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Abstract  

 Introduction: Indonesia faces significant health issues due to infection caused by microorganisms. Microbial 

resistance is increasing, leading to the use of Photodynamic Inactivation, a therapeutic method generating reactive oxygen 

species. The study evaluates the effectiveness of blue laser and silver nanoparticles synthesized from grape seed as 

photosensitizers in reducing bacterial biofilms, common pathogens for infections; Materials and methods: The study 

involved 4 groups of samples: T0, A1 and A2, A3 and A4, and A2 and A4, each exposed to silver nanoparticles and 

treated with grape seed as a photosensitizer to investigate the effects of laser irradiation on biofilms. The samples were 

irradiated for 90, 120, 150 or 180 s. Following irradiation, the samples were cultured on TSA media and incubated for 24 

h at 37 °C. The number of bacterial colonies was determined using total plate count (TPC). The data obtained were 

analyzed using a 2-way ANOVA factorial statistical test, followed by Tukey’s Post Hoc Test, with p < 0.05; Results and 

discussion: Adding 2 mM, AgNPs-GSE produced the highest percentage of bacterial biofilm inactivation. Specifically, 

Escherichia coli biofilms showed a 72.59 % reduction, while Staphylococcus aureus biofilms exhibited an 86.74 % 

reduction after 180 s of irradiation at a dose of 3.43 J/cm2; and Conclusions: The study demonstrates that irradiation with 

a blue diode laser at a dose of 3.43 J/cm2 for 180 s, combined with the AgNPs-GS photosensitizer, provides bacterial 

biofilms’ most optimal and efficient inactivation. 
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Introduction 

 One of the biggest health problems in Indonesia is 

infectious diseases. Bacteria such as E Escherichia coli 

(E. coli) and Staphylococcus aureus (S. aureus) are 

common causes of infections in humans [1]. According 

to the World Health Organization (WHO) and the 

United Nations Children’s Fund (UNICEF), there are 

approximately 2 billion cases of diarrhea worldwide 

each year, and 1.9 million children under 5 years old die 

from diarrhea annually [2]. E. coli is a typical bacterium 

in the intestines, but when present in excessive amounts, 

it can cause diarrhoea. If this bacterium spreads to other  

 

organ systems, it can lead to infections [3]. E. coli 

infections often present with diarrhoea, blood in the 

stool, stomach cramps, fever, and, in some cases, kidney 

problems [4].  

 S. aureus is a gram-positive bacterium that plays a 

significant role in causing diseases on the human skin 

[5]. It is usually present in the mouth and respiratory 

tract but can become pathogenic under certain 

conditions. S. aureus has facultative anaerobic 

properties, allowing it to reproduce and spread 

throughout the body [6]. It also produces several 
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extracellular substances that contribute to various 

diseases and can form biofilms, which protect the 

bacteria from external threats [7]. Infections caused by 

S. aureus can result from direct contamination, such as 

in post-surgical wound infections or infections 

following trauma [8]. 

 Antibiotics are substances produced by organisms 

that can inhibit the growth of other organisms [9]. 

According to WHO data, global antibiotic use increased 

by 91 and 165 % in developing countries from 2000 to 

2015 [10]. E. coli and S. aureus can form biofilms that 

are highly resistant to commercially available 

antibiotics, which poses a significant challenge in 

medical therapy [11]. Research has shown that E. coli 

and S. aureus resist almost all antibiotics tested [12]. To 

address this, many researchers have explored new 

methods to develop more efficient antimicrobials that 

can overcome microbial resistance at lower costs [13]. 

