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P 22 T X6 R gt o 3 TR RS R T 2 0 14 I S8R B HOA I ) Bl R LU DA A R g B Tl Ak
Az A RS AR AR SR 7 — 2 4 Sl e e R R A A Tl R

2 MBS

2.1 E#mMEFRE

BELE ERAT I IFFT 10144 FORESARE DT 2 AT T ATCC 12980, 14 T v 5 B} % Bt A= W 0 5% BT 1
T LR s 35 R R T B R

RN R B AR S g 4 30 g NaCl 5 g B fl§ 15 g . 2€4%8 /K 1000 mL, 8 pH i N
7.0~7. 2,85 G4 T =M, K (121 °C .15 min) . & ..

PRZEF A K R o LR 8 FR BUIR B R A MnSO, « H, O (i85 3 H i Mn®™ M E Ny
50 mg/L) & pH {H ., K, % H .

2.2 FHEBERMH&E

(1) BRhZIEAL T . 5 5 B8 IR 28 0 A KOs 95 3 b R 4R 0% 3% (R4S 2R AT (451D °C,
7 d; IR AT . (55D CL,10 D),

(2) Bk CRIDEFEHLL YL B35 ) BRI 3k 90 % ~ 95 % B 7E To B 410 F JH © K T 1 25 188 K v
JIR TR 5 K s (BESS 28 J AT B 27 96 30 min, (80 1) °C ; BE AR 5 28 #0418 27 42 30 min, (90+=1)°C),

(3) Bl HE L5 2R J0UFT R 25 46 1 die KARXT .0 1R 7000 X g, W AR W5 28 FO AT TR 2F 960 1 e KA X 25
71K 8000 X g, 4 °C o 15 min, 25 V5, P9 KB B 288 K vh k0 R 2~3 G HE K
1) 2 48 7K S I B B YR VR MR B Ry 105 ~10° CFU/mL, 4 CARFE,— DA W A,

2.3 HmEslE
2.3.1 BRBRZFERHANR

WU L A4S (B A B S B R LML TR E D 1 h R )5 AR 2 oh il (pH H
6. 8) A 15 B R MR FE Dy (4~8) X 10° CFU/mL; 4% % WA W 2 mL, £ 48, I )L A ARl 4% N 1 it
(R0 NN — 2485 , B %8 s I W B AR A e 4 °C R RAE, — AT .

2.3.2 BRI AR

Ve S 50 A 70 SR AM 2 T IR AT & /40 1 by SRS i R % o 800 19 BRI B TR Ol (4~ 8) X
10" CFU/mL; 385 WU 1 mL, EF7EE A (121 °CL,0. 1 MPa, 15 min) )3 B8 5 ChEBREE 5 121K
A —BLAN 10 @ b UL RIS IR A IR A, B4, R TR/ I SN — R aRRE . |1
25 4% M RE S R A B 10° CFU /s i 5 ¥ B IF i RE S TE 4 °C FARAE .

2.4 HERHBEEELIE

K 1 A 2R DU R 2 0 2 B RV TR A T %8 R o T TR B T R T AR IR (D 3 R A
A g J5 57 BB R BT R 8 56 R R HEAT R ) AR B 55 2048 5 K D) JE Sz RIS, E)
JERFEIN 2~3 s, FE ) FNAMBEDE P4 K I B v A THSEAL A ghid 5. AR BRJS 57 RKERE S IBGH S E T UKok
AW CORFM L6 h I8 A% 5256 R FH 1) s e A 30K 4 A 3k B & & Al LA BR A &
W A B e R AR B 3 Ly f s TAE R /1o 600 MPas FFE #2130~ 140 MPa/min s i B 1% &
A WA, — AP AP REIR AL 55 — ST A b3 Sk 7% A 8 R s AR B rhoC A, A TR A A I
R I IR AR
2.5 BAEBHEAONE

