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Abstract: The novel microwave-assisted green synthesis of silver nanoparticles (AgNPs) from stress-
induced germinated seeds of Vigna radiata (VR) is explored in this research. AgNPs were successfully
synthesized using abiotic stress-induced germinated seeds of VR, induced by salinity, drought, and heavy
metals such as sodium chloride (NaCl), polyethylene glycol (PEG), and a chromium solution, respectively.
The characterization of the synthesized AgNPs was performed using various techniques, including UV-visible
spectrophotometer, dynamic light scattering (DLS), zeta potential, XRD, FT-IR, and FE-SEM. The
concentration of AgNPs synthesized from Vr-NaCl, Vr-Cr, Vr-PEG, and Vr-DW followed the order Ag/Vr-DW >
Ag/Vr-NaCl > Ag/Vr-PEG > Ag/Vr-Cr. Notably, the synthesized AgNPs exhibited significant antibacterial
activity against Staphylococcus aureus bacteria. A comparative analysis of the antibacterial efficacy of
AgNPs synthesized using different stress-induced VR seed extracts revealed that AgNPs from PEG stress-
induced germinated seeds of VR displayed excellent antibacterial activity. These findings underscore the
potential of stress-induced germinated seeds of VR as a promising resource for producing AgNPs with
exceptional antibacterial properties, thereby opening avenues for the development of innovative
antimicrobial agents.
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1. INTRODUCTION

Silver nanoparticles (AgNPs) have gained significant
attention in recent years due to their unique
physical and chemical properties, including
excellent antibacterial activity against a broad
range of microorganisms (1,2). The antibacterial
properties of AgNPs have been widely utilized in
various fields, including medicine, food packaging,
water treatment, and cosmetics (3). The use of
AgNPs in these fields has been facilitated by their
small size, high surface area-to-volume ratio, and
ability to penetrate bacterial cell walls and
membranes, leading to the disruption of cell
functions and eventual cell death (4,5).

For the production of AgNPs, a number of
techniques have been devised, including chemical,
physical, and biological methods (6,7). Chemical

methods are widely used due to their simplicity and
reproducibility (8). However, they frequently include
the usage of hazardous substances, which can be
harmful to both the environment and human health.
Physical methods, such as laser ablation, have also
been used for the synthesis of AgNPs. However,

they are often expensive, time-consuming, and
require specialized equipment (9). Biological
methods, including plant extracts and

microorganisms, have emerged as a green and
sustainable approach for synthesizing AgNPs,
avoiding the use of toxic chemicals and reducing
the environmental impact of AgNP synthesis (10-
12). Among various green synthesis strategies,
microwave-assisted synthesis offers a rapid and
efficient method for producing AgNPs with precise
control over their size and morphology (11,12). The
use of microwave irradiation allows for a faster
reaction rate and reduced synthesis time compared
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to conventional methods, enabling high throughput
production of AgNPs (15,16). Microwave-assisted
synthesis also promotes uniform heating and
improved particle size distribution, leading to
enhanced stability and performance of AgNPs in
various applications such as catalysis, sensing, and
biomedical fields (17,18).

Using plant extracts to synthesize AgNPs has
several advantages, including low cost, easy
availability, and a wide range of phytochemicals
that can act as reducing agents, capping agents,
and stabilizers (19-22). Among various plant
species, Vigna radiata (VR), also known as mung
bean or green gram, has been widely used to
synthesize AgNPs (23,24). Several studies have
reported the synthesis of AgNPs using VR extracts,
including stem, leaf, and seed extracts (23-26).
Some studies showed the effect of AgNPs on the
seed germination stages of VR (27,28). The
phytochemicals present in VR are flavonoids,
saponins, tannins, phytic acid, carotenoids, starch,
proteins, fibre, and minerals (29). However, the use
of stress-induced germinated seeds of VR for
synthesizing AgNPs has not been explored in depth.

Stress-induced germination can occur through the
activation of abiotic stress response pathways in the
seeds, leading to changes in gene expression and
metabolic activity (30-32). For example, exposure to
high salinity levels can activate signalling pathways
that regulate the release of seed dormancy and
promote germination (33). Under stress conditions,
the seeds release certain chemicals and hormones
that initiate the growth of the embryonic axis and
the shoot (34,35). Stress-induced germination
process can enhance the synthesis of secondary
metabolites, including phenolic compounds and
flavonoids, which can act as reducing agents and
stabilize the synthesized AgNPs (32). Therefore,
stress-induced seed germination of VR can be a
potential approach for enhancing the synthesis of
AgNPs with improved antibacterial activity.

In this study, we aimed to explore the antibacterial
efficacy of AgNPs synthesized from stress-induced
germinated seeds of VR. The seeds were
germinated in various extract media, including NaCl,
PEG, distilled water, and chromium solution. The
seed extract prepared from germinated seeds in
distilled water was taken as the control. The AgNPs
were synthesized using a green approach of
microwave irradiation, which is a simple and
efficient method for synthesizing AgNPs. The size,
shape, and distribution of the AgNPs can be
determined using various techniques such as field
emission scanning electron microscopy (FE-SEM),

UV-visible  spectrophotometer, dynamic light
scattering (DLS), zeta potential, and Fourier
transform infrared spectroscopy (FT-IR). The
antibacterial activity of the prepared AgNPs was
evaluated against Staphylococcus aureus (S.

aureus). A comparative analysis of the antibacterial
efficacy of AgNPs synthesized using different seed
extracts was also performed.

The environmental significance of the present work
lies in the utilization of stress-induced germinated
seeds of VR for the synthesis of AgNPs through a
green approach (36). This approach offers the
following environmental benefits: (a) Sustainable
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resource utilization: VR seeds are commonly
available and easily cultivated. By utilizing
germinated seeds under stressful conditions, the
research taps into a readily accessible and
renewable resource. This reduces the reliance on
scarce or non-renewable materials for AgNPs
synthesis, making it more sustainable (9). (b) Eco-
friendly synthesis: The green approach of
microwave irradiation and the use of plant extracts
as the reaction medium reduce the dependence on
hazardous chemicals and solvents typically
employed in conventional nanoparticle synthesis
methods. This eco-friendly process minimizes the
generation of toxic by-products and waste,
contributing to the reduction of environmental
pollution (37). (c) Reduced energy consumption:
microwave irradiation is a rapid and energy-efficient
method for AgNPs synthesis. Compared to
traditional heating methods, it requires less time
and energy to complete the reaction (38). This
energy-saving aspect aligns with efforts to reduce
the carbon footprint associated with scientific
research and industrial processes. (d) Potential
alternative to conventional antimicrobial agents:
The synthesized AgNPs demonstrated significant
antibacterial activity against Staphylococcus aureus
bacteria (39). If further developed and optimized,
these AgNPs derived from VR seeds could offer an
environmentally friendly alternative to conventional
antimicrobial agents. This could potentially
contribute to reducing the widespread use of
chemical-based antibiotics and antimicrobials,
which can have negative impacts on ecosystems
and promote the development of antibiotic-resistant
bacteria.

The results of this study can provide insights into
the potential use of stress-induced germinated
seeds of VR as a novel and eco-friendly approach for
synthesizing AgNPs with enhanced antibacterial
activity. The utilization of stress-induced germinated
seeds of VR for AgNP synthesis presents an
environmentally significant approach that aligns
with the principles of sustainability, eco-friendliness,
and reduced energy consumption. By exploring
greener alternatives, this research contributes to
the development of environmentally benign
strategies  for  nanoparticle synthesis and
antimicrobial applications, which can have positive
implications for both human health and the
environment.

