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Estimate of testing system with clones
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15kg 1.5 2.5cm 4kg 8:30
2kg 16:00 3
35- 30 35
14 2kg 9:30 10:00
7 4kg 6 8:30 16:00 lkg
kg 2 16:45
8kg 5 8:30 16:00
32 17kg
8:30 17:00 2
Table 1. Using Holstein cows for experiment
last milk productions of last parturition
CowNo  parturition day  parity 3654 0Tk yield* milk fat milk protein  SNF
kg
1 1991.10.21 1 6097.2 3.74 2.95 8.52
2 1991.12.21 2 9132.8 3.60 2.98 8.60
3 1991.9.22 2 10174.0 3.74 3.06 8.86
4 1991.2.5 2 8796.1 3.62 3.14 8.86
5 1992.2.10 1 7770.7 3.80 3.06 8.69
6 1992.6.30 1 7839.9 4.20 3.29 8.84
7 1991.8.16 3 7558.4 4.36 3.23 8.76
8 1991.11.6 1 7867.0 4.12 3.13 8.69
9 1992.5.29 2 9408.9 3.58 3.15 8.65
Average 8293.9 3.86 3.11 8.72
+SD +1212.6 +0.29 +0.11 +0.12
* involved estimated 305ds milk yield.
SNF:solid-not-fat, SD: standard deviation.
Table 2. Ingredients and chemical compositions in experimental concentrates( )
Item CP14 CP17 CP20
Corn 22 18 13
Barley 22 17 16
Soybean dry heated 6 9 10
Soybean meal 1 2 13
Wheat bran 13 13 13
Beet pulp 18 9 12
Cotton seed 13 9 7
Fish meal 3 4
Soybean hulls 8 4
Corn gluten feed 5 12 8
Dry matter 89.1 89.2 89.2
— % DM basis
Crude protein 16.1 20.6 25.1
Total digestible nutrients 84.6 84.3 84.6
Crude fat 6.1 6.3 6.1
Crude fiber 9.6 9.5 9.0
Acid detergent fiber 15.2 14.4 13.9
Neutral detergent fiber 29.8 29.0 27.2
3
1 10
8:30 CP19 ( ,1965)
TDN82 9:50 25cmx  35cmX 15cm
8kg 2

8kg

12:00
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5 MILKO-SCAN 104 N.FOSS ELECTORIC
5 7 5
10 10 10 10:00
3
10
2 8:00
3000 15
32 CP 14
CP14 17 CP17 20
CP20 3 3
TDN 10
76 77 EE 5 3 500 75
( ,1983) 96
1994
10 ADF
10 NDF ( ,1988)
7
Table 4. Chemical compositions of roughages and concentrates on dry matter basis(%)
Feed DM CP EE NFE Cfi Ash ADF NDF TDN
DM
Roughages
Corn silage 32.4 7.97 2.66 63.50 20.86 5.00 26.07 44.24 66.23
+2.08 +0.88 +0.53 +1.55 +2.11 +0.41 +1.23 +2.08 +0.72
Timothy hay 89.5 10.52 1.67 49.24 33.90 6.61 41.57 64.44 62.51
+1.71 +1.72 +0.35 +1.58 +4.92 +0.55 +6.42 +1.86 +0.43
Alfalfa hay 88.9 11.09 0.96 39.58 29.40 13.70 34.41 41.40 55.85
cube +1.58 +1.57 +0.40 +3.09 +2.40 +3.08 +1.21 +3.62 +4.38
Concentrations
Corn 89.0 9.55 4.38 83.15 1.46 1.46 3.93 16.52 92.52
Barley 87.0 12.41 2.64 78.16 4.37 2.41 8.85 17.36 84.78
Soybeandry heated 92.7 4391 17.48 30.30 3.02 5.30 8.20 10.68 104.14
Soybean meal 88.4 57.13 1.13 30.11 5.20 6.43 8.94 15.84 86.85
Cotton Seed 92.9 20.67 20.45 31.01 23.68 4.19 34.66 42.63 88.04
Beet pulp 89.1 11.22 0.67 62.21 18.63 7.26 26.04 47.47 74.33
Wheat bran 88.4 16.65 2.87 66.70 8.73 5.05 13.32 41.33 71.79
Fish meal 92.3 67.17 9.75 0.76 0.65 21.67 1.08 1.19 80.63
Soybean hulls 89.5 17.32 1.79 43.80 32.29 4.80 37.21 50.28 67.47
Corn gluten feed 88.9 21.37 4.05 61.91 7.42 5.24 12.26 39.37 84.80

DM:dry matter, CP:crude protein, EE:cther extracts, NFE:nitrogen free extracts, Cfi:crude fiber,

ADF:acid detergent fiber, NDF:nutral detergent fiber, TDN:total digestible nutrients calculated from Standard Total of

Feed Composition in Japan(1995).

average+standard deviation.

(1995)

TDN

(Hervey,1987)

(

,1983)

Duncan
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( ,1986)
5
CP20 CP17 CP14
CP14 CP20 CP17
Table 5. Number of feed intake and dry matter intake 10min
Item CP14 CP17 CP20
Nunber of feed intakes(time) 7.5 8.3 9.5
Dry matter intake kg 1.6 1.0 1.5
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Fig.1. Changes of dry matter intake kg/day , oughage intake ,crude protein ,
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22
CP20 (Howard et al.,1987; Kung and Huber,1983; Oldham,
70 1984; Roffler et al.,1978; Zimmerman et al.,1992)
CP14 CP CP
40
CP
45
5
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Postpartum(day) Postpartum(day)
Fig.2. Changes of milk yield kg/day ,milk fat ,milk pgrotein , solid-not-fat
after parturition. Each symbol CP14 O CP17 CP20 . represents
means of three lactating cows. Means within the same day with different superscripts
differ(abc:P<0.05).
Table 3. Milk yielding of last parturition and present parturiton
CowNo Feed parturition day parity Milk yielding kg *
time Last parturition  Present parturition
1 CP14 1992.12. 6 2 2538.6 3535.3
2 Cpl4 1993.1. 1 3 3803.3 3808.3
3 CpPl4 1993. 3.22 3 3770.3 4366.5
4 CP17 1992.12. 5 3 3627.4 4182.4
5 CPl17 1993. 1.15 2 3165.1 3522.1
6 CPl17 1993. 5.29 2 3215.6 3857.0
7 CP20 1993. 2.11 4 3432.3 4412.2
8 CP20 1993.4.2 2 2777.8 4604.3
9 CP20 1993. 5.29 3 3677.8 4015.0
* Milk yielding(kg) from 6ds to 110ds after parturition.
40 70 CP20 CP14
5kg CP20 CP
14 1.5kg TDN 990g CP 105g



(1994) 3.5 1
kg TDN 0.31kg CP 69¢g
TDN 3.2kg Cp 1.5kg
CP20 5kg
CP
TDN
CP
(2)
21 CP17
P<0.05
EE
EE
(Palmquist and Beaulieu,1993)
CP20
(3)
CP17 CP14
28 P<0.05 CP20
35 42 77 84
( ,1992) TDN
CP17 CP20 CP14
CP
(O’Connor et al.,1993)
CP17 CP20
CP
(Hussein
and Jordan,1991) CP
CP (NRC
,2001)
(NRC
,2001)
(Qrskov,
1982)
( ,1994) CP14
CP
(NRC
,2001)
(Fujihara et al., 1987)

23

“)
CP17
35 42 CP20
CP14 84 98
P<0.05
49 8.5
( ,1984)
8.5
TDN CP20 95
100
8.5
TDN 76 77
30 f —O0— 14
20 F 2 17
—— 20

=
o o
T

Body weight(kg)
3 5

0 10 20 30 40 50 60 70 80 90 100 110
Postpartum(day)
Fig.3. Changes of body weight(kg after parturition.
Each symbol represents means of three lactating
cows. Means within the same day with different
superscripts differ(ab:P<0.05). Body weight at 5
days parturition was set up as Okg.

3)

CP14
50 5
CP14 70 90
P<0.05 CP14

( ,1994)
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24
(Butler and Smith,1989)
CP17 CP20 10 30
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Fig.4. Changes of total protein g/dl , total cholesterol mg/dl , NEFA mEg/l and urea
nitrogen mg/dl in blood after parturjtion.
Each symbol CP14 (O, CP17 A cP20 @ represents means of three
lactating cows. Means within the same day with different superscripts
differ(abc:P<0.05).
4) ( ,1992)
4
(1)
30
CP NEFA TDN EE
( ,1986)
) CP20
( ,1986) 10 (@) BUN
BUN CP CP20
CP17 CP14 30
3) NEFA CP20 CP17 CP14
NEFA 10 P<0.05 CP17 CP14
10 CP
P20 CP14 P<0.05 30 BUN
P 0.1 (Holter et al.,1982; Jordan et al.,1983; Kung

NEFA and Huber,1983; Oldham,1984; ,1986; Howard et
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al., 1887, ,1992) BUN
(Holter et al.,1982; BUN 10mg dl
,1994) BUN 15mg dl CP (
25mg dl ,1986) CP14
CP20 BUN
Table 6. Reproduction efficiency and reproduction disease
CowNo Feed Parturtion days of first Final numbers of days of last reproduction
day sexual excitement fertilized insemination  insemination disease
after parturition day after parturition
1 CP14 1992.12. 6 38 93/08/28 3 265 hypo-ovarianism
2 CP14 1993.1. 1 35 93/03/25 1 84
3 CP14 1993.3.22 23 93/06/22 2 92
4 CP17 1992.12. 5 86 (none-insemination) hypo-ovarianism
5 CP17 1993. 1.15 71 93/04/15 1 91
6 CP17 1993.5.29 56 93/08/24 1 87 lutein cyst
7 CP20 1993.2.11 24 93/05/11 2 89
8 CP20 1993.4.2 65 93/06/30 2 90
9 CP20 1993.5.29 20 93/08/09 2 72 ovarian tumor
5) ( ,1989)
6
BUN (Edwards et al.,1980;
,1986;Ferguson et al.,1993.Butler,1998) CP
CpP 20
(Butler,1998) CP BUN
Cp 17
( ,1994)
pH (Butler,
1998) 39 24
(B- CP
utler,1998) BUN 82
(Howard et al.,1987) ,1996
BUN (Holter et al.,1982; ,1994) 11
CP20 CP
CP
Cp
CP17 71  +
15 CP14 32 +£8 CP20 36 =+ ( ,1980;Russell et
24 P<0.1 al.,1992;Sniffen et al.,1992)
(Russell et al.,1992; Sniffen et al.,1992)
CP TDN BUN
Butler and Smith,1989; NRC
,1989)
CP14 CP
( ,1989) CpP
17  CP20 CP
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CP
(  ,1980)
CP
CP CP
CP ( ,1980;
NRC ,1989,2001;0rskov and McDonald, 1979
) CP
(NRC ,1989,2001; ,1994,1999;
Russell et al.,1992; Sniffen et al.,1992)
CP
(Nocek,1988;0rskov and McDonald,
1979) (Grovum

and Williams,1973;@rskov and McDonald,1979) 2
(@rskov and McDonald,1979;Waldo
and Smith,1972)
CP

(Eliman and Orsko-
v,1984; Sniffen et al.,1992) ( ,1986)
( ,1979)
( ,1994) (Welch,1986) (Kaske and En-
gelhardt, 1990; Sutherland,1988; Welch,1986)

14 2006

CP
(NRC,1989; ,1994,
1999; Russell et al.,1992; Sniffen et al.,1992)
CP
CP
(Ganesh and
Grieve,1990) CP
( ,1978)

(Reddy et al.,1994)

(Merchen et al.
,1997)

(Ganesh and Grieve,1990; Hus
and Satter;1995;Lykos and Varge,1995)

CP (QDrskov and
McDonald,1979)

(Grovum and Willia-

ms,1973;0rskov and McDonald,1979) CP
400
400
CP
1
4
400 30s 400 60s 400 120s

4 1
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15cm 9cm 45um
cm 20mg
400 1
6
400 120 9 00
2 20
3
37.2+1.1kg + 30 60
(Mehrez and Qrskov,1977;Nocek,1988;Orskov 48
and McDonald,1979) CP CP
21 CP
11 ( ,1971)
CP11.3 TDN 60.2 CP @rskov and McDonald
Agricultural Research Council (1980) (1979) P(t) a b(l e
9:00 16:00 Cp P(t)
1/2 t a
2mm
2 46 12 b
24 48 c b hr
Table 1.  Chemical compositions of raw and heated soybeans
of DM
DM CP EE Cfi NFE NDF Ash TDN
Raw Soybean 89.7 41.3 19.2 5.0 29.6 9.9 49 1058
Heated Soybean
400  30sec 91.1 40.2 20.7 3.1 308 14.0 52 107.4
400  60sec 91.0 40.2 20.5 2.9 31.1 13.2 5.3 107.1
400 120sec 91.6 41.7 20.8 2.2 30.2 13.2 5.1 107.7
DM;dry matter, CP;crude protein, EE;ether extracts, Cfi;crude fiber,
NFE;nitrogen free extracts, NDF;neutral detergent fiber
TDN;total digestible nutrients calculated from Standard Table of Feed Composition in Japan(1995)
Table 2. Milk yield and milk compositions of used Holstein cows for passage rate determined
Parturition
CowNo Days after ~ weight Milk Fat Protein Lactose SNF
Day time parturition kg kg/d
1 94/03/14 3 73 653 51.5 3.19 2.61 4.62 8.23
2 93/12/08 2 169 635 37.7 3.84 3.16 4.54 8.69
3 94/02/10 5 105 631 38.3 4.21 3.08 4.53 8.61
4 94/02/20 1 95 514 36.7 3.96 2.80 4.57 8.37
SNF:solid-not-fat
3 CP 16 17 TDN 76 77
2 4 608 (1994) 105
+64kg + 41.0+7.0kg/ 9:00 13:00 16:00 1/3
3.8+0.4
37 63 4
9kg SmCl; 6H,0=
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364.8 DyCl,
6H,0= 376.9 LaCl,
7H,0= 371.4
YbCl, 6H,0= 387.5
Mader et al.(1984)
1 w/v 1 3.5kg
60 48
8 6
8:30 4
500¢g 2kg
8:30 2 2 4
3 6 8:30 12 24
400g
65 120
1.0mm
0.5g ICP
ICPS-2000
Grovum and Williams(1973)
dg a bc (¢ k)(@rskov and McDonald,1979)
dg ab
c k
/hr
4
Duncan (
,1998)
1
12 24
3 CP
a
P<0.05
b P<0.05
3
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Fig. . Dry matter disappearance of raw

and heated soybeans as determined by
nylon bag technique (means of three
observation at each time).
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Fig.2. Crude protein disappearance of raw
and heated soybeans as determined by
nylon bag technique (means of three

observation at each time).
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Table 3. Ruminal degradation characteristics for raw and heated soybeans

Heated(400 )

Raw soybean

30sec 60sec 120sec
Dry matter
a 49 .4 28.7 28.2 31.1
b 50.6 69.2 71.8 68.8
¢ hr 0.06 0.05 0.06 0.05
' Crude protein

a 54.8 18.7 11.3 10.3
b 45.2 81.2 88.7 83.4
¢ hr 0.06 0.04 0.05 0.06

Means values for three sheep.

