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SUMMARY
(FE 2 }E)

Intense pulsed light(IPL) is currently being recommended as an
innovative nonthermal sterilization technology that kills microorganisms using
short pulses of intense broad-spectrum electromagnetic radiation. This nonthermal
technology is designed to produce stable and safe food products that are not
affected except for damage induced by heating. Therefore, the main objective of
this project is to evaluate the suitability of IPL technology for nonthermal
sterilization of various sea foods.

The detailed purpose is to determine the inactivation effects of the IPL
on Escherichia coli O157:H7, Listeria monocytogenes, Bacillus cereus, Pseudomonas
aeruginosa which are representative pathogenic microorganisms on surface of sea
foods such as flatfish, salmon, shrimp. And also, on the basis of these data, this
project evaluated the possibility of the shelf-life extension for the sea food
products and of the commercial feasibility of this sterilization method. Overall
results showed that the inactivation of microorganisms increased with increasing
energy density and treatment time. The cell reduction of E. coli O157:H7, L.
monocytogenes, B. cereus, and P. aeruginosa were obtained 4 to 6 log for 750 us of
treatment time, respectively. And, to study a feasibility of IPL for various sea
foods, these pathogenic microorganisms were inoculated on flatfish, shrimp fillet
and treated by IPL. The inactivation of microorganisms increased with increasing
treatment time. The cell reduction of E. coli O157:H7 was obtained up to 1 log
on salmon fillet, 1.5 log on flatfish fillet and 2 log on shrimp fillet. In case of
sea foods inoculated with L. monocytogenes, the results showed that the cell
reduction was obtained 1, 1.2 and 1.5 log on flatfish, salmon and shrimp fillet,
respectively. For sea foods inoculated with P. geruginosa, the results showed that
the cell reduction of P. aeruginosa was obtained 1.3, 1.5 and 1.8 log on flatfish
fillet, salmon fillet and shrimp fillet, respectively. To evaluate the cell damage by
IPL treatment processes, microorganisms treated by IPL were observed by a
transmission electron microscopy. The microscopic observation clearly indicated
that there was cell wall damage, cytoplasmic membrane shrinkage and cellular
content leakage

Qualitative analysis of microorganisms in sea food indicated that mesophilic
bacteria were detected in salmon and shrimp fillet at the level of 5.27x10° and

4.45x10* CFU/mL, respectively. Psychrophilic bacteria were detected in flatfish,
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salmon, and shrimp fillet at the level of 1.45x10%, 4.71x10*, and 1.52x10*
CFU/mL, respectively. E. coli O157:H7, S. aureus, and S. typhimurium were not
detected in flatfish, salmon, and shrimp fillet, but B. cereus was in flatfish and
shrimp fillet, L. monocytogenes was in flatfish fillet. When E. coli AB1157 and its
relevant uovrA mutant, E. coli AB1886, as a model bacteria were continuously
irradiated with UV-C of 254 nm, double-strand break, single-strand break, and
pyrimidine dimer were produced in genomic DNA, and RNA was damaged.
Also, when L. monocytogenes, E. coli O157:H7, and P. aeruginosa were
continuously irradiated with UV-C, double-strand break, single-strand break, and
pyrimidine dimer were produced in genomic DNA, but RNA was not degraded.
Treatment of E. coli cells with high-intensity pulsed light (IPL) resulted in the
production of double-strand break, single-strand break, and pyrimidine dimer at
the low level, and RNA was degraded, but nucleotide excision repair system
was not damaged. When L. monocytogenes, E. coli O157:H7, and P. aeruginosa
were treated with IPL, double-strand break and single-strand break were induced
in genomic DNA at the low level, and pyrimidine dimer was produced, but
RNA was rarely degraded. Transmission electron microscope showed that cell
membrane and cell wall of L. monocytogenes, E. coli O157:H7, and P. aeruginosa
were disrupted by IPL treatment. This result was confirmed by the quantitative
analysis of protein leaked from the broken cells. IPL treatment affected the cell
wall damage in Gram positive bacteria rather than Gram negative bacteria.
Structural difference during the developmental process in spore-forming bacteria

did not affected the cell death rate according to IPL treatment.
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R,S5,T.M = Connector poinls
for the mains supply

1 = Pulaer pipe

2 = Electrodes

a = High voltage generalor
4 « Djacharge conlactor

5 = Capacltor

8 » Discharge path

Fig. 1-1. High voltage power generation system
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Table 1-1. Distribution

of food-borne pathogenic bacteria at various foods

Reoi Total Vegetable | Kimbab/Hamber Sliced
eglon ot salads gers/Sandwiches raw fish
Total sample 250 67 48 40
Detected sample | 536590 | 49 0%) 5(10.4%) 3(75%)
number . 0 . 0 " 0 o (o]
E. coli 4(1.6%) 2(3.0%) 1(2.1%) -
S. aureus 9(3.6%) 2(3.0%) 4(8.3%) 3(7.5%)
B. cereus 10(4.0%) 2(3.0%) - -

V. parahaemolyticus

Salmonella spp.

L. monocytogenes

E. coli O157:H7

C. jejuni

Cl. perfrigens

Y. enterocolitica

* The Annual Report of KFDA, Vol. 9, 2005
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Table 1-2. Enterobacter sakazakii

and other

powdered infant formulas

Enterobacteriaceae

Organisms

The number of PIFs (%)

Acinetobacter baumannii/calco
Cedecea davisae

Citrobacter freundii
Cryseomonas luteola
Enterobacter amnigenus
Enterobacter cloacae
Enterobacter sakazakii
Escherichia hermannii
Escherichia vulneris
Flavimonas oryzihabitans
Klebsiella oxytoca
Micrococcus spp.

Pantoea spp.

Pasteurella pneumotropica/haemolytica

Shigella spp.

1/51 (2%
1/51 (2%

2/51 (4%

)
)

4%)
2/51 (4%)
1/51 (2%)
12/51 (24%)

4/51 (8%

1/51 (2%
1/51 (2%

1/51 (2%

1/51 (2%

(

(

(

(

(

(

(

1/51 (2%

(

(

(

(

(

1/51 (2%
(

)
)
)
)
1/51 (2%)
)
)
)
)

2%

% o] Z2A|BFoll A8l Entferobacter sakazakii @] A=gd 2 EA B A

(o13toi At eln ek 20058 AALEEY] A
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[OSL.

L=ty E=b- ) 12 TE

Seafood
Meats
Poultry
Salads
wegetables
Chinese
Mexicaamn
PR & Dairy
Baked Goods
Beverages

Sowrroce: CTenfers for Disease Cortrof

Other G Prevention, MWW, 2000

Fig. 1-2. The source foods of food poisoning
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A2gd =l 7lsAE %
A1Ad -9 Ve 48

L S Z1sAS 8%

O #4382 242 7ee Fe d77s 278a 7tg 47e 4437
ofee B 4ES ATY 5 UE WAl &AL Ag4 oiRrt 2 By
oz We=y glov, fetete AgelE FE2 AF sledl B AT

Cho < #HA9 UV-C 2 heato}e] ¥ a|o] <3+ Botritis cinereaS}:
Monilia Fructigena®] 2243 F=o g AFE Fyhstgen, d+ Ay
Fxn AYAL ol nAEe] 2FAs} 34 log A= Ao HlE
UV-C g heats 7 A of didez BFAF3t =71 23 log A=
ZA VEIS S R AE

Choi 5-& FHoll 93 Listeria monocytogenes(KCCM 40307) 2] AlE &FE
AHE 27 Busied, 2 23E AvEd i3 2

- FE29 AP A& 15HzAlA 10, 15, 20, 25 kVE Hds & st A
23k & L. monocytogenes®] Ao+E F8% A3}, A Mol =obA L
A AlZke] AojArE =2 AAEES Ve (Fig 24).

o}
=]

- Ael Agel Bold4E AEEE E3 #IAL AWE AL 5 AYS

- A7 AL AIEEE 7hel= exponentiale] #HAE VERE.
- 10, 15, 20 kVell A= dAA S vebd.
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IE-01 }

(0;60mm, & ;80mm, O ;110 mm, B, 135 mm.

1E-02 }
1E-03 |

1E-04 |

Survival fraction (N/No)

1E-05 }

1E-06

1E-07
0 500 1000 1500 2000 2500

Treatment time (us)
Fig. 2-1. Effet of the distance between the lamp and the surface of sample on

inactivation of L. plantarum by intense light pulse (1ym pulse width)

treatment at room temperature.
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1E-00

1E-01

1E-02
z
4
T ED
: 1E-04
g
z
1E-05
1E-06
1E-07

W ; Leuconostoc mesenteroides, O ; Lactobacillus plantarum, A
Lactobacillus brevis; 1, Pediococcus pentosaceus.

1 . i L
500 1000 1500 2000 2500
Treatment time (us)

Fig. 2-2. Susceptibility of Lactobacillus, Leuconostoc and Pediococcus expoure to

intense light pulse treatments carried out at 15 kV and room

temperature
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LE+00

1E-01 : O 15k, & ;20kV. IR ; 25 kV.

1E-02 }
LE-03

1E-04

Survaval fraction (N/No)

{E-05

1E-06 |
3 -
S

lE_o‘? PR Fl 1 .
0 500 1000 1500 2000 2500

Treatment time (ug)

Fig. 2-3. Effect of the distance between the lamp and the surface of sample on
inactivation of L.plantarum by intense light pulse carried out at 25kV

and room temperature
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800 1200
Treatment time (p)

Fig. 2-4. Inactivation of L. monocytogenes as treatment voltage by high-intensity
pulsed light.
(M 10kV, A15kV, @ 20 kV, 4 25 kV)
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(] Choi & W3} Enterobacter sakazakii(ATCC 51329)¢] FH~ A awto T
3 Azvte Hyusged, 2 2de g9 2
- FH 20l Ay =HE 15HzolA 10, 15 kVE A-S 2dste] A3k
E. sakazakii®] AAT5FES =A3 A7, A7 AYgo] =1 A7 A]7to] zZ
5 =2 AMEES e (Fig 2-5).

4% =
S e AGANAE dAHYANE EhiA 2 FRE AL £ ANS

[ FE 2o o3 AF g 2 A7F3AY FEAUYARJ] A w9
& 2002'd ‘Nonthermal pasteurization of lactic acid bacteria by high
intensity light pulse’o]] ™3+ 37} o]FojHom, 2007l = AAT g
S AFFA AFH AR AT wgvh AFAFENARE EJA ALY
HEE Teg ol8% AF F SsAT AfS A E ot AT sT
AFS A3 FHA & $8, ‘B2 XU Listeria monocytogenes o] &

FAgtel PRl dF Tl 3 ATt o] FoIH L

2. 9 Z1EAE A

£ o]8% AF J1&L 1904Te] Solshq EAFY AT A7

Eo AFEEOIe A9lH A7l Aelsh AT o
g z3 QE nAY B2 A/Y BF 7% Ae
24 AR AEoIe AGH HFI NET AR L

F

18 Aelol 9% ool TR A7 8 BHold B3
AEE AAHAOH (g 26, 47 B B A AAITE A

[0 Gomez-Lopez 5 HA 7l okAle FEA A4 a9 5573k &
g A7 olFoxlen, FEE A F HL TFEE ok AFT|te] F
7t oe AT ABRE HEIIFE.
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1.E+00

Aniva fracti on(N/No)

1 E-07 L L N . .
(6] 1000 2000 3000 4000 5000

Treatment time(us)

Fig. 2-5. Inactivation of E. sakazakii as treatment voltage by high-intensity
pulsed light. (l 10 kV, A 15 kV)
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. Pulsed-light inactivation of surface-inoculated pathogenic bacteria and

spoilage fungi.
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[0 Dunn 52 % AF, ofF, &7, A5 59 FH2 A #3 AFZEAE
TRt 28 AFEI o, B AF A FEL AL} 5
A Fe sampleg] H-$ 5-7¢ o] 2| }A}F mold colonies”} YEFGET 11d 0] A
Al Asxent FE2AE AP d sampled] F-¢-ol= 1190] AUA = mold
coloniess] F4jo] BAFA e ED olFe A4E FE2 A B A
271 74 A= HE £ Ae AUz EEFHIAT FE2 AHYE A gL
A4 AAET g olFH7E TSI, /Y Aede A FEX
478 2% 2 log AE 47 A} YL HIAAE

FH 2o o3 AF f HEd AT EFdste] #d AFE &Ed] o]
Folx ¢J=dH, Rowan 5)2 High UVel Low UV 9 AH7 Al E&A3}
AEE HuFe 2N High UV A &Y BE4ds AE7 ¢ ave o
TAHE HREFIYSOM(Fig 2-7), Huffman 5& thFd Alg g upolz 29
EgAsl FE2 A7t 237 s HI S

Marquenie 52 UV-C, heat¥} &7 FE2Z2 WY MY TS 2ZH strawberry
o B3NS APAAE ATE SRS, A A AT sIgke] 2
AT solydtes AdTZ2ATE LEIYS

Turtoi &2 paper-polyethylene packaging material®] T ™ol Zx|3}=

=
o] ZAE EFYslete tite g FHAE o] &gk A AT A AFTL
Fstem, d7 2y FH2 AIUe FFo] X Bt Hi¢
Ho|Rar, o4 FHo 23l packaging material X A FIHE
W& 5+ A FHUAS(Fig 2-8-9).

o
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Fig. 2-7. Pulsed light inactivation of surface-inoculated E. coli using two light

sources which contained either a low or high UV content.
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Fig. 2-8. Photos of glass Petri dishes containing colonies of A. cinnamomeus
generated by the ILP treatment surviving spores after (20 x 1073)s
duration of treatment at different energetic densities:

(a) control sample; (b) 0.497 J/cm® (c) 0.716 J/em® and (d) 0.977 J/em’.
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Fig. 2-9. Photos of glass Petri dishes containing colonies of C. herbarum
generated by the ILP treatment surviving spores when treated at
0497 J/em2 energetic density for different times:

(@ 10 x 1073 s; (b) 20 x 1073 s; and (c) 30 x 1073 s.
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u]=-9] PurePulse TechnologiesAl= #E2~ A1 PureBrightE 7l dtsle] o]
E ookE, A5V, 2R, A5 T Ao AHE&sta flew, o] AL
J H Aol s dAEE B2 Arie AFEH &l v

Ao} FRel 4F 2 A Aol A, Iud

=]

]=+2] MaxwellAli= PureBright system2 7} 98}e] pharmaceutical products
o] Aol o]&stn o, 5L steribeam syatemo] IF F&3 FHI

. (http://www.steriberam.com)

oz AFFORM FE/NFS AFY F Yo ATEHE BIHYL, A
$2 BE2 AYES ¥ F 790 IF AR WE F5F FUE FA
sgou, gEs 21 W AFHEL WE WA, ol Fol

Dunn 5& %3 A%, =3, A= F5 o8 FFY HFA A=
Escherichia coli, Staphylococcus aureus, Bacillus subtilis, Saccharomyces cerevisiae,
Listeria innocua, Salmonella, Pseudomonas ¢ Ao FEX~ 7|=L FHELS
o B5H WHIlE HAgslHA aRFoZ {FE7EE AFE F Unkes o
TAAE AEFAS
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Fig. 2-10. IPL sterilization system for medicinal purpose
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http://www.pharmaceuticalonline.com/product.mvc/Sterilization—Technology-0001?VNETCOOK
Sterilization Technology

The PureBright system from PurePulse Technologies, Inc. uses pulsed light
sterilization technology and provides a method for terminal sterilization of
pharmaceutical products on-line at production speeds.

The treatment time and design time of this system make the process
amenable to high throughput and allow it to be integrated into packaging
lines. The system consists of a lamp unit and a power unit, which generates
high voltage/high current pulses used to energize the lamp unit. The lamp
unit, which consists of one or more xenon gas lamps and reflectors, is no

bigger than a small suitcase.

This system offers a real-time verification of process lethality which may
ultimately  satisfy = pharmaceutical =~ manufacturers’  parametric  release
requirements, thus eliminating the warehousing of product pending
confirmation of sterilization. A computerized data logger enables the system to
monitor and document each light pulse. The system can be equipped with a

feedback system to stop the line if proper treatment is not provided.

PurePulse Technologies, Inc., 4241 Ponderosa Ave., San Diego, CA, 92123-1506.
Tel: 619-496-4100; Fax: 619-576-1377.
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[J ml= FDACAM= ZFEE A7 718 AME dx 7IEs vhds F3dew
(Food and Drug Administration Issues Approval for Pulsed UV Light in
the Production, Processing and Handling of Food [Code 21CFR179.41]),
oA B@lMe BB AR 719 J1EF ¥F [DAY AL 7)Fe] ol
= U table 2-13} 23

Table 2-1. Properties of light source for food sterilization

o2 71 FDA @1 7|F
wavelength 170 - 2600 nm 200 - 1000 nm
7reiA = 0.01 - 50 J/ cn 12 J/ et o] 5}
A A=
pulse range 1 mm-01s 2 ms ©]3}

* FDAS dx 7]Eol= 7Idste A3 <71 flalA #4339 pulsed light?hs
AHg-SoF Frhe HE HAIES UE.

—_—

[J 20003 o] 5-H
Aste] o d7H

O 2% ofst Ade o8 FH2o] 93k AlgEAEo]  photothermal
mechanism¥} photochemical mechanismo| FA]d] 283l YEldTir B
LS

O 28y Fdzdd 93] A= L7l A B
photothermal mechanismol] g+ o] o] tFx o] HAVIA = HE3H A7
TE s stA Xatal = A48 4.

[0 #"H2x~ AL A, DNA AoAe] thymine dimer A4, DNA single strand

breakel] 2]3] m A Eo] AMEEHE AR AA o]Eo] FHHIL gJoH, n4
Alzeke] gao] os) AE WEEo| FEEHA rlAEC] AIEEE data

Hauwa s,

o

b i

[ # 2o+ photosensitizerE Al-g3}e] FHAZE HEAZHS uf njAE2] Al
$o] A3tk B 7l 9lo] photosensitizationd]] #3F A7} EEIT )
o

_46_




= 913

3}

A28, ) - 2] 71EMT fAFo A 2A

1= - 9] A& Aol B4 2 By}

O 94 4 uhe} o] 2

| rAES adHor dFFdForN 4

3]

_OA
I~
T

e 743
S

A&
1o

=
7]

gl

ol

)

b Asie o

< s

5

slg

=2
A7} ®oh o] o] ol Ao

CISEES R

Aoz AlEH.

3}
=

?_]__

gl

8 Ax(critical process factors)So] w|AYE2

3

-
F%

T8

o)

z

ol

g A
7b A= ofof 7.

Ho

7421 A A(UV) A he)

o @&

do

O A%5How A

FaL, ezt

=)

] ¥ Aok

S

=
=1

o A2 z}eo]F o]
nAE E&43 7]2H(mechanisms of microbial inactivation)

kA
!

g
A
A

I I

_47_



a7 A2 A% AT
2 HENGAT | 4G He
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7 QR ol FAT glom, Ywrael mlgB(yeasho] T AFET AT
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WEHQ AFE ddd 2 Fo AAF Escherichia coli O157:H7,
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FH27} v YBE ABAIE J S (mechanism)& 243, delst

o,
rh
iy
=
ol
o
dot
st
u_?{_l‘
lo
fru
%
(e
N
i
o,
do
I
Hl
2
iy
4
M\
lo
fru
o2

s o
SO v T

ox )y & 4E
o

>
y

_48_



O &7 Aad e dE5AE A2 i3k = - 9 7le/id d%e] 3¢,

T e AN A= gldlen, tHEE FoolA AF7F I EHAS. 1997
A \]= PurepulseAloll A &9 Agro] A& X A|2He s MEE

bench scale®] A]4Elo] Ax® Aoz HIuFoL, 7 & AA A2
sk Avo] o]Fofx AL glom, dx|l MaxwellAlo]| A4l PureBright A] %)
olgt FHx AHARAE pharmaceutical A FAH] 83 batch system-2

F2]&= ben e AL Hol, 9=
o] A% Odéd | 2~H o]} 1‘41% o] AP A|2"HEg ZFT e X2
2 o Aog BY

53] B dAFdAes FAAF A FEL Vles AEst=d o] FE
28 AT, A7), 229 Zol B F), A, HEHF SHAEF
9 Iy EA, FHE, MY F) 5 B2 F8 FAHQA(critical process
factors)Eoll 3k Bt} specificdt 235 =SEFo2N FHE AE5AY AL
el o]l AdHez JhsstAl Ho & el fAE A FEoE

FIA7).
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A3 g ATAREFY g 2 A%

]

]

]

]

FH2~ 7]EL UV(ultraviolet)y B & 2] A(near infrared)F-E71A] 2] W&
Welel We Fe ATE AalA ZAlsle] AF EHe] ZAshs nAE
& AMEAFezA HEV|IZFS EFE 7]&E, ‘intense pulsed-light, IPL,
‘pulsed white lightt, WHL’, "high intensity broad-spectrum pulse light/,
‘pulsed UV light’, 'pulse light' 52 o8 7}A] ooz ET$¢1 L.

IPL Al 2"9] 7l = Fig. 313 2%

219l AAAQ MNIE PEF A" H<std, TA¢S A D 5 e
A A, A7l AdAE ARE + Je F14A4, 2 AR FAEHA
o] =

lamp2 T/4% o A&

PEF&} A2l 7} o

i
i
flo
o)
J
=
>,
&
3
S
N
e
)
i
2
X0,
mjo

i)
H
[r

A = xenon flash lampz v A &2

Rowan &2 AZF3 LA vl E(Bacillus cereus, Listeria monocytogenes,
Staphylococcus aureus, Escherichia coli, Salmonella enteriditis, Pseudomonas
aureginosa, Saccharomyces cerevisine)2] EZAJsle] disiA  EasY =
pulsed UV flash A #]o] g-ol= <F 5~6 loge] AlE a3E HYer}, UV
lighto] ©]8j4% 12 log =] AlRE e LIRS
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Inductance (L)

i Anode
Power - Ti
Lamp Tigger
supply o
Capacitor (C)T {BIEiomx
= Cathode
L

Fig. 3-1. Schematic diagram and photograph of Intense pulse light system
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O @A A3 (rnonochromator)E Al-£-3F Wang o] &]&}H E. coli®] &
& s}o 347} 2w 230~360 nmz FAHFH = 270 nm FZo
A A AR S l‘i‘}i"uﬂ 300 nm o]l M= ¥ A7 YAF

offl
o,
>
o

T Z}8-& photothermal ¥+ photochemical &3}

Zolgtr] Hues T &3vt 34 TS
FH A 7]Z8 photochemical & 3}of] €3k A
o2 Hista glow, AR A9 Ao ot IPL x%ﬂ]/\] eE Aee
1C w2 2 photothermal 3= A9 gl Aoz UEH

l:oil

[0 IPLel 93 m &9 AFE2 CW UVel 23 mAE AlEA 7 pyrimidine
dimers®] Aol 2|3 A|E EA A3, photoproducte] Ao 2]3l single
strand¢} double strand®] I}3], cyclobutane dimere] ¥ AdFo| 23 #Ho g
Hu=E3 &

[] Photothermal &F& FA3} A3% ¢J=9 Hiramotor} Dunn 5
n A Eo] d4& F45}] 1, AZe] mm=o] B~ oflx
Fote] AF U9 rAES AMEAZIT D Bastg o, o] oux]e] ol
AEF JAAE MEAE AR E& oty SH S

KeR
R

=
=

N

]

[1 Wekhof 7} Wekhof & Bz 2HE 9 UJQE oA}t 05 J/ais ES 2%,
Axzel ¥ #AHYE: dovles 4 AE &3E EAtn e,
Photochemical, Photothermal &3} o|2]o]] DNAS] T2 W3}, AE=S] &4

£ A JAeR BIHT U

10 o

2. IPLA g 9] 4F 22

[J IPLe] AjA] mlAdE2] Aol @S mlA= 8902 FZRHEH o= ¥
o] A7, Yol g wizhd, FZo A FALel A

OO0 IPL A2 A AE7F FPoz2REe Ayt 77k I 39e gs AR

O AE9 FAX AFE a3 98 nxe=d, A5 FAZ FASSFE &
7t FZasHA FHe=dH ole UVEY FaAo Agte] upzr] wjFEolH, 53
EEY3 Algd AE O a9E ¥HS gasHA

O IPL AHzl7t Lol g8 ndEe AMEA7|= #¥Holr] i I2dA &3

(shadow effect)= H]AE2] AbHo] A 4TS v=dH, & vAEY HF
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monocytogenes, Candida lambicas S =
o BAHAL BF A Hibo) G, wEel Boht Aol 247
AoMe] AARETHE 2 FTL BA e

