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IlfrRODlJJTIO 

lnvestig tors are studying vario nitrogen cone trate 

s protein supplements in the · rations of cattle and beep. The 

question has arisen as to the influence some of hese nitrogenou 

compounds,. particularly urea, might have when used to replace 

l 

e<m"llon forms of preJ:ormed protein. hi sta ion i1c1,a been il t re ted 

in knowing if the addition of urea uld alter tb vitamin level of 

blood la.sma and th tora.ge of vitamin :.. in the ll er. 

,ost roughages c only fed sheep contain appr ciable mt 

of vitamin A or its precursor., carotene. Furthemore it is hard to 

deplete t.1 vitamin b storage fro the livers of sheep. Hauge et . 

al . (1940) reported that soybean meal see to interfere with the 

utilization of vitamin A in dairy cattle . It w. s consider d possible 

that soybean eaJ. might also influence t utilization of vita.min 

in sheep . It was thought urea might have so e effect on the 

utilization and storag of vitamin in rumminants, since the utili

zation of non- protein nitrogen is apparently directly associated 

with the nora of the digestive tract of such animals .. An alteration 

of' the flora might change t · £1'i.ciency with which the animal u e 

various nutrient.a. 
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REV • OF LI'i'ERA'l'UHE 

Vitamin A or carotene, its precursor. has been demonstrated by 

many workers to be necessary for the gro hand development of most 

animals . ore (19.29) states that there are at least four carotenes 

containing vitamin activity. hese are t.he alpha, beta, g~ a and 

hydroxy- beta-carotenes; the beta form is twice as effective as the 

other thre f o s in supplying the requirements of the animal body of 

this essential vitamin . 

Jones et al . (1943), Mayn rd (1947) , Erb et al . (1947) and others, 

working 'With cattle., and Hart (1940) , working with sheep and cattle, 

point out many symptoms of vitamin A deficiency. ight blindness is 

the fir st sympto usually observed, lihile watering of the eyes , nasal 

discharge, sluggishness , and event tal blindness ay follow. 

The minimum requirements of carotene and vitamin A. for growth and 

the prevention oft.he various vitamin i deficiency symptoms have been 

esti, ted by various workers . \:arc1 and co- workers (1940) found that 

eleven micrograms of carotene per day per pound of body eight was suf

ficient for growing calves. Lewis and :ilson (1945) reported J2 U.S.P . 

Unit~ of vitamin A per kilogrcm body weight were sufficient for growth, 

but not for liv~r storage in the calf. Kuhlman and Gallup (1942) found 

that from forty to forty-five microgr s of carotene per pound of body 

ight per day \,ere required by dairy cows for norr.ial reproduction . Boyer 

et al . (1942) obtained some growth even after the animal was depleted t o a 

stage where it showed common symptoms of avitaminosis A. Guilbert et al . 

(1937)(1940) estimated the minimum vitamin A requirement of CGttle at 5. l:-6.4 



micrograms per kilogram of body weight and for sheep 4 .3 to 6.J mici-o

gr s per kilogram. of body eight . Peirce (1945) reported that the 

minimum estimated by Guilbert., et l . brought about recovery in only one 

of three instances of night- blindness in sheep . 

Varied lengths of time have been n ceDse.ry to deplete the animal 

of vitamin I,. storage . Guilbert , ,1iller and Hughes (19.37) r eported 

that under the conditions of their experiment it took t ~nty-two to 

twenty-three months to deplete four seven- year- ol d ewes of vitamin A 

stores to a point where they sho ed symptoms of night-blindness . Riggs 

(1940) worked with range cattle and found that young cattle were more 

easily depleted of their vitamin A storage than were older 'nimal.s . 

He compared four different age group and found that sixteen-month-old 

steers required 109 to 268 days ., six- to eight- mo th-old steer calves 

required 75 to 208 days~ four- to six-month-old heifer ealves required 

75 to 128 days, and three- to five- onth-old steer calves required 

45 to 74 days for the depletion of their vitamin A stor ge . Jones et al . 

(1943) reported that the depletion time for range cattle varying in 

age from three to sixteen months was 45 to .268 days.. Guilbert and Hart 

(1934) , Riggs (1940) ., Jones (1943) , and many others agree that younger 

animals are more easily and completely depleted than are older animals. 

Hoefer 8.nd Gallup (1947) reported that, so e sources of vitamin A 

were superior to others ~hen fed to la.~bs . Q.falfa meal was found to 

be superior to 8. carotene concentrate from carrots , and fish 11 ver oil 

superior to alf al.fa meal in aupplyin ~ vi taI:lin ~ to lambs . They also 

confirmed the work of Hibbs and Krauss (1946) in showing there is littl e 

direct relations ip between values of blood plas1na vit&min and liver 
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vitamin A when the blood plasm.a values are above t enty micrograms per

cent . Investigations by ~rd and co-worker s (1940) and Lewis and \ ·Uson 

(1945) have shown that additional vitamin is without effect on the 

gaining ability of sheep that have appreciable body reserves of this 

vitamin. hese conclusions were confimed by Hoefer and Gallup (1947) . 