Ruminal degradation characteristics accoding to the equation

Pt) a b(l e )
P disappearance at time t( ).
a rapidly soluble fraction

b slowly degradable fraction

¢ rate constant of disappearance for b fraction

t incubation time.

hr .

Means within the same row with different superscripts differ( ab:P  0.05).

Table 4. Ruminal passage rate constant for raw and heated soybeans hr

Heated(400 )

Raw soybean

60sec 120sec

Passage rate constant 1.94+0.41

3.04+0.36

2.26+0.26  3.18+0.55

Means values with the standard deviations for four cows.

Means within the same row with different superscripts differ( ab:P  0.05).

2
4
5 4 23.5kg+1.4/
+ 36.6 =+
2.4/ CP 17.1 +0.4 TDN
76.8 +0.4 EE 5.5 +0.08
ADF 20.6 +0.4
NDF 36.6 +0.6
(Allen and
Van Soest,1984)
(U-
den,1980) ( ,1978)
ADL (Ju-

dkins et al.,1990)
1984)

(Allen and Van Soest,

(Uden,1980)

(Judkins et al.,1990)

(Allen and Van Soest,1984)
( ,1994
;Pond et al.,1989;Erdman et al.,1987;Teeter et al.,19
84; Poore et al.,1990;Hartnell and Satter,1979; Mad-
er et al.,1984;Turnbull and Thomas,1987)
Sm
Dy La Yb

(1995)

k2
k1
Pond et al.(1989)

29
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30
3
4
( ,1994;Poppi et al.,1980)
k1
Cp
(Sutherland,1988)
1.0 1.4g ml '
(Welch,1986)
k t
S S = ae InS = In a kt
InS t functional specific
(Grovum and Williams,1973; gravity (Hooper and Welch,1985;Nocek
,1986) and Kohn,1987;Sutherland,1988)
g
ug (Sutherland,1988)
k a
0.92
P<0.05
Table 5. Estimates of ruminal effective degradability( ) of crude protein for raw and heated soybeans
Heated(400 )
Raw soybean 30sec 60sec 120sec
dg 86.4+1.5 63.2+2.8 69.5+7.5 61.6+6.8
dg a bc (¢ k)
a b ¢ Ruminal degradation parameters(%)(see Table 3)
k  Ruminal passage rate constant( /hr)(see Table 4)
Means within the same row with different superscripts differ( ab:P  0.05).
3 CP Cp
CpP 5
3 CP
P<0.05 C CP
P a b 400 30s
a
(Welch,1986)
(Blaxter et al.,1956) CP
Cp
dg



TMR
TMR
CP
(NRC ,1989,200
1; ,1994,1999;Russell et al.,1992;Sniffen
et al.,1992) TMR
Total Mixed Ration
CP
TMR
(No

cek,1988;0rskov and McDonald,1979)
(Grovum and Williams,1973; Orsk
ov and McDonald,1979)
TMR CP

(El-
iman and Orskov,1984; Sniffen et al.,1992)
( ,1986) ( ,1979)
( ,1994) (Welch,1986)
(Kaske and Engelhardt,1990; Sutherland,1988; We-Ic
h,1986)

TMR

45
30 TMR

TMR
TMR

31

CP
1
1) TMR
30:70 TMR30
37:63 TMR37 45:55 TMR45
TMR 1 2 3
4 TMR
1.5cm
2.56+1.91
cm +
3.39+£2.32cm +
3 TMR
TMR 2
(Nocek,1988;0rskov and McDonald,
1979)
TMR
10
TMR T
DN 150 8:30 15:00
TMR 10
2.0mm
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Table 1. Chemical compositions of concentrates and roughages on dry matter basis(%)
% of DM basis

DM CP EE Cfi NFE NDF Ash TDN
Corn 89.86 8.80 4.41 1.33 84.12 10.59 1.34 92.82
Barley 88.34 13.17 2.81 3.81 78.15 16.96 2.05 85.44
Wheat bran 88.35 18.20 4.32 9.67 62.39 36.83 5.42 72.51
Beet pulp 91.04 10.12 1.06 19.86 62.09 37.58 6.87 74.60
Soybean dry heated 97.64 42.24 22.78 4.65 25.04 9.08 5.30 108.89
Soybean meal 89.76 49.48 1.30 6.50 36.11 10.80 6.61 86.73
Soybean hulls 93.25 15.66 4.39 28.50 45.19 44.69 6.26 69.44
Cotton seed 94.11 23.12 23.95 22.79 25.90 39.65 4.24 94.31
Corn gluten meal 91.30 69.17 3.21 0.57 24.94 3.51 2.11 90.22
Fatty acid calcium salt 98.15 0 86.46 0 0 0 25.03 182.86
Corn silage 33.16 7.83 4.21 18.80 64.58 40.24 4.57 68.55
Italian ryegrass silage 15.39 7.36 2.29 36.65 41.68 65.99 12.02 64.16
Alfalfa hay cube 89.38 18.28 2.21 27.45 41.40 43.55 10.67 60.62

DM:dry matter, CP:crude protein, EE:ether extracts, NFE:nitrogen free extracts, Cfi:crude fiber,
NDF:nutral detergent fiber, TDN:total digestible nutrients calculated from Standard Total of Feed Composition
in Japan(1995).

Table 2. Ingredients of mixed concentrate and mixed roughage for total mixed ration

which corn silage was used(as fed basis %)

Mixed concentrate Mixed roughage
Feed ratio Feed ratio
Corn 16.7 Corn silage 85.0
Barley 16.7 Alfalfa hay cube 15.0
Soybeandry heated 11.1

Soybean meal 5.5

Wheat bran 16.7

Beet pulp 16.7

Cotton seed 5.5

Soybean hulls 11.1

Table 3. Ingredients of mixed concentrate and mixed roughage for total mixed ration

which italian ryegrass silage was used(as fed basis %)

Mixed concentrate Mixed roughage

Feed ratio Feed ratio
Corn 16.7 Italian ryegrass silage ~ 93.0
Barley 16.7 Alfalfa hay cube 7.0
Soybean dry heated 11.1

Soybean meal 5.5

Wheat bran 16.7

Beet pulp 16.7

Cotton seed 5.5

Soybean hulls 11.1




Table 4. Ingredients and chemical compositions in total mixed rations

DM

Roughage Corn silage Italian ryegrass silage
TMR30 TMR37 TMR45 TMR30 TMR37 TMR45
Mixed concentrate 69.9 60.7 49.3 69.7 60.7 51.4
Corn gluten meal 1.4 3.0 1.6 2.2
Fatty acid calcium salt 1.1 2.7 0.6 1.3
Mixed roughage 30.1 36.9 45.0 30.3 37.1 45.1
Dry Matter 67.0 63.3 59.4 49.7 45.1 40.7
% of DM basis
Crude Protein 16.7 16.7 16.6 16.5 16.6 16.5
TDN 78.7 78.7 78.8 77.8 77.7 77.7
EE 5.8 6.4 7.3 53 6.0 6.9
NDF 334 335 334 36.9 38.4 40.3
NFC 37.0 35.9 34.5 34.4 31.4 27.9

TDN:total digestible nutrients calculated from Standard Total of Feed Composition in Japan(1995),

33

EE:ether extracts, NDF:nutral detergent fiber, NFC: non fiber carbohydrate=100-(CP+EE+NDF+Ash)

15cm 8cm 160
cm  10cmx8cmx2 45pum
20mg cm
70cm 40cm
6 15
9:00
10cm
20
5
4 20
65 48
CP CP
P a b
>< (1 e )(@Qrskov and McDonald,1979)
P a
b
c b /hr
2
1)
6 3
TMR 110 3x3
( ,1983)

2)

TMR30 DyCl,
6H,0= 376.9 TMR37
YbCl; 6H,0= 387.5 TMR45
LaCl,; 7H,0= 371.4
Mader et al.(1984)
1 wiv 1
3.5kg 60
48 6
5
8:30
24 2 12 48
4 6 72 12 4
22 400g
65 120
0.5mm
0.5 5ml CEM
MDS-2000
50ml No 5B
SEIKO SPS-7700
Grovum and Williams (1973)
CP
abec k
dg a bc (¢ k)(Drskov and McDonald,1979)



Fig. 1. Changes in disappearance of crude protein of
corn as determined by nylon bag technique on
fistulated cows fed corn silage TMR (means of three
observation at each time).
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Fig. 2. Changes in disappearance of crude protein
of barley as determined by nylon bag technique on
fistulated cows fed corn silage TMR (means of
three observation at each time).
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Fig. 3. Changes in disappearance of crude protein of
wheat bran as determined by nylon bag technique on
fistulated cows fed corn silage TMR (means of three
observation at each time).
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Fig. 4. Changes in disappearance of crude protein of
beet pulp as determined by nylon bag technique on
fistulated cows fed corn silage TMR (means of three
observation at each time).

- 30
—A— 37
—O0— 45

Disappearance of crude protein( )

100 2 Q

90
80

60 —— 30
—A— 37

—O— 45

50
40

30 PO TR T T NN TR TN TN TN NN TN TN TN TR (NN TN TN NN T AN TN NN N NN |

0 10 20 30 40 50
Incubation time (h)

Disappearance of crude protein( )

Fig. 5. Changes in disappearance of crude protein of
soybean dry heated as determined by nylon bag
technique on fistulated cows fed corn silage TMR
(means of three observation at each time).

100 1

90
80 1

30
37
45

60

7ht

50 f
40

30 PR TR TR T A TN TN TR T NN TN S TN TN N N SHN THNN SN S SN SN S S |

0 10 20 30 40 50
Incubation time (h)

Fig. 6. Changes in disappearance of crude protein of
soybean meal as determined by nylon bag technique on
fistulated cows fed corn silage TMR (means of three
observation at each time).
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Fig. 7. Changes in disappearance of crude protein of
soybean hulls as determined by nylon bag technique
on fistulated cows fed corn silage TMR (means of
three observation at each time).
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Fig. 8. Changes in disappearance of crude protein of
cotton seed as determined by nylon bag technique on
fistulated cows fed corn silage TMR (means of three
observation at each time).
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Fig. 9. Changes in disappearance of crude protein of
corn gluten meal as determined by nylon bag technique
on fistulated cows fed corn silage TMR (means of three
observation at each time).
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Fig. 10. Changes in disappearance of crude protein
of corn silage as determined by nylon bag technique
on fistulated cows fed corn silage TMR (means of
three observation at each time).
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Fig. 11. Changes in disappearance of crude protein of

alfalfa hay cube as determined by nylon bag technique

on fistulated cows fed corn silage TMR (means of three
observation at each time).
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( ,1983)
Duncan
Harvey
LSMLMW(1986)
Y Ratio
hagexFeed
Y

p Cow Roughage
RatioxFeed e

n
Cow i 123

Roughage j
Ratio k 123
Feed TMR

10
RoughagexFeed

RatioxFeed

€

TMR
TMR

TMR
CP
TMR

12hr 80 90
0 time
2hr 80

0 time

75

( ,1975)

( .,1991)
2hr
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CcP TMR
CP
2hr 25 55 12hr 65 95
2hr
25 12hr 60
2hr 20
12hr 35 24hr 60
(Drskov,
1982)
CP
CP
,1983)
2
5 6
1)
12 TMR
a
c
2)
a
P>0.05 a

@rskov and McDonald(1979)
t 0



Table 5. Ruminal passage rate and rumination behavior in the kind of roughage and concentrate:roughage ratio

Corn silage TMR

Italian ryegrass silage TMR

TMR30 TMR37 TMR45 TMR30 TMR37 TMR45
Dry matter intake(kg/d) 21.5 22.6 21.3 23.0 21.3 20.5
Passage rate( /hr) 6.01 6.35 5.27 5.55 4.55 5.34
Eating time(min/d) 330.0 395.2 381.2 371.3 390.7 408.2
Rate of eating(gDM/min) 74.6 72.0 61.2 67.8 58.0 53.9
Total chewing time(min/d) 641.1 749.3 748.9 871.8 911.1 949.1
RVI(min/kg) 27.3 31.0 33.2 36.9 40.6 447

RVI:Roughage value index(Total chewing time(min/d)/dry matter intake(kg/d)).

