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Penetration resistance value (PRV) and depth of rumen digesta and the break

point in the trend of PRV in cow

PRV, N depth, cm

Control Chop Control Chop

Time after feeding (n )

h

h

h

h

h

h

h

h

h

h

h

h

average

The break point in the

trend of PRV

Mean standard error

Values are means in case of detecting the breakpoint. Control : n , Chop : n .

Values with di erent superscript letters di er ( . ).

: ,

P

P

P

Figure

Table

+

+

.2

+31/

+

+, .2 . +,

2 ,0 -.

* +*

+1 + -+ . +0 , -1 *

/-

* +*

+31/

.

* +*40 +4- +,4+ +4+ .14+ ,4/ .341 -4*

, +-4+ +4+ +,4+ +4- .,4/ ,41 /-4+ .40

. 342 *41 ++4, +4* /04* +41 /+4/ 042

0 +,4. +4- +,43 +4+ /,4, +4* /14. -4*

2 +-43 ,4, +.4- +4* /24. ,4/ /*4/ .40

+* +,4. ,4+ ++40 +4* /242 ,4- //42 ,4-

+, +,43 ,43 ++4, +4* .34/ .40 /240 /43

+. +,4+ *42 +,40 +4+ //4+ ,4, /.4* -41

+0 +-42 +4+ +,4- +41 /,4+ /4* /,4- .4/

+2 342 +4, ++41 *43 /+40 .4- /-4, 14,

,* ++4. ,4* ++4+ +4, 0*4* .4. /,4. /4/

,, +,43 +40 ++4* +42 /.4* -4- /*4. .4,

+,4+ *43 +,4* *40 /-4+ *4/ /-4, ,43

+14+ *43 +04, *42 -+4. ,4+ -14* +42

4
,0 -.

# # * +*

13 - -0+ -02 ,**2 -0.

-

+



� ������	
��
�������
��� �
� � �

� � �
�

� � � �
� � � ��

�
�

� � �
� �� �

�
�

� �
� �
� �
� �

� �

� �

� �
� �
� �
� �

� �
� �

� �
� �
� �
� �

�

�

	
��
�����������

���������  !"�#$ %&�'
�() * ��+ ��,-./0123-. �  !'456 �!"789:��;�<=

/0
>?@A "B#6 �() *� �C�DE <F)DG56 HIJKL���; M
NO�PQRSTUV��� %&� DG �W���;XYZE[\��"]^"/:_�G`5
a Nb�cQRSTU���� %&� 6 �d ��;���e)����"fg%&�Ve

'456 � ./0 �XYZE `56 12-�".h:����ij�
���/aE%&�'kb#6 QRS�l%m/aEn#opbqrG�s@tu9:
!v6a� ./0 wx+�C]^' 6y"z{|Z$.a QR(){}~�+V��9

�X��y�ZG`56 �6 HI ��J� w :D����E��9:D���Z$X: D
x+E]^"/:_�G`56 ��;���e)VB#$X:D.a

!��� �

� �
�

�

�

�

�
�

�

� �

b a

a, b

CP : crude protein ; DM : dry matter ; NDF : neutral detergent fibre ; TMR : total mixed ration.

.

TMR .

TMR mm

. .

mm .

. TMR pef peNDF .

DM, NDF CP

DM Wilson

Kennedy

Particle size distribution, physical e ectiveness factor (pef) and physically

e ective fiber (peNDF) contents of total mixed ration (TMR) and voluntary intake, eating

behavior, rumination activity and milk production in cows

Control Chop

Particle size distribution of TMR , DM

Top Screen ( -mm)

Middle Screen ( -mm)

Pan

pef

peNDF, DM

Voluntary intake

DM intake, g/day

DM intake in first hours after feeding, kg/ h

NDF intake, kg/day

CP intake, kg/day

Chewing activity

Time spent eating, min/day

Meal activity

Number, /day

Duration

First meal, min

Other meals, min

Eating rate, gDM/meal

Time spent rumination, min/day

Rumination period activity

Number, /day

Duration, min

Milk production

Yield, kg/day

Fat,

Protein,

Solids not fat,

Mean standard error.

Chop : the ration prepared by twice-chopping the control ration using a bedding chopper ;

Using by the Penn State Forage Separator (Lammers ).

Values with di erent superscript letters di er ( . ).
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d c

c, d

Bailey

h

.

h

h

h

Van Soest

h

h h

.

.

pH

h

.

. kg . kg

VFA h .

.

Mertens PRV

Beauchemin

Yang peNDF

peNDF

. .

PRV

Weight and particle size distribution of rumen digesta in cows

Immediately before feeding ( h) h after feeding

Control Chop Control Chop

Weight, kg

FM

DM

NDF

CP

Particle size distribution, of total digesta DM

Large particle

Small particle

Fine particle

Mean standard error.

Chop : the ration prepared by twice-chopping the control ration using a bedding chopper ;

CP : crude protein ; DM : dry matter ; FM : fresh matter ; NDF : neutral detergent fibre.

, m ; , m, m ; m.
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b a

b a

a b

f e

e, f

a, b

Bailey CB. . Saliva secretion and its relation to feeding in

cattle. . The rate of secretion of mixed saliva in the cow

during eating, with an estimate of the magnitude of the total

daily secretion of mixed saliva.

, .

Beauchemin KA, Yang WZ. . E ects of physically e ective

fiber on intake, chewing activity, and ruminal acidosis for

dairy cows fed diets based on corn silage.

, .

