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Abstract
Endophytic fungi from medicinal plants are a rich source of new biologically active compounds. In the present study, an 
endophytic fungus Nigrospora sphaerica (Berk. & Broome) Petch was isolated from Dillenia indica L and was characterized 
morphologically and at molecular levels. The isolated fungus was investigated for antibacterial activity, antifungal activity, 
antioxidant activity, total phenolics and flavonoids content, and its responsible bioactive molecules. The toxicity test revealed 
that the crude extract of Nigrospora sphaerica inhibited the growth of pathogenic bacteria, i.e., E. coli, Staphylococcus 
aureus, Bacillus subtilis and Pseudomonas aeruginosa. The value of MIC (Minimum inhibitory concentration) ranges from 
82–115 µg/mL for the selected bacteria. The isolated endophytic fungus exhibited the highest inhibition against the Fusarium 
oxysporum (72%) and the lowest inhibition against Aspergillus niger (55%). The maximum scavenging activity was 88.1% 
at 600 µg/mL with an  IC50 value of 85 µg/mL. GC–MS (Gas chromatography-Mass spectroscopy) analysis of the ethyl 
acetate extract revealed the presence of more than 40 compounds. Some of the major compounds present in extract were 
1H-Indene, 1-methylene-(3.64%), Dodecane (8.52%), Tetradecane (11.59%), (-)-Mellein (3.85%), Hexadecane (10.13%), 
1,2,5-Oxadiazole-3,4-dicarboxamide (5.95%), Octadecane (6.46%) and Benzoic acid, 2-(dimethylamino) ethyl ester. The 
compounds present in the extracts have various biological activities such as antiviral, antioxidant, insecticidal, cytotoxic, 
antihyperglycemic, antibacterial, antifungal activity. The compounds present in the extract can be used in clinical trials for 
further applications. To the best of our knowledge, this is the first report on bioactive molecules produced by Nigrospora 
sphaerica isolated from Dillenia indica L. having antioxidant and antimicrobial activity.
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Introduction

The interest in the use of biogenic medicines has risen 
around the world as people become aware of the health 
risks and toxicity connected with the indiscriminate use 
of synthetic medications and antibiotics (Nalawade et al. 
2003). Over the last two decades, biological resources have 
provided more than half of the medications in the market 
(Vuorela 2004).

Medicinal plants are an important source of bioactive mol-
ecules and harbour microbes known as endophytes. These 
microbes live inside the host plant for a part or whole life 
without any symptoms of diseases to the host (Fernandes et al. 
2015). They are an unexplored group of microbes and are a 
source of novel bioactive compounds. Endophytes benefit the 
host plant by synthesizing various bioactive compounds that 
enhance their growth, defend from herbivores, and provide 
resistance against different biotic and abiotic stress (Schulze-
Makuch et al. 2018). It has been reported that the endophytes 
produce bioactive molecules similar to the host plant. (Ferreira 
et al. 2017). Endophytic fungi are one of the major sources 
of new bioactive chemicals with therapeutic value (Newman 
and Cragg 2016). According to a recent study, natural bio-
active molecules or their derivatives account for more than 
70% of anticancer and antibacterial drugs derived from endo-
phytic fungi (Newman and Cragg 2020). The phytochemical 
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composition of plants is also influenced by the external envi-
ronment and internal metabolic balance (Borges et al. 2017). 
Microorganisms such as endophytes alter the internal envi-
ronment of plants, increasing the levels of many secondary 
metabolites.

Due to the increased resistance of bacterial and fungal 
infections has increased the demand for new antibacterial and 
antifungal chemicals. Endophytes are considered an important 
source of novel antibacterial and antifungal chemicals because 
of their species richness and diverse secondary metabolites 
(Xu et al. 2015).

The isolation of endophytic fungi and their screening of 
bioactive compounds from medicinal plants is one of the main 
areas of endophytic research as endophytic fungi produce 
secondary metabolites having pharmaceutical applications 
(Kumar et al. 2004; Tejesvi et al. 2007).

The bioactive compounds derived from most endophytic 
fungi (Strobel 2006) are regarded as more metabolically active 
due to their involvement in the environment and they stimu-
late several metabolic processes to thrive in their host tissues 
(Strobel and Daisy 2003).

Nigrospora oryzae, a fungal endophyte isolated from Com-
bretum dolichopetalum produces secondary metabolites with 
antidiabetic activity (Uzor et al. 2017).

Many studies showed the existence of endophytes inside 
the host plant and their potential bioactive compounds having 
biotechnological applications (Abdala et al. 2020, Jagannath 
et al. 2020, Douanla et al., 2012, Hulikere et al. 2019).

