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Abstract 
 
Medicinal plants are a wealthy source of natural medicinal properties and remain as base for new drug 

discoveries. Endophyte from the specific medicinal plants produce the analogous metabolites as that of the host 
plant. The metabolites from the endophytes comprise maximum therapeutic properties and have been 
extensively applied in treating various diseases and disorders. This study was focused on identification of the 
endophytic fungi from the medicinal plant Blumea axillaris and investigates the diversity of endophytic fungi 
from various explants of the same plant. The explants were cultured on potato dextrose agar and 6 endophytic 
fungi were successfully isolated from Blumea axillaris. They were identified morphologically and confirmed 
with molecular analysis as Xylaria arbuscula, Paraphoma radicina, Phomopsis phaseoli, Sordaria fimicola, 
Aspergillus amstelodami, Diaporthe eucalyptorum. The DNA sequences were analyzed by BLAST and the 
phylogenetic tree was constructed with neighbor joining method. The six isolates were subjected to 
antagonistic activity for the selection of potential strain and the bioactive strain Xylaria arbuscula was selected 
for the production of secondary metabolites by optimization. The parameters like pH, temperature, incubation 
period, carbon and nitrogen (organic and inorganic source) were optimized for secondary metabolite 
production. The fungal metabolite was extracted by solvent extraction method using polar and non-polar 
solvents like propanol, methanol, chloroform, acetone and ethyl acetate. To investigate the bioactivities of the 
fungal crude extract was subjected first for its antioxidant activity using DPPH radical scavenging method, 
followed by antimicrobial activity of methanolic (MeOH) extract of Xylaria arbuscula, that were also analyzed 
by the agar well-diffusion method against the clinical pathogens Staphylococcus aureus, Staphylococcus 
epidermidis, Enterococcus faecalis, Escherichia coli, Pseudomonas aeruginosa, Klebsiella pnuemoniae, Proteus 
mirabilis, Aspergillus niger and Candida albicans. 

 
Keywords: antioxidant; antimicrobial activity; Blumea axillaris; endophytic fungi; metabolites; 

molecular analysis 
 
 
 

AcademicPres Notulae Scientia Biologicae



Lavanya N et al. (2021). Not Sci Biol 13(2):10953 

 

2 

 

 

 

 

 

 

Introduction 
 
Microorganisms, mostly fungi and bacteria inhabit in plant hosts as endophytes for their entire life cycle. 

Endophytes that are unobtrusive within plants for their life cycle and their hosts develop into parasitic (Selim 
et al., 2012). Numerous factors such as geographical location, climatic patterns, physiology and specificity of 
colonized tissue are subjective to endophytic community (Singh et al., 2015). Endophytic fungi generate 
crucially high impactable secondary metabolites which can be uttered as new drugs (Gond et al., 2007). 
Bioactive compounds are responsible for destroying the pathogenic disease-causing microbes and researchers 
believe that endophytes from several plants can produce metabolites which are readily active against diseases 
(Preethi et al., 2021). 

Microbial natural products represent an extensive area for new therapeutic compounds search (Berdy 
2012; Newman and Cragg, 2014). On the genetic researches, 95% of biosynthetic compounds of 
microorganisms keep handy, which endorse the thrust area of microbial natural products research and even for 
suitable biodiversity details and for their understanding of mutualistic relationships (Walsh and Fischbach, 
2010). Endophytes have been immensely researchable for their antibacterial, antioxidants, anticancer, 
antidiabetic, antiviral and anti-suppresive activities (Fathima and Balakrishnan, 2014; Gade et al., 2008). It 
discriminates the plant survival. Host plants without endophyte-fungal association are devastated by the waves 
of extreme temperature, drought, salinity and pathogen attack (Schulz and Boyle, 2005; Saikkonen et al., 2010; 
Rodriguez et al., 2012). In the terrain, more 300,000 plant species exist; each individual plant turns as host to 
the endophytes. Thus, provides a rich pool of microorganisms (Strobel and Daisy, 2003; Bérdy, 2005). Few of 
endophytic fungal strains are found to exhibit the anti- angiogenesis properties hidden in the metabolites 
produced by the fungal strains such as Aspergillus terreus and Fusarium oxysporum (Mani et al., 2018). 

