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Summary

A STUDY ON CHANGES IN CHARACTERISTICS OF MUSCLE
PROTEINS IN CHICKEN AND PORK DURING CHILLING
AND FREEZING STORAGE

Doo-Jin Kim

Study was conducted to evaluate the effects of chilling, freezing and
storage temperatures cn meat quality for prolonging shelf - life of chicken
and pork. The extractability of muscle protein, ATPase activities and pro-
tein composition of myofibrils were evaluated during the chilling and freez-
ing of chicken and pork. Breast meat from 7 to 8 weeks old hybro broiler
chickens and loin from 5 to 7 months old landrace cross pigs were taken
postmortem used for the analysis after connective tissues and fat being
removed.

The meats samples were finely minced, made into small block to minimize
sampling error between animals and parts. Samples were stored at 1°C and
used for the determinations at 0, 1, 3, 5, or 7 days of storage. To evalute
the effect of freezing temperature on muscle proteins, samples stored at
1°C for 12 hours and frozen at -40°C or -20°C for 10 hours then stored at
-20°C or -10°C for 20 weeks (2 freezing temperatures X 2 storage tempera-—
tures X 7 storage periods). To determine the effect of prefreezing on the
muscle proteins, samples were stored at 1°C for 96 hours, and frozemn at
-40°C or -20°C for 1 hours (6 periods x 2 temperatures), and used for the

determinations.
The results are summarized as follows:

1. The extractability of sarcoplasmic protein was increased during with
the chilling or chilling prior to freezing. However, the extractability
increased up to 8-12 weeks during the freezing ard tended to decrease
thereafter. The extractability of sarcoplasmic protein were not affected
by freezing temperature but more by storage temperature.

2. The extractability of myofibrillar proteins from both chicken and
pork increased during the chilling but decreased during the freezing storage.
The storage temperature had a greater effect on the extractability of myo-

fibrillar protein than the freezing temperature,the extractability decreas-



ing faster rate at -10°C than at -20°C. The extractability of myofibrillar
proteins from chicken and pork has tended to increase during 24 hours of
Chilling prior to freezing, and decrease gradually in the chicken but no
change was observed in the pork. Both chicken and pork whowed a greater
extractability when frozen at -40°C than at -20°C.

3. Mg?*-ATPase activity in myofibrils of chicken dincreased up to 3 days
of chilling and tended to decrease thereafter, but the pork tended to
increase during 7 days of chilling, Mg?" -ATPase activity in myofibrils
from pork decreased at a faster rate than that of chicken during the frozen
storage. The storage temperature affect more on the Mg? -ATPase activity
than the freezing temperature. Both chicken and pork showed a greater Mg?* -
ATPase activity when stored at -20°C than -10°C. Mg?* -ATPase activity in
chicken and pork myofibrils increased up to the first 24 hours of chilling
prior to freezing and remained unchanged thereafter. A higher Mg? -ATPase
activity was maintained when frozen at -40°C than at -20°C.

4., Addition of EGTA has slightly depressed Mg?* —ATPase activity in the
chicken myofibril during the chilling however, no depression was exhibited
in the pork. Effect of EGTA decreased as freezing storage advanced, and
decreased more rapidly at -10°C than at -20°C., EGTA did not affect the Mg?*-
ATPase activity in the pork during the chilling prior to freezing. In
contrast, the Mg?*-ATPase activity in the chicken decreased gradually with
storage, regardless of the freezing temperature.

5. The activities of Ca?'-ATPase and EDTA - ATP ase increased during the
first day of chilling and remained unchanged thereafter, and decreased more
rapidly when stored at -10°C than at -20°C, regardless of freezing tempera-
ture. The activities of Ca?*-ATPase and EDTA-ATPase increased up to 24 hours
and 12 hours in the chicken respectively, and plateaued therefter but did
not changed in the pork during the chilling prior to freezing.

6. SDS-polyacrylamide gel electrophoresis (SDS-PAGE) patterns of myofibrils
from chicken and pork indicated that the complex of tropomyosin and troponin-
T was dissociated, and troponin-T gradually disappeared. The concentration
of 27,000 daltan compound increased during the chilling the chilling in the
chicken but a trace of 27,000 dalton compound was detected in the pork myo-
fibrils at 7 days after storage. A similar patterns was observed during
chilling prior to freezing. SDS-PAGE patterns show that during the freez-
ing storage, the complex of tropomyosin and troponin-T were dissociated,

and troponin-T gradually dissappeared with frozen storage.
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W Aglew -15C % -25TCel ErEE 7
$ Fo MM Jdehnget skl

ol8} 7ol AML EE RIrikth HEBMEDH
o) HaHipEol bsta ob-gel 1 £HFEHS B
{tste Aoz g3 Yrh

