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Table 1. Comparison of biochemical and physical properties of red and white muscle

fibers

Property Red White
Myoglobin content High Low
Soluble protein, )
low ionic strength solution Low High
Connective tissue content Low High
Glycogen content Low High
Lipid content High Low
Creatine phosphate and ATP content Low High
Size of muscle fibers Smaller Larger
Blood supply More Less
RNA content Higher Lower
Sarcoplasmic reticulum Less More
Calcium content Higher Lower
Number of mitochondria High Low
Z-line width wide Narrow
Contraction time Slow Fast
Relaxation time Slow Fast
Rate of fatigue Slow Fast
Innervation, surface area Shallow Deep

Pearson ¢} Young (1989)



Myoglobin g&F& M4 77 AT ol vs) 2™ myoglobin®] Aha:

b Vs ew Qlal 371 tiAldl & olw WA F= AMIAHF Bu
&

o+ ¢kt 545 7Fx 3 tH(Buller 5, 1960).

, 7153, AR 5ol whet 3744 s 471 JEjE AE S
st = 9o =AA Typel (Slow-twitch), Typell (Fast-twitch)® &3t}
(Engel, 1962; Robbin, 1969). Brooke®} Kaiser(1970)2 =9 % £ 7|4
WAHE st FEHE Typel, WHE 55 £x9 d714 dAE ste dHE
Typel & &3} TypellolA 71 Hoiabek @714 oA =& o] &3t
Typella®t Typellb®E FE3 Al Schiafino 5(1989)& Typella®t Typellbe
T 4o EAS 71 Typellc(Ix)7HA £33t 2A4R/E 4714 dHl= +

}SAtH(Table 2).
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Table 2. Classification of different muscle fiber types

] . Metabolic
Muscle fiber type Speed of contraction o
characteristics
Type I Slow Oxidative
Typella Fast Oxido—glycolytic
TypeOc(IIx) Fast Intermediate
Typellb Fast Glycolytic

Brooke ¢} Kaiser (1970), Schiafino . (1989)

2) <4

549 =AY

Ho
X

=
(Rehfeldt &, 2000). Wigmore®} Stickland(1983)+= <79 = A
71 2/3) AsAH AR A

P

Hom Qlal 90U ol A (A
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Figure 1. Schematic representation of changes in the total number of fiber
(TNF) and their cross—sectional area (CSA) in white (W) and

red (R) muscle fiber in the pig (From Lefaucheur, 2009).

THRY #4272 As $FH W] BHAEH FAT WHAA 24
Fo Sk we AAES Ko $5EY 2HFe A/t T AAEES K]
27 WolAAW e AFFEL PUSI SAYR FASE FUAAE ol
thi 5w Qiek(Rehfeldt 5, 2000). 13 24K F7b @ A gol

y 2
&
o
o3

b
=
fo
a2
Ho
o
2
=
(0]
sl
lo

Fol ztol7F v A7 F7F B AMAZE S4o] g

2 H ¥ H(Handel#} Stickland, 1988). Maltin 5 (1997)-2 o]/ (Pale, Soft,
Exudative; PSE)°] A 74-(Reddish, Firm, Non-exudative; RFN)X.t} A1 79
F7F Aa, SAAel AV7F Ave Adss B @ oub gl SR ek A
-

R , BEE U] s F Ao HuFHY

rr

+
s

_1:12’4

o) [e]
< pH, A4

TATE 24T Ao AAE =AE A ey o] 9dti(Lengerken 5, 1997).
LT e AR 45 pHeF Aol AddAZE YEFUAI T #2855 (Drip loss) 3
= 5o A#AAAVE dEbYH (Fiedler 5, 1994) <% 371 2479 27171

Z71ea 42 F8S5S5Drip loss)® 9= (Tenderness)”t E o 2 th(Rehfeldt %,
2000; Seideman¥} Crouse, 1986). Typellb+= <%= (Tenderness)2} F2] &34,
Type I 2 A9 F##A 7 Yeby(Chang %, 2003) ZAE o] Hwe} S35
7F Zvoll Aol A@IAY 2AsE 3713 245 (Oxidative fiber)e] WA 7} A}



S8 & Aol FAAAI EA = AeZ BRI (Klont 5, 1998). PSES
& =& Typellbe] A7 #de] 9o (Ryust Kim, 2006) 4ol Typelb
o] o] W MAT AFS 458 pHO #4& £X7F Typellbe] &Aoo 4L 7
A Bt w2 A o] Fo] Xtk (Bowker %, 2004). 121 sHA o] S A< (Longissimu
dorsi)oll 4] Typellbx &Ml W= (Lx Lightness), 252 (Drip loss)¥ Aol A
HA#A 7 vebdt . B s ok (Ryust Kim, 2006).

olE EUE ASAA 5T Ay AR 2AdA WAZHFY 2o B
I AR AV FrbelE AP AR SH JdFE AL ALE ¢ T
RN AMIHfF= 2EH 2 g AgAdo] Fom, ALS pHZF $hRbSHAl A
Ho] o] d& WAool Zadthy B E St (Ruusunen®} Puolanne, 1997). /4
o] & F7hte] SHo) £ JTFS F= Aol oy Ad K AV F
< S4% =& Aol vElYe Hao AT WL vkl BasEgl

S W (Rehfeldt &, 2007) %2 H&9 Typellb$t =2 Z4F v 434 3
£ dojA £& Aol H 1A HKim 5, 2008, Ryu 5, 2006).

of A3} L& S AHE WEV HEE A Fe , 2T 27,
Aol 240l Tasty 25 Ao olstetd 54, At 549

Hol7 HFH oz Fdo| 9 v A A F(Karlsson &, 1993).