Blumea axillaris (Lam.) DC (Syn. Blumea mollis (D. Don) Merr, Blumea wightiana DC,) belongs to the 
family Asteraceae (Tribe Inuleae). It is an annual aromatic herb found in Southeast Asia, south of Sahara and 
South America (Sreelekha et al., 2017). The plant has several medicinal properties and is used in the treatment 
of skin diseases, wounds, external parasites, diarrhoea, asthma, and dropsy (Sreelekha et al., 2017). Besides, anti-
inflammatory, antioxidant, anticancer, antibacterial, anti-phytofungal activities (Sreelekha et al., 2017; 
Sivanandhan et al., 2018) and mosquito larvicidal activities (Senthilkumar et al., 2008) have been reported for 
the essential oil and alcoholic extract of this plant. Recently, endophytes are viewed as a rich source of secondary 
metabolites and bioactive compounds. Endophytic fungi can produce novel bioactive compounds to develop 
the major application, agricultural and pharmaceutical field. No study has been reported on the biodiversity of 
endophytes in this plant Blumea axillaris. On this basis, the current study was investigated in analyzing the 
plant biodiversity of the endophytic fungi isolated from Blumea axillaris of Valparai hills, Coimbatore, Tamil 
Nadu and extracted the bioactive crude metabolites from a potential endophytic fungus. 

 
 

Materials and Methods 
 
Plant sample collection 
The plant Blumea axillaris was collected from the territory of Valparai hills, Coimbatore, Tamil Nadu, 

India [10.37°N, 76.97° E] (Figure 1). The sample was collected and preserved in a sealed plastic bag under 4 °C 
until processing. Plant samples were scrupulously washed in running tap water to remove soil particles and 
adhered debris. Then they were dried on the paper towel and different parts of the plant like root, stem, leaf 
and flower were taken for analysis. The analysis includes endophytic fungal isolation from this explant. The 
explants were cut into small pieces of <1 cm. The first step of analysis started with surface sterilization of the 
explants which were washed in 70% ethanol for 1 min, in 50% sodium hypochlorite solution for 3 min and 
70% ethanol for 30s before processing (Vigneshwari et al., 2019). 
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Figure 1. Plant sample (Blumea axillaris) 

 
Isolation of endophytic fungi 
Following surface sterilization, each piece of the explants was cut to expose their inner tissue and placed 

on Potato Dextrose Agar (PDA), supplemented with 50 mg/L chloramphenicol to suppress bacterial growth. 
All the plates were incubated at 25 °C for up to 7-10 days with daily monitoring for fungal colonies. Pure fungal 
isolates were acquired by picking individual colonies from the PDA plates and plating on fresh PDA medium 
under similar incubation for 10 days (Mani et al., 2015a). Each fungal culture was ensured for purity and 
transferred separately to PDA slants and maintained at 4 °C.  

 
Statistical analysis of the isolated endophytic fungi 
The colonization frequency (%CF) of endophytic fungi was calculated using the formula by (Kharwar 

et al., 2011): %CF= Ncol/Nt x100. Where, Ncol- Number of segments colonized by each fungus, Nt – Total 
number of segments studied.  

Simpson’s and Shannon-wiener diversity indicates were calculated as per formula (Kharwar et al., 2011): 
Simpson’s Diversity (D) =1-∑ (pi)2; Shannon-wiener diversity (H) = -∑ s (pi log pi); Where, pi- proportion of 
frequency of colonization of the ‘i’ species in the sample. Sample richness was calculated as follow (Kharwar et 
al., 2011). S= species richness i.e., total number of species. 

 
Screening for potential strains 
The potentiality of the endophytic fungi was measured based on its antagonistic activity. To check the 

antagonistic activity four days old fungal culture was streaked on the centre of PDA, MEA and SDA media 
plates and incubated for 48 h at 28±2 °C. The antagonistic activity of endophytic fungal strains against 
Staphylococcus aureus, Staphylococcus epidermidis, Enterococcus faecalis, Escherichia coli, Pseudomonas 
aeruginosa, Klebsiella pnuemoniae, and Proteus mirabilis were tested by dual culture technique (Cross streak 
method) (Mani et al., 2015b). Correspondingly, the fungal pathogens (Ascomycota) such as Aspergillus niger 
and Candida albicans were also studied. Bacterial isolates were streaked on either side of the line streaked fungal 
culture (one cm away from the centre). Observation of inhibition zone width and mycelia growth of test 
pathogen was recorded (Fokkema, 1978; Mani et al., 2017). 

 
Screening of culture medium, Production and crude extraction  
The fungal strains were inoculated in different media such as Potato Dextrose Broth (PDB), Sabouraud 

dextrose broth (SDB), malt extract broth (MEB), and Czapek Dox broth (CDB) to determine the maximum 
production inducing media. The flasks were kept in stationary phase and in shaking condition at 100 rpm for 
11-15 days at 28 ± 2 °C incubation in light and dark cycle. After incubation, the total productions were 
extracted from biomass and culture filtrate by solvent extraction method using polar and non-polar solvents. 
The total yield of crude metabolites was evaluated using (Formula 1) (Mani et al., 2015a). 
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Measurement of biomass 
The biomass was separated and washed twice with distilled water. The biomass was kept for drying in 

hot air oven at 40-50 °C for 5 hours and then dried in desiccators before weighing for dry cell weight (x). The 
results were expressed in gram per litre (Vellingiri et al., 2021). 

 
Estimation of intracellular crude metabolite production 
Intracellular crude metabolite production was estimated for every 3 days from the day of inoculation. 

