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Abstract

The production of zinc oxide nanoparticles (ZnO NPs) by fungi is developing as a critical nanotechnology topic because of its
green, eco-friendly, non-toxic, and cost-effective nature. Fusarium oxysporum. has been used as a stabilizing and reducing
agent in the biosynthesis of ZnO NPs. Various characterization approaches, including UV-Vis spectroscopy and X-ray
diffraction (XRD), confirmed the synthesis of ZnO NPs with an average size of 26.3 nm. Furthermore, the micrographs of
transmission electron microscopy (TEM) revealed that ZnO NPs had a crystalline structure with hexagonal wurtzite from 5 to
47 nm size. Fourier transform infrared (FTIR) pattern, revealed the presence of reducing and stabilizing agents such as
carboxylic acid, and amines. The antibacterial activity of ZnO NPs against Gram-positive and Gram-negative clinical bacterial
isolates was remarkable where ZnO NPs have shown strong antibacterial activity against Salmonella typhi more than
Escherichia coli, whereas, at a dosage of 50 mg/ mL, ZnO NPs had slightly more activity against Bacillus subtilis than
Staphylococcus aureus.
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1. Introduction

According to previous studies, most infectious
bacteria are resistant to at least one common
antibiotic, but the other ones are also resistant to

The development of novel, inexpensive, and
environmentally  friendly  bactericidal  and/or
bacteriostatic agents is required to open up hew
possibilities  for nanoparticles due to their

multiple antibiotics [1]. Antibiotic efficiency is
reduced as a result of the emergence of harmful
microorganisms that develop antibiotic resistance.

Different effective therapies must be developed to
stop the spread of resistant germs to avoid returning
to the pre-antibiotic era [2-4]. Not only Gram-
positive S. aureus is one of the most significant
causes of sickness in humans, particularly
nosocomial infections but also Gram-negative
bacteria E. coli and S. typhi, which are widely
distributed [5-7]. Antibiotic resistance in bacteria
caused hospital long-time stays and high
concentrations of treatments which might increase the
fatality rate [8, 9].

antibacterial activities. On top of that nanoparticles
can overcome the pathogenic bacteria's resistance to
the antibiotic agents [10, 11]. Nanoparticles (NPs) are
very small particles with sizes ranging from 1 to 100
nm that are found in nanoscale materials, considering
their minuscule size and high surface-to-volume
ratio, they exhibit considerable variances in
characteristics from their bulk counterparts.
Regarding this, NPs have been cohesive by offering
innovative solutions, in numerous sectors. The
creation of new synthetic procedures for the synthesis
of nanoparticles with varied sizes, shapes, and
chemical compositions is one of the prerequisites for
the advancement of nanotechnology [12].
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Sol-gel  procedure, solvent evaporation
technique, interferometric lithography, physical
fragmentation, and  precipitation from the
microemulsion method are a few examples of
physical and chemical processes that have been
utilized to synthesize NPs [13, 14]. Chemical
approaches apply dangerous and poisonous
compounds that donate environmental pollution
furthermore health hazards. Also, the physical
method requires significant energy consumption,
pressure, and temperature [15].

For instance, triethyl amine, polyvinyl
alcohol (PVA), oleic acid, and
ethylenediaminetetraacetic acid (EDTA), which are
frequently employed as capping and stabilizing
agents to control the size of NPs and prevent them
from aggregation, are all unfavorable byproducts of
chemical processes [16-20]. Some of these dangerous
compounds might be present or bonded in the
manufactured NPs. These hazards integrated into the
synthesis approach may limit the applications of NPs
in humans and animals [13].

The biological method has drawn a lot of attention
because it uses less dangerous chemicals and is
natural and energy-efficient. The active components
from plants and microorganisms, such as bacteria,
fungi, and yeasts, are used in the biological synthesis
of NPs. This approach is promising because of its
efficiency, eco-friendly, mass production, and low
cost. In the past ten years, there are an increase in
interest in the utilization of microbes, which could be
employed as models [21].

Fungi are a good candidate for the synthesis of
nanoparticles. Fungi produce nanoparticles with good
dispersion and sharp dimensions. Fungi have led
research towards biological techniques for metallic
nanoparticle synthesis, due to their tolerance and
capacity for metal bioaccumulation. They can
synthesize a vast number of enzymes, including those
necessary for the production of nanoparticles [22].

Due to their high binding capacity, strong
tolerance to higher metal concentrations, and superior
ability in metal bioaccumulation over bacteria, fungi
are a promising approach for the production of zinc
NPs [23]. Fungi also showed the ability to release a
variety of extracellular redox proteins and enzymes.
As a result, this made it easier to convert more metal
ions into NPs, which makes them suitable materials
for large-scale production [24].