2. EXPERIMENTAL

2.1. Materials

VR seeds were obtained from the local market in
Kottayam, India. Analytical grade chemicals such as
AgNO;, NaCl, PEG 6000, and K;Cr,0; were
purchased from Merck, India. All the solutions were
prepared in double distilled water.

2.2. Stress-induced Seed Germination of VR

Stress-induced germination of VR refers to the
process of inducing germination in the seeds of this
plant species under stress conditions such as high
salt, drought, temperature fluctuations, or exposure
to chemicals. Here we opted for exposure to
chemicals such as salt, heavy metal ion solution,
and PEG, keeping distilled water as control. For the
culturing of VR under different stress conditions,
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initially wash the VR seeds thoroughly with distilled
water and dry them. Then place 50 seeds in four
petri dishes and add 50 mL of stress-inducing 0.5
ppm solutions of NaCl, PEG, and chromate solution
to three separate petri dishes and 50 mL of distilled
water to the fourth petri dish. Wet a filter paper with
distilled water and place it on top of the seeds in
each petri dish. Close the petri dishes and incubate
them in a dark place at room temperature for 48
hours. After 48 hours, carefully remove the filter
paper using forceps and examine the germination
rate of the seeds in each petri dish. Record the
number of germinated seeds in each dish.

2.3. Extraction Procedure

Collect the stress-induced germinated seeds of VR
in NaCl, PEG, distilled water, and chromium solution.
Wash the seeds thoroughly with distilled water to
remove any residual salt or chemicals. Dry the
seeds separately in an oven at 50 °C. Place 6 g of
dried seeds in RB flask with 50 mL of distilled water
and reflux it for 30 minutes at 80 °C. The resultant
extract in each case was filtered through Whatman
41 filter paper. The extracts obtained from NaCl,
PEG, chromium solution, and distilled water are
designated as Vr-NaCl, Vr-PEG, Vr-Cr, and Vr-DW,
respectively.

2.4. Synthesis of Silver Nanoparticles

To reduce Ag (l) ions to Ag (0), the four extracts
obtained from VR were used. To achieve this, 10 mL
of the extract was mixed with 90 mL of a 1 mM
aqueous silver nitrate solution, and the resulting
mixture was exposed to microwave irradiation for 4
minutes in a domestic microwave oven [Sharp
R219T (W)] operating at 800 W power and 2450
MHz frequency. The formation of AgNPs was
monitored at 30-second intervals using a UV-vis.
spectrophotometer. The AgNPs obtained from Vr-
NaCl, Vr-PEG, Vr-Cr, and Vr-DW were designated as

\\_VStress-induced VR
\_ germination

N
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Ag/Vr-NaCl, Ag/Vr-PEG, Ag/Vr-Cr, and Ag/Vr-DW,

respectively.

2.5. Characterization of Silver Nanoparticles
The surface plasmon resonance of synthesized
AgNPs has been analyzed by UV-vis
spectrophotometer. The AgNPs colloid was diluted
with distilled water and loaded in a quartz cuvette.
The UV-vis spectral range was set between 200-600
nm. The study was performed with the Shimadzu
UV-2450 Spectrophotometer. FT-IR spectra of
synthesized AgNPs were analyzed using the Perkin
Elmer-400 spectrometer with ATR attachment. VR
extracts and nanoparticles synthesized from
different extracts of VR were scanned, and the
scans were collected with resolution and 500-3500
cm™ wavenumber.

FE-SEM is used to determine the particle size
distribution and average size of particles in
nanometer scale of the synthesized nanoparticles.
For FE-SEM analysis, MAIA3 XMH FE-SEM was used.
The hydrodynamic size of synthesized nanoparticles
was measured with a dynamic light scattering
detector (DLS). The surface charge and stability
were also examined. The overall experimental
procedure is depicted in Scheme 1.

2.6. Antibacterial Study

Antibacterial activity was determined using the
standard agar well diffusion method against the
human pathogenic bacteria Staphylococcus aureus
(40-42). The cultures were swabbed on nutrient
agar plate,s and wells were prepared on each plate
using sterile Cork borer. 100 pL of samples were
loaded into respective wells, and six replications
were maintained for each sample using the
respective VR extracts as control (C). The plates
were incubated at 37 °C for 48 hours. After
incubation, the zone of inhibition around the well
was measured.

Extraction Antibacterial
(V-DW, V- « Ag/Vr-DW studies
{’}13_2} YF*NHU, . Ag/Vr-Cr (S. aureus)
« Ag/Vr-NaCl
« Ag/VrPEG

N

Scheme 1: Schematic representation of the synthesis and analysis.

3. RESULTS AND DISCUSSION

3.1. Germination Percentage

The germination percentage of VR under different
chemical stress was recorded at 48 hours after
incubating it in the respective solutions of NaCl,
PEG, chromium solution, and distilled water. The
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percentage of germination was determined using
the equation (33) given below.

Number of germinated seed

Germination %=

Number of seeds kept for germina

x 100

The percentages of germination of VR in NaCl, PEG,
chromium solution, and distilled water are found to
be 96%, 100%, 90%, and 98%, respectively. Stress-
induced germination in VR is a complex process
involving multiple physiological, biochemical, and
molecular changes such as water uptake, enzyme
activation, respiration, oxidative stress, hormone
levels, and gene expression. These changes enable
the seed to cope with adverse conditions and
promote germination.

Seed germination of VR can be affected by the
presence of sodium chloride, chromium solution,
and polyethylene glycol in the growth medium. The
effects of VR seed germination in the presence of
these solutions depend on the concentration of
chemicals used and the duration of exposure
(31,32). High concentrations and prolonged
exposure can have detrimental effects on seed
germination and seedling growth, while moderate
stress can stimulate the synthesis of protective
compounds and improve stress tolerance (31,43).
NaCl is known to cause osmotic stress in plants,
which can lead to various physiological and
biochemical changes such as delayed germination,
reduced growth, accumulation of proline, increased
antioxidant activity, and changes in gene
expression (30,34,43,44). PEG (polyethylene glycol)
is a water-soluble polymer that is often used to
induce osmotic stress in plants during germination
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studies. When seeds of VR are germinated in the
presence of PEG solution, it can affect their growth
and development in various ways, such as delayed
germination, reduced seedling growth, increased
accumulation of osmoprotectants, and changes in
gene expression (45). Chromium is a heavy metal
that can have toxic effects on plant growth and
development, such as inhibition of seed
germination, reduction in seedling growth, chlorosis
and leaf necrosis, accumulation of chromium in
plant tissues, and activation of defense mechanism
(46-48). Even if we are applying different kinds of
stress, the plant has various adaptive mechanisms
that help it to cope with the stress and continue to
grow and develop under adverse conditions (30).
Some of the secondary metabolites that have been
identified in VR are flavonoids, alkaloids, tannins,
saponins, and phenolic acids (49-50).

3.2. Synthesis of Silver Nanoparticles

AgNPs were produced through the application of
microwave radiation to a mixture comprising 90 mL
of a 1 mM silver nitrate aqueous solution and 10 mL
of germinated VR extracts. During the process of
microwave irradiation, the colourless reaction
mixture gradually transformed into a yellowish-
brown hue. Over time, the colour continued to
evolve towards a consistent yellowish-brown shade,
even with prolonged microwave irradiation,
suggesting the successful formation of AgNPs. This
colour change can be attributed to the presence of
a metal surface containing free electrons in the
conduction band, as well as positively charged
nuclei, which collectively contribute to the observed
coloration of the reaction mixture. The images of
extracts and the respective AgNPs are depicted in
Figure 1.

