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H A UG F A0 D) g R S S A LA AR A
T;HAVE B LR BR T 5ULER 8 B AJILES 28
FC LM R U £F 4 3 1

AL DL R B AR ( Oreochromis aureus &
x 0. niloticus Q) i AT G R VTGS E T
RIS E OB B D JH L i M LA &L
LT YRR T A A 28 A R AR, OF i i SDS-
PAGE WLZZWLak 2 (1 855 UL 3l 8 1 45 UL Dt 2F 4
BRI O, o0 B R B S R S
e ik LA D 5 T A 2 2 1 TG 9% P 22 T A DG 1
Sy B % 3R Ry IR A 5T AR Ak AL B B S 2
%, [RV A Ay A g BAJE B IR A 5 O A MR R 4t
et o

IR ik

1.1 SEI#F#

kIS4 fif 3G e B AR, W 3 T T
MR I RILA6TT ), Ak R i i 29 0.6 ~0. 8
kg, B VIt R, AR, ohk, Wik, e A B 1 4%
o, TRk

5 B 3K, A Z s i B E A A IR
& R ZE i ARG T B S e e
W A R 5t AR W R 2 W] SDS-PAGE B JiE
PR ] 1K) & Protein Ladder JF i 4 25 (1 i 7y
TEARMEW B H = KEY ARG Z-Arg-
Arg-AMC | Z-Phe-Arg-AMC | L-Arg-AMC |, AMC
E-64 . DMSO i) § Sigma-Aldrich 2\ 7] 5 3 42 2 7
B 50 [ 7= a3 A 4l

TR AL E PRO200 % i Jifg i 7 X ( 3% =
Pro Scientific /> &) .PowerPac HV %5 H1, B £ /1 Uk
¥ (£ [E Bio-rad /A W) , Tanon 1600 #E & B 1% F
g5 ( bifE RAERHE A FR 23 7)) (Cary Eclipse 945641
JEOGEE T (3 E Varian 24 F]) (3K30 B 8 R
BL.OHL (£ [E Sigma 44 ] ) (Ultra Turrax T25B 7l
AL (78 1 IKA Tk % # 2 /) L UV-3000PC
VS ANt ( Bl SIS B A IR A ) |
QTS-25 #I i #44% ( £ [# Brookfield /3 F] ) %

1.2 XBH*

R 2L @ By BOH L LB R 09 IR
& E SrAlEl BUH B + L & HWZOLE
WK IE W) Z-Arg-Arg-AMC | L-Arg-AMC | Z-Phe-
Arg-AMC il 5 HoK fif 15 P .

R 8 1 H2 B MR PRI 5. 0 g B A

LM 20 mL Fi ¥ 2% vp i [ 50 mmol/L NaAc,
100 mmol/L NaCl,1 mmol/L EDTA,0.2% (V/
V) B 2, P sE FL R Bk ( TritonX-100) ,pH 5.0,
T4 B A 5 A rh 4b B 2 min, ¥ 7R B0 (10 000
r/min,20 min,4 C), 2 i i JE Bk & L% 19 5
05, B BB Oy 2 E B i B OH L AL .

HAEHANE BB + L A9 I %€ < WO Al 7
0.5 mL, it A 0.25 mL )i 28 w3 (B:352
mmol/L KH,PO,,48 mmol/L Na,HPO,,4 mmol/
L Na,EDTA ,pH 6.0, ffi A 5j i #il i & 8 mmol/L
L-Cys [ ff 75 W ; B + L:340 mmol/L NaAc, 60
mmol/L HAc,4 mmol/L Na,EDTA,pH 5.5, ffi {{
HTFC 1 )% % 8 mmol/L DTT #Y 3 f % W) , T
40 T/ B S min, K5I AT S min 1
20 pmol/L %G BUIKIEY) 0.5 mL, B G H 2] )5
F 40 T4k 30 min, i A 2 mL & k5] (100
mmol/L CICH,COONa, 30 mmol/L NaAc, 70
mmol/L HAc, pH 4. 3) £ |} J J, &0 (10 000
r/min, 10 min) , BV B 560 60 BT T
KW 340 nm, KPP 440 nm T E SOGAE,
X B2 Ay S8 i A 26 1k 350 P o A HEL T A IS ) o
HAHE AN L G S HSUE AR B + L 1% )
SHLE AN B RIS 2 A

