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Abstract  

The present study focused on exploring the endophytic fungal diversity associated with an 

ethnomedicinally valued plant, Justicia betonica located in the Western Ghats region of Karnataka 

and evaluation of their antibacterial potential. A total of 210 endophytic fungal isolates were 

obtained from healthy leaf and stem tissues. The isolates were grouped into 17 distinct genera, 

including morphospecies. The Colletotrichum is one of the most predominant genera representing 

18.1% of the total isolates, followed by Cladosporium (14.8%), Pestalotiopsis (7.14%), and 

Alternaria (6.7%). The Shannon-wiener diversity (H) showed that fungal diversity in both plant 

tissues does not have significant differences. The antibacterial potential of the isolates was 

evaluated using a primary agar plug diffusion technique in which 28 isolates showed prominent 

antibacterial activity. Nine isolates that showed the highest antibacterial activity were subjected to 

secondary antibacterial screening using ethyl acetate extracts. The extracts showed varying 

inhibitory activity against both the pathogens Escherichia coli and Staphylococcus aureus with 

inhibition zone ranging from 14 to 32 mm. A Xylaria sp. designated as PJJBLF53 displayed the 

maximum inhibition zone against both the pathogens tested when compared to the standard 

antibiotic, gentamicin. The study indicates that J.  betonica harbors diverse endophytic fungi that 

possess potent antibacterial potential, which could be investigated further for the isolation of novel 

antibacterial compounds. 

 

Keywords – Agar plug diffusion assay – Antibacterial activity – Diversity indices – Fungal 

endophytes – Xylaria sp. 

 

Introduction  

Antibiotics have been playing a significant role in combating infectious diseases caused by 

microorganisms. However, the excessive and irrational usage of many antibiotics has resulted in the 

arising of antibiotic-resistant strains (Laxminarayan et al. 2013). Thus, the efficiency of antibiotics 

has intensely decreased in treating common infectious diseases, and sometimes they are impossible 

to treat as they become less effective (Neu 1992). Consequently, there is an urgent need for new 

natural products for antimicrobial drugs against synthetic drugs. Plants have been used to harness 

novel antimicrobial products (Compean & Ynalvez 2014). In most developing countries, almost 
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80% of people rely on medicinal plants to treat infections caused by pathogens (Ekor et al. 2014). 

However, overexploitation has led to the extinction of several medicinally important plants 

(Brower 2008). Hence, the interest shifted towards fungal endophytes, which reside inside these 

plants without causing harm to the host and thus may produce similar compounds found in 

medicinal plants (Venugopalan & Srivastava 2015). The breakthrough in this area of endophyte 

bioprospection was the discovery of taxol, also known as paclitaxel, an anticancer compound from 

the endophytic fungus Taxomyces andreanae that inhabits Pacific Yew Taxus brevifolia (Strobel et 

al. 2003). Since then, they have been proven to be a wealthy pool of new bioactive, structurally 

unique secondary metabolites and have become promising sources of natural drugs (Nisa et al. 

2015). 

Endophytic fungi colonize the intercellular spaces of healthy tissues of plants without 

producing any deleterious effect on the host (Strobel et al. 2003, Rodriguez et al. 2008, Doilom et 

al. 2017). They help plant growth promotion by producing phytohormones (Omomowo & Babalola 

2019), increasing tolerance to abiotic/biotic stresses (Leitão & Enguita 2016), and resistance 

against phytopathogens (Mejía et al. 2008, Hyde et al. 2019, De Silva et al. 2019). Several 

bioactive compounds with a wide range of bioactivities such as antimicrobial (Kumar et al. 2014), 

anticancer (Puri et al. 2005), antidiabetic (Singh & Kaur 2016), insecticidal (Daisy et al. 2002), 

antioxidant (Strobel et al. 2002), anti-inflammatory (Deshmukh et al. 2009), neuroprotective (Lin et 

al. 2008), antimalarial (Tansuwan et al. 2007), and immunosuppressive (Lee et al. 1995) activities 

have been isolated from these fungal endophytes.  

