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INTRODUCTION

The South, and particularly the Southwest, has need for additional con-
centrate feed to use in finishing eattle. The demand for protein supple-
ments and earbomacecus feeds in recent ye-rs has encouraged the feeding of
substitutes for such stand=rd feeds as corn and cottonseed cake.

It is highly f{mportant in fattening calves to know definitely howv much
protein supplement should be added %o the ration. Protein feeds are impor-
tant, but o costly part of the ration, as a rule, if fed in excessive smounts.
There is a need for investigation of the proper protein levels to feed in
certain ealf fattening mﬁou.

Appreximately 55,000 acres of mumgbeans were grown in Oklahoma during
1949, Although mangbeans are commonly planted for forage and soil duillding,
the green variety is = prolific seed rroducer and was growvn extensively dur-
ing the recent war years for sprouting purposes. 4 considerable amount of
eracked and eull beans became avallable for livestock feeding. Satisfactory
results have been obtained at the Oklahoma station in Sesting the greem mung-
bean seed as a source of nrotein for poultry, swine, lambs and dairy eattle.

The shortage of protein surplements has ereated 2 need for finding means
of extending the protein supply. It has been shown that ures nitrogen ean
be utilized By rumen miorc-orgsnisms. The niecro-organisms convert the urea
nitrogen into bacterial protein which upon the death of the bacteria is df-
geated and utilized by the ruminant in the same manner as other proteins are
digested and utilized. The use of urea as a substitute for part of the true
protein in fatening rations of eattle has beenm demonstrated, tut additional
studies appear to be needed to determine the praetical value of such a ni-
trogen compound when added to fattening rations.

Carotene or vitamin A deficlencies of steers that are fattened in the



dry lot are not uncommon. Vitamin A i3 the vitanin me=t likely to be
lacking in beef eattle fatlisning rations. 1% would appear desirable to
dstermine the advisadbility of adding addisional caroteme to practieal
fattaning rations.



GENERAL EXPERIMENTAL METHCDS

Cholce Hereford weanling ealves were purchased each year from the *ul-
lendore Trust Company ranches for the feeding frials reported in this paper.
The ecalves were allotted uniformly according to standard experimental pro-
cedure with 10 head $o each lot. The feed ing trials were begun each year
about the fifteenth of JOgtoder and terminated mbout the fifteenth of April.

The steers of each lot were confined to conerete paved pems avproxima-
tely 50 x 30 feet in size and had access $o an open shed shelter. The feed-
bunks in each lot were placed under the open shed. The feed for each lot was
welghed at each feeding, and all lots of steers were hand fed. The alfalfa
hay was fed separately each morning, but all the other feed ingredients were
fed twice daily. The grair and protein supplements for each 1ot were mixed
with the silage. Any refused feed was weighed back. All lots were slloved
free access to salt and a mineral mixture conasisting of egual parts sall,
bone meal and ground limestone.

The steers vere weighed each 22 days. The initial and final weights
were determined by averaging the weights from three comsecutive days of welgh-
ing.

The initial cost price in each instance was the actual cos$ price of the
steera. The value per ewt. at the conclusion of each trial was determined
by a committee from the Oklahoma City livestock market composed of packer and
commiseion company representatives. This value is referred to as the apprals-

ed value throughout the paper.



PART I MURGBEARS
REVIEY COF LITERATURT

Mungbeans e2n be successfully grown in Oklahoma. The greem variety
is a prolific seed producer and is commonly planted for feed =nd soil build-
ing, according to ILigon (1945). Although mungbeans have been grown in Uklaw
homa for about Swenty years (Xuhlmam, 1946), it wes only during World Var II
that Oklahoma farmers became interested in growing green mungbeans om an ev-
tensive seale. While most of the yearly production is sold for sprouting,

a considersble anount of cracked ard cull deans arce svailable for livestoek
feading.

Heller (1927) reported that greem mungbeans contained 23.31 percent
crude protein and 59.85 percent mitrogen-free-extract. The Oklashoma Sta-
tion chemist also reported that earotene was present in amounts greater than
in meny feeds.

Thompson snd Hillier (1942) conducted a feeding trial, testing ground
green mungbeans with four breeds of swine. They obtained data indieating
that mungbeans were a satisfaetory substitute for 43 percent cottonseed
meal in the standard mixture of two parts meat seraps, one part cottomseed
meal and one part dehydrated alfalfa leaf meal. The beans were not a satis-
factory substitute for the protein of meat seraps and cottonseed meal when
the mangbeans and dehydrated alfalfa were fed as the sole supplements to
eorn.

Ligon (1945) briefly summarized the teating of green mmngbean seed at
the (klanhoma Station as a sourece of protein in rations of poultry, svine,
lambs and dairy eattle. He revorted that ground green muangbeans satisfae-

torily renlaced soybaan or cottonseed meal in both laying and growing mashes.



¥hen the beans were supplemented with some animal protein and 2 percent
bone meal, satisfactory results were cbtained when they made up 40 percent
of the mash.

Oklahoma workers reported in Science Serving Agrienlture (1942-44)
that mungbeans satisfactorily replaced two-thirds of the cottomseed and
soybean meal commonly used in starter rations for turkeys. The beans were
found to contain protein of higher quality for turkey poults than for chieck-
ens.

Brigzs (1943) fed oracked mmmgbeans ns a protein supplement in two
fattening trials with feeder lambs. The beans were fed at a level to sup-
ply from one-half to two-thirds of the protein reguired to balance a ration
of corn and prairie hay. The beans were not palatable deyond 0.75 pound
per head daily, so some additional cottomseed meal was fed t0 meet the prow-
tein requirement. DNigestibility of the protein in the mungbeans was egual
to that of cottonseed meal. Briggs (1945) investigated the digestibility
of green mungbean seed by wether lambs when fed with » desirable grade of
prairie hay. The apparent average digestion ecoefficient of the proteia in
the beans was 85.0 percent; the nitrogen-free-ertract had an spperent di-
gestion coefficient of 90.0 percent. Theso studies showed the dlolegleal
value of the proteir in this type of ration to be similar to that found in
rations supplemented with more commonly fed vegetadle proteina.

Euhlman, ot al. (1946) revcorted two 90-day dalry cow feeding trials,
each consisting of three 30-day periods conducted on the double reversal
plan and imcluding a total of 25 cows. Prairie hay of good quality was fed
as the sole roughage. When mungbeans were added to a concentrate mixture
at the expense of 60 percent of the eottonseed meal and approximately 43

percent of the corm of a good dairy ration, they found that 300 pounds of



ground mingbeans satisfactorily replaced 1°0 pounds of corn and 150 pounds
of cottonseed meal. Two additional unpudblished feeding trials were con-
dueted by Oklahoma workers (1949), in which mungbeans satisfactorily re-
placed all of the cottonseed meal in the dairy ration. The mungbeans con-
stituted 2lmost 50 percent of the concentrate mixture.

The research reported at the Oklshoma Station {mvolving studies with
livestock and poultry indicate that mungbeans can satisfactorily revlace
pert of the corm and all of the cottonseed meal in dairy rations, and ean
replace all the soybean or cottomseed protein in poultry and swine rations.
The mngbeans were not = satisfactory substitute for animal protein such as
meat and bone seraps or tankage. If the relative price of mungbeans is ap-
proximately ecomparable $o that of other vegetable proteins, such a feed ap-
pears $o have considera2ble value as a sudbstitute for cottonseed or soybean

meal and 2 partial replacement for corn in livestoek feeding.



EXPERIMENTAL

During 2 three year veried, 1946 to 1949, the value of green mang-
beans as a beef cattle feed was investigated. Two uniform lots of choice
Hereford calves were placed on experiment each of the three years. The

following daily rations were fed:

lot 1 Lot 2
Ground yellow corn Fall fed Fall fed
Cottonseed meal or cake 1.5 pound none
Oround green mungbeans none About 2.5 pounds
Atlas sorgo silage Limited Limited
Alfalfa hay 1.0 pound 1.0 pound
Salt Ad 11b Ad 11v
Mineral mixture Ad 11d Ad 11v

The gound green mungbeans were fed at a level te provide the same
erude protein intake dally ss that provided by 1.5 pounds of cottonseed
meal or eake. Cottonseed meal was fed during the first two years, and
cottonseed cake was fed the third year.

The average data for the three trials are presented in Table 1. The
average chemiezl anmalysis of the feeds fed are presented in Tadle 2.

RESULTS AND DISCUSSION
When ground green mngbeans replaced all of the cottonseed menl or
eake in the fattening steer calf ration, the average daily gains wvere the
same for each of the lots in the first two trials. The average dally gain
of each lot in the first trial was 2.13 pounds, and in the second trial the



Table 1. Comparison of Mungbeans and Cottonseed Heal
Average of Three Years, 19461947, 1947-1948, 1948-1949.

