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Advances in the biological synthesis of nanoparticles have attracted decisive research attention in recent years.
This is due to their eco-friendliness, nontoxicity and large spectra of applications. In this work, the structural
characteristics and the purity of biogenic zinc oxide (ZnO) nanoparticles were assessed. Zinc oxide (ZnO)
nanoparticles were synthesized extracellularly using the culture filtrate of _Aspergillus niger, in the presence of zinc
acetate dihydrate, as a precursor. The structural characteristics and purity of the nanoparticles were examined
using standard characterization methods viz UV -visible spectroscopy, transniission electron microscopy (TEM), scanning
electron microscopy (SEM), Fourier-transmission infrared (FT-IR) spectroscopy and X-ray diffraction (XRD). Results revealed
a peak at 311nm and whitish and spherical particles with particulate sizes between 30 and 40 nm for the U~
visible spectroscopy and SEM respectively. On the FT-IR scale, absorption peaked at 548 cm in the spectra
region known for the functional groups of ZnO nanoparticles; while the average crystalline size was 21 nm
based on XRD analysis. Findings in this study revealed that the ecofriendly biogenic nanoparticles synthesized
by common fungi, such as_Aspergillus niger, possess desirable qualities comparable to those from non-ecofriendly
and costly chemical processes, which are currently employed for an array of applications.
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ABSTRACT

culture-exctract.

INTRODUCTION

The emergence of nanotechnology has piqued the
interest of researchers in creating nanoparticles
with sizes as small as 100 nm due to its numerous
benefits and applications (Kalpana ez a/, 2018).
This technology transformed metal salts into
metal oxide particles of specific sizes and shapes.
Zinc oxide (ZnO) nanoparticles have, among
these metal oxides, attracted special attention
worldwide, due to their wide range of applications
and uses including industrial coatings, sunscreen
products, textiles, paints, and as antibacterial
agents (Raghupathi e 4/, 2011). According to the
US Food and Drug Administration (FDA), zinc
oxide is listed as generally recognized as safe
(GRAS) among other four zinc compounds
(acetate, carbonate, chloride, and sulfate) (Espitia
etal., 20106). Itis the second most abundant metal
oxide after iron, and it is inexpensive, safe, and can
be easily prepared (Lakshmipriya and Gopinath,
2021). More importantly, the ZnO nanoparticles
have smaller sizes so they have a large surface area
and have been synthesized by different methods.

Several physical and chemical methods have been
reported for the production of ZnO
nanomaterials. Methods such as arc discharge,
chemical vapour condensation, hydrogen plasma-
metal reaction, micro-emulsion, laser pyrolysis in
the vapour phase, hydrothermal, sol-gel,
sonochemical, and ball milling (Low e a/., 2020),
and recently, the use of laser-ablation technique
(El-Gendy ef al., 2022). Although the physical and
chemical methods are generally considered the
best to get uniform-sized nanoparticles with long-
term stability (Augustine and Hasan, 2020) these
techniques are complicated, costly, inefficient, and
outdated (Patra and Baek, 2014) and involve the
use of toxic and hazardous chemicals which may
result to pollution in the environment (Mohd
Yusof etal., 2019).

On the other hand, the biological process has, in
recent times, been gaining attention from
researchers due to its Eco-friendliness and
nontoxicity. The biological process involves the
use of plants or the biomass (cell or cell-free
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supernatant) of bacteria, fungi, yeast, and algae
with the extracts being biocompatible and which
help as capping agents for stabilizing the NPs
(Droepenu ef al., 2022). A large number of plants
(stems, roots, seeds, and leaves) have been
reported to produce zinc oxide nanoparticles, but
a few microorganisms have been earlier reported
to synthesize nanoparticles (Mohd Yusof ez 4/,
2020). Generally, organisms (unicellular and
multicellular) can synthesize nanoparticles
intracellularly or extracellularly based on their
general propensities to produce both extracellular
or intracellular inorganic materials (Thakkar ez a/,
2010). The intracellular method is laborious and
involves transporting ions into the microbial cell
biomass to form the nanoparticles based on the
activities of certain enzymes. On the other hand,
extracellular synthesis is more advantageous and
involves trapping the metal ions on the surface of
the cells and reducing ions in the presence of
certain enzymes (Zhang ez al., 2011).

