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Introduction

Abstract

Introduction: This study examines the antibacterial capabilities of Moringa oleifera green-synthesized
silver nanoparticles (AgNPs-MO), in combination with UV light and a blue laser set at 405 nm,
against Staphylococcus aureus and Escherichia coli. Higher concentrations of AgNPs-MO enhanced
the antimicrobial activity when exposed to both light treatments. The findings suggest that Moringa
oleifera-derived photosensitizers improve the efficacy of photodynamic antimicrobial therapy, offering
an eco-friendly approach for enhanced infection control.

Methods: The experimental design comprised four groups: three bacterial groups (A1/A2 and A3/A4)
exposed to laser irradiation at varying concentrations and durations of silver nanoparticles, and a
control group (T0) that was not exposed to laser irradiation. A photosensitizer produced from Moringa
oleifera was also administered to bacteria in groups A2 and A4, and different laser exposure durations
were then applied. After incubation, bacterial colonies were measured with a Quebec colony counter.
Results: Statistical analysis using a two-way ANOVA factorial test and post-hoc Tukey test revealed
significant reductions in bacterial viability. E. coli exhibited viability reductions of 70.90%, 76.44%,
and 79.87% with mmol L-1, mmol L-1.5, and mmol L-2 AgNPs-MO after 180 seconds of laser
exposure, respectively. Similarly, S. aureus showed viability reductions of 97.48%, 95.94%, and
94.72% under the same conditions.

Conclusion: At an energy density of 3.44 J/cm? our approach demonstrated notable efficacy,
achieving a 79.87%+1.92% inactivation of E. coli and a 97.48%+0.78% inactivation of S. aureus.
This study suggests promising applications for the combined use of a blue laser, UV radiation, silver
nanoparticles, and Moringa oleifera extract in combating infectious bacteria.
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Nanotechnology offers a promising approach, allowing

Antibiotic-resistant bacterial infections are a growing
public health concern, particularly in Indonesia, where
Staphylococcus aureus (S. aureus) and Escherichia coli (E.
coli) contribute significantly to morbidity and mortality.'
For example, the mortality rate from diarrhea reached
3.04% in 2016.>* While new antibiotics continue to
be developed, their production is expensive and often
environmentally harmful, motivating the search for cost-
effective, eco-friendly alternatives.*

the manipulation of materials at the nanoscale (1-100 nm)
to inhibit or kill bacteria without harming healthy tissues.>®
Silver nanoparticles (AgNPs) are especially attractive due
to their unique physicochemical properties, high surface
area, and ability to bind biomolecules.” Other noble
metal nanoparticles, such as gold (AuNPs), palladium
(PANPs), and platinum (PtNPs), also exhibit antimicrobial
properties, but AgNPs are widely used because of their
effectiveness and biocompatibility.**
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Nanoparticles can be synthesized via top-down
methods, such as milling and laser ablation, or bottom-
up approaches, including chemical reduction, sol-gel
processes, and green synthesis.'>'" Green synthesis using
plant extracts is particularly advantageous, offering an
environmentally friendly, cost-effective method where
plant phytochemicals serve as reducing and stabilizing
agents.”” AgNPs produced this way often show enhanced
antibacterial activity due to bioactive compounds such as
flavonoids, terpenoids, and tannins.'*'*!*

Moringa oleifera leaf extract has been demonstrated
as an effective reducing agent for AgNP synthesis.'® Its
phytochemicals not only stabilize nanoparticles but also
contribute antibacterial, anticancer, and hypotensive
properties.”” '® The antibacterial activity of AgNPs
depends on multiple factors, including particle size,
shape, concentration, bacterial species, and interaction
duration.”* Silver nitrate (AgNO;), commonly used
as a precursor, also influences nanoparticle size and
efficacy.”

Photodynamic Inactivation (PDI) combines a light
source with a photosensitizer to produce reactive oxygen
species (ROS), which damage bacterial cells without
harming healthy tissues.”*® Blue light (400-500 nm),
particularly at 405-450 nm, is effective for activating
photosensitizers like AgNPs, enhancing their antibacterial
activity.** Previous studies have demonstrated that AgNPs
activated by a 450 nm diode laser can significantly reduce
microbial survival, suggesting potential effectiveness
against S. aureus and E. coli.”

The aim of this study is to investigate the antibacterial
properties of green-synthesized AgNPs from Moringa
oleifera leaves when activated by blue laser irradiation.
The study evaluates the synergistic effects of AgNPs and
blue light for photodynamic antibacterial therapy, with a
focus on their efficacy against S. aureus and E. coli.

