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ABSTRACT
Objectives: The purpose of this study was to ascertain the effectiveness of particular herbal plants as

antibacterial agents.

Methods: Different herbal plants were collected from Asan Bazar, Kathmandu, then the samples were
dried, reduced to a powder, and combined with the appropriate amounts of hexane, ethyl acetate, and
methanol to produce the extract accordingly. To obtain the desired extract, filtration, incubation, and
vaporization were used. Escherichia coli, Staphylococcus aureus, and Bacillus spp. were the three test
organisms. The test organism was uniformly swabbed onto a Muller Hinton Agar (MHA) plate. With the
use of a borer, agar wells were created on MHA plates. The extracts of about 0.1 ml were applied to those
wells using sterile micro pipette, which were then incubated at 37°C for 24 hours. Each well’s zone of
inhibition (ZOI) was evaluated in relation to test organisms. Using the dilution approach, the minimum

inhibitory concentration (MIC) was determined.

Results: Bacillus spp. were found to be significantly inhibited by ethyl acetate extract of Coriandrum
sativum (Coriander) with a ZOI of 25 mm. The ZOI 14mm test revealed that ethyl acetate extract of C.
sativum had minimum efficacy against E. coli. The methanolic extract of C. sativum was reported to have

MICs of 1:16, 1:32, and 1:64 against S. aureus, Bacillus spp., and E. coli, respectively.

Conclusion: C. sativum is the most effective herbal plant against common pathogenic bacteria. Ethyl
acetate extract was found to be more effective when compared to methanolic and hexane extracts. To

update its medicinal value, additional research on its antibacterial characteristics may be required.

Keywords: Antibacterial efficacy, herbal plants extract, zone of inhibition, minimum inhibitory

concentration.

INTRODUCTION

Medicinal herbal plants, are those that can treat infections
and diseases with a natural remedy. They are in use since
prehistoric times. Plants synthesize hundreds of
chemicals like phytochemicals with potential biological
activities. In non-industrialized communities, medicinal
herbs are commonly used. It's because they are more

easily accessible and less expensive than contemporary

medications. To combat antibiotic resistance, focus is now
being turned to biologically active components that have
been isolated from plant species-used as herbal medicines
because they may produce a strong source of antibacterial
and antifungal, immunomodulatory and antioxidant
efficacy as they have capacity to produce a number of

secondary metabolites with complecated structure (Maiyo

etal, 2010; Erjan & Marouj, 2019).
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An antimicrobial agent is a chemical that either eliminates
or inhibits the growth of microorganisms. Antimicrobial
drugs can either have a bacteriostatic or bactericidal effect
(Tripathi,
antimicrobial

2003). Psidium guajava leaf extract has

effects due to variety of chemical
components, including tannins, gallic acid, and phenolic
compounds including quercetin, catechin, and epicatechin
(Bever, 1986), which is used for skin, wounds, ulcers,
diarrhea, and toothaches, and lungs infection (Heinrich et
al., 1998). Staphylococcus. aureus and Salmonella spp were
inhibited by the essential oil extract which can be a good
source of possible novel anti-microbial compounds.

A family's Acorus calamus linn, known as Bojho in Nepali
has a variety of health advantages, including anti-
microbial, anti-fungal, anti-helminth, anti-tumor
properties (Foster, 1999). In vitro tests using ampicillin,
chloramphenicol, and benzoyl benzoate revealed that
hexane and methanol extracts of the rhizome of Acorus
species significantly suppressed a variety of drug-resistant
cultures of S. aureus (Kim EIl Al, 1998). In vitro synergism
was found between the respective crude extracts of A.
calamus with either tetracycline or ciprofloxacin for a
specific strain of extended-spectrum beta-lactamase-
producing E. coli (Ahmad and Agil, 2007).

The mint family (Camiaceae) includes the annual herb
known as Ocimum basilicum commonly called as Tulsi has
antibacterial properties that can kill bacteria like E. coli and
S. aureus. As it contains Linalool, methyl chavicol
(Estragole), eugenol, citral, limonene, rosmarinic acid,
flavonoids. It is also said that Tulsi can be used to lower
fevers, treat Asthma, cough, colds, and influenza, malaria.
Mixture of Tulsi and neem extracts can benefit those with
blood sugar issues. Tulsi leaves act as a nerve tonic and
help to improve memory. Consuming Tulsi leaves reduces
tension since they have anti-stress properties.

