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SUMMARY

I. Title

Shelf-life extension of kimchi by high advanced technology

II. Purpose and Importance

Kimchi, a traditional fermented vegetable food of Korea, is known to be a
product of natural mixed-fermentation process carried out principally by lactic
acid bacteria. Kimchi is characterized by its sour, sweet and carbonated taste,
and it considerably differs in this respect from sauerkraut and pickles that are
popular fermented vegetable products in the West, It has best flavor, taste, and
texture when properly fermented at pH 4.2 and titratable acidity (as lactic
acid) of 0.6-0.8%. After the optimum fermentation period, the quality of kimchi
steeply decreases due to the formation of excessive organic acids and the
softening of texture. Several researches have been fulfilled to extend the shelf
life of kimchi using various methods such as thermal treatment, gamma
irradiation, addition of salts, bacteriocin and natural preservatives, However,
only low temperature is generally acceptable to control over-fermenting and is
currently used for distribution and preservation of commercial kimchi products,
Tﬁough in the past, kimchi was regarded exclusively as a home product, recently
the amount of commercial kimchi products that are mostly packaged in the
flexible film pouches or the rigiq plastic trays with a transparent lid film
have greatly increased in domestic and export markets of Korea, Since most of

the kimchi products are placed under continuous natural fermenting processes
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during distribution and sale, a novel technology to retard or prevent its
fermentation is. needed. In this study, several nonthermal processing
technologies under development were compared and examined in order to provide

effective methods for extending the shelf life of kimchi product.

M. Contents and Scope

In order to provide an effective nonthermal process for extending the shelf
life of commercial kimchi products, several highly advanced technologies
including high pressure CO;, high hydrostatic pressure, intense light pulse,
magnetic field pulse were compared and examined. Among the processes tested,
high hydrostatic pressure technology was selected as an effective method for
retarding or preventing over-fermentation of kimchi. Quality attributes of
kimchi with or without high hydrostatic pressure treatments at various
conditions were investigated in terms of physicochemical, microbiological, and
sensory characteristics during storage. A plant for practical use of high
hydrostatic pressure for enhancing storage stability of commercial kimchi

products was proposed,

IV. Results and Suggestion

"As the representative microorganism and enzyme involved in kimchi
fermentation, Lactobacillus plantarum and pectinase (EC 3.2.1.15) were selected
and used for testing biological activity as influenced by the nonthermal
treatments in this study. Microbial inactivation by the pressurized CO, was
dependent principally' on transfer rate of C0; into cells and sterilizing

ef fectiveness could be improvéd by increasing pressure and temperature. The
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microbial reduction of more 6 log cycles occurred within 30 min under CO;
pressure of 140'kg./cm2 at 30C. Residual activity of pectinase also decreased
with increase in CO; pressure. High' hydrostatic pressure significantly
inactivated L. plantarum cells above 400 MPa at 25C and its sterilizing effects
relied on largely pressure and treatment time. Residual activity of pectinase
was remarkably reduced by high hydrostatic pressure above 600 MPa at 257C.
However, intense light pulse as well as magnetic field pulse appeared to exert
little influences on biological activities of L. plantarum cells and pectinase,
Therefore, the nonthermal processes relating to high intensity electromagnetic
field and light were excluded in the next stage of our study.

Kimchi samples treated with the pressurized CO; at low temperature of 10T
had relatively higher pH, lower titratable acidity, and less lactic acid
bacterial population than the untreated, resulting in enhancing the storage
stability of kimchi by about 50%. Additionally, kimchi samples with the high
hydrostatic pressure treatment at room temperature maintained initial pH and
titratable acidity during storage for more than 50 days. With regard to shelf
life extension of kimchi products, high hydrostatic pressure was proved to have
more advantages than other nonthermal treatments. Thus it was selected as an
effective method for r:etarding or preventing over-fermentation of kimchi.

High hydrostatic pressure effects on both unripe and ripe kimchi were
compared to determine the optimum processing condition for improvement of
storage quality. Unripe kimchi samples treated with high hydrostatic pressures
were inhibited in fermentation reaction with above pH 4.2 and below 0. 6%
titratable acidity during storage at 10T for 23 to 28 days, depending on the
treatment conditions. After storage of 30 to 35 days, however, unripe kimchi
with high hydrostatic pressure treatment also resulted in over-fermentation. On
the contrary, high hydrostatic pressures of 450-600 MPa for 1-5 min at room
temperature effectively prevented the formation of excessive organic acids in

ripe kimchi samples, with maintaining at pH 4.3-4.4 and titratable acidity of
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about 0.6% during storage at 10C for 80 to 125 days. Total viable cells and
lactic acid bacteria in ripe kimchi were significantly reduced to below 1X10°
and 1x10° CFU/uL, respectively, by high pressure treatments. Consequently, well
ripened kimchi was found to be more susceptible to high hydrostatic pressures
than unripe one.

High pressure could inactivate the microorganisms involved in kimchi
fermentation to prevent the high acidity during storage but cause to
deterioration of organoleptic quality such as texture and discoloration. For
improving sensory properties of high pressure applied kimchi, calcium lactate
was added as a stabilizer for plant structure and organic acids including citric
and/or ascorbic acid were used as a antibrowning agent. Sensory results showed
that addition of such additives into kimchi samples followed by high pressure
treatment conferred relatively better texture and slower discoloration than
thosé treated with high pressure alone. In conclusion, proper use of high
hydrostatic pressure could extend the shelf life of kimchi with overall high
quality for more than 4 months. Based on experimental results, it is suggested
that high .hydrostatig pressure technology could be used as a promising
nonthermal process for enhancing storage stability of commercial kimchi

products.
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Ai1d M E

A1 A a3 533 g

2 dF< A2 FASEE FASPEA BEYS A5 Slste nAERS
AEZ R AT v AT 5 e 7IAV, AAY, aEas W 2399 5 ¥
A Al dle vZtdd Hh I Arles vl ZAAste] X &Y +
de HF FWles A%, NS 3 FHe= grh
A BEY A%l it T IWUlee] HEAEE wiastaz, ZAA REA

ARl A& JHeqt vZtE A Het IG3vl&el gt 2tz 3, 229 dFaA wst
d Al (717t @ 23 A2 FF, g usid Heg FFEAE A
B(aAAe WA ndE € B4 F) € AA 243 B9 Y, 4¥ER
H| 71 A2lo] A3t AAWH n|AE Y Wy 5, A BEF A% oy ¢
g3 sl Aerlee] 384 3L vk

A HEY Aol YUY FD FF e AR S Aste], AR A=
A 7t Az(Z3da d AxIE) ALY 75, AVB w7t A g ®
Alge] A3 9 AAel=Z g, AV1BA vzt Ao o3 AAUA AE B
31 5%, AAY REZ %ol i A718F v7td Azl H8EE st A
A2 REAG Aol UYL A I3 Jed AR YL

et S71eol AT A BEY A% HA L FA W3 AEE 93 A

H HAST Jled 84 A FEAAE U, FAIWled MUz wE

28] BEHNA, olHEty BEHs FF, AdIIW&d AHzzdd o ZAY

T3 59w 53, AdSriedd A AXNAD njBE FY 3 dd B4
13 2%, AWIWsio] o AAY BEY A% ¥ W 2y Y [E,
AEE ZAAAEY AZE AT A IWE AL Pehg AP

Mo

rE
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A 2d AL ey

AAE 2] et 2 AF LRAF)A F2I FARe shUE 43

A w7, Qo] 5o Aso] AZF, Ad, UYAE 5& snsid AP &
B EEATIe BEPURNEORY 55T ¥u|(FEK)E A T2 AEH A
UFAFolth XY FF= uf$ ish} A2 AAFE 1 () st UR s

T o Eo] g3 UEE AFIE SRS FEHolth olg L Uxe AR
Agoles a0l AT A48 Aol BHo|glexr] R LA 242 EEF
212 shte] J1ZTAEo 2 A HS uustA Foc)

2] uete] Al SAR WAF(WRE) NES 9F IAEY 9, 232 W
ol o] UelolMx UAY 4+ g3, saverkrautl} picklesz}t T 24 UFAE
224 mFolut FYPME B 4 gith. 2toll o]e} SARRE ALl Ax|(HEE) U
AHEZ AAL ThE A8 vl dE ol B 4 olch a3y Fajz w3y 2 g
of nhg, %, A7 59 A A PP ARgETkE A, AA HE 4 s A
(TR) <371(REM) 7 grhe 2 5& Xy 243
£ AEHOE JPYolA Azdte] sulEo] YT, 2
2 37t AYFRY Wil ulE =AY FE, FABRZY Wl }%“i}%* A4
e, DAFA £29 F7} Boll Y3 TFAL] Y U EAYo] 2A3] wH}s}
I gkl BAY JAH Aatel th Wae] RxH: YUtk

axel 71y At 19609 Fut s (R FHEIA 2] B2e Y4B
SfAAFE el & + glen, 70dclo] o238 ZtE Atgje] ZAste] wWE TuiaA,
3l2] =2t Frto] wE At Waof 2] ZAAZRY Yy RTES} F3}
Holck Zeu 2X] HzYgAe ofRRe] F47YAR(1997d 94 J|E 45974
AA) I FEI GHFEL AH L AZIgo] GFEFHo o AAHA AFH
E FYol FHslo] AAUPE Ix9 JEatgdoes AR Bila g,
ole] I Eol A8 tirlgelAd AAAYL FAZFOAY AEeA AY B2
ZAEFIL gt R AXAY UASHNN TR HYo g wthHc),

HZ S A 4uFS A7 150nECR 2N, 7 2 TAUX 290
97'd 40RHEollA] ‘98 45REESE ozt F718le & 409 3053 xA|sta gla



A AFFEE 979 4,000 € FEANA 4509422 wid F71 FAlof gl &
3], 90l zubol 60-70%F XA LHH(HM)S TUY chAlFA ol 2 FA
oAl ol it Lujzte]l ¥ (AT AIRO] 65-70% o|FoE FA3) F713]
L Fao] glon, o2yt AU Zefe] S Uelrt B3y, AyA o AAyes
FHslo FE Aol tiF a0t F43] st UL
EHEE 974E 39,692H E(12,0692 )04 '98IE 43,7433H
37t A0 slem, F8 & =S 202 td(HB) 2
of ZA F &9 96.652 4 do] it =& WF T} oid M2 & 43
ojt}.

e AF7t #3135 A FAF7F(Codex standard)(gh)2 97'd 129 Ej
= A getolol A MR H A 113 Codex ofrAlopx| 2B | E oM Step 42 419
(F@#) oo, '98d 64 olefz] ZuloA s H =] 45X} Codex 7o) AL o]
A Step 52 FU(BHE)E AT Codex AMFZofA Step 622 U EejHF o
H}(EE)stgAct. 53] ‘98 5¥o] sict et JHH Y A] 262 Codex
AEREAZAALEHAAN FAFAEL oln]l T, 2000 3€e P A20
2} 7bEAAF 2l Aol EAHO R Step 79 FAFHALEA =9Fr],

Z2le feld dEAA AF LEAESY shpEA 19889 A& &3 el
F ooy FAAA AXx PYa} 5o FAANEFLE AFHALL, 1998d TaA
EoHAE IHHFLE AHEEHATL ol A& 20004 A=USHYOAT
FAAEoR ZAFFHo don, 53I| 2002d 33} -d JIFoM THF AYyFHE=
oM FAFS] A FFFo2A A7 MA AEFLE HESY

et ¢, A 4

K
£(15,9398)2 733
rd

2k AL o M= 3~4edo] BEo|3 10T 7%4 11—9—0114‘— 7~ 10%1 F=E, 1 73]
Ay glo] wiztsith. Jmg 238 2 ¢ls) 2 AxFPuict AL Fa(

5~4C)E Z3a glon, U4 ZAe F2 JAXNE £4EAT £52 -2~4T9
Y% ZeolUE 4313 th. Yty o $£EZ wol R AEL nyEY A
ol g3l EE AlF M AEI EAEE ¥ F e ARCE Y £ U=
d, ZxE F2 ZEE n[dEo] ¥ LA} APEHANE st (B LTS o
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4 o7 difol =R, AP, /% 2ol W AHLE A 9o Folrth ¥ART

PP o= girh, BE4e AT oy AL AAAF ool 7HE 2 ARHLEA
e A AEs g AF vhese] g A AEFY ALE 3 UEA W2
oo} & drapAlelch U Fuf A AzGAE hEE FHse] AMHo=
o] BAE s|AY Tt Yol ¢, dF t7idA drLolME EHHE A ey

BB, A2ZRE Bl csjMt e Feln At os dAFsta WU wWE

o e

i

.

of TEHQ 4 sidole &) HA Eshe A%olch
¥H T o] 20AEY AE AR a7 &3] A3 MEIBE HE
B A4 AEo] AFAA dal £MEe2M olE HF REE AT AYH o

NS Aol We =g 7ol alth olgh s AE AAAZIH
3 DB SEY AREThs, ¥ 2 P9I By Yewony nuEe A
A4 ZAE AYsts A¢] thebA 2A7¥(hurdle concept)?] Eglo] AYHIL 9
T} ole fE, 48 WA, pf, As-wd del REA U ASHER)BAL AEA
FURBBE)F T oY JASS FP 2t B QWAL BA s R
oBA ABA ZL AT fu VT (HEE)YG 2L A REA2 A )
N (EmM) AF Hobrt & A7 txolth. ¥Al AEe 4FL BHoz d7Fu
g 7kl Helslgols ARl AZRE o8 A =Ah, xukw, M
Tl AME o] Al 2A}L, o|&3 ZalL B(E) Ba, 23, Jkx Hel,
TI7h oo} &(polycationic) FHAEA Ay}, 34 Lae) o]& Sol gtk

2 dToNs AR TUBHS AN RIS A st AN
A oA @ pagle YEdes BEAY B AFY 4 db s A=
% ogEA W 23 5 A ApUuiAel Qi usldd Bu 3y Adslee v
2 ZAsle] ARol ALY 4+ Yt A Anrlee dFSn 2 ABBEL Aus

22} steich

—
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A 33 n7tdA e 2 A7 9%

FHZ AAFolAM e HATE Ee Ad "M F
A AUEEO RN, ol AMEFEY RES T ATF dA 71&e 2] Y
=o] Zl&ox3 girh o]y uZtd AEE W BEIEY AMdels ANY =
€ A%, Az AL o] 23 2ah, F WA, Z23gh, ojibseia Y EA
B EL o]8 Fol XHF Y, FAHHo2 AuRd r}g3} Pt}

1. 183 HA(High-Electric Field Pulses)

ARE A8t d WA A7AY 7Hd(ohnic heating)olul, AtEiA|e]
A Aggell 2AEste B Abdste 4 A7F wyzke Wi, 2AYEES)
HAAR e 2T A8 AARAE o83l nBEE AFYch o] T 49
F+3ut3] o] E(dielectric rupture theory) 22 HEY 4 gt} =, o] Ay|Alo)
A Zeto] chsl] AN EAE)E =3t olo] uwlet AE ol ASHER)S 2l
7t dojit=dl, olul Mg s AYAIZL ¢F 1 volt/en FEQ AR
& 238 A$ WSS W EAE Aol WP os As) AZY o Bo 47
th ojuj MEu} F3} QA H¢JXHcritical transmembrane potential, V.), ¥ 3
FHOE AT AVNY ARE(BFBE)E BE AXY F57, [AX & o e,
3% 24 Fol wet thach. gF A7 Z=sb QAR 2AY 9 d 2 o
Mlazute] Fabgdo] 7H A () 28 FUhRich ,

AAY HAA 2= FEFHEIA ojn o] §E T e, F HE HEe 2
A HLE 71 3% A AU 93 ol o DN EAE =YSIAY AR
$3& s Aok A7 =S QARS WA 2UY o v24 HET] 2
of ¥ds] F HEo] mIEID AF MEI A4 Hrh uYEY JPHE
(vegetative cell)oll cigt QA A7|Fe] ZZE= 15 kV/em FEEAM, HE &
Lactobacillus brevis®} E. coli®] @A A7A Z== 2}7} 13 kV/cn, 16 kV/cn® &
A olch vt Eate] abdo] "ay AVHY FEE "M o &rin FrHGrahl
et al., 1990). |
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599 KruppAHs 733t A71ge] o3t Azute] RATE Elcrack A|2Elo)
gy es HE3dct. of FHoINE BT AH AAIUY B4 HES A
7] WAFLHLeE FHAA FEAEI 2AY HAY QYL WU E styct. o]yl
Aol 28l Azzto] mifE i APt Eo] BEARTN EelgogN, Ao
2 7IAAA Eelds ¥ of AW 4ot Rolsjc) E3 2AA HaAE Algy
224 Fue 7t AFFTHA LAse T WA, wEl 3 S| Bzge
M 4 olvia 3t U ALY E Elsteril FHE FL3Ly], o] A=
ode ZY AJZS ol &3t /5 AEFUY nAEL AFstaat 314}, Elcrack
2 ohE AL nBE MR 377t BE MZol vl Ads] 2 MEuizle] Wk
A7NRY 7= MAxarle] uhests] wjZol, Elsteril Z&Fo] "®X o 73t A
71330 kV/cm)& ARRITHE Holth. H2zixlel A7Azte] )5hd Elsteril 4L
FSd uBEL Adol ois] ol AU HeT ddA g, S cerevisiaed}
L. brevisoll thal 100-200 ki/Le] oYX & 7IstH 4~5 logRtE BWIFT(LEHB) 7}
ZAastgont ZAHMTF)Y ZE A3 3 Ux] AgkH(Sitzmann, 1990). Al
=20l o] Gl tisidE olFzlx] UEH 277 AY glou, olutx o 1
A AFolu AF FFIE o183 vstd AFEHo] 3 2 FUE B 4 gL R
L2 ot

a]= 53| (Anonymous, 1987)ol% FA13F A/ A E&WHo] “H(F)7MLE, YR
2 9 {58 YUNAEL 2L /54 HES 2AEY 1% AT Az st A

T BEY £ de il € FH"eks AEoR FAiEo] gt} o] EFojA] sty
22 ujl IFxAL tH?H A dFE viet vlesich oyt 53E 2" A
24 45CHE ¢ 55T 5ol A7 HAE /BIEE 24313 9o, yo)

TE8 MEZ AL HIFSE(60~70T)olM A7 HAHE HAFoTA Algo|
P RZIEARE Yl §871%E WY o d3AZ 4 gk ¥k ol 2R
o g7l AT LEANE PSP HAEE U TeHOT UFY 4
R, AAols TR E A 7FeUE Yushe Heolth
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2. A% x}71# HA(0Oscillating Magnetic Field Pulses)

SetAEoL fefe] ZZE AEE AT AVRLE Asle Adsts Wy
ol |53 (Maxwell Lab., 1985)% J7R¥ v} gich AF z71¥e] oUz| g Fildt
Selloll A ol ztge] Wl o8] BE ExHHF)e AVIRP (HREE) T2
EFUE o B2 ol 23 #FxHmagnetic dipote)d] 427t o &3 olUx|7}
2l AdEo] FRAYHFAR/E)S A 4 Uria o} o= DNAL thiA
Zol nAESY oE B3 2AE sl uAEL YolAU HolE AAI|H(LM
BiE)S T8 e 4 oS Ao A4

BEAL 7IE EFo] A UoA Foldt WhgE Heltls AL L AR
ZEA g oA o, 53] Kinball(1937)o] &3l zp7jzo] n]BEL Ko
P nAcke AE A7t U2 olF THHA SR ATt o]FoR TVt HIT &
thA] #AE& ZEA "ot Genkov(1974)= 2AH718 A|7lof] whe} Trichomonas vaginalis
o] B&ol JAEHIE 3t %"‘_‘5]7].5 s 23S Bk EF Chizhov F(1975)
o] Hioljx= AFA7IZ0] E coli®] Aol A% E}E HPon, ol o]&3}
of SR(H%KHE) Aol =pr|%e] ALgo] H3sirial A Asteich. Goodman F(1976)2
Z}7|Ato| Physarum polycephalum®] mitosis®} cytoplasmic streamingoel X| & 3(GERE
PR)E nlHThe S HAPRORA 271F o] njdEY Bl ANAA(HEBR)
7t Qi Hustgdeh olgj¥ & RuE F RA njdIe nlAe 713
Bk AR AIRY A= wel debd 4 glen, ffo] 1PY UdRFY A
Hrhe AF 271 BAE 7pE3 2p7)ge] ndEe] ASA3e o ARHUeS & +
olrh Hit #(1989)2 13 27| g3 AF A71Be] & iy Z3E Z7] A
2 Az 3% A7 ZelM s AFEI AL A b AF 2T el AddE
A7} WA HoT BIsEch AF A7l T LI Meore S(1979)5 5
g+=t), function generatorZ o|&3}ls AJ|F o8 =z}7|Ae] Fyl4E RATOTA
21718 Z=t Futert njdEe] ¥ nAcks ALE WU

Maxwell Lab, A}e] E#(1987) W&o ul2™ % x}7]3-2 wbH 7] (generator)
E25E FIIE FFLol FH71Y B 3 Y Yol miEoAled, Yo
2}7]3e] 7T 5~50 Tesla(l Tesla= 10° gauss) Alojoj A &7} o o] BxEe]

=
L
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AN BEE He-WZ 3UE ol fslolyt =Yy 4 gltiu it m§ R
5-500 kilz 89ld wl mAgEe AFol 13 EH Hew RIPesN 2y
FAHES] oA 3 gausse] 1 VIR F2 1 Hz o]3le] W Fui4E Alg3}
of AEAd Az ciz"ch 29 A AP opavlxlg AU AATe 25
psecol A 107 sec7lz 2 mj¢ oo, olo] WE Lyt da] A EAY t 3}
th ol E FFVI&o] AARE AEY Edo] UL FA| glowy udEL FF
L2 AAY 4 AL otF nix|folxyt o] wl=R, 2R Streptococcus
thermophilus, @72 E8} QA FA 8] Saccharomyces @ WI7HF HF2 o] o
Ql EA} 5] 7.5-40 Tesla, 6-416 kHzo] BAZ 1-103] X 2|5l 2-3 logtnE 7t4A
stdx, Zzhel charBol o] WEAARYC]l Mot hz 7 BY ol TRY
+ glalthn Rk weld olBe 2ol AskE AIRe AWY FEsh FHaE 2
AP AFolut autel]l §=of oo AFuhHoR g UL At Qo
et o7l FAH QD FA 7|22 dFA oA gtom SoiHolof &t A5
23HE AET] 93] Okuno F(1991)0] ¥ P27 HolFFU E colig ©]&3}%
Agstgd ey B vt dajs dA] Betda, ©x] 2p7)e] MERe] 1z B
ol BEE nAAY HEY Lo TR ME B AX WP FEEEE(K
SEGE)E H3RP o2 AS ANAIE o7|Y Zolaks 7Pl AAIg ek

3. ZEy}(Microwave Effects)

295} 0B Aol TRl Bk Aol Walzl oleE ole] SlEHe 7]
ol Tal B 3ol YTk YUY YNES A APE AL Ve A of
) w3t Qokz FRUCh U 1947 ool ASLE T FILE 2}
3te] 38 A¥S WY Hertzo} d’Arsonval & EH3ZF cfREL] rEL 133} A}
o] E3:7} ws] d ubado] 213 Aoletn WoIrhDecareau, 1985). 1920dth 24t
olF ol HobE Wyl 9lsl TIYY ZW FujrolN 4ue AT SuEE,
1944104 19854 Atolof UEH AP Fdo] w2 o2 A=y} njREL A4F
sl shdol o3t 2es HAERNT QIth(Decareau, 1985). B3] Hstd Zfe)
(3:}

4 AR
EAE 43T APe] ol Ao YA AEHA 4 £= UL, F2 A 2
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Aol HAX] ¢lo} 7t n7tE Y] HHEI FFo] APA HIE Urh ¥ 4
e Zctule] vj7td G ZsiA 23 9en, I A3 oM AEo xth
& A2tz A =3l 5FHE 7= stgchGray, 1968). Le{L} olA7iA|= H]
7td 2}l mart AEARdel A o]&E 1 A 2 Aoz dyA glrh
thE-E2] FHAA RN WEHE A3 22 AFu AR AL AE AZY @
NEZAL(HEER)SIY BEYY H3E U 4 AUk 27 (XW) A=R
DNAS} RNAS] 7)%-& wWalisin, £4 A3 dAx™ 5F At A2¥E& A3t
, AZBA 2ol W4l FExtol] dFF(EEE)E nAAY MRy FAA Js
AL 5 gl o] w3 FTHStevens, 1989). 1L} o33t G EX| AF
of TalAE 23AL FAo] ME It yHo] o]EY I I} AAZE = o]
g slelE, o]5g S8 AT REYWOTN ¥R ojdo] drh. EF o
Eo 3z ¥ AMREHI g Xuive] Fypgrc) 10U W FukgolA A
gtk Aol FE3jof shn, 2 I FuME olF EHI Ad&A], Sltt dHeEtE
7tz el o3l 71 AR AR g AHTL
A} APRE(ERE)S FAZdME BE MEo] iyt XALEHEIEH
H)7H Q& 4 AR, 2FTeA = olF vstd Bt ExiEA] gAY Lo u}
2 XALE ol o3 #A3] U=Hcin odFA o] AXHog I AUt IFHE
g, Bi7ld EAREHOENE &R} qich gt APHoz dE JISIHA 2
IE o] BE AE REWPHOE JisAo] s, ol xuiute] MY sdS
Aol 713t RO T oAHT). Olsen(1969)8] FAtoll &JSPH Fusarium EA}7F FHH
ARt $AF 0% JdEm, Mo oyt Zxizte] MA sido] o3 AU 7t
d 2xHTl o7t We R0l A EFY ndES AEYH 4 qdcia ) TA Y
st @ BEPSol 2T WAgt W2e AUE ALY A LE Z7hs AT o
AshAA vhE&T e HASHA AL 4 ke EiE UTHBoon & Kok, 1987).

oorle £

ftjo

4. A3 A=}7}<4 7] (Linear Induction Electron Accelerator)

AlEol i A Azle A2 EEIIESO] ofUrh AE AHEL AFo oyt

ol 23} WAt Fabe ofn 403 AREH dA U= AT, 19819 o|F FAO/WHO
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of &3} 50F ojite] AFel 1. Apgo] <FE Lt HZ Sol o]e3l wApMe] Ay
A FALHER) 2N AHEEE HPYRE A=7I&G7)(LIEA) 7 Q"o ulel uha}
%4 ¥F(radionuclides, Co-603} Cs-137)2] o]-&z} H|AY $ule B AL IEa}H
Hoth WA WF (M) nbIIA 2 LIEALE o] 23} WA, & o] U EHAGE
%) AU 22HE BHE £ Y3, AEH AE AE Yol 3hasE §55le uia)
A& HAAUTL o] & ol 3] WU nAEL EE Hujy nAEE AlFaZ
T ATh WA YF Co-602 Co-598F F4=le] $Eo] o3 WAE D, Cs-137C ¢
A4 W3 71e] AEAl AEE BHosM YW, EAE o= (Co-60L 1.17MeVe}
1.33MeV, Cs-1372 0.67MeV)2] y A& &3t} olof uls) LIEA: k4% Ax}
ol FE4 AVYY FEINET ZFEFHo] Sy WM o]23} WAPHES wg
713, o] FUL AxPUG FHAA PHLT A KTF)oUA] 2HEHL Zt= X-A
£ 2 YHETHLagunas-Solar, 1984). LIEA: 71 x}Al7} T} A73 24z Wi
Azte] &¥o] F3ln 2EE A=Y £ glon, Wapdo] o oAt Waslx| 4L mj
LS ALY 4 9lo] Al o] §Ha QU= AE JAR ] £4A E2E 2 g},
ofefl Nsh WAbY YFU(HMER)S F43Q Walde gty 2AYgate} B4 RI3}
71 #1818 32N E AMES UWRE 3t} tlSo] Y AE AR} AA
AP Zae] AAAQ HE2, AP og MAH WalMe) ware z2EY £ 9
= 718 7] O ZF 271§ £8% 5 At AR sty e, & QA
83t thgdol o3l o ol3A Aojr},

LIEAE °| 8% Z¢ HF 4o uxe Yrhd 221 2430 9astE 29
T & Zolth. dlE Eof, WAl oux] AMEHS oA Ro2A 3 ofux],
A F3 wabde] AAEID 0|2 Qs TAY AEof glo] walMate] B (R
& 493 §lY 4 Atk TLo] LIFAL Co-600% 75t Zmc B wju} w
gl Hel&=g 71g £ ol Ao v, 3T WA Aes} fssines
A, FFHQ kg7 (radical) HE7} B& 271813, ¥HE7] Ajol2] xjARe] a5

3

Aok EF ol AF FHo oiat dabde] daze B g oz MzEE W
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5. 738 I Y A(Intense Light Pulses)

IZE(ERE), B8 FFFEd) oat, d45d, FHS 2¥EH 5o 54
o] &3] A Fe el W EAx|, £y AN, 1A, 7A F njA
uhio] X E gicH(Maxwell Lab,, 1988). olof AMEE= ¥ HA
10°~10"2 7122l A &7) (#8102} 0.01~50 J/en’d] o Uix] WEE ztom, 3}
A2 AHME-L 170~2600 nm Atojojrt. A AL cirol uwiet F WA Uzt &
HEY X9 oz WErt P ed, FH(EHE) =3 2= 37, B ¢ 93
2 fAE Ay ¢ AYd(W)e] B F HA, F HLT F oy 30%7}
300 nm o]3}e] AL ke HAE AERIc olE W-F HAE JIOEH) U X3
(KAL) 712 B3 n|BE vlolg A8 AFIHI] wlEel T4 AA oz
AEE 0.01~15 J/co’ HMUZ vha W2 Hojrh, AHEY Abe] o 3] AF &
Fou} o7t ol wle W F2& AHAst=dl, o Z-F 3 oluz|e] tiif&o] 7}
Az Fod AHMERS mpae] gleng 7y F W2l nYgE} uol Lo
i3t AgEs £2 P o3t Zolth. thA] wWajA el mIzE Edolut AF 9
AL, AT F HAE FHLIe AL wed] U2 4 HoluAE EF EHo| A
oA Q2 FUS S 12T Jigsle EW u|dE, E4 Y HlolEAE M)
£ & Yulzict. o] A AFY UYFLEE It F718HA] 2 A2 Abtol
ol R, Wol WA NE} BANE AFU BYOE ZY ¥ WAE olg3}
£ e AT = TS AUF sldadel BAHY Rolth tgel B ojyxle] 2YE
¥ EEL ngE EL uola URe] Zasks 2@ AF(photothernal
chromophores)o|Ll EHo| ] Fd Fig Irisie s o ch
3 F2 A3AE A Foly XAz FEHo| AMEE X oed], FEH3] g4
MAE AMESIE Ao} ol M Edo] Az og FaH Mivt F & FoAq 1
Aof 3HE = oux] FEo] A L= F Ftc) ol XA Y njAES Y
Aoz AFdl=dx H L3 B 4 otk dgut3 o= xenono|l} krypton}t T E¥
HOFEE) 7128 e A5oeR AU A47], g § S8 ZES 2E )
M4 % HAE 92 £ o, o]E o|8Y RIXHY AAHL XA folx &

T, 8, ok, A, R, 1F SAEY B AF2 € 3IA dxER] =

fr o o
ftjo

L

L1
e
o o
o,
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T84 A dig Aol o & shsdict
6. o]4t3lgtA A g|(Carbon Dioxide Treatments)

ojitERtAE AT AL AR Hujsly] 4L AEY $EJNS o
ZAFled T2t 9d&o] YZHAdrHDaniels &, 1985; Jones & Greenfield, 1982).
Daniels F(1985)2 C0:2| 2-go] u]YE chrlol LR ArAE A T2 YH iy
3he Zolzta dWstgdoyt oZlo] AR A 242 ohetz ALl €0, FojA
o] HAE Gl BY TR w=E ool o) wiRY pHrt Zash=dl, 713
JEfe] Co7t BEZA] JlsiA F-¢ WA o] Aol &3Y the il (EE) S
BElS] Wto® F4ER, o2 Qs MEL 22 jRe] pHrl Wolxlk Ho g o]
Hrh(Daniels &, 1985: Haas 5, 1989). C0,¢] &7 7l% E3] A FA A|A=o
that ciAHRE) AEdE = e dBUAAR 2Lt oleke wa IHE 00
A2 d§ AFEXLL] wolrl £3" 4% gt g (Enfors & Molin, 1987).