P IR CED S CE RS 36 B AR E ) (GB 4789 —2003) 3R JH - M A v 1 502 A7 B A i I 52 . AT
TR 7% VR VR AR TR 30 2R 8 % B B 97 2 AR 8% % (OB 45 2 AT 1 < (451 1) °C L 48 s Mg IS 7 28 AT
B (55+1)C,24 h), ZEAIECER A LA 1g (N /N Fm . Hod . No i R 28 5 AT ] 4 33 A4 A 5 T 75 8
BN, it AR AL S 2E A A 8 B R R B 9 2 B G SR R TR B RARESA 3 AT ATRE L A
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2.6 REWHNFER
TETH 5% 3 8l 1 2 R S B0, LLTH R T U6 I 220 2 B i, SR T 3 iS50 7 A 19 o 240 148 24 £ 2 175 1)
IR S i
2.6.1 —HHHFHA
AR RBOE TE AR P IR AL BTS20 2 AR AE IS AT A MRS R L

Nt
lg =D (D

N AR 2 AR b [ Ak B A 20 B 2E AR (CFU/mL) o N, R #8E Bp [R) A B ¢ Bsf ) 5 400 1 2 7
BYFE G RO (CFU/mL) . D i 90 %6 A4 20 1 2F 78 2% 1% B 75 1 st 1]
2.6.2 Weibull ££%

A TR 7 A0 P SR AR 25 A B AT AN [R) A T R L A T R S R R TE R 2R G R L B 3R
AN . B SRR

N,
N,

A n F o J& 5 B0 O FL A PR A G B
2.6.3 Log-logistic £t A

R )2 B M. B. Cole F 1993 4R 42 A9, J& HI R 40L& 2R W A B 4l B 31T 0% 1 AR 2k
PEJrRE . 2003 4, H. Chen 88 AXTABRYHEAT T 00 AR Lt B JER 19 4 A S 8080 3] 3 4, /)

LN A N A
8N,  1texpldo(c—Ilgn)/A] 1+expldo(c+6)/A]

Krp A S EHREE 4 2 22 (1g(CFU/mL)) so A KR IEEFE (1g(CFU/mL) /Ig min) ¢ 245 KK 1 3
R T FUH (]
2.6.4 HA LA

FIHT SPSS 13. 0. % Lt M AR L 1k 757 38 BEAT [l 9 204 3 5 07 R P AR 9 2 4. 3277 22 (MSE) Al
I R ECR®) O H AR ALY A A 808 . R (BB MISE BB/, 26 B A3 () JU 5 a5 Rl
2.7 SitHw

FT A SE B 2 HEAT 3 KGR 3 U S 2 R SR N AR A IR 25 . 45 R DL G AR HE IR 25) I E
RN . AR NS IE 2 18] 1) bR FH e/ J 3 25 57 7% (Least Significant Difference, LSD) , U 95 % ¥
{51, B P<<0.05,

3 #R54T

3.1 PAJE T [E] A 2R X 35 BB EE Hh kR 45 2 T AT B 3 R RGE RO B2

— MR U 7 AR B A v TR B S iR R T N R 3 A T 2F AR B K AN R . R L TR
R i AL B, p TR R A A AR AR A B A 2 A DR R S A B — R ) BT R 8 T I ] 22
VR 33X B 2o 5 Vel 0 T 28 90 18 IR0 S8R o PR HG AR 52 36 6 P s s i) ) &40 7 2 4 K06 2808 1) 52 ) 2% 1
N INFE 1 s, FEFTFR IR 600 MPa #1 80 °C Bip ] b B , T He B (8] X 6 45 25 46 FF B 28 A 1)
SR RS B R (BEAIR 1. 77 AR O o TEAR IR A ) AL BE 45 11 - X0 R 2k v 368 205 2 F6LAT 781 2 0 1 2K
T AR T W R 8 v I P A 2R 15 5K 5 78 500 MPa 80 °C Z5 148 F . 28 b ¥ 350 X% i 28 v 6 235 28 JR AT 1 2E 9 10
KAFROR VA W25 MTE 600 MPa 80 “CA&AMF T B Z 18] A9 22 4R .35 (P <<0.05) ., XAl g
FHE S [ 56, FR i e, 3k B0 46 2 TR BT 5 00 B ) gt dk <, 22 SR s e B . ] Ahn AEANMYHGE T
700 MPa 105 C 44 F FF G B X C. tyrobutylicum ATCC 25755, T. thermosaccharolyticum ATCC
27384 .C. sporagenes ATCC 7955 SE TR M52 M, 45 H R FE B A5 F T A ¥ B8 IR T 2.5.2. 1 F

