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Ab s t r ac t
Aim and objectives: Antibacterial activity of five different extracts of Cinnamomum zeylanicum​ was estimated and compared with the conventional 
root canal irrigant sodium hypochlorite on planktonic cells as well as on a 6-week biofilm.
Materials and methods: An estimated 10 g of the five different herbal extracts, namely methanol, ethanol, isopropyl alcohol, acetone, and 
chloroform were weighed and mixed with 20 mL of inert solvent. Zone of inhibition was assessed by the agar well diffusion assay and MIC 
(minimum inhibitory concentration) by the broth dilution assay. A total of 90 teeth samples were inoculated with E. faecalis​ (ATCC 29212) 
and were incubated for 6 weeks. The samples were assigned into six different groups, namely Cinnamomum zeylanicumm​ ethanolic extract, 
Cinnamomum zeylanicum​ ethanolic extract, Cinnamomum zeylanicum​ isopropyl alcohol extract, Cinnamomum zeylanicum​ acetone extract, 
Cinnamomum zeylanicum​ chloroform extract, and NaOCl. Time required to inhibit 6-week biofilm of E. faecalis​ was assessed using time kill curve 
with a time interval of 5, 10, 15, and 20 minutes. Statistical analysis was done using the Kruskal–Wallis test.
Results: The methanol, ethanol, isopropyl alcohol, acetone, and chloroform showed a complete eradication of Enterococcus faecalis​—both 
planktonic organism and the 6-week biofilm.
Conclusion: According to the study conducted, methanol, ethanol, isopropyl alcohol, acetone, and chloroform extracts of Cinnamomum 
zeylanicum​ were found to be effective antibacterial agents against E. faecalis​—both planktonic cells and 6 weeks biofilm formed on dentin 
substrate. 
Clinical significance: Since cinnamon extract has a good antimicrobial activity almost at par with NaOCl, it could be a promising alternative 
to conventional irrigants.
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In t r o d u c t i o n
Effective debridement and disinfection of the root canal system is 
the key to achieve a predictable long-term success of endodontic 
treatment.1​ Enterococcus faecalis​ is the most commonly cultured 
organism from failed endodontic treatment, and is the dominant 
species associated with secondary infections.2​–​5​ It can also survive 
by genetic polymorphism and by its ability to bind to dentin, invade 
dentinal tubules, and survive starvation.2​ The collaboration of 
shaping with instruments and cleaning with irrigants facilitates 
root canal disinfection.6​,​7​ The most effective method to eliminate 
E. faecalis​ is the use of 3% to full-strength sodium hypochlorite 
and 2% chlorhexidine as irrigating solutions.2​,​6​,​7​ But both these 
irrigants possess some undesirable properties such as toxicity to 
the periradicular tissues, reduction in dentin strength due to its 
proteolytic effect, allergic potential, unpredictable efficacy during 
storage, and unpleasant taste and odour.8​ This demands the need 
for a search of endodontic irrigant with a better biocompatibility 
and antibacterial property to overcome the limitations of the 
currently used chemical irrigants. Herbal products are gaining 
popularity in every f ield of medicine, mainly due to their 
biocompatibility. They also possess high medicinal properties such 
as antioxidant, antimicrobial, and anti-inflammatory properties.9​–​13​ 
The cinnamon tree (including the bark, leaves, flowers, fruits, and 
roots) has also been reported to possess antimicrobial property 
and biocompatibility.10​,​14​,​15​ Therefore, the aim of this in vitro​ study 
is to evaluate the efficacy of different extracts of Cinnamomum 
zeylanicum​ (CZ), namely methanol, ethanol, isopropyl alcohol (IPA), 

acetone, and chloroform extracts against a 6-week Enterococcus 
faecalis​ dentinal biofilm.

Mat e r ia  l s a n d Me t h o d s

Bacterial Strain Used
The stock culture of E. faecalis​ (ATCC 29212) that had been 
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College and Hospital, Chennai, India was used for the study. The 
cultures were revived on Muller Hinton Agar (MHA) and checked 
for purity.

