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INTRODUCTION

Several years ago, it was demonstrated that ruminants could
convert non-protein nitrogen into protein and incorporate it into their
bodies. Since that time, many products have been evaluated to estab-
lish their value as a substitute for natural proteins. Most of the
products evaluated were ammoniated compounds such as urea, biuret,
ammonium bicarbonate, and dicyandiamide. It has been demonstrated
that these products have a protein sparing effect that varies con-
siderably with the compound tested.

Di-ammonium phosphate is similar to the compounds mentioned
above and ruminants should be able to utilize the nitrcgen of this
product. The nitrogen content of di-ammonium phosphate is about 21
rer cent and has approximately one half the.nitrogzen content of urea.
In addition, di-ammonium phosphate contains 30 per cent phosphorus.
Since the phosphorus is in the form of a soluble phosvhate, it should
prove to be a very effective phosphorus supplement.

The manufacturers believe that di-ammonium phosphate may have
a place in the commercial feed industry if it can be used both as a
source of phosphorus and nitrogen for ruminants.

Preliminary feedinyg trials by lassiter (17) showed that di-
ammonium phosphate was palatable when fed to dairy cattle at the
levels of 1, 2, and 4 per cent of the grain mixture. Similar palata-
bility trials by Shaw (29) indicated that di-ammonium phosphate was palata-

ble up to 3 percent of the grain mixture. Mono-ammonium phosphate was nmot as



palatable in this study and was not recomménded for cattle. Eoth
authors indicated that the palatability of the grain mixtures de-
creased as the level of di-ammonium phosphate increased. There was no
sign of toxicity from this product in either_trial.

The next phase of this study was to conduct a digestion and
nitrogen balance trial to compare the utilization cf the nitrogen in
di-ammonium phosvhate with the nitrogen of urea and scybean o0il meal.
Phosphorus balance and blood inorganic phosphorus levels were used to

indicate the fate of the phosphorus in this product.



KeEVILW OF LITeRATURE

There appears to have been little previous work with di-
ammonium phosphate as a feed for ruminants. Since there is insu-
fficient information on this product, it is the desire of the author
to review the literature on the utilization of urea as a non-protein
nitrogen source for animals, and the phosphorus metabolism of cattle.
It is the author's belief that a review of literature in these two
areas will provide the information needed to evaluate the results
a ccumulated in the metabolism trial, where di-ammonium phosphate was

compared with urea and soybean oil meal.

Urea Utilization by Ruminants

The research on urea has been quite extensive am is used by
many as a standard when comparing other non-protein nitrogen products
as a source of nitrogen for animals. Work has been completed with both
non-ruminant and ruminant animals. Most of the work has been with
rumninants where the utilization of these products shows promise of
having some economic value. In addition, "in vitro" studies have
been completed to reveal more information 6n how these products are
utilized by the animals.

There is little evidence that urea will ever be of much value
to non-ruminants. Work with rats by Rose and co-workers (26) has
shown that urea and other ammoniated prcducts can be utilized to some

extent when only the essential amino acids were fed to them but they



could not utilize enough urea for normal growth.

Liu and co-workers (19) studied the metabolism of urea in
pigs with labeled (le) nitrogen in low protein ration. A smell but
definite amount of this urea was incorporated into the body.

Hays et al. (12) fed different levels of urea to swine. Slightly
higher daily gains were recorded with 0.16 per cent and 0.31 per cent
urea in the rations. These gains were small and less efficient.

They required more grain per pound of gain, with the feed efficiency
decreasing as the urea content increased. When the urea content
reached the equivalent of 10 per cent of the protein, it reduced daily
gains. These and other studies indicated that this type of feed is

of little value to single stomach animals.

