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Abstract 
The overprescription and misuse of antibiotics contribute to rising bacterial resistance, highlighting the need for 
new antimicrobial strategies. Silver nanoparticles have emerged as promising agents due to their superior 
efficiency, attributed to a high surface-to-volume ratio. Non-biological methods for producing silver 
nanoparticles face significant challenges, including tedious processes, high costs, and harmful by-products post-
synthesis. This study investigates the extracellular synthesis of silver nanoparticles using a bacterial strain locally 
isolated from Selangor, chosen for its cost-effectiveness, rapid reduction properties, and eco-friendly residues. 
16S rRNA sequencing was conducted to identify the bacterial phylogeny followed by physicochemical 
characterisation of the silver nanoparticles. Antimicrobial properties were evaluated using disk diffusion and 
bacterial growth inhibition assays. 16S rRNA sequencing showed high homology to Bacillus. UV-vis spectroscopy 
revealed the formation of nanoparticles with a peak at 420 nm while dynamic light scattering (DLS) revealed a 
low polydispersity index (0.20) with 139.73±13.63 nm average particle size. Electron microscopy showed 
spherical nanoparticles, uniformly distributed with an average diameter of <25 nm, and the presence of a capping 
agent. Elemental dispersive X-ray (EDX) analysis confirmed 27.41% silver content with minimal residues. 
Antimicrobial testing against Escherichia coli DH5-α demonstrated a 0.87±0.12 cm inhibition zone in the disk 
diffusion assay, and 10% (v/v) silver nanoparticles inhibited bacterial growth by 50% in the growth inhibition 
assay. The nanoparticles were found to be 1.5 times more effective than non-nano silver derived from silver 
nitrate (AgNO3). Thus, these bacterial-synthesised silver nanoparticles show potential as an alternative for 
antimicrobial agent. 

 
Keywords: antibiotic resistance, antimicrobial efficiency, bacterial–synthesised silver nanoparticles, extracellular 
synthesis 

 

 
 

INTRODUCTION 
 
In the past decade, the post-antibiotic era has been 
recognised as a global threat, with projections 
indicating it could result in more deaths than all 
cancers combined by 2050 (Avershina et al., 2021). 

This phenomenon has primarily arisen due to the 
improper use and excessive use of antibiotics (Zhu et 
al., 2022), rapid dissemination of resistant strains 
across the globe due to high mobility, and the intrinsic 
adaptability of microorganisms to evolve naturally 
(Ramamurthy et al., 2022).  Therefore, the escalated 
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antimicrobial resistance has sparked a growing 
interest in exploring novel or alternative approaches 
to address this healthcare crisis which can overcome 
or complement current antibiotic treatments. There 
has been a growing interest in nanoparticle-based 
materials for antimicrobial chemotherapy. 
Particularly, silver nanoparticles have been proposed 
as promising nanomaterials for alternative 
antimicrobial agents (Gherasim et al., 2020). Silver has 
been used since the 19th century to prevent and treat 
infectious diseases (Abram & Fromm, 2020) and 
preservation of food and water (Das et al., 2020). The 
nanoscale dimension of silver nanoparticles enhances 
antimicrobial efficiency due to its high surface-to-
volume ratio (Patel et al., 2021). Furthermore, 
numerous studies have demonstrated that silver 
nanoparticles enhance the antimicrobial efficacy of 
antibiotics through a synergistic interaction 
(Rodrigues et al., 2024). As a result, the remarkable 
properties of silver nanoparticles have been widely 
utilised in applications such as antimicrobial agents, 
coatings for biomedical devices, drug delivery 
systems, and imaging probes (Lee & Jun, 2019). 
Moreover, silver nanoparticles are now widely used in 
clinical applications, as they can be incorporated into 
materials such as wound dressings, implants, and 
medical devices to prevent bacterial infections (Xin et 
al., 2022).  

Conventional methods of silver nanoparticle 
production, including physical and chemical 
syntheses, face significant challenges as these 
methods involve exhausting processes, less cost-
effective, and produce harmful post-synthesis by-
products. For instance, physical methods such as ball 
milling (Selvam et al., 2021), laser ablation (Kalai Priya 
et al., 2021) and matrix sputtering (Linhares et al., 
2020) cause agglomeration of nanoparticles (Xu et al., 
2020) and require complex equipment and highly 
external energy inputs are required to reduce particle 
size in the process of generating nanoparticles which 
are not economically friendly for industrial scale 
production (Endres et al., 2021). Chemical routes 
cause environmental pollution as they produce 
hazardous by-products due to excessive use of 

chemicals like sodium borohydride (NaBH₄) and 
sodium dodecyl sulfate (SDS) as stablisers 
(Rodriguez-Iruretagoiena et al., 2022) or trisodium 
citrate and ascorbic acid as surfactants (Barani & 
Mahltig, 2022) during synthesis (Nguyen et al., 2023). 
These approaches may limit the nanoparticle 
potential in medical applications and cause 
environmental pollution due to their toxicity effects 
(Xu et al., 2020). 

Therefore, green synthesis is suggested to 
overcome the limitations of non-biological methods. 

Among green synthesis routes, bacterial-mediated 
synthesis of silver nanoparticles has gained attention 
for its sustainability, biocompatibility, cost-
effectiveness, non-toxicity, and suitability for mass 
production, as it involves readily made proteins and 
enzymes that facilitate the silver metals reduction into 
silver nanoparticles (Mustapha et al., 2022; Soltys et 
al., 2021). Particularly, cell-free supernatant from 
silver nanoparticles-producing bacteria comprises 
various bioactive compounds, such as proteins and 
enzymes that can play a crucial role in the process of 
synthesis of silver nanoparticles as reducing agents 
(Saeed et al., 2020). The entrapment of silver ions 
(Ag+) released from silver occurs through 
electrostatic interactions between the negatively 
charged carboxylate ions on the bacterial cell surface 
and the positively charged Ag+ (Yu et al., 2020). Once 
Ag+ is trapped, nicotinamide adenine dinucleotide 
(NADH)-dependent reductase from the cell-free 
supernatant plays a key role in the synthesis of silver 
nanoparticles. In this process, NADH and a proton 
in the form of  hydrogen (H+) donate electrons to 

Ag+, reducing it to elemental silver (Ag⁰), which 
subsequently accumulates as silver 
nanoparticles.(Ahmed & Ogulata, 2022). In bacterial-
mediated synthesis, extracellular synthesis is favored 
as intracellular synthesis requires additional steps such 
as ultrasonication (Pan et al., 2020) and the usage of 
detergents and salts (Gomes et al., 2020) to recover 
the accumulated nanoparticles from inside the cells 
which bring major concern for industrial perspectives 
(Raju et al., 2015). High-speed centrifugation is only 
required to recover nanoparticles as the pellets can be 
redispersed in the desired solvents (Jadoun et al., 
2022; Xu et al., 2020). 

In Malaysia, the production of silver 
nanoparticles has been explored using soil bacteria 
due to the vast aquatic ecosystem (Silva et al., 2020). 
This includes freshwater ecosystems and marine 
environments cover approximately 39,000 km²—
accounting for over 10% of the total land area 
(Prabhakaran et al., 2017). Intensive industrial 
activities have led to higher concentrations of heavy 
metals in these ecosystems (Mat Lazim et al., 2023) 
and therefore led to the emergence of new and varied 
proteins, metabolites, and polysaccharides (Alotaibi et 
al., 2021). Exploiting these metabolic pathways could 
facilitate the discovery of innovative methods for 
nanoparticle generation by breaking down heavy 
metal pollutants (Mustapha et al., 2022). This study 
highlights the extracellular synthesis of silver 
nanoparticles utilising a locally isolated bacterial strain 
from Bagan Lalang, Selangor, Malaysia. This locally-
isolated bacterium from the Malaysian mangrove 
ecosystem is expected to produce silver nanoparticles 
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through extracellular synthesis in aerobic condition 
and exhibiting antimicrobial properties, making it a 
suitable candidate for an alternative antimicrobial 
agent.  

