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The effects of dietary sucrose and the concentrations of plasma 
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I .  The rates of entry of urea into plasma, of urea degradation in the gastrointestinal tract, and the partition 
of that degradation between the rumen and post-ruminal tract were determined by use of ["Clurea and 
NaHl'CO, in Hereford steers receiving hay diets with or without sucrose. The concentrations of plasma urea 
and rumen ammonia were varied by infusions of urea into the rumen or abomasum. 

2. For all diets, plasma urea concentration was related to urea entry rate, to degradation of urea in the 
whole gastrointestinal tract, and to its degradation in the post-ruminal tract, but the relationship with its 
degradation in the rumen was poor. 

3. Degradation of urea in the rumen was related in a multiple regression in a curvilinear manner in three 
groups of diets (pasture-hay alone, pasture-hay-lucerne (Medicago sutiva) mixtures, diets with sucrose), 
and negatively to rumen ammonia concentration for pasture-hay diets, and diets with sucrose. 

4. Ruminal clearance of urea (rate of urea degradation per plasma urea concentration) was negatively 
related to the rumen ammonia concentration for steers given diets with sucrose, of pasture-hay with or 
without urea infusions. Provision of sucrose in the diet significantly increased clearance. 

5. Enhanced urea degradation in the rumen associated with dietary sucrose supplements accounted for 
0 4  of additional microbial N synthesis in the rumen. 
6. The partition of transfer of urea to the rumen via saliva and through the rumen wall is discussed. 

The conclusion that ruminants conserve significant amounts of nitrogen by transfer of urea 
from the blood to the rumen with subsequent utilization by the bacterial population (e.g. 
Houpt, 1970) has not received support in some studies with sheep given good- and poor- 
quality hay (Nolan & Leng, 1972; Nolan et al. 1976; Norton et al. 1978). In the latter studies, 
quantitative estimates of the rate of transfer of urea from the blood to the rumen (i.e. 
degradation of endogenous urea in the rumen), made by employing radionuclide tracer 
techniques, indicated that salivary transport of urea could account for most of the small 
quantities (0.4-1.2 g N/d) of urea transferred to the rumen. However, higher values (6.2-9-8 
g N/d) for urea transfer to the rumen were obtained for sheep given a pelleted grass diet; 
a maximum of 0.9 of the transfer was attributed to diffusion of plasma urea across the 
rumen epithelium (Kennedy & Milligan, 1978 a). The differences between these estimates 
both in total urea transfer and in the proportion of urea transported via saliva appeared to 
be associated with differences in concentration of rumen ammonia and with amounts of 
organic matter (OM) digested in the stomach (Kennedy & Milligan, 1978~2, b). 

In cattle, some estimates obtained by use of tracer techniques are available for the rate of 
urea transfer to the whole gastrointestinal tract of dairy cows given a grain-based ration 
containing urea (Mugerwa & Conrad, 1971) and to both the rumen and post-ruminal tract 
of cattle given low-quality sorghum stubble (Norton et al. 1979). 

In the investigations now reported, the extent of transfer of plasma urea to both the 
rumen and post-ruminal tract of cattle under conditions of varied intakes of digestible OM 
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Diet 
no. 

I 
2 
3 
4 
5 

6 

7 

8 
9 

10 
I 1  
I2 

Expt 
no. 

I 
I 
I 
1 
2 

2 

2, 3 

2 
2 

2 
2 

2, 3 

Table I.  Composition of experimental diets 
Dietary nitrogen 

Constituent and daily intake (kg) intake (g/d) 

3 pasture-hay* 
3 pasture-hay, 28 g urea 
3 pasture-hay 
3 pasture-hay, 500 g sucrose 
3.75 pasture-hay, I '25 lucerne (Medicago sutiva), 
I O J  sucrose, 16.4 g K,SO,, 60 g urea 
3.75 pasture-hay, 1-25 lucerne, 1-00 sucrose, 

3.75 pasture-hay, 1'25 lucerne, I-00 sucrose, 

5.0 pasture-hay, I sucrose, 10.0 g K,SO, 
5.0 pasture-hay, I sucrose, 10.0 g K,SO,, 

5.0 lucerne 
2.5 pasture-hay, 2.5 lucerne 
3475 pasture-hay, 1.25 lucerne 

60 g urea 

16.4 g K,SO, 

120 g urea 

Abomasal urea 
infusion (g/d) 

- 
- 
29 
29 

60 
- 

* Predominantly Dicanthium sericeum, Bothrichlou intermedia. 

and N was measured. In particular the relationship between urea degradation, plasma urea 
concentration, rumen ammonia concentration and fermentation of OM in the rumen was 
studied. A preliminary report of part of this work has been published elsewhere (Kennedy, 
'978). 