Preparation of Herbal Extracts
Extracts of C. zeylanicum​ were prepared (2:1 w/v) by the cold 
percolation method using the following solvents: ethanol, 
methanol, acetone, chloroform, and isopropyl alcohol. The herbal 
extracts were evaporated to dryness and the stock solution of the 
extracts were prepared using 10% dimethyl sulfoxide (DMSO). 
The stock solutions were filter sterilized using Sartorius Minisart® 
syringe filters.

Screening for Antibacterial Activity
The antibacterial activity of the herbal extracts was assessed by well 
diffusion assay. An inoculum was prepared by the colony suspension 
method as per CLSI guidelines.16​ The turbidity was adjusted using
sterile MHB to match 0.5 McFarland standard so as to achieve a cell
density of 1.5 × 108​ cells. Lawn culture of E. faecalis​ was prepared on 
sterile MHA plates and wells of 8 mm diameter were punched out 
aseptically using a sterile cork borer. A volume of 200 μL of herbal 
extract solutions at desired concentrations was introduced into 
the well. The agar plates were incubated at 37°C for 16–18 hours. 
The zone of inhibition diameter was measured by graduated scale. 
Sodium hypochlorite (2.5%) was included as positive control.

Determination of MIC
The MIC of CZ against E. faecalis​ (ATCC 29212) was assesssed by a 
broth microdilution assay. Briefly, double serial dilutions (100, 50, 
25, 12.5, 6.25, 3.125 mg/mL) of the herbal extracts were prepared 
from well 1 to well 11 of each row in sterile microtitre plates. The 
last well served as the culture control. The first 11 wells contained 
doubling solutions of herbal extracts. To all the wells, 10 μL of the 
broth culture of E. faecalis​ (ATCC 29212) was added and plate was 
incubated at 37°C overnight. The MIC was regarded as the lowest 
concentration in the series of dilution, which did not permit the 
growth of E. faecalis​.

Preparation of Tooth Samples
Forty-five freshly extracted intact, noncarious, single-rooted human 
mandibular premolars with fully formed apices were chosen for 
the study. The teeth were cleaned, radiographed, and stored in 
normal saline. The tooth specimens were sectioned below the 
cemento-enamel junction (CEJ) with a diamond disc to obtain a 
standard tooth length of 8 mm. A 10-K file was used for scouting, 
establishing patency, and for establishing the working length. 
All the samples were instrumented using protaper rotary to F3. 
During instrumentation, 2 mL of 3% NaOCl solution was used as a 
working solution delivered by a 30-gauge side-vent needle placed 
as far possible into the canal without binding. The samples were 
vertically sectioned along the mid-sagittal plane into two halves 
using a chisel and mallet.

Sterilization of the Prepared Tooth Samples
The prepared tooth samples were placed in clean glass test 
tubes containing 5 mL of MHB and autoclaved at 121°C at 15 lbs 
pressure for 20 minutes. The efficacy of sterilization was assessed 
by including a biological indicator, Geobacillus stearothermophilus​ 
MTCC 1518. After sterilization, the tubes were incubated at 37°C for 
48 hours and observed for turbidity to double check the sterility 
of the samples.

Formation of 6-week Dentinal Biofilm
The tooth samples in test tubes containing sterile MHB were 
inoculated with 10 μL of E. faecalis​ ATCC 29212, cultured overnight 
at 37°C in Mueller Hinton broth adjusted to an optical density of 
1.5 × 108​ cells/mL with 0.5 McFarland standard. To avoid nutrient 
depletion and accumulation of toxic end products, the culture 
medium (MHB) was replaced every alternate day. The culture purity 
was checked by inoculating a loopful of culture media onto Mueller 
Hinton agar and using Gram staining.

At the end of 6th week, the incubated samples were randomly 
assigned to all the following 6 groups of test solutions and were 
used for quantitative assay. The test groups are categorized based 
on various extracts of Cinnamomum zeylanciumas​: group I—
methanol, group II—ethanol, group III—IPA, group IV—acetone, 
group V—chloroform, group VI—positive control (2.5% NaOCl), 
group VII—negative control.

Time Kill Assay
Tooth samples (n​ = 20) with a six-week-old biofilm were grouped 
into 5 groups of 4 each. The planktonic cells on the tooth samples 
were removed by rinsing twice with sterile saline. The dentinal 
biofilm formed were scraped with the help of a sterile scalpel 
and inoculated into 1 mL of MHB, gently vortexed. The spread 
plate method was adopted to determine the colony forming units  
(cfu/mL) in the control (no exposure to herbal extracts).