BESEEARS &WEN B ATPase If
pre) sz TA|=Ed], myosing ATPase i&
phe Ca® o] 9Jshed FEME(LE 2 Mg™ ol 2iste]
A A a AwRe] FHEN HHT Jod o
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myosin 3} actino] A s ¢
FE=E" Ma* o] o8l ATPase JEfE2 A
tn stg o (Gergely, 1970:Yang 5 ,1974),
Bowen 3 Kerwin (1954) 2 myosin ATPase
fEPEe] EDTA] siA = #Ascta shgich
Actino] o314 FEHE{tSE myosin®] Mg™-
ATPase [E#S actin-myosin 7+ 2 3¢

actomyosin o]

AR
23 AL HRAA Ko Mg acto-
myosine] AL oldg WiE YAY + s+
i Hay %5 (1972) ®} Yang% (1970)¢] ®».13}
ek =g Goll 3t Robson (19%67) & 4HE 2
Tolld HEE - $SFweR AW myofibril
o) Mg® -ATPase iFtEe BWEM © BE #2
gl 60 %8 T BMmEL, BRETHRAE &
miEke w3t A9 e F+EAA AstE] o
oo BEESE F4sd  actin-myosin 7F
Age A=At 1 F g MEtEE
RAolzbi kgl

gsd . Busch¥ (1972. a) & CASF§& %4
B ogEe of =& G Rkl B
BEE e Mg* -ATPase FEW-S 8 mAl 7] A =),
o 7 EERfe] CASF @Eel R &y o
ol Mg®*-ATPase 7EHS WA 33
o Suzuki 8} Goll (1974) = RElA M
sl CASFE myofibril & Mg>- ATPase 7%
P 18 mAl 7 vk » ashglth

B (1983) & #EE 3 Tol HEshds &£
o2 HMY DEMEEAHS ATPase FEHE
Wl mgk As Mg* -ATPase 7EHEE AWEE 1H
o A<slacizt 2 & Ak 7 B7A AA3l B
Pty ot HEEN fAstg o, Ca* -
ATPase 7E¥EE Bk 7TH7R gAHAo2 ¥
obzictar &gk

=3, Yamamoto 5 (1977) & #Bmel 7HeH
918 4T % -20Tol Ak ¥ FEErEsRA

s
e



FHUY BERMEEAHS] ATPase FHES x4
3lod, ko] A S Mg -ATPase FEMES #Figf
Aol |3t BRE 1 BAlol b 140%Y F2
g Holm 2 olFol= Bt AL
BEsRrRES] 2% Mg® -ATPase % Ca®-AT
Pase &M 25 FEER® 13 FoldA
2F7A 2 +%F¢ FAs O 2 o F A& K
BEte] 16 F o]l Fell= Fifty TETRUT o}
Aotz shgch

Ahmed 5 (1983) 2 4@zl BAE FAstd
WEIM Y =l 2 DESEEEES ATPase &
th B MBI o FsA vl 2 B MRS
vlsElieln shyoh

Cheng 3} Parrish (1978. a) &= K@l #f
A3l AfEAE 2 Td AwishdA KMoz &
23 myofibril 8] Mg®-ATPase % EDTA-
ATPase FtES zASlH A@mel HKtsRxch
fEtkol =otkn dlgdom. Mg* -ATPased] o
3 EGTA® 482 wlxdkd Jebgdr 319
o EF oledt @A pHel MR a4 2
$sctn sk

% (1981) 2 AL -20 Toll &2 A A3t = A4
FAMWE myofibril ] Ca*-ATPase J[EHS A
g A3, R 2 FAel AR 130 %ol o
Fehe Bk EMEE Jebd ebob sREsRTRE el
Aol wet ke AR B st 5AYAY
B #Figpmnc dobzicdln stk g (1982)
< EHE -20TAA 12F 5 MR A
% myofibril ¢ Ca®*-ATPase [EHLS B
#rel AxA o WA R 1 FolA
437 A e +5E Jehlislosd, Mg™
-ATPase FEWHS B 1| Fol Arsstd 2 37
2 & W3t gdebst 43Sl A3 Bt
1 F AAs 4o shgth

Ebashi ¢} Endo (1968) ol 2J8} Ca® MERH:

e,
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9] x84 o= tropomyosin-tropnin complex
8] &fFol cdlARcty wwmalgosy Seki 9 Wa-
tanab (1982) = EGTA#FZ TollAl Mg -ATPase
JEtho]l Ry 2 Aodtel wel Ca™ ERftol

AR dtgen, oA ZAAQ tro-

ponin-T 7t sk Zeo] shie) ERoletm 3
sch (Seki 5 1980).

