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Abstract: A completely randomized design involving 4 X 2 factorial arrangement of treatments was used to investigate
effects of urea in diet (urea replaced diet CP of 0 10% 20% and 40% ) and fermentation time(24 and 48h) on rumen
fermentation parameters and the metabolism of urea in the rumen in vitro. Results showed that different amendments of
urea in diets and fermentation time had no significant effect on pH of rumen digesta (P >0.05) ; the concentration of
NH,-N however was increased significantly from 24 to 48h in each treatment (P <0.01). There was significantly
positive linear correlations between urea nitrogen in fractions of rumen digesta and the quantity of urea in diets (P <
0.01) and between the ratio of urea nitrogen to total nitrogen in fractions of rumen digesta and the quantity of urea in
diet. The distribution of diet urea in fractions of rumen digesta followed the order of supernatant fluid (54.88% ~
73.03% ) > undigested feed (27.83% ~ 37.56% ) > liquid-associated microbe (7.99% ~ 10.18% ) > particle—
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associated microbe(4.50% ~6.17% ) The quantity of urea in diets and fermentation time did not affect the trend of the

distribution.

15 . . . . . .
Key words: ~Ntracer technique; urea; rumen microbial protein; non-protein nitrogen
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Table 1  The nutrient content of the diets
treatment
item .
feeding standard CK I i m
digestable energy (DE MJ/kg) 13.00 12. 85 12.79 12.73 12. 50
crude protein(CP %) 14.38 14.37 14.34 14.32 14. 31
EE(%) 3.43 3.34 3.28 3.21
CF(%) 15.99 15.70 15.30 14.79
NFE(%) 57.27 58.71 60. 12 62.74
NDF(%) 37.87 38.23 37.97 37.99
Ca(%) 0.31 0.32 0.31 0.33 0.31
P(%) 0.25 0.33 0.29 0.29 0.25
S(%) 0.24 0.23 0.23 0.23 0.23
E-N(g/kgDM) 1.92 ~2.68 ~7.45 - 16. 88
V, 1550IU V,170IU V201U Fe 65mg Cu 15mg Mn 32mg Zn 40mg Co 0.28mg 11.32mg Se 0. 25mg.
Note: Diet contained (per kilogram diet DM) V, 1550IU V,170IU V 20IU Fe 65mg Cu 15mg Mn 32mg Zn 40mg Co 0.28mg I 1.32mg Se
0.25mg.
4x2 ) ‘ 50:50
24 "N 0% (Digestable Energy DE)
10% 20% 40 % (CK) . [N o
. I ¢ 0% +0.5% - 1.2
1.0% .2.0%) ;2 24 48h., 8 1.2.1 3 35 £2kg 12
10 1
o NY/T 816 — 2004 10d., (DM) 1.2kg
35kg- 0.2kg 8:00 6:00 1

(Energy Nitrogen Balance E - N) §
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Table 2 Design of experimental treatments