 Nanotechnology has emerged as a promising 

solution with the rapid advancement of science and 

technology [14]. This technology utilizes antibacterial 

properties, including those of metal nanoparticles and 

low-dose antibiotics [15]. Nanotechnology involves 

working with atoms and molecules sized smaller than 

1,000 nm. Nanoparticles, which range from 1 to 100 nm, 

have a large surface area, enhancing their ability to 

interact with other substances [16]. Metal nanoparticles 

exhibit antimicrobial activity because they can bind to 

protein molecules in microbial cells, disrupting 

microbial metabolic processes and leading to cell death 

[17]. These nanoparticles can be derived from various 

materials, including platinum, gold, silver and 

palladium [18]. Among these, silver nanoparticles are 

the most widely used due to their unique properties, ease 

of use, and ability to bind to various biomolecules, 

making them effective in killing bacteria, fungi and 

biofilm [19,20]. 

 Silver nanoparticles, also known as AgNPs, 

possess unique properties, including high electrical and 

thermal conductivity, chemical stability and broad-

spectrum bactericidal and fungicidal activity [21]. These 

nanoparticles can be used in liquid form, such as 

colloids and solid form [22]. They are also applied in 

textiles, membrane filtration and water purification 

systems [23]. Factors influencing the particle size during 

synthesis include solution temperature, salt 

concentration, reducing agents and reaction time. Silver 

nanoparticles can be synthesized using physical, 

chemical or biological methods [24]. Some chemical 

methods include co-precipitation, sol-gel, 

electrochemistry, hydrothermal synthesis and spray 

drying. However, these methods often present 

challenges, such as hazardous chemicals, expensive 

reagents and high energy consumption [25]. The green 

synthesis method has been chosen to address these 

issues, utilizing plant extracts as reducing agents in line 

with environmentally friendly principles [26]. 

 Green synthesis, also known as environmentally 

friendly synthesis, is a sustainable method that utilizes 

natural materials as precursors, helping to reduce 

pollutants and minimizing potential dangers to 

researchers and the environment [27]. This method is 

advantageous because natural materials are widely 

available, inexpensive and non-toxic [28]. In green 

synthesis, natural materials function as capping agents 

or stabilizers for the crystal structure [29]. This method 

has 3 critical factors: The solvent, the reducing agent 

and the non-toxic material. One significant advantage of 

this approach is that the shape and size of the 

nanoparticles can be tailored to specific requirements 

[30]. 

 Additionally, amino acids, proteins and secondary 

metabolites are produced during the synthesis process, 

and the stages are shortened to prevent aggregate 

formation [31]. The bioreactors used in green synthesis 

are derived from natural materials that contain 

antioxidant compounds or polyols, which can reduce 

silver ions [32]. Plants play a crucial role in the synthesis 

process, utilizing organic compounds, especially 

secondary metabolites like terpenoids, flavonoids and 

tannins, which possess antioxidant properties [33]. 

 One plant that can be used for this purpose is grape 

seed. Grape seeds contain saponins, alkaloids and 

flavonoids [34]. The extract forms an orange precipitate, 

indicating the presence of flavonoid compounds, though 

in small amounts [35]. Flavonoids are a group of 

phenolic compounds with antioxidant properties, as they 

strongly tend to reduce metals [36]. The ability of 

phenolic compounds to chelate and reduce metals is 

attributed to the high nucleophilic character of the 

aromatic ring. The reduction of silver nanoparticles 

occurs through the oxidation of plant extract phenolic 

compounds [37]. Ag+ ions interact to form silver 

nanoparticles, which are stabilized by phenolic 
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derivatives and other ligands found in plants [38]. Silver 

nanoparticles exhibit an intense absorption spectrum at 

wavelengths between 400 and 500 nm [39]. 

Silver nanoparticles can be nano photosensitizers in 

antimicrobial photodynamic therapy (PDT). 

Photosensitizers are chemical compounds or agents that 

are sensitive to light and are used in various 

applications, including photodynamic therapy, medical 

diagnosis and cancer treatment [40]. Generally, 

photosensitizers absorb electromagnetic radiation, 

including infrared, visible light and ultraviolet radiation. 

