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FE. A% T e E AT E F BAF E (Bacillus subtilis AS 1. 140) # 1 4 1 th % 8 .
B EEREUKF G KIENH ., £ 21T 500 MPa,60 °C T %% E 20 min # & JE 4 32
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B B & D T (Ultra-High Pressure Processing, UHPP) B R L4558, v LI R K& P A
Yy AL P G OE TSR LR BB R R O PE RN Bl 4 A R R e Ak, S Ak B O v A L

B2 o R TR T 2 — B3, T RN R AR A R0 o i e e Ak R AR 2 £ I Tl i — R
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FHPERE > BB > 2 AR . — R U6, 7E 250~300 MPa FIZ I F AL 10 min, AT DL 3R KA 5 K
WA A IR A S E R AT

]

T 0o o T 0 B R A A AN T o A W B T T BE 0 B HE S W D < 28 4 (B 1) > 22 [T
IR TE 3R A B AR R REJCIE 40T 2 0. o 22 TGP
7 2T TR S H 2 A B A B g TR AR TR R N TR . TS M TR AR R TR TG AL SR
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(Bacillus Searothemophilus) Wi JEY B, A TAE LA B 2 AT AS 1. 140 Rk A, FIH 5 5
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2.2 BEFREREFRAE

R R IRk B R B GEE K 10 g, 4 AE 3 g, A AL8H 5 g, 3R 15 g, 287K 1000 mL; H] 15204
SAALENAIE pH (2 7. 4) 5 70258, 121 °C i I KA 15 min % .

WA IR B IR AT CGEA R 10 g, 4 AE 3 g, AL 5 g, 2818 7K 1000 mL; H] 15 %0 A A AL B KL IE
pHEZE 7.4), Zp%E. 121 CE/E K 15 min £ H],

BRI AL )E P AR RS 3538, 37 °C L8535 48 h,
2.3 i FA

TG A BRER K (M JE 0. 8 % NaCl /KIFH) . K, HPO, \KH, PO, \NaOH ,NaCl, Z i . 251/ 7K .3. 5 % 1%
TRE L VOHRIRR (ER R AR PR RN e LS R A
2.4 XTWIEH

M AR RS 1 L T 4R R R R SR R CTAE R 7 0. 1~600 MPa, TAERE 0~60 C).

HE AU £ . DZ-400/2S B Z o) G 3 15 5t 1AL CGHT VT & A8 T AL 3G WL ) 5 TGL-220 BV B 0
BLCE 2= B2 AU ER ) ;s Sartorious K % LT R F (db 5t 2 2 H KA IR FD s JEOL-1230EX #li%
SR U CH AR R S At s SX-18 ARG 2 i W BUBE (VLR Y22 a8 T ) s ik TAE & AR Ak 8s
FEAA L L AAE R B R L R R ZR RO B IR ) S R AN
2.5 ELWHE
251 REFRHANLZELE

R T DR UEA RE 2 AR TR IR R 2R 0 L] R AR 37 CCREIRY 48 h, B RIK S 2E M Z el
4+ 6 CHBWE 2 M E 1 mL BB A 9 mL JCH A4 JEL K oh IR R B BT L pH6. 8 TR
2% W IR TR R VR R A R L R R TR A NG A 10° efu - mL AR Y RS HEHAM T lomL 1Y
TCH IR CAE RS P T A e B O CR B TBD s . B —FMER 3R, SEAGN
YL B 3 5 ke 2 R IR K v e ) B B AR AT 1 min B TR EASA P SRR IRE 5 B R R
TLRE (60 °C) Ik BV ) o 3647 15 F A 351 (5% JEORS 2 28 A0 AT B 25 0 IR 3 i s, R A A e A P I 0 2 O
i AL BB R 500 MPa, 60 ‘C N AR AR 20 min, A0S 37 BVFEAT 04 B 855 35 11 %, TRl i BCR 2888
o A B0 TR R VR AT A 8 R T A S R R
2.5.2 @AM ENE

