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AR R E A RN

VLR BWHE A W F o T # KE+E"
KPR G TR S f i Rbre SR BFIEbE BRI TR 15

A REUONFATRE AR5 PR 0% A ARAR =5 5 T 955
WL BN THARBIA TS0 W RS UOBE bH 31008)

WE IR EIREANARMTREFER, ESEWATREFGAMI =L FEKE EE 5
WA, EHERTNAZREWARFEN, Hib T FRKRENAE A MATEFHEET N,
KAEFKEERFEHANAF, KIBLNEEEE 40C~60C 2 A FE, Exr—SAKEE KN, mik
5| 90°C A %t AT EHLUR A HE GAE 30C32CH 4 ETT, £ 36°C~40CE G Ji—& AT b5
&, TE 45C~50C 7= £ # I fb(conc.>0.5 &%), 7 53C~63CHIRET, REZAFHL M, H
JEIRR AR ARG I RIRE A A BT AR F E T, W7k — 5 fn kB 75 AR 3 TP Ak
B e WA, 1EH AR T FRE A LNAEZ G E IR P &R R S R . Xt
T REENANARE, —ZRENRAEE, BHRALRE, T KESHE, FAEERK, Ik
KEVREH2RMKA, BB E. XKEARRAMEHESEATE, BT T EPH, LA %
RNEMKBEE, aBEFHEVREEREGNANESL; a XNATHEREGEMAERTHETL
AT ZmE. RAERAN . SEFENER, BEKPEHWMRFCREM, Ry B A 8K
M E S G, AF T EXNALH 2 BERY KNG, GHNFHAEL, XEREERS %M
FgemRFHEIAEEE, HEEFTE 50%70%, FRZARKRERLEELR, AEFHF, BALA
BMER AR ETNE S EZ AR RE, Ei e EXENEARMNE—E K, BLE@EE
BT H SR KD TR KRR G AR AT o 27 DR A & fUR HLE,
AHNFEEATENA LT 7 AR EEBKE

KR HAE; AXEAR; Rasgl; ESF4%;, Atk

FESERS TS254.7 XBIRIEEE A XEHS  2095-9869(2019)05-0175-10

VAR T ARAG AT R A g P AR s AT AR BEREFIZ 4R (Coultate, 2001). PSR H LY SN E
(0, TR —F N TSI TTRESE T B 20%, A RUA A AR R Y . S TR
WEMITEZNE SIENRORIAARTR EE T PUesd b g s, vlmafe., B, &
WAL, B AL A A SO S LA T S B2 PEANRGESF — ROV o A H AR 28 0 9 ook
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RIS F AL, PRI, P B R TE TR BE S 22 Kk AR
SR, LWV R A R S (. BRI
I A L Bk R ROR SR B T R R A
fl, ASKA P HCERBEORZ IHATS, (A4 B
BB BEATS A g 1A ) ity 2 A 2R T 14 O — T B o BIFSEAS
I7] T B Ak BTy % AN [R] 1A 38 B 25 A R w15 B oA
T EEA B S ARE LR THLRRE H 5
AFEIFPZE A # F AR AR R A AR 1, DL it
1B B4 PR A i SR AR A A N, DR AR A 2 i
SRR T2, Sy S A Bz F AT 5 L
FAIT P R B AT S 4R it PR AR AR

1 AAEARAERFMEN

WL R 75% 0 7K | 20% 19 85 F5E L 3% G 11 F12%
TR R A A R . 2% iR
H, SR AR 3%, ERAGTAYN45%, ik
KA 534%, TCHALA Y5 18%. WL H T E
ST LA LA 326 WUREF4E . WK AN, 45 428
o WURE 488 H bS8 S 59 50%~55%(Lanier,
1986), L E A2 H30%~34%, HA10%~15%H95
EPpipE i A

