g A4 2 Hol=dH s S8
W
JA AgEst

A8

Ao A EFA EE 7FEsled o] 83t driving forceE2v &% (temperature), %
2 (pressure), ¥ X (concentration), A7](electricity) 55 T 4 Ut AF7A °&5& o] &
3t 71, A, ¥E, A%, 8, &Y, 5%, 5§, AoE F BS d9HFAHE 4
TepdEe gton, a1 FINE 53 #ayrtEe /M F4% FA ot

e A2 #E, 28, Bk So] dutdoE AMgHT lon, 7tE iAo A F e
EXHAD) g3 AF Y S EFo 2 do| MedHnh Ty 45 gdutgoez
Axz7t 7] gEo EFee SE=7HA 73t b Alzte]l Zey S8 EY =y,
g3 o] A, HA A7 £4 5 FA A dojyr] g 53 4, Hlo]XEN
T A, 1ol EAFHY Sl AFAME HErrEsted B EAH] th

BEZ 9F 7]& 71E71EY FAAE 2 F v WHLEE HIE ol&dte
ohmic heating, dielectric heating, microwave heating 5°] Ut} A2 A F 71FdA B4
£ E3 3T ohmic heating A F KBAFE FHAIIE A7 A7 EaAdAE A
gxjo] WA F43) A7 AFHe] EAs= o] YElE ol &3 J1E Woelth

W AuxtEY A7 tig Bado]l nEEY wal JHANH Y FAE e /A F
22743 2] F(minimal processing foods)d]l g 87 F718t3m 9o, “less heat, less
drying, less salt, less sugar, less acid, less use of additives” ¢ ZA%o] Zslth et
ole} & AL AFEo BEA Y FF ZFWoA BEohy wlojyx aQlo]BE oje} g
2zt &3 E FHA77] H3td JAZHY FHE 715 /AT F e AVle A
o] ad},

£33, Bd 2 Ak F&, FAF, A GAF 5L AAET F83H ol 93t HA
FUAdEo] HyEy HAX7t AR B FAASNE HAZEHA E&FHoE Fa
U AES AME YR JAAA A E LRSI FY]) BHEEY] YN BAAYAE ] L3}
A ge B4y & HA2duR Ev IYE o83 BRL, WEHNA NEL Ve AE
3lx ko gtEY,

RS e

=

>

)
t

AAAF] AL} BES %) AE L 7hekA A ATY A2 E slnEM 1F

AL AT £ Y EH 2AF 71F 7)E(nonthermal process)F oAl Eolo] AL 714
I AF3 Hoty 1Y YA Ar)1H(high voltage pulsed electric field)¥ 1 COo 9
Sk H| A Jleolt
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AZPEF)S w3 2 DG 28 4 Fo ZHolFo] nAES AHE

ANFE dhoith B AV A 9sted HES A 2=t A9 AEsiR &1, A
Alzkel Fony, A&V} Jtedta, M FAx HEFY B3, ﬂﬂ@ 2 FFHAd F
HEo] AY WA geth olyF nIY B2 AMNF T Ve nAEY HE ’é_}%‘
Bor opg HECY ”]’%‘€§~r51 FE AEY FF ¢ JF=E °]%§ F U T
SEHAZE gug Aog JidEh

PEF processing system® 7|2 {el& Fig. 1o veEd RA
A AFE FR7)(capacitor)d] A3} FHo] BE T W
F Alole] AEL 53t WwAdr ANtHo g HFL ol
% Be oUHE %7]‘414 AE &0 Fe WHEh # =
Al golxlz FAH2IE A FAPT o9} T2 F, WA AlelEel us(microsecond)T
A2 WS FL& AL dojun, B2 Atold] A S %i%EU} R 4A st AFA ¥
25 wrEXIE A4 F A A2 w¢ &714 “3%03] HEL A9 JtEEHA
Q=) A PEF SAARANA dutH o8 AR ].= exponential decay
pulse®} square wave pulse?} Uth.

