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Abstract

The antibacterial and anticancer potential of silver nanoparticles (Ag-NPs) is promising for cancer treatment and
fighting multidrug-resistant bacteria. This study introduces the first eco-friendly synthesis of Ag-NPs using a cell-free
extract (CFE) of Chaetomium olivaceum strain B422 isolated from grapevine. In this study, ten fungal strains collected
from grapevine trunks and twigs were purified and cultured on potato dextrose agar (PDA) at 25 °C (pH 5) under dark
conditions for 7 to 14 days. Ag-NPs were synthesized using CFEs of the fungal strains and silver nitrate as precursor.
The biosynthesis process was optimized by varying factors such as silver nitrate concentration, pH, temperature,
agitation speed and incubation time using a one-factor-at-a-time approach. The synthesized Ag-NPs were characterized
for various properties such as size, structure and stability using UV-Vis spectroscopy, field emission scanning electron
microscopy (FESEM), dynamic light scattering (DLS), Raman spectroscopy and X-ray diffraction (XRD). Of the ten
fungal strains studied, only strain B422, identified as C. olivaceum by phylogenetic analysis of DNA sequence data,
successfully synthesized Ag-NPs by reduction of silver nitrate. This was confirmed by a color change to dark brown
and a distinct UV-Vis absorption peak at 425 nm. Optimal conditions for biosynthesis were found to be 5 mM silver
nitrate, pH 7, 35 °C, no shaking and an incubation period of 96-120 h. FE-SEM analysis revealed nanoparticles ranging
in size from 2 to 92 nm, with an average size of 32 to 42 nm, while DLS analysis revealed a hydrodynamic size of 46.3
nm. Zeta potential measurements showed high stability (-23.5 mV). Raman spectroscopy identified functional groups
associated with the Ag-NPs and XRD confirmed their crystalline structure. The sustainable synthesis of Ag-NPs using
fungal CFE allows precise control of nanoparticle size and morphology, making it highly relevant for biomedical
applications and a significant advancement in green nanotechnology for healthcare.
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Introduction
Nanotechnology is a cutting-edge field of research
that focuses on the manipulation and control of
materials at the nanoscale for various applications.
Nanoparticles are highly effective agents in
catalysis, healthcare and electronics due to their
unique properties such as larger surface area and
enhanced mechanical and optical properties (1). Ag-
NPs are key factors in biomedicine due to their large
surface area, potent antibacterial, anticancer and
antioxidant properties, and precise nanoscale
engineering potential. They are widely used in drug
delivery, medical imaging and biosensor
development, with significant potential for
advancing new therapeutic strategies and improving
public health . Ag-NP production methods,
including spray pyrolysis, laser ablation, co-
precipitation and hydrothermal techniques, have
shown success but are limited in biological areas due
to the use of harmful chemicals. Microbial synthesis,
using organisms such as bacteria, yeasts and
filamentous  fungi, has emerged as an
environmentally friendly alternative that reduces
ecological damage while maintaining control over
nanoparticle  properties Fungal
nanobiotechnology has attracted considerable
attention for its eco-friendly production of
nanoparticles. Fungi, which are considered to be
natural nanofactories, can produce various
metabolites and proteins that aid in the eco-friendly
production of nanoparticles with specific size and
shape In comparison to other microorganisms,
fungi present notable advantages such as simple
cultivation, resistance to high levels of metal ions
and the capacity to mass-produce nanoparticles
inexpensively. Furthermore, fungi generate proteins
and enzymes that convert metal ions into less toxic
compounds, which is valuable for nanoparticle
production Several genera of filamentous fungi,
including Alternaria, Aspergillus, Cladosporium,
Fusarium, Penicillium, Sarocladium and
Trichoderma, have been used to produce silver, gold
and zinc oxide nanoparticles. Among these,
Fusarium and Aspergillus have been the focus of
most studies related to silver nanoparticle synthesis
-9). Recently, in a study of nanoparticle synthesis
by some fungal isolates, S. subulatum AS4D (=
IRAN 5131C), isolated from declined grapevines
exhibited significant potential to produce Ag-NPs
In this study, we focused on the biosynthesis of
Ag-NPs using C. olivaceum strain B422 isolated
from grapevines showing symptoms of decline. We
investigated the influence of the key factors
precursor concentration, medium pH, temperature,
agitation and incubation time on Ag-NPs synthesis
using a cell-free extract (CFE) approach. This
research presents a green, safe and eco-friendly

