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ABSTRACT

Selenium nanoparticles (Se NPs) were generated using a green synthesis method
utilizing Psidium guajava leaf extract (PGLE). By using FTIR, XRD, SEM,
EDX, and DLS, Se NPs have been characterized. According to the results of
characterization, Se NPs that have been combined with PGLE show
homogenous NP surfaces, a clean appearance, and an average size of 187 nm.

From 128 specimens collected from patients with diabetic type 1, only 29 were
identified as Staphylococcus species, out of 29 isolates, 25 were identified as S.
aureus, and 4 were other Staphylococcus species. MecA gene detection and the
cefoxitin resistance pattern were used to identify methicillin-resistant S. aureus
MRSA. Of the 25 isolates, 20 were identified as MRSA and 5 as MSSA. Twenty
pathogenic MRSA strains were shown to be susceptible to phyto-synthesized
SeNPs' antibacterial effects. In addition to demonstrating low MIC values
ranging from 50 to 800 pg/mL, the results demonstrated that Se NPs exhibited
promising antibacterial activities, with inhibition zones ranging from 12 &+ 0.41
to 21.5 £ 0.85 mm. The capacity to form a strong biofilm was seen in only four
of the twenty MRSA strains. In tests against four strains known to generate
biofilms, the Se NPs proved to be effective. Biosynthesis of Se NPs by PGLE
was successful, and these NPs showed promise as an antibacterial and
antibiofilm agent against MRSA strains.

Published by Arab Society for Fungal Conservation

Introduction

Alkhafaji 2020; Ahmed & Al-Daraghi 2022, Mokabel et al.

Methicillin-resistant Staphylococcus aureus (MRSA) has
emerged in various countries, presenting significant
challenges to treatment due to its resistance to multiple
therapeutic agents. Staphylococcus species are classified as
coagulase-positive (CoPS) and coagulase-negative (CoNS)
based on their ability to produce coagulase (Kamel et al.
2018; Lafta & Najem 2020). More than 80 species and
subspecies of Staphylococcus have been identified on
mucous membranes and the skin, often causing
opportunistic infections and posing health risks (Atiyah &

2024, Mohamed et al. 2025).

The treatment of MRSA is complicated by the
emergence of multidrug-resistant strains that possess a
staphylococcal cassette chromosome mec (SCCmec), a
genetic element encoding proteins that confer resistance to
B-lactam antibiotics. The mecA gene, carried on this
mobile genetic element, is a key determinant of methicillin
resistance (Lee et al. 2018). Initially, MRSA infections
were treated with vancomycin in the late 1980s, which
works by binding to the D-alanyl-D-alanine terminus of the
bacterial peptidoglycan, thereby inhibiting cell wall
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synthesis (Périchon & Courvalin 2009). This binding
causes a conformational change that prevents precursor
incorporation into the peptidoglycan chain, leading to cell
wall degradation and lysis (Zhu et al. 2013).

In recent years, nanotechnology has emerged as a
vibrant and multidisciplinary field (Soliman et al. 2023).
Nanomaterials, due to their diverse physicochemical
properties, have played a critical role in industrialization
and are being applied in various cutting-edge sectors
including agriculture and healthcare (Soliman et al. 2024).
Among these, metal nanoparticles show significant
potential due to their wide-ranging applications.

Nanoparticle biosynthesis involves reducing metallic
ions into elemental nanoparticles through functional
groups such as amines and alkanes found in metabolites
like terpenoids, alkaloids, steroids, and flavonoids
(Almuhayawi et al. 2024). Selenium nanoparticles (Se
NPs) have garnered attention for their strong bioactivity
and low toxicity, making selenium an essential mineral for
human health (Ndwandwe et al. 2021). Selenium acts as a
cofactor for antioxidant enzymes in humans, animals, and
microbes (Zoidis et al. 2018). Biogenic Se NPs provide a
safe and sustainable method of nanoparticle production
without the need for harsh reducing or stabilizing agents
(Kralova & Jampilek 2021).

