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PR 1978 (KL EA BY T B LA Pl xt
BT EET AR R A RS S
FUAT, FExF IR ia i T T 2Ry £ 2L+
TESGAF 2 AR i A Y S R AR S5 T T,
AT T B Xk e A P e LA 1 TR Y R ik
WE5E . Pk, AOFFENAEA T i P T LR AR
WA T, WF5E 7 B P S LRSS . s
LFYEEE RV TE R BRI AT BT T2
AR BERE AR o

1 MRS

L1 5K

W AE R RIS AT 25 kg, BLAG (8.00+1.84) g,
T T T B PR M ABRA A . JEA RT3
R Z e L BV HE T or 18, SRR 185 A E
LT REAR, TRA TR K GRE 2.1%. B
10.5°C., KA S 6.5 mg/L, DK~ :
1) g AbBE 12 h HF RS20, SCiad fi rpig
VEN U™ A& B SFAR PR, Jf4i B 3 i 52 0 A 3
HHEARHIEHRAT

AEALE (Oriral), KPR (rbral), &
LA (NaCl, Z3#rat) R RS Kiofk 22 10 A R
NHE), DRER (4l E =99%), TSR (perchloric
acid, PCA, Zr#ral), FIMEHEH V (4l
97%), & ZFE-W-(2-2 K L Bk) 1Y 2R (EGTA,
4l i =97%), FALES (CaCly) (4l =96%), % 5
WrsZ W R-250, SDS (s3#rali, dtmiZ 3k ERHEA
FRAF]D), Km/R . SRR EE (orbral, LigRHrT
AR B A R AR, JoK OB (ortral, K
W E TR TABRAA), Wi EA R
Marker (Premixed Protein Marker) = fb i
(6.5~200 ku, FAEYTHEARAF), FEE @E=
97%). TRMESTERE . SDS-3 TR 4 ot g v Tk a3 (P8
K6 30 48 BT B 5 A IRA R, EARER (KC. R
W2, WERR S . TNER (3 pral, 2R
FAWRAT, 812 W (2 E SPIAR]), #kiR
(i =99.6%, A5 FALTARAT),

1.2 M58 %

UV-1800PC B AN OLEE T,  Fig ik
XA BRA T BS224S RUKS % i T K-, Jbai3E
Z RIS RGEARAF; GL-21M Al = 3% ik
B ML, 7% [E Hermle Labortechnik GmbH 2 #]
Synergy H1 BUPARAY , K EIE A H; HG-200 #Y
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O AL, H A HSIANGTAI A A5 PB-10
4 pH i1, fE[E Sartorius 2 ] ; OS-I %Y 1] Jig Ji (7
FEIR, KRN ; TMK-1K BUE R KR,
AR V3 AR 2 24k s IMS-40 7 4 [ 3l 35 61l vk
ML, HATERA A AE-6500 K3 P AL ik A ,
HZ< ATTO /A7) ; DMI3000B %3] & 2% % i ks
T E PR AL AT PR F] ;. JEM1400PLUS 2355 5 Hy
TRMEE, HARFHRASH; Qo =/
Y (differential scanning calorimeter, DSC), 3% [E
TA A+l

1.3 KR

I Z AT 7 LAY DSC M & 1E 300
mL BEFRH A 200 mL [ 2K7K, 7EBEAR LK IR
Sy IiEE] 40, 50, 60, 70, 80 190 °CJ5, WA
6 UG A AR SRR AT, XHIAATHEA T K IR I 5 min
Ja B . 43 5lid h 40H, 50H, 60H, 70H. 8OH
FIOOH 41, DIARIMAIEFREIAFAE X A, &K
S UH 4. 45 40 A7 09 P 52 WL O B FRE 10
mg B T EAEIH N, 2 F R R H Lt
FImeE, B 35 2% B IR A 25 /R U
i, K RPRE N FE 20 °C T 2 min, £
J& M 20 °C LA 5 °C/min AR T 5 90 °C, Bl i
JE 5 HRmEN X R EER A DSC #h4k.