o

e

)
= I-N'
¥e
fr
&
ot
2

‘High Voltage
Trigger

. Chamber
HV.
De Power [ - P S » Sample
Supply T B

Fig. 1. Pulse generating circuit

DAY B2 A7F s uyEo] E@AHIAHE Fa UFE &F d(dielectric
breakdown)&do 3 AXutel mtyold, ARyt A AR =&=HH A/ Wl
Az 5&d we} o] 2ol o] FE o] HXEu phospholipidd] olFFol SAsd) Mxat
9 XA o]FZL My REAZ i FAHE AE olFF 9 R oo FHHA
H3 AZ2 A9 AH(transmembrane potentia)E FE3HA Bk FoM HoAFe A%
o] 77t Z715td fEse AXET AYA7E SUHEE, o] ghol AR 1 volt) o]0l
=, Mxate] gagr] AEE A F(pores)o) BB

AELGL B2 A4S (dielectric constant)E ZE= #H A (dielectric material), & FE A
Z2A FAHAYG v BEE Zeo g} AERL 2 AxY FRYFE B, AZYR
AEXAFG AE7 @959 e £99 fFA3Fe Axwte] {FAGFRTD 27 gEe] 9
HojA 2 AviFe] sisiAH MR ZH Ro B AF A FHIHA HI, AX

i
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o AYa7E S74EHA B mEkA M EE ok dhe] X E vkl SAS e A
o] A7AH Qg o3 AEue A7) Y=(electro-compression)& Yo7 A ok
Futo) gkZ FH XA Halo] o) Axee AHL wA Ho AV 43 F
g glo] MEue] &ojigo] HH AXT HFo] FAHD, ALHe ¢Zd 9
H AFo] AXEAM AT Ui EFY FF T 9T A 759 FHE QY
A FcHFig. 2).

=

O

A
f:;l_
°l

K

2 M [ o

oX,

A3

Normal potential
CAtE=0 E<Ec

2 |7
227 |}

- N
. Q AN

> i}
Josmasy | Mmofms | et

Fig. 2. Electroporation of cell membrane when exposed to HELPEc

2) nAY & FRY A

TG B2E o8 HdE 7HF ey AEs HAdlME $H4FHeE 5% 1A
pulse generator®] 7W#eo] FFZFo|nt, £]lo] & HAA|e] AFE AFT 19909 zde &
Aoz AZF - goisle AFFAE gl el= OSU, WSU, 59 Berlin 3dl, 489 ¢
HE agdM AAE AF - ALsts dARY 9@ 7le BAE st 28 ygdAx
PEF system 7H'&S A|Z3t Table 1 o Yebd A Zo] oF 5o AA dAHoE 47)
o] 2dlg MtdRe. &7 e YU-1 2d8 A AZ$ mini scaleZ pulse generator,
pulse counter, oscilloscope® A}%o] WEE FYF T thyration driver(TRX)= vl = A
AR Fujg T HAAE 4F ¥R A A2"EE SA43ATHE000 VDC, 500mA).

°

Table 1. Development of PEF Equipments

« YU-1 Model : mini scale (1996)

o Laboratory PEF Unit * YU-2 Model : Bench scale,
Exponential wave (1997)

+ YU-3 Model : square wave(l~8gus), 100//h
o Pilot PEF Unit + DC-DC power supply (1997)

+ Pulse forming network (1997-1998)

+ Pulse transformer (1998)

o Portable Demonstration » YU-4 Model : square wave(2us), 100//h (1999)
PEF Unit » System integration : compact, low cost
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oloj A At ZIAFEH AAS nge WArIGQA Astoldn FEH ATE T
AHA FR exponential decay waveE: WAFE YU-2 EYS st ey,
exponential decay wavew A &EEo] Yo} 50kWE < DC-DC Power supply®} square
wave pulse generatorE® A A - A F3t pilotFA YU-3 2dS &A435149Y. YU-3 292
AF FHo 2 HAZ FHF, peak voltage T BHHSHA WMSAA = UA AL
9 pulse transformer® A X3 BAES 05~8usE FHo] VI3 =& ¥t YU-3 &
d& ol 83l G2 F2, AFFH, T g 47 48 L 53t ZAY HHs A7 E
FPsgor, HEHoz Ay HE3 2d YU4E ML 53t gy Fuol
A% PEFe ti3t A7 8437} 7b53hA Hien, o8 7hA AF hE pilot test B
ASAT Fo FHAEA 88 F UA =HASG