Among various biosynthetic approaches, plant-
mediated synthesis of Se NPs is gaining popularity due to
its simplicity and ease of purification (Zambonino et al.
2021). Recent studies have successfully used different
plant-based substances for Se NP production (Mulla et al.
2020; Hashem & Salem 2022). Natural products, including
Se NPs, have been reported to possess antibacterial
properties, some even showing activity against multidrug-
resistant (MDR) bacteria (Shareef et al. 2022; Frankova et
al. 2021). Antibacterial nanoparticles, such as those made
from selenium, silver, gold, and zinc oxide, have
demonstrated promising activity against MDR pathogens
(Huang et al. 2019).

Psidium guajava (guava), a member of the Myrtaceae
family, is known for its edible fruit and medicinal
properties (Ojewole 2006). Guava leaves contain various
bioactive compounds including flavonoids, alkaloids,
glycosides, polysaccharides, steroids, and saponins (Nair &
Chanda 2007). Quercetin, the major flavonoid in guava
leaves, exhibits notable antibacterial, antioxidant, anti-
inflammatory, and antiviral activities (Abramovi¢ &
Abram 2006).

In this study, Psidium guajava leaf extract (PGLE)
was employed for the green synthesis of selenium
nanoparticles as an eco-friendly and cost-effective method.
The Se NPs were characterized using FTIR, XRD, SEM,
EDX, and DLS techniques. Their antibacterial and
antibiofilm activities were tested against 20 MRSA
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isolates, alongside the isolation and identification of these
clinical strains.

Materials and Methods

Obtaining the leaf extract

The PGLE were collected from the garden of college
Science for Women, University of Baghdad. After being
gathered, the leaves were cut and allowed to dry in the
shade for a period of four days. Following that, the extract
from the leaves that had dried was powdered into a fine
powder. Additionally, 100 mL of DH20 was mixed with
12 g of powdered leaf extract. A magnetic stirrer was
subsequently utilized to maintain the mixture in the beaker
at 60 °C for five hours. The derived extract was called P.
guajava aqueous extract (Kumar et al. 2021). Se-NPs are
synthesized using this extract.

Biosynthesis of SeNPs

After adding sodium selenite (Na2SeO3; 25 mM) to
100 mL of the guajava leaf extract that were generated, the
optimal generation of Se NPs was achieved by adjusting
the pH to 7.2, the temperature for incubation to 30 °C, and
the reaction duration to 24 hours while being stirred at 120
rpm in an incubator that was shaking. The development of
Se NPs was indicated by the hue changing to reddish
orange. Centrifugal force at 10,000 rpm for 10 minutes was
used to purify the produced Se NPs, then DW was used
multiple times to get rid of any unattached biomolecules
(Miglani & Tani-Ishii 2021).

Characterization of Se nanoparticles

Se-NPs were characterized by FT-IR spectrum
assessment, which has a wavenumber ranging from 400 to
4000 cm—1. The KBr pellet approach was tested using the
JASCO FT-IR 3600 Infra-Red spectrometer. The XRD-
6000 lists, Shimadzu equipment, SSI, Japan, were used to
evaluate the crystallization, crystallite size, and lattice of
the produced Se NPs. The magnitude of the diffracted X-
rays was calculated using the diffracted angle 26. The
surface properties and fundamental of the generated Se-
NPs (JEOL, JSM-6360LA, Tokyo, Japan) were assessed
by SEM-EDX analysis. A sputter coater vacuum-coated
gold after the generated Se-NPs were loaded onto holders.
It was possible to assess the roughness of green-fabricated
Se-NPs employing field-emitting scanning electron
microscopy (SEM, Quanta FEG250). The hydrodynamic
diameter, polydispersity index (PDI), and the predominant
Se NP distribution of particle sizes were estimated using
dynamic light scattering (DLS-PSS-NICOMP 380-
USA)(EI-Batal et al. 2020; Zaki et al. 2022; Soliman et al.
2023; Soliman et al. 2024).
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Bacterial isolation and identification