To determine the antibiofilm activity of the herbal extracts, the 
tooth samples (planktonic cells removed) were immersed in the 
herbal extracts at a concentration of 6× MIC against the planktonic 
cells and cfu/mL was determined by the spread plate method at 
various time intervals (5 minutes, 10 minutes, 15 minutes, and  
20 minutes).

Statistical Analysis
Statistical analysis was conducted using a one-way ANOVA and  
post hoc​ test in SPSS 21.0 software. Descriptive data were given 
as mean ± SD; Mann Whitney U test was done for inter-group 
comparison. A p​ value of <0.05 was considered to be statistically 
significant.

Re s u lts
The antibacterial activity of the different extracts of CZ against 
E. faecalis​ ATCC 29212 are depicted in Figure 1. Among the different 
extracts of CZ tested, acetone extract exhibited higher antibacterial 
activity followed by IPA, ethanol, chloroform, and methanol in the 
decreasing order. Post hoc​ tests revealed four homogenous subsets. 
As the Mann–Whitney U​ test revealed, statistical difference was 
observed in the antibacterial activity of IPA, ethanol, and chloroform 
extracts of CZ against E. faecalis​ ATCC 29212.

Of all the MICs of different extracts of CZ tested against  
E. faecalis​ ATCC 29212, the ethanol extract exhibited the least MIC 
(12.5 mg/mL), acetone extract showed an MIC of 25 mg/mL followed 
by methanol (50 mg/mL), IPA 50 (mg/mL), and chloroform extracts 
(100 mg/mL) (Table 1).

Time-dependent gradual reduction in viable bacterial count 
was observed in all the test groups (Fig. 2). Pairwise comparisons 
using Mann–Whitney U​ test showed a statistically significant 
difference in the mean viable count of E. faecalis​ ATCC 29212 
exposed to the chloroform extract of C. zeylanicum​ compared to 
the other extracts at both 5-minute and 10-minute exposure time 
(chloroform vs methanol, p​ = 0.05; chloroform vs ethanol, p​ = 0.037; 
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chloroform vs isopropylalcohol, p​ = 0.037; chloroform vs acetone, 
p​ = 0.037). Antibiofilm activity of chloroform extract of CZ was 
almost in par with the activity of the conventional irrigant sodium 
hypochlorite at 10, 15, and 20 minutes (p​ = 1.000).

Di s c u s s i o n
A 6-week biofilm of E. faecalis​ was chosen to evaluate the 
antibacterial efficacy because a 6-week duration resulted in a 

matured biomineralized biofilm, which could make it more resistant 
to antimicrobial agents.17​,​18​ Various studies have demonstrated 
numerous beneficial health effects of CZ, such as anti-inflammatory 
properties and antimicrobial activity.10​,​12​,​13​,​15​ CZ was also found to 
have cytocompatiblity to L929 fibroblasts and has shown to have 
a potential as an antimicrobial agent.19​

The main components of the cinnamon bark extract are 
cinnamaldehyde, followed by cinnamyl alcohol, terpinen-4-ol, 
eugenol, linalool, cinnamyl acetate, o-pinene, limonene, and 
β-caryophyllene.20​–​22​ In this study, the efficiency of different 
solvents to prepare the extracts of CZ has been investigated 
because different herbal extracts contain different types of 
active compounds such as glycosides, alkaloids, tannins, resins, 
saponins, coumarine, flavones, phenols, and terpens. Therefore, 
we have used five different types of extracts in cinnamon and 
evaluated their antibacterial efficacy against E. faecalis.​ The 
ethanolic extracts of CZ bark can be sources of trimeric, and 
higher oligomericproanthocyanidins, protocatechuic acid, as well 
as caffeic, chlorogenic, and cinnamic acids.21​ Cinnamaldehyde 
possesses antimicrobial effects, as it can inhibit cell wall 

Fig. 1: Antibacterial activity of the extracts of C. zeylanicum against E. faecalis ATCC 29212

