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Abstract : In the present work, zinc oxide nanoparticles were successfully fabricated by using Momordica
dioica Roxb. ex willd leaves aqueous extract as a reducing agent. The formed ZnONPs were characterised
by UV-visible spectroscopy, X-ray diffraction (XRD), and SEM scanning electron microscopy. ZnONPs
were confirmed by UV-visible spectra; the highest absorbance peak was found at 357 nm. The crystallite
particle size was found in a range of 15.13 nm by XRD. Scanning Electron Microscopy (SEM) analysis
confirms ZnONPs were granular-shaped and closely aggregated. In antioxidant activity, the 1C-50 value of
ZnONPs was found to be 669.46 pg/ml. Its antimicrobial activity was performed by the well diffusion
method against Staphylococcus aureus and Escherichia coli. The highest antimicrobial activity of ZnONPs
synthesised by Momordica dioica leaf extracts was found against Staphylococcus aureus (15 mm) and
Escherichia coli (13 mm), respectively. The green synthesised ZnONPs have efficient antimicrobial activity
against selected human pathogenic bacteria.

IndexTerms -. Nanoparticles, Antioxidant, Antimicrobial, M. dioica.

1. Introduction

Among the available large number of nanoparticles, metal oxide nanoparticles are considered to be more
promising as they exhibit unique physical, chemical, and biological properties [1]. The nanoparticles
obtained via the green synthesis method are found to be cost effective, non-toxic, and biodegradable in
nature. This eco-friendly synthesis method reduces the use of hazardous substances as the process utilizes
natural materials like leaves, roots, and flower extracts and microorganisms like bacteria, fungi, algae, etc.
[2]. Nonmaterial are products processed through nanotechnologies that contain nanoparticles (NPs) on a
scale ranging from 1 to 100 nm [3]. Zinc oxide is an inorganic compound with the formula ZnO. It occurs as
white powder commonly known as zinc white or as the mineral zincite. The zinc oxide nanoparticles
(ZnONPs) owe its unique physical and chemical properties which include adsorption of radiation, large
excitation binding energy (60 eV), higher stability, wide band gap (3.37 eV), electrochemical coupling
coefficient, n-type semi conductivity, high rate of chemical reaction in presence of catalyst, inexpensive
luminescent material non-toxic, etc. [4]. Zinc is one of the essential micronutrients for the plant. Zinc is the
major component of enzymes or cofactor of enzymes. Zinc oxide nanoparticles (ZnONPs) are important for
chlorophyll production, fertilization, pollen function, and germination. Zinc oxide nanoparticles have
notable optical, physical, and antimicrobial properties and so have great potential to boost agriculture [5].
The novel properties of nanoparticles are widely deployed for various applications in medicine, [6][7]
cosmetics, biomedical devices, environmental remediation, electronics, photocatalysis, energy reservoirs,
agriculture, automobiles, packaging, and information technology [8][9]. Zinc oxide nanoparticles are
considered the most significant among the metal oxide nanoparticles for their thermal stability, robustness,
low electric resistance, low cost, non-toxicity, high UV protection, and biocompatibility [10].
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Momordica dioica is a wild plant that belongs to the Cucurbitaceae family. It is generally found during the
months of June to September in India [11, 12]. M. dioica is monosexual; the male and female flower is
borne separately [13]. Its abundance and accessibility make it a suitable and cost-effective source for
obtaining leaf extracts for nanoparticle synthesis. Furthermore, biosynthesis aims to minimise the use of
hazardous chemicals and energy-intensive processes. M. dioica leaf extract offers a sustainable and eco-
friendly alternative to the traditional chemical method for synthesising ZnONPs.

