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ARTICLE INFO ABSTRACT

Zinc oxide nanoparticles (ZnO NPs) have gained considerable attention due to their
unique physicochemical properties and broad-spectrum antimicrobial activity,
making them valuable in agricultural and biomedical applications. In this study,
ZnO NPs were synthesized via a green synthesis approach using Zea mays (maize)
leaf extract as both a reducing and stabilizing agent. The antifungal activity of the
synthesized ZnO NPs was compared with that of commercial and conventionally
produced ZnO samples against Aspergillus flavus. The synthesis process was
monitored using ultraviolet-visible (UV-Vis) spectroscopy, which showed a distinct
absorption peak at 308 nm, confirming the formation of ZnO nanoparticles.
Fourier-transform infrared (FTIR) spectroscopy revealed characteristic Zn-0
vibration peaks in the range of 430-450 cm-!, indicating the crystallization of ZnO.
X-ray diffraction (XRD) analysis exhibited sharp and well-defined peaks at specific
20 angles, confirming the nanoscale hexagonal wurtzite crystal structure of ZnO.
The average particle size, calculated using the Scherrer equation, was 177.46 nm
for the green-synthesized ZnO NPs, smaller than that of commercial nano-ZnO
(230.63 nm) and conventional bulk ZnO (253.66 nm), demonstrating the efficiency
of the green synthesis method in reducing particle size. The antifungal bioassay
against A. flavus revealed that the green-synthesized ZnO NPs exhibited the highest
inhibitory effect, with 94.4% control, followed by commercial nano-ZnO (88.9%)
and conventional ZnO (83.3%). These findings clearly indicate that green synthesis
not only reduces particle size but also enhances antifungal efficacy. This
environmentally friendly and efficient approach holds significant potential for the
application of ZnO NPs in both agricultural and biomedical fields.
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Introduction control, and morphological characteristics compared to

The green synthesis of zinc oxide nanoparticles (ZnO
NPs) involves a series of chemical reactions in which
plant extracts act as both reducing and capping agents.
ZnO NPs synthesized from Zea mays (maize) have been
reported to exhibit superior efficiency, particle size

847

those derived from other botanicals such as Eucalyptus,
Aloe vera, and Juglans regia (Mutukwa et al., 2022; Ali et
al,, 2023; Adeningrum et al,, 2025).

The leaves of Zea mays are rich in phytochemicals such as
phenolics, flavonoids, terpenoids, and proteins, which
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donate electrons to zinc precursors and stabilize the
nascent nuclei, thereby facilitating nanoparticle formation
and colloidal stability. Both aqueous and ethanolic maize
leaf extracts have been shown to promote the nucleation
and growth of ZnO NPs (Iravani, 2011; Ali et al., 2023;
Naseer et al,, 2023; Al-Darwesh et al., 2024).

Phenolic compounds serve as the primary reducing
agents in the synthesis process by donating electrons to
zinc ions, facilitating their reduction (Awasthi et al,
2023; Naseer et al., 2023). Flavonoids also contribute by
forming complexes with metal ions, stabilizing the
nanoparticles, and preventing aggregation (Hamed et al.,
2023; Ali and Baghdadi, 2024). Terpenoids, particularly
those containing hydroxyl groups, participate in both
reduction and stabilization of zinc ions (Awasthi et al,
2023; Al-Darwesh et al,, 2024). Proteins and amino acids
act as capping agents, binding to the nanoparticle
surface and stabilizing them in the colloidal solution
(Hajinasiri et al,, 2016; Ali et al., 2023; Hamed et al,,
2023; Javad et al.,, 2024).

The phytochemicals present in the extract react with zinc
ions (Zn?*) from zinc salt precursors, such as zinc nitrate
hexahydrate, resulting in the reduction of Zn** to metallic
zinc nanoparticles (Zn°). This reduction is facilitated by
hydroxyl (-OH) and carbonyl (C=0) functional groups
within the plant extract. The reduced zinc atoms
subsequently nucleate and grow into nanoparticles (Ali
and Baghdadi, 2024; Villagran et al, 2024). Under
ambient conditions, the metallic zinc nanoparticles may
oxidize to form ZnO NPs, which are more stable and
possess enhanced functional properties for diverse
applications (Rani and Shanker 2021; Ahmed et al.,, 2024).
Several factors influence the biosynthesis of ZnO NPs
from Z mays leaves. The pH of the reaction medium
significantly affects nanoparticle formation, while higher
temperatures accelerate the reaction rate. The
concentration of plant extract and reaction duration
determine particle size and dispersion. Prolonged
reaction times can lead to larger particles due to Ostwald
ripening (Raghupathi et al, 2011; Bala et al, 2015;
Kumar et al,, 2025).