EJ e B
|

3 = - o

Vr-NaCl Ag/Vr-NaCl Vr-PEG

Figure 1: Images of VR-extracts and the respective AgNPs.

3.3. Characterization of silver nanoparticles
3.3.1. UV-visible spectrophotometer analysis

UV-vis. spectroscopy is a common analytical
technique used to determine the optical properties
of nanoparticles, including the size, shape, and
concentration of the particles. The technique
involves measuring the absorption of light by the
nanoparticles at specific wavelengths in the UV-vis.
range. Here, the four different AgNPs samples,
Ag/Vr-DW, Ag/Vr-PEG, Ag/Vr-NaCl, and Ag/Vr-Cr,
with 4 minute microwave irradiation were analyzed
using UV-vis spectroscopy, and the obtained
absorption peaks are depicted in Figure 2.

The absorption peak suggests that all four samples
showed characteristic absorption peaks of AgNPs.

AgNPs exhibit a phenomenon called localized
surface plasmon resonance (LSPR), which occurs
due to the collective oscillation of conduction
electrons in response to incident light (13,14,25).
This results in a characteristic absorption peak in
the UV-vis. spectrum. The position of this peak
depends on the size, shape, and composition of the
nanoparticles. Generally, spherical AgNPs exhibit a
plasmon peak around 400-450 nm (visible range)
(51,52). The intensity of the plasmon resonance
peak is related to the concentration or density of
AgNPs in the sample. Higher intensities indicate a
greater number or higher concentration of
nanoparticles. The intensity of the peak varied
among the samples, with the highest peak observed
in Ag/Vr-DW and the lowest peak observed in Ag/Vr-

984



Abraham T et al. JOTCSA. 2024; 11(3): 981-994

Cr. The change in peak intensity implies the varying
concentration of AgNPs formation. The shape of the
peak can also provide information about the size
distribution and uniformity of the nanoparticles.
Here, a narrow, symmetric peak suggests a
monodisperse population of nanoparticles
(40,43,54). In addition to the plasmon resonance
peak, AgNPs may exhibit additional absorption
bands in the UV or visible region. These bands can
arise from other electronic transitions or higher
order plasmon modes.
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The phytochemicals present in VR are responsible
for the reduction process and stabilization of AgNPs
(23,55). The stress-induced germination affected
the formation of AgNPs compared to the control,
Ag/Vr-DW. Chemical stress such as salinity, heavy
metals, and PEG delayed the germination of seeds
and, hence, the production of primary metabolites.
Stress-induced process promote the synthesis of
secondary metabolites in plants that could help the
formation of AgNPs (30).

2.0
—Ag/Vr-DW
—Ag/Vr-Cr
1.5+ Ag/Vr-NaCl
— Ag/Vr-PEG
Q
Q
5
8 1.0+
[
o
5
0.5
0.0 , | T
200 300 400 500 600 700 800
Wavelength (nm)

Figure 2: UV-vis. absorption spectrum of Ag/Vr-DW, Ag/Vr-Cr, Ag/Vr-NaCl and Ag/Vr-PEG.

3.3.2. FT-IR analysis

The method of using FT-IR (Fourier transform
infrared) spectroscopy to pinpoint the functional
groups present in a given sample. The vibrations of
various functional groups in the sample are
represented by the peaks seen in the spectrum. FT-
IR spectra of Ag/Vr-DW, Ag/Vr-Cr, Ag/Vr-NaCl, and
Ag/Vr-PEG and their respective extracts show four
characteristic vibrational peaks at 3311lcm?,
2074cm™, 1635 cm™, and 576cm™ (Figure 3). The
peaks observed at 3311lcm? and 1635cm?
attributed to the stretching vibrations of O-H and N-
H functional groups, respectively (56). The peak
observed at 2074cm? is likely due to the presence
of a C=N triple bond, which is indicative of a nitrile
functional group. The vibrational peak at 576cm™
indicates N-H bending vibrations (57). The extracts
of VR contain various biomolecules such as
carbohydrates, proteins, lipids, nucleic acids, and
secondary metabolites. These peaks suggest that
there may be some organic molecules present in
the sample that are interacting with the AgNPs. The
presence of the same peaks in both the extract and
AgNPs samples indicates that the nanoparticles are
likely coated or capped with the same organic
molecules that are present in the extract. These

organic molecules may act as stabilizing agents for
the nanoparticles, preventing them from
agglomerating or undergoing further chemical
reactions. This suggests that the extract may be a
potential source of natural capping agents for the
synthesis of AgNPs.

3.3.3. FE-SEM analysis

FE-SEM analysis is a type of electron microscopy
that uses a focused beam of electrons to generate
high-resolution images of the surface of a sample.
The FE-SEM images of Ag/Vr-DW, Ag/Vr-Cr, Ag/Vr-
NaCl, and Ag/Vr-PEG are depicted in Figure 4. All the
FE-SEM images of the synthesized nanoparticles
show a spherical shape. The spherical shape of the
nanoparticles is a significant characteristic of AgNPs
synthesized using plant extracts (58,59). The
uniformity in shape suggests that the synthesis
process is well controlled and reproducible (53). The
average size of the nanoparticles can also be
determined from the FE-SEM images by measuring
the diameter of the spheres using Image) software.
The mean areas of the AgNPs in Ag/Vr-DW, Ag/Vr-Cr,
Ag/Vr-NaCl, and Ag/Vr-PEG are 6.7nm, 5.5nm,
924nm and 4.7nm, respectively.
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Figure 3: FT-IR spectra of (A) Ag/Vr-DW, (B) Ag/Vr-Cr, (C) Ag/Vr-NaCl and (D) Ag/Vr-PEG.
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Figure 4: FE-SEM images of Ag/Vr-DW, Ag/Vr-Cr, Ag/Vr-NaCl and Ag/Vr-PEG.
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3.3.4. Dynamic light scattering and zeta potential
analysis

Dynamic light scattering (DLS) and zeta potential
analysis are commonly used techniques to
characterize the size distribution and surface charge
of nanoparticles (60). Here, the DLS and zeta
potential analyses were performed on four different
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types of AgNPs synthesized from stress-induced
germinated seeds of VR, with different chemical
stresses applied: Ag/Vr-DW, Ag/Vr-Cr, Ag/Vr-NacCl,
and Ag/Vr-PEG. The obtained data are depicted in
Table 1 and the respective graphs are plotted in

Figure 5.
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The hydrodynamic particle size distribution of Ag/Vr-
DW, Ag/Vr-Cr, Ag/Vr-NaCl, and Ag/Vr-PEG obtained
from DLS analysis are 6.7nm, 5.5nm, 925nm, and
4.7nm, respectively. To minimize background
scattering, the nanoparticle samples were diluted
appropriately before conducting the analysis. The
hydrodynamic size measurement of AgNPs takes
into account the hydration layer present on the
surface, resulting in a larger size compared to the
size determined from FE-SEM images (61). The
hydrodynamic size of AgNPs may be influenced by
the presence of phytochemicals present in the VR
extract.

Figure 5: DLS and Zeta potential graphs of Ag/Vr-DW, Ag/Vr-Cr, Ag/Vr-NaCl and Ag/Vr-PEG.