Several bacterial (Mohd Yusof e# al, 2020; Al-
Kordy ¢t al., 2021 and Faisal ez al., 2022) and fungal
(Guilger-Casagrande and Lima., 2019; Dias ef al.,
2022 and Qanash ez al, 2023) species have been
used for the synthesis of various nanoparticles.
However, few of the studies reported on the
desirable properties such as structural
characteristics and purity of the biogenically
synthesized nanoparticles. In this work, ZnO
nanoparticles were synthesized using an
indigenous fungus, Aspergillus niger, characterized
using standard procedures and compared with
those reported in previous studies to determine its
comparative advantage over, most especially, the
non-ecofriendly and expensive chemically-
synthesized nanoparticles.

MATERIALS AND METHODS
Microorganism

Aspergillus niger was collected aseptically from the
Culture Collection Centre, Department of
Microbiology, University of Ilorin. Fungal identity
was verified based on colonial and cultural
features as well as the morphological
characteristics of the sporangia and conidia using
standard methods as described in the Pictorial
Atlas of Soil and Seed Fungi by Watanabe (2010).
For colonial identification, direct observation of
colony features on PDA was used as a yardstick.
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Morphological features were observed under a
high-powered imaging microscope on a slide
preparation after staining with lactophenol cotton
blue. Pure culture was maintained at 4°C on potato
dextrose agar (PDA) slant until needed.

Preparation of fungal extract

Spores from a 48-72 h-old culture of _Aspergillus
niger were cultivated aerobically in a 250mL
Erlenmeyer flask containing a 100 mlL potato
dextrose broth (PDB; Sigma-Aldrich). The flask
was incubated at 30°C and 120 rpm for 72 h.
Fungal biomass was harvested after cultivation.
Thereafter, ten grams of the fungal biomass was
suspended in 100 mL of sterile distilled water in an
Erlenmeyer flask (250 mL) and stirred at 150 rpm
and 30°C for 72 h. The cell was discarded after
filtration (using Whatman No.1 filter paper) to
obtain a filtrate useful for nanoparticle synthesis
according to the method described by Mekky ez a/.
(2021).

Biogenic Synthesis of Zinc Oxide (ZnO)
nanoparticles

Zinc Oxide NPs were synthesized by using the
filtrate of the fungus Aspergillus niger obtained as
described in the Section above. During biological
synthesis, 2.5 grams of zinc acetate dihydrate was
dissolved in 250 mL of deionized distilled water
and mixed with the biomass filtrate at 1:1 ratio of
the aqueous solution of zinc acetate. Sodium
hydroxide NaOH (0.1 M) was prepared and added
in drops with constant stirring using a magnetic
stirrer for an hour until the pH increased to 11.
The solution was placed in a dark shaking
incubator for 3 days and then filtered. A pale white
filtrate of ZnO nanoparticles was obtained as
described by Shamim eza/. (2019).

Characterisation of the Zinc oxide
nanoparticles

The structural characteristics of the synthesised
nanoparticles were determined following
standard procedures. Spectroscopy was
performed using UV-Vis (SPECORD"200
PLUS) for presumptive confirmation of the
synthesis. Surface morphology was analysed using
scanning electron microscopy (SEM; JEOL-JSM-
7600F). Transmission electron microscopy
(TEM) (TEM-ARM200F-G Verios 460L) was
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used for the determination of the sizes of NPs.
Fourier transform infrared spectroscopy (FTIR)
(Nicolet iS10 FT-IR Spectrometer) was used to
identify the various functional groups present in
synthesized nanoparticles. Finally, the crystallinity
of the nanoparticles was determined using X-ray
diffraction (XRD) (Rigaku D/MaxIIIC,
PW1800).

