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In this study, green synthesis methods were used to fabricate zinc oxide nanoparticles
(ZnONPs) using Newbouldia laevis leaf extract. Analytical techniques, including
Fourier-Transform Infrared Spectroscopy (FTIR), Thermogravimetric Analysis (TGA),
Transmission Electron Microscopy (TEM), and UV-Vis spectrophotometer, charac-
terized the green-synthesized ZnONPs. Structural and morphological investigations
confirmed successful synthesis. FTIR established functional groups involved in sta-
bilizing and reducing the nanoparticles, while TEM revealed non-spherical particles
with well-defined size distribution, crystalline structure, hexagonal morphology, and an
average size of 34.8 nm. The ZnONPs demonstrated unique antioxidant properties, with
radical scavenging capacity increasing in a concentration-dependent manner. Excellent
antifungal activity was observed against Trichophyton rubrum, Aspergillus fumigatus,
and Candida albicans, with inhibitory zones ranging from 9 to 18 mm at 100, 200, and
400 mg/mL. Additionally, the ZnONPs showed remarkable photocatalytic reduction of
4-nitrophenol under sunlight. These findings highlight the potential of environmentally
friendly ZnONPs for applications in antifungal, antioxidant, and photocatalytic processes.
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1. INTRODUCTION

In recent times, nanoscience have become one of the most re-
search areas in chemistry, biology, and engineering [1]. This
area of science is multidisciplinary as it involves the manipula-
tion of matter at the atomic state to obtain materials with unique
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properties. The synthesis of nanoparticles has evolved over the
years from using hazardous chemicals and toxic biodegradable
chemicals to a less toxic and environmentally friendly greener
approach. ZnO nanoparticles (ZnONPs) have been found to play
a vital role in their application in biomedical [2], catalytic [3-5].
This is due to their biocompatibility and unique particle sizes and
shapes. Different approaches such as sol-gel [6], co-precipitation
[7], thermal decomposition [8], and hydrothermal methods have
been explored in the synthesis of ZnONPs. The sol-gel syn-
thetic approach involves the use of toxic chemicals which may
be absorbed on the surface of the materials which can largely
affect their application in medicine [9]. Green synthesis involv-
ing the use of phytochemicals present in plant extract has been
explored as a viable alternative. The advantages of plant ex-
tract in the synthesis of metal nanoparticles have provided eas-
ier routes of synthesizing safe, cost-effective and environmen-
tally friendly nanoparticles. For ZnONPs. these phytochemicals
act as the reducing agent replacing the toxic reductant as well as
the stabilizing agents [10]. ZnONPs strong antimicrobial prop-
erties due to their unique large surface area, facilitating better
penetration into the bacteria cells [11]. ZnONPs has been gen-
erally found to be safe and less toxic by United State Food and
Drug Administration (FDA, 21CFR182.8999) and applicable to
the treatment of infectious diseases [12]. Reports have shown
the antifungal activities ZnONPs with cell reduction of Candida
albican (97.5%) at 100 g/mL exposure [13]. The green synthe-
sis of ZnO nanoparticles with Allium cepa (onion) and Allium
sativa (garlic) and their photocatalytic activities have been stud-
ied [14]. Recently, Nandhini ef al. [15]. reported the green syn-
thesis of ZnONPs using the aqueous leaf extract of Crataegus
oxyacantha and studied their antioxidant, photocatalytic prop-
erties against methylene blue and antifungal properties against
Aspergillus brasiliensis and Aspergillus niger. In comparison to
other metal nanoparticles, green synthesized ZnONPs are valu-
able and effective in clinical and environmental remediation as
the phytochemical present in the plant extract usually influences
the surface morphology, size and shape of the ZnONPs [15].
Furthermore, extracts from Moringa oleifera and Citrus sinen-
sis have been widely explored due to their rich phytochemical
profiles. For instance, Moringa oleifera leaf extracts, abundant
in flavonoids and polyphenols, have been used to synthesize
ZnONPs with enhanced antimicrobial and antioxidant properties,
making them suitable for biomedical applications such as wound
healing and drug delivery [16, 17].