1.1 AEA%#ER

LB £F 2 25 1A 2 WL A ) 5 T B2 B4, 6T TR A4 ot J
FIR A B, F A LR 4T 4 8 8 R BB RS T B
S X 45 I 1t R R K A i G ke oK 68 01 o LA 97%
) 3E 7K BE 1 i WL £F 4 85 1 5t 09 A7 76 T R 38 (Amiri
et al, 2018), WURLFAEFR LM ILE 1, EnlitE—1
SN 3AWH: HESSIRRGENEA, LA

Epimysium

W4 i 2 1 DA R A B 2R B 1 (Kong et al, 2007). JIL
EREAMNLE & R BRI LA 4R, ml A7
BEWE, MR NLR AR AE S5 R . P8 R s R ULER & A
(Tropomyosin) . AIL5% & 1 & A & (Troponin) . a-AlL3)
M Z& (o-Actinin) . C #E H (C-protein) . M ZHE H
(M-line proteins) ., H # H (H-proteins) . X H H
(X-proteins). ZiEH 2L E FA FEULERE F (Titin .
LS & 11 (Nebulin) . JILRIZEEE 1 (Desmin), & fEFiE
— SR g 2 K, W0 4 22 & H (Filamin) Al
Zeugmatin 5 155, 1X — S X UL PR e 4 ik 308 5
A E MTER

1.2 AERZEHR

WLIAE F & 29 20% 09 5 ZAb &9, nhis TALA
W, PR %X, e M 100 Da F] 100000 Da
AN (Haard et al, 1994), EERIESAHILEN, FH A
KERIITE PP TE Rl EEA PO EAMS S5
PRI 4E DI Re S L R B A 1, BLANBE IR B R . — R
WA KR il B-A Ll & | AL bR . 51
e IRMI R R RS . BLEIEM , WL AR T AL
PR 3T Ml 2 5 €8, 5 R K PR S5 A i 252 1 (Joo et al,
1999; Sayd et al, 2006). AL M 55585 & H PR
FHSC B B LR B A8 A7 . R IR P8 BB 2o A - Ay
(Rossi et al, 2006),

13 SGHAEH

WL A 435 4 21 23y 440 G 0 200 i 47 3k I R 435 4 2 20
2H Wi (Nishimura, 2010), 45452020 35 550 2 e it
B, XA I 2 OCH L, S PR S D
HAVERPES T, RER FURIER 1 24 (Bendall, 1967).

Endomysium

Endomysium

/Sarcolemma

/Nucleus
>4

1}//[yoﬁbri1

F1 DURLF 42540 (R E NN . LR ERTILAME) (https:/www.veg.com/creative/812600076)

Fig.1

The structural build-up of the myofibrillar (including endomysium, perimysium and epimysium)

(https://www.vcg.com/creative/812600076)
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A MR, SAaHA T YRS EN
55%~95%, H#1 7112 cm K| E4% 36~38 cm, 43T
30 J7 R IR ARG A . LD R 43 B SR AN ILET
Y LE AR 2R DRI S 4 A 255 1 100 R
fro UK ENLN AR, BRI 4ER, I8E T
e B ARV RARFNR PR Z 58, 55
BTGRP N R TATT 53T o ILAM R A LA JH]
B RZ, EACERA NI AR S A 2006, L
PRV 25 5 6 — R o JUIL PR B2 g Do It 24 ) 24 2 )
BRI, USRSy 2 R0 00 5 YR bR P 58 11 e I 7 4 (i
JE LT 2 B ARO R R, LA e 22 J2 I SR 41 4 2 1 1
J& i #4 i (Nishimura et al, 2002), KREEAS T AL,
M#&, MA, VEFIXIH(Gelse et al, 2003), AL,
WU T LA 32 B T 280 I A, 3% 322 JL PN st 7 4
DO oBR: 2 UL PR) 4 5 356 G 1 22 IV R (Listrat et al,
1999). 22ARMEIFEE I V BILERZLSh Yl s T k2
BLAE, AR AE LA i 5 E (Sato et al,
1998).

