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Table 1 Summary statistics and héritability estimates for growth traits, feed utilization
traits, carcass traits and image analysis traits in Japanese Black steer

Traits' - Mean sD Min Max, h2*
- Growth trait
BWS (kg) 262.72 31.23 178 375 0.41
BWF (kg) 597.80 58.76 447 783 0.57
ADG (kg/day) 0.92 0.1 0.54 1.29 0.51
WHS {cm) - 113.48 3.62 - 103 i26 0.48 -
WHF (cm) ; 134.83 3.76 124 147 0.58
DWH (mm/day) 0.59 0.07 0.38 0.85 0.24
Feed utilization trait
CONINT (kg) 2,5655.9 266.2 1,665.7 3,609.1 0.53
CONRA 7.67 0.70 .  5.18 11.43 0.50
CCPRA 0.91 0.08 0.64 1.31 0.50
TDNRA 6.96 0.63 4.94 10.08 0.50
Carcass frait .
CW (kg) 353.6 37.8 256 476 0.60
REA (cm?) 47.76 5.88 3z 69 0.47
RT {cm) . 6.46 0.77 4.1 9.4 0.59
SFT {cm) 2.05 0.53 0.7 4.3 0.61
IFT (cm) 6.20 0.87 3.2 9.1 0.63
BMS (i to 12) 9.02 1.70 4 12 0.71
Image analysis irait
FAR (%) 34.52 7.35 16.33 59.42 0.70
OCM 11.83 4.28 " 1.04 33.3 0.4&
CMM 3.46 2.25 0.28 26.21 0.08
FIM (n/cm?) 3.12 0.48 1.39 5.03 0.43
MMR " 0.64 0.07 0.45 0.95 0.40
COoM 1.09 0.02 1.06 1.33 0.20

* Standard errors of heritability estimates were within the range of 0.04-0.07.

"BWS = body weight at the start of the fattening period, BWF = body weight at the finish
- of the faitening period, ADG = average daily gain in body weight during the fattening
period, WHS = withers height at the start of the fattening period, WHF = withers height
at the finish of the fattening period, DWH =-average daily growth in withers helght during
the fattening period, CONINT = concentrate intake,'CONHA = goncentrate conversion ratic,
DCPRA = digestible crude protein conversion ratio, TDNRA = total digestible nutrient con-
version ratio, CW = carcass weight, REA = ribeye area, RT = rib thickness, SFT = sub-
cutansous fat thickness, IFT = intermuscular fat thickness, BMS = beef marbling siand-
ard, FAR = fat area ratio, OCM = overall coarseness of marbling particles, CMM =
coarseness of maximum marbling’ particle, FIM = fineness index of marbling particles,
MMR = minor-major axis ratio in ribeye shape with principal axis of inertia and COM =

complexity of ribeye shape.

fo. AEASE S MCEEEEEE, EREY=<ILETIV _ BT cEB S 417

ICLY#REL, EREEHDEGRSUICEEMERAE 2E .
BF-RIVEFTIICLYHERL . MBS, T80 RS L USE

Y ZADIF- iR 102428 &7 T BATR EERE, tEFATRE, BRESARESLUERE
ADEKICE, FOUNCETERIMGRLRESHRD FRBoRIGEREEEEER 1 ITRLZ. BERECS!T
2ODBEIN—TEREL, BEFEOATEEAFMBRE LEEED, —BLYNES (0.24) 2BREDRENS
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BVNE{REAYETE SN7= (0.41~0.58). Oikawa 5 (2000)
%, BMUBIcEWTERSNAERRER S ICEREHRR
EOREEE, RTERELSUIC—B YL YBEKE
DRIEES 0.20~0.38 EHREL, Aziz 5 (2005) (3, =
WERENH CEESNCESEFBESICEWT B8
RANSEHAE, IPERTEHEAEESLU—BHAYEBEFED
EEEE, ThEN055 0695500046 EREL 7
Mukai & (1995) 14, BRBETHRES N EREREDR
ELES JURTROKERS IR E—B S Y
ARE DIEEES 0.19~0.36 LS L, Shojo & (2005)
12, BEREORTERE, RTBERSELIU—BE
Y BEEONRIEES, TNFN065 063 5L U040 &
BEL. REREOHEGERE, SFICAVIE@ADE
Wk YEXDHBELOD, DERENMSSVEGRMETR
L, +TOCERARETH S,

