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Abstract: The mechanism of postmortem tenderization of muscle has been controversial for years. It is generally accepted
that the improvement of meat tenderness mainly results from five endogenous proteolytic enzymes, including lysosomal
cathepsin, proteasome, calpain, calpastatin and caspase. Calpains were widely considered to be a major contributor; however
the latest studies reveal the role of caspases in muscle tenderness. The molecular weights, distribution, substrates, action
sites, activation conditions, optimum pH and inhibitors of five enzymes involved in meat tenderization are briefly reviewed

in this paper. The possible activation pathways and transformation ways of the enzymes are also discussed with the aim of

providing a guideline for the application of these proteolytic enzymes to improve meat tenderness.

Key words: postmortem tenderization; protease; physiological and biochemical properties

425 R337.1
doi:10.7506/spkx1002-6630-201515044

eI INA R HISe SUN L L da sta sz e YR A Y A P 054
ANPIREE 2 W, MR UL AT AN . £
IRREA, MR S A S A R R R R, W
FEH P X A R N BRI R AN AR . KRBT AT
R, IR WML BT 5 R LA S5 Je %2R A
AFERER . BRI R AR — AN TE P R
(K3 FH R WLET 24 25 1 RN 5 B 1 5 A 11 e B Ak s 59 1) ik
. FERKEERAEREY, S 5NmLERNEERSS
FEONEHE E AR AN AANEAE RS, H
TE R S S RPN, R S BSOS A R
G R BRI . SR T P RO I R AR L I AR
HI B — SR KR R G R ER), TR — D2 MRS
HWRIFAS HEMN . A PR HREAN. &
FIBER 505 5T B 595 B0 B i) 2 R R &

ek H 1 2014-11-11
HEWH: ExARBEEESm ETHE (31171712)

VEHS: 1002-6630 (2015) 15-0240-05

FilgS ARG, HE AT RIS A i P A B A AL K
R, DHPDNIRIIXS Ml Al G it — 225
= Ja I AL R & LR AR B SR S B 1R

1 HEEREAREANE

Vot A 4H 23 B i R ER DR AT R IR B P ) 2EL A
—4ilg, BT REERML BRI RIERS" . U5
LR R R (BB (cathepsin B) « KA
ZURARED (cathepsin D)  ZHAUEAEEH (cathepsin H)
FIH LU AREL (cathepsin L) 4 FhZsHd,

Cathepsin BZ3 T i & {0 [ 923~29 kD, Kl #74E
TR B, DAN-"F IR - LR 2 - LA 2 R - 7- T i
Be-4- WA TR NRMBAT MM . HIE VR R 7 2

fEE A Z5dh (1990—) , &, WiLwtsisd, WA TIRAR SR SHAR . E-mail: 591388563@qq.com
EAEEE: arld (1962—) , 5, #d%, AL, B AR ARE S5HER . E-mail: yu2058@sohu.com



XA ERA

E6mill=

2015, Vol.36, No.15 241

Ot R IR B 2- 50 AR AR AL, SR I BOE BOR A BT
oo AERAL SO P RIALER R B . WLBhE A PR
SR YEE 2R S 85 1 -T . Cathepsin B 1411l 771 45 T iy
2. BEM W, TLCK. TPCK M E64%%. Cathepsin Bif
M s & pHIETES 5~6.0/ 47, RiG M =Z37 C.

Cathepsin DAF/E T K& 7> WL B A4, mr DUAE
ESO10 (MCA-Lys-Pro-Leu-Gly-Leu-DPA-Ala-Arg-NH2)
FER A M A= i 41 5 EAE AR AF AL A LB &=
H. NEk&ER. C-EA. M-EA. NEhEA. NS E
H-T. WIS EB-IZENERES, 5MIKER AL &
DA Mz ) L — MM dl Al . Cathepsin D PE4E
pHIH ~3.0~4.5. J£77520 MPa. 260 s, ¥ H10 C
MR

Cathepsin H7» i i A28 kD, 1745 T E BY LA g 14
H, RHMIAN-R B - LRS- T- B -4- A G R
FAERAL SR NERE A, ZpHIEA7.0, WRESE20 CH
A imEfEHRCR

Cathepsin L% T Jii & 424 kD, 7T & #% VLI B4
AR HTEY) JIN-"R B - 2K Y SRR A 2 IR - Tt JFe e -4- T
EHEUER. FRAMSANBRESERE. NshEa. U
HA-TAa-HUENEH . BREpHIAES SE . HEUILER
REAKRY), pHIE 4. 1% P . Cathepsin LIS
A SRR AGUE B .

