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ABSTRACT

Zinc oxide nanoparticles as a new generation of antimicrobial substances, are
¢ of interest in medicine and food industry. This study aims to investigate the antimicrobial effect of zinc
Received: 16 Mar 2022 : oxide nanoparticles synthesized by using Bunium persicum plant extract.
Accepted: 25 Jun 2022 ¢ [VIETEEE In this study, the biosynthesis of zinc oxide nanoparticles by Bunium persicum extract was
. performed by zinc acetate precursor. The structure and morphology of the synthesized nanopar-
ticles were characterized by field emission scanning electron microscopy, Fourier transform infra-
red spectroscopy, X-ray diffraction, and Zetasizer. Then, the antimicrobial effects of synthesized
nanoparticles against some gram-positive and gram-negative bacteria were assessed by the disk
diffusion and broth microdilution methods.
(BT The synthesized zinc oxide nanoparticles had spherical to polygonal shapes with an average size

Available Online: 01 Aug 2022

Keywords: of 100 nm. The minimum inhibitory concentration of nanoparticles against the study bacteria was in
Antimicrobial agents, :  range of 3.125 to 25 ug/mL.

Zinc oxide, Nanoparti- [T The extract of Bunium persicum plant can be a good candidate for the green synthesis of zinc
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Extended Abstract

Introduction

ne of the most promising methods to over-

come bacterial resistance is the use of metal

nanoparticles. Due to small size and high

surface-area-to-volume ratio, these nanopar-
ticles have a high level of contact with the environment and
microorganisms, which can lead to an increase in their bio-
logical and chemical activity. This makes the antimicrobial
effects of metal nanoparticles much higher compared to the
metals. Zinc oxide nanoparticles are non-toxic, biocompat-
ible and stable to the processing conditions. These nanoparti-
cles have been reported to have selective toxicity on bacteria,
but have shown minimal side effects on human and animal
cells. Studies have also shown the antimicrobial activity of
these nanoparticles against food-borne pathogens. The green
synthesis process using plant extracts as a simple method
has been proposed as an alternative to chemical and physical
methods. It is cost-effective and environmentally friendly,
with the possibility of easy production with large scale.

Bunium persicum (Boiss.) B. Fedtsch from the family
of Apiaceae, is one of the most valuable native medici-
nal plants in Iran. There are various compounds in the
extract of this plant, including cumin aldehyde, gamma
terpinene, and other active substances such as terpenes,
and have many applications as antibacterial and antioxi-
dant substances. This study aims to synthesize zinc oxide
nanoparticles for the first time by Bunium persicum ex-
tract to investigate the antimicrobial effect of synthesized
nanoparticles on a number of pathogenic gram-positive
and gram-negative bacteria.

Methods

The extract of Bunium persicum was prepared from
the fruits of the plant, and the biosynthesis of zinc oxide
nanoparticles was performed by this extract using zinc
acetate precursor. The structure and morphology of the
synthesized nanoparticles were evaluated by field emis-
sion scanning electron microscopy (FE-SEM), Fourier
transform infrared spectroscopy (FTIR), X-ray diffrac-
tion (XRD) and Zetasizer. Then, the antimicrobial effect
of synthesized nanoparticles was investigated against a
number of bacteria by disk diffusion and broth microdilu-
tion methods. The studied bacterial strains were Entero-
coccus faecalis (ATCC 51299), Staphylococcus aureus
(ATCC 6536), Bacillus subtills (ATCC 6633), Pseudomo-
nas aeruginosa (ATCC 27853), Escherichia coli (ATCC
25923), and Salmonella typhimurium (ATCC 14028).
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In disk diffusion method, 100 pl of each bacterium with
a concentration of 0.5 McFarland was cultured on Muel-
ler-Hinton agar medium. For each bacterium, a plate con-
taining a disk impregnated with 6 pl of the synthesized
zinc oxide nanoparticle suspension was used. After 24
hours of incubation, the diameter of the growth inhibition
zone was measured and recorded as an indicator of anti-
bacterial properties of the samples. All experiments were
performed three times and the results were recorded. The
minimum inhibitory concentration (MIC) of the synthe-
sized zinc oxide nanoparticles was evaluated by 96-well
polystyrene microtiter plates with Mueller-Hinton broth.
For broth microdilution, 100 pl of 0.78-1600 mg/mL di-
lutions from synthesized zinc oxide nanoparticle suspen-
sion was prepared by the serial dilution method and added
to a 96-well microplate. Then, 100 pl of tested bacteria
was added into each well to obtain a final concentration
of x510° CFU/mL. The final volume of all wells was 200
pl. The microplates were placed on a shaker (At a speed
of 250 rpm) for 1 minute until the mixture was completely
uniform. After 24 hours of incubation at 37°C, the lowest
concentration in which no bacterial growth was observed
and there was no turbidity, was determined as the MIC.

Results

A gradual change in the reaction solution’s color to yellow
was the first step in confirming the synthesis of zinc oxide
nanoparticles. The nanoparticles became milky powder after
synthesis. The surface properties and the size of zinc oxide
nanoparticles were studied with an FE-SEM microscope
equipped with an X-ray energy detector. Nanoparticles were
spherical to polygonal. The amount of zinc in the synthesized
nanoparticles was 83.1% and oxygen was 16.9%, indicating
that the synthesized nanoparticles were pure and there was no
impurity in other components. A Zetasizer was used to mea-
sure the diameter of nanoparticles. The results showed that the
average size of nanoparticles was 100 nm. The XRD analysis
results showed that the nanoparticles had a single-phase crys-
tal structure, and no peak related to impurity was observed.
Analysis of the nanoparticle structure using FTIR method
confirmed that the synthesized nanoparticles had strong bond-
ing ability. The results of disk diffusion method showed that
S. aureus with the largest diameter of growth inhibition zone
(30 mm) was the most sensitive bacterium against zinc oxide
nanoparticles, while P. acruginosa with the lowest diameter
(15 mm) was the most resistant bacterium against synthesized
nanoparticles. The MIC of nanoparticles for the study bacte-
ria was in a range of 3.125 to 25 pg/mL, and nanoparticles
had effective antimicrobial effect on all bacteria. E. coli, S.
typhimurium and P. aeruginosa were more resistant to zinc
oxide nanoparticles than other studied bacteria.
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Discussion

In this study, a simple and acceptable method for green
synthesis of zinc oxide nanoparticles was performed us-
ing Bunium persicum extract as a reducing agent. The
results showed the efficiency of Bunium persicum ex-
tract in the synthesis of zinc oxide nanoparticles. The
synthesized nanoparticles had good shape and size, and
antibacterial effects on the studied bacteria. One of the
most important mechanisms for their antimicrobial ef-
fect is the induction of oxidative stress due to the pro-
duction of reactive oxygen radicals, the reaction of these
reactive oxygen radicals with DNA, proteins, and lipids,
and thereby cell death. Zinc oxide nanoparticles could
destroy the membrane arrangement due to their accu-
mulation in the bacterial membrane and inside the cell
and the release of Zn ions which bind to the membrane
of microorganisms and cause an antimicrobial effect. In
conclusion, Bunium persicum extract, due to containing
large amounts of antioxidants such as phenolic com-
pounds, can be considered as a suitable candidate for the
green synthesis of zinc oxide nanoparticles.
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