
HAL Id: hal-02724576
https://hal.inrae.fr/hal-02724576

Submitted on 2 Jun 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License

Digesta flows in sheep fed poor-quality hay
supplemented with urea and carbohydrates

Isabelle Ortigues, J.P. Fontenot, J.G. Ferry

To cite this version:
Isabelle Ortigues, J.P. Fontenot, J.G. Ferry. Digesta flows in sheep fed poor-quality hay supplemented
with urea and carbohydrates. Journal of Animal Science, 1988, 66, pp.975-985. �hal-02724576�

https://hal.inrae.fr/hal-02724576
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr


DIGESTA FLOWS IN SHEEP FED POOR-QUALITY HAY SUPPLEMENTED 
WITH UREA AND CARBOHYDRATES 

I. Ortigues 1'2'3 J. P. Fontenot I and J. G. Ferry 4 

Virginia Polytechnic Institute and State University 5 
Blacksburg 24061 

ABSTRACT 

Two metabolism trials were conducted with 12 yearling crossbred wethers per trial (34 and 
38 kg for trials 1 and 2, respectively). The wethers, equipped with ruminal, abomasal and ileal 
cannulae, were randomly allotted for each trial to the following treatments: 1) bay alone or hay 
supplemented with 2) .9% urea, 3) 1% urea and 6.5% molasses or 4) 1% urea and 5.2% corn. Two 
digestive flow markers were used: Cr203 powder and Co-ethylenediaminetetraacetic acid (Co- 
EDTA). Urea and Co-EDTA were infused continuously into the rumen via cannula. Daily dry 
matter (DM) intake averaged 517 g. Urea supplementation improved N retention (P < .01). Appar- 
ent digestibility of DM, acid detergent fiber (ADF) and energy was not affected by treatment. 
Urea and carbohydrate supplementation increased ruminal propionic acid molar proportions 
(P < .05). Apparent ruminal DM digestion accounted for 41% of the total DM degraded, whereas 
77.4% of the digestible ADF was degraded in the rumen. Urea supplementation increased ADF 
digestion in the large intestine (P < .01). Urea and carbohydrate supplementation resulted in a 
stepwise increase in N flowing with the liquid phase at the abomasum. Mean retention times of the 
solid and liquid phases of digestive contents were similar across treatments. Overall, benefits of 
supplementation of poor-quality fescue hay diets by small amounts of urea and readily available 
carbohydrates remain questionable for sheep fed at a fixed level of intake below maintenance. 
(Key Words: Urea, Molasses, Maize, Ruminants, Sheep, Festuca.) 

Introduction 

Large improvements have been accomplished 
in forage production and conservation; how- 
ever, large quantities of poor-quality forages are 
still produced. Intake of  such forages is gener- 
ally limited, and N supplementation is essential 
for optimal intake (Church and Fontenot,  
1979). Urea, a relatively inexpensive source of  
N, is widely used, but responses to urea have 
been variable, without any apparent explana- 
tions (Johnson, 1976). 

When a low-N basal diet is supplemented 
with urea, a source of  carbohydrate is required 
(Mills et al., 1944). It is generally believed that 
urea-molasses supplements are beneficial in 
grazing management. In a grazing trial with 
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sheep, Nolan et al. (1975) calculated that a 
urea-molasses supplement was used as an energy 
source, and in no instance did it prevent the 
sheep from losing weight. In another trial with 
sheep fed oat straw and urea, the addition of  
starch increased feed intake, weight gain and 
wool production, but at least 10% starch was 
required for a net gain in tissue energy storage 
(Mulholland et al., 1976). Corn was shown to 
improve N retention to a greater extent than 
cane molasses, when fed at more than 40% of 
the diet (Bell et al., 1953). 

The objectives of  this study were to deter- 
mine the effects of  urea on the use of  poor- 
quality hay by sheep and to compare the 
further supplementation of sugarcane molasses 
or corn grain. Nitrogen and energy supple- 
ments were fed at levels equivalent to the level 
of  intake of  urea-molasses liquid supplement 
when self-fed in a lick tank (Ortigues et al., 
1982). 

