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Table 1. Chemical composition of feed'.
Thimothy hay Silage Alfalfa Alfalfa Corn
Silage Silage
Vegetative’ Bloom Grass Mixed (LM) (HM) silage
Ingredient, % of DM
Timothy 96 90
Orchardgrass 100 50
Alfalfa 50 100 100 91
Corn
Soybean meal 4 10 9
Nutrient, % of DM
DM 86.9 86. 6 27.8 28.9 49.0 21.8 43. 1
OM 92.4 94. 0 93.2 91.2 89. 3 90. 2 95.5
CP 10.9 10. 6 12. 4 14. 1 17.9 20.5 11.2
CPd 6.3 5.5 8.1 7.9 - 10. 2 6.3
CPs 2.7 2.3 6.8 7.1 - 8.9 4.0
ADF 34.4 37.6 40. 5 39.1 34. 6 39.4 21.4
NDF 62. 8 63.5 62. 6 41.8 44. 8 46. 5 34. 6
EE 2.67 2.23 6. 14 6. 70 3.85 5.17 3.21
Ca 0.25 0. 25 0.53 1. 04 1.18 1.27 0.18
P 0.27 0.22 0.27 0.29 0.29 0.27 0.23
Mg 0.10 0.10 0. 20 0.24 0. 26 0. 25 0.11
Na 0.03 0.07 0.42 0. 20 0.04 0.07 0.04
K 2.52 1.78 1.32 2.32 3. 28 2.64 1.10
Cl 0.70 0.63 0.95 1. 05 - 0.92 0.23
S 0.12 0.09 0.21 0.22 - 0.31 0.10
DCAD’ mEq/kg 389. 6 236. 3 121.7 247.5 - 253. 4 171.7
"All values expressed on a DM basis except for DM. LM:Low moisture, HM:High moisture.
‘Late vegetative.
*Calculated as milliequivalents of (Na+ K)-(Cl+ S).
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Table 2. Chemical composition of feedl.

33 T VHRIE RS BAE TR SRR O

H 0D 2 5 T LRI (P B O 2 it

The ratio of alfalfa

LEENTWAT-D, ZZCTRLULERINE
WEHDT ORI EDETH 5,

0 20 35

Ingredient, % of DM N =R A — P PE &

Alfalfa silage 0 20 35 EHEE=ERE— GE+R) e
Grass silage or hay 70 50 35 4. EEHE

§$X§?2ffDM 30 30 30 HEEHLELL, SAS (1988) OGLM7 b &
DM 50. 1 46. 0 58.9 ‘:/’\7%&: ct D ?ji’) 71—:0 357,‘:, ﬁ’i‘?‘LtFO)?‘*‘
OM 92.8 90. 8 92. 4 HIXHEIR T, AX AR, EFRIXRT
CP 15.2 16.0 15. 1 R L BT % R 0 MR BAREGE DN
CPd 8.9 8.5 8.1 ER AR T, B, R AR
o oo o RTINSy & O BURATE=b, AT
NDF 50. 3 46. 6 46. 3 {LOM, ®[{HE{LN D F B L OB O ME
EE 3.8 4.1 3.6 GREOMFRE, ERREIZRT~OHEH
Ca 0.48 0.73 0.71 BOSWRHEHR LUK & 0 RI%
P 0.36 0.32 0.37 bk,

Mg 0.19 0. 20 0.21

Na 0. 20 0.17 0.13

K 1.73 2. 30 1.95 m % R

Cl 0.84 0.94 0.76 1. BAEDHEEREA I VO RES

S 0.22 0.23 0.24 A OMLER, =X —HB LW
DCAD',mBa/ke 152 251 193 A5 R R R F TR LT, M0 TR B

"All values expressed on a DM basis except for DM.
*Calculated as milliequivalents of (Na+ K)-(Cl+S).
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Table 3. Least squares means of digestibility and energy balance of dry cows..

