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INTRODUCTION

Recent studies indicate a change in consumer preference toward small-
er, leaner cuts of beef with less fat. To better meet consumer demands,
many feeders fatten weanling céi?es for market at 12 to 18 months of age.
Calves are commonly full-fed, and, as a result, often have considersble
fatness at time of slaughter.

Liftle information is available concerning the effects of different
planes of nutrition on the feedlet performance of weanling calves. The
majority of reports on the effect of nutritional levels have involved
sheep and swine or, in a few instances, goats or poultry, and hence are
not applicable to cattle. Furthermore, investigaticns concerning beef
animals have, in most cases, employed rather extreme planés of nutrition
and/or have been conducted over a 2 to L4 year period. Both factors tend
to meke the findings inagpplicable to common feedlot practices.

Thus, information is needed on the extent to which body composition
can be altered by moderately different levels of feeding° Also, the
efficiency of conversion of ration constituents into body components merits
investigation. Further, the quantity of fat necessary to produce beef of
acceptable quality needs to be determined.

Four feeding trials were conducted at the Stillwater station to
sﬁudy the performance of individually»fed steer calves subjected to
different planes of nutrition. Data were collected on rate of gain and
.feed efficiency, carcass merit, and boedy and carcass measurements. Steers

1



on different nutritional planes were fed for the same total feadlot gain

and also, in one trial, for the same length of time.



REVIEW OF LITERATURE
Early Studies

For some time it has been established that rate of gain and feed
efficiency, carcass composition, and body measurements can be affected by
nutritional treétment. As early as 1849, Lawes and Gilbert reported in
Rothamstead Memoirs (according to Haecker, 1920) the chemical analysis of
"a fat calf 9 or 10 weeks old,... a half-fat ox abcut 4 years old,...
and a moderately fat ox about 4 years old." An inverse ¥elationship
between fat and water content was observed. Jordan (1895) conducted an
elegant experiment with L Shorthorn steer calves, studying the effect of
widely differing nutritive ratios on rate of growth and body composition.
After 15 months of feeding, the pair of steers on the ration richer in
protein (Nutritive ratic 1:5.2) had gained 221 pounds more than those on
a ration containing a 1:9.7 nutritive ratio. However, after 25 months,
the rétion‘containing*the wider nutritive ratio produced more favorable
gains. Waters (1908) demonstrated the differential retardation of lean,

‘fat and bomne by extfemely low planes of nutrition in steers. Skeletal
growth continued although lean and fat tissues were extrenely retardead.
The length of the period of growth of normal beef steers is about 6 years.
"A low plaﬁe.of nutrition was found to lengthen ﬁhis periocd to as much as

9 years by Hogan (1929). - Both severity of underfeeding and length of the

A
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period of underfeeding affected the eventual mature size. Eckle



Swett (1918) noted similar effects with dairy cattle but commented on
the strong tendency for animals to récover'from retarded-growth if the
nutritiona14plané became more favorable latér on.

In extensive experiments at Minnesota, Haecker (1916;.1920)”studied
the changes in body composition of steers at different stages ofagrowth,
as correlated with the feed requirsments per cwt. gain from 100 pounds
to 120C pounds and 2 years of sge. At younger ages, efficierncy of

oy
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feed conversion was much greater than when cattle approached maturit
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Composition of early gains was primsrily protein and minerals, whereas

older steers had large deposits of fat.

Missouri workers have conducted éxtensive tests using rather exﬁrg
planes of nutrition. Trowbridge et al. (1918, 1919) studied the effects
of full-feeding, supermaintenance (0.5 pound gain/day), maintenance, and
submaintenance (~0.5 pound gain/day) with yearling steers to demonstrate
a "saving" in nutrients at the lower feeding levels. Body measurements
such es height at withers,.depth and width of chest, width of hips and
heart and paunch girths were markedly affected by the treatments imposed,
but ounly éfter at lezst 3 months on test, When beef stears were fad
from birth to L years of age for (1) maximum fattening, (2) maximum
growth or (3) retarded growth, wide differences in live animal measure-
ments were noted. At 4 years, however, height st withere wae the sams
for all groups, and several other measurements were approaching egual
values among treatments (Moulton et al., 1921, 19224, 1922b). The ratio
of carcass to live weight decreased to 8 1/2 months of age and then in-
creased to & maximum at 3 to 4 years. Stomach and liver size were retard-

ed by the low planes of nutrition. In contrast, Edinger (1925) observed



similar weights of the empty internal organs when steers of varying fat-
ness were slaughtered.

In general, these early studies indicate the effect of relatively
severe treatments (particularly undefnutritiou) imposed from shortly after
birth until the animal approaches maturity. While such extreme treatments
have produced striking changes in cérﬁaéé cbmposition and have greatly
expanded our knowledge, they are far from appliceble to most feedlot
operations today. More recent investigations, while still not of a
practical nature in many cases, furnish information that iz more readily
applied to the present situation. Because of the multiple effects due to
varying nutritional planes, the following review ig divided into 3 parts,
involving effect of plane of nutrition on (1) rate of gain and feed
efficiency, (2) carcass merit and (3) body and cercass measurements.

Effect of Plane of Nutriticn on Rate of Gain and
Feed Efficiency

It soon became obvious to early investigators that average daily
gains were nezarly always influenced by plane of nutrition. Perhaps the
experiments most widely referred to are the classical studies by McMeekan

(1940a, 1940b, 1940c). His studies with swine involved L feeding level

4s]

imposed from shortly after birth to 200 pounds live weight. The 4

treatments were:
(1) High plane throughout.

(2) High plane to 16 weeks of age followed by
' low plane.

(3) Low plane to 16 weeks of age followed by
high plane.

(k) Low plane throughout.



Feed consumption was regulated so that the animals in each group develop-
ed according to predetermined growth‘curvesfv Tﬁe results indicated that
high pléne pigs were less efficient (in terms of pounds of meal per pound
of gain) than "High~-Low" pigs (5.05 vs. 4,28 1lbs. feed/1b. gain). Con-
versely, "Low-High'" animals had the lowest efficiency {5.61 lbs) followed
" by pigs on the low plane throughout (5.19 1bs). McMeekan interpreted
these differences as réflections of differential growth of body tissues.
Restricting thé animal when fat was the most rapidly growing tissue
proved economical, calorie-wise, since the conversion of feed into £fat

is an expensive process. The same argument explains the poor performance
of the "Low~High" group. It is readily seen that although long-term
retardation of growth results in pcor feed conversion, short-term retard-
ation may actually improve feed gfficiency.

The treatment design employed by McMeekan has been utilized by many
investigators in modified forms. .The triels reported in this thesis are
based on this type of treatment arrangement. Winters et é}.v(19h9)
reported that the modefate group (Lot IV) was the most efficient, pafﬁicu~
larly when differences in maintenance requirements were considered. This
merely suggests that lean carcasses are produced from less feed than

fatter ones. This study was with swine also, but does not necesgaril

F
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conflict directly with McMeekan's work since there were differences in
starting time and, of course, in genetic materiazl.

In other work with swine, restricting the feed inteke from 100 to
170 pouﬁds resulted in slower rates of gain and better sconomy of feed
conversion (Shorrock, 1940). Brugman (1950) observed that limiting the

feed intake to 70 percent of full feed increased length of time to reach



150 pounds by as much as 77 days. Lucas and Calder (1956) noted that pigs
on "Wery High-Restricted' and "Very Low ~ Very Low" planes were 11 to 12
and 63~88 days older, respectively, at slaughter than those on a '"Very
High - Very High'" level. The VL - VL treatment resulted in a loss of L

to 14 percent in feed conversion efficiency from that of the other groups.
In later studies (Lucas et al., 1960), pigs on high (H«H) and low (L-L)
planes of nutrition made 1l to 13 percent and 22 to 26 percent slower
gains than pigs on a very high (VH-VH) plane from 8 weeks to 200 pounds.
Feed conversion efficiencies were approximately equal. When swine on &
VH plane to 100 pounds were subjected to (1) very high, (2) restricted or
(3) low levels to 200 pounds, groups (2) and (3) made 18 pefcent and 36
percent slower gains, but were only O percent to 5 percent less efficient,
respectively, when compared to the VH group. Similar results were report-
ed by Merkel et al. (1958a) who observed decreases in average daily gains
but essentially no differences in TDN per cwt. gain when fibrous feeds
were Incorporated in a swine ratioh to reduce the energy intake.

Thus the effects of varying the plane of nutrition on rate of gsin
appears to be marked, with average daily gain varying directly with plane
of nutrition. The results zare not és clear-cut, however, in terms of
@fficiéncy of feed conversion. Generally; restricted feeding from weaning
or frowm 100 pounds live weight to market weight has not affected this
trait as much as has restriction imposed shortly after birth.