Justicia betonica L. is commonly called squirrel tail, which is an ethnomedicinal plant used 

in the treatment of various gastrointestinal ailments. In India, the inflorescence is used to treat 

vomiting and constipation (Jeruto et al. 2008). A decoction of the whole plant is used to treat 

stomachaches by people of the Lou tribe in Tanzania (Rao et al. 2006). In Kenya, the flowers and 

leaves of ash trees are used as medicines for cough, while an infusion of leaves is used for snake-

bite (Kokwaro & Johns 1998). The poultice made from the leaves is used to treat boils in Ceylon, 

and swellings in Malaya (Jeruto et al. 2008). Even though many species of Justicia have been 

screened for their potential fungal endophytes, J. betonica was left underexplored even with its 

ethnomedicinal importance. In the present study, we explored the bioactive potential of the fungal 

endophytic communities associated with J. betonica located in one of the biodiversity hotspot, the 

Western Ghats of India.  

 

Materials & Methods  

 

Collection of plant  

The fresh, healthy plant materials were collected from the Virajpet taluk of Kodagu district of 

the Western Ghats region of Karnataka, India (12°13’30” N, 76°00’41” E) in sterile polythene 

bags. The plant materials were bought to the laboratory and processed immediately for the isolation 

of endophytic fungi. 

 

Isolation of endophytic fungi 

The plant material was washed initially to remove soil and dust particles with running tap 

water. After shade drying, the stems and leaves were cut into small segments (0.5 cm2) using a 

sterile scalpel. These segments were subjected to surface sterilization by washing in 70% ethanol 

(C2H5OH) for 1 min, followed by 4% sodium hypochlorite (NaOCl) for 4 min and washing thrice 

in sterile distilled water. The excess moisture was blotted. Surface sterilized stem and leaf segments 

were placed equidistantly on the surface of water agar plates (10 segments/plate), previously 

amended with 100 mg L-1 of chloramphenicol to prevent contamination by bacteria. The plates 

were incubated at 25 ± 2°C for 3 to 4 days and monitored daily for the fungal growth from each 

segment. Fungal hyphae emerging from the leaf and stem segments were transferred onto fresh 

potato dextrose agar (PDA) plates and incubated at room temperature (25 ± 2°C) for about 57 

days to establish pure cultures (Rakshith et al. 2013).  
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Identification of endophytic fungi 

The endophytic fungi were identified based on a thorough examination of macro and 

micromorphological characteristics up to the generic level by referring to standard fungal 

identification manuals (Ainsworth et al. 1973, Barnett & Hunter 1998). The isolates were 

categorized according to their genus and isolates that failed to sporulate were designated as 

unidentified morphospecies. 

 

Data analysis 

The endophytic fungal diversity of J. betonica was quantitatively analyzed in terms of 

colonization frequency (CF), isolation rate (IR), species richness (S), total abundance, evenness 

along with Shannon-Wiener (H) and Simpson (1-D) diversities. The frequency of colonization was 

expressed as the number of leaf/stem fragments from which one or more endophytic fungi were 

recovered divided by the total number of leaf/stem segments plated × 100 (Kumar & Hyde 2004). 

The total number of fungal endophytes recovered from the leaf/stem segments divided by the total 

number of leaf/stem segments plated × 100 was expressed as isolation rate (IR) (Arora et al. 2019, 

Kumar & Hyde 2004). The relative abundance is described as the total counted number of fungal 

isolates of each species divided by the total number of all species of isolates obtained. Species 

richness is the total number of fungal species obtained from each leaf and stem (Arora et al. 2019), 

and the species evenness is the relative contribution of each species to the total biomass (Polley et 

al. 2003). Species richness, total abundance, evenness, Shannon-Wiener diversity index, and 

Simpson diversity index were calculated using an online diversity calculator 

(http://www.changbioscience.com/genetics/shannon.html). 

 

Antibacterial activity 

 

Agar plug diffusion assay  

The isolated endophytic fungi were subjected to preliminary antibacterial screening through 

the agar plug diffusion method. This permitted a rapid and qualitative identification of the bioactive 

isolates. Mycelial agar plugs approximately 6 mm in diameter of an actively growing fungal 

endophyte culture were cut with a flamed cork borer and transferred to the surface of Mueller 

Hinton agar (MHA) plates, previously seeded with test microorganisms i.e., Escherichia coli and 

Staphylococcus aureus. The plates were kept in a refrigerator at 4°C for 10 min for the diffusion of 

metabolites. Further, these plates were incubated at 37°C for 24 hours and observed for the zone of 

inhibition around the agar plugs (Nuthan et al. 2020a). 