Hart et al. (9) compared the utilization of urea and ammonium
bicarbonate to casein in growing calves. The calves received milk
for the first two weeks and then were gradually changed over to a
complete dry ration. The basal ration was approximately a 6 per cent
protein ration and was supplemented with the different sources of
nitrogen to raise the nitrogen content of the ration to the equivalent
of an 18 per cent protein ration. All the calves receiving the extra
nitrogen gained more than the calves on the basal ration, indicating
that some of the nitrogen from the non-protein sources was being
utilized. The calves on the casein gained substantially more than the
other groups. The results of the trial are summarized in TABIE I.

Ioosli and McCay (21) studied the utilization of urea by two
month o0ld calves. The calves were fed milk for a month and gradually
changed over to dry feed. The basal ration was a L.t per cent protein

ration. This was increased to a 16.2 per cent protein ration with the
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addition of urea or natural proteins. Calves fed on the normal ration
gained 80 pounds, while the calves on urea rations gained 61 pounds.
This trial indicated that urea was utilized by the calves but not as

efficiently as natural protein.

TABLE I

WEIGHT GAINED AND BIOOD UREA NITROGEN LEVEL OF CALVES

Type of Protein Pounds of Gain Mg. % of Blood Urea Nitrogen
28 waeks LO weeks Before exp. rnd of exp.
Basal Ration 120 201 16.67 7.2
Ammonium bicarbonate 180 276 .. 1h4.20 17.2
Urea 220 290 15.58 19.7
Casein 312 Lot 1k.20 17.2

Bartlet and Cotton (2) studied the effect of urea as a substitute
for part of the protein for young cattle from 7 to 17 months of age.
wWhen 0.127 pounds of urea was added to the rations, it accounted for
a 0.24 pound increase in their daily gains indicating that the cattle
were utilizing urea. In this experiment, natural proteins produced
better gains but they were not significantly greater than those on
urea rations. The blood urea nitrogen levels for all animals were
fairly close except those on low protein diets. The blood urea nitrogen
levels were lower on these animals.

Using young heifers, Parham et al. (24) compared urea, ammoni-
ated molasses, and cotton seed meal as a source of nitrogen. These

heifers were from 19 to 33 months of age. Urea and ammoniated molasses
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made up & third of the protein in an 18 per cent crude protein ration.
The average daily gains in pounds were: urea 0.94, ammoniated molasses
1.041, and cotton seed meal 1.23. The results were not significantly
different because of the wilde variations in gains within groups.

Davis et al. (5) used four groups of milking cows to compare a
low protein ration, soybean 0il meal, urea,and di-cyandiamide as a
protein source in two 56 day trials. The non-protein nitrogen re-
placed one third of the protein in the urea and dicyandiamide rations.
The low protein ration had two-thirds the nitrogen value of the other
rations. There was no significant differences in body weight changes,
milk production, or blood uréa nitrogen levels.

Rust et al. (27) studied the utilization of urea and dicyandiamide
as a nitrogen source for low protein rations with 24 cows over.a 305
day period. Approximately one-third of the nitrogen was of a non-
protein source. Average gilk production for these groups were: soy-
bean oil meal 24.4, urea 22.3, and dicyandiamide 22.2 pounds. The
average weight gained or lost by these groups were 43, -28, and -86
pounds respectively. The differences in the milk production was not
significant but the cows fed urea and soybean o0il meal lost signifi-
cantly less body weight than the cows fed dicyandiamide. The average
blood urea nitrogen levels of this group were: soybean oil meal 6.3,
urea 6.88, and dicyandiamide 4.07 mg. per cent. This experiment indicated
that urea was utilized fairly well but not dicyandiamide. The blood
urea nitrogen levels indicated that the dicyandiamide had a low ammonia
activity in the rumen.

Archibald et al. (1) studied urea as a partial substitute for

naturael proteins. Twenty-eight Holstein cows were used in a three year



year trial tc determine the adequacy of urea. The grain ration con-
tained 3 per cent urea. The urea furnished 42 per cent of the nitrogen
in the grain and 25 per cent of the total nitrogen in the ration.