HAFEAMET 25 SN KRB E LS, £
B ML HEREERR, BRIhEERD. £ES
W= JapHIE /N 17, PRIGAE IEH 15 50 T cathepsin HANRERE
fRALELF4EE H . Ouali%% i\ Ncathepsin DFEpH{E /N TS5
(1 B0 T AT BRI 27 4k 3 A BE AR VE AT, (R AE =2
J ILPAT B et i o s 31 B pHAE B BB 95,5, e %A
"I cathepsin DXL 21 4E 14 B e JT1R /1N

H R0 7 5 N2 i /& cathepsin B cathepsin L,
WIREHEBIANANS 5 ENRUZER2 N EENEARE.
Appaiahgari'”. Cruzen™ Fl5K 5t 21145 K BLLE 52 i LA
B v Tk P AN p AL 6 I bR 45 Ml S P 28, oV Ml A
W%, Bl thcathepsin B, 4kiiZ 5 55 WIS k. H
TE5 5 R ot v, BT 3 B pHIB IR BR 95 54 4
B BB 2T EpH SII4 . TwanowskaZ:!"
XF A ARE ORI TE R B, A2 5 ) i #48 b, cathepsin BAI
cathepsin L& 5 % J5 2L M4k, cathepsin LEFFRNLB S H
JRMERE A s ER . AN EA-T. CRAKI,
X LERF G 5 o A R A IUR 27 e B i T H S
Mikami%5" 0 G P 3G A BL & A I oK VLI 4H 432
HEFLE 52 5 5% 5 W IR R BRIt 7o 48 A — 2.

I 5 e WL A AR A K, AR BT 7T E00E 2 b
BT 22 JapHAE IR IR >N5.5, S2J5 WL A [Fcathepsin B2
HREMNE B iR i R ok, R TR ZH 48, H Al A7

G HAh, ML S ERIRYKRE, D2 Hh
VA RKIME K cathepsin BHIAEH &Y%, RO A gESLRI
3 i cathepsin B2 52 5% G NI REIL I 4518 . HHETR
2 B 9T 5 JE UL AR BRAR AL K A T 45 SRR W,
cathepsin LA A 62 552 5 L AAL, [FIBS 15 H 4518
cathepsin LIV HEFEE SRR R, ST H T4
ZUEAMRSZ 5% G WS RIE 2 AT ER, 7
Bk — B SRR

2 EOEk

A BT A% AR A0 B B A A P B 3%
Wi 7 VAR DAA I — PR A &, 0 R 5 I o i it
ZER TR, NONEZ ZERET. ZRZEHTO MR
FERRAL A /NIK, 8 A F 25 A R A B A 1 R
i, ARJEHG XN B AN R AR 0T B R . R
1l A 2 T ) AR A I R e — R IE N F
A AL E AT C, HEZRTH: SRR
FIlgERIER, SR AR AL,

T A 1) 4H 4 T X AR AR R B R S VR
HI T SRR TR R AL (DL “S” SRkbrid) Skinsa, &
I 1) 8 B 1 243 T 2R 26S 2 I, Hor T4
N2 000 kD, ALFE1 AN20SHZ O BRI A2 AN 19S 1 7 31 355
. CHR0SE—MEZMUEAME AWK, »THREN
750 kD, JEIXUEHEE AR A S EWIR AL, HA ML
FAFUKBEREEYE . 19STRFT W& & F £ A ATPEEE I
ANz RESM A, FRIRMZZ ZUNEAR, 7+
B EAE B DR, BT AR .

ARG N B R AEE, FHREAETH L
. OGP AT EEAR. BREAR. SRBKK
Rl SCEESIERR UL SN A R . T 208 0
WAL 2 AL 3 NIRRT SB-1 B-2FB-5, TfTIX3 ANE
PEAL 2553 i 6F B 7 5% BE B g R R 1 I S A I AR K
B IE Y, RITESE S & @IV R AR oA ) 2
A BEER AR R (RS B IR RR . X3 FhEA
B3 FhoRe S MK R Y A8 LA A PR I 1, e AT
YRS, XK R R S EE AT IR A, R BAE 2P
MR H RS S B R B AT VI E], WIE S KRR
B R R OESE [, AT DU 5 63k AT I X S AR (g
Bz 5EENASEERZN.