In 1950, Brookes and Vincent (as reperted by Hammeond, 1955) and
Brookes and Hodges (1959), in cattle experiments involving high, high-mod-
eraste, moderate~high and moderate treatments, noted results somewhat

similar with those observed with swine. All groups were slaughtered at



an estimated 57 percent dressing percentage. High and moderate-high
level cattle.reached this peint in 2 years, high-moderates in 2 1/2 years
and moderates in 3 1/2 years. Planes of nutrition were reversed, where
indicated, at 8 months of age. The groups finishing on the high level of
feeding, although the most rapid gainers, were least profitable because
of the large amounts of expensive concentrated feeds required to producei
gaing. The most profitable group was the high-moderate because (accardw
ing to the authors) the high plane of nutrition was supplied early in
life when the potential for growth was high. By the time the moderate
plane was introduced, the animals had reached a size where they could make
good use of chaap bulky feeds.

Guilbert et al. (194L) also observed a high-moderate regime to be
more profitable than a moderate-high treatment due to differences in
amounts and kinds of feeds consumed. 1In this trial the latter group
actually lost weight in the first phase and should be considered "low-
high'". Differences at slaughter were not great, however, which supports
early work and later studies by Winchester et al. (1957), in which the
ability of young beef cattle to survive on restricted intakes of protein
and energy and to recover from these effects when feed iz again abundent

allowances of

&

®

has been demonstrated. Calves restricted to maintenanc
protein or energy for 6 months and then fed for rapid gain took more time
to reach the same slaughter grade but required essentially the same
amounts of digestible nutrients per cwt. gain as twins liberally fed for
" rapid growth,

In general, effects of plane of nutrition on average dally gains and

feed efficiencies of cattle have paralleled those observed with swine,



but recent work in this area has been limited, Few reports of effects
under feedlot conditions are available. Nelson (1945) stated that
efficiency of feed utilization during fattening increases slightly to the
Good grade (slightly lower grade for 2-year-olds, higher for yearlings)
and Choice grade (calves), Beyond“the average Good grade, efficiency
drops rapidly; only 2 pounds of edible beaf per 100 pounds of grain
consumed vs. 6 pounds per 100 pounds before reaching average Good.

Western lambs were éubjected to the following conditions by Weber
et al. (1931): (1) Maintenance for 56 days, then 8L days on full feed,
(2) full feeding for 84 days followed by 56 days of maintenance and
(3) continuous full féeding for 140 days. Group 1 gained 7 pounds per
head more on the 84 day full feeding period (after retardation) than did
the second group ﬁhen full~fed. Less grain, but more alfalfa, was needed
to produce this increase. The autﬁors state that from the standpoint of
weight, finish and attractiveness, maintenance followed by full feeding
was the most efficient method of prolonging the feeding period.

Extensive studies with sheep by Palsson and Verges (1952a) were

patterned after McMeekan's swine studies. Lambs were reared on high and

low planes of nutrition from the third month of fetal life to 41l weeks

B

of age. Birth weights of twins, but not of singles, were decrsased by
the low plane. Throughout the test, wide differances in rate of gain,
favoring the high group, were noted. Palsson and Verges (1952b) used H-H,
H-1, L=H and L-L planes to study lamb development from the third wmonth

of fetal 1ife to an estimated 30 pounds carcass weight. Treatments wers
chenged, when indicated, after 6 weeks post-natal life. Slaughter ages

were 9, 15, 13, and bl weeks for the four levels, regpectively. No feed
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efficiency values were reported. Average daily gains were markedly
influenced by the levels of nutrition imposed.

Two studies by Wilson (1958, 1960) utilized HH, HL, LH and LL treat=-
ments to explore‘the nature of growth and development of dwarf gosts.
High plane kids reached the 33 pound final weight in 26 weeks, compared
to 48 weeks for the low plane group. As has been observed with all other
épecies studied, LH groups outgained HH groups during the second half of
Fhe trial. Similarly, in several species, animals frequently gain less
on a HL regime during the second phase than those on LL treatments do.

At slaughter, the ruminant stomachs of low plane kids were much larger
phah for kids on a high plane due to ﬁhe functional requirements of kids
on the different diets. |

Three groups of chickens (A, B and C) were used to compare weight
gains and feed efficiencies for different feeding patterns of g restricte
ed ration by Osbourn and Wilson (1960). Group B (compensatory growth
regime) showed a greater relative growth rate after re-alimentation than

group A (milk restriction followed by ad libitum feeding), due partially

[=N

to an increase in appetite. Group C was used as 2 control and fed ad
1ibitum. iEfficiency of food conversion was essentially the same for
groups B and C, with group A slightly more efficient than either B or C.
It appears from the fdregoing discussion of the ezffects of different
planes of nutrition om rate of gain and feed eificiency that many species,
although they may differ widely in several respects, respond similarly
to varied unutrient intakes. Dally géins were noticeably affected in
everykstudy reported, as was expected. Feed efficiencies, however, were

often unchanged, and occasionally favored the lower plane. The high-
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moderate or high-low system was often found to be more efficient than the

other treatments.
Effect of Plane of Nutrition on Carcass Merit

Many of the carcass studies reported in the literature are rather
extenslve in scope. Primary emphasis for the articles reviewed herein
will be the effect of plane of nutrition on live and carcass grades,
yield and marbling scores.

Merkel et al. (1958b) observed lower carcass grades and dressing per-
centages by restricting TDN intake of swine with high fiber ratiosns.
Comparing HH and LH treatments, Brugman (1950) noted that the LH regime
resulted in leaner, lower grading carcasses. No differences in yield were
discernible. However, Shorrock (1940) found restricted feeding of bacon
pigs to have little effect on carcass quality, except for a tendency to-
ward production of slightly thinner backfat. Dressing percentages were
essentially equal. Using HH, HL, LH and LL levels of feeding, Winters
et al. (1949) observed backfat thickness values of 1.69, 1.L45, 1.52 and
1.37 inches for the above treatments, respectively, and 2-3 percent
lower yields for the last three groups when compared to the H-H plane.
Lucas et al. (1960) and Lucas and Calder (1956) reported slightly less
backfat but no differences in yield when pigs on a very high plane were
restricted (moderately) or placed on a low plane.

Guilbert et al. (1944) were able to detect very little difference
between treatment groups (HM and MH) with respect to either carcass grade
or dressing percentage. Beef steers used were on range, supplemented

with grain on the high plane of nutrition. Winchester et 2al. (1957)
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observed that protein or energy restriction of calves for 6 months did
not measurably influence carcass composition or merit, with 2 excepticns
where both protein and energy were restricted. |

A deterioration in both live and carcass grade was noted when full-
fed lambs were held at constant weight, as well as & decreased dressing
percentage (Weber et al., 1931). Lambs which had been held to maintenance

for 56 days and then full-fed for 84 days produced "very desirable car-

casses.' Palsson and Verges {1952a) obtained & marked decrease i

o

)y yield

@

of lamb carcasses on 2 low plane of nutrition when compared to & high
level. Carcass and live grades were not reported. The U treatments usad
by Palsson and Verges (1952b) produced 2 distinct kinds of lamb carcasses.
The High-High and Low-High groups were similar in conformation and desir-
ability, and appeared markedly superior to carcasses obtained from the
High-Low and Low-Low groups. The degree of marbling in the Iongissimus
dorsi muscle appeared to be more dependent on age of the animal than on
the plane of nutrition, being lowest in the High-High and highest in the
Low-Low carcasses.

Wilson (1960) did not report dressing percentages or grades for
dwarf goats. However, the dry matter content of the carcass incressad
among treatments in this order: LL, HL, LH and HH. Many charecteristics
could be compared in 2 groups; LL and HL vs. LH and HH. Thus, the
predominant effect of reversing nutritional planes sppears to be that
associated with the level used in the secandvphase of the trial.

These studies on the effect of different planes of nutrition on
carcass merit generali& indicate a reduction in fat content when growth

is retarded, which in turn reflects lowering of carcass grade (with
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some exceptions, as in the case of swine). Trends in dressing percentage
frequently paralleled carcass grades. In most cases where differences

in grade or yield were not observed, the designs of the trials were

such that carcass differences would be minimized or at least reduced,

i.e. removal from experiment at an estimated fatness, yield or carcass

)]
471

weight. Marbling score, however, appeared to be influenced much by

age differences as by plane of nutrition in some instances.
Effect ¢of Plane of Nutrition on Body and
Carcass Measurements

As with carcass studies, no attempt has been made here to exhaust the
literature, nor to include individual measurements which have little bear-
ing on the trials reported herein. Rather, an effort has been made to
present some of the general trends resulting from various planes of
nutrition.

In both sheep and cattle, the normal age-changes in body proportioﬁs
can be altered by controiling the growth curve of the animal. Waters
(1908) noted that when steers ware kept on maintenance and sub-msintenance
rations for prolonged periods of time, changes in conformation occurred
and the steers continued to grow in some dimensions. Although the stesrs
were losiﬁg weight, they increassed in height st withsrs. On ths other

hand, width measurements at hips and chest decreasad. This regression
» I

fa

toward a more juvenile form was established as being due to continue
growth of long bones at the expense of body tissues (fat reserves).
Guilbert et al. (194k4) noted a relative increase in development of''thick-

ness” dimensions on a high-mocderate plane of nutrition; particularly in
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the later maturing loin and hindquarter regions. This indicates the
influence of high levels of feeding during a period when the impulse
for skeletal growth is stili rather strong (as contrasted to a moderate=
high regime).