method, highlighting the potential of using fungi as
valuable biological resources in nanotechnology.

Materials and Methods

Fungal strains and culture conditions

Ten fungal strains collected from grapevine trunks
and twigs across various regions of the country,
specifically in Kouzaran, Kermanshah Province,
were provided for study by the Mycology
Laboratory of the Faculty of Agriculture, University
of Kurdistan. Fungal strains were purified by single-
spore or hyphal-tip methods on PDA. The cultures
were then incubated on PDA in the dark at pH 5 for
7 to 14 days at 25 °C.

Biosynthesis of Ag-NPs

Fungal strains synthesized silver nanoparticles in a
reaction medium containing silver nitrate (purity
>99%) as precursor and fungal CFEs as biocatalyst.
CFEs were prepared according to the method
described by Mohammadjani et al. (9). Fungi were
cultured in PDB at 25°C and 200 rpm for 15 days.
After centrifugation, the biomass was resuspended in
sterile water and incubated for three days. The
extract was then filtered and mixed with 50 ml of
silver nitrate solution to a final concentration of 3
mM for nanoparticle synthesis. The mixture was
incubated at 25 °C and 100 rpm for different time
intervals. Controls were performed with silver
nitrate or extract only.

Effect of different parameters on the synthesis of
Ag-NPs

The optimal conditions for the biosynthesis of silver
nanoparticles were determined using a single-factor
optimization method as described by Bolbanabad et
al. In this approach, one synthesis parameter
was varied while the others were kept constant. The
initial conditions for Ag-NP biosynthesis were
shaking speed 100 rpm, temperature 25 °C and
incubation time 3 day. Surface plasmon resonance
was monitored by UV-visible spectroscopy. The
study systematically investigated the effects of
precursor concentration (1-6 mM), pH (4-9),
temperature (25-40 °C), agitation speed (0-200
rpm), and incubation time (12-168 h) on Ag-NP
synthesis. Statistical analysis was performed using
ANOVA and Tukey's test with a significance level
of 95%, using GraphPad software version 10.

Characterization of fungal-synthesized Ag-NPs

Biosynthesized Ag-NPs were separated by
centrifugation at 13000 x g for 30 min. They were
then freeze-dried (Alpha 1-2 LDplus, Martin Christ,
Germany) and analyzed by a variety of microscopic
and spectroscopic techniques. Field emission
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scanning electron microscopy (FESEM, TSCAN,
MIRA3, Czech Republic) was used to analyze the
dimensions and shape of the freeze-dried
nanoparticles at magnifications of 20,000 to 30,000.
Energy dispersive X-ray (EDX) analysis was
performed to determine the elements present by
examining images at 500 and 200 nm. The particle
size distribution was evaluated using ANIX Emica
software. The XRD analysis of the crystalline
properties of the Ag-NPs was carried out using a
Philips PW1730 system, with angles ranging from
10° to 80°. Raman spectroscopy (UniDRON,
Taiwan) was used to detect functional groups, while
dynamic light scattering (DLS) using a Malvern
instrument was used to assess the average size and
distribution of the particles in solution. Zeta
potential (Malvern, UK) analysis was used to assess
the stability of the nanoparticles.