(Average Pumber of Days Fed, 171)

Lots I II
gr. corn Gr. cora
Hation Ce 8¢ Mo Gr. Mungbeans
Silage Silage
Alfalfa Alfalfa
Fo. steers per log 30 30
Average wt. per steer (lbs.)
Ingtial 512 511
Final 873 876
Gain 361 365
Average dally ration (1bs.)
Ground cora 11.43 9.90
Cottonseed meal or cake 1.50 —-——
Ground Mungbesns —— 2.54
Alfalfa hay 1.00 1.00
Salt .02 .02
1-1-1 mineral mixture «02 .02
Feed per cwt. gain (1lbs.)
Ground corn 541 L65
Cottonseed meal 71 —
Ground Munghoans —— 119
Alfalfa hay &7 b7
Silage 503 388
Salt 1.0 0.9
1-1-1 mineral mixture 1.0 0.8
Peed cost per cwt. gain (dollars) 22.19 21.26
Financlal results (dollars)
Appraised value per cwt. 26.25 26.42
Total value per steer (3% shrink)  222.3% 224.57
Initial eolt @ $23.17 per cwt. 118.63 118.39
Feed cost 80.10 77-&
- Total steer nand feed cost 198.73 195.99
Profit per steer 23.61 28-”

1the prices of feed were: Oround corm $3.41 per cwt., cottonseed
meal $90.50 per ton, ground green mungbeans $81.67 per ton, a2lfalfa hay
$22.00 per ton, silage $5.67 per ton, salt $0.83 ner ewt., and mineral
mixture $2.13 per cwt.



TABLE II

Chenleal Composition of Feeds Used in Table I

Pergent Componition of Nry Matter

&i_m_mm_h_’_
Green mungbexns 89.81| 3.98 25.33 157 3.9 65.13 .. .38
Yollow corn 87.38 | 149 9.55 597 2425 81.7% .05 .3
Cottonseed meal 92.36| 6.32 h2.58 6.08 11.98 33.06 .22 1.2

Atlas sorge silasge  49.70| 7.70 4.48 2.09 23.74 61.9 .28 .32
Alfalfa hey 92.45| 8.78 15.91 2.79 334 38.22 1.55 .25




aversge dally gain of each lot was 2.14 pownds. During the third trial the
mangdbean fed steers gained 0.05 pound more daily than those fed cottomseced
ecake. The average daily gain for the three trizls was 2.11 and 2.13 pounds
for the cottonseed meal =snd the mmgbean fed steers, respectively. The dif-
ferencesin gaing were not statistically significant.

The steers of Lot 2 were fed 2.5 pounds of mamgbesns. Although the
corn ves full fed to the steers of both lots, the mmgbean steers ate 1.53
pounds less corn dally than the stears of Lot 1. Less feed was required per
ewt. galn for the steers of Lot 2, and they were slightly fatter as indicated
by the higher avnralsed value per ewt. than those of Lot 1.

In these trials 100 pounds of ground munghbeans replaced 59.7 pounds of
cottongeed meal or cake, 64 pounds of corn and 13 pounds of silage. On the
basis of the average nrices of feed fed in these trials, 100 pounds of mmg-
beans fed as a protein supplement was egual in valme to 109 pounds of cotton-
seed meal or cake. As partial replacement for corn in the ration 100 pounds
of mmgbeans was equal in value to 144 pounds of corn.

EUMHMARY

Green mungbean seed vhen fed as a part of a fattening steer calf ration
satisfactorily revlaced all of the cottonseed meal or cake and pard of the
eorn in the ration. The mungbeans were guite palatable, and no trouble was
encountered In keeping the steers on full feed. VYhen the price of green
mangbean seed is equal to that of cotionsced cake or mesl, mungbeans can be
an economienl protein supplement for fattening beef ealves. The practice of
producing a home grown protein supnplement offers considerable pronise in Okla-
homa.
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PART II UREA
REVIEW OF LITERATURE

The shortage of proteln supplements in recent years has created a need
for finding means of extending the vrotein supply. Urea, as a partial re-
placement for the protein of ruminants, has proven satisfaetory in many in-
vestigations. Use of urea in practical fatteming rations has not been
tested extensively.

The mechanism of urea utilization was first clearly demonstrated by
Voltz (1920) in metebolism experiments with sheep. He explained urea uti-
1ization by stating that amino acids and proteins were synthesized from uresa
by micro-organisms in the rumen with the urea being incorporated into bae-
terial protein. His metabolism experiments indicated that approximstely
80 %o 90 percent of the protein of the dead bacteria was absorbed from the
intestine. Homcamp (1924) further elarified this process in urea feeding
exverinents with nilk ecows. He found that urea, in a diet containing a nor-
mal amount of protein and sultable carbohydrate, was able to replace 30 %o
50 percent of the protein without impairing milk vroduction. An utm-gva
review of the German research has been compiled by Kreds (1937).

The first intensive research in the United States concerning the mmtri-
tional value of urea was conducted by Hart and co-workers at the Wiseonsin
Station beglmming imn 1936. Their initial experiments with two lots of grow-
ing calves fed both urea and ammonium earbonate for periods wp to 40 weeks
were reported in 1939. The growth rate for = lf.weeks peried was 1.5 pounds
and 1.3 pounds daily on casein and urea rations,respectively. Approximately
43 percent of the total mitrogen in the ration of those fed urea consisted
of urea nitrogen.
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Wegner extended this work to include rumen fistnla studles (1940,1941).
Examination of rumen ingestn removed from the fistulated cow demenstrated
that urea or ammonium nitrogen disapveared within & to 6 hours after feed-
ing with a correaponding increase in %otal protein nitrogen. VWegner alse
found that the rate of conversion of urea to protein nitrogen in the rumen
decreased 23 the total protein level of the rumen Iingesta became greater
than 12 vercent. Rumen fistula studies were continued by ¥ills and co-
vorkers (1942-1944) who found the utilization of urea was markedly improv-
ed vhen readily avallable earbohydrate was added %o a bagal ration composed
largely of timothy hay. Pearson snd Soith (1943, 1944) earried out exten-
sive "in vivo" experinments and reported that the initial conversion of urea
into armonia and earbon dloxide oecurred largely within one hour. The ammo-
nia was readily utilized by the bdacteria and other mieroflora in the rumen.

Vork, g% al. (1942) revorted that urea when fed for long periods of
tine %o stecrs in a dry lot at the rate of 0.88 percent and 2.29 npercent
of the dry matter of the ration did not cause kidney or liver damage.
Steers fed 2.29 percent of the dry matier of the ration as urea did not
makte as zood gnlms as the steers fed urea at the rate of 0.88 verecent of
the dry matter in the ration. Steers on pasture fed 0.18 and 0.35 pound
of urea per day as the complete replacement of cotionseed meal did not
show any kidney or liver damage.

. looslf and MeCay (19473) found that ecalves two months of age were un-
able to grow on = ration containing only 4.4 percent nrotein. However,
when urea wvas added to the ration $o give a caleculated protein content of
16.2 percent, the ecalves inereased in body weight and height at a fairly

satisfactory rate.



Swift, gt al. (1947) studied the effeat of urea supplementation en
digestibility and concluded that urea feeding resulted in an increase in
the digestibility of protein by lambs. Hriggs (1948), in metadolism work
with lambs, found that adding urea to a basal ration of low protein prairie
hay ineressed the apparent digestibility of the hay mutrients.

HeNamght and Smith (1947) reviewed many experiments that have been con-
dueted during the last few years in different countries on the value of
dietary noncroteln-nitrogen for milk production of ruminants. They sum-
marized the findings of other investigators who studied and reviewed the
urea nitrogen metabolism in the rumen.

The most conclusive evidence supporting the theory of bacterial pro-
tein synthesis has been published recently by Loosli, ot gl. (1949). They
fed a purified diet to sheep and goats. When the ruminants were fed a ra-
tion containing no supplementary nitrogen other than urea, they galned in
live veight and maintained a positive nitrogen balanece. Amalysis of rumen
contents and exereta showved definitely that the nloro-organisms of the
paunch were 2ble to synthesize all ten of the essential amino acids in
large amounte.

The possidilities of supplementing the rations of range eattle =nd
fattening cattle In the feed lots with urea and fortiffed urea pellels has
only recently bdeen explored. Oklahoma workers reported preliminary urea
tests with fattening steers in the Blemnial Report of Sgience Serving Agri-
culture (1942-1944). When wren was used to supply practically all ef the
nitrogen in the ration, full fed steers found it much less palatable than
43 percent cottensesd meal. They gained only 1.62 pounds as compared to
2.03 pounds for steers fed cottonseed meal. Weber (1944) reported the re-
sultas of two steer fattening trials in which urea was compared to cottomseed
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meal as the sole source of supplemental nitrogen. In the first trial steer
ealves were individually fed a fattening ration for 168 daya. The ration in
wvhich urea provided the supplemental nitrogen was equally as palatadle and
produced as large gaing as the ration in which cottonseed meal was the
source of additional nitrogen. In the second trisl steers were group fed

the same ratlons as those that had been individwally fed. Im this trial the
steers that vere fed the cottonseed meal made greater galns and required less
feed per 100 pounds of gain than those fed urea. In a 120-day feeding trial
in 1944 the valme of urea wns studied at the Kanzas Station in a wintering
ration for 365 pound ealvea. With silage fed ms the roughage, the steers

fod cottonseed meal had slightly better apretites, and the gains wers slight-
1y greater than the gainas of the steers fed urea and urea plus ground cora,
respectively. In 2 further wintering trial with yearling steers, Weber (1945)
compared cottonseed meal and = mixture of ures, ground corn and bone menl as
supplements to silage and prairie hay ration. He concluded from these tests
that urea should not be depended upon to supnly the greater part of the ni-
trogen in a supplementary mixture used to replace cottonseed meal in a

beef cattle wintering ration.

