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Injury and Recovery in Bacterial Inactivation Induced by High Hydrostatic Pressure

Kazutaka Yamamoto®, Keitarou Kimura', Takashi Inaoka’,
Kazuya Morimatsu? and Yoshiko Nakaura’

' Food Research Institute, National Agriculture and Food Research Organization,
2-1-12 Kannondai, Tsukbua, Ibaraki 3058642
% Graduate School of Agriculture, Ehime University, 3-5-7 Tarumi, Matsuyama, Ehime 790-8566

Food processing by high hydrostatic pressure (HHP) has several characteristic aspects, including homogeneous
and almost spontaneous transmission of pressure; inactivation of viruses and microbes; suppressed deterioration of
nutrients, flavors, and pigments; denaturation of food biopolymers such as proteins and starch; enhanced liquid
impregnation and air bubble dissolution; and shucking of bivalves and crustaceans. Among these, microbial
inactivation has been intensively studied for practical applications in processing agricultural produce with minimal
quality loss and reduced risk of pathogenic and/or spoilage microbes, especially bacteria. HHP treatment, as well as
other intervention technologies, may inactivate bacteria lethally and sublethally. However, sublethal inactivation of
bacteria has not been elucidated sufficiently. This paper reviews bacterial inactivation by HHP with a focus on

bacterial injury and recovery.

(Accepted Dec. 12, 2017)
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BERMITICBWTIE, BWMLEIERMMLE DD
FEMITO—>275, EMBLMI (high pressure food
processing)” TH 5. WEMTITIL, B, FHEESICX
DREO TEVEETEENZEMNT 5BMEEMT (high
dynamic pressure processing) &, A L2RICE
F % B EVEHENNT 280BEMTI (high static
pressure processing) &4 5. KPEEHEAEE LTHY
S, AREERTERALLINTWEEER, B, 5%
JKEHIT (high hydrostatic pressure processing) & FEiZh
5. BEMT %2R THPP (high pressure processing) |
CIEREESL H 55, HER, HFERICIZESMIE
w2 WAL TVBDT, BFEKEMLE OXFNEET
LUENDD.

AEMBEMTIE, ERRSY Dk, 1990 £0sEMT
Ty a? ERLEEBE LTREL, MEBEHEMTE LT

BLOoOoHD. LoLAeWh, BINTEMLb<sE, &
RARBARDP L W—FT, FOFTHEELEL, FREICHE
FTREFELIS . EREE BT, M2, BH
FERZEOBMLEFcCRIThETE 2w EdH Y, —F,
BENTHEMRTCLITERWIEDHEDT, FREZILD
BHEERT LLEND L.
ERBIUIHAOWME,LEEH SN TCEEMHSEMNT
ORI, BH—DOBRBOENRE, VANV - MEHD
NEEAL, RERS - HRRS - BRRTOERENR, &
mEaT (B, BEEZS) okl WHEEERBIURE
SR, BE - FREORRBETH LY ZoOHT,
LEPLEEH SR TWE0N, MERT2HIo0ESE
KEFOML 21T ) BOMEYRERILTHY, L) b}
EENICEELZOE, EFHTIEKOER L 2 55
ORGEEALTH 5.

AETIE, EREEMIICBT 5 EEMREOR S THE
NEHLZBERL, BEOEES L URE RRICESE
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HTTHI;T 5.
2. BEAEICHTIHHTEEERTF

RERBOAEGMITIZBWTIE, BHRECI VHEREZAR
EWLT 5. —F, FENBEO—DOTHLEEREICSE
WTid, MLEEJ 600 MPa TOEEMBE A —FHTH YY)
MHEZMED & T aMEROMIZ, 74V ADREEALITT
BTHL., BHELBIZL ZHEYAEELOERE LT
X, BEHEENED L CHREREGSH 5% bk, Ml
MBS DAL RIS S HHE S e hso b, MEROERR
BEICH BB TR/MICKPEAY L, AKHMAMEHE S
NCREALEZONS, ZOHEFRELT, EHEO#H
B - £, RREoMER, DNA OBEZLErFEsh
INBEERSOELE —2 DL LT, iyl
HEMET$5. A MLVAKEIZS LT, Mg, HEIIE
ARG L VBB T S, &2 IBFENAERILIC X
DHETHEERD.

BT, ThHEFICoWT, ST 5.

