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INTRODUCTION

ABSTRACT

Objective: This study aimed to synthesize, characterize, and evaluate the anti-bacterial
and antioxidant activity of silver nanoparticles (AgNPs) synthesized using the supernatant
of Bacillus cereus strain DBA1.1 isolated from an oil field reservoir.

Methods: The Uv-visible (Uv-vis) spectrophotometer, X-ray diffraction (XRD),
transmission electron microscopy (TEM), scanning electron microscopy (SEM), atomic
force microscopy (AFM), and zeta potential analysis were used to characterize the
synthesized AgNPs. By utilizing the agar well diffusion technique, the anti-bacterial efficacy
of AgNPs was assessed against multidrug-resistant (MDR) bacteria isolated from human
urinary tract infections (UTI). The antioxidant activity of AgNPs was investigated using
the 1,1-diphenyl-2-pyridylhydrazine (DPPH) test.

Results: The results indicate the formation of AgNPs through the visual observations of
dark brown color, which UV absorption at 432 nm further confirms this. The fabricated
AgNPs had a spherical shape, and the average size was found to be 20.83, 17.47, and
18.11 nm according to XRD analyses, TEM, and SEM, respectively. In AFM, AgNPs were
measured to have a mean diameter of about 65 nm. The mean negative zeta potential of
AgNPs was -14.5 mV. AgNPs demonstrated significant anti-bacterial properties against
MDR bacteria depending on concentration, with the highest diameter inhibition zone of
24.33 £ 0.57 mm against Staphylococcus haemolyticus at a concentration of 1000ug/mL.

Powerful antioxidant activity was noticed, with an 1Cs;, value of 112.16 ng/mL.

Conclusions: The present work concluded that synthesized AgNPs were spherical,
monodisperse, stable, and within acceptable sizes. They may be good candidates for
further biological applications.

(NPs).! It is a modern technique that includes the production,

Nanotechnology creates a variety of nanoscale materials characterization, and application of NPs,2 which has the
with a size of 1-100 nanometers in at least one dimension; potential to revolutionize the medical sector by providing
these materials are known as nanomaterials or nanoparticles novel tools for infection treatment and early diagnosis of
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contagious illnesses.3 Due to the fabrication and various
applications of NPs in multiple fields such as biology,
agriculture, engineering, electronics, cosmetics, medicine, and
biomedical devices, nanotechnology has evolved significantly
in recent decades. NPs have gotten attention due to their unique
physicochemical properties and important biotechnological
applications®> NPs are synthesized in one of two ways: “top-
down” or “bottom-up.” In the first method, large materials are
subdivided into smaller molecules through various physical
and chemical methods. In contrast, in the latter method, NPs
are formed by self-assembling atoms in the nucleus and then
transformed into NPs. This method involves chemical and
biological approaches.6,7 The physical and chemical methods
are expensive and environmentally unfriendly, restricting the
use of NPs in biological and medical applications. Therefore
easy, low-cost, and eco-friendly methods are required to
overcome the limits of physiochemical techniques for the
production of these NPs without the use of harmful and
expensive chemicals and solvents® As a result, biological
synthesis has gotten a lot of attention” Biological synthesis
means using plants and microorganisms to synthesize NPs'’
Because of growing success, ease of handling, and alteration in
the genetic material, bacterial utilization is gradually gaining
significance among microorganisms™'! Bacterial utilization in
nanotechnology research began in the late 1990s, and it has
expanded since then''? Numerous bacteria were employed to
produce multiple NPs, including the biosynthesis of AgNPs via
Bacillus licheniformis TTO1 '3, Actinobacteria Rhodococcus
NCIM 2891, 14 copper nanoparticles (CuNP) by Pseudomonas
silesiensis ', and gold nanoparticle (AuNPs) using four
bacteria including; Bacillus subtilis, Lactobacillus acidophilus,
Escherichia coli, and Streptococcus thermophiles'®

Humanity is currently faced with two issues: (i) multidrug-
resistant (MDR) bacteria and (ii) disorders caused by free
radicals. Antibiotic resistance is a serious risk to public health
that kills about 0.7 million individuals per year, and by 2050,
this statistic is likely to climb to 10 million 7. MDR bacteria
cause a large percentage of infections in hospitalized patients'®
Numerous studies have confirmed AgNPs as a possible solution
to the problem of bacterial resistance, owing to their efficacy
against a variety of bacteria'!® Free radicals also play an
important role in the occurrence of degenerative disorders in
the body, including heart and blood vessel disease, mutations,
senescence, and tumorigenesis?® AgNPs also can be used to
scavenge free radicals instead of antibiotics?' This research
aimed (i) to manufacture AgNPs using Bacillus cereus strain
DBAL.1, (ii) to characterize the synthesized AgNPs, and (iii)
to evaluate the anti-bacterial and antioxidant efficacy of the
synthesized AgNPs.