Ho
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2.3. Myosin Heavy Chain

Myosine =420 oA 71 FHS 54 ahoy U7 52 2
Zhl E(Thick filament)e] F& F22¢1 dwdoln] =g ¢k JeulE
filament)o} 7 <& FFolA 8HA AqUAE 7IAA dUAR ASee= F
2 Aol t}(Schiaffino®t Reggiani, 1996). Myosin< 27§¢] MHC(myosin
heavy chain, approximately 200kDa)Z} 47H¢] MLC(myosin light chain,
approximately 20kDa)2. 2 AW 1702 MHCeo| 270¢] MLC=Z o] 5o
(Figure 2). 183 MLC+ essential LC¥ regulatory LC7} A8l o]EL

myosin 243 =2 AS vASHA A (Reggiani =, 2000). o] F MHC
isoforma #&F7] 9fs WAxH s EH3 dr]GEol F HAE e

W HT T¢ELr A4 ¥ (Polymerase chain reaction, PCR)& ©] &3}
RNA @94 MHC isoformo] AH#&FHo=z FA¥ i th(Tanabe &, 1999;
Chang &, 2003). Lefaucheur % (2002)- MHC isoform< MHC I, MHCIA,
MHCHOX, MHCIB= 47px 2} @7k gltkal Barsk it o] ¢ 3k MHC isoform
& ATPase &4 543} =5 5271 &43% tb=m MHC Iisoforme <4l
A1 Slow typed] YEYIL Fast Typeol= MHCHOA,IX,IIB isoform®] YE}sEA|
gk o] FAE A& EfFolA ®aE A tH(Bottinelli®t Reggiani, 2000).
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MLC
(myosin light chain)

&
%

Figure 2. Schematic representation of muscle myosin
(From Poglazov ¢} Levitsky, 1982).

Bottinelli®}Reggiani(2000)& MHC isoform& ©]&3to] AFHHE FEH L
] MHC isoformel w&t 4 FHE U+ th(Schiaffino?} Reggiani, 1996).
ZA 5 dHol 2lojA] MHC isoform® 3$F#o] Typel o= MHC I /slow, Type
OHaol= MHCIOA, TypelIXel= MHCIX, Typellbol= MHCIB7} &9+
Ao 2 BaEa(Pette?t Staron, 2000), ©]2]3 MHC isoform®] &S &4
1 FHe A3 FABAT} = A2 BHAEATG (Fry 5, 1994; Talmadge &,
1995; Choi %, 2006). A%+ Pette®t Staron(2000)2 MHC isoforme] FE Z
shute] isoformo] Adfroll EHE = Aol ofyet o2 7bA isoformo] & Al
LSl 2857 WZEo MHC isoform¥} 4% HEl= 259 o7t vha
SIS

ol'dl o2l FHS MHC isoformel o& <A77 d4=H™ old MHC
T, we, A, 2559 w2 =24 2A P (Essen,
1993; Tanabe %, 1999). o]&]3t o] & ZAfH EAI SHo J3FS nA
Ao Typellbe FEj7} B&4E A7t vrpa R aHJHH(Maltin 5, 1997).
o] A+ A¥=E Jankala 5(1997)2 MHC isoform? T4, 715S 43}
SA7e] FHAAE Hadd e, Chang 5(2003)2 =A FF w&k MHC

isoform®] H|&& w4 slo] SA o] FAAAE HIs

fx

rlo
A

isoform®] &
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2.4. A Z2 7 AHBiopsy)

A A 22 H A biopsy) = AAZFEH A7y 24 dFEE AFHS o]E HE
Aoz fHAste ¢ I EW Mg diolyl s Y oARE FRl = o
S FE2AETH, AL A A, 1997). 1850t FHkol Rudolph Verchow7}
ME AAE F3 Adsls BHS s 3 18799 Ernest Besnierol] 23] %

2 AMES AFHS= biopsysE o9 A N tH(Race, 2004; Zerbino,

1994). UREA S 2 biopsyw &&©o] ol Abgho] Wol] AREE W oA o=m Fol
o] go] Ha Ut} FENAE o FLA biopsyE o]&dte] AMZS A FH 3
T AR ASY BEAS Fd) Typel 3 Typella, Typellbe] A3 AV =

NF zolo] mE Aol & Flste] Ze TAHFAME X wet Typed 7]
oF Aol t&5& Hid th(Lopez-rivero &, 1992).

H 2o A biopsyE ©]-&3F AT Z Cheah®} Cheah 5(1993)& Abolgl= =A<
longissimus dorsi9lA biopsy AZS AFHste] pH9 B 43 (water-holding
capacity, WHC)<] Z3aaA& SRlstel WHC7F 2 528 Aitsts dHAE
Ak & 4 Qlupa ® 18 gi v} Halothane genotype®] ¥ A(NN, Nn, nn)E ©]&
skl Az o] 60-65kge] MA L] FAANA  biopsyE ©l&3ste] WMES AFHIT F

pHSF B5de 243n w30 @ AAe 54 AA & AF pH, Bed, &

N

S FA biopsy® FAE I =AM E24E Fs vuste] PSESS
ek Aok RSEF< Atsts HAE o5 stk (Cheah &, 1994, 1997).
gt =5 444 A A

AH#H ¥ Glycogend} LactateE #+A3to] == nl=

T3k Fernandez 5 (2002)2 Halothane genotype®ll

o

biopsy S o] &3dlo] M=
AH WEI AFF 408 MZS v 3Fo] Halthane genotypeol w2} Glycogend}

Lactate®] 93-S 9139 2™ Halthane genotypeo] wet $4 HZF pH, @&

e

m

EAE v #4390, Maria Kocwin—Podsiadla 5 (1995)+= biopsy= | FH ¥

d

A= 9] Lactate o] ARS 30+ pH, §4, B8 3 Adgdo] vt Bilshs]
. Schmidt $(1972& =% 394 sAel FUFAE H¥e F oS
(longissimus muscle)¥} ¥HEFF(semimembranosus)<S A7)ste] =L 23 3}

AL, == 64, 12¢

2L

A6 BRVAS Fote] FHDI WG 473
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u}

o] MES AFH L Lactate?t G-6-P(Glucose-6-phosphate) & #Alsle] ==
Al A ARS 204, 403, 60, 1¥9] pHaE o] ZadAZ SHd4FS it

AAN7AA A A BiopsyE ©l-&3dte] AMHE ME4 pH, glycogen %,
lactate $F# 7 AL$ pH, 4, WHC, #5544 53 vluEAste] S24S oS
39 tHCheag %, 1994; Fernandez %5, 2002; Schubert-Schoppmeyer %, 2008).
Aol A Bate = thAlEd S o83 §2d5E A77F HojA IR A o
A biopsyE ©]-&3dte] ZAFEAEA EAE T3 F4 odF ATe oA BF
3 Aejolt}l. BiopsyE o83 ZAlfrx2etE 24L& Brooke®t Kaiser(1970)¢]
WS 23l A% Typel, Typella, TypelbS Fi3lgom olgdt Fi&

S B3 24F 24 27 AAE AT = A H(Figure 3).