Organic photosensitizers tend to have micro-sized 

particles, which make it difficult for them to penetrate 

the biofilm due to the extracellular polymeric substance 

(EPS) matrix. Therefore, nano-sized particles are more 

effective in targeting biofilms [41]. aPDT is a treatment 

method that combines light with a photosensitizing 

agent to produce a photochemical reaction that damages 

microorganisms such as bacteria, viruses, and fungi in 

vitro [42] and in vivo [43]. The success of aPDT depends 

on 3 components: The photosensitizer (PS), light with a 

spectrum that matches the absorption spectrum of the 

photosensitizer and oxygen. When the photosensitizer 

absorbs light energy, it triggers intersystem crossing and 

photochemical reactions with biological substrates or 

oxygen, producing reactive oxygen species (ROS) 

through energy transfer and charge transfer. These ROS 

then cause damage to lipids and cell membrane proteins, 

leading to cell lysis [44,45]. 

 The light emitted by the blue diode laser (405 nm) 

is absorbed by photosensitizers such as silver 

nanoparticles (AgNPs), producing reactive oxygen 

species (ROS) that kill bacterial cells oxidatively. 

However, the blue diode laser needs a photosensitizer to 

be very effective and has little bactericidal action. Power 

and exposure duration are 2 characteristics that affect 

the laser’s efficacy. On the other hand, silver 

nanoparticles work against microorganisms in several 

ways. Membrane rupture, protein damage and DNA 

destruction result from their binding to bacterial cell 

walls, release of silver ions, and generation of reactive 

oxygen species (ROS). Because of their higher surface 

area, smaller nanoparticles of AgNPs often exhibit 

superior action against a wider variety of bacteria, 

including E. coli and S. aureus. By interacting directly 

with bacteria and generating reactive oxygen species 

(ROS), AgNPs have higher bactericidal activity than the 

blue diode laser alone, which only has mild 

antimicrobial effects. 

 A laser is a light source that emits a coherent beam 

at a specific wavelength. A diode laser is a device 

capable of emitting coherent, focused and 

monochromatic photons. Several previous studies have 

demonstrated the efficacy of diode laser-based 

antimicrobial photodynamic therapy (aPDT) in 

inactivating bacteria and biofilms and accelerating 

wound healing [46]. The effectiveness of aPDT depends 

on the alignment of the light source’s spectrum with the 

absorption spectrum of the photosensitizer, as well as 

the intensity and energy of the exposed photons. This 

research aims to enhance the effectiveness of blue laser 

aPDT (405 nm) by incorporating grape seed extract 

silver nanoparticle photosensitizers (AgNPs-Gs) to 

reduce bacterial biofilms responsible for infections, 

including the gram-negative E. coli and gram-positive S. 

aureus. 

 

Materials and methods 

 Synthesis and preparation of silver 

nanoparticles 

 The natural material used in this research is grape 

seed. Sample preparation involved extracting grape 

seed. Grape seed powder (0.2 g) was weighed 

accurately, and 10 mL of an ethanol-water solvent 

(70:30, v/v) was added, followed by placement in a 

microwave. The power used was 10 % of the total 

electrical power (900 W), and the irradiation time was 

maintained for 9 min. After microwave-assisted 

extraction, the extract was centrifuged at 5,000 rpm for 

30 min. The supernatant was diluted with 10 mL of 

ethanol-water solvent (70:30, v/v) in a 25 mL 

volumetric flask. 

 The synthesis of Piper scrotum silver 

nanoparticles (AgNPs-Gs) was performed using the 

green synthesis method based on modified procedures 

from previous studies [47,11]. Prior to synthesis, 

variations in the concentration of the AgNO3 solution 

were prepared by dissolving 0.0425 g of AgNO3 crystal 

powder for a 1 mM concentration, 0.064 g for a 1.5 mM 

concentration, and 0.085 g for a 2 mM concentration, 

each in 250 mL of distilled water. Then, 2 mL of grape 

seed extract was mixed with 18 mL of AgNO3 solution 

at varying concentrations (1, 1.5 and 2 mM) in an 

Erlenmeyer flask. The flask was covered with aluminum 
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foil and placed in a microwave at 40 % of 900 W 

electrical power and a frequency of 2,450 MHz, with a 

synthesis time of 5 min. The synthesis of AgNPs-Gs was 

complete when the solution colour changed to 

yellowish-brown and became homogeneous. The 

AgNPs-Gs were then characterized using a UV-Vis 

spectrophotometer. The formation of silver 

nanoparticles was indicated by the colour change of the 

solution from clear to brownish-yellow [48]. 