Experimental Procedure 

Animals. Two metabolism trials were con- 
ducted with 12 yearling crossbred (Western • 
Suffolk) wethers (avg weight, 35.9 kg) in each 
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TABLE 1. COMPOSITION OF THE DIETS a 

Supplement 

Urea + Urea + 
I tern None Urea molasses corn 

% 
Ingredient composition b 

Fescue hay 100.0 98.4 92.5 93.1 
Urea .9 1.0 1.0 
Sugarcane molasses 6.5 
Ground corn grain 5.2 
Corn gluten meal .7 .7 

Chemical composition b 
Dry matter 90.4 90.5 88.5 90.4 
Crude protein 7.0 9.9 10.2 10.3 
Acid detergent fiber 46.3 45.6 42.8 43.4 
Cellulose 36.5 36.0 33.8 34.1 
Lignin 9.3 9.2 8.6 8.8 

Gross energy, kcal/kg 4288 4258 4179 4267 

aMineral supplement consisting of 10 g of trace mineral salt and 10 g of defluorinated phosphate was fed 
daily to each wether. 

bDry-matter basis. 

trial. The wethers were equipped with aboma- 
sal, ileal and ruminal cannulae. The wethers 
were fitted, 2 mo before the trials, with a single 
plexiglass-polyethylene cannula 6 at the aboma- 
sum (10 cm from the pyloric valve, and ex- 
teriorized behind the last rib) and a T-shaped 
stainless-steel cannula 6 at the distal ileum (10 
to 15 cm from the ileo-cecal juncture, and 
exteriorized higher up on the right flank). A 
single ruminal cannula made from Tygon tubing 
(id 1.25 cm) and glued together with cyclo- 
hexanone was subsequently implanted non- 
surgically according to a modification of the 
procedure described by Faichney and Cole- 
brook (1979) for ruminal catheters. No diffi- 
culties were experienced with the abomasal and 
ileal cannulae, whereas ruminal cannulae al- 
lowed leakage of ruminal fluid on most wethers 
after 6 mo. 

Wethers were blocked by weight and ran- 
domly allotted to the treatment groups for each 
trial with the restriction that no animal would 
receive the same treatment during the two 
trials. Wethers were kept in metabolism crates 
allowing separate collection of feces and urine 
(Briggs and Gallup, 1949). 

6 Precision Machine Co., Lincoln, NE. 
~Mandostat, New York. 

Diets. Four treatment diets were compared 
(Table 1). The basal diet consisted of chopped, 
poor-quality fescue-clipping hay. The supple- 
ments used were urea, sugarcane molasses, 
ground corn grain and corn gluten meal. 
Amounts  of dry matter (DM) consumed were 
equalized across treatments on the basis of 90% 
ad libitum intake achieved by wethers on the 
basal diet. 

The diets were fed in two equal portions at 
12-h intervals. Urea was infused continuously 
into the rumen via cannulae, using multichannel 
cassette infusion pumps7; a sham infusion of 
water was administered to the control group. 
Chromic oxide powder (2 g/d or 1 g/feeding) 
was introduced into the rumen at mealtime, 
and Co-EDTA (2 g/d) was infused continuously 
into the rumen with the urea or sham infusates. 
At the end of the sampling period, the daily 
administration of markers was stopped and 
single larger doses of Cr203 (6 g) and Co-EDTA 
(6 g) were administered at feeding time to mea- 
sure mean retention time. 

Experimental Plan. Each trial consisted of a 
6-d transition period, a 10-d preliminary period 
and a 7-d collection of feed, feces and urine. 
This was followed by a 6-d sampling of feed, 
feces, blood, ruminal fluid and gas, abomasal 
and ileal contents and a 5-d total collection of 
feces every 4 h. Fecal material was collected 
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daily, dried in a forced-air oven at a maximum 
of  ,50 C and composited.  Urine was collected in 
15 ml of  50% H2SO4 (v/v), subsampled and 
coraposited. Samples were taken of  blood (via 
jugalar puncture), of  ruminal fluid (from the 
ventral sac, via cannula) and of  ruminal gas 
(through cannula, using a device similar to that  
described by Sumio et al. [1983] ) o n c e  daily, 
advancing the time by 4 h each day to represent 
every 4 h of  the clock. The ruminal gas samples 
were stored in vacutainers previously filled with 
N2. Abomasal and ileal contents were sampled 
manually at 12-h intervals daily, advancing the 
time by 2 h each day to represent every 2 h of  
the clock. They were then composited on an 
equal-volume basis. Samples of  digestive con- 
tents were then centrifuged at 2,000 x g for 
10 min. Liquid phase, obtained by pouring off 
all the supernatant,  was frozen at - 2 0  C until 
further analyses. The residues, considered as 
representing the solid phase, were freeze-dried 
and ground through a .5-mm screen. 