One hundred and twenty-eight samples were collected
from 15 March 2023 to the middle of June 2023 from urine
and diabetic foot infections at the Medical City
Department, National Center for Educational Laboratories,
and Al-Kindey Hospital (ID:22/2007 on 25/05/2023). The
samples were collected from different reference diabetic
patients of all ages and genders. A total of 128 samples
were collected and transported in sterilized transport
medium containers. The samples were streaked on
Mannitol salt agar (MSA) and incubated at 37°C for 24 hrs.
Out of 128, 25 samples were identified as S. aureus by
standard bacteriological methods tests that used colony
morphology & mannitol fermentation, and biochemical
tests using the VITEK2 system and 16S rRNA sequence
analysis. All isolates were cultured routinely on MSA and
Mueller-Hinton Broth (MHB) for growth culture. S. aureus
reference strain ATCC700698 was purchased from
American Type Culture Collection / US (Mohammed
2011).

Antibiotic susceptibility test

To ascertain the impact of an antibiotic medication on
S. aureus isolates and reference strains, the disc agar
diffusion test was used. Briefly, clinical isolates were
inoculated in pre-warmed MH broth, the growth was
monitored to the mid of exponential phase (ODggo 0.5) and
were streaked on MH agar plates. The following antibiotics
were used: erythromycin (E) (15 pg), clindamycin (C) (2
ng), Tetracycline (TE) (30 pg), Cefoxitin (30 pg),
trimethoprim-sulphamethoxazole (1.25/23.75 ug),
gentamycin (10 pg), rifampicin (5 pg), ciprofloxacin (5 pg)
and teicoplamin (30 pg).

Antibacterial assay of Se NPs

The antibacterial capability of generated Se NPs was
evaluated in this study versus twenty MRSA strains,
including codes (B1, B2, C4, C7, E3, A2, G8, F4, U6, S2,
X1, K5, K3, F2, A22, C45, G87, C12, S23, and P6).
Following being cultivated as a pure strain on MH broth,
every type of microorganism under inquiry was evenly
disseminated on sterilized petri dishes utilizing the agar
diffusion well methods, which involves employing a clean
cork borer to drill a 7 mm well on plates.

To evaluate the efficacy against bacteria, 100 pL of Se
NPs were added to every well. The inhibited areas were
then calculated after incubation period (Perez 1990;
Humphries et al. 2018).

A plant extract of Psidium guajava leaves was used as
a control, using sodium selenite as the first component. The
plates had been incubated to a whole day at 37°C. The
following step was to measure the diameter of the area that
developed surrounding each well when the incubation time
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ended. The broth-based microdilution technique was used
to assess the generated Se NPs antibacterial effectiveness
against the isolates. Thus, it enabled the computation of the
MIC of Ss NPs. This experiment included the sequential
dilution of selenium nanoparticles twice. Se NPs were
supplemented with 10 puL of pure isolates, which is 0.5
McFarland. The collected specimens were subsequently
kept at approximately 37°C for 24 h (Humphries et al.
2018), the MIC would be determined to ascertain using a
microplate reader (STATFAX, USA) and the smallest
amount of the specimens being tested that inhibited the test
organisms comparable to positive as well as negative
controls (Abbey & Deak 2019).

Detection of biofilm producer isolates

As previously mentioned (Kamel et al. 2018), the
tissue culture plate technique (TCP) was employed to
detect the production of biofilms. ODc is the average OD
of the negative control, while OD is the average OD of the
MRSA isolates. The findings were interpreted as follows:
non biofilm producer given that OD < ODc, mild biofilm
producer given that ODc < OD <2 ODc, moderate biofilm
producer given that 2 ODc < OD < 4 ODc, and strongly
biofilm producer when 4 ODc < OD.