Coriandrum sativum (Coriander) belonging to Apiaceae
family, it has been used to treat sleeplessness, anxiety,
improve good skin, ease flatulence, and aid digestion.
Coriander seeds possess antibacterial and antioxidant
properties as it has chemical constituents like Linalool,
Geraniol, Pinene, Borneol, Coumarins, Flavonoids, Fatty
Acids, etc. The essential oil is used in aromatherapy. Gram-
negative bacteria were found to be more susceptible to the
plant extract than Gram-positive bacteria, according to a
study on the antibacterial efficacy of the crude methanol
extract of different herbs at two different concentrations

(Parekh and Chanda, 2007b).

METHODS

Herbal collection and extract preparatioon
Cross-sectional descriptive research was used in the study.
This study was carried out at Microbiology laboratory of
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Kathmandu of Science

Kathmandu, Nepal, between early December 2022 and

College and Technology,
April 2023. The study was proposed to examine the
antibacterial efficacy of selected herbal plants. Four herbal
plants were gathered from various locations in the
Kathmandu Valley: Acorus calamus (Bojho), O. basilicum
(Tulsi), Psidium guajava (Guava leaves), and C. sativum
(Coriander), they were quickly transferred to the
laboratory of the Kathmandu College of Science and
Technology. The obtained plant pieces were then dried in
the lab without direct sunlight for 5-7 days before being
reduced to a fine powder with mortal and pistle, roughly
12 grams of fine powder were combined with 60 ml each
of methanol, ethyl acetate, and hexane to produce
methanolic extract, ethyl acetate extract, and hexane
extract. The solution was then held at room temperature
for 3 days in 12 different test tubes. The tubes were shaken
hourly during the day. Whatman filter paper was used to
filter the extract. With the use of vacuum evaporator,
methanol, ethyl acetate, and hexane were heated to their
boiling points and then evaporated from the filtrate.

Preparation of test organism

Test organisms that vary the antibacterial effectiveness of
the four suggested herbal plants were tested against
Bacillus spp., Staphylococcus aureus, and Escherichia coli in
a controlled laboratory environment. In order to obtain
new colonies, sufficient organisms were withdrawn from
their culture. The agar plate was initially punched with a
borer to a 6mm size to create agar well. Then, plant extract
was applied to those wells using sterile micro pipette.
Mueller Hinton Agar (MHA) was used to test the
antibacterial effectiveness of plant extract. A uniform lawn
of the test organism was created. Then 0.1ml plant extracts
was inoculated by using sterile micro pipette. Methanol
ethyl
inoculated onto a different MHA plate with one of the test

extract, acetate extract, hexane extract was
organisms. In this way, plant extract was inoculated onto
multiple plates containing test organisms. The plate was
labelled well. The MHA plates were then incubated at 37°C
for 24 hours after being inoculated with test organism and
plant extract. The zone of inhibition (ZOI) around the well
was observed on the incubated plates. Each methanolic,
ethyl acetate, and hexane extract of the herbal plants was
determined and recorded for its zone of inhibition. After
that, the efficacy of each plant’s extract against common
pathogenic microorganisms was compared.

Determination of MIC

The extract with the highest antibacterial efficacy was
diluted up to seven times (1:2, 1:4, 1:8, 1:16, 1:32, 1:64, and
1:128) for the purpose of calculating the MIC. Two MHA
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plates were used to drill a well with a 6mm-diameter borer.
On an MHA plate, a well was created, and an extract of
various dilutions was added. The plate's backside was
labelled. After that, the plates were incubated for 24 hours
at 37°C. The MIC was determined by examining the zone of

inhibition using several dilutions (Wayne 2015).

RESULTS

Percentage yield of crude extracts of herbal plants
Table 1 shows that the methanol extract of C. sativum
(Coriander) produced the maximum yield (44.5%), which
was followed by the methanol extract of P. guajava (Guava
leaves) (40.6%). The hexane extract of A. calamus (Bojho)
produced the lowest yield (5.5%), followed by the hexane
extract of O. basilicum (Tulsi) (7.2%).

Antibacterial efficacy of ethyl acetate extract of A.
calamus, 0. basilicum, P. guajava, and C. sativum

The maximum efficacy of ethyl acetate extract of A. calamus
was seen against Bacillus spp (Z0I=10 mm) followed by S.
aureus (5 mm) but nill with E. coli. The highest efficacy of
0. basilicum extract was seen against S. aureus (7 mm)
followed by Bacillus spp (3 mm). but not E. coli.