3. WA Ee] Apd &

[0 FF 2o 23 m

3 ol
27k s Ay

l:oil
i)
2
=
&
f
<2
fr
)
N
fr
&
lo
L
B
rd
iy
2
e

H HHU
1:1[0 >

A3
5]
(] MacGregors< E. coli O157:H7, L. monocytogenesoll 512 us, 380 kW/cn'&]

NAAE 78t A A% F 6~7 logd AE EHE  AAoH,

o
Krishbamurthy $= ¢3-&dojv} HA v A oA S. aureusol] IPLAHE S
52ECH SIAL A% oF 7-8 log A1EAL 4 Aot RS

[ Fine¥} Gervais= glass bead$} quartz platesol] &3+ S. cerevisineE IPL *
F SRS A 4 7 log BES AIEES 9& F UASES HistoeH,
Chos& L. plantarum, L. brevis, Leuconostoc mesenteroides, Pediococcus
pentosaceus 9k -2 fAbwel IPL A2l E st 2+ 7 log o] AEE&ES 4
ATk B

O 94 A8 thdk IPL Hzle mAYE AlE 32 B, Klebsiellis < 7

log, Blol& 2\ Cryptosporidium paroum-2 °F 4 log AL AlE &3S Ho|
Ao 2 WP er, Ghasemi & E. wlis} Salmonellas N Ao & Ers}
°F 900 Jo] AUAE 7tste] 9 loge] AMBES A& F vkl HilstA

do @ 1r

[]
My ofl
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- R

Aok o2 Ay HFAT e gt AlE aFe] g dAF
dB Byt FHa =4, MacDonald 52 Bacillus sporeo] pulsed
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AR ZAsE MBS ABATE AY

Hoornstra &2 ®jF, 55, w227}, 92, AL oAl 0.6 J/aiel IPL
A& & A3 1.6~26 log CFU/cre] vdEFE HarzleH, 7 o]
Hed Fdole 2 IFE FA @I, 7T 20T LA 79 ol

FASHHU T Hask &

l

T r

Marquenie s> 27]st A2 #UAFeol| A FHeld B. cinereast
M. fructigenadll IPL A& & st FHU| 3~4 log ZA&FHASH, GA] E7]g]

=2
FAolE olPd 9Fe 74 2dTT BIHEE

FE2 AU 22 AFol} T 0@e Ast: J1EnAY 8% o
77 ®Ha d=d, Choi & E® o|f4ol Listerian monocytogenes,
Enterobacter sakazakii® 73&3ste] IPL A2|gt Z3} 247z} 4 log, 5 log ©]/9
AAEEHE Hols Ao BHusPeH, Jun & S5 HEZ AL niger
EAE A sl oF 5 log, Fine and Gervaiss Q7}F9F $F9] S. cerevisiae
£ Agste] 1log AEe] AR E3E AFAHL BustilS

EOE HEEoREA AT FAEY Ld9Te Afste Tle o] o] F
A3 e, Shin FL& o, Fof, A%
aeruginosa's2 FEH A IPLE AP L 7
dem™, Ozer?t Demrci® $1o]e] L. monocytogenes7} 0.86~1.09 log
APERT T Bkl

o

Hoor

of o]flol = £7F, A=, AY, ATl HE&sl= AFAHIIE Haga s
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A2A RN 2 A% AGS AY AL B A=

APFRE AAAHA A=
(pulse generator), B2~ Y 7]|(transformer), F(light source) 2|1 A7
47| (treatment chamber)2 T4 E A lL-(Fig. 3-2)

Ho AY FFH(power supply), B w7

AY FFHEE 220V ACY] dy AYES nAY g
DC2 A&3le] A 50 kV DC YL A
g2 A8 50 kWl

0
P
%0
F o
1
ol
s
lo
£
B
2 R

d2 A7 |E Fdd B2E F9AE 7 e 22 T Y (pulse formning
network, PEN)#Z H<¢te] H7E A2 IAAE F e 29X=

TAEAA AE

2o YE ot dolg ZAsle 4% FE

< stal B9 A FH(rising

Al (capacitor, 1800 pF/each), B9 Zo|o} 3}HFAIZE

2 A= WA A FEZ7](discharge delay inductor, 2 u

H~20 yH)Z ¥ o] 9le ™, exponential decay pulse®} square wave pulseE
AL £ Q=2 FAH (Fig. 3-3, Fig. 3-4)

g
filo
ih)
o
o
rr
#

W28 resonance chargingg #3lFom, MR FHE mAYQ
powerE £7HH oz WASE switch2e 98344 (thyratron, 50 kV,
2500A)S AHg-stieH, ‘E‘”“]Oﬂ T d& WAs7] fste] cooling
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Transformer >

Rectifier

A

Capacitor
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High Voltage P

Inductor

Switch

Lamp é

L

— Ground

%/ple

Oscilloscope

Treatment Chamber

Fig. 3-2. Schematic diagram of high-intenstity pulsed light

_56_

Trigger Circuit

y

Pulse Generator

system




b 4

i

Reactar

Fig.

.o
Cutput Pulse
Generator
CRTRERE controller

e

e A

pas Do
Ad | o)

[Trie} Pluse GCenerater

3-3. Circuit diagram of pulse generator
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Fig. 3-4. Circuit diagram of pulse generator controller
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(Al 1 & silicon oil)o]]

ot Ao
2
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fr
o)
s
=
S
=
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o
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5
a9
o
ol
A
olr
ol
do
O
ol
2
i)
re
do

"2 AgrlE Baol L 05-8us7k 47 PEE £ J=E ASE Ao
FHE 0-50 KV, ZHHE 04100 kV, Aol oA 60 J, B2
o] 4 ns/kV7} HEZE 1%L (Fig. 3-5~6)

FE2 AHIYE 3 FLL 59 kPao] 48O 2 xenons FZ 3 quartz A &
o] Heraus Noble light XAP series (type NL 4006, Heraeus, UK)E A}-&-3}
9] S (Fig. 3-7).

Y ARNZEH vdes ALY e H=d QAuisEe Al AV, 22
o] Zo|(pulse duration)Z ZF33}7] 938te] Oscilloscope(Tektronix) ¢} high
voltage probeZE A}8-31%+

Az g1 HEA A2E Aald Viel Az A2sw ARde AE
24 5 =S AR (Fig 38)

ol
6
i)
Y

Pulsed Lamp Operation)

FH2 AP AR AMEEHE YL dFEE Xenon 7FA E= Kripton 7F2
7b ager F59 = Quartz A 2] LampE AHESHE Q&

2 Ao AE-H F9U-2 Xenon XAP series?] flash lamp= xenon gasZ %
o] glof lampEZFE WS o|FoYr] A= xenon gasE 7]
(excitation)A] #H plasmaE F A Aok T

Xenon gasZ ol7|A1717] 9 HA ALGE 16 kvelw, FAHo=m
600~2100Ve] A ¢ro] ZFHolok &,
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8a o 8'
Transformerl | Transformer?2
[ 22 | 94 | =9
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Vin | 2XViy Vin 1xViy
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lo o |'
2 2!
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5 g 5
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8a o 8'
Transformerl | Transformer2
99 [ 29 | 99 | %9
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7 7'
8a 8'
Transformer]l | Transformer?2
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Fig. 3-5. Circuit diagram of Pulse transformer
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(-) EAE 20ps, S8H| L1(GND)
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QUTPUT

() BAF 10ps, £t| 12(GND)

QuUTPUT

() BAF 40ps, St L1GND)

T
Fods

®8 e
®u

(-) EAE 0.5ps, S8H| 1:2(GND)
(+)

(-} 24 15ps, S9H| 1:2(GND]

() QUTPUT

() OUTPUT (+)

() EAE 6.0ps, S| L1(GMD)

‘@TW

®®®‘

e
.

®
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OQUTPUT
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Fig. 3-6. Wiring diagram of pulse transformer
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Fig. 3-7. Light source for high-intensity pulsed light treatment system
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Xenon Lamp

Fig. 3-8. Batch treatment chamber of batch system for high-intensity pulsed

light treatment system
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O Lamp®] F5& 9% A2 Table 317 24

[0 Xenon lampE AR&-3st7] fIsiAx< 2z &
AA Eetznts DAAA ] do| uFE
stH, FZE A7|A17]7] Qg A=l dF Yol

O 13d= A7l AMHEE xenon =] of7] WL simple pulsed lamp
o2 THYE 7t gasE o 7]4]
e Zee ofsht

AR "HE7} ol &do] A glof Fakmolyt ZIEE Fell TR AF2

O 2ot o] e B2 Aghe AAgoz FRstelol 3] fid nagg
TYAL # Qe A FF FA Basm, Bas wANL 5 Qe F
2 AR Fsiok 7] WEA A Fuok 2A Hu, Feiel Azt
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Table 3-1. Description of Air cooled Xenon Flash Lamp

Description of Xenon Lamp NL4006

Envelope cqp Impedance parameter(Ko) 32.0
Wall 1 Explosion const. (Ke) 540E+04
Maximum average power 1414
Bore 3 Max peak current(A) 283
Arc 75 Lamp voltage min.(V) 600
Lamp voltage max.(V) 2100
Gas type Xe Minimum trigger voltage(kV) 16
Pressure(torr) 450 Minimum trigger width(us) 0.60
Inductance (L)
Y'Y Y Y\
+ Anode
Fower
Bl e Lamp
Capacitor (G)
=5 Gathode

Fig. 3-9. Simple pulsed lamp driving circuit
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Fig. 3-10. Energy density profile of xenon lamp by high-intensity pulsed light

system
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Fig. 3-11. Changes pattern of surface temperature on treatment agar plate.
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283 4% 3E2 Ad 2y A

0 7120 w¥e Agsd B8 24 Fc DAY B2 A71H(high
voltage pulsed electric fields, PEF)& ©]-&3k 2
o THe DAY A9 BYAA, B BAY, B, A2l o)z TE o

0]l .o
AT

ol#gk 7|&9 PEF HY LAFANE 283 FHE2 A 272 Fd(xenon
lamp)ol]l HH Aoz wHge] Hde
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Al FaA1oht £F R Fh B AN €44 BB 4T 3
TYse] ALgEY] AAE FAE 2FBHE HEl, FE lampe] 5
2]

FS ST 7] 9% triggering BFA o= series triggering circuit, parallel

triggering circuit, external triggering circuit®] $1e-(Fig. 3.12)
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Inductance (L) |_m-rrm_| Trigger

Transformer
+
Power -
oy - ik
Capacitor (C)
(@) =
Inductance (L)
.!,..
:?;Lar; Trigger
Capacitor (C) Transformer
(b)
Inductance (L)
Y Yy
Trigger Transformer
5 Anode
Power
supply Lamp
Capacitor (C)
oy Cathode
e

Fig. 3-12. Various Diagram of triggering methods
(a)Series triggering circuit , (b) Parallel triggering circuit, (c¢) External

triggering circuit
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B AT AE FHe] £Y3 2 A% vge ARe A el A 3
Zo| external triggering #4248 o]g&3le] HrU}l =& Jux] AEE zHe= ot
F ol U@ A7E ABHAS

o

o] &= MBFEE Fig. 3-13, A= Fig. 3-149 2

o] ARo AlFE HH AR HLL dul =4 T|Hol ) AFEY A FF
1= 44 AH8E £ AEE AC 20V 50/60Hz ©4e] A4 AHesige
o, A8 AEL oF 12 kW=Z AAS9S

AL8-715 % Fukd(Hz)= 1~50 Hz2 AAst9 e n, dutyd]= 135 ~ 233 s

2 F 8 HAZ Uro] AT F JEE 3§19, 13] operation & 4 )
= A H 6022 dAste] FA ] FEl7t 7HA] }EE S
A71E WAZE WFAF] 7] 3 trigger DL 15~20 kVe] 1 HA A
S AR

A=A AAC AHEE duty tabled table 3-29} 22

DisplayE ¢|3+ window+= frequency, duty, timeg XEA|FIEE 3}Fom,
control button-2 safety switch, main power, setup, memory, upper, low
button5 o2 TAEHS

A 7|E AMEEAR Fuld wls] 2
of zHe BrrIE AR A5EA H9

A9 AR ulgel QolAE 712 Fulel wlskel 1/10-1/58 9] w]go
2 AL T 5 UAES S J1de AFAA @l dAsed gl 2w
g 27 29 & Y=8 A3
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HV Trigger Power LOAD

_ A K
AC | PP1.2K-XX-1C-XX NL4

—Anoc‘i‘é\
—— Cathode,

—HV Trigg'ér

Fig. 3-13. Schematic diagram of compact intense pulsed light system

DISPLAY

START  8ET UP  DOWN

AEEAMN

STOP MEMORY PRE  NEXT

CNL 4006
PULSE LAMP CONTROL

Fig. 3-14. Photograph of compact intense pulsed light power supply

_70_



Table 3-2. Duty table of compact IPL system

step capacitor tap Pulse width
(uf) (us)
1 22 135.1
2 2.8 1524
3 3.3 1654
4 44 191.0
5 5.0 203.6
6 55 2135
7 6.1 2249
8 6.6 2339
1
DUTY (1) (225)

1

2o\ /LC
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Fig. 3-15. Photograph of continuous treatments chamber with conveyer

systeme for IPL treatment
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(3)

]

3 A AT EAs= H vAE, ¥U9Ad vA

AP

A5

TFAAEA EAstE A EY AEH HdAd nAEY Y EA4E 95t
NAEAF)ZHE FFEL o], dolst Al¢ fillets AMESIAS
FAAFA EAStE MAE AF 4F

FAA Eo|| ZA)ste Aut Al FSE Plate Count Agar(PCA, Difco Co.) HjA]
& A&t HAs9len), aX= YM agar(Difco Co.) A& AM&3IF
TAAE A4 AEE 25 g¥ FHste BTE stomacher bagel]l ¥il 0.88%
NaCl &9 225 mLE 4o 1/108 3 A3 th& 120% 7t StomacherE Abg-
sle] 23 3 &, A3 E AEE 088% NaCl &HL AL-&-351< 10z1 ;m
ol 2oa) 1070 2 w7tA] 34L& 3 F 1 mLES FHslo] petridishol] E53}
A

BF3 petri dishe]l 50C =2 438 PCA v X2} YM agar #j A& K
I ALY SA AT %L Al 37C 1k

25Coll A 48-72A17F Bt viFstg e, vk & colony <7} 30-1007 <1
plateE A3t colony & ZFAstal FMujs-E Foto @9 FAF 7
e 5 CFU/mLY T2 A&3 s

fr N

uAE T4

FTAAFE AR Tl EASte nAES F85H7] f1ste] PCA #jx¢k YM
agar Aol 4 AFF colony FollA FE|Ho R AJo|gt colony 47HE AE
& &, o]l5 TF9 165 rRNA AR A7|AEE ol&ste] 4 AAIF

TF2FFH 165 rRNA FHAE coningsl”] €3} colony polymerase
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chain reaction(PCR)-& th&3 Zo] 33
- Platel A A3+ colonyE FH3 F AccuPower® PreMix(Bioneer,

Daejeon, Korea)E A}8-3Fe] PCR sprint(Hybaid Ltd.,, London, UK)Z 1t

[e)

[e]

- PCR  primers 8F  (5-AGAGTTTGATCATGGCTCAG-3),  15R
(5-AAGGAGGTGATCCAACCGCA-3)& Al435lgem, PCR AL 94C
oA 28 (1cycle), 94CoNA 30%, 60CoIA 12, 72ColA 1235 cycle),
72CoN A 7827 vk-eA 7

] PCR /\P%% agarose gel A7|gdFo =2 FQlatar, 100 VoAl 40 E37F A7)
T3k & 254 nmo| AL)AH 2 St A BETF

[ AR #H9e  UVfilterel orange filter7} 2w T X € 7}H] 2H(C4040Z,
Olympus America Inc.,, Center Valley, PA, USA)E ©|-&3

[ DNA ©#He¢ 3]4%E= BioneerAHDacjeon, Korea)®] AccuPrep®  Gel
Purification KitZ A}&-3}4 A|ZALS] manuale] we}l =39

[1 PCR AHE9] A714 9 AAHL Macrogenik(Seoul, Korea)ol] ¢ # &te] Applied
BiosystemsA}(Foster City, CA, USA)¢] ABI PRISM BigDye™ Terminator
Cycle Sequencing KitE A}8-3}e MJ ReserchAl(Reno, NV, USA)e] PTC-225
Peltier Thermal Cycler$} ABI PRISM 3730 XL AnalyzerZ ©|-&3}%-S

[ DNA ¥7]4 g9 E4L InfoMax Inc.(Bethesda, MD, USA)2] Vector NTI
Suite 7.1 program-2 Al-&3le] =3 H o DNA f7]4Fe homology &
42 BLASTN online program(http://www.ncbi.nlm.nih.gov/blast/)-& ©]-&
A=

H 2 (high-intensity pulsed light) 7]&<9] ¥z= 170~2,600 nm<] FH s
Sgel Fe 0e 4F e AW Aol sbsel AFe THg AEATAG
W W4E 52 FaAvEd glon, AFe vEﬂL% 4T FAL
wol7] AT BHo= AEHT YS
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O & d7olMe 45 EAst=s 53 v

AES %“?—:& = X%E]O]'ﬂa
o AEARE UV zAlel A9sh wmske P zAll SF DNA
thymine dimer A4, DNAS} RNA Al&9] A, DNA repair system

5 BAMBGH PR FHHLA SHHe

FANFORE Bol, dol, A filetd AHSFHACT o]F AR EAFHE
S A

1 A3} Table 3-37 Zo] PCA HIAE o] &35} 37CoA ASAZ AubA]
T4E dojel A9 527x10° CFU/mL, A= 445x10° CFU/mLZ ZA =
Rom FoldAe HEFHA U

AW YM agar WIAE AMEE] 5CAN ASARL AS Folo A%
1.45x10* CFU/mL, dol: 471x10* CFU/mL, A-$= 1.52x10* CFU/mL=Z
AT AR BT GAS $ES UEIRE

YM agar HHZ]—‘E_— %‘ﬂ'x—'l.g_i aRE ﬁuaﬂx—‘l—g-i /Kg%/‘]%]. lﬂ] A]’%‘?_)‘]’E HHZ]
o|AR gk B AFo| A YM agar BjA| Aol A3 colony= FE|TH SAdog
E o 57 old A Mooz FHHAS

dutrio gz AA filletol = 27} BEEHA ¢, =
Aol ®o] EAsle AL Od
o] filleto| A S AlFHET= *
A=

TAAF A EAske rAdES §85t7] flste] PCA #jx]9t YM agar
x| A 53 colony FollA] YUY 4FFY FFE2 Adste] 165 rRNA
SAAY] 97 ES BAslal o]2 NCBI®] BLASTN online database
program (http://www.ncbi.nlm.nih.gov/blast/)& ©]&3l] #F FAHS 2
A5+ S (Fig 3-16~19).
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Table 3-3. Viable cell number on the PCA and YM agar media

(Unit: CFU/mL)

PCA YM agar
Flatfish ) 1.45+1.04x10*
Salmon 5.27+1.81x10° 4.71+1.14x10*
Shrimp 4.45+0.02x10* 1.5246.04x10"

DNot detected
YMean=SD
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GCTACACATGCAGTCGAGCGGTAGAGAGAAGCTTGCTTCTCTTGAGAGCGG
CGGACGGGTGAGTAATACCTAGGAATCTGCCTGATAGTGGGGGATAACGTT
CGGAAACGGACGCTAATACCGCATACGTCCTACGGGAGAAAGCAGGGGAC
CTTCGGGCCTTGCGCTATCAGATGAGCCTAGGTCGGATTAGCTAGTTGGTGA
GGTAATGGCTCACCAAGGCTACGATCCGTAACTGGTCTGAGAGGATGATCA
GTCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGG
GGAATATTGGACAATGGGCGAAAGCCTGATCCAGCCATGCCGCGTGTGTGA
AGAAGGTCTTCGGATTGTAAAGCACTTTAAGTTGGGAGGAAGGGCATTAAC
CTAATACGTTGGTGTCTTGACGTTACCGACAGAATAAGCACCGGCTAACTCT
GTGCCAGCAGCCGCGGTAATACAGAGGGTGCAAGCGTTAATCGGAATTACT
GGGCGTAAAGCGCGCGTAGGTGGTTTGTTAAGTTGAATGTGAAATCCCCGGG
CTCAACCTGGGAACTGCATCCAAAACTGGCAAGCTAGAGTATGGTAGAGGG
TAGTGGAATTTCCTGTGTAGCGGTGAAATGCGTAGATATAGGAAGGAACAC
CAGTGGCGAAGGCGACTACCTGGACTGATACTGACACTGAGGTGCGAAAGC
GTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATG
TCAACTAGCCGTTGGGAGTCTTGAACTCTTAGTGGCGCAGCTAACGCATTAA
GTTGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGAC
GGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAA
GAACCTTACCAGGCCTTGACATCCAATGAACTTTCTAGAGATAGATTGGTGC
CTTCGGGAACATTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTG
AGATGTTGGGTTAAGTCCCGTAACGAGCGCAACCCTTGTCCTTAGTTACCAG
CACGTAATGGTGGGCACTCTAAGGAGACTGCCGGTGACAAACCGGAGGAAG
GTGGGGATGACGTCAAGTCATCATGGCCCTTACGGCCTGGGCTACACACGTG
CTACAATGGTCGGTACAAAGGGTTGCCAAGCCGCGAGGTGGAGCTAATCCC
ATAAAACCGATCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTC
GGAATCGCTAGTAATCGTGAATCAGAATGTCACGGTGAATACGTTCCCGGGC
CTTGTACACACCGCCCGTCACACCATGGGAGTGGGTTGCACCAGAAGTAGCT
AGTCTAACCTTCGGGAGGACGGTTACCACGGTGTGATTCATGACCTGGGGTG
AAGTCCGTAACC

Fig. 3-16. Nucleotide sequence of 16S rRNA gene from isolate No. 1.
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AACGGATAAAGAGCTTGCTCTTTTGAAGTTAGTGGCGGACGGGTGAGTAAC
ACGTGGGTAACCTGCCTCACAGCTGGGGATAACATCGAGAAATCGATGCTA
ATACCGAATGTGCTGAACATCATAAGATGTTCAAGTGAAAGACGGTTTCGGC
TGTCACTGTGAGATGGACCCGCGCTGGATTAGCTAGTTGGTAAGGTAATGGC
TTACCAAGGCGACGATCCATAGCCGACCTGAGAGGGTGATCGGCCACATTG
GGACTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTC
GGCAATGGACGAAAGTCTGACCGAGCAACGCCGCGTGAGCGAAGAAGGCC
TTCGGGTCGTAAAGCTCTGTTGTTAGAGAAGAACATGGGTGAGAGTAACTGT
TCACCCCTTGACGGTATCTAACCAGAAAGCCACGGCTAACTACGTGCCAGC
AGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAA
AGCGCGCGCAGGCGGTCTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCG
GGGAGGGTCATTGGAAACTGGGAGACTTGAGGACAGAAGAGGAGAGTGGA
ATTCCAAGTGTAGCGGTGAAATGCGTAGATATTTGGAGGAACACCAGTGGC
GAAGGCGGCTCTCTGGTCTGTTACTGACGCTGAGGCGCGAAAGCGTGGGGA
GCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTA
AGTGTTAAGGGGGTTTCCGCCCCTTAGTGCTGCAGTTAACGCATTAAGCACT
CCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAGGAATTGACGGGGGC
CCGCACAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCIT
ACCAGGTCTGACATCTTTGACATCTGGAGACAGAACTTTCCCTTCGGGGACA
AAGTGACAGGTGGTGCATGGTITGTCGTCAGCTCGTGTCGTGAGATGTTGGGT
TAAGTCCCGCAACGAGCGCAACCCTTGATTTTAGTTGCCAGCATTTAGTTGG
GCACTCTAAAGTGACTGCCGGTGTAAGCCGGAGGAAGGTGGGGATGACGTC
AAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGATAAT
ACAAAGGGTCGCGAAGCCGCGAGGTGGAGCCAATCCCATAAAATTATTCTC
AGTTCGGATTGCAGGCTGCAACTCGCCTGCATGAAGCCGGAATCGCTAGTAA
TCGTAGATCAGCATGCTACGGTGAATACGTTCCCGGGCCTTGTACACACCGC
CCGTCACACCACGAGAGTTTGTAACACCCAAAGCCGGTTTGGTAACCTTCGG
GAGCTAGCCGTCTAAGGTGGGATAGATAATTGGGGGAAGTCG

