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ABSTRACT 
 

Endophytic fungi associated with medicinal plants produce compounds that have vast biological 
activities. Anaphalis contorta is a highly therapeutic plant that has been used in traditional medicine 
by various communities. In the present study, the endophytic fungus Plectosphaerella oligotrophica 
S8A26 was isolated from the stem part of A. contorta and assessed for its plant growth promotion 
abilities, and showed positive results for phosphate solubilization and ammonia production. The 
secondary metabolites were analyzed for the presence of seven biochemicals, which indicate the 
presence of flavonoids, phenols, saponins, and steroids. The total flavonoid content and total 
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phenolic content were recorded to be 25.67 µg of QE/mg of EE and 5.06 µg of GAE/mg of EE, 
respectively. The isolate was allowed to synthesize silver nanoparticles and characterized using X-
ray diffraction, Energy Dispersive X-ray, Particle size distribution, and Zeta potential. XRD analysis 
has shown the AgNPs are crystalline with an average size of 24.81 nm. EDX study reveals silver as 
the main component with 48.63%. Particle size distribution indicates that the majority of the 
particles occur in the size range of 65–70 nm. Zeta potential value of −31.8 mV shows that the 
AgNPs are stable. Studies like the biological activities of the endophyte as well as AgNPs, 
secondary metabolite profiling, and the isolation of bioactive compounds would constitute important 
future research. 
 

 

Keywords: Endophytic fungi; flavonoids; ammonia; AgNPs; zeta potential; pharmaceuticals. 
 

1. INTRODUCTION 
 

The term ‘endophytic fungi’ may be defined as 
“those fungi that colonize and live within the 
intercellular spaces of living plant tissue by 
forming symbiotic relationships without any 
harmful effect on the host plant” [1]. These 
endophytic fungi may inhabit the host plants for 
all or part of their life cycle, depending on the 
availability of the host tissue. It has been 
observed that the diversity of endophytic fungal 
species is higher in tropical and semitropical 
plants than in those grown in dry and colder 
regions [2]. Plants with medicinal properties have 
been exploited for the isolation of endophytic 
fungi that have potential biomedicine, 
bioremediation, and bioprospecting properties. In 
several studies, endophytic fungi have been 
reported to protect host plants from the attack of 
pathogens, pests, insects, and herbivores. The 
secondary metabolites produced by the fungal 
endophytes contain various bioactive compounds 
that not only protect the host plant from external 
invasion but also have vast applications in 
industries [3] reported the therapeutic properties 
of natural compounds obtained from endophytic 
fungi that are used in the treatment of serious 
diseases like cancer, autoimmune, neurological, 
and cardiovascular. Endophytic fungi possess 
growth-promoting properties that not only 
solubilize and mobilize essential elements but 
also protect the host plant from pathogenic 
invasion. Anaphalis contorta (D.Don) Hook.f. is a 
high-altitude perennial herb belonging to the 
Asteraceae family that has high ethnomedicinal 
values and is used in traditional medicine for 
treating high blood pressure, intestinal disorders, 
cuts and injuries, skin infections, etc. [4,5]. The 
essential oils from the leaves of A. contorta have 
been reported to show antibacterial and 
antifungal properties [6]. 
 

The Department of Science and Technology 
(DST), the National Chemical Laboratory (NCL), 

and the Department of Biotechnology (DBT) in 
India have made it a top priority to find new 
bioactive compounds that can treat acute 
microbiological diseases, especially ones that 
are not controlled by antibiotics [7]. Plant 
pathogens are the most important factor in the 
reduction in crop yield. Conventional farming 
practices employ chemical treatment of crop 
fields, which destroys the natural health of the 
soil, reduces soil microorganisms, decreases 
water holding capacity, and conversely increases 
the health hazard. The biological control of plant 
pathogens is an environment-friendly approach 
to managing plant diseases and is an important 
part of sustainable agriculture. Nanoparticles, 
owing to their small size, have a higher catalytic 
capacity due to their larger surface area and are 
highly demanding in various sectors. Endophytic 
fungi are suitable for nanoparticle synthesis due 
to their eco-friendly nature and ability to produce 
larger secondary metabolites in a short period of 
time. In several studies, silver nanoparticles have 
shown potent biological activities. Compared with 
other metals, silver exhibits higher toxicity to a 
broad spectrum of microorganisms with minimal 
side effects on mammalian cells [8]. In the 
present study, the endophytic fungus 
Plectosphaerella oligotrophica S8A26 was 
examined for the production of plant growth 
promotion and the secondary metabolites for the 
presence of phytochemicals. Further, silver 
nanoparticles were synthesized using P. 
oligotrophica S8A26 and characterized with 
XDR, EDX, particle size distribution, and zeta 
potential. 

 
2. MATERIALS AND METHODS 
 

2.1 Isolation and Identification of Fungal 
Endophyte 

 

Anaphalis contorta plants were collected in 
sterile plastic bags from the Ukhrul district of 
Manipur (latitude 25° 8' 41.464" N; longitude 94° 
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27' 38.289'' E; altitude 2062.14 m a.s.l.) during 
December and processed for isolation within 24 
hours of collection. Stem parts were used for the 
isolation of fungal endophytes and carried out 
using the method given by [9], with minor 
modifications. Surface sterilization was 
performed by passing through 70% ethanol for 3 
minutes, 4% sodium hypochlorite for 2 minutes, 
and 70% ethanol for 30 seconds. Identification 
was performed using morphological 
characteristics and confirmed after ITS-rDNA 
gene sequencing. The isolate was deposited in 
the National Fungal Culture Collection of India 
(NFCCI) and the gene sequence in the GenBank 
of National Center of Biotechnology Information 
(NCBI). 
 

