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ABSTRACT

Aims: The main aim of the study is to synthesize the zinc oxide nanoparticles from fungal isolates
of soil and characterize the physicochemical properties of synthesized ZnO NPs for agricultural
purposes. Materials and Methods: The soil samples have been collected, isolated, and examined
for the solubilization of zinc. The promising isolate was molecular characterized and deposited in
NCBI GenBank. This isolate was then utilized to synthesize and characterize ZnO nanoparticles.
The synthesized ZnO NPs were characterized using UV-vis DRS, UV-vis spec, DLS, XRD, FT-IR,
and SEM-EDAX for confirmation and quantification. Results: In the 14 fungal isolates, Aspergillus
fumigatus (Db5) has shown the highest zinc solubilization index of 2.75mm. The fungal culture
filtrate displayed an absorption peak at 315 nm in UV-visible spectrum analysis whereas, in UV-vis
DRS, it showed 330nm with a band gap found to be ~3.1 eV, which indicated the presence of zinc
oxide. The synthesized ZnO-NPs measure 27.35 nm in particle size and have a zeta potential of
-2.35 mV. The average size of the ZnO NPs was found to be 23nm through XRD. The functional
hydroxyl (O-H) group of the ZnO NP showed an intense band near 3447.16 cm* through FT-IR
analysis. In SEM studies, the morphology of ZnO NPs was found to be irregular, spherical, and
granule-like structures. Conclusion: All the studies indicate that the fungal isolate Aspergillus
fumigatus (Db5) can synthesize ZnO NPs which can be further tested for crop protection and
production as an eco-friendly approach.
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INTRODUCTION

Nanotechnology has evolved as a technology that has
changed every sector of applied science during the
past decade. The field of Nanoparticles (NPs) is one
of the paths to nanotechnology that involves nano-
scale materials with extremely tiny particles of various

sizes from 1 to 100 nm. Because of their tiny size and
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high surface area to volume ratio, Nanoparticles (NPs)
have unique features compared to those of their bulk
counterparts!! Due to their physiochemical featutes,
metal oxide NPs have been extensively studied for
their potential biological applications. Due to their high
chemical and thermal endurance, even under demanding
processing circumstances, Zinc Oxide Nanoparticles
(ZnO NPs) have attracted a lot of attention. ZnO NPs
are used in several cutting-edge industries, including
sensors, cosmetics, environmental protection, and
biological and pharmaceutical ones.”! ZnO NPs have
attracted the attention of many researchers all around
the world. Its biological and chemical behaviour allows
us to reconstruct morphology. ZnO NPs have been
used for a range of biological applications, such as UV
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filtering, medication transport, tumour cell eradication,”!
antibacterial and antifungal activities, and the death of
tumour cells.l! There are numerous ways the produce
ZnO NPs, including chemical vapour synthesis,”
the sol-gel approach.”! Sono-chemical and thermal
breakdown.I! Processing steps and physical factors
such as pH, pressure, and temperature are difficult to
manage in addition to releasing by-products that may be
detrimental to the ecosystem; thus, green synthesis of
ZnO NPs is favoured. Fungi are simple to manipulate
and contain a diverse array of proteins and enzymes
in their cells, making them great choices for ZnO NPs
synthesis.

In the current study, we aimed to isolate and screen the
fungi using two different soil samples. Further, the soil
samples were isolated and screened for the identification
of fungi. Aspergillus fumigatus (Db5) were utilized in
the biosynthesis of ZnO NPs. for a broad range of
application process. Analysis using Fourier Transform
Infrared Spectroscopy (FTIR), X-ray Diffraction (XRD),
and Scanning Electron Microscopy (SEM) provided
comprehensive descriptions of the NPs. Despite this,
only a few microorganisms are capable of producing
ZnO NPs. So, other microorganisms with the capacity
to synthesize ZnO NPs must be investigated. As a
result, this research was conducted to identify a new
fungal strain capable of synthesizing ZnO NPs and to
analyze its characteristics.