RESULTS AND DISCUSSION

Biogenic synthesis of Zinc Oxide
Nanoparticles by Aspergillus niger

In the present study, Aspergillus niger was used to
synthesize zinc oxide nanoparticles. This is based
on the general ability of Fungal species including
those of _Aspergillus to secrete a large number of
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extracellular enzymes and redox proteins
(Ajjjolakewu ez al., 2017). Previous work by Lahiri
et al., (2021) has shown that fungal species can
synthesize nanoparticles because they possess
intrinsic mechanisms which enhance the synthesis
from metallic salts. Generally, the presence of a
large number of extracellular enzymes and redox
proteins contributes to the conversion of metal
ions in growth media into nanoparticles through
the reduction process. Gomaa (2020) however
observed that these secreted proteins conferred
stability to the synthesized NPs by acting as
capping agents which encapsulated and bound
their surfaces. Table 1 shows the colonial and
morphological properties of Aspergillus niger.

Table 1: Colonial and Morphological Characteristics of _Aspergillus niger

Colony Colony | Reverse Colony | Mycelia | Mycelia | Conidia | Conidia | Conidia | Phialides Condiophore
Size Color Color edge form colour | Structure | wall color & Metulae | Branch
(cm)
3days
7-8 Black Cream Rough | Clavate | Hyalin Globose | Rough Black Present & | Regular
dull yellow non- dense
septate
hypha

Characterization of Biogenic Nanoparticles
from Aspergillus niger

UV-vis absorbance spectra analysis

The UV-visible spectrum of the biogenic (ZnO)
nanoparticles was recorded in the liquid phase at
the range between 200 and 800 nm. Figure 1
shows the UV-spectrum analysis of ZnO
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nanoparticles noted at absorbance at 309 nm. This
is similar to the findings of Al-Kordy ez a/ (2021)
who observed a peak at 310 nm. Gurgur e 4.
(2020) mentioned that UV peak which lies
between 300-400 nm are characteristic of ZnO
nanoparticles which may be due to the electron
transition from the valence band to the
conduction band.
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Figure 1. UV-vis spectrum of Biogenic Zinc Oxide Nanoparticles from A. niger culture extract
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SEM and TEM analysis of Zinc Oxide
Nanoparticles

The SEM analysis of the studied nanoparticles
shows white spherical particles that are highly
compacted (Fig. 2a). A similar observation was
reported by Kalpana ez a/. (2018) who observed
particles of ZnO NPs that were compacted and
almost spherical in size. During the synthesis of
nanoparticles, a white precipitate was formed.
This may likely be a result of the reduction of Zn”"
ions in the zinc acetate to ZnO NP in the aqueous
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medium (Mekky ez al., 2021). Meanwhile, the TEM
analysis (Fig. 2b) revealed an average particle size
between 20-40 nm. An earlier report by Raj ez a/.
(2015) showed that the average sizes of zinc oxide
nanoparticles were between 30 and 40 nm. On the
other hand, Fig. 2c shows the Selected Area
Electron Diffraction (SAED) patterns of ZnO
nanopowder. The bright distinct bright rings
confirm the preferential orientation of the
nanocrystals

Moo am

el

50 nm

Figure 2: Electron Microscopy Analysis of the Mycogenic ZnONPs (a) SEM analysis; (b) TEM
analysis; (c) Selected Area Electron Diffraction (SAED patterns

Fourier Transmission Infrared (FTIR)
Spectroscopy of zinc oxide nanoparticles

Fourier Transmission Infrared (FTIR)
spectroscopy in Fig 3 shows the different
functional groups associated with synthesized
zinc oxide nanoparticles with absorption peaks in
the range of 3687.00cm”, 3620.55 cm”, 3433.00
cm’ indicating O-H stretching, 2935.66 cm' and
2373.66 cm’ indicates C-H stretching vibration of

alkenes.1633.25 cm’ indicates C=C stretching of
the alkene functional group, and 1027.45 cm’
indicates the C-OH group of the phenols. The
absorption peaks at 548.62cm’ indicates the
region of ZnO nanoparticles which corresponds
to metal-oxygen similar to a study by Handore ez a/.
(2014) with an absorption peak at 545 cm”. The
spectra peak between 400 and 600 cm” is known
for Zn-O (Dallatu ez al., 2020).
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Figure 3: FT-IR spectrum of biosynthesized ZnO NPs.

