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ojell whet WE (kR 7+ (non-thermalprocess)iﬂr T 7)go] B AFHL Jlon, dA
AF Ao AEEHL Qe HEkE Ve BEA gHoE 1A B2 A7) (high voltage
pulsed electric fields, PEF), ©]3} ZAHionizing radiation), % ¥ 2 (high-intensity pulsed light), 2379}
(high hydrostatic pressure), 2&(ozone), A7) 289~ (electrolyzed water) S| o.M, i}‘—il’x—'] wHo®
S olaea, WH2I A, Bl tF TEAH polycationic polyren) % 2-& S B, AEH o)
B2 52 olgstY Utk 234 M MEHE Ve § S0l MY B V&R Hrty
%\25'4 AA 7P Bol AHEET Yk
2 74 high pressure processing(HPP), high hydrostatic pressure(HHP) processing, ultra-high
pressure(UHP) processing's 2.2 E2|H, HA EE IA AES ETZE AU EREA 2 A
Z 100~900 MPa(mega Pascal: 1 MPa 2F 107]94) 9] A4} (hydrostatic pressure) &2 & A7) 3}
= A2 AT ¢ ok 2IW)ol AHEEE 47 (vesse) E B FHOE o3 W wHE Azt
AL AE F JA=F b =Hojgtk 2A47) 234 7€) BAL ZAE 7] ALE o]FA
o HE g8 ¥ ] 2oplEE o 22 4 AHLT & e UEE AU 239
Zlgol WA HAtk 194 7] Lo 1139-i Hite(1899) ol oJal 2319} H] e mAE Gl #
& A¥ol AERHAL, Holo ZIgto] A& B B4 ojud dFE X Ao tisto]
HI T Basset 5(1933)2 29 ¥4 ghlgo] o) <4 ge1§}7} dojdthy HI3EIHY,
Bridgeman(1974) 2 &) G o] o) osf wAslE d4-& AN Macfarlane(1973) & &
= ¥¥oE SR/E AshAle J1edl g 7HsAS BT Hite(1899) 7 28] Al $-2
=24 4o Wstdty BISEAT, 52 4ol 4F AEA ) plxE Edel tiF AR
AT Y Fol| o] R AT Payens? Heremans(1969)= $-#9] f-caseino] 4ol oj® J3ke
oA A3k, ZippHKauzmann(1973)-& metmyoglobin®] Aol 23 WA glejA o] 27
of e 232 AFakUch ol AFY B T /158 X0 vAE 93 g3 A7E
°of A X FYHT JAT, 27 FA PREY ATEL UAEY BEAE) 2HE T
Atk

l

1 oX %

it

1_.

2IRE AFS 28, 7H, BEA N @A e vzEEd 718 A gud WA,
AE 8 2L %WE} A, 7148F AFE ol ol E e v 2 %E X9 BEE AR
AN Hlasd 2w, Hep S, A9 oY &A% 22 dXe] I3 384 HIE 3
SEHITRE HolAM Zpol 7t lth(Hayashi, 1989).

O J1E9 A

238 71e9 71 71842 Y98E Le Chatelier®] 982 ¢ dfollMe 27t 7agE W
07 WHgo] AT 57t Sl WPz WS dAHTH: ZAolth & o Heurse)
Aolg o WS oA HEEe B Roel Y3} W o) F AHEY B 239 F& Aolsh v,
2 SAE B H37 Baske WHOEe) MeEo] SUBTh Re]tHMarquis 1976). Tabe 19]

H}&E
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2 mwit 213 mLe] £ Aavt dojd) weky 4ge E9) gEE 23514

st A gt £9] pHE 7000]1A19 1000 719} Sl A& pHIL 6278 7448k BTt vp37lx
< 274 299 3 E 8 o) A ATE YR &84 2EE

NZ(84 20l 4ol s WAHE o|FE Addd of FHATIY

T A%o] JAEFE F 179 Fo| ZUE] Wi gE F} olF AT Y& £3

A Bor 53 #2279 Ao gl $1E854E AFe) FREh 2§ FIME DNAY

] © o]#g o f wjEoltt,

Foll Saf mAEo] HHE dEle 43 AU UA FAW AXL £3) L A Fo)