TEAFLZEAE TS, B R CE A0 M N 32 22 67 97 PR AR %
PR A MAMNEAR, £IEEHRAEAR
M m P EEEAN. 28E D NE AR RS
22 5 AU O S K AR ) 2 S AL R, ik
BUNGIR, ancEt NI, VR 2 S AR R
Bt HETXN TEREAAMER S5 G R PE R



242 2015, Vol.36, No.15 B5aitl

=

XA BEIE

T SR AR, PP, HRIEA
REHERR SR A MEA 2 5 5 5 B 1 o P AR R P

3 SREEABRS

5O R A OE th o R e, R AR A B
TG, ST H AT SEERN T e T O )2 I A
Ko HHRKZENEEZEBEOGE R 5 S5 WMACK
LS S T A0 N P R AR — N R K
o FEEBENLT, B9800 8 73 Apu-calpain, m-calpainAll
calpastatin 3

OGNS (calpain) & — MMM E O, FE
Ca™ B o M Ca™ W B NEE R RIS, u-calpainl
W, MCa™ IR E N EE IR BB, m-calpain Bl i .
H A pu-calpainfllm-calpainfir T BB ML A EE, WLUE 41
ZEIERNL, BAT— A28 KD/ LR AT — 480 kDI K
WA, ERf AN EE-T. NBED. R&ED
(Z£%) . EEEA. FAREAU LN EA,
Mu-calpainiZ FEHGEVER, Ca™ & Z)1°H5~50 pmol/L,
m-calpainit B HiE R, Ca®iREZA HN250~
1 000 pmol/L. m-calpainfi& [FpHAE Yu F86.1~7.5. H
T 40 9 Ca™ [ 3 3N 7E SRR SRR BE K BA R, BITBAAH
u-calpain A] BETE IEH A2 BEACAF T R FEDIRE,  fim-calpain]ll]
] A LE G P A5 O S5 B 2 1 S

HuffZ"> H calpaini #h R 7R WLE L7 4, BEAR T £ 2
MerdEr, aFlEEsiEa. IES. PESEA-T
PLRGEEH, XS5ENIURF 4R MM 55,
Boehm &5 "Hif 5t & B 2 & 4 AL v 30 u-cal pain T 75 2 1)
Ca™ IR ¥ Lhm-calpaini® 0BT 75 B AR FEAR, RS2 2
Hu-calpain e B G . SR Geesink 25> /) LI K] (1)
u-calpainZE K bR 5, LI 2 8 15 R K AR AR B ORIR B T
B, R, O B8 S 5 1) 8 o B, X R
Al Be 2 BT HA R B R 8 R R S TR .

A5 UOE BRI 85 ) (calpastatin) /2 S calpainf ¢
(1 S v P R A AR R, O TR B LR, LR £F
Y ZLR AL, 2 FHREN130 kD, MCa™KE/NT
5~50 umol/LIt}, HE4% Scalpainh &, iilcalpainif i,
(7] ] A £ 1] B A7y 248100 kD170 kDI J7 B 3Lk i&pH
H 617547, MpH<5.5HF, #HI{EHKES. Calpastatin
Xif p-calpain fzm-calpaini P4 1 30 1 1 F 4K 8 T Ca” i
FE, Wi calpastatin T 75 B (1 Ca™ ¥R BE #2300 B T 800
u-calpain T 75 BIE AL B BE o W SR B 3405 ) calpain T
H calpastatinf£F, calpastatin ¥ J# 5 calpain 45 & K il
calpainfiE ", 0L, calpastatin5calpain ) iX fl 45 &
A, Ca™WREA R HE AR E. SHE

AH SR I3 7 1 A& calpastatin S u-calpain (36 P LU, UAE
e/ PR B R R e

BEBYEE, PURIERABAE B RIN, BEA
pHE '~ [%2x1& i calpain R AL FIBEVEVE T R Ha2, WA
W ATPRE R IZ T K& MpHAE T e X AN B, T+
A Ca™ R, X S 23 KR P H 0 cal pain 5 4t
EEBEOIEE . A A A8 I S R R D e 5
JE WLAIAS [F) AL B0 calpaini& VER R AL KW, p-calpainfE
A 2 VA ZE 5, IX A RE 2 F T calpastatindii] T
u-calpain PV PS5 S o WA HEDN 51 36 P A AN [R] b 2 20 2
8] 72 A2 1 3 2 AL 75 5 AT RE A& w-calpain LA AM B R Rl g 5
AR (IR R AR « BT IRLE5 Y )G
JULPAIAN (] Ak B 2H 2 T) P ot 22 S DA R A WL A £
=B

4 PERRLAMEERS

OB A 4 2 B R 3R AR 52 J5 5 W calpain RS 1)
T VR R PR e AW, (R B A R B X A SR AL T B K
R — [ e R0 T AR T T SR AR A R A
H AN (Caspase) FIEEX & &Y E f5 WAL A
—ERIER . Caspasef Bt AR K & A IREr 7 81 A I
o 125 MIE, ERABERIRII14 L (1~12P0 %
mICH 3RImICH 4) T4 % E K.