Characterization of ZnO NPs synthesized from maize
leaves involves various analytical techniques to
determine their structural, morphological, and optical
properties. UV-Visible spectrophotometry is used to
confirm nanoparticle formation by detecting the surface
plasmon resonance (SPR) peak in the UV-VIS region. X-
ray diffraction (XRD) analysis reveals the crystalline
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nature of the nanoparticles, typically confirming the
hexagonal wurtzite structure of ZnO. Fourier-transform
infrared (FTIR) spectroscopy identifies functional
groups (e.g, hydroxyl and carbonyl) associated with
biomolecules responsible for nanoparticle stabilization
(Hoseinpour et al., 2017; Zelekew et al.,, 2021; Karam
and Abdulrahman, 2022).

The synthesis process using Z. mays leaves is simple,
cost-effective, and does not require complex equipment
or high-energy inputs, making it suitable for both
research and industrial applications (Ali et al., 2023;
Hamed et al.,, 2023). The use of plant extracts eliminates
the need for toxic chemicals and excessive energy
consumption, making this approach environmentally
sustainable (Elshafie et al., 2023; Janani et al., 2024).

ZnO NPs have broad agricultural applications. They can act
as nanofertilizers to enhance crop growth and yield and as
protective agents against plant pathogens and pests
(Tamim et al,, 2023; Parmar, 2024; Arain et al., 2025).

The antifungal mechanism of ZnO NPs primarily involves
the generation of reactive oxygen species (ROS),
including hydrogen peroxide (H»0.), hydroxyl radicals
(=OH), and superoxide anions (0,7). These ROS induce
oxidative stress in fungal cells, leading to cell wall
damage, membrane disruption, and DNA degradation,
thereby impairing cellular homeostasis and promoting
cell death (Savi et al,, 2013; Gacem et al., 2021; Ikhechi et
al, 2021; Dhiman et al., 2022). ZnO NPs also interact
with fungal membranes, increasing permeability and
causing leakage of intracellular contents such as ions,
proteins, and metabolites. Furthermore, they interfere
with the synthesis of chitin and other structural
components, disrupting the integrity of the cell wall (Li
etal, 2017; Benkova et al., 2024).

ZnO NPs can further alter ion homeostasis within fungal
cells by affecting the transport of essential ions (Zn?*, K*,
and Ca®') and inhibiting key enzymatic activities
involved in cell wall synthesis and energy metabolism,
thereby impairing fungal growth and survival (Patifio-
Portela et al,, 2021; Subba et al., 2024).

ZnO NPs have demonstrated strong antifungal activity
against Aspergillus flavus, a major aflatoxin-producing
pathogen. Several studies have confirmed their efficacy,
either alone or in combination with other materials, in
suppressing fungal growth and aflatoxin production
(Hernandez-Meléndez et al., 2018; Fathima et al., 2020;
Dutta et al., 2021; Achilonu et al, 2024). ZnO NPs
synthesized using Chlorella vulgaris exhibited significant
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inhibition zones (50 mm and 14 mm) against azole-
resistant A. flavus isolates from white and yellow maize,
respectively (Alhazmi and Sharaf, 2023). Similarly, ZnO
NPs biosynthesized from lemongrass leaf extract inhibited
92.25% of A. flavus growth and completely suppressed
aflatoxin  production at specific concentrations,
demonstrating their potential as eco-friendly antifungal
agents (Kumari et al,, 2019; Janani et al., 2024).

The antifungal efficacy of ZnO NPs has also been linked
to the downregulation of key genes involved in aflatoxin
biosynthesis, as reported in studies employing quantum
dot ZnO (Bastami et al., 2024). However, limited studies
have explored the use of Z mays leaf extract for the
biosynthesis of ZnO NPs and their antifungal potential
against A. flavus. Therefore, the present study aims to
synthesize and characterize ZnO NPs using Z. mays leaf
extract and evaluate their antifungal efficacy in
comparison with commercial and bulk ZnO.

Materials and Methods

Collection and preparation of plant extract

Fresh and healthy leaves of Z. mays were collected from
a pesticide-free field and thoroughly washed under
running tap water to remove dust and surface
contaminants. Subsequently, the leaves were rinsed
three times with distilled water to ensure complete
removal of impurities. After washing, 100 g of fresh
leaves were weighed using an analytical balance,
chopped into small pieces, and placed in an electric
blender containing 100 ml of distilled water. The
mixture was blended for 2-3 min until a uniform,
homogeneous slurry was obtained.

