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Abstract 
 

      The Escherichia coli(E. coli) isGram negative bacteria, that normally live in the digestive tracts 
of humans and animals, can cause bloody diarrhea, severe anemia or kidney falureand other 
illnesses which can lead to death.Systemic therapy with antibiotic cause bacteria resistant. So, 
an alternative method is needed, one of them is Photodynamic therapy (PDT).This research aims to 
investigate antimicrobial photodynamic effects of the light emitting diode (LED) activated 
bymagnetic fields 1.8 mT irradiation to bacteria viability . 
      To determine the antimicrobial effect of treatments, three measurements of bacterial colony 
growth (in %) were carried out.  Three measurements groups as follow: Groups I to measurements 
the effects of LED irradiation by varying wavelength (469nm, 541 nm and 626 nm); Groups II to 
measurements effects of magnetic fields 1.8 mT to antimicrobial efficacy; Groups III to determine 
the effects and efficacy of LED 541 nm and magnetic fields irradiation with varying LED intensity 
(0.62, 2.50, 6.27, and 8.21) mW/cm2 and time irradiation (20, 30, 40, 50) minutes, respectively. The 
suspension was planted on sterile media and incubated at a temperature of 37oC for 24 hours. After 
incubation, the number of colony-forming units per milliliter (CFU/ml) was determined. The results 
were analyzed by analysis of variance (ANOVA) and the Tukey test. A P value ≤0.05 was 
considered to indicate a statistically significant difference.   
       The LED treatment group 469 nm, 541 nm and 626 nm resulted in statistically significant 
decrease of CFU (p<0.05) compared to each other. The LED 541 nm treatment group with 
magnetic fields resulted significantly differ with treatment group without magnetic fields. The LED 
541 nm treatment with magnetic fields 1.8 mT at various light intensity and time irradiation resulted 
significantly differ each other (p<0.05). LED irradiation with intensity 6.27 mW/cm2 and time 
irradiation 50 minutes (energy dose 18.81  J/cm2) resulted highest decreases the number of 
bacteria E.coli 80%. 
       LED irradiation combined by magnetic fields can improve the efficacy of antimicrobial 
photodynamic effects.  
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 Introduction 

 
Escherichia coli (E. coli) bacteria is the 

name of bacterium that normally live in the 
digestive tracts of humans and animals. There 
are many types of E.coli. Most of them are 

harmless and actually are an important part of a 
healthy human intestinal tract. However, some 
strain of E. coli are pathogenic, meaning they can 
cause illness, either bloody diarrhea or illness 
outside of the intestinal tract, severe anemia or 
kidney failure, respiratory illness and pneumonia, 
and other illnesses which can lead to death. The 
types of E. coli that can cause diarrhea can be 
transmitted through contaminated water or food, 
or through contact with animals or persons1-2. E. 
coli is a gram-negative bacteria, facultative 
anaerobe and chemoorganotrophic. It lives on 
the temperature that ranges from 20 to 40 °C, but 
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the optimum temperature is 37 °C. Systemic 
therapy with antibiotic cause bacteria resistant3-4. 
So, an alternative method is needed for a 
disinfectant process that is chemically free, and 
one of them is using the method of antimicrobial 
Photodynamic Therapy (aPDT). Antimicrobial 
PDT (aPDT) also known as photodynamic 
inactivation (PDI)5,lethal photosensitization, 
photoactivated disinfection (PAD) or 
photodynamic antimicrobial chemotherapy 
(PACT)6 is an alternative antibacterial, antifungal, 
and antiviral treatment for drug-resistant 
organisms.PDT is a non-thermal photochemical 
reaction involving the simultaneous presence of 
visible light, oxygen and photosensitizer(PS) to 
generate various of radical oxygen species 
(ROS)7-8. Photodynamic therapy might be useful 
as an alternative approach for the antimicrobial 
treatment9-10. 

