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Abstract: This study presents an eco-friendly method for synthesizing silver nanoparticles (AgNPs) using the supernatant
of Candida albicans as a reducing agent. AgNPs were formed via redox reactions and characterized by X-ray diffraction
(XRD), field emission scanning electron microscopy (FESEM), and atomic force microscopy (AFM). XRD analysis
confirmed a face-centered cubic structure. The antibacterial activity of AgNPs was evaluated against three Gram-negative
bacteria—Escherichia coli, Klebsiella pneumoniae, and Proteus mirabilis—using the agar well diffusion method. Their
efficacy was compared to four antibiotics: Imipenem (IPM), Amoxicillin/clavulanic acid (AMC), Meropenem (MRP), and
Piperacillin/tazobactam (PIT). While antibiotics were effective against K. pneumoniae and P. mirabilis, E. coli showed
resistance to PIT and AMC. In contrast, AgNPs exhibited concentration-dependent inhibition, with maximum zones of
16.00 £ 0.58 mm (K. pneumoniae), 27.00 + 0.57 mm (P. mirabilis), and 22.33 +0.33 mm (E. coli). These findings suggest

AgNPs as promising antibacterial agents.
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The MDR bacteria response to antimicrobial

1. Introduction agents fundamentally illustrates adaptation

and evolutionary behavior [2]. Chromosomal

Currently, the rising incidence of infectious ) .
mutations or horizontal gene transfer lead to

illnesses caused by multidrug-resistant . o . .
the evolution of antibiotic resistance in

(MDR) bacteria is a significant global public
health challenge [1].

bacteria, a naturally occurring phenomenon

observable in the absence of human
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for various pathogenic germs, as the rising
prevalence of MDR bacteria necessitates

alternative therapies [4] .

Nanotechnology has demonstrated potential
as an alternative to traditional antibiotics in
treating MRD bacterial infections by
offering innovative strategies for medicine
administration, antibacterial treatment, and
the development of new nanomaterials [5]
[6]. Heavy metals with a density over 5
g/cm® are commonly utilized to synthesis
antibacterial nanoparticles (NPs) [7]. Their
partially filled d orbitals as transition metals
augment redox activity, enabling
nanoparticle manufacturing via a "bottom-
up" method that incorporates metal salts and

reducing agents such as sodium borohydride

[8].

While necessary in minimal quantities,
certain metals become hazardous at elevated
concentrations. Nanoparticles progressively
discharge metal ions that infiltrate cells and
disrupt biological functioning [9]. Their
antibacterial capabilities arise from the
generation of reactive oxygen species (ROS)
and their interaction with R-SH groups in
amino acids (e.g., cysteine), which disrupts
enzyme activity and protein stability,
particularly in non-essential metals such as

Ag", leading to cellular harm [10].

Silver nanoparticles (AgNPs) can be
synthesized using chemical, physical, or
biological methods, typically categorized
into top-down and bottom-up approaches.
The bottom-up approach, which primarily
utilizes chemical and biological methods,
synthesizes AgNPs by assembling molecular
components via nucleation and growth [11].
Chemical  methods facilitate  rapid
production of AgNPs; however, their use in
medical applications may be constrained by
the presence of chemical additives.
Biological methods present a viable

alternative to address these challenges [12].

In green chemistry, biological synthesis has
surfaced as a practical and cost-effective
alternative, this approach offers advantages
as it does not necessitate organic solvents
and can be conducted at ambient
temperature and pressure [13]. The dual role
of biological systems as stabilizing and
reducing agents is particularly advantageous
for the formation of AgNPs [12]. This
process can be supported by various species,
including fungi, bacteria, yeast, algae, and
plants [14]. This study utilized a reducing
agent derived from Candida albicans to
synthesis silver nanoparticles, which were
then tested for their antimicrobial efficacy

against three Gram-negative bacteria.
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2. Methodology (Experimental

