
� �

� � � � � � �

�	
�

� ��

� �

�������	
��������������������

�
�
�

�
�

�
� �

� � � � � �
�

� � � �
� �� � � � � �
� � �� � �

� � ��

� �
� � � �

� �
�� �

�
� �

� ��
� �

� � �
� �

� �
�

� � � �
� �
� � � �
� � �

� � �� �
� � �

� �
� � �
� � � �

� � �
� �� �

	 
 � � � �

� ���� ��� ��� � �
� � �� ���� � � �

�� � ���� � �
� �  !"#$%&�'()# � � �

� *�+ ���� � ���'()# � � �

,- ./ 012 ,-3 4 51 6789:;<= >? �� .@
$A)B( 56 �C D< >/ 012 ,-3
C < >? E FG 0<H C>? .I>? �� .E

�. J.1/ 012 ,-3 < > �� 1 <H6/ 0KL$M#
< >? / 01 E N .OP E FG 0QPRSTU?

�� / 01 E P12 ,-3 V 4 QPR W6STU
? 1XY/ 012 ,-3 4 P V 1ZE < [ / 0
E C\8 ].OU?4 ��1 .E <^ _>? ��

*�`

1 ab6cdef gh E 6 iU? j kE2 6Qe < lm .
E .OU?4 n1o 6 J> pp 1/ 0 <qr9e sCtPXe
uE 1 < 2>vie * *w x 6y 1 Ez 6H{iv 9e4
* * |} 1 f gh E 51z E 4~ .Oe?[z

C � STU?R11 �f 1gh E C� 1Oe 4 1 6 i��e
C 4��T�1 6� >vie �.Oe � � � C �
pX>? �1tT � .E f 1tT.R � � � C
� _1Si < �f 1 C>v � 6 � E� 56 >���%�$< i?
> f gh 1� < �>vie � ���T� V�6 � � � 1,
f < C>?5 *. Oe 1S 1 -3 < C>? * 1 �<� >?
*<��9e6E *� ��6 tKL$ p1�E 6 < i? �C t

M# � C 1��(A< e?[6 6 t 4OP � cQ� �,-3 E
� � 4�[��e 5E 2 >t4�/ < 1 �t� .Oe   ¡ � ¢!�
�X?[ £fi6 ¤eC/ �2 6 9eKL$ 1 6QP ,- .R¥ T¦ 4S§ ¨
M# E 9eC l�vie f ©.ª«12 a <I9pC4.¬ �6 5.

5 � *�+ ��� E �® � �3 T� 1 4�¯�vie
� .E° 51 01��KL$M# � < � � >T> ±1 5
£fi01�� � 1 1 ²ZC> ³ .1�� E\C´µt§ < 9e . t
? 5f f D<�X?[6R/ 0 < �T69e
.E ��KL$M#1 1 ¶ .OeC 4Oe
I>? >T> i·�1 � R t¸ 6H{i ��.E 1,-4/ 01 1 ²67
? .Oe 6 </ 9e01 E 1 89:;<= 9e?[,- 6civ2 ,-3
f 6 ¤vS§ � l�6,-C 4 51/ 0 6789:;<= > ��

`

	 
 ¹ º»   ¼ ½

��� � �

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

� �� ���� � �
� �� �
 � �� � � 

!"# � $ % &' ()* +
,&' -. () /0 � $

% ()* 12 	 3 4 56()*
-. 78!" � $ % 12 �

9:; <2 !"= � > 	 3
� � $ % % � % ?