Means within the same roughage TMR with different superscripts differ (abc:P<0.05)

Table 6. Least squares means of effect of roughage, concentrate:roughage ratio and feed ruminal

degradable characteristics' and ruminal effective dagradability? of crude protein of total mixed ration

CP DM ! dg?
Effect of Roughage
Corn silage 345 63.4 0.156 75.5
Italian ryegrass silage 33.8 63.8 0.199 80.1
Significance level P value 0.492 0.712 0.001 0.001
Effect of Concentrate:Roughage ratio
30 33.0 64.5 0.182 77.2
37 35.1 62.7 0.185 77.6
45 34.4 63.5 0.167 78.7
Significance level P value 0.170 0.291 0.014 0.010
Effect of Feed
Corn 8.8 27.4 70.8 0.123 75.0
Barley 13.2 41.4 56.8 0.214 85.6
Wheat bran 18.2 35.2 61.1 0.408 88.8
Beet pulp 10.1 7.8 90.6 0.100 64.1
Soybean dry heated 42.2 31.6 68.4 0.137 79.7
Soybean meal 49.5 35.9 64.1 0.145 81.4
Soybean hulls 15.7 43.8 53.7 0.095 77.1
Cotton seed 23.1 46.8 47.8 0.272 85.9
Corn gluten meal 69.2 22.1 77.8 0.043 54.8
Alfalfa hay cube 18.3 49.8 44.7 0.239 85.8
Significance level P value 0.001 0.001 0.001 0.001
Effect of cow 0.001 0.001 0.037 0.361
Interaction Significance level P value
Concentrate:Roughage ratioxFeed 0.001 0.001 0.001 0.001
Model Y p Cow Roughage Ratio Feed  RoughagexFeed RatioxFeed

where

Y  all dependent variable presented
n overall mean
Cow effectofcowi i 1 2 3

Roughage effect of roughagej j 1 2

Ratio effect of concentrate:roughage ratiok k 1

Feed effect of feed 1 1 1 10

RoughagexFeed interaction of roughage and feed

RatioxFeed  interaction of concentrate:roughage ratio and feed

residual error term

Means within the same column with different superscripts differ ABCDEFGHIJK P<0.01
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P>0.05

TMR
45 30 37
P<0.05

(1986)

CP

NDF
TMR
TMR c
(1986)
C
NDF 45
(1986)

NFC

(Russell et al.,1992)
NFC
TMR c
NFC 30 37

NFC Rus-
sell et al.(1992)

EE
(Devendra and Lewis,1974;@rsko-
v et al.,1978; Palmquist and Conrad,1978) T
MR TDN EE
TMR EE
45 EE
b ¢
EE

CP
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P<0.01 (1988)
(1986) ab
ab
c b
CP
( ,1986) c
EE c
3
57 71
(Allen and

Van Soest,1984)

(Pond et al.,1989)

TMR
TMR
TMR
TMR TMR45
TMR30 TMR37 P<0.05
5 TMR
TMR37
P<0.05 TMR30 TMR45



( ,1991)
(Eliman and Orskov,198
4)
TMR 6.00 /hr
TMR 5.15 /hr
(Church,1969; Luginbuhl et al,
1989)
(Jaster and Murphy,1983)
TMR TMR
TMR TMR30
P<0.05
NDF
N
DF 40.2
66.0 NDF
TMR
NDF
NDF
T
MR
5 1
TMR
NDF
P<0.05 5 2
(1991)
Cp
TMR
( ,1991)
1.5cm
2.56£1.91cm +
3.39+2.32cm
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+
9mm
30mm ( ,1991) 30mm
(Jaster
and Murphy,1983;Martz and Belyea,1986; ,1991)
RVI Roughage Value Index
RVI
(Elim-
an and Qrskov,1984)
( ,1999)
Bruining and Bosch (1992)
Uden(1984)
TMR 5 2
TMR30
TMR45
Bruining and Bosch (1992)
Uden(1984)
TMR
TMR TMR45
TMR30
4 CP
k CP
dg TMR
P<0.05 45
30 37 P<0.01
ab k
c
c 45 CP
k c
dg
(1986) CP

(1988) 24
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CP

dg

ab
TMR EE
NDF
dg
CP

(1994) CP

CP

(Nocek,1988; @rskov and McDonald,1979)
(Grovum and Williams,1973; Orskov and

McDonald,1979)
and Smith,1972)

DF

(Waldo

N
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(1989)
CP
P

(Welch,1986)

CP

35

3; Khorasani et al.,1996)

CP
kg/

CP

(1999) NRC
C
(Uden,1984)
,1986)
(1999)
CP
CP
(Armentano et al.,199
50
30
CP
35
CP

30kg



Table 1. Ingredient profile of concentrate mixes
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Item Hdg Mdg Ldg
——— % as fed basis _
Corn 15.5 17.0 19.8
Barley 15.5 17.0 19.8
Wheat bran 8.2 9.7 9.9
Beet pulp 7.3 8.7 8.9
Soybean dry heat - 7.3 13.9
Soybean non dry heat 12.2 4.9 -
Soybean meal 9.4 1.9 -
Soybean hulls 8.2 10.7 13.9
Cotton seed 10.2 9.7 5.9
Corn gluten meal - 5.8 7.9
Corn gluten feed 13.5 7.3 -
Table 2. Chemical composition of concentrates and roughages
Item DM CP EE NDF NFC Ash TDN
Concentrate bM
Hdg 88.6 21.1 6.5 25.1 42.0 5.3 85.4
Mdg 89.0 21.3 6.6 25.0 42.5 4.6 85.5
Ldg 89.2 21.5 6.3 23.7 44.7 3.8 85.8
Roughage
Corn silage 30.4 6.9 2.3 51.1 34.4 5.3 65.5
Timothy hay 88.9 7.0 2.0 64.5 20.3 6.2 69.9
Alfalfa hay cube 89.6 16.6 1.6 43.7 27.4 10.7 57.1
CP:crude protein, EE:ether extracts, NFE:nitrogen free extracts, NDF:neutral detergent fiber,
NFC:none fiber carbohydrate 100 (CP EE NDF Ash),
TDN:total digestible nutrients calculated from Standard Table of Feed Composition in Japan(1995).
CP Hdg 71.7
Mdg 67.3 Ldg 63.2
( ,2000)
1 1 CP
1) 50 50 CP11.3  TDN60.2
3 37.2+1.1kg + 2
3 708+51kg 32
(Nocek,1988)
35 65 CP17 TDN78 EE
608+64kg 41.1+£7.0kg 5.5 NDF 34
(1999)
2) 105
(1999)
CP 3)
( ,2000)
1
CP 3 2mm
Hdg Mdg 2
Ldg



42
2 46 12 24
2 4 8 12 24 48 72
CPp dg @rskov and McD-
onald(1979) dg a be (c
k) abc k
LaCl; 7H,0= 371.4
1 w v 1
3.5kg
60 48
8 500g/
120 18

Grovum and Williams(1973)

65
TDN
TDN AFRC (1993)
2 2
1)
Cp
1
Cp 3
Hdg Mdg
Ldg 2
3
9 16
( ,1983)
2 1
(1999) TDN
TDN AFRC (1993)
Cp
2)
2 2kg/
1 4kg/ 1 2 8:30 16:30
4 5 1 3
8:30 12:30 16:30 1kg/2
8kg/
5

32 17kg/
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9kg/
15kg 4kg 2kg
2kg/
40kg/ 3.5 600kg
CP17  TDN78
(1999) 105
1
2
1
10 30 50 70 90 110
8:00
5 10 10:00
3
1 60 48
(
,2001) CP
400g 65 120
0.5mm
0.5
S5ml MDS-2000 CE
M 50ml
No5B
ICP SPS-7700 SEI
KO La
2 1
MILKO-SCAN 104 N.FOSS.ELECTORIC
3000rpm 15
SP-4410
PUN
4
F
( ,1983)
CP
F
Duncan
1 1CP
CP
3
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Table 3. Ruminal degradation parameters and dg of crude protein for concentrates and roughages

Degradation parameter dg
Item Soybean AFRC
Concentrate
Hdg 60.9 39.1 0.044 85.1 72.4
+ 1.5 + 1.5 + 0.004 + 1.0 +1.3
Mdg 51.9 48.2 0.024 74.5 60.9
+ 1.5 + 1.5 + 0.005 + 1.9 + 0.6
Ldg 47.3 52.7 0.014 65.2 53.5
+ 29 + 3.0 + 0.006 + 33 + 1.5
Roughage
Corn silage 81.8 13.5 0.018 87.2 83.8
+ 0.6 + 0.6 + 0.006 + 0.5 + 0.6
Timothy hay 31.0 59.5 0.096 77.3 59.4
+ 1.0 + 1.3 + 0.006 + 33 + 1.5
Alfalfa hay cube 49.1 45.6 0.222 89.7 80.1
+ 38 + 2.4 + 0.010 + 3.1 + 3.4

Means values + standard error of concentrates for three sheep and means values
+ standard error of roughages for three cows.
Means of concentrates within the same line with different superscripts differ(def P<0.05).
a,b,c: according to the equation
: percentage disappearance at time t( ),
: rapidly soluble fraction( ), :slowly degradable fraction( ),

: rate constant of disappearance for b fraction( hr), :incubation time

dg
dg : ruminal degradability( )
: rate constant of ruminal passage h ...... Soybean:0.0272/h. AFRC:0.105/h.
1)
3 CP 125 r

2 Hdg =

0120 Cow No3
CP 3 y = -0.0276x + 12.528
§ 1s F R = 0.9655
a ° .
b (P<0.05) Hdg =4 | Cow Nol
3 11.0 y = -0.026x + 12.359
b c (P<0.05) £ Cow No4 R = 0.9545
=1 |y = -0.0254x + 12.038 g
a 8 105 R = 0.9208
[ “w
€ 100 |
[}
[
=
8 95
g Cow No2
= 90 F y = -0.0299x + 12.324
2) cP s 50 R = 0.9852
4 o5 R R
g ug 0 20 40 60 80 100 120
1 Time after dosing (h)
k 0.0272+0.002 hr
Fig. 1. Fecal excretion patterns of rare-earth element(La) dosed as
r 0.92 particulate marker and linear regression formula in four cows(Cow Nol( ),
Hdg Mdg Ldg Cow No2( © ), Cow No3( A )and Cow No4( e )).
CP 85.1

74.5 65.2
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Table 4. Changes of feed intakes, passage rate constants after parturition

after 1w 2w 3w 4w Sw 6w Tw 8w 10w 13w 16w
parturition
Dry matter intake(kg/d)
Hdg 13.7 15.5 18.5 20.2 21.3 21.6 21.8 21.8 21.9 22.3 22.6
+0.2 +0.3 +0.8 +1.6 +1.2 +0.7 +0.7 +1.0 +1.1 +1.3 +1.0
Mdg 13.7 15.4 18.1 19.8 20.4 21.6 22.1 21.4 21.1 21.8 21.8
+0.4 +0.4 +0.4 +1.0 +1.5 +1.1 +0.9 +1.0 +0.6 +0.4 +0.5
Ldg 13.2 15.0 17.3 18.6 20.8 20.8 21.4 22.1 21.9 21.9 22.0
+1.1 +0.9 +1.2 +2.1 +1.5 +0.9 +0.8 +0.4 +0.5 +0.5 +0.4
Roughage intake(kg/d)
Hdg 8.1 8.3 8.1 7.1 6.6 7.2 7.5 7.4 7.8 8.0 8.3
+0.2 +0.3 +0.8 +0.8 +0.6 +0.3 +0.3 +0.5 +0.6 +0.8 +0.5
Mdg 8.0 7.7 7.5 6.4 5.9 6.9 7.2 6.8 7.1 7.4 7.4
+0.4 +0.4 +0.4 +0.8 +0.9 +0.6 +0.4 +0.3 +0.9 +0.6 +0.9
Ldg 7.6 7.3 6.7 6.1 6.8 6.8 7.0 7.7 7.6 7.7 7.8
+1.1 +0.9 +1.2 +0.9 +0.7 +0.3 +0.6 +0.3 +0.2 +0.2 +0.1
CP in dry matter
intake(%)
Hdg 13.8 14.7 15.8 16.9 17.5 17.1 17.0 17.0b 16.9b 17.0 16.8b
+0.1 +0.2 +0.4 +0.2 +0.2 +0.1 +0.1 +0.1 +0.1 +0.3 +0.1
Mdg 14.0 15.2 16.2 17.5 17.9 17.4 17.4 17.5a 17.4a 17.3 17.4a
+0.2 +0.3 +0.2 +0.3 +0.3 +0.2 +0.2 +0.1 +0.2 +0.1 +0.2
Ldg 14.4 15.6 16.9 17.7 17.6 17.5 17.6 17.3ab  17.4ab 17.4 17.3ab
+0.6 +0.5 +0.7 +0.4 +0.3 +0.1 +0.3 +0.1 +0.1 +0.1 +0.1
TDN in dry matter
intake(%)
Hdg 73.0 74.6 76.4 78.1 78.9 78.4 78.3 78.3 78.1 78.0 77.7b
+0.2 +0.02 +0.2 +0.2 +0.1 +0.1 +0.1 +0.1 +0.1 +0.3 +0.2
Mdg 73.1 74.9 76.9 78.7 79.4 78.9 78.7 78.8 78.6 78.4 78.4a
+0.2 +0.2 +0.3 +0.5 +0.4 +0.2 +0.1 +0.2 +0.3 +0.3 +0.2
Ldg 74.0 75.5 77.5 78.6 78.9 78.8 78.7 78.4 78.6 78.3 78.2ab
+0.8 +0.7 +0.9 +0.3 +0.3 +0.4 +0.4 +0.4 +0.3 +0.04 +0.1
Passage rate
constant(/h)
Hdg 0.069 0.080 0.092 0.098 0.102 0.102 0.102 0.102 0.102 0.101 0.100
£0.003 £0.003 £0.001 +0.003 +0.001 £0.001 £0.001 £0.001 +0.001 £0.001 £0.002
Mdg 0.066 0.075 0.088 0.095 0.097 0.100 0.101 0.099 0.099 0.098 0.098
+£0.007 +0.004 £0.005 +0.006 +0.008 +0.007 +0.007 +£0.006 +0.006 +0.004 £0.005
Ldg 0.064 0.074 0.084 0.088 0.096 0.097 0.098 0.100 0.098 0.098 0.097

