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Abstract: Modern nanotechnology focuses on developing environmentally friendly methods for
synthesizing nanomaterials. Among these, the biosynthesis of nanoparticles using biological
microorganisms has emerged as a promising strategy. In this study, silver nanoparticles (AgNPs) were
synthesized using the extracellular secretions of the fungus Aspergillus niger. The fungal strain was
successfully isolated from rice wine yeast and identified as Aspergillus niger QNUGT6 based on
morphological characterization and sequencing of the internal transcribed spacer (ITS) gene region.
The formation of AgNPs was confirmed by a visible color change and the appearance of a
characteristic surface plasmon resonance (SPR) band at 410 nm. X-ray diffraction (XRD) analysis
revealed diffraction peaks corresponding to crystalline AgNPs. Fourier-transform infrared (FTIR)
spectroscopy indicated the involvement of various functional groups in the culture medium responsible
for the reduction of Ag* ions to Ag®. Scanning electron microscopy (SEM) analysis confirmed that the
synthesized AgNPs were spherical with an average size of 26.1 + 7.8 nm. Moreover, the synthesized
AgNPs exhibited inhibitory activity against Bacillus cereus bacterial pathogens. Thus, our study
provides further evidence for the potential use of Aspergillus fungi to control the properties of AgNPs.
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1. Introduction

Silver nanoparticles (AgNPs) have been used in the pharmaceutical industry since the late 19™
century. Nowadays, AgNPs have been shown to be an effective treatment against a wide range of
diseases, comparable to broad-spectrum antibiotics. The emergence of multidrug-resistant bacteria,
along with the limited development of new antibiotics, has led to increasing awareness of the
importance of AgNPs as antimicrobial agents [1].

AgNPs are particles with sizes ranging from 1 to 100 nm with unique properties, including
electrical, optical, and magnetic characteristics, and notable biological activity [2,3]. Nanoparticles are
capable of altering their physical, chemical, and biological properties as a function of their surface
area-to-volume ratio [4,5]. This ratio significantly influences cellular uptake, biodistribution,
penetration of biological barriers, and therapeutic efficacy [6—8]. Therefore, the development of
AgNPs with uniformly controlled structures in terms of size, morphology, and functionality is essential
for a wide range of practical applications.

The production and stabilization of nanoparticles can be achieved through physical, chemical,
and biological methods. Physical methods for nanoparticle synthesis include techniques such as
milling and melting, grinding, and thermal evaporation [3]. However, the drawback of physical
methods is that they are very expensive due to the large amount of energy required and the low yield
of nanomaterial they provide. In contrast, chemical synthesis of nanoparticles, such as electrochemical,
chemical reduction, and photochemical reduction, requires low energy during reduction while
producing uniform particles of controllable size and shape. However, these methods also raise
significant environmental and health concerns because they involve hazardous chemicals that can
cause carcinogenic, mutagenic, and cytotoxic effects [9]. These toxic substances originate from organic
solvents, reducing agents, and stabilizers used to prevent unwanted aggregation of colloids. Therefore,
chemical methods are unsuitable for the production of bio-nanoparticles for clinical and biomedical
applications [10,11].

For these reasons, interest in bio-nanoparticle synthesis is increasing today. Notably, microbial
synthesis takes place under simpler conditions and is less costly than chemical or physical methods.
The resulting nanoparticles are often easy to produce, have lower toxicity, and have the desired size
and shape, which is important for many applications [ 11—15]. Therefore, biosynthesis using microorganisms
is considered a promising alternative to conventional chemical and physical methods [16]. However,
to achieve good stability and biocompatibility of the obtained nanoparticles, it is important to consider
the specific characteristics of the microbial strain used and optimize the synthesis conditions
accordingly, such as stirring conditions, pH, culture medium, temperature, light, and incubation time.
Studies have found that changes in temperature, concentration of metal precursors, pH, culture medium,
and biomass amount can be used to obtain nanoparticles with different physicochemical properties [1].
Therefore, in this study, we synthesized AgNPs using an Aspergillus niger strain isolated from
Vietnamese rice wine yeast and cultivated using the Eppendorf BioFlo 120 Bioprocess Control System.
The fungal biomass was subsequently harvested and used for the synthesis of AgNPs.