ERFIRARE IEREICEVLTEVEIERS RSN
7= (0.50~0.53). Oikawa 5 (2000) (&, BREFEHERE
B LU TON EBRZRDEEEE, TATNLI8HLT0.11
&L L /=A%, Uchida 5 (2001) & L UF Shojo & (2005)
(2, REMAEHERZCHVWTATRLBHLE (FNE
N043 B LTF053) %, EERE, DCPHLUTOND
FEERBIIBVWTIR, AFR & UENE (014034 &
$BEL 7= KFROEER REOBEGEEREEDKRSE
HER, RO CAVEEREMES OEERERS
P, BIECHEENTWAIEICRETEZENER
SNBH, BMEHLOBRET ) kR SEEEE
£ DNBRAOIETETIEEREDEVWERE L TWE L
HEIN5. :

RARMEOREGENE, SBEICSVTHER,S
SMESEE SN (0.47~0.71), EBRFITHEOERE
={3, JEHTRICEADZTEICEVWCEHERIST
BMS # v/i— EERRIC0.70 &S VENHE SN, e
DHFDH 5 X (0.45) H & UMM ST (043 TP

RELMENEESNEY, BANFOHS SOREER
0.08 SELMESSEE S, O—REFRICEEH 2 TEE
ICBVWTEMTESER - RELT040 EPEFLRE
SEAHERE RN, AOEMS TE 0.20 LEWESHERE
ENf. RABMTEEOEREERINE TICZEHRES
NTHY, BMS F+ V/xi—(FREFEICEVT—HMIC
EMEASRES SN TS (0.49~0.70 ; Mukai 5 1995 ;
Oikawa = 2000 : Uchida & 2001 ; JIEB 5 2003).
BRI CET 2 BRIERORERDHE Y BV,
Osawa S (2008) [4, EEROEENEERCHL T
JEpFEFEEIS, 2ROMFNHSEBLURINTOS
5X[CHEWVT, TRFN059, 0.47 HKT0.20 EAFFE
EERAEEERE L. 0—ARRRICEHSEIC
BULTIHE, KBS (2004) H%ERE - REEQSTITHR
DEMESOBEERE, FNFN0RELU 018 LRHE
L, AFREEFELERTH 2. FFRTKDHILD
HO—GCET 2BEEENTEEE, PEEMSEVE
HHERL, BIENERATETH S C ARSI
R RRYE E R EREROEES S ICREBHAE
£2 [CRL7. EESEHENE - SEEFREMOIEEE
B4, PEELSSSVECEGHEEIEE S (0.34~
0.75), RESHERE - EREREEOEGEER, &
DfEhHER TN/ (—0.59~—-0.08). DCP BRFHRSU
[CTDN BERHE LR REERERMOEGRAR, RBESH
IR EERRAEG SR L, BRRKKE, MBS s

SUBRTRESICEVWTADEVS S LEPIEELE

AR EMN (DCP EikEE ; —0.88~—0.14, TDN B3k ;
—0.44~—0.17), B TEHHEFEE, —BLYBEREL &
U—B Y YREBICBVWIBDEWESRHES UL
(DCP &3k 1 —0.72~—061, TDN B3RK=E : —0.77~
—0.66). Uchida & (2001) (&, BEEEIEREE, DCP ¥
REASTICTON BRE SFHBEEE, RTHESES
L U— B EYBEERICBLWTANR EEL 3{E0 %

Table 2 Genetic {r2) and phenotypic (r,) correlation between growth traits and feed utilization traits

Feed utilization trait

Trait! CONINT "CONRA DCPRA TDNRA
ra + SE* I ra = SE . T fa = 8E p Ts * SE [

Growth trait : .