 
 

MATERIALS AND METHODS 
 
Screening for positive isolate of bacterial-
synthesised silver nanoparticles from mangrove 
soil sediment samples 
The bacteria samples were previously sampled (Jacob, 
2019) and the positive isolates were screened with 
modifications (Ghareib et al., 2016) from Bagan 
Lalang, Selangor, Malaysia at coordinates 5.4333°N 
and 100.3833°E.  Briefly, a single 24 hour-old colony 
was inoculated from silver nanoparticles-producing 
bacteria plate originated from the mangrove soil 
sediment samples. The culture was grown in 100 mL 
of Luria Bertani (LB) broth (Merck Millipore, USA) 
in a 250 mL Erlenmeyer flask and then incubated in 
an orbital shaker set at 150 rpm for 24 hours at room 
temperature, until the culture became turbid. The 
culture was subsequently centrifuged at 2600 xg for 
30 min at room temperature. Meanwhile, the AgNO3 
precursor (Sigma-Aldrich, Germany) with final 
concentration of 1 M was freshly prepared prior to 
addition to the cell-free supernatant by adding 0.17 g 
AgNO3 to 1 mL of sterile deionised water. The 1 mL 
of 1 M AgNO3 solution was resuspended well and 
filter-sterilised using 0.45 µm membrane filter. After 
30 min of centrifugation, approximately 90 mL of 
cell-free supernatant was then transferred equally into 
two sterile 50 mL Falcon tubes. Filter-sterilised 1 M 
AgNO3 (Sigma-Aldrich, Germany) precursor was 
added drop by drop to the cell-free supernatant, 
reaching a final concentration of 10 mM. The AgNO3 
solution was also prepared as control. All reaction 
mixtures were incubated at room temperature for 72 
hours with agitation at 150 rpm. 
 
Phylogenetic identification of silver 
nanoparticles-producing bacteria using 16s 
rRNA sequencing  
The positive strain was further characterised 
phylogenetically through 16s rRNA sequencing 
(Mathivanan et al., 2019) with some modifications. 
The gene of silver nanoparticles-producing bacteria 
was isolated and amplified using colony PCR with 
universal bacterial primers synthesised from 
Integrated DNA Technologies (IDT), Singapore: 27f 
(5′- AGAGTTTGATCCTGGCTCAG-3′) and 1492r 
(5′-TACGGTTACCTTGTTACGACTT-3′) to bind 
with the conserved regions. The PCR reaction 
mixture was prepared under cold conditions and 
included 50 ng of genomic DNA from crude bacterial 

lysate, 10 pmol each of forward and reverse primers, 
400 µM of each deoxynucleotides triphosphates 
(dNTP) purchased from Geneaid, Taiwan, 0.75 µL of 
Taq DNA polymerase (Qiagen, Germany), PCR 
buffer, and 1.5 mM magnesium chloride (MgCl2). The 
PCR program consisted of an initial denaturation step 
at 95˚C for 5 minutes (1 cycle), followed by 30 cycles 
of denaturation at 95˚C for 45 seconds, annealing at 
51˚C for 15 seconds, and extension at 72˚C for 2 
minutes. A final extension step was performed at 
72˚C for 10 minutes (1 cycle). The amplified DNA 
products were visualised using gel electrophoresis on 
a 1% (w/v) agarose gel, alongside a GeneDirex 1kb 
DNA ladder, at 90 V for 30 minutes. The purified 
PCR products were then sequenced using the forward 
primer 518F (5’-CCAGCAGCCGCGGTAATACG-
3’) and reverse primer 800R (5’-TACCAGGGTATC 
TAATCC-3’) primers. The amplified 16s rRNA 
sequences were compared against the GenBank 
database in NCBI using standard nucleotide Basic 
Local Alignment Search Tool (BLAST) program to 
determine similarity percentage. The phylogenetic 
relationships were constructed using Molecular 
Evolutionary Genetics Analysis (MEGA) software 
using the neighbor-joining method. 
 
Physicochemical characterisation analyses of 
bacterial-synthesised silver nanoparticles  
The generation of bacterial-synthesised silver 
nanoparticles were then harvested and purified with 
some modifications (Pourali & Yahyaei, 2016). A 1 
mL aliquot of the reaction mixture, containing a cell-
free supernatant and AgNO3 precursor solution, was 
transferred into a microcentrifuge tube and 
centrifuged at 2,000 xg for 5 minutes. The 
supernatant was then carefully transferred to a fresh 
microcentrifuge tube and subjected to a second 
centrifugation at 14,800 xg for 30 minutes. The 
resulting pellet was resuspended in 1 mL of sterile 
deionised water and centrifuged again at 14,800 xg for 
30 minutes to complete the purification process. The 
final pellet obtained was then air dried for 48 hours 
and resuspended in 1 mL sterile deionised water prior 
to subsequent analyses. 
 
(i) Preliminary screening of bacterial-synthesised 
silver nanoparticles formation via UV-vis 
spectrophotometry  
An aliquot of 1 mL of cell-free supernatant containing 
bacterial-synthesised silver nanoparticles until 72-
hour incubation into quartz cuvette against LB broth 
as blank. The OD reading was taken from the range 
of 250 nm until 600 nm and the graph was plotted to 
identify the absorbance peak of bacterial-synthesised 
silver nanoparticles formation with three biological 
replicates. The statistical significance of absorbance at 
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the 420 nm wavelength across different time points 
was evaluated using Two-way Analysis of Variance 
(ANOVA). A Tukey’s Honestly Significant 
Difference (HSD) post-hoc test was then performed 
to determine significant pairwise differences in 
nanoparticle formation at various incubation times. 
All statistical analyses were conducted using 
GraphPad Prism 9.5.1 (GraphPad Software, U.S.A.). 
 
(ii) Dynamic Light Scattering (DLS) for the size 
and monodispersity analysis of bacterial-
synthesised silver nanoparticles  
The dried pellets of silver nanoparticles were 
dispersed in 1.5 mL sterile deionised water and 
sonicated at 30 V for 30 minutes to obtain a 
homogenous sample followed by filter-sterilised with 
a Millipore (Merck, Germany) syringe filter with a 
pore size of 0.22 µm. The solution was aliquoted into 
1 mL portions and transferred into a cuvette for 
analysis, which included determining the 
nanoparticles' diameter and polydispersity index 
(PDI) using a Malvern Zetasizer NanoZS instrument 
(Malvern Instrument, UK). The samples were 
analysed triplicates and average hydrodynamic 
diameter together with PDI were determined. 
 
(iii) Particle morphological analysis of bacterial-
synthesised silver nanoparticles formation using 
Field Emission Scanning Electron Microscopy 
(FESEM) 
The size, morphology, and elemental composition of 
bacterial-mediated silver nanoparticles were analysed 
using FESEM (FEI Model: NOVA NANOSEM 230, 
USA) using the method demonstrated by 
(Chandrakanth et al., 2014) with some modifications. 
Bacterial-synthesised silver nanoparticles in dried 
pellet form dispersed in 1 mL of sterilised deionised 
water, sonicated at 30 V for 30 minutes, and filter-
sterilised with a syringe filter with a pore size of 0.1 
µm. The solution was then diluted at a 1:50 ratio with 
deionised water, resulting in a final volume of 1 mL. 
Then, 10 µL of the diluted nanoparticle solution was 
dropped onto clean aluminum stubs and dried at 55˚C 
for 72 hours. Following the drying process, the 
sample surface was coated with a thin layer of gold 
using ion beam sputtering. The sample was then 
mounted on a stage and placed in a high vacuum 
chamber. Ultra-high magnification, up to 500,000x, 
with a resolution of 1 nm at 15 kV, was employed to 
examine the topological features of the bacterial-
synthesised silver nanoparticle structure. 
 