On the other hand, Bacillus cereus is a Gram-positive, motile bacterium capable of forming
endospores, which enable it to survive under harsh environmental conditions, including variations in
temperature and pH, and to produce toxins that cause food poisoning. It has the ability to adhere to
metal surfaces through biofilm formation and spore production, which increases its resistance to
environmental factors such as pH and temperature [17]. Consequently, it can resist many common
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cleaning procedures and survive cooking and reheating processes. As a result, eliminating this
bacterium remains challenging in healthcare facilities, food production environments, and during food
processing [18]. According to various studies, B. cereus has been detected in many types of food,
including raw and mashed vegetables, bread, starchy foods such as rice, processed foods, milk and
dairy products, and meat products [17]. However, B. cereus is most frequently associated with rice and
rice-based foods [19], which constitute a significant part of the diet in many countries, including
Vietnam, where it has been responsible for several serious cases of food poisoning. These foodborne
infections are often treated with extensive use of antibiotics, but this process comes with the inherent
risk of increasing bacterial antibiotic resistance. In this context, green biosynthesized AgNPs represent,
among other potential biomedical applications, a promising antimicrobial alternative.

2. Materials and methods

2.1. Materials

All reagents and chemicals were purchased from Merck (China). Luria-Bertani agar media is a
product of HiMedia, India. B. cereus was obtained from the Laboratory of Microbiology at Quy Nhon
University, Vietnam. Double-distilled water was used in the experiments.

2.2. Methods
2.2.1. Isolation and identification of fungi from rice wine yeast

Rice wine yeast was finely ground, and 10 g of sample was suspended in 90 mL of sterile distilled
water. The suspension was serially diluted to concentrations of 10, 1075, and 10°¢. Aliquots of 0.1 mL
from the 10~* and 10¢ dilutions were spread onto Petri dishes containing potato glucose agar (PGA)
medium (composition, g/L: potato extract 4 g, glucose 20 g, agar 15 g; pH 5.6 £ 0.2). These plates
were incubated at 32 °C for 3 days. Then, single fungal colonies were selected and transferred to PGA
medium to create pure strains. The pure fungal colonies were then sent for internal transcribed spacer
(ITS) sequencing at DNA Sequencing Co., Ltd., U34C, Street No. 6, Hung Phu New Urban Area, Hung
Thanh Ward, Cai Rang District, Can Tho City.

2.2.2. Bioreactor cultivation and AgNP biosynthesis

The fungal strain was cultured in PGA medium to generate biomass for the biosynthesis of AgNPs.
The cultures were cultivated using the Eppendorf BioFlo 120 Bioprocess Control System. The
temperature was kept constant at 32 °C. The pH 5.6 was kept constant throughout the whole cultivation
by automated addition of acid (1 M HCI) and base (1 M NaOH). Batch processes were carried out for
72 h on a rotary shaker at 200 rpm and aeration to 0.2 vvm, which was sufficient to keep the dissolved
oxygen (DO) concentration above 30% air saturation during all cultivations conducted. After
incubation, the cultures were centrifuged at 11,000 rpm for 10 min, and the resulting supernatant was
collected and used for AgNPs biosynthesis.

Silver nitrate (AgNOs) was dissolved in sterile distilled water to prepare a 100 mM stock solution.
10 mL of 100 mM AgNO:s solution was added to 100 mL of the cell-free filtrate in 250 mL Erlenmeyer
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flasks to obtain a final AgNOs concentration of 10 mM. The flasks were then kept in a shaker at 150
rpm at 70 °C for 24, 48, and 96 h [8]. The formation of AgNPs was visually confirmed by a color
change of the reaction mixture to brown. Control samples (cell-free filtrate without AgNOs) were
prepared simultaneously under identical experimental conditions. All reaction mixtures were stored in
the dark to prevent any photochemical effects during the experiment.

2.2.3. Methods for characterizing AgNPs

The biosynthesis of AgNPs was observed using ultraviolet-visible spectrophotometry (UV—Vis)
(UV-1800, Shimadzu, Tokyo, Japan) in the wavelength range of 300—800 nm.

Fourier transform infrared spectroscopy (FTIR) was used in the 4000400 cm™ range
(IRAffinity-1S Shimadzu, Japan) to detect functional groups and their possible interactions in the
AgNPs biosynthesis process.

The formation of AgNPs was examined by X-ray diffraction (XRD) using an X-ray diffractometer
(Bruker D2 equipped with a Cu Ka radiation source).