HAVE AR H AN 00 E @ b T 2 K n]
PI7Kf# L-Arg-AMC, Ll L-Arg-AMC 4 K ¥ i 15
A G S B o 22U B HOR IR B
PRI 1) B B 2 R A 2 D 2 R 2 1 R — AN ]
WA R (E-64) 410 1 2H 28R 11 G H IR 35 1
RIS H LR G H O S0 k. B R D R
(1) #Jm E-64 41 PO 0.5 mL, il A 20 pL
E-64(1 mmol/L) 1 0. 25 mL [ ij 2% i1k (200
mmol/L KH,PO,, 200 mmol/L Na,HPO,, 4
mmol/L Na,EDTA, pH 6. 8, {&i F fif it i 5 & 8
mmol/L L-Cys B8 85 W) , T 40 K h 1 e
I E 60 min; (2) KU E-64 41 BUM B 0. 5
mL, il A 0.25 mL N % thi, F 40 CoK ik 1
S min, AR5 5351 T U I E-64 ZH R R BN E-64
M MATHS min 519 20 pmol/L 52564 ik
&) 0.5 mL, 4% b3k 77 254 10 min, 300 & H
D oY | R

AMC Fr 1 il 26 19 22 1l 23 51 B 1 pumol/ L )
AMC FRiER R 0.0.5.1.0.2.0.3.0.3.5 #14.0 mL,
TINZEME K = EARFR 4 mL, L) AMC #J¥ (wmol/L) Jy
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BEA bR, BOGIE AAR , 2 bR i £

BB R K G D MEERGRREE N
7 REL A 1) B v BRI 1S g B R
LA 135 mL i & - 30 CHRIME, 25, &)
05 1 A QIR S 3, T A 90 mL i 391 vA TN R
2 RIEVE . MR E R RT3 R, AR Y A R o
Tia] PR R OB 20 mL KC1(2% ) ¥, 45, 25
L>(11 000 r/min,30 min,4 C), 8 EERE N
HLUVE F G D OAH B

WETAE LS % R AR R Y I 218 1Rk
JEW) (% J7 k5% Tiang 7)) 0 0.5 mL Al
B, A 0.5 mL FRAZPE ML H (5% ) F1 1.5
mL 7 KR S MR (pH 3.0) , 76 37 TR iEfL 1
h, fmA 2.5 mL TCA (5% ) % 1k o 1 % T
B 45 min, &0 (7 000 r/min, 15 min) , F{EF R T
f9 AR 2 1 A0 A2 it B % Lowry 2517 By 1
B,

WRG ka2 % RS RN IR
A 50 mL @ {2 £k 22 »h i A (0. 05 mol/L, pH
7.4) ¥, 7 4 C &4 30 min, 5.0 (10 000
r/min, 10 min,4 °C) , 5% % LVEW, mIPTTE P A
50 mL @R Eh 22 vp i A (0.05 mol/L,pH 7.4) ,
5L REAE, 72 W, BRI DOE PO A 50 mL
WEBRLE 2 wh3f B (0.1 mol/L,pH 7.4,% 1.1 mol/L
NaCl) , ¥ &, 76 4 C 242 90 min, & .0 (10 000
r/min, 10 min,4 °C) Y4 LW, B A LR 2T 4 2
FURESE T e B A R 2 R 3R 2
i R P O R G B A

SDS-% 7 M Bt Bz % B ¥, ok PEHL 10% 1y
I3 B EH 5 % 1) T 46 Je 6T VK L e B 3R LR
£F 4 % 1 k47 SDS-PAGE 434,

R #) i QTS-25 Y Jiii #4 130 X VK ik 2L Je
B AR $E AT R 4y B, SR A T b ) TE 4y A
(TPA) BRI EAE R A 280 s m A,
Y 1.5ecmx1.5cm x1.5 cm /N IE TR, &
F AL B IE T J7 B H AN 6 mm 7
JEAETE RS , #-AT IE S 2 Wl 1) R 40, B8 S8R
fib % J1ME .5 g5 5 ABE B3 mmg 3 5 B . 30
mm/min, 35032 DL S 80 B R R R M L B
RRFPE E SR PELIER M R R G D .