2.2 Plant Growth Promotion Activities 
 
The isolate, P. oligotrophica S8A26, was 
assessed for qualitative phosphate (PO4) 
solubilization, ammonia (NH4) production, and 
hydrogen cyanide (HCN) production. 
 

2.3 Phosphate (PO4) Solubilization 
 
The isolate was inoculated on Pikovskaya’s agar 
medium petriplates with added calcium 
phosphate and incubated at 28±1°C for 7 days. 
The appearance of a clear zone around the 
fungal colony indicates solubilization of inorganic 
phosphate [10]. 
 

2.4 Ammonia (NH3) Production 
 
The endophyte was inoculated in a peptone 
water test tube and incubated for 72 hours at 
28±1°C. After the incubation period, Nessler’s 
reagent (0.5 ml) was added and observed for 
colour change to yellow or brown [11]. 
 

2.5 Hydrogen Cyanide (HCN) Production 
 
P. oligotrophica S8A26 was inoculated in a test 
tube containing Bennett agar media. Onto the 
wall of the test tube, filter paper dissolved in a 
solution of picric acid and sodium carbonate was 
attached after air drying and incubated at 28±1°C 
for 10 days. The colour change of the filter paper 
from light yellow into brown or red shows HCN 
production [12]. 
 

2.6 Secondary Metabolite Production 
 
P. oligotrophica S8A26 was cultured in Potato 
dextrose agar (PDA) medium for 7 days, and 

mycelial plug (0.5 cm in diameter) was cut off 
and inoculated in Potato dextrose broth (PDB) for 
15 days at 28±1°C. The filtrate obtained was 
extracted with ethyl acetate three times. The 
crude extract was dried at 40°C and stored at 
4°C [13]. 
 

2.7 Biochemical Analysis 
 
The crude extract of P. oligotrophica S8A26 was 
screened for alkaloids, flavonoids, terpenoids, 
tannins, saponins, steroids, and phenols, and 
further evaluated for the total phenolic content 
(TPC) and total flavonoid content (TPC) [14,15]. 
 
2.7.1 Test for Alkaloids  
 
The extract was dissolved in Hydrochloric acid 
(HCl) and added with Mayer's reagent. The 
development of a cream-coloured precipitate 
indicates the presence of alkaloids. 
 
2.7.2 Test for flavonoids  
 
The crude extract was mixed with a Sodium 
hydroxide (NaOH) solution, and the colour 
change from yellow to colourless after the 
addition of dilute Hydrochloric acid (HCl) shows 
the presence of flavonoids. 
 
2.7.3 Test for phenols  
 
The endophyte extract was added with ferric 
chloride (FeCl3), and the observation of a green 
colour indicates the presence of phenolic 
compounds. 
 
2.7.4 Test for saponins 
 
The dried crude extract was mixed with water 
and shaken vigorously. The formation of intense 
foam suggests the presence of saponins.  
 

2.7.5 Test for steroids 
 

The ethyl acetate extract was mixed with acetic 
anhydride and then added with concentrated 
H2SO4. The change of colour from violet to blue 
or green shows the presence of steroids. 
 

2.7.6 Test for tannins  
 
The fungal extract was mixed with an alcoholic 
FeCl3. The development of a bluish-black colour, 
that disappears with the addition of dilute H2SO4, 
followed by the formation of a yellowish-brown 
precipitate, is an indication of tannins. 
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2.7.7 Test for terpenoids 
 
The crude extract solution was mixed with 
chloroform and concentrated H2SO4. The 
formation precipitates with a reddish-brown 
colouration indicates the presence of terpenoids. 
 
2.7.8 Total phenolic content (TPC)  
 
The Folin-Ciocalteu method was employed to 
assess the TPC in the crude ethyl acetate extract 
of P. oligotrophica S8A26. Different 
concentrations of the extract were combined with 
10% Folin-Ciocalteu solution and NaHCO3 and 
incubated at 45 °C for 30 minutes. The 
absorbance was taken at a wavelength of 765 
nm, and calibration curves were constructed 
using different concentrations of gallic acid (100 
to 500 μg/mL) as standard. 
 
2.7.9 Total flavonoid content (TFC) 
 
The TFC was calculated following the 
colorimetric technique. The crude extract of P. 
oligotrophica S8A26 was diluted with deionized 
water and added with sodium nitrite solution. The 
mixture was incubated at room temperature for 6 
minutes. Aluminium chloride solution was added 
to the mixture and incubated for 5 minutes with 
added sodium hydroxide solution. The solution 
was again diluted with distilled water and 
incubated at 25 ºC for 30 minutes, and the 
absorbance was recorded at 510 nm. The 
flavonoid concentration was determined by 
employing a standard curve (5 to 100 µg/mL) of 
quercetin. 
 

