
� �

� � � � � � �

�

�	
�

� ��

� �

������

�������

�������	
��������������
��	��������� !

�
�

� � �
� �

� �
� � �

� � �
� � � �� � �

� � � � �
� � �� �� � � �

� � � �
� � �

� � �
� � � � �

� ��
� � �

� � � � �
� �	 
 �

� �
� �

� � �
��

� � �
� �

� � �
� � � �

� � �
� � � � � � �

� � � �
� � � � � � �
� � � �
� � � ��
�

� � �

 � �� � � � �

� � � ��
�� �� � �� ��

� ��� ! "#$ %&' (' ) �*+,- . /0 10 %
&' 2(34�*+, 5 6(- *7 . +,869 ' ) (: �;<! '
%&=>(;?�@A.BC,DE /0 �F� � .  0 GH I
��C,"#$ DJKLMN.OP/ ' ) . /0 Q R �;<! %&' 2
(SJTU VWDTU . /0 - XYZ#[( �F M"\Y].  0
/0 ^_(' )`��a !b c - = T_0 defL)

`�F �;g' `�6  (- * �;g .h/0 XNijL)
`�F SJTU 6 (- * WDTU 6 (- * .h/0
`�6SJTU H�F (- * = T_0 `�.ck,: .l<0

m� "#$ %&' ( 2F SJno, p�q r= s+,86=htT_0
���

u (' �v1_,defL) Vw5 xyF � �("#$ DJOP/0KLMN
' ) (`�F u ( �* +, .  ! ' ) (- XYZ#[. / �

6T_ 6 � /T.h+ ���C,- : (z �a ! 5+,8
s� U 6/!(* =c1<! , { : | 6. 6/0 10 Q R �;,' %&34(

�} 9F u( �*+,: ~Wo 5 .  ,869 ' ) 6 %&'
�� ! � /T �*+, v ( (34 6(- * �a ! 5/0

U s�pC0E .l? 6/0 9 �(w 6/
!' ) =��J_! , 10 . �Y
L�u(��6/!P� _, �b�_aaS, �F �DJ �19�
� � (w� �m��mT_0� �(�#[.  
' (' ) . +,�F �$�"��\ 0 � � � .�a� (?� w 10F �
Y�o>.  0 s� . 6+,0k � {(��=o b( � 10F"#$ �
o�#[.  ! �.l?86F / �(0 (S,b( � = r � �;��_,b(

k � �(' ) �� ! - XYZ#[ .� /0 10 ¡¢ = ( � {DJ
. £/0xyF¤o (� .� /0 �(¥¦ �  0� �F
§�J F � �( ¨DJOP/0' © Z$ 9S<0
KLMN.  !- .l - : =z �F ª � ��(� «�;<!
9S,86. £/0 JF¬ ¨ "#$ 9F 5T_0 3 � ® "#$ ¯Y(°T
on ¨.  0= 8_F±² 5 (c ³( ´' ° �� �;g (� .
µ. C,0k9S, /D/ 9S_¶ � (  0 � ��
9bc5o ³9S� ® b  "#$ 9( �
= 1/ iY#·u� ¸@ ¹ º »

�

¼ ½ c � ��

�� �

� � � �
� 	
 � �

�� � � � 
� �� ��
�� � � �� � �� � 
� �

� � �� �� � �  ! "
#  � 
� �� $ � ��

� � %� �& �� �
	� � �� ��

�#' ( ) ��
� * �� � ) ��

� ) �� �� �
� � � + ,- .

/0� 1

2 �3 0 �� 
45� � 2 67 8 � � 
� �& ��

9 �� �& � :; �
& < = � �> ?& $ � �

?< �@A 2� :B � � � � 
� �
�?< �� CDE &FG �& �; �
< � 3 H
� 
�

I J K �� L L M
N O 2 �� �
�3 � 
� %� 2 P Q R ST U

� 9 &�� VW � � 2XR  YZ
[ � \ ] ^ - < _

�� � 
� �& �� �`a U �
1 Q �� � ��

�� bc � d � �
� � ��� �& � : �� /0e2 P P �

1 f K  2 D #'
bc � & � g h � ij � Q �

k l 0m 2 /0e2 P
3 g D n  \
o 2 pq r 9 s

/� 1

3 �t u vw >� x / y �

�
�

�

�

� �

�

��������������������������

� �

� � � �

,

AIREMLF

. . C :

BMS . . C

: . . C

: . C :

C :

MUFA

Westerling Hedrick

C :

, , ,

BMS BCS

HK- ;

: fax : e-mail : kuchida obihiro.ac.jp

: ,

( ), ,

,*++ 0 ,3 ,*++ +* 0

+

+

,

+ , + + +

*2* 2///

*2* **+-

. 0+/ 0 1

3*

* 01 * 2, +2 +

* ,. * +0

+0 * * .+ * ..