 

 Bacterial culture 

 E. coli and S. aureus bacteria were cultured in 

Tryptone Soy Broth (TSB) and incubated for 24 h at 37 

°C until the colony reached a 1.0 McFarland standard. 

 

 Laser source 

 The light source used was a blue laser diode with 

a wavelength of 405 nm. Characterization was 

performed using a Jasco CT-10 monochromator to 

determine the peak wavelength. The power output was 

2.49 MW, measured with an OMM-6810B-220V power 

meter. The spot beam area had a size of 0.13 cm2. Diode 

laser irradiation was carried out with varying exposure 

times of 90, 120, 150 and 180 s. The irradiation time was 

determined as follows to calculate the energy density 

[49]. 

 

Energy density (J · cm−2) = Intensity (W · cm−2) ×

Irradiation Time (s)  

 

 Antibacterial activity test 

 This test was conducted to determine whether the 

antibacterial compounds in silver nanoparticles 

synthesized with grape seed extract could increase the 

mortality of bacterial colonies. The disc diffusion (or 

cup) method was used to test antibacterial activity. A 50 

μL bacterial culture sample was taken, and Tryptic Soy 

Agar (TSA) was added to a petri dish [50]. A paper disc 

was treated with 10 μL of grape seed extract. After the 

paper disc absorbed the solution, it was placed onto the 

surface of the agar medium in the petri dish. The petri 

dish was then incubated for 24 h. The presence of an 

inhibitory zone around the paper disc indicated the 

antibacterial activity of grape seed extract. 

 

 

 

Illumination treatment 

 The experiment involved 4 groups of samples. The 

first group, the control group (T0), consisted of samples 

without laser irradiation. The second group included E. 

coli samples in group A1, which were irradiated with a 

405 nm diode laser at varying irradiation times, and 

group A2, treated with varying concentrations of silver 

nanoparticles for 10 min. The third group contained S. 

aureus samples, with group A3 irradiated with a 405 nm 

diode laser at different irradiation times and group A4 

treated with varying concentrations of silver 

nanoparticles for 10 min. The fourth group consisted of 

bacterial samples from groups A2 and A4, each 

supplemented with grape seed photosensitizer (PS). The 

laser treatment groups were irradiated for 90, 120, 150 

and 180 s. After treatment, all samples were plated on 

TSA media and incubated for 24 h at 37 °C. The number 

of bacterial colonies was then counted using the total 

plate count (TPC) method. 

 

 Statistical analysis 

 The results obtained will be recorded as statistical 

data. Statistical analysis was performed using IBM 

SPSS (Statistical Package for the Social Sciences). A 2-

way ANOVA factorial test was conducted to determine 

the influence of each factor and the interactions between 

factors. The conditions for performing the 2-way 

ANOVA factorial test are that the data must be normally 

distributed, the data variations must be homogeneous, 

and the data should be on a minimum interval scale. The 

null hypothesis (H0) is rejected if the p-value is less than 

α = 0.05. A Tukey post-hoc test was also carried out to 

identify differences between each sample factor, with 

the condition that p < 0.05. Based on the data obtained 

and the statistical analysis performed, the most effective 

radiation treatment for inactivating E. coli and S. aureus 

bacteria will be identified. 
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Results and discussion 

 Grape seed extract was used as the reductant, 

obtained through microwave irradiation and 

centrifugation. The resulting extract is yellowish, as 

shown in Figure 1(a), with an absorption spectrum peak 

at a wavelength of 360 nm. Figures 1(b) - 1(c) shows 

the Grape seed extract silver nanoparticles.