X-ray diffraction (XRD) analysis of zinc
oxide nanoparticles

The X-ray diffraction pattern of synthesized ZnO
NPs exhibits well-defined diffraction peaks and all
peaks are indexed based on the standards of the
joint committee on powder diffraction standards
(JCPDS-36-1451). These peaks correspond to
(005), (100), (002), (101), (102), (110), (103), (112)
and (201) narrow intense peaks indicating
nanoparticles are pure and crystalline (Fig 4).
Meanwhile, the average crystalline size (D) was
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estimated using the Debye Sheerer equation
(Equation 1) as described by Kadhim ez 2/ (2017)
tobe 21 nm.

D=K\ /Bcost Equation 1

where K is the Scherrer constant crystallite shape factor
which depends on the shape of the particle and its value is
0.90, A is the wavelength of CuKa radziation (0.1541 nm),
B is the full width at half maxinum of the selected
diffraction peak corresponding to (101) plane and 0 is the
Bragg angle obtained from 20 of the same plane.
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Figure 4: XRD pattern of Zinc Oxide Nanoparticles

Comparative evaluation of Biogenic Zinc
Oxide Nanoparticles and Chemically
synthesized Nanoparticles.

Unlike the common chemical cost-intensive
approach, the Zinc oxide nanoparticles produced
in this study were synthesized through an eco-

friendly biogenic technique using Aspergilius niger.
Table 2 below provides a holistic comparison
between the structural characteristics of a list of
chemically synthesised and those biogenically
synthesized as produced in this work and other
studies.
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Comparatively, the biogenic ZnO generally
presented structural characteristics with obvious
advantages over the non-ecofriendly and
expensive chemically synthesised ones. For
instance, the structural properties of the ZnO
nanoparticles based on chemical synthesis are
characterized by irregular surfaces, larger
particulate sizes and inordinate absorption peaks
and diameters far from the usual (Table 2). In
contrast, the biogenic ZnO nanoparticles are
characterized by spherical surfaces, smaller
particulate sizes and moderate absorption peaks in
the spectra range common with standard ZnO
nanoparticles. Furthermore, itis worth noting that
based on the evaluation of the various structural
characteristics of the biogenic ZnO nanoparticles
(Table 2), the results in this study are
comparatively better (Table 2) than most other
biogenically-sourced or, at least, in the range of
standard referenced biogenic ZnO nanoparticles
presented in Table 2.

CONCLUSION

Zinc oxide nanoparticles were synthesized
through an eco-friendly myco-synthetic technique
using the cell-free filtrate of _Aspergillus niger
isolated from a soil sample. This biosynthesized
nano powder was characterized by UV-visible
spectroscopy, SEM, TEM, FT-IR, and XRD
analysis. The study has carefully compared the
synthesized ZnONPs with other studies. The
study carefully compared the synthesized
ZnONPs with other studies involving most
especially, the chemical synthesis. Findings in this
study have justified that biogenic nanoparticles
synthesized by common fungi could present
desirable qualities and prospects better than those
from non-ecofriendly and costly chemical
synthesis, which are currently employed for an
array of applications.

ACKNOWLEDGEMENT

The authors duly appreciate the Department of
Microbiology, University of Ilorin, Ilorin for the
support granted during this study.

FUNDING
No funding was received for this study.

CONFLICT OF INTEREST
No conflict of interest.

Ajijolakewu et al.: Structural Characterization and Evaluation of Mycogenic Zinc Oxide

REFERENCES

Aadim, K.A., and Abbas, I.K. 2023. Synthesis and
Investigation of the Structural
Characteristics of Zinc Oxide
Nanoparticles Produced by an
Atmospheric Plasma Jet. Iragi Journal of
Science,1743-1752.

Abdo, A.M., Fouda, A., Eid, A.M., Fahmy, N.M.,
Elsayed, A.M., Khalil, AM.A., and
Soliman, A. M. 2021. Green synthesis of
Zinc Oxide Nanoparticles (ZnO-NPs) by
Pseudomonas aernginosa and their activity
against pathogenic microbes and
common house mosquito, Culex pipiens.
Materials, 14(22), 6983.