Khan 3 (1963) 3} Connell (1960,a.b)& ¥
A A% actomyosin o] BB Bl o So
ATPase &Y} SH-groupol @A=L o] =
Efol 4 Bel EmElA EHY Ut Felsta
X slgx, Fukuda 5 (1982) £ myofibril &
ATPase fEtho] THA7l: BER-T frakshe
G o d&& wentn shesh

BAol IRt BKel A A% s 9
Bl w2 P& S0l SDS-PAGEE ol &3lx
etk

Myofibril #85k ZHEES &4ftH+E myosin
heavy chain (MHC) o] 50 %, myosin light
chain (MLC) 1,2 ¥ 3e] Z# 6.25, 2.5 1
1.25 %, G-actino] 20 %, tropomyosino] 3
I7F 22 2, 1159 1.3
M-proteinz} C-proteino] &z 2%
1 %35 &ol A1 BEREH o2 A
B-actinino] A&F 1
8 gel o4 o]F3lA|
1984) .
Bechtel 3} Parrish

%, troponin-T,C g
%v

actininol

a-

connectin-& 5 %o|4t
Seckx st} (Pea-
rson g,
(1983) & MHC (myo-
sin heavy chain) & ¥8 44824 145,000
~125,000 dalton R £2] polypeptid Eo] F g
Ho glow o]AEL 10mM9 Ca* & A3l
2 5%t Uty wasly o
Hay % (1973) 3} Yamamoto 5 (1974) & £8
P9 B % SDS-PAGES ol &% ulyjol A
30,000 dalton fiSo] Ealslgiaky slgov



4% BEL w2 2stglen], Penny & (1974)
L A7 A 4EA FAME myofibril
ol 4 30,000 dalton mSol Jelyotm stg e
L
8}x| 84w troponin-Ts} 30,000 dalton 4ol
25 2oz shec
(1970) ® Olson % (1976,1977)
£ troponin-T9 443 -F4ld] 30,000 dalton
AR Sdo] BEHM Tt EE Btz
3153, Koohmaraie 5 (1984. b) & 2 Tl A
144 7+ AR 4@l 30,000dalton etk of
vzl 110,000, 95,000 % 55.000 dalton E&4
o] 37t Ealstgcl
Samejima $} Wolfe (1976) & BARAA £
o} ohuet, AlA 59 myofibril-& pH 5.4 23}
I 40 TellA 4 A7k wfoksted 30,000, 65,000
dalton band 7} &®lsk= AL 33 BRACAA
30,000 dalton A & %29 pHel FaBE) <
o) gled, B HEAA AMN XA F-
actino] 4% 30,000dalton band & & $ o
A

1}, CAP (Ca**-activated protease) ¢}

Henderson %

=22 o] bands} thin filament & cizto]
de A& A st

MacBride & Parrish (1977) & 4@&Y AR
Moo A& 30,000dalton4] 28 wAY F glo
B}, A% HEAAE 30,000dalton FH-E F 5
9t stgon, Warner-Bratzler
force o} HHE BEHRES st 30,000dalton
A4 HE g2 %o HALE ZAe #BE
2 Aol Fom std=

Penny (1976) & 10 ol A A A HEA
Frik 397
Z7s b 2 & A4, 35,000 dalton
9 AL M JIES Boel Fdstdeod
30,000 dalton ¥ 25,000 dalton A $-& Ao} A
Yyl wel 2=, 99 Fol& o] 2E T

shear

a9
’{C-l]"\T_"E

troponin-T (37,000 dalton)

[=]
™
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band 5o gel B4 HtEe RamE=l @
7z Atetzcha shgeh

AH(1982) & 4 Col frEsls BAAA 27,000
dalton4 £2] &85 2 @Hel F7A=e #4
ol At stglem, old =gl MHCY FE+
Yol g gl 4 glckn 9%, AhmedE
(1983) = Byt F9 FAeA 27,000dalton 4
ol FHEE sty

281}, troponin-T7} myofibril o 4
e ulEol
1981), Takahashi (1983) &= troponin-T2] ¥
7k b x| A EE A=, ol A e
Br @ FER = B 2sl7) s}
oL shgeh

g, Wierbicki % (1954) 3} Partmann (1963)
5 mEHEMEEAE Y st 2% 48
Nz #AL ol &g AP en, Fujimaki

3]
oF 2 %A 5ol22 (Obinata &,

H3 5
AL

2

cER

=3
(1965) 2= Wolfe ¢ Samejima (1976) &
2 8}
ATPE X & #F4lsted, BEREH natural ac
tomyosin o] &= 0.6mM ATPQld] ®3led 7
o] Aol 0.1mM ATPRLE a2 g
Boldta, fAme B § actin-myosinzt
Agol fiBNA 7H5A4L AlAstde

actin-myosin complex & 8 4] 7] =)

L
o

I meeE K HE

1. RBHE

TH4S WS (hybro | BHE
kg) & B 54 eSS
giEste] NS RS S AAstz ted
24 gt A B F, 30 #4 el 10
mM NaN,2 oo HET AL Al-foil2
o]
BRAE TS

1.6 ~1.8

(breast muscle) &

A 4x5X1ord 272 8] Zjexal

Yol o] AFEAT F A o



Kol ol &3ttt BAE 5~7449 2 ==
(landrace @M £ME 75~954g) o HR
E% (longisimus doris muscle) & BE 4
PEE ¥ gzl 9% REE
%ol =12 BARAEY Bt B™ME A
o o] 83 ke 1£1TeA 79z A Asld
A0 (FEH 2~4BR), 1.3,5 % T 4
ol ol gstg o, WA BEx 1 T4
12 417k FoF AR o3& -40T RS Az
Bk R FHERR FHEKE (BlhERd)
oAlA, 2l -20 T P& &R (#BZR4)
oA 10 A7z Fot BH#Ested A& -20 T -10
Toll A AstdA 0 (FReEEE), 1.4.8.12,16 ¢
20 A ol Aol o] Bahgleh BASRT % RREAM ol
o2 BRARAESY %t LS 246 AT R
Be FER 0~96 A7k Fob 1 Coll A dAs=A
Berpy o2 -40 T2 -20TTellA 1A &<k B
A7 g PRt A o] &3shgdet.