Molecular characterization of the selected fungi

Genomic DNA was extracted from 7-day-old pure
cultures growing on PDA at 25°C according to the
modified method of Raeder and Broda (11) as
described by Abdollahzadeh et al. (12). The partial
gene sequence of B-tubulin (tub2) was amplified

425 nm

Absorbance (a. u.)

using the primer pairs Bt2a (5°-
GGTAACCAAATCGGTGCTGCTTTC-3")  and
Bt2b (5'- ACCCTCAGTGTAGTGACCCTTGGC-
3" (13). The PCR reaction was performed in a final
volume of 25 ul consisting of 12.5 pl master mix, 1
pl of each primer (10 uM), 1 pl template DNA (50-
100 ng/ul) and 9.5 ul PCR grade water. The PCR
reaction was as follows: an initial denaturation step
of 3 min at 95 °C, followed by 35 cycles of 60 s at
94 °C, 60 s at 52 °C and 90 s at 72 °C, with a final
extension of 5 min at 72°C. PCR products were
purified and sequenced by BGI (China) via BMG
(Bio Magic Gene) Co. (Karaj, lIran). Consensus
sequence extraction was performed using BioEdit
Sequence Alignment Editor v.7.0.9.0. (14) and
submitted to GenBank. The generated sequence was
subjected to BLAST analysis and aligned with the
sequences of the type or authentic specimens of
existing related species using online MAFFT v. 7
(15). The phylogenetic analysis of the aligned
sequences was performed by Maximum Parsimony
method using PAUP v. 4.0b10 (16) according to
Abdollahzadeh et al. (17). Phylogenetic trees were
plotted using FigTree v. 1.4.3 and edited in Adobe
Ilustrator CS2 v. 12.0.0.

Control Sample

—

\  —m

400

S00 600

Wavelength (nm)

Fig. 1. Visual observations (transition from light to brown) and absorption spectra from spectrophotometric analysis of a 3
mM silver nitrate solution at pH 6.0. Changes were monitored at 24, 48 and 96 h of reaction at 25°C on a rotary shaker (100
rpm) using CFE from fungal strain B422.

Results
Characterization of fungal strains of synthesizing
Ag-NPs
Ten selected fungal strains were screened for their
ability to synthesize Ag-NPs using a CFE strategy.

Among the strains tested, only strain B422 reduced
silver nitrate to Ag-NPs at 3 mM (Fig. 1). The
untreated silver nitrate solution (control) remained
bright yellow in color, whereas the sample treated
with fungal CFE turned dark brown, indicating the
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formation of nanoparticles. UV-Vis
spectrophotometry revealed a distinct absorption
band at 425 nm, in the range characteristic of Ag-
NPs (400 to 450 nm), attributed to surface plasmon
resonance, which is related to the oscillation of free
electrons on the nanoparticle surface (18).

A BLAST search of the NCBI database using the
generated sequence (PQ202824) showed that our
strain was close to members of Chaetomium. Based
on phylogenetic analysis, strain B422 was identified
as Chaetomium olivaceum (Fig. 2).

Chaetomium cucumericola CBS 378.71"

Chaetomi dulatul CBS 1267757
Chaetomium subglobosum MUCL 18694"
Chaetomium pseudocochliodes CGMCC 3.94417

Chaetomium cochliodes CBS 155.52"

96 Chaetomium spiculipilium CBS 373.66"
Chae ium subaffine CBS 637.91"
Chaetomium elatum CBS 910.70
P Chaetomium elatum CBS 374.66
Chaetomium rectangulare CBS 1267787
Chaetomium capillare CBS 1284897
Chaetomium angustispirale CBS 137.58"

Chaetomium telluricola CBS 151.59"

_I

Chaetomium graminiforme CBS 506.84"
Chae ium spirochaete CBS 730.84"
Chae ium pile CBS 335.67"
Chaetomium citrinum CBS 693.82"

Ch.

coarctatum CBS 162.62"

Achaetomium strumarium CBS 333.67"

20
Fig. 2. One of the six most parsimonious trees of the genus Chaetomium based on phylogenetic analysis of tub2 sequence
data. Bootstrap values from MP analysis are shown at the nodes. Achaetomium strumarium was used as outgroup.

