BhAk&5 0749

B

WA O v PRSI Z R AE S U D 52

i

i SIS

HHRIR RIS MR A R S AR

B B RSO A LS AR T DI EN TR IR E RO O L SN E AL T D, B
HOMAED T T IAFWE L AT 2D T, AW EZ RN TOIRBE COFEW ST A D LN EHE ThDH, T2
T AL T OO R EFEIRZE B AT IR O S 8% BRI TR AT 528 % H e LT, AEI 3 E
BHENMEEE LT, KR D F2 % — DB A A %> NaCl 3L KCl 28N, K A 3 E & U e EsEpss)
ZRRHT LT,

0.1~0.3 mol/l DR FEIHIZFHHEL 72 NaCl FE7213 KCl KRR KIHEE K12 BRATREL . 250~400 MPa (20°C) DT
AL A L 72, JUBRGA 0D KRG B AR 0D 26 B A D FEIREE B A fRAT LT, W o3t JRIE [TE /& W
Th KM E O @ EFEIREEEN T — IR BUSITIED ZEDRENT, EWE NS TO R OFEROEEE 1T, SRR DR E T
B/ TR0 | BRI S DN TARIRIR AN S 7 N DICH AL THML QUK ZEDURENTZ, ZHDHDFERNG, E iRl
B L OMEIRIRIAN 012325 AR AD AN FEBGE FE DS AN L7z AT REME DS RIR S T, $70, IEE ORI LD
VR A~ D BB R LR L T- L 2 A Rl — DR FE R L OE S 5Tl SEBGEE E200Y NaCl Z23INL7-54 50
KCl ZRIMUIZ5E D I7 0N INSUMEEZRD | BiA A DN DS SRR S D2 LA RSN,

FEWOH P TEH D T MEAF D DIE A LIRFE I KON F 2 R U7, [Rl— DMEIREE S Cld, NaCl 24777z
BB OIEHALEFEOHEHEDS KCl 2 A7 W 755 0L 00 R EMEZ R TEASFRD AL, B SISIZRBT 5
TEMEAGIRBEA~DIFFEZAL D R EESDA A LRI ARAET D EDVRBENT -, ZORAEPEITIAEA AL DA D RES
ICRETEEDOEE 2 BT, RIT, FNENDIEIERITHOUWT, B LTEM RSO BIREMRT L7224, W o
HEZ I T 0.20 mol/l O CIEHEALIRFEOAEHIEI IR MEZ 7R L, 0.20 mol/l BA T CIEIEMEALIARTE D #xt ) 5
TRAFENZIBD L, 0.20mol/l DA B CIEsNL 7=, RiHEEIN DI BIL Th, AEEOFEIZA )5 F ., £90.20 mol/l D
TR P TR A2 R Uz, LA B ODRE R 6 . KNG O i FEFEMO S 3 THAAHR IR L 0.2 mol/l Z8BE | ZFEPRAT = A L3
BB ENRENT,

1. IREW

B EGE IR W CRR AN L A O A iR T
BHIeDIZEDO TEETHD, ZE e L THERD XL
SHOBILTWDD BB FEIE TH D, LorL, —#&IC
INBLIRZ £ ST IR E OB Lo I B D ik EE
e EDOWELIEMNBIREE 2D EN L B D7
WIEMEE BEEARAE H Sh T,

RAHIZ 100 MPa DL EO@EWWERAKEZINZ 2 i 1AL

VL INEMLER D BRI T 2R By D KR8 O E
I TEIHIL D> ORE N FIREThH D, mELERD NN T4,
MELTORLEEL T, JESIDEEERBEE THHZ L%
Foivd, THIEY CIFEREMRE T T HETICHLIRER
TATEB IR 2= E U CHERIC T B A TETLEIDITHIL
DINE | TIEFREE e O NFEAE AL, EELELDZ D
7RI R IR R A R GU LT B I3 A R T
»Hb,
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ZHLT @ EALER DR ORI i BB B IEE L TD
EERR B ORI TN TE 2 D, RO
BWTIE, FET DAY OFEEAT T C/e<, IR, pH,
HOMEE IR 72 8 O 4 IR B R A 5 LT D, LIZH
ST, FIUAED Z G L LT 5A ThoTh, BRinOHE
BUC TR S B [E ) S 3 72 5728 | il % DR
EZ DWW TR HE R RFTT 2L ER D,