2-1 {E2RE

BEREPBUE AT LI LICLY, BERS, FEK
TEOMBERHE LY, FF/HEEPINTEHERS
BEkbhizh) 5%, ke tZRSPEZZ. Zhid,
SFEBPERICR LI LT, ARSI EES LD S
THb. MBLEEWIL, Maillard GE: <A VY—] &
OBRFEEDFEIE.) RIBIC X ), Bl JkE L U
BEVWOTLELRALL, FRIZEE LT, MBERE L THER
HEWERTAERICRS. Iz, RGO TEHOKE
LLTC, BEREO L) RERGFTIE, 5FA - 4FHO
RERBEEIYM SN, TONEEEF BN TEBRIHE S
5.

BEAEICBNTE, SFEBFIR SN0, —#8
OB EBRE, LESIERMICIMEES v, Ko
T, BEEKEYOHELZBROET 2R/MRIZT 5 INIA
THETH B, EEBTTOFTHN - FTFHOKEEEED
[ FEBCRRET 5] SRNICR - Tidte LA EE 0 F 1
W LEZONED, BELEIC L ZFEERAMEOZE
EPFETEZLLENDHD.

2-2 EERK{t

BME T, BEFBCESTEHIERICL25DT,
BEIETTS. —F, BELETCE, 2FEBEHsE
b, FEMICXA2FERAM (FERME) 2ESBD,
EERESTFOERM - BN WENEISEZ 5 L E 2
HIEPTEL. FlziE, BELEICLY, ERAICE,
RIS ER TRAEPBEICERT 28— LIC L Y FEI R
KL L TREMHEEL, MEMCE, 5T7R LLEST
Mizd 222 EED 5 L 9 IZKPBA Lo DA KEGF D
HEORFNTREFZRILT 5.

IS, BREAICELLLEBLRLTV. BRI,

TNIA—APOBEINEB/HFOTIN—ABLITT I
ORI FVIRERGTTHEY, FELTTITRTIFUH
FOEEHIIES TS, B, TOEROKSEDLEMLT
1, BAMEEGEIRMEL S 5. BT, Bk
DB LUEBHSTOTTFREIPERICRY, 730y
FURERDKH L TR, BMMLT 5. —, SEAET
X, FFESHPIHSINE—FT, BEFBEWT IO
FURERLBEFMEVTAEOKE D, @FE LCEEDR
BAKELRB LI ICEREN, KP5FH - FHICEAL
THBEKALTREL, B $5LE26N0%
2-3 QFIIIT1T

BELEIZBWTIE, BEOREFBOTCEE LRSS
EWS, BFIITTF4 T OFELER L 2T NEE
b7z,
HELZERTI) IR £EFTTFORER, H4 1~10
mg/mBETHY, S TE1IAZHEETSE, 01~1mM
DHERTHS. —7F, MBATIIDNA EHESO
R4 AT TFB L UBERNEIEDAT R, 300~400
mg/m iZEL, FERLVETEELREERL SRS,
Z DX RIREEDS, MR TOEESTFOERERETH Y,
BF2 59514 2 (molecular crowding) TH 5. HE
BRARLIZE BL2BERECTE, 5F 279974107
WL BVEEED D, BASTOEEEREIAEICED
LCHTIRENENT 2—05T, DT0OEES & UEEh
FHEZT5. Fhif, H—FEKBEETIIFZENLEW
FWHEMEACHEELREEEEN 5. /2, 5T 00K
BEEIIRE CETL, £ESFORBERIL - (bZRBD
HEMETTA2TEEDHSL. HiZ, FEROIESTH
BKDADTTHE L BELET B0, HEST % RGBT
OHEIRELET S, FFOSERE, BHE HHE
B, BEOWESSFRENENLL, BT OT 1V
T4 VT, STHRMEERRICB B DFNREEB L0
FSEESGEL ST, LoT, HERTOETMESE
BOERE, DF I 971 v TOREIZHHMBEROE
RIZFDIIBEMATEZLAILIITERY, HF2 5
T4 v 7 OREEFRLOOEELABEORE L ARD
Bk, 79T TR (Bl R F L) a—- ),
BAMEL SR EERE Ficoll, 7V73IY) 2FBETHH
ErH 5.

