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ABSTRACT

Bacteria resistance to conventional antibiotics has made researchers look for other possible alternatives which
include the use of nanoparticles, plant extracts, production of bacteriocin, organic acids etc. This study is
focused on biosynthesizing AgNPs using secondary metabolite of Pseudomonas aeruginosa, characterize and
evaluate its effectiveness against selected bacteria pathogens. FTIR, UV-visible spectroscopy, TEM analyses
were used to characterize, agar disk diffusion method was employed for antibacterial sssay. Bacterial
pathogens used include Escherichia coli, Serratia liquefaciens, Bacillus subtilis, Pseudomonas aeruginosa,
Citrobacter freundii, Staphylococcus aureus, Klebsiella pneumoniae, Enterobacter cloacae, Yersinia enterica
and K. oxytoca. Colour change to dark brown indicates AgNPs synthesis. UV-vis spectrophotometer revealed
peak absorbance 2.082 A at 410 nm, FTIR analysis revealed highest peak at 3458.58. Synthesized AgNPs size
obtained ranged between 10.02 nm and 1.47 nm. Antibacterial assay result showed that AgNPs was effective
against seven pathogens with P. aeruginosa (21.7 mm) as the most susceptible. E. coli and K. oxytoca were
the most resistant with susceptibility to one antibiotic each while E. coli showed little susceptibility to AgNPs.
All isolates showed resistance to more than half of the antibiotics used hence making them multidrug-resistant

strains. In this study, it was observed that AgNPs were as effective as the antibiotics used.
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INTRODUCTION

The use of different approaches in nanoparticles synthesis has
been outlined severally with numerous physical and chemical
techniques available for this process, delivering high rate of
production, regulated size and shape of nanoparticles.
However, the limitations of these approaches, including high
energy and capital loss, unhealthy nature and large bio-waste
generation play a key role in scaling up production
commercially (Bhardwaj et al., 2020), hence elevating the use
of biological, ecofriendly and non-toxic greener approach.
Synthesis of nanoparticles through biogenic means can be
carried out using sources like plants and animal parts as well
as microorganisms. The ability of microorganisms to produce
many distinct nanostructures has increased the interest of
researchers in utilizing them in nanoparticles synthesis for
purposes. Through biologically mediated and induced
synthesis, bacteria and fungi can generate inorganic
molecules (Moitra et al., 2020). This induced synthesis from
biological source has also help scientists synthesize inorganic
nanomaterials from metallic compounds, while also offering
vast range of compositions widely studied with relevance in
fields like engineering, medicine, food and agriculture,
pharmaceuticals, environmental remediation and Cosmetics.
However, biological synthesis is still limited in terms of
scalability of the production process, and particle size
controllability (Fang et al., 2019).

Diverse microorganisms usually interact uniquely with metal
compounds during nanoparticles synthesis. For instance,
bacteria and fungi have the capability of intra and
extracellular production, with both processes having unique
pathways. Among the bacteria and fungi genera reportedly
used in nanoparticles synthesis include Lactobacillus
(Mathivanan et al., 2019), Pseudomonas (Tabassum et al.,
2024), Bacillus (Patil et al., 2019), Staphylococcus (Rauf et
al., 2017), Aspergillus (Otuyelu et al., 2025), Fusarium
(Soliman et al., 2024), Trichoderma (Herrera Pérez et al.,