2.8 Synthesis of Silver Nanoparticles 
(AgNPs) 

 
P. oligotrophica S8A26 was cultured on PDB for 
10 days at 28±1 °C and the fungal hyphae mat 
was collected after washing in distilled water. 
Then the mat was suspended in 100 ml of 
sterilized distilled water for 48 hours at 28±1 °C 
and filtered. The filtrate was treated with 1 mM 
silver nitrate solution and incubated for another 
24 hours at room temperature in dark conditions 
for reduction and observation for colour change. 
The AgNPs solution was centrifuged at 10,000 
rpm for 15 min, and the AgNPs pellets obtained 
were over-dried and stored at 4°C [16]. 
 

2.9 Characterization of AgNPs 
 

The biosynthesized silver nanoparticles were 
characterized by X-ray diffraction (XRD), Energy 

dispersive X-ray (EDX), Particle size distribution, 
and Zeta potential.  
 
2.9.1 XRD analysis 
 
X-Ray diffraction (XRD) was employed as a 
technique to examine the crystalline structure of 
the silver nanoparticles. The silver nanoparticles 
were finely ground and homogenized in order to 
achieve a uniform size and placed on the XRD 
grid. The study utilised Cu-Kα radiation with a 
wavelength (λ) of 1.5406 Å, operating at 40 kV 
and 40 mA. Data collection took place within the 
2θ range of 10° to 80°, with a scan speed of 
2°/minute [17]. The particle size of the prepared 
samples was determined by using Scherrer’s 
equation as follows: 
 

D =
Kλ

β1/2 cos Ɵ
 

 
Where, D is average crystalline size, β is line 
broadening in radians (full width at half maximum 
of the peak in radians), λ is wavelength of X-ray 
and Ɵ is braggs angle, and K is constant 
(geometric factor = 0.94). 
 
2.9.2 EDX analysis 
 
The compositional analysis of the presence of 
elemental silver was carried out through Energy 
dispersive X-ray (EDX) detector. The emission of 
rays from the nanoparticles in the X-ray detector, 
which exhibit peaks at specific electron volt 
values, provides confirmation for the presence of 
elemental silver [18]. 
 
2.9.3 Particle size distribution and zeta 

potential of silver nanoparticles 
 
The determination of the sizes and stability of the 
distributed biosynthesized nanoparticles was 
carried out by the utilization of the Dynamic light 
scattering (DLS) technique on Zetasizer Nano ZS 
[19]. The particle size distribution was assessed 
to identify the size, while the zeta potential was 
measured to evaluate the stability of the 
nanoparticles. A diluted solution of nanoparticles 
was made in deionized water and subjected to 
sonication at 35°C for a duration of 20 minutes in 
order to eliminate any agglomeration. A volume 
of 2000 μL of silver nanoparticles was placed 
into transparent disposable zeta cells for 
conducting the dynamic light scattering (DLS) 
investigation. The data were subjected to 
analysis through the monitoring process 
conducted at a temperature of 25ºC and a 
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scattering angle of 90º. The analysis of particle 
size distribution involves the examination of 
variations in light scattering resulting from the 
Brownian motion of nanoparticles, and the 
average size was calculated using the given 
formula: 
 

Average size = sum (size x frequency) of all 
particles/sum of all the frequencies 

 
On the other hand, the zeta potential determines 
the extent of electrostatic repulsion or attraction 
between nanoparticles present in the suspension 
and is calculated using the Smoluchowski 
equation as given below: 

 
Zeta Potential = (4 × π × Dynamic viscosity 
of liquid × Ionic mobility)/Relative permittivity 
of solvent 

 
3. RESULTS AND DISCUSSION 
 
3.1 Isolation and Identification of Fungal 

Endophyte 
 
The morphological identification characteristics of 
P. oligotrophica S8A26 include: pale pink 
mycelium, spores capsule shape with single 
septa, growth rate slow and sporulation occuring 
around 6 – 7 days after incubation. 
Morphological identification was confirmed by 
ITS-rDNA gene sequencing, which showed 
99.61% of the known stains of Plectospaerella 
oligotrophica. The NFCCI and GenBank 
accession number obtained were “NFCCI 5222” 
and “OR357719” (Table 1, Figs. 1 – 2). 
Endophytic fungi are an essential part of 
medicinal plants and inhabit a peculiar habitat 
that is beneficial to both. Tropical and sub-
tropical plants harbour diverse fungal 
endophytes. [20] conducted a study in a tropical 
forest in Indonesia and isolated 21 endophytic 
fungi from the roots of Paraserianthes falcataria. 
In a similar study, [21] isolated 31 endophytic 
fungi from the leaves and fruits of Tamarindus 
indica collected from Malaysia, belonging to 15 
genera. Different types of Plectosphaerella have 
been found to live on aquatic plants in southwest 
China [22]; Plectosphaerella guizhouensis and 
Plectosphaerella nauculaspora [23]; 
Plectosphaerella oligotrophica from Panax 
bipinnatifidus [24]; Plectosphaerella cucumerina 
from Cynanchum auriculatum [25]; and 
Plectosphaerella niemeij are all types of 
Plectosphaerella. ITS-rDNA sequencing is 
considered an important technique for molecular 

identification of endophytic fungi, which gives 
rapid and reliable results [26]. 
 