2. RRHE

1) BME 8K (sarcoplasmic protein) 3} %
B @4 E AR (myofibrillar protein) 2] 7
o SR
HREAES DESBMEAESY Yelc Haseg-
awa s (1970) & W& #i%E, #¥ 442 0.3
M sucrose-0.01M KC1-0.01M tris buffer
(pH 7.6) 88 40 w9t Y7l T ol Y2 KK
Foll Al 127 HEI F, 19.000 XG4 15
b BOAEESIY . LEWEY ZARS B
EOER s
BEREEOES BEE 400 mligos
30 27t FAste] 19,000 XG ol A FE
SEERE Yo 24 nf 2] Weber-Edsall §of
7heled b W o E HE, 5TolA 24417 o
A F, o} 72 w8 Weber-Edsall §o§2 4

10 27k

-13-

i, magnetic stirrer @ 20 -£7F ###, 28,000
XGellA 60¢7 BOSMES 2 LREFO
EAHES ol &stak

2) BOE BEY A
EHE BEYT micro-kjeldahl & #E¥E{L3L
biuret 8] (Gornall 5, 1949) 28 ZA3s}girch
RS micro-kjeldahl Bl o2 #F% bovine
serum albumin EREFH ) o]s A=l

A
4

HOLZOJ
(Conc = Abs XK+ B, K=19.689, B =
—0.0212) 22 BHstg el

3) ATPase ¥l Hiw

ATPase 7[EMS Hig& Fiske-Subbarow
(1925) el 3kl A A,

ATPase &tk JilEs 3 RfEM o2 (05M
tris-maleate buffer (pH7.0), 8mM MgCl,,
8mM CaCl,, 8mM EDTA (ethylene glycol
-bis-(f-amino ethyl ether) N, N’ tetra
acetic acid), 0.015 M KC1, 2.25M KC1, 8mM
ATP (adenosine triphosphate disodium sa-
1t) , 20 % TCA (trichloro acetic acid) £},
BEWO S 15% H,SO,, amidole 4] ok (amid-
0.4 #+NaHSO, 8.0%.7100 m¢) 12|13
3.3% ammonium molybate FHBE 5L
st ok

Mg*-ATPase [EHE BlEd 2~3mg w2
myofibril 0.5 m2} 8mM MgCl, 0.5 »é, 20}
&+ 0.5n, 8mM ATP 052 % 0.5M tris-

ole

4

maleate (pH 7.0) 1 m¢% ¥, 0.015M KCI1
1at s Yol BAW 59 KCl BE7E 0.05 Mo]
sz Eat gt EgN S 30 Ch# LA 587 K
B F, 20% TCA 1 mtE F74std w3 &
A7 h& 2,000 rp.mold 5EZ EOSEE
sle] Qelxl LBWE 3meel 15% H,SO,
3.3%

1 ne,
Bol&

ammonium molybdate 1me R



+ 4mE 9ol 2087 BEAZ F specrop-
hotometer UV 240 (Shimadzu, P/N 204-
58,000) 660 nmell A WIKES Rwsti, %
(KH,PO,) @EEHEHA sl 4= HEd
£#9) /A% (Conc =Abs xK+ B, K+ 0.8876, B
=0.0021) o we} 1mge] MEVEHA b 1¢
Sol Mol veov EEM(Pi) BE pmole
(pmole Pi/my MF,/min) 24 vetujalch

Ca*-ATPase &Mt Bl BEA&®W T 8mM
MgCl, wjAle]l 8mM CaCl, 0.5 mZ Yo} Mg™
-ATPase EHs 2L 2R 2 Wz

EDTA-ATPase EYE e SmM MgCl,
g 4le]l 8mM EDTAZ, KCl BEx 0.05M o
Alell 0.6 M KClo]l S]£2 sl o4 Meg™-
ATPase fEMESL 2 z71o2 A4t

Mg* -ATPase EiEol] gt EGTAS 432
BEaw Fol 0.5m8 Bol2rE 97 @3 1
mM EGTA 0.5 mE &Mt Mg®- ATPase
TEHs g 202 st

4) SDS ( sodium dodecyl sulfate -poly-
acrylamide gel electrophoresis(SDS
-PAGE)

Shapiro 5 (1967) 3 Weber-Osbornik

(1969) o] Z3ted SDS- polyacrylamide BHEIK

& Tk
myofibril & 0.5M sodium phosphate bu-

SDS9} f-me-

rcaptoethanol & JE&Ste], 2my/ mf protein,

ffer (pH 7.0}, 10 % (w/Vv)