The homogenized mixture was then transferred to a 500
ml beaker and subjected to heating at 60-70°C for 30
min using a magnetic stirrer with continuous stirring to
facilitate the extraction of bioactive phytochemicals.
After heating, the mixture was allowed to cool at room
temperature and then filtered through sterile muslin
cloth to remove large debris and fibrous material. The
filtrate, representing the crude aqueous leaf extract, was
collected for nanoparticle synthesis. The remaining
residue was centrifuged at 10,000 rpm for 15 min to
recover any suspended particles, and the supernatant
was combined with the filtrate to obtain a clear extract.
Preparation of zinc nitrate solution

To prepare the precursor solution, 5.95 g of zinc nitrate
hexahydrate (Zn(NOs3),:6H,0) were accurately weighed
and dissolved in 100 ml of distilled water in a clean
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beaker. The solution was then transferred to a 200 ml
volumetric flask and diluted to the mark with distilled
water to achieve a final concentration of 0.1 M Zn(NO3),
solution. The prepared solution was stored in an amber
bottle to prevent light-induced degradation prior to use.
Green synthesis of zinc oxide nanoparticles (ZnO NPs)
For the green synthesis of ZnO nanoparticles, 100 ml of
the freshly prepared Z. mays leaf extract was slowly
added to 100 ml of the 0.1 M Zn(NOs), solution under
continuous stirring on a magnetic hot plate. The reaction
mixture was maintained at 60-70°C with constant
stirring for 2 h to ensure uniform mixing and complete
reduction of zinc ions. A gradual change in color of the
solution, from pale green to light yellow and finally to
milky white, was observed, indicating the formation of
ZnO NPs (Mohammadi et al., 2018; Cervantes-Gaxiola et
al,, 2024; Vignesh, 2025).
After completion of the reaction, the mixture was cooled
to room temperature and centrifuged at 10,000 rpm for
15 min to collect the ZnO NP precipitate. The obtained
pellet was washed three times with distilled water and
ethanol to remove any unreacted biological residues.
The final product was dried in a hot air oven at 60°C
overnight, ground into fine powder using a mortar and
pestle, and stored in airtight containers for further
characterization and bioassay.
Characterization of synthesized ZnO NPs
The optical properties of the synthesized ZnO NPs were
evaluated using a UV-Visible spectrophotometer within
the wavelength range of 200-600 nm to confirm
nanoparticle formation. Fourier Transform Infrared
(FTIR) spectroscopy was employed to identify the
functional groups in the Z. mays leaf extract responsible
for the reduction and stabilization of ZnO NPs by
detecting specific molecular vibrations.
To determine the crystalline structure and phase purity
of the nanoparticles, X-ray diffraction (XRD) analysis
was performed. The XRD pattern provided distinct
diffraction peaks, which were compared with standard
ZnO reference data to confirm the crystalline nature and
absence of impurities. The average crystallite size (D) of
the ZnO NPs was calculated using the Scherrer equation:
_ KA

b= BcosB
Where K is the shape factor (0.9), A is the X-ray
wavelength, f is the full width at half maximum (FWHM)
of the diffraction peak, and 6 is the Bragg’s diffraction
angle (Baskar et al., 2013; Shinde, 2015).
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Preparation of potato dextrose agar (PDA) medium
and antifungal bioassay

For the antifungal assay, 39 g of PDA powder were
dissolved in one liter of distilled water. The medium
was sterilized in an autoclave at 121°C and 15 psi
pressure for 15 minutes. After sterilization, the molten
PDA was allowed to cool to 45-50°C, an optimal
temperature for incorporating treatments without
affecting the consistency of the agar or the bioactivity of
the compounds.

DOI:10.33804/pp.009.04.5898

The ZnO NPs were suspended in sterile distilled water
using an ultrasonic bath to achieve uniform dispersion
and minimize nanoparticle agglomeration. This step
ensured even distribution of nanoparticles within the
agar medium. The desired concentrations of ZnO NPs
were then incorporated into the PDA medium according
to the experimental design.

Table 1 summarizes the various
preparation methods applied for the antifungal evaluation
of ZnO NPs synthesized from Z mays leaf extract.

treatments and

Table 1. Types of treatments used and their preparation methods for evaluating the antifungal efficacy of different

forms of zinc oxide.