7. 7|E€4t A 7}(Chitosan)

7| &4t deacetylated chitin)2 HF4d, B3] AFAHL zt1 UrhAllan &
Hadwiger, 1979: Allan 5, 1984: Hirano & Nagao, 1989). Ralston 5(1964)2] 7 X
ol shd FIEANZ ¥ ERo| o3 LAEE APl s, 584 {fE=AQ
N-carboxymethychitosan &JA] 3t=z’d(algistatic, algicidal)® Uepdciz 3Jic}h
(Cuero & Lillehoj, 1990). mlAdEo] tizl s|E4te] 2h8 7|2t T QA7 Zof QU
dl(Sundershan 5, 1991), Z]EAF 1A t}r} oFo](polycationic) E4 uo] A
oo oE Y AL ujl Aoz &3 Yt ol Eo] E coliv]e) ST -
B f4Q B-galactosidase F|EAF N F MEute E0T Qs MTEE &
EHol WA} ol& BI% OS2 Sundershan 5(1991)2 MEH o] Fa}igol 9z J|E
Ao =7 GAZL o]3Y w Pol& AEA} nHE MELE Sz nAE
A2 E-A] Qg uActa Agstarl. 3 Hadwiger $(1986) 7] EAto)
o3 AF2 RNA F3bdol At Rustgct B4R metA 19t FAE
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o 22 w7t MEEESUI YURLEA 3 I o A- 4 rH(Papineau F,
1991: Popper & Knorr, 1990). @A AME-E 3 &= FAA(HEH)G FIFAZAMY 7]
EAl 85 ox] A o8 3R o] I (Boguslawski 5, 1990), AlEAoA &=}

2ol

4 F7AA Mg AL Yol 712E ZFEE Yrh(Hadwiger &, 1986).

2 ¥4 EZA phytoalexins& FEZ 4 3lon, chitinased] BP& K=

.

8. 8344 HA(Antimicrobial Enzymes)

Scott(1988)= ¥/d AAE I Jlsdd w2t @ %7]?‘“”]*‘] HAEA S A7 s
T2, @ f71A0 el SHEAE AT 4 9 T, @ AEY H4ES 37
slo] AEE BeFos mysAY AT YL HEAIE TL, @ TIE HL
& BEAIIE B4 B U] 223 EFstAch AAFHAZA  glucose
oxidase-catalase A]AEIE DT tiEAe o & 4 glon, H0,E WAAIE=
oxidases, ﬁ}ﬁi}%%xg»\gs}% oxidase®} #& o]F o] 28L35}= lactoperoxidase, F
2 myeloperoxidase:= @0l siwEct AFHQU HI[HEAZA lysozyme, chitinase
2 glucanasests QT &3h=ul, olEol tidt AFE 43| AXgo] g& Holth
Lysozyme2 FE Gram' n|BEo] tf3s] 2I-23}o(Hughey 5, 1989: Popper & Knorr,
1990), chitinase$} glucanases+= tf7] ol 22 ME2E ZFAFItHMauch &,

r‘ll‘

1980: Teichgriger %5, 1991). BL2.® proteasesl} sulfhydryl oxidases: “killer
enzyme” E& “anti-enzyme enzymes’ S 2i @DTEE UFIlE= Jieln A QUrt

{Scott, 1988).
9. BE =3 xA¥l(Biological Control Systems)

AEAY FF AL o iz 2EFA 2l o3 REHER Ao
228 ghEo|uf Z7to] HrH(DiCosmo & Misawa, 1985), Tloksh EHe

A& (RA) AEAIA phytoalexinso] WAE S HA FAFAHZA Awds] Awalgl
S 1}(Mansfield, 1986), ool th¥t A2 FAHo] FREEARA 2 A& ¢ HFH
9ltH(Schlatter & Liithy, 1986). CTHE o]x}d tiAl2AE 3F¥Ao| e Zez

e

g3t YFEZ

o
=]
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sz, AU L AR oo EIEAY 5o ojo] TYHTHEvans 5, 1986 Cutler
5, 1986). & Eof, Jensen(1989)2 Venus T}z]Zo]E & Eo|a 98TE dA a3}
Fol= 4B +& ¥ol RAEHE FZHLS Ttk ¥ oetee AT B
ZAZAN ZEY AYEAS dof NUHTH BE (Splitistoesser T, 1986), UE
o B3t 2 Al bacteriocins O] WA (REH) nAE AT A}
Hio] wolx] glth(Klaenhammer, 1988). Nisin?] Z<S x]= AT o Eadt=

botulism X2} B8 A5t A7t AAE YrHMorris, 1989).

2

10. 71A17}1¢} A 2] (Gas Pressure Treatment)

71M ZtgdA s nAES A 7Y olde] deez Jigtsle Zal vl 7))
g E3MA F iyITA] ZAUshe o g JIgkAl ME o] £ Nt 7Y
Aol F4538] HE 9R¥E WEEOEA HEY JEH &AL Jusid Alg IS
B + NUTHNakamura et al., 1994). o] Y2 1950t 2 Fraser(1951)e] 2]3f A
T AEH" ZOZ Frasert 71t wiAZ N, N0, Ar, CO,& ARZ3lgiid], 37ColA
500 psi®] COE HE3IAS wf chgado)l of 95~99% 7}k APHE S wAsigch
F ool Jle2 g3t Ay URE A3 AHEA nAE ME o] Zxste &
22 DNA S g BAO R 34y 4 9= WHos PAEF O} Fraser,
1951: Foster et al., 1962: Castor and Hong, 1991: Lin et al., 1991, 1992a), Ald
of &% A7 Atele Itk WA 42 Holyrl o5 AE Fyhs] Bd A% 7]
A Sl wis] 37t &2 CoLt NO7t 718 EpAo]3, 30~40T2 Hz) Lxof
ME FE2T A A7t Jhedin], Az AelEct 58 AelY Ao AR uw
- B2 ez WA olet e MEY BF ELFA Ifals B
A Blolul mBEY AF FHelAM oY, 25, FE A7, udEe £E3 5 7
A 7ot 2EAAY dBE AEY dF A Ba” RS way otk 2%
e WA dstont Falold 9 719 MY 0,8 AHESI m A Eo] Tyt 4

T BIE HAstolct
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7}, "] 3E HE ¥

714 71t 2 & 2 HEE A A XY Fraser(1951)8] &F olF 3¢t 7]
A2l olgL d A AL 4T JAEA v|YE AZE Hsie] HEvho
EAsHs TaLl DNA ol B 884 E FAFOoR 4y £ Qe Yo
Ego] Ut} 2 o2, Foster 5(1962)2 ' 7¢t AAE A st A2
miol AH&3slgch N 7|AE ol-&3ste] 1740 psiZ 75® T JIUR v «dFHeR
Zub 7RIS wf YRl AT mix] M2 &7 A3}, Serratia marcescenst
31~59%, Brucella abortus®} Staphylococcus aureus= 10~25% 7}3k2] A7} 3%
L AS o 4 9lgr}. 3 Castor?} Hong(1991)2 Saccharomyces cerevisiae®} E.
coli, B. subtiliso th3l Nz, N0, CiHi, CO; 7| E 40T, 95~354 atm ‘HslollA 21~
122270 A3t F Axd oAzt dabg Fgste] FA mAEE FHAY v} 9l
T} =¥ Lin £(1991, 1992a)% EE&2Q FA T O R XM S cerevisiaed] thsl
x4 co. 2 ALy}, 25, 35 55T EolA ¢t (1000, 3000, 5000 psi) CO:
2 7l o) 2% 2o HAYe] 5000 psiolA 542, 1000 psiolAE 1543 o]
Uoll 22l AXE mi2i7} Hol +30 2estgdoen Y43os TR o= AHA
ot u® ZA o] &8} alcohol dehydrogenase?} invertase 9
B4E &3 £ A3, 1 0 Al Folz A2 whide] J5dE IR FA]
st glgdrh. AMe LEEE 35T olsloNe 227t ¥&4F FA 3 &=71 F7}
3wt chAe] J)sdoly ol3 AA &ztele E HEUt fldch 2y 35T o]
ol s L5 F7tol] whel B4 o] A o] 55T &S] BRI
Tute]] @Y, 2= 5o J¥¢E= HEE 3¢ 0 A F I WS UEYE 7
S AZelA 71A & - @2t WiEoR ndE MR HALEE U [P £
i gk,

ol gt 1Al Jtgt @ &3z 7 Hzlo] T uAE ME ut3 J)Zpe] H3A A
F 2700 &3 ZtAl Z1A] zte] o3 n|dE AXEIt FelFA uH a3E UE
Rog Nzslgrt. &, YA ulBE AZuo] €2t JIATE F&43] UFHLEA A
 elofl izt Q713 o] YYAIL ol ME Hold FS MEI VN AHS
Ac)x] Eslo] m®cla X okth(Nakamura et al., 1994). 2L} oo cjgt wi&E
(Kamihira et al., 1987: Haas et al., 1989: Lin et al., 1992, 1993, 1994:

ol

o

l
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Isenschmid et al., 1995: Ballestra et al,, 1996; Hong and Pyun, 1999: Hong et
al., 1997, 1999)o] Hz| ¢lo} 71A| 7hQt - &3t Zheke] ME ma)r|ate WgstA
B3Rl ®3ta ole Aotk HZ Eol Nakamura 5(1994)& €0, 74Q} - &7+ Zbet
A2 A &R .HIE:E— FARAANZ o2 HAsl A2 M2 EaAQ
BT dolkteA] o5 g u} glrl. tge] 0, s1et - &3 Zatel] 23t AE
n}7)7) 2] Felel Fdo] WE A YA MEZHEe Y3 IA U&= A
HA A BEE 93k 7MY F23 AT " Foleln Azsln O wNsEE
olEHoz Aitsix TR W4 st} sl AEsIATL 71t - 47 B H
gl AFe AR N=E E°J_:% FARAIEN F o2 BT A ANe Mo IR NE:
ERT27} vlay vine dbe), Ha) ¥ MTE ole} Wil ME ¥do] o
el ‘FE A ‘el A2 e HAY 4 At oY’k Wiy} A wAsAE
A= 2BA den olg 3 et FIetn TAY 4 gloy) Holx gx zwm
MZE7E €0z 7het - &2t 2ok Helol o3l Eezos magE A gom 2gsigc
E3 Stahl F(1985)0] BRI 2zt upsix 2 @ 7N A4 F AL}
S7hol wat ul g Ee] HFFIt AstHoRA 7oAl @3 JAle] ey iz &
of &3 ZA7F H4FE Mo 2SS RedFgr)

. o AE A

717 7t B &2 A Azlol 9 nAE AE vl BAolA WEre w}
#H ulBE A AF FHA JA(FE C0;) YA A ZAJAE Weste] A
T BNE AEY A7 AAEC] e BaFT drl. AE AFE BEYoz o, 7}
& AP Kamihira 5(1987)2 2UA Aeje] 07t n]PE ArFo) T} og A}
€ 4+ 332 YSstgct. o|Eo] wlEW Bacillus XS A% Saccharomyces
cerevisiae, E. coli, Staphylococcus aureus, Aspergillus niger S-& T83er 70~
90% o w 200 atm, 35T ZUA Cooll &3} FFS vlE 10°~1077x] A F}s5}
ATt gk JEu 5Y RAGME $EUF 2~10%Q) AR FA= AFEo] A
A glol i njAES sEgto] ulel co, 7ie B A tiEA Uehdoh
ol +EUF WE AF FE Aol A whyA Ewlof tjs] 2UA co, A
el& W Taniguchi 5(1987)o) &JsiAd= X u® wl glch 2y Qub ugE47) o
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9] g% 7.5%X10°Q) X thwd Euhg 200 atm, 35T XUA COE 242 A PS
T SEgler 6 8xe] Eure AFaol Hlsh glolont, 16.5%9f 30. 7% BLe HE
4E3tado| 7.8~8.9%% ZASIAAN AFS vRE 27 5.2x107, 4.9x10°28 7
Astoirt. I BRAZA okt 2ARE AU B¢ ollehE(1.9~4.5%) A2
Qggo] GGt A mE(0.41%) 02T Hs Eeldrt. AHHLE 0, 7
Aels gofl Rt B4 ¢hug Ao i JIX 7t gria stk
Co, 7HAl 2%, pH, £EE, At 5o 2EAAL nE Il nAlE
AL AAYCR ZEZ Haas 5(1989)0] wiEW 1, 25 F71 % A4 pH 22
ol Alg EUt o &AL £ERYOl W&4E wdrin ¥t Fi Azt
Qg FFHol wel ZA 2LEHE, ¥ nBES MRAIRE M E R
3qe W= ZAog yeluth WIHE, XX, Q3x] F&, Al F&, @I, 4w
Aol thsf Co, 7S BT Az}, AHeA o] wel o= A= 2
AE A 4 Aoyt A8 AEA A7 E4o] WAt Pt EF
319 COofl &% FAl wigde pH ZAE FFstA 0. 7Iet Azl d9F
28T BIFFE vITLEA AF 3yt AH = pH ZaofTt JASH] e
The AMLE 98 Uddth. olE ul’o g 0, 7iAe|e] A7 Zol chs] AZu) pH
Zrae} oo wE 0 AF F77F ulAEY ciAAd ABHA &3& d3Ul wWE
ola}s Ajgtsldom, MXute] njx& 02 FBE )¢ Fesicia FAsHACH
KiihneZ} Knorr(1990)= 2143t Aaja] &7]¢ UFAE 40T} 60TAA 6.9,
31.4, 62.8 MPa®] C0; 4P o2 30~6027t A2lste] Y3t €08l EH3 & utE
AF wxE pasidot. Ay A3 Aeed Easts FFSoldE o 10' CFU/gd
ZFES HAY 4 o, AF Eatl oisjds A Z3s} glgch 2 oy
Qte] 100% CO,2 6027t A=A e[t th& 40C, 62.8 MPa2] XA o =T 30&7F CO; 714

w

o Jb o2 o
-{Nl
ofnt
(o]
g
o
e
Z',

2o,
i
rlo

ko)
==}

e uw VrH Ex}r} 50% 2oz 7rAstert dc 3 Arreola 5(1991)& Al
A3 = o] FAo] th3] 2UA €0, AEE P ol I/ nPESFL] WIS
Abm R oftt, 2%(35, 45, 60T)et ¢4¥(8.3, 20.7, 33.1 MPa) A& de3toq 71t
Aajg Az}, AHg oty 33 MPaolA ZH 2= D 2 28, 22.6, 12.7H2E 4z}
257} 271445 D o] Ao Zb oMo Z g2 180T, 167C, 72TE
o] F71845F 7 ol AT ol g ZUA €O, Aelo 23 23] F22
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2 e B2 49 o X}iﬂﬂ HAA F20] 7isiAE ATy, Jlgka] gAHQ
pH #3171 Biixes 1—}%*“71 wfZolet Aeksigct

_ 00, o] 3}o] By MFe] Hdd nRELS 2™staal ¥ Wei £(1991)
< Fol "EE Listeria monocytogenes7} 35C, 61.2 atm COoz0fl &J3)l 24] 7Hato)

I AEstgd oLt co ot de] BY 272 N2 N B¢ AlF ZYE dg 4+
ULt Rt 3 35T, 136.1 atn CO.E 247 7}t88e w] Salmonella7}
AZH ASO 95%), IO 100%)3} Listeriazt FEH AMSL(> 99%), 23] 2A(
99%), (> 99.4%) 5& AT MIFY 4 gt I Salmonella’t HEH
AdolMd= AL &3} glgdon Listeriazt JEY A 038 F471 29 sk =
7bshe A3HE Urehio] 3HY A4S & 4 glou} UE, Jwle] BBz A A
ol iyt A E27t AASA =k 2L uks o)

HZ 2UA 9 EUA 2= WA 0.8 7195t nAE AFS @73 Lin
(1992, 1993, 1994)2 319} COofl J3f MEL} MEuto T RE YREYo] 22Fo]
Ao ez ARl A B2 &io] spjEoe AENE wHsA s
HAES AEAZD 4 gon, ok J1Ee) AZWYI AYHOE tlEtin 2asiy
th 35T A Leuconostoc dextranicumo) thsl] €O, &+ 1000, 3000 psiZ Z}7] 20,
152 A9 23} 4 10%) 713 FA7} Abgstga 59 g 24 27
Ae tha Z37h DojA vl 29 Ald FTIE A7) ¢ o 40, 35Ho] A07%
et EFFoT FAQ 4R Hl*gg AZUYZ FFe ool 23] 2}9Es=

d, S $E2 07t AXEo] FAEAE of gL AWoL} JE} M A
=& FE3t] APAL TAE Uehdria stgct. ol Sdol 4R W &
T AeE Iy 0 HUASTE FIMIIR MEHY o|¢g ofr|sle FAHFo=
AEU Co; FE FUske UL ¥ 4+ ot =3 sidNe 2 AT 23
7tee] NHg 222 AZY F2EYS AR AYAIE dUS Yoo AF T}
S SUiAZCI el ool 0, 7t MeE njAE el AMEE ATeje
WA s=rh wlad WA Ueht 0, HE Folm MR Wydo] mAFA| ke
2oz FAsigth. 3 BUA FQ L monocytogenesol ths| 35ColA 70.3, 210.9
kg/en'® CO; 7148l wl 2tz 3083 142ulo) 10°~10°9) Abd E}E Ty < 9
ATH1994). 319} Coofl AT HFS A8 &, L=, AL AP, pH, $EUYF Zeo

¥

il
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Z2AAA} oj nFE Az AedAd meiMe YT VL LE 5 9
th dutog S MEECL u|g AR, FHrhs ALolA ujgd HEIL 0, A
doll of s G4 ARECH AL " o B AYPL Zech =2 gy
2] Aol wiz MEHzt MEte] E4o] wetd 4 glom, 53] AYdEL n4E
o AP PN F23 dUS Tk &, AYUPo] tlE FRHE WMIAE A}
€38} L. monocytogenes?] A EIE AWML Az AWEo] WE&TF €0, Aol
tigt FAL Hagdo] Fastddel, ol vixlel ¥RHH Aol MEHG AxY
o] Fzo] AeFA F¥E nX AL thFA Bdol EelAd 4¥E nA AE UF
29 C0, BFE A3 g F55HArh

ZUA 08 AP EehE EAR T FEFRAT, A JR)E - &3 AU A
o] flElg olgsle] dofl AU £xo ANEL AFYEL WYUSHLA} Nakamura F
(1994) 313} €08l <7t 2dA] thddt 2AHSTIL S, cerevisiaed] vl VS
AEsIAr). 58 Aele] W R MXEE 40TColA 40 atm?] COE 3A|ZF o]At 7hd’t
F 23] 2T B¢ FA A AtEsig o $d RN Az I A
237t o9 dgton, tgo] Eo thd f=rt W2 N 71 1A AHESE
ol s ZI7L gladch oY ARE vl o R C0p 7It - & ddel ¥ n)
BE2 Ade Az EHY o F2 JIA F - S A A2 Sl 7
gtttz =etsigirt AR wigdoz e {EEAS Hstas XUA o, &9
o]-& 7l54 S A% Isenschmid 5(1995)2 Z7] thE 3 o AR 5o tis) &
=(8~43T)et ¢4 (0~100 71¢h)& ©elsted 9t €02 Ha EAE AESIGcH &
2o g FxE 259 HAEU &8 C0; v=o o 2A9EHE, FFol meld=E 2}
o]7} Qlel Kluyveromyces fragilis, S. cerevisiae, Candida utilis®] &Xq2 1%
Cozofl gt A3 dS Yehlgith ol&2 FAje] Aol AR &l mti¥che
2 1n}2] (anaesthesis) &zo] 7lA ¥t FAslgch &, £& 0, 529 =7}
Eold4E oA E¢o o FYuiy 9 MExut P4 AW Aay T3E A
3] MEute] f5dol FUIEIAL obgd Fago] FUlsle MEY 7554 WYY
F8 F9lo mito] fud Holetal Adztsiolch

Ishikawa 5(1995)2 XA C0,& ulA 7|22 FYU3t] L. brevist S.
cerevisiae?] @ BHE Atwl B ZAzl, 1A 9 AA| el COof w3 WA o &E
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Foleli BIstgict. & 35C, 25 MPad] T ZACA AN O 107 42 A
F ZHE Urigoy, nja 7 o 10°~1079] Ar¢ &S Uehjo] dAxg
Ztol7} FEH ATt o2 Azkes €0, 7MYt Al A 7|Z PEjE 2UNL o &
< 00 TE7 9 wolA7] qfELR, Fito] Flsiale AlA®o)M: nlA 7] atb
T ZAE 7St & Aoz o™l wlad e be(1.2, 2.5, 5 MPa) w9
oA E. coliof th¥t Co; 71t Al FHE #Ig Ballestra 5(1996)2 o] de] a7
A2HLin et al., 1992, 1993, 1994)olM 2} nfa7l2 HF&Ert 2719 Putgh th
At F712 FAY 29AE FHHES Flslgon, 250} 4] Zrlol wjap AR
37t 95 @AsAE AME A3t dFslgnt. =Y 2 due 23
A% 00, A2 dF chEFY MEHo| Wyo] ol AL wAsIPg oL, o]yt
AX 2P e] AT} nPE XA Z2he] AP WAL old Aow =AY}
SOl = C0; ZhbA Elofl oJ3b chRF HAQ Hd WS APIZM A|AHIS o] &3l &
A3 Az, SAAo] €714 ZH<UA naphtol- AS-BI phosphohydrolasel} acid
phosphataset= ¥4 WHEJ}l 2 vl SAHAFo] AlA4del alkaline phosphatasel} B
-galactosidase 52 ¢33 BRI ol Myl fao EUM HAy
< ALY 00z Azlof A m B E Ui pH A3t Z]Qickn BeiE N, A 4T
S AMIAZIE o o]F B FAL dosl: Ao Adrin )

QA E C0:E o3t WA L plantarun?] AF BHE MAHeR 7
E3 Hong 5(1997, 1999)0]] w2 ARG} MeA|2t Alololi= whule WA 7}
BYstH, ZhdAeA] dRBRZRA ulgty FA AEgo] WAA Yerlng £
71t $Ee] 2YA C0E AMEIA YdulelE YL 27 ool A A
BEE AP FEY n4dE AFo] st Fstdc). wlaly Az cha
=2 =AY 54 ety it 2 A HAYTHE Aoy} ejerEs
ol ol R Axo] w7t Aol 1Y €0, At wj¢ FH o AlRY £
ATHL Ftstglet. = 2 Co, Melol 3 nBE AT HSAI mugFEz
AT o1HE HARS A AFVAE Ayslsn WA ZAXEE upesiy

1=
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th Z1A 71 2E A=A}

o] BE A &l nXE 00 4, &5, AEF A, o, SREUF 5 2
z}e] of¥rof cis) ABRH, UubAog njAEe HEEL ¢ 2yl 2% Ak,
& A|7re] Zuto wlel F7A3] ZbAZIth L. monocytogenesE 35TCTo|A 70.3, 210.9
kg/en’?] o2 0 ZIYRE W 747) 258, 128ute] 10°~10° $F02 AMFEY
3, 45T, 70.3 kg/caol i 85 olujol AT Abd TS WY 4 QArLin
et al., 1994). ojgj¥t = Yol LE&4F €0, FFYo| VAEI 43 He o
oA 2=7t F7144F MEY e MERY o|¢3} CO; Faito] H2EY] wjEoR
331 cth W oy dFYEC] Nakamura 5(1994)2 40 atm] ®]23d A<} CO,
g o183t 10° £ AR HAEE A ¢As] AFY 4 vtz Rasigct o]
E ZUA el &, Y 7YY 31 0.8 AHE31A ddeElEs AL stdEe dglol
A EU o] EY Aol e Aalgich E3E AEF Azbz @AY sigAE F
Zo] uje Fesiria ¢8A 9o (Lin et al., 1992: Hong and
Pyun, 1999), axte] 23 €08 &3 W MEY FHito] FIHLEAN FHF A2ke &
A3HAl ©&EAL 4 glch iR FER Iutglol JIdd Ffole €0, Hilo]l
QYOS A A2 Bl weh A E3h Yokl 4 SirhHong et al., 1997).

Co; 713} AelA] pH7t WE&45 u|FEL x3tdo] 5ol Ad H3eE o ¥
AE Zlog uhsATE Haas 5(1989)0] whEr 7] FA|ao] 3x10° CFU/mlQl
Gluconobacter oxydansZ pH 2, 3, 4, 5 ZZAo|A 22T, 800 psie] C0, 2= SUBA 2
A Zb ot Jltete S Wz 0, 2.5%10', 2.7x10%, 2.7x10°22 Z+EEgc) oj&
pH 242 ndE A2ate] Fapgdo] Fr1ste MEY €0, 77 o §ol3fix|7] wf&
ojtt. YEE A dd HEo tiL VL nF 4 Qriz K E g ctHNakanura
et al., 1994). 5UZ ZANA line filterd] §Fo] wE AY AANE wjz3] 2
o filterg A7Ast C0; AUK{EE A WU 35 HARY BF4 vl&o] o A3t
Holon, mABo] slld o, Aol wtetd AUSEe FBE 2] TiEA Urlg
THStahl et al., 1985). i} chfFe] APAES ALz mpE MF #I}9
2lol & UABLR] B3t ULER olo] A= FF AUSA Fad £M4E slo}

g "Wert oty Ecl(Hong et al., 1997).
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Az tgEe FEERI AL T FFE dolN dAY st 2AST §
7 A &S 3A A3 F2 ZFAAITE olE So| $Eako] 65% o4kl
& g2 BFe WSS 0 7t Aol 28l 10 ~10"7kx] Zrashsy ke,
TEEFO] 5~15% ozt AZ FAEe FUIL A Hzslds AuHoz Ao
AEEA] QfgttHKamihira et al., 1987). ¥t 719t 7|24 0, thal Eof tjs) &
M7t W2 NeE ARG B HF A2 RAME ndEo] A AtdEx] ¢lo} 7}
& A2l Boll o3 &3l=t £ JIAE A1gsl= Zo] u] Zesiths Alio] ¢
ZE9cHVWei et al., 1991: Lin et al., 1992: Nakamura et al., 1994: Hong and
Pyun, 1999). A= ZIA 7igte] 23t n]RBE Aldole njYE Mo tiyt 7|9
T €I el Al U3 dF F238x o] glo} FIdA] FATE AEuye)
REEA] g3id Mot oloka miniEch 3hH 07t MEujol £3iRol uizl AAEHE
bicarbonatet= 4§ MEZ FRojE T A 4 Uri= ZFo] AHJ|F L}
(Daniels et al., 1985: Dixon and Kell, 1989). A|Xo| 7}8]= C0, d¢gol S &
2t bicarbonatet= YA O 2 carbonate® HFE L, ol MEL Ca, Mg S o]leg
BAXNA A2e} e Jlsolu} B4 ol AL 22N A My F
Boll APl &L 75t A og nyEe] AFg Sugicia = st Lin
et al., 1992). 2} u]EL] FFe Mej=o] ulel 29k Co0f 3t AF AT
= 3A el 4 QtH(Haas et al., 1989).

g 71A ZitA el o] At 7) %

3% Cop Aelol % nlAE AV AL olAtA EstA wsAA Qgront,
WA ATAAE WHOE The ol £BY 4 k. F, nUE AEE 02
shakstd b zaol wet thay o, Balrl AEuo] SaH2, ST 0= AE
W7 pHE ASHAIA pH Fuf (proton gradient)& FUALLZA nyEo] YEsh:
d ey 53 Fae BEE omdAY "4 gAREE dRAstes i, gEy
AAE EBAA A2ld FYE st P ARE njAE 2o oJsHrkLin
et al., 1992, 1993, 1994: Isenschmid et al., 1995: Ballestra et al. 1996; Hong
and Pyun, 1999; Hong et al., 1997, 1999). Az}FH o2 0, 7}l &8 AF F3k=
ndES S AR VA pH Asitez 4 HEY 5 gon, 2y €09
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Mmoo

AZ R 0o 9% BAZA Wil 4oAs tEoT BYs gt vH
AY 7HA] Aol g3 BARL FAS 42 HAE AT £ gloy o
AE chRo] 7lhA AMEEL ZE ohm, 2o YHAMI AFE BE A}
AEE Th BeldoE sty tha JodY 22T FAHIE Brh(Nakanura et
al., 1994). JeiUb oS8 ARIAE TAXEI H2 Sof BaH:L glout otz
A 2AHY 72 Ao $EQ YOI RE BT AL A7} o] FolHok k.

11. =319} A2} (High Hydrostatic Pressure Treatments)

239 A rled ) Y28 (ceramics), ZFAZ<SE W 23 (superalloys)
o] ko] o] gHo gtou}, ¢ 10dd ANE AxpHoz AEAGoME E§ 7}
58& B8 Hth EE 19471, 20A17]20l| o|n] Z31gte] o3t njPE A&zt
£ QI3 v} gigloik(Hite, 1899: Bridgman, 1914), AEAYolM Aoz Ag
A R 23 JHTIEdd U Ve AEE AR AL ofF Tl deojrth
2% upel Zho] 4000-9000 7] te] ZIgtollM Haet n|FES EFGSE AT A
Fule ALl YL WAl o, T go] AE Ao TRT A EL I
A A JHsgol glol FYUR AElE AES BEEY £ o, JtdAeet e 1Y
*I?—I%*Oﬂ’ it AlZE g&go] gl AIA oz A ARE ©WHAZL 4
(Zimmer‘mén and Bergman, 1993).