0.01M sodium phosphate buffer (pH 7.0)
1% SDS ¥ 2% (v/v) B-mercaptoethanol
S afEE REHEE mHEe] ol AL B AT
ol A 34z @Esta, FEH (0.1 % SDS-0.2
% B-mercaptoethanol-0.01 M sodium pho-
sphate buffer, pH 7.0) o4 3413 F F

A A7 F, 100 £ 2 myofibril & gel Aol 71
3 gel 3 8mASl BHKE oF 447 T FH
AA BHREKEE A, geld 0.12% coo-
massie blue R-250 A4l og 39 Fot
SBL A7 }e REsled 7.5% acetic acid
Lo wEsw A, SDS-PAGE pattern 9
DMU 33C)

0.5 X 5nm) ol A HERS}

W 3}2 densitrometer (Toyo,
£ o] & 620nm (slit
iR

V. BR Y TR
1. BAK mfigo Bi

1) BEREEE MtEe B4t
A. ARSI Bk

eI Be el wEEE DMEAE fhditke
#ite Figure 13} b

Eas Brol DHRESE MRS RBERES
o] 48.17mg/ ¢33 42.81mg golqw el 1 F
WA 5 dmels o FU AN Mo 53.74m
/¢ 47.98my/¢ 02 AR 2 MR
< Jehim Qs

gap o miitEel Baiwch A JEid AL &
e & EAE 4f° o227 dieleln A
Ztele) | BMEEPE Ml F4AS 3olA ¥
Ao wol WAINF BHEAHLE A B
Ps= e Aom #ms gk

ol L FERE 3Tl WAL RAS B
BEH ko] 1 dAlel Frhshdshe M (1983)
o Brzesl, 0Col AAT B HRESH M
e 228 A3 1FHe oF 6.5% St
2 wochs #(1980) o @isele e Al
ok, ES EBAL 0TAA 792 ART



A4S BHEAE MilitEe BHEE A £
drhs &3 @K (1983) o #R= Aol F mict

o]} ol HHMEEEE Hiipre]l Aol & mol&
AL, RAS 4@ HREAE MHES B
B EERol =l MRSl Bt Kol d2o+=
Chaudhry-5 (1969) & @&l B 7k 7
freh chel #MAZE 0~5 Tel A WA of 9
2 Ygesd awjet fhiide] o2 Khand
Van den Berg(1964) o) @Azle} o] HRESA
H it 93E Fv ER wrl & feleh
i gz

& wn o
< (=3 (=]
v \ T

Protein (mg/g muscle)
w
f)

0 1 1 i A
0 1 3 5 7

Postmortem storage (days)

Fig.l. Extractability of chicken and
pork sarcoplasmic protein during
chilling at 1°C.

@@ : chicken (O—O: pork
B. gz el Bt
-40 T} -20 Coll A BghE -20 TS -10Cell

A% B BAS BEAE Ml ML

£ Figure 2o Jetuigish
LA REEK DREAHE Ml 46.63m

/gelgdr 2F(-20T) 2 8F(-10T)AE

51.96mg ¢ U 48.84m/ ¢ 0% tii F7HE g

ov, 2 F A Fastd AT FESH

_15.

SSH

Chicken

55¢

Protein (mg/g muscle)

1 4 3] 12 16
Storage time (weeks)

20

Fig.2. Extractability of chicken and
pork sarcoplasmic protein freezing
at -40°C or -20°C, stored at -20°C
and -10°C.

:Fr.

:

-20°cC
St.temp.-10°C

temp.-40°C, St.temp.

O
O

:Fr.temp.-40°C,

;

:Fr.temp.-20°C, St.temp.-20°C

e
>

:Fr.temp.-20°C, St.temp.-10°C
#wot A9 e FF HMHEEES Jetuids K
BL BHEEHE 45.16m /70l 125 (-20
T)ol 49.01m/¢, 163 (-10 T) &= 47.34
m/ o2 Z7hs etk 2 F Fasle]l 205
ot TE MEAA MKEEHKS +EN A &
AR FHES Jehigou -20T  RrEE oA
£ g4 22 4FE 294

-20C Bkl 7% Bzt Bme MEEE
e 2 45.29mg ¢ P 43.95m3/F o1 A

o, -20TC ARl BEI BA =¥ 85



# ol]
o wls) z+zt 11.70 %9} 11.85 %2
QA F Fastd A 20 FA ol 47.9Tm 7
46.41 mg/¢ 02 BREEE o HiE s e
f=lst gloleh -10 Col A3 BAL
12FA 6 47.70mg/ ¢, AL 8Fsol 48.06
mg/ ¢ 02 SR M) W]z 5.32 %9t 9.35
%9 Z7+E 2ol F AR ztadted 20 F A=
BEEE#S v £ vietul o et

AR LERAHNE BAst BE 25 Rl
o] & we] -20T AAel -10T AR o
4 & HlKEE o, FEBEE A
ol & Jehixl 3 Y=t

