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1. Introduction

aquaculture, particularly for the control of Vibrio parahaemolyticus, the causative agent of Acute
Hepatopancreatic Necrosis Disease (AHPND), which leads to severe mortality and substantial economic
losses in shrimp farming across many Asian countries. Therefore, the development of sustainable and
non-antibiotic antibacterial strategies is urgently needed. In this study, silver nanoparticles (AgNPs)
were synthesized using silk sericin (SS), an underutilized by-product of the sericulture industry, which
served as both a natural reducing and stabilizing agent. Spherical AgNPs with a mean diameter of
12.9 £ 3.4 nm were successfully produced at an AgNOs-to-SS weight ratio of 1:3 under alkaline conditions.
Comprehensive physicochemical characterization confirmed their nanoscale size, high crystallinity,
and strong colloidal stability for at least four weeks. Antibacterial assays showed a minimum inhibitory
concentration (MIC) of 16 ug'mL~! and a minimum bactericidal concentration (MBC) of 32 ug'mL!
against V. parahaemolyticus, indicating strong antimicrobial activity of the biogenic AgNPs. These
results suggest that SS-mediated AgNPs represent a promising non-antibiotic strategy for controlling
V. parahaemolyticus infections in aquaculture. In addition, the valorization of SS into functional
nanomaterials highlights its potential for broader biomedical and biotechnological applications while
supporting the sustainable utilization of sericulture waste. The nanoparticles were produced through
a simple, eco-friendly, low-energy one-pot synthesis that is potentially suitable for industrial-scale
production.

causing high mortality and substantial economic losses in shrimp
production [2,4]. Beyond aquaculture, V. parahaemolyticus is also a

Shrimp farming is a major component of global aquaculture,
generating substantial economic value and contributing significantly
to domestic and international markets. This industry is particularly
important in Thailand, where shrimp production plays a key role in
national economic growth and export revenue [1]. However, poor
management practices and increasing stocking densities have heightened
the incidence of epizootic diseases, notably Acute Hepatopancreatic
Necrosis Disease (AHPND), which is mainly attributed to V. parahaemo-
Iyticus [2]. It is a motile, rod-shaped, Gram-negative bacterium of
the family Vibrionaceae and is commonly associated with aquaculture
environments [3]. AHPND results in rapid and extensive damage to
the shrimp hepatopancreas, a critical organ involved in digestion,
nutrient absorption, metabolic regulation, and immune responses.
Over the past decade, AHPND has spread across many Asian countries,
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significant foodborne pathogen capable of inducing acute gastroenteritis
in consumers and is considered one of the most critical enteric bacteria
worldwide [5]. Its pathogenicity, antibiotic resistance, biofilm-forming
ability, and frequent contamination in seafood have drawn increasing
concern, particularly in Asia and the USA [6]. Resistance to several
antibiotics such as ampicillin, rifampicin, and streptomycin has been
extensively documented regarding V. parahaemolyticus isolated from
aquatic products [7,8]. The inappropriate and excessive application of
antibiotics in aquaculture has expedited the development of resistant
strains, presenting significant threats to aquatic organisms and public
health [9]. The rapid rise of antibiotic-resistant bacteria is now recognized
as a major global health threat, underscoring the critical demand for
alternative antibacterial strategies that can surpass the limits of traditional
antibiotics. Among various approaches, metal nanoparticles have
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emerged as promising candidates due to their potent activity against
resistant pathogens [10].

Silver nanoparticles (AgNPs) are particularly recognized for their
distinctive biological and physicochemical characteristics [11]. Their
nanoscale size provides an elevated surface-area-to-volume proportion
that improves interaction with microbial cells, ultimately disrupting
cell membranes, interfering with DNA replication, and inhibiting
respiration [12,13]. AgNPs demonstrate a wide range of antimicrobial
efficacy upon viruses, bacteria, and fungi [ 14] and have shown effectiveness
against Vibrio spp. in various shrimp species, including Fenneropenaeus
indicus, Penaeus monodon, and Litopenaeus vannamei [15]. AgNPs
could be produced via biological, chemical, and physical approaches
[16,17]. Among these methods, chemical reduction is the most widely
used, employing inorganic or organic reducing agents together with
stabilizers to prevent nanoparticle aggregation. However, a major
drawback of chemical synthesis is the reliance on hazardous reagents,
which may pose risks to living organisms and the environment [ 18].
To overcome these concerns, biological or green synthesis methods
have been developed. The biosynthesis of metal nanoparticles has
garnered substantial interest owing to its eco-friendly nature and the
utilization of biological molecules, including enzymes, microorganisms,
proteins, amino acids, polyphenols, and polysaccharides, which act
as natural reducing and stabilizing agents in nanoparticle formation
[19]. Consequently, green-synthesized AgNPs have become particularly
attractive due to their environmental compatibility and their suitability
for biomedical and aquaculture applications.