2. Preparation of M. dioica Leaves Extract

M. dioica leaves were collected from geographical location Aundha Nagnath, Dist-Hingoli, Maharashtra
(India). The M. dioica leaves were cleaned many times with distilled water to remove dust particles and
subsequently sun dried to remove the residual moisture. For the extraction of leaves, we used the Soxhlet
method shown in Fig. 1. The Soxhlet extraction method is used by many researchers [14]. The 10 gm of
plant leaf powder was placed into a thimble of Soxhlet in a filter paper roll. The 250 ml of water was used as
a solvent. The water was placed in the round bottom kept at heating metal. The temperature of heating metal
was adjusted to the boiling point of water. After 5 cycles, the solvent present in the thimble appears to be
transparent. The extract was evaporated to get a solid plant extract. The extract was stored at room
temperature in order to be used for further experiments.

Figurel: Soxhlet Extraction
3. Green synthesis of ZnO Nanoparticle

In the typical synthesis of ZnO nanoparticles, leaves extract has been used as a reducing agent. M. dioica
extract contains many phytochemicals such as alkaloids, steroids, flavonoids, etc. Such phytoconstituents are
linked with Zn ions to form nanoparticles. The 10 ml of M. dioica leaves extract was added into 90 ml of 1
mM zinc acetate solution and kept in stirring for constant mixing under room temperature. A colour change
of the mixture was noted by visual examination, confirming the synthesis of zinc oxide nanoparticles shown
in Fig. 2.

4. Characterization of green Zinc Oxide nanoparticles

The characterization of biosynthesized Zn nanoparticles was carried out for different parameters, such as
absorbance peak, by UV-visible spectrometer. The synthesised particle size and their morphology were
studied by using a scanning electron microscope. To determine the nanoparticle structure, use XRD [15].

4.1 UV- Visible Spectroscopy Analysis

The UV-Vis spectroscopy analysis of biosynthesis ZnONPs was performed by continuous scanning from
200 to 800 nm [16]. The formation of NPs and the stability in solution were examined by UV-vis absorption
spectroscopic analysis.

4.2 X-ray Diffraction Analysis

The formation and quality of synthesised particles were investigated by the X-ray diffraction technique. The
sample collected from the biosynthesis of ZnO NPs using M.dioica leaves extract was analysed using a
powder X-ray diffractometer. X-ray diffraction (XRD) is a characterization method that is used for the
determination of crystallography of the particles of interest in this experiment. In this method, X-ray
diffraction scanning was done in the region of 26 from 20° to 80°.
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4.3 Scanning Electron Microscopy

The scanning electron microscope (SEM) is one of the most widely used techniques used for
characterization of nanoparticles. The signals that derive from electron-sample interactions reveal
information about the sample, including surface morphology (particle size, shape, and texture) of the
sample.

5. Antioxidant Activity of synthesized ZnONPs

Antioxidant activity of Synthesized ZnONPs of M. dioica leaves extract was done by the (1, 1-diphenyl-2-
picryl hydroxyl) DPPH free radical scavenging method. For the activity, a 0.1 mM solution of DPPH in
ethanol was prepared. This solution of DPPH (1 ml) was added to 3 ml. of M. dioica leaves extracts in
ethanol at different concentrations (200, 400, 600, 1000 pg/ml). The mixture was shaken well and allowed
to stand in a dark room for 30 min. The absorbance was measured at 517 nm by using a spectrophotometer
to determine absorbance. Ascorbic acid is used as standard. The lower absorbance of the reaction mixture
showed higher free radical scavenging activity [17-21]. The percent DPPH scavenging effect was calculated
by using the following equation: DPPH scavenging activity (%) = ((Ac — At / Ac) 100.

Where Ac was the absorbance of the control reading and, At was the absorbance in the presence of the test.
6. Antimicrobial Activity

The ZnO nanoparticles were biosynthesized and tested for antibacterial activity using the agar-well diffusion
method. This method of testing is frequently used to evaluate antibacterial activity. Surface of Agar plates
using a sterile spreader, inoculums containing 106 cfu/ml of each bacterial culture under evaluation have
been spread to nutrient agar plates. After this, 8 mm-diameter wells were punched into the agar medium,
filled with 100 pl of sample, and kept to diffuse for an hour at room temperature. After that, the plates were
incubated for 24 hours at 37 C while upright. Positive controls were standard antibiotic streptomycin,
whereas negative controls were wells with the same volume of distilled water. After incubation, the growth
inhibition zones measures were measured in mm. [22].