MATERIALS AND METHODS

The bacterial strain used for the synthesis of
AgNPs

In a previous study, nine different bacterial strains were
isolated from produced water samples of an oil field reservoir,
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identified using universal primers (16S rDNA gene), and then
screened for AgNP synthesis. Upon screening, it was found
that B. cereus strain DBAI1.1 was the most powerful among
the nine strains tested for extracellular AgNP synthesis”*? so

it was used in this study.

Biosynthesis of AgNPs

With some modifications, this method was carried out according
to Singh et al. The B. cereus strain DBA1.1 has been inoculated
in a flask with 100 ml of sterile nutrient broth (NB). The culture
was centrifuged at 6000 rpm for 10 minutes using a Table Top
Centrifuge (Gemmy, Taiwan) after 24 hours of incubation at
37°C in an orbital shaker (150 rpm) to get the supernatant. In a
250 mL conical flask, 100 mL of silver nitrate (AgNO;) solution
(1 mM) was added to the culture supernatant. The flask was
then covered with aluminum foil and incubated at 37°C for
three days at 150 rpm. A medium agNO3 solution mixture
was used as a control. The supernatant was visually noticed

for any development in color during the formation of AgNPs.
Characterization of the synthesized AgNPs

UV-Vis spectrophotometer

To prove the fabrication of AgNPs, the culture supernatant
was examined by a Dual Beam UV-1800 Spectrometer
(Shimadzu, Japan) with a wavelength range of 200—800
nm. Using deionized water, AgNPs were cleaned 3 times by
centrifugation at 10000 rpm for 10 minutes each time, then
air-dried and collected as a powder!’

The X-ray diffraction (XRD) analyses

The X’pert Pro X-ray diffract meter (PANalytical, Netherlands)
was employed to measure the XRD of AgNPs produced by B.
cereus strain DBA1.1. The diffraction pattern of the powdered
form of synthesized NPs was recorded from 10" to 80" (2
theta), with a step size of 0.050°, by Cu K-Alpha radiation (k
= 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 as previously described?*

Transmission electron microscopy (TEM)

TEM was used to analyze the shape, size, and distribution
of NPs. In order to prepare the TEM grid, the suspension of
AgNPs was transferred onto a copper grid coated with carbon.
Before imaging, the grid was dried by air, and then individual
images were taken at 200 kV using TEM 4,

Scanning electron microscopy (SEM)

The morphology traits of the synthesized AgNPs were
observed by SEM ( MIRA3 LMU TESCAN, Czech). A small
drop of AgNPs suspension was added to the slide and allowed

to dry before being analyzed by SEM. The microscope operated

at different magnification.?

Atomic force microscopy (AFM)
The size and morphology of AgNPs were characterized by
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the AFM device (Nanosurf easyScan 2 AFM, Switzerland).
Before the AFM scanning, a thin film of bio-fabricated AgNPs

was coated on a clean glass coverslip and permitted to dry at

room temperature.

Zeta potential analysis

The zeta potential method was utilized to assess the stability
of B. cereus strain DBA1.1 mediated synthesized AgNPs using
a zeta potential analyzer instrument ( HORIBA Scientific
SZ-100, Japan). For this analysis, the sample was centrifuged,
and the NPs were measured between -200 and +200 mV at