B USRS DI ER O & JEFEWEA T = R WA iR
T25 BT, iR o NI AT E A RN L= T L
FRCTOFRBEEOFNTIIEE ChHD, T T, AIFRET
VAR D & T BEBR SN RAE T IR IR 0 B8 J2 B
HNZIRET T D2 &x HE LT, PRI IHFEE DR
HWEL T, KD R D — MDA %% > NaCl
BLO KCI 2O, KIGEA UL L CEESEREEE)
ZRRATUTZ,

2. MRAE
2.1 FERAEMRBIUEESE

HERE L L TR Escherichia coli K12 £k V=,
FEHIIZIZ 200 ml O LB £51#1 (Bacto Tryptone, 10 g/l; Bacto
Yeast Extract, 5 g/l; #iib R w4, 10 g/1; pH 7.2) 2 AV,
500 ml ADY AT T AazAH LT 37°C T 24 I HiRZE:
BEAT T2, O RRIRA AT ik & 7
L7,
2. 2 KGREBARDRR

0.074. 0.114, 0.145 (VEFLRIE K OIREL) | 0.2, 0.24,
0.29 mol/l ® NaCl BL O KCl KiFiRERMLI-, ZhE
AVDIKYESHE 180 ml (XL T, KIGEE DORF# KA 20 ml i
TN T2 0% K o B iR & LT
2. 3 EEMNE

AL ER T e A N R LR 8 (e UG T
W60 mm, RS 180 mm; MESX, BEANAEERX; T
TR, IK) 2 L 7=, AR L 20°CE L, AVETE /)
\ZZEL TODORFHZE D IRFFRFR & LT,
2.4 EEHOAE

R B R B 2 A= BR A HE K (0.85% NaCl ZKIAHR; 0.145
mol/l |ZF ) & W THIRL . i 1 ml 22327 IR
FAT =y AA JEC (A /KBS [THFEL | 37°CC 24 WEHIFH
B LT, ML Haan=—o) b A R A KD
77

3. ERHERBLUBR
3.1 EREEEHICHLIZTHAEFEDEE
KIGHEREE W% 0.074~0.29 mol/l DIEEEIZHHFELT-
NaCl F721% KCl K HRIZIE# L, 250 MPa~400 MPa
JES S CR BB AA T o 72, JE SRR % 0~300 s
D TELSEENENOEFE LA ROT=, Fig. 1 11,
0.145 mol/l ® NaCl /KIFRIZIRBLT- KIGE O AR E
JE SRR O BR A R LT,

0 =
-2 R
-4

3 — #250MPa
2 6
S = 300MPa
2 8 350MPa
10 400MPa
-12
-14
0 50 100 150 200

B EREFER (s]
Fig. 1. NaCl 0.145 mol/l /K¥EHKIZREE L 7 KR O 51 58
PR

B TOENFRMITIBNT, JFEIRFFRFH t S RGE O
AAFER N/Ng (N, BT t TOAEEGN,, B 0s T
R4 ORI O BITITEAR RSB DLz, ERETT
ROTeATORIFITIBNT, JE I PRFrIF I & AEF RO %F
ORI, FRROEMRBERARD N, ZNHDIE
0 RIGE O & [EFEIRZEEN T — IR BOUGFUTHED Z &3
ARSI, (1) PO EE k 23R Tz,

N g W)