 

(iv) Size, morphological, and elemental 
composition analysis of bacterial-synthesised 
silver nanoparticles using Transmission Electron 
Microscopy–Energy Dispersive X-ray (TEM-
EDX) Spectroscopy 
The size, morphology, and elemental composition 
were further analysed using TEM with some 
modifications (Rauwel et al., 2015). The silver 
nanoparticle suspension was first filtered using a 0.1 
µm filter and then sonicated for 15 minutes in an 
ultrasonic bath to disperse the nanoparticles. The 
suspension was then applied dropwise onto a 300 
mesh, 3 cm carbon-coated copper grid and left to air-
dry for 16 hours. Prepared nanoparticles samples 
were then viewed and the elemental composition was 
analysed using a TEM-EDX Model JEM-2100F 
(JEOL, Munich, Germany) operating at 200 kV at 500 
000x magnification. The degree of conversion of 
silver formula was calculated with modification as the 
difference between initial concentration and the final 
concentration of silver (Długosz & Banach, 2019). 
 

𝐶𝑖 𝐴𝑔 − 𝐶𝑓 𝐴𝑔

𝐶𝑖 𝐴𝑔
 𝑥 100% 

 

Ci Ag  = Atomic weight percentage of Ag in 
AgNO3 precursor 
Cf Ag  = Atomic weight percentage of Ag in silver 
nanoparticles 
 

 
Evaluating the antimicrobial potential of 
bacterial-synthesised silver nanoparticles against 
gram-negative E. coli bacteria 
(i) Growth inhibition zones evaluation 
The antimicrobial activity of of bacterial-synthesised 
silver nanoparticles against gram-negative E. coli 
DH5-α bacteria strain was assessed using the Kirby-
Bauer disk diffusion method (Bauer et al., 1966), with 
modifications. A 24-hour-old colony of E. coli DH5- 
α bacteria was grown in LB broth at 37˚C for 24 hours 

with shaking at 150 rpm. E. coli DH5-ɑ cultures with 
approximately 300 µL were spread on sterile LB agar 
plates and 5 mm of cellulose disks saturated with 
sonicated bacterial-synthesised silver nanoparticles 
suspension was placed on the spread microbial 
culture. The saturation of 5 mm of cellulose disks 
with bacterial-synthesised silver nanoparticles 
suspension was done by immersing 500 µL of 
sonicated bacterial-synthesised silver nanoparticles 
suspension for 10 minutes before placed in the centre 
of the LB agar plate containing E. coli DH5-α cultures. 
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Disks saturated with ampicillin and kanamycin at 2 
and 30 µg/mL concentrations respectively were 
tested as positive controls while blank and distilled 
water saturated disks were used as the negative 
controls (Oxoid, USA). Disk immersed with AgNO3 
precursor solution with final concentration of 10 mM 
was also included in the assay. The assay plates were 
incubated at 37˚C for 24 hours. After incubation, the 
diameter of the inhibition zones was measured and 
recorded. The experiment was conducted with three 
biological replicates. A Two-way ANOVA was used 
to evaluate the statistical significance of the inhibition 
zones for antimicrobial agents, comparing them to 
distilled water as a negative control. All analyses were 
performed using GraphPad Prism 9.5.1 (GraphPad 
Software, USA). From this data, the rate of efficiency 
of bacterial-synthesised silver nanoparticles 
comparing to AgNO3 precursor in normalised 
concentration was calculated as below: 
 

 
𝑍𝑜𝑛𝑒 𝑜𝑓𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 𝑜𝑓 𝐴𝑔𝑁𝑃𝑠 (𝐹𝑖𝑛𝑎𝑙) − 𝑍𝑜𝑛𝑒 𝑜𝑓 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 𝑜𝑓 𝐴𝑔𝑁𝑂3(𝐼𝑛𝑖𝑡𝑖𝑎𝑙)

𝑍𝑜𝑛𝑒 𝑜𝑓 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 𝑜𝑓 𝐴𝑔𝑁𝑂3 (𝐼𝑛𝑖𝑡𝑖𝑎𝑙)
  𝑥 100% 

 
 
(ii) Bacterial growth inhibition assay 
The antimicrobial effect of bacterial-synthesised 
silver nanoparticles on the growth rate of E. coli DH5-
α in suspension culture was assessed with three 
biological replicates using a bacterial growth 
inhibition assay. A single 24-hour-old colony of E. coli 
DH5-α was inoculated into 100 mL of LB broth in a 
250 mL Erlenmeyer flask. Then, 10 mL of the 
previously grown E. coli DH5- α culture was added to 
90 mL of fresh LB broth and incubated at 37˚C with 
continuous shaking at 200 rpm. Absorbance at 600 
nm was measured every 30 minutes to track the 
culture's growth and construct the growth curve for 
E. coli DH5-α. The same procedure was repeated with 
the addition of 1% (v/v) and 10% (v/v) sonicated 
bacterial-synthesised silver nanoparticles at the 
bacterial lag and log phases, respectively. A Two-way 
ANOVA was used to assess the statistical significance 
of the increase in OD within 300 minutes post-
treatment. Subsequently, a Tukey’s HSD post-hoc 
test was performed to identify significant pairwise 
differences in growth inhibition activity between 
treated and untreated bacterial cultures. All statistical 
analyses were conducted using GraphPad Prism 9.5.1 
(GraphPad Software, U.S.A.). 

 
 

RESULTS AND DISCUSSION 
 

Screening and phylogenetic identification of 
local bacteria capable of silver nanoparticles 
production 
The local bacteria that capable of producing silver 
nanoparticles have been isolated and further 
understanding is needed to identify the phylogeny of 
silver nanoparticles-producing bacteria. Figure 1 
shows the colony morphology of silver nanoparticle-
producing bacteria grown on Figure 1 (A) LB agar 
after 18 hours of incubation at room temperature, 
appearing as milky-white, irregularly shaped colonies 
with a waxy exterior. Figure 1 (B) demonstrates the 
extracellular aerobic generation of silver nanoparticles 
from cell-free supernatant as the reaction mixture 
color was changed from yellow to dark brown after 
incubation with 10 mM AgNO3 precursor for 72 
hours at room temperature and there were no changes 
in color for cell-free supernatant without AgNO3 

precursor. The color change from yellow to brown is 
a direct result of the size-dependent optical properties 
of silver nanoparticles (Link & El-Sayed, 2003). This 
change serves as an early indication that bacterial-
synthesised silver nanoparticles have formed, 
resulting from the surface plasmon resonance (SPR) 
phenomenon. In this process, conduction electrons 
on the nanoparticle surface oscillate collectively in 
response to incident light, absorbing and scattering 
specific wavelengths, which causes the color to shift 
from yellow to brown (Kannan et al., 2010). 
Furthermore, this process is also involving intensity 
concentration dependent as the intensity of the 
brown color of reaction mixture increases over time 
given a fixed concentration of AgNO3 precursor. The 
silver reduction process requires a certain length of 
time for the nucleation process to occur, and for the 
nanoparticles to grow to the desired size as the time 
taken for the optimal synthesis of silver nanoparticles 
from Bacillus cereus isolated from contaminated soil 
was at 69 hours (Ibrahim et al., 2021). Therefore, the 
change of color from yellow to darker shade in 
bacterial nanoparticle synthesis is due to the growth 
and aggregation of nanoparticles, driven by the 
reduction of precursor materials by bioactive 
compounds produced by bacteria.  

