Y g
20651, 009

Print ISSN: 0375-9237
Online ISSN: 2357-0350

EGYPTIAN
JOURNAL
OF BOTANY
(EJBO)

Chairperson
PROF. DR. MOHAMED |. ALI

Editor-in-Chief
PROF. DR. SALAMA A. OUF

Biogenic synthesis, characterization,
optimization and antibacterial activities of
silver nanoparticles (AgNPs) from
Aspergillus fumigatus Eu.co against bacterial
pathogens

Doaa M. A. Khalil, Noura Sh. A. Hagaggi

PUBLISHED BY
THE EGYPTIAN
BOTANICAL SOCIETY



Biogenic synthesis, characterization, optimization and antibacterial activities of silver
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The biogenic synthesis of silver nanoparticles (AgNPs) by using endophytic fungi is a potential
biological nanomanufacturing technique that is cost-effective and environmentally friendly and
represents a significant advancement for research in the field of nanotechnology. In this study,
AgNOs was reduced to form silver nanoparticles (AgNPs) by using the mycelial filtrate of Aspergillus
fumigatus Eu.co.The characteristics of the AgNPs were evaluated through UV-Visible Spectroscopy,
X-Ray Diffraction (XRD), Scanning Electron Microscopy (SEM), Fourier Transform Infrared
Spectroscopy (FTIR), and Elemental Diffraction X-Ray Spectroscopy (EDX) measurements.
Furthermore, the applicability of AgNPs as antibacterial agents was detected against a numerous
of pathogenic bacteria namely, Salmonella typhi (ATCC7251), Escherichia coli (ATCC 25922),
Enterobacter cloacae (ATCC13047), and Proteus mirabilis (ATCC 29906) via a well diffusion assay.
The biosynthesis of the biogenic AgNPs was shown by the color shift from yellow to dark brown.
The highest UV absorption peak was detected at 420 nm. FTIR analysis of the AgNPs revealed the
presence of alcohols, alkanes, unsaturated ketones, and aromatic, nitro and amide groups that are
associated with bioactive compounds and serve as capping agents for the nanoparticles. XRD
analysis of the AgNPs indicated a high degree of crystallinity. EDX spectrum showed a strong signal
attributed to Ag nanocrystals. The optimum parameters of the AgNPs were the optimum
temperature of 25°C, a neutral pH, 1.0 mM concentration of AgNOs and the reaction time of 144
hrs. AgNPs were more effective against Enterobacter cloacae ATCC13047, with an inhibition
diameter of 59£1.01 mm.
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INTRODUCTION

Nanobiotechnology has rapidly been considered as a
major field in recent studies, with the most potential
applications in medicine and agriculture. The biogenic
or green approach for the biosynthesis of silver
nanoparticles is a clean, efficient, and
environmentally friendly method (Ahmad et al,,
2024). Silver nanoparticles serve as a critical role in
the fields of diagnostic procedures, therapeutic
applications and drug delivery (Rai et al., 2021).
Numerous advantages of nanoparticles in agriculture
have been documented, including the application of
nanopesticides, nanofertilizers, and plant growth
stimulation (Paramo et al., 2020; El-Khouly et al.,
2024; Soliman et al., 2024). Different nanoparticles
can be produced via chemical, physical, and biological
techniques. The biological methods used to produce
these nanoparticles are low cost, reliable, and
biodegradable (Ramos et al., 2020). Recently, AgNPs
have garnered much interest due to their distinctive
chemical and physical characteristics (Dhaka et al.,
2023). AgNPs exhibit variations in chemical
composition, size, shape and other characteristics (Al-
Limoun et al., 2020).

Numerous uses of AgNPs in nanomedicine, such as
microelectronics, catalysis, Sensors, filters,
antibacterial agents, and biolabeling, have been
documented owing to their distinct physicochemical

and biological characteristics (Abbas et al., 2024).
AgNPs have perfect antimicrobial capabilities that are
durable in high-stress environments and useful for
treating a variety of infectious agents (Huq et al.,,
2022). AgNPs are capable of being employed as
alternative supervisory agents for the prevention of
infectious agents together with various antifungal and
antibacterial diseases because they exhibit low
toxicity to humans at minimal concentrations (Huq &
Akter, 2021). Moreover, AgNPs have good potential
for use as anticancer agents (Dhaka et al., 2023).