Milk yields and weight changes were not significantly different but
milk yields and weight gains were generally a little better when
natural proteins were fed. Blood urea nitrogen levels were slightly
higher when the cows were fed urea.

High level urea feeding by Lassiter and co-workers (18) indi-
cated that milk yields and body weight gains would decline slightly
as urea supplied 0, 30, 50, and 70 per cent of the total nitrogen in
the grain ration. These differences were not statistically significant.
Protein digestability values for the rations were: soybean o0il meal
53.5, 30 per cent urea nitrogen 50.1, 50 per cent urea nitrogen 50.4,
and 70 per cent urea nitrogen 51.8 per cent. The blood urea
nitrogen values for the different rations were: 8.8, 10.7, 10.k4 and
11.2 mg. per cent respectively.

Ward et al. (30) and Thompson et al. (28) also fed urea and
soybean 01l meal to cattle with about the same results. The natural
proteins seemed to be a little better but the differences were not
large enough to be statistically important.

Wegner et al. (él) used a fistulated heifer to study the effects
cf urea on the ingesta of the rumen. Protein levels averaged 1 to 2
per cent higher in the ingesta when urea was fed in addition to a basal
. ration of 8.45 per cent protein. The urea was hydrolized in one hour
and the ammonia disappeared in 4-6 hours. In another experiment Wegner
et al. (32) compared the utilization of urea at different protein levels.

When the grain mixture was over 18 per cent, the efficiency of urea
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utilization decreased. In this study urea was utilized fairly
efficiently up to 12 per cent prctein equivalent with en 11.5 per
cent basal ration composed of natural proteins. The conversion of
urea decreased when the protein of the ingesta of the rumen became
greater than 12 per cent.

In the digestion of nutrients, Pelasco (3) indicated that urea
increased cellulose digestion. This work indicated that the micrcflora
that dizest cellulose need a readily available supply of ammonia for
optimum activity.

"In vitro" studies by Wegner et al. (33) showed that microflora
can convert inorganic nitrogen to protein. .They found that optinum
pH for the microflora to be 5.5 to 7. The carbohydrates used in the
medium were corn molasses, cerelose (commercial glucose), starch,
and cellulose. All the sources of carbohydrates were readily utilized
by the bacteria that converted ammonia to prctein except cellulose.

The response with cellulose was very poor. In this study, ammonium
bicarbonate was just as effectively utilized as urea.

Pearson and Smith (£5) indicated that the ability of the ruminant
to convert urea to ammonia was very high. One hundred grams of rumen
ingesta could convert 1lUO grams of urea to ammonia in one hour. During
the incubation of urea and ingesta with an available starch supply,
it was possible for the microorganisms to fix 0.8 mg. of nitrogen per
100 gm. of rumen liquor in 24 hours. At this rate it would be possible
for the intact animal to fix 72 grams of nitrogen or 450 grams of
protein. Starch proved to be a better source of carbohydrate than

¢glucose, galactcse, sucrose, or other sugars.
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Studies by Bell et al. (4) indicuted that the source of starch
did not affect the utilization of urea when it was frem corn, de-
hydrated sweet rotatoes, varley, milo, cane molasses, or corn and
molasses. The cane molasses and urea combination had the poorest
nitrogen retention while corn was the highest. The digestability
of barley increased a little when soybean oil meal was fed with barley

instead of urea.

Phosphorus Metabclism in Cattle

Phosphorus metabolism is quite difficult to determine in
cattle. Most of the phosjyhorus is excreted in the feces and is mixed
with the undigested phosthorus. Urine Phosphorus is usually quite low,
amounting to less than O.1 of a gram per day at times (8). When
determining the requirement of thosphorus, it has been the practice
to determine the phosphorus balance. The ditferent sources of phosihorus
were fed and the requirement determined by how much was needed to keep
a constant rhosrhorus equilibrium. Another factor studied was the
incrganic blood rhosphorus levels. This has been shown to vary some
with the food supply and there is some evidence that it varies with
the supply of phosphorus (23). Studies on the effects of normal physio-
logical functions such as eating, exercise, and rest were completed to
determine their effect on the blood inorganic phosphorus level.