Glover et al . (1946) reported tha.t in rats the vitamin A levels 

of the blood plasma a.re proportional to the free vitamin A in the 

liver and not to the total liver storage . They advanced the theory 

that some mechanism, as yet obscure, tends to maintain the vitamin A 

level in the blood by keeping the free vitamin in the liver constant . 

Their lli~rk indicated that the percentage of total storage existing as 

free vitamin A was much less when storage ~cl.s large than when it was 

negligible . When the total storage was 13,500 I .. U. per gram percent 

there was five percent free vitamin A, but rlhen the total storage was 

4 I.U. per gram percent there was sixt.7-!ive percent free vitamin A. 

Draper and Evans (1944) reported that soybean oil meal alone had 

a higher gross value, when fed as a protein supplement to chicks, than 

any combination of soybean meal and cottonseed meal.. When cottonseed 

meal. as used as the sole protein supplement, growth was very slo~ and 

the chicks appeared listles5 . Philips 1d co- workers (1920) had earl

ier reported that chicks , ade cooparatively better gains on soybean 

meal than did mammals .• 

Mitchell and Smuts (1932) found soybeans iere too deficient in 

cystin.e to promote satisfactory growth in rats . However, Hayward, 

Steenb<x:k and Bohstedt (1936) showed th t although cystine might be a 
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limiting amino acid in raw soybeans, this was not due to an actual de

ficiency but rather to a lack of availability of cystine or its equiva

lent . Heating the beans seemed to correct the cystine deficiency. 

Hayward et al . (l 936) found that raw soybeans and those heated at low 

temperatures had less nutritional v lue for rats than those meals pre

p red commercially at high temperatures . J\lmquist et al . (1942) found 

no increase in rate of gain in b&by chicks when 1- cystine was a.deed to 

the ration., but did find methionine to be the pri.11cipal growth- lindt

ing deficiency in r soybean protein. Csonka and Jones (1934) reported 

that the percentage of cyatine., tryptophane ., and tyrosine varied in 

different varieties of soybeans . 

Dr·per and Evans (1944) reported that different commercia.l soybean 

oil eal samples varied in nutritive value, perhaps due to differences 

in heat treatment. Johnson et al . (1939) suggested that soybeans contain 

some sulphur and nitrogen compl x which can be absorbed but crumot be 

used for building tissue . J.hey also reported that heat treatrnent of 

soybeans corrected this condition. '-.'ilgus , orris and Hensen (1936) in

dicated that high quality protein for feeding poultry could be produced 

from soybeans by the expeller, hydraulic or sol vent processes .. Bethke 

and Sweet (1939) reported simil .r results from feeding chickens expeller 

and toasted solvent- extr cted soybean oil eals . 

Hauge, Hilton and :'ilbur (1 40) d onstrated that vitacin 

supressing factor (thermo- stable) , found in soybeans and soybean oil, 

interfered ldth the transference of vitaoin activity of fe~d to the 

butter fat secreted by dairy colfS . They reported that tbi~ factor could 
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be re oved !ro the soybean oil by activated carbon . 

Armsby- (1911) suggested th t micro-organisms found in the ru en 

of polygaatric animals were able to synthesize protein from non- protein 

sources . Flingerling et al . (1937) demonstrated that urea could be 

used as a non-protein nitrogen supplement . Goss (1943) suggested that 

bacteria and protozoa ay synthesize useful protein from non-protein 

sources such as urea and ammoniun salts . Pearson and Sl!rl.th (194.3 

found that the .first step in protein synthesis of urea as th forma

tion of NH3, and the synthesis of such protein was reduced - hen the 

concentration of NH.3 became too high. They report-ed that several small 

feedings of urea per day were ore completely utilized than one large 

feeding . Work at. the Oklahoma Station by Darlow et al. (1946) indicated 

big steers did not ~ake cffecient use of urea "hen it was fed on alter

nate days under rang conditions. Bri .go et al . (1946) obtained more 

complete utilization of u.re nitrogen by beef cattle, ~nen fed t~ice 

daily than when the same total amount -was fed on alternate days . 

Frequency of feeding did not appe r to influence the utilization of 

the nitrogen fr cottonseed meal. 

!ti"egner and co-worker (1941) (1943) found that the protein content 

of the rumen ingesta showed a decided increase ihen the level of protein 

in the concentr te fed was increased to twenty- four percent., iOwever,. 

the rate of conversion of urea nitrogen to protein in the rumen decreased 

as the level of protein in the rumen ingenta became greater than twelve 

percent . 

Hart et al . (1939) used urea in .feeding gro,rl.ng dairy ca.lves.. hey 
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r ported that wh n urea nitrogen furnished forty-three percent of the 

required .nitrogen for growth the gains wer only slightl y less than 

gains made when casein protein suppl ied si.xty- six percent of the requir

ed nitrogen. 