3.2 Plant Growth Promotion Activities 
 

P. oligotrophica S8A26 solubilize inorganic 
phosphate and also produce ammonia but 
unable to generate hydrogen cyanide (Fig. 3). 
Nitrogen and phosphorus are essential elements 
for the growth and development of plants, as 
they are required in crucial metabolic processes 
such as photosynthesis, cell cycle, and the 
synthesis of proteins and enzymes [27]. They are 
supplied in crop fields in the form of chemical 
fertilizers, which pose environmental and health 
hazards. The endophytic isolate P. oligotrophica 
S8A26 has the potential to supply nitrogen in the 
form of ammonia and could solubilized inorganic 
phosphate that can be easily absorbed by the 
plant roots. The plant growth promotion activities 
of endophytic fungi are of great importance as 
they are environment-friendly, reliable, and easily 
applicable in the fields. Evaluation of other 
activities like siderophore production and plant 
growth hormone production is required to fully 
understand the growth promotion abilities of P. 
oligotrophica S8A26. 
 

3.3 Secondary Metabolite Production 
 

The crude extract of P. oligotrophica S8A26 
yields 513 mg (approximately) of dry metabolite 
from the filtrate of 1000 mL of PDB (Fig. 4). 
Secondary metabolites produced by fungal 
endophytes contain biologically active 
compounds that have vast applications in the 
fields of agriculture, pharmaceuticals, medicine, 
and industries.  
 

3.4 Biochemical Analysis 
 

The endophytic fungus P. oligotrophica S8A26 
produces flavonoids, phenols, saponins, and 
steroids. The TFC and TPC were observed to be 
25.67 µg of quercetin equivalent/ mg of 
endophyte extract and 5.06 µg of gallic acid 
equivalent/ mg of endophyte extract, respectively 
(Table 2). Flavonoid compounds are widely used 
for applications in nutraceuticals, 
pharmaceuticals, medicine, textiles, and 
cosmetics [28]. [29] isolated the anticancer 
flavonoid chrysin (5,7-dihydroxy flavone) from the 
endophytic fungi Alternaria alternata, 
Colletotrichum capsici, and C. taiwanense 
associated with Passiflora incarnata. Plenolic 
compounds have several health-promoting 
properties, such as antioxidant, anticancer, and 
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use in the treatment of cardiovascular and 
neurodegenerative diseases. They also possess 
anti-ageing properties, for which they are used in 
the cosmetic industry [30]. In a recent study, [31] 
isolated two phenolic compounds, tyrosol and p-
hydroxyphenylacetamide, from the endophytic 
fungus Coriolopsis rigida obtained from the 
medicinal plant Cochlospermum regium that 
showed potent antioxidant activity with an EC50 
of 0.33 mg/mL and effective allelopathic activity 
against the seedlings of Lactuca sativa and 
Raphanus sativus. Compounds belonging to 
saponins have been known to show antibacterial, 
antifungal, antiviral, anti-inflammatory, 
anticancer, antioxidant, and immunomodulatory 
effects [32]. [33] extracted eight saponins, viz., 
Cyclamine saponin, Aspoligonin A, 
Sarsapogenin, Asparacosin A, Schidigera 
saponin D, Aspargoside A, Dioscin, and 
Protodioscin, from the endophytic fungi 
Aspergillus terreus, A. flavus, Penicillium sp., and 
Talaromyces pinophilus associated with the 
medicinal plant Asparagus racemosus and found 

to exhibit strong antimicrobial and antioxidant 
activities. Natural steroids are rich sources of 
bioactive compounds with antioxidant, 
anticancer, and antioxidant activities [34]. In an 
investigation, nine steroids, namely, 
norcyclocitrinol A, erythro-11α-
hydroxyneocyclocitrinol, pesudocyclocitrinol A, 
neocyclocitrinols A–D, cyclocitrinol, and 24-
epicyclocitrinol, were extracted from the 
secondary metabolites of the endophytic fungus 
Penicillium chrysogenum isolated from              
Huperzia serrata, and all of them have shown 
anticancer activity [35]. [36] isolated the 
endophytic fungus Nigrospora sphaerica from 
Euphorbia hirta, and its extract has shown TPC 
and TFC values of 77.74 ± 0.046 mgGAE/g and 
230.59 ± 2.0 mgRE/g, respectively. The 
endophytic fungus P. oligotrophica S8A26 in our 
study might be an important source of bioactive 
compounds. The isolation and evaluation of the 
bioactivities of the compounds would be an 
important aspect for pharmaceutical and 
industrial applications. 

 

 
 
Fig. 1. (a) Anaphalis contorta plant, (b) isolation of fungal endophyte from plant segments, (c) 

culture morphology of Plectosphaerella oligotrophica S8A26, and (d) micrograph of                          
P. oligotrophica S8A26 
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Table 1. The BLAST analysis report for P. oligotrophica S8A26 showing closely related five 
taxa available in the GenBank database 

 

GeneBank 
Accession No. 

