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Changes of biochemical properties of
Aristichthys nobilis muscle protein during frozen- storage

ZENG Ming-yong, HUANG Hai, LI Bafang
( Fisheries College, Ocean Unwersity  China, Qingdao 266003, China)

Abstract: The denaturation of myofibrillar protein of bighead carp (Aristichthys nobilis) during frozen storage at
different temperatures (- 10C, - 20C, - 30C and - 40C) was studied by measuring the solubility of
actomyosin, ATPase activities and — SH content of myofibrillar protein. The results indicated that the solubility
of aclomyosin, AT Pase activities and—SH content of myofibrillar protein decreased as frozen storage progressed.

The temperature of frozen storage can significantly influence the rate of denaturation of myofibrillar protein ( P<

0.01) . The lower the frozen storage temperature, the slower the rate of denaturation of protein is.

Key words: Aristichthys nobilis; frozen storage; myofibrillar protein; denaturation

[12]
[3-5]

: 20020806

(003110107)
(1965 ), , s s ) Tel: 0532— 2032400, E-mail: mingyz @ mail. ouqd.

edu. cn



5 : 481

[6- 8]
[9,10]
, Ca®*— ATPase
, Mg2+— ATPase Ca™’ ,
Ca**-M g™~ AT Pase Ca’* . M-
EGTA- ATPase — ) s
(MA)  ,Ca”-ATPase  , Mg —ATPse  ,Ca -Mg -ATPase Mg~ —~EGTA-ATPase
(-SH) , (Aristichthys nobilis )
1
s 646~ 710g, ) ) 2cm s
” ’ - IODC,_ ZODC, - 30°C - 4ODC,
(- 10%0.5) 'C, (- 20%0.5) C, (- 3010.5) C (- 40=%0.5 C 15
( 150 20min
s (DS- 1) , IE‘D 2.5
k=i S —&— Y=5. 851X-0. 001
S
!
g%
[11] , ATPase [11] =2
I~
. 1 %8 ,
[12] % 0 0.1 0.2 0.3 0.4
’ W GRL
absorbance
o] T 1 A
SH(mol*L™ ") = o x 11 1 ATPase
LA ,c , Fig.1 The sandard curve of AT Pase activity
13 600mol* L™ 'sem™ ', 11
2
2.1
2 -10C -20C
) 45d , 28. 01
mgeg ' 1.63mg g ' 5.66mgg ', 0. 86 mg*g '*d™'  0.497mgr g
od 45d . 3.6x10 *mgrg *d”' 0.122mgeg 'ed”' - 10C
. 60d
-30C , 30d ,
1. 7lmg*g ' 30d \ 75d \
0.616mge g™ '*d™ ' ( 90d) 8. 76mg* g™ ', -10C
-20C - 40C . 60d
, 60d , 90d

21.4mgr g™ ', 6.6lmg* g™ '



482 27

2.2 ATPase
ATPase 3~ 6 -107C
Ca**~ATPase , Mg®*~ATPase , Ca”*~Mg*" - ATPase Mg* ~ EGTA-ATPase
, \ 15d Mg ~EGTA-
ATP Ca’*-ATP Mg” ~ ATP Mgt
ase , a - ase , Mg™ - ase Ca”™ -Mg""—ATPase
14.4%,22. 1%  20.4% 30 , ATPase
——-10 T lL2r —&— Ca-ATPase
'TM-E 35 +:§g -E 210k —8&— Mg-ATPase
é § 30 —— 40 \% é —&— CaWNg hTPasec
S2 5 EO ¥ —X— Mg-EGTA-ATPase
=S, €° 06 |
. 20 % B 0.6
g; 15 o3 0.4
%ﬂf’[; 10 28
ﬁé 5 E 0.2 |
5 g 0 1 - 0 —k. 3 )
0 20 40 60 80 100 0 15 30 45
BRI /d V1A /d
storage time storage time
2 3 -10C
ATPase
Fig.2 Changes of solubility of actomyosin of Fig.3 Changes of ATPase activities of
bighead carp during frozen at different temperature bighead carp during frozen at — 10C
4 , ->C \ Ca”*— ATPase , Mg*~ATPase Ca™*-
Mg~ ATPase , 30d , 30d Ca -
ATPase 60d, Mg*— ATPase Ca**-Mg**— ATPase 75d 0 Mg*-EGTA
ATPase 30d , 30d , 45 d 0. 0034mol*
mg e min” !,
5 ., -130C , Ca”~ATPase  , Mg —ATPase  , Ca -
Mg* — ATPase , 304d 60d 704 3
0 Mg '~EGTA-ATPase , 60d , Mg —~EGTA-
ATPase 0
E L2¢ —&— Ca-ATPase T L2 —e— Ca-ATPase
8 2 Lok —8— Mg-ATPase = o L0 k —&— Mg-ATPase
B L —&— Ca-MG-ATPase 25" —a— Ca-Mg-ATPase
s - —&— MgEGTA-ATPase S g 08r —+ =~ Mg-EGTA-ATPase
S ° g Gy
N oy : 0.6 |
g E i\d E 0.4 I
o 8 g
g s g2
= é 0 l\"'l—"'N_l + x o T o |
0 15 30 4 60 75 90 < 0 15 30 45 60 75 9%
GRARY /d HRRH /d
storage time storage time
4 - 20C 5 -30C
ATPase ATPase
Fig.4 Changes of AT Pase activities of Fig.5 Changes of ATPase activities of

