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Abstract

Most of foods were secured their microbiological safety by heat treatment. However, the quality of food was also
reduced by heat treatment. Therefore, non-thermal treatments were recently suggested as an alternative methods for
heat treatment. Among the non-thermal treatments, the high intensity pulsed light (IPL) treatment was investigated
in this study to find out the most important processing factors for killing the food borne pathogens. First of all, in
order to know whether the initial cell concentration affects on death rate, the death rates of two different pathogens
were measured at three different intial cell load. As a result, there was no significant different in death rates on two
different pathogens. Additionally, the penetration thickness of pulse light showed the most important processing fac-
tors on sterilization by IPL treatment in that the survival ratio of bacteria was dramatically increased by increasing
the thickness. The lethal effect of surround medium color showed that there was no significance on death rate of

bacteria by adsorption of light.
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Pulsed-Light, IPL(Choi et al., 2009), Pulsed White Light,
WHL(Marquenie et al., 2003), High Intensity Broad-
spectrum Pulse Light(Roberts et al., 2003), Pulsed UV
Light(Sharma et al., 2003), Pulse Light(Rowan et al.,
1999) 52| 2] 7HA] o]F o8 AR E A vt # &
2 A gollA AR E oA = B2 400 nm¥} 500 nmAFe] ol A
peak emission 3= SN 7} v)j-$- Hléﬁ}j’— afjerol] 27
= ol H)al 20,000 HH L] ~ 2 ™(Dunn, 1996),
71 A&5A Aol AR 94 g *17J°1 Aga 1
#H7F £7] "2l UV d+t3e 73 © th(Takeshita et al,
2003). & B2 Aol AFEE= B2 0.01-50 Jem® 912
A Y=g 7HH, 1ps0.1s9] & zhe 25 2T
120 3] 2AbsHs Beh4) FENE AFel JhiAm FRoR
= YO R 450t £ U O FE xenono| A3
clear fused quartz tube”} AME-EIT} o] gt FHX 7]&9]
282 7hdato] ofE g ofxiy A, AT e A
Fo| 11l EAste fFrelrdeS darA AT 5
AFsty FAL Fol7] AT BHoR AgHT
3 olje} LA, o] oFE el
A 9le] v B
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ofe] A& 7Fsd& HiL S5 (Dunn et al, 1995), 47
2132 SRAME Ao 7S B THKeyser et al.,

2008). 2o 2t wAE2] APE 7|2 photothermal,
photochemical &3} 18]35 DNA &350 &gt Aoz B
JEAL QLo o] F ool R HIlE ofEeH Al 7
717 o] B g5k o2 FetE th(Shin et al, 2011). 2
2ub Evhete] Aee obE7A] B " A 7]
gk A7 v Ee A ol
2 AFE F AR Az AAE

w2 nAEL] BEdste] FES FolE I o] 1
21F] A2 F de 71ZARE gEEA) S

ARET & HIFEA

2 Ao A8 +F= Bacillus subtilis ATCC 51189,
Staphylococcus  aureus KCCM 40050, Escherichia coli
ATCC 9633, Salmonella typhimurium ATCC 1202322 3t
FE24Y3] B4 = n|YE R ZAE (Korea Culture Center
of Microorganisms, KCCM)ZF-] -ofuto} ARE-313 T} &
E TF=2 nutrient broth(NB, Difco Laboratories, Detroit,
MI, USA) 37°CE] 204 20 A17F 7w A1zl & NB
HjZ] 7k 50 mLeo] E1JE 100 mL 4Hzt FEF2300 2%(v/
VEFSI] e 201X 200 pmlE g F217] Fuk7)
7HA] 8-10 A17F v Fated ARgsllen, o] o A sEe
10’ CFU/mL o]t

F 2 AP E % 39S 59kPas] ¢4HOZ xenons
213k quartz A2 2] Heraus Noblelight XAP series(type
NL 4006, Heracus Noblelight GmbH, Hanau, Germany)S
AHE-3FATE Lampell Q17F= = W] Ml7]eF 9132 digital
phosphor oscilloscope(TDS 3032C, Tektronix Inc., Beaverton,
OR, USA)Z =743 th

2 o AugAe] BAH A 2He 2 A9 FF7)
(power supply), B2~ WA 7](pulse generator), H 2~ HL7|
(transformer), 8- (light source) 22|31 # 2] -87](treatment
chamben)Z 4 =& QthFig 1). Y FF71= 220V
ACe| 98 AYE Y v E Fate] St DCE
sl HAdl 50kv DC e YANE 5 == 513
om, Ao 514x AHL 50kwolth & A7) Fdol
25 PAAZE F U= g2 DA (pulse forming network,
PEN)#} 2 gte] 715 s o2 A o e &9
A2 FgEojA glow, H2 B Feo| 17bE = F

=
20| Jejo} dojg AAste To% FEo2M HY 35
FolA FaE ALde T 2] AF5 A K (rising
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Fig. 1. Schematic diagram of Intense Pulsed Light system.