Fig. 3-17. Nucleotide sequence of 16S rRNA gene from isolate No. 2.
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GCTGCTTACCATGCAGTCGAACGGTAACAGGTCTTCGGACGCTGACGAGTGG
CGAACGGGTGAGTAATACATCGGAACGTGCCCAGTCGTGGGGGATAACTAC
TCGAAAGAGTAGCTAATACCGCATACGATCTGAGGATGAAAGCGGGGGACC
TTCGGGCCTCGCGCGATTGGAGCGGCCGATGGCAGATTAGGTAGTTGGTGGG
ATAAAAGCTTACCAAGCCGACGATCTGTAGCTGGTCTGAGAGGACGACCAG
CCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGG
GAATTTTGGACAATGGGCGAAAGCCTGATCCAGCAATGCCGCGTGCAGGAT
GAAGGCCTTCGGGTTGTAAACTGCTTTTGTACGGAACGAAAAAGCTCCTTCT
AATACAGGGGGCCCATGACGGTACCGTAAGAATAAGCACCGGCTAACTACG
TGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTG
GGCGTAAAGCGTGCGCAGGCGGTTATGTAAGACAGATGTGAAATCCCCGGG
CTCAACCTGGGAACTGCATTTGTGACTGCATGGCTAGAGTACGGTAGAGGGG
GATGGAATTCCACGTGTAGCAGTGAAATGCGTAGATATGCGGAGGAACACC
GATGGCGAAGGCAATCCCCTGGACCTGTACTGACGCTCATGCACGAAAGCG
TGGGAGCAAACAGGATTACATACCCTGGTAGTCCACGCCCTAAACGATGTC
AACTGGTTGTTGGGAATTAGTTTTCTCAGTAACGAAGCTAACGCGTGAAGTT
GACCGCCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGG
GACCCGCACAAGCGGTGGATGATGTGGTTTAATTCGATGCAACGCGAAAAA
CCTTACCCACCTTTGACATGGCAGGAAGTTTCCAGAGATGGATTCGTGCTCG
AAAGAGAACCTGCACACAGGCACTGCATGGCTGTCGTCAGCTCGTGTCGTG
AGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGGTAC
ATTCAGTTGAGCACTCTAATGAGACTGCCGGTGACAAACCGGAGGAAGGTG
GGGATGACGTCAAGTCCTCATGGCCCTTATAGGTGGGGCTACACACGTCATA
CAATGGCTGGTACAGAGGGTTGCCAACCCGCGAGGGGGAGCTAATCCCATA
AAACCAGTCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGG
AATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGTCT
TGTACACACCGCCCGTCACACCATGGGAGCGGGTCTCGCCAGAAGTAGGTA
GCCTAACCGCAAGGAGGGCGCTTACCACGGCGGGGTTCGTGACTGGGGTGA
AGTCGT

Fig. 3-18. Nucleotide sequence of 16S rRNA gene from isolate No. 3.
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GGAGCCTACACATGCAAGTCGAGCGGTAGCACGGGAGAGCTTGCTCTCTGG
GTGACGAGCGGCGGACGGGTGAGTAATGTCTGGGAAACTGCCTGATGGAGG
GGGATAACTACTGGAAACGGTAGCTAATACCGCATGACCTCGCAAGAGCAA
AGTGGGGGACCTTCGGGCCTCACGCCATCGGATGTGCCCAGATGGGATTAGC
TAGTAGGTGGGGTAATGGCTCACCTAGGCGACGATCCCTAGCTGGTCTGAGA
GGATGACCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGG
CAGCAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCCATGCCG
CGTGTGTGAAGAAGGCCTTAGGGTTGTAAAGCACTTTCAGCGAGGAGGAAG
GCGTTGTAGTTAATAGCTGCAGCGATTGACGTTACTCGCAGAAGAAGCACCG
GCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATC
GGAATTACTGGGCGTAAAGCGCACGCAGGCGGTTTGTTAAGTCAGATGTGA
AATCCCCGAGCTTAACTTGGGAACTGCATTTGAAACTGGCAAGCTAGAGTCT
TGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGAAATGCGTAGAGATCTG
GAGGAATACCGGTGGCGAAGGCGGCCCCCTGGACAAAGACTGACGCTCAG
GTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCT
GTAAACGATGTCGACTTGGAGGTTGTGCCCTTGAGGCGTGGCTTCCGGAGCT
AACGCGTTAAGTCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAA
ATGAATTGACGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGC
AACGCGAAACCTTACCTACT

Fig. 3-19. Nucleotide sequence of 16S rRNA gene from isolate No. 4.
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O 2 Z3 BX3% 4759 165 rRNA FAX @714 E2 242 Pseudomonas sp.
FLMO05-37} 99%(Fig 3-16), Brochothrix sp. NJ-259} 99% (Fig 3-17), Delftia sp.
KZ-OAIF2¢} 99%(Fig 3-18), Rahnella sp. NJ-549} 99%(Fig 3-19)2 X st=

o2 FAHAF

2
Tﬂ'

Jz
=
e
e
&
(i
do
it
ol
rr
Y
]
uich

[ Brochothrix sp.= Wg2Fe F9E f@sts Agoz 53 ¥ $A4AF =
t lESAEe] Fa RiFoz WYAHLe gt AeE HuHD glow,
Rahnella sp.= FUHTTol| &t ATz FHAAE Ao TAHA &

3 gtgor ¢de He 2ol 4t Aow A AL

A Fo EAlsts B mAE A AP S Slste] HExTE AT &

2+ Escherichin coli O157:H7 ATCC 43859, Bacillus cereus KCCM
40935, Salmonella Typhimurium KCCM 40253, Listeria monocytogenes KCCM
40307, Staphylococcus aureus ATCC 135855 3t=Z a3 HAd Ad=xuyER
ZAHEHY 2ol AsaaS

(2) E. coli O157:H7 &'

O Sauled: F4H4F A8 25 g& Eo¥® stomacher bagoll ¥ 225 mLe]
Modified EC Medium (mEC, Difco Co.)& ©]|&35}¢] 10" A3 & 120%
7t Stomacher2 233 T2 37Coll A 244175 R Ehufj oF

O 28 S A 19Fo] FHeted Aeujx]9] MacConkey Sorbitol
agar HJ A|(Difco Co.)o] =231, 37CollA 244 7HE<F v A3t} Sorbitol
S E3stA &E FA colonyE F3te] F<luj=|¢l Eosin Methylene Blue
Agar(EMB) agar 8] X|(Difco Co.)o] =23+ & 37Tl A 24A17F v o
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[0 &AAIE: EMB agar HjA[elA FA4le] HaMolu 4o &4 FEg A
Y colonyZ Nutrient agar HJA|(Difco Co.)oll &7 37 CollA 244)7F v kst

% Gram 44 4

O 82Y AY: Gram 422 gelso] thFgez F-HH F2 MacConkey
sorbitol ¥ X](Difco Co.)& AF&-3le] Hj3t & Microgen AFS] E. coli O157
Latex KitE Algsled dAHYE 2AHSA HF &<

(3) Bacillus cereus 734

2]l &

- FAAE A8 25 g& B stomacher bagdll ¥ 225 mLe] peptone
water2 o] 107 3 A% thg 120% 3+ Stomacherz FAZAZ & 3
7ColA 4R 7HEF ZI Bl ok

i

]

1)

- 723" AEE 19 Fo] Hsle A=Al MYP A (Difco Co.)oll =
23k B 37C 9 244 7HEQF vl ok5}e] lecithinase A Ao 93 AAER &

I
HAQl 28 38 AUs 254 colonyE AR

0 AAY: MYP agar HHZ] A AAE AFAQ colony2 AEste] Nutrient
agar WK o] EWa F 37CNM 2447 MFHAT MY T Gram AU
ANk Gram FHAFEE " FL APl 50CHB(Biomeriux, France)S
o3l AF TANYL

(4) Salmonella Typhimurium 7Z

21t stomacher bagell 23 225 mL<9| peptone

waterZ go] 10" 343 thg 120% 7t Stomacherz FA3AZ F 3
7T 24475 R v Fot S

- HjoFel 0.1 mLZE Rappaport vassiliadis R10 8jx] 10 mLeol] FF3s}e] 3
7ColA 24413 Al eFste] S

O E2ujek SHujkale A=ujxQl XLD agar H]#|(Difco Co.)oll 1 ¥iFo]
T3 F 37Tl A 244 F vl

[0 &AA3: XLD agar #jAlell A <ol H2Molw F2 A<l colonyE &<l



X1 Nutrient agar iAol =3 3 37CoA 24A7F vjeksl o]%
Gram @23t Gram €491 78S A¥ate] APl 20E(Biomeriux)E o] &3}
o HF <
(5) Listeria monocytogenes &4
O STl FAHEF AR 25 g& i stomacher bagell ¥3 225 mLe]
qe & 1202 3

Listeria enrichment broth(Difco Co.)& o] 107 343k
Stomacher= FA5 4171 The 37°Co) A 24ATHE A Bl ket G S

0 22u)
- F vy S A"uf x|l Oxford Listeria agar ¥ %](Difco Co.)oll =23}
a1 30°CoA A 244 7F vl
- Oxford Listeria agar ®jA|o|A] ferric acid$} w¥HS-3le]l FAE A
colonyE FH 3} 0.6%9] yeast extract7} E ¥ Tryptic soy agar H
(Difco Co.)oll =23 & 30T A 24417+ vk

=
)

O &AAE: Gram L T3l  Gram FAHo=2  GUEHE  API
Listeria(Biomeriux) 2 % &9l

(6) Staphylococcus aureus 7 Z&YH
[0 Sdujok: F4HZF A8 25 g8 o stomacher bagel]l ¥ 225 mlLe]

Tryptic soy brothe]l 10%9] NaCle] H7}g wjxS Ho] 10" 348 = 120
% 7t Stomacher2 T AZIAIZ] T2 37Coll A 24X 7H5<F A X8 oF

ruEfn k

[0 2wk SdujoFall-e A =ufx]Ql Baird Parker agar #JA](Difco Co.)dll
TE T 37Col A 2447 v e & B3 &5 71X H24 colonyE Al
3}o] Nutrient agar v X0l =23} 37 Coll A 2447k v oF

O #&AAFE: Gram FAL F3| Gram $FAdo] FAEH™ coagulase testE: 4=
3ttt Coagulase teste= EZEHS 713 AuAE+-E 23 A3H
05 mL¥ FFgzog EZF3 F, Nutrient agar #jX|ol] 2= o] e o

1 W go] HEate] 37CAA AN the 3, 6, 244 7HEQL P50

T@Mo] BAEE S, qureus ¥ 2 BAHYLS
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LAY A

B Ao ALEE AA fillets] BRA FlAZ0] AR Fotrr] g5k
E. coli O157:H7, B. cereus, S. Typhimurium, L. monocytogenes, S. aureus s 5
7HA Fo AFSE WAES teR ST G, AHiAE AR 2 o)

¢ FAAR HEE B AFE MAEY A AFE EAGAE

Fof, dol H Ag fillete] EAlste mAEES ST% 5 229 HUAd A
AES ABHoE AET & de A& o] &3t wjds A7 £ 59
o] FojolA= E. coli O157:H7, L. monocytogenes, B. cereus® oA %= o
o] A&, A= E. coli O157:H7, L. monocytogenes, S. aureus, B.
cereus 2 A EE TFol ZHEFEJYLH, A¢olxE E coli O157:H7, S.
typhimurium, S. aureus, B. cereus2 245 #Fo] HEHAUS

Table 3-4o]4 Uehd ZzzHE 2+ A59 HdEujR| oA 94 == colony
= Noutrient agaro]l ¥jAZ] thg Gram G- A5t TE Table 3-500 A
Be= wle} ol E coli O157H73 S. typhimurium-2 Gram 243, L.

monocytogenes, S. aureusSt B. cereus= Gram AT Y

o], o], A9 E. coli O157:H7 Aelujx oA L3 FL& Gram SA0
2 WEE EF E ooli O157H72.2 A= om, M9 S typhimurium
Adujz|o Al BK3 % Gram SA4TOE AHEO S typhimurium 2
oA ERew, Fojol olel L. monocytogenes ABHfA| oA LT FL&
Gram FAHFO 2 FHEO] L. monocytogenes2 &4 = -2

W ool S aureus AR A A ST FL Gram AT

kL

S

o2 ¥y S aureus2 YJAEYT, Fo], oot A9 B. cereus A€
Hj ZJ o A A58 F-2 Gram G2 FAEF O] B. cereusE A A

(] E. coli O157:H72] 3AHAH-E Latex testE o] 8&3Y =0 Latex testol] <]3f



Table 3-4. Identification of food-borne pathogenic bacteria using selection

medium

E. coli Samonella Listeria Staphylococcus  Bacillus

O157:H7  Typhimurium monocytogenes aureus cereus
Flatfish 1 + 2 + - +
Flatfish 2 + - + - +
Salmon 1 + - + + +
Salmon 2 + - + + +
Shrimp 1 + + - + +
Shrimp 2 + + - + +

1 ..
)+ Positive,

2 Negative
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Table 3-5. Gram staining of isolates from Nutrient agar medium

E.coli Samonella Listeria Staphylococcus  Bacillus
O157:H7  typhimurium  monocytogenes aureus cereus
E.coli )
O157:H7
Salmonella i
Typhimurium
Listeria 42
monocytogenes
Staphylococcus +
avreus
Bacillus cereus
Flatfish 1 - +
Flatfish 2 - + ¥
Salmon 1 - + - +
Salmon 2 - + - +
Shrimp 1 - - + +
Shrimp 2 - - + +

V.. Gram negative

?+: Gram positive

_88_



o], dol, S Zzre] A8 2 ® E. coli O157:H7 A7 &
Hike& YERRA ol E coli O157H70] obd Aoz HF #Hs S
(Table 3-6)

S. aureus®] FHAIF-L coagulase testE ©]&3H =0
Fe

T= Afart A" AL EF coagulase o 7P—7,‘—8}_T’_ ol &=
aureus F/golet AAHF

dolst Af-g-oll A Bejd S. awreus TS BF S-S VYER{A] ol
S. aureus7} o} Ao g FHF HA S (Table 3-7)

3L, L. monocytogenes, B. cereus, S. typhimuriume] 4 WAL QA=
API kitE o] &3l

Table 3-8of “eRH ule} o] Ao B HE S, Typhimurium oA
Pseudomonas aeruginosa® B H AL, FololA BT H L. monocytogenes )4
T L. monocytogenes@ T F o} dAojollA] Ba|® T2 L. seeligeri
2 AYEAE

w3 Fojo} Ao A EalE B. cereus JATFL B. cereus® HA TP OL)
Aol A Bel® T-& B. cereus7t old Ao w FQlEA L

olde] AE TP B w B AFolA ARES FARAEQ o], Ao,
M- filletoll = E. coli O157:H7, S. aureusS} S. Typhimuriums ZAZ% A &%
O} Fololl A L. monocytogenesSt B. cereus7t, M-§-oll= B. cereus7} A 3t=

A FAsd e

L. monocytogenes~= Gram
HL ol £5 40l A2 24

LN

19834 B Z W AFFAIZFON A 45 He 497 (4427, fo} B Aol 7
B)ol wgstel 487o] AT HEFE A ofF HFSROR FES W
A ole) FEF 1 AR F7sm o AT FUSFAA T 3



Table 3-6. Latex test for the identification of E. coli O157:H7

Sample Agglutination

E. coli O157:H7 WD
Flatfish 1 2
Flatfish 2 -
Salmon 1 -
Salmon 2 -
Shrimp 1 -

Shrmp 2 -

1 -
)+. Positive

2 Negative
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Table 3-7. Coagulase test for the identification of S. aureus

Incubation time (hr)

3 6

Staphylococcus aureus + +
Salmon 1 - -
Salmon 2 - -
Shrimp 1 - -
Shrimp 2 - -

1 -
)+. Positive

2 Negative
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Table 3-8. API test for the identification of L. monocytogenes,

B. cereus, and

typhimurium
API 20E API Listeria API 50CHB
S. Typhimurium Samonella spp.
L. monocytogenes L. monocytogenes
B. cereus B. cereus
Flatfish 1 L. monocytogenes B. cereus
Flatfish 2 L. monocytogenes B. coagulans
Salmon 1 L. seeligeri B. subtilis
Salmon 2 L. seeligeri B. firmus
Shrimp 1 PZZS;ZZZ;S B. cereus
Shrimp 2 - B. cereus
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[J 53] A2(10T olaha L2@0T o)M= 50| 7haste] AP/l
=t mebsd dut AlFEd 2 4T olstllME F

o] 75817 W Eo] o

P AFEe 39Y 43

ol

i)
by
=

) :
F57h A Ae 4F5e
ol el ZAst
of 9l I F 5%= 1,000

4
Al g REST g hAE = gled),
= FoAA AFES T
J|

FboltHRE & A AZ/g). o AT

o]
o

g,
o
it
_O|L

o
b
g O
N
o ofl
it
td
-

<H 18,0004 7}A¢] &
CFU/g olde] Tol EAFel RaHa g

HAE, ASTFFTEAME 25% HE7E 2dH] glen FA o&L 10°
CFU/g7tA 2945l Qle Aoz Humx Qla, A% Age EHAR
2~6% Hz7} ¥z 9g=d Listeriosiso] ZE®E AR & 21%= 10
CFU/g °|¢ A&

=

B. cereuste ZTAE A= Gram $A & 7tHoew FERAY HRE ztH
= 37 MTez EY 5 AdAe F83F Fo dQddezA g B
s Fol o4 FAH]

o] gled, zdEdE AEFE
=

2]
90% Z}7kel7F A

o] Mol dodE AFEL enterotoxing FAZFALE e AAMY AFE

I FES2 R FEY AFEY F 7HA FEF e, dAE e ¢

FAEE AT AFoly QEE §F, &Z R/, didEl &5, £4A], ¥4

s 98 kA 2 B Aes ddHF
8=
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Al

1.

+

(1)

O A F E2Aste s Ald HJAF 2 54 238 EdzE o

4 A FE2 7]ES 0§ FAAFA EASE= Q9

Mg AztEH 9

FE2 719 S8 Aol g AR a9 A&

Ag Wy
AT

o
rx
ol
o

(] E. coli O157:H7

[ Listeria monocytogenes

(] Bacillus cereus

[ Pseudomonas aeruginosa

(2)

]

]

]

]

A7l %7

E. coli O157:H7, Listeria monocytogenes, Bacillus cereus, Pseudomonas aeruginosa
E 5 mLe] TSB(Tryptic soy broth), 37 C, 200 rpme 2 shaking incubatorj]
A overnightste] A v kgt

Aujord wjeFel 1 mLE s 100 mLe] TSBel| H7F & E. coli O157:H7 =
37°C, 200 rpmoll A 1043}, Listeria monocytogenes= 37°C, 200 rpmojl 4] 8A|
7Y, Bacillus cereus 37°C, 200 rpmol| A 10A| 3}, Pseudomonas aeruginosa <= 37°C,
200 rpmoil A 10A]7F B wjokgt

Hrsa7] F71A vjtE Htelgels: ARy & dTE AYAdsT
(0.85% NaCl solution)ol] 23] A& F 4T A B

dzd s 4ustd 52 S45ke 01 mL 3 F Tryptic soy agard]
spreading 3

Treatment time, kV, HzE ¥4 2 High-intensity pulsed lightE ZAFg
FH 2 AP H plateE 37Col A 48417t F<F incubator ¥l & AT 5 =
A5t
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o} skl
A9 #F
MEDIA v ek dilution | MEDIA culture
. : 37, 200rpm 37C
E. coli: O157:H7 shaking incubation, 10h 36h
Listeria o . o
oo | TP cabaon, v | 035% TP
KCCM 40307 soy & ' NaCl soy
broth 3 solution asar 37
. Difco 7C, 200rpm Difco 7C
Bacillus cereus ( ) shaking incubation, 10h ( ) 24h
Pseudomonas 37¢C, 200rpm 37°C
aeruginosa shaking incubation, 10h 24h

teH, A 8% dge
25 kW<l
O 5% 2HYL capacitore] gol Fd® nAYE £y oz BHdste ¢
=5 HARE AR

O Fg2x A2 98] 483 Fd(lamp)S 59 kPag] 48 o2 Xenond FZ3
quartz A @] Heraeus Noblight SeriesE Al-&3}¥ o™, lampel ZL7|=

mm x 714 mm%

(] Lampell <I7FH= AL A7k 33L& oscilloscope(Lecroy  Digital
Oscilloscope, Model 9300 AM, Dual 400 MHz Swizerland)Z =73}

O #2222 A &7 Fo] ¥z wEmHe AL =
acetal & ARR-3lYP o, =

9
g8 23% & UES 4AY.
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. A324%

o

(1) FB 2o 93 E. coli O157:H7 ] 2+

H2ol A Z7AL 5 HzollA 10, 15, 20, 25 kVE ALS 285t Hzl3H
E. coli O157H7¢] A4S =248 E 237 Az Ago] Zold4E, A
Azbo] Aold5E B AREL Ve (Fig 3-20)

]

AL -lOl' o

0 Aol Bobdss AEEE £3 BeiA: 2398 9 & UL

[J 15 kV, 5 Hz, 450 ps A7 & 3 log Ax9] AlE S
Hz, 750 15 A2 % 6 log A= A1E A7E 9& + AL,

O %2 AAGANAME dAAZALE HEHA] e 2348 45 T UAAE.
(2) FE 2o 9ot Listeria monocytogenes] A
29 AHaz=7AS 5 Hzell A 10, 15, 20, 25 kVZ AY¢S galsle] Aa) st
Z

Listeria monocytogenes®] Ai52 24 Ay A7 HAgo] ZolASE,

18] Al7ke] AojA+E =& A1EES el (Fig 3-21).

[]
o
mEL

X

[115 kV, 5 Hz, 450 gs A F 2k 1 log & A}E AF}S 4L 4
25 kV, 5 Hz, 900 ps A8 & 6 log AL AlE ZHE A& F ¢

[1 10, 15 kVoll A= AAA A TEE e
(3) FH 2ol o3t Bacillus cereus®| A+t
Hoo] HAYZAL 5 Hzoll Al 10, 15, 20, 25 kVE A<

E
Bacillus cereus &) Ad5+E SA3 23 A7 Hddo] solAFLE, A A

o] A5 B APEES VER (Fig 3-22).

]

oL ok ol

(115 kV, 5 Hz, 450 us A7 3 9 1 log o AR ZIE
25 kV, 5 Hz, 750 ps A7 Fol= 6 log A= AE ZAE 4L F+ IA

[e]

= -
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1.0E+00

1.0E-01

\\‘\\\\\
R N
N

e 4

Survival fraction{N/NO)

o 100 200 300 400 500 s00 OO BDO 900

Treatment time {ps)

Fig. 3-20. Inactivation of E. coli O157:H7 as treatment voltage by High-intensity
pulsed light.

(H10kV, A15kV, @ 20 kV, ¢ 25kV)
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1.E+00

1.E-01

1.E02

1.E-03

1.E-04

Survival fraction{N/N0)

1.E0Q5

1.E-06

e

600 800 1000 1200 1400

Treatment time (xs)

Fig. 3-21.Inactivation of Listeria monocytogenes as

High-intensity pulsed light.
(H10kV, A15kV, @ 20kV, ¢ 25kV)
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1.E-06

Survival fraction{M,/M0)

Q

150 300 450 600 730

Treatment time [(us)

Fig. 3-22. Inactivation of Bacillus cereus as treatment voltage by High- intensity

pulsed light.
(H10kV, A15kV, @ 20kV, ¢ 25kV)
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(7 10, 15 kV o= dAAZHAI TS JERE

@) FE 2o 93 Pseudomonas aeruginosa®] ¢

0 #FH2ol Hyz7HAES 15 HzolA 10, 15 kVE AY
Pseudomonas aeruginosa ¢ A4

< 2335ty A3} &
TE SAHI A Ay HAGo] EolEFE,
28] Al7to] AojEAFE =& AMEES ebY (Fig 3-23~24)
115 kV, 5 Hz, 600 s AZ & 2k 3 log & A}E AF}ES 4L 5 dglod,
25 kV, 5 Hz, 800 gs A2 % 6 log A=l AlE ZFE AL F U9
OO0 9o AHYyALANM= AAAZ AT JERNA] ¢k= 2T
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N NN
NN
e

1.6-03

1.6-04 \ \l \
1.E-05 —

1.6-06 \\’

o 200 400 00 200 1000

Survival fraction (N/MNO)

Treatment time [zs)

Fig. 3-23. Inactivation of Pseudomonas aeruginosa as treatment voltage by
High-intensity pulsed light.
(H10kV, A15kV, @ 20kV, € 25 kV)
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Fig. 3-24. A photo of glass Petri dishes containing colonies of E. coli O157:H7
generated by the IPL treatment at 25 kV treatment.
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A5 A FAx Aol G FAHE 0 AN AlFe] A
7 a3 3l

L $AAE U 98 Adel Az 5

7F A3

o

g
1) A8
(] E. coli O157:H7
[ Listeria monocytogenes
[ Pseudomonas aeruginosa
(2) Sample
[ ¢ fillet
] &< fillet
A -§- fillet

(3) Sample F4] 2 HF

O WERT Aol do], Fo], A& filletsS s 2= Eoa] 1087 AEAZ

O 2w 2718 & AAT F 23 & d59 001 mL& sample EH
ZF4 dojzmduA d7d FEHHE ]85t spreadingst™ Ewle] 1
91 5 A A3

[] &4 sampleS treatment time2 W2 AASIY] High-intensity pulsed
light® 83

O #FE2 Agd do, Fof, Al% filletg AdH o} g7 stomach bag
o] ¥ stomacherE o]-&3s}le] 2 mint Z 4 AFE B2 3 A
3 5 PCA ¥l =|(plate count agar)ell spreadingd}il, 37°C 24~484|7F E<t
incubatorell A W} & A FSFE =A T

_Z_
o T
s

w3
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1},

ELEE

[1 Sample Wl E. coli O157:H7S &3 F, 25 kV, 5 HzolA] treatment

times W42 AA 3} High-intensity pulsed lightE &%, 2 Z3}, Ao
fillets 6000 ps 2 & 2k 1 log A=Y AlE ZHE 9L 5+ AR, 3o
fillet= °F 1.2 log X2 AME ZIE, A}$ fillet= oF 2 log Ao ZIE
de T AL [Fig 3-25].