7t 3 FHolM Y 23¢t Aee

239 AeElz 4B 2xAN AE AAo] Fd3A w2 4¥E B 33
7]§§1-] 7182 # 02 isostatic pressing, quartz growing, chemical reactors,
simulator Sof &% 3 ¢l 7|&o|tHDeplace and Mertens, 1992). oJ& So] 43
A A (quartz crystal): sodium hydroxide7} &% 7 &7le]-golA 200 MPa,
420CE Helste] Qddrt dF HIEE2 AqRAoA HhgeEo] U FIhst=
o AU Zeolde] A 200 MPa, 350TColA AT I 23t A= 24t
BA(BIA Aal)olM AHEE e HuE HZStc simulatorZE AHEHTE A FAH o

A o]-& 7Hedt 2314k A2 isostatic pressing 7|EE2A A Fo i3] FriFo=
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SEON 52 S shshe Folt)

flo

1) 239 e

aokell AY 4 & B 7](pressure vessel)= FE 2 I L AteolA
ol &= glert, MEMUANE O & (e 400 MPa)ollA eF 100,000 2/de)
AHE F71E AW 4 e 1E 2 ¢4Y¥gssl 27HLh ol 1gte] WA E
AP H T2} ZcH(Deplace and Mertens, 1992).

O AF &F: AFol 2 saEY T BEOR 1o} vl (pressure mediun)S
A =3 3 ol 3 4¥e BAHAA) ojuf o] 2 AEL] HiHL Abr)
o2 Y2 UFHEZo| o3 FHch ol 2 %}4‘1‘%‘4!% o-¢- wEA 2hE
B84 + AR, M2aE 4¥E] UREH xlole] W (dynamic seal)ol T}
S W7 wEol &3R8 HYEolL} pilot plant AA=le|gt HE 7}3 trEe] Q)
c}.

@ d 45 k¥ F%71F(pressure intensifier)E AEste] Bast= 19
of e wizlA] UduiAE UHE 1¢47] YRS WolF whyom iRy
AHPA§- isostatic pressing A]ARlo] AMSEE Aot}

Q 4N 7td: =& Rold <euixe] H3)7l WAHE AE o]&sly
AE AAIRch wietd a9bat 32o] Al FHEEE Aot AR JpsEiy g
Y87 UHe 228 oi¢ 3YsiA =8y Wart grt

H o8 Aelel HUL FL2 JlY(isostatic pressing) AAHLS 45 &
of mlel AL, $&, 312802 JTEY 4 glrtHMertens and Deplace, 1993).

® A& 7}%}(cold isostatic pressing, CIP): <&, 29, Ed, Z Al A
AN F2 AREHE 4B/1EEA A& UPL 50-600 MPa FFolct, BU YRE §
d%8 BiH(elastomer mold)o] A& The 7Idster] HaA ute] A1gubdo] wlel
wet bag E+= dry bag WHE UPEIT] Vet bag UL At oA 2 ¥ oty
€71 Utol Y3 AYuiHE FUshet] W, dry bag 2hHE olgg7] e Hxt
ol =] 3l frAl(elastomer tool)oll ojsl tujajel EajHr). A3 A4
(cycle time)o]l Qlo] wet bag WHL B o] AQFE X9t dry bag WYL 20-6027}

ARt} ol2¥ ClPx AE APANE mi$ 583817 AL8" 4 Q&= slg&olr)
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@ %2 7}4}(varn isostatic pressing, WIP): CIPS} mla7lx|e] HHI1&2A
g2 Al 200Ce 22& ARESHE 7RfA] 3Ehitgo] dojuls FHo) F2 AlgH
1= 3 _

@ 2 7} (hot isostatic pressing, HIP): 24 U 2¢ TN F=2 AL
She WALE AATE FUSHA JHESHEAM FAlo] ¢S 713t olo] HLEE 2
ZE oF 2200T7HA], 71ebE el 100-400 MPao|il tufA|EA] argon, nitrogen,
helium, F7] 59 7IAE AM&3in] UE SAAZH cf7f 6-124|t e spAA oL},

f.¢Fokoll ALl 8] MU CIPE AFAGolN E431) ¢sies 2 7}
A Hho] ezt 4 sidufNe] Z-¢ CIP 3471 FAlg Yx|sly] ¢s) W
A A8 29& Boll Aol Agstn oy AFagdoMe 285 ALE3)
of ¥t} EZF ALE A4 W He[A o AN E 2 FEok= 100-300 MPa, =4 o
A 18 H9E FEAIRE AEAtdoldE 400 MPa oA}, 5-208-9] bzt AA S
Hag Jich,

2) 236 3l
e AHE PYstedl Qo] A4 adzt ¥ 4 A dAgTle A g
of FEstn gtk F8 AZMAZE YR nlzulx] FFYMitsubishi Heavy

Industry Ltd.), 1w} 37}(Kobe Steel Ltd.), U= A7} (Nippon Steel Ltd.)o] glo

=

m, 2ule] n|e] Engineered Pressure Systems, ABB Autoclave System Inc., ACB,
NKK Corp., Autoclave Engineers A}7} QITH(Cheftel, 1991). AlE7}Zol 2R2 A&
H z2n¢ ule oz EEd Azshdon, nznA FEdoAE U3
0.6-210 n’, Zrth A2YY 400-700 MPao] ol2E Zm3t AuE A=stz gt}
(Anonymous, 1992).

RZHAAE QEgA] M A8OT AT e 48 2AE Hads)
7] #13l olF Adcti(double cylinder)Z FT4E 4FL7|E MustdEed, 4L
Us 28 39 AEAR nje] st ol AFse FES 2HU
ZAZ Azstgch Ziekat zigte] wrEFIL o) wel o) gYol =k Ul
9027} £0%ch W &2 UYL 2WF L AL A 4L Uy
flo] @ 3tFol FAHE A& YulstEER FHojd Ut A EE xd A

il

lo,

>

€ L
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USBA 7L Desicl. &, APYEIE o A wHEsle] dn gdals 2 My
Aol FEEA] U3 AY $ 9lojof Fir}

W 3E A (batch systen) 21¢ Ao WAL 7igt @ zhel wpER7 o)
Haol A3l wd 4+ Atk &, YA ZEe B tnja $454ES
X710 dsts Ao U o|FHEEF Zoln U UY x<7]ZHholding
time)o] A|ct vhE AYPuiAzl 42b7] WEEE RS A3 93 AR g
Yojmal walo g ZAEHTHHori et al., 1992).
4 AL"eME AES 13 A £34 A2 st 9 AYsins gge
U ohE" atel o3 ciaky A|Eol & Hol 2¥H UL WAFl 4L Zd
T U2, 77 FHIL E AEE LEAIA 43 MEy 4 9lon, npy % o
ot BulE P4 Lot gle BEol otk Bk oz} 400-900 MPa S=ollA] =}
T 5 d5A Buleh vlaye ol o] R} J&H o)ME ZrTHMertens
and Deplace, 1993). dEolME Hr) 25 ¥ 420 MPaollq A a]L3F 600 L/ho) =
A BuE AHE3te] AE FAE HUFPoE yaksldtu), o] ABL Zuto] glo
H A4 Fu)E St &3 A chHori et al., 1992). o3t HEA x|
BAEE Eol7l fBANE ARXE HHZ widste] A go] XA} Q=S &
dahs S 38y 4+ ok

ZH Az Al AU 23t A AAE Fehs] AEEW, 1w A= e
B AT ol £% AYE 239 HAJE sty o] AulY itk UL
W83 500 nLoll ol 80C, Hch A2 700 MPao|tt. o] Fu] x| 719tg 3
£EE ARSI Rotalawlz) 2HE A7jato] Zujo] grajEo] 9lo] UM xFos o
&7 Uiy 258 33 4 93 ¢¥z2d Z22Id5 A 7l5sickKanda et
al., 1992).

il

£9K12] ABB Autoclave System (¥ Flow Autoclave System) A}ofA] ZRbsE
& Z31¢} A2]7]+= process modulez} control module® by o] Qlt}. Process module
2 ABB Quintus™ prestressed wire-wound pressure vessel, electrohydraulic pumping
system, water circulation system@E 4 ‘cabinet’ HFEelEA L)Y
chamber sizex= %|& 90 mm X Zo] 225 mno]3 80TCollA] 900 MPaZ}x] AW 4 glor
42ule] Hrh o] = sHs¥ Bt ohJzl, wire winding?}t ¢+ &) Ay
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Apole] FRoE EL £MAYoTA & 2Fo| Jhsdith. ERL programmable
control module2 2] Az}, &4, &= F& AAsh= FAld 2EY + gled, W
¥ microprocessorg ©]-&3}o] 5‘15] HAES 447 Rz st 71g Al
3 F W2Ey 4 Qv 2 ZAFCHAnonymous, 1993). ¥ AHzd H] &S 100 L 2

oF 25 cents, 500 L 2= ¢ 7 cents7} £8F = ZoE Y=

o

J|(Swientek, 1992), ABB Autoclave systemolr] AH|Zslh= 22t A7 Ulf &3
2 ¢} 800 nLe| £FolARE 500 L] Aabgo] o|27]|7tA] tietsin Hof 2=
5 4¥e &3 BAGL]l 80T, 9000 ZIY7tAlolTt. ol& AF o= TP +#
2o 239 HelAE R ARY 4 Yok wh2Y linerk FER4 30,000 B}
ZASLe] Fule] VES(EBE)E AYSEN TR AHE Jhesith d7E
230 AsY A% Hc) 4™ 1,700 MPaztA] 7He3tes dAE e, oju Y
£718] ¥ R E(ID)L 0.076 m, ¥ o](IH)= 0.18 mo]T}(Anonymous, 1994a).
o] National Forge Co. 2] =}Z]A}Ql Engineered Press System Inc. (ESPI) = &
28 isostatic pressing system& H| 234, piug closure7} Azt o]F ¢ty 2.7
(double-ended, lined pressure vessel)® A% o] glt}. 2 ESPIZ} 7|3t APE
239 HEsle 2 0.1 m X Eol 2.5 nd] 4FEIIEAN Hof ZF U™ 680 MPa,
#Ho) 2= 90colth oluf Hch 2F<UY 680 MPa2 o] &4 750 MPalE HANUE of
de 4 gt FAon, AFIIL FHE /YUY FFHZE(electrohydraulic
intensifier pump)t 5% o|ujol]l A UY7IA] 7194& 4 TH Anonymous, 1994b). E
g Rch UAE Peje] AL Fu(AE 24 mo, Zo] 4 cm, Hcf 4 800 MPa) = A
st olrh. 23t AEslol glo} Hof 2AFtde] YolU4E Fule A F Fule
HAstA 24 4 glon, 53] aygAA] A3 123} HEI o8 B¢

E olgo] n-$ x| okolx FE= AL zH=r}HMorris, 1993).

3) 3% Jle
237¢ H7E LA HsiMe ¢4 HIH AR EE &I]d AHEE ¢
32 WEIH F 4HL7]9 chamber o] HIEA Fedl, ol EZXZEE ethylene-
vinyl alcohol(EVOH) E&o]u}, polyvinyl alcohol(PVOH) HE& AHE3dhe= Zo| Higt
25t (Masuda et al., 1992). 231¢} Aex] ¢telo] FU3HAl 7RI BE AF2 ¥
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==

Y2 grta Rolz Fusich(Swientek, 1992). v XAE NI o W Pu|E
o 487 Usols enjas A A=, Zefol AHEEE Au)e) otulx)
&% 7HE FA(ERA 2 A 4 A) 71 4oj Eo] AgHL)

AES] 239 Azl 7E€FoR AEL Ey4a d= ES g3l Zos

F2ol Eo Fult 100 MPa 2 FIQEA] o dxr} ZEASIIL, 200 MPal g 7}Q}A]

fr e

X

oF 7% Zt4, 400 MPao 2 7}QtA] oF 11.5% Z+A, 600 MPal.E 7h4A] o 15%7} A%
CHHayashi, 1989). wleld A& Y&A71E 29 Lo Hi #Hig dojmg
& AHgshs 23 AMelt JIAE LFsto AstE ABc) A% oyol WA
3l 4 9JtHFarr, 1990).

NES AYLE Ay o A AR nfe 2% FAHSLTA oY
chamber UjollA&] RAAIZEE AEe] Hejol A2] 2xof ulel et B Az
Al o] ALt LA chamber®] o] Z2|: gtgo] tfrjgto g Hold the &E
= U3, A AEL Ao HELE AUELEA cycled WHEIITH(Zimmerman
and Bergman, 1993).

ZIEF o2 239t AelE A ERokel ¥R/ AL vz ety AEe
A2 4 glem Falo] nYolE A AW 4= Adx A Azo] spA BAoz B
a th EF AEE 23 AHYrle RS A elrZHcycle time)o] B3, HAs}]
Golstm, 2ol FAsl, FHUY FF zdo] shsslof sim, ol AA AT A
AHEOR AME3l7] QAL AN g0l HA =& xol geFA Arte) Aus} A
X oo} & Zo|t}(Deplace, and Mertens, 1992).

L 23 Al BEE Az}
dotale BBAlel dis] 71t ZE Ash= FE-S barbiologyel s, Quk
HoZ th7|d RBr} &8 A& aQb(hyperbaric)olgtil @) o]t mete A
2] Al£Rl(biological system)oll W WE oy, TAYoT Hejaty, A3}
Y, FAAY VR ohiet n] BB AE @ AEye) Hite Zjgich gt
v}

HOo% gram(-) o] AFEL gram(+)o] H]3] WS oA YL A= Ado] it
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1) ]3] ozt 28 &3
7h Pehsty =3

2 nAES o 200-300 7IY7R| ] YHFZRAdHE W80l JHedin, o
% barophile HIMEE 400-500 7% olWlHE ARY 4 otk olo] wa
barophobic H}AE-2 300-400 7|} oY &2 UYoME BEEET =AU AY
ALY = g3, 1-500 714e] Helor A_Ite n]PEE eurybaricolEl I,
500-2000 7]¢te] RetolME Alojal o} dAsia| ob= njAES baroduricolgtz ¥
tHZobell, 1970).

23002 A nPEA LAY = = 7P F H3e YeHEY] ¥4
2% E coli®] 7Z-% 27-40 MPa *H9]19] ol vig- 2 UeHEE BYsle A S
uehfdch &, thz]gl 0.1 MPaold B&319-& wl 1-2 m7}t B4 Zoldd w3
40 MPaol A& 10-100 m®] 1 UeRIEE st olul el 23] F4H ¥
SHEE FAAA FA(Y 0.6 m)e] FHEHA U2 FY M EFo|tHZobell and
Cobet, 1962). &} Vibro spp.+= 40 MPal 2 A3l of ci7idol 43 MX
o] "u|3} Zo]s} 5~8uliel HelHEEF BA5l9 3, Bacillus mycoides= ¥ 27 MPaol| A
2~38) o] 71 MEE 3As}Y, Serratia marinorubra= 60 MPaol|A] < 200 m (FA}
A4l of7]gollM= 0.6-1.5 m)2] vif 2 HHEE FTrh olziyt dHol 2%
H3te uBEL] F(H)d] el ci2n 2 Folelz AT(FR#) el il £
ol ¥
2oy, BAHA Mo ulsl ngold MELS] RA ¥ F7jsk ubd DNA o
H=5}A ZEA8CH(Zobell, 1970).

EZ OREL 254 nAELS 20-40 MPag] YFP 0T UA A AHshH 2
o] ¢ojAt}. E. coli, Vibrio, Pseudomonas= 10 MPaollX flagellad =|1]& u}
40 MPacll & gloixlEd(Zobell, 1970), 4 AlFolA = AW EFAHE thA] EL
8171 ¥THKitching, 1957).

o,
£
(ot
g
R
o
1A
B
o
aft
AL
b
m
8
oy
=,
M.
lo
r
do,
N,
o,
ofl
o
oX,
o)
rlr
pu)
=z
N,
1o

(¢

Mo rlo

O

o
(L ot

W) n4E ApE
VR 429 1Y Ao D4BY 43 34 BAAIY, AP w2 1YL

833 ERAGHAACL o2 mEEL I A 9 AEE Fisle 934 4Y
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(threshold pressure)2 m|dEQ] Z£{o| wal tl2rh o] So] E coli (ATCC
11303)%= 10-50 MPaolA] 332t F4lo] A A=, FA(RFF E7H)o] HA(EY
EE SFHe AP F7hel vish o 2"t dch(Zobell and Cobet, 1962).
ER} E coliz 20 MPa2] oA witd wf 2%} Fo1el wlel ALEE 27}
3to] 30TColAl= 10-15 A}ZF, 40CollA 5-10 A]Ztqtoll A x]7](stationary phase)o] %
313, 40 MPa o] ol N FE7](lag phase)7t ARE M, 525 atmol 4= of ojAt A4
BotA] deth ol 2RV &S we 9 W2 gYoldE AbEY 4 9rh(Zobell
and Cobet, 1962).

Metrick 5(1989)2 Salmonella typhimurium 71363} S. senftenberg 775 W F3
o idd W uietdol ois) wlm A§ Az}, S senftenberg= 57.5TollA 158
D & e Udd FFdd 3l S, typhimuriune 5Y TN D to] 3EUL
Holstolth £ ohelol &y BRYH A72A A VBT AILE Solo|

TEE F IFE 272 MPa, 3TN ZIGABAE wl £ Jlx] BE folnc} @
A ol oS dAT B¥A3 F3st Uebdoh 3k 340 MPac A 270
A 4t doljdt ¥ A AME& R} Zaste gy B el e o
A & YTk ol HPH FEie dF 449 nYE ZFo| UnA] ot

Hls] ol cidt Ayge]l o 27 WEolAU 2 Apd&Er} Ajdes nje v
27] ool Uehl: HA4o o|siHct ol ol tiz] Asto] Y nuE 2
e W= Zeste] Mg F o ngte 2 Aedt Aah, el wlokeioln} vigky
22} wjgdziol k¥ FEpe Aolst gle ZAoE Urhytl. tgo] Kol ekt
A 238 Az F ohA] Sd=Egdx]gt $3ee] Ml BAEx] ooy, ol:
Fotd AT GFdo] wis] FPHEL o wWol R wBo] ME B we
g oUAIE A FFLE ¢ WIE AU PHUOE o]E JUYHEL HEYH n)Ay
=22 AFEFRos ¥ nlA Aol 23 MR & U AbH AEE okAF|=
Aoz wchdrl 53] METuE 23¢o] 23t n]PE Abd g 29sls YA K90
, 28lolE amino acyl-tRNAS} ribosome W mRNAS] A, Z@ ATulx] T B
43 Sol d¥ol URsA F¥E el weld zge] 93 nyEe] Ajdatg

MR S st 2o] oA Jixlzls Sy Az 3 nPE
ArE 3 fAabsichal &€l

_L rlo

_52_



Listeria monocytogenes®} Vibrio parahaemolyticus®] t]3t A HHE
Styles S(1991)o] X318 4d} Qlt}l, L.  monocytogenes= $follAd, V.
parahaemolyticus= A& F2 UAEE 2 uBEEAN o] F #4F& 2V
At Fq 2Y A Foll eSSt ARSIt L monocytogenesol]l AHE-H R A
FEL XA oAF(WHT) 7 A-F9en, V. parahaemolyticusel] th3lrxe= 7}
HAAFE ZIfEE(clan juice)S AME3Slolct 3 Yo HEH L. monocytogenes?]
7% 238 MPaoll M= 2] HEIL ALY QoL 272 MPadlA o 1 log Bx Z4
steiz, 306 MPaollA: 20Ul 3 log cycle ZtA3te o 340 MPaollAl= 10 CFU/mL
o|3lE A7t TasHATh EY ¢RE dA GEYLE ARUS f= ok F=
otedof tigt 5 ztgo] HE oo} 340 MPa2] ol UHT 8= 80&ufol, A-$

= 60 o] BF47 6 log cycleRtd 7tA3tct 3 V. parahaemolyticus®) 73
Lol 170 WPa ol 48] UolH mh F&shA AbEsigenl, B3 FY 10°
CFU/mL 4+&2] BFL 170 MPaollA 302Liol 6 log cycle 245, NI EINE
170 MPaollA] 10+, 136 MPaoljA 30, 102 MPaollA] 40&u ol 6 log cycle Zr&3lact,

def 2l utoll oJ3td u]FEe] Aol oty 7 (baro-sensitivity) gram(+)
M, FR, gram(-) M 08 ZJ%Itt. =S ol Eo| Bacillus cereus,

e

|~

Campy]obaqter Jejuni, Candida utilis, E. coli, Micrococcus Iuteus, Pseudomonas
aeruginosa, Saccharomyces cerevisiae, Salmonella typhimurium, Staphylococcus
aureus, Streptococcus faecalis, Yersinia enterocolitica 5] n|¥ES AF F
300-600 MPao &2 7}t A e|¥t ZI}(Shigehisa et al., 1991), EX}S 3 Asl= B
cereusg A 2% EE njdEo| 10 CFU/g o312 AMEElrt. olu] EF miH &A=
S 9 ' @ijo] AR, 300 MPa o] FHYA] FAELS TE FME wH
Tk R} E coli®] 79 400 MPao 2 7}9lsied o] A= o] 400 MPa o]
Aol A 1027 71t A 2]A] 6 log CFU/nL o]%} AEE|Zl oV, B, cereuss= 600 MPal &
AUStAE AFEIAI 1 log CFU/mlel £ HlXE 2 & 4 gich B o=y 2
23t Azl 0AE AET] 4 YOIIBEN W F4EA( 260 m)E 24
el Azlddel F1U4% f2%E SR
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th) Ex} Apd
NEe) 712 0 Ao Yol 71 olele Y 3 SILE7L HEE AMFE ZARY A
oltl. E& HEEZES Z2 7td3Fel s Exl® Aol sbsslrle AR, &
ol uie} ol ol 12 dAele AEY A AR £ U2 4F¥S nl
7] wfZel vigtAsicla & 4= gloh. ExpY] AFolzls Zdold 2E9 ¢
ZRBAE ta 51 S vehdcl
JohnsonZ} Zobell(1949)8] X o] wEWH x7] FAHSE 8x10mLel B
subtilis EAHE 93.6C, 1 atmollA 1417t B¢t 7HEA23e o EZdsizigony,
2 2Eo]A U4YE 60 MPal 2 FIIAZE B¥ TY F£E0E EXE BEBHIM
Fledl ¢ 4X2o] A0 F ot Rt U AoME ggo] FE4E ApEL
=7} F718le] 25TCollA 60 MPaoZ ANelgt B¢ AMHGEIE Fste] 48412 Fol=
2712} 10% o]3t2 E=z}e] BF$7t ZASIATh Sale $(1969)% 100-800 MPas] ¢ty
R eloll A Bacillus spp. EA}e] SRYHE A13tdedl Y APEEEE Ao
2 A H(100-300 MPa)oll M o IA Uelgton, Fd g0l =& 0CE F
JWFIE AtE& =T gAETt stgch. 3 Gould®t Sale(1970)of 2)3hH 4w 7]
4 FEY 4¥2S EAE wolAF £ ot ApdAFI|ole BEIE, dut sldER
B3 ExRe A2 E SHA] 4 Zel vlsl 4ol 23 woprt o VAP oL
100 MPa o]goll A ol ExH= Aol ol Zxiel nlagg uwl doll I F3Y
& A7 wech
Falel ole ZAst el o) ByPo] A2 ol Y o X
A12] o] WolS42 vt #ol BY¥H 4 UrhClouston and Wills, 1970). H=} ¥
Abde] oyt vIZE, TFEchAL, Xxp Aol B, g (REH) Sol sz,
A& FAV A4S, Zg W dipicolinic acidZt MERZ wj&E vt st
E2F Fust 24 st 223, 33 Wil dojuirh 3¢ ZRAGAM Expe
B33 MR dolsiar o]FA dold MEJ 2 EZAYHct Y olzy
Abd@ o] Ao Al o] wiel IA delxlEd, vad AgodEs X
27} wholslo} dofl RIZBIA|ATE AL EVAZHEA g, F2 F= gYolMe
o] X7 dotEle FAlo] gold UlREe Zxst AL oA AT, ¢
oM Exte] Wolgo] yolx|n ol Xz} JlRuoNE I3 gfyte] E¥gst

lo,
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uul

th W 65T olellA = ol 2Jalxrt ohet defl o3 Ezprt £}
(Sale et al., 1969). XExte] ol Wl SR/J3tol] Hag 2= Aol U= FA
8] Foll uiel detxln, Wote] 27| TAlA AT YEE &
27t 3K EO] AR gel FefollAd AT sol Hel2 FBE= A3} Ao
9ltizl Er}(Clouston and Wills, 1970).

aQtol] o3 AL AbHE = 2xof o3 A 2eEHO, T of pH, +ER
BE, o]2Z=E Bl YME 3L Ueth F, ExIE dolAF|7] AT HFH &=
+ A dol umiet g2t phe] BFF F4 7S 2883 F=7 AAY

% J3of 7tETE 2318 Zolx|a, 53| phrl 34 ¥ o Ul 7t =

zte] wholzh ] Alztdrh. £8P0l W2 MEfolA wlo]24d §H2 Exj &
Bdslo] Ao JL ulAA] ot o]24d £ NaCl, 53| CaClx= ol 2%t
2zte] E84HE gAUcH(Sale et al., 1969). ¥H, thi-Eo] Exp= F71E o2
o] gleod gt AEE 3Jlolx wolElx] b=t olmlk o2dEe] Uolxpy F
peptidoglycan®] F & F3itgo] ¥ njx|7] W& =slcl. X7} dopd of
3o pjx = o] ¢A=H YK D Ca, Mg, Na2A](Bender and Marquis, 1982), Al
2 olE ol2HEL TUWN 4Y ¢ 25 2AY A SFH5ol HERE Zof wis) &
Fdof WERE ALY Udd £4E HS FIMIF= &EZs sUrH(Clouston and
Wills, 1970). '

daez W2 ol EXE HolAd e dEY] FPEE s LT
3] 2 482 e, o E 5ol oAb dFal alaniné:’—} riboside inosineZ B.
cereus ¥} Wolo] S EAHY A% Fuhd @S Wk ofof Wl 10 M octyl
alcoholZ} 1 mM mercuric chloride= Z}7] 40, 60 MPaollA B. cereus®} B. coagulans
mAe] Wols 3| olAsn, ol £ Exlel BUHINE dAste H}
SicHCheftel, 1991). 2L} olF Wol Zuha] m daAlAle) Zak He) ehelo) 2
7145 dAs1A DolAch

B SHABN UATE UGH Exje 2 WA TRolAE 121CoHA 208
7t tdARste] AFSAT ol dAele A Wi U Ay FAE Ut
AAHA AZY AL AsAArh wheby st 29hE A HEANY F ¢
AEe] FAS Huy RESNEAE FIFH Abgo] Jhssith. udd ExQ

%
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Clostridium thermoaceticum 7} AU SE A|E2 d EUAFNA HEo maldt A
Be U sheul, o] Eaks 20TolA 20-6087F 40-100 MPao S JtdA gt A}
HEA] kARt 60TolA 6042 dxeiel WA 100/nLE ZASE HA A S
4 o%CHHayakawa et al., 1994). ol2st 9z zte] wWexa #Ie= B
stearothermophilus?] E843 AT A& 4 olgrl.

23%F Ao glol A3} ke AF(RE) WA ZIde d439 A uHyr
T} ¥ALE AFSHe] U E3Holth oS Bof 60THN 60 WaoE Tt elY
o AFYAoR 63](58/3])E UHESPH B, stearothermophilus EA}e] 45 10%] 4
107/0L% ZAE3, 70TelA T2 ¢Po2 63)(58/3)) A% Azshd 107 724
¥ qlch %— WAL 79t MeH4E F7HA71E Expe] ARz 844 o 8
ZEE AE A8 4 9orh(Hayakawa et al., 1994). 3 WA o] slolxa %
EARE AEAOE APEAZ = U F-83 Wi o 2 A 60 MPaoA] 63]8] WA X et
22 10" 3= Tt A=, olul 63e BANE 1ol =2H F AT
10zngtojolom 1QM-87] chamber Ujo] Al Ae|7e 47} WS4E Ixjo AIZE
e 743l tH(Hayakawa et al., 1994), ASHpalol X319} Azjo] 2J3F Xx}e] A}
7122 B oA AR dou AFAeo o3 Eo B, & 70TolA
A= @ EAYYo] Zasle Xz} Alde] d8S nx= AU 4 doin Bl ¢t
A2l Eale) m@e 948 BYHu, Bs) 20TolH 0CE LEE Seld X
2l Eeld Wiyl ool Xayl v £ Zxle] By BTl BAsw
ig=

Zh) ol AE Aol g njx: e}

2318 AMzlo] 2% nAE AFS wix|2] pH, ZTEEE, A4FEY U 2% o
28] ¥¥S Ueth pH FHOA E colid] F$ th7 1yl 1 atn 24U uwi= pH 4.9
o812l pH 10.0 o]itolld Mgo] A=AFEd, ¢4dE & 272 atwo AL pH 5.8 o]3}
2} pH 9.0 o]/, 34 MPad uwli= pH 6.0 ©]3tt pH 8.7 olAdollA Fgo] JAHLE =
T g8 Rl L3t Yo E W olmjicalo|L} ulElRIO] Q1 wio] u|s Foav)

B 8ol A uigtdo] o Yozt t&o] natA el HEte] pHE W
AL 4 glon °-L§ A3 wBEY HE&EE 9 APESGEr) delxA "l o
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ol th71gd, 0Tl uIES pH 8.10& LR 3E 110 MPaollAl= pH 7.872 ylo}
ek a2y go] -89 pHel mlXle FFYPS $8d9 2z AU v=
of ujeld dalri=ul, Ca¥7t 91 uwh B. subtilis®] a-amylasel 50 MPaolA] E&A
3HE| )5t 0.01 M2] Ca” &[] a-amylasel= 300 MPaolA % A2l ¥AHE 4= et
TH ML FI1A d&oolut Fud vixlo] HEEHAS of "'%}oﬂ oS RIzZks)A|
W, Uty FEE Aol U4 1%E oo tjs) o [ Zs)ATHZobell,
1970).

