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Abstract. Alshami HGA, Al-Tamimi WH, Hateet RR. 2023. The antioxidant potential of copper oxide nanoparticles synthesized from a
new bacterial strain. Biodiversitas 24: 2666-2673. Copper oxide nanoparticles (CUONPS) have recently gained much attention due to
their potential in various fields. The present study aimed to screen nine bacterial strains (Klebsiella quasipneumoniae KP18-31, K.
pneumoniae 10B-L, K. quasipneumoniae subsp. similipneumoniae 2437, Bacillus cereus DBAL, B. thuringiensis MSP51, Neobacillus
drentensis ROA042, Enterococcus faecalis 2674, Exiguobacterium mexicanum AB201, and Acinetobacter Iwoffii K34) isolated from
produced water of oil field reservoirs for their ability to biosynthesize CuONPs, as well as characterize and evaluate the antioxidant
potential of the manufactured CuONPs. Biosynthesized CuUONPs were characterized using XRD, TEM, AFM, and zeta potential
analysis. In addition, the DPPH method was used to analyze the antioxidant activity of CUONPs. The results revealed that five of the
nine isolates could synthesize CUONPs. B. thuringiensis MSP5 was the best and most productive among them, and it was used for the
first time in this present study as an oil field bacteria for the biosynthesis of CUONPs. The results showed that CUONPS have a spherical
shape with an average size of 20, 33, and 75 nm based on XRD, TEM, and AFM analysis, respectively. The zeta potential value of the
synthesized CUONPs was -12.4 mV. The antioxidant results demonstrated that CUONPs have a remarkable scavenging activity with an

ICso value of 141.68 pg/mL. This study concluded that CUONPs were excellent free radical scavengers.
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INTRODUCTION

The prevalence of bacteria in deep habitats is well
known and includes a diverse range of mesophilic/ thermophilic
bacteria, and archaea, many of which can metabolize
organic and inorganic substances (Silva et al. 2013). Many
studies currently concentrate on harsh environments, as
bacteria that live in these places are believed to be adapted
to these environments and contain enzymatic systems that
might be significant in scientific and commercial
applications (Silva et al. 2013; Aboud et al. 2021).

Nanotechnology creates various nanoscale materials of
1-100 nm size in at least one dimension, known as
nanomaterials or Nanoparticles (NPs) (Nadeem et al. 2020).
Nanotechnology is a modern technique that includes the
production, characterization, and application of NPs (Khan et
al. 2017). Due to the fabrication and various applications of
NPs in multiple fields, nanotechnology has evolved
significantly in recent decades; for example, used in biology,
agriculture, engineering, electronics, cosmetics, medicine, and
biomedical devices (Slavin et al. 2017; Khan et al. 2019).

NPs can be synthesized using bacteria (Mahmoud et al.
2016), yeast (Liu et al. 2021), actinobacteria (Kuyukina et
al. 2022), fungi (Al-Timimi et al. 2016), microalgae
(Hamida et al. 2022), and plant extracts (De et al. 2020;
Rahmah et al. 2023). Recent research has focused on
bacterial NP synthesis because of several properties,
including the simplicity of cultivating bacteria, synthesis of
extracellular NPs, and easy experimental settings such as

