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PREFACE

Protein is the most expensive feed ingredient in the ration of
cattle. Protein sources for cattle feed have reached a critieal stage
in recent years because of the reduced acreage of cotton and other pro-
tein producing erops, increased numbers of livestock, and the demand for
the protein bearing sources by menufacturing industries. It is, there-
fore, a matter of real importancee to find substitutes or extenders for
protein in cattle rations so that our meat supply will not suffer.

Experinents have becn earrvied out over a period of years in various
countries testing simple non~-protein nitrogencus compounds as substitutes
for protein, The effeocts of substituting urea, amionium szlts, amino
acids, and various amides for all or a portion of the natural protein
in the ratiuvn bave becn tested with daliry eattle, goats, heifers, stecrs,
sheep, and hwaan beings, In recent years the fecding of urea to rume-
inants as a source of protein has received considerable study by var-
ious investigetors both here and abroad. éome conflicting results have
~ been obtained, but in general, it is conceded that urca can be utilized
to some extent by ruminants as a source of protein:O It has been suggest-
ed that the resson urea and related non-protein compounds are able to
substitute for protein is that certain micro-organisms, normally present
in the iumen, are able 1o convert this nitrogen to protein. These organ-
isme are then thought to be digested lower down in the alimentary tract,
making svailable their protein as amino acids.

The fact that sources of synthetic urea have become available in
the United States in rather large volume gives us good reason for inves-
tigating, to the fullést extent, all of the possiblilities of using it as

a substitute for other protsin sources. Cottonsecd meal has long been



cne of the chier sources of protein fpr cattle in this part of the Unlted
Staies, but recently a shortage of cottonseed meal has become eritical.

A series of experiments are under way at the Oklahoma Experiment Station
to determine to what extent urea can be used as a partial substitute for

cottonseed mesl in retions for lambs and besf cattle.
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REVIEW OF LITERATURE

The idea that proteln may be synthesized by miero-organisms present
in the digestive tract of herbivors was first suggesﬁedvby Zuntz (189119
HEagemann (1891) suggested that the proteir formed in the bodies of the
mierc~organisns iz digested farther down the digestive tract by the host.
The possibility that mierc-organisms of the digestive tract mey be a |
desirable source of protein for the host was later substantiated by iuller
(1906) who investigated the nutritive value of the protein of the microbe
from a culture taken from rumen contents snd found it to be equal to
"plood albumin® for the dog. Henrigues and Anderson {1914) suecessfully
reared young rats on & diet in which their only scurce of protein was
waghed bzeteria from a culbure obtained from rumen contents. Johnson,
Hemilton, Kobinson, and Garey (1944) found that a bacterial fraction ob-
tained by culture of synthetic media, contained 58.81 per cent protein.
The biclogical value of this bacterial protein, when fed to rats, was 66
per cent and its Prue digestibility was 82.4 per cent.

Just how and to what extent conversion of non-protein substances to
protein in the paunch of ruminants takes place has been the object of con-
siderable investigation in recent years. Hart, Bohstedt, Deobold, and
Wegner (1939) used the rumen fistula technigue to study the rate of syn~
thesis of protein in the rumen ﬁf a heifer as indicated by the Jisappear-
ance of added urea and ammonium salts. By varying the protein content of

the ration, they.found that the rate of conversion was rapid at a level

of protein of 12 per cent in. the ration and decroased rapidly at a level

of 18 per cent or over., Conversion "in vitro™ wes shown to teke place

when ammonium salis were added to extracts of rumen contents and incubated.

fiegner and others (1941) found that urea nitrogen or ammonia nitro-



gen, when ingested as 1 to & por cent of ths dry matter of the rstion, dise
appeared fron the rumen in & o & hours after fecding. 1is experiment

showed that a definite increase in the percentase of protein nitrozen of

the rumen ingosba was proguced by edding

5 per_cent ures to s low nitrogen

basal ration,

Pearson and Smith (1943} studied "in vitro™ the liguid rumen conitents
taken from a gasiric Tlstula of g stecr. Using incubation periods of only
2 to 4 hours, and adding ures to the liguid before incubation, ithey Tound
that synthoesis of protein oecurred ab & rate of about 9 nmg. of nitrogen
par 100 grams of rumen liguid. thile the total nitrogen of the liguid re-
rmained eonstant, there_was & ﬁecreasg in the uncn-protelin nitroson (made
up mostly of uree and amoniz) but the greater decrenge was in the am~
monia nitrogen, suggesting that the protein synthesis was fronm amsonia

rather than from uves.

Fingerling and his associaten (1957) showed in nitrogcn balence ex-

periments with sgteers that when urca wus uged as a supolement to a low

ot srasmps s

protein retion that 50 to 61 per cent 6f ﬁhe79;ea nitrogen could be uti-
lizeé. To é;%érmine whether bacteria or protozoa are regponsible for this
synthesls of protein from urea was one of the objécts of exporiments by
Johngon, ilamilton, Hobinson, and Gerey {1944)‘ when {he paunches of ismbs
were kept frev of protozoas four X days, they found that these lambas uti-
lized the nitrogen of urea conieining rcations to sboutl the same oxtent as
aid normmel groving lumbas. This would ipdieate that vhe synihesis of pro-
$ein from ures was brought about by the action of bacterie and not by the
protozon presant.