Chemical Analyses. Ammonia  was deter- 
mined according to the Conway (1958) pro- 
cedure, chromic oxide according to Hill and 
Anderson (1958), and cobalt by atomic ab- 
sorption s after a nitric-perchloric acid diges- 
tioga. Energy was determined with an adiabatic 
bomb calorimeter 9, and methane and carbon 
dioxide by procedures described by  Schauer 
and Ferry (1980). 

In samples of  the collection period, N was 
analyzed by the Kjeldahl procedure (AOAC, 
19.30); N was analyzed for the sampling period 
by Nesslerization (Umbreit  et al., 1957). Non- 
protein-N was separated from protein-N by tri- 
chloroacetic acid precipitation. The method of  
Coulombe and Favreau (1963) was used to 
determine urea. Acid detergent fiber (ADF) and 
lignin were analyzed according to Goering and 
Van Soest (1970). Volatile fat ty  acids (VFA) 
were measured by  gas chromatography by  pro- 
cedures described by Panditharatne et al. 
(1986). 

Calculations. Fecal excretion during the sam- 
pling period was calculated from the Cr203 
co~acentrations in feces corrected for 100% 
fecal recovery. The flow rates of  liquid and 
solid phases were calculated according to 
Armentano and Russell (1985), assuming the 
wethers were in a steady state over a 24-h 

SSpectrophotometer 403, Perkin Elmer Corp., 
Norwalk, CT. 

9Parr Instrument Co., Moline, IL. 

period. In these conditions, the instantaneous 
rate of change in the amount of marker over 
t ime at the point  of sampling is equal to zero; it 
is also equal to the difference between the 
quanti ty of marker arriving at the point  of  sam- 
piing and that  leaving. The equations were as 
follows: 

ARI = F s [Cr2Oals + FL [Cr203]L 

and 

AR2 = F s [Col s + FL [Col L; 

therefore, 

( A R I "  [ C o l  s - -  AR2" [Cr2Oa]s) 

FL - ( [Cols"  [Cr203lL -- [ColL" [Cr203ls)  

and 

(AR2 -- FL" [Col L) 
FS - [Co] S 

The terms ARI and AR2 are the rates (gg 
marker/min) of continuous administration of  
Cr203 and Co, respectively; F S and F L refer to 
flow (g digesta phase/min) of the solid and 
liquid phases, respectively; [Cr203]s and 
[Cr203]L refer to concentrations of  Cr203 in 
the solid and liquid phases, respectively; and 
[Col s and [CO]L refer to concentration of 
Co in the solid and liquid phases, respectively 
(~g marker/g digesta phase). 

Marker concentrations in abomasal and ileal 
solid and liquid phases were adjusted based on 
the difference in total  fecal recovery of  Cr and 
Co from 100%. The f l o w  rate of any con- 
st i tuent was assumed to be equal to the sum of  
the flow rates of that consti tuent in the solid 
and liquid phases as follows: flow of nutrient = 
FL(nutrient)L + Fs(nutr ient)  S. The mean re- 
tent ion t ime was calculated as described by 
Faichney (1975). 

Statistical Analyses. The ruminal and blood 
variables were analyzed according to a split- 
plot design with time trend, block effect nested 
within trial as the split-plot factor. The model  
included trial, t reatment,  block (within trial), 
time, trial x t reatment,  t reatment  • t ime and 
treatment  x block. Balance trial and the flow 
data were analyzed according to the following 
model:  trial, block (within trial), t reatment  
and trial • treatment.  In both models the error 
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mean square was that  for trial x t r ea tment  x 
block in teract ion.  Because of  missing observa- 
t ions for  two sheep caused by large feed re- 
fusals, the  data  were analyzed by SAS (1982),  
using the least-squares procedure  described by 
Harvey (1975). T rea tmen t  means were  com- 
pared by  or thogonal  contrasts.  Contrasts  were 
supplemented  vs. unsupplemented ,  urea vs urea 
plus carbohydra te  supplementa t ion ,  and 
molasses vs corn supplementa t ion .  T ime  effect  
was tested by or thogonal  polynomials .  

