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INTRODUCTION

Although cattle: can utilize large amounts of roughage advanta-
geously, the general belief among feeders is that only 2 small amount
should be used in a faﬁténing ration for best gains and finish.. Opin-
ions vary as to the proportion of concentrate-to-roughage a fattening
ration should contain in order to obiein maximum berformance in the
feedlot.

Many experiments have been conducted to determine an optimum
6sR! ratio for fattening beef cattle; however, somewhat conflicting
results have been reported, Differences in the age and sex of cattle
used, as well as guality and kind of feed, may have contributed to the
differences in results.

There is considerable variation in the proportion of concen=
trate used in fattening rations by successful feeders, with satis-
factory results., Since availability and price of roughage vs, con-
centrate may vary considerably from area to area and year to year,

a single ratio might not be advantageous under all conditions, I%
is of importance, therefore, to determine if an optimum C:R ratioc
exists for fattening cattle,

Since. both steers and heifers are fattened in feedlots, it is

also important to determine if there is a sew difference in ability

15:R is used to denote concentratesroughags,

1l



to utilize diffeerent C:R ratics, It has been shown that heifers
tend to fatten at a younger age than steersy therefore, the optimum
ratio may be different for steers and heifers,

Much interest has developed in the use of pellsted or cubed
rations, both for growing and fattening cattle. This method of
feed preparation may be beneficial in reducing storage and handling
costs and in improving feed efficiency. However, only limited data
are available on the nutritive value of pslieting rations for beef
cattle,

Three feeding trials were conducted at the Ft. Reno station
to study the performance of bheef calves self-fed mixed rations con-
taining different C:R ratics, ranging from 35:65 to 80:20, Studies
were made on rate and economy of gain, feed consumption, efficiency
of feed use, time required to reach slaughter grade, and carcass
merit, The performance of steers and heifers was compared on each
ratio, In addition, two trialy were conducted to study the effects
of pelleting a roughage mixture as well as a highly concentrated
fattening ration on rate of gain, feed consumption, and efficiency
of feed utilizest’c.:lon.,‘’Anlscn,J the effect on carcass grade was deter-

mined in the fattening trial.



REVIEW OF LITERATURE

Since a number of factors must be considered in comparing re-=
sults from experiments in which varying ratios of C:R have been
studied, the revisw of literature has been divided into sections
according to the effect of C:R ratio ongy Rate of gain, feed con-
sumption, feed efficiency, time required to reach market grade;
carcass merit, and economic aspscts., Available literature compar-
ing steers vs, heifers and the effect of pelleting feeds has also

been included.
Effect of CsR Ratio on Rate of Gain

For a number of years, attempts have been made to determine the
| optimum physical balance between conecentrate and roughage in fatten-
ing rations for cattle and sheep. Cox (1948), after a thorough se-
ries of experi?ents designed to study CsR ratios for lambs, concluded
that an optimum physiecal balance aetualiy exigtes in lanmb fattening
rations. The ration which gave the greatest gain with the least
amount of feed per pound of gain contained a 45:55 ratio of C:R.
He further observed that gains were not always positively correlated
with either dry matter or total digestible nutrient intake; but ap
peared to follow a certain balance between these two factors deter-
mined by the crude fiberstotal digestible nutrient ratio.

Similar results were presented by Bell et al. (1955, 1956).

These workers observed that pelleted rations made up of 65 percent



alfalfa hay and 35 percent corn gave better results with lambs than
did pelleted rations containing the same feeds in a 55345 ratio..
However, unpelleted rations composed of 55 percent alfalfa and 45
percent corn produced larger and more efficient galns than the un—
pelleted rations containing the higher percentage of alfalfa hay.

In a further study with lambs, Menzies et al.. (1957) found that best
results were obtained with a 65 percent roughage and 35 percent con-
centrate ration in either the pelleted or unpelleted form,

A wide range of CrR ratios for fattening beef cattle has heen
tested with quite varied results, Stanley (1953) found that average
daily gains of yearling steers decreased as the level of roughage
was increased above one=third of the ration, Similar results were
obtained by Pahnish et al. (1956) in a group feeding trial using
154 yearling Hereford steers., These workers fed the following C:R
ratioss 231, 1:t, 152 and 133, Results from this test showed that
avérage daily gains decreased as the proportion of roughage was ine
creased, but the difference was significant only between the 21
and 1¢3 ratios., Results from these tests indicate that the level
of roughage in the ration should not exceed a ratio of one part
roughage to two parts concentrate for maximum gain.

'FBowe et al. (1955) conducted four group feeding trials in which
five ratios of concentrate (corn, or corn and soybean oil meal) to
alfalfa hay were employed, ranging from 17 to 5:1. Steers 18 months
;f;;ge were used in three tests while calves 12 months of age were
used in one trial, Average daily gains were lowest on the T¢1 ratio
and highest on the 231 ratioc:; Steers fed the 331 and a changing ratio,

in which the proportion of concentrate was increased every 28 days,



produced similar gains and ranked next to those fed the 2:1 ratip
in rate of gain, Keith et al.. {(1952) individually fed 60 grads
Hereford steer calves and 40 yearling steers the following six ratios
of concentrate-to-alfalfa hays: 4:1, 3:1, 21, 1¢1, 122 and 123,
Most rapid average daily gains were shown by steer calves fed the
231 ratio and by yearling steers receiving the 31 ratio. These
tests indicate a difference between calves and yearling steers in
ability to utilize concentrates.

Richaerdson et al.. (1953) group-fed steers on rations containing
G:R ratios of Ts1, 3:1 and 5:1.. All lots made satisfactory gains
but the group fed the 331 ratio made the largest average daily gain..
In two trials, calves fed the 3¢1 ratio made the most rapid gains,.
while in the third trial, steers on the 2t1 ratio made the largest

daily gains,
Effect of C3R Ratio on Feed Consumption

. Another factor closely related to adequacy of the ration is
daily feed consumption, Dowe et al.. (1955) reported that total

feed consumption per 100 pounds live weight decreased as the pro=
portion of roughage in the ration was decreased,. It was found that
incrsasing the proportion of concentrates above a 231 C:R ratio did
not result in a proportional increase in concentrates in all cases,
Steers fed rations of Z¢7, 3+1 and a changing ratio oonsumed as much
grain as those fed 4:71 and 521 C:R ratios. When ratios of 131, 2¢1,
3rﬂ9 431, 531 and the changing ratio wers cumpa:edpﬂit wag obsgerved
that steers fed the 1¢1 ratio consumed the greatest amount of total

feed,.



4 similar test with yearling heifers by Richardson et al.. {1956)
involving CtR ratios of T:1, 3¢7, 5:1 and a changing ratio showed
that feed consumption was greatest on the 1:1 ratio while the other
three were about equal. Keith et al. (1952) tested six concentrate-
to-hay ratios ranging from ¥:3 to 4¢71 on steer calves, and five ra-
tios ranging from 1:3 to 3¢? with yearling steers. Results of the
feeding trial with steer calves showed average daily feed intake
to be greater on the 231, 131, and 1¢2 ratios than on the 1:3 and
4L3¥ ratios; indicating that C:R ratics ranging from 1:2 to 2:1 are
the most desirable for the normal functioning of the digestive sys-

ten,.
Effect of CyR Ratio on Feed Efficiency

To a great degree, efficiency of feed use is related to both
the kind and proportion of feeds in the ration. Keith et al. (1954,
1955) found that total feed required per 700 pounds of éain decreased
with an increase in the proportion of concentrate in the ration,
Although relative diffserences in rate of gain among groups were not
as great as relative differences in feed required per cwt., gain,
these differences were of the same order. This agrees with previous
work by the same authors (1952¥‘wherein concentrate-~to=hay ratics
ranging from 1¢3 to 431 were tested, Feed required per cwt. gain
decreased as the level of roughage decreased., Pahnish et al. (1956)
and Richardson et al. (7956) also reported that the amount of feed
required per cwt. gain increased as the level of roughage in the
ration was increased.. However, in both tests the pounds of total
digestible nutrients required psr pound of gain were about equal

for all rations.