E X P E R I M E N T A L  

Cattle, diets and experiments 
Six Hereford steers (nos. 1-6) were fitted with permanent cannulas in the rumen and were 
maintained in individual stalls between experiments and in metabolism cages during the 
experiments. Four of the steers were also fitted with simple abomasal cannulas, sited 
40-60 mm from the pylorus. The steers were of average age 12 months and weight 202 
kg in the first series and 19 months and 235 kg during the second and third series of experi- 
ments. 

In the first series, diets nos. I ,  2 and 3 were given to three steers (nos. 1-3) during three 
periods, each of 14 d, in a Latin-square design (Kennedy, 1978). Concurrent with the final 
period, three additional steers (nos. 4-6) were given diet no. 4. All animals had received 
pasture-hay for 4 weeks before the start of the 'Latin-square' period. The ration was given 
in equal amounts twice daily to steers in stalls for the first 7 d of the experimental period, 
followed by hourly feeding in equal amounts to steers in metabolism cages for the remaining 
7 d. Infusions of [14C]urea and [14C]sodium bicarbonate were made after steers had been in 
metabolism cages for 4 and 6 d respectively, in order to measure urea transactions. 

In the second series of experiments, diets nos. 5-9 were given to each of two steers (nos. 
I and 2) according to a randomized-block design. In addition, in two successive periods, 
diets nos. 1 0  and I I were given to two steers (nos. 3, 4 and 5, 6 respectively), followed by a 
period during which diet no. 1 2  was given to all four steers (nos. 3, 4, 5 ,  6). The routine 
followed was identical to that of the first series of experiments, with the exception that 
steers were given the diet in stalls for a total of 1 4  d before being removed to metabolism 
cages for 7 d. 

The third series of experiments comprised two experimental periods of 21 d, in which two 
steers, both fitted with an abomasal cannula, were given diets nos. 7 and 1 2  for I I  d in 
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stalls before being removed to metabolism cages for 10 d. Markers were infused into the 
rumen over a 7 d period in order to measure flow of digesta through the abomasum. 

The composition of the diets is given in Table I .  Potassium sulphate was added in different 
amounts to diets containing sucrose in order to obtain different rates of ammonia utilization 
by rumen microbes. Urea was infused in solution (800 ml water/d) into the abomasum of 
steers given diets nos. 3,4 and 7). 

Experimental procedures 
In the first and second series of experiments, steers were prepared with catheters in each 
jugular vein, 2 d after having been removed to metabolism cages. At 17.00 hours on the 
third day, each steer was given an intravenous priming dose of [14C]urea (5 ml, 40 pCi/ml 
saline (9 g sodium chloride/l)) followed by a continuous infusion (800 ml/d, 0.5 pCi/ml 
saline) for 24 h. Blood (10 ml) and rumen fluid (20 ml) were taken at intervals of 45 min for 
the final 8 h of the infusion period. At 24 h after sampling had been completed, intraruminal 
infusions of NaH14C03 (800 ml/d, 0.38 pCi/ml, I mg NaHCO,/ml) were started and con- 
tinued for 24 h. Blood (10 ml) and rumen fluid (20 ml) were taken at intervals of 45 min for 
the final 8 h of the infusion period. Urine was collected over 3 d into hydrochloric acid for 
the estimation of urea excretion. 

In the third series of experiments, the flow of OM, non-ammonia-N (NAN) and microbial 
N was estimated by reference to chromium complexed with EDTA (CrEDTA) (Downes & 
McDonald, I 964) and the tris-( I, 10-phenanthro1ine)-ruthenium (11) chloride complex 
(Ru-P) (Tan, et al. 1971). These markers were continuously infused (150 mg Cr, 50 mg 
Ru/d, 800 ml/d) for 7 d, together with Na,%O, (500 pCi/d), after a priming dose (150 mg 
Cr, 50 mg Ru, 500 pCi %). Abomasal digesta (400 g) were collected at  07.30, 10.30, 13.30, 
and 16.30 hours on the final 3 d of infusion and bulked and stored at -15". A supernatant 
fraction was later prepared by centrifuging at  650 g for 30 min. The microbial component of 
abomasal digesta N was determined by reference to organic Y3 in abomasal digesta and 
an abomasal microbial fraction prepared by differential centrifugation (Kennedy et al. I 976). 