lg =—bt" (2
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3.3 MRS, AL, TR A AR Xk AN [R] T A 2E 8 G R e R AN R R . T Ahn B9S2 R A TR 28 AR
TG AR 2 LA S0 ) B S L 3ok R 1 SR A AT A A ) s g A R o AT G BASE 38 5 T T I T AT G
x1 AEMELENAENENESFEAFEFREEENZMN
Table 1 The effect of the pressurization come-up time on Log-reduction of

Bacillus coagulans spores during high pressure and moderate heat

Media Initial temperature/(‘C)  Pressure/(MPa) Come-up time/(min) lg(N,/Ny)
8040.5 500 3.4+0.1 —0.6240. 08"
Buffer
80+0.5 600 4.640.1 —1.77+0.02"
. 80+0.5 500 3.440.1 —0.5940.10°
Coprinus comatus
8040.5 600 4.640.1 —1.58+0.05°

Note: Means in the same column with different superscript lowercase letters are significantly different (P <Z0.05).

7E 600 MPa. 80 C 44 F Rk 10 min I B IR Z2 il v A BE LS 2F AUAT T 2P 40 R I 17 4 B )
TR R g e B 2 AT A 2 RN R R T 24 3.5 AN B g, WY AR T I R 2 A v o R RBOR, 5 1R
J 10 min i, 45 28 5 FE A P TR I ], G 375 20C5R A 385 B2 AR X 852/ . 7E 500 MPa 80 “C 2% /T A7 2 Ul
AL B AR TR 15 min I B R 2 vh i b R 45 2 FRAT TR 28 0L R T 4 S BCEEGL LA L TN B g PR 2
JOT R T2y 3.5 A BCE G AR 2 AT A PR TR I A] 2R 30 ORI IR BT . ARl —IF (] N, 600 MPa,80 °C 2%
PETR X0 8 5 e 1R 2 v 0 v BB 45 2 JRAT I 2 0 3 R 25 S B/l . X R RESR TR R TR g T
R 85 %) B 45 2 FRRT R ZF A PR AP AR . RS Bl P R S A A R A SO L8 A T AN I R SR PR A
W BRI . EL P Black 48 AR RGE I L-Z0HE R 45 X 2F AT R 2 AR R A —
F189 52 R0 AT g 7 X 200 P 2 6L 9% BOPE R R ZF A AR R SG RT DRT I 3 B 1 G 1) A 6 AR 1T BB X B4 2 F AT
PR ZF JE A BOPE ™ A — E B O EL G By R P ) Ak BRI 2 A6 ST T RE IR

0
'\ (2) 500 MPa, 80 C 0 (b) 600 MPa, 80 C
-1F -1}
—— Buffer —— Buffer
% -2t —+—  Coprinus comatus —_ 2r —+—  Coprinus comatus
S 2
g z 3
20 -3r 20
4}
—4r st
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B 1 A B[] A B 5 192 8 o VB RIS JHR 228 v 95 2 2 AL DAL 2F 98 170 T il 46
Fig. 1 Survivor curves for Bacillus coagulans spore in phosphate buffer and coprinus comatus