Effect of GyR Ratio on Time Required to Reach Market Grade

An important factor which should be considered in feeding tri-
als is the length of time necessary for catile to reach the desired
slaughter grade, Obwviously, this is closely related to rate of gain
and feed efficiency. In order tc determine the time required for
cattle on different rations to reach a prescribed grade they must
be removed from test individually as they attain the desired grade..
In the literature reviewed, all of the cattle were fed for the same
length of time within sach experiment., Thus, no comparison was pos-
gible concerning the time required for cattle on different C:R ratios
to reach a desired slaughtér grade, This factor may be important
from the standpoint of overall economy and profit. According to
Snapp (1952), it is difficult for cattle fed limited amounts of
grain to reach a desired glaughter grade and cannot be counted upon

for satisfactory gain after about 150 days,
Effect of CsR Ratic on Carcass Merit

Very little information has been reported on the effect of the
physical balance of the ration upon carcass quality and dressing
percent. Bell et al. (1955, 1956) and Menzies et al. (1957) found
very little difference in carcass grades of lambs fed rations con-
taining 55 or 65 percent alfalfa hay, whether the ration was fed in
meal or pelleted forms. Richardson et al. (1956) reported that car-
cass quality and dressing percent of steers and heifers were lowest
on the 1¢+7 C:R ratic and about the same on the 3:7 and 5:1 ratioss
those fed the changing ratio (COHGentrate increased every 28 days)

were lower than those on the 3¢7 and 5371 ratios,.



Knox (1951} compared ®1ight,® "medium® and "heavy" grain feeding
of yearling steers. The cattle were fed all the roughage they would
eat and a constant amount of grain., The roughage was composed mainly
of corn silage. The amounts of grain fed were 5.3, 7.6.and 9,7 pounds
per head daily for ®light," ™"medium™ and "heavy" grain feeding; re—
spectively.. He found that the amount of grain fed was reflected in
the finish of the cattle.. However, lots receiving the "medium® and
heavy™ amounts of grain were about equal in finish., Also, he-noted
that cattle fed the ﬁlight" grain ration had the lowest dressing per-
cent., Dowe et al. (1955) observed that average dressing percentage
of cattle in four experiments were in this order: Steers fed the
changing ratio and the 5:1 ratio were highest; 231 and 3:7 second;
437 third; and the 1:1 C:R ratio produced the lowest dressing per-
cent., Carcass yields were quite uniform for all four trials within
each ration. Brethour et al, (1958}, in & grain-to-silage fatten-
ing test with yearling steers, also reported that market values and
carcagss grades improved as the proportion of grain in the ration

was increased,
Effect of C¢R Ratio on Economic Aspects

Among the factors most important to the catile feeder are economy
of gain and profit. Griffith et al. (1957) concluded that the 2:1
C:R ratio gave the most rapid gain and required less feed per unit
of gain, but was the most expensive per cwt., gain, Keith et al,
(1952) concluded that, although steer calves gained faster on the
2:r1 ratio and required less fesd per cwh. gain on the 4:1 ratio, the

mest economical ratic to feed to steer calves for average price



relationships will range between a 231 and 1:2 ratio of concentrate-
to-alfalfa hay, These workers also stated that the results indicate
that yearling steers fed a concenitrate—to-=hay ratic of 711 or 1:2
would produce the most economical gainsg for average feed price re-
lationships, Using the cost of gain values calculated in these
trials, a nomograph was constructed for feed costs per 100 pounds
of gain of steer calves fed six different ratios of concentrate-=to-

alfelfe hay,
Steers ves, Heifers

It has been reported by Loeffel (1953} and Langford and Douglas
(1956) that steers make more rapid gains and are more efficient in
the feedlot than heifers. However, no information is available on
the comparison of stsers and heifers on different C:R ratios. In
addition to differences in rate and efficiency of gain, Dysr and
Weaver (1955} found that heifers tended to fatten at a younger age
than steers, Thus,. the opbtimum CsR ratic may conceivably be differ@
ent for steers and heifers; however, no trials have been conducted

to determine if such a:difference actually exists..
Effect of Pelleting Feeds on Beef Cattle Performancs

Pelleting or cubing feeds has been attempted in an effort to
improve gains, feed efficiency and economy of production, Although
pelleted feeds have been profitably fed to poultry and swine for
several years, the beef and sheep industries have been slower to
use pelleted feeds primarily because, in many cases, the cost of

fine grinding and pelleting the roughage exceeds any improvement
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in performance, This method of feed preparation may find a use
if the cost of pelleting can be offset by increased gain and feed
efficiency..

Brown et al. (1952) stated that some of ths advantages of pele
leted over nonpelléted rationds arer Fredervation of higher caro-
tene contenty greater cleanlihess and ease of handling; and less
¥palling up® and molding of feed following sdverse weather condi-
tions. Another advantage of pelleting is that of a more uniform
intake of ration constituents, Webb and Cmarik (1957) conducted
two tests to compare the feeding value of a forage éonsisﬁing of
two-~thirds timothy and one-=third alfalfa fed as long hay, chopped
hay, hay pellets (‘three-sixteenths inch in diameter) and silage..

Roughage in each of these forms was self-fed to grade Hereford steer
'calveé for a period of 119 days., It was found that the pellet=fed
calves gained an average of 1.73 pounds daily compared to 0.63 and
0.62 pound for long and chopped hay, respectively.. Gains from calves
fed the silage were considerably lower, In addition, calves fed the
pelleted forage ate more feed and were more efficient in feed con=
version, with less feed wastage than the other groups.

By pelleting the entire ration, the CyR ratio can be controlled
more accurately since cattle cannot sort cut parts of the ration..
The quality of the feeds used apparently is an important factor to
consider when pelleting a ration, Cate et al. (1955), in a self-—
feeding trial with lambs, studied the effects of pelleting rations
containing roughages of different quality upcn rate and economy of
gain, They found that peileting rations containing timothy meal as

the roughage gave an increase in average daily gain, averags daiiy
¥
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feed consumptiony feed efficiency and carcass merit, However, pel-
leting rations containing alfaifa hég failed to significantly im=
prove these factors.

In a fatiening trial using Hereford steers fed roughage free—
choice and a limited amount of graing Ensminger et al. (1948) com-
pared forages of different quality, fed in different forms. The
roughages compared were sun-—cured ground alfalfa and a dehydrated
grass mixture composed of orchard grass, ladino c¢lover, alsike clo=
ver and timothy. The dehydrated grass mixture was fed in threes
formsy Finely ground; cparsely ground, and pelleted. Results showed
that the pelleted forage was more palatable than the others, as in-
dicated by larger daily feed eonSumftion and a keener appetite., Fur-
thermore, steers fed the pelleted roughage made faster, more effi-
cient and more ecohomical gaing,.

- Blaxter and Graham (1956}, working with lambs, investigated
the digestibility of nutrients and the utilization of energy in dried
grass when fed in coarsely chepped or cubed forms. Two typss of
cubed dried grass, designated as Pneddum ground and cubed® and
Wfinely ground and cubed,® were fad., Two levels of each were fed,
600 grams and 500 grams per lamb per 24 hours, Digestibility amd
energy utilization were measured in respiration chambers.. |

Digestibility ecoefficients for the "chopped" grass wers higher
with each nutrient studied than for either type of cubed dried grass,
with the exception of ether extract, The higher digestibility co-
efficients were found at the lower level of feeding, with one ex-
ception. The digestibility of ether extract was highest with the

high level feeding cof "medium ground and cubed™ grass, Thers were
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no stafistically significant differences in energy retention between
the three forms of dried grass at either the high or low level of
feeding. Fecal losses of energy were higher and methane losses were
lower when cubed grass was fed. Determination of the digestibility
of the carbohydrate fractions showed that a decrease in digestibility
of the structural components of the cell was the major factor csaus- |
ing the higher fecal losses from cubed grass, It was*theorized that
the phjsical factors which change the rate of passage of feed through
the digestive tract, change the rate and nature of microbial fermen-~
tation,. or cauée variation in the mechanical work involved in pre-
hending, masticating and cudding feed, are as important as the chemi-

cal composition of the feed in determining its nutritive wvalue.
Summary

A study of the literature reveals that, in general, rate of
gain and feed efficiency tend to increase as the percentage of cone
centrates in the ration is increased; whereas, feed consumption
tends to follow a reverse pattern. Further, carcass quality and
dressing percent are generally improved by the use of high concen=
trate rations., The improvement in performance does not always jus-
tify the use of the higher proportions of concentrates due to in-
creased costs per unit of feed. Fluctuations in the relative costs
of concentrates and roughages are a major factor in determining ths
CsR ratio to use., Although much of the literature indicates that
a Ce:R ratio of Z2¢1 or 3:1 would be the most practical for optimum
performance of beef cattle, satisfactory results have been achieved

on a rather wide range of ratios. Tests show that steer calves can
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more efficiently utilize a greater propbrtion of roughage in the
ration than yearling steers.

