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Abstract

ZnO nanoparticles were fabricated
using plant seed extract from the Myristica
fragrans species, utilising the solution
combustion method and their antibacterial
activities are investigated. ZnO
nanoparticles are characterized by using
Fourier Transform Infrared Spectroscopy
(FT-IR), X-ray Diffraction Techniques
(XRD), Field Emission Scanning Electron
Microscopy  (FE-SEM),  Transmission
Electron ~ Microscopy  (TEM).  The
antibacterial activity against Pseudomonas
aeruginosa, Staphylococcus aureus,
Bacillus subtilis, Escherichia coli and
Acinetobacter baumannii were determined
by using Broth-based turbidometry method.
ZnO nanoparticles were found to be
spherical and have an average particle size
of 7+2 nm after all characterization analyses
were completed. Antibacterial experiments
support the maximum percentage of
inhibition of ZnO nanoparticles, which was
seen in Bacillus subtilis with 1C50 values of
7.3 g/ml. These findings clearly show that

ZnO nanoparticles may act as an
antibacterial agent.
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I. INTRODUCTION

With the increasing demand, the creation of effective green chemistry methods for the
manufacture of ZnO nanoparticles has gained significant attention from researchers. [1-3]
They have looked into methods for producing well-characterized ZnO nanoparticles that are
environmentally beneficial. The use of organisms to create ZnO nanoparticles is one of the
approaches that is most frequently considered. [5-10] Plants appear to be the most suitable
among these organisms for producing ZnO nanoparticles on a wide scale due to fabrication of
most stable ZnO nanoparticles in a faster rate. [11,12] The tunable characteristics of ZnO
nanoparticles make them useful for a wide range of applications, such as biosensing,
catalysts, optics, antimicrobial, antibacterial, antifungal, anticancer, computer transistors,
electrometers, chemical sensors, wireless electronic logic and memory schemes, medical
imaging, nanocomposites, filters, drug delivery, and medical diagnosis, among others. [13-
18]

Recently, material scientists have focused heavily on developing sustainable methods
for producing nanoscale materials. In this context, the green synthesis of ZnO nanoparticles,
especially when using plant extracts, is a trend that is considered to be simple, inexpensive,
and innocuous in green chemistry. Additionally, nanotechnology has improved people's
quality of life by addressing a number of issues that people deal with on a daily basis, such as
the role it plays in energy security, combating climate change, and advancing the fashion,
beauty, and health sectors, including the treatment of fatal diseases like cancer and
Alzheimer's. [19-21] Over the past ten years, intensive research into metal oxide
nanoparticles has been focused on account of their numerous uses in several technical
domains. ZnO-NPs are an intriguing inorganic substance among them, offering a variety of
advantages. ZnO-NPs are nontoxic and biocompatible and have considerable medical
applications in targeted medication administration, wound healing, and bioimaging.
Additionally, they have antibacterial, anti-inflammatory, and anti-cancer properties. [22]
Different techniques (chemical, physical, and biosynthetic) can be used to fabricate
nanoproducts, which have a wide range of properties and extensive applications. Although
the plant-based synthesis of ZnO-NPs has been previously reported, there is little literature on
their wide range of biological features, including their antibacterial, antilarvicidal, protein
kinase, and anticancer activities. Myristica fragrans (also known as Jaiphal) has a number of
known medicinal purposes, although its main usage are as an analgesic, anti-inflammatory,
and sex stimulant. [23] In this study, we present a plant-based method for producing zinc
oxide nanoparticles that makes use of the aqueous fruit extracts of M. fragrans. ZnO-NPs
may be produced environmentally friendly and have a variety of biomedical uses. For the
manufacture of biogenic ZnO-NPs, the metabolites present in the aqueous extract of M.
fragrans serve as an oxidizing, reducing, and capping agent. Modern methods including
FTIR, XRD, FESEM, TEM, EDX analysis, etc. will be used to analyses the green produced
nanoparticles. The antibacterial properties of ZnO nanoparticles are investigated.

Il. EXPERIMENTAL
1. Materials: Zinc nitrate hexahydrate (Zn (NOg3),6H,0), Luria Broth (LB), Mueller—
Hinton (MH) agar, Nutrient broth, Phosphate buffer saline (PBS) and Gentamicin,

Nutrient agar [Hi media], DMEM Media (Dulbecco's Modified Eagle's medium,
Dimethyl sulfoxide (DMSO) [C,H6SO], MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
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diphenyltetrazolium bromide) assay 97.5%, Sigma Aldrich are purchased from the Sigma
Chemical Co. (St. Louis, Mo, USA), Myristica fragrans seeds were purchased from local
market from Bhubaneswar, Odisha.

