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Abstract: Antimicrobial resistance represents a critical global challenge due to
microbial enzymes that neutralize antibiotic efficacy, prompting the use of
nanotechnology to enhance the therapeutic potential of plant properties. In this
study, zinc oxide nanoparticles (ZnONPs) were biosynthesized using a methanol
extract of Cissus aralioides leaves obtained through Soxhlet extraction.
Characterization via UV-vis, FTIR, PXRD, SEM, EDX, and TEM revealed a maximum
absorption at 398 nm, a bandgap energy of 3.12 eV, and a hexagonal wurtzite
structure with an average particle size of 15.90 + 2.81 nm. FTIR analysis confirmed
essential chemical groups (C-H, C=0, O-H), while SEM and EDX showed rough
surfaces with a predominant zinc content of 80.76%. The antimicrobial potential of
these ZnONPs was evaluated against Escherichia coli, Staphylococcus aureus,
Aspergillus fumigatus, and Candida albicans using the agar well diffusion method at
concentrations of 100-400 mg/mL. Results demonstrated significant antimicrobial
activity, with the highest sensitivity observed against S. aureus (24.0 + 0.01 mm),
followed by C. albicans, E. coli, and Aspergillus sp., and an estimated minimum
inhibitory concentration of 100-300 mg/mL. Consequently, this research highlights
the potential of green-synthesized ZnONPs as a viable alternative for managing
pathogenic microorganisms.

Introduction

Pathogenic microbes have continued to pose serious
health risks globally. Nanotechnology presents broader
areas whereby materials which are manipulated to
nanoscale (1-100 nm) show increased functionalities and
can be applied to tackle human and environmental
problems. Studies on nanoparticles in these areas have
continued to increase (1-6).

Metal oxide-based nanoparticles possess physical,
biological and chemical characteristics which make them
highly considered for research and other applications (7).
Zinc oxide (ZnO) nanoparticles are among the most
studied metal oxide nanoparticles because of their large
band gap energy, antimicrobial activity, and their ability to
act as UV radiation shield in lowering the risk of skin
disorders (8-9). Many techniques including thermal
evaporation, solution combustion, magnetic sputtering,
pulsed laser deposition, molecular beam epitaxial, etc., can
be used to produce ZnO nanoparticles (10-13). However,
the green synthesis or biosynthesis of nanoparticles from

medicinal plants has shown to be less harmful,
economical, and harmless to the environment when
compared to other conventional methods (14-19).
Scientists and industrialists are very interested in ZnO
nanoparticles made from plant extracts and zinc oxide
(ZnO) because of its many uses and characteristics (20-24).
Some  medicinal  plant  extracts of  Hibiscus
rosa-sinensis (25), Euphorbia hirta (7), Cinnamomum verum
(26), Aloe vera (27), groundnut shell (16), Lippia adoensis
(28), Moringa oleifera (29), Lycopersicon esculentum (30)
and a few others have demonstrated intriguing
antibacterial qualities when utilized in the production of
ZnO nanoparticles (26).

In the present study, Cissus aralioides leaf extract was
considered for the synthesis of ZnO nanoparticles. C
aralioides is a medicinal plant that is a member of the
Vitaceae family. It has a length of around 25 m, with stem
mainly fleshy and a roughly 5-m-long woody base. It is
medium-sized tendril climber found in coastal and
savannah areas bordering forests, as well as in primitive
dense, swampy, woody and semi-deciduous forests. C.
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aralioides is also home in Acacia bushlands, termite's
mounds, granite cliffs and wet grasslands (31-32). Tropical
Africa is the plant's primary home (31). The plant has
shown a lot of medicinal components and benefits. The
plant's roots have been used to treat malaria and fever.
The plant contains steroids, alkaloids, and other essential
constituents (33). Some phytochemicals such as alkaloid,
terpenoid, flavonoid, saponin, proteins, reducing sugar,
and cardiac glycoside, have been found in the plant's leaf
(34-36). The plant has long been utilized by the locals to
treat conditions like rheumatism, arthritis, discomfort, and
swelling; and additionally, solvent extracts from the stem
have shown activity against certain harmful microbes (37).
The plant has also demonstrated to possess antioxidant
(38-40), and anti-inflammatory properties (41-44). A
constituent (Aralioidamide A) isolated from the plant's
stem, has demonstrated antimicrobial activity (45).