FEERIBMTETE oL T KRS

1E 300 mL BEAR A 200 mL H 3K, JniE
Wi A 15 HOG S AE R =R AF, KB s
min J5BUE, BRI, #1173 KER.

A, K ARERE RS AT 2 4, 1 A AE 300
mL FEFRFRA 200 mL H KK, FEREAR L KIER
IKF] 60 °C B A 60 HiE b AEAR=ISAE, KB
20 min J5 UL EAE N, FRE IS 1B
FERCA Bl K A # 5 min J5 B FEREA; 51
NG 60 HLTH Al AE AL MG AT B A K o
5 min, PIZH 551300 60H~100H 24 F1 100H 4H ,
WEEM L B FE GO0, T3 60 HR AT # s &4k
LA

AR IAT AL ID S ] R L LR S5
o B AERREIG T 3 A, PR e
TEIGFE X IRAL, B8 UH 415 534k 2 417F 300
mL BRI 200 mL 7K, FEBEAR O K
43513k %) 50 °C 1 80 °CJF, FA 15 H ik AR
TEHAAF, XIS AFHE T A 5 min JFHUE, 4
SCk SOH 4141 80H 4 .
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Z Wk U R 5k, HCUH 4L . S0H 41
8OH 4H 1 A1 72 Il (RS SC ALy, VI RL R /N 2 emx2
emx3 cm HZUVE T 4% W2 R P EEHITEE, M
AT U, IR - g
FEGE WA N SR BN

HU UH 41 . S0H £H F1 80H £ (1) 4] 72 JIL (& 2¢
WL H A, B HEYT 1 mmx1 mmx2 mm K/,
SRR A 2.5% I RET [ E 2 h (4 °C T ORTR).
FH 0.1 mol/L #§FR 2% bl (pH 7.4) %k 3 ¥k, HHIK
15 min, 0.1 mol/L B iR £k 2% vh ¥ (pH 7.4) Bt il /Y
1% HkFRBEG 2 R E € 2 h, FEH 0.1 mol/L B2 2%
IR (pH 7.4) EEVE 3K, ERK 15 min, 4K
1E 50%. 70%. 80%. 90%. 95%. 100%. 100%
B BB K, AR 15 min,  100% PN R i 7K
2%, WK 15 min, AZUAENE S 812 {1 34 7
1: 1 e BIARRE). 37 °C HiB % 2~4 h, 1E AR
58125 2 1 ] ((RFLK). 37°C F BB
%, 37 °C F ol 812 (U] rh 3% 5~8 h, K4l
812 A I AL AR , B Al AL AR, 7
37 °C MyMEAE it . A IHARUICE 7E 60 °C J54H R
A 48 h, BURR IR H . FIHY) A HLRE A i B
Y1k 60~80 nm DI F, 150 H 744 M5 R o
R P9 55 2% T il T K 5 B Y L £ 8 miin;
FRALAKTEYE 3, IEACH T, EN THER.
TE ST F Wi TR, REERIHT.

FEAERIAT ) R IUILR 4T 4 & & 69 32 IR

A 3 22 05 A1 UL 21 4E 35 1 (ruditapes philip-
pinarum myofibrillar protein, RMP) [ 428 /7 7% S
MRZHI A % PSSR BERE 6.0 g, WA
10 75 1R BLAY 2% sh %5 A (% 0.1 mol/L NaCl, 5
mmol/L EGTA ., 20 mmol/L Tris-HCl, pH 7.5) J5 H
PEFSPEH L, 5000xg 2.0 5 min 7 FIEW, EH
ZBRAE 3 K. T UTTE BRI 10 (R R 22 vhigs
WA, 7E 10 000 r/min #J5% 30s, TH 3K, MK
[E]F% 30s, 5000xg B5.005 min, 37 L. ULEEM
A TR B ZE vh W B(F 0.1 mol/L NaCl, 20
mmol/L Tris-HCl, pH 7.5), TR EPE 3R E LG
WOBR, SR BUOUUE N AGE 2% v B B S 4
WZ LA it UE, JEWAD i RMP, £ FEAE¥7E
4°C T SRHBUERRIED I 8 A R

