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ABSTRACT

The study mainly focuses on the preparation and characterization of Zinc oxide nanoparticles using an aqueous
fruit extract of Illicium verum. Zinc Oxide nanoparticles were synthesized by a biological method using the fruit
extract of Illicium verum using Zinc acetate dehydrate in the presence of Sodium hydroxide. The synthesized
Zinc Oxide nanoparticles were characterized using Scanning Electron Microscope (SEM), Energy Dispersive X-
ray analysis (EDX) and Fourier Transform Infrared Spectroscopy (FTIR). Further applications of its
antimicrobial activity were studied. SEM results reveal that the shape of Zinc oxide nanoparticles was spherical
and the average size ranges from 20-40 nm. EDX analysis provides the elemental composition of Zinc and
oxygen present in the ZnO nanoparticles. The weight percentage of Zinc and oxygen was found to be 62.59 and
37.41 respectively. Chemical bond formations were confirmed by using FTIR analysis. The antibacterial activity
was performed against gram negative (Escherichia coli, Klebsiella pneumonia) and gram positive
(Staphylococcus aureus, Bacillus subtilus) bacteria. Finally, the study concluded that can be used for the
synthesis of ZnO nanoparticles in a simple, cost effective and also the zinc oxide nanoparticles demonstrated
riveting antimicrobial activity with both gram-positive and gram-negative bacteria.

Keywords: Green synthesis; zinc oxide nanoparticles; Illicium verum; antibacterial activity.

*Corresponding author;



1. INTRODUCTION

The most well-known technology in contemporary
science is nanotechnology. Nowadays, application of
nanoscale materials in the field of science and
technology become inevitable due to its wide range of
application. Several preparation methods have been
applied to synthesis the nanoparticles, including
physical, chemical, and biological processes [1].
Among these, physical and chemicals processes were
highly expensive, toxic and bring deleterious
effect to the environment. Biological processes were
generally preferred as they have tremendous
applications in the field of cytotoxicity [2], wound
healing [3], waste water treatment [4], seed
germination [5], etc.

In recent days, dealing with resistance against
microbial pathogenicity using metal nanoparticles has
caught the attention of researchers around the globe
[6]. Among the various metal nanoparticles, Zinc
oxide was quoted to have good antibacterial property
and non-toxicity [7] and this is due to its distinct
mechanisms like reactive oxygen species (ROS)
production [8,9,10] and intrinsic antimicrobial
properties [8,11,12]. ZnO nanoparticles were also
found to exhibit membrane destabilization upon direct
contact with microbial cell wall [8,13,14]. They can
potentially invade the microbial cell membrane and
rupture the integrity of the phospholipid bilayer,
which will further make the cells to ooze out its
cellular components like lipids, polysaccharides, ATP,
proteins and nucleic acids [15]. Various biomedical
applications, including anticancer, antibacterial,
antioxidant, as well as drug transport and bioimaging
applications have caused great interest towards
ZNnONPs [16-18]. The experiment focuses on the
environmentally-friendly synthesis of ZnONPs, their
characterization, and can be used as an antibacterial
agent while maintaining consideration for global solid
waste management and an environmentally favorable
approach that is required [19].

Nanoparticles were conventionally synthesized by
chemical methods like, coprecipitation, hydrothermal
synthesis, sono-chemical etc. But these methods were
susceptible to side effects [20]. Also, since natural
resources are getting diminished day by day, scientists
were moving towards finding alternative biological
methods that had no side effects, environmentally
friendly and does not involve loss of resources [21].
That’s how green synthesis of metal nanoparticles
came into light. Green synthesis is a biological
method, which involves the synthesis of nanoparticles
based on plant, plant extracts and microorganisms
[22].
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For over a thousand years, medicinal plants were
known for their predominant role in Ayurveda for
treating human diseases. The isolated plant
compounds were used as a therapeutic agent either in
their natural or semi-synthetic form. The present
findings and research demonstrated that the
antimicrobial activity and inhibition of the enzymes
varied with various components of the plant species.
Medicinal plants, including water extracts of C.
giganteash components, is used as bioreduction tools
for the development of Zinc nanoparticles [22].
Among various medicinal plants, Illicium verum is
one of the most widely used plant species in many
countries as it is grown as an aromatic evergreen tree
[23]. It is found in southern China and Vietnam [24].
Recent studies state that Illicium verum can
effectively fight against various microorganisms like
bacteria and fungi as well as show anti-inflammatory
and antioxidant properties [25]. The plant extracts
were also used in Ayurveda for treating rheumatoid
disorders (Peng, Molecular characteristics of Illicium
verum extractives to activate acquired immune
response, 2015), gastro intestinal disorders, lung
associated diseases, paralysis, etc. [26]. The current
study is based on the green synthesis of zinc oxide
nanoparticles using aqueous fruit extract of illicium
verum in a simple, cost-effective manner and the
determination of its antimicrobial activity against both
gram-positive and gram-negative bacteria.