The synthesls of puroteln from urca in the runen scems to be at least
partially dependent upon the contents of the ration. Hills and cthere

{1942}, using & neifer with a rumen Tistula, found that when stareh

\:as



added to 2 ration of timothy hay and urea, the protein of the rumen con-
tents increased by 57 per cent. Uhen casein was ddded to a diet of tim-
othy hay, stareh, end urea, the synthesis of provein from urea in the
rumen @as nearly abolished. Johunson, Hamilton, Mitchell, and Robinson

(1942) found that supplements of corn molasses enhance the utilization of
' -

urea nitrogen in sheep. ills, Lardincis, Rupel, and,ﬂayﬁfilgéé) obtain~
ed results in experiments with heifer calves and cows whiéh indicated
that the nost effective utilization of urea takes place only when ecritain
grain proteins and starch are present in the ration. The rosults of
their fistula experiments indicated that only partial utilization of urea
by runinants ocecurred when molasses was the chief source of readily fer-
mentable carbohydrate. The reaults of this experiment do nct contradict
those by Johmson and his co-workers (1942) but indicate that a combina-

tion of urea and molasses is less efficient than a combiration of wurea

and starche /

s

Sone éxperiments have shown the offeets of urea ingestion upon the
digestibility of varicus components of the ration. Harris and Mitehell
(1941b), in their experiments with lambs, secuved results vhich showed
that the addition of ursa to a low nitrogen basal raticn ineressed the
Gigestibility of cellulose from 17.8 per cent to 38.7 por cent. fThe
digsstibility of the dry maitter, when urea was added to the low nitzo-
gen basal ration, was 65.8 per cent as compared with 66.9 per cent when
an squal amount of nitroszen from caseln was added. The apparent diges-
tibility of uree niitrogen itselfl wasg S7.7 per cent and its true diges-
$i011ity 88.8 per cent as compared to 38.0 per coent and 86.9 per cent
respectively for the cassein nitrogen.

The nitrogen in the products formed from urea in the paunches of

sheep is vot vo well digested as the nitrogen from casein according io



Johnson, Hamilton, Mitchell, and Robinson {(1942). Houwever,

tiliged in

=

the nitrosen in thoe products formed from urea 0 be as well
metebolivm as the nitrogon from soybean meal and somewhalt votter utilized,
even vhough not as well digested, as that from casein.

éffimosli and MHeCay (1943), in their experi ments with young calves,
found the apparent digestibility of dry matter and carbohydrates to be
‘from.74 to 30 per cent when urea was - fed in sufficient amounts to raise
the proteiq_eqniVQlent of the ration from 4.4 per cent to 16.2 peir ceunt.
The appavent digestion coefficients of dry matter and carbohydratos were
from 57 to 63 per cent when the low protein basal ration wes fed. The
apparent digestibility of nitrogen iuncreassed greatly when urea was added
to the low nitrogen basal rétion.

Priggs and co-workers (1945) condueted digestion and mcotabolism
gtudles with steers and secured results which showed that urea nitrogen,
when used to replace 25 to 50 per cent of the nitrogen of cotionsecd meal
in a maluntenance ration, did not significanily atfect the digestibililty
of the warious organic nutrients in the ratién. Amounts of urea supgly»

ing more than O pcr cenu of the tobal supy lhmentar nltrogej tended to

a

have a depressing c¢itect on the apparsnt dig butloﬂ of orﬁ,nlc consnltu—

entg. (hen 10 pounds of prairie bay wes supplenented with any one of

the urca supsloments or with cotionseed meal, the apparent digestion cool-
ficient of ecrude protein was raised from -0.9 to approximately 60.0 per
cent and the nitrogen storage increaced foom a -10.8 per cent to aboud
14 per cent.

Lardinois, Mills, Rlvehjem, and Hart (1944) studied the correlaticn

between added niitrogen and carbohydrate on the vitamin synthesis in the

5

e addition of urca as

ol
=
&

ruren, They secured results which showed that



8 source of nitrogen definitely increased the synthesis of riboflavin,
nicobinic aecid, biotin, and pantothenic asecid in the bovine rwren when &
readily avalisble cavrbohydrate was preseat.

The extvent to which urea may be used by vuminants in satisfying
maintenance, growth, and pro&uction requirenents has received consider-
able study, Bartlett and Cotton (1938), in a 142 day fecding ezperiment
with twenty-one dairy heifers, found bthat the addition of (1,187 pounds
per aninsl pes day of urea to a diet supplying a limited amount of protein
resulted in an extra daily live-weight increase of (.24 pounds per dey.
This increase was statistically significant so it was concluded that the
animals mugt have utilized the urea nitrogesn in thely metebolism. 1In this
experiment animals receiving the same quantity of additional nitrogen in
the form of ground nut protein showed increased but not significently
greater live~weight gains than those receiving the urea.

Hart et al. (1999) conducted experiments with 10 growing calves
and demonstrated thal urea nitrogen can be utilized at least for a

partial supnly of protein nitrogen. With urea nitrogen constituting
UeEE S

S e e

45 per cent of the nitrogen of the ration the growth rate vas but slightly

e e

less than that secured with a ration containing 66 -por-cent of its nitre-

gen as cascin nitrogen. Whon cazein nitrogen constituted 43 per cent of
the total nitrogen of the ration, the growth rate over a period of 16
weeks was 1.5 pounds daily as compared with 1.3 pounds daily for the econe-
parable level of urea nitrogen.

