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Using aqueous leaf extract of Givotia moluccana, we offer a bioreduction technique for phytochemical-mediated production of
nanozinc oxide (N-ZnOPs) particles. Phytochemicals such as polyphenols, flavonoids, and proteins were discovered in the
water extract. UV–visible spectroscopy (UV-Vis), Fourier transform infrared spectroscopy (FT-IR), X-ray diffraction (X-RD),
and transmission electron microscopy (TEM) are as follows. The UV–visible spectra of synthesized N-ZnOPs revealed
absorption peaks at 370 nm. The crystalline nature of ZnO was confirmed by X-RD pattern analyses. Furthermore, TEM
pictures demonstrate the creation of hexagonal-shaped N-ZnOPs with diameters ranging from 20 to 50 nm, which is also
confirmed by the particle size analyzer, DLS. The synthesized N-ZnOPs displayed antibacterial action as well as photocatalytic
destruction of methylene blue (MB) dye, in contrast to gram +ve and gram–ve bacteria. Using the biosynthesis pathway, the
current study presents a simple, ecofriendly, and uncomplicated route for the creation of N-ZnOPs. N-ZnOPs are utilized in
rubber, paint, coating, and cosmetics. N-ZnOPs are attractive in biological applications due to their biocompatibility, cost, and
low toxicity.

1. Introduction

A new method of making nanoparticles from plants has
gained popularity among scientists. At ambient temperature,
ZnO exhibits a wide bandgap (3.37 eV) semiconductor with
deep violet/borderline ultraviolet (UV) absorption [1, 2]. As
a nanoscale semiconductor, zinc oxide is used in optical, elec-
tronic, optoelectronic, biomedical, rubber, and antibacterial

applications and food packaging [3]. Various physical and
chemical methods have been used to produce metallic nano-
particles on a large scale, including precipitation, microwave-
assisted combustion, sol-gel, and pulsed laser deposition [4].
In choosing green synthesis, the cost of processing, which ulti-
mately harms the ecosystem, is a fundamental consideration.
Recently, it has been discovered that seeds, leaves, barks, plant
biomass, and microorganisms have the potential to synthesize
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nanoparticles in an environmentally friendly and cost-effective
manner [5]. In a single process, the phytochemicals that are
present in plant parts serve the twin roles of effective reducing
agents to reduce the metal zinc and stabilizers to give a durable
coating on the zinc nanoparticles [6, 7]. Metal nanoparticles are
manufactured from phytochemicals found in aqueous leaf
extracts, including tannins, saponins, alkaloids, terpenoids,
and flavonoids [8]. Due to their proapoptotic and antiprolifera-
tive qualities, natural sources are gaining popularity as antican-
cer immunity boosters, which are safe, nontoxic, and freely
available. Traditional remedies include Catharanthus roseus
and Morinda citrifolia. These two plants have biophores that
are anticancer, antifungal, antiviral, antimicrobial, and anti-
inflammatory [9]. Zinc is the essential trace element in the
human system, second only to iron, in terms of biocompatibil-
ity. [10] found that metal oxide NPs can be changed by taking
away different atoms and changing their chemical surface prop-
erties. This improves their optical, mechanical, and electrical
properties.

Zinc oxide nanoparticles (N-ZnOPs) were employed in
various applications, including cosmetics, biomedicine, and
semiconductors. They may be used as light detectors and
semiconductors due to their excitation energy, bandgap, and
UV absorption ability. Furthermore, N-ZnOPs have good
antibacterial and antifungal properties [11]. Various busi-
nesses create more than 528 tonnes of N-ZnOPs every year,
according to statistics data, and have documented the phyto-
toxicity of N-ZnOPs and their nature towards plant structure,
physiology, and other aspects [12]. Plant growth inhibition is
invariably linked to the form and size of the NPs [13]. The
Euphorbiaceae family includes Givotia moluccana (G. moluc-
cana) and the white catamaran tree [14]. The leaves and roots
of this plant have medicinal properties. Carbohydrates, flavo-
noids, alkaloids, proteins, phenolic compounds, and amino
acids are among the phytochemicals found in the leaf extract
[15]. Due to drug usage, drug resistance has spread worldwide,
and the environmental effects of dye are now a worldwide con-
cern [16]. Alternative methods and medications are required
to overcome these limitations in cancer treatment. Researchers
are now experimenting with ecofriendly-based nanoparticles
as an alternative to inhibiting malignant cell proliferation
[17]. Antibacterial activity, photocatalytic dye degradation,
and practicality of usage as an antibacterial agent were all
investigated for the produced N-ZnOPs.