Description Max 
score 

Query 
cover 

Query 
coverage (%) 

E value Identity 
(%) 

MT447499 Plectosphaerella 
oligotrophica strain 
GFRS31 

921 921 100 0.0 99.61 

MT447492 Plectosphaerella 
oligotrophica strain 
GFRS24 

921 921 100 0.0 99.61 

MT221576 Plectosphaerella 
sp. isolate RFE 5 

921 921 100 0.0 99.61 

MT032654 Fusarium 
oxysporum isolate 
G549 

921 921 100 0.0 99.61 

MN522947 Plectosphaerella 
cucumerina clone 
2014_1356 

921 921 100 0.0 99.61 

 

 
 

Fig. 2. Sequence allignment report for P. oligotrophica S8A26 with the closest genetic 
neighbour strain Plectosphaerella oligotrophica strain GFRS31 (MT447499) in the NCBI 

GenBank database 
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Fig. 3. Plant growth promotion activities of P. oligotrophica S8A26 showing positive results for 
(a) phosphate solubilisation and (b) ammonia production, and negative result for (c) hydrogen 

cyanide production 
 

 

 
 

Fig. 4. Secondary metabolite extraction of P. oligotrophica S8A26, (a) culture in potato 
dextrose broth, (b) extraction with ethyl acetate using separating funnel, (c) crude ethyl 

acetate extract before drying 
 
Table 1. Biochemical analysis of the secondary metabolite produce by P. oligotrophica S8A26 

 

Endophyte Biochemical analysis 

Qualitative Quantitative 

AL FL PH SA ST TA TE TFC (µg of QE/ mg 
of EE) 

TPC (µg of GAE/ 
mg of EE) 

Plectosphaerella 
oligotrophica 
S8A26 

- + + + + - - 25.67±0.08 5.06±0.19 

AL-Alkaloids, FL-Flavonoids, PH-Phenolics, SA-Saponins, ST-Steroids, TA- Tannins, TE- Terpenoids, QE- 
Quercetin equivalent, GAE- Gallic acid equivalent, EE- Endophyte extract ‘+’ indicates presence, ‘-’ indicates 

absence 

 

3.5 Synthesis and Characterization of 
Silver Nanoparticles 

 

The endophytic fungus P. oligotrophica S8A26 
synthesizes AgNPs which was shown by the 
colour change of the filtrate from light yellow to 
dark brown due to the reduction of silver nitrate 
by the secondary metabolite produce. 

Biosynthesized silver nanoparticles have 
potential bioactivities with minimal side effects. 
The size of the nanoparticles is an essential 
criteria for determining their effectiveness; a 
smaller size increases bioactivities due to a 
greater surface area and a smaller volume. 
Several isolates of endopytic fungi have been 
known to synthesized AgNPs with various 
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activities, viz., Exserohilum rostrate from 
Ocimum tenuiflorum showed antibacterial, 
antioxidant, and anti-inflammatory activities [37]; 
Penicillium cinnamopurpureum from Curculigo 
orchioides showed antibacterial activity [38]; 
Penicillium radiatolobatum from Quercus rubera 

showed antibacterial and cytotoxic activities [39]; 
Cladosporium perangustum from Dendrophthoe 
falcata showed antioxidant and anticancer 
activities [19]; and Colletotrichum 
gloeosporioides from Berberis aristata showed 
antibacterial and antimalarial activities [40]. 

 
Table 3. XRD analysis of silver nanoparticles synthesized by P. oligotrophica (AS8A26) and 

calculation of particle size using Scherrer’s equation 
 

Position 
(2Ɵ) 

Height 
(counts) 

FWHM 
(2Ɵ) 

d-spacing 
(Aº) 

Relative 
Intensity (%) 

AgNPs size 
(nm) 

Average 
(nm) 

27.6890 27.14 0.7872 3.22180 46.03 22.69  
 
 
24.81 

32.1568 58.97 0.3936 2.78364 100.00 39.63 
46.3114 44.68 0.2952 1.96052 75.78 38.89 
54.7421 14.31 0.9840 1.67686 24.26 10.33 
57.5218 14.55 0.7872 1.60226 24.68 12.50 

 
Table 4. EDX analysis of synthesized silver nanoparticles by P. oligotrophica S8A26 displaying 

the quantitative elemental composition of silver, oxygen, zinc and silicon 
 

Element Line Weight (%) Weight Error (%) Atom (%) 

O K 49.72 ± 0.83 86.50 
Si K 0.45 ± 0.07 0.45 
Si L --- --- --- 
Zn K 1.19 ± 0.55 0.51 
Zn L --- --- --- 
Ag L 48.63 ± 0.92 12.55 
Ag M --- --- --- 
Total 100.00  100.00 

 

 
 

Fig. 5. Dynamic light scattering measurements for particle size distribution of the 
biosynthesized AgNPs using P. oligotrophica S8A26 
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Fig. 6. Zeta potential measurements of synthesized nanoparticles using P. oligotrophica S8A26 
 
3.5.1 XRD analysis 
 
54.7421° and 57.5218° which shows the 
nanoparticles are crystalline. The peaks can be 
assigned to the planes (122), (111), (200), (220), 
and (311) facet of silver crystal, respectively. The 
average size of the synthesized nanoparticles 
was found to be 24.81 nm (Table 3). 
 
3.5.2 EDX analysis 
 
EDX analysis have shown the presence of silver 
as the main component. The elemental analysis 
of the synthesized silver nanoparticles showed 
the highest proportion of oxygen (49.72%), 
followed by silver (48.63%), zinc (1.19%) and 
silicon (0.45%) (Table 4). 
 