Kronman 3 Winterbottom (1960) & 4R
-20 Coll AAsRS = KEH FEUES Hlite
o] EFslE RS nustgon, Khans (1963)
& AFLEF Felstd (-4~-80T) BHE A
et e AS EBAAE 9557 HEEAK
HpEe] W3S B & oslddsn shgith
do @A AT AL Fukudad (1981) 2
& o]l LB WE EEHS AAT H3t
317 gechn xusta Yo}, EAAATA A
S0 BHEAE MHHEE o8 22d <zt &
gt deld $ de Ao fwsdEt

U, HEERAE mlite] A= JAx F
A & QA gaske FAF Ve 4
Laakonen% (1970) & % &FEs 2ol A#
7 7ol AeiA el =t HIEAE S U5t HE
i RS A5AE AV SRS dovlsl
wFolel gzsle}

50.59mg/¢% R 49.16m3/¢ © & FEEHEH%K

7t X

i

al
x
&
-

-
=&

A X
FEFE

C. BRAEHT WERdel & 84t
SAA B4 7 =E B BRY T
B e FAsted Figure 3¢ ek
Atk

-16.

Protein (mg/g muscle)

Postmortem storage (hours)

Fig.3. Extractability of chicken and
pork sarcoplasmic protein during
chilling prior to freezing at -40°C

or -20°C.

chicken: :freezing at -40°C
%] :freezing at -20°C

pork Bl :freezing at -40°C
[l :freezing at -20°C

BEEHE -40 T -20 TAA ML HBAS

BRELE MBS A4 54.50m/¢3 51.82
ng/gol 4o, -40 TellA BREAI A Aol 48
A7k, ZBlR -20 T AES Afelt 24417 o
A= Wst gedev 2 F Y Frheke
96 A7+ A FEEsIgE dole A4 57.27
mg/§ 3 57.71mg /¢ 02 MM 715 et
W9l ek

P, BHS EHESE -40TY -20 T &
¢ A 274 44.50mg 750 43.02m9/F o] S
oy WAy el AoiMel wek @A Friske
96 A7t M AFoll = 72tz 49.40mg/# 3  47.38
ng/ ¢ 02 BBEKI & 11.10 %% 10.13%
9] F7HE vrephvigsh

ol o} e Az WANNF HuitEe] w3
(Figure 1 2M@) 9 7& AT b 3o
D BEREHE AHES B o8 2A W



ghx) @€ AoE 4As g

2) BEEMEOE it Bt

Myofibril o] /4 myosin& thick filament ol
Za)$ta. actin3} tropomyosin-troponin co-
mplex7t thin filament of ZTA3 2T WEK
o2 BESBMEHHES BT ) filament la-
ttice 2 %€ myosineo] felElz YA
s} zAchigoe] 31 o, oot 2 A
L e BrEtRfel et AR o2 e s
7} dasgzg  ERFER BEEESE HH
S st EHEMMLY 4L vlwsigct

A. WRHES S 8L

1 Coll A 7% A BA BRES HERE
MEAHE Ml WS Figure 4o ehy
9=

actin

160F

11.0_/9/0—’//\0}_0

120}

Protein (mg/g muscle)

0 1 1 1
0 1 3 5 7

Prostmortem storage (days)

Fig.4. Extractability of chicken and
pork myofibrillar protein during
chilling at 1°C.

@@ :chicken O—:pork

BEE® BA3 BAY DEEEEAE WM
BS 138.82m,/73 127.01mg,/7 0l ok £8R12
DEREEAE MHES Ao S8t 5
Aol 153.24mp ¢ 0 2 RBRE K ¥3) 10.39

%0 7+ 2l ¥ 24 FAE Jdehi ol K
A HiiEe] 3UAAR F7lsted  143.06m9 ¢
o2 BREM% ¥ 12.64 %9 F71E R4
F ARAY AR 2 +5E KA

Bas Fao g ol HREAES
HHpEol Ao} o] AT & BHE &R
apolel actin-myosin A} Z2H8o] 7t FEARTE
B R T Mt 2] «d3ql Ao
2 Azsy, et Bre BEEMEAHE #
Hiftel Fgmuct A A=z Q& AL, &
B Y RAET 2T AAstgs o HEEME
BH ffitEe] 7d7R Frltstgicte Daveys$}
Gilbert ( 1968 ) & Bms} 7k A Ao
2 AYzsie, ole} e i St dglew
£ Chaudhry 5 (1969) o] = Ag uiel o]
actin 3} myosin &] 4+& 28 thin filament
o) zdcka fel ¥ Z-line 8 354 9
T A2 47sge

B. BT S B4t

s BAES -40T 2 -20 CollA BEigsls
-20 T2 -10 CAA AR A HESMES
B mltEel BMbe Figure 59 3

40 CAA 52, -0 T -10Coll AR
LA EAe HREBMEEOE MRS BESHE
el Azt 129.64m5/¢ QD 119.73mg Fo] g o
v, -20 Tell AAZT Bayel mlife Axz7|