Harris and Hitechell {194la) concluded that sheep may be maintained
in body and nitrogen eguilibrium for over 100 days on rations containing
ures and only enough protein to provide one~ftenth the amount of nitrogen

needed for equilivrium. They found that 202 mg. of urea nitrogen and 161

mg. of casein nitrogen per kilogram of body welght will maintaln nitrogen



equllibrium in shevpe. It was determined that the bilologieal value of urea
at nitrogen equilibrium was 62 as compared with 79 for casein nitrogen.
Harris and Hitehell (1941b) in snother expuriment secured nearly uocrmal
growth in lambs by the addition of urea to a low nitrogen ration which

was unable to support approciable growth or even consistently to mainbvain
nitrogen equilibrium. They concluded that such a retion need zol cootain
mors than 1l per cent of conventional protein in which ursa furhishes 50
per cent of the nitrogen.

Johnson, Hamilton, Mitchell, and Hobinson {1948) found that the
addition of urea %o a low nitrogen basal ration, in amounts to produce
the equivalent of 12 per cent of erude protein on a dry mabier besis, in-
duced a retenticn of nitrogen in growing lambs that cannol be bettered by
further gdditions of urea but can be bettered by raising the true protein
content of the ration. Thesc resulis indicate that urea will not meet all
the protein requircments for growth in sheep.

Loosli and WeCay (1943), studying the utilization of urea by young
calves, found that those on & low protein ration containing only 4.4 per
cent protein failed to grow while the calves receiving uresa sufficient
to bring the protein eguivalent to 16.2 per cent geined 61 pounds in two
months as compared with 80 pounds geined by ceslves treated in a similar
manner but fed g norwal ration. ©Calves as young as two months of age were
able to make Talr geins in weight when uree constituted three-fourths of
the total nitrogen of the ration. The calves fed the low protein basal
ration were in uegative nitrogen balznee while thése receiving the added
urea were in a positive nitrogen balance, retaining 24 per cent and 56

per cent of the ingested nitrogen.

/’fln g review of German literature by ixelsson (1942) it was stated that

about one-third of the nitrogen of normal rations can be replaced by urea
s T e i ot SRS we s et e o o

»
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{for maintenance and growth of ruuinants and abouﬁ'ane—half of the nitrogen

T o o e i amerammitimt S0 e AT

of rations for milk production iT the enerpy supply is maintained. /

a2
s

£

In feeding trials with £4 dairy cows Hupel, Bohksitedts, and Uart {1943)

; Sy

secured resulis which wonld indicate that the nlitrogen from urca iz uti-

lized nearly as efiectively as the nitrozen from linseed meal. Urca fod
at a level of 1 per cent of the dry matier of the entirs ration or 3 per
eent of a concentrate aixture substituted effeetively for the linssed nesl
nsed in the control ration,

Murry and Romyn {1939) found thet when either all or one-half of
the protein of peanut cake was replaced by urca (altrozen equivalent) in
the ration of young led Polled hoifers the weight inersases, over a period
of 99 days, werc approxinately the same as vwhen the ration was supnlomented
cubirely with peanut ceke.

Owen, omith, and Hright (1943) gtudied the use of urea as a partial
substitute for blood meal in the feoding of dalry cattle. They used seven
laetating Ayrshire cows over a poriod varying from 100 to 160 days. When

one~third of the nitrogen of bloocd meal supplement was replaced by au

egual amount of nitrogen in the form of ursa the milk yields of five of
the seven cows were well maintained. With four of the five cous under
test a rapld and significant deerease in milk yield took plsce when urea
was removed from the fesd. 'They found no signifiecant difierence in the
cosiposition of the milk.

The Oklshoma Experiment Station {1345) conducted experiments for
the purpose of studying the performance of fatiening beef c¢alves when
supplenented with cottonseed meal and urea containing supplenents. Three
lots of ten head éach were fed eorn and prairie hay plus supolements of
Formula 1, Formula 2, or cobttonseed wmeal for a period of 104 days. For-

mla 1 had 25 per cent of ibs nitrogen in the form of ursa and Formula 2



had per cent of 1ts nitrogen in the form of urec. Results secured in

this fattening experiment showed that calves supplenentod with the urea
containing pellets had ar average daily gein comparable with the calves
fed the cottonseed meal supolement. The calves receiving 25 per cent of
their supplemental protein mltrogen in the forn of urea geined 1,96 pounds
dalily as comparﬁd W1th l 98 pounds dally for those receiving 50 per cent
of thelr supplementul nitrogen in the“form”ofqureauand.;,5;w§9unds daily
for those_sgpplgmgpp9§wwith cottonseod meal, There was very litile dif-
ference in the amount of feed ruquircd per 100 pounds of gain, but calves
supgiﬁgggﬁ9@”w;phmﬁggmglgﬂgfgg§mpgg ;qwest”feed requirement and those re-
ceiving cottonseed meal had the hizhest feed requirement.

In a move recent fattening experiment at the Oklahoma Station (1946)
covering a period of 167 days, it was found that younger calves supplement-
ed with cottonseed meal gained a bit faster on alightly léss feed per 100
'pounds gain than calves supplementeé with either 25 or 50 per cent urea
containing pellets. The average daily gainc weca:ed were 1.86 pounds for
those oupplemmntad with éotronsced meql, 1. 7# pounds ior the calves ret-
ting 25 per cent of their supplemenial nitrogen from urea, and 1.61 pounds
for those'fééeiviﬁgvﬁO per cént bf fheir supplemental nitrogen in the form
of urea.

