antibiotic 
resistance.3

These limitations can be overcome by incorporating 
a herbal antibacterial agent to the GIC cement. Natural 
products have been used for thousands of years in folk 
medicine, and they are believed to be the new source of 
antibacterial agents.28 One-fifth of the plants grown in 
India are used for medicinal purpose. Out of these plants, 
the bark of cinnamon is widely used as a spice. Cinnamon 
is reported for its antioxidant, antimicrobial, antidiabetic, 
and anti-inflammatory activity in scientific literature. It 
has been traditionally used to treat toothache and fight 
bad breath.29 In addition, Matan et al30 concluded that 
cinnamon bark oil is not harmful when consumed with 
food products and it inhibits the growth of yeast, molds, 
and bacteria. Jatan et al31 reported that cinnamaldehyde 
was the major component of cinnamon bark oil which is 
responsible for its antibacterial effect. It renders antibac-
terial effect by damaging the cell wall of the bacteria.4 
Varalakshmi et al32 found that cinnamon bark extract 
had inhibited both Gram-positive and Gram-negative 

Graph 1: Mean compressive strength values for conventional 
glass and cinnamon bark oil-incorporated GIC

Table 1: Intergroup compressive strength comparison of 
conventional and cinnamon bark oil-incorporated GIC

N Mean ± SD
Mean 
difference t-value p-value

Conventional GIC 13 61.21 ± 4.59 1.82 1.02 0.32
Cinnamon bark 
oil-incorporated 
GIC

13 59.39 ± 4.53

SD: Standard deviation
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bacteria indicating broad spectrum inhibitory effect. It 
showed a greater inhibitory effect against Gram-positive 
bacteria; then, the Gram-negative bacteria demonstrat-
ing antibacterial effect is comparable with that of the 
standard drug ampicillin. In the study done by Gupta et 
al,33 the antibacterial effect of cinnamon oil against oral 
pathogens was compared with the clove oil, and it was 
found that cinnamon oil was more effective compared 
with clove oil against all the species tested. In addition, 
Fani and Kohanteb34 determined the antibacterial activity 
of cinnamon and eucalyptus oil against the multidrug-
resistant S. mutans and methicillin-resistant Staphylococ-
cus aureus, Candida albicans, and Candida glabrata, and it 
was found that all the tested species were sensitive to 
both the essential oils but cinnamon oil showed strong 
promising inhibitory activity even against the resistant 
bacteria compared with the eucalyptus oil.

Although antibacterial properties of cinnamon oil 
have been reported in the scientific literature, evidence 
on the action of the cinnamon oil on the pathogenic oral 
bacteria is still scarce. One of the objectives of this study 
is to improve the antibacterial effect of GIC by incorpo-
rating cinnamon bark oil in the liquid component of GIC 
to prevent the occurrence of secondary caries. Hence, 
attempt was made to determine the in vitro MIC of  
cinnamon bark oil against selected cariogenic pathogen, 
i.e., L. acidophilus.

The difficulties on the determination of the antibacte-
rial activity of essential oils are well recognized, and this 
is mainly due to the volatile properties and insolubility of 
oils in water. According to Faleiro,35 these essential oils 
are hydrophobic in nature, and high viscosity of the oil 
causes an irregular distribution throughout the culture 
medium. Hence, in our study, the antibacterial effect of 
cinnamon bark oil against L. acidophilus was determined 
using a broth microdilution method, and it was found 
that cinnamon oil inhibited the growth of L. acidophilus. 
Optical density of the bacterial inoculums used for the 
study was adjusted to 0.1. In 96-well microtitre plate, 
equal volumes of bacterial inoculums with different 
concentrations (2.5, 5, 10, 20 µL/mL) of cinnamon oil were 
added, and it was kept in the incubator for 24 hours. After  
24 hours, the OD values of each the sample were deter-
mined using multimode plate reader. It was found that 
the mean OD value of the bacterial inoculums without 
cinnamon oil had increased to 0.49, indicating growth 
of bacteria. Whereas the mean OD values of the samples 
containing bacterial broth with different concentrations 
of cinnamon oil were less compared with the OD value 
of the bacterial inoculum, indicating less turbid solution 
and hence inhibition of the growth of the L. acidophilus by  
cinnamon bark oil. The OD value of the bacterial broth 
with 20 µL/mL cinnamon oil concentration was found 

to be 0.19, which is equivalent to the OD value of the 
standardized bacterial inoculum. In addition, 20 µL/mL 
was the first concentration to show visible decrease in 
the turbidity.

