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ABSTRACT

We uncovered a simple and conservational process for the production of zinc oxide nanoparticles
(ZnO NPs). This was accomplished by a biosynthetic method that included the leaf extract of
Momordica charantia as a reducing agent. The UV-Vis absorption spectrum of them exhibits
maxima at 352 nm. The presence of bands at 630cm- in the Fourier transform infrared spectrum
verifies the production of zinc oxide nanoparticles. XRD determined that the particle size ranged
between 20 and 58nm. Field emission scanning electron microscopy exposed that the ZnO NPs
were irregular in nature and ranged in size from 20 to 60nm. The existence of oxygen and zinc in
ZnO NPs is verified by energy-dispersive X-ray analysis. ZnO NPs exhibited strong antibacterial
action against Klebsiella pneumoniae and Staphylococcus aureus. This biosynthetic technique
could pave the way for simple, cost-effective, environmentally friendly products that avoid toxic
chemicals and are helpful for applications in medication and the large-scale manufacture of
nanoparticles.
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1. INTRODUCTION

Momordica charantia is usually known as a bitter
gourd because of its bitter taste. Momordica
charantia is generally grown in Asian countries
and African countries for its exceedingly bitter
and wholesome fruit. Momordica means "to bite,"
referring to the jagged margins of the leaves that
look to have been bitten. It has been scientifically

proven to be anticancer, antileukemic,
antibacterial, antitumorous, antiviral,
antiprotozoal, antiparasitic, antifungal, anti-
obesity, hypoglycemic, anti-ulcer, and

immunologically stimulating.

Momordica charantia has been used by natural
medical professionals for the treatment of high
blood sugar, cancer, cholesterol problems,
bacterial infections, and viral septicemia.
Alkaloids, proteins, steroids, and triterpenes are
the primary ingredients of Momordica charantia,
which are accountable for its beneficial activities
[1-9]. These qualities persuaded researchers to
use it in the production of ZnO NPs.

ZnO is one of the most extensively utilized n-type
semiconductors owing to its uses in light-
emitting diodes (LED), photodiodes, solar cells,
memory devices, piezoelectric transducers, light
emitting diodes, photodetectors, sensors,
anticancer therapeutic agents, photocatalysis,
and industrial wastewater treatment [10-16].

Several ways have established that ZnO NPs
may be produced using chemical and physical
methods; however, because of the use of a large
amount of expensive reagents, hazardous
chemicals, prolonged time, and high temperature
conditions, an alternate method is required. The
green chemistry approach highlights that the use
of natural plants has provided a simple,
dependable, nontoxic, and environmentally
beneficial solution.

Plant extracts Myristica fragran (fruit), Aloe vera
(leaf), Cassava starch (fruit), Cassia fistula(leaf),
Cocos nucifera (leaf), Elaeagnus angustifolia L
(leaf), Hibiscus subdariffa (leaf), Coriandrum
sativum (leaf), Allium sativum (bulb), Zingiber
officinale  (root), Raphanus sativus var.
Longipinnatus (leaf), Passiflora caerulea (leaf),
Phoenix dactylifera L (leaf), Azadirachta
indica (leaf), Calotropis gigantea (leaf), have
been utilized to reduce Zn2* during the synthesis
of ZnO NPs [17-35].

The research on the plant-mediated production
of ZnO NPs utilizing leaf extract of Momordica
charantia as a reductant is presented here, and
they were characterized using UV-Vis diffuse
reflectance  spectroscopy, X-ray diffraction
analysis, Fourier transform infrared
spectroscopy, Field emission scanning electron
microscopy, and energy-dispersive  X-ray
analysis. This investigation also includes
evaluating the antibacterial efficacy of ZnO NPs
against Klebsiella pneumoniae and
Staphylococcus aureus bacteria.

2. MATERIALS AND METHODS
2.1 Chemicals Used

For the synthesis of ZnONPs, zinc sulphate
heptahydrate (ZnS04.7H20) was acquired from
Nice Chemicals. Momordica charantia leaves
were obtained locally in Thoothukudi, Tamil
Nadu, India, and utilized in this research.

2.2 Preparation of Momordica charantia
Leaf Extract

In order to eliminate dust particles, about 20g of
fresh Momordica charantia leaves were picked
and suitably rinsed with water. The freshly rinsed
leaves were finely chopped and steeped in 200
mL distilled water in a RB flask with a condenser
for a whole 30-minute boil. By filtering the leaf
extract through Whatman filter paper, purified
leaf extract was obtained.