Sample EHo| L. monocytogenesS HE3+ F, 25 kV, 5 Hzol| A treatment
time2 W42 A3l High-intensity pulsed lightE 8% I Z3}, 9]
fillet= 6000 us A2 & °F 15 log A= AlE ZIE L F 012} , 4
of fillet= °F 1 log =9 A ZIE, A$ fillet= oF 1.6 1 T A
#E 45  UAS[Fig 3-26].

Sample ¥wol| Pseudomonas aeruginosas HF3F F, 25 kV, 5 HzojA]
treatment time2 W2 Ao High-intensity pulsed lightE 8%,
A3, Ao fillets 6000 ps A2 F <F 115 log A= AlE AAES
T AN, Fo fillet= oF 1.3 log AEo AE ZAIE, A$ fillet=
log Ax 9 A4S A& F ANS[Fig 3-27].

12 12
o Mo
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1.E+00

S
=
2
E —&— salmaon fillet
[
E —l—flatfish fillet
= 1E02
= —#— shrimp fillet
5]

1.E-03

0 1000 2000 3000 4000 s000 6000

Treatment time ( z)

Fig. 3-25. Survival fraction of E. coli O157:H7 in sea foods as a function of
treatment time of IPL at 25 kV
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LE+400

-
=)
=
H‘“ F r
= 1E-0L
g
=]
= —&— salmon fillet
[
S 1E-02 —B—f|atfish fillet
E —*—shrimp fillet
A
1.E-23

Q 1000 2000 3000 4000 S000 G000

Treatment time (ys)

Fig. 3-26. Survival fraction of L. monocytogenes in sea foods as a function of
treatment time of IPL at 25 kV
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1.E+00

=]
g 1.E01
= \.
=]
s
© —&—salmon fillet
T ——flatfish fillet
E 1ED02
5 ——shrimp fillet
gl
1.E-03

0 1000 2000 3000 4000 5000 6000

Treatment time (xs)

Fig. 3-27. Survival fraction of P. aeruginosa in sea foods as a function of
treatment time of IPL at 25 kV
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o]

2. 52 AFE el alAEe] Aga}

1) AFgEF

(] E. coli O157:H7
[ Listeria monocytogenes

[ Pseudomonas aeruginosa
(2) Sample

[ ¢ fillet

] &< fillet

O M- fillet

(3) Sample F4] 2 HF

0 WERT Aol oo, o], A< filletE: 522 EoA 1087 dEA 2.

O 2949 718 & AAG & Fvg & d59 001 mLE sample F 79
ZFY dojm WA AiE fEHdE o] &35t spreadingst® T H| 1
F HA A ZEF

[0 +¥ ¥ samples treatment times WFZ A 3lo] High-intensity pulsed
lightE 283}

O 382 Az dol, Fol, A% fillet EH T A7 &7 27 9
3 HFste] A3 W& TSA wjA|el HaL, wjA] 9ol 10 mLe] 47 H F7
74ek § AT E spreader®2 EHE F Fol AT oA A" A

= J
=2 R —
otE g A3sk § TSA wjA| o] spreadingd}H L, 37T 24-48A17F F<t

incubatoroll A v} & AHFFE ATt
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[1 Sample XEw™o| E. coli O157.H72 %3+ % 25 kV, 5 HzolA] treatment
timeS W42 A8t High-intensity pulsed lightS 283 7 A3, o]
fillet & 6000 ps @ F °oF 25 log A= AHE AFES 4L F IAL,
Fo] fillet = oF 22 log AE2] AME AAE, Af$ fillet = <F 36 log A=
o A5 & F U (Fig 3-28)

[ Sample XWHol| L. monocytogenesE F3+ T 25 kV, 5 HzolA] treatment
timeS W42 448t High-intensity pulsed lightES 283, 7 A3, o]
fillet= 6000 gs Az ¥ oF 22 log A< AlE A#HE 4L = U9, #
o] fillet= <F 1.8 log =2 AME ZAIE, A5 fillet= oF 3 log =2 2
& & + U= (Fig 3-29).

[1 Sample ¥l Pseudomonas aeruginosa = FZF3F % 25 kV, 5 HzolA
treatment time& W2 AASle] High-intensity pulsed lightE 283 2
A7, Ao fillet = 6000 gs A2 & ¢F 3 log AES] AME AHE & 5
AR, Fof fillet = <F 2 log A= AMH ZAAE, A9 fillet = <F 35 log
AEo ZAE IS T ASS(Fig 3-30).
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1.E+00

1.E-01

=

£

Pl :

— —— =almon fillet

c

2  1ED2

=

o o

= —— flatfizh fillet

£

= 1.E-03

> i

0 8 2

—#— chrimp fillet

1.E-04

h 1200 2400 3600 4800 G000 7200
Treatment time {xs)

Fig. 3-28. Survival fraction of E. coli O157:H7 on the surface of sea foods as a
function of treatment time of IPL at 25 kV
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1.E+00
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= —&— zalmon fillet
= 1E02
E ‘-\‘\‘
o —l—flatfizh fillet
£
bl
;A 1.E03 : —e—hrimp fillet
1.E-04
0 1500 3000 4500 G000 7900
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Fig. 3-29. Survival fraction of Listeria monocytogenes on the surface of sea foods
as function of treatment time of IPL at 25 kV
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1.E+00

= 1601
=
= —k— zalmon fillet
C
=  1E02
O ; ——flatfish fillet
£
m
= —4—shrimp fillet
S 1F03
@ N
1.E-04

o 1500 3000 4500 a000
Treatment time { )

Fig. 3-30. Survival fraction of Pseudomonas aeruginosa on the surface of sea

foods as a function of treatment time of IPL at 25 kV
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Al

7F A

6 A Transmission electron microscope(TEM) ZH4

193

[] Transmission eletron microscopy(TEM) & ©|-8&3}e] FHx AT & o AE

0 d8o] 2y

o W Wg e TASHYL.

25 kV, 1500 us A& 3+ Bacillus cereus, Listeria monocytogenes, E. coli
O157:H7, Pseudomonas aeruginosa M|E AENI T2y A5 2HN2%
glutaraldehyde and 2% paraformaldegyde in 0.05 M sodium cacodylate
buffer)oll A overnightdl $o 0.05 M sodium cacodylate buffer2 A2 3}%]
S ZaHNOZ 1% osmium tetroxideE AFE5IH o m, 2417+ A5t o
A = Z552 AH3 5, 05% uranyl acetate® en bloc staining< 1

T EL UL

>

]
17

OPH o
2

>~
ol

agla @4 &ulA ethanol 50, 70, 80, 90%< Ztzt 108 < &5A]7] &,
nlAEo @ 100% ethanol® 10, 10, 102902 1}yo] B4A17] 5, 100%
propylene oxideo]l 1587+ 2¥ 2|35} S. ©|Z= spurr’s resin I} propylene
oxideE 112 Esto] 247t 53 Eujj(embeding) s3]+

Ultramicron(MT-X, RMC, Tucson, Az, USA)S. 2 sampleg semi- sectiond}
1, % Wrdez BEP ge 34 @ndez wBadna ot Bds
ZAste] thin sectiong 3+ %, ¥AFH section2 2% uranyl acetatejol] 7%,
reynolds lead citrate} o] 74 &< HWALAA S A5

r
o

ZHT2 washing 3l 7xsta TEM(Libra 120, Carl
2
[¢]

FHB2 Ay A @ ZF Badllus cereus, Listerin monocytogenes, E .coli
O157:H7, Pseudomonas aeruginosa A|3EL] WEZQ] WH3tE #Azstr] 98] #F
9] Al7] 25 kVel A 1500 pus 2] Fofl MEL] YHEE Transmission electron
microscopy(TEM)& o|-&-3te] #2355
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Fig. 3-317} Zo] FE2 AHYE A %2 control A|Z= AZHI} A X0
25, AIX W 74 "ol 1EA EAsIH ), intense pulsed light
=3 iz 2829

dReH, Ax W =

3l Az HEol HA EzZ {E&HE EEE HYLS. o] intense
pulsed lighte] A}E7)Zke] & BE O 2 AEHI AT &4t &3t A

I Ed RE ARolgE AL ¢+ ANS.

ME HE F=Zo o7} A= 23 kA (Bacillus  cereus, Listeria

monocytogenes)¥} 13 S-X T (E .coli O157:H7, Pseudomonas aeruginosa)< 1}
ol ZI|E AMEH, FAL HEEIIHR F9 AZHE 7HAZ e
Bacillus cereus, Listeria monocytogenes®} 72 3 AL A|EHo] HA=
FEE AAAT Fee vlud T35 Fob AU

s} ke A|EHWL 7}A E coli O157:H7, Pseudomonas aeruginosa$} 22
I ST Alxdo] AT FElo] EFESSIAT AXE BEO|
|=]

T RE
Moz B A3z Bol #59

fr

552 B3T 5 AN
O whebd #B2 As 2% PAFRD AHHoE 27 $47Y £4
2 4L F A540l Anke AES T F AN
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0

Fig. 3-31 Evaluation of intense pulsed light induced damages in
microorganisms by TEM: (a) control, (b) intense pulsed

light treatment.
1. Bacillus cereus, 2. Listeria monocytogenes, 3. E. coli O157:H7,

4. Pseudomonas aeruginosa.
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A 74 LG8 A=HS o] &3 A FA Y

1€ A8Ad

rl {
o
1,
>

7 483

1) AFgEF

[ Escherichia coli O157:H7, Listeria monocytogenes, Pseudomonas aeruginosas Z}
Z} 5 mLe] TSB(Tryptic soy broth), 37 C, 250 rpm S 2 shaking incubatore]]
4] overnightdhod A uj ok

[ Auorg mjoed 1 mLE 23 100 mLe] TSBe| A7t &, E. coli O157:H7=
37°C, 250 rpmoll A 54|17, L. monocytogenes<= 37°C, 250 rpmol A 11A]3F, P.
aeruginosa = 37°C, 250 rpmoll A 5A|7F B wjgstgen, 2744 5 x 107
CFU/100 uL7} H 52 3|48 =

O %A d+347] FutA wgd SeelorE 4000 rpme 2 10 min 94
27 &, Add A4 HE450.85% NaCl solution)ol] 23] AlHst] HF A
A&

O WERT A do], 3o, S filletE 3 2= Ed A 1027 =47,

718 Z AAL & F8|3 7 FEY 0.01 mLE sample FH|
3T

=
A dojrmg M A spreadingsle] T o] TF HA & A HFT

() W28 FEx w4 3R 2 FA9 AUALE 53
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A & JEE A A AL AT

o,
rr
=N

mlo

O #8222 AHIE $I8 AMES Fde 59 kPao] ¢3S 2 xenong F7gh
quartz A} @2 Heraeus Noblelight SeriesE Al&3t9 1, FHo duUAEE
= spectroradiometerE ©]-8-3}¢] maintaining voltage 500-800 V, Frequency
5, 10 Hz, treatment time ¥WZ R5T =A359gom, 1 total irradiancesS
JfemioE $astel 715 % BEs A 29 A A8

@ HFHE AEC W3 FHEX Ay

N

O FE2 A3 AA9 control sample-2 AEsla ol AYE HfFA &

(e}
¢} =2 =
& ARE BReH, AHAUEE W42 4R FY smples] 22k
k18

O AESH A= Atole] AE 12 emvt HES 3, Aol §718 BRF 5 3
B Ae 4G

O FE2 AHg Ao, Fof, ¢ filletE A H 0.85% NaClz} g7 stomach

bagoll ¥ 1l stomacherE o|g&3le] 9 h/sE 3&E 7+ & EH3 F, ™
0.85% NaClef| 3]43}e] TSA v A|(tryptic soy agar)ol spreadingd}$]-2-.

(0 HZE A EE 37C 244847t FQt incubatordl| A vl %3t &, AFFE =4
stRen, 2t d¥TS 2 v A5t CFU/mLE JERSIS.

) o 4]
49 2%
MEDIA v ok A dilution | MEDIA | culture
E. coli 37C, 250 rpm 37T
O157:H7 . shaking incubation, 5 h 36 h
Tryptic .
o . 0.85% Tryptic .
Listeria S0y 37T, 250 rpm 37C
o ] NaCl SOy agar
monocytogenes | broth | shaking incubation, 11 h . ) 48 h
TSB solution (Tsa)
Pseudomonas ( ) 37C, 250 rpm 37T
aeruginosa shaking incubation, 5 h 24 h
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o] 2= E Hostr] Y8 Fo monitorEs
=

7474 Ao WE Atole] AGE 12, 17, 22, 27, 315 cmz £2, JuUA AL
of wpe} FHx M s YW LEWEHE 2T

(1) FH2xo] 93 Ao fillete] A+

[ o] fillete] T E. coli O157H7 & AZ3 5 JUAEES WS
3le] High-intensity pulsed light® H-&%. 2 A3, JdUAEE 31.611
J/em?9] BH~ A F, ¢ 23 log AEY AlE AF}E AL 4
(Fig. 3-32)

[1 ¥o] sample W) P. seruginosa 2 HZ3 3 UALEE H42 A5
of FH2 A 2 2, JUALE 31611 J/em?e] FH2 AF F, o

1log A= A1 ZAE & 5 AN (Fig. 3-33)

[0 4do] filletd] EwWol L. monocytogenesE HZ3+ I, JUAEES W4z A
At FFHA AT 2 29, JUAEE 31611 J/em29] FHB2 A F,
oF 29 log A=< AAE IS F AN (Fig 3-34)

() B0l og ol fillete] A

[ &0} fillete] FWHol E. coli O157:H7 & HZ3 § JUALEE Wz A3
3to] High-intensity pulsed light® g3 I Ay, JdUAEE
J/em?2e] FH~A Ay F, oF 2 log A= AlE AHYE IS
3-35).

N
ass
3%
mjo
=
0)¢]

[ #o] sample ¥ P. aeruginosa-& £33 5 UALES HS
o FEx Ay 2 A, dUALE 29357 J/cm?e] FH2 A
12 log AxE9 A2 Z#AE d& F U= (Fig 3-36).

z 3}
g %, o
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Fig. 3-32. Survival fraction of E. coli O157:H7 in salmon fillet as a function of

energy density of IPL.
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Fig. 3-33. Survival fraction of P. aeruginosa in salmon fillet as a function of

energy density of IPL.
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Fig. 3-34. Survival fraction of L. monocytogenes in salmon fillet as a function of

energy density of IPL.
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Fig. 3-35. Survival fraction of E. coli O157:H7 in flatfish fillet as a function of
energy density of IPL.
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Fig. 3-36. Survival fraction of P. aeruginosa in flatfish fillet as a function of
energy density of IPL.
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o] fillete] FHO L. monocytogenesE FE3F 5, dUARES HyE A
Aot FE2 AMgE AAFE 2 2F, A 2E 22068 J/em®e] FH
Ag %, oF 3 log AE AE ATE & T AN (Fig 3-37)
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Fig. 3-37. Survival fraction of L. monocytogenes in flatfish fillet as a function of

energy density of IPL.
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(3) FB o) o7 A filleto] At

[0 A-¢ fillete] FWHol E. coli O157:H7 & HZ3F 5 JUALEE ez A3
3}o] High-intensity pulsed lightE A83% 2 ZA3, JUAHE=E
J/em?e] FE 2~ A F, oF 1.1 log A= AlE AE 4L = UAS(Fig
3-38)

A4 fillete] ERol P. aeruginosaE FE3F ), dUAEEE HEE HAS
3 E AANE. a2 A, dUAEE 29357 J/cm?e] FHA A
, %k 14 log A=) Aos A& F UNS(Fig 3-39).

[] Fo monitorE o]&3le] UL Ez FH2 AHE A AZ T 27}
Fa7el Agd uzt ¥HIlste AX st AFE AT AR FHY

O Ay =74 2 12-315 cm@] ZE AgoA], 32 J/cm? H|gke] BE oA
E xR Ao fillet: FEX AZPS A, sample £ &= 50T
ojstern, o 20T HEo] 2= o] B

O & ZAxzry AFaddd HEgs Fo A7|2A =
J/em?e] oUAHEE o]ftol A= AR 9} W= Agld BAG el 10T o
ste] 2% Aol #EEGoH, ofH3t AMGS FF At A8 whA A
=] dAg S M g == @% FAZHAA v FAsHA 1
Fojop & FoZ A

Z FDAY} W= 12

|
= o
o

O 2 dAFos AlE9 #=ohol A2 HAAE 12 cmolA 12 J/am?9] o A]
e FZoA e zk A fillet ] HFE mAEY AEEEE dVEA
Table 3-99} Z-&-.
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Fig. 3-38. Survival fraction of E. coli O157:H7 in shrimp fillet as a function of
energy density of IPL.
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Fig. 3-39. Survival fraction of P. aeruginosa in shrimp fillet as function of

energy density of IPL.
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Fig. 3-40. Temperature profile on surfaces of salmon fillets at various distances

from lamp during IPL treatment.
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Table 3-9. Sterilization effect of IPL treatment with energy

(INluminating distance: 12 ¢cm from sample)

density of 12 J/cm

Log reduction

Salmon fillet

Flatfish fillet

Shrimp fillet

E. coli O157:H7 1.2 1.3 0.8
L. monocytogenes 0.8 1.0 -
P. aeruginosa 1.8 21 0.8

- 130 -



A8 A 23s FA~ N2d A FAAE AFA

ks

7 A3

o
i

(1) Sample 1] 2 control sample B3

O WERA A dof, o, AL filletE: 525 B A 1087 547,

0 W49 E712 & AAS 3 3 2zt AA fillet(2-3 g)& wloz é%é}
o 1/2 ZZ}& untreated control sampleZ A Hl plated]] "E-5}e] 24T
H7g

O mAE 2 olsehy A& T3 Wd AF7 5 0, 2, 4, 6, 8 104 7H4
S 2 control sample®] F2 W3lE #EAT
(2 483} A|2=H& o] &3 FH2 X 2L treated sample W7

O ouAEE 12 J/em? B2 FH2A Az ZAA (1)dA 28" Urx
1/2 z72}e] sampleo] FHEXE A

O A8t F=Z Abele] Agle 12 awt HES stgeH, AHE |78 L5
T 24T R#F

(] mAE 2 o)3lstd 2Ae E3 WA AF77F 20, 2 4, 6, 8 10¢ 7+2
o7 FHEA AHYH sampled] 2 WHz= AFI

@) A A
O 2#E Ao, Fof, A% filletE A ¥ 085% NaClzl &7 stomach bagol]
Y7 stomacherE ©]8€3te] 9 h/sZ 3 mint 2 43 &, A4+3H 085%

NaClell 34 3sle] PCA v A](plate count agar)ol] spreadings} <.

[0 AZFH A EZ 37T incubatord] A 24-48A17F B¢t w3 &, MFF-S =34
stgew, CFU/mLZ Yehfo] z} G HE 2 control®}t A& Blns
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4) pH 2 H% =3

O B2#FE Ao, 3o, A5 filleto] FFHTE 7Iste] 108 3435}

S TT
ZF 3k F, pH meter(ORION)E o]-83le] pHE 3 HHE

[ A=+ ColorQuest XE Spectrocolorimeter(Hunter Lab)E o]&3}e] o, #F
o], A% fillete] 3t Hunter L(FE), a(FM =), b(ENT) 2 AEM=D) 3
S Z33. Z sample2 3W ke FAste] Pz e,

(5) Texture =73

[ Texture analyzer(TA-XT2i)& ©|&3%

gste] Hyw Ao, Fof, A fillete] thit
texture profile analysis(TPA)E A A3t
[J Cylindrical aluminium probe(No. P/20a)E ©]-8&3}¢] Pre-test speed, test
speed, post-test speed B+ 1.0 mm/sec, time 2.00 sec, distance 80% strain
o] oA 33 REE SAst] HEgS A
[0 TPA =4 45

8l Z} sample®] hardness, fracturability, adhesiveness
springiness, cohesiveness, gumminess, chewiness & 4-g. oluf, AL
‘Gumminess = Hardness x Cohesiveness x 100" 4]of oJs]A, 28] A =HAd
£ ‘Chewiness = Gumminess x Springiness’ 2Jol] 2]3] A4tsle] o Zk& o
=

=

w23 2

X

W) A5 4 2

0 A7 B¢ 9”8 E Z+7; control sample 2 12 J/em?¢] oHAFE =2

B8 A2 E dof, Fol, A|S fillete] FF4 ¥LE A4 FH(Table 3-10).
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Table 3-10. Changes in total viable

cells of control and treated samples.

Storage

Salmon fillet

Flatfish fillet

Shrimp fillet

seriod (CFU/mL) (CFU/mL) (CFU/mL)
(days) | control | IPL Mz | Control | IPL H@] | Control | IPL 32
0 0 0 80 0 1400 140
2 1800 0 0 0 4600 116
4 0 0 80 0 7000 76
6 200 0 80 0 21,800 456
8 10,400 0 0 0 4000 400
10 0 0 80 0 6000 80
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0 99l EoA dol fillete] A% 42 2 109 AFASE @ MBS Fol =7
§7 k¥ Aoz Holm, 29, 69 2 89 AFA RS Lol 9 AR F
of ZAW Aol FP2 Ao ds BT ADHGE. 55 49717 8
A AR A FE Al A &S control ARE 10°/mL HEe] F
of HEHYOL BB He AR A% Tol BRHA G

>
ki
=2
2
q
q
ol
L
)
fr
ol
L

FH 2~ A A 051 log A= To] Azt H.
E3] ARV 49 2 109 A 59 F-$ 1 log reduction HE9] AMEEIE

) pH 573 23

O AZ717ke) w)
sample9] pH

9] pHE EF

control sample % 12 J/cm?2] oAU EE FH2 Xy E
e AT O A, AZ7E B Ao, Fof, A% fillet
H3LE e A gFk-s-(Table 3-11).

_IINI Flrll

rl

AN

() A% =4 A%

<
Az ® samples] A% ZHe AAF 2 AT, AFIL B Waers
o, Fol, A% fillets] L(FE), a(HAAE), bEME) e 247t Ao,
ol 43t AE = {(L-Lo)* + (a-a0)* + (b-bo)%)" 2ol I3} A
W3 Folt The Table 3637 g olu, EEMB] LghL 9685 a
043, bzrS 0.640]9)-3(Table 3-12)

(2
ol

fo fo

O A fillete] 79, control 2 ZHA A" sample 7ho]l a3 xo]E H
olx gkton}, Hof, dof fillete] 739 control sampleo] FHA A H
sample® T} 7 A7 AwkA o7 o A UENE. ol FES A
g7, AETH dhgo ok Aol HMIE oAt oA & 5 s &
A5k ZA=}gl.
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Table 3-11. Changes in pH of control and trated samples during storage at 4T

Storage Salmon fillet Flatfish fillet Shrimp fillet

period

(days) Control | IPL & | Control | IPL X2 | Control | IPL Az
0 6.415 6.370 7.315 7430 6.765 6.750
2 6.125 6.285 7.840 7.605 6.790 6.735
4 6.605 6.735 7.925 7.825 6.725 6.650
6 6.680 6.645 6.750 6.605 6.750 6.605
8 6.488 6.630 6.755 6.665 6.755 6.665
10 6.295 6.615 6.890 6.795 6.890 6.795
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Table 3-12. Changes in AE values of control and treated samples during

storage at 4.