Analytical methods 
Urea in plasma and urine was determined by the diacetyl monoxime method of Marsh eta!. 
(1957). The specific radioactivities of urea-C in plasma and HC0,--C in rumen fluid were 
determined by the methods of Cocimano & Leng (1967) and Leng & Leonard (1965). 
Ammonia concentration was determined by steam distillation over magnesium oxide with 
titration by O O I  M-hydrochloric acid. Total N was determined using an autoanalyser 
(Crooke & Simpson, 1971) after Kjeldahl digestion. Abomasal digesta and its supernatant 
fraction were dried at  90" and the concentrations of Ru and Cr therein were determined by 
atomic absorption spectroscopy on samples treated according to the methods of Megarrity 
& Siebert (1977) and Christian & Coup (I  954). 

OM was determined by incineration at 600" for 6 h. 
The concentration and specific radioactivity of organic 86S was determined by the methods 

of Bird & Fountain (1970). 

Calculations 
The rates of entry of plasma urea, and of HC0,--C in rumen fluid, were calculated from the 
specific radioactivity at plateau and the isotope infusion rate during each infusion (White 
et al. 1969). The proportion of the secondary pool (blood or rumen fluid) derived from the 
primary (infused) pool (rumen fluid or blood) was determined from the relative amounts of 
plateau specific radioactivity in each pool during the infusion period. The rate of degrada- 
tion of plasma urea in the rumen was calculated as described by Kennedy & Milligan 
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(1978a), assuming that all blood urea-C is derived from blood carbon dioxide-C and that 
rumen fluid HC0,--C enters the blood urea-C pool via blood C02 only. The rate of degrada- 
tion of urea in the total gastrointestinal tract was estimated as the difference between urea 
entry and urinary urea excretion. In turn, the degradation of urea in the post-ruminal tract 
was estimated as the difference between urea degradation in the gastrointestinal tract and 
degradation in the rumen. Ruminal clearance of urea (l/d) was calculated as : 

rate of urea degradation in the rumen (mg N/d) 
concentration of plasma urea (mg N/1) 

The flows of OM, NAN and bacterial N were calculated by reference to CrEDTA and 
Ru-P as described by Faichney (I 975). 

Statistical analysis 
Values from the Latin-square (diets nos. 1-3) and the randomized-block (diets nos. 5-9), 
were analysed separately by analysis of variance. Large variation between animals within 
treatments was observed for some variables, leading to large standard errors of treatment 
means. However, since analysis indicated that between-animal effects were not a source of 
bias in the relationships between the variables of interest (i.e. the slopes of the relationships 
between the pairs of variables were similar in both the ‘animal’ line and the ‘diet’ line in a 
simultaneous analysis of variance of the variable pair (Seebeck, 1979)), regressions were 
fitted to the raw values within groups of diets. Polynomial terms were included if they 
reached significance (P < 0.05) (terms up to the fourth power were tested). Where slopes 
were not significantly different (P  < 0.05), the common regression was used. For the 
regression between urea entry rate and plasma urea concentration, logarithmic transforma- 
tion of both variables appeared appropriate since the variance was approximately propor- 
tional to the mean and the regression tended towards the origin. 

RESULTS 

Plasma urea concentration, urea entry rate and urea degradation 
The mean values (diets nos. 1-9 and 12) and individual values (diets nos. 10 and 11) for 
urea movements are given in Tables 2 and 3. Differences in urea metabolism between steers 
given the same diet were reflected primarily in plasma urea concentration and entry rate; 
the relationship between theqe two variables is shown in Fig. I. The logarithmic common 
regression with intercepts chculated for each dietary group, between urea entry rate 
(E, g N/d) and plasma urea concentration (17, mg N/I) for diets with or without sucrose were: 

with sucrose, diets nos. 4-9 log,,E = - 0~0209+0~84010gU, 
no sucrose, diets nos:r-3 and 10-12 log,,E = - 0~150+0~840l0gU. 

At a given concentration of plasma urea, the mean entry rate of urea in steers given su- 
crose was 35 % higher than in steers given diets without sucrose. 

Degradation of plasma urea in the gastrointestinal tract was closely related to plasma 
urea concentration (Fig. 2) for diets with or without sucrose. At concentrations of less than 
200 mg urea-N/1, there was more degradation of urea in cattle given diets with sucrose. 