In two wintering experiments with two lots of eight head euzch of
high grsde Héfeford heifers, Briggs and co-workers (1945, 1946) secured
results which showed thst yearling heifers can be wintered as satisfae-
torily on pellets containing 25 per cent urea nitrogen as on cottonsced
meal when both are fed as supplements to range grass. In the first ex-
periment, heifers receiving the urca containing pelleis gained .28 pounds
Gaily as compared with .26 pounds gained daily by those getting cottonseed

meal, In the second experiment, the heifoers getting the urea pellets
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OEJECT OF Til EXPERTIEET

Digestion and metabolism studies have been conducted with thiree good
srade Hereford steers for the purpese of determining if urea nltrogen may

replace a part of the nitregen of cottonseed nmeal without sffeeting the

IPELTUFNTAL METHODS AND PROCEDURE

Three separate metabolism trisls were run during the experiment
and three steers were used in each trial. In each trial a ten day col-

lection peried followed a ten day preliminary feeding period.

Animals Used

Three good grade Hereford steers welghing approzimately 540 ppunds
were used as subjects in the experiment. They had besn used in some
previous trials and were accustomed to the stanchions andvharness. ALl
of the steers were about of the same quality and inyabout the sanme general

conditiona.

Byuipnment

Individual stanchions with false botiom floors and separate and
nearly enclesed feed boxes were used. A removable box behind sach steef
was used for collection of the feces. A rubber funnel with harness attach-
ed to keep 1% in place and a hose rununing into a 5 gallon can located
dircetly beneath the floor of each stanchion was used Tor the eolleetion

of urine from each stecr. Glass Jars with tight fitting liGs were used



for keoping
electric rofrigerator at about 34° F.

and hay weve 0%

balance scaleg were used for weighing of the concenira

volumes were obtained by mcasuring in

Rations

The thres raticus fed during the

Table 1. The daily ratious fed ste.rs

aliquots of urine and feces and the jars

The scales used for s

experinent are given 1o

11

were stored in an

weighing foces

ug lever balance scales while direct resding Toledo

tess Daily urine

graduated eylinders.

Table 1.

in a meitabolism trial.

Ration B DBaticn ¢

S4B4 gms.
964 gms.
V94 405,

Ground yeliow corn
Prairie hay
Cotionseed meal
Urea Formula 1

2.:5)‘:1 Urea H.)
Urea Ioroula 2

(50% Urea W.)

S454 EIAE o

984 gus.

5454 gne..
964 SIS o

794 guas.

794 grs,

The corn fed in tho experiment was
the prairie hey wae of
nating The cotiton
ursa containing pellets consi
Formmla 1

104 Blackstrap molaosses

4% Dupont's 262

11 Vominy feed

75ﬁ Cottonseszd neal

Dupontts 262 had =

poor guality wigh
sead xeal used wan ol

ted of the

ted of cerystaline urea,

mediwm ground yellow corn while

little bluestem grass prodoni-
43 per cent protein grade. The
following:
Formula 2
10% Blackstrep molasses
8% Dupont's 262

8&d Hominy feod
505 Cottonseed meal

E

crude probein equivalent of 262 per cent (B. x

red dog flour, and dolomitiec



limestone., The red dog Tlour and dolomitic limestone were added for the

purpose of making it a free rumuing product. The cubes designated as

hE,

iy

Tormula 1 and Formula 2 were in pellet form and were manufacihured es-
pecially for the experiment by Mutrena Hills, Inc., at their Coffeyville,
Kansaé plant. The cottonseed mezl vas the stundard fine ground product
componly sold on the marvket.

Chemicsl analyses o the fecd used in this experinent are shown in
Table 2. All snalyses were made by the Agriculturel Chemistry Depariment
of the Oklaboma Txperiment Station using methods approved by the Assoela-

tion of Official Agricultural Chemists (1940).



Table 8. The chemical composiiion of fesds used in the aetabolism study.

On dry matter basis

Organie
Dry Lry Eiher-

Fead lMatter Matier Protein ixtract Fiber  H.,F.B. Nitrogen Ash

7 z % Z % K
Corn 88,82 98,54 8.73 5,07 2,15 82,61 1.40 1.46
Cottonseed meal 91.21 94.11 45,24 6.91 10.01 31,35 7.24 5,89
Formula 1 90,68 95.68 45,97 6.18 798 35461 736 6432
{25% Urea M.)
Formula 2 39 .37 95,08 47,00 5,09 5.66 37.88 782 & 87
(50% Urea N.)
Prairie hay 92.53 $2.82 4,94 2.0D 25,19 B0 .64 Q.79 7.18
{Trial 1)
Frairie hay 83.80 91.66 4 0 40 2.21 35,03 50.028 G.70 8.34
{(Trial 2) ,
Pralyie hay G« 34 503 4,5% 2.14 34,38 S2.44 0.73 647

{Trial 3)

¥



Hethod of Feeding

The stecrs were hand fed twice daily ot spuroximately 7:00 a.r. and
5:00 p.m. The concentrate mixture was ecarefully weighed for sach stecr
to the nearcst gram. The hay was weighed to the nesrest ounce.

The feeding schedule followed for the three trials is showm in

Table 35,

Table 3. The feeding schedule used in the netabolism study.

