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Abstract | Antibacterial activities of different concentrations of methanolic and chloroform Cinnamomum zeylanicum
bark extract were studied against a number of pathogenic isolates included Streptococcus pyogenes, Enterococcus faecalis
and Escherichia coli and compared with ampicillin using agar well diffusion method. Two types of solvents were used
for extraction, methanol and chloroform, with different concentrations (100pug/pl,150pug/pl, and 200pg/ul) for each
extract were used. The results revealed that the pattern of inhibition varied with the solvent used for extraction and
concentration. Extract that prepared in methanol provided more antibacterial activity as compared to chloroform
extract against all tested bacteria at all concentrations, where the Streptococcus pyogenes was more susceptible than and
Enterococcus faecalis and Escherichia coli respectively to both extracts. Results of the present study sign the interesting
assurance of designing an active antibacterial agent from Cinnamomum zeylanicum bark.
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INTRODUCTION

Cinnamamum zeylanicum is a small, tropical, evergreen
tree most noted for its bark, which provides the world
with the commonly known spice, cinnamon. Cinnamomum
zeylanicum is the scientific name, which refers to the specif-
ic species of tree that cinnamon is harvested from (Brierley,
1994; Bown, 1995). In folk medicine was once used as a
cure for colds. It has also been used to treat diarrhea and
other problems of the digestive system. C. zeylanicumbark
is high in antioxidant activity (Shan et al., 2005; Priyanga
et al., 2013). The essential oil of cinnamon also has anti-
microbial properties, which can aid in the preservation of
certain foods (Lopez et al., 2005; Vaibhavi et al., 2010).
C. zeylanicum bark has been reported to have remarkable
pharmacological effects in the treatment of type II diabe-
tes and insulin resistance (Verspohl et al., 2005). C. zeylan-
icum bark is rich in terpenoids, including linalool, eugenol,
and methyl chavicol, and in chemicals, including resinous
compounds, cinnamaldehyde, ethyl cinnamate and car-
yophyllene, Cinnamic acid, L-borneol, L-bornyl acetate,
E-nerolidol, and cinnamyl acetate which contribute to
its distinct aroma (Jayaprakasha et al., 2002). In addition,

some protein is also present in the bark. These substances
are believed to play an important role in the antibacterial
activity (Tung et al., 2008). This work was aimed to eval-
uate the antimicrobial properties of C. zeylanicum bark
extracts against Streptococcus pyogenes , Enterococcus faecalis,
and Escherichia coli.

METHODS

PLANT MATERIALS

Cinnamon zeylanicum barks that were collected from the
local market in Baghdad were dried naturally in room
temperature at shade for a week for complete moisture re-
moval. The barks were cut into small pieces, crushed into
a fine powder by an electrical grinder then sieved using a
20-mesh sieve to get uniformed size range. The final sieved
powder was used for all further studies (Gauthami et al.,

2015).

PREPARATION OF CINNAMON ZEYLANICUM BARKS
EXTRACT

Two forms of extraction with methanol 70% and chlo-
roform were made. The extraction done by putting 2.5gm
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of prepared powder of Cinnamon zeylanicum in 100 ml of
each solvent, the mixture stirred and filtered with gauze
then by filter paper and freed from solvent by incubation.
Crude concentrated extract was stored at 4°C until used

for further testing (Gauthami et al., 2015).

BACTERIAL ISOLATES ACTIVATION AND MAINTENANCE
All the tested pathogenic bacteria were obtained from the
College of Veterinary Medicine/ University of Baghdad.
Bacterial cultures were activated in screw-capped tubes
containing 10 ml of brain heart infusion agar slants and
incubated for 24 hours at 37°C then the isolates identified
by the routine tests. For maintenance of isolates, the media
were stored at 4°C, and were subcultured once every two-
weeks for further investigation (Tomar et al., 2010).