2-4 EHBHE

BB BT, FFEHOERICL2EHEORE
- EESHY, BURBESFESR, BRI VS
ATANZHE, TOX) REOEOMRE - EHICL Y,
BREESEbNAY, SEEIBREL 22>/ T5
EWHBH. Tz, BELRMEATIE, FTOUHILE—
KEEE L2 EETHI L b DA,
BEMBIZBVTIE, TEHMET LT, BF
BAMUC LB AKMPEEEZEZ b5, BEOENEEE
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HEMOBUK/BEMEERIE, ENCRIENS VD,
SRBETCINREESBEINTER T L ENS
B, ZOSHERZEAEOEEIKET LY FOR, {bE
FIEFHH SN TCw b 0T, S TEEIGER LASTWH
PRI EFeneEZILNS.

EHEOERI? BERTEEEEREOVTNLOR
AT, BMRATEMEE Shadt HERTHLAERT
ik, EUBRCEERS EHEERATZI LY, R
ERDIDIEEENLETHD,

2-5 &

RREEZERT 2 VIEEIR, EAVEVEE, HERE
EXERTLENIEH LS 2F), HEETTE, FET &
DEBVIRETERTLOT, VU RETHERINAEKIZ
REITBLEZLDZENTES.

—%, BE,LLBEEBIZETNET S L, BERAL
D7z, MREBIEREINTETNEL Y, FRhEE
D& B, A TREBESR/MEL TRICR B EEZOND.
$7, RELEEALE COEHROBEVGER L THS
HABCAWR RERCIE, MEFEEL, EEO5] A
WEoLERZEETLIONERTHS ) », HMREFER
2RI HZENH L. FEE TR, MBRESEEOEWEE
REIBEL-ELZB L THIEBMNIGET 20T, MK
FEBEAH ) AMES L UM OMmE 2 fad 5 R
BEFHTAILICLY, BEHEEORELZRLZ LT
x5W

2-6 DNA

MR T, DNA 29Z#/9 (canonical) 7 “EEHEELDA
12, JERE#E (noncanonical) & E L CHZE - INEHME
EERRT AL EBRTHILEFHL™Y N oI E
HEEEEDOTHEIC L - T, BEEFOBEEREPTONSZ
EWBHY, TUATOMEMEAICIEELCwEEER
59 FHERTIIEEN: —EEBEIREETHoTh,
HRNTOSF 7 5571 v IRETIE, FEEENHEED
BEEZEN DB, T2, BF 77974 v TREBICHoTC
b, BEMEIZL > T, DNA OIERNEEIENT, &
RUBEO_EHIIREDY 5 5. Zoffizd, DNA B LY
I RNA L HIHERAE L OMEMEF, DNA - RNA 4RI
BE5T sBROSRBENRES BELEICL ST, &
TRBEFEICEENSLZ LI ETTRETH 5.

2-7 B{EX LR

WAL, MEOMIEER L, ZoMoE KK
L EBEIRI L, BREENAERILICEN L LEZOND.
BEREATCHE*SELET S &, BELEOBRLE
% (oxidase) 2 & » CIEEEEZESER T 5720, BEEA
MVRERZY ERHBRREEREHLIWEELLT, EN
CVBE, 5 5—F, a7 VIV VBESNSNED,
BlziE, EVEVEBRIE, BOEMNER IR EIFEIL, &
IEEEE O EE % RET 59

3. BRAEENIICEKSHEDOTEMEL™

ERBEMTICLD, MEZHDETHMEY 2 AERE
b3 A1, FRORERMERFIES L) 22 L xlk
I2C, EREENRRCEDILENHL. DT, &
BEMTOZEGE, SEACBWTRETREFHF IOV
T35,

3-1 BEREEMTICHE LR

BEMEBEMTIC L o THoRERH ) 27 DEEHSTE
fo LT, Barehie, ZEED L OYEY - (b —
FREFN T TRERZIE S 2. T2, BEFICLS
Fo%) A EBEERT 201213, BEMEATE LR
NBEHETHRLTRZLRV. F07:20121, EREEHNIA
ETHRBEFEOWRYE, W, #E UME0ORECH
WEREE, REOHEBFLCTHCEELALT, T&5H
DEGEZERTBEHOEL, AAEKFO—DTHLEEM
TIHLT, BE (L LCETRETHNITRE) THLE
B b,

EYH) A7 L LTRIEELDOIMEDTH Y,
I ORTEHACIC OV CORFFEIE, 1899 4E2 LI, A
BERFCRNTERBEEFIEL, ARBEMTIERL
LCoA, ARSREMICHEKR L. EoFIE, WE
TS & ISR & 255 525, Wb I TROZRER
KTHY, FIOREEHEEIC OV TOMEREGANLE . —
7, B (B ), BEIIOWTIE, IhHNRESICES
THEDOR MR TH LY, BEEESICLZ2BFEHEICED
BB LEFBD D, HRSBELNTWS.