Figure 3. Longissimus muscle cross-sections from biopsy sample of pig.
myosin ATPase staining after acid pre-incubation (pH 4.6).
Type I, Red muscle fiber; Typell A, Intermediate muscle fiber;
Typell B, White muscle fiber.
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« Sire 14 X Dam 95

» Progenies 1,033. Weaned pigs 742 (265 male, 477 female)
— Litter registration

» Judging of exterior and Histochemical, MHC isoform

Individual analysis form biopsy

Selection

« Sire 19 X Dam 96

» Progenies 905. Weaned pigs 751 (362 male, 389 female)
— Litter registration

» Judging of exterior and Histochemical, MHC isoform

Individual

analysis form biopsy

Selection

Figure 4. Schematic diagram of the experiment protocol.
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gom xAETH 54 B4 HIEE Y AIET 3007 o]
1] 4 (DM2500, Leica, Germany)¥} Image Pro“Plus(Image & Graphics, Seoul,

Korea)E ©]-&38 <A+ IFHE A

AF AdHL dAv]H(DM2500, Leica, Germany)< ©]-&3te] #assda,

Image-Pro“Plus(Image & Graphics, Seoul, Korea)E o] &3l @9 Ao 24

A AL v F(DM2500,  Leica,  Germany)S ©]&3le] A&,

Image-Pro“Plus(Image & Graphics, Seoul, Korea)& o] &3] 44 WH A&

46 ¢ FHe BUUAT 2R S SAS auAe Fael s

3.4. Myosin heavy chain isoform 4
oz Ao BHAH biopsy sample 10~30mgS ©]83F9] Myosin Heavy
AstAct. 294 E8 = Talmadge® Roy(1993)¢] =

= o] &stlaL, 9 A s Bradford(1976)°] W o2 =48ttt MHCEA

’

M

Chain(MHC) %4 &

2 Sodium dodecyl sulfate-polyacrylamide gel electrophoresis(SDS-PAGE)=
#2432 Coomassie Brilliant Bule® @At 4% W=+ Quantity
One”(Quantity one, 1-D analysis software, BIO-RAD, USA)< o] &3 w=

o] ZF= =2 MHCY Slow isoform¥} Fast isoform H]&< #2413t}
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core C1210B, BARD, USA)E Atl3ttl. 18] 11 needleF &S £|3 5 243817
Core needle(MAX core MC1410, BARD, USA)E 4}<l3st

2

3
ste] oF 30~60mgd =] AHE ANFH A HFigure 5). AHAE AZFL2 443 o
Ad ol AN 5 EgAelze AES Yol A HAidl A st H kst
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45 03 59 (Ca2ol s AWM HEXCE 3cm XHE)

qAH 57 25 Coaxal needle &M ‘_

3-5% ME M3 Core needle &g

SHEz 2 =5

Figure 5. Biopsy protocol for swine longissimus muscle.
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S A4S SAS(Statistics Analysis System, USA) program(2001)2
A4S 392 Duncan® vt A H (multiple range test)= ©]

5% oM A
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4. A3 2 37

41. 0- 14 FE= Sad 23

D oMY FE=9 Siad A4

Table 3. Parturition rate and weaning rate of Zeroth generation sire line

Experimental animal Another color
. Total ) Weaning
Sire Dam ] eaning .
sucking ) Female Male No Percentage weight(kg)
. pg
p1g

0-102 5 47 41 25 16 6 14.6 6.64+0.92
0-196 2 20 16 6 10 4 25.0 6.39+£0.95
20-108 7 71 56 30 26 7 125 6.60+1.27
40-115 10 107 63 43 20 19 30.2 5.86+1.63
40-143 8 89 77 49 28 24 31.2 6.20+1.44
41-110 1 10 5 3 2 2 40.0 4.90+0.99
54-53 11 143 72 55 17 17 23.6 6.50£1.15
56-32 6 70 43 28 15 12 279 6.37£1.20
60-149 10 87 74 49 25 23 31.1 6.24+1.21
60-175 5 59 46 25 21 11 23.9 5.98+0.81
63-35 13 146 98 61 37 18 18.4 5.69+1.09
63-4 10 106 87 63 24 2 2.3 6.02£1.50
65-25 5 57 45 29 16 10 22.2 6.01£0.96
80-116 2 21 19 11 8 6 31.6 5.01+0.94
Total 95 1033 742 477 265 161 21.7 6.03%1.15
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o4 Ah=ol A A 477F, A 265F7F A

E= 41-1100] 7 2 40.0%= =

=
°©

23%= 7+

-
s

= 634

o

& L aL

g

s

=
2L

=A =

2E 0-1027F 7+

41-1100] 7} A YERSE T (Table 3).

4.90+0.99~6.64+0.92(kg) & =

A s

2) 244

i

=l A

N

o

7

B
No

0 o

H

ﬁo

B2

9.4% o]
40.1%°] ™

el 03-1180] =45 91tk

=
=

23.9%

6.03+1.25~8.00+1.74(kg) &. &
5= 83-156°] 71 SEAl YEbsktH(Table 4).

om EFRE 24-1067} 7M¢ =L

= O
K

=
¢}
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Table 4. Parturition rate and weaning rate of First generation sire line

Experimental animal Another color
Sire Dam Tot.al Weaning Weaning
sucking ] Female Male No  Percentage  weight(kg)
pig e

02-189 5 50 37 21 16 13 32.2 7.02£1.65
03-118 6 50 41 26 15 11 239 6.32+1.06
03-125 5 40 31 14 17 14 424 7.45+1.07
03-131 5 46 42 20 22 15 34.9 6.51£1.16
23-141 5 48 43 24 19 11 25.6 6.09+0.75
23-164 5 43 32 13 19 23 65.7 7.71+£0.95
24-106 5 45 42 17 25 18 429 8.00+1.74
24-145 4 35 31 15 16 15 484 6.19+0.86
24-148 6 61 49 25 24 26 50.0 6.56+1.17
41-111 5 53 41 27 14 15 34.1 6.87+1.04
43-149 6 64 57 35 22 23 39.0 7.29+1.52
45-112 5 42 34 13 21 10 286 6.83+0.94
45-152 4 43 42 21 21 39 92.9 6.94+1.07
65-121 5 47 38 20 18 10 25.6 6.43+1.25
65-145 5 50 34 14 20 14 38.9 6.85+0.95
82-160 5 49 39 22 17 17 42.5 6.69+0.81
83-102 5 44 41 19 22 14 34.1 7.06+1.32
83-156 5 51 39 23 16 14 35.0 6.03£1.25
84-110 5 44 38 20 18 13 31.0 6.76+1.25
Total 96 905 751 389 362 315 40.1 6.82+1.28
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42. 0-1A ) FE=o & AiateEe] 5434

0T AE F 14 A% T 23 AwoA getd AESS Eide] 99
W AFATNE Table 5ol YUEMIAT. FedEe HA 1802:3279~Hd)

197.2£16.8¥ o|™, &35S A 90.0+13.4kg ~F th 99.0+2.3kgo| th.(Table 5).