Newboudia leavis belongs to the family Bignoniaceae is com-
monly found in tropical countries in West Africa especially
Senegal and some parts in Cameroon and Garbon. It is a
scrub that grows between 3-4 meters and a drought tolerant an-
giosperm [18]. In Nigeria, Newboudia leavis is called Akoko
in Yoruba, Aduruku in Hausa and Ogirisi in the Igbo speaking
part. Newboudia leavis bark are commonly used in the treatment
of wounds, epilepsy ad convulsion [19]. Newbouldia laevis is
rich in bioactive compounds which, acts as reducing and capping
agents to reduce zinc ions to zinc oxide in the synthesis process.
These bioactive compounds also help in stabilizing the nanopar-
ticles, preventing agglomeration and ensuring uniform particles.
This makes it a suitable plant for the green synthesis of ZnONPs.
Newbouldia laevis is widely and readily available, it can be eas-

ily grown which also costs less to obtain, thereby making it cost-
effective. Newbouldia laevis is also non-toxic as reported by
Umeyor et al. [20], compared to other conventional method for
synthesizing nanoparticles, because it does not involve the use
of harsh chemicals and high temperatures, making it a sustain-
able practice. Phytochemicals such as flavonoids, ascorbic acids,
carboxylic acid, amino acids, terpenoids, cardiac glycosides and
tannins have been reportedly isolated from the leaf of Newboudia
leavis [21]. Umeyor et al. [20] also reported a similar result.
These phytochemicals in the N. laevis plant extract influence the
properties of the synthesized ZnONPs, as they serve as capping,
reducing and stabilizing agent of the the synthesis process. To
the best of our knowledge Newboudia leavis has not been used
for the synthesis of ZnO nanoparticles. With an emphasis on the
antifungal, antioxidant, and catalytic qualities, this study of the
green synthesis of ZnONPs will tackle urgent worldwide issues
in environmental management, agriculture, and healthcare [22].
The results may serve as a foundation for further studies aimed
at advancing green nanotechnology across a variety of uses [23].

2. MATERIALS

2.1. REAGENTS APPARATUS AND EQUIPMENT

The reagents used in this study are zin sulfate supplied by Sigma
Aldrich South Africa (98%). Hydrochloric acid, sodium hydrox-
ide (98%), sodium borohydride and 4-nitrophenol. The equip-
ment used are Erlenmeyer 250 mL beaker, 100 mL standard
flasks, 185 wm Whatman filter paper, water bath, analytical scale,
aluminum foil, centrifuge, agar plates, autoclave, SEM, UV-vis
spectrophotometer, TEM, and FTIR.

2.2. PLANT MATERIAL COLLECTION, IDENTIFICATION AND
AUTHENTICATION

Before the preparation, the plant, Newbouldia laevis was col-

lected at the area of study, identified, and authenticated at the

Department of Botany and Plant Science, Federal University of

Lafia.

2.3. PREPARATION OF LEAF EXTRACT

The plant’s leaves were removed, thoroughly cleaned with dis-
tilled water, and left to dry for at least two weeks at room tem-
perature. Following the drying process, the leaves were chopped
into small pieces and cleaned with double distilled water (DDW).
In a 250 mL beaker, 5 g of the leaves were cooked for 30 min-
utes with 100 ml of DDW before being filtered using Whatman
number 1 filter paper. For later usage, the filtrate was kept in a
refrigerator.

2.4. SYNTHESIS OF ZNO NANOPARTICLES

In the synthesis process, the Newbouldia laevis plant extract was
used to produce ZnO nanoparticles utilizing the green synthesis
approach. Following the previously mentioned preparation of
the extract, 30 mL of it was transferred into a beaker and heated
gradually. 3 g of zinc nitrate hexahydrate was added to the ex-
tract once the temperature had reached 60°C. When the mixture
reached a yellowish paste, it was continuously swirled and main-
tained at 60°C (Figure 1). The obtained slurry solution was then
heated for 2 hours in a muffle furnace at 400°C. The obtained
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Figure 1. Green synthesis of eco-friendly ZnONPs using the aqueous leave extract of newboudia leavis.
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Figure 2. UV-Vis spectrum of synthesized ZnONPs.

yellow pulpy solid was then scrapped into a vial tube and kept at
4°C for further use [24].