EA ek Gl WAL Yo 5 gJom AAZ 2000~3000 7)Y E 7Ietete] upg} v Y E

o Qx| BAFHE E5E #2 ATt (Marquis, 1976).
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Table 1. Volume changes associated with chemical bond breakage at 25°C

Covalent c—C +12 Inhibits bond breakage

Ionic H20 — H" + OH -21 Disrupts electrostatic interactions

Hydrophobic CH4 in hexane — CH4 in -23 Disrupts hydrophobic interactions
Water

Hydrogen g}?EOH— — —OH + +4 Enhances hydrogen bonding

SR %j%}% g 22 A 7531 (isostatic) 12|13 AR dojdt), o8 9]
Aol & Mol 4HL ALY + YL E flexiblestaok Frh Mo iy}

Aty GFHAP 7S 58 227t gon, AR W headspace T7HE HAsElojof g} ot
s 371e 4FF U 454 (compressibiity) & 7HA7] mj#olth AEY tiREE B2 1A
AT & F AoH AFEE A9 &3 2& 10% Axolth FIAEEL 21¢ Adsode &
7 B A2 olEd A7 fFolth Figure 12 23S 4Fo] F439S Ho A ek
o). Az Aol )3l GHL timedelay7t $1T AES) 27U Fejo] BAgle] BE Hio)

rlm
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[IE

Sample s
(egg) L \W’a fer

Figure 1. A schematic view of the application of hydrostatic pressure to an egg or the food
packaged in a sealed plastic bag.

& 7Hgel AHEE 57 SHisostatic pressure) & 9.2 ARE I, APy 5o BAZRE A
ANEL7) Q8] AL Eo] gt Be LToA ARE ¢ A E o] BUYEE AYe=
3 3H(cold isostatic pressure; CIP)ZF H 3 2000 ° Co] £ XX 7AE ¢ WA= sl
7heete A2 S hot isostatic pressure; HIP)o] HFHo] Uth (Zimmerman
Bergman, 1993 Mertens?} Deplace, 1993; Deplaces} Mertens, 1992). 2] Z A9 279 7ML nig
CIPE ©o|&3 7lgeltt

o I~J

ol > nd
Prorlo o P
olrl

M
=3
o ©

X101 AlE0f OlXl= ¥
1980t A F7tgel o] & 4 e 2T AR} 7FsE AWM 4FHE o) 43 HFY X
g, Aol #& A7t EAHOE AFHAY WAFS 2000 717N E gl WAlo] lon
4000 71 ool A Agshd 10° o/de] A#EnE Hole Ao] MAEo] YIthLudwig 5, 1991).
AAZNA 25 BF9 A9 27] 880x10° CFU/mL £A8d Zo) 237 ¢ Ao s A3
AFEEAT (Lee &, 1995). vl & 233 M S 81H, AXH Fx4xr} wasA 91, 849
ZEE Fol HIHY dx J&S ol DNAY EA9 AA AE dojupx] @A = nAE
o] AbgstA "k 21 Aol 98 FEgg e AFols NEFHOZ ready-to-eat (RTE) &7
off EAlsks A4 79l Listeria monocytogenes, 29 A& ZA)8}E Samonela®t A, o} =)
Foll 2R3 Vibriod} vholgl2, $80 ZAsH= Campylobacter 50| it}
SAEE 2% A% °4:IL€°] Bo] Byslo] o R Fugo] A& #5H EA
729 ©

‘)_\‘j19

Ae Gl A8 20U ch(Cheftel?} Culiol, 1997). ¥4 RTE 58 228 A
4, AR 5 2h TS T0Z 405K SENDL T ol ol 2] e AZE A
MOE AFRE & vk Bd 2TPE TR A7 Bok] Adele] UL a7k 2
= % 7h2e gdolN 2T Ae B 228 2Y & e, 1 o
£ sliced deli meat & AJ4+& W), Listeria monocytogenesst 22 A5 579 ALYE TopF7]
9£.0]}. Figue 2= $3719) 98 Ae}A] A7) B2 Samoneln 9] 4 L tig T Zolt)
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Figure 2. Effects of high pressure on three strains of Salmonelia(S. Typhimurium, S, enteritidis, S.
braenderup) in minced chicken meat.