£0.004 £0.003 £0.004 £0.007 +£0.004 +0.002 £0.002 £0.001 £0.001 £0.001 £0.001

Ruminal degradability of CP
in dry matter intake(%)

Hdg 10.7a 11.2a 11.8a 12.5a 12.8a 12.6a 12.5a 12.6a 12.5a 12.6a 12.5a
+0.1 +0.1 +0.2 +0.2 +0.2 +0.1 +0.1 +0.1 +0.1 +0.2 +0.1
Mdg 9.8b 10.3b 10.6b 11.3b 11.5b 11.2b 11.1b 11.3b 11.3b 11.3b 11.3b
+0.2 +0.3 +0.8 +0.8 +0.6 +0.3 +0.3 +0.5 +0.6 +0.8 +0.5
Ldg 9.4b 9.7¢ 10.1b 10.5¢ 10.3¢ 10.2¢ 10.3¢c 10.1c 10.2¢ 10.2¢ 10.2¢
+0.3 +0.3 +0.4 +0.3 +0.2 +0.1 +0.1 +0.03 +0.02 +0.04 0.1

Means values + standard error for three cows. Means within the same line with different superscripts differ
(abc:P<0.05).
Hdg high rumimal degradability of CP diet, Mdg Middle rumimal degradability of CP diet,
Ldg Low ruminal degradability of CP diet.
CP crude protein, TDN total digestible nutrients calculated from Standard Table of Feed Composition in Japan
(1995).

The passage rate constants were calculated based on empirical equation(k= 0.024 0.179 1 e ®*° ) shown in
feeding standard of the Agricultural and Food Research Council(1993).

8 k 0.04 0.05/hr
44
(Hartnell and Satter,1979) Hdg CPp
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Table 5. Changes of body weight after parturition
after 5d 15d 25d 35d  4s5d 55d 65d 75d 85d 95d 115d
parturition
Hdg 0(594 ) -17 -13 -1 -4 5 12 17 25 32 49
Mdg 0(623) 0 -11 1 7 13 19 24 23 35 42
Ldg 0(636) -2 4 11 8 15 22 36 40 38 44
Body weight at 5 days after parturition was set up as Okg. Means values for three cows.
Hdg high rumimal degradability of CP diet, Mdg Middle rumimal degradability of CP diet,
Ldg Low ruminal degradability of CP diet.
Average body weight (kg) at 5 days after parturition.
(1999) CpP Ldg 20
AFRC
k 0.024 0.179 1 ¢ O¥7®L 5
k 4 2
23.5kg+2.4/ + TD 1)
N 18.1kg+1.7/ TDN
TDN L 4.6 k 0.105 5
@rskov and McDonald(1979)
Hdg  Mdg Ldg CP TDN
CP 72.4 NFC
60.9 53.5 5 Cp 17.3+0.2
TDN 78 EE 5 NDF 34
CpP NFC 38
Cp Hdg 71.7  Mdg AFRC (1993)
67.3 Ldg 63.2
k
0.115 0.051 0.032 Hdg 0.099/
AFRC Ldg CP Cp
kg/ 5 Hdg
12.8  2.7kg Mdg 11.3  2.3kg Ldg 10.3
(Bruining and Bosch,1992) 2.1kg CP
(Welch,1986) Hdg 74.6+0.1 Mdg 65.7+0.5 L
dg 60.0+0.4
Erdman and Vanders-
all(1983) CP 14
CpP 73 53
CP
cp 17 Cp
(1999) Cp Ldg CP
Cp
5 Okg 10
2 2
1 CP Hdg
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Solid-not-fat(%) and milk protein(kg/d) after parturition.

Changes of milk yield(kg/d), milk fat(%), milk protein(%), lactose(%),

7 9 11 13 15
Postpartum(w)

Each symbol (Hdg: ®, Mdg: A, Ldg: ©) represents means of three lactating cows.

Means within the same day with different superscripts differ(ab:P<0.05).

Ldg Mdg Hdg

16

TDN
TDN

78

P<0.05

P<0.05
35

Ldg

Ldg

Hdg

Hdg

Ldg
P<0.05
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Ldg 25
P<0.05
_ 20 |
30kg §
CP £15
30kg %
(Armentano o 10 F
et al.,1993) CcP ¢
16.5 18.5 5 PR T S T S TR SHN S T S S
cp 10 30 50 70 90 110
cp Postpartum(d)
(Cunningham et al.,1996) Fig.3.  Changes of plasma urea nitrogen(mg/dl) after parturition.
Each symbol (Hdg: @, Mdg: A, Ldg: ©) represents means of three
lactating cows.
( ,1999) Means within the same day with different superscripts
differ(abc:P<0.05).
TDN 78
Hdg
Ldg CP
3 6
CPp
CP Hdg 44  Mdg
6.1 Ldg 7.1 Hdg Ldg
CP
Hdg
7 8 5 6 AFRC
TDN TDN (1993)
78 9.80 /hr
2.72  /hr
(Erdman et al.,1987;Hartnell and Satter,1979)
k
40 5.0 /hr
AFRC
3) PUN
PUN 3 30 NRC (2001)
PUN mg/dl Hdg 21.4+1.0 Mdg 18.6+1.1
Ldg 15.4+3.3 30 90 Hdg
Ldg P<0.05 k 3.054 0.614x
30 PUN BW% k 3.362
0.479xBW 0.007x
CP 0.017x NDF

k 2.904 1.375xBW 0.02x
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5.16 /hr k 3.63
k 627 /hr
Cp
78.240.2 Mdg 68.2+0.5 Ldg
AFRC
(Bruining and Bosch,1992)
(Welch,1986)
NDF
AFRC NRC
FRC
Cp
CP

/hr

Hdg
61.8+0.7

14 2006

( ,1999)
(Andrigh-
etto et al.,1993) ( Beauchemin,1991)
(Clark and Armentano,1999) (Beauchemi-
n et al.,1994) (Woodford and Murphy,19
88)
( ,1987)

(Sudweeks et al.,1981;
Woodford and Murphy,1988; Beauchemin,1991;1994)
(Welch and Smith,1970; ,1994)
( ,
1999; Nocek and Russell,1988)
(Welch and Smith,1970; Welch,1986;
Andrighetto et al.,1993)

2000
40

2001

TDN 77
EE
5.0 EE

BUN

,1997
CP 20
BUN 17

CP
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30 35
CP
CP
45 30
TMR
Total
Mixed Ration TMR  CP TDN
( ,1986)
(Welch,1986) (Gordon,
1958;  ,1991) 1
CP 6
1 1
Table 1. Using Holstein cows for experiment
CowNo parturition  time  weight Milk Fat Protein  Lactose SNF Days after
day kg kg parturition days

1 1995,11,20 4 690 36.4 3.82 3.25 4.56 8.81 200
2 1995,08,23 2 634 36.1 2.51 3.19 4.68 8.87 289
3 1995,11,29 4 728 31.5 3.38 3.15 4.54 8.69 191
4 1995,12,14 3 651 31.6 3.79 3.45 4.49 8.94 176
5 1996,01,17 2 647 35.6 2.89 3.08 4.45 8.52 142
6 1996,03,07 2 539 38.5 3.65 3.00 4.62 8.61 92

Average 648 35.0 3.34 3.19 4.56 8.74 182

+SD +64 +2.8 +0.53 +1.56 +0.84 +0.16 +65

Average data of one week before an examination started.

SD: standard daviation.

Table 2. Chmical compositions of roughages and concentrates of total mixed ration on dry matter basis(%) .

Item DM CP EE Cfi NFE NDF Ash TDN
DM

Corn 89.86 8.80 4.41 1.33 84.12 10.59 1.34 92.82
Barley 88.34 13.17 2.81 3.81 78.15 16.96 2.05 85.44
Wheat bran 88.35 18.20 4.32 9.67 62.39 36.83 5.42 72.51
Beet pulp 91.04 10.12 1.06 19.86 62.09 37.58 6.87 74.60
Soybean dry heated 97.64 42.24 22.78 4.65 25.04 9.08 5.30 108.89
Soybean meal 89.76 49.48 1.30 6.50 36.11 10.80 6.61 86.73
Soybean hulls 93.25 15.66 4.39 28.50 45.19 44.69 6.26 69.44
Cotton seed 94.11 23.12 23.95 22.79 25.90 39.65 4.24 94.31
Corn gluten meal 91.30 69.17 3.21 0.57 24.94 3.51 2.11 90.22
Fatty acid calcium salt 98.15 0 86.46 0 0 0 25.03 182.86
Corn silage 33.16 7.83 4.21 18.80 64.58 40.24 4.57 68.55
Alfalfa hay cube 89.38 18.28 2.21 27.45 41.40 43.55 10.67 60.62

CP:crude protein, EE:ether extracts, NFE:nitrogen free extracts, NDF:nutral detergent fiber,

TDN:total digestible nutrients calculated from Standard Total of Feed Composition in Japan(1995).
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Table 3. Ingredients of total mixed ration which corn silage was used(as fed basis %)

Mixed concentrate

Mixed roughage

Feed ratio Feed ratio
Corn 16.7 Corn silage 85.0
Barley 16.7 Alfalfa hay cube  15.0
Soybean dry heated 11.1

Soybean meal 5.5

Wheat bran 16.7

Beet pulp 16.7

Cotton seed 5.5

Soybean hulls 11.1

Table 4. Ingredients and chemical compositions in total mixed rations DM
Item TMR30 TMR37 TMR45
Mixed concentrate 69.9 60.7 49.3
Corn gluten meal 1.4 3.0
Fatty acid calcium salt 1.1 2.7
Mixed roughage 30.1 36.9 45.0
Dry matter 67.0 63.3 59.4
— % DM —_—
Crude protein 16.7 16.7 16.6
TDN 78.7 78.7 78.8
EE 5.8 6.4 7.3
NDF 334 335 334
NFC 37.0 35.9 34.5

TDN:total digestible nutrients calculated from Standard Total of Feed Composition in Japan(1995),

EE:ether extracts, NDF:nutral detergent fiber,
NFC:non fiber carbohydrate =100-(CP+EE+NDF+Ash)

10
30:70 TMR30

MR45 TMR

2.56+1.91cm +
14

(1994)
TMR
15:00 17:00 1

g 25cmx
8:40 17:00
TMR

17:00 2

45:55 T
TMR

37:63 TMR37

TMR

TMR30

110
TMR 8:40 11:00
1/4 4
8:30 500
35cmx 15cm

1/2

8:30

3
9

3 3x3

D
5
14 8 10 12
120
2)
10

4

104 N.FOSS ELECTORIC

3)

TMR

9:50

5 14
( ,1983)
65
12
MILKO-SCAN



4)
3.5kg
1 element 1 Mader
et al.(1984) Spray
65 48
TMR30
DyCl; 6H,0= 376.9
TMR37 YbCl,
6H,0= 387.5 TMR45
LaCl, 7H,0= 371.4
5 6 8 30
500g 24
2 12 48 4 6 72
12 4 22
400g
65 120
0.5mm
0.5
5ml CEM MDS-2000
50ml 5B
SEIKO SPS-7700
(Grovum
and Williams,1973)
5)
TMR 1 3
8:30 24 1
9 13 5
6)
3
8:00
10:00 11:00 12:00 13:00 15:00 6
8:00 10:00 11:00 13:00 15:00 5
3000 /

15

SP-4410 NEFA

51

NEFA—
UV-1200
OM-6040
300ml
pH 100
ml
1ml
VFA 20
VFA G-30
00 2—
4
( ,1983)
Duncan
( ,1998)
1
1)
NDF
5 T
MR
P<0.05 NDF
NDF 30
31
NDF 35 (
,1994.1999)
NDF TMR45 3.96kg/ TMR
37 3.45kg/ TMR30 2.67kg/ TMR
P<0.05 NDF
(Mertens,1995)
NDF
(Varga and Hoover,1983; ,1999)
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Table 5. Feed intake of cows fed experimental total mixed rations

Item TMR30 TMR37 TMR45 SEM
DM intake kg 21.5 22.6 21.3 0.8
Roughage intake kg 6.5 8.4 9.6 0.2
NDF intake kg 6.54 6.99 6.67 0.2
_Roughage NDF intake(kg 267 345 396 o1l
EE intake kg 1.25 1.43 1.55 0.05
NFC intake kg 9.03 9.06 8.25 0.31
TDN intake kg 16.9 17.6 16.8 0.6
Passagerate  br 601 635 e 527 b0
_Ruminal effective degradability L LA L
Effective degradable CP kg 2.84 2.94 2.76 0.2

DM:dry matter, EE:ether extracts, NDF:nutral detergent fiber,
NFC: non fiber carbohydrate=100-(CP+EE+NDF+Ash).
SEM:Standard Error of Mean.