2. MATERIALS AND METHODS
2.1 Collection of Plant Material

The dried fruit of Illicium verum was collected from
the local market near Porur, Tamilnadu, India. It was
soaked in water to remove the dirt present on its skin.
The fruit was air dried completely to remove the
moisture content and ground into fine powder [27].

2.2 Preparation of Fruit Extracts of Illicium
verum

5¢ of dried fine powder was weighed and boiled for
around 10 minutes (60-90°C) [22] using double
distilled water (100ml). After 10 min, the extract was
filtered using what man No.1 filter paper and stored at
4°C for further purposes [28,29].

2.3 Biosynthesis of ZnO NPs

Zinc acetate di-hydrate (Zn(CH3COOH),.H,0),
Sodium hydroxide (NaOH), and prepared fruit
extracts were used for the synthesis of Zinc Oxide
nanoparticles [30].
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0.025M of zinc acetate di-hydrate
(Zn(CH3;COOH),.H20) was prepared in 100 ml of
deionized water. This was magnetically stirred for 10
minutes until the salt gets dissolved completely. To
this, 500ul of the fruit extract of illicium verum was
added slowly under magnetic stirring. 2.0 M of
Sodium hydroxide (NaOH) was prepared and then
added drop wise to the mixture containing the
Zn(CH3COOH),.H20 and the fruit extract were under
continuous stirring conditions kept in a magnetic
stirrer. The p"' was monitored simultaneously and the
addition of sodium hydroxide continued till the
solution reached P" of 12 [31].

The addition was stopped immediately when the
solution reached P™ of 12 and the solution was left in
the same stirring condition for 2 hours. After 2 hours,
a white precipitate settles down in the solution which
was centrifuged at 10,000 rpm for 10 minutes. The
Supernatant was discarded and the precipitate was
washed over and over again with deionized water,
followed by ethanol. After this, the precipitates were
kept in a hot air oven at 80°C for drying and left
overnight on the Petri plate. Drying yielded a White
powder which was carefully collected in a microfuge
tube for Characterization [30].

2.4 Characterization of Biosynthesized ZnO
NPs

The primary conformation of biologically synthesized
zinc oxide nanoparticles was analyzed using UV
absorption spectra with wavelength ranges from 300-
400 nm [32]. The morphology characteristics of ZnO
NPs were analyzed using Scanning Electron
Microscopy (SEM). The Energy Dispersive X-ray
spectroscopy (EDX) analyses were carried out to
study the elemental compositions and purity of
synthesized ZnO  nanoparticles. The  Fourier
Transforms Infra-red (FT-IR) were determined to
identify the presence of functional groups involved in
the synthesized nanoparticles. The spectrum was
monitored in the wave number range from 400-4000
cm® and analyzed [33]. The crystalline nature of
nanoparticles was characterized by X-ray diffraction
using 20 values [34].

2.5 Antimicrobial Activity

The antimicrobial activity of the biosynthesized ZnO
nanoparticles was visualized against Escherichia coli,
Bacillus subtilis, Staphylococcus aureus, and
salmonella mutants by using the agar disc diffusion
method (Debjani, 2013). 25 ml of prepared media was
poured into Petri plates and allowed to solidify. 100
pl of each strain from overnight culture samples was
inoculated on the individual plates and left for a few
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minutes to dry. After drying, the diameter of a 5mm
well was made on the plate and the test sample of
different concentrations was added the plates were
incubated overnight (24 hours) at an appropriate
temperature of 37°C [35] After a period of incubation,
the zone of inhibition of different levels formed was
measured [36].

3. RESULTS AND DISCUSSION

3.1 UV-Visible Spectroscopic Analysis

The UV-Vis analysis is the primary confirmation of
synthesized nanoparticles. The biosynthesized ZnO
nanoparticles were analyzed in aqueous suspension
using Double beam UV-Visible spectrophotometer
2202. Fig. 1 shows that the obtained ZnO
nanoparticles exhibit the absorption peak at 380 nm
[37].