B IAFHNT DT, MR L BEGH B E 2 O B R &
Fig. 2 3L Fig. 3 1Z/RLTz, f#HEL T NaCl 23RNt
7e%5 6. 250, 300 MPa O ) S CTIRIREE D21
P2 FERRGH [ E R D FRE 7R AN IFRD HNIR DT A,
350 MPa ODJE F1 24 C13 0.145 mol/l (EBR AR DR )
(ZIUNTIERHR FE E D e IMEZ LD | SRR EEH DU
VAR S 2R AT O AU IR E RS N4
DA%~ LT (Fig. 2)

—J7, AL LT KC ZRINL 72354, 300, 350 MPa
DIE S5 CIIHEIR L O ZACIT D FEIGE FE B2 D TR

- 278 -



0.20

0.18 |

0.16 |
T, 0.14
ﬁ 012 250MPa
g 010 F B 300MPa
& 0.08 A 350MPa
| 0.06 u : =
0.04 = *
0.02 | . * *
0.00 ‘ ‘ ‘ ‘ ‘ ‘

0 005 01 015 02 025 03 035
NaCliRE [mol/1]

Fig. 2. &ETISRIFITIST S NaCl O EE LFEIRIE L EH D
E5E

ERRIETNIERD SR 1278, 400 MPa DJE S 4ET
1. NaCl D354 E[FRIBEIZ 0.145 mol/1 133\ N THERGH L &
B/ MEZED | EHEREH DOV ITIRE R I LT
DA DIV C LI E S N3 DA i % 7~ L 7= (Fig.
3), TNHDFERMNE | EE S TO RIGE O SR
B, FIRIR O E Tl Ne720 | @RS DU K
RN 7 M DI THINL QUK ZEDVRENT,
T BRI AR 8 D\ N TARBRIR AR O FE STk, IR BT
FABAR AN ZAER T 5238 2 615, IRV
AT, BFEEAN AR 2805 OG0 ERE 352
LT BTN DFEPRE I B /e B L A o) o T
HLOEEZBND, LinL, @WE ST, #8556
DFEREL &3, MR K OMR AR 012 58 11 A b
L ZAD BN RO FERGE FE DSBS U7= ATREME 23 B 2. B
Do

F7-, AT O LD SEWH L B~ D % It
WL L2 A, [Al— DR B X OVE 14l SERGHE
TEHD NaCl ZIINLT-56 K0 KCL 2L 72356 0
FIPNNSUMEE IR STz, ZOFERNS, BhA 4 DE DA
TP B DT e RS Tz, — IS, MR
WNDTVT LAF L DY %< GBH 0.2 mol/l BLE) | 7
NI BA T DR FEZARL GBS 0.01 mol/l L) #ERFL T
W5 D, ZERERIC KOS DRI YD BA A
IMBALTHZ A—=DID 720D, F R DA A3
WIZIR AT DL, BEBIELE CTHRID A2 MM PEH L
7R TUERBR, ZOZEDS, NaCl ZINL72356 80
KCl ZRINUTZ356 0 07 h3 /NS TR UG FE e 45 & R LT
FE AN ATREME S 2 DD,

M 300Mpa
W 350MPa
H 400MPa

0 005 01 015 02 025 03 035
KCI2EE [mol/1]

Fig. 3. SIS KCl DFRFE & AEHo E E 5 B
%

3. 2 EMHLABICEKETHFEOEE

& IAFHRNT DU N TR B St C D BB FE EHL D
JEIHEAFEASRBT LT, Fig. 4 1213 0.145 mol/l ™ NaCl 7K
VR IR U 7= K N 1 0D SEIRGE JEE T8 2 0> B SR %t B 4
HESORERZ IR LT,

0.0
-05 |
10 F
-1.5

-2.0
-25 /
-3.0

.