Means within the same raw with different superscripts differ abc P<0.05

2) EE P<0.05 NDF
EE EE TMR45 1.55kg/ (Welch,1986; ,1991)
7.3 TMR37 1.43kg/ 6.3 TMR30 NDF
1.25kg/ 5.8 TMR37 TMR45
TMR30
TDN N
TDN DF
3) NFC
NFC NFC 100 CP EE NDF 3
6
NFC TMR45 TMR30 37 1)
P<0.1 TMR NFC
TMR30 41.95  TMR37 40.57 TMR
45 38.78 NDF 30 31
NFC pH 3.4 35 EE
(Allen and Beede,1996) ™ 5
R37 pH VFA 90 (Palmquist and Ma-
/ 3.0 ttos,1978)
4) TDN
TDN TMR CpP
TMR30 EE TMR45 3 2
EE TDN TDN 78 79
TMR
2
5

TMR45



Table 6. Milk production and body weight of cows fed experimental total mixed rations

53

Item TMR30 TMR37 TMR45 SEM
Milk yield kg 34.2 343 32.8 1.1
Fat 3.41 3.55 3.45 0.33
Protein 3.08 3.15 3.10 0.09
Lactose 4.62 4.59 4.54 0.03
SNF 8.69 8.73 8.64 0.07
_Change of weight kg) 13 20 13 33
SEM:Standard Error of Mean.
CP T
MR30 BUN P< TMR
0.01
NFC 2
(Nocek and Russell,1988) TMR
TMR37 TMR45 TMR
30 BUN P<0.05
EE 4
(Palmquist and Conrad,1978;Nocek and Russell,1988) TMR
(QDrskov et al.,1978,; 7
Palmquist and Conrad,1978 ) 1) Ht
CP Ht TMR TMR30 TMRA45
CP P<0.05)
2
TMR
( ,1986) ™
R CP
(Nocek and Russell,1988)
( ,1980; Qrskov,1982)
Table 7. Least Squares mean of blood compositions among TMR diets and sampling times
TMR Sampling time
Item 30 37 45 8:00 10:00 11:00 12:00 13:00 15:00
Ht 30.2 30.7 31.2 32.1 30.5 30.8 29.5 30.4 31.1
Total protein g/dl 8.6 8.6 8.5 8.4 8.5 8.6 8.4 8.6 8.9
Albumin(g/dl) 4.2 4.2 4.2 4.2 4.2 4.1 4.1 4.1 4.2
GOT 1U/ 52.0 56.6 50.9 52.0 51.7 52.4 51.2 54.9 56.1
GPT 1U/1 18.8 19.7 18.2 17.4 18.7 19.3 18.8 20.3 19.0
Total cholesterol 220 230 235 233 229 228 224 227 229
(mg/dl)
NEFA (mg/dl) 0.05 0.06  0.08 0.07 0.06 0.06 0.08 0.05 0.06
Glucose(mg/dl) 61.0 57.0 57.9 63.0 58.3 ¢ 57.6 59.0 ¢ 55.3 58.4
Urea Nitrogen 13.8 153 15.7 15.1 15.1 15.7 15.3 14.7 13.7
(mg/dl)
OMP(mOsm/kg) 285.1  286.0 284.4 284.5° 287.1 ¢ 285.6 285.2 284.3 284.3
Ca(mg/dl) 11.1 10.6 10.8 10.9¢ 10.7¢ 10.6 10.5 11.1 11.1

Means within the same raw with different superscripts differ AB,CD,EF P<0.01, ab,cd P<0.05

Ht: hematocrit, GOT: glutamic-oxaloacetic transaminase, GPT: glutamicpyruvic transaminase,

NEFA: non- esterified fatty acid, OMP:osmotic pressure.



54
3 GOT
GPT
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TMR37 TMR45
TMR30 P<0.01
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TMR30 TMR37 TMR45
P<0.01
TMR30
8:00
( ,1984) 10:00
50 70mg dl( ,1973) TMR
6) BUN
BUN TMR30 TMR37 TMR45
P<0.01 CP
CP
TMR30
NFC (Nocek and Russe-
11,1988)

(Palmquist and Conrad,1978; Nocek
and Russell,1988)
(Qrskov et al.,1978; Palmquist and Conrad, 1978)
Mabjeesh et al.(1997) NSC
NSC (kg)/
CP (kg) 3.8 42
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PUN
NFC (kg)/CP

(kg) TMR30 3.18 TMR37 3.08
TMR45 2.99 TMR30
EE CP

BUN
EE
BUN

NFC
BUN

TMR
10:00 8:00 13:00
15:00 P<0.05
300mOsm kg
260mOsm kg
( ,1987)

,1987) TMR 8:00
8:30 10:00

( ,1974)
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P<0.05
TMR

(Grovum and Wever,1992)
8:00 15:00

8 Ca
Ca TMR Ca

( ,1984) 10:00
12:00 9 1lmg dI(
,1973)
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Table 8. Least Squares mean of rumen liquid contents among TMR diets and sampling times
TMR Sampling time
Item 30 37 45 8:00 10:00 11:00 13:00 15:00
6.77 6.57 6.89 6.95 6.85 6.73 6.55 6.64
VFA mol
Acetic acid 61.2 62.3 62.9 63.2 62.9 61.5 61.8 61.2
Propionic acid 21.4 20.0 18.5 19.1 20.3 19.4 20.8 20.2
Butyric acid 11.8 13.3 11.9 11.5 12.3 12.0 13.0 12.9
VFA mM
Acetic acid 54.7 90.0 56.1 61.3 59.9 57.3 87.6 68.6
Propionic acid 18.8 29.4 17.1 19.2 19.7 18.0 29.6 22.3
Butyric acid 10.6 20.2 10.8 11.5 12.4 11.9 19.3 14.8
Total VFA 89.2 145.3 89.8 98.0 96.0 92.6 142.6 111.2
concentration mM
Ammonium nitrgen  0.096 0.096 0.083 0.113 0.106 0.090 0.099 0.058

(mg/dl)

Means within the same raw with different superscripts differ ab,cd,ef P<0.05

VFA: volatile fatty acid.

5
TMR
8
1) pH
pH TMR37 TMR45
P<0.05 pH
( ,1979) TMR37
pH TMR
( ,1979)
pH
TMR45 TMR37 pH
VFA
2) VFA
VFA TMR45
P
<0.05 TMR30 TMR37 NFC
P<0.1
( ,1987) /
TMR30 3.0 TMR37 ™
R45 3.1 34
VFA TMR37 TMR30 TMR45

P<0.05
TMR37
( ,1980)
( ,1980; ,1999)
6
9
1)
1 4 TMR
1
TMR30 TMR37 TMR45
P<0.05 TMR30
TMR37 P<0.05
TMR30 TMR45
P<0.1
(Church,1969; Lug-
inbuhl et al.,1989)
( ,1979)

(Jaster and
Murphy,1983)

(  ,1979)
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Table 9. Rumination behavior of cows fed experimental total mixed rations

Item TMR30 TMR37 TMR45 SEM
Continued time spent eating(min TMR4 time per day 135.1 192.8 195.6 17.2
Total time spent eating min day 330.0 395.2 381.2 22.4
Rate of eating gDM min 74.6 72.0 61.2 5.9
Total rumination time min day 311.1 354.1 367.7 24.0
Number of rumination period time day 1.1 10.7 10.5 0.7
Duration of rumination period min period 27.3 33.0 35.3 1.5
Number of boli regurgitated rumination period 25.9 33.6 39.3 2.8
time period
Number of boli regurgitated time day 291.4 359.5 400.2 33.8
Total rumination time 1000g dry matter intake(sec) 850.9 908.1 999.8 63.4
Total rumination time 1000g total NDF intake sec 2794.5 2931.2 3179.5 205.7
Total rumination time 1000g roughage NDFintake sec 6857.3 5830.3 5314.3 486.4
Total chewing time 1000g dry matter intake sec 1638.0 1858.7 1991.3 97.2
Total chewing time 1000g total NDF intake sec 5379.0 6002.0 6334.7 314.0
Total chewing time 1000g roughage NDF intake sec 13178.5 11994 .4 10633.2 678.7
Number of chews per bolus time 58.9 57.5 60.0 1.1
Number of chews per bolus time(sec) 56.4 54.2 56.2 0.8
Total chewing time Total time spend eating Total rumination time
SEM:Standard Error of Mean.
Means within the same raw with different superscripts differ ab P<0.05
NDF TMR30 TMR37
NDF TMR30 TMRA45
NDF ™
R30 1 1
P<0.05 P<0.
05 P<0.1
2) VFA pH
TMR45
TMR37
(Gordon,1958;0ltjen et al.,1962)
NDF 3)
(Welch and Smith,1970
) NDF
TMR45
NDF 1,000g
TMR45
TMR30 P<0.1
NDF1,000g
NDF1,000g
TMR30 TMR45 P<0.05
(Jaster and Murphy, NDF

1983;Martz and Belyea,1986; ,1991) P<0.05

TMR30



NDF
NDF1,000g
NDF
TMR45
NDF1,000g TMR30
P<0.05
P<0.05
1,000g NDF1,000g
NDF1,000g
P<0.05
4)
( ,1979) 1
T
MR
30 45
TMR
1
TMR 30 45
TMR
NFC
6.00 /hr CP
NFC (kg)/CP (kg) TMR
30 3.18 TMR37 3.08 TMR45 2.99
BUN
VFA
30 /
3.0
37

57

TMR
30:70 37:63 45:55 TMR
NDF
5 1
(Welch ,1986) (Gordon,1958;We-
Ich and Smith,1970) CP
( ,1991)
TMR
TMR 5 1
45 30
CP TDN T
MR
1
6
1 1
8:30 17:00 2
2
10
30:70 TMR30 37:63 TMR37 45:55 TMR45
TMR Cp TDN
TMR
2 3 4

3.39+£2.32cm +



14 2006
58
Table 1. Using Holstein cows for experiment
CowNo delivery time weight Milk Fat Protein  Lactose SNF days after
day kg kg delivery day
1 1997,07,22 4 615 36.4 4.71 3.02 4.43 8.45 74
2 1997,07,10 2 644 36.1 4.25 3.15 4.56 8.72 86
3 1997,07,30 4 645 31.5 4.09 2.93 4.58 8.51 66
4 1997,02,16 3 599 31.6 4.35 3.11 4.42 8.53 230
5 1997,04,06 2 664 35.6 4.80 3.38 4.40 8.78 181
6 1997,04,07 2 674 38.5 3.77 2.82 4.57 8.39 180
Average 640 35.0 4.33 3.07 4.49 8.56 136
+SD +29 +2.8 +0.39 +0.19 +0.08 +0.15 +69

Average data of one week before an examination started.

SD: standard error.

Table 2. Chmical compositions of roughages and concentrates of total mixed ration on dry matter basis(%)

DM CP EE Cfi NFE NDF NFC Ash TDN
DM%
Corn 91.57 8.85 5.75 1.39 82.34 10.21 73.52 1.67 93.91
Barley 88.67 11.11 2.47 4.14 79.84 20.20 63.77 2.45 84.94
Wheat bran 87.75 17.44 5.40 9.34 62.29 31.48 40.15 5.53 73.51
Beet pulp 90.31 8.66 0.83  17.67 65.62 45.38 37.90 7.23 75.32
Soybean dry heated 96.84 40.41 21.88 3.54 28.55 7.63 24.45 5.63 107.98
Soybean meal 89.94 49.08 0.98 5.55 37.42 11.22 31.74 6.98 86.27
Soybean hulls 93.25 17.51 3.76  24.25 46.97 45.47 25.76 7.50 67.53
Cotton seed 92.35 21.16 22.22 19.61 33.19 50.45 2.35 3.82 91.49
Corn gluten meal 91.06 70.15 2.05 0.70 25.69 6.54 19.85 1.41 91.49
Fatty acid calcium salt 98.41 0 83.60 0 0 0 0 24.20 176.81
Italian rygrass sailage 15.39 7.36 2.29  36.65 41.68 65.99 12.34 12.02 64.16
Alfalfa hay cube 89.37 18.06 2.57  28.55 39.40 44.55 23.41 11.41 59.86

DM:dry matter, CP:crude protein, EE:ether extracts, Cfi:crude fiber, NFE:nitrogen free extracts,

NDF:nutral detergent fiber, NFC: non fiber carbohydrate=100-(CP+EE+NDF+Ash),

TDN:total digestible nutrients calculated from Standard Total of Feed Composition in Japan(1995).