‘ CK I II I
e 24h 48h 24h 48h 24h 48h 24h 48h
diet CP replaced by urea(% ) 0 0 10 10 20 20 40 40
(% ) 0 0 0.5 0.5 1.0 1.0 2.0 2.0
urea in diet(% DM)
1.2.2 10d 1.5.1 40ml 1% .
8:00 0.85% 30s 60min 30s
250ml 4 220 x g\4°C 10min. 16ml
Cco, 2L 27000 x g.4°C 25min
39°C . 48h( - 58°C 12Pa) 3d
1.3 “N (Undigested Feed UDF)
1.500g "N 30. 02% DM.N% "N . 1.5.2 .
( ) 100ml 1.5.2 1.5.1 1000
15.000mg/ml(0. 495mmol N/ml) o x g+ 4C 10min., 8ml
Baumgardt "’ ! 27000 x g.4°C 25min
1L 48h( - 58°C 12Pa) 3d
5L CO, 2min pH (Particle-Associated Microbe PAM)
6.7 39°C (g/ DM.N% "N . 1.5.3
L) : NaHCO, 9. 80g NaHCO, 9.80g KCI 0.57g CaCl, o
0.04g Na,HPO, * 7H,0 7.00g NaCl 0.47g MgSO, * 1.5.3 1.5.2 27000 x
7H,0 0. 12¢g( ) g.4°C 25min. 8ml 27000
1.4 x g 4C 25min 48h
250ml ( -58°C 12Pa) 3d
(39°C £0.5C) ' (Liquid - associated microbe LAM) DM.
. N% "N .
1.500¢ DM ( )  250ml 1.6
100ml "N DM.CP.CA.EE.CF.NDF.NFE H
N ;pH PB10 pH (
2ml I 0.5ml°N );NH, -N: SF 10 ~20ml( N
+ 1. 5ml I 1ml"°N + 2mg) ( KJELTEC
1ml M 2ml°N co, SYSTEM 1002 DISTILLING UNIT TECATOR)
50ml co, " iN% : "
Oh 39°C +0.5%C .\ ZHT - 03 (
22r/min ’ 4 2 )
24 48h o 10 & Img/ml 1ml
1.5 (5 x10 °Pa) NH, - N
. "N 1 x107’
27000 x g.4°C 25min Pa.
pH (4°C) 50ml 1.7
-20°C NH, -N.N% "N o Excel2003 SAS 6. 12
Kennedy * .Koenig " 0 ANOVA LSD o
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2. 1.1 pH
2 3
(SF) pH (P >0.05)
2.1 pH 7.11
~7.45 o 24 48h (SF-
NH,-N) (P <0.01):
3. 24h SF-NH,-N
3 18. 61mgN/100ml
Table 3 Effect of treatments on indices of I I Il 20.86~ 21. 19
ruminal digesta 22.29mgN/100ml(P <0.01) 1 1
fermentation time (P <. 05) H I[[ (P >
fraction treatment 24h 48h SEM P O 05) ; 48h SF—NH;—N 24h
pH (30. 79mgN /100ml)
cK 7.24  7.45  0.09  0.14 I. I m 31.92. 32. 60
b 72 0.06 0 0.53 32. 86mgN /100ml(P <0.01) I I
SF I 7.11 7.15 0. 05 0. 46
i 7.19  7.37  0.10  0.23 (P <0.05) II I r >
SEM 0.07  0.10 0.05) -
P 0.57 0.15 2.1.2
mg N/100ml
CK  18.61°" 30.79" 0.54  0.00 3 24 48h
I 20.86™ 31.92"  0.41 0. 00 (UDF) (DM) :
SF-NH, I 21.19°%¢ 32, 60""¢  0.43 0. 00 DM 24h 378
| 22.29°¢ 32.86" 0.33 0. 00
SEM 0.47 0.26 ~906mg 48h 722 ~758mg;
P 0.00  0.00 24h UDF DM (P <
DM (me) 0.05) 48h  UDF DM (r>
CK 902" 758" 12.35 0. 00
I 906** 752"  11.52  0.00 0.05)- (PAM)
UDF 1 878°¢ 722" 7.63  0.00 (LAM) N
m 883¢ 755" 1572 0.00 (P >0.05) PAM.LAM
SEM 6.96 15.74
p 0. 02 0.35 24h °
DM (mg) 24h 48h
CK 44 51 4.28 0.28 pH :
1 49 41 2.88 0.10 SFNH. N
PAM I 48 46 3.24 0.77 3
1 46 38 3.27  0.15 ; PAM.LAM 24h
SEM 2.56 3.66 MCP 0 ~24h 24 ~48h
P 0. 60 0.09
24h
DM (mg)
CK 111 123 6. 69 0.26
1 111 103 4.48 0.22 o
LAM I 119 108 6. 00 0.22 2.2
m 117 109 7.96 0.54
SEM 4.78 7.12 N N
P 0.56 0.27
: AB.C(a.b) ) (P<0.05) n= o
10, 4
Note: Least squares means SEM based on n =10 values in the same 4.
column (row) followed by different superscripts A B C (a b) mean 4 UDF
significant difference at P <0.05. The same as following Table 4.
I