Rations Fed

Steer Ho. Trigl 1 Trial 2 Trigl 3
5 A {CeS4iie Supple- ¢ (50 Urea N. B (25% Urea H.
ment) Supplenent) Supplement)
7 B (255 Urea W. A (G50 Supple- © (50% Uren Ne
Supplenent) ment) Supplenent)
8 C (50% Urea . B (25% Urea H. A (C.8.0. Supple-
Supplement) Supplement) ment)

In followiing the above procedure of rotaling the ratioms, onch of
the stecrs reeceived sneh of the thres different rations during one feed-
ing trial. No feed was removed from the burnks during the ten day col-
lection periode. 4% the end of ecach ten day collection period the oris
were romoved, weighed and a chemical aualysis made. The stecrs were

watered from o bucked twice daily while block salt vas kept before the

stecrs at all tines.

Collections

Feces were allowed to drop in s wooden box behind each stecr. A
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~carebaker was on hand to gémove the feees from the box at frequent inter-
vals and to plaee them in covered galvanized cans. The urine was col-
lected in cans bencath the felse bottom floors of each stall. At approxi-
mately 2:00 p.me each day, the feces were weighed and the urine measured
for each stecrs A representative 2 per cent aliquot was teken of the daily
feces and urine excretions, placed in separate numbered glass jars, and
stored in the refrigerator. In order to reduce nitrogen losses and %o
preserve the samples, feces samples were treated with thymol solution be-
fore storage and the urine samples had concenirated sulphuric acid and
thymol erystals added before storage. At the end of the ten day collec-
tion period, the aliquois were talen to the laboratory and analyzed.
The.d%ily gmounts and chemical snalyses of feces, urine, and oris

are showm in Table 4,



Table 4. The daily amounts and chemicel analyses of feces, urine and orts in a digestion and metabolism
study with stesrs.

Composition of Dry Matier

Urine
Nitro- Nitro-
gen gen
Supple- Steer Daily Dry Pro- Ether- Crude Freec- Nitro- Gms. Per
ment No. Trial Material Amounis Matter tein Extrsect Fiber Extract gen Ash Liter
% % % %
5 i Feces 7650 gms 28.20 15,78 6.98 16,91 852.11 2.52 8,22
Urine 3037 ml 11.86
Orts None
Cotton- 7 2 Feces 7554 gms 27.64 17.93 3.85 12,89 58,47 2.87 6.86
seed Urine 2854 ml ' 14,36
Meal Orts lNone
8 3 feces 6703 gme 29,92 16,01 2,78 12,45 63.48 2.56 5.28
Urine 28565 ml 12.46
Orts None
5 3 Fecesn 6812 gms 27.84 16.48 2.61 12.71 62,59 2,64 5.61
Urine 3748 ml 11.26
Formula Orts None
1
(25% 7 F Feces 6372 gms R26.,04 16442 5,50 15,67 55.37 2463 7.04
Urea Urine 2470 ml . 12.08
N.} Orts 635 gns 92.47 8,36 3,36 7.06 62,69 1.54 18.55
8 2 Feces 5394 gms S0.%6 16,08 3.62 12.82 60.86 2.57 6.62
Urine 2500 ml 16,46
Orts 232 gms 90,66 9.38 4.60 B.54 74,288 1.50 3.20
5 2 Feces 5916 gme 28,92 14493 2,79  13.77 61.96 2.39  6.55 ol
Urine 3475 ml 10.92
Orts None
Formula 7 3 Feces 7343 gms 26,80 17.84 4,32 11.73 59.52 2.85 6.59
2 Urine 52568 ml 17.10
(50% Orts None
Urea
N.) a8 1 Feces 6368 gms 28.32 14.96 2.93 13,63 62,55 2.39 5.9
Urine 2862 ml 12.68
Orts 165 gms 90,53 12,29 4,39 4,90 74,65 1.97 3.79

9T



Table S5« The effect of cottonseed meal and urea containing supplements on the apparent digestibility (per
cent) of steer fattening rations in the metabolism study.

Ether-Extract Hitrogen-Free-

Protein Digestion Digestion Coef- Crude Fiber Diges- Extraet Diges- Organic Dry Matter
Steer Coeffieient for ficient for tion Coelficient tion Coefficient Digestion Coef-
Ho. Ration ; Ration , . for Eation . for Ration ficient for Haticn

Supplement Fed

riég C“%g -t o ~ o -t o - )

. 3@ gw . 3 3 . 5 3 . 3 i P 3

4 Tg Tg = 3 3 = 3 3 = 5 4 = 3B 3

<~ E8 B¢ : BB : B B e E - § E

“ BB 85 9 8 8 4 B o %2 o g - = g g

0 = e 3 = 4 o = g O 2 £y © B oy

% < % % % % % b & % & & B %
B B7.8 80.7 67,9 52,0 B4.0 84.8 25.5 49,0 4B.8 76,0 74,9 77.5 68,5 71.6 74.5
7 53.9 63.6 5640 T5.8 6844 Tle8 48,8 35,9 49,4 74,6 73,8 75.3 68,9 73.4 70.8
8 59,5 66,0 635.2 22,3 80,3 82.0 48,9 54,5 45.4 73,0 78.0 75,5 69.9 74.8 72:9

Average 560 63.4 65,1 69.8B 77.6 79.3 40.4 47,7 47.9 745 T7.2 76,1 69.4 V3.3 78.5

4T
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Table D presents the apparent digestion coefficients secured in
ench trial. The data presented in Table 5 were analyzed by the analysis
of variance metiod preseunted by Snedécor (1937). The digestion coef-

ficients of each nutrient were studied separately.

