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SUMMARY

effect of urea addition to the basal diet (10.3 %
CP) on nutrients digestibility, N balance, body
weight changes, feed efficiency as well as water
intake was investigated in the present study. Three
urea levels (1, 1.5 and 2 % of diet DM) were added
to the basal diet. Digestibility and growth studies
were conducted to achieve the objectives of the
present study. Four digestibility and N balance
studies were conducted using 8 Ossimi rams (one
year old). A growth study using 12 growing Ossimi
rams was conducted too. The results of these
studies indicated that, digestibility of both CP
and CF was increased gradually by urea addition to
the basal diet from 59.4 to 71.8 and from 38.5 to
53.1 % for CP and CF, respectively. Nitrogen
retention increased gradually when urea was added
at level of 2 % to the basal diet by about 14 ¥%
units. Daily gain was about 11, 20 and 45 % higher
(P<0.05) in rams fed diet B, C and D (urea
containing diets), respectively than that fed diet
A (urea free diet). The consumed feed as Kg/Kg gain
was lower in diets B, C and D than that of diet A.
Results also, indicated that there was a tendency
for increasing water intake with increasing urea
level in the diet. Although, the differences were
not significant but was 5. 1, 5.9 and 16.9 % higher
in diets containing urea than that of basal diet.
The results also indicated that effect of animals
and days on water intake was significant ( P<0.01).
It could be concluded that urea addition to the
basal diet improved the CP and Cf digestibility,
increased the N retention, and improved the feed
efficiency, a matter which could be advised from
the economical point of view.

INTRODUCTION

The addition of nitrogen (N) to the ruminants diets could
improve the voluntary consumption of food (CAMPLING et al.,
1962; HADJIPANAYIOTOU et al., 1975 and UMUNNA, 1982). This
improvement may be due to improving the nutritional
environment of the rumen which in turn would stimulate
microbial proliferation and activity microorganisms leading to
enhancement of dry matter digestibility ( UMUNNA, 1982).
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Urea is the major source of N supplement in ruminant diets. In
addition to its uses as a N source, it has some other benefits.
The second one is its effect on pregnancy. Different studies
indicated that the addition of urea to molasses increased the
pregnancy frequencies by 8 to 10 % in cows (HODGES et al., 1974
and PATE et al., 1990). The third benefit is obtained by
decreasing dietary protein degradability in the rumen and so
increase its bypass to the small intestine (ELLIOTT and
ARMSTRONG, 1982). The addition of urea or spraying urea based
liquid to hay before feeding increased the digestibility of
both organic matter (OM) and dry matter (DM) (FISHWICK, et al.,
1978 and UMUNNA, 1982).UMUNNA, and DANKINAFO (1978) found that
within 1limits N digestibility parallels N intakes, beside
improving the N retention in the body (ELLIOTT and ARMSTRONG,
1982).

The object of this study was to throw some light on the
effect of urea addition to ruminant diets having low protein
level on digestibility, N retention, growth rate and feed
efficiency as well as daily water intake.

MATERTALS AND METHODS

Four digestibility trials were conducted to test the
effect of urea addition to the low protein diet (10.3 % CP) on
nutrients digestibility and N retention, beside growth study to
determine the effect of urea addition on growth rate, feed
efficiency and daily water intake.

Diets :

To meet the CP requirement for growing lambs as stated by
CHURCH (1984), three urea levels (1, 1.5 and 2 % urea) were
added to the basal diet. Urea was mixed with 10 % ground corn
then handily mixed with ground feed mixture. Corn was used as a
urea carier and also to provide available carbohydrates for NPN
as recommended by CONRAD and HIBBS (1968). They stated that for
every 100g of urea one Kg of readily fermented carbohydrate is
needed for adapted cow feeds. Feed composition is shown in
table 1. Wheat straw weighed daily and mixed with concentrates
as shown in table 1. Each ration was fed twice daily. Water was
available all the day. Diets containing urea were introduced to
experimental animals gradually in ©portions during the
adaptation period to avoid any toxicity problems and to allow
microorganisms in the rumen to get adapted to new diets.
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Digestibility trials:

Four digestibility trials using 8 Ossimi rams (35 Kg
average body weight) were undertaken to determine the feeding
value as well as the digestion coefficients of whole mixtures
used in the present study. Nitrogen balance was determined for
each feed mixture.