Hart (1946), reported that a solution of urea in blackstrap molasses,
offers an ideal supplement for use with dried forage erovs, beet pulp and
range pastures. Kimney (1946) reviewed two additional trials on the uti-
lization of urea in the fatteni g steer ration at the Oklahoma Station.

Three lots of ten head each were fed corn and mralrie hay rlus supplements
of urea Formila 1, urea Formula 2, or cottonseed meal for a period of 153
days. Twenty-five percent of the total nitrogen of Formuia 1 was in the
form of urea, and 50 percent of the total nitrogen of Formula Z was urea

nitrogen. The calves recelving 25 percent of their supplemental protein



nitrogen in the form of wrea gained 1.96 pounds daily as compared with
1.98 pounds dally for those receiving 50 percent of their supplemental
nitrogen in the form of urea and 1.81 pounds dally for those supplemented
with cottonseed meal. There was very little difference in the amount of
feed required per 100 pounds of gainm, btut ecalves fed the ration surplement-
ed with Formla 2 had the lowest feed requirements, and those fed cottonsced
meal had the highest feed requirement. In a similar fattening experiment con-
dncted 1n 1945-1946, covering a peried of 167 days, it was found that younger
calves supplemented with cottonseed meal gained faster and required slightly
less feed per 100 pounds gain than ealves supplemented with elither 25 or 0
percent urea containing pellets. The average dally gains secured were 1.86
pounds for those supplemented with cottonseed meal, 1.77 pounds for the czl-
ves getting 25 percent of their supplemental mitrogen from urea and 1l.61
pounds for those receiving 50 percent of thelr supplemental nitrogen in the
form of urea.

Formilas used in fattening, digestion and metabolism trials reported
by Kinney (1946) were:

Formla I Formula II
107 Blackstrap molas 108 Blackstrap molasses
4% Du Pont's *262" " 8% Du Pont's "262%
11% Hominy feed 324 Hominy feed
75% Cottonseed meal 50% Cottonseed meal

l'bn-sixtr-'!u" feed compound is produced by the Du Pont and Company.
It contains 42 percent nitrogen in the form of urea which vhen multiplied
by 6.25 gives an equivalent protein value of 262 per cent. Stated simply,
1 pound of *262" is equivalent to 2.62 pounds of protein.
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Briggs, et al. (1946) reported that steers in metabolism stalls made
satisfactory use of the nitrogen of uwrea in a ecorn and prairie hay ration
when 1t replaced 25 to 50 percent of the cottonseed menl nitrogen. Satis-
factory results vere also obtained when urea renlaced 25 $o 50 vercent of
the cottonseed meal nitrogen in the proteln supplement fed to fattening
calves in the dry lot. In sumarizing the results of these trials, Eriggs,
8% al. (1947) reported that the protein pellets containing 50 percent urea
altrogen and 50 percent cottonseed meal nitrogen were n satisfactory suo-
plement in the early phases of the fattening perioed, but were not palatabdble
in later phases. The various supplements were fed with corn and prairie hay.

Brizgs, gt al. (1947) reported that yearling heifers fed a pellet con-
taining 25 percent urea nitrogen and 75 percent cottonseed meal nitrogen
made slightly more rapid gains than those fed cottonseed meal. Pregnant
cows wintered satisfactorily when fed such a wrea-cottonseed meal pellet.
Urea at the levels fed 4id not produce toxic symptoms when full fed to
growing calves.

Stephens, gt al. (1948) reported the results of three trials comparing
cottonseed cale, soybean ecake and urea-cottonseed meal pellet as nrotein
supplements for wvintering two-year-old steers grazing dry native grass. On
the basis of winter gain the soybean calke was superior to either cottonseed
eake or urea pellets, vhen fed at the rate of 3 nounds per head daily.

Marion, ¢t al. (1948) found urea to be an excellent protein supplement
in the fattening ration of yearling steers. In this study, a 43 percent
protein supplement containing urea was compared with 43 verceat »rotein cot-
tonseed meal. The urea-cottonseed meal supplement was prepared from 36 per-
ecent protein cottonseed meal by the addition of 2.3 percent of "Two-Sixty-
Two" urea feed corpound. Practically no difference in galn wae observed
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between the steers of the two lots fed those rations. Schrum and Riggs (1948)
obtained data in two feeding trials with steer ealves and yearling steers that
indicated protein suoplements contalining ures are almost egual in feeding va-
lue to vrotein supplements from natural sources. The following protein sup-
plements were compared in the 1947 fattening $rial:

(1) Forty-three percent crude vrotein cottonssed meal.

(2) A mixture of cottonseed flomr, peamt meal and soybean meal

containing 54 vercent erude vrotein. Urea was added at such a

level to increase the crude protein eguivalent of the mixture to

70 percent.

In the 1948 feeding trial Schrum and Rigge made the following comparison
of proteln sapplements:

(1) Porty-three vercent crude rrotein cottonseed meal was com-

pared with 36 nercent crude protein cottonseed meal made uwp to

43 percent crude protein equivalent with urea.

(2) Pifty-four perecent crude protein cottonseed meal was conm-

pared with 54 percent crude protein cottonseed meal made up to

70 percent erude protein equivalent with urea.

Fower pounds of the higher erude nrotein feeds containing uwres were nesded
to su ply the same amount of protein. The energy value of the rations was
balanced by feeding slightly more grain to the stecrs fed the supplements
containing urea.

Watson, et al. (1949) coniucted feedinz and slanghter trials with beef
ealves. They fed a nrotein poor basal ration and added urea or cnsein as
the sole source of added protein. The basal ration contained 17.5 per-
cent molasses. The ben? calves fed the caseln rations made appreciably
greater live weight gaina, and the body protein and ash was greater than
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that of steers fed urea. In further studies of the mutritive valve of ni-

trogen compounds, Watsen, and others (1949) stated "ures containing approx-
imately 30 atom percent !]‘5 was fed to sheen for fouwr days. The proteims

separated from the liver, blood and kidneys contalned Hl*’ in excess of nor-
mal stmndance." It was concluded that seme nitrogen from ures was utilized
by runinants for the formation of bedy vroteins.

Baker, gt 2l. (1949) compared ures with soydean menl in a feeding
trial with four lots of steer calves and reported that there w=s very little
differsnee in the finish and apnearance of the steers. The average initial
welght of the calves wns 590 pounds, and they were full fed cora silage and
ground corn for 154 days. There was no apparent differerce among the lots
fed elither 0.173 pound wurea plus 0.04 pound steamed bone meal, or 0.087
pound ures plus 0.02 pound of steamed bone meal, in addition to 0.63 pound
soybean oil meal, or these fed l.46 pounds soybean oll meal as supplements
daily. Baker, ot al. (1949) revorted that feedingz of 1.5 pounds of a mix-
ture in vhich 9.8 pereent of "Two-Sixty-Two® fesd compound replaced an egual
amount of dehydrated alfalfa meal resulted in larger gain and lover feed re-
quirensnts per unlt of galm than the feeding of l.5 pounds of dehydrated
alfalfa meal to fattening steers.



EXPERIMENTAL

In the fall of 1946 studies were initiated to determine the value of
ursa vhen added to a praectical steer fattening ration. During the first two
years three lots of choice weanling Hereford Steer ecalves were fed the foll-
owing rations:

ot 1 Lot 2 Lot 3

Ground yellow corm Full fed Full fed Pall fed

Atlas sorgo sllage Restricted Amount Restricted Amount Restricted Amount
Alfalfa hay 1.0 pound 1.0 pound 1.0 pound
Cottonseed meal 1.5 pounde None Fone

Urea pellets #1 Fone 1.5 pounds Hone

Urea pellets #2 Fone Wone 1.5 pounds

Salt Free cholce Tree cholee Free choice
l-lel Mineral Mixture Free choice Pree cholce Free choice

The ground corn was full fed in aceordance to sppetite. The silage wes
hand fed and restricted in amount %o provide maximum consumption of corn. The
urea pellets #1 were made of cottonseed meal, urea (Du Pont's "Two-Sixty-Two"
urea feed compound), molasses and hominy feed. The urea was added at a level
to provide 25f of the total nitrogen of the pellets, and the cottonseed meal
provided 75% of the total mitrogen. The urea pellets #2 were made of the
same feed ingredients, tut the proportion of each adjusted so that 50% of the
total nitrogen of the pellets was provided by urea and 50% provided by the
cottonseed meal.