Treatment No. Treatment type Medium

1 Green synthesis ZnO NPs  Prepared form zea mays leaves 0.1 M

2 ZnO NPs 50 nm Wight 100 mg suspend in 10 ml distilled water and use Ultrasonic for
15 min to ensure dispersion.

3 ZnO )bulk) Wight 100 mg suspend in 10 ml distilled water mix and use
Ultrasonic for 15 min to ensure dispersion

4 control No added

Evaluation of the antifungal efficacy of different
forms of zinc oxide

Preparation of treatment media

To assess the antifungal efficacy of different forms of
zinc oxide (ZnO), three types of ZnO preparations were
evaluated: (i) green-synthesized ZnO-NPs, (ii) chemically
synthesized ZnO nanoparticles, and (iii) bulk ZnO
powder. For each treatment, appropriate suspensions
were prepared in sterile distilled water.

For the preparation of the treatment media, 1 ml of each
respective ZnO suspension was added to 100 ml of
sterilized, PDA medium maintained at
approximately 45-50°C. The medium was stirred
thoroughly to ensure a uniform distribution of the ZnO

molten

materials throughout the agar. Approximately 20 ml of
the treated medium was then poured into each sterile
Petri dish under aseptic conditions. Control plates were
prepared in the same manner but without the addition
of any ZnO formulation.

Inoculation and incubation

After solidification of the medium, a 5-mm-diameter
mycelial disc from the actively growing margin of a A
flavus culture (7-day-old colony) was aseptically placed
at the center of each Petri plate. For each treatment,
three replicates were prepared to allow statistical
comparison among treatments. The inoculated plates
were incubated at 28 + 2°C for seven days under dark
conditions.

850

Measurement of fungal growth

The radial growth of A. flavus colonies was recorded
daily by measuring the colony diameter along two
perpendicular axes, and the mean value was calculated.
The percentage inhibition of mycelial growth in each
treatment was determined relative to the control using
the following formula:

Inhibition (%) = x 100

Where C represents the average colony diameter in the
control and T represents the average colony diameter in
the treatment.

Statistical analysis

Data were subjected to analysis of variance (ANOVA)
using a completely randomized design (CRD). Means
were compared using the Least Significant Difference
(LSD) test at a 5% probability level (p < 0.05) to
determine significant differences among treatments in
antifungal activity.

Results and Discussion
The UV-Vis absorption spectrum of the synthesized
nanoparticles exhibited a sharp absorption peak at 308
nm, confirming the successful formation of ZnONPs.
This observation is consistent with previous reports
that documented a similar absorption peak in the same
range (Naiel et al., 2022), as shown in Figure 1. The
in the ultraviolet (UV)

absorption peak region
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corresponds to electronic transitions from the valence
band to the conduction band in ZnO. The presence of
this peak is attributed to the characteristic band gap of
ZnO and serves as a reliable indicator of the purity and
quality of the synthesized nanoparticles, as presented
in Table 2.

DOI:10.33804/pp.009.04.5898

NPs (50 nm), and commercial ZnO, provided
understandings about the crystal and nanostructural
properties of the materials. The XRD pattern (Figure 2)
showed the diffraction intensity (vertical axis) as a
function of the diffraction angle (26, horizontal axis).

The peaks in the diffraction pattern represented specific

The results obtained from the X-ray diffraction analysis planes within the crystalline structure where
of the three samples, green-synthesized ZnO NPs, ZnO constructive interference of X-rays occurred.
INO-M - RawData
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Figure 1. UV-Vis spectrum of the green-synthesized ZnO nanoparticles.

XRD Patterns for Green Synthesis ZNO, ZnO 50 mm, and ZNO
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Figure 2. XRD patterns of ZnO samples synthesized by different methods: green synthesis, 50 nm ZnO, and bulk ZnO.

Table 2. Absorbance peaks of ZnO nanoparticles and their interpretation based on UV, visible, and NIR bands.

Peak No. Wavelength (nm)  Absorption  Details

1 961.0 0.018 Absorption in the near-infrared (NIR) region, which may be related
to impurities or defects in the crystal structure.

2 672.0 0.017 Absorption in the visible region, which may be related to electron
transitions resulting from defect centers or oxygen centers.

3 308.0 0.231 Absorption in the UV region, this peak is very important because it

indicates the band gap in ZnO.
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In the green-synthesized ZnO NPs, several distinct peaks
were observed at 20 values ranging from 20° to 80°,
with the most intense peak appearing at 36.27° 26. This
indicated the presence of crystalline material at that
position. The overall intensity varied between low and
high values, suggesting variations in crystal density
within the sample.

