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Abstract

The development of simple, economical, and
effective technologies to produce nanoparticles is a global
priority.  Microorganism-based  biosynthesis methods
developed as an environmentally conscious, pristine, and
feasible alternative to conventional physical and chemical
approaches. This research outlines the synthesis of copper
oxide nanoparticles utilizing bacterial filtrated supernatant.
The investigation focused on variables such as pH, copper
concentration, and temperature. Optimal conditions for
nanoparticle formation were identified at a neutral pH, 4
mM copper concentration, and 35°C. Characterization of
the CuO NPs involved TEM, UV-Vis spectroscopy, XRD,
and FTIR to examine their pure form, revealing a maximum
particle size of 36.22 nm with spherical morphology.
Evaluating the antimicrobial efficacy on pathogenic bacteria
(Staphylococcus aureus and Pseudomonas aeruginosa) and
plant  pathogenic  fungi  (Rhizoctonia solani and
Fusariumsolani) through the well diffusion method
affirmed the probable outcome of CuO-NPs as an efficient
antimicrobial agent, supporting and validating prior
assertions.

Keywords: Nanoparticles of copper oxide, TEM, FTIR, XRD,
The antimicrobial activity.
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INTRODUCTION

Nanotechnology is characterized by the
examination, and production of substances within
the dimensions ranging from 1 to 100 nm
(Albanese et al., 2012). Various methodologies,
such as microwave, hydrothermal,
electrochemical, photochemical, microemulsion,
and chemical reduction methods, are employed to
produce copper nanoparticles (Cu NPs).
(Khodashenas and Ghorbani, 2014). The creation
of metal nanoparticles through chemical and
physical methods is widely recognized as posing
risks, being expensive, and environmentally
unfriendly. (Fouda et al., 2019). Thus, it is crucial
to create fast, inexpensive, environmentally
acceptable, and easily scaled synthetic methods of
producing metal nanoparticles via biological
systemsusing microorganisms and plant extracts.
Under challenging conditions, microorganisms
are commonly understood to develop resistance
to toxic substances through the conversion of
poisonous ions of metal into non-toxic s
counterparts in the form of metal nanoparticles.
(Bukhari et al., 2021). Gram-positive bacteria,
known as actinomycetes, are a varied group that
is extensively distributed in various environments
and commonly found in soil. Microorganisms,
particularly actinomycetes, are recognized for
generating a diverse range of distinctive
secondary metabolic products (Han et al., 2015).
possessing antibacterial, antifungal, and antiviral
properties  (Sultanpuram et al.,, 2015).
Actinomycetes are widely considered promising
candidates forsynthesizing metal nanoparticles
owing to their stability and polydispersity,
making them robust contenders for the production
of both intracellular and extracellular metal
nanoparticles  (Golinska et al.,, 2014).
Streptomyces sp.is a type of actinomycetes that is
frequently utilized in the production of
nanoparticles (Zonooz et al., 2012), and it has
been shown that it can create copper, silver, gold,
manganese, and zinc nanoparticles (Omran, 2020)
that have many
applications across a multitude of fields. Copper
nanoparticles find crucial applications in various
fields (Ismail et al., 2019), with copper oxide
(CuO) gaining specific emphasis due to its
distinctive  attributes such as  stability,

conductivity, catalytic activity, antibacterial, and
anticancer characteristics. In contrast to pricier
and more precious metals like gold and silver,
copper oxide nanoparticles (CuO-NPs) are more
accessible, cost-effective, and have the potential
to serve as efficient antimicrobial agents. This has
sparked increased interest in CuONPs(Singh et
al., 2023). The main goal of this research was to
investigate the synthesis and characterization the
nanoparticlesofcopper oxide through biological
processes while also assessing their antimicrobial
activity.

MATERIALS AND METHODS

Source of bacteria

Bacterial isolates were obtained from soil
samples gathered at the New Sohag Experimental
Farm, affiliated with the Faculty of Agriculture at
Sohag University in Sohag, Egypt.