The morphology and size of the synthesized AgNPs were determined by scanning electron
microscopy (SEM) using a Hitachi S4800 SEM operated at an accelerating voltage of 5 kV.

2.2.4. Determination of AgNPs antimicrobial activity

The antimicrobial activity of the synthesized AgNPs was evaluated using the agar well diffusion
method against the pathogenic microorganism B. cereus. Pure cultures of the test organisms were
grown on sterilized Luria—Bertani agar and nutrient agar media. Ampicillin (10 pg) and streptomycin
(10 ng) were used as controls.

Wells with a diameter of 6 mm were aseptically punched into the agar plates, and 50 pL of the
AgNPs supernatant at 96 h of incubation was added to each well by micropipette. The plates were then
incubated at 37 °C for 24 h. Antimicrobial activity was assessed by the appearance of inhibition zones
around the wells.

2.2.5. Determination of the minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC)

MIC is defined as the lowest concentration of AgNPs that visibly inhibits bacterial growth, as
previously described [20]. A range of AgNP concentrations (10-0.625 mM) was prepared in 96-well
plates by serial dilution with nutrient culture broth. Equal volumes of the AgNP solutions and bacterial
suspensions (100 uL each) were added to each well of the plate. The bacterial suspension was adjusted
to 1.5 x 108 CFU/mL (0.5 McFarland standard). The plates were then incubated at 37 °C for 24 h. The
MIC value was the lowest concentration of AgNPs at which no bacterial growth was visible in the
wells. The visible turbidity of the wells was recorded both before and after incubation to confirm the
MIC value. All tests included wells containing only bacterial suspensions, as a growth control, and
others containing only each culture broth (negative control) to ensure its sterility.

After determining the MIC, 10 pL of samples from wells that showed no visible bacterial growth
were spread onto nutrient agar (NA) plates and incubated at 37 °C for 24 h. The MBC value was the
lowest concentration of AgNPs that significantly inhibited bacterial growth on the agar plates.
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2.2.6. Statistical analysis

All tests were repeated at least three times. The data are presented as the mean + standard
deviation. Data were statistically evaluated by applying an analysis of variance (one-way ANOVA)
followed by a Tukey’s test using the GraphPad Prism version 5.

3. Results and discussion

Among green synthesis methods for nanomaterials, fungi are considered promising agents for the
synthesis of metal nanoparticles due to their ability to secrete large amounts of extracellular enzymes
and proteins, which enhance the efficiency of nanoparticle formation [21]. In addition, fungi are easy
to culture, require simple nutrient sources, exhibit a high metal-binding capacity on their cell walls,
and can absorb metals into their cells [22-24]. Currently, the genus Aspergillus is widely used in
nanoparticle research and production, particularly Aspergillus niger [8,25-36]. However, many fungal
strains used in previous studies have been mainly isolated from soil, wastewater, or spoiled food and
have not been thoroughly screened [25—40], which may lead to unstable enzyme activity, genetic
variability, and the potential presence of genes related to toxin biosynthesis due to competitive survival
pressures in natural environments. This raises concerns about the potential toxicity of the culture
medium when used for the synthesis of AgNPs.

Therefore, in this study, aiming to develop an AgNPs synthesis process that is safe for human
health and environmentally friendly, we isolated Aspergillus niger from rice wine yeast used in the
traditional Vietnamese rice wine fermentation process. Fungal strains from this source have undergone
natural selection in the fermentation environment and generally exhibit high enzyme production
capacity (especially amylase and protease), rapid growth, good adaptation to temperature conditions,
and are considered safe for food-related applications [41-43].

3.1. Isolated fungus features

The isolate was identified as a septate filamentous fungus after morphological observation, as
shown in Figure 1. Colonies on potato dextrose agar (PDA) usually appear as velvety colonies with
dark brown to black color due to rapid spore production, with a white or yellowish margin.

The ITS region sequencing analysis and comparison with gene banks on NCBI confirmed that
the isolated strain belonged to the species Aspergillus niger, with a gene similarity of 100% (Table 1).
The phylogenetic tree was built with MEGA 11 (Figure 2). The gene sequence was submitted to
GenBank under accession no. PX788707.
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Figure 1. (A) Rice wine yeast. (B) Colonies of Aspergillus niger QNUGT6 strain after 5
days of culture on PGA medium. (C) Microscopic view of Aspergillus niger QNUGT6
isolate (100 x) showing the conidiophore stalk (1), septum (2), conidia (3), and mycelium

4.