Bel AA3] F4std A@ARslde 115.1Tm/
go2 FAAFo vid] AT F4LFE Rolm

Ad=t oledt 4 AR -10Tel A3t
AE AP -20 TolAl 2ok &xsted 20 F el
£ Mol 106.32m/ 202 A3
Bae BERERNE Mbie BAs: o
2 EMHE b glew, 43 2R A
A Aol ¥& P HMEE velz  glch
20 C AAY A$ mMtEe Hale A QA

..17.



g7 @geu,
g o)

-10Col AR Ba Al
AoiAo| =te}l MHpES F
Adtgom, 2057 DEMEEAE BB
-20 Y -10C ARFA Az 110.58 ;g g 3
96.02 mg/¢ & dehd glet

A3 7

150

Chicken

130

iy
s
<

O
T
b=

150

Protein (mg/g muscle)

-
w
(=2

110

90

ol 2 L i L
01 4 8 12 16 20

Storage time (weeks)

Fig.5. Extractability of chicken and
pork myofibrillar protein freezing
at -40°C or -20°C,
and -10°C.

stored at -20°C

.-40°C,
-40°C,
-20°C,
-20°cC,

.=20°C
-10°C
temp.-20°C
.-10°C

:Fr.temp St.temp
St.
St.

St.

:Fr.temp. temp.

b1

:Fr.temp.
A....

g

:Fr.temp. temp

-20 Col A Bgsstel -20TC2 -10 Toll A3
3 AL wes BAY GEEMEAE mHES
BASE ol 128.44mg/#31 118.07mg/F o1tk
-2 Toll AR HBAEY A HRFHTE K

-18-

o o] 27 7a] fhtifel sl ZH4ST gl
Y, -10 T ARl A HEY 4 #AA
20 ol 101.56m/¢ & RATh
BRS -20Tl AR Af o4k A4 &
Bol® glov, -10 T AAlAE 3
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Fig.6. Extractability of chicken and
pork myofibrillar protein during
chilling prior to freezing at -40°C

or -20°C.
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Fig.7. Effect of chiiling time on

the Mg?*-modified ATPase activity

of myofibrils isolated from chi-
cken and pork.
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Fig.9. Effect of chilling time prior
to freezing (-40°C or -20°C) on Mg*
—modified ATPase activity of myofi-

brils isolated from chicken and pork.
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Fig.10. Effect of EGTA on Mg? -modi-
fied ATPase activity of myofibrils
isolated from chicken and pork dur-

ing chilling at 1°C.
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Fig.12. Effect of EGTA on Mg?* -modi-
fied ATPase activity of myofibrils
isolated from chicken and pork dur-
ing chilling prior to freezing (-40
°C or -20°C)
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Fig.13. Effect of chiiling time on
the Ca®* -modified ATPase activity
of myofibrils isolated from chicken

and pork.
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Fig.l4. Effect of different freeaing
(~40°C or -20°C) and storage (-20°C
and -10°C) temperature on the Ca?" -
modified ATPase activity of myofi-
brils isolated from chicken and
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Fig.15. Effect of chilling time pri-

or to freezing (-40°C or -20°C) on
Ca?* -modified ATPase activity of

myofibrils isolated from chicken

and pork.
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pork Il :freeczing at -40°C
MM :freezing at -20°C

HEREH -40 Tl A 5 BAs Bae Ca®
-ATPase FEMHS 0.138 pmole Pi/my MF ./ min

al
=

0.167 pmole Pi/mg MF minolgl ouy -20
Teoll A HfEgE Sl 0.147 pmole Pimg MF/
0.158 gmole Pi/mg MF /min ¢|gr} 2
F B kel A% F7HE debdle] 24 4)
7y A% EEEslEE o 0.210 gmole Pi/mg
MF,/min (-40 C 3&) %
mg MF/min (-20 C H#) 22 HEEH &K
52.17% % 34.01 % =& WS Jebd £ 96
A7 EAF B EE W7k 2 2ES

i ]
min %

Pi~

0.197 gmole

%7

-27_

shget 23y BAECd A 1247 dRFE -20
CellA EEsIEE o dAidoe fEel Sohgd

AL Ao sl FEEBE DA gol 96417
A7 7 w3 E Jehi A gk
4) EDTA-ATPase 7Eie] (L
A, mEMT B
EDTAL Ca® o] ZA szl & ;ﬂa_t‘)__ o