vA Ca”-ATPase #- RMP ¢9 A8
RMP 1%z ol B M R E S 2.0 mg/mL,

R E K7 2: 2 E /) sponsored by China Society of Fisheries

# 1 mL RMP % 7E 30, 40, 45, 50 °C F4r5jm
o, 2.5, 10, 15, 20, 30 min J5 57 B KK I
B, SRIGHIA Ca*-ATPase W ¥ (7 2 mmol/L
ATP, 5 mmol/L CaCl,, 25 mmol/L #J pH 7.0 Tris-
K ER . 0.5 mol/L KCl), T 20 °C BI/KIBEHIN ,
PRSI R AR B, 3 oM T 0. 10, 20, 30,
45, 60 min [, FEAJEWC 1 mLIRG W, fMA
0.5 mL 15% i AR AL LN . §#E 5 min J5,
B 0.5 mL 5, MA 1.75 mL 8 R &% Al 0.25
mL Kit/R, JRAJSTE 25 °C /KIH N % (4 45 min,
T 640 nm AL 2 WO RE(E

VA 3h R MR A RMP 89 A8 5% 4 bkt
RMP %W 2 NaCl 29K 24 0.5 mol/L, %
W 5 mg/mL, 7E 30, 40, 45, 50, 60, 70 °C j&
EFRsBm#o, 1, 2, 3, 5. 8, 10, 15 min,
¥ 45 2960 41 4 % 30H, 40H. 45H, 50H,
60H Fl1 70H 41, #£ 4 °C T 12 000xg &[> 20 min,
WA R, R D AR R R B AR AR
B, NSRS e P i A K

p2V2
R ———x100
IR (%) oV %

KA, py A RMP & 8 A WK (mg/mL),
V, 4 RMP YA WRARTR (mL), p, WELJE G
EHFREWE (mgmL), V, HEOE FE R
(mL).

RMP # SDS-PAGE % #7 ¥ RMP ¥4
(0.1 mol NaCl, 20 mmol/L Tris-HCI, pH 7.5) #£ 40
Fir4s oC IR a0, 1, 2. 3. 5. 8. 10,
15, 20, 30 }% 60 min J5, 7E 4 °C T 12 000xg &5
0 20 min, WedE RIS . B LU AL 0.5
mL J5, PA1: 1 (RBE) InA Ik ERER (7% 0.14
mol/L SDS. 8mol/L JRZE . 0.1 g/L 5. 043
mol/L B-#i3 Z % . 50 mmol/L Tris-HCI, pH 6.8),
JRAJJE 100 °C Hii#A 5 min FCE 10 min JE17 HL K 43
Mo M4 e T B0R 5%, 0 B TR Bk
7.5%, #ERERESN 10 uL, SRJ5H R-250 2% D5tk
Pe@yk R, B - R RS T,
I i A5 3 Uk R
1.4 BUESH

S HCHR 1 AP Y (A A e 22 B 2R
K F Excel 2019 1 SPSS 25 %4 #k 47 50¥ 4t 4>
Br. Origin 2019 FAHAEE, Frf L FiTHEE
3.
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g R fin #2890 °CARSR PR FFAAE o WLEREE 11 Y
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Fig.1 DSC curves of the adductor muscle of R . philippinarum after heating at different temperatures

(a) represents DSC curve of the anterior adductor muscle ; (b) represents DSC curve of the posterior adductor muscle.