The maximum efficacy of P. guajava extract was seen
against Bacillus spp (15 mm) followed by S. aureus (13 mm)
but not E. coli. The highest efficacy of C. sativum extract was
seen against Bacillus spp (25 mm) followed by S. aureus (15
mm) while E. coli was least susceptible (14 mm ZOI).

Antibacterial efficacy of methanolic extracts

The maximum efficacy of methanolic extract of A. calamus

as seen against S. aureus (13 mm) followed by Bacillus spp
(7 mm). E. coli was not susceptible. The maximum efficacy
of 0. basilicum extract was seen against S. aureus (3 mm)
followed by Bacillus spp (1 mm) but not E. coli. The
maximum efficacy of methanolic extract of P. guajava was
seen against S. aureus (14 mm) followed by Bacillus spp (9
mm). E. coli was not susceptible. The maximum efficacy of
methanolic extract of C. sativum was seen against Bacillus
spp (13 mm) followed by S. aureus (12 mm). E. coli was

least susceptible to the extract of C. sativum with 11 mm.

Antibacterial efficacy of hexane extracts

The maximum efficacy of hexane extract of A. calamus was
seen against Bacillus spp (10 mm) followed by S. aureus (9
mm). E. coli was not susceptible. Extract of O. basilicum had
itagainst Bacillus spp (7 mm) followed by S. aureus (5 mm).
E. coli was not susceptible.

The highest efficacy of extract of P. guagjava was seen
against Bacillus spp (15 mm) followed by S. aureus (12
mm). E. coli was not susceptible. The maximum efficacy of
C. sativum extract was seen against Bacillus spp (16 mm)
followed by E. coli (12 mm). S. aureus was least susceptible
with 11 mm ZOL.

MIC of different extracts of C. sativum

MIC of the ethyl acetate extract of C. sativum against
Bacillus spp, S. aureus and E. coli was found to be 1:16, 1:64
and 1:4, respectively. MIC of the methanolic extract against
Bacillus spp, S. aureus and E. coli was found to be 1:8, 1:32
and 1:4, respectively. Similarly, MIC of the hexane extract
against Bacillus spp, S. aureus and E. coli was found to be 1:8,
1:16 and 1:4, respectively (Table 2).

Table 1: Percentage yield of crude extract of herbal plants prepared by maceration and percolation

S.N. Herbal Plant Solvent used for Extraction % Yield Concentration (mg/ml)
1 Acorus calamus Ethyl acetate 19.7 10
(Bojho) Methanol 12.9 7
Hexane 55 9
2 Ocimum basilicum | Ethyl acetate 234 5
(Tulsi) Methanol 7.2 8
Hexane 9.8 7
3 Psidium guajava Ethyl acetate 34.1 5
(Guava Leaves) Methanol 40.6 6
Hexane 28.7 8
4 Coriandrum Ethyl acetate 30.3 4
sativum Methanol 44.5 7
(Coriander) Hexane 29.9 6
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Table 2: Minimum Inhibitory Concentration of ethyl acetate, methanolic and hexane extracts of C. sativum

(Coriander) against common pathogenic bacteria

Extract Concentration Zone of Inhibition (ZOI) in mm
Bacillus spp S. aureus E. coli
1:128 - - -
1:64 - 1 -
1:32 - 4 -
Ethyl acetate 1:16 3 7 -
1:8 8 10 -
1:4 11 13 10
1:2 14 19 15
1:128 - - -
1:64 - - -
1:32 - 7 -
Methanolic 1:16 - 9 -
1:8 9 10 -
1:4 11 12 12
1:2 18 16 14
1:128 - - -
1:64 - - -
1:32 - -
Hexane 1:16 4 -
1:8 3 7 -
1:4 6 10 5
1:2 8 13 7
DISCUSSION

Four herbal plants were gathered from various locations in
the Kathmandu Valley: Acorus calamus (Bojho), Ocimum
basilicum (Tulsi), Psidium guajava (Guava leaves), and
Coriandrum sativum (Coriander). These herbal plants were
chosen based on their efficacy for treating illnesses
including cough, fever, wounds, diarrhea, common cold,
sore throat, etc., as described in literature and history.
After selecting the preferred plants, gathering the
necessary pieces, washing them, placing them in plastic
bags, and labelling them appropriately, they were quickly
transferred to the laboratory of the Kathmandu College of
Science and Technology to be used in future procedures.
The plant pieces were sometimes kept at 4°C when quick
processing was not possible.

As drying in direct sunlight may result in the loss of some

active chemicals, samples were left to dry in the shade.