In spits of the numerous attempts to establish an optimum CeR
ratio for fattening beef cattle, the problem still remains to be
answered., Furthermore, even though it has been determined fairly
conclusively that steers are more efficient in the feedlet than heif-
ers, nc attempt has besen made to determine if there is a sex differ-
ence in abiléty to utilize different CrR ratios, Thus an experiment
wag initiated in an attempt to determine the optimum ratio,. or ra-—
tios, of C¢R for fattening steer and heifer calves, and to study the

effects of pelleting fesds.



EXPERIMENTAL

A series of three trials was initlated in September,41955%f
at the Fort Reno Station,. in which a total of 236 Hereford calves
were used, The calves were purchased from a different commercial
herd each year. In the first trial, three C:R ratios (50:50, 65¢35,
and 80:20) were compared,. while in two subsequent trials a 35365
ratio was included in addition..

Fqual numbers of good-to-shoice Hereford steer and heifer calves,
approximately eight to ten months of age and similar in grade, wers
selected for each test. The gattle were purchased in July or August
and supplemented on native grass pasture to maintain condition, be-
fore starting on feed in late September. For the first trial, 60
calves were selected from & commercial herd near Ringling, Oklahoma,
Eighty celves were purchased from the Harding Ranch, northeast of
Stillwater, Oklahoma, to be used in the second experiment. In the
third trial, 96 calves were obtained from the Lazy S Ranch near
Springer; Oklahoma. Calves used in the first and second trials
had been creep-fed during the summer; whereas, those used in the
last trial had not been creep-fed.

Allotment was based on shrunk weight (76 hours off feed and
water) and feeder grade,. Steers and heifers were alloted separately
to allow a comparison of performance on each ration, In each trial,
the treatments were replicated, with two replications of each treat-

ment in the first two trials, and three replications in the third
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'sex were assigned $o ea@h of the fmuw raM10n%, In' the third trial,

test, The cattle in the first experiment were divided into three
lots of ten calves per lot within each sex., FRach lot was further
divided into two pens of five calves each and assigned to one of the
three rations., In the second trial, the calves wers divided, within
each sex9 1nto exght pens of five calves per peno Two pens of each
the cattle were alloted within aa@h sex, to twslve pens of four h
calves each,. Three pens within each sex were assigned to sach of
the four rations.

In all tésts» the rations were fed, free-choice, in self-feed-
ers. All cattle were started on their respective rations with the
exception of those receiving the 80:20 mixture. 1In the first two
tests these calves were started on the 65:35 mixture and gradually
changed to the 80%20 mixture over the first three weeks of the trial,
Calves to be fed the 80:20 ratio in the third trial were also stérted
on the 65¢35 ratio, but were changed to the 80220 mixture after ten
days, Ample water and a mineral mixture containing two parts salt
and one part steamed bone meal wers available in each pen,

The rations fed are shown in Table I, while the chemical com-

position of the rations, as well as estimated TDN and net energy

va;uesg are presented in Table IT. The concentrate peortion of éﬁ@hv =

ration consisted of ground milo, cottonseed meal and molassesy while

the roughage was composed of egual parts of cottonseed hulls and al-

falfa hay, All rations were approximately equal in calcium and phos-
phorus content. The protein content of all rations was maintained

at about the same level by varying the amount of cottonseed meal.
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TABLE I GOMPOSITION OF RATIONS FED!

C:R Ratio 3565 50850 65335 80520
Trial I
Feeds used (%)
Ground milo R 36,50 53,00 69,30
Cottonseed meal — 8,50 6,770 5,00
Molasses — 5,00 5.00 5.00
Chopped alfalfa oo 25,00 17. 50 10,00
Cottonseed hulls . 25,00 17,50 10,00
Grd., limestone o 0.00 0,30 0,70

Trials II and IIT
Feeds used (%)

Ground mile 1700 33,20 49,70 65,10
Cottonsesd meal 1100 9,50 7,70 7,00
Molasses 7,00 7,00 7,00 7,00
Chopped alfalfa 32,50 25,00 17,50 10,00
Cottonseed hulls 32,50 25,00 17 .50 10.00
Grd., limestone 0.00 0.30 0.6C 0,90

Treed prices‘are shown in Appendix Table XV,
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TABLE II CHEMICAL COMPOSITION OF RATIONS ()"

C:R Ratio 35365 50250 65:35 80%20

Trial T v
Dry matter e 90.22 89,58 88,96
Ash 4oT5 3,96 3.23
Crude protein = eceoe= 13,07 12,36 11,68
Ether extract e 2,21 2,42 2,63
Crude fiber e 17,96 13,07 8,18
N-free extract U 52,26 57.6% 62,88
Estimated TDNZ NN 61,56 66,46 71427
Estimated net energy3 SN 55,724 61,97 68,08

Trial. IT » |
Dry matter 90.,.55 91.21 90..18 88,52
Ash 5,62 6.55 hebl 46
Crude protein 140,36 16,17 13024 13049
Ether extract 1,02 1.49 143 2060
Crude fiber 26,27 22,29 16,40 9,66
N=free extract 43,28 4to 07 54,50 58,01
Estimated TDN 55,70 60,40 65,20 69..80
Estimated net energy 49,06 55424, 67,47 67.58

Trigl ITT | \
Dry maetter 90.R5 89..57 88,89" 88425
Ash 4o 5,16 4o 4o 30
Crude protein 12,16 12,13 12,01 12,26
Ether sxtract 215 2,30 R 44 2.59
Crude fiber 3173 17 &30 12,83 8,47
N-free extract 42,96 47 .82 52,80 57.34
Estimaeted TDN 56,60 61,35 66,10 70,83
Estimated net energy 49,06 55,24 61,47 67.58

TComposition was determined by chemical analysis of ration com-
ponents in each trial,.

2Valuesefor TDN' and net energy were determined from Mbrfison
{19%6)%.

JEstimated net energy is expressed in therms,
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The cattle were weighed at 28-day intervals throughout the
test. In order to determine the time reqﬁired for cattle on each
ration to reach slaughter grade, the calves were selected individu~
ally for slaughter without regard to sex or treatment, and shipped
to Oklahoma City when it was estimated that they had reached a slaugh-
ter grade of highegood to low-choice, In each trial, three shipments
were made. Final shrunk weights were taken (16 hours off feed and
water) prior to each shipment.

Records were maintained on average dally gain, feed consump-
tion, and length of time required tb reach market grads., Marketing
and slaughter data cecllected indluded dressing percentage, carcass
grade, marbling score and current value for each carcass. A repre-
sentative of the meats section of the Animal Husbandry department
determined carcass grades in all tests. A live, or Yon foot,™ value
was calculated from the actual carcass value, based on the final
live weight of each animal, Carcass values were calculated using
the price scale for the varioué grades of beef, shown in Appendix

Table XVI.
Effect of Pelleting Feeds

Two feeding trials were conducted at Fort Reno in the winter
of 1957 and spring of 1958, The first test was designed to compare
pelleted and chopped roughage when each was fed free-choice, or in
equal and controlled amounts: In addition, & palatability trial
was conducted with a small number of calves to determine if there

was a preference for either form of roughags.
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The roughage mixture was composed of equal parts of average
quality alfalfa hay and cottonseed hulls, with five percent mclasses
added to each mixture. The alfalfa hay was finely ground in prepa-
ration for pelleting. Pellets, thrse-fourths inch in diameter, were
mede from the mixture. The chopped roughage was identical to the
pelleted roughage mixture except that the alfalfa hay was coarsely
ground in the chopped mixture,

A concentrats mix composed of milo and cottonseed meal wasg fed
in equal amounts to cattle of all lots, A small amount of dried
molasses was added’ to the coﬁcentrate mixture about mid-way through
the trial to assure equal consumption of concentrates. A mineral
mixture of two parts salt and one part steamed bone meal was avails-
ble to all cattle free-choice.

Twenty-eight Hersford calves from the experiment station herd
were selected after weaning in late September. The calves were di-
vided into four lots of six calves each on the basis of sex, age,
shrunk weight; grade, and sire., BEach lot contained three steers
and three heifers. An extra lot of four calves (three steers and
one heifer) was used for the palatability test of chopped vs, pel-
leted roughage.