25.2°C.77

Anti-bacterial activity of the synthesized AgNPs

The anti-bacterial properties of manufactured AgNPs were
assessed against multidrug resistance (MDR) bacteria isolated
from human urinary tract infections (UTI). Urine specimens
collection and isolation of bacteria were done as reported by
Al-Nagshbandi et al.?® Antibiotic susceptibility pattern for
detection of MDR bacteria was done using the disk diffusion
technique according to Mollick ez al.?’ and the results (the
data not shown) were interpreted according to the guideline
of the Clinical Laboratory Standards Institute (CLSI) 2021.%
MDR bacteria are those that are resistant to at least one
agent from three or more antimicrobial classes.®! Activity of
AgNPs was tested against MDR bacteria, including Gram-
positive (2 Enterococcus faecalis,2 Staphylococcus hominis,
Staphylococcus aureus, Staphylococcus hemolyticus) and
Gram-negative bacteria (6 Escherichia coli, 3 Klebsiella
pneumoniae, Klebsiella oxytoca) by agar well diffusion
technique. In nutrient broth (NB), pure colonies of bacteria
were grown at 37°C for 24 hrs, and the turbidity was adjusted
to 0.5 McFarland standard using sterile distilled water.
Separate Mueller Hinton agar (MHA) plates were swabbed
uniformly with every type of bacteria, and wells were punched
in each plate with a 7 mm sterilized cork borer. A total of
100 pL of AgNPs dissolved in dimethyl sulfoxide (DMSO) at
concentrations of 100, 250, 500, and 1000 pg/ml were poured
into each well, along with the control (DMSO only), and plates
were incubated at 37°C for 24 hours. Following the incubation,
the inhibition zone diameters surrounding each well were

calculated in millimeters (mm) using a clear plastic ruler.*?

Antioxidant activity of the synthesized AGNPs

By using the 1,1-diphenyl-2-pyridyl-hydrazine (DPPH) assay,
the antioxidant potential of AgNPs was measured in terms of
free radical scavenging activity (RSA) as stated by Mujaddidi
et al.?® Briefly, in DMSO solution, different concentrations of
AgNPs (5, 10, 25, 50, 100, 200, 400 pg/ ml) were prepared. In
glass test tubes, 1 ml of each concentrate was mixed with 1 ml
of a 0.004 % methanolic DPPH free radical solution. The test
tubes were then incubated in the dark for 30 minutes at room
temperature, and the absorbance (Abs) at 517 nm was measured
using spectrophotometer (EMC LAB, Germany). The negative
and positive controls were DPPH solution/methanol mixture
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and ascorbic acid, respectively. The antioxidant activity of
AgNPs was calculated from the following formula:

Inhibition % = [(Abs of control-Abs of sample) /Abs of
control]x100 (1)

Statistical Analysis

The agar well diffusion technique and DPPH assay were
carried out in triplicate, and the data were analyzed using IBM
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 size distribution of NPs
was analyzed using Image J software. The graphs were plotted
using the Origin Pro 2018 software and Microsoft Excel 2010.

RESULTS AND DISCUSSION

Biosynthesis of AgNPs

The biosynthesis of AgNPs was first affirmed by noticing the
change in color of B. cereus strain DBA1.1 supernatant treated
with AgNO; solution. The color of the supernatant transformed
from pale yellow to dark brown following incubation time due
to surface plasmon resonance (SPR), while no change was
seen in the control (Figure 1). This outcome is in agreement
with those reported by Elbeshehy et al. and Syed et al. in
the extracellular synthesis of AgNPs using Bacillus spp. and
Aneurinibacillus migulanus 1413334

Based on the location of the NPs synthesized, there are two
kinds of synthesis methods: intracellular’® and extracellular.>®
The precise mechanism by which bacteria synthesize NPs is
unknown. According to studies, NPs are typically formed
by trapping metal ions on the surface or within the bacterial
cell. Then, with the enzymes’ help, the trapped metal ions are
reduced to NPs.3” Extracellular synthesis is more suitable and
simpler than intracellular synthesis because the NPs produced
can be easily purified.® As a result, we concentrated on

extracellular synthesis in the current study.

1= 3;5'}---
A e e
> B

Figure 1: Observation of color change. A: Supernatant only, B: Control
(mixture of medium and AgNOj; solution), C: B. cereus strain DBA1.1
Supernatant treated with AgNO; solution before incubation, D: Synthesis of
AgNPs after incubation
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Characterization of the synthesized AgNPs
After the incubation period, the reduction of AgNO; to AgNPs
by B.cereus strain DBA1.1 was made by measuring the UV—
Vis spectrum of the supernatant. As depicted in Figure 2, the
absorption spectrum of synthesized AgNPs was observed at
432 nm due to the SPR band of the produced AgNPs. This
outcome is in complete agreement with previous studies that
characterized the AgNPs using the UV-Vis spectrum?>%
According to research findings, the peak from 400 to 475 nm
corresponds to the SPR of AgNPs*%4! As aresult, the B. cereus
strain DBA.1 supernatant shows the manufacturing of AgNPs.
According to Figure 2, the peak for the supernatant of
B. cereus strain DBA1 was sharp and high, attributed to the
synthesis of homogeneous and monodisperse AgNPs (spherical
AgNPs) as previously described by Sathiya and Akilandeswari
3 and Alahmad et al** which is proved by the TEM, SEM,
and AFM as shown in Figure 4 (a), Figure 5 (a), and Figure
6, respectively.