The 16s rRNA gene of the silver nanoparticle-
producing bacterium was amplified, yielding a ~1.5 
kb fragment. The fragment was then purified and 
sequenced to determine the full-length 16s rRNA 
nucleotide sequence as shown in Figure 1 (C). 
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Subsequent BLAST analysis against the NCBI 16S 
rRNA database revealed high similarity to Bacillus 
species, as supported by the phylogenetic analysis in 
Figure 1(D), which confirmed that the isolate is 
closely related to Bacillus spp., particularly B. cereus 
strain KTSMBNL, B. thuringiensis strain BTJ-S-1, B. 
cereus strain UITSAI, and B. subtilis strain Mans5. 
Moreover, silver nanoparticles-producing bacteria are 
also associated with different genera, such as 
Enterococcus faecium strains K, IMAU 10052, and 
PL11; Lactobacillus delbrueckii strain GERU3; and 
Neobacillus novalis strain HBG31. Studies have 
shown that several bacterial strains from Bacillus spp. 
are capable of producing silver nanoparticles, as 
demonstrated by the use of two mesophilic bacteria, 
B. indicus and B. cecembensis, (Shivaji et al., 2011). 
Interestingly, different bacterial strains that have the 
ability to synthesise silver nanoparticles naturally are 
isolated from different habitats rather than mangrove 
environment. For instance, metal resistant B. cereus 
isolate from electroplating industries in India 
demonstrating a potential generation of silver 
nanoparticles (Babu & Gunasekaran, 2009). From 
this observation, it is concluded the bacteria has been 
evolved with resistance to heavy metal ions or 
specifically growing in metal ion rich niche can be 
used for the purpose of factory for nanoparticles 
production. Based on the results, the 16S rRNA 
sequencing successfully narrowed down the identity 
of the unknown bacterium to the genus level. 
However, to achieve more precise species-level 
identification, further studies, such as whole-genome 
sequencing, could be undertaken for a comprehensive 
analysis of the organism's entire genetic material, 
facilitating taxonomic classification by comparing the 
complete genome to existing databases or reference 
genomes (Kweon et al., 2020). 
 
Physicochemical characterisation of bacterial-
synthesised silver nanoparticles 
The color of reaction mixture changed when the cell-
free supernatant was incubated with AgNO3 

precursor from yellow to dark brown indicated the 
nanoparticles have been formed by the reduction of 
NO- to NO2- and transferring the electron to Ag+, 
leading to conversion of Ag+ to silver nanoparticles 
(Kalimuthu et al., 2008). However, deeper 
understanding of color changes in reaction mixture 
needs to be carried out to characterise the 

nanoparticles mediated by silver nanoparticles-
producing bacteria. 
 
(i) Preliminary assessment of bacterial-
synthesised silver nanoparticles using UV-vis 
spectroscopy 
UV–vis absorption spectroscopy is a widely used 
technique for the initial characterisation of 
nanoparticle structures, as the absorption bands 
correlate with the size and aspect ratio of metal 
nanoparticles. (Smitha et al., 2008). Figure 2 (A) 
shows the UV-vis absorption peak of bacterial-
synthesised silver nanoparticles and Figure 2 (B) the 
time point absorbance peak at the wavelength of 420 
nm. Preliminary determination of bacterial-
synthesised silver nanoparticles formation from OD 
trendline in Figure 2(A) as the cell-free supernatant 
was incubated with 10 mM AgNO3 precursor and the 
distinct peak was observed at 420 nm wavelength 
meanwhile positive control of AgNO3 showed strong 
peak at the wavelength of 310 nm with lower 
absorbance value. The increased absorbance seen in 
bacterial-synthesised silver nanoparticles, compared 
to the control, is mainly attributed to the formation, 
growth, and possible aggregation of silver 
nanoparticles during the synthesis process.The 
nanoparticle synthesis process by the silver 
nanoparticles-producing bacteria may result in a 
higher concentration of nanoparticles in the solution 
compared to the control, where only AgNO3 is 
present which therefore contribute to higher 
absorbance values in the UV-vis spectrum. The 
absorbance reading shifting from positive control to 
sample indicates the bacterial-synthesised silver 
nanoparticles have been formed. The absorption peak 
of this bacterial-synthesised silver nanoparticles at 
420 nm is consistent with previous studies confirming 
successful production of silver nanoparticles from 
Streptococcus hygroscopicus showed a prominent 
and broad peak between 420 nm and 425 nm, which 
indicates the presence of silver nanoparticles 
attributed to the reduction of metal ions by secondary 
metabolites in the cells (Sadhasivam et al., 2010). 
Similarly, exploitation of Aspergillus niger isolated 
from the soil (Gade et al., 2008) and Pseudomonas 
aeruginosa (JQ989348) for silver nanoparticles 
synthesis showed 420 nm peak respectively 
(Ramalingam et al., 2014). The raw data of this assay 
is in Supplementary 1. 
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A 

 

C 

 

 
B 

 
  
D  

 
 
Figure 1. Phylogenetic identification of silver nanoparticles-producing bacteria. (A) Colony of silver nanoparticles-
producing produced irregular, milky-white colonies with waxy exterior morphology. (B) Comparison of bacterial-
synthesised silver nanoparticles in reaction mixture incubating with 10 mM final concentration of AgNO3 precursor 
at 72 hours post incubation and cell-free supernatant without precursor as a control. The reaction mixture depicted 
a change in media color from yellow to dark brown, indicating formation of the nanoparticles. (C) Sequencing result 
of purified 16s DNA sequence from isolated bacteria. (D) Phylogenetic tree construction of silver nanoparticles-
producing bacteria. The isolated bacteria are closely-related to the Bacillus spp., as it falls in to Bacillus clade. 
 
 
 
 
 