However, despite the usefulness of this plant, its ZnO
nanoparticles have not been studied, especially in the area
of their antimicrobial activity as ZnO nanoparticles have
shown to have a significant suppression effect on
microbes when they come in contact with their restive
enzyme (beta-lactamase) at their binding location.
Therefore, this work focused on creating ZnO
nanoparticles with the plant's leaf extract and evaluating
their antimicrobial potentials, due to the potentials
presented by Zinc oxide nanoparticles.

Materials and Methods

Materials
The C. aralioides leaves used in the experiment were given
the voucher number DELSU-0301 by a plant taxonomist at
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Delta State University's Herbarium Unit in Abraka, Delta
State, Nigeria. Perkin Elmer Lambda 40 UV-visible
Spectrometer, Rigaku D/Max-IlIC and Pelkin Elmer 3000
MX Fourier Transform Infra-red (FTIR) Spectrometer, a
powered X-ray diffractometer (PXRD, made by Rigaku Int.
Corp. Japan), Scanning Electron Microscope (SEM) (JOEL
JSM-7600F), Energy Dispersive X-ray (EDX) (EDX-8100)
Spectrometer, and Transmission Electron Microscope
(TEM)  (JEM-ARM200F-G-TEM) were employed for
spectroscopic evaluation.

Staphylococcus aureus, Escherichia coli, Candida
albicans, and Aspergillus fumigatus are among the
microorganisms that were obtained from the Department
of Microbiology at Delta State University, Abraka, Delta
State. Gentamycin utilized as positive control medication
was obtained from pharmacy store. Figure 1 displays the
flow chart of the procedures followed. Each step's
procedures are described in depth.

Evaluation of Phytochemicals and Extraction
Methanol was used in extraction of 200 g of the fresh
(paste form) leaf material (at a 1:2 ratio), following Soxhlet
extraction method for four h at 55°C. The solvent in the
extract combination was evaporated to obtain the crude
extract (E3) (10% yield).

The extract was subjected to phytochemical
evaluation using the methodology outlined by Jeenu et al.
(46), Onunkwo (47), and Amina et al. (48), to assess if
steroids, alkaloids, terpenoids, glycosides, saponin,
anthraquinones, proteins, phenolic acids, flavonoids,
carbohydrates, tannins, coumarins, and volatile oil, are
present.

Plant preparation

U

Washing of leaves under distilled water to remove impurities

J

Chopping the fresh leaves to small parts and blending to make a paste

J

200 g of the sample was subjected to extraction with

methanol (E3) (1:2) at 55°C for 4h

U

Phytochemical of the extracts (E3)

4

Synthesis of Ag nanoparticles using methanolic extract &
Zn(CH;CO0Q), in 100:1 solution, & analyzing by UV-vis, FTIR,

XRD, SEM, EDX, & TEM

U

Antimicrobial analysis of
the ZnONPs & control

applications.

Figure 1. Process flow of the phytochemical extraction and green synthesis of ZnO nanoparticles for antimicrobial
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Preparation of the ZnO Nanoparticles

On a magnetic stirrer, 900 mL of 0.02M zinc acetate or
Zn(CH3COO0); and 9 mL of a 10% (w/v) (100:1) methanolic
extract of C. aralioides (E3) were mixed together and
continuously swirled for 10 min. A 0.5 mL NaOH (1 M) was
used to adjust the reaction medium to pH 9 to ensure
efficient reduction and stabilization. Using the UV-Vis
spectrophotometer, the reduction process of the mixture
was monitored until the complete formation and
stabilization was reached after 2 h of heating at 70 °C. The
resulting ZnONPs solution was then protected from
contaminants before purification. After centrifuging the
colloidal ZnONPs solution (at 4,000 rpm) and repeatedly
washing them using 10 mL of demineralized H0O, the
purified NPs were obtained by oven-drying them for 2 h at
70 to 100 °C (16, 49-50).