Dillenia indica L. is an ethnic medicinal plant commonly 
known as elephant apple. It has antibacterial (Jaiswal et al. 
2014), antidiabetic (Kumar et al. 2011), antioxidant (Singh 
et al. 2016), anti-inflammatory (Kviecinski et al. 2017), anti-
diarrheal (Uddin et al. 2012) and anti-cancerous activities 
(Chowdhary et al. 2013). All the plant parts have lot of biologi-
cal activities and are used to treat various diseases. Although 
Dillenia indica L. has many therapeutic importance, as per 
literature survey, there was no previous report on the char-
acterization of its associated endophytic mycoflora. Keep-
ing in mind the above-mentioned medicinal values, Dillenia 
indica was selected for the present study.

The current study was initiated to isolate endophytic fungi 
associated with the ethnomedicinal plant Dillenia indica L. 
The study describes the isolation and characterization of endo-
phytic fungus Nigrospora sphaerica from Dillenia indica L. 
and its potential antibacterial, antifungal, total flavonoids, 
phenolic content and antioxidant properties. Further, GCMS 
analysis of its crude extract was conducted in order to identify 
the molecules that provide its antimicrobial and antioxidant 
properties.

Materials and methods

Plant material collection

The plant selected for the study was identified and authenti-
cated on the basis of Botanical characteristics. Fresh leaves, 
fruits and stems of Dillenia indica L. were collected from 
the Botanical Gardens of Panjab University Chandigarh, 
India, in a zip lock sterilized polythene bags.

Isolation of fungal endophytes

The method given by Hallmann et al. (2007) was used for 
the isolation of endophytic fungi with slight modifications. 
The fresh samples were collected and brought to the labora-
tory and processed within 24 h. The specimens were first 
rinsed with water and allowed to dry, then cut into pieces 
(0.5–1.0 cm sections). The chopped pieces were sterilized by 
employing ethanol (80% ethanol for two minutes), Sodium 
hypochlorite (3% sodium hypochlorite for 2–3 min) and eth-
anol (90% ethanol for 2 min). The sterilized samples were 
then thrice washed with sterilized distilled water and were 
allowed to dry in the sterilized conditions. The sterilized 
pieces were placed on PDA (Potato Dextrose Agar) plates 
supplemented with chloramphenicol to inhibit bacterial 
growth and incubated at 24ºC. The plates were observed 
regularly to observe any fungal growth. Sterilization effi-
ciency procedure was ascertained by spreading out last rinse 
water on Petri plate containing PDA. The purity of cultures 
was obtained by single hyphal tip isolation and maintained 
by repeated sub-culturing (Stierle et al. 1993). Stock cultures 
were maintained by subculturing at monthly intervals. After 
growing at 25 °C for 7 days, the slants were stored at 4 °C 
for further use.

Morphological identification of the endophytic 
fungus

The fungus was preliminarily examined for its morphologi-
cal characters such as colony colour and texture. For micro-
scopic observations, slides were prepared from the fully 
grown cultures to observe the morphology of conidia and 
conidiophores and compare them with the literature.

Molecular identification of the endophytic fungus

For molecular analysis, DNA (Deoxyribonucleic acid) was 
isolated from the mycelium of fully grown culture by using 
a fungal DNA extraction kit (HiPurATM SP Fungal DNA 
Purification kit). The isolated DNA was run in 2% gel elec-
trophoresis and observed DNA band under UV light. ITS 
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(Internal transcribed spacer) region was amplified using 
ITS1 and ITS4 primers (White et al. 1990). The primers 
were procured from the Prima- 96, HIMEDIA. The ampli-
fied ITS region was sequenced in PGIMER (Post Gradu-
ate Institute of Medical Education & Research) Chandi-
garh, India. The obtained sequence was analyzed in NCBI 
(National Center for Biotechnology Information) blast, and 
their closed similar sequenced were obtained. The sequence 
was submitted in the NCBI database and its accession num-
ber was obtained.

Phylogenetic analysis

The obtained Sanger sequence was searched in the NCBI 
database using the Basic Local Alignment Search Tool 
(BLAST) at https:// www. ncbin lmgov/ BLAST. The fungus 
was described up to species level by comparing sequences 
to those already submitted to Gene bank. CLUSTAL W was 
used to perform several sequence alignments of endophytic 
fungi's ITS regions with reference taxa. The evolutionary 
relationship and phylogenetic tree of the isolated taxa and 
its related species were constructed with the help of MEGA 
7 software using the neighbor-joining method (Saitou and 
Nei 1987). The Internal Transcribed Spacer (ITS) consensus 
sequences were used to frame the phylogenetic tree with 
1000 replications bootstrap (Tamaura et al. 2013).