Table 5. Carcass traits of Zeroth generation sire line

Sire Slaughter Day Slaughter Weight
40-115 180.2+£32.7 98.5+4.8
40-143 180.7£12.9 94.5+5.6
54-53 193.8£13.4 97.6+6.1
56-21 189.7+21.7 97.1+4.5
60-149 184.5£27.8 96.2+4.7
63-35 189.3+£10.1 90.0+13.4
63-4 197.2£16.8 97.2+5.0
80-116 195.843.7 99.0+2.3
Total 188.9+17.4 96.3+5.8
% F FREC B2 A4E AF dA £EE F9T 5 9E pHY %S
Table 6] YERAT. =5 F 453 pHOl &2 62+04~6.6+042 M= 54
o] B EF ¥ 244t pHO #2 57+0.2~59+02¢ W= SAHJY. =
= § 2473 59 pHE PSEf o= #A = pH#E2 53¢]8F ol DFDHF <
2 #AEE= pHE  6.00]FoltH(Frisby &, 2005 Lawrie &, 1958;
Wismer-Pedersen, 1959). A4 pHH $121 53~6.00 EE FTE= g2l AE=E
o] XFEJAN TR EH SAE pHatol A= Fol A7 veluA] &t
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O & g oglar SAo] FMstA] ol HaeEo] xua @ 4 glth(Warris <t

Brown, 1987, van Laack &, 1994; Joo &, 1999; Kauffman &, 1992).

Table 6. Meat color and pH value of Zeroth generation sire line

Sire pH45 min pH24 hour L*24 hour a*24 hour b*24 hour
40-115 6.5+0.5 5.9+0.1 4457+2.8 5.9+0.8 2.00.9
40-143 6.5+0.4 5.8+0.2 45.3™+25 59+1.3 1.9+09
54-53 6.3+0.3 5.8+0.2 4717426 5.8+1.7 23+1.4
56-21 6.2+0.5 5.8%0.1 44.1°£16 6.0+1.3 1.7+0.7
60-149 6.3+0.3 5.840.1 457414 6.0+1.4 2.1+0.8
63-35 6.2+0.4 5.7+0.2 480™+1.7 5.3+1.0 2.2+0.7
63-4 6.6+0.4 5.9+0.2 4497419 5.7+1.0 1.740.7
80-116 6.5+0.5 5.7+0.3 489"+4.6 58+1.4 2.8+0.8

significance NS NS * NS NS

aboe Means+SD with different superscripts in the same column are significantly different (p<0.05).

Levels of significance: NS, Not significant; * p<0.05
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Table 7. Water—holding capacity of Zeroth generation sire line

Sire FFU (mg) 7tazkE, %
40-115 20.5+5.2 155'+2.3
40-143 10.9+2.8 221458
54-53 11.2+2.9 22,0444
56-21 10.7+3.1 18774522
60-149 23.1+6.5 24.6"+4.8
63-35 10.8+2.4 23.2"™+1.3

63-4 11.1+2.8 166445
80-116 10.7+3.3 27.1°+6.2

significance NS *

@ boed Means*SD with different superscripts in the same column are significantly different (p<0.05).

Levels of significance: NS, Not significant; * p<0.05
*FFU, Filter—paper fluid uptake.

2) 1A FRE B ARAES] FARY A3}

% F 4585 24412 pH@OIA 1At FRES FEEE 04tsh o] fo
4ol Aol e @itk FREW AEE pHgtel AW 53~600]
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41-111, 03-131, 43-149, 82-160 =o & axgto] YA 74 = AtH(Table 8).
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B8 =4 359 FFU, Drip loss 24, Cooking lossi= FE &= & A2kt
Ako] 7 vrEbuA] ek gkth. 3HAIRE Drip loss 4894 & R&E 65-121
THol 0.76%= 7Hg v #s B FE= 83-102, 41-1119]
Hol] 3.34%, 3.07%% i =4o] F=A YEEt(Table 9). o]
FE EAL =L Drip lossE 7+ =59
T ~3%Atol 2 B % ™ (Offeret Knight, 1988; Stetzer®t Mckeith,

A=259] Drip lossi= A7 W9l ol £dH= AS &+ 3

BFE 5% o, A =FAY

‘F’H

2003), 1A

Table 8. Meat color and pH value of First generation sire line

Sire pH45 min pH24 hour L*24 hour a*24 hour b*24 hour
02-189 6.28+0.22 554+0.06  46.73"+1.46  6.39"°+1.06 1.80+0.62
03-131 6.21£0.32 5.60+0.26 4902158  5.60°+0.52 2.25+0.55
23-141 6.15+0.15 5.47+0.04 49.25'+1.36  5.97°+0.83 2.41+0.58
23-164 5.90+0.35 556+0.16  4652+329  687°+1.08  2.21+0.39
41-111 6.11£0.20 5504000  48.42"+188  553°+0.28 1.70£0.28
43-149 6.24+0.20 5.55+0.07 4851"+1.04  5.757+0.76 2.07+0.63
45-112 6.16+0.29 558+0.09  46.08°+1.18  6.78"+0.67 2.14+0.37
65-121 6.07+0.34 5.69+0.21 43444199 6.897+0.37 1.78+0.65
82-160 6.34+0.25 554011  47.34+324  576°+0.66 2.07+0.91
83-102 6.06+0.28 548+0.07  47.80"+1.25  654"°+0.40 2.60+0.78
83-156 6.26£0.21 55140.08 4664237  7.27°+092 6.16£12.08

significance NS NS * * NS

a, b, ¢

Levels of significance: NS, Not significant; * p<0.05

_3‘|_

Means*+SD with different superscripts in the same column are significantly different (p<0.05).