The calves were started on feed in sarly November after a short
adjustment period following weaning. ILots were assigned to treat-
ment at random., Two lots of calves were fed the pelleted roughage,
while two other groups received the same roughage in the chopped and
mixed form, One lot fed sach type of roughage was given roughage
free-choice; while the other received a controlled amount, The

free-choice roughage was offered in self-feeders, while the-limited
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roughage and concentrate were fled in cpen bunks. The four calves

in the additional lot had access toc both forms of roughage in self-
feeders placed side by side, Initially the calves were fed in large
sod pens, but were later moved tc smaller paved lots with an open
shed, The trial lasted for a period of {08 days, at the end of which
a shrunk weight (off feed and water for 16 hours) was taken..

Data were obtained on averags daily gsin, fesd consumption,
and feed required per cwt, gain. No market or carcass date were
available since the cattle were to be used in a subsequent trial,

The second test, initiated in February, 1958, was a fattening
trizl in which a comparison was made between a completely pelleted
ration and the same ration in the mixed, but locse form. The ration
selected for this test was the 80:20 C:R mixturs previously deseribed?
The concentrate portion of the ration consisted of ground milo;, cot-
tonseed meal, and molasses. Egqual parts of average quality alfalifa
hay and cottonseed hulls made up the roughage., This ration was cho-
sen because feed intake had been lowest on this G:R ratio in previ-
cus trials., The effect of pelleting on feed consumption and ef-
ficiency of feed use was studied, Pellets made from the mizture
were three—eights inch in diameter., The alfalifa hay was not as
finely groﬁnd as in the preceding trial,

Twenty=four of ﬁhe cattle used in the previous trial were se=
lected for this test. The cattle were divided into four lots of six
calves each on the basis of sex, age, sire, previous treatment, grade
and shrunk weight. Fach lot contained thres steers and three heif=
ers, Two lots were randomly assigned to each of the two treatments.

The cattle were maintained in large sod pens with an open shed, under
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which the self-feeders and watering devices were located. 4s in
the previous experiment, a mineral mix of two parts salt and one
part steamed bone meal was offered fres-choice,

At the end of the 110-day feeding period, a shrunk weight (16
hours off feed and water) was taken and the cattle shipped to Okla-
homa City for slaughter. Two calves from esach lot were retained
for use in another experiment. Reccrds were maintained on average
daily gain, feed consumption, and feed required per cwt., gain., Mar-
ket and slaughter data, on the cattle sold, were collected as pre-
vicusly described.

The date in each experiment were analyzed according to methods
described by Snedecor (1956), An outline of the analysis used is
presented in Appendix Table XIV. Duncan's multiple range test, de-
scribed by Federer (1955), was used to compare differences between
means. Due to missing data, the first and third trials were of uﬁ=
equal subclass numbers, while the others contained equal subclass
numbers., A comparison of "between pen® and "within pen'® mean squarés
of average daily gain was made to estimate the efficiency of the de-

sign,



RESULTS AND DISCUSSION

Results of the trials involwing different C:R ratios are pre-
gsented, followed by a discussion of the pelleting trials., Results
of the first threes trials shall be discussed by topiec according to
the effect of C:R ratio on: Rate of gain, feed consumption, feed
efficiency, time required to reach market grade, carcass merit and

eccnomic aspects.
Effect of C:R Ratio on Rate of Gain

Average welght gains of steers and heifers for the three trials
are pregented in Table IIT, Data from animals which were removed
from experiment due to sickness, etc., are not included in the ava.
erage pen data, Pen averages were substituted for missing values.

In each trial, average daily gains, within sex, wers quite
gimilar for all lots despite the wide variation in C:R ratios. Sta-
tistical analysis of the individual trials failed to show any sige
nificant differences in ﬁate of gain betwesn treatments. There was
no significant interaction between treatment and sex in spite of
the apparent abllity of heifers to gain most efficiently on the
50450 C:R ratio,.

In the first two trials, average daily gains in all lots were
low,. Periodic weights from these trials indicate that within each

treatment, gains were satisfactory for approximately 100 days,

22
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whereupon feed consumption declined and gains dropped accordingly..
The fact that the calves had been creep-fed and were in fleshy feeder
condition at the beginning of the trial might have contributed to the
reduced gains., Also, the calves in Trial I were of wild disposition,
Gains in the third trial were sonsiderably better than in the pre-
vious trials. These calves had not beeﬁ creep-{"ed and were more cone
sistent in feed consumption end rate of gain, Also, only four calves
were fed in each pen in the third trial; whereas, in the previous
trials each pen contained five calves,

Average daily gains of steers were quite variable over the
three trials, with no definite trend established, This is conirary
to the results obtained by Pahnish et al. (1956}, who found that
average daily gains of yearling steers decreased as the proportion
of roughage increased from one=fourth to two-thirds of the ration,
Dowe et al. (1955) observed that steers fed a 1:1 C:R ratio made
the lowest gains and those receiving a 231 ratio exhibited the most
rapid gains, while steers fed 3:7, 421, 5¢1 and a changing ratic were
intermediatea In the first trial, somewhat faster gains were made
by steers fed the 65:35 CG:R ratic, while in the second trial steers
receiving the 35:65 mixture made slightly greater gains than calves
on the other rations., Similarly, in Trial ITII, average dally gains
of steers fed the 35365’&ﬂd EO?QOszH,ratics*wéfe about equal and
were somewhat larger than those on the 50:50 and 65:3% ratios.

Heifers which were fed the 50:50 C:R ratio consistently made
the most rapid gains, while those fed the 80:20 mixiure consistently
produced the lowest gains. These results are in disagreement with

those obtained by Richardson et al.. (1956), wherein heifers receiving



TABLE III WEIGHT GAINS OF STEERS AND HEIFERS ON DIFFERENT C:R RATIOS

Sex L Steers Heifers = .
Cs:R Ratio 35 :05 50250 65235 80:20 35 ebb 5050 65 235 8020
Trial IL
Ave, weights (1b)
Initial 9-28-55 P sh2 542 536 ccao- 511 511 511
Gain to 13} days? = = ceee- 261 269 250  cmoee 205 210 17
Gain to market = coo== 278 295 263 P, 21,8 219 219
4ve, daily gaind = =eees 1.98 2,00 191 eeme= 1,70 1.59 1.48
Trial IT _
Ave, weights (1b) ' _
- Initial 9-14-56 552 552 552 551 505 5ok sol sol
Gain to 128 days? 258 212 218 2L2 202 212 212 201
Gein to market 328 276 265 - 267 255 255 225 212
Ave, daily gain ' 2,02 1,88 1,70 1.88 1,58 1.65 1.66 1.57
Trial ITTH
Ave, weights (1b) ) : .
Initial 9=26=57 555 558 560 560 527 527 530 528
Gain to 1Ll days? 323, 317 313 321 287 303 280 271
Gain to market hob 394 375 413 345 332 336 328

Ave, daily gain 2,23 2,20 2,16 2,23 1,66 2,10 2.0l 1,55

Lone steer was removed from the 80:20 ratio due to sickness of unknown cause,
2The Ffirst group of cattle were shipped to market at this time,
3hverage daily gains in all trials are calculated from the gain to first shipment.

Lone steer and one heifer were removed from the 65335 ratio due to persistent bloat::.ngo Another
heifer on the same ratio was bred and had to be removed,

2
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the T¢1 C:R ratio produced smaller gains than those fed the 3:1 and

5:+1 ratios..
Effect of CvR Ratio on Feed Consumption

A%erage daily feed consumption and calculated TDN and net en-
ergy intakes are presented in Table IV. As previously mentioned,
feed intake in the first trisl was lower than in the two subsequent
trials. The reason for the low fead intake is not known; however,
the fact that these cattle were rather wild throughout the feeding
period might be one cause.. In Trials I and III, feed intake declined
as the proportion of concentrates in the ration increased. Although
a gimilar trend was established in Trial II, the pattern of feed in-
take was somewhat more variable. Feed intake of steers in the sec=
ond trial followed about the same pattern, with the exception that
steers fed the 80:20 ratio consumed slightly more feed than those
on the 65:35 ratio., Feed intake of heifers was greatest on the 50:50
C:R ratio and lowest cn the 65335 mixture.

Statistical analysis showed that in Trial I, the decline in
feed intake as the concentrate increased was significant (P <.01)
between all three ratios tested. In the second trial, feed intake
was significantly greater (P < .01) on the 35:65 and 50:50 C:R ra-
tios than on the 65:35 and 80320 mixtures. Daily feed consumption
in the third trial was greatest for stesrs and heifers fed the 35365
C:R ratio and lowest for those receiving the 80¢20 ratic. The dif=-
ferences were significant at thes .07 level of probsbility. There
was no significant difference between the daily feed intakes of

calves on the 50%50 and 65335 mixtures.



