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Inactivation of Listeria innocua by High Voltage Pulsed Electric Field
Using Continuous Treatment Chamber

Jung-Kue Shin

Department of Korean Traditional Food Culture, Jeonju University

Abstract

Pusled electric fields (PEF) is an emerging nonthermal processing technology used to inactivate micro-
organisms in liquid foods. PEF results in loss of cell membrane functionality that leads to inactivation
of the microorganisms. The combination of different preservation factors, such as mild temperature and
PEF, to control microorganisms should be explored. The objective of this research was to study the
inactivation of Listeia innocua by PEE. The effect of electric field strength, treatment time and treatment
temperature on the bactericidal effectiveness of high voltage pulsed electric fields (PEF) applied on L.
innocua suspended in sodium phosphate buffer was investigated. Electric field intensity and treatment

time were applied in the ranges of 30 - 60 kV/cm and 3

- 189 us, respectively. Studies treatment tem-

peratures were ranged between 10 - 50°C. The application of PEF at higher temperatures proved to be
more effective than either PEF at low temperature. A maximum bacterial inactivation of 5.2 log cycles
was obtained by applying treatment time 189 ms and electric fields strength 60 kV/em at 50°C. The
electrical energy required to achieve 5.2 log cycles reduction for L. innocua was estimated to be about
1,500 J/L. The findings in this study suggest that PEF technology may effectively used as an enhanced

mild thermal preservation method.
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TG E2 A7Fe ARSI F A A
3 Aole] w& HFol Be AFL Aoz
A olFollE, HelaFe] BEe i <)
Qo YA Bk AP F) BL WA
AR AN ADAEL] FR PEF 4]
=X

Exo] wel th=A FthHeinz et al, 2002). PEF
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A e HeE BuEA Irk(Hulsheger
et al., 1981; Dunn and Pearlman, 1987). PEF %
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A& A 8718 o8 wHst E&

At} PEFS} AL o]3te] 2xoke] Wekxe| 7t o
AEY BEAE §IE PN TE ol R
BES] BHaEA ¥ glov, #Y Hilo] ojshH
T2 2k o8 A HEle] A7) AEETt F
Feted mAlE AlxEEe] 7] oAquA|e FH A7H
< A7) Ak (Schwan, 1957), AlE2+e] A(phase)
o] WH3ElE o7|A171 /Y (Jayaram et al., 1992),
MEzer Ajolo] fAFT AYRE 74 (Kinosita and
Tsong, 1977; Zimmerman, 1986)A7]7] WE o= X
3L eh

Listerige 1% YAHE 25 FA3A o
™, Ze] 500 - 2000 nm, % 400 - 500 nm| Z
£ =) FHe9 coryneform bacteria®l T}, Listeria
monocytogenes psychotolerant HHUATd o2 Al
A FzelgelHS o7tk (Doyle, 1988; Farber
et al, 1989). L#{EZ PEFe] oISt Listeria®] &%
48} = FAEZolY XA} o|eke] 2% PEF
Aok WA T2 ’511% el YoM Fash
AZ A7)zl th Aol AMS-H Listeria
innocua= 1944 U]’@gﬂﬂ Hé‘ 173 U]’ﬁ%o] L.
°

monocytogenes9} W|5:8 EAE 57_ A 01 L
[e]

N

s,

of A9 BAe TAY B2 1A% A9 7]

E Wl A9 A71el KAzl Looinnocua
«1 B84 nXe 3, AARE oleke] E o
o AY &3 8 EBAset A7) v #A
g Qrgonn, 3AY B2 A7) g WA
A v ABEQ L oinnocua®) EEAE 7EAL o)
By sk,

Is]

W ERT

AN o

E H¥o)| A" FFE Listeria innocua(DSM
20649)= DSM(Deutsche. Sammlung von Mikro-
organismen) 2.2 FE FU4E Wol AEINTH L
innocua= WYV OZ 0.6% yeast extract/} EFH
tryptic soy broth(Difco, Kansas MO, USA) Hi=]
(TSBYE)S AHE-3}5ith. TSBYE 100 mL7} E¢13)
£ 250 mL A7 Zep=3e] 37°CelA 18417 A
HjoFgk & o] TSBYE 400 mL7} Eojgl= 1 L
2t FepaTe] 3%((viv) FES] e 2xdA
225 pmo 2 18N7F v, i A7) $H7ER]
i ket Ak vkt mldS 50 ml comical

AN 93 Listeria innocue®] 24338 97

tube(Fisher Scientific Pittshurgh, PA, USA)*| 40
mlA BEFE &, 4ColA 8,000rpm oz YA EE
(Sorvall RC2C plus, Dupont, USA)3te] At
0.85% A7 AIF2 13 AHsAH. AlH g 34
of €% £(50mM sodium phosphate buffer pH
68) 40 mL.E €7 AIES F HEAS A7