0 en, Smith, and 'ltiright (1943) conducted rui experiment wi h dairy 

cattle to study the utilization of urea in milk production. Each animal 

received a ration for four eeks in which blood meal supplied one- third 

of the required nitrogen . The blood •eal s then replaced by its nitro

gen equivalent of ure~ plus its energy equi.V£.lent of pure starch. They 

found that the "lk yield s maintained when urea reple.ced blood meal . 

Rur- el Eohstedt , and Hart (194.3) compt..red urea a..11d 11nso-ed meal as 

source of supplemental nitrogen for dairy cattl and found no significant 

difference in the two for milk production.. 'illet et al. (1946) fou."'ld 

dairy cows re Qble to utilize nitrogen fro urea in the production of 

milk, but app rently not as efficiently as the nitrogen derived entirely

fro plant sources . t:hen urea was used as the su plement and fed at 

daily inta-ke of either 0.48 pounds or 0.24 pounds milk yields erode

creased. These · ounts provided thirty- six percent and nineteen percent, 

respectively, of t 1e total crude protein equivalent .intake •. 

ullison (1944) compared two t..ypes of ila.ge for winterin cattle. 

He filled one silo in the regular anner and in the oth r urea 'as dded, 

as the silo s beinu filled, at the rate of ten pounds per ton of silage. 

The animals which received treated silage maintained their weight thro-ugh 

the winter satisf~ctorily, while those which received untreated silage 

lost oo aver ge of forty-seven pounds per co durine th winter period. 
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Harris and 'tchell {1941) reported that the addition of urea to 

a low nitrogen rc>.tion , that in itself was unable to support appreciable 

growth in lambs or consiste tly maintain nitrogen equilibrum, converted 

it into a ration cap ble of pror.ioting a normal or nearly normal r· te of 

growth . Loosli and Harri (1945) reported that lambs stored significant

ly inore nitrogen on diets which contcJ.ned urea plus methionine than on 

diets which contained only urea. Lofgreen and associates (1947) confirmed 

this report . 

Briegs and co- rorkera (1947) reported that pellets containing approxi-

tely 25 percent of their nitrogen as urea have given as satisfactory 

performance as cottonseed meal when fed to ye rliri heifers on the rcmge . 

Further work by Briggs and associates (1948) showed that the same type 

of pelleted feds permitted about the sa storage of nitrogen as cotton

seed meal when fed to lambo . They also found that the addition of urea 

al.one, as 111'wo-Sixty- Two 11 • to a. basal ration of lo protein prairie hay 

increased the apparent digestibility of hay nutrients and changed nitrogen 

balances from slightly negative values to sli btly positive values . 

J.xelsson (1942) reported that urea fed al.one had a toxic effeet and 

suggested that it w s better to fed it ix the presence of so e carbon

aceous mat rial such as :olasses or beet pulp. Mills et al . (1944) ob

tained better u.tilization of urea. in heifer calveo by the addition or 

molasses and st rch . They reported no toxic effects from urea. Briggs 

et al . (1947) reported that no results indicating toxic effects of urea 

were obtained in studies with cattle ·lthough urea 'tias fed s a source of 

nitrogen at relatively high levels. Dinning (1948) reported results 

which indicated large concentr tions of urea, when given to c ttle, are 

toxic . However the toxic effects obtained were brought about by adminis-
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tratin" ur e as a drench . ~·ben urea t:as added to th r t.l.on in as large 

amounts aa the anilllal w0uld consume it exhibited no toxic effects . 
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OEJl 1'I VF.S OF THE EXPERht:.:::1' 

This experiment was designed to study: () the innuence of the 

level of vita.min A intake upon its concentration in tne blood and 

storage in the liver of l ~bs, (2) the infiuenee of soybean me.al as 

compared to cottonseed meal in tJ1e ef!ecieucy of the utilisation ot 

vitamin A, (3) the infiuence of dietary urea on the utilization of 

Yi.ts.min A.,, {4) the influence of source of supple.ment&...1 nitrogen and 

vitamin A level on the rate and efficiency of gain of .fattening lambs. 



EXPERIMEt-tT U.. PROCEDURE 

(a) Depletion Period 

11 

forty-four head of mixed, native, feeder lambs re secured on 

January 21 , 1947, and placed on a vitamin deficient ration of fi~y 

pounds cottonseed hulls, thirty pounds oats, and twenty pounds cotton

seed meal . The chemical compositions of these feeds are shown in 

'!'able 1. The lambs were "workedu to full feed in a.bout two weeks . A 

mineral mix ot equal. parts of salt, ground limestone and bone eal was 

kept before the lambs at all ti es during the pre-experimental and the 

experimental periods. Some lambs were docked soon after arrival and all 

lambs ~ere treated with phenattdozine at the beginning of the experiment . 