TABLE IV AVERAGE DATILY FEED, TDN AND NET ENERGY INTAKE BY STEERS AND
HEIFERS ON DIFFERENT C:R RATIOS:

Sex T Steers. Heifers
C:R Ratio 35 265 50550 05 535 80:20 35 205 50250 65 235 803520
Pounds

Trial I
Concentrate cominisn 10,31 12,63 12,68 coimene 9,67 11,02 12,27
Roughage e 1031 6.80 317 - erime e 9.67 5 o9k 3.07
Total e 20462 19,43 15.85 e 19.3h 16,96 15,3k
DI P— 12,68 12,91 11.30 — 11,91 11,27 10,93
Therms net energy? s 11149 11,04 10,79 e 10,78 10,51 10.4L

Trial IT :
Goncentrate 797 10,97 12,39 15.6L 6,99 10677 11.64 15.31
Roughage 14681 10.97 6467 3.91 12,97 10,77 627 3,83
Total 22,78 21,94 19,06 19,55 19.96 21,50 1790 19.1L
TDN 12,69 13,25 12043 13,65 11,12 13.02 11,67 13,36
Therms net energy 11,18 1212 11,72 12,21 9679 11.90 11.0C 12.93

Trial IIT
Concentrate 8,67 11,46 14,77 16,05 8,42 1i.h9 1,19 15,10
Roughage 16 oLl llell-é 7&95 heo-l 15 eéh 110119 T o6)-l- ) 3677
Total 21,78 22 .92 22,72 20,06 211,06 22,98 21,83 18,87
TDN 14,03 1L .07 15.02 121 13.62 14,09 143 13,37

12,67 13,97 13.56 11.80 12,69 13.h2 12,75

Therms net energy

12916

LTDN was calculated from actual feed analysis using digestion coefficient values of Morrison (1956),

2Net energy was calculated using net energy velues of Morrison (1956).

9¢
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Cattle receiving the 80:20 G:R ratio exhibited a craving for
more roughage during the latter part of the trial, as evidenced by
calves sorting the mixture to obitain roughage;, and leaving the grain,
Refused grain in the troughs of the feeders was placed back into the
hoppers once daily..

Although there were large differences among the rations in es-
timated TDN and net energy content, the average daily TDN and net
energy intakes of steers and heifers were quite similar on all ra-
tions within each trial. It can be seen from Table 1T (Experimen-
tal), that the differences between rations in net energy content
are greater than differences in TDN content, This is due to the
fact that the net energy system evaluates roughages much lower than
the TDN system of feedvevaluationw

These data indicate that cattle receiving high-roughage rations
attempted to satisfy their nutrient and energy reguirements for
growth and maintenance by consuming more total feed. Furﬁhermor69
there seems to be a limit to the amount of grain calves will consume,
even when the roughage is resiricted, as indicated by reduced feed
conéumption on the 80320 Cy¥R ratio in two of the three trisls., With
the exception of the second trial, the increase in daily intake of
concentrates was not proportional to the Increase in concentrate
in the ration between the 65:35 and 80:20 ratios. Dowe et al. (1955)
observed that increasing the proportion of concentrates above a 231
CsR ratio did not result in a proportional increase in concentrate
intake in all casss,

The age of the cattle may have a bearing on the daily intake

of concentrates as well as total feed consumption. Keith et al..
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(1952) found that yearling steers appeared tc have the ability to
consume and utilize higher levels of concentrates than steer calves.
This was shown by the fact that daily feed intake of steer calves
declined marke&ly when the level of conecentrates exceeded a 2:1 C:R
raticy whereas, daily feed‘intake of yearling steers was maintained

at a rather high level even on & 3:1 C2R ratioc.
Effect of C:¢R Ratio on Peed Efficiency

Feed efficiency values are présented in Table V, with a compari-
son of TDN and net energy as measures of efficiency of feed use.
Using pounds of feed per pound of gain as the measure of efficiency,
it can be seen that in each trial the greatest efficiency was ob-
tained on the 80:20 CsR ratio, with the exception of the heifers
in Trisl IT. TIn that trial, heifers on the 65:35 C:R ratio exhibi-
ted ‘the greatest feed efficiency. According to the feed per pound
of gain method of measurement, feed efficiency tended to increase
as the proportion of roughage in the ration decreased,. These re-
sults are in agreement with those reported by other workers, Dif-
ferences between ratios were significant (P < .01) only in the third
trial, howevers Using Duncan's multiple range test and analysis of
variance, it was found that the rations ranked as follows in order
of efficiencys 80320, 6535, 50¢50 and 35365, Differences between
rations were significant except between the 65335 and 50:50 C:R
ratios,

Using estimated TDN as a measure of efficiency of feed utili-

Y
R
> #,

zationgfé great deal of variation between trials will be observed

from the results shownm"In'g@nerals there was a tendency fbr the



TABLE V POUNDS OF FEED, TDN AND NET ENERGY CONSUMED PER POQUND QF GAIN BY
STEERS AND HEIFERS ON DIFFERENT CsR RATIOSL

Sex ~“Steers Heifers
CsR Ratio . S 20250 85235 80220 . 35365 £0:50 65 235 803220
Trial T
Concentrate SNSRI, 5,07 6,85 b6 Gemme 5653 6,71 8,03
Rcughage e S 007 3 069 1 062 S 5 e53 3 061 2 oo.l
Total cmeaeain 10.1h 10654 8,08 esonmcs 11,06 10,32 10,0k
TDN e 6.2l 7,00 5.76 cxarmeacs 6,81 6,86 7016
Net energy SRS 565 6,53 5.50 R 6.16 6110 6,8l
Trial IT
Concentrate 3.96 5.82 7029 8038 Loli3 6052 707 976
Roughage 7036 5.82 3.93 2,09 8022 6.52 3,81 2 Ly
Total 11,32 11 .64 1122 10,47 12,65 13,04 10,88 12,20
TDN 6.30 7,02 7631 7o31 7,05 787 709 8,51
Net energy 555 6,47 6,89 708 6,20 720 6,69 8e2l
Trial IIT
Concentrate 3.86 5.21 6,86 7019 L2k 5.47 6495 8.02
Roughage 7.18 - 5,21 3.69 1.80 786 57 3,75 2,01
Total 1104 1042 10,55 8599 12,10 10,94 10,70 10,03
TDN 6+25 6+39 697 6637 6,85 6,71 707 7+10

Net energy 5ohz 5476 619 6,08 540 6.0 6,58 6,78

lpeed efficiency values were calculated from feed consumption and gain prior to first shipment of
cattle, TDN and net energy were calculated using TDN and net energy values of Morrison {1956),

6z



30

pounds of TDN per pound of gain to increase as the ratio of G¢R in
the ration increased, Differsnces between treatments were statisti-
cally significant (P <,05) only in the third trisl, however. In
that trial, a significantly greater amount was needed on the 65335
ratic than on the other rations., Also, calves fed the 80:20 mixture
required significantly more TDN per pound of gain than those fed the
35¢65 or 50250 ratios,

Estimated net energy psr pound of gain followed the same pat-
tern as TDN,. No significant differences between treatments were ob-
teined in the first trial, However, significant differences (P <.,01)
were obtained in the second trisl, with the smallest amount of net en-
ergy needed on the 35:65 ratio, and the greatest amount required on
the 80320 ratioc, There was no significant difference between the
50250 and 65?35 CerR ratios in net energy per unit of gain. In the
third trial, net energy per pound of galn was significantly greater
(P < .01} for the 6%:¢35 and 80320 ratics than for the 35:65 and
50¢50 mixtures,

A& comparison of TDN and net energy required per pound of gain
shows that the differences in efficiency between ratics are greater
with the net energy system than when the TDN system is used to neas-
ure efficiency. When the two systems are compared with amount of
feed required per pound of gain, it is seen that there is an inverse
relationship betwsen sither TIN or net ensrgy and pounds of feed per
pound of gain., Apparently calves of this age are capable of utiliz-

ing TDN from roughage as efficiently as from concentrates,
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Bffect of CsR Ratio on Time Required to Reach Market Grade