In(k)

-3.5 ro=-
-4.0
45 F
-5.0
200 250 300 350 400 450

SUIBE A [MPal
Fig. 4. NaCl 0.145 mol/l /KVEHRIZREIE L 72 KR O SEDRGE
JE B K DIEIMEATNE

ZOGMEED, EBRLI-ETOLRMEIZOWT,
M E RO B IRRE AL ) E OIS EARBAFR 3R
Do, BERROBENGR (2) 2 W TIEME L IETE
AV* [ml/mol] &R 7=,

PAV *

k=ke F )

ZZ T, ko lXATHEEIAF [s7]. RIZEMAEESL [7/K-mol].
T I 3HEHEE [K]Th D, KT OV TEIEIRED
ISP LIRFE O #aHE |AV* | [ml/mol] % Fig. 5 \ZRL7z,
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30 ®NaCl
BWKCI

| A V| [ml/mol]

0 0.05 0.1 0.15 0.2 0.25 0.3 0.3¢
HFRIRE [mol/1]

Fig. 5. & ILAFHEOTEMAARTEIC M IF 38

[Fl— DL T, NaCl Z3AE L7255 0iE M L
RREOMERHEN KCl & HAFSWT A LDH00REN
2RI BFRO NI, ZDOZEMND, KEGE O FER
FOSZHU VT, NaCl Z 7S 723551213 KCl 23 fEs
HGE KO RERBEE B LETHDHZENRIEE
N, ZOZEIE, FRIDAEHVT DO KFIEERDENS
IRk 2 BOE TR L TS ATREENS
ZBi5b,

FNENOIAFHIT DN, IR LIEVE LIRS O BIfR
ZRHTLIZEZ A WP ROHIZIBOTE 0.20 mol/l D
JECIEMEALARFE OB AR/ MEZ 7R L, 0.20 mol/l LA
T CIIE VAT O KRB A AR ZIRA L | 0.20
mol/l LLECITHEINLT=, BLEDFERNG . KAGHE DL
PO B 36 1T DIE MU RFE DAk B 3 A A LK
123205, MBEZ 5 2 DI EEIZIFZA A RO KAFPEN
RN EDRENT,

3. 2 EHEFICHLEFTHFEDEE

F AT OV TH IR L ORTHRERIN T ko [s']OfE
% Fig. 6 \IRUTZ, AEHEOREIZ» 5T, 5 0.20
mol/l D L CHIFEEA 7 DB 1T K AfEA <L, 0.20
mol/l PA R CIIREERAFAIIZEE L . 0.20 mol/l LA LTl
WA UTe, AR ORI AR AF L 7= AR AT IR+
EDENLIRDLNRD T,

ATFEEA 11X, 2 (2) 2°BJET)D3 0MPa ThHhAHEE DL
PR TE 0 B R L T Bl R SUE S C O SERRR
JEDINGA—RLEZ HZENTED, RN FDOMHEIT,
R AT S T B DFEWGHEEE E L (Fig. 1, 2) 12k~
HEIRE AR NMETHY, ZOEEELZ <O T THD,
Lol AEHARTE DAL [FARIZ 0.20 mol/l Z5EIZL

4.0E-03

3.5E-03 |

3.0E-03 |

2.5E-03 / \
2 20E-03 #NaCl
L & BKCI

1.5E-03

1.0E-03

5.0E-04 u

0.0E+00

0 005 01 015 02 025 03 035

HEFERE [mol/1]

Fig. 6. LA ORI F ko I KT R4

?E, -20
>~
E -30 / @ NaCl
X / mKCI
N -40

-50 /

_60 L L L

-12 -10 -8 -6 -4 -2 0

In(k )

Fig. 7. #LAAEIZRIT DRIHFREIR T ko LIGHEALIARFEAV*D
GiE[=[E4lE

CHAFHEIR B IR A U T BB S B AN 7 5 LD E R I,
ZDPRE AU IR DIEIEAT = KX BOIFEE R L
TWo,

Fig. 7 12i%, & AT DRIFRELIN 70 B 245k
LIEMALIATEOM B RIR Z R LTz, W IDHIZ DU
Th., BIHFEEIE 10 B R B ETE AL R RS O BT B IR
TRERRBIRNFBD BT, T, FNENOHIZBITHE
BRIZ, A A FEIARAF LT IS A LR FE DA HE D 72
BLL7-fMRR CHEIL Tz, UL, 2 ROEBEMOMEXITIZ
IFEELNZEDD, A VTR LR IERA T =K LD
FAED RIS,

