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Abstract

Introduction: Living organisms, particularly humans, frequently encounter microorganisms
like bacteria, fungi, and viruses in their surroundings. Silver nanoparticles are widely used in
biomedical devices due to their antibacterial, antifungal, and antiviral properties. The study
evaluates the efficacy of blue laser and silver nanoparticles from grape seed extract (AgNPs-GSE)
in reducing gram-negative Escherichia coli and gram-positive Staphylococcus aureus bacteria
causing infections.

Methods: The sample consisted of four groups: a control without laser irradiation (T0), E. coli
samples (AT and A2) irradiated with a 405 nm diode laser at different times and concentrations
of silver nanoparticles, and S. aureus samples (A3 and A4) irradiated with a 405 nm diode
laser at different times and concentrations. Bacteria in groups A2 and A4 were treated with
a photosensitizer (PS) made from grape seed extracts, incubated for 10 minutes, and then
irradiated for 90, 120, 150, and 180 seconds. The samples were cultured on Tryptic Soy Agar
(TSA) media, incubated at 37 °C, counted by using a Quebec colony counter, and analyzed
using ANOVA and Tukey tests with a significance level of P<0.05.

Results: The study found that 10 pl of AgNPs-GSE, when combined with exposure to a blue
laser at 405 nm and a dose of 3.44 J/cm?, can effectively photoinactivate E. coli and S. aureus
bacteria. The addition of AgNPs-GSE to E. coli bacteria led to a significant reduction in their
viability, with a reduction of 73.93%, 80.96%, and 83.80%, respectively. Similarly, when S.
aureus bacteria were irradiated for 180 seconds by adding T mM, 1.5 mM, and 2 mM AgNPs-
GSE, bacterial viability was reduced by 70.87%, 78.04%, and 87.01%, respectively.
Conclusion: The findings from the present study indicate that at an energy density of 3.44 J/cm?,
it was possible to inactivate E. coli by 83.80% and S. aureus by 87.01%.
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Introduction

Nanotechnology encompasses a broad domain that spans
biology, chemistry, physics, and engineering. The term
“nano” originates from the Greek word meaning “dwarf,”
and it refers to particles with dimensions ranging from
1 to 100 nm." A nano unit, equivalent to one billionth of
a meter, is a key component of nanotechnology, which
involves the creation of nanoparticles with diverse sizes,
shapes, and structures. These nanoparticles have unique
physical properties due to their minimal dimensions and
large surface area.

These unique characteristics encompass attributes
such as electricity, magnetism, and optics.> The bio-
manufacturing of nanoparticles is a particularly dynamic
field within nanoscience and technology.® Various
chemical and physical methods produce nanoparticles,
including metals like silver. However, these processes are
costly and have adverse environmental impacts.*

Silvernanoparticles (AgNPs) havegarneredconsiderable
interest due to their unique characteristics, which include
significant reduction capabilities, photoelectrochemical
reactivity, favorable electrical conductivity, and
antibacterial properties. In addition to applications in
agriculture, biosensors, and textiles, AgNPs have been
expanded to include water disinfection.® Ultrasonic
radiation,” laser ablation,® evaporative cooling,” chemical
vapor deposition,”” explosion-induced  synthesis,"
impregnation,'? co-precipitation,” sol-gel,'"* deposition-
precipitation,’”® microwave,'® and microorganisms'’
are only a few of the processes used to create AgNPs.
However, it has become necessary to synthesize them in
more cost-effective and environmentally benign ways.

One highly favored ecologically conscious method
involves creating AgNPs by applying plant extracts
as both reductive and stabilizing agents. Numerous
plant varieties, such as Jatropha curcas, Capsicum
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annuum, Argemone mexicana, Ocimum sanctum, Ficus
benghalensis, and Hibiscus rosa-sinensis, have proven
effective in transforming silver ions (Ag*) into metallic
silver (Ag’) nanoparticles.”® Recent studies highlight
the potential of AgNPs, cost-effective agricultural waste
materials, for anti-cancer, antioxidant, and biofilm
properties, used in water treatment, textiles, food
preservation, and medical applications."