Crude extract preparation

The fungus was grown in an Erlenmeyer flask containing 
potato dextrose broth for 21 days at 24˚C in a stationary 
phase. After that, mycelium and broth were separated by 
filtration through Whatman’s filter paper. Subsequently, 
an equal amount of ethyl acetate was added to the filtrate and 
was extracted. The organic phase was evaporated by a rota-
tory evaporator at 40˚C, and the concentrated crude extract 
was obtained (Mahmud et al. 2020).

Antibacterial activity

The antibacterial activity of ethyl acetate and the methanolic 
extract was evaluated by agar well diffusion assay (Singh 
et al. 2013). The extract was dissolved at the rate of 1 mg/mL 
in DMSO (Dimethylsulfoxide). The activity was determined 
against human pathogenic bacteria (both gram-positive and 
gram-negative) i.e., E. coli (MTCC 82), Staphylococcus 
aureus (MTCC 87), Bacillus subtilis (MTCC 441), and 
Pseudomonas aeruginosa (MTCC 424). The bacteria were 
revived in nutrient agar at 37˚ C for 24 h. The loopful of 
bacteria from the plates were inoculated in nutrient broth 
and grow overnight at 37˚ C. From this broth, 100 ul inocu-
lum was taken and spread on the nutrient agar plate using L 
shape spreader. Wells were made on the plate using a sterile 

cork borer. 50 µL of the extract was placed in each well. 
Chloramphenicol (50 µL) and DMSO (50 µL) were used as 
a positive and negative control. The plates were incubated at 
37˚ C for 24 h and the zone of inhibition (ZOI) was recorded 
in mm. ZOI is a circular area surrounding the antibiotic's 
active site where bacteria colonies do not develop. The zone 
of inhibition can be used to determine a bacteria's sensitivity 
to an antibiotic. The experiment was carried out in triplicate.

Antifungal activity

Antifungal activity of the Nigrospora sphaerica was esti-
mated by dual cultures and poisoned food methods (Singh 
and Sati 2019; Balouiri et  al. 2016). The activity was 
checked against three pathogenic fungi Aspergillus niger, 
Altrnaria alternata and Fusarium oxysporum. For the dual 
culture method, 5-mm fungal discs were cut from the mar-
gins of actively growing utilized fungus (as an antagonist) 
and pathogenic fungi (as test fungi) and placed in the oppo-
site direction in the Petri plate containing PDA medium. 
Plates were incubated at 24° C for 7 days.

Similarly, for the poisoned food method, various concen-
trations of crude extract (0.5–4 mg) were used and mixed 
in autoclaved PDA medium before pouring into the plates. 
The medium containing Fluconazole was used as a positive 
control, and plates containing only culture media were nega-
tive control. Mycelial disc from 6–7 days old pathogenic 
fungal cultures was placed to the centre of the culture plates 
and incubated at 27 °C for 2–5 days, fungal colony diameter 
measured at the end of the incubation period. The antagonist 
activity was measured and expressed in percentage.

R1 = Growth of pathogenic fungi in negative control plate. 
R2 = Growth of pathogenic fungi in a dual culture plate.

Minimum inhibitory concentration (MIC) estimation

Minimal inhibitory concentration was evaluated in Mul-
ler Hinton agar broth using the microdilution method as 
recommended by NCCLS 2009. The bacteria were grown 
overnight in nutrient broth at 37 °C, having a density of 
 108 Colony-forming units (CFU)/mL. In the Mueller Hin-
ton Broth medium, the fungal crude extract was added at 
concentrations of 0, 5, 10, 20, 40, 80, 160, 320, 640 µg/
mL. By comparing the inoculum to 0.5 McFarland opacity 
requirements, the inoculum is prepared. The 0.5 McFarland 
norm was used to calculate CFU/mL. The turbidity of the 
bacterial suspensions was set to  105. The extract and the 
medium dilution were inoculated with 50 µL of bacterial 
suspension and incubated at 37 °C for 24 h. The extract 

Inhibition% = R1 − R2 ∕ R1 X 100

https://www.ncbinlmgov/BLAST
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concentration that inhibited visible microorganism growth 
was found to be the lowest.

Antioxidant activity

The ethyl acetate crude extract was evaluated for their abil-
ity to scavenge free radical 2, 2ʹ-diphenyl-1-picryl-hydrazyl 
(DPPH) by a standard method with slight modifications (Xie 
et al. 2010). Various concentration of 100–700 µg/mL were 
prepared and were mixed with 01 mL of 20 mg% metha-
nolic DPPH (2,2-diphenyl-1-picrylhydrazyl) solution and 
were mixed properly by vortex. The tubes were incubated 
in dark at room temperature for 30 min and absorbance was 
recorded at 517 nm. Alpha-tocopherol was used as a stand-
ard (positive control). The negative control contains only 
DMSO and DPPH solution. The lower the absorbance higher 
the antioxidant activity. Percentage inhibition was calculated 
using formula:

where, Ac = absorbance of control, As = absorbance of sam-
ple.  IC50 was calculated by plotting graph in excel sheet.