Media and chemicals

In this investigation, copper-resistant bacteria
were isolated using nutrient agar and broth media.
The media composition included five grams
peptone, three grams yeast extract, and fifteen
grams agar per liter of distilled water, adjusted to
a pH of 7. Sterilization of the media was achieved
by autoclaving at 121°C for 20 minutes, as per
the methodology outlined by Taran et al. (2017).
To specifically target copper-resistant bacteria,
the media were supplemented with a 1 mL mole
solution of CuS04.5H,0 during the isolation
process.

Copper — resistant bacteria isolation

The bacteria with resistance to copper were
isolated according to BT et al. (2019). with some
modifications as follows: The enrichment culture
method was utilized to isolate copper-resistant
bacteria by the serial dilution plate method using
nutrient agar medium amended with a 1 mM
CuS04.5H,0 solution. 1 ml of the soil extract was
diluted with sterilized distilled water (10-10).
A 1 ml aliquot from each dilution was evenly
spread on agar plates and subsequently incubated
at 30°C for a duration of 5 days. The emergence
of brown zones surrounding various colonies on
the culture plates indicated the successful
isolation of copper-resistant bacteria. To confirm
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that the brown coloration was not a result of
bacterial physiological pigmentation activity, the
colonies were re-streaked onto nutrient agar
medium plates without CuSO4.5H,0. The pure
cultures of the isolated strains were preserved on
slants of nutrient agar medium at 4°C for future
use.

Identification of bacterial isolate

DNA extraction by the boiling Lysis method
To collect bacterial cells, 2 ml of each bacterial
culture (10° cfu/ml) underwent centrifugation at
5000 x g for 10 minutes. The resulting
supernatant was disposed of, and the cell pellet
from each isolate was reconstituted in 100 pl of
sterile distilled water. Subsequently, this mixture
was centrifuged at 15,000 x g for 10 minutes, and
the pellets were collected. After resuspending the
pellets in another 100 pl of sterile distilled water,
the suspension was heated to 100°C in a water
bath for 10 minutes and then promptly cooled on
ice.

Following this, the cooled suspension underwent
centrifugation at 12,000 x g for 1 minute. The
resulting supernatant, containing DNA, was
gathered and kept at -20°C for use as the template
in PCR, following the procedure outlined by
Queipo-Ortufio et al. (2008).

PCR reaction set-up:
In this process, two primers were employed: a

forward primer (5-
AGAGTTTGATCCTGGCTCAG-3) and a
reverse primer (5'-

TACGGTTACCTTGTTACGACTT-3). The
amplification steps utilized 8 pL of template
DNA, 1 pL of each primer, 1X buffer with Mg2+,
1U of Taq DNA Polymerase (Promega, USA),
and 0.2 mMMdNTPs.

Nuclease-free water was added to adjust the
reaction volume to 25 pL. The samples
underwent 35 PCR cycles following this cycle
profile: an initial denaturation at 94°C for 6
minutes, denaturation at 94°C for 45 seconds,
primer annealing at 56°C for 45 seconds,
extension at 72°C for 2 minutes, and a final
elongation step at 72°C for 5 minutes.
Subsequently, the PCR product was purified and
subjected to complete sequencing (Kumar et al.,
2001).

Biosynthesis copper nanoparticles (CuO-NPs).
To facilitate the biosynthesis of CuO-NPs by a
chosen strain, one ml of a recent isolate liquid
culture was added into a 250-ml Erlenmeyer flask
with 50 ml of sterilized nutrient broth medium.
The flask underwent incubation in a rotary
incubator shaker set at 35°C and 170 rpm for a
duration of five days. Following the incubation
period, the culture was subjected to centrifugation
at 6000 rpm for 15 minutes using the Centurion
Scientific Benchtop Centrifuge, model PRO-
RESEARCH.K2015R.