Doubllicate adults rams (one year old) were used in each
trial, following the usual procedures using metabolic cages.
The same rams were used in every study. The sequence of the
digestibility trials was the control (urea free diet), diet B
(1 % urea), diet C (1.5 % urea) then diet D (2 % urea). The
duration of the study was 21 days as adaptation period,
followed by 10 days prelimenary period then 10 days collection
period for diet B. The adaptation period for diet C and D was
reduced to 7 days only. This because each diet was used as an
adaptation for the other diet. The control diet did not have an
adaptation period.

Groth study:

Twelve Ossimi rams (four months old) were divided into
four groups and randomly distributed to the tested diets. The
duration of the study lasted for 5 months preceded by 21 days
as an adaptation period. Rams were weighed every other week for
two days to the nearst kilogram. Feed efficiency was calculated
for each group.

Samples and analysis:

Samples of mixed feed was taken for chemical analysis at
the beginning of the collection peried of the digestibility
study. During the collection period total daily fecal output
wasocollected from each ram, 10 % sample was taken, dried at
60 C in a forced air oven for 48 hours. Dry samples were
mixed. Feed samples and dry feces were ground through a Willy
mill with a 2Zmm screen. Dry samples were kept in plastic vials
at room temperature for the chemical analysis. Total daily
urinary excretion from each ram was collected in a jar
containing S0 ml of 10 ¥ H2SOs to prevent ammonia loss. A daily
samples of 10 % was taken from each ram, kept frozen till the
time of analysis.
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Water was offered three times a day at 9am, 1pm and Spm.
Daily water intake was easured during the second month of the
study after the adaptation period.

The dry matter of feed and fecgs were determined after
drying in a forced air oven at 100 C for 24 hours. Ash was
determined by placing samples in muffle furnace at 600 'C
overnight. Fat and crude fiber (CF) content of the same samples
were determined as explained by the 4. 0. A. C. (1975). Total N
content of feed, feces and urine was determined using Kjeldahl
procedure (A. 0. 4. C., 1975) as modified by STERN and SATTER
(1984). Nitrogen free extractives (NFE) were obtained by
differences.

Statistical Analysis:

Results were subjected to analysis of variance for comlete
randomized design (CRD) as expalined by COCHRAN and COX (1957).
The statistical model for the CRD was:

Ylj= L9 I Tl + EU

where :

Yij_ = The value of the dependent variable for the ith
treatment.

U = Common mean. -

Tl = Treatment effect 1= 1-4.

E = Random error.

1

For the water intake measurements, animals and days
effects were included in the equation.

Mean separation was conducted using the SNK procedure as
explained by SOKAL and ROHLF (1981).

RESULTS

Feed ingredient and chemical composition of diets are
illustrated in table 1. Addition of urea to the basal diet
increased the CP content by 2.4, 3.3 and 4.7 % units for diets
B, C and D, respectively. The other nutrients were almost the
same in all diets except for NFE which was ranged from 58.1 to
53.8 % for diets A to D. The TDN value of the diets were the
same while digestible crude protein (DCP) was different among
diets.

Digestion coefficients of all nutrients in the studied
diets are shown in table 2 and Fig. 1. Digestibility of CP and
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CF were affected by urea addition to the basal diet (A). They
were gradually increased by urea addition from 59.4 to 71.8 and
from 38.5 to 53.1 % for CP and CF, respectively. The other
affected nutrient was NFE which did not have any clear trend
because it was calculated by differences in both feed intake
and fecal material output.

Nitrogen metabolism data are shown in table 3. Addition of
urea to the basal diet decreased the fecal N output as a.
percentage of total intake while it increased urinary N for
diets B and C only. Nitrogen retention increased gradually when
urea was added to the basal diet by about 14 % units higher at
level of 2 % urea.

Body weight changes; feed efficiency and daily water
intake are present in table 4. There was no significant
differences in initial body weight. There was a significant
differences (P<0.05) among treatments in final body weight,
daily gain and feed consumed/Kg gain. Daily gain was about 11,
20 and 45 % higher in rams fed diet B, C and D, respectively
than those fed diet A ( urea free diet). On the other hand, the
consumed feed as Kg/Kg gain was 16, 10 and 31 % lower in rams
fed diet B, C, and D than those fed diet A. Data in the same
table indicated that there was a tendency for increasing water
intake with increasing urea level in the diet. Although, the
differences were not significant but was SEb3i509 and 1619 %
higher in diets containing urea than that of the urea free
diet. The results also indicated that animals and days
differences were significant (P<0.01).