McMeekan (1940a, 1940b, 1940c) has described changes in body and
carcass measurements in‘detail. Those parts which are least developed
at birth exhibit the greatest impulse to grow at a time wﬁen they can be
influenced by nutritional treatment. In general, leg measurements
(particularly toward the extremities) increase relatively less than
those of tﬁe trunk. Length growth is related tc bone development, and
thickness growth to én increase in muscle and fat, which occurs at. a more
rapid rate during the later ages. In swine, length of leg, length of
body, length of carcass and depth of chest showed the greatest dif-.
ferences among treafments at 16 weeks of age. At slaughter weight (200
pounds) the heavier-boned treatment groups (Low-Low and High;Low) yield=~
ed the longest pigs, as measured by body and carcass length and length of
leg.

Brugman (1950) observed increases in body length and decreases in
width of shoulder, width of loin, width of ham and depth of body when
low plane pigs were compared to high, which is in line with ths expected
trend. None>of the values approached significance, howsver.

Steers of shorter height at withers and length of body, and largér
heart girth and width of shoulder, tend to have slightly higher slaughter
and carcass grades (Cook et al., 1951) and therefore may reflect higher

levels of feedings. According to Kohli et zl. (1951), circumference of

i

foreflank is more indicative of average daily gain, efficiency of fee



15

utilization, and age at slaughter than are height at withers, height
to floor of chest, width at shoulders and iength of body.

It appears from the foregoing discussion that plane of nutrition
can markedly affect the development of the»skeleton and, to a larger
extent, fleshing measurements if the feeding 1evei§ used differ widely.
Under more practical conditions, these relationships are more difficult
to determine with ;recision. Heart girth has been most élosely related
to plane of nutrition of the live snimal dimensions studied. Other

width and depth of body measurements also show some promise.



EXPERIMENTAL
A series of three trials was initiated in December, 1956, at the
’ experimental feeding pens located at Stillwater. A total of 64 wean=
" ling Hereford steer calves from the experiment station herd at Fort Reno

‘was used. A fourth trial-was also conducted in 1959-60 with 24 similar

calves from the same herd.
- Trials I, II and III

- The experimental desiéh used in Trfels I, II and III is shown in

Table I.

TABLE I, DESIGN OF EXPERIMENT (TRIALS I, II AND III)

Plane of Nutrition . _HH HM ME MM
Phase I (206 1b. gain) - High High K.i.Modepatel Moderate
Phase Ii (200 1b, gain) High Moderate High Moderate
Numbers of steers used
Trial I (1956-57) | b b 4 b
Trial II (1957-58) 51 51 51 5
Trial III (1958-59) -6 6 6 y2
Total 15 15 15 13

One eteer was removed from each treatment group in Trial II: Orne
steer died due to bloat; another was removed because of a throat injury;
and two were removed because of poor performance.

?TWO:steers were removed from the MM group in Trial III because of
chronic bloat and poor performance.

16
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The 4 treatments employed;éach year Weré:' HH--Full-fed to gain rapid-
ly for hCO pounds total féédlo: éaih; HMf-Full-fed to gain rébidly for 200
pounds,  then fed to gain mode:ately fpr the remaining 200 pounds feedlot
gain; HH-;Fed to gain moderately for the first 200 pounds, then full-fed
‘t§ gaih‘fé§id1y for 200 pounds; MM--Fed to gain moderately for LOO pounds
- total feedlot gain.
In the first trial, 16 steers from related sires wére‘used; 8 calves
‘by‘sire 1-03 ahd L by each of 2 half-brother bulls, 09 and 11. 1In the
second experiment, 24 steers were used sired by 2 pairs of half-brother
bulls (6 each by bulls D-95 and D}-Bu_, 8 by L4-68 and 4 by 4-50). Sixteen
calves sired by half-brothers 5-23 and 5-85 (8 by each) and 8 steers by
2 other related bulls (469 and 5-26, 4 by each) comprised the 24 head
~ used in the third trial. However, due to an error in identity of the
calves, one steer sired by 5-85 was sold prior to allotment and since no
more progeny of the above sires were available, a calf sired by bull 5-16
(é‘half-brother) was substituted.

(ihe above sire groupings were utilized in allotment to the treatment
groups, along with shrunk Qeight of the calves (16 hours off feed and
Qater), feeder grade, age of calf, and treatment and age of dam insofar
as possible. A 2-3 week adjustment period preceded each trial to allow
. the steers to adapt to the experimental ratioms and the change in environ-
ment, |

Ih'all tésts, the calves were individually fed ip«stanchioned stalls,
twice*daily. Betweeﬁ feedings the calves were allowed the freedom of the
pen (8 steers pef‘lot)‘and‘had access to water and a mineral mixture of

2 parts salt and l'part'steamed bonemeal, free choice. Stanchion time
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consisted of 1 1/2 - 2 -hours per fegding. Any feed refused was weighed
back and recorded.

The steers in the first three triéls were kept on experiment until
it was estimated (by shrunk wéights) that they had gained a total of 40O
pounds. This has approximated the gain made by weanling steers in achiev-
ing:a 1bw éhoice slaughfer grade in previous trials at this station. To
achieve this, calves on the high plane of nutrition were fed approximate-
ly 2 pounds of rolled milo per cwt. daily (which is about the amount of
grain consumed by steers when self-fed a fattening-type ration) and
‘calves'fed at the moderate plane received one-half this amount, or approxi-
mately 1 pound of milo per cwt. per day. In addition, each steer was
offered 1.5 pounds of cottonseed meal and 1.0 pounds of dehydrated alfalfa
pellets daily, plus approximately 0.75 pounds (high plane groups) and
1.5 pounds (moderately-fed groups) of cottonseed hulls per cwt. per day.
It ﬁas hoped that use of these rations would result in gains in excess of
2.0 pbunds per day for the high lots and from 1.3.to 1.5 pounds per day
for the moderate-~fed groups. The average percent composition of feeds
used in formulating thése rations is shown in Table II, while the estimat-
ed chemical composition values, as well as TDN and net energy values, are
given in Table IIi. |

TABLE II. AVERAGE PERCENT COMPOSITION OF RATIONS
: (‘TRIALS T, II and ITI)l

|

Plane of Nutrition HH HM MH

Rolled milo | 65.5 49.9 54.9 40k

Cottonseed meal ’ 6.8 8.1 7.8 8.7

Dehydrated alfalfa pellets 5.1 5.6 5.4 5.8
~Cottonseed hulls ‘ 22.6 36k 31.8 k5.1

0 -
: Percent composition for individual trials is shown in Appendix
- Table XX.
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TABLE III. ESTIMATED PERCENT CHEMICAL COMPOSITION OF RATIONS
(TRIALS I, II and IIT)!

Plane of Nutrition HH HM MH MM
Dry matter 89.9 89.6 90.0 90.4
Ash - 2.9 3.1 3.0 3.2
Crude protein 11.7 11.2 1.4 10.8

- Ether-. extract 2.7 2.5 2.5 2.3
‘Crude fiber 13.7 19.8 17.7 23.6
N-free extract 58.9 53.7 55.3 50.5
TDN2 (1b) 69.5 6l 66.0 61.2
64.8 57.8 60.1 53.5

Net energy® (therms)

1Composition ﬁas estimated by chemical analysis of ration components.

eTDN and net energy were calculated using TDﬁ and net energy values
of Morrison (1956).

Average composition of rations for individual trials are presented
in Appendix Table XX.

All cattle were shrﬁnk and weighed periodically (at 21-28 day inter-
vals) fhroughOut each trial. Individual animals were weighed more freq-
uently as they approached 200 pounds gain (Phase I of trial) or slaughter
weightfat the epd of Phase II (400 pounds feedlot gain). Feed allowances
were adjusted for every 50 pounds increase in body weight.

Live animal meaSuréments were taken at the beginning, half-way
point; and termination of each test. These included height at withers,
length of body, hearﬁ girth, width of shoulder, width of loin and width
of round, Other data included individual feed records, average daily
» gainé énd lehgth of time required to réach slaughter weight;
| ‘As Eaéh_steer was removed from experiment for slaughter at the Meats

Laborafbry; a live slaughter grade was determined by a committee of 3-5
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representatives bf_thecAnimal Husbahdry department. A similar committee
was employed to evaluéte the carcasses in terms of grade and mérbling g
score, Dressing percentages were obtained, and at time of slaughter,
the 4 compartments of thé ruminant stomach were weighed, emptied, and
reWeighéd to'obtain an estimate of fill, In-addition, the following
'carcass mEasﬁremehts were taken::'qarcass length, length of leg, cir-
cumference of round (first 2 years only), length of loin, depth of body,
width of shoulder: and width of round. Reference points for these

measurements are presented in Appendix Table XIX.
Trial 1V

The 24 calves utilized in the fourth test were by 5 different sires; 
6 each were progeny of D-95, 5-85 and 6-L44, and bulls 6-05 and §~O9 sired
3 steers each. Sires 5-85 and 6-L44 were half-brothers, as were bulls
6-05 and 6-09. Trial IV differed from the previous experiﬁents in that
dhly 3 treatments were emﬁloyed, as follows:
1. High -~ Full-fed to gain rapidly for 350 pounds total feedlot
gain.

