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Abstract

The objective of this study was to characterize the bactericidal effect of 461nm visible-light LED on three common
foodbome bacteria: Escherichia coli O157:H7, Staphylococcus aureus and Vibrio parahaemolyticus. Tests were
conducted against pathogen strains that were treated with 461nm LED for 10 h at 15°C. The E. coli (ATCC 43894,
ATCC 8739 and ATCC 35150) and the S aureus (ATCC 27664, ATCC 19095 and ATCC 43300) had average
reductions of 2.5, 6.6, 1.5, 2.5 and 2.0 log CFU/mL, respectively, after they were exposed for 10 h to 461nm
LED light (p<0.05). In contrast, V. parahaemolyticus (ATCC 43969) had 6 log CFU/mL reductions after it was
exposed for 4 h to 461nm LED light. The results showed that both the Gram-positive and Gram-negative bacteria
were inactivated with 461nm LED light exposure. Also, the Gram-negative bacteria were more sensitive to the
LED treatment than the Gram-positive bacteria. These results show the potential use of 461nm LED as a food

preservation and application technology.
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o 7A13A g3 F7HEAE ©]-8-3F PDI(photodynamic
inactivation) % PDT(photodynamic therapy)”} ©]3}4 &=
2 o] &H 1 QU TS A4, A o] S 2 AT
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o 7|z apH 71&e 5 7HIH, Ak
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AE V- LED(Visible-LED)fﬂ 739~ 400~700 nm A}o]<] 3}
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Microorganisms
B Aol AME-E E coli O157:HT(ATCC 8739, ATCC
35150, ATCC 43894), S aureus (ATCC 19095, ATCC 27664,
ATCC 43300)= 23 A 93} 70Tl Had 73 ARSI
o). ¥ tryptic soy broth(TSB, Difco Laboratories, Detroit,
ML, USA)°ll Fgste] 37°Co] v 710l 20~244]3F i
ston Hojx 3% o At S AW AV 7S
A3 o] ARE-3F T Tryptic soy agar(TSA, Merck Co., Draft,
Germany) 2 )G Al S 3Fo] 24~48A13F Ft vl 7]
oA wjFEH F, 25~250 Alole] HEHS AFste] 107

23832 A207 A3E (2013)

CFUmMLZ A8l RS A9} V. parahaenolyticus
(ATCC 43969)= 23 A 220l mineral oil(Sigma
Chemical Co., St. Louis, MO, USA)°] I7}¥ 2%
NaCl(Sigma) AFHEEjA]o] Bad FS AHESA 2%
NaCl2 373k B9 tryptic soy broth(TSB, Difco)ol] %
ste] 37°Ce] wj 7)ol A 20~24A]7F HH Fatlom o=
3 ol Al AR BA7] dE APl ARt
2% NaCl®] 7} tryptic soy agar(TSA, Difco)Z Y3
Hj oS 3t 24~48A17F F<t HjET] oA u
7 s A 10° CFUmLE B33 RS g1l
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461nm LED light source

A& o] A&H 461 nm blue light LEDE XHY
OPTOELECTRONICS(GX-HP10W-B, China)®lA] AJA4H&
AFolH mGaNe| gt A5 =2 A= Aok g2 FHoi
461 nm(+3)°o]™ & Aol u}E cooling fan¥} heat sink”}
B2 A}, APAHE 104x104x7 cm® =712] ABSFA|
(acrylonitrile butadiene styrene copolymer) B}~5 A 2}3k
& woo] o] LEDE H-2tele] 212891k 461 nm
LEDE o7le] o] 48 % WaTze Aase] e sh
of 9714 Fehz AL AF DL AC adapler(0~2
A, 0~12 V)F ol83ta skl e A2 10 V(2)9l
A 1 A(0.05)2 AHE-E 91t

Exposure experiments

RE A8 15CE 2 AL uj7](Sanyo Electric
Co. Ltd., Tokyo, Japan)©llA] a‘L% A e w =] e
LED7Ee] ZAARIE 33 am 4 Fo] 9A150] 4Z
9] Zo}oz o] Z AGHLE ]_M_'ﬂ_ =] Zlol&=
12 mmol™ FAEEE 15+1CE A8 M EE
(irradiance) = 22.1 mW/cm’ & S130C 400~1100 nm Al 7}
529 Thorlabs Laser Power and Energy Meter Console
PMI100DE ©]-835t] A AT & HALZRE Z 7004
Z}7}0] =2 H(dose) MES T 212 o]&sto] ALt Atk