Caspase-1, 1EFIALASYVAD, 1EAJEY Apro-IL-1.
pro-caspase-3. pro-caspase-4. FELIIYVAD (AC-
YVAD-CHO) #Caspase-1FI4F 5 al @35, mEE 1L
YVAD (Ac-YVAD-CMK) 525 57 VA ol i i) 7). 24
Caspase- 1 [ R &G B A7 2 192 AN W RSB X 1% )5,
FEAE R AR, Caspase-14 B AWM. Caspase-2/ 4
TR N48 kD, REMEVEEYIPARP (116 kD) 73 fi# A%
31 kD185 kD; Caspase-3[4> 7 il & N32 kD, {EHIJE
¥ NPARP. DNA-pk. SRE. BP. rho-GDI. k¢, £/
{7 55 A DEAD; Caspase-61F K4 NLaminA, 1AL
FJEVEID; Caspase-7[17r T & 835 kD, 1EHIEY N
PARP. pro-caspase-6, {EF{ii/ZDEVD: Caspase-8[]
7 FESS kD, {EH &Y Npro-caspase 3. 4. 7. 9.
10, {EFIfL A 2DEVD; Caspase-9/% ¥ i & 46 kD,
{EHJEYINPARP; Caspase-10/]%F i & 455 kD, 1EH
7 ARYVAD; Caspase-11[14> 1 i & 42 kD.

H#r R A L L7 A~CaspaselB 1 & 2 5 40 i 12 3%
17, IXECERLE R WA R LACVE YRR R Y AP AE, IR
BB K e v — BT A T — A O .

Caspase 5 J5 i 01 K 22 302 A B 03 T2 1 3 30 30K
R, TEANMLE T R R 4F EEAE ] . Earnshaw 25"
il ANCaspase-2. 8. 9. 101E NCaspaself (¥ )55+,



R B85

i =2 2015, Vol.36, No.15 243

Caspase-3. 6f17/&Caspase M. T, TEAMEIET I&E L
ECAF o Boatright 2 48 % Caspase = Bl 3 Ny
X D HMIETIERE, WRRAMBES, MR 2
1R BNk, 5L [R I Caspase-8 fiCaspase-10J5 2l 1 J5
g, W B XA R0k, B JEBOE T F Caspase-3
BT, RAMRIERIMIL. 2) NTEIRE, UTEHE
R it XS 22 0 I L) 2% A1 R Caspase-9 i 3l 152 B
1k, B J5 B R i Caspase-3 300 1+, B, X5
EarnshawZP"HE 7 HIAIE . 3) WEMA SiE, iy
ERS S AT BTN A R 3 1 2 E B Caspase-12, 24
A R 52 B A1 SRS, WS 1 Caspase- 12 8 HL B2 UTE
Caspase-9, HEMAESFAMPHAT, 2 5REALTFED Y,

Kemp25PHIE 52 T Caspase fE A& 4P AER I & & 3h 1k
WA B R O IR A4, (RS 5 LR £ 4
(1 53 fif AR B 3G 0, Jd e oy A 25 8 X L8 B H KR
KM AMzE e DS EE-TAVIERE Q%5
2 H Caspase-31 N L& BT#57 (Ac-DEVD-CHO) 5
Caspase K ik — ARG FRNUE A4 2 A, U ERA 2
SiE PP EE-T R REMAIER, Ui CaspaseZ 5
S J PR AR AL, . B8 S £ 5 5 - 38 F Caspase-3 41l 71 35
FEcalpastatinftf, il calpastatin A< & 43 fif, 3 B Caspase-3
{23k 1 calpastatin 7y fif, tHA] DAESEFPARE S B SEHTE 2 5
F W calpastatin /> iR HI#E 2, Caspaselfim Fe il AL,
I, GniRCaspase K Mg 1E & & 5 Ja BCGIHA G, AT
LI I ¥ cal pastatinZK i K 5 00 AT ARE - [] I RT3
calpain VG PE, AT B2 = A RIS