In nature some of the bacteria (E. coli) 
containing porphyrin compounds as endogenous 
PS. Most bacteria use hemA biosynthetic 
pathway to produce porphyrins from the 
precursor. In the bacterial, the product of hemA 
gene is the ALA synthase9. ALA is formed by an 
ALA synthase that catalyzes the pyridoxal 
phosphate-dependent condensation of succinyl-
coenzyme A (succinyl-CoA) and glycine. There 
are many techniques to increase production of 
ALA, one of which is magnetic field application. 
Additionally, it has been reported by other 
researchers that the application of magnetic field 
causes stress on bacteria cells and activates 
ALA dehydratase (ALAD) genes (an important 
enzyme inporphyrin synthesis) to increase the 
production of ALA and porphyrin11. Increasing 
endogen porphyrin production can improve light 
absorption. 

Light absorption process by 
photosynthesizing molecules (porphyrin) in 
bacteria followed by triggering the activation of 
chemical reactions that produce various reactive 
oxygen species (ROS). ROS are the product of 
photochemistry reaction that inactivates microbial 
cell12. It is the delaying of metabolism cell activity 
due to cytoplasmic membrane damage caused 
by peroxidation of oxygen reactive. PDI requires 
a source of light that activates the PS by 
exposure to low-power visible light at a specific 
wavelength. In the past, PS activation was 
achieved via a variety of light sources, LED and 
any various dye laser13. These laser systems are 
complex and expensive. For large area, non-

coherent light sources light tungsten filament, 
quartz halogen, and xenon arc are often used for 
irradiation treatment in PDT14-17. Light emitting 
diodes (LED), have also been applied in PDT18-20. 
These light sources are much less expensive and 
are small, lightweight, and highly flexible. 

This paper reports our investigation about 
effect and efficacy of photodynamic LED 
combined with magnetic fields irradiation on the 
inactivate cell cultures of E. coli ATCC 25922. In 
this case, the magnetic field of 1.8 mT from 
Helmholtz coil was an optimum condition as 
reported previously21. The use of the magnetic 
field was intended to promote the biosynthesis of 
photosynthesizer molecules in a bid to increase 
the number of light absorber molecules.    

 
Materials and methods 

       
Bacterial Strain and Culture Conditions 
The strain used in this study was E. 

coli ATCC 25922 that was obtained from the 
American Type Culture Collection, the USA. The 
bacteria colony were grown for about 18 hours 
onMac Conkey Agar plates. The bacterial colony 
was then transferred into Nutrient Broth. The 
initial optical density of the culture was between 
0.2 to 0.25 at the wavelength of 660 nm. Cultures 

were allowed to grow aerobically at 37 C with 
aeration until they reached an optical density of 
0.5 at 660 nm. The bacteria were grown 
aerobically on nutrient agar plates and inoculated 
on fresh plates once every week. The re-plated 
stock culture was about 4 to 5 days old, and a 
sterile glass rod was used to scrape off the 
bacteria. The bacteria were dilutedby adding 
sterile water until the optical density was 0.003 
with a number of bacteria colony were 2.67 x 107 
CFU (for E. coli bacteria based on preliminary 
research). The irradiation of the E. coli bacteria 
was done in vitro in Petri dishes.  

Apparatus Chamber for Illumination 
Treatment 

For the light source, it consisted of LED 
array. The irradiation consisted of a LED array, a 
petri dish holder under servo motor that rotating 
at 5 rpm. Samples were put in the rotated sample 
holder in the middle of Helmholtz coils. Rotating 
the petri dish holder ensured that all bacteria 
were exposed to the same average level of light. 
The servo motor was used to rotate the sample 
holder, where the petri dish was placed, so that 
the light illumination was expected to be 
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homogenous in the sample. The LED series is an 
electronic series which function is to turn on the 
LEDs through a different potential of the power 
supply. Helmholtz coil is an electronics series 
that serve as the source of low-frequency 
magnetic fields that is initiated through different 
potentials.  
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(b) 
Figure 1. (a) Schematic apparatus chamber for 
illumination treatment of samples; (b) Workflow 
diagram of apparatus chambers for illumination. 
 