WA E T Y A VAORFEALOFHEIZ BT, EE
TREZ &, FOREDY, £ HBROBIR - IRE
Em~ MYy s R, BMFE, EE FoMoXELTST
LEVHTLTHAD.

BRI X A BAEYAREEMICBWTL, LETIED
B, WEBDPFER> 75 ABHE > 75 A BHTHE - B -
HEDNECE L, T, BMBEICBTAEMEEMLT
W32 MEORIRICOVWTIE, BROBEIEHICED
§5<, HAISZDOBEWIEE® bH Y, HE2IC Sta-
phylococcus aureus (EBT FUEE ;. 75 2B OWE
HIZE? B, FISEH 5. MEOREIZ L > THRER
PELY, BEHPOMEOFD, NEHEBEHOLD L) D,
HEEFEWD 2 Ihb2E0ES M) v 7 X2
BYE, BEOESNEEING L, BEYIAEL LS
Emasdh Yy, ZhoFERSLINCS, pH ASEE B
FEEFOEBELZTH. BEROKRERIC, BR¥HE Ik
BREBE 2HACTEGEROLBEDVH LY, BEHET
HoTHEFHICL VRBERISELY S 5. HiZ, BEL
BEEBEOILNRE, AHRERE X UBEHRNARRENE
KRUNDENBEAEOFAEIZ L o T, BIIZERBRICK
ELERPELAZELDLDT, BLLERRTELN
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( *EEEE lightly-injured cells
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mjury

( EEREE severely-injured cells
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| EREn | axE
IE 2| FiEHEL healthy cells
sublethal 1
inactivation =]
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@ injured cells
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2] “ death ==
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Fig.1 Conceptual diagram for healthy, injured, and dead cells of bacteria®”

The concept by Tsuchido®® has been modified by adding a concept of lightly-injured cells

between slightly- and severely-injured cells.

o7 =5 OBEBERBRICZEESLETH L. EREITL-
Tid, FELUTCOEREZEREL Ty / — VEETEAE
ELTHWAZEDRH BN, T¥ = VIFEREIKLID
EPICEVOT, BT E/IRIEROME/ FHIOZENK
X\,

3-2 BEEE

BELRNE BERE) CANVAR525E, FN0HE
ETHNIBLR L CHEL 2D, £ TRIJIIEHLT
BEEE LI EPHOLNT WS, BEHIZ, #0EEGE
B LT, BEEEE (EISUNEEE) BLUEER
EE GEWEEHE) L4s I L, HEBORERIIEER
BHETH Y, LEOEGEIE, [BENIIZEZE T 2IER
HERKEIZHY, AL AOERERFOROBEELMIC
Lo TEDEEDPELAEN, o THREDOTERS ZOMR
ELTHREL BOLLT, MBBLUBEEEDT [
FRRIEEE] L T5EZ NS LT T, [HEEREHE]
OEEZ, EEET IR ERIRIE] 12H 5 P EE
BHED, BEEEBEICEELLY, BEIEA TEEES
WeoTHRKLIZNT2E2FHDHS (Fig 1)® 4H%D
MEEC L), BERHOEZ FEBEICBET 2 LENH L H
AR,

KR SRR, BEELE, mMERmEEAILE &
FHUEE L B E &, BK T LIIFARICHEAS DY
HZLICEoT, BERV RERER I IIEEBEER Y
BCHBET 5B, TALICL > TN TV Y

BELEICL > THEBREIIFBET 52 EAEHICE
#7212, 8logCFU/ml FREOKIEE % &L L3 (500-600
MPa, 25C, 1045H) +5&, MEHZICIIBRETE R
L0, TOBERLEFRECHET AMIC, BELL
D, FBLZNTAHIEFRRENTS (Fig 2)® F7z,

FFCEBLZ) AT Y TEREIE, BELAE (550 MPa,
25C, 54M) BIZIZME s nds, Bk 5 RFRECEH
BT AMIZ, RIIVEBELAYIBE LY T 5. 37C,
40T, 45T, 50T L REFREEVEE, FhE 48, 3
FERT, 1ERR, S4RIDE, BETERKL, i E
WEHBREH TIZEIEL D 5 (Fig 3)™

KW % &0, SEMEOEE FMT 5 720 PR E
ERRERPSIEL bR TS, MEZ2 &tk zHR
L, EXREMEECEAT L0, H5VIRIEIPVERER
WERRT B LT, %< OFAIE BTHEEIREE L725
FRTIHMUEREREL, Mla—o2EElL Couo=—t L
THIRTRAB LI > T LEET 5.