For the ZnO NPs (50 nm) sample, a prominent
diffraction peak was detected at 36.41° 26 with an
intensity of 3291.92, indicating a more pronounced
crystalline structure compared to the green-synthesized
Zn0O NPs. In the commercial ZnO sample, the main
diffraction peak appeared at 36.47° 20 with an even
higher intensity of 4108.62, suggesting a higher degree
of crystal organization. The crystallite size of each
sample was subsequently calculated using the Scherrer
equation based on the obtained XRD data, and calculated
values are presented in table in (Table 3).

The FTIR spectra of the three samples (green-
synthesized Zn0O, ZnO 50 nm, and ZnO bulk) (Table 4)
showed characteristic peaks in the 400-600 cm™ range,
confirming the presence of Zn-0 bonds typical of the ZnO
crystalline structure. However, peaks observed in the
1000-1500 cm™ range indicated the presence of C-H
bonds, which might have resulted from organic residues
remaining from the green synthesis process or from
organic impurities. Water or moisture absorption peaks

DOI:10.33804/pp.009.04.5898

appeared in the 1600-1700 cm™ and 3000-3500 cm™
ranges, suggesting the possible absorption of moisture
from the environment or the presence of water
molecules bound to the nanostructured surface. These
bands are presented in (Figure 3).

Table 3: Estimation of average nanoscale size of ZnO
particles using the Scherrer equation based on XRD data.

Sample Average nanoscale size
Green synthesis ZnO NPs  177.46
ZnO NPs 50 nm 230.63
Zn0 )bulk) 253.66

Surface morphology of ZnO NPs

The surface morphology and particle size of ZnO NPs
synthesized by different methods were examined using
Field Emission Scanning Electron Microscopy (FE-SEM)
(Figure 4). The micrographs revealed distinct
morphological variations among the samples. Green-
synthesized ZnO NPs using Z. mays leaf extract exhibited
a uniform, quasi-spherical morphology with particle
sizes ranging from approximately 30-90 nm. The
nanoparticles appeared well-dispersed with minimal
agglomeration, confirming the stabilizing role of
phytochemicals such as phenolics and flavonoids in
controlling nucleation and growth during synthesis.

Table 4. FTIR analysis of ZnO samples prepared by different methods showing the distribution of functional

absorption bands.

Functional group Notes

or association

Sample Range (cm™)  Peaks (cm™)
Green synthesis ZnO NPs 400-600 430-450
Green synthesis ZnO NPs 1000-1500 1300-1500
Green synthesis ZnO NPs 1600-1700 1620
Green synthesis ZnO NPs 3000-3500 3400-3500
ZnO NPs 50 nm 400-600 430-450
ZnO NPs 50 nm 1000-1500 1400-1500
ZnO NPs 50 nm 1600-1700 1640

ZnO NPs 50 nm 3000-3500 3450

Zn0 )bulk) 400-600 430-450
Zn0 )bulk) 1000-1500 1320-1450
Zn0 )bulk) 1600-1700 1650

Zn0 )bulk) 3000-3500 3410-3480

Zn-0 Vibration of Zn-O bonds in the
crystal lattice

C-H Presence of organic compounds
from the synthesis process

O-H water or moisture absorption

O-H Water adsorbed on the surface
of the particles

Zn-0 Zn-0 lattice vibration

C-H organic matter residues

O-H bound water

0O-H Water adsorbed on the surface
of the particles

Zn-0 Zn-0 vibrations

C-H organic matter residues

O-H bound water

O-H absorbed water

852



Plant Protection, 09 (04) 2025. 847-858

DOI:10.33804/pp.009.04.5898

I GSreen Zn O

Figure 3. FTIR analysis of ZnO samples synthesized by different methods showing characteristic functional bonds and

chemical structures.

In contrast, the commercially available ZnO NPs displayed
a more heterogeneous size distribution, with noticeable
particle clustering and irregular boundaries, indicating
aggregation during processing. The bulk ZnO sample
showed large, rod-like and irregular particles exceeding
100 nm, confirming the absence of nanoscale features.
These morphological observations demonstrate that the
green synthesis approach effectively reduces particle size
and enhances surface uniformity compared with
conventional methods. The nanoscale dimensions and
homogeneous distribution of green-synthesized ZnO NPs
are expected to improve their antifungal efficiency by
increasing the surface area, active reactive sites, and
contact interaction with fungal hyphae, as supported by
previous studies (Raghupathi et al, 2011; Bala et al,
2015; Al-Darwesh et al.,, 2024).