The zeta potential value is a measure of the surface
charge of the nanoparticles. A positive zeta
potential value indicates that the surface of the
nanoparticles is positively charged, whereas a
negative value indicates a negative surface charge
(62). In accordance with the results of the analysis,
the zeta potential values for Ag/Vr-DW, Ag/Vr-Cr,
Ag/Vr-NaCl, and Ag/Vr-PEG were 0.8, -0.5, 0.2, and -
1.8, respectively. These values suggest that the
surface of Ag/Vr-DW and Ag/Vr-NaCl nanoparticles is
positively charged, whereas the surface of Ag/Vr-Cr
and Ag/Vr-PEG nanoparticles is negatively charged.
The zeta potential value is an essential factor that
influences the stability of nanoparticles in
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suspension (40). When the surface of nanoparticles
is charged, they repel each other, which prevents
them from agglomerating or settling. A high
absolute value indicates that the nanoparticles are
highly stable.

Table 1: Mean size and zeta potential values of

AgNPs.
Nanoparticles Mean Zeta Potential
Size (nm) (mV)
Ag/Vr-DW 6.7 0.8
Ag/Vr-Cr 5.5 -0.5
Ag/Vr-NaCl 925 0.2
Ag/Vr-PEG 4.7 -1.8

3.4. Antibacterial Studies
The antibacterial activity of the synthesized AgNPs
against Staphylococcus aureus indicates their
potential application as antimicrobial

agents.
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Several studies have reported the synthesis of
AgNPs using Vigna radiata as a plant material and
evaluated their antibacterial activity against
different bacterial strains (23,24,63). The present
study has tested four different types of AgNPs
synthesized from stress-induced germinated seeds
of VR, Ag/Vr-DW, Ag/Vr-Cr, Ag/Vr-NaCl, and Ag/Vr-
PEG using the respective extracts as controls (C).
The obtained results are depicted in Figures 6 and
7. According to the results, Ag/Vr-PEG exhibited the
highest antibacterial activity against S. aureus,
followed by Ag/Vr-NaCl, Ag/Vr-Cr, and Ag/Vr-DW,
respectively. This trend is somewhat in the reverse
order of the AgNPs concentration in the synthesized
nanoparticles. The Ag/Vr-PEG exhibited higher
antibacterial activity, likely due to the efficient
reduction and stabilization  facilitated by
polyethylene glycol during synthesis. Moreover, the
stress-induced germination process under PEG
stress conditions may have led to the accumulation
of bioactive compounds in the VR extract,

enhancing the reduction efficiency of silver ions and
promoting stronger interactions between AgNPs and
bacterial cells.

Figure 6: Antibacterial activity of Ag/Vr-DW, Ag/Vr-Cr, Ag/Vr-NaCl and Ag/Vr-PEG towards Staphylococcus
aureus.
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Figure 7: Zone of inhibition exhibited by different AgNPs.

The difference in antibacterial activity among the
four types of synthesized nanoparticles could be
due to variations in the size, morphology, or surface
chemistry of the nanoparticles (64-66). For instance,
the zeta potential analysis suggests that the surface
charges of the nanoparticles differ, which can
impact their interactions with bacterial cells. In
addition, the chemical stresses applied during
synthesis can also affect the antibacterial activity of
the synthesized nanoparticles. For example, the
presence of chromium ions may reduce the
antibacterial activity of Ag/Vr-Cr nanoparticles, as
chromium ions can interact with the silver ions and
reduce their effectiveness.

It is also worth noting that the higher concentration

of AgNPs in Ag/Vr-DW nanoparticles does not
necessarily correlate with higher antibacterial
activity. The antibacterial activity of the

nanoparticles is influenced by a range of factors,
including the concentration of silver ions, the size
and morphology of the nanoparticles, and their
surface chemistry (67,68).

The diverse phytochemical compositions of the
extracts can also influence the reduction kinetics
and stabilization of AgNPs during synthesis, leading
to variations in size, shape, and surface properties
(69). Factors such as pH, ionic strength, and the
presence of biomolecules within the extracts may
also impact AgNP characteristics and their
interactions with bacterial cells (11). Moreover, the
inherent antimicrobial properties of specific plant
extracts could synergistically enhance the
antibacterial efficacy of the synthesized AgNPs. This
comparative analysis highlighted the importance of
understanding extract-mediated effects on AgNP
properties to optimize their antimicrobial activity for
various applications. Figure 8 depicts a potential
mechanism for the formation of AgNPs and their
antibacterial activity.

To enhance the antibacterial efficacy of synthesized
AgNPs, optimization strategies encompass
controlled synthesis parameters such as reaction
time and precursor concentration to tailor

nanoparticle size and surface characteristics (70).
Surface functionalization techniques involving
capping agents and ligands can enhance
interactions with bacterial cells, while combination
therapy with other antibacterial agents can exploit
synergistic effects (71). Moreover, pH and ionic
strength optimization, surface engineering for
specificity, and biocompatibility enhancement are
crucial considerations to improve AgNP efficacy and
safety (67). Validation through rigorous in vitro and
in vivo testing further ensures the efficacy and
applicability of optimized AgNPs in various
biomedical and environmental contexts.

4. CONCLUSION

The abiotic stress induced germinated VR seed
through the microwave assisted method is a novel
approach for the green synthesis of AgNPs. The
abiotic stress was induced using sodium chloride,
polyethylene glycol, distilled water, and chromium
solution. The synthesized AgNPs were characterized
using several techniques, including UV-vis, DLS,
Zeta Potential, FT-IR, and FE-SEM. The AgNPs
concentration synthesized from Vr-NaCl, Vr-Cr, Vr-
PEG, and Vr-DW is of the order Ag/Vr-DW> Ag/Vr-
NaCl> Ag/Vr-PEG> Ag/Vr-Cr. The study revealed
that the prepared AgNPs exhibited a significant
antibacterial activity against Staphylococcus aureus
bacteria. Additionally, a comparative analysis of the
antibacterial efficacy of AgNPs showed Ag/Vr-PEG>
Ag/Vr-NaCl> Ag/Vr-Cr> Ag/Vr-DW. This research
highlights  the potential of  stress-induced
germinated seeds of VR as a sustainable and eco-
friendly source for synthesizing AgNPs with
excellent antibacterial properties. The findings
contribute to the development of new antimicrobial
agents that can be utilized in various applications,
such as healthcare and biomedical fields, where
combating bacterial infections is of utmost
importance. Further investigations and
optimizations can be followed to explore the full
potential and applications of AgNPs derived from
stress-induced germinated seeds of VR in
antimicrobial research and development.

989



Abraham T et al. JOTCSA. 2024; 11(3): 981-994

Stress-induced VR
germination

e 3
Q-'&‘n'rg, g
ol Al

"ol
=

A
>
-

Sa”,

Germinated seeds

radiata

[
2

Vign.

RESEARCH ARTICLE

OH © \\
OH M

HO. 0.

Extraction of T Ho Y jo 7y
H 0. -2 HO A~ L
germinated seeds W NN Y o o
wor o © N
- o OH OH
? & vitexin isovitexin
— "0\(0 wo A, A~
Tk wes SO
~ W i’ul j L
heer:
EN "
o woy
éj Dulcinoside
| OH
VR extract p-Coumaric acid
un
o [/ " it )
- k; Microwave 7 4 |
AgNO, + Microway, ¥ o \
y 3 \ HO N -
. . . Ny irradiation I
Antibacterial studies 3 OH > &

Electron Transport
Interruption

ROS Generation Enzyme Inactivation

DNA Disruption

Protein Denaturation

“ell Wall Damage

cet
\\ Gallic acid Quercetin 1/

[ SN

AgNPs

AgNPs

Figure 8: Potential mechanism for the formation of AgNPs and its antibacterial activity.