3) A&7 N

S48t BRAQ; A& FAFA Ao BA A T8 AL AFo AH nAY HAE
AojF= A2 chambere] Zfroltt, 1S BA A chambere 7|2H o2 AF3 A&
3t 279 HMF o2 o|RA glov, AFH HEF3e AT WH Hed Az HF
Atolo)l 7¥Ae] ofF Fpojol Fth AL VIR IHOE static chamber$t continuous
chamber®] T 7}A] FEej7p A= gl

B ARaEe x7de o8 71A] 89 static chambers AA - A &3l Ao A&
}9 2, static chambers 3| F240 2 £ 8% AEE ALES 7|27 HFe, dHF
A 2] & 98l M= continuous chamber®] 7|&e] Aotk AEFL 02~06 S/m ¢ H
FL ANATEE AL Q22 F chamber Holl nAF7F 229 AFA L arc 5
o] EA7 w7 Aot ol BAE Iy A aFL A8 7HA Feje A
2NE AA - AR AP EUZ 5, IATE switchS AL 4 YT £7) Uy A
=9} sparkol] 2@ A|S.9] breakdowng HAFIH, AHHF B oblg AL YAt
P AAAEAA A2 F UAEE co-fieldd MNEE £Q3E chamberE /WEEA
I %79 chambere 1709 2237} 000632 M Hoix el &%Fo] 364 /hTh 2
23 0.063m¢/chamber, A& F 504/h ¢ A2 chamberg N&3tod HA ZF
J2lol AHg3ska Sl

2]

ol
i

o E R
Ny

u —
2 g

X oo

mE :.10
o

182

o o op

oo

7
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7o) 9% vl 4B 47
el 9% ml4E Ede] JFE PIAE ARE Table 20 Uehd 2

]
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©
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Table 2. Variables in PEF processing

Primary Secondary
e Electric field strength ® Processing /

+ Average peak field U/d conditioning temperature

+ Uniformity of field e Electrical conductivity /
e Total treatment time ionic strength

* Resident time in PEF zone ® Growth stage of microorganisms /
« Flow velocity profile adaptation

 Pulse repetition rate e pH

» Number of PEF chambers ® gas liquid mix
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A 7t Biste we HFsich I FeAME M FaT dde A7NF AN
AYAHEaFxPBaT)oln, A9 71E 4T 7VIg2AE ¥ B, F4 £49
BAE SHIZ] oHE HREHY AREAM 1) FY - ok 72, i) AEFFH, i) +HE
Adesle] PEFO] o3 vy &) AFEHE Iy or, 23dFd g dEAHA 27}
2 AFEHAE 73] Vet

Square wave pulse$} exponential decay pulse?] &d &3 vl : ] }o] AM7e
50~60kV/ecmE &l 94 2 &710A 1mb/secd) flow rateE AN Fo FAE 3’4 B
WA, frequency 1500Hz2 A2 A7 66~198us7HA] €3l %?—Jﬂ He|xdoz
pulse®] 2ol @E A7 FH] Xolg RAMIAT. Fig. 39] Yebd A3} go] pH 25°ﬂ
A square wave pulse® 7% 55kV/cm, 132us HElA X 2 FFole o 4 log TA3HS
A3 Aol FAA9 exponential decay pulsedl A& 15 log cycle®t ZHA 3t o™, 60kV
/emE 198us A= oF 3 log AE ZAIATRL). o83 AHJE Hol exponential
decay pulse® T} square wave pulse® A7 AFH7 €4 £5% AL 4 £ AU
Square wave pulsed] oWz &L 91%<%1d ¥lElY exponential decay pulse: 64%E H
nH3 o

1.E+00 1LE+HO0

LE-01

1.E-01 |

1.E-02

1.E-02 |
LE-03 |

Survival fraction (N/No)
Survival fraction (N/No)

(B)

1.E-04

1.E-03
0 50 100 150 200 0

50 100 150 200

Treatment time ( gs) Treatment time (us)