The performance of the steers fed the ures pellets was quite satisfae-
tory and approximately egual to that of steers fed cottonseed meal. It was
considered possible that in each trial ures pellets #1 or #2 may have sup-
plied sufficient cottonseed meal nitrogen to meet nitrogen requirements of
the steers. Although it was assumed that a considerable guantity of the

urea nitrogen was utilized by the steers, the data were not conclusive.



To determine further the value of urea in a steer fattening ration an ex-
periment was started in the fall of 1948 4in which 1.0 pound of urea pel-
lets #2 were fed daily as the protein supplement with essentially the
same ration fed in trials one and two and compared to 1.0 pound of ecottomn-
seed cake. Such an experiment provided a more rigorous test of the value

of urea than the first twe trials. The following rations were fed:

Lot 1 Lot 2
Ground yellow ecorn Fall fed Fall fed
Silage Hestricted Amount Restricted Amount
Alfalfa hay 1.0 pound 1,0 pound
Cottonseed cake 1.0 pound Hone
Urda pellets #2 None 1.0 pound
Salt Free choice ¥ree cholce
1-1-1 Mineral mixtwre Free choice Pree choice

During the year 1949-50 the design was changed slightly. Urea pellets
#2 vere apparently utilised egually as well as cottonseed meal in the first
two trials. In the third trial vhen fed at the level of 1.0 pound ver
steer per day the performance of the 'atears was not as satisfactory as that
of steers fed 1.0 pound of cottonseed cake. For the fourth trial (1949-50)
urea pellets #2 were fed at the 1.5 pound level for approximately the first
60 percent of the feeding period and at the 0.5 pound level for the remaind-
_er of the trial. Honey Drip sorghum silage was fed during the fourth trial
in place of the Atlas Sorgo #ilage.

Formmlas Used in Urea Pellets

Urea Pellet #1 Urea Pellet #2
10% Blackstrap Molasses 10% Blackstrap Molasses
4% Da Pont's 262 38% Du Pont's 262
11% Hominy Peed : 32% Hominy Feed

75% Cottonseed Meal 50-% ottonseed Meal



RESULTS AND DISCUSSION

The data for the first two trials are presented in Table III and the
data for trials three and four are presented in Tables V and VII, respect-
ively. The average daily gains for the first two trials were 2.1%4, 2.11,
and 2.17 pounds for the steers fed 1.5 pounds of cottonseed meal (Lot 1),
urea pellets #1 (Lot 2) and urea vellets #2 (Lot 3), respectively. There
was no statistically significant difference in average daily gain among the
three lots. The steers fed urea pellets #2 returned $1.04 more profit per
steer than the steers fed cottonseed meal. The average appraisal price of
both lots of steers was $26.75 por cwt. at the conclusion of the trials.
On the basis of feed required per cwt. gain, 100 pounds of urea pellets #2
replaced 103 vounds of cottonseed meal, 13 pounds of corm and 14 pounds of
silage. In these two trials, 100 pounds of urea pellets #2 was equal in
value to 114.4 pounds of cottonseed meal.

One steer of Lot 2 was a chronic "bloater” and was removed. The data
of Lot 2 are calculated on the basis of 19 steers. The steer removed had
made average gains until the conditier. devsloped. The steers of Lot 2 fed
urea pellets #1 gained slightly less and were appraised at $0.63 less petr.
ewt. than those of Lot 1 fed cottonseed meal. The urea pellet #1 fed steers
required less feed per ewt. of gain, dut the difference in appraised price
and less total gain resulted in less return per steer than the return of
those fed cottonseed meal. On the basis of feed required per ewt. gainm,
100 pounds of urea pellets #1 replaced 100 pounds of cottonseed meal, 22.7
pounds of corn, less 16.3 pounds of silage and 2.13 pounds of alfalfa hay.
In this comparison, 100 pounds of urea pellets #1 was equal in value to 116.8

pounds of cottonseed meal.
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Table III Comparison of Urea with Cottonseed Meal in Fattening Steer Czlves
in Dry Lot (Average of Trial one, 1946-47 and Trial twe, 1947-48)

(Average Yumber of Days Fed, 167)

Lots T Béd 111
Or. corn Gr. corn Gr. corn
Rations €. 8. M. Urea #1 Urea #2
S5ilage Silage Silage
- Alfalfs  Alfalfs ~ Alfalfa .
Ho. steers ver lot 20 20 20
Average wt. per steer (1lbs.)
Initial 506 506 506
Final 862 859 868
Gatn 365 353 362
Average daily gain 2.4 2.11 2.17
Average daily ration (lbs.)
ground corn 11.27 10.82 11.27
Cottonseed meal 1.50 — —
Urea pellets #1 i 1.50 -
Alfalfa hay 1.01 1.02 1.01
Silage 9.49 9.61 9.43
Salt .02 .02 015
l-1-1 mineral mixture .02 015 02
Feed per cwt. gain (1lbs.)
Ground cornm 527 511 518
Cottonseed menl 70.5 — _-—
Urea pellets #1 e 70.5 ——
Uféa pellets #2 ———— — 68.5
Silage Lhs L56.5 535.5
Salt 1.0 1.0 .8
1-l«l mineral mixture .95 .8 .95
Feed cost per cwt. galn (dollars) 25.98 24.63 2.7
Finanelal result per steer (dollars)
Apparised value per cwt. 26.75 26.12 26.75
Total value per steer (3% shrink)  223.66 217.63 225.23
Initial t @ $20.00 per cwt. 101.20 101.20 101.20
Feed mﬁ' 88.92 26.9% 89.545
Total steer and feed cost 190.12 188.14 190.65
Profit per steer - 33.54 29.49 34.58

10m steer in lot two was = ehroniec "bdloater® and was removed during trial
two. Data of lot two are ealenlated on the basis of 19 steers.

z'rha feed prices were: Ground corm $3.77 per cwt., ecottonseed meal $92.50
per ton, urea pellets #1 and #2 $98.05 per ton, alfalfa hay $23.00 per tom,
silage $5.50 per ton, salt $0.88 per cwt., and mineral mixture of equal parts
salt, bone meal and ground limestone $2.20 per cwt.



Table IV Chemical Compositiom of Peeds Used in Table III

4

Ds H. Ash Protein Fat Fiber N.F.E. Ca P
Yellow cora 88.78 1.6 8.9% 4,25 2.7% 83.01 .05 .26
Cottonseed meal 92,18 6.57 11,79 5.23 12.24  34.27 .21 ..23
Atlas sorgo silage 55.42 7.98 3.78 1.93 19.18 67.13 .25 .38
Alfalfa hay 91.93 7.50 14,10 2.63 36.15 39.62 1.18 .30
Urea pellets #1 90.07 6.10 46.69 7.54 9.69 30.08 .37 .66
Urea pellets #2 90.02 5.99 47.26 7.69 8.88 30.18 .3 .62




In the third feeding trial (1948-49) steers that were fed 1.0 pound
of urea pellets #.2 dally made 0.21 pound less dally gain and required con-
slderably more feed per ewt. of gain than the steers fed an equivalent
amount of cottonseed menl. The gains were not significantly different be-
tween the two lots aceording to the ¥ test of Smedecor (1946). One steer
of Lot 2 (urea pellets) lost considerable weight during the last month.

This weight loss wns not conaidered to have been dus to ratiom but to some
other cause. ZElimination of this steer shoved that the other nine steers
made an average dally gain of 2.02 pounds whereas the cottonseed meal steers
(Lot 1) gained 2.17 pounds daily. The steer performance in this trial shows
that 1.0 pound of supplement containing 50 percent cottonseed meal nitrogen
and 50 per ecent urea nitrogen when fed with the ration described above was
not as satisfactory as 1.0 pound of cottonseed cake.

The aversge dally gain of the ateers of trial four which were fed 1l.50
poundas of eottonseed eake (Lot 1), 1.00 pounds of cottonseed cake (Lot 2)
and an average of 1.10 pounds of wrea pellets #2 (Lot 3) were 2.16, 2.10
and 2.24 pounds, respectively. During the veriod of the feeding trisl vhen
the steers of Lot 3 were fed 1.5 pounds of urea pellsts #2, the average dally
g2in was slightly greater than the galn of those fed 1.5 pounds of cotion-
seed cake. Yhen the level of urea pellets #2 was lowered to 0.5 pound
dally, the steers gained as much dally as those fed 1.5 pounds of cotton-
seed eake. The differences in gverage dally gain for the trial among lots
wad not statistically significant.