For diets containing sucrose, the proportion of urea entering the plasma urea pool and 
which was subsequently degraded was highest, 0-88, for steers given the diet of hay without 
urea (diet no. 8) and was lowest, 0.46-0.47, for steers given dietary urea (diets nos. 6 and 9). 
For diets without sucrose, this proportion was highest, 0.62-0.67, for steers given lucerne 
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Fig. I .  The relationship between urea entry rate (g nitrogen/d) and plasma urea concentration 
(mg N/I) for steers given diets with sucrose (A, diets nos. 4-9) or without sucrose (0, diets nos. 1-3 
and 10-12). For details of diets, see Table I .  The regression equations were: 

diet nos. 4 9  y = 0.953.1?*~'~, 
diet nos. 1-3 and 10-12 y = 0 ~ 7 0 7 x O * ~ ~ ~  (Common residual SD antilog 0.068 = 1.169, R 0.94). 

(Medicago sativa) hay (diet no. to), and was lowest (0-34), for steers given lucerne-pasture 
(diet no. I I) (Tables 2, 3). 

Degradation of urea in the post-ruminal tract was closely related to plasma urea con- 
centration (Fig. 3). Degradation of urea in the rumen was closely related to plasma urea 
concentration for diets not containing urea or sucrose (diets nos. I and 10-12) but the 
relationship was poor for pasture-hay diets (diets nos. I-3), diets with sucrose (diets nos. 4-9) 
and for all diets (diets nos. 1-12) (Table 4). Inclusion of the quadratic term markedly 
improved the precision of the relationship for diets with sucrose (Table 4). 

The relationships of urea degradation in the rumen, post-ruminal and total gastro- 
intestinal tract with plasma urea entry were markedly different between steers given diets 
with sucrose and steers given pasture-hay without lucerne (Fig. 4). In particular, urea 
degraded in the rumen comprised a greater proportion of the plasma urea entry and of 
degradation in the gastrointestinal tract of cattle given sucrose than of cattle given the 
pasture-hay diets (Fig. 4 4 .  Rumen degradation accounted for o.go0.75 of urea degraded 
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G 
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I I I I 1 I 1 I _I 

50 100 1 50 200 
Concentration of plasma urea (mg N/I) 

Fig. 2. The relationship between degradation rate of urea in the gastrointestinal tract (g nitrogen/d) 
and plasma urea concentration (mg N/I) for steers given diets with (A,  diets nos. 4-9) or without 
(0, diets nos. 1-3 and IC+IZ) sucrose. For details of diets, see Table I .  The relationships were 
described by the equations: 

diet nos. 4-9 y = 4-44+0.321x-0.000813x* (residual SD (RSD) 447, R ow), 
Get nos. 1-3 and 10-12 y = -7903fO21zx (RSD 4.12, R 0.92) 

in the gastrointestinal tract of cattle given sucrose, compared to values of 0-34-0-61 in steers 
without sucrose (Tables 2 and 3). In addition, the curvilinear relationship, in which urea 
entry rates of > 50 gN/d were associated with a decrease of urea degradation in the rumen 
of cattle given sucrose, was not apparent in cattle given pasture-hay diets (Fig. 4b). 

Degradation of urea in the rimen, ruminal clearance of urea, and rumen ammonia 
concentration 

There was no simple relationship between degradation of urea in the rumen and rumen 
ammonia concentration, except perhaps in diets without sucrose or urea (diets nos. 10-12) 

(Fig. 5) .  Alternatively, the relationships could be considered to be described by a ‘family 
of lines’, with the relative position of each line determined by the composition of the basal 
diet (Fig. 5). 
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Fig. 3. The relationship between degradation rate in the post-ruminal tract (g nitrogen/d) and 
plasma urea concentration (mg N/1) for steers given diets with sucrose (A,  diets nos. 4-9) or 
without sucrose (0. diets nos. 1-3 and 10-12). For details of diets, see Table I .  

Fig. 4(u) Relationships in cattle given diets with sucrose (diets nos. 4-9) between the degradation 
rate of urea (g nitrogen/d) in the gastrointestinal tract (O) ,  in the rumen ( A )  and in the post- 
ruminal tract (A) and the entry rate of plasma urea (g  N/d). The relationships were described by 
the equations: 

gastrointestinal tract y = 1~82+0~864x-0~00551x2 (residual SD (RSD) 4'53, R 0.89), 
rurnen y = -3*2z+o.g5~x-ocqrqxP (RSD 4.53, R 0.80). 

post-ruminal tract y = ~ ~ ~ - o ~ o g ~ ~ x + ~ o o ~ ~ o x *  (RSD 2-22. R 091). 

(b) Relationships in cattle given diets without sucrose or lucerne (Medicugo sufiuu) (diets nos. 
I ,  z and 3) between the degradation rate of urea (g N/d) in the gastrointestinal tract (O) ,  in the 
rumen (A) and in the post-ruminal tract (A), and entry rate of plasma urea (g N/d). The relation- 
ships were described by the equations: 

gastrointestinal tract y = -0.914+0.594x (residual SD (RSD) 4.97, R 0.83), 
rurnen y = 6 . 2 6 f o . 1 1 2 ~  (RSD 2.60, R 0.47). 

post-ruminal tract y = -7*17+0482x (RSD 419, R 082). 