pH, temperature, and short generation period (Jang et al.
2015). In addition, bacterial cells play a major role in
transforming heavy metals into NPs. The synthesis of NPs
is associated with multiple functional mechanisms within
bacterial cells. Another advantage is their capacity to
synthesize large quantities of long-lasting NPs (Fariq et al.
2017). Therefore, using extracellular and intracellular methods,
many bacteria have been utilized to synthesize NPs such as
silver, gold, copper, copper oxide, and other NPs. Extracellular
synthesis occurs when enzymes or biomolecules on the
cell's outer surface reduce metal ions, whereas intracellular
synthesis occurs within microbial cells (Fouda et al. 2020).
For example, Abd-Elhalim (2019) reported that Pseudomonas
silesiensis could synthesize copper NPs (CuNPs) in two ways,
extracellular and intracellular. EI-Shanshoury et al. (2020)
used four bacterial strains: Escherichia coli ATCC 8739,
Bacillus subtilus ATCC 6633, Lactobacillus acidophilus
DSMZ 20079T and Streptococcus thermophiles ESH1 for
the extracellular synthesis of gold NPs (AuNPs). However,
extracellular synthesis of NPs is preferred over intracellular
synthesis because the manufactured NPs can be easily purified
and retrieved (Alfryyan et al. 2022; Wang et al. 2022).
Copper oxide (CuO) is a smart transition metal oxide with
a band gap of 2.0 eV and distinct features at the nanoscale,
including improved electrochemical activity, a large surface
area, suitable redox potential, and amazing stability in solution
(Giri and Sarkar 2016). CuONPs are the simplest member
of the Cu family (Reddy 2017), easier to make, and have
lower costs than gold and other NPs (Rad et al. 2018). The
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emergence of nanotechnology in biomedical research causes a
remarkable increase in scientific activities that involve CUONPs.
CuO has demonstrated pharmacological properties, particularly
in anticancer and antibacterial therapy (Kouhkan et al.
2019). Moreover, Talebian et al. (2023) explored CUONPs
produced by Stenotrophomonas sp. BS95 possesses
antibacterial, antioxidant, and anticancer potentials.

Free radicals are significant contributors to the
development of degenerative diseases in the body, such as
heart and blood vessel disease, mutations, senescence, and
cancer (Mujaddidi et al. 2021). Free radicals are defined as
molecules or molecular fragments with one or more unpaired
electrons in atomic or molecular orbitals that are unstable
and highly reactive (Qazi et al. 2018; Martemucci et al. 2022).
Antioxidants are substances that interact with free radicals
and prevent them from harming cellular components. The
source of antioxidants may be natural or synthetic, while NPs
are considered synthetic antioxidants (Flieger et al. 2021).

According to our review of previous studies (EI-Ghwas
2022; Fouda et al. 2022; Talebian et al. 2023), different
environmental sources were selected to isolate bacteria and
produce NPs from them. However, no local study has
previously employed bacteria from Al-Halfaya oil field
reservoirs in Missan governorate, south of Iraq (31°42' N
47°19' E), for this purpose. In addition, this is the first report
on the biosynthesis of CUONPs using B. thuringiensis MSP5.
Therefore, the present study aimed to screen bacteria from
oil field reservoirs for their ability to biosynthesize
CUuONPs, characterize the produced CuONPs and assess
the antioxidant potential of the synthesized CUONPs.

MATERIALS AND METHODS

Bacterial screening

The previous study identified nine different bacterial
strains using universal primers (16S rRNA gene) after being
isolated from produced water samples of oil field reservoirs
(Alshami et al. 2022). These strains include Klebsiella
quasipneumoniae KP18-31 (P3), K. pneumoniae 10B-L (P4),
K. guasipneumoniae subsp. similipneumoniae 2437 (T11),
Bacillus cereus DBAL (P10), B. thuringiensis MSP51 (P9),
Neobacillus drentensis ROAQ042 (T1), Enterococcus
faecalis 2674 (P11), Exiguobacterium mexicanum AB201
(T8), and Acinetobacter Iwoffii K34 (T10). In the present
study, all bacterial strains were screened for their ability to
synthesize CuONPs by observing visible color changes,
analyzing samples by UV-visible spectroscopy, and weighing
the product (nanopowder) obtained from each bacteria.

The bacteria were cultured in flasks with 50 mL of sterile
Nutrient Broth (NB) and incubated in an orbital shaker (150
rpm) at 37°C for 24 h. The cultures were then centrifuged at
6,000 rpm for 10 min using a tabletop centrifuge (Gemmy,
Taiwan), and the supernatants were harvested. The supernatant
of each isolate was mixed with 50 mL of a 1 mM copper sulfate
pentahydrate (CuSO..5H,0) solution in 250 mL flasks and
then incubated at 37°C for three days at 150 rpm. A
mixture of the medium and 1mM CuSO..5H,0 solution
was used as the control. Visual inspection was done to
observe if the color of the supernatant changed during the
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biosynthesis of CUONPs (Nabila and Kannabiran 2018).