The urea fed steers were 21.03 and §7.56 more profitable per steer than
the steers of Lots 1 and 2. The aprralised price per ewt. for the steers of
Lots 1 and 3 was the same but $0.25 greater than the appralsed price of the
steers of Lot 2. In comparing the feed reguired to produce 100 pounds of



Table V Comparison of Urea Pellets with Cottonseed Cake in
Fattening Steer Oalves in Dry lot (Trial three, 1948-1949)

(¥umber of Days Fed, 181)

lots I II
Gr. corn @r. corn
Rations ¢. 8. C. Urea #2
Alfalfa Alfalfa
Silage ~ Silage
No. steers per lot 10 10
Average wt. per steer (1bs.)
Initial 521 520
Final o1k 874
Gain 393 354
Average dally galn 2.X7 1.96
Average dally ration (1bs.)
Ground corn 12.48 11.65
Cottonseed cake 1.00 ———
Urea pellets #2 —— 99
Alfalfa hay 1.00 1.00
Sllm 6.” 60*
Salt .03 .03
1-1-1 mineral mixture .03 03
Feed per cwi. galn
Ground cora 575
Cottonseed cake b6 —
Urea pellets #2 - 51
Alfalfa hay hé 51
Silage 304 334
Salt y 4 1
l-1-1 mineral mixture 1 1
Feed cost per cwt. gain (dollars) 16.24 19.32
Finaneial results (dollars)
Appraised value per cwt. 25.25 25.00
Total value per steer (3% shrink) 223.97 212.00
Initial crt @ $29.50 ver ewt. 153.70 153.50
Feed cost 63.84 68-”
Total cost (steer plus feed) 217.54 221.79
Profit ver steer 6.43 - 9.79

3

The feed prices were: Ground corn $2.68 per ewt., Cottonsced cake
$86.50 per ton, ures pellets $71.70 per ton, alfalfa hay $20.00 per ton,
silage $6.00 ver ton, salt $0.73 per ewt., and mineral mixture $1.99 per
ewt.



Table VI  Chemical Analyses of Feeds Used in 1948-59 Urea Trial

Bt Ash Protein Fat Fiber NH.P.E. Ca P
Cottonseed eake 92.73 .01 44,15 7.78 1146 0.60 .24 .0
Corn 88.22 1.55 10.66 6.43 2.13 79.23 .08 .37
Alfalfa hay 93.49 11.22 19.54 3.12 30.72 3540 2.27 .14
Silage 50.27 7.15 5.88 2.41 132.88 51.68 .3 .20

Urea Delltt! ”-22 5.% 33-#6 ?-h’ 6.95 26;” 036 08?




g2in between Lotas 2 and 3 that received aporoximately the same amount of pro-
tein, 100 pounds of urea pellets replaced 98 pounds of eottomseed cake, 61.2

pounds of corn, 6 pounds of alfalfa, and 45 pounds of silage. These data show
that vhen urea is incorporated into a pellet to provide 50 perecent of the ni-
trogen of the pellet and fed in the mammer deseribed above, the gains were

as satisfactory as those produced when cottonseed ea):o was fed as the protein
supplenment.



Table VII Urea as a Partial Replacement for Cotionseed Meal
(Trial four, 1949-1950)

(Munber of Days Fed, 170)

Tots T 1T I
ér. cormn Gr. corn Gr. cora
Rations Ceo 8o Co C. 8+ Co Urea #2
$ilage 5ilage Silage
Alfalfn  Alfalfe = Alfslfs
Famber steers per lot 1l 16 10
Average wt. por steer (1lbs.)
Initial 591 591 491
Final 867 848 872
Gain 376 357 381
Average dally gaia 2.16 2.10 2.25
Average daily ration (1lbs.)
Ground corn 10.61 11.17 11.25
Cottonseced cake 1.5 1.00 —_——
Urea vellets #2 e — 1.102
Alfalfa hay 1.01 0.99 0.99
8ilage 6.3 6.4 6.3
Salt 06 .05 04
1-1-1 mineral mixture Ob .05 <04
Peed per cwt. gain (1bs.)
Ground cofn - 492 532 502
Cottonseed calke 70 48 —
Urea pellets #2 -— -— L9
Alfalfe hay 47 47 4
Silage 294 303 281
3.1t 5. 3 2
1-1-1 mineral mixzture 2 2 2
Peed cost per cwt. gain (dollars) 15.03 15.67 14.9%3
Financial results (dollars)
Appraised value per owt. 28.00 27.75 28.00
Total value per steer (37 shrink) 235.48 222.%8 236.88
Feed costl 56.50 55.93 56.87
Total cost (steer plus feed) 176.80 176.23 177.17
Profit per steer 58.68 52.15 59.71

I'On- steer removed Jamuary ll, 1950 because of founder.

2
Steers of lot 3 were fed 1.5 pounds of urea pellets for 100 days and 0.5
pounds of urea pellets per steer for 70 days.

Jﬂm feed rrices were! Ground corn $2.38 per cwt., cottomseed eake $67.00
per ton, urea pellsts $68.20 per ton, alfalfa hay $20.00 ver ton, silage $6.00
per ton, salt $0.52 per ewt., and mineral mixture $1.96 ner cwt.



Table VIII

Chemical Analyses of Peeds Used in Table VII

P Co & £ 3

b4
D. M. | Ash Protein Fat Fider FN.F.E. Ca F_
Corn B7.453 | .71 11.33 5.55 2.22 79.19 .2k .33
Cottonseed eake 93.67 5.93 43.61 6.07 12.49 3190 .21 .33
Urea pellats 90.52 6.5 3.2 6.53 9.57 28.98 .37 .74
Alfalfa hay 89.68 | 7.52 16.63 2.72 3H.81 38.32 1.97 .33
Silage 32.00 | 9.22 5.81 2.19 25.19 57.53 .27 .24




1. TUres incorporated into a protein pellet 2t levels to provide
either 25 or 50 perecent of the total mitrogen of the pellet and fed to
steer calves at the rate of 1.5 pounds of pellets daily with a corn-gilage-
alfalfa hay ration satisfactorily replaced cottonseed meal nitrogen.

2. In the trials reported herein, 100 pounds of the urea pellets
#1 eontaining 25 percent urea nitrogen was equal in value $o 116.8 pounds
of cottonseed meal when fed to fattening steer calves. The replacement
value of urea pellets #2 containing 50 perceant urea nitrogen was slightly
less than that of urea pellets #1. On the dasis of prices of feeds fed,
100 pounds of ures pellets $2 was equal in value to 1l4.4 pounds of eotton-
seod meal.

3. Vhem 1.0 pound of wres pellets #2 was fed as the protein supple-
ment in a steer fattening ration, the perfornance of the steer calves was
less satisfactory than that of steers fed an eguivalent amount of cotton-
gecd meal.

%. VWhen l.5 pounds of wrea velle$a #2 were fed as the protein sup-
vlement to fattening steer calves during the first 60 percent of the feed-
ing trial and 0.5 pound fed during the remainder of the trial, the perform.
ance of the steer calves was more satisfactory than that of steers fed either
1.5 or 1.0 pounds of cottomseed cake during the entire trial.
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PART III LEVELS OF PROTEIR
Review of Literature

It is highly important in fattening eattle to know definitely how
mach protein sunplement should be added to the ration. Since vrrotein sun-
plements ordinarily cost more par ton than grain, the profits will bde ms.
terinlly reduced if animals are fed larger amounts of supplement than nre
actuzlly needed. Morrison {1948) states "mmmerous o periements have vroved
that fattening eattle and other beef cattle do not need nenrly so mmeh Pro-
tein as was recommended by older feeding standards.®

McCampbell (1925) fed varying amounts of cottonseed meal in a steer
fattening ration composed of silags, 2lfalfa hay and corn. In two experi-
ments his data indicated that adding 1 pound of cottonseed meal per hend
was wmore profitable than adding two pounds.

Blizzard (1928) conducted an experiement to determine the amount of
eottonseed meal that could be fed safely and nrofitably in fattening ra-
tions of calves. The dasal ration consisted of ground eorn, cotionseed
meal and ground limestone. When the cottonseed meal was fed at the rate
of 1.28, 2.01 and 2,77 pounds per head daily the stears fed 1.28 vounds
' of meal per head per day made the greatest and most eeomomieal gains. Okla-
home workers reported in the Blemnial Revort (1932-1934) further studies
of profitable levels of cottonseed meal to feed calves. Rations consint-
ing of corm and prairie hay supplemented with 1.30, 2.86 and 3.50 pounds
of cottonseed meal were fed weanling steer calves. The lot of steers fed
the ratisn suvplemented with 2.46 pounds of cottonseed meal, made slight-
1y greater daily gnins than the steers of the other two lots. The stasrs
that wvere fed 1.30 pounds of cottonseed meal made the chezvest gains.

Three lots of steers were compared in the 1933-19%3% feedisp trial. The



average daily rations fed and the average dally galns were aa follows:

Avorage dally ration Lot 1 Lot 2 Lot 3
Ground Corn 7.70 6.69 5.90
Cottonseed meal 1.5% 2.36 3.5
Prairie Bay 2.27 2.30 245
Kafir silage 6.64 6.93 6.64
Gr. Limestone «19 «18 «19
Fatritive ratioc 6.9 5.7 4.6
Average dally gain 1.96 1.99 1.99

The steers of Lot 2 made the cheapest gains. The Lot 3 steers nade the
same sverage dally galn as the steers of Lot 2, Dut the extra cottonseed
meal added to the cost. The steers in lot 1, fed 1.54% pounds of cottonseed
meal ver head dally, made practically the same golns as the other two lots,
dut the ot 2 stears that were fed 2.736 pounds of cottonsesd meal were the
most mrofitable.