After ebruary 22 , each lamb ias f d individ ally and weighed every two 

weeks. \·'eight and !eed consumption records ere kept throughout the 

experiment • 

.b.ll lambs were depleted of vita.1liu for a period of 115 days . he 

l bs rere kept in dry lot and did not have access to green nlaterial of 

&"lJ-· kind . One lamb died, of undetermined cause , and three ewe lambs 

were removed fro th.e exper· ent be ause of pregnancy. · ght 1 bs were 

sacrificed at the beginning of the ex:peri ent and the plasma. vitllmin A 

and liver storage of these lambs a.re shown in Table 2. The average daily 

gain for th last d ys of the depletion period was 0 . 25 pounds per lamb. 

(b) Experimental 

The design of this experiment was the 2x2x2 f actorie.1 as shown in 

Table .3 . The lambs were alloted on ay 15, 1947, after a consid ration 
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of their previous weight gains, body ~eight, and plasma vitamin 

levels . 'l'he ration fed each lot is show in Table 4 . The l bs were 

individually fed . 

The vitamin A was administered at t"WO different levels, these be

ing ltx and lOx the esti.n ted minimum requirement . 'he minimum require

ment was estimated fro the work of Guilbert et al. (1937) (1940) , and 

5.7 micrograms per pound body '¥:ei ght per day was used as the minintum. 

The oil used was Borden's vitci.min A oil concentrate with a. potency of 

40,000 u.s .P .. units per gram.. The oil was fed in capsules t-wice weekly 

'di.th two weeks supply (four capsules) being made up each time. The 

weight of the animal at each weighing determined the a10unt of vitamin A 

that lamb would receive the follo d.ng two ·weeks . The average vitamin A 

inteke per day is aho'W?l in Table 5. 

The blood was analysed for vitamin A three times during the experi

ment ,. at the beginning , after fifty days, and at the end of the experi

ment . To facilitate these blood collections the 'WOol was sheared from 

the neck of each la b to expose the jugult·r vein.- The vein was blocked 

by the use of a shor-t piece of 10 :mm . rubber tubing . The blood was 

collected in citro.ted tubes and analysed for vitamir1 by a modification 

of the ti.able (1939) procedure. 

The lambs were t.aken to the p eking house and slaughtered on nugust 

20. Approximately one- half of the lambs broke at the break joint . The 

livers ere collected at this time and cooled. representative sample 

was then taken and wrapped in celophane and waxed p&per.. Due to the lack 

of satisf ctory chloroform t this time the samples were kept frozen until 

the vitamin analysis was made on October 28, 1947 . The method used 

for this analysis ot liver for vitamin A as that of Gallup and .oefer 

(1946) . 



TABLE 1. 

THE CHE.MICAL COMPO:.iITlON Of FEEDS U'JED IN FEEDING LAMBS 

Description Date H2o Ash Protein Fat Fiber l~ .F .E. 

Dupont ' s 11262" 4- 23- 4? 
% % 

2.65 
% 

262. ;o 
% % % 

Cottonseed Meal 4 ... zJ-47 7.85 6.92 37 . 50 7 . ;3 10.15 J0. 05 
Soybean Meal* 5-15-47 9.85 5.41 43 . 50 4.75 4.69 31.80 
Cottonseed Hull.a 4-23-47 12.41 2.24 3.25 1 .41 36.08 44.61 
Oats 4- 23-47 9. 23 3.86 ll.15 5.07 12.25 58.44 

* The soybean meal had a very low urease activity. 

~ 



LEMr.b 
No. 

2~ 

i< 

Hation 
Plas:m:1 
Vit~. 1~ •. 
/10' ,, ,"I ug/ , v nu.. 

A 

Liver 
li'it. ,,,. 

t1g/lOO gm., 

• of 
LiV$l" 
In • 

~ .......... ~----~-.... ----... ~~~·~~~--~ ..... --~~~-~~ .... ~~~ ............... ~~~~--~~ ..... ~----~~~~~~--~ .... ~--~~~~ ......... , 
l Bii.sal 22.9 4,320 '4,g2 
~) 
(cu 

H 23.5 lJ,560 4.5L} 
15 ft 22.3 5,8b? li5J{, 
16 n ;;.;4 .. 0 5,438 397 
20 If 24 ') 

•,,) 4,950 539 
.30 n 2£,,.0 9.045 397 
40 II 24.2 5,;295 
l.i.2 Ii 24-.3 1,:320 482 

f\VC!'t\g€ 
~ 6,227 461 • i 

'rot al 
LiV'E::C 

Storage 

,~\_,,.,. f.'',e>"~I') 
;:!;.i),f;;41'-

61, 562 
26,T27 
21,569 
F· t .t_,.,1 io,!i'.:>tS 
35,909 
2;,522 
6,362 

2~;,147 

};: 



T.MlLE, :3., 

Tlni:J{l.'1:11.Wf OF tAtHS 1N '.till, El{PiJUtlEtJ'l' TO DETt;mrrmt TH]: :UiFLtrJJ!CE m; l'H£ &UUf~c:,; t)F 
Vii!'.JI'JIN ON V1'I'AMl£4 A Of BLOOD .?lJ<;Kf'l. iJJ!i VITJ1JDJ;J A a'i'ORAGE ur ·rat L1V.$R 

Vi·l:.~n Level 

12:x l',rinimum 
re4.ui:re2;1ents of 
vi t.iil.~i;:1 A 

-
lox minimum 
:requi:i.•e.i!tents of 
vitamin J} 

Plru1t Protein Group 

Cot.tonseed 
Jleal 

i:etion I 

l,ll',t' f" 
Lt-unb !Io.,. 

