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Abstract

Background and Aim: Metal oxide nanoparticles, due to their unique physicochemical properties and
significant antimicrobial activity, have emerged as promising agents against drug-resistant pathogens. This study
aimed to synthesize ZnO nanoparticles using a local (in-house) method and evaluate their structural characteristics
and antibacterial effects against Gram-positive and Gram-negative pathogenic bacteria.

Methods: ZnO nanoparticles were synthesized using a co-precipitation method. The structural and
morphological properties of the synthesized nanoparticles were characterized using scanning electron microscopy
(SEM), X-ray diffraction (XRD), and Fourier transform infrared spectroscopy (FTIR). Antibacterial activity was
assessed by determining the minimum inhibitory concentration (MIC) and minimum bactericidal concentration
(MBC) using the broth microdilution method.

Results: SEM images revealed that the ZnO nanoparticles formed clustered spherical particles with sizes
ranging from 70 to 200 nm. XRD analysis confirmed a well-defined crystalline structure and high purity of the
nanoparticles. FTIR spectra showed a characteristic peak at 811.1 cm™, confirming the formation of ZnO
nanoparticles. The MIC values for the tested bacteria ranged from 0.15625 to 1.25 mg/mL, while the MBC values
ranged from 0.3125 to 2.5 mg/mL.

Conclusion: The findings demonstrated that the synthesized ZnO nanoparticles possess desirable structural
characteristics and significant antibacterial activity against pathogenic bacteria. These results provide a basis for
further investigations into the biomedical and industrial applications of these nanoparticles as antibacterial agents.

Keywords: Nanotechnology, Zinc oxide nanoparticles, Bacterial resistance, Antibacterial activity, Pathogenic
bacteria

Copyright© 2026. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial 4.0
International License which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform, and
build upon the material) under the Attribution-NonCommercial terms. Downloaded from: http://feyz.kaums.ac.ir/


http://dx.doi.org/10.48307/FMSJ.2026.30.2.4
mailto:ali.sobhaninasab@gmail.com
https://orcid.org/2000-7578-7888-1211
http://orcid.org/1200-0000-0230-2123
https://orcid.org/3323-1111-1564-6185
https://orcid.org/1111-2214-4511-7575
https://orcid.org/2010-0100-0101-4444
http://dx.doi.org/10.48307/FMSJ.2026.30.2.4
https://feyz.kaums.ac.ir/article-1-5483-en.html

[ Downloaded from feyz.kaums.ac.ir on 2026-07-13 ]

[ DOI: 10.48307/FMSJ.2026.30.2.4 ]

vov /The effect assessment of zinc oxide

Extended Abstract

Background and Objective

The emergence of multidrug-resistant
pathogenic bacteria has become a critical
global health challenge, necessitating the
development of novel antimicrobial agents
(Belay et al., 2024; El-Zamkan et al., 2021).
Metal oxide nanoparticles, particularly zinc
oxide (ZnO) nanoparticles, have attracted
considerable attention due to their unique
physicochemical properties, high surface-
area-to-volume ratio, and significant
antimicrobial activity against a broad
spectrum of pathogens (Gudkov et al.,
2021; Pushpalatha et al., 2022). ZnO
nanoparticles exert antibacterial effects
through multiple mechanisms, including
membrane disruption, reactive oxygen
species (ROS) generation, DNA damage,
and interference with bacterial replication
processes (Gudkov et al., 2021; Tiwari et
al., 2025). Given the increasing prevalence
of antibiotic-resistant bacteria and the
potential applications of ZnO nanoparticles
in biomedical and industrial settings, this
study aimed to synthesize ZnO
nanoparticles using a co-precipitation
method, characterize their structural
properties, and evaluate their antibacterial
efficacy against clinically relevant Gram-
positive and Gram-negative pathogenic
bacteria.

Methods

ZnO nanoparticles were synthesized using
a co-precipitation method. Briefly, a 0.2 M
aqueous  solution of zinc nitrate
hexahydrate (Zn(NOs):-6H-0O; Merck,
Germany) was prepared using deionized
water. A 04 M potassium hydroxide
(KOH; Qatran Shimi) solution was slowly
added to the zinc nitrate solution under
constant stirring until a white suspension
formed. The resulting precipitate was

centrifuged at an unspecified speed for 20
minutes (Universal 320/Hettich, Germany)
and washed three times with distilled water.
The obtained precipitate was then calcined
at 500°C for 5 hours (heating rate not
specified) to yield ZnO powder. The
synthesized
characterized wusing Fourier transform
infrared spectroscopy (FTIR; Thermo
Avatar), X-ray diffraction (XRD; Normal
Philips PW1730), and scanning electron
microscopy (SEM; VEGA3) to confirm
nanoparticle ~ formation,  crystallinity,
purity, and morphology.