The average length of time required for cattle on the different
ratios to attain the desired slaughter grade is presented in Table
VI. It would be expectsd thalt cattle fed the higher concentrate
rations would reach market grade more rapidly than those on the low
concentrate rations. However, this was not'true in all trials, It
can be seen from the table that there wers no consistent differences
among treatments with steers in the three trials., However, an aver-
age of Trials I and III shows that steers fed the 35:65 ratio re-
quired a somewhat longer feeding period than those on the higher
concentrate rations, In contrast, heifers required a longer feed-
ing period on the 80:20 C:R ratio and reached market grade more rap-
idly on the: 50250 mixture. Some error can be attributed to inability
of the committee to determine when the animals were ready for mar-
ket, and to within pen wvariations of animsals. However, carcass
grades were quite uniform in each trial..

| TABLE VI AVERAGE NUMBER OF DAYS REQUIRED FOR STEERS

AND HEIFERS ON DIFFERENT C:=R RATIOS TO
REACH MARKET GRADE'

Sex Steers Heifers .
C:R Ratic 35:65 50:50 65335 80320 35:65 50250 65235 80220
Trial T ——— 173 172 1570 R 173 171 174

Trial IT 170 156 165 150 167 155 156 169"
Trial IIT 177 174 166 179 169 158 170 171

Average® 174 165 166 165 168 157 163 170

lcalves were removed from treatment individually when they
reached an estimated slaughter grade of high-good to low=cholce,

R0nly Trials II and III were averaged together since Trial I
contained only three treatments.
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Effect of C:R Ratio on Carcass Merit

From Table VII it can be sesn that thers was very little ap-
parent difference in dressing percent of steers or heifers on the
different ratic;s° However, greater differences betweeh treatments
might have been obtained if the cattle had been fed to a higher
grade,. Analysis of variance showed no significant‘differences}bem
tween treatmentis in any of the thrée trials in spite of the rather
large differences in thevthird trial, An average of Trials II and
IIT shows a somewhat lower dressing percent for both steers and
heifers on the 35:65 ratioy however, there was nc consistent trend
for improvement in dressing percent as the proportion of concentrate
was increased abeove the 50+50 ratio. These data are in contrast
with results obtained by Richardson et al. (1956), who found that

TABLE VIT DRESSING PERCENT OF STEERS AND HEIFERS
ON DIFFERENT C:R RATIOS!

Sex Steers Heifers
CsR Ratio 35:65 50350 65335 80:20 3565 5050 65:35 80320

Trial I comme 61,76 61,66 61,00 2 cememe - 61,28 61,70 671,37
Trial IT 59,30 59,60 59,30 60,00  59.40 59,70 59.40 60,90
Trial III 57,40 63,00 60,00 57.86 57,86 59.44 58.53 58,69

Average? 58035 671230 59.55 58.93 58,63 59.57 58.96 59.80

1calculated from hot carcaSs weight minus 2,5% shrink, based
on final live weight ‘at Ft. Reno..

20nly Trials IT and IIT were included in the averags since Trial
T consisted of only three C:R ratios.
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steer and heifer calves fed the high roughage (T:1) ration had a
lower dressing percent than those on the higher concentrate rations.
%1[Theyfals§;£§ugd jhatmyield tended to improve as the proporﬁion}df
grain in the ration increased.

As shown in Table VIII, differences in carcass grade between
treatments for steers and heifers were also very small.. This is
to be expected since the cattle were removed from experiment indi-
vidually and slaughtered as they reached an estimated slaughter
grade of high-good to low-choice. Thus, differences in carcass
grade should have been small if selection on the basis of live grade
was accurate, These data indicate that although a longer feeding
period may be required, desirable carcasses can be produced on high
roughage rations. In comparison to cattle fattened in commercial
feedlots, the cattle in these trials were slaughtered at relatively
low grades.

TABLE VIII AVERAGE U.S. CARCASS GRADES OF STEERS
AND HEIFERS ON' DIFFERENT CeR RATIOS]

Sex Stesrs Heifers
CzR Ratio 35:65 50v50 65:35 80:20 3565 50¢50 65235 80:20

TTial I e 5 09 603 5 0-8 . = 5 [} 1 5 o‘zy 6 ovo
Trial IT 5,7  6ul 6.2 6,2 5.9 5.7 6.2 5.
Trial III 6.1 5.7 6,0 6,0 5.0 5.0 5.3 5,0
Average? 5.9 5.9 6,1 6.1 5.5 5.4 5.8 5,2

Tcarcass grades are based on & numerical scoring system in which
Prime = T, Good = 7 and Standard = 10,

_ 20nly Trials IT and IIT were included in the average since Trial
I consisted of only three:C:R ratiocs.
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As will be observed from Table IX;, there were no consistent
difflerences in marbling scores between the various ratios., In Trial
IT a higher degree of marbling was observed with steers and heifers
fed the 80:20 C:R ratio while the other ratios were about equal,

In the third trial, there was little difference in marbling scores
of heifers; however, steers on the 3565 ratio had somewhat less
marbling than those on the other ratios. There were no significant

differences in marbling scores between ratios in either trial, how-

evelXs, .
TABLE IX AVERAGE MARBLING SCORES OF STEERS
ARD HETFERS ON DIFFERERT G:R RATIOS
Sex Steers Heifers

CtR Ratio _ 35:65 50550 65535 80r20 35565 50850 65535 80520 -

Trial II? 7 3 7 56 7 7 4
Trial III 10 8 % P & 6 7 7
Average >8,A 7.0 8.0 6.5 6,1 602 740 5.4

1]M<':11"bling scores were not awvailable for Trial I,

2Marb1ing score values are as followss . Abundant = 1, moderate =
8 and slight to none = 13,

Results show that there was little effect of C+R ratio upon
carcass merit of steers and heifers in these trials, However, there
was a tendency for steers fed the 35:65 ratic to fatten more slowly
than those on the other raticns. This was evidenced by the fact
that although daily gains were comparable to those of calves on the
higher concentrate rations, a slightly longer feeding period was

required, Much of the gain in weight by calves on this ration may
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have been in the form of growth rather than fat. Furthermore, had
older cattle been used, greater differences in carcass quality be--

tween C:R ratios might have been observed..
Effect of C¢R Ratio on Economic Aspects

As shliown in Table X, there was a negative return from cattle
on all rations in the first two trials, The failure to make a profit
was due mainly to high costs of feed and reiativaly poor gains. Net
returns in .the third trial were very satisfactory on all rations
since gains were good, feed prices were low and the price of beef
was high at the time the cattle were sold,

In Trial I, it can be seen that steers made the smallest eco=
nomic loss on the 80:20 ratio with returns on the other rations be-=
ing about equal., A& reverse trend was obtained from heifers in this
trialg with the least amount of financial loss occurring on the
50250 ratio, and the magnitude of loss increasing as the CeR ratio
widened,.

It is apparent from the average of Trials IT and III that the
smallest returns were obtained from steers and heifers on the 65:35
ratio. There was very litile difference in net return, within sex5
between the other rations,. In contrast, Keith et al.. (1952) con-
cluded that the most economical ratio to feed to steer calves for
average feed price relationships will range between a 2¢71 and 7:2
ratio of concentrate-to-alfalfa hay. The reason for the lower re-
turns from calves fed the 65:¢35 ratic is not apparent,

Results of these three trials show that economic returns fol--

low about the same pattern as rate of gain., It has been shown that



TABLE X NET RETURN PER CALF FROM STEERS AND HEIFERS ON DIFFERENT C:R RATIOS (§)L

23,40

23090

CiR Ratio B ﬁ,Bogso,SFeerséggss 86220 T SOgSGHeiferségEﬁﬁ., 55750
Trial I oo wlle30 elh27 12,82 ceeme =195 =31 =B85k
trial TU 410,75 1785 205k s130h3 <50 ~ 6,60 <1358 - 7.83
Trial ITI 1582 49,01 Lo.9k 16,80  52.21 Sl L7022 L9.89
Average® 1754 15458 10420 16469 | 15.82f" 21,03

- INet returns Were‘calculaﬁed by'subtracting the cost per animal and feed cost from the market value
per calf, Market value was calculated from carcass grade, yield and value of dressed beef, and based on

- final weights at Ft, Renos-

2Trialrl‘was not included in the average.