3.5.3 Particle size distribution and Zeta 

potential of silver nanoparticles 
 
Dynamic light scattering measurements for 
particle size distribution have shown the average 
size of the AgNPs to be 49.9 nm. The Particle 
size with the highest intensity (%) occurred in the 
65–70 nm range (Fig. 5). The Zeta potential 
value for the AgNPs was found to be −31.8 mV 
(Fig. 6). 
 

4. CONCLUSION 
 
From the above results, it can be concluded that 
the endophyte P. oligotrophica S8A26 produces 
various compounds that might have bioactive 
properties. Being natural compounds, they posed 

negligible negative effects on human health. In 
the last few decades, the approach of 
environment-friendly agricultural practices like 
organic farming and integrated farming 
techniques has increased, and P. oligotrophica 
S8A26, due to its plant growth-promoting 
abilities, has become an important area of 
research. Synthesis of nanoparticles using 
endophytic fungi is encouraged as it is eco-
friendly, cost-effective, requires less time, and is 
highly effective. The isolate P. oligotrophica 
S8A26 synthesizes AgNPs of small size, and 
further assessment of antimicrobial, antioxidant, 
anticancer, and anti-inflammatory activities is 
much needed. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Rodriguez RJ, White Jr, JF, Arnold AE, 
Redman ARA. Fungal endophytes: 
Diversity and functional roles. New 
phytologist. 2009;182(2):314-330.  
Available:https://doi.org/10.1111/j.1469-
8137.2009.02773.x 

2. Pramanic A, Sharma S, Dhanorkar M, 
Prakash O, Singh P. Endophytic 
microbiota of floating aquatic plants: recent 
developments and environmental 
prospects. World Journal of Microbiology 
and Biotechnology. 2023;39(4):96.  



 
 
 
 

Nongthombam et al.; Biotechnol. J. Int., vol. 28, no. 1, pp. 21-33, 2024; Article no.BJI.113364 
 
 

 
31 

 

Available:https://doi.org/10.1007/s11274-
023-03543-1 

3. Toghueo RMK. Bioprospecting endophytic 
fungi from Fusarium genus as sources of 
bioactive metabolites. Mycology. 
2020;11(1):1-21.  
Available:https://doi.org/10.1080/21501203
.2019.1645053 

4. Khare CP. Indian medicinal plants: An 
illustrated dictionary. Springer Science & 
Business Media; 2008. 

5. Sharma M, Sharma AK, Sharma M. Ethno-
botanical study of medicinal plants from 
unexplored area of District Ramban (J&K) 
India. Indian Journal of Agricultural 
Research. 2020;54:1-7. 

6. Joshi RK. In vitro antimicrobial activity of 
the essential oil of Anaphalis contorta 
Hook f. International Journal of Research 
in Pure and Applied Microbiology. 
2011;1(2):19-21. 

7. Mane A, Patil L, Limaye S, Nirmalkar A, 
Kulkarni‐Kale U. Characterization of major 
capsid protein (L1) variants of Human 
papillomavirus type 16 by cervical 
neoplastic status in Indian women: 
Phylogenetic and functional analysis. 
Journal of Medical Virology. 2020;92(8): 
1303-1308.  
Available:https://doi.org/10.1002/jmv.2567
5 

8. Mijnendonckx K, Leys N, Mahillon J, Silver 
S, Van Houdt R. Antimicrobial silver: uses, 
toxicity and potential for resistance. 
Biometals. 2013;26:609-621.  
Available:https://doi.org/10.1007/s10534-
013-9645-z 

9. Hallmann J, Berg G, Schulz B. Isolation 
procedures for endophytic 
microorganisms. In Microbial root 
endophytes. Berlin, Heidelberg: Springer 
Berlin Heidelberg. 2006;299-319. 
Available:https://doi.org/10.1007/3-540-
33526-9 

10. Ripa FA, Cao WD, Tong S, Sun JG. 
Assessment of plant growth promoting and 
abiotic stress tolerance properties of wheat 
endophytic fungi. BioMed Research 
International; 2019.  
Available:https://doi.org/10.1155/2019/610
5865 

11. Mahfooz M, Dwedi S, Bhatt A, 
Raghuvanshi S, Bhatt M, Agrawal PK. 
Evaluation of antifungal and enzymatic 
potential of endophytic fungi isolated from 
Cupressus torulosa D. Don. Int. J. Curr. 
Microbiol. App. Sci. 2017;6(7):4084-4100.  