1.4 HAT4EH

WLEF 2 5 B LR R 75%~92%, K 2tk 4k
P L 2 AR 1, JHG v LY 2 e /N P IS 4 B, Al
SERRSOIL A S AR ML, HE5H UL E2 . WL AE
JUL PR A A R A R 0 3 AR ORI T, LA RRAE MY
ZREUINIL, e AT AT S B HEXT 5 L S8R
HHAT (1317 ) RIS (AT ) o A 8 R0 SRR S HA ,
o EMER . WLBREE A7EAM R L2, Ilsh &
P B IA 3R A ol 2 255 B BRI O 5 A ML B Y
NL2Z o LT M AR Z 2%, L2215 48 78 TE AL .

WLERHE (14> T 520 79520 kDa, 652 IkEEd
Mo Hrf, 47245220 kDafBE, 2%F20 kDa/if5 A5
B, HE NS A2 TR RIT,  HAE Y (K i
F2XTER4E Y BERIE 13K 38, AF H 245 4% oS e 25 Hly
Fa Ao FLAILZZ Fi 250~300 ILER 2 11 40 Al — 26 HoAih
FHOCER FUE . R WLERER 1401 B2 3wl 1) MER 42
AR, P RHLILZZ B 3T 5 BRI A S 00 Fr AR L22 A
T U JE A RO SR o LD R, R Y Sk
WS ET I MR, IS5 AR

BRI L3N B 1R R — 2% 2 IREE A 1 BROE 43
T, XFRERIR SN & [ (G-actin), HISRARLSHE I
] B 5 T BT 4R L3N 26 11 (F-actin) (Asghar et al,
1980), FEAIK T3 B s v b, WLBh R B DALk
RIFAE . Y PR R E A, BRRE R EE R 70 A
(R SR TR LT e 2, BN A2 i 44 TR LBk R

FI T RATERAFR, 2 R MREE LASURIEE X SE7E L
SR PR B SR T I BE T, TR LS 2 1 2 A R
BOSTEAMML2Z b, TR LA S i VE RS . 2= 5 LY
()5 i (Ferrante et al, 2011).

| !

Thin filaments
(actin) 1 Thick filaments
Z—};in

§

(myosin) l

Thick filament

f,:'\ ',r‘jlr\ll ﬁ'\p\ F" Eif\[

Thin* Z-line  Thin
filaments filaments

B2 U7, HLZZ NGl 22 20 #2544 (Tornberg, 2005)
Fig.2 The structural build-up of the sarcomere,
the thin and thick filaments (Tornberg, 2005)

2 WEEEHNATHEITH

B R A A G AR A 1R B PR R AR R IR ¢ 7E
V28 X P 28 A WAk 2 RO BIE 5% P Ah 3 %6 7 i J5 2
R 10 R ) ) SRR R, 7 R A A R PR 2 R
AR S S 2ot B B 2R R B M
B TRE 22 0] 25 A AR s BN N, RIVER s — 8 A
HAEM, BE SEE AR LGS k). B
FAT DASE 33— R MU | A o0 28 by i e ) O 9%
KM B IS P i S MR IR B | TR R I
ZAIE Sl

2R A3 P (DS C) 2 H A FE N A9 1A b 2R
AR P IR B VO R Y R vk B R A R R R
I 2 s f2a T H, WA IR, ke,
RUREAE [N 38 A PR BE (2 % 55, 2004) . DSCHT LA J3t
BT 2% 85 1 TR A W 0 B BRI S 1 L
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WL, B8 ZHTHRF N R AR SEILA T ELIR FN 2 3% (W/w) A HEAS BRI o AN SR AE VS W P AT