IS AN AFARC] AAY dAelet A AMESE s ZE UEhA|
g, oA 238 nAEY Abdol AsEe Z¥ol otk F, 46.9TCoA E

= th7)gt B} 40 MPalE A2 WS wf o LA E¥AlsE di(Kim, 1983),
Saccharomyces cerevisiaeo] th3d] 51ColA 10587 A %Z(heat-shock) AH2|E 7}3}
W oSQto] o3t &S WAIY 4 gldden o2 FRE 150 MPaollA 607 7RjE
T 220] =ZAHAE wolE MAXEY &4E AdAY £ YUMrtHIwahasi et al.,
1991). Z=x}e] ZA-Pol= 30TolA 60-100 MPalZ 7}A] & £ R A ZE ol A}
HE| 2| g, 2o A2 Uos Asldx E @ é‘ri 2 d5e 4E JHssitt

].

coli

A
e ¥
d

0

(Kim, 1983). 3t njAEe ApdL 2= ¥H3S wi=t), Rhodotorula rubra
FEEggo] 0.94 o|3tYd uwf 1gto] 2I3t AbFo] ALl E7Hs3tadthHKnorr, 1993).
, an 0.960 = AF47t & 7 log cycle 718 ZAastd oy, a. 0.910A = A

A3} ¢kolrt. E3 84 AYELE S cerevisiae, Aspegillus awamori, S.

Nofr

s

bayanus, Pichia membranaefaciens, Mucor plumbens S| 231¢ EZAMIE AA5l=
Z 27 9l (Ogawa et al., 1990).

u}) njAE AH Kinetics
Carlez £(1993)2] B 3o sl Citrobacter freundii, Pseudomonas
fluorescens, Listeria innocuaS AA 4 3170 JE3IA S o] A 2jol &g
o3 Ee B 13 W34S ulEttn itk FAA LR C freundiiol THRE AL
o 12 AlL Log n = 7.017-0.068 t & AEH, olu] ne ZYAHeFE BFSF, t=
23 MPaollA ] 719}x]Zto|tt. 15 MPa, 20TColiA] XMd4& 1 log cycle 12 ZtAA I =
d ZAels A7 Dispa, 20c = 14. 7202t} P fluorescens= 15 MPa, 20Col|A Log
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n = 6.754-0.042 t & WHN o2 vehd 4 gPdom, olu) Dipa z20c = 23.820]A
Tt 3t L. innocua®l 79 33 MPa, 20CollA Log n = 7.171-0.155 t 2 Daypa, 20¢
= 6.5%0] gt}

el Adagol HEYR E coliol t3lAE 20TolA 20, 25 30, 35 MPaoE 21
UA RS ol 12 g APETHE el o, s $8oo] FEAA 40T
W 50CollA 25 MPaS 2 Hz|3t A9 4] 13} ¥hgA o2 wFe 4 qdrt a1y}
25C, 25 MPaollAl= A9 AtEZ o] 14 FMAlolA tha Blojus dAMg Ueh)
gedl, ole BAR agAeldE BFsta dF 449 FAJL Aol W ot W
olch. ol2dt 12} WA o9 Aldle Y40 Xfo VE iFFEE 20T, 20
MPal 2 4212t F¢t AFA IS wolx Heldd 4 o], 447 X 2% Alo}
e FAle 20 MPa o]/Fe] o sigtste) $AS| AlHAF 4 QltH(Carlez et
al., 1993). VA At A3 o] VR Bacillus pumilus EA}e] ZALo|% 25Co)
A JLqtoll 23F dote] Al Wl B sk 13} WAl migicH(Clouston and Wills,
1970).

2) B0 iyt 239} F3

nl3E3 €2l TaE IUHo] 3l VL A4S 4= You 903)a YAl
718 = gl oA§ 5o] E coli® succinate, formate, malate dehydrogenase
B2 Aejdeo] FUMu+E 2hasto] 27ColA 100 MPaS 2 1587 71otet Azt o]
T f4c 83 E¥AFHE g1 (Morita, 1957), trypsino]u} carboxypeptidase Y&
sigell ofsl BEE oS 4 AUrhKunugi et al., 1982). o]t Ao H¥ys} o
Al BBZA &, pH, 71E v%, 40 subunit TX, 71t 2o o3 Qg we
CHHoover et al., 1989). 3 E coli?] aspartase= 68 MPaC. 2 7}l 2] o]
9 F7stgey, o4& 100 MPaztx] Z7HAI71W A BAHE o WotrH(Morita,
1957). 121} 46-56T2] HslolAd dold 4 e 71 WAL 100 MPao 2 ¢S
<8 B9 dASA YA =Erl EF thermolysino|L} cellulaser} Toishs FAM}
€5 3ol o3} &% =ul(Hoover, 1993), thermolysin®] ¥A& 100 MPaO. & 7}¢}
R wl oF 150 71 F7hstH th(Kunugi, 1992).
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3x}¢d FRE zt= B stearothermophilus 2}2] lactate dehydrogenase: 319}
AHelol sl oj-f Holdt ¢S vebdch &, IdAeF 4ol Er|HAM FE
o2 HeHod direrst AAYS stul, olYA AZYY TAE Yoo BA Mz
Y& of SeEAIFA, 54F B0 slo] A3 Alo|r} ¢lAArial rh(Miller, 1984).
Pectinesterase ®A] 100, 200 MPaolx & A2l ERAZHFHZA ¢fgtont, Zad F49

2 F2Fo] UAIH pectinesteraset= 300-400 MPaS. 2 7IQtA 2514 S uf E¥d3}
Hlgdon, AAH pectinesterase® 300 MPa o]Atox= EFA3IE Q). ojuf] F 4
843 v7tg A FH4LE 0Co] ARSIAL £ 43 Foll T 4L o
32 Zotgcot. ¥ o, oA, A 5o 484 RFEZ 2d 9 idel LRt
pectinesterase?] E#A43E A3l FH3}7F 2lch(Ogawa et al., 1990).

40 BEAEEE el g3 Eah 727 H¥HAY e BN S0lA B
] 23 HEsl dojur] wEeg, dF #42 7§ 100-300 MPal®E JIIBlHE
B33 719F oz dojdrt. ojul AT BHY HEF oAFe= EaEAIY WY
R =0 ulel chEx|q, dubH o= 300 MPa o] ZIUSHA HWH BA &Y e
o9 ZtAZtcH Jaenicke, 1981: Suzuki and Suzuki, 1963). &7 izl Hi] &4
= JlekAelA] 8ol Z271sl=u(Homma, 1994), 2330 &£2)3}= cathepsin B, D,
L2} acid phosphatase?| 7% 2TCollA 533t 100-500 MPaL = ZHtAl AAA QD " o]
Z7}stgth. o]ol] ¥t cathepsin H2} aminopeptidase Bi= ¢}&of i3l o= FH= A
P8e 2t Qo o E AF S de Zol AR Ak gbA el 23
cathepsin B1&] #go] F7lets A2 7It-EA Y S/ dde dF AAT A
Tial 3tcH(Kurth, 1986). ¥ Bartlett EFo] wlE RzZto g Zehio] 25ColA 10
H7' 400 MPa2. 2 A 2|3 wl polyphenol oxidased] ¥A-L ¢ 5w 7} ZIslg e
L, 3 ojde A S HAEAd E thE ¥ AR Zsidrh o= el
Az}, whohd, 3ol 5o o ES 23¢4Ae]3E wl polyphenol oxidased] ¥
Wyl s WAFA] ¢4otrh(Asaka and Hayashi, 1991).

B et ol Fdold 1k H4l &R 9 4h Ho|y
(specificity)ell thal mi¢ 2 Q4% mA 4 ged, 22 d3) AL st5Es)
o o8 7HA] A E JRUA shuttE dEjFes Falshet o8 £E U
CHKunugi, 1992).



3) s} wh-gof iyt 23¢9 &3
Z31qbol 27t ZEHR} kg WMt F2 Kule] F7bo ulE HEA Qo)

ojsf ExpTr] Fzho]l ZAFIAU A ukgo] ZFvlstedyl s)eldt}(Asaka and
Hayashi, 1991). o & T4A%e B3 BEH g2 1A elol 23 &3F
d, ole $4Z%el o3 AAHY Bl Ry} 2ass] wlEo|tHHoover et

al., 1989). 2} Masson(1992)2 F=4Zg o] thdt 14te] dyfo] uf$ njmjge B
23w glch

AR oE ke A Eap] WS fddsin, ol: whumel 1z, oY
Hel, 2=, pH, §ule) 24 wlet @2l 4 gl B3t dalolth whwa sle
ol oligomeric THNAL w13 #¢H200 MPa)oll & ®MAIE] |2}, single chain TH)
2 300 MPa o]l WHAEHT)E QM T thEt 29t AFME AT Eo] ot
ol 2 vhiie] ML sz og dojd 4 glor}, k% Hel(renaturation)
H717kxle W2 Aol Ledch o] whuzle]l kAo
LeChatelier |3 & w27] wl&ol 48 Friol whE 232 Ha/F7He Bxl Age]
/PP % NhE P olFALh olu) Aol o) whuA jRe] FAsH A
P2t &8 Aol F2 GUL B, 53] @AY As 24, @ AYY A4H
A3 A7t dojde A Aoz vy Yejy Wi 9 123 HWyE $u
Y ER £3(AM) PR WeldE Tz Aol sy, o] RaE AU
T2t FoE B AAAHA 2t Fust gashs 22 o]t 4318 wile)]
alo] glth(Masson, 1992).

ol%follA AtmE nuiel o] ofol o3t el WAL Azl o3t A

FAE ULl &, agAels il Eale] 444 Aol ol AYS
T2 ZoA7Ie, S8 Ee] FAFRIE iAW o 2% sig whyde] Byst A
il St (Zamyatnin, 1972), oA BxlERJF E whA L 570 280l
& 8Y4% 1 FElE #XFAe Jed 542 WelxA Hri(Johnston et al.,
1992). W, ol ¥ i Wy F2 FRAY P/ Eslol |QgchFarr,
1990).

T UFIFL el A3 AR agAHE UAAEL cfrjdel ] Qat

19 Ch2Th g B9 A$RE 70 Waold NelE ol 12€o] AUE

Ae B2

F =

&

i
X
o
X

o
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Algto] U] ¢tom, 1,371 MPalZ 1AIZF Aelgt Z-¢ of 44T Alute] o] A4
ﬂﬁc}(Farf, 1990). E3F 456.7 MPa. Z 10-12A]17F 71tA 2|8l wjol= FAIRE Az
g 92 4 ggen, s slde §estE dS &3yt P ArhJohnston,
1992). ol WE dAets ZHold LAAEE UEASo| Fgshd T A
FEHS O BY & Utk TH AR F ASHY Uéo] 3| 272EL BEL A
& Holx|x|Rt 10THlA 1083 200-300 MPa2 = 7ighA 2lstd =3t 4 AAHE A
& 4 glidl, ol HEol ot FAArdo] LAY o3l =7 F+E FAISHA
A o o] BA3tA] ¢4t wiFEo|th(Hoover, 1993).

$RE 40 MPa ©|3tE 7}UBHH rennet Haof ¥ FH-E(curd)] Fgol &I
Heh ojnf $RHE ¥ A 1 DA casein E3l= 3fol 23] A FAS U
o131, 2 ¥HAIA core ¥dpgo] agtel o3 A, 3 WA ¥ £ AdEe FF =2
o] FHct 2t 60-130 MPalE U™ S Le|d SHE FAdol 2318 AAH
o, 35Co)A 707t 130 MPalE /-5 ZIdAe|dt Z¢ ©ude E3) F=7t o
2% Z7}5td o1} rennete] whA Ea-2 AL W gt YA 2|A] core ¥4
}Ho] xdH el 712d 3 renneto] 23] REHOoE FE3H k-caseino] U
S} ol2 s} BHFHA casein micelles Atole] FFo] ojx=)7] wWRolch. B3]
60 MPa o]42] gt¥ol e A 2 ©hAl o] HA| WSGEHEE FPINEEA A 3 A
nt-go] AIZER] R3la, AHoE R/ vt BA3] JAHrHOhniya et al.,
1987).

4) 239 Azlo] T ME nAltxe] W
il Bxjof wlsf it B2 (DNA)S Aol oyt A gpde] & Holrh i

F2ZAY 3] o]FolF DNA FRE S| gt ¢FHo|EE ZAdHo=
DNA £2F AAE whfdof ujs] Hggo] EX|vt J2ojA= DNA £27F HAHTh
Hedén(1964)2 B. subtilis DNA £9(0.002-0.04%, pH 4.8-9.9)2 Ar-2o]A 10,00 MPa
712 71 3E of DNAZE AR IS WEsiach. ey aglte) o3 dA TA
7} o33kg wro} DNAQ] A Al transcription)@} B#|(replication)E F¢tE g, o]
g DNA At & B Fotad vlay AYgode 7tgFeR dojupxat a¢t
oA Hl7hed o] 9Ith(Landau, 1967).
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AZLe o587 wsje] 1Y Nl GBS Ve $Hoz D oL £
o e HYHOT AYS: BIYoln, @ receptor, T U o[ LE(ion
chamnel)#] A|A|th ATL S, @ AT e AE AAo] WL lipid precursor
& AT, @ AT B 4 F ol s F8 IS +BYTHMacdonald,
1992). olejtt MERLE TotAelol i8] T4 WuUo] WA AXWe 277} 7

28, BY WS AX Y3o] WA ojuliite] A4S o). Ba| 3
PAElE MEe BaHE FUAA AR Ude 2B R0z AT 1§
s FUAAL. Helgeo] UL 29 ATL dede] TP HEsAT, He|
Aol HE Aol MEHo| HldRos ¥y AHes My} AmHUL}
(Farr, 1990).

319 A2rle2 nYEI} T4 BEYS mE AEY Y Fuys B2
AEY 2R3 B 54& 2FsEd ALY 4 vk agAel o3 alge

AR2 HEY UYL JIsl nHdE, FYo] & FAE AR RA
7bestth. A Ele 53] QEAEE FUsA sEste vz §&3tn, ol
Aol & M2 dEolUt FRet T 84 I¥EL TP AEA A 0L
wE A 3P CH Chftel, 1992).

) AEY 53 54 ‘

gk 2loll 23 A5 FAHIME AEY Fejo] njel tigsich. oAE g0 =
nhES] Wy T2E wrbAn, warle) Iezhz gude oz BEu)
2|3, £317]& dsfcHHoover et al., 1989). Yty o g XM 37| tix A
7] wi2ol of 233t YALTold st Aty el g, MR UM
& A3 A$ <k 1080 S E3ItHNagatsuji, 1992).

A g £9] longissimus L& ZWAMH-{ EA-(sarcomere)Zo| 7} Bo}x| 1,
pH7} Wolx|m, Warner-Bratzler Zto] Zt43Ftrh otel oJ3F Z2&xzzo] a3 Wi}
= SX(sarcolemmal )&} T -5} (endomysial sheath)?] £2], ¥Z(bands)] 4=,

ZU F(nyofibrilia)®} U477 Z7Hintermyofibrillar space)?] H3] So] o
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ojyttt. I M F  glycogen UARE  ¢lolx3, S3H  mitochondriat
sacroplasmic reticulumo] VER}:, oW Z-$-ol& mitochondriaZl 31 7] = ¥t}
ole} Zo] gtAjzlel] 23t 2Rz Eelstaty Az atgol o3 vl AxEY
7} UE}E= Zo|o(Elgasim and Kennick, 1982), 3tH o2 z19tef] &3 ZSujHY
g Hafgart BAsE ] $A AXE RUs7|= TrHHoma et al., 1994).

qtef 23] AE} whide] 1z WHshe A& o] &3t & 2 Friol 5‘_
2|g 2% 913 (Hoover et al., 1989), M2 FAE A5t 7122 71d Aol
A UERHS linoneneo] 813t £3to] LR} QLES o} (Nagatsuji, 1092), %ol
2} ulE 410 MPaollA] 307 HE|sle 54U FFelZ FASH7I= stgirh(Hoover et
al., 1989). AFsA] 4L 29X FAE gAY ¢ vl AHE FojE I
2 {3t SAlo] vitamin C2] <A glo] o 1770 5 ARY 4 UrH(Farr,
1990). ¥ YBoy @y "o} 204 Qx| npggol=g A Rsh=do] ¢}
A g ol ®3/IE Bl F, Y EatcE {70 Ad, G F2, AY, A0A
(BokmE)) 5o 9A8E 4ol Yi WiE 9 F 400-600 MPa2 2 1-3023F 7h4’t
ch =] AWel H$ 400 MPaolA] 158, T el 400 MPaolH 107 rhetetd W
th ZYAEE DE W shdo] o5 WE M Pl MY Yo} gz} 4 I
= AUd, 7188 AEA B s el s} 4y §Uo] U URE
AE3}A "HrHHorie et al., 1991).

7t MelAl 2 2e UL AstEdA FEsiAa shnte] sl wh, A}
2}, wl, 7=, 2O 5o A ALAFE T AHF F43] AA B} dF
So] oAl ML wlE 400 MPalE 25TColA 1087 2ok 2)shd 30% olulel] A2 4
o2 ¥aleyl, ol So s ZhHA AL ¥ HHo] A F3th F, 2
Qb 2lgt 2}, 2§4 2] polyphenol oxydase(PPO) ¥4 Alxgt Zof uaf of 5uj7}et
Z7lsie, PPOY] AL JidHzE wHEsldele FUB8IA]  feTHAsaka  and
Hayashi, 1991). ¥t® Zx}, Z25F, 170} 5o RAZS J2oA 500 MPa2 2 15
B 2N 0S o A dstEA|g, Rl B9 54 ZAHE FAFHACH

otelofl oJ3f PPO7F E¥AsEE A2 Azl siduiA, 2 W 48 FFel
wizl ThEc) o|E S0} 400 MPa, 50TolA ©ol&4:(deionized water), Ca’'L} CO,&
LR Dol PPOZH BRABISIA A, 0.5% P SlolME BgsiE ol
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400 MPa, 20TColA 1027t HelA] 93] B3t dth(Ivahasi et al., 1991). o]
oA AFY A 9ol Aol 28] 23U benzaldehyde Tako] 274y <=5 o)
=ul, o]2} L2 benzaldehyde?] ZF7l= el 3n] Zdo] APS = £ It}

(Sumitani et al., 1994).

2) whole) st

AZe] () T2 25T, 400 MPa 2 3087 7HtA 2|3 gele A5}
3L, 500 MPaol A= ytujo] HEA o2 Gusthar EEFAITiZ} 600 MPac] = 2+
T gelS FgUTh Aol s HPH gel2 Eejo] ulE XUn], vlelulol} o}
o4t Aol gla, doll s FAHW gelo Hl3) AT Yrh. B o)
sl BEH FF3} Byl geld dol s FPH gelo] vls) Eeje] Mg gz
TSN FeE w]la F=89n M2 (adhesiveness)S A dth ol ool =
7VESE gel?] FEs F7ishe ha AL asisd, 7H 73 gel 500 MPa
ol BPEY /1A FHY gelzt vlastd 1/6v1] Z=E Ak 3 ¢teol o
3 B8E gel2 7t geloll uis) 2 43 A(gumniness)o] VASIA 23, 600-700 MPa
ol BEH W gel2 FMAA| gjomA A4slA HYEM, dPo] ZAULE S
%74 (cohesiveness)o] Z7}3tc} (Okamoto, 1990).

S AR FF Z(H) EAE Z79 = HAEE lysincalanineS T
ARt JhdA 2R AR ¥ WAl lysincalanine® 931 ot=rl E3
lysincalanine2 ol 33l F2ELS HAslo] whydy B Fio 222 ulas}
3, o]2 st} A Uollq olmliAte] o]g-go] Holx|s|E Frl TKol ite A)
o= riboflavin, folic acid, thiamine 5] ulelul &7} mieEx|ut melxa|at
AN olE ulello] ol oI 8kS ubx] oli=r}(Hayashi, 1989).

M carrageenan, ovalbumin, F whi geld] HLHE Az gto] 2L E
Zashed, ole UM EUHY gel Pt AL Uehdc) olo] sy
agarosel} gelatin gel 2 o] Z71U4E o] Z 13t} (Gekko, 1992).

YeoHE o7, Folel, siche]l, ¥A 5& WYL sh= surinis) Aol
400 MPa®] F49}& o] &¥Ucth LAAE o] & surimid] B F&3I 2 Ty

600 WPa2 2 Fletstel g 4 glicl, ol ols) A surini gl ke WY

_64_



geloll vj3] BEH o8 Q43lrta FrHFarr, 1990). YuHHOE o]2jdt Az} utg

22 3718 a7u AAHE SAEY ARRE ¢ 93, A o dddely WE
AAZ 31718 AMPH(BFRY)A, FE surinith surini 2L A8st] {AHEL)
itE AHEE AR ol o]-8¥ 4 olth 0T of3tolA gel& BFAPsHAA FAl

of Jdd o] 7He3l=F st WHLEA 23 Aelo] iy Hie] FriFHA
3ltH(Cheftel, 1991).

Qo] 2J¥F gelation 7122 7h@el 23t Zzk:= ti=ch &, gtAzlo] o
gelation2 Thijd goje] F3| Ziof 7|dste Wb, 714 gelation ©hd £}

o] Uzt FA ol o3 v FR(MHIE) Aol B3l HAYHDA F2 A 3
BF2E P4t oluf stdol 2Rt gel2 EFEIAIRL, ol 7 gelationol A
£ olmxet IINBE)E S¥ e SRV AuiAELzA FHo] Ua
3t gel XY 4 9JtH(Okamoto et al., 1990).

) FE 9 7158 B8

AAA e Gz AF A FHEAYLS doldloy vF3RAY2 A
th wetd ZREA e SF DAY L3 (RbE)S SIRITIE, AL BEF
3 ZiXL o] §EES HU(HE)A AHAY SF AR FASA HBETE
(Elgasim and Kennick, 1980).

WMoz ALE EAS B oA 0 BAL BRAHEAT, sdo] o8] 2
o] &4 ¥t ohlel FP4Tt &&Fo BEI}H AL 2FIF(BD) w2 HS
E WA 02 ) BF 2@ o] Hrt olT 7[EY A7) FHAAME
o E FF471 3 log cycle Zadh= wbd, X9k Aele] Z¢ il 4 log cycle
24t ULE §& FdolA ZAAE d42 dAZYE o ZES AL §2(BH)
He, 53] E2 Ay o 7 wol &A™t 29 L&V FUSF AFol2
€& 7439, CaCl, &YYol 227t F71d4F §&Fo]l F718igct. old

wha] 234t Aele F1AY §4E ZAAATA HEHE S AOSHAE 4 (#

K2 dx7)ete 2RE & & ded, 53] adANE A2 dAVshe R
ol 22 o] Fo] £2HER wFo| Ha AF AN HFdx o]§ e F
Ao| 9ltHEshtiaghi and Knorr, 1993).
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AdF B2u PAg Ex o]EY T2 ARES AIY ol 02 nYE o
Zl

s 2 gefY] PHEE
H4E Aol E7FeTl, 08 BF AHEol o] £EL nlS Foy 9 Y}
3

o
AN 2, Y23, vige], U3t 59 FUERE 5.5 MPa, 45CollA 2417 ¢t Co,
2 WA s gutee] ngEe BYdstUch 53 Waw, wal, Tus sy
2% ul7t AUEIE Trh(Haas ot al., 1989), EE AN Aeeo] BEY o]
€ 1Y 2 A ZPod= ¢ zoe Ay 4 gtz c(kihne
and Knorr, 1990).

Yo YF HES slFsHE 7€ dF (M) A el vis) o wies
A2d 4 gt olE 5o 2 kgl WE 2AJE 200 MPa2 2 7}otslH siEoll oF 80
wol &8, olof Wil FoME 7AZto] Arh olFA :tE o] &3l 3
T L3071 FEIF W2 5ColA AEY 2719 vy e o Foju thFH(SH
#) SHolA A2 zte]7t glout, 718 Hwo] ti4 HAE Tl 3 200 MPal
202 ZhdA el F 3Tol AR} /KL 2o AvhdAM Fulsts] Alzbstelz, 300
MPal 2 7}isld 6% ¥, 400-450 MPao 2 7ItE wiol= 6-13Y FEE Hifs}y]
AlZstgith. 221t 540 MPa, 527CollA 1417 7i)t ¥ WA AT {FL nYEo
o3} HuxElx] ¢lglti(Carlez et al., 1994).

AEe 3Z3}(gelatinization)= AE Ay} BEZAE  ZAA(birefringent
crystalline) “JefollA H]E-Zd(non-birefringent)e] XA el 2 o|}E = HALS uh
stedl, 22 71E Ex 4ol 3 Tt AEE INIE g AR
Z 5ol wet tiEn, 3.8 7}t 3317} AT Hayashi and Hayashida, 1989). @
& Aol o3l 3t 2=} 100 MPay ¢ 3-5CAE A4S A7, 150 MPa o]4} 7}t
st 23t == U ol FUISHA deth ol Rt 1gfo] Flo miAl: g A
= U7 e HelE fAshed e 42 ARe AAIE Roltt
(Thevelein et al., 1981). wietA 4ol o3 I3H HEL AL AFA|, 71d &
Y AERT o Fd3] e dutd oz stdA o] 23t 33} AFF AE ¢
s 2] 327 AFHed, AL ARPY Z9 FEFoR Eeo T2E Aujx
Hrt olof w3 sidAele AR U=t ‘ﬂﬂ?-’x‘-% Joi2 RSN BAEng
FZHEIT vf$- »2]A AP CHEzaki and Hayashi, 1992).

off
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a4 dFHURCl Aol =2FE Wil Exte dele ZYFRIb FolAH,
°olZig E(unfolding) VAL WY 7153 F4ol HHE 714 -2rhJohnston,
1992). &, <A AFE, F3E, gel 45, FEEAYUY T 54 ¥
whech whebd kA e A EPLS ZAYCEH AF A I
Ao 4o dshed ©]-&d 4 glth(Johnston, 1992). ol Sol UYPA |
wh2le] (3182 pHoll @3 ol FIE L], ovalbumin §J2 25T, 600 MPaS
2 JIgA Al pH 12,5004 % &2 {3 B8 3= & el 2Lt ovalbuning]
533 pH 5.52 HolA4E Zastgdet. 28y ZIGAEIRE caseinolL} A HP
albumin®] 29 {3tgo] Gy ow Zypstx] gted], oj8t T il FRo o}
£ Aol whAu S-s AL Aol 71Uyt Ao givtHrHDenda and Hayashi,
1992).

) 71el &3}

QM AA2olA oyt et AL F tlARIEY & &S YA
Fl=t] A" 4 gl ol& Eo] amaranth M4 Chenopodium rubrum A& 7}Q}
slo] 32 4 gledl, 250 MPaSE 1087 H2A] HE2EE oF 99x8] MATt 32
gol vigdes {FEFArKnorr, 1993). A, A2 n[FEL] N P& A4
A7171% b=, Serratia marcescens®} Staphylococcus aureusE 290 MPa, 30TCoilA]
7hetstH MAe] Aol g o8 XAHT}. BE Serratia marinorubrat A3QtollAl
AN, FZA P Kl owi o MAE APGIIAITE 30 MPaolA = WA o]
Yol ALt BAE wj A2 AL PA5tA] A=T}H(Zobell, 1970).

childg Hejrog FaAlF|azt & oz e AU 4 ok F, B
-lactoglobulin® 200 MPal. 2 7]-9:]'2-] 2] thermolysinol]l 2j3] M H o2 FE3jxx|qt
a-lactalbuning E3EA] =th FH(AH)IA a-lactalbumin It WolglA
st A B-lactoglobulin@tE Mo g AL A F2 oulE zted, ole=
"r’r"g 59E fobg 24 R HNAEERE AHEE dof ufg F&3HA AE8E + A
CHHayashi et al., 1987). '

BYOkE) BE Aol EE F A2olA AMelo] ¥t F3EEY &Mol F
7¥817] wigoll ol& A& BAEE AFHoE At Y o3 w2 A7)



o] FolZrl. I %o SHIEA 300 MPa o]Atal metxal: WY MIMEE B
A35ta)2] 4= gltH(Watanabe et al., 1991),

Aol F7tE4F triglycerided] =R FIIBIEE AF2ola] Aol x]uto]
LA Aole AFA(REGEE)S 8¢l 53] ndel o) d=rt &3 ¢FAQ
2% AR (e B B4ol &XEEd, od o-AF Pol nisix: 3 -2F o),
B'-Ag Yol ul3) B-ZAF Yol FUF R FAdHCEL FheH(Chtel, 1992).

