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Résumé

The feeding effect of urea in the diet of ruminants and the physiological meaning of
urea upon the nutrition of ruminants are experimentally discussed in these studies.
The summaries and conclusions are as follows:

(1) Growing experiments of dairy heifers.

1. In order to investigate the effect of urea feeding upon the live weight gain of
growing ruminants of which the rumens are sufficiently developed, two separate growmg
experiments were conducted with five Holstein heifers.

2. In the first experiment the utilization of urea by heifers in the case of rations
slightly deficient in protein (daily deficient amount of digestible protein is about 35g) was
examined for 28 weeks. All heifers were fed 2.2kg of orchard grass hay for every 100kg
of live weight, and the deficient amount of total digestible nutrients cpmpared' with MORRISON'S
feading standard was supplied with the following concentrates:

Animal No.

No. 1 Control concentrates.

Control concentrates 100 + Urea 1.5

Control concentrates 100 + Urea 1.0

Control concentrates 100 + Urea 1.5 + Molasses 6

Low protein concentrates.

Z
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&

The growth rate figures of each heifer compared with the Holstein standard growfh
during the feeding trials were 83% in No. 1, 90% in No. 2, 70% in No. 3, 94% in No. 4 and
57% in No. 5. From these data it may be concluded that the urea added feeding has some
favorable effect upon the increase of live weight even when the ration is not extremely
poor in protein, and the best result was obtained when the urea was supplied with some
molasses. '

4. In the second experiment Wlth the same heifers the utilization of urea in the case
of rather poor protein ration was tested for 4 months. They were fed with hay as the same

amount as of the previous trial and the deﬁcxent T.D.N. was supplemented with the follo-
wing concentrates:
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Animal No.
No. 5 Control concentrates.
Control concentrates 100 + Soybean cake 20
Control concentrates 100 + Urea 2.5
Control concentrates 100 + Urea 3.5
Control concentrates 100 + Urea 3.5 .+ Molasses b

z
° .
N

5. The growth rate figures of each heifer to the standard growth were 71.2% in No.
1, 55.6% in No. 2. 90.3% in No. 3, 78.2% in No. 4 and 43.49% in No. 5. It is very apparent
that the animals which received urea made use of it for their growth and grew more rapidly
than the control, and that urea could be used as displacement of such protein ingredients
of the concentrates as soy-bean cake for growing heifers.

- 6. Two heifers which received the concentrates containing 3.5% urea displayed a slight
tendency of diuresis, but their blood composition was not affected.

7. On the pathological dissection study of heifer No. 3 which had received about 50g
of urea daily during 4 months, any damage in renal and other organs was not observed. .

8. It is presumed from these studies that the utilization percentage of urea-N as dig-
estible crude protein-N for cattle is about 70%.

9. In the second experiment the favorable effect of the combined use of urea and
molasses was not observed, because the digestible starch was supplied sufficiently through
the basal ration. ;

(2) Nitrogen balance experiments of long duration with kids under urea feeding.

1. Both nitrogen balance experiments and growing trials of 3 Saanen kids 3 months
old were performed continuously for 16 weeks. During the experimental period they were
fed low protein basal ration, and animal No. 1 received 20-30g blood meal; No. 2 and No. 3
received 10-15g urea daily as the protein supplement. After the 15th week the urea feeding
was stopped to observe how the nitrogen balance would change.

2. Average daily N-retention and live weight gain observed during the first 14 weeks
were as follows:

Animal No. N-retention (Index figure) Daily amount of (Index figure)
live weight gain
£- : g.
No. 1 (blood meal) 2.27 (100) 39.8 {100)
No. 2 (urea) 4.14 _ (183) 57.1 (143)
No. 3 ({urea) 404 (178) 68.4 (172)

It is evident that the urea feeding affected more favorably both N-balance and increase
of live weight of the growing animal than the blood meal feeding.

3. The apparent digestiblity of urea-N was 91.69% in kid No. 2 and 95.25% in No. 3;
then it may bs said that the ingested urea-N is absorbed almost perfectly in the digestive
tracts,.' ‘

4. The average amount of N excreted in urine per day was 3.98g in No. 1, 6.18g in
No. 2 and 7.09g in No. 3; while the urea fed animals excreted 1.55-1.77 times more nitrogen
into urine than the other, it is concluded that the urea feeding causes some diuretic to the
animals.

