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IR A P B U B ARV 2P NS R D JEIRES B & BR EFE2F F3 52 & B

b
B

WL BT R E ok TR
1) FWRRER, 2) MR

C O

R A FE (50 ~ 70°C) 12 BT L MK VE 3 B M B (Bacillus cereus, Bacillus simplex,
Paenibacillus chibensis 1 £ U° Paenibacillus polymyzxa) DI T 5 HFENOTLEEL DL & &
2, BOKIEIC X 2 H8FFELGEH LRKRFELBE L., SO OFROMEELZRRZLE A,
FERLDICIRAE Dogee B & N2 DIREFREL Z 1L 3 ~ 1447, 8 ~10°C 7/~ L, 50 ~ 70°C DI
HTIIHEPEE L wE Bbisz, FERBIZ, 50, 60 B L U70°C T 24 B MBI 2175728 2 5,
70°C TR AR LHTIR S TRERIED D - 7255, 50 B L UV 60°C TIEIHEW IR R0 o7z 55E
B4 D%\ Glucose Broth (GB) B L OSHRER T DOV \vva vy 2 A— T8 (CS) %> T, 60
MPa - 40°C - 1 Ff [ O K EFSFFHEME 2 1TV, HilT T 60°C T 1 B OKIRFAB AT 5722 2 5,
GB T 547, CS T2 ~ 3HTDIFERLDBWA DS, GB DA CS & ) bERBIIENKE o7 T2,
GB~®D 0% & 3% OEIRIRIMTIIAEE LA Lh o725, 6% OEIRRMIZ & Y HEIZ B. cereus
B X O P polymyzxa OF R OFE = il L 72, B. simplex B X U° P. chibensis O3 Tlx % O#Pi]
RSN GEo7z. TNHORENS, 50 ~ 70°C ORI TIX IR OB T HE L vas, RiEHR
HICHRKERFFELIHT 2 L 2 ~5HORREMRVPIFEFTE L ZENHLNII R o7z 61,
BEM SRR D% /DR BIRORINDS, BWRIRIZEE ST 2 2 L AUREE 7z,

oo
ICIRANEE, 3N, ARIRVESFNE R, A 53

i CENTEL., ZOHEIRKEERZ T TIE A

o

WA, B ORIERE S 0 S 2 R0 “KIRH
W) EEMNEE I N TS, &M, b
AR E SNPGRS 5 L, ¥ V87 BHD
ZHICE ) EMIEIE 2 oTLES. Ll
7 N BOENERIZ B L) RIRGRET T
T HZ LT, BRE L, o2 ETS

<, RETORIZOER LTS, 72, &
WRAEIZOWTONIRE L THBY), AmEM
T BT 7 AF v =) TGO 2
EHLVWAIRL S AN VY. — /T, &
M CORMHED ZNIHKEAEIZLHEFHFEDY A
AY 1000
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KRB OREEIZOWTIE, FA - KA -
FEA % LA\ D D A e AR TR
ENTwaE Y 72 nEEAsLg YRl
DINEFEHE 1, [63°C T30 7 MMEEEH T 5 2,
XiF N FAEL LORENREFT 5 HPET
MBFHERT A2 & LTy, &
DA DMRIRFABL O L2 4 7 NSt & LT
ENTVBZENL, L LD, 2ok
WM CITHEMESFRESEE L T b 720,
ZORAEITERHIE LTI0°C U T EEDSNT
Wa Y E 51 4~ 10°C ORI T b ZE
Be e B R DR L T b 720 979,
IR EL L X 2 R R N LA S R R T
HoTHBWITFEET H2LEDIPH L. Rim3F
B B OARIRFIER T (50 ~ 70°C) 2B 5
TEHE L, WO TRWHEIZZR 5 2 LA FHEEN
B30 EE AR T b X DK
IMAEFRR OLEEEIR SN TN,

ZZTEHELIL, mONRIRFAIIZ BT S
TSR O IR B & I S5 2223 572012,
IR A B C O LIS T I O S Ik E B D fiE &
IR ZEZ KD 72, & 612, i EIC &L -
THET AFRERRET 5720, FKEIZELS
FFEOBMMERAL VY, ZoHEITE
HCHFMRICHKET AT 5 L, Flo%Fx
FREREDLLDOTHY WY WL o 2%
FEIEN 2 AR ORI CRIE T 5 2 &A%
-ﬁE}: & 2 14)15>.

I EBRAE
1 #HEES L UFROAR

Bacillus cereus [ (1) HARGEENAGEL b
Vo fdh i &S BFSEFT, No. 1632) ], Bacillus
simplex (7], No. 2501), Paenibacillus polymyxa
(A, No. 1806) B & O Paenibacillus chibensis
([, No.2601) % FEBRIZH LA wiho
Bk D FOv KA (10°C LUF i) 75 5B
EN7HDOTH A, FNEOHEIZ I Glucose
Broth (B\F GB) # 72, GB %L,

B

¥ 2 (D3H, HAREIEHRNNEH) 3 g
W% A (LAB-LEMCO powder, B 1L
k&) 3g 292 b7 b (Becton,
Dickinson and Company) 10 g, &¥i5 g, 7
Va—A5g%1LICAEDL, pH 72 I2H%E
%, 120°C T 15 3 o EE AL WHE 217 7-.
BIHMM % GB I2hN A, 80°C T 20 45 [ Ny
PEAL L, 35 = 1°C T 24 Bpfissae |72, e
RPAEE . (H KSR AH) RICE R
01mL %A L, 35 = 1°C T3~ 7 HRE&#=EL /2.
PAMERBIEIC L D FRER A MR R, 20T —
DB R A B K TR R T 2 5 3
EVVEDT. HTAE — X% AN wm05E
23R 2 AN CAERE AR T 2 [k (1500
X g 204-f) L7z, #10° CFU/mL ® 3Ky
IRIE TH A (-80°C) L7z,

2 EFIVESTOINERMNIE

a vy AR (RO FEKRNSH) 180g % 1L
WEPLTHY, 20 XAA=TL 1L 20
L EAIEIEEIE, 085% &b, GBXida v
VAA=T%R) T AT NVED/NY7F (6 cm
X 8 cm) (290 mL AL T 120°C T 15 43 d
T E RS 2 1T o 72, BRI SSIEALER 203
LEIEORELRLEGE, GBICAEEL0, 3
F 7203 6% M2 CRIBRICTHR L 72,

AR b TR0 Z b2 ME T 556
# 10" CFU/mL 2 A B L 72 3 i % 80°C T
20 rMFEFME L, 201 mL /37 FI127FE
BIaeCHEA L7z MNEGRFEE 50, 60 3 X 18 70°C
T 24 WEfmEx L7218 F 205 10 mL %
WEWY, BREAEWRL. ComRiEE 4
FERBOWE ] \hE - T, EERFH T K72,
3 BKEME