Antibiofilm assay

Throughout this work, the MTP technique was used to
determine SeNPs' antibiofilm effectiveness. To attain an
0.5 McFarland, four biofilm-producing isolates were
cultivated in 1 mL of LB broth medium at 37°C overnight.
100 pL of LB broth enriched with 1% glucose has been
added to each well of a 96-well plate. After that, 0.1 mL of
SeNPs (concentrations ranging from 800 to 25 pg/mL) as
well as 0.01 mL of test broth strain solutions were added to
the wells, and they underwent incubation for 48 hours at
37°C. Each well's media then carefully removed, and to get
rid of any free-floating bacterial isolates, all wells were
washed multiple times with 0.2 mL of phosphate-buffered
saline. Test strain adhesion to the 96-well plate was
stained using 1% (wt/vol) crystal violet staining. To get rid
of extra stain, the 96-well plate was cleaned once more and
let to dry. The biofilm mass was then destained for 20
minutes using 95% methanol. Each well was then filled
with 0.25 ml of 30% glacial acetic acid to quantify the
formation of biofilms. Finally, using a Tecan EIx800
microplate analyzer, the color was assessed at about 540
nm. We compared how the treated and uninfected holes
performed (Soliman et al. 2023; Palanisamy et al. 2014).

Results
Characterization

FTIR examinations were utilized for detection several
functional groups in the biomaterials that produce SeNPs
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and cap/stabilize them. By contrasting the observed
intensity bands with reference values, the functional groups
were determined. Wave numbers at 3377, 2962, 2375,
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1580, 1402, 1332, 1112, 856, 777, and 621 cm—1 suggest
the relationship of a capping agent with SeNPs (Fig. 1).

Fig. 1. Fourier-transform infrared (FTIR) spectrum of bio-
fabricated selenium nanoparticles (Se NPs),
illustrating the functional groups involved in the
reduction and stabilization process.

The existence of alcohol and phenol is shown by the
signal at 3377 cm—1. Existence of proteins is shown by the
spectrum's peak at 1580 cm—1, which represents N-C and
C—C stretching. The N-H stretch resonating observed in
the proteins' amide bonds was identified as the source of
the spectra at 1332 cm—1. The crosslinking of SeNPs with
biomaterials produced by extracting Psidium guajava
leaves was identified as the cause of the peak in the FT-IR
portions of the synthesized SeNPs' spectra at 621 cm—1.

Figure 2 shows the XRD profile for SeNPs. XRD
studies showed that the structure of SeNPs is monoclinic.
Difraction peaks at 2=22.9° (100), 29.5° (101), 43.4° (110)
and 52.4° (201) confirmed the crystalline structure of
SeNPs. SEM pictures were used to assess the shape and
surface characteristics of Se NPs.

The SeNPs' SEM picture, shown in figure 3, shows
that their surfaces are homogenous and have a distinct look.
When mixed and stabilized with the produced Psidium
guajava leaf extract, Se NPs, which were normally
separated as a rounded particle, appear as bright NPs. The
fundamental structure as well as purity of the
biosynthesized Se NPs were determined by EDX analysis,
as shown in Fig. 4. Se NPs showed distinct selenium
element absorption peaks at 1.40 keV. The spectra's
abundance of selenium and absence of additional elemental
peaks confirm the element's purity. The size of the particles
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along with the dispersion of the SeNPs were determined
using DLS. Figure 5 shows that the SeNPs' average
hydrodynamic diameter was 187 nm.
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Fig 2. X-ray diffraction (XRD) pattern of bio-
fabricated selenium nanoparticles (SeNPs),
confirming their crystalline nature and phase
purity.
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Fig 3. Scanning electron microscopy (SEM) image of bio-
fabricated selenium nanoparticles (Se NPs), showing

their surface morphology and particle size
distribution.
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Fig 4. EDX spectrum of bio-fabricated Se-NPs confirming
elemental composition.
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Fig 5. Dynamic light scattering (DLS) analysis of bio-
fabricated Se-NPs showing particle size
distribution.

Isolation and identification of S. aureus clinical isolates

Total of 128 specimens were collected from patients
with diabetic type 1, from different hospitals in Baghdad,
Iraq, and sources. Most samples were collected from
diabetic foot and urine. Out of 128, only 29 were identified
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as Staphylococcus species, out of 29 isolates, 25 (86.2 %)
were identified as S. aureus, and 4 (13.7 %) were other
Staphylococcus species. The occurrence of S. aureus was
higher in diabetic foot than from urine, among 25 isolates,
19 (76.0 %) were from diabetic foot, and 6 (24.0%) were
from urine. Methicillin-resistant S. aureus MRSA was
identified according to mecA gene detection and cefoxitin
resistance pattern, a total of 25 isolates, 20 (80 %) were
identified as MRSA, and 5 (20 %) were MSSA. In the
diabetic foot, 14 (73.6 %) were MRSA, and 5 (26.3 %)
were MSSA, 6 (100 %) from urine were MRSA (Table 1).