2024) etc. Currently, studies are ongoing to further understand
the principle behind microbial synthesis of nanoparticles by
microbes as it involves dissolvability and toxicity
modifications, bioaccumulation, bioadsorption, metals
precipitation and metal ion efflux system as compared to
physicochemical methods. (Karnwal et al., 2024).
Nanoparticles are synthesized into different types depending
on the metal and metal oxides involved, they include copper
oxide nanoparticles (CuONPs), zinc oxide nanoparticles
(ZnONPs), silver nanoparticles (AgNPs), iron oxide
nanoparticles (FeONPs), gold nanoparticles (AUNPs) among
others with some being reportedly good antimicrobial agents
(Boroumand et al., 2019; Soliman et al., 2023). Silver
nanoparticles (AgNPs) are a crucial and intriguing
nanomaterial among numerous metallic nanomaterials used in
biomedical applications (Zhang et al., 2016). Its broad
antibacterial efficacy has been found against both Gram
positive and negative pathogens, even against multidrug-
resistant strains. This has led to its extensive use in infection
control, wound dressings, catheters and numerous domestic
products like topical creams. Also, AgNPs tiny size and huge
surface area make them an excellent drug carrier in the field
of drug delivery, AgNPs is effective as drug carrier to ensure
efficient delivery and can as well as improving the
bioavailability of poorly soluble drugs thereby enhancing
their therapeutic effects (Chernousova and Epple, 2018).

The biosynthesized AgNPs has been thoroughly studied to
understand their mode of action as antimicrobial agents.
Microbial synthesis of AgNPs using secondary metabolite of
the organism is an easy and cheap method of nanoparticle
synthesis. Other microbial products used include enzymes,
proteins, and biosurfactants (Otuyelu et al., 2025; Tanjung et
al., 2024; Das et al., 2024), all playing key role in
nanoparticles stability during the process. This present study
investigates the antibacterial efficacy of AgNPs synthesized
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from secondary metabolite produced by P. aeruginosa against
bacterial pathogens and its characterization.

MATERIALS AND METHODS

Collection of Sample and Isolates

Ten (10) clinical pathogens in all were acquired from the
University of Ilorin Teaching Hospital's Microbiology Unitin
llorin, Kwara State. Escherichia coli, Serratia liquefaciens,
Yersinia enterica, Staphylococcus aureus, Citrobacter
freundii, Klebsiella pneumoniae, Pseudomonas aeruginosa,
Bacillus subtilis, and Enterobacter cloacae were among the
isolates that were utilized.

Pseudomonas aeruginosa with GenBank accession number
CP129997.1 reportedly isolated from poultry sawdust was
obtained from Environmental and Ecotoxicology Laboratory,
Department of Microbiology, University of llorin, llorin,
Nigeria.

Production of secondary metabolite

This was done following the method described by Al-Asbahi
et al. (2024). Inoculum was developed by inoculating a
loopful of pure culture into nutrient broth, incubated at 37 °C
for 24 h in a shaker incubator at 160 rpm. The culture broth
was then centrifuged at 10000 rpm for 10 min and supernatant
was used for AgNPs synthesis.

Extracellular Biogenic synthesis of AgNPs using Culture
Supernatant

Synthesis of AgNPs was done using the method described by
Tariq et al. (2020) with light modification. Nine millilitres (9
mL) of ImM AgNO3 solution was treated with 1 mL bacterial
supernatant solution and mixed thoroughly. The resulting
mixture was thereafter placed under light environment at
room temperature to gradually reduce the metal ions to atoms.
AgNO3 solution without supernatant was also used in a
control experiment, which was carried out under the same
circumstances. By visually seeing a colour shift from cloudy
yellow to dark brown, which may be the result of silver ions
being reduced to silver atoms, the extracellular synthesis of
AgNPs was monitored.

Characterization of the Synthesized AgNPs

Analysis of the synthesized AgNPs was carried out using
fourier  transform infrared (FTIR), UV-visible
spectrophotometry, and transmission electron microscopy
(TEM). To find the optical density of the AgNPs, 5 mL of the
reaction mixture were examined using a UV-vis
spectrophotometer (Analytika, Specord 200). Using an FTIR
Model Nicolet 6700 spectrometer, spectra peaks were
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examined to determine the presence of functional groups
within the 400-4000 cm-1 range with a 4 cm-1 precision.
TEM was used to assess the sizes and shape of AgNPs using
the Japan (JEM-1010) model (JEMARMZ200F-G). Using
ImageJ 1.45 software (1493), the particle size distribution of
AgNPs was assessed.