5. FUNDING

This research received no external funding.
6. CONFLICTS OF INTEREST

There are no conflicts to declare.

7. DATA AVAILABILITY STATEMENT
Data are available upon reasonable request.
8. ACKNOWLEDGEMENT

The authors thank Indian Science Technology and
Engineering facilities Map (I-STEM), a Program
supported by the Office of the Principal Scientific
Adviser to the Govt. of India, for enabling access to
the Field emission scanning electron microscopy
(FESEM) with Energy Dispersive Spectroscopy (EDS),
MAIA3 XMH at the Sophisticated Analytical
Instrument Facility (DST-SAIF), Mahatma Gandhi
University, Kottayam, India, to carry out this work.

9. REFERENCES

1. Hasan KMF, Xiaoyi L, Shaoqin Z, Horvath PG, Bak
M, Bejé L, et al. Functional silver nanoparticles
synthesis from sustainable point of view: 2000 to
2023 - A review on game changing materials.
Heliyon [Internet]. 2022 Dec 1;8(12):e12322.
Available from: <URL>.

2. Revathy R, Joseph |, Augustine C, Sajini T,
Mathew B. Synthesis and catalytic applications of
silver nanoparticles: a sustainable chemical
approach using indigenous reducing and capping
agents from Hyptis capitata. Environ Sci Adv
[Internet]. 2022 Sep 27;1(4):491-505. Available
from: <URL>.

3. Syafiuddin A, Salmiati, Salim MR, Beng Hong
Kueh A, Hadibarata T, Nur H. A Review of Silver
Nanoparticles: Research Trends, Global
Consumption, Synthesis, Properties, and Future
Challenges. | Chinese Chem Soc [Internet]. 2017 Jul
8;64(7):732-56. Available from: <URL>.

4. Yin IX, Zhang J, Zhao IS, Mei ML, Li Q, Chu CH.
The Antibacterial Mechanism of Silver Nanoparticles
and Its Application in Dentistry. Int ]| Nanomedicine
[Internet]. 2020 Apr;Volume 15:2555-62. Available
from: <URL>.

5. Khan A, Ahmad N, Fazal H, Ali M, Akbar F, Khan |,
et al. Biogenic synthesis of silver nanoparticles
using Rubus fruticosus extract and their
antibacterial efficacy against Erwinia caratovora and
Ralstonia solanacearum phytopathogens. RSC Adv
[Internet]. 2024 Feb 14;14(9):5754-63. Available
from: <URL>.

6. Nair GM, Sajini T, Mathew B. Advanced green
approaches for metal and metal oxide nanoparticles
synthesis and their environmental applications.
Talanta Open [Internet]. 2022 Aug 1;5:100080.
Available from: <URL>.

7. Raut S, Bhatavadekar A, Chougule R, Lekhak U.
Silver nanoparticles synthesis from Crinum moorei:
Optimization, characterization, kinetics and catalytic
application. South African | Bot [Internet]. 2024 Feb
1;165:494-504. Available from: <URL>.

8. Suriati G, Mariatti M, Azizan A. Synthesis of Silver
Nanoparticles by Chemical Reduction Method: Effect
of Reducing Agent and Surfactant Concentration. Int
J Automot Mech Eng [Internet]. 2014 Dec
30;10(1):1920-7. Available from: <URL>.

9. Ogundare SA, Adesetan TO, Muungani G, Moodley
V, Amaku JF, Atewolara-Odule OC, et al. Catalytic
degradation of methylene blue dye and antibacterial

990


http://ijame.ump.edu.my/images/Volume_10/9%20Suriati%20et%20al.pdf
https://linkinghub.elsevier.com/retrieve/pii/S025462992400005X
https://linkinghub.elsevier.com/retrieve/pii/S2666831921000503
https://xlink.rsc.org/?DOI=D3RA06723H
https://www.tandfonline.com/doi/full/10.2147/IJN.S246764
https://onlinelibrary.wiley.com/doi/10.1002/jccs.201700067
https://pubs.rsc.org/en/content/articlehtml/2022/va/d2va00044j
https://linkinghub.elsevier.com/retrieve/pii/S2405844022036106

Abraham T et al. JOTCSA. 2024; 11(3): 981-994

activity of biosynthesized silver nanoparticles using
Peltophorum pterocarpum (DC.) leaves. Environ Sci
Adv [Internet]. 2023 Feb 6;2(2):247-56. Available
from: <URL>.

10. Roy A, Bulut O, Some S, Mandal AK, Yilmaz MD.
Green synthesis of silver nanoparticles:
biomolecule-nanoparticle organizations targeting
antimicrobial activity. RSC Adv [Internet]. 2019 Jan
21;9(5):2673-702. Available from: <URL>.

11. Ahmed S, Ahmad M, Swami BL, lkram S. A
review on plants extract mediated synthesis of
silver nanoparticles for antimicrobial applications: A
green expertise. ] Adv Res [Internet]. 2016 Jan
1;7(1):17-28. Available from: <URL>.

12. Patra )JK, Baek KH. Green Nanobiotechnology:
Factors Affecting Synthesis and Characterization
Techniques. | Nanomater [Internet]. 2014 Jan
1;2014(1):417305. Available from: <URL>.

13. Saha S, Malik MM, Qureshi MS. Microwave
Synthesis of Silver Nanoparticles. Nano Hybrids
[Internet]. 2013 May;4:99-112. Available from:
<URL>.

14. Joseph S, Mathew B. Microwave-assisted facile
synthesis of silver nanoparticles in aqueous medium
and investigation of their catalytic and antibacterial
activities. ] Mol Liq [Internet]. 2014 Sep 1;197:346-
52. Available from: <URL>.

15. Joseph S, Mathew B. Microwave Assisted
Biosynthesis of Silver Nanoparticles Using the
Rhizome Extract of Alpinia galanga and Evaluation
of Their Catalytic and Antimicrobial Activities. |
Nanoparticles [Internet]. 2014 May
13;2014:967802. Available from: <URL>.

16. Seku K, Gangapuram BR, Pejjai B, Kadimpati KK,
Golla N. Microwave-assisted synthesis of silver

nanoparticles and their application in catalytic,
antibacterial and antioxidant activities. J
Nanostructure Chem [Internet]. 2018  Jun

8;8(2):179-88. Available from: <URL>.

17. Sreeram K], Nidhin M, Nair BU. Microwave
assisted template synthesis of silver nanoparticles.
Bull Mater Sci [Internet]. 2008 Dec 28;31(7):937-42.
Available from: <URL>.

18. Singh D, Rawat D, Isha. Microwave-assisted
synthesis of silver nanoparticles from Origanum

majorana and Citrus sinensis leaf and their
antibacterial activity: a green chemistry approach.
Bioresour  Bioprocess [Internet]. 2016 Dec

16;3(1):14. Available from: <URL>.

19. Chand K, Cao D, Eldin Fouad D, Hussain Shah A,
Qadeer Dayo A, Zhu K, et al. Green synthesis,
characterization and photocatalytic application of
silver nanoparticles synthesized by various plant
extracts. Arab ] Chem [Internet]. 2020 Nov
1;13(11):8248-61. Available from: <URL>.

20. Sorescu AA, Nuta A, lon RM, loana-Raluca SB.
Green synthesis of silver nanoparticles using plant
extracts. In: The 4th International Virtual
Conference on Advanced Scientific Results. 2016. p.
188-93.