@ � $ % � % � A �
 B# C � <2�D �E

@�F G

@� �� H I JK L # M $ N� !"#
O P Q L � R

S TU < �VW X� F Y F Z9:; <2
F [  \ L ] H I !" Z9:; 12 ^ Z9:;

_ ` a H I � ()* <2 b
�U cd e f g �h
f � � ] H _ g `�

` i !"= a H jk l ` \ 6 b
mb H I � n $o ()* p q% p r
] H st '� u% W4 % vwx* y� ; <2 \
'� '� t zR vwx* ()* b <2 C{ <
R ; |}; } ~ �� 2�% p q% p % <2
i � !" $ � ? � L �b

_ � $ R �� !"# � �%
9:; N� <1 @� $ � �b

i�4' L� � �� �
 p � p % <2
' !" R ; �� &' 'b
R ; N � !" <� � ��

' i�4 H� � w zR
O � �
R ; { 2 � !"# � N

<2� ~ �= � � + !"# $
] H _ % &' � ()* +

@F G

� � � � �� g� ��K

�
�

�
�

�

�

� �

�

�

�

��������������������������

�
�

� �

�

�

�

� �

� � � �,

Global Positioning System GPS

HR HR RHR

GPS RHR

EE HR . RHR

RHR . .

. . .

EE EE

EE

EE

EE

EE Shibata

; Purwanto ; ; Brosh

; Brosh ; ; Brosh

Shibata

EE

GPS GIS

EE

EE

Brosh ;

NRC National Research Council EE

EE

EE

Susenbeth

: fax : e-mail : singuu-yuuko hro.or.jp

: ,

P

( ), ,

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

+

,

-

.

/

+ , , - . /

*32 /1-2

*0* 2/23

*03 2/*+

*0* *2++

*0, 2///

+

,

+

3, 3

+ 2 + +/ * , + *3

* *+ + 2 +, 3 +0 .

,

0*

., +*

-*

,*+* ,+

12 ++

+32+ +33* +332

+332 ,**. ,**0 ,**1

+32+

-

,**0

,**1 ,**0 ,*+*

+- .*

,**+

+* /*

,**.

*+0-. , .020

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

2- + .1 /0 ,*+,

�



�

�

�� ����	
�������
�����������

�
��

����� !

�

� � � � �

�� � � �
� �� � � � �

� � �
� � �
� � � �

� ��
�

� � � � � � �
� � � � � � �
� � � � �

� � � � � � � �
� �� � � � �

� �
�� � � � �
� � �

� � �
� � �
� � � �

� � �
� � �

� � � � � �
� ��
� � � � � � �
� � �

� � � � �
� � � � � � �

� � � �
� � � �

� � � �

�	 
 � �

��������� ��� � � � ���
��  �! "#$���� #% &' �� ( #) &  �* # �

+�, -  . &' /'! 0 (
123435 #) & 67 ! "#.

&' ��89:�; <#�� => ��
# ?@A� � BC�DEF�G� �H

��I J K L � JM�* N�O 67 P�DQ. &'
R R , - S . &', - �* TUVI

�  W W W�DE W� XYZ3 [ # AH \ ]
;^' _� I `��� W � a& bc� �
���  dQ eI W  SfTUV J ghij( J # AH*

d^' g klIm�nopqr4st4u TUV� S #vw' - # \ , # \
xUyYU5t4u S# \ �& 6� f� z �DE{

|U5}~|Ut4u � z #��& 6�� ��� �DE� �
@��s��� d^' #��' �QQ� �H� ��� I ��

:I�ruVs3�� :  dQ � � � I ��� "#�0&  �
W W�DE WI WI #;^ &'
' :� �c W W�DE WI W . &'! "I P�D�; 89�����?
I #89:�&' 89����% � � � �H; <��� 6� `  �& �89:�8
�hij( [ # AH� &'89:���I 9 �DE � `! "#��&' ! "I

` � � �    d ¡ ¢£6�D^H¤�6�¥l �
Q 89W����89:� ¦§¨�D�¤� I ! "�¤�6�#©bªN�'��

 d^' ��«� �¬ U � #® & �; <�! "# 8
¯Zr° �±soUX# �� ��² &' 9: �; 89 � *=>�� `! " W
/' W�DE WI ��³# + �6 W
´ �±soUX�µ ��¥¶  d^' W