Determination of Inoculum Size and Antibiotic
Susceptibility Test (AST) of test Pathogens

Bacteria pathogens were standardized using 0.5 McFarland
standard with an expected approximate cell number of 1.5 x
108 CFU/mL (Agbabiaka et al., 2024). Pathogens were tested
for their susceptibility to multiple antibiotics following the
Kirby-Bauer’s disk diffusion method on sterile Mueller
Hinton agar (MHA) (Jorgensen and Turnidge, 2007). This
was performed by making inoculum lawn on MHA plate
using sterile swab stick and then incubated at 37 °C for 18- 24
h after careful impregnation with the antibiotics disk. The
zones of inhibition for each tested antibiotic were measured
to the nearest millimeter. Amoxicillin-clavulanic acid (AUG),
Gentamycin (GEN), Ciprofloxacin (CPR), Erythromycin
(ERY), Septrin (SEP), Zinnat (ZIN), Ceftriaxone (CAZ),
Streptomycin (STR), Ofloxacin (OFL), Cefuroxime (CRX),
Nitrofurantoin (NIT), Cefixime (CXM), and Ampiclox
(APX) were among the antibiotics utilized.

Antibacterial Screening of Pseudomonas aeruginosa
synthesized AgNPs

The synthesized AgNPs was its antibacterial efficacy against
the pathogenic bacteria using the Disk diffusion technique
(Jorgensen and Turnidge, 2007). A 5 mm diameter sterile
paper disk infused in biosynthesized AgNPs was aseptically
placed on an MHA plate that had already been coated with a
standardized inoculum. It was then incubated for 18 to 24
hours at 37 °C. The zone of clearance that was attained was
measured and noted appropriately.

RESULTS AND DISCUSSION

Biosynthesis of AgNPs

The ability of P. aeruginosa to biosynthesis AgNPs was
shown in Figure 1. Appearance of dark brown colouration
after 48 hours was observed. According to Ahmad et al.
(2003), AgNPs formation is observed visually by the
appearance of brown color. In agreement with this
observation was a study by Akther et al. (2020). who reported
synthesis of AgNPs by Pseudomonas aeruginosa with
appearance of brown colour. The colour formation is said to
be as a result of excitation of surface plasmon vibrations in
metal nanoparticles (Wang et al., 2022).

Figure 1: Silver nitrate solution (AgNo3); (b)

Synthesized
aeruginosa

AgNPs

from Pseudomonas
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Characterization of the biosynthesized AgNPs

A UV-visible spectrophotometer was used to measure AgNP
production in the 250-700 nm range with an absorbance peak
2.082 A at 410 nm (Figure 2). Similarly, Otuyelu et al. (2025)
reported peak absorbance at 440 nm. However, peak at a
lower absorbance of 230 nm was reported by Chinnappa et al.
(2022) while Sarhan and Fahmy (2021) reported an
absorbance peak of 304 nm. The peak absorbance reported in
this study is a confirmation of AgNPs synthesis as peak
absorbance of AgNPs ranged from 350 - 450 nm (Genc et al.,
2020).

FTIR revealed possible biomolecules involved in silver
bioreduction and AgNPs stabilization. Figure 3 illustrates that
7 peaks were recorded at 3458.58, 2055.04, 1641.16,1308.71,
1210.55, 689.13 and 415.83 in the band wavelength of 4000-
500 cm* which are due to the existence of -NH or ~OH group
and some free amides (Shaban et al., 2019; Otuyelu et al.,
2025). The peak detected at a wave number of 3458.58 cm™
was ascribed to the O—H stretching of the amide group, the
peak at 2055.04 cm™ indicates CH2 stretching (Otuyelu et al.,
2025). Peak at 1641.16 cm™* indicate presence of alkenyl C=C
in the proteins (amide 1) (Nandiyanto et al., 2019). The
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stretching vibrations of the carboxyl group C-O showed at
peak 1308.71 cm™?, as well as the stretching vibrations of C—
O groups in the phenol, ether, or ester group attributed at peak
1210.55 cm™. The peak at 689.13 cm™ is attributed to the
OCN bending in the amide IV band arising, and the C=0 of
the amide VI bands arising presented at peak 415.83 cm™.
Similar to this result was the study conducted by Abeer
Mohammed et al. (2022) who reported peaks at 3431.48,
2926.11, 2862.46, 1648.23, 1397.47, 1110.07, 1076.32 cm™.
The carboxyl group C=0, the hydroxyl group —OH and the
free amine—NH of the bacterial protein could be responsible
for the AgNPs formation and stability (John et al., 2020)