ZnO NPs are an excellent choice for biological
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applications since they are non-toxic, easy to
fabricate, and environmentally safe. Additionally,
zinc sulphate and the other three zinc compounds;
zinc oxide, zinc nitrate, and zinc chloride have been
recognized as safe materials by the US Food and
Drug Administration [25, 26].

Reductase enzymes from F. oxysporum
showed potentiality towards the productivity of
nanoparticles in the reaction mixture. Thiolate-
containing organics like cysteine, glutathione, and
thioglycolate were utilized as surfactants to maintain
the particles suspended when ZnS NPs crystallized
[27].

It is noteworthy that S. aureus and B. subtilis
were chosen as Gram-positive bacteria whereas E.
coli and S. typhi were picked as Gram-negative
bacteria. E. coli is widely distributed in the bodies of
mammals and frequently causes acute infection. In
addition, it is frequently employed in bacterial
research and is the best biological indicator for
contamination of drinking water. Pathogenic bacteria
S. aureus typically colonizes the axillae and
gastrointestinal tract [28, 29].

The current research is narrating the synthesis
of ZnO NPs using F. oxysporum in view to applying
against human pathogens through good diffusion and
minimum inhibitory concentration (MIC) methods. A
green biogenic protocol was conducted for the
biosynthesis of ZnO NPs from F. oxysporum. Since,
this technique was eco-friendly, safe, and cost-
effective rather than other synthesis techniques.

2. Experimental (Materials and Methods)

2.1. F. oxysporum strain

F. oxysporum strain was kindly obtained from
Mycology Lab at the Botany Department, Faculty of
Science, Mansoura University, Egypt. This strain was
cultured on autoclaved Potato Dextrose Agar (PDA)
medium: potato extracts 200 mL, sucrose 20 g, agar
20 g, and then incubated at 25°C for five days [30].
The fungal culture was maintained at 4°C to be used
in further biosynthesis processes [31, 32].

2.2. Biosynthesis of nano-zinc by F. oxysporum

F. oxysporum biomass was obtained by culturing
the fungal agar discs (3-5 discs) in broth medium
Maltose Glucose Yeast Peptone (MGYP medium):
Malt extract 3 g, Glucose 10 g, Yeast extract 3g and
Peptone 5¢g at 28 °C, 180 rpm, for 5 days incubation.
After that, the fungal biomass was filtered and
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washed three times with distilled water to remove
medium residues [33]. For synthesizing nano-zinc, 10
g of fungal biomass was added to 100 mL of a 5 x10°
M aqueous solution of ZnSO,.7H,0 and incubated at
28 °C, 200 rpm for 96 h incubation time. Following
nanoparticle synthesis, the reaction solution was
filtered to remove the fungal cells before the
nanoparticles were dried at 70 °C for an overnight
period. To eliminate the proteins covering the zinc
nanoparticles, the nanoparticles were heated in a
muffle at 400 °C for 1h followed by further 4 hours.
2.3. Characterization of nano-zinc

UV-Vis spectroscopic absorption measurements
were performed at room temperature with a UV-Vis
spectrophotometer Jenway (7205, United Kingdom)
over the 200-800 nm wavelength range. Fourier
transforms infrared (FTIR) transmittance was
evaluated in the 450-4000 cm™ range using Burker
Vertex 80 (Germany). X-ray Diffraction (XRD) was
used to characterize the crystallinity and phase purity
of ZnO NPs using a Rigaku Desktop Miniflex II X-
ray powder diffractometer with Cuko radiation. The
XRD pattern of ZnO NPs was examined using
Crystallographic Search-Match Version 2 and the
ICDD  Powder Diffraction  File  database
(International Centre for Diffraction Data). Energy
dispersive X-ray diffraction (EDS) analysis was
determined using a scanning electron microscopy
Joel microscope equipped with 40 kV and equipped
with an EDS detector.

2.4. The bacteriostatic activity
2.4.1. Well diffusion method
In a nutshell, agar media (Mueller Hinton) and
Petri plates were sterilized in an autoclave at 121 °C
for 30 min. Then, in a laminar airflow
environment under sterile circumstances, 20 mL of
agar media were distributed to a uniform depth of 4
mm in Petri plates. After the media had been set up,
the bacterial strains from the 18 hours culture were
scraped across the agar plates. Corkborers were used
to make wells, which were then filled with a 50 pL
dose of Zn NPs suspension. To assess the zone of
inhibition, the sample-loaded petri dishes were
incubated at 37 °C for 24 hours.

2.4.2. The minimum inhibitory concentration
(MIC)

diffusion plates were used to measure the
inhibition zones at different concentrations of
nanoparticles. Various concentrations of ZnO NPs
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solution precisely (5x10*, 5x10% 5x10% and 50 ppm)
were inoculated with 0.1 mL of standard inoculum
(10" CFU/mL) of the tested bacterial strains cultured
in the sterilized L.B. broth medium. After that, the
bacteria-containing tubes were incubated at 37 °C for
24 hours. The control sample has no ZnO NPs. The
MIC values expressed the sample concentration
necessary to inhibit the microbial species [35].