W · # �
; 89I � �6 � �6;A W &'¸ ! " �&' @� �89W����¹º
W�DE WI 6 »& WI ;^' 89: 89 "I W W W�DE W F¼½¼

j

�� � �

���	 
 � ��
 � �� �� � �	�� � �

� � � 
� �  �

� 
 ��
� 
 
 � �

� � � � �� �  !" # �
" � � � $ � � % � � � �
�	� & $ ' %

�	� ( � � ) *
� � + � �� � � '

� % , � % �
% % % � - 
 . -

 . � 
 � 

� � 
 � �

�	 / 0 
 � � � ���1
���	 ���	

�	 � 0 �  # 

0 � 2 ( 
 � ( ,

$ ' � �# �# (  
( , % 3 � /4 5

/ /4 
� �	 6 7 89 ' 
 

	 :; / < = 
 � > ( 
�	� � �	 �# �# �#

� 	 ? @ �# �# �
# �# �


 �� �	 A B C 
� D � 0

�E F �

� � � �

� �

ArcGIS ver . ESRI

L. OG

Global Positioning System GPS Globalsat

EE

Polar Kem-

pele

A

m UTM Universal Trans-

. . verse Mercator System GISMAP

. ha . ha

PR X Y

Z

L. RCG

L.

m

. . kg Yamamoto

Yama-

. . kg moto

. . . . .

. . . . .

. . . . .
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Height, herbage mass and chemical composition of grass before experimentation

on the pasture in experiment

DM CP NDF

NDF ADF TDN . . PR OG

NRC

NRC

. .

Kormogorov-Smirnov . .

test

.

. .

.

. . . .

. . .

. .

PR . . .

cm, OG . . cm

. . kgDM . . .

June July September October

Height PR cm

OG cm

RCG

Herbage mass tDM ha

Herbage allowance kgDM head day

Chemical composition DM of FM

CP of DM

NDF of DM

ADF of DM

PR : Perennial ryegras ( L.), OG : Orchard grass ( L.),

RCG : Reed canarygrass ( L.)

FM : Fresh matter, DM : Dry matter, CP : Crude protein, NDF : Neutral detergent fiber,

ADF : Acid detergent fiber

Time budget for each behavior per observational time for lactating cows on the pasture

in experiment

Grazing Resting

Pasture Silage Standing Lying Rumination Moving Other

June

July

September

October

: No supplementation of grass silage in the pasture

Rumination during standing and lying
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Resting Rumination
Grazing

(Pasture)
Standing Lying Standing Lying Moving

mean SD mean SD mean SD mean SD mean SD mean SD

Heart rate (beats min) June

July

September

October

Mean *

Relative heart rate June

July

September

October

Mean * * *

n

Value was the divided of heart rate of each behavior except for resting with standing by heart rate of resting with standing

* Means between resting with standing and each behavior with asterisk symbol di er ( . )

: No recording with heart rate monitor

Heart rate and relative heart rate of each behavior for lactating cows on the pasture in experiment

Relative heart rate (RHR) of lactating cows per ascending and descending inclination (X ) during

grazing on the pasture in experiment

Degree Mean SD n Degree Mean SD n

Ascent X Descent X

X X

X X

X X

*

* Means between RHR at an ascending or descending inclination of X degrees and RHR at an

inclination of X , X , X and X with asterisk symbol di er ( . )

.

.

. . .

. .

. .

. . . kgDM

. kgDM TDN

m m . .

. . m .

m m . .

m m

m . . . . .

. . . . . .

m .

.

.

