I.A4 &

5ol AKez AFHe AL F AHoE FEHE F Atk AWUA GG ATP,
creatine phosphate, glycogen 72 ojUX|3§Ee] A nZEFH+ Al7]oltHGreaser,
1986). Glycogeno] siZ Aol o3 Aoz HAEHTF =59 pHZF oF 7204 552
oA A gl ATP &7 222 oA A =9 myofibril®] myosin filament7} actin

filament®} SUAAFE o] FA Hi, AFHOE I AHEE &1 ZAHE oA
FelX 25L& Az ARG —rtﬂyﬂ A7l 250l 2502 e FHLE A}
T AF F A= FJIFH FFo] dojue Ao gFx I 0T s4RF L I
T7NE AAsed 1A 4% B3 e s Az vi(Koohmaraie, 1994).

Collagen?] AL &4 Fo] & WH3lJ g7 W& 82 Adx9 ZF7l+= myofibrilg]
T2 242 $HAD Joh F2RF SAALE A e 2 File Fox FEF
o]A gk o] dFld] JETFS vl Asghare} Bhatti, 1987; Koohmaraie, 1988, 1994;
Dransfield, 1994). AHA = =5 myofibrile] W3}, & Z-diske] o3} =& B34 9
3 Aoz F251 §eul(Geesink, 1993; Taylor 5, 1995), o]} & Z-diskel ¥ =2
d3 A48 S S45A FL Ao v AU ¥l =4 YEYR Utk F
H5) = myofibrillar proteine] ¥3}, = HAZHQ troponm T AE3 Z A 30 kD
components] Z=Fd] 23 A o]m(Koohmaraie 5, 1991; Ho %, 1994), ¢]&ld] desming)
B 1(Hwan®} Bandman, 1989)2} titin®] A 'H(Robson, 1995; Taylor 5, 1995) S 7ig13st
Aoltyt, a8y FH contractile protein®l myosin®} actin®] HIE el tA &E
(Koohmaraié 5, 1984ab,c; Bandman®} Zdanis, 1988). o] &olo] A3 ZdAFEH A
S E3A7IE 28 A BAELe] F g 23Ho] %A Slth(Asghars} Bhatti, 1987;
Koohmaraie, 1994). dlit}+= lysosomal enzymes2 2 pH 6 o]3slollA HZHEAHS vtehdch
SR = sarcoplasmic enzymes$l calpains .82 Lol o3 A3 v HEYA
< pH 7~80]th

AF Qstol W A3e] el FuaAE A RFSE AV AP zao
2E 2 714 Aol WRsTh olg e WA e AT 2447 o A
ok &6 oz HAEY ALE ARV Fee ZARE, pH, ¥ £x)0 o3 @
2 S B AR FEA JYd. #EgA dAxE waA FIANZE F de g
Zz7o] 43dE9d "’%%—* szl f8 %S 8~149 A 447l Z=AH7}

T

de 7IeE AHEE F US Aol
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I 2 &
I-1. Z2H3A gie 5428859 W3
1) a7

28] 4502 JEHE AN =AAHY 2K ¥ F7F wt AL tiA
29 Wole Zx FHEETH EFAEE v2A veidth A 2719 U =4
Aol o) thAre ztolrh drhd o] e 5 WV B4 Aol dAxe] 9
FE v de ALALYY s e 2oz JdEn geM 24848 5
ANZ F Je AFE AeLes a9 BdE AEEY HFE AASY 950
£4€ EZAsor & Aotk I AIWHLEE AF dASEE 2AE] Y3 Fd
=AAEE ol&ste Aotk R AMAHE nEd AAG ANAFH ALE 3A74R]
2, 16, 30Co ARFste L=ATUE 2Fet] AAFEHN o e RAEEY Ao
g =8t ALF diArl ojm @ APl s G TeAd tE FHAY 7 g
B2 AME UsE U PieE S

2) APy

FABFNN AFFT 520~580 kgo] B £4 1258 oS3t 65 ¥d A% A
Agoz A7|AS(50 V, 60 Hz, 20 sec, impulse duration of 200 zsec)3t¥{ i 65F= U
272 AR oA FAHAAN THATE 2RAEIS F 35w 44 2, 16,
30Cel ARE 3AI7HA] 2EAEIRL, AR 34 o]F o] EF AL2AQRT) AFHUA
AFZE 1, 3,9, 24A14] pH, %, R-values, glycogen ¢, calpainse] f4A8AS =33 Y
o}

