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Abstract

Lethal effects of high voltage pulsed electric fields (PEF) on suspensions of Lactobacillus plantarum cells in phos-
phate buffer solution were examined by using continuous recycle treatment system. Critical electric field strength
and treatment time needed for inactivation of L. plantarum were 13.6 kV/cm and 16.1 us at room temperature,
respectively. As decrease in frequency (decreasing pulse number), the degree of inactivation of L. plantarum was
increased. A 2.5 log reduction in microbial population could be achieved with an electric field strength of 80 kV/
cm, 300 Hz frequency and 2000 ps treatment time. Survivability was decreased with increase in total treatment
time (cycle number) and frequency at the same cycle number. As sterilization model of continuous recycle PEF
treatment, logS=-N,, log m+B and N, =k, P,+k, were established. This model was very well fitted to the empirical
data. The rate of inactivation increased with increase in the processing temperature. The maximum reduction in
survivability (5.6 log reduction) was obtained with 80 kV/cm electric field strength at 50°C for 1000 ps treatment.
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A1F " Abd(Lactobacillus plantarum)®] 2314 3}
o vlA= H7Z A7), A=Az, Fobe, AElex
59 98-S Apsledd

Mz ¥ Y

A 2F

E Al oA AMS-g FF+= Lactobacillus plantarum
ATCC 14917¢]9, MRS lactobacill broth 55, sodium
azide 0.2, bromocresol purple 0.1 g/L2] ZA-& 713l
A=A S AFgste] wRefsidet. wiz] 50 mLell 37
‘Coll 4] 24417k <k Akt A S 200 mL 8 2] <]
2% (viv) BET F 37°CollA] Alehuleksisic). dl2
A71el FAE AHESL7] #13te] 2447 wl ok} ok
H(F+ < 1x10° CFU/mLYE- 8000 rpmollA] 20574
4l #2]3F 5 phosphate buffer (Na,HPO,/NaH,PO, -
H,0:0.845/0.186 mM, pH 7.0, A7|AE%E 6=180 uS/
cm)E AXE F 22 kool AldEsie] Ago
AHE-EFA T

IMAHATT|ZH(PEF) LA R|

£ AgelA] ALS-gE PEF X An] 4] dx 8
A} 2b2) (pulse generator)?} treatmentE AdA|, A2}k
t}. Pulse power #]2] #x]+= 25 kV D.C. high voltage

=

generator 9} static B23= circular treatment chamber® -
4 =°] slch(Fig. 1).

]84 220 V A.CE high voltage transformerS
AgEle] A9k 28l ¥ AFsislen, D.C high

voltage supply<= 7.2 uF capacitor (1800 pF x 4)o] in-
ductanceE- 3} resonance charging 3}it}. Power
source= 25kV, 1000 AE £3% 5 9= 33 od,
capacitor= corona®} arching-& W}x|3}7] 23}l oilel]
woteh 23 B4 thyratrong- £5}o3 7.2 pF capa-
citore] Wol elako] apslel, Aelgole] A
Ato] e}l pulsed electric field (exponential decay pulse}E
A A

HAXNZ|ZHPEF) Azl

PEF *&]i= disposable electroporation cuvettes(Bio-
Rad, USA)S o] 8-3}e] A A8l 2o, exponential de-
cay pulse®} HAF(1)2 1 us2 UA A 3ledr}. Co-
vettes= Z=7FA(d)e] 0.1 cmgl A} 0.2 cmgl AL
ARgRal Lm, ol cuvettew] o] A b 7] AFo] A
= AFHEHe] Byj(chambery= 77} 0.072 2 0.504
mLelch. AS7HA 0.1 em ATl HolZ 4= 9le F
A 714471 100 kV/iemol gl om, 2. Algof A=
80 kV/eme EE Ag oA 283151t

TA e 12 mLE A ZAAL7]¢ 9 F per-
istaltic pump 3. 0.517 mL/sec®] 4:X 2 PEF *{2] cham-
ber2 FejRuwA, Azl Ar)adw) Fuldoa] o
A A7bsek A=sidoh As 479 xE
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Fig. 1. Block diagram of high voltage pulsed power treatment system.,
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Fig. 2. Effect of electrical field strength on inactivation
of L. plantarum suspended in phosphate buffer at 25°C
using 1 ps pulse width. Frequency=300 Hz, treatment time=
300 ps.
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Fig. 3. Effect of total treatment time on inactivation of
L. plantarum suspended in phosphate buffer under dif-
ferent electrical field strength. Frequency=300 Hz. @—M:
30 kV/em, O—O: 80 kV/cm.
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Fig. 4. Effect of pulse application number on inactiva-
tion of L. plantarum suspended in phosphate buffer at 80
kV/em. Solid line is simulation data by equation (3). #—M:
300 Hz, O—O: 500 Hz, A—a: 800 Hz, T—{]: 1000 Hz.
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Table 1. Changes in pH of L. plantarum suspension in phosphate buffer (pH 7.0) after pulsed electric field treatment

