H25 % H51M mOE W O ¥ ) Vol. 25, No. 1
2011 4F 2 A CHINESE JOURNAL OF HIGH PRESSURE PHYSICS Feb. , 2011

XEHS: 1000-5773(2011)01-0089-08

B E S E b 38 Xt 4 AL P o
EEMmEEHEMm

N AN A = yE 1 SR 5
IRELALE 2T EER L BEHRLD. A Ledward?
(L B A BE T 2 BE T RS BT & 4530035
2. B AR MY K 2= R R P N 5 B R I E UL M L 210095
3. Department of Food Biosciences, University of Reading,P. O. Box 226,
Whiteknights,Reading RG6 6 AP, UK)

WE. AT FREQ0~60 C)FaE # (0. 1~600 MPa) T 4 # 20 min, &t 24F LA + & & B
EHENYHHIATHR., RET . ERT MELBEEINE . BNENRETR . MED
ik 400 MPa B DA Bot EEGE A N X AHE EN, BB E pH N 3/ 7.5 HEEHEELTT
2%k, 200MPa U THWE A BENAFT EEEAELRLELEZ LA EA4EHT . HEA
HBAEH BRI 2 KK, 400 MPa AU EE AL BFEHEE B X E G 0 H &%
., 7£A0°CHRE 200 MPa E / THWAE B ESREAHETHR.EXREELCRKLENE
A, FEE PR Ay E MR R 4,600 MPa LB pHE K 7.5 L F R4 % E,
AEBREELAE TR, 60 CHRET.H 28 mEH— & 5,200 MPa % # & & 8 & 7 4y ¥
EEf AT EAERNSENEZw, 600 MPa E A T EHABELRE A EHA
EBRN S EHMVERMK, 0~60CRETHEAAE  FE AR Z O EMERNLIAY
A8 [ By BLAE 200 MPa B 5t S sy st IR E A th X A B E1.600 MPa B ER 5. L4
RET . GEMBEHANERATEOBRN TR . REALER.

KER . GE;ALEFNA;EaBEN
RESZES. 0521.9;TS251.1 X EEERIRAD . A

1 35

55 HE A BRI AT 20 AF A D4 1 — BB B AR FURE U AE B DR 1R IS B ) ol 2 R A RUBR I R R
JEE R ) i 0 A R 22 A Pk B 2 S R LR T R O A O T PR R 2 U Y 1 — A
AT R A S R N A A B v R B R A TR 2 T e R O T A R I X e A B v
MR Ty AR O AT TIRA MRS . 455 R, e Ak B B AT Y UL P B A5 0 Ak sk
R BB S A LA AR U Ak 200 OE B 8 AR A L R A B R B T R BUILIA AR RE
W e R AR A RS G kR, AL KR BB AT BB R k. B U 3R T e e A 3R e A
BRI R I R AT B G Bl A P P T 3 S 4 O R SR 2 R X g A T A2 T AR L A R
JEL T BEHEHT 1000 MPa (9 F7, 4 56 3 1 (250 MPa) 5 in# (40 “CH &5 ke ) AT LK oK 48 56 X6 2 1
WA BEAR ORI, 5 m A i [a] A 2R 8 He B AR AE 1R 28 Tl v 1 Y — A 1]

i

« U BEE: 2009-08-20; fEE B ER: 2009-10-14
EeWAB.: “+— 17 FEER TR H (2006BAD0O5A03) 5 20 & ¥ 88 27 [l [ 5 BHF RS 3 5L 4
EE BN D965, 5 1, 2082, 235 B R L S T 19 B A58 . E-mail : hima@hist. edu. cn



90 = & Y H 2 Eird %25 %

Beilken S5 BF5EKB],30 “C LA b (9 B2 5 0 He 45 4 4 3900 005 0 4 R LA BT 0 0 P RIOR S
Zamri FEWFFE R B 60 “C B 70 °C AR SR A IR ) (200 MPa) 25 5 b 038 P 41 41U A7 1 35 1 Ak
FORMY . Ma Ml Ledward (#5860 ‘Cul 70 °CF 200 MPa A4 JE 3 Ab #EXHE B 94 W B A B
F AR L AL AT AR v N 2845 T v ) TR AR o O AR A G