Storage Salmon fillet Flatfish fillet Shrimp fillet

period

(days) Control | IPL & | Control | IPL X2 | Control | IPL Az
0 62.03 62.83 45.62 37.67 48.32 44.55
2 75.75 65.97 43.35 33.45 50.28 41.96
4 64.15 59.41 37.31 29.16 38.63 37.43
6 45.51 43.49 39.49 30.52 36.76 38.24
8 44.90 43.51 40.64 32.93 36.05 38.00
10 45.89 42.07 40.16 34.29 36.49 39.90
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@ F&3

]

=
o
AN
o2
i)
:L_l,

A A 7)17ke] w2 control sample @ 15711 J/cm?9] ojux] We =z FHA

A2 HE sampled] FEHYE 2L FELAHE Wi FHE AAF. 2 2T,

AZ71E Td Ao, Fol, Al filletd] FEFHL EF & WHILE YERIA
ro-[Table 3-13~14]. o= FEB2 AHE|7F A E9 water holding capacity©l
5

ol
1=
FEFE PRAA @S A T A= 2.

(5) Texture profile analysis(TPA)

]

]

AqF 717k w2 control sample 2 12 J/cm?9] x| Az FHA A
H sampled] texture 78S AAIF. A7 B Ao, Fof, Alg filletd]
hardness, fracturability, adhesiveness, springiness, gumminess, chewiness -5
texture Zre] W3} Fol= the Table 3-159F #ZL.

o] £°] AH|ZFE FE2 AHYE Foll wEt dof, Fof, A5 fillet —‘?—11:—
hardness % adhesiveness2 FAA|A F= &7 ¢ & Ao =E el

™, cohesivenesso} TAE 22174 E4 54 gumminess 2 chewiness T
3l control sample Rt} FH~ A sampled 4] Atz o g o =4 e
U FE2 A ARRAGE o= AR ER7) e Ao E e

Fracturability 2 springiness= FZ2 A7 §5Fo #TA Gl E5F H|E5H
LERE.
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Table 3-13. Changes in moisture contents of control and treated samples

during storage at 4C.

Storage Salmon fillet Flatfish fillet Shrimp fillet

period

(days) | Control | IPL H¥ | Control | IPL A& | Control | IPL A
0 67.50 64.00 72.20 64.25 76.30 74.10
2 69.00 67.90 66.45 63.45 74.70 73.15
4 68.25 63.50 69.15 63.10 76.10 72.20
6 69.00 65.40 68.40 61.80 76.30 73.30
8 64.10 64.20 66.18 62.60 74.10 70.95
10 67.40 63.00 63.95 63.40 74.45 73.40
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Table 3-14. Changes in water activity of control and

storage at 4.

treated samples during

Storage Salmon fillet Flatfish fillet Shrimp fillet

period

(days) | Control | IPL % | Control | IPL A& | Control | IPL A
0 0.929 0.920 0.925 0.920 0.931 0.944
2 0914 0.924 0.911 0911 0.936 0.943
4 0.937 0.933 0.936 0918 0.921 0.920
6 0915 0.919 0.952 0.938 0.937 0.906
8 0.920 0.920 0.928 0.922 0.947 0.930
10 0.931 0.949 0.921 0.922 0.954 0.933
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Table 3-15 Changes in texture profile analysis of salmon fillets during storage
at 47T; (b) Fracturability, (c) Adhesiveness, (d)

Springiness, (e) Gumminess, (f) Chewiness.

(@) Hardness,

(a) Hardness(ZAILA])

Storage Salmon fillet Flatfish fillet Shrimp fillet

period

(days) Control IPL A& Control IPL A & Control IPL A&
0 1546.35 3056.43 4162.37 6234.51 5903.60 9628.10
2 1566.48 3059.50 4575.12 6654.34 6803.39 9432.66
4 1859.35 3317.35 4496.86 6346.16 6662.70 9435.65
6 2038.32 3078.42 4054.11 6208.95 7288.26 8441.22
8 1859.35 3100.54 5204.73 6023.45 7227.31 9984.06
10 1954.26 3113.98 4631.55 6654.53 7225.64 10047.08

(b) Fracurability(3] 2}A)

Storage Salmon fillet Flatfish fillet Shrimp fillet

period

(days) Control IPL A& Control IPL A & Control IPL A&
0 3.222 3.832 3.873 3.469 3412 4.882
2 4.269 3.738 2.925 4419 4223 4.615
4 4017 4119 4.202 30991 4864 4218
6 3.580 4223 3.881 4978 4116 4434
8 3.385 3.773 4912 3.992 3.671 3.548
10 3.641 3.571 4.886 5.002 3.255 2901
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(c) Adhesiveness(H-

A4)

Storage Salmon fillet Flatfish fillet Shrimp fillet

period

(days) Control IPL A& Control IPL A & Control IPL A&
0 -93.072 -5.953 -117.823 -36.320 -50.264 -2.606
2 -39.473 -18.185 -58.959 -47.551 -28.243 -12.479
4 -40.806 -12.867 -69.528 -31.833 -31.928 -9.084
6 -23.248 -6.574 -53.267 -31.886 -21.667 -3.034
8 -66.619 -19.423 -63.035 -17.832 -43.464 -5.159
10 -42.519 -6.672 -38.895 -61.312 -34.697 -4.801

(d) Springiness(gt& A)

Storage Salmon fillet Flatfish fillet Shrimp fillet

period

(days) Control IPL A& Control IPL A & Control IPL A&
0 0.674 0.717 0.546 0.811 0.517 0.507
2 0.665 0.746 0.591 0.647 0.428 0.558
4 0.715 0.743 0.586 0.708 0.449 0.548
6 0.674 0.754 0.569 0.733 0426 0.596
8 0.545 0.686 0.610 0.755 0414 0.560
10 0.578 0.659 0.654 0.702 0473 0.607
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(e) Gumminess(3ZA)

Storage Salmon fillet Flatfish fillet Shrimp fillet

period

(days) Control IPL A& Control IPL A & Control IPL A&
0 737.609 797.729 2260.17 3675.24 2473.61 4082.31
2 385.354 1101.421 2557.49 3892.79 2857.42 3612.71
4 485.289 962.032 2943.19 3950.49 3130.13 3918.63
6 762.332 871.193 2642.87 4076.18 3499.82 4570.92
8 1012416 | 1187.508 2865.20 3987.52 3309.38 5495.22
10 539.374 1276.110 2994.76 4115.16 3227.70 6010.16

(f) Chewiness(#]2}4)

Storage Salmon fillet Flatfish fillet Shrimp fillet

period

(days) Control | IPL A& Control IPL A & Control IPL A&
0 497.148 571.573 1234.05 2978.79 1278.85 2069.73
2 256.261 821.660 1511.48 2518.63 122298 2045.89
4 346.982 714.790 1725.59 2796.94 1403.87 2147.02
6 513.430 656.880 1503.53 2989.47 1492.32 2725.64
8 551.767 814.037 1746.34 3010.58 1371.08 3073.48
10 311.489 841.084 1958.28 2886.79 1526.05 3648.77
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A9 A AL A o3 W AE AR 71F

1. A}9] A (continuous-wave UV light) XA}o] o]3t w|PE-o] HA}
AESA Ado%

7 483

1) AFgEF

[ AFe] A(continuous-wave UV light) ZAfol] o]3t njAl &9 AlHE7]2-S A3}
7] 913} E. coli Genetic Stock Centeroll A EoFgt-e E. coli AB1157 (CGSC
1157)7 o] #FY worA FAAl WE EdWHo|TFF<A E. coli ABI88S6
(CGSC 1886)& =@ ul A E= o] 85193 (Table 3-16)

@) AH 24

O Zed ZAbe] &t m A E] AMEZ|ZE ATF5H7] flste] 2d m|A &< E.
coli AB11573} E. coli AB18862 Z}Z} 5 mL<e] LB broth(Difco Co.)oll % &3t
Z, 37CoAA 24X 75 D eke)dslde

O 2k wjge)2 10,000 rpmell 4 583 A4Leld F 454 AAT thg A
XE 0.1 M9] potassium phosphate buffer 5 mLZ | &35}

[0 ol2 9ARgstd H5AS A AT 0.1 M potassium phosphate buffer 5
mLE dE3 T = 10 cm@ Petri dishol]l EFstged, A57F T3
Petri dishE& 254 nm¢] #}#&A< AUEe UV-C 397 12 cm HEE F1
HAAITEL ZASI S

i

[0 AAe] odx] "M== Ruggedized wideband spectroradio meter ILT
900-R(International light, USA)E o]|&3sle A3l en, 47 & #HHL
7hA1 Bl 213k 333 E(photoreactivation)& =] s A AEjolA A3
& A
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Table 3-16. E. coli strains used in this study

strain

Relevant genotype

Origin or source

E. coli AB1157

E. coli AB1886

tF thr-1 leuB6 D(gpt-proA)62 hisG4
thi-1 argE3 lacY1 galK2 ara-14 xyl-5
mtl-1  tsx-33 supE44 rpsL31 kdgK51
rfoD1 mgl-51 Ics rac

same as AB1157 but uorAé

E. coli Genetic Stock
Center, USA

E. coli Genetic Stock
Center, USA
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(3) DNA %3

U

O UV-C =& FE2E A3 gAS Petri dish25E 15 mL tubeo] 3|43}
I 10,000 rpmol A 587F AARZ 3 & 200 uLe] SET buffer(20% sucrose,
50 mM Tris-HCl, pH 7.6, 50 mM EDTA)E HErsl gL

[0 o47]efl 50 pLe] 60 mg/mL lysozyme(Sigma Co.)Z 3 uLe] 20 mg/mL
RNase A(Sigma Co.) £8-& FH7}ale] 37Tl A 1587F vHS-A|7 2, ¥ &
20 pLe] 20 mg/mL proteinase K(Sigma Co.)E F7}ste] 37°ColA 1587t
vH8- A1 71 T8 BioneerAl2] Genomic DNA Extraction KitE AFg3}e] A
A2l manualdl] wal FA 9] genomic DNAE E&31%2

B

0 3l=¥ DNA9Y FZ+& UV spectrophotometer(Shimadzu)E A}l-&-3te] 260
nme} FFol N FRES e FAGAS

(4) RNA &3

[0 RNA EIE Q8] ZE A|F 2 glassware= 0.1% diethyl pyrocarbonate
(DEPQ)E 37Coll A 12417t B¢ &3 3 100TC A 1527 autoclavest

[ A¥ol] AIE3F BE plastic ware® RNase-free A& AL&39 k. UV-C &
T E ZA}SH ‘Eiﬂi Petri dishil'?—Ei 15 mL conical tubedl] 3|43}
10,000 rpmo| A]

buffer(pH 7.6)2 dAE3}H %

0 AlE AgHS QiagenAle] RNeasy Protect Bacteria Mini KitS AMg3le] A
ZA+e] manualo] whel RNAE 223519

3 RNAQ FX+= UV spectrophometerE AFE3}e] 260 nme] 37 of A
st glstkAd

mjo

[0 UV-C ZA}3E #Al2] DNAOI cis-syn-cyclobutane pyrimidine dimer7} A 4 &
AEA RS YolHy] 95t FAZHE EzH genomic DNAO| T4
endonuclease V(T4 PDG, NEB, England)E *#|3}%2
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] &84 ¥-82 DNA 15 pL(2 pug), 10xT4 PDG reaction buffer 2 L,
10xBSA(100 pg/mL) 2uL, T4 PDG 1 pL(100 Unit)2 8ke] 37°CelA 30%7F

AR
© A719%

[0 UV-C ZAF3F #A1¢] genomic DNA9] double-strand break & single-
strand break 7} TAY P =2 2A}EH7] 95t A7|HEL AAFH S

] Double-strand breake] 3218 QA #H7]|FE d=gHo=zm (05<xTAE
buffer(40 mM Tris-acetate, pH 8.0, 1 mM EDTA)E A}&3tgo™ 05 ug
/mLe] ethidium bromideE FH7}3F 0.8%¢] agarose(Bio-Rad) =3 gel2 A}
435t Al59] 1/108) 2] 10xgel loading buffer(0.25%(w/v) bromophenol
blue, 40%(w/v) sucrose)E 7}3F DNA &4-& 100 VoA 3087 A7|9F
IS8y

[ Single-strand breake] #<21S Q= HA7|FF FFLAo =z alkaline
agarose gel buffer (50 mM NaOH, 1mM EDTA)ES Al&3l9em 0.8%<
alkaline agarose 4% gelg& A&l A5 1/6%F2] 6xalkaline gel
loading buffer(300 mM NaOH, 6 mM EDTA, 40%(w/v) sucrose,
0.15%(w/v) bromocresol green, 0.25%(w/v) xylene cyanol)E& 7}3F DNA &
HAS 35 VellA 30023 H719Estda, d719F & geld 05 pg/mLe
cthidium bromide &% 1A A3 & FHFZ 308 234

[e]

=]

O #A2FE &8 RNAE sty feixs AVds €%
0.5xTAE buffer(40 mM Tris-acetate, pH 8.0, 1 mM EDTA)E A}-&
05 pug/mLe] ethidium bromideE FH7}3F 2%2] agarose(Bio-Rad) 4% gel
ALE-3l Alg9] 1/10f3Fe] 10xgel loading buffer(0.25% bromophenol
blue, 40%(w/v) sucrose)Z 7}3 RNA &L 50 VoA 10087 A 7)9 535}
A=

7
=S
<]

53l agarose gel2 254 nme| AFoX FHFlo| A #TERFFoH AL
UV-filter$} orange filter7} A2t T] X € 74| 2H(Olympus C40402) =
ol &3t o, AXNEHYE DNA9 RNA bande ©|m|x]= Image J(public
domain NIH Image program, USA)E |83} Z}Zte] DNA T+ RNA

e

'rlo;%

|

O

- 146 -



1},

bande] WAL 745te] bandsl AThHS ¥ T

mjo

ELEE

(1) Double-strand DNA break

[0 FE2 A7e 170~2,600 nme] FE e B3 AU e 3L 10'~10°

seco] B 4F Bl ZAGORA WYBL AEATE AT FHY

A2 Fezel B4R AEIIRe] BE A7k ol ol RolX: glent o}
AR FAHA AEA e BEA AA B

AA7EA Y] A7 AT WEW nAE A2 dF FAHAPES FAst= &
3}8}7) ZH(photochemical mechanism)@} H| W& HETE FE7ste] 71 <3|
AL A 7= FE 7] 3 (photothermal mechanism)o] FAlol 2H-8-3= FHo|ata
dH A Ae

Festr)zte] Fd Ave FE27F AU e ALl mldEe] DNAS
ERATE Aoz 22AT s

AoHe £ wag dael oFTRAT F4H0 o5 Hugezy
DNA9 Aujd e BIE <273 thymine dimers} Z—:Pf pyrimidine

dimer, pyrimidine pyrimidone photoproductE A} 435t DNA EAE A3
£l

o]Z st el FFZ A ofAWFEQ E. coli AB1157%} o] ofAF9] yorA
AR Asd Ao E. coli AB1886, 181l A ERE 455 o
A=<l L. monocytogenes, E. coli O157, P. aeruginosas T4 2 254 nme]
UV-CE <& xAlste] DNASH RNAS] EAEE A7|FFS ot 451
A=

Ruggedized wideband spectroradio meter ILT 900-R2 =73+ UV-C2] o4

A AEE 21 W/m® o]gen, o2 J/om® T2 #AEIES A$, 1089
AE 0126 J/cm’, 208 o|A= 0252 J/cm?, 3080 AE 0378 J/cm’, 40E9)
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AE 0504 J/em®e] ZHS VERJSS

(] E. coli AB1157¢] ujokdd o] UV-CE 4087t ZASIHEA] 108 7tAc 2 MEZTS
#H 3t t}2 genomic DNAE E2]3}e 0.8%(w/v) neutral agarose gelol A &
7195 3le] genomic DNA©]| double-strand break7} A=A ZAFSHY

el
=]

0 2 A7 Fig. 3419 e vie} Zo] UV-CE 102 7+ ZASIAS
genomic DNA WE29] F%7} 7HAsH I 402744 A S wf A[7to] 7
3o wEl DNA =9 At mAo] 7 A 9,637.5980) 4 5431426,
5,053.305, 5,662.841, 5949.0622 X|&Hoz 7+AFT FAlo| band o}z
E3® DNAE o] smeardtA VEFES & 5+ IS

[ E. coli AB11579] uvrA §3Ae] A& EHwWo|F<l E. coli ABI8S6o|A =
DNAS] At & o] 10,966.840) A 4,090.012, 4,320.598, 4,167.012, 4,797.648=
ZATS A5} ofFQl E. woli AB11573 §-A18 A= JehdL o &
AN L (Fig. 3-42)

HE UV-C ZAtol 93] genomic DNA® A double-strand break7}
A= AL 3259t Genomic DNAoﬂ double-strand break”} 24 &
H ol& IEBT F Ae AzFol ME Yo EAHA Z7] WFe A= A
2o 0|27 7 (Chu, 1997).

l

O

;O

(2) Single-strand DNA break

[0 UV-C ZA} 93] genomic DNA “Fell single-strand break7} 4= =2] =
AbsE7] 93l E. coli AB11579] Hjokelo] UV-CE 5% 7tAo=® 2087 %=
A}t & genomic DNAE E 23t 0.8%(w/v) alkaline agarose gelof| A 7]

O

e AAE IS

O 2 23 Fig. 3439 lane 1,357,914 Zo] UV-C ZA} Al7ko] Z =gl
w2} single-strand break”} F7}st= AL & Yoo single—strand
DNAZEe| cross-link @4fo] 2Aslte] nEAFe] DNAEC] dAAH= A
d T UAAE

o~
G
4>
2

E. coli AB11579] uvrA A R}e] AL EdAWHo|F<Ql E. coli AB1886o A= &
U3 AT S 519 S (Fig. 344, lane 1,3,57,9)
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Density of Dkl

Lane number

123‘45

HE. ol AB1157 | 9637508 | 5431426 5053.305‘5652341 5849.062

Fig. 3-41. Photograph of 0.8% neutral agarose gel electrophoresis of genomic
DNAs extracted from E. coli AB1157 cells irradiated with artificial
UV-C (a) and densitometric analysis of each lane (b).
Lane M, molecular weight marker; 1, non-irradiated control DNA; 2,
10 min irradiation; 3, 20 min irradiation; 4, 30 min irradiation; 5, 40
min irradiation. The same amount of DNA (1.35 ug) was loaded on
the each lane of the gel.
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10000

5000

Density of DA

Lane number 3

1‘2‘345

‘l E. coli AB1886 10966.341‘4{}9{].012 ‘432[}593 4167.012 |4797 648

Fig. 3-42. Photograph of 0.8% neutral agarose gel electrophoresis of genomic
DNAs extracted from E. coli AB1886 cells irradiated with artificial
UV-C (a) and densitometric analysis of each lane (b).
Lane M, molecular weight marker; 1, non-irradiated control DNA; 2,
10 min irradiation; 3, 20 min irradiation; 4, 30 min irradiation; 5, 40
min irradiation. The same amount of DNA (1.5 ug) was loaded on
the each lane of the gel.
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(1) (ii) (i) (iv) (v)

Fig. 3-43. Photograph of 0.8% alkaline agarose gel electrophoresis of genomic

DNA extracted from E. coli AB1157 cells irradiated with artificial
UV-C (a) and densitometric scan of each lane (b). The samples are
paired, of which the first of each pair was not treated with T4 PDG
and the second was treated with T4 PDG.
Lane M, Molecular weight marker; 1, non-irradiated control DNA; 2,
control DNA (non-irradiated but treated with T4 PDG); 3, 5 min
irradiation; 4, 5 min irradiation followed by treatment with T4 PDG;
5, 10 min irradiation; 6, 10 min irradiation followed by treatment with
T4 PDG; 7, 15 min irradiation; 8, 15 min irradiation followed by
treatment with T4 PDG; 9, 20 min irradiation; 10, 20 min irradiation
followed by treatment with T4 PDG. The same amount of DNA (1
rg) was loaded on the each lane of the gel.
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Fig. 3-44. Photograph of 0.8% alkaline agarose gel electrophoresis of genomic

DNA extracted from E. coli AB1886 cells irradiated with artificial
UV-C (a) and densitometric scan of each lane (b). The samples are
paired, of which the first of each pair was not treated with T4 PDG
and the second was treated with T4 PDG.
Lane M, Molecular weight marker; 1, non-irradiated control DNA; 2,
control DNA (non-irradiated but treated with T4 PDG); 3, 5 min
irradiation; 4, 5 min irradiation followed by treatment with T4 PDG;
5, 10 min irradiation; 6, 10 min irradiation followed by treatment with
T4 PDG; 7, 15 min irradiation; 8, 15 min irradiation followed by
treatment with T4 PDG; 9, 20 min irradiation; 10, 20 min irradiation
followed by treatment with T4 PDG. The same amount of DNA (1
ug) was loaded on the each lane of the gel.

- 152 -



(3) Pyrimidine dimer & A

[1 UV-C ZA}e] 23] genomic DNA “fo pyrimidine dimer7} A4 %=X
Abstz] 9slte] E. coli AB1157¢] vjoklo] UV-CE 58 7tAo = 2087+
ALgE & genomic DNAE £2]3F t}8 pyrimidine dimer®] cross-link 2%
st 4% T4 endonuclease V(T4 PDG)E A3t 0.8%(w/v)

alkaline agarose geloll A A7 5L HAAFHS

=

=

e
=

O 2 23} Fig. 3-439] lane 2,4,6,8100] 49} Zo] aA43z2] A DNAQ] band”}
aaAg oA g2 DNAC Hlg A3dF Es=H= 22 Hol UV-C A}
of ¢Jsle] pyrimidine dimer7} A E ZE AT T AU

O 28y UV-C A} A|7te] F715el whel pyrimidine dimere] 24 H &7}
Aaste Aoz JEgEH ol UV-C AL AIZE FolX E. oli A7} A
Ui = nucleotide excision repair systeme] 2ZbEsle] AAHEHIL U=
pyrimidine dimerE A AStE Hol7] T L2 FATEH pyrimidine dimer
o] A £ZHU pyrimidine dimerE A Aste £Z7F wWE7] wjZFo
UV-C ZA} AJ7te] ZF7)e] whg} pyrimidine dimer @Al &Fo] THA4deE Ao
2 HY

(] E. coli AB11579] uvrA AR A& SdwWHo|FEQl E. coli AB1886 A%
UV-C ZA}o] 93] pyrimidine dimer7} A= AL AT = o}
ofAFQ E. coli AB11573H= 2] UV-C ZARAIZEe] F71gol]  whet
pyrimidine dimer A FE Z715}9 2 (Fig. 3-44, lane 24,6,8,10)

(] o|= E. coli AB1886-2 wuvrA FAHA9 ZH<£O 2 nucleotide excision repair
system] TR UvrA ©@izdo]l A e ZAsHA &7 w&l
UV-C ZAle o3 A% pyrimidine dimer7} A A A 7] &0 Ao
2 udg

[0 DNA¢]  UVE  ZA}8HH cyclobutane  pyrimidine  dimer(CPD)<}

pyrimidine-pyrimidone adduct §3 Z-& T3 photoproduct7} A4 E
(Fig. 3-45)
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Fig. 3-45. The structure of the most mutagenic UV-induced DNA lesions. R
denotes either H in uracil (U) or CH; in thymine (T).
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[ o]#3F DNA &4o] 3&E = Xt FAErhd =¥ ol(mutagenesis) &
dog|a AHo o]2A Hth(kiyosawa et al, 2001). wpgbA o]zt F A

A mBEe] AEST] 9l o2 7HA WS OH/H &4 DNAZ 3 EA]
1=, R WA= 7FA #4380 nm)2 —'—XH 3ol | ol %AOL% 35
(Okubo et al., 1970)A] 7= %3] i(photoreactlvatlon) *E‘d o] A, F WHA

2 DNA Joi &£49 A&e] dRE Zoflla Wl A&l DNAZ 79
o2 3l 3)EA]7|= nucleotide excision repair(NER)Z A o 7)ol = uvrA <}
e GAAT BolsE, A WAZ £ dE A&e FF DNAZ
©]-8-3}= recombinational repair systemo.2 recA9} ZL FHX7} #AHAF

(4) RNA break

[J UV-C Akl 83 v E AE7F A4 3= RNA &4 7S5 2ALS
913ted E. coli AB11579] HjoFdio] UV-CE 108 7hAo 2 4087
total RNAS E7] 3} 2.0%(w/v) agarose geloll A A 7]9% & AA8HA

O tidd3 28 A7-& mRNA, tRRNA, rRNA 5 ZA 3FF<2 RNAES AY
T 9lE rRNAE 235 165, 55 rRNAZ 28 trﬂ, o= Zoa] Aubz el
agarose gel Aol A= 235 rRNA<} 165 rRNA7} & RNA band2 e}
I mRNA= 3 u|sHA e