22 FERERRFALIEFHER TR

FEAE = IR A B s ShFe M Fe L 2E 4
FOREPRAS . RIF5E (8 2-a); JFoe, —MIH5E
JLES O 55 SR SE RGBS (18] 2-b, ¢)s BT, SRU4h
Fe S IGE 25 Es (K 2-d), MEAEA R IR AT
AWK AR PG A R A, W
EER Iy, P Fe e WATER T P SE L)
Wi SR TR e, P Fe L B e S 52 L
Pt 2 B R e 1 B

2 HKMARIFERRFINEEATMH S BRTS

(@~(d) 7 3 A TR IS AR SN S A e A 2 BRES

Fig.2 Separation of the shell and adductor muscle of R.
philippinarum after heating in boiling water

(a)-(d) are different separation states of adductor muscle and shell of R.

philippinarum.
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S HLAE T 60 °C TR I ik gk i B0 5K
(60H~100H) . FL#h K 7 = (100H) A9 5Etk
&, SGRWAE 3 FrR., 60 °C N 20 min AT
5% (K 2-a), SRJ5E A2 K N4 S min £ FF5E
(E 2-¢), HRILFASEBMBFREN (B 2-d). 1
BRI FE, Hdh 34 &R T AT
60H~100H FF5E 1 FL Bl A 100%, {HRE TR TEHS .
100H [AfE4#f e, [H2H T 23.21% e,

23 RIS TR R F AR AN
M

H e L S RAAILER P EER AR S
UG AT P 5 WILBOUE 465 4 9 52 e 4an IR T R s, A
UH AT LIE H, WURL 42 AR e s
BIRLE, AR AmEER R, 2EHEH
o M S0H F1 8OH 4 ik Ui vl LABH &, B
BIMPIREE =, T IS5 R AR5 TN R %
WLETF4EHES) B N5, S0H 1 80H 4H Ay LT 4k &
Tia) 2 PR A A ) SREAE AN g i, LB Bt =2 2R

M R LEA AR gl T
TG LEE = A o P S L OW 2548, & 38 UH
2 1) A e WU DD T S 30 B S0 A AR R, A
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120 Il 60H-100H
[_] 100H
100
- 80}
X .8
=& 60f
== )
= 40t
20 +
0 L
1 2
state

3 PR (60 °C MREREFAK MK 5
—EB (BEIFHK M) 3BTRS R R
QR EFEE, P<0.05. LI, 2.5,
Fig. 3 Effects of two-stage heating (boiling water heating
after 60 °C heating) and one-stage heating
(direct boiling water heating) on the shelling state

“**7represents significant difference, P<0.05. 1. open shell state, 2.

shelling state.
NOITH AT LA, 2R 4k 2 0] A O3 AT 40 A
HA—w M (E I, S0H 4/ 52 AL
LR RE D) T 2 O T SRR A 4R HES], HLTE]
B/, ZEEMRERT IE LA U, B
I B R AR, U T PSS LA S R BT M
SOH 21 (1) A e NULEF 4 HE S B R i dls . JF th 3R
(R (R SR 4 42

200 pm 1 200 pm

200 pm 4 200 pm

ElhR 1

24 FERRBFATINNEAEZSERINT

Ca’-ATPase & M1 ILER & & & R ik %

Ca®'-ATPase {if PEH FHAEILBK R 1 A2 PEdE R
RMP 7£ A [R] 33 FE i #45 f) Ca™-ATPase 2k i1 i K
WE 4w, 24 GE B T 30 °C i, Ca”-
ATPase 2 i # F G, If EHL7E 40 F1 45 °C
ARG AR I T Pl , TE 5 min Z N 2T R
B, 2350k 4x107 F1 8x10 */min, 5 min ZJ5%
TEHRAR G, Al Re I R L3l 8 1 S WLEREE
ZEEIRNN T Ca’'-ATPase TG E,

TR i Ae s RMP F & & % ff P T AL

RMP 7 0.5 mol/L [ ER W & T, /S [A] il B2

J5 B SR EE N S BfR, 30H 419 RMP #h i gtk
JUT A ZE1L; 40H ZH 1Y RMP Fhys fif 1 Bl 45 Ik
R[] %) SEE T2 W /) 5 45H 3] 70H 41 7Y RMP
RV A PEAE AT 5 min B, R e BE S 0 AR
I T A S 4 17 TR R B, T R R 43 S Dl 93.7%
107, 163.2x107°, 231.4x107° F1268.0x10 */min, |
ok 118 3 B AT 8 1) o T BB R, A
Smin J5, FREERIMAREEE], ERVA AR R T Rt 5
BTV, AEAREZ,