11 ... 
19 
24. 
25 

i,!)T 2 
Lam.'b No. 

J 
ll 
35 
39 

- ' 

Soyt.-ean 
!4eal 

fl5,:tion 1! 

WT-) 
J~amb Ho. 

6 
10 
1.3 
4l 

LC/! 4 
tm11b mo. 

1 
2S 
29 
3) 

iJrea Group 

Cottonseed 
!"Leal ar~d Ure~ 

Hation Ill. 

LOT 5 
Lwub i{o. 

a 
l'i' 
23 
3$ 

t.01' 6 
L&m.b do. 

4 
22 
:26 
'.?.,"(' 

3oybean 
~;;ecl, und Urec. 

1ation 11! 

LC~~? 
Laml:i l'.io. 

9 
21 
37 
!+4 

LC/l' 8 
L&mb Ko. 

5 
lB 
.)tl 
4.3 t-" 

Vil 



4. 

Feeds 

Cot:t.c,ns;e0d Hulls 
O.:i:ts 
Cottonse.ed 
iJo.1·.~·b1~£1Y! ~1~)~;)fll 
,, 1'·· t' 'l''' · .,. t p· ll) '··rf'fu \ I horr,11 . "' ' '''·10· -"·'LJ' '.'cf'-1"';,,r, . _J <I' •• it,-,• "<,.t;c,'V.l.,. ~ l,, \,;H •¢,. ... ,J .i,. f't','I""' 

I 
l1JS·• 

4B 
JO 
22 

:q; 
lbs. 

52 
JO 

18 

l~!urabf;r 

Ill 
lbo. 

50 
38.5 
10 

1.5 

ll'ls. 

49 
J9 .• 5 

f; 
1.5 
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Ai'te:i;• i3.ll lambs h . ..i..:l been on &, vltamin ;:. deficient ratioa for 

115 tlay;;;i they \l1ere bled ~n)tl vitatJin L content of the blood plt,;,SBa de

termi:t16Jd by a modification of the Kimble (1939) procei:Iure. '!'he re~ults 

millili t~:r of' 

of the lambs were considered in allotinf; the lambs into the e:;.-q,erirn~ntal 

fu:rt.her .f eecliilg ... 

while they were ;;;till 

liver. 

i,11 of the le.ulb:;; 

cattle that the blood 
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liver stores of the vit&"d.n 1,,,c:re reduced to & mini.."'llu.1'!1. 

A third bleeding was ms.de at the close of the experim.ent. The 

average of t·wo a.'1:~ilyses of blood drawn on sncces.sd.,re day-s \-1.,,s taken 

for the reading of the fi11£.l bleeding. 'l'hese bleticlings on August 18 

-of the va:r1.ous lambs. '£he J>la.sma vitamin 1\ levels of sll lots e:.wept 

2 and 4 dropped below the initial. bleeding. l'hese comparatively low 

levels o! blood plasma vitrunir1 /;. -;JJ.E.y be attributed to the very hot 

weather that prevailed thr0'111Jh_out the .first. half of August... Low vita

mJ.J;"1- i':. levels -of plaama in hot weather rJ.aY he csused b-,1 the increased 

activity of the thyroid gland. During hot weather the basal metabolie 

rate is i11crea.sed. t~yn-ard (1941) 1 MeCollum (1947) ar1.d others have re

ported t,hat the thyroid hormone, thyroxine, l'ras responsible for the con

trol of the ba::mJ. metabolic rato in m.ost ooimals s.nd an increased basal 

Eletabolic rate wa5 associated with h7por-thyroidism-. Wendt (1:9.36), 

Abelin (1936) and Sure and Bucha:rum (19.37) reported thyroxin a:nd vit.a.'7J.'in 

A to be a.>1.tsgonist,ie-.,, They reported abnorr'JZlly low· blood concentrations 

of vitarrdn ;~ in eases of exopthalr.;d.c goiter$ a condition of hyper

thyroid. uetirlty. t1hen parts of the thyroid gland were removed the 

blood vitamin A returned to nor,naJ... Jotmson nn.d B1:.umen (1947) reported 

a so:raewhat different situ,,.,.tion in rats. They found that within the 

dos.s..ge lh1its e:21ploye-d., the ability to store prefo-roed vitamin. A was

a:pp:ro:&-·:in-10:tely the s~t,:e in hypo-throid or the hyper-th:roid rats as in 

normal rats .• 

It is quite evid.e:nt from the d&ta given in 1'a'ble .5 that the liver 

stores in the litic11.bs which received lOx: the minimum. daily requ:ire:ment 



'l'JtBLE 5. 