Antibiotic sensitivity assay

Disc diffusion assay was performed with nine selected
antibiotics as CLSI (2022) recommended. The results
showed that among 25 clinical isolates, all MRSA 20 (100
%) were resistant to gentamycin, erythromycin, cefoxitin,
and Ciprofloxacin, whereas, 19 (95%) were resistant to
teicoplanin, 18 (90.0 %) were resistance to tetracyclin, 16
(80.0 %), were resistance to rifampicin, and 17 (85.0%)
were resistance to trimethoprim-sulphamethoxazole for
both sources (Table 2).

Table 1 Clinical characteristics and distribution of methicillin-resistant Staphylococcus aureus (MRSA) isolates among

diabetic patients.

Types of Specimens MRSA MSSA

(total n=25) (n=20) number (%) (n=5) number (%)
Diabetic foot (n=19) 14 (73.6) 5(26.3)

Urine (n=6) 6 (100) 0(0.0)

Total 20 5

Table 2 Antimicrobial resistance patterns of clinical Staphylococcus aureus isolates.

Antibiotics Urine (MRSA) Diabetic Foot (MRSA) Total
pg ml! (n=6) number (n=14) number (%) (n=20)
(%) number (%)
Gentamycin (10) 6 (100) 14 (100) 20 (100)
Erythromycin (15) 6 (100) 14 (100) 20 (100)
Teicoplanin (30) 5(83.3) 14 (100) 19 (95.0)
Cefoxitin (30) 6 (100) 14 (100) 20 (100)
Tetracyclin (30) 6 (100) 12 (85.7) 18 (90.0)
Rifampicin (5) 5(83.3) 11 (78.5) 16 (80.0)
Ciprofloxacin (5) 6 (100) 14 (100) 20 (100)
trimethoprim-sulphamethoxazole (1.25/23.75) 4 (66.6) 13 (92.8) 17 (85.0)

Antibacterial activity

Table 3 shows that the Se-NPs formed from the leaf
extract of Psidium guajava have strong antibacterial
properties in vitro. The majority of MRSA isolates showed
a marked decrease in growth when exposed to Se-NPs. The
mean [ZD of the sensitive isolates ranged from 12 + 0.41
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to 21.5 £ 0.85 mm. It's interesting to note that the Psidium
guajava leaf extract's acquired IZD for these isolates fell
between 11 + 0.5 and 13 + 0.35 mm, suggesting that our
extract had satisfactory efficacy versus the isolates that
were tested. Table 1 quantitatively demonstrated the Se-
NPs' inhibitory effects against the MRSA clinical isolates
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at varying doses using the broth-based microdilution
technique. The tested isolates' great sensitivity to the Se-
NPs was shown by the low MIC values that were observed,
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value. Furthermore, a variety of physiologically active
phytochemical compounds, such as terpenoids, flavonoids,
tannins, alkaloids, glycosides, and anthraquinones, may be

which ranged from 50 to 800 pg/mL. Furthermore, six primarily responsible for the Se-NPs' increased

isolates had MIC values of 800 pg/mL at high antibacterial capability.

concentrations, but only three isolates had the lowest MIC

Table 3. Antibacterial activity of bio-fabricated Se-NPs against MRSA isolates.