Available:https://doi.org/10.20546/ijcmas.2
017.607.424 

12. Passari AK, Mishra VK, Leo VV, Gupta VK, 
Singh BP. Phytohormone production 
endowed with antagonistic potential and 
plant growth promoting abilities of 
culturable endophytic bacteria isolated 
from Clerodendrum colebrookianum Walp. 
Microbiological research. 2016;193:57-73.  
Available:https://doi.org/10.1016/j.micres.2
016.09.006 

13. Sharma D, Pramanik A, Agrawal PK. 
Evaluation of bioactive secondary 
metabolites from endophytic fungus 
Pestalotiopsis neglecta BAB-5510 isolated 
from leaves of Cupressus torulosa D. Don. 
3 Biotech. 2016;6(2):210.  
Available:https://doi.org/10.1007/s13205-
016-0518-3 

14. Devi NN, Prabakaran JJ, Wahab F. 
Phytochemical analysis and enzyme 
analysis of endophytic fungi from Centella 
asiatica. Asian Pacific Journal of Tropical 
Biomedicine. 2012;2(3):S1280-S1284.  
Available:https://doi.org/10.1016/S2221-
1691(12)60400-6 

15. Kumar V, Prasher IB. Phytochemical 
analysis and antioxidant activity of 
endophytic fungi isolated from Dillenia 
indica Linn. Applied Biochemistry and 
Biotechnology. 2023;1-18.  
Available:https://doi.org/10.1007/s12010-
023-04498-7 

16. Devi LS, Bareh DA, Joshi SR. Studies on 
biosynthesis of antimicrobial silver 
nanoparticles using endophytic fungi 
isolated from the ethno-medicinal plant 
Gloriosa superba L. Proceedings of the 
National Academy of Sciences, India 
Section B: Biological Sciences. 
2014;84:1091-1099.  
Available:https://doi.org/10.1007/s40011-
013-0185-7 

17. Konappa N, Udayashankar AC, 
Dhamodaran N, Krishnamurthy S, 
Jagannath S, Uzma F, F, Pradeep CK, De 
Britto S, Chowdappa S, Jogaiah S. 
Ameliorated antibacterial and antioxidant 
properties by Trichoderma harzianum 
mediated green synthesis of silver 
nanoparticles. Biomolecules. 2021;11(4): 
535.  
Available:https://doi.org/10.3390/biom1104
0535 

18. Vijayan S, Divya K, George TK, Jisha MS. 
Biogenic synthesis of silver nanoparticles 
using endophytic fungi Fusarium 



 
 
 
 

Nongthombam et al.; Biotechnol. J. Int., vol. 28, no. 1, pp. 21-33, 2024; Article no.BJI.113364 
 
 

 
32 

 

oxysporum isolated from Withania 
somnifera (L.), its antibacterial and 
cytotoxic activity. Journal of 
Bionanoscience. 2016;10(5):369-376.  
Available:https://doi.org/10.1166/jbns.2016
.1390 

19. Govindappa M, Lavanya M, Aishwarya P, 
Pai K, Lunked P, Hemashekhar B,  Arpitha 
BM, Ramachandra YL, Raghavendra VB. 
Synthesis and characterization of 
endophytic fungi, Cladosporium 
perangustum mediated silver nanoparticles 
and their antioxidant, anticancer and nano-
toxicological study. BioNanoScience. 
2020;10:928-941.  
Available:https://doi.org/10.1007/s12668-
020-00719-z 

20. Maulana AF, Turjaman M, Sato T, 
Hashimoto Y, Cheng W, Tawaraya K. 
Isolation of endophytic fungi from tropical 
forest in Indonesia. Symbiosis. 
2018;76:151-162.  
Available:https://doi.org/10.1007/s13199-
018-0542-7 

21. Zainudin NAIM, Zaini NAM, Nizam NHM, 
Abidin DFZAZ, Nazri NIAM. Diversity of 
endophytic fungi associated with fruits and 
leaves of tamarind (Tamarindus indica L.) 
based on ITS ribosomal DNA sequences. 
BIOTROPIA-The Southeast Asian Journal 
of Tropical Biology. 2021;28(3):221-230.  
Available:https://doi.org/10.11598/btb.2021
.28.3.1339 

22. Yang XQ, Ma SY, Peng ZX, Wang ZQ, 
Qiao M, Yu Z. Diversity of Plectosphaerella 
within aquatic plants from southwest 
China, with P. endophytica and P. 
sichuanensis spp. nov. MycoKeys. 
2021;80:57.  
Available:https://doi.org/10.3897/mycokeys
.80.64624 

23. Zhang ZY, Chen WH, Zou X, Han YF, 
Huang JZ, Liang ZQ, Deshmukh SK. 
Phylogeny and taxonomy of two new 
Plectosphaerella (Plectosphaerellaceae, 
Glomerellales) species from China. 
MycoKeys. 2019;57:47.  
Available:https://doi.org/10.3897/mycokeys
.57.36628 

24. An C, Ma S, Shi X, Liu C, Ding H, Xue W. 
Diversity and ginsenoside 
biotransformation potential of cultivable 
endophytic fungi associated with Panax 
bipinnatifidus var. bipinnatifidus in Qinling 
mountains, China. Frontiers in 
Pharmacology. 2022;13:762862.  

