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ABSTRACT - As the consumption of fresh fruits and vegetables increases, food poisoning caused by foodborne
pathogen contamination is not decreasing. To prevent the contamination of produce, a quick and easy, low-cost, envi-
ronmentally-safe disinfection method that does not affect produce freshness or quality is needed. This study demon-
strates a new-concept, circulating-water disinfection system that purifies water by using newly developed ‘LED-PS
(photosensitizer)-induced ROS generation unit’. Using various types of LED-PS induced ROS generation units, we
investigated the conditions for reducing the density of various pathogenic bacteria by more than 3 log CFU /mL in 1
hour. The major operational factors affecting the density reduction of the LED-PS-induced ROS generation unit were
analyzed. Depending on bacteria species, the density reduction rate was varied. The effect of the units on reducing the
density of Bacillus cereus and Pectobacterium carotovorum subsp. carotovorum was high, but the effect on foodborne
bacteria such as Escherichia coli was relatively low. In this circulating water disinfection system, the density reduction
effect tended to increase as the flow rate increased and the initial bacterial density decreased. As the amount of PS
absorbed beads increased, the density reduction effect increased exponentially in some bacteria. Model 3280, a double
cylindrical unit connecting two single cylindrical units, could completely sterilize more than 3 log CFU/mL of B.
cereus and P. carotovorum subsp. carotovorum in 30 minutes of LED irradiation.
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Materials and Methods
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Table 1. Bacterial strains used in this study
Microorganisms Strain Source of strain

1 Bacillus cereus B87 Lab. isolate from perilla leaf

2 Staphylococcus aureus Al Lab. isolate from perilla leaf

3 Escherichia coli 25922 ATCC

4 Escherichia coli O157:H7 43895 ATCC

5 Salmonella Enterica 4931 ATCC

6 Listeria monocytogenes 19113 ATCC

7 Pectobacterium carotovorum subsp. carotovorum P1 Lab. isolate from Chinese cabbage

(1) ROS Generation Unit )

Light source: white

H2TPP@polyprophlene (JM-
380)

Flow rate | Led

RegulatorI

Square type

Cylindrical type(x1)

Cylindrical type(x2)

Fig. 1. Scheme on water disinfection device using three type of LED-PS induced ROS generation unit.
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Fig. 2. Optical Density change of 1,3-Diphenyliosobensofuran
(DPBF) in ethanol vs. LED irradiation time. Quenching of singlet
oxygen by photosensitizer(H,TPP) in bead under 410 nm light
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ent). The control without light irradiation was a little change in
Optical Density.
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Fig. 3. Density reduction effect of various pathogenic bacteria over time in water treated with square type of LED-PS induced ROS gen-
eration unit 1164 (m) and cylindrical type of LED-PS induced ROS generation unit 3280(0) S. Enterica
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Table 2. Effect of water flow rate on density reduction of bacteria in water treated with light irradiation using LED-PS induced ROS

generation unit

Bacterial strain tested Flow rate Initial Conc. Final Conc. Time of Reduction Reduction Rate
(mL/sec) (log CFU/mL)  (log CFU/mL) treatment (min) (log CFU/mL) (log CFU/min)
Bacillus cereus B87 5 3.4+0.1 2.6+0.1 120 0.8+0.2 0.007+0.001 a*
10 4.3+0.2 1.1£0.2 120 3.2+0.2 0.029+0.004 b
20 4.44+0.2 0.0 120 4.4+0.2 0.037+0.002 ¢
29 3.6+0.3 0.0 120 3.6+0.2 0.030+0.004 be
P. carotovorum subsp. 5 3.6+0.2 0.0 120 3.6+0.2 0.030+0.002 a
carotovorum P1 10 4303 0.0 90 4304 0.048+0.003 b
20 3.340.3 0.0 75 3.3+0.3 0.044+0.002 b
25 3.2+0.4 0.0 30 3.2+0.3 0.107+c

*The data are obtained at the mean+standard deviation of three individual experiments. Different letters indicate significantly differences
(P <0.05) among the treatments for flow rate.

Table 3. Effect of initial density of bacteria on density reduction of bacteria in water treated with light irradiation using LED-PS induced
ROS generation unit at 20 mL/s in flow rate

Bacterial strain tested Initial Density Final Density =~ Time of t.reatment Reduction Reduction Rat§
(log CFU/mL) (log CFU/mL) (min) (log CFU/mL) (log CFU/mL/min)
B. cereus B87 3.5+0.3 0.0 90 3.5+0.3 0.039+0.009 a*
3.9+0.3 0.7+0.2 120 3.2+0.1 0.027+0.001 ab
5.6+0.2 2.8+0.3 120 2.8+0.2 0.023+0.002 be
P. carotovorum subsp. 3.1£0.4 0.0 45 3.1£0.2 0.069+0.002 a
carotovorum P1 4304 0.0 90 4303 0.048+0.003 ab
4.9+0.3 0.0 120 4.9+0.3 0.041+0.003 b
5.2+0.2 2.9+0.4 120 2.3+0.4 0.019+0.004 ¢

*The data are obtained at the mean+standard deviation of three individual experiments. Different letters indicate significantly differences
(P < 0.05) among the treatments for initial density.
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Table 4. Bactericidal effects on pathogenic bacteria by using different type of LED-PS induced ROS generation unit

Bacterial strain Type (?f ROS. Volume of Initial density Reduction rate. Time to reduction .of
generation Unit ~ PS-bead used (mL) (log CFU/mL) (log CFU/mL/min) 3 log CFU/mL (min)
P, carotovorum subsp. Square 1640 3.9+0.7 0.040+0.003 a* 22.0£15.2
Cylindrical (x 1) 1640 4.0+0.1 0.015+0.002 b 9.7+2.0
carotovorum P1 Cylindrical ( x 2) 2872 5.3+0.5 0.058+0.022 a 0.6+0.3
B. cereus B87 Square 1640 3.8+0.3 0.028+0.002 a 25.1£16.6
Cylindrical (x 1) 1640 3.5+0.9 0.038+0.006 a 77.9+3.8
Cylindrical ( x 2) 2872 3.4+0.3 0.128+0.082 b 15.7410.2
E. coli Square 1640 4.0+0.2 0.004+0.003 a 21.0£12.2
ATCC25922 Cylindrical (x 1) 1640 3.6+0.2 0.006+0.002 ab 37.7+3.4
Cylindrical ( x 2) 2872 3.8+0.3 0.045+0.013 b 16.3+7.3
E. coli O157:H7 Square 1640 4.2+2.0 0.004+0.004 - 12.0+£7.9
Cylindrical ( x 2) 2872 3.6+0.0 0.029+0.001 ** 34.9+4.3
L. monocytogens Square 1640 3.6+0.2 0.011+0.002 - 36.7+£12.3
ATCC19113 Cylindrical ( x 2) 2872 3.5+0.4 0.027+0.008 - 36.8+26.6
S. aureus Al Square 1640 4.3+0.8 0.010+0.009 - 33.8+44.6
Cylindrical ( x 2) 2872 4.1+0.0 0.037+0.003 ** 17.5+6.4
S. Enterica Square 1640 3.6+0.2 0.005+0.006 - 36.7+£12.3
ATCC4931 Cylindrical ( x 2) 2872 3.7+0.0 0.018+0.013 - 23.0+0.8

*The data are obtained at the meantstandard deviation of three individual experiments. Different letters indicate significant differences
(P < 0.05) among the three type of ROS generation units by Duncan’s multiple comparison test. ** indicate significant differences

between the two type of ROS generation units by T-test.
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