Magnetic fields source used in this 
research is two identical coils with outer diameter 
13 cm, inner diameter 6 cm, and 1000 twists.  
The coil was made of copper wire with a 
diameter of one mm and the brass type resistant 
of 1.72 x 10–8Ωm. The resistance of each coil is 
11 Ω, because these two coils are set in series 
so that the total resistant of the two coils is 22 Ω. 
While the current source utilized is DC power 
supply with current specification 0 – 0.5 A. Finally 
the bacteria culture was transferred to dishes for 
LEDs irradiation. The main apparatus and 
chamber for illumination treatment is shown Fig.1. 

Antimicrobial Effect of Treatments 
Against E.coli 

To determine the antimicrobial effect of 
treatments, three measurements of bacterial 
colony growth (in %) were carried out.  Three 

measurements groups as follow: Groups I to 
measurements the effects of LED irradiation by 
varying wavelength (469nm, 541 nm and 626 
nm); Groups II to measurements effects of 
magnetic fields 1.8 mT to antimicrobial efficacy; 
Groups III to determine the effects and efficacy of 
LED 541 nm and magnetic fields irradiation with 
varying LED intensity (0.62, 2.50, 6.27, and 8.21) 
mW/cm2 and time irradiation (20, 30, 40, 50) 
minutes, respectively. After irradiation, the 
bacteria were incubated at room temperature for 
24 hours. Next, each sample was taken out from 
theincubator, and After incubation, the number of 
colony-forming units per milliliter (CFU/ml) was 
determined.  The decrease in bacterial colony 

growth (D) was calculated using D(%):(C-

T)/Cx 100%, where C and Y are the total 
numbers of bacterial colony, under treatment and 
control, respectively.The results were analyzed 
by analysis of variance (ANOVA) and the Tukey 
test. A P value ≤0.05 was considered to indicate 
a statistically significant difference. 

 
Results 

 
Light source and magnetic field 

characterization 
The output power of LED array in the 

various pulse width of modulation (PWM) is 
depicted in Fig. 2(a). It was measured using a 
Silicon detector 818 SL at a wavelength range of 
400 nm – 1100 nm. For the PDI application, light 
with power density and exposure duration plays 
an important role in certain types of interactions 
with the target. Photochemical interaction on PDI 
occurs in exposure duration more than one 
second with a low optical power density in the 
mW range22. Therefore, the LED instrument has 
been designed to meet the requirements of the 
photodynamic mechanism in bacteria.  

Figure 3(a) shows the decrease (in %) of 
a total number of E. coli bacterial colony after 
LEDs irradiation at various wavelengths, i.e. 469 
nm, 541 nm, and 626 nm. The light at 541 nm 
shows the highest performance for decreasing 
bacterial colony of more than 70%.  On the other 
hand, Fig. 3(b) shows the reduction in the 
bacterial colony by varying power (intensity) and 
timeexposure of light irradiation.  

It is clear that the group treatment with 
LEDs 541 nm at power density 6.27 mW/cm2 for 
50 minutes (equivalent with the energy density of 
18.81 J/cm2) combined with 1.8 mT magnetic 
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fields can decrease of E. coli bacterial 
colony by 80%. 

 

 
(a) 

 
(b) 
Figure 2. (a) The intensity of LED irradiation at a 
distance of 2 cm for varying PWM settings;  (b) 
The magnetic field uniformity when the distance 
between two coils was 6 cm with applied voltage 
variations. 
 

The LED treatment group 469 nm, 541 
nm and 626 nm resulted in statistically significant 
decrease of CFU (p<0.05) compared to each 
other. The LED 541 nm treatment group with 
magnetic fields resulted significantly differ with 
treatment group without magnetic fields. The 
LED 541 nm treatment at various light intensity 
and time irradiation resulted significantly differ 
each other (p<0.05). The Tukey post hoc test 
result that exposure of LED with light intensity 

6.27 mW/cm2 and time irradiation 50 minutes 
(Energy dose 18.81 J/cm2) resulted highest 
decreases the number of bacteria E.coli 80%. 