Table 1. Highest similarity of the ITS sequence of Aspergillus niger QNUGT6 compared
with the reference sequence database on GenBank.

GenBank number Species Similarity rate Location
MH752206.1 Aspergillus niger Z1A 100% Iran
OP237078.1 Aspergillus niger 47N 100% China
OP103942.1 Aspergillus niger CI83N 100% China
0OP237082.1 Aspergillus niger 445N 100% China
0Q392594.1 Aspergillus niger BNP14 100% India
99 A. niger Z1A
—: A. niger 47N
A. niger C183N
—ggl: A. niger 445N
— A. niger BNP134
100 L 4 niger QNUGT6

Figure 2. Phylogenetic tree showing the relationship between the studied strain and the
closely related species based on ITS gene region sequences. The tree was constructed using
the maximum likelihood method. Bootstrap values derived from 1000 replicates are
indicated at the branch nodes, with only values above 50% shown. The results demonstrate
that the studied strain clusters with representative members of the Aspergillus niger species.
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3.2. AgNPs synthesis

The cell-free filtrate of Aspergillus niger QNUGT6 was mixed with AgNO:s solution as described
in the Materials and methods section. The light-yellow cell-free filtrate of Aspergillus niger QNUGT6
turned to dark brown after 24, 48, and 96 h of incubation (Figure 3), which is a primary visual indicator
of AgNP biosynthesis [44—47]. In contrast, the control sample consisting of the cell-free filtrate without
AgNOs showed no color change.

The formation of AgNPs was further confirmed by UV—Vis analysis in the wavelength range of
300-800 nm. The SPR spectrum of AgNPs exhibited a sharp and intense absorption peak at 410 nm
for 24, 48, and 96 h of incubation of cell filtrate with AgNO3, with the intensity gradually increasing
with reaction time without peak shift (Figure 4). This peak confirms the presence of AgNPs, resulting
from the reduction of Ag" to Ag® mediated by secondary metabolites produced by the fungal cells [47].

The width and frequency of SPR are influenced by several factors, including the shape and size
of metal nanoparticles, the surrounding environment, and the dielectric constant of the metal [48].
For spherical nanoparticles, the SPR peak is typically observed in the wavelength range of 410-420
nm [46,48]. Moreover, an SPR peak within 400—460 nm is widely regarded as an indicator of
successful AgNP synthesis [48—50]. In agreement with previous reports, AgNPs synthesized using
microorganisms such as Aspergillus sydowii, Lactobacillus bulgaricus, Arthrospira platensis, and
Aspergillus flavus exhibit SPR peaks between 410 and 420 nm [48,51-53].
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Figure 3. Erlenmeyer flasks containing cell-free filtrate of Aspergillus niger QNUGT6 (a)
without and (b) with silver nitrate (10 mM final), and (c) with silver nitrate (10 mM final)
after 24, 48, and 96 h of reaction. Ctrl: Cell-free filtrate of Aspergillus niger QNUGT6
without silver nitrate.
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Figure 4. UV-Vis spectrum of AgNPs produced from a cell-free culture of Aspergillus
niger QNUGT6.

3.3. Fourier transform infrared spectroscopic analysis

FTIR analysis was conducted to identify the functional groups present in the Aspergillus niger
QNUGTS6 supernatant that are involved in the reduction and stabilization of AgNPs. The FTIR spectra
of the Aspergillus niger QNUGT6 supernatant and the synthesized AgNPs are presented in Figure 5.
Infrared scanning in the range of 4004000 cm ™ revealed three major absorption peaks at 1645, 3203,
and 3357 cm™, which were observed in all samples, including the control without AgNOs.

730
-----1645

3357

10 mM AgNO,

--- 3203

Ctrl (0 mM AgNO,)

R

Transmittance (T%)

3317
3477

— R — :
500 1000 1500 2000 2500 3000 3500 4000
Wavenumber (¢cm™)

Figure 5. FTIR spectral analysis of AgNPs synthesized from the cell-free culture of
Aspergillus niger QNUGTO.
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The absorption peak at 3203 cm™ is attributed to the stretching vibration of the N—H bond of
amide groups in proteins, while the peak at 3357 cm™ corresponds to the stretching vibration of O—H
groups associated with glucose and phenolic compounds [52,54]. The absorption peak at 730 cm™ acts
as additional evidence for amide bond formation by representing the out-of-plane bending vibration of
the N—H group [52,54]. The prominent peak at 1645 cm™ corresponds to the C=0 stretching vibration
in the amide I region, which is characteristic of the a-helix secondary structure of proteins [55].