RESEARCH ARTICLE

21. Elia P, Zach R, Hazan S, Kolusheva S, Porat Z,
Zeiri Y. Green synthesis of gold nanoparticles using
plant extracts as reducing agents. Int ]
Nanomedicine [Internet]. 2014 Aug 20;9(1):4007-
21. Available from: <URL>.

22. Mittal AK, Chisti Y, Banerjee UC. Synthesis of
metallic nanoparticles using plant extracts.
Biotechnol Adv [Internet]. 2013 Mar 1;31(2):346-56.
Available from: <URL>.

23. Choudhary MK, Kataria J, Cameotra SS, Singh J.
A facile biomimetic preparation of highly stabilized
silver nanoparticles derived from seed extract of
Vigna radiata and evaluation of their antibacterial
activity. Appl Nanosci [Internet]. 2016 Jan
19;6(1):105-11. Available from: <URL>.

24. Vazhacharickal PJ, Krishna GS. Green Synthesis
of Silver, Copper and Zinc Nanoparticles from Mung
bean (Vigna radiata) and Cowpea (Vigna
unguiculata) Exudates and Evaluation of their
Antibacterial Activity: An Overview. Int ] Curr Res
Acad Rev [Internet]. 2022;10(6):48-81. Available
from: <URL>.

25. Banerjee P, Satapathy M, Mukhopahayay A, Das
P. Leaf extract mediated green synthesis of silver
nanoparticles from widely available Indian plants:
synthesis, characterization, antimicrobial property

and toxicity analysis. Bioresour Bioprocess
[Internet]. 2014 Dec 24;1(1):3. Available from:
<URL>.

26. Lourthuraj AA, Selvam MM, Hussain MS, Abdel-
Warith AWA, Younis EMI, Al-Asgah NA. Dye
degradation, antimicrobial and larvicidal activity of
silver nanoparticles biosynthesized from
Cleistanthus collinus. Saudi ] Biol Sci [Internet].
2020 Jul 1;27(7):1753-9. Available from: <URL>.

27. Bahri S, Sharma Bhatia Sushma Moitra S,
Sharma N, Bhatt R, Sinha Borthakur N, Agarwal R, et
al. Influence of silver nanoparticles on seedlings of
Vigna radiata (L.) R.Wilczek. DU J Undergrad Res
Innov [Internet]. 2016;2(1):142-8. Available from:
<URL>.

28. Anju TR, Parvathy S, Sruthimol S, Jomol J, Mahi
M. Assessment of Seed Germination and Growth of

Vigna radiata L in the Presence of Green
Synthesised and chemically Synthesised
Nanoparticles. Curr Trends Biotechnol Pharm

[Internet]. 2022 Jun 20;16:38-46. Available from:
<URL>.

29. Hou D, Yousaf L, Xue Y, Hu J, Wu J, Hu X, et al.

Mung Bean (Vigna radiata L.): Bioactive
Polyphenols, Polysaccharides, Peptides, and Health
Benefits. Nutrients [Internet]. 2019 May

31;11(6):1238. Available from: <URL>.

30. Ramakrishna A, Ravishankar GA. Influence of
abiotic stress signals on secondary metabolites in
plants. Plant Signal Behav [Internet].
2011;6(11):1720-31. Available from: <URL>.

31. Hasanuzzaman M, Nahar K, Alam M,
Roychowdhury R, Fujita M. Physiological,
Biochemical, and Molecular Mechanisms of Heat

991


https://www.cabidigitallibrary.org/doi/full/10.5555/20113396315
https://www.mdpi.com/2072-6643/11/6/1238
https://abap.co.in/index.php/home/article/view/433
https://journals.du.ac.in/ugresearch/DU%20e-Journal%20-%20UG%20Research_files/DUJ4%20Vol%202%20Issue1/J%201.16.pdf
https://linkinghub.elsevier.com/retrieve/pii/S1319562X20301741
https://bioresourcesbioprocessing.springeropen.com/articles/10.1186/s40643-014-0003-y
http://www.ijcrar.com/abstractview.php?ID=935&vol=10-6-2022&SNo=6
http://link.springer.com/10.1007/s13204-015-0418-6
https://linkinghub.elsevier.com/retrieve/pii/S0734975013000050
https://www.tandfonline.com/doi/full/10.2147/IJN.S57343
https://linkinghub.elsevier.com/retrieve/pii/S1878535220300137
http://www.bioresourcesbioprocessing.com/content/3/1/14
http://link.springer.com/10.1007/s12034-008-0149-3
http://link.springer.com/10.1007/s40097-018-0264-7
https://www.hindawi.com/journals/jnp/2014/967802/
https://linkinghub.elsevier.com/retrieve/pii/S0167732214002724
https://www.scientific.net/NH.4.99
http://www.hindawi.com/journals/jnm/2014/417305/
https://linkinghub.elsevier.com/retrieve/pii/S2090123215000314
https://xlink.rsc.org/?DOI=C8RA08982E
https://xlink.rsc.org/?DOI=D2VA00164K

Abraham T et al. JOTCSA. 2024; 11(3): 981-994

Stress Tolerance in Plants. Int | Mol Sci [Internet].
2013 May 3;14(5):9643-84. Available from: <URL>.

32. llyas M, Khan WA, Ali T, Ahmad N, Khan Z, Fazal
H, et al. Cold Stress-induced Seed Germination and
Biosynthesis of Polyphenolics Content in Medicinally
Important Brassica rapa. Phytomedicine Plus
[Internet]. 2022 Feb 1;2(1):100185. Available from:
<URL>.

33. Krishna Surendar K, Varshini S V., Deepa Sankari
R, Susithra N, Kavitha S, Shankar M. Impact of Salt
Stress (NaCl) on Seed Germination, Photosynthetic
Pigments of Green Gram Cultivars of Co6 and Co8.
Plant Gene Trait [Internet]. 2014;5(6):40-4.
Available from: <URL>.

34. Ghorbanpour A, Mami Y, Ashournezhad M, Abri
F, Amani M. Effect of salinity and drought stress on
germination of fenugreek. African ] Agric Res
[Internet]. 2011 Oct 26;6(24):5529-32. Available
from: <URL>.

35. Okgu G, Demir Kaya M, Atak M. Effects of Salt
and Drought Stresses on Germination and Seedling
Growth of Pea (Pisum sativum L.). Turkish ] Agric For
[Internet]. 2005 Jan 1;29(4):237-42. Available from:
<URL>.

36. Theertha KP, Ashok SK, Abraham T, Revathy R,
Sajini T. Exploring the antibacterial potential of
green synthesized silver nanoparticle decorated on
functionalized  multi-walled carbon nanotube:
synthesis and analysis. Chem Pap [Internet]. 2024
Feb 16;78(3):1601-11. Available from: <URL>.

37. Vidyasagar, Patel RR, Singh SK, Singh M. Green
synthesis of silver nanoparticles: methods,
biological applications, delivery and toxicity. Mater
Adv [Internet]. 2023 Apr 24;4(8):1831-49. Available
from: <URL>.

38. Salem SS. A mini review on green
nanotechnology and its development in biological
effects. Arch Microbiol [Internet]. 2023 Apr
22;205(4):128. Available from: <URL>.

39. Arshad F, Naikoo GA, Hassan IU, Chava SR, El-
Tanani M, Aljabali AA, et al. Bioinspired and Green
Synthesis of Silver Nanoparticles for Medical
Applications: A Green Perspective. Appl Biochem
Biotechnol [Internet]. 2023 Sep 5;Article in Press:1-
34. Available from: <URL>.