>Bacterial-synthesised silver nanoparticles  

CGGACTTGCAGCGTAATATACATGCAGTCGAGCGAATGGATTAAGAGTTCTC

TTATGAAGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCATA

AGACTGGGATAACTCGGGAAACCGGGGCTAATACCGGATAACATTTTGAAC

CGCATGGTTCGAAATTGAAAGGCGGCTTCGGCTGTCACTTATGGATGGACC

CGCGTCGCATTAGTCTAGTTGGTGCAGCTAACGGCTCACCAAGGCAACCAT

GCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGG

CCCAGACTCCTACGGGAGGCAGCAGTACGGAATCTACCGCAATGGACGAA

AGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGCTATCGGGTCGTAAA

ACTCTGTTGTTAGGGAAGAACAAGTGCTAGTTGAATAAGCTGGCACCTTGA

CGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCAGTA

ATACGTAGGTGGCAAGCGTTATCCGGAATTACTGGGCGTAAAGCGCCGCGC

AGCTGGTCTTCTCAAGTCTGATTGTGAACAGCCCACGGCTCAACCGCTGGA

GGGTCATTTGAAACTGGGAGACTTGAATGGCAGAAGGAGGAAAGTGGAATT

ACATGTGTACCGGTGAAATGCCGAAAAGATATGGAGGAACCACCAGTAGCG

AAGGCGACTTTTCTGGTCTGTAACCGACACTGAGGCGGCGAAAGCCTGGG

GAGCAAACCAGGATTAGGATACCCTGGTACGTCCACGCCGGAAACGAAGA

AGTGCTTAAGTGTAAGAGGGTTTCCGCCCTTTAGTTGCTGAAGGTTAACCC

ATTAAGCAATTCCCCCTGGGGAGTACCGCCGGCAAGGCTGAAAATCCAAAG

GAAATAGACCGGGGGCCCGCACAGCCGTGGAACCATGTGGTTAAATTCGG

AAGCAACGCGAAGGAACCTTACCAGGTCTGACATCCTCTGGACACCCCAAA

AAATAGGCTTCTCCCTCAGGGAGCAGAATGACCAGTGGTGCCATGGTTGTC

GTTCAGCTCGGGTTCAGTGAGAAGTATGCGTTAAAGTCCTGCCACGAAGCG

CCACCCCTGGATCTTTAGTGACATCATCTAATTGGGCACATCTTAAGGGGAC

TCCCGGGACCAACCGGGAGGAAGCGTGGAGAGGACCTCAAATCATCCATC

ACCCCTTATGACCTTGGCTTCACCACCTTGCTCCAAGGACCGGTCCAAAGA

GCTGCACAGAACCCCCAAGTGGGAAGTTATTTTCAAAAACCCTTTTCCATTT

GGGATGGTAGGTGCCAATTGCCCACCAGGAGGCGGAATTCGTTGGTATTCG

GGATTCACCAGCCCCCGGTAAAAAGTTTCCCGGCCCTGGACACCCCCCCC

CTTCCCACCCCGGAATTTGTAACCCCCGGAGTTGGTTGGGGAACCCTTTG

GAGCCAGCCGCCTAATATAATCAGAGGTTCG 

Control 72 hours 
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The incubation time for silver ions from AgNO3 
precursor to be converted into silver nanoparticles 
was depicted in Figure 2 (B). The time point 
absorbance at the wavelength of 420 nm starting from 
zero hour to 72 hours as the value trend declines 
across incubation time. A prolonged incubation time 
induces nanoparticle aggregation. This phenomenon 
causes size increment and alters the scattering 
properties of the nanoparticles, leading to a decrease 
in the OD reading (Bu & Lee, 2012). In addition, the 
reaction kinetics may almost reach a saturation point 
or equilibrium, causing the rate of silver nanoparticles 
formation to slow down. This could be reflected in a 
reduction of OD reading as the reaction progresses. 
This rate of reduction of Ag+ ions, when limited, 
directly impacts the OD during the reaction process 
(Tatarchuk et al., 2013). Extending the incubation 
time silver nanoparticles formation may cause 
completion of the reduction reaction, reaching a point 
of equilibrium where the concentration of reactants 
and products remains relatively constant. This could 
result in a plateau OD reading in the graph (Kamala 
Nalini & Vijayaraghavan, 2020). Other than that, 
prolonged time of the reaction mixture may not 
significantly contribute to the formation of silver 
nanoparticles or improve desired properties in terms 
of nanoparticle yield or quality. This was supported 
by a study on silver nanoparticle synthesis using Musa 
balbisiana leaf extract. The reaction mixture was 
incubated for a range of zero to 120 hours, revealing 
that an incubation time of 72 hours is optimal for 
both the synthesis and stability of the silver 
nanoparticles. Over time, the color intensity and 
absorbance at 420 nm gradually increased until the 72-
hour timepoint, after which both parameters 
remained nearly constant (Dave et al., 2022). The raw 
data of this assay is in Supplementary 2.  
 
(ii) Particle size distribution and polydispersity 
analysis of bacterial-synthesised silver 
nanoparticles using DLS  
The DLS curve showing silver nanoparticles have 
been produced as a single and narrow pattern of bell-
shaped curve of bacterial-synthesised silver 
nanoparticles sample indicated a well-defined with 
less polydisperse nanoparticles as shown in Figure 3 
(A). Multiple replicates were performed to ensure 
reproducibility, as shown in Figure 3(B). DLS 

measurements gave the value of the PDI and 
hydrodynamic diameter in z-average (nm) value 
together with standard deviation (SD) for respective 
data of the bacterial-synthesised silver nanoparticles. 
The data was obtained from six biological replicates 
with three technical replicates each. The raw data is in 
the Supplementary 3. 

Based on Figure 3 (B), the average hydrodynamic 
diameter was 139.73±13.63 nm, representing the 
diameter of the nanoparticles that were most 
abundant in the colloidal solution. The low PDI value 
of 0.2±0.05 indicates a uniform particle size 
distribution, reflecting the homogeneity of the 
nanoparticle sizes. Both results support that the DLS 
measurements of the bacterial-synthesised silver 
nanoparticles demonstrate uniform particle size and 
distribution in the colloidal solution.These findings 
are comparable to extracellular synthesis of silver 
nanoparticles by bacteria such as Pseudomonas 
stutzeri as the silver nanoparticles were built up just 
about 200 nm in diameter and of a definite 
composition and shape (Beyene et al., 2017). 
Salmonella thypirium was proven to biosynthesis of 
silver nanoparticles as the DLS result showed 129.30 
nm size with PDI 0.13 value, indicating 
monodispersed silver nanoparticles have been 
formed (Ghorbani, 2013). Other than that, some 
studies showed lower values with less than 100 nm 
diameter of silver nanoparticles with less than 0.50 
PDI values (Modi et al., 2015). 
 
(iii) Morphological and particle characterisation 
of bacterial-synthesised silver   nanoparticles 
using FESEM and TEM 
Nanoparticle characterisation using FESEM and 
TEM are the common methods for analysis of surface 
morphology of nanoparticles. Figure 4 depicts 
FESEM images of the surface morphology of Figure 
4(A) cell-free supernatant of silver nanoparticles-
producing bacteria while Figure 4(B) is the AgNO3 
precursor diluted with sterile distilled water at 10 mM 
concentration. The successful formation of bacterial-
synthesised silver nanoparticles has shown in Figure 
4(C) and Figure 4(D) at two different magnifications. 
TEM micrographs of bacterial-synthesised silver 
nanoparticles were shown in Figure 4 (E) and (F) at 
magnifications of 50 000x and 100 000x respectively 
using an electron beam accelerating at 100 keV. 
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        A 

 
         
       B 

 
 
Figure 2. Preliminary assessment of bacterial-synthesised silver nanoparticles formation. The line graph shown in 
(A) from UV-vis spectroscopy after the cell-free supernatant of bacterial producing silver nanoparticles incubating 
with 10 mM AgNO3 precursor after 72 hours in a wavelength range of 300 to 600 nm. The distinguishable 
absorbance peak was observed at around 420 nm for bacterial-synthesised silver nanoparticles meanwhile positive 
control comprising LB media incubated with 10 mM AgNO3 precursor showed absorbance peak at 310 nm with 
lower absorbance reading. (B) is the time point absorbance at the wavelength of 420 nm starting from zero hour to 
72 hours as the trend declines across incubation time. The symbol of “*” indicates significance with p < 0.05; “**”: 
p < 0.01; “***”: p < 0.001; p < 0.0001 and ns: not significant. 
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                                     A 

 
                                     B 

AgNPs z-average (nm) PDI 

B1 146.03 0.21 
B2 147.53 0.21 
B3 149.50 0.21 
B4 127.30 0.18 
B5 118.00 0.15 
B6 150.03 0.28 

Mean 139.73 0.20 

SD 13.63 0.05 
 

 
Figure 3. Size and polydispersity of bacterial–synthesised silver nanoparticles analysis in solution via DLS. (A) is 
the successful formation curve of bacterial-synthesised silver nanoparticles showing size distribution and PDI value 
and (B) depicted the average of hydrodynamic diameter (nm) and PDI value of bacterial-synthesised silver 
nanoparticles replicates. 
 
 

Interpreting from the Figure 4, there are 
significant morphological trends among all samples. 
Figure 4 (A) shows a big clump of irregular shape 
from a cell-free supernatant of silver nanoparticles-
producing bacteria meanwhile Figure 4 (B) is the 
photograph of AgNO3 precursor at 10 mM 
concentration showing rectangular lattice shape with 
the size about 1 µm. Figure 4 (C) is the final form of 
bacterial-synthesised silver nanoparticles with 
uniform spherical shapes with minor aggregation 
after incubating the cell-free supernatant with AgNO3 

precursor at 10 mM after 72 hours and Figure 4 (D) 
is the image of bacterial-synthesised silver 
nanoparticles with higher magnification as we can 
conclude the size of bacterial-synthesised silver 
nanoparticles is less than 25 nm with slight 
differences in range. Ideally, the size of nanoparticles 
in FESEM should be equivalent with the result of z-
average in DLS measurement. However, the FESEM 

result showed otherwise as the diameter size of 
bacterial-synthesised silver nanoparticles are smaller 
than the size depicted in the DLS result. This is due 
to the aggregation of silver nanoparticles that has 
occurred in colloidal solution prior to DLS analysis. 
A closer look at this sample Figure 4 (D) at high 
magnifications of 200 000x postulates smaller, sphere 
shaped of bacterial-synthesised silver nanoparticles 
were observed. These findings are similar to where 
the hydrodynamic diameter of silver nanoparticles 
synthesised by B. thuringiensis, E. coli, 
Staphylococcus aureus, and Salmonella typhimurium 
from DLS analysis were larger than FESEM results 
respectively (Verma et al., 2018). 

