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Abstract. Photodynamic inactivation is an inactivation method in microbial pathogens that utilize light and 

photosensitizer. This study was conducted to investigate photodynamic inactivation effects of low intensity 

laser exposure with various dose energy on Streptococcus mutans bacteria. The photodynamic inactivation was 

achieved with the addition of chlorophyll as photosensitizers. To determine the survival percentage of 

Streptococcus mutans bacteria after laser exposure, the total plate count method was used. For this study, the 

wavelength of the laser is 405 nm and variables of energy doses are 1.44, 2.87, 4.31, 5.74, 7.18, and 8.61 in 

J/cm2. The results show that exposure to laser with energy dose of 7.18 J/cm2 has the best photodynamic 

inactivation with a decrease of 78% in Streptococcus 

Keywords: photodynamic inactivation, chlorophyll, photosensitizer, streptococcus mutans 

 

1. Introduction 

 
Dental caries is one of the most common infectious disease in the world. It can be caused by 

many factors, but bad life habits and infection of Streptococcus mutans are the most important factors 

[1, 2]. Streptococcus mutans is a Gram-positive, facultative anaerobic bacterium. Because it is 

anaerobic, it is commonly found in the human oral cavity and is a significant contributor to tooth 

decay [3]. In the dental caries process, the bacterium metabolizes different kinds of carbohydrates, 

such as glucose and sucrose, creating an acidic environment in the mouth as a result of this process. 

Also, it enhances biofilm formation with the early colonizing bacteria to induce dental caries. This 

acidic environment in the mouth is what causes the tooth decay.   

Therefore, control of the bacterial biofilm on teeth is very important for maintenance because 

it will cause various symptoms that affect our daily lives. As the bacteria develop in our mouth, they 

can cause tooth decay, multiple infections, and psychological problems such as low self-esteem which 

results in poor social interactions. For a long time, antibiotics such as penicillin are used to treat dental 

caries, but a shift from narrows spectrum antibiotic to broad-spectrum aminopenicillins which include 

amoxicillin causes increase in bacterial resistance to the former antibiotics [4]. Due to the increasing 

problem of antibiotics resistance, it is necessary to other alternative methods that are more effective 

and safe in maintaining oral health and prevent dental caries as well as eco-friendly, one of which is 

the photodynamic method. 

In nature some of bacteria containing porphyrin compounds that are sensitive to light.  In 

2010, Papageorgiou et. al. show that exposure of light with a specific wavelength spectrum and dose 

of energy can lead to Photodynamic Inactivation (PDI) of bacteria [5]. The PDI mechanism involving 

photosensitizer light absorption process, i.e. light absorption process by bacterial porphyrin which 

further leads to the occurrence of advanced chemical reactions that produce a variety of reactive 

oxygen species [6]. PDI can disturb the activity of cell metabolism due to damage of cytoplasmic 

membrane which is induced by reactive oxygen in lipids and proteins resulting in lysis of the cells or 
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inactivation of transport systems membrane in the bacterial cell [7]. For the sources of light, Laser is 

one of the common sources of light for photodynamic therapy. The Laser is used as a light source 

because it has focused beam, has a high intensity and coherence.  
Various studies of photodynamic using laser light source have been widely performed, among 

others, Enwemeka et al. using laser diode super luminescent (SLDs) 470 nm without a photosensitizer 

for inactivation of MRSA [8], Husein in 2010 using He-Ne gas laser 632,8 nm with photosensitizer 

TBO for the inactivation of MRSA [9], Miyabe et al. using GaAs laser 660 nm with photosensitizer 

methylene blue for inactivation of bacterial strain staphylococcus [10], Baffoni, et al. using laser-

980nm NIR without photosensitizer to inactivate biofilm s. aureus and p. aureginosa [11], Viela et 

al. using a 660nm laser with photosensitizer malachite green and phenothiazine dyes to inactivate 

biofilm s. aureus and e. coli [12]. A variety of research that shows the success of laser photodynamic 

method for inactivation of bacteria. This research aims to optimize PDI of bacteria Streptococcus 

mutans mediated by chlorophyll using blue laser exposure. 
 

 

2. Material and Methods 

Material and laboratory equipment used in this experiment were pure culture Streptococcus 

mutans bacteria, chlorophyll as exogenous photosensitizer, sterile media of TSA (Tryptic Soy Agar) 

and TSB (Tryptic Soy Broth), NaCl, sucrose, ethanol, distilled water, otoklaf, laminar, shaker 

incubator, laser diode with wavelength of 405 nm, UV-Vis spectrophotometer and Quebec Colony 

Counter. 

 

Bacterial culture and treatments. The sample strains used in this research were pure culture bacteria 

from Streptococcus mutans bacteria collected by the Department of Periodontics, Faculty of 

Dentistry, Universitas Airlangga from tooth of patients diagnosed with dental caries. The bacteria 

strains were grown in sterile media of TSB and TSA at 37oC for 24 hours.  