Based on the previous reviews, this effort attempted to
design N-ZnOPs through green synthesis employing G.
moluccana to target pathogenic bacteria and to clean environ-
ment. The novelty of the N-ZnOPs show promise in biomed-
icine, especially in anticancer and antibacterial fields, due to
their capacity to stimulate excess reactive oxygen species
(ROS) generation, release zinc ions, and induce cell death.

2. Materials and Methods

2.1. Plant Materials. Yogi Vemana University in Kadapa,
India, provided fresh G. moluccana plants. HiMedia Labora-
tories in India provided Muller Hinton agar (MHA) and
zinc sulfate (ZnSO4).

2.2. Preparation of Aqueous Extract and N-ZnOP Fabrication.
G. moluccana fresh leaves were collected, washed in running
tap water followed by Milli-Q water, and then shade-dried.
The ground 10g of powder was mixed in 100mL of Milli-Q
water in a 250mL Erlenmeyer flask and boiled for 30min at
80°C. After this, the extract was filtered using Whatman No.
1 filter paper, and the filtrate was used for a subsequent exper-
iment. To prepare N-ZnOPs, a known amount of zinc nitrate
salt was dissolved in 20mL of extract and heated in the reac-
tion mixture till the yellow precipitate appeared. The reaction
mixture was kept in a muffle furnace at 400°C for 3h for calci-
nation. Finally, N-ZnOPs were obtained in white color powder
that was stored in labeled containers for further use.

2.3. Physical Characterization. A UV–Vis spectrophotometer
was used to validate the dried N-ZnOP identity. Using a Fou-
rier transform infrared (FT-IR) spectrophotometer and the
KBr pellet technique in the spectrum region of 4000–500 cm-

1, the functional groups and phytochemicals involved in the
reactivity of NPs were identified. X-ray diffractometer was
used to examine the XRD pattern of green-produced N-
ZnOPs. The precise form, size, and dispersive character of
the N-ZnOPs were also recorded using TEM. Energy disper-
sive X-ray spectrometer was used to study the topographical
structure and atomic composition (EDX). EDX was used to
examine the composition purity and elemental mapping of
N-ZnOPs.

2.4. Antimicrobial Activity. The antibacterial activity of N-
ZnOPs toward the selected pathogens Escherichia coli (E. coli)
and Staphylococcus aureus (S. aureus) was studied by using the
good diffusionmethod. The set of two dilutions ((a) 50 and (b)
75μg/mL) of N-ZnOP colloidal solution in the disc was pre-
pared and used in this study. Sterile Muller Hinton agar plates
were seeded with respective bacterial strains at 108 CFU. At
three corners of the Petri plates, two different concentrations
of the N-ZnOPs were placed over the lawn of bacterial culture
along with positive control and streptomycin ((c) 30μg/mL.
Plates were incubated at 37°C overnight. The zone of inhibi-
tion (ZOI) (mm) was measured after 24h, and the results were
expressed as ZOI in mm in the table. This experiment was
conducted in triplicate.

2.5. Photocatalytic Activity. The degradation of methylene
blue (MB), a known amount of synthesized catalyst, was
added to MB (10 ppm) solution and stirred at 200 rpm for
30min in the dark to get adsorption in the semiconductor
surface by the MB, during the middle of the May month.
The solution was irradiated for regular intervals of time
under sunlight. In each stage, the collected sample aliquot
was centrifuged at 5000 rpm to separate catalyst particles
and analyzed at 664nm by UV–visible spectrophotometer.