AR E St A A IRV FEE U S5 AR BEAL
EZ Z(gun)d] 23l 33U d=th £ xylosed} lysine, xylose2l B-alanine,
glutaraldehyde®} B-alanineo] ¥ njo]WU(maillard) WHS2 1otA o] o]3] oA
HHcChftel, 1992). 33 4-207TolA 3027 100-400 MPa 2.2 7}gtx el A] R ofz|Alto]
Za)3} lipases BUESIR, o2 QlshA o3(RR)Y YAG AT 2% A
uiate] 228 whx|d 4~ glr}, Carotenoid, chlorophyll, anthocyanin 5] MALt
A el Bt EohE HETE AR, myoglobin U WiPER J/E
A A =Y 42 dFAo] LM cHChftel, 1992).

of
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A2 g e I8t 7= o|3et AR HE)|zt

R FAEEE ARSI BEYE A3 St nEwE ddFes
e Ee AT £ e Z1AVY, AR, addEa o 23 5 84 EeA
=

qe Je Aelrlae v AYstel Aol HEY 4 A= HA
AWlee 4%, MUPe 1 BHes

AL wE, B Sol #4F PUE L QS Al AAH FAPLEE AR
£ A4 YN Bolth. AFHOE A& 7 ARolA As} Azstd auiElel o
U HTole ool AsEel, 9N 43, FABRY W, v 37}

ZA - A8 Hstel QB F gFelAe 2 AT 374 5 T 23l
os) AR AAPAe] 2A 27H olrk W AAE Ao} Qe UM YHAE
o8 geold BEJWO] S ot FEUNS BA UM U 4% F REol @

offt

< BAE &3 stk Iy, o] £2 el 2 BEY 4 gl HA REH
of &A% Jlgol AL AR AFolth AF7HAY AAATE UE 429 F
g, Abk WA 5 FEAS ¥R L, AR S5 RS 9l wHye

ol Folzich Ha7tx A A dFES o8l A" U9F 2FI|U2E AL
A%, 7tEAz, ZaAE, YAARA Fo AT njAE EE T4 2A§AAY
starter H7I nisin H7} 4 42 2APYel o, olFrAE A2AH
ol EEI Uxe FHolth webA ALY BEF YL U AR f3de] AF
o8 ARt 2E3IA glo] FAH &Ao] ul$ In, &3} FA] nixA ¢
AAFE BF +EHE F US S0 AAEe] YulE & Mol o]27] d2 A

SHE T B2 G =22 AT §4 JiE U AU oE 3Gl B,
IE T2 Ui £AE opr|Rrh oo & dAFoM: XY EASHEE RAsHA
A BEQE AR st A nAE A TAUkE AdEdoz BN rE

e =1
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AT £ Y= V1AV, AR, agEa g 239 5
A 3 Aerled vla 2Nt X A8y 5+ & HF HAohge

AR 3 7133 S Adstaat g,

A2zdAE L Py

X 58338 F UE FI|GANAN Be|st Lactobacillus plantarum KFRI-815
FFE BY Wol &4 ujdsled Agstdct. EE wBEQ L plantarund LBS
agar(BBL Microbiol. Systems) slant®} plateE A}&38}o] 37CojlA] 48417 wjorat t}
& 0To] R3sigich. 27 ey Helg FUsA =8y 98] EBL agar
plateo] A 2~3 WZolE 2|3lo] 150 wl AZZetAFe] So] Q= 70 mLe] MRS
broth(Difco Lab.) uidejo] HFg F 37ColA 24X 05¢H ALA wjorstac). o] 23t
Auj) 2 ol& FU el 3P HiAlol Th FESel BY SEoA 1242 F ]
T AL F2 Aol AHE3idct =3 Lo el wjgdlg 4ToA 7,500xgE
B2 QAR 0.1 M it f3e(pH 7.0)0] 13 A¥T F webslel Abgst
th olul L. plantarum®] #%F FA XL 2.4x10°~6.2x10° CFU/nL $Fojglo
2 Aol A ZE I3 AL 22 WYo= i o] wjggt AL o]
Stoict.
¥ vlx FF2A  Saccharomyces cerevisiae KFRI-2682} Escherichia coli
KFRI-272 IF& &% Lol &4 gt Mol AH&sidrt. S cerevisiae:
PDA(Difco Co.), E. colit Nutrient agar(Difco Co.) slant®} plated A}M&3}o 37C
oflA] 48217 vl Tl 0Coll B3I}, S cerevisiae®} E. coli @32 AzA
FENE FYUSIA RAI3H7] $13) R¥E agar plateor] 2~3 WZo]E 2|3t 150 oL
MzZtERlAT So] 9= 70 wle] WM broth(Difco Co. )2} Nutrient broth(Difco
Co.) ujordoll ztz} AEE T 37ToA 24A]7} Aujorsigict. o] 3t Mujored 2 L
< 54 B AT wiAlo] T FFst] BY 2EolM 12417 St wjRE o},

o

o%

—
(%3]

gl
o,
€3
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4Co A 7,500Xg2 1587 alZelstel 0.1 M QA AF(pH 7.0)0] 18 AHI
F AT A& F2 Aol A8l olwl S cerevisiae®t E. coli il
Z FASEE 5.1x10'~1.2x10°2} 2.4x10°~3.5%10° CFU/nL $Fo]gn, £ AH
oA A RS 22 Yoz upd Ao ujddt A& o] &3talrt

5 @il 3 2&3h= polygalacturonaset= FAEH A|Fo| uf¢
22, 2711 FAZR o]F tjalsle FUI 7159 pectinase(EC 3.2.1.15)& ¥& &
A2 AFsigon, xotFe] FTLAE(Signa Co., USA)E 73l 0.1 M Na-acetate
s .5)oll 0.5 unit/mg protein® 2 M3 rt}E TEHY Hel2 APl A1-83}

2. AN Az 9 2F, AF

X Az AMR AMEE AFE e, IX7HF(EYE FFE AX7HF), ok,
A7, "2 JR(3E AF), HVLdF(F dYrh) S22 JH-E sFAdE EuiA
2 9 £ FHoBElA Tyttt

3 At 442 A F HLdEE 95 FAY /40, Fds=
5EZ 3te] 20CTE 7|E2E 44 ¢ Aol YL EY nfEhyE ¥¥st
geom wF 232 g FEE Wt HES St A9 wjFE 2= EolA 37
HH3te] 4TollA IR FUA & ®i71E T thE, 4~5 an® M FARE ¥
aE2A WY F RS FARY vigel= 29 uiS 100 g% ¥ 3.1 g 2
%7}% 2.3 g uhs 1.5 g A7 0.4 g HAAR 3.0 gojglen, HFHA AA

55 VERJ gict.

Ao

2.
ohg ZE X 300 gl 2Bt PET/Al-foil/PE HZWE EE(25X15 cn,
FA 80 m)o ol AF TAEL, BHE T X 0TA 3x]2 5o o]
ZtA}7] THE 10+2°C(96% RH) = Ah2(oF 20T, 76% RH) o2 S|E& A 3talo] A
gsidA F71H e A3stel Aol Abgstarh ZlAsiL ® 2319k Helo] AHgH
X ARE 10T H-2olA 64 F83] S84 F w7kl AHe|o] AHg3stgich
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3. 714 719k A e

~ WB8% 140 nl2k 1000 nLe} YEY TR II(G7 Science, Seoul )2 T s}
o 7t nl4E vt/ Ea WEt3 X A2 AN sl HesoE Asjglon,
AE 2o AAAHA AREE Fig. 1o] Vebd ulel gl 129-87]9} ojo] A
£ a2 R Q] LETHE BE $ES AHQaA 7 (type 316)S AFEFH] 2A
Stgitt. Chromel-alumel ©¥& A% (K-type, Shane Corp., Seoul)z} ¢} AN
(PCDR 922, Druck, England)E& 3191-87] “4tell Union-type fittings AAsto] 27
5o =9 otelg 2383, silica gel(60/80 mesh, Alltech, USA)o] zj¢]=l
line filter& 7]a] vj& o] AA3le Waol ulel AU £58 28 4 YEE 3}
et Algol that 714 JtdAE] F 70% o]erE B MAL AlRste] npH AW Y=
Al H 3t}

U BE AR EE 4 JAYY 70 ol ¢80 Yu @Hs uHAlZ o}
w Y9BY 2E(2B~45T)E fA=E AL $Z(TE-8J, TECHNE, England)o] £7]7}
FE3) WIEF ¥ F P4 ARAN(MC 303, SCINICS Co., Japan)E AMEs 250
rpol 2 RIS ARt oz JlA) siet Al AJLaH( b8 UjELake]
it AlZ o] 8] &)L 5082 st Algde 227 HYo] TUslg e o =
< T QAFE BAY ¥, J1ASoM UYEZE AX 2U¢LIE &5 99%2
3L CoE FUsHA FH3H= 4e(70~140 kg/en’)7hR] 7hoba)Zic}. ojmf L7]ujE
o] 42 UYPZo) AZAH o Z3719} 3870 AAH needle valvesE AL
stol HAs] zystgch dA A 7ot AW ARAL Y T =4 Lo 7
ol B 53 9 5284 E4AH ALE T

4. 239 Ag
2 Ao A3 23 AHersl= ABB Quintus™ pressure vessel(Sweden)z}
York frame® 2 - gxo] glom, 5 nle &3] electrohydraulic pump compressor=

BAste] Hol 4™ 900 MPa, Hr] 2% 80CE &8 7Fs3 QFP-6 model (ABB
Autoclave System, USA)®] A& AX|AcTHFig. 2%} Table 1). ¢ Az 282
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2 Apgsigdeon, A J1E 2EE 20TE AAsidct. ditHeR gkl F7isl
WY LER o] Agdsted, 2 23y FX Z¢ 100 MPag] Y FHA oF
T 2= Agol =t

R njgBou} 2 B9, A& AHAE ¢ls] HF PE UF EFF(5X5 cn)of
Fete] AelE HA(5-10 ol)E& ¥ F 719 HAIE ol &3t 7[EI BIIA 4
EE UEg g 229 At €9 x| 23 MelE 8] Adel AHE¥
TR UNrE B PET/Al-foil/PE(F7 80 m) S YFLE 25X15 cnd] ¥
= gele spEste] Algsiden, 300 g AXE EAAj €3 AF EFY
(Turbovac, SB260, Netherland)& o]&3te] WE3t ¥ 23¢ HalstAch

w

5. 3E& AT

AFEI JUEE BEoEN AAE(Xe) PUZE ANt APE FHELAE
28 4 Q=S 793 AXE Aol giEstd HBAA R HA AHZslal
thFig. 3). 7153o] JRIZLEA FAE B=7t UAste ¢ 75 ZE A3
A HALEZ o] HASPAAM FEY(4E FE 200 cd)o] BANHES 4
Astgdon, olm) FHAL A&7 1/3 28 I A A %S 5-12022 7hHA]
Aoz ANF FPAY x2S XY £ UEF FANE F33igh. EE 0|
B3} vz F25 HNAY L plantarum, S. cerevisiae, E. coli& ztzh 10'~10° &=
Fo 7 tiAE M l?— MRS agar®} Nutrient agar HjZ|oj pouring culture ¥}HC=E
Eabste] YT mRE plates} QAare &Y (pH 7.0)0] 10°~10° CFU/mLE AR
o E g zty] BAE o] dF AT =EHES T Tk AEE AANA
REYY HHE FFsAch

6. A7% Azl
ZeT A7lge) n4E AR B BUYs TS A slsl AR A

1A GRS Beu)stae] el A2tsigct. B Aol ARE A% A
L oA A2 Aalwde] wel 23=PA|(static magnetic field)®} FAHA
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(oscillating magnetic field)& WA 4 UES MA=HAcE &, AF Az A

& WA LFAAE WEY) A ¥F A3 o] 30 me] TAHE £ I ajo]
of ARE Yol &5 AAY YL YEES 3= whES A1gslds, ASAAS
B5t7l flsld= A EE AJAlo] FolM 22 gholA st= wHE Ay
oh ol AHE IZ= AR HARHY AN FREL nds AgE ) ztsiy
A Y AMREE AFL AU kY ¥ A o 2339 Ag¥on, xalg
solenoid coil 7.2 mn’?] ofube] S4& of 80003 H= zho} sttt Qs A
4zt ARE 2783t AL WEI} 15,000 Gauss(1.5 Tesla)7ha] WA Jl53l=S A
Y FF BAE A Azt =Y AF AAE wEs g8 IC RE(FE AY
12 Volt, ¥4 3~15 rpm)E AME3le] HEF S AUeFom AMANoTN A
AR 2 AFL Y £ Y= FAES A Zsiol F2stdch(Fig. 4). L
plantarum, S, cerevisiae, E. coli T-Fof ths] z}7] MRS agar®} Nutrient agar =]
of 10'~10°2.2 A Bt vjoisled AL mAE plates} QU4te L3el(pH 7.0)o]
10°~10° CFU/nl. 42202 ®WehAZl ¥ 10 ol =9 PE Yo Tol WEI Az
A Aolol]l w3 AFAL IF A2 A v HERY HIE sy
1= 3

]

32

7. 0] 3E @ HL0] JEUY 33

71240 7hek W 239k, 3BT FHEA U A7 AUE np nAE ARYe Y
23 39 HFH 0.1% peptone(Difco Lab., USA) $-&jo] whAEE 3|43t F 3
agar Wjzol 0.1 nl¥ Z=23lgc). o|Z 37TColM 48217 Eeb Halujokr)t e Ay
¥ colony& Alfste] AF+E FFstorh. agAelo] w2 FA BELL %)
BTF(No)oll e A2l F BFE(N) 2] u&2 EAsHYT

A2 AR HAE BHE FEY) ) 2A FAE RFHOE A3 el
H#H 0.1% peptone =& THAF 3 M3 F 0.1 wl¥ pouring culture method &
Zt wix]o] =stTh(A, 1990). @49 FAArFe] FAHol: PCA(Difco Lab. )
8f 2] &} 0.02% sodium azideZ ¥{3l MRS agar(Difco Lab. )ujx|& A}&3slg s
37ColA 48X ¢ FAAA Haujrdt ohg FA4H colonyE A4stArt.
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Pectinase &4 2] A& polygalacturonic acid(Sigma Co.) 7]22} glycoside
kg &= zlol& FAste] Uehidch &, E4 Zgol Y3t frelEHes VYUY
¢l galacturonic .acid% 2-cyanocacetamide A]9}(Sigma Co. )& AME-3 w|qHdo=s &3
}51(Honda et al., 1982), & A2 thila =T "hovine serum albuming ¥F %
WA Z ALL3lo] Lowry ¥ (Lowry et al., 1951)22 EM3lddct. H4 ¥
0.5% Na-polygalacturonate £9J(0.1 M Na-acetate $¥3¢], pH 4.5)o] i3} whyz
1 mgo] 1 & 59t 1 umol?] galacturonic acidE F2jAl7]= P LR Ao, =
S84 27] BA4o tig 71A st e 23 A F 54 BAEY vE(%)E U

Ehufodct.
8. pH ¥ 2= &3F

2z A& 150 g& FH71(Y F=9A HMC-150T)of YL 2% 3027 uffgt
T} gauze 473& AHE3lo] o33t F O oo pHel AP Al=E FASHAT
o 2}of 20 wlE 23} pH meter(Corning 220, USA)Z pHE &A3IHA:, AlE= 0.1 N
NaOH €°jo 2 pH 8.30] & uwiz}x] A3 ¥ £H|H NaOH &4 H & oz ¥
Absto] AT

9. FsdA

ZAel Uiy ¥ed FLFIE N7, A%, 234z, 90 % SUFE &

BYgFoR st 97 A=yog FAstgdem (R o, 1991), F7t ¥EF
E4o] A A& VEMES stdch FsAre A F ol e 249 10
BE AFs APY AAE dHAI F AAstden, HdEAI}= SAS

programe ©o|&3lo] EAIEH o2 BAMsidc].
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10. A4 ¥4

E A¥e 238 o4 AAsgen, 7 $5dE F%e M4 358 0y 23
e BEH TEEAZ Uehhglch 4 S8l otk Aol AAE 9

o

tl &
3)

BRG] #2223 AN st

flo

eneral Linearized Model & L3142, two-way ANOVA F4t EM28 Es3)

h 4

o]
G

9’,
T"—‘ 11

List of parts

6 1. CO1 gas cylinder
2, pressure regulator
3. needle valve for COz inlet
4. pressure vessel
5. water bath
6. thermostatic controiler
7. needle valve for COz outlet
8. line filter
9. thermocouple

10. pressure transducer

11. data logger

12. immersible stirrer

Fig. 1. Schematic diagram of the experimehtal apparatus for
high pressure CO, treatment.
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Yoke frame
(movable frame)

_— High-pressure
vessel

| 1

| _| — Piston

| Low- pressure drive

Intensifier pump

Fig. 2. Schematic diagram of high hydrostatic

pressure system.
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Table 1. Technical description of high hydrostatic pressure system

Press ABB Quintus'™ Food Processor-6
Maximum pressure V 900 MPa {ca. 130,000 psi)
Maximum temperature 80T

Vessel 1. D. 90 mm

Vessel height 225 mm

Chamber volume 700 mL (ILD. 70 x LL. 180 mm)
Pressure medium Distillgd water

Pressurization mode Piston type

Intensifier pressure 204 MPa (30,000 psi)

Pressing time 2 min

Temperature control Circulating water with thermostat

DCI2[V] [0 o
Qfp \

—

JAN
Gy

specimen

ACLIOV [o o

Fig. 3. Schematic of pulsed light processing system.
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Fig. 4. Oscillating magnetic field processing system
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A3d dz1 9 2%

1. A9 A wzkd He Name) 73

Zh Z1AZIEE w7t A Alade) 35

714 4eE 2PE 4 e H¥A FR 3¢t vk (W-g3k: 140 nl3} 2000
oL, Wi¢} Bl 200 atm)E A MASI FE A zstckFig. 1), 314 g7 9}
olo] AZHE v ¢ Ao kEFHE RE BELS Ay AH2A R (type 316)S AHE
Ste] 723319l 2m, chromel-alumel ©33% & A%(K-type, Shane Corp, )2} &8 AN
(PCDR 922, Druck, England)& 39} 7] Aetel Union-type fittings® HAZste] &
7] U2l 2= ¥ &Z3slg, silica gel(60/80 mesh, Alltech, USA)o] 2j¢]
A line filter§ 7|A] vj&o] AAsl Lol ulel Y 4= 24Y 4 Qs
SHRTh A€ ol AHUALE AMSIH ¢t HESTIY] AANLS U ¥ Zx @
T& UP2E T onAdg S B3l Ml A, 4Y, 25 52 23 H4E AAysig

=2

Y. zabad uistd A Ala%le] 33

AE8& 234 A2 Ax|(high pressure food processor QFP-6, AAS, USA)S =
BAF71HY o] Fule] A ¥og Felste] dxjsieicth £ dAFolA A1ge 2
319 Agl-& Ax]= ABB Autocléve SystemAlollA] JIU3t AL 239t Aa|r|2A
process module} control moduleZ Ub¥|e] Qlt}. Process module ABB Quintus™
prestressed wire-wound pressure vessel, electrohydraulic pumping system, water
circulation systemn®® FJH ‘cabinet’ HFelZA U L7]2] chamber size: 2]|&
90 mm X ZoJ 225 mmo] L 80ToA 900 MPaztx] AW 4= glon 4&ujo] ) ¢eiol
=" 7He¥ #% ofuzl, wire windingt 87 MIY ¥ Alo|e) FPog B
SHANLLEAN 5 RHo| Jl53lth. E3} programmable control module A a] A
Z, 4Y, 2 5 BAFE Sl 2EY 4 d=d], WAH microprocessorE o]
83t A2 tdES U8 VYR YAt g Hed F 42y 4 JEE 2
At
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2. X2 A7) XA w7td A A LR FF

7t. 2BEA u7td Al AR

AR RS w7k Hel A2 SUEA ZME(Xe) UZE A8 AT
HAE 29U 4 U2 1O FANE oY MAAsAcHFig 3). TPojH B
ute} Zbo] 715 Ato] AW Zal= AZs} UstL FF Reol o3 YL ¥
A4ER APuto] PAstHA F2Yo] WAy, ol WAL A&UE 1/3
sec® RS AR FhHAR oA A BPA e 2t
Autgog AZEAE /Ul 4 gt BYCE ALHE AL £2-AxE Pze
AMe WEZA 27| Hof wbgo] 400-500 nuo| EE 27k4] BT AF§O2 HshA)
B $e-FAE PZE mgEe] FARBE FESY BAH|E LY Aol
gom AAIE Fx US GuL mA 4 A7) PR B AFoNE xdHo] 7}

7he M= ¥EE BAoE Agsidrt

ol

U

. A7 vl Ae] A]aF)

7283t AR AE o]kt v 2] ARGA Ev BB INE S T
AR E st sish A7 2713 LBZAE S At £ dFolA s
H 2% AR oy Ase] Aewhgel uwlel 1% AlAl(static magnetic
field)®} % A}Al(oscillating magnetic field)E WBAA £ AxF 1¢5Act
FAFes AF Az AFE WI/AA 13 AAE UEI] AAM 4F AT
30 mm] FHE T3 2 Alojof] ARE Yol &5 AAY BN UEF AASHA
32, A% AAE TG 3N E AEE Aol FAM A2 FZFolA st=
g st AEE AT AZY UFAY BA FRES uUE AUE
Azt TY AMEE AFS AN FE F FH ZF =51 AHgen, x4
£ solenoid coild 7.2 mn’?] oL}l EAMS <o 80003 FE ol A zstLcrh(Fig.
5). ol2¥t solenoid coil AMdef chsf U7t Az}t ARE 2Esle] A& U=7}
15,000 Gauss(1.5 Tesla)7bx] WA JHsdl=& AL IFF FAE AA A#siodrt
(Fig. 6). 3H AF AAE BEY] ¢jsl 0 RE|(FF A 12 Volt, HAF 3-15
rpm) & AHESH S ANEFOE A#MAZOR A A AR 2P WS
71 £ A= ZAAE A2t §FA8tch(Fig. 7).
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3. 2E¥ 9 AA ) A vJtd A &3

7b w7t A E] EEA RS A QL AAE] 2 Y
1A LEYo] AufF 22 BASH: FAlo] £4F BEHOE IA AR
oxs AEHQA F4ZA L plantarun KFRI 8158 7] #3l EE nYEEZ HAs}
AR gol 2 2}83h= polygalacturonases HA|3HE = Fo] nj$ A
g, 371 BAZ ol& tjalsle] 53t 7159 pectinase(EC 3.2.1.15)8 E= XA
2 dBstgch A3Y nAES &5 vigdz A Ay ez AYPol o] &5lA
om, BaE AF £E HAES FYste dedoz Algsiynt uiztd AHe|of
ks

o EF nAEY] WEYY ¥ AT AFAHE aAA] Hzhjode] o3t A
5 FBYLE Hstd, &4 Z9 polygalacturonic acid 7]-e) thgt Kt
S G5 AOlE FFsle] AeH R4l E¥Y3 IS FAsiAr)

U, A ulztd ANejo] 3 BEYY W 53

7127t A2l 2EUSFE AR Hstel AAolA Bel¥t Lactobacillus
sp. A4S i HIBER Uit 2AEUAE st 1Y €00 AF EIE RE
A3, AR g 2x, Aol FUIUEE olof i) LB PALUSLES
A 2] Aol F7istglen 30T, 60 kg/enS] C0; 7hgt Aol BHArF wjgdle
10° 2 ZFsheul o 15080] 2%t o3l Ay AE Eus 2xe
Absl Q) mAEQ L plantarumoll thsl 30THIH QA oAkl 70-140 kg/cn®
212] 319t CoE ol &3lel 7I4t A zo] nAEL Bl nx: e AE
¢ A, d¥o] F/IUSS ALEAI FoiHUThFig. 8). & €0 ¢4 70 ke/cnlol
Me 271 #4715 log cycle WF ZAEEd o 508 7lgfo] 2e=gou}, 140
kg/cn'ol N AMFEIIL 73] YatElel of 208 mwte] Aewglth =3t 140
kg/on’e] ART 0, YPo 2 Aty ol Mel L=t 73l ulel Apda oL
Z7151th(Fig. 9). ¥ 72| AR Pabo] Fojsls Ba) HAQ pectinases] cfs)
30T, 70-140 kg/on’e] gt o]AtElerAT A3t ¥ WA HIE 3P A, 4|2
A5 7ol w3l of 40-70% o3t IUEFAH L fAFFen Ao 4=

Y S2 JEYEE Uehlo] Adgat npAsiAE st 2E ARl ule}l 2¢b o4k}
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g4 Ae|art getd 4 o3-S #Astrh(Fig. 10).

Zzad Aelo] o3 AX FHatde] AHHARE #HAsH] 918t L plantarumo]
th3l 257CollA 100-800 MPa ¥ $|e] A 4=qt(hydrostatic pressure) 2T 187t AW &
o gPzAo] ull uBEY AEIEE AEY ZH3}, 300 MPazixl= AFE}IL A
3 el koLt 400 MPa ojifol M= o]l FUNHS4S FAY AFEIAE B
4 AtHFig. 11). EZ 300-600 MPao] 4Hollq Ae|r|Ztoe] FIId4F AT A
a5 B4E Uehdoy, ol Adizis A|A T Bl AHejdgd oS Uz
SHA] 8k W= Ao 7 UElytHFig. 12). &, 400 MPaolA:= X7 #4971 4 log
cycle Qg ZtAE| = ¢ 1080] £8E %01}, 600 MPaolA= 2319 A2] 1829
ot 8 log cycled] T APEE ¥ 4 vt TH pectinaseo] Tz 25T,
100-800 MPa H9le] H4qtow 187 Mt ¥ Wiy HNE AT H, 300 WPa
o] o] o FE HEHJo| Zh43te] 800 MPaol M= TERBo] 72 AFYULR
A AZego] 245 o W AEVEE Urhidrh(Fig. 13).

tl. Ax71AA 6| 71Q Aol o PEFE W} 53

X Z n|AEQ L plantarun?} B]3 F3F S. cerevisiae, E. colig Ztz}t A}ME3s}
o] MRS agar$} Nutrient agar ¥jz]o] 10'-10° CFU/nL 4= 08 thAd B3l wjokst ¢}
£ 1-3 round/sec?] ZtH o g FHA(SE P 200 cd) HE 5-12027F AA A
2}, oAEY] AFARE A HAY 4 Ak EF o5 HPES V) YAE &
Zol(pH 7.0)0l 10°-10° CFU/mLE 343 dEty Pelz 22 2ol HHA Az}
dou oz 2 u|yEe] A Bt G H7 UrhuA] dttTable 2).
3t pectinaseo| th3] FU AT FHEA AU AT T4 BEY Y
E ¥ + gct ol & dolM AR FEL A AdEH U F4 Y
HI3E Uehd 4 A& £29 2¥& 7212 RG] g o2 sintgdch d7§ 4]
H71718 &8 F73& sl £2] RS A=E3tdey, B FEdAE FUd 2
o] AL Eiesta AR £ 49 Il WZ JHHZ AUXA rtely i)
s E AL B VAR V1718 4 Aol TAZL oot

FHA AoM} nprix|E 371A] FFoll ths] Zt7] MRS agar®} Nutrient
agar Wiz]o] 10'-10° CFU/olL $£02 thAd H3 wjedyt the 10,000 Gauss] 27
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A71ROR 5-15% T Nl F AFE WUHE F A, TxTe] g7
A AlE T2 + YAk =X FUAY FFE AR BEA(pH 7.0)00 10°-10°
CFU/ml sE22 HEAIZ F 10 ol 4 %3 PE YEWo] o} 10,000 Gausse] &
A71BL2 5-158 FU M F AF¢ HUIE 23T A, 94 BAATYY &
23Ql Aol FEY 4 UrhTable 3). =p71Ae] Azlwbde 34 ApA(static
magnetic field)ollA] X§ A}A|(oscillatory magnetic field)& H3s}o] n|A JE FHe}
4& 1-153(AE4 3-153/8) FT¢ A2l Fo= 7oiaidd njAdse] deodx &
843 ZAE A HA ¥ 4 glgirHTable 4). & FeSiB2} CoFeSiBCr x| o] &
g ZRXE FAY AEA(12X12 m)E n]PE etodol] Arlsted =173 wate) s
A w222 YASA Uog A nlAE FA oM Azl SELo] o3 sjHYS
THShE YHE Aoy o] x|zt foHA AjolE FRY 4 goict
(Table 5). IZE AAAE &3t AEQ v7ld AF714o] BY AR o3
ot vlaste] 8wl 2 AFolM ARSI HEE Pul:= o} 10,000 Gauss(= 1 Tesla) 4
T A7NFE DAL = Aoy, MAToN ATHIL Yt Fule xR A
717} ¢f 50 Tesla &2 2 217]2te] xlol#ut op)e} 2}7]e] QA M= 2 2}
°l7} vta glrh. Tt o]yt A Tesla $28 IZE 27| FXE v &
oLt ZleFd FHolM mi$ wdAH Aes whehy g},

wtetd FHA 9 A7) Ao 23 nYgE E: T HEWY WE &
%?l 23 JIUd 23 A3 A £ ggons dAyow Axe REy
Boll Tt Aaly] A wistd Ay & Ssde AR Aoz wuEyr)
=] A=yl &2 W Jjel BE FHIE0] U wAslY 14850 ATFRE A
de ¢ odvhd, w7k AHalslEe2A ARNRE eI A BEH Ao 1
g T8 S |HAs) & "avt doka Alg"ch

2
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Fig. 5. Schematic of magnetic field proceséing system.
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Fig. 6. Electric circuit for magnetic field processing system.
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Fig. 7. Oscillating equipment
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Fig. 8. Inactivation of L. plantarum cells in MRS broth by high pressure
CO; treatment as a function of pressure at 30C.
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Fig. 9. Inactivation of L. plantarum cells in MRS broth as a function of

temperature under CO; pressure -of 140 kg/cm’.
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Fig. 10. Inactivation of pectinase in acetate buffer at pH 4.5 by high
pressure CO; treatment as a function of pressure at 30T.
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Fig. 11. Inactivation of L. plantarum cells in phosphate buffer at pH 7.0 by
high hydrostatic pressure treatment as a function of pressure at ambient
temperature for 1 min.
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Fig. 13. Inactivation of pectinase in-acetate buffer at pH 4.5 by high
hydrostatic pressure treatment as a function of pressure at ambient

temperature for 1 min.
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Table 2. Effect of the pulsed light treatment on microorganisms from kimchi

Treatment time

Viable cell count (CFU/mL)

(sec) L. plantarum S. cerevisiae E. coli
0 40x10"£57x10° 38x10°+1.8x10" 34x10°+3.2x10
5 38x10"+41x10° 3.7x10'+£53%x10° 3.1x10°+4.1x10
15 44x10°£6.5 ><.10° 31x10°£13x10°  3.5x10°+6.1x10
60 47x10°+1.1%x10"  28x10'*+12x10°  3.2x10°+3.1x10
120 41x10°+£4.6x10° 2.6x10°+7.4x10° 3.4x10°£3.6X 10’

Table-3. Effect of

the static magnetic field on microorganisms from kimchi

Treatment time

Viable cell count (CFU/mL)

(min) L. plantarum S. cerevisiae - E. coli
0 11x10°+20x10° 27x10°+37x10° 41x10°+15x10°
1 85x10"£88x10° 28x10°t44x10° 4.2x10'£9.7x10°
5 85x10°+7.7x10° 21x10°+1.1x10° 3.8x10°'+3.8%x10°
10 70x10°£8.6x10° 3.0x10°+4.7x10° 45x10’£55x10°
15 82x10"+£24x10° 26x10°+15%x10° 45x10'+3.2x10°

(magnetic field strength = 1.0 Tesla)

- 93 -



Table 4. Effect of oscillating magnetic field on microorganisms from kimchi

Treatment time

Viable cell count (CFU/mL)

(min) L. plantarum S. cerevisiae E. coli
0 19x10°+£9.9%10° 27x10°+3.7x10° 2.1 xX10'£7.0x10°
1 21x10°£2.0x10" 33x10°:24x10° 23X10°+2.6x10°
5 1.8x10°+41x10° 27x10°+5.6x10° 22%10°+42x%x10°
10 23x10°+£41x10" 3.3x10°+3.9%x10° 2.2%X10°*+1.8x10°
15 18Xx10°+2.8x10° 29x10°+50x10° 2.1X10'+3.6x10°

(magnetic field strength = 1.0 Tesla, oscillation = 3 rec. /min)

Table 5. Combination effect of oscillating magnetic field and amorphous

steel on viability of L. plantarum cells,.