The biomass of the isolate was harvested and
underwent three washes with sterilized distilled
water. Subsequently, 50 ml of sterilized distilled
water was introduced to the sample. The flask
was re-incubated under the same conditions.
After the incubation, the culture was centrifuged
at 6000 rpm for 15 minutes, and the resulting
supernatants were employed for the green
synthesis of CuO-NPs. In each 250 ml
Erlenmeyer flask, 1 ml of 100 mM CuS0O4.5H,0
solution was combined with the supernatant from
each isolate. The flasks were once again
incubated in a rotary incubator shaker at 35°C
and 170 rpm for five days, with observations
made for any color change.

The supernatant in a 250-ml Erlenmeyer flask
from the isolate without CuSO4.5H,0 solution
was used as a control. On the other hand, sterile
media mixed with a 1 mM CuS0O4.5H,0 solution
was used as a control to show that media
components could not convert copper ions to
CuONPs. No discernible color alteration occurred
throughout the observation period. The outcomes
concerning color changes were depicted and
analyzed using UV-visible spectroscopy within
the spectrum of 200-800 nm, following the
methodology described by Fesharaki et al. (2010)
and BT et al. (2019).

Characterization of bacterially synthesized
CuO-NPs.

The particle size distribution (SPR) of CuO-NPs
was examined using a Vis spectrophotometer,
specifically the JASCO V-770
Spectrophotometer,  following the  method
outlined by Manyasree et al. (2017) and Nabila
and Kannabiran (2018). To explore the coating of
biomolecules for CuO-NP stability, Fourier
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transform infrared (FTIR) spectroscopy was
conducted using a Bruker Alpha Platinum-
attenuated total reflection spectrophotometer
within the range of 400-4000 cm” (-1), as per the
approach described by Nabila and Kannabiran
(2018).

Additionally, the dried powder of CuO-NPs
underwent characterization by X-ray diffraction
(XRD) using a Philips type Pw1840 instrument
with Cu-Ka radiation - (A = 1.50456) within the
range of (100 to 800), following the methodology
outlined by Qamar et al. (2020). The morphology
of CuO-NPs was investigated by placing the
sample onto a carbon-coated copper TEM grid for
transmission electron microscopy (HR-TEM)
using a JEOL JEM-2100 instrument (Bian et al.,
2021).

The role of pH on the forming of nanoparticles
The influence of pH on the biosynthesis of CuO-
NPs was investigated across various pH values
(5, 6, 7, 8 and 9). Each sample underwent
incubation in a rotary shaker at 35°C for a
duration of 5 days at 170 rpm. Subsequently, cell-
free supernatant was collected for the
examination of CuO-NP synthesis using UV-Vis
analysis, following the methodology outlined by
Bukhari (2021).

Copper  Concentration's  Influence  on
Nanoparticle Production

CuS04.5H,0 concentrations of 0.5, 1, 1.5, 2, and
4 mM were added to a volume of 50 ml of cell-
free supernatant and subjected to the same
incubation conditions as mentioned earlier. The
impact of CuSO,5H.0 concentration on the
formation of CuO-NPs was assessed through UV-
Vis analysis, following the methodology outlined
by Shantkriti and Riani (2014).

Temperature Influence on
Production

The isolate's culture supernatants were adjusted
with CuSQO4.5H,0 and incubated at four different
temperatures: 4°C, 15°C, 25°C, 35°C, and 40°C.
UV-Vis was used to investigate the production of
CuO-NPs.

Nanoparticle

The assessment of the antimicrobial activity of
nanoparticles

The antimicrobial activities of nanoparticles were
studied using the well diffusion method (Alavi
and Karimi, 2018) as follows:

Activity of CuO-NPs against pathogenic
bacteria

The antibacterial activity was evaluated against
pathogenic G* bacteria (Staphylococcus aureus)
and G- bacteria (Pseudomonas aeruginosa), both
obtained from the bacterial laboratory stockat the
Dept. of Microbiology, Faculty of Agricultur,
Sohag University, Sohag, Egypt. Nutrient agar
plates were inoculated with 100uL culture of each
test bacteria.