Characterizating the ZnO NPs

The NPs' characterization was performed using Ultraviolet-
visible  spectrophotometer, X-ray Diffraction, FTIR
spectrometer, Energy Dispersive X-ray, Scanning Electron
Microscope, and Transmission Electron Microscope (TEM)
instruments, after necessary preparation were carried
out (16, 51).

UV-visible Spectrometry

The spectrometric measurement of biosynthesized ZnO
NPs was conducted using a Perkin Elmer Lambda 40 UV-
visible spectrophotometer. Using 1 mL of the suspension,
the reduction of Zn(CH3COQ), was measured at intervals
between 200 and 800 nm. Following purification, the
sample (purified ZnO NPs) was added 2 mL of deionized
water and examined to produce a spectrum of the NPs
(16, 52).

Fourier Transform Infrared (FTIR) Spectrometry

The ZnO NPs was dried and purified before being
employed. FTIR analysis of the dried ZnO NPs was mixed
at a 1:100 (ratio) with an FTIR-grade potassium bromide
(KBr) pellet. The spectrometer Pelkin Elmer 3000 MX was
used to record the spectrum. There were 32 scans,
performed at a resolution (4 cm™h.

Within the range of 4500-300 cm™!, the ZnONPs metal
complex's FT-IR spectrum was assessed. The functional
group data was obtained by analyzing the infrared
spectrum using Win-IR Pro Version 3.0, a spectroscopic
program with a 2 cm™" peak sensitivity (16, 49, 52).

X-ray Diffractometry

In order to ascertain the crystallinity of the biologically
reduced ZnO NPs (which underwent additional
pelletization, powdering, and sieving to 0.074 mm), X-ray
diffraction test was performed. The crystallinity of the NPs
coated atop glass slides was measured using powered X-
ray diffractometer (Rigaku D/Max-llIC-PXRD) with a CuKa
radiation set at 40 kV and 20 mA. The device scanned
between 2 and 50 degrees at a rate of 2 degrees per min
while operating at room temperature.

Upon passing through the sample, the X-ray produces
peaks that are characteristic of the type of diffraction
along a set of planes. The peculiarities of the atom
arrangement within the sample determine how the peaks
are diffracted. The standard data and the diffraction values
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(d-value and intensity level) were compared. The Debye-
Scherrer formula was then used to calculate the ZnO NPs'
average particle size (16, 25, 50, 53).

Scanning Electron Microscope (SEM)

SEM is a kind of microscope that creates monographs of
samples by using a concentrated electron beam to scan
their surfaces. For SEM analysis of the ZnONPs, the JOEL
JSM-7600F was used. The pure ZnONPs was placed in the
specimen chamber after being conditioned (covered with
platinum). The particle was subsequently fixed on the
specimen stub (a semiconductor wafer) in order to capture
the shape and texture of NPs. The SEM apparatus then
placed the specimen in a relatively high-pressure
compartment with a short operating distance and an
electron optical chamber that is distinctively pumped to
maintain a low enough vacuum at the electron gun's edge
(16, 25, 50).

Energy Dispersive X-ray (EDX)

The ZnONPs' elemental makeup was assessed by EDX
analysis using an EDX-8100 equipment. A thin coating of a
copper grid containing ZnO NPs (about 10 mg/mL) was
produced, and the NPs' elemental compositions were
examined (16).

Transmission Electron Microscope (TEM)

To see the shape of the NPs, Transmission Electron
Microscope (TEM) (JEM-ARM200F-G-TEM) was utilized.
The device was run with a 200 kV accelerating voltage, a
0.2 nm ultra-high resolution, and a 2,000,000 X
magnification. A 3 mm diameter TEM grid was created by
applying a sample of the ZnO nanoparticles to a copper
grid coated with carbon, allowing it to dry underneath a
mercury illumination, and then magnifying the image. The
particle size of the ZnONPs was then determined and clear
morphological data was provided by using image
magnification software to examine the particle size (16,
52).