L gl 22 9% 898 P9 AT wuE
1 L7 S ek o] o) #F 44 F== 10X
10° cfuiml, F50) QT

oM "A M 1E HK
s Ha A7 A X A AY I
H-(power supply, Model JP-PS2550, Jaepac Hi-

Tec, Incheon, Korea), B2 A7 (pulse generator
Model JP-PGT50, Jacpae Hi-Tec, Incheon, Korea),

Aeld71= 779so] SrhFg. 1) ALFEFE 200

V91 AC 983 9E AL AY7IE Tt &
3 AR AU 50 kv DC Hde AL &

UEE 3k 24 e %E—% J}Uﬂ% square

wave pulse® TAZ F U=

forming network, PFN)Z} _T’_j%gl @7]% EZ_Vgu

o WYY ¢ e AR FAHY ek F

=4

& WA Hxo] FHer ZolE 3= T8
gk F-92A A FFRA FEE Age 24
4 rising timed ZAA3e A, B9 Zols}
falling times ZA3h= WA XA inductor®E 4
Ho vk Ay /3_ 1 Ade AA A%

& AY 8715 AHE-ste] AAEIRITE PEF A £
71 cofield NdS =Yst Ao AJZ7t Aol
A3 AEse wHE Jag e, Eadd
A7 FAS ol A8 584 edge’t 9
=l aﬁﬂo}"ioﬂ% A= 74 2 mm, A 77
0.025 mLé] oFE zjAe] 7] THE A%oR A
Aste) AglEg-4o] 0175 mLyt H=E d9ich A
g &7 ArtElE A7NFe Ao dge
oscilloscope(Lecroy, 9310 AM, Dual 400 MHz,
SwitzerlandyE ©]-&sto] St 0m, AA] A2t
probe(100 W) o|-8-3ld A3 convertingS 3}
of ARE YAt

=

T BA MIIE M|

#+ A 200 mLE 250 mL £F] A8 47
of ¥ ¥&3dk the peristaltic pumpE ARE-3h]
A 2o =8AFIEA frequency 300 Hz, B
Z 1 us, AAZE 32 - 189 us, A7) A7) 30
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Fig. 1. Schematic diagram of continuous PEF processing system and Continuous treatment chamber

- 60 kV/em=Z WHIAIF|HA A s A5 A
A7 Ak ogol o

t=ngn=fVm 49

t. leycle == B3] HEAIZE (sec)
T B2 E (sec)

n AR A7E B2 F

[ ZAY A EA] FIE (Hz)
V. Ag &719 23 (ml)

uF+
7t A7 AFe) st 2 A7 A Ae
o] A#FE TSBYEE ©|83t9] pour plating

method® plating®t F, A A& =21 37°ColA
1847} v eFstal A4 E colony 75 43t cfw/
mLE VERSICE 7HEA et g HA H
Aol w2 #Ae AEEL 27 FAFN)%
PEF #2]&8] #AFMN)9] HZ HEE©S)S YEt
it o] o platee] FA5= 30 - 3007] ol
E UL Ao 7t gAujaoA 3719
platingS 3l I HgE AH4FE A

Znym

2]

F7[8 M7let MelAlzte) eiat
ARk oz wAY F& A7 A #7139
Al71ek AN AR B sel Eys &
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X

1S 73 Aok, nAE AlEe] A
A7 A7 A7 AR o
F7veth. Fig. 2v 71724 A7
innocua®) a5 ZAAE YR g4
o] 50°ColA At F2 A7IE 30~60 kViem

2 Z7Fe wEkA Al Ex7F A STk
ARAA FA AFEg&o] A F718aL, 9
A AZHAFE A AI7HE oF 9 psE HEFHS
om, AHgA el wEt HHFeR Apdsle A%
S Ytk 71 HAE Aol 4sid L
innocua’= QA A7 Alzkol gAY 10 ms oW <]
AA A AZHE e ez KBy Hi dv
(Sepulveda et al., 2005; Picart et al., 2002; San
Martin et al., 2006). 715 A% ZAze] o3P L
inmocua= 5 - 12 kViemd] 9A A7AL 7= A
o2 4#x 3lth(Aronsson et al., 2005).

A7) A7|9 AbdE=ete] AAE Fig. 390
YepliRdoh 71739 A77F A wE BRe
Abd e FHFon Zyleleg, A7l A
7, AR AP SR TeT e BAA
o] /g¥gir}.

log s = kg - (t —t;) 2)

+ survival fractionN/Ny), k= APE SEEA
A7) 719} vk BoE 542x10°E - 2.62
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Fig. 2. Inactivation of Listeria innocua by applying high
voltage pulsed electric fields of approximately 1 ms pulse
width as a function of electric field intensity. Samples
were treated at 50°C.
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Fig. 3. Dependence of the death rate of L. innocua by
high voltage pulsed electric fields treatment on electric
fields strength.