Experinments to deternine the amount of protein to feed beef calves,
were condueted hy Gerlaugh(1938). He found that 1.6 pounds of a proteln
supplement contalning 45 perecent erude protein was a safe amount to feed. Two
and four-tenths pounds of the same supplement nroduced fatter calves gquicker,
but at a greater cost.

Morrison (1940) recommended that rations for fatSening ealves should have
mtritive ratios not vider than 1:6.5 to 1:7.3; for yearlings, not wider then
1:17.0 to 118.0; and for 2-year-elds, not wider than 117.5 to 1:8.5. V¥hen
the rations contain less protein than provided by these mutritive ratios,
Horrison, (1940) states "the gains will usmally be considersbly less rapid,
and more feed will be reguired per J00 pounds gain.®

Cottonseed meal is often cheaper per ton in the south than many other
concentrates, and feeders desire to make the maximum use of it. When 1% was
used in larger amounts than was necessary to balance the ration of ateer
ealves Blizzard and Taylor (1938, 1939) reported that it may be worth slight-
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1y more per pound than yellow corn as a fattening concentrate. Xnmox (1939)
found that a full feed of cottonseed meal gave more gain than one-half
meal snd one-half ground kafir when fed with corn silsge and alfalfa hay
to fattening cattle. Rlizzard and Taylor (1940) made 2 comparison of ground
shelled corn and cottonseed cake in steer fattening rations. Their results
indicated that 473 percent cotionsesd cake renlaced at least 50 pereent of
the corn without reducing the efficlency of the ration when an adeguate
source of vitamin A was provided. They found that this substitution can
be considered wvhen the eake sells st the sane or lower price ver pound than
corn. Taylor (1940) substituted 43 vercant cottonseed cake for part of the
ground shelled corn in a ealf fattening ration of ground oats, ground shel-
led corn, cottonseed cske, silage and ground limestone. Two lots of steers
were compared. The steers of Lot 1 were full fed corn and received 1.99
pounds of cake per head dally. The steers of Lot 2 were also fed 1.99 pounds
of cottonseed eake per head daily, Put 3.61 pounds of eottonsced eake were
fod in addition, replacing 4.59 peunds of eorn in the ration. In the oro-
duetion of 100 pounds of zain 182 pounds of B3 percent cottonseed cake re-
placed 210 pounds of corn, but reguired =n additional 10 pounds of oats
and 14 pounds of silage. Both lots of steers gained elightly over 2 pouads
per head daily, butl the stecers full fed coran produced 100 pounds of g=in
at $1.254 lese coet than those fed the larger amount of cottonseed meal.
Means (1945) revorted weanling salves ean be fed all the cottonseed
meal or cake they will eat for 140 to 150 days with mo injurious effect,
provided that 3 pounds of good legume hay is included in the ration. He
fed two lots of steera B pounds of cottonseed calte or meal plus corn,fed

ad 1ibitum and obitained satisfactory gains and orofits.



Morrison (1940) cites the results of several experiments with alfal-
fa hay included in the fattening ration. He econcluded it does not usuaslly
pay %o add o pretelin supplement to corn and a liberasl feed of good alfal-
fa hay for Z-year-old and yearling boef stesrs. If the amount of alf=1fa
hay ic decreased sone from liberal feeding, it will reguire only n small
amount of protein supplement to balance thae ration.

Several investigatlons have bean made on the affeet of levels of rro-
tein on the net energy value of a ration. Mitchell, gf pl. (1940) found
that the utilization of the metabolizable enargy in the ration of the calf
was not impalred by inadequate levels of nrotein within the limits of 6 per-
eent and 20 percent tested. MNaymard (1947) states "thore is evidence that
the more nearly balanced the ration the smaller the proportion of it whiech
is dlssipated as heat and the greater, therefore, i1s 1ts net energy value.®

There are many references to feeds which show a general depression in
dry matter digestidility with low levels of protein feeding. Maymard (1947),
and Morrison (1948) have reported the influence of vrotein upon ration di-
gestibility in eattle. Burroughs, ¥Wise and Gerlaugh (1949) reported that
the addition of soybean 0il meal to 2 low protein ration for fattening eat-
tle inereased the dry matter digestidbility of eorn cobs and timothy hay W
and 17 percent respectively. Four rations were used, one with and one with-
out corn cobs at an 2 vereent protein level, =nd one ration with and without
corn cobs at a 15 pereent protein level. BPurronghs, et al. (1949), in fur-
ther observations on the effeet of protein wpom roughnge digestion in eate
tle, varied the protein levels by substituting dried ekim milk for nineral-
ized starch in three trials. Their conclusion was that the protein require-
ment for efficient roughage digestion in cattle is extremely low vhen rough-
ages are fed in the absence of starch or starchy grains. When starch was
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added to the ration, the need for the protein supplement, dried skim milk,
was Inerensed.

Burroughs, gt al. (1940) stated that protein fed to eattle and other
runinants presumably serves two separate physlologieal funetions. One
funetion pertains to the growth and development of miero-organisms in the
digestive tract in fostering roughsge digestion and synthesis of B-vitamins
and amino acids. The other relates to the growth of the bdody. The total
minfimum protein requirement of cattle for the maximam production depends
upon which funetionzl need for vrotein is the greatest, since the feed

protein is used in both functions.



EXPERIMENTAL

Previous experimental work at this station has shown that a ration of
eorn, sorghma silage, alfalfa hay, salt and minerals supplemented with 1.5
pounds of cottonseed nesl produced satisfactory gain and finlsh when fed %e
weanling steer calves. The urea experiments reported in Part II of this
paver suggested that egqually as good performance could be secured when such
a ration was supplemented with lass eottonsecd meal.

To determine the optimum level of protein to add to = ration of corm,
sorghun silage, alfalfa hay, salt and minerals, an experiment was inltiated
in the £all of 1948 to study this problem. Three lots of 10 weanling Here-

ford steor calves each were fed the following rations:

Lot 1 Lot 2 Lot 3
(round yellow ecorn Mll fed Tull fed Fall fed
Sorghun silage Limited Linited Linited
Alfalfa hay 1.0 pound 1.0 pound 1.0 pound
Cottonseed ecalte 1.5 pound 1.0 pound 0.5 pound
Salt ¥ree choice Free choice Free cholice
l-l.] mineral mixture Free choice Free cholce ¥ree choice

The resulis of two trials are reported in this paper.
The silage fed during the 1948-49 $rial was Atlas Sorgo, and during the
1949-50 trisl it was Honey Drip.

RESULTS AYD DISCUSSION
The sverage data for the two trials are presented in Table IX. The
average daily gain for the steers supplemented with 1.5, 1.0 and 0.5 pound
of cottonseed ecake was 2.12, 2.14 and 2.07 pounds, respectively. The dif-
ferences were not statistically signifieant. Although the ateers fed the
ration surplemented with 0.5 pound of cottonseed eake (Lot 3) reqguired
somgwhat more corn ner ewt. gaim than either of the other two lots, consideradbly
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less cottonseed cake was required, resulting in the lowest cost per 100
pounds gain of the three lots. The steers fed the ration su plemented with
1.0 pounds of cottonsesd eake (lot 2) required slightly mere corn per cwt.
gain than those supplemented with 1.5 pounds of cottonseed eake (Lot 1),

but the total cost per ewt. galn was slightly less due to the lower require-
ment of cottonaeed onke.

The steers fed 1.5 pounds of cottonseed cake were slightly fatter than
the other two lots as indiecated by the higher aporalsed rrice per cwt. The
steers of Lot 2 were appralsed at $0.25 per owt. higher than the steers of
Lot 3.

The returns per steer for lots 1, 2 and 3 were $25.03, $25.23 and $23.68,
respectively.

The mutritive ratios for the aversage dally rations of the steers fed
1.5, 1.0 and 0.5 pounds of cottonseed cake were 1:6.3, 1:7.2 and 1:8.2,
respectively. Morrison (1948) recommends mutritive ratios of 1:6.6 %o 1:7.3
for ¢alves being fattened for baby beef between the welights of 500 and 900
pounds. The matritive ratio of the ration containing 1.5 pounds of cotton-
seed eake was %00 narrow, and that of the ration containing 0.5 pound of
eottonseed cake was slightly too wide according to Morrison's standards. JNor-
rison (1948) also recommended s minimum of 1.3 to 1.75 pounds of digestible
protein in the daily ration for fattening steers weighing 600 and 900 pounds
that gain an average of 2.0 pounds dally per steer. The cnleulabed daily
digestible protein intake for the steers of Lots 1, 2 and 3 in this study
were 1.35, 1.21 and 1.03 pounds, respectively. Omn the basis of these trials
it would appesr that the daily digestidble protein intakes recomended by
Morrison are somewhat too high for steers welghing 500 to 250 pounds.