Fig. 3. Effect of pulse form on inactivation of yeast and molds in carrot juice by high voltage pulsed electric field
treatment at pH 4.25 and room temperature. A: exponential decaypulse, B: square wave pulse
W50 kV/em, @ 55KkV/em, A 60 kV/em

A71F9 M7 2 A Ao 93, A kinetics 1 LAY B2 AyjFe] 2% n|yY
E9 AAtAEFC vAe M ARHAHA SIS A7FY A7 Aol d@d
AR 5o E colis %7] #54 10%fw/mt FA FEEHT 50CAH EF A=st A2
PEF g &7 A 1use] BA2ZS zZre 20~60kV/cm®] square wave pulseE @< W
AN A7) 4L Fig. 49 JeEAY. v EY 7g4dddd e o]&o] & A
HEHol lem, D, Z F 3S o83t Ha7FAHES At 18y PEFY & v &9
B8 gol 9§ Aol olHER2 25-AF AV & ou7t gtk b A AFHY
A ol8L FEE £ glon N2 ZYo] AAHA ggow td
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vl ] PEF ¢ E&43td disiAe &3 22 533 RdAo] A¢= ] St

L.E+00 LE+00

1.E-01 1.E-01 |-

1.E-02 1.E-02 |
g
Z 1E-03 1.E-03 |
-3
£ 5
S LE-04 2 1LE-04 |
wu 9
- Ll
& &
g 1.E-05 3 1.E-05 |
[ [4
& 1E-06 & 1.E-06

1.E-07 1.E-07 L

1.E-08 1LE-08 |

Ec¢ iad"
1.E-09 y : — 1.E-09 WYYV -
0 10 20 30 40 50 60 70 0 50 100 150 200 250
Electric field strength (kV/cm) Treatment time(y)

Fig. 4. Inactivation of E. coli in whole milk as a function  Fig. 5. Inactivation of E. coli in whole milk as a function
of electric fields strength using continuous chamber at of treatment time using continuous chamber at 50 T.
50T. Electric field strength: < 30 kV/em, {140 kV/em, A 50
Treatment time: € 26.25 455, A 52545, M 1055, @ kV/em, O 60 kV/em

15518, A 2108

S = (t/t) Tk me jpg § = — (—Z%Eg)log(‘é) (1)

714 Se HEE&IN/Noold, Ex A71%9 A7], Ece dAAZZY A7), 1= HeA
e YAIREANZ, k' v EGolth o] A -J?S}L, PEF°| 9}% A}%EJ}:— 7]
Ze A7l AFgrHor gEsin, Azt M e HHHYdS ¢ 5 Ao} Fig. 4
of Vebd At o] E coliv Y4BT JAMNZ(EI1GS A7FE HojF oot BEA
gEANeH, Eolde d7NAe ZAFAL W AETEF A7 A7) Ateldls A(DY &
A7 AFHARAT. 28y, AEET A7 BAE Fig. 591 verd R} o] 2(1)e]
BEEA dstern, 13 BEET C’%M InS=-b(t—t)°] & HEHUL Ecot = AT
#& U A 943 Ecv AejAzle)l 24E, v A71FY MZIVF StEsE gadts
ToEde EAT20). HIYAHYS %iig(r)s’% LMY Foleg ddg&e F2f
Bk ojygt EAFd iME ¥ wev FAFo] 4 vXe 9IS AHE
23 FAT A7 ATIM Bi2Fo] F4F LTaAAIt S/ olek 2ol PEF
g %S PlAe FHAFS FRAA

o

o $FE B ool FEAEHS e

= w5
He g %H*ﬁ}ﬂ kinetic models 7§&3t717F o2l -¢H o2 FHAT A7t FHFH o
o =23 tEdTodM e ARVAASH FELE@0F)AA ] ATFAIL Faxol 4F 33

Brkel 7120l Holglou, PEFINE XRG4 2 RELEs) 4413 Ade BEZ @7
o) M7 EYS) AANE W8 A7 v Aok