TR 5 ) #A: JBT (Ishiwatari et al, 2013; Johnson 2013;
Thorarinsdottir et al, 2002), 25 F 5t 2 2544 ) A8 4k v
i 3 B 3% (CD) A S I o o BRI 2R 1 R T
F14) Sy — Tl Jhy e ) P O P 2 T B Kl 9
TCHRET 8- 7R e - 1- 25 iR £k (ANS) B A Flgi /K AH B.AE
FHEMTEH AR (Huang et al, 2004), 1R % (BPB) 1]
H5EARGKN IS GX—FEN R, —ERE L
WEG T ILBRLET 2 KR o K AR ZE A I IR, BRAR T 75
Tt A5 R 1 5 A7 174 XU (Chelh et al, 2006) . 3T 4E 3k
A7 LT AMEIE (FTIR) S5 4R S GG 27 Jr ik rl i . G
P R 2R R R R SRS AR ALK B
(Perisic et al, 2013)., BockerZ:(2006)% JHFTIR i it
TEHT, WLET 4 7E I Bk R4 i A b = 2 F i AR 4k
CINiRS) |62 & A S B e s &2y o[RS = 2 i b < (B
— P EBEEA , TR IR (NMR)sth 75 R 424 T 3¢
T 5 R A KOS AT S 4 o 22 A ELVE R B
FeAF R, M aT LT i AL oK i BEAEAR ZS (Bertram
et al, 2004b), 7E RS i LEHE T 'H NMR
T25th 7 ) 5 AT 8 7R AS TR RE R BT 7 2K A 2 1 S AR
b, S BRULER B A2 M UL 27 4 9 A ) S 45 (Bertram
et al, 2004a),

21 MEEH

HRAEHamm(1977)HR0E , KEHNUKHEHTHM0C~
60°C = IH] B4 . DaveyZE(1974) K FL, 4B LA L
W A AR ERIEF90°C A A T3k 1 AR LK &
11T e A A B PR AR L Al AR A0 S R
() L B 1A UL IR B 45 4 850 =2 TR G M . AT A
EALESEAE R, 5, RRKEREIn, JEREA
R — SEig ] DU A R A WAEE ] o Laakkonen%s
(1970)% KB, 72 ZATHEART60°CHT, fe)5frT LA
FER P ARRETE M , T AR S PR el = 70 C~80°CH
JE VG T o AR CR R B, YU i) S R AR
TFEL6 WA FTSEB, R R RE I8 B AL SR
Tian55(2016)48 % PLAF A RE 5 L3R 2 o B A —
POIEZR , SR IR U RS 5 o A £ JBE A Jin T4k,
R ILI 26 1 rf & 1 22 5 T B0 1R A 1 T2 R
S £ R T R 8 R 2R o, R R G
EE T 23T KBk
22 MERF#4ZER

WU T 4 85 3 78 1 0 pY A8 1 & S BRI
R, FealZNEREH, BLL 0.5%(wW/w) ARk B
BT I il 8 i (Hermansson et al, 1988), i {L3E A

FENLSIEE (1, D0 AT R4 B 368 s 4 T 242 [ (Yasui et al,
1980), & F5iR A1 pH J& 52 M5 o O BB N 2%
YA RV RS AN pH A, & 0B T B Fr A
L I LBk A DL AR 08 02 DL gl 228 X FF
TE . B TEE/RURFETE 0.47~0.68 YL, WIBREH S
MR 2225k o3 g5 ok, PN BPE Y W P (Yamamoto
et al, 1988), 7E& FimEH KRaih i pH &4 T, L
PRI 2o B LK 28 11 43 T8 1 e e B AT K AL
R4S o FERARIES ToRE T, WIEREE A T4
A ZzR, KT LA R IRHH 22 (Sun et al, 2011),
FENN AT R PR BUOE AR B R, R R 2 K
JUTTE 5 11 368 J0¢ T 245 6 241 50, HL N5 FL A% 8 /)N (Sharp
etal, 1992), Ishioroshi %:(1983)% ¥, 7& pH 6.0 i,
WLEREE 1 3055 51 0 170 B i 1) 1 B2 #E 0.4~1.0 mol/L
KCI i [l N -5 E E K F, {HFE 0.4 mol/L KCI1 LN
FEREMN, #£ 0.2 mol/L KC1 ik E| i KM, JF7E 0.2 mol/L
KC1 Z R Al i) & BRLENIE T 58 i 5ik 5 B gk WLER
B THPIRA, 2R IR A R R E IR
TSR (AR .