BEEOBE T, %ﬁ%ﬂt#ﬁﬁ%ﬂk@ﬁﬁf%
BERFEICLVEIRL, Z0EZ@ERT LI L%\

b L AP EPRE I IR iL#éx&wﬁ,m%E
B ISR IEFEE IO Tio T AEER £
ZBHLEVHIEZFTHL. BEEEEDL FFICHRLT A
ENTEDN, STCTHERET L LB TRETELZVWE
b HHOTYPN (5T TORKMEE, YVEVBRRN
WX BEEEA DL ABEY SR A LT, BEEY Rk
VI ZEEBLLETHS. T, EEEBEIZ, oo
Z—HOBATHARLZ LD TESLD, IU=—DEDOH
6T, RESORY M X UGB L 5 HEOE
SWHEETAHLEIDH LY (Fig 4).
BEREBEIZ, 70— M A MY —EEHLTHRET
52 L TEAEY STYO9 (Bfmit) B XU propidium
iodide (PI: #Rtadt) 12 DNA 4t 2 HAERETH Y,
STYO 9 (&R E B IEATE 72 DML DIREEIC X & § 1
B9 575 PLIIMEV-OREBERICOAGEET L. Lo
T, BB O H5EHE (Fig5 (A)) KT AFRAL, K
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10 ¢ T T
4°Cor 37°C

25°C

im il

Viable E. coli counts (log,, CFU/ml)

50

100

—6-500 MPa 4°C —25°C }
6 { —@—500MPa37°C—25°C!
—F—550 MPa 4°C —25°C |

—l—550 MPa37°C—25°C|1
——600 MPa 4°C —25°C |
——600 MPa37°C—25°C|

|

4 |
|

|

Right after 1

2 H HHP-treatment 1
/ 1

1

|

1

150 200 250

Time (h)

Fig. 2 Changes in the number of E. coli in phosphate-buffered saline (PBS) solution treated with high hydrostatic pressure

(HHP; 500-600 MPa, 25°C, 10 min) during storage at 4 or 37°C for 120h and successive storage at 25°C for 120 h2
Although no colony was formed during the storage at 4T, the temperature shift to 25T induced recovery. The lag time for the
recovery depended on the level of HHP. No colony was formed during the storage at 37C throughout.

HHP-treated cells after a storage at 25 °C
O: dead (non-detected for 28 days)

@: recovered

[d: 1 or 2 recovered among 3 samples

55

temperature (°C)

30 fes 0 @ ° ° ® .

25 L L 1 L
0 50 100 150 200

temperature-holding time {min)

250

Fig. 3 Recovery of Listeria monocytogenes in milk (7log
CFU/g) after high hydrostatic pressure (HHP) treat-
ment (550 MPa, 25°C, 5 min) followed by mild heat
treatment30)

The black and white circles represent recovery and no recovery
in all three triplicate experiments, respectively. The black and
white square represents different responses among three trials
after 28 days.

EHEFEVCEER (Fig.5 (B) ICIESTYO9 L2ARA L%
v, =7, BEEHBEE, RERBILUREEIIELLE

A) control

B) 400 MPa

)

1

» *

24 h

48 h

Fig. 4 Colony appearance of E. coli cells after HHP treat-
ment (400 MPa, 25C, 10 min)'®

Cells were appropriately diluted and spread on LB agar plates
and incubated at 25T. (A), control (no HHP treatment); (B),
HHP-treated. Colonies were observed on LB plates after incu-
bations for 24 h, 48h, and 3 d.