- BWS  0.74 £ 0.07 0.41 —0.26 &= 0.11 —0.03 —0.38 £ 0¢.31 —0.09 —0.44 £ 0.10 —0.12
BWF 0.75x0.05 0.70 —0.48 = 0.08° —0.43 —0.61 £ 0.07 —0.54 —(0.67 &= 0.06 —0.58
ADG 0.71 = 0.05 0.71 ~—0.59 = 0.07 —0.60 —0.72 £0.05 —0.71 70.77i0.04 —0.75
WHS 0.3840.09 0.32 —0.08 = 0.11 —0.10 —0.14 £ 0.10 "—0.15 —0.17 £ 0.10 —0.17
WHF  0.42 £ 0.08 0.40 —0.27 £0.09 --0.28 —0.34 £0.09 —0.34 —0.36 = 0.09 —0.37
DWH 0.34 = 0.12 0.17 —0.59 = 0.11 —0.31 —0.64 £ 0.10 —0.33 ~ —0.66 +0.10 —0.34

* SE = standard error of genetic correlation. '

' Abbreviation of traits were defined in Table 1.
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Table 3 Genetic (r;) and phenotypic (7,) correlation of growth traits with carcass traits and

image analysis traits

Growth trait
Trait’ ‘BWS BWF ADG
ra + SE* A r. * SE s ra & SE o
Carcass trait
Cw 0.91 = 0.03 0.74 0.98 = 0.00 0.97 0.92 £ 0.02 0.85
REA 0.46 = 0.09 0.32 0.54 = 0.07 0.52 0.52 =0.08 0.51
RT 0.60 = 0.07 0.44 0.63 %= 0.06 0.58 0.57 £ 0.07 0.51
SFT 0.22 £ 0.10 0.24 0.26 = 0.09 .24 0.24 = 0.09 0.17
IFT 0.40 4= 0.09 0.26 0.49 + 0.07 0.39 0.49 £ 0.08 0.36
BMS —0.13 £ 0.10 0.04 —0.03 £ 0.09 0.13 0.04 £ 0.09 0.15
Image analysis trait
FAR —0.03 £ 0.10 0.05 0.07 = 0.09 0.14 0.13 = 0.09 0.17
OCM 0.27 £ 0.11 0.11 0.36 £ 0.0% 0.22 0.37 £ 0.09 0.24
CMM 0.26 +0.20 0.05 0.34 = 0.18 0.07 0.38 = 0.19 0.07
FIM —0.22 £ 0.11 0.00  —0.28 = 0.10 —0.04 —0.29 £ 0.10 —0.08
MMR 0.05 £ 90.12 0.11 0.02 £ 0.10 6.12 —0.02 = 0.11 0.09
COM 6.30 £ 0.15 0.07 0.34 £0.13 0.14 0.37 =0.13 0.16
Growth trait
Trait' WHS WHF DwWH
ra £ SE s r. = SE s r. £ SE r
Carcass trait
cw 0.50 £0.07  0.56 0.55+0.06  0.60 0.43£0.12  0.16
REA 0.27 £0.10 0.2 0.35+0.09  0.29 0.34 £0.12  0.15
RT 0.25 £ 0.10 0.22 0.25 £ 0.09 0.22 0.20 +0.13 0.03
SFT 0.22 &= 0.10 0.16 0.07 £ 0.09 0.09 —0.25 £ 0.12 —0.08
IFT 0.15 £ 0.10 “0.10 0.18 &= 0.09 0.07 0.20 £ 0.12 —0.03
BMS 0.12 £0.09 0.09 0.16 = 0.09 0.12 0.13 £ 0.12 0.04
Image analysis trait
FAR 0.13 = 0.09 0.08 0.17 = 0.09 0.10 0.16 £ 0.11 0.02
OCM 0.17 = 0.11 0.06 0.22 £ 010 0.06 0.20 = 0.13 0.01
CMM —0.33 = 0.19 —0.02 ~0.20 £ 0.18 —0.03 0.7 = 0.24 —0.02
i o 0.06 0.1 0.08 —0.01 £ 0.10 0.1 —0.156 £ 0.13 —0.06
MMRB —0.26 + 0.11 0.00 —0.18 £ 0.10 —0.02 0.01 £ 0.14 —0.04
COM 0.20 = 0,14 0.05 0.36 £ 0.13 0.08 0.54 £ 0.16 0.03