One gram of fresh biomass was taken and was well ground in a homogenizer. Further it was well ground by 
adding pure methanol. The clear supernatant solution was taken and stored in a one litre flask. The process was 
repeated by using 20-25 gm of fungal biomass and the clear supernatant was made up to one litre. The extract 
was concentrated in rotary vacuum evaporator and each portion was stored in 5ml of methanol. Then the crude 
extract stored was taken and absorbance value was measured from 200 to 800 nm using UV-Vis 
spectrophotometer (Vellingiri et al., 2021). 

 
Estimation of extracellular crude metabolite production 
The culture filtrate was taken at an interval of 3 days from the day of inoculation. The fungal metabolites 

were extracted by solvent extraction method using methanol as solvent. Equal volumes of culture filtrate and 
solvent were taken in a separating funnel and shaken vigorously for 5 minutes and then allowed to settle for 5 
minutes, the same procedure was repeated for 5 times and then organic phase was collected. The filtrate was 
extracted thrice with an equal volume of methanol (1:1v/v). The solvent was then evaporated using a rotor 
evaporator at 40 °C for 20-40 min and the residual compound was dried. The dried compound was mixed with 
5 ml of methanol and stored. The crude metabolite was collected and the absorbance was recorded in a 
spectrophotometer from 200 to 800 nm.   

 
Evaluation of total crude metabolite production 
The production of crude metabolite was evaluated on the basis of the following parameters; total 

absorbance of intra and extra cellular metabolites (AbsT); yield factor of crude metabolites on cell growth 
(Yp/x). Formula 1: {AbtsT=Absintra+Absextra [Absintra =Absextract×D, D = 50V, Yp/x= ΔAbtsT/Δx]; AbsT: 
Absorbance of extra-plus intracellular pigments (U); Absextra and Absintra: extracellular and intracellular 
absorbance (U); Absextract: absorbance in the extract of cell disruption (U); V: volume of the sample submitted 
to cell disruption for pigment extraction (mL); x: cell concentration (g/L); Yp/x: yield factor of pigments on 
cell growth (UL/g)} (Mani et al., 2015a; Vellingiri et al., 2021). The total crude extract of each strain was 
concentrated in rotary vacuum evaporator and it was taken for further studies. 

 
Fungal identification 
Microscopic identification 
The fungal strains were identified by lactophenol cotton blue method. On a clean microscopic glass slide 

the fungal specimen was placed using sterile inoculation loop; one or two drops of Lactophenol Cotton Blue 
Solution was added and a cover glass was placed over the stained samples (Xu et al., 2008; Mani et al., 2015b). 
The prepared slides were examined under bright field microscope. 

 
Molecular method of identification 
The genomic DNA was isolated from the fungal cultures using the EXpure Microbial DNA isolation 

kit developed by Bogar Bio Bee stores Pvt Ltd. Molecular analysis was done using amplification of ITS1 and 
ITS4 fragments of rDNA. 18s rRNA or rDNA sequence analysis was performed using specific polymerase 
chain reaction (PCR) primers to amplify rDNA fragments of endophytes that was used to validate the 
morphospecies of different groups of mycelia (Doss et al., 1995 and Lacap et al., 2003). The sequencing was 
done by NCBI blast similarity search tool. The phylogeny analysis of query sequence with the closely related 
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sequence of blast results were performed followed by multiple sequence alignment. The program MUSCLE 
3.7 was exploited for multiple alignments of sequences (Edgar, 2004). The resulted aligned sequences were 
cured using the program Gblocks 0.91b. This Gblocks eliminated poorly aligned positions and divergent 
regions (removes alignment noise) (Talavera and Castresana, 2007). Finally, the program PhyML 3.0 aLRT 
was used for phylogeny analysis and HKY85 as Substitution model. PhyML was shown to be the least accurate 
with other existing phylogeny programs using simulated data, while being one order of magnitude faster. The 
program Tree Dyn 198.3 was used for tree rendering (Dereeper et al., 2008).  

 
Screening for antioxidant activity 
The antioxidants present in fungal crude extracts were aliquoted into different concentrations (20~200 

µg/ml) to determine the ability to scavenge 2,2-diphenyl-1-picrylhydrazyl (DPPH) radicals using the method 
of (Yildirim et al., 2001). DPPH solution (1 mM DPPH radical solution in 95% methanol) was added to the 
aliquots of crude extracts and made up to 1 mL, vortexed well and then incubated for 30 min in dark chamber 
at room temperature (RT). After incubation, the samples were taken into microfuge tubes and centrifuged for 
5 min at 13,500 rpm at RT. The absorbance of each sample at λ = 517 nm was measured and 1 mL of 95% 
MeOH was used as a control, and ascorbic acid as standard. The antioxidant activity was given in percentage 
inhibition (%).  