Table 9. Water—holding capacity of First generation sire line

Sire FFU (mg) Tt P Toatoes
02-189 28.86+11.02 0.89+0.60 2.06™+1.28 21.97+1.59
03-131 34.86+14.96 1.14+0.87 221" +1.70 18.73+3.25
23-141 25.75£9.27 1.31+0.56 2.12"°+0.60 20.79+4.33
23-164 34.00+1.73 1.29+0.66 217" +0.45 21.65+1.30
41-111 27.60+10.81 1.01+0.38 3.07"+0.88 18.76+1.66
43-149 28.60+9.58 0.84+0.19 1.69"+0.33 20.55+1.41
45-112 28.86+13.26 0.96:0.83 1.52%+1.67 20.99+3.34
65-121 18.50+10.82 0.56+0.55 0.76°+0.60 16.95+4.77
82-160 28.00+4.38 0.84+0.37 2.28"+1.03 20.57+1.40
83-102 46.50+31.30 1.64+1.19 3.34"+2.19 22.74+2.50
83-156 25.92+9.62 1.23+0.91 2.39"™°+1.19 21.03+2.88

significance NS NS * NS

* FFU, Filter paper fluid uptake
a, b, ¢

Means+SD with different superscript in the same column are significantly different (P < 0.1).

Levels of significance: NS, Not significant; * P<0.05.

_32_



4.3. A=A A Biopsy)E o] &3 A 24384 542 MHC isoform 4 27}

1) OA Y T2 =Y =52 biopsy <A A9

Table 10. Muscle fiber composition of longissimus muscle using biopsy technique

Experimental animal Fiber area composition

Sire

Total
sucking  Female Male Type I Type IO
pig
0-102 10 9 1 13.14£13.52 86.86 +13.52
0-196 4 1 3 6.30+1.21 93.70+£13.52
20-108 12 8 4 12.17£9.66 87.83£9.66
40-115 18 15 3 18.61+£17.05 81.39+17.05
40-143 24 21 3 16.84£13.80 83.17£13.80
41-110 1 1 0 15.77+0.0 84.23+0.0
54-53 39 32 7 17.59£14.82 82.41£14.82
56-32 20 15 5 15.17+14.99 84.83+14.99
60-149 29 24 5 12.63£9.54 87.37+9.54
60-175 15 13 2 7.55+2.63 92.45+2.63
63-35 38 32 6 17.90+£15.71 82.10+15.71
63-4 16 14 2 18.02+£13.20 81.98+13.20
65-25 19 14 5 10.04+9.59 89.96+9.59
80-116 4 2 2 28.54+14.49 71.46+14.49
Total 249 201 48 15.02+£10.73 84.98+10.73




TAF Fo A7 AF pH, §4, B5Y Sl 9FS FE AOE RuHy
2% FARE 2HFY 2Y0 AF =AYAS Busol 9 % & v
201, =74

(Lengerken, 1997). X2 E 14F& ulste] A2E A= 2497 (S
487) 5 A A =2 AHbiopsy) & ©]-&

FREY 245 24 Typel oAM= 6.30+1.21~2854+14.49(%) & AL
Typelli= 71.46+14.49~93.70+13.52(%) 2 7] HUth FTEE 0-1962 Type I 1A
6.30£1.210. 2 7Fg v FXE Yepilon] FRE 0-1162 2854+14.490. 2 714 =
& FH7F dEg T A o2 Typellol s F2E 0-1960] 93.70+13.52% 7}

= Yelygn FRE 80-1169] 71.46+14.49% 744 wEA UEbstH(Table 10).

xol—

2) 0t} =R = EE9] biopsy Myosin Heavy Chain(MHC) isoform 2474 3}

A A ZA 1 A biopsy)E £3F MHC isoform 4] A¥3= 14579 2= F A
=9 AA A F2AA Typel 9 vl&o] 7MY =2 1&7(80-116), 7Hd v
L I25(0-196), T3S YE 15 (63-35)E o] £3Fe] F 39 aFow F

3t MHC isoform +4]S 3}

BiopsyE &3 MHC isoform #4] ZA3&= 47 =4 A3 v)=sk 4
el = T2 =% biopsy <AH ZAAA Typel 9 H|&o] 713
FRE 80-116 #ele] A=Eo] MHC isoform #2404 %= MHC I (Slow type,
TypeI)9] Hl&o] 348% = 7HF &2 o] HEWon FEE 0-196 2H9lo] A
= 7FE vb2 MHCIHl& 242%% YEsta S4F 2404 17.9%=
B $EE 63-35 29 AEES MHCI 9 Bl &o] A 1H5F &
T2 304%9 H& 2 A YA MHCI (Fast type, Typell)9] =4 g2
MHC I S gkab= wtie] darh yepston 7B w2 #32 BI%E SEE
0-196°1 7} $+2 @2 FEE 80-116(65.2%), T3+ 1w FEE 63-36
69.6% = =A% At Figure 6). ©] ZA¥ Pette?} Staron, 2000; Bottinelli %
(2000)¢] A+ MHCI isoform< 4dfrollAl Slow type(Typel)el eI
Fast type(Typell)oll&= MHCIA,X,B isoform “}EFUE= -9} o %] &19) o).

o

o
32
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80-116 63-35 0-196
biopsy 24 =/d biopsy MHC isoform =/
“Typel "Typel HTypel ™ Typell
100 100
50 50
30.4 24.2
1] . 0
80-116 63-35 0-196 80-116 63-35 0-196

Figure 6. Muscle fiber composition and MHC isoform composition using biopsy

technique.