Although levels of protein supplements from 1 pound $o 5 pounds or more



Table IX lLevels of Cottonseced Cake

(Average of Trial One, 1948-49 and Trial Two, 1949-50)

(Average Number of Days Fed, 176)

Loks

Hanber of steerm peor lot
Average wt. per steer (1bs.)
Ini$ial
Final
Gain
Average daily galin

Average daily ration (1lbs.)
Ground corn
Cottonseced cake
Alfalfa hay
Silage
3alt
l-l-l mineral mixture

Peed per cwt. gain (lbs.)
ground cora
Cottonseed cake
Alfalfa hay
Sllage
Salt
l-1l-1 mineral mixture

Feed cost per cwb. gain (dollars)
Finaneial results (dollars)
Appraised value per owt.
Total value per steer (3% shrink)
Initial cgut @ $27.00 per cwt.
Feed cos¥
Total cost (steer plus feed)
Profit ver steer

11.19
1.50
1.01
6.45

.05
04

530
7
47.5

06

2
1.5
17.58

26.62
227.86
136.62

66.21
202.83

25.03

2. 1%

11.82
1.00
1.00

6.49
.M
.“

554
b7
46.5

04

2
1.5

17.26

22
136.62
6473
201.35
25.23

2.07

1l.72
.51

6.43
-0h

567
25
48

311

1.5
1.5

16.77

26.25
221.02
136.62

60.71
197.34

23.68

Lz

lone steer was removed in trial 2 on January 11, 1950 because of founder.

2

The feed prices wers: Ground corm $2.53 per cwi., ecottonseed coke

$76.75 »er tom, alfalfa hay $21.00 per ton, silage $6.00 per ton, salt $0.63
per cvt., and mineral mixture $1.97 per cwt.
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Table X Chemical Anslyses of Feeds for Table IX

Corn 87.82 | 1.63 100 S5.99 2.18 79.20 .1 .35 1
Cottonsesd coks 93.20 | 5.97 43.88 6.92 198 J.25 .22 .8h

ALfalfs hay 91.58 | 9.37 18.08 2.92 32.76 36.87 1.67 .2b 20
81lage 3615 8.18 S5.88 2.30 29.04 S4.64 <30 22 5

12’&21;: per uillicn



have proven satisfactory in fattening steer rations by various investiza-
tors, the more profitable gains of the lo$ 2 steers from the results of
these two trials indieate that 1.0 pound of cottonseed cake would be more
satisfeetory with this type of ration at present feed prices. These re-
mlts agree vith those obtained by MeCampbell (1925) and Blizzard (1928)
whe found that 1.0 and 1.28 pourds of cottonseed cake made the largest and
most economical galns. Thay fed rations similar te the ones fed In thess

two trials, ereept that mno silage was fed in the trial reperted by Blizzard.

SUMMARY

Under the conditions of these trials a steer calf fattening ration
of corn, sorghum silage, alfslf= hay, salt and mineral supplemented with
1,0 vound of cottonseed calke rroduced more satisfactory results than vhen
supplemented with elther 1.5 or 0.5 pounds of cottonseed cake. Although
the stoers fed the ration supplemented with 1.0 pound of cottonseed cake
were not quite as fat as those fed 1.5 pomnds of cottonseed ecnke, the great-
er gain and lover feed cost resulted in slightly more profit per steer.
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PART IV CARCIENE
Review of Literature

Moore (1929) produced proof that the animal body transformed carotens
into vitamin A. The principal source of this vitamin fs the e=rotene or
yellow pigment found in 2ll green plant tissues.

Guilbert and Hart (1935) found that the daily minimum reguirements of
earotene for cattle weighing 130 to 500 Eg., to be 26 to 33 meg. per kilo-
gram of body weight. Jones, gt al. (1978) reported = slightly higher re-
quirement for fattening beef cattle.

Vitamin A is the vitamin of greatest oraetical importance for beef
eattle, aceording to Ohlc workers (1938). Cuilbert and Rochford (1940)
stated that the only vitaming definltely required in the dletary of the bo-
vire wvere A and D. A prolonged deficiency of vitamin A resulted In lower
gaine, less efficient use of feeds, more sick animals, greater mortality,

& lover grade of finished animal and night blindness, sceording %o Jones,
ot al. (1938), ¥all (1940), Kemmerer, Pudge and Fraps (1942)

Kemmerer, gt al.(1942) reported that 4 parts per million (36 mg. in
Z0 1bs. of feed) of earotene may be needed in dry range forage for cattle.
They indicated, however, that a level as low as 1.7 p. p. m. would be suf-
ficient in green feeds. These Taxas workers reported that the earotene re-
quirements of eattle are lowest at maintenance or vhen growing cattle =re
deing fattened. Under these conditioms Jones, g al.(1938) found that 1500
mierograms per 100 pounds of live weight appeared %o de suffiecient to sus-
tain health and produce good growth, but this amount was not sufficient to
prevent night bdlindness. In a later study Jones, gt al.(1941) depleted

50 fattening beef steer calves of their vitamin A reserves and supnlemented



the ration with 12350, 1500, 2500, 3000 and 5000 micrograms of earotene in
the form of alfalfa leaf meal per 100 lbs. live welght daily during a 140
day fattening period. There was no signifieant difference in gain, car-
cass welght or earcass grade among the groups.

Lewis =2nd Wilson (1944) revorted an experiment with six groups of four
ealves each, that were fed various levels of vitamin A, ranging from 32 to
1024 W. S+ P. units per kilogram of body welght per day. These levels
were fed for 2 peried of four to eight months. Data were obtalned on rate
of growth, blood levels of vitamin A and liver storage. The results indi-
cated that mximm growth wes obtalned on an intake of 64 U. 5. P. units
per kilogram of body welght. The concentration of vitamin A in the blood
reached maximum levels at an inSske of 512 U. §. P. units per kilogram of
body welght. Iiver stores were guite variable. In gemeral the calves re-
celving 512 units per kilogrsm or below had quite low liver stores, wvhile
those recelving 1025 units per kilogran of body welght had considerable
storage.

A recent revort of the committee of Animsl Nutrition of the Hatlonal
Research Council (1945) recommended 5.5 mgs of carofene per 100 1lbs. live
weight per day for beef cattle. The committes stated that l.% to 1.6 mg.
of carotene per 100 lbs. live weight proved adeguate for normal beef ecattle
growth.

Hoefer, Gallup, =nd Hillier (1946) stated that vitamin A deficlency
symptoms may regquire from 30 to 200 or more days to sppear in sheep or cat-
tle. Jones, g} 2l.(1938) reported that short yearlings required an average
of 142 days on a ecaroterc deliclent diet to deplete their vrevious storage
of esrotene %o 2 degree sufficlent to exhlbit deficiency symptoms. Hoefer,

ot al: (1946) found that cattle have the ability to store great guantities



of vitanin A and earotene during periocds of high intake. They mentioned
the inability to see in dim 1light as an early indication of vitamin A de-
ficiency. Hoefer, gt al. (1946), in referring to night dlindness, ztated
#ghis symptom is one of the first to be obeserved in fattening eattle fod
for extended periods on rations containing a2 high preoportion of graln and
£ livited amount of low grade roughage."

Fraps (1947) stated that deficlency of vitauin A in range animals or
fattening cattle may de expected only under rather extreme conditions or
prolonged drouth, or after long perleds of fattening in the dry lot when
the roughage used contairs little or no esrotene. He recomnmended feeding
2 mg. of carotene per 100 pounds of live welght dally as o sufficient
amount to prevent serious conditions of vitamin defieciency in ususal fat-
tening periods for steers, bubt suggested that 1.5 mg. might be adeguate.

Rosenberg (1945), Maynard (1947) and Chornock (1548) have revioved
the physiologieal funetion and symptoms of deficiency of vitamin A and
its precursor, carotene.

Hewman (1948) stated "two units or more of carotens ars required to
give results equal to one unit of true vitamin A®. Koehn (1348) eon-
firms this. He determined the relative biologleal potencles of rure
vitamin A alcohol, vitanin A acetate and beta-carotene under identical
dietary conditionas. The results showed that beta-carotene and vitamin A
aleohol had equal activities on the weight basis.

Mattson (1948) presented two years investigations that showed one
site of converasion of carotene to vitamin A in the rat was the intestinal
wall. His work indicated that vitamin A wes present in the intestinal
wall of rats 4 hours after supplementing with ecarotene by a stomach tube.

Elliot (1949) presented evidence in supnort of the view that the



inteational wall is a site of conversion of carotene to vitamin A in dairy
calves. ¥o poslitive evidence was obtained to show that carotene in dlood
plasms is converted to vitasin A in elther the Cuernsey or Holstein calf.

Van Arsdell (1948) gave a very good review of literaturs on carotene
and vitamin A and its effect upon the blood constituents of cows and calves.
He gave an extensive review of the dalry ecattle work on the importance of
carctene in the late stages of parturition and for the young ealf.

Hewnan (1948) cited several factors vhich might influence vitaain 4
utilization in eattle. An unhealthy condition, such as digestive disturb-
ances in a ealf, elther interferes with ecarotene absorption or increases
the animals requirenents for vitamin A. Carotene in low-earotene roughoges,
as compared to high-earotene roughages, was thought to be less avallable or
in less biologleally active chemiecal forms. He reported that vitaain % or
factors assoclated with 1t, stabilized ecarotene or vitamin A in the ration.
Some materials such as rawv soybeans or rancid fats, when present in a ratiom,
were found to interfere with a maximum utiligation of earotene and vitamin A.