Procedure)
2.1. Materials and Chemicals

All chemicals, including silver nitrate
(99.9%) and ethanol (99.0%), were obtained
from Reagent World \ California USA and
utilized without additional purification.
MacConkey Agar, blood agar, nutrient broth
agar, Mueller Hinton agar, Mueller Hinton
broth ,eosin methylene blue agar, Brain
Heart Infusion Broth, CHROM agar,
Sabouraud dextrose agar , Sabouraud
dextrose broth and corn meal agar were
obtained from Himedia. Imipenem (IMP),
Ampicillin-clavulanate (AMCO),
Piperacillin/Tazobactam (PIT), and
Meropenem (MRP) were acquired from

Himedia\ India .

2.2 Collection and Identification of sample

Between September and December 2024 , a
total of 30 yeast isolates were obtained
following collection and isolation from
children suffering from thrush at Al-Samawa
Children's Teaching Hospital in Al-
Muthanna governorate , Iraq. 27 isolates has
been identified as C. albicans by application
of CHROM agar, biochemical assays,
microscopic analysis, and Gram staining. C.
albicans strain was subsequently chosen for
the biosynthesis of silver nanoparticles [15].

At the same time, 20 samples were collected

from women’s urine to investigate the
presence of K. pneumoniae, E. coli, and P.
mirabilis. lIsolates were collected from
patients within the same hospital. The
isolates were subsequently identified
through Gramm staining, microscopic
examination, biochemical tests, and the use

of culture media [16].

2.3 Preparation of Candida albicans
Supernatant

The fresh colonies of C. albicans omit it
from thrush were activated by stabbing in
Sabouraud dextrose broth and subsequently
cultured on 10 plates of Sabouraud Dextrose
agar (SDA) using a cotton swab via the
spreading method to achieve full growth.
The plates were incubated for 48 hours at
37°C. Supernatant was harvested by soaking
each of the 10 plates with 10 ml of deionized
water, ensuring that colonies were collected
without scraping the SDA. 100 ml of C.
albicans supernatant was collected in a clean
sterilized bottle and incubated for 72 hours
at 37°C with a shaking speed of 150 rpm in a
shaker incubator. Subsequently, the
supernatant was centrifuged for 15 minutes
at 4000 rpm to eliminate the yeast cell. A
0.22 pm Millipore syringe filter was
employed for additional filtration, and the
resulting solution was stored at 4°C until
required, sines all of isolates gathering from

same place and same pathogenic case all of
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isolates were used successfully with
synthesis of AgNPs excluded of yeast that
non albicans species . This preparation
technique was modified from an earlier
published methodology with  specific

adjustments [17].

2.4. Synthesis of the Ag-NPs

The subsequent process employed for the
fabrication of the alternative green synthesis
of Ag-NPs is outlined below. Initially, 70
mL of the C. albicans extract was
judiciously added dropwise to 930 mL of
AgNO3 (1 mM) while being heated to 60°C
and stirred for 1 hour in a dark environment.
The reduction of Ag+1 ions was aged for 10
days to ensure complete nucleation and
stabilization of Ag-NPs.  The brownish
colloidal solution was ultimately separated
via centrifugation (12000 rpm, 15 minutes)
to isolate the black precipitate, utilizing
ethanol and deionized water [18]. The Ag-
NPs precipitate was carefully purified until
the supernatant was clear by washing it with
deionized water. Subsequently, the Ag-NPs
precipitate was dried for 3 hours at 60 °C in

the oven [19].
2.5. Characterization AgNPs

Using a Hitachi S-4800 diffractometer and
CuKa radiation (0.15040 nm), the crystalline
phase of AgNPs was described by XRD. The
XRD pattern was recorded between 20 and

70° [20]. The electronic microscope
(FESEM-MIRA3 TESCAN )and AFM were
utilized to observe the morphological

characteristics of AgNPs [21].