UWH O 2 Listeriz monocytogenes®] 7% ot&3 Al7bel whel 35 108 3o #LE
AN AGE Aol FEol O JBHA Qe Figue 3 21 AP oA
L. monocytogenes®| ¢ W3tg HZth Aelshs ¢go] 1:’%0}%] = L. monocytogenes7t AMEE
= defs Azl g5EL 4 & qlth

—&- 300 MPs

-~ 500 MPa

\\ <A 60G MPa

\"\

———y

[ & ki3 i34 i)
Time {min}

Figure 3. Effects of high pressure on two strains(Scott A and AL-2) of Listeria monocytogenes in
minced chicken meat.

s AelHd wWep FEF FollA 747} olgA dsteheA Jerd
FAZAE A A Z9E AR S AU

e Jlﬁ{

=s~fizat  -a=Broth

LogNN,
IS w

o 1 2 3 4 kY B kl B
Time (in)

Figure 4. Effects of pressure treatment(600 MPa at room temperature) on
Escherichia coli inoculated in broth and meat.
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Ogawa 5(1992)2 2#:A F29 de e (doud)E HH3lo] FAASE F&3lc pectinesterase
£ 300~400 MPacll A 10% &< 2 AT A¢ B84 Al7led ax3olzty BAsgi
Figure 59 4ol w2 Q@A 9] peroxide®} pectinesterase®] A W3lE F A5G T

Satsuma mandarin Valencia orange
120 120
g 100 100
£
> 80 80
E 60 60
[
2 40 40
s 20 20
&’
0 0
0 1 2 3 4 o1 2 3 4 5 6
Pressure (kbar) Pressure (kbar)

Figure 5. Change in pectinesterase (®) and peroxidase (o) activities in freshly-squeezed, non-
pasteurized citrus juices after pressurization.

FdF20 & o EAY F9 ks vE C, ofulixat, YR T ol LdA F
2 56~70°CE @AY Addl= HER Co &4lo] Hol & FFEE FAh} & °C, 28 AFA
A= 20% ol/¢el E£4o) dojdtt, @iiﬂ Al 23 A E 5t 4 AzetA g2 ‘3117“7'9}

B o FoHQl Aok ATk B3 F, A, pH, F7] A TR dFE FA ¥ AL
Z Yeistth o|s H=d 2 HAEAQ ‘.%7]%‘-4 23 A s HERS

AA dojus HERl Co FHAE ZIY AT AAME EHI}A X3
(Hayashi <, 1991).

ZAY 7hgol AA IR 9t & HENY YRS A7t Auze #d F40] v
WThE AFO 249 7E7F ¢lakal 3hlTh Horie 5(1991)& 27, 719, Al A 5 70 AIEE o
oz AT A3 7I9E A Ao #FFH 54 vt 3089 A524E F EE AF
oA 207 ol el HELAE0] JIgt He® A& AT 1t A Bl ths) HArE 2 9
|, &0, A3 FAA 58 A7 U$tHWatanabe 5, 1991). Figure 6& 7t A& A%
=52 AFH BARRA(QDA)Y 9t #5HA A4S Jebd ZlolthLee 5, 199). AAH o2
Ag717be] SHEE 2% A 2 BF 24749 #5 FEAA Holg o 4d A% o]
FHE 23 Aol ol Ha AdFeR £ FFUE Ak A%S EArh o)Hd
Ade 21 Aol FAe fﬂz:r“ﬂ ‘j] 3 FA54E 4R RS doe AL ovjst

T A7} =F 2] n]AE &8 BT o wE ZH#HE Eri(Sak T, 1970).

N
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0 day 4 day 8 day
lightness* lightness* lightness®

freshness grassines*  freshness grassines® freshness grassines*

tightness* itterness  ghtness® bittemess  lightness® bitterness

Figure 6. Changes in sensory characteristics of pressurized Angelica keiskei juice(m) and non-treated
Angelica keiskei juice(o) during storage at 4C. Based on 7-point scalelfrom 0 to 6) for
lightness(dark - light), grassiness(weak - strong), bitterness(weak - strong), sweetness(weak -
strong) and freshness (putrid - fresh). *: different at 5% significance level.