Antimicrobial Evaluation

The European committee on antimicrobial susceptibility
testing-recommended rapid antimicrobial susceptibility
testing was followed. Using the agar-well diffusion
procedure, the antimicrobial activity of the generated
ZnONPs was evaluated at doses of 100, 200, 300, and 400
mg/mL against pathogenic microorganisms (S. aureus, E.
coli, A. fumigatus, and C. albicans). Cleaning and drying
petri dishes were then employed for the research. Various
discs immersed in the different concentrations of the
materials were arranged outward on their corresponding
Mueller-Hinton's agar plates that had been inoculated.
Furthermore, the standard antibiotics (Gentamycin) discs
were applied at doses of 50, 25, 12.5, and 6.25 mg/mL to
prepared S. aureus, E. Coli, Aspergillus sp., and C. albicans
microorganisms. Incubation of the discs (at 37°C) was then
conducted. The length of the period of incubation varied
according to the kind of microbe used against the sample
(for example, the incubation period for bacteria was 24 h,
but the incubation period for fungi was 5 days). The zone
of inhibition (ZOIl) was examined and recorded using
callipers following incubation. The activity was subjected
to duplicate analysis to obtain a preliminary overview of
the results and ensure some level of reliability (50, 52, 54-
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58).
Results and Discussion

Phytochemical Screening Results

Flavonoids, steroids, alkaloids, phenols, anthraquinones,
tannins, terpenoids, proteins, glycosides, volatile oil, and
carbohydrates are all present in the methanol leaf extract
of C. aralioides, but no coumarin was found (Table 1).
Coumarins are photosensitive and can be degraded by
natural light or altered by temperature and storage
condition, and this may be the reason why they were
undetectable and absent in the extract (59-60).
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The plant has been reported to include steroids,
alkaloids, tannins, saponins, terpenes, flavonoids, and
cardiac glycosides (41, 61). Cissus hastata (Semperai), the
plant's close specie, has also demonstrated the presence
of tannin, phenolic compounds, alkaloids, as well as
steroids (62). Alkaloids found in plants have been shown
to possess antibacterial qualities (33, 41, 63). Additionally,
they can be used to treat skin diseases such seborrheic
dermatitis, neurodermatitis, and eczema (33, 41). One of
the many anti-inflammatory properties demonstrated by
flavonoids, tannins, and steroids was the inhibition of
mediators and pathways that cause/induce inflammation
and malignancies such as cyclooxygenase, nitric oxide
synthase, and lipooxygenase (41, 64).

Table 1. Phytochemicals of methanol leaf extract of C. aralioides (E3).

Phytochemicals
Alkaloids
Saponin
Terpenoids
Flavonoids
Steroids
Anthraquinones
Glycosides
Tannins

Phenols
Coumarin
Proteins
Carbohydrates
Volatile oil

Key: + = Present; - = Absent

Extract &
Zn(CH;CO0),
solution

CAE Methanol
extract

Centrifugation of the ZnONPs
solution, followed by calication

ZnONPs pellet

Extract

+

R—OH  +

'R =Reducing agent

in the extract Zinc acetate

Reduction
Y
R—IOl*  + zn0o + CH3CH0_of
Zn**
ZnO Nanoparticles

Figure 2. Green synthesis of ZnO nanoparticles: (A) Experimental procedure from CAE methanol extract and (B) Proposed
reaction mechanism.
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The ZnO NPs'Characteristics

Bioreduction of Zn(CH3COO); to produce ZnO NPs was
facilitated by the plant extract's phytochemicals. The
formation is confirmed by the UV-visible spectrum. Figure
2 illustrates the synthetic steps (A) and mechanism (B) of
the ZnONPs. The FTIR, XRD, SEM, EDX, and TEM results,
are other characteristics results that confirm the
nanoparticles.

UV-visible Spectrometry

The first instrument that is frequently used to monitor the
development and formation of the nanoparticles is UV-Vis
spectrophotometer. This is because the information it
offers about the nanoparticles' development is vital. Using
a Perkin Elmer Lambda 40 UV-vis spectrometer, the
ZnONPs' generation was monitored; the resulting
spectrum is displayed in Figure 3A.