FEIEEAR Y 7 & HARE PR (55mm ¢ ¥
120mm) 75 7 A KLY E (TFS-3, o
FEEERASH) 2R FERERML
GB % 40°C OHIRAE T 15 MR L, #H<C
Bk FE AL E C 40°C (£ 5°C), 60 MPa (=
5 MPa) T 1HRRLEE L 72, MEREZ X5
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12 60°C T 1 FEfMNEALER 2 17\, A5 3F I 2K
W L7z, BKIE &nshve gL 2 56
1X, 60°C (= 02°C) oA T 15 5[ ik
FoZETVAEMEHEL, EHIZ60 MPa,
60°C, 1EFfOMEIZICHET Lo =— 2l
EL7
4 FRHEDAE

WREE WS e B, Bl AR L 73R =
THESER R (H KELSERRA ) T 48 e,
35 + 1°CHBMBICRE LE e LY,
5 DLV ZENEHE

B. cereus, B. simplex, P. chibensis 3 X UF P.
polymyzxa @3 g % GB 12 1.0 x 10° CFU/mL
Eh b EOME L., T 50 ~ 95°C |2
L 72 [E A T 3~480 A ImE L, RREFIIC
10 mL Z 3R L CAERFREEZME L. D
fllZ, InEREERH & AR O HE D & AR
RO, TOEEZOHEFE DME (47) & L7
ZHEOHEHIILTOLEBYIT-72. DIEOHM
2B\, MBIRED 09 LLETH -7 DI
DWW, D EOXHUE & INBGEE O RRD 515
LN EMOMEE 2R, ZOEEOHEE Z
fif (°C) & L7z %&b, DMEIEATEDINAR
BV THAEYME ~ 1/10 12T 5DI2HT 5
mEEER (4), ZMEIZDME% 1/10 £ 7213 10
fBICEZBIRE (°C) LEgkans ¥
6 ZEEEDAE

GBB LUy AA—FIZHRINL 723185
% N, (CFU/mL), FEH#EFEREHCTRlE L 72
BIpoERERE % N, (CFU/mL) &L, %E
WX log (N/N,) & LCEMEL .

I BREER
1 GBEEMAFICHIIZ2DESSLVZE

B. cereus, B. simplex, P. polymyxa B L OF
P. chibensis @ 3 g % 50 ~ 95°C TN # L C
A A ko 7z, —flE LT, Fig 1128
simplex O EFEMA % 7R 3. 60 ~ 95°C DNz
2B TR MR I AHBI A2 %0925 DL E DA

BLemolzZ ehs, FREOFROIEHIL—
WIIBZPE - Tz, ZOMOKEMETIL, B
cereus T 1 80 ~ 95°C T #H B8 1% %k A% 0.933 L
k., P. chibensis 13 80 ~ 95°C T 0971 LIk, P.
polymyzxa 1% 80 ~ 95°C TO0911 DL EZ/RL T
BY (Table 1), ZOIRMEHFHATIIVTNOE
TEOHNL S — RS> TWA L7z, —H,
50 ~ 70°C T, B. simplex LA DR K1
M OB EINZ 090 LT & 220, MY &
Nhroz.

MDFELTIL, B. cereus @ Dy 13 26 ~ 14.3
57, 43~ 1834 "OHIZH B = L D
ENTBY, RERD Deee (14047) 121
SOMEDOHEHFHNTH - 72, 72, Paenibacillus
J& DI D Dygee 1£, 31 ~203457ThHhHZ &
BREINTBY Y, KiEFE D P chibensis ®
Doyc (17.347) B L OV P. polymyzxa @ Dy (144
) I3RS SN TWAHOHFN TS - 7-.

W2, B. simplex DFERIIZDOWT, KimE
O DO & ImE DR % Fig. 2 12/R7.
CoOEMBITENHESEONZ 0L, Z
DEMDOEE DMK 2 S ZEE KDL T H,
8BFC L x o7z, MESNTVAFMERD Z
filEi (7.0 ~ 80°C) "IZHART W B A5
Lol TOMOEMED Z fE% Table 112
JRT. B.cereus @ 7 fiEilE 9.34°C & 72 0, i

Log of survival spore count
Es

0 100 200 300 400 500
Heating time (min)
Fig. 1 Survival curves of B. simplex spore in a temperature range of

70-95°C
[1,70°C; A&,80°C; /1,85°C; W,90°C; O,95°C
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Table 1 D-values and Z-values of psychrophilic bacterial spores in a temperature range of 50-95°C
Organi Temperature (°C) Zovalue P (°C o R d Zovalues®
rganisms - ° -
g 95 90 35 30 70 50 50 value ~ (°C) r eported Z-values
1407 47. 2 24 4 -12
B. cereus 0 78 38 > 546 5000 800 9.34 0.992 5.7~8.7
0.943°  0.933 0.995 0.996 0.718 0.322 0.483
1 . . 172 1 - -2791
B. simplex 319 9.07 358 ! 880 5660 I 8.83 0.991 7.0~8.0
0.999 0.999 0.989 0.964 0.925 0.955 0.659
34 17.3 82.6 164 2720 -3790 -15000
P. chibensis 8.4 0.991 -
0.971 0.993 0.994 0.994 0.763 0.873 0.263
4.22 14.4 86.2 102 1580 4880 4350
P. polymyxa 10.2 0.962 7.6~9.1
0.997 0911 0.986 0.975 0.841 0.64 0.782

9 D-value is defined as heat treatment minutes at the temperature for the spore number to drop by 1 logl0 cycle. ® The z-value is defined as the

temperature for the D-value to change by 1 logl0 cycle. 9 correlation coefficient. ; ¥ Kobayashi T.(2021)

4
{
3 r -\H“"x
= T
T a2 L .‘\\
A1 T~
1r .H\h‘"-\._‘
i
0 1 L 1 1
70 75 80 85 2 95

Heating temperature (°C)

Fig. 2 Relationship between temperatures and D-values

ENTWABME (57 ~87) "ITHNTRRE <
o7z, P polymyzxa ® 7 E1X 102 L HEH S,
W SN TWBME (76~91°C) 7 X hw< b
PEl rol.