9
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there was very little.difference in carcass yiéld and grade of steers
and heifers on the different rations. Although the unit cost of feed
was lower on the»higher roughage rations, cost df gain was about equal
for all rations: due to differences in amount of feedvrequire& per unit
of gain, The cost of handling and processing feed was not included in

these trials; however, it is of importance to the commergial feeder,
Steers vs, Heifers

Results of the comparison of steers and heifers are similar to '
those obtained by Loeffel (1953) and Langford and Douglas (1956),
who found that steers made more rapid gains and were more‘efficient
in feed conversion than heifers, In each trial, rate of gain and
feed intake were greater for steers than heifers.. Although there
were no statistically significant differences in daily feed intake,
the difference in rate of gain was significant‘in each:trialg as
shown in the analysis of variance in Appendix Table XTIV, Steers
were more efficient in feed conversion in each trial, whether ef-
ficiency was expressed as pounds of feed, pounds of TDN, or therms 
of net energy per pound of gain,. However, these differences were
not significant in Trial T.. In Trial II, there was a significant
difference (P<<C.05) between sexes in pounds of feed and TDN per
pound of gain,. but no significant difference was obtained in net
energy re@uired per unit of gain, In the third trial, a significant
difference (P <C.01) was observed in both TDN and net energy, as
well as pounds of feed per pound of gain «¥i<:°bjy‘,

Carcass data showed that heifers were generally fatter and’

graded higher in the carcass than steers;_therefdr69 they probably
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could have been removed from experiment earlier. This would tend

to indicate that the accuracy of live animal evaluation was not equal
for the two sexesm, Very little difference in carcass yield was ob-
served in any trial., Heifers in Trials IT and IIT had more marbling
than steersg; however, the difference was significant (P << .01) only
in the third trial. |

From the average of the three trials in Table XI, it was found
that steers gained épprdximately 15 percent fastér on about 10 per-
cent less feed per pound of gain and consumed five pefcent more: feed
per day than heifers., Although heifers graded higher and had é higher
degree of marbling, there was very little difference between the
sexes in carcass yield and time required to reach market grade..
Again, indications are that heifers could have been removed from
experiment earlier, The carcass data are in disagréement with re-
sults obtained by Dyer and Weaver (1955) who found that when steers
and heifers were fattened to the same slaughter grade, heifers tended
to reach market grade sooner than steers., Alsc, they found that |
heifers yielded 1.8 percent higher in the carcass due: to higher con=
dition..

Net returns per calf over the three year period were considera-
bly greater for heifers in spite of the fact that steers were more
efficient in feed conversion. This difference in return was due to
the fact that the "on-foot™ values of steers and heifers were about
the same, while the initial cost of heifers was considerably less
than that of steers.

Steers produced about egqual gains on all fafions testéd; where-

asw heifers consistently made thé-best gains on the 50%50 ratio and
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TABLE XI GOMPARISON OF THE PERFORMANCE OF STEERS
AND HEIFERS IN ALL TRTALS

Steers Heifers
Average weights (Lb}
Initial 550" 594,
Gain to market 320 269
Ave,. daily gain 1.90 1,62
Ave. daily feed intake (1b) 2019 19510
Feed efficiency values¥
Concentrates 5,35 5,98
Roughage 3.88 AN §
Total ' 9e23 10,25
TDN ' 6‘0"52w 7«:0‘1‘7
Net energy _ . 6,02 - 60,54,
Average days on feed ‘ 165 167
Marketing data
© Dressing % 60,18 53,99
- Ave,. carcass grade Gdo# Che=
Marbling score? Tols 6.7
On-foot value/cwt, ($) 21,78 21,86

Net return/calf (§) 5040 12,65

TEfficiency values are based on pounds of feed and TDN, and
therms of net energy per pound of gain,. ’

2Ojnly Trials IT and IIT are included in the marbling sceors.
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poorest gains on the 80320 mixture, These differences were not sig-
~nificant, however.. Therefore, according to these results, there
seems to be no great difference between steers and heifers in ability

to utilize the various ratios of C:R tested,
Effect of Pelleting A Roughage Mixture

Shown in Table XIT are results of the trial involving the use
of a pelleted roughége mixture composed of equal parts of alfalfa
hay and cottonseed hulls. Contrary to results obtained by Webb and
Cmarik {1957}, daily gainsvénd feed efficiency were lower on the
pelleted roughage whén it was féd either free-choice or in equal
amounts. There was no appreciable.difference in feed consumption,
as affected by the form in whieh the roughage was fed, However,
the four calves used in tﬁe palatability teét exhibited a prefer=
ence for the pelleted roughagejby @onsﬁﬁing an average of 9.5 pounds

-Ofvthe~pelleted roughage”and only’AAS pounds of the chopped rough--
age per dajm

During the early part of the experiment, scme difficulty was
encountered in getting the calves receiving the free-choice rough—
agevto eat all of the grain=pfotein supplement mixture, This prob-=
lem was corrected by adding a small amount of molasses to the donm
centrate mixture of all lots.. The fact that the cattle receiving
the pellets aie considerably more feed daily in the first part of
the test than those on the ground roughage probably accounts for
the difficulty in getting them to consume all of the concentrate

nizture. .
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TABLE XIT ' EFFECT OF PELLETING AN ALFALFA HAY-COTTONSEED
HULLS ROUGHAGE MIXTURE FOR BEEF CALVES

Feeding system ‘ Free=choice ’ Controlled

Lot number 7 2 3 ok
Roughage form : Peélleted Chopped Pelleted Chopped
Number of calves/lot 6 6 6 é
Days on feed - ‘ 108 108 108 168
Aversge weights (1b} ‘
Initial 71=8=57 o LT , 405 10 413
Final 2-24~58 . ; 58 _ 613 , 578 592
Total gain : . - 178 207 168 178
Ave, daily gain - ' 165 1,92 1056 1,65
Ave,. daily feed 1ntake (1b§
Roughage 15.3 15,0 112 11.2
Concentrate? L 3.7 .. 3.7 . 3.7 , 3.7
Total =~ . - 1%.0 18.8 '1& 9 T4.9
Feed per cwt., gain (1By °~ = 115% 983 956 g2
Feed cost/cwt.. gain ($)2 . 19,63 13,58 16,85 13,19

14 concentrate mixturé composed 6f 2,0 pounds ground mile and
1.7 pounds cottonseedAmeal per head daily was fad‘to all lots,

2An additional cost of $6.00 per ton for pelleting the rough=-
age fed to lots one and three was used in calculatlng feed costs
per cwt,. galno
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Cost of gain wasvéonsiderably greater with calves fed the,pél=
leted roughage» due mainly to the extra cost of pelletlng° Under
the conditions of this trlal it was not economlcal to pellet the
roughage mixture. These results dlsagree w1th those obtalned by
Webb and Charik (1957)9,whereby feed intake and rate of gain were
increased by pelleting ailfalfa hay or a timothywalfalfa hay mixture..
Probably the kind and quality of roughage used accounts for some of
the differences in resultsrbetweeh this test and others with pelleted

roughage: mixtures.
Effect of Pelleting A Ration Containing An 80¢20 Cs:R Ratio

In the three previous fattening trialsvin which an 80:20 ratio
was fed in the groﬁnd form, feed consumption was low:. Thereforé,
this experiment was coﬁductéd primarily to determine if daily feed
intake could be improved by pelletihg the ration, . Results of this
experiment involving the use of a pelleted fattening ratibh ¢ontainm
ing a CsR ratio of 80:20 are shown in Table XITT. Average daily
gains in this trial were low, presumably due to low fee& intake and
the fleshy condition of the calves at the start‘of the trialm

The results show that rate of gain and daily feed intake were
lower on the pelletéd ration, the difference in feed intaké being
statistically significant (P <.07). »However; efficiency of feed
conversion was significantly greater (F~<im01W on the pelleted ra-
tion, Feed cost per pdﬁnd of gain wés considerably less on the pelm‘
leted ration even thoﬁgh an additional cost of $6,00 per ton was:in=
cluded. Average dreésiﬁé percent of cattle on the pelletéd ratibn

was 1.4 percent less than for the control cattle. Carcasé grades



TABLE XITI COMPARISON OF A PELLETED vs. A CHOPPED
RATTION FOR FATTENING BEEF CALVES

k3

Form Chopped Pelleted
Lot mumber 1 2
Number of calves/lot 12 12
Days on feed 710 110
Average weights (1b) :
Tmitial 3-30-58 622 623
Final 6-27-58 T84, T
Gain to market 162 148
Ave, daily gain To47 T+35
Awoﬁﬂy%wlmweuw B
Roughage: , 3634 2453
Concentrate 13,37 10674
Total 16,77 12,67
Feed/cwt, gain (1b) 1142 L5
Feed cost/cwt. gain (§)1 22,80 20,32
‘Marketing data |
Ave, yield (%) 60.00° 58,60
Ave, carcass grade? 3.00 3,10
On=foot value/cwte 23)3 23,18 - 26,06
Net return/calf (8@ LZ,56 23,97

14 cost of $6.00 per ton for pelleting was included in deter=

mining the cost of the pelleted ration.