40. Liagat N, Jahan N, Khalil-ur-Rahman, Anwar T,
Qureshi H. Green synthesized silver nanoparticles:
Optimization, characterization, antimicrobial
activity, and cytotoxicity study by hemolysis assay.
Front Chem [Internet]. 2022 Aug 29;10:952006.
Available from: <URL>.

41. Tippayawat P, Phromviyo N, Boueroy P,
Chompoosor A. Green synthesis of silver
nanoparticles in aloe vera plant extract prepared by
a hydrothermal method and their synergistic
antibacterial activity. Peer] [Internet]. 2016 Oct
19;4(10):e2589. Available from: <URL>.

42. Vijayan R, Joseph S, Mathew B. Green synthesis
of silver nanoparticles using Nervalia zeylanica leaf
extract and evaluation of their antioxidant, catalytic,

RESEARCH ARTICLE

and antimicrobial potentials. Part Sci Technol
[Internet]. 2019 Oct 3;37(7):809-19. Available from:
<URL>.

43. Ma Y, Dias MC, Freitas H. Drought and Salinity
Stress Responses and Microbe-Induced Tolerance in
Plants. Front Plant Sci [Internet]. 2020 Nov
13;11(13):591911. Available from: <URL>.

44. Benlioglu B, Ozkan U. Germination and Early
Growth Performances of Mung Bean (Vigna radiata
(L.) Wilczek) Genotypes Under Salinity Stress.
Tekirdag Ziraat FakuUltesi Derg [Internet]. 2020 Sep
29;17(3):318-28. Available from: <URL>.

45. Jincya M, Prasad VBR, Jeyakumara P, Senthila A,
Manivannan N. Evaluation of green gram genotypes
for drought tolerance by PEG (polyethylene glycol)
induced drought stress at seedling stage. Legum
Res - An Int | [Internet]. 2019 Sep 23;44(6):684-91.
Available from: <URL>.

46. Babu TN, Varaprasad D, Bindu YH, Kumari MK,
Dakshayani L, Reddy MC, et al. Impact of Heavy
Metals (Cr, Pb and Sn) on In Vitro Seed Germination
and Seedling Growth of Green Gram (Vigna radiata
(L.) R. Wilczek). Curr Trends Biotechnol Pharm
[Internet]. 2014;8(2):160-5. Available from: <URL>.

47. Singh D, Sharma NL. Effect of Chromium on
Seed Germination and Seedling Growth of Green
Garm (Phaseols aureus L) and Chickpea (Cicer
arietinum L). Int ] Appl Nat Sci [Internet].
2017;6(2):37-46. Available from: <URL>.

48. Parayil SP, Praseetha KA, Abhilash ES. Study on
Germination and Growth of Chromium Treated
Green Gram, Vigna radiata (L.). Nat Environ Pollut
Technol [Internet]. 2014;13(1):221-3. Available
from: <URL>.

49. Sharma KR, Giri G. Quantification of Phenolic
and Flavonoid Content, Antioxidant Activity, and
Proximate Composition of Some Legume Seeds
Grown in Nepal. Salmerén |, editor. Int ] Food Sci
[Internet]. 2022 Aug 29;2022:4629290. Available
from: <URL>.

50. Kabré | d’Arc W, Dah-Nouvlessounon D, Hama-
Ba F, Agonkoun A, Guinin F, Sina H, et al. Mung
Bean (Vigna radiata (L.) R. Wilczek) from Burkina
Faso Used as Antidiabetic, Antioxidant and
Antimicrobial Agent. Plants [Internet]. 2022 Dec
16;11(24):3556. Available from: <URL>.

51. Moodley JS, Krishna SBN, Pillay K, Sershen,
Govender P. Green synthesis of silver nanoparticles

from Moringa oleifera leaf extracts and its
antimicrobial potential. Adv Nat Sci Nanosci
Nanotechnol [Internet]. 2018 Mar 9;9(1):015011.

Available from: <URL>.

52. Calder6n-Jiménez B, Johnson ME, Montoro
Bustos AR, Murphy KE, Winchester MR, Vega Baudrit
JR. Silver Nanoparticles: Technological Advances,
Societal Impacts, and Metrological Challenges. Front
Chem [Internet]. 2017 Feb 21;5:6. Available from:
<URL>.

53. Wei S, Wang Y, Tang Z, Hu J, SuR, Lin J, et al. A
size-controlled green synthesis of silver

992


http://journal.frontiersin.org/article/10.3389/fchem.2017.00006/full
https://iopscience.iop.org/article/10.1088/2043-6254/aaabb2
https://www.mdpi.com/2223-7747/11/24/3556
https://www.hindawi.com/journals/ijfs/2022/4629290/
https://www.neptjournal.com/upload-images/NL-47-38-36-J13(1).pdf
https://d1wqtxts1xzle7.cloudfront.net/51775219/6._IJANS_-_EFFECT_OF_CHROMIUM_ON_SEED_GERMINATION_AND_SEEDLING_GROWTH_OF__1_-libre.pdf?1486991470=&response-content-disposition=inline%3B+filename%3DEFFECT_OF_CHROMIUM_ON_SEED_GERMINATION_A.pdf&Expires=1717500439&Signature=PZho9VksObDFHITPrHweqetxAqmDPzzaaODXNbWPGc6S15M4xJ6IVYeJz9YUSvhnvNr4zlmaNYEFC55u6p0V9pjjwTkOjd9cFgI3gvABIaip3TvuWNb7T0faAnnWZ~tduyQSYEctDnewl80Yen6YUIR5fV~uFD3L~gosBga1pvjP6r-L9T0on7CwJjzbGFxkU0HSHkZpEwONsDpDqrA7qBAPnEMt5kq8YnuN9~~nBWzPTmTyptNhSAJpNkAxuRY0X7NwyTE2jACXhTxAayIXRqa9sASTKCvjxh8WFOJP2pGRlW3x142Z1bw7QB1To2nC0p45e3LdxvHcQaQ2gaYfUQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://www.indianjournals.com/ijor.aspx?target=ijor:ctbp&volume=8&issue=2&article=006&type=pdf
http://arccjournals.com/journal/legume-research-an-international-journal/LR-4149
http://dergipark.org.tr/en/doi/10.33462/jotaf.677216
https://www.frontiersin.org/articles/10.3389/fpls.2020.591911/full
https://www.tandfonline.com/doi/full/10.1080/02726351.2018.1450312
https://peerj.com/articles/2589
https://www.frontiersin.org/articles/10.3389/fchem.2022.952006/full
https://link.springer.com/10.1007/s12010-023-04719-z
https://link.springer.com/10.1007/s00203-023-03467-2
https://xlink.rsc.org/?DOI=D2MA01105K
https://link.springer.com/10.1007/s11696-023-03188-2
https://journals.tubitak.gov.tr/agriculture/vol29/iss4/2
http://www.academicjournals.org/ajar/abstracts/abstracts/abstracts2011/26%20Oct/Ghorbanpour%20et%20al.htm
https://www.researchgate.net/profile/Varshini-Sv/publication/352777436_Impact_of_Salt_Stress_Nacl_on_Seed_Germination_Photosynthetic_Pigments_of_Green_Gram_Cultivars_of_Co6_and_Co8/links/60d81621299bf1ea9ec3b855/Impact-of-Salt-Stress-Nacl-on-Seed-Germination-Photosynthetic-Pigments-of-Green-Gram-Cultivars-of-Co6-and-Co8.pdf
https://linkinghub.elsevier.com/retrieve/pii/S2667031321001676
https://www.mdpi.com/1422-0067/14/5/9643

Abraham T et al. JOTCSA. 2024; 11(3): 981-994

nanoparticles by using the berry extract of Sea
Buckthorn and their biological activities. New ]
Chem [Internet]. 2020 Jun 8;44(22):9304-12.
Available from: <URL>.