WLEREE (B B I TE B8 A6 64T, I E=30°C~
50°C, WIEREE HERIRL A REN S KA, BB
RAENE 2, FZLRAEFAESOCLLE , SharpsF
(1992) &%, 7E30°CHIH30 minfs, WLEKSE 14T
AMBA SR 5 35 CIE , HABAR i 45 TR B
S, AN o Sk B R R A R A I E40C )
FARWUEREE 0 T LT 8B 2k, (ORI HA Rk
TR MARE]S0°C , LI ET 2 5 i) JR8 i L ¢ LA X
435 TESOC~60°CHRE T, T UE KM ERCIR B EMR,
WLERER 1 R AR IR e 45 4 20 Ak . /K SE TR AR L
iz R 2 T o

KT ImPm LER 8 1 5 281k, Morita%s
(1991) &% ¥, pHAH6.0F10.6 mol/L KCIH}, LMMHY
o-BRTE B B AE 2930 CIHF IR IRAR, IF7E70°C ik Bl i/
1B IR ININE] 65 C 2 G K MEZ W8 n, irE 5
T EE R PR AR . Yuan®5(2017) 4 PR EE A50°C i #4
F90°C, i fh ULBR A 114 o- 12 FYLER 2 7 10 B AR
A3 590 BAR el AN L AE50°C TR AnER ) ILBR 2 A )
T A Sk B NG L TE R, R S 1 A
J& , TAE90°C T 3 o ILBR AR 1 =k &R A R BB AL [R] B 4%
K E B RE, BT LATES0 C ] 0 LK 2R 158 e
M — B S) . E ol e 45 A 1 LK 2R R R
E40°CLLT, NS 5B MIE B (King et al, 1995),
INAAFN40°C, WIERE RPN, o-IRER & H T
K, FILMRABRTR TRIIFS 5EIKNIE . 40C~60TC
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RN, B-PrE2mghn, MA0%Ema£15%, J
FI) 5 1y 0 A B R EAE40°C~80°C Z A MG N . P IR
R TR, WUERE AR ERKYE . B . -3 S FICHL
T 2430, i oS5 E ek /L o P R T, LERER
F 25 04 P BT AR Ak e T A E TSR e Ak i 7R v 1Y
I HEYE T (Chan et al, 1992; Liu et al, 2008), o-12jEfY
PR 5B & I BRI & A, a-BRTESS R i 2k ]
REFEHLEE . BUKILSETE R R 28R, BRI
SHIEZEACE, TR = RO K BRI 0 4%

WL & SR DSC AR 2l 3 A4
FELAR LAY, 3 A0 s A 0l XoF g LKk 1 B T
e, WIERE A KRR EAMPLSEA ., REI9ECHk, 1
Fe LA ILER AR 11 B R FRE M A A Ay B oy 49°C~57°C
WL 25 AR IR N 61°C~67°C, WILBNEE FI AV 36 7S
IR 76°C~79°C (Rahbari et al, 2018), 35 KWL
BREE PR IR AR 53°C~58°C, LR ALE4E . Wsh
BRE S 4r 2R A AR MR EEE 61°C~68C, L
hiE FAE 75°C~83°C 78 VE(Mitra et al, 2017), 4+ F i
WLIA B WUBREE (HASPETRE S 55°C, B JRUEE (AR PEIRE
J& 65°C, WIBhHE AR KAFE 75°C (PN AF,
2018). Bl i hinfes £ 1 5 v LIS AF 4 2 71 DSC IRl
B 4 AR, i 3 ME(36.4°C, 47.9°CH1 52.7°C)
H5MEREHZEA L, 5 4 ME66.2°C)5EhEA
A K (Lee et al, 2016),