Thimothy hay Silage Alfalfa Alfalfa  Corn
- - Silage Silage
Vegetative' Bloom SEM  Grass Mixed SEM  (LM) (HM) silage
n 2 2 2 2 12 2 2
Body weight, kg 586 584 44 673 636 16 615 740 654
DMI, kg/d 6.88 7.04 0.57 8.23 853 0.8 7.99 882  7.51
Water intake, kg/d 25.0  30.3 7.8 10.4  10.1 4.8  29.2 2.9 7.6
Block salt intake, g/d ~ 21.1 14.7 14.3  48.9  52.1 5.5 - 15.9 55. 8
Feces, kgDM/d 1.91 2.68  0.22  3.23  3.39  0.24 2.72  3.65  2.09
Urine
Volume, kg/d 7.4 5.5 2.4 10.6 14 1.6 17.3 14. 4 7.4
pH 7.94 7.64  0.20 7.66  8.15  0.29 - 8.26  7.94
Digestibility, %
DM 72.2%  62.1° 1.0 61.9  58.7 1.8 65.9 58.6  72.1
OM 74.8°  64.5¢ 0.5 64.0  59.7 1.7  67.5  59.5  74.7
CP 52.7  52.1 55  60.0  60.3 2.2 70.4  67.7  62.0
ADF 76.8°  57.8¢ 0.9 61.9% 503" 2.1 58.5  46.5  58.5
NDF 80.3°  63.3¢ 0.8 65.0° 52.8° 2.6  60.0 45.7  59.4
EE 53.0  59.4 2.0 79.1% 75.1P 0.9 62.3 67.2  80.1
Ca 11. 4 0.1 3.3 6.8  11.1 7.1 16.7 14.8  12.3
P 0.6 1.0 2.3 22.1 19.7 18.9 13.0 5.3 11.8
Mg 18.6 13.8 3.8 35.8  22.5 15. 4 19.5 16.8  26.2
K 69.7  62.1 10.9  82.2%  91.3P 2.2 87.6  90.0  71.2
Energy balance
GE, MJ/d 128.7 133.4  10.9 168.5 157.1 16.7 144.1 171.0  143.0
DE, MJ/d 104.6  90.9 11.7 104.6  90.9  11.7  94.1  97.8 104.5
ME, MJ/d 75.5  62.8 3.5  84.8  73.1 100  75.0 85.3  86.0
DE/GE, % 71.8°  60.8" 1.1  62.0 57.8 1.2 65.3 57.3  73.1
ME/GE, % 58.7°  47.2° 1.5 50.2  46.5 1.3 52.0  49.9  60.1
ME/DM, MJ/kgDM 10.84%  8.86" 0.24 9.91* 8.86" 0.24  9.38  9.60 11.47
Energy loss, MJ/d
Feces 36.6  52.4 4.7 63.9  66.1 5.3 50.0  73.2  38.5
Urine 3.6 5.8 2.5 7.8 7.0 0.5 8.0 2.5 5.4
Methane 13.3 12.6 1.1 12.0 10. 7 1.3 11.1 10. 1 13.2
CH. production, I/d  336.5 317.4  27.2 303.5 271.6  31.9 280.8 256.2 333.0
CH./DM, 1/kgDM 49.0  45.0 2.0  35.6° 32.9° 0.4 351 29.0  44.3

ABPCo. 10,22 P<0. 05,9 P<0. 01
"Late vegetative.
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Figure 1. Methane production of cows fed a) orchardgrass(A) or orchardgrass +
alfalfa (A), b) timothy at the stage of late vegetative () or bloom (4) and
c¢) corn silage ((J) or alfalfa (W).
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Figure 2. Relationships between a) digestible OM (), b) digestible NDF ([J) or ¢)
dietary ME (@) and fecal and methane production of cows.
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Table 4. Least squares means of digestibility of nitrogen and mineral of dry cows.

Thimothy hay Silage Alfalfa Alfalfa Corn
1 X Silage Silage
Vegetative: Bloom SEM  Grass Mixed SEM (LM) (HM) silage