The crystallinity of the produced AgNPs was evidenced
using XRD analyses. Figure 3 shows the XRD patterns of
AgNPs produced by B. cereus strain DBA1.1 supernatant. The
peaks were observed at 20 = 45.86°, 55.01°, 67.42°, and 76.70°,
corresponding to the lattice planes of the crystalline structure
of AgNPs (103),(006),(112),and (20 1), respectively; these
outcomes are in good agreement with the Joint Committee on
Powder Diffraction Standards (JCPDS) file NO. 00-041-1402.
Besides, XRD patterns exhibited three peaks at 20 = 27.92°,
32.38°, and 57.32° corresponding to (0 2 1), (2 2 1), and (1 4
2), respectively; these peaks may relate to unreduced AgNO,
during the synthesis process which is well-matched with the
JCPDS file NO. 01-070-0779, as stated by Hanna et al. *, may
be caused by supernatant biomolecules that cap the synthesized
AgNPs *. According to Figure 3, all of the 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 5.

Scherrer’s equation was used to obtain the average
crystalline size of the NPs using the peak position and full

0.7
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Figure 2: The spectrum of UV-Vis absorption of B.cereus
strain DBA1.1 AgNPs.
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width at half-maximum intensity (FWHM) values from the
XRD data:

(2)

where in this equation, 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 6 is the Bragg angle in radian.
Using the above equation, the average crystallite size of the
AgNPs is calculated to be 20.83 nm. This result is comparable
to a prior study in which the average size of AgNPs produced

by Bacillus cereus was 21.5 nm, as calculated by the Scherrer
0

ki
FEOSR

equation.”

TEM analysis has been demonstrated to be one of the most
precise methods to find out the morphology (size and shape)
of NPs* The TEM image of synthesized AgNPs confirmed
that they were non-agglomerated and spherical in shape (with
very few irregular NPs), Figure 4(a). Furthermore, Figure 4(b)
depicts the histogram of NPs size distribution, which explains
that AgNP sizes were between 8.95 and 33.18 nm, with mean
particle sizes of 17.47 nm. Results of previous studies from
TEM images largely support the spherical shape of AgNPs
produced through the green approach by using different
Bacilli, such as B. cereus *®, B. subtilis *°, and B. licheniformis
13, with particles size ranging from 19 to 38 nm, 3 to 20 nm,
and 2 to 22 nm, respectively. However, the physicochemical
properties influence the shape and size of synthesized NPs. The
concentration of the metal ion, time, pH, and the temperature

of the reaction mixture all play an important role in NPs

synthesis V.

SEM images of the produced AgNPs showed spherical
shapes and particle sizes ranging from 13.42 nm to 24.49 nm,
Figure 5(a). The histogram of particle size distribution in Figure
5 (b) shows that the mean particle size of AgNPs is 18.11 nm,
which is very close to the average size obtained from TEM and
XRD analyses. Based on SEM analysis, the spherical shape
of Bacillus-AgNPs from B. subtilis and B. amyloliquefaciens
with particles sizes ranging from 15.9 to 80 nm, B. brevis with
particle sizes between 22 and 60 nm, and B. siamensis with
particle sizes ranging from 25 to 50 nm was also observed by

2500

JCPDS file NO : 00-041-1402 AgNPs
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Figure 3: XRD spectra of AgNPs synthesized using B.cereus strain DBAI.
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Figure 4: (a) The TEM image of produced AgNPs, and (b) the histogram of
particle size distribution from (a) image

Fouad et al.*$, Saravanan et al.*’, and Tbrahim et al.>°.

In AFM, AgNPs were measured to have mean diameters
of about 65 nm, with an average roughness of 4.455 nm.
Furthermore, the two-dimensional (2D) and three-dimensional
(3D) AFM images, as shown in Figure 6, revealed the spherical
shape and homogeneous distribution of the synthesized AgNPs
achieved by TEM, SEM.