 
 Discussion 

 
As mentioned in the previous report21, the 

magnetic fields source consists two identical 
coils with an outer diameter 13 cm, inner 
diameter 6 cm, and the number of twists is 1000.  
Meanwhile, the coil is made of copper wire with 
one mm diameter and brass resistant of 
1.72 ×10-8 Ω m.  

 

 
(a) 

 
(b) 
Figure 3. (a) The decrease of bacterial colony 
due to the application of 1.8 mT magnetic field 
combined withvariouswavelengths of LED light;  
(b) The decrease of bacterial colony due to the 
application of 1.8 mT magnetic field combined 
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with different exposure times and light intensities 
of LED 541 nm. 
 

The resistance of each coil is 11 Ω, and 
the total resistance of the two coils is 22 Ω. The 
source of current is DC power supply with 
specification current up to 0.5 A. The strength of 
magnetic field at the different position of 
measurements indicated that the more distant 
the magnetic fields position, the lower magnetic 
field strength measured. Magnetic fields strength 
uniformity can be achieved at a distance of 6 cm 
between the two coils, on 6.32 V and 1.8 mT 
magnetic fields. The magnetic field is relatively 
uniform at voltage input of 0.44 V when the 
distance between coils is 6 cm (Fig. 2b). 

In this study, the LED light produces 
spectrum at avisible wavelength of 400 nm to 
650 nm. PDI requires a source of light that 
activates the PS by exposure to low-power 
visible light at a specific wavelength23. This 
wavelength range is in accordance withthe 
absorption spectrum of porphyrin. It has been 
also reported that the main porphyrin on E.coli 
bacteria is a type of uroporphyrin (65.3-85.3%) 
with an absorber spectrum imbibed in blue light24. 

Therefore, the LED light source can be 
applied for photo-inactivation on bacteria with 
porphyrin endogenous.  the time exposure of 
light irradiation play a significant role in the type 
of interaction with the target (Fig. 3(b)).  

Moreover, the photochemistry interaction 
on PDI occurs within the exposure time more 
than one seconds in low optical density power 
within the range mW25. It means that the 
irradiation energy dose of LED on an area 
irradiation (energy density) in J/cm2 is the 
amount of energy irradiation (power times the 
period of irradiation) divided by the area of 
irradiation. The proper energy dose will activate 
the occurrence of chemical reactions that 
produce various reactive oxygen species that 
subsequently triggers photo-inactivity on 
bacteria.  

The success of bacterial photoinactivation 
determined by compliance of light wavelength 
with the absorption spectrum of PS for the 
occurrence of porphyrins molecules 
excitation. Another deciding factor is the radiation 
energy dose. The appropriate energy dose will 
activate chemical reaction which produces a wide 
range of reactive oxygen species that cause 
photoinactivation in bacteria. In this study, a 

combination of radiation dose factors of power 
and the 1.8 mT magnetic field influences the 
decrease of the bacterial colony of Bacillus E. 
coli. The result indicates that the use of LED 
541 nm super bright locally produced as in this 
research was effective in decreasing the number 
of the colony bacillus E. coli ATCC 25922 by 
80% on energy dose 18.81 J/cm2 (the intensity 
6.27 mW/cm2 and time duration of irradiation 50 
minutes). The improved of irradiating time 
resulted in a decrease of a bacterial colony. 

