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Abstract

The synthesis of metal oxide nanoparticles with the use of plant extract is a
promising alternative to the conventional chemical method. This is work aimed to
synthesize Zinc Oxide nanoparticles using plant leaves extract of Aegle marmelos,
and investigation of its antibacterial activity. Aegle marmelos leaves are of
considerable interest and are a well-known compound because of its antioxidant,
antibacterial, and antifungal activities, etc, In the present study focus is on the
green synthesis of ZnO nanoparticles by potassium hydroxide, Zinc acetate, and
bio components of leaves of Aegle marmelos. Further, the green synthesized ZnO
nanoparticles were characterized by UV -Visible spectrophotometer (UV-Vis), X-
ray diffraction analysis(XRD), Fourier transform infrared (FTIR), and Scanning
electron microscope (SEM) techniques. This analysis confirms the formation of
ZnO nanoparticles. The antibacterial activity of the ZnO nanoparticles was
evaluated by testing against Gram-positive (S. aureus) bacteria. The antibacterial
activity of the synthesized ZnO nanoparticles was found to be more effective
against gram-positive bacteria (S. aureus).

Keywords: Green synthesis, ZnO nanoparticles, SEM, UV-Vis spectrometer, Aegle
marmelos.

1. Introduction

Nanotechnology is one of the fastest-growing technologies, which will
likely form the basis of technological and biotechnological innovations
hence, it is considered to be the upcoming industrial revolution of the
century [1]. Recently metal nanoparticles, carbon nanotubes, and metal
oxide nanoparticles having antibacterial effects have been reported [2,3].
Nanoparticles have been used an chemical sensors, anticorrosive,
antimicrobial agents, and in piezoelectric devices [4,6]. Zinc oxide
nanoparticles are considered an an elite nanomaterial and are grouped
with graphene, carbon, nanotubes, and gold due to their broad
applications [7]. It has also been generally recognized as a safe material
that is non-toxic, safe, and biocompatible [8,9].
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Green Synthesis of ZnO nanoparticles and its
Antibacterial activity.

such as optimal chemical stability, solubility, and
adhesiveness. The reaction of salt and ligand has
broadened the

environmental research areas and plays a significant

spectra of many Dbiological and

role in electronic devices, radiolabeling, medicinal
applications, and contaminant detection. [14].

The biosynthesis of zinc oxide has reported the potential
of plant extract as biological material for the synthesis of
nanoparticles is yet to be fully explored. Therefore, the
aim of this study was the green synthesis of zinc oxide
nanoparticles using an extract of Aegle marmelos leaves
and the evaluation of their antibacterial activity in the
synthesis of nanomaterials. The use of biological
components has always been a preferred choice for an
environmentally friendly approach known as green
synthesis. In addition to the environmental ecosystem
benefits, green synthesis has been proven to be very
useful method in controlling the desired nanoparticle's
size and shape [15]. Various studies have suggested that
plant extracts are a better candidate and more
appropriate for large-scale green nanoparticle synthesis,
owing to the high rate of synthesis as compare to
bacteria, fungi, yiest based nanoparticles synthesis
[16,17].
nanoantibiotics because of their antimicrobial activities

Nanoparticles are mnow considered as
[18]. Nanoparticles have been integrated into various
health, food,

industries of consumers which calls for a green and

industrial, chemical, and cosmetics

environment-friendly approach to their synthesis [19].

2. Material and Method

Collection and Preparation of Plant Material

Fresh leaves of Aegle marmelos were collected and
thoroughly washed using tap and distilled water to
remove the dust particle and sun-dried to remove the
residual moisture the dried leaves were then ground
into powder. The aqueous extracts of the sample were
prepared by boiling 5gm of finely powdered leaves in
100 ml of double distilled water at 90°C for one hour
while stirring using a magnetic stirrer at 900rpm. The
extract was then cooled to room temperature and
filtered using Whatman No.1 filter paper and stored in a
refrigerator at 4°C for further experimental use [20].

Biosynthesis of Zinc Oxide Nanoparticles.

1:1 ( 50 ml Aegle marmelos extract and 50 ml of 0.1 M zinc
acetate solution ), 3:2 (60 ml Aegle marmelos extract and
40 ml of 0.1M zinc acetate solution ) and 9:1 (90 ml Aegle
marmelos extract and 10 ml of 0.1 M zinc acetate solution
) ratios were stirred for half hour using magnetic stirrer,
after that 10 ml of 0.1M sodium hydroxide (NaOH)
solution was added dropwise stirrer for two hours at
800rpm which resulted into light yellow precipitate
formation the precipitate was then filtered using a glass
filter and washed repeatedly with distilled water
followed by ethanol to remove the impurities and oven
dried at 80°C for two hours. The obtained dried light
yellow color powders were mashed using a mortar and
pestle and made ready for further characterization.

Fig.1.(a) Aegle marmelos leaves extract and (b) Zinc Oxide nanoparticles powder for three different ratios

ISSN 2322-0015

https:/ /www.irjse.in



https://www.irjse.in/

Chaudhary and Gulwade 2023

159

3. Result and Discussion

Ultraviolet-Visible Spectral Analysis

The zinc oxide nanoparticles were characterized for
their UV-Visible
spectrophotometry. The optical property of zinc oxide

maximum  absorbance  using
nanoparticles was analyzed by Ultraviolet and Visible
absorption spectroscopy in the range of 200-800 nm fig
.2. shows the UV-Vis absorption spectrum of zinc oxide
nanoparticles. Strong absorption bands of the
biosynthesized samples were observed from UV-Vis
spectra in the range of 324-358 nm which corresponds to
the characteristic band of ZnO nanoparticles [21].
Absence of any other absorbance peak in the spectra
confirms that the synthesized products are pure ZnO
nanoparticles. The band gap energy was calculated
using equation Eg = 1240/AeV and found to be 3.46,
3.60, and 3.82 eV for ZnO nanoparticles synthesized
from 9:1,3:2and1:1

comparable to the previously reported values of energy

ratios respectively which is

band gap for ZnO nanoparticles [22,23]. The variation in
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Eg for the different ratios could be due to variation in
the average crystal size of the nanoparticles.