ANTIBACTERIAL ASSAY

Preparation of Standard Bacterial Suspension: The mean
numbers of the viabletested bacteria (Streptococcus pyogenes,
Enterococcus faecalisand Escherichia coli) of the stock sus-
pensions was measured by the average of the standard Mc-
Farland solution No.0.5 by taking 1 ml from over-night
cultures [brain heart infusion broth (BH)] of each bacterial
suspension mixing with 9 ml of peptone water, then taking
1 ml of this suspension and making serial ten-fold dilution

(Quinn et al., 2004).

Preparation the Concentration of Antibacterial: Stock
solution of ampicillin was prepared by mixing 0.1 gram
with 10 ml of distilled water (10mg/ml), then concentra-
tions of (0.2pug/pl) were prepared by mixing known volume

from the stock solution with distilled water.

Preparation of Different Concentrations of Cinnamo-
mum zeylanicum Extract: Stock solution of each extract
was prepared by mixing 0.1 gram with 10 ml of distilled
water (10mg/ml), then concentrations of (100pg/pl,
150pg/pul and 200pg/pul) were prepared by mixing known
volume from the stock solution with distilled water. These
concentrations of extracts and antibacterial were used in
sensitivity test to determine the tested bacteria sensitivity
to extracts and antibacterial agent.

SENSITIVITY TEST

Sensitivity test of the Cinnamomum zeylanicum extracts
compared with an antibacterial agent (ampicillin). The
method of agar well diffusion was adopted according to
Kavanagh (Kavanagh, 1972; Perez e al., 1990). 0.5ml of
standardized stock suspensions (1.5 x108 CFU/ml) of each
tested bacteria (Strepz‘acoccus pyogenes, Enterococcus faecalis,
and Escherichia coli ) was mixed to 500 ml of sterile Mueller
Hinton agar at 45°C. Fifteen milliliters of the inoculated
Mueller Hinton agars were poured into the sterile Petri
dishes of each. The agars were left to set for 10 minutes

to permit solidifying the agar then making wells in these
plates in a diameter 6 mm after that the wells were filled
with 55 microliters of each concentration of each extract
(100pg/pl, 150pg/pl,and 200pg/pul) and ampicillin 0.2pg/
pl. The plates then incubated at 37°C in the upright posi-
tion for 24 hours. Three replicates were done for each con-
centration of both extracts and the activity was dictated
by measuring the distance across (diameter) of inhibition
zone around every well by millimeter against tested bac-
teria.

STATISTICAL ANALYSIS

Statistical analysis of data was performed using SAS (Sta-
tistical Analysis System - version 9.1). One-way ANOVA
and Least significant differences (LSD) post hoc test was
performed to assess significant difference among means.. P
< 0.05 was considered statistically significant.

RESULT'S AND DISCUSSION

Different concentrations of methanol and chloroform
extracts (100pg/pl,150pg/pl, and 200pg/pl) and ampi-
cillin (0.2pg/pl) were used in agar well diffusion assay
and caused different degrees of inhibition against tested
bacteria with diameter of zone inhibition ranged from
6.20£0.13mm-9.60+0.03mm for Streptococcus pyogenes,
4.40+0.18mm~8.00+0.06mm for Enterococcus faecalis and
0.00+0.00mm-~—6.20+0.03mm for Escherichia coli (Table 1),
(Figure 1).The size of inhibition zones was proportionally
increased with increasing of concentration of the agents.

The results showed that the standard antibacterial (ampi-
cillin) more potent against tested bacteria with significant
difference (P<0.05) as compared with all used concentra-
tions of both methanol and chloroform extract. Also the
antibacterial activity of methanol extract was more effec-
tive than chloroform extract against all tested bacteria in all
concentrations with significant difference (P<0.05) except
between 200pg/pl of chloroform and 150pg/pl of metha-
nol against Streprococcus pyogenes and between 200pg/ul of
chloroform and 100pug/pl of methanol against Escherichia
coli where the differences were not significant. The results
also revealed there was a significant difference (P<0.05) in
sensitivity of the tested bacteria for both extracts, where
the Streptococcus pyogenes was more sensitive than Enfero-
coccus faecalis and Escherichia coli respectively. The results of
this study were agree with several data obtained by (Usha
et al., 2012; Hassan et al., 2014; Tomar, and Shrivastava,
2015; Abbaszadegan et al., 2016; Alsalim et al., 2016) who
reported that the Cinnamomum zelanicum has antibacterial
activity against gram-positive and gram-negative bacteria
including Streptococcus pyogenes, Enterococcus faecalis, and
Escherichia coli.
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Table 1: Antibacterial activity of Cinnamomum zeylanicum bark extracts (methanol and chloroform) and reference
antibiotic (ampicillin) in different concentrations against Streptococcus pyogenes, Enterococcus faecalis, and Escherichia coli.