I| (P<0.05);  24h UDF
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4
N% ] M(P<0.05) 3
Table 4 Effect of treatments and fermentation time on (P >0.05); 48h
N% of ruminal digesta fractions (P >0.05) . PAM LAM
fermentation time
fraction treatment 3
24h 48h SEM P (P > 0. 05)
CK .62 4.37 0.16 0.28
462 PAM LAM
I 4.49"% 4.09" 0.10 0.02
1I 4.44"  4,00" 0.11 0.02 °
UDF I 4.35" 4.33 0. 14 0.94 2.3
SEM 0. 06 0.14
P 0.02 0.20
CK 8.03 8.32 0.28 0.47 NH3
I 8.65* 811" 0.17 0.05 N
I 8. 17 7.94 0.25 0.52 4 ( 4) . SF
PAM m 8.32 8. 65 0.22 0.32
SEM 0.22 0.25 NH, N (SF-
P 0.251  0.23 Urea-N) ; PAM (PAMUreaN) ; LAM
CK 6.62 6.70 0.09 0.53 (LAM—Urea—N) : UDF
1 6.70 6. 64 0.088 0.61 UDFU N
I 6.49  6.72  0.116 0.2l ( rea=N) .
LAM 111 6.59 6. 46 0.269 0.75
SEM 0.17 0.18 /
P 0. 85 0.75
5 N
Table 5 The distribution of urea-N in ruminal digesta fractions
N/ N
nrea-N (nmol)
urea N/total urea N (mol/mol)
fraction treatment
24h 48h SEM P 24h 48h SEM P
I 1394 181" 2.98 0. 00 56.17° 73.03" 1.21 0. 00
I 271" 34200 4.01 0. 00 54. 88" 69. 17" 0.81 0. 00
ac 3h 8.57 0. 00 . 48*° L 10MAP 0. 87 0. 00
SFUreaN 1 579 69 58.48 70. 10
SEM 13.92 11.96 1.05 0.99
P 0. 00 0. 00 0.07 0.03
I 15 124 0.87 0.03 6.17* 4.91° 0.35 0.03
I 278 24" 1.51 0.22 5.458 4.87 0.31 0.22
¢ ¢ 4.59 0. 56 .90" 4.50 0. 46 0.56
PAM-Urea-N I 48 a4 4.90
SEM 2.61 3.46 0.32 0.50
P 0.00 0. 00 0.04 0.82
1 244 244 1.59 0. 80 9. 88 9. 65 0. 64 0. 80
I 49" 508 1. 65 0.51 9. 86 10. 18 0.33 0.51
¢ ¢ 7.13 0.42 8.85 7.99 0.72 0.42
LAMUrea-N i 88 I
SEM 2. 60 5.73 0.48 0.70
P 0. 00 0. 00 0.25 0.10
I 934 874 4. 46 0.35 37.56 35.02 1.80 0.35
I 171 13844 7.55 0.01 34.53° 27.83" 1.53 0.01
¢ B 26. 88 . 84 33.17 33.95 2.72 0. 84
UDF-Urea-N I 328 336
SEM 6.47 19.61 1.17 2.67
P 0. 00 0. 00 0. 05 0.15
tA.B.C(a.b) () (P <0.05) n=10. .

Note : Least squares means SEM based on n =10

difference at P <0.05. The same as following Table 6.

values in the same column (row) followed by different superscripts A B C (a

b) mean significant
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2.3.1 I (P<0.05).
5 24h  48h SF-Urea-N. PAM-Urea-N. LAM-
SF-Urea-N Urea-N. UDF-Urea—N
(P <0.01);PAM-UreaN (P<0.05).
I
(P <0.05); LAM- (P<0.01) R’ 0.547 ~0.951
Urea—N (P >0.05); I ( 6).
I UDF-UreaN (P >0.05) o
6
Table 6 The regression equation for urea-N in ruminal digesta fractions to urea applied
fraction 24h R? P 48h R? P
. Y =14.75x - 14.62 0. 895 0. 000 Y =17.16x + 4.95 0. 945 0. 000
SF-Urea-N
Y = 1.10x + 4.52 0. 655 0. 000 Y = 1.07x+ 1.95 0. 547 0. 000
PAMUrea-N
Y = 2.08x+ 5.05 0. 887 0. 000 Y = 1.78x+ 9.52 0.554 0. 000
LAM-Urea-N
Y = 7.85x +14.23 0.951 0. 000 Y = 8.54x - 12. 46 0.739 0. 000
UDF-Urea-N
x: N N ;Y: N nmol n=10.