Results 

Dry Matter Intake. The  main feature of  
these data is that  the level of  intake was gen- 
erally very low as de termined  f rom the  ad libi- 
tum intake of  wethers  on the basal diet. It was 
observed, however ,  that  wethers  receiving the  
urea supplemented  diets would  have increased 
their  intake, relative to  the cont ro l  group,  if  
a l lowed to. Drv ma t t e r  in take was 10% higher 
in the  second than in the  first trial, probably  
due to elevated DM and N contents  of  the  hay 
(1.04 and 1.21% N, dry basis, in the  first and 
second trials, respectively).  This d i f ference in 
intake was responsible for the  trial or trial • 

t r ea tment  effects no ted  for some variables. 
Trea tment  differences were  greater  in the  first 
than in the second trial, hence  the in terac t ion  
term.  In bo th  trials, however ,  effects  were  in 
the  same direct ion,  which explains the  presen- 
ta t ion  of  the  average results only.  Differences in 
urea feeding across diets (Table 1) resulted f rom 
variations in the  volumes of urea solut ion 
effect ively  infused. 

Weigbt Cbanges. At the  beginning of  trials 
1 and 2, wethers  weighed 33.5 kg and 38.3 kg, 
respectively.  They  lost an average o f  2.8 kg and 
6.4 kg during the  respective trials. For  the  two  
trials, weight  losses averaged 4.01, 4 .23,  5.29 
and 4.95 kg for  the  wethers  fed the cont ro l  diet  
and diets supplemented  with urea, molasses and 
corn, respectively.  

Marker Recovery. Based on total  fecal col- 
lection,  recovery of  Cr203 and Co averaged 
98.47 + 1.47% and 106.78 -+ 1.76%, respec- 
tively. Urinary recovery o f  Co was 3.83 -+ .24%. 

Balance Trial. Apparen t  digestibil i ty o f  DM 
and ADF was low and was no t  affected by  
t rea tments  (Table 2). Apparen t  N digestibil i ty 
for the  to ta l  diet  was improved by urea supple- 

menta t ion  ( P <  .01). If  urea digestibili ty is 
assumed to be 100%, then supplements  did no t  

TABLE 2. APPARENT DIGESTIBILITY OF DRY MATTER, ACID DETERGENT FIBER, 
NITROGEN AND ENERGY, AND NITROGEN BALANCE a 

Supplement 

Urea + Urea + 
Item None Urea molasses corn SE b 

Dry matter intake, g/d c 517 519 509 523 1.3 

Apparent digestibility, %c 
Dry matter 44.9 45.1 47.5 46.9 .45 
Acid detergent fiber 44.0 44.2 44.7 43.1 .58 
Crude protein de 25.2 52.1 51.4 53.3 .93 
Energy e 43.6 45.0 46.8 46.0 .62 

Nitrogen balance, g/d 
Intake cd 5.8 9.0 9.0 9.5 .09 
Fecal c 4.3 4.4 4.4 4.4 .05 
Urinary cd 3.8 5.0 5.6 5.2 .20 
Retention d --2.3 --.4 --.9 --.1 .23 

aLeast-squares means. 

bstandard error of the mean. 

CTrial effect (P < .05). 

dValues for the hay diet are different from values for the urea, molasses and corn supplemented diets 
(P < .01). 

eTrial X treatment interaction (P < .05). 
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TABLE 3. RUM1NAL AND BLOOD MEASUREMENTS OF WETHERS 
FED POOR-QUALITY HAY a 
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Supplement 

Urea + Urea + 
Measurement None Urea molasses corn SE b 

Ruminal 
pH 6.78 6.91 6.87 6.85 .03 
Methane cd 59.7 52.0 52.5 59.2 1.58 
NH3-N , mg/dl e 5.0 11.6 12.8 13.1 .60 
Total volatile fatty acids, wH/ml 70.7 73.6 74.8 78.1 1.29 
Volatile fatty acids, M/IO0 M 

Acetic acid d 75.0 74.7 72.8 73.8 .37 
Propionic aeiddefg 19.2 19.7 21.7 19.6 .28 
Isobutyrie acid d .2 .3 .1 .3 .04 
Butyric acid d 5.6 5.1 5.4 6.4 .16 
Isovaleric acid .0 .1 .0 .1 .01 

Acetic/propionie d 3.92 3.86 3.42 3.80 .07 

Blood urea-N, mg/dldefg 9.3 14.4 16.2 14.7 .46 

aLeast-squares means. 

bstandard error of the mean. 

c[CHJ(CO2 + CH4)] X 100. 

dTrial X treatment interaction (P < .05). 

evalues for the hay diet are different from values for the urea, molasses, and corn supplemented diets 
(P < .01). 

fValues for the urea supplemented diet are different from values for the molasses and corn supplemented 
diets (P < .05). 

gvalues for the molasses supplemented diet are different from values for the corn supplemented diet (P < .05). 

affect  N digestibili ty o f  the hay.  Nitrogen bal- 
ance was negative for  all t rea tments ,  but  urea 
addi t ion  improved  N re tent ion  (P < .01). 