W72 T H - 72 AR 2 T T O 3 g D i 2%
X, E SN TV L EBEED EODELZRL,
ZEIZWL RAEL o/,

2 ERRERE TOIFROILBE

GBIZ BT 5 F O % Table 2 127K
$. 50°C T 24 ] hi 2L HZ B 1T 5 FL ik
L B. cereus 78 013, B. simplex 7% -2.05, P.
chibensis 7% 052, P. polymyxa 73012 TH V),
WITNORBETH BN RITRO LN 0o
7. 60°C T 24 K[ NEALIR 2 B 1T 5 Lk
F L B. cereus 7% 025, B. simplex 7% 005, P.
chibensis 7 024, P. polymyxa 75135 Tdh 1,

Table 2 Lethality of psychrophilic bacterial spores in glucose broth
after treated at 50-70°C for 24 h

Lethality [Log (N¢/N)]
70°C 60°C 50°C
B. cereus 2.11+0.24 0.25+0.04 0.13 +£0.07
B. simplex 0.78 +0.09 0.05+0.11 -2.05 +0.11
P. chibensis 1.05 £0.05 0.24 +£0.12 0.52 +0.05
P. polymyxa 2.50+0.21 1.35+0.08 0.12 +0.06

Each lethality is expressed as mean + SD of triplicate
determinations (n=3). NO and N show initial spore number and
spore number after treated, respectively.

P. polymyzxa @ & § DI B R FD3 A 5 1L
72. 70°C T 24 K[ AL 2 B 1T % 6k
L B. cereus 7% 211, B. simplex 7% 0.78, P.
chibensis 7% 1.05, P. polymyza 75250 TH 1),
INHEDOWT ORI TS 1 HiFEE DR RH R H
SRRSO BTz,

L2 L, IR B W T 24 B s
LT LIEMTHY, O— R MKE— 21 64°C T
BRI Y, O— A N ¥ — 71355 ~ 66°C T
505 Y OMBTH B, TDIzH, EEEOFE
BV TIIARERRE RO L O 2B ERh R
T& W,

oI, RIRFAHE L -EmE RFET 5548,
INFE TR L2 L) IR R O a )
EKRT 5. ICUTORETHIEFTET A &
NTEL720, BEWRMIROREIFEE T 505
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Table 3 Letharity of psychrophilic bacterial spores in
model foods by pressure treatment at 60MPa for 40°C
for1h

. Letherity [Log (N¢/N)]
Microbes
Glucose broth Consommé
B. cereus 5.10+0.28 2.96 +0.08*
B. simplex 3.07+£0.24 1.86 +£0.07*
P. chibensis 4.94 +0.27 2.13 £0.07*
P. polymyxa 5.08 +£0.24 3.20 +£0.62*

*) There is a significant difference Glucose broth and
Consommé

WA, KD VEEGEM T AESOT Y7
T4 TR HED L2120, KRS IFERE O
fdZ 90°C LLE TR 52 &2 EE L
TW5h, —J, MREHFEOF] ST+
TR T IR O R L2 FEEE -
TATRETH L ETH Y VY, EWiEETH
BRET LI EIZNO0MESRH) 2 Lk
L. BRIERFABOGE A ) v NEEP LGOS
BRMFREZRET 5720, INETHIES
NTWDEKIEEFFEIZL2REEZ AR
12)-14)
3 WOKERFHEEFIA L L FROTRE
IR B 2 FRO BB RA #0272
%, HIELERETIC 60MPa, 40°C #KEIZ X 5
FEIEFHENH 2 1 Frf4T o 722, 60°C, 1 FFR
TNE L 7-B O R AR % F-X72. Table 3 1245
RERT., TNENORBIZOWTITKRD L B
W TdA. B cereus DILIHZEIL GB @ 510 12
LTIy X A—=7H296, B. simplex DIL
BHEITGB DO 3072 LTIy AA—T)
1.86, P. chibensis DLW Z 1L GB D 4.94 12 %}
LCTary XA—=7H213, P. polymyzxa DAL
WERIZGB D508 IZxf LTIy A A— 79
320 & %2572, GB T 3HEOREMIZB VT
¥I5HMr, FRD O 1B W TR 3HTOKE
BHEDZED SN, TV AA—=TIZBWT
FWTNOEHED R 2~ 3HTOIEHETH - 7-.
GBLary vV XAA—TOMIZBWT, FLHFEI
WINOREL FAEINS L ->TBY) (B

i, ik T

Table 4 Affect of NaCl on pressure induced-germinaion of
psychrophilic bacterial spores at 60MPa for 40°C for 1 h

. Lethality [Log (Ny/N)]
Microbes
0% NaCl 3% NaCl 6% NaCl
*
B. cereus 3.86 +0.05 3.77 £0.15 2.70 £0.13
B. simplex 4.56 £0.66 4.53 £0.54 4.74 £0.13
P. chibensis 4.39 +0.47 4.43 +£0.36 4.30
*
P. polymyxa 4.08 +0.45 3.95 +0.44 1.58 +0.09

*) There is a significant difference between them (P<0.05)

F1%), A5 2D Bk K3 DS E KL 53 35
ICHEEZRIZLTWDAIDOTIE W EE R T
FAREIC & 2 383FFHFE L, 100 MPa O ik I+
Tlx7ro=y, FVva—A, ILVZ h—ABL
U)o ASFEFARAEIC R BT 5 2 L3 &
nThh? BEErxz WIFR, /N7 1
RTNRTNVIT—=ZAEHRML 72 GB TIESEHE
27T ANE 726 RS EEN T 57
B, FISHOBREBIREICZ > 72 Bbits.

EH12, Ihbsomsbitodbok LT, M
HICBWTEELZEETHLMREHIEH L
72, HEAOFRICH DI D B I B, B
) FEARE R & B A, I FE ToOHETIE
FRIDOIENIBWN LR ET L 2 EAVREN
TWaZER6?, RO 4HETHKEIFH
BT Aoy {T
4 RBIBICEZEKERFFENDTE

GB IZf&HE (0%, 3%, 6%) %L T 60MPa,
40°C DEKITEN & 5 5FFHEH % 1 FEAT -
721%, 60°C, 1 FEMIINZL L 72BROiff R % Table
4127RY. B. cereus DILH I EIEIERE 0% T
386, 3% T377, 6% T270 THY, 0% & 6%
BIU3% & 6% DM THEZE (EHRE5%)
ED SNz, B. simplex DIERER I IR L RE
0% T 456, 3% T453, 6% T474 THVY, \»
TNDOMIZOEEEIRDO N o7, P.
chibensis DALHEF T EIFERE 0% T 4.39, 3%
T 443, 6% T430 THY, 2THEHHIVTNLOD
AEERICLAEEIEO NG o7z, P
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polymyzra OILHHFIL EIEIEE 0% T 4.08, 3%
T 395 6% CT158THV, B. cereus &[FEEIC
0% & 6% BLUV3% L 6% DETHEE (&
B 5%) AR SN/, Sale b 2L, BREIE
7% D% B. coagulans O3 % K314 1.0 ~
0.90 |2 & CTHEE L T 70°C THEIIRH % il &
7ok 25, KNG 1.0 OFEE 3 A 5K
PE090 DA 1 LTI T L7222 & % sl
LTwW5h., ZoOHEE, RiEEOEEEE 6%
(KA TE 098 ~ 096) 1SS LT 5.