Sericin (SS) is a naturally occurring macromolecular protein
polymer derived from the silkworm Bombyx mori [20]. It envelops
the fibroin filaments, functioning as an adhesive and protective
matrix during the silk-spinning process. Traditionally, SS has been
considered a waste by-product because it is eliminated and disposed
of during the degumming stage of natural silk fiber production.
Approximately 4,000 MT of dry silk cocoons are produced globally
each year, generating around 500 MT of waste SS. Its disposal poses
environmental challenges due to its high oxygen demand during
degradation, which can lead to water contamination [21,22]. Valorizing
SS into high-value products offers both economic and environmental
benefits. Consistent with the biorefinery concept, the use of agricultural
or industrial waste by-products in aquaculture and related fields is
gaining attention because of their safety, environmental compatibility,
and contribution to sustainable resource utilization [23]. SS exhibits
notable biological activities, including antibacterial, antioxidant, and
anti-inflammatory effects, while also being biocompatible and bio-
degradable [24]. Composed of 18 amino acids, its hydrophilic nature
arises from serine-rich regions and aspartic acid residues [25]. The
abundance of polar functional groups (hydroxyl, carboxyl, and amino
groups) makes SS highly reactive and suitable for chemical modification.
Research has also shown that hydrophilic polymers containing similar
functional groups serve as reducing and stabilizing agents during the
synthesis of nanoparticles [26]. Accordingly, SS has been recognized
as an efficient medium for the green production of AgNPs [22,27-29].
In this system, the carboxyl groups of SS form electrostatic complexes
with silver ions, while hydroxyl groups reduce Ag" to metallic Ag®.
SS also provides a three-dimensional matrix for dense nanoparticle
loading and protects AgNPs from rapid oxidation, thereby slowing
the release of silver ions [28].
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This study proposes an environmentally friendly and practical
strategy for developing antibacterial agents targeting antibiotic-resistant
V. parahaemolyticus for applications in shrimp aquaculture. We present
a simple and efficient approach for synthesizing AgNPs using SS,
which is a bio-waste from sericulture, as a natural reducing and
stabilizing agent. This work focuses on the synthesis, physicochemical
characterization, and antibacterial evaluation of SS-stabilized AgNPs,
with the aim of transforming an underutilized waste by-product into a
value-added material while addressing critical challenges in aquaculture.
Comprehensive characterization of the SS-AgNPs was performed
using UV-visible spectroscopy, X-ray diffraction (XRD), transmission
electron microscopy (TEM), X-ray photoelectron spectroscopy (XPS),
Fourier transform infrared spectroscopy (FTIR), and zeta potential
analysis. Additionally, we investigated the antibacterial activity of
biosynthesized AgNPs against the prawn pathogen V. parahaemolyticus.
Our work contributes to the development of alternative antibacterial
solutions that may benefit aquaculture practices and help mitigate
infections impacting both humans and cultured aquatic organisms.
Moreover, the valorization of SS increases the commercial potential
of silk-processing by-products, thereby promoting a more sustainable
sericulture industry. To our knowledge, no previous studies have
particularly examined the antibacterial activity of SS—AgNPs against
V. parahaemolyticus. This study determined the minimum inhibitory
concentration (MIC) and minimum bactericidal concentration (MBC)
of SS-AgNPs to assess their antibacterial efficacy. Additionally, the
preparation of the SS-AgNP agent utilized in this study involves a simple,
eco-friendly, and low-energy one-pot synthesis method, rendering
it appropriate for potential scaling up to industrial production.