1.3 E4EAE

JAE - AT M 5E 16 U, Ho A 48 45 P 47 I 5E 3

U, T4 S 50 K04l 33 DASF- ¥ {H + AR fE 2% (mean £

SD) %7~ , 2k SPSS 19. 0 8¢ i 5 A4 X 52 56 4 s
HATG oM, 1T B R (Pearson ) A ¢ R %L

2 RS0

2.1 HLAEQEHFENE

HAEAM LB+ LIS REAETRE LIt
M AEAL i e, H R il L O7E W52 5 T T 1 I
K, H0.168 7 U/g A, TE VKA 4 KB 2 HAR
1B, A 5 W IR 1 16 % , 7 VK 980G 10 05 M 3
WK, XATRe2m THREAN L SHAHAEAH
B &R YA TR, T 2H 22 g B OIS 1 i T ek
Ly R R A 40 A AE UK IS 3 B Bl A VLR 21
U pH B W AR, 1 IR R A i 3, 4L A 1
L 9Bk, HG ) OB kg ok, A H B B G
PR R 2P 8h X LI %, il id Pearson’ s £k 1
FECN E HAEE AR BB + L% 1 % B A i (]
AR fb R B, & LG I R S VKGR () 2 B 3 OE A
F(P<0.01,r=0.814;P<0.05,r=0.728),ixX
PR 5 T it A i A T ] A2 4 38 Y e 2R 7T i ) 4
ZUEAM BAX(E 1), HHEEAM HIGELE
VKR T I 2218 O FESS 6 RIGPEiR B s, o
1.504 5 U/gta AL THIGGME EJH T 52% , 5%
8 R ILE W a a, mif5 ik Ak b, BAR
HAEEM H WSS THLREARM B A
ML L, H I R A AR Ak B2 /D (
2) . HAE AN D G230 A ARG
POCAEVIGEUER 2 RANEE 10 RGP , 16 VK5
2~8 RIGHETRE T 26% (K 3),

——H L FAMEL cathepsin L
—— {21 B cathepsin B

—— I ZVE A E¥B+L sum of cathepsins B and L 28
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Sz 016 0355 28
22 0.14 1050 =2
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Fig.1 Changes in activities of cathepsins B,L,

sum of B and L of tilapia fillets during iced storage
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Fig.2 Change in activity of cathepsin H of

tilapia fillets during iced storage
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Fig.3 Changes in activity of cathepsin D of

tilapia fillets during iced storage

2.2 IEAELZEASE

B Je B Ak fa LR 2T 4 8 1 o B VK B[R]
MY REK B THERE R AL 3 (1 4) o Brfif e
TR i L £F 4E 2 B 5 0T S 2 e 1YL T
AR VKIS 2 RiBF & K{E 9. 13 mg/mL, 3% #]
R TP IEAN 2 REIA N ATP &4
P A, [ B Bl 2 L3k B 1 5 AL BN 2R 1
Iy FAESS G 0§ R BRI BCE ML Bk B
AR, T SO $2 B R v 0 s 30T A U
Sy 3R BCR AL, X 5 Wang 257 45 oK 9
fif: (Salmo salar) TE W) 8 Vi PR 28 F1 A9 42 IR
AEAR T 22 0 PR A A0, ER VA Tk B 1 1 4 R 4 W
T A5 R — B, VKA 2 ~7 R4 4E &
H 2 5 B R B AR TP 2
JUU G £ 24 B 1 o B K [ P S 4 17 % 97 B4 I
F BT i T UK R v AR AR P K AR A I R
DL 5 B AT B i s S SOV R R (1 B R

R A T Pearson’ s £ M R B0 WL £F 4
A i RN 8] A2 Ak B, e B B R
5 UK ) B 3 M Sk (P < 0.0, r =
-0.762)

12.00 1

x® 2
> o
S S
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4 KEMERFFEaRIEALEESSENHIT
Fig.4 Effect of iced storage on content of

myofibrillar protein from tilapia fillets

2.3 SDS-E R # Bt bz 5 K B ik BiE

SDS-PAGE [&] jif # i 73 1 it 8 11 45417 (19 ¢
B 5585 A0 R 2K DL R ARG 43 o 2 11 2% 1 B 2
JLJE 21 2 2 1 AN T R A 1 BV R B, NI S rhmT
DIAE MU 4 85 1 450 R 2 A LBk 0 E i
(myosin heavy chain, MHC) | il 3l 25 & F11 J&2 JIL Bk
HE%, MEASW LA, WO 1 Rk
AL 8 R , BE VKGRI [R] Y 4E
KMLERE A 5 & A T W1 0 A, L3 2 B 7E vk
0 fE IS A S 3 1 LK AR A D v
] A & 2B W) W 8 AL, o=l L3l 3 1 4% Al 7 VKT
4 d BB, FEZm T AE KUY A Z 2R
KA, DL AR LR Z 4 13 42 4B 0 LW 1R
JS OB 8 43 2B T R AR T ) B A O BUE L
FH I A T 245 ) R S SRR 1 B, T AH 2L R 8 B
D L % RE % i oS LB 8 . ST & , SDS-
PAGE ] fig F WL b 52 3 f0 PR Lt 21 4 2 1 0
itk NS P AR O, 5L T An] A7 20 b ] Bl R 2 R e M AR
F 2%l B9 2% R0 L B f PR R B R 2 TR DG R
R AR S DT AR AY OC RATD T A A
T 008 8 v ) B B 3R S 5 AR — 2D TR A
WFIE o
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TEHEAS VNGBV [B]B5E B2 0 2 1 L RH g = 5 8
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AR5 ETHE sl R B AR TR S Ak A (&
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6) , 3% B T AR S R S K A A T i f
JRCEATE A A A 5P B A T B0 LA 2 2 K
b s BB VKRR G 2 d =& 5 kR LT, TRES
VI B B R RS SR A G, g A el
fiE 5 A A U P 1] 79 S 4 L P L R 9 K O A
Wiis A 5% o TR R 2 2 RO SR AV 1y AR B