Phenolic content determination

The total phenolic content was determined using Folin–Cio-
calteau colorimetric based assay (Cicco et al. 2009). For this, 
in an eppendorf tube, 100 µL of the fungal extract was mixed 
with 100 µL of Folin–Ciocalteau and left to stand at room 
temperature for 2 min. The reaction was terminated by mix-
ing 1000 µL of 5% sodium carbonate solution with 800 ul of 
distilled water, and the volume was measured and adjusted 
to 5 mL. For 30 min, the mixture was incubated at 45 °C. 
Similarly, the negative control contains all the solution in 
the samples mixture except the fungal extract, whereas in 
the positive control, gallic acid was added in place of fun-
gal extract. The calibration curve was created using gallic 
acid in various concentrations ranging from 10 to 300 g/mL. 
The absorbance of the solution was measured at 760 nm. 
To obtain the mean value of absorbance, the samples were 
prepared in triplicate for each analysis.

Flavonoids content estimation

The total flavonoids content in the crude extract was deter-
mined by using the Aluminium chloride protocol with 
quercetin as standard (McDonald et al. 2001). For this, a 
10 mL of volumetric flask was filled with 1 mL of test mate-
rial and 4 mL of water. After 5 min, added 0.3 mL of 5% 
Sodium nitrite and 0.3 mL of 10% Aluminium chloride and 
incubated at room temperature. After 6 min of incubation, 

% inhibition =
[(

A
C
− A

S

)

∕A
C

]

X 100

1 mL of 1 M sodium hydroxide was added to the mix-
ture. With distilled water, the final volume was gradually 
increased to 10 mL. Similarly, the negative control contains 
all the solutions in the samples mixture except the fungal 
extract, whereas in the positive control, quercetin was added 
in place of fungal extract. The calibration curve was created 
using quercetin in various concentrations ranging from 10 
to 300 g/mL. A spectrophotometer was used to examine the 
absorbance of samples to that of a blank at 510 nm.

Gas chromatography‑mass spectrometry (GC–MS) 
analysis

GC–MS was carried out on TRACE 1300 GC, TSQ 8000 
TRIPLE QUADRUPOLE MS fitted with TG 5MS column 
and S/SL Injector. The G.C. oven's initial temperature was 
60 degrees and then increased at the rate of 10 degrees per 
minute up to 280 degrees. The injector and detector tempera-
tures were 260 and 280 °C. The mass spectra were carried 
out at 75 eV. The compounds were identified by comparing 
their mass spectra with the MS library. The GC–MS spectral 
analysis was carried out in Sophisticated Analytical Instru-
mentation Facility (SAIF), Central instrumentation labora-
tory, Panjab University, Chandigarh, India.

Statistical analysis

All the experiments were conducted in triplicates, and the 
data were expressed as Mean ± standard error. One-way 
ANOVA with Tukey's test at p < 0.05as used to examine 
statistically significant differences between values (using 
SPSS 16).

Results

Fungal identification

On PDA, colonies were floccose, initially white, becoming 
black with time. Hyphae were smooth, hyaline, branched, 
septate, measuring 2.5–6 µm in diameter. Conidiophores 
micronematous or semi-macronematous, multiseptated, 
hyaline to pale brown flexuous or straight, 4–7 µm thick. 
Conidiogenous cells pale brown, subspherical 6–12 µm 
diam. Conidia were solitary, globose or subglobose, black, 
shiny, smooth, aseptate, 16–21 µm in diameter, and were 
formed in abundance (Fig. 1). The species level identifi-
cation was further confirmed by molecular identification, 
in which the most conserved Internal Transcribe spacer 
(ITS) region was sequenced. For this, the fungal DNA was 
isolated, and the ITS region was amplified by PCR. The 
PCR product was sequenced, and a 585 bp sequence was 
obtained. The sequence was then subjected to NCBI blast, 
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and it showed 100% similarity with Nigrospora sphaerica. 
For phylogenetic analysis, sequences of closely related spe-
cies were aligned with clustalW, and the phylogenetic tree 
was constructed using MEGA 7 software (Fig. 2). 