 

Preparation of fungal crude extracts 

The selected fungal strains were inoculated into a 1000 ml conical flask, containing 300 ml of 

potato dextrose broth (PDB) and incubated at 25 ± 2°C for 45 days. After incubation, the mycelial 

mat was separated from the culture broth by filtering through a double-layered cheesecloth. Then, 

the culture filtrate was transferred to a 1000 ml bottle, and an equal volume of ethyl acetate was 

added. The contents of the bottle were agitated vigorously for about 2025 minutes, and transferred 

to a separating funnel, and left for few minutes till the separation of two distinct phases. The upper 

organic phase (ethyl acetate), which contained secondary metabolites, was carefully collected in a 

separate brown bottle, and the process was repeated two times. Finally, the collected organic phase 

was concentrated in a rotary evaporator under low pressure at 3540°C (Phongpaichit et al. 2006). 

 

Antibacterial screening by agar well diffusion method 

Concentrated ethyl acetate extracts of selected endophytic fungi were subjected for the 

antibacterial activity assay by agar well diffusion method against bacteria: S. aureus (Gram-

positive), and E. coli (Gram-negative). The bacterial cultures were adjusted to 0.5 McFarland 

standards, and 100 μL was spread onto the MHA plate. The wells were made using a 6 mm 

diameter cork borer, and 50 μL of ethyl acetate extract of each strain was added into a separate 
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well. Gentamicin and ethyl acetate was used as positive and negative controls, respectively. The 

plates were kept at 4ºC for about 10 min, thus allowing the diffusion of metabolites from the 

extracts. The plates were then incubated at 37°C for 24 hours and observed for the inhibition zone 

surrounding the wells (Nuthan et al. 2020b). 

 

Statistical analysis 

Agar well diffusion assay was conducted in triplicates, and statistical analyses were carried 

out using the IBM SPSS software (version 25). The statistically significant differences in the results 

obtained were calculated using one-way analysis of variance (ANOVA) at p ≤ 0.001 followed by 

Tukey’s post hoc test with p ≤ 0.05; the final values were represented as mean ± standard deviation 

(SD). 

 

Results 

 

Isolation and identification of endophytic fungi 

A total of 210 culturable endophytic fungal isolates were obtained from 400 tissue segments 

(200 each of leaves and stems) of J. betonica. The overall procedure is summarized pictorially in 

Fig. 1, we isolated 117 isolates from leaves and 93 from stems. These isolates were further 

carefully grouped into 17 genera, including morphospecies based on their macro and 

micromorphological characteristics. Colony morphology and microscopic images of isolated fungal 

endophytes are shown in Fig. 2. Most of the isolates were from the class Sordariomycetes (62%), 

followed by Dothideomycetes (26%) and Agaricomycetes (3%). Colletotrichum was the most 

dominant genus among the endophytic fungal community representing 18.09% of the total isolates, 

followed by Cladosporium with 10.69%. On the other hand, the lowest dominance was observed 

with Botryosphaeria (0.95%). The distribution and colonization frequency (CF%) of endophytic 

fungi are summarized in Table 1. 

 

 
 

Fig. 1 – Pictorial description of the overall procedure followed for isolation of endophytic fungi 

from J. betonica. 
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Table 1 Distribution and colonization frequency (CF%) of endophytic fungi from J. betonica. 

 

Sl. 

No. 

Class Family Fungi 
Leaves Stems Total CF% 

1 Agaricomycetes Ceratobasidiaceae Rhizoctonia sp. 3 3 6 1.5 

2 Dothideomycetes 

Cladosporiaceae Cladosporium sp. 10 21 31 7.75 

Botryosphaeriaceae Botryosphaeria sp. 0 2 2 0.5 

Didymellaceae Phoma sp. 5 3 8 2 

Pleosporaceae 
Alternaria sp. 9 5 14 3.5 

Curvularia sp. 3 0 3 0.75 

3 Sordariomycetes 

Sporocadaceae Pestalotiopsis sp. 10 5 15 3.75 

Chaetomiaceae Chaetomium sp. 6 4 10 2.5 

Ceratocystidaceae Ceratocystis sp. 7 5 12 3 

Glomerellaceae Colletotrichum sp. 25 13 38 9.5 

Hypocreaceae Gliocladium sp. 5 4 9 2.25 

Nectriaceae 
Fusarium sp. 5 5 10 2.5 

Gliocladiopsis sp. 0 3 3 0.75 

Stachybotryaceae Myrothecium sp. 6 7 13 3.25 

Diaporthaceae Diaporthe sp. 3 2 5 1.25 

Xylariaceae Xylaria sp. 7 5 12 3 

4 Unrecognized Mycelia sterilia Morpho sp. 13 6 19 4.75 

 Total 117 93 210 52.5 
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Fig. 2 – Colony morphology and microscopic characteristics of the isolated fungal endophytes from 

J. betonica. A Alternaria sp. B Botryosphaeria sp. C Ceratocystis sp. D Chetomium sp.  

E Cladosporium sp. F Colletotrichum sp. G Curvularia sp. H Fusarium sp. I Gliocladiopsis sp.  