Fourier Transform Infrared Analysis

The spectral properties of zinc oxide nanoparticles were
observed by Fourier transform infrared spectroscopy
analysis using the dried powder of the synthesized zinc
by FTIR FTIR
spectrum of ZnO nanoparticles is shown in fig.3. The
peak at 3445.08cm!, 3587.69cm, and 3341.68cm! is due
to C=0O stretching and O-H stretching organic
compound. The peak located at 1125.98cm-1, 1114.05cm-!
and 1075.47cmlis due to the C-O stretching vibration,
and 856.38cm1,897.13 cm! and963.72cmlis due to N-H
bending and C-H bending and 606.77cm, 632.62cm,
and 675.46cm™ are due to C-H bending respectively. It

oxide nanoparticles spectrometer.

can be easily concluded that these phytochemicals are
involved in stabilization and reduction of the zinc oxide
nanoparticles. The peaks other than the phytochemicals
peak occur at 575.08cm?, 562.46cm’?, and 486.06cm? in
the FTIR spectrum of the ZnO nanoparticles are the
characteristic peaks of ZnO molecules.
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Fig.3. FTIR spectrum of ZnO NPs (a)1:1 ZnO, (b)3:2 ZnO, (c)9:1 ZnO NPs.
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X-Ray Diffraction Analysis

Fig.4. shows the XRD pattern of zinc oxide nanoparticles
synthesized using zinc acetate dehydrate and Aegle
marmelos leaf extract using three different ratios by
volume. The formation of biosynthesized ZnO
nanoparticles was also confirmed by X-ray diffraction
peaks that appeared at a 20 value of 31.709,34.380,36.17°,
32.620, 34.479, 35.770, 28.56%, 32.950,58.720. characteristic
peaks for pure ZnO were observed in the XRD patterns
confirming the formation of ZnO nanoparticles
synthesized by using Aegle marmelos leaf extract and
zinc acetate. The

average crystal size of the

e sz 2 Thets 2Thes

Fig.4.XRD pattern of ZnO NPs (a)1:1 ZnO, (b)3:2 ZnO, (c)9:1 ZnO NPs.

biosynthesized zinc oxide nanoparticles was determined
from the three most intense peaks using Debye
Scherrer's equation. The result shows that the average
crystal size of the biosynthesized ZnO nanoparticles
decreased when the ratio of the plant extract decreased
from 9:1 (51.32 nm) to 3:2 (21.03nm) and 1:1 (9.91nm)
ratio by volume. This is decrease in crystal size due to
use of greater amount of the plant extract during the
synthesis process, there by resulting in effective
capping, stabilization of the synthesized nanoparticles
and hindered aggregation.

e prc _rmen_erwm

Fig.6. Antibacterial activity against gram positive S.aureus bacteria for ZnO nanoparticles.
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Scanning Electron Microscopy Analysis

The structural morphology of zinc oxide nanoparticles
was examined and measured by scanning electron
microscopy the SEM image is shown for prepared ZnO
nanoparticles with Aegle marmelos leaves extract.
According to the results, zinc oxide nanoparticles had a
spherical morphology and the result are presented in
Fig.4. and the particle size is estimated to be in the range

of 40-60 nm.

Antibacterial Activity Analysis
The antibacterial activity of biosynthesized ZnO

nanoparticles was investigated against selected

Aureus. The
biosynthesized zinc oxide nanoparticles using Aegle

pathogens such as Staphylococcus
marmelos leaf extract exhibited strong antibacterial
activity against gram-positive S.aureus bacteria strains.
the zone inhibition was examined 10 MM, 9MMand

8MM for 1:1,3:2 and 9:1 ratios respectively.

Conclusion

In this study, zinc oxide particles were successfully
synthesized from the leaf extract of Aegle marmelos for
the first time through a simple, cost-effective, eco-
friendly, and green approach This showed that Aegle
marmelos could be potentially used as an effective
reducing and capping agent for biological synthesis of
zinc oxide nanoparticles. The biosynthesized zinc oxide
nanoparticles were characterized using XRD, SEM,
FTIR, and UV-Vis. The
biosynthesized zinc oxide nanoparticles was proved
from XRD analysis, XRD analysis showed that the
average crystals sizes of zinc oxide nanoparticles

crystallinity of the

synthesized from 1:1,3:2 and 9:1 ratio by volume were
found to be 51.32nm, 21.05nm, 9.91nm. SEM analysis
showed that the morphology of the biosynthesized ZnO
was predominantly spherical. The optical band gap
energies were determined from UV-Vis using the
equation and found to be 3.46, 3.60, and 3.82 for ZnO
nanoparticles synthesized from 1:1, 3:2, and 9:1 ratios by
volume respectively. Further the biosynthesized ZnO
nanoparticles using Aegle marmelos leaf extract have
proved themselves to be an effective antibacterial agent
against gram-positive S.aureus bacteria suggesting

strong and promising action of green synthesized ZnO
nanoparticles against the biological system.
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