Antibacterial activity

The ethyl acetate and methanol extract were evaluated for 
their antibacterial activity against human pathogenic bac-
teria. Ethyl acetate extract exhibited activity against all the 
selected bacteria. The maximum zone of inhibition was 
observed against E. coli (Zone of inhibition 24 ± 0.6 mm), 

Staphylococcus aureus (Zone of inhibition 21 ± 0.4 mm), 
Bacillus subtilis (Zone of inhibition 14 ± 0.6 mm) and Pseu-
domonas aeruginosa (Zone of inhibition 20 ± 0.5 mm). The 
methyl extract exhibited the least activity i.e., ranges from 
2-6 mm for the selected bacteria (Table 1 and Fig. 3). The 
lesser activity of methyl extract might be due to the lesser 
quantity of polar compounds in the extract. The values of 
MIC ranges from 82 ug/mL to 115 µg/mL. The highest 
activity was found against E. coli (having MIC 82 ug/mL), 
followed by Staphylococcus aureus (MIC of 105 ug/mL), 
Pseudomonas aeruginosa (MIC of 155 ug/mL), and Bacillus 
subtilis ((MIC of 102 ug/mL). 

Fig. 1  Nigrospora sphaerica: A–G Conidiophore bearing conidia on Conidiogenous cell, H–J Conidia. Scale Bars = 10 μm
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Antifungal activity

The fungal activity results are presented in Table 2, indi-
cating that the fungus had a high inhibitory capability 
against the selected pathogenic fungi. In the dual culture 
method, the highest inhibition was obtained against the 
pathogenic fungus Fusarium oxysporum (59.76%), fol-
lowed by Alternaria alternata (55.25%), and the lowest 
against another test fungus, Aspergillus niger (42.63%). 

In the food poisoned method, the pathogenic fungus 
Fusarium oxysporum displayed the maximum  inhibi-
tion (72.19%), and Aspergillus niger showed the mini-
mum inhibition (55.36%).

Antioxidant activity

The ethyl acetate extract was evaluated for their ability 
to scavenge free radical DPPH at room temperature. The 

Fig. 2  The phylogenetic tree 
was constructed by Mega 7 
using neighbor-joining method 
having bootstraps values 1000 
per runs. The constructed tree 
was based on the ITS rDNA 
gene sequence of isolated 
endophytic fungus and its 
related species. An optimal 
tree is shown, with a branch 
length sum of 0.11382017. 
The branch lengths are in the 
same units as the evolutionary 
distances used to estimate the 
phylogenetic tree, and the tree is 
drawn to scale. The evolution-
ary distances were calculated by 
using the Maximum Composite 
Likelihood technique and are in 
base substitutions per site units

Table1  Antibacterial activity 
of crude extract of Nigrospora 
sphaerica isolated from Dillenia 
indica L.

Data are expressed as mean ± SD of three independent experiments. mm- millimetre, MIC- Minimum 
inhibitory concentration)

S. No. Bacteria Zone of inhibition (mm) MIC (ug/mL)

Ethyl acetate extract Methanolic extract

1 E. coli 24 ± 0.48 6 ± 0.12 82 ± 0.19
2 Staphylococcus aureus 21 ± 0.54 2 ± 0.15 105 ± 0.25
3 Bacillus subtilis 14 ± 0.28 3 ± 0.12 115 ± 0.21
4 Pseudomonas aeruginosa 20 ± 0.32 3 ± 0.13 102 ± 0.19
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extract showed free radical scavenging activity against free 
radical DPPH. The maximum scavenging activity was 88.1% 
at 600 µg/mL (Fig. 4). The  IC50 (value at which 50% scav-
enging occur) value was found to be 85 µg/mL. From the 
literature survey, it was found that the antioxidant activity 
was due to the occurrence of phenolics compounds.

Total phenolics content

Different concentrations of extract were used to evaluate 
the total phenolic content in the crude extract. The results 
showed that the phenolic content increased as the concen-
tration of extract increased (Table 3). The highest phenolic 
content was at 500 µg/mL of crude extract and it was found 
to be 43.65 ± 0.23 ug GAE/g.

Total flavonoid content

Different concentrations of extract were used to evaluate the 
total flavonoids content in the crude extract. The results dis-
played that the flavonoids content increased as the concen-
tration of extract increased (Table 4). The highest flavonoids 
content was at 500 µg/mL of crude extract and it was found 
to be.35.21 ± 0.34 mg Quercetin/g.

Fig. 3  Plates showing Antibacterial activity of Ethyl acetate (E.A.) 
and Methanol (M) extract of Nigrospora sphaerica against A E. coli, 
B S. aureus, C B. subtilis and D P. aeruginosa. –ve: DMSO, + ve: 
Chloramphenicol

Table 2  Antifungal activity of crude extract of Nigrospora sphaerica 
isolated from Dillenia indica L.