For details of diets, see Table I .  
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Table 4. Regressions relating urea degradation in the rumen (Dr, g nitrogenld) to plasma urea 
concentration (U, g N/I) and rumen ammonia concentration (A, g NII) 

c 

i : 2 0 -  
5 

E 
C 

m 

3 

o 
C 
0 
c. 
m U 

._ 

.t- 

.- 

E 10- 

s m 

Diet no. Regression equation 

1-3 Dr = 7'40+24'7u 
Dr = 4.07+73*2u- 162-5U2 
Dr = 10~2+53.1U-817A 
Dr = 1 ~ 0 6 + 1 9 4 U - 4 6 1 ~ ~ - ~ 1 ~ 7 A  

I, 10-12 

4-9 

1-12 

NS, not significant. 
* P < 0 0 5 ,  *** P < 0'001. 

Residual SD 

2.7 I 
2.90 
I '50 

I -60 
I -29 
I a66 
1.32 

5'76 
4'70 
3'79 
I -27 

1'10 

R P  
0-387 NS 
0.408 NS 
0*882*** 

0942- 
0966*** 
0944- 
0.969*** 

0386* 

0.861 *** 

0.949*** 

0.777*** 

0987+*+ 

4.09 0.638*** 
3'94 o.685*** 
3'94 o.685*** 
3'84 0.71 8*** 

- 
50 100 150 200 250 

Concentration of rumen ammonia (mg N/I) 

Fig. 5. Relationships between the degradation rate of urea in the rumen (g nitrogen/d) and rumen 
ammonia concentration (mg N/I) for cattle given diets with sucrose (A,  diets nos. 4-9), pasture-hay 
diets without sucrose or lucerne (Medicago sarivu) (0, diets nos. 1-3). or pasture-hay-lucerne 
mixtures (0 ,  diets nos. 10-12). For details of diets, see Table I .  The relationships were described 
by the equations: 

diet nos. 4-9 y = 7.21 +o~357x-o~oo2o8x2 (residual SD (RSD) 5'57, R 0.67), 
diet nos. 1-3 y = - ~ ~ ~ ~ + o ~ ~ o z x - - o ~ o o 2 ~ ~ x 2  (RSD 1.38, R 0.90). 
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Fig. 6. The relationship between ruminal clearance of plasma urea (I/d) and rumen ammonia 
concentration (mg nitrogen/l) for steers given diets with sucrose (A, diets nos. 4-9), pasture-hay 
diets without sucrose or lucerne (Medicago sutivu) (0, diets nos. 1-3), or pasture-hay-lucerne 
mixtures (0 ,  diets nos. 10-12). For details of diets, see Table I .  The regression equations were: 

diet nos. 4-9 y = 291 - 1.371 (residual SD (RSD) 13-7, R 0.98), 
diet nos. 1-3 y = 136-0.687~ (RSD 9.97, R 0.91). 

Inclusion of the significant (P < 0.05) terms relating degradation of urea in the rumen 
(Dr, g N/d) to plasma urea concentration ((I, mg N/I) and rumen ammonia concentration 
( A ,  mg N/1) within three dietary groupings accounted for 90% or more of the variance in 
each regression. The relationships were: 

no sucrose or lucerne, diets nos. 1-3 

Dr = 1~06+o~r94U-o~000461U~ -0.og17A (residual SD (RSD) 1-10, R 0.95), 
(f0.057) (fo.000 184) ( f 0 ~ 1 5  1) 

pasture-hay-lucerne mixtures without sucrose, diets nos. I ,  10, I I ,  12 

Dr = ro6-o~068U+oooo538U2 (RSD 1-29, R 0-97), 
(foo69) (foooo226) 

https://doi.org/10.1079/BJN
19800072  Published online by Cam

bridge U
niversity Press

https://doi.org/10.1079/BJN19800072


P. M. KENNEDY 

Table 5 .  Expt. 3. Intake of organic matter (OM) and nitrogen, digestion of O M ,  andflow of 
non-ammonia-N(NAN) and microbial N from the stomach of steers given two diets* 

Steer no.. . . 
Diet no.. . . 