2. Materials and methods

2.1 Materials

The silk cocoons had been sourced from Kamnan-Chul Farm,
Khao Kho, Thailand (Figure 1). Silver nitrate (AgNO3, 99.8% purity)
was procured from Carlo Erba Reagents (Bangkok, Thailand). All
analytical-grade reagents utilized in this study were acquired from
Sigma-Aldrich (Bangkok, Thailand).

2.2 Methods

2.2.1 Extraction of Silk Sericin

A hot water extraction technique was utilized in accordance with
the procedure developed by Shaw et al. [22], with minor modifications.
The silk cocoons were initially sliced into smaller segments. Subsequently,
10 g of these cutting cocoons were infused with 250 mL of deionized
water (DI water) and 0.2% Na2CO3. The extraction was performed using
an infrared dyeing machine (Starlet DL-6000, Daelim Starlet Co. Ltd.,
South Korea) for a duration of 30 min at 120°C. Subsequently, the
fibroin was filtered out to obtain the SS solution through Whatman
filter paper (no. 1). The SS solution was then lyophilized into a powder
form using an Alpha 3-4 LSCbasic freeze-dryer (Martin Christ,
Germany).



Sericin-mediated green production of silver nanoparticles with potent antibacterial activity against prawn pathogen Vibrio parahaemolyticus 3

Figure 1. Images of silk cocoons.

2.2.2 Preparation of AgNPs

An aqueous AgNOs3 solution was prepared, employing SS as
a green reducing and stabilizing agent. AgNO3 and SS were mixed
at varied weight ratios (1:1, 1:2, 1:3, 1:4, and 1:5) in 400 mL of DI
water, with the pH subsequently adjusted to 11 using sodium hydroxide
(NaOH). According to Aramwit et al. [27], synthesizing AgNPs in
strongly alkaline conditions facilitates: (1) the complexation of amide
groups from SS with silver ions, thereby preventing nanoparticle
aggregation; (2) the degradation of SS under these conditions results
in the formation of species that serve as reducing agents; and (3) the
deprotonation of protein molecules by alkaline ions, enhancing their
reducing ability toward silver ions. The reaction mixture had been
stirred consistently at room temperature for 24 h to ensure complete
reduction of Ag" ions to metallic Ag® nanoparticles. The resulting
AgNP suspensions were characterized to determine the optimal weight
ratio between AgNO; and SS utilizing a UV—visible spectrophotometer
(Shimadzu UV-1800, Shimadzu Co., Japan) across a wavelength range
between 325 nm and 700 nm. Zeta potential analyses were conducted
utilizing a Zetasizer Nano ZS (ZEN 3600, Malvern Instruments,
UK) to assess the colloidal stability and dispersion uniformity of
the synthesized AgNPs.

2.2.3 Characterization of AgNPs

The particle size and morphology of the biosynthesized AgNPs
were analyzed utilizing transmission electron microscopy (TEM;
JEM-2100 Plus, JEOL, Japan), which was operated at a 200 kV
accelerating voltage. The AgNP suspension was dispensed onto
carbon-coated copper grids and permitted to air-dry under ambient
conditions. A particle size distribution graph was produced by
examining the dimensions of 110 AgNPs using ImageJ software.
The crystalline properties of SS-AgNPs were evaluated through
X-ray diffraction (XRD; D8 Discover Bruker, Germany) within the
range of 25° to 80° (26) utilizing CuKa radiation, at 40 kV and 40 mA,
with a scanning rate of 6°min~!. The particle size was determined
using Scherrer’s Equation [30].

k2.
b= pcosb (1)

where D represents the crystallite size (nm), and &, 4, , and 6
correspond to the Scherrer constant (0.9), X-ray wavelength (nm),
full width at half maximum (FWHM), and Bragg angle, respectively.

An X-ray photoelectron spectroscopy (XPS; Kratos Axis Ultra
DLD, UK) was employed for elemental analysis, and the spectra
were analyzed using Vision II software. Fourier transform infrared
(FTIR) spectra of SS and SS-AgNPs were obtained using a Nicolet
iS50 FTIR spectrometer (Thermo Fisher Scientific, USA) over the
wavenumber range of 600 cm™! to 4000 cm™! at a spectral resolution
of 4 cm™.