AeE @ pHY 4% : 1AL B Wr|Fel 97 v BRYS nHE =
e ARE Fgge] TEHo Y vAe) £E9 pHolY Yoz 2Es} Zrhsw
AZote] f540] Flste] AEeto] O & $EHTE 1Y Baol g ATNY 3
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7t dA doldtt. Fig. 69 BF& PEF 478 W 29 9% Yeldch 3 60T
ooz 71E AFdH JEPMY T2 o3/ AT &go] AU, WAHE 5 A
F40l M3t=ug dey FH 4TS FA && A ALY 55T o3ty LxdA
PEF-9 W#xa aAxg A7sch AsgF e 27 a25E 201x10%fw/nt 929, 5
0C % 55ColA 20kV/cm exponential decay pulse(pulse width 1us)E 256 pulse &
g R 43 AFEEHAY. 28y B@X 28 55T 2 AeAA 229 a93E AFT
A7 153x10%fw/mz @3 go 98 FFade nusigch o)k e AR v o
E o g39 g2 AFFHFE S0CA PEF A2z 1FAS FA8HA axpz5o
2 A8 + 95 Aoz wdEn, AA PEF 473 §FE 47T, 30CoAA AFA A3
A3 45 FoT 7F, A ¥M3rt AY A H19).

Survival fraction(Log(N/No))

A

0 50 100 150 200 250 300

Pulse number
Fig. 6. Effect of treatment temperature on survival Fig. 7. SEM and TEM of untreated S. cerevisiae cells
fraction of yeasts in Takju(electric field strength : (A,B) and treated cells (C,D) with high voltage pulsed
20kV/cm, exponential decay pulse) electric fields for 5345 at 40T and 50 kV/cm

W 25C,035C,[145C, A 50T, € 55T

pHE VAE9 UAIZFd wj$ & 4L v]Av, pH7t BolAFE njyES] A2 Ag
Jol Zaste pHyt $&45 PEFY AFade F718Ath19). v|AE defo] g3}
Ho ME YRZ Fhojo] IFIY MERE pH FHiE TAA7|ed, ojd flAES
AAHo2 YR pHE #3171 98] H'-ATPaseE FHFAAAM MEARE Fhol2L A
& W&ol ol#d uwAE S ‘protein motive force’ (PMF)S]l <% pH 334
(homeostasis) Aol ThFo] U7} ARHERZ A & A& A 283
Agdo] HolxA FH.

MEFZO A3 0 G B2 HANF M E T AEE AETo] &35 HeE %
712 220mm, 260nm L 280mme] AYAM FFEAN HETY o)< K’k Na'o] F&HUth
DAY B2 AN A E I S cerevisiae NEY T2 WHIE #FFE 7] Y35+ Phloxine
B A2 GM3YS u, dolgle MEE GAHA gRov, nAY H2 AHYF MHE
W7] A|FSEH A AZbo] S8 4E dAEE AEY F7F S8 50us 2B Folle 43
3 QAEE Rog AMIEgo] EA4HISS ¢ F UANTH22). E3 Fig. 79 Jepd AT
Zo] FAEP) Z(SEM)eE #&% A MR & AEd vl At AEE A
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Zo] B¥o] AFojNu FEZLS Aol ARY. FAIAMA(TEM)LZ #H&A3 A} Fig. 10
S AHEY A B2 AU HYE e AXeE g wx e AXEd HE X
ol 4% FE AAHNCH, dF Mxga NIy &40 dojyrse ¢ 4+ YUk

AFAY BE A E B2 AEE MEgojy AEEo £ASHAAY AXY Edo] §3

HAEFAE £732 AES] FeiE s /AT AZEE Bol BAHAG gy AX
g &4 oo AME AR &0l e Ao FAEH &4 298 243 4y,
Az Gdoly gald g A E4E ARSI HT22).