Baker, loeffel and Hamsen (1947) reported trials supplementing eattle
rations with earotens. Thirty stesr calves were fod vitamin A-deficient
rations for 70 days. They were then divided into three uniform lots and
were full fed graund Farly Kalo, 4.0 pounds of chopped alfalfa hay (brown hay
very low in earotems) and 0.5 pormd of soybean oil meal per head dally. Two
lots were fed earotene surplements of 10 to 14 meg. MBOmé. of earotene
per head daily for 210 and 280 days respectively. The lots fed carotene con-
sumed more grain and made greater average dally gains than those not fed caro-
tene. Clinieal deficlency symptoms generally were not as pronounced in this
trial as in previous trials in the deficient carotene ration group. Hore
difficulty vas experienced with urinary ealeuli, however.



Tom (1947), emphasizing vitamin A needs for range livestoeck revorted
unifornly satisfactory results with 2 praetiecal vitanin A carrier during
more than 3 years of repeated experiments wunder controlled conditions.

One group of experiments conducted under practical range conditions dur-
ing the winter period of 1946-1947 resulted in 41 pounds more gain for
each cow and 17 pounds more for her ealf (approximately 6 weeks old) vhen
a supplement fortified with vitamin A was fed and compared with a standard
high protein supplement.

Madsen and BEarle (1948) confirmed previons reports on the relation
of vitanin A deficlency %o the development of edema or anasarcm in cattle.
They reported symptoms of typical avitaminosis-A of cattle. Observations
were made on 41 yearling Hereford steers that were fattening for over a year
mostly on corn and fodder with 1 pound of molasses and alfslfa supplement
fron Hovembar to June. The eattle did not have access to pasture during
the summer. One aymptom ohserved was loss of apnetite. Avpetite was re-
stored by feeding alfalfa hay. In September, oat straw was substituted
for the 21falfa. By December, 0 of the steers had swollen legs and en-
larged briskets. Replacement of the ocat straw with alfalfa brought about
marked improvenment in two wesky and nearly complete recovery in seven waeks.
Madsen and Barle (1948) were able to duplieate these symptoms, experimentally,
with diets elther deficlient or low in carotene.

Stephens, gt al. (1948) reported a wintering trial with two-year-old
steers fed a earotene carrier. Thelr data indicate dry range grasses sup-
plemented with a protein feed contalining 27 percent crude protein and 35
parts ver million of carotene, when fod at about the asame energy equivalent
level as the other protein su-plemcnts, was superior to cottonseed eake
and urea pellets, tut failled to produce as much gain as soybean pellets.



Ross, ¥Watts and Darlow (1949) obtained additioral information in supple-
menting beef eattle rations with carotene in a wintering trial under range
eonditions. The yearling and weanling heifers fed the carotene fortified
pellets made slightly more gain than those fed cottonseed calte. The reverse
was true in the steer trials. The carotene-cottonsecd meal pellet was made
by mizing a crude carotens concentrate made from alfalfa with cottonseed
meal and pelleting the mizturs. The carotene potency was so adjusted that
2.5 pounds of the pellet contained ap reximately 20 mg. of beta-carotene.
Although the weanling heifer calves fed only cottonseed cake had dangerously
lov plasme carotene levels in Jarmsry and February, the vitamin A level

was vithin an secepted range for good health. There was no difference in
health or vigor among the various lots.

Ross and Gallup (1949), in vitamin A defielent studies with beef cattle
on phosphorus deficient rations, secured data which indieated an inverse
relationship “etween the level of plasma inorganie phosphorus and plasma
earotene content. The level of plasma carotens averaged 20 percent higher
in the wnsupplemented lot than in the phosphorus supplemented lot.



Erperimental

Although a ration of ground yellow eorn, Atlas Sorgo silage, 1.0 pound
of alfalfa hay, salt and minerals when fed to steer calves has not vroduced

any symploms of vitamin A deficlency, it appeared possible that additional
earotens might stimlate gain. To test this hypothesis, an experiment was
initiated in the fall of 1948 %o determine the value of adding c-rotene to
a ration such as that outlined above. Two lots of weanling Hereford steer
calves were fed the following ration: ground yellow corn, full fed; sorg-
ham sllage, limited to insure maximum consumption of cormi 1.0 pound of
alfalfa hay; and salt and mineral, free choice. The ration fed the steers
of Lot 1 was supplemented with 1.5 pounds of cottonseed eake, and the ra-
tion fed the steers of Lot 2 wa® supplemented with 1.5 pounds of a pelleted
feed containing cottonsced meal and erude carotene comcentrate. The crude
carotene was made from alfalfa by the Valley Vitamins, Ine., of MeAllen,
fexas. During the 1948-49 trial each pound of pellets contained 7.8 milii-
grams of deta~carotene and during the 1949-50 trial each pound of pellets
contained 14.3 milligrams of bete-carotens. Atlas morghum silage was fed
during the first trial and Honey Drip serglum silage was fed during the se-
cond trial.

Results and Diseussion
The data from the two trials were averaged and are presented in Tabdle
XI. The chemical composition of the feeds fed are presented in Table XII.
The data obtained from the first trisl suggested that 1% nmight bde advanta-
goous to feed additional ecarotene to fattening ealves. The steers of Lot 2,
whiech were fed 1.5 pounds of the carotene-cottonseed meal pellets per steer
per day, galned 0.18 pound more than the steers of Lot 1 that were fed 1.5



Table XI Determination of Value of Additional Carotene
(Average of Trial One, 194849 and Trial Twe, 1959-50)

(Average Fumber of Days Ped, 176)

Lot I 1T
Gr. cora Or. eorn
Ce 8. Co Carotene pellets L
Silage Silage
Alfalfe __ Alfalfa
Fumber of steers per lot 202 20
Average wt. per steer (1bs.)
Initial 506 505
Final 882 Aol
Gain 376 389
Average daily gain 2.12 222
Average daily ration (1be.)
Ground corn 11.19 11.83
Cottongeed cnke 1.5 P
Alfslfa hay 1.01 1.00
Salt 05 L%
1-1-1 mineral mixtwre 04 -03

Feed per cwt. galnm (lbs.)

Ground corn 531 53
Cottonaseed calke 71 —
Carotens pellebs -— é8
Alfalfa hay &7 45
Silage 06 292
Salt 2 2
1-1-1 mineral mizture 2 2
Feed cost per ewt. gain 17'61 17.97
Financial results (dellars)
Appraised valne per cwt. 26.62 26.62
Total value per steer (37 shrink) 227.86 230.79
Initial cost @ $27.00 per ewt. 136.62 136.35
Feed costd 66.21 69.90
Total cost (steer plus feed) 202.83 206.25
Profit per steer 25.03 2h.54

loottonseed eake earotene pellets contain 11.0 mg. of carotene psr
pound.

2
One steer was removed during trial Jan. 11, 1950 becanse of founder.

3the prices of the feed fod were: Corn, $2.53 per cwt.; Cottonseed
eake, $76.75 per ton; earotena pellets, $90.00 per ton; alfalfa hay,
$21.00 per ton; wsilage, $6.00 per ton; sals, $0.63 per ewt.; and
mineral mixture, §1.97 per cwt.



Table XII Chemical Composition of FPeeds used in Tadle XI

Corn 87.82 | 1.63 11.00 5.99 2.18 79.20 .14 .35 1
Cottonseed eake 93.20 | S5.97 43.88 6.92 11.98 .25 .22 .84

Carotene pellets  92.17 | 5.72 542.14 7.75 10.8% 33.55 .37 .93 26
Alfalfa hay 91.58 | 9.37 18.08 2.92 32.76 36.87 1.67 .2 20
Silage 36.14 | 8,18 5.8 2.30 29.0 S4.64 X .22 5

loarts ver millfon
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pounds of cottonseed cake per steer per day. The earotene supplemented
steers vere also $5.95 more vrofitadle per steer.

Both lots of steers galned at aprroximetely the came rate during the
19549-1950 trial, but the atraight cottonseed eake supplemented steers vere
$7.87 more profitable per steer.

The summary of the data obtalined in both trials show that the steers
fed 1.5 pounds of the earotene pellets per head d=1ly made an average dally
gain of 2.22 pounds and those fed cottonseed cake gained 2.12 pounds dally.
The feed cost per cwt. galn wes $0.36 higher, however, for the carotene sup-
plemented steers than for those fed straight cottonseed eake. Most of the
extra feed cost was due to the high cost of the carotene which was added
to the cottonseed meal to make the pellets.

The profits per steer were $25.03 and $24.54, for Lots 1 and 2, res-
pectively.

Summary
The data of a twvo year study in which additional cerotene was fed with

a ration of yellow corn, sorglmm silage, 1.0 pound of alfalfa hay, salt and
mineral showed no consistent adwantage for fattening steer calves vhen com-
pared to the same ratlon withoud the added carotene.
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