Effect of different parameters on fungal-
synthesized Ag-NPs: Fungi are widely used for the
preparation of metal nanoparticles due to their high
metal tolerance and ease of cultivation. Optimization
of parameters such as precursor concentration,
temperature, pH and reaction time is crucial for the
synthesis of nanoparticles with desirable stability
and biocompatibility (19). The concentration of both
the precursor and the fungal extract determines the
properties of the nanoparticles. Lower precursor
concentrations slow down the synthesis, while
higher concentrations accelerate it. Therefore, the
balance between the fungal extract and the metal salt
is crucial for optimal nanoparticle production (Fig.
3) (20). Fig. 3a shows that increasing the silver
nitrate concentration from 1 to 5 mM resulted in a

significant increase in nanoparticle uptake. This was
followed by 72 h of incubation at 25 °C, pH 6 and a
shaking speed of 100 rpm. After analyzing the
results, 5 mM silver nitrate was selected as the most
effective concentration for subsequent tests. The pH
of the reaction medium is another key parameter
influencing nanoparticle properties. Higher pH
levels favour the synthesis of metal nanoparticles by
affecting the competition between protons and metal
ions for binding to negatively charged groups. As
shown in Fig. 3b, the effect of various pH levels (4
to 9) on Ag-NPs synthesis under optimal conditions
(5 mM silver nitrate, 72 h at 25 °C and 100 rpm). The
highest absorption peak corresponding to
nanoparticle biosynthesis was observed at pH 7.
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Fig. 3. Effect of (a) silver nitrate (AgNOs) precursor concentration and (b) pH on the biosynthesis of Ag-NPs using the CFE
of fungal strain B422. Statistical analysis was performed using the Tukey method, with different lowercase letters indicating
significant differences at the 5% level (P < 0.05).

Temperature is crucial for the green production of
nanoparticles by fungal strains. It affects the time
taken to produce them, as well as their size and
stability (Fig. 4). Fig. 4 as hows the effect of
different temperatures on the synthesis rate of silver
nanoparticles under optimal conditions (5 mM silver
nitrate, pH 7) using the fungal strain B422. The
maximum absorption occurred at 35 °C, but further

increases in temperature reduced the efficiency of
silver nitrate bioreduction to nanoparticles. The
effect of agitation on the synthesis of Ag-NPs was
also examined (Fig. 4b). Maximum absorption was
achieved under static conditions without agitation.
As the shaker speed increased, the bioreduction
efficiency decreased.
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Fig. 4. Effect of temperature (a) and agitation (b) on the biosynthesis of Ag-NPs using CFE from fungal strain B422.
Statistical analysis was performed using the Tukey method, with different lowercase letters indicating significant differences
at the 5% level (P < 0.05).

To further improve the silver nitrate reduction
efficiency, the effect of incubation time was
investigated under optimized conditions (5 mM
silver nitrate, pH 7, 35 °C and static conditions) (Fig.
5). The absorption peak associated with silver
nanoparticles increased consistently from 12 to 96 h,
indicating continuous nanoparticle formation.

Therefore, the optimal incubation time for Ag-NP
biogenesis by the strain was 96 h. Overall, the
optimal conditions for the biosynthesis of Ag-NPs
by the fungal strain C. olivaceum B422 using the
CFE strategy were determined to be a 5 mM
concentration of AgNOs, a temperature of 35 °C, pH
7, no agitation (0 rpm) and an incubation time of 96 h.
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Fig. 5. Effect of incubation time on the biosynthesis of Ag-NPs using CFE from fungal strain B422. Statistical analysis was
performed using the Tukey method, with different lowercase letters indicating significant differences at the 5% level (P <
0.05).
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Fig. 6. FESEM images (a), particle size distribution histogram (b) and EDX analysis (c) of Ag-NPs synthesized under
optimized conditions using CFE from fungal strain B422.
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Characterization of Fungal-Synthesized Ag-NPs