bighead carp duwring frozen at — 20C bighead carp during frozen at — 30C



5 483
6 , -40C , Ca™ - ATPase , Mg"* - ATPase
Ca™*~Mg* — ATPase , Y= - 0. 009X +
0.855, Y=- 0.0087X+ 0.872 Y= - 0.01X + 1. 008 ATPase
95d 100d  100d (90d) , ATPase 0. 045,
0.089  0.108 Hmol*mg ™ '*min” ', 0. 041,0. 86 0.093Hmol*mg™ '*min™ '
Mg* -~ EGTA-ATPase 15d , , 60d OHmol*mg™ '+ min~ '
2.3
7 7 , 15d ,
, 15d ,
-10°TC . 15~ 30d , 0. 970Hmol*
g ! 0. 104Hmole g~ ' 45d OMmol'g” ' - 20T ,
30~ 45d , 0. 784dmole g ' 0.2574mol* g™ " 70d
Odmol*g™ '  -30TC , , 60d
9d 0. 764Hmol* g™ ', 60. 4% - 4T
R 90d , 1. 030Emol
g !, 0. 234Umol* g™ ', 2.1x10" *Hmole g 'ed™!
'Ta L2 [ —— Ca-ATPase
g, 1.0 —8— Mg-ATPase
g ] —#&— Ca-Mg—ATPase 'T'w
= E 0.8 | —¥— Mg-EGTA-ATPase r—é -
E E 0.6 r 2 42'
sz = S
Fzoe pubs
g9 02f o
=
0
0 15 30 45 60 75 90 0 20 40 60 80 100
HRRY /4 R ) /d
storage time storage time
6 - 40C 7
ATPase
Fig.6 Changes of AT Pase activities of Fig. 7 Changes of SH content of bighead carp during storage
bighead carp dwing frozen at — 40°C at different temperatures
3
3.1
Sompongse =

7

(P< 0. 01) 30d



484 27

- 10C 1.67Tmg g ', - 40C
27.81mgr g™ ' 60d ,-20C 1.84mgeg™ ', -
40°C 29. Img* g~ ' 90d ,-30C
8.76mg*g” ', -40C 18. 18mg* g™ '
: (P< 0.01)
[14- 16]
, 2 , -30C 15d 30d, - 40°C
150 45d Fukuda 8
> Jiang [17]
. ., -30C -40C
3.2 ATPase
Ca™* ~ATPase , Mg~ AT Pase , Ca”~ Mg *—ATPase Mg*-EGTA-
ATPase ,
ATPase Lian ' ;
pH [18,19] : [20,21] , ATPase
. ,pH ., ., -10C -2TC
ATPase pH , -30C -40TC
ATPase (P< 0.01) - 10T, -
20C, - 30C, - 40C , Ca”" — ATPase 2.8 % 10 tmol*mg” '*min '*
d™', 1.43%x 10" ? Hmol*mg™ "*min~ ' d™ ", 9.5% 10" ® Umol*mg™ "*min~ '+ d” ', 9. 0x 10" *Mmol*mg ™ '*
min~ '*d™'; Mg* - ATPase 2.9% 10" * Mmol*mg™ '*min~ s d™ ', 1. 17 x 10” ? Bmol*
mg min”'ed” ", 9. 7% 107 Bmole mg Yemin” e d” 1, 8.6x107° Hmol* mg Yemin” ' ed” 1; Caz+—Mg2+—
ATPase 3.36x 10" Mmol* mg™ '*min” '*d™ ', 1. 34x 10" *Bmol* mg™ '*min™ '*d” ',

1.12x 10” *Hmol* mg e min™ 'ed” l, 1.0x 10" zllmol'mg_ Yemin™ 'ed” 1; Mg2+—ECTA—ATPase
9.1% 10" *Mmol*mg™ "*min™ '*d™", 3.0x 10" *Hmol*mg™ "*min~ '*d™ ', 2.3x 10" *Hmol*mg™ '*

min~ '*d”',1.8% 10" Hmol*mg™ ' *min '*d "', (P< 0.01) ) ,
ATPase , - 40T . Mg " ~EGTA- ATPase
70d , —
3.3
: 5] (P< 0.01)
30d ,-10C 0. 104Hmol* g™ ', 8. 2%, - 40°C
1. 048Umoleg™ ', 82.9% 60d ,-20TC
0. 1114mole g™ ', 8.8%, -40C 1. 039Hmol* g™ ',
82. 2% 0d ,—30C 0.764 Hmol* g~ ',
60.4%, - 40°C 1. 030tmols g~ ' Jiang 1%

4



485

—

6]

[ 9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[ 18]
[19]

[20]

[21]

15d

Yan B F. Research on denaturation of freshwater fish protein during cold-storage and protective methods| J]. Hangzhou Food Science and

Technology, 1993, 28 30- 31. | . [J]. 5
1993, 28: 30— 31.]