+2 + * -, +2 +

+2 +

+313

,*+*

+2 +

,**0 +, ,*+* +,

,**3

-

/

,**2 . 0+/ - -*2 + -*1

1

+322

---

*+// .3 /.0,

2- + ,3 -. ,*+, ,3

2- + ,3 -. ,*+,



�

�

�

������	
��

��������

������������

� !"�#$

�

�

� � �
� �

� � �
�

� �
� � �

�
� � �

� � � �
� � �

� � � � � �
�

� � �
� � �� � �� � �� � �
� � � �

� � � �
� � � �

� � �
� �

� �
�

� � � � �
�

� � �
� � �

� �
� � � � �
� � �� � � �

� �� � �� � � � � �
� �� � �� � � � � �

� � � � �
� � � � �
� � � � � �
� � �� � � �

� � � � �

	 	

	 �
	 	
	 	
	 	
	 	
	 	
	 	
	 	


 � � 

� � ������� ���� ���� �
�� !" #$ %&' � ()��*+� , -.( /�$" 01-.234' 5 6�
-. �789� ' :;< =$�>? @ AB� -.� 1( ��
C�=$�>?234!#�>? //D=$�>?
E %&' C �=$�� �FG> D= H�I��-.()�� -.JKLMNOM(3
P @ C�=$�>?E ����(QR�P%& S T6 234U �V 9� ��NOME*
' �WX :Y@ D=P C�=$�� GZ� +� SD=P
D=P R�!#�>?E [ : �S(QR�P
!#\%&' C �?�] GP
/�$�" 01-.� ^23401_`E  $ //D Ea �bcdM E ?ef�bcd

(9�Yg� M Ehij�bcdM Ekl�bcdM�FG
m no%&' np�q r()�� sGP�t 234 E H�I� ?ef234hij� (u
( m vw 234%&' vw � 19� <�xPy �z"{ D=P ?ef(E h |
//Dw E }~����M( �����c�M� �� � �� � �� r ��
P�� 9 � �D Y ���� P�\ �Q�� � � �RD���p9�� 9�
P m vw E ����#$m � 89� //D � E v � #$� l� ��
�(789� (%&' vw E ����# � � E RD g�uf p\S H
$' ��� 89��t� /�$� 1E � E D=g�
�" 01��d � � � � , -.234" 01-.p' 5 6�U \
�{g� q r� sGP�t( -.JKLMNOM(3g

�U q�?�V 9� T� T6 �V (
����%&' �' 5 6� 1GP�t( , E ��}�� $ �� 9�
� ���� ����#$  ¡¢�£M¤
� � ��¥¦�M� §¨9�
¥¦�ME ¡¢�£M� ( � 1RD D
9� , -.�© z 234U � (F9�
' 5 6� 1E ª$ (9�Yg� H�I�� v E «(2¬P®� suf
¯°D 9�' 5E ±¡�²¦5 ± $ p D=g� �³� ��
¡�d~´¦5 µM±²¦5 µ -.(2�� U �V E
M±d~´¦5 �£J¡¦5 ¶ $ p ·9��� YV ���
~´¦5 234¡¸�M5 � i (E " 01-.�© z 234U �
D=P H�I��' 5Y i�' 5� (¹ F9� $ p º ' :;<� v
tP;<� D j9� R� 9� i� E �� �F9� ¯°
' 5�WX 234 Y¹tP $ ' :;<�U E $
;<� N¸ ' 5 ;<p9�z79 p ·9��� YV ���Y ¯°

»

¼ ½ ½

� � �� � �

� � 	 

� � �� � � � �

� �
 �� � �

�� �� �� � �
�� � � �� � �

� 
 � � �  
� 
 !

�� "
� � � #� $

� � % & $
�' � �' � � ( ) $ * +
� , - .