Many microbes, such as fungi, bacteria, yeasts, and
plants, are attracting much interest because of their
capability to produce nanoparticles with high
production vyields and low costs (Hug, 2020).
However, fungi are the most common method for
creating AgNPs because they generate large amounts
of protein, attain high yields, are easy to handle, are
metal tolerant, and synthesize particles with low
toxicity and capacity for bioaccumulation (Gezaf et
al., 2022). Fungi are novel, environmentally
sustainable and economical methods for producing
nanoparticles and are considered excellent
candidates due to their ability to synthesize high
amounts of enzymes (Rai et al., 2021; Rami et al.,
2024). Several scientific investigations have
documented the successful production of AgNPs by
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microbes, including fungi, vyeasts, bacteria,
actinomycetes, and microalgae (Fadiji et al., 2022).
Aspergillus  falvus, Aspergillus niger, Aspergillus
fumigatus, Aspergillus terreus, Aspergillus favipes,
Penicillium  oxalicum,  Penicillium  verrucosum,
Fusarium scirpi, Cladosporium oxysporum, Alternaria
carthami, Rhizopus stolonifer and Trichoderma
harzianum were recently investigated for their ability
to synthesize AgNPs (Farrag et al., 2020; Rodriguez-
Serrano et al., 2020; Lotfy et al., 2021; Yassin et al.,
2021; Gupta et al.,, 2022; Khleifat et al., 2022a,b;
Dadayya et al., 2023; Isaq et al., 2023; EL-Zawawy et
al., 2023; Momenabh et al., 2023; Moradi et al., 2024).

The current research aims to prepare and characterize
AgNPs by utilizing the endophytic fungus Aspergillus
fumigatus and to assess their antibacterial
effectiveness against human infections.

MATERIALS AND METHODS
Microorganisms

The endophytic fungus A. fumigatus with accession
number PQ876086 was previously isolated from
Eucalyptus camaldulensis leaves. The culture was
grown on potato dextrose agar plates, maintained at
a temperature of 30°C and was stored at 4°C for
preservation. A. fumigatus was obtained from the
culture collection of the Mycology Laboratory, Faculty
of Science, Aswan University, Egypt. The bacterial
strains Escherichia coli (ATCC 25922), Enterobacter
cloacae (ATCC13047), Salmonella typhi (ATCC7251),
and Proteus mirabilis (ATCC 29906) were obtained
from the culture collection of the Bacteriology
Laboratory, Faculty of Science, Aswan University,
Egypt.

Biosynthesis of AgNPs

The culture and growth of the selected fungus A.
fumigatus used for the biosynthesis of AgNPs were
conducted following the modified protocols
established by (Xue et al.,, 2016). In a 500 mL
erlenmeyer flask with 200 mL of potato dextrose
broth (PDB), the fungus was cultured and grew
aerobically for 10 days at 28+2°C. The fungal biomass
was harvested through filtration, then it was
thoroughly cleaned numerous times using sterile
distilled water. 10 grams (wet weight) of the fungal
biomass was mixed with 100 milliliters of sterile
distilled water, and the mixture was incubated at
28+2°C on an orbital shaker at 120 rpm. After 48 hrs.,
the mixture was filtered with Whatman filter paper
No. 1. The mycelia filtrated was mixed with a silver
nitrate (AgNOs) solution at a concentration of 1 mM
at a volume/volume ratio of 1:1. The mixture was

incubated at 28°C for 24 hours in the dark to promote
the production of AgNPs. Upon observing the color
change to brown after an appropriate incubation
time, the biosynthesized AgNPs were collected and
purified through centrifugation at 15000 rpm for 15
minutes, which was repeated three times, with
continuous washing using sterile distilled water to
eliminate any residual substances.

Optimization of Silver Nanoparticle Biosynthesis

Four primary factors were manipulated to optimize
the AgNPs concentration: the concentration of silver
nitrate, the temperature of the reaction, the duration,
and the pH. These parameters were detected to
increase the production of AgNPs. The biosynthesis of
AgNPs was optimized by altering one parameter at a
time. Various concentrations of AgNOz (1, 2, 3, 4, and
5 mM), temperatures (20, 30, 45, and 60°C), pH values
(2, 3,4, 7, and 9), and durations (24, 48, 72, 96, 120,
and 144 hrs.) were detected. The absorbance of the
resulting colored solution for each factor was
measured at 420 nm via a UV-visible
spectrophotometer. The optimal parameters were
employed to synthesize AgNPs of superior grade. The
procedure was described in earlier investigations
carried out by (Abdel-Kareem et al., 2021).