Gu X F, Zou S X. Aquatic utilizing chemical[M]. Beijing: Chinese Agricultuwre Press, 197. 68- 71 [ R

[M]. : , 1997, 68- 71.]

Swanich V, Jahncke M L, Marshall D L. Changes in selected chemical quality characterigtics of chamel catfish frame mince during chill and
frozen gorage[J]. J Food Sci, 2000,65( 1): 24— 29.

Lian P Z, Lee C M, Hufnagel L. Phisicochemical properties of frosen Red Hake mince as affected by cryoprotective ingredients[ J]. J Food
Sci, 2000, 65( 7) : 1117- 1123.

Fukuda Y, Kakehata K I, Arai K I. Denaturation of myobrillar protein in deep- sea fish by freezing and stroge J] . Bull Jap Soc Sci Fish, 1981,
47(5) : 663- 672.

Azuma Y, Komo K. Freeze denature of carp myofibrils compared with thermal denauration[ J]. Fisheries Science, 1998, 64( 2) : 287- 290.
Yoshikawa K, Inoue N, Kawai Y, et al. Changes of the solubility and ATPase activity of carp myofibrils during frozen sorage at different
temperatures[ J| . Fisheries Science, 1995, 61( 5) : 804— 812.

Kato S, Koseki H, Konno K. Oligomerization of carp myosin which retains its ATPase activity[ J]. Fisheries Science, 1996, 62(6) : 985- 989.
Wang Z, GuoD J, Feng Y, et al. Change of fredness of bighead under different temperature[ J] . J Fish China, 1993,17(2): 113— 119.[

s s , . [J]. , 1993, 17(2): 113- 119.]
Zeng MY, Wu Y. Study on preservation of tilipia with chemical ice[ J]. J Fish China, 1997, 21(4): 43— 448. | R
[J]. , 1997, 21(4) :443- 448. ]
Wan JR, HongY Q, XiY C, etal. Handbook of aquatic food chemical analysis| M]. Shanghai: Shanghai Science &Technology Press, 1993.
198- 202. [ R R , . [M]. : ,1993. 198- 202. ]

Benjakul S, Seymour T A, Momrissey M T, et al. Fhysicochemical changes in Pacific w hiting muscle proteins during iced sorage[ J]. J Food
Sci, 1997, 62(4):729- 733.

Sompongse W, ltoh Y, Obatake A. Effect of cryoprotectants and a reducing reagent on the stability of actomyosin during ice storage[ J].
Fisheries Science, 1996, G2( 1): 73— 79.

Miki H, Nishimoto J, Yamanaka T. Relation between protein denaturation and lipid oxidation in fish muscle dwing sorage at low temperatures
[J]. Bull Jap Soc Sci Fish, 1994,60(5): 631- 634.

Benjakul S, Baher F. Physicochmical and enzymatic changes of cod muscle proteins subjected to different freeze-thaw cycles[ J]. J Sci Food
A gric, 2000, 80: 1143- 1150.

Yoshikawa K, Inoue N, Kawai Y. Subunit components in saltsoluble and insoluble fractions of carp myofibrils during frozen storage[ J].
Fisheries Science, 195, 61(5): 813- 816.

Jiang ST, Hwang B S, Tsao C Y. Effect of adenosine nucleotides and their derivatives on the denaturation of myofibrillar proteins in vitro
dwring frozen storage at — 20 C[J]. J Food Sci, 1987, 52(1): 117- 123.

Hatano S. Effect of freezing and storage on the enzyme activities| J|. Refrigeration( Jap), 1968, 43: 14— 16.

OkadaT, Ohta F, Inoue N, et al. Denaturation of carp myosin B in KCI solution during frozen storage[ J]. Bull Jap Soc Sci Fish, 1985, 51
(11):1887- 1892

Jiang ST, Hwang D C, Chen C S. Effect of sorage temperature on the formation of disulfides and denaturation of milkfish actomyosin[ J]. J
Food Sci, 1988, 53(5): 1333~ 1335.

Hamada I, Tsuji K, Nakayama J, et al. oxidative denaturation of actomyosin[ J]. Bull Jap Soc Sci Fish, 1977,43:1105- 1108.