2.6. Antibacterial Activity

The Mueller-Hinton Agar well diffusion
method was employed to measure the
diameter of the inhibitory zone and assess
the in vitro antibacterial efficacy of the
resultant AgNPs. The current work utilized
Gram-negative bacteria, specifically K.
pneumoniae, P. mirabilis, and E. coli, to
assess antibacterial effects [22]. The
procedure entailed inoculating freshly
subculture bacterial strains into Muller-
Hinton broth, incubating for 24 hours at
37°C, and thereafter correcting the turbidity
to 0.5 McFarland standards. An agar well
diffusion method was utilized to evaluate the
antibacterial characteristics of  the
nanoparticles. Seventy microliters of the
colloidal  nanoparticle  product  were
introduced into wells formed in the Muller-
Hinton agar use a sterile borer with a 6 mm
diameter. After a 24-hour incubation at
37°C, the diameter of the growth-inhibiting
zones on the plates were measured and

compared effect of antibiotic [23].
2.7. Antibiotics Susceptibility Test

Antibiotic sensitivity testing was conducted

using Kirby-Bauer disc diffusion [24]
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Antibiotics include: (IPM), (PIT), and
(AMC) were among those taken into

consideration (CLSI, 2023)

2.8. Minimum Inhibitory Concentration
(MIC) and Minimum Bactericidal
Concentration (MBC) Evaluation

The antibacterial efficacy of silver
nanoparticles was evaluated using the
conventional broth dilution method, which is
based on CLSI MO07-AS8 criteria. From a
solution of silver nanoparticles with a
starting concentration of 1 mg/ml, a series of
decimal (tenfold) dilutions was made. To get
a bacterial suspension with half the turbidity
of 0.5 McFarland standard, the concentration
was adjusted to around 5 x 107 CFU/ml. A
soup called Brain Heart Infusion (BHI) was
utilised as the container. The modified
bacterial suspension was added to each
dilution and left to incubate at 37 °C for 24
hours. There was also a control tube for
growth that contained infected broth but no
nanoparticles. A bacterial growth-free zone
was identified as the minimal inhibitory
concentration (MIC) when silver
nanoparticles were used at the lowest

concentration. The MIC endpoint was

confirmed by evaluating visual turbidity
before and after incubation.

Following the MIC assessment of the silver
nanoparticles, 50 ul aliquots from all tubes
exhibiting no visible bacterial growth were
inoculated onto BHI agar plates and
incubated for 24 hours at 37 °C. The MBC
endpoint is defined as the lowest
concentration of an antimicrobial agent that
eradicates 99.9% of the bacterial population.

2.9. Statistical analyses

Statistical analyses were performed using
SPSS software version 24. The means were
compared using the #-test at a significance
level of 0.001, and descriptive statistics were
applied to calculate the standard deviation at
the same significance threshold. Differences
in the mean inhibition zone diameters were
assessed using Duncan’s Multiple Range

Test (DMRT).
3. Results and Discussion
3.1 Identification of Candida albicans

As in figure.l C. albicans isolate were
identified by SDA agar , Chrom agar , Corn
meal agar to investigate present of
Chlamydospore under microscope, and

investigate produce germ tube[25].
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Fig.1: a) C. albicans on SAD agar and on Chrom agar b) C. albicans under microscope b) Germ tube

under microscope d) Chlamydospore under microscope.

3.2 Identification of bacteria traditional media and biochemical test as in

Fig.2 and Fig.3.
Escherichia coli, Klebsiella pneumoniae, and 18- and g

Proteus  mirabilis were identified by

Fig.2: a) K. pneumoniae, on MacConkey agar showed mucoid colony [26] b) E.coli on EMB agar
showed metallic shine [27] ¢) P. mirabilis on blood agar showed swarming movement [28]

Fig.3: Biochemical test result of a) K. pneumoniae b) E.coli and c¢) P. mirabilis
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3.3 Color of AgNPs solution

The biosynthesis of silver nanoparticles
using the cell-free supernatant  of
Candida albicans was visually
monitored through a noticeable color
change over time. Initially, the silver
nitrate ~ (AgNOs3)  solution  appeared
colorless (Figure 4-a). Upon the addition
of the C. albicans supernatant, the
reaction mixture gradually shifted to a
pale yellow hue (Figure 4-b), indicating
the onset of silver ion reduction. As the
reaction progressed, a distinct reddish-
brown coloration developed (Figure 4-c),
confirming the formation of colloidal
silver nanoparticles [29].