DPPH scavenging assay was calculated by using the formula: [(control absorbance - extract absorbance)/ 
(control absorbance) × 100]. 

 
Analysis of antibacterial and antimycotic activity 
Antimicrobial assessment for the concentrated crude biomass extract and cell free culture filtrate extract 

of each potential isolates were determined by well-diffusion method (Bauer et al., 1966; Barry et al., 1970) 
against clinical pathogens S. aureus, S. epidermidis, E. faecalis, E. coli, P. aeruginosa, K. pnuemoniae, and P. 
mirabilis on Muller-Hinton agar (MHA) media. Forty micrograms of aliquots of extracts were filled in the 
respective wells. The diameter of inhibition zone was measured after 24 hr of incubation at 37 °C for bacterial 
cultures. Antimycotic activity was determined by well diffusion technique using clinical fungal pathogens A. 
niger and C. albicans by swabbing on MHA plate and by filling 40 µl of aliquots of extracts in the respective 
wells. The plates were incubated for 48 hr at 28 ± 2 °C and then zone of inhibition was deliberated. 

 
Media optimization 
Screening of culture media 
The fungal strain was inoculated in different media such as SDB, PDB, MEB, CDB and oat meal broth 

to screen the best media for fungal mat growth and biomass dry weight.  Inoculated media were plugged with 
non-absorbent cotton and were incubated for 21 days at 28 °C (Mani et al., 2015b). After 21 days, the best 
media was selected from the result and taken further studies. 

 
Effect of pH, temperature and incubation period 
The effect of pH on the crude metabolite and biomass production was performed in the selected best 

media by varying pH from pH 3 to pH 9. The pH was adjusted using 0.1N HCL and 0.1N NaOH. The 
medium was inoculated with the strain and incubated at 28 °C for 21 days (Naik et al., 1988; Vellingiri et al., 
2021). The effect of temperature on the crude metabolites and biomass production was studied by incubating 
the best media containing inoculums, at different temperatures such as 15 °C, 25 °C, 35 °C, 45 °C and 55 °C 
for 21 days (Ripa et al., 2009). The incubation period was optimized with regular intervals of 3 days for a period 
of 30 days was attempted with the inoculation of fungal strains in the best media. Mycelium was harvested from 
100 ml of culture at an interval of every 3 days, separated and filtered through Whatmann No.1 filter paper. 
Then it was washed twice in distilled water and dried and the weight of the harvested mycelium from all the 
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inoculated flasks in pH, temperature and incubation period were determined. The total yields of crude 
metabolites were evaluated using the formula 1. 

 
Effect of carbon and nitrogen source  
The effect of various carbon sources on the crude metabolites and biomass production was analysed in 

the selected best media by replacing the carbon source in the medium (Vellingiri et al., 2021). The organic 
carbon sources such as cassava powder, wheat bran powder, corn powder, sweet potato pulp, rice porridge and 
inorganic carbon sources like lactose, dextrose, maltose, sucrose, glycerol were used the study (Majumdar and 
Majumdar, 1965). The organic nitrogen sources such as neem oil cake, Cotton seed oil cake, ragi powder, 
sesame oil cake, coconut oil cake and inorganic nitrogen source such as ammonium sulphate, peptone, sodium 
nitrate, casein and yeast extract powder were used for the study (Singh et al., 2009). The medium was inoculated 
with inoculums and incubated for 21 days at optimum temperature. The biomass from the culture broth was 
separated, filtered and dried. The dried biomass was weighed. The crude metabolite production was also 
evaluated. 

 
 
Results  
 
Isolation of endophytic fungi 
About six fungal strains were isolated from the various explants of B. axillaris. The statistical analysis of 

the isolated endophytic fungi was given in (Table 1). Phomopsis phaseoli and Paraphomo radicina are isolated 
from the stem. Sordaria fimicola, Diaporthe eucalyptorum, Aspergillus amstelodami, Xylaria arbuscula were 
isolated from the leaf, flower and root respectively. Those endophytes have different endophytic diversity in 
comparison to B. axillaris. 

 
Table 1. Colonization rate of endophytic fungi isolated from Blumea axillaris from Valparai hills, Tamil 
Nadu 

 

Various types 

of colonies 

found 

Name of the explants 
Colony frequency % 

Root Stem Leaves Flowers 

NLR    16.66 

 NLS3   33.33 

 NLS4   33.33 

  NLL  16.66 

   NLF 33.33 

   NLF2 33.33 

 
Fungal identification 
The six endophytic fungal strains in different explants of B. axillaris were identified by colony 

morphology and microscopic method given in (Table 2). All the endophytic fungal strains were identified by 
18S rRNA gene sequencing. Amplified ITS rDNA region of selected isolated NLR, NLS3, NLS4, NLL, NLF, 
and NLF2 were sequenced and compared with the sequences of organisms represented in the NCBI database 
gene bank using BLAST search to generate a phylogenetic tree (Figures 2, 3, 4).  High resemblance sequences 
were included for alignment and bootstrapping using CLUSTAL X. The generated dendrogram showed that 
isolated endophytes belong to the diverse fungal group. The pattern of branching in a phylogenetic 
tree reflected how species or other groups evolved from a series of common ancestors. In phylogenetic tree, two 
species were more correlated if they have an added recent common ancestor and less related if they have a less 
recent common ancestor and phylogenetic tree are given in (Table 2). 
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Table 2. Morphological and molecular identities of the endophytes isolated from B. axillaris 