FTRNTOBEMEIZB W CTHERKEISFEFHEI T
HEEOEEND L DI TIERWA, W
Lo TIEEIRBORINC & 0 #KEFEHFFHEDH
SN D Z &R I N

m #%E

R (50 ~ 70°C) T, KiRMEZFRE
DBRBRREELZ EIZTE o7 L L,
HAKESFFEr BT 5 2 L TR RRE
DEEFPHEZ Y, RIRFH BT O KRR R Z 155
ZENHKRI ERAFRE L TE, T AR
TTIX 2 ~ 3T, KEHDEWGB TIE3~5
KD T H - 72.

F72, —HOMEMEFRE BT, &
OIMNZ &0 FKEFE I FHE ] & 7z,
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Behavior of Lethality in Low-Temperature Cooking and Inactivation by Hydrostatic Pressure-Induced
Germination of Psychrophilic Spore-Forming Bacteria.

Behavior of Lethality in Low-Temperature Cooking and Inactivation by Hydrostatic
Pressure-Induced Germination of Psychrophilic Spore-Forming Bacteria.

Yoko MORIKAWAY, Takashi OKAZAKIY, Chiharu TOKUNAGA?

1) Department of Food and Nutrition, 2) Department of Clinical Laboratory Science

Summary

The lethality of psychrophilic spore-forming bacteria (Bacillus cereus, Bacillus simplex,
Paenibacillus chibensis, and Paenibacillus polymyxa) was investigated in a low-temperature
cooking range of 50-70°C. Additionally, we examined the conditions for sterilization by
hydrostatic pressure to induce germination of the spores in the cooking process. The Dy and
Z-values of each type of the bacteria were in the range of 3-14 min and 8-10°C, respectively,
suggested that sterilization of the bacteria is not possible in the low-temperature cooking. In
our experiment, a spore number had decreased one order less at 70°C, but did not decrease at
50°C or 60°C after 24 hours. After a 60 MPa pressure treatment at 40°C for 1 hour to induce
spore germination in either Glucose Broth (GB) as a nutrient-rich medium or Consommé Soup
(CS) as a nutrient-poor medium, the subsequent treatment at 60°C killed the spores more
effectively in GB than in CS. Furthermore, addition of 6% NaCl in GB medium significantly
inhibited the inactivation of B. cereus and P. polymyxa spores while addition of 0% or 3%
of NaCl had no significant effect. None of these NaCl levels had any significant effect on B.
stmplex and P. chibensis spore inactivation. These results clarified that it is difficult to kill the
bacterial spores in a low-temperature cooking range of 50-70°C alone, but it can be expected to
Inactivate spores by 2-5 orders of magnitude in combination with hydrostatic pressure-induced
germination. Furthermore, it is suggested that richness of nutrient and concentration of NaCl

in culture medium affect the inactivation of the spores.

Keywords
low-temperature cooking, bacterial spore, psychrophilic bacteria, pressure-induced spore

germination
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Table. 1 Spore number of materials used in curry and calculation of spore number

transferred in curry

Materials (g) /

Materials Spores CFU/g ke (curry) Spores CFU/g (curry)
Turmeric 3.0x10° 4 1.22x10* ]
Chili powder 9.2x10° 3 2.76x10°
Cumin 1.6x10° 15 2.40x10°
Spices Coriander 3.8x10° 12 4.56x10° 2.24x10°

Curry powder 1.8x10° 4 7.20x10°
Garlic 2.7x10° 3 8
Onion No detection 291 - ]
Potato No detection 235 -
Beef No detection 320 -

Ingredients Tomato ketchup No detection 80 - 2.81x10
Wheat flower 4.5x10° 55 247
Butter 1.7x10° 20
Water No detection 1000 - -
Total spore number 2.27x10*

*not counted in materials, **calculated us 10° spores CFU/g
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Fig. 1 Survival curves of Bactllus sp. isolated from
cooked curry
Bottom; 85°C, Middle; 90°C, Upper; 95°C
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Table. 2 D-values and Z-values of the spores of Bacillus

sp. Isolated from curry

Temperature D values Z value
O (nin) cC)
95 4.2
90 18.3 6.7
85 131.6
3

y =-0.1494x + 14.781
i r=0.996
0 1

85 90 95
Temperature (°C)

Log (D-value)

Fig. 2 Relationship between temperatures and D-values
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Fig. 3 Temperature history curve and survival spores in curry under atmospheric
cooking at 100°C

The error bars show standard deviation.

[];temperature of curry, @ :calculated survival spore number, O ;measured
survival spore
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Fig. 4 Temperature history curves and survival spore number in the case of

100g curry in a pressure-cooker

The left and right arrows show the heating start and end, respectively.
M temperature in a pressure-cooker, ° :temperature of curry, whose bars
show standard deviation, O ;jmeasured survival spore number, @ ;calculated

survival spore number
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Fig. 5 Temperature history curve and calculated survival spore number in the case of

500g curry in a pressure-cooker

The left and right arrows show the heating start and end, respectively.
A\ temperature of curry, whose bars are standard deviation, [ ];water temperature in a

pressure-cooker, O ;survival spore number calculated
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Sterilization of Bacillus spores contained in curry, comparing pressure cooking and ordinary cooking

Sterilization of Bacillus spores in Japanese curry: Comparison between pressure
cooking and ordinary cooking

Konomi MATSUZAKI, Takashi OKAZAKI

Department of Food and Nutrition

Summary

The curry known as national dish in Japan occasionally causes the food poisoning due to the
heat resistance of spores. In this study, we clarified the lethality of the spores in curry which
were cooked in a hot pot at 100°C and in a pressure cooker at around 112°C, respectively.
The curry which added commercial spices included heat resistant spores of approximately
10" CFU/g, 78% of which was derived from the spices. The spore producing bacteria were
identified as Genus Bacillus. Indicators for heat stability of spores were determined as Dygsc
= 42 min (D; defined as minutes at the temperature for the spore number to drop by 1 logl0
cycle) and Z = 6.7°C (Z; defined as the temperature for the D-value to change by 1 loglO
cycle). Using the Dgsc and Z value in addition to the temperature history of curry cooking, the
survival spore number after cooking in a hot pot and in a pressure cooker were calculated,
respectively. In the hot pot, the survival spore number was calculated as less than 10 CFU/g,
but the measured spore number was approximately 10° CFU/g differently from calculated. In
the pressure cooker, the survival spore number in curry became zero in both measured and
calculated methods. These results revealed that the cooking of curry using a pressure-cooker

is better safety than using a hot pot.