AR 9 nF

ARG A7IAFH A7 SEAYE 2R 1 AolE = AR AL Y
A7 30T 22T 27 AHF giAFE FJA)7e A2 YEEtH(Table 1, 2). =
3 AAYG A7)AF B2 calpain systeme] FAS A3 FAAY £ AUTH(Table
3, 4). =X FAE 30T Agd 3] FF o] He Aog Yelgoy A7)
A9 g3 vl e Fojzoh ARE dAEAY Ade AVASH 30T AHE £
g o o F313A4 JehgthFig 1). £ AFAA AMST AR dirtEE £3%F 3
o ABRPAE £ Aoz JEyttiTable 5). 0]8d ARZ B FoAME AIE gIALES
ZAA4 £ Jd' AHYE AJY ANASTH AT AR X7t AFHA A
o2 AZEHT 53] AHG A7IASTH 30T EAME 23 AH3AE o A
dAER &axe o & Aoz Jeht. £ AR dASE FHYEY pH, 2%,
glycogen ¥, R-valuese M2 FIAE7 & Ao Z YeEyten, M7 R-valueZ
AEEE FAHE © Revalues FolHE Roso] 71 vl Ae Aoz AAHJY =%
- calpain®} calpastatin®] A=+ Sx=A 9 AFEHTE AAS A7 &3] 1
23S FAANE F don HEY FaE AT gAEES BAEHE AeE ddH
pea=g
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Table 1. Least-square means of Rass and Ross of M. Jongissimus between treatments during

postmortem time

TryTime (hr) 1 3 9 24
ES' 0.720° 0.757 0.959 1.287°
Ros (0.004)° (0.011) (0.025) (0.019)
NES? 0.750° 0.785 0.906 1217°
(0.004) (0.011) (0.025) (0.019)
ES 1.239 1.180° 1.007° 0.811°
Ruse (0.006) (0.013) (0.022) (0.006)
NES 1.245 1.251° 1.099° 0.875°
(0.006) (0.013) (0.022) (0.006)

! Electrical stimulation after bleeding

? Non-electrical stimulation

* Standard error of least-square means

ab Least-square means with different superscripts in the same column

significantly differ (p<0.05).

Table 2. Least -square means of glycogen content (mg/g tissue) of M. longissimus for the
interaction of postmortem time with electrical stimulation and non-electrical stimulation

Time(hr) ES' NES®
‘ SE’ SE
1 4.12® 0.17 537 0.17
3 3.42% 0.17 4.19° 0.17
9 247 0.17 2.92¢ 0.20
24 1.05° 0.17 0.85° 0.17

" Electrical stimulation after bleeding

? Non-electrical simulation

* Standard error of least-square means

=t Least-square means with different superscripts significantly differ

(p<0.05).
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Figure 1. The combined effects of electrical stimulation and
temperature conditioning on postmortem changes in pH.

Table 3. Least-square means of p-calpain (unit/50 g muscle) of M. longissimus for the
interaction of postmortem time with electrical stimulation and non-electrical stimulation

Time(hr) ES' NES®
SE’ SE
1 38.54° 0.41 4525° 0.41

3 34.61° 4113

9 26.94° 34.43°

24 20.88" 25.058

' Electrical stimulation after bleeding

? Non-electrical stimulation

? Standard error of least-square means

*% Least-square means with different superscripts significantly differ
(p<0.05).
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Table 4. Least-square means of m-calpain (unit/50 g muscle) and calpastatin (% inhibition)
of M. longissimus between treatments during postmortem time

Trt/Time(hr) 1 3 9 24
ES' 38.67° 38.10° 35.45° 32.91°
3
m-Calpain (0.23) (0.33)b (0.231 (0.391
NES? 46.40° 45.23 42.11 39.33
0.23) (0.33) 0.23) (0.39)
ES 47.15° 44.52° 37.77° 29.97°
Calpastatin (0.081 (0.431 (0.671 (0.781
NES 50.96 49.13 44.10 34.49
(0.08) (0.43) 0.67) (0.78)

! Electrical stimulation after bleeding

? Non-electrical stimulation

* Standard error of Least-square means

** Least-square means with different superscripts in the same column
significantly differ (p<0.05).

Table 5. Correlation coefficients among postmortem metabolic parameters in electrical
stimulated treatmen