Small wells with a diameter of 6 mm were
created in the agar plates using a sterilized cork
borer. The wells were filled with different
concentrations (25, 50, 75, and 100 ul) of each
nanoparticle sample. 100 pl of the (CuSQ4.5H,0)
solution and 100 ul of the cultures of bacterial
strains were used as controls. All plates were then
incubated for 24 hours at 35°C. The areas of
inhibition for each sample were measured in
millimeters, following the approach outlined by
Alavi and Karimi (2018).

Antifungal activity

The activity of nanoparticles as antifungal was
evaluated toward certain plant pathogenic fungi,
namely Fusariumsolani and Rhizoctonia solani.
The testing was conducted using the agar-well
diffusion method, and the fungal strains were
sourced from the Department of Plant and
Microbiology, Faculty of Science, Sohag
University, Sohag, Egypt.

Firstly, the tested fungi were cultured in 5 ml of
distilled water for 3 hours. Potato D-glucose Agar
(PDA) plates were formulated by preparing the
Potato D-glucose Agar (PDA) media, which
comprised 1000 mL of distilled water, 20 g/L
agar, 200 g of potatoes, and 20 g of D-glucose,
following the procedure outlined by Viet et al. in
2016. Subsequently, the plates were inoculated
with a 100 pL culture of each fungal isolate.

The plates were incubated for 15 minutes to allow
for culture absorption on agar plates. The wells of
6 mm diameter were made into the agar plates
with a sterilized cork borer. The wells were filled
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with different concentrations (50, 75, and 100 ul)
of each nanoparticle sample. 100 ul of the
CuS04-5H,0 solution and 100 ul of the cultures
of bacterial strains were used as controls. For 5
days, every plate was left to incubate at 290C.
Each sample's inhibitory zones were measured in
millimeters (Rajeshkumar and Rinitha, 2018;
Tahir et al., 2022).

RESULTS AND DISCUSSION

Bacterial Identification

Molecular techniques were employed to validate
and confirm the identification of the
Streptomyces strain at the species level. The
primary method involved conducting 16S rRNA
gene phylogeny studies. Amplicons, representing
the 16S rRNA genes and measuring 1240 bp,
were obtained. BLASTN was used to compare
these amplicons to the GenBank database at the
National Center for Biotechnology Information
(NCBI) for further confirmation of the bacterial
identification.

This isolate was found to belong to
the Streptomyces species with a homology level
of 99%. The strain was identified as Streptomyces
thermolilacinus by alignment of our sequence to
the sequence of the Streptomyces strain.

The first isolate's 16S rRNA gene sequence
exhibited substantial sequence similarity with
members of the genus Streptomyces, including
Streptomycessp strain GB24 (JX965401) (99.%),
Streptomyces fradiae (FJ486352) (99.%), and
Streptomyces  thermolilacinus ~ (AB184585)
(99.%).

According to the obtained results, Strain was
identified as Streptomyces thermolilacinus
A.Hakim. The Accession number (OR573793.1)
and the fragmentary 16s rRNA gene sequencing
of isolate 3 submitted in genbank. Based on 16s
rRNA gene the isolate was identified as
Streptomyces thermolilacinusA.Hakim. Bacteria;
Actinobacteria; Streptomycetales;
Streptomycetaceae;Streptomyces  (Gurtler and
Stanisich, 1996).

Analyzing the biosynthesis of CuUONPs using
UV-Vis

The cell-free supernatant was combined with an
aqueous solution of copper sulfate [CuSO..5H,0]

and incubated at 35°C for 5 days. The transition
in color from light brown to dark brown signifies
the synthesis of CuO-NPs (Fig. 1). This
observation aligns with the findings of Arif
(2023), who demonstrated a similar color change
to brown when CuCl; solution was introduced to
the A. niger extract filtrate solution, indicating the
biosynthesis of CuO-NPs.

