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The Effect of Operating Parameters on Inactivation of Saccharomyces
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Abstract

High voltage pulsed electric fields (PEF) treatment is one of the more promising non-thermal processing technology
to replace or partially substitute thermal process. In this study, non-thermal inactivation of Saccharomyces cerevisiae
cells as influenced by field strength and temperature of PEF was investigated to evaluate its potential use for the
preservation of food and biological substance. The inactivation rate was accelerated with increasing electric field
strength ranging of 30~50 kV/cm at 40°C. It took about 180 ps to reduce the cells by 4~5 log cycles at 30 kV/
cm, while it took less than 53 ps at 50 kV/ecm. And inactivation rates increased with increasing treatment temper-
ature. Under constant treatment time, temperature raised about 50 kV/cm to reduce one log cycle of S. cerevisiae
cells at 25°C, but it raised only about 25 kV/cm at 50°C. The microbial survival fraction, S, is related to the electric
field strength and treatment time as following equation, In S = kg (t-t.), k= -2.6x10-E+5.05x10. And inactivation
kinetic model that relates microbial survival fraction, S, with electric field strength and treatment temperature in the

form of In S = -T(E-E,), Ts= 7.2x10*-T-1.31x10™".
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A BE A|&H S AFe] H7kE A ot
‘golthHong, 1997). A 2F2] BE 7|17+ A4S 91k
MEE s = ¥7FE A 2] 714 (nonthermal process)S 3L
et H2 717 (high voltage pulsed electric field), %15
271 % (oscillating magnetic fields), ©]<=-3} ZAHionizing radia-
tion), 32 X(intensed pulse light), Z3’%t(high hydrostatic
pressure), == Jh(ultrasonification)’s-°] 1 THlLeistner & Goriss,
1995; Castro et al., 1993; Qin et al., 1995a). ©] & LA}
P2 A7NF 71EL vAE Al 9 volt o]/de] A
S A2 QI7tste] M EE Atolof] YA o]4de] 9
e FEAIA AETS A7 B2 HES 7|58 &
A& 9oA APEAIFI= 7] (Pothakamury et al., 1995;
Harrison, 1996; Zimmerman et al., 1974)2A4] 2]3&2°] #jg]
% A9 =7t A &AL, AME A7to] #om, A%
A7t 7Fsdta, A Fol= 2Fe 23, s1Ey 9
FIEHA EFEC] A WA gent 1A B2 A



A B AV 28 Saccharomyces cerevisiae®] 2233l w1 FgHse] ¢ 91

7170l 2 nAEY A AP F2 o
model 2]3F WellAl wAEe] i ek A
o] AFL BE V7 9L BHoE
(Barbosa-Canovas et al., 1999).

2 A7 E g AFelu alcohol T8 Tl de 4
A3k A= & (Saccharomyces cerevisiae)S 2.2 )]
o] @l P 2AG B& AV MY 8 8 W
1 A718 A7), A Az 2259 9T ATEY,
2% Az=S Bler O F Kinetic model?] S 53 dSE A
&3 AA AgolA] 2 A& vlwste] Bttt

AEnE ¥ 2y

ASEF o HhEd

2 Ao AY8" Saccharomyces cerevisiae T
ATCC 41052 %= F+ ¥ 3|(Korean Culture Center of
Microorganisms, KCCM)Z5-8 +% o} AL8-S 33T}
o5 HE FAujgS YM agar (Difco Laboratories,
Detroit, MI, USA)S A&l o™, AFEA7FA] 0o B
i Ad #59 A g FLA FAls] 9
3t HEAS AFEAE FWAERE 239 FolE
YM broth(0.3% yeast extract, 0.3% malt extract, 0.5%
peptone, 1% dextrose) 100 mL7} £91%)+= 250 mL 4+t
Fehaao] JET F 26004 24417 AufFsiict. Al
F 2 mLE #35k 200 mL YM broth7} 0] = 500
mL A7t FekaTe] HFate] 22 2EAA 1687 v
ated tig F217] Fuke] #35 APl AHS-SAT wY
g il 4eCol A 4000 rpmeE YA EF(Sorvall
RC2C plus, Dupont, USA)&te] €5 8- (50 mM phosphate
buffer pH 7.0)°1 13] A|Z3F & Aeste] ARSI ©]
H HFE 43 FEE 20x10~3.0x107 FFo|on, 2
Aol AHE EE 4 A8 22 e vid A=
o] ujFE A AHE-3IATH

