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ABSTRACT
The present study was conducted to comparatively evaluate the
antibacterial activity of Syzygium aromaticum (clove) and
Cinnamomum verum (cinnamon) against Escherichia coli and
Staphylococcus aureus. Aqueous and ethanolic extracts of both
medicinal plants were prepared and tested using disc diffusion
assay and Minimum Inhibitory Concentration (MIC) analysis. The
results demonstrated that both clove and cinnamon extracts
exhibited antibacterial activity against the tested bacterial strains.
However, clove extracts showed comparatively stronger
antibacterial effects than cinnamon extracts. Among all the
samples, the aqueous extract of clove at 10 mg/mL concentration
produced the highest zone of inhibition against E. coli. The
antibacterial activity of all extracts increased with increasing
concentration, indicating concentration-dependent inhibition. MIC
analysis further confirmed that clove extracts exhibited greater
bacterial growth suppression compared to cinnamon extracts.
Comparative analysis also revealed that E. coli was more
susceptible to the plant extracts than S. aureus. Gas Liquid
Chromatography (GLC) analysis confirmed the presence of eugenol
as the major bioactive compound in clove and cinnamaldehyde in
cinnamon, which are responsible for their antimicrobial properties.
The study suggests that clove and cinnamon possess potential as
natural antibacterial agents for pharmaceutical and food
preservation applications.
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INTRODUCTION

Medicinal plants have been widely utilized
in traditional healthcare systems because
of their diverse pharmacological properties
and rich phytochemical composition.
Natural products derived from spices and
herbs have gained considerable scientific
attention due to their antimicrobial,
antioxidant, anti-inflammatory, and
therapeutic activitiesl. Among various
medicinal spices, Syzygium aromaticum
(clove) and  Cinmamomum  verum
(cinnamon) are extensively used in
traditional medicine, food preservation,
and pharmaceutical preparations because
of their biologically active constituents.
Syzygium aromaticum, commonly known
as clove, belongs to the family Myrtaceae
and is recognized for its high content of
eugenol, a phenolic compound responsible
for its  characteristic aroma and
antimicrobial activity. Eugenol has been
reported to exhibit strong antibacterial
properties through disruption of bacterial
cell membranes, inhibition of enzyme
activity, and interference with cellular
metabolism (2). In addition to antibacterial
activity, clove possesses antioxidant and
preservative properties, making it an
important medicinal spice in
pharmaceutical and food industries (3).
Cinnamomum verum belonging to the

family Lauraceae, is another important

medicinal spice widely known for its

therapeutic and preservative applications.

Cinnamon  contains  cinnamaldehyde,
flavonoids, tannins, and essential oils that
contribute to its biological activities.
Previous studies have demonstrated that
cinnamaldehyde possesses significant
antimicrobial  properties by altering
membrane permeability and inhibiting
bacterial growth (4). Cinnamon extracts
have also been reported to exhibit
antioxidant and antibacterial effects
against several bacterial species (5).

Comparative evaluation of medicinal
plants is important for identifying more
effective natural antibacterial agents and
understanding variations in phytochemical
activity. Although clove and cinnamon
have individually been investigated for
their antibacterial properties, limited
studies have comparatively analyzed their
aqueous and ethanolic extracts under
identical laboratory conditions.
Furthermore, solvent extraction plays a
crucial role in determining the recovery of
active  phytochemicals, which may
influence antibacterial efficacy (6).

Therefore, the present study was designed
to comparatively evaluate the antibacterial
activity of aqueous and ethanolic extracts
of Syzygium aromaticum and
Cinnamomum verum against Escherichia
coli and Staphylococcus aureus using disc
diffusion assay and Minimum Inhibitory

Concentration (MIC) analysis. Hence the
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main objectives of the study were as
follows.

» Comparatively evaluate the antibacterial
activity of aqueous and ethanolic extracts
of Syzygium aromaticum and
Cinnamomum verum against Escherichia
coli and Staphylococcus aureus using disc
diffusion assay and MIC analysis.

* Identify and compare the major bioactive
phytochemical constituents responsible for
antibacterial activity through Gas Liquid
Chromatography (GLC) analysis.
MATERIALS AND METHODS
Collection and authentication of Plant
Materials

Dried flower buds of  Syzygium
aromaticum and bark of Cinnamomum
verum were procured from local spice
markets of Brahmapur, Odisha. The plant
materials were authenticated at
Department of Botany, Khallikote Unitary
University, Berhampur, Odisha. The plant
materials were cleaned, shade dried, and
ground into coarse powder using a
mechanical grinder.