Ruminal and Blood Parameters. No treat-  
ment  • t ime  in teract ion was observed for any 
of  the  parameters  measured,  indicating tha t  the  
kinetics of  ruminal  digestion were  no t  altered 
by urea or carbohydra te  supplementa t ion .  
Ruminal  pH was similar among t rea tments  and 
was relatively stable after  feeding (Table 3). 
Ruminal  NH3-N and b lood urea-N concentra-  
t ions were not  affected by  t rea tments .  Concen-  
t rat ions in these variables decreased for  6 to 
10 h af ter  feeding and increased thereaf ter  
(P < .01). Tota l  V F A  varied be tween  70.7 and 
78 /~M/ml (Table 3). Urea and carbohydrate  
supplementa t ion  resulted in stat ist ically signifi- 
cant  stepwise increases in molar  propor t ions  o f  
p rop ionic  acid. Branched-chain V F A  were no t  
found at all t imes nor  in all wethers ,  and valeric 
acid was never de tec ted .  Concent ra t ions  o f  
total  V F A  (Figure 1) and acetic,  propionic  and 
butyr ic  acids decreased l inearly wi th  t ime af ter  
feeding (P < .01). There  was a t endency ,  how-  

ever, for  this decrease to start  only  6 h after  
feeding, t he  t ime  ruminal  pH tended  to be 
lowest.  Propor t ions  o f  me thane  in the  rumen  
gas were  high (Table 3) and increased linearly 

(P < .01) wi th  the t ime after  feeding (Figure 2). 
Methane p ropor t ion  tended  to be higher for 

HOy 

90 #~ '~  - -  Hoy I.krm] 
j~P ~ - - - -  Hoy U~IKI MolG~S411t 

i .o 
l I I IIo iI 2 4 6 8 

HOURS AFTER FEEDING 

Figure 1. Postprandial changes in ruminal concen- 
trations of total volatile fatty acids in wethers. Stan- 
dard error for treatment • time interaction is 4.01. 
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Figure 2. Postprandial changes in proportion of 
methane in ruminal gas in wethers. Standard error for 
treatment X time interaction is 3.07. 
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t h e  con t ro l  and  corn  s u p p l e m e n t e d  diets ,  b u t  
d i f fe rences  were  no t  s ignif icant .  

Sites of Dry Matter and Acid Detergent 
Fiber Digestion. As ca lcula ted  b y  d i f fe rence  

b e t w e e n  t h e  measu red  fecal  DM o u t p u t  o f  t h e  
co l l ec t ion  and  sampl ing  per iods ,  sampl ing  
r emoved  an  average o f  12% of  t he  DM of  the  
digest ible  con ten t s .  

Dry  m a t t e r  f lows a long t h e  gas t ro- in tes t ina l  
t r ac t  were s imilar  across t r e a t m e n t s  (Table  4).  
Dry m a t t e r  f lowing  wi th  t he  l iquid phase  repre-  
sen ted  15% and 14% of  t h e  t o t a l  DM f low at  
t he  a b o m a s u r n  and  i leum, respect ively.  The  
a p p a r e n t  DM diges t ion in the  in tes t ines  was 
qu i te  i m p o r t a n t ,  c o m p a r e d  w i th  p re - in tes t ine  
diges t ion.  In fact ,  41%, 36% and  23% of  t he  
a p p a r e n t l y  d iges t ib le  DM was digested in t h e  
s t omach ,  small  in tes t ine  and large in tes t ine ,  
respect ively.  F lows of  A D F  were based  solely 
on  t he  solid phase  (Table 5). The  s t o m a c h  com- 
p a r t m e n t s  were  t he  p r imary  sites o f  A D F  diges- 
t i on ,  a ccoun t ing  fo r  t h e  d e g r a d a t i o n  of  77% of  
the  diges t ib le  ADF.  Urea s u p p l e m e n t a t i o n  in- 