Previous studies have reported that amino acid residues and carbonyl peptide groups exhibit a
strong affinity for metal ions and can act as capping agents, thereby preventing nanoparticle
aggregation [56]. Extracellular proteins present in fungal extracts are capable of strongly binding
AgNPs through free amine or cysteine groups and may play a key role in reducing Ag* ions to
nanoscale silver particles [57].

In addition, like the control sample, the sample containing 10 mM AgNOs exhibited characteristic
vibrational peaks at 472 cm™, which indicates S-S bond vibrations, often appearing in organic
polysulfides [58], and the peak at 609 cm ! indicating aromatic ring deformations [59]. Peaks observed
at 3317 cm™ and 3477 cm™! are associated with N—H and O—H stretching vibrations of proteins, which
are believed to function as stabilizing agents for AgNPs [60], and an absorption band at 3625 cm™,
corresponding to O—H stretching vibrations of adsorbed water molecules [54].

Overall, the FTIR spectra of the synthesized AgNPs exhibited peaks similar to those of the fungal
supernatant, albeit with reduced intensity. These results confirm the presence of bioactive molecules
adsorbed on the surface of AgNPs and demonstrate the involvement of functional groups from the
fungal culture medium in both the synthesis and stabilization of AgNPs.

3.4. X-ray diffraction analysis

The crystalline properties and purity of the biosynthesized AgNPs were examined using XRD.
The XRD pattern of AgNPs synthesized using Aspergillus niger QNUGT6 is shown in Figure 6. Four
distinct diffraction peaks were observed at 20 values of 38.1°, 43.7°, 27.6°, and 32.0°, which
correspond to the (111), (200), (210), and (122) crystal planes of Ag particles with a face-centered
cubic structure, respectively, in accordance with the standard silver diffraction data (PDF card No. 00-
004-0783) and with previously reported research results on the green synthesis of AgNPs [61-63]. The
absence of impurity peaks confirms the high purity of the synthesized AgNPs.

In our previous study, AgNPs synthesized from the supernatant of another Aspergillus niger strain
exhibited diffraction peaks at 20 values of approximately 38.11°, 44.27°, 64.42°, and 77.47°, which
correspond to the (111), (200), (220), and (311) planes, respectively [8]. These results indicate that, in
microbiological synthesis, the crystalline characteristics and purity of AgNPs depend strongly on the
microbial strain and the growth medium. Even within the same Aspergillus species, differences in
strain and culture conditions can lead to variations in diffraction patterns. This variation may be
attributed to the crystallization of biomolecules present in the fungal culture filtrate, which are involved
in the reduction and stabilization of nanoparticles on their surface [64].
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Figure 6. XRD spectrum of synthesized AgNPs from the cell-free culture of Aspergillus
niger QNUGT6.

3.5. Scanning electron microscopy analysis

The surface morphology of the biosynthesized AgNPs was further investigated using SEM.
Figure 7(a—d) presents the SEM images of the synthesized AgNPs with different incubation times of
24, 48, and 96 h, corresponding to samples (a), (b), and (c), respectively. The observations indicate
that all synthesized samples consist of nearly spherical AgNPs. As the incubation time increases, the
nanoparticle density increases significantly, accompanied by partial agglomeration; however, the
particle size shows no substantial variation. The average particle size, estimated by plotting a histogram
(Figure 7e) with the aid of ImageJ software, was found to be 26.1 £ 7.8 nm from image (d), which is
a magnified SEM image of sample (a). The nearly constant particle size, together with the increasing
particle concentration as a function of incubation time, is consistent with the UV—Vis results, where a
slight shift in the SPR peak position and an increase in peak intensity are observed, confirming the
increase in nanoparticle density. This result differs significantly from our previous study, in which the
nanoparticle sizes were more than twice as large, although AgNPs were also synthesized using
Aspergillus niger [8]. The fungal strains were isolated from different sources and cultured under
distinct environmental and temperature conditions, which may have influenced the biosynthesis
process and resulted in AgNPs with varying size distributions.
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Figure 7. (a—c) SEM images of AgNPs generated from cell-free cultures of Aspergillus
niger QNUGT6 containing 10 mM AgNOs with different incubation times of 24, 48, and
96 h of synthesis. (d) Magnified SEM image. (e) Average particle size distribution of
sample (a).