Furthermore, 2 mL of each supernatant that changed color
was poured into quartz cuvettes, and the absorbance (Abs) (in
the range of 200-800 nm) was measured using the Dual Beam
UV-1800 Spectrophotometer instrument (Shimadzu, Japan).

Samples were centrifuged for 10 minutes at 10,000 rpm
after the measurement of Abs, and the supernatants were
discarded. The precipitates (CUONPs) were washed three
times using deionized water, air-dried, collected in powder
form, and then weighed (Valentina 2022).

Characterization of the synthesized CUONPs
X-Ray Diffraction (XRD) analysis

Synthesized CuONPs were measured using an X'pert
Pro X-ray diffractometer (PANalytical, Netherlands). The
diffraction pattern of the powdered form of synthesized NPs
was recorded from 10° to 80° (2 thetas), with a step size of
0.050’, by Cu K-Alpha radiation (A = 1.54060 A) and operating
at 40 kV and 30 mA. Scherer's equation was applied to find
the average crystalline size of the NPs (Qais et al. 2019).

Transmission Electron Microscopy (TEM) analysis

The shape, size, and distribution of produced CuONPs
were characterized using TEM (Hitachi, Japan). Therefore,
to prepare the TEM grid, the suspension of NPs was
transferred onto a copper grid covered with carbon. Before
imaging, the grid was dried by air, and then individual
images were taken at 200 kV using TEM (Qais et al. 2019).

Atomic Force Microscopy (AFM) analysis

The AFM instrument (Nanosurf easyScan 2 AFM,
Switzerland) was used to determine the morphology and size
of fabricated CUONPs. A thin film of bio-fabricated AgNPs
was coated on a clean glass coverslip before AFM scanning and
allowed to dry at room temperature (Kotakadi et al. 2016).

Zeta potential measurement

The zeta potential approach was used to evaluate the
stability of manufactured CuONPs using a zeta potential
analyzer device (HORIBA Scientific SZ-100, Japan). The
sample was centrifuged, and the potential was measured
between -200 and +200 mV at 25.2°C (Pallavi et al. 2022).

Antioxidant potential of the synthesized CUONPs

The antioxidant potential of CUONPs was assessed in
terms of radical scavenging activity using the 1,1-diphenyl-
2- picrylhydrazyl (DPPH) test, as described previously
(Mujaddidi et al. 2021). First, different concentrations (5,
10, 25, 50, 100, 200, and 400 pg/mL) of CUONPs were
prepared in Dimethyl Sulfoxide (DMSO) solution. Next, 1 mL
of a 0.004% methanolic DPPH free radical solution was added
to 1 mL of each concentrate in glass test tubes. The test tubes
were then incubated in the dark at room temperature for 30
minutes, and Abs at 517 nm were measured using a
spectrophotometer (EMC LAB, Germany). Ascorbic acid was
the positive control, while the DPPH/DMSO solution
mixture was the negative control. The antioxidant activity
of CUONPs was estimated by the following formula:

Antioxidant activity % = [(Abs of control — Abs of sample) /Abs of control]x100...... (1)
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Statistical analysis

The DPPH assay was conducted in triplicate for
CuONPs and the control. The data were analyzed using
Statistical Package for the Social Sciences (SPSS) software
version 26 to determine mean values, standard deviation
(means = SD), and significance between means. Data were
analyzed using Analysis of Variance (ANOVA), and p <
0.05 was deemed statistically significant. The graphs were
plotted using the Origin Pro 2018 software.