Note: Simple linear regression «x:represents the percentage of replaced diet N by urea N; Y: represents the nmol of N in the fractions derived from urea

n =10

2.3.2 /

5 24h 48h SF-
Urea-N/ (P <
0.05) . 24h 54.88% ~ 58.48%
48h  69.17% ~ 73.03% ; PAM-Urea-N/

I
(P >0.05) 24h  4.90% ~
6.17% 48h  4.50% ~4.91% ;

LAM-UreaN/ (rP >

0.05); UDF-Urea-N/
I Il (P >0.05) I
(P<0.05).
24h PAM-Urea-N/ + LAMUrea-N/
- UDF-Urea-N/
PAM-Urea-N/ P
<0.05) SF-UreaN/ o
48h PAM-UreaN/ +LAMUrea-N/
. UDF-UreaN/ (P>
0.05) SF-Urea-N/ (P <0.05).
24h  48h
SF > UDF > LAM > PAM
50% SF ;

UDF 27.83% ~37.56%

LAM 7.99% ~10.18% PAM 4.50% ~
6.17%
3
3.1 pH
pH N o
pH - -
5.0 ~
7 8 16
24h pH
pH
24 48h
(0.0.5.1.0 2.0) CP 0.10% ~20% -
40% pH 7.11 ~7.45
pH 17
6.8~7.5 . !
24h
pH Oh 6.70 ~6.74 24h 5.61 ~5.89
8h ;
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Stokes ' 12h
3 pH 5.9.6.6.6.3 6h
pH o
24h  48h
pH o
3.2 NH,-N
NPN
NPN
NH, 2 ~4h vy
NH,
* . Chizzotti ' : NPN
( + ) (CP 12.5% DM)
46. 5% o
0 ~2% DM( 0~40%)
NH,
24h  48h NH,
o 3 ~
0 ~24h
NH, 24h 24h
NH, o
NH, 48h 30.792 ~32.863mg/
100ml 24h 18. 608 ~22.292mg/100ml
(P<0.01). (PAM)
(LAM) DM N%
(UDF) DM N% 24 ~48h
48h NH,
o 24h
2 ~ 7 o
NH,
Stokes ' 3
NH, 48h 8.0 ~
21.2mg/100ml 27mg/100ml; 25
1% 5.21mg/100ml
21
NH, 5 ~22.89mg/100ml,
McAllan NH,
7mmol /L MN/RDN NH,
20mmol/L MN/RDN ; n

MN/RDN o

24h
48h
3.3
Storm 7
N 6.36% 7.77% ;Stokes 8 3
(% OM) 4.78% ~ 6.44% . 8.01% ~

8.87% ;Martin  (1994)
LAP ( Liquid-Associated Protozoa) «

LAB ( Liquid-Associated Bacteria ) PAB ( Particle—

Associated Bacteria) (% OM) 4. 7%
~5.5% .8.5% ~9.1%7.5% ~8.4% ; *
8.82% DM 7.33% DM
DM  4.8% ~10.6% DM
3.8% ~7.8% *
7
5.83% ~6.29% PAM LAM
N% 7.940% ~ 8.649% 6.461% ~
6.704%
PAM LAM
o PAM
LAM
3.4
30 31
o PN

SF.UDF.PAM LAM
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Dehority * o

pH (P >0.05)

SF-NH,-N
(P <0.01) 24h 18.61 ~
22.29mgN/100ml 48h 30.79 ~
32. 86mgN/100ml; PAM.LAM
24h MCP 0~
24h 24 ~48h NH, N
PAM.LAM

6.641% ~6.704% ; 24h

(P >0.05) 7.940% ~ 8.649%
48h

N

> > >

(SF-Urea-N > UDF-Urea-N > LAM-Urea-N > PAM- Urea—

N);

o
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