3 1A FE= A=E59 biopsy &4+ 24

A A ZA A A biopsy) S ©] 83 A= 1058 H(15F) AE=So|y F 228%
(FA 118%F, 7 40F)= 4S5 a3tk Type mean area S5 P
715 Typel 2910.74im? Typella 2251.48um?, Typellb 3898.18um*= 2] %] 1t}
Type area Percentage =& =04 Typel 2 11.28%, Typelai= 4.87%, Type
b 83.85% = ¥Awom Type area Percentage ZAHIEo|A Typel &
14.10%, Typellax= 7.77%, Typellb+ 7813% % EA Attt 2AAF HHE A7 =
YEl = mean area(fiber number/area) 574352 3614.20um* o= 4] ¥ 31t}
MHC o}8 A ZA3 3 Slow isoformS 0.26%, Fast isoform< 0.74% % 4]

o Fast/Slow ratior 3.84% # A1 %¢ltH(Table 11).
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Table 11. Statistics of muscle fiber composition and MHC isoform using biopsy

technique in Second generation

Mean SD Min Max
Type area(um?)
I 2910.74 635.91 1580.89 5333.38
Ta 2251.48 581.71 566.57 4738.10
Ob 3898.18 837.46 1945.73 8034.37
Type area
percentage(%)
I 11.28 3.00 3.60 21.88
Ta 4.87 2.10 0.26 14.73
IIb 83.85 3.51 63.39 93.17
Type number
percentage(%)
I 14.10 3.82 6.14 26.24
a W 2.96 1.67 17.05
IIb 78.13 447 63.86 83.78
Mean area(um?) 3614.20 695.17 1919.16 6760.78
Slow isoform(%) 0.26 0.11 0.04 0.50
Fast isoform(%s) 0.74 0.11 0.50 0.96
F/S ratio” 3.84 3.18 1.01 26.11

* F/S ratio, Fast isoform/Slow isoform ratio
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4.4. MHC isoform 4], A& %A a7 EA S@AEA 9 AAAA

Table 12. Correlation coefficients between MHC isoform and muscle fiber type

characteristics of Second generation

MHC MHC Fast/Slow
slow isoform fast isoform ratio
Type area(um?®)
I 0.22425% ~0.224 2555 ~0.0647
Ia 0.2733%:%x ~(0.2733%%3 ~0.1280
IIb 0.1618= -0.1618+ ~0.0474
Type area
percentage (%)
I 055743 055745 050885
ITa 0.28793 —0.287Yx —(0.2235% %
b ~0.6507 % 0.6507 55 0.5702 5
Type number
percentage (%)
I 0.4661 s —0.4661 s —0.4469x
ITa 0.2275%3 —0.2275% %% ~0.19435
b —0.5488ssx 0.54883% 0.5104% %%
mean area(um?)
0.1510% -0.1510% ~0.0207

(fiber number/fiber area)

* P<0.05, *x P<0.01, **x P<0.001
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AT AHoZ YERGT(r=0.1618, P<0.05). <4 EYE WA v]&S e
Type I areaPe} Typella areaPol| =2 Ao dAAAE 21 J&= A= YEY
© ™ (r=0.5574, 0.2879, P<0.001), typellb areaP?l
H(r=-0.6507, P<0.001). <A+ E4E g vl&H} FAHEA 2> Type I noP¢t
Typella noP+= %< AAAAAE zZta A& Aoz YENY O M (r=0.4661,
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P<0.001).
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+Af Har AAES YElWE mean area FEONAME A@IIAAVE YERS
(r=0.1510, P<0.05). ¥FH¥ MHC Fast isoform®] -0l & 4 g5 us|
MHC Slow isoform ¥rthe] @A = velyttl. Fast/Slow ratio &5 &4

fr B B dd Y 2SS He WARE AAAAVE e kAN &
A BFYE WA v &oAE Typel 3 Typellasts F9333A (r=-0.5088,
-0.2235, P<0.001), Typellbet+= 74274 (r=0.5702, P<0.001), 4+ EFY
B4 v 8-(r=-0.4661, -0.2275, P<0.05)°14 Typel # Typelaot= H=2 H9
FARAA T GEPEAI T Typellboll A= =2 Ao daaA7F Yebsth(r=0.6507,
P<0.001).

o
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Table 13. Correlation coefficients between meat quality traits and muscle fiber

type characteristics of Second generation

Type I Typella Typell

Type I TypellaTypellb Mean

Loin

Number/mrt
area area b area area(%) area(%) area(%) area area
pH45mn -0.2115 -0.1127 01084 -0.0782 -0.0323 0.0936 0.0869 -0.0785 -0.0733
pH24hour 00835 -0.0330 -0.1734 0.0794 0.1640 -0.1826 -0.1755 -0.1093  0.1701
Lid5min -0.2160 -0.0309 -0.2000 ~0.0601 -0.0136 0.0646 -0.2103 0.0022  0.2153
. ~0.3355
axdomn V49202060 00202 O 01237 O3 o205 T 00242
L2761 03557 -0.2615  0.3511
bedmin -0.1365 -0.0224 ~U"01 00691 102155 00787 ) -
. . 0.3840
Le2dronr 000 7020 01801 01700 01885 02820« 01798 T 01788
. 02572 -0.3828  0.2559
ax2dror 0928101848 02206 01908 0.1865 03002
: e 3k sksksk *k
b#2dnor 00212 -0.0126 -0.0173 -0.0787 01376 00181 -0.0224 -0.1197  0.0077
FFU(ng) -0.1897 0.0302 0.0096 -0.0872 00847 0.0250 00075 01119  0.0080
D
1np 00495 00679 01790 024708 _01868 -0.1264 02143 01529 -0.2147
0SS '
* P<0.05, ** P<0.01, **x P<0.001
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A B 24 2R O FAAAE Ldotrr] fstel 2AHF =
Aoty 54 FEoR BYW WAHARAdS & 5 3= Typel,lallb area,
e

H gRomwt AFUA £EF S @ 4 9l pHd5min, pH24h3 54

=2

ol
A

Ho

Type I ,Ila,Ib areaP, mean area®} loin area, number/mE 74

i

o

M SA ZSASE [#45min, a*4bmin, b*min, L*24, a*24, b*24he} H 48 =
oH

=

45 FFU, Drip loss®] 232 24% 2484 543 §4 540

w4 3 tH(Table 13).