S 5 WU AT v 28 T8 4R HGE PR A JB AT 28 O TS 0 S ) T ey e Ak B PR 288 b 9 VR A AT DA
ot 25 B A 8 9 Sk 22 BE . Ohmori, Homma Fl Jung %5 € 2 %R 7 5 WL B 69 52 i 32 47 7 0F
FEl g B TR A SRR AR S R A R O R B2 v A VR U O TS T IR R (200 MPa LA
) REH R B O MR R TR T

JUPAT il 0 R 26 B 2 L X S 0 UL PR B A R ) 1 32 A 2H SR e R NS Pk
H A% 1 A 2UE A AT 20 20 B0 7E 8 A B R i bl B 2 /E I n) R A HLUE A EE BLL,
DA H', HZUEHE B.L M D M&HGE pH ETE 3. 0~4.5 Z A, M A 2UE A H W idE pH AN
5.0~7.0, HLURMANE D 7E LN E A IR R BB KM pH H M E (pH fH 3. 0~6. 007,
T BE X 208U (g D py s 2 AR K, UL PR 28 B 21 2 11 A NS ) e R A s IR EE R 45 C L TR
R EE (15 OO M N ILTP 58 2R 008 2 o A5 H0TE v PE B — 411 b 2082 P B . 5E 0% 7K i UL PR 25 4
TR 2 AR Y O v R TR R R pH(E AR SRR M TTAE 25 C ORI pH fECH 7.5 ISR
T ) Bes Wi AE pH (N 6. 0~6. 2 BTG JTARAK .

R T = A BE X LA Hh R S S e AT N AT T RS R S A A A B S
AR P G T 1 7 A 0 R DR TE . RO A RIS R E R R R R A A P[] Ak B X L PR e A G
PRS2 MR Ay v FEAE P2 Tl b g iy 4 A3t i — 20 g B AR B

2 MBEFRE

2.1 Xa#rat

RN TILR MR ROl A BRAF
2.2 ZEWHIE
2.2.1 Hab &

24 At py A B4 5 Bk ck ek R4 4% W A B 52 5,30 min W B RK N, B35 7E 0~
4 CRE ML RIGBREER LA WA IR T VIR E 2 50 g fBOIR, T —18 CIAF. & A, BAEBR R4
%10 h,

il AT BENLIR S RFE L FE 4 °C P CE MR . AT THLEF4E 5 MU AL 2.5 cm X 2.5 em X 6 cm YR
R HmHTROERE T,

2.2.2 EALHE

P AR S T AL B3 & (LK B R m R R IR ST A /) A7) L 430 F 2= 0 (20 °C)
T.100,200,400,600 MPa F& 1 L J 40,60 F1 70 ‘C T 200 F1 600 MPa # F /1 4k ¥ 20 min ., [A] B, 43l 78
40,60 F1 70 ‘C/KE H AL HE 30 min fE R X E
2.2.3 LA AhIE R H &

B Ak RS ) R ZCRE M 3 AR AR BV 2K L AP (XHEF-1 BY, g 4 ik AR U ) 4
FEYAIHE (10 000 r/min) 30 s Ji . FERE VK R 20 30 s, 2L dE4T 3 R, R, ZERE VKUK 1 h, B O
(12000g)20 min, i 3, B F .,

2.2.4 WPREFEGRREMNZ

T R = ] BCA i3 & (Pierce Biotechnology 2y &l A7)l %2 .
2.2.5 EOBEEENE

27 Ohmori FM Ik, HAEE M E e . 218 [ R R ER R KR 9 £ ARG R "D R Y .
B A RE B A% 2 me/mL AR LRI T 50 mM B9 AN [R) S TR A T (T R -4k R 2% v . pHL {HH 3. 0



5130 AR < g PRSI Ak B 2 LA v 1 G A 1 5 91

FrE RN 2% h W, pH AE R 5. 05 Tris#h MR 2% #h W, pH {E 0 7.5; 43 51 & 5 mg/mL LLLE H, 1 mM
NaN) H, i AR R B EAARFA 3 mL, 37 CTFHFF 4 h J5 . I ImFEAR 10X 0 —H LR 1L . H
B0 ML (Beckman Allegra 64R, 35 E) B .0>(5000g,15 min) , B3, 7F 280 nm AL & H W % B, [H
B 2 [ 5 25 A ) BOIR A5 W, I IR W FS , S B I 10 96 9 =8 S R 2 1k I W AR %t R, DLfg i OD
ELHE TN 1 A9 28 B ol — S B R ERA
2.2.6 HBRALRLSH

