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Abstract: Evaluation of the antibacterial properties of fungal endophytes associated with Centella asiatica (L.) Urb., the
ethnomedicinal plant widely used in traditional medicine practices, is part of the current study. Considering both molecular
characterization and morphological characteristics, five endophytic fungi were isolated and identified namely Cladosporium sp. (F1),
Penicillium sp. (F2), Aspergillus sp.(F3), Colletotrichum sp.(F4) and Curvularia sp.(F5). Escherichia coli, Staphylococcus aureus,
Klebseilla pneumoniae, and Bacillus cereus are the four pathogenic bacterial strains that were examined for the antibacterial activity of
plant extract and its endophytic fungus extract. The lowest concentration of the extract which inhibits any visual growth was considered
to be Minimum Inhibitory Concentration(MIC).The zone of inhibition that different extracts produced against selected strains was
measured. The results showed that among all endophytic fungal extracts studied F4,Colletotrichum sp. exhibited the highest zone of
inhibition against E. coli, while the hydroalcoholic and aqueous extracts of the Centella asiatica leaf sample showed the maximum zone

of inhibition against E. coli and S. aureus, respectively.
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1. Introduction

Centella asiatica (L.)Urb. is an herbaceous, perennial plant
commonly known as Indian pennywort and Asiatic
pennywort belongs to the family Apiaceae [1]. It is locally
known as Jal Brahmi, Beng Saag,and grows in many
temperate and tropical marshy places. It is native to
Southeast Asia, the Indian subcontinent, and the wetland
areas of the southeastern US [2, 3]. Due to the generation of
various bioactive secondary metabolites, Centella asiatica is
one of the most significant therapeutic herbs used in Indian
Ayurvedic traditions. It is also known for its antibacterial,
antifungal, antidiabetic, antidiuretic, and antioxidant [4]
properties. Its diverse bioactive ingredients, which possess
cytotoxic and anticancer [5], cardioprotective [6], anti-
inflammatory [7], neuroprotective [8], and wound healing
[9] properties, are essential for improving medical problems.
C. asiatica prevents the oxidative damage that takes place in
neuropathological disorders, including stroke, Parkinson’s
disecase, and Alzheimer’s disease, by improving the
antioxidant neurological state related to aging.

Endophytic microorganisms are recognized as one of the
most chemically promising groups of microorganisms in
terms of diversity and pharmaceutical potential. These are
microorganisms, primarily fungi and bacteria, that
proliferate in the intercellular spaces of higher plants without
evidently harming their hosts. Endophytic fungi form
enduring associations with their host plants because

endophytes have been shown to mediate the development of
secondary metabolites in some plant species. A few
endophytic fungi, such as Colletotrichumgloeosporioides,
have been documented in various existing literature to
produce asiaticoside and madecassoside as secondary
metabolites [10]. Several bioactive secondary metabolites,
such as steroids, alkaloids, peptides, terpenoids, tannins,
quinone, flavonoids, and phenolics, are characteristic of
endophytic microorganisms, particularly fungi [11]. It is
now known that ethno-medicinal plants include a wealth of
endophytes that may yield new metabolites with significant
therapeutic value [12, 13, 14]. Certain natural compounds
that are associated with endophytic fungi may have
antibacterial,  antioxidant,  anti-tumour, and anti-
inflammatory properties [15].

The exploration of plants for endophytic fungi can be of
immense value in screening for potential metabolites. So, the
present investigation has been designed to evaluate the
antibacterial and antioxidant activities of endophytic fungi
associated with Centella asiatica (L.) Urb.

2. Materials and Methods
2.1 Sampling
Centella asiatica plants with no visible symptoms of the

disease were carefully selected and collected from the local
area of Ranchi. The plant was identified and authenticated
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by Botanical Survey of India, Kolkata with specimen no.
RU/SIM-01.

Surface Sterilization and Isolation of the Endophytic
Fungi-

The surface sterilization was done according to Tejovathi et
al, (1996)[16]. The plantwas rinsed with tap water followed
by a distilled water wash to remove adhered dust and debris
and then washed with teepol and were cut into small pieces
with 1.5mm segments which were surface sterilized with
70% ethanol for 1min. The segments were soaked in 0.2%
(w/v) mercuric chloride solution for 1min. and finally rinsed
thrice with sterile distilled water. The segments were then
inoculated into Potato Dextrose Media under a Laminar Air
Flow Cabinet and incubated at 25+2°C for 7 days. The
growth of endophytic fungi from plant segments was
observed once a day. Hyphal tips growing out of the plated
segments were transferred into fresh PDA plates and
incubated at 25+2°C for 5-7 days to obtain pure cultures.

2.2 Extract Preparation

Plant extract preparation-

Plant samples were collected and rinsed with double distilled
water to remove dust and dirt particles then they were
washed with 10% saline solution and then 2-3 times with
distilled water, then shade dried and ground to powder form
and sieved for uniformity [17]. In this experimentation,
solvent extraction and Soxhlet extraction were carried out to
get the plant extracts [18, 19]. The hydro-alcoholic extracts
of C. asiatica were extracted using 70% aqueous and 30%
ethanol upon gentle shaking at 120 rpm and 37°C for 72
hours. It was then filtered using Whatman No. 1 filter paper
and the solvent was evaporated using a rotary evaporator to
get the dried extracts. Then it is re-dissolve in two solvents
that are aqueous and hydro-alcohol.