%Degradation = C0ð Þ − Ctð Þð Þ
C0ð Þð Þ X100, ð1Þ

where C0 and Ct will be the initial and final amount of
MB solution, respectively.
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3. Results and Discussion

The aqueous extract ofG. moluccana contains 40:4 ± 1:6GAE/
gm, 8:8 ± 0:05 RE/gm and 30:53 ± 0:3mg/gm of polyphenols,
flavonoids, and proteins, respectively. The results of the analy-
sis put forward the information that the extract of aqueous leaf
is an excellent starting material of bioactive phytochemicals
that can effectively involve in reducing and stabilization of
the particles during the fabrication [18]. The absorption peak
was observed for N-ZnOPs at a wavelength of 370nm due to
the surface plasmon resonance of nanoparticles (Figure 1).

The results are well to an earlier report on the green synthesis
of N-ZnOPs by [19].

The peaks at 3435 and 2922 cm-1 are due to hydroxyl
(-OH) as well as aldehydes C–H, respectively [20]. The peak
at 2926 and 1605 cm-1 corresponds to symmetric stretching
of carboxyl groups stretching of C–H in alkenes and stretch-
ing of carboxyl groups, respectively. A peak at 459 cm-1

lowers frequency that matches with particles of Zn-O with
vibration bond bending (Figure 2) [21].

The previous reports also suggest that secondary metabo-
lites like polyphenols and flavonoids are responsible for the
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Figure 1: shows the UV-visible spectrum of N-ZnOPs.
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Figure 2: FT-IR spectrum of green-produced N-ZnOPs.
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Figure 3: XRD spectrum of green N-ZnOPs produced.

20 nm

(a)

50 nm

(b)

0

Full scale 151 cts cursor. 0.000

0.5 1 1.5 2 3 4 4.52.5

KeV

3.5

(c)

20

20

15

15

10

5

Size (dm)

In
te

ns
ity

 (%
)

25
0

35 4030

(d)

Figure 4: TEM images of green synthesized N-ZnOPs: (a) (20 nm) and (b) (50 nm). EDX pattern of green synthesized N-ZnOPs and
particle size histogram.
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reduction and stabilization and also amino as well as carbox-
ylic groups of proteins which are present in the leaf extract
[18, 22].

The diffraction results through XRD of zinc oxide parti-
cles are obtained at 2θ values, and peak includes 31.50,
34.19, 36.05, 47.35, 56.34, 62.65, 66.19, 67.76, 68.92, 72.41,
and 76.77° that correlates to the (100), (002), (101), (102),
(110), (103), (200), (112), (201), (004), and (202) planes,
respectively [23]. From the above information on diffraction,
the hexagonal patterns indexed to quartzite structured ZnO

are identified, as shown in Figure 3. Image captured by TEM
analysis of green N-ZnOPs produced, EDX spectrum, and
particle size is represented in Figures 4(a)–4(d).

TEM microscopy was used to examine the morphology
of the produced N-ZnOPs. The produced N-ZnOPs were
rod-shaped with aggregation and ranged in size from 40 to
50 nm, according to TEM images (Figures 4(a) and 4(b)).
The aggregation of N-ZnOPs was likely caused by the pres-
ence of G. moluccana hydrous extract all around the N-
ZnOPs, gluing them together. The elemental mapping study
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Figure 5: Images of antibacterial activity of green-produced N-ZnOPs.

Table 1: Antibacterial activity results.

Zone of inhibition (ZOI) (mm)
S. no Microorganism 50μg/mL 75 μg/mL Streptomycin 30μg/mL

1. E. coli 13 ± 1:0 15 ± 0:4 16 ± 1:4
2. S. aureus 16 ± 1:2 18 ± 0:5 21 ± 1:7
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Figure 6: Photocatalytic effectiveness of green-produced N-ZnOPs on methylene blue degradation (MB).
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looked at how Zn and other elements were distributed in the
N-ZnOPs that had been created. The elemental mapping of
the N-ZnOPs produced with G. moluccana aqueous extract
indicated that the generated NPs comprised zinc (66.25%)
as the main element, with oxygen (33.75%) and other ele-
ments present in the NPs (Figure 4(c)). Figure 4(d) shows
the size distribution of the N-ZnOPs calculated from more
than 250 particles.