Callison SL, Firkins JL, Eastridge ML, Hull BL. . Site of nu-

trient digestion by dairy cows fed corn of di erent particle

sizes or steam-rolled. ,

.

Hidari H. . Estimation of the rumen load of sheep through

measuring the consistency of rumen contents.

, .

Hidari H. . Analysis of diurnal feeding pattern of sheep fed

various feeds in free access.

, .

pp.

.

pp.

PH and concentration of NH -N and total VFA in rumen fluid of cows

pH NH -N, mg/dL total VFA, mmol/dL

Control Chop Control Chop Control Chop

time after feeding

h

h

h

h

h

h

h

h

h

h

h

h

average

Mean standard error.

Chop : the ration prepared by twice-chopping the control ration using a bedding chopper. VFA : volatile fatty acids.

Values with di erent superscript letters di er ( . ).

Values with di erent superscript letters di er ( . ).

PRV

PRV

PRV

PRV

AAAP
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British Journal of Nutrition

Journal of Dairy

Science

Journal of Dairy Science

Japanese

Journal of Zootechnical Science

Japanese Journal of Zootech-

nical Science

P

P

Table -

-

+30+
-

..- ./+
,**/ # #

,++1 ,+,3
,**+

#
+./2

+.01
+313

.*, .+*
+32+

,+3 ,,0
,**+

+-. +-0

,**.

-1 ..
,**+

/ .*

* 041+ *4*1 04-2 *4+/ /4, ,4+ 04* +4+ +,4. +43 +,40 +41

, 04*2 *4*2 04** *4*0 +/4- +4* +,4. +4/ ++4, +41 +/4- +4-

. /43- *4*2 /42* *4+* 34. ,4, +*41 ,4/ +*42 +40 +/4* *43

0 /423 *4*3 /42+ *4*2 14/ +4+ 243 +41 ++42 +42 +/4/ *43

2 /433 *4++ /43* *4*3 04, *41 .43 +4* +-43 +43 +04- *43

+* 04*+ *4+, 04+0 *4*3 /4, *4/ 042 +4. +-4/ ,4, +/43 *4.

+, 04.1 *4+/ 04*+ *4+, 040 ,4, 241 +4- +.41 ,41 +/42 +4+

+. 04*, *4+. 04+0 *4+2 .43 *42 .40 *42 +-40 ,4- +.41 *43

+0 04,. *4++ 04-/ *4+0 .43 *43 04. +4. +.4* +42 +.4- *43

+2 04., *4+, 04.1 *4+. /4, *41 04* *4/ ++4+ +42 +.4. *40

,* 04-0 *4*. 04., *4*2 04* *41 /4, +4+ ++4, +40 +-43 *43

,, 04-1 *4+* 04./ *4+/ .4, *43 .4* *43 +,4+ +40 +-4, +4,

04,+ *4*/ 04+0 *4*. 041 *4, 14+ *41 +,4/ *43 +.42 *4/

# # * *+
# # * */

+,

13 - -0+ -02 ,**2 -01

+/

22

2.

/*

/,

.0

.



�

� � �
� � � � � � � �

���� �	
� �
� �����������
������� � !"# �$%& '�() *+ ,+ '-�./0

1 23 45 6

7

8

8

8

�

� �

�
� �

�

�
�

� �

�

� � �

Corresponding : Kenichi IZUMI (fax : ( ) , e-mail : izmken rakuno.ac.jp)

Key words

Evaluation of penetration resistance value for the physical factor

of rumen digesta in lactating dairy cows

Lammers BP, Buckmaster DR, Heinrichs AJ. . A simple method

quirements of dairy cows. ,

Cornel University press, New York.

for the analysis of particle sizes of forage and total mixed Welch JG. . Rumination, particle size and passage from the

rations. , . rumen. , .

Mertens DR. . Creating a system for meeting the fiber re- Wilson JR, Kennedy PM. . Plant and animal constraints to

voluntary feed intake associated with fibre characteristics

. and particle breakdown and passage in ruminants.

, .

.

Van Soest PJ. . Function of the ruminant forestomach. In : .

nd edn. pp. .

Kenichi IZUMI , Takahito SAKAMOTO , Sota SHIBAYAMA and Hideo TSUJI

Research Farm, Rakuno Gakuen University, Ebetsu , Japan

SCB, Nishi, Sapporo , Japan

The aim of this study was to evaluate rumen fill by measuring the penetration resistance value (PRV) and

the depth of rumen digesta, and to investigate the relationship between PRV, rumen fill and chewing activity

in cows. Four rumen-cannulated dairy cows were fed either the control total mixed ration (TMR) or twice-

chopped TMR. PRV and the depth of rumen digesta were measured by a device we developed. It consisted

of a rod inserted into the rumen, a load cell and a displacement transducer. The rumen mat was defined as

the layer having a value over the break point on the line chart of the relationship between PRV and the depth

of rumen digesta. The rumen digesta was entirely evacuated before feeding ( h) and h after feeding. The

penetration resistance test was carried out for h at h intervals. Although reduction of particle size

increased eating rate at each meal ( . ), the dry matter intake and time spent eating and ruminating did

not di er between the two diets. The total amount and the particle size distribution of rumen digesta were

generally similar in the two diets, except that the weight of wet digesta at h for chopped TMR was greater

than that for control TMR ( . ). The average PRV and depth in control and chopped TMR were N and

cm, respectively. The thickness of the rumen mat tended to be greater for chopped TMR than control TMR

( . ). This study suggests that the penetration resistance value is useful in evaluating the physical

character of rumen digesta.

: cow, feed particle size, penetration resistance test, rumen fill, rumen mat.
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