PR R A P R 56 SR b U ) (GBAT89-2003) , SR FH S A i i T 40wk AT B I 2 . DA R A
FEER KGE 4% R = e A 3L AR A AR S X R 3 TR B, T IR IR TE IR AR AR 37 (CHE SR 48 h
Jo SRIE AT R TR IR
2.5.3 EHVLENE

53 90 A rr Hs b 3 198 %ok B R e A A B AR K F2 ) 20 mL FE B0 2L 10 000 r/min B0,
B 10 min J5 B E W IR UIIE R R R 2 0.5 mL AURLE B0 R4k S 1L 10000 r/min B0
20 min, fJEBUITERIBEIAN 3. 5% % B E 4 h, 1 %R IEE 1 h,30% ZEEMG /K 10 min, 50 % 2 B
7K 15 min, 70 % B 2 4l 7E 1 12 h, 80 % & BEBE 7K 15 min, 95 % Z BE B 7K 20 min, P IR TG 7K 2, B i 7K
40 min, 2R J5 IR E T BEL 7K 30 min, MIA 12 1 BRSNS 5 38 SR I VEH 2 h, Jin A 4l 38 S 0 i 38
% 3h, RIGTE 50 C T AR PRI 12 h, e 5 A E W i dh 223 48 h, /5 H LKB1 BE@ # Y]
BLHI 70 nm VI Fr . BOA 10 5K 230 H 4R M . )R 5 AT gL 6, DLBS B2 Al AE F 30 min, K Pk SR 5 A
Fra R EH 20 min, K ¥k, T JEOL-1230EX HLE T~ WLEE,
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3.1 BREABRRMEHEFANERFEE
il B 25 LT B 7 R MR ) B8 2E AL FE SRR 500 MPa S5 4 F R AR B KA AE A BR . R T 7
Fs 7 AN B R B T B T 3 0 DA e s Ak B SRR A T A S 96 >R D A vy 1 I ) R A A R R AR
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B IR 2 AL BESHCR 500 MPa 60 C N AR AR 20 min, 5 H AL B S 57 BRI SEA T 604 0 15 97 3158 TR
R B 28 4% T Ak B ) TR RV R AT IR A 35 IR T R AR S X IR A R ST TR PR T AR s F 6. 81,
3.2 ERMEFAAAMNERES

il B ZE KT B (Bacillus subtilis) 228 i IH 2 #AT T8 (B. anthracoides) W R BL X R, S 75 8w . H
HAE R B BT B B, B 5F . 98 0.5 pm K 1. 5~2.0 pem, B0 SOBUEE AR HES L 79
PR R 2 Ak 52 AR 5 TR B0 2 96 5 O IR L 6 T T A o ol s i L 25 B UG BRI K

AS S P A R ZE AR TR IR R R ZE AR R/NESE 0.5 pm K 1L 5~2. 0 pm BTE I Z A, B SRR
B UL LA P 1~8 i) .

FE35 5 B R AAOBE T o O IR R R BE S8 RO B 3 A B 50 L 8 43 3R A B I b L A A
U AR 2 B DX CAN ) 1 s ) o R FLAR SO L B B2 T L A X AR A (AN 2 ) .

P1IE A ZE AT B SR IR P2 TR A 2 AT T 2 A

(BT 3k BT 48 8 95 (R 5k 2 B
Fig. 1 Normal vegetative form of Bacillus subtilis Fig. 2 Normal spore of Bacillus subtilis

(Arrowheads point to the remains of vegetative cell wall)
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P 3 M A A 2 AUFT B IR R A 2 4 P4 e A 2 ST 2 A SR A

Fig.3 Vegetative cells and spores of Bacillus subtilis Fig. 4 Spores and vegetative cells of Bacillus subtilis
after compression after compression