DISCUSSION

Addition of urea increased the CP content of the basal diet
as well as digestible crude protein (DCP) in all diets. Because
urea addition has an effect on CP digestibility (table 2) the
change in DCP was not as that of CP. Digestibility was
calculated in the whole diet to be sure that the associative
effect aamong feed ingredients is included in the calculation.
The improvement of apparent CP digestibility in diets B, C and
D, (urea containing diets) obtained in the present study may be
due to a) wurea provide suitable N level for rumen
microorganisms to synthesis of microbial protein (OWEN and
BERGEN, 1983) which in turn improve digestibility. b)
Mathematically, N digestibility is proportional to N intake
across a wide variety of deits (OWEN and  BERGEN,
1983).and c) Because metabolic fecal N (MFN) is proportional to
DM but not to CP intake, therefore, its proportional in the
total fecal N 1is reduced and hence increased calculated
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apparent CPD. This trend agrees with that previously reported
by BARTH et al. (1974) who found that increasing of total N as
urea from 24 to 48 % resulted in a significant increase in CPD
(P<0.05). UMUNNA (1982) found that addition of urea to basal
hay improved DM, OM and N digestibility. He also added that the
improvement in CPD was about 20 % units while it was only 4 %
units in DMD. The same results were obtained by WINDSHITL and
STERN (1988). Recently, WILLMS et  al.(1991) found that,
digestion coefficient was higher when lambs were fed diets
containing 50% urea than either of control (SBM diet) or diets
contained 17 and 33% urea.

Apparent digestibility of CF was improved by addition of
urea to the basal diet (38.5 to 53.1 %). This because rumen
microorganisms convert urea to ammonia, celluolytic bacteria
prefere ammonia for their protein synthesis (HUBER, 1976). Also
they utilize NH3-N as their principle N source (ALLISON, 1980).
Ammonia also helps to keep the rumen pH in a desirable range
for cellulose digestion (OWENS and BERGEN, 1983). Therefore,
NH3-N provided as a results of the higher level of urea
supplementation may have stimulated cellulolytic activity. The
same results were obtained by DAUGHERTY and CHURCH (1982) and
VARGA et al. (1982). ABD EL-HAFIZ and EL-HOMMOSI (1982) diet
that increasing the percentage of N as urea in the diet,
resulted in an increase in digestion coefficients of nutrients
especially the crude fiber. WINDSCHITL and STERN (1988) found
same results in their study. In an in vitro experiment, they
found that the addition of urea to the basal diet to cover up
to 30 % of total N input improved ADF digestibility (25 to
47.8%), cellulose (26.2 to 52.0 %) and total nonstructural
carbohydrates. Recently HSU et al.(1991) replaced 30 % of SBEM
nitrogen with urea N for defaunated sheep, and found that urea
increased the total tract digestibility of DM, OM and ADF.
Figure 1 indicated that the digestibility of the other
nutrients was decreased when 1 % urea level was used and then
increased gradually at other levels. This may be due to the
insufficiency of the adaptation period for the first period.
CONRAD and HIBBS (1968) reported an adaptation period ranged
from 19 to 50 days in their trials.

Nitrogen metabolism results showed that the addition of
urea to the basal diet improved the N retention in the body
either as g/day or as % of total N intake. This improvement may
be due to the increasing of the microorganism proliferation in
turn increase the utilization of other feed nutrients. It also
could be attributed to keeping metabolic fecal N output
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constent. ABD EL-HAFIZ and EL-HOMMOSI (1982) found that when
urea N replaced 20 and 40 % of the total diet N fecal N
decreased in the higher level. They also found that percentage
of N retention increased only with diet containing 20 % N from
urea. urinary N was higher in diet B (1 % urea) than all other
urea containin diets. This may be due to insufficient
adaptation period. Addition of urea to the basal diet increased
the urinary N output as g/day, the same results were obtained
by ABD EL-HAFIZ and EL-HOMMOSI (1982). OWENS and BERGEN (1983)
indicated that postrumenal adminstration of NPN may be useful
because it often increases N retention. This may be due to
cycling of N to the rumen or large intestine to meet
dificiencies at these points.

Table 4 indicated that urea addition increased daily gain.
This may be due to the higher protein intake as well as
improved nutrient digestibility as shown in table 2. These
results also associated with that of table 4 where N retention
was about 7 and 14.3 % units higher in diets C and D,
respectively than that of the control one (diet A). Early study
by ORSKOV et al.(1971) indicated that when the CP of the diet
fed to lambs weighing between 20-40 Kg increases from 8-10 % to
16-18 % (on a DM basis) their growth rate increases. ABD
EL-HAFIZ and EL-HOMMOSI (1982) indicated that there was a
slight increase "nonsignificant” in average daily gain in diets
containing 20 and 40 % of total N as urea comparing with the
control.