Materials and Methods

Preparation and Synthesis of Moringa Oleifera Silver
Nanoparticles

The study explored the use of Moringa leaves as natural
materials to produce silver nanoparticles (AgNPs-MO).
The process involved drying and crushing the leaves
dissolved in ethanol and water, heating the solution,
centrifuging, and adding more ethanol-water solvent. The
leaves were well-washed, arranged in a single layer, rotated,
and ground into a fine powder. An environmentally
friendly synthesis method was used, with Moringa leaf
extract as the reducing and stabilizing agent. The effects
of three different amounts of silver nanoparticles on the
synthesis process and nanoparticle characteristics were
evaluated. The phytochemicals in the extract reduced
silver ions to nanoparticles and prevented aggregation,
ensuring stable production. The study also treated bacteria
with laser irradiation with AgNPs-MO photosensitizer,

ensuring proper comparison. Experimental controls were
incorporated to ensure proper comparison.

Characterization of AGQNPs-MO

Several characterization techniques were employed to
confirm the formation and properties of the synthesized
nanoparticles. UV-Vis spectrophotometry was used
to identify the surface plasmon resonance (SPR) peak,
confirming AgNP formation. Particle Size Analyzer (PSA)
determined particle size distribution, revealing average
diameters of 7.26 nm, 54.01 nm, and 100.74 nm at different
concentrations. The study also treated bacteria with laser
irradiation using AgNPs-MO as the photosensitizer,
ensuring proper comparison. Experimental controls were
incorporated to ensure reliable results.

Study Design

To evaluate the effects of several parameters (such as
laser irradiation, UV radiation, silver nanoparticle
concentration, and photosensitizer treatment) on
bacterial photoinactivation, the present researchers used
a factorial experimental design with numerous treatment
groups. Each treatment group measured the bacterial
colony under certain settings, including laser exposure
and nanoparticle concentration.

S. aureus and E. coli vitality were observed under
various treatment circumstances, including changes
in the concentration of AgNPs-MO and the length of
laser irradiation. The study used statistical analysis to
ascertain statistically significant variations among the
treatment groups.

Culture of Bacteria

Tryptone Soy Broth (TSB) was used to cultivate the
microorganisms E. coli and S. aureus. The colonies were
then cultured for 24 hours at 37°C until they achieved a
McFarland standard of 1.0.%°

Laser Source

Using an OMMOL L-6810B-220V power meter, the blue
laser employed in the investigation had a wavelength of
405 nm, a spot beam area of 0.13 cm2, and a power output
of 2.49 mW. The laser irradiation for 90, 120, 150, and 180
seconds was applied. Using UV-Vis spectrophotometry
with a Jasco CT-10 monochromator, we measured the
absorption spectra of the generated silver nanoparticles
in order to confirm their characteristic absorption peaks.
Using Dynamic Light Scattering (DLS), particle size
analysis revealed that AgNPs had diameters of 7.26 nm,
54.01 nm, and 100.74 nm at different concentrations.?

Energy Density (J .cm-z) = Intensity (W.cm'2 ) x Irradiation Time (s)

Anti-bacterial Activity Test
The disc diffusion method was modified to include UV
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irradiation and nanoparticle application to study the
antibacterial activity of a material. A 50 pL bacterial
culture was distributed on Tryptic Soy Agar, and a
paper disc was subjected to UV irradiation to enhance
the antibacterial action of 10 pL of Moringa leaf extract
with nanoparticles. The disc was then incubated for
a day under controlled conditions. The efficacy of
AgNPs-MO in combination with a 450 nm laser and
UV light was evaluated by examining inhibitory zones
surrounding the disc. This improved approach allows for
a comprehensive assessment of their combined potential
as antimicrobial agents.
Reactive Oxygen Species (ROS) Formation and
Quantification

To evaluate the underlying mechanism of antibacterial
photodynamic therapy (aPDT), the generation of
reactive oxygen species (ROS) during laser irradiation
was measured. ROS production was assessed using
2',7'-dichlorofluorescein diacetate (DCFH-DA) as a
fluorescent probe. Briefly, AgNPs-MO suspensions were
incubated with DCFH-DA and then exposed to 405 nm
blue laser light for 90, 120, 150, and 180 seconds.