Many investigators have studied the requirement of phosphorus
in cattle. 1Iamb et al. (16) fed high and low phosphorus rations to
attle. Rations supplemented with bone meal enabled some heavy milk
rroducers to have a positive balance. The cows on low phosphorus

rations lost their apretite, and in general were in a negative phosrhorus
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balance. The range of phusphorus retained or lost vuried from +C.1h
to +1C.13 grams per day for the hiyh chos,horus rations and from
-11.85 to +£.70 grams for the cows cn the low phcs,.horus rations.

The cattle on the hijh phesihorus rations hud a blocd incrgunic
rhosphorus level ranging froem 5.3 to T by mg. per cent while cows on
the low phosphcorus diets were below 4 mg. per cent Mcst of the
thesphorus was excreted in the feces. Urine excreticn averaged wbout
.17 grams per dey with a range ¢f 0.C7 to 0.54 grams.

Huffman and co-workers (14) studied the phosihorus requirement
cf cattle when alfalfa hay was the principle source of protein.
Alfalfa hay is low in phosphcrus and has an adverse ratio between
calcium and rhosphorus. These studies indicated that the avsorption
of phosvhorus was better if the ratio of calcium to phosihorus was
1.25:1. On low phesphorus rations, blood levels of inorganic
vhosphorus were 1.85 to 2.3 mg. rer cent in calves and as low as 1
mg. rer cent in mature cattle. When thosphorus was decreased in the
rations, the blood level of phosphorus dropred from around € mg. per
cent to less than 5 mgz. jer cent in four days. When the phosihorus
supplement was withdrawn from lactating cows to study their phosghcrus
reserve, the blood level dropred from about 5 mg. rer cent to 3.51
mg. per cent in one weck, to 1.95 mg. per cent the second weeck, ond
to 1.16 mg. per cent the third weck. After several months when milk
production dropred, the tlood level of phosphorus increased to over 5 mi.
ver cent.

Work reviewed by Forbs (£) indicates that the cattle varied in
their absorption and retention of phesphorus. In one study the rhos-

vhorus pentoxide (P.Og5) retention varied frem -be.C to +41.8 grams.



Hart et al. (I1C) fed high and low amounls of tran ash to milkin
cows. The higch ration contained 1y grams of PfCO5 and the low ration
less than 50 grams of P205~ The talance of phcesrphorus ranged from
-13 grams to +12L grams of P.0g.

dckles et al. (7) studied phusihorus deficiencies in cattle.
Elcod phosghorus levels on low phosphorus rations were C.77 to 3.8¢2
mg. per cent for inmorganic rhosphorus with a balance rang;ing from
+C.C5 to -4.C3 grams of vhosvhorus. The high phosphorus rations had
a thosphorus balance ranging fron 12 to s1k4.41 gra:as per day. When
cattle on low phoschorus rations were given a phosvhorus supplement,
the blood levels of incrganic phosphorus raised from 1 to 2.5 mg. per
cent to about 6 mg. per cent in five days. Blood phos;horus levels
varied from 2.8k to 8.13 mz. per cent during this five day period.

Work by lcosli et al. (2C) indicated that prhosghorus require-
ments for cattle varied with age and milk production. Results indi-
cated that heifers needed about 1.8 grams of ghosphorus per 1UC
pounds of body weight for the first year, 1.7 grems per 100 pounds the
second year and 1.3 grams per 10U pounds for the third year. Grcwing
calves retained from 3.6 to 5.3 grams of vhusphorus per day. Cows
require avout 1 gre per 100 pounds of body weight for body maintenenc
and frcm 0.5 to U.7 grams ver pound of milk.