AgNPs, when attached to a photocatalyst surface, exhibit
antimicrobial properties through DNA modifications,
enzyme deactivation, and cellular disruption.® AgNPs
were observed to engage in a reaction similar to Fenton
chemistry, facilitating the degradation of 17-Ethinyl
estradiol and bisphenol A in water.?! As an illustration,
grape skin, stalk, and seed residues from grape processing
were used to produce silver and gold nanoparticles.”
These silver nanoparticles exhibited superior antibacterial
efficacy compared to eight strains of both Gram-negative
and Gram-positive bacteria.

Grape seed extract, rich in secondary metabolites and
polyphenolic compounds, exhibitsantibacterial properties
against both gram-negative and gram-positive bacteria.”
Grape seeds, rich in vitamins C and E, flavonoids, and
other beneficial elements, are used in skincare products
and professional treatments. In contrast, grape seed extract
and flesh contain proanthocyanins and resveratrol.* The
size of AgNPs significantly influences their properties,
but the influence of reaction conditions like temperature
on environmentally friendly synthesis using grape seed
extract needs to be thoroughly explored.®

Furthermore, their catalytic capability in disintegrating
hazardousorganic dyes under aqueous conditions has only
been sporadically documented.” The study investigates
the creation of AgNPs using grape seed extract at various
reaction temperatures and its antibacterial efficacy against
E. coliand S. aureus bacteria, using UV-Vis assay and disc
diffusion methods over a 24-hour incubation period.

Additionally, a supplementary facet of this research
entails applying antimicrobial photodynamic therapy
(aPDT) using a blue laser. This aspect aims to observe
the impact of exposing the sample to the blue laser for a
specific duration. The rationale behind selecting the blue
laser for photoinactivation stems from the absorption
spectrum of silver nanoparticles, which spans between
400 nm and 500 nm, and Grape Seed Extract’s absorption
spectrum, which covers a range of approximately 200
nm to 800 nm. This correspondence renders blue lasers
particularly suitable for this experimental context.

Materials and Methods

Characterization of UV-Vis Spectrophotometer

The UV-Vis spectrophotometer was used to evaluate the
absorption behavior of silver nanoparticles (AgNPs-GSE)
in the visible light range of 325 nm to 600 nm, specifically
in the presence of E. coli and S. aureus, revealing a specific

wavelength absorption capacity and characterization
process.

The Laboratory of Biophysics and Medical
Physics at Airlangga University conducted UV-Vis
spectrophotometer ~characterization for measuring
absorbance using a Shimadzu 1800 Spectrophotometer.
The process captured wavelengths from 300 to 1000 nm,
resulting in absorbance values.

Nanoparticle Stability
A stability test on silver nanoparticles evaluated their size
and distribution after synthesis. The test involves placing
the nanoparticles in a glass container, sealing it, and
storing it at room temperature. Physical color changes
and UV-Vis spectrophotometry analysis were used to
assess stability after 24 hours and one week.
Spectrophotometry is a valuable method for tracking
nanoparticle stability, but it has limitations. UV-Vis
spectrophotometry can determine the average size and
distribution of silver nanoparticles, and it can indirectly
evaluate color changes in nanoparticles.

Antibacterial Activity Test

The test examines the antibacterial properties of AgNPs-
GSE using disc diffusion as a standard method. This
method, typically performed aerobically, is suitable for
assessing antibacterial activity, as common bacteria like
E. coli and S. aureus thrive in oxygen-rich conditions,
making it suitable for testing antibacterial effectiveness.

The first step involved culturing bacteria in sterile
Tryptone Soy Broth (TSB) and incubating them for 24
hours. After culture, 50 uL was spread evenly in a 9 cm
petri dish, adding Tryptic Soy Agar (TSA) media and
waiting for the media to solidify.

Ten microliters of grape seed extract was applied to
four 0.5 cm diameter paper discs, and then they were
transferred to an agar medium in a petri dish. We placed
them equidistantly within one cup, aligned them with the
four quadrants, and incubated them for 24 hours.

An inhibition zone around the paper discs indicates the
antibacterial activity of grape seed extract.

Bacterial Growth with AgNPs-GSE

To initiate bacterial growth, we prepared 8 ml of sterile
TSB media in a test tube, isolated E. coli and S. aureus
bacteria from agar, inoculated them onto 4 mL of TSB
media, and incubated them for 24 hours.

After incubation, we took 100 pL of the bacterial
culture and added 25 pL of AgNPs-GSE. We transferred
this mixture to a microplate and placed it in an incubator
at 37 °C for 30 minutes.”