As seen in the Figure 3A, the ZnONPs' UV-vis
absorbance spectrum shows a distinct 398 nm (maxmium
absorption), slightly above that observed in the work of
Akpeji et al. (16) but somewhat comparable to what Al-
darwesh et al (65) reported. This surface plasmon
resonance gave more information on the electronic
transitions, shape, size, and aggregation of the NPs. Since
the energy of the absorbed photons can be calculated
from the peak and may be utilized to assess the optical
potential of the NPs, the bandgap (hv/A) of ZnONPs at 398
nm (absorption maximum) is 1240/398 = 3.12 eV. Energy
band gap is important in photonics and semiconductor
research (8-9).

Fourier Transform Infrared (FTIR)

The associated functional groups of biomolecules
functioning as capping and stabilizing agents on the
ZnONPs' surface of were investigated using FTIR analysis.
For this study, an Elmer 3000 MX FTIR spectrometer with
4500 - 300 cm™' capacity range was used. Figure 3B
determines if the functional groups are present on the
surface of the nanoparticles, and it displays the chemical
characteristics, interactions, and bonding behaviors of the

ZnONPs

Absorbance

S0 50 60 60
Wavelength (nm)

L Zn

ZnONPs

ZaONPs

Element Weigh %

c
[o]

4.00

16.24

80.76
08 o :

Zn
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ZnONPs biosynthesised nanoparticles. Al-darwesh et al.
(65) stated that because of the interactions between its
many components, plant extract can promote the creation
of the ZnONPs. Aromatic O-H vibrational band of alcohol
or phenolic groups is represented by the large peaks at
4028 and 3428 cm™". Elemike et al. (52) had similar report
for this vibration. The 290157 cm™ sharp peak
corresponds to that in primary amine group (N-H) (66).
The 2600, and 2358.8 cm™' peaks correspond to that
methyl, and methylene groups, respectively (52), while the
C=N (nitrile bond) is attributed to 2144.21 cm™ peak (67).
The C=0 (carbonyl) bond's stretching vibration may have
created a link with the ZnONPs from the flavonoids of the
C. aralioides extract, as evidenced by the sharp absorption
signal detected at 163547 cm™'. The 1375.82, 1328.62,
and 1439.9 cm™" peaks signal the presence of C-O group.
The slight shifting absorption bands at 1157.33 and
1102.36 cm™" may be asserted to nitro (N=O and N-O)
group's vibration. The primary alcohol C-H stretch, as also
reported by Din et al. (66), is shown by 1048.42 cm™'
broad peak. The zinc metal-oxygen bond (Zn-O) is
identified by the 600.36 and 448 cm™' peaks, and the
peaks are comparable to some previous reports (28, 66).
Therefore, it can be deduced that this interaction resulted
in the formation of the ZnO nanostructure (66, 67). The
ZnONPs demonstrated a well-distributed functional group,
indicating that its synthesis was complete.

X-ray Diffraction
The ZnONPs' crystal structure and overall oxidation state
were investigated using the Powered X-ray diffractometer
(Rigaku D/Max-IlIC-PXRD). Figure 3C showed the pattern
obtained from the XRD of the ZnO nanoparticles prepared
with zinc acetate dihydrate and leaf extract from C
aralioides. The creation of biologically produced ZnONPs
was also confirmed by X-ray diffraction investigation. The
diffraction peaks appeared at 28 scores of 55.00°, 45.05°,
36.02°, 28.05°, 27.00°, and 24.05°, corresponding to (311),
(220), (200), (101), (111), and (100) hexagonal/cubic crystal
planes.