Antifungal activity of ZnO NPs

When comparing the antifungal efficacy of
biosynthesized, commercial, and bulk ZnO, as presented
in Table 5, the green-synthesized ZnO NPs showed the
highest inhibition of A. flavus (94.4 + 1.1%) with a mean
colony diameter of 5.0 + 0.3 mm, followed by commercial
ZnO NPs (88.9 + 0.8%) and bulk ZnO (83.3 * 1.3%). The
differences among statistically
significant (LSDo.05 = 0.672). Visual confirmation of fungal
growth suppression is shown in Figure 5.

One-way ANOVA performed on fungal growth diameter

treatments were

indicated significant differences among treatments,
confirming that all three (bulk ZnO, commercial ZnO NPs,

853

and green-synthesized ZnO NPs) caused significant
inhibition compared with the control. Moreover, the
green-synthesized ZnO NPs exhibited superior antifungal
activity over the other two treatments (p < 0.001). This
enhanced efficacy may be attributed to the smaller
particle size resulting from green synthesis and the
presence of residual phenolic or flavonoid compounds on
the nanoparticle surface, which may confer additional
antifungal properties (Kumari et al., 2019).

Previous studies have demonstrated that ZnO NPs exert
antifungal activity primarily through the generation of
ROS, which damage cell membranes and intracellular
components (Alhazmi et al.,, 2023). Furthermore, smaller
nanoparticles have a greater capacity to penetrate fungal
cell walls, thereby enhancing their inhibitory potential
(Wu etal, 2025).

Comparable findings were reported by Alhazmi and Sharaf
(2023), who observed inhibition zones of up to 50 mm
using plant-mediated ZnO NPs against resistant isolates of
A. flavus. Other studies have indicated that nanoparticles
can also reduce aflatoxin production by modulating the
gene expression of enzymes involved in toxin biosynthesis
(Rodrigues et al,, 2021; Gobikanila and Jeyaramraja, 2024).
These results are consistent with previous and recent
reports showing that ZnO NPs, irrespective of the
synthesis method, exhibit potent antifungal activity against
various fungal species, with green-synthesized ZnO NPs
displaying superior efficacy (Djearamane et al., 2022; Raza
etal,, 2024; Truong and Le, 2024).
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Figure 4. FE-SEM micrographs showing the surface morphology and particle size distribution of ZnO nanoparticles
synthesized by different methods: (a) green-synthesized ZnO NPs, (b) commercial ZnO NPs, and (c) bulk ZnO NPs.

Table 5. Comparison of the effects of ZnO prepared by different methods on the growth inhibition of A. flavus (mean *

SD,n = 3).

Treatment Fungal growth diameter mm Inhibition rate *+SD
control 90 mm 0% +0.0
Green synthesis ZnO NPs 5 mm 94.4 % +1.1
ZnO NPs 50 nm 10 mm 88.9 % +0.8
Zn0 )bulk) 15 mm 833 % 1.3
LSD (0.05) 0.672 -

Note: Tested concentration = 100 pg/ml. Data were analyzed by one-way ANOVA followed by LSD test (p < 0.05).
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Figure 5. Comparison of the effects of green-synthesized ZnO, ZnO (50 nm), and bulk ZnO on fungal growth.

Conclusion

The study confirmed that ZnO NPs synthesized using Z.
mays leaf extract exhibited a smaller average particle
size (177.46 nm) compared to conventionally and
commercially prepared ZnO samples. The reduced size
increased the effective surface area, thereby enhancing
their antifungal performance. The results demonstrated
that the green synthesis approach not only reduced
particle size but also improved the uniformity and
crystallinity of the nanoparticles, resulting in greater
antifungal efficacy against A. flavus.

Characterization analyses (XRD and FTIR) verified the
hexagonal wurtzite structure and the presence of regular
Zn-0 bonds, indicating their nanoscale nature and
structural stability. Overall, these findings demonstrate
that Z. mays is an effective and sustainable bioresource
for producing antifungal ZnO NPs.

Future work should focus on evaluating the long-term
stability of these nanoparticles under variable
environmental conditions (e.g, humidity and
temperature) and assessing their antimicrobial potential
against a broader spectrum of pathogenic fungi and
bacteria. Moreover, detailed investigations are
recommended to elucidate the relationship between
particle size and biological activity to optimize their
applications in agricultural and biomedical fields.
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