Following incubation, we took 50 pL of the mixture and
placed it in a petri dish. We incubated the petri dish at
37 °C for 24 hours. Finally, we assessed the reduction in
bacterial colonies by conducting a total plate count (TPC).
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Irradiation of Bacteria With a Laser

After growing the bacteria with a photosensitizer (silver
nanoparticles) for 2 hours, the bacteria were now ready to
be exposed to laser light. The irradiation was carried out
at an optimal fixed distance from the sample and the light
source, perpendicular to each other.

The laser diode was characterized by using a blue laser
with a wavelength of 405 nm. The peak wavelength was
determined by using a Jasco CT-10 monochromator. The
power output was measured at 2.49 mW by an OMM-
6810B-220V power meter. The spot beam area was 0.13
cm’. Diode laser irradiation was performed for varying
durations.”

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

The first step of irradiation involved preparing a culture
containing 0.5 mL of bacteria and photosensitizer and
diluting it in 4.5 ml of sterile physiological water according
to the standard dilution that was done previously.” We
took 50 uL of the dilution and placed it into a sterile
cup with a diameter of 3.5 cm. We repeated this process
five times for both the second treatment group and the
positive control group.

To conduct scientific research, we irradiated each
petri dish with a photosensitizer at a 1 c¢cm distance
and 90-degree angle, ensuring uniform and controlled
exposure. This setup was crucial for consistent and
reproducible conditions. Next, we added sterile TSA
media to each petri dish and distributed it evenly. After
solidifying, we incubated the petri dishes at 37 °C for 24
hours.

For the first treatment and control groups, we used
bacterial culture in 9 mL of TSB incubated previously.
The first treatment group underwent the same irradiation
method as the second and third groups.

Statistical Analysis

After exposure to the blue laser, the number of bacterial
colonies was counted by using the TPC plating method.
The obtained results were recorded as quantitative data.
To calculate the percentage decrease in the number of
bacterial colonies, we used the following equation:

> treatment — Y. control | £100 %
| 0

%Colony decline =
2. control

The study utilized IBM SPSS for quantitative data
analysis, employing a two-way ANOVA factorial test
to determine the effect of factors and their interaction.
The test required normally distributed data and minimal
interval scale data, with a significant difference defined
as P<a=0.05. Tukey’s post hoc test and Kolmogorov-
Smirnov test were used to check data normality.

Results

Silver Nanoparticle Characterization Results
Characterization of UV-Vis Spectrophotometer

The test results revealed the absorbance value of AgNPs-
GSE at visible light wavelengths, with UV-Vis absorption
spectrum measurements conducted between 325 nm and
600 nm. Figure 1 shows the results plotted against the
visible light wavelength.

Stability of Nanoparticles

The physical stability of AgNPs-GSE can be visually
observed through the color of the solution. Figure 2a
displays the golden yellow color of AgNPs-GSE on day 1.
Figure 2b shows the visual appearance of AgNPs-GSE on
day 7, which has slightly changed from a darker shade to a
brownish yellow. No visible agglomeration of the samples
occurred after being left for one week. This suggests the
absence of large particle sizes.

The wavelength absorbance of AgNPs-GSE was
analyzed using UV-Vis on day one and week one after
synthesis. Figure 3 illustrates that the absorbance of
AgNPs-GSE exhibits good stability. Thisis evident because
the wavelength of the absorbance peak in the UV-Vis

Absorbance

350 400 450 500 550 600
Wavelength (nm)

Figure 1. UV-Vis Absorbance Spectrum of AgNPs-GSE at Concentrations
of 1 mM, 1.5 mM and 2 mM

Figure 2. Physical Properties of AgNPs-GSE on (a) Day 1 and (b) Day 7
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test does not shift. The peak absorbance spectrum after
a week was nearly identical to the absorbance spectrum
obtained during synthesis on day 1, which was around
350 nm for 1 mM, 1.5 mM, and 2 mM AgNPs-GSE.

Antibacterial Activity Test Results
An antibacterial test against Escherichia coli and
Staphylococcus aureus was conducted to determine
the diameter of the inhibition zones on the growth of
bacterial colonies. Each sample was tested using the
diffusion well method. The results revealed the presence
of inhibition zones with 1 mM, 1.5 mM, and 2 mM
AgNPs-GSE antibacterials, respectively, for Escherichia
coli. Similarly, inhibition zones were observed with 1
mM, 1.5 mM, and 2 mM AgNPs-GSE antibacterial for
Staphylococcus aureus.