 

 

(a) 

 

(b) 

 

(c) 

Figure 1 (a) Grape seed extract; (b) UV-Vis spectrum of grape seed extract; (c) silver nanoparticles synthesized using 

grape seed extract. 

 

 The green synthesis process, involving the mixing 

of the reductant with varying concentrations of AgNO3 

(1, 1.5 and 2 mM), causes a colour change from the 

original colorless AgNO3 solution and the yellowish 

Grape seed extract to a brownish hue, as shown in 

Figure 1(c). This colour change indicates the reduction 

of Ag+ to Ag0, signaling the formation of nanoparticles 

[51]. 

 Characterization of the Grape seed extract silver 

nanoparticles (AgNPs) included 4 tests: UV-Vis, PSA, 

stability and FTIR. UV-Vis characterization was 

performed to evaluate the ability of Grape seed extract 

silver nanoparticles to absorb light at different 

wavelengths, ranging from 325 to 700 nm. The peak 

absorption spectrum of the Grape seed extract silver 

nanoparticles occurred at a wavelength of 425 nm, with 

an absorbance of approximately 1.7, as shown in Figure 

2. Based on this absorbance value, the percentage of 

light absorbed by the photosensitizer during blue laser 

irradiation can be calculated using the Lambert-Beer 

equation, which yielded an absorption rate of 81.7 %.  

 

 

Figure 2 Absorbance spectrum of grape seed extract silver nanoparticles at concentrations of 1, 1.5 and 2 mM. 
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 The Particle Size Analyzer (PSA) was used to 

measure the size distribution of nanometer-sized 

particles. The PSA results for Grape seed extract AgNPs 

at concentrations of 1, 1.5 and 2 mM were 118.36, 

100.79 and 128.71 nm, respectively (Figure 3).

 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Figure 3 PSA test results for AgNPs (a) 1 mM, (b) 1.5 mM, (c) 2 mM and, (d) comparison of the 3 concentration 

variations. 

 

 These results indicate that the synthesized Grape 

seed AgNPs fall within the nanoparticle size range. The 

dispersion index (PDI) values for each concentration 

were 0.20, 0.29 and 0.35, respectively. The PDI 

describes the particle size variability in a sample, and a 

PDI value between 0.01 and 0.7 indicates a 

homogeneous or uniform particle size distribution. The 

more homogeneous the particle size, the more stable the 

nanoparticles are. To test the stability of the 

nanoparticles, the Grape seed AgNPs were observed 

from day 1 to day 7, as shown in Table 1. The physical 

observation results indicated a colour change to a 

darker, brownish hue, with no visible agglomeration 

throughout the 7 days, suggesting the nanoparticles 

remained stable.
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Table 1 Comparison of physical properties and absorption spectrum of silver nanoparticle synthesis from Grape seed 

extract from day 1 to day 7. 

Day Sample Description Absorbance spectrum 

1 

 

Golden brown 

 

2 

 

Golden brown 

 

3 

 

Golden brown 

 

4 

 

Chocolate 
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Day Sample Description Absorbance spectrum 

5 

 

Chocolate 

 

6 

 

Cloudy brown 

 

    

7 

 

 

 

Cloudy brown 

 

 

 Fourier Transform Infrared Spectroscopy (FTIR) 

characterization was performed to identify the 

functional groups in Grape seed AgNPs, which act as 

bioreductants for the biosynthesis of silver 

nanoparticles. This analysis also provides information 

on the formation of AgNPs-Gs. The results of the FTIR 

characterization are presented in Figure 4 and Table 2. 
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Figure 4 FTIR results of AgNPs-Gs samples with a concentration of 2 mM. 

 

Table 2 Results of laboratory analysis using FTIR. 