As comparison in other study, Lipovsky et 
al.26 who examine photoinactivation of 
bacteria Staphylococcus aureus (S.aureus) on 
strain 101 (sensitive methicillin) and strain 500 
(resistant methicillin) with irradiation halogen 
lamps 415 nm, the optimum energy dose 120 
J/cm2  (the intensity 100 mW/cm2 and the length 
time irradiation 20 minutes) produce decreased 
number of colony bacteria by 90 percent. Using 
the same media with a wavelength of 455 nm 
and similar energy density produce a 50% 
decrease. Moreover, a photo-inactivity bacteria S. 
aureus by using xenon lights is optimal at 205 nm 
with the dose 23.5 J/cm2 (the intensity 3.27 
mW/cm2 for 2 days) has been reported resulting 
a decrease in bacterial colony up to 24%. While 
that of using blue LED of 405 nm with the energy 
dose of 36 J/cm2 (the intensity 10 mW/cm2 for 
about 60 minutes) resulting a decrease in 
bacterial colony up to 14%27.  

Differences of PDT inactivation effect on 
Gram-positive and Gram-negative lies in the 
structure of the cell wall28. On the outside wall of 
Gram positive bacteria with a thickness of 15-80 
nm consisting of 100 layers peptidoglycan 
associated with lipoprotein that binds to the outer 
membrane and the peptidoglycan teichuronic 
acid negatively charged relatively porous. The 
outer membrane of Gram-negative bacteria 
consisting of lipopolysaccharide, phospholipids, 
and lipoproteins. outer membrane serves as a 
barrier against the damaging effects of the 
outside of the cell and has a permeability to 
certain molecules. The outer membrane forms an 
effective barrier permeability. Photochemical 
reactions type I operative for Gram (+) and 
reaction type II operative to Gram (-).  

Porphyrin is a metastable state, which 
can donate the excited state energy to a ground 
state of the oxygen molecule, whereby a singlet 
oxygen (1O2

*) molecule is created. This type of 
photosensitization reaction is called a type I 
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reaction. In the reaction, the excited 
photosensitizer acts as an oxidant and the 
resulting effect is a transfer of either a hydrogen 
atom or an electron, yielding active radicals or 
radical ions that may cause damage to 
neighboring biomolecules29. Reactions 
superoxide radical O2

- may be formed. 
Subsequently stronger oxidizers like peroxide 
OH- and hydroxyl HO- radicals are formed. 

A basic mechanism has been proposed to 
explain the lethal damage of the bacteria by 
photosensitization is due to the damage of the 
cytoplasmic membrane, allowing leakage of 
cellular contents or inactivation of membrane 
transport systems and enzymes8. The alteration 
of cytoplasmic membrane proteins has been 
shown by30-32. A chemical reaction is induced 
production of singlet oxygen, and subsequent 
reaction sequences (as direct membrane 
damages) is likely to be the main cause of 
inactivation. However, even if the cell does not 
undergo lysis, irreversible K+ loss may be 
considered as the initial step toward cell death20. 

Magnetic fields cause stress in bacterial 
cells and activates genes ALA dehydratase 
(ALAD), which is a key enzyme from a synthesis 
porphyrin11, which increases the production of 
porphyrin photosensitizer33. The increased photo-
synthesizer endogenous in bacteria will 
increase reactive oxygen production that caused 
peroxidation in lipid and membrane proteins 
bacteria.  The effect of the magnetic field for 
therapeutic use has been explored. A study by 
Pang et al.34 shows that there is a synergy 
between photodynamic and electromagnetic on 
the therapy of cancer cell leukemia that 
significantly decreases the viability of cancer 
cells through various photo-synthesizer. 
 
 Conclusions 
 

Magnetic fields can increases the 
production of porphyrin photosensitizer and 
improve the efficacy of antimicrobial effect. 
Results of the study showed that LED 541 nm 
irradiation with light intensity 6.27 mW/cm2 and 
time irradiation 50 minutes (energy 
dose18.81 J/cm2) and magnetic field strength 1.8 
mT is optimal to reduce the percentage of E. coli 
bacteria colony by 80%. So LED irradiation 
combined by magnetic fields can improve the 
efficacy of antimicrobial photodynamic effects. 
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