The 0.5 cm diameter paper discs were utilized, and the
5.2 mm measurement of the inhibition zone for AgNPs-
GSE with S. aureus showed that the substance successfully

stopped the development of germs within that particular
radius surrounding the disc. Figure 4 shows the inhibition
zone diameters of AgNPs-GSE against S. aureus and
AgNPs-GSE against E. coli.

Based on the results of the inhibition zone test presented
in Table 1 and Figure 4, it is evident that the highest
average diameter of the inhibition zone is observed in
AgNPs-GSE inhibition of S. aureus bacteria, with a value
of 5.2 mm. This falls into the strong category compared
to its effect on E. coli.

Results of Bacterial Growth with AgNPs-GSE

The antibacterial properties of the synthesis method were
demonstrated by adding AgNPs-GSE to two bacterial
samples, with the number of colonies developed in the
presence of AgNPs-GSE on the dish. Figure 5a illustrates
the percentage decrease in E. coli bacterial colonies, while
Figure 5b depicts the percentage reduction in the number
of S. aureus bacterial colonies.

a b c
0.9 T T T T T T T T T T T 0.8 T T T T
08 AgNPs- GSE 1mM Day 1 07¢ —Day 1 —Day 1
) ——Day7 06 Day 7 0.7} ——Day 7
0.7} 1 =T il 0.6}
g o6t 18 os5¢ 1e
g g 2 os}
g 051 1€ oaf {8
e S 5 0.4f
2 04l {2 @
g 2 o3t 12 03}
0.3 .
0.2} E
0.2k 0.2
01} 01} {1 o4}
0.0 1 1 1 1 1 1 1 1 1 1 I 1 i 1 1 1 1 1 1 1 1
350 400 450 500 550 600 650 350 400 450 500 550 600 650 350 400 450 500 550 600 650
Wavelength (nm) Wavelength (nm) Wavelength (nm)
Figure 3. UV-Vis absorbance spectra of AgNPs-GSE day 1 and day 7 (a) TmM (b) 1.5mM (c) 2mM
Figure 4. Inhibition Zone Diameters (a) AgNPs-GSE Against Staphylococcus aureus; (b) AgNPs-GSE Against Escherichia coli
4 | Journal of Lasers in Medical Sciences Volume 14, 2023
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Laser Irradiation Results

The laser irradiation process was conducted with
variations in time, precisely 90, 120, 150, and 180 seconds.
These different time intervals resulted in varying energy
densities for each treatment. The effectiveness of this
laser irradiation can be observed through the reduction in
the number of bacterial colonies compared to the control

group.

Escherichia coli Bactria

There were two treatment groups: the first was irradiated
with a laser, and the second was irradiated with a laser in
addition to the incorporation of 20% AgNPs-GSE in each
concentration variation during the synthesis process in E.
coli bacteria.

The observational data underwent statistical analysis
using a two-way ANOVA factorial test in IBM SPSS,
ensuring it met criteria like interval-scale measurements,
normal distribution, and homogeneity of variances,
validating the data, and allowing comparison with
manually calculated results.

The results of the data normality test for the two
treatment groups yielded a significance value of P=0.837,
more significant than a=0.05. This indicates that the
data follow a normal distribution. Subsequently, a data
homogeneity test was conducted to determine whether
the data exhibited homogeneous variations. The
homogeneity test results showed a significance value of
P=0.677, also more significant than a=0.05, indicating
that the data variations were homogeneous.

Moving on to the two-way factorial ANOVA test,
the results showed a significance value of P=0.000, less

Table 1. Inhibitory Zone Measurements of AgNPs-GSE on Staphylococcus
aureus and Escherichia coli Bacteria

Inhibition

No Sample Bacteria Zzone (mm) Category
1 AgNPs-GSE S aureus 52 Moderate
2 AgNPs-GSE  E. coli 3.8 Moderate
a
7

N
S

Z

Bacterial death (%)
N

.
%
.

20% 33,3% 47%

Concentration

Bacterial death (%)

than a=0.05. This suggests a significant difference in the
outcomes between the various time intervals for each
treatment. A post hoc test was conducted to identify
treatment groups with distinct outcomes, showing
significant differences in results at different time intervals.