161

Large plants were chopped before drying and then
submitted to grinding to facilitate full and simple
extraction of the active compounds. Large plants that are
extracted without grinding result in a poor percentage
yield on extraction.

According to the literature that was studied, there is no
particular method for extracting chemicals from plants. For
the quick and effective extraction of chemicals from the
plants, we used the maceration and percolation procedure.
Compounds from the plant sample were extracted using a
variety of solvents. Methanol, ethanol, and other alcoholic
solvents were frequently used. Ironically, water, the
universal solvent, is rarely used since it is less effective for
high

temperatures or advanced tools to remove the water from

non-polar organic compounds and requires

a solution. A plant's crude extract can include a variety of

TUJM VOL. 11, NO. 1, 2024
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compounds with significantly different chemical
characteristics and polarities. In order to identify the active
compounds, it is important to first arrange the compounds
into groups with similar polarity.

Three solvents, namely hexane, ethyl acetate, and
methanol, were utilized in this work in order of increasing
polarity to produce hexane, ethyl acetate, and methanol
extracts (extracts) using the maceration and percolation
method. In order of increasing polarity, Thapa (2006) and
Baidya (2001) extracted chemicals from the plant using
hexane, chloroform, n-butanol, and an aqueous solvent.
Our study's goal is supported by this research.

It was discovered that for the same plant, continuous
extraction with several solvents, namely hexane, ethyl
acetate, and methanol, in ascending order of polarity,
provided varying percentage yields. In comparison to ethyl
acetate and methanol solvents, hexane solvent requires
less time to finish the extraction.

Table 1 shows that the methanol extract of Coriandrum
sativum (Coriander) produced the maximum yield
(44.5%), which was followed by the methanol extract of
Psidium guajava (Guava leaves) (40.6%). The hexane
extract of Acorus calamus (Bojho) produced the lowest
yield (5.5%), followed by the hexane extract of Ocimum
basilicum (Tulsi) (7.2%).

In this study, it was discovered that the ethyl acetate
extract of Acorus calamus (Bojho) was highly effective
against Bacillus spp. (10mm), while Escherichia coli (0mm)
showed no efficacy. Maximum efficacy was shown against
Staphylococcus aureus (13mm) in the case of the
methanolic extract of Acorus calamus (Bojho), whereas no
efficacy was observed in the case of Escherichia coli (0mm).
Maximum efficacy was shown against Bacillus spp. (10mm)
in the case of the hexane extract of Acorus calamus (Bojho),
whereas no efficacy was observed in the case of Escherichia
coli (Omm). Researchers Abascal and Yamal found that
"acorenone, from Acorus calamus rhizome, strongly
inhibited a strain of S. aureus" in their 2002 study
(Souwalak et al. 2005) reported that B-asarone from
methanol extract of it exhibited inhibitory effect against
Staphylococcus aureus. In our study also, methanolic
fraction of Acorus calamus exhibited inhibitory effect
against Staphylococcus aureus. Only two bacterial species;

Bacillus spp. and S. aureus were shown to be inhibited by A.

calamus during this study. Against E. coli, it was ineffective.
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Only two bacteria are inhibited by the ethanol, methanol,
and hexane fraction (Ahmad, 2001), the result is
comparable.

In this study, Staphylococcus aureus (7mm) was found to be
highly sensitive to the ethyl acetate extract of Ocimum
basilicum (Tulsi), whereas no efficacy was observed in the
case of Escherichia coli (0mm). Maximum efficacy was
shown against Staphylococcus aureus (3mm) in the case of
the methanolic extract of Ocimum basilicum (Tulsi),
whereas no efficacy was observed in the case of Escherichia
coli (0mm). Maximum efficacy was shown against Bacillus
spp- (10mm) in the case of the hexane extract of Ocimum
basilicum (Tulsi), whereas the no efficacy was observed in
the case of Escherichia coli (0mm). According to J. Vuliana
and Group's study published in the "Asian Journal of Plant
Science" in 2023, an ethanol extract of Ocimum basilicum
(Tulsi) was able to stop E. coli from growing despite the fact
that it is a gram-negative bacterium. Ethanol extract of
Ocimum basilicum (Tulsi) was able to suppress the growth
of E. coli at concentrations of 40%, 60%, and 80%. The
National Library of Medicine (2008) states that a
methanolic extract of Ocimum basilicum (Tulsi) is effective
against S. aureus and Bacillus spp. Similar to this, our
research demonstrates that Ocimum basilicum (Tulsi)
extract in methanol, ethyl acetate, and hexane was efficient
against S. aureus and Bacillus spp. According to our
research, a methanolic extract of Ocimum basilicum (Tulsi)
was able to demonstrate an inhibitory effect against
Bacillus spp. with 1mm ZOI and S. aureus with 3mm ZOI.
Similar to methanolic extract. Hexane and ethyl acetate
extracts were also effective against both bacteria, but none
of the extracts were effective against E. coli, a gram-
negative bacterium.