2. Moderate I -- Fed to gain moderately and removed from test at
the same time as the high group.

3. Moderate II ~-- Fed to gain meoderately for 350 pounds total
feedlot gain.

Allotment of cattle, method of feeding and handling, and collection

. of data were eésentiallj the éame as described for garlier trials. The
'ratioﬁ Qas éhanged, hcwever, by the addition of sorghum silage and a
decréase in cottonseed hull content. It was hoped that this would provide

a more”palatable mixture and result in a greater feed intake of the high
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level calves. The percent composition and estimated chemical composition
are shown in Tables IV and V, respectively. Estimated TDN and net energy

values are also included in the latter table.

TABLE IV. AVERAGE PERCENT COMPOSITION OF RATIONS

( TRIAL 1V)
_ e Sl S S S S S B S
Plane of Nutrition High Moderate 1! Moderate II2
Rolled milo 52.4 26.7 29. 4
Cottonseed meal 6.2 6.0 6.2
Dehydrated-alfalfa pellets k.2 4.0 k.9
Cottonseed hulls 8.5 16.0 18.1
Sorghum silage 28.8 L7.2 k1.5

luoderate I steers were fed to gain moderately and removed from test
at the same time as the High group.

°Moderate II steers were fed to gain moderately for 350 pounds total
feedlot gain.

TABLE V. ESTIMATED PERCENT CHEMICAL COMPOSITION OF RATIONS

(TRIAL 1V)!
Plane of Nutrition High Moderate I Moderate II
Dry matter y i ) 59.3 63.2
Ash 2.5 2.4 2.6
Crude protein 9.8 T4 8.0
Ether extract 2.4 1.9 2.0
Ct‘ud&fiber 8.7 1207 1306
N-free extract 4W7.7 34.8 37.2
TDN (1b) 57.0 42.8 45.5
Net energy (therms) 54,0 38.8 L1.2

1Composition was calculated using values of Morrison (1956).

Data obtained were similar to those collected during the first 3

trials, except that only 2 sets of live animal measurements were taken
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(initial and final), and the contents of the stomachs were not determined,

thus no estimate of fili was available.
Statistical Analysis

The -data in all 4 trials were analyzed according to methods described
by Snedecor (1956). Outlines of the analyses used are presented in
Appendix Tables XVII and XVIII. Orthogonal comparisons were made to

compare differences among treatment groups.



~ RESULTS AND DISCUSSION

" Results of Trials I, IT and IIT involving b different nutritional
 Trééiﬁes éfé ﬁreéenﬁed; followed by a discussion of Trial IV with 3
treatmeﬁt‘gfoups. The results of the first 3 trials aré discussed
according to the effect of plane of nutrition on rate of gain and

feed efficiency, carcass merit, and body and carcass measurements.

Effect”of Plane of Nutrition on Rate of Gain
' and Feed Efficilency
Effect on Rate of Gain
Average &eight.gains for the 3 trials are presented in Table VI.

Corresponding values for individual trials are shown in Appendix Table
- XXI. Data from animals which were removed due to illness, deéth loss
or poor performance are not included in the averages shown. This in-
Avolved 1 steér from treatment groups HH, HM and MH, and 3 steers from
the MM group.

'In each trial, average daily gaiﬁs for the total period showed a
similar trend. HH and MH groups tended to outgain ﬁhe groups which
terminated the test on a moderate plane of nutrition (P < .10, P < .001
and P < ;QES“for‘Triais I, 1T and.III, respectively). Essentially tﬁe
same trend and levels ofvsignificance were obtained for.length of time

on feéd;;a;:waé tovbe expééted since the experiments were designed so
' thatbaiiféfoﬁpstére fed gd“gain the same total amount. Thus, days on
"; feediwéfé §ﬁ§eféély prépprtional to average daily gains.

23
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TABLE VI. AVERAGE WEIGHT GAINS OF STEERS ON DIFFERENT
PLANES OF NUTRITION (TRIALS I, II AND III)l

— —

Plane of Nutrition » ' . HH HM MH MM

Time on feed (days) 2112 251 2012 261
Av. weights (1b)3
Initial - L85 L76 473 Lgo
Final 874 856 863 882
Av., déily gains (1b)
Phase I :ost o 2,150 190 1.80
Phase II 1.62577 1,172 1.742 1.36
Total period ¢ 1.882 1.5 1.792 1.55
Total period minus fill® 1.60° 1.30 1.512 1.27

1Weight gains for individual trials are shown in Appendix Table XXI.

2(HH + MH) significantly different from (HM + MM) at P < .00l,

3Shrunk weights (16 hours off feed and water),

”(HH + HM) significantly different from (MH + MM) at P < .001,

S(HH + HM) significantly different from (MH + MM) at P < .OlL.

Contents ﬁf rumen, reticulum, omasum and abomasum were determined

at time of slaughter and deducted from live animal weight.

There were marked differences in rate of gain between yesrs (P < .00l).
Ih 1956-57 all treatment groups were removed from test within e ralatively
short interval. Also, overall average daily gaihs decrzased markedly from
year to year (1.95 vs. 1.68 vs. 1.52 pounds per steer per day). Differ=
ences among trials in amount of total gain, quality of calves, weather
conditions and &aily nﬁtrient intake may have contributed to this varia-
tion. Further,‘the first trial was conducted by a differént investigator.

Much of tﬁe difference in significance noted between Trial I and

Trials II and III in total average daily gains can be attributed to
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differences‘in'fill, estimated by determining the contents of the four
compartments of ghe ruminant stomach at time of slaughter. When average
dally gains weré‘calculated using live weight minus fill, differences
between caives finishing on a moderate level and on a high feeding regime
were significant for each year (P < .05 or less).
" The 3—yéar average shows the above coﬁparison, HH and MH vs. BEM gnd

MM, to be highly significant (P < .001) for both total average daily
;ain and total average dailyTgain minus fill. .The-pronbunded influencevof
the plane of nutrition employed in the second phase on overall perfor-
mance has been observed by several other investigators (Hammond, 1955;
‘Brookes and Hodges, 1959; Guilbert gﬂ al., 19hL; wWeber gt al., 1931; and
Wilson, 1952, 1958, 1960).

As would be expected; feedlot gains in Phase I each year reflected
the plane of nutrition imposed. Compariscons between the high groups
'aﬁd moderate groups were highly significanﬁ (P < .025 or P <.01l). In
Trial II1I, however, significénce was also obtained for HH and MH vs. HM
and MM treatments (P < .OS),Aapparently as a result of the poof perfor-
mance of the MM group. The 3-year average for Phase I reflects the expect-
ed results, with full-fed steers outgaining the moderate groups (P < .001).

In Phase 1I, steers full-fed (HH and MH) were significantly faster
gainers, in each test, than those on a moderate level of nutrition (P < .05
or less). Moderates converted to a high plane gained more rapidly than ﬁH
steeré,‘while the HM'groﬁp-made lower average daily gains thaﬁ thé MM
group, in each trialf This observation may reflect differences in the
maintenance reqﬁiremeﬁts due to the plane of nutrition to which the steers

were Subjected in Phase I, Many workers have observed a similar pattern



26

(Winfers et al., 1949; Lucas and Calder, 1956; Winchester et al., 1957;
Weber et al., 1931 and Wilson, 1952, 1956 and 1958). The same argument
can be applied to the significantly lower daily gains of the HH and HM
groups in Phase II of Trials I and II (P < .05 and P < .01, respectively).

The above effect was also observed in the 3-year average (P < .0l).

Effect on Feed Efficiency

Previous studies have not shown as unanimous agreement on effects
of different nutritional planes on feed efficiency as on rate of gain.
Average daily feed consumption and calculated TDN and net energy intakes
for the trials reported herein are presented in Table VII, while Appendix
Table XXII contains corresponding values for the individual trials. Feed
intake in the second and third trials was lower than in the first trial,
as reflected by.decreased rate of gain. The reason for the decreased feed
consumption is not apparent.

TABLE VII. AVERAGE POUNDS OF FEED, TDN, AND THERMS OF NET ENERGY

CONSUMED PER DAY BY STEERS ON DIFFERENT PLANES OF NUTRITION
(TRIALS I, IT AND III)!

EI
\l

Plane of Nutrition HM MH MM

Rolled milo 12
Cottonseed meal 1
Dehydrated alfalfa pellets 1
Cottonseed hulls L
8
3
2

-

G N O W

Total 1 1

1

8
1
1
6
if
TDN 1 1
Net energy? 1 9

@ O

1Corresponding values for individual trials are shown in Appendix
Table XXII.

2IDN and net energy were calculated using TDN and net energy valuesz
of Morrison (1956).
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Full-fed calves (HH) consumed less milo than was anticipated, eat-
ing 12.4 pounds instead of an estimated consumption of 13.8 pounds per
head daily. Also, difficulty was encountered with MM steers in obtaining
expected consumption of cottonseed hulls which resulted in less total
feed intake than ﬁés hoped for, particularly in Trial III. For the 3
trials, the HH steers consumed an average of 5.6 pounds more milo, 3.2
pounds less hulls and 2.2 pounds more total feed than the MM group. HM
and MH groups were intermediate, the latter averaging 1.2 p@uﬁds more
milo, 0.6 pound»less hulls, and 0.7 pound more total feed than the HM
gfoup.