Treatment time

Viable cell count (CFU/mL)

(min) FeSiB CoFeSiBCr
0 1.9%10°+2.4 X107 1.9X10°+2.4 x 10/
1 29x10°+7.7x 10’ 2.0x10°+4.7x10"
5 1.7x10°+4.6 X 10’ 1.7x10°+1.9x 10"
10 1.9%x10°+3.3x10’ 1.9x10°+4.2x 10’
15 1.9%x10°+1.1%x10" 1.8x10°+4.3%x 10"

(magnetic field strength = 1,0 Tesla, oscillation = 15 rec. /min)
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2h. Z1A7keE Aele] 23 A BREY ARII&] g

71217t} Aelof o3t A FHAbFe] APHEINE AEI AR A, FF Az
A& At Ao H§ PSS & 7S¢ A9 AMng REFE ZoiAL £ 9
£ 7Hs4d0) Uk w2l wiFAAE AP F2E A2l 10CAAN FHA
LFEAZ thE, 30TolA] 70-140 kg/cn® 912 3¢} CO2 1417 F¢t Hejgh & A3
3 Azltet BAE AR pH, AtE, RabdS 5 EAstach. 2 A3 Ny
of W Zxle] B A FEY 4 glgled, BxaT ulasid seHal
ARY ARENE HAY 5 ¢ladch

olof vz} A Azl BANE ¥y st 10C AZA2ENA 70 kg/cn’E
24X 7 Bt 1Y 00 AT F A F AT FAT 2K pH, e, A
T T FF3 BeAAE AAY HAINTable 63} 7), Al B2 HarF47}
A e)to] wja] 50% olstE Astgon, B AL A= F A 7UR) pH
4.0 o3}, AtE 0.75% o]4o2 olm| ilmte] ot out, HAFe MR ¥ AP 1Y
#i7EA] pH 4.0 o]/, AtE 0.75% o|3tE RAUOTA 19t €0, Aelo] oj3) 7z

A 2gol of 505 71g AR + A& THed S FUstch

nh, 3¢t Aelof o3 A REY AFI&S] LA

2319 AMzelo] ¥ A A APHENE ZEY A3, AP HzrIL A
ool Aol A UYL U A AAQ AMnje HEHE FriAY £ U= A
ol HE gt oo MU E AP FRE AR}l PET/Al-foil/PE WE BB
(25X15 cm, 7] 80 /m)oll 300 g "ol JF LA thS, 10ToA 647 WA
Ch A= 0.55%, pH 4.5 B=2 d9tA 49 72X ARE 25ColA 450, 500, 600
MPa2] Fqto g zt7] 5, 1, 18 H¢ 3¢k A F 10Co] AASIAAM A a2}
FAelT XY pH, &%, 95 9 Jdade 58 SFHsoltHFigs. 14-17).

Y F A ANEE SN FA 0B EY B, A2 FFEEH HFUs] 504
#A7EA] A XS dut Mldg FA 2ol vlE] ¢ 6 log cycle AE 2435
3(Fig. 16), RAaF4E & 9 log cycle o|4t ZtA3sle] 500 MPa 182 A2l E 23}
e AT F¢ BF Rido] A ARHA] YUrHFig. 17). okgd FAa 2
X A 104 o]F pH 4.2 o]3}, A% 0.8% o] 28 oju Alglo] 7+s1el O }(Fig.
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149} 15), Z3¢k Ml ZAAE Az 2ol BAYC] A% 50U=7Ix] pH 4.3-4.4,
AR 0.5-0.6% +FE FAUY2EAM 10T 7189 A AYA] 2aUdHeo] o3 2

o Hgo] Ha 5ul o] AFH ¢ At THeAS oyt
4. A BREY Aol AU A A I 43

ol HE AINE Yo E & A7) /AU ag=E FHA o xpr)Fe] A
7183 wi7td Azl AA ddol Vst udBolu} T tia ASwA W
E 42717 oldrie ZES 2 4 Adh A JAsL © 2399 ¢gdnA
HI7kE Az2lol 2% 2] Hatd @ Jlet n|BEY Az} Bajzg mio] By}
ERE HUY A7 FAE BUE, d $EA AAAEL] 2EY Ao . IS
T R WM Herle2 dHEd Nelrles uEHArl 53 Axe MEA o
Boll EaAd w7td oY Herjg2AE ZAg Bl 239 Mgt o $43
Zo2 yszlon, wetd ZAAAE ALY 4 At FAFYA 239 N zA ©
A& Y AFE ol F AL AYsigc)

)
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Table 6. Quality changes

in kimchi

samples with and without high

pressure CO; treatment during storage at 10T

Storage time

Titratable acidity

Lactic acid bacterial

(days) | (%) count (CFU/mL)
cY T C T C T
0 5.70 - 0.27 - 9.4x10" -
1 5.72 - 0.29 - 1.3x10° -
3 561 - - 0.33 - 1.1x107 -
4 5.03 - 0.41 - 1.3x10° -
5 445 4.45 0.52 052  60x10° 6.0x10°
6 417 421 0.67 0.64 88x10° 23x10°
7 3.95 418 0.78 0.66 96x10° 2.8x10°
9 3.84 4.08 091 0.69 72x10°  2.7x10°
11 3.83 4.03 0.99 0.74 61x10° 2.8x10°
14 3.82 3.98 1.04 0.92 3.0x10% 32x10°

Y Control: untreated kimchi samples

? Treatment: kimchi samples exposed to CO, under pressure of 70 kg/cm2 at 10T

for 24 h.
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Table 7. Changes in sensory evaluation' score of kimchi samples with

and without the high pressure CO; treatment during storage at 10C

Storage Attributes
time Redness Off-flavor Sourness Hardness Overall
@ys) "o P ¢ T ¢ T C T C T
1 48 - 22 - 12 - 88 - 44 -
3 51 - 27 - 1.5 - 79 - 56 -
5 4.6 - 38 - 39 - 77 - 69 -
6 44 49 3.9° 39" 59° 44° 71* 75° 52 6.7°
7 40° 49 39° 42° 6.7 4.7° 6.2° 6.8° 46" 6.6°
9 51° 4.7 41° 4.2° 71* 53° 6.5 6.3° 45" 57°
11 55 5.3° 48 43° 78 59° 6.1° 6.7° 38" 55°
14 50° 56" 47° 4.8 86" 7.2° 6.0° 5.9° 31° 34°

D Sensory test by 7-8 experienced persons. As the values increase from 1 to 9,
the intensity of sensory characteristics increases. Different superscripts
within a column indicate significant differences (p<0.05),

? Control: untreated kimchi samples,

¥ Treatment: kimchi samples exposed to CO; under pressure of 70 kg/cm2 at 10C
for 24 h,
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v 450(5)
6.0 = 500(1)
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Fig. 14. Changes in pH of kimchi samples treated with high hydrostatic
pressure at ambient temperature during storage at 10C. A dotted line
indicates the storage time for treating kimchi samples with high pressure.

Applied pressure: MPa, treatment time: min.
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Fig. 15. Changes in titratable acidity of kimchi samples treated with high
hydrostatic pressure at ambient temperature during storage at 10C. A
dotted line indicates the storage time for treating kimchi samples with

high pressure. Applied pressure: MPa, treatment time: min.
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Fig. 16. Changes in total viable cell count of kimchi samples treated with

high hydrostatic pressure at ambient temperature during storage at 10TC.

A dotted line indicates the storage time for treating kimchi samples with

high pressure. Applied pressure: MPa, treatment time: min.
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Fig. 17. Changes in lactic acid bacterial count of kimchi samples treated
with high hydrostatic pressure at ambient temperature during storage at
10C. A dotted line indicates the storage time for treating kimchi samples
with high pressure. Applied pressure: MPa, treatment time: min.
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5. A< FAWI& Aexe] wE X HE, o3} ¢ A5 5 Ay

AAAZ] LT = = FAAQY a1 A zAL Y8 sls) Alg 2
Xe) 42E AFEAE vz AR F, ‘%-;L AF 5320714 4 A%
AH2oA S| 548 HAE AEE AMEslo PET/Al-foil/PE BE B-F(25X15
cm, FA 80 m)ol 300 g ol UF FAY tlL, 25C AH-20jA 450 MPa 5%, 500
MPa 14, 600 MPa 1222 27¢ HazAL Yalsle] Azt ¥ 10T AN
F7182= pH, A%, n|dE HIE EAsigc)

$4A717) e AN A AL Y 3 AR EMY AzKFigs. 18-21), A
gl AFNE A 7-124#-7kA] 23 Al AR gt HFes FA Tl |
o} 3 log cycle 7} 243t RAAMFsE o 6 log cycle ol Zhastg o, A%
15458 Fxl njAdEo] HEE o] Y 209 o|Fol o 10°-10°¢) FAelF +208
At HFs U HaF4st 78K Z RS UehisickFig. 203 21). olziabEql
GHAME FA2] ZXe AY 9Y o F pH 4.2 o]3}, A% 0.8% o]} o2 o|n| &
Ao HolE o h(Fig. 182} 19), 450 MPaollA 587t Hajgt ZAx= AR * A3
28U7IA] pH 4.2 o]A}, AME 0.5% o]|3}3 vlehjglal, 5002} 600 MPaoa 187 A2
3 X A3 23-28U7HA] pH 4.2 o4, A= 0.6% o]31E RFA|stHrt. ey A
o2 A% 30-354 o]Fols X3¢ ANeFx HA s TAR AYIded, o
239 A2 ulel AR 20y o F FHAF S EUY AAY ulPEo] A €A
3] AEHEoRA WA w43 o] thA =AY wEo R Bttt

I, ddA <4 XY ZF vl Ao ulaste] 2t Aol ] of
L A= ARGel o ARELIHE BU3] 23l pH 4.5, AT 0.5% 2 H A3
WFAZ ZA ABE Lo E SUT 239 HNAAE ARt O HAz By
gl A= AA vl 2R Bt nlAIRE AR 99 olFol pH 4.2 o3}, A=
0.8% olgo2 & vl AUshe ol dis), 23t HeT RAE A 2o
utel 24 A& 80Ul Ho) A& 125U7A] pH 4.3-4.4, AT 0.6% L[ AelS
fAstACHFig. 2291 23). 23¢t A 2ol 500 MPad] tPog 1837 A
gl A A2t A 80 o F pH 4.2 o]3}l, AT 0.8% o4& Lielo] AcfFo
2 A ¢Fgo] W ol thid nAE AE AME dxsioh

- 103 -



Z23¢ Azl AA A2 AL AR F dut 4F U F@abFe WHIE Fol
Hf, 500 MPaollA 127 Healdt Zales A& 259 o|F Halg4sl, A2 40Y o] o)
< G MiE7t HA] Fubslel AR s0dRlels BAE 2xel AL ulay £z
ol =estolrh(Fig. 242-25). oo WIsh Unix] 450 MPa 5%, 600 MPa 1% A a]7
A7 2719 239k Azl ¥ opRlE 9wt AlFY A
S #AstAR, A B9 AY wzlA mje e AP
EHA AZTo2A 239 Ao 23 FEY AFFAE A
g 23} o] 500 MPa 1 A2 FoldE A3 F njAlEo] 3 1l
L2 HE Sl AHE S8 T B 4 A, olu RakZ4e] Zyte}
pH A3} E= A= F71 Alojols AWt Atz LAY} &, FAarFLl A
B 25 olF F18l7] Alztste] A 50dRel LubEQ H& 7Ix|e] MALF o
Edstgler] W, pHet s A 809 olF & WAE ABE ] oF 3
A|xE7E gAgstglel. ol olnt: Zmgt Az® nAEY] My 54 wsle yaw
2o E ARl AATE ol8te] 234e ssted BalFo] §as] Az o=
B 47 A T AN 34 59 HEngeE A A4 593 2L oAt
Ve AdA o] TE ME B2l W3] o] ZAlat Zajo] BA3] HEEx o}
3 AXNE HEHI e 7Hed At Azt oY 23y Halo] b 3
Ao 4t B8%5Y dAE tlE dEAte BaoHE ofn] ™ u}l glthHoover,
1993). & Eol LTEES] ol X9} uArAE A3 F dLQ wHo
3l A=Tt AL olx]A]qE 10THIA 1027 200-300 MPa® 279} Ha|sha s st
A RBE GAY  AddEY, ol UHo| Tojdl: FarFo] et Ao o)
2] BETE FASHEAE o ol 4AslA] 9oky] wiRolata g}

olge] A¥ ZAE wias XY Az ¥ uls x| Rt A wFA
Hs A ot 239 A& ¥ $43 Ao Urgon, FNHos A
2= 10ToA o 1209 o] A9 & V4L ASA dAY £ Q= Hog &
AR olgt Zo] ul& A Mr} A& Ao oyt 239 HFHs) o S48}
Al Uehd AL olnte A4 Ao} EAste R4 & wiEolat: mhuigch
&, ol AR vis] A5 Axe =Tl o} 0.4% JbF &3 pHE o 1 ThejmiE W

ooy A

7] wiol 23 LAl RuEe) FH Bol U A WPET AL 9o

4
(&
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Hog 2 AFENE AE zidlag

Uurgo g Jld Hele d Azl FPolz nPE AFESES 4,
25, HeA 5o 2FAAl 3] F¥E won, ofgy £, pH, wiAR
4, tBE FF U BSYA 59 BHUA] Mz IA 29"k 53] £
43t pie 718 Bl 2 HF AAEAM £E-E0] g3 BF pHIt Wold4E o
B A A3do] WojArh(Daniels et al., 1985: Lin et al., 1993). &z}
oA pie njRAEL cixlEFol mi-¢ & H3S pjx|+ui(Jones and Greenfield,
1982: Dixon and Kell, 1989), o& Eof n]ydE dEetelo] Atd3ie|d MXE B2
&olo] ATt} Axute] pH FujE ZAAF3, olnf nAELS AAFHoE R
pHE FAI317] I3} H'-ATPaseE ZFAIAAM HE JFZE $40]2& AL vjair}
(Padan et al., 1981; McDonald et al., 1990). ©]&% u]8E2] ‘proton motive
force’ (PMF)ofl &3t pH 334} (homeostasis) FA|oll= Tare] ojyz|7t AREEE 2
F b tiAEEol ABE Zeste] A ¥/go] HojAA Hch

T SHE 2450 AT FeAA A, 2 Ay AAo ojq A%
F7lo) FA g ol w3 the 22 Zo] Wojz|a Y AASEE F3 digol Yoy
£ B dAdstdriTable 8). 53] F3 VY F¢, TS ©i2 /H83tAS
e 343U Ax A vehda Lot Aol A d4F ofF wiEA Aol A
BEded, 212 J3f X A8 A Fols cj27e AHe|Edo LA A x|zt 2
thR] AASHA FEHA dgtort Frlol kE&H 4SS Fat 2 Mo HIida 23
oF Ael27t iz vis) "R o AT Hzg Yehiddch £ FAelFof vz
A 2] ge] ehabzte] HASHA Holxl= Ao g Ueldt=d, TAe|7e A s Al
gt x|tz TRl HATIATL FAE ] 0|2 J3] & fAE 4 ooy
A2l 7o A FAaFY AlE B EE4E g 23S HEIIATL F3HA|
oto} Atf oz ghabzto] FHA AFclh ol Azte UtlE A&XF ZAAAEFY
AR FF 5 YEML FHo A3 2 WA U wES wWhA|dt=d] o] vl &Y
Aoz LY £+ g Zolrh. ylele A Y F Aol ALFE AN FolA
Az A o3 7t wAsh] AlAstd e, ol olntx ZXIQt Aelo] 3 ZA
of Exjst= ZF f4e] uBEE HAEHE 3 sy Axjeln ALt

o I
(3o
= 32
N S

ok

T
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2

E =0 NEAY 73} uhgol YA o2 FoistE polyphenol oxidase?]
27 dFeR ME N2z FelF FFo] A Ze BAsE 22 49
USEALS J1AE Ao s A 7 HAE YAl A2 deA 9rh(Buescher

d Chang, 1989: Lee, 1992). umielAr & A9 ZuQt Hzlz Ad uy, uiy
o] bl E2F FAI ulAAAE vl Tl B2 59 AlEA 2o nj¢
Y8 FAE 7Bke AolBE AE B¥AA ZA o] &x)3t= polyphenol oxidase?]
B RS BYHE AUY 4+ A Ao® ugHch AAE Bartlett £ wjE ¢}
2 27Z1e % Azhlo] 25TolA 10837t 400 MPaE A2 o polyphenol oxidase?]
B8 oF 5ol 71 Frlstd o, olehe del Al whh, 2ot 59 niEg
2318 2 ¥E& i polyphenol oxidased] ¥AWsi7t W3 A=A ofgtria e}
(Asaka and Hayashi, 1991). 3} polyphenol oxidase &Jof ZEnjo] &g njx|-

Q

o

peroxidasel} lipase, ZXZto] 43S n|& 4 Q= pectinesterase S5 2319} A
glol os) B3t = ERLHY sHeAdol ol ol ol 3] XY AAH
T 540l MY = gk iyt AEAY z2AZAL FH9ste oY zA JIey
pectinase®] -9 oln] QA AFRE ulet Zo| 300 MPa o]4te] o WA A
843 He 202 wch ¥ 2370 fx @ W Ao Tt g A
T AIAE AHgSlel 23 Ael ZAxo] FHgurhd 2} A5t @ J3 Yae B
Tt EEHOE ZAAA Aol A 4% F4 AAAEL AFot= Aw
T 2ol H 4 A& FAos 4}
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Fig. 18. Changes in pH of unripe kimchi samples treated with high
hydrostatic pressure at ambient temperature during storage at 10T.
Applied pressure: MPa, treatment time: min.
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Fig. 19. Changes in titratable acidity of unripe kimchi samples treated with
high hydrostatic pressure at ambient, temperature during storage at 10TC.
Applied pressure: MPa, treatment time:. min.
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Fig. 20. Changes in total viable cell count of unripe kimchi samples
treated with high hydrostatic pressure at ambient temperature during

storage at 10C. Applied pressure: MPa, treatment time: min.
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Fig. 21. Changes in lactic acid bacterial count of unripe kimchi samples
treated with high hydrostatic pressure at ambient temperature during
storage at 10°C. Applied pressure: MPa, treatment time: min.
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Fig. 22. Changes in pH of ripe kimchi samples treated with high
hydrostatic pressure at ambient temperature during storage at 10T.

Applied pressure: MPa, treatment time: min.
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Fig. 23. Changes in titratable acidity of ripe kimchi samples treated with

high hydrostatic pressure at ambient temperature during storage at 10C.
Applied pressure: MPa, treatment time: min.
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Fig. 24. Changes in total viable cell count of ripe kimchi samples treated
with high hydrostatic pressure at ambient temperature during storage at

10°C. Applied pressure: MPa, treatment time: min.
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Fig. 25. Changes in lactic acid bacterial count of ripe kimchi samples
treated with high hydrostatic pressure at ambient temperature during

storage at 10C. Applied pressure: MPa, treatment time: min.

- 114 -



Table 8. Sensory characteristics' of kimchi packaged in flexible film
pouches, previously exposed to high hydrostatic pressure with various

treatment conditions, after storage of 19 days at 10C

Sensory Treatment”

attributes Control 450(5) 500(1) 600(1)
g’g;;mce 33° 5.7 55° 5.6°
'(;isg)lfraﬁm 4.4° 49 6.1° 6.0°
f%";r)‘fss 5.0° 6.3° 5.4° 5.1°
Eir}‘f;gij% 25 6.1° 6.4° 6.0° 5.6°
f’i’d“_ﬁ;fss 7.4° 4.2° 5.2° 4.7°
(Cérg;;;‘fed mouth feel 6.5° 41° 48 48
Chemical off-flavor

(837 ol ) 3.0 4.0 4.2 - 44

v Sensory test by at least 10 experienced persons, As the values increase from 1
to 9, the intensity of sensory characteristics increases., Different
superscripts within a row indicate significant differences (p<0.5).

2 Applied pressure: MPa, treatment time: min,
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6. Atk Ayl AW A REY AFUA W YUY Tyws AE

238 Azl A FUF Edwsiel] gold AAFE USA Exo] dilg:
o] glem F=2 zAZ Astel Wao] Bt oo tidt tjguhdoz g =
& AMskE AqAsty] siA LEANE AMgsle A Bz AAE SxT,
A PAE sl 2 54 o] FAS nAE FIIAHE A}RE HA u
M AdAFIaA stdch &, w3 AAelM #EAMEA 0.5% calcium
lactate& H718 ZAX|2} §7]412 24 ascorbic acid, citric acidE 0.1%%) THE T
= U Hulele] wnE AAE  AzRsdch AL FEI] £ ol AxE
A28 AHgste] PET/Al-foil/PE WE BF(25X15 cm, 7] 80 /m)of] 300 gxl o}
VEF A kL, daAA 7 2219 Z$ 25CoA 450 MPa 5%, 500 MPa 1%,
600 MPa 1202 2319t Melstdd, K7]4t Ay} 2x)2e] AL 25T, 450 MPaojA] 58
b 230 A F Z}7] 10T ARsHM FIHoT pH, AtE, u]PE Hilg B
st

Azt A7 AR 239 Hal 223¥ A F pHel ALs H3lE Fig
263t 270 UtEhd wiel e A H4 x| 239t AP M} npasxe B
Ae|fs A% 9Y ool pH 4.2 o], Alx 0.8% o] 428 <& thAo] AUst= A
of Rhal, x3¢t Hel Axle= Az 2o wel A3 120 o)A pH 4.3-4.4, A%
0.6% W2]e] JehE f=lstdet. 239 A2l 7leulolAs ¢A] 500 MPas] ¢tejo
E 123 AR A2 A7 A% 1209 ol F pH AHF} I AE E7HE Uehlo] Aty
Aoz AR hydol WA HrE Ak njBEL] FLolE 500 MPaol A 127 A2t
A= AR 25% olF Uit Mot HAEET MAE Frlstel AR 50dRjel=
Az Aot AL vlxegt £Zo) =esigrhFig. 283} 29). olol ¥isi Um=] 450
MPa 5, 600 MPa 13 Azt A% 2719 2ugt A ¥} nprirlg gut A
Y A% o 10° ol3te] MFHE FASAR, FAZY A A WA wje o
T FEE FASAY AEHA dZo2A 2 Ao 2T FEY AFE
< g dgch ¥H WA A gEAA o AAY FS BAs 239
Aol Hlg via AHE 2ARE zta gdgou), dnt w@F Ao L&Az}

s
TUE Belolde 234 Ao WE 2R NE AHHoT A sia] Rl R

(B 1% od

ok
ftjo

i)
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L}elyttH(Table 9).

TS AR AR B A 27 pHrt A =T SUtEA e
%7] Hslel Eol7ke AR 5Y o FHE= FAE T R4 A2z AolE F
28 + oo (Fig. 303 31), nldFol o= A x7lole it AFzt 3t
8] A& tia gAske TVt et A5 o Fell= At R4 A

o,
]
i3
o
ms!

4 Slslch(Fig. 329f 33). ol A2 HE whad] 439 R71E 3
Lo T AXY HWE = datgo] BAFA FF A dethe AS HY
3 & 1911;]. o]a-]zs} 712 B B xjof chs) Ad2o0)A] 450 MPag] ¢g¥ o2 587
-7;‘-37—?:]’ A8 A Ha gA ZEAA Eor 2oLt npRsIAZ 10T A2 A
Al o 1209 o]4 e IIA pHet At=Tl FAIEIdoH(Fig. 342t 35), mAEd oL
ANE it AFE 10°-10° CFU/nL & Ushlgn RAatde A% wr7tx o 10'
CFU/mL ©]3}2] mj-¢ W £&& RAFAL Hd AE&HA YT 2N /7143 232
ot HgA ol T FEY AFAAE €& 5 UYUTHFig. 362 37). VA FeAA
A {714 #HIl Axol 23} A& JIsHA =HE FEIE 2390 Al AR vl
B53 5go] ¥AsEE S & 4 dgch Table 100] vehd uie} o] #7]4t 3
stol o8] Mg A AAY 4 giglen o U 2YPME cha fe P
}E d& 5 et E?l’ M2 §7]4te] Z2FHHEE ascorbic acid®} citric acid
g FUstA EYste] A Fe| ol J1R FHol dAFHE Aem L}E}JU} A
Eo] 3AY Mg WAsH=u o] el cof FALbo] F3| AMEEHE A2 Fik
Z7A35}ol| A ascorbic acid®] LY} citric acid®] chelating 58 W EL 2, ol&
B3 Ay ol g8 AsEHE 28 4+ ke oA ook Ao ol HIL
A7t Y 23 A AxE FA7E A gA o vz Yojye o o 233
o] 94351 HWAE uj AA|=o] AAFA Fdo] PYHE HoE wHHch

olate] AHANE Er]E ZX|o] thyt 3¢t A RALTE A2oA 450 MPa
FE 500 WPa) UPOE o 5% FE AU A FEU DTEFE @ 4 o
o, olalyt 23¢t Hzlo] Y3 FPH FHol YTT AXNAF AYFH S A2l
A Hol 409 ol SxAZ £ Ud2E HAddch a2 2 d3AE A= I
o AA AXFHNM 22t AejFF & FH{3to] Aol ﬁ’b‘% AAAEE A4t
317] ¢isiMe Hoh "t 33 ANl uidt FAY AT obgE IFuie] AR ]

N
_<')|_4’
i
N

—
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3-5 ; T 1 1 1 T T
0 20 40 60 80 100 120 140

‘Storage time (days)

Fig. 26. Changes in pH of kimchi with 0.5% calcium lactate exposed to
high hydrostatic pressure treatment during storage at 10C. A dotted line
indicates the storage time for treating kimchi samples with high pressure.

Applied pressure: MPa, treatment time: min.
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Fig. 27. Changes in titratable acidity of kimchi with 0.5% calcium lactate
exposed to high hydrostatic pressure treatment during storage at 10TC. A
dotted line indicates the storage time for treating kimchi samples with

high pressure. Applied pressure: MPa, treatment time: min.
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Fig. 28. Changes in total viable cell count of kimchi with 0.5% calcium
lactate exposed to high hydrostatic pressure treatment during storage at
10C. A dotted line indicates the storage time for treating kimchi samples
with high pressure. Applied pressure: MPa, treatment time: min.
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Fig. 29. Changes in lactic acid bacterial count of kimchi with 0.5% calcium
lactate exposed to high hydrostatic pressure treatment during storage at
10TC. A dotted line indicates the storage time for treating kimchi samples
with high pressure. Applied pressure: MPa, treatment time: min.
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Table 9. Sensory characteristics'’ of kimchi with 0.5% calcium lactate,

previously exposed to high hydrostatic pressure with various treatment

conditions, after storage of 51 days at 10C

Sensory Treatment”

attributes Control 450(5) 500(1) 600(1)
g%e;rance 3.9° 6.9° 51° 46°
éisg)lfraﬁm 45° 6.9° 48° 47°
f;:‘;;fss 6.4° 43° 5.7 5.5%
8}‘3’33;} 0 7.3 5.2° 5.6° 5.1°
?%‘;:)‘fss 7.9° 43 5.5° 4
fér*zi:l)a:ed mouth feel 7.7° 4.2° 5.7° 4.0°
Chemical off-flavor o 7P 4.5 4.4%° 4.8°

(31843 o]3)"

D Sensory test by at least 10 experienced persons, As the values increase from 1

to 9, the intensity of sensory

superscripts within a row indicate significant differences (p<0.1).

characteristics

2 Applied pressure: MPa, treatment time: min.
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35 : : .
0 5 10 15 20

Storage time (days)

Fig. 30. Changes in pH of kimchi with 0.1% ascorbic and/or citric acids
during storage at 10C. AA: ascorbic acid, CA: citric acid, AA+CA:

mixture of ascorbic and citric acids.
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Fig. 31. Changes in titratable acidity of kimchi with 0.1% ascorbic and/or
citric acids during storage at 10C. AA: ascorbic acid, CA: citric acid

AA+CA: mixture of ascorbic and citric acids.

’
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Fig. 32. Changes in total viable cell count of kimchi with 0.1% ascorbic
and/or citric acids during storage at 10°C. AA: ascorbic acid, CA: citric

acid, AA+CA: mixture of ascorbic and citric acids.
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Fig. 33. Changes in lactic acid bacterial count of kimchi with 0.1% ascorbic
and/or citric acids during storage at 10°C. AA: ascorbic acid, CA: citric

acid, AA+CA: mixture of ascorbic and citric acids.
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Fig. 34. Changes in pH of kimchi with 0.1% ascorbic and/or citric acids
exposed to high hydrostatic pressure treatment during storage at 10C. A
dotted line indicates the storage time for treating kimchi samples with
high pressure at 450 MPa for 5 min. AA: ascorbic acid, CA: citric acid,

AA+CA: mixture of ascorbic and citric acids.
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Fig. 35. Changes in titratable acidity of kimchi with 0.1% ascorbic and/or
citric acids exposed to high hydrostatic pressure treatment during storage
at 10C. A dotted line indicates the storage time for treating kimchi
samples with high pressure at 450 MPa for 5 min: AA: ascorbic acid, CA:

citric acid, AA+CA: mixture of ascorbic and citric acids.
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Fig. 36. Changes in total viable cell count of kimchi with 0.1% ascorbic
and/or citric acids exposed to high hydrostatic pressure treatment during
storage at 10C. A dotted line indicates the storage time for treating
kimchi samples with high pressure at 450 MPa for 5 min. AA: ascorbic
acid, CA: citric acid, AA+CA: mixture of ascorbic and citric acids.
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Fig. 37. Changes in lactic acid bacterial count of kimchi with 0.1% ascorbic
and/or citric acids exposed to high hydrostatic pressure treatment during
storage at 10C. A dotted line indicates the storage time for treating
kimchi samples with high pressure at 450 MPa for 5 min. AA: ascorbic

acid, CA: citric acid, AA+CA: mixture of ascorbic and citric acids.

- 130 -



Table 10. Sensory characteristics’ of kimchi with 0.1% ascorbic and/or
citric acids, previously exposed to high hydrostatic pressure at 450 MPa

for 5 min, after storage of 63 days at 10TC

Sensory Treatment”
attributes Control AA CA AA+CA
Appearance 53" 4.4 59° 38
(sl 2y ‘ ' ' '
Discoloration o a a b
(Z ) 6.0 5.3 54 33
Firmness

5.1° 5.5 6.1° 6.8°
(Bx)*
Sourness a b ab a
(A2 6.1 4.9 5.1 6.1
Carbonated mouth feel a a a a
(B A 5.8 4.8 48 5.5
Chemical off-flavor 35 40° 45° 3.4°

(@t ol2)”

b Sensory test by at least 10 experienced persons. As the values increase from 1
to 9, the intensity of sensory characteristics increases, Different
superscripts within a row indicate significant differences (p<0.5).

2 AA: ascorbic acid, CA: citric acid, AA+CA: mixture of ascorbic and citric

acids.
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Table 11. Proposed flow chart for nonthermal processing of kimchi products

THGA w934 TR &
1) 98 Qs QAN WEsH Qe 459 7Y 2 s
2) AN 2 A BrHA HES AW, AASR T 28 B 47
3 15 A8 HdAdo] YHNE YRS s2E BoN 7R
4 '
8 54 A AP e YL Algste] UF
22 Az | Y 2AN BY
=1 &
R | on a4 S4o) 38 2 blower $41E 18] A4
6 as W5 fojg Zelad 7)o Hol 44T AR
al $A s AQ g5
| "R wiguel g RNAzE Fde AX
1x] ok o Z 1;_; _
7 AA P AR R EF| S0 o
A WA 870 Dol 10~15C8] Aol 5~7
8 HE(S4) Q A= BE 54 (3F pH: 44-45)
] AR $A4B WEPAS ARG 27] (3~4
1) 3% He oz WG
) 23 APFN opdujasl zujde $A4 T
- ol 7 (XA AEF: $2 300-500 g }e))
32 |3 3 AZ ERIE o§ AR
u) 7} 2]
4) ¥)7}e e 27 M7 g A7
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EZA 2EY £84 71§ AA # A=

6) 23

YA FH box £H
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Table 12. Specification for plant scale high pressure equipment for food

industry (Data from Flow Autoclave System, USA)

Quintus“"-Food Press Type QFPE with external, through flow pressure intensifier

- Composition: one wire-wound pressure vessel, closures mounted on a support
frame, one wire-wound frame with manipulator for the upper closure

- Type of press: volume (50-520 L), pressure (600 MPa), vessel diameter (280-575
mm), vessel height (800-2050 mm), cycle time (5.5-12.5 min), power consumption
(4-18 kW/cycle), : order made equipment

- Investment cost: about 2,000,000 US dollars for the press with volume of 500 L
and max. pressure of 600 MPa.