-

Fig.1 (A) (CuSO.. 5H:0) solution (B)
cell-free supernatant ©
biosynthesized CuO-NP.

As per the UV-Vis spectroscopy results, the
presence of CUONPs in the sample is indicated by
the Surface Plasmon Resonance (SPR) absorption
peak at 569 nm (Figure 2). The specific location
of the SPR band can vary based on the
characteristics of individual particles, including
size, shape, and capping agents (Mott et al.,
2007). This finding is consistent with the work of
Ghorbani et al. (2015), who noted a SPR band for
CuO NPs biosynthesized by Salmonella
typhimurium at 565 nm.

X-ray diffraction (XRD) of CUONPs

As shown in Fig. 3, the crystal structure
of the synthesized CuONPs nanoparticles was
investigated by XRD. The CuO nanoparticles that
were created showed the strongest peak at a 20 of
around 35.5°, 36.4°, 38.7°, 48.8°, and 61.5°,
which correspond to (002), (111), (200), (202),
and (113) diffraction planes for the Cu,ONPs'
cubic phase structure, respectively. Only a pure
Cu2ONP phase can develop when all other phase
peaks disappear.
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Additionally, the higher intensity
observed in the (111) peak signifies a superior
level of crystallization, consistent with the Cu20
powder peaks found in the International Centre of
Diffraction Data Card (JCPDS file no. 05-0667).
The calculated particle size from the highest
diffraction peak (111) was determined to be
approximately 35.1 nm. The presence of well-
defined structural peaks in the XRD patterns and
crystallite sizes below 100 nm indicate the
nanocrystalline nature of both crude and calcined
CUuONPs. The current findings align with those
reported by Das et al. (2013) and Padil and

—— abs
3.5 1 A
3.0 1
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2.0 1
[}
Q
©
1.5 4
1.0
0.5 1
0.0+
1 1 T T 1
300 400 500 600 700 800

wavelength (nm)

801
©

-0.3 4

Cernik (2013), who characterized CuONPs using
XRD and identified diffraction peaks at 20 =
32.47°, 35.49°, 38.68°, 48.65°, 53.36°, 58.25°,
and 61.45°, attributing them to reflection lines of
monoclinic CuO nanoparticles. Additionally,
Kamel et al. (2022) investigated fabricated
nanoparticles through XRD, noting that the most
intense peak of the synthesized Cu,O
nanoparticles appeared at approximately 36.43°,
corresponding to the (111) diffraction plane of the
cubic phase of Cu.0.

1 1 1 1 1
300 400 500 600 700 800
wavelength ( nm )

Fig .2 UV-visible absorption spectra analysis (A) control(B) CuO NPS synthesized using
supernatant of 72 h old culture supplemented with 1 mM CuSO4 solution and incubated statically.

(200)

(002)
(1)

=+(202)

Fig.3. XRD analysis of Cu20 nanoparticles.
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FTIR study of Copper Oxide Nanoparticles
produced

The study showed different characteristic peaks in
the FTIR measurement, with the supernatant of the
isolate only showing different peaks at 583.87
cm™, 911.00cm™, 1011.51cm™, 1054.90cm™,
1636.03 cm™, and 3267.19cm* For the
synthesized CuONPs, different characteristic peaks
are observed in the FTIR measurement at 575.39
cm™, 604.25 cm™, 1011.51cm™, 1051.13cm™,
122429 cm™?, 1329.38 cm'l, 1457.77cm,
1637.46cm™2, and 3267.18 cm™.

Moreover, the robust peak at 3267.18
cm—1 was associated with the hydroxyl groups
within the protein of the capping agent on the
surface of CuONPs. Additionally, the peak
observed at 1636.03 cm—1 indicated stretching
vibrations of amide and ester groups in the C=0
direction, and C=C aromatic ring stretching
vibrations were noted at 1457.77 cm—1.
Furthermore, the peak at 1329.38 c¢cm—1 was
assigned to the C-N amide Ill band. The absorption
peak at 1224.29 cm—1 is indicative of molecules
containing C-O bonds as a result of stretching.