This is also revealed in a related work by Getie et al. (

—— ZnONPs

1500 3500

50 @0

Figure 3. Characterization of ZnO nanoparticles: (A) UV-vis spectrum, (B) FTIR spectrum, (C) PXRD pattern, and (D) EDX
spectrum.
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68). Although the structure looked more like a cubic
blende ZnO structure; however, due to the strain and
broadening observed, it can be attributed as a hexagonal
wurtzite-like ZnO structure and may be defined by the
peak at 36.02°, indexed at (101) (based on the JCPDS card
no. 36-1451, and analytical results from its TEM
micrograph (Figure 4B), and EDX elemental makeup
(Figure 3D)). Sometimes, XRD patterns of ZnO
nanoparticles may show variations in peak intensity,
position, and broadening, due to certain specific
conditions in their synthesis and so on (69-70). The
crystallization of bioorganic components on the surface of
NPs was linked to the non-indexed spikes at 37.00°,
28.09°, 21.05°, and 9.05° (71-73).

Debye-Scherrer formula, D = KA/Bcos, was used to
determine the crystalline size. Here, A stands for the X-ray
wavelength, K for the Scherrer constant, 8 for the Bragg
angle, and B for the diffraction peak's full width at half
maximum (FWHM) (in radians). This study's computed
crystalline size of 28.31 nm for ZnONPs was slightly larger
than that discovered by Waseem and Divya (7), but it was
similar to that published by Demissie et al. (28).

Energy Dispersive X-ray (EDX)

The elemental structure of the produced ZnO
nanoparticles was investigated utilizing the EDX-8100
equipment. The EDX analysis results of the bio-synthesized
ZnONPs displayed the various elemental makeup and their
percentages. Zinc (80.76%), and oxygen (15.24%) were the
predominant elements, followed by elemental carbon
(4.00%), as displayed in Figure 3D.

The presence of these fundamental elements suggests
the involvement of organic constituents, likely obtained
from the extract's biomolecules, in the formation (67).
According to Akpeji et al. (74), the extract is responsible
for the carbon present in the nanoparticles.

Scanning Electron Microscope (SEM)

SEM was utilized to view the microscopic image of the
bio-generated NPs. The shape of the ZnONPs was found
to have an uneven and rough surface (Figure 4A), from
the SEM analysis using SEM (JOEL JSM-7600F) equipment.
According to Akpeji et al. (74), this is the outcome of
interactions between the surrounding medium and the
surface of the nanoparticles. These exchanges are thought
to result from the extract's functional groups serving as
stabilizers during the biosynthetic process (16, 67).

iy
WD Mag  Hy
10.8MM 8,000x 15Ky 124um 70Pa

HFW Pressure
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Transmission Electron Microscope (TEM)

The shape of the NPs and, more crucially, their particle
sizes are clearly depicted by TEM analysis with TEM model
JEOL2100 equipment. The Origin Lab software (version
9.0), and imageJ, were employed to calculate the bio-
synthesized ZnONPs' average particle size. Figure 4B
showed the TEM micrograph of the ZnO NPs. It is
somewhat agglomerated, featuring a wurtzite-like
hexagonal structure with some hazy and dark areas. This
depiction is in agreement with that obtained by Demissie
et al. (28). The metal and organic component regions may
be responsible for the observed dark and bleak areas (75-
76). The scale of 50 nm was used to visualize the
nanoparticles, and a little overlapping was observed in
some areas of the particle's image. The size of the
nanoparticles showed that they had a very wide surface
area, which explains their many applications in adsorption
experiments, including studies involving  harmful
microorganisms at the surface of the nanoparticles, in
addition to their roles in chemical reactions (74, 76). From
the image) (resolution analyzer) and Origin Lab application
softwares, the the calculated ZnONPs' average particle size
is 15.90 nm, as seen in the histogram (Figure 4C). This
average particle size coincides with one of the values
recorded by Akpeji et al. (75), however, it is slightly smaller
than that found by Demissie et al. (28). Generally, the
crystallite size (from XRD) is smaller than or equal to
particle size (from TEM/SEM); however, the average
crystallite size of ZnO NPs here appears bigger than the
particle size. This discrepancy may likely be due to
instrumental broadening errors, as strain within the lattice
can broaden peaks (in XRD), or because the TEM
technique may have only imaged smaller fragments or a
subset of the true particles, or the surface coating on
biologically synthesized nanoparticles might be thin or not
visible in TEM (77-78).