2.2.4 Determination of minimum inhibitory concentration (MIC)

The MIC is the minimal concentration of an antimicrobial agent
that entirely prevents the observable growth of a bacterium during
a designated incubation period. The MIC of the SS-AgNPs was
determined using the broth microdilution method in accordance with
Clinical and Laboratory Standards Institute (CLSI, 2014) guidelines
[31], with minor modifications. The V. parahaemolyticus strain used
in this study was isolated from Vibrio-infected shrimp collected from
a local shrimp farm in eastern Thailand. The strain was cultured in
Tryptic Soy Broth (TSB) supplemented with 3% NaCl and incubated
at 35°C for 24 h. The optical density (OD) of the bacterial suspension
was adjusted to 0.08 to 0.13 at 625 nm using a spectrophotometer,
corresponding to approximately 1 x 108 CFU-mL'. The MIC assay
was conducted in test tubes using a two-fold serial dilution of AgNPs.
After mixing the AgNP dilutions with the standardized bacterial
suspension, the final AgNP concentrations ranged from 256 pg'mL"!
to 2 pg'mL~!, with an adjusted bacterial concentration of 1 x 10°
CFU'mL". All experiments were performed in triplicate. The inoculated
tubes were incubated at 37°C for 24 h. Following incubation, bacterial
growth was assessed visually by examining turbidity in each tube.
The absence of turbidity indicated complete inhibition of bacterial
growth. The lowest concentration of AgNPs that exhibited no visible
growth was recorded as the MIC value.

2.2.5 Determination of the minimum bactericidal concentration
(MBC)

The MBC is the lowest concentration of AgNPs that results in
complete bacterial killing. Following MIC determination, aliquots were
aseptically collected from test tubes containing AgNP concentrations
ranging from the MIC value to the highest concentration tested. Each
aliquot was streaked onto Tryptic Soy Agar (TSA) supplemented with
1.5% NaCl using the streak plate technique. The inoculated plates were
incubated at 37°C for 24 h. After incubation, the plates were examined
for visible bacterial colonies. The MBC was defined as the lowest
concentration of AgNPs at which >99.9% of the initial bacterial
population was eliminated, indicated by the absence of visible colony
formation on the agar surface. A commercial antibiotic served as the
positive control, whereas sterile DI water was utilized as the negative
control.

2.2.6 Statistical examination
Statistical examinations were conducted utilizing SPSS software
(version 20; IBM Corp., USA). Each datum is shown as mean + standard

deviation (n = 3). Group differences were evaluated through Student’s
t-test, with the significance level set at p < 0.05.
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3. Results and discussion

3.1 Optimization of AgNP synthesis

The effect of the weight ratios between AgNO3 and SS on AgNP
formation was evaluated through UV—Vis spectroscopy. The successful
synthesis of AgNPs was confirmed by a notable change in color from
light yellow to yellow-brown, accompanied by a single absorption
peak near 405 nm, indicative of spherical and yellow-colored AgNPs
[32]. This obs ervation aligns with Mie theory, which posits that spherical
nanoparticles demonstrate a singular surface plasmon resonance (SPR)
band, while anisotropic particles show multiple SPR bands as a result
of differing oscillation modes of conduction electrons [33]. Similar
findings have demonstrated that hydrophilic polymers with hydroxyl,
amino, carboxylic, phenolic, and thiol groups exhibit both reducing
and stabilizing properties in nanoparticle synthesis and their overall
negative charges in an alkaline environment give extra stability via
electrostatic repulsion [34-36]. Among all formulations, the strongest
and most well-defined absorption peak was observed at the 1:3 weight
ratio (AgNOs:SS), as shown in Figure 2. Therefore, this ratio was selected
as the optimal ratio for the subsequent preparation and characterization
of AgNP suspensions.

Absorbance (a.u.)

0 e

T T T T T T T
325 375 425 475 525 575 625 675

Wavelength (nm)

Figure 2. UV—Vis spectra of SS and AgNP suspensions at varying AgNO5:SS
weight ratios.
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Figure 3. XRD pattern of the synthesized SS and SS-AgNPs.
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Figure 4. Deconvolution of Ag 3d of XPS spectra.