TABLE 4. DRY MATTER FLOW AND DIGESTION IN WETHERS 
FED POOR-QUALITY HAY a 

Supplement 

Urea + Urea + 
Item None Urea molasses corn SE b 

lntake, g/d cdef 523 521 509 519 .9 

Flow, g/d 
Abomasum 

Solid phase 352 362 331 357 7 
Liquid phase c 59 62 63 70 4 

Ileum 
Solid phase 273 284 277 284 6 
Liquid phase c 40 43 42 50 2 

Feces 283 260 261 266 4 

Digested 
Pre-intestinally 

g/d 113 98 115 92 7 
% of intake 21.3 18.9 22.5 17.6 1.3 

Small intestine 
g/d 97 96 75 94 6 
% of intake 18.6 18.4 14.7 18.2 1.1 

Large intestine 
g/d c 35 67 57 70 5.2 
% of intake c 6.6 12.7 11.1 13.3 1.0 

aLeast-squares m cans. 

bstandard error of the mean. 

CTrial effect (P < .05). 

dValues for the hay diet are different from values for the urea, molasses, and corn supplemented diets 
(P < .01). 

evalues for the urea supplemented diet are different from values for the molasses and corn supplemented 
diets (P < .01). 

fValues for the molasses supplemented diet are different from values for the corn-supplemented diet (P < .01). 
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TABLE 5. ACID DETERGENT FIBER FLOW AND DIGESTION IN WETHERS 
FED POOR-QUALITY HAY a 

981 

Supplement 

Urea + Urea + 
Item None Urea molasses corn SE b 

Intake, g/d cdef 249 245 225 230 .6 

Flow, g/d 
Abomasum 149 152 137 148 4 
Ileum 122 132 126 130 3 
Feces 128 117 115 122 2 

Digested 
Pre-intestinally 

g/d 100 92 87 82 4 
% of intake 40.1 37.8 38.9 35.6 1.6 

Small intestine 
g/d 27 21 11 18 3 
% of intake 10.8 8.4 5.1 8.2 1.4 

Large intestine 
g/d d -4  14 11 9 2.0 
% of intake d -1.7 5.8 4.8 3.7 .8 

aLeast-squares means. 

bstandard error of the mean. 

CTrial effect (P < .01). 

dvalues for the hay diet are different from values for the urea, molasses, and corn supplemented diets 
(P < .01). 

evalues for the urea supplemented diet are different from values for the molasses and corn supplemented 
diets (P < .01). 

fValues for the molasses supplemented diet are different from values for the corn supplemented diet (P < .01). 

creased (P<.01) ADF digestion in the large 
intestine. 

Sites of Nitrogen Digestion. Total N flow at 
the abomasum represented 173%, 108%, 116% 
and 128% of N intake for the control, urea, 
urea-molasses and urea-corn supplemented 
diets, respectively (Table 6). Digestion of  N in 
the intestines was not different (P > .05) among 
treatments, but the extent  of N digestion in the 
small intestine tended to be greater for the con- 
trol diet and the diet containing the urea-corn 
supplement. 

Mean Retention Time. The mean retention 
time (+ standard error) of  Cr203 in the entire 
gastro-intestinal tract was 39 + 1.5, 41 + 1.25, 
38.5 + 1.5 and 38.0 + 1.5 h for the control and 
for diets supplemented with urea, with urea 
plus molasses and with urea plus corn, respec- 
tively. The mean retention t ime of  cobalt was 
32.0 +- 2.0, 33.2 +- 1.8, 31.0 + 2.0 and 29.5 + 
2.0 h, respectively. No significant differences 
among treatments were observed. 

Discussion 

The low intake of poorly digestible forage 
by cannulated, growing wethers made the 
wethers more susceptible to stress. Indeed, 
wethers in the present study consumed only 
29% of the NRC (1985) recommendations for 
digestible energy of 35 kg wethers growing at 
285 g/d and 19% to 32% of the recommended 
crude protein levels. These intake figures do not 
account for the removal of  digesta by sampling. 
The problems relating to the use of poor- 
quality forages by ruminants are therefore 
linked to some extent with those problems of  
feeding animals below maintenance, and illu- 
strate some of the difficulties that can be en- 
countered in such studies. 