Average TDN and net energy intakes per steer per day show relatively
greater differences‘among treatmentsvthan total feed. This is due to
the TDN and net energy contents of the‘rations, which varied as much as
8,3 percent in TDN and 11;3 percent in net energy (Table III, Experi-
mental), The greater range in net energy content among rations is
primarily the result of differences in cottonseed hull content, since
the net energy system assigns roughages a much lower value than the TDN
ksystem of feed evaluation. In each of the 3 trials, amounts of TDN (1b)
and net energy (therms) consumed per day decreased in the following
order: ﬁH, MH, HM and MM. This parallele average daily gain relation-
ships among treatments.

Daily nutrient intake in this type of study has not been emphasized
in the literature since it has been experimentally controlled in most
cases.  It has been discussed here in support of rate of gain differences,
as well as to show variations from intended feeding levels. Prior investi-

gations:-have emphasized feed efficiency, however. Feed efficisncy values
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are presented in Table VIII, with a comparison of TDN and net energy
as measures of efficiency of feed use. Corresponding individual trial
values are shown in Appendix Table XXIII.

TABLE VIII. AVERAGE POUNDS OF FEED AND TDN AND THERMS OF NET ENERGY

CONSUMED PER POUND OF GAIN BY STEERS ON DIFFERENT PLANES OF
NUTRITION (TRIALS I, II AND III)

Plane of Nutrition HH VHM MH MM
Rolled mile 6.6 5.5 5ek L.h
Cottonseed meal 0.7 0.9 0.8 0.9
Dehydrated alfalfa pellets 0.5 0.6 0.5 0.6
Cottonseed hulls 2.3 4.0 3.2 4.9
Total 10.03 11.0 9.93 10.8
TDNE | 7.oﬁ 7,14 6.5 6.6
Net energy2 : 6.5 6. Lk 5.9 5.7

1Corresponding values for individual trials are shown in Appendix
Table XXIII. :

2TDN and net energy were calculated using TDN and net energy values
of Morrison (1956).

3(HH + MH) significantly different from (HM + MM) at P < .Ol.

u(HH + BM) significantly different from (MH + MM) at P < .OL.

Using pounds of feed per pound-of gain as the measure of efficiency,
it is apparenﬁ from the 3~year average that the greatest efficiency was
observed on the HH and MH regimes; the HM and MM groups consumed Ové to
1.1 pounds more feed per pound of gain (P < .01). 1In Trial I, no signi-
ficant differences_in tutél feed conSUméd per pound of gain wereobtained.
| The trend, h¢weyéf, was similar to the overall average with the exception
of the ﬁM groﬁp,lwhich ﬁfo?ed to be remarkably efficient. The same trend

observed in the 3-year average was noted in Trial II (P < .005) and Trial
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III (P < .05). A Slight.interaction (P< .10) was also noted in the
éﬂifd year (HH and MM VSrvﬁH and HM), due to the relatively poor gains
of HH steers, desp&teﬂmﬁximum feed intake.
| Use of tofal.feed_as a measure of efficiency can be mizleading
’if ﬁhe rétians &iffer iﬁ kinds and amounts of fesds contained. From the
ave:age of 3 trials,‘TDN consumed per pound of gain was significantly
lower for MH and MM groups than for HH and HM groups (P < .0l). It may
be recalledvthat’HH and MH lbts‘were most efficient iﬁ terms of total
féed. While HH steers required less feed, the greatest proportion was
rolled milo, and TDN content of the ration was 69.5 percent. In cone-
trast, MM calves were fed a ration containing 61,2 percent TDN (Table
111, Experimental). Tﬁus,valthough 0.8 pound more feed was-consumed,
0.4 pound less TDN was required per pound of gain by moderately-fed
éteers.

The same general\trénd applies when net energy is used, rather
than TDN, as a measure of feed effiéiency. However, values were lower
and groups receiving a higher percentage of cottonseed hulls were
slightly favored, since roughages are much lower in net energy than in
TDN..

On an individual triél basis, the results are less easily interpret-
ed, In Trial I,’both TDN and net energy raguired per cwt. gain were
significantly less (P <‘a05) on the HH and HM planes; the same was ob-
served in Trial III for TDN (P < .05) and net energy (P < .01). These
tfgnds‘agreé with the 3~§Ear'averageg In the first trial, & slight
'interéctiéﬁ'(f < ,10) was noted, where HH and MM gr@ﬁps required less TDN

per pound gained than the intermediate groups. However, when differences
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in fill:were.éoﬁsidefed; this:difference was no longer observed., Net
energy,réqﬁired ﬁéf:péund 6f gain was less for HM and MM grcﬁps in
Trial I (P <v,10), which,méy be a reflectioﬁ of higher roughage diets
being féVoréd when feed efficiency is expressed as ﬁet energy.

However, iﬁ Triéi II the reverse situation occurred. Less net
ene;gy‘was.needed by the HH and MH groups (P < .10). A more marked -
differenée was noted for TDN, in which case HH and MH groups were again
mofg efficient than steers on HM and MM treatments (P < .01). This is
probably assdciatéd with maintenance requifeménts, since HH and MH groups
reéched»finél Weight 68 days earlier than steers on the othér treatments.,

The effect of plané of nutrition on feed efficiency reported for
Trials I;vII and III is generally different from that found in the litera-
ture. McMeékénis swine studies (1940a, 1940b) have emphasized the great-
er effiéiency'of the HL group, followed in sequencé by HH, LH and LL
treatments,bwhich is nearly the reverse of the array for TDN and net
energy indicated in Table VIIL.

| One reasbﬁ for this‘difference is that the impulse for the expensive
fattening frocess is ﬁuch stronger in swine than in cattle, particularly
at the ages When thesgvspecies are commonly being fed for slaughter.

Most otﬁef reports With s&iﬁe'also cite advantages in feed effeciency by
restricting'eﬁefgy caﬁtént of the ration after 100 pounds live weight was
attained (Shorrock, 1940; Lucas and Calder, 1956), although Merkel st al.
(1958a) and Lucas gg-gl; (1960) reported negligible differences in
effi&iencf of féed:cohverSionw Wintefs et al. {(1949), with swins, observ-
edvthe moderaté grdup”to be most efficient when maintenance requirements

‘were considered.
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Withgcéttié, dthefgﬂofkeré“have reported that HM regimes are more
desirable'ﬁhanfnm treatments becauéé of fhe large é@ounts of expensive
concentrafés:nee&ed“for'Ehe 1atter‘groupsf(Hammond, 1955; Brookes and
Hodges, 1959;.Gui15éft'§£ él;, i9hh)m These studies were pursued, in
parf, on péétﬁréﬂq£.range and wera‘af'1~3 year's duration. Winchester

et él~.(1957) found no difference in TDN required per cwt. gain when LH
and HH calves (changed at 6 months of age) were fed toithe same slaughter
gréde.. |

while no_litgrétqre has been cited supporting the feed efficiency
pattern.obtéinéd in the j'tfiéls reported herein, the conditions imposed
and/or species used in‘ptévious studies make direct comparisons of little

value. " Most discrepanciés can be explained on this basis.
'Effeﬁt of Plane of Nutrition on Carcass Merit

Carcassvdata“for the first'3'trials are presented in Table IX,.with
the results of individuél years éhown_in Appendix TablevXXIVa Live slaugh-
ter grade scores, as-determined independently by 3-5 members of the panel,
favored the HH and MH groups full-fed in Phase II (P < .01). Grades were
approximately "aﬁerage-toehigh‘good" for these groups and "average good"
for the HM and MM treatments. Carcass gradefscores, obtained in the
same manner, shd&ed an almost identical pattern (P < .025) but further
revealed a significant differance (P < .01) between full-fed and moderat-
ely-fed calvesfin‘Phasé”Iafwhich gf;déd'"Eigh good' and "average good,"
reSpeétively.' E K |

vIt ig ihteresting to note that the differences, although statistical-

ly significant, were quite small. In Trials I and II, both live and
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carcass grades were significantly different (P < .05) when HH and MH treat-
ments were compared to HM and MM groups. In Trial III, a different pat-
tern appeared, where HH and HM groups graded higher than MH and MM groups

(P < .05). This difference was also noted for carcass grades in Trial

1.

TABLE IX. CARCASS DATA (TRIALS I, II AND III)!
S e e
Plane of Nutrition HH M MH MM
Live slaughter grade® 14.83 16.3 15.23 16.2
Carcass grade2 J 11+.2h’5 15.2h 15.75 17.2
Dressing percent6 61.0 60.7 60.3 60.7

Marbling score! 16.78 17.08  20.2 20.8

lgarcass data for individual trials are shown in Appendix Table -
XXIV.

2High good = 1L, average good = 16 and low good = 18.

3(HH + MH) significantly different from (HM + MM) at P < .Ol.
Y(HH + M) significantly different from (MH + MM) at P < .Ol.
5(HH + MH) significantly different from (HM + MM) at P < .025.