Ahmed, T., Wu, Z., Jiang, H., Luo, J., Noman, M.,
Shahid, M., and Li, B. 2021. Bioinspired
green synthesis of zinc oxide
nanoparticles from a native Bacillus
cereus strain RNTG: characterization and
antibacterial activity against rice panicle
blight pathogens Burkholderia glumae
and B. gladioli. Nanomaterials, 11(4), 884.

Ajijolakewu K. A, Lee C. P, Wan-Abdullah W. N,
Lee C. K. 2017. Optimization of
production conditions for xylanase
production by newly isolated strain
Aspergillus niger through solid-state
fermentation of oil palm empty fruit
bunches. Biocatalysis and Agricultural
Biotechnology, 11, 239-247.
doi:10.1016/j.bcab.2017.07.009.

Akpomie, K.G., Ghosh, S., Gryzenhout, M., and
Conradie, J. 2021. One-pot synthesis of
zinc oxide nanoparticles via chemical
precipitation for bromophenol blue
adsorption and the antifungal activity
against filamentous fungi. Scentific Reports,
11(1),8305.

Al-Kordy, H.M., Sabry, S.A., and Mabrouk, M.E.
2021. Statistical optimization of
experimental parameters for extracellular
synthesis of zinc oxide nanoparticles by a
novel haloalkaliphilic A/kalibacillus sp. W7.
Scientific Reports, 11(1),1-14.

Augustine, R., and Hasan, A. 2020. Multimodal
applications of phytonanoparticles. In
Phytonanotechnology (pp. 195-219). Elsevier.



Ajijolakewu et al.: Structural Characterization and Evaluation of Mycogenic Zinc Oxide

Dallatu, Y.A., Shallangwa, G.A., and Africa, SN.
2020. Synthesis and growth of spherical
ZnO nanoparticles using different
amounts of plant extract. Journal of
Applied  Sciences and Environmental
Management, 24(12),2147-2151.

Dias, C., Ayyanar, M., Amalraj, S., Khanal, P,
Subramaniyan, V., Das, S., and Guray, S.
2022. Biogenic synthesis of zinc oxide
nanoparticles using mushroom fungus
Cordyceps  militaris: Characterization and
mechanistic insights of therapeutic
investigation. Journal of Drug Delivery
Science and Technology, 73,103444.

Droepenu, E.K., Wee, B.S., Chin, S.F, Kok, K.Y,
and Maligan, M.E. 2022. Zinc oxide
nanoparticles synthesis methods and its
effect on morphology: A review.
Biointerface Research in Applied Chemistry, 12,
4261-4292.

El-Gendy, A.O., Nawaf, K.T., Ahmed, E., Samir,
A., Hamblin, M.R., Hassan, M., and
Mohamed, T. 2022. Preparation of zinc
oxide nanoparticles using laser-ablation
technique: Retinal epithelial cell (ARPE-
19) biocompatibility and antimicrobial
activity when activated with femtosecond
laser. Journal of Photochemistry and
Photobiology B: Biology, 234, 112540.

EL-GHWAS, D.E. 2022. Characterization and
biological synthesis of =zinc oxide
nanoparticles by new strain of Bacillus
toraminis. Biodiversitas Journal of Biological
Diversity, 23(1).

Espitia, PJ.P, Otoni, C.G., and Soares, N.FF.
2016. Zinc oxide nanoparticles for food
packaging applications. [z Antimicrobial
food packaging (pp. 425-431). Academic
Press

Faisal, S., Rizwan, M., Ullah, R., Alotaibi, A.,
Khattak, A., Bibi, N., and Idrees, M. 2022.
Paraclostridinm  benzoelyticum  bacterium-
mediated zinc oxide nanoparticles and
their in vivo multiple biological
applications. Oxzdative Medicine and Cellular
Longevity, 2022.

Gomaa, E.Z. 2022. Microbial Mediated Synthesis
of Zinc Oxide Nanoparticles,
Characterization and Multifaceted
Applications.  Journal of Inorganic and
Organometallic Polymers and Materials, 1-19.

127

Guilger-Casagrande M, de Lima R. 2019.
Synthesis of Silver Nanoparticles
Mediated by Fungi: A Review. Frontiers in
Bioengineering and Biotechnology, 22 (7),
287.