MATERIALS AND METHODS
Collection of soil samples and Isolation

Soil samples were collected at 10 - 15 cm depth, where
most of the microbial activity is present. Soil samples of
approximately 500g were collected in sterile polythene
bags, labelled and stored at 4°C until used. By using
the serial dilution approach, fungi were isolated from
collected soil samples. Each soil sample was serially
diluted after being dissolved in 9 mlL of sterilized
distilled water. 0.1 mL of inoculum was pipetted from
dilution 107 to 10~ and plated on Potato dextrose agar
amended with 0.03% of streptomycin sulphate to
control bacterial growth. The plates were incubated at
28°C for 5 to 7 days in the incubator. The incubated
plates were observed for the growth of different fungi.l

Screening of isolated fungi for Zinc solubilizing
capacity

The solubilization potential of isolates were
checked on zinc solubilizing agar medium

(Dextrose 10.0 g, Dipotassium hydrogenphosphate
0.1g, Potassium chloride 0.2g, Ammonium sulphate

1.0g, Magnesium sulphate 0.20g, Agar 15.0 g, Zinc oxide
1.0 g and 1000 mL distilled water).”! To observe a clear
halo zone, isolates were inoculated on agar media and
incubated at 30 + 1°C for seven days. The solubilization
index was calculated by measuring the colony diameter
and the halo zone diameter using the following formula.!"”

Colony diameter + Halo zone diameter

SI

Colony diameter
SI: Solubilization Index

Molecular characterization of isolated fungi

By using 18s rRNA sequencing, isolated fungi were
molecularly characterized. The CTAB method was used
to extract fungal DNA, and a UV-vis spectrophotometer
was used to quantify the amount of DNA extracted.
The extracted DNA was subjected to PCR using I'TS
primers (ITS-1 and ITS-4). The sequences gathered
from the PCR samples were put through the BioEdit
program and Blast analysis. After that, the sequence was
sent to Gen Bank, NCBI, in order to get an accession
number.

Biosynthesis and Purification of ZnO NPs

Ina flask with 1000 mL of modified Malt extract Glucose
Yeast extract Peptone (MGYP) medium containing
Malt extract 3.0 g, Sucrose 10.0 g, Yeast extract 3.0 g,
and Peptone 5.0 g-metal tolerance fungi were cultivated.
The flasks were sterilized and administered with 1 mL
of spore suspension at a concentration of 10-6 conidia
produced from 7-day-old cultures, and the pH of the
medium was adjusted to 6.8. The flasks underwent
a 72-hour incubation in a rotary shaker at 30°C and
150 rpm. The biomass was removed from the culture
broth after 72 hr by centrifuging it at 4000 rpm, 4°C for
10 min, and then washing it with sterile distilled water
to get rid of any components. The recovered 15 g (wet
weight) of fungal biomass was suspended in 100 mL
of distilled H,O and kept shaking once more for 62 hr
at 28°C and 150 rpm. After the incubation period,
Whatman no. 1 filter paper was used to separate the
biomass of each fungus.""! The cell-free filtrate that had
been collected was used to biosynthesize ZnO NPs. The
culture filtrate was given 1 mM zinc nitrate, and it was
shaken for 48 hr at 28°C at 150 rpm. When the mixture
was converted to a hazy, white precipitation, ZnO NPs
were formed. For 5 minutes, the white mixture was
centrifuged at 18,000 rpm." After being washed with
alcohol and three times with distilled H,O, precipitates
were dried at 70°C for 4 hr. The ZnO NPs were then
crushed into a fine powder and calcined at 500°C for
1 ht.”! For upcoming research, the fine powder was
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gathered and kept in an airtight glass vial at room
temperature.

Characterization of Biosynthesized ZnO NPs

Ultraviolet-visible spectrophotometer and UV-vis
Diffuse Reflectance Spectra (DRS) analysis

The band gap energy spectra of synthesised ZnO NPs
powders were obtained by UV-vis diffuse reflectance
spectra (UV-vis, Shimadzu 2450) in the range of 200 to
900 nm by using the reference material Barium Sulphate
(BaSO,), at a scanning speed of 100 nm/min. The
optical properties of Zinc Oxide nanoparticles were
characterised by UV-vis Spectroscopy (Systronics).