7. Result and Discussion
7.1 Formation of ZnONPs

Synthesis of ZnONPs from M. dioica leaves extract conformed by their characterization. A colour
change of the mixture was noted by visual observation, confirming the synthesis of zinc oxide nanoparticles
shown in Fig. 2. Biosynthesis of ZnONPs was preliminary confirmed by visual observation of colourless to
dark-yellow precipitate, as seen in Figure 2. Where it was determined that the Phyto constitutes denoted
their electrons to ions and contributed to the stabilisation of positively charged Zn?* ions; then, thermal
annealing was performed for the conversion of Zn?* complex ions to ZnO nanoparticles [23].

TNy
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Figure 2: Color change confirmation of synthesis of ZnONPs
7.2 UV- Visible Spectroscopy Analysis

The UV-VIS absorption spectrum was observed by a JASCO UV-VIS spectrophotometer for bio reduction
of zinc ions to ZnONPs mediated by M. dioica leaf extracts. Absorption spectra show absorbance at 357 nm
(Fig. 3a), which was due to excitation in surface Plasmon vibration. This is the most significant feature of
metal nanoparticles, which is due to the electron oscillations that collectively gather around the surface of
metal particles. In similar studies of ZnONPs, it was mostly found that the absorbance spectra showed the
peak at 300-450 nm [24-25]. The direct energy band gap was calculated using the Tauc relation (ahv)? =
A(hv-Eg). Where is absorption coefficient, h is Planck’s constant frequency of light used, A is constant, and
Eg is energy band gap. The Fig. 3b) depicts that the direct energy band gap of ZnONPs calculated from
Tauc’s plot is found to be 3.10 eV, which matches the standard value.
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Figure 3: a) UV-vis spectrum b) Tauc plot of ZnONPs synthesized using aqueous M.dioica extract.

7.3 X-ray Diffraction Analysis

The crystallographic structure of Momordica dioica leaves extract-mediated biosynthesis of Zn-ONPs was
examined by XRD analysis. As depicted in Figure 4, the formed ZnO-NPs showed seven distinguished
peaks at 20 degrees: 31.7, 34.5, 36.1, 47.4, 56.3, 63.1, and 67.9, which matched to (100), (002), (101), (102),
(110), (103), and (112) planes, respectively. All outstanding diffraction peaks in XRD spectra are
compatible with those recorded in the Joint Committee on Powder Diffraction Standards (JCPDS, card no.
89-7102 and JCPDS card no. 05-0664), which confirm the crystallographic Wurtzite structure. The Debye-
Scherrer formula was used to calculate crystallite size [26-27]. It is given by D = kA/Bcosb. Where D is
crystallite size is Scherrer constant, A is wavelength of x ray, B full width half maxima; 6 is scanning angle.
The calculated crystallite size of 15.13 nm reveals the formation of nanoparticles. All the sharp peaks in the
XRD pattern depict that the ZnONPs are crystalline in nature. The presence of slight peaks in XRD spectra
may be related to the crystallization of organic substances that coated the surface of ZnO-NPs.
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Figure 4:X-ray Diffraction Analysis of ZnONPs synthesized from M.dioica Leaves Extract.

7.4 Scanning Electron Microscopy

The surface morphology and size of the ZnONPs was recognized by Scanning Electron Microscope.
SEM image had shown shape and size of the nanoparticles synthesized by using leaf extract of Momordica
dioica leaves.Figure 5 (a),(b) shows the surface morphology of the zinc oxide nanoparticles synthesized by
using levees extract of M. dioica recorded under different magnifications such as 2000 nmand1000 nm
respectively. It shows mostly granular shaped and closely aggregated ZnO nanoparticles were observed. The
average particle size was investigated using Image J Software and it is found in the rage of 50-120 nm [28].
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Figure 5: SEM image of ZnO NPs synthesized from M. dioica leaves extract at different scale
bar (a) 2000nm, (b) 1000 nm

7.5 Antioxidant activity of Synthesized ZnO nanoparticles
Table No: 1-Antioxidant activity (DPPH Method) of biosynthesized ZnONPs from M. dioica leaf extract.