Character Antibacterial activity of Se-NPs
Isolates IZD (mm) MIC
MRSA Plant extract Sodium selenite SeNPs pug/mL

B1 0 0 14 +£0.58 600
B1 11+£0.5 0 18.5+0.36 200
C4 0 0 12 £0.41 600
C7 0 0 0 800
E3 0 0 16.5+0.74 400
A2 0 0 145+0.24 600
G8 13 £0.35 0 19.3+£0.65 100
F4 0 0 0 800
U6 0 0 18.9+0.38 100
S2 12.5+0.42 0 20.8 £0.81 50
X1 0 0 152+0.44 400
K5 0 0 0 800
K3 0 0 0 800
F2 0 0 0 800
A22 0 0 19.3+0.49 100
C45 12.1 £0.52 0 21.5+0.85 50
G87 10.3+0.45 0 19.5+0.31 50
Cl12 0 0 12.9+£0.47 600
S23 0 0 0 800
P6 0 0 14.1£ 0.22 400

Biofilm detection

Employing the microtitre plate method, the 20
bacterial isolates were examined for their capacity for
producing biofilm. All twenty bacterial isolates (100%)
were able to generate biofilm, according to the data. Four
isolates (20%) were found to be strong biofilm generates,
seven isolates (35%) to be moderate biofilm producers, and
nine isolates (45%) to be weak biofilm creators when the
amount of biofilm production of the isolated MRSA was
assessed using a tissue culture test.

226

Biofilm inhibition activity

At concentrations 800 to 25 ug/mL the Se-NPs
showed remarkable antibiofilm action against the strong
biofilm producer MRSA isolates (C4, K5, F2 and S23).
The Se-NP exhibited high significant inhibition of biofilm
from 85% to 31% at the mentioned doses for F2 isolate,
while the lowest inhibition against K5 isolate by 61% to
11% in dose dependent manner where the biofilm
inhibition proportion was reduced to 73 % and 67% at 800
pg/mL for C4 and S23 (Fig 6).
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Fig 6. Antibiofilm activity of bio-fabricated Se-NPs against strong biofilm-producing MRSA isolates.

Discussion

Because of their many advantages—such as their low cost,
practicality, and absence of hazards—biogenically
generated nanomaterials have found application in a
variety of industries, including biomedicine, electronics,
and agriculture. its many advantages, such as their
affordability, usefulness, and absence of risks (Chhipa
2019). The reducing effectiveness of P. guajava leaf
extracts was used in the current study to generate SeNPs.
This work demonstrated how Psidium guajava leaf
extracts, including proteins, enzymes, and carbohydrates,
may promote the biosynthesis of SeNPs, improving
production, decreasing aggregation, and producing smaller
dimensions of particles (Tuyen et al. 2023). When mixed
with metallic precursors, the extract filtrate changed color,
which was the first indication that nanoparticles were being
biosynthesised. In many studies, plant leaf extract was used
to generate SeNPs (Ropi et al. 2024).