Particle size and zeta potential measurements

Utilising a particle size analyzer (Zetasizer, Malvern,
nano 383, England), zeta potential and dynamic light
scattering were assessed to estimate the size and surface
charge of the nanoparticles. The cuvette containing the
nanoparticle solution was filled to the top %™ of its
volume before being set within the zeta sizer’s dynamic
light scattering chamber. The experiment was performed
with a scattering angle of 90° and a temperature of
25°C. ZnO NPs dispersion and refractive index were set
at 1.365 and 1.330 (viscosity 0.8872 Cp), respectively.!"*
The average particle diameter (d. nm) was recorded for
all ZnO Nps from the intensity graph by using Malvern
software (Version 7.12).M!

Phase identification of zinc oxide nanoparticles
using an X-ray Diffractometer

X-ray Diffractometer (XRD) measurements were made
on synthesised and standard ZnO NPs (M/s. Rigaku,
Ultima 4, Tokyo, Japan). The collected data were
compared to approved standard data made available by
the Joint Committee on Powder Diffraction Standards
(JCPDS Card No. 36-1451). The average particle size of
ZnO NPs was calculated from the XRD pattern using
Debye-Scherret’s formula.'!

kA
b= BcosH M

Where 0’ is the Bragg angle from 20 value of intensity
peak from the XRD pattern, ‘D’ is the crystallite size
of the ZnO NPs, ‘k’ shape factor (0.9), A’ wavelength
of X-ray (1.54 A) Cu Ku radiation, and ‘B’ is the full-
width half maximum of the diffraction from XRD
pattern.

Functional group analysis

The functional group in the synthesized ZnO NPs
was analyzed by using an FT-IR (IRTracer 100 AH,

Shimadzu, Japan). Using a hydraulic press to combine
ZnO NPs and potassium bromide KBr, the sample was
created. The moisture content was then removed before
drying. The instrument was initialized with Lab Solution
software (Version, 100) and infrared spectra were
recorded in the range of 350-7800 cm™ at a resolution
of 4 cm™.

Surface morphology and elemental detection of
synthesized ZnO NPs

The surface morphology and elemental detection of
synthesized ZnO NPs were studied using a Scanning
Electron Microscope (SEM) with an Element Detection
Sensor (EDS) Oxford instruments X-MaxN 80, United
Kingdom (Carl Zeiss, EVO 10, Germany).

RESULTS AND DISCUSSION
Collection of soil samples for isolation of fungi

A total of 14 fungi were obtained from Doddaballapura
agriculture field and forest soil samples from
Shankaraghatta. After purification in fresh PDA media,
each strain was given a unique code ranging from Sg1 to
Sg9 and Db1 to Db5 to facilitate further study (as shown
in Table 1 and Figure 1). These fungal strains were then
identified based on their morphological characteristics
and microscopic obsetvation, using a standard manual.’

Screening of isolated Fungi for Zinc solubilizing
capacity
Zinc solubilizing

Zinc solubilizing potential varied with different zinc
solubilizing isolates (as shown in Table 2 and Figure 2).
The 14 fungal isolates were examined for solubilization

Table 1: Isolation of fungi from the soil sample.

Sample site Isolate Code Name of Organism
Shankaraghatta Sg1 Fusarium sp.
Shankaraghatta Sg2 Penicillium sp.
Shankaraghatta Sg3 Penicillium sp
Shankaraghatta Sg4 Penicillium sp.
Shankaraghatta Sg5 Fusarium sp.
Shankaraghatta Sgb6 Fusarium sp.
Shankaraghatta Sg7 Penicillium sp.
Shankaraghatta Sg8 Penicillium sp.
Shankaraghatta Sg9 Aspergillus sp.
Doddaballapura Db1 Aspergillus sp.
Doddaballapura Db2 Asperqgillus sp.
Doddaballapura Db3 Fusarium sp.
Doddaballapura Db4 Fusarium sp.
Doddaballapura Db5 Asperqgillus sp.
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Colony Morphology

Figure 2: Zinc solubilization of fungal isolates on media
plates after 7 days of incubation.