Table 3. Ingredients of Total Mixed Ration which Italian rygrass silage was used(as fed basis %)

Mixed concentrate Mixed roughage
Feed ratio Feed ratio
Corn 16.7 Italian rygrass silage  85.0
Barley 16.7 Alfalfa hay cube 15.0
Soybean dry heated 11.1
Soybean meal 5.5
Wheat bran 16.7
Beet pulp 16.7
Cotton seed 5.5

Soybean hulls 11.1




Table 4. Ingredients and chemical compositions in Total Mixed Rations DM
TMR30 TMR37 TMR45
Mixed concentrate 69.7 60.7 51.4
Corn gluten meal 1.6 2.2
Fatty acid calcium salt 0.6 1.3
Mixed roughage 30.3 37.1 45.1
Dry matter 49.7 45.1 40.7
Crude protein 16.5 16.6 16.5
TDN 77.8 71.7 77.7
EE 53 6.0 6.9
NDF 36.9 38.4 40.3
NFC 34.4 314 27.9

59

TDN:total digestible nutrients calculated from Standard Total of Feed Composition in Japan(1995),
EE:ether extracts, NDF:nutral detergent fiber, NFC: non fiber carbohydrate=100-(CP+EE+NDF+Ash).
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Table 5. Feed intake of cows fed experimental total mixed rations
TMR30 TMR37 TMR45 SEM
DM intake kg 23.0 21.8 20.5 0.4
Roughage intake kg 7.0°¢ 8.1 9.3% 0.1
NDF intake kg 8.48 8.39 8.28 0.18
_RoughageNDF intake(kg 421° 4% 610 011
EE intake kg 1.22¢ 1.31 1.42 0.03
NFC intake kg 7.91 6.86 5.73 0.14
Crude Protein intake kg 3.79 3.62 3.39 0.07
TDN intake kg 17.9 17.0 16.0 0.3
Passage rate hr 5.55 4.55° 5.34 0.10
Ruminal effective degradability(%) 81.3 82.0 78.9
Effective degradable CP(kg) 3.08 2.97 2.68 0.06
Means within the same raw with different superscripts differ abc:P<0.05
DM:dry matter, EE:ether extracts, NDF:nutral detergent fiber,
NFC: non fiber carbohydrate=100-(CP+EE+NDF+Ash).
SEM:Standard Error of Mean.
(Castle et al.,1979) 5) TDN
TDN TMR30 TMR45
P<0.05 TMR30 EE
NFC NFC TMR45 E
E NFC TDN T
DN
2) EE EE
EE EE TMR45 1.42kg/ TDN
6.9 TMR37 1.31kg/ 6.0 TMR30 (Satter and Roffer,1975)
1.22kg/ 5.3 TMR
P<0.05 EE
TMR TDN (QDrskov et al.,1978;Palmquist and
Conrad,1978) NFC NFC
TMR45
3) NFC
NFC TMR30 7.91kg/ 34.4
TMR37  6.86kg/  31.4 TMR45  5.73kg/ 6)
27.9 TMR P<0.05 5
TMR37
(Nocek and Russell,1988) P<0.05
TMR45 NFC 30 (Eliman
and Orskov,1984)
NDF (Welch,1986;
45 NFC ,1991) NDF
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CP TMR30 TMR45 1 /hr
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cDonald,1979)
CP CP ™
R30 3.08kg TMR37 2.97kg TMR45
2.68kg P<0.05

Table 6. Milk production and body weight of cows fed experimental total mixed rations

Item TMR30 TMR37 TMR45 SEM
Milk yield kg 36.6 35.9 34.1 0.5
Fat 4.31 4.50 4.76 0.17
Protein 3.18 3.04 3.06 0.06
Lactose 4.57 4.45 4.39 0.04
LSNE L 8TA 849 845 0.08
Change of weight kg 5.3 3.5 6.1 5.0

SEM:Standard Error of Mean

Means within the same raw with different superscripts differ ab P<0.05

1)
TMR30 TMR37 TMR45
P<0.05
TDN TMR45 TMR30
1.9kg/  TMR37 TMR30 0.9
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TMR NDF
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P<0.01 or P< 0.05 NFC
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(Nocek
and Russell,1988) CP
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(Nocek and
Russell, 1988;Palmquist and Conrad,1978)
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Table 7. Least square means of blood compositions per total mixed rations and sampling times

TMR Sampling time
Item 30 37 45 8:00 10:00 11:00 12:00 13:00 15:00
Ht 30.9 30.2 30.8 29.5 30.3 30.8 30.5 31.1 31.5
Total blood protein 8.9 8.6 8.7 8.6 8.6 8.7 8.7 8.9 8.8
(g/dl
Albumin(g/dl 43 43 4.3 43 4.24 4.4 4.3 4.3 4.4
GOT 1U/ 47.9 40.2 453 40.4 42.2 45.7 44.2 46.7 47.6
GPT IU/1 17.2 16.1 17.3 17.5 15.6 16.2 16.3 17.4 18.2
Total 260 285 314 297 279 286 282 289 286
cholesterol(mg/dl)
NEFA mg/dl 0.11 0.14®  0.13 0.14 0.12 0.12 0.11 0.13 0.11
Glucose(mg/dl 66.4 64.1* 596 66.1 62.6 62.4 61.3 65.0 62.7
Urea Nitrogen (mg/dl 16.8 17.9 19.4 17.2 18.2 18.4 18.6 18.3 17.2
OMP(mOsm/kg) 263.6 262.1 264.3 261.7 263.1 264.1 263.2 261.7 266.1
Ca(mg/dl 11.5 11.2 11.3 11.4 11.1 11.3 11.3 11.3 11.7
Means within the same raw with different superscripts differ(AB,CD P<0.01 ab,cd P<0.05).
Ht: hematocrit, GOT: glutamic-oxaloacetic transaminase, GPT: glutamic pyruvic transaminase,
NEFA: non- esterified fatty acid, OMP:osmotic pressure.
3 TMR45 P<0.05
TMR
7 EE
1 Ht NEFA TMR37
Ht TMR TMR30 P<0.01
TMR 8:00 P<0.05) NEFA ( ,1984;
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TMR
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6) TMR Cp TMR45 TMR30 TMR37
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Table 8. Least square means of ruminal compositions per total mixed rations and sampling times

TMR Sampling time
Item 30 37 45 8:00 10:00 11:00 12:00 13:00 15:00
H 6.94 7.13 7.20 7.31 7.06 7.05 7.13 6.99 6.99
VFA mol
Acetic acid 67.4 67.6 67.3 69.8 66.5 67.1 65.9 67.6 67.5
Propionic acid 18.5 18.6 18.6 18.5 18.4 18.0 19.1 18.6 18.9
Butyric acid 14.2 13.8 14.1 11.8 15.1 14.9 15.0 13.8 13.6
VFA mM
Acetic acid 4924 44.7 40.6 40.5 46.4 42.9 42.1 48.0 49.1
Propionic acid 13.6 12.4 11.6 10.8 12.9 11.7 12.6 13.3 13.8
Butyric acid 10.74 9.2 8.8 6.9 10.7 10.0 9.8 9.8 10.0
Total VFA 73.44 66.3 61.0 58.3 70.1 64.6 64.5 71.0 72.9
concentration(mM)
Ammonium nitrgen 0.090 0.094 0.080 0.089 0.114 0.081 0.080 0.079 0.087
(mg/dl)
OMP(mOsm/kg) 261.7 256.2 251.4 259.2 258.9 252.4 263.2 250.7 253.9

Means within the same raw with different superscripts differ(AB:P<0.01 ab:P<0.05).
VFA:volatile fatty acid, OMP:osmotic pressure.

Table 9. Rumination behaviors of cows fed experimental total mixed rations

Item TMR30 TMR37 TMR45 SEM
Total time spent eating min day 371.3 390.7 408.2 12.1
Rate of eating gDM min 67.8 58.0 53.9 3.4
Total rumination time min day 500.4 520.5 540.9 18.2
Total chewing time min day 871.8 911.1 949.1 21.8
Number of rumination period time day 12.9 13.0 12.7 0.5
Duration of rumination period min period 39.5 40.4 42.9 1.3
Number of boli regurgitated time day 563.3 555.4 599.3 24.7
1 Number of boli regurgitated rumination period 43.9 43.1 47.5 1.4
time period
Rumination lagtime min 121.2 132.3 113.1 9.8
Total rumination time 1000g dry matter intake sec 1269.8 1391.5 1526.2 49.5
Total rumination time 1000g total NDF intake sec 3441.2 3624.0 3787.1 126.6
Total chewing time 1000g dry matter intake sec 2215.9 2436.2 2682.0 63.5
Total chewing time 1000g total NDF intake sec 6005.1 6344.3 6655.1 162.9
Number of total chews time day 33967.2 35254.3 37266.7 829.5
Number of chews per rumination bolus time period 2481.3 2491.5 2731.7 117.1
Number of chews per bolus time 55.5 61.1 57.7 1.9
Number of chews per bolus time sec 51.5 52.1 49.2 0.4
Rate of chewing per rumination bolus time min 65.2 70.2 70.5 2.0
Total chewing time: Total time spend eating Total rumination time.

Rumination lagtime: times between ruminations. SEM:Standard Error of Mean

Means within the same raw with different superscripts differ abc P<0.05
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TMR
9 (Church,1969;Luginbuhl et al.,1989)
TMR30 TMR45 (Jaster and Murphy,1983)

P<0.05 TMR30 TMR37



NDF
( ,1979) TMR45
NDF
NDF
Mertens 1997
NDF 0.4
0.3 0.8 NDF
TMR
2)
TMR45
TMR45 TMR
30 P<0.05

(Gordon,1958;01tjen,1962)

NDF
(Welch and Smith,1970)
NDF
NDF1,000g
TMR45
P<0.05 TMR45
(Jaster a
nd Murphy,1983) NDF1,000¢g
1 TMR
TMR45 ™
R30 P<0.05 1
TMR45 TMR37
P<0.05 Lag time
1,000¢g

RVI Roughage Value Inde-

65

Sudweeks et al.(1981)

RVI 3.50
lkg 311 RVI
RVI T
MR30 369  TMR37 40.6 TMR
45 44.7 3.50
3)
TMR45 TMR30
P<0.05 «
1979)
TMR37 TMR30
P<0.05 TMR45
P<0.05
TMR
TMR
TMR
NDF
30
NDF
5.15 /hr NFC
NFC (kg)/CP
(kg) TMR30 2.57 TMR37 230 TMR
45 2.13 BUN
CP
NFC 34 CP
NFC

30



14 2006
66
WCS
CP TDN
TMR TMR
WCS
1
3, 823
+56kg + Cp
6 1 2 3
14 7 1 21
63 3x3 ( ,1983)
1
:WCS 1
Table 1. Milk yield and milk compositions of used Holstein cows
CowNo .Delivery weight Milk Fat Protein Lactose SNF days after
Time kg kg parturition day
1 4 647 37.1 4.06 2.66 4.31 7.97 41
2 4 611 41.7 4.31 2.63 4.44 8.07 43
3 2 588 354 4.25 2.98 4.40 8.38 112
4 2 571 34.0 3.95 2.66 4.37 8.02 53
5 2 546 34.8 3.76 2.87 4.42 8.28 97
6 2 560 33.3 4.20 3.11 4.50 8.60 104
Average 587 36.1 4.09 2.82 4.41 8.22 75
SD +37 +3.1 +0.21 +0.20 +0.06 +0.24 +33
Table.2. Chmical compositions of roughages and concentrates of total mixed ration on dry matter basis(%)
DM
DM CP TDN EE NDF NFC OCW Oa Ob Ash
Rice whole crop silage 55.1 3.4 52.8 2.4 59.0 24.3 63.0 5.6 574 10.9
Compound feed 90.7 20.8 82.5 6.1 243 422 6.6
Corn gluten meal 89.8 71.4 90.1 3.6 14.0 8.6 2.4
Fatty acid calcium salt 98.3 0 179.9 85.0 0 0 15.0

DM:dry matter, CP:crude protein, TDN:total digestible nutrients calculated from Standard Total of Feed Composition in
Japan(1995), EE:ether extracts, NDF:nutral detergent fiber, NFC: non fiber carbohydrate=100-(CP+EE+NDF+Ash),

Oa:organic fraction a,0Ob:organic fraction b.
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Table 3. Ingredients and chemical compositions in Total Mixed Rations
Item treatment

TMR26 TMR30 TMR35

Mixed stuff Rice whole crop silage 28.7 32.8 37.6

% as fed basis Compound feed 48.4 44.1 39.1

Corn gluten meal 0.0 1.1 2.4

Fatty acid calcium salt 0.2 0.9 1.8

Water 22.7 21.1 19.1

Total amount 100.0 100.0 100.0

Chemical DM % 60.0 60.0 60.0
composition DM —

Roughage % 26.3 30.1 34.6

CP 16.9 16.8 16.8

TDN 76.8 76.7 76.7

EE 5.6 6.3 7.1

NDF 333 34.2 35.2

NFC 38.3 36.5 343

NFC/NDF 1.15 1.07 0.98

DM:dry matter, CP:crude protein, TDN:total digestible nutrients calculated from Standard Total of Feed

Composition in Japan (1995).EE:ether extracts, NDF:nutral detergent fiber,

NFC: non fiber carbohydrate=100-(CP+EE+NDF+Ash).