Antimicrobial Activity Result

Table 2, and Figure 5A showed that the ZnO NPs from C.
aralioides leaf extract was highly active against all the
microbes, with the highest and lowest activity obtained at
24, and 8 mm, respectively. The nanoparticles showed
more sensitivity against S. aureus, with the 100-300 mg/mL
displaying 16 mm inhibitory, and 400 mg/mL
demonstrating the highest sensitivity of 24 mm. There
were 22, and 20 mm inhibitory effects observed against C.
albicans, and E. coli, respectively at 400 mg/mL, and the
effects on each of the organisms at 200 to 300 mg/mL

[ ZnONPs

Average

Particle Size = 15.90 nm
SD =2.81

16 18
Diameter (nm)

Figure 4. Morphological analysis of ZnO nanoparticles: (A) SEM micrograph showing surface morphology, (B) TEM image
revealing particle shape and internal structure, and (C) Particle size distribution histogram derived from TEM analysis.
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Concentration
B
2%
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£ 0
= g g 2 & 3 ] & &
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2] = I3 v S =
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& @
< <
Control Gentamycin DH20
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B50mg/ml ®W25mg/ml ®=12.5mg/ml ®6.25 mg/ml

Figure 5. /n vitro antimicrobial activity evaluation: (A)
Inhibition zones of ZnO nanoparticles against target
pathogens and (B) Comparative sensitivity of Gentamycin
as a positive control.

stood at 8 mm. The nanoparticles showed a random
inhibitory activity against Aspergillus sp., with a 10 mm
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resistance at 100 mg/mL, and a 14 mm inhibitory effect at
200-400 mg/mL concentrations. The reason why 400
mg/mL demonstrated the highest sensitivity due to
increased concentration which results to greater inhibition
(28).

The results for the ZnO NPs'antimicrobial activity,
when compared to the positive control, Gentamycin (Table
3 and Figure 5B) were somewhat comparable at their
highest concentration, indicating the sample's efficacy as
the concentrations are increased. Waseem and Divya (7)
reported the results that differed slightly from this
research. Getie et al. (68), and Al-darwesh et al. (65) stated
that zinc oxide nanostructure showed great antibacterial
activity against several microbes. The enhanced surface
area, which contributes to improved bioavailability,
allowed the nanoparticles to  penetrate the
microorganisms'cell walls and more successfully interact
with their enzymes, causing cellular harm by preventing
their growth and biological functions (67, 79-81). The
antimicrobial activity may be attributed to a possible
release of Zn 2* from the ZnO NPs into the cell walls of the
microbes to inhibit their several cellular activities like
active transport, metabolism, and enzyme activity, leading
to cell death due to the potential toxicity of Zn 2*. This
release of Zn 2* from ZnO NPs is one of the main
propositions in antibacterial mechanisms (28). Also,
Agarwal et al. (82) stated that antibacterial activity of ZnO
NPs can be caused by the formation of reactive oxygen

Table 2. Antimicrobial activity of ZnO nanoparticles at various concentrations against different pathogenic
microorganisms.

Concentration (mg/mL)

Sample Organism S

ZnONPs E. coli 20.0 £ 0.012
S. aureus 24.0 £ 0.01°
C. albicans 22.0 £ 0.01°
Aspergillus sp 14.0 £ 0.042

300 200 100
8.0 + 0.04> 8.0 + 0.02P 8.0 + 0.01P
16.0 + 0.04° 16.0 + 0.02° 16.0 + 0.01°
8.0 + 0.04° 8.0 + 0.02° 8.0 +0.01°
14.0 + 0.022 14.0 + 0.012 10.0 + 0.01P

Note: The value is Mean * SD; For a Tukey's HSD test, the same letters in the same row are not significantly different (p

< 0.05) for each of the parameters (data) evaluated

Table 3. Sensitivity of pathogenic microorganisms to positive (Gentamycin) and negative (DD H5Q) controls at various
concentrations.