MH865988.1 Penicillium chrysogenum CBS 132205
‘ KY781802.1 Penicillium chrysogenum QCC M046/17

KX423653.1 Aspergillus parvulus

Figure 1: Different fungal species isolated from soil samples.

Table 2: Screening of isolated fungi for Zinc

solubilization Index.

Code Zone Diameter
(mm)
Solubilization Colony Zinc solubilization
Zone Diameter Index (ZSI)
Sg1 48 40 2.20
Sg2 30 26 2.15
Sg3 21 20 2.05
Sg4 25 23 2.09
Sg5 35 34 2.03
Sg6 23 20 2.15
Sg7 23 20 2.15
Sg8 36 22 2.64
Sg9 60 45 2.33
Db1 31 20 2.55
Db2 23 22 2.05
Db3 40 30 2.33
Db4 40 25 2.60
Db5 70 40 2.75

to determine their capacity to solubilize insoluble zinc
oxide (ZnO), and the results ranged from 21 mm to
70 mm. Strain Db5 demonstrated the highest
solubilization with a zone of 70 mm, while Sg3 showed
the lowest with a zone of 21 mm.

Db5 fungal isolate showed a high zone of zinc
solubilization index of 2.75mm and the rest of the
isolates showed in the range of 2.03-2.64mm. This
data suggests that all the fungal strains are capable
of solubilizing ZnO, but strain Db5 had significantly
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KX423634.1 Aspergillus parvulus DTO 189-G7
ONO2S0S7.1 Talaromyees verruculosus MF-18
KF75166.1 Talaromyces verruculosus F-2-24
OK432787.1 Aspergillus flavus AF1

OK314989.1 Aspergillus flavus

OL831113.1 Aspergilus flavus NF-2

MHSS8094.1 Aspergillus insoitus CBS 38461

OL772697.1 Aspergilus insolius CBS 384 61

T ON510116.1 Aspergillus fumigatus AySu-1Q-15

l—- OPS54779.1 Aspergillus fumigatus R-22
4 OK338494.1 Aspergillus fumigatus isolate KUMBASBT-54

——* NR_I51855.1 Bipolaris variabilis CBS 127716

Figure 3: Phylogenetic tree of isolate Db5.

higher solubilization potential. Microorganisms that
can solubilize zinc possess enzyme complexes that aid
in zinc metabolism."”! Consequently, the solubilization
of zinc can be used as a primary selection mechanism
for microorganisms with the potential for nanoparticle
synthesis.

Molecular characterization of the selected fungi

The ITS sequence of Db5 was deposited in the
NCBI GenBank under accession no. OK338494. The
similarities between the ITS nucleotide sequence of
Db5, with the Aspergillus fumigatus isolate MEBP0065
sequences obtained in the GenBank database were
shown a similarity of 96.89% (Figure 3).

Characterization of Biosynthesized ZnO NPs

Ultraviolet-visible spectrophotometer and UV-vis
diffuse reflectance spectra analysis

The production of ZnO NPs was verified by UV-visible
spectroscopy. Zinc nitrate, the starting material, is

transformed into ZnO NPs, as shown by the absorption
spectra of the synthesised ZnO NPs in Figure 4 (a). The
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Figure 4: Characterization of synthesised zinc oxide nano
particles (a) UV-visible spectra (b) UV-visible diffuse reflec-
tance spectrum, (c) energy band gap of Db5 nanoparticles.

absorption peak at wavelengths of 315 nm, which is
attributed to the intrinsic band-gap of Zn-O absorption,
confirms the existence of ZnO NPs in culture filtrate.
The maximum peaks of ZnO NPs at 300 and 359 nm.!"®
The obtained ZnO NPs absorption peaks are in good
accordance with those published in earlier studies,
where the absorbance peak is recorded between 310 nm
and 360 nm of wavelength.”! According to the data,
the absorption peak appeared to be identical to the
absorption band.” Our result also agrees with the
study!"” that examined the UV spectrum range of ZnO
NPs as 310-360 nm which is a characteristic feature
of pure ZnO NPs. Additionally, it has been noted that
there is a correlation between nanoparticle particle
size and the UV-visible spectrum’ absorption peak
intensity. The absorption peak changes towards a lower
wavelength as particle size decreases.