I 4 1 4 
7 7 I2 I2 

OM intake (kg/d) 456 456 3-69 3.69 
Apparent OM digestion in rumen (kg/d) 2.18 2.3 I 1'51 I .68 
Dietary N intake (g/d) 78.4 78.4 78.4 78.4 
Flow of NAN from abomasum (g/d) 100'2 105.0 72.1 76.2 
Flow of microbial N from abomasum (g/d) 62.1 65.2 36.4 39'4 
Microbial synthesis/kg OM digested 28.5 28-2 24-1 23-5 
Net gain of NAN in stomach (g/d) 21.8 26.6 - 6.3 - 2'2 

* For details of diets. see Table I. 

with sucrose, diets nos. 4-9 
Dr = - o ~ ~ o ~ + o ~ ~ I ~ U - O ~ ~ ~ I ~ ~ U ~ - O ~ I ~ ~ A  (RSD 1-27, R 0.99). 

(f0-027)( ~ 0 ~ 0 0 1 2 )  (fo.01 3) 

Negative linear relationships were evident, within diets nos. 1-3 and 4-9, between ruminal 
clearance of urea in the rumen (C I/d) and rumen ammonia concentration (Fig. 6). The 
relationships were described by the regression equations: 

with sucrose, diets nos. 4-9 C = 291 -1.37A (RSD 13-7, R 0.98), 
no sucrose or lucerne, diets nos. 1-3 C = 136 -0.687A (RSD 9.97, R 0.91). 

The relationship was not significant for diets containing varying proportions of pasture- 
hay-lucerne (diets I ,  10, I I ,  12) where clearance (meanfsm) was 86 (& 12) l/d. 

Entry rate of HC03--C in the rumen 
The entry rate of HC0,--C in the rumen tended to increase with increasing amounts of 
dietary sucrose, and to increase further with dietary urea (Table 3). For diets without 
sucrose, the rate of entry of rumen HCO,--C was increased by increasing the proportion 
of lucerne in the diet (Table 2). 

Digestion and microbial production in the rumen 
The addition of I kg sucrose to  the lucerne-pasture-hay mixture together with additional 
urea infused into the abomasum (diet no. 7 compared with diet no. 12) was associated with 
marked increases in flow from the abomasum of non-ammonia-N and microbial N of 
approximately 28 g N/d (Table 5) .  Approximately 0.4 of this increased flow could be 
accounted for by the increased degradation (from 10.9 to 21.8 g N/d) of plasma urea in the 
rumen. Efficiency of microbial synthesis per kg OM apparently digested in the stomach was 
increased by 19% (from 23.8 to 28.4 g N/kg OM) by addition of sucrose to the diet. 

DISCUSSION 

In the experiments reported here it was found that for a given concentration of plasma urea, 
the rate of entry of plasma urea was 35 % higher in steers given sucrose than in steers without 
sucrose. The results thus indicate that the fractional turnover rate of plasma urea was 
increased by dietary sucrose; this was primarily due to increased degradation of urea in 
the rumen (Fig. 4). Previous work with sheep showed that the relationship between plasma 
urea concentration and transfer of urea to the gastrointestinal tract depended on the nature 
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of the diet (Cocimano & Leng, 1967; Ford & Milligan, 1970; Allen & Miller, 1976) and the 
age of the animal (Allen & Miller, 1976). 

The proportion of the urea entry that is degraded in the gastrointestinal tract is deter- 
mined by diet. In sheep the range is 0-17-0-92 (Cocimano & h n g ,  1967; Ford & Milligan, 
1970; Faichney, 1974a; Allen & Miller, 1976; Nolan et al. 1976; Faichney 8c White, 1977; 
Norton et al. 1978; Nolan & Stachiw, 1979), with the lower values associated with high 
intakes of dietary urea (Allen & Miller, 1976), protein (Cocimano & Leng, 1967; Faichney 
& White, 1977) and high concentrations of plasma urea (Cocimano & Leng, 1967). For 
dairy cattle given a grain-based diet, the proportion decreased from 093 to 059 with 
increased urea intake (Mugerwa & Conrad, 1971). For a range of cattle breeds given a low- 
quality sorghum stubble, degradation in the gastrointestinal tract represented 
0484.91 of urea entry in the plasma (Norton et al. 1979). A similar range (034-0-89) was 
observed in the present experiments. Norton et al. (1978) found in sheep given grasses of 
low nutritive value that the amount of urea degraded in the post-ruminal tract was related 
to plasma urea concentration, while urea degradation in the rumen was dependent both on 
the plasma urea concentration and the secretion rate of saliva. In the cattle results reported 
here, degradation of urea in the post-ruminal tract was also closely related to plasma urea 
concentration for all diets (Fig. 3), in agreement with the suggestion of Norton et al. (1978) 
that passive diffusion of urea into the post-ruminal tract was the major factor controlling 
degradation. 