The bands at 1051.13cmtand
1011.51cm tatributed to the C-N bond of the
amine group. The bands at 575.39 cm™ and 604.25
cm?® assigned to the Cu-O bond in this
investigation confirmed the synthesis of CuONPs
(Fig. 4). Therefore, it is achievable that biological
molecules perform two separate tasks that
contribute to the formation and stability of copper

1.1 — CuZOnMNPs

TFcontrol

Transmittance %]

oxide nanoparticles in an aqueous medium
(Rapachi et al., 2023). These results agree with the
organic functional groups contributed to CUONPSs
synthesis that were discovered by Nabila and
Kannabiran (2018), Hassan et al. (2019), and El-
Saadony et al. (2020).

CuONPs TEM analysis

Transmision Electron Microscopy (TEM) is a
crucial technique that offers detailed insights into
the dimension, distribution, and average sizeof
nanoparticles. In the investigation of biologically
generated CuO nanoparticles, TEM was employed
to examine their size, shape, and morphology.

As depicted in (Fig. 5) and the graph of size
distribution of CuO-NPs (Fig. 6), the results
indicate a remarkably uniform size for the
synthesized CuO-NPs, exhibitingan average size of
36.22 nm and an irregular spherical shape.

The small particle aggregates have a thin organic
coating applied to them that serves as a capping
organic agent. That might explain why the
nanoparticles exhibit excellent dispersion, even at
the macroscopic level, within the bio-reduced
aqueous solution.

These findings align with the results reported by
Mali et al. (2019) and Zhao et al. (2022), both of
whom synthesized CuO-NPs and observed
spherical shapes with particle diameters of 10-30
nm and 6.44 nm, respectively.

146
7.9

163
60425

T T
3500 3000

T
2500

T T
2000 1500

VWavenamber (cm™ )

Fig.4 FTIR analysis of biogenic CuO nanoparticles.
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Figure 5 shows a TEM picture of
Cu20 nanoparticles

The impact of pH on the biosynthesis of copper
oxide nanoparticles.

Results showed that, when comparing the reactions
through the visual assays and the SPR obtained
through UV-Vis spectra, the dark brown color of
the solution was decreased by increasing medium
alkalinity, where the extracellular CuO-NPs were
formed at all pH values with optimum formation at
pH 7 (Fig. 7). Hence, it was determined that pH 7
was optimal for the biosynthesis of CuO-NPs.
These findings are similar to those previously
published by Ghareib et al. (2018), who concluded
that the biosynthesis of CuO-NPs by Aspergillus
fumigatus was achieved at a neutral pH. However,
both alkaline and acidic pH levels may affect the
biosynthesis of CuO-NPs.

Effect of Copper Concentration the
biosynthesis of CUONPs

According to the results presented in Figure 8, the
Surface Plasmon Resonance (SPR) absorption of
CuONPs increased with the rise in substrate
concentration from 0.5 to 4 mM, reaching its
maximum absorption at 4 mM of CuSO4.5H,0 and
exhibiting SPR absorption at 613 nm. This
observation suggests an increase in the production
of CuO-NPs as the reaction progresses, as the
intensity of the surface plasmon peak is directly
proportional to the density of CuO-NPs in the

on
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[ F ]

- |_-J'-:'
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E
g \
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.| b X ¥ i o i

|01

Figure6: Particle-size distribution of
produced nanoparticles

reaction mixture. This finding is in line with the
findings of Honary et al. (2012), who noted that
high concentrations of salt ions resulted in larger
particle sizes and a broader size distribution of

synthesized nanoparticles.

Effect of Temperature on the biosynthesis of
CuO-NPs

As per the results, the formation of CuO-NPs
increased with the temperature rising to 35°C, and
a significant decrease in absorbance was observed
at 40°C (Fig. 9). The accelerated synthesis of CuO-
NPs could be a direct consequence of the
temperature's impact on a key enzyme produced in
the culture of Streptomyces thermolilacinus.