While FESEM offers essential details on 
nanoparticle shape and surface topology, TEM allows 
for the visualisation of the cross section of a thin 
sample using phase contrast imaging (Egerton, 2011). 
The TEM micrograph of bacterial-synthesised silver 



Mohd Hatta et al. (2025), AsPac J. Mol. Biol. Biotechnol 33 (4): 74-93 

 

84 

 

nanoparticles in Figure 4 (E) resembled uniform and 
monodisperse spherical shape bacterial-synthesised 
silver nanoparticles surrounded by membrane-like 
structure produced by silver nanoparticles producing 
bacteria and (F) depicting the size of bacterial-
synthesised silver nanoparticles with less than 20 nm, 
slightly smaller than FESEM images in Figure 4 (D). 
Ideally, the size of nanoparticles shown in FESEM 
should be similar with observations from TEM 
images. However, the average particle size of 
bacterial-synthesised silver nanoparticles depicted in 
FESEM images were slightly greater than the sizes 
measured in TEM images. This was due to the signals 
in TEM used for particle size measurement come 
from the core of the metallic nanoparticles and pass 
through the surface organic layer. In contrast, 
FESEM takes into account the organic residues on 
the nanoparticle surface, which must be considered 
when measuring the particle size at the surface (Eaton 
et al., 2017). Another interesting observation in TEM 
micrographs at high magnification was the existence 
of layers surrounding the bacterial-synthesised silver 
nanoparticles. The aggregated nanoparticles depicted 
in the figure do not have direct contact with one 
another due to the fact that nanoparticles are 
stabilised by capping proteins secreted from bacteria. 
It is also postulated that Cytochrome C is the enzyme 
that may play an important role as capping agent 
which will affect the stability of silver nanoparticles 
formed by this process as the formation is quite stable 
for a period of five months at room ambient 
temperature (Abdeen et al., 2014). 
 
(iv) Elemental composition assessment of 
bacterial-synthesised silver nanoparticles using 
EDX 
The EDX microanalysis is an elemental analysis 
technique corresponded with electron microscopy 
based on the generation of characteristic X-rays that 
reveals the presence of elements present in the 
specimens. Figure 5 shows the EDX spectrum 
representing the elemental peak comparison of Figure 
5 (A) cell-free supernatant, Figure 5 (B) AgNO3 

precursor, and Figure 5 (C) bacterial-synthesised 
silver nanoparticles. Figure 5 (D) tabulates the 
elemental breakdown of cell-free supernatant, 
AgNO3 precursor and bacterial-synthesised silver 
nanoparticles respectively. The EDX analysis 
provides both qualitative and quantitative 
information as the position of a peak in the spectrum 
and its energy identifies the element as depicted in 
Figure 5 (A), (B) and (C).  

Figure 5 (D) illustrates the EDX elemental 
breakdown of bacterial-synthesised silver 
nanoparticles comparable to cell-free supernatant and 
AgNO3 precursor as controls in atomic percentages. 
The composition of cell-free supernatant mainly 
consists of polysaccharides and proteins as elements 
like C (45.03%), O (31.29%), N (15.17%), S (0.36%), 
and P (0.29%) with salt residues such as Na (2.35%), 
Cl (2.05%) and K (1.11%) present in the analysis. 
Chemical elements present in AgNO3 precursor 
solutions primarily involve Ag (42.06%), followed by 
O (23.81%) and S (26.02%) elements. Multiple peaks 
such as C (3.99%), O (36.74%), S (2.57%) and Cl 
(4.23%) elements were present besides Ag (27.41%) 
in solution containing bacterial-synthesised silver 
nanoparticles. It was postulated that the bacterial-
synthesised silver nanoparticles were surrounded by 
organic substances originating from cellular and 
media components from cell-free supernatant as the 
same elements but differs in atomic weight 
percentage were also present in the cell-free 
supernatant. This observation corresponded with the 
presence of layer covering bacterial-synthesised silver 
nanoparticles as shown in TEM micrograph Figure 4 
(E) and (F), as the biofilm layers are the byproducts 
of bacterial synthesised silver nanoparticles. This 
discovery comparable with another study using 
Spirulinamethanolic extract (SME) as the TEM 
analysis revealed the presence of organic layer 
surrounding the silver nanoparticles and overall 
analysis results indicated that the bioactive molecules 
from SME would play a major role in the synthesis, 
capping and stabilisation of Ag+ (LewisOscar et al., 
2021). On the other hand, the presence of component 
C (3.99%) is from the cell-free supernatant, suggests 
fabrication of bacterial-synthesised silver 
nanoparticles. High atomic percentage of O (36.74%) 
are partially originated from air atmosphere (El-
Saadony et al., 2019). 

Elements such as S (2.57%) and Cl (4.23%) were 
also detected, likely indicating the presence of organic 
residues generated by bacteria. This observation is as 
supported by another study where the presence of S 
and Cl were reported in silver nanoparticles generated 
using Bacillus siamensis strain C1, isolated from the 
medicinal plant Coriandrum sativum (Ibrahim et al., 
2019). Therefore, the purity of bacterial-synthesised 
silver nanoparticles should be improved by removing 
the biofilm layer surrounding nanoparticles. Al 
element was present in all samples as the samples 
were prepared on aluminium stubs prior to analysis.
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Figure 4. Morphological and particle analysis via FESEM images and TEM images. (A) demonstrated a clump and 
irregular shape of cell-free supernatant of silver nanoparticles-producing bacteria; (B) lattice shape of AgNO3 
precursor at 10 mM concentration with the size about 1 µm; (C) aggregation of bacterial-synthesised silver 
nanoparticles with uniform spherical shapes; (D) higher magnification of bacterial-synthesised silver nanoparticles 
as each nanoparticle have a diameter of less than 25 nm; (E) showed uniform and monodisperse spherical shape 
bacterial-synthesised silver nanoparticles surrounded by membrane-like structure produced by silver nanoparticles-
producing bacteria; (F) depicting the size of bacterial-synthesised silver nanoparticles with less than 20 nm, 
comparable with FESEM images. 
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In this analysis, the amount of Ag in atomic 
percentage produced in bacterial-synthesised silver 
nanoparticles (iii) were 27.41%. Comparatively, the 
atomic percentage amount of Ag in another studies 
varies among microorganisms. For instance, 
biosynthesis of silver nanoparticles using strains such 
as E. coli, Bacillus megaterium, Acinetobacter sp. and 
Stenotrophomonas maltophilia resulted less than 
10% of atomic percentage in Ag element (Zaki et al., 
2011). Meanwhile, another study reported a high 
atomic percentage of Ag element at 91.80% produced 
by the endophytic bacterium B. siamensis strain C1 
(Ibrahim et al., 2019). In comparison, a reduction of 
percentage atomic weight Ag was observed in 
bacterial-synthesised silver nanoparticles from 
42.06% in solution of AgNO3 precursor to 27.41% in 
solution of bacterial-synthesised silver nanoparticles.  

In this analysis, a conversion rate of Ag elements 
was calculated with some modifications. The degree 
of conversion of silver was determined as the 
difference between initial concentration and the final 
concentration of silver (Długosz & Banach, 2019). 
Therefore, the conversion rate of silver amount in 
bacterial-synthesised silver nanoparticles was 34.83%. 
Referring to the conversion rate value, low yield of 
bacterial-synthesised silver nanoparticles is influenced 
by a combination of factors. Concentration of 
AgNO3 as a precursor should be considered to 
increase as there are more silver ions for reduction 
process. However, optimal concentration range need 
to be determined for this specific bacterial strain as 
excessive substrate concentration can lead to 
deformed nanoparticles formation. Other than that, 
higher concentration of catalyst such as nitrate 
reductase enzymes can facilitate in reduction process 
more efficiently to achieve higher nanoparticles yield. 
This can be achieved by determining the optimal 
growth rate of silver nanoparticles-producing bacteria 
to harvest more catalyst (Ibrahim et al., 2021). 
However, the low rate of conversion might be 
attributed to bacterial species or strain that are being 
used to synthesise silver nanoparticles as different 
bacterial species or strains have varying abilities to 
produce silver nanoparticles. Some bacteria are 
naturally better suited for this process due to their 
specific metabolic pathways or the presence of unique 
enzymes. Since this silver nanoparticles-producing 
bacteria was naturally evolved and not–well-adapted 
to have nanoparticle synthesis ability may result in 
lower yields. 
 