2.5. CHARACTERIZATION OF ZNO NANOPARTICLES

The obtained ZnONPs were characterized using both spectro-
scopic and analytical techniques. The UV-vis spectrophotome-
ter (Jenway 741501) was used to determine the surface plasmon

resonance of the synthesized ZnONPs. The surface functional-
ity of the ZnONPs was determined using the Nicolet Summit
Fourier-Transform Infra-red (FTIR) spectrophotometer. The sur-
face morphology, shape and size of the ZnONPs was determined
using the scanning electron microscopy (SEM) and transmission
electron microscopy (TEM, High Angle Annular Dark-Field).
The thermal stability was determined using the thermogravimet-
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Figure 3. FTIR spectra of ZnONPs.
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2.6. APPLICATIONS OF SYNTHESIZED ZNO NANOPARTICLES
2.6.1. Determination of Antioxidant Activity

The antioxidant properties of the synthesized ZnONPs was deter-
mined using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) method.
Using electron transfer, this quick and simple method of screen-
ing nanomaterials for antioxidants neutralises free radicals,
which cause them to change colour. 1% DPPH was used as the
free radical source to assess the nanoparticles’ antiradical effi-
cacy. After preparing varying concentrations of ZnONPs (10—
100 pg/mL), 1 mL of DPPH and 1 mL of the produced ZnONPs
were combined and left in the dark for 20 minutes. After cen-
trifuging the resultant solution for 10 minutes at 14,000 rpm, the
UV-vis spectrophotometer was used to examine the clear upper
layer that was produced. To get the average findings, the exper-
iment was run three times. The percentage of DPPH scavenging

ability was calculated using equation (1).

Abs. — Abs,

%DPPH antiradical potency = [ e
Sc

} x 100, (1)
where Abs. and Abs,. represent the absorption of DPPH in the
presence and absence of the sample, respectively.

2.6.2. Determination of Antifungal Activity

Using Trichophyton rubrum, Aspergillus fumigatus, and Can-
dida albicans, the antifungal activity of synthesised ZnONPs
was tested. Potato Dextrose Agar (PDA) was used to cultivate
the three isolates. The agar dilution method was used to con-
duct the antifungal test. The autoclaved PDA medium contain-
ing ZnONPs at concentrations of 12.5, 25, 50, 100, 200, and 400
mg/mL as well as an NP-free solution were put into the 9 cm
diameter Petri dishes. Following the solidification of the PDA
media, the fungi were injected. In the core of each petri dish was
a disc (1.4 cm) of mycelial material taken from the periphery of
fungal cultures that were 7 days old. The inoculant-filled petri
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Figure 4. (a) TEM image of ZnONPs (b) HAADF-STEM image of ZnONPs.

Figure 5. Selected Area Diffraction (SAD) image of ZnONPs.

dish was incubated at 25 °C. The effectiveness of ZnONP treat-
ment was then assessed at 2, 4, 6, 9, and 12 day intervals [25].

2.6.3. Catalytic Reduction of 4 Nitrophenol by NaBH,

Using UV-Vis spectroscopy, the reduction of 4 nitrophenol was
observed at ambient temperature in a quartz cuvette. 3.0 mL
of 0.10 mM aqueous solution of 4-NP was combined with with
0.25 mmol of NaBH4 (9.5 mg), and bright yellow solution was
formed. The yellow solution was topped off with 1 mg/mL
ZnONPs. UV-Vis Spectroscopy was used to track the progress of
the reaction at regular intervals within the 250-500 nm scanning
range. The yellowish colour of the solution gradually disappears
as the reaction continues. Then, equation (2) was used to calcu-
late the 4-NP conversion percentage.

o

C,-C
Conversion (%) = ( C t) x 100, 2)

120

/

Weight
]
/

| T T |
o 100 200 300 400 500 600
Temperatyre (“C)

Figure 6. TGA plot of ZnONPs.

where C, represents the concentration of 4-NP in the solution at
time t, while C, represents the starting concentration of 4-NP in
the solution. After the first run, 10 pL of 30 mM 4-NP and 0.25
mmol of NaBHy (9.5 mg) were added to the reaction system for
the second run. For three more runs, this process was repeated
[26].