The Effect of Urea and Cotionseed
¥eal on Protein Digestion

The apparent digestion coefficlients of the protein in the three
rations are shown in Table 5. During the three trials the feeding of
Formula 1 {25% Urea N,) resulted in an average apparent protein dipes-
tion coefficicut of 65.4 per cent as compared with a coefficient of 63.1
per cent when Formula 2 (B0G% Urea W.) was fed. This giffersnce is not
significant. Uhen cQttonseed meal was fed as the protein supplement of
the ration, the apparent digsstion coefficient of protein was 56.9 per
c¢ent, This was 6.5 per cent less than when Formulas 1 was fed and 6.2
per cent less than when Formuls 2 was fed. ALl of the steers had a
highigmgppggegﬁmpggpginMdigesﬁiggngqerficient when they were on one of

e E

the two urea rations than when they were on cottonseed meal; however,
when Snedecor's methods of analysis were applied to the results, the dif-

ferences were not significant.

The Effect of Ureca and Cottonseed leal
on the Digestion of Ether-lixitract
There was considerable variation in the apparent ether-extract
digestion coefflicients in the three trizls. This msy be accounted for

by the rather low amount of fat in the entire ration wiieh would be



magnified by & slight error in collections or chemical snglysis.
Although the average appavent ether-estract digestion coefficientis
favored the rations containing urea, two of the three steers had higher
coefficieﬁts when on cottonseed meal alone than vhen they were on the
urea rations. The QVGrage‘aﬁparent ether-extraet digestion coefficienté
for the three rations were 68.8 per cent for cottonseed meal ration,
776 per cent for the zution containing Formula 1, end 79.9 per cent for
the rotion supplemented by Formula 2. Theme differcucesg of 7.3 and 9.5

wero not signifieant,.

The Eifect of Urea and Cottonsesd ¥eal
on Grude Fiber Digestion

There was no sigoificant difiercnce between the apparcnt crude
fiber digestion coefficients of the rations vhen Formula 1 and ¥ormuls 2
were fed as the protein supplenent. %he average apparent digsstion
coefficient of crude fiber was 47,7 per cent when Formuls 1 was fed and
was 47.9 per cent when Formula 2 was fed. Hhen cottonseed mesl was used
ag the protein supplesent, the average apéarent erude fiber digestion
coefficient was 40,7 per cent. These differances of 7.0 and 7.2 per
cont were not significant. |

~¥el

Steer No. 5 had an apparent crude fiber digesticn coefficient of
only 25.5 per cent while on cottonseed meal as compared with 45.0 and
48.8 per cent respectively while on Formula 1 aud Formila 2. Ho ob-

servation was made which would explain this wide discrepancy. This

steer had a correspondingly low ether-extract Gigestion coefficient

]

during the seme period.
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The Effect of Urea and Cottonssed Heal
on Witrogen-Free-Extract Digestion

There were no significant diffeyences in the apparent digestion
coefficients of nitrogen—freefextract for the three rations,. The aver-
age digestion coefficients were 74.5 per cent for the cottonsecd meal
ration, 77.2 per cent for the raticn containing Fornmla 1 and 76,1 per
cent‘for ration containing Formule 2; this was a slight increase in
favor of the rations containing urea. The apparent nitrogen-free-extract

digestion coefficients were quite uniform for all the steers throughout

this experiment,

The BEffect of Urea and Cottonseed Heal
on QOrganic Dry Hatber Digestion

The results of the three trisls show a slizbt advantage of the
urea cuntgining rations as conpared to eottonseed meal on the diges-
ticnvof organic dry matter, The ration containing Formula 1 hed an
apparent organic dry matver digestion coefficient of 73.5 as compared
with 72.5 per eent for Formula 8 and 6Y.4 per cemt for cottonseed meal.
In each of the three trials the apparent digestion coeffiecients for
organic 4ry matver were higher fpr the rations containing a portion of
the nitrogen in the form of urea than for rations containing only cotton-
se@& meal as the protein supplement. The diflerences between the three

rations, although uniform, were not significent.

‘The Effecet of Urea and Cotionseed ezl
on Protein and Nitrogen Utilization

Data on nitrogen and protein utilization ere given in Table 6.
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Table 6. The nitrogen balence data and biological values of protein for steers fedétattaning rations supplemented with cottonseed meal or urea
containing supplements. |