Keyword

Curry, Bacillus spore, Sterilization, Pressure cooking
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BRICHI T 5.

1 K, 1 1
0 Viar 81 Vi

X2 T4V 14—=N— - N=27 DA

v BERNHEE, [S]: REOENVIEE
Vmax : i AKS#EE, Km: I 7.1 A8

(X 2)

Vmax (X[f] UCFEE CTHILIHE=E I L,
CNEFHL b OREREEOHED T X
A, KmEIXF UFHRETHIVUIFHEZEDE - T
WTHFUEE 2228, B TOEREEIZLS
LBRAMPBEFZCITIEFME R KmEE 5.
70 BEREDR R ASPOHELZITI2 L &,
FHERAICL 5T Vmax 22 Kmiidh % W ix %
OWHDZALT 5. BAEHETIE, HEA2
HEWRORELHEANIIHET 270K
FHEBMENMMET L, KmEPKEL 2L, &
BRI CHAUSEER RO H X E L
Vmax [FHERPBEMS N T e LT
W27 4. FEBATETIE, HERIIBZOR
BRSNS B B VIS - EE AR
HL, BEOEEBMEITZLL 2720 Km
EIXZAL L 2 WS i KOS HEESMRT L, 2&
EIRE A EIEEICL T Vmax (ZEE L 22w,
R AHETIE KmE & Vmax O 5 HMET
95, 2O LEHIZ, Vmax & KmEDOZEfLD
T HBERISOHERAZ L Z LA T



HALFREAEER 2B 5, BERIFIRET OB FHEORES

&, REERFOREKRNOEMZOLRND, 29 L
722 e, HALFEREE BT A 701213
FIS DR OBE ST KT 5.

FAr = OB TR LD RUS - e &M X
70 b I)AL S U ICHIE S - e B AL
FOMEECTHEINTEY, BEOEHET
R B A FICER L 2  TOMEDSTEETH
L. 72, BERPUCHER & BRI L ERR
WMo EA LB L OB L OERNETH
55, BUEIZESEO A TH V) BEFE O ERE
T % EBEICHERT 2R3 Z L. 22
TARWIZETIE, BERUCORF & BER OFFAE
DA B E L, BRUOCHEENE L, BER
FIGHER D 7T 4~ FiBEOHEIZ X - TH
KIS O % 815 395 EHNEOWRG %
1To7-.

% DHEALFMRA TIE ML F oL
BB EORISE VL5, M7 Vs ) KA
7 7% —+t (ALP) {GMEME LGS = H
Wb —EEEO SO 720 RS DS AT, B
RO HERE BR LR T WIHETH L. T2,
KA 7 78— X OHERLHERET R HE O
EHHSNI R -oTHBY, BRSO LH

0
|

BIELDITHLTNEZ 0L, KBTI
ALP {51481 %€ % a8 U CRER UL O % 8+
SELZ L HWE LA 21T o 7.

1 £BHZE
1 .ALP JEMBIE D&

ALP 13 ¥ BALEW K 5 ik o —HE T,
EEpHBTIVA)HE (PHI~11) TH5Z
EmS [PV () FAT7 75 —¥] LI
s, b b TITHRRIERR R, NBEL IR
A B L ARl 4 FEEHO 7 4 VA 428
AT 5 [2-3. ALP X BRE#ICES 52k
BHONTBY, BEMIZMFREDSEEL R
L, MH 7B A\ o B [45] A
TEEZ R & ZIIHEDOHERS—HODV AL
EasgEbh, BELMAHE TH 5 [6-8]. i
PEEIEICIE, ATHICAR SN EEETHh
Ha=—ra7x=)VY v (pNPP) % H\,
pNPP 25 ALP |2 £ » THIKAf# S AR
H4 bt 7x/—) (pNP) 75\ ifkift %
235285, USTED 405nm OWILE %
HI5E L C pNP O R E % KO 5 AW S
ns (X 3).

0
Il

-

O, T
P
0~ | SoH

OH

pNPP
(RE~XER)

ALP A
) O "K@\] + H;3PO,
H

Mg2+

pNP
(#])

A3 ALP 2 & % pNPP O liK s St

ALPOZE#EpHA T VAV HETH L E»
5, FUSEBEIZIZ T V) WEREE 2 V5.
pH 10 O jic Bk A% il & pNPP % i3 & 4 5 X
J5iE T ALP #1EH & ¥ % Kind-King #72%% b
o AR R E R EE TH % [9]. Kind-King
Tl pNPP DA I & 0 W) » A

A CRISAD pH I8 % RIF$T 2 &b, B
HETIETI /)T a— LV SHEERE LT
ALP OV Y IREWMBIEHOREE L3 5 ik
i L o Tn 5. HAREKRILFZ (JSCC)
EFETIETI/ TN LELT2IF)
73I/x% =)V (EAE) 2 VWA Z &Il -



APRI #FH],

TWw72[10]. EAE %\ 2 L, B e
WZEN S KindKing#ExHH T2 L2 K-
THZESINEDH D, Kind-King F0EN
TR R 2 AR LFERE - IEAETEE D ICEN S
2%, EMEAS IR D2 % 213V A D
e[, EBEN—FEF ¥ -3
o CTHEBRA 2 BB OB O BEEE %2 HLY B <
ZLexY, EBERLFEES IFCC) 295
DBH2T I 2AF )N -1-71% 7 — )L (AMP)
VDL HHEICEE SRR, 202044 H X0 #
JSCC #h# ik & L CE®D b7z [12]. i JSCC
P13 IH JSCC ¥ & N TR R EE AT 1/3 12
[13] T, @HBEAEALFSSITEEIC X 2 05%E %/
e LCpH &M IEFITREIZED H Il Tw
L7z, T TR 20 E Ml % 151 v,
Z ZCARMETIX, BUCHFE 2SI CHFET
bHE LA R AR M | LS
A3l 7 Kind-King 2 RH L7, 72, 1
BrsE L L2gs, "2 77y -V LT
5EF—PHEPKRAKY F—EhREhIcE T
n, AAEDKRENZENS, L )RIRMICE
FERCHEF 2 BES L LA HMELT, K
PER O ALP Z WA 2 L & L7z,
OGN, 4 HBA LT EE It
LR E L CHIETE 55, HFETHLE
AL AET 256, HILERI O ERK
DR S MERBEATIR S N D 72, —ERE
IS PSS & C UM IR &2 7 L CHOBEE
DZEALE & WET 5 ERSATE R L 7.
PlED#%EH 6 3%5E L 2Et &z, DT o
B THAD.
a) ALP