Preparation of Plant Extracts

Aqueous and ethanolic extracts of clove
and cinnamon were prepared using solvent
extraction method. About 10 g of coarse
powdered plant materials were mixed with
100 mL of distilled water and ethanol
separately. The mixtures were kept under
continuous shaking for 72 hours at room

temperature. The extracts were filtered

using Whatman No.l filter paper and
concentrated using rotary evaporation. The
concentrated extracts were stored at 4°C in
a desiccator until further use.

Test microorganisms

The bacterial strains used in the present
study were Escherichia coli (MTCC-443)
and Staphylococcus aureus (MTCC-1430).
Pure cultures were obtained from the
Regional Institute of Biotechnology (RIB),
Brahmapur, and sub-cultured onto
solidified nutrient agar medium using a
sterile inoculation loop and incubated at
optimum temperature for growth. The
cultures were sub-cultured every 2—3 days
to maintain sterility and active growth.
Preparation of Culture Media

Nutrient agar and nutrient broth media
were  prepared and  sterilized by
autoclaving at 121°C for 15 minutes. The
sterilized media were cooled and poured
aseptically into sterile Petri plates for
antibacterial assay.

Preparation of Bacterial Inoculum

Fresh bacterial inoculum was prepared by
inoculating bacterial colonies into sterile
nutrient broth followed by incubation at
37°C for 18-24 hours. The turbidity of
bacterial suspension was adjusted to match
McFarland  standard  for  uniform
inoculation.

Preparation of Antibiotic Discs

Sterile paper discs were prepared from

thick chromatography paper and sterilized
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using 70% ethanol followed by ultraviolet
(UV) irradiation inside a laminar airflow
chamber. Uniform circular discs were
punched out aseptically using a sterile
paper puncher. Crude extracts of clove and
cinnamon were prepared at a stock
concentration of 100 mg/mL. Working
concentrations of 10 mg/mL and 5 mg/mL
were prepared separately for both aqueous
and ethanolic extracts using sterile distilled
water and ethanol respectively. The sterile
paper discs were immersed in the prepared
extract solutions for approximately 15
minutes to ensure proper impregnation.
After soaking, the discs were removed
aseptically using sterile forceps and dried
inside the laminar airflow chamber before
use in antibacterial assay.

Antibacterial Activity by Disc Diffusion
Method

The antibacterial activity of aqueous and
ethanolic extracts of Syzygium aromaticum
and Cinnamomum verum was evaluated
using disc diffusion assay by pour plate
technique. Sterile molten nutrient agar
medium was inoculated with bacterial
cultures and poured aseptically into sterile
Petri plates. After solidification of the
medium, sterile filter paper discs
impregnated with plant extracts were
carefully placed on the agar surface using
sterile forceps. Standard antibiotic discs
were used as positive control, while

solvent-treated discs served as negative

control. The plates were incubated at 37°C
for 24 hours, and antibacterial activity was
determined by measuring the diameter of
zones of inhibition.

Determination of Minimum Inhibitory
Concentration (MIC)

The MIC of plant extracts was determined
using standard serial broth dilution
method. The first test tube contained 10
mL sterile nutrient broth, while subsequent
tubes contained 9 mL broth. Stock extract
(100 mg/mL) was diluted to prepare 10
mg/mL working solution. Serial two-fold
dilutions were carried out to obtain
concentrations of 10 mg/mL, 5 mg/mL, 2.5
mg/mL, 1.25 mg/mL, 0.625 mg/mL, and
0.312 mg/mL. Each tube was inoculated
with standardized bacterial suspension and
incubated at 37°C for 24 hours. Following
incubation, bacterial growth was assessed
by measuring optical density (OD) at 600
nm using a spectrophotometer. The MIC
was considered as the lowest concentration
showing no visible growth or significant
reduction in turbidity compared to the
control.

Gas Liquid Chromatography (GLC)
Analysis

GLC analysis was performed to identify
the major phytochemical constituents
present in clove and cinnamon extracts.
The chromatographic peaks obtained were
analyzed to identify major bioactive

compounds responsible for antibacterial
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activity, including eugenol in clove and
cinnamaldehyde in cinnamon.