The SEM images (Fig. 6a and b) showed that the
Ag-NPs were predominantly spherical or irregular in
shape, with most sizes in the range of 32-42 nm. The
nanoparticles often formed agglomerates, probably
due to factors such as temperature, incubation time
or the composition of the reaction solution. These
clusters may be beneficial for applications requiring
a large surface area or increased reactivity. The EDX
spectrum reveals the chemical composition of silver
nanoparticles synthesized by a fungus (Fig. 6c).
Prominent silver peaks (Ag La at 2.98 keV and Ag
Lp at 3.15 keV) confirm the successful synthesis of
the nanoparticles. The presence of carbon and
oxygen peaks is probably due to capping or reducing
agents used during synthesis. Silver accounts for
73.26% by weight and 24.03% by atomic
percentage. Carbon and oxygen are indicative of

Z-Average: 46.3 nm

3.8588%

Frequency (a. u.)

0.1 1 10

VrErannmg ' LR A R R ] | '

biological coatings or surface oxidation, potentially
enhancing the stability of the nanoparticles and their
suitability for biotechnological and industrial
applications.

Fig. 7 shows the DLS analysis and Zeta potential
measurements. The average hydrodynamic diameter
of the synthesized silver nanoparticles was 46.3 nm,
in agreement with the size estimates obtained by
electron microscopy (Fig. 7a). The zeta potential was
measured to be -23.5 mV, indicating the high
physical stability of the nanoparticle colloids (Fig.
7b). This stability suggests that the capping or
reducing agents were effective in preventing
nanoparticle aggregation and maintaining their
integrity, which is critical for biological and
industrial applications (21).
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Fig. 7. DLS analysis (a) and zeta potential analysis (b) of Ag-NPs synthesized under optimal conditions using CFE from
fungal strain B422.

10.22108/bjm.2024.142821.1612




Eco-friendly synthesis of silver nanoparticles using cell-free extract from Chaetomium ... /Saydeh Fatemeh Hoseini-Nilaki et al 83

30000 -
CFE+ AgNO3

28000 CFE-Control
26000
24000
22000
20000
18000

2

g 16000

2

~ 14000
12000
10000 Py
8000 / \ A
6000 N
4000

2000

0 500 1000 1500 2000 2500 3000 3500
Raman shift [1/em]

Intensity (a. u.)

2 theta

Figure 8. Raman analysis (a) and XRD analysis (b) of Ag-NPs synthesized under optimal conditions using CFE from fungal
strain B422.

As shown in Fig. 8a, Raman spectroscopy analysis
of Ag-NPs synthesized with fungal extract compared
to a control medium (CFE not treated with silver
nitrate). The Raman spectrum of Ag-NPs shows
significant changes in peak intensity and position
compared to the control sample. A prominent peak
at around 1500 cm is attributed to vibrational
modes of functional groups associated with Ag-NPs.
Additional Raman peaks in the 100 to 200 cm™
region are associated with metal-metal (Ag-Ag) or
metal-oxygen (Ag-O) vibrations, indicating lattice
vibrations of metal nanoparticles. The overall
reduction in peak intensity in the Ag-NPs spectrum
is probably due to Raman signal quenching caused
by nanoparticle formation. In contrast, the control
spectrum shows a wide variety of peaks. This
indicates the presence of different organic
compounds or biomolecules in the fungal extract.
The intense peaks found in the 2900-3500 cm'* range
are associated with C-H stretching vibrations, a
common feature of organic molecules. The 1200 cm-
" peak could be related to C-H bending or C-N
stretching vibrations, which are common in
biomolecules such as proteins and amino acids in the
fungal extract. The changes in the Raman peaks
confirm the effective formation of Ag-NPs and their
association with biomolecules in the extract X-
ray diffraction (XRD) analysis further confirmed the
crystalline nature of the synthesized Ag-NPs. As
shown in the diffraction pattern in Error! Reference
source not found.b, distinct peaks were observed at
angles of 38.26°, 44.44°, 64.57° and 77.52°
corresponding to the (111), (200), (220) and (311)
planes of the Ag-NPs crystals, respectively. These
peaks are characteristic of the crystalline structure of