J Gliocladium sp. K Myrothecium sp. L Pestalotiopsis sp. M Phoma sp. N Diaporthe sp.  

O Rhizoctonia sp., (P-S) Xylaria sp., and (T, U) Morpho sp. 
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Fig. 2 – Continued. 

 

Data analysis 

The colonisation frequency of fungal endophytes was more in leaf (90%) tissues compared to 

that of the stem parts (81.5%). The isolation rates for leaves and stems were 58.5 and 46.5%, 
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respectively (Table 2). Both leaves (2.6) and stems (2.5) had a similar Shannon-wiener diversity 

index (H). The tissue-specific fungal dominance was higher in the leaves when compared to the 

stems. Highest Species Richness (S) was observed in the stems (17), followed by leaves. Species 

evenness was slightly lower in leaves (0.9) than in stems (0.2). Diversity indices of endophytic 

fungi isolated are given in Table 3. 

 

Table 2 Isolation Rate and Colonisation Frequency. 

 

 Leaf Stem Total 

No. of Segments 200 200 400 

No. of segments yielding endophytic fungi 180 163 343 

No. of isolates 117 93 210 

Isolation rate (%) 58.5 46.5 52.5 

Colonisation frequency (%) 90 81.5 85.75 

 

Table 3 Diversity of endophytic fungi isolated from J. betonica. 

 

 Leaf Stem 

Shannon-Wiener diversity (H)  2.58 2.47 

Species richness (S) 16.0 17.0 

Total abundance 234 186 

Simpson diversity (1-D) 0.90 0.89 

Evenness 0.93 0.90 

 

Antibacterial activity 

 

Agar plug diffusion assay  

Among all the tested endophytic fungal isolates, 28 showed prominent antibacterial activity 

against both test bacteria, S. aureus and E. coli. The varying range of inhibition zone displayed by 

individual isolates around the agar plugs is shown in Table 4. 

 

Table 4 Range of inhibition zone of endophytic fungal isolates from J. betonica against pathogenic 

bacteria. 

 

Fungi Isolate code 
Primary antibacterial activity 

E. coli S. aureus 

Alternaria sp. PJJBST37 ++ + 

Alternaria sp. PJJBLF84 ++ - 

Cladosporium sp. PJJBST15 ++ - 

Cladosporium sp. PJJBST16 + +++ 

Curvularia sp. PJJBLF117 + ++ 

Curvularia sp. PJJBST177 - ++ 

Fusarium sp. PJJBLF12 +++ ++ 

Fusarium sp. PJJBLF41 + +++ 

Fusarium sp. PJJBLF82 +++ ++ 

Fusarium sp. PJJBLF133 ++ + 

Morpho sp. PJJBLF23 +++ ++ 

Morpho sp. PJJBLF176 + - 

Morpho sp. PJJBST190 ++ + 

Morpho sp. PJJBST193 ++ +++ 
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Table 4 Continued. 

 

Fungi Isolate code 
Primary antibacterial activity 

E. coli S. aureus 

Pestalotiopsis sp. PJJBST54 ++ ++ 

Pestalotiopsis sp. PJJBST188 + - 

Pestalotiopsis sp. PJJBST191 ++ - 

Phoma sp. PJJBLF135 + ++ 

Phoma sp. PJJBST209 +++ + 

Diaporthe sp. PJJBLF161 ++ +++ 

Diaporthe sp. PJJBST187 + ++ 

Diaporthe sp. PJJBST199 + ++ 

Xylaria sp. PJJBLF53* +++ +++ 

Xylaria sp. PJJBST111 + +++ 

Xylaria sp. PJJBST179 + +++ 

Xylaria sp. PJJBST185 ++ + 

Xylaria sp. PJJBST189 ++ ++ 

Xylaria sp. PJJBLF203 ++ ++ 

+: Inhibition zone < 10 mm 

++: Inhibition zone between 1020 mm 

+++: Inhibition zone > 20 mm 

-: No inhibition zone 

*: Isolate with most significant antibacterial activity 

 

Antibacterial screening by agar well diffusion method. 