5. " The retention percentage of ingested N was 22.96% in No.1, 29.37% in No. 2 and
27129 in No. 3. Thess data suggést that the mgested urea influenced favorably upon the
N-metabolism of animals.

6. After the urea feeding was stopped, the amount of N-excretion rapidly decreased,
also the N-retention in body decreased about 15%. :

7. The growth rate of these urea animals compared with the standard growth of goats
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in Japan was 81-85% in live weight, 95-99 / in heart girth, 83-90% in height of withers and
92-949 in body length.

(3) Stundies on absorption, excretion and transmission of urea into milk.

1. In these studies the speed of absorption and excretion of administered urea was
investigated quantitatively in each case of per os administration and intravenour injection.
The transmission of the ingested urea into milk was examined too.

~ 2. On the survey of urea concentration in blood with 3 goats which had been admi-
nistered 20-25g urea per. os, the rapid absorption and elimination of ingested urea was obse-
rved; the urea content of the blood increased to the maximum in four or six hours after
the administration of urea which represented 228-264 per cent of the normal value, after
that time it decreased gradually to the normal in 24 hours. .

3. In the case of per os administration, the excreted amounts of urea into urine incr-
eased remarkably in 48 hours, but returned to the normal value on the 3rd day. The elimi-
nated amounts in excess of urea represented 43-69 per cent of the ingested amounts.

4. When two goats were injected 40cc of 20% urea sloution intra-venously, the urea
concentration of their blood represented 36-38mg/df at the 5th minute after injection which
was a little higher than the maximum valie observed in the former experiment of per os
administration. It is shown by those data that 82-85% amounts of the injected urea disapp-
eared from their blood system in a short time, and diffused into their body juice and tissue
in amounts approximately equal to the concentration found in the blood. The recovery of
the blood composition to the normal was much swifter than in the former case; it returned
to the normal value in only 6 hours after injection.

5. The injected urea would be eliminated almost quantitatively through the kldney in
48 hours, because the excess amounts of urea excreted in urine during two days represented
95-97 per cent of the injected amounts.

6. It is suggested that the permittable maximum value of the blood urea concentra-
tion may be 35-40mg/d/.

7. Based on the different conditions of urea elimination between per os and intrave-
nous administration, it is supposed that about a half the amount of ingested urea may be
uti'ized by the rumen microorganisms to convert it into own protein. '

8. In the analytical study of the milk produced by 3 goats, the urea content of their
milk and the urea amounts flowed into milk increased 2.1 and 2.3 times more respectively
in the urea fed period than in the control period, but the urea elimination into milk seemed
to have no important physiological meaning, because it was of -too small quantity to presume
to be one of the elimination courses of urea in animal body: it represented only 0.72% of
the ingested amount.

9. In the parallel analysis of the urea content in both blood and milk w1th the same
goat after administration of urea, it was observed that urea was found in increased amount
in the milk when urea concentration in the blood rose to a high level; but in precision the
urea content of the milk increased or decreased about 6 hours later than the change of the
blood concentration happened.

(4) The influence of urea feeding upon the number of rumen-microorganisms and
the change of the ingesied urea in the rumen. ‘ ,

1. The influence of urea feeding upon the number of the rumen-microorganisms and
the milk production was investigated in the first experiment with 3 milking goats which
were fed the balanced ration and the urea ration alternately through 4 periods (each 25 days).
The urea ration included urea in an amount equivalent to 25-30% of the total protein intake
in place of wheat bran.

2. In the second period (the urea perlod) all the animals yielded 13.64% in milk and
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17.79% in butterfat more than the average yield amounts of the Ist and the 3rd period (con-
trol periods). In the 4th period they maintained the same production as in the 3rd period.
From these data it may be convincingly concluded that 25-30 per cent of the protein content
of the milk goats® ration can be supplemented with urea without any production decrease.

3. No remarkable difference between the urea feeding and the control period was
observed in numbers of the infusoria and bacteria found in the unit volume of their rumen
contents which were calculated every other day thronghout the Ist and the 2nd period.

4. In the next N balance experiment, when 20g urea per day was administered during
the urea period to a goat which had been fed hay alone in the previous control period, it
retained 0.3g N per day more in its body in spite of the increase in N excretion.

5. During the urea period the expired gas was analysed every day to determine wh-
ether the ammonia gas was eructed out or not, but any positive result was not obtained.
This, fact suggests that the removal of urea-N through the eructation may be negligible.