Fig.4. Color change observed during the
time-dependent biosynthesis of silver
nanoparticles: (a) initial silver nitrate

solution, (b) intermediate stage after reaction
with the biological extract, and (c) final
colloidal AgNPs.

3.4 X-ray diffraction

Figure 5 demonstrates that XRD analysis was
employed to evaluate the crystalline quality
and lattice characteristics of the green-
synthesized AgNPs. The XRD diffractogram
displays diffraction peaks of the synthesized
AgNPs within the 20 range of 20°-70°,
specifically at 27.73°, 32.15°, 38.01°, 46.16°,

and 57.35°. These peaks correspond to the (h,
k, 1) Miller indices of (110), (111), (121),
(200), and (311), respectively. The observed
values align with JCPDS file number 84-
0713 and may be associated with the face-
centered cubic structure of AgNPs [30].
Several unidentified peaks (*) may be
associated with the crystallization of
biomolecules on the surface of AgNPs [31].
The average crystalline size of the AgNPs
was calculated to be 29.27 nm on the (111)
plane utilizing Scherrer's formula, expressed
as D = 0.9M/B cosB [32]. D represents the
average crystallographic size (A), denotes the
source of X-ray radiation (A = 1.54 A ),
indicates the finite line full width at half
maximum (FWHM), and 0 signifies Bragg's

angle in this formula [33].
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Fig.5. XRD pattern of synthesized
AgNPs with candida albcans supernantant.

3.5. Field Emission Scanning Electron
Microscope

Figure 6 illustrates the examination of surface
morphology and particle distribution of
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AgNPs using FESEM. The semi-spherical forming particles that adhere together with
shape observed in the FESEM image is varying sizes between (50-100) nm.
associated with AgNPs that have aggregated,

5
L.
h

B G
e 6 z e =
SEM HV: 15.0 kV WD: 7.41 mm 1 1 1 SEM HV: 15.0 kV WD: 7.33 mm 1 1 MIRA3 TESCAN
View field: 4.24 pm Det: SE View field: 1.27 ym Det: SE 200 nm
SEM MAG: 30.0 kx Date(m/dly): 03/07/25 SEM MAG: 100 kx Date(mJdly): 03/07/25

Fig.6. FESEM images of AgNPs
3.6 Atomic force microscopy

The surface morphology of AgNPs was
analyzed using AFM. Figure 7 displays a

three-dimensional image of AgNPs captured

Potynomial f£ 220nm

in tapping mode. The AFM image reveals a
highly uniform distribution of spherical
particles.  Statistical roughness analysis
(CSPM) indicates a surface skewness of

0.16890, a surface kurtosis of 3.239, and a

root mean square roughness of 4.252 nm. The % rogeced
80 [ smail
AFM findings indicate that the surface of the 7 S e

AgNPs is characterized by spikes, with

Number of particles

valleys being more pronounced than peaks,

and irregularities predominantly located in

3 100 150 200 250 3

the middle regions[34].  Figure

Mean diameter

demonstrates that AgNPs fall within the . ) )
Fig.7. AFM image of AgNPs and with

nanoscale range, as indicated by the particle analysis histogram.

histogram of their average particle size.
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3.7. Antibacterial Activity results