PR ZHE 4% 1 2 50 B Fe gl A 5 %6 i fit B K B BR W, 4 °C .6 000 r/min %)% 5 min, 84X 5 4 °C .
15000g B5.0> 15 min, &I A 310 (HITACHI835-50, H A #E4T 40 M7 . 45N RE 5 (9 AR
0. 05 mL,bRkE R 18 Fh e FE R , Ve Wil M AT B IR 22 vl (pH {2 3. 3~3. 9, i B M B = . £ —BEH
fik L PRENAE 2 ¢ 75 ¢ 25 FLIECE M Z 0P . R R 570 nm,
2.2.7 &&THAERZ

$5 0.5 mL LA, A ] 3 mL.50 mM A9 Tris-EhBR 28 th & (FL A & 0. 05 mg/mL M JRE H
fit) L AE 37 C N 3 h, I INRARF 10 %60 1 =S S MRZ R B . B0 (5000g 15 min) , B 3, 78
280 nm A0 I 5 HWE O BE A (A280)
2.3 Zitam

45 R A SPSS 12. 0 for windows #f474b 3, Z F L A Fisher’s LSD fl S-N-K i,

3 HRE5ITR

3.1 EAMBLENNFAERRESEE AN

MIE 1) A LAE B, R A BTG pH (B R 5 B i /936 J1AH X 8885, pH (A8 3 BF ik Z . 1 pH {H h
7.5 IR IS )RR, Fid pH AR 3~5 By RS F 2O AU AR kA T LI TS T
REEIREE , Fof pH AR 7.5 22 A BYBEE 2 5  — B I . IV . 420 0K B 5 0K I 0 405 08 0% v Ik 2 1 6
TR T, G 2L PR A3 , B YIS 07 3T B TR 73k 400 MPa Mz DL B g 04 3 O WA I
Ak, XA E Ohmori 55 1Y 5255 25 S ARARL, AT & B8 103. 1~506. 6 MPa [ Fk 1 &b B J5 L 4 PR 4l 42
Y b TR AR P G R SR R L 506. 6 MPa JE ) AT AR 1. K R R K B > 90 7E
500 F1 400 MPa s 5t 58 4= 2% 3 » 11 BR 14 2 I il 19 305 1 7E 303. 9 MPa LA N iR b TH0 %, bl e ) 4k 2
TR R RS K 1) AT UL, R S AE 400 MPa LA I, B8R 8 T RS I £ i 35 .5 pH R 3
7.5 B IE T EBARAK . Homma 55 AR BFFE IR 52 45 006 M 8 (B AE 200 MPa JE 7 Ab 3R, 36 )
W2 P& :300 MPa L5228tk ., A4UEAM H ME MR B 8915 71 BT S 89 ETHmREg, s
H W B.D. L 7£ 400 MPa LA & 77 B B 6 3 069 38 0 i & 1 B FF.500 MPa B W R BN AR

) 120 @ 0.1MPa
] 120
120 @ 0.1 MPa @ 0.1 MPa B 200 MPa
100t e B 100 MPa 100} @ 200 MPa 100 O 600 MPa
2 O 200 MPa = D 400MPa 5
S gl O 400 MPa S 80t S 8
E ¢ B 600MPa  E £
S oo < 60 S 60 .
=) oy z
£ 40t £ 40 &
Q Q Q
2 B <

20} 20}

0 0

pH
(a) 20 °C (b) 40 °C (¢) 60 C

P12 A i 4R 9 T ) 4 B R T p L 0 b B B ) 25 D 22 5 18 3% (P<<0. 05))