2. Fabrication of ZnO Nanoparticles Using Plant Extract: An aqueous extract of
Myristica fragrans plant seeds was prepared by milling 25gm of seeds in electric blinder.
Subsequently, mixed the paste with 100ml distilled water in conical flask by mixing it
with magnetic stirrer. Now filter the aqueous extract for further use in ZnO nanoparticle
synthesis. Solution combustion synthesis (SCS) methods were used to produce ZnO
nanoparticles. [24-27] An oxidant and a fuel, respectively, are exhibited by Zn
(NO3),.6H,O and an aqueous extract of Myristica fragrans seed. Under continuous
stirring, 35 ml of the aqueous extract from the seeds of the Myristica fragrans plant and
1.0 g of Zn (NO3),.6H,0 in 5 mL of double-distilled water were completely dissolved.
After that, a magnetic stirrer was used to agitate the mixed solution. The mixture was put
into a muffle furnace in a crystallizing dish that was warmed early by keeping
temperature of the furnace at 500°C. The setup bubbles in 10 to 15 minutes due to the
quick fuel consumption. After subsequent steps, a white fine powder of ZnO
nanoparticles were obtained.
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Figure 1: Schematic Diagram Showing the Fabrication of ZnO Nanoparticle using Myristica
Fragrans Seeds

3. Antibacterial Study

e Bacterial Strain Identification: Three Gram-negative bacteria and two Gram-
positive bacteria were utilized as test organism in this study. They are Acinetobacter
baumannii (MTCC 1425), Pseudomonas aeruginosa (MTCC 1688), Bacillus Subtilis
(MTTC 5981), Staphylococcus aureus (MTTC 96) and Escherichia coli (MTCC 443)
and they were all obtained from the Institute of Life Science, India.
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e Evaluation of Antibacterial activity of Plant Mediated ZnO Nanoparticles by
Turbidimetric Assay Method: Using a broth-based turbidometry test method, the
antibacterial properties of plant seeds mediated ZnO nanoparticle against gram
negative bacteria were investigated. 100ul of inoculum, equivalent to 10°> CFU were
incubated with 100pul of sample (100pg/ml) at 37 °C for 2 h at 200 rpm. After
incubation, 3 ml of LB was added to 90ul of above mixture, and again it was
incubated at 37 °C for 18 hr. At 600 nm, the optical density of this mixture was
measured. The control was made in the same way, with the exception that the
percentage of ZnO nanoparticle inhibition for treated samples was determined and the
same was done in triplicate. [28-30]

I11.CHARACTERIZATION

The structural and morphological properties of plant seeds mediated ZnO
nanoparticles were characterized by X-ray diffraction (XRD) studies, Field-emission
scanning electron microscope (FESEM), Transmission Electron Microscopy (TEM)
respectively. XRD studies were carried out using X-ray diffractometer make equipped with a
monochromatic Cu Ko radiation source (1.54 A). Elemental analysis was carried out by
Energy-Dispersive X-ray (EDX) analyser. Fourier Transform Infrared (FTIR) Spectroscopy
was used to identify the functional groups present within the nanoparticles.

IV.RESULTS AND DISCUSSION

1. X-ray Diffraction (XRD) Analysis: The ZnO samples were analyzed using XRD by
employing an X-ray diffractometer with a monochromatic Cu K, radiation source (1.54
A). All the patterns have characteristic peaks, which corresponding to (100), (002), (101),
(110), (200), (004) planes/orientations of ZnO, respectively, which correspond to the
typical diffraction peaks of hexagonal wurtzite ZnO (JCPDS No. 36e1451) are shown by
Figure 1.

Intensity (a.n.)

' s ' 'S
30 40 S0 60 0 8o
20 (Degree)

Figure 2: XRD Patterns of the Myristica fragrans seeds synthesized ZnO nanoparticles
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2. Fourier Transform Infrared (FTIR) Spectroscopy: The functional groups utilized as a
capping and reducing agent in the synthesis of ZnO nanoparticles are identified via FTIR
analysis. Fig. 3 displays the transmittance percentage with respect to different
wavelengths. In the fingerprint region, which is below 1000 cm-1, metal oxides show
inter-atomic vibration-driven absorption, according to FTIR studies. The soluble
components in plant extract may have served as a coating agent to avoid the aggregation
of nanoparticles in solution and to significantly contribute to the formation and structure of
these particles. Due to Plant material, it has contained aromatic rings. 1045 cm™, 1406 cm’
1 1482cm™, 2829cm™ peaks predict aromatic compounds, carboxyl groups, carbonyl
groups respectively.
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Figure 3: FTIR analysis of Myristica fragrans Seeds Synthesized ZnO Nanoparticles