PR — WA L5 G PRI AR AR o R R AR Sk
) AR R i N AW L U N S W N K i
SEAVIE A 5 B P BT, G AE A R A0 1]
(ELPR AR, R 0 Ji 286 7 5 2 2 B L A ) ) 7
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U, A — T A 25 5 P A 4 A, B L R
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0.01,r=0.784) (H5EERME—FF, HPELE R VK
U9 1R A5 Ak N S 2, DR I ML DR B K R s 1] ) S
1 5 RGP AT AHARL A A5 fb R 2 o 0 BRI 2 BT )
AL R T A VKGR 2 d WS 25 5 R FE
PEALJE S A i ) 45 5 0 KNI S50, B 5 3R
P B R Fr) £ R RS R S o P 2 d S G B PE
FNEEBE 732 87 b o, AT BE A2 R T B T G B[R] Y SE
K& AT LAY O 2B R Rk
R, i 3 B e 20 I £ UL PR 400 2 T A 285 5 0D o
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Fig.5 SDS-PAGE pattern of myofibrillar protein in tilapia fillets during iced storage
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Fig.6 Changes in hardness, gumminess, chewiness, adhesive force,springiness,

cohesiveness and adhesiveness of tilapia fillets
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[, X 55 Yamashita 25 F1 Huang 26" (1)
AR B, XRS5 HAE O L AEK i
I Z PR LR 2T 4E 85 A O, TR, 2 AT BE 2 H
THLE AN D AE R M2 By &E A i HH
i pH b 445 0 ) IR0 A P A e — By 1 i
pH A [F], H X By 141 2188 F | DAY e 53 PR IS
WIAAFAE o 53 b, 4 SV 1 G A v A o i) 7
W2z AR o W b h 9fE R . HE G H
T 1 5 5 AL UL £F 4E 28 & Y 0 E A G

P AUFE VKR T 4 R 55 R R R NE O 2 S A
Ktk (P<0.05,r=0.966,0.972) , X £ 4 415 1
ity H 75 % A 52 % 5 £00 1R 1 b 5T 28 Ak o 7% A 4
AR, A5 Ouali 2 47 18 44U 11 B H AR e i
JLI 2T 2k 2 1 LA K Garcfa 25 B 55 22 W 41 413 1
ity HO& PR 5 A vh AR 8 B AR i LTI A G
PER LS R — 5 LR LT 4k 8 (RS LA U 4
PRI R IRk R Sl S N I D
(%£2),

*1 AAZEOBEHSRANIEALEEESENEAXE

Tab.1 The correlation between cathepsins activities and texture as well as myofibrillar protein content
X X WURE 4 A& 2/
. b Ie , Fhl A/
WigE/e  BHtE/ g adhesive FPE/mm  BERYE O MHERE g (g-s) (mg/mL)
hardness gumminess ) springiness cohesiveness chewiness gA ) myofibrillar
force adhesiveness .
protein content

40 i B/(U/g fa A
g E_D B B/(U/g ) 0.083 0.412 0.326 0.800 ™ -0.039 0.541 0.200 -0.651"
cathepsin B
HAPE AN L/ (U/g fa
. E,E e L/ (U/g ) -0.668" -0.731" 0.031 -0.254 0.443 -0.615" 0.104 -0.006
cathepsin L
22 #B+L/(U/gfa