FTIR was successfully examine the connections between
Se NPs with P. guajava leaf extracts. P. guajava leaf
extracts and SeNPs interacted as seen by different spectral
bands at wavenumbers 856, 777, and 621 cm—1. The
study's findings showed that various functional categories
of organic compounds found in P. guajava leaf extracts
affect the capping, stability, and reduction of Se-NPs.
These materials consist of polysaccharides, amino acids,
and enzymes (Puri et al. 2024). The amorphous
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morphology of the SeNPs produced by P. guajava leaf
extracts has been demonstrated by the X-ray diffraction
(XRD) data. The investigation's findings on the amorphous
form of Se NPs are consistent with previous research on
Pseudomonas stutzeri (Barabadi et al. 2018; Rajkumar et
al. 2020). Furthermore, the external appearance of Se NPs
appeared evident in the SEM picture, which shows
homogeneous surfaces. It is evident that Se NPs were
generally separated as rounded particles throughout the
PGLE, resulting in dazzling NPs that were mixed and
stabilized with the PGLE that were created (Sagar et al.
2024). An analytical method for analyzing the elements or
chemical definition of the manufactured specimens is the
EDX study (Amin et al. 2021). EDX analysis was used to
assess the fundamental form and integrity of the
biosynthesized Se NPs; the Se NPs had clear selenium
element absorption peaks at 1.40 keV. The element's purity
is confirmed by the spectra's abundance of selenium and
lack of other elemental peaks(Piacenza et al. 2021). The
study of dynamic light scattering (DLS) is an essential
method for figuring out the measurement as well as
distribution of NPs inside colloidal fluids. The mean size
of the SeNPs generated in this work was found to be 187
nm using DLS analysis. To evaluate the similarity or
heterogeneity of the colloidal nanoparticles, the scientists
employed the polydispersity index (PDI) statistic (Fouda et
al. 2021).
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In our research, the resistance pattern of MRSA was
variable according to the source of isolation. In general, all
MRSA isolates 100 % were completely resistant to
gentamycin, erythromycin, cefoxitin, tetracycline, and
ciprofloxacin, our results are consistent with the result of
(Yousefi et al. 2016; Anwar et al. 2020). In addition, 95.0
% of MRSA isolates showed a pattern of resistance toward
Teicoplanin, which is agreed with (Kumari et al. 2016; Kot
et al. 2020). According to microbiological measurements
of the inhibition zone widths, the application of SeNPs bio
fabricated from P. guajava leaf extracts clearly had an
inhibitory impact. With inhibition zones ranging from 12 +
0.41 to 21.5 = 0.85 mm, the SeNPs showed antibacterial
actions against MRSA isolates. These findings suggest that
one potential mechanism underlying the antibacterial
action of Se NPs is the generation of reactive oxygen
species (ROS) (Yang et al. 2019; Madkour 2020).
interruption of cell survival mechanisms as well as passage
of nanoparticles into cells. ROS generated by
nanomaterials are essential for apoptosis and cellular
damage. ROS generation encourages oxidative DNA
damage, which results in cell wall breakdown and cellular
content release (Nguyen et al. 2017), According to reports,
Se NPs have antibacterial properties versus E. coli
O157:H7, and Staphylococcus aureus. Se NPs work by
altering osmotic equilibrium or breaking down specific
vital biochemical connections in the membrane to inhibit
bacterial growth and avoid the development of biofilms
(Xu et al. 2020). The antibacterial action mechanism was
determined by the dispersion of NPs among the
microorganisms and their non acidic propensity (Ghobashy
etal. 2022).

The ability of the MRSA to form biofilm was
confirmed by the use of microtiter plate evaluations. When
compared to the planktonic state, the formation of biofilms
by the culture is clearly evident. Metabolic resistance in
methicillin-resistant Staphylococcus aureus (MRSA) is
mostly shown by the formation of biofilms (Garrett et al.
2008; Selvaraj et al. 2019). The biofilm matrix prevents the
antimicrobial agent from diffusing. The change in the
biological processes of the bacteria within the biofilm
provides resistance to the medications in along with
diffusion (Craft et al. 2019). The SeNPs demonstrated their
capacity to prevent the MRSA from forming biofilms. In
previous study documented that using SeNPs in
conjunction with antibacterial chemicals disrupts the
biofilms of drug-resistant S. aureus and lowers the
antibiotics' MICs (Cihalova et al. 2015; Zonaro et al. 2015).
Following treatments with silver nanoparticles,
intracellular contents were seen to be released from S.
aureus and P. aeruginosa, respectively. They also
suggested that the nanomaterial disrupted biofilms by
deregulating cell-to-cell adhesion. According to a different
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research, biofilms were inhibited by inhibitory quantities
of silver nanoparticles because they significantly reduced
Klebsiella pneumoniae's synthesis of EPS (Goswami et al.
2015; Mapara et al. 2015). It was showed that Proteus
mirabilis, P. aeruginosa, and S. aureus biofilms were
suppressed by SeNPs (Siddique et al. 2020; Shakibaie et al.
2015).

Conclusion

Psidium guajava leaf extract (PGLE) facilitated the
biosynthesis of monometallic selenium nanoparticles (Se
NPs), which were subsequently characterized using FTIR,
XRD, SEM, EDX, and DLS techniques. Bioactive
phytochemicals from plant extracts function as capping
agents, inhibiting the aggregation of nanoparticles and
altering their biological activity. At 187 nanometers. Our
findings indicate that Se NPs exhibit antibacterial efficacy
against clinical MRSA isolates at a concentration of 800
ug/mL. Results indicate that Se NPs exhibited significant
anti-biofilm activity against four isolates known for their
robust biofilm production. SeNPs may provide advantages
for various pharmacological applications.
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