The preliminary investigation of the
antibacterial efficacy of AgNPs was
performed utilizing the agar well diffusion
technique. The AgNPs and four competing
antibiotics (IPM, AMC, MRP, and PIT )
exhibited notable zones of inhibition against
the three examined pathogens (K.
pneumoniae, E. coli, and P. mirabilis). Table
1 and Figures 8 ,9 illustrate the inhibition
zones of antibiotics and AgNPs against each
examined bacterium. In Figure 4, IMP, AMC,
MRP, and PIT, utilized as a positive control,
exhibited considerable antibacterial activity
with varying inhibition zones (refer to Table
1) against K. pneumoniae and P. mirabilis;

however, PIT and AMC shown antibacterial

resistance to E. coli. As illustrated in Figure
5, these three bacteria treated with AgNPs
exhibited concentration-dependent inhibitory
zones [35]. Table 2 illustrates that the
maximum inhibition zones were 15mm and
22mm at 100 ppm and 1000 ppm for K.
pneumoniae and E. coli, respectively, while
P. mirabilis exhibited a maximum inhibition
zone of 26mm at both values of 1000 ppm.
The minimum inhibitory concentration (MIC)
of silver nanoparticles (AgNPs) against
gram-negative bacteria was 100 ppm which
has been demonstration by well 96

microplate assay [36] .

Fig .8. Antibiotics Susceptibility against a) P. mirabilis b) E.coli and c¢) K. pneumonia.
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Fig.9. Inhibition zone of AgNPs against (a) K. pneumoniae (b) E . coli (c) P .mirabilis

Table 1. Inhibition zone diameter of four antibiotics against K. pneumoniae, E.coli, and P. mirabilis.

Inhibition zone diameter

Gram negative Imipenem 20 Amoxicillin/clavulanic Meropenem Piperacillin
bacteria ug 20/10 pg 10 pg tazobactam
100/10 pg
K. Pneumoniae 26.00+£1.00a 0.00b 27.00+£0.57a 26.33+0.33 a
E . coli 0.00b 0.00b 16.00+0.57a 0.00 b
P .mirabilis B 17.00+£0.57 b 26.67+0.67a 25.00+0.57 a
Sig (p. value) 0.001 0.001 0.001 0.001

The p-values (p < 0.001) indicate statistically significant differences between the treatments

Table 2. Inhibition zone diameter of AgNPs against K. pneumoniae, E.coli, and P. mirabilis

AgNPs concentration

. 1000 100 10 1
Gram negative
bacteria ppm Ppm ppm ppm
Inhibition zone diameter mm

K. Pneumoniae 16.00+0.58 a 12.00+0.33 b R R

E . coli 22.33+0.33 a 20.00+0.57 ab 17.33+0.33 b R

P .mirabilis 27.00+£0.57a 17.67£0.33 b 16.00+0.57 b R
Sig (p. value) 0.001 0.001 0.001 0.001

The p-values (p < 0.001) indicate statistically significant differences between the treatments. Same letter in the same
column mean no significant differences between AgNPs concentration (mean+S.E)

confirmed the formation of face-centered cubic

AgNPs.  The

4. Conclusion

crystalline biosynthesized

This study successfully demonstrates a green
synthesis route for silver nanoparticles (AgNPs)
using Candida albicans supernatant as a natural

reducing agent. Structural characterization

nanoparticles exhibited potent, concentration-

dependent  antibacterial  activity  against

Klebsiella pneumoniae, Proteus mirabilis, and

Escherichia coli, with P. mirabilis showing the
121



MJPS, VOL.(12), NO. (12),2025

highest susceptibility. Notably, AgNPs inhibited
E. coli despite its resistance to conventional
antibiotics such as piperacillin-tazobactam and
amoxicillin-clavulanic acid. Differences in
bacterial response may relate to variations in
membrane  composition and  resistance
mechanisms. Prior studies also suggest that
AgNPs, especially when combined with
antibiotics, are effective against resistant Gram-
negative strains and biofilm-forming bacteria.
The nanoscale size and spherical shape of the
AgNPs, confirmed by FESEM and AFM, likely
enhanced their Dbactericidal activity by
increasing the surface area for microbial
interaction [34]. These findings support the
potential use of biosynthesized AgNPs in
combating resistant bacterial infections. These
findings underscore the potential of biologically
synthesized AgNPs as effective alternatives in
combating multidrug-resistant Gram-negative

pathogens.
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