through high hydrostatic pressure and moderate heat treatment

3.2 PAJEE AL IR X X8 B %5 o RE AR A 2F A AT B 3 AR RGE YR A

F L g s P[5 Ak B P e AR X % o R R X SR 7 v R I 2 AT BT 2 0 T ACR 1) 5 W 51
T 2, AT LI H:600 MPa, 90 C 2644, Jh H ] 5] 0 i iR 22 i i v o BV 07 2 40 4 181 2 98 10 2%
5 3R v (R 1. 23 B 90 5 76 A7 [A) B89 5 3 R B2 2% 1 X8 B 2 v g AV 07 2 S8 T T8 25 0 1
R AR IR T B TR 2% PR 9 2 0 R 3K — 5 B4 2 LA A 2F AR OO0 SR A5 R L, BT R [ Y 2 L 4%
IR RN SRR k5 v e AN U 28 AT TR 2 L B S SR Z IR A AF AR A 35 2% S+ (P <<0.05) . S. Rajan
SF NUHRGE TAE 700 MPa 105 °C 2 AT T H I ) 0 450 T 25 D o i) 18 AN D7 2 96T R 2 6 K0 1 5%
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el , 45 S 2 W, g R U 25 FOFT TR 9 2R FR BT BRI T 1. 5 B 9 N SR Al g P B (121 °C L 3. 33 min)
Xf ZF AR RCREAS b B R, H g BIS 7 25 AR A 2 A B KOS RICR HEAS 5250 1 45 R AL X AT RE 2 R A
AT 2R FH 049 Hs g 0 0k 2 A0 8 v o G A/ it 150 53 0 P S I ] 989 S ] 03 T s i 2 S 119 JBE 1A

®2 HMEMELENAENENERERFEFEFRAETENZN

Table 2 The effect of the pressurization come-up time on Log-reduction of

Bacillus stearothermophilus spores during high pressure and moderate heat

Media Initial temperature/(°C)  Pressure/(MPa)  Come-up time/(min) lg (N,/Ny)
90 500 3.440.1 —0.9640. 04"
Buffer
90 600 4,640.1 —1.234+0.06"
90 500 3.440.1 —0.4740. 08¢

Coprinus comatus
90 600 4.640.1 —0.9340. 04"

Note: Means in the same column with different superscript lowercase letters are significantly different (P <Z0.05).

P AR 3T L 0 R 107 28 760 AT PR 25 60 75 95 192 22 o V0 R0 XS B 5 v %) 2K 36 il 2R an 1B 2 P . AR AH
) S AT o X5 SR 2 v g RN U7 2 AT DA 2 76 174 IR 8 R T R R 2 A T I T R X — A S R 2
FOFF B 290 KRG 2 45 5 — 3. 7F 500 MPa.90 ‘C 25 F . I JE 5~20 min B, B 152 22 v i v 0 X fil
i T BRI U7 2 AT B 2 A KOS ROR 1 22 S v T H B I ] B 1T 7E 600 MPa, 90 °C 241 R, B R 22 b
VBOFINS TR 248 v 08 AR 7 2 6T B 28 6 14 35 R0 25 5 A 2 i s B S . 500 MPa, 90 °C 45 1F T 1
NG B TE AR )R EE T L B R 0 A 80 XS R g v g TARE T 2F 6L RF TR ZE AR B A TRE A, S. Rajan
N HRAE T AE 700 MPa 105 °C 254 42 R 2 5 b 1) W8 A1 15 28 FR AT 181 28 60 1) 5 O L 45 SRR
FENNIE 5 min 5 HARIERTRE T4 4 MBS . X B8 & T A 950 i AF o0 25 5%, 32 2002 B R A T4l
F R T R B 5 v« A B R R AN TR 2 1 i 2 S TR 2 —

0 x (a) 500 MPa, 90 °C 0 (b) 600 MPa, 90 C
—1F -1k
—— Buffer —— Buffer
% -} —+—  Coprinus comatus _ -2r —+—  Coprinus comatus
S S
< = -3
20 -3¢ L0
4t
—4r IS
.
-5 1 1 1 1 1 ) -6 1 1 1 1 1 )
0 5 10 15 20 25 30 0 5 10 15 20 25 30
t/(min) t/(min)
Come-up Holding time Come-up Holding time
time time

2 AR 1 [ Ak BN B TR 2 o VBRI XS R 0 v B AT I 2 ELAT TR 2 AR Y KT it 2k
Fig. 2 Survivor curves for Bacillus stearothermophilus spore in phosphate buffer and