No. Wave value (cm−1) Function group 

1 3,577.95 
Tertiary alcohol, OH stretch 

Phenols, OH stretch 

2 3,398.57 Alkyne C-H stretch 

3 2,073.48 

Transition metal carbonyls 

Isothiocyanate (-NCS) 

Cyanide ion, thiocyanate ion, and related ions 

4 1,637.56 

Alkenyl C=C stretch 

Primary amine, NH bend 

Secondary amine, > N-H bend 

Amide 

5 623.01 Alkyne C-H bend 

6 584.43; 555.50; 516.92 
Aliphatic iodo compounds, 

C-I stretch 

7 487.99 Polysulfides (S-S stretch) 

8 447.49 Aryl disulfides (S-S stretch) 

 

 Based on Figure 4 and Table 2, the FTIR 

spectrum of AgNPs-Gs shows absorption peaks at 

3,577.95, 3,398.57, 2,073.48, 1,637.56, 623.01, 584.43, 

555.50, 516.92, 487.99 and 447.49 cm−1. These peaks 

indicate the presence of secondary metabolite 

compounds such as flavonoids, steroids, alkaloids and 

tannins in AgNPs-Gs, which act as reductants for silver 

ions and stabilizing agents. Flavonoids, which contain 

O-H groups, are identified by the hydroxyl groups in the 

reducing agents [52]. The FTIR results show an O-H 

group at 3,577.95 ccm−1, a characteristic feature of 

flavonoids. Also, alkaloids contain an O=C-N (amide 

carbonyl) group, observed at 1,637.56 cm−1. Thus, the 

FTIR characterization indicates that AgNPs-Gs contain 

secondary metabolites, specifically flavonoids and 

alkaloids, as reductants for silver metal ions.  

 The antibacterial activity of AgNPs-Gs was tested 

using the disk diffusion method, examining the 

inhibition zone in bacterial colony growth. The 

inhibition zone forms when AgNPs-Gs spread across the 

medium and kill or inhibit bacterial growth. The 

antibacterial test results against E. coli and S. aureus 

bacteria, as shown in Figure 5, reveal inhibition zones 

around the paper disc areas treated with AgNPs-Gs at 1, 
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1.5 and 2 mM. For E. coli, the inhibition zones measured 

0.56, 0.84 and 0.92 mm, respectively. In the case of S. 

aureus, the inhibition zones were 1.34, 1.44 and 1.59 

mm at concentrations of 1, 1.5 and 2 mM, respectively. 

 

 

(a) Inhibition zone: 0.56 mm 

 

(b) Inhibition zone: 0.84 mm 

 

(c)Inhibition zone: 0.92 mm 

(A) 

 

(a) Inhibition zone: 1.34 mm 

 

(b) Inhibition zone: 1.44 mm 

 

(c) Inhibition zone: 1.59 mm 

(B) 

Figure 5 (A) Antibacterial test results of AgNPs-Gs (a) 1 mM, (b) 1.5 mM and (c) 2 mM using the disk diffusion method 

against E. coli bacteria (B) Antibacterial test results of AgNPs-Gs (a) 1 mM, (b) 1.5 mM and (c) 2 mM using the disk 

diffusion method against S. aureus bacteria. 

  

 Adding AgNPs-Gs to 2 different bacterial samples 

demonstrated that the synthesized nanoparticles possess 

antibacterial properties. Bacterial growth was measured 

by counting the number of colonies that grew when 

AgNPs-Gs were applied to the plate. Figures 6(a) - 6(b) 

show the percentage reduction in E. coli and S. aureus 

bacterial colonies. AgNPs-Gs exhibited an inhibitory 

effect on bacterial growth, as indicated by the results 

shown in both figures.
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(a)                                                                                               (b) 

Figure 6 (a) Percentage reduction of E. coli bacteria at various concentrations of AgNPs-Gs and (b) percentage reduction 

of S. aureus bacteria at various concentrations of AgNPs-Gs.

 

 Laser irradiation was conducted at 4-time 

variations, with different intensities and doses. The 

success of the process was measured by reducing 

bacterial colonies. Treatment groups included laser-only 

and laser-added 47 % AgNPs-Gs photosensitizer 

groups, and the results were compared with the control 

group.  