Strain 
name 

Microscopic identification Morphological characterization % Similarity 
Gene bank 
accession 
number 

NLR 

 

Colonies grown with pronounced 
concentric rings of slightly raised, 
yellow-tan to orange-tan mycelium 
alternating with broader bands of 
appressed white mycelium. Less 
gregarious, sterile stromal apex and 
smooth ectostromata. They are yellow, 
becoming black at maturity 
conidiophores of a palisade form and 
stipitate fruit bodies without 
producing a hypoxyloid form (Rogers 
and Samuels, 1986)  

100.00% 
MK333984.
1 

MN904863 

NLS3 

 

Colony diameter 15mm after 1week; 
aerial mycelium floccose, white greyish. 
Colony pigmentation after 2weeks 
olivaceous gray at the margin and dark 
vinaceous in the center. Reverse similar. 
Margins regular or slightly regular. 
Conidiomata pycnidial, ostiolate, 
unilocular and solitary, sub- merged in 
agar, obpyriform, semi-pilose, pale to 
dark brown; Conidial matrix cream 
colored; pycnidial cellwall 10to15mm 
thick, micro pycnidia abundant and 
submerged in the medium, pale brown. 
Conidiophores reduced to phialidic 
conidiogenous cells, hyaline, smooth 
and ampulliform (Moslemi et al., 2016) 

99.27%  
MH425313.
1 

MN904864 

NLS4 

 

Colonies on OA flat, spreading with 
sparse dirty-white aerial mycelium; 
surface and reverse with diffuse patches 
of fuscous-black and dirty-white; 
colonies on PDA flat, spreading, with 
sparse, dirty-white aerial mycelium at 
the edge of the dish; surface and reverse 
having a translucent to ochreous 
central part; outer region umber (Johan 
et al., 2006). 

100.00% 
KF435154.1 

MN904865 
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NLL 

 

White at the beginning homothallic 
colonies fast growing on PDA formed 
sparse aerial mycelium pale white 
colour. Dark, mostly dense aggregated 
superficial, obpyriform pycnidia were 
formed after 1 week of inoculation in 
dark conditions. Vegetative hyphae 
were thin-walled, septate, branched, 
lacking chlamydospores. Macroconidia 
did not discover. The ascomata were 
superficial, glabrus or sparsely covered 
with flexuous, colourless hairs, pear-

shaped or obpyriform, with central 
ostiole (Ivanova, 2015). 

100.00% 
MK965099.
1 

MN904866 

NLF 

 

Colonies on Czapekagar was 17-20 
mm, on malt extract agar 18-22 mmat 7 
days. The colony was low, plane to 
sulcate. The mycelium was white, later 
yellow or yellowish grey, conidia grey 
green, reverse uncolored or yellow. 
Conidial heads radiate, stipes smooth-
walled, vesicles globose to spahtulate, 
uniseriate. Phialides covering the upper 
two-thirds of the vesicle. Conidia 
subglobose or broadly ellipsoidal finely 
roughened (Bukelskienė et al., 2006) 

100.00% 
MN701032.
1 

MN904867 

NLF 2 

 

Colonies covering the dish after 2 wk 
on oatmeal agar, malt extract agar and 
potato-dextrose agar, with moderate 
ropeyaerial mycelium; dirty white with 
patches of olivaceous grey, also in 
reverse (Uecker, 1988). 

98.97%  
MK243484.
1 

MW228074 
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Figure 2. Phylogenetic tree for A) Xylaria arbuscula, B) Paraphomo radicina 

 

 
Figure 3. Phylogenetic tree for C) Phomopsis phaseoli, D) Sordaria fimicola 

 

 
Figure 4. Phylogenetic tree for E) A. amstelodami and F) D. eucalyptorum 

 
Screening for potential strains 
The isolated endophytic fungal strains were screened for their antagonistic activity against the pathogens 

through dual culture technique. During the antagonistic studies NLR (Xylaria arbuscula) strain found to 
exhibit highest inhibitory activity against bacterial pathogens S. aureus, S. epidermidis, E. faecalis, E. coli, P. 
aeroginosa, K. pnuemoniae and P. mirabilis and also negative inhibition towards the fungal pathogens. Among 
the six endophytic fungi tested X. arbuscula showed the maximum antagonistic activity against the most 
pathogens (Table 3). 