FFUS= A7 e @8kt e 54 54 F §4 352 axdbi
2 Typelarea®t 0.2992(P<0.05), TypelareaP, Typellb areaPe} Z}7}
0.4119(P<0.001), -0.4631(P<0.001), Loin area - 0.3355(P<0.01)%] A#AAE
EFg T 22 Redness® i 5 AFS 24A17F 39 FA43E ax24h 5ol A &= Type
[ area®} 0.3281(P<0.01), Typellb areaP<} - 0.3002(P<0.01), mean area, loin
area, number/mi e} Z+7F - 0.2572(P<0.05), —0.3828(P<0.001), 0.2559(P<0.2559)2]
DA YERS T 2 F Yellowness, b#4bmini= Type3area®} -
0.2761(P<0.05), mean area, loin area, number/m'e} Z+Z} - 0.3557(P<0.01),
-0.2615(P<0.05), 0.3511(P<0.01)9] “Fa#aA7F Ydebwth. 54 3 5 Lightness,
Lx24h% typelarea®} -0.3366(P<0.01), Typella area, Typellb areaP, loin arca<}
2y} - 0.2410(P<0.05), 0.2829(P<0.05), 0.3340(P<0.001)= &#A 7} YEelyt B
9 329l Drip lossoll¥ Type I areaP9 027089 Ao A7} vrebwthHP<0.05).
ol Typel ¢ H|E& Z7}= Lx(Lightness)?} #H4sla BHago] adETtE ¢
T A= Aoz YERAGTHChoi 5, 2006; Gilet &, 2003; Larzul &, 1997;
2005).

m
AAdez 4 54 45 T 4894 &5 24FE 943 daa

Typellbel vl&] 7] wjiol] ax(Redness)®] #d A9 #FdAAAS Kol Type
Obot= F-o3daA7F vetd Aoz aass i os vfojleazne] ¢
Fol w2 Typellb Lx(Lightness)9t 813 ##7], a* (Redness)ote 9174
HHATE dERE lem o 5 Qth
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Table 14. Muscle fiber type characteristics among generation

Total o
- - - significance
First generation Second generation
Type area(um?®)
I 3436.19"+743.03 3002.84°+674.77 Kok
Ma 2791.40"+764.01 298245 +558.29 ok
b 4545.14"+854.85 3970.03°+810.00 ok
Type area
percentage(%)
I 8.64"+3.10 10.307+3.32 ok
Ma 4.47+1.80 4744193 NS
b 86.89"£3.95 84.95°+3.74 —_—
Type number
percentage(%)
I 10.71°£3.32 12.84"+4.24 -
Ma 6.96"+2.55 767°+2.85 *
b 82.33"+4.11 79.49°+4.83 s
Mean area(um?) 4285.38"+749.32 3705.58"+677.85 ok

& > NMeans+SD with different superscript in the same row are significantly different (P < 0.05)

Levels of significance: NS, Not significant; *P < 0.05, #xxP < 0.001.

A3 #A12 Typella areaP& Al &Jsti v A &
(Table 14). <+ At A717F 1AITI R 24

A
ol A 22 Aoz yepton AFE 7% 2AW7F 1Al Bo 22 Ao

_‘rﬂ
>
)

2 EAEHATHP<0.001). 1 Typel o WA H&o] F7Fs 2w (P<0.001),
Typellbe WA H&& AH oz 743U (P<0.001). =4+ I+= Type

[ 2 Adi7F doi7biaA F7ketaiar A8 o= Typellbv #asts Aoz &
A1 5] A THP<0.001).
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Table 15. Abnormal pork occurrence among generation

RFN* PSE" PFN® RSE?
First
) 66.1 7 12.4 13.8
generation(%)
Second
] 94.1 0 59 0
generation(%)

* Reddish-Pink, Firm, Non-exudative.
b Pale, Soft, Exudative.
¢ Pale, Soft, Non-exudative.

4 Reddish-Pink, Soft, Exudative.

A o] A§ WA WML Z Table 150 HEAT. &% 9 140 A=
445 (RFN) 66.1%, Z=HA(PSE) 7.7%, SAEZHPFN) 124%, BydEw
(RSE) 13.8%= 245 At 240 A=E5-E A4S RFN) 94.1%, 252§ (PSE)
0%, SAEZF(PFN) 59%, 258 EZF(RSE) 0%2o.2 EAEHoH 14 &
of Hla] 24t AEEo] o4&

5(2005) SAFY WY 2 WAN & ST A7), 24T ol e $4 5
Aol th2tta waustgth 24F 2717 S7F @45 #§28 55 Drip loss) ¥

7} Crouse, 1986), = =)
A% B =2 Typellb 2AF #Fdol Atia B st thRyut Kim,
2006). ©] w41 A#E F3 Table 140 Yebd Aoz 24 249 Aol& o
AE A ME 1Y 2o 24t e AR o] i Ao HrhE
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4.6. A %2 7 A Biopsy)

A A 22 A A A biopsy) & &3l 7] -0l £ =S AW T F IS A
o @odt 53 SAY 24T 2484 54 4@AA T ax4bmin, a*24h,
Drip loss &5 Typel ¥ Ao A##AA7F YeEY L#24h dEo|A = F9
BHHA 7 YERSETH(Table 13).

Type larea’7} =S55 axgke mobA|al Lxgh Srolx]=t] Type I o= myoglobin

ghgo] b By AR Bl 7] wiEelth. Myoglobin 2159 H2M48
AAS = dubE ol S A 4ol Typel & myoglobin 3t ¥ RAdW Wekx =

7] witol] &714 diAlel #AE wo] s U] A ALY #HAETF vk Ho|t

71 A QAZE oA Al FH AFS pHZF SEolA Al Hu] Al S Ao Hpado] vt

olx Al Ht}. Briskey (1964)= A3 H3ES Wygst AaaA szt Jebdoha
H

5
ATH B A5 sk Lo Fa3 9cow S W
Aol A FQa3 golgtal & 4 2tk Typellboll A Lk, ax9} A @A AAE= Type
[ 3 wrdo] A¥rt veyt o Typellb: myoglobin® &#o] Typel Bt} gt
7] wjol ol# g At yEtd AoR dddEnh FAAAE I 27T
2 Figure 79 YeERH AT}
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2. Myosin Heavy Chain
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1. . Fastisoform ratio below 85%
2. Type I arearatioover 10%

3. Type I number ratio over 10%
in order.

. NO
Individual Selection

YES

\

YES .. .
END Individual Culling | ==

Figure 7. Schematic diagram of strategy using biopsy technique.
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ol M= Drip loss 48 AW #2] 2 Q1 Aol 7} A ¥ A THP<0.05).
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o2 o] MHC isoform 244S 48t 24 23 Type [ & &0 52 I159]
MHCI = Hl&o] 7P =skom v a5k 3 153% 7P 92 1§ ¢o0% #45U
o 1AY FEEE S 24
2251.48;m?*, Typellbi 3898.18um*= 4 HJow WA H&o] H
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ABSTRACT

Study of swine muscle mass and meat quality relativity using muscle

fiber biopsy technique

Yeong—-Hwa Kim

Department of Animal Biotechnology, Graduate school

Jeju National University, Jeju, Korea

In pig industry of Korea, improvement of breeding pigs has been focused
on quantitative improvement of pork. However PSE porks and mortality rate
was also increased. Therefore, breeding pigs having both of excellent
lean—-meat production ability and meat quality should be improved in the
future industry for improvement of breeding pigs. However, meat quality
related characters can be measured after slaughtering pigs. So it's time to
develop evaluating technologies before slaughter for efficient improvement.