Data are expressed as mean ± SD of three independent experiments

S. No. Fungal pathogens Inhibition by
dual culture (%)

Inhibition by
crude extract (%)

1 Aspergillus niger 42.63 ± 1.12 55.36 ± 1.08
2 Alternaria alternata 55.25 ± 0.987 66.12 ± 0.83
3 Fusarium oxysporum 59.12 ± 1.19 72.19 ± 0.39
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Fig. 4  DPPH radical scavenging activity of different concentra-
tions of ethyl acetate of Nigrospora sphaerica. Data are expressed as 
mean ± SD of three independent experiments

Table 3  Total phenolic content of crude extract (different concentra-
tions) of Nigrospora sphaerica isolated from Dillenia indica L.

Data are expressed as mean ± SD of three independent experiments

S. No. Crude extract (µg/mL) 
concentration

Total phenolics content (mg gal-
lic acid equivalent (GAE)/g DW)

1 50 9.25 ± 0.07
2 100 17.20 ± 0.12
3 200 25.00 ± 0.09
4 300 32.12 ± 0.01
5 400 38.62 ± 0.11
6 500 43.65 ± 0.23

Table 4  Total flavonoids content of crude extract (different concen-
trations) of Nigrospora sphaerica isolated from Dillenia indica L.

Data are expressed as mean ± SD of three independent experiments

S. No. Crude extract (µg/
mL)

Total phenolic content (mg 
quercetin equivalent (QE)/g 
DW)

1 50 07.3 ± 0.21
2 100 13.8 ± 0.19
3 200 19.25 ± 0.22
4 300 25.0 ± 0.21
5 400 30.52 ± 0.20
6 500 35.21 ± 0.34
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GC–MS analysis

The chemical compounds present in ethyl acetate extract 
were identified using National Institute Standard and Tech-
nology (NIST), Database, USA. The total ions chroma-
togram of the crude extract of the fungus is shown below 
(Fig. 5). The compounds name along with their molecu-
lar formula, retention time, percentage area is given below 
(Table 5). The chromatogram showed the presence of 40 
peaks among them 1H-Indene, 1-methylene-(3.64%), Dode-
cane (8.52%), Tetradecane (11.59%), (-)-Mellein (3.85%), 
Hexadecane (10.13%), 1,2,5-Oxadiazole-3,4-dicarboxamide 
(5.95%), Octadecane (6.46%) and Benzoic acid, 2-(dimeth-
ylamino) ethyl ester (18.14%) were the predominant com-
pounds. Other compounds show percentage area below 3.. 

Discussion

Endophytic fungi are important sources of novel bioactive 
molecules having number of therapeutics values such as 
antibacterial (Hussain et al. 2014; Manganyi et al. 2018; 
Parthasarathy et al. 2020, Rashid et al. 2021), Antifungal 
(Zhao et al. 2011; Pan et al. 2016; Erfandoust et al. 2020), 
anti-cancerous (Arivudainambi et al. 2014; Zhu et al. 2017; 
Kumar et al. 2019), Antioxidant (Yadav et al. 2014; Ujam 
et al. 2021), antidiabetics (Kaur et al. 2020), Immunosup-
pressive (Liu et al. 2016; Wang et al. 2017), antiviral (Guo 
et al. 2000; Stierle et al. 2001), Anti-inflammatory (Chen 
et al. 2011), Anti-allergic (Cui et al. 2012).

Medicinal plants harbour endophytic fungi, which pro-
duce bioactive molecules similar to that of the host plant 
(Strobel et al. 2003). Endophytes from medicinal plants 
are gaining great attention due to their many industrial 

applications (Janakiraman et al. 2012). They have been 
identified as a novel source of novel bioactive molecules 
since the discovery of Taxol from the endophytic fungus 
Taxomyces andreanae (Stierle et al. 1993). For the last 2–3 
decades, many bioactive compounds have been isolated 
from the endophytic fungi and are classified into alka-
loids, flavonoids, terpenoids, phenols, steroids, quinones, 
lignans, and lactones (Li-jian et al. 2008).

In the present study, endophytic fungi from Dillenia 
indica L. were isolated and characterized. Nigrospora 
sphaerica was identified by employing morphological and 
molecular studies. Previously, Nigrospora spharica was 
isolated from many host plants such as Moringa oleifera 
(Zhao et al. 2012), Ginkgo biloba (Pawle and Singh 2014), 
Adiantum philippense (Ramesha et al. 2020). The Nigros-
pora is an important source of bioactive molecules having 
many biological activities such as antibacterial (Tanaka 
et al. 1997; Ramesha et al. 2020), antifungal (Zhao et al. 
2012) herbicidal (Fukushima et al. 1998), Insecticidal 
(Wu et al. 2009). This is the first-time endophytic fun-
gus Nigrospora sphaerica has been isolated from Dillenia 
indica.

Ethyl acetate was selected as the crude extracting sol-
vent in this investigation, as it is the most common organic 
solvent for the extraction of fungal secondary metabolites 
(Nawaz et al. 2020).