 
Screening of culture media and Extraction of crude metabolites 
Endophytic fungi were inoculated in different media such as PDB, SDB and MEB. The gross fungal mat 

(biomass) produced within the incubation period of 21 days was highest in the Malt Extract Broth when 
compared with other media. All the 6 endophytic fungal isolates were screened for the culture media for the 
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induction of metabolites in a range of 11-21 days of incubation. X. arbuscula was the preeminent strain that 
showed the maximum metabolite production with 11.09 UL/g in MEB (Table 4).  

The intracellular and extracellular metabolite production was estimated after the inoculation period at 
stationary phase through solvent extraction process. The methanol extraction for the fungal biomass showed 
highest absorbance spectrophotometrically; using the solvents; propanol, methanol, chloroform, acetone and 
ethyl acetate (Table 5). The cell filtrate extraction did not show any metabolite production. 

  
Table 3. Screening for antagonistic activity for endophytic fungal isolates 

Endophyt
ic fungal 
isolates 

Diameter of zone of inhibition against human pathogens(cm) 

S. 
aureus 

S. 
epidermidis 

E. 
faecalis 

E. 
coli 

P. 
aeroginosa 

K. 
pnuemoniae 

P. 
mirabilis 

A. 
niger 

C. 
albicans 

NLF 0.8 1.1 - 0.4 - 0.7 0.6 - - 

NLF2 1.2 - - 0.7 - 1.3 0.9 - - 

NLS3 0.9 - - - 0.2 1.2 0.8 - - 

NLS4 - - 0.5 1.4 - 1.8 0.4 - - 

NLR 3.7 2.7 3.1 3.4 2.9 2.7 3.8 - - 

NLL 1 2.2 2.5 1.5 2.1 1.9 0.9 - - 

 
Table 4. Screening for culture media 

Table 5. Rate of extracted crude metabolites 

Strain name 
Absorbance of total crude metabolites (in OD units) 

Propanol Methanol Chloroform Acetone Ethyl acetate 

NLF 0 0 0.22 0.14 0.82 

NLF2 0 0.55 0.31 0.2 0 

NLS3 0.12 0.5 0.43 0.32 0 

NLS4 0 0 0 0.21 0.18 

NLR 0.7 2.27 1.2 1.87 0.58 

NLL 0.54 0.6 0 0 0.11 

 

Media optimization for crude metabolite production 
Screening of culture medium  
Five different media was used to determine the best culture medium for the fungal strain X. arbuscula. 

The best medium was selected on the basis of maximum growth of fungal biomass and the crude metabolite 
production. Malt extract broth showed highest biomass and crude metabolite production of 10.95 g/L and 
5.98 UL/g respectively after 21 days of inoculation. So MEB medium was used for the growth of fungal strain 
X. arbuscula (Figure 5). 

 
 
 

Strain name 
PDB culture medium SDB culture medium MEB culture medium 

GFM  
g/L 

CMP 
UL/g 

GFM  
g/L 

CMP 
UL/g 

GFM  
g/L 

CMP 
UL/g 

NLF 1.01 0.36 3.2 4.2 1.21 0.85 

NLF2 2.25 1.22 2.1 0.5 2.1 0.5 

NLS3 2.41 1.1 3.11 0.78 5.12 2.34 

NLS4 1.2 0.23 2.1 1.45 3.24 0.61 

NLR 8.7 5.55 9.87 4.76 11.09 5.98 

NLL 5.6 0.72 4.11 1.98 1.23 0.23 
GFM-Growth Fungal Mat, CMP- Crude Metabolite Production 
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Figure 5. Screening of culture media for the growth of NLR 
Values are in Mean ± SD (n=3).PDB, potato dextrose broth; SDB, Sabouraud’s dextrose broth; CDB, Czapek Dox 
broth; MEB, malt extract broth; GFM, growth of fungal mat in grams; CMP, crude metabolites production in grams. 

 
Effect of pH, temperature and incubation period 
  A wide range of pH was taken to assess the fungal biomass from pH 3 to 9. The pH 5 and 8 exhibited 

a stronger metabolite yield with 9.26 g/L and 5.24 UL/g - 9.35 g/L and 5.65 UL/g respectively along with 
highest growth of fungal mat when compared to other pH range. The second parameter Temperature was 
analysed at a range of 15, 25, 35, 45 and 55°. The strain X. arbuscula engendered a significant change at the 
range of 25 degree Celsius with a fungal biomass of 6.5 g/L and metabolite production of 3.68 UL/g and this 
was considered to be the optimum temperature. 

The strain was further analysed till 30th day of incubation period the mycelium was harvested at an 
interval of 3 days. The growth was sparse till 12th day and a steady increase was noted from 15th to 24th day, 
after 24th day the yield remains stable. So, the best yield was obtained from 21 to 24th day with the highest 
metabolite and biomass production of 9.72 g/L and 5.35 UL/g (Figure 6). 