, QGarcaSS‘grades are based on the valuesy Prime = 15 Good

and Stand&rd = 10,.

=4

30n-foot value was computed from carcass value according to

grade and yield, and based on final live weight at Ft. Renc..

4Net return/ealf was caloulated from market value per calf’

minus cost of calf and feed

@



were essentially equal on both rations, however., Financial results
show that feed efficiency was greater and cost of gain lower on the
pelleted ration. Hbowever, net return per calf was less due to smaller
gains and lower carcass yield.

There was no evidence of rumen disturbance among calves fed
the pelleted ration at the time of slaughter, as reporfed by Jensen
et al. (1958). These workers observed that lambs fattened on pel-
leted feed showed significantly more ruminal parakeratosis at the
time of slaughter than lambs fattened on the zame feed ingredients
in the loose form..

Results of this trial agree with those obtained by Baker et al.
(1954) who found that rate of gain, carcass grade and dressing per-
cent were lower with heifers fed a complete, pellsted ration than
with those receiving the same ration in meal form. Heifers fed the
pelleted ration consumed less feed, but had equally as good feed con-
version ag the more rapidly gaining contrel animals. A4 similar test
by these authors (1957) showed that feeding a small amount of long
alfalfa hay to the heifers on the peileted ration improved rate of
gain, feed efficiency, rumination and the general feedlot performance..
Also,. Thomas et al. (1958) obtained increased gains from yearling
steers on a complete, pelleted ration by feeding straw free-cholce..

Wher data from this test and other similar experiments are com=
pared, it is found that feed efficiency is generally greater and
feed consumption is lower when pelleted rations are fed. According
to Forbes et al., (1928) and Mitchel et al. (1932), the efficiency
of energy utilization decreases as feed intake increases, Therefore,

the greater feed efficiency with pelleted rations may have been due



to reduced feed intake, rather than improvement in nutritive value

of the rations,
Statistical Discussion

In the statistical analysis of many animal experiments, the
animal variation within pens is used as the error term for testing
the other variances. There has been some doubt as to the accuracy
of this term, in that it may not be an accurate measure of the true
experimental error. Therefore, if this value is smaller than the
real experimental error, significance would be obtained too often,

A comparison was made, in the first three trials, between the
mean squares of "within pen" variation and "between pens treated
alike" variation of rate of gain, to determine if there was any
variation associated with pens, It was necessary to multiply the
"between pens treated alike" or error mean square by the average
number of animals per pen to get both values on an individual ani-
mal basis; so that a comparison could be made, In Trials I and
III the average number of calves per pen resulted in fractions of
numbers due to missing items.

As shown in Appendix Table XIV, there was little difference
between the two values in any of the trials; the largest difference
being in Trial I, The "within pen" mean squares were 62.8 percent,
96,8 percent and 104.8 percent of the "between pens treated alike"
mean squares for Trials I, IT and III, respectively. Although the
difference between the two values was not excessively large in any
one trial, the fact that the "between pens treated alike" values
were larger in two of the three trials indicates that some variation

was probably associated with pen.
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SUMMARY

Three trials, involving 236 long-aged steer and heifer calves,.
were conducted to study.the effects of various ratios of C¢R on
the feedlot performance and carcass merit of beef calves. Concen-
tratesroughage ratios of 50:50, 65:¢35 and 80:20 were tested in the
first trial; whereas, in two subsequent trials a 35:65 ratio was
also included. Ground milo, cottonseed meal and molasses were the
concentrates fed while equal parts of alfalfa hay and cottonseed
hulls constituted the roughage. Digestible protein, calcium and
phosphorus contents were equalized in all rations, A comparison
was made betwsen steers and heifers on each ration, The cattle
were removed from experiment individually at a slaughter grade of
high=good to low=choice. Two additional trials, using 28 steer and
heifer calves, were conducted to study the effects of pellsting a
roughage mixture and a fattening ration..

There were no significant differences in rate of gain of &teers
or heifers due to treatment; however, heifers consistently made the
most rapid gains on the 50¢50 ratio. Feed intake increased as the
proportion of roughage in the ration increased., No significant
difference in TDN per pound of gain or carcass grade was observed
between CrR ratios tested. A greater length of time on feed was
required by steers fed the 35:65 ratio end for heifers on the 80:20

mixture. Steers made 15 percent faster gains, consumed five percent

46
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more feed, and were Y0 percent mores efficient in feed conversion
than heifers, There was no appreciable difference between steers
and heifers in time required to reach the desired slaughter grade,
However, heifers had a higher degree of marbling and graded higher
in the carcass than steers..

Pelleting a mixture of cottonseed hulls and alfalfa hay decreased
gain and feed efficiency slightly. There was no improvement in rate
of gain or feed intake from pelleting a fattening ration containing
an 80:20 CsR ratio., However, feed efficiency was higher and feed

cost per cwh.. gain lower on the pelleted ration.
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TABLE XIV ANALYSES OF VARIANCES OF RATE OF GAIN
FOR STEERS AND HEIFERS ON DIFFERENT C:R RATIOS

Trial - Source of Degrees of Sum of Mean P
Numbex Variation Freedom Squares _Squars Value
I Between pens
unwelighted means 17 AN/
Treatment 2 00474 0237 66
Sex 1 04391 04391 12,30%%
Treatment X sex 2 0170 .0085 oy
Error 6 2139 .0357
Within pen 47 5..1856 1103
Between pens (Error M.S. X 4.92) . 1756
IT Between pens
unweighted means 15 . 5871
Treatment 3 03071 -0100 039
Semx: 9 2732 L2732 10.59%
Treatment X sex 3 L0776 .0259 1,00
Error 8 02062 0258
Within pen 6/, C T7.9927 « 1249
Betwsen psns (Error M.S. X 5) o 1290
III Betwsen peng ,
unweighted means 23 - 5489
Treatment 3 0276 0092 65
Sex ‘U o.szO orQMO 1 7 o B‘H il
Tr@at}ment X Sax. 3 00524 00175 1 0-24
Error 16 +2249 »0141
Within pen 69 3.9522 0573
Between pens (Error M.S., X 3.88) 20847

® gignificant at the 5 percent level,

¥# Sipgnificant at the 7 percent level.



TABLE XV FEED PRIGES USED IN CALCULATING
FEED COST PER CWT.. GAIN (%]

53

Trial I IT I11°
Milo £1.00 50,00 40,00
Cottonseed meal 63,00 66,00 62,00
Molasses 40,00 60,00 54,00
Alfalfa hay 25.00 30,00 25,00
Cottonseed hulls 18,00 22,50 18,00
Ground limestone 15,00 15,00 16,00

TPrice values are on a per tom basis,

2These values were also used for the pelleting trials.
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. TABLE XVI VALUES PER CWT, FOR THE CARCASS GRADES
OF BEEF USED IN CALCULATING ON-FOOT VALUES

Trial I II IIT Pellet

Carcass grades:
High=choice e 35..50 46,50 £6..50
Average-choice 34..00 34,50 46,00 46,00
Low-choice 32,65 33065 45450 45450
High—good 31,.30° 32,60 45,00 4,050
Average-good 30,00 31,75 44ie50 43.75
Tow=good . 28.65 30,90 44,,00 43,00
High—standard 27,30 29,90 43,50 v
Average-standard e 29,00 e c———

IThe values in this trial are for steers.. Values of heifer
carcasses varied as followss: 3 percent lower for average-choice
and high=choice, 2" percent lower for high-good and average-good,
T percent lower for low=good and high-—standard..



VITA

Jack Earl McCroskey
GCandidate for-the Degree of

Master of Sclence:

Thesisy EFFECT OF VARYING THE CONCENTRATE-TO-ROUGHAGE RATIO IN
SELF-FED MIXTURES FOR FATTENING STEERS AND HEIFERS

Major Field: Animal Nutrition
Biographical:-

Personal Datas Born near St. Louis, Oklahoma, October 8, 1930,
the son of R. 8. and Edith J, MeCroskey..

Education: Received the Bachelor of Science degree from Okla=
homa State University, with a major in Animal Husbandry

in May; 1953..

Experiencess Served from 1954 to 1957 as an officer in the
United States Army..

Date of Final Examinations February 7, 1959,