The emergence of multidrug-resistant microorganisms 
is one of the serious challenges in healthcare. Such life 
threatening infections are challenging to treat and require 
many treatment procedures including the use of a more 
toxic and expensive set of medicines. As a result, more 
effective, economical and  innovative alternatives are 
required, which are available somewhere in these natural 
compounds. Crude extract of endophytic fungi isolated 

Fig. 5  GC–MS total ion chromatogram of ethyl acetate extract of Nigrospora sphaerica isolated from Dillenia indica L
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from Scletium totosum showed antibacterial activity 
against numbers of pathogenic bacteria (Manganyi et al. 
2019). The ethyl acetate extract exhibited significant 
antibacterial and antifungal activity against selected 
pathogenic bacteria and pathogenic fungi reported in the 
present study.

Excessive production of free radicals in human bodies 
causes oxidative stress to the biomolecules in our bodies, 

which can leading to cancer, Alzheimer's disease, aging, and 
other neurological diseases. Reactive oxygen species (ROS) 
are produced inside the body during different metabolic 
activities (Xing et al. 2005). These reactive species play a 
crucial role in our body, such as protecting from environ-
mental stress and inducing programmed cell death. The anti-
oxidant activity was due to the presence of phenolic com-
pounds (Pandey et al. 2009). The free radical savaging of 

Table. 5  Chemical composition of ethyl acetate extract of Nigrospora sphaerica isolated from Dillenia indica L.

S.No. Compound Molecular formula Molecular weight Retention time Percentage (%)

1 Acetic acid, pentyl ester C7H14O2 130.1 3.97 1.99
2 Heptane, 2,4,6-trimethyl- C10H22 142.8 7.70 2.77
3 1-Hexanol, 2-ethyl- C8H18O 130 8.17 0.55
4 Ethyl 3-acetoxybutyrate C8H14O4 174.19 9.39 0.36
5 Maltol C6H6O3 126.11 9.49 0.55
6 Phenylethyl Alcohol C8H10O 122 9.56 0.91
7 Creosol C8H10O2 138.16 9.97 0.35
8 1H-Indene, 1-methylene- C10H8 128.17 10.76 3.64
9 Dodecane C12H26 170 10.93 8.52
10 1-Phenoxypropan-2-ol C9H12O2 152.19 11.55 0.76
11 2,4-Dimethyldodecane C14H30 193.38 13.09 0.39
12 Tetradecane, 4-methyl- C15H32 212.41 13.34 0.59
13 Cetene C16H32 224.42 13.63 2.51
14 Tetradecane C14H30 198.39 13.76 11.59
15 (-)-Mellein C10H10O3 178.18 15.64 3.85
16 9 Oxabicyclo [3.3.1] nonane-2,6- diol C8H14O3 158.19 15.83 0.99
17 6-Tetradecanesulfonic acid, butyl ester C18H38O3S 334.6 15.89 0.99
18 Diethyl Phthalate C12H14O4 222.24 16.08 0.29
19 E-14-Hexadecenal C16H30O 238.41 16.16 1.89
20 Hexadecane C16H34 226.4 16.27 10.13
21 1,2,5-Oxadiazole-3,4-dicarboxamide C4H4N4O3 156.1 16.35 5.95
22 Nonadecane, 9-methyl- C20H42 282.5 17.88 0.29
23 Tetradecane, 4-ethyl- C16H34 226.44 17.95 0.42
24 Heptadecane, 3-methyl- C18H38 254 18.18 0.45
25 3-Eicosene, (E)- C20H40 280.5 18.42 1.18
26 Octadecane C18H38 254.5 18.51 6.46
27 Cyclohexadecane C16H32 224.42 18.63 0.70
28 (E)1-Allyl-2 methylcyclohexanol C18H30O3 154.25 18.84 2.40
29 n-Pentadecanol C15H32O 228.42 19.31 0.96
30 Hexadecanoic acid, methyl ester C17H34O2 270.5 19.75 0.44
31 Benzoic acid, 2-(dimethylamino)ethyl ester C11H15NO2 193.24 20.09 18.14
32 Nonadecane, 3-methyl- C20H42 282.5 20.25 0.29
33 5-Eicosene, (E)- C20H40 280.53 20.47 0.68
34 Dodecane, 2-methyl- C13H28 184.36 20.54 2.87
35 1-Hexadecanol C16H34O 242.4 20.71 0.66
36 Hexadecen-1-ol, trans-9- C16H32O 240.42 21.31 1.86
37 Nonane, 3-methyl-5-propyl- C13H28 184.36 22.42 1.85
38 Cyclohexane, eicosyl- C26H52 364.7 22.64 0.48
39 Tridecanol, 2-ethyl-2-methyl- C16H34O 242.44 24.71 0.63
40 Phthalic acid, di(hept-2-yl) ester C22H34O4 390.6 26.75 0.65
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Nigrospora sphaerica was found 88.1% at 600 µg/mL with 
 IC50 of 285 µg/mL. The total phenolic content was found to 
be 43.65 ± 0.23 mg GAE/g, and the total flavonoids content 
was 35.21 ± 0.18 mg quercetin/g. The phenolics compounds 
in the plants protect them from various biotic and abiotic 
stresses (Chadra et al. 2021). Extracts with a high phenolic 
concentration also displayed good antioxidant activity in this 
investigation. Previous research has found a linear relation-
ship between the relationship between total phenolic content 
and antioxidant capacity of any representative sample (Sul-
tana et al. 2007).