The two-way ANOVA factorial test showed that
laser treatment with 2mM AgNPs-GSE for 180 seconds
resulted in the highest percentage of E. coli bacteria death
at 83.93%. Figure 6 shows a comparison of bacterial
death percentages across three treatment groups using
laser irradiation at 90, 120, 150, and 180 seconds. The
treatment resulted in different energy densities for each
treatment. The success was observed in reducing bacterial
colonies compared to the control group. AgNPs-GSE was
added to each concentration variation during synthesis
for S. aureus bacteria. The results indicated that the
time intervals of 90, 120, 150, and 180 seconds yielded
significantly different results, with the percentage of E.
coli bacterial death being 67.79%, 77.82%, 80.40%, and
83.80%, respectively. A comparison of the percentage
of bacterial death across the three treatment groups is
illustrated in Figure 6. The conclusions drawn from the
statistical test results are presented in Table 2.

Staphylococcus aureus Bacteria

The study involved adding 20% AgNPs-GSE to S. aureus
bacteria, and a two-way ANOVA factorial test was
conducted to assess the impact of each factor, ensuring
data met specific criteria for validation and comparison
with manual calculations, including an interval scale and
homogeneous data variations.

The results of the data normality test for the three
treatment groups yielded a significance value of P=0.855,
more significant than a=0.05. This indicates that the
data follow a normal distribution. Subsequently, a data
homogeneity test was conducted to determine whether
the data exhibited homogeneous variations. The
homogeneity test results showed a significance value of
P=0.604, also more significant than a=0.05, indicating

b
100
80 %
60 %
.
40 %
%
20 %

50%

T 20%  333%  47%
Concentration

Figure 5. Comparison of the Percentage Reduction of (a) Escherichia coli Bacteria and (b) Staphylococcus aureus BACTERIA
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Figure 6. Comparison of the Percentage Reduction of Escherichia coli Bacteria With AgNPs-GSE (a) TmM (b) 1.5 mM (c) 2mM

Table 2. Statistical Analysis Results for Escherichia coli Bacteria

Death Bacteria (%)

Treatment Group N
Average SD
T mM 1 20 56.31 3.03
AgNPs-GSE 1.5 mM @1 20 58.97 7.5
concentrations
2 mM 2 20 67.04 4.48
Total 60
90 s (A)! 15 67.79 8.41
120 s (B)? 15 77.82 8.22
Time
1505 (C)? 15 80.40 6.7
180 s (D) 15 83.80 4.24
Total 60
TA 8456 5 61.26
1B 60 5 63.8
1c® 5 65.64
1D © 5 67.79
2A 0.2 5 74.74
2B @3 5 76.21
Interaction
2B @3 5 77.82
2B 23 5 77.93
2B 23 5 78.41
2B 23 5 80.4
2B 23 5 80.1
2B 23 5 83.8
Total 60

Note: P=0.000 (There are different meanings).

that the data variations are homogeneous.

Moving on to the two-way factorial ANOVA test, the
results showed a significance value of P=0.000, less than
a=0.05. The post hoc test was conducted to identify the
distinct outcomes of each treatment group based on the
observed differences in outcomes.

The two-way factorial ANOVA test showed that laser
treatment with 1mM AgNPs-GSE for 180 seconds resulted
in the highest percentage of S. aureus bacteria death at
87.01%. A comparison of the percentage of bacterial
death across the three treatment groups is illustrated in

Figure 7. The laser irradiation process varied in time at
90, 120, 150, and 180 seconds, resulting in varying energy
densities for each treatment. The success was observed
in reducing bacterial colonies compared to the control
group. In the case of S. aureus bacteria, AgNPs-GSE was
added to each concentration variation during synthesis.
The results indicated that the time intervals of 90, 120,
150, and 180 seconds yielded significantly different
results, with the percentage of S. aureus bacterial death
being 63.42%, 67.50%, 72.85%, and 87.01%, respectively.
The conclusions drawn from the statistical test results are
presented in Table 3.

Discussion

Bacteria, small, single-celled organisms with primitive
structures, obtain nutrients and release metabolic
byproducts. They have a dense cell membrane, can enter
the body through exposed surfaces, and can cause human
infections, including gram-negative and gram-positive
bacteria.