5 & W&

SentandreuZs "\ A F & A 24U 2 PR SE SR B R
(AR AT P RO LA 4 W 4R B i e e, A 1R 2 0 ALAIE
Sccalpainfif R4S 5 % J5 | A UKL FE. [FRA A
Wt 5t % B calpastatin 7E B FE 2 21 1 S 2R /EH .
HHBEWF LK EFIRAAF L 8], 5%
JE WA R ) 2 DTHRE RT Re A RS IR AR BT B AT
40 2L N AR R AE YRR TR I, ANE
PR AATE 5 B AR VE e 2 5 b, AW 50 A EAT
T BENYE RS I A F b2, K Plcalpain A
K CaspaseZ [AfFTEEIR R ZE S, FRMBEAHFTHE—
WA R SR . B, XT &SR E O, B
T MK EEAH B P A BAE AR B R R B LS 5
JEVRAG I FE 2 A, 3BT DL SR A0 2 A A2 15 T DAk
— AR S R LA S BRI — T T e

1E7% (8 R AMAR 2 5 % 5 WAL FR R, 25 &
B B DL SRR T TH RN I 7T, 1% Caspase RGTIX
B (0 At ARE e 1 B KA 3R, T DU P AR B VA i A
TR S5 R 7 fEFREE . B K Caspase 5 calpain.,
calpastatin:Z [i] 1 5% RIBEATERIT o

e E P

[11  SIERRA V, FERNANDEZ-SUAREZ V, CASTRO P, et al. Identification
of biomarkers of meat tenderisation and its use for early classification of
Asturian beef into fast and late tenderising meat[J]. Journal of the Science
of Food and Agriculture, 2012, 92(13): 2727-2740.

2] XUE Mei, HUANG Feng, HUANG Ming, et al. Influence of oxidation
on myofibrillar proteins degradation from bovine via u-calpain[J].
Food Chemistry, 2012, 134(1): 106-112.

[3]1 gk, ki, S5, A5 A AR A A BOR B AL
RIZEHE T, 2010, 24(4): 13-17.

[4] NISHIMURA T. The role of intramuscular connective tissue in meat
texture[J]. Animal Science Journal, 2010, 81(1): 21-27.

[5S] SENTANDREU M A, COULIS G, OUALI A. Role of muscle
endopeptidases and their inhibitors in meat tenderness[J]. Trends in
Food Science and Technology, 13(12): 400-421.

[6] OUALI A, HERRERA-MENDEZ C H, COULIS G, et al. Revisiting
the conversion of muscle into meat and the underlying mechanisms[J].
Meat Science, 2006, 74(1): 44-58.

[7] APPAIAHGARI M B, VRATI S. Clinical development of IMOJEV®-a
recombinant Japanese encephalitis chimeric vaccine (JE-CV)[J].
Expert Opinion on Biological Therapy, 2012, 12(9): 1251-1263.

[8] CRUZEN S M, PAULINO P V R, LONERGAN S M, et al.
Postmortem proteolysis in three muscles from growing and mature
beef cattle[J]. Meat Science, 2014, 96(2): 854-861.

[91  GKEGLL, 22T, FBISC, A, o Ja AN RIS b s R LA ER AL 1
FAMRD]. AT\ R BOKZA 2K, 2013, 25(6): 62-66.

[10] TWANOWSKA A, GRZES B, MIKOLAJCZAK B, et al. Impact of
polymorphism of the regulatory subunit of the u-calpain (CAPNI1S)
on the proteolysis process and meat tenderness of young cattle[J].
Molecular Biology Reports, 2011, 38(2): 1295-1300.

[11] MIKAMI M, WHITING A H, TAYLOR M A J. Degradation of
myofibrils from rabbit, chicken and beef by cathepsin I and lysosomal
lysates[J]. Meat Science, 1987, 21(2): 81-97.

[12] GIUSTIJ, CASTAN E, dal PAI M, et al. Expression of genes related
to quality of Longissimus dorsi muscle meat in Nellore (Bos indicus)
and Canchim (5/8 Bos taurus % 3/8 Bos indicus) cattle[J]. Meat
Science, 2013, 94(2): 247-253.

[13]  BRSECE, 473007, R A EEA S & AR A ). o E 259005 2%
&, 2007, 17(4): 249-253.

[14] LAMARE M, TAYLOR R G, FAROUT L, et al. Changes in
proteasome activity during postmortem aging of bovine muscle[J].
Meat Science, 2002, 61(2): 199-204.