time)S AA 3= =R (capacitor, 1800 pF/each), 2] Z
ol9} 3H7A ZH(falling time)S ZA3dh= W A F=7]
(discharge delay inductor, 2-20 pH)Z %o] 121 exponential
decay pulse®} square wave pulseE DA F JEE T4
HA & "2 AP &71)= 32 AE Sske 171¢]
lampE A3t AlEte] AR E 2ET F JEE A
stttk Ao AME 7ZF 7 8NS5 35 mm(A
Fx10mm(Ee)e] HEHHAE A&7l Se¥al &
718 WESIAL FEH R Fuh SHz, A 25kVe
DCE A= 7F22 S8 A Ade] Az 25 171st
of Agsttt. 7] A ET e JdFS 27| 95t
B. subtilis, E. coliS 10° CFUmL®| 5=2] # d5dS A
Z3F & 10" CFU/mL, 10° CFU/mL =2 3|4 sle] 7}z
1500 ps(5 min)&<t & 2 A2 E sk 22|32 A A
7H250 s, 500ps, 1000 s, 1500 ps), ¥ A 71(0.346 mm
(350 ul), 0.572mm(550 uL), 1.072mm(1030 L), 1.572 mm
(1512 uL), 2.072 mm(1993 pL), 2.572 mm(2475 ul), 3.072 mm
(2956 L)), HNA RFEFAY (g wh7RA 2 E A aheh
SAYE 2 gk Aol 7 H2 AP E skt

N

% e AP 7 #5E WA A% F A B
29 & A e 37CeA

7]
Aol 100 LS EF3}o
24-48 A 7w &F3taL
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Fig. 2. Influence of initial cell concentration on the inactivation
of B. subtilis by high intensity pulsed light.
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z27] vAES wer] F 2o nAE 28435t
X TS Golr 7] 8t B. subtilis, E. colioll 283}
Att. Fig. 2& B. subdlis 7] PIBESF7}F 10° CFU/mL, 107
CFU/mL, 10° CFUmML®] Al 7} mAE9] T== 717 &
gl g o]gate] F A AHYE g A3 100 CFUMLS
10" CFUmL®] v &2 2% APESI A, 10° CFU/mLE]
& Slog 723kt 28] 3L Fig. 38 E coli Z3ZE 10°
CFU/mL, 10" CFU/mMLS] v &9l B, subtilise} 7+o] 2%
AP, 10° CFU/MLE] v Eo)A 6log ashe e
< Btk 10° CFUMLY] F%o1X B. subtilis2t} E. coli7t
F A2 1log O AMEEE A 1T F Ao o=
B. subtilis7t FAFS AAEHE o2 dutzor o W &
o] 9RzAd E colifth B & AL zka Q7] w
©° 2 AZtACE 283 E coli®t B. subtilis®] %7 1A
FEol b APE S-S B s Z3K(Table 1) F 74

F 27 %0 E ApE g FATH R Fo4
Jo]E Holx] eUTHp <0.05). ©]= Zhang et al.(1995)
N 7] dAIFo] ML) Abd Aol FFS vA] &
=L 319 Son & Shin(2008)0l A7-AlA = Saccharomyces
cerevisiae®| 27| oA #Fo] A|XE APE g0l v X& P
netthal Bagk Axkel AX|etth. 1#iA E coli®t B.
subtilis B 27| A Fxo met F 20| nAlE AP
ol A= dF H2 Jo 2 FHE AT

ro o o Mo
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N
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Fig. 3. Influence of initial cell concentration on the inactivation
of E. coli by high intensity pulsed light.

Table 1. Death rates of Bacillus subtilis and Escherichia coli at
various initial cell concentration by high intensity pulsed light.

Escherichia coli

Death rate (us')  R?

Initial load Bacillus subtilis

(CFUML)  Death rate (us') R

10° 0.0037 0.9963 0.0044 0.9854
10 0.0039 0.9854 0.0045 0.9962
10° 0.0033 0.9900 0.0048 0.9813

2| AlZiof| e wofinfd=2] Al St

Krishnamurthy et al.(2004)2] Staphylococcus aureuss
go® g A7 Aol ma=d 45 St Py
gollA 3 P2 AP E 5% B NS S oF 7.5-8log
AFE Al 4 ATkAl B8l o™, Ghasemi et al.(2003)
E. coli®} SalmonellaZ HA o Erale] 2F 900 J(9 J/pulse)2]
AUAE 7tte] 9loge] APE &S DAL, E coli®] 735
450 J(4.5 Jpulse)®] oA E 7tate] Tlogel APEES S
T ATHL BRIt Aol A e AEA S G2
g FA 7} 2Fol SAlet= frall v e 2843t of
= AL a3 A=AE dotir] S5t 454 g
¢l frafir el vk FEA Aeja 7l wE mAEe
A ARE AR, 1 A Fig. 400149} 3] B
subtilis, S. aureus 12]3L S. typhimuriume= 1500 ps7}A|
2] Al 6log 7ATS BATh B subtiliss %7 1.13x 10°
CFU/mLO A 2.12x10° CFUML, S. aureus~= 5.05x10° CFU/
mLol A 272x10° CFUmLZE 28] S pphimuriume
2.65x10° CFU/mLAIA 525x10° CFU/mMLE 73431 1500 ps
AZE A2 Al oF 6 9 AT HAE BT B3 E colif)
A7l w2 AP G5 BT 222X 250 ps 2 g
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Fig. 4. Survival ratio of pathogens by high intensity pulsed light treatment at 25 kV. (a) B. subtilis, (b) S. aureus, (c) E. coli, (d) Sal.