23 HHHAER

T 53°C~63 CHERIRASE , I RE T Je i S S T
24, EIRLF LRSS Rt , SR 5 IS FUSAF (Martens et al,
1982), HISEAZBRME, WA E 60T~70C
Z I, s 2 R R EER 1/4, WARBE)S IR 2T
HETH P TSR E , W0 SR 4T 2 A E— 20 Tk
21 f 598 IIH 2 (Light et al, 1985), 7E4E4h5h%)
L WUAMIR 32 28 5 A RORTRE 1 3c B, WL BB HAOR
R AR E SCHR TR A, WL RS A RS e 28 Bk o
Bl & S AR 3G, O R e SCBRHOR B &2 i 5 b
S TR E B 3C . T KT B VR E SR IR B AT
a4 4% 4] SR B R 5K F7 (Lawrie, 1989). i 5 4R
P INEE AR SR (), JF B AR Mt R rp , 25 AN e
TE X IRIEAF o 7 AT At 7 Hp 2 A 110 i I 28 2 A i 21 2
AR AT LA 5 R 2 B BE o 1 0 B T 4T 4 A
Z WL IR £F 4 S L PR 2 2 R BR i i e, Sk el O
B2 I 2T 248 0 Ji T Ak % T A S0 R R, A T R
Ko BRI, I JELET 2k TN £F 4 e UL DA 7 4 R LA £F 4
FHEINE A7, DR AT 2 g Rl 4 37 B AILIR) £F 4k 1Y
BE A

Wu 5 (1985)FI] 44 fi + W I B R 22 1 k&
60°C#180°C, 1 hfFHlE M4 I-& T airy WLAME . WL
SRREERNIL A A 548 A8 A o ILAMIBEAE 2 4 Ja I R
R BB Ak, T AL SRC RS e T R UL P B A S5 AE 60 °C i 7%
BUBURLAR I 7E80°C T b3 Wi o XoF T AN [m] 26 28 Jie It 1 34
WAERWAE e 22 5, P T A B A S AR HE TR i
J5LHE 2% 5 5 f#t (Burson et al, 1986), 7K =R PR LA
DAZSARH U E N B o S T E 82k,
PRI 5375 2 0 AR A

3 RiAEARAHmINEHSmREN

PR 2J 174 T S b S 6 6 1 A0 R RT K o 1
R AMULAP S R SR R & AR
BN AFE TR . 2RSS BT MR - BIE R R
SEE RSN, MEH RN BIERYE, A FHEN
il ARl . RSB 2, YOE NIMEITGE, 4+
PRI FEIR L XSIR L HS IR LR ZH 28 2 DL S B i #4 5%
PR 2 A0 B8 A AR 2 2L R 3, IR AF AE B B 25 5
#hi 4, 2012), BSOS M8 E HESh 2L,
=R, RIR iR . dhard8URmig2s. o
FEWLIA 5 o S HE S LA B 3 1 X3 2 Fh f
U RANG R SRRNREZ . TERZ Ry, miE
TR i 0 DR SRR 1) €0 21 4 o A LI 9 90%~95% o 2T
0 WL PR 2T 4 38 9k B ol 7R T o M 2 75 X8 1, IR HL
FIRAEI 0% LN L . WP L EAKRZ,
AN, ARk, MR, AR S 55 . b
(0] 8 Ay 21 €6, 21 2 b F 2146 R 3 (6 JJIL IR £F 4 22 () 1Y)
[0 E, 7E RS HA A T2 LA L2 1]
SRS EMES YIRS, REHAENERA ST
Ay, LR AR K2 LR 4 85 38 5 30
LR Y RSEREMA 255 1R FH 45 5 (Anders et al, 2006). 75
Gh, RS ESEMES YR AR, SRR
KIS, XA Q012) KB, R Eh T TEE S
THEA, WKEMEE A . ARSI S R
TR BRI R TR, 56 kD48 kD 255 H
WS AN, R ULEREE (G S A 2%
BT AR 2 .

5 —J7 T BN AT % B R] o VGRS IR A el
BRUKE S, REMEMRBE M PROK SR SRR ER
AR A 14 3% 3] [A) % T (Hanson, 2004), MILLZ T,
TEJE Iy 5 TOMLIE S5 T AT, s KA L B
ol H A PR AL 28 B R e 1T, MINTTE R = N =2 R
JERRRE , FEON R T L KR L R AR
PRIEF AR , I ELRRIR 0 20 it 7= A0 728 S I 2% 33
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RZRTE kR DL . AR 58 b, Wi BE 1Y 16 s 2ot
e, MRS HOR I, ARk, ZLAME T
Tluiple 0 TG 2 v ik A A% G i #R Oy 2UHE A S A B v
) 157 FH R AS W38 it (Pottorak et al, 2015).