6. On the survey of the .numerical change of microorganisms in the unit volume of
ingesta sampled out by a stomach catheter at various time after the urea administration, a
marked tendency of microorganisms to increase in number was observed in 2 or 4 hours
after administration, but it returned to the normal in 24 hours in most cases.

7. On the quantitative analysis of urea-N and ammonia-N content in the rumen ing-
esta, it was observed that some of the ingested urea was decomposed to NH; and CO. by
the urease contained in the ingesta; this decomposition was carried out most actively in an
hour after administration, then, at the sixth hour, urea N was found only in a trace amount,
but the once increased ammonia-N decreased gradually again.

8. From these observations it may be concluded that the numerical change of the
rumen microorganisms correlates with the ammonia-N concentration in rumen. The fact of
the increase in number of the rumen microorganisms after the urea administration would
mean not only the increase of bacterial protein in rumen ingesta which should be utilized
as well as the food protein by the host animals, but also the elevation of the rumen digestion
by the improved bacterial activity in the ramen.

(5) The influence of the urea feeding upon the apparent digestibility of roughage
nutrients.

1. Digestion experiments with yellow sweet lupine hay were carried out with a sheep
and a goat in both case of hay alone feeding and urea added feeding to examine whether
the urea supplement improves the digestibility of roughage nutrients or not.

2.  Some improvements in the digestibility of all nutrients of lupine hay were obtai-
ned with no exception when 40g urea was added to the basal hay ration; above all, the
increase in the digestibility of hay protein and crude fibre was 3-6%.

3. The digestibility of urea was confirmed to be nearly a hundred per cent in this
study, too. ‘

(6) The influence of urea feeding upon milk production of dairy cows.

1. Three feeding trials with dairy cows using urea feeds were carried out with the
aim to examine how the urea feeding effects the milk yields, what amount of urea should be
used, and which is the best feeding method of urea.

2. In the initial feeding experiment under the 6 periods system, 3 Holstein cows re-
ceived urea ration at alternate periods each 2 weeks in which urea furnished 20 per cent of
the protein requirement for milk production.

3. Their milk and butterfat yields rather increased in a little amount in the urea per-
iod set between two balanced ration periods; then, in consequence, 20 per cent of protein
amount required for milk production can be furnished with urea without any decrease in
production.



192 RV R

4. On the other hand, when they received all the same ration but urea in the protein
deficient period set between two urea periods, their production decreased 4.8% in milk and
6.3% in butterfat. This fact also indicates that urea will be utilized by milking cows to
some extent as a protein supplement.

5. In the second experiment urea added corn sﬂage was prepared experimentally and
the feeding trial of this silage was performed with 3 Holstein cows.

6. When the green cut dentcorn was ensiled sprinkling urea over it at the rate of
6kg per ton of green materials, the satisfactory silage was prepared. The quality of the
silage was as follows: pH 3.8-4.0, all acid content 2 03-2.68%, acid composition : lactic 65.5-
70.7%, acetic 26.3-34.59%.

7. When three cows were fed 20kg urea silage and low protein concentrates in place
of the same amount of common corn silage and the same T.D.N. of high protein concentra-
tes, their milk and butterfat yields decreased only 3.5% compared with the control feeding
periods, but such amounts of decrease should be regarded as little if one thinks of the fact
that 43 per cent of their protein requirements for production was supplemented with urea
in place of soybean cake in this period.

8. The third feeding trial was fcarried out for 90 days [with 15 milking cows under
the following feeding schedule :

Feeding period

o S D 3. 4 5 6
For maintenance per 500kg (kg)
live weight.

Hay 2

Corn silage 15 All the same amount.

Mangel 8

For production per 10kg of
3.59% milk.

Beet pulp 1.1 11 1.1 - 1.1 1.1
Urea beet pulp containing

10% urea. 1.1

Concentrates containing 3.6 3.6 ’ 3.6

159 soybean cake. v

Concentrates contairﬁng 3.6% .

urea without soybean cake. 4.0

Low protein concentrates

without soybean cake and urea. 3.9 3.9

All cows received the same amounts of total digestible nutrients through 6 periods;
but the true protein intake for production was 43 per cent less in the 2nd, 4th and 6th period
than in the Ist, 3rd and 5th period.