[] Fig. 3-460l A s} o E/4ol 4 23S rRNAsSH 165 rRNAZ}F 27§e] F2
band2 UERF EHl UV-C ZAbel 93] 165 rRNA ofgf %ol A2
band7} HAHE AL AT 4 YAEH, o]+ 235 E= 165 rRNAVE £-3
X cross-linke] 93] FAAE Aoz AuE

l‘_>.i
o&

O =3 7196 dellA s Hel= mRNAZF UV-C ALl &3] =7t
Baste Aow Yelged o)t UV-C Al 93 mRNAZE 2315917
2L Aoz A

[] RNAo] UV-CE ZA}stH intra-, inter-molecular RNA cross-links7} 23 %l
0o EIET ¢lou(Wayne, 2005), E. coli AB1886 M ENME EU3I
RNA 23] @42 B28 5 %S (Fig 3-47).
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Fig. 3-46. Photograph of neutral 1.2% agarose gel electrophoresis of RNAs
extracted from E. coli AB1157 cells irradiated with artificial UV-C
(a) and densitometric scan of each lane (b).
Lane M, Molecular weight marker; 1, control RNA (non-irradiated);
2, 10 min irradiation; 3, 20 min irradiation; 4, 30 min irradiation;
5, 40 min irradiation. The same amount of RNA (1.4 pug was
loaded on the each lane of the gel.
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Fig. 3-47. Photograph of neutral 1.2% agarose gel electrophoresis of RNAs
extracted from E. coli AB1886 cells irradiated with artificial UV-C
(a) and densitometric scan of each lane (b).
Lane M, Molecular weight marker; 1, control RNA (non-irradiated);
2, 10 min irradiation; 3, 20 min irradiation; 4, 30 min irradiation;

5, 40 min irradiation. The same amount of RNA (1.6 ug was
loaded on the each lane of the gel.
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(5) UV ZAto)] 2§ E. coli A|E2] AbES&

[1 UV-C ZAlell 23k E. coli A|E2] Aol ol wWE AVEES FAMS 23
Table 3-179} Zgke

[] o}AFQ E. coli AB 1157 UVE ZARsHA] ¢S A$ 1.76x10° CFU/mL<
AE5E JeEpgen 1087 2418198 woles 3.32x10° CFU/mLe] A
FE vl §4% AT FAE BAFAoY, A 208 SREE

2 ®H3ES VEhRA Gob 202 oo UV ZA= E. coli AlE
Ao 2 FTE HRA G AR FAHAE

& 108 ZA} Al 0372, 208 FARA] 0.233, 30%
o2 ZAMAZEe] FIbeel e 5, ol
Haste Aoz Ve, o A

= oFAFR] E. cli AB 1157¢] AU Q= nucleotide excision repair
A

el Aoz ALEH™, double-strand break$} single-strand break A3 ZA3}

.
= 9AFe ¢ F ANE

© i

E. coli AB 11579] uvrA §AX 2L =S¢ o]Ql E. coli AB 18862 7
UVE 108 A A% 307x10° CFU/mLE A#459e F73 74
o Fon 208 o] UV FAtel o8] RE AT/ AlEES & &

fr

£ &

b

X0 Ho ok
32
mjo

L]
)

uvrA FARF A< 23] nucleotide excision repair systemo] 25}
rol UV ZA}e) 23] £/4%F DNA7Z} 3E R k7] vjEo 2 A5 3

o M

N,
&
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Table 3-17. Viable cell number and death rate of E. coli cells by UV irradiation

. . .o ) .
Bacterial UV irradiation Energy density’ Viable cell number Death rate?

strain time (min) (J/cm?) (CFU/mL)
0 1.76+0.65x10°
10 0.126 3.3241.26x10° 0.372
= ﬂl;fB 20 0.252 3.77+2.80x10* 0.233
30 0.378 2.86+1.80x10° 0.126
40 0.504 9.77+7.52x10* 0.106
0 1.94+0.21x10°
10 0.126 3.07+4.19x10° 0.380
= i‘;lg 6AB 20 0.252 2
30 0.378 -
40 0.504 -

Y Energy density (J/cm’) = W/m” x s (time)/10000

? Death rate = -log (viable cell number before UV irradiation/viable cell number
after UV irradiation)/duration time (min) of UV irradiation.

-Y: Not detected.
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2. 254 nm <& UV-C A o3 445 e

R AR A 715

e

7 483

M) AHgEF
0 244F fd 425 s489 A4 a787] sl EF7FY

Listeria  monocytogenes KCCM 40307, E. coli O157:H7 ATCC 43859,
Pseudomonas aeruginosa ATCC 101455 ©|8-319S

(2) AH ZA}

[0 A E g8 294 gAEQ L. monocytogenes, E. coli O157:H7, P.
aeruginosa®] A FAll e ME9 AVHI|FE ZARSZ] 9181
Tryptic soy brothell Ztz}e] #F& HFI F, 37Tl 2443 vl &

2d ndEd 5Y YRR AHYsdE

(3) DNAS} RNA<9] £

O FAHAF 8 394 nAES F22 A3 & 2d A& 43 %
Ho 2 DNA9 RNAE &5t DNAS RNAS F=& EHste FRlstsl
o
f=]

(] UV-C ZA}g 742l DNA9] cis-syn-cyclobutane pyrimidine dimer7} A A &
AEA RS YolHy] 95t FAZHE EzH genomic DNAO| T4
endonuclease V(T4 PDG, NEB, England)E *#|3}%2

] &84 ¥-82 DNA 15 pL(2 pug), 10xT4 PDG reaction buffer 2 L,
10xBSA(100 pg/mL) 2uL, T4 PDG 1 pL(100 Unit)2 3}e] 37Coll A 30&3H
WA A

6) A719%

[0 UV-C ZAF3F #A1¢] genomic DNA9] double-strand break & single-
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strand break7} WASIY =R A7) 95t A79F5S HAASAS

ol

Double-strand break?] 3}¢18 sirx] 79 E Hd=8fAo =z (5xTAE
buffer(40 mM Tris-acetate, pH 8.0, 1 mM EDTA)E A}&3tgo™ 05 ug
/mLe] ethidium bromideE FH7}3F 0.8%¢] agarose(Bio-Rad) =3 gel2 A}
435t Al59] 1/108) 2] 10xgel loading buffer(0.25%(w/v) bromophenol
blue, 40%(w/v) sucrose)E 7}3F DNA &4-& 100 VoA 3087 A7|9F
IS8y

Single-strand breake] 12 M= H79F SFEHo =  alkaline
agarose gel buffer (50 mM NaOH, 1mM EDTA)ES Al&3l9em 0.8%<

alkaline agarose 4% gelg& A&l A5 1/6%F2] 6xalkaline gel
loading buffer(300 mM NaOH, 6 mM EDTA, 40%(w/v) sucrose,
0.15%(w/v) bromocresol green, 0.25%(w/v) xylene cyanol)Z 7|3l DNA &
HAS 35 VellA 30023 H719Estda, d719F & geld 05 pg/mLe
ethidium bromide &M 1A|7FEQF FA3 T Z==2+3 3087 4519

Rig

[e]

=]

O #AZ23E EIE RNAES sty s A79s gx=gdoz
0.5xTAE buffer(40 mM Tris-acetate, pH 8.0, 1 mM EDTA)ZS A}-83}5 .o
0.5 ug/mLe] ethidium bromideZ 7|38t 2%9] agarose(Bio-Rad) =% gel&

ALE-3l Alg9] 1/10f3Fe] 10xgel loading buffer(0.25% bromophenol
blue, 40%(w/v) sucrose)E 7}3F RNA &8-8 50 VoA 10087+ A 719 &F3}
A

A 71953 agarose geld 254 nme] LM ZHsloA BASHoH AR
#o-e UV-filters} orange filter7} 2l t] =) & 749 e(Olympus C4040Z)E

|

ol &3t o, AXNEHYE DNA9 RNA bande ©|m|x]= Image J(public

domain NIH Image program, USA)E |83} Z}Zte] DNA T+ RNA
bande] WH& Axshel bandel A & FHAS

FPoo] A% VYR AEIIAE FHHI] NG va AFRA A% UVC
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ZAb o8k FAAE fE BHAAd mAEY A EAEE FARIECH,
ol st FAAE ff BAAARAE sl 254 nme] UV-CE A%
Abstel DNASF RNAS £AEE agarose gel W79 ES Edle] A4

o

L. monocytogenes] v ¥ o] UV-CE 2087t ZAlstHA 58 7tAc =2 AX
2 FH3 thL genomic DNAE E2|3le] 0.8%(w/v) neutral agarose gelof A
HA719 %53t genomic DNA9 double-strand break”} A3 H =R FA}S}
A

O A3 Fig. 348 e wie} Zo] UV-CE 587 ZAIAES o
genomic DNA WE=9¢] FE7} Z4sya 208742 2A8I9S o) AlZto
A met F, AU d=rt F7Hel wel DNA s=e) g 3o
13,939.31911 4] 9,938.891, 11,591.55, 9,752.426, 9,632.355¢] $x]2 e} X
Aoz 44T TA|d band olgE E3E DNAES©] smearstAl e
d T UAAE

L. monocytogenes® ol 2} E. coli O157:H73} P. aeruginosadl M= L3+ 2
12 F519-S (Fig 349~50)

E. coli O157:H7S o|ux] W=7} Z713te] ulgl DNA ¥Wzo] At WA o]

9,801.25591 4]  6,929.962, 6,469.598, 5,958.841, 5281.841% ZA3¥:, P.

aeruginosu% 9,801.255901 4 6,929.962, 6,469.598, 5,958.841, 5,281.841= 743}
7:]6]:'— ]/]—ﬂ-/\}\tl

O

| 272X E UV-C ZAto] 98] genomic DNAGA] double-strand break7}
A= AL 5

Genomic DNA¢]| double-strand break7} 2 E®H o2 3EIT 4 = AlA
Hol ME Yol =AsHA] 7] wZoll A= AL o244 ¥ (Chu, 1997).
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Fig. 3-48. Photograph of 0.8% neutral agarose gel electrophoresis of genomic
DNAs extracted from L. monocytogenes cells irradiated with artificial
UV-C (a) and densitometric analysis of each lane (b).
Lane M, molecular weight marker; 1, non-irradiated control DNA; 2, 5
min irradiation; 3, 10 min irradiation; 4, 20 min irradiation; 5, 30 min
irradiation. The same amount of DNA (04 ug) was loaded on the
each lane of the gel.
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Fig. 3-49. Photograph of 0.8% neutral agarose gel electrophoresis of genomic

DNAs extracted from E. coli

O157:H7 cells irradiated with artificial

UV-C (a) and densitometric analysis of each lane (b).

Lane M, molecular weight marker; 1, non-irradiated control DNA; 2, 5
min irradiation; 3, 10 min irradiation; 4, 20 min irradiation; 5, 30 min
irradiation. The same amount of DNA (0.5 ug) was loaded on the

each lane of the gel.
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Drensity of DA

Lane number

12‘34‘5

WP.aeruginosa | 9801.255 | 6929.962 ‘5459.598 5953.341‘5231.341

Fig. 3-50. Photograph of 0.8% neutral agarose gel electrophoresis of genomic
DNAs extracted from P. aeruginosa cells irradiated with artificial UV-C
(a) and densitometric analysis of each lane (b).
Lane M, molecular weight marker; 1, non-irradiated control DNA; 2, 5
min irradiation; 3, 10 min irradiation; 4, 20 min irradiation; 5, 30 min
irradiation. The same amount of DNA (0.5 ug) was loaded on the
each lane of the gel.
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(2) Single-strand DNA break

]

UV-C ZAbell oa] F4AEF fef B4 ndES genomic DNA
single-strand break”} AT =A] ZALSL7] 8kl L. monocytogenes2] vl %k
Aol UV-CE 58 7tAo =z 2087t ZASE & genomic DNAZS E#] sl
0.8%(w/v) alkaline agarose gelollA H7|9FS AAst9T. 2 ZF} Fig.
3-512] lane 1,3,5799|A¢F o] UV-C ZA} Alzto]l ZA#gre] wat
single-strand break7} ZF7lsl= ZAE AT £ UUeW single-strand
DNAZtel crosslink @74te] st w2 DNAS| YAEH= AS
& = Y. E. coli O157:H73} P. aeruginosadl A= L3+ 23S &2}
SAT}(Fig. 3-52~53, lane 3,5,7,9).

Pyrimidine dimer & 4]

UV-C ZA} 93] genomic DNA 4tofl pyrimidine dimer7} A4 ==X
A}l 7] 918t L. monocytogenes] vjoEo] UV-CE 58 7+ACo = 2087t
ALgE & genomic DNAE £2]%F t}8 pyrimidine dimer?] cross-link 23S
Aesl= 49 T4 endonuclease V(T4 PDG)E A3t 0.8%(w/v)

alkaline agarose geloll A A7 5L HAAFHS

=
=

I A3} Fig. 3-519] lane 4,6,8,109] A]
a4AY A g2 DNAJ H|§)] A3 235

aelvk UV-C ZA} A|7ro]l =713t ule}l pyrimidine dimere] W AE
daste AR UEsEH ol UV-C AL A7F FdE ofd HAPAXE
7} AU AL 1= nucleotide excision repair systemo| 2Hgsle] AL Q=
pyrimidine dimerE A Ast= Ho|7] WjFLz2 HAAEH pyrimidine dimer
9] A £ZRHU pyrimidine dimerE A|Aste £&7F wWE7] wFo
UV-C ZA} A|7He] ZF7)o] wlg}l pyrimidine dimer @A o] ZHAshs AS
2 ood.

N
-~

E. coli O157H7% P. ageruginosadl = FL3 ZAIZES Q33 o} (Fig.
3-52~53, lane 4,6,8,10).
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Fig. 3-51. Photograph of 0.8% alkaline agarose gel electrophoresis of genomic

DNA extracted from L. monocytogenes cells irradiated with artificial
UV-C (a) and densitometric scan of each lane (b). The samples are
paired, of which the first of each pair was not treated with T4 PDG
and the second was treated with T4 PDG.
Lane M, Molecular weight marker; 1, non-irradiated control DNA; 2,
control DNA (non-irradiated but treated with T4 PDG); 3, 5 min
irradiation; 4, 5 min irradiation followed by treatment with T4 PDG;
5, 10 min irradiation; 6, 10 min irradiation followed by treatment with
T4 PDG; 7, 15 min irradiation; 8, 15 min irradiation followed by
treatment with T4 PDG; 9, 20 min irradiation; 10, 20 min irradiation
followed by treatment with T4 PDG. The same amount of DNA (1
ug) was loaded on the each lane of the gel.
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Fig. 3-52. Photograph of 0.8% alkaline agarose gel electrophoresis of genomic

DNA extracted from E. coli O157:H7 cells irradiated with artificial
UV-C (a) and densitometric scan of each lane (b). The samples are
paired, of which the first of each pair was not treated with T4 PDG
and the second was treated with T4 PDG.
Lane M, Molecular weight marker; 1, non-irradiated control DNA; 2,
control DNA (non-irradiated but treated with T4 PDG); 3, 5 min
irradiation; 4, 5 min irradiation followed by treatment with T4 PDG;
5, 10 min irradiation; 6, 10 min irradiation followed by treatment with
T4 PDG; 7, 15 min irradiation; 8, 15 min irradiation followed by
treatment with T4 PDG; 9, 20 min irradiation; 10, 20 min irradiation
followed by treatment with T4 PDG. The same amount of DNA (1
ug) was loaded on the each lane of the gel.
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M1 2 3 4 5 6 7 8 9 10 M

Fig. 3-53. Photograph of 0.8% alkaline agarose gel electrophoresis of genomic

DNA extracted from P. aeruginosa cells irradiated with artificial UV-C
(a) and densitometric scan of each lane (b). The samples are paired,
of which the first of each pair was not treated with T4 PDG and the
second was treated with T4 PDG.
Lane M, Molecular weight marker; 1, non-irradiated control DNA; 2,
control DNA (non-irradiated but treated with T4 PDG); 3, 5 min
irradiation; 4, 5 min irradiation followed by treatment with T4 PDG;
5, 10 min irradiation; 6, 10 min irradiation followed by treatment with
T4 PDG; 7, 15 min irradiation; 8, 15 min irradiation followed by
treatment with T4 PDG; 9, 20 min irradiation; 10, 20 min irradiation
followed by treatment with T4 PDG. The same amount of DNA (1
1g) was loaded on the each lane of the gel.
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(2}) RNA break

[0 UV-C ZA}el &3t v E MEZF YA le RNA &4 AR S F2ALSH]
2ste] L. monocytogenese] vk o] UV-CE 58 7tA S
total RNAE Ea|sle] 1.2 %(w/v) agarose gelol 4] A

O o5 FollA A&l agarose gel Aol A= 235 rRNASH 16S rRNA7} FQ
RNA bandZ e} mRNAE 30844 eR.

[0 Fig. 3-540 49} ko] A7 FAel Al 23S rRNASH 165 rRNA7E 27 FQ
band2 YEh}z ¢lEH controld Hlmale] UV-CE ZAF #¢ RNA
band®] W37l U=

(] E. coli O157:H73} P. aeruginosa MENHE UV-C ZAle] mE RNA9 3
qdE B2 5 AS(Fig. 3-55~56).

- 170 -



Fig. 3-54. Photograph of neutral 1.2% agarose gel electrophoresis of RNAs
extracted from L. monocytogenes cells irradiated with artificial UV-C
(a) and densitometric scan of each lane (b).
Lane M, Molecular weight marker; 1, control RNA (non-irradiated);
2, 5 min irradiation; 3, 10 min irradiation; 4, 20 min irradiation; 5,
30 min irradiation. The same amount of RNA (1 ug) was loaded
on the each lane of the gel.
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Fig. 3-55. Photograph of neutral 1.2% agarose gel electrophoresis of RNAs
extracted from E. coli O157:H7 cells irradiated with artificial UV-C
(@) and densitometric scan of each lane (b).
Lane M, Molecular weight marker; 1, control RNA (non-irradiated);
2, 5 min irradiation; 3, 10 min irradiation; 4, 20 min irradiation; 5,
30 min irradiation. The same amount of RNA (1 ug) was loaded
on the each lane of the gel.
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Fig. 3-56. Photograph of neutral 1.2% agarose gel electrophoresis of RNAs
extracted from P. aeruginosa cells irradiated with artificial UV-C (a)
and densitometric scan of each lane (b).
Lane M, Molecular weight marker; 1, control RNA (non-irradiated);
2, 5 min irradiation; 3, 10 min irradiation; 4, 20 min irradiation; 5,
30 min irradiation. The same amount of RNA (1 ug) was loaded
on the each lane of the gel.
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(FH) UV-C ZAbel 13 $24% - A4 nAdEY A2S

(] UV-C ZAlel] o3k HAAduAEo] Ado) oo whE AlEESS FASE ZA
3} Table 3-18%7F &

T2l L. monocytogenes = UVE ZAFSHA] &S 7% 8.2x10° CFU/mL<]

AFF2 Ehon 527 2ARIYS wols 1.1x10° CFU/mL, 10237

Al 3.9x10° CFU/mL, 15—“%7& ZA} Al 25x10° CFU/mL, 20—%7& ZA}

Al 8.9x10" CFU/mL9 AT5E Jelo] 23 4759 #as B F
ety

Z A}

O 28y 2AF 108 FREe Agsd 2 Hats veh A gl 102 o]/
UV ZAb= L. monocytogenes M E ] AbEol & @& WA gf= FO =

FAHUE

[0 UV ZAF Aol 8 AFESS 58 A A] 030, 102 ZAF A] 016, 15%
ZAF Al 011, 208 ZA}S 73% 00902 ZARA|Zto] F7tgtel wet &, oy
A AE7F S74gel wel AbEEo] Haste ALE YEEH. o] A= of
A2l L. monocytogenes®] double-strand break®} single-strand break A3

ZosE AAPE ¢ F AYS

Q.
o

[ E. coli OI57:H7= UVE zAlelA] &8 7% 51x10° CFU/mLe] M7=
Jehfgleon 587 AR A] 48x10° CFU/mL, 1087+ ZAF A] 58x10*
CFU/mL, 1587t ZA} Al 14x10* CFU/mL, 2087F ZAF A 6.2x10°
CFU/mL9] ATFFES Vet UV FAF Al7lel] @2 AJEE&L 58 24}
Al 0.34, 105 ZAF Al 0.2, 158 ZA}F A] 0.16, 208 ZAFE A% 0
LER S

[ P. aeruginosa = UVE ZAFSHA] &2 79 85x10° CFU/mLe] A#4= e}
ygen 527 24} Al 21x107 CFU/mL, 1087 ZAF A] 1.1x10° CFU/mL,
1587 ZAF A] 97x10° CFU/mL, 2087 A+ A] 5.6x10° CFU/mLe] A
Z7F Z2AEQI, UV ZAL A7t w2 APEEL 52 FA} A] 027, 108 =
AF Al 016, 158 ZAF Al 011, 2048 ZAFE ¢ 0.099] kol yehfio] 4t

AER 394 NS BT §AR 20E 2o FUg
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Table 3-18. Viable cell number and death rate of pathogen bacterial cells by UV

irradiation
uv Energy] Viable cell Death
Bacterial strain irradiation density” number 1)
time (min) (J/cm?) (CFU/mL) rate
0 8.2+8.5x10°
5 0.126 1.1+2.3x10° 0.30
L. monocytogenes 10 0.252 3.9+6.9x10° 0.16
15 0.378 2.5+2.9x10° 0.11
20 0.504 8.9+9.9x10" 0.09
0 5.1+3.9x10°
5 0.126 4.847.1x10° 0.34
E. coli O157:H7 10 0.252 5.8+2.5x10* 0.2
15 0.378 1.4+3.0x10" 0.16
20 0.504 6.2+7.6x10° 0.13
0 8.5+3.5x10°
5 0.126 2.1+2.4x10 0.27
P. aeruginosa 10 0.252 1.1+2.4x10° 0.16
15 0.378 9.7+412x10° 0.11
20 0.504 5.6+6.9x10° 0.09

Y Energy density (J/cm’) = W/m” x s (time)/10000
? Death rate = -log (viable cell number before UV irradiation/viable cell number

after UV irradiation)/duration time (min) of UV irradiation.
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Al 10 A FAXL Ao 93 v]AE 2] AME 713 1

1. FHA 20 93 E coli A #HF9 AA7|Z

N
i
o
o%

e
1) AFgEF

[ AFe] A(continuous-wave UV light) ZAfol] o]3t njAl &9 AlHE7]2-S A3}
7] 913} E. coli Genetic Stock Centeroll A EoFgt-e E. coli AB1157 (CGSC

1157)7 o] #3F9 worA SRR i Zdmo]FFe E. oli AB1886
(CGSC 1886)& =d mAER o]R3AULS

strain Relevant genotype Origin or source

tF thr-1 leuB6 D(gpt-proA)62 hisG4
, thi-1 argE3 lacY1 galK2 ara-14 xyl-5  E. coli Genetic Stock
E. coli ABUIST 01 1sv-33 supEdd rpsl31 kdgK51 Center, USA
rfoD1 mgl-51 Ics rac

E. coli Genetic Stock

E. coli AB1886 same as AB1157 but uvrAé6 Center, USA

@ B8 24
0 282 2000 98 n4dge ARs14e d757] 84 29 48 E
coli AB1157%} E. coli AB18868 Z}z} 5 mL<9] LB brothol] HZE3E &, 37 Co

A 24Xt v et

[0 2+ vjokedg 10,000 rpmoll A 587 QAR T A5dE A AT e A
EZE 0.1 M9 potassium phosphate buffer 5 mLZ A& s} S

O ol& d4EEstq 45dE AASE 01 M potassium phosphate buffer 5
mLE HES & 2 E 10 cm@] petri disholl 2F319S
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O A157F /32 Petri dishE high-intensity pulsed light 71719 xenon lamp
¢} 12 eme] AL T2 25 kV, 500 V E=E 600 Vo Agte g 5E37F #g
O

[0 #FE29] oi4x] "WE+ Ruggedized wideband spectroradio meter ILT
900-R(International light, USA)S o|-&35le] A3 o, 7FA]F Aol <3t
photoreactivationg ¥A|3}7] 913 ¢4 AeolA d¥EE AU+

(]
ok
&)

FAAE FH HYA M AEQ L. monocytogenes, E. coli O157:H7, P.
aeruginosa®] FH2~  FAlo] 23k A X2 /\}Uﬂ7 2H8 2ALSH7) _?43}04
Tryptic soy brothell ztz}e] #F& HEF 5, 37TolA 2443 wjggt &
2d ndEF T HHoE YA

(3) DNA %3

[0 UV-C & FE2E 2AL3 FAE Petri dish2 X8 15 mL tubedl] 353}
310,000 rpmof A} 5237F YARE s & 200 ple] SET buffer(20% sucrose,
50 mM Tris-HCI, pH 7.6, 50 mM EDTA)E degstge