x10%] 3L, f= A A7, 5 ¢A AR

2 AFGNNE 1, = 9 psolth BA20] 25 ¢=
3 A AEE Fig. 49 JepAch

7179 A717F A el wgEe] Al
&& AE 2xd] wht =ZA ddv 1A Hx
A7 APA A2 dgde] e nAE A
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Fig. 4. Estimation of the electric field strength and
treatment time required for log cycle inactivation of L.
innocua at 50°C.
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T gel TRE FESH 4EE FHE e b
A =2 2Exe @ HE=E liquid crystalline
ZZ zZH Huh Gel 72904 liquid crystalline 7+

29] Aphase)d] W3te 29 £ 4 AA I}
, mEbA] o] ¥Wste Alxee] 294 <

FEFE Tk 227

liquid9] ¥ 4t & Z(lateral diffusion
rate)’} S7tE3 gel F2A liquid crystalline 7+
Z2 Hale Zlog 44 rhZimmerman, 1986;
Jayaram et al, 1992). Fig. 504 X&= ZAAH L
innocua®] APEE&S 4T A7 AZlAM AlZ
detelo] 2nrt wolyd wet Flshe FE
Btk &, "7 A7 448 A960 kv/
cm) 1 loge] Aas Z4AE A7l Asixe 20°C o
A= 200 ps o)) Aerlzo] HeFAN 30°C
oA 80 us, 40 oA+ 65 ws, 50 oIA= 50 us
o] A& Alztete] Ha gt}

Ak A7) A7) (60kViemyol ] 2%=9F APE
&roto] AAAAE Fig. 6o e A8 =
E7) E2% Wt Looinnocua®] AFE S ¥
MHoz Frrepdl =e, A7 A7k, M 2=
A &bl g e f#AA o]l AE et

ox o ¥2 [N
H

dr ok [o
o 2 H

log s = - ky - (t1,) 3)

sE survival fractionN/N,), k= APE SEEA
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Fig. 5. Inactivation of Listeria innocua by applying high
voltage pulsed electric fields of approximately 1 ms pulse
width as a function of treatment temperature. Samples
were treated at 60 kV/cm.
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Fig. 6. Dependence of the death rate of L. innocua by
high voltage pulsed electric fields treatment on treatment
time.
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Fig. 7. Estimation of the treatment temperature and

treatment time required for log cycle inactivation of L.

innocua at 60 kV/cm
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t=n-7 6]
n= (V- fim 5
E = vit (6)

A7|A, E= UA), = & ABAZHus), e
A & B2Ems), = FI15), Ve A
4719 #3(mL), me F&ml/s), v 71739 Al
7], F= 279 A7]e|tH(Zhang, 1998).

2 @) - (OF o83t AHEXE 10 - 50°C, 60
kViem 2714 A7k wet 7P6H 1t Z7)
U9} o3} AEEHe] BAE Fig. 8ol YRS
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ArF 2% ofste] G| W A AFelA A
2 259 M7 M7 STk, 2 B o
FAHE AL FAEH =Y Fg 8olM e A7)
A7t 7R R M 227 Fobdd wet
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W deligA] o HMMZ]?J Fo) nlYE Axe
B2 £ s Ha dux] &, A oy

B
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Fig. 8. Effect of electrical input energy on survival
fraction of L. innocua by applying high voltage pulsed
electric fields at 60 kV/cm.
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= glov) £9E 138 - 149°CollA mAE

3RS o, 7‘-1%%‘—8— AR AFFAE 243
547.8 - 697.6 kl/kg® oUA7} AfEH, 7S
357.9 - 436.8 klkg A= JUA7} Fasitiy B

I3 Yrh(Biziak ef al, 1985). Eg UHTY
HTISTHOZ $/-5 4d A Aede BAs

573 - 667 kikgoll Al A= 217 - 228 Kkg A=
9] A7} A e¥vhky B 73 rHChandarana et al.,
1984). o|#3t A#Es} vy PAY EA A
714E o838 L innocuad B3] HAdl 9
UAIE oF 400 - 1500 JIAEE 712 ARt}
YA dof a3yt wiS- Avke AL ¢+ A

2 o

AAY FA AN Ve A AERY A
ES 2843 Al7led wlg ZFAQ HE A
7leEA B AT E AElA listeriosiss L&
7= B mAER] Listeria monocytogenes Al
of vl Listeria innocuas ©1-43}9] Listeria
o] B&4stol] sl ARt Loinnocuas 271
&) A7) 30 - 60 kV/em, HEAIZF 32 - 189 us
I A - 50°CS] WM AHEE 3

A3 Z‘iﬂ’éM /‘417]7} 71l et mAEe] A}
g E£27t JAF Frketaon, AAFQ aA AbE
&o| dAEA Frtelart £ A7 2=7F Tt
ol wEt M= AE S AMFeR FUt
SEATE AR WA Hojo AFdEde 50°C,
60 kV/cmolA 189 ps M3 A=A oF 52 log
cycles®] ZaE BTh 3 AY F& W71
Aol ot A9 anjge 7] Y A
o H3) w9 AL GUREE =E3 APHEHE
AL F UZ AR JEHYen, dFHLU ]
o APEEIR] 5.2 log cycle?] ZAAE ded o
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