RESULTS

Zone of Inhibition against E coli

The aqueous extract of Syzygium
aromaticum at 10 mg/mL concentration
exhibited the highest antibacterial activity
against Escherichia coli with a zone of
inhibition of 1.5 cm, whereas the 5 mg/mL
concentration showed comparatively lower
inhibitory activity. Ethanolic extract of
clove also demonstrated significant
antibacterial activity against E. coli at both
concentrations. In comparison, aqueous
and ethanolic extracts of Cinnamomum
verum exhibited lower zones of inhibition
against Escherichia coli than clove
extracts. The standard antibiotic control,
Vancomycin, showed the maximum

antibacterial activity in cinnamon extract.

Zone of Inhibition against
straphylococus aureus

Against  Staphylococcus aureus, the
aqueous extract of clove produced
inhibition zones of 1.0 cm and 1.3 cm at 5
mg/mL and 10 mg/mL concentrations
respectively.  Ethanolic clove extract
demonstrated inhibition zones of 0.9 cm
and 1.1 cm at 5 mg/mL and 10 mg/mL
concentrations respectively. The aqueous
extract of cinnamon exhibited inhibition
zones of 0.3 cm and 0.5 cm at 5 mg/mL
and 10 mg/mL concentrations respectively
against Staphylococcus aureus. Similarly,
the ethanolic extract of cinnamon showed
inhibition zones of 0.5 cm and 0.7 cm at 5
mg/mL and 10 mg/mL concentrations
respectively. Norfloxacin exhibited the
highest antibacterial activity against

Staphylococcus aureus in cinnamon

extract.

Table 1: Zone of Inhibition of aqueous extracts against Escherichia coli

Concentration Clove extract (Aqueous) Cinnamon extract (Aqueous)
Smg 10mm 4mm
10mg I5mm Smm
Vancomycin 12mm I1mm

Table 2: Zone of Inhibition of ethanolic extracts against Escherichia coli

Concentration Clove extract (Ethanol) Cinnamon extract (Ethanol)
Smg 9mm 2mm
10mg 12mm 3mm
Vancomycin 12mm 1 1mm
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Zone of Inhibition of aqueous against
Escherichia coli

10mg Vancomycin

20

= Clove extract (Aqueous)

= Cinnamon extract (Aqueous)

Figure 1: Zone of Inhibition of aqueous
extracts against Escherichia coli

Zone of Inhibition of Ethanol against
Escherichia coli

15

10
5 I
0

10mg Vancomycin

u Clove extract (Ethanol)

= Cinnamon extract (Ethanol)

Figure 2: Zone of Inhibition of ethanolic
extracts against Escherichia coli

Figure 3: Zone of Inhibition of aqueous

extract of clove against Escherichia coli

Figure 4: Zone of Inhibition of aqueous
extract of cinnamon against Escherichia coli

Figure 5: Zone of Inhibition of ethanolic Figure 6: Zone of Inhibition of ethanolic

extract of clove against Escherichia coli

extract of Cinnamon against Escherichia coli
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Table 3: Zone of Inhibition of aqueous extracts against Straphylococus aureus

Concentration Clove extract (Aqueous) | Cinnamon extract (Aqueous)
Smg I 1mm 4mm
10mg 13mm Smm
Norfloxacin 13mm 12mm

Table 4: Zone of Inhibition of ethanolic extracts against Straphylococus aureus

Concentration Clove extract (Ethanol) Cinnamon extract (Ethanol)
Smg 10mm 2mm
10mg 12mm 2mm
Norfloxacin 13mm 12mm

Zone of Inhibition of aqueous extracts
against Straphylococus aureus

14

12
1 | |

10mg

(=]

S N A &N @

M Clove extract(mm)

Figure 7: Zone of Inhibition of aqueous
extracts against Straphylococus aureus

B Cinnamon extract( mm)

14
12
1

]

S N &~ & @

Norfloxacin

M Clove extract (mm)

Zone of Inhibition of ethanolic extracts
against Straphylococus aureus

10mg Norfloxacin

H Cinnamon extract (mm)

Figure 8: Zone of Inhibition of ethanolic
extracts against Straphylococus aureus
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Figure 9: Zone of Inhibition of aqueous Figure 10: Zone of Inhibition of aqueous
extract of clove against Straphylococus extract of cinnamon against
aureus Straphylococus aureus

Figure 11: Zone of Inhibition of ethanolic Figure 12: Zone of Inhibition of ethanolic
extract of clove against Straphylococus extract of cinnamon against Straphylococus
aureus aureus
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Comparative evaluation demonstrated that
Syzygium aromaticum exhibited stronger
antibacterial activity than Cinnamomum
verum against both Escherichia coli and
Staphylococcus aureus. Aqueous extracts
of both medicinal plants showed
comparatively greater antibacterial
efficacy than ethanolic extracts, indicating
better extraction of bioactive
phytochemical constituents in distilled
water. The antibacterial activity of all
extracts  increased  with  increasing
concentration from 5 mg/mL to 10 mg/mL.
Among the tested bacterial strains,
Escherichia coli showed comparatively

higher susceptibility to the plant extracts

than Staphylococcus aureus.