The TEM image (Figure 4) shows that majority of the
nanoparticles are spherical in shape with minimal dispersal
with size of the AgNPs ranging from 1.47 nm to 10.02 nm
which is in agreement to the TEM study of Debnath et al.
(2019) who revealed the formation of dispersed silver
nanoparticle in the range of 5-25 nm which are spherical in
shape. Wan et al. (2016) synthesized the AgNPs in size of 5-
12 nm which is similar to the size obtained in this present
study.
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Figure 2: UV-vis spectroscopy of synthesized AgNPs
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Figure 3: FTIR spectrum of synthesized AgNPs

Antimicrobial Assay of AgNPs

Bioactivity of synthesized AgNPs against pathogens was
evaluated as shown in Table 1. The results obtained revealed
no significant difference between synthesized AgNPs and
three other antibiotics (ERY, GEN. CPR) that were effective
against B. subtilis. AgNPs and four other antibiotics (GEN,
CPR, OFL, NIT) were effective against K. pneumoniae,
however there was significant difference between the
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Figure 4: TEM micrograph of synthesized AgNPs

activities of AgNPs and two antibiotics (CPR and NIT) with
higher effectiveness. S. aureus was susceptible to AgNPs and
four other antibiotics (GEN, CPR, OFL, AUG) with no
significant difference observed between activities of AgNPs
and antibiotics. P. aeruginosa was susceptible to AgNPs and
three antibiotics (GEN, CPR, OFL) with AgNPs being the
most effective with significant difference to the activity
displayed by antibiotics. The most resistant bacteria were Y.
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enterica, E. coli and K. oxytoca with susceptibility to two or
less agents with no activity obtained for AgNPs against K.
oxytoca. S. liquefaciens and C. freundii were found to be
susceptible to four antibiotics each, however, they were
resistant to AgNPs.

The exhibition of antibacterial activity by AgNPs against
clinical pathogens as observed in this present study was in
agreement with the findings of Chitra and Annadurai (2014).
This activity by AgNPs in this study demonstrated the
effectiveness of the particles to fight pathogenic microbes in
the environment.

According to the result of the antibiotics susceptibility test, all
the pathogens were resistant to more than half the antibiotics
used in this study making them multi drug resistant isolates.
Drug resistant bacteria are emerging pathogens with
resistance profiles that pose a major challenge to control their
spread and human health impact. More et al., (2023) suggest
that silver nanoparticles exhibit their antimicrobial activity by
continuously releasing silver ions, which may likely be the
mechanism of their ability to kill microbes. Silver ions have a
strong affinity for sulfur-containing proteins and are drawn to
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them by electrostatic forces. They easily adhere to cell walls
and the cytoplasm. Ji et al., (2020) reported that silver
nanoparticles inhibit the respiratory chain dehydrogenase,
thereby inhibiting bacterial growth and metabolic activity of
the cell, in bacteria. It was also reported that it affects the
integrity of E. coli cell through depolarization and
destabilization of the cell membrane. The size of metallic
nanoparticles ensures that a significantly large surface area of
the particles is in contact with the bacterial cells. Such a large
contact surface is expected to enhance the extent of bacterial
elimination (Hameed et al., 2020). The effectiveness of silver
nanoparticles against microbes may be as a result of adhesion
to the cell wall and plasma membrane of the microbial cell,
resulting in increased cell permeability (Franzolin et al., 2022)
or destruction of the plasma membrane and leakage of cell
components (Alnahari et al., 2023.). There could be formation
of free radicals which can break the membrane lipids,
peptidoglycan, DNA, and protein, which can cause damage,
dissociation and inhibit the growth of the bacterial cell (Dakal
et al., 2016).