   

The laser instrument. The source of light used for photodynamic treatments was blue laser diode 

with wavelength of 405 nm. The performance of source lights was characterized by measure power 

stability against temperature and distance. 

  

Exogenous photosensitizer. The photosensitizer used is retail K-Link liquid chlorophyll with 

concentrations 8 mg/ml. To know the absorption spectrum of photosensitizer, characterization using 

UV-Vis spectrophotometer was done. 

  

Bacteria viability test. Bacteria strains from TSB were taken and planted on 5 ml of TSA. Then 

bacteria culture was incubated in an anaerobic jar at 37oC and adjusted to an optical density at 600 

(OD600) of 0,583. The next step was diluted bacteria culture 103-fold using physiological salt solution 

until the value of absorbance was A600 = 0.40 – 0.46. To prepare the samples, bacteria culture (10 (l) 

was incubated with chlorophyll in various volumes (10, 20, 25, 30, 40, 50 in l), followed by a control 

group without chlorophyll and diluted using physiological salt solution so that the final volume was 

200 µl. Three replications have been done for each treatment. Then suspension was incubated for 24 

hours, 50 µl of suspension was planted in the TSA and incubated for 24 hours at room temperature. 

The Quebec colony counter was used to count number of bacteria colonies. The percentage decrease 

in the number of bacterial colony growth defined as:  (( sample colony - control colony) / (control 

colony)) x 100%. Chlorophyll concentration resulting the largest bacteria viability was used in the 

studies. 

 

Laser Exposure. As samples were the bacterial suspension that was incubated with chlorophyll and 

prepared on a petri dish. The control group was bacterial suspension without chlorophyll. 50 µl of 

samples and control group was exposed with lasers at various duration of time (15, 30, 45, 60, 75 and 
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90 in seconds), accompanied by the control group without laser exposure. The suspension was planted 

on TSA sterile media and incubated at a temperature of 37oC for 24 hours. The growth of Colonies 

of bacteria was measured using Total Plate Count (TPC) methods and the results were analyzed. 
 

 

3. Results and Discussion 

Light Source Characterization 

The stability characterization results of light source in various distances and a duration of 

time are shown in Figure 1(a) and 1(b) respectively. Figure 1 (a) shows that power laser has only 

slightly changed when measured in different distance and Figure 1 (b) shows that power of laser is 

constant until 1000 s. These results indicate that the light source is quite stable. In this research 

photodynamic treatments were done using a distance of 1.5 cm.  

 
 

Figure 1. Light source power stability against (a) distance and (2) time. 
 

To study the wavelength width of the light source, the distribution of power was measured in 

wavelengths between 395 nm and 440 nm. The result is shown in Figure 2. The diode laser 

wavelength test shows that laser diode has a range of wavelengths between 405 nm and 420 nm. The 

last test was characterization of heat produce by laser. Laser temperature measurement result (Figure 

3) shows that temperature produces by laser increase over time. Unfortunately, the increase of 

temperature is in range optimization growth of the bacteria Streptococcus mutant so it is possible that 

over time exposure of laser can make bacteria grows better. 
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Figure 2. Light source power distribution for wavelength from 390 nm to 440 nm  
 

    

 
 

Figure 3. Characterization of heat produced by the laser is shown in curve of time against 

temperature 
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Photosensitizer Characterization and Energy Doses 

 

Figure 4. Absorption spectrum of chlorophyll as photosensitizer in wavelength of 300 – 900 nm 

 

The absorption spectrum of chlorophyll as photosensitizer in the wavelength of 300 – 900 

nm from UV-Vis spectrophotometer is shown in Figure 4. Based on the test results, then percent 

absorption of chlorophyll at a wavelength of 405 nm (laser diode) can be calculated as follows: 

 

ABS = log 
1

T
   

2.347= log 
1

T
  , T = 0.0049 

So the chlorophyll absorption in % = (1-0.0049) x 100% = 99.51%. From this result energy doses of 

photodynamic treatment can be calculated for various exposure times. The energy doses are defined 

as absorption percentage x power x exposure time / cross-sectional area. Table 1 shows calculated 

energy doses for various exposure times. 

 

Table 1. Energy doses used in photodynamic treatment for various exposure times 

Wavelength 

(nm) 

Absorptio

n 
Power (mW) 

Cross-

sectional area 

(cm2) 

Exposur

e time 

(s) 

Energy 

doses J/cm2 

405-425 99.51% 95.69 ± 1.41 0.28 ± 0.09 

15 5.06 

30 10.13 

45 15.19 

60 20.26 

75 25.34 

90 30.38 

 

In Photodynamic Inactivation (PDI) application, power and exposure time of the light source 

has a very important role in the type of interactions between light and targets. The interaction of 

photochemistry on PDI occurred at the time duration of exposure > 1 s with low power light at a 

range of mW [13], so the laser instrument used in this study meets the requirements for the occurrence 

of photo inactivation of bacteria which based on photochemical mechanism.  
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Bacterial Viability and Photodynamic Inactivation 

The results of the viability test of Streptococcus mutant bacteria with chlorophyll addition 

are shown in table 2. Table 2 shows that chlorophyll, with concentration of 0.1 – 0.4 mg/ml), an 

addition to bacteria colonies only slightly change the number of colonies. Based on these results, 

chlorophyll with concentration of 0.1 – 0.4 mg/ml does not affect bacterial viability. Chlorophyll 

concentration of 0.2 mg/ml was used in further studies.  