IR A HI|E MK

I & AR A2 AL L £Fo= A
o AR, T AFSEE Table 13 2ok A ]9
AAA] MFE= Fig. 19 Ve vpel 2oh HA3 Q0
AE"E A AL FF - (power supply, Model JP-
PS2550, Jaepae Hi-Tec, Inchon, Korea), E 2~ 7] (pulse
generator, Model JP-PGT50, Jaepae Hi-Tec, Inchon,
Korea), *]2]47](treatment chamber)®] A|7}A| 2 T4 & o]
Atk AY FFHEE 220V ACY 94 HYe wHG ¥
W75 T3t 9t BRst Hol 50 kv DC ALS
PAAZ G UEE siom H 8% HEL 50 kW
ojt}, & WAy H2E FAE F e ¥ Y

(pulse forming network, PFN)3} 31 %}te] #H7]E £7+4]

Table 1. Specification of High Voltage Pulsed Electric Fields
System

Device Specification
Power Suppl Input : AC 220V, 60 Hz, 40 kW

PP Output voltage 5~50 kV

Capacitor 1,800 pF/each, 64 pieces

Switch Thyratron, 10%/sec switching

Inductor 2 uH ~ 20 pH, 3 peiecs/each

Pulse rising time < 2nS/kV

Pulse .
Pulse power variable
Generator )

Pulse duration 1 ~5ups

Pulse repetition rate 10 ~ 5,000 pps

Charging time 100 ps

Peak current 2,500 A

Hghvoltage pse grreraor

Fig. 1. Schematic diagram of the experimental apparatus for
high voltage pulesd electric fields treatment.
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£ Z 7% A (capacitor, 1800 pFleach), H 29| Zo]s}
falling timeS Zd3}= WA A <A inductor(discharge delay
inductor, 2 puH~20 pH)Z =o] 22™, exponential decay
pulse®} square wave pulseE YRAIZL F UAEF FAHHSIA
o} =4 W2 resonance chargings 3t oH, 44|
o SHE AL £TH 2 HAF= swich2= 5
1H4 Zh(thyratron, 50 kV, 2500A)2 A3l o, ubA

A S = FS 43]7] 918k cooling deviceE AR
gt G W&ttt AR = corona®t archingS WA
at7] 91ate] HARA 1 F silicon oi)oll FATh 22 &
7](treatment chamber, Fig. 2)= co-field 73S =) ko]
ANE7FAFH HR HFdhe B S Hastete 7Y
7189 BAEE AN A8 5 edgeE AA3
sparkel] 9|3 frH 9t #o] doUA] G & A - A&
dRom, A= 7+ 2 mm, 2 mm®] AF holed ZEE
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Fig. 2. Treatment chamber with co-fields concept for high
voltage pulsed electric fields treatment.
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Fig. 3. Generated wave-form from pulse generator for high
voltage pulsed electric fields treatment. This wave is square
wave with 1 us pulse width.
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AR B A7V 28 Saccharomyces cerevisiae?] B33l v|Al= 3FgHse] F 93

A71H Fol WA EH L, A &H|7F AR Y, v|AAF9] AL
ol 9 g35 FthH(Gallagher, 1975; Krasuchi, 1968). E3F
233 BP0 2 A7| BalEoY AT B EY FEF2
A7 @A 4= 9t} Donsi et al. (2007)2] XH 329
o3t F2 7H+S 7 bactch A 2]€7] WollA mixing
oy} wHkglo] S. cerevisiaE AB5NE AS A7 3
dol EdYste Z7|de WE AFEE&S EUAIT tailing
effectol] 93l AFBEH A 52 o] Wo| Exfstoitt, 1t
mixing®| U} wRbel| o3 A7F Exe] FYA8S =98
49 tailig effecte= A 7FAstR o AHE 3 TA
et 2 A3dAE 22 7)1 3elA 2837t H”‘§
3RS A 2537t DS %9& 7350l w3l &
A50] oF 20°C o440 L AFAl 60+3°C) =7 L}E}
gon, nAES] HF AMEER AP 227 ASeld =
S AMEES UEE AoE qAEdoY HAAEE oF
1~2 log $7A] YEF THdata not shown).
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ARtz o2 vAY X A7 A A7) Arle
A AFT 7123 #Ese AR B2t o
1S #AE 23 ok v E AES] AET ARl=
7He = A7) AZ17F ARl whebA] vl# st F7Hg
. Fig. 4= A717%89] Al71o) W& S. cerevisiae® B
25 UM 28oA BXo] 40004 Ay H2&
1AL 30~50 kViemZ Z7HA7 el WA AbE &57t
b F7hete] AAAA #A AFE&ol ASA e,
A A2l A RFE AQ Alzhel #FEA] gdgton A
AlZbel we} FdH o Apdshe A JeERiUT

o

RN > 0 N A w A T T
rulo
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Fig. 4. Inactivation of S. cerevisiae cells as a function of electric
fields strengths. High voltage pulsed electric fields treatments
were carried out at 40°C.