RESULTS AND DISCUSSION

Bacterial screening

The species' potential to produce CuONPs was first
tested by observing the color change during incubation.
The results revealed that five out of nine species changed
the color of the supernatant from blue to green or dark
green, including N. drentensis ROA042 (T1), K
quasipneumoniae subsp. similipneumoniae 2437 (T11), B.
cereus DBAI (P10), B. thuringiensis MSP51 (P9), and K.
quasipneumoniae  KP18-31 (P3). Furthermore, K.
pneumoniae 10B-L (P4), E. faecalis 2674 (P11), E.
mexicanum AB201 (T8), and A. Iwoffii K34 (T10) (Table
1), when incubated at the same conditions, exhibited no
color change (Figure 1).

The color change noted in the reaction medium
demonstrates the production of CUONPs and is also caused
by the excitation of Surface Plasmon Resonance (SPR) of
CUuONPs (Nabila and Kannabiran 2018). These outcomes
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agree with the findings of Bukhari et al. (2021), who noted
that the color of the reaction mixture changed from blue to
dark green when Streptomyces MHM38 supernatant was
added to the CuSO, solution. Similarly, Fouda et al. (2022)
reported that the color of the supernatant of Brevibacillus
brevis was changed from blue to green after mixing with
the precursor, indicating the synthesis of CuONPs.
Moreover, Taran et al. (2017) found that the supernatant of
Bacillus sp. FU4 altered from blue to light green after
mixing with CuSO4.5H,0 solution. Mahmoud et al. (2016)
synthesized silver nanoparticles (AgNPs) from bacteria
using the same screening method, and the B. subtilis strain
showed the best results. Screening for the biosynthesis of
zinc oxide nanoparticles (ZnONPs) by observing visible
color changes in the supernatant of different bacteria was
also carried out (EI-Ghwas 2022). He noted that only
Bacillus foraminis could change the color of the
supernatant and synthesize ZnONPs.

The UV-visible spectrum of the reaction mixtures was
used to confirm the biosynthesis of CuONPs. The five
strains that caused the reaction mixes to turn green or dark
green underwent testing. In the UV-visible spectrum, peaks
at 313 nm, 313 nm, 313 nm, 314 nm, and 318 nm were
observed for NPs synthesized using the culture supernatant of
B. thuringiensis MSP51, B. cereus DBA1, K. quasipneumoniae
subsp. similipneumoniae 2437, N. drentensis ROA042, and
K. quasipneumoniae KP18-31, respectively (Figure 2).
That was also related to the SPR of CuO, which its peak
position is influenced by the size and shape of the NPs
synthesized (Rasool and Hemalatha 2017).

Table 1. Screening for the biosynthesis of CUONPS by bacterial species

Isolate Name of bacteria Accession Color change Absorbance Wavelength  Weight of CUONPs
code no. (a.u) (nm) powder (mg)
P3 K. quasipneumoniae KP18-31 CP045641 Green 0.23 318 2.8