Lignification of the hay was high, which 
impeded ruminal degradation. Consequently, 
the level of digestible energy intake was too low 
to permit large benefits from urea. Adding 
small amounts of carbohydrates was of no ap- 
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TABLE 6. NITROGEN FLOW AND DIGESTION IN WETHERS 
FED POOR-QUALITY HAY a 

Supplement 

Urea + Urea + 
Item None Urea molasses corn SE b 

Intake, g/d cde 5.89 8.66 8.38 8.93 .05 

Flow, g/d 
Abomasum 

Solid phase 8.74 7.59 7.38 9.56 .28 
Liquid phase 
Total cdef 1.47 1.80 2.37 1.91 .06 
Nonprotein-N cd 1.26 1.59 2.02 1.64 .05 

Ileum 
Solid phase 3.96 3.80 4.38 3.50 .17 
Liquid phase 
Total c 1.30 1.56 1.62 1.76 .11 
Nonprotein-N c .70 .92 .95 1.09 .06 

Feces 3.97 3.72 3.95 3.85 .07 

Digested 
Pre-in testin al, g/d d -4 .32 - .  74 - 1.38 -2.53 .28 
Small intestine 

g/d 4.95 4.02 3.76 6.20 .37 
% of intake 83.6 47.1 44.1 70.5 5.0 

Large intestine 
g/d 1.27 1.65 2.05 1.29 .21 
% of intake 21.3 18.0 24.7 14.7 2.8 

aLeast-squares means. 

bstandard error of the mean. 

CTrial effect (P < .O1L 

dvalues for the hay diet are different from values for the urea, molasses, and corn supplemented diets 
(P < .Ol). 

evalues for the urea supplemented diet are different from values for the molasses and corn supplemented 
diets (P < .05). 

fValues for the molasses supplemented diet are different from values for the corn supplemented diet (P < .05). 

parent  benef i t .  The  poor  nutr i t ional  status o f  
the  wethers  and the addit ional  stress due to 
removal  of  nutr ients  by sampling o f  digesta 
probably  increased the variabili ty o f  response 
among animals. 

Nitrogen re tent ion  was improved by  urea 
infusion (P < .01) but  no t  by carbohydra te  addi- 
t ion.  In a similar exper iment  wi th  Pangola grass 
hay,  Martin et al. (1981) obta ined a significant 
stepwise increase in N re tent ion  with  addi t ion 
of  urea and molasses. Those authors used 
slightly higher levels o f  molasses than were used 
in the  present s tudy.  The  enhanced N re ten t ion  
observed here with urea supp lementa t ion  con- 
tradicts the  t rend for  higher body  weight  losses 
observed wi th  these t rea tments .  It  is no t  l ikely 
that  differences in weight  loss could be  artifacts 

due to  differences in gut fill, because DM diges- 
t ibi l i ty and rates of  passage of  digesta along the 
tract  were similar across t rea tments ,  whereas 
differences in DM intake were  only  slight. 

Mean re ten t ion  t imes were  similar across 
t rea tments ,  a l though dis turbances in digesta 
f low might  have occurred as a result  o f  sam- 
piing. Values of  the  mean re tent ion  t ime  of  the  
solid phase are similar to those quo ted  by 
Warner (1981) for whole  digesta of  sheep fed 
hay. Campling et al. (1962) noted that  urea 
infusions increased rate of  passage of  f o o d  with 
ad l ibi tum feed intake. With restr icted intake, 
the  increase in rate of  passage was no t  so large, 
and Redman  et al. (1980) did not  de tec t  any 
effect  of  urea  supplementa t ion .  

It can be ques t ioned  whe ther  the t rend for  
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additional weight loss of wethers fed the urea 
diets resulted from an energy requirement for 
excreting excess N in the form of urea. Because 
the wethers were on a low-energy status, body 
reserves would be used, and it is known that 
NH3 detoxification is related to energy metabo- 
lism (Visek, 1972). Based on a hypothesis pro- 
posed by Krebs (1964), and assuming a ratio of  
muscle protein to water loss of  1 to 3, it can be 
calculated that to excrete the excess N, the 
required energy derived from muscle break- 
down would account for 48%, 14% and 15% of 
the weight loss difference between the control 
diet and the urea, urea-molasses and urea-corn 
diets, respectively. These values are minimal 
estimates due to the uncertainties attached to 
calculating the energy cost of urea synthesis 
and excretion in the urine (Grisolia and Ken- 
nedy, 1966; Oldham and Lindsay, 1983). 