After irradiation, fluorescence of oxidized DCF was
quantified using a microplate reader (Ex/Em =485/530
nm). The results were compared between the treated
and control groups (no laser and no nanoparticles). An
increase in fluorescence intensity indicated higher ROS
formation. This quantification confirmed that blue laser-
activated AgNPs-MO produced substantial ROS, which
play a central role in bacterial membrane damage and
inactivation during aPDT.

PDI Treatment

Four groups were created from the samples: the control
group (T0), E. coli samples (Al and A2), and S. aureus
samples (A3 and A4). Bacteria in groups A2 and A4
were treated with AgNPs-MO and exposed to blue
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laser radiation for 90, 120, 150, and 180 seconds. After
treatment, the samples were cultured for a day at 37°C
and cultivated on Tryptic Soy Agar (TSA). The number of
bacterial colonies was determined using the Quebec colony
counter. Group labels were defined to match observation
tables and graphs, ensuring consistent incorporation of
the research design with observations.

Statistical Analysis

The study utilized IBM SPSS's two-way ANOVA factorial
test to analyze the effects of bacterial strain and radiation
treatment on bacterial inactivation. It identified the
main effects of each element and their interactions
across bacterial strains. Tukey's post hoc test was used
to examine differences between treatment groups, with
statistical significance set at P<0.05. The findings will
help determine the most effective radiation therapy for
photoinactivating S. aureus and E. coli microorganisms.

Results

Clinical Assessment

Figure la shows the findings of the characterization of the
AgNPs-MO absorption spectrum. The UV-Vis absorption
spectra were measured in the wavelength range of 325
nm to 525 nm. Notably, Moringa leaf extract exhibits
an absorption spectrum spanning approximately 200
nm to 691 nm, which aligns with the use of a blue laser
in this study.

Determining the particle size distribution is the goal
of the particle size analyser. Infrared scattering is used
in PSA's Dynamic Light Scattering (DLS) technique.
Spectroscopy photon correlation is another name for DLS.
The diameter of the circle of particles that diffuse at the
same speed at the time of measurement is used by DLS to
determine particle size. The AgNPs-MO mmol L, L',
and L? particle size values on day 1 at D90 are 7.26 nm,
100.74 nm, and 54.01 nm, respectively, based on the PSA
test. According to this finding, because of their size range
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Figure 1. (a) UV-Vis absorbance spectrum of AgNPs-MO at concentrations of mmol L', mmol L%, and mmol L. (b) PSA AgNPs-MO test result at mmol L', mmol L3,

and mmol L? concentrations
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of 1-100 nm, AgNPs-MO mmol L, mmol L', and mmol
L? are categorized as nanoparticles. The PSA test results
for silver nanoparticles made using AgNPs-MO at three
different concentrations are shown in Figure 1b: (a) mmol
L7, (b) mmol L% and (c) mmol L2

In this case, silver nanoparticles act as a photosensitizing
agent for bacterial inactivation via photodynamic
inactivation. The main characteristics of AgNPs-MO as a
photosensitizer are the absorption spectrum and particle
size, measured by UV-visible spectroscopy and a particle
size analyzer. The AgNP absorption spectrum is used
to select the wavelength of the laser light source so that
appropriate laser energy absorption occurs. Meanwhile,
measuring the particle size of AGNP-MO helps determine
the surface area available for laser energy absorption,
which influences its effectiveness as a photosensitizer in
microbial inactivation. Figure 1b shows the PSA AgNPs-
MO test result at mmol L', mmol L'?, and mmol L?
concentrations.

The study explored the effectiveness of UV radiation
in bacterial inactivation. Researchers used a 30-minute
UV radiation exposure with an intensity of 5 mW/cm?,
focusing on samples exposed to 254 nm for 15 minutes
before laser and AgNP-MO treatments. The antibacterial
test determined the diameter of inhibition zones against
S. aureus and E. coli using the disc diffusion method.
AgNPs-MO produced distinct inhibition zones against E.
coli at concentrations of mmol L, mmol L'*, and mmol
L2, and showed similar inhibitory effects against S. aureus.
Higher dosages of AgNPs-MO may cause nanoparticles
to aggregate, decreasing their effective surface area
and bioavailability, which might explain the reduction
in the inhibitory zone for E. coli. Figures S1 shows the
Antibacterial test results of AgNPs-MO using the disc
diffusion method against E. coli and Figure S2 shows the
antimicrobial test result against S. aureus.