P4 K. pneumoniae 10B-L MN555336 No 0

P9 B. thuringiensis MSP51 MG984081 Dark green 2.36 313 11

P10 B. cereus DBA1 MT332156 Dark green 2.03 313 6.8

P11 E. faecalis 2674 MT611693 No

T1 N. drentensis ROA042 MT525288 Dark green 1.36 314 5.4

T8 E. mexicanum AB201 MT436082 No 0

T10 A. Iwoffii K34 MK548539 No 0

T11 K. quasipneumoniae subsp. MT604862 Dark green 1.75 313 6

similipneumoniae 2437

| il

Figure 1. The color change of the culture supernatant of the nine strains treated with (1 mM) CuSO4.5H20 solution. T1: N. drentensis
ROA042, T11: K. quasipneumoniae subsp. similipneumoniae 2437, P10: B. cereus DBAL, P9: B. thuringiensis MSP51, P3: K.
quasipneumoniae KP18-31, P4: K. pneumoniae IOB-L, T8: E. mexicanum AB201, P11: E. faecalis 2674, T10: A. Iwoffii K34, B:
Supernatant treated with CuSO4.5H20 solution before incubation, C: Control (medium with only CuSO4.5H20 solution), S: Supernatant only
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Eltarahony et al. (2018) discovered that the intracellular
and extracellular CuONPs manufactured by Proteus
mirabilis had maximal SPR absorption peaks at 275 and
430 nm, respectively. Spectral analysis in other studies
showed that the SPR peaks of CUONPs occurred at 365 nm
(Ghorbani et al. 2015), 246 nm (Qamar et al. 2020), 290
nm (Fouda et al. 2022), 400 nm (Hassan et al. 2019), and
337 nm (Sathiyavimal et al. 2018).

The results of the UV-visible spectrum analysis of
CuONPs in the present study also exhibited a single peak
for each of the five tested strains. The emergence of a
single peak in the UV spectra of biosynthesized CuONPs
suggests the spherical shape of NPs, as mentioned in the
previous studies (Jayakumarai et al. 2015; Nabila and
Kannabiran 2018), which is supported by the TEM image.

The screening results revealed that the best results in
the development of the dark green color in solution were
achieved in B. thuringiensis MSP51, with the highest
absorbance (2.36) and the peak in the range of CUONPs
(313 nm). In addition, it produced excessive amounts of
nanopowder (the yield = 11 mg) compared to the other
bacteria screened. This strain was previously deposited in
GenBank as a new strain (B. thuringiensis AMHWRB3)
with the accession number MZ672038.1 (Alshami et al.
2022), and it was used for the biosynthesis and
characterization of CUONPs in the present study.

Characterization of the synthesized CUONPs

The crystallinity of CuONPs synthesized by B.
thuringiensis AMHWRB3 was evidenced using XRD
analysis. The XRD pattern is displayed in Figure 3. The
peaks were observed at 20 = 32.08°, 38.05°, 56.07°, and
65.52° correspondingto (11 0), (111),(021),and (02
2), respectively. The XRD analysis of the synthesized
CUuONPs corresponded to the Joint Committee on Powder
Diffraction Standards (JCPDS) file NO.01-080-1917,
which confirmed the crystalline nature of the CUONPs with
a monoclinic phase. Additionally, the XRD pattern
exhibited three additional peaks (*) at 20 = 19.51°, 45.15°,
and 59.68° that could be related to crude coating agents as
previously reported (Hassan et al. 2019; Halder et al.
2022). Furthermore, XRD results in the present study
showed that CUONPs peaks are sharp. The capping agents
may have stabilized the NPs, resulting in sharp Bragg
peaks. Potent Bragg reflections indicate the presence of
strong X-ray scattering centers in the crystalline phase,
which could be caused by capping agents (Singh et al.
2018).

Scherrer's equation was used to obtain the average
crystalline size of CuONPs manufactured by B.
thuringiensis AMHWRB3 using the peak position and full
width at half maximum (FWHM) values from the XRD
data:

kA

D= .. @)

Bcos
Where; D is the crystallite size of the NPs, k is the
Scherrer constant, A is the wavelength of the X-ray source
(1.54056 A) used in XRD patterns, B is the FWHM of the
diffraction peaks in radian, and 0 is the Bragg angle in
radian. Therefore, using the above equation, the average
crystallite size of the CuONPs is calculated to be 20 nm.
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Santhoshkumar and Shanmugam (2020) reported larger
CuONPs (35 + 6 nm) based on a calculation using
Scherrer's equation. In another study, the average particle
size of CUONPs produced by Lactobacillus casei subsp.
casei was 200 nm (Kouhkan et al. 2019). A prior
investigation used Scherrer's equation to calculate the
average size of CUONPs synthesized using Bacillus sp.
FU4 was found to be 64 nm (Taran et al. 2017). These
findings are inconsistent with the results of the present
study. According to Talebian et al. (2023), the average
crystallite size for crude and calcined CUONPs produced by
a cell-free extract of Stenotrophomonas sp. BS95 was
18.24 nm and 21.30 nm, respectively. These outcomes are
in line with the results of the present study.