)
—
Esti-t |
mated
leta~ Feed Absorb-
Average Dry Nitro~ Fecal  Dbolic liltro- ed Nitro- 1 Feed Feed Total Biolog-
Supple~ Steer Body Matter gen Nitro- Nitro- gen in Nitro- gen in dogenous Nitrogen Nitrogem HNitrogen Nitrogem ical
ment Noe Weight Intake Intake gen gen Feces gen Urine trogen in Urine Utilized Stored Stored Values
Kegms ., Gms . Gnms . m._ Cms. Gms. Cms. Gms. . Gms. Gms. Gms. %
5 301.4 6460.4 127.1 54.5 3442 20.3 106.8  36.0 28.1 78.7 36.6 28.8 74
Cotton- -
seed 7 281.4 6472.6 126.4 58.3 3443 24.0 102.4 41.0 33.4 69.0 27.1 2l.4 67
Meal
8 306.4 6477.8 126.7 ©5l.4 34.3 17.1 109.6 48.0 40.1 69.5 27.3 815 63
Aver- 6470.3 126.7 54.7 34.2 20.5 106.3 41.7 335.9 72.4 X ed 23.9 €8
age .
5 347.5 6473.6 127.3 50.0 34.5 15.%7 111.6 42,2 ;%.3 335.9 7.7 35.1 27.6 70
Formula b
7 273.1 5869.0 119.8 43.6 31,1 IS5 107.3 29.8 4.5 2243 85.0 46.4 38.7 79
(R5%
Urea 8 £89.9 6258.1 123.8 42.1 33.2 8.9 114,9 41,1 A 33.4 8l.5 40,6 32.8 75
N,)
Aver- 6200.2 123.6 45.2 52.9 12.4 111.3 37.7 7.8 . 29.9 8l.4 40,7 33.0 73
age
5 321.9 6458.0 127.4 40.9 3.2 6.7 120.7 7.9 20 29.9 90.8 48.6 38.1 75
Formula
2 7 299.1 6463.2 127.7 ©56.2 34.2 22.0 105.7 865.7- <8 47.9 57.8 15.8 12.4 55
(50%
Urea 8 2710? 6296.4 135.1 43.2 33.4 goa 11505 3&-3 ] '.5 g 38.8 %'5 45 .6 35.5 75
No) il
Aver- 6405.9 126.7 46.8 33.9 12.8 113.9 43.3 7.8 35.5 78.4 3647 29.0 68
age {

lEhdogenous nitrogen and metabolic nitrogeh were detarm{ssdzby using the valueés of Swanson and Herman (Mo. Agre. Exp. Sta.
Res. Bul. No. 372) that endogencus nitrogen is equal to 712W" '~ and metabolic nitrogen is egual to 5.5 grams per kilogram
of dry matter intake.
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All of the steers were in positive nitrogen balanece during ssch of
the three itrials. Hitrogen storsge averaged 23.9 psr cent, 33.0 per cent,
gnd 29.0 per cent when the rations were supplemented with cottonsecd meal,
Formula 1, and Formula 2 respectively. Although thesze results favor the
rations containing urea, the variation within rations was so great the
differences were not significant.

There were no significant differences among the biologicsl value
of the proteins of the three rations. Vhen cotitonsacsd meal was fed as
the protein supplement, the biological value of the protein in the entive
ration was 68 g8 compared to 73 when Formuls 1 supplied 85 per cent of
the nitrogen in the form of ureca and 68 when 50 per cent of the supple-

mental nitrogen came from urea.
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DISCUSSION

Results secured in thisvexperimsnt indieate thai urearnitrogen mnay
be used to rveplace at least 50 per cent of the nitrogen of a‘cot%onsead
meal protein supplement ia a s%eer fattening ration without significant-
ly aflecting the apparent digestibility of any of ihe organic constitu~
ents in the ration. These results are in agrecment with dry lot fat-
tening experiments with beel calves conducte& at this Station {1845,
1946} . In those experiments ealves receiving urea containing peliets
similar to thosge used in thig digestion and mebabolism study, in which
25 and BO per cant.of the suprplenentsl nitrogen came ILrom urea and the
remainder from eotionsesd meal, made just as much dally gain as those
supplemented entirely with cottonsé@d neals Since there is close agrec-
ment in the results of these two types of feeding experiments, it would
appear that the utilization of the various nutrients which promote gain
is not afiected by the substitution of urea nitrogen foir part of the
supplenental cottonseed meal nitrogen.

The substitution of urca for part of the cottonsesd meal did nct
change the bioclogleal value of the protein in the ration, nor was there
any significant change in the per cent of nitrogen retalned. ItV seems
likely, therefore, that the urea nitrogen wes utilized just as eliect-
ively as the nitrogen of cottonsecd meal. The reason for this excel-
lent utilization of urea nay be found in the type of fattening ratiom
that was fedt"mills ét al. (1944) showed that the most effective
ubilization of urea takes place only whem ceriein grain proteins and
starches are present in the ration of eows. Johnson et al. (1942)
secured resultes which showed that supplements of corn molasses enhance

the utilization of urea nitrogen in sheep. It seems likely that the
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ration fed in this metaboliam study congisting of molasscs, hominy
feed, ground corn, cotiomseed mezl, and prairic hay furnished an
excelient medium for the growth of miéro-orgaunisms in the runen of the
stesrs and that these micro-organisms ofiectively converted ithe urca
nitrogen into usable protein nitrogen.

Whother the utilization of the urea nitrogen would have been so
high is doubtful if there had becm a highor porcentage of total protein
(M. x 6,25) in the vation. The ration fed contained oﬁly about 12 per
cent erude protein om a dry matbter basis. Hart st al. (1939) showed,:
by reans of a vumen fistula in a heifer,that rapid conversion of urea
and amaonium salts to provein tock place at a protein level of 12 por
cent in the ration and decreased rapidly at a level of 18 per cent or
over. Johuson et al, {1942) found that the addition of urca to a low
nitrogen basal ration for sheep, in amounts to produce the eguivalent
of 12 per cent of crude protein (N, x 6.25),induced a retention of
nitrogen that can only be bettered by raising the true protein content
of the ration. I% seems probable, therefore, that the utilization of
urea nitrogen in this digestion and metabollam shudy would have beon
less efficient 1f the protein level of the ration had been incressed to
the level recommended by Morrison {(1945). The nutritive ratio of the
rationg fed in this experimént, ealculated from the apparent digesti-
bility of organic nuirients, ranged from 1l:8.6 for the two urca contain-
ing raticns to 1:9.0 for the ration supplemented entirely with cotton-
seed meal. Hbrris¢n (1945) recommends a nutritive ratio between 1:7.0
and 1:8.0 fo}7666 o 76;.pound fattening stecrs. The rations fed in
this oxperimen% are a bit wide but had given very good perfornance in
fattening calves at this Station (1945).