Gupta, K., and Chundawat, T.S. 2020. Zinc oxide
nanoparticles were synthesized using
Fusarium oxysporum to enhance bioethanol
production from rice straw. Biomass and
Bioenergy, 143,105840.

Gurgur, E., Oluyamo, S.S., Adetuyi, A.O,
Omotunde, O.1., and Okoronkwo, A.E.
2020. Green synthesis of zinc oxide
nanoparticles and zinc oxide—silver, zinc
oxide—copper nanocomposites using
Bridelia - ferruginea as biotemplate. SN
Applied Sciences, 2(5), 1-12.

Hamk, M. Akqay, FEA., and Ava, A. 2022. Green
synthesis of zinc oxide nanoparticles
using Bacillus subtilis ZBP4 and their
antibacterial potential against foodborne
pathogens. Preparative Biochemistry and
Biotechnology, 1-10.

Handore, K., Bhavsar, S., Horne, A., Chhattise, P,
Mohite, K., Ambekar, J. and Chabukswar,
V.2014. Novel green route of synthesis of
ZnO nanoparticles by using natural
biodegradable polymer and its application
as a catalyst for oxidation of aldehydes.
Journal of Macromolecular Science, Part A,
51(12),941-947.

Ismail, A.M., Menazea, A.A., Kabary, H.A., El-
Sherbiny, A.E., and Samy, A. 2019. The
influence of calcination temperature on
structural and antimicrobial
characteristics of zinc oxide nanoparticles
synthesized by Sol-Gel method. Journal of
Molecular Structure, 1196, 332-337.

Jayabalan, ., Mani, G., Krishnan, N., Pernabas, J.,
Devadoss, J.M., and Jang, H.T. 2019.
Green biogenic synthesis of zinc oxide
nanoparticles using Pseudomonas putida
culture and its In vitro antibacterial and
anti-biofilm activity. Biocatalysis and
Agricultural Biotechnology, 21,101327.

Kadhim, Y.H., Ameer, N.A., and Abd Latteef, A.
2017. Synthesis and characterization of
ZnO and Ag nanoparticles. Journal of
University of Babylon,25(3),1010-1017.



128

Kalpana, V.N., Kataru, B.A.S., Sravani, N,
Vigneshwari, T., Panneerselvam, A., and
Rajeswari, V.D. 2018. Biosynthesis of zinc
oxide nanoparticles using culture filtrates
of Aspergillus niger: Antimicrobial textiles
and dye degradation studies. OpenNano, 3,
48-55.

Kamal, A., Saba, M., Ullah, K., Almutairi, S.M.,
AlMunqgedhi, B.M., and Ragab
AbdelGawwad, M. 2023. Mycosynthesis,
characterization of zinc oxide
nanoparticles, and its assessment in
various biological activities. Crystals, 13(2),
171.

Kumar, A. 2020. Sol-gel synthesis of zinc oxide
nanoparticles and their application as
nano-composite electrode material for
supercapacitors. Journal of Molecular
Structure, 1220, 128654

Lahiri, D., Nag, M., Sheikh, H.I., Sarkar, T.,
Edinur, H.A., Pati, S., and Ray, R.R. 2021.
Microbiologically synthesised
nanoparticles and their role in silencing
the biofilm signalling cascade. Frontiers in
Microbiology, 12, 636588.

Lakshmipriya, T., and Gopinath, S.C. 2021.
Introduction to nanoparticles and
analytical devices. In Nanoparticles in
Analytical and Medical Devices (pp. 1-29).
Elsevier.

Low, S.S., Yew, M., Lim, C. N., Chai, W. S., Low, L.
E., Manickam, S., Tey B.T. & Show, P. L.
2022. Sonoproduction of
nanobiomaterials — a critical review.
Ultrasonics sonochemistry, 82,105887.

Mekky, A.E., Farrag, A.A., Ahmed, A.A., and Sofy,
A.R. 2021. Preparation of zinc oxide
nanoparticles using _Aspergillus niger as
antimicrobial and anticancer agents.
Journal of Pure and Applied Microbiology,
15(3), 1547-15606.