B8y — Y ERT. BlZE, 400MPa UEEAKIZIE, FER
(i a) LEhDStOBEL CIBGE (FiEb) PBIES
o (Fig.5 (0)), 2 HRBHZICIZEER (il c) »7HIRT
bZEHBETEDY (Fig. 5 (D).
3-3 ERESELEICLZRANT
HROER/BEMITIX, 5CEEDEIET 600MPa ®
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Fig. 5 Flow cytometer (FCM) analysis of E. coli cells treated by HHP at 400 MPa'®
(A), dead cells (heat-inactivated at 90T for 30 min and stored at 25C for 48 h) surrounded by solid line;
(B), healthy cells (no HHP treatment, stored at 25C for 48 h) surrounded by dotdash line; (C), HHP-
treated (400 MPa, 25T, 10 min) and no storage; (D), HHP-treated and stored at 25T for 48h.

BENEZBRTRESELAEISEETH L. ZOEESEL
i3, BICBERELIFENG Z DL, EHRFER
X, BHBIZS £ 57%, iR 3~5 0 THA. ZOEIRE
B, BOETHoTH, TohMEWREELSED
HfFCcEs. ULAZNDERCERHLTUELTDH, #%
EYARERACRSKBICH LT 5 2 L3 TE T, 15
EHEMMET T A2 THE. 72, 600MPa £ TOHRE
i3 3AHRBRESLETH LD, HHRARIIS U THEE
OEREELEE, BERMIZECTAIIENTES. &
FEid, EE~OBBEFEVEEICITRELTLILNTE
575, B+ &5 &, MAP (modified atmosphere packaging)
DEMICE VR —VENBETIHED RS INE. FE
BITHEOEICIX, ZRENEEEMES L CHEIEIC
L 2M#EB L OH»H 5. BE~ORTEEMRIC L 52k
VBRI AHEIATIRDH B, TNTHAREBEITFVEK
& <, KR TIEH 2T/100MPa @ b DA%, # 80T LLETix
5C/100MPa & &, ¥£FTid, # 3T/100MPa THES
5ZEhEv. 2Fh, 600MPa FTHET A&, 10CH
MFREIF RS T 28CREICHEL, 20REIFR DK
Bl BEBOKBBIEICL 2HHT, BUI10TEEICE
5. MEDHENLRAEO—FETHLDT, FIE - 7 -
BELEY) BT LHEAICRES AT A, #hlus, BE
M ERET BRI, BEREEKSETHATLI LA

HWEOREEELEETH 5.

600MPa TOREEMEIZL Y, £, e MR
DEWAMET L, BIEMICAEEALT 5 L Mg T5HE
NBEEZONTWA, B2, BE  SEAE LTI
DT ENHLEAEE, BB TRBESRET LY, &
FEME T, ZORY TREVEICEENLETHS. T
7z, Mifao®BSE, BEHEDOAR LT, DNA, IRE,
BHEOZFOMESTHEDOT, MIEEETIZBESYT 5
AR A ERIE, EHEBROEWZ T Tldk <,
EHHE L Mips & OMEEROZEL, ks oMb EE
THUENDHD. T/, BELETIE, RIEME R5H
MEMERZEALSNC S, MESSEE T 2 L bRms
NTW5, SBRFBERICKOFHEER (REEE 5 1500
m/s) \Z& ), MEAMHEFRISDHEGICEEINL L
PEEINTWEY

600 MPa TOEEMETIX, HEMEOMIC, BHE D
AEECOHRTH L. Wb, FOEE - BRICE o
THEBIFEZ LD TEENLETHSH. FIzIE, BEH
MAKBEOMEMEE, BHRICL o TRESELD®
WA, RIREEAE L CAEWRFIEL, YA ToE
Va—AD L) THEY D 5H—r ARIHEOEREIR% {RE
L-BEREY 2 — 2A0THiE, Bk, ®HE 58% H
HTHOTTWSE,. —F, ENTIE, BHREEIS 220
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ambient: 0.1 MPa
/0.1 MPa + MHT/HT |-
10000 O O 0000

inefficient germlnatlon ratio
germlnatlon 50 - 90 %

0000000000

MHHP: 100 - 200 MPa
MHHP + MHT —

efficient
germination

single

cells

successive \ -
pasteurization nutrient

simultaneous
pasteurization

OOOIO OlOl&dew

death 50 90 % 1

Fig. 6 Pasteurization based on suicidal germination induced by medium high hydrostatic pressure (MHHP

death 90 - 99.999 %

)40)

Physiological germination among some spores may be induced when bacterial spores are exposed to suitable environmental
conditions under ambient pressure (0.1 MPa). Thereafter, the germinated nutrient cells can be pasteurized by heating at
medium high temperature (MHT) or high temperature (HT). MHHP may induce more efficient physiological germination
than under 0.1 MPa. The efficient germination can be induced even at MHT and thus MHHP-MHT treatment may lead the

spores to suicidal germination.