As biosynthesized N-ZnOPs were tested with gram-nega-
tive, gram-positive stains revealed the effective suppressive
activity of these nanoparticles, and the results were presented
in Figure 5 and Table 1. The antibacterial effect of nanoparticles
depends on their size: the smaller the size, the higher the activ-
ity. Records show that particle size is the main factor affecting
the sensitivity of bacteria towards nanomaterials. Electrostatic
interactions between ZnO and cell walls and the high surface
area to volume ratio result in destroying bacterial cell integrity,
thereby enhancing its antimicrobial activity. The nanoparticles
interfere with cellular processes and immobilize them by adhe-
sion to the microbial cell surface [24]. N-ZnOPs may also enter
into a bacterial cell and aims for making harmful radicals
related to the oxygen that break bacterial genetic material and
proteins of the cell leading to the inhibition as well as the death
of the organism. Also, the interaction of microbial functional
groups like thiol protein on the bacterial surface leads to a less
permeable rate which finally ends up in lysis [24].

Using aqueous solutions of MB dye and a natural irradia-
tion approach, the photocatalytic property of N-ZnOPs was
investigated. At various time intervals during the degradation

of MG and MB dyes, varied absorption spectra were observed
(Figure 6). The greatest elimination percentage of the pro-
duced N-ZnOPs was 80 percent MB. In comparison to earlier
published data, the current study found a greater rate of dete-
rioration. Biological synthesis methods are, on average, less
harmful than most traditional synthesis processes. As a result,
the current manufacturing process and capacity to break
down synthetic dyes were more effective than in prior investi-
gations [16, 25, 26]. In contrast to bigger-sized particles, the
zone of inhibition produced by the tiniest particle sizes, known
as nanoparticles, was discovered to be significantly greater
(about 19 millimeters) in size. A bigger surface area-to-
volume ratio of samples can be ascribed to the fact that nano-
particles are discovered to be more poisonous than other
nanoparticles. This is because larger particle-sized nanoparti-
cles have a smaller surface area relative to their volume.
Because of their greater surface area, particles of smaller size
are better able to interact with the membranes of bacteria,
which contributes to an increase in the effectiveness of these
particles as antibacterial agents. It has been demonstrated that
the concentration of nanoparticles has an effect on this size
dependency of antibacterial activity [27].

In addition, antioxidants stop free radical chain reactions
and turn them into harmless compounds. Antioxidants reduce
oxidative stress and treat free radical-related illnesses. Their
low absorption, inability to cross cell membranes, and disinte-
gration during delivery limit their bioavailability. Antioxidants
covalently coupled with nanoparticles, entrapped in nanogel,
hollow particles, or encapsulated into nanoparticles of varied
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Figure 7: Schematic diagram of MB degradation by green generated ZnO NPs.
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origin give greater stability, gradual and prolonged release,
biocompatibility, and targeted administration of antioxidants
with superior antioxidant profiles.

A schematic diagram of MB degradation (Figure 7) and
UV-visible spectra of decomposed MB are displayed in
Figure 6. The amount percentage of debarring and pie chart
of degradation are mentioned in Figures 6 and 7. The cata-
lyst activity begins with the generation of an electron-hole
(e––h+) pair under sunlight. When the catalyst gets irradi-
ated with sunlight, the electron gets excited and displaces
from the valence to the conduction band by making a hole
that will react with oxygen as well as hydroxyl and formation
radicals of hydroxyl (•OH), radical anions of superoxide
(·O2

–), and radicals of hydroperoxyl (·O2H) occur. Among
all the reactive species, hydroxyl is more powerful and can
attack MB present in the reaction medium at the surface of
the catalyst [28]. Most importantly, the optical density at
λmax of MB gets reduced with the rate of reaction time which
mentions decolonization [29].

4. Conclusion

Green production of ZnO nanoparticles has been achieved
by the use of aqueous leaf extract Givotia moluccana. The
formation of N-ZnOPs was characterized by UV-vis, FT-
IR, TEM, and XRD shape and size control of nanoparticles.
Analysis of the FT-IR spectrum shows the presence of
phenols that helps in the conversion from Zn2+ to zinc
oxide. TEM micrographs reveal that the particles were
almost hexagonal that is varying from about 18 to 38 nm.
The formed N-ZnOPs show crystalline and attained a size
below 50nm as evidenced by TEM and XRD. The results
showed that the synthesized N-ZnOPs are useful as good
antimicrobial and catalyst material.
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