Fungal extract preparation-

For the mass cultivation of fungus, agar blocks of actively
growing pure cultures (3mm in diameter) were placed on
100 ml Potato Dextrose Broth in a 250 ml Erlenmeyer flask.
Each flask was incubated at 25=2°C for 3 weeks with
periodical shaking at 150 rpm in an incubator shaker. The
culture was then filtered through three layers of muslin cloth
to remove fungal mycelia. The culture filtrate was then
filtered thrice with equal volumes of solvent ethyl acetate.
The organic phase was collected and the solvent was
removed by evaporation under reduced pressure at 45°C
using rotatory vacuum evaporator. The dry solid residue was
re-dissolved in ethyl acetate and evaluated for its
antibacterial activities.

Test Organisms

Escherichia coli ATCC 13076, Staphylococcus aureus ATCC
25923, Klebseillapneumoniae ATCC 13883and Bacillus
cereus ATCC 10876 were used during the present
experiment were procured from Hi-media which are
potential causative pathogen for different diseases.

Antibacterial Activity By Well-Diffusion Method

Antibacterial activity was done by agar well diffusion
method[20] to determine the inhibitory activity of the tested
extracts. The antibacterial activity of aqueous and hydro-

alcoholic extract of C. asiatica and crude extracts of its five
different endophytic fungi was carried out on Mueller
Hinton Agar medium for test bacteria. 100l of bacterial cell
suspension culture was uniformly spread onto sterile
Mueller Hinton Media by a sterile L-shaped spreader to
prepare the test plates[21]. After solidifying the media, 7mm
wells were punched by using a sterile cork borer in which
different concentrations (2,4,8,16pl) of the test sample were
loaded on inoculum-swapped plates. Afterwards, the plates
were incubated for 24-48hr at 37°C for the zone of
inhibition to be observed [22].

3. Result and lllustrations

Isolation of Endophytic fungi

A total of five endophytic fungi from Centella asiatica were
isolated from different parts of plants. Based on microscopic
and morphological features, the isolates were identified
namely Cladosporiumsp. (F1), Penicillium sp. (F2),
Aspergillus sp. (F3), Colletotrichum sp. (F4), and Curvularia
sp.(F5).

Antibacterial Assay

The current study used the ethyl acetate extract of five
distinct endophytic fungi as well as the aqueous and
hydroalcoholic extract of Centella asiatica leaves to test the
antibacterial activity of these extracts against a range of
pathogenic bacteria, including S. aureus, E. coli,
Klebseillapneumoniae, and Bacillus cereus. The
hydroalcoholic extract of a leaf sample from Centella
asiatica displayed a zone of inhibition (2.3 mm) in
antibacterial tests against E. coli, but the maximum zone of
inhibition (4.3 mm) was observed in the case of endophytic
fungal extracts, F4 (Colletotrichum sp.). While endophytic
fungal samples 01, 03, and 05 do not exhibit any zone of
inhibition, the aqueous extract of Centella leaf extract
showed the maximum zone of inhibition (6.0 mm) in its
efficacy against Staphylococcus aureus. Endophytic fungal
sample 1 (Cladosporium sp.) had the highest zone of
inhibition (5.6 mm) in comparison to the remaining samples
against Klebsiella pneumoniae. For Bacillus cereus,
hydroalcoholic extract exhibits the highest inhibitory zone
(5.3 mm) among the other samples.

4. Discussion

It has also been shown that fungal endophytes are a source
of unique secondary metabolites, some of which have useful
biological properties [23]. Plant endophytes are probably
ubiquitous, their populations depending on the type of host
and its geographic region [24]. Many studies have shown
that the endophytes that are isolated from medicinal plants
are highly effective in producing metabolites that are
cytotoxic, fungicidal, and bactericidal [25]. The earlier study
demonstrated the presence of several kinds of
phytochemicals such as phenols, flavonoids, terpenoids,
alkaloids, saponins, and cardiac glycosides in plant as well
as in its endophytic fungal extract. Earlier studies of
Centella asiatica L.(Urb.), its dichloromethane: methanolic
extracts revealed substantial inhibition of Escherichia coli
and Staphylococcus aureus growth[26] while during the
present investigation, its hydroalcoholic and aqueous extract
showed antibacterial effect against the same pathogens.
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During the present investigation,the endophytic fungal
extract of Colletotrichum sp.(F4) of Centella asiatica
L.(Urb.) showeda zone of inhibition (Graph 2) against
Staphylococcus aureus but during previous work of
Colletotrichum gloeosporioides, no zone of inhibition was
reported against the same pathogen [27].

The endophytic fungal isolates from C. asiatica include
Cladosporiumsp. (F1), Penicillium sp. (F2), Aspergillus sp.
(F3), Colletotrichum sp. (F4) and Curvularia sp.(F5)which
revealed antibacterial activities against some pathogenic and
non-pathogenic bacteria. Antimicrobial metabolites from
fungal endophytes have been investigated as one of the

alternative approaches for reducing the issue of drug
resistance among pathogens, which has been the area of
more attention [28]. The endophytic fungus, Colletotrichum
sp., showed a better zone of inhibition against Klebseilla
pneumoniae. The hydroalcoholic extract exhibits the highest
inhibitory zone against Bacillus cereus. This could be due to
their higher efficiency in metabolite production, indicating
that these fungi have differing activity potential. A wide
range of microorganisms exist that are not being utilized for
the evaluation of the generation of metabolites that could
have beneficial bioactivities, such as antibacterial activity
[29].
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Graph 1: Antibacterial activities of plant extract and its endophytic fungal extract against E. coli showing zone of inhibition

with different concentrations.
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Graph 2: Antibacterial activities of plant extract and its endophytic fungal extract against Staphylococcus aureusshowing

zone of inhibition with different concentrations.
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Graph 3: Antibacterial activities of plant extract and its endophytic fungal extract against Klebsiellapneumoniae showing
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Antibacterial activity against Bacillus cereus
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Graph 4: Antibacterial activities of plant extract and its endophytic fungal extract against Bacillus cereus showing zone of
inhibition with different concentrations.
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