UV-visible DRS is used for the determination of the
optical bandgap of materials, which is depicted in
Figure 4 (b) and whose maximum reflectance occurs
at a wavelength of 330 nm. The absorption band of
the produced Db5 sample from DRS was determined
using the Kubelka-Munk (K-M) theory. The [F(R)E]"/2
intercept plot against photon energy delivery bandgap.
Kubelka-Munk equation is found in equation (2).

FR)=1-R,/2R,

Where R is the reflection coefficient. The band gap
of ZnO NP’ is found to be ~3.1 eV (Figure 4 (c). This
is comparable with the energy bandgap values for ZnO
NPs that have previously been published.

Particle size and zeta potential measurements.

A common approach for determining particle size in
colloidal solution is dynamic light scattering and the
stability of colloidal solutions is assessed based on the
surface charge of the produced nanoparticles by zeta
potential. The results represented in Figure 5 (a) and
Figure 5 (b) make it evident that the mean Z-average
diameter (nm) and zeta potential value of the synthesized
ZnO-NPs using Aspergillus fumigatus is 27.35 nm and
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Figure 5 (a): The size distribution of Db5 nanoparticles.
Figure 5 (b): Zeta potential of Db5 nanoparticles.

-2.35 mV respectively. A similar result was observed
in earlier findings.”"! Reported that size distribution of
84.79 nm and a zeta potential value of -14.4 mV from
ZnO NPs prepared from Aspergillus niger extracellular
extracts.” The capping effect of the biomolecules in
the culture filtrate may be the cause of the nanoparticle

size and the negative potential value.”!

I Negative values
indicate nanoparticles have high stability due to the
electrostatic repulsive force and preventing nanoparticle

clumping makes them extremely stable.**

XRD Studies

The XRD pattern of Aspergillus fumigatus (Db5)-ZnO
NPs is shown in Figure 6. The diffraction peaks of
ZnO NPs appeated at 20 = 31.82°, 34.51°, 36.27°,
47.71°, 56.76°, 62.95°,66.53°, 68.12°, 69.13°, 72.45°,
and 77.09° which corresponded to the (100), (002),
(101), (102), (110), (103), (200), (201), (004) and (202)
was confirmed. All of the ZnO NPs’ diffraction peaks
match JCPDS file No. 3-888 with hexagonal phase
and wurtzite manner. Further, no impurity peaks were
observed in the XRD patterns of ZnO NPs which
indicates purity and good crystallinity. Because of this, it
has been discovered that Aspergillus fumigatus-produced
ZnO nanoparticles have a fine crystalline structure with
an average crystal size of 23 nm. This is demonstrated
by the finer and stronger diffraction peaks. The XRD
results are the consistent study of Sharma and others,
which showed several peaks at 20 between 31.77° and

267



Amitha, et al.: Biosynthesis of Zinc Oxide Nanoparticles and Characterization

= ——— ZnO NPs

Intensity (a.u.)

T T T
20 30 40 50 60 70 80

26 (Degree)

Figure 6: XRD pattern of Db5 nanoparticles.
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Figure 7: FT-IR Spectrum of Db5 nanoparticles.

98.67°. Several studies have reported consistent findings
concerning the XRD analysis of ZnO nanoparticles

synthesized using biolygical materials.”>*

FT-IR Spectrum

The FTIR study was performed to analyse the
functional groups present in the synthesized zinc
oxide nanoparticles. Measurements were carried out
in the spectral range of 350-7800 cm™ which showed
various absorption peaks in the range of 3447.16 cm’,
1637.18. cm™,1591.97 cm™, 1026.45 cm™, and 510.13 cm!
(Figutre 7). The intense band near 3447.16 cm™ in samples
indicates the presence of strong stretching vibration of
the hydroxyl (O-H) group of water stretching. A similar
result with O-H stretching vibration at the peak of
3334.71 ecm™ and -O axial stretching band appears at
1656.36 c¢cm™.®! The absorption peak at 510.13 to
614.80 cm’
stretching vibrations) vibration mode is still visible.

corresponds to metal-oxygen (ZnO
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Figure 8: (a-c) SEM micrograph of ZnO NPs as shown in
different magnification, (d) EDAX of Db5 nanoparticles.