Kleiber et aj. (15) measured endo:encus phosphorus in cattle
with P32. The work indiceted that endoienous phosphorus varies with
the supply cf phosphorus and other factors. 1In this trial, the
endogenous phosphorus from the feces varied from 43 to 70 per cent cf
the total phoschorus excreted. The amount excreted depended to some

extent on the supply cf phosphorus in the feed.
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Pilmer et al. (23) worked on blooud phosihorus levels of cattle
as influenced by food intake, exercise, and time of day. Blood inor-
ganic phosphorus levels befcre feeding ranged from 5.83 tc 8.13 mg.
per cent. Little change was recorded after eating but the blood
inorganic phospnorus level did increase slightly in about cne hour and
decreased to normal in about three hours. This increase was about
a 0.4 mg. per cent increase. kxercise increased the phosphorus level
for a short time followed by a decrease for a short period. This work
indicated that the time to draw tlood for phosphorus determinations
was after the cattle had rested for several hours and befcre they had
been fed. Paturition causes a rapid drop in blood phosphorus level,
and the calf will have a higher blocd phosphorus level than the dem.
Young calves have a higher blood phosphorus level than mature cattle
end is usually arocund 8 mg. per cent. Mature cettle usually average
about 6 mg. per cent with a range of 4 to 8 mg. per cent for inorganic

blood phosphorus.



DESIGN OF EXPERIMENT

This experiment was designed as a 84 day metabolism study to
compare the utilization of the nitrogen in di-ammonium phosphate to
that of soybean oil meal and urea, and to investigate the value of the
phosphorous in this product. Four cows were fed each ration in the
same sequence as they appear in TABLE II.

The tentative feeding schedule was a 17 day feeding period for
each ration. This was divided 1ntp;? 10 day adjustment period and a
T day collection period. Fecal and urine samples were taken daily
during the metabolism trial and total weights recorded. Blood samples
were taken at the end of the adjustment period and the end of the
collection period.

The experiment was started February 7, 1959 and completed
June 4, 1959. The tentative date for completion was May 1, but was
not possible because the cattle had a tendency to go off feed when
di-ammonium phosphate was introduced or increased in their grain
mixtures.

Three factors may have been involved in the cows refusal of
their grain mixture that contained di-ammonium phosphate. Di-ammonium
phosphate did not seem to be as palatable as urea and the cattle never
consumed their grain mixture as readily when this product was in their
grain. Secondly, the weather turned warm at the time the change was

made and this may have caused them to lose their appetite. Third, the
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grain mixture was never very palatable and does not mask the flavor of
the various products in the ration. When corn was sprinkled on top of
the grain mixture, the cows would consume their feed.

The adjustment period varied considerably in this experiment.
It was 10 days for the basal ration, 11 days for the soybean oil meal,
14 days for urea, 31 days for the urea and di-ammonium phosphate, and
17 days for the di-ammonium phosphate ration. The delay on the urea
ration was the result of the digestion stalls being used for another
experiment. The 31 day adjustment period for the urea and di-ammonium
phosphate ration was the result of the cows going off feed and refusing
their grain ration. Corn was used to enhance the grain mixture. When
the cows were cleaning up the mixture, the corn was gradually with-
drawn. The same method was used with the last ration. All the covs
but A-107 cleaned up the last grain mixture. The weigh back of grain
for A-107 was very small and did not affect the total consumption.

The cows used in this experiment were dry and supposedly had
a long enough dry period to carry out this experiment. Since the trial
was extended 34 days, two cows had to be removed from the experiment.
They were replaced by two cows with later freshening dates. TABLE III
shows the due date and date of calving. All the calves were normal
end in good health.