 

 
Figure 6. Optimization of pH, temperature, incubation period for highest crude metabolites production 
in NLR 
Values are in Mean ± SD (n=3). GFM: Growth of fungal mass; CMP: Crude Metabolites Production. 
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Effect of carbon and nitrogen source 
The effect of nutritional factors like carbon and nitrogen were analysed by providing 10 different organic 

and inorganic carbon and nitrogen sources. The highest yield was observed in media supplemented with carbon 
sources such as Cassava powder and glycerol with the yield of biomass production and crude metabolites 9.57 
g/L and 5.83 UL/g - 9.27 g/L and 5.42 UL/g respectively. Regarding the nitrogen sources analysed Sesame oil 
cake and Peptone were found to be the best nitrogen sources for the strain X. arbuscula. The highest metabolite 
production was obtained in the media supplemented with the yield of 10.03 g/L and 5.41 UL/g - 9.28 g/L and 
4.15 UL/g respectively (Figure 7). 

 

 
Figure 7. Optimization for NLR of carbon and nitrogen sources 
Values are in Mean ± SD (n=3). GFM: Growth of fungal mass; CMP: Crude Metabolites Production. 

 
Screening for antioxidant analysis 
DPPH radical scavenging assay is the best known accurate and frequently employed methods for 

evaluating antioxidant activity. This method is based on the reduction of DPPH in the presence of a radical 
scavenger or hydrogen donors due to the formation of non radical form of DPPH. The inhibition activity of 
the fungal crude metabolites at different concentrations such as 20,40,60,80 and 100 µg/ml were determined 
using ascorbic acid as standard. The crude extract of Xylaria arbuscula exhibited highest antioxidant activity 
with an IC50 value of 40.92 µg/ml compared to the standard ascorbic acid (Figure 8). 
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Figure 8. DPPH radical scavenging activity of CMP from X. arbuscula (NLR) 

 
 
Analysis of antibacterial and antimycotic activity 
The fungal crude extract of the strain Xylaria arbuscula was tested for the antimicrobial activity through 

well diffusion method. The preliminary antimicrobial screening was carried out against 7 bacterial and 2 fungal 
pathogens on the solid media (MHA). The crude metabolites inhibited the growth of bacterial pathogens 
including Staphylococcus aureus, Staphylococcus epidermidis, Enterococcus faecalis, Escherichia coli, 
Pseudomonas aeroginosa, K. pnuemoniae, Proteus mirabilis and negative inhibition towards the fungal 
pathogens Candida albicans and Aspergillus sp. A narrow varying zone was observed around the wells loaded 
with concentration of samples 40 µl and after 24 to 48 hours of incubation (Figure 9). 

 

 
Figure 9. Antimicrobial activity of CMP from Xylaria arbuscula (NLR) 

 
 
Discussion 
 
The present work reported on endophytic fungi Xylaria arbuscula, Paraphoma radicina, Phomopsis 

phaseoli, Sordaria fimicola, Aspergillus amstelodami, Diaporthe eucalyptorum from Blumea axillaris. In this 
investigation, six potential fungal isolates were screened and characterized by microscopic features such as 
hyphal and spore arrangements. Morphological features in endophytes are clearly identified and subjected to 
sequencing using the primers ITS1 and ITS4; as molecular identification and the sequences of organisms 
represented in the NCBI database gene bank using BLAST search to generate a phylogenetic tree. Through 
antagonism; non pathogenic strain NLR Xylaria arbuscula can be taken into future studies. (Rogers, 1984) 
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reported that X. arbuscula have high or less gregarious stroma, sterile stromal apex and smooth ectostromata. 
And their stromal surfaces in young stage are pale yellow colour, in mature condition becoming black. Likewise, 
Xylaria arbuscula strain from Blumea root also comparable to it. Media optimisation for Xylaria arbuscula 
showed better results in Malt extract broth exhibiting highest biomass and crude metabolite production of 
10.95 g/L and 5.98 UL/g respectively.  