Ag-NPs and correspond to standard reference
patterns for Ag-NPs

Discussion and Conclusion

The biological synthesis of Ag-NPs using fungi has
attracted considerable attention due to the ability of
fungi to degrade organic matter and use various
enzymes and molecules to reduce silver ions.
Enzymes such as protease, cellulase, chitinase and
glucosidase actively accelerate and enhance Ag-NP
synthesis. Additionally, enzymes like NADH and
NADH-dependent nitrate reductase effectively
reduce Ag*ions to Ag® in fungal systems, facilitating
nanoparticle formation Ag-NPs can be
synthesized intracellularly or extracellularly, the
latter being preferred due to its practicality and
efficiency. In our study, we used the extracellular
method with CFE, which uses compounds secreted
by microorganisms as reducing agents, eliminating
the need for direct involvement of microbial cells.
After separating the culture medium from the
biomass, the supernatant, which is rich in biological
molecules, is used for nanoparticle synthesis. This
approach simplifies the process by avoiding the
complexities of maintaining microbial cells, saving
time and resources. The use of CFE also improves
the scalability of nanoparticle production and
enables rapid synthesis initiation, as nanoparticle
formation begins immediately upon the addition of
silver salts. This leads to faster production, which is
critical for applications in  medicine and
biotechnology. In addition, CFE provides better
control over synthesis conditions, optimizing
nanoparticle characteristics for consistent and
desirable products Filamentous fungi are

10.22108/bjm.2024.142821.1612




84

Journal of Microbial Biology, 13" Year, Vol. 13, No. 52, 2024

especially valued for their ability to produce silver
nanoparticles with desirable morphology, high
stability and broad applicability. The use of fungi as
reducing and stabilizing agents in the biogenic
synthesis of Ag-NPs offers several advantages,
including high protein production, ease of handling
and low-toxicity residues. The nanoparticles are
coated with biomolecules from the fungi, which
increases their stability and potentially provides
additional biological activity Recent studies
have highlighted the significant potential of fungal-
mediated biogenic synthesis of Ag-NPs for
healthcare and agriculture, offering numerous
advantages. By selecting specific fungal species and
adjusting synthesis conditions such as precursor
concentration, temperature, pH and incubation time,
nanoparticles  with  diverse  physicochemical
properties can be produced. This method surpasses
plant and bacterial synthesis in achieving optimal
culture conditions and scalability, resulting in
nanoparticles of desired shape and size. Unlike
chemical methods, it is non-toxic, cost-effective and
sustainable. However, challenges remain in selecting
suitable fungi, maintaining sterile conditions and
optimizing synthesis parameters to ensure
monodispersity, stability and biocompatibility
In the current study, the first step was to screen
for a competent fungal strain capable of producing
Ag-NPs. The selected strain B422 was obtained
from Vitis vinifera trunks and twigs and identified as
C. olivaceum based on phylogenetic analysis of a
partial sequence of the S-tubulin gene (tub2). The -
tubulin gene is one of the main DNA barcodes used
to identify fungal species in phylogenetic studies.
Our study is the first to report the green, extracellular
synthesis of Ag-NPs by Chaetomium members,
which are known to produce industrial enzymes and
valuable  metabolites  with  antifungal and
antibacterial properties . The research aimed
to optimize the synthesis of silver nanoparticles by
investigating various parameters to maximize
production while ensuring proper dispersion and
morphology. A concentration of 5 mM AgNO; was
found to be optimal, providing a balance between
nanoparticle yield, size, morphology and stability.
While previous studies have often used 1 mM
AgNO; for fungal synthesis , our results are
consistent with research showing that different
concentrations produce different results
. This highlights the importance of selecting an
optimal AgNOs concentration to balance synthesis
efficiency and desired nanoparticle characteristics,
while avoiding problems associated with excess
silver . The pH of the synthesis medium is
critical for optimizing nanoparticle morphology, size
and stability. Research on fungi like Epicoccum
nigrum and Fusarium oxysporum indicates