E = pt

E+ Dose(energy density, 1A WE)E Jem .2 e}
W™, pe irradiance(HAFZE)E Wiem’, t£ A]7Hsecond)
o7 AHol=t}

Plating and enumeration

461 nm LED Al w2 st a v Hrlstr] fls)A
Z}7te] & 10° CFU/mLS] A7) el oA TSB 10°
CFU/mL F2.2 38|43+ 5 60x15 mm petridishol] 10 mL
=53t 15Tl A 10A17F Bt AR F 0A1ZHE 14]
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7t vt} 0.1 mLA sampling 3FATE 212+2] sampling 4] 7 ol
A ZAFEA] & 0413He] &9t AP sampleS-&
TSAZ pour plate g+ - 372 vl F7]ol A 24~48A17F vl <
st AAFE R F5 ALt

Statistical analysis

7} AL 33] e S Eglon FAREA] A= SAS
program, Version 9.2(SAS Institute Inc., Cary, NC, USA)<
o] g3t 3]ALHOE DL =l A 90%<] w1
& Abdeted dEle AIhS Albsiad 2 A
Zke] 2491 Z}o]= SPSS program, Version 19(SPSS Inc.,
Chicago, IL, USA)S ©]-8-3}4] Duncan’s testZ 735-3}51
5% T(p<0.05)°4 o] Fo|xth.
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Inactivation effects of treatment of 461 nm blue light LED

E d3E 461 nm blue LEDS o]-&3te] 1047 B¢k
bacterial cultures®l] ZA}gF A#-E Fig. 1~39] YEATH
IE3ATRA E coli®] 735 Al 5 BT 3AIZE = A1E
A FABIA 1asl7) AZsEE0 M ATCC 43894 10
AlZE & 2AF Hojzl & 9F 25 log CFU/mLY] 74E
HAOom ATCC 8739, 351502 947 o] % APE Q).
ST S aureus® 739 E. coli £ niz7A 2
3AZE H= Al-oA 7HA7F AIZEEH 10A17E 24T HofR
3 ATCC 27664, 19095, 433002 z+zF ¢k 1.5, 2, 2.5 log
CRUmL®] 7HAE Yebith 1937379 V. parahaenolyticus
TS 2507 He A-AA 4% AT A|RbE o] A}
SAIZE ghol] AP = ATE M| 5 ZF2+e] gl ti$t DR
Table 13} 2t} S aureus ATCC 27664 5.05478) 717
F2 %S Ueio] 2 a7t UeS BYoH E

Fig. 1. Inactivation effects of Escherichia coli O157:H7.

(O: ATCC 43894, @: ATCC 8739, W: ATCC 35150) after 10 h irradiation using
461 nm blue light LED.

Fig. 2. Inactivation effects of Staphylococcus aureus.

(O: ATCC 19095, @: ATCC 43300(MRSA), W: ATCC 27664) after 10 h irradiation
using 461 nm blue light LED.

Fig. 3. Inactivation effects of Vibrio parahaemolyticus (ATCC
43969) after 5 hr irradiation using 461 nm blue light LED.

coli ATCC 351502 1.39A17+] 7H vhe 1S Yehof
Ata st 71 oo T gE el o2l Afolvt
ERTHp<0.05). E. coli ATCC 8739, V. parahaemolyticus
ATCC 43969 53+ Z+7} 140, 151417102 =& Ay}
= etk 2 A3 A 461 nm LEDO)A] 10417t <t
ZAVE E coli®t V. parahaemolyticus®] 735 S aureus®|
HI3)| =& APEES UEhlo] 22| ol whet At a
o ztol7} Qlom ole g TEH IFSATY Aol
w2 photosensitization §/gol 2|3 AT AFETH14).
Photosensitizatione 7574 9] 384 SIgHET 71A134 0]
2hano] EA) oA A|aEe] HeAH APES JouA k=
AO R 71E9 UV 2t 713 = Aolrt e Aor 4
A ATh21). Kim(22)< 425 nm blue LEDO| X E. coli¢t
S aureuss 12A|ZF ZAAZ] A3 30%, 10%S] A4S Bl
Atk 22219 E coil®) A ayy)t =4 yehd
A A= 461 nm blue LEDE 0|83 £ A A9} FA}
3 S Bk whH o) Murdoch 5(23)& 2324 <l
Salmonella, Shigella, E. coli 7753} 1343w <) Listeria