/ � 0 � � / 12 3 4
�' � �5� 6 12 3 ' 12 3 7 �

89 �' � : ; <= > ?
�5� 6 � @ A/�

� � B C � � � � � �D
% &
�E � � � � �

� � � � �
� � 	 

F G � H

I J �
KL � M: � �� �
� � � N ' � 8O &

P 8� � 8�� �
�� ��

Q � �
� � M: � ��

R � � ST Q �
 ' �
U�� V 8� ��� � P

� �
 ��
WXT � Q � � P

�2 Y

�

�

�

� � � �

�

� �
�

� �

a

a
Heritability estimate of slaughter age was not estimated because of inclusion in the model
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. cm mg

C : Osawa BCS

C : C : . . Osawa
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C : C : C : ; . Osawa

MUFA ; . Osawa

Summary statistics and heritability estimates ( ) of carcass traits of Japanese

Black cattle

Trait Mean S.D. Min. Max. S.E.

Slaughter age (month)

Carcass weight (kg)

Rib-eye area (cm )

Rib thickness (cm)

Subcataneous fat thicknesss (cm)

Yield estimate

Beef marbling standard

Beef color standard
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; . . . MUFA Tani-

. guchi stearoyl-CoA desaturase SCD

. MUFA

SCD

C : C :

n MUFA

Taniguchi

MUFA SCD MUFA .

SCD

MUFA MUFA

MUFA . Xie

. Realini SCD

MUFA

. .

C : C :

Morris Taniguchi . MUFA

fatty acid synthase FASN C : . Hoashi

Hoashi MUFA .

sterol regulatory element binding protein- SREBP- .

Summary statistics and heritability estimates ( ) of image analysis traits of the rib eye

between the th rib cross-section of Japanese Black cattle

Trait Mean S.D. Min. Max. S.E.

Marbling percent ( )

Coarseness index of marbling ( )

Coarseness index of the largest marbling ( )

Fineness index of marbling (count/cm )

Average luminance of lean

Average luminance of marbling

Summary statistics and heritability estimates ( ) of fatty acid compostion of

the rib eye between the th rib cross-section of Japanese Black cattle

Trait Mean S.D. Min. Max. S.E.

Myristic acid (C : , )

Myristoleic acid (C : , )

Palmitic acid (C : , )

Palmitoleic acid (C : , )

Stearic acid (C : , )

Oleic acid (C : , )

Linoleic acid (C : , )

Monounsaturated fatty acids ( )

Monounsaturated fatty acid Myristoleic acid Palmitoleic acid Oleic acid
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Palmitic acid Stearic acid Oleic acid Linoleic acid
Trait

(C : ) (C : ) (C : ) (C : )

Carcass trait

Carcass weight *

Beef marbling standard * * *

Beef color standard *

Image analysis trait

Marbling percent * * *

Coarseness index of marbling * *

Coarseness index of the largest marbling

Fineness index of marbling * *

Average luminance of lean *

Average luminance of marbling * * *

: genetic correlation coe cient (standard error shown in parenthesis)

* : zero was not included within point estimate S.E.

Genetic correlation estimates of carcass traits and image analysis traits with major fatty acids percentages
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Estimation of genetic parameters for fatty acid composition in

of Japanese Black cattleM. longissimus thoracis

: ,

Yoshinobu NAKAHASHI , Tetsuro YUSA , Yutaka MASUDA , Satoshi HIDAKA and Keigo KUCHIDA

Obihiro University of Agriculture and Veterinary Medicine, Obihiro , Japan

Tokachi Federation of Agricultural Cooperatives, Obihiro , Japan

The objective of this study was to estimate the genetic parameters of fatty acid composition in the rib eye

of Japanese Black cattle. Genetic relationships between fatty acids and image analysis traits of marbling

were also investigated to clarify the response to the improvement of fatty acids composition on the marbling

characteristics. Carcass data were obtained from Japanese Black cattle (n , ) shipped to a meat

processing plant in Hokkaido, Japan. Fat tissues were sampled from the rib eye of each carcass, and the

fatty acid composition was analyzed using gas chromatography. Image analysis traits such as marbling

percent (MP), coarseness index of marbling (CIM) and fineness index of marbling (FIM) in the rib eye were

calculated. Using single/multiple traits animal models, genetic analyses were conducted to estimate

heritabilities of all the traits and genetic correlations of the major fatty acids percentages with the image

analysis traits. The estimated heritabilities of the fatty acids ranged from . to . . The genetic correlation

coe cients of Oleic acid (C : ) with BMS and MP were positive ( . and . , respectively) showing a

favorable relationship in which the increased MP resulted in the improvement of C : percent. On the other

hand, undesirable correlation coe cients of C : with CIM and FIM were estimated ( . and . ,

respectively) and results suggested that the improvement of C : percent increases the coarseness of

marbling flecks in the rib eye.

: fatty acids, genetic parameter, image analysis, Japanese Black cattle.
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