The appdrent digestibility of ether-extraet, nitrogen-frec-extract,
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and organic dry matter was considerably higher in this trial than was
obtained by briggzs and co-workers (1945) when urea nitrogen wésrused

as a partial éﬁbstitute for cottonsced mesl in a maintenance ration for
steers, This can be accounted Tor by ﬂhe presence in the fattening
ration of much larger amounts of more easily digestible materials in

the form of molasses, hominy feéd, and ground corn. The fact that diges-
tion of erude fiber in the maintenance ration was higher thesn that in
the fattening ration may be explained on the basis that the proscnce of
more easily digestible carbohydrates decreases the digestibility of

crude fiber. (Haynard. 1937).

o // :

N The ratlion supplemented with cottonsecd meal was & bit more palat-

&
"able than the rations containing urea supplemenis. The Ho. 5 steer

ate all the feed that was put before him in each trial, while Ho., 7
failed to eaf 9 per cent of his fecd when supplemented wiih 25 per cent
urea containing pellets. The Ho. B stecr left G.4 per cent of his feed
when supplemented with Formuila 1 and about Z.1 per cent when fed Form-
ula Bﬁszhese results are in line with obscrvations made by Briggs and
co-workers {1945) that the presence of urea in a ration makes the ration
less palatable for steerss. It is thought, therefore, that carve must
be exercised inm meking rations more palatable when urea is to be included
in the rationz/

The T;Df:. reguirement for fattening steersg in this welght class
is from 10.5 to 14.0 pounds daily according to lorrison {1948). In
this experiment, the T.D.JN. values were calculated on the basis of the
apparent digestion coeflicients secured for ecach nutrient. IV vas
found that the ratidn supplemented with cottonseed meal supplied 10.2
pounds of T.D.N. daily or amounts equal ito 64,3 per cent of the total

fecd consumed. The ration supplemented with Formula 1 and Formula 2
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suprlied 10.4 and 10.6 pounds of T.D.N. daily or a percentasze of 68.3
and 67.3 respectively of the fecd consumed.

All of the steers galned im weight throushout the entire experi-
ment. Welght inercascs werec measured during cach collection period
and i1t vas evident that the steers layed on fat readily regardless of
which of the three ratiouns they were consuming. |

Thers was no cvidence of pathological effects resulting from any
of the rations fed. All of the stecrs excreted both feces and urine
normally, and there were no significant differences in amounts of
urine excreted by the steers on the three differen rations"

Uhether or not urea nitrogen can be an economical substitute for
cotionseed neal anitrogen depends upcn several factors. The cost of
manufaeturing urea countaining séppl&ments, the prices charged for
cottonsesd mezl, and the results sccured in feecding each type of supple~ -
ment all enter into the problem. In this trial the amounts of actual
urea nitrogen fed were only 0.42 and C.82 per cent of the toval dry
matter intakes of the two urea ratiané. These dmeunts effectively re-
placed 25 and 50 per cent respectively of the toital cobtonsecd meal
supplement wien Formula 1 and Foxmula 2 were used as & pfotein suppnle-~
ment, This means that O0.104 pounds of crystalline urea repiaced 0.708
pounds of cobtonseed meal in Formula 1 and that 0.205 pounds of urea
replaced 1.4 pounds of cotionsesd meal in Formula 2. However, data in-
dicating urea 1o be seven times as efficient as cottonseed mezl, pound
for pound, are a bit misleéding. It is necessary 4o add feeds which
supply additional‘onergy to the supplement when urea is used to replace
cottonseed meal, This is because urea cantains no cenergy Supplying

nutrients while cottonsesd meal contains congiderable amounts. The net



27

enorgy was malnbazined in Formula 1 and Formula 2 of this trial by the

addition of molasscs and hominy feed to the urea supplements.

|42

A By

Digestion and metabollem studies have becn condueted on thres
yearling Hereford steers for the purposce of determining to what extent
urca nitrogen, when used as a 25 and 50 per cent partial substitute for
cottonseed meal nitrogen, will affect the digestibility of a steer fat-
tening raticn. In cach of three trials, a ten day preliminary feeding
period was followed by a ten day period during whieh collection of feces
and uvine was made. |

It may be concluded from results secured in thie experiment that
urea nitrogen can be used tc replace either 20 or 50 per cent of the
nitrogen of a cottonsecd meal supplenent, when the net éﬁérgy value of
the supplement 1ls mainteived, vithout sigrificantly affecting the diges-
tibility of crude protein, ether-extract, crude fiber, nitrogen-free-
extract, or crgemnic ary métter in a steer fattening ration.

The biological vtilization of urea nitrogen, up t0 a level of 50
per cent of the nitrozen of the supplement, was as efTicient as the
utilizaticn of cotlonseed meal nitrogen, The suﬁétitution of urea nitro=-
zen for as much as 50 per cent of the supplemental nitrogen of cotton-
seed mesl in a fattening ration for stecrs resulted in no observed ill
effects and the amounts and physieal characier of urine and feces were

noernal .

=3
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