Mohd Yusof, H., Mohamad, R., Zaidan, U.H. and
Abdul Rahman, N.A. 2019. Microbial
synthesis of zinc oxide nanoparticles and
their potential application as an
antimicrobial agent and a feed supplement
in animal industry: a review. Journal of
animal science and biotechnology, 10, 1-22.

Ajijolakewu et al.: Structural Characterization and Evaluation of Mycogenic Zinc Oxide

Mohd Yusof, H., Rahman, A., Mohamad, R.,
Zaidan, U.H., and Samsudin, A.A. 2020.
Biosynthesis of zinc oxide nanoparticles
by cell-biomass and supernatant of
Lactobacillus  plantarum TA4 and its
antibacterial and biocompatibility
properties. Scentific Reports, 10(1), 1-13.

Patra, J.K., and Baek, K.H. 2014. Green
nanobiotechnology: factors affecting
synthesis and characterization techniques.
Journal of Nanomaterials,2014

Qanash, H., Bazaid, A.S., Alharazi, T., Barnawi,
H., Alotaibi, K., Shater, A.R.M., and
Abdelghany, T.M. 2023.
Bioenvironmental applications of myco-
created bioactive zinc oxide nanoparticle-
doped selenium oxide nanoparticles.
Biomass  Conversion and  Biorefinery, 112.
doi:10.1007/513399-023-03809-6

Raghupathi, K.R., Koodali, R.T., and Manna, A.C.
2011. Size-dependent bacterial growth
inhibition and mechanism of antibacterial
activity of zinc oxide nanoparticles.
Langmnir,27(7),4020-4028.

Raj, L.EA. and Jayalakshmy, E. 2015. Biosynthesis
and characterization of zinc oxide
nanoparticles using root extract of
Zingiber officinale. Oriental Journal of
Chemistry, 31(1), 51-56.

Rajivgandhi, G., Gnanamangai, B.M., Prabha,
T.H., Poornima, S., Maruthupandy, M.,
Alharbi, N. S. and Li, W.J. 2022.
Biosynthesized zinc oxide nanoparticles
(ZnO NPs) using actinomycetes enhance
the anti-bacterial efficacy against K.
pneumoniae. Journal of King Sand
University-Science, 34(1),101731.

Saqib, S., Nazeer, A., Ali, M., Zaman, W,, Younas,
M., Shahzad, A., and Nisar, M. 2022. The
catalytic potential of endophytes
facilitates the synthesis of bimetallic zinc
oxide nanoparticles for agricultural
applications. BioMetals, 35(5),967-985.

Shamim, A., Abid, M.B., and Mahmood, T. 2019.
Biogenic synthesis of zinc oxide (ZnO)
nanoparticles using a fungus (Aspergillus
niger) and Their Characterization.
International Journal of Chemistry, 11(2),119-
126.



Ajijolakewu et al.: Structural Characterization and Evaluation of Mycogenic Zinc Oxide 129

Sharma, J.L.., Dhayal, V., and Sharma, R.K. 2021.
White-rot fungus mediated green
synthesis of zinc oxide nanoparticles and
their impregnation on cellulose to develop
environmentally friendly antimicrobial
tibres. 3 Biotech, 11(6), 269.

Sumanth, B., Lakshmeesha, T.R., Ansari, M. A.,
Alzohairy, M.A., Udayashankar, A.C.,
Shobha, B. and Almatroudi, A. 2020.
Mycogenic synthesis of extracellular zinc
oxide nanoparticles from Xylaria acuta
and its nanoantibiotic potential.
International Journal of Nanomedicine, 8519-
8536.

Thakkar, K. N., Mhatre, S. S., and Parikh, R. Y.
2010. Biological synthesis of metallic
nanoparticles. Nanomedicine: nanotechnology,
biology, and medicine, 6(2),257-262.

Watanabe, T. (2010). Pictorial Atlas of Soil and Seed
Fungi: morphologies of key fungi and key to
species: CRC Press. Florida. pp. 39 - 183

Zhang, X., Yan, S., Tyagi, R. D., and Surampalli, R.
Y. 2011. Synthesis of nanoparticles by
microorganisms and their application in

enhancing microbiological reaction rates.
Chemosphere, 82(4),489-494



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11