A Zeta potential analysis was conducted to identify the
charge on the surface of synthesized AgNPs, which can be
used to evaluate the stability of the achieved colloidal AgNPs.
The value of the zeta potential shows the possible stability of
the particles. The charge on the NPs’ surface determines the
attractive and repulsive force between them. A negative charge
on the surface of NPs is important for long-term stability, as it
prevents particle agglomeration in the medium?’ In the current
study, the value of zeta potential proves particle repulsion and
thus enhances the stability of produced AgNPs. Figure 7 shows
that the NPs’ zeta potential mean was -14.5 mV, indicating
the stability of the synthesized AgNPs. Elbeshehy et al.
demonstrated that the Zeta potential of AgNPs produced by B.
licheniformis, B. pumilus, and B. persicus was -21.3, -18.5, and
-16.6 mV, respectively **. The pH and surface capping agents
influence the stability of the NPs>!

Anti-bacterial activity of the synthesized AgNPs

The anti-bacterial activity results showed that AgNP
suspension at various concentrations (100, 250, 500, and 1000
ug/ml) remarkably inhibited the growth of MDR bacteria
isolated from UTI when compared to the control (Table 1)
and (Figure 8). This activity may be due to the inhibition of
translation and protein synthesis, producing high levels of
reactive oxygen species (ROS), membrane damage, and release
of silver ions (Ag") by AgNPs 323, The results of the current
study proved that inhibition of bacterial growth increased as

Figure S: (a) The SEM image of biosynthesized AgNPs and (b) the
histogram of particles size distribution from (a) image

Figure 6: The 2D (a) and 3D (b) AFM images of B.cereus strain DBA1.1
AgNPs
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Figure 7: Zeta potential for AgNPs synthesized using the supernatant of
B.cereus strain DBA1.1

the concentration of AgNPs increased. This result is compatible
with Ahmed et al., who used different concentrations of AgNPs
manufactured from B.cereus as anti-bacterial agents 6. In
this work, AgNPs suspension at a concentration of 1000 pg/
ml showed the highest anti-bacterial activity against tested
MDR bacteria. The five MDR bacteria, S. hemolytic (U4),
K. pneumoniae (U7), S. hominis (Ul1), E. coli (U8), and K.
pneumoniae (U10) were observed to be the most sensitive
to AgNPs, showing zones of inhibition of 24.33 + 0.57, 23

Figure 8: Anti-bacterial activity of AgNPs against some MDR bacteria. a: S. haemolyticus (U4) , b: S.aureus (U13), c: K.pneumoniae (U10), d: E.coli (U9),
N: control (DMSO only)

Sci. J. Med. Res. Vol. 7, Issue 25, pp 1-8, 2023
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Table 1: Anti-bacterial efficacy of B.cereus strain DBA1.1 AgNPs against MDR bacteria

Concentrations of AgNPs (ug/mL) and zone of inhibition (mm)

Code of bacteria Name of bacteria
1000 500 250 100
Ul E. faecalis 16.33 + 1.52° 16.33 +0.57 14.67 +2.08* 12.33+0.57"
U2 E.coli 17.33 £0.57" 15+1° 14.33 £0.57" 12.67 +2.08°
U3 E. faecalis 17+1° 15.67 £ 1.15° 13+ 2 13.33£0.57°
U4 S. haemolyticus 24.33 £0.57° 20.33 +1.52° 18.67 = 1.15° 16+1°
U5 K. pneumoniae 18+2° 1533 £0.57° 14+1° 1433 £0.57°
U6 E. coli 18 liéofoac 14.33 £2.51P¢ 13+1°
u7 K .pneumoniae 23+12 20.33+0.57° 17+£1° 13.33+1.524
us E. coli 21 1“;1;‘1,, 15.33 % 0.57" 1433+ 1.52¢
U9 E. coli 18.33 +1.52° 15+1° 14.33 £1.52° 13+£0°
ul10 K. pneumoniae 21.33+0.57° 1833+0.57 16 1i52:2°
Ull S. hominis 2233 +0.57 18+1° 1533 +£2.51° 1433 +1.52¢
+0a
Ul2 K. oxytoca 18 }i z (2)212
13+2¢
Ul3 S. aureus 16.33 +1.52° 1533 £0.57" 1433+ 1.52° 12420
+0a
Ul4 S. hominis 0 gig:
0+0*
Uls E. coli 16.33 £0.57" 1533 £1.52° 14.33+0.57* 12+0P
uUl6 E. coli 16 +0? 1533+ 0.57* 13.33 £ 0.57" 12.33 +1.52¢