Traditionally, the synthesis of silver nanoparticles is
carried out by using conventional heating methods.*
Microwave irradiation offers a faster, more efficient,
and uniform heating method for silver nanoparticle
synthesis compared to time-consuming, uneven heating
methods that can cause significant chemical reaction
changes.

The microwave heating method is superior to
conventional heating for synthesizing AgNPs-GSE due to
its consistent production of small, uniform nanoparticles
with enhanced antibacterial activity and photodynamic
inactivation, which inhibits cellular metabolic processes
by interacting with photosensitizer molecules.*

The critical elements in applying photodynamic
inactivation are fourfold: visible light, light from the
Near-infrared (NIR), reactive oxygen species (ROS),
and a photosensitizer that acts as a light sensitizer.”” The
photoinactivation process necessitates a match between
the spectrum of visible light used and the absorption
spectrum of the photosensitizer. Laser is a widely used
light source in photodynamic inactivation due to its
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Figure 7. Comparison of the Percentage Reduction of Staphylococcus aureus Bacteria With AgNPs-MO (a) TmM (b) 1.5mM (c) 2mM

Table 3. Statistical Analysis Results for Staphylococcus aureus Bacteria

Death Bacteria (%)

Treatment Group N
Average SD
T mMm 1 20 61.47 5.33
ABNPS-GSE ¢ o q e 20 62.44 3.33
concentrations
2 mM 02 20 69.01 3.33
Total 60
90 s (A)! 15 63.42 8.41
120 s (B)? 15 67.50 8.22
Time
1505 (C)? 15 72.85 6.7
180 s (D)? 15 87.01 4.24
Total 60
TA G450 5 61.176
1B &0 5 62.072
1ce 5 63.428
1D ®© 5 65.362
2A 02 5 66.428
2B 23 5 67.508
Interaction
2B 23 5 68.096
2B 22 5 68.832
2B 23 5 70.872
2B 23 5 72.85
2B 23 5 78.042
2B @3 5 87.012
Total 60

Note: P=0.000 (There are different meanings).

numerous advantages, including a uniform and parallel
light beam (monochromatic).*® The study employed
lasers for photodynamic inactivation, producing reactive
oxygen species at a wavelength matching the absorption
spectrum of the photosensitizer. A diode laser with a
wavelength of 405 nm was used, with the highest power
of 2.49 mW, demonstrating stable output power and
preventing excessive heat generation during irradiation
ata 1 cm distance.

A photosensitizer is a substance that absorbs light with
a specific wavelength. Photosensitizers are categorized

into two types: exogenous photosensitizers originating
from external sources and endogenous photosensitizers
originating from within bacteria.**

The study utilized two types of photosensitizers:
exogenous organic matter-added photosensitizers and
endogenous bacteria-produced  porphyrin-produced
photosensitizers,  specifically =~ AgNPs-GSE,  with
concentrations of 1 mM, 1.5 mM, and 2 mM.

The photoinactivation process involves laser light
interacting with AgNPs-GSE, a photosensitizer.
Porphyrin molecules absorb photons, causing them to
enter the excited singlet state. This temporary state is
followed by a triplet excitation state, triggering a crucial
photochemical reaction.®

The photochemical process involves two pathways:
type I and type II. Type I involves an electron transfer
between sensitizer molecules and biological molecules,
forming radical ions like reactive oxygen species.*

In the type II pathway, energy transfers from the
excited triplet-state photosensitizer to the triplet-state
oxygen, resulting in the formation of excited singlet
oxygen.” ROS can damage the structure of bacterial cell
walls, leading to the lysis of bacterial cells. This represents
the initial step in bacterial cell death.*®

Photochemical processes generate ROS and triplet
oxygen radicals, which oxidize unsaturated fatty acids,
forming hydroperoxides. These radicals disrupt the
formation of saturated fatty acids, resulting in toxic
hydroperoxides known as lipid peroxidation. This
damage to the bacterial cell wall leads to cell lysis.*
Table 4 presents findings from photodynamic research
on bacterial inactivation using a blue laser.