* S8E = standard error of genetié correlation,
! Abbreviation of traits were defined in Table 1.
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Table 4 Genetic {r.) and phenotypic () correlation of feed utilization traits with carcass traits and image analysis traits

Feed uti[izaiion trait

Trait! CONINT CONRA DCPRA TDNRA
.k SE o fo = SE 2 r + SE o ra = SE s
Carcass trait .
Cw 0.71 006 0.71 —0.45+0.08 —0.3383 —0.58*0.07 —0.48 —0.63x0.06 —0.53
REA 0.25 £ 0.10 0.4 —0.44 £ 0.09- —0.25 —0.48 = 0.09 —0.31 —0.49 £ 0,08 —0.34
RT 0.54 £0.07 051 —0.20+90.10 —0.16 —0.29:0.09 —0.24 —0.33£0.09 —0.27
SFT 0.42 £ 0.08 0.25 0.13 = 0.10 0.04 0.08 =0.10 0.0 0.06 = 0.10 —0.01
IFT 0.30 £0.08 0.87 " —0.43£0.09 —0.10 —0.47 £0.09 —0.16 —0.48 = 0.09 —0.18
BMS 0.03 =0.09 0.16 —0.01 4 0.09 —0.04 0.00 £ 0.09 —0.06 0.06 = 0.09 —0.07
Image analysis trait
FAR 0.13 £ 0.09 0.18 —0.02 = 0.09 —0.03 —0.04 £ 0.09 —0.06 —0.04 £ 0.09 —0.07
OCM 0.41£0.09 0.28 —0.07*0.11 —0.02 —0.144+ 0,10 —0.07 —0.16 £ 0.10 —0.08
CMM 0.52 £+ 0.17 0. 11 0.100£0.19 0.04 0.01 =0.19 0.02 —0.03 £0.19 0.02
FIM —0.23 £ 0.10 —0.08 0.19 = 0.11 0.00 0.23 £ 0.11 0.0 0.25 & 0.1 .02
MMR 0.11 =011 0.13 0.19 = 0. 11 0.02 015011 —0.01 0.13 £ 0.11 —0.02
COM 0.46 = 0.12 G.16 0.00 £ 0.14 —0.04 —0.11 £0.14 —0.07 —0.16 £ 0.14 —0.08

* SE = standard error of genetic correlation.
! Abbreviation of traits were defined in Table 1.

(FEVWCEOEGBESE SIS, REEEERE L
OETHEFTEOEERREAMHE SN (0.46). L1
Mo T, REAHEREN S MBEER, o—EHkst
BT BEENEGICH S Z EATRE S
| RHIROER, REM, @RFIBRMLD S UICRARE
B, XROoLIEREENEEMNS S Z EARENTS.
HEPHE K S @ELEEAEREN S WY, &
FIERREAHET ZEDICH o/, BEES L UERFR
L BMS F /S —R TIERIRSEBEEW A A 5 s
ofeh, $EOFENKXELEFECEEEEHEREN
SVMBIEIL, BERESSETAHS R Y, #aVEEREAE
R FAREDTHES L K RWERNEEMS S o 7
LT, BEMCEMABEORRET IS, &
FOBMIEBE TH D BMS 7/ i—DHTIE, HSVEE
RASEHERI D% OEEESESD, DDV BSHh S AV
WBF AR S WA EREATRB SN AR TH
WEERBETEEFIATE LT BNEEOATE
PEL ENTVAEOSHSBIRETEEE DY, ThSHE
EEREABRELSLSICHBYT I T, & UghEEai
RN TR LB THB .
AHRTAVCCBHEO LSRR, H21 HAREE
BTHE. 7Y OBARIBHREMEEAEAOE—271],
4 HABETHD VDR TEY (BB 1991), FHE
THWBEDOSETHE, £/RERPTH D LR
ENB. LIAoT, AHRDLI LEHEORBRLE,
—RENLERHSICETENS Al (27~32 » A& £