'/\E,E% (Ve BA) -0.611" -0.405 0.298 0.400 0.418 -0.180 0.269 -0.541
cathepsin B + L
40 i H/(U/g f A
2 E_D% (Vg fa4) 0.257 0.298 0.516 0.234 -0.309 0.259 0.329 -0.313
cathepsin H
HAEHEE D/ (U/g
HAREED/(U/g £A) 0.813" 0.858* -0.028 0.790 -0.714 0.925" -0.113 -0.109

cathepsin D

T s AR 0,01 K ORI B AR, + "7E 0.05 K (RUM) b A5, F R IH

Notes: “ =# ” correlation is significant at the 0. 01 level (2-tailed ), “ * ” correlation is significant at the 0. 05 level (2-tailed) , the same as

the following

®2 NRA4ZERSESRBMHEXE

Tab.2 The correlation between myofibrillar protein content and texture

MR/ g B Rt/ g M /g #tE/mm BER MR g BEMETE/ (g - 8)
hardness gumminess adhesive force springiness cohesiveness chewiness adhesiveness
i £ 4 T/ /mL
MEE R ER SR/ (mg/mL) 0.385 0.068 -0.692" -0.59%4 -0.282 -0.046 -0.821"

myofibrillar protein content

3 45ip

ML EAM LB+ L IR NS LI
AR A E AR B IR AR Wesh X BT
LER ARG = o3 AR o N A N
GUEHN D kR WX BT 4
ZUEHEG BB + L A9 15 KR i 8] & 2 2% 1E
PSS

JUUIE 21 4 3 9 5 2 B oA R AR (8] A9 S 1 52 5 |
THE T B RS A e, 5 kR ] 52 25 A O,
FEVKAECES 2 R WU 2F 2 86 11 B o

KR TE] JULER B B AR T I R A DL
By E AR UK AR A B3 TR LER A AE
HEAS VKB 1] R & A B 2 AR A, ol LS 2 A%
A TE VKT 4 d 3BT ZIR o

JEOAE i B 6 B2 B P RELOR P = B R
e B THIE B s AR B TR 9 Al ks B BE R A
RTISERL A 7 R A IR [ A2 A AN S 5, 8 R R e
WF S AE DKo 2 d )R 2T BT

HAEE N B 5Pk -5 # kA LR £ 48 8 H
R EAM RN, HLEAM LD 5EE K
ROVE AL L S A S HUEE B L AN D
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Correlation analysis of cathepsins and quality variations of tilapia
( Oreochromis niloticus & x O. aureus < )fillets during iced storage

LI Laihao'* , SUN Leilei'”>, HUANG Hui', YANG Xianqing' , HAO Shuxian', WEI Ya', MA Haixia'
(1. Key Lab of Aquatic Product Processing ,Ministry of Agriculture ; National Research and
Development Center for Aquatic Product Processing ; South China Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences,Guangzhou 510300, China;
2. College of Food Science and Technology ,Shanghai Ocean University ,Shanghai 201306, China)

Abstract: To inquire the correlation of cathepsins activities and texture and myofibrillar protein degradation
of tilapia fillets during iced storage,the changes of cathepsins B,H,L and D activities over a period of iced
storage were measured. And these variation trends of texture of fillets as well as myofibrillar protein with
iced time and correlation among them were also determined. The results showed that cathepsins B and D
activities presented a fluctuatingly upgraded tendency on the whole, and cathepsins L, sum of B and L
activities presented a first descending and then upgraded tendency. A highly significant positive correlation
was observed between cathepsins B and sum of B and L activities and iced storage period. Through the
duration of storage,changing scale of cathepsin H activity was small. Myofibrillar protein had a maximum
content on the iced 2" day,and its overall variation trend showed a significant negative correlation with iced
time. The SDS-PAGE pattern showed that myosin heavy chain degraded obviously, while actin and
tropomyosin had no remarkable changes,and a-actinin degraded gradually in the first iced four days. Texture
indices including hardness, gumminess and chewiness on the whole presented a fluctuating tendency, and
cohesiveness as well as springiness did not change remarkably through the iced storage , whereas adhesiveness
and adhesive force increased gradually two days after iced storage. The correlation analysis of cathepsins
activities and texture as well as myofibrillar protein content indicated that cathepsin B activity was largely
related to springiness and myofibrillar protein content, and cathepsins L and D presented a significant
correlation with hardness, gumminess and chewiness. Cathepsins L and D were the most likely to be directly
involved in the postmortem softening of tilapia fillets muscle during iced storage. Lysosomal cathepsins may
have participated jointly in autolysis of fish.

Key words: tilapia ( Oreochromis niloticus & x O. aureus ¢ ) fillets; cathepsins; myofibrillar
protein ; texture
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