Sr. Sample % of Free radical scavenging activity
No. P 200 pl 400 pl 600 ul 800 ul 1000 pl
ZnONPs of
1 MDLWE 42.55 44.34 49.3 52.97 55.05
2 L-Ascorbic acid 49.40 52.38 55.35 58.33 61.30
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Figure 6: Antioxidant activity of ZnONPs synthesized From M.dioica leaf extract.

The significant antioxidant potential of ZnONPs was evaluated by a DPPH free radical scavenging assay.
The antioxidant property of ZnO NPs could be attributed to functional groups present in the plant extract.
Fig. 6 and Table-1 shows the DPPH radical scavenging activity of biosynthesized ZnO nanoparticles. An
IC-50 value refers to the various concentrations of the sample required to scavenge 50% of the free radicals
present. The IC-50 value obtained for ZnONPs was found to be 669.46 pg/ml.

Antimicrobial activity

The green-synthesized ZnO NPs exhibited substantial antibacterial activity for wide-spectrum bacteria,
whereby interacting with the bacterial cell surface and its core, ZnONPs can enter inside the cells and
display their bactericidal effect [29]. In this study, the antibacterial activity of biosynthesized ZnO NPs from
M. dioica leaf extract was against two types of bacterial strains: one is gram positive Staphylococcus aureus
(ATCC 29213) and the second gram negative E. coli (ATCC 25922). The diameter of the inhibition zone of
biosynthesized ZnONPs of M. dioica leaves extract and Streptomycin as a positive control was determined
using an agar-well diffusion disc and presented in Fig. 7. Biosynthesized ZnONPs showed significant
antibacterial activity against the two bacterial strains compared with the positive control. Regarding the
bacterial strain type, ZnONPs showed a higher bactericidal effect in gram positive strains (S. aureus)
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compared with gram negative strains (E. coli). [30] Rana Abdullah Alghamdi et al. showed similar activity
had been reported for green synthesized ZnONPs.

(@) (b)

Figure 7: Photograph of antimicrobial activity of zinc nanoparticles and standard against
(@) S. aureus and (b) E. coli.

Table2: Result showing measurement of zone of inhibition formed by ZnONPs against S.aureus and E.coli.

S Zone of Inhibition (mm)
NG Sample name _ _
N Staphylococcus aureus Escherichia coli
1 ZnONPs 15 13
2 Streptomycin 20 38
8. Conclusion:

Momordica dioica is a wild climber that grows without utilizing any fertilizer or any pesticides; it has good
nutrition value because of that it is mostly significant to human health. In the present work, a simple
methodology was used to achieve a green eco-friendly approach for the synthesis of Zinc nanoparticles by
using M. dioica leaves water extracts. The green synthesized ZnONPs were characterized by UV-visible
spectroscopy, XRD, and SEM. absorption peak was found at 357 nm by UV-Vis spectrophotometric
measurements. The XRD analysis confirmed the crystalline structure with an average crystallite size range
of 15.13 nm and the average particle size was found in the range of 50-120 nm by SEM analysis. The
antioxidant activity of ZnONPs determined by using the DPPH method shows IC 50 value of ZnO
nanoparticles was found to be 669.46 png/ml. The antimicrobial activity of Zinc nanoparticles synthesized by
Momordica dioica leaves extracts was found against S. aureus (15mm) and E. coli (13 mm) respectively. As
a result, the green synthesized ZnONPs could be of immense use in the medical field for their efficient
antioxidant and antimicrobial function.
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