Or' VI'fA!'!JIN A .IrJ'fhli:JJ;, ·JJii..,,,u, LEVELS 'll!E VI'l'i11'i!KJ Ji l.N LlV1~RS OF 'l"l:lli 

· Bloe,d Plasma, Levels µ/loo rnl • 

LB4tib 
Lot • . Ration 

l 14 C • .B .1,1 .. 
19 
21+ 
25 

Lot Average 

2 .3 C .lil. 
11 
35 
.39 

Lot. Avert;:f!/!J 

:3 6 .:J .•. n. r~1, 
10 
13 
41 

· L-o't, l,:ver:.,,glti 

4 1 f-'~ 'f'-l ·,~s 
tJ.,w.,_fJ• 

29 
:n 

Lot Ave.rage 

Vit. A 
Intake 

11c X 
'" M1:a,. 

10 l 
fi'lin. 

l} \' 
~ ""' Nin. 

lO X 
))1in. 

Average 
Daily Vit. A 

Intake ilg 

561.9 
58S .. l 
771.a 
142·2. 
666.1 

5,097.4 
5,895.4 
5,721+.J+ 
4,202.,0 
5,404.B 

1$6.7 
772.9 
639.0 

~ "/ l 

6,392.1 
4,012.4 
6,123.4 
6,139.7 
5,849 .. 1 

Jil~-Y 15 
Initial 

B.l 
34., 
21.u? 
2.s •. o 
23 ... 0 

4;,.2 
ll.2 
34.6 
22 .. 0 
23 .; 

2) .1 
12 • .3 
29.3 
?Jt.6 
22.3 

23.6 
l).8 
32.0 
2h.'l 
24,0 

rlug .. :... 1.8-20 
July :3 !'incl. 

23 .• 2 14.0 
30.l 21+.1 
25,.B 1e.o 
25 .. 2 ~ 
26.l 

' 

20.1 

.30.7 29.5 
'J0.7 16.2 
.34.1 27.3 
41..4 Jl ,, . ..:;. 

)/o2 '25:1' 

20.8 7.s 
27.8 19.4 
33.5 23114 
26.0 l~ 0 
27,0 L . .. :. 

:32.0 27..'l 
38.7 :,5 .• 5 
38. 7 22.0 
:,z.J 21., 

,,,_;" 37.2 .to, r 

Liver Liver 
3torage lilleigh.t 

1g/lOO gtih gm .. 

218 453.6 
5,7Z9 45j.6 
4,5ti6 56?.0 
6,7f'f7 5,67 .o 
4,.330 510 .. 3 

14/787 680.4 
14,301 623 .. '; 
25,875, 623.7 
19 2el 538.7 n·' ·&"' 616.6 ~s,,:1 

1,148 567.0 
560 6so.4 

l,41+7 567.0 
2,000 ~ 1,2e9 :> 7 0 

16,32) 56'7.0 
15,201 ,~i:, 7 .,;r,li:..),tf. 

211.j..,150 680.,I+ 
11 • .273 680 .. l.1, 
l& '>'2 

tr' . .,. 
, ... o ~ t}l6.L) 

Total Store:i.ge 

9sa.a 
25,9ei6 .. 7 
~6,002.6 
:,a14a2 .. l 
22,665.1 

100,610.? 
89,195.3 

161 "tr> 4 ' ,,;; .... 
103 t?6-tS.7 ~ ........ ~,-
ll"' "" 1 '') 7 · .. , I I'.: >' • 

6,;09.2 
3,810.2 
fl 204.5 ~. 
2,072.0 h ,,,.,.,,,.; 9 

... ,,b'jiGh 

f::f;;"I '· 
'.,,) j..1.. .ty 

81,887.6 
16lt,316.6 
11a,2os.2 
lllt,,240.4 

1--' 

"° 



TABLE 5 (COllJftD). 

·- .. 

Blood Ple.a,iia 1eV$l9 M/100 al .. 