Characterization Techniques of AgNPs

The AgNPs formed during biosynthesis were
examined via Ultraviolet-Visible Spectroscopy (UV—
Vis), Scanning Electron Microscopy (SEM), Fourier
Transform Infrared (FTIR) Spectroscopy, Energy
Dispersive X-Ray (EDX) Spectroscopy, and X-Ray
Diffraction (XRD) analysis.

UV-Vis Spectroscopy Measurements

The color turning brown upon visual observation
indicated the existence of AgNPs in the reaction
media. The decrease of metal ions was verified by
measuring the absorption using a T60U UV-Vis
spectrophotometer (PG Instruments Ltd., China) in
the 200-700 nm wavelength range. The absorbance
was measured after 24 hrs. (Xue et al., 2016).

Scanning Electron Microscopy (SEM)

SEM analysis was used to characterize the surface
form of the biosynthesized AgNPs through SEM
analysis (FE-SEM, QUANTA FEG 250, the Netherlands)
(Janakiraman et al., 2019).

Energy Dispersive X-Ray (EDX) Spectroscopy

The constituent element (Ag) of the biosynthesized
AgNPs was analyzed via EDX spectroscopy, which was
carried out at room temperature via a UV-1800
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TOMOS spectrophotometer from China to detect the
maximum wavelength (A max.) of the AgNPs (Keshari
et al., 2020).

Fourier Transform Infrared (FTIR) Spectroscopy

FTIR analysis was conducted using a JASCO 3600
(Tokyo, Japan), assisted by Agilent Technologies’ Cary
630, to measure the spectral transmittance at room
temperature. These spectral measurements covered
a range from 400-4000 cm™ with a spectral
resolution of 4 cm™, aiming to identify and analyze
the functional groups present in the formed AgNPs
(Balakumaran et al., 2016).

X-Ray Diffraction (XRD) Analysis

The composition and structural properties of the
purified AgNPs were examined via X-ray diffraction
(XRD) on a Bruker AXS D8 instrument from Germany
employing Cu Ka radiation at a wavelength of 0.154
nm. Additionally, the peaks' location, width and
strength were determined by analyzing the XRD
pattern (Aliet al, 2023). The Debye-Scherrer
equation was used to calculate the AgNPs' size
(Dubey et al., 2010).

D =k.A (B. cos )

Where D is the average crystalline size of the
nanoparticles, k is the geometric factor (0.9), A is the
wavelength of the X-ray radiation source (A=1.5406 A)
and B is the angular FWHM (full width at half
maximum) of the XRD peak at the diffraction angle 6.

Antibacterial Activities of the Synthesized AgNPs

The effectiveness of AgNPs was evaluated against four
species of human pathogenic bacteria: Salmonella
typhi (ATCC7251), Escherichia coli (ATCC 25922),
Enterobacter cloacae (ATCC13047), and Proteus
mirabilis (ATCC 29906), via the agar well diffusion
technique. The tested bacteria were cultured in
nutrient broth for 48 hrs. at a temperature of
30°C+2°C. Following this, under sterile conditions, the
bacterial cultures were transferred onto Mueller—
Hinton agar plates, where 6 mm wells were created.
The AgNPs were prepared at a concentration of 1
mg/mL in 10% dimethyl sulfoxide (DMSO) as a
negative control, and 50 pL of this mixture was added
to each well, whereas ampicillin at 1 mg/mL was used
as a positive control. The diameters of the inhibition
zones were recorded in millimeters after a 24 hrs.
incubation period at 37°C. These experiments were
conducted in triplicate (Baker et al., 2021).

Statistical Analysis

All experiments were conducted in triplicate. The
statistical analysis was performed via Minitab 18
software (www.minitab.com). The data were
subjected to one-way analysis of variance (ANOVA),
and Tukey's post hoc test was used to evaluate
statistical significance at a significance level of P <
0.05. The values shown in the figures are the means +
standard errors (SEs).

RESULTS
Biosynthesis of AgNPs

The AgNPs were successfully formed from an aqueous
solution of AgNOs by employing A. fumigatus mycelia
filtrate and observe the change in color over time
from light yellow to dark brown after 24 hrs. of
incubation (Figure 1).