Oxide

2.3 Green Synthesis of Zinc

Nanoparticles

A solution of 0.1M ZnS04.7H20 was mixed with
125 mL of freshly produced Momordica charantia
leaf extract. In a RB flask with a condenser, the
above mixture was heated to 110°C for one hour.
Subsequently, the ZnO NPs that were
synthesized underwent filtration and oven drying
at 80°C.

2.4 Antimicrobial Study

The microbicidal activity of the synthesized
nanoparticles against bacteria was examined by
the agar - well diffusion method. Nutrient broth
medium was used to subculture the
microorganisms, and the resulting homogenous
microbial growth plate was created by
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spreading the medium out on Muller Hinton
Agar plates and incubating them for 1
day at 37°C. The strains of bacteria were
Klebsiella pneumoniae and Staphylococcus
aureus.

For the purpose of comparing the antibacterial
activity of the antibiotic and nanoparticles,
chloramphenicol was used as the positive control
and dimethyl sulfoxide (DMSQO) as the negative
control. Finally, a full day of incubation at 37°C
was spent on the petri plates. The zone of
inhibition (ZOl) diameter in millimeters was
measured in order to assess the antibacterial
performance of the synthesized nanoparticles.
The formula below was used to obtain the
inhibition percentage.

Percent inhibition =
( Zone of inhibition of test sample (mm)

)><100

Zone of inhibition of standard drug (mm)
2.5 Characterization

The UV-visible spectrum of the ZnO NPs was
noted by the JascoV-600 spectrophotometer.
FTIR was measured using a FTIR spectrometer
with the model name Thermo Scientific Nicolet

scanning electron microscopy were taken using a
TESCAN MIRA3 XMU device.

3. RESULTS AND DISCUSSION

3.1 UV-Vis Diffuse
Spectroscopy

Reflectance

One of the best techniques for examining metal
oxide nanoparticles is UV-visible spectroscopy,
which may be used to determine their optical
properties. The green - produced ZnO NPs' UV-
visible spectrum is displayed in Fig. 1. A
distinctive ZnO absorption peak can be seen in
the spectra at a wavelength of 352 nm.

3.2 FTIR Analysis

The FTIR spectrum of ZnO NPs is shown in Fig.
2. Major peaks in the FTIR spectra of ZnO NPs
may be found at 630, 751, 1097, 1400, 1635,
and 3240cml. The spectrum clearly displays
bands at roughly 1635 and 3240 cm™ for
asymmetric stretching vibration of C-O and the
stretching vibration of the OH group,
respectively. The C-H stretching vibration may be
accountable for the band at 1400 cm™. The band
around 1097 cm™ is typical of aromatic amine C-

iS5. The average particle size of the C stretching vibrations. The 751cm band
nanoparticles was determined using Cu K corresponds to C-N stretching amine. The band
radiaton and an  XPERT-PRO  X-ray around 630 cm corresponds to the Zn-O bond
diffractometer  (Philips - CM200). Energy stretching vibration and indicates ZnO NPs
dispersive X-ray analysis and field emission formation.
1 352
(72}
QO
<
1 1 1 1 1
200 300 400 500 600 700 800

Wavelength[nm]

Fig. 1. UV-Visible diffuse reflectance spectrum of ZnO NPs
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Fig. 2. FTIR spectrum of ZnO NPs

3.3 X-ray Diffraction Analysis

The Debye-Scherer formula, used to analyze
XRD data, yields an average crystallite size of
33.81 nm. The Scherrer equation estimates the
crystallite size of the ZnO NPs to be between 20
and 58 nm.

The XRD pattern of ZnO NPs is displayed in Fig.
3. The peaks of XRD at 26 values of 31..84°,
34.52°, 36.28°, 47.36°, 56.48°, 62.88° , 66.44°,
67.76°, 69.08° , 72.28° and 77.08° can be
ascribed to the (100), (002), (101), (102), (110),
(103), (200), (112), (201), (004) and (202) planes
of ZnO nanoparticles, respectively, which are
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Fig. 3. XRD pattern of ZnO NPs
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coordinated with JCPDS No. 36-1451. XRD
pattern (Fig. 3) thus evidently elucidates the
production of ZnO NPs.