3.6. Antibacterial activity of AgNPs against multidrug-resistant bacteria

The bactericidal efficacy of AgNPs is strongly influenced by particle size, with smaller nanoparticles
exhibiting enhanced antimicrobial activity due to larger surface area and stronger interaction with
bacterial cell membranes [65—-68]. Upon contact, AgNPs can bind to bacterial surfaces, penetrate cells,
and release Ag" ions, leading to increased membrane permeability, inhibition of cell division and DNA
replication, and ultimately cell death [69,70]. In addition, Ag" ions interact with the negatively charged
bacterial cell wall, causing protein denaturation and disrupting proton dynamics [71]. Because silver
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has a high affinity for phosphorus-containing biomolecules, Ag* can bind to phosphate groups in
DNA/RNA structures, causing deformation and hindering replication and transcription, and can
also inactivate enzymes, inhibit protein synthesis, hinder DNA replication, and cause microbial cell
death [72-74]. This is the core mechanism by which AgNPs effectively kill bacteria.

In this study, the antimicrobial activity of biosynthesized AgNPs against B. cereus was evaluated
using the disc diffusion method. The results were consistent with those reported in previous studies
[64,75]. In Figure 8, AgNPs synthesized after 96 h of incubation exhibited the strongest antibacterial
activity, indicating good stability of the nanoparticles produced using this green synthesis method. The
Aspergillus niger QNUGT6 strain isolated from rice wine yeast therefore shows great potential for the
environmentally friendly synthesis of nanomaterials. Furthermore, the B. cereus strain used in this
study remained highly sensitive to two antibiotics, ampicillin (10 pg) and streptomycin (10 pg).

The MIC and MBC values shown in Table 2 indicate antibacterial effectiveness at a concentration
of 2.5 mM. However, these results represent only preliminary evaluations of the nanoparticles in liquid
form immediately after synthesis. In future work, we plan to obtain AgNPs in solid form and perform
further dilutions to determine MIC and MBC values against a broader range of bacterial species.

Table 2. Minimum inhibitory concentration (MIC) and and minimum bactericidal
concentration (MBC) of AgNPs after 24 h.

Dilution of | MIC (mM) MBC (mM)
AgNPs 10 5 2.5 1.25 0.625 10 5
Bacillus cereus - - + + + - -

Note: + or - indicate the presence or absence of activity, respectively.

Bacillus cereus is a Gram-positive bacterium characterized by a thick peptidoglycan layer
containing phosphate and carboxyl groups, which can increase the negative charge on the bacterial cell
surface [76]. This negative surface charge may promote electrostatic interactions with AgNPs,
facilitating their attachment to the bacterial cell membrane. The AgNPs synthesized in this study had
an average size of 26.1 nm, which may enhance their accumulation on the cell surface and disrupt
membrane integrity, thereby affecting cell permeability [67—68].
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Figure 8. (a) Antibacterial activity of obtained AgNPs after 24, 48, and 96 h of incubation
against B. cereus by the disk diffusion method on Luria—Bertani agar. (b) Antibacterial
activity of obtained AgNPs after 96 h of incubation against B. cereus by the disk diffusion
method on nutrient agar; ampicillin (Amp 10 pg) and streptomycin (Strep 10 pg) as
controls. Results are expressed as mean + standard deviation (SD); n = 3. Different letters
indicate statistically significant differences (p < 0.05).

4. Conclusions

In this study, we isolated the Aspergillus niger QNUGT6 strain from rice wine yeast. The active
metabolites present in the biomass medium of Aspergillus niger QNUGT6 were successfully utilized
as environmentally friendly reducing agents for the synthesis of AgNPs (Schematic 1). The synthesized
AgNPs had an average size of 26.1 + 7.8 nm, exhibited good stability with various functional groups,
and demonstrated antibacterial activity against the foodborne pathogen Bacillus cereus. Therefore,
these AgNPs could be promising antimicrobial agents for the control of pathogenic bacterial strains.
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Schematic 1. AgNPs synthesis process.
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