2
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McDonald,1979) a
b
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Waters ™
2001 4000
4 6 4
MILKO-SC 0.75umx*x60cm
AN 104 N.FOSS ELECTORIC CIA OFM BT Sml
200ml
3000rpm 15 185nm
MUN MUN 10Kv
SP
4410
10 3)
TMR
2 ( ,1983)
8 30 5 8 30 3 Duncan
3
1
( ,2004)
8 10 11
12 13 15 6
300ml
pH 42 95 ( ,198
100ml 1ml 3)
20
VFA TMR
( ,2000) VFA
Sml 3,000 / 15
6 0.45um
Table 4. Farment qualitys of rice whole crop silage in FRP silo.
Total acid VFA composition
Part of ilo Moisture pH Wet actic acetic  butyric VBN/TN  V-score
Upper part 38.8 5.12 0.42 67.4 19.5 13.1 0.01 96
Midlle part 38.1 5.17 0.55 55.0 19.8 25.1 0.01 89
Under part 40.3 5.08 0.62 62.8 19.9 17.4 0.01 91
VFA volatile fatty acid VBN volatile basic nitrogen TN total nitrogen.
1 pH
FRP 4 VFA
pH 5.0 V-score
,2001 92 ™ VBN
V-score (
pH ,2001) 65
( ,2002) 10 12
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( ,2001) V-score
( ,2001)
VFA VBN/TN V-score
WCS
38 40 WCS CP
pH 5.0 (1995) 1/2
WCS pH NDF

Table 5. Ruminal degradable characteristics and ruminal effective dagradability of dry matter and crude protein of

ingredients in total mixed ration

ruminal degradable characteristics and ruminal effective dagradability

item dry matter crude protein
a b c dg a b c dg
() () (/hr) () () () (/hr) )
Rice whole crop silage 36.5 43.9 0.023 44.6 71.5 23.5 0.015 74.5
Cocentrate 41.0 54.2 0.124 70.8 35.7 63.5 0.170 75.4
Corn gluten meal 25.8 74.2 0.043 47.8 19.8 80.2 0.034 39.9

¢ rate constant of disappearance for b fraction  hr
hr ...... 0.1018/hr.

The passage rate constants were calculated based on empirical equation(k= 0.024 0.179 1 e ®?"% ) shown in

a rapidiy soluble fraction b slowly degradable fraction

dg ruminal effective degradability , dg a bc/(ctk) k rate constant of ruminal passage

feeding standard of the Agricultural and Food Research Council(1993).

2
1)
TMR
dg 5
WCS a CP
c CpP WCS
a 20 ( ,2002)
CP a
c dg
(Bruining and Bosch,1992)
599kg (Hartnell and Satter,1979)
(1999) TDN (Welch,19
3.89kg 22.2kg TDN 86)
17.0kg TDN (Hartnell and Satter,1979)
L 437 AFRC WCS
(1992) k 0.1018/hr
dg TMR
CP TMR26 72.1 TMR30
70.0  TMR35 66.8 2)
(1999) 65 70 6
CPd wC
12.2 11.8 11.2 S TMR35 7.7kg/
(1999) CPd WCS 20
CP 25kg/ 6.3kg( ,1983)
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Table 6. Feed intake and sufficients of cows fed total mixed rations.

Item TMR26 TMR30 TMR35 SEM
Dry matter intake kg/day 23.0 21.6 21.9 0.6
Silage dry matter intake kg/day 6.0 6.5 7.7 0.1
CP intake kg/day 3.89 3.62 3.68 0.1
TDN intake kg/day 17.7 16.5 16.8 0.5
EE intake kg/day 1.29 1.36 1.55 0.04
NDF intake kg/day 7.6 7.4 7.7 0.2
NDF intake derived from roughage kg/day 3.5 3.8 4.5 0.1
NDF intake derived from concentrates 4.1 3.6 3.2 0.1
kg/day
NFC intake kg/day 8.8 7.9 7.5 0.2
Effective degradable CP kg/day 2.80 2.53 2.46 0.1
DM sufficient rate* 100.0 96.5 96.2 2.6
CP sufficient rate* 111.8 107.9 108.1 3.1
TDN sufficient rate* 103.6 100.1 100.3 2.8

SEM Standard error of means n=6 Means within the same line with different superscripts differ(abc:P<0.05).

Sufficient rate for Standard Total of Feed Composition in Japan(1999).

7.0kg( ,2001)

CP TDN
EE

P<0.05

TMR35
TDN

NDF

NFC TMR26
P<0.05 NDF
(Mertens,1995)

pH

(Allen and Beede,1996)

NDF NFC
TMR26

NFC

NDF NFC NFC/NDF

09 1.2

—~

,1997,1999,2002)
TMR
NFC
NDF TMR35
P<0.05
NDF
OCW

TMR

40 ( ,2002)
(
,2000)
( ,1991)
40
30 (
,2001) wCs
35
TMR
(1999)
TMR TMR30
35 100
CP
(19
95) TDN



Table 7. Milk yeild and milk compositions of cows fed total mixed rations.

Item TMR26 TMR30 TMR35 SEM
Milk kg/d 36.9 35.5 352 0.3
FCM kg/d 35.4 34.6 35.0 0.6
Fat 3.71 3.84 3.98 0.05
Protein 3.01 2.95 2.91 0.02
Lactose 4.61 4.51 4.47 0.03
SNF 8.61 8.45 8.38 0.04
Change of body weight kg +7.8 +9.2 +3.1 4.5
MUN mg/dl 17.9 19.5 21.4 0.7

FCM: 4% fat corrected milk, SNF: solid-not-fat., MUN milk urea nitrogen

SEM Standard error of means n=6
Means within the same line with different superscripts differ(abc:P<0.05).

3) (
7 TMR26 TMR ,1998) NFC
35 P<0.05 TMR30
P<0.1 4 FCM (Mabjeesh et al.,1997)
TMR35
TMR35 TMR26 P< P<0.05 NFC
0.05 (Mabjeesh et al.,1997) WCS
,1997 12 ( 12 ,2001)
TDN 629 ( ,2001)
TMR35 (1995)
TDN 13
30 ,2002 TDN
TDN
( ,1975) 7 TDN
26 TMR26
3.0 ( ,1999) ( ,2002)
3.5 23 22.9 38
43.4 51 46.7
TMR26 TMR35 TDN 2kg/
P<0.05
TMR26 TMR35 P<0.05 WCS TDN 48
( ,1997,1999,2002) TMR NFC/NDF
40
TDN
NFC
7.0kg/ WCS
4)
7
TDN
( ,2001)
5) MUN

(Emery,1978) MUN 7 CP
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7 Cp (1997) NSC (kg)/
TMR26 72.1 TMR30 70.0 ™ CP (kg)
R35 66.8 TMR26 TMR35
CPp CPp MUN PUN
P<0.05 TMR TDN NFC
TMR35 45 ( ,200
2) NFC
NFC TMR26  7.88kg TMR30 6.90kg T™M
R35 6.32kg NFC (kg)/CP
(kg) 2.81 2.73 2.57
MUN NFC (kg)/CP MUN
(kg) TMR26 3.14 TMR30
3.12 TMR35 3.05 T
MR 5 1 Mabjeesh et al.
Table 8. Rumen liquid contents of cows fed total mixed rations.
Item TMR26 TMR30 TMR35 SEM
pH 6.89 6.87 6.87 0.02
VFA mM
Acetic acid 56.5 58.8 57.9 1.2
Propionic acid 18.7 18.5 16.6 0.4
Butyric acid 12.4 12.1 11.7 0.3
Total acid 87.6 89.4 86.3 1.9
VFA (mol
Acetic acid 64.3 65.7 67.2 0.2
Propionic acid 21.5 20.7 19.2 0.2
Butyric acid 14.1 13.6 13.6 0.2
Acetic acid Propionic acid 3.06 3.21 3.56 0.06
VFA volatile fatty acid. SEM Standard error of means n=6
Means within the same line with different superscripts differ(abc:P<0.05).
Table 9. Chewing behaivior of cows fed total mixed ration.
Item TMR26 TMR30 TMR35 SEM
Eating time min d 348.7 335.6 371.5 10.9
Rate of eating gDM  min 69.7 67.0 61.6 2.0
Total rumination time min d 394.9 396.5 423.9 22.2
Total chewing time min d 743.5 732.1 795.4 23.9
Number of boli regurgitated time day 544.8 534.9 580.0 23.1
Number of rumination period time day 15.8 16.2 16.6 0.6
Duration of rumination period min period 25.0 24.8 26.1 1.1
Number of boli regurgitated rumination period 35.0 33.7 36.2 1.2
time period
Number of chewing per rumination period 1699.5 1644.2 1744.8 83.5
time period
Total chewing time dry matter intake min/kg 32.9 34.3 36.9 0.8
Chewing time per bolus(sec) 43.4 44.5 44.2 1.0
Number of chews per bolus time 49.0 49.3 49.2 1.3
Rate of chewing per bolus time min 67.8 66.0 66.8 0.4

Total chewing time Total time spend eating+Total rumination time SEM:Standard Error of Mean.,

Means within the same raw with different superscripts differ ab P<0.05 .
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Studies on the feeding for the milk protein improvement in highly lactating

dairy cow.

Chapter Effect of crude protein concentration in diets on milk production.

- Influence of crude protein concentration of diets on milk production and milk component

in early lactating dairy cows.

The effect on lactation performance of crude protein (CP) concentration in rations was studied using 9 Holstein cows
from preparturition to 110 days postparturition. The cows were fed 3 type of rations of which crude protein concentration
were 14, 17 and 20% respectively, based on one-way layout design.

The results obtained were as follows;

Dry matter intake (kg/d) differed significantly among treatments. The cows fed rations of crude protein concentration
20% tended to larger dry matter intake than that fed 14%. The cows fed rations of crude protein concentration 17%, 20%
tended to larger milk yielding than fed 14%. Milk yield was not significantly affected by treatments. The cows fed rations
of crude protein concentration 14% tended to lower peak of milk yielding than that fed 17% or 20%. Milk fat was not
significantly affected among treatments. Milk protein (%) of the cows fed rations of crude protein concentration 14% was
significantly lower compared to that of 17% and 20%. Milk SNF (%) showed the similar pattern to milk protein(%). In
blood plasma metabolites, urea nitrogen of the cows fed rations of crude protein concentration 20% was significantly
higher than that of 14% and 17%(P<0.01). Reproduction efficiency was not significantly affected among treatments. The

results obtained in this study suggest that estimation of ruminal effective degradability of CP is very important.

Chapter Effect of the ruminal effective degradability of crude protein in rations.

- Effect of heating soybean on the effective degradability of crude protein in the rumen.

To evaluate the effect of heating soybean four types of heated soybeans were prepared by roasting rolled raw soybean at
400  for 0,30,60 and 120 seconds on the effective degradability of crude protein in the rumen, ruminal degradability and
passage rate constant were determined for each soybean. The rumen degradation characteristics and passage rate constant
for each soybean were determined using a nylon bag technique and a marker pulse dose procedure using three rumen
fistulated weathers aNDFour Holstein lactating cows, respectively.

The, “a” value which represents the immediate soluble fraction (%), for the raw was significantly higher than for the
heated soybeans (P<0.05). Inversely, the “b” value which represents the insoluble but fermentable fraction (%), was lower
for the raw than for the heated soybeans(P<0.05). But there were no statistical significant differences in the “a” value and
“b” value among the heated soybeans. The values of “c” which represents the rate constant of degradation of “b”(/hr), and
the potentially degradable value of “a” ”b” did not differ significantly among soybeans. The ruminal passage rate
constant  /hr was significantly higher for the heated soybean than for the raw soybean(P<0.05), but did not differ
significantly among the heated soybeans. The ruminal effective degradability of crude protein(%) was significantly higher
for the raw than for the heated soybeans(P<0.05), however, there were no statistical significant differences in the ruminal
effective degradability among the heated soybeans. Heat treatment affected the rumen degradation characteristics and

passage rate constant.
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- Effect of the roughage and the roughage:concentrate ratio on the effective degradability

of total mixed ration (TMR) crude protein in the rumen.

Ruminally cannulated 3 cows, and lactating 6 cows were used to determine the effects of concentrate to roughage ratio on
the effective degradability of crude protein of TMR ingredients in the rumen. Corn silage and Italian ryegrass silage were
used as the roughage consisted TMR. respectively. The TMR, ration of concentrate to roughage ratio were 30:70, 37:63,
45:55 respectively. The rumen degradation characteristics and passage rate constant for each TMR ingredients were
determined via the nylon bag technique and marker pulse dose procedure.

The results obtained were as follows

The ruminal degradability parameters differed markedly among investigated diets. The soluble protein(%), and
degradable protein(%) did not differ significantly among concentrate to roughage ratio of TMR, and between silage. But on
effect of rouguage, degradation rate constant( hr) of degradable protein of TMR mixed corn silage as roughage was
significantly lower than that of TMR mixed Italian ryegrass silage(P<0.01), and on effect of concentrate to roughage ratio,
roughage of 45:55 was significantly lower than that of others(P<0.01). The ruminal passage rate at corn silage TMR was
significantly lower for concentrate to roughage ratio of 45:55 compared to that of the others(P<0.05). On the other hand,
the ruminal passage rate at Italian ryegrass silage TMR was significantly lower for concentrate to roughage ratio of 37:63
compared to that of the others(P<0.05). The effective ruminal degradability of crude protein(%) was significantly higher
for corn silage TMR, for concentrate to roughage ratio of 45:55 compared to that of the others. The effective ruminal

degradability of crude protein (%) is markedly affected by the ruminal passage rate.