E7E 107'M ol 4ol =W R EES w2
o 400 %9 mE(LE
Vepd el dtg o 2 2 (Bowen 3} Kerwin,1954),
actin 3 o} EEHc¢] EAsSY A+ A
myosin & ATPase {&Mul2 slmélux &
e
#3t Frte]l flol: Yang 5 (1970) 2 32(1979)
2] 3¢} o], EDTA-ATPase A4S 34
gtlo g2 Mg*-ATPase [FEthEsl Ca®-ATPase
fEtEol A Vehd KF7F $3 myofibril o FaL
2 2\
Aog Yzt AREUE BAS BA myo-
fibril. o] EDTA- ATPase fBEfS 43 A3l
Figure 163 2t}
BEHESE Br3 BAS EDTA-ATPase §
2 0.172 pmole Pi/mg MF min 0.151
pmole Pi/mg MF, /minclgler 1 % | als
o 0.247 pmole Pi,/mg MF,/min % (.202 g#mole
Pi/mg MF min 22 BEHE#R T 43.60% %
33.77 %7t ket BMATEMES vebd F A2
I FEE FREM A fAskn stk

ol 8} o] EHEE ko F& EHE moly A
& w3 BA myofibril W] myosin-actin
FHEME ol f2slz g7l dl@q Aog #ws
o, dA 1Al ol HIE R
of sAl] w2 FHREZ B T T OBFEEK
kA TSl Bvh g Ao nol BRI

s, 107°M RZdAL:

[e]
e

ol = EDTA-ATPase 2R3l Ao &

o

myosine] 2|3 12 & HesEd 4 o

=
l

i

<P

)
=

o]
a\‘"\__‘

Z 7}l

iis



Ay z+

% myosin-2 & &7t
=gl

nAow

A
e

e
W

o
~

ATPase activity
(umole Pi/mg MF/min.)

e

1

Iy

3

1

S

Postmortem storage (days)

Fig.16, Effect of chilling time on
the EDTA-modified ATPase activity
of myofibrils isolated from chi-

cken and pork.
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Fig.17. Effect of different freezing
(-40°C or -20°C) and storage (-20°C
and -10°C) temperature on the EDTA-
modified ATPase activity of myofib-

rils isolated from chicken and pork.
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Fig.18. Effect of chilling time
prior to freezing (-40°C or -20°C)
on EDTA-modified ATPase activity

myofibrils isolated from chicken

and pork.

chicken: :freezing at -40°C
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pork I :freezing at -40°C
[ :freezing at -20°c
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A B C FD E
Fig. 19. SDS-polyacrylamide gel elec-
trophoretograms of standard proteins.
A: Myosin
B: Urease
C: Actin
D: Carbonic anhydrase
E

: a -Lacto albumin
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Fig. 20, Semi-log of molecular weight
against distance of migration rela-

tive to the actin.

Protein Molecular Relative
weight mobility

Myosin 214,000 0.193

Urease 120,000 0.472

Actin 48,000 1.000

Carbonic 29,000 1.324

anhydrase

a -Lacto

albumin 14,200 1.704

x* : relative mobility

Bae ASdt BAS BEKBEBAA ¥
9leldl 80,000 dalton ¥ UAY =+ ik
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Chicken

Molecular

weight A MHC
C-protein

80,000 — B

65,000 — C

D actin
E troponin-T

27.000 — F tropomyosin
MLC and
troponins

A
A
D
D
: |
B E B
C
c F
F
0 day 7 days

Postmortem storage

Fig. 21. SDS-PAGE patterns of myofibril isolated from chicken during chilling
at 1°C.

-31_



Pork

Molecular
weight A — MHC
— C-protein
80,000 — B
61,000 — C
D — actin
E :ﬁ: troponin-T
27,000 — F tropomyosin
: MLC and
troponins
D A
E
B
C
F
0 day 7 days

Postmortem storage

Fig. 22. SDS-PAGE patterns of myofibril isolated from prok during chilling
at 1°C.

_32_



ak 65,000 4 JepdA ggtes 2 g4l
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- -40°C
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weight

80,000 —
65,000 —

-20°C
— MHC

— C-protein

actin
troponin-T

1

tropomyosin

MLC and
troponins

Fig.23. SDS-PAGE patterns of myofibril isolated from chicken freezing
at -40°C or -20°C, stored at -20°C and -10°,

A, D; Post freezing

B, E; Stored 20 weeks at -20°C
C, F; Stored 20 weeks at -10°C
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80,000 ——

61,000 —

27,000 —

Fig.24.

-20°C

MHC

C-protein

actin
troponin-T

tropomyosin

MLC and
troponins

F

SDS-PAGE patterns of myofibril isolated from pork freezing

at =40°C or -20°C, stored at -20°C and -10°cC.

A, D; Post freezing

B, E; Stored 20 weeks at -20°C
C, F; Stored 20 weeks at -10°C
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-40°C -20°C

Molecular
weight — MHC
— C-protein
80,000 —
65,000 — =
— actin
ﬁ: troponin-T
27,000 — tropomyosin
MLC and
troponins

0 96 0 96
Postmortem storage (hours)

Fig. 25. SDS-PAGE patterns of myofibril isolated from chicken during chill-
ing prior to freezing at -40°C or -20°C.

-40°C -20°C
Molecular
weight — MHC
— C-protein
80,000 —
61,000 —

actin
troponin-T

o

tropomyosin

MLC and
tropomyosin

0 96 0 96

Postmortem storage (hours)

Fig. 26. SDS-PAGE patterns of myofibril isolated from pork during chilling
prior to freezing at -40°C or -20°C.
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