Optimization of AgNP Biosynthesis

The biosynthesis of AgNPs has been evaluated at
different concentrations of AgNOs. A 1.0 mM
concentration was proved to be crucial for enabling
the production of AgNPs (Figure 3a). As the AgNOs
concentration rose, the formed AgNPs' absorbance
decreased. Therefore, a concentration of 1.0 mM was
selected for the remaining tests in this investigation
because of its higher absorbance than the other
substrate concentrations.

The duration required for high production of AgNPs
increased over a period ranging from 24-144 hrs. to
detect the maximum period necessary for the
reaction to achieve saturation. Figure 3b shows that a
distinct peak emerged at 24 hrs., which continued to
increase with increasing incubation time up to 144
hrs. The sixth day was determined to be the optimal
incubation period for the biosynthesis of AgNPs.
According to our findings, silver ion bioreduction
exhibited optimal activity at an incubation
temperature of 30°C, as shown in Figure 4a. This
investigation revealed that the progress of AgNPs
biosynthesis is enhanced by increasing the
temperature to reach maximum at 30°C and then
decreases when the temperature is increased to 60°C.
In this investigation, we evaluated a pH range from 2-
9 and reported that the most active range for AgNPs
formation was between 6 and 7. No color change was
detected at acidic pH values (2-4) in the AgNPs
produced by A. fumigatus. Brown color formation
starts to decrease at pH values of 8 and 9. Therefore,
a pH of 7 serves as the optimal condition and is better
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Figure 1. Visual observation of the AgNPs ontained by mycelia
filtrate of Aspergillus fumigatus (a) AgNOs (b) Mycelial filtrate of A.
fumigatus before the addition of AgNOs (1 mM) solution. (c) Color
change reaction after exposure to AgNOs solution for 24 h.
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Figure 2. UV-vis spectrum analysis of biosynthesized AgNPs by A.
fumigatus after 24 h of incubation.
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Figure 3. Effect of a) different concentrations of AgNOs (mM); b)

Effect of different incubation periods (hrs.) of the reaction mixture
on the biogenesis of AgNPs by the mycelial filtrate of A. fumigatus.

for AgNPs production than alkaline or acidic media to
produce AgNPs. These findings suggest that the
biosynthesis of AgNPs is more favorable in a neutral
environment than in an alkaline or acidic one, as
shown in Figure 4b.

Characterization Techniques of AgNPs
UV-Visible Spectroscopy

The formed AgNPs from A. fumigatus presented
significant absorption bands at wavelengths of 400
nm and 420 nm. The maximum absorbance of the
formed AgNPs was recorded at 420 nm (Figure 2).

Scanning Electron Microscopy (SEM)

The AgNPs' shape and size were investigated via SEM
analysis, which revealed that the synthesized AgNPs
have a spherical shape, are rough and that few
particles are agglomerated. Agglomeration, a typical
occurrence in AgNPs, is noted as a mechanism for
achieving stability. AgNPs are a variation in particle
size, and the average size was 56.91 nm as shown in
Figure 5.

Elemental Diffraction X-Ray Spectroscopy (EDX)

Both the quantitative and qualitative statuses of the
constituents that might be involved in the creation of
AgNPs were determined via EDX analysis. The profile's
modest oxygen peak and large silver signal suggested
that silver ions had been reduced to elemental silver,
possibly because of the biomolecules bonded to the
AgNPs surface. No peaks connected to silver
compounds were found. As illustrated in Figure 6,
silver compounds are completely reduced to AgNPs.
The presence of AgNPs in this study was validated by
the significant Ag signal in the EDX spectra at 3 keV. As
shown in Figure 6, the analysis of the elements
showed that the sample included a significant amount
of silver, with a weight percentage of 37.94%.