Figure 3 illustrates the XRD patterns of the optimally synthesized
AgNPs, with SS serving as both the reducing and stabilizing agent. Three
distinct diffraction peaks were identified for AgNPs at approximately
38.92°,46.16°, and 64.02°, which correspond to the reflections of
(111), (200), and (220), respectively. These observed characteristic
peaks arise from Bragg reflections of the face-centered cubic (FCC)
crystal structure of metallic Ag, thereby confirming the successful
formation of crystalline AgNPs [37]. The obtained XRD pattern aligns
well with previous studies [38,39] and matches the standard JCPDS
file No. 04-0783. Among these, the most intense diffraction peak was
observed at 38.92°, indicating that the (111) plane was the dominant
crystalline orientation of the synthesized AgNPs. The average crystallite
size of the AgNPs, estimated using the Debye—Scherrer equation
(Equation (1)), was 12.7 nm. In contrast, pure SS exhibited no distinct
diffraction peaks, indicating its amorphous nature. These results confirm
the successful formation of crystalline silver nanoparticles under the
optimized synthesis conditions.

Additional analysis of the oxidation state of Ag within the nano-
composites was performed using XPS. Figure 4 displays the high-
solution Ag (3d) XPS spectrum. The Ag (3d) binding energy region
shows two dominant peaks, with the binding energies of Ag 3d5/2 and
Ag 3d3/2 at 367.4 eV and 373.4 eV, respectively, with a spin-orbit
splitting of 6.0 €V, indicating a metallic state for metallic silver (Ag°).
Notably, the standard binding energies for pure silver are reported
at368.1 eV and 374.1 eV [40]. The transition of Ag 3d5/2 and Ag 3d3/2
peaks toward lower binding energies in the SS-AgNPs, relative to
standard silver binding energies, may result from electron transfer
between the AgNP and SS components. A similar binding energy shift
has been reported by Kim et al. [41] for AgNPs synthesized using
peptone (Pep), a soluble protein hydrolysate.

The size and morphology distribution of synthesized AgNPs were
determined using TEM (Figure 5(a—b)). The AgNPs synthesized using
SS exhibited a mean particle size of 12.9 + 3.4 nm, and the corresponding
particle size distribution is shown in Figure 5(c). The synthesized nano-
particles exhibited a notably spherical morphology and were well-
monodispersed, and their average size was consistent with the values
estimated from the XRD analysis. Overall, these characterization results
confirm the successful synthesis of AgNPs using SS. Table 1 displays
the zeta potential values recorded over a four-week duration, indicating
the stability of the synthesized AgNPs. The SS-AgNPs exhibited
a zeta potential of —34.2 + 1.1 mV (Table 1), indicating the formation
of highly stable colloidal nanoparticles. Zeta potential values that
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Figure 5. (a-b) TEM images of the synthesized AgNPs at magnifications of 250,000x and 300,000x, respectively; (c) particle size distribution of the AgNPs.
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Figure 6. FTIR spectra of SS and SS-AgNPs.

Table 1. Mean zeta potentials of synthesized AgNPs for 4 weeks.

Time Mean zeta potential [mV]
24 h -342+1.1
1 week -32.8+13
2 weeks -312+09
4 weeks -302+0.5

approach zero typically signify increased particle agglomeration,
whereas strongly negative values enhance electrostatic repulsion,
thereby improving stability and preventing aggregation [42,43]. The
results in Table 1 indicate that the SS-AgNPs remained stable for at
least one month, as all measured zeta potentials were consistently
below =30 mV.

The FTIR spectra of SS and SS-AgNPs demonstrated the involvement
of SS functional groups in the synthesis and stabilization of AgNPs.