v

BE=3R 79 (2) : 193-201, 2008

189

TIRELBRETIE, B EEEECERRIAMK
B OREENSEREMAREE e LAV, S5(2iE,
RENEESOMFER (F-&2E, RERCBERE
&) S & > THRBIVTEIEMEA R BT REMAE A 5
e, Sk BHRAREP-HIET SN/ B0k
B EFRNTHRA L REFERE (CHT 5047%
EHRETHST.

—— =

117

Eil 3

HABTE RS ISR L T ifniRo L B
mEESESS, e EEEAT THELFRDOAEE(
[CFRET 3. FWRE, BFREABRLCOETDIS
LOFEEB/THONELEOTHY, ZIIESDESE
=T 5.

X B

Aziz AM, Nishida S, Suzuki K, Nishida A. 2005, Estimation of di-
rect and maternal genetic parameters for growth and car- -
cass traits in a herd of Japanese Black cattle in Miyagi
prefecture, using a multitrait animal model. Animal Science
Journal 76, 187-193.

Hirooka H, Groen AF, Matsumoto M. 1996. Genetic parameters

* for growth and carcass traits in Japanese Brown cattle es-
timated from field records. Journal of Animal Science 74,
2112-2116. )

Kahi AK, Oguni T, Sumio Y, Hirooka H. 2007. Genstic relation-
ships batween growth and carcass traits and profitability in
Japanese Brown cattle. Journal of Animal Science 85, 348—



KZ-B% ik - OB

355.

NIBES FOEE, BB, BREL, EeARE2. 2003
EFEESICET 3 EEEEROERANRECHT S
HEhEEENEN. OABEEEARW 4, 18719

O@EE, AS0se, 8 R, ASTE Al 3. 2006 &
RIS & 2 PRI E O SHE & T ORiE. BRET
TENT 34, 45-52.

OEEE, sah=%, SiME=. 2002, ERAENCL 24ERE
SERBER AT O H S & ITET ATHEEORS. BFFE
EPSH 73, 9-17.

DBEE, SBR—, ESIkE £ RI, 7RSS H
SBE, ANEIZE. 2005, SRBEBETVIALNASEFRL
FoE L WEHARKEIRPEEORE ARAFHRR
80, 56-62.

Miszial |, Tsuruia S, Strabel T, Auvray B, Druei T, Lee D. 2002.
BLUPF90 and related programs (BGFS1). Proceedings of
the 7ith World Congress on Genetics Applied to Livestock
Froduction, Montpellier, France, CD-ROM Communication,
28, 7.

Mukai F, Oyama K, Kohno S. 1935, Genetic relationships between
performance iest traits and field carcass traits in Japanese

BE&3R 79 (2) @ 193-201, 2008

200

Black cattle. Livestock Production Science 44, 159-205.

Oikawa T, Sanehira T, Sato K, Mizoguchi Y, Yamamoto H, Baba
M. 2000. Genetic parameters for growth and carcass traits of
Japanese Black (Wagyu) cattle. Anima/ Science 71, 59-54.

EEkB. 1991, IEFDOTTH. WA pp. 43-47. FI YW
A, WA

Osawa T, Kuchida K, Hidaka S, Kato T. 2008. Genetic parame-
ters for image analysis traits on M. longissimus thoracis and
M. trapezius of carcass cross section in Japanese Black
steers. Journal of Animal Science 86, 40-46,

KEMIE, OBES, MEEe. wAR=E ZFHRE 2004 2

EFERABIEOEERITTEY S UICRAREICET

BEBHRTA—F DT, BEBEZE TS, 11-16.