The microbial species under investigation were
obtained from the Bacteriology Lab of the Botany
Department, Faculty of Science, Mansoura
University, Egypt. ZnO NPs were tested for their
activity against both Gram-positive and Gram-
negative clinical bacterial strains (B. subtilis, S.
aureus, S. typhi, and E. coli) according to the good
diffusion procedure [34].

3. Results and Discussion
3.1. UV-Vis absorption results

Various spectroscopic methods were used to
characterize the formation of ZnO NPs. To assess
the optical characteristics of the produced ZnO NPs,
UV-Vis detection was performed, where the
spectrum revealed a unique peak at 374 nm. Since,
the transformation of F. oxysporum extract from
yellowish to pale violet after, the addition of an
aqueous solution of ZnSO,. 7H,0 (5 x10° M) to the
F. oxysporum extract. Then, the mixture was
calcinated at 400 °C for 4 hours. Therefore, the main
absorption peak of the UV-Vis absorption spectrum
of the estimated ZnO NPs could be attributed to the
Surface Plasmon vibration (Amax = 374 nm) (Fig.1).
The generated ZnO NPs are photoexcited from the
valence to the conduction band [36, 37]. These color
changes revealed the entire F. oxysporum extract
interaction and ZnSQ,4.7H,0 salt produces ZnO NPs
primarily and then calcinated later at 400 °C.
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Figure 1: UV-Vis spectrum of ZnO NPs synthesized by F.
oxysporum.

3.2 FTIR spectroscopy analysis

The pure ZnO NPs' FTIR spectra were observed
between 400 and 4000 cm™. The acquired ZnO NPs'
FT-IR spectrum displays the locations and intensities
of the peaks, with a broad band between 3600 and
3000 cm™ and a maximum at 3418 cm™ and a peak at
1637 cm™ attributed to hydrogen-bound O-H
stretching vibrations from H,O or water-molecule
bending vibrations of bonded N-H and O-H,
respectively [38]. The absorption peaks at 1037,
2850, and 2925 cm™ are attributed to the stretching
vibrations of secondary amines. The IR bands in (Fig.
2) are in the range of 1700-600 cm™ and correspond
to the vibrations of C=0, C-O, and C-H, respectively
[39]. ZnO NPs are considered to have a stretching
mode absorption peak between 400 to 600 cm™.
Therefore, the presence of an FT-IR peak at 443 cm™
corresponds to the formation zone of Zn-O [40].
Also, it is known that a fingerprint peak observed
around 550 and 650 confirms the presence of the
ZnO NPs [41]. Therefore, the band at 618 cm™ is
assigned to the ZnO NPs formation.
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Figure 2: FTIR spectrum of the green synthesized ZnO
NPs using F. oxysporum.

3.3 X-ray Diffraction (XRD)

The crystalline nature of the nanoparticle was
determined using XRD analysis. XRD peaks obtained
at 20 values 31.59°, 34.31°, 36.15°, 47.37°, 56.40°,
62.70° corresponded to lattice planes (100), (002),
(101), (102), (110), (103) and depicted the hexagonal
wurtzite crystal structure of the nanoparticles (Fig. 3),
when compared to the conclusions of the Joint
Committee on Powder Diffraction Standards
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(JCPDS; card No. 01-089-1397). The diffractogram's

data then demonstrated excellent agreement with the

hexagonal phase (wurtzite structure). Since, lattice

planes (100), (002), and (101) indicate the presence

of pure nanoparticles. The nanoparticle sizes were

then determined using the Debye-Scherrer equation.
KA

D=—\1—
BCOSO

where D, k, A, B, and 0 represent the average crystal
size, shape factor (0.9), the wavelength of the X-ray
Cu Ka radiation (1.5406 A), FWHM (full width at
half maximum), and Bragg diffraction angle,
respectively. The average ZnO NPs crystallite size
was calculated as 26.3 nm and also reported by
Aalami et al [42]. A small band observed at 26 =25°
may be attributed to the ZnS NPs that were oxidized
to ZnO NPs during the calcination process [43].
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Figure 3: XRD pattern of the synthesized ZnO NPs using
F. oxysporum.

3.4 Energy dispersive X-ray diffraction (EDX)

The elemental compositions of the biosynthesized
ZnO NPs were determined by EDS. Figure 4 shows
the presence of ZnO NPs with small traces of sulfide
traces that may be attributed to the heating
incomplete conversion of ZnS NPs to ZnO NPs at
400 °C as mentioned in the XRD pattern [44].