 

Table 2. Bacterial viability test data against chlorophyll 

Chlorophyll 

concentration (mg/ml) 

The number of bacterial 

colonies (CFU/ml) 

Control 255 

0.1 260 

0.2 251 

0.3 247 

0.4 249 

 

Using chlorophyll with concentration of 0.2 mg/ml as a photosensitizer, PDI was studied with 

various exposure times. The results are presented in tables 3. 

 

 

Table 3. PDI effect using 405 nm diode laser with chlorophyll photosensitizer on Streptococcus 

mutant bacteria  

Exposure 

time (s) 

Energy doses 

(J/cm2) 

The number of bacterial 

Colonies (CFU/ml) 

Decrease percentage in 

bacterial growth (%) 

0 0  251.25  17.27 0 

15 5.06  191.25 13.45 23.88 

30 10.13  106.50  13.30 57.61 

45 15.19  106.00 13.98 57.81 

60 20.26  70.00  8.52 72.14 

75 25.34  65.25 7.41 74.03 

90 30.38  91.25  9.00 63,68 

 

The results in table 3 show that exposure of blue laser at a distance of 1.5 cm and exposure 

time duration of 75 seconds with a dose of energy 25 J/cm2 can produce PDI which decrease the 

number of bacteria Streptococcus mutant 74%. These results mainly due to use of Chlorophyll as 

exogenous photosensitizer which can utilize 99.51% of the light with wavelength of 405 nm.   

Chlorophyll is the pigment that plays important role in the primary photochemical reaction in 

photosynthesis. The main functions of chlorophyll in photosynthesis process are light absorbing, 

energy transfer and charge separator on the photosynthetic membrane [14]. High energy absorption 

during the process of photosynthesis is caused by long excitation process ( 10-8seconds). The longer 

excitation process of singlet chlorophyll, the larger the electronic energy conversion from the ground 

state to the triplet excited state may occur. The excess energy at triplet excited state gives 

opportunities to chlorophyll to transfer energy to oxygen molecule around them. This reaction 

produces reactive oxygen singlet (ROS) which is responsible for PDI. There are two types of 

chlorophyll i.e., chlorophyll-a (C55H72MgN4O5) and chlorophyll-b (C55H70MgN4O6) (Figure 5). 
  

120001-6



  

 

Figure 5. Structure of Chlorophyll-a and chlorophyll-b [15] 

 

The width of the absorption spectrum of chlorophyll is very wide (light absorption peak of 

chlorophyll-a is 430-662 nm and chlorophyll-b is 453-642nm). The process of PDI in Streptococcus 

mutant bacteria can be explained as follows, the first step is the absorption of photon energy by 

chlorophyll (10-15 s) followed by chlorophyll molecule excitation. The excitation is generally 

achieved via a one photon transition between the ground state, S0, and a singlet excited state Sn. 

Relaxation of the Sn state yields the lowest excited singlet state of the sensitizer S1. Intersystem 

crossing generates the sensitizer triplet state, T1. The lifetime of the T1 state is longer (ms) than that 

of the S1 state (ns) allowing this excited state to react in one of two ways, defined as Types I and II 

mechanisms. A Type I mechanism involves hydrogen-atom abstraction or electron-transfer between 

the excited sensitizer and a substrate, yielding free radicals. These radicals can react with oxygen to 

form an active oxygen species such as the superoxide radical anion. In a Type II mechanism, singlet 

oxygen is generated via an energy transfer process during a collision of the excited sensitizer with 

triplet oxygen. Each chlorophyll molecule can typically produce 103-105 molecules of singlet oxygen 

before being degraded through photo bleaching or by some other process.  The next step is the 

formation of hydrogen peroxide (H2O2) due to occurrence of singlet oxygen. High concentrations of 

hydrogen peroxide and singlet oxygen can form hydroxyl radical (reaction Haber Weiss) who also 

produced from metal ions such as iron and copper through Fenton reaction. Hydroxyl radicals easily 

diffuse through the membrane and cause cell damage [16]. 

4. Conclusion 

This research used chlorophyll with concentration of 0.2 mg/ml as a photosensitizer. 

Bacterial viability test results showed that chlorophyll is not toxic and does not affect bacterial 

viability. Exposure of blue laser (wavelength of 405 nm) at a distance of 1.5 cm and exposure time 

duration of 75 seconds with a dose of energy 25 J/cm2 can produce PDI which decrease the number 

of bacteria Streptococcus mutant 74%. These results mainly due to use of Chlorophyll as 

photosensitizer. 
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