3.1 WMUMEHTL

A 22 53 TR Ak L 1) 5 TR A I D A 4 A
1k, LA AR 2, B IS 255 S B G 1Y) b e 200 4
B 1 MR AETERZ 50°C~60C, URikk I T4 4k
W, o5 2 MEEERATE 70°C~100°C, FEATT L 4E
s LY R RE B A 0 AT B A T T 3 0N (Palka
et al, 1999). T # I EUIL P DA 1] FRE [a] e 4 %
(17.4%F1 13.4%) = T 90 20 P20 A W5 46 2 (12.2% 1
5.9%) (Chumngoen et al, 2018), % T L5 K B 254k 5
SEAEIUR BUS LG, ORI K BRI AR R B
& M (Ovissipour et al, 2017; Kong et al, 2008).

YRt S LA B RN T, FBE e HE) o
TR 5 0 TR AR — R AN 5T 3 DGR RS
FRo o A0 BRI TR g A R R A0 2 B 1 A IS R AR
TR R BT I o 028 LA Fh bV PR 2 iR 4R 15t 2R
HRATFRIF, 40CIRELIT, & AT 6
SR IRIE R, fEEKVER T . A B TSR A 2L [
YER TR e, MiJE7E90C LA HIREMER T, &
FR R P Ky, B E B 7 1 S AR IR 25
g, M B ELAT 4 5k T SRR A s P B o L Rt A
RiRe JE S T EERNA,

AN ) BE ] 5, DUER R DF S F LA B i S5 7 i
il i 3 30 R A LR LA PR 23K, PR A A Rk LA
R S IEMRL, B E I, KR AR T WLR RS
BN RREAOIEE O E AR, SRR
Y | ZEER A SURINR I AF ANV PR LAY, I A A 1) A
ARAXT ST AR A A . 5 FEA L,
R DR AR LT 2 AT SR R () R T vy, H B e ik
50%~70%, FECZMFIWLRE R AAAEFR T, FHIL
PR 0T 3 T P DR i UL D 2T 2 2 P e o, A ik
i 7 A 2 B P B 1A 2 — A, i BN
A AR R K A

3.2 ¥k

TEMAAAZ A B, AR MWL ZS iRk, &
HUBUZ AT AL IR o A N LR, — S8 s (an
JULSR A S A )R B R AL I T R Sk AR 15K o1, T3
JE LA KSR RIS BRIE . U . BTG A 2T PR D)
*B?éo

NS A PN 5 e S S

JER LT 2 P (£80%), BT 22 A 22 2 [l 23 ] o
PR S 28 ) v K 43 A 1 7 AR A 06 SR YR T 3 R i) B
FIASAE, DT ARR PR B PR K 1 . 7E45°C E75°C~80°C
(TR EE Y RN, B TR N, 22 E 4 e
hn, HE80°C, ALK H A g, JEH, T
50°C~65C, & ik A iE & K (van der Sman,
2007), HXF R F LA 40 AR e A i R AR Ak 1 L
JERE, TEA EIRE 4 M A SharpZ5(1992) ik, 2T 4k
BRI 4 B R A AE40°C~60°C Y, REMTEIGIR TS
BRI PN, £F 255 HC ) T PR 6 2 ] g i Bt (o 5 O 1 it
O AP R, BERS 220 AR I . #E60°C~70°CHif
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5 5ga AR Bl (Purslow et al, 2016), 4546 445 F9 1
SRR IR, IR T A i SRR 7R 25 R IR AR I TE K
AR = AAE R