3. RESULTS AND DISCUSSION

3.1. UV-VISIBLE SPECTROSCOPY RESULTS FOR ZNONPS

The synthesis of ZnONPs was identified by monitoring its sur-
face plasmon resonance in the 200-800 nm region using UV-
Vis spectroscopy. The UV-visible spectra revealed characteris-
tic absorption peaks that provide light on the properties of the
ZnONPs that were synthesised. The absorbance peak at 305 nm,
which represents the bandgap energy and the absorption edge
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Figure 7. Zone of inhibitions observed by the action of ZnONPs on different fungal isolates. (a) Trichophyton rubrum (TR), (b) Aspergillus fumigatus
(AF), (¢) Candida albicans (CA).
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Figure 8. (a) UV plots of the degradation of 4-nitrophenol (b) 4-NPs are photocatalytically degraded with ZnONPs and NaBH4, and (c) How time
affects degradation rate.

of ZnONPs, is displayed in Figure 2. The effectiveness of the  absorption peak [27].
nanoparticle production process is shown by the intensity of the
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Figure 9. Photocatalytic degradation of 4-NPs using ZnONPs as catalyst.

3.2. FOURIER TRANSFORM INFRARED (FT-IR)
SPECTROSCOPY ANALYSIS

The synthesised ZnONPs’ surface showed distinctive peaks in
the FTIR study that corresponded to unique functional groups.
Peaks at 3302, 3193, 2069, 1639, 1631, 1323, 1030, and 585
cm™! were detected by the FTIR analysis (Figure 3). The peaks
at 3193 and 3301 cm™' were ascribed to the O-H bond of aro-
matic compounds (phenol) on the plant extract and synthesized
ZnONPs, respectively. The peak at 1631 cm™! was ascribed to
the vibrational mode of the nitro compounds [27]. In addition,
the peaks at 1323 and 1030 cm™! were assigned to the C-H and C-
O stretching mode, respectively. Ezealisiji and co-workers [28]
reported similar results. The stabilisation and capping of the syn-
thesised ZnONPs may be attributed to the phenolic in the plant
extract. The Zn-O vibration mode is responsible for the absorp-
tion band at 585 cm-1, which is consistent with the findings of
Jayarambabu and co-workers, suggesting that the ZnONPs were
effectively synthesised [27].

3.3. TEM ANALYSIS

The TEM images of the ZnONPs provided detailed insights into
the shape and overall structure of the nanoparticles. As depicted
in Figure 4a, the ZnONPs produced through the reduction of zinc
salt by Newbouldia laevis plant extract exhibited a crystalline
structure with a hexagonal shape morphology, non-spherical par-
ticles with a well-defined size distribution ranging from 22.0 nm
to 51.5 nm. It was found that the average nanoparticle size was
34.8 nm similar to the report of Geetha et al. [29].

HAADF-STEM analysis: The High Angle Annular Dark
Field Scanning Electron Microscopy (HAADF-STEM) image of
ZnONPs (Figure 4b) shows that the sample has an irregular form
and a considerably scattered size range. The nanoparticles are
dispersed randomly throughout the image rather than in a spe-
cific order, suggesting no specific clustering or preferential ar-
rangement. This implies that a uniform or well-organized nanos-
tructure was not produced throughout the synthesis process. The
red dashed rectangles were inserted to indicate well-dispersed
nanoparticulated zinc oxides. Additionally, there is some ag-
glomeration of the nanoparticles in the image, where many par-
ticles are joined together. This can be the result of the attraction

Table 1. Antioxidant activity results for ZnONPs.

Concentration ~DPPH Percentage Scavenging (%)
(ng/ml)
ZnO Nanoparticles ~ Vitamin C
(Standard)
10 28.24 5.44
20 29.50 12.76
40 30.33 18.62
60 31.80 25.31
80 32.85 32.64
100 33.26 39.33

forces between the particles. Figure 5 shows the selected area
diffraction (SAD) pattern, and distribution of the atoms in the
crystal lattice of the synthesized ZnONPs. A distinctive ring pat-
tern is observed with the hexagonal wurtzite arrangement with
spots representing polycrystalline structures.