The presence of the signal at 1591.97 cm™ is caused by
asymmetric carboxyl groups. There is a surge at 1388.92
and 1349.26 due to C-C aromatic stretching, The peak
at 1637.56 cm™ is due to -C=C- aromatic stretching.”
There are further peaks at 1026.45 cm™ of C-O group
stretching.P'*¥ Therefore, the existence of a potent
aromatic ring and a carboxylic acid in the FTIR band
can be used to explain how ZnO NPs were synthesized.

SEM-EDAX analysis

The Scanning Electron Microscope (SEM) was used
to examine the morphology of the synthesised ZnO
NPs. SEM micrograph of ZnO NPs as shown in
different magnifications in Figure 8 (a-c). The results
of the current investigation showed that ZnO NPs
exhibit an irregularly spherical, granule-like shape with
different-sized particles. It demonstrates a huge surface.
A similar result for SEM analysis was reported, ZnO
nanoparticles were spherical and agglomerated with
nanocrystallites.>

In addition to confirming that the synthesised
nanoparticles are mostly made of zinc and oxygen, the
EDX spectrum offers unique peaks that correspond
to zinc and oxygen. The EDAX of Aspergillus fumigatus
(Db5) - ZnO NPs Figure 8(d) showed that Zn and
O formed the NPs that were created. It validates the
purity of ZnO NPs and shows that there are no other
impurities in the sample spectrum. Zn and O have
precise atomic percentages of 65.99% and 34.01%,
respectively, but their weight percentages are 32.19%
and 67.81%. The obtained values are near to those in
existing reports.’>

CONCLUSION

This study that the
Aspergillus fumigatus (Db5) can synthesize zinc oxide
nanoparticles in the laboratory. The characterization

concludes fungal isolate
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and quantification studies indicate the confirmation,
stability of the
nanoparticles. Aspergillus fumigatus is a fast-growing

potentiality and zinc  oxide
fungus and easy to mass produce which can be used
for the production of zinc oxide nanoparticles with
a cost-effective process. Further ZnO NPs have to
be evaluated on plant growth parameters as well as
plant disease management for commercial purposes.
This can be used as an ecofriendly approach for crop
protection and production in INM and IPM practice

for sustainable agriculture.
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ABBREVIATIONS

ZnO NPs: Zinc oxide nano particle; Zn (INO3)2
.6H20: Zinc nitrate hexahydrate; SEM: Scanning
EDX: Energy
Spectrometry; UV-vis spec: UV-visible Spectroscopy;
UV-vis DRS: UV-vis Diffuse Reflectance Spectra; DLS:
Dynamic light scattering; FT-IR: Fourier Transform

Electron  Microscopy; Dispersive

Infrared spectroscope; XRD: X-ray Diffractometer;
mm: Millimeter; cm: Centimeter; SI: Solubilization
Index; CTAB: Cetyltrimethyl ammonium bromide;
DNA: Deoxyribonucleic acid; RNA: Ribonucleic
acid; PCR: Polymerase chain reaction; ITS: Internal
transcribed spacer; PDA: Potato Dextrose Agar; BaSO4:
Barium sulfate; MGYP: Malt extract Glucose Yeast
extract Peptone; JCPDS: Joint Committee on Powder
Diffraction Standards; nm: Nanometer; mV: millivolts;
NCBI GenBank: National Center for Biotechnology
Information; Sg: Shankaraghatta; Db: Doddaballapura;
ZnO: zinc oxide; ZSI: Zinc solubilization Index; K-M
theory: Kubelka-Munk (KK-M) theory.
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SUMMARY

The current study has created a market for the
manufacture of ZnO NPs from the fungus Aspergilius
fumigatus, which can be utilised to produce and protect
plants. Current findings have shown the fungal zinc
solubilization, synthesis, and characterization of ZnO
NPs. This study addressed the confirmation and
quantification studies of ZnO NPs and also helped to
understand the easy synthesis of ZnO NPs. Further
studies have to be carried out on the importance of
ZnO NPs for plant growth promotion and its effect on
controlling plant pathogens.
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