ZIT RGHE O @ EFERSOG 2 31T DIEE R RE A~
DX T AT FIF—IEAY AG* &2 HE, W TRiak 4
DHTEMNTED,

AG*=—-RT InK*=—-RT lné 3)

72120 K* X SUS ETEMEAE A R M O i E 4K
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THY, v 1X[s OB EFD | EEIREEN DA D
ki) B O HIREHEENOEEE K ), =
UK 2) ZRAT DL, RAZELZLENTED,

AG*=—-RT Ink, + PAV *+RT Inv 4)
Ui S R
RT AG* RT

AV*:?lnk0+( —?hlV) (%)

P
L7, LTehio T, RHEEUR -0 B AR G PR LA
O HFIBIFROFE R (Fig. 7) S B A A R4
LCWAZERRDLNTZIEND, A4 L FBNEMEEER
DOIREHEEN R EE 5.2 CODZENRIEINT,
3.3 HEBDEENFETINGRADEEERAN=
N

HAFHRL O YR E DI EL BT 2 KNG B D 18 JEFEEA T =K
ZEZHE, (1) MR LIS RET D4 ks Ry
B OBBICLOMIASE, (2) 12FEICLDMARDINESDD
VNI ZRIC K DM SE, (3) ARRRE O HEE & D\ S HERE
OHRGZIDHINEIE, 72 E D AlREMEE L ThHITHID,

AR ORI L DTE VAR O LB B I XA A
FEDAKAEME DS RENIR NS TG B D | B E DA A1
X R TEOREGIZ L HMIASED FIRENEITE 212V,
RN EERER THLATRENEIC DV, 3. 1HiT
IRUTE IO E T G T O BEWEGHE FE D HE M E D FE R
OO OREITIEE TERVD, HIRIROWRE Tl
< 0.20 mol/l ZHEl U7 i@ LB OBV A T 352
EMEEL W, F2 T TRV BEIUSMETEDIL
7o O EZE 2 DL IRBEN EERER EIX
BRI, ZNBDZEMD, e fFA T SRR O &
HOVNIHEREIZRA DN DR 52 52 & THElIUAEZ 8
SEVISEIEAT =K WA J172 Al REMEE L TR S LD,

WEH HIEE O LA LR L RV R D
fRBEZ LD AICHEL TWVD, EL T, MIRaBERNAMI AR
SNDIEENZFI AL TR 7 R E DY E DR
DIAFZR> ATP DGR E DE B AT 217725 TV
Bo ZDT FHIGAA SR EIZER T 58, £
[ D FEMF S PRSI, BEEBALIZ X L CA A R AR
BN KIFENDEE X BND, Morisaki 13,

Pseudomonas syringae % e\ DM ORI MEZ VY,
AALFREE (0 - 0.15 M) LR D BIRE | EWKENE
B A PR SRR LT, T ORE R, A4V BRIE DRI
N, AOREMEDMHEI/NSLI2508, 0 LA OADIE
[CHITL T ZEERIEL TS Y, ZofEFIE, A4
SR EE DRI > TREM BTSN TR, &5
—TELL DA B8 EE TR I A 2 BT HERF 3 DI
DIFEZERLTND,