Fig. 1 Effect of high pressure treatment on the protease activity of the beef extracts
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Fig. 2 Effect of high pressure treatment on the tryptic digestibility of protein in beef extracts
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Table 1 Change in the free amino acid content of pressurized beef for 20 min

at different temperature and storage for 1 week at 4 'C (Unit:mg/100 g)
Amino p/(MPa) (T=20 C) p/(MPa) (T=40 C) p/(MPa) (T=60 C)
acid 0.1 100 200 400 600 0.1 200 600 0.1 200 600
Asp — — — — — — — — — — —
Thr 40 41 48 44 48 49 51 44 36 57 49
Ser 3 9 7 4 3 9 6 4 3 6 4
Glu 1 6 6 2 11 3 1 1 S 2
Gly 11 13 11 12 11 13 12 10 9 13 11
Ala 25 42 37 30 27 40 35 31 25 34 26
Cys 4 12 11 2 12 5 4 10 7 12 9
Val 7 22 17 10 11 16 14 11 9 16 9
Met 6 25 20 8 18 14 16 16 12 17 10
Ile 8 18 14 7 9 9 12 9 8 12 7
Leu 4 25 21 8 5 12 17 8 3 19 10
Tyr 8 9 18 10 9 7 15 8 8 14 8
Phe 7 26 24 11 10 16 25 10 8 23 12
Lys 4 12 9 5 4 10 8 5 4 7 5
His 2 5 4 2 2 5 3 3 2 3 2
Arg 5 5 9 6 5 4 8 6 5 7 6
Pro 3 5 4 5 3 5 4 4 4 4 4
Try - - - - - - - - - — —
Total 138 275 260 164 179 225 233 180 144 249 174

J 73 IR B Ak BT L PA) v 86 4 5 e 45 R 52 2% o — D7 D R 0 R R A S EROUL BT I | K A LA
T TR A ) 45 R AR TR ol H v 100 5 R O I AR TR I S SR Al A o 2 1 S DL SR L BIR W v
W, 52 oy 2 T ) 0 AU T 2 A 7K At o DA el 460 500 g X v AR T OV PR R o D — 7 Tl R ) IR JBE S
AT B 2 RGNS . PR e ) R B AR b e I T A RN — R RS H )
HEHHAFAE I %, Macfarlane ,Morton Fl Suzuki 28 A W HF 75 &R 8 & B,k J1 RE S 8OULYT &5 4 1 4K
JUHR Z-4 M- RN T, O DR R 255 S 0 %5 0% g 049 L D 2 4 % A= 10 28 A Al Ry A AR TR Al
ATTIA SRy T g Ak BT 6 {65 B0 Wl A 255 06 B e o FRATT RO SE etk B BIVEE 7E &R (60 °C) TR 200 MPa
& 3 Ak B 6005 3 LS LA A IS 22 B HCE B U L TR 1 & AT — E RS .
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Effects of Combined High Pressure and Thermal Treatment
on Protease Activities in Beef Muscle
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Nanjing Agricultural University , Nanjing 210095,China;
3. Department of Food Biosciences \University of Reading .P.O. Box 226,
Whiteknights sReading RG6 6AP,UK)

Abstract: The effects of combined high pressure (0. 1~600 MPa) and temperature (20~60 C) treat-

ment for 20 min on beef protease activities were studied. The results showed that the protease activities

decreased with increasing pressure up to 400 MPa at room temperature,after which there was no sig-

nificant change of them. The content of free amino acid increased significantly at 200 MPa and then the
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increased speed decreased with the pressure increasing. 400 MPa or higher pressure treatment at room
temperature resulted in the increase of tryptic digestibility of protein in beef extract. There was no sig-
nificant effect on protease activities and free amino acid content in beef after pressurized at 200 MPa,
40 °C ,but the protease was almost completely inactivated at pH 7.5 and free amino acid content re-
duced rapidly after treated at 600 MPa,40 °C. Part of protease activities survived in beef muscle when
heated at 60 °C. They did not change significantly when treated at 200 MPa, 60 “C, but the free amino
acid content increased obviously. Treatment of 600 MPa at 60 °C resulted in the inactivation of almost
all the proteases and the free amino acid content also decreased markedly. The similar changes of tryp-
tic digestibility of protein in beef extract were found when pressure applied at 40~ 60 °C. 200 MPa
treatment did not cause significant changes and 600 MPa treatment induced the tryptic digestibility of
protein marked increase. These results suggested that high pressure treatment combined with heating
could regulate proteases activities of beef and improve its quality.

Key words: high pressure;thermal treatment;beefl muscle;protease activities
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