- User list: ‘
One 22 L, one 50 L and one 215 L press have been delivered to Avomex USA
fro treatment of avocado, salsa, etc. All have a pressure of 600 MPa or higk-xer.
One 35 L unit to European with a pressure of 600 MPa and one 35 L unit
Japan with a pressure of 600 MPa.
For delivery 2000 are six units of 215 L or larger with pressures from 400 to
600 MPa. |

- 134 -



A3 & Axel XA KBS A AFAAH
et =of

A1d A A

Al Zo] it 7|7t BEL v Fo|22 EAE 17TH7|EYE dxAAEN @
2 x5 o3 AFrt ABEAL, PUEHAA HolA e UL At AdF A
< 71 Ao tidt &3 FUtet Hoj Jlge] IR Yuiof Ty AlFA Y YAo]
Jhusiz glch |

o] RIANME Zx]e] AlFol T Aol thsted At 2dz ARHA 2
Azl W xA A P& FHLE A&stdrt. AAE fuvtel afY SAAdY &
2 FAARLE AXY £E2Y FFIFE BE vUI7IAE ez o3 girh
AXE YFESA O AMNEE UB71T AAHEA Kol =Hojok 3ic}. 2=yt 2
AE 4 2L o5 3P - Y522 EAAS BT A=A denz A9 uy
Bzbgy g Heloy AAZLE ofE FUtRtlxs Sy WP AMEste] A Bt
HELE A 322 ojZo] mf Fasitt 1Y A AMRE A3} A
t 2 Ul EAste §2 FEY BFE A Al A W2 FSS BEF
dFAl Ao Hu, o] +ES AHF g APl WY vl oyt

tE:Q AEAeY Y T2, Y, AR, IEY T 2 % AIW
o] glon ojgjo] el AAprH Ael, L& o] &Y Azl Fol otk spAT
Z3, ZkdAel 5o YA AEY A& H3pA 4 glen, 7‘5‘1 ko) Aggel A
= fRlo] ojggo] o] ARgo] TR idel AxIF Az|gt W o8 Az
AEe] A EE T 4 gle AAEE AU dch

T HMAZToA ul7}d Az 2O F High Electric Field Appling Method#}
Pulsed Light Method W Magnetic Field Method®] A|ARIS 7idsle HEEH 357
e HHAS FHol Aoyt AUEE

—
P FES Y+ denz dF £YUF

fr > ot >

RAB WA g3 VAT 2AE BT

AAE B AAZA 228 539 ¥



Ay 4 olrh

°l& WY ¥ 1Ad=clME LAAES o] & P W o8 37 WS
AHEEta glout, o] B¢ AR Agefolch ATHES FEY FobY $82
253 dA ARt A71H AEL 2AA AC, IC, Impulse WH& 0|83l Hdnty,
A7IAEAE 55 Fuie) 2] Fofl ojn] UEslga A7 AR ¢ K389

FASE S ol +YPeEE w3 WE o] 83 WL U} SLEOLE sjuts}
3 glen 2 AP Aoy §EEop|ng dsfute] stsstc).

AAE dF9 fAAz /M5t AAE Avlste WHO2HA Inpulsed FA o)
Aol A7kste} AIF U7} A Uie] Zzjste o] gEe A3 AdYe A
"sl7] f8te] o8 J1A] AF Alawi(gu-gy, A-g@u, W-1)3 A2 24 2
BN E AZst] AA M7} nPBe] nxE AR ARSI Y 43 A3A Y

AT Al BdY Aaxg dF Adste, A2ve Bd3n).

22U AR 9 RFAAE AUk P2 Ohmicel 23t dwbgog x| W
S 4273 28FY Aol R1HY] wEe] W(K)ol 23 dFA BAE ARy
T e A&E dA ARstdch 23, 2719 WS o]&Y AFL B o] Yol 7
S AZbe] 3 "aE U1 4 e BAYE Y YA} AJALS 2 A z}siec)
mehy, AFLER s dutele] M= WIZE MAst Tz WAE 9
A AZEARE dFstdon, HY WA £F sl ABY PZANE FslY
AEE slgr). shx|gt 4282 o] peak uhato] 400~500[nm]o] 28 AFFAX o Tf
 AyyA R %!liésl Z12)d el UAEE 44 =2 Ul 2HdPol FH7kE Xenon Y@
ZE AHgstglen ol AlAR Fxtu|sl mje Yo} AlARIZLY] AR A3 T
Az+g ¥ Rsiych.

2ol 2AA A AJARY] Ao R ol e AFARE o)&
3l o} 1[T]¢) static magnetic fieldE 2y A7 Ar}she= HJ@‘% 2f=jstol o,
ZASAE AH8SHA Y Aol Aol AAL WS Felol=ue o]
Asto] AREAIZto] AYSEE AFAZY BFEo2 I 44E AFA Bsld A9
BIHE wol7] Y AFAAE A7k AAE AA HA L Azstgch. A=pA o)
A AFEIE wol7] T A7E 3] 213l IFAAE A 8o A7) AxFe] A
Fazje] sl d@stdou I AE AFA RIton, 2T AN dFo] F

- 136 -



&= AA(5000[Gauss] ) Tt &2 AAZ o] AL RASID AR A ARG
it #E317] 9lsl AEAA A7 Bu ohzl AE ufRo] Fe-Ni 32
Armophous X8 A|8} Fe-Co 327 Amophous MYAS A A, xtZol o] A&
FAAA 2 A7 @ AR 2Zol] APAE A xRSl AAE Qstslo
AFE FYstATL

A2A71H A& o8 Aele oldzix] Bt dolHE FAstx o] 9z
dom, ol tigy nAEY Ax/F Bato] HYstA FEEo] oA g glem
2 2 HA¥olA k= o] oy EUANAE £AITIY AAE $4 DS AUy
4= 9l super conductor®} T2 27t W tiFRe AJARlo] gurdo] HH, dxe]o
A UAEE SRS YU A2eMe AFaz FuE goRe Yy dF
A7 & Zojrt

™

™

1. IAAS} FH2F o] &% AF A2

7 AAA A7 Ay
A7} AZA AR dAFE2A 23 27 U EHEG ZASIY Pulsed Electric
Field (PEF)& AM&31d H|7}E3 22 Mddto] 715 ¢ + ddch *17412 Q17131
Wl £ AFelo] FE AsShs WH3 2FE AsMsHe WY R impulse
£ U7Iste WY 37HAI7L Qloh ¢ke] F e Admo] o2& AlZto] mi$ Ao
ohmicel 23t o] UAPsA HE=Z AF(AR)o] €AY 471 glon}, impulse ¢
W2 vl B2 AP useclol ALS AJBIRE QAdlo] AE 23} MAEE 7=

1) ZAA YA e
- 2] gloly Aol YEhts HAe nAY ?‘1%‘018} gl o] RS ¢l
Aoz st Yol dojxe AATLolet B 4 g = A(Yog s}

- 137 -



2) 2L AR
) ARRAY AR

g nagke PAPES R 2ol et OAA: deslE 2 Hgsl
d A7le] Agete TG 4 4 You td N B4 Ho| TR Ae
AHgsia) ghth @ARLALUAI: AFUAIE WA AAY 10~20[kV]8] 3
72 AY SFeSlEE th4g AW s nAYRYeE ¥ 4ok a1y 3
FYGolE 71&AY To] FUWHEE Irhx o 8HA hr). @I FFI
£ YUY FA: AFBIYE U19IT THYL WAY 4 UOBET HAF e o8
£ Uolth. FRYHoSE 2AYE ABPRV(ER AVER), 24374, A4
3 3% L SRSl A8 Bs) ol ARE WRE St= Al 4L
R717h AELh 223 ARAYS B2 FAAI) sl e s ARHI}
sesel gtk @FALAY: 3ARE AAHL2 sl 0§ AYAI A
AN AL Gt wWiolth o WHE xig IY EE YNUATEol Wol AHE
A HAT ol AREUel He 3 AY=RFol BHY A Fo| Aole} 5
o,

W) 2FDEYL wagA
AR AR nAge] BN $PS DAY re AN TUA co
244 E71 323 &7 B9 B2 o7h YAstn co AW R, L R &
Botel YAUTH OFER 3AAY AN 3ARY WAL o BEES
AFHOZ WAL o] 2 FHolmz 1 Aol tixks] golokstul nheby et
o w7} ol WeshARTh olof tisid ozl six wHel ey WAt thel 4

- 138 -



BY nj2as N2l 22 ALHIL Ak olRe T TUNE 4YE Fstel
JRg NPT PANLLETH 2AYL 37 AYNE 22D Bt Holth Ty
NS FAAols BT S PANolE AYE FSGFES s GnEN §L
ALY 22 4 olth el7h ASHIL Yk o] WARAE nEaLYEe AV A

o2 13 2-14¥ Yvehd £ k. 29 A2 I¥ 2-2,2-33 o] yehfdl

. —00—HT—

1 i
et ] wf| e/

L

o b 2 ofw

L
;
L

- 139 -



KHIEE A (A 0] &)

3% 2-3. 712 Aojz=

- 140 -



L}, PEF(Pulsed Electric Field) Al
1) PEFAt2] 3y &9
PEFX 2l elzlols} n¥ g2 #5S JAch WS 7717t PEFY] vele]o}
V5o o3t A3 Yrl. Hamilton?} Sale(1967):Hulsheger?} Niemann(1980);Dunn3}
Pealman(1987):Mizuno2} Hori(1988); Gupta®} Murray(1988):Mazumoto?](1992):Castro
£}(1993): Pothakamury $](1994):Zhang $](1994). PEF(Pulsed Electric Field)& 42|
SAEe ugAT B welelolt THE “AlglolA SEE nldES MY
A7le AR wk ohel A, B, A W Jad AmATE BEFHA A AFFES
vty
o 2 AeAL F3U2eR SAEY AdSAE BESHA "ok ¥E &
A& PEFE QI7PsHed] 433 AdolA vt o we Fx] R I3 FA

Ax 3 glet,

R

dir
fr
N,
>
L
a
mjo
it
b}
rlo
las)
5
Ll
it
4
i)
2
X
M
i
+
P
ke
fir
X}
2,
qq_.’

(=]
= R

o

Al

- 141 -



PEFoll 213t Mld AbEazte] 3 ol Hdmtzlolth. AZH AAE AA oA
A FAE Aoldle AZute] Aelrt waigich WE Al BExio #3 Ao 7
23 Mxute] FAs ZelE KAl HolMEute] Aest dAAY 1[VIE 23}
g o ZARpo|F ATt HbUE MEupe] oyt o] FIolA AT HolME A9
7h 2 HE dARS 24U uf Aolgle MEE AWFolth Electroporationz}
electrifusion® 2 &3 Q&= PEFY I3 EHL 7[Edos MEz EAHL /=23
Holgles MER i glojx]= DNAY BEdto] AEElojc). PEF: AA Y Qg
A|Zke] Zolo] A@Fo] gt AW AFLE AJR ¥ Byd dd3ta} Q@ o]
HlZgolzke A2 dAlaxlolth. Wz mojie HAR[E 2x WS 60~75° = A
At Aol =7t Lepybd 2 A9 ni¥Ao| Fri€riy Ryl &
AE9 PEFAZo] Ad7Ale] HE oz UHFHAY F3 FHN AgPogt o}y &
A2 o} glch

2) PEF2| U

Charging Switch Discharge Switch

W 00

Rs

Treatment

DC Power $Hupply Chamber

@ -

HIUX & HIHAIE

Food

33 2-6. A4Ho s pasts WA e Ty Y=
R ML 2B o MY, R, FIAF AT Y7, wA 2901 4
JIUEE EF 2, stx BE, clolREE, SR, nhayy A9, 71AH 2ee

A9]%

- 142 -



ARty o2 oy SAE2 AsAolth I ol AU A3} el o]
28 w27t wWol &AIet7] wiEejrh Aol F [kV/em]d &2 AUE F71A7)7]
HlAE AR ApGol B2 AlZk(ms)oll dLA A Qo] FA2ZME FAAAL
th HAAZ A2 AFHohE Aok IEE2 Ha gd siniAEAaAE 70
Uzl A 2o AL 33 14 WAL ZPUCL A 7] HaE ol
obFd dHqlol Aol @A s T AT FaMol uwret mest AA ehd
th Aol 2P 3hs Ag AMP2Eo HojAge] o AA fAlHch R oy
HH LR nAES vBEHN, T AUAE A7 Bolsta L P
o] 25 d Zlojr}.

|

3) PEF 44 AAS A7)
AAZES B AEF 202 Fol Ui AN By

-V -
=4 (2-1)

Ae AU Ao AL YL A4

)
o%
lo
o U
ol
)
il
e
o
2J
e
Y
3
>
ins
lo

r=RC, (2-2)

=

& ABS t=n-on: AFF, r: AF)

oA A FREIH= 1V Aol IIEE A Eute] H|7tY &Alo] WA
et njzke} Fele ulAMSHA 160[us]9t 20[kV/em] 8] BAZ x| 175828 71%E
AEQL @ ERE WEYUch I AEwhe vl Ay e ohid-chaa "ﬂ
ddo] Azivh o2 MEEtY] HArAEA HdYE 4+ AUtk &2 nAdEY
BE HES AP HOZ semi-log ploto] HEE FA 3t ZL3dM=d o A
AAZ=E E £ o8 712 olBEo] cfs]  2.8~14[kV/cm]8] ¥
30[kv]e} e oA AAZE=E XY wdzlolo] o3 Baxdct

o] gE AE ugolAty dANE At f = ABHLE log-log plotd] e Al
ol At Zasted 2~80[sEAE Zteth EHAEL nAEY FHe 279
Rofoll 2J&3ted 0.26~2.63[V]S] A ] HE AY HeE Byt

it
_-‘2.,

21E zt3 Qlch

§= (t/tc) —(E-EJ/k (2_3)

- 143 -



ki nlgEe] Abolm, HAEY Ee UM AAY A HA A ZEolth. oj7]A
1o} e AA Ma) Az QA Ae Aolct. |

HlE Hel JHeg G817 SIsiA 2alel FH ofuA st Agks ojof Bt} oy
A UE 0k A4 "AS} i o gt

_ VgC()n _ V(z)t
Q_ 2V - 2RV (2‘4)

Co oA AYst= FsiAIE ] B &, Vb 2z 24 A, n2 Q719 ¥
29 £, t&-Ag] A RS AT MY 23 v AFE 8719 AMFolr},
TR F¢ A¥H AUz

Q=-Vim _ Vim _ Vi

v Rv =~ Rv (2-5)

1074 9] o BE BEHQo] H7) siNE HHe) AALE(E = 25[kV/cn] )} AA 7
=] wjBdol ot olux] WE(Q = 297[kJ/L]) 7 Hojof Fhrin Tatde masc)

4) Zesior ¥ THE B 2
7 deAYgs L=y
YAstY Al 729 Wel2 o SHBo] YAWCL HULE 2rle Wz
& AZsHA YA FT4E Ul A St SR AAY BHAS ARsto] A
SEl

A’I‘=% (2-6)

Py Azt AN Bl oyt U=

C, + MElAlte] A A Eo] gt v
A B2 282 27 [kV/en], 297 [/L] o] HulRE W3h= 71[CIE Axtg el
th 25[C]e B2 2=2 Aol SAS FolYethd SAE2 9%6[TIZ Ao
272 Zelth PEF AFA e ¢ AL KA dsiME d4AE 24U A F
stezt Wasith of Ao, of Aaks SAEe] Y dae &ol7 s 2AA

B A2 pulse AH83IgT}.

- 144 -



1}) Pulse polarity

A3d, A Aol de HEs PHE el $3" AZ EHOZ o
FEHI, dE3A DuE A7 AEFY Aol UEhdrh ol S FYY
AAE 2 UHLR viy Hed, AE AFoAA Y AAEs 71 Zolth WsuY
static treatment chamber?] A2 of:=T ¢Jof el ZFo] Ro|A it ulE 7}
7L o "R ©3g HAHThE 0|34 "4 Wi © &l o]F4H HBi:
A" 221 F4E MY o]FF At AME o A o AxA de
o FY¥ PEF MAE WE 4 ot 1 EE T2 udEL] EHE3 st
ojFd HaAE @34 "AHC] o ApHo|ct

t}) Pulse generator considerations
Frtg, d43Q AYE, HhAY, peakdF{+& PEFY UL HY3trlol 38
3 Hgolth. AL FRE A A543 FAYES L Hsh=d AHEFH ML

=1E (2-7)
v
A% AAL PE A4U4a 2AES st ThE H4E3} BTt
_fCVE P
P= 9 =T9R (2-8)

A7l Cpe oyx] A% sisiAlEol: Vi 33 AY, RS AHAUWF 249 A%
ol ri= 2 At ol

T3 G2of ofs) P
(2-9)

olct.

ch BEA Fu) dA L AAF
U2 IA= BZE FHolU £ 23E 48] dAMU £2 A= =
t A9le f1XolA] anodeo] Ao ZHFRict PWZIP 3 fRoAM ZHFY of
Mg ozl Foir] FollA ofopa o] M (HAb)o] Uehdrl o]Z2 FAdA] 2
hearing®t Z1F38] Pt o] FHABZ HEFE = A7t T2 FE 307 oA [

- 145 -



"k o ARHRR)ol 4% A5 AslA AT ZFol YEHA %z <Boly
229 & 2 3 Rold AHHC)

DC12{V][e o

AC110V|o o

Iy 2-7. FHA A3

§ 3 ol dAY HALGETE YAt B¢ JINE Aae(ke) Ym=
H AR specimen pulsed lighto] 2J3] AlF &3}E At} 3 =Eof 23l
Ao 29 WAS$E Folo] B3 specimenst WZo] Az EY A Tl APsA
th 42 AAE BT} M= W peak TpRO] 400 ~ 500[nn]o] 2T AFFRA of
Mg 3t7lo] AYeA T 42 AME ATl WYY BUS) Ao T Ao U
¥ nX22 Aol 77k T ATE AlgstAdTh. Y 2-8(a)eHb)s 2z}
TAE Pz EFEZ Tl 400-500nm0) 4 9] peakX| & UEhA Holm 13 2-8(c):=
£ dFolM AMgsts IAE W= Zetgolt),

2.

F.

WO RERE
-

3.

I W M e e e ]
L WET 400 00 W0 M0 w0 =0 w100
: AR o)

T
-
o .

I 2-8(a). Xenon Yo EUH e

- 146 -



ANODEC(+)

ARC GAP
END ’

FERRULE

CATHODEC(-)

% 2-8(c). XenonWXLo] Zielty

- 147 -



3% 299, BAF A Al25(F9)

I3 2-10. HAY A AJARE(SH)

- 148 -



2. IAAES ol &7 AF Al&H

7t A A A7F AEy

UUH O 2 A= v AEY o)W A 9 Ho F¥E £ AAE
DNAZH Y& F7IAIFIAL A7 Aol B3 EE wAUgos Aoty B fujate
M 22 2L7]e Bl #3 A3t FEED, ok Fx I Raga
WAL, AA7IM= ATle] ¥ FFANERY] FEoEN WA Y= AEHol
A 2] N ST o] 8T RIAE B Zojgl gl stddey EAS Frpst
© dglo] 20l HAY 4 = FAH AFPHLE 2o 27 Aol JtE
Arct

2 dFolMe LR ANEAE o)&3te] AR Aol $&3H| sl 7
F A3 ZAAE AUt olo] A8 E 1A A}A(Static Magnetic Field) @ A&
A A (Oscillating Magnetic Field)3tollA 2EdAE sstgdrt. A& EopollA =}A ¢
g Aol ©]&d3rt BAFEI QJoeBE & AFe dXey HIEAL HI}
2] ela Ab2olA Aol Jhsslme T A o2 schdch

R AERE WS 98] AESES HIATIAY v 42 53
< Uehdch oE E9 e AN X 42 Fg Wk 229} HFe) g
< SHES o|AEo AT U PPECIth LI E ol UEE BPEY ¥
8] A3E Uehdoh wletd njdE2 AP UFE Fo viHy FHojowt P} F
Ao Azt SAE deflo] 542 HekA] Yolol ATt AFAA 71E&2 ol Ao
A ol-¢ {-&3lch Hofmann(1985)2 2To]xte] A&UEE zZh= AFAMAY &5 UL
o o]REL] uEELelE BNl 5~50[TIE¢I UEE zH= chaHA9 5~
500{Hz]&] File= YU OZ 4 2[log-#olE]olA n|BE <217} 43kl 0]
BEE AAU fiAATIE BdE vBES 71eS SAE Y, BAAA ZEx
A Zrgdge] ALgEHAA £= Qlth ol7l&d] S8 AT M $23 Fule A
YR 10~25[Qcn] o] RATAYS FHRIQlofok she Zolt). W2 A EE0] o
AT Hele] AL X3 Yrh & EW AAFAE AU Y] 30[Len]FEH
th A7 ALUEE AVANY} 2AEH SAEY T &8sty g2 ASUE

g 2 AANYH US FAL A0 A8Y £ UL slohrih AGULe)
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=4E 8 FHE BAE HEAFE YIVALS weE Yok JE d3" 2
Al £El2 (DStreptococcus thermophilusE ZH= -8 @SaccharomycesS Zt= @78
E @ Saccharomyces& Zte 2X|FA Tl @ HHelol EAE Az QL

Brown'N Serve Ewe] vb=o| 9ic},

Fetago] 348 SAELS =&A7o] & 25[ psec]olH 10[ usec], 0~50
[ClelA 5-500[kHz] 9] 1-1008 28] AFAAZ} 7FiRTE =&A1ZH2 2 BAo x4
FUE 71 "ao Haexiely F3 FUsicl YA &A% 10 AEL
EYsi, O2Fo] ST A== FuiE A A &I} Yt SEIIAE A
ol A AHgE 4 ol ojw 3t HEgt Fu|AY = oMFol 23t SAIE Ae| Hol Wes)
A etk 500[kHz]ol e & Ful4t ulE u¥Agol @ AHHo| 2o &
< 713te B¥ol ot AEe tridat AR AEE ANEHE Lxoi Aug

< HollA ojw¥ ZAxHniet Wslglo] ¢HFEHCE ZAEY LEL 2-5T
BHE St BEAAEEL ol Zu|stA Wi

A &l A AF HELS W= ARrssitl. IUEAAE Y Lj5e}
2 Felolvt &gl 2N I3 B Azjolde ASUEE s "ol
th g 9 U ZUUFe] ALUEsL o 7[TIAE "Hrhd, FdolA o 2mio]
A ASUEE o Tx107°T2E Hojxmelch =3 273 AA7uwset uad
th metM, AARRE AYY Art DolA X3 AR P TRE Wojum

3 A A2 ApEglels ARY ook Ay 2P I AAY 8o E
HEATL MRS YPshe oM thErh AEe Eeute] Wsle)] 5iEd o4
B2 HlEE s fEstdEe] A2 A dojyict

U, 2UsAe wa |
AAE Qe Idel AFE FTUCSA WU nABe) uByHE
5-50(T18) AAE LS Yt of F= Z=e] AFAAL D4HAYR 3, @
g WS 2Y, OANAE] A FY ofuixle] $ao] af JUAE Je =Y
& ABHOEH WA
AL MG e AAE 2ol UL AUYLEH WU 3[T]ol4
A, dye) FQe BAY E3Ag uZo] 4851 Yrhmetd, Fréd o=}
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SLEAAE @7 98] AHEHTh 37 ot &elol=o] 23] dojA Al FF
H AR FE &Urt. IUEAAE WAsted odE F st 23HLR9Y
18Fo] o3 e ddolch. XA A2 Sl ILE AAE WAL +
otk JYole ZAE M2 20[TIZH=| 8] AAE LPAZ $olc}.
15-30[T] 8] AR == EUAE AHT224 @ojF 4 ol 2R
AARLGAYEE T 2= AU EPAoltt, 2A=IUL el Ly ¥7
< 3h71 913 "E7hsol 2T stojHe= maul AARIE ¢js) Loy AR{E

40[kA]7}=]o]Th. (Date, 1983). 30[T]o}de] =tAle B2 ATFY F2Pelz LAH

[n)

—

A~
i

flo

t}. Zde] T2H AR Avx B2 EE dojAT}. Magneform 7000 series™ 2
(Maxwell Laboratory, San Diego, Calif.)& FHSiA|E] W 3oll HIAH oUx|E A}43}
£ AxFosiolct. siviAlelE AgozRy FHHTL 123 A7) 2ye o
HAAFL FisiAlE F3batolof] whag3ict.

HAARI ASAAE wagc) zAAL Fupps JiniAley FAdLz 1Y
o] Ad¥dH A o Ao 5] AFHAct AFI Yol W wlel A= Fo] vyl
th. HAARS} ety LAdE e IF5AAE FEHEE Aoy o 108AF W) |°
=8 $u7tx) A4YET} WolArh o] YL SAE Fuf A ulBA sl B
A7E $13] Hofmann(1985)0] AME-3ict o] 8-16[kJ]2] sHzA|Ee} AR 0IQ)
o 3o 77 BEA 2-50[T]8) AZAAS Ug3c),

%! 2-11. Magneform 7000 series™ Y 3=

70[T18] =AIS WHAIFIZ] 98] 1.25[MI18] SlUAE £33 sisjA e 7l Hasl
CH(Date, 1983). Cu/Nb E3} FAYE c}FF folojzt A A2 77[K]ol A 100[kJ],
4[kV] FASRAEIE AHRSPHEA 68.4+1 [T]e AAE s 4 olrt. FRPRo] 77
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Cust Cr2 RESOIZI o FAI27F FUH WAL 5[kv]e} 16[aFlol A 200(kJ1e] &
BEFE AHE3HAA 77[KIoNA 45[T19) AAE WPAL 4 Qlch(Miuras], 1986).

Al =2E ndE FAAFoIY dAEe 2AAY AjolAL A HALY
AXNAA = RETE 4" AAL 24" WA/ 24Y AFUSY AN =
BEch 24" AAZE HRA E,. oh23} o] FoArt

E, = J/o (2-10)
7)A J= ARUE Hojxloln thet Yo| Zojr)
J, = onByr (2-11)

A7IA oe wiB71Y uiA, r2 AT WAE, 223 B, AAUE Hoigtolch

AL AA Epatolol ] EE) SISl FUSt wHAkA ELFAIAIS o] £3)4
WE jgd ol g & sle viYy] F2uiAe} HES Tists YEWIHo| W
et

a8l 2-12. YEY AuAx
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J%e] AL shiol sl UELE olFelAT AL AU AAo] W
T MEE02 wiolgth AL W4HoE ABAYS YA BT, S
A UEE 9552 el 0oln FUCERY Adst 34U4S Fr0h we)
A T2 988 3o g9NY MEL T2 AF Yo AAS 2UsHA s K
=EUTh UES BT YENY Enel BBS Mzoe] e ArAge Ty
HAUZE APk T3 DRl AE AT WESAlolo] LiEhk Aol Eahe
FET AAE TS WAUZ L AA AAY ZPL AN AYAE BE

1=

Tt IAAE o] & A AAF FX
AR Y3 AFE H3AA FAAE v PPoE HAF Aol 30[m] air
gapAlolo]l AEE Y3 £43 ARG o) g3t PHH ARE FUolN HE &

Holx why Zeln AEAAU] 2 TUEY amorphous AHAE FY 0T ol

Yo=d ANREAG] 8 AP SESE PUS AU AHAE £
o2 Bt el AR el AYAE Y& WY, 3o ALAES ol Wy 5
o] glct.

< HEFAY AEe ndE AUE odn, FY ARE AFE 7HFlY
ZA r23F& 3o AMg3em, 244 solenoid coild 7.2[mn’]9] ouel ZAL
8000%] ¥ = windingdle] A Z3tgch oo AR&HELE 15,000[Gauss] 7] dAdo] 7}
=S I 2-133 22 AR U8 AAet 1Y 2-149 2L MY FTF AXE
A Azsto ot

ZAFAAE ©]-8317] i3] DCRE(DCI12[V], 3~15[rpn])E A}&3ld HULES
AeFeE AV £ e FXE I 2-15~3% 2-183 2y 2-19~2Y 2-213
ol Aztsigirt. 2xpdE FibRold s 918 & ol &3t APy AFYPYS =
Absl ®ofct.