Astuti et al utilized a blue LED with a wavelength of
430nm and an irradiance of 135 J/cm?. Porphyrins were
employed as the photosensitizer, resulting in a bacterial
death rate of 71.96% for S. aureus.*® Subsequent work by
Astuti et al utilized LED light at 417nm with a fluence of
16.19 J/cm?, employing curcumin as the photosensitizer
and achieving a significantly higher bacterial inactivation
rate of 91.49%.* Astuti et al employed a diode laser
emitting light at 450 nm with an irradiance of 6.13 J/cm’.
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This time, AgNPs were utilized as the photosensitizer,
leading to a bacterial death rate of 64.48% for C. albicans.*
Yaqubi et al used a purple LED with a wavelength of 395
nm, achieving a remarkable 94.3% bacterial inactivation
rate for E. coli through porphyrins.*® Figure 8 elucidates
the intricate mechanism underlying bacterial inactivation
through photodynamic processes.

The study analyzed the effects of varying irradiation
durations on E. coli and S. aureus bacteria. Results
showed a decrease in bacterial colonies and an increase
in bacterial deaths, with longer irradiation times leading
to the higher production of reactive oxygen species and
more bacterial deaths.*

Research on bacterial photoinactivation using a 405 nm
wavelength laser showed that it was more effective for
S. aureus bacteria. The highest bacterial death rate was
achieved at 180 seconds with a dose of 3.44 J/cm?. E. coli
had a death rate of 27.45%, while S. aureus had a rate of
29.19%. This discrepancy may be due to the distinct cell
wall arrangements of gram-positive and gram-negative
bacteria.

Gram-positive bacteria like S. aureus have a cell wall
made of peptidoglycan, teichoic acid, and neuraminic
acid, with polysaccharides, making them more susceptible
to damage during photoinactivation. In contrast, gram-
negative bacteria have a double-membrane system
with less peptidoglycan, causing varying responses to
photoinactivation.*

Gram-negative and gram-positive bacteria produce
endogenous photosensitizers that absorb light,
triggering photochemical processes that produce ROS.
AgNPs-GSE, when combined with laser irradiation,
enhances photoinactivation and increases bacterial
death, highlighting the effectiveness of external

AgNO; + GSE

Grape Seed  (rape Seed Extract Macroway

photosensitizers.*

Irradiation of E. coli bacteria for 180 seconds with the
addition of AgNPs-GSE at concentrations of 1 mM, 1.5
mM, and 2 mM, respectively, resulted in a reduction
in bacterial death by 73.93%, 80.96%, and 83.80%.
Irradiation of S. aureus bacteria for 180 seconds with
the addition of AgNPs-GSE at concentrations of 1 mM,
1.5 mM, and 2 mM, respectively, resulted in a reduction
in bacterial death by 70.87%, 78.04%, and 87.01%.
Chlorophyll contains porphyrin, a light absorber with
strong structural resistance, which remains intact
during irradiation and can absorb light with specific
energy levels. AgNPs-GSE is utilized in photodynamic
inactivation as a photosensitizer, triggering chemical
and biological processes during irradiation. This
interaction causes the production of reactive oxygen,
which damages bacteria and causes bacterial lysis. The
higher the reactive oxygen production, the greater the
bacterial death.

Table 4. Photodynamic Research on Bacterial Inactivation With Blue Laser
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Figure 8. Mechanism of Bacterial Inactivation
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Conclusion

The successful utilization of AgNPs-GSE in bacterial
photoinactivation has been attributed to their
antibacterial properties and non-toxic nature. AgNPs-
GSE at 2 mM significantly increased the percentage of E.
coli bacterial death by 67% and S. aureus bacterial death
by 69.01%. AgNPs-GSE demonstrated superior efficacy
against gram-positive bacteria due to their susceptible
cell walls, while blue laser irradiation at 405 nm led to
bacterial death in both treatment groups. In the treatment
group without AgNPs-GSE, E. coli exhibited a death rate
of 27.45%, while S. aureus showed a rate of 29.19% after
180 seconds of irradiation. Conversely, in the treatment
group with the addition of AgNPs-GSE at 2 mM, E. coli
experienced a death rate of 83.80%, and AgNPs-GSE at
1 mM reduced the population of S. aureus by 87.01%
with 180 seconds of irradiation. The photoinactivation
potential achieved with 405 nm blue laser irradiation,
both with and without AgNPs-GSE, was most effective at
a dose of 3.44 J/cm? in reducing the populations of E. coli
and S. aureus bacteria.
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