Temp' Rogs Rass Raso Glyco® u-Cal’  m-Cal Calpa’

pH 885" 854 871" -855" 803" 918" 548" 820"
Temp 716" 7527 -736” 603 849" 507" 792"
Ry -972" 993" _798"  -892" .606"  -847"
Ross -985" 783" 901" 669" 867"
Raso -785°  -895  -637"  -865"
Glyco 7767 393" 6517
u-Cal 654" 906"
m-Cal 768"

: Temperature (), 2 Glycogen content, 3 4 -Calpain, ¢ m-Calpain, 5 Calpastatin
“p<0.01

02 44 F dEdse 42
1) A7

2R AN Y WstE ALY F 48 AN BAdHE §29 SA4F W3}
T OHHoz ZAgol gtk ALE 25U dsld e g, A%, By, 54 59
S0 ¥ol7t 442 AW a4 mE 4 Fo WUt dFAT #9599 £4 F
SanFdel wsel vAT2E BEIe dEFRY 2dE Aua B4, §4 5o
2HE 5ol 5L FTINE F e A Ao AANE ¥ gge &
ABASL A% T EEQ dHME TEHLE nFH ool & Holrh
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2) A8

AR 24X)0] 2t FAZE 25 om FAE EF AddlY AFEZE F A2+
2C)l AZE AR 1, 2, 3, 7, 1480 AFE AAFAT. ZLdray A wales
7719 E, western blote. 2 ZuAFZEE APV F S AHEEY BEIGEY. d= &
AL WAy, Z2UAF, JAF RAZE, BFE S IF & 4, dRAEFFY,
Z G EE =ASHT. o) ZAZe], {4, thiobarbituric acid value,

S o ==
NI =]
FAFEF =3¢ AU

3) A% 2 13

O-19) 202 AR giAlEEe a2840] =z wat =4 vebgn
olgigt A7} §Ao] olWE JYFL "X AE EAIYY B A7 AFAZ £4
149712 9] dxwisie} gl R, v AT W3tz 4HE o, AR Al w
2A APHY ALBHE7 R AHETe &4 F e9d Er wExn dxs &
AH e Ao 2 #waEo] A3 £ 2L a34E Ueglt AT F ARG AAA
=3 30C ZFAHTY FF ALF 2UHE calpainse] 7}ZA<Ql titin, nebulin, desmin,
troponin T9] &3} M Fxe Wy} 718 w7 AYPHAI(Fig. 2, 3, 4), =9}
@A tlolE|(Table 6, HNE vl of FAV|AS 2, 16T} Hlw3l 749 472

g Y 5 de AR Yeidt AAG ANASE SHERFANA FEol FUIEIEA
7 Um A B4E, SA(Table 8), M=o £& 595 Yepdozy 49 A Az
o A Aoz wAHAL X3 dx9 Frte 2APol9 Wald wE x}olz} of
d AME diAtgEe A#S Zte o2 HriHo] AL dAbgxe] W3yt A4 v}
2 9oz eI g B 499 22 AAY JA7)ATH AR 34717
9] 30C A7 9 FAE HAHA g 1 ulEAT HeEgges At
g 4 A3, dEF7HY YUR1LZ calpainsy} FEHoZ B3] #HAdR, ALF diALE
T 2Ho] §3& Fegde Aol

Table 6. Least-square means of Instron shear value (kgF/cm’) of M. longissimus between
treatments during postmortem time

Trt/Time (day) 1 2 3 7 14
ES' 7.40° 7.89° 6.99 5.63° 4.61
(0.28Y (0.28) (0.33) (0.35) (0.34)
NES? 9.27° 9.04° 7.91 6.81° 523
(0.28) (0.31) (0.33) (0.35) (0.35)

! Electrical stimulation after bleeding

? Non-electrical stimulation

* Standard error of least-square means

** Least-square means with different superscripts in the same column
significantly differ (p<0.05).
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Figure 2. SDS-Polyacrylamide Gel Electrophoresis of myofibrillar proteins extracted from M

longissimus at 14 day postmortem. The gel was 8% acrylamide, 0.06% bis-acrylamide, pH

8.8. Lane identification: 1~3, non-electrical stimulation (lane 1, 2C; lane 2, 16C; lane 3,
30C); 4~6, electrical stimulation (lane 4, 27C; lane 5, 16C; lane 6, 30TC). Protein
identified: T1 and T2, titin; N, nebulin; F, filamin; a-A, ¢-actinin; D, desmin; TnT,

troponin T.
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Figure 3. Western blots showing rates of degradation of titin after 14 day of postmortem
storage. Lane 1~3 show non-electrical stimulation samples (lane 1, 27C; lane 2, 167; lane
3, 30 C) Lane 4~6 show electrical stimulation samples (lane 4, 2°C; lane 5, 167C; lane 6,
30°C). Proteins identified: T1 and T2, titin.