3.3 FR#

5] Br s 1 2 2L (ISO) K 12 9 ot b s SC oy <38 3 L
B v LR L W Az T SR Y B W B I TR
L7 RN 235 R (JLART R0 8 T ) JB 2 o o b 8 =2 XU B 52 )
HRE B IR

TG T 0 A I B T PR R A R I AE R L A
PRl TR I PR A5 AR [ L AT AR DGR, R A
AR —E, BEMPGRER LT, 3 E R
1E 2 BRI R AR L JFORATE IR R 50°C ~
65 CHI BT Sy B & F R, 4kseml, 78 65C~
SOCHY BB I f BT B3, KT 80°CJasy vl H
FEARFFRE o TR AR AN TR, 8
TEAE AT A (45°C~50°C) BT Y Sy 542 T+ )5 e o %
Pom TP RBEYI S 2 ABTBR R T
2 FORTR] R . — R LS U 38— B Be (50°C Z 1iD)
SYU I3 0 b T 32 EE R T L PR 45 G 2 S0 AR 1 R R
Wi A5 A B BE(65°C~80°CHIY - FF FEZIHKH TR
WUR LR 4 A AT s 5 — R BRSNS — AN B BE)



%53

B 45 AAAE TR PR S 8 PSR B 2 181

A FE SRR TR 4EE A A, 5 A B B2
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Effect of Heat Treatments on the Protein Structures and
Meat Textural Properties

HU Yaqin, GE Yujun, BAI Yan, LI Yuan, DING Tian, CHEN Shiguo(D

(National Engineering Laboratory of Intelligent Food Technology and Equipment, Key Laboratory for Agro-Products
Postharvest Handling of Ministry of Agriculture and Rural Affairs, Key Laboratory for Agro-Products Nutritional Evaluation of
Ministry of Agriculture and Rural Affairs, Zhejiang Key Laboratory for Agro-Food Processing, Fuli Institute of Food Science,
College of Biosystems Engineering and Food Science, Ningbo Research Institute, Zhejiang University, Hangzhou 310058)

Abstract Heat treatment is the leading and most traditional means of cooking and sterilizing meats
from aquatic products and poultry product for the processing industry. The meat protein composition and
structures are briefly described in this manuscript and the denaturing of the different proteins during the
heat treatments are discussed. Most of the sarcoplasmic proteins either from aquatic or poultry meat
aggregate between 40°C and 60°C, but some coagulation can occur at up to 90°C. The unfolding of
myofibrillar proteins in solution begins at 30°C~32C, followed by protein—protein associations at 36°C~40°C,
and subsequent gelation at 45°C~50°C (conc.>0.5% by weight). At temperatures between 53°C and 63°C,
collagen denaturation occurs, followed by collagen fibre shrinkage. If the collagen fibres are not stabilised
by heat-resistant intermolecular bonds, they dissolve and form gelatine on further heating. In addition, the
structural changes and quality changes of different kinds of meat due to the heat treatment are discussed.
In most cases, after meat is heated to a certain temperature, its microscopic structure shrinks, the
sarcomere length shortens, the water holding capacity decreases, and the shear force which represents
hardness rises once or twice. Minced meat products including surimi products, hamburger patties and
emulsified sausages have disordered muscle system structures due to the effect of heat processing.
Compared with emulsified sausage, hamburger patties have a higher occurrence rate of whole fiber and
fiber fragments, and their content is as high as 50%~70%, and resulting in greater shrinkage after heating.
Compared to poultry product, surimi products showed to be much more complicated. Salt soluble proteins
in fish muscle would reform a cubic network containing water when it was heated to be surimi products
due to the formation of disulfide bridge, hydrophobic interaction and hydrogen bond, etc. In emulsified
sausage, the myofibrillar protein is extracted due to the crushing and stirring of muscle, resulting in a
dense protein network gel during heat treatments, and water can be effectively maintained through
capillary force. Understanding the structural changes of different meat proteins and the mechanism of
quality changes during heat treatments can provide a theoretical basis for formulating a more reasonable
meat processing methods.

Key words Heat treatment; Meat protein; Protein structure; Myofibrillar; Heat denaturation
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