6Based on shrunk slaughter weight (16 hours) and chilled carcass
weight (48 hours).

7Subjective score;ilowest values indicate best marbling.

8(HH + mM) significantly different from (MH + MM) at P < .025.

| Thus, a variable effect of different planes of nutriticn on live
and carcéss grades appears. With swine, decreased backfat thickness
has been noted when leower nutritional planes have been imposed (Merkel

et al., 1958b; Brugman, 1950; Shorrock, 1940; Winters et al., 1949;
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Lucasiand Caldér) 1956; Lucas et al., 1960). However, Guilbert et al.
(i9hh) and winChester gilgl. (1957) did not detect grade differences when
cattle:wefe subjected.to differeﬁt feed levels and then fattened to
appro#imétely the samé.yield and weight. High-low treatment was found
to decrééée»laﬁb carcass grades, when compafed io the low-high treat-
ment, by.wéber et al. (1931) and Palsscn and Verges (1952b).

Dressing percentages were generally less affectéd by changes in
feeding plane. ‘fhe B-year average (Teble IX) shows small, ihsignifim
cant differences among treatments and no trend is apparent among the‘
treatments>imposed.' Yield data for individual years was more variable,
but, in general, no consistent trendéxwere observed. This was expected

since grade differences were not large. Merkel et al. (1958b) and

Winters et al. (1949) obtained lower yields when swine were subjected to

rest;icted rations, whereas other workers (Brugman, 1950; Shorrock, 1940;
Lucas et al., 1960; Lucas and Calder, 1956) were unable to detect‘diEQ
ferencesvin yield with swine subjected to different nutritional levels.
Similar results héve been reported with cattle (Guilbert et al., 19kL;
Winchester et al., 1957). However,‘when sheep were used by éeveral
investigators, lower dressing percentages were obtained on restricted

or low planes of nutrition (Weber et al., 1931; Palsson and Verges,
1952a, 1952b).

' Marbling score data indicated more intramusculsr fat for the HH and
HM18r°#PS“Fh;ﬁ in the case of MH and MM treatments (P < .025). This
same géﬁ§f$1_trend’was 6bserved in each of the three trials. Since
marbling is an impdrtant considerati@n in carcass grading, it is not

surprising'that the two vary in the same direction. British workers,
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however, have observed that mafbling in lambs is more dependent on age
of the animal than on the plane of nutrition imposed~(Palsson and -
Verges, 1952b). This may explain the difference in ﬁarbling score in
favor of the HM group, compared to MH, despite the similarity in grade.
Highmmodefate steers ware“slightlyiolder at time of slaughter.
Effect of Piane of Nutrition on Body
aud Carcasg Measurements

Average live animal measurements for Trials I, II and III are
presented in Table X. Appendix Tables XXV through XXX show correspond-
ing values for individual trials, together with the referenée points
used in taking these measurements.

When the three trials were averaged, no significant differences
were observed f&r height at withers or length of body{ measurements
which might be expected to reflect changes in skeletal developmsnt. 1In
Trial I, Phase I, length of body increases were greater for HM and MM
groups (3.4 inches vs. 2.0 inches), while height at withers increased
1.3 inches for MH and MM steers compared to -0.2 inches for the HH and
BEM steers (P < .10). This indicates a lack of precision in obtaining
manﬁ of the live measurements, due to variations in étance of the
animal and éossible errors in use and position of the calipers.

Length and height measurements are less influenced by different
nutritional levels £han "thickness" dimensions. Waters (1908) observed
an increase in height, even when steers were losing weight. At 200
p0unds; swine on HL and LL treatments were longer in body and leg

measurements than LH and HH groups, according to McMeekan {19LOb).
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TABLE X. AVERAGE LIVE ANIMAL MEASUREMENTS OF STEERS ON DIFFERENT
: ' PLANES OF NUTRITION (TRIALS I, IT AND III)1,2

Plane of Nutrition  ' B v HH HM _ ME MM
Height at withers.-b . -
Initial . o 39.4 Lok 39.5 39.6
Mid point . S : hi.h hi,3 41.3 o k1.2
Final L.k by.8 hh. 3 i3
Length of body '
Initial h7.h Ly.2 47.6 L7.7
Mid peoint 4.2 48.6 h9.1 50.0
Final 51.4 51.6 51.9 52,2
Heart Girth
Initial s5h.6 55.6 54,2 5543
Mid point 63.1 62.6 62.0 62.6
Final 69.7 68.6 68.63 68.6
Width of shoulder v
Initial s 13.6 13.6 13.k4 13.2
Mid point 16.6 - 16.6 16.0 16.0
Final 18.4 18.5 18.4 18.2
Width of loin | »
Initial - 10.5 10.4 10.5 10.3
Mid point 11.6 11.7 11.4 11.5
Final _ 12.6 12.6 12.6 13.0
Width of rouﬁd |
Initial : 12.9 13.0 12.8 12,3
Mid point : 16.8 16.6 16.2 16.0
Final S » 18.2 18.0 18.2 17.9

liive animal measurements for indivmdual trials are shown in Appendlx
Tables  XXV. through XXX.-

2Al1 values are expressed in inches.,

3(HH;+_MH) significantly different from (HM + MM) at P < .10.
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Wilson (1952)noted small but consistent differences in external measure-
ments of poultry; 1arger values were found for the LL and HL groups,
when compared at equal weights.

Heart girth measurements increased more, during Phase II, for the
groups full-fed during that peried (P < .IO); the szame trend was observed

t al. (1951) to be

in each trial. This measurement was found by Kohli
more indicative of daily gains than height at withers, width of shoulders
or length of body, and is generally considered as one of the more reli-
able live animal meégurements.
| Width measurements (shoulder, loin and round), which tend to re=

flect differences in fatness more than skeletal changes, and consequent-
ly may be more influenced by varied nutritional planes, did not raveal
significant diffgrences at any time during the three trials. As with
 height and length measurements, precision may have been quite losr, These
"thickness" measures have been shown by several workers to increase
relatively more on higher planes of nutrition (Guilbert et &l., 194k,
McMeekan, 1940a; Brugman, 1950; Cook et al., 1951). |

Carcass measurementg are presehted in Table XI. For individual
trials, corresponding valués may be found in Appendix Table XXXY.
Reference poihts for the various measurements are given in Appendix
Table XIX. Greater length of carcasses from the MH and MM groups
was observed (P < .10) which agrees with the results obtained by
/MCMeekan (1940a, 1940b) and Brugman {1950).

None of the other carcass measurements taken were significantly
different for the treatments studied, This suggests that dimensions of

steers subjectad to these treatments were not appreciably diffevent
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TABLE XI. AVERAGE CARCASS MEASUREMENTS OF STEERS ON DIFFERENT
- PLANES OF NUTRITION (TRIALS I, II AND III)%,2

Plane of Nutrition . mH_ HM MH MM
Carcass length 45,13 hh.93 45,3 .h5.7
Length of leg 29.0 29.3 29.2 29.6
Circumference of roundu 33.0 32.8 32.5 33.5
Length of loin 23.7 23.9 23,9 24,3
Depth of body - 15.0 15.0 15.2 15.2
Width of shoulder - 8.2 7.9 8.0 8.0
Width of round '»' 9.0 9.0 8.9 8.9
lAverages of right and left sides, in inches. ~

2Carcass measurements for individual trials are shown in Appendix
Table XXXI.

3(uH + M) significantly different from (MH + MM) at P < .10.

Yrials I and II only.

since carcass measurements are easy to obtain with accuracy and to repeat
with precision, in contrast to similar observations on theilive animal.
If any trends can bé cited, they are the comsistently higher values for
meaéurements from the mederate group (MM). This would be expected,
particuiarly wifh skeletal measurements, whenever differences in plane
of nutrition were marked and animals were removed from expefiment,at

constant weight or gain.



Effect of Plane of Nutrition on Steers Fed for
Equal Feedlot Gain or Equal Length of Time

As shown in Table XII, moderately-fed steers (Moderate II) required

65 days longer than full-fed steers to reach an estimated 350 pounds

TABLE XII. WEIGHT GAINS OF STEERS ON DIFFERENT
PLANES OF NUTRITION (TRIAL IV)

Plane of Nutritiou High Moderate I Moderate TI
Time on feed (days)l 2061 o6t 271
Av. weights (1b)2
Initial L84 L85 483
Final 838 755 831
Av. daily gains (1b) 1.723 1.31 1.29

l(migh + Moderate I) significantly different from 2 (Moderate 1I)
at P < .001.

2Shrur_lk weights (16 hours off feed and water).