Antimicrobial potential of bacterial-synthesised 
silver nanoparticles 
The antimicrobial potential of these bacterial-
synthesised silver nanoparticles was tested against 

Gram-negative E. coli DH5-α using a disk diffusion 
assay and was found to be comparable to 
conventional antibiotics. Additionally, the same 
bacterial strain was tested in suspension to determine 
the growth inhibition rate of the bacterial-synthesised 
silver nanoparticles using a bacterial growth inhibition 
assay. The data obtained from these assays will be 
instrumental in enhancing the antimicrobial 
properties of bacterial-synthesised silver 
nanoparticles in the future, potentially broadening 
their effectiveness against a wider range of bacteria 
and other antimicrobial agents. 
 
(i) Growth inhibition zones of E. coli treated with 
bacterial-synthesised silver nanoparticles 
Figure 6 (A) shows the growth inhibition zones value 
of the disk diffusion assay to perform preliminary 
evaluation of the antimicrobial potential of bacterial-
synthesised silver nanoparticles against gram-negative 
E. coli DH5α strain. Figures of the agar plate can be 
found in Supplementary 4. Figure 6 (B) is the 
secondary data generated from (A) to relatively 
compare the killing efficiency of silver between 
AgNO3 precursor and bacterial-synthesised silver 
nanoparticles, with normalised concentration. 
Detailed calculations are provided in Supplementary 
5. The secondary data from Figure 6 (B) was 
generated from the elemental composition analysis as 
described in Figure 5 (D). The amount of Ag in 
atomic weight percentage for AgNO3 were not similar 
with the bacterial-synthesised silver nanoparticles as 
described in Figure 5 (D). In addition, the conversion 
rate of 34.83% was defined as 100% of Ag amount in 
AgNO3 was not totally converted into bacterial-
synthesised silver nanoparticles. Therefore, the 
secondary data from Figure 6 (B) was generated to 
provide a fair comparison of the antimicrobial 
efficiency between bacterial-synthesised silver 
nanoparticles and AgNO3. 

Based on Figure 6 (A), there was no inhibition 
ring exhibited on E. coli DH5α strain culture when 
treated with blank disk and distilled water. Similarly, 
there was no growth inhibition in the E. coli DH5α 
bacteria treated with 2 ug/mL ampicillin, indicates 
resistance to ampicillin based on CLSI guidelines 
(Adapted in part from CLSI document M100-S23 
(M02-A11). This example of resistance development 
of E. coli DH5α to ampicillin will raise public health 
concern as if someone becomes infected with 
ampicillin-resistant bacteria, the commonly used 
ampicillin antibiotic will be no longer useful. The 
range of available treatment options becomes 
narrower, harder to control widespread infections and 
hospital treatment will be costly. 
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Elements Atomic weight percentage (%) 

(i) Cell-free 
supernatant 

(ii) AgNO3 
precursor 

(iii) Bacterial- 
synthesised silver 
nanoparticles 

Carbon (C) 45.03 0.00 3.99 
Nitrogen (N) 15.17 0.00 0.00 
Oxygen (O) 31.29 23.81 36.74 
Sodium (Na) 2.35 0.00 0.00 
Aluminum (Al) 2.36 8.11 27.72 
Phosphorus (P) 0.29 0.00 0.00 
Sulphur (S) 0.36 26.02 2.57 
Chlorine (Cl) 2.05 0.00 4.23 
Potassium (K) 1.11 0.00 0.00 
Silver (Ag) 0.00 42.06 27.41 

Figure 5. The elemental composition of targeted samples using EDX. The elemental peaks were showed in (A) 
cell-free supernatant, (B) AgNO3 precursor, and (C) bacterial-synthesised silver nanoparticles; (D) shows 
quantitative elemental breakdown comparison of bacterial-synthesised silver nanoparticles alongside with cell-free 
supernatant and AgNO3 precursor as controls. The EDX result showed the Ag element was present together with 
organic residues derived from cell-free supernatant prior to generation of bacterial-synthesised silver nanoparticles. 
 
 

However, the bacteria were found to be 
susceptible towards the other class of antibiotic used 
such as kanamycin at the concentration of 30 ug/mL 
as shown by the largest inhibition zone of 1.93±0.12 
cm. Even though kanamycin has the highest 
antimicrobial activity, there are a few E. coli strains 
that are proven to confer resistance towards 
kanamycin. For instance, there are pathogenic strains 
of E. coli that can naturally exhibit resistance to 

kanamycin and other classes of antibiotics over time 
and these strains can possess significant public health 
concerns as limited treatment options in clinical 
settings. For example, some strains of Shiga toxin-
producing E. coli exhibit resistance to kanamycin and 
have been associated with outbreaks of foodborne 
illness (Galarce et al., 2020). Extraintestinal 
pathogenic E. coli strains have been reported to be 
resistant to kanamycin and cause urinary tract 

D 
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infections, bloodstream infections, and other 
infections related to gastrointestinal tract (Ukah et al., 
2018). Therefore, it is crucial to find an alternative 
solution to overcome antimicrobial resistance.  

It was known that the presence of silver in silver 
nanoparticles can cause disruption of cell membrane, 
interference with DNA replication, enzymes 
inhibition, and generation of reactive oxygen species 
(ROS) of the bacteria (Rodrigues et al., 2024). 
Therefore, this test is to compare the mechanistic 
antimicrobial action of bacterial-synthesised silver 
nanoparticles with Ag+ from AgNO3 precursor. The 
results shown in Figure 6(A) indicated an inhibition 
ring of 1.03±0.06 cm for the AgNO3 precursor and 
0.87±0.12 cm for the bacterial-synthesised silver 
nanoparticles. These results suggested that Ag+ ions 
from the AgNO3 precursor exhibit higher 
antimicrobial activity than the nanoscale silver in the 
bacterial-synthesised silver nanoparticles. However, 
there were reports suggesting that the inhibition 
effect of silvers nanoparticle were depends on the 
concentration of silver nanoparticle and the initial 
bacterial number (Dong et al., 2019; Wirth et al., 
2016). After normalised the concentration between 
Ag+ from AgNO3 and silver nanoparticles, the 
antimicrobial activity efficiency of bacterial-
synthesised silver nanoparticles are superior than 
AgNO3 precursor as shown in Figure 6 (B), given 
normalised concentration in millimolar (mM) and the 
signs of asterisks (*) are the calculated data. The initial 
concentration (mM) was derived from the conversion 
rate as described in methodology. In the same 10 mM 
concentration of AgNO3 precursor and bacterial-
synthesised silver nanoparticles, the bacterial-
synthesised silver nanoparticles confer a higher zone 
of inhibition of 2.58 cm (calculated data) than AgNO3 
precursor at 1.03 cm zone of inhibition. The same 
trend was observed in 3.48 mM concentration, as the 
larger inhibition zone of 0.9 cm in bacterial-
synthesised silver nanoparticles than AgNO3 
precursor, which only 0.36 cm (Figure 6B).  