Fourier Transmission Infrared Spectroscopy (FTIR)

The biological components of the mycelial filtrate of
A. fumigatus interacted with the nanoparticles
presented peaks at 3433.06, 2915.58, 1631.72, and
1025.56 cm™ (Figure 7). The results indicated the
presence of an amine group, as evidenced by a large
and robust peak at 3433.06 cm™, which corresponds
to the stretching (N-H) functional group. However,
the signal at 2915.58 cm™ indicated that silver ions
connected to the OH group. Additionally, notable
peaks were identified at 1631.72 cm™, corresponding
to (C=C) stretching in unsaturated ketones, which
verified that the AgNPs included alkene groups.
Additionally, another signal at 1025.56 cm™ indicated
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Figure 4. Biogenesis of AgNPs by the mycelial filtrate of A.
fumigatus at a) different temperatures of the reaction mixture; b)
different pH values
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Figure 5. SEM micrographs of AgNPs created by A. fumigatus at
various magnification: (a) SEM micrograph (5000X); (b) SEM
micrograph (15000x).

that the (C-N) functional group was present,
confirming the presence of aliphatic amines that are
found in proteins and play a role in metal ion
reduction. Finally, a peak was observed at 622.3 cm™
for Ag which confirms the AgNPs formation.

X-Ray Diffraction (XRD) Spectroscopy

XRD analysis was used to determine the AgNPs'
structural information, and the particles were verified
to be silver. The data in Table 1 and Figure 8 show four
distinct peak patterns at 20 values of 20.733°,
28.469°, 32.253°, and 46.184° for the AgNPs. The
strong XRD patterns at 26= 20.733° and 28.469°
indicate the production of AgNPs with favorable
crystal quality. The strong XRD peak at 26 = 20.733° is
more intense than those of the other patterns. The
size of the nanoparticles was calculated via Scherer’s
equation, and the AgNPs' average crystallite size was
56.91 nm.

Antibacterial Activity Studies

The antibacterial properties of AgNPs produced by A.
fumigatus were investigated against four tested
pathogenic bacteria via the agar well diffusion
technique, as illustrated in Table 2 and Figure 9. These
results indicated that the mean inhibition zone
against Enterobacter cloacae ATCC13047 was 59+1.01
mm, which was significantly greater than the mean
inhibition zones observed for Salmonella typhi
(ATCC7251), Escherichia coli (ATCC 25922) and
Proteus mirabilis (ATCC 29906), which were 54 +1.15,
50+0.58 and 45+1.15 mm, respectively, for each
respective species, comparing these results with the
results of positive and negative controls as shown in
Figure 9.

DISCUSSION

The biosynthesis of silver nanoparticles through green
or biogenic methods provides a clean,
environmentally friendly, and efficient approach to
nanoparticle synthesis (Khleifat et al., 2022a). In this
study, the capability of the endophytic fungus A.
fumigatus to synthesize AgNPs, was evidenced by a
color change to brown compared with that of the
control sample. (Rai et al.,, 2021) reported that the
fungal system is a versatile system that can produce
metal nanoparticles outside of cells. (Momenah et al.,
2023) revealed the same finding, confirming the
biosynthesis of AgNPs from A. fumigatus, which
visually displays the reduction of Ag+ to Ag0 by color
changes. Research on the biosynthesis of AgNPs has
revealed a change in color to brown in aqueous
solution (Dhaka et al., 2023).
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Figure 9. In vitro antibacterial activities of the biosynthesized AgNPs. The numbers on the Petri dishes represent the following: 1 for 10% DMSO
(negative control), 2 for biosynthesized AgNPs, and 3 for 1 mg/mL ampicillin (positive control). The small letters on the column chart indicate

significant differences at P<0.05.

The AgNPs were first characterized by using UV-visible
spectroscopy. In this study, the maximum absorbance
of the AgNPs was recorded at 420 nm. Similar findings
revealed that the maximum wavelength of AgNPs was
420 nm (Gupta et al., 2022; EL-Zawawy et al., 2023).
Furthermore, additional research reported a strong
resonance peak located between 425 nm and 450 nm
(Momenah et al.,, 2023; Ahmad et al., 2024). It is
commonly recognized that any changes in these
reaction parameters, including the metal ion
concentration, metallic salt/reducing agent ratio,
duration, temperature, and pH, alter the size, shape,
synthesis, morphology and vyield of metal
nanoparticles (Guleria et al., 2022). Optimizing the
unique properties and synthesis conditions of fungus-
produced AgNPs is crucial (Rami et al., 2024).