There are noticeable variations in the antibacterial
activity of AgNPs-MO between S. aureus and E. coli, with
the former showing greater inhibition zones and the latter
having smaller inhibition zones. AgNPs-MO considerably
suppresses S. aureus more than E. coli. According to
Table S1, the inhibitory zone for S. aureus grows when
AgNPs-MO concentrations rise, but it falls for E. coli,
indicating that E. coli is less impacted. Table S2 shows
particle size of AgNPs-MO at different concentrations.

Adding AgNPs-MO to the two bacterial samples
demonstrated the antibacterial properties of the synthesis
(Figure S3). The bacterial growth results were calculated
by counting the number of bacterial colonies that
formed in each well or cup containing AgNPs-MO. The
thicker peptidoglycan layer in S. aureus’s cell wall, which
facilitates more efficient interaction with AgNPs-MO
and increases antibacterial activity, is what caused the
increased inhibition of the germs at higher doses.°

The study involved two treatment groups of E. coli: one

exposed to laser irradiation alone and the other exposed to
laser irradiation in combination with 50% AgNPs-MO at
each concentration. The observational data were analyzed
using IBM SPSS's two-way ANOVA factorial test to ensure
they met standards for interval-scale measurements,
homogeneity of variances, and normal distribution. The
study found that laser treatment with mmol L AgNPs-
MO for 180 seconds resulted in the highest percentage of
E. coli bacterial deaths at 79.86%. The therapy produced
distinct energy density for each treatment, and the number
of bacterial colonies decreased compared to the control
group. The E. coli bacterial death percentage varied with
the concentration of S. aureus bacteria, with the highest
percentages at 90, 120, 150, and 180-second intervals. The
study suggests that laser treatment with mmol L AgNPs-
MO can potentially improve bacterial outcomes. The
findings showed that these time intervals had considerably
different outcomes. The treatment results of the three
groups are shown in Figure 2A, which also shows the
correlation between bacterial survivability concerning the
colony count and the length of the radiation. Figure 2B
compares the proportion of bacterial mortality in each of
the three treatment groups. Table 1 presents the findings
derived from the statistical test results.

Figure 2 shows the decreased viability of E. coli
treated with AgNPs-MO at different concentrations: (a)
mmol L™, (b) mmol L%, and (c) mmol L2 The figure
illustrates the gradual reduction in bacterial viability as
the concentration of AgNPs-MO increases. This figure
demonstrates the effectiveness of AgNPs-MO in reducing
bacterial viability, with higher concentrations showing
more significant reductions in bacterial counts.

Table 1 presents the mean bacterial death (%) of E. coli
under varying concentrations of AgNPs-MO (mmol L,
mmol L'?, and mmol L?), different laser exposure times
(90, 120, 150, and 180 s), and their interactions. Each
treatment group consisted of N replicates. The highest
bacterial death (79.87%) was observed with 180-second
laser exposure combined with mmol L? AgNPs-MO.
Results show that both higher concentrations of AgNPs-
MO and longer laser exposure times significantly
increased bacterial inactivation (P<0.05).

Figure 3 was prepared by treating S. aureus bacteria
with three concentrations of AgNPs-MO (mmol L7,
mmol L%, and mmol L?) and exposing them to blue
laser irradiation for four time intervals (90, 120, 150,
and 180 seconds). The study found that laser treatment
with mmol L-1 AgNPs-MO for 180 seconds resulted in
the highest percentage of S. aureus bacterial mortality
(97.48%). The energy densities were adjusted for each
treatment, and compared to the control group, there were
fewer bacterial colonies. AgNPs-MO was added to each
change in S. aureus bacteria concentration throughout
the manufacturing process, resulting in bacterial death
percentages of 94.24%, 94.89%, 96.10%, and 97.48%,
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Table 1. Results of statistical analysis on E. coli bacteria

Bacterial Death (%)

Treatment Group N Conclusion
Mean SD
11 20 57.80 5.26
Concentration AgNPs-MO (mmol L) 1.5 (2)2 20 58.03 3.91
2 (3P 20 59.82 3.67
Total 60
90 (A)? 15 14.04 3.64
120 (B 15 18.56 7.04
Time (s)
150 (C)° 15 24.41 4.20
180 (D)° 15 27.45 6.28
Total 60
TA®@ 5 60.60 3.1
180 5 64.35 3.04 P=0.00
1C o 5 67.86 4.77 (There are different meanings)
1D 0 5 70.90 4.09
2A @b 5 61.54 2.88
2B € 5 66.45 2.54
Interaction
2C @e 5 68.25 2.70
2D ©@e 5 76.44 4,61
3A @D 5 62.32 3,64
3B ©@e 5 69.18 4,63
3CH 5 73.86 2.91
3D 5 79.87 4.92
Total 60