Chapter Effect of Ruminal Effective Degradability of Dietary Crude Protein on Milk
Production.
- Effects of the Ruminal Protein Degradability on Milk Production during Early Lactation
of Cows fed High-energy Diets .

The purpose of this research was to examine the effects on milk production of ruminal degradability of dietary protein in
early lactating cows fed on a relatively high-energy diet (roughage to concentrate ratio of 35:65).

The first trial was undertaken to evaluate the ruminal degradability of diets by a nylon bag technique using 3 rumen
cannulated sheep and dry cows, and then the passage rate was also examined by pulse dose procedure of a marker of rare-
earth element (Lanthanum) using 4 early lactating cows. The passage rates were very low (2.72%/h), and then the
calculated ruminal degradability of dietary crude protein resulted in relatively high. The second trial was conducted to
evaluate the effects on early lactation performance of the difference in ruminal degradability of dietary crude protein, i.e.,
high (Hdg), middle (Mdg) and low degradability (Ldg), using 9 Holstein cows during 16 weeks after parturition based on
one-way layout design. The ruminal degradability of diets were calculated based on the passage rate constant of empirical
equation shown in feeding standard of the Agricultural and Food Research Council. Passage rate constant was 0.105/h, and
calculated ruminal degradability of dietary crude protein ,Hdg diet was 72.4%, Mdg diet was 60.9% and Ldg diet was
53.5%, respectively. Dry matter intake (kg/d) and total digestible nutrients (kg/d, %) were not significantly affected by the
diets used. The cows fed on Ldg diet tended to reach peak of milk yielding faster than the cows fed on Hdg or Mdg, but
there were no differences in milk yield during the experiment. Milk protein (%) of the cows fed on Hdg diet was
significantly low (P<0.05) as compared to that of cows fed on Ldg before the peak of milk yielding (from 3 to 6 weeks
after parturition), and then milk protein (%) of the cows fed on Ldg diet was maintained high. On the other hand, milk
protein concentration was not affected significantly by the differences in ruminal degradability of dietary crude protein
after the peak of milk yielding. Therefore, the results obtained in this study suggest that at early lactating period, low
ruminal degradability of dietary protein has an effect on milk protein production and then, has different effect on milk

protein production before and after the peak of milk yielding.
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Chapter Effect of the kind of roughage and roughage:concentrate ratio of total
mixed ration(TMR) on milk production.
- Effects of Corn Silage Proportion in Total Mixed Ration on Milk Production Performance

and Chewing Activity of Lactating Cow .

Six lactating cows were used to determine the effects of concentrate to roughage (corn silage and hay cube) ratio in total
mixed ration, which were 30:70(TMR30), 37:63(TMR37), 45:55(TMR45) (crude proteinl7%/dry matter, total digestible
nutrients 78%/dry matter, TMR were used, respectively) on the milk production, milk composition, ruminal passage rate,
rumination behavior, blood plasma metabolites and ruminal characteristics, based on a 3><3 Latin square design.

The results obtained were as follows The ruminal passage rate was significantly lower for TMR45 than for the
others(P<0.01 or P<0.05). Dry matter intakes did not differ significantly among TMR groups. Milk yield and composition
did not differ significantly among TMR groups. Also the effective ruminal degradability of crude protein(%) did not differ
among TMR groups. In blood plasma metabolites, urea nitrogen and total-cholesterol were significantly lower for TMR30
than for the others(P<0.01). On the other hand, glucose was significantly higher for TMR30 compared to the
others(P<0.01). The results affected according to the kind of energy in rumen. Time spent eating (sec/ day) of TMR30
differed significantly compared to the others(P<0.05). Rate of eating (gDM/min) of TMR45 tended to be slower than that
of the others. Total rumination time (min/day) tended to be shorter for TMR30 compared to the others. Number of
rumination period/day was not significantly affected by diets. And rumination period(min) and number of boli
regurgitated/day were significantly lower for TMR30 than for the others(P<0.05). On the other hand, number of chews per
bolus and bolus time(sec) did not differ among TMR groups. In TMR consisted of corn silage, roughage ratio of 30 45%
for dry matter intake and milk yield is suitable, but judging from value of acetic acid/ propionic acid, we think that

roughage ratio of over 37% is suitable.

- Effects of Italian ryegrass silage Proportion in Total Mixed Ration on Milk Production

Performance and Chewing Activity of Lactating Cow .

Six lactating cows were used to determine the effects of concentrate to roughage (Italian ryegrass silage and heycube)
ratio in total mixed ration, which were 30:70(TMR30), 37:63(TMR37), 45:55(TRM45)(crude proteinl7%/dry matter, total
digestible nutrients 78%/dry matter, TMR were used, respectively) on the milk production, milk composition, ruminal
passage rate, rumination behavior, blood plasma metabolites and ruminal characteristics, based on a 3>3 Latin square
design.

The results obtained were as follows Dry matter intakes differed significantly higher for TMR30 compared for
TMR45(P<0.01). Total neutral detergent fiber intakes did not differ among TMR groups. Milk yield differed significantly
higher for TMR45 compared for the others(P<0.01 or P<0.05). Milk composition of lactose and SNF differed lower for
TMR30 compared for TMR45(P<0.05). The ruminal passage rate was significantly lower for TMR37 than for the
others(P<0.05). The effective ruminal degradability of crude protein(kg) differed significantly lower for TMR45 compared
for the others(P<0.01). In blood plasma metabolites, urea nitrogen and total-cholesterol differed among TMR
groups(P<0.05). On the other hand, glucose was significantly lower for TMR45 compared to the others(P<0.05). Time
spent eating (min/ day) of TMR30 differed significantly shorter compared to TMR45(P<0.05). Rate of eating (gDM/min) of
TMR30 was larger than the others(P<0.01). Total rumination time (min/day) did not differ among TMR. Number of
rumination period/day was not affected by diets. Number of boli regurgitated/day were significantly lower for TMR30 than
for TMR45(P<0.05). On the other hand, number of chews per bolus time(sec) differed significantly for TMR45 compared
to the others(P<0.01). In TMR consisted of italian ryegrass silage, roughage ratio of under 30% , more than 34% in non

fiber carbohydrate concentration for milk yield and solid-not-fat production, are suitable.
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- Effects of Rice Whole Crop Silage Proportion in Total Mixed Ration on Milk Production

Performance and Chewing Activity of Lactating Cow .

Six lactating cows were used to determine the effects of concentrate to roughage (rice whole crop silage) ratio in the
ration (26:74, 30:70, 35:65 of total mixed ration, ; dry matter 60%, CP17%/DM, TDN77%/DM, TMR were used,
respectively) on the milk production, milk composition, ruminal characteristics, rumination behavior, based on a 3><3
Latin square design.

Dry matter intake was not significantly affected by the diets. Milk yield of the cows fed in TMR26 was significantly
high as compared to that of cows fed on TMR35(P<0.05). Milk protein(%), lactose(%) and solid-not-fat(%) were
significantly higher for TMR26 than for TMR35(P<0.05).Because paddy rice was excreted into fecal. Milk urea nitrogen
was significantly higher for the cows fed on TMR35 than for that of fed on TMR26(P<0.05). Ruminal pH value and
volatile fatty acid(mM) did not differ significantly among TMR groups. Acetic acid(mol%) of the cows fed on TMR35 was
high, propionic acid(mol%) of the cows fed on TMR26 was high(P<0.05). Acetic acid/ propionic acid of the cows fed on
TMR35 was significantly high as compared to the others(P<0.05).Total chewing time/dry matter intake kg of the cows fed
on TMR26 was 32.9min/DMkg, was significantly shorter than that of cows fed on TMR35(P<0.05). Number of chews per
bolus and bolus time(sec) did not differ among TMR groups. Therefore, the present study suggested that for the cows of
35kg/d milk yielding, rice whole crop silage of ratio in TMR was suitable 26 30 , and that of dry matter intakes were
6.0 6.5kg/d.
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Ci6:1 6.40 5.58 7.48 5.28 522 0.12 0.04
C18.0 757 8.31 6.98 8.50 8.34 ns ns
Ci181 47.98 49.39 48.28 49.18 48.59 0.05 ns
C18:2 2.18 2.24 1.85 217 2.62 ns ns
C18:3 0.77 0.68 0.65 0.70 0.84 ns ns

SFA 40.84 40.77 39.61 41.40 4142 ns ns
C14.0 3.75 3.64 252 3.02 5.56 ns 0.03
C141 0.71 0.76 0.81 0.63 0.77 ns ns
C16:0 29.24 29.40 26.66 32.58 28.72 ns ns
Ci6:1 291 3.39 3.90 231 3.24 0.03 0.01
C18.0 16.21 14.99 13.00 19.30 1451 ns 0.07
Ci181 44,72 45.22 50.92 39.78 44.22 ns 011
C18:2 1.99 2.15 1.77 1.98 2.46 ns ns
C18:3 0.47 0.44 0.44 0.41 0.53 ns ns

SFA 49.20 48.03 4217 54.90 48.79 ns 0.09
C14.0 351 3.35 3.03 3.03 423 0.08 0.00
Cil4:1 0.77 0.72 0.88 0.65 0.71 ns ns
C16.0 3214 3242 32.18 33.05 31.62 ns ns
Ci161 3.07 3.17 3.70 273 2.93 ns 0.11
C18.0 13.25 13.41 10.71 15.29 14.00 ns 0.15
Ci181 44.69 44,38 4743 42.65 4354 ns 0.14
C18:2 218 2.20 1.78 227 253 ns ns
C18:3 0.38 0.35 0.31 0.35 043 ns ns

SFA 48.90 49,17 45,91 51.36 49.85 ns ns
C14.0 3.95 3.90 3.34 3.25 5.19 ns 0.04
C141 0.57 051 0.78 0.42 0.44 0.03 0.00
C16.0 31.29 31.62 29.79 33.86 30.71 ns 0.02
Ci161 214 2.00 3.29 1.42 151 ns 0.00
C18.0 23.23 2414 17.13 28.39 25.53 ns 0.03
Cci181 36.63 35.74 4391 30.66 33.98 ns 0.03
C18:2 1.66 1.78 1.42 1.70 2.04 ns 0.06
C18:3 0.53 0.31 0.35 031 0.61 ns ns

SFA 58.46 59.66 50.26 65.50 61.43 ns 0.04

SFA
1 150g
3
Sklan 1
,1989
50%
1
300g 150g

Smith
1984



45.3% 38.8%
9.8
C16
c18
pH
Wulf 2002
pH
GP
GP  100pmol/g pH
GP  100pmol/g
pH
pH
pH
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Development of Nuclear Transplant by Bovine Recipient Oocytes to Frozen Using
Microdroplet Method
15 33 36 (2000)
93.1 50
24.5
17.9
1 2)
Nuclear Transfer Using Frozen in Vitro Fertilized Bovine Embryos as Donor Cells
15 37 41 (2000)
4/9 44.4
13/22 64.3
6/16 37.5
203/357 56.9 139/357 38.9
208/278 74.8
137/278 49.3 458/840
54.5 254/840 30.2

1) 2) 3)
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Nuclear Transfer Using an in Vitro Bovine Fertilized Embryo Vitrified by Microdoroplet Method

for the Nuclear Transplantation of Donor Ceels

16 9 13 (2001)

55.6 10/18
44.4 4/9 590.1 13/22

42.3 175/414
31.6 89/282
48.7 55/113

1 2) 3)

The Production of Identical Twins by Separation of an in vitro Fertilized Bovine 2-cell Embryo

made an Ova Collected by Ultrasound-guided Folliclar Aspiratin Method

17 9 13 (2002)

19 2
38 7 711
4 63.2

1) 2)
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Production of Clone Embryos Using Recipient Oocytes Recovered by Ultrasound-guided

Folliclar Aspiration Method from Cows of the Same or Different Origin from Donor Cells

18 6 10 (2002)

94.9 96.4 53.6
100 85.2 59.3

98.3
914 60.3

2)

Utilization of Steel Slag for Cattle Waste Compost as a Dry Ingredient

154 1 6 2004

60
70 7.7

7.7 15.4
70

5.3
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Automatic Analyses of Chewing Behavior by Electric Strained Signals

50ms Magnetic-optical (MO)

Ccsv

TMR

155 23 28 2004

0.7
97.7

1/50

20

Effects of Rice Whole Crop Silage Proportion in Total Mixed Ration on Milk Production

Performance and Chewing Activity of Lactating Cow

40

WCS TMR
6 1 21 63
TMR
26 74 TMR26 30 70 TMR30
35 65 TMRS35 3
60 CP 17

TDN i

156 7 14 2005

P<0.05

TMR26 P<0.05

TMR35

TMR35
pH

TMR26

TMR35

TMR26 TMR35
TMR35
TDN
P<0.05
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100
TMR26 P<0.05 35kg/
TMR35 P<0.05 40 wcs TMR
TMR35  TMR30 P<0.05 26 30
TMR26 P<0.05 6.0 6.5kg/

TMR26 TMR35
P<0.05 329 /kg
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