3.4. TGA ANALYSIS

Figure 6 shows the thermal stability of the synthesized ZnONPs.
The TGA curve shows three main regions. The initial weight
loss was from 20-120°C (12%) which is attributed to loss of wa-
ter. The decomposition of organically bound groups are expe-
rienced at the second region between 180-350 °C (25%), while
the third region from 350-550 °C is related to the ZnO pure phase
formation. No further weight loss was observed beyond 550°C
indication of the formation of ZnO nanocrystalline product. This
result is similar to the work of Faisal and his co-workers [30].

3.5. ANTIOXIDANT ACTIVITY RESULTS FOR ZNONPS

To determine the antioxidant activity of the ZnONPs, the sta-
bility of the DPPH solution was confirmed be leaving it undis-
turbed for 3 hours with the absorption band remaining at 518 nm
with no colour change. Different concentrations of the ZnONPs
ranging from 10-100 pg/mL were prepared. These were added
to the DPPH followed by colour change from violet to yellow
followed by decrease in the absorption peak at 517 nm. This
transition could be attributed to substitution of the aromatic ring
which increases the molar absorptivity and shift in the absorption
band of benzene from a shorter wavelength to a longer one. The
observed intensity decrease indicated the free radical scaveng-
ing properties of the green synthesized ZnONPs, which is con-
centration dependent. The scavenging properties increase from
28.24% (10 pg/mL) to 33.26% (100 pg/mL). Although, the vi-
tamin C gave a relatively higher free radical scavenging abilities
than the ZnONPs (Table 1).

3.6. ANTIFUNGAL ACTIVITY OF ZNONPS

Using the Agar well diffusion method, the antifungal activity
of ZnONPs at varying doses was evaluated against Trichophy-
ton rubrum, Aspergillus fumigatus, and Candida albicans (Ta-
ble 2). At 100, 200, and 400 mg/mL, the synthesised ZnONPs
demonstrated antifungal activity with a zone of inhibition that
ranged from 9 to 18 mm. At 400 mg/mL, the three fungal iso-
lates showed the largest zone of inhibition (18 mm). The appear-
ance of inhibitory zones (Figure 7) with zinc oxide nanoparticles
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Table 2. In vitro antifungal activity of ZnONPs against fungal isolates.

Concentration (mg/mL)/ Diameter

of Zone of Inhibition (mm)

Control Amphotericin B (20mg/mL)

400 200 100
TR 18 12 10
TR 14 10 09
AF 18 13 09
AF 16 12 09
CA 17 14 12
CA 18 12 10

Fluconazole (20 mg/mL)

Key: TR = Trichophyton rubrum, AF = Aspergillus fumigatus, CA = Candida albicans

Table 3. In vitro Minimum Inhibitory Concentration (MIC) of ZnO nanoparticles against fungi isolates.

Organism  Concentration of Extract (pg/mL) MIC (pg/mL)
400 200 100 50 25 12.5

TR - - + + + + 200

AF - - + + + + 200

CA - -n + + + + 200

Key: + = Presence of turbidity, - = No turbidity, p = MIC

Table 4. In vitro Minimum Fungicidal Concentration (MFC) of ZnONPs against fungi isolates.

Organism  Concentration of Extract (ug/mL) MFC (ug/mL)
400 200 100 50 25 12.5
TR - -p + + + + 200
AF - -B + + + + 200
CA - -B + + + + 200
Key: § = MFC

suggests that pathogens are killed by the nanoparticles’ bioci-
dal action mechanism, which involves membrane rupture with
a high rate of surface oxygen species formation. The findings
of this study are consistent with those of Saravanan and Dalal
[31] and Dalal et al. [32] who demonstrated in their separate in-
vestigations that zinc oxide nanoparticles have an inhibitory im-
pact that is concentration-dependent. ZnONPs have also been
shown to exhibit dose-dependent growth inhibitory effects on
Candida albicans, as reported by Bekele and co-workers [33].
As ZnONP concentration rose, a steady increase in the diame-
ter inhibition zone was observed. The zinc oxide nanoparticles’
(ZnONPs) antifungal activity may have resulted from their direct
nanoparticle interaction with the fungal cell wall, which caused
membrane dysfunction and the generation of reactive oxygen that
disrupts intercellular signalling, ultimately causing cell damage
and death.