As shown in Figure 6, the broad absorption band observed at approximately
3273 cm! for SS corresponds to amide A, which is mainly associated
with N-H stretching vibrations and partially overlapped with O-H
stretching vibrations of hydroxyl groups. After AgNP formation,
this peak shifted slightly from 3273 cm™' to 3279 cm™', indicating
a blue shift and suggesting interactions between the functional groups
of SS and AgNPs. The FTIR spectra also exhibited three major
characteristic amide bands of SS, namely amide I1I, amide II, and
amide I, located at approximately 1228 cm™, 1513 cm™, and 1619 cm™!,
respectively, consistent with previous reports [29]. Following AgNP
synthesis, these peaks shifted to approximately 1233 ecm™!, 1519 cm™,
and 1624 cm™, respectively, which also represent blue shifts. These
spectral changes indicate that the amide functional groups of SS
participated in the reduction and stabilization of AgNPs through
interactions with silver ions and nanoparticle surfaces [28]. In addition,
the absence of a distinct carboxylic acid peak around 1700 cm™ to
1725 cm ! may be attributed to the strongly alkaline synthesis conditions.
Under alkaline conditions, carboxyl groups (-COOH) of SS are likely
deprotonated to carboxylate ions (-COO"), resulting in the disappearance
or weakening of the characteristic protonated carbonyl absorption
band. Furthermore, slight peak shifts from 1142 cm™' to 1148 cm™!
and from 1160 cm™ to 1164 cm ! were observed after AgNP formation,
indicating changes in the chemical environment of SS functional
groups and further supporting their involvement in the reduction and
stabilization of AgNPs. The alkaline environment may also promote
partial hydrolysis or degradation of SS molecules, exposing additional
functional groups capable of donating electrons for the reduction of
Ag" ions to metallic Ag® [27]. Moreover, hydroxide ions from NaOH
may enhance the reducing ability of sericin by deprotonating protein
functional groups, thereby increasing electron density and facilitating
electron transfer during nanoparticle formation. Overall, the FTIR
results confirm that sericin serves not only as a stabilizing and capping
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agent but also as a reducing agent during AgNP synthesis. Functional
groups including amide, hydroxyl, and carboxyl/carboxylate groups
play important roles in coordinating silver ions, promoting Ag" reduction,
and preventing nanoparticle aggregation, thereby contributing to
the successful formation and stabilization of SS-AgNPs.

3.2 The MIC and MBC of Synthesized AgNPs

This study determined the MIC and MBC of synthesized AgNPs
against V. parahaemolyticus using the broth microdilution method.
The sericin-mediated green-synthesized AgNPs exhibited a MIC of
16 pg'mL™" (Table 2, Figure 7) and a MBC of 32 pug'mL~! (Table 3,
Figure 8). These results demonstrate that the biogenic AgNPs strongly
inhibited the growth of this prawn pathogen. The proposed antibacterial
mechanism of AgNPs against Vibrio spp. suggests that silver ions
(Ag") released from the nanoparticles can damage the bacterial cell
wall and disrupt essential metabolic pathways, ultimately leading to
protein denaturation and cell death [13]. In addition, AgNPs are known
to generate high levels of reactive oxygen species (ROS) and other
free radicals, which further impair cellular respiration and inhibit
bacterial growth. When AgNPs are synthesized using natural bioactive
extracts, the phytochemicals present in these extracts may also
contribute to antibacterial and antibiofilm activity. These bioactive
compounds can act synergistically with AgNPs by targeting multiple
cellular pathways and metabolic processes, thereby enhancing the
overall antimicrobial efficacy. The MIC and MBC values obtained
in this study were lower than those reported for some other green-
synthesized AgNPs against V. parahaemolyticus, such as those derived
from Spirulina platensis [44] and Camellia sinensis [13], but higher
than values reported for AgNPs synthesized using Lysinibacillus
xylanilyticus [12]. Overall, results align with prior research indicating
the significant antibacterial efficacy of AgNPs against aquaculture-
associated pathogens [43,45].

The antibacterial performance of AgNPs is also strongly influenced
by their physicochemical properties, particularly particle size and
surface charge. In this study, the synthesized AgNPs exhibited an
average diameter of 12.9 + 3.4 nm and showed effective antibacterial
activity against V. parahaemolyticus. Smaller nanoparticles generally
exhibit enhanced antimicrobial performance due to their higher
surface area-to-volume ratio, which promotes stronger interactions
with bacterial cell membranes and facilitates the release of bioactive
silver species [46,47]. In addition, the zeta potential reflects the surface
charge and colloidal stability of nanoparticles. SS contains polar
functional groups such as —OH and —NH> that can coordinate with
Ag" ions and stabilize the formed AgNPs. Nanoparticles with higher
absolute zeta potential values typically exhibit improved dispersion
stability, enabling more effective contact with bacterial cells and

thereby enhancing antimicrobial efficiency [48]. In the present study,
the SS-AgNPs exhibited zeta potential values below —30 mV and
remained stable for at least one month, indicating good colloidal
stability. This stability likely helps maintain nanoparticle dispersion
in suspension and contributes to the antibacterial effectiveness reflected
in the observed MIC and MBC values.