Eight of nine tested fungal extracts displayed antibacterial activity against both S. aureus and 

E. coli with inhibition zone ranging from 13 to 31 mm. Extract of PJJBST53, a Xylaria sp. showed 

the largest zone of inhibition against both E. coli (31 ± 1 mm) and S. aureus (28.7 ± 0.6 mm), 

compared with the standard positive control of 21.3 ± 0.6 mm (E. coli) and 24.3 ± 0.6 nm (S. 

aureus). The extract of PJJBST209 was inactive against both test organisms. The range and 

formation of inhibition zones (Mean ± SD) of ethyl acetate extract of endophytic fungi are shown 

in Table 5 and Fig. 3.  

 

Table 5 Antibacterial activity of crude fungal extracts of selected endophytic fungal isolates from 

J. betonica. 

 

Fungi Isolate code 
Antibacterial activity against (mm) 

E. coli S. aureus 

Fusarium sp. PJJBLF12 29.00 ± 1.00a 21.00 ± 1.00c 

Morpho sp. PJJBLF23 22.00 ± 1.00bcd 15.00 ± 1.00e 

Xylaria sp. PJJBLF53 31.00 ± 1.00a 28.66 ± 0.57a 

Pestalotiopsis sp. PJJBST54 14.66 ± 0.57e -NA- 

Fusarium sp. PJJBLF82 24.33 ± 1.52b 13.33 ± 0.57e 

Diaporthe sp. PJJBLF161 23.00 ± 1.00bc 25.00 ± 1.00b 

Morpho sp. PJJBST193 19.33 ± 1.52d 18.66 ± 0.57d 

Xylaria sp. PJJBLF203 16.33 ± 0.57e 14.00 ± 1.00e 

Phoma sp. PJJBST209 -NA- -NA- 

Positive Control Gentamicin 21.33 ± 0.57cd 24.33 ± 0.57b 

Negative Control Ethyl acetate -NA- -NA- 

Values given are means of triplicates ± standard deviation of the mean (SDM; significant p < 

0.001) by one-way ANOVA. Values followed by the same superscript letter(s) within columns are 

significantly different at p < 0.05 by Tukey’s post hoc test; NA: No activity 
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Fig. 3 – Zone of inhibition of selected fungal crude extracts against E. coli (A, B) and S. aureus (C, 

D) by agar well diffusion method. 1 – Positive control (Gentamicin), 2 – Negative control (Ethyl 

acetate), 50 µl Ethyl acetate extracts of isolates 3 – PJJBLF12, 4 – PJJBLF23, 5 – PJJBLF53, 6 – 

PJJBST54, 7 – PJJBLF82, 8 – PJJBLF161, 9 – PJJBST193, 10 – PJJBLF203, and 11 – PJJBST209.  

 

Discussion 

Drug resistance among microorganisms is a major risk to human health, and thus the 

development of novel antimicrobial compounds is one of the best solutions to mitigate this problem 

(Laxminarayan et al. 2013). Endophytes from plants with an ethnomedicinal background that is 

used by native inhabitants for treating several diseases have proven to be the best source for 

bioactive compounds (Sunaryanto & Mahsunah 2014, Sridhar 2019). Because of this hypothesis, 

the medicinal plant J. betonica used for the treatment of various gastrointestinal complaints was 

selected for the present study. A total of 210 culturable mycoendophytes were retrieved from leaf 

and stem tissue segments of J. betonica. Among them, 117 isolates were obtained from leaf 

segments and 93 from stem segments with an isolation rate of 58.5 and 46.5%, respectively. 

Endophytic fungi were isolated with a similar isolation rate from Tripterygium wilfordii by Kumar 

& Hyde (2004). The colonization frequency of fungal endophytes was more in leaf tissues (90%) as 

compared to stem parts (81.5%) of the plant and also justifies that foliar parts tend to harbor more 

mycoendophytic communities when compared to the stem parts (Nuthan et al. 2020a). These 

tissues represent two distinct micro-environments, subsequently influencing their mycoendophytic 

communities differently.  

Shannon-wiener diversity index (H) and Simpson’s diversity index (1-D) were used to 

determine the diversity of endophytic fungi inhabiting leaves and stems. Leaves showed a higher 

Shannon-wiener index (2.6) when compared to stems (2.5), similar to the results obtained by 

Raviraja (2005). The value of Simpson’s diversity index lies between 0 and 1, and a high index 

value indicates higher species diversity. Leaves showed a higher Simpson’s index value, indicating 

a greater species diversity for that particular species, while stems showed higher species diversity in 
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the study conducted by Du et al. (2020). The measure of evenness is indicated by the relative 

abundance of species, which was also higher in leaves. Thus, the endophytic fungi of leaves 

showed more diversity compared to the endophytic fungi of the stems.  