: ,

P

P

P

P

P P P
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224- ++4+ 2+4/ +34/ 0.4* -42 0-4* .4- 2.4- +.40

304- ,.4+ 224* 342 134- -,41 024/ *41 2/41 ./4- 2*4- ,43

3,43 2.4- 114- 2-4- 3.4/
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Height, herbage mass and chemical composition of grass before experimentation

on the pasture in experiment

Relative heart rate (RHR) of lactating cows per ascending and descendingwalking rate (X) during

grazing on the pasture in experiment

m min Mean SD n m min Mean SD n

Ascent X Descent X

X X

X X

X * X

X X

X * X

X ** X

X ** X

* ** : Means between RHR at ascending or descending walking rate of less m min and each RHR at the

walking rate of less , , , , , and more m min with asterisk symbol di er (* . , ** . )

June July September October

Height cm

Herbage mass tDM ha

Herbage allowance kgDM head day

Chemical composition DM of FM

CP of DM

NDF of DM

ADF of DM

TDN of DM

FM : Fresh matter, DM : Dry matter, CP : Crude protein, NDF : Neutral detergent fiber,

ADF : Acid detergent fiber, TDN : Total digestible nutrients

Time budget for grazing per day and energy expenditure (EE) associated with grazing per day for

lactating cows on the pasture in experiment

June July September October

Grazing time min day

EE of grazing kJ BW day

EE per grazing time kJ BW hr of grazing time

Estimate EE of grazing on the level pasture kJ BW day

EE on the sloping pasture estimate EE in the level pasture

. . . kJ BW .

. kJ BW

.

EE . . kJ BW

.

EE .

: ,

P P

P

Table

Table

Table
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Frequency distribution of ascending inclination (left) and descending inclination (right) of lactating cows

during grazing on an inclined pasture in June (ascents n ; descents n ), July (ascents n ;

descents n ), September (ascents n ; descents n ) and October (ascents n ; descents

n ), in experiment (an ascent, June and October . ; a descent, June and October . ,

Kolmogorov-Smirnov test).
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Aharoni Y, Brosh A, Harari Y. . Night feeding for high-

yielding dairy cows in hot weather : e ects on intake, milk

yield and energy expenditure.

, .

.

.
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Brosh A. .Heart rate measurements as an index of energy

expenditure and energy balance in ruminants : A review.
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Brosh A, Aharoni Y, Degen AA, Wright D, Young B. .Esti-

mation of energy expenditure from heart rate measurements

in cattle maintained under di erent conditions.

, .

Brosh A, Aharoni Y, Shargal E, Sharir B, Gutman M, Choshniak

I. .Energy balance of grazibg beef cattle in Mediterra-

nean pasture,the e ects of stocking rate and season .

Energy expenditure as estimated from heart rate and oxy-

gen consumption, and energy balance.
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E ects of moving inclination on heart rate of lactating

cows during grazing on an inclined pasture
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Heart rate (HR) and grazing activity of lactating cows were measured to assess the energy expenditure

(EE) associated with grazing on an inclined slope. In experiment , the HR and movements of lactating

Holstein cows grazing on an inclined slope were recorded using an HR monitor and a global positioning

system (GPS). These data were used in conjunction with altitude to calculate relative heart rate (RHR : HR

during grazing HR during rest while standing) per moving inclination during grazing. In experiment , the

moving inclination of lactating Holstein cows during grazing was measured using a GPS receiver on an

inclined pasture ( . ) and the daily EE associated with grazing was calculated with the RHR values

obtained in experiment . In experiment , the HR associated during grazing and resting while standing were

. and . beats min, respectively. The RHR associated during grazing was higher than during resting

while standing ( . ). Also, the RHR of cattle ascending inclinations greater than ( . ) during

grazing were higher than those of cattle ascending inclinations of to ( . ) ( . ). No di erence

was observed between the RHR of cattle descending inclinations of to and the RHR of cattle descending

inclinations greater than . In experiment , the time budget for grazing per day was . to . min, and

the percentage of cattle ascending more than during grazing was . to . . The EE associated with

grazing per day ranged between . and . kJ BW , which was similar to the estimated EE in cows

grazing on a level pasture. The inclination of a pasture therefore seemed to have no e ect on the EE

associated with grazing, likely because the ascending inclination of lactating cows during grazing was less

than the inclination angle of the pasture as a whole. However, it suggested that the EE associated with

grazing estimated from the percentage of cattle ascending or descending and RHR was overestimated.

: heart rate, lactating cows, moving inclination, slope pasture.
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