3.2 SEM with EDX Analysis

The size and the morphological characteristics of the
synthesized Zinc Oxide Nanoparticles were studied
using High-resolution Scanning Electron Microscopy
[38]. It also determined the structure of the obtained
Zn0 nanoparticles. SEM image of ZnO nanoparticles
synthesized by aqueous fruit extract of Illicium verum
was shown in Fig. 2. The figure, clearly shows the
synthesized ZnO nanoparticles were spherical shaped
and the average size of the obtained zinc oxide
nanoparticles was found to be 27.56 nm. The energy
dispersive X-ray diffractive studies were done to
know the elemental composition of the synthesized
Zinc Oxide nanoparticles. Fig. 3, shows the elemental
composition of obtained nanoparticle was found to be
62. 59% of Zinc and 37.41% of Oxide. Thus, it
confirmed the obtained nanoparticle was Zinc oxide.

3.3 FT-IR Analysis

The Fourier transform infrared spectroscopy analysis
was studied for synthesized nanoparticles (Fig. 4) and
it ranges from 400 — 4000 cm™. A strong absorption
peak of the zinc oxide nanoparticle was seen at 2925
cm'®. This range confirms the presence of O-H bonds.
The C=C bonds were seen at the range of 1630 and
1406 cm-1, the N-H bond stretching at 3436¢cm-1 and
also the peak at 1029, 894, and 566 cm-1 which
corresponds to C=0, C=H, C-Br bond stretching
respectively [39].

3.4 XRD Analysis

The X-ray diffraction analysis was carried out to
study the nature of crystalline structure and size of
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ZnO nanoparticle for 20 values ranging from 10 to
80° using CuKo radiation at A = 1.5406 A. In
biologically synthesized ZnO nanoparticles (Fig. 5),
the 20 values with hkl plane correspond to 31.5°
(100), 36.1° (101), 47.4° (102), 56.5° (110), 62.8°
(103), 68.9°(112) and 67.8°(200) were observed. The
XRD spectrum confirms the obtained zinc oxide
nanoparticle was found to be a hexagonal wurtzite
structure and hence the average particle size was
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3.5 Antimicrobial Studies

The synthesized zinc oxide nanoparticles using an
aqueous extract of illicium verum showed the activity
against Gram-positive bacteria (S. aureus and B.
subtilis) and gram-negative bacteria ( E. coli and S.
mutans). Varying concentration was used for the
antibacterial activity such as 25%, 50%, 75%, and
100%. The zone of inhibition was found to be
increased with an increase in the concentration

calculated by using the Scherrer formula. The
calculated value of the nanoparticle was found to be  of obtained ZnO NPs. The zone of inhibition
18.737 nm [40]. in gram-negative bacteria was found to be
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Fig. 1. UV-Vis spectra of synthesized ZnO nanoparticles

Fig. 2. SEM image shows the ZnO nanopatrticles
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B. subtilis

S. aureus

S. mutans
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E. coli

Fig. 6. Antimicrobial activity of both Gram-negative and Gram-positive Bacteria

25mm (50 mg/ml)(50%) in S. aureus, 28.5mm (75
mg/ml)(75%) in B. subtilis, and gram-positive
bacteria to be 19mm (25 mg/ml)(25%) in E. coli,
21mm (75 mg/ml)(75%) in S. mutants (Fig. 6).

According to Raj et al. [30], the concentration of
nanoparticles increases with an increase in
antimicrobial activity due to the presence of
synthesized ZnO nanoparticles and showed that the
destructive action of ZnO nanoparticles was more
against gram-negative bacterial strains than the gram-
positive bacterial strains.

4. CONCLUSION

Thus, it was found that the Synthesis of zinc oxide
nanoparticles from aqueous fruit extract of illicium
verum is a simple, eco-friendly and inexpensive
process. The characterization studies demonstrated the
synthesized products were spherical shaped and
hexagonal in structure which is evident for SEM and
XRD. The EDX confirmed the presence of zinc and
oxygen in the nanoparticle. The FTIR demonstrated
the presence of chemical bonds that are involved in
the incorporation of illicium verum in the production
of ZnO nanoparticles. The synthesized nanoparticle
was monitored for antibacterial activity and concluded
that the activity increases with an increase in
concentration. Hence, it is approached for the green
synthesis method for obtaining ZnO NPs can have
great potential in fewer toxins.
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