NES ES
1 2 3 4 5§ 6 7 8 9 10

e i e T

Figure 4. Western blots showing rates of degradation of troponin T during postmortem
storage. Lane I~35 show non-electrical stimulation samples (fane 1, 1 d; lane 2, 2 d; lane
3, 3 d; lane 4, 7 d; lane 5, 14 d). Lane 6~ 10 show electrical stimulation samples (lane 6,
1d, lane 7, 2 d; lane 8, 3 d; lane 9, 7 d; lane 10, 14 d).
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Table 7. Least-square means of myofibril fragmentation index' at 14 day storage of M.
longissimus for the interactions of electrical stimulation and non-electrical stimulation with

temperature conditioning

ES’ NES’
2¢* 16C* 30C* 2°C 16°C 30C
77.97* 85.76™ 100.61° 85.17%* 85.68% 78.19°
(5.85)’ (5.85) (5.85) (5.85) (6.67) (5.85)

Absorbance at 540 nm X 200

Electrical stimulation after bleeding

Non-electrical stimulation

Storage conditioning at 2°C

Temperature conditioning at 16°C until 3 hr postmortem
Temperature conditioning at 30°C until 3 hr postmortem
Standard error of least-square means

** Least-sqaure means with different superscripts in the same row
significantly differ (p<0.05).

B Y N N T T,

Table 8. Least-square means of CIE L* of M longissimus  for the interaction of
temperature with electrical stimulation and non-electrical stimulation

Temp/Trt ES' NES?

‘ SE® SE
2¢* 30.92° 0.23 30.82° 0.24
16C° 30.98% 0.23 30.74° 0.24
30C* 31.92° 0.23 30.77° 0.24

' Electrical stimulation after bleeding

? Non-electrical stimulation

* Standard error of least-square means

Storage conditioning at 2°C

Temperature conditioning at 16°C until 3 hr postmortem

Temperature conditioning at 30°C until 3 hr postmortem

ab Least-square means with different superscripts significantly differ (p<0.05).

o

I-3. A% dAlEE SHFES o]&3 dx 33 vd
1) d-7u 73
AR AE AMISE A9 0-19 AR2Z AF BASEE =4 J2)za0] o
g Zol7k B e Aoz BEHAY. E3 44 F dxuse S Yol
0-2¢] Z#E 10 @& dxe Holk Qe Aoz BAHYOY A% 14U71A] 9
40 oM e Yxe FEHE Aoz Addd. 99 gdIT gAEEY xo]
g 7HA 2 oW dAlExe] WEIL S84 o E F 7 A=AY A= E
Hoted wHATE AL 27] FHYELS FUNLE 24 stojo} s}
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2) A

ARFE &1 AL AZIAZ(50 V, 60 Hz, 20 sec, impulse duration of 200 x sec)s} &
Z=XE(2, 16, 30T)3 AlE [N=36, 2(A7AF, ZA71AF) X 62 65} X 32, 16, 3
0TS AFE 1, 3, 9, 24419) SR, BAEH 33%ET d=2RYERY A0,
SAaUBAFY AMRE 1, 7, 1499 HOJEE o]&3le] IAARNI FHEMLS AAEY
o FAEAL FA2UAS, AEYHS W3 WSsE, pH, 2%, glycogen 3, Rass,
calpain system@ ARHAFE AW WYAARAE Yt FARNE AU, 24
W32 42 tender, intermediate, tough Al 2F 2.8 FIPT & UAEE, E284 =3
g5 3] BAHREAS HAAEATH