Liver Liver 
l,!:Wtb V.it.- 1~ l>aily Vit.. i:i Mey l! Aug. 16-20 Storage Weight Total 

Lot Mo .• Ration Int.nke Intake Ug Init.:La) July .3 Final iug/100 gm~ gm._ Storage 
-- - -

; s c. .. s.11. 11 X 562.9 14.4 20.0 12 •. s 8Jl 453 .. 6 .3,769,4 ,; . 
17 + Min. 65.3.-2 26.,,5 24,.6 19 ... e: ),266· 567 .. 0 16,516.2 
23. Urea 704.9 23.1 24~9 rr.4 1,360 538«7 7,326.3 
:;a ~ ~J.Q ~8~~ t,:i 111304 623.z. :ZO:a20J.O 

,t.ot Average 93.3 24.2 24~5 4,190 545.7 2,,02s.1 

6 4 C .S.l\. 10 X 5,352,0 26 ... 6 25.3 19 .. 6 19,431 567 .. 0 110,173.e 
22 + 4,8S5.? 16.l 32 . .;0 20.0 21,753 i.25.3 92,515.5 
26 Urea 5,J9S.7 29 .. e 21.a 24.0 25,875 425.3 110,046 .. 4 
27 ~-830:3 ~ 22;•i 22.z ~.12,0 192•4. !!t.3 a'l82 .1 

Lot /nrorage ,.366.7 24 .. 0 28~7 23,3 t2,ao2 503.2 114,131.2 

1 9 S.D.i1',. l}; X 590.3 17.8: 21.6 14.; l,J45 :396.9 5;338 .. J 
21 + t~n. 781.0 2s.2 J).8 17.3 5,1~00 652.l 35,213.4 
'J7 Urea 669.4 28.l 32;6 27 "'J 1,,492 $67+0 s,4.59.6 
44 ~ 22.6 JO~l; lS 2 ~J.22 2,10 .. 3 20,26s.2 

24 .. 2 
......!... 

Lot Average 3 29+5 19.J 3.;087 .SJl-,5 17,,494.7 

s 5 S.B.:M. 10 l. 6,.3e4 .. o 16.l 22.1 17.9 l.5;648 7cs.e , 110,91.3,0 
18 ... Min. 5,341,7 19.5 29 .. a 18.6 19;995 . 4a2.o 96 '"75 9 ~ ,:> • 
;36 Urea 41975.:J 29.a 28,.7 25.0 1e,,:,4.; ,10., 93,614,5 
43 2;211.fi 22:2 ~ 18 6 28a2SJ ~ 12.3 -~6~.~l -.:.... 

Lot Average 5,478.1 24,3 29.4 20.0 20,743 S~l• 106,042,0 
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of vitar:dn A were much rdghGr than the stores of the lambs which 

are in agreiement with those of Hoefer i;,.nd Ciallup (1947), 11111th regp...rd 

to the storage of vitamin A in the liver of lambs at high an.cl low 

levels of vitai,;ll.n i. or cE>.rotene intake<., 

The average vita.mi11 A stored in the livers of the eight lambs 

sacrificed at the begirtniug of the exparimeut 1 after havint5-; been on 

a vi tamiu A free ration for 115 days, was 6,227 :micrograms per 100 

would tend t,o indicGte, as has pr(rviously been suggested by Peirce 

{194.5) and .Hoefer and Gallup (19.4.?).,. th02t t.he &iir:di1m11 req11ire1,1ent of 

vit,a..nin Ji for la.tabs, estini.at ... ~d by Guilbert et al .. (19:37), ia t(>o low. 

of the vitamin in the la.rahs 1~ec€:iving soybeu:o. me.:i.l; however., the dif-

ferences in storage bet1"2een these lambs and ti.le ones receiving ootton-

meal by .replacing one-halt the nit:r•ogen furnished by the meals.. 'l'hi.s 



Vite.min A 1,-as adi:rdnistered t.o the urea lots at two clif'i'erent levels 

as wee the case in the non-ures. lots. '!'here were no differences 

manifested :tn. liver storage of vitamin A when the cottonseed meal plus 

urea a.1:i.d soybeta.n meal plus m•ea lots were cor.ipe.rod. 

Under the conditions of this e.xperir,1ent urea appeared to have no 

influence on tbe storage of vite4·1lin A in the liYers of lambs. In most 

inst.&ncee there was more storage when urea 1.>.-<as added to th.:; ration than 

when only e. vogetable protein was fed.. These r:lJ.f.f eren.ees wre not 

significant. 

As is sho;m in Table 6,. Ute lotl1 ot lat.tbs that did not receiv·e 

t.i•ea me.de t10:re gains than did the urea fed lots; l1owever, iihis dif.f er..,. 

ence was uot .significant except between lots 4 and e. Differenees in 

daily gains of 0.06 pound and 0 .. 08 pounds were requir(;;d at the 5 per

cent and l percent points, respectively. J,sf:ltrriling that all l..:.."nbs were 

rec,eiving adaquat~ nw.om1ts or vit.Wldn .A for growi.h, lot 2. which re

ceived cottonseed :meal., made <Jign.ific~tly greater ga.it1s th.an did the 

eottouse-ed meal plus urea · tJroUp in. lot 5,. 