X0 ASIE B

IS AF 7H A= ZA batch A)A"E 3 932 (semi-continuous) A AE 02 UE 4 9ok
Batch A\ 2912 AR} TA AF BT AHE 7hssie vlg] 249 Az F2 A v
HAE ANL"L in-line A2 O 2 F29) 7Fo] pumpingo] 7FsdH Al Eo|uh AF8-8 4= 91T} Batch
ARl 23 A AA &7)(vessel), yoke frame, 2% = (hydraulic pump) ] Al FEOZ 1pd
THDeplace® Mertens, 1992; Mertens# Deplace, 1993; Mertens, 1994; Tonello 5, 1994). A4 %73t
A vessel oA Dojub, vesseld] $82 2 liter Bt} 22 A3 L AU ZHE, 50 liter 0] 319
pilot 3, 300 literel] ©]2 = M-S AR (Figure 7)7H4) theFsit},

Yoke frame WH-AA vessel®] 91X $3E T £33 5 7Fssin 7h3uae) mel gzl
o HZ A7 42 23] Held FHY vesslo] AL A2 ol o] $H T 9 th(Figure 7C).
Vessel:Z pressure mediumS WA 7HtE =], o] mediume A&7 2838 Az oo} 3l 2
=°] AHEET 0] 8 pressure mediumS FYHZE o] &ato] 714tatt Vesselo] AEF 3 load
5o yoke frame Qtoll A=W vessel pressure medium .2 7FE A YA A Bk A WA G o
A de-aeration valved] 93} 717} AAHT, T AR DANM vessel WFo] FAZ pressure
mediume pumping3}3. WA Vx| B31A SHA to] ZrtelA B THFigure 8).
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Figure 7. Commercially available high pressure processing(HPP) equipments (A) A production-scale
(215 liter-600 MPa) HPP system for batch process, (B) A HPP system for pumpable foods, (C)
A horizontal(350 liter-600 MPa) HPP system(capacity : 2.3 tons/h using 3 min hold time).

Product
Loading/Unloading

Processed
Batch

Water Tank

Low Pressure
Water

Low Pressure

Water
High -
Pressure it e el PRI Pressure
Intensifier Intensifier

Figure 8. Operating principles of the horizontal HPP system.

BANAE 7H-S $13 kA2 (semi-continuous) 229 A28 9] HubA el #A S Figure 99 FA
stk W @Y &% HE(transport pump) Z WA YE7} pressure vessel2 0|4 2, valvert B
g Fof vessel 2Vt BEZ 714H ) Floating pistone A &medium3} AES RPA7E 988
gt 239 A Foll, AFL surge vessel2 FARA Hr)h 2 /9] pressure vesselo] HAF o]
A0} 7HAE vesseloll AAE ANUAE F WA pressure vesselS 7HetET] AREH O] oURIE H ok
stal FAAZE BEs Fdh
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Control
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o Valve Valve products
pump
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pressure
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Figure 9. The semi-continuous high pressure processing system for processing of liquids.

XU0% 0[2&0}

HEe T A F v SAZE WAEY EBA3H(Hoover 5, 1989), B E WA (Heremans,
1982), &40 8443} = S84 3H Morild, 1981), gel 34 (Cheftel, 1991), 32 (Kuribayashi®HHayashi,
1991) 59 AA TEAFe] M o] A3} wu &) (Hayashi, 1989; Cheftel, 1991), 2%, o]=3, &
T4, BAY ¥8H(Far, 1992; Deuchi, 1991) & £3 7154 27} ok 2E3 A EA 5o o3

28ke] B 1000 719 BERE L%E}L%—cﬁl 2000719 Aol X el e, MlEute] sl
vy £59 Wsl To] dojubi, 2000~3000 7| GolME 49 7t9E B84 57} dojihy,
3000~4000 71HoN A= | A E 3} Hho)g) 2] AbFo) Yojutt) 4000~5000 7| Gl A= ARo] T 3)H
2 WA o) dojubn] 5000 71k ol ME AL v Ao R BEdsE T yY
A ZA AR o WSt dojdt) olgd AU AT S BERTAL nAEY 99
A 4N F 59 o W ol & gk