Note: For each tested MDR bacterium, values in the same row with different letters are significantly different (p.value < 0.05), Mean + SD, n=3

Sug  10pg

I5pg S0pg 100pg 200pg 400pg  C

. r a

Figure 9: DPPH free radical scavenging of AgNPs at various concentrations
(pg/mL). C: Control
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Figure 10: ICy, curve of AgNPs as compared with ascorbic acid

+1,22.33 £ 0.57, 21 £ 1 and 21.33 £+ 0.57 mm, respectively.
Mujaddidi et al. also found that MDR Klebsiella pneumoniae
was the most sensitive to AgNPs, with inhibition zones of 18
mm at a concentration of 1000 pg/ ml 2°.

In this study, fewer effects of AgNPs were observed against E.

Sci. J. Med. Res. Vol. 7, Issue 25, pp 1-8, 2023

Table 2: DPPH radical scavenging activity of AgNPs compared with
ascorbic acid

Concentrations — Antioxidant activity of Antioxidant activity of
(ng/ml) ascorbic acid (%) AgNPs (%)

5 34,18 £ 1.18% 26.49 + 1.99P2

10 43.01 +1.03% 31.05 + 3.00%

25 54.27 £ 1.07* 41.16 + 1.84%

50 61.25+1.15% 50.28 + 3.92b¢

100 70.94 + 3.04% 57.12 + 4.08"

200 80.05 + 1.10*" 66.38 + 3.32P¢

400 92.16 + 0.96* 78.06 + 2.02""

IC5,=16.51 pg/mL ICy, = 112.16 pg/mL

Note: The values in the same row with different letters (black letters) and the
values in the same column with different letters (red letters) are significantly
different (p.value < 0.05), Mean + SD,n=3

feacalis (U1), S. aureus (U13), E. coli (U15), and E. coli (U16),
with inhibition zones of 16.33 + 1.52 mm for both E. feacalis
(U1) and S. aureus (U13), 16.33 £ 0.57 for E. coli (U15), and
16 + 0 for E. coli (U16). The results of this study revealed that
the anti-bacterial capacity of AgNPs against S.aureus (U13)
and E.coli (U8) at all concentrations is higher than the activity
of Pseudomonas stutzerii AgNPs synthesized in a recent study
toward the same bacteria and at the same concentrations.>*
However, the anti-bacterial properties of AgNPs, depend on
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their charge *°, shape *°, and size .

In this work, S. hominis (U14) was resistant to all
concentrations of AgNPs, and no inhibition zone was observed.
This resistance may be attributed to multiple resistance
mechanisms, such as permeability of the outer membrane,
MDR efflux pumps, chromosomal resistance genes, as well

as mutations and plasmid genes .

Antioxidant activity of the synthesized AgNPs

A DPPH radical scavenging assay was used to estimate
the antioxidant activity of synthesized AgNPs at different
concentrations (5, 10, 25, 50, 100, 200, 400 pg/mL). As
shown in Figure 9, AgNPs managed to reduce purple DPPH
to a yellow color, indicating potential free-radical scavenging
abilities. DPPH comprises stable free radical molecules that
can be easily reduced by receiving hydrogen or electrons
from NPs*® In this study, the inhibition percentage of AgNPs
increased as the concentration increased, where this result
agrees with Riaz Rajoka ef al.59 At the lowest concentration
(5 pg/ml) of AgNPs, the percentage of scavenging activity
was 26.49 + 1.99%, increased to 78.06 + 2.02% at the highest
concentration (400 pg/mL), which is more effective than the
antioxidant activity of AgNPs synthesized in previous work®®
but less active compared to the other study?® In the current
study, the antioxidant activity of AgNPs was less effective than
standard ascorbic acid (p.value < 0.05) (Table 2). AgNPs had
an ICy, value of 112.16 pg/mL, whereas ascorbic acid had an
ICs value of 16.51 pg/mL (Figure 10).

CONCLUSION

The extracellular synthesis of AgNPs was successfully
accomplished using B. cereus strain DBA1.1 supernatant and
the process was easy, inexpensive, and eco-friendly. Physical
characterizations revealed that AgNPs were monodisperse,
stable, spherical, and within acceptable sizes. Biosynthesized
AgNPs demonstrated potent anti-bacterial activity against
MDR bacteria isolated from UTI. Furthermore, the current
study concluded that the AgNPs synthesized by B. cereus strain

DBAI.1 were powerful free radical scavengers.
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