K58 ALP 1 3000 U/mL CR#E#5)
b) SRR 1772

1 mmol/L Mg** & A 50 mmol/L - pH 10.0
i PR A T

Mg™ & LTt~ 27 v A% i
o) RS Ik

IKERAL A1) 7 A 2 R EKICERE LT 2 mol/L

fRS SR

EL7.
d) M pNP B

pNP % FUGHE & @& % L C AR Y % 3
L, BUMEIE E N2 CRIERE & L7,
e) ZEE I

pNPP % SR ERICER LTI T A -
Ay r7ay MEREREE L7,
f) B RS

Y—FAF v PRI ITCIThmL 72
TEIR KA IS BB 2B L, BUGKEH 10 43
DERHTIE & LTz,
g) Wt EE 8
SRV R UV-1280 (BE) T 405
nm OWIGE Z2 HllE L 72

2. RICEMA D1%ET

pNP @ 405nm |2 B1F % E VW EHRE D SCHk
12 1.85 X 10" L - mol” - em™ [14] TH B Z &
6, 10 5 EIC RS E IR T 3 BEAmM L7z &
& OMER S O pNP O YEEAHEA 1.0 F2EE
&7 BURIE R RS, Hm i B E I SOG
BT IERE 2 K200 umol/L & 455 KA
Y hE L7 ROSERMEIZER L 72 20 mmol/
L pNP JF % PG il & SO 58 1R C A R
L CHss L 7B X A REARL DR - T
JEEEAH BAFR 5L S n=5 OMFE T4 T 099 %8 2
HEEbIz, MEMRESOLERE (CV) 28
5% KiiTh DI L EHE,IO. EBOA[LE:
MEICBUAEESHOLEIL VHETH D
A, RWIZE T, FAEEB L OFiwaT s L
THoThsEHW L.

KOS 1 mL o pNP A 10 45 O = K
TSR R KR E D 80% @ 160 umol/L (2
A EHIZT AL, IS O pNP = i 160
nmol T& V), 10 %[ T 160 nmol ® pNP % A=
Bod 5 729121Z ALP 2816 mU 3 & EH S
72, 2T ks, RISHEEE CARL 72 160
mU @ ALP % U= 1/10 BEH+5 2 &
L L7



AL R

2022 4 B R RA LR A 52 O FHRIIRET T,
RS A @ pNPP %Y 15 mmol/L T AR
D Vmax IZHE L 2 W2 EDH LN E o
TWiz/z8, U o pNPPiEE% 0, 1, 2, 4,
8, 16, 24, 32 mmol/L 2% %E L T AU EE
FIERE A RO DA 21T o 72, RIS ERE
100 ul (2xf L [ SUSHEMEE + BRI | &
900 uL DML E L, AEEHOMREE % 10 5k
L L THRIELTRKELTAHZ L THERED
PR MAIINE L, FEPEEREY T
LD I AL BBy mMEL 72

pNPP B IE R WG 2 N THB Y, B
T LD BEVECZET S, LKW NP 252
THLHEBED D) B WL SIEHEE pNPP O #
TH Y, pNPAEWEZ EFEIZKD 5720121
OB HI#OWIEE D LR E KD D 2K 4 > b
WIEZ T2 0ENH 5. EHBIECFGITEE
T 2R MiEx HEICEITT 520, H5
WIZFEIRFADEIC & ) oA bR 2 BT 5 2
EMTELIOMIEZZE L. Lo L, A
B &Y FERET 5 HTFEOFEE T RO IR
T ARG AT 2800, B
FIOGRE & FEE O pNPP # &G EER 7 5
Y7 REEFRLC, TOWBE A KIISEITRE
FEE LTHIEST A I & & L2 Wb LRI,
MR S EL OWRICEE D L EER 7T » 7 i kD
W NRE % 225 [\ TR 7z

3. BFEDEMME (Vmax, Km) OEH
BIECTHRE LS L 210, B 100

HKEICB 5, BRENRT OB L0

ul & RS HE i 800 ul = A L € 37Cmie
HCT 2~ 33 EEhmnzk L 721%, 160 mU/L
PR 100 uL 2Nz TS =% 1 mL & L
TR T T 72, BRRIIREZR 20
WINERE TKIRICLTWA -0, BEREE T
fmz U CHEEE 2 2 CRER BUS & BigG &
B39 DEHEMIZIEME R X BT WS, KR
FTCIEEROEEM 10 0BV 2 60R
TR O E OB ILIZIZENEEZ 2 5N
72, F7, EBEOEALFRAETIE TN
BRI E & UL L WL ) ISR E T
i EA 2 I SRk 2 N 2 CRER UGS & BAdG§
LIEPRONDL 2N D720, BEREER
L7zl i % RO BIG & 32 a2 L 72

ZARBE OB IR ERIML, W
NIRRT 2 AN L 72 3055 % I L 10 45
OB & 727, BUSMEIEE 2 mL 1z T &<
WL ez EIREs g7 Dk 0B X
WNER USSR S ¢ 2 & A & T 7R TE %
Tol. REEICIE8HEITH L0, 147
[RCTHETORMEZIITTE, BEICHELT
W W T O FEMDSIRETH 5. 4I0EE
DRI IV & % F 72 SUS BT 2 TR E R
BOHFI 2 IR 6 e L TL2IITE 2w
720, KBEEMTOMPCIEEAT v T LR
T R P O L B O T 3L AR 8 C Vmax &
Km # EHEICRD L Z e 0L {2 .

FEE R - WOLEAMAHE 2 RO R EFRK LIS
NS

%1 pNPPRFEEELMERT T v 7 8l - BERBUCAROWIEE B L U & fE

PNPP

[ mmol/L ] 0 1 2

4 8 16 24 32

BT 7 73
W SEEE
(405 nm)

0.003  0.017 0.031

0.057 0113 0224 0340 0454

B S I e s
0% St HE
(405 nm)

0.003 0242 0412

0.608  0.802 1.026 1.202 1.336

Zo| X H 0 0.225  0.381

0.551 0.689  0.802 0.862 0.882




AR #FR], RS SR

pNP F i D B pNPP {2 & pNP AR E OB 2 /R L 727
y = 00062x (x:pNP P [umol/L], v: WG ST (IR - AyFryr7ay b)) 21
HWTES & EH S pNP O E [ umol/L 7N

] & pNP AR #E [ nmol/min | # &1 L 7-.