Concentration (mg/mL)

Control Organism Unit

50 25 12.5 6.25

Gentamycin E. coli mm 22.0 + 0.012 16.0 + 0.04° 13.0 + 0.04¢ 8.0 + 0.04d
S. aureus 18.0 + 0.012 12.0 £ 0.01° 10.0 + 0.01° 0.0 + 0.00¢

C. albicans 22.0 +0.012 16.0 + 0.01° 13.0 £ 0.01° 8.0 + 0.04¢

Aspergillus sp 6.0 + 0.012 0.0 + 0.00° 0.0 + 0.00° 0.0 + 0.00°

DH20 E. coli mm 0.0 + 0.002 0.0 + 0.00° 0.0 + 0.00° 0.0 + 0.002
S. aureus 0.0 + 0.00° 0.0 + 0.00° 0.0 + 0.00° 0.0 + 0.00°

C. albicans 0.0 + 0.00° 0.0 + 0.00° 0.0 + 0.00° 0.0 + 0.00°

Aspergillus sp 0.0 + 0.00° 0.0 + 0.00° 0.0 + 0.00° 0.0 + 0.002

Note: The value is Mean+SD; For a Tukey's HSD test, the same letters in the same row are not significantly different (p <

0.05) for each of the parameters (data) evaluated.
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species (ROS) which leads to oxidative stress and
subsequent cell damage or death. According to Demissie
et al. (28), the possible mechanism for the antimicrobial
activity of ZnO NPs is through the attachment of NPs to
the bacteria cell membrane via electrostatic forces. Then,
the interaction distorts the membrane plasma structure
and damages the bacterial cell integrity, resulting in the
leakage of intracellular contents and ends with cell death.

However, cytotoxicity studies focusing on mechanisms
like oxidative stress, mitochondrial damage, and
membrane disruption are needed to evaluate how the
NPs' size, shape, surface charge, and coating affect cell
viability. Some of the studies including ROS generation
measurements to determine safe concentrations, MTT (3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) reduction assay to cell viability based on
metabolic activity, LDH release assay to evaluates cell
damage by measuring lactate dehydrogenase release, and
flow cytometry to examines cell cycle, apoptosis (Annexin
V/Propidium iodide), and NPs' uptake, are essential for
deeper understanding (83).

Conclusion

Zinc oxide NPs was successfully created in this study using
methanol leaf extract of C. aralioides. The plant extract's
phytochemicals functioned as capping and stabilizing
agents and successfully generated the NPs. TEM, EDX,
SEM, PXRD, FTIR, and UV-vis confirmed the NPs'
characteristic results. The green-synthesized ZnONPs
showed a maximum absorption of 398 nm and calculated
bandgap energy of 3.12 eV. Its average particle size, as
determined by the hexagonal wurtzite-like form was 15.90
+ 2.81 nm, and its crystalline size was 2831 nm on
average. For the SEM data, a rough and uneven surface
morphology was confirmed, and the EDX result showed
that the predominant element was Zn (80.76%). The
plant's abundance of vital phytochemicals with disease-
fighting properties is evidenced by the existence of many
vibrational groups found through the FTIR investigation.
The NPs recorded promising results against S. aureus, E.
coli, Aspergillus sp., and C. albicans from the antimicrobial
activity assay. The ZnO nanoparticles showed strong action
against the microorganism, although C. aureus was the
one that was most affected (at 22.0 + 0.01 mm). By
estimate, 200-100 mg/mL was the minimum inhibitory
concentration. At higher concentrations, the positive
control outperformed the sample but still displayed similar
inhibitions.

Further, future works can look into conducting
stability measurements, zeta potentials, and size
distribution analysis on the ZnO NPs. Also, mechanistic
ROS assays or membrane damage studies, and
antimicrobial analysis that involves comparison of the ZnO
NPs with the plant extract should be undertaken. Again,
FTIR analysis of the plant extract, and other studies of the
nanoparticles in biomedicines, medicine, photocatalysis,
semiconductors fabrications, electronics, bioremediation,
automobiles, agriculture, computer technology, and
energy production and storage are also reframed for
future investigations.

Overall, the findings have shown that infectious
microbes can be controlled by ZnO nanoparticles. From
the present study, the findings suggest that the produced
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ZnONPs can be employed as an antimicrobial agent to
manage infections.
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