3) A% ¢ nF

B d7dMe AR dAMEE SHYES o/ Ax FAHELE BAsy. 022,
39 A2 AEF7I7L AHE dAMSES calpain systemol] % RAAAE w@stm,
ool z2jgt Qo) 9% ozl AFE 4S5 e AP DL ¥FPsT o
Z28 437 98 Aot £ A7 AHZ AR 2449 A=Y SA o 2
A= AL dAEGEY] WHolZ BW A Aolrt Un calpain systemo] @Xo] 1
Ae 4% e Aoz UeEhKTable 9, 10) 02, 39] dZAAE $408 4 gt
AEE 438 e predictorZ2 = pH7} 714 £& A2 AZAHAT Ruse d3}He)
S

A= 45¢ 7 v F2 AR 4IRSt 2 AR L, 3A 9 FAHAAR a3
HAEE AT F JUARAT, AHF 944 1 W57} FREA FEE o] A
ol dAEE Wt 7 e 7 B2 AdE BEAS gdA 2 By F

[
4 AL Ax 9 ¥olg £V AME AXY MAFo] AFHoln ALE Al
%9} calpain systemo] A} Eo] P& vk Aojth

Table 9. Variable equations of calpains of M. longissimus in electrical stimulated treatment
for Instron shear value at 14 day postmortem obtained by linear regression

N TSR e 5 A
1 i -calpain 1 h° -7.781 0.321 0.19 2227 4.958*
M -calpain 3 h -14.096 0.540 0.37 3.345 11.187**
#-calpain 9 h -6.562 0.415 0.35 3.174 10.072**

it -calpain 24 h -4.600 0.441 0.49 4.155 17.262%*
calpastatin 24 h -7.977 0.420 0.52 4424 19.571**

pH1h -63.212 9.943 0.21 2.362 5.579*

pH 3 h -18.623 3.715 0.28 2.758 7.609*

pH 9 h -22.508 4.585 0.53 4.468 19.963**

pH 24 h -39.888 7.924 0.31 2.959 8.758**

Temperature 3 h 7.768 -0.136 0.29 -2.814 7.921*
K -calpain 24 h 0.142 1.023

4 A et aee 33T oes 150 sosews
Temperature 3 h -0.015 -0.344

® Postmortem time (hr)
"p<0.05, "'p<0.01
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Table 10. Means of metabolic rate parameters and calpains of M. longissimus for Instron
shear value at 7 day postmortem obtained by clustering in meat tenderness

Parameter/Group Tender Intermediate Tough
(N=6) SE! (N=24) SE (N=6) SE
u-calpain® 1 h' 37.99° 1.29 42.16® 0.93 44.73° 2.10
pH 1 h 6.78" 0.05 6.88" 0.01 6.87° 0.02
pH 3 h’ 6.21° 0.11 6.30° 0.05 6.55° 0.08
Ras’ 3 h' 0.914° 0.084 0.750°  0.030 0.713° 0.012
Rass* 3 h” 1.090° 0.055 1.232° 0.020 1.274° 0.027
Ryso® 3 h' 0.979° 0.075 0.828° 0.027 0.784° 0.014
i-calpain 9 h 27.43° 1.91 30.49% 0.95 34.74° 2.95
pH 9 h” 5.78° 0.06 5.92° 0.05 6.17° 0.08
Rus 9 h” 1.115° 0.066 0.920° 0.034 0.803° 0.042
Ross 9 b 0.973*  0.050 1.055°  0.022 1.166° 0.032
Raso 9 h™ 1.168° 0061  0991°  0.029 0875 0.039
p-calpain 24 h' 21.14° 1.26 22.67° 0.70 25.97° 1.43
Calpastatin® 24 h" 28.83° 1.16 32,02° 0.72 36.50° 278
pH 24 K’ 5.54° 0.03 562 0.02 5.70° 0.03
Rass 24 h" 1.313 0.026 1.248°  0.014 1.206° 0.041

"p<0.05, “'p<0.01

' Standard error of means

Unit/50 g muscle

* Rass (A248/A260)

* Rass (A258/A250)

* Raso (A250/A260)

® Inhibition (%)

" Means with different superscripts in the same row significantly differ
(p<0.05).
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m a &

€ A7 dnE FIE) B W d99 A4S

= AU, hALEES calpain systemo] @99 A=E BAHIE M T2 8
A& Wlen, a9 #dde AAAEE AF AU 23U, o8 89 B
FAHA 3 age gAY Udelue dxe sold gsiye 9 €%~ He ¢
= Atk ol F Wold] e 27 o HIsY F$9 S8Ye), A2 ¢}
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