In this study, it became clear that the ethyl acetate extract
of Psidium guajava (Guava leaves) was extremely effective
against Bacillus spp. (15mm), while Escherichia coli (Omm)
showed no efficacy. Maximum efficacy was shown against
Staphylococcus aureus (14mm) in the case of the
methanolic extract of Psidium guajava (Guava leaves),
while no efficacy was observed in the case of Escherichia
coli (0mm). Maximum efficacy was shown against Bacillus
spp. (15mm) in the case of the hexane extract of Psidium
guajava (Guava leaves), whereas the no efficacy was
observed in the case of Escherichia coli (0mm). According

to the findings of a study conducted by Bipul Biswas et al.
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(2013), Psidium guajava (Guava leaves) extracts in
methanol and ethyl acetate demonstrated inhibitory
effects against gram-positive bacteria but not gram-
negative bacteria. The antibacterial activity of the
methanol extract against Bacillus spp. and S. aureus was
marginally higher at 10 mg/501, with ZOI values of 8.27 and
12.3 mm, respectively. Similar to this, we discovered in the
research we conducted that Psidium guajava (Guava
leaves) extracts in methanol, ethyl acetate, and hexane
exhibited inhibitory effects against gram-positive bacteria
but not against gram-negative bacteria. We used E. coli, a
gram-negative bacterium, against which the extract from
guava leaves was not effective. ZOI was found at Omm
against E. coli, indicating that the guava leaf extract had no
inhibitory effect.

In this study, it has been discovered that the ethyl acetate
extract of Coriandrum sativum (Coriander) was highly
effective against Bacillus spp. (25mm), while Escherichia
coli (14mm) showed the least efficacy. The maximum
efficiency was shown against Bacillus spp. (13mm) in the
case of the methanolic extract of Coriandrum sativum
(Coriander), whereas the least efficacy was observed in the
case of Escherichia coli (11mm). Maximum efficacy was
observed against Bacillus spp. (16mm) in the case of
hexane extract of Coriandrum sativum (Coriander),
whereas least efficacy was observed in the case of
Staphylococcus aureus (11mm). According to the research
conducted by Anita Verma and her team from the College
of Basic Science and Humanities in Patnanagar on
November 5, 2018, all methanolic extracts of Coriander
sativum (Coriander) demonstrated an inhibitory effect
against E. coli and B. subtilis. Similar to this, our research
led us to the conclusion that an extract of Coriander sativum
(Coriander) in methanol, ethyl acetate, and hexane was
effective against E. coli, S. aureus, and Bacillus spp.
Coriander sativum (coriander) demonstrated the best
reaction against E. coli, while the other plant extracts, we
utilized in our study had no effect at all against gram-
negative bacteria.

This study examined the minimal inhibitory concentration
of Coriandrum sativum (Coriander) against a number of
common pathogenic bacteria. In an ethyl acetate extract of
Coriandrum sativum (Coriander), Staphylococcus aureus

was found to be sensitive at the greatest dilution (1:32).
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Staphylococcus aureus was discovered to be sensitive in the
case of the methanolic extract of Coriandrum sativum
(Coriander) at the greatest dilution (1:64). Similar results
were reported for Staphylococcus aureus in the case of the
hexane extract of Coriandrum sativum (Coriander), where
the greatest dilution (1:16) was shown to be sensitive.

Three bacterial isolates and a small number of herbal
plants were used in the study, which only concentrated on
pathogenic organisms. From the start to the end of the
study, tests were conducted using crude extract without
verifying its purity. To identify specific antibacterial
properties, present in the extracts of these plants, more
analysis is required. In order to evaluate the potential of
these plant extracts in the treatment of infectious diseases,

clinical trials should be performed.

Conclusion

According to the study, Coriandrum sativum (coriander) is
the most effective herbal plant against common pathogenic
bacteria. Ethyl acetate extract was found to be more
effective when compared to methanolic and hexane
extracts. As a result, ethyl acetate was discovered to be a
better solvent than methanol and hexane. To update its
medicinal value, additional research on its antibacterial

characteristics may be required.
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