The rations were designed to provide ample carbohydrates and
sufficient nitrogen for maintenance of an 1100 pound cow. There was
no extra feed allowance for pregnancy as the experiment was to have
been completed before the last month of pregnency. Full bloom timothy
hay was used as a roughage. The grain mixture consisted of corn starch,

dicalcium phosphate, mineralized salt, corn cobs, and a nitrogen source



TABLE III

RECORD OF WHEN THE COWS WERE DUE AND FRESHENING DATE

16

Cow No. Date due Date calved
A-9k 5-9-59 5-12-59
A-98 5-16-59 6-11-59

585 10-2-59 10-2-59
A-110 6-16-59 6-22-59
A-107 6-18-59 6-15-59
K-213 6-19-59 (1)

(1) Not pregnant and sold after the experiment was completed.



cf urea, soybean oil meal, or di-ammonium phosphate. Coern cobs were
nct originelly considered for this ration but it was soon evident
that the cows would not consume the grain mixture because of its
consistency. The rations and their celculated composition are shown
in TABLE II.

All the cows remained in about the same condition curing this
experiment except cow A-107. She refused to consume her grain for
long periods of time and lost considerable weight. Her calf was snell
but normal and there was no apparent harm to either the cow or czlf.

Blood samples were taken at the end of the adjustment period and
the end of the collection period. The samplies were taken at [ P.M.
which was abcut four hours after they were fed. The blood for the
urea nitrogen determination was oxylated to prevent clotting and
analyzed by the Van Slyke and Cullen method (11). Another blood
sample for the inorganic phosphorus was taken and allowed to clot.

It was then refrigerated for about cne day and the serum analyzed for
inorganic phosphorus. The method used wuas described in an Bastman
Chemical Abstract (€) and is a colorimetric method.

Feces and urine were collected daily and refrigerated. Hydro-
chloric acid was added to both to reduce bacterial action and loss of
ammonia. In addition thymo crystals were added to the feces to decrease
mold growth. The anualysis of the nitrogen was by the Kjeldahl-Gunning
method (13).

The phosihorus analysis was modified from the methcd described
in the Eastman Chemical Abstract (©). One gram of wet feces was weighed
into a 50 ml. micro Kjeldahl flask and 2 ml. of 50 per cent H.SOy4 added.

The samples were digested over micro burners. Several drops of 30



rer cent peroxide were added to coumclete the digestion and clear up
the solution. Then the samples were diluted with watcr and boiled

for 5 minutes. The samples were then diluted in a 100 ml. volumetric
flask. Suitable samples of this solution were quantitatively measured
and transferred to a 10 mi. volumetric flask. The reagents were
added end the colorimetric readings taken. Standards from a standard
solution of KHEPO)+ were used to determine the concentration of
phosphorus.

The urine analysis wus similar except 2 ml. of urine replaced
the 1 gram of feces. The digestion was more rapid because cf the low
amcunt of organic matter in the urine. The solution was diluted in
a 50 ml. volumetric flask. The solution proved to be too acid and
interfered with reaction of the chemicals. Instead of a blue color,
the soclution was colorless. After experimenting with the solution, it
was evident that a little NuOH solution would decrease the acidity of
the solution to the extent that the color wus present. Using known

standard solutions with and without NaOH present, the readings were

similar and no large error was a;parent.

18
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RESULTS AND DISCUSSION

The results of this metabolism trial indicated that all the
rations except the basal ration furnished sufficient protein for the
maintenance of the cows as indicated by the positive nitrogen balance.
The basal ration, which was designed to furnish less than the minimal
requirement of prdtein, had a negative nitrogen balance. The nitrogen
balance for the different rations were: basal ration -8.4, soybean
oil meal 4.4, urea +19.2, urea and di-ammonium phosphate +7.0, and
di-ammonium phosphate ¢5.2 grams per day. The nitrogen balance was
probably a little high in this experiment, as there was a little loss
of urine due to faulty equipment. The summary of the results of the
analysis of the feces amd urine are shown on TABIE IV.