Table 1: Antibacterial screening of synthesized silver nanoparticles

Test isolates AgNPs CAZ/ERY CRX/SEP GEN CPR OFL AUG NIT/ZIN CXM STR
B. subtilis 14.3 13.3 0.0 15.3 15.3 0.0 0.0 0.0 NA 0.0

+0.3° +0.3° +0.0° £07° x0.7° +0.0° +0.0° +0.0° +0.0°
S. liquefaciens 0.0 0.0 0.0 15.7 18.0 16.7 0.0 18.7 0.0

+0.0% +0.0% +0.0% £0.3°  +0.0° +0.3° +0.0% +0.3° +0.0% NA
K. pneumoniae  18.0 0.0 0.0 15.7 21.7 18.7 0.0 20.3 0.0

+0.0° +0.0° +0.0° £03> £0.3° +0.3° +0.0° +0.3° +0.0° NA
S. aureus 14.0 0.0 0.0 15.7 16.7 12.7 14.3 0.0 NA 0.0

+0.6° +0.0° +0.0° £03° £03° +0.3° £0.3° +0.0° +0.0°
P. aeruginosa 21.7 0.0 0.0 14.0 16.7 17.3 0.0 0.0 0.0

+2.2° +0.0% +0.0% £0.0° +0.3° +0.7° +0.0% +0.0% +0.0% NA
E. coli 9.3 0.0 0.0 0.0 0.0 0.0 0.0 11.0 0.0

+0.2° +0.0 +0.0° +0.0° +00° +0.0° +0.0% +0.0° +0.0 NA
E. cloacae 12.3 0.0 0.0 23.0 21.7 24.0 0.0 27.0 0.0

+0.3° +0.0 +0.0° +0.6° +£0.3° +2.0d +0.0° +1.2¢ +0.0° NA
Y. enterica 13.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

+0.9° +0.0% +0.0% +0.0° £0.0° +0.0% +0.0% +0.0% +0.0% NA
K. oxytoca 0.0 0.0 0.0 0.0 0.0 0.0 0.0 17.0 0.0

+0.0% +0.0% +0.0° +0.0° +0.0% +0.0% +0.0° +0.0° +0.0% NA
C. freundii 0.0 0.0 0.0 18.0 32.0 29.0 0.0 27.0 0.0

+0.0% +0.0% +0.0° +1.0° +16° +0.0° +0.0° +0.0° +0.0° NA

Key: Ceftriaxone (CAZ), Cefuroxime (CRX), Ciproflo;(acin (CP_R), Amoxicillin-clav_ulanic acid (AUG), Gentamycin (GEN),
Ofloxacin (OFL), Streptomycin (STR), Cefixime (CXM), Septrin (SEP), Erythromycin (ERY), Nitrofurantoin (NIT), Zinnat

(ZIN), Not Applicable (NA)

Note: No significant different between values with same superscript across each roll (Duncan test, p < 0.05)

CONCLUSION

The present study demonstrated that silver nanoparticles
possess significant antibacterial properties against test
organisms. The result showed synthesized silver
nanoparticles had similar with some standard antibiotics used
against some pathogens including B. subtilis, K. pneumoniae
and S. aureus while also comparing favourably with standard
antibiotics against P. aeruginosa, E. coli and Y. enterica.
Therefore, it could be concluded that AgNPs have a vast
activity against variety of pathogens. Nonetheless, additional
investigation into the possible synergy between silver
nanoparticles and antibiotics may be necessary to further
reduce resistant pathogens in the environment.
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