5 LAY B 7| Fed o 549 B4

IAEQ WA Ao 9% JE# AT 71Eo] A83EHI) YME A
WAL vAEY AF®ET oldzt AF Iz Fo) AF AR ¥HIE /1HE target
enzyme®] B84 tig AF7F B8tk a8y AR 1% J "2 A7AE o83
n Ao Addd dajMe B A7V ojFoF oy, nAY BA AJF A 9% &
28 B g ATe AY o|FoAA ¥ttt wet AEL AZE o v F
U] & A3}Al7l= HEZQA A4 lipase® polyphenol oxidased] 3ZQF BA A7|A ol 9
g B84 didtd A& stk vAEY EEAsl M9 sl 2 PEFY) 93 A4
of BEEASE A1 A7l E AAe] F7M8EE 718, Pseudomonas fluorenscens
7b AAYshe lipase®] 79 40kV/em square® 2§ A of 70%9 Aol AAHUG. =
g WMARe2RE F&% A tyrosinase®] PEF B84 3l= Fig. 89 Uehd A o] Y
Aol A3t vl Eol vEted oF 108)9] 1 HAzto] 2e AUt FH AL Hggo] o
E(10~60C)8 982 4HE ZAx dgdde exrt ¥SFE 49 4L FMFPom
Aastdou ulAES B8 2ol 2x JEALS IA EYTH23I).

Fluorescence spectrophotometer® ©| 83t} xg]d 49 £xlg &40 HAPARE 2
AYSt A3} emission spectrum®] shift¥ il intensity7} 74 3E Aol& R gwide 3z
HA ¥ 7Idste Ao BHHATH23). T3 Far UV-CD spectrum ZAMg A
249 @ AX ] 93 wgo] tE RAeg FHEHANFig. 9).

120 10000

100 (
S -10000
80
- S
°\: B 20000
Zz 60 | od
z S
1 = 30000
g 40 | Z
Z B
3 T 40000
£ 20 | =
=
-50000
0
0 1 2 3 4 5 -60000
. Wavelength(nm)
Treatment time(ms)
Fig. 8. Residual activity of tyrosinase by high voltage Fig. 9. CD spectra of control, heat -treated and PEF
pulse electric fields treatment as a function of treatment treated tyrosinases .(protein concentration : 100 xg/ml)
time @ : Control
@:10kV/em, H: 20kV/cm, A:30kV/em, @ :40kV/em, I : Heat -treated (80 C for Sminutes)
X :50kV/cm A : PEF -treated (intensity : S0kV/cm, pulse width : 2 us ,

pulse frequency : 1500Hz, treatment time : 4ms)
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2. ¢ o|AtstEFAOf ofFt Al

B 7tgxig W Uz HZ AEA FEEI] ARG JAZGHolR, vAEY 4]
7149l 714 4EE 74Etd FA e JAE §3A F g7 A §453] FEAIIER
A PAES BN oI, 7}°J A2 CO7b 7H8 48] AH8"ETh g 9
Astead 23 mAE B8As s CO; &3¢ wWE FAW pH #d, 71 Bv ARA
COzell 93 Mxate) 7153 &4 59 }1?_101] 7108 Ro2 AZEHY oA 7R 1 71F o)
gt dFHA Fsch

AE AXNTE FAFAM aHHoZ vAES EBAIFANY 5 = PEFe|L 9 H|7}
g Af7|e-g JMestr] st ojatsler kel wid A AFYE e RoE gy 4
T Lactobacillus plantarum-& WA vl EE 3o 11 COz0 &3 Abdtol tis] AAHL
2 A7 TH1L, 24).

1) 2AJA27F 31%F CO: Aol vAle %

1 COz o) 93ty v Eo] &AL HlAe 4 COot 8Qo 835
MEAXG HEFEo2A NAEHRE YEERZ F8 2AAAE JIEFHLE CO9 &3
Age] 94 vAe 4¥, AL L AHygLxo|th

AARH (73 atm, 31.1TC) AEQ 50~80kg/cr MH 1Y COE o]&3td 71dAeE =
Aol ujBE9 EZFAI uXe IS HAEF FAH CO8 £3&=< L plantarum®)
AldExo & 9GS vH ¢Yo] F/EFE A AY glo]l ATAEFHIT FHHIAU
tH(Fig. 10)(15). CO:4¥ 50kg/croll A= vlnd AX7F &9t3] AlEEo] 27] T471 5 log
cycleBtd ZHAaslEd o 15080 A28 5oy T0kg/carl M= AFEHT] 3—’*‘—6 1 A E o
oF 508 1ol A8 EHYoew 1208 F &4W3] AAEHUC E=F T0ke/crfe] AT dHo