32(uigh) significantly different from (Moderates I and II) at P < ,001.

feedlot gain. The 2 moderate groups, I and II, gained at essentially the
same rate, which was O.41 and 0.43 pound less per day, respectively, than
the high group. These results are nearly identical to the performance of
the HH and MM groups in Trial III. It was anticipated that the Moderate I
steers (removed with the highs) would gain more rapidly since, in Trial
III, moderate groups gained approximately 1.6 pounds per day for the

fifst 200 pounds gain. Total gain was only 270‘pounds for the Moderate

I group in Trial IV. The reason for the relatively low gain in this test

is not apparent.
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It can be seen from Tables III and V (Experimental) that actual
percentages of TDN and net energy in the rétions were 12.5 and 10.8 per-
cent lower, respectively, for the high group and 15.7 and 12.32 percent
less, respectively, for the low group, in Trial IV, as compared to the
earlier trials. This was due primarily to the addition of silage in
the fourth trial. However, increased consumption in Trial IV resulted
in daily feed, TDN and net energy intakes slightly above those in
previous years (Table XIII). \The moderate groups consumed sbout 3.0

TABLE XIII. FEED, TDN AﬁD NET ENERGY CONSUMED PER DAY AND FER

POUND OF GAIN BY STEERS ON DIFFERENT PLANES OF NUTRITION
(TRIAL IV)

~ Plane of Nutritien High Moderate I Moderate II
Average daily feed (1b)
Rolled milo 12.4 6.5 6.9
Cottonseed meal 1.5 1.5 1.5
Dehydrated alfalfa pellets 1.0 1.0 1.1
Cottonseed hulls 2.0 3.9 .2
Sorghum silage 6.8 11.5 9.
Total 23.6 2L .4 23.h
Average daily TDN (1b)l 13.5 10.4 10.6.
Average daily net energy (therms)l 12.7 9.5 9.6
Feed per 1b. gain (1b)
Rolled milo 7.2 5.0 5.3
Cottonseed meal 0.8 1.1 1.1
Dehydrated alfalfa pellets 0.6 0.8 0.9
Cottonseed hulls 1.2 3.0 3.3
Sorghum silage 4.0 8.8 7.5
Total ’ 13.72 18.6 18.2
TDN per 1b. gain (1b)l 7.8 8.0 8.3
Net energy per 1b. gain (therms)!l T+ 3 7.2 7.5

LTDN and net energy were calculated using TDN and net energy values
of Morrison {1956).

22(migh) significantly different from (Moderates I and II) at P < .025.
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pounds less -TDN and 3.2 pounds less net energy per day than the High
group, although daily feed intakes were quite similar.

Full-fed steers were more efficient in terms of total feed consumed
per pound of gain (P < .025), requiring 4.7 pounds less than the moder-
ately-fed groups. This agrees with the earlier trials. However, no
significant differences among treatments were observed when efficiency
of feed conversion was expressed on the basis of TDN or net energy.
Highs required 0.2 pound less TDN than Moderates slaughtered at the sémg
timé, bﬁt consumed O.l therm more net energy. The Moderate 1 group
needed 0.3 pound less TDN or therm net energy than calves fed moderately
for 350 pounds gain. As mentioned in discussing earlier trials, othsr
investigators have observed variable effects of different nutritional
planes on efficiency of feed conversion. In some instances, little effect
was noted; in others, restricted or lower feeding levels improved feed
efficiency. Both situations have been observed in the U trials reported
herein. |

Carcass data are presented in Table XIV. Live slaughter:grade and
carcass grade gave identical trends. The High group graded."average

crade

L=

good," which was significantly higher (P < .05) than the average
of the moderate groups. Grades for Modéfates i and II were "'average to
high standard" and "low good," respectively, which were also significant-
ly different (P < .05).

Dressing percentages were lowest for Moderate I steers (P < .03),
while ylelds were essentially equal for the High and Mederate IL groups.
The Moderate I group alsc showed the least desirable marbling, with

little difference betwsen the other treatmsnts. However, due to wide
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variation in the marbling scores, no statistical significance was

obtained.

TABLE XIV. CARCASS DATA {TRIAL 1IV)
Plane. of Nutrition High Moderate I Moderate TI
Live slaughter gradel 16.2° 20.83 17.8
Carcass gradel 16.82 21.0° 18,2
Dressing percentlL 58.8 56.63 5900
Marbling score’ 19.0 22,1 19.4

1Average good = 16, low good = 18, high standard = 20 and average
standard = 22.

“2(migh) significantly different from (Moderates I and II) &t P < .05.
3(Moderate I) significantly different from (Moderate II) &t P < .O5.

4Based on shrunk slaughter weight (16 hours) and chilled carcass
weight' (48 hours),

SSubjective score; lowest values indicate best marbling.

It appears that feeding steers on a moderate plane of nutrition for
no longer than full-fed steers praduces a relatively undesirable carcass.
Live animal measurements are presented in Table XV. In general,
increases in the various dimensions were less for the Moderate I group,

which was expected, since these steers weighed approximately 80 pounds
less than the other steers at time of slaughter. The differences were
significantly greater (P < .05) for the Moderate II group, when camparéd
to Moderate I, in height at withers (6.3 vs. 3.7 inches) and heart girth

(13.4 vs. 10.0 inches). Increases in heart girth alsc favored the High



group (P < .10) when compared to the average of the moderate groups
(14.5 vs. 11.7 inches). As in earlier trials, heart girth appeared

to be a more reliable indicator of differences in nutritional plane than
the other measurements. Large errors in measuring technigque may have
influenced results obtained.

TABLE XV. LIVE ANIMAL MEASUREMENTS OF STEERS ON DIFFERENT PLANES
OF NUTRITION (TRIAL Iv)!

oo zmaves e csmamcms

Plane of Nutrition High Moderate 1 Moderate II:
Height at withers -
Initial 39.6 30.1 39. 3
Final L7 k2,82 k5.6
Length of body ‘
Initial L7.2 b7k L7.8
Final 51.8 51.2 51,4
Heart girth
Initial 55.4 54,6 54.9
Final 69.93 6l 62 68.3
Width of shoulder
Initial 13.1 12.9 13.4
Final 18.0 17.3 18.0
Width of loin
Initial 10.k4 109h 10.3
Final 12.7 12.1 12.8
Width of round
Initial } 12.8 1.3¢O ],24:5
~Final 18.1 17.8 7.4

IA11 values are expressed in inches.
2(Moderate I) significantly different from (Moderate II) at P < .05.

32(High) significantly different from_(M@derates I and II) at P < .10,
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Carcass measurements, as shown in Table XVI, were remarkably
similar among the 3 groups; particularly carcass length, length of leg,
length of loin and depth of body, all of which reflect skeletal growth.

TABLE XVI. CARCASS MEASUREMENTS OF STEERS ON DIFFERENT
- PLANES OF NUTRITION (TRIAL 1v)l!

o ==
Plane of Nutrition __High Moderate I Moderate II
Carcass length k5.l k5.2 45,8
Length of leg - 29.3 29.0 29,5
Length of loin 24,0 24,0 ok, 2
Depth of body 15.0 14.9 15.1
Width of shoulder 7.9 7.5 7.9
Width of round | - 9.0 8.6° 9.0

laoverages of right and left sides, in inches.

2(Moderate I) significantly different from (Moderate II) at P < .10,

Values for the Moderate I group were slightly less, and for the Moderate
II group slightly greater, than for the High gruup; Width of round and
width of shoulder, however, were considerably less (P < .10) for the
Moderate I group. It appears that when full-fed and moderately-fed
steeré are‘removed from treﬁtment after the same period of time, the
lower plane of nutritidn does mnot appreciably affect skeletal growth but
causes primarily a retardation in "thickness" or fleshing dimensions.
This trend is in agresment with the theory of differential rates of

development of body parts suggested by McMeckan {1940a).
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In Trial IV, reﬁoval'of'moderate1y~fed steers with the High group
instead of feeding them to an equal amount of gain had little effect on
rate of gain and slightly improved feed efficiency, but resulted in

narrower carcasses which were inferior in grade and yield.
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vThree_trialé, involﬁing 64 weanling steer calves, wers conducted to
Stﬁdy'thé:effectévof different planes of nutrition on feedloft performance,
carcass merit and growth and development of body parts. The planss of
nutrition imposed were: Full-feeding until the steers had attained 360
to 4LOO pounds feedlot gain (HH); full—feeding for approximately half of
the total gain, followed by a moderate level of feeding (HM); moderate
feeding, followed by full-feeding (MH); and a moderate level of feeding
throughout (MM). The different nutritional planes were achieved by
varying the amouht of rolled milo and cottonseed hulls in the ration,
with cottonseed meal and dehydrated alfalfa pellets as the other Ifngre-
dients. The caftle were individually-fed .and were removed from experi-
ment when each had gained 360 to 400 poun@s total feedlot gain.

Rates of gain varied with the nutritional planes imposed. HE and
MH groups gained 0.29 pound more per day, consumed l.4 pounds more daily
feed,-but'tequired 1.0 pound less feed per pound of gain than HM and MM
groups. However, the.MH and MM groups wers more efficient on either a
TDN or net energy basis. Slaughter and carcasgs grades were similar, but
favored‘the HH group, the MM group grading lowest. Differences in dres-
sing pércéntage, 1ivevanimal measurements and carcass measurementg'Werev
generally negligible aﬁd'nonmsignificant, except for heart girth, which

increased more for the HH and BM treatments,

Ls
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Inian‘addifioﬁal triél; 2L éteer cal&es were used to compare the
effects of rem&ving moderétely—fed steers after having been on feed an
equal ‘length of time as full-fed steers (Moderate I), with removal after
equal feedlot gain of 350 pounds (Moderate II). Full-feeding resulted in
0,42 pound more gain per day on 4.7 pounds‘less feed per pound of gain,
when éomparéd.to the mederate groups. However, feed effiéiancy differ=
ences were negiigible when expressed as TDN or net energy. Live and
carcass grades werevimproved by full-feeding, but yield, marbling score
and body and carcass measurements of the High group were similar to those
for the Moderaﬁe II group.