Shojo M, Yong J, Anada K, Oyama K; Mukai F. 2005. Estimaticn
of genatic parameters for growth and feed utilization traits in
Japanese Black cattle. Animal Sclence Journal 76, 115-119.

Uchida H, Oikawa T, Suzuki K, Yamagishi T. 2001. Estimation of
genetic parameters using an animal model for traits in per-
formance and progeny testing for meat production of Japa-
nese Black cattle herd in Miyagi prefecture. Animal Science
Journal 72, 83-96.




SIS & BB ORI

Genetic relationships of growth and feed utilization traits
" with carcass and image analysis traits for Japanese
Black steers in progeny test

Takefumi OSAWA', Satoshi MIDAKA?, Koji KATO® and Keigo KUCHIDA?

' The United Graduate School of Agricultural Sciences, twate University, Morioka 020-8550, Japan
2 Obihiro University of Agriculture and Veterinary Medicine, Obihiro 080-8555, Japan
¥ Livestock Improvement Association of Japan, Makubetsu, Hokkaido 089-0625, Japan

Corresponding : Keige KUCHIDA (fax : +81 (0) 155-49-5462, e-mail : kuchida@obihire.ac.jp)

The purpose of this study was to investigate the genetic relationships among growth traits, feed utili-
zation traits, carcass grading traits and image analysis traits in the ribeye of Japanese Black steers. In this
analysis, 1,492 Japanese Black steers in pfogeny testing were used. The growth traits consisied of 6 traits
including body weight at the start of the fattening period (BWS), withers height at the start of the fattening
peried (WHS) and average daily gain in body weight during the fattening period (ADG). The feed utilization
traits consisted of concentrate intake (CONINT), concentrate conversion ratio (CONRA), digestible crude
protein conversion ratic (DCPRA), and total digestible nuirient conversion ratio (TDNRA). Carcass grading
traits consisted of 6 traits such as beef marbling standard (BMS). Digital images of the carcass ¢ross section
were faken between the 6-7th rib with photography equipment. Six traits such as fat area ratio (FAR), overall
coarseness of marbling {OCM) and fineness index of marbling particles (FIM) were calculated as image
analysis traits in the ribeye. Genetic parameters for these traits were estimated using the AIREML.F90 pro-
gram. Effects included in the model were station-year-season and birthplace as fixed effects, age at the
beginning of the fatteriing period as a covariate and additive genetic and residual effects as random effects.
Heritability estimates and genetic correlations were estimated using a single-trait animal model and a two-trait
animal model, respectively. Heritability estimates for growth traits, feed utilization traits, and image analysis
traits were 0.24~0.58, 0.50~0.53 and 0.08~0.70, respectively. Genetic correlations (= SE&) of BMS and FAR
with growth traits and feed utilization traits were from —0.13 £ 0.10to 0.16 = 0.09 and from —0.04 % 0.09
to 0.17 &£ 0.09, respectively. However, genetic correlaiions (= SE) of OCM and FIM with growth traits were
from 0.17 £ 0.11 to 0.37 + 0.09 and from —0.29 = 0.10 to 0.06 £ 0.11, respectively. Genetic correlations
(2= SE) of OCM with feed utilization traits were 0.41 £ 0.09, —0.07 = 0.11, —0.14 &= 0.10 and —0.16 & ¢.10
for CONINT, CONRA, DCPRA and TDNRA, respectively. Genetic correlations (£ SE) of FIM ‘with feed
utilization traits were —0.23 £ 0.10, 0.19 = 0.11, 0.23 £ 0.11 and 0.25 = 0.11 for the same traits. Therefore,
it was suggested that animals with genetically large body size or good feed efficiencies tended to increase
rough marbling particles and to decrease fine marbling particles in ribeye.

) Nihon Chikusan Gakkaiho 79 (2), 183201, 2008
Key words : carcass traits, feed (Jtilizaltion traits, growth traits, image analysis traits, Japanese Black.
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