Available:https://doi.org/10.3389/fphar.202
2.762862 

25. Gu XJ., Ren K, Yao N, Yan S, Zhao JF, 
Jiang XY, Lian Q. Chemical constituents 
from endophytic fungus Plectosphaerella 
cucumerina YCTA2Z1 of Cynanchum 
auriculatum. Chinese Herbal Medicines. 
2018;10(1):95-98.  
Available:https://doi.org/10.1016/j.chmed.2
017.12.001 

26. Suneja P, Kumar P, Rani S, Simran, Dang 
AS. Identification of fungal endophytes by 
its rdna technique. In Endophytic Microbes: 
Isolation, Identification, and Bioactive 
Potentials. New York, NY: Springer US. 
2022;89-95.  
Available:https://doi.org/10.1007/978-1-
0716-2827-0_11 

27. Shrivastav P, Prasad M, Singh TB, Yadav 
A, Goyal D, Ali A, Dantu PK. Role of 
nutrients in plant growth and development. 
Contaminants in agriculture: Sources, 
impacts and management. 2020;43-59.  
Available:https://doi.org/10.1007/978-3-
030-41552-5_2 

28. Panche AN, Diwan AD, Chandra SR. 
Flavonoids: An overview. Journal of 
nutritional science. 2016;5:e47.  
Available:https://doi.org/10.1017/jns.2016.
41 

29. Seetharaman P, Gnanasekar S, 
Chandrasekaran R, Chandrakasan G, 
Kadarkarai M, Sivaperumal S. Isolation 
and characterization of anticancer flavone 
chrysin (5, 7-dihydroxy flavone)-producing 
endophytic fungi from Passiflora incarnata 
L. leaves. Annals of Microbiology. 
2017;67:321-331.  
Available:https://doi.org/10.1007/s13213-
017-1263-5 

30. Boudet AM. Evolution and current status of 
research in phenolic compounds. 
Phytochemistry. 2007;68(22-24):2722-
2735.  
Available:https://doi.org/10.1016/j.phytoche
m.2007.06.012 

31. Dantas SBS, Moraes GKA, Araujo AR, 
Chapla VM. Phenolic compounds and 
bioactive extract produced by endophytic 
fungus Coriolopsis rigida. Natural Product 
Research. 2023;37(12):2037-2042.  
Available:https://doi.org/10.1080/14786419
.2022.2115492 

32. Juang YP, Liang PH. Biological and 
pharmacological effects of synthetic 
saponins. Molecules. 2020;25(21):4974.  



 
 
 
 

Nongthombam et al.; Biotechnol. J. Int., vol. 28, no. 1, pp. 21-33, 2024; Article no.BJI.113364 
 
 

 
33 

 

Available:https://doi.org/10.3390/molecules
25214974 

33. Rani M, Jaglan S, Beniwal V, Chhokar V. 
Bioactive saponin profiling of endophytic 
fungi from Asparagus racemosus. Natural 
Product Research. 2023;37(22):                  
3889-3895.  
Available:https://doi.org/10.1080/14786419
.2022.2156997 

34. Barreira JC, Ferreira IC. Steroids in natural 
matrices: Chemical features and bioactive 
properties. Biotechnology of bioactive 
compounds: Sources and applications. 
2015;395-431.  
Available:https://doi.org/10.1002/97811187
33103.ch16 

35. Cao D, Sun P, Bhowmick S, Wei Y, Guo B, 
Wei Y, Mur LA, Sun Z. Secondary 
metabolites of endophytic fungi isolated 
from Huperzia serrata. Fitoterapia. 
2021;155:104970.  
Available:https://doi.org/10.1016/j.fitote.20
21.104970 

36. Gautam VS, Singh A, Kumari P, Nishad 
JH, Kumar J, Yadav M, Bharti R, Prajapati 
P, Kharwar RN. Phenolic and flavonoid 
contents and antioxidant activity of an 
endophytic fungus Nigrospora sphaerica 
(EHL2), inhabiting the medicinal plant 
Euphorbia hirta (dudhi) L. Archives of 
Microbiology. 2022;204(2):140.  
Available:https://doi.org/10.1007/s00203-
021-02650-7 

37. Bagur H, Poojari CC, Melappa G, 
Rangappa R, Chandrasekhar N, Somu P. 

Biogenically synthesized silver 
nanoparticles using endophyte fungal 
extract of Ocimum tenuiflorum and 
evaluation of biomedical properties. 
Journal of Cluster Science. 2020;31:            
1241-1255.  
Available:https://doi.org/10.1007/s10876-
019-01731-4 

38. Dinesh B, Monisha N, Shalini HR, Prathap 
GK, Poyya J, Shantaram M,  Hampapura 
JS, Karigar CS, Joshi CG. Antibacterial 
activity of silver nanoparticles synthesized 
using endophytic fungus—Penicillium 
cinnamopurpureum. Spectroscopy Letters. 
2022;55(1):20-34.  
Available:https://doi.org/10.1080/00387010
.2021.2010764 

39. Naveen KV, Sathiyaseelan A, Mariadoss 
AVA, Xiaowen H, Saravanakumar K, Wang 
MH. Fabrication of mycogenic silver 
nanoparticles using endophytic fungal 
extract and their characterization, 
antibacterial and cytotoxic activities. 
Inorganic Chemistry Communications. 
2021;128:108575.  
Available:https://doi.org/10.1016/j.inoche.2
021.108575 

40. Pant M, Prashar C, Pandey KC, Roy S, 
Pande V, Dandapat A. Myco-synthesis of 
multi-twinned silver nanoparticles as 
potential antibacterial and antimalarial 
agents. RSC advances. 2024;14(2):1114-
1122.  
Available:https://doi.org/10.1039/D3RA077
52G 

_________________________________________________________________________________ 
© 2024 Nongthombam et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/113364 

http://creativecommons.org/licenses/by/4.0