Table 1: Zone of inhibition and minimal inhibition concentration

C. zeylanicum​  
extracts 100 mg Zone of inhibition

Minimal inhibition  
concentration

Methanol 14 mm 50 mg
Ethanol 18 mm 12.5 mg
Isopropyl alcohol 18 mm 50 mg
Acetone 20 mm 25 mg
Chloroform 16 mm 100 mg
2.5% NaOCl 23 mm 0.005%

Fig. 2: Mean viable bacterial count vs time of all the extracts. Note: Chloroform almost exactly matches with NaOCl—viable bacterial count is 
almost the same between the two groups at all time intervals except at 5 minutes
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biosynthesis, membrane function, and specific enzyme activities. 
Tannins are a class of compounds that are effective against  
C. zeylanicum​; the antimicrobial activity of these compounds may 
be related to their ability to inactivate microbial adhesins, enzymes, 
and transport proteins.21​,​23​ All the five types of solvents studied 
were proved to be effective against E. feacalis (Table 2).

In this study, for a qualitative analysis of antimicrobial efficacy, 
an agar well diffusion assay was used. To determine the MIC, the 
microdilution method was used. The efficacy of extracts was 
determined by the time kill assay. The time kill studies provide 
valuable information on rate, concentration, and potential action 
of antibacterial agents in vitro​.

The results of the agar well diffusion assay showed that all the 
groups inhibited the growth of E. faecalis​. In the agar well diffusion 
assay, the acetone extract exhibited higher antibacterial activity 
followed by IPA, ethanol, chloroform, and methanol in decreasing 
order (Table 1). A statistically significant difference was observed 
between groups (p​ = 0.000).

In the microdilution assay, CZ ethanol group (group II) had 
the lowest MIC, whereas chloroform (group V) had the highest 
MIC (Table 1). Though the results were not statistically significant, 
it could be clinically significant, as a very low concentration will 
have a minimal deleterious effect on the dentinal structure. The 
anti-biofilm activity was different from the results obtained from 
the agar well diffusion assay, which could be due to the different 
methods of assessment.

When the time kill assay was evaluated, sodium hypochlorite 
showed a complete elimination on 5-minutes exposure, while all 
extracts showed growth to a varied extent. The chloroform extracts 
were more effective against the E. faecalis​ biofilm than its efficiency 
during the agar well diffusion assay. The five types of extracts from 
different solvents studied proved to be effective in antibacterial 
activity against E. faecalis​ biofilm.

The effectiveness of chloroform extract could be due to the 
difference in the type of extracted active compounds compared to 
other extracts. The flavonoids and terpenoids exert an antibacterial 
effect by its ability to rupture the cellular membrane by forming 
complexes with proteins on the cell wall.24​ The active compounds 
found in the alcohol extracts are alkaloids and terpens. The 
antibacterial action of the alkaloids may be due to their ability 
to intercalate with DNA, inhibition of enzymes (esterase, DNA-, 
RNA-polymerase), and inhibition of cell respiration. According to 
Cowan et al., flavanols have the ability to target surface-exposed 
adhesins, cell wall polypeptides, and membrane-bound enzymes 
in the microbial cells.23​

This study shows that the agar well diffusion assay should be 
considered only as a preliminary test to evaluate the antibacterial 
activity, and not to be done alone. The results obtained in this 
study clearly shows that the time kill assay, which is clinically more 
relevant, differs from the agar well diffusion assay. This study has 
shown that cinnamon extracts can be an effective alternative to 
the existing antimicrobial irrigants, and among them, chloroform 
extract is more effective than other extracts. Further studies can 
be done to evaluate the active components in the cinnamon 
chloroform extract and the effect of such an irrigant on the physical 
and mechanical properties of the dentin and pulp tissue.

Co n c lu s i o n
All the extracts used in this study were found to be effective 
antibacterial agents against E. faecalis​ planktonic cells and the 
6-week biofilm formed on the dentin substrate. Among the extracts, 
chloroform extract is more effective and is at par with NaOCl. This 
study paves the way for further attention and research to identify the 
active compounds responsible for the plant biological activity. Further 
studies should be done to explain in detail the exact mechanism of 
action by which extracts exert their antimicrobial effect.

Cl i n i c a l Si g n i f i c a n c e
Since cinnamon extract has a good antimicrobial activity almost at 
par with NaOCl, it could be a promising alternative to conventional 
irrigants.
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