Extract Concentration pg/pl Zone of inhibition (mm)
Strep. pyogenes Ent. faecalis E. coli
Chloroform 100 6.20+0.13 4.40+0.18 0.00+0.00
Fa Gb Fc
150 7.00+0.12 5.30+0.16 3.90+0.04
Ea Fb Ec
200 8.30+0.14 6.00+0.21 4.30+0.10
Ca Eb DEc
Methanol 100 7.50£0.07 6.50+0.08 4.00+0.15
Da Db Dc
150 8.20+0.10 7.00+0.09 5.20+0.05
Ca Cb Cc
200 9.60+0.03 8.00+0.06 6.20+0.03
Ba Bb Bc
Ampicillin 0.2 22.0+0.51 20.20£0.05 17.8+0.03
Aa Ab Ac
LSD=0.43

'The different capital letters refer to significant differences between different groups (concentrations) at (P<0.05)

'The different small letters refer to significant differences between different bacteria species at (P<0.05).

Figure 1: 1- Chloroform extract against Strep. Pyogenes
(A- ampicillin, B- 200pg/pl,C- 150pug/pl, D- 100pg/pl.
2- Methanol extract against Strep. Pyogenes (A- ampicillin,
B- 200pg/pl, C- 150pg/pl, D- 100pg/pl. 3-Chloroform
extract against Ent. Faecalis (E- ampicillin, F- 200pg/pl,
G- 150pg/pl, H- 100pg/pl. 4- Methanol extract against
Ent. Faecalis (E- ampicillin, F- 200pg/ul, G- 150pg/
pl, H- 100pg/pl. 5- Chloroform extract against E. coli
(K- ampicillin, L- 200 pg/pl, M-150pg/pl, N- 100pug/pl.
6-Methanol extract against E. co/i (K- ampicillin, L- 200
pg/pl, M-150pg/pl, N- 100pg/pl.

'The antibacterial activity of Cinnamomum zeylanicum ex-
tract may be due to presence of active compounds like
cinnamaldehyde, alkaloids, tannins, terpenes and sapon-
ins which may act synergistically in inhibition of bacte-
rial growth, where the cinnamaldehyde interferes with
electron transfers and reactions with nitrogen-containing

compounds, resulting in bacterial growth inhibition (Gup-
ta et al., 2008), while saponins have antibacterial effect by
combining with cell membranes to elicit changes in cell
morphology leading to cell lysis (Moyo et al., 2012). These
components are hydrophobic which lead to partition the
lipids of the bacterial cell membrane and mitochondria
making them more permeable causing leakage of the im-
portant molecules and ions and dying of the bacteria (Ras-

togi, and Mehrotra, 2002).

CONCLUSIONS

The both extracts of Cinnamomum zeylanicum barks
(methanol and chloroform) have concentration dependent
antibacterial activity against gram-positive and gram-neg-
ative bacteria including Streprococcus pyogenes , Enterococcus
faecalisand Escherichia coli that mean it has broad-spectrum
activity, where the methanol extract was more effective
than chloroform extract, and the gram positive bacteria
were more susceptible than gram negative bacteria.

RECOMMENDATIONS

Testing another solvents for extraction to know the yield
amount and testing another concentrations of the metha-
nolic and chloroform extract with experimenting another
pathogenic bacteria especially that resistant to antibacterial
agents.
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