TEM analysis has been demonstrated as the most
accurate tool for determining the morphology of NPs (Hug
and Akter 2021). According to the TEM images, CUONPs
synthesized by B. thuringiensis AMHWRB3 were spherical
and polydisperse (Figure 4). Moreover, a histogram of
CUuONPs size distribution revealed that their sizes ranged
from 9 to 80 nm, with an average diameter of 33 nm.

4.0
—— B. thuringiensis MSP51
B. cereus DBAl CUONPS
3.5 —— K. quasipneumoniae subsp. similipneumoniae 2437
. —— N. drentensis ROA042
K. quasipneumoniae KP18-31
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Figure 2. UV Visible-Spectra of CuONPs synthesized by the
supernatant of five bacterial strains subjected to the same
condition
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Figure 3. XRD pattern of CuONPs synthesized by B.
thuringiensis AMHWRB3
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In prior work, TEM images of CUONPs manufactured
by Lactobacillus casei Subsp. Casei showed that the
particles were spherical, with sizes ranging from 40-110
nm (Kouhkan et al. 2019). Additionally, according to TEM
images, Fouda et al. (2022) demonstrated that the CuONPs
produced by Brevibacillus brevis were spherical, with
diameters varying from 2-28 nm and an average size of 10
+ 4 nm. Similar morphology with an average particle size
of 100 nm was obtained from CuONPs synthesized using
Bacillus altitudinis based on a TEM image (Halder et al.
2022). Generally, Physicochemical variables often impact
the size and shape of produced NPs. Therefore, to

0 05 1 15 2pm
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synthesize NPs, several factors must be considered,
including pH, time, temperature, and precursor
concentration (Marooufpour et al. 2019).

AFM analysis was used to obtain information about the
surface topography of CuONPs produced by B.
thuringiensis AMHWRB3. The two-dimensional (2D) and
three-dimensional (3D) AFM images of CuONPs showed
that they were spherical, unevenly distributed, and had a
mean diameter of about 75 nm (Figure 5). Furthermore,
based on AFM imaging, a spherical shape was also
produced from B. altitudinis CUONPs in a previous study
(Halder et al. 2022).

N total =58
SD = 20.26

Size distribiotion

20 30 40 50 60 70 80 920

Diameter (nm)

Mean diameter

Figure 5. A and B. 2D and 3D images of AFM, respectively; C. The mean diameter of CUONPs synthesized by B. thuringiensis

AMHWRB3
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A Zeta potential analysis was conducted to identify the
charge on the surface of synthesized CuONPs, which can be
used to evaluate the stability of the produced NPs. The value
of the zeta potential shows the possible stability of the NPs. In
the present study, the zeta potential of CUONPs was -12.4 mV/,
indicating the acceptable stability of the synthesized NPs
(Figure 6). The charge on their surfaces determines the
attraction and repulsive forces between the NPs. Therefore, the
long-term stability of NPs depends on their surfaces having
a more negative or positive charge since this prevents
particle aggregation in the medium (Pallavi et al. 2022).

Compared to the current study, the surface charge of
CuO particles produced by Actinomycetes was - 31.1 mV
(Nabila and Kannabiran 2018), which was more stable. By
contrast, B. altitudinis produced CuO particles with a zeta
potential of -2.26 mV (Halder et al. 2022), less stable than
CuONPs synthesized in the present study. However, the
stability of the NPs is often influenced by the pH and
capping agents (Patil and Chandrasekaran 2020).

Antioxidant potential of the synthesized CUONPs

The antioxidant activity of various concentrations (5,
10, 25, 50, 100, 200, and 400 pg/mL) of synthesized CUONPSs
compared with ascorbic acid was determined using a DPPH
radical scavenging assay. The outcomes demonstrated that
CuONPs could scavenge free radicals by changing purple
DPPH into yellow (Figure 7), and the inhibition percentage
rose with increasing concentration. In methanol solution,
DPPH produces a violet or purple color, which turns yellow
in the presence of antioxidant agents (Rahman et al. 2015).