Percentage reduction in the OD values with the dif-
ferent concentrations of cinnamon bark oil in 10% DMSO 
was also evaluated. These percentage reductions in OD 
values indicate the inhibition of the growth of bacteria 
by the respective concentration of the cinnamon bark oil. 
Maximum percentage reduction in the growth of bacteria 
is 61.07%, which was shown by 20 µL/mL concentration.

Hence, 20 µL/mL, i.e., 2%, of cinnamon bark oil was 
added per milliliter of the liquid component of experi-
mental GIC.

While the presence of an antibiotic in a dental material 
can be effective against oral pathogens, it is necessary that 
any additive should not adversely affect the physical and 
mechanical properties of a restorative material. Hence, in 
our study, after incorporating the cinnamon bark oil in 
the liquid component of GIC, the most common physical 
property mentioned in the literature, i.e., compressive 
strength, was evaluated, and it was compared with that 
of conventional GIC.

For the compressive strength testing of the specimens 
of both the groups, customized teflon jig was made, in 
which three cylindrical molds were prepared with a 
dimension of 4 mm diameter and 6 mm height according 
to ISO 7489:1986 specifications.36 These dimensions are in 
accordance with the dimensions used by Yli-Urpo et al,37 
Mallmann et al,7 and Mohammed and Raghad.38 Speci-
mens were kept in 100% relative humidity for 60 min, and 
then, they were stored in distilled water at 37°C for a period 
of 24 hours in incubator as per ISO and British Standards.

The mean compressive strength for conventional GIC 
was 61.21 ± 4.59 MPa. The compressive strength values 
ranged from 54.66 to 69.41. The compressive strength 
values of conventional GIC obtained in this study are in 
accordance with the values obtained by Mallmann et al7 
and Khaghani et al39 with the same specimen dimension.

The mean compressive strength value of cinnamon 
bark oil-incorporated GIC was 59.39 ± 4.53 MPa. The 
compressive strength values ranged from 53.17 to 69.72 
MPa, which are comparable to the compressive strength 
of the conventional GIC.

Means of both the groups were compared using inde-
pendent t-test. The mean difference of both the group 
was found to be 1.81 MPa, with p-value of 0.32 (p > 0.05) 
indicating a nonsignificant difference between the mean 
compressive strength of conventional and cinnamon bark 
oil-incorporated GIC.

In this study, the compressive strength values of 
cinnamon bark oil-incorporated GIC and conventional 
GIC are comparable, indicating that incorporation of 2% 
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v/v cinnamon bark oil did not affect the compressive 
strength of GIC.

Hence, cinnamon bark oil containing GIC can be bene
ficial clinically as Lactobacillus is the organism responsible 
for the progression of the carious lesion and it is the main 
organism causing secondary caries. By incorporating this 
bacteriostatic agent to GIC, the progress of caries and 
failure of restorations can be prevented by inhibiting 
the growth of L. acidophilus. Clinically, it can be used in 
the cases of deep dentinal caries, early childhood caries, 
rampant caries, and patients with high caries index.

However, intraoral variables, such as normal mastica-
tory stress, moisture, and operator inconsistencies, are not 
taken into consideration in the present study. Therefore, 
further studies are necessary to test the long-term stabil-
ity of this material.

CONCLUSION

Within the limitations of the present study, we can con-
clude that addition of the 2% v/v of cinnamon bark oil 
did not jeopardize with the basic physical property of the 
material, thus 2% v/v cinnamon bark oil can be used as a 
potential additive to gas-liquid chromatography. However, 
its effect on various other parameters, such as shelf life, sta-
bility, salivary saturation, and cinnamon oil release, needs 
further elucidation by other more sensitive modalities.

CLINICAL SIGNIFICANCE

By incorporating this bacteriostatic agent to GIC, the 
progress of caries and failure of restorations can be pre-
vented by inhibiting the growth of L. acidophilus. Clini-
cally, it can be used in the cases of deep dentinal caries, 
early childhood caries, rampant caries, and patients with 
high caries index.
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