The impact of the AgNOsconcentration on the
optimal synthesis of silver nanoparticles was detected
by increasing concentrations of silver salt (1 mM-5
mM) with a fixed amount of mycelia filtrate of A.
fumigatus at a 1:1 ratio (v/v). In the present study, 1.0
mM AgNOs was the most effective to produce AgNPs.
The presence of excessive silver ions in the reaction
media can lead to the creation of large nanoparticles
with irregular shapes due to competition with
functional groups from the fungal filtrate (Shahzad et
al.,, 2019). These results:(1) revealed that the most
stable AgNPs was synthesized with 1 mM AgNOs,
which prevented long-term aggregation;(2) agreed
with those of (Osorio-Echavarria et al., 2021), who

found that the most efficient concentration for fungal
AgNPs synthesis is often 1 mM AgNOs; (3) were in
agreement with the data reported by (Lotfy et al.,
2021) on the extracellular synthesis of AgNPs by A.
terreus. In contrast, (Abdelmoneim et al., 2022)
reported that an AgNOs concentration of 6.0 mM was
the most effective to produce AgNPs; and(4) agreed
with other research showing that the yield of
monodispersed AgNPs is significantly influenced by
the concentration of AgNOs. At low concentrations, it
produces the best results, while at relatively high
concentrations; it does not stabilize (Habibullah et al.,
2022).

The incubation time serves as a crucial parameter for
regulating reaction conditions and modifying the size
and shape of nanoparticles (Javed et al., 2020). Time
is a significant factor affecting AgNPs production, and
varying  incubation periods  facilitate  the
determination of the optimum absorbance, which is
correlated with the largest concentration of
biosynthetic silver nanoparticles (Miu & Dinischiotu,
2022). In this study, AgNPs synthesis was investigated
over a range of 24-144 hrs., revealing that the
absorbance peak was achieved at 24 hrs. and
continued to rise until 144 hrs. These results revealed
that the fifth day was the optimal time for AgNPs
production. Similarly, (El-Zawawy et al.,, 2023)
reported that the fifth day was considered the
optimum period for AgNP formation from A. favipes.
In contrast, (Abdelmoneim et al., 2022) reported that
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the greatest yield of AgNPs was observed after two
days of incubation. As such, the optimal reaction
times for the maximal reduction of Ag+ions to
Ag0Oranged between 1 and 144 hrs. according to
different literature reports (Osorio-Echavarria et al.,
2021; Abdelmoneim et al., 2022).

Different pH values have a significant effect on the
structure and size of nanoparticles because pH can
alter a molecule's charge, which may affect its
stabilizing and capping capabilites and the
production of nanoparticles (Verma & Mehata, 2016).
In this investigation, the optimal pH for AgNPs
production was a neutral pH of 7. These results
showed that a neutral medium was preferable to
alkaline or acidic media for AgNPs production
(EL-Zawawy et al.,, 2023). Additionally, studies
investigating that the Neutral pH is optimal for
improved stability and biological uses, according to
synthesis process optimization (Habibullah et al.,
2022). The protein structure was impacted,
denatured, and rendered ineffective at low pH levels,
which caused the nanoparticles to aggregate
(Srivastava & Alam, 2020). The main positive effect of
reaction pH aligns with the findings of previous
research (Al-Soub et al., 2022; EL-Zawawy et al.,,
2023).

Temperature has a significant effect on the nucleation
mechanism that takes place during the synthesis of
AgNPs because it is one of the most crucial variables
influencing the rate of reaction (Kazemi et al., 2023).
The temperature used during the biosynthesis of
AgNPs significantly impacts the rate of synthesis, as
well as the stability and size of the resulting AgNPs
(Parameswaran et al.,, 2021). According to these
findings, an incubation temperature of 25°C resulted
in greater production of AgNPs, and the rate of AgNPs
production increased with an increasing reaction
mixture temperature until the temperature reached
30°C, after which it decreased as the temperature
rose due to the reduced activity of enzymes, which
affected the rate of AgNPs production. These findings
aligned with those of (EL-Zawawy et al., 2023), who
revealed that the optimum temperature for the
biosynthesis of AgNPs was 25°C and that
temperatures below and above 30°C reduce the
formation of AgNPs.

Characterization of the formed AgNPs from A.
fumigatus was detected by utilizing various analytical
methods such as UV-Visible Spectroscopy, EDX, XRD,
SEM, and FTIR (Abdel-Kareem et al., 2021; EI-Naggar
et al., 2024). Micrographs from SEM measurements

indicated that the AgNPs exhibited a nearly spherical
structure. In the present study, the AgNPs had a
spherical shape and exhibited clustering, with some
agglomeration. The formation of nanoparticle
aggregates suggested that the produced AgNPs had
become more stable were previously obtained by
(Momenah et al., 2023).