422 Sk 2 5275818 A #1208 A335 (2013)

%S 405 nm blue LEDOIA T 71 mWjem’ 2 ZA}3H
A} Listeria &8 ZA} 305 A1 A(180 Jemd)ol| A AFd =]
Rom YA 2P-ATL 457270 Jjem®) A A4 o)
2 APEE S agde] At et ok B sk
t}. 405 nm blue LEDE 10 mW/em’2 ZASe] 18k
I SATE Blwdt Axk24), 1EEAF TN Enterococcus
TFS AL S aureus, Streprococcus, Clostridium, MRSA
(Methicillin resistant Staphylococcus aureus) T3] °F 70%
ZAE Aol A APEE AT a3 Acinetobacter
o] 7L 1808 A1-l|A 10' CFUML &2 7H4stga
Pseudomonas &< 240%9] 10' CFUmML, E coli¢}
Proteus, Klebsiella T8 77} 300% A1l 10° CFU/mL,
10' CFUML $32.2 71438} Enterococcus & ¢ 1%
FAdto] g tel gl 45 At a s et
o= 461 nm blue LEDE A3+ 2 A3 Aylol= Avtd
A2 A 405 nm blue light®] Z-¢- ¥t oz agh5d4
o vl agFAdFe AdaFrt 43 Aoz el
o}, 22 blue light % o] AWt wavelengthe] x}o]ol ]3]
it A a st yehd stz saEd, o] o ek

o] S v AAEA Bheo} WellA] AitE o] el
4 BAAAR o]-&H= porphyrin®] F, A, 2l
0E FrdY, 5T A 2 9 oE Aot o

D Zef A7 g REA ] A8 Fo] TS v

Table 1. D-values of the three Microorganism after exposure to
461 nm blue light LED

Strain D-value
E coli ATCC 43894 33640.68"
ATCC 35150 139002
ATCC 8739 1.40£0.06°
S aureus ATCC 43300 2.80£0.67°
ATCC 19095 407008
ATCC 27664 5.05:0.65"
V. parahaemolyticus ATCC 43969 1.5120.06"

"MeantSD of triplicated experiments.
2)z"dSigm'ﬁcance among different strains against the same wavelength (p<0.05).

Nitzan 5(27)2 407~420 nmA}le]2] blue light metal
halide lampE- ©]-8-3}¢] 4A]7t B2 A & 29w
a4 porphyrin 3T AbEFS AWE Ay
Staphylococcus, Bacillus®] 1537 E. coli, Acinetobacter,
Aeromonas®] 13531l B3]l uroporphyrin, coproporphyrin
o] #F&o] 7P =X o porphyrinfreA o] -5 1573
ol & S b om BAkgEe porphyrin 3
I FARHA UElt o= ol w2 porphyring] 4|

7F W] F4el wE B8l JFgS vAe ZoE
Als ¥t} wlEbA] 461 nm blue LED7} 132 Aol A &5
St AvtEdE Uehd B A3 de} Zolrt glor
ol ZARFYY T/ 2 A7), 9537 W2 porphyrin
T i Zol7t s A= HekE

o] AT ARE T3 E o B A o]&H
461 nm blue LED+= 15C2] A8 o)A 13340l A
Hold A aaE Uehdo] 1834 TS E9F 02 A
% 4 Jokar AU AT AFATG ARSEH TFF
Qo theFst ol vk Avras A @ At
9] 3k porphyrin A§Ak} EA) el Wik F71H Q0 A7 2
L3 Ao F Al HT

o O
el =

o] A= 3714 39 2F =51 E coli O157:H7,
S aureus 1831 V. parahaemolyticus®] in vitroS 53l 461
nm LED®] A a 35 =319 th Bacterial cultures= 2F
15CollA 10X 7F52¢H LEDY =29 lth 3%F9 E coli,
ATCC 8739, ATCC 43894, ATCC 35150 ¥} 3 <] § aureus,
ATCC 43300, ATCC 19095, ATCC 276642] bacteria cultures
£ 7247} 461 nm LEDOIA] 10417t ALY & @z o=
6, 2.5, 6, 25, 2, 1.5 log CFU/mL 7483 th(p<0.05). ¥FH 0]
V. parahaemolyticus, ATCC 43969+ 461 nmol| ] 4A]7F =
=% ¥ 6 log CFUMmL 743131tk o] Z3= a5
JEeAT BT B243) 5310 461 nm LED =9
ofsf g R 18 dve] ¥ WIS HofFETh
a8BZ o] AT= LEDY| Aol AFHET $87ER
A A Ee] S UERdTh

ALl =
=S AR R A 7IEA T IR AAY
AFGES7 =AY, 10033630)2) Ao o)) F3 5
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