The radical is neutralized when it receives a hydrogen
atom or an electron from an antioxidant agent. The color
shifts from purple to yellow if it is in the reduced state
(DPPH-H). The DPPH radical's unpaired electron exhibits
significant absorption at 517 nm and a deep purple color.
The color decolorizes to yellow when an odd electron pairs
with another electron to make it more stable (Yasin et al.
2022).

In the present study, the percentage of scavenging
activity of CUONPs in comparison to the control (ascorbic
acid) is shown in Table 2. The results revealed significant
differences between ascorbic acid and CuONPs (p-value =

N 5pg

N 5pg 10 ug
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0.000). Furthermore, the half-maximal inhibitory
concentration (1Cso) values for CUONPs and ascorbic acid
were 16.51 and 141.68 pug/mL, respectively. That indicates
CUONPs are less active than ascorbic acid; since the lower
the 1Cso value, the higher the activity.

Intensity (a.u.)

10

T T
-0 -1500 -100 -50 [1] 30 100 150 200
Zeta Potential (mV)

Figure 6. Zeta potential value for CUONPs synthesized using B.
thuringiensis AMHWRB3

Table 2. The antioxidant activities of CUONPS in comparison to
the ascorbic acid

Concentrations Ant|_0>_<|dant Antioxidant activity
(ng/mL) activity of of CUONPs (%) p-value
ne ascorbic acid (%)

5 34.18+1.18 25.92+1.02 0.000
10 43.01+1.03 29.91+2.89 0.000
25 54.27+1.07 40.88+0.08 0.000
50 61.25+1.15 47.72+3.02 0.000
100 70.94+3.04 53.84+1.75 0.000
200 80.05+1.10 60.68+2.68 0.000
400 92.16+0.96 70.79+3.09 0.000

ICs0=16.51 pg/mL 1Cso= 141.68 pug/mL

25 ug

25 g

Note: Mean = SD (n=3, P <0.05)

100 g 200 g 400 pg

50 pug

50 pg

Figure 7. A. DPPH free radical scavenging of ascorbic acid, B. CUONPs at various concentrations (5-400 pg/mL), N: Negative control

(DPPH solution/DMSO solution mixture)
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In a prior investigation, green synthesized CuONPs
exhibited antioxidant activity of 72.5+4.1 and 82.0£1% at
100 and 200 pg/mL doses, respectively (Shalaby et al.
2022). This result does not agree with the present study at
the same concentrations. Ssekatawa et al. (2022) revealed
that concentrations of 50, 100, and 200 pg/mL from
biologically synthesized CuONPs showed antioxidant
activity of 17.5, 19.3, and 24.2%, respectively, indicating
less radical scavenging activity than the present study.
However, the CuONPs produced in the present study have
significant antioxidant properties in scavenging free
radicals.

In conclusion, the nine isolates of produced water
samples were screened for their ability to synthesize
CuONPs. Five isolates were able to synthesize CuONPs.
However, B. thuringiensis AMHWRB3 exhibited the best
results. This is the first study on the biosynthesis of
CuONPs from oil field reservoirs using this bacterium.
Physical characteristics demonstrated that the CuONPs
have a spherical shape, are unevenly distributed, and have a
size within the NPs range. The present study concluded that
CuONPs are powerful free radical scavengers. The
biological method for manufacturing NPs is affordable,
simple, and environmentally friendly. However, important
aspects like organism types, ideal conditions for cell
growth and enzymatic activity, and optimal reaction
conditions must be considered for the synthesis of highly
stable and well-characterized NPs. Moreover, the majority
of biomedical research has been conducted in vitro.
Therefore, it is hoped that microbial NPs will offer
enormous promise in medicine with future in-depth studies.
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