9. Their yield amounts increased 2.29% in milk and 1.12% in butterfat in the 2nd
period compared with the average yield amounts of the Ist and 3rd period. In the urea pulp
period (the 4th period) they produced milk 1.27% less and butterfat 1.849 more than in the
control periods (3rd and 5th period); but in the 6th period (protein deficient period without
urea and oil cake) their production significantly decreased 10.55% in milk and 6.00% in butt-
erfat, while they increased their live weight about S8kg in average. From the above data
the sparing effect of feed protein by urea feeding is very apparent for a dairy herd, and it
may be concluded that 43 per cent of protein intake for milk production can be substituted
with urea without undesirable effect on milk production.

"10. It is recognized also that 200-260g urea and 1.48kg potato starch pulp have app-
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roximately the same feeding value for milk production as 1kg soybean cake.

11.. From the point of view of the practical feeding method of urea for dairy cows,
urea silage is useful for dairymen with no trouble, but it has the weak point of being unable
to be given to cows in proportionate amounts to their production. Urea mixed concentrates
in the rate of 3.0-3.56% are most suitable for feeding cows, but have the defect to be trou-
blesome as in their preparation the farmers can easily make mistakes, and hence the comm-
ercial urea mixed feed containing urea not more than 4 per cent is most desirable for safety
and easy use. Urea added beet pulp may be also useful but there may be some room for
technical improvement of adding urea to the pulp. »

(7} An experiment on the influence of urea injection upon the milk production of
dairy cows.

1. In this study “urearon” which contains 20 per cent urea and 0.3-0.5 per cent sod-
ium alginate was used for intravenous injection.

2. The injection experiment of urearon with 3 dairy cows was undertaken with the
purpose of obtaining an experimental proof for the validity of the hypothesis that urea has
some stimulating influence upon the milk secretion.

3. Three cows were fed on the same balanced ration through all the three periods,
and they were injected 100cc urearon intravenously every morning during the middle 15
days period between two control periods.

4. Their production amounts in the injection period increased 6.09% in milk and 5.45
% in butterfat compared with the average yield of both control periods.

5. From this result it may be deduced that urea has some pharmacologic action to
stimulate the milk secretion.

(8) Experiments on toxicity of wurea.

1. In these experiments with 5 goats and 10 rabbits, the lethal dose of urea, the sy-
mptoms of urea poisoning and the pathological changes in various organs of the poisoned
carcasses were observed.

2. The lethal dose of urea for rabbits was 6g and upwards per kg of live weight in
the case of hypodermic injections, and 10g and upwards in the case of per os administration.

3. The lethal dose for goats in the case of solution administration was 1.0-1.5g per
kg of live weight, therefore a marked difference of the lethal dose was indicated between
rabbits and goats.

4. The symptoms of goats poisoned by urea were very acute and fatal; after the
administration of the lethal dose, they became dull within 10 minutes, soon after they fell
down and bzgan to tremble. After a while they were taken with tetanic cramp intermi-
ttently, then went to their death by respiratory difficulty within about 30 minutes.

One goat which endured over the tetanus period convalesced favourably, it could rise
up in 1Y/, hours, and recovered completely in the following 8 hours.
These symptoms correspond to that of ammonia toxicity. .

5. When rabbits reczived the lethal dose of urea per os, such an acute tetanus was
not obszrved, but they fell into lethargy and died about 2¢ hours later.

6. The pathological examination of the carcasses revealed that the main -pathological
change was circulatory disturbance throughout the whole bodies in the case of goats, but
nephrosis and uraemia in the case of rabbits.

7. On the other hand, the former investigations treated by the author showed no ill
effect with both cows and goats either when nrea in amounts of 300g in the former and 50g
in the latter were fed daily for long periods mixed with other concentrates, or when urea
in amocunts of 30g for the former and 6.25g for the latter was injected into their veins.

8. The presence of urease in the rumen ingesta of both goats and cattle was proved
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by in vitro experiments, but not with their abomasum ingesta. It was observed about the
urease potency that on incubating the rumen ingesta at 38°C the amounts of urea decom-
posed by 1kg ingesta were 0.37g in one hour, 0.99g in two hours and 8.26g in 24 hours.

9; Based on this observation, it can be said that the urea toxicity occurring in rumi-
nants, when administered as- a drench, seems to be due to ammonia isolated from the ing-
ested urea by urease contained in the rumen contents, the rapid absorption of which produces
such a sudden rise in level of ammonia of the systemic blood as to cause a tetanus.