n 2 2 2 2 12 2 2
N balance, g/d
Intake 119. 6 118.1 6.9 169. 2 186. 0 26. 2 220.9 289.0 134.1
Excretion
Feces 56. 1 56. 7 4.0 67.1 74. 4 9.6 64.7 93.4 50.9
Urine 52.3 55.0 11.0 89.4 106. 6 10. 0 117.9 165. 6 75.7
Absorption 63.5 61.4 9.9 102. 2 112. 5 17.5 146. 5 195. 6 83.2
Retention 11. 2 6.4 5.9 12. 8 5.9 12. 6 38.3 30.0 7.5
Ca balance, g/d
Intake 17.2 17.6 1.1 43.3% 8574 7.4 92,7  112.3 13.7
Excretion
Feces 15.2 17. 6 0.6 35. 6° 75.9% 3.9 76. 8 95.5 12. 2
Urine 0.6 0.6 0.3 1.8 0.9 0.2 2.4 1.9 0.9
Absorption2 2.0 0.1 0.6 7.7 9.8 4.4 15.9 16. 8 1.5
Retention 1.4 -2.4 1.6 5.9 8.9 4.3 13.3 14.9 0.8
P balance, g/d
Intake 18. 4 16.0 1.2 22.8 24.0 3.0 22.6 24.2 17.2
Excretion
Feces 18. 2 15.8 0.9 17.6 18. 8 2.6 19.7 22.9 15. 4
Urine 0.5 0.4 0.2 2.8 1.1 1.9 1.3 0.3 1.5
Absorption2 0.2 0.2 0.4 5.3 5.3 5.1 3.0 1.3 1.9
Retention -0.4 -1.1 0.8 2.4 4.2 3.3 3.9 3.7 2.2
Mg balance, g/d
Intake 6.9 7.2 0.5 17. 4 19.7 2.5 20.0 21.7 8.5
Excretion
Feces 5.6 6.2 0.6 10. 7 15.3 2.4 16. 1 18.0 6.3
Urine 0.8 1.0 0.1 2.5 3.6 0.4 3.1 3.8 1.9
Absorp‘[ion2 1.3 1.0 0.3 6.7 4.4 3.2 3.9 3.7 2.2
Retention 0.2 -0.1 0.3 4.3 0.8 3.4 0.8 -0.1 0.4
K balance, g/d
Intake 173. 6 125. 6 11.5 112.7°  190.0? 10.9 255.8 232.9 82.5
Excretion
Feces 51.5 46. 4 13.3 19.7 16.5 1.5 30. 7 23.7 23.8
Urine 71.3 59.4 28.9 58.7° 182.2° 12.1 213.6 215.8 54. 7
Absorption2 122. 1 79. 3 24.2 93.0> 173.5° 1.1 225.1 208.9 58. 7
Retention 50. 8 22.0 10. 7 34. 47 -8. 8P .1 11. 4 -6.9 4.0
ABPco. 10, P<0. 05,9 P<0. 01
"Late vegetative.
“Apparent absorption
Yye = 0.214"Xnin—16.6 Xin) & KWILE (Yew), KRAPKEEMHE (Yew) 12
Yie = 0.176™Xnint31. 3™ (ZLLT DRRE DG b7,
Yy = 0.610"Xnw—14. 7 Yior = 1. 056" Xkin—55. 8™
KEHE & KEMED 2 Vi3 KPRt &R Yeow = 1. 018" Xxiu—34. 2"

EFRBERRITE O Do 20y, KERE L JRE & RP~DOEFZYEME (r=0.78), JRHP~DKHE
KN E (r=0.98), R~ KHEE (r=0.83) M & (r=0.92) 20, 1%/KUETHE 72BN RD 5
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Figure 3. Relationships a) between N or K intake and their absorption (>) and
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K intake and their urine excretion ([1) and
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Table 5. Least squares means of digestibility and
energy balance of cows during dry period.
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Effect of roughage on methane production and excretion of nitrogen

and mineral in dry cattle

S. KuME, K. NoNnakaA and T. OsHITA

Summary

Thirty six balance trials with 32 energy
metabolism trials were conducted to clarify the
methane production and the excretion of
nitrogen and mineral of dry or pregnant cows fed
various roughage. Alfalfa silage, timothy hay,
orchardgrass silage or corn silage were offered
to meet the TDN requirements of the cows. The
results obtained were as follows: 1) methane
production of cows increased with the increased
digestibility of organic matter or NDF, and the
amounts of feces decreased with the increased
dietary ME, 2) most of nitrogen and K were

excreted into urine of cows and urine production
increased with the increased urine excretion of
nitrogen or K, but the urine production was
mainly affected by urine K excretion, 3) large
amounts of Ca, P and Mg were excreted in feces
of cows, 4) feeding corn silage decreased the
amounts of feces due to the high ME content and
feeding alfalfa decreased methane production
due to the low NDF, 5) feeding high N and high K
alfalfa or

high K grass increased urine

production.