In the present study, a strong signal at 3 keV was
observed in the EDX spectrum in the silver region,
which verified the formation of AgNPs and confirmed
their crystalline nature. Weaker signals from the Na,
Si, S, P, Cl, and Ca atoms are also detected because of
the presence of mycelial molecules or molecular
elements connected with the formed AgNPs (Jafar et
al., 2023). Furthermore, the lack of an N signal from
AgNOz implies that the mycelial filtrate of A.
fumigatus successfully effectively reduced Ag* to Ag°.
Additionally, the EDX spectrum showed a significant
silver peak that accounted for 37.94% of the total.
These findings agree with those of (EI-Naggar et al.,
2024), who reported that the EDX spectrum showed
a significant silver peak that accounted for 34.35% of
the weight of the sample. The FTIR spectrum of the
AgNPs revealed the presence of phenolic and
alcoholic compounds in addition to proteins, which
may be connected to the stabilization of the AgNPs by
biomolecules and the reduction of silver nitrate into
AgNPs. According to earlier research, FTIR analysis
demonstrated the dual role of biological molecules
that reduce and stabilize AgNPs (Ahmad et al., 2024;
El-Naggar et al., 2024). The crystalline nature of the
biosynthetic nanoparticles was proved by X-ray
crystallography. XRD is thought to be a useful
technique for confirming that the AgNPs are
crystalline (Lotfy et al., 2021). In this study, the XRD
analysis of AgNPs formed by A. fumigatus verified
their high crystal quality, which was consistent with
other studies of biosynthesized AgNPs (Hayat et al.,
2023).

In this investigation, the average crystal size of the
AgNPs was determined by the Scherer equation.
These findings were almost the same as those of
(EL-Zawawy et al.,, 2023), who used Scherrer’s
equation to calculate the average crystal size of AgNPs
formed by Aspergillus favipes AUMC 15772
endophytic fungi. AgNPs possess remarkable
antimicrobial properties that remain stable under
extreme stress conditions, making them suitable for
the management of several illnesses (Huq et al.,
2022). In this investigation, AgNPs showed strong
significant antibacterial efficacy against all tested
pathogenic bacterial strains, including Enterobacter
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cloacae (ATCC13047), Salmonella typhi (ATCC7251),
Escherichia coli (ATCC 25922), and Proteus mirabilis
(ATCC 29906). Previous research has highlighted the
antibacterial effects of different AgNPs and their
potential to effectively hinder the growth of several
tested pathogenic bacteria, such as Escherichia coli,
Pseudomonas aeruginosa, Klebsiella pneumoniae,
Enterobacter cloacae, Shigella sp., Staphylococcus
aureus, and Staphylococcus epidermidis (Al-Soub et
al., 2022; Khleifat et al., 2022b; Husein et al., 2023).
The unique surface-to-volume ratio of silver
nanoparticles derived from fungal endophytes
contributes to their exceptional antibacterial activity,
even at low concentrations, against a diverse array of
pathogenic bacterial strains (Gezaf et al., 2022).

CONCLUSIONS

The field of nanotechnology has significantly
expanded in recent years and has been widely applied
in the realms of healthcare, industry, and the
environment. This study demonstrated the ability of
the endophytic fungus A. fumigatus to synthesize
AgNPs, with a strong peak at 420 nm. The
optimization of the mycosynthesis of AgNPs by
different parameters, such as the AgNOs
concentration, incubation time, pH, and temperature,
revealed a significant positive effect on the formation
of AgNPs. The properties of the AgNPs were
characterized via UV—visible spectroscopy, SEM, EDX,
XRD and FT-IR analyses. The shapes and size of the
produced AgNPs were detected via SEM. FTIR
examination revealed that the phenolic, carboxyl, and
hydroxyl groups of the AgNPs were responsible for the
reduction of silver, whereas the amide linkage amino
acid was responsible for the stabilization of the
AgNPs. Additionally, the XRD patterns revealed the
naturally crystalline structure of the AgNPs. Under
ideal conditions, endophytic A. fumigatus can create
AgNPs and demonstrate significant antimicrobial
activity against human pathogenic bacteria. The
formed AgNPs enhance antibacterial activity,
highlighting their potential in future research.
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