Ruminal fermentations, as determined from 
pH, VFA concentrations and molar propor- 
tions, and methane are characteristic of poor- 
quality forage diets (Thomas and Rook, 1981) 
and showed only slight changes with sup- 
plementation. The linear changes of VFA 
concentrations with time point to slow rumi- 
nal degradation of hay not altered by urea 
supplementation, and are consistent with the 
suggestion that with such forages the ruminal 
microbial population is relatively stable (Barry 
et al., 1977; Thomas and Hodgson, 1979). The 
high acetate and methane proportions reveal 
the inefficient pattern of ruminal fermentations 
relative to the metabolism of  end-products of 
digestion in ruminants (Thomas and Rook, 
1981). Theoretical methane production was 
calculated using the stoichiometry of formation 
of  fermentation end-products (~rskov et al., 
1968) and yielded values of  methane propor- 
tions 5 to 13 percentage units lower than those 
measured experimentally. The largest discre- 
pancies were related to a higher variability of  
the results and could indeed be due to the 
sampling technique (Jouany and Senaud, 
1979). 

Apparent pre-intestinal DM digestion was 
less than DM digestion in the whole intestines. 
Because of the low intake and the low digesti- 
bility of  the diets, the relative importance of  
endogenous plus microbial DM is magnified. 
Assuming that the DM of the abomasal liquid 
phase is mostly of microbial or endogenous 
origin (Hogan et al., 1969; Poncet, 1976) or is 
composed of  solutes, all the remaining non- 
degraded dietary DM was recovered in the 

solid phase. In this case, the rumen accounted 
for the degradation of  67% of the total DM 
digestion. This figure is closer to the measured 
value of 77% of the ADF digestion taking place 
in the rumen; to a large extent the difference 
probably was caused by the presence of micro- 
bes in the solid phase (Czerkawski, 1986). 

No S was supplemented, so N to S ratios 
were 59 to 1, 89 to 1, 32 to 1 and 93 to 1 for 
the control, urea, urea-molasses and urea-corn 
supplemented diets, respectively. Bird (1972) 
showed that with S-deficient, urea-oat hulls 
diets, ruminal degradation of organic matter 
was limited, compared with S supplemented 
diets. It is not certain, however, that in the 
present study S was the primary limiting factor, 
especially because it was demonstrated with 
sheep that when the level of digestible energy 
was sufficient urea supplementation still en- 
hanced microbial growth, even with N to S 
ratios of up to 60 to 1 (Elliott and Armstrong, 
1982). 

The marker, Cr203, is known to migrate 
independently of the solid phase (Corbett et al., 
1960), and this may have been accentuated in 
the present study in which digestive contents 
were very fluid because of  the forage diet and 
low intake. It was also noted that sampling 
removed a large portion of digestive contents. 
These factors contributed to the variability in 
the results and might explain the high DM and 
ADF digestion in the small intestine, which is 
contradictory with previous results (Ulyatt et 
al., 1975). Urea infusion increased N flow in 
the liquid phase at the abomasum, but the pro- 
tein N values of the liquid phase were low, as 
expected from the small extent of  ruminal 
fermentation. 

It appears that growing wethers cannulated 
at three sites of the digestive tract are ques- 
tionable models to study the use of poor- 
quality forages. Cannulated wethers appear to 
be more susceptible to stress and to have a 
smaller capacity for intake than their intact 
pairs. Therefore, when the use of poor-quality 
forage diets by ruminants is studied with 
cannulated wethers, situations of net under- 
feeding can occur, as was the case in the present 
study, in which the techniques used were not 
precise enough to distinguish between the 
dietary, microbial and endogenous components 
of  digesta. This study shows the need to sepa- 
rate the mechanisms of digestion of poor- 
quality feeds and the effects of undernutrition 
experimentally. 
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Urea improved  N re t en t ion ;  however ,  it was 
fed in excessive quant i t ies  relative to  the  energy 
available, and the re fo re  it was cost ly  to  excrete .  
Urea and ca rbohydra tes  were s u p p l e m e n t e d  in 
p ropor t ions  similar to  those  observed wi th  ad 
l ibi tum intake o f  hay and liquid s u p p l e m e n t  
(Ortigues et  al., 1982). The  beneficial  effects  o f  
low levels o f  readily available ca rbohydra tes  are 
still ques t ionable .  
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