 

 

The study demonstrates that blue laser irradiation on E. 

coli bacteria decreases the number of viable colonies 

compared to the control group. However, AgNPs-Gs 

photosensitizer significantly reduces the number of 

colonies after 180 s of exposure. The results suggest a 

relationship between energy density and bacterial 

viability, with AgNPs-Gs photosensitizer enhancing the 

laser’s effect on reducing bacterial colonies. 

 

 

(a) 

 

(b) 

 

(c) 

Figure 7 Graph of decreasing viability of E. coli bacteria after blue laser irradiation and addition of AgNPs-Gs with 

concentrations of (a) 1 mM, (b) 1.5 mM and (c) 2 mM. 

 

 The data was analyzed using the 2-way ANOVA 

factorial test in IBM SPSS. The results showed that the 

data was normally distributed and homogeneous. The 

treatment groups showed significant differences, with 

the AgNPs-Gs concentration group showing the most 

effective reduction. A post hoc test showed no 

significant difference between the AgNPs-Gs 

concentration groups, but the exposure time variation 

and interaction group showed significant differences.
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Table 3 Results of statistical analysis on E. coli bacteria. 

Treatment Group N 
Bacterial death (%) ANOVA 

Average SD Signification Conclusion 

AgNPs-Gs 

concentration 

1 mM (a) 20 57.7 15.5 

0.765 

There is no 

significance 

difference 

1.5 mM (a) 20 52.92 16.5 

2 mM (a) 20 55.78 12.4 

Exposure time 

90 s (a) 15 37.06 5.2 

0.000 

There is a 

significance 

difference 

120 s (b) 15 43.99 5.3 

150 s (c) 15 62.34 3.1 

180 s (d) 15 71.8 2.6 

Interaction 

1 mM 90 s (a) 5 31.96 2.4 

0.000 

There is a 

significance 

difference 

1 mM 120 s (c) 5 46.15 3.3 

1 mM 150 s (d) 5 61.72 2.0 

1 mM 180 s (e,f) 5 70.97 3.3 

2 mM 90 s (a,b) 5 36.82 2.1 

2 mM 120 s (a,b) 5 38.28 3.4 

2 mM 150 s (d,e) 5 64.72 3.5 

2 mM 180 s (f) 5 71.86 2.9 

3 mM 90 s (b,c) 5 42.42 3.9 

3 mM 120 s (c) 5 47.53 3.8 

3 mM 150 s (d) 5 60.58 2.5 

3 mM 180 s (f) 5 72.59 1.5 

 

   

(a)                                                          (b)                                                             (c) 

Figure 8 Comparison of the percentage reduction of E. coli bacteria with AgNPs-Gs (a) 1 mM, (b) 1.5 mM and (c) 2 mM. 

 

 The study found no significant difference in the 

concentration of AgNPs-Gs between the 3 treatment 

groups, but significant differences were observed in the 

exposure time variation and interaction groups. The 

most effective treatment group in reducing E. coli 

bacterial biofilm colonies was AgNPs-Gs with a 

concentration of 2 mM and 180 s of exposure, resulting 

in a bacterial death percentage of 72.59 %. 

 The study demonstrates that blue laser irradiation 

of S. aureus bacteria decreases the number of bacterial 

colonies compared to the control group. However, the 

blue laser treatment with AgNPs-Gs photosensitizer 

significantly reduces the number of live colonies. The 
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study also found that laser irradiation enhances the 

effectiveness of AgNPs-Gs photosensitizer in reducing 

bacterial colonies at concentrations of 1, 1.5 and 2 mM. 

 

 

 

 

 

 

 

(a) 

 

(b) 

 

(c) 

Figure 9 Graph of decreasing viability of S. aureus bacteria after blue laser irradiation and addition of AgNPs-Gs with 

concentrations of (a) 1 mM, (b) 1.5 mM and (c) 2 mM. 