[0 o47]efl 50 pLe] 60 mg/mL lysozyme(Sigma Co.)Z 3 uLe] 20 mg/mL
RNase A(Sigma Co.) &NS FH7}5be] 37Tl A 1587 vkgAFH 1L, ¥-8 &
20 L9 20 mg/mL proteinase K(Sigma Co.)& F7}ste] 37TCoA 1587
vH8- A1 71 T8 BioneerAl2] Genomic DNA Extraction KitE AFg3}e] A
ALl manualol W} #A 2] genomic DNAZS 28] 319S

BN l;

[0 34%¥ DNAQ F%+= UV spectrophotometer(Shimadzu)E AH&ste] 260
nmel Sl FREZS 2Rl FASAS

(4) RNA &3

[0 RNA EIE Q8] ZE A|F 2 glassware= 0.1% diethyl pyrocarbonate
(DEPQ)Z 37Tl A 12417F B¢ H8)d & 100C o)A 15587 autoclavesty

o
=]

[ A¥ol] AIE3F BE plastic ware® RNase-free A& AL&39 k. UV-C &
= FH2E ZASE FAH S Petri dlshi—,—Ei 15 mL conical tubedl] 3|4=35}1
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buffer(pH 7.6)2 dAE3I A3

0 AlE AgHS QiagenAle] RNeasy Protect Bacteria Mini KitS AMg3le] A
ZALY] manuald] wgl RNAS 22|53

[0 UV-C ZA}3E #Al2] DNAOI cis-syn-cyclobutane pyrimidine dimer7} A 4 &
AEA RS YolHy] 95t FAZHE EzH genomic DNAO| T4
endonuclease V(T4 PDG, NEB, England)E *#|3}%2

] &84 ¥-82 DNA 15 pL(2 pug), 10xT4 PDG reaction buffer 2 L,
10xBSA(100 pg/mL) 2uL, T4 PDG 1 pL(100 Unit)2 el 37ColA 30837+

AR
© A719%

[0 UV-C ZAF3F #A1¢] genomic DNA9] double-strand break & single-
strand break 7} TAY P =2 2A}EH7] 95t A7|HEL AAFH S

[1 Double-strand break?] 3L &x 7|95 dZ=gMo=zm (05xTAE
buffer(40 mM Tris-acetate, pH 8.0, 1 mM EDTA)E A}&3tgo™ 05 ug
/mLe] ethidium bromideE FH7}3F 0.8%¢] agarose(Bio-Rad) =3 gel2 A}
435t Al59] 1/108) 2] 10xgel loading buffer(0.25%(w/v) bromophenol
blue, 40%(w/v) sucrose)E 7}3F DNA &4-& 100 VoA 3087 A7|9F
&k

[1 Single-strand break?] #IAg A= AHA7|YE FE8&Ho =z  alkaline
agarose gel buffer (50 mM NaOH, TmM EDTA)Z A}&3tHon 0.8%2
alkaline agarose =% gel& AF&-3td Al52] 1/6%F2] 6xalkaline gel loading
buffer(300 mM NaOH, 6 mM EDTA, 40%(w/v) sucrose, 0.15%(w/v)
bromocresol green, 0.25%(w/v) xylene cyanol)E 7}3F DNA &2 35 V9
A 30087 AVGESAL, AHAVEE & ogel 05 pg/mLe]  ethidium

bromide &9 1A 7+EQt A3 & FHRFZ 3027 2488+

olN
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O #AZ23E EIE RNAES sty s A79s gx=gdoz
0.5xTAE buffer(40 mM Tris-acetate, pH 8.0, 1 mM EDTA)ZS A}-83}5 .o

05 pg/mLe] ethidium bromideE 7} 2%<2] agarose(Bio-Rad) 4% gel <
ALE-3l Alg9] 1/10f3Fe] 10xgel loading buffer(0.25% bromophenol
blue, 40%(w/v) sucrose)E 7}3F RNA &8-8 50 VoA 10087+ A 719 &F3}
A=

[0 A719%3F agarose gele 254 nme] AM ZH sl A BEEPen AR
#o-e UV-filters} orange filter7} 2l t] =) & 749 e(Olympus C4040Z)E

°]&

|

stgom, A& DNAS RNA bande9] o]ujx]= Image J(public
domain NIH Image program, USA)E |83} Z}Zte] DNA T+ RNA
bande] WHg Axrstel bandsl T Fe TS

O FE 2o o3 nAE AR 7|2HS BEXAAESH O 7 ZALSY] 98l md o
F E. ooli MEol FHAE ZASIIES DNAS RNAS &ATE ZA}
A2

[ Ruggedized wideband spectroradio meter ILT 900-RZ =33+ FH9] A
A A WEE 500 VoAl 37602 W/m?% 600 Vol Al 45592 W/m> o]Q1.o.
o, 0|2 J/ecm® @2 AT A%, 5504 500 VE 11.28 J/cm?, 600 Ve
13.68 J/cm®9] 7€ JERASS

U]
AN ol
S ok

22 UV-C 992 500 VoA 0.73 W/m 600 VolA= 143 W/mi

A

[0 E. coli AB1157 M X 9] ujdlo] FHA~ZE 500 Vo 600 V2 583+ ZAMSH
%, genomic DNAE £2]3}le] 0.8%(w/v) neutral agarose gelol|l A H7]9 5
3to] DNAo| double-strand break7} WAISH =4 A A3, Fig. 3-579
LLERA vEe} Zro] FH2 FAfo] o3 DNA W9 At w2 o] 16,839.629
Al 11,24891, 11,31026°.2 A4Stk o= 5% B UVEAbY 9%
DNA¢] W7 o] 96375980 4 54314262 ZA4ste ZAdol Hls] AR e
daowgs VeSS BoE
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Fig. 3-57. Photograph of 0.8% neutral agarose gel electrophoresis of genomic
DNAs extracted from E. coli AB1157 cells irradiated with IPL (a) and
densitometric analysis of each lane (b).

Lane M, molecular weight marker; 1, control DNA (non-irradiated); 2,
IPL-irradiated DNA at 500 V; 3, IPL-irradiated DNA at 600 V. The

same amount of DNA (0.5 ug) was loaded on the each lane of the
gel.
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[0 WA FH2 A2 DNAAYY] double-strand breaks mH]|sHA] Al sl
RHno g AZAEM, E. coli AB1886 A EA = DNA WH=eo Ao 1243235
o A 11,841.57, 10,725.03¢] 22 74t E. coli AB11573} 7L 3j€l 9]
Aol B2 =S E(Fig. 3-58).

(2) Single-strand DNA break

(0 FH2x 2Abe] o8] 2dFgF E coli AlES] genomic DNA Ao
single-strand break7} A= =2 ZASH7] 918t ZF ml A& wjgdo F
H2AE 500 VF 600 VE 587 ZA
0.8%(w/v) alkaline agarose gelol Al 7]

=
ofr

L
N

5 & genomic DNAZ Eg|st]
HEe AAEHS

[0 2 A3} Fig. 3-5901 4 ¢k Zo] E. coli AB11573} o] #F9| uvrA AR 2
& ZdWo|3Ql E. coli ABI886(Fig. 3-60) A|E EF DNA AelA
single-strand break7} <7 @AY 2 it(lane 33} 5) UV-C ZAle}l vlud

A% A% ksl BAHE AL 5 AAS
(3) Pyrimidine dimer 3 A

Z Aol 93] genomic DNA Abe]l pyrimidine dimer7} A A =H=4] %2
Abst7] ffste] BAlFFQ) E coli®] Zh wjgdo] FE2E 500 Ve 600 VE
527 ZAMgE & genomic DNAE £33k ©L pyrimidine dimer2]
cross-link 2%-& ddst= E4¢ T4 endonuclease V(T4 PDG)E &5l
0.8%(w/v) alkaline agarose gelol|A] H71HF5S A AL

0 2 A3} Fig. 3-599] lane 2, 4, 6o} o] E. coli AB1157 #FFolAM=
primidine dimer”} <7F @HAISIH oL o] FF9] worA FARe] AE =9
Wo|FQl E. coli AB1886(Fig. 3-60)ol 4= DNA Aol A4 primidine dimer7}
35 LAY 2 (lane 2, 4, 6)

[]
o

|:= DNA repair systemo| F4Ao g2 Z25t= E. oli AB1157 dFoA=
FH2 A 93] A E pyrimidine dimerE nucleotide excision repair
systemo] ZHFsle] A AT S ZA pyrimidine dimere] @HAo] Yo o7
SAHGY] WEoE WUEW, o ARTHH FBA AL AX

nucleotide excision repair systemE £AAI| A= G o2 AR EH
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Fig. 3-58. Photograph of 0.8% neutral agarose gel electrophoresis of genomic
DNAs extracted from E. coli AB1886 cells irradiated with IPL (a) and
densitometric analysis of each lane (b).

Lane M, molecular weight marker; 1, control DNA (non-irradiated); 2,
IPL-irradiated DNA at 500 V; 3, IPL-irradiated DNA at 600 V. The

same amount of DNA (0.4 ug) was loaded on the each lane of the
gel.
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Fig. 3-59. Photograph of 0.8% alkaline agarose gel electrophoresis of genomic
DNA extracted from E. coli AB1157 cells irradiated with IPL (a) and
densitometric scan of each lane (b). The samples are paired, of which
the first of each pair was not treated with T4 PDG and the second
was treated with T4 PDG.

Lane M, Molecular weight marker; 1, control DNA (non-irradiated); 2,
control DNA (non-irradiated but treated with T4 PDG);, 3,
IPL-irradiated DNA at 500 V; 4, IPL-irradiated DNA at 500 V
followed by treatment with T4 PDG; 5, IPL-irradiated DNA at 600 V;
6. IPL-irradiated DNA at 600 V followed by treatment with T4 PDG.
The same amount of DNA (1.5 ug) was loaded on the each lane of

the gel.
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Fig. 3-60. Photograph of 0.8% alkaline agarose gel electrophoresis of genomic
DNA extracted from E. coli AB1886 cells irradiated with IPL (a) and
densitometric scan of each lane (b). The samples are paired, of which
the first of each pair was not treated with T4 PDG and the second
was treated with T4 PDG.

Lane M, Molecular weight marker; 1, control DNA (non-irradiated); 2,
control DNA (non-irradiated but treated with T4 PDG);, 3,
IPL-irradiated DNA at 500 V; 4, IPL-irradiated DNA at 500 V
followed by treatment with T4 PDG; 5, IPL-irradiated DNA at 600 V;
6. IPL-irradiated DNA at 600 V followed by treatment with T4 PDG.
The same amount of DNA (1.5 ug) was loaded on the each lane of

the gel.
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(4) RNA break

O F82 zAb 98 W42 A=k AUz JE RNAZG £35EA J43s
| 98t =dd 3 E coli ZF vl FB2E 500 Vol 600 VZ 5

(¢}
=
7t 2AHEE 5 total RNAS 225t 1.2%(w/v) agarose geldlA H7]9%
O

2 A Fig 3610049k o] ZAR wE sABelN BH2 zA] o
23S T+ 165 rRNA7Z} 23 5 A AV cross-linkol] o] &) 1EA}= Sl rlo] A
H ZeE AdEAT EI HIFF Al Fm| 6}74
2 2Abl g8 FE7F dasts Ao E JEE
ola] mRNA7} #8537 &S Aoz Ay

o HI
o
fr
3
=~
Z
2>
5
o

E. coli AB1886 M EAME =3t RNA 23] d4L B2 4 9l cH(Fig.
3-62).

ol
s
I
I

Aol 913t E. coli RAHFO] AlE&

[ #"2x zAb 93 E coli RATF] ATt old wE A1EEe xS
23} Table 3-19¢ WteRW whe} Zo] opAFQl E. coli AB11572 BFEAE X

AbsA] ¥ A 14x10° CFU/mLY] A4S Ve gen 583 500 Ve
A zZAIYS wols 1.2x10° CFU/mL 600 VA& 1.5x10° CFU/mL<] A}
e defo] F4% AdF HAE BAFAS

Q1

B FEA2 YA AFEEL 500 Vel A 0.30, 600 VoA 0352 LhElE
th. E. coli AB11579] S o]Z9l E. coli ABIS86% UVE ZASHA] S A
% 12x10° CFU/mLe] 4748 dehigen 583 500 VelAE 13x10°
CFU/mL, 587 600 Vol A= 18x10° CFU/mLe] AF47F 2A4F YT, UV
ZAF AZbel whE APEES 5% AL Al 036, 102 FAF A 0352 E. coli
ABI1573 §A18 232 LERfAS
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Fig. 3-61. Photograph of neutral 1.2% agarose gel electrophoresis of RNAs
extracted from E. coli AB1157 cells irradiated with artificial UV-C
(@) and densitometric scan of each lane (b).
Lane M, Molecular weight marker; 1, control RNA (non-irradiated);
2, IPL-irradiated RNA at 500 V; 3, IPL-irradiated RNA at 600 V.
The same amount of RNA (1 ug) was loaded on the each lane of

the gel.
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Fig. 3-62. Photograph of neutral 1.2% agarose gel electrophoresis of RNAs
extracted from E. coli AB1886 cells irradiated with artificial UV-C

(@) and densitometric scan of each lane (b).
Lane M, Molecular weight marker; 1, control RNA (non-irradiated);
2, IPL-irradiated RNA at 500 V; 3, IPL-irradiated RNA at 600 V.

The same amount of RNA (1 ug) was loaded on the each lane of

the gel.
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Table 3-19. Viable cell number and death rate of E. coli cells by IPL irradiation

IPL Energy Viable cell Death
Bacterial strain irradiation density" number rate?
voltage (V) J/cm?) (CFU/mL)
0 1.4+0.24x10°
E. coli AB1157 500 11.28 1.2+1.10x10° 0.30
600 13.68 1.5+2.00x10° 0.35
0 1.2+0.83x10°
E. coli AB1886 500 11.28 1.3+1.80x10° 0.36
600 13.68 1.8+1.10x10° 0.35

Y Energy density (J/cm’) = W/m” x s (time)/10000
? Death rate = -log (viable cell number before IPL irradiation/viable cell number

after IPL irradiation)/duration time (min) of IPL irradiation.
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2. FAx zALe] 9F FAAF EASE AL vAE A

LR
M) AHgEF
0 #44F 4 435 4B AE713e dTsr] sl £2279

Listeria  monocytogenes KCCM 40307, E. coli O157:H7 ATCC 43859,
Pseudomonas aeruginosa ATCC 101455 ©|8-319S

(2 2= A

O 243 f8 B89 v EQ L. monocytogenes, E. coli O157:H7, P.
aeruginosa®] AL} ZAb] F AEo] AMETIZNE ZAMSHY] 915HS
Tryptic soy brotho] Ztz+e] @F& HES §, 37ColA 2447 wjgd £

Y n4Ed B Pgon Hasde

(3) DNASH RNA9] £

O Fa44F fd 394 ndEs 322 A3 5 2d rdesd 4% %
Ho @ DNASH RNAES Ed 35t DNAS RNAY =& SAste st
_%_

4) 24Ad

(] UV-C ZA}g 742l DNA9] cis-syn-cyclobutane pyrimidine dimer7} A A &
AEA RS YolHy] 95t FAZHE EzH genomic DNAO| T4
endonuclease V(T4 PDG, NEB, England)E *#|3}%2

] &84 ¥-82 DNA 15 pL(2 pug), 10xT4 PDG reaction buffer 2 L,
10xBSA(100 pg/mL) 2uL, T4 PDG 1 pL(100 Unit)2 3}e] 37Coll A 30&3H
WA A

6) A719%

[0 UV-C ZAF3F #A1¢] genomic DNA9] double-strand break & single-
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strand break”7} @ASIH =R ZALEH7] Qs H7|9F5S AAISIH S

olr

Double-strand break?] 3}¢18 sirx] 79 E Hd=8fAo =z (5xTAE
buffer(40 mM Tris-acetate, pH 8.0, 1 mM EDTA)E A}&3tgo™ 05 ug
/mLe] ethidium bromideE FH7}3F 0.8%¢] agarose(Bio-Rad) =3 gel2 A}
435t Al59] 1/108) 2] 10xgel loading buffer(0.25%(w/v) bromophenol
blue, 40%(w/v) sucrose)E 7}3F DNA &4-& 100 VoA 3087 A7|9F
IS8y

Single-strand breake] 12 M= H79F SFEHo =  alkaline
agarose gel buffer (50 mM NaOH, 1mM EDTA)ES Al&3l9em 0.8%<

alkaline agarose 4% gelg& A&l A5 1/6%F2] 6xalkaline gel
loading buffer(300 mM NaOH, 6 mM EDTA, 40%(w/v) sucrose,
0.15%(w/v) bromocresol green, 0.25%(w/v) xylene cyanol)Z 7|3l DNA &
HAS 35 VellA 30023 H719Estda, d719F & geld 05 pg/mLe
ethidium bromide &M 1A|7FEQF FA3 T Z==2+3 3087 4519

Rig

[e]

=]

O #AZ23E EIE RNAES sty s A79s gx=gdoz
0.5xTAE buffer(40 mM Tris-acetate, pH 8.0, 1 mM EDTA)ZS A}-83}5 .o
0.5 ug/mLe] ethidium bromideZ 7|38t 2%9] agarose(Bio-Rad) =% gel&

ALE-3l Alg9] 1/10f3Fe] 10xgel loading buffer(0.25% bromophenol
blue, 40%(w/v) sucrose)E 7}3F RNA &8-8 50 VoA 10087+ A 719 &F3}
A

A 71953 agarose geld 254 nme] LM ZHsloA BASHoH AR
#o-e UV-filters} orange filter7} 2l t] =) & 749 e(Olympus C4040Z)E

|

ol &3t o, AXNEHYE DNA9 RNA bande ©|m|x]= Image J(public
domain NIH Image program, USA)E |83} Z}Zte] DNA T+ RNA

bandel WAL 745}l bandel ATIH FL THAL

O FE2s AF 2We Aldd g3 58 AFEAT]
A A=d(Dunn, 1996; Anderson et al, 2000), =¥
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2~8 log, &#o]= 4.5 loge] A2 E7} vt BaEHT S (MacGregor et
al., 1998, Rowan et al., 1999).

FEA Ao A4S UERE AEE UVE F5s6ts A4 g o4
QeFS W, = 59 Aspergillus niger'= conidia®] H3F A 4ol ol&] A
Aol F71E(Rowan et al., 1999; Anderson et al., 2000).

A" BaAd rAES B 479 dd AFY FAAE T EAsie L
monocytogenesSt B. cereus FolA FAAE QAo EAVE Hz e L
monocytogenesS A7, FE2 A9 dHlw AP UV-C A Aol
AV59E E oli T BYU3E 9 E. coli O157:H7S AAsIg 0w, 4
2 Fe] Hoj U]*ﬁai dH 2 P. aeruginosas F7F2 A4St AP A&
IS8y

ARE HAA A EY 7 wgde] FEAE 25 kVolA] 523 ZARGE &
genomic DNAE £33} 0.8%(w/v) neutral agarose geloll A 7] &35l
DNA¢] double-strand break7} A8l E=A] %AE A3}, Fig. 3-57¢] e}
Wovkel o] 3F9] WY mAE EF FEZ ZAR 93] DNAZ
double-strand break”7} Ao #AE R o= Aoz VRS 3F9 WYA
o A& wjokole] 500 VeF 600 VE FHA AES AFW3 Ay L
monocytogenes(Fig. 3-58)= DNA uWlZ=eol m™Ho] 13,096.01]4 10,928.9,
8,781.548=, E. coli O157:H7(Fig. 3-59)= DNA ®i=9] mZHo] 11,387.059] A]
8,619.497, 7,059.3762, P. aeruginosa(Fig. 3-60)= DNA Hi=9o] m™HZHo]
13,978.30l 4] 13,182.71, 11,387.05¢] FX 2 ZAstY, S5 FHA ZAbY 9
&) DNA%A¢] double-strand break7} ¢FslA] A H PSS 3159 S

FH 2o 93 DNAQ double-strand break= UV-C ZA}o)
= A2 ¢ F I
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Fig. 3-57. Photograph of 0.8% neutral agarose gel electrophoresis of genomic
DNAs extracted from food-borne pathogen cells irradiated with IPL.
Lane M, molecular weight marker; 1, control DNA from L.
monocytogenes  (non-irradiated); 2, IPL-irradiated DNA from L.
monocytogenes; 3, control DNA from E. coli O157:H7 (non-irradiated);
4, IPL-irradiated DNA from E. coli O157:H7; 5, control DNA from P.
aeruginosa (non-irradiated); 6, IPL-irradiated DNA from P. aeruginosa.
The same amount of DNA (1.65 ug) was loaded on the each lane of
the gel.
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Fig. 3-58. Photograph of 0.8% neutral agarose gel electrophoresis of genomic
DNAs extracted from L. monocytogenes irradiated with IPL (a) and
densitometric analysis of each lane (b).

Lane M, molecular weight marker; 1, control DNA (non-irradiated); 2,
IPL-irradiated DNA at 500 V; 3, IPL-irradiated DNA at 600 V; The

same amount of DNA (04 ug) was loaded on the each lane of the
gel.
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Fig. 3-59. Photograph of 0.8% neutral agarose gel electrophoresis of genomic
DNAs extracted from E. coli O157:H7 irradiated with IPL (a) and
densitometric analysis of each lane (b).

Lane M, molecular weight marker; 1, control DNA (non-irradiated);

2, IPL-irradiated DNA at 500 V; 3, IPL-irradiated DNA at 600 V; The

same amount of DNA (0.5 ug) was loaded on the each lane of the
gel.
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Fig. 3-60. Photograph of 0.8% neutral agarose gel electrophoresis of genomic
DNAs extracted from P. aeruginosa irradiated with IPL (a) and
densitometric analysis of each lane (b).

Lane M, molecular weight marker; 1, control DNA (non-irradiated);
2, IPL-irradiated DNA at 500 V; 3, IPL-irradiated DNA at 600 V; The

same amount of DNA (0.5 ug) was loaded on the each lane of the
gel.
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(2) Single-strand DNA break

O #g2 zAb o8] HY9A uAEQ genomic DNA 4ol single-strand
break7} A4 =E2] ZAVSL7] st Zh B vldEe] wigdel BEx
2 25 kVolA 587 ZA3E 3 genomic DNAZE Ed st 08%(w/v)

alkaline agarose geloll A A7 5L HAAFHS

0 2 23 Fig. 3-61lA¢t o] XA 359 wAdE EF DNA oA
single-strand break”7} <7t LA H 2 v}(lane 3, 7, 11) UV-C FZAL9} vl g

A% % kel wAHE AL ¢ F ANE

[0 ZASE 3% HAA n|AE FoA= P. aeruginosad] 4 single-strand break
7} 74 2ol wAlsle Ao & el (lane 11).

O 3%< #HeAd vAE sjgde 500 Vel 600 V2 FEBA ZALE AF4s 2
3} L. monocytogenes(Fig. 3-62), E. coli O157:H7(Fig. 3-63)3} P. aeruginosa(Fig.
3-64)oll A BF FB2 FAbo] o3k DNAZYS] single-strand break7} QX 2
AL 5t -S(lane 32 500 V A g, lane 55 600 V ] &]).

o] A2 RE FHo 23t DNAQ single-strand break= UV-C F Al
e oy R 4

o2 WAEHE Ae & UME

e

- 196 -



1 2 3 4 5 6 7 8 9 10 11 12 M

Fig. 3-61. Photograph of 0.8% alkaline agarose gel electrophoresis of genomic
DNA extracted from food-borne pathogen cells irradiated with IPL.
Lane M, Molecular weight marker; 1, control DNA from L.
monocytogenes (non-irradiated); 2, control DNA from L. monocytogenes
(non-irradiated but treated with T4 PDG); 3, IPL-irradiated DNA from
L. monocytogenes; 4, IPL-irradiated DNA from L. monocytogenes
followed by treatment with T4 PDG; 5, control DNA from E. coli
O157:H7 (non-irradiated); 6, control DNA from E. coli O157:H7
(non-irradiated but treated with T4 PDG); 7, IPL-irradiated DNA from
E. coli O157:H7; 8, IPL-irradiated DNA from E. coli O157:H7 followed
by treatment with T4 PDG; 9, control DNA from P. aeruginosa
(non-irradiated); 10, control DNA from P. aeruginosa (non-irradiated
but followed by treatment with T4 PDG); 11, IPL-irradiated DNA
from P. aeruginosa; 12, IPL-irradiated DNA from P. aeruginosa followed
by treatment with T4 PDG. The same amount of DNA (1.65 ug) was
loaded on the each lane of the gel.
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Fig. 3-62. Photograph of 0.8% alkaline agarose gel electrophoresis of genomic

DNA extracted from L. monocytogenes cells irradiated with IPL (a) and
densitometric scan of each lane (b). The samples are paired, of which
the first of each pair was not treated with T4 PDG and the second
was treated with T4 PDG.
Lane M, Molecular weight marker; 1, control DNA (non-irradiated); 2,
control DNA (non-irradiated but treated with T4 PDG); 3,
IPL-irradiated DNA at 500 V; 4, IPL-irradiated DNA at 500 V
followed by treatment with T4 PDG; 5, IPL-irradiated DNA at 600 V;
6, IPL-irradiated DNA at 600 V followed by treatment with T4 PDG.
The same amount of DNA (1 ug) was loaded on the each lane of the
gel.
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Fig. 3-63. Photograph of 0.8% alkaline agarose gel electrophoresis of genomic

DNA extracted from E. coli O157:H7 cells irradiated with IPL (a) and
densitometric scan of each lane (b). The samples are paired, of which
the first of each pair was not treated with T4 PDG and the second
was treated with T4 PDG.