EEBGESAREZIEATHRAZ EbH Y, HARICHE2H
23 o4% HARENAELZ HROAEEDHNI WA, L
DLRYS, BEAEY 12—, BEROEMELEEDE
AR BLEREZ F/2 3 20101E, BBREEORSEE
RLUTHENET 255 LEX D L. —F, BEMNRIBY
5 EISHOFERICIE, REEERTDICLELRBEY O
T3, ¢ ORBREES, LESFHFORTPATRTH S0,
FNHNEL L THRELTWRWVOT, RN Y FHEY
FIWCHRT BN FIL T2, BTOEZ A, BE
WEY 2 — ZQEBRHEPFEL W b, ERAEM
HHEZEE S (Codex Alimentarius Commission) (2> TE
BHAE DIREHRKD LN L WEEED D 5.

3-4 FEELEICLIHBE

100~300MPa TOHEEMIEIE, HARATERELTWS
100MPa BEDHEET T, MEIIIER T & b HEFEHLH
HENBEDT, 2FNHESNLDOT, BREEZIHS
AEEORMEBEEZ FITAI N TESL., ZOFEREZFAL
T, BERMNTOMEBREREEDY PSRRI N, HEE
MOBEFEH L TWDH, BRI X DBERED 2\ 2 O M
DOERIIRT B0, ShEmE DERm LU -EESmE L
THEmfb L7z, FRROBERMEEIC L 2EmAROER
WEEETH Y, BFEAER - biEme L TROE#EZ R
BRSNS L TEB TS5 Y X ADHALE LT, Ay R
VIFR, V27 IFAEQLBEIF AR HBGHPER
fLENnTW5E®

3-5 ESENE - fEELEIC K ZFROFEML

EEAHETHEOF I JaF) 2RI DHEHL <,
1GPa THAEKLH 5% —7, WinLE L HELE L %41

AREDLEAFERBEEL LT, 2009 FFIKRETEIT S 17z
F#HBhELEE (PATP, pressure-assisted thermal proc-
ss ; F /IS E DB IR E I - PATS, pressure-assisted
thermal sterilization) %% 4. FE# LA —7, vy
FF MEOBEEMEAT (low-acid foods : pHA4.6 Ll_E &K
EME>0.85 ; KE FDA %) %, 500~700MPa IZHE T
BB TOMBITEMMEEZER L, €% 5 OIMBIRE
(90~121T) ~DFERMEEMHT 5 LT, REHILE
HHL, REBRELTREE 357

—7%, BEAIETIX, WHEEHIZE LT, 100-200 MPa
EEETOFEROEFMFIE L, 400-600 MPa ¥ TOIEE
HWREFLO2BEORFLFET LI LN TELY £
HHRFIL, EDCEY 738, BEIERCEFLE
T RIS NTHET 5. FEBWRFETIX, EHIC
YW IEay VBERIZANT T LEOEREA F v Ol
WFHFEIND, F72, 200MPa DL ETRE L 2541, £
HERF L IEBMNBEF ESEENICE X, BHiZ, LAME
NG 25 L EBNEFOLDPMEH L H 12y, HF
FEGFEMEL R D EPRESN TS, BFEFEICL
D, aANT v ADONKGE, BSFERTEREDED
SR ESR, FROWEMIMETTE. 2%, #BLV
FEJNC & ) FROANEEALIZERTE 5.

FEEAEIC L 5 ABNEFFELFE LT, MEFR
PRIEMICHRSELZ LB TESL (HBNSFE). 100-
200MPa T 60T UL Lo E iR A P o0MET 5 Z LI
&b, EENEFLFARICHEFLRITETHY, 2L,
100MPa, 65T, 30 rMDMAIT, Bacillus subtilis 163 ¥
DFFE AN LRI EL I EATESL®Y ZhiF,



(63) T —A—HE [1RGH )

A - il MIB OBEAE AL & 485 - MR 161

BHFSELEC L2 HENEFFERBEY ¢52 (Fig
6). ZOFEE VUL, REHIEAIERET 5 LB
BETH, FRE2GEGICRECX2WEENS L. —4,
TR R L L - ERRO R EML 2 BELET 5
&, 300MPa U\ EOEEME CEFICRERL L, HEiER
WHASENS & L B2, 100mM LLE® KCl #7212 NaCl 48
FETHEBELERCBERT S LB HES TS
HAROESEE X ) D BPIEVIEE (058~0.75%) Dk
BICIDVBRTAZ L0, Fhad, BFSZFELT
L2, BELAEICL W RBELLTVORrbHRR .