coprinus comatus through high hydrostatic pressure and moderate heat treatment

3.3 RigmMshh=Es

F FHLE PERE AL Weibull BEEI AN Log-logistic i 8, X 3246 25 5 ik 47 006 , 4 o 2 0 22 Fi el I3 &R 0k
P 3 PR LG R . N [RD IR BE L R 7 2 4T X 5 s v 9 R A TR 2 96 Y 3 ) SR A R S 400 T
# 3. W AT LUE I A ) S5 P M AT i e 1) X 5 2 (6 0 e IR A [T 051 28 8, R B B R 4005 3K
BTSSP PRI 2% 07 55 1 Tl 2 P AR AL B S A b AL TR O . Bk — 2D A b R B TR A ST Y
FAFT . Log-logistic 88 5 Weibull £ B1AH LE L 5 /Y X907 2280/, Il 2R 80805 - DL Log-logistic A%
U A LA R . A Weibull AR Hb, 36 A5 TR [ Ab 3 45 (4 1) 28 fl i ok 28, 224 3 A L« 1) |
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MG <<1) .1 F M >D & =1, RLEH, IrA 50T 0 o (AT 1, 3R KT ih 202 m)
MRS, Rajan 28 ANUS 8 Y Weibull B89 n (B 5 28 AR B i D (R RE 728 1k /Y B0 A AR ]
X — ARG R 3

£33 AEAIBELMHETZ M. Weibull #1 Log-logistic 1 B i) £ %

Table 3 Parameters of linear, Weibull and Log-logistic models under various treatment conditions

4 Temperature Pressure Linear model Weibull model Log-logistic model
Surein /CC) /(MPa) D MSE R? b n  MSE R? A o I3 MSE  R?
Bacillus 80 600 5.495 1.804 0.874  1.766 0.232 0.008 0.988  14.110 —2.770 2.525 0.010 0.989
coagulans 80 500 6.173 1.650 0.858  1.729 0.262 0.007 0. 986 5.240 —1.238 0.753 0.002 0.996
Bacillus 90 600 4.545 0.206 0.766  2.250 0.244 0.065 0.926  —5.308 —3.343 0.475 0.003 0.997
\:;i;(;;;}:? 90 500 5.882 0.091 0.908 1.122 0.385 0.028 0.971  —7.462 —2.729 1.354 0.027 0.977
4 &

(1) o e e P 1 P o 2 T 235 2 A AT 181 2R AR g A I D 2F AT IR 2 A % — e, 7R IR K
T A i B B[] 2 A0 850 i T R AR b, A 282 B K (R s IF ], 356 A0 2R g 8 s JBE S O 0 I 4k A kg — b
AR P B o R 3 9 o 200 T 1) 2 AR A — 5 09 DA VE T I EL X g IR 07 2 604 T 28 16 1) PR 4P 4 28 B
G AL

(2) FIFHZ MR Weibull BRIFI Log-logistic F6 Y, X X i 7% f 5% 45 2F F00 4T 781 2 76 A1 W8 3R 1 i 25
FELFT TR 28 96 1 G th Ze AT 400G, A O 2 F B H RBCHPEN F8 45 . 0B 1 3 RV RIS R0OR . 45
W, Log-logistic A5 8 [ 481 A 250 SR S - DRI A0 v 308 ol b S 781 f 790 00 44 1 (] Ak X 405 JGR 3 v 200 1 25 6
1A TR RCR
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Inactivation Effects of Coprinus Comatus Inoculated with
Bacterial Spores by High-Pressure Thermal Processing

WANG Biao-Shi', LI Bian-Sheng” ,ZENG Qing-Xiao*,
HUANG Juan®,RUAN Zheng®,LI Lin®

(1. School of Chemistry Science and Technology ,
Zhanjiang Normal College , Zhanjiang 524048 ,China;
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Abstract ; The combination effect of high hydrostatic pressure and moderate heat on the inactivation effects of
coprinus comatus inoculated with bacterial spores was investigated. The results showed that two bacterial
spores (Bacillus coagulans and Bacillus stearothermophilus) had a much higher resistance in coprinus coma-
tus than in phosphate buffer solution. Moreover, Bacillus stearothermophilus spore had a much higher resist-
ance than Bacillus coagulans spore at the same pressure and temperature, Survival data were modeled using
the linear, Weibull and Log-logistic models to obtain relevant kinetic parameters. The mean square error and
regression coefficient suggested that the Log-logistic model produced best fits to all survival curves, following
by Weibull model,and the linear model was not adequate for describing these curves. The Log-logistic model
could be used to forecast the inactivation curves of bacterial spores by the combination of high hydrostatic
pressure and moderate heat.
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