The rate of CuO-NP formation was associated with
the incubation temperature of the reaction mixture,
with higher temperature levels promoting rapid
particle growth. In a comparable investigation, El-
Saadony et al. (2020) documented that the most
favorable temperature for the synthesis of copper
oxide nanoparticles (CuO-NPs) by Pseudomonas
fluorescens MAL2 was 35°C. They observed
negligible production of CuO-NPs at temperatures
exceeding 40°C.
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Fig. 9 Effect of different temperature values (4°C, 15°C, 25°C,35°C and 40°C) on Cu.O NPs
formation.
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Antibacterial Activity of CUONPs

As per the findings of this study, copper oxide
nanoparticles (CuO-NPs) exhibited significant
antibacterial activity against the tested bacterial
strains.Based on the inhibition zoon (ZOl), the
antibacterial  activity of CuO-NPs against
P.aeruginosa exhibited inhibition zone diameter
about 19 mm, while S.aureus recorded a zone of
inhibition about 18 mm in diameter. Figure 10
depicts the antibacterial activity of biosynthesized
CuO-NPs across tested bacterial strains.

The antibacterial efficacy of CuO-NPs can be
attributed to several mechanisms, as indicated by
their corresponding ZOI values. These mechanisms
include the deposition of nanoparticles, release of
Cu? ions from the nanostructure, generation of
reactive oxygen species on the nanostructure's
surface, and physical contact between the particle
surface and the biological target. The interaction
between the bacterial cells and nanomaterial occurs
through these various modes, resulting in the
formation of a visible ZOl.

/I L4100ul wd75ul E50ul E25ul Esup HEsalt
e
C l18
15.3
12
S. aureus
19
14.6
13

P. aeruginosa 9

0 5 10 15 20

Diameter of inhibation zone (mm)

Fig. 10. Antibacterial activities of Cu,O nanoparticles at different concentration against (A) P.
aeruginosa (B) S. aureus (C) Biosynthesized CuO-NPs show antibacterial properties against

bacterial strains.
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Antifungal Activity of CuO-NPs

The results of this study demonstrated a highly
substantial impact of synthetic copper oxide
nanoparticles on the mycelium growth of the
fungus F. solani with an inhibition zone of
diameter equal to 18 mm, while inhibition of the
zone of R. solani was observed with a diameter
equal to 14 mm at the same concentration. The
lowest levels of growth inhibition were observed at
concentrations of 50 ul of synthesized copper
oxide nanoparticles, with inhibition zones of

diameter equal to 4.3 and 4 mm for F. solani and
R. solani, respectively (Fig. 10).

The antifungal activity of copper oxide
nanoparticles can be elucidated through a "contact
killing" mechanism. This mechanism suggests that
copper provides a surface for eliminating

microorganisms, such as fungi and bacteria, by
inducing significant damage to the cell membrane,
causing cell

enlarging cell vacuoles, and
disappearance (Ma et al., 2022).

L4100 ul M 75ul E50ul Esup Esalt
B 8
F.solani
R.solani
0 5 10 15 20

Diameter of inhibation zone (mm)

Fig.11. Antifungal activities of Cu,O nanoparticles at different concentration against (A)F. solani
(B) R. solani (C) Antifungal activity of biosynthesized CuO- NPs against fungal strains.
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CONCLUSION

Finally, we present a straightforward,
swift, and environmentally friendly method for

producing CuO-NPs with remarkable
antibacterial ~ properties.  The  synthesized
nanoparticles exhibit high stability and a

monoclinic structure, with the majority falling
within a size range of 36.22 nm in diameter, as
determined through various methodologies
assessing size, shape, composition, and stability.
The encouraging results suggest that CuO-NPs
could serve as an effective agent against
pathogenic microorganisms. The findings of this
study indicate that environmentally friendly CuO-

NPs hold great promise and could find
applications in  diverse fields, including
biomedicine and agriculture.
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