The large differences between the retention of nitrogen by the
cattle on the urea and soybean 0il meal rations cannot be explained.
Literature indicates that the retention of nitrogen should be fairly
close with these two rations. Iassiter et al. (15) reported slightly
higher nitrogen retention with soybean o0il meal in their studies.

The results were as follows: soybean oil meal +60, 30 per cent urea
nitrogen +h7.l, 50 per cent urea nitrogen +55.2, and 70 per cent urea
nitrogen +52.5 grams per day.

The main difference between the nitrogen retention for these
two rations seemed to be the high excretion of nitrogen by the cows
numbered A-94 and 585 on the soybean oil meal ration. The reason

for the high excretion rate of nitrogen by these two cows is not
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apparent. It could be from a change in their metabolism, faulty analysis,
or poor collection procedure. It is evident that if the two urine deter-
minations were lower, as one would expect from the other urine deter-
minations, the nitrogen retention for the two rations would have been
feirly close.

The digestibility of the di-ammonium phosphste rations dropped
about 10 per cent below the urea and soybean o0il meal rations. This
drop is quite large and indicates that di-ammonium phosphate may not be
utilized as readily as urea. The digestibility of the protein in the
different rations were: basal ration 32.4 per cent, soybean o0il meal 55.2
per cent, urea 57.0 per cent, urea and di-ammonium phosphate 47.0 per cent
and di-ammonium phosphate 44.7 per cent.

The basal ration had the lowest digestibility of the five
rations. The addition of di-ammonium phosphate increased the digestibility
coefficient but was not equal to the soybean 0il meal and urea rations.
The large increase in the fecal nitrogen was not expected. Itwould be
reasonable to expect that a soluble product like this to be absorbed in
the digestive tract and excreted in the urine if it was not utilized.
Instead, there was a large increase in fecal nitrogen indicatirg that
some of this product may be passing through the digestive tract without
being absorbed.

There was no evidence as indicated by the blood urea nitrogen
levels, that the ammonia concentration or activity in the rumen was
especially low with the exception of the basal ration. The blood urea
nitrogen level for the basal ration was very low. There was no evidence
in the literature that blood urea nitrogen levels were ever recorded as

low as the ones in this experiment. TABLE V summarizes the results of the






ce
blood values for urea nitrogen. There was some doubt that the results
of the urea test were accurate as there were very large readings from the
blanks. The readings varied from day to day and ranged trom avout 10 to
50 per cent of the blood urea determinations.

The level of blood urea nitrogen before the exveriment was at
its highest peak and was never as high azain exceprt for about three of
the blood tests taken while urea was being fed. 1In the literature large
variations in the blood urea levels have been noted. Archibald (1)
recorded a slightly higher levels of blood urea while feeding urea.

For urea, it averaged about 11 mg. per cent while regular feeds were
about 10.27 mg. per cent. Rust et al. (27) had lower values in his
trials with soybean oil meal 6.3, urea 6.8 and dicyandiamide 4.C7

mg. per cent. Davis et al. (5) had blood levels as follows: Test I -
low protein 12.3, soybean o0il meal 13.5, urea 14.0, dicyandiamide 12.
Test II - low protein 8.1, soybean oil meal 8.1, urea 10.0, and di-
cyandiamide 8.1 mg. per cent. #rchibald (1) indicated that normal
values of urea nitrogen were 1h to 23 mg. per cent. Most of the
literature indicated that the blocd level of urea nitrogen was 6 to 12
mg. per cent with older cattle and 15 to 20 mg. ver cent for calves.

In this trial, there was enough thosphorus in every ration to
meet the requirements of the cows. Di-calcium phosvhate was used as the
thosphorus supplement. The phosphorus supplement was not eliminated in
the last two rations even though the di-ammonium phosphate supplied more
thosphorus than the cows needed. It was thought that if'eveny ration
had the same source cof phosyhorus with the exception of the di-ammonium
phosphate rations any change in blocd inorganic phosyhorus or phosphorus
retention could be attributed to the di-ammonium phosrhate. The main fault

of this experiment is that itws not designed to comrare the availability
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of the phosrhate is the di-ammonium phosghate with other phosphorus
supplements.