The mean value for urea degradation in the rumen of steers given pasture-hay with 
infusions ofurea into the abomasum (diet no. 2) was 8.6 g N/d, equivalent to 43 mg N/d per kg. 
This estimate was similar to that, 42-49 mg N/d per kg body-weight, estimated for steers 
receiving a similar diet and intravenous urea infusion reported by Vercoe (1969) who used a 
technique which did not rely on radionuclide tracers. The limit to urea degradation in the 
rumen was attained at similar rumen ammonia concentrations (50-100 mg N/I) in both 
Vercoe’s (1969) study and in the present study. However, degradation of urea in the rumen 
was higher in diets with sucrose up to a rumen ammonia concentration of approximately 
160 mgN/1 (Fig. 5). This finding supports the conclusion of Faichney (1974b) that the 
capacity of sheep to dispose of exogenous urea was enhanced when rumen ammonia levels 
were less than 200 mg N/I. 

The proportion of urea degraded in the gastrointestinal tract which was attributable to 
rumen degradation was 0.~0-0.75 for steers given sucrose, 0.34-0.57 for steers without 
sucrose (present study) and 0-1 84-49 for steers given a low-quality sorghum hay (Norton 
et al. 1979). The proportion for cattle appears therefore to vary with diet, but tends to be 
higher than that, 008-0-53, reported for sheep (Nolan & Leng, 1972; Nolan et al. 1976; 
Norton et al. 1978; Nolan & Stachiw, 1979). Further information is required for sheep and 
cattle given the same diets before conclusions can be drawn about inter-species differences 
in the partition of urea degradation between rumen and post-ruminal tract. 

For cattle receiving roughage diets without sucrose or urea supplements (diets nos. I, 10, 
I I and 12), degradation of endogenous urea in the rumen was determined largely by plasma 
urea concentration, in agreement with the conclusions of Nolan & Leng (1972) and of 
Norton et al. (1978), that most of the transfer of urea into the rumen can be attributed to 
salivary secretions. On the assumption that salivary urea concentration was 0.65 that of 
plasma urea (Bailey & Balch, 1961), a ruminal clearance of urea of 100 I/d would require a 
salivary secretion of I 55 I/d if all the cleared urea were carried to the rumen via saliva. This 
is well within the range of values for saliva secretion in cattle (100-190 l/d) reported by 
Bailey & Balch (1961). 

When the complex influences of varying dietary quality are removed by restricting con- 
sideration to diets of similar composition, it becomes apparent that both concentration of 
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plasma urea and of rumen ammonia affect transfer of urea to the rumen of cattle. This 
observation is in accord with that of Kennedy & Milligan (19784,  who found an inverse 
relationship in sheep between transfer of urea to the rumen and rumen ammonia con- 
centration, with plasma urea concentrations varying between narrow limits. 

The two variables, rumen ammonia concentration and ruminal clearance of urea, were 
closely related (Fig. 6) and thus gave approximately the same precision of prediction of urea 
degradation in the rumen when either varible was included in a multiple regression with 
plasma urea concentration within two dietary groups (diets nos. 1-3 or diets nos. 4-9). 
However, by expression of rumen degradation of urea in terms of clearance, tentative 
conclusions can be drawn as to the relative importance of transport of urea by saliva and by 
movement across the rumen wall. Assuming that all urea transferred into the rumen was 
carried in saliva, the maximum value of urea clearance of 281 I/d observed with diet no. 8 
(Table 3) would require a salivary secretion rate of 432 I/d for its transport, and the observed 
relationships between clearance and rumen ammonia concentration (Fig. 6) would further 
imply that rumen ammonia concentration was negatively related to saliva production. A 
more reasonable explanation for these observations is that the lowest value of ruminal 
clearance of urea observed (49 l/d, diet 3) represented urea transported in 75 I saliva, with 
clearance above 50 l/d ascribed to transfer of plasma urea across the rumen wall. Thus a 
maximum of 230 1 plasma/d was cleared of urea which crossed the rumen wall (diet no. 8), 
representing 0 8 2  of total clearance to the rumen. This value is similar to the maximum, 
0.90, found in sheep given brome-grass (Bromus inermis) pellets (Kennedy & Milligan, 