THITYR - AXvyFv7Av b

16 -
T 14 o —
P
E
€ 10
# 8
® 6
=
4 4
a.
z 2
[-%
0 Ll Ll L L) T Ll Ll L]
0 4 8 12 16 20 24 28 32

pNPPRE [ mmol/L]

X1 pNPPEE & pNP AW HEEOHE (I AT YA - X770y b)

pNPP & & & pNP A 5 i & oo A1 BY 1 #i78 fy DTIA T4 —N—-N=r7avy b+ (42)
HINTYVA ATy Tay Mol AERL L7282 A, BRI 0999 & EWviE
pNPP & 5§ & pNP A pli 3 BE o ¥ 35 % 5K RS N7,

FAVI4 == R"=0T7Ay }

0.3

....
o5 t—mF—
&5 ......
g o0 t— e
e
H#H 015 | e
sl [ T e
"
S 0.1 o
} A
0.08°
-0.4 -0.2 0 0.2 0.4 0.6 0.8 1
1/ pNPPIRE

X2 pNPPEED L pNP ERHEDWHOME (714 27 4 —/N— -
IN—Z Fav )



AL I B, BEEIERE ORIHEORE

FTA YT 4 —=N— - N=7 Ty FOEYR
DfEA S Vmax & Km & 3K 7255 5E,

Vmax = 16.00 nmol/min

Km = 3.36 mmol/L
O N2, Vmax (ZRI L 72 #E & 16 mU
2 & B EOSUGHE & —3 L, MEhRET
IHT) A AT rTay CofERE, T4
YA —=N— - N—=F 2K D Vmax - Km ©
BHDIEFEICATZ 5 2 EDEPD BT,

4. FIWKNNFTBF NI LICES ALPE
E DR
FNVINFTURFP) T AL KRAT 7

y—¥, FF—E¥ KAK)IT-EHEELHEEW

WCHESTZZ Mo TBY), 5TEwEE

BRCHWONBBREER S 7 7IVAEEICE £

NTwa, TOHEERIZ®EIT, ¥ mmol/

LOBIMTKmEZHEMEIEL1EIETHL. I

IMEAL T &5 & FEH I 5 AR R EHEIFEA
T Vmax 28H1E L 2 WITBEED B 2 72 D i
wOBET 2 29 205, AWE TR, JeATHE [15]
SH LR 25 mmol/L AYEE 12 fE
AT 2EEE L CHEHYTH D 0% DO HFEER
%T?o 7.

TN F T VERT M) T AR RUCKREE S
WHRL T2 mmol/LEL, IHT) AR XY
Fr7ay PEER L E X L DEEORE
B 100 uL + AWV XN F T U M) T LG
100 pL + SUCFEEE 700 ul % i gz,
FERE 100 ul 2@ L CRIE & FERIC Y 1 &
7 TR CRUOSHE 2 |l e L7z, HEiR
JEEWEE (BR7 T v 7% &fE) BIUK
DIRENPSER LA TR - ATy Tay
M3, T4 T4 —=IN— - )N=2r 7Ty}
=X 4 1R

THATYRX - A v7ay bk
16 1
€ 14
£
=]
E 10 -
8
W 6 -
=
#H 4
o
2 27
0 L) T T T T L] L
0 4 8 12 20 24 28 32
pNPPIREE [ mmol/L]

—e—[HEHL L

-o--FEAHY

X3 pNPP &R & pNP ARGEEOHE (37T ) A - Ay57r 70y b)), (@)
EFEMIIHEAZ Lo L EOMBE., (O) & EBIEHERRNO & & OB %

R



AR #FR], RS SR

FAVI4 == R"=27Ay }

0.6
]
" 0.5 -
i 0.4 .-
= _-
# 03 A N »
= P PR Y Ll
o 02 | e T e
N\ o @ e A
L] 0-1 .g'. .......
.......... il
-0.4 -0.2 0 0.2 0.4 0.6 0.8 1
1/ pNPPIREE
e FHEAAL o PEEHHY
------- Rz (PFAERIR L) = = B (EEHSHY)

X4 pNPPEEDME L pNP AERHEEDWHOME (14> 4 —/N— -

IN—2 7Oy ),

(@) LMVIMIIRHERZ Lo L &M, (O) &

KO ERUIHERNRIO & % OB %7~

TA VT4 —=N— - N—=2 Ty FOHER
130997 T, YA 6RO HNTMEIE
Vmax = 17.34 nmol/min
Km = 8.00 mmol/L
ThHhU, MHEHZLEDOLEKIL Vmax @ +84%,
Km: +1377% CThHo72. 2O &b, Fb
FNF D VEEF Y A DFKIERE 25 mmol/
LCTHAHELHETEXL I LEDMEIDLN
7z.

AL RS FEE T, BHERME LTHIL b
INF T UEF MY A E WSS
L, Kmff & Vmax OZAb 2 & HERK %
MEE2774 0 Fideds2EE L7 Tl
AL TOEALFEER TIX, TNV N F D VT
FUwAaEEBIZ, FAT 7Y —VYOIEEETH
EHNTHDHLNI V= VEHER A, THEH B
ELTTIA Y RFTHZTELELDORETH S
PEMEHT L L ZREE LTWwWzs, KET
FEBFEERICHIR DL L L, LNI Y=L
DFHEFEEDSALP 74 VA 212X ) REL
B ) HEMROMEMIE LS L0, v

MSF Y UEEF R )Y LADAEERINCS S
L7

I S1ItFREZEBICHS I 2FZEERERD
TS

HIEE COMEI CROSGMTHEBEEHELIE
WL C, 20234FE 11 H 16 H22 5 11 H 30 H 12
P CTHAALFER AL EET MICB W THE B
FROCHERER ] & L THEEH LT /2.
A M EF Tld Microsoft Excel 365 (/N— 3 3 &~
2311) *HWTHER, IITIR - AT
Ty NBIXTIA T4 —N— - N—=F T
gy NEERL, A4 T4 —N— - N—=2F
Oy b OEYIR 1 Excel DR TRD . EH
Tix7oy MIFIRKICFEEZ SE T A%
HED 25 HANS 72,

1.pNP 2 E1%

DR 1R F % T — & % FHRIRGET T
RALZRIE 7 7 A VERCWCTER LR Z X
2BLUKSITIRT.