that alkaline pH levels optimize synthesis by
reducing competition between protons and metal
ions. In contrast, excessive pH can inhibit enzyme
activity. We determined pH 7 to be optimal,
confirming findings that a neutral to slightly alkaline
pH range is most effective . Temperature is
crucial for determining nanoparticle size and
stability. Higher temperatures accelerate reactions,
and produce larger nanoparticles, but excessively
high temperatures can denature proteins, leading to
aggregation and reduced stability. For example, T.
harzianum thrives at around 40 °C, while F.
oxysporum performs best between 60 °C and 80 °C
(5). In this study, 35 °C was found to be optimal for
Ag-NP synthesis using a cell-free extract,
highlighting the need for precise temperature control
to ensure high quality nanoparticle production.
Agitation plays a crucial role in nanoparticle
formation. For example, in a study using Isaria
fumosorosea, an agitation speed of 150 rpm was
found to enhance nanoparticle synthesis

However, in the present study, static conditions with
minimal agitation resulted in maximum absorption
and more efficient bioreduction of silver nitrate,
indicating that limited agitation may be more
favorable for controlled nanoparticle formation.
Excessive agitation can hinder nanoparticle
formation by disrupting the biological and physical
processes required to reduce silver ions into
nanoparticles. In contrast, static conditions promote
stable formation and uniform distribution of
nanoparticles, a key factor in biological synthesis
methods. This finding aligns with previous studies,
such as in T. longibrachiatum, where the absence of
agitation improved the bioreduction process

The incubation period for Ag-NP synthesis was
optimized using 5 mM AgNOs; pH 7 and a
temperature of 35 °C under static conditions. The
absorption peak increased steadily between 12 and
96 h, stabilizing afterward, indicating that
nanoparticle formation was most active during this
period. Prolonged incubation led to larger
nanoparticles, as indicated by a red shift in the
absorption peak. The synthesized Ag-NPs were
predominantly spherical or irregular in shape, with
sizes ranging from 36.5 to 64.3 nm, the majority
between 32 and 42 nm. This size uniformity is
typical of biologically synthesized nanoparticles,
where capping agents from the fungal extract
stabilize the particles and prevent aggregation. This
stabilization is critical to maintaining the dispersion
of the nanoparticles, thereby enhancing their
functionality for biomedical and environmental
applications. The controlled size and shape of the
nanoparticles are essential in determining their
reactivity and stability, underlining the success of
the optimization process in producing stable
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nanoparticles with desirable properties for practical
use. The EDX spectrum confirmed the successful
synthesis of Ag-NPs, showing strong silver signals
alongside carbon (C) and oxygen (O), probably from
organic capping agents. The absence of significant
impurities highlights the purity and efficiency of the
synthesis process. DLS measurements indicated a
hydrodynamic diameter of 46.3 nm with a zeta
potential of -23.5 mV, suggesting high physical
stability. Raman spectroscopy and XRD further
validated the crystalline structure and interaction of
the Ag-NPs with biomolecules from the fungal
extract. Taken together, the SEM, EDX, DLS,
Raman and XRD results show that the Ag-NPs
produced have controlled size, morphology and
stability, making them well suited for biomedical
applications.

This study highlights the potential of C. olivaceum
strain B422 for the green synthesis of biocompatible
silver nanoparticles (Ag-NPs) suitable for medical
and biotechnological applications. By optimizing
key factors such as AgNOs concentration, pH,
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