Secondary metabolites from Xylaria proved to be valuable drugs for human health worldwide (Ramesh 
et al., 2015). Reports on endophytic Xylaria have mutualism and not latent saprophytic and Xylaria have 
actively produce secondary metabolites in its in vitro studies and Such metabolites include antifungal, 
antibiotic compounds (Brunner and Petrini, 1992; Petrini et al., 1995 and shows the antagonism in the growth 
of a wide range of plant and human pathogenic bacteria and fungi (Strobel et al., 2001). Likewise, in these 
previous studies pertaining Xylaria family, Xylaria arbuscula manifested significant antagonism and 
antibacterial activity. Xylariaceous endophytes are being recognized as a source of novel metabolic products for 
use in pharma, agriculture, and industrial biofuel applications (Wu et al., 2017). Besides Xylaria, only some 
genera of the Xylariaceae novel secondary metabolites have been described in the past 3 years. Those included 
Nemania, Rosellinia, and Dematophora, the latter of which has recently been resurrected and emended 
(Wittstein et al., 2020). Cytochalasans are distributed over many genera within Xylariales, including the large 
families Xylariaceae and Hypoxylaceae. In 2019, the known 19,20-epoxycytochalasin C (6) and D, as well as 
18-deoxy-19,20- epoxycytochalasin C were described from an endophytic Nemania sp. (Kumarihamy et al., 
2019). A recent example is Xylaria cf. curta, which was isolated as an endophyte from potato stem tissue. 
Cultures of this fungus yielded numerous interesting metabolites after extensive preparative work. Among 
those, the curtachalasins (e.g. 9-10) as well as xylarichalasin A (11) have to be highlighted due to their 
unprecedented core structures: the former harbor a tetracyclic backbone (Wang et al., 2018; Wang et al., 2019), 
while in the latter, a highly complex hexacyclic structure was found (Wang et al., 2019). A novel abietane 
diterpenoid named hydroxydecandrin G (22) isolated from an endophytic Xylaria sp. (Han et al., 2019) 
exhibited very strong shoot elongation inhibition against wheat (IC50 of 23.6 μM), which was stronger than 
that of the reference glyphosate (42.3 μM), suggesting potential as a natural herbicide. 

Free radical scavenging activity is accurate and widely used method to stumble on the antioxidant 
potential. Endophytes have antioxidant properties where it is worn for pharma purposes. Studies reported that 
certain species of mushroom have an ability to act as an antioxidant (Hung and Nhi, 2012). The 55.67% DPPH 
radical scavenging activity of X. papulis is greater that the percentage radical scavenging activity from those in 
Lentinus edodes (53.90%) (Boonsong et al., 2016), Tricholoma portentosum (Fr.) (30.40%) (Ferreira et al., 
2007), Auricularia polytricha (21.10%) (Hung and Nhi, 2012) and Polyporus squamosus (43.30%) (Keles et 
al., 2011). Antibacterial activity of the Xylaria arbuscula was carried out in these pathogens S. aureus, S. 
epidermidis, E. faecalis, E. coli, P. aeroginosa, K. pnuemoniae and Proteus mirabilis. Among these pathogens 
strain, X. arbuscula showed the highest antibacterial activity in the K. pnuemoniae and least in S. epidermidis.  

Endophytic fungi are a sociable and unswerving source of unique natural amalgams with a high level 
of biodiversity and also yield many pharmaceutical significant compounds, and currently attracting the 
attention of scientific researchers globally. The symbiotic association of host–endophyte relationships at the 
molecular and genetic levels will aid to enhance secondary metabolite production. The search of novel niches 
useful in finding endophytic microorganisms can be a dynamic area for future investigations. There are a 
number of bioactive compounds, such as camptothecin, diosgenin, hypericin, paclitaxel, podophyllotoxin, and 
vinblastine, which have been commercially produced by different endophytic fungi present in respective plants 
and they are of both agricultural as well pharmaceutical importance (Joseph and Priya, 2011). These 
compounds are analogs of various types of phytohormones, essential oils etc. isolated from various endophytes 
(Molina et al., 2012; Nicoletti and Fiorentino, 2015). Moreover, the previous researches in our laboratory on 
endophytic fungi exhibited antimicrobial, antioxidant, anti- angiogenic and anti- cancer activities from 
different crude and purified extracts of C. australiensis, Alternaria citrimacularis, Al. alternata and 
Cladosporium cladosporides (Mani et al., 2015a, b; Mani et al., 2021). Our first report will significantly 
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contribute a vital role in pharma industries in the development of antioxidant and anti- cancer therapeutics. 
Furthermore, the multi-omic analyses that combine information from multiple data sources, such as 
metabolomes, proteomes and transcriptomes will provide a deep revelation into the purposeful changes of the 
internal microbiome. Correspondingly, the computational tools to analyze microbiome time-series data are 
another area that manifest tremendous growth. These techniques could model the inter-individual variability, 
while automatically capturing commonalities at appropriate levels in the ecosystems (Gerber, 2014). 

 
 
Conclusions 
 
According to the present study, the medicinal plant Blumea axillaris serves as a better host for many 

endophytic fungi and the isolated endophytic fungi exhibited its maximized antagonistic activity. The isolated 
strains evinced their fungal nature upon morphological and molecular identification. In this current 
investigation, the fungus Xylaria arbuscula manifested the highest antagonistic activity among the isolated 
endophytic fungal isolates against most of the tested pathogens. Thus, the bioactive metabolites were enhanced 
through optimization process from the fungus X. arbuscula and the crude metabolites extract revealed their 
highest antioxidant and antimicrobial activities. Further, there is a need to study their secondary metabolite 
screening, characterization and its biological activity, which would contribute for the large-scale production of 
these biologically active components for use in the pharmaceutical industry.  
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