Minimum Inhibitory ConcentrationThe
Minimum Inhibitory Concentration (MIC)
analysis demonstrated that ethanolic
extracts of both clove and cinnamon
exhibited  greater  bacterial  growth
inhibition compared to aqueous extracts.
Optical density (OD) values measured at
600 nm showed reduced bacterial growth
with increasing extract concentration.
Clove extracts exhibited lower optical
density values than cinnamon extracts
against both Escherichia coli and
Staphylococcus aureus, indicating

comparatively  stronger  antibacterial
efficacy. The inhibitory effect was
concentration dependent, with higher
extract concentrations showing greater

bacterial growth suppression.

Table:5 Minimum Inhibitory Concentration of aqueous extracts on Escherichia coli

Concentration Clove extract Cinnamon extract
10 0.76 0.69
5 0.64 0.81
2.5 0.78 0.67
1.25 0.76 0.68
0.62 0.55 0.67
0.31 0.36 0.71

42




0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

<

Research Journal of Pharmacy and Life Sciences: Volume 7, Issue 1; January — April, 2026: Page 34— 49

MIC of aqueous extracts on Escherichia coli

10 5 2.5 1.25 0.62 0.31

u Clove extract ™ Cinnamon extract

Figure 13: Minimum Inhibitory Concentration of aqueous extracts on Escherichia coli

Table:6 Minimum Inhibitory Concentration of ethanolic extracts on Escherichia coli

Concentration Clove extract Cinnamon extract
10 0.35 0.76
5 0.59 0.68
2.5 0.35 0.76
1.25 0.49 0.75
0.62 0.45 0.63
0.31 0.36 0.56

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

MIC of ethanolic extracts on Escherichia coli

10 5 2.5 1.25 0.62 0.31

m Clove extract = Cinnamon extract

Figure 14: Minimum Inhibitory Concentration of ethanolic extracts on Escherichia coli
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Table 7: Minimum Inhibitory Concentration of aqueous extracts on Straphylococus

aureus
Concentration Clove extract Cinnamon extract
10 0.86 1.09
5 0.79 0.94
2.5 0.39 0.70
1.25 0.74 0.80
0.62 0.40 0.71
0.31 0.34 0.74
MIC of aqueous extracts on Straphylococus aureus
1.2
1
0.8
0.6
0.4
10NN NN
0
10 5 2.5 1.25 0.62 0.31

u Clove extract = Cinnamon extract

Figure 15: Minimum Inhibitory Concentration of aqueous extracts on Straphylococus

aureus

Table 8: Minimum Inhibitory Concentration of ethanolic extracts on Straphylococus

aureus
Concentration Clove extract Cinnamon extract

10 1.69 0.89

5 0.57 0.70

2.5 0.32 0.71

1.25 0.38 0.84

0.62 0.37 0.60

0.31 0.31 0.57
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MIC of ethanolic extracts on Straphylococus aureus

1.8
1.6
14
1.2

1

0.8
0.6
0.4
0.2 I
10 5 25

u Clove extract

<

1.25 0.62 0.3

1

= Cinnamon extract

Figure 16: Minimum Inhibitory Concentration of ethanolic extracts on Straphylococus

aureus

Gas Liquid Chromatography Analysis

Gas Liquid Chromatography (GLC)
analysis confirmed the presence of major
phytochemical constituents in  both
medicinal plants. Eugenol was identified
as the predominant bioactive compound in
clove extract, whereas cinnamaldehyde
was identified as the major compound

present in cinnamon extract. The

chromatographic analysis suggested that
the antibacterial activity observed in the
present study may be associated with these
bioactive phytochemical constituents. The
higher antibacterial activity of clove
extracts compared to cinnamon extracts
may be attributed to the comparatively

stronger antimicrobial action of eugenol.
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Figure 17: GLC Analysis of Clove extract

Figure 18: GLC Analysis of Cinnamon extract

DISCUSSION

Medicinal plants and aromatic spices have
been widely investigated for their
pharmacological and antimicrobial
properties due to the presence of

biologically active phytochemicals such as

phenolics, flavonoids, tannins, and
essential oils. Plant-derived antimicrobial
compounds have gained considerable
scientific interest because of their natural
origin and broad-spectrum biological

activities (1). Several studies have
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evaluated the antibacterial properties of
clove extracts and cinnamon extracts
against both Gram-positive and Gram-
negative bacteria.