[15] LEE S H,JOO ST, RYU Y C. Skeletal muscle fiber type and
myofibrillar proteins in relation to meat quality[J]. Meat Science, 2010,
86(1): 166-170.

[16] NOWAK D. Enzymes in tenderization of meat-the system of calpains
and other systems: a review[J]. Polish Journal of Food and Nutrition
Sciences, 2011, 61(4): 231-237.

[17]  POMPONIO L, ERTBJERG P. The effect of temperature on the
activity of u-and m-calpain and calpastatin during post-mortem storage
of porcine longissimus muscle[J]. Meat Science, 2012, 91(1): 50-55.

[18] PANDURANGAN M, HWANG I. The role of calpain in skeletal
muscle[J]. Animal Cells and Systems, 2012, 16(6): 431-437.

(191 BRIGESE), W5, W, B ARARETENE 5410 sr ).
P EAZ TR R S IR, 2010, 14(50): 9374-9377.

[20]  HMgARCH, BERE, HEARVE, &5, B E AR R AT SR (1], ZRURMERH
2, 2006, 34(22): 5774-5776.



244 2015, Vol.36, No.15

E6mild=

XA BEIE

[21]

[22]

(23]

[24]

[25]

[26]

(27]

[28]

RODRIGUEZ J, UNRUH J, VILLARREAL M, et al. Carcass and
meat quality characteristics of Brahman cross bulls and steers
finished on tropical pastures in Costa Rica[J]. Meat Science, 2014,
96(3): 1340-1344.

MUROYA S, NEATH K E, NAKAJIMA 1, et al. Differences in
mRNA expression of calpains, calpastatin isoforms and calpain/
calpastatin ratios among bovine skeletal muscles[J]. Animal Science
Journal, 2012, 83(3): 252-259.

LONERGAN E H, ZHANG Wangang, LONERGAN S M.
Biochemistry of postmortem muscle: lessons on mechanisms of meat
tenderization[J]. Meat Science, 2010, 86(1): 184-195.

BOEHM M L, KENDALL T L, THOMPSON V F, et al. Changes
in the calpains and calpastatin during postmortem storage of bovine
muscle[J]. Journal of Animal Science, 1998, 76: 2415-2434.
GEESINK G H, KUCHAY S, CHISHTI A H, et al. Micro-calpain is
essential for postmortem proteolysis of muscle proteins[J]. Journal of
Animal Science, 2006, 84: 2834-2840.

RN255, AP, 5 B R R T ) R s LA &R KR ]
VIR 5B, 2005, 22(8): 62-64.

FIHR B EAN RS WS R R ET E RE]. ESERE,
2011, 47(1): 57-58.

CAMPBELL R L, DAVIES P L. Structure function relationships in
calpains1[J]. Biochemical Journal, 2012, 447(3): 335-351.

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

STORR S J, CARRAGHER N O, FRAME M C, et al. The calpain
system and cancer[J]. Nature Reviews Cancer, 2011, 11(5): 364-374.
ZR/NHE, RIS, Caspase FEMIWFFEREEJ]. S d R 24, 2012,
31(2): 107.

EARNSHAW W C, MARTINS L M, KAUFMANN S H. Mammalian
caspases: structure, activation, substrates, and functions during
apoptosis[J]. Annual Review of Biochemistry, 1999, 68: 383-424.
BOATRIGHT K M, SALVESEN G S. Mechanisms of caspase
activation[J]. Current Opinion Cell Biology, 2003, 15(6): 725-731.
SALVESEN G S, ASHKENAZI A. Snapshot: caspases[J]. Cell, 2011,
147(2): 476.

RIKKA S, QUINSAY M N, THOMAS R L, et al. Bnip3 impairs
mitochondrial bioenergetics and stimulates mitochondrial turnover[J].
Cell Death and Differentiation, 2010, 18(4): 721-731.

KEMP C M, SENSKY P L, BARDSLEY R G, et al. Tenderness-an
enzymatic view[J]. Meat Science, 2010, 84(2): 248-256.

KEMP C M, WHEELER T L. Effects of manipulation of the caspase
system on myofibrillar protein degradation in vitro[J]. Journal of
Animal Science, 2011, 89(10): 3262-3271.

HUANG Feng, HUANG Ming, ZHANG Hong, et al. Cleavage of
the calpain inhibitor, calpastatin, during postmortem ageing of beef
skeletal muscle[J]. Food Chemistry, 2014, 148: 1-6.