WSOMDEEFES L B ITHONT, FONAE G B X
UK FE S NG OB E BT 52T, At 2%
B IEFE DOIEHALRTE N LB 52 L3 b TV D,
Low BITENE VEEY T —FEE Te W ONDEEHEZ %}
LU, ORI IBT HIEMARTEIZ KT R ORI
NFA 0~0.4 mol/l DILFEFEIL CRFTLIZ Y, TDRER.
NaCl BLOKCl # 3 fESE7-e e Vi —EB DG
B OTEPELARIE, FEIRE 0~0.2 mol/l [ZhMT TR
IRAFEN I U=, 72, NaCl 23S E7-484. 59 0.2
mol/l |\ZBWTIEMALERE D B NE7eh | SO A
BN 2 ETEHALARED L 72, 2S5 R0,
T SIT AT NS L 7 D SE Y 36 L OUK Rk 12
L AEMEAL IR ORIR KRR B 2L T
HEZLLTD, Low HORUTERERIT, AHFZETRL
TR B NARAF LT TR A AR R O Z8 B 2 8 [ R TUD,
KINGH DR Ef BOMERFE Y2 B ORI S
FOUKFEE D AT DA AN L BEZ T | 5P
{LARFE DY FEAR AT B2 5B DI N o T FIREME Y B
2D,

AHFFEORER, KIGEIIIAFT DI DA O AR
VX AW N Byt S SESWAYS G Y X | A e Vet AV g
7o TOMIEAT = A LT IAFHEIRE 0.2 mol/l 25212281
U, IR FEARAF N DS A0 SE D R LR X
FAERBFEFINAEAL CODZENRIBRES N, 2D
BSa i HIGELE L T, #3703 545 2% i faf
BEMERFT DHE IR S GG AN =X LN E ZHND,
At IEAFHEIRFE 0.20 mol/l LA T & 0.20 mol/l BA Dl
TORNMGE DML D NEFENL o5 o\ DFE T 07
TA NN EE DT EED HZET, ED LIl
THARL RIZXE T DG AT =R ADFENDBAELDHON
Z TN CIRIAL COE TN EE 2 TD,
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Effect of Added Salts on High-Pressure Control of Microorganisms
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Summary

High-pressure processing is one of non-thermal technologies for microbial inactivation, which can inactivate
microorganisms with preventing alteration in the flavor and nutrient contents of fresh foods. Microorganisms in
foods are always accompanied with polysaccharides, proteins, fats, salts, sugars, and other food components.
Therefore, it is important to understand microbial inactivation behaviors in presence of coexistent materials.
Using NaCl and KCl, which have monovalent cations with different hydration sizes, the behavior of high-pressure
inactivation of Escherichia coli was investigated.

The cell suspension solutions of E. coli strain K12 were prepared with the salt solutions of NaCl or KCl in the
concentration range between 0.1 and 0.3 mol/l.  The cell suspension was then applied to high pressure treatment at
250 to 400 MPa at 20°C. The viable cell number of high pressure treated cell suspension was counted as colony
forming unit to determine the surviving rates. Under all experimental conditions, high-pressure inactivation of E.
coli followed first-order kinetics. With both salts added, the inactivation rate constant (k) showed the minimum
value at 0.145 mol/l, which is equivalent to isotonic solution, and it increased with lower and higher osmolarities at
the high pressure level (350 MPa in NaCl and 400 MPa in KCI). For each salt concentration and pressure level,
the inactivation rate constant with NaCl solution was higher than that with KCl, suggesting that difference in
cations could effect on the inactivation behaviors.

The activation volumes (4V*) and the pre-exponential factor (Ky) of each salt concentration were determined
based on the dependency of k on the pressure levels. For each salt concentration, the absolute value of activation
volume with NaCl solution was higher than that with KCI solution, suggesting the volume change between initial
state and activated state of inactivation reaction would depend on the coexistent cation. For each salt added, the
relationship between salt concentration and the activation volume were analyzed. As a result, with both salts, the
absolute value of the activation volume showed the minimum value at the concentration of 0.20 mol/l, decreased
below 0.20 mol/l and increased over 0.20 mol/l with increase in concentration. In conclusion, this study indicated
that there could be different inactivation mechanisms by high-pressure below and over the border salt concentration
0f 0.20 mol/l.
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