The phytochemical analysis identifies the major chemical 
groups in the extract and provides insight into its pharma-
cological potential. There are many investigations on the 
phytochemical contents of therapeutic plants and herbs, but 
only a small number of endophytic fungi are documented for 
the phytochemical analysis (Singh et al. 2021). The pres-
ence of important chemical groups like terpenoids, alka-
loids, phenols, and flavonoids, known to impart specific 
bioactivities, was identified in the phytochemical screening 
of crude extract. The bioactive compounds present in the 
extract were analyzed by GC–MS analysis. GC–MS is one 
of the common and advanced technique to identify chemi-
cal compounds. The GC–MS analysis of the ethyl acetate 
extract of Nigrospora sphaerica revealed the presence of a 
total of 40 compounds. Among the isolated compounds, 
some of them were previously reported such as 1-Hexanol, 
2-ethyl- as flavour additive, fragrant (Nisha et al. 2018), 
Maltol, Cetene and Nonadecane, 9-methyl- were reported 
having antioxidant activity (Wang et al. 2007; Nandhini 
et al. 2015), Phenylethyl Alcohol, 2,4-Dimethyldodecane, 
(-)-Mellein, Diethyl Phthalate and Tetradecane, 4-methyl- as 
antimicrobial activity (Li et al. 2010; Baskaran et al. 2015; 
Rahbar et al. 2012, Rukachaisiriku et al. 2009, Premjanu 
et al. 2014), 1H-Indene, 1-methylene- as Antimicrobial, 
Antitumor anticoagulant potential (Kavitha and Kensa 
2020). 6-Tetradecanesulfonic acid, butyl ester as antibacte-
rial and antifungal (Arora et al. 2017). 3-Eicosene, (E)- was 
reported as antimicrobial and antioxidant activity (Banakar 
Jayaraj 2018, Ojekale et al. 2013). Hexadecane as antioxi-
dant activity (Padma et al. 2019). Dodecane as antifungal 
activity (Arora and Meena 2017), 1-Phenoxypropan-2-ol as 
used in cosmetics and personal care products (Borremans 
et al. 2004), Nonane, 3-methyl-5-propyl- as antiviral activity 
(Ibeyaima et al. 2017), 1-Hexadecanol as antimicrobial and 
anti-inflammatory activity (Mary et al. 2016), 5-Eicosene, 
(E)- as Antitumor, antifungal, cytotoxic, Antibacterial activ-
ity (Abubakar et al. 2016), Hexadecanoic acid, methyl ester 
as Antioxidant, hypocholesterolemic nematicide, pesticide, 
anti-androgenic flavor, hemolytic, 5- Alpha reductase inhibi-
tor (Hema et al. 2011), Tetradecane as Antifungal, Antibac-
terial, Nematicidal activity (Arora et al. 2017). The exist-
ence of a variety of antimicrobial and antioxidant chemical 

components (Tetradecane, Hexadecanoic acid, methyl ester, 
5-Eicosene, (E)-, Maltol, Cetene and Nonadecane, 
9-methyl-, Phenylethyl Alcohol, 2,4-Dimethyldodecane, 
(-)-Mellein, Diethyl Phthalate and Tetradecane, 4-methyl- 
etc.) in the crude extract of Nigrospora sphaerica was thus 
confirmed by GC–MS analysis, the synergistic effects effect 
of which can be attributed to the fungus's antimicrobial and 
antioxidant properties.

Conclusion

Endophytes are important source of bioactive compounds 
and are being explored for their medicinal values through-
out the world. Nigrospora sphaerica was isolated from the 
medicinal plant Dillenia indica L and was characterised. 
The crude extract of fungus revealed their antibacterial, 
antifungal and antioxidant activity. The GC–MS analysis 
showed the presence of compounds having many biologi-
cal activities. The present study concludes that the Nigros-
pora sphaerica possess many bioactive potentials and can 
be used for the production of bioactive drug having medical 
and pharmaceutical applications.
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