* Description: N =number of samples. SD =standard deviation. The same superscript indicates a non-significant difference from the Tukey Post hoc test results.
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Figure 2. (A) Decreased viability of £. coli treated with AgNPs-MO at concentrations of mmol L (a), mmol L (b), and mmol L (c) without UV irradiation. (B) Percentage
reduction of E. coli after treatment with AgNPs-MO at concentrations of mmol L' (a), mmol L' (b), and mmol L* (c). The data show that increasing the AgNPs-MO

concentration resulted in a progressive reduction in bacterial viability
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Table 2. Results of statistical analysis on S. aureus bacteria

Bacterial Death (%)

Treatment Group N Conclusion
Mean SD
1(1) 20 88.32 1.92
Concentration AgNPs-MO (mmol L) 1.5 (2)2 20 87.34 1.92
2 (3 20 85.23 2.40
Total 60
90 (A)? 15 14.67 2.07
120 (B)*» 15 19.22 3.70
Time (s)
150 (C)° 15 25.38 2,23
180 (D) 15 29.19 2.96
Total 60
1A ©deh 5 94.24 2.03
1B e 5 94.89 1.85 P=0.00
1C 0 5 96.97 135 (There are different meanings)
D" 5 97.48 1.72
2A @b 5 91.07 2.73
2B ®) 5 92.78 1.92
Interaction
2C (@de 5 93.91 1.58
2D M 5 95.94 2.23
3A@ 5 90.10 2.60
3B @b 5 91.80 2.58
3C bed 5 92,94 1.94
3D ded 5 94.72 2.54
Total 60

* Description: N =number of samples. SD =standard deviation. The same superscript indicates a non-significant difference from the Tukey Post hoc test results.
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MO and longer laser exposure times enhanced bacterial inactivation
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respectively. The results demonstrated that the 90, 120,
150, and 180-second time intervals had significantly
different results. Table 2 displays the conclusions derived
from the statistical test results. Figure 3A illustrates the
decrease in viability of S. aureus following treatment with
AgNPs-MO at concentrations of mmol L™, mmol L™,
and mmol L™ A concentration-dependent reduction in
bacterial viability was observed. Figure 3B presents the
corresponding percentage reduction of S. aureus under
the same AgNPs-MO concentrations, demonstrating
increased antibacterial effectiveness with increasing
concentration.

Table 2 shows the mean bacterial death (%) of S. aureus
under varying concentrations of AgNPs-MO (mmol L™,
mmol L''?, and mmol L?), different laser exposure times
(90, 120, 150, and 180 s), and their interactions. Each
treatment group consisted of N replicates. The highest
bacterial death (97.48%) occurred with 180-second laser
exposure combined with mmol L' AgNPs-MO. Statistical
analysis (P<0.05) confirms significant differences in
bacterial mortality across the different treatments,
demonstrating that increasing AgNPs-MO concentration
and laser exposure time enhances bacterial inactivation.

Discussion

Microwave irradiation is a more efficient method for
producing silver nanoparticles (AgNPs), which have
improved antibacterial capabilities.”® Photodynamic
inactivation (PDI) targets and destroys bacterial cells

while preserving Mammalian cells by producing reactive
oxygen species (ROS). Blue diode lasers operating at
a 405-nm wavelength enable accurate and productive
photodynamic imaging (PDI) by providing steady output
power and efficient creation of ROS.”” The effectiveness
of photodynamic treatment increases when nanoparticles
and photosensitizers are combined, as this increases
bacterial cell death by enhancing stability, cellular
absorption, and ROS generation.”

The study investigates the use of microwave heating
to create silver nanoparticles (AgNPs) containing
Moringa oleifera extract, which improves photodynamic
inactivation and reduces bacteria like S. aureus and E.
coli. When combined with blue laser and UV irradiation,
AgNPs-Moringa offers an eco-friendly alternative to
antibiotics. Microwave heating is considered more effective
than conventional heating due to its ability to produce
uniformly sized nanoparticles with stronger antibacterial
activity. The photoinactivation process occurs when the
AgNPs-MO photosensitizer interacts with laser light.”

The photophysical mechanism that occurs when the
AgNPs-MO photosensitizer interacts with the laser light
source is what causes the photoinactivation process, as
shown in Figure 4.