HALSERAEFHEE BT B,

B IR O B FHE OMRG

F 2 pNP HREMIRE & WL

pNP & B
[ pmol/L ]

(=]

40

120 160 200

e

(405 nm) 0 0.185

0.442 0.643 0.887 1.115

pNP*ﬁlﬁ

o O »
o o BN
L J

W E (405nm)
I

o ©
%]
L

o
o

40 80

120 160 200

pNPREE [ umol/L ]

X5 pNP #&H

e AR E X 1% 0.0055, AHBIFREIZ 09993 T
T R ERED B o 72

R E CTORBEMOFEIL pNP JFEiE & SUS
TR & FUSMS IR TR 2 7217 DETH
D, EREOTIIXIFIZE Ry T 1 v TEED
HEDMMAKDL . RIEIR L 72PN O D 4
THREMROBEMREIZEHE L Tz, siloL1t
FRRAEFFER 1 O RESFERL 0 2k %
ERQTEY), BIDRO LNz 72720, €y
T A Y T2V TIIRFB AN O I DL\ A F
%%ﬁ%imﬁﬁf&%?é&kmotﬁm&
PR SN0, FEHIEE £ Tzl % L2
ETAHZENRED LN

HAMRES COMEHE X & OERIL, FUNE
R OFEE & FUMSEIETE OB E DE L& 2
SNz RUSHREREIL, FRIRETClEny 57—
VYNNIV DR EFHCTREF Y
AL RMEKET M) AR PpH 101275 &

CIREHE L 72A%, AL i Tk
ﬁi%ﬂ@é% N7 LA IREEA KR B ) 7 A0k
W EINACTpH 10 &3 A1 5Tl L /2.
F72, PUSF I BEALT & DR, S
1 mol/L JKERAL /1 1) ™7 D IKIERIZZE L7z,

2. BERIGREEIHAIVZ - X770y b
FEEEFEI ROV FEER IS X -
A7 ry7ay MERREEDOZREE T ALP /S
*BI bl REEOZLEIISHD
pNP OWSEE» SR T T v 7 koL E
LW TRD, AR L7 pNP O %
FHENSEH L2 BHEH Z 2 72 SO
JoEEB X O pNP IREED FERICLTH &
K7, ZOFEREFRIIIRL., pNPP jEE &
pNP AERGERE DM (I ATV R - X VT
Tay ) ZK6IIRT.



AR #FR], RS SR

#3 % pNPPREEIZBIT 5 MIEWSCRE & pNP LS X OF pNP A i 2

pNPP {25

ingeyy 0 1 2 4 8 16 24 32
[ A v
W5 e B 0.003 0.013 0.023 0.045 0.078 0.145 0.213 0.284
(405 nm)
= Jrdnav
W e 0.001 0.348 0.526 0.820 1.098 1.214 1.345 1.403
FE (405 nm)
% Z5|E -0.002 0.335 0.503 0.775 1.020 1.069 1.132 1.119
’E Fr:;ﬁlig] -0.36 59.50 89.34  137.66  181.17  189.88  201.07  198.76
pFP %’fﬁﬁig -0.04 5.95 8.93 12.77 18.12 18.99 20.11 19.88
nmolmin
= Jrdnav
o ¢ BE 0.003 0.219 0.375 0.589 0.845 1.148 1.289 1.340
FE (405 nm)
% EB[ X H 0 0.206 0.375 0.544 0.767 1.003 1.076 1.056
f’; Fr:;ﬁlig] 0 36.59 62.52 96.63 13623 17815  191.12  187.57
p&nﬁfﬁﬁiﬁ 0 3.66 6.25 9.66 13.62 17.82 19.11 18.76
THATYR - AvFv7ay b
25 1
e 20 -
E
=
S 15 -
&
% 10 -
# 5 -
#H
o
zn 0 L] L] L] L) L) L) L]
4 8 12 16 20 24 28 32
5
pNPPIREE [ mmol/L]
—e—HEHT L --0o=--TEFFHY

6 pNPP &R L pNP AERGEEOME (I ATZ)A - XF 0

oy b).

(@) EEBUIMHEHZ LoL ZoME., (O) &AM

WEFRERIRIO & X OB %2R

3. 794> 14 —IN—"-
Vmax, Km O & H
K3DOTFT =IO ER LT 7 4 —

N—2o 70y k&

N NezTuy FERT, T4V 4 —
N e Ny F Ty b O] A S R

72Vmax B X O KmE & HEHK O F HETO

Vmax * Km EDE%FE 4 1R
FHEHZLOIHT YA - AT 7ay b
WZRRELNAD D B D%, BRI 2 JIE A &
nTw, 474 —)N— - )N—=Zr7 71y |
DOAEBREIL, BHERZ L 27099, HEHH
D A31.000 T, FFICHEEBRTREWRERDIEDS



AL R E

FAY 74—~

B D, BERIEARET OB HEORE

«nN=27Avy b

0.3
_ R
s 0.25 "2
" 0.2 -
17 “l v ®
# 0.15 P
et
E 0.1 BT et oot
> Q" -0...’.--0' °°°°°
0.03, .o
........ P
-0.4 0.2 0 0.2 0.4 0.6 0.8 1
1,/ pNPPIREE
e [MHAFFHEL o MEEAHHY
------- A PEEA A L) = = R (FAEFHY)

X7 pNPPEEDMi%E pNP EHEEDOEHOME (7147 1 —

INe— e N—=27 7Ty ).

(@) LAHIVERIIHERZZLOLEED

B, (O) ERVAEBIZIERIRMO & & OB 2R

F4 I 4—  N=NR—=7FI2LD5 Vmax BLI U Km 0B 1 E &

PHEH D

DRES
Vmax Km
. BE 2 # 72 L - BH 2 722 L
S Lot S i Lot
BHZE A 72 L 22.71 nmol/min 2.85 mmol/L -
FLEH&H b 22.58 nmol/min -0.58 % 5.19 mmol/L +82.0 %

7. FHEAOEETIE LT, 91474 —
IN— - N—7 Tyt OHEEI A IEIE 3L
TBY, HEXOBMZ L 2 Km D2 b=
X — 058 % #RL7-ZEns, BEaHEOE
AR LTV,

mxEe
ARG L0, Bl A aE 9a8 CREER DU
LR & R OO 2 528 S &5 FEBE DS
I3RS S 7z B RIIPAR TG 12
o 2R R T, BERDUGEE B & OB

B QBRI ER SN2 EEZ HNEDS,
T A MNETOMBEOMR LTS 5. HIEEME
RIS HROBREL TS

TR X A BRI I 35 RS B |2 s
%&m#%ﬁﬁ%<,—%®%yfﬁ$ﬁ%
BRWELELRREFIZ WO BE R E R
T5LDT, ﬂ“k@#%@i%o%%,%b
BLAET AR EOEAUTEIALRIZL LD
EEZONL. FAMTH COEBASLZT TR L,
m%&tfmo%tmyb@@m&%ﬁﬂ§%
OFAROFEN DL SN 27-0, FiHFEH
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