3.4 Field Emission Scanning Electron
Microscopy (FESEM)

The surface morphology and the approximate
nanoparticle’s size are revealed by the FESEM.
The FESEM images (Figs. 4-6) demonstrate that
the shape of the ZnO NPs is uneven. The size of
the ZnO NPs produced by FESEM ranges
between 20 and 60 nm.

1pm EHT = 10.00 kv

WD = 4.7 mm

Signal A = InLens
Mag = 25.00 KX

3.5 Energy Dispersive X - ray Analysis
(EDAX)

The EDAX spectrum of ZnO NPs is provided in

Fig. 7. The atomic contributions of the
components in the sample were calculated
using energy dispersive X-ray analysis.

Zn and O had weight percentages of 64.47
and 14.31 in the EDAX of ZnO NPs,
respectively. As given in Table 1, the atomic (%)
values for Zn and O are 52.43 and 47.57,
respectively.

Fig. 4. FESEM image of ZnO NPs (1 pm scale)

EHT = 10.00 kV
WD = 4.7 mm

Signal A = InLens
Mag = 100.00 KX

Fig. 5. FESEM image of ZnO NPs (200 nm scale)
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EHT =10.00 kv
WD = 4.7 mm

Signal A = InLens
Mag = 150.00 KX

Fig. 6. FESEM image of ZnO NPs (100 nm scale)
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20{

Fig. 7. EDAX spectrum of ZnO NPs

Table 1. EDAX data of ZnO NPs

Element Weight % Atomic %
Zn 64.47 52.43

0] 14.31 47.57
TOTAL 100.00 100.00

3.6 Anti-bacterial Activity

Using the agar - well diffusion technique, the
antibacterial performance of nanoparticles
against pathogenic bacterial types Klebsiella
pneumoniae and Staphylococcus aureus was
investigated. ~ The  conventional antibiotic
chloramphenicol was used as the control group
for the comparison. The antibacterial activity of

ZnO NPs against Klebsiella pneumoniae and
Staphylococcus aureus is shown in Fig. 8a and
8D, respectively.

Zone of Inhibition (ZOI) in mm is presented in
Table 2. The percentage of Inhibitions of ZnO
NPs against Staphylococcus Aureus and
Klebsiella pneumoniae are given in Tables 3 and
4, respectively.
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Table 2. Anti-bacterial activity of synthesized ZnO NPs

Test Pathogens

Zone of Inhibition (ZOI) in mm

100 mg/mL 50 mg/mL 25 mg/mL Positive Negative
Control Control
Staphylococcus Aureus 9 7.5 5 15 No ZOl
Klebsiella pneumoniae 7.5 7.5 7.5 11 No ZOl

()

Fig. 8. Anti-bacterial activity of ZnO NPs against (a) Staphylococcus aureus (b) Klebsiella
pneumoniae

Table 3. Percentage of inhibition of ZnO NPs by using test pathogen as Staphylococcus

aureus
Sample 25 mg/mL 50 mg/mL 100 mg/mL
ZnO NPs 33.33 50 60

Table 4. Percentage of Inhibition of ZnO NPs by using test pathogen as Klebsiella pneumoniae

Sample 25 mg/mL

50 mg/mL 100 mg/mL

ZnO NPs 68.18

68.18 68.18

The antibacterial activity data showed that all of
the produced nanoparticles efficiently inhibited
both Klebsiella pneumoniae and Staphylococcus
aureus bacterial strains. ZnO NPs' antibacterial
activity may be attributed to their ability to bind to
the bacterial cell membrane and inhibit the
active transport process, causing cell lysis
[31,32].

4. CONCLUSION

The green synthesis of ZnO NPs by leaf extracts
of Momordica charantia is revealed. Momordica
charantia leaf extract was utilized as a reductant.
The structure, composition, average particle size,
and morphology of ZnO NPs were validated by
XRD, FESEM, and EDAX techniques. UV-

absorbing band centered at 352 nm. The
production of ZnO NPs is confirmed by visible
spectra. The existence of a Zn-O bond is
established by a band at 630 cm™? in the FT-IR
spectra. Based on the XRD pattern, the average
particle size of ZnO NPs is 33.81 nm. FESEM
reveals that ZnO NPs have an uneven form with
20 - 60 nm range. The occurrence of zinc and
oxygen in ZnO NPs is verified by EDAX. ZnO
NPs have superior antibacterial action against
both Klebsiella pneumoniae and Staphylococcus
aureus bacterial strains.
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