Syzygium aromaticum 1s an important
medicinal spice belonging to the family
Myrtaceae and is widely recognized for its
antimicrobial, antioxidant, anti-
inflammatory, and preservative properties.
The major bioactive compound present in
clove is eugenol, which has been reported
to possess strong antibacterial activity
through disruption of bacterial cell
membranes and inhibition of enzyme
systems (3).

Clove essential oil has been reported to
exhibit significant antibacterial activity
against Staphylococcus aureus due to the
presence of eugenol, which disrupts
bacterial membrane integrity and interferes
with cellular metabolism (2).

Several studies evaluating plant essential
oils demonstrated that clove oil possesses
strong inhibitory activity against both
Escherichia coli and Staphylococcus
aureus, suggesting its broad-spectrum
antibacterial potential (6).

Eugenol derivatives isolated from clove
have also been shown to possess
antibacterial and antioxidant properties,
indicating the therapeutic significance of
phenolic compounds present in clove

extracts (7).

Cinnamomum verum, belonging to the
family Lauraceae, is another important
medicinal spice extensively used in
traditional medicine and food preservation.
Cinnamon contains cinnamaldehyde as its
principal bioactive compound along with
flavonoids, tannins, and volatile oils (8).
Cinnamon oil and cinnamaldehyde have
been reported to exhibit effective
antibacterial activity against various
pathogenic  bacterial strains  through
disruption of membrane permeability and
inhibition of essential metabolic pathways
(4).

The  antimicrobial mechanisms  of
cinnamaldehyde against foodborne and
pathogenic bacteria have been extensively
studied, and cinnamon-derived compounds
have been suggested as potential natural
antimicrobial agents for pharmaceutical
and food preservation applications (9).
Studies comparing extraction solvents
have demonstrated that ethanolic extracts
of cinnamon exhibit stronger antibacterial
activity than aqueous extracts due to
improved extraction of phenolics and
essential oils (5).
Essential  oils

containing  phenolic

compounds such as eugenol and
cinnamaldehyde have been reported to
alter bacterial membrane structure and
cause leakage of intracellular components,

leading to bacterial growth inhibition (10).
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The biological activities of essential oils
are strongly influenced by phytochemical
composition and extraction methods,
which significantly affect their
antimicrobial efficacy against
microorganisms (3).

Both clove and cinnamon essential oils
have demonstrated inhibitory activity
against antibiotic-resistant bacterial strains,
including extended-spectrum [-lactamase-
producing bacteria (11).

Although  numerous  studies  have
independently investigated the
antibacterial properties of clove and
cinnamon, limited comparative studies
have simultaneously evaluated their
aqueous and ethanolic extracts against
both Gram-positive and Gram-negative
identical

bacteria  under laboratory

conditions. Therefore, comparative
analysis of these medicinal plants remains
important for identifying more effective
natural antibacterial agents.

The present study confirmed that both
Syzygium aromaticum and Cinnamomum
verum possess significant antibacterial
activity against Escherichia coli and
Staphylococcus  aureus.  Comparative
analysis showed that clove extracts
exhibited stronger antibacterial activity
than cinnamon extracts in both aqueous
and ethanolic forms. The aqueous extract
of clove showed the highest zone of

inhibition, particularly against E. coli,

indicating greater susceptibility of this
bacterium to the plant extracts. The
antibacterial activity of all extracts
increased with increasing concentration,
demonstrating  concentration-dependent
inhibition. MIC analysis further supported
the antibacterial potential of the extracts,
with clove showing better inhibitory
effects compared to cinnamon. GLC
analysis confirmed the presence of
important bioactive compounds such as
eugenol in clove and cinnamaldehyde in
cinnamon, which are mainly responsible
for their antimicrobial properties. Overall,
the findings suggest that clove and
cinnamon can serve as effective natural
antibacterial agents and may have potential
applications in pharmaceutical
preparations, traditional medicine, and
food preservation systems. Further
research on purification of active
compounds and detailed mechanism of
action may help in developing plant-based
antimicrobial drugs.
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