Water intake increased with increasing urea level in the
diet. This because addition of urea raises the N content of the
diet which increased urinary excretion and as a result water
consumption (BONDI, 1987). The same author indicated that urea
is the major protein catabolism in the body, it requires much
water to be diluted in urine.

Previous study by MOUSA and IBRAHIM, (1991) indicated that
1.5 % urea is the best level for dairy cattle while in the
present study 2 % urea is found to be better than the other
level for lambs. Also, WILLMS et al. (1991) found that
digestibility improved when urea replaced 50 % of diet N.
Finally, it could be concluded that urea can be added to the
low quality roughage in mixed diet to improve CP. and CF
digestibility, N retention and body weight changes. Also, urea
level can not be fixed for all species and assumed to be less
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than 30 % of the CP in the diet (37 % in the present study and
S0 % in the WILLMS et al. (1991) study).
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Tabl 1. Diet composition, chemical analysis on dry matter basis and
feeding values of experimental rations.

Rationsa

Items

A B c D
NTFMb 70.0 69.0 &8.5 &8.0
Corn 10.0 10.0 10.0 10.0
Wheat Straw 20.0 20.0 20.0 20.0
Urea 0.0 1.0 1.5 2.0
Chemical Analysis
Dry matter (DM) 89.0 90.0 ?1.0 89.5
Crude Protein 10.3 12.7 13.46 15.0
Ether Extract 3.5 3.6 3.5 3.4
Crude Fiber 18.8 18. & 18.8 18.7
Ash 9.3 7.2 2.3 9.1
Nitrogen Free Extract 58.1 55.9 S54.8 53.8
Feading Value 2
TDN &60.5 58.0 &0.8 41.5
DCcp 4.1 8.& 2.3 10.8
Urea N 0.0 22.0 30.9 37.3

a: Ration A= control; B= 1% urea; C= 1.5% urea and D= 2XZ urea.
b: NTFM= Non Traditional feed mixture cotains, corn, undecortecated cotton
seed meal , wheat and rice brane.

Table 2. Effect of urea additiuon to the low protein ration on digestion

coefficient.
Rationsa
Items
A B c D

DM Digestibility &2.4 60.4 60.9 60.9
OM Digestibility &63.7 61.5 &3.5 64.7
CP Digestibility 59.4 &7.% &B. 4 71.8
EE Digestibility &8.2 &3.7 - &5.2 bb&. 6
CF Digestibility 38.5 46.2 50.9 53.1
NFE Digestibility 71.9 &3.8 &7.1 bb. 4

a: Ration A= control; B= 1% urea; C= 1.5% urea and D= 2% urea.
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Table 3. Nitrogen metabolism as affected b i
urea
low protein rations. ¥ R M

—e Rationsa
A ¢ B CEE D
N intake g/day 146.48 20.32 )
N output g/day s i
Fecal N -1 &.52 -3
: - . .88
Urinary N &6.40 ?.61 8.80 g-;z
Total output 13.09 16.13 15.48 15.77
Output as a %Z of intake ) .
Fecal 40.59 32.09 31
. . .60 28.20
Urenary 38.38
WA, 47.29 40.44 37.50
g/day 3.39 4.19 4£.08
Y . . 8.23
% of intake 20.57 20.62 27.%0 34.29

a: Ration A= control; B= 1% ureaj C= 1.5% urea and D= 2% urea.

Table 4. Effect of feeding urea containing ration to sheep on body
weight change, feed efficiency and daily water intake.

Rationsa
Items
A B c D
Initial BW Kg 30.7 +4.94 28.5 +1.80 29.8 +2.86 29.8 +0.54
Final BW Kg 44.3 +5.02 44.8 +2.22 45.0 +3.33 49.5 +0.85
BW Change Kg 13.46 +3.00 16.3 +2.89 15.2 +1.48 19.7 +0.32
Daily BGain g 90.7F 10B.7e 100.7e 132.0d
Feed intake /Kg gain
8.8d 7.4e 7.9 &.1F

Water Intakeb

Liter/day 3.048 3.173 3.078 3.189

Liter/Kg of BWc 0.0950 0.0998 0.1004& 0.1111

Liter/Kg.73 0.2240 0.2369 0.2346 0.2572

a: Ration A= control; B= 1% urea; C= 1.5X urea and D= 2ZX urea.

b: Calculated for 30 days at the second month after the adaptation period.
c: Body weight used in the calculation is the animal BW at the 15th day of
water intake measurement.

def Row means that do not have common superecripts differ (P<.035).
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Figure 1. Effect of addition of ureq to basal diet on
digestion coefficient.
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