3-6 HMEHLANNOHNE : EEE (. B8) - 1L

R

BUZOWTIE, BIZIE, RE - REML&ZHELRELS 5
Byssochlamys nivea DFERT %, 7 FoRt koGl
097) dLAEEMWRY —T v s ([[084) WZ#EREL, 700
MPa, 70C, 30 5B OIEERMICEBE LB M L7
H|EDH LY 7Py R TIS dlog BAEEALT B4, ¥
W) =T vy LT Llog RIMOAREHEELEIR LT,
ZhiE, ERLAERT NI v 7 AOBELEZ NS,

BRI OWTHE, I, RBERE-ITFERTOE
REEVZH B Zygosaccharomyces bailii %, &R ICHEE
LT, 300MPa, 25C, 54 M OERSEMETOME % L
oMED D B EEMAE T Slog KAEMALT 5 —F
T, FERT Tt llog K LAAEEALL 2w, Zhid,
THROMBBOBIRE - IIRBIC L2 E2RELEZ OND,

EhEORREZLTANALLTIE, /T4 VA,
Cavt a4 vA BIzIEABRFRIANVA, TAF T4
VA, Zy5Fau 4 VA, v kb av L ivR), EBFFE
YANR, BFIANVA, TFIILNA, TAROYA
VAPHONDH, ZORTRHICHELLZZD1E, /a7y
ANVAE ABRFRIANVAETHD. T4 VADEER
EEAE 1, 1929 ££1C Hite &Sy N2 EHF AL 27 4 VA
FROWIEREREL TS, FNTEFL T4 VR
1, 920MPa TH#i K RIEWALT 525, I LiZ, JRE
D rTANVR, BT A NG, FNTEFL I T4
RAEDBBEICE G, FNTEFL T I LIV AOHED
M, BICERBEMLIERELLTCUE, Y/ LVAOBE
RiEE LS LI 2 TV 5"

TZHFR, FNVAVAT 4 AEOFERIC L HETE
HEDME 2 BT BIERSH 5. B 7 =¥ F i, &
BOFEREZLBRTHY, ENTIE 201240 5FEHR
EPHFEORUPERBLL, EELENEADODOHL. AH
KREHELMZ A0 7 =X AOE=ZHHETH 5
B, BESTELRWD, FERBFBERODIZIE, R
AELZHHBETLIZIPLETH S, 200MPa, 0~
15C, 100HOMRETT7 = FAEEML, FnL hE
FEFCIIRA 1 BRE MBS E % = &, 120MPa Bl E 10
SEDLEOMBCRIEEDT = FATET L L, &

DR LBV EN R Z EFEN, BOEPITENTWSES 7
=A%, BAE (60C THEA, T0CTHER) b LI
HOLE (—20C C 24 R LA L) TIES 525, BULET
BEERIZ L WAL ATETH S L, WHELEIZIE
REESLETHSE. #oT, BELEIZIL, MEERD
HMMBROMED 25, ZHEJERROLE THFER
ZRRBSEONLTREMYH 5.

4. LUK

ERSEMTE, TTIEERAMELTVEOD, 20
EYREEBRRZICOWTE, REWALZESELBENT
W5, EHEENEIEBECL2EBE - FBREERT
% ETiE, LZERISEH, BWERKRL 2F2I 0710
7, KA, EOEOMREE - M, IREOMER, DNA
DIEELTAL, BLA L ASOHAPEETHS. Zhbd
BbEEBL LT, &8, HIEYoOMBOEEIMET
TEY, FOMOA ML RAIZLBBELONTIZLY, &
FEALEIC X BIBEB L U7 226 ORIEICET 5 AR E
BEEOLUENH L. BME BRELESDHEEE
MR 22, Bl EERSKEYOBEMNLGOH
HiCH CTEFEVSEE L, TRREL EO L ULEND 5.
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