The conclusion that transfer of urea into the rumen of sheep occurs principally by saliva 
has been derived from measurements in sheep given lucerne hay (Nolan & Leng, 1972; 
Nolan et al. 1976) and low-quality pasture grasses (Norton et al. 1978), in which urea 
transfer to the rumen was low, representing a clearance of 4-1 I I/d. However, the suggestion 
(Kennedy & Milligan, 19783) that these low values of urea transfer were due to the limita- 
tion of urea transfer by high concentrations of rumen ammonia or low intake of digestible 
OM has now received support from the results reported here for cattle. In addition, a high 
clearance (45 I/d) has been recently reported by Nolan & Stachiw (1980) for sheep given a 
mixture of wheaten chaff, lucerne and molasses. When ruminants are given a range of hay 
diets of differing nutritive value (e.g. diets nos. I and 1-12), the clearance of plasma urea 
across the rumen wall may on the one hand be limited by the low intake of digestible OM 
for low-quality forages, and on the other hand, by high concentrations of rumen ammonia 
for high-quality forages. Thus urea entering the rumen would be carried mainly in saliva 
when roughages are fed. Energy supplements, and perhaps pelleting in the instance of some 
grasses, result in the enhancement of urea transport across the rumen wall. 

For a given group of diets of equivalent digestible OM, the relationship between ruminal 
clearance of urea and rumen ammonia concentration must be curvilinear, since clearance 
comprises a component (salivary transport) which is not dependent on ammonia con- 
centration. This curvilinearity is evident in sheep (Kennedy & Milligan, 1979) and pre- 
sumably would also be evident in cattle with concentrations of rumen ammonia higher than 
those observed in the present experiments. Indeed the decreased slope of the relationship 
of clearance with rumen ammonia concentration for diets nos. I ,  2 and 3 may be due to this 
curvilinearity, and therefore further results may reveal similar slopes for the relationship 
below a concentration of 90 mg ammonia-N/l, with digestible OM intake affecting only the 
intercept of the regression, 

Ruminal clearance of urea through the rumen wall has been equated with permeability by 
Engelhardt et al. (1978), which would imply that the functional surface area of the rumen 
mucosa through which urea movement occurs remains constant. However, the significant 

19784- 
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reduction in variance with the inclusion of the quadratic term U2 in the relationships 
between degradation of urea in the rumen and the concentration of rumen ammonia and of 
plasma urea, implied that plasma urea concentration affected degradation of urea in the 
rumen in a way which was not completely accounted for by changes in clearance. Changes 
in the proportion of blood flow through arterio-venous anastamoses caused by an increase 
in plasma urea concentration, with a consequent change in the area of mucosa available for 
urea transport, is one possible explanation for this observation. 

The increased ruminal clearance of urea associated with dietary sucrose provided a 
quantitatively-significant source of N available for microbial growth in cattle receiving 
abomasal urea infusions. The calculation that enhanced transfer of urea to the rumen in 
cattle given sucrose represented for only 0.4 of additional passage of microbial N from the 
abomasum implies that incorporation of ammonia into microbial protein was likely to be 
more efficient in steers given sucrose, associated with a decline in the concentration of 
ammonia and consequently in the rate of absorption of ammonia from the rumen. Calcula- 
tions from Tables I ,  2 ,  3 and 5 show that microbial N flow represented 0.42 of N entering 
the rumen in the diet and as endogenous urea for steers nos. I and 5 given diet no. 12, but 
this value was 0.64 for the same steers given additional sucrose. Thus, the increased effi- 
ciency of incorporation of ammonia into microbial protein in cattle given sucrose would 
result in the contribution of endogenous urea-N accounting for more than 0.4 of the 
additional microbial N synthesis. These results are in agreement with those for sheep given 
sucrose as reported by Potthast et al. (1977). However, when ruminants are given an energy 
supplement such as sucrose, the increased ruminal clearance of urea results in only a small 
gain of N in the rumen unless plasma urea concentrations are high. For a steer of the size 
used in the present experiments given a low-quality roughage with a consequently low 
plasma urea concentration of 50 mg N/1, a supplement of sucrose which caused an increase 
in clearance of 150 l/d would result in an extra 7.5 g N/d being made available to the 
rumen micro-organisms, if the drop in plasma urea concentration caused by increased urea 
transfer to the rumen is ignored. Consequently, if microbial synthesis requires about 35 g 
OM/g microbial N (Table 5),  260 g sucrose/d would be utilized for additional microbial 
synthesis. 

In summary, it is evident that urea movement across the rumen wall may be substantial 
and is subject to control by the concentration of rumen ammonia and by some function of 
OM digestion in the rumen, but the identity and number of the sites of control of clearance 
is not clear. 

The technical assistance of Mr  C. R. Holmes is gratefully acknowledged. The author is 
indebted to Dr R. M. Seebeck for useful discussion. 
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