The photosensitizer's electron-level zone is where
porphyrin molecules absorb photons, creating an excited
singlet state. Intersystem crossover refers to the triplet
excitation state resulting from electron spin interacting
with excited singlet state electrons before exiting the

AgNO3-+Moringa extract AghPs-M0 I:oncerlltrﬁtinn AgNPs-M0:
C_ ) . m
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Figure 4. Bacterial inactivation mechanism
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molecule, triggering a photochemical reaction.*

The photochemical process involves two types of
pathways: type I and type II. Type I pathways allow
excited sensitizers and biological molecules to exchange
electrons, producing reactive oxygen species (ROS)
and other radical ions.”® These reactive oxygen species
contribute to microbial cell damage and death, such as
lipid peroxidation, which weakens the structural integrity
of the bacterial cell wall*?. In vitro studies are cost-effective
and efficient methods for investigating phytocompounds
of Moringa oleifera for treating MRSA %3

In this study, E. coli bacteria were used as gram-negative
and S. aureus as gram-positive. Time variations of 90,
120, 150, and 180 seconds were applied in the irradiation
process.** Although the data analysis revealed a decrease
in bacterial colonies and a rise in the percentage of bacterial
death, no discernible change was found, especially at L1
and up to 150 seconds of irradiation. More reactive oxygen
is produced during longer irradiation times, which raises
the rate of bacterial mortality.*”

The results of studies on bacterial photoinactivation in
S. aureus and E. coli bacteria revealed that photodynamic
inactivation with a laser at 405 nm is more effective for S.
aureus bacteria. Under dark conditions, laser irradiation of
bacteria was performed for varying durations, specifically
90, 120, 150, and 180 seconds.***! According to the
findings of the irradiation studies, the maximum bacterial
mortality rate was attained at a dosage of 3.44 J/cm? and
an irradiation duration of 180 seconds.*

Antibiotic-resistant microorganisms have made
infectious illnesses a serious health problem in Indonesia®.
This work explores a novel approach to counter these
bacteria by combining silver nanoparticles from Moringa
oleifera (AgNPs-MO) with a blue laser with a wavelength
of 405 nm.* The results demonstrated considerable
declines in the viability of the bacteria, with S. aureus
and E. coli showing declines of up to 97.48% and 79.87%,
respectively, under certain circumstances.®

The chlorophyll-porphyrin complex is a light-
harvesting vehicle when moringa-derived chlorophyll
(MO extract) is combined with silver nanoparticles
(AgNPs).** When combined, these porphyrin molecules
improve the bactericidal effects of UV light, AgNPs, and
405 nm blue laser more than when employed alone.*”*5*
The antibacterial activities of silver nanoparticles derived
from Moringa oleifera (MO) extract increase, and the MO
extract's dual purpose dramatically improves the stability
and performance of the nanoparticles.”**!

In this study, the focus was primarily on confirming
the antibacterial efficacy and ROS-mediated mechanism
of blue laser-activated AgNPs synthesized using Moringa
oleifera extract. Therefore, ROS quantification and
colony reduction assays were prioritized to demonstrate
the effectiveness of the treatment. Due to limited access
to specialized flow cytometry equipment during the

experimental period, this analysis could not be conducted.
Nevertheless, future work will include flow cytometry
or confocal microscopy to provide deeper insight into
bacterial membrane integrity and cell death pathways
following aPDT exposure.

The study reveals that AgNPs-MO, when combined
with blue laser treatment, has the highest antibacterial
activity. However, issues like opposition and uniformity
need to be resolved before widespread use. The research
aims to synthesize silver nanoparticles as photosensitizers
for photodynamic therapy, which reduces pathogenic
microbes by combining light with a photosensitizer agent
to produce reactive oxygen species that damage bacterial
cells. This green synthesis of nanoparticles has practical
implications for medical applications.

Conclusion

Silver nanoparticles synthesized using Moringa oleifera
extract (AgNPs-MO) inactivated bacteria -effectively
under blue laser (405 nm) irradiation. AgNPs-MO at 2
mmol-L™" increased E. coli bacterial death by 59.82%,
while 1 mmol-L! AgNPs-MO reduced S. aureus by
88.32%, showing higher efficacy against gram-positive
bacteria. The combination of AgNPs-MO and laser
treatment enhanced bacterial mortality through reactive
oxygen species generation. Maximum bacterial death
was achieved at an energy dose of 3.44 J-cm™. These
findings indicate the potential of AgNPs-MO as a green
photosensitizer for photodynamic antimicrobial therapy,
though further studies are needed to assess long-term
safety and environmental effects.
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