3.3 BEEAERHEFATENEFREMFRANBRLEH

R o T Ak B A 2 SR TR B0 SR MR L L R IR 5 B SR A A BE R SRR L i Bk 1T i
Jo M U 0 R R B L T X (AN 3 R ARIE 3 ) 5 B IR SR AR KR UG L IR BLR i
TIX U 4 sPERic 2 Fras) o H2F i BUE 2 (9 BOR Rl s A I 2. (D 2R3 & itk e B0
BT XA 3 PERIC 1 BR) 5 (2) RN S Y E L. B B T 3G (A 3 shRid 2 B
)5 (3) iy AR 5T e 4 itk U 1) 240 0 B B AR T A1 e Ak B (AN IAT 3 R ARIE 4 TR ) s (4) L RRZE LAY b e H
B2 A A% X B L X A& 4 R ARIE 1 TR . ML 3 i BRiC 5 Ak kT B 2F A R N A IE
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3.4 BEELAERHEFAAEFAN/LMAIBREN

e Ak B A 2 FEURT Y 25 6 A LR ML RS IR 5 (1) TR R ZFE AN S W i 25 A 2L Cn &l 5
JI7R) 5 (2) FJ ZF A 35 WY S5 A 3K AL A S AR FE L 1 X CNIEL 6 778 ) 5 (3) TR Jim ZF A4k 52 i Bk
I 5 J2 JE BE AN 4 A DX 3 v - (AR BT 7 BT 70 5 (4) e J5 28 LA 52 0 4 L R 11 o PN 3% 0 1 5 1 2L L it
T CIEAE M) AR R B L X (AT 8 FiTzs) .

&5 AN E Y4 E L K6 RSS2 S W AR ZE L A S B B X
Fig. 5 The disordered structure of spore Fig. 6 The disordered structure,shrinkage of outer coat,
inclusion after compression ppearance of large electron transmission area

in the inclusion of spore after compression

B 7 R HALAh 7 Bk O R R R B8 JEJG AT A N E
AR X 0% B F S ZEAL MR RR R E X
Fig. 7 The appearance of gap in outer coat, Fig. 8 The shrinkage of outer coat,gap,disordered
asymmetry of cortex,appearance of structure and leaking out of inclusion,appearance
large electron transmission area of large electron transmission area in
in spore after compression the inclusion of spore after compression
4 & it

(1) 7£ 500 MPa .60 “C & N AR IR AR 20 min #E47 8 & R AL, AW SE T30 Kk 5 6. 81, BEAT
BRI 2 FOAT TR TR S L 2R 4,

(2) e Ak Bl R 25 AT TRT 10 8 55 R 40 M B A 4+ BB 11 S U | 25 4 J2 R BT Ok L B
KA BHTX,

(3) A o Ak s HE 2 A A0 7 B IR L HE BB 11, ZE 0 P B W A R 2L CIIER L B B 4 i X
T2 YA 0 58 A vk U I 40 B B Bl T AN e AR R
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Effect of Ultra-High Pressure Processing (UHPP) on
the Microstructure of Bacillus subtilis

ZENG Qing-Mei' , XIE Hui-Ming' ,PAN Jian', YANG Yi',
XU Hui-Qun?, HUANG Xun-Duan',ZHAO Yang-Nan'

(1. Key Laboratory of Bio-Process (Hefei University of Technology)
Ministry of Education , Hefei 230009,China;
2. Anhui Province Im port and Export Commodity Inspection
and Quarantine Bureau , Hefei 230006 ,China)

Abstract ; The effect of ultra-high pressure processing on the microstructure of Bacillus subtilis AS 1. 140 was

investigated,and the inactivation mechanism of its vegetative form and spore was studied. The change of

B. subtilis microstructures were analyzed and compared in terms of the oberation with a Transmission Electron
Microscope (TEM) after UHPP (500 MPa, 60 “C, 20 min). Results showed that the vegetative cell wall of

B. subtilis was shrinked, breached and leaked out cytoplasm,the layer structure of cytoplasm disappeared,and

a large electron transmission area appeared in the cell after compression. The outer coat of its spores was also

breached, the layer structure of spores’ inclusion disordered, the inclusion leaked out from the cell,and a partial

electron transmission area appeared after compression.

Key words: Bacillus subtilis AS 1.140;ultra-high pressure processing(UHPP) ; Microstructure