For all examined fungal isolate, the lowest ZnO nanoparticle
minimum inhibitory concentration (MIC) (Table 3) and mini-
mum fungicidal concentration (MFC) (Table 4) were 12.5ng/mL.
The MIC and MFC measurements revealed that ZnO nanoparti-
cles might be effective inhibitors of fungi isolates. In a similar
study, Alshahrani et al. [34] and Mendes et al. [35], reported
80 ng/mL of ZnONPs as the MIC against C. albicans. This re-
port contradicts the result of this present finding. Environmental
variables and synthesis techniques may be to blame for this dis-
crepancy, as they have a substantial impact on the nanoparticles’
activity.

3.7. CATALYTIC ACTIVITY RESULTS FOR ZNONPS

The degradation of 4-nitrophenol (4-NPs), one of the most preva-
lent industrial waste pollutants, was used to gauge the catalytic
activity of the synthesised ZnONPs. 4-NPs have been found to
cause serious damage to human blood, kidneys, and liver [36].
This method evaluates the ability of ZnONPs to catalyze specific
reactions. The catalytic tests chosen were designed to investigate
the reducing aiding ability of ZnONPs in the reduction of 4-NPs
by NaBH, at room temperature. The results revealed that the
reduction did not proceed in the absence of ZnONPs. UV-Vis
spectroscopy was employed to track the reaction’s development.
Without ZnONPs, the maximum absorption of the 245 nm peak
does not change. When ZnONPs are added to the solution with
4-NPs and NaBH4, the strong absorption peak at 245 nm grad-
ually loses intensity. After 30 minutes of reaction, the peak di-
minishes with the gradual disappearance of the yellow colour to
colourless after 20 minutes. This indicates the catalytic reduc-
tion due to the electron transfer to the 4-NPs acceptor from the
BH,~ (Figure 8a). The effect of ZnNPs as catalysts with NaBHy
is illustrated in Figure 8b. Remarkably, addition of NaBHy sig-
nificantly helped promote the reduction in the presence of sun-
light (Figure 8b), there was a decrease in the adsorption curve of
4-NPs indicative of the adsorption effect on the catalytic surface.
Additionally, aminophenol was obtained via the hydrogen pro-
duced from NaBH,. Figure 8c shows a steady degradation rate
increase from 0-200 minutes and a constant decrease towards 250
minutes reaction time. This is attributed to the complete degra-
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dation of 4-NPs in the presence of the catalyst, this shows sim-
ilar trajectory as reported by Chishti et al. [37], utilizing mag-
netite silica-core shell for degradation as well as Nasrollahzadeh
et al., by utilizing Ag and TiO,NPs. Figure 9 obstruction of ac-
tive sites due to the formation of intermediates. ZnONPs catalyst
presents a high degradation capacity of 85% within 250 minutes
compared to other reports [39, 40].

4. CONCLUSION

In conclusion, ZnONPs were successfully synthesised from the
aqueous extract of Newbouldia leavis as a reducing agent and
stabiliser using a straightforward, economical, environmentally
friendly, and greener technique. FTIR, TEM, TGA, and a UV-
Vis spectrophotometer were among the analytical methods used
to characterise the produced nanoparticles. Green-synthesized
ZnONPs show promising antioxidant properties, as well as effi-
cient catalysts for the degradation of 4-NPs. ZnONPs show sig-
nificant antifungal activity against Candida albicans, Aspergilus
Fumigatus and Trichophyton rubrum. This greener synthesis ap-
proach has competed favourably with conventional and more ex-
pensive and toxic synthetic routes and hence a potential catalyst
for the treatment of industrial wastewater eluents containing 4-
NPs.
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