The blood serum levels of the inorganic phosphorus increased
substantially in this trial when di-ammonium phosyhate was fed. The
blood phosphorus level was nearly equal for the first three rations
and the initial blood test. This was in the 4 to 8 mg. per cent range
which is considered normal for cattle. When the di-ammcnium phosphate
was fed, the blood inorganic phosrhorus level increased 80 to 100
per cent. This is fairly conclusive evidence that the phosphorus is
readily available to the cattle and was being absorbed. A comrlete
summary of the bloocd serum inorgenic phosphorus determinations are
listed in TABLE VI.

Very little can be determined in this trial about how the
rhosphorus was absorbed or utilized. In all rations, there was slight
positive phosvhorus retention except the last ration in this test.

In the last ration, where the phosphorus level fed was about three
times that recommended by Morrison's standards for dry cows, (22),

there was a fairly high retnetion of phosvhorus. This averaged nearly
10 grams a day for the cows while the other rations had a positive
balance ranging from +1 to +4 grams of phosphorus. TABLE VII summerizes
the phosphorus balance for this study.

One strange development in this study was the high phosphorus
excretion in the urine of A-107 while on the di-ammonium phos: hate
ration. This cow excreted over 8 grams of phosphorus per day which is
abnormal for cattle. In all the determinations, there was a fairly high
phosthorus concentration in the urine compared to the levels found by other

investigators. This was in part, the result of a fairly high fecal

- e —y
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contamination in the urine. This still doesn't explain the very high

excretion rate in the urine of cow A-107.

of some kidney impairment.

This may have been the result



SUMMARY

This study was designed to compare the value of the nitrogen in
di-ammonium phosvhate with the nitrogen in urea and soybean 0il meal
when fed to ruminants, and to determine the fate of the phosphorus
from the di-ammonium phosphate. Metabolism studies were used to
determine both nitrogen and phospthorus balance and nitrogen digest-
ability. Blood urea nitrogen levels and blocd serum inorganic phos-
phorus levels were also determined. Four dry Holstein cows were used
in this experiment.

Five different grain rations were fed with full bloom timothy
hay. The basal grain ration consisted of ccrn starch, corn cobs, salt,
and dicalcium phosphate. The other four rations were supplemented with
soybean 0il meal, urea, a combination of urea and di-ammonium phosphate,
and di-ammonium phosphete. The nitrogen supplements provided the
equivalent of O.44 pounds of protein per day.

There were five feeding trials in this experiment. There was
a ten day adjustment reriod and a seven day collection period for each
ration. Blood samples were taken at the end of the adjustment pericd
and at the end of the collection period.

The results of this study indicate that the nitrogen in the
di-ammonium phosphate was not utilized as efficiently as the nitrogen
in urea. There was a large increase of fecal nitrogen, indicating
that this product was not as readily utilized by the bacteria in the rumen.
The digestibility of nitrogen for the different rations was: baszl 32.4,

28



soybean oil meal 55.2, urea 57.0, urea and di-ammonium phosphate L7.0,
and di-ammonium phosphate UL4.7 per cent. Since there was a positive
nitrogen balance with di-ammonium phosphaté, it is evident that this
rroduct was being utilized to some extent by the cows. A growth trial
would probably give a more comprehensive comparison between urea and di-
ammonium phosphate.

As a phosphorus supplement, there was every indication that the
phosphorus in this product was available to the cattle. The blood
inorganic phosphorus levels increased nearly 100 per cent when di-
ammonium phosphate was added to their rations. These blood levels were
above the range considered normal for cattle (4 to & mg. per cent).

The average phosphorus balance was positive for all the rations,
although some of the individual determinations showed a negative

balance.
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