under electric field strength is 80 kV/cm

Frequency (Hz) Total treatment time (us) pH Frequency (Hz) Total treatment time (us) pH
100 7.03 100 7.09
300 6.94 300 6.95
500 6.84 500 6.87
300 800 6.90 800 800 6.77
1000 6.95 1000 6.94
2000 7.00 2000 7.04
3000 6.92 3000 7.01
100 6.85 300 6.79
300 6.84 500 6.69
500 6.83 800 6.78
500 800 6.79 1000 1000 6.74
1000 6.96 2000 6.88
2000 7.04
3000 7.04
27l aheh AEgo] AFgFHo Zhasel, *
FA)A17b0] 300 psolsfol Al AEgo] 3] 7
asfebt el Al7zko] 7Rl whek gharelal 2jeh
gom, F3<4 300 HzA] 2000 pus 2 elslsd S of <f g o1
25102 AFS7}F Akl thAMF8>99.5%). o] 2} %
Zo] zb FafpolA] log(N/Noyel A2] A7kt A %
7} Aol ohd A& L. plantarum®] AZEgol it T oo
e ste A9Rn & FAPEt g, s
FAlgee] Aot olste] 2 vIAE Foie) Yol E
golahA| =lul, olo] ufe} )go] AlA o] A
Z1¢] 2H(transmembrane voltage)7} 2Fo}z| A =lo] A oo 10 20 30 % s

Fo] F7IsH Hv], 1w A3}ol &3l Sy 7R
the #1713 937t Z71sA "op,

PEF # |z %2 pH W3}E &34 2} (Table 1)
7] W7} 91912, 1000 Hzel A % 0.3 o]ale] ®
312 B9t} Potter™= A FH-TolA] buffer 52
71588l ©& pH Wislr} Falabdol Fe4laletn
Advdslar 9l o), Jayarama 52 A9} B A
AN E pHE A HEEHZA| oot L. plantarum?]
B8 geb= A 98-S el i} =3 pH
W 3l7} 27] dl ol PEF 2] Aol 7| 28] 2ol <3
Qo] A= X] odgkE-S ok 4= ).

FUdg A7 A e o Fagol AL4E AT
23t & A2 Jehd 7 Falsedla Az 3wl
o] A Alo]Fy(m)el uhE AEES A
(Fig. 5). Alo] & 427} 5 o]3}2l A-f-olls Falapel u}
2 o]z} vpehx] QA uk, Alo|Zr) Zr15hel u}
g} Fulgrt 7S Adgo] Flslg ole
2 gL Fart ARA =4, Qapr) SotE
@] (1) A o2 Fxe] A 7be] ErlslA geg

Cycle number (m)

Fig. 5. Effect of cycle number on inactivation of L. plan-
tarum suspended in phosphate buffer at different pulse
application number (frequency). Solid line is simulation
data by equation (3) and (7). B—@: 300 Hz, O—O: 500
Hz, A—A: 800 Hz.
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Fig. 6. Effect of pulse application number on inactiva-
tion of L. plantarum suspended in phosphate buffer for
different treatment time at 80 kV/cm. Treatment time:
H—N: 300 ps, O—0O: 500 ps, A—aA: 800 ps, C—1I
1000 ps, —@: 2000 ms.
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4). 322 Mg Al Hagrh 2 T A7) Hu
2 A, AejAzle] F71etel me} o] FrEE
Akl Wi, 44 gt A Aol Alo]E
el A 712 Hagmol vl s tA] (1), A=A
(Ty2 Alo]E4(m) ¢} t8] Fo|BZ(A] (2)), 259}
A A7 Anjesta] @A = o2 dAs et

= Aoz duE .

Hago] g0 Ay sl e Fugee
e FA Az AF7AE 0.1, 0.2 cmE 43}
AlA Adslgdct. ole A7) Frlshd, A71A
A2 & w2Vl 0.072004 0.504 cm’o 2 7ul)
Z7Vslu], old] wel HAgrt FrtslAl "o 9=
300 Hz2] A-S-ol AZ71Ae] 01014 02 cm=z 27}
&A =9 Bage 42014 2922 U1 b =
gk FA3 FA A7 M E HF7EAe] =2 Al F
G FFash =k

Fig. 704 ¥ Fa4dol B-slx, 13714
o] 202 Fvl=Eld, AAd&L F43] 7Faste] 1log
olate] zjol & tetuigich. Wb, Fig. 5ollx] a4
W 3lo]] u}E ALF&2] Aol A Hfold 2t
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Fig. 7. Comparisons of inactivation of L. plantarum
suspended in phosphate buffer between different elec-
trode distance. #: 0.1 cm, §: 0.2 cm (E=80 kV/cm, treat-
ment time=2000 us).
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Fig. 8. Survivability of L. plantarum suspended in phos-
phate buffer as a function of cycle number. Solid line is
simulation data of equation (4) m, is critical cycle number.
Frequency: l—M: 300 Hz, O—O: 500 Hz, A—aA: 800
Hz.
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Fig. 9. Relationship of pulse number and coefficient of
cycle number by equation (7).
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Fig. 10. Survivability of L. plantarum suspended in
phosphate buffer as functions of total treatment time

and pulse number at 80 kV/cm.
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Fig. 11. Effect of temperature on inaction of L. plan-
tarum suspended in phosphate buffer. E=80 kV/cm, fre-
quency=300 Hz. H—M: 30°C, A—A: 40°C, O—O:
50°C.
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