L

Ready-to-eat (RTE) M=

ZIG AND §HE BEVIE BU % A2, A JWPE 5 T8 BEFLL 4X9
A HE5718E 2 ol 2 5 Ak 239 RS UV 401% 2o AT A8HA €12
o o] EHORRE NN Wiz deuE

e
>,\.1
_|_.
A
£
u
)
T oa
b1
o2
2
o
rJ
JN 22
o 2
2
i
>
2
=

AA 4302 Felol A AE 5L A8 g IAFEE Ao g0 g A }‘:}. =
3 571 AF FA He ALA A4FE5F9) Listeria monocﬂogenm«] A ofol Eﬂrz‘%ii °o]-&
2 Sdth 238 78S ol4d {UE AFS AAEE Eul YAE Hormel Foods, Oscar
Mayer(Kraft), Perdue Farm, Fressurized Foods(7 Avomex), Johnsonville, APC, Coleman Natural Foods,
Hillshire Farms(Sara Lee) 5 3|ALE Figure 10& A4 AYstel 239 712 AEY Apdojtt,

\l
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AR s

Menu Fresh

FTHHL AT TP JFFE S o nAE AT 2 G4 B@ASS, BERY
22 ke A8 A gak M FEAFS AxXE
(o]

4 55
T F 873 5 log o)} HAE
2 AHE g F gloH, dUHHOZ 10 CFU/g oA #AXNTE Ao} 7Fssith Bnjox
2 AFLE 7Y AFAY AEFL guacamde(avocadoS 24 AOE WA F Qo] FE ARL)
B YR AR 097 AZAE F AT Figure 112 A4 AA3H8 279 #Y 2 ok

Figure 11. Examples of commercial HPP fruit and vegetable products
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LM AE

000719 AR YL olgstel b, 2, 20) 5 ANEREE AL A7) $48 7
o) 100% #2154} AE 2710 WAglo] A £2¢ 9 .
7hgol o188 A% JIAY £4¢ UA BT ST $AY

2w oS 20T T X "0 =
F e FA, vibrozolH noovinsZRE AEE BEse] AAS 27D 4 dow, §57)
e QAsked AT 4 Uoh Figure 122 A4 A98te 229 4 49 Aot A4 2
7hgel 238k 71eg Bol AR o

Figure 12. Examples of commercial HPP seafoods. HPP shucked lobster tails and HPP treated fresh
oyster.

2 7R ZEHF EE S42F0] 383} Salsa, pasta sauce, salad dressing,
OS2 AF FYE VR E ¢ A2ZFY T dip,
}-8-3}), ready-to-use wet salad 5o &€ 7153th

74 topping B &2, ST JEA

IR 71E2 olAF AFE 7MY AYIAAY HESE WA 22T 457188 a2 £
AW, ML BE A JhE AFES AN & QA Tk T hydrocoloid, FEE 5&
EAshe AFY 73S o132 FAE WSAIIH, amylaseo] )3 23S AT, 2
= ke & 344 2348 F7) 2o H554S AAsshed B Fdo2 2% )%
< AHE £ 9t
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Il:"iiéf = X
{72; e I —

gz Mg

AFY, A 7 AF] i 2H1Ae 277t AR vt HE 4FkE 71Ed AL A
g Aotk MiG7kE 7le 5 AYACE JME 2 Vel 2% VoY dogk A& T
g AR P 21 71&0] EUE olF 1009 dol A A F v, Y, EUHA o]n|
A VlEE Ol8Y STk AFE AR AF FAAFE Fol BEsEH LHAEAA A
A (Figure 13). 21 AT guacamde= W5 Wl 2% 7H AFLE 7 A3 AF2
E A7 oH, v= W 23 7H AFEY WES F 098 FEE Qs Atk ol 2
I o|BHLRT Jheeta AdAor F&avd RAEYRY 2I7]9 it dH ez vt
TAAEN e Aoty 2TF AA Fo7F oAUHA FA 7HAL U s Ao o3E
o Rt 23 A7 19090 2ol AR 2% 7)eE o 4d ke, 55, A,
HFd R o) F2 AEF, TAAF T e AFE AT A AN A2 g ol&F AF
of AAE AlFet e, 3000 71 FEE ol 8T FAWF AFol AHIL T

OB b

Figure 13. Commercial HPP food products in the US market.
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