Without an exception th.e urea lots required t..o:re feed per pqund 

of gain than did the non-ui•ea lot~. 'Ihis was true in both the cotton

seed meal and the soybean r.aeB.l group.s. Willit. et ~.. (1946) ebtuined 

lees milk p:r-oduction from dairy cows 'When ui•ea was fed,. -whether the 

daily intake tia.s 0.48 pounds or 0.21~ pounds. '£hose er.oouuts provided 

36 pe.rcent and 19 :percent,. respectively, of' the tottil. crude protein 

equivalent intake. Bdggs et u .. (194,S) reported that pellets: contain

ing approximately 25 percent of their nitro0e:n as ure~ and the remainder 

a.lm.oe;t. entirely from eottonseecl m.etill :pe:r:nitted about the sAme st.or~e, 



'l'At1LB 6. 

THZ 1WERA!JE GAiflS AND FEED COHSUl'll''l'IONS DtUU:NG 'l'H.1!; Xi!K.PEllIH~~UT 

Lbs .. tbs. 
Daily p,~ed Daily Fiied 

Lamb Gain Per lb. Lamb Gdx.1 Per 1b. 
Lot .Ration Ho. lbs. Gain tot Ration No .. lbs. Cain 

l c.::J.ir. 14. .or, 26.J 3 s.:e .. 1,1 .. 6 .20 l),,,..9 
11; )( 19 .10 2.3 .6 l4 X 10 •. )2 10.0 
Nin. 24 .21 14 .. 2 Mi th, )J .21 13.l 
Vita. A. 25 

~· 
15 .. l Vita .. A 41 ~ ~ 1\verage ' 19.a Average .21 • 

2 c.r3.I•!. 3 .17 lS .. 6 4 S.H.lt. 7 .2; 13.4. 
10 X ll .2,9 ur;. •. o 10 X 2S .21 12.6 
l.in. 35 .19 16.5 Nin. 29 .. 22 lJ.5 
Vit~. t, 39 ~ 20.& Vitt,. A 3.'., .~ 10.6 

~· 1·'··s Average .io l.o.9 Ave:r~ge .• 25 "· ' 

5 C .$ .. ~l •. 8 .oo ze.1 7 S.B.M. 9 .09 29,.g 
+ U:ree 17 .u 22 • .5 + Urea 21 .20 15.4 
l,1 X M.1.n 

"~ ... ,l; • 23 .. 20 J~5-3 l' X .,,,. . t ian .. 37 .l;; 20,2 
Vita. A 38 u-1 16.7 Vi't.a.. A 44 ~22 .fl .. ~ 

.Ave:re.ge «14 2La .iWerage .. 18 19 .. 2 

6 u .. s.~:1. 4 .ltl 16.3 8 a,. s.:a. 5 .17 17,5 
+ Urea 22 .oo :u.s + Urea 1$ .17 17.4 
lO I Hin., 26 • ).J 20 .. e 10 X nin ... )b .l.3 19 .• 6 Ni 
Vita.. A 27 .di 16 .. 6 Vita. il. 4) .18 ~ 

~ 

Average .l5 :tI.,4 ... 17 17.3 



of :nitrogen as straight cottonseed. meal \·,hen fed to lrul,bs at the level 

to provide equivalent .nit.rogen intake. 

The results obtained in thia m..-pe:riment indicate that when urea 

wa.s added to a ration ied to larnbo., at. the rate of 1 .. 5 pounds per 100 

pounds of ration, neither the arrount. of gai."l nor tl1e econoll"~ of gain 

,;;;as as good as 'th.en only. protein ;fro.n plant sources were fed. 

All lots ithi.<.:h received. soybean meal appear to have i,iade more 

gains than those lots which received cottonseed itueal. iUthoug;h these 

differencos w-ere not significant:t the difference between lotq 1 a."ld 3 

and between 2 and 4 approached sig.£1ificru'1ce. '1'he effeciency of' gain 

was slightly better in the soybean !U@al lots. 

There: \te,re no tone effects mooi!ested from the feeding of '!..trea 

at my time during, this expe:rim.ent. This is in ~greei,ieut 1,rJ.:th Hills 

et al. (194,1+), 1'/!no fed h<iifer calvesJ a.nd with Briggs, et al. (1947), 

f:.J:td Dinning {1948)., who fe...1 yearli.r1;s steers. In their ~X;;_'lerlui.e.nts 

u.ree. was s&f'e for feeding these· larger rtimi1'lauts wh<:n. 1'ed ,il.t recommended 

:.,mounts.. vjhen offered orally h; water urea was shoi .. n by ltl:b:mi.'1.g (1948) 

t,o t,oY.ic to steers. 



and lOx the 

gtin .• 

n::.eal ac the so1.n·ce oi' protein in the ration. '.the source .of pl.ant protein 

per unit of feed c.:1.nsw,1<,d than did the lambs roceiving cottonseed meal. 
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nitrogen supplied by cottonseed meal and in two other lots a similar 

amount of the nitrogen of soybean eal r placed by urea nitrogen. 

The addition of ure to the ration did not influence the vitamin A 

level of the plasm.a nor the storage of vitamin A in the li er. T 

rate and economy of gain were lo ered w 

for the plant sources of protein. 

u a nitrogen was substituted 
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