54. Ibrahim HMM. Green synthesis and
characterization of silver nanoparticles using
banana peel extract and their antimicrobial activity
against representative microorganisms. ] Radiat Res
Appl Sci [Internet]. 2015 Jul 1;8(3):265-75. Available
from: <URL>.

55. Kumari R, Singh JS, Singh DP. Biogenic synthesis
and spatial distribution of silver nanoparticles in the
legume mungbean plant (Vigna radiata L.). Plant
Physiol Biochem [Internet]. 2017 Jan 1;110:158-66.
Available from: <URL>.

56. Hamouda RA, Hussein MH, Abo-elmagd RA,
Bawazir SS. Synthesis and biological
characterization of silver nanoparticles derived from
the cyanobacterium Oscillatoria limnetica. Sci Rep
[Internet]. 2019 Sep 10;9(1):13071. Available from:
<URL>.

57. Ragamathunnisa M, Jasmine Vasantha Rani E,
Padmavathy R, Radha N. Spectroscopic study on
Thiourea and Thiosemicarbazide in Nonaqueous
media. IOSR ] Appl Phys [Internet]. 2013;4(1):5-8.
Available from: <URL>.

58. He Y, Wei F, Ma Z, Zhang H, Yang Q, Yao B, et
al. Green synthesis of silver nanoparticles using
seed extract of Alpinia katsumadai, and their
antioxidant, cytotoxicity, and antibacterial activities.
RSC Adv [Internet]. 2017 Aug 15;7(63):39842-51.
Available from: <URL>.

59. Pirtarighat S, Ghannadnia M, Baghshahi S.
Green synthesis of silver nanoparticles using the
plant extract of Salvia spinosa grown in vitro and
their  antibacterial activity assessment. ]
Nanostructure Chem [Internet]. 2019 Mar 4;9(1):1-
9. Available from: <URL>.

60. Edison TNJI, Lee YR, Sethuraman MG. Green
synthesis of silver nanoparticles using Terminalia
cuneata and its catalytic action in reduction of
direct yellow-12 dye. Spectrochim Acta Part A Mol
Biomol Spectrosc [Internet]. 2016 May 15;161:122-
9. Available from: <URL>.

61. Hemlata, Meena PR, Singh AP, Tejavath KK.
Biosynthesis of Silver Nanoparticles Using Cucumis
prophetarum Aqueous Leaf Extract and Their
Antibacterial and Antiproliferative Activity Against
Cancer Cell Lines. ACS Omega [Internet]. 2020 Mar
17;5(10):5520-8. Available from: <URL>.

62. Ashraf H, Anjum T, Riaz S, Naseem S.
Microwave-Assisted Green Synthesis and

RESEARCH ARTICLE

Characterization of Silver Nanoparticles Using Melia
azedarach for the Management of Fusarium Wilt in
Tomato. Front Microbiol [Internet]. 2020 Mar
10;11:238. Available from: <URL>.

63. Nazrina Camalxaman S, Md Zain Z, Amom Z,
Mustakim M, Mohamed E, Sham Rambely A. In vitro
Antimicrobial Activity of Vigna radiata (L) Wilzeck
Extracts Against Gram Negative Enteric Bacteria.
World Appl Sci ] [Internet]. 2013;21(10):1490-4.
Available from: <URL>.

64. Burdusel AC, Gherasim O, Grumezescu AM,
Mogoanta L, Ficai A, Andronescu E. Biomedical
Applications of Silver Nanoparticles: An Up-to-Date
Overview. Nanomaterials [Internet]. 2018 Aug
31;8(9):681. Available from: <URL>.

65. Castillo-Henriquez L, Alfaro-Aguilar K, Ugalde-
Alvarez |, Vega-Fernandez L, Montes de Oca-
Vasquez G, Vega-Baudrit JR. Green Synthesis of
Gold and Silver Nanoparticles from Plant Extracts
and Their Possible Applications as Antimicrobial
Agents in the Agricultural Area. Nanomaterials
[Internet]. 2020 Sep 7;10(9):1763. Available from:
<URL>.

66. Abou EIl-Nour KMM, Eftaiha A, Al-Warthan A,
Ammar RAA. Synthesis and applications of silver
nanoparticles. Arab J Chem [Internet]. 2010 Jul
1;3(3):135-40. Available from: <URL>.

67. Zhang Z, Shen W, Xue J, Liu Y, Liu Y, Yan P, et al.
Recent advances in synthetic methods and
applications of silver nanostructures. Nanoscale Res
Lett [Internet]. 2018 Dec 18;13(1):54. Available
from: <URL>.

68. Siddigi KS, Husen A, Rao RAK. A review on
biosynthesis of silver nanoparticles and their
biocidal properties. ] Nanobiotechnology [Internet].
2018 Dec 16;16(1):14. Available from: <URL>.

69. Liao C, Li Y, Tjong S. Bactericidal and Cytotoxic
Properties of Silver Nanoparticles. Int ] Mol Sci
[Internet]. 2019 Jan 21;20(2):449. Available from:
<URL>.

70. Vega-Baudrit J, Gamboa SM, Rojas ER, Martinez

VV. Synthesis and characterization of silver
nanoparticles and their application as an
antibacterial agent. Int ] Biosens Bioelectron
[Internet]. 2019;5(5):166-73. Available from:
<URL>.

71. Garibo D, Borbén-Nufiez HA, de Ledn JND, Garcia
Mendoza E, Estrada |, Toledano-Magafia Y, et al.
Green synthesis of silver nanoparticles using
Lysiloma acapulcensis exhibit high-antimicrobial
activity. Sci Rep [Internet]. 2020 Jul 30;10(1):12805.
Available from: <URL>.

993


https://www.nature.com/articles/s41598-020-69606-7
https://medcraveonline.com/IJBSBE/synthesis-and-characterization-of-silver-nanoparticles-and-their-application-as-an-antibacterial-agent.html
http://www.mdpi.com/1422-0067/20/2/449
https://jnanobiotechnology.biomedcentral.com/articles/10.1186/s12951-018-0334-5
https://link.springer.com/10.1186/s11671-018-2450-4
https://linkinghub.elsevier.com/retrieve/pii/S1878535210000377
https://www.mdpi.com/2079-4991/10/9/1763
http://www.mdpi.com/2079-4991/8/9/681
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=7d648b8afaf0b3ad015a4057fc40596842d3504c
https://www.frontiersin.org/article/10.3389/fmicb.2020.00238/full
https://pubs.acs.org/doi/10.1021/acsomega.0c00155
https://linkinghub.elsevier.com/retrieve/pii/S1386142516301019
http://link.springer.com/10.1007/s40097-018-0291-4
https://pubs.rsc.org/en/content/articlehtml/2017/ra/c7ra05286c
http://www.iosrjournals.org/iosr-jap/papers/Vol4-issue1/B0410508.pdf
https://www.nature.com/articles/s41598-019-49444-y
https://linkinghub.elsevier.com/retrieve/pii/S0981942816302224
https://linkinghub.elsevier.com/retrieve/pii/S1687850715000084
https://xlink.rsc.org/?DOI=D0NJ01335H

Abraham T et al. JOTCSA. 2024; 11(3): 981-994 RESEARCH ARTICLE

994