The purpose of this study is to develop muscle fiber biopsy technique for
histochemical analysis of improved black pig in Je-ju island using biopsy,
making Myosin Heavy Chain(MHC) isoform, and selecting breeding pigs with
good meat productivity and meat quality effectively.

14 pigs of sire and 95 pigs of dam were selected from zeroth generation for
samples used in the study through judging of exterior and 786 pigs were set
to be first generation among piglets born by cross combination of zeroth
generation and made litter registration at Korea Animal Improvement
Association. After selecting 249 piglets primarily through judging of exterior,

19 sires and 96 dams were selected through histochemical analysis and MHC
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1soform composition analysis using biopsy. 751 piglets born through cross
combination between sires and dams selected among the first generation were
set as the second generation and selected to be primarily and secondarily as
the same method with selection of the first generation.

The result of progeny testing among sires of first and second generation
told that another colors were appeared at 161 weaning pigs from total 742
weaning pigs and the appearance ratio was 2.3~40.09% and weaning weight
was measured to be 4.90+0.99~6.64+0.92(kg). From sires of first generation,
another colors were appeared at 315 weaning pigs from total 751 weaning
pigs while the appearance ratio of another color was measured to be
23.9792.9% which were higher than zeroth generation and weaning weight
was measured to be 6.03+1.25~8.00+1.74(kg).

Meat quality analysis result of sucking pig following to sires of zeroth and
first generation told that there was no meaningful difference at pHusmin,
PHodhour, @*24hour, D*24nour from pH- after' death and meat color of sucking pig for
each sire of zeroth generation, while 80-116 of sires were the highest as 48.9
and 56-21 of sires were the lowest as 44.1 under L#*omewr. Among measuring
lists of water holding capacity, 40-115 of sires were the lowest as 15.5(%)
while 80-116 of sires were the highest as 27.1(%) at cooking loss(P<0.05). In
sucking pig for each sire of first generation, there was no meaningful
difference at items of pPHismin, PH24nour, b*24nour, wWhile there was meaningful
difference of sucking pigs for each sire at L#*2nour, a*2nour (P<0.05). At the
item of water holding capacity, there was only meaningful difference in Drip
loss 48(P<0.05).

Histochemical characters and MHC isoform were analyzed using biopsy for
piglets of each sire from zeroth and first generation. Muscular fiber
composition for each sire of zeroth generation was measured to be 6.30+1.21
~2854+14.49(%) at Type I while 71.46£14.49~93.70+13.52(%) at Type II.

Through the wvalues, MHC isoform composition was analysed by dividing
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highest, medium, and the lowest groups with ratio of Type I. The analysis
result told that groups with high ratio of Type I were the highest ratio at
MCH I while the other groups were analysed following to the medium and
the lowest group respectively. In muscle fiber composition for each sire of
first generation, average sizes were analysed to be 2910.74m? 2251.48m? and
3898.18um* at Type I, Type Ila, and Type IIb respectively while the average
area ratios were analyzed as 11.28%, 4.87%, and 83.85% for Type I, Type Ila,
and Type IIb respectively. For average ratio of muscle fiber number, Type I,
Type Ila, and Type IIb were analysed to be 14.10%, 7.77%, and 78.13%
respectively.

For MHC isoform composition, slow isoform(MCH I) and fast isoform(MHCII)
were analyzed to be 0.26% and 0.7496 respectively. Correlation of histochemical
characters and MHC isoform was analysed through the result. There was no
correlation appeared at fast/slow ratio items, type area and mean area while
there was high correlation at the area ratio for each muscle fiber and the
ratio of the number with slow isoform and fast isoform(P<0.0001). There was
correlation with MHC isoform at size of muscle fiber item(P<0.001, P<0.05).

The correlation between histochemical characters and meat quality character
was analysed. At items of meat quality characters, there was no correlation
appeared at pHusmin, DPH24nour, L*45min, b*24nour, Fiter paper fluid uptake(FFU)
with histochemical characters. There was positive correlation between a*smin
and Type I area, Type I area(%5) while negative correlation was appeared with
Typellb(P<0.001). There was negative correlation between L#*ogmor and Type I
area, Typella area while a*unour Showed positive correlation with Type I area
and negative correlation with Type IIb area(%)(P<0.01).

Through histochemical analysis among piglets of first and second
generation, it was found that second generation had smaller Type area with
increased area ratio of Type I and decreased area ratio of Typellb comparing

to first generation. It was analyzed that Type I increased the number of
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muscle fiber while Type IIb decreased the number when passing the
generation.(P<0.001). For occurring frequency of abnormal meat for each
generation, it was analysed that RFN was 66.196 at first generation while all
piglets were REFN except for 59% of PFN at second generation. This 1is
considered by improved meat quality following to increased ratio of muscle
fiber composition of Type I while deceased ratio of Type IIb when passing
generation. The analytic result of this study told that there was high
correlation between meat color related items and area of each muscle fiber.
And it was confirmed that meat quality can be predicted through biopsy in
living bodies rather than assessment of meat quality through dressed carcass
slaughtered.

In this study, earlier selecting standard of good breeding pigs was
suggested from more than 85%, 10%, and 109 of fast isoform ratio through
MHC isoform composition analysis, Type I area ratio and ratio of number of
Type I at histochemical characters respectively through the analytic result.
It's expected that breeding pigs with enough amount of meat and good meat
quality can be selected earlier using early selecting standard set by this
study and efficiency of using and selecting breeding pigs will be increased

through this.
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