180

Figure 4: Energy-dispersive X-ray spectroscopy spectrum
of ZnO NPs using F. oxysporum.
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3.5 Transmission Electron Microscopic (TEM)

Figure 5 depicts TEM images of ZnO NPs. The
TEM analysis was performed to comprehend the
crystalline  structure and dimensions of the
nanoparticles. ZnO NPs TEM pictures demonstrate
the almost hexagonal nature of the particles.
According to these photos, the bulk of ZnO NPs have
hexagonal shapes and have an average particle size
between 5 and 47 nm. The SAED pattern showed that
the synthesized ZnO NPs' diffraction rings displayed
Debye Scherrer rings with the designations (010),
(002), (011), (012), (110), (103), and (112),
respectively [45, 46]. The particle size determined by
TEM analysis is comparable to that determined by
XRD analysis.

(©) (d)
Figure 5: TEM micrographs of ZnO NPs under various
magnification scale bars (a) 200 nm (b) 200 nm (c) 50 nm
(d) equivalent SAED of single ZnO NP.

3.6 Antibacterial susceptibility test of the tested ZnO
NPs

3.6.1 Well diffusion method result
ZnO NPs that were created using F. oxysporum were
tested for bacteriostatic activity utilizing the good
diffusion method. B. subtilis, S. aureus, S. typhi, and
E. coli were assumed as test organisms for evaluating
the impact of the ZnO NPs. ZnO NPs' performance
against several bacterial strains and the estimated
data are shown in Fig. 6.
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The most effective bactericidal results against
both S. typhi and B. subtilis bacteria with ZOI of 22
and 20mm and ZOI of 19 mm were noticed against
the S. aureus, The least amount of bactericidal action
was found against E. coli, which had a ZOlI of 14 mm
with a concentration of 50 pL. ZnO NPs.

The bacteriostatic action of ZnO NPs against
bacteria could be related to two processes: the
penetration of ZnO NPs into the cells which causes
the production of reactive oxygen species on their
surface as well as the release of Zn*? ions, which
break down the cell walls.

The fact that S. typhi had the greatest ZOl
observed for the ZnO NPs as compared to Gram-
positive bacterial strains, gram-negative bacteria have
thinner cell walls. This enhances the likelihood that
Zn*? ions will reach the S. typhi bacteria and destroy
them as opposed to Gram-positive bacteria [47].

B

Figure 6: Bacteriostatic activity of Zno NPs against (a)
E. coli, (b) S. typhi, (c) S. aureus, and(d) B. subtilis bacteria
with ZOI 14,22,19and20 mm respectively.

3.6.2 MIC result against ZnO NPs

By measuring microbial growth at a specific
concentration of the tested material, the minimum
inhibitory concentration (MIC) test was used to
assess the antibacterial potency of the biosynthesized
Zn NPs made from the F. oxysporum extract. The
results of the MIC test for nano zinc against S. aureus
(ATCC 6538), E. coli (ATCC 10536), B. subtilis, and
S. typhi bacteria are shown in Table 1. The examined
nano zinc solution was generated in a series of
dilutions with concentrations of 5x10*, 5x10°, 5x10?,
and 50 ppm.
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According to the MIC values, the least
concentration is required to support the bacteria's
development. Instead, it denotes the bare minimal
concentration required to inhibit microorganism
growth. The control sample shows that the microbial
strains are growing naturally. Using this method, it
was found that the largest percentage of microbial
growth was suppressed by the lowest percentage of
turbidity. 200 L of microbial species were added to 2
mL of culture medium to create the culture medium.
According to Table 1, MIC data, the sample had a
MIC of 5x10* ppm when tested against B. subtilis and
S. typhi, but only 5x10® ppm when tested against S.
aureus and E. coli. The findings support a recent
study conducted on pathogenic, halophilic, and
resistant bacterial species [48, 49].

Table 1: MIC of ZnO NPs against the tested bacteria.

Bacterial type MIC value
E. coli 5x10° ppm
B. subtilis 5x10* ppm
S. aureus 5x10* ppm
S. typhi 5x10* ppm

4. Conclusions

F. oxysporum served as the reducing and
stabilizing agents in a two-step process for the
synthesis of ZnO NPs. XRD was used to characterize
the nanoparticles, and the average size was
determined to be 26.3 nm. Using TEM image
analysis, the almost hexagonal wurtzite nanoparticles
were seen. Nanoparticles ranged in size from 5 to 47
nm, according to TEM examination. Results from
TEM and XRD were comparable. Additionally, the
synthesis of pure ZnO nanocrystals was verified by
XRD and EDX analysis. Gram-positive and Gram-
negative bacteria are both effectively combatted by
ZnO NPs outstanding antibacterial properties.
Consequently, this approach would be a low-cost,
straightforward, and environmentally friendly way to
create ZnO NPs, which might be applied in several
pharmaceutical industries.
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