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Abstract: The antimicrobial properties of Light-Emitting
Diode (LED) are an area of increasing interest. The aim of
this study was to evaluate the bactericidal effects of blue
(peak at 456 nm), green (peak at 518 nm), red (peak at 654
nm) and blue-green combined (blue 456 nm : green 558 nm =
69:31) LED irradiation to pathogenic bacteria. For this, LED
equipment providing power density of 10 mW/cm? was ins-
talled and plates were exposed to 0.9 or 3.0 mW/cm? to irradi-
ate bacteria with 3.2 to 259.2 J/cm? of energy density. As a
result, blue and combined LED have shown bactericidal ef-
fects on Escherichia coli KCTC 1467 and Listeria monocyto-
genes ATCC 19115 after irradiation of 3.0 mW/cm? for 2 and
4 hr, respectively. Staphylococcus aureus KCTC 1916 was
inhibited at 518 nm green LED irradiation. However, red LED
irradiation showed no inhibitory effect to the other tested
strains. Light technology that utilizes the bactericidal proper-
ties of blue (at 456 nm) and blue-green(blue 456 nm : green
558 nm = 69:31) combined LED may have potential applica-
tions in the food industry sector.

Keywords: Light-Emitting Diode (LED), 456-nm LED, Com-
bined LED, Pathogenic bacteria
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F AR 2 0AE Y Aolo] Bk AFE 12T
A& Aetet 4 54 [10], UV LED9] QHa 2t njAY
= 5843} [11], 405 nm LED2] methicillin resistant S. aureus
(MRSA)S] A1 33} [12] 0] Slet. A3 455 -2 1
Ao thoreh a4t 5t wharl o] A wato] s AL
3 el ojulshk weby B AT A L EL Q) A%
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54 = 69:31) LED %918 ZA} S of AL avhe 24}
shich.
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21. A48 2F 2 A WA

B Ao A AHEE FFE SRS AAME (Korean
Collection for Type Cultures, KCTC)o| A £oF W2 E coli
KCTC 1467, L. monocytogenes ATCC 19115, S. aureus KCTC
1916 o+t=5 A& ¢ EEATES -80°C A2
T 10| A 20% glycerol stock (w/v) FE| 2 Hstg o, H
% Brain Heart Infusion agar (BHI, Difco Laboratories,
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Fig. 1. Survival rate of E. coli KCTC1467 at various wavelengths of
LED irradiation. ®: 654 nm, O:518 nm, ¥: 456 nm, A: Combined
456 nm (69) : 558 nm (31). A, low-dose (0.9 mW/cm?); B, high-
dose (3 mW/cm?). *p<0.05, **p<0.01, ***p<0.001 (MeanSD).
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A3}, A LEDQ] 79 HAFTFEE 0.9 mW/em?® (low-dose)
2 3.0 mW/em?® (high-dose)® RAMSFIS o, 8A17F (25.9 )/
cm?) 2 2417k (21.6 Jiem?) 0] & ZHzF AP & 041-4- =3+ LED
o] A HARFEE 0.9 mW/em® ZAFFAS o, 1A]7F (3.2
Jem?®) 7 3} 5 7FA8}7] Al &Feke] 8AIZE (25.9 J/em?) 0] & &L
F AP E QAT B3 £33 AT E S 3.0 mW/en' 2 =
A= W= A LEDS} ufj - AR At 5 3HS ik gt
el 4413 541 LEDS| 49 o223} §.9112) 20|}
glo] Ayt aatE W olA| ¢kokrt (Fig. 1).

3.2. L. monocytogenes A3 A 3}

L. monocytogeness A O 2 Ardt8S ASE A3, A
LED®] Z< HABIEE 0.9 mWem® RAFSFAS of 147
(3.2 Jem?) o] & F4 3] 7HA8ko] 124171 (38.9 Jem?) o] & A}
HE) Qo E3l, 3.0 mW/em® RAFSHE S o, 2A]17F (21.6 1/
cm’) 0] 80% O] A} 7F43k9] 0.1 4A|7F (43.2 Jem?) o] & A}
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Fig. 2. Survival rate of L. monocytogenes ATCC 19115 at various wave-
lengths of LED irradiation. ®: 654 nm, O :518 nm, ¥: 456 nm, A: Com-
bined 456 nm (69) : 558 nm (31). A, low-dose (0.9 mW/cm?); B, high-
dose (3 mW/cm?). *p<0.05, **p<0.01, ***p<0.001 (MeanSD).
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A1}, L. monocytogenes= 22X 7k 0] % FABA 1A )AL
12A]7F gho]] m5 APEE QT ¥, FEE 3.0 mW/em'2
5] RAKSE 9 4A17F ol AFE E| Sl ’S‘WUJ Xﬁ“‘iﬂri
A LEDS] 9= WAFE =7} 2 A9 22 A ¢ BE
o 22§24 Zpo] & Kol A] ghof AgtElo] gls Ao
urebsk ot (Fig. 2).

3.3. 8. aureus A ¥ &3}
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Fig. 3. Survival rate of S. aureus KCTC 1916 at various wavelengths
of LED irradiation. ®: 654 nm, O:518 nm, ¥: 456 nm, A: Combined
456 nm (69) : 558 nm (31). A, low-dose (0.9 mW/cm?); B, high-dose
(3 mW/em?). *p<0.05, **p<0.01, ***p<0.001 (MeantSD).
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Table 1. D-value of strains after exposure to blue and blue-green
combined LED irradiation

LED irradiation

Strains Electric dose Blue-LED Blu.e-green
(mW/cm?) h Qem? ) combined LED
h (J/em?)
E. coli KCTC 1467
0.9 4(13.0) 8(25.9)
3.0 2(21.6) 2(21.6)
L. monocytogenes ATCC 19115
0.9 8(25.9) 12(38.9)
3.0 4(43.2) 4(43.2)
S. aureus KCTC 1916
0.9 4(13.0) 8(25.9)
3.0 2(21.6) 2(21.6)
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