However, several limitations should be acknowledged. First,
the release of Ag* ions from SS-AgNPs was not directly quantified
in this study. Instead, the antibacterial activity of the nanoparticles
was evaluated. It is widely recognized that the antimicrobial activity
of AgNPs arises from multiple mechanisms, including direct interaction
with bacterial cell membranes, generation of ROS, and the release
of Ag™ ions into the surrounding environment [46]. Among these
mechanisms, the release of Ag" ions is considered an important
contributor to bacterial inactivation. Second, the antibacterial activity
of SS alone (without AgNPs) was not experimentally evaluated. The
primary objective of this work was to synthesize SS-AgNPs and
investigate their antibacterial activity against V. parahaemolyticus.
Previous studies have reported that SS itself generally exhibits weak
or negligible antibacterial activity compared with AgNPs [22,28].
In this system, SS mainly functions as a reducing and stabilizing
agent during nanoparticle synthesis rather than as an active antibacterial
component. Therefore, the antibacterial activity observed in this study
is primarily attributed to the presence of AgNPs.

Ll ]

Figure 7. MIC determination of AgNPs using two-fold serial dilutions
(256 pg'mL"to 2 pg'mL™).

Figure 8. MBC determination of synthesized AgNPs against V. parahaemolyticus.

Table 2. Minimum inhibitory concentration (MIC) and turbidity of AgNPs after 24 h.

AgNP conc. [pg'mL™]

256 128 64 32 16 8 4 2
Set I — — — — — + + +
Set 1T - - - - - + + +
Set I1T - - — _ _ + + n

Negative (—): Absence of turbidity referring to lack of bacterial growth; Positive (+): Presence of turbidity referring to bacterial growth

J. Met. Mater. Miner. 36(4). 2026
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Table 3. Minimum bactericidal concentration (MBC) of AgNPs after 24 h.

AgNP conc. [pg-mL™"] Negative Positive
128 64 32 16 control control
Set I - - - + + -
Set II - - - + + B
Set IIT - - - + i _

Negative (—): Absence of turbidity referring to lack of bacterial growth; Positive (+): Presence of turbidity referring to bacterial growth

4. Conclusion

The increasing emergence of antibiotic-resistant microbial species,
particularly pathogenic Vibrio species, has become a significant
concern in the aquaculture industry. In response to this issue, this
work proposes an alternative approach for developing antibacterial
agents targeting the antibiotic-resistant aquaculture pathogen
V. parahaemolyticus, a major threat in shrimp farming. In this study,
a green synthesis method was employed to produce AgNPs using SS,
a sericulture-derived bio-waste, which serve as both a natural reducing
and stabilizing agent. Spherical AgNPs with a mean diameter of 12.9
+ 3.4 nm were successfully synthesized at an AgNOs-to-SS weight
ratio of 1:3 under alkaline conditions. Comprehensive characterization
confirmed that the SS-AgNPs possessed nanoscale dimensions, high
crystallinity, and strong dispersion stability, all of which contributed
to their potent antibacterial activity. The resulting nanoparticle
suspension exhibited colloidal stability for at least four weeks after
synthesis. Antibacterial assessment revealed MIC and MBC values of
16 pg'mL" and 32 pg'mL, respectively, against V. parahaemolyticus,
demonstrating the pronounced bactericidal potential of the biogenic
AgNPs. Overall, the findings underscore the efficacy of SS-mediated
AgNPs as a promising antimicrobial candidate for managing V.
parahaemolyticus infections in aquaculture, offering an alternative
antibacterial strategy that may enhance shrimp aquaculture health
management while mitigating risks to both humans and aquatic
organisms. Furthermore, this work highlights the broader applicability
of SS valorization in high-value biomedical and biotechnological
fields, contributing to a more sustainable and economically viable
sericulture industry.
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