typhimurium

€ AL, 1500 ps7HA A2 Al 7log 24
2] A|7ke] ARo] wWapA] H YR Se] b
43

N

logm = Kt

N,= 271 PlAEF, N2 & 2 A7 & Aokl nA
ET, k2 AME S5 A, 2 A7l Alzbelt 28] a v)AY
E THA wE AFEEEE Table 29 E coli7t 0.0044, S.
aureus”t 00042, B. subtiliss= 0.0037, S. typhimurium?}t 0.0035
TO 2 Ve
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Table 2. Death rates of 4 pathogens according to the applied
time by high intensity pulsed light.

Microorganisms Death Rate (us™) R?
Bacillus subtilis 0.0037£0.0001 0.9963
Staphylococcus aureus 0.0042+0.0001 0.9991
Escherichia coli 0.0044+0.0003 0.9854
Salmonella typhimurium 0.0035£0.0003 0.945

7HA AL A=A dolR 7R T Tl e wAdE
o] B3l A=E S35 8l vAEe] 2rlek
10° CFUmMLE e o2 AlF59 FAE WA A FHA
(0.346 mm, 0.572mm, 1.072mm, 1.572mm, 2.072 mm,
2.572mm, 223 3.072mm) 4 F FenAEE2] Adr
£ S th 1 A 4% FaAnAE B 2)de T
A7F S7VEeE Ad57E =30 57 2mm o] ol A
= BF Y 29 Adgrr S EHAFig 5). B.
subtilis= %27] 3.70x10° CFU/mL® T%=& 2 2|3l
0346 mmol A 4.73x10° CFU/mMLE 6log 7+43F WHH o
3.072mmol A 2.17x10" CFU/mLZE 2log 743 Th. S
aureus®] 73-9-o= 27| 640x10° CFU/mLY] === *]&] 3}

=
=

=
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Fig. 5. The effect of the thickness on survival ratio of pathogens by high intensity pulsed light treatment (25 kV, 1500 ps). (a) B.

subtilis, (b) S. aureus, (c) E. coli, (d) Sal. typhimurium

o] 0346 mmol A 3.00x10° CFUMLE 6log 743
3.072mmol A 1.35x107 CFU/MLE 3 log ZA33 T} E. coli
= 27| 297x10° CFUmL®] == *2]ste] 0.346 mmo
A 1.76x10*> CFU/mLZ 7log 743t 3.072 mmol| A&
1.12x10° CFUmLE 3 log #4E Bt zea S
nphimuriume %7] 3.52x10° CFUmMLS] =2 |5}
0346 mme] FA A 2.63x10° CFU/mLE 6 log, 3.072 mm
N E 2.79x10° CFUMLE 3log ZAstth 9 432
& %ol Adrt FAC wet STl A 9
A= 22 s B 2 Aaeet T A
HA/AE Gold A3} Fo| AAAATE A & F A
S m(Table 3) & F= Azl Al FA t-& AT s}
E e 202 Yepd £ Atk

n

IOgI—\IN;) = Ct
NE Z7] vlAESR, N& 3 2 A2 F aolgle v
B CE A, tthickness)E 28] F7, n& Aolth,
T A7 Al ne E coli7h 49% T WSl AY
NAER oY S yphimurium?} 352 7P W LS
e ALE ©ol= E coli?t FA7Y Z7FelE mAEe] A}

Table 3. The death rates of 4 pathogens according to the
applied thickness(mm) by high intensity pulsed light treatment.

Microorganisms Death Rate (us™) R?
Bacillus subtilis 4.1547£0.0527 0.9929
Staphylococcus aureus 4.0788+0.2618 0.9464
Escherichia coli 4.919310.2608 0.9652
Salmonella typhimurium 3.5776+0.3861 0.9775

o~

! ™ S typhimurium= "3
How Abd a3yt d gad F UE Aotk F, F

g 9% E. coli®] 5 57k 2 574
1

Nl e Fo0lyBel EEs 53t

P W AP A FEE R A Aol RS ¥
o] oW YL A=A Bougith ol A 4
e, W, S, 40 Fa)e) SELUAE F0)8)
o 710 E colis B2 F 25kVollA] 1500 us= & H2
A2)ste] AESE MR FE A5 Fig. 60 LEh]
AT}t 27] B% 474x10° CFUMLAA A28 AT}, =,



398 At - e -

10

I

control yellow red green blue  black

Cell mumber (log CFU/mL )

color

Fig. 6. Survival susceptibility of E.coli by high intensity pulsed
light treatment(25 kV, 1500 ps) at the various colors of culture
suspension.
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