2AS] A= we do] 2d( Q=IRt )oll o3 ArnE &Yz o
BZiA o] W asith welad E 2-13 22 AUbAYge] uwhE ASuEet Fx(47)

A1 ZtE vehfgiTh
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33 2-15. AFHA & AYF

DC MOTOR 12[v], 3{rom] ZojolE Ho|22l0| =
DC MOTOR | 12IV]. 208ipml| #ol= ETREES
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(] _110[m _20[mm]
—»}lLlmm A i
T | S R e Sfanm] +
ClooT ) 8[mm]

e i S LN
+ F.—— i Bl 7] / :
50[mm] \ T

60[mm N SN

460[mm] >

33 2-18. ZolEL AU LERY(AFAA 44)
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£ 2-1. QA WE ASUEe} FAAI

A7AAY [V] GAUSS A& AHE A2t [min] ¥ 31
10 1,250 100
20 2,500 85
30 4,000 70
40 5,400 60
50 6,500 50
60 7,500 45
70 8,500 40
80 9,500 35
90 10,500 30

FAAZ - RrEA 3N ol
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3% 2-20. AFAFA] L 2pAA]

3% 2-21. AS WA A
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A3d 4 &

AL AT LS AL AFZ vJtd Az S WA FAA%

0 ZAAAT A2HE A A At APY AT, LAA QRS 2A(H
Aol TAAE Arstel AFshe A2Yes ok AAS Arbshe FU AR(

2)e] mF7t dolux] Y= HhAAd AARAL A& o3 AF - AF A
A7k B A AZEE FAAUY] &9 UgoE g3 AXY AH=T} HoH
g el & Ao B3} F3sx] o7 wiEe] AMEL wWajo] axHct uletA,
2o E3E 457 ML B Ao 1FAE 1Y 4 A& 2 27
HAZ wieir dE o83 HAE UMY £ e A2HEE AUt o] AjA¥E
AT £EZ A dnto] o] AFo] HAE QY 4 Utk EY, AFolzt
t &9 23t AYd dErst §& 2RI YA, ol AN L
UED SUS Aol FASAL YA EE cjgBol 3 AMEH] ste 2
7] YenonZE ALBIITE WAR AFE AME Uxme] gAYFoT rjukrr
t Adde] oy e Ao AFAITL A oA AlaRle] §FHF
o] FUdeojgdem & 39 2 ] AE M 271 AZF AAF
Hasty] gl @2 FA7 o] Fo{ Ao} gt}

A2 A 2z P Jlcirt 2 Ao EE 8,0003] ol e 1Y
of AFAFES T8 o 1TI( 10*(Gauss])e] AAE WEAL = A& A0S 2
AA L Azstgch EF TolAte] TAMA HA UAR A AxpA)A Y AF &}
£ AT 3N 2% 21371A] $E5S 8 4 e ATHAE BHE 271 A
st om, Fe-NiAl®} Fe-CoAl Amorphous AIZAE o] &3 APE 43yt J2E
dollA viepdt AR} Zo] £A[T] 4T 2ALE # 4+ 9= super conductord
o]-§3t Al&FE ¢ ¥ FRP|E 231 7] wiEe] AFolA] RIIERE AAA
A A8 o] &o] Erlu sttt o] AMxiA AARS o] &L EdlA] ¢ MIAFNE
#HZ A7t AP E Lol EYY ¥F 2 w2 FFY AY TY AVH 2471
A, TFE FEIN FRE A A-o] RAFH FolM2 AEY YIF AFE
AE g 4 9ong ¢gog F9% AFAAs ¥ ZoE AR
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A1d A4

AR A2 ME 73AHFEY FET 4 (softening)> AF2 ARFAlY &3
REQZY fAlel 2 Folrt = vl AF ARV AFS A% HE HFLeEA
g2zt 71 Bl whfolth Iyt FHEIEES A8t ol Tty 4y

£ NEolE H8Y 4 glom, B 1R R, Yul, FYx 5 2% 4 o
7L
(<]

2 4

ong wrtd NE/FE Ee) AL HEol WY @77 wol o Feix girk 4
Fo) HE/2 @RE AV Wsld AENBY $UoEA HalR, AR 24,
234 e, Ao olatHElA: A Fol /MUEAL gtk o& HIZIE Azl ¥y
o &3 AF HEGIE= F2 AFo] TP n|AEY A ZAE HFE EFH
= ik,

AE7HEAEY FEEAS AEY A=E¥e Eifo] 23 Zeojrh. HEE
methylation® polygalacturonic acid@ A A& MXEXHe] FEo|n, =jadAle] &)
He B2 SFY AEH vBESo] Y3t 5450 o8 3 4 oot (1).
B FAEL AA lyaseE2} hydrolaseS2 2HFHC} Pectate lyase®} pectin
lyase 58] lyaseS-& M ¥l2] galacturonic acid®] C-4%2} C-5 Alojof o]FAFE BA
AlF1A A galacturonic  acid&-7te] A3E JFe uidgo, hydrolase¢!

tJ

polygalactronase:= 7}4¥3]o]]l 2]5} galacturonic acid Zt¢] AYLS J[th
polygalacturonaset= pectic acid (polygalacturonic acid)& FZ £33}, HElx
E3lzict (2).

4B ABNES FEUYE W LAELE GWH AGoTA YUY F o
lygalacturonaseol] th¥t 2319} A9 Ae g
stadch 1900 tholl ghejdo] 519k slolA WA
3 oabHoR A4gte] o3t IR e st Al=E At

£
.ti_
)
2,
-
r
18
@
Az
2
fok
B>
rO
o 9
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Yeast invertase, plant peroxidase, polyphenoloxidase, alcohol dehydrogenase (3)
T W2 A4 T Eo] 400-800 MPa2] ool oJ3] AtollA WA (denaturation)
Hol 42 dt e BusEch (4,5). A o] douz|e] o3t thy
A 74 2R AF sl o] dojuks ubdoll, gtel 3 whaA Hxjo] w3l
© 4837t wE gt FFHA Fulol s A jH9) hydrophobic
interaction} o2 ZA¥lo] FIF o] ThiAe] Tz} Hilsle Ao 7Yt Ao
Byt (6). vt odol o3t &4 B e FE: T4 typed} AL
7148 F7, A 2= M A Hol ule} tlEA el Rog Rusgrt
(7-11). A 29| pHet ¢hfol uwlzl ofH FH-Polls Ha HAo] 23]8 ZF7i¥Ti= B
e QlalT} (11,12). |

38k ojatERtAE nAEY HAE JAlste] A EL EIE WA= o
A gt} (13). HIele T4 89 1 olarzlelaN g 31He w QAxF
£9] pectinesterase, proteases 52| &A7} E¥A3} Hrl= B a7t QA (14).
32} lipase, catalase 5] ZAE2 29A €0; Aalo] QsiME FLAYAH L It
E fAstAY 2318 "ol FriElE Zo| BHEIE stHTt (15). o]e} o] 114}
Co, 2|9 Taof Tyt T3 Bao] F/Y A 4 Fol wel cl2A Ueid 4
Q= Aog Rt}

= HAelME XY REY R4S T vt A uhy ALy N dzE
A 239 Beek Aelet a2y o, Azlol 3 wiRe] pectin EajEAql
polygalacturonased] 54 ¥ & 1slaich

A2 A As L Py

1. A 9 A
Polygalacturonic acid, a-D-galacturonic acid, guanidine hydrochloride

(GdmCl) S Sigma (St. Louis, MO, USA)S] A&, ammonium sulfate = Fluka
(Buchs, Switzerland), CM Sephadex C-25, Sephadex G-100 & Pharmacia (Uppsala,
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Sweden)2] AFE AMESIGITh. 3 9o AAES 5F AAES AMESlch wiF:
A 7ollA )it

2. Polygalacturonase ¥4 &3

Polygalacturonase?] /32 polygalacturonic acidE 7] E Al23lo] HAEEE=
2r¢lvtel galacturonic acid®] %-& Somogyif} Nelson W (16)-S AHE3t A5ty
t}. Zheksbd AgNLE 2.5 mg/mle] polygalacturonic acid, 0.1 M NaCl, 20 mM
sodium acetate, pH 5.5 #5842} 37 30CoA HHgAIZ ¥ 1 oLe] HEE E3j}&
doff 150 pLe 2 N HC1E& 718t whg-& FZAAIZITh EYE 10,000 xgoll A 1027

dAZest 45Ye 38 T2 Fu]9 1 N NaOHE 71]} ¥, Somogyi-Nelson 432
2 AAMH galacturonic acid®] %S &3 3slgtt. olw] «-D-galacturonic acid& A}
23 ¥ Iz} vlaste Akt w2 e] &2 bovine serum albuming ¥EF
AT Lowry 5o W& 283ty FFstAdct (17).

¢

u]52] polygalacturonase?] ZF4AEHE 3 T2 WY (18)& §&3lo A=3}
gt ztekstd, A 22 ulRE 1.0 M NaCl (1 L/kg) @t 870 Waring blenderE 18
2t opafiste 4Tl RhAf wAlstAdch £ P AZEZ Hed £9& 9,000xgolA
1523 4TolA A Ze st Z45A& 23tdet. 350S g0 e dH3] A

ZH A ammonium sulfateE 75% X357l HEEF 1A 7Hs¢to] AX 2Z4 71512
2-3 A1 o] BE o A& F, 4TCoA Al BASIArh. BEE NE JALE A
A1 E32](12,000xXg, 15%, 4TC)slo 2]3}3 20 mM sodium acetate, pH 5.5 ¥2L NS
7¥3teq -‘—“r°]3’- 2 B3 Lo cfsf 4TolN 242 2H5¢ FAMsigct. B NS 4
Eelstq] H459E 248N R A3t ARE HAEWE 0.5-1.0 ol 4 1}
4ol eppendorf tubeell ®o} A& wizlx] -70Tol B @3t
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4. |3 polygalacturonase?] LE 3|

et e WHew v E ot A5 L F 83 ammonium sulfateE 35%
EHEEE 7I8to] 4TCeolA 3A1Z o A& ¥, dME sl A59e stlch o
7]oll ammonium sulfateE U 7}t 75% EBIE|EE 71513 4TCollA wA] Ux|stdT)
DY AAS YARsl H4al sl P PHoT FHY ¥ th AuEe
to] 35 9E& 213te] ion exchange chromatography2} gel filtration chromatography
AHgste] H3 BAstact. zteksbd, nle] 20 oM sodium acetate, pH 5.5 H2 L
o2 Ee|a Blo] A3t M Sephadex C-255 2| column (2.5X25 cm)ol =]
ZRLEAE FUBIA, TUT $3 89S JIStHA AYEA gL Thydo] BT w
A g w7t §&A171H A £ (fraction) 5 Wttt ZAjE A oL whiaSol
BEEYLE A UL F, UFEY0] NaCle] BEE &I FHA(0-0.8 M NaCl) M
Sephadex  C-250 Z3d I EES E&uigict Yo} RS EYEY
polygalacturonase ¥AHE& FAsl ¥HEI} L& EYEL To} Amicon YM-10
membrane2 2 ultrafiltrationdly] HA|7]31 S AASIATE 53 2 o
of&= Sephadex G-100 column (1.6X75 cm)oll M 7}3}] 20 mM sodium acetate, pH 5.5
$38&Yo2 &3t Polygalacturonase o] & EY5 L Ho} 2o BE
BA) BALHoR AMgSioct AZE FALAE 0.5-1.0 ol 4] eppendorf tubeo]]
LHro] ©ot ALY wizkx] -70°Col RA@slT.

N 42

5. 239 44 A

7t magdel 23¢ Ha

1 L] &2 §AE plastic bagell Y3 F71§ AAsI WE3l2 30CAA 18
7t 200-800 MPa®] F4¢t H2]& 3lac} (Cold Isotactic Press, ABB QFP6, Columbus,
OH, USA). H2|® FALHS AAE(12,000Xg, 158, 4T) s AL AAsI
BEAE 28t AREY wi7tA] -70Co A BHBIgT).
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L o] ZaQkAe]

250 g AA AE(2 cox2 cm) ¥WiSE plastic bagoel]l ¥ 400 mLe] 20 mM
sodium acetate 382, pH 55 EE= 400 mL2] 1 M NaCl& 73l AFUEsta 3
0TolA 127 200-800 MPa2] F42 AelE shoich Ael® wiAE e 250 ol 1
M NaCl €& 7}38ta 919] 3%te] #hyol utel 2EAE AZ3tch

6. ¢t o]AtsigtA A

2 8o 70 olE 140 nlo] JAPFTH &7lol Y WA F 0CE 2ES
FASIL AMHIAINZ AL AojFHA o] EetAE F3te] 1000-2000 psi 7}A]
ddE Jistolch. dF A} F 8IVIERE TAAREAES AW YH=221(12,000%
g 152, 4T) sto] AL AASIE F5AS 3t AR wiztx] -70CoAq B&A
steict.

A33 A} 4

1. 8] polygalacturonase?] Y23

35-75% ammonium sulfate XA B¥ XA AE CM Sephadex C-25 columng AHE¥}
cation exchange chromatography2} Sephadex 6-100& A}&3%t gel filtration
chromatography® % AA|sl¢dcl (Fig. 3-1). CM Sephadex chromatographyol 2]3j
5+ 7o) ™A peak (Fig. 3-1A, peak a, peak b)}7} ¢dojZtr}. NaCl gradientol] 2]3j
€&d ¥ ¥ (peak b)E& Zol ultrafiltrationo] 23] &3l & A
T}, CM Sephadex column chromatography stepoll 2]3] polygalacturonase EAdo] 6. 3uj
AAE RO HAL yields 11.2%0]dtl. 2% b 2¥2] Sephadex G-100 gel
filtration chromatography step (Fig. 3-1B)ollA] polygalacturonase ¥A-& main
peaks} Url S2FTH FEAA ol olsf 8.7upe] A ANE dgom A
A9 yield= 5% o]ch
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2. 234 F4-UA 2] w3 polygalacturonaseo] cjgt &8

7. Zx39kA gl 2%t poiygalacturonase&] ¥

85 polygalacturonase 2HANE 18 H¢t A4 et A3}, 200 MPa o] A}
o] kAol o3l Fa] Bo] o] Frijtel whel vistd oz Zao]
Elolct (Fig. 3-2). 800 MPa2] gt ol oJs) 70%e] A A7l e et oA 7ix|
UEH A7 AAES AW Yol 3 a4¥Y A3k T4 ¢ 714y 5,
Neleset A7 5o Aolo] ga) h2A Urhts Ao Musgc (7,19). 4
o] W22} peroxidase®} A}2}e] polyphenol oxidase (20), Thermoanaerobium brockii
alcohol dehydrogenase (3) S-& 100-500 MPa] ¢} stolA 03]a BAdo] Zrlste
Zes BIFrt. FE3A H polygalacturonase £& U 2] ¥ Az}, 800
MPa2] Qroll oJ3) o] {A3] u|HA3} H Zog WAL o] AL F29] uY
83 Bt BAE AN o IA Uehd ez, whiAe] %%} cofactor,
THE ©de] &2 Fol 3] S ke B1E(20,21)3 g5t Aolct.

kA el 2% polygalacturonase H|¥Ad3le] BEAE &d 33tz 71Aal
polygalacturonic acid®] X0 u}Z T E A5t 400 MPa2] U Ae] B A
8 Ke?} Vex® &3l (Fig. 3-3). 714 =9} ¥4 59 Lineweaver-Burk plot.0.
ZERE F¥ Ko g vlA 2 ELof vl3) 7 (W] e]&E A, 0.165 mg/mL; 400 MPa A &)
B4, 1.168 mg/ml), VawZte 1.58) (WIMe|E4A, 2.52X107 pmol/min/mg protein:
400 MPa A2|& A, 3.17X107 pwol/min/mg protein) Al &AE ), ole} e &
A= 400 MPa2] QA 2|o]l &3] Vaust ¢tZF F7I8lGI oL} 71-ol it 2 Es} 7
ol A 3tElgdchs 2JulEM  Fig.2olq R gEAzie] 23t Yz ZaL
polygalacturonase?] 7]&of ti3lt Hslxo] VA3 Zt2o) 23 AzE sjMHc) t}
E d3x=tE9Y E._T’_% A B, H'-pyrophosphatase(22)$2} H'-ATPase(23)¥= 9}& A g]
of 28} Ko?t Veax7} RF Z4Z WHH, o|H olu|icate] transport THYAL ¢tedA g
o &3] Ka Zkol F71% A Agi BuE|oct (24). Thermoanaerobium brockii alcohol
dehydrogenase% ot F7lo]l ule} alcohole] T3t 3= Zy}s}= wiw,  NADPoj
i3t A= 7‘3-:7?_} Aoz HIFAT} (3). oHEEY B-glucosidaserx= ¢of £
3] Voudt 23t=7} BE 2243 Wbl Sulfolobus solfataricus®] B -glucosidase=
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250 MPa2] U 7ZIA &= Veud] F710ll &3] BT F7i7F B whd, 2 ol ¢
ol 71d Mtz zhiof ¥ BAE AJF BaECh (25). webd G A
glof] o3t B BEELE B4 R 71 gel olE Z2E Ushie ZoE
Bzt

YAz polygalacturonase Bg 2| 3 pHet 23 Z=o] i ¥ A
BoITh 400 MPa LM e]H A9 HA pHE 50284 ulH &L A pHA 5.5
of ul3} 0.5 WA FFEACE (Fig. 3-4). #HF pHe] H3te T4 Bxtel njAR
72 WIE niste Zo YAzl o5 Havhie] By 54 9 33t
Edo] MEARE ¢ F Arh HF =& 65CTE Yol o3 A ¥ LA
= Aoz ML (Fig. 3-5).
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~ 12 A o @ (b) - 1.6 E’.
=) -14
o
o N
= 1.2
o S
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(o]
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L 239t Aelo o whide] Lz B W3 ,

flollA & uiel o] djAelo] 2% polygalacturonase®] u]E/d3h= o
2]}t polygalacturonase®] #xtufjx] Hato] &3 Zog RHQlch whety 1443 3o
A doljd g sl e F2 HEE AL

WA 200 MPa ©]3e] FAelo] &3 whAe] {3 I 4l Zo] UAUF
olch (Fig. 3-6). 800 MPa2] ¢tol oJsf <f 46%2] who] HAxrt. oL 1¢t
of 2J3f whyjzle] W d(denaturation)o] o] ¢ Aog, Qo] o3f whiid o &
Mg zZbe] izt whiAn gojfl E3te] Az FYol 74A YA unfolding
o] ¥ AXZE Rch dYel ¥ vl unfoldingS v HHUF 2458
3+51o] chaiale] B hydrophobic interaction®} salt bridge?] whHd& X sl=
o2 A ct (5). ol At v Fxie] M= o] gujel Hdl=
g 771, wehd el ¥W EA4E HIRTIe Aoz oA 2t (7).
e d3aHEY] RilodME it eg 100-200 MPad] W2 oA 793
WA subunite] 27} FAFAI (26,27), IET} £ YoM wyAY
unfolding, subunit5®] reassociation (28,29)c] F&A=qdct A, 4ToA=
lattice®d E¥2}e] 47} 4.30]L}, 1000 MPaollH &= 1022 F718t= Aoz dax 9l
th (30). 3of Stoll Aol o]t Wzhe A EH3} EEARNY $22AUE I+ 2
g zestel @Al conformationg WAL, FIHoz: Ve WA
(denaturation)o] dojytc}.

ch R o] conformation It whiial gojo] FFAWEHZ HPAWEFHL] H
3E BEst ¥A @ £ ok wyAY FIF, FRE
tyrosine, tryptophan 59| W& ojulicite] oJ3] F2 AR Hch FIEAY 2
EHEALLS O Sxl FHEH S g WAF ofm|ite] 2l 9] FH&
HEe whge] uiel e u]34(nonpolar) THNE FupE HoE X9
o, £84 BHNE wupy o8 X¢3ch (31). wheld whide] FPAHEY
ogNE thild yie WaFoluite] Bof oyt =& FES YA ¥ 4 9o,
o] Z1-& whAe] 3XH conformation®] 'Hte] H T2 ARgY 4~ it} 800 MPal] ¢}
g Aald vyl FRAHEYHS vzl A uAe] e vj3] 2.5-4.0 nm
thupat &0 2 x]-9do] AT AT} (Fig. 3-7). o] A whide] wakEojn|xat

2N W

HE#.S phenylalanine,
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o FEAFeRY &g duisle A2 Ao osf v e conformationo]
£

o whbg A AEe Mot FUAE

o 242 Holold 71 ¥ AT BATH WRE ofulale] YUAMEUL TP
sMEYuCt 249 B skl o WAY 2o YA Urh Thige WS

< tryptophanol] &J3} F2 ZAFHch 2 o]fE 3 FHvlel 3l F4H Woyz|
o 1 Y W& F4IE e FRVIE AdsES ¥Poz wam ALY,
tryptophano] 7}¢ 2 AwE 712|7] wjEoltt $£&YH 2 %29 tryptophand T
HA WF2 hydrophobic ¥Rl E8le ZEct o 21 e P YA
(32). Fig. 3-8 280 nm®| excitation T}FojN HAYAHMEHF S ujag A=E, 800
MPa ¢t¥A2]d Tl goio] PP2MEYo] w2 thyAo] 3] 6-7 nm FupF
Fog AUt o]AL dPA elof 27 conformation MEte] ZA 2} hydrophobicit
Wil 23 tryptophano] FEALo T WwEE QS-S 2uiFct thaA HAR
(denaturant){l 6 M guanidine hydr'ochloridez(deCI)i Az|" ghye FPBAHEY
8 BF= A9 20 noe] B3p 29-Hol WAFC) Guanidine chloride: THAA L
random-coil polypeptide® WHJAIF|& ZleZ aA <qlcl. olelA Fig. 8¢ A=
FE 800 MPa® Az2|H whYAL non-native conformation A}efe]rl: s} A3
randon-coil®] FejE HWAHYUA = U= Ao Rolch whebd ezl gy
2 HEFHOZT native TR FAME {8 Z7rHel 2ol ordered molten
globule-like conformation el ZHLo T Ro{Zir} (33). B st 1Az
337134 U8} hydrophobic interactiond }3A|F|U ZEARY L] S4AHI}L @
s8] o ¢FEATIE 2R dA Adr) (34),

rr

ok wl3e) 23¢t el A NaCle] 3a

olfels WFE Y gAY F owjRrEve ZRLS 2o
polygalacturonases] WHE dAFsloiugich wWaE Hegdz s Sepae o)
AFTASIL 0T 18 £ B4 Astdeh. olwh HegdoT 20 aMe]
sodium acetate buffer, pH 5.5 &%E& AME3 ZA-92l 1 M NaCl £9& A3 AHAL&
Bl2stedch LM H WMRAERY ZRAS 228 A3, 200 MPa o|A}OT TUH
o Be o WR2RE 221 D] o] WA ZAsHC) (Fig. 3-9). o]RE
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Fig. 3-6. Effect of high-pressure treatment on the solubility of protein.
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Fig. 3-9. Effect of salt in the treatment medium on the protein yield from high

pressure-treated Chinese cabbage.
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ZfA ol s whiido] WAdEe] Salert AW AT Bt F&H I
o BEEE JFHY ZA 400 MPa oY gHEoz HH wFEHE &3
polygalacturonase?] #’do] Qo] F7l3te] ulal vlrld g oz Zhaglo] A= T}
(Fig. 3-10).

AHAe|H wFos F&H ZFL9| polygalacturonase P EE= 460 MPa o] 4}
o d¥olM JAF] P2F Zeoz FAHULh ojm HEA o HEJ}
polygalacturonase?] A xof g3 F= ZoF ettt &, 1 M NaCl 23} 3
7l Ael"d sjFA|E 8] polygalacturonase BT 500 MPa2] A alo] 2js) 53%,
600 MPa Yol ois 86% A whw, 20 mM HZLAZ} T HeH w2 e
polygalacturonase THEL 27 eo] olaf 71%, 91% LAstT). o] RE AMelg
o] NaClo] 31¢to = QI3t MiBAYHEHE HLE BIY 4 YIS Yujr). RS
g T2 AYEECl ALY Ex 2o T v WAL o3 & £ ke e
AF2HE2] B31(35)9} 438 Hzto|tt. o] RIF = NaCl Exfof 23t whugale)
Xt 72 B3 gA Ao 3 RY = 913, polygalacturonase ¥/ xle]2] m|
A7 e gAY Axd Mg Yok

AAAY wF2HE 29 oAy FRAYENS JAWN A3}, YN
of %t whepy A-¢-Ho] By, A9 F=& NaCl Al widy 20 M 838
Azl wEU 2E 6 m =T (Fig. 3-11). ol F B9l oy 74 whaf o)
T2 AAe] AW Wi 3A tEA 4SS oujch welM NaClel] &% ¢
YA 2|25 E]2] polygalacturonase ¥ BRI 282 FAzlz|e] opmjial W@ B39
FEAGo] o3 T gt FHY A nHBEE fxlo ¥ A sHsAdol
2 Reg RQlth

3. 319} ol4tz}lets A 2le] w3 polygalacturonaseo] tfdF of 8

3%} o] xrEIREA: A 2]8] polygalacturonase ¥Adol ti¥t g3 tolR a1z} w3
229 284 8o 19 87lo] WHAFT 30T 1000-2000 psie] o] 4t

g FYste] Azstdct. 1000 psi2] oj4tzjetixzlo] 23] 202 ofiufol why

e &3 =7} 305 A= Aaste] FAE ot chde] AAEAL 2E AYHUH

u

8
4

=)
gt

I
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Fig. 3-10. Effect of salt in the treatment medium on the inactivation of

polygalacturonase by high-pressure treatment.,
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A 78 FAY A= Ueiged ANeAtE F/MIARE M FEE o F18A
dglet (Fig. 3-12). 21¢F ojabsjets Aeld H4e] FHAYWEDS S8 A3,

3xtd 72 WElol 7Aske Zog E 4 git)

519t o]atEletA A 2]® polygalacturonase REAL] YAHTL oAzl il H|
Azl 3ol vls) ZA3tA] Qfgkth. 1000 psio] <ol 2sjAL A Zte] izl z2FA
F7He] BN, 1500 psid] Yo He|x7] 208 Fetoll= 1000 psid] ¢
YAe FEUE o £ ¥4 F7HE Bolthrl Hex o] F713tel whep 224
Zashs 28 Bl (Fig. 3-14). T2 JFxEe B I E lipase (36)
catalase, glucose oxidase (15)%2] TAEL YA C0, Helo] oMz Fa2TH
S JuE fRFHE 29t olatsters AelH F R alcohol dehydrogenase,
glucose 6-phosphate dehydrogenase T ¥ do| 235]8 F7l8cl= A2(37)E & £
olcth. olg} Zo] 3t €O Hele] Fof oyt Eaje FAQ FHY AN 4¥ So
ozt ch2A vetd 4 e Zo2 RBch o] Azke :4te ojitdlera Ayt &
kel njX]& G2 whes] ol 23t whild 3P Re] W B ol]al A
2 A AFER EAAHE & olatERiLo] ¥ T Bz FHe 3ty
nABge] Wt ByAos gt o we,

- 182 ~



= ]
£ —e
o)
S
_E 06 ]
9
© 04-
o .
. —@— 1000 psi
0.2 —0O— 1500 psi
—w— 2000 psi
0.0 T T T T T =
0 10 20 30 40 50 60

Time (min)

Fig. 3-12. Effect of high-pressure CO; treatment on the solubility of proteins

- 183 -



0.7

—— Control
0.6 271 nm — — 1500 psi

Absorbance

0.0 —
240 260 280 300 320 340
Wavelength (nm)

Fig. 3-13. Effect of high-pressure CO, treatment on the absorbance spectra of
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Bi 2] pectin £3]& 4¢] polygalacturonase= 400 MPa o]Ate] Z1ele] A4=¢}
Azlo] 3] VA3 u|BP3} HYom, ol 1gtA o] 9§ vl conformation
Rsfo]l oJ3f polygalacturonase®] 7] ABErt zbxg A} Rk z2aydAE
Ao NaCl& B 718} 9 polygalacturonase H|EA 3 A w7} AAg HAog 2w
ek NaClo] €13 YRR 2RE 2 polygalacturonsse BH HEAEL el
olubat W B3] Aol o3t B4 Wt Fuel uMBA §o] 97 A
2=  HJrh  dbdell,  1000-2000 psi®] 19t o]atBjelAdele] - 23t
polygalacturonase?] H|E/d3} A AR A Qfglrt. AE&AH 0T 279te] AL}
Hele pectin BT BYYHE Tt YA FE WAL YAY £ 9

7td 7H Ael £teg AMSH 4 9 ZAoE soiHc)
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Ns&a 4 =

BAVE L plantarune] ths) QALY ¥ 29 C,E ol gstel Az
Helzol A u]gEe BRAH nAs Qg AEY A Yo FrU4E
£3 A LEs} £e4E AFEII) ZUHAL, pectinaseo] Thal 2 (02 A
3T Py ANE F3T AN Aol wS4E O UL BRUHE Urhlel =
Aalxjo] wel ZATIYAE T2 Rebd 4 Q&g Hsiith £ L plantarun
F2o] tish 25ColH 100-800 MPa H9le) B4gto T 187 AelNe o YAz Ao
T mAEe AFHASE AEY A 400 Wa ol Aol E Yo ZAULE FAY
NFEINE B 4 dgon Aol Z/USE WAY 4FS 2AF UEhIYTL,
pectinase®] Z-$ 1 C0; Ao} npINE Aelgdo) £e+E Y BEY
He Uehigdon B3] 600 MPa ol4te] Yol HASHA BHE ek oz
ehyic}.

a7E BHA Azdo] 1A A BYAH oA gue AET Ay
Hel Aol WHE AFEIE HAY 4 GAT, pectinaseo] o) 2 FEAZ ey
= @y UsE 238 A3 94 Aol Z3v} B Qe Btk Y PAY
E- A5 AF AZE VPO AL o A AP WE4o] HE AE
24 WS AEY A7 RNFS BE ofFolu AR AZAII A Ve
ogrom, HAe FPOE U AF AsFol =2HAS o VEVAHL WBpe
Aol UElA glgith. oleiyt AxE uistes nE BWA L 1 AR A=
719 ul7ke Mele A bEe] Bojsks mgBolLt Haol tis] MERY WS

dogly] ojYrhe 2L €& + UHdrh

FAel3et vlaste] §oFd APE dFEANE & + ey, HeMEe ¢
Co; Azgjoll 2lsl x| MAgol & 50 71 Y 4 A= JHedE HUspdch
olof whsl 23at A2l ZAL Ml Aol wal AR S0URTA H5719) pHet AtE
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TEE IUE AAYLRA AL ARA] ZagA ol 3 Ao AAgo] Ha 5
i o] dFE = AUTE HAstirh AAoE u¢t wE Az A wisld A
g 7l va AEY vl IFY AAAEY P YAk A% 3 wistd by

A 230 Arleg A3t

AAAZA HEE 5 e FAAHY 23 He2AL S8l g3 A8 2
Ao $H=E APENE WA AT A3} S4AA U R B¢ Az
wHeh A% 23-28U71A] pH 4.2 o4, AR 0.6% o|3HE fAIsidoy ANFoT A
30-35¢ olFole Zut A2FE A A& TAR AYsigch T gt &4
g A B9 Az 29 uiegt 10C 2004 Ha A% sodold Ao A 1259
7HA] pH 4.3-4.4, ATE 0.6% he]9) AelE FAISHATE nAEo glojd= guk AF
o % o 10° ol3le] BF4E RASIET FAFY S N WA e we
BEEF 48 RANAY 22TA YSOE=A 21 Helo] o3 FEY AFE
g 42 4 Aok ZAFo= Az ¥ nj& 7] R} A3 LAAY AL 2
Aol eidt 239 Aejaas}t of 943 Ao g eyl

Z33F A2 AA L FUA FAEst] AN AY Flo] EHAN B B
3ol duHe Aol dglen F2 22 Astel WM B} wAgsisict. o))
i i3 oEA 23 A3tE AAS] e BEAAE AHESle AEZ2
o HBIE AESIGT, B UYAE S 2 HLe 2o AU nxE B
B R4 AHgstel B WS 7HEA AAATLA stk PAAQ BEW)
A3 ol AZHZE 4E 239 A ZAE B 238 M Ao uls) Ay
Ao ZZzlo] FUsIE WS A AAEo AN Eo] YL Zow
sk olue NPAANE Eulz 23 Aelol o5 FYY Bho] Yy 22
AFe ARSHE ALo|M o) 4AY ol KXY 4 e Hsyr)
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