 

 The results of the data normality test for the 3 

treatment groups showed a significance value of p = 

0.143 > α = 0.05, indicating that the data is usually 

distributed. Meanwhile, the homogeneity test results 

showed a significance value of p = 0.762 > α = 0.05, 

which means the data is homogeneous. The results of 

the 2-way ANOVA factorial analysis for the AgNPs-Gs 

concentration group, the variation in the exposure time 

group, and the interaction group all showed a 

significance value of p = 0.000 < α = 0.05, indicating 

significant differences between the treatment groups. As 

a result, a post-hoc test was performed on the 3 treatment 

groups. The post-hoc test results showed that the 

AgNPs-Gs concentration groups were not significantly 

different from each other. However, the exposure time 

variation group and the interaction group showed 

significant differences, as shown in Table 4.  

 

Table 4 Results of statistical analysis on S. aureus bacteria. 

Treatment Group N 
Bacterial death (%) ANOVA 

Average SD Signification Conclusion 

AgNPs-Gs 

concentration 

1 mM (a) 20 57.22 20.8 

0.106 

There is no 

significance 

difference 

1.5 mM (a) 20 67.28 16.5 

2 mM (a) 20 68.21 15.7 

Time 

90 s (a) 15 40.56 9.9 

0.000 

There is a 

significance 

difference 

120 s (b) 15 56.87 8.7 

150 s (c) 15 76.26 3.9 

180 s (d) 15 83.26 3.4 

Interaction 

1 mM 90 s (a) 5 28.86 3.0 

0.000 

There is a 

significance 

difference 

1 mM 120 s (c) 5 47.97 3.7 

1 mM 150 s (e,f) 5 72.15 1.9 

1 mM 180 s (g) 5 79.88 1.4 

1.5 mM 90 s (b) 5 41.65 3.2 

1.5 mM 120 s (e) 5 66.93 3.8 

1.5 mM 150 s (f,g) 5 77.38 2.8 
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 The 2-way ANOVA factorial analysis results for 

the AgNPs-Gs concentration group showed a 

significance value of p = 0.106 > α = 0.05, indicating no 

significant difference. The treatment group with 

variations in laser irradiation time showed a significance 

value of p = 0.000 < α = 0.05, indicating a significant 

difference between the treatment groups.  The 

interaction group treatment showed a significance value 

of p = 0.000 < α = 0.05, indicating significant 

differences between the treatment groups. As a result, a 

post-hoc test was conducted for the 3 treatment groups. 

The post-hoc test results showed that the AgNPs-Gs 

concentration groups were not significantly different 

from each other. However, the exposure time variation 

and interaction groups showed significant differences, 

as shown in Table 4. Based on the results of this 

analysis, the most effective treatment for reducing S. 

aureus bacterial colonies was 1.5 mM with 180 s of 

exposure (or a dose of 3.34 J/cm2), resulting in a 

bacterial death percentage of 86.74 %. Figure 10 shows 

the comparison of the percentage reduction of S. aureus 

bacteria with AgNPs-Gs (a) 1 mM, (b) 1.5 mM and (c) 

2 mM. 

 

 

   

                              (a)                                                             (b)                                                               (c) 

Figure 10 Comparison of the percentage reduction of S. aureus bacteria with AgNPs-Gs (a) 1 mM, (b) 1.5 mM and (c) 2 

mM. 

 

 

Conclusions 

 Based on the research results, it was found that 

treatment with grape seed extract silver nanoparticles at 

a concentration of 2 mM resulted in a 55.78 % reduction 

in E. coli bacterial biofilm and a 68.21 % reduction in S. 

aureus bacterial biofilm. Treatment using 405 nm blue 

diode laser irradiation led to an 83.26 % reduction with 

an exposure time of 180 s and a dose of 3.43 J/cm2. 

Combining 2 mM grape seed extract silver nanoparticles 

and blue diode laser irradiation produced the most 

significant reduction, with a 72.59 % reduction in E. coli 

bacterial biofilm and an 86.74 % reduction in S. aureus 

bacterial biofilm. Therefore, combining blue diode laser 

and AgNPs-Gs nano photosensitizer yielded the best 

biofilm reduction effect.  
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Bacterial death (%) ANOVA 
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