R & E Aw # & RMP 49 SDS-PAGE £ #7

RMP 7£ 40 Fi1 45 °C fin #rA R B E] (0, 1. 2,
3.5, 8, 10, 15, 20, 30. 60 min) Y% % & 4
R ANE 6 B, 43 Bt 200 ku B8 H A E

2 200 pm 3

5 200 pm 6

T RIREMARIERRERFATINBNE BMEEH

1~3 435124 UH. 50H. SOH 411 SN YITH ; 4~6 40 %>~ UH. SOH. SOH ZLf M F WA, TFH.

Plate |

Light microscopical feature of the adductor muscle of R. philippinarum after heating at different temperatures

1-3 represent the transverse sections of adductor muscle in UH, 50H and 80H groups, respectively. 4-6 represent the longitudinal sections of adductor

muscle in UH, 50H and 80H groups, respectively; the same below.
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Bk 11
Plate 1[

TRIREMARIFRRERFATINR T RMEH

Electron microscopical feature of the adductor muscle of R. philippinarum after

heating at different temperatures

IR 1) /min
heating time

0
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J@g -1.0
i
o <
£y s
f:
=< 20
.=
2.5t
©30°C a40°C = 45°C +50°C
3.0t

E4 FEIREMAGHIAIKER Ca”-ATPase EMEL
Fig. 4 Changes in myosin Ca”*-ATPase activities after

heating at different temperatures

3 WLER 25 11 # 5% (myosin heavy chain, MHC) 1) %
WK, 7F 40 °C Jii#4 Smin, 45 °C Ji#4 4 min
Ja, MHCA W JLFIH R . HIRJE 5+ i 40 ku
F LB A A &5t 2 B B e T 100 ku B
AT Y LR 2 455 PR 30 min J5 A ULER B8
Bo AR RT 200 ku BYZRAHFFE 40 °C Jill#A 20 min
PUENJE, 1645 °C Indk 15 min PUEEA, %A
100 ku B3 0 @I ATLER 2 (1 4501 AR A S B A— 3,

3 Wi
3 EREWBRFAREEMRENHAZTI
DSC Hh#ZT 1k

FEHIRIRAFAE 50 °C i, AP SE LAY
UBKEE A K A= 28PE 5 7E 80 °C s, Al fili A ¢
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I 18] /min
heating time
0 2 4 6 88 10 12 14 16

| |
e @
>

In (ERIEMRIE)
S
(o))

In (Salt-solubility)

-14 ©30°C 440°C x45°C + 50 °C =60°C x70°C

B 5 TEIREMHASG RMP RERRBEETN
Fig. 5 Changes in protein salt solubility of RMP after

heating at different temperatures

WLrF B WLBh 3 AILER 3 R A AR AR R . 3
UE P AR R AS P A R TS AR, E
T 60 °C ISR E A1, K5 FHTHEZ
100 °C LS E FAEPER AT 30, XA nATs X
JUP AR RIBTE G . TR AT ELHEER ] 100 °C
Ak, FELERE B AL 8 R AR, B b
PR ERN . WP TSR R, (R
DA IR T I A B A eSS, iprin AT
TG PR CInART LA T ATP & &) 7l g2 521
ise A e S Oh— AN EEINR, A DERADIL .

32 ARAIEFERERFTRSHA

FEA TR A AR R A IR HBL 4 BB TSIk
&, Wi 5 ®m e S LA 71 . AL
ShFE IR 1A ok B LB E A LR H 2
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™
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M

EEEETT
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‘< PM

BRI Lo lalo o il T

(b)

A ELEE MG RMP i35 ##E HH A SDS-PAGE

(@) ]9 40 °C %1 R AN, (b) A 45 °C & 4F Fin#; M. br#E & 1 Marker, aPM. BIULERE A B &1k, MHC. JLERE A, PM. BINLERE A

AC. Wzh&EA.