Subsequently, the rate of killing efficiency of 
bacterial-synthesised silver nanoparticles was 150.5% 
which also means 1.5 times higher than non-nano 
silver in AgNO3 precursor. This is due to the 
extremely small size in nano-dimension of silver, with 
larger surface area per volume ratio, so more atoms 
can interact with bacteria and subsequently enhance 
the superior antimicrobial properties of silver 
comparative to different mechanism of action as the 
presence of Ag+ ions induced by AgNO3. A 
comparison study of mechanism of actions between 
chemically-synthesised silver nanoparticles (8 and 29 
nm) and AgNO3 with the same concentrations of 
10µg/mL was also conducted. However, there are no 
inhibition zones observed in different E. coli (Trans 

1-T1) strain when treated with 8 and 29 nm of 
chemically-synthesised silver nanoparticles while 10 
mm of inhibition zone was recorded when the 
bacteria treated with AgNO3 (Mosselhy et al., 2015). 
This project can be advantageous and high potential 
as the bacterial-synthesised silver nanoparticles still 
have the antimicrobial effect towards gram-negative 
E. coli, but the establishment of the test need to be 
done by normalising and widening the concentration 
range, together with antimicrobial assessment with 
wide-range of bacteria. Next, the susceptibility profile 
of E. coli DH5-α was evaluated using the CLSI M100 
guideline, which helped classify the organisms as 
susceptible, intermediate, or resistant to each 
antimicrobial agent tested, based on the various 
interpretative criteria for susceptibility. 
 
(ii) Bacterial growth inhibition assay 
In this assay, lag phase and log phage cells were 
examined to assess the effect of nanoparticles on cell 
doubling and suppression of bacterial proliferation, 

respectively. In both tests, E. coli DH5-ɑ were treated 
with different concentration of nanoparticles, with 
raw result data in Supplementary 6. Referring to 
Figure 7(A), the bacterial culture treated with 1% 
(v/v) bacterial-synthesised silver nanoparticles in 
both the lag and log phases showed a non-significant 
increase in bacterial growth, despite having a higher 
OD reading than the untreated control culture. This 
might due to the negligible 1% (v/v) concentration 
which has no effect on the bacterial growth. 
However, when the concentration of bacterial-
synthesised silver nanoparticles was increased to 10% 
(v/v), bacterial growth was inhibited by 50% in 
comparison to the normal growth curve. This 
indicates that 10% (v/v) concentration is enough to 
inhibit the growth of bacteria in suspension as OD 
increased is significantly less than 1% treatment in 
both lag and log phases as shown in Figure 7(B). 
From this study, the low concentration of 1% (v/v) 
did not affect the growth of the bacteria. This might 
due to the low amount of atomic weight percentage 
and conversion rate of silver in bacterial-synthesised 
silver nanoparticles comparable to silver in AgNO3 as 
discussed in Figure 5 (D). This observation aligns 
with a study evaluating E. coli and B. subtilis growth 
using chemically-synthesised citrate-capped silver 
nanoparticles at different concentrations of 10, 30, 
and 50 mg/mL. In E. coli, it shows a similar 
concentration-dependent response as observed in this 
assay. However, B. subtilis showed less susceptibility, 
likely due to its thicker peptidoglycan layer (Kim et al., 
2011). Comparatively, the growth of Cupriavidus 
necator H16 was evaluated when treated with 
spherical silver nanoparticles. Low amount of 20 
µg/mL of silver nanoparticles did not have any effect 
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on the growth of C. necator. However, when the 
concentration of silver nanoparticles was increased to 
60 µg/mL, the growth in C. necator cultures was 
significantly inhibited (Schacht et al., 2013). Another 
similar observation was reported, where a high 
concentration of bacterial-synthesised silver 
nanoparticles significantly reduced the growth rate of 
E. coli compared to a lower concentration, which 
aligns with the results obtained in this assay (Bao et 

al., 2015). Possible inhibition mechanism of bacterial-
synthesised silver nanoparticles in suspension culture 
is due to the aggregation surrounding bacteria cells 
followed by nanoparticles uptake and dissolution of 
Ag+ to disrupt the cell membrane comparing to the 
effect on direct Ag+ in silver alone. This was proven 
by the electron microscopy micrograph picturing the 
accumulation of silver nanoparticles covering the 
membrane of the bacteria (Kim et al., 2011). 

 

 
 

 
 

*Adapted in part from CLSI document M100-S23 (M02-A11): Performance standards for antimicrobial susceptibility testing 

 

 
Asterisk (*) symbol represents calculated data  

Figure 6. Antibacterial evaluation of bacterial–synthesised silver nanoparticles. (A) quantitative data of the disk 
diffusion assay in triplicate against E. coli DH5α strain as there was no growth inhibition in E. coli DH5α when tested 
with negative controls such as blank disk and distilled water together with ampicillin (2 ug/mL). Kanamycin (30 
ug/mL) possessed the largest inhibition zone 1.93±0.12 cm followed by AgNO3 precursor (10 mM) and bacterial-
synthesised silver nanoparticles. Statistical analysis was conducted to compare the effects of treatment with silver 
nanoparticles to those of distilled water (Negative control). “*” indicates significance with p < 0.05; “**”: p < 0.01; 
“***”: p < 0.001; p < 0.0001 and ns: not significant. (B) is the comparison of killing efficiency rate between AgNO3 
(AgNO3 precursor) and AgNPs (bacterial-synthesised silver nanoparticles), given the normalised concentration. It 
is postulated that the killing efficiency of silver contained in bacterial-synthesised silver nanoparticles is higher than 
in AgNO3 precursor because of the distinct nano dimensions of bacterial-synthesised silver nanoparticles which 
contributes to higher efficiency rate of killing. 

Clinical and Laboratory Standards Institute (CLSI) guidelines 
 Antibiotic (ug) Test Cultures (zone diameters in mm) 

Resistant Intermediate Susceptible 

Ampicillin (10 ug) ≤13 14-16 ≥17 
Kanamycin (30 ug) ≤13 14-17 ≥18 

Asterisk (*) symbol represents calculated data  

B 

* 
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Predictably, higher content of Ag in atomic 
weight percentage in bacterial-synthesised silver 
nanoparticles to inhibit the growth of targeted 
bacteria cells. However, it is important to determine 
the optimal concentration used, especially in 
biomedical applications as toxicity results should be 
conducted carefully to be suitable alternative to other 
therapeutics. In addition, the environment in which 
nanoparticles are exposed can influence their 
properties and, consequently, their antimicrobial 
activity. In both assays, the bacterial-synthesised silver 
nanoparticles have been exposed to LB medium, 
which contain electrolytes comparing with distilled 
water. Previous study reported that the presence of 
salts such as potassium chloride and sodium chloride 
in growth media induced the aggregation of 
nanoparticles and forming clusters immediately, 
which changes their size and surface properties 
(Meyer et al., 2010). The aggregation caused by the 
salts in the LB medium might enhance the 
nanoparticles' interactions with bacterial cell walls, 
possibly due to larger clusters being more reactive in 
this environment. The hydrodynamic diameter of 
silver nanoparticles in LB medium was also recorded 
in DLS to be two to three times greater than the 
hydrodynamic diameter of silver nanoparticles in 
water (Kim et al., 2011). Therefore, the aggregation 
and size increase due to the electrolytes in LB medium 
influence the nanoparticles' surface area, reactivity, 
and interaction with microbes, potentially enhancing 
their antimicrobial action. 

 
 

CONCLUSION 
 
The silver nanoparticle-producing bacteria were 
identified as closely related to Bacillus strains by 
phylogenetic analysis. UV-vis spectrometry showed a 
peak at 420 nm, confirming nanoparticle synthesis, 
while DLS revealed an average size of 139.73 nm, and 
electron microscopy confirmed nanoparticles were 
less than 25 nm, surrounded by biofilm layers. 
Antimicrobial tests demonstrated that the 
nanoparticles inhibited E. coli DH5-α growth by 50% 
at a 10% concentration and were 1.5 times more 

effective than AgNO₃ at normalised concentration, 
suggesting their potential to complement antibiotics 
in addressing antimicrobial resistance. 
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