To prepare the nanoparticle suspension for
antimicrobial testing, 0.35 g of ZnO powder

nanoparticles were

was combined with 35 mL of sterile
deionized water and sonicated at 20 kHz for
30 minutes in an ice bath (ultrasonic probe
homogenizer, Iran) to obtain a uniform
suspension with a concentration of 10
mg/mL. All subsequent concentrations
were prepared from this stock suspension.
The antibacterial activity of the synthesized
ZnO nanoparticles was evaluated against
six bacterial strains: Gram-positive bacteria
including Listeria monocytogenes ATCC
7644, Enterococcus faecalis ATCC 29212,
and  methicillin-resistant Staphylococcus
aureus (MRSA); and  Gram-negative
bacteria including Escherichia coli ATCC
25922, Klebsiella pneumoniae ATCC
700603, and Salmonella enterica ATCC
14028. Minimum inhibitory concentration
(MIC) and minimum  bactericidal
concentration (MBC) were determined
using the broth microdilution method
according to CLSI guidelines. Serial two-
fold dilutions of ZnO nanoparticles
(ranging from 4.88 to 10,000 pg/mL) were
prepared in Mueller-Hinton broth (MHB) in
96-well plates. Bacterial suspensions were
adjusted to a final concentration of 5 x 10°
CFU/mL using the 0.5 McFarland standard,
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confirmed by spectrophotometry
(Nanodrop Vis/UV, Roche/Biotek, USA).
Plates were incubated at 37°C for 24 hours
in a shaker incubator. The MIC was defined
as the lowest concentration of nanoparticles
that inhibited visible bacterial growth
(absence of turbidity), and the MBC was
determined as the lowest concentration that
killed >99.99% of bacteria, confirmed by
subculturing on blood agar plates. All
experiments were performed in triplicate.

Results

SEM imaging of the synthesized ZnO
nanoparticles revealed the presence of
small clusters of spherical particles with
sizes ranging from 70 to 200 nm (Figure 2).
The XRD pattern exhibited sharp, well-
defined peaks, confirming the high
crystallinity and purity of the ZnO
nanoparticles (Figure 3). FTIR
spectroscopy showed a characteristic peak
at 811.1 cm™', indicating the formation of
ZnO nanoparticles; additional peaks at
higher wavenumbers were attributed to
surface hydroxyl groups and adsorbed
water molecules (Figure 4).

The antibacterial activity of the synthesized
ZnO nanoparticles was assessed through
MIC and MBC determinations (Table 1).
The MIC values ranged from 0.15625 to
1.25 mg/mL, while MBC values ranged
from 0.3125 to 2.5 mg/mL across the tested
bacterial strains. The lowest MIC (0.15625
mg/mL) and MBC (0.3125 mg/mL) were
observed against Listeria monocytogenes,
indicating the highest susceptibility among
the tested bacteria. The highest MIC values
(1.25 mg/mL) were recorded for Klebsiella
pneumoniae and Salmonella enterica, both
Gram-negative bacteria, with
corresponding MBC values of 2.5 mg/mL.
For Escherichia coli, the MIC was 0.625
mg/mL and the MBC was 2.5 mg/mL.

Among the Gram-positive bacteria, MRSA
showed an MIC of 0.3125 mg/mL and
MBC of 0.625 mg/mL, while Enterococcus
faecalis exhibited both MIC and MBC
values of 0.625 mg/mL. Notably, the results
demonstrated that Gram-positive bacteria
(particularly L. monocytogenes)  were
generally more susceptible to ZnO
nanoparticles than Gram-negative bacteria,
likely due to the structural differences in
their cell wall composition, with the outer
membrane of Gram-negative bacteria
acting as an additional permeability barrier.

Conclusion

ZnO nanoparticles synthesized by the co-
precipitation method showed desirable
nanoscale size (70-200 nm), high
crystallinity, and purity, confirmed by
SEM, XRD, and FTIR analyses. They
exhibited strong antibacterial activity
against both Gram-positive and Gram-
negative pathogenic bacteria, with MIC
values between 0.15625 and 1.25 mg/mL.
Gram-positive  bacteria  were  more
susceptible, likely due to structural
differences in their cell walls and the
absence of the protective outer membrane
found in Gram-negative bacteria. These
findings support the potential of ZnO
nanoparticles as effective antibacterial
agents for biomedical and industrial
applications, especially in addressing
antibiotic resistance. However, the study
was limited by the lack of antibiotic
controls, toxicity evaluation, advanced
characterization, and statistical analysis.
Future studies should focus on detailed
characterization, molecular mechanisms,
cytotoxicity, biocompatibility, and
combination therapies with conventional
antibiotics to strengthen their clinical
relevance.
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