2 ZAA7E CO; 7I¢A3 RS W 30CAAE A2z rt S71etel wet AMEasr F
7}3}9301/} 40TAME 2318 ZA2EGT14). ol AR FIdaAe 25 F7te CO:9
L8 Z2A77] HED RoZ AU

2) B3R 4%

3¢ CO; e 8%, pH, TF, HHZ]&é Az, A&aA 59 9 F73AA
o o] J3FS wol x7] pHIt FEFE, &5 AFXEG PSR, AL g AXEGs
AL wik AXoM dF a9} ZEHEJ%U:P AFAS AFEStA ME dgHY pH IS
AES A3 AX dgdo pH/t $E4E AAHadst A% FHEATHIZ). A 05M
sodium bicarbonateE 7} A AT @4 EFFIELE 1Y COE AHddx
pH 8% #A3tgom 1208 Atz AtEHA FUchFig. 11). o9 2L dAE v F
o] B u CO; Agdl 93ld pH/t AFEHA @& e APEEHAI}E JAAHA ot COz 7t
gAigld W mAE dFEdes CO; &3 3 pH A3/ F4 €Udds €& + UM
t}. =38 L plantarum® AsZ#Ho] CO; 7Y HgAl 2 EF v FFE HES
A%, W5 F4719 ATRGE FA 719 AESE 29 CO: M g Widel 8 =%
i, 37CAAM A& ME7}F 30To)so A 83 AFEHETE COx 7FEA ol tha D3
3) 3¢k CO0 93 v A& £G4 w7t E
29t CO; MeEE L plantarum AEY MNELSE &4A7A 71 27] 108 F<el 260nm
280mme] AM EFFEA §F, Mg K ol fFo] 73] F718des 308 ol Fd
Aol dAstETh §H HAE WY pHAHLpH)E HHH ez XS AH, CO2 7FEA
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Fig. 10. Inactivation of L.plantarum cells as related to
pressure during high pressure CO, treatment.
Experiments were carried out at 30 T.Initial cell
numbers(Ny)ranged from 2.4x10% to 6.2x108 CFU/mL.
The microbial survival rate was expressed by the ratio
of the viable cell counts after CO ,treatment (N) to the
initial cell counts ()

g &7] 108 Fod dpHe 323 #Asigen 1 & 4vh3] Zastd of 408 Fd
AE el pH7F A9 FYstATHI4). ol¢h 2
o] TH 7159 H'-translocation 7150 AAHAAY AE zHA 7 &40 pH &
o] ZHEYY] WEOoFE AU, AF H-ATPase Aol 7IbHe 208 F

=)

£
o

o

£

Agd AES 137HA T4

2 AL ol I YG. BT AEY HFEAEL 1t COx AE 30 F 20% FF
Zasol CO, Aol g3 AX7 % &4 T dAFSo] 2 - HHH e Fode
A BFASE AAeET AAE APIZYM A&HS o]43le COp 7HA el
24 B9A3Es BES 2T, esterase lipase, B-

100
10! @@ MRS broth (pH 4.5)
8 0.1M acetate buffer (pH 4.5)

102 &—A Distilled water (pH 6.0)
2 W—¥ 0.1M phosphate buffer (pH 7.0}
Z 103 ©—& 0.5M bicarhonate
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Fig. 11. Inactivation of L.plantarum cells as affected
by initial environments pH during high pressure
CO2 treatment. Experiments were carried out at 30 C
and 70kg/cit of CO2
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Fig.12. Transmission electron micrographs of L. plantarum cells untreated () and treated (b) with
70kg/ct’ of CO, pressure at 30T for 1hr
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Fig. 16. Size distributions of corn starch granules heated
to 90C at different heating rates.
: raw starch, O: 0.3(C/min), 4:15.3, €:22.2, ¥:47.7

Fig. 18. Sedimented volume of 3% corn starch
dispersions heated to 90 T at different heating rates. @
unheated, @ 0.1, ® 3.3, @ 7.5, ® 16.1,® 21.9, ® 30.9
45.5 ('C/min)
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Fig. 17. Effect of heating rates on swellability and
solubility of corn starch heated to 90 T at different
heating rates.
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