The isolates were grouped into 17 genera based on macro and micromorphological 

characters. Although this type of identification is presumptive, standard manuals were used for the 

same. Most of the isolates were from class Sordariomycetes (62%), one of the largest classes in 

Ascomycota. They comprise a highly diverse range of fungi, including endophytes. 

Sordariomycetes were followed by Dothideomycetes (26%), Mycelia sterilia (9%), and 

Agaricomycetes (3%). The Colletotrichum was the dominant foliar endophytic community isolated 

whereas Cladosporium was the dominant endophytic community isolated from the stems. Thus, 

tissue specificity was evident among the endophytes of the host. The most recurrent endophytic 

species isolated were Colletotrichum spp., Cladosporium spp., Fusarium spp., and Pestalotiopsis 

spp.  Colletotrichum is widely found as an endophytic fungal community in plants.  In literature, 

different species of the endophytic Colletotrichum were isolated from many plants such as 

Artemisia annua (Lu et al. 2000), Justicia gendarussa (Gangadevi & Muthumary 2008), Mangifera 

indica (Vieira et al. 2014), Rhizophora apiculate (Doilom et al. 2017) and Pandanus sp. 

(Tibpromma et al, 2018). Colletotrichum gloeosporioides with antimicrobial activity was obtained 

from Sonneratia apetala (Nurunnabi et al. 2018). 

In the preliminary screening of endophytic fungi for antibacterial activity through the agar 

plug diffusion method, 28 isolates showed prominent inhibition zones around agar plugs. Among 

them, nine isolates with higher antibacterial activity against both the test pathogens were selected 

for further studies. Ethyl acetate extracts of selected endophytic fungi were tested for their 

antibacterial efficacy against S. aureus and E. coli using the agar well diffusion method. Ethyl 

acetate is used extensively as a solvent for secondary metabolites extraction from fungal culture 

broth with the added advantage of isolating both types of polar and non-polar metabolites 

(Bhardwaj et al. 2015). However, it did not influence the antibacterial ability of the fungal extracts 

as it was subsequently concentrated in a rotary flash evaporator under reduced pressure and 

moderate temperature. All the tested metabolite concentrates displayed substantial antibacterial 

activity in the secondary screening assay except Xylaria sp. PJJBST209, which lost its bioactivity 

after metabolites separation. The Ethyl acetate extracts of endophytic Xylaria sp. PJJBLF53 

displayed the most significant antibacterial activity against both E. coli and S. aureus with an 

inhibition zone of 31 ± 1 mm and 28.7 ± 0.6 mm, respectively. Endophytic Xylariaceae members 

are gaining importance in the natural product drug discovery with the identification of a wide range 

of bioactive metabolites.  The antimicrobial compound Xylabisboein A was obtained from a 

Xylaria sp. isolated from Bisboecklera microcephala by Sorres et al. (2015). Cytochalasin H 

obtained from Xylaria sp. isolated from Annona squamosa showed cytotoxic effect against HEK 

293T cell line (Li et al. 2012). Xylaranol B an active compound obtained from the endophytic 

fungus X. papulis displayed strong phytotoxicity on radish seeds (Amand et al. 2012). The extract 

Xylaria sp. PJJBLF53 showed significant antibacterial activity as compared to the standard 

antibiotic. Thus, the purification and isolation of bioactive metabolites could pave the way to the 

isolation of the novel antibacterial drug lead. 

 

Conclusion 

The present study has shown that Justicia betonica from the biodiversity-rich area is a 

prominent host for the unique and diversified bioactive mycoendophytic communities. Leaves were 

more diversified in terms of colonization when compared to stems and dominated by the 

Sordariomycetes isolates. The preliminary screening of the antibacterial activities indicated that the 

presence of several isolates from different genera has potent antibacterial properties. The secondary 

screening proved that extract of Xylaria sp. (PJJBLF53) has a significant antibacterial activity, 

which correlates with the results of agar plug diffusion assay and could be used as a potential 

source of antibacterial drugs. Thus, further research is intended for the purification and 
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identification of bioactive compounds from Xylaria sp. PJJBLF53 with medicinal properties, 

leading to the discovery of novel antibacterial drugs that can benefit society. 
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