Fig. 6 SDS-PAGE of RMP solubilized protein composition after heating at different temperatures

(a) represents heating at 40 °C, (b) represents heating at 45 °C; M. marker, aPM. aggregated paramyosin, MHC. myosin heavy chain, PM. paramyosin,

AC. actin.

(i) f1 A X328 Bl 2 WL PR O 19 43 7 Bk, i R
FLHFE ATP, WIERE AL EA ATP BiG M,
i ATP BEEUBERR LA, THFERE M (F ILEREE A
SMshEAf#E. Ak, 4 60H~100H F1 100H 4%
PR BFEE O 22 5, B P e FH R A A 22 B
ERE R . BINERE D) i e WshEn)
[ AP, BEAI TR .

3.3 AR FERER AR A ER RN

WLEF 4k s LASE . LI . WUREF 4R, LR
2T o 2 LT 2 1 32 B s o0 o A
HPEREE KR . AN R AR . WIZR R R4
WL ZF Wi 46 5528 Ak, DTS5 250 T FH 72 L0 25
P ECAE o 50 1 80 °C I 51 T HILEF 4 ik
45, {HJZ 80 °C MY 24 T WL W 46 s BH 2
LT W da R A, T B A I L SE L AR5
B B o WL B I 3R M L BE 7E 55 °C 247,
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Correlation analysis between the thermal denaturation of
myofibrillar proteins and adductor muscle shelling in Ruditapes philippinarum

ZHI Huimin', LIYang', WANG Wei', DONG Hanyu', LU Hang',
ZHAO Hui', JIANG Yusheng?’, TIAN Yuanyong "

(1. College of Food Science and Engineering, Dalian Ocean University, Dalian 116023, China;
2. Dalian Key Laboratory of Breeding, Reproduction and Aquaculture of Crustaceans,
Dalian Ocean University, Dalian 116023, China)

Abstract: Frozen-cooked product is a common product form of Ruditapes philippinarum, with heating shelwith
being a key processing technique.The basic principle of heating shelling relies on thermal contraction of the
adductor muscle to separate the meat from the shell. Temperature is one of the crucial factors significantly affect-
ing the protein in the adductor muscles of R. philippinarum. To inivestigate the correlation between adductor
muscles decalcification and thermal denaturation of myofibrillar proteins in R. philippinarum following heat treat-
ment, the thermal denaturation behavior of adductor muscle protein was initially investigated using a differential
scanning calorimeter (DSC). Subsequently, the impact of heating on the microstructure of adductor muscles was
observed using optical and electron microscopy.additionally, the thermal denaturation pattern of myofibrillar pro-
teins was examined using Ca>"-ATPase activity, salt solubility, and SDS-PAGE as indicators. The results showed
that the DSC analysis of fresh adductor muscle revealed three absorption peaks at temperatures of 50, 60 and 78
°C. After heating for 5 minutes, the absorption peaks at 50 °C and 80 °C were no longer detectable, suggesting
they likely correspond to the thermal denaturation of myosin and actin, respectively. Following boiling treatment,
the adductor muscle fibers in R. philippinarum demonstrated lateral aggregation and longitudinal contraction. This
morphological change resulted in varying degrees of separation between the muscle and shell due to differential
contraction rates. A specific heating regimen for myofibrillar proteins (0.5 mol/L NaCl at 45 °C for 5 min) led to a
marked decrease in Ca’*-ATPase activity and salt solubility, indicating myosin thermal denaturation. Additionally,
actin played a significant protective role over myosin before denaturation. The simultaneous denaturation of
myosin, actin, and tropomyosin, which contributed to the facilitation of shelling. This study provided a scientific

basis and data support for futher developing processing techniques for R. philippinarum.
Key words: Ruditapes philippinarum; heat treatment; microstructure; myofibrillar protein
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