Lane M, Molecular weight marker; 1, control DNA (non-irradiated); 2,
control DNA (non-irradiated but treated with T4 PDG); 3,
IPL-irradiated DNA at 500 V; 4, IPL-irradiated DNA at 500 V
followed by treatment with T4 PDG; 5, IPL-irradiated DNA at 600 V;
6, IPL-irradiated DNA at 600 V followed by treatment with T4 PDG.
The same amount of DNA (1 ug) was loaded on the each lane of the
gel.
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Fig. 3-64. Photograph of 0.8% alkaline agarose gel electrophoresis of genomic

DNA extracted from P. aeruginosa cells irradiated with IPL (a) and
densitometric scan of each lane (b). The samples are paired, of which
the first of each pair was not treated with T4 PDG and the second
was treated with T4 PDG.
Lane M, Molecular weight marker; 1, control DNA (non-irradiated); 2,
control DNA (non-irradiated but treated with T4 PDG); 3,
IPL-irradiated DNA at 500 V; 4, IPL-irradiated DNA at 500 V
followed by treatment with T4 PDG; 5, IPL-irradiated DNA at 600 V;
6, IPL-irradiated DNA at 600 V followed by treatment with T4 PDG.
The same amount of DNA (1 ug) was loaded on the each lane of the
gel.
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(3) Pyrimidine dimer 37
[0 #FH2= ZAL] 23] genomic DNA “Fof pyrimidine dimer7} AT =4 %

| 915k 3%e] Wl nAE 7 wjopele] FHEAT 25 KVel A 587
ZAeE & genomic DNAE £ % U} pyrimidine dimer®] cross-link 2%
S Hosle §49 T4 endonuclease V(T4 PDG)E A3t 0.8%(w/v)
alkaline agarose geloll A A 7|45 HAAH S

[0 2 27 Fig. 3-619] lane 4, 8, 12¢] Weld Hpel o] a4z A] DNA9
band7} A7 32 9& DNAO] v 235E Aoz Hol pyrimidine
dimer7} 4% AL AL

[ 3% #Hdg nlAE wgde] 500 Vol 600 V2 FHA~ ZALE Aeds 2
7} L. monocytogenes(Fig. 3-62), E. coli O157:H7(Fig. 3-63)Z} P. aeruginosa(Fig.
3-64)oll Al T FHA FAbo] 23k DNAZLE] primidine dimer7} €5 A
FH e lane 42 500 V A E], lane 62 600 V 37]), UV-C ZAl9} vl g

A% % kel wAHE AL ¢ F ANE

(4) RNA break

OO0 #FF2x At 93 mlAE MEZF AU = RNAVE 45 =R 45EE
ZAFE7] Qe 3% WA nAE Zb wjokde] FHEAE 25 kVoA 58
b ZARSE & total RNAE E2|5le] 2.0%(w/v) agarose geldl A A 7|9 &<

0 2 A3 Fig. 3650148} o] AN BE wABA BBz A o3
RNAS) 23 @3] Ao BaEx gol FB2ol o) RNAZ 42d &
He WAL GE Ao FAHUL

3% BHdd nlAE wgde] 500 Vol 600 V2 FHA~ ZALE Ae3s 2
7} L. monocytogenes(Fig. 3-66), E. coli O157:H7(Fig. 3-67)2} P. aeruginosa(Fig.
3-68)0ll A BT FHXA FAb] o3 RNAS Es&f B2 TAsHA g A2

2 FAHAE
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Fig. 3-65. Photograph of neutral 1.2% agarose gel electrophoresis of RNAs

extracted from food-borne pathogenic bacteria irradiated with IPL.

Lane M, Molecular weight marker; 1, control RNA (non-irradiated)
from L. monocytogenes; 2, IPL-irradiated RNA from L. monocytogenes;
3, control RNA (non-irradiated) from E. coli O157:H7; 4,
IPL-irradiated RNA from E. coli O157:H7; 5, control RNA
(non-irradiated) from P. aeruginosa; 6, IPL-irradiated RNA from P.
aeruginosa. The same amount of RNA (1.35 pg) was loaded on the

each lane of the gel.
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Fig. 3-66. Photograph of neutral 1.2% agarose gel electrophoresis of RNAs
extracted from L. monocytogenes irradiated with IPL (a) and
densitometric scan of each lane (b).

Lane M, Molecular weight marker; 1, control RNA (non-irradiated);
2, IPL-irradiated RNA at 500 V. The same amount of RNA (0.8 ug)
was loaded on the each lane of the gel.
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Fig. 3-67. Photograph of neutral 1.2% agarose gel electrophoresis of RNAs
extracted from E. coli O157:H7 irradiated with IPL (a) and

densitometric scan of each lane (b).

Lane M, Molecular weight
(non-irradiated); 2, IPL-irradiated RNA at 500 V; 3, IPL-irradiated

control RNA

marker; 1,

RNA at 600 V. The same amount of RNA (0.8 ug) was loaded on

the each lane of the gel.
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Fig. 3-68. Photograph of neutral 1.2% agarose gel electrophoresis of RNAs

extracted from P. aeruginosa irradiated with IPL(a)

and
densitometric scan of each lane (b).

Lane M, Molecular weight marker; 1, control RNA

(non-irradiated); 2, IPL-irradiated RNA at 500 V; 3, IPL-irradiated

RNA at 600 V. The same amount of RNA (0.8 ug) was loaded on
the each lane of the gel.
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7}

2
7} Table 3-19¢ te}dH wlo} Zo] opAFQl L. monocytogenesS FHF =
AbstAl e A9 23x10° CFU/mLe AFFE vepfigen 583 500 V
o) A z/\}s}ﬁ% ool = 5.1x10° CFU/mL 600 VollAl= 6.5x10° CFU/mL<]
ATE Uellol 4% Ao F4AE BRAFAS

587 FHAE XA AFEEL 500V A] 0.50, 600V A 0.672 LFERGTE

E. coli O157:H7) & 3 %_ % ZAVEHA] e A9 76x10° CFU/mLe] A

F4E2 JehAQ R, 5837 500 VoA 2Abetge wjols 54x10° CFU/mL,
600 Vol A& 9.3x10° CFU/mLE Vel lew zkzhe] AFESL 053, 0.679]

A

P. aeruginosu AZNAE FH~ ore A9 92x10° CFU/mLe]

g ZASHA ¢

Ao4E JehiQa, 583 500 VAl A 2A1e e wjelEs 9.9x10° CFU/mL,
600 voﬂHL 2.9x10° CFU/mL AdsE Yo n Zzhe AlEEL
050, 0582 3% 9 HAAHAE BT fA8 275 JERAS.

4> M

31 A A} & v] 7 (Transmission Electron Microscope, TEM)o] 2]
st FAXx Ao A stA AE 71F 19

o

FE2E 500 V] AFez A3 L. monocytogenes, E. coli O157:H7, P.
aeruginosa ME @EAI A AE Alg, UV-C ZALE AlE A58 173
H(2% glutaraldehyde and 2% paraformaldegyde in 0.05 M sodium
cacodylate buffer)ol A s}&5 23t & 0.05 M sodium cacodylate buffer@
REET
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Table 3-19. Viable cell number and death rate of pathogen bacterial cells by IPL

irradiation

. H?L. Energy Viable cell
Bacterial strain 1r$1§1at1(e)n density” number [r);feg};

i (7/cm?) (CFU/mL)

0 2.3+0.97x10°
L. monocytogenes 500 11.28 5.1+1.4x10° 0.50
600 13.68 6.5+0.07x10° 0.67

0 7.6+3.2x10°
E. coli O157:H7 500 11.28 5.4+6.5x10° 0.53
600 13.68 9.3+2.3x10° 0.67

0 9.2+0.78x10°
P. aeruginosa 500 11.28 9.9+11x10° 0.50
600 13.68 2.9+2.9x10° 0.58

Y Energy density (J/cm’) = W/m” x s (time)/10000
? Death rate = -log (viable cell number before IPL irradiation/viable cell number

after IPL irradiation)/duration time (min) of IPL irradiation.
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Fig. 3-69. Evaluation of intense pulsed light induced cell damages in microorganisms
using TEM.
a, control; b, UV-C treatment; ¢, intense pulsed light treatment;
1, Listeria monocytogenes; 2, E. coli O157:H7; 3, Pseudomonas aeruginosa.
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FEe v ot o 24 W) 7192 % 5 2U%E(Table 3-20)

FE2E AESHA @ AE wigde did Fxrt
%_ el ¥ 211 pg/mL2 Vst FEzeol o v
%‘E F59 DP““ d sx7F 158 o) FUkstle™, P. aeruginosad] 73-%-¢l
= FE2E %%Elo}zl e AXE wjoFde wd FE7b 053 pg/mLojA]
FE2 A F 117 pg/mLE F7kete] FHzol o) wjek FEdo o
2 =7 oF 220 FUHEE & & Uk o] Ade BERAEAEWE A3

=
=
=
=
@
~
?
2 3
X
OL F[F

=

Az} dAste Ae® 53] Gram 24 AT E oli O157:H72] wald
FEE7E W =ded, ole B2 At Gram 4 AlFEG= Gram
4 AlgolA ot asoer Agdves L BAFE A,

O 322 A7t =AY wAE 223, F ZAFAARA vA=
< A8l $8te Bacillus Genetic Stock Center(USA)of| A & oFwt
subtilis 168(BGSC 1A1)#} o] #F9 A FAF wAE Eddo|dF
subtilis PB3A(BGSC 1S5), B. subtilis Z3(BGSC 1549), B. subtilis 94U(BGSC
1538), B. subtilis P20(BGSC 1546), B. subtilis 89(BGSC 1S50), B. subtilis
513(BGSC 1588)& & mIAEZ o] &39S
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Table 3-20. Analysis of ODsgs value for the measurement of protein concentration

of culture supernatant of pathogens

Protein
Bacterial strain Treatment concentration F value t value
(ng/mlL)
control 0.61+0.08"
L. monocytogenes 5.83 0.009™
IPL treatment 1.45+0.60
control 0.14+0.02
E. coli O157:H7 8.78 0.015

IPL treatment 2114052

control 0.53+0.08
P. aeruginosa 1.723 0.039
IPL treatment 1.17+0.28
Y Mean+SD
2% p<0.05
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Table 3-21. Viable cell number and death rate of B. subtilis cells by IPL

irradiation
Bacterial strain . H?L. Ene1.*gy]) Viable cell number 2)
(spo genotype) irradiation density (CFU/mL) Death rate
PO BEROLYP voltage (V) (J/cm?)
3 0 1.6+0.8x10’
B. subtilis 168 500 11.28 1.2+1.7x10° 0.30
(wild type) 5
600 13.68 5.0+4.3x10 032
- 0 1.2+2.1x10°
B. subtilis PB3A 500 11.28 7.8+11x10° 0.25
(spo0A3) .
600 13.68 1.4+1.7x10 0.28
N 0 7.5+4.8x10
B. subtilis Z3 500 11.28 3.4+4.0x10° 0.28
(spolIB131) .
600 13.68 2.242.8x10 0.29
B 0 3.3+7.3x107
B. subtilis 94U 500 11.28 8.2+1.8x10° 0.25
(spollIC94) 5
600 13.68 5.8+6.9x10 0.26
B 0 2.0+1.0x10°
B. subtilis P20 500 11.28 6.8+4.0x10° 0.27
(spolVA178) p
600 13.68 3.1+3.3x10 0.29
bilis 89 0 1.2+1.8x10°
B. sublilis 8 500 11.28 8.5+4.2x10° 031
(spoVAS89) 5
600 13.68 4.9+4.9x10 032
B cubtilis 51 0 3.1+1.8x10°
- sublilis 513 500 11.28 7.1+7.2x10° 0.28
(spoVIA513) 5
600 13.68 5.3+4.1x10 0.33

Y Energy density (J/cm?®) = W/m” x s (time)/10000
? Death rate = -log (viable cell number before IPL irradiation/viable cell number

after IPL irradiation)/duration time (5 min) of IPL irradiation.

- 216 -



[ B. subtilis 1689 AP 47789 dAE EdW|FE FH2 A T A
g AT Ax 97 Fe2 FRAARARE S #F#3
Zol Zt EdRlelFE TXAE FASA Edhe FoZ UE S

Fig. 3-702] 45 %A @4 6dAZS F X
A= A" A2 AR Aol vEEAIRE 22 9)9 7 ESASHA A=
4% 774

o5 EdWolFE BB~ AYsYL A% Fig. 3-70(b)sk Zol TAFAY 5
SAZMA EAHolE FFEL FH2 A s MEI YRE uIHE
3_]\ N 705ﬂ

FH2~ Ao o I EA Fe
Z79 FoFA zel7t YA o
of ol 3t AF= B} FAZHo R FPHojof & Ao 7 ALEH.

- 217 -



Fig. 3-70. Evaluation of intense pulsed light-induced endospore damages in B. subtilis

sporulation mutants using TEM.
a, control; b, IPL treatment; 1, B. subtilis PB3A (spo0A3); 2, B. subtilis Z3
(spolIB131); 3, B. subtilis 89 (spoVAS89); 4, B. subtilis 513 (spoVIA513).
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“Intense light pulse treatment for inactivating Listeria monocytogenes on the
surface of sea foods and shelf-time extension”Z} “A study on effect of intense
pulsed light treatment for inactivating on the surface of sea foods”7} §% A8 &0)
3|9l Institute of Food Technologists (IFT)ollA4] 2009(Anaheim, USA)¥}
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“Inactivation of Enterobacter sakazakii inoculated on fomulated infant foods by
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Biotechnology ]| TFEFNOH, Nonthermal sterilization of Listeria
monocytogenes in infant foods by intense pulsed light treatment” 7} 2010 = A
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“Inactivation of pathogenic microorganisms on various sea foods using intense
pulsed light”7} =A|8t< %91 Food Controlo] FiZo]w, “ Effects of intense
pulsed light treatment for sterilization of Listeria monocytogenes on various sea
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pulsed light as a nonthemal treatment for the inactivation of Escherichia coli
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A6 g ATNTHAGANAN AT s Ae}r|eHH

A 7 E9o] Fg Q9o B bacteria Z virus 59 HUA
n A Eo] 7HE dRtHeln, o5 AEE fdsts 7Y AR TR/ A
AMEZ = Eschericia coli O157:H7, Vibrio parahaemolyticus, Staphylococcus
aureus, and Listeria monocytogenes, Bacillus cereus o] 9om, sjAtEo] Zx)
she HEAd rAES #AaAdle HHE B8l A Ee F4E =ol o
fr&718hs AgA 4 - 21 (Dunn, 1991; Dunn,  1995;

Martinez-Manzanares, 1992).

(] L. monocytones= V| EXAFAHATO2A oln o7 HEH AFs doz2

=
G2 A glom, g 2E 2 o} Z(listeriosis)] Ao] HE Fg WAH MAEE
A BALS B3 9l L. monocytones= AE FF wEt 2 2go] trEA
Uehtbesdl, 53 o/ F 2 A, dol 9 dlate dEE F9 JEHE F4F
21 Z-8 o] L. monocytonesol] &3] 2L FE 7lsAo] AEd] L AR EF

% (Ben Embarek, 1994; Lasse vigel, 1998).
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O 53 HZE<} Ecoli O157H7% @ d AF5o] F43] F7lstan Qe 4%
¢ld], CSPI 2 CDC X iAo wz=m 1990-2002\3 Alolo) sjArEo| A E.coli
O157.H72.2 A7 AF=Fo] oz 1 HuHHgleH, mIdas mjd of
73,00079] E.coli O157:H7 ##A 2lFFo] wsta A(CSPI, 2003; CDC,
2003; Su and Brandt, 1995).

O Aes 3 997 F shQl Beereuses AANE T FEF S AWES {2t
B, 7], 1, okl 2 AM T TYd AFo] dAE AFET B E
e 5L 3 AH 3N < herring marinadesell @ H" FAUE F7}
& B.cereus7t 7 E % A2 (Frerk Feldhusen, 2000).

O HZ 2RSS A7 g BAlo] Zobx| i AddA A3 74 &S
ke Aol Zraiol weh, dEet AAES Ad Oz FAE At

pra

process teocnology)ell T3t #Alo] FHEI Q. 53], o vE 7tF 7]
%< % HE(intense pulsed-light) 7]&o] A1l w7td Ad 7|&EA
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do ot

FE2 7= ‘intensed light pulse’, ‘pulsed white light{WHL) (Marquenie
et al., 2003), 'high intensity broad-spectrum light’(Roberts & Hope, 2003),
‘pulsed light'(Rowan et al., 1999), 'pulsed UV light'(Sharma & Demirci,
2003) & A3 7HA olFL= =H
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FE2 A7 Al 00150 J/cm? H e oYX E(energy density)E 7HA|=
pulseZ} 1 ps - 0.1 so] 7FAS 2 1-203]9] flash Fejz2 EHof 7IslAH, F
Aozl gutrgo g 450 torr AT Yo Z xenono| AYA clear fused
quartz tube”} A}-8-E.

H2o A AR EE W] gdLe 170-2600 nme] H 2 A ZA(UV) oY
2 ol SAANIR) J7A EFATE AelA J1Ee) UV s

TEEH(Cho et al, 2002), ol At&st= F2 B EFIH FASHI
400-500 nmoi| Al peak emissionS 7}Ay, |l EjdFH U= oF 20,000
ol A 3 Aoz 4 AL (Dunn et al., 1991).
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O z7ldl= FE2d o3 mdE AFEaEo] UV 33 &ote FE2d 9
s UVell o3t dwastel U3 Aos dasigioy, 25 v Al
ola FEzo] o7 A

dz}-8-0] photothermal mechanism¥} photochemical
mechanismo| FA]o] zF&-3te] Vpeldtiy HuEglen, o] & phototermal
mechanismef] thsjAx= FH2d g8 A B 257 AestA] Fethe oA
o) tFEol BAAAE B Adle e 2o gls A9,

3
=

FH2~ AL A] DNA AoAe] thymine dimer A4, DNA single strand
breake] oJ&] mAEo] AMEEE Ao g HA o]Eo] AYH I glon nA
E Az gad o ME fE&Eo] FEFHUEA AdE] APEEE data
T BRI S F, FEE Jled 93 uAE AME J|Fe obF FAF
A ol2o] HAYEFHZA &gk}, 71EY UV Awe] A9 mzviAz 4d&
zol A8 DNA 725 d3FozH vdgo] AldE= ZALR Hi 9]
< (Vicente M. et al., 2007).

e, UV Aol A-e &4F DNAZE 54 37 A] cell repair systemo]]
o mAEe]l BN HH=E IEE

T2 A UV ARt & &

Fo] F7] Wi UV Aol H]3
7_]

Anderson Foll o8] FH2~ Ao Q% oA FFH AT 2 FFolo E

=
HuES. E3 Gomez-Llopez 52 FHA 713 ofale FE~ A ¥
o} FE 718 B3 AFTF olFHoH, FHE AHE T HA JHFE ok

o AFZ7|Zel FUHYve AT ZAIE TESFHS(Anderson,  2000;

=13 Ao ot W AFo A FH2 AT

22 71T led] A 5-7€ ] A14AF mold colony7} WEFSEI 11€ o] =it
2 Ao FE25 AP g Fle] led] Aodle 11¥€¢] A A= mold
coloniez} & F2lo] AR g ES o|F Hee FH2 HIYE 3 A
27t 79 Ax HE £ JE AHE BREFHAAD FHA HYE A @o
A MAET A% o]FHrt wASHon, 79 Hede A FHE
A3t 23 27 Hog AT A A3 LS HFH S (Dunn, 1995).
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O w3t AlS, 3l =2 5 o 289 AEJ ZAst= Escherichia ooli,

Staphylococcus —aureus, Bacillus  subtilis, Saccharomyces cerevisiae, Listeria
innocua, Salmonella, Pseudomonas S&| Ao FHA~ 7|&S AE35d 5%
4 wss Haseud Bngoe AEVRL ABY 5 AoE ATAY
7} @2¥ v} 9l2(Dunn, 1995).

FH 2o o3 AF f HEd AT EFdste] #d AFE &Ed] o]
Fojzx]3 l=H Rowan 52 high UVl low UVel Ay A E&A3 Ax
E HuToEN high UV A & E8A43 A&7t o ave A727%
£ 2EsI¥ e, Huffman 52 thyst Mo 2 vlo|g 29 B&Agsld #
A2 A7 237 AL ¥ -2 (Rowan, 1999; Huffman, 2000).

Marquenie 5-2 UV-C, heat®} 37 FH2E W A2 FozZMN strawberry
o] BAAZIE AFATIE ATE FHSAeH Ay 2} AF7IFe] 24
A= soldtes dAT+Z2HE How, Turtoi & paper-polyethylene
packaging material®] ¥ Hol| &x|dl= FHo|EXE BEAIF s tigtew
FHE2E o83 A AT Ay A7t sdsen, dF 2 FE2
Adle FEgo] A2 BEAGstel wi-e AFHo|a o|2H FHXl oI
packaging material ¥H A7 S Z|RY F JA HA-S(Marquenie,
2003; Turtoi, 2007).

l>

o

FEA A A BR, AE, 7 BE B ALF F B2 AFCA 6
Al Azs 2 #f871%8 93-S 53 A F7F 30 vEE B4
O F24E& Ad adE /A2 & A= 2t ANE(Dunn, 1991).

2AAY 7] HY F &7 A9, FE2 AY A ¥EE 28 glol WA
z4 oty FE7Ige] AREHUS. B HA ¥ EnE F9 ALK, AFH
= 2, 92} ¥ rice entrees 59 7IEAZANAE FE7]
sk A% aFrF B vl Q2. Rice et al., 1994).

Aoz EEE YARTL A= 39 BA] 44w pE2 A
5 YRTL §9e W EfESL 309 JE A4s nke] Hgom, o
S fAbaA Amel TAAE FHx AFL T F A8AL Aol 4
ol 27 o4 W4T FEHE FANGOoM, BB 3 e 24
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Table 6-1. The effects of PL treatments on microbial inactivation in foods

Pulse

Number

Pulse

Log

Micoroorganisms Food product and food contact materials Energy () pulses width reduction Reference
Liquids
Serratia marcescens Milk 12.6 - 20 ns > 20 8
Staphlococcus aureus Milk 1.27 16 - 7.2 20
Plant foods
Asperqillus niger spores Corn meal 300 - 493 2
Botrytis cinerea Strawberries 5.6 3,750 30 us 3 7
Escherichia coli O157:H7 Blueberries 7 180 - 49 2
Raspberries 324 180 - 3.9 22
Strawberries 72.0 180 - 3.3 22
Alfalfa seeds 64.8 135 - < 1.82 5
Shredded spinach 5.6 2,700 30 us 0.9 12
Mesophilic aerobic Grated celeriac 7 675 30 us 0.21 12
microorganisms Chopped green paprika 7 2,700 30 us 0.56 12
Soybean sprouts 7 675 30 us 0.65 12
Shredded radicchio 7 2,700 30 ps 0.56 12
Great carrot 7 675 30 ps 1.67 12
Shredded iceberg lettuce 7 2,700 30 us 2.0 12
Shredded white cabbage 7 2,700 30 ps 0.8 12
Strawberries 32.4 3,750 30 us 4 7
Monilia fructigena Blueberries 59.4 180 - 3.8 2
Salmonella enteric Raspberries 64.8 180 - 34 2
Salmonella spp. Strawberries 180 - 4.3 22
Other foods
Clostridium sporogenes Honey 5.6 - 0.89-5.46 19
Eschrichia coli O157:H7 Salmon fillets 5.6 135 - 0.24-0.91 23
Listeria monocytogenes Salmon fillets 5.6 135 0.72-0.8 23
Packaging material
Cladosporium_herbaruml Paper-polyethylene Packaging material 0977 30 i 27 2
Food contact surfaces
Listeria_innocua Stainless steel surfaces 1.27 3 - 1.93-2.77 16
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