3. Field Emission Scanning Electron Microscopy (FESEM), Transmission Electron
Microscopy (TEM) and Energy-Dispersive X-ray (EDX): High energy electron beam
is used during FESEM analysis inorder to identify the morphology by imaging the
sample of Myristica fragrans seeds synthesized ZnO nanoparticles. The electrons
interact with the atoms in the sample, allowing the composition, morphology, and size of
the nanoparticles to be determined. Figure 4 depicts the FESEM picture of fabricated
ZnO nanoparticles made from Myristica fragrans seeds. The above information clearly
indicates that ZnO nanoparticles have a spherical form and are evenly distributed. TEM
image was used to confirm the size and distribution of the chemically synthesized ZnO
nano particles. In accordance with Figure 5, the particles were uniformly disseminated
and ranged in size at 7£2 nm.
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Figure 5: TEM Images of Myristica fragrans seeds Synthesized ZnO Nanoparticles

EDX was carried out with the instrument attached to HRTEM and the result has
been shown in Figure 6. According to this, the synthesized sample is of high purely with
highly intense peaks of Zn as well as oxygen peaks due to the Cu originated became of
the copper grid used during HRTEM analysis. After that observed minor peaks due to
possible contamination of during propagation of sample for HRTEM analysis.
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Figure 6: EDX Data and Picture of Myristica fragrans seeds Synthesized ZnO Nanoparticles

4. Antibacterial Study: By using the OD600 measurement method as previously published,
the antibacterial activity of ZnO nanoparticles were assessed. The turbidometry assay is
based on the idea that bacterial growth is inversely correlated with turbidity. Utilizing a
UV spectrophotometer at 600 nm, the turbidity of the broth and changes in the number of
bacteria were noted. The precision of the agar-based tests cannot be accomplished when
the inhibition zone is not circular since they often rely on the skill and judgement of the
researchers. As a result, rather of utilising an agar-based assay, the antibacterial activity of
protein fractions were assessed using a broth-based turbidometry assay.
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Figure 7: Effect of ZnO nanoparticle on bacteria
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The Myristica fragrans seeds synthesized ZnO nanoparticles were added at
different concentration 5-40pg/ml. Two test tubes with bacteria-infected nutrition ager
were present. After that, the media turbidity was assessed using an OD600 scale while all
the test tubes were incubated at 37°C. Under the same test conditions, the control was
administered and treated. In general, it was shown that Myristica fragrans seeds
synthesized ZnO nanoparticles were connected to comparatively lowered bacterial
turbidity levels in comparison to the control. Graphical analysis was used to determine
IC50 values. Percentages of inhibition of M. fragrans are shown in figure at I1Cs, values
are shown in table 1.

Table-1: IC5, Values of Micro-organisms

SI. No. | Name Of Micro Organisms 1Cso Value(pg/ml)
1 Pseudomonas aeruginosa 9.2

2 Staphylococcus aureus 10.9

3 Bacillus subtilis 7.3

4 Escherichia coli 15.3

5 Acinetobacter baumannii 17.6

Myristica fragrans mediated ZnO nanoparticle demonstrated antibacterial activity
of all the investigated microorganisms in a dose-dependent manner. The percentage of
inhibition of turbidity of ZnO nanoparticle of M. fragrans against above bacteria at
concentration 40upg /ml was found to be 84.92%, 76.92%, 82.64%, 53.92%, 60.65%
respectively. The ICs, values of Zn nanoparticle of M. fragranas against Pseudomonas
aeruginosa, Staphylococcus aureus, Bacillus subtilis, Escherichia coli, Acinetobacter
baumannii was found to be 9.2%,10.9%,7.3%,15.3%,17.6% respectively.

V. CONCLUSION

In summary, this work demonstrates a novel strategy to achieve the synthesis of ZnO
nanoparticle along with Myristica fragrans extract using a simple solution combustion
method. The structural and microstructure data of ZnO nanoparticles from Myristica fragrans
extract are obtained by using XRD, FTIR, FESEM, TEM and EDX spectroscopy. The
structural analysis has confirmed that the synthesized samples are crystalline by nature
having hexagonal wurtzite structure. FESEM and TEM analysis revealed that zinc
nanoparticles were spherical in shape with average particle size of 7+ 2nm. Antibacterial
studies conclude that ZnO nanoparticle have maximum percentage of inhibition which was
observed in Bacillus subtilis with 1Csy values 7.3ug/ml. Thus, concluding the ZnO
nanoparticle of Myristica fragrans can be used as bacterial agent. Further studies can be
taken on drug delivery and advanced medical applicants.
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