A 30 kV/cm (R?=0.9798), ¥ 35 kV/em (R?=0.9932),

O 40 kV/em (R*=0.9935), [J 45 kV/cm (R*=0.9668)

W 50 kV/em (R*=0.9664)

7]%9] N3 Aol oJBHH S cerevisiaes 5~12 kV/ieme)
AA A7AE z2he Ao® dEA AtHGould, 1995). £
Ao Ag FxF 83 1713 Ao BEdFe=

213t 30 kV/em ©]38te] A7 FoA = APS AASHA
ottt AnbH o2 THG A A7|Fl o3t njAyE9
A §3E= N EY EF) wet 2o} Zimmerman et
al.(1974)°l &J3ha A& AT AQat (Ve ok 4
o 95 +& 4 3l

V=FxaxExcosa (D)

F= shape factor2A] Pl E9] Fejol me}t 1 Fro] tf
2 g} 722 73] Mxd AS i 19 #e ?:L
=t 283 a= MES] B, E= A7RY A7, a
AE EAHF H71%0] FAE = streamline}2] zHE e}
o, o] Ao o a7 MEe Mz} el 1 VE |
A =HH AEZe AExg A3 (pore)yS FASHHAA A
o] AZte T} wEhA A2 717 AAH LA A71Z<]
A 717t ZrolAH, g8 Zro] A X7t & ASdde 7—‘}9*
A718e 2 4A AFEE =T & JA "ok E A
A ARG 30 kViemol el 7178¢] A7l 7189 J;_L
g AA A7 Al71el vls] w2 A7 Ml7]olH,
TS g Zo] E MEE ARSI Wil YAIAE

A1Zglo] Ao AbdEE AL & F Aok

71739 Al71eh AbE £x9tke] AAE Fig 59 YeER)
0413]- S. cerevisiae® AZQ B2 A7 A SAS AL,

& A7 V‘Eé]"ﬂ/ﬂ% 27172 A719k APE &&= 9o
-erzﬂ‘)ﬂ st 71Ee] AF ZA34E BH A A7 A7)
°]3}?l 10 kV/em ©] °P°ﬂ Ae @nrgt APdg Holtrt ¢
A A7134E 3A ol 20 kViemel Ao e M =
4% AME @35 YER IO WY(Kristina et al., 2005;
Cserhalmi et al, 2002), batch A|Z=H = 22 &7]<
Ao wet e AlE e FEE B Th(Schrive et al,
2006; Donsi et al., 2007; Qin et al., 1995b). & A& o]
© 30 kViem ©]/gellA A& X &7]8 o] &3l A
e M7178e] A7I7F ARl wEb g2 AFE &
T AMA o= FUtske S BATh Fig 5914 el
W A7 7)ok AbE SE2RE A7 A7), A

P

m&

A AV SE7r] BAE Bo AP ZAS 623
Y o3} 22 A2 o] A
log s = ky(t-tc) 2

s © survival fraction (N/No), k,= APE £E22A4 A7)
o] A7) sk ZhOB -0.0026E+0.0504850] T, =
Al Az = GA AE] AR B Ao o=
1=0 o|t}. o] AAA ] o3 oSE A F=o} AA| 4
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Fig. 5. Dependence of the death rate of S. cerevisiae by high
voltage pulsed electric fields treatment on electric fields
strength.
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] AlZko] AR T e mAAES] AFEES A
250 weEt ZA dgch A 2 A7 A Al
¥ dgde] 2=& WAE AXYY A4 24T B
AZE Ak @2 2EoA AEY T AEZY 744 84
o] phospholipidst= A3 gel +Z22 FEF5H 459 9
HE ztes v 22 2RdXe 9 A=E liquid crystalline
TZZ zH "o} Gel +Z91A liquid crystalline 73
9] “d(phase)d] Wsle 2= & A& FAVL e, ”5}
2 o] Hshs Alxee Ed P FFE £

200

160

Treatment time (1S)
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Fig. 6. Estimation of the field strength and treatment time
required for log cycle inactivation of S. cerevisiae at 40°C.
O,A,v [J,M: experiment data —: estimated value
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Fig. 7. Inactivation of S. cerevisiae cells as a function of
treatment temperature. High voltage pulsed electric fields
treatments were carried out for 53 s.

W 23°C (R’=0.9980) ¥ 29°C (R*=0.9965)

[J 32°C (R*=0.9966) O 35°C (R*=0.9966)

A 39°C (R=0.9708)

. 2=7F st Alxe 4 A8 lipide] ¥

} 2% (lateral diffusion rate)7} 3 7F= 3L gel 320
liquid crystalline 72 W3le Aoz LA 9
(Zimmerman, 1986; Jayaram et al., 1992). Fig. 7¢l4]
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Fig. 8. Dependence of the death rate of S. cerevisiae by high
voltage pulsed electric fields treatment on treatment temperature.
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Fig. 9. Estimation of the temperature and electric field strength
required for log cycle inactivation of S. cerevisiae with
treatment time of 538;.
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