) Rémo?al of moderately-fed steers at the same time as the High group
(Moderate I) rather than feeding for the same total gain (Moderate II)
had essentially no effect on rate of gain, but improved feed efficieﬁgy
slightly, and lowered live and carcass grades, yield and marbling score.
‘Live animal and carcass measurements were not appreciably affected except
for a decrease in heart girth, and in width of shoulder and round in the

carcasses of the Moderate I group.
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TABLE XVII. ANALYSIS OF VARIANCE TABLES USED FOR ALL

DATA EXCLUDING LIVE ANIMAL MEASUREMENTS

b —————— e

Degrees of -

- Source of
Trial Number S Variation - Freedom
S SR : : Total 15
o : Treatment 3
Steers within
treatmsnt 12
II , : Total 19
: : Treatment 3
Steers within
treatment 16
III Total 21
Treatment "3
Steers within
treatment 18
I, 11, II1 Total 57
- Treatment 3
Year 2
Treatment x year 6
Steers within
treatment within ‘
year L6
v Total 23
' Treatment 2
Steers within
21 .

treatment
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TABLE XVIII. ANALYSIS OF COVARIANCE TABLES USED
FOR LIVE ANIMAL MEASUREMENTS

- Source of Degrees of Deviations from Regregsion
Trial Number Variation Freedom Degrees of Freedom
1 Total 15 14
S ' Treatment 3
Steers within
treatment 12 11
Adjusted means 3
II Total 19 ' 18
Treatment 3 ’
Steers within
treatment 16 15
~Adjusted means 3
III Total 21 26
Treatment 3
Steers within
treatment 18 17
Adjusted means C 3
I, II, III Total 57
’ ' ' Treatment 3
Year 2
Treatment X year 6 5
Steers within
treatment within
year L6
Treatment + (treat-
ment x year) 9 8
Ad justed means 3
Iv Total : 23 22
. Treatment 2. .
Steers within
' treatment 21 20
Ad justed means ' 2
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TABLE XIX. REFERENCE POINTS FOR CARCASS MEASUREMENTS

P 3
o

Measurement

Reference Points

Carcass length.
Length of leg

Circumference of round
.Length of loin

" Depth of body

Width of shoulder

Width of round

Distance from anterior edge of the first
rib, adjacent to the vertebrae, to the an-
terior edge of the aitch-bone.

Distance from anterior edge of the aitch-
bone to the furthest extremity of the
round.

Circumference at a point 40 percent of the
distance obtained for length of leg from
the anterior edge of the aitch-bone, and
parallel to the floor.

Distance from anterior edge of the aitch-
bone to the center of the eighth vertebra,
counting anteriorly from the last lumbar
vertebra.

Distance from the dorsal edge of the spinal
canal at the fifth thoracic vertebra to the
ventral edge of the sternum, on a line
parallel to the floor.

Horizontal distance from center of first
thoracic vertebra to the exterior surface,
perpendicular to dorsal-ventral midline
of carcass.,

Horizontal distance from center of sitch-
bone to the exterior surface, perpendicular
to dorsal-ventral midline of carcass. .




TABLE XX. AVERAGE COMPOSITION OF RATIONS‘{Percent)

5k

. HH

|

Plane of Nutrition HM MH
Trial I |
| Rolled mile 67.3 hr.9 55.6 36.4
" Cottonseed meal 5.1 6.6 6.3 7.7
Dehydrated alfalfa pellets L8 4,8 5.2 5.2
Cottonseed hulls 22.8 4o.6 32.9 50.7
Trial II
Rolled milo 67.3 48.7 55.7 40.3
Cottonseed meal 7.0 7.7 7.9 8.3
Dehydrated alfalfa pellets 5.1 5.6 5.3 5.6
Cottonseed: hulls 20.6 38.0 31.0 45.8°
Trial III
Rolled milo 63.0 52.1 53.9 h3.7
Cottonseed meal 7.6 9.2 8.6 9.9
Dehydrated alfalfa pellets 5.2 6.1 5.6 6.6
24,1 32.7 V31;8;;., 39.8

Cottonseed hulls




TABLE XXI.

PLANES OF NUTRITION

WEIGHT GAINS OF STEERS ON DIFFERENT
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Plane of Nutrition HH HM - MH MM
Trial I
Time on feed (davs) 1781 198 190t 188
Av. weights (1b)2
Initial 12-26-56 520 520 508 525
Final 885 882 872 894
Av: daily gains (1b)
Phase I 2,603 = 2.483 2.13, 2.22
Phase IT 1.67%:5 1.39° 1.7 1.70
Total period 2.07 1.84 1.941 1.96
Total period minus £1116 1.687  1.39 1.537 © 1.ko
Trial II
Time on feed (days) 2058 261 2028 281
Av. weights (1b) ;
Initial 11-12-57 50k b7 475 515
Final 899 860 875 915
Av. daily gains (1b)
Phase I 1.993 1.963 1.66 1.60
Phase II 1.88%,3  1.163 2.018 1.3
Total period p 1.948 1.47 1.818 1.3
Total period minus £ill 1.65° 1.2 1.508 1.19
Trial TII |
Time on feed (dags)‘ 2398 279 o418 310
Av. weights (1b)
Initial 11-18- 58 Lhs Lkt 448 k31
Final 847 835 847 828
Av, daily gains (1b) .
‘Phase I 2.2k % 5,009 1. 9&% 1.62
Phase II 1.388 1.0k 153 1.09
Total period 1.7oZ 1.40 1.68 1.28
Total period minus £1116 1.47 1.25 1. L 1.13
1(HH + MH) significantly different from (HM + MM) at P < .10.
2Shrunk weights (16 hours off feed and water).
3(HH + M) significantly different from (MH + MM) at P < .Ol.
- Y(uH 4+ MH) significantly different from (HM + MM) at P < .0S.
5(HH + HM) significantly different from (MH + MM) at P < .O5.

Contents of rumen, reticulum, omasum and abomasum were determined
at time of slaughter and deducted from live animal weight.

7(HH + MH) significantly different from (HM + MM) at P < 025
8(uH + MH) significantly different from (HM + MM) at P < .OOL.
9(HH + HM) significantly different from (MH + MM) at P < .025.
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TABLE XXII. AVERAGE,POUNDS OF FEED AND TDN AND THERMS OF NET ENERGY
CONSUMED PER DAY BY STEERS ON DIFFERENT PLANES OF NUTRITION

Plane of Nutrition ‘ HH M MH MM

Trial 1
Rolled milo - - 13
Cottonseed meal 1
Dehydrated alfalfa pellets 1
Cottonseed hulls kL,
Total 20

N
3

TNt
Net energy1

Trial II1

Rolled milo 12
Cottonseed meal 1
Dehydrated alfalfa pellets 1
Cottonseed hulls 3
Total 18

3

2

ToN! 1
Net energy1 1
Trial III
Rolled milo 11
Cottonseed meal 1
Dehydrated alfalfa pellets 0.
Cottonseed hulls L
Total : 18

ToN!

1
Net energy1 : 1

lTDN and net energy were calculated using TDN and. net energy values
of Morrison (1956).
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TABLE XXIII. POUNDS OF FEED AND TDN AND THERMS OF NET
ENERGY CONSUMED PER POUND OF GAIN BY STEERS
ON DIFFERENT PLANES OF NUTRITION

m

‘Plane of Nutrition HH HM MH MM

Trial 1

Rolled milo 6.6
Cottonseed meal 0.5
Dehydrated alfalfa pellets 0.5
Cottonseed hulls 2.2
Total 5.8

6.6

6. k4

TDN!
Net energyl
Trial II
Rolled milo
Cottonseed meal
Dehydrated alfalfa pellets
Cottonseed hulls
Total

I
[

3

TpN!
Net energy1

ONON VO OO OO
+= o [0 oS RN; E_NENe)N

FSoN

Trial III
Rolled milo 6.9
Cottonseed meal 0.8
Dehydrated alfalfa pellets 0.6
Cottonseed hulls 2.6
Total 11.1

o h 7.5 . 7.42
Net energyl 7.17 6.7

- lppN and net energy were calculated using TDN and net energy values
of Morrison (1956).

2(HH + ®M) significantly different from (MH + MM) at P < .O5.
3(HH + MM) significantly different from (MH + HM) at P < .10.
(HH + MH) significantly different from (HM + MM) at P < .10.
o(HH + MH) significantly different from (HM + MM) at P < .005.
6(HH + MH) significantly different from (EM + MM) at P < .OL.
T(HH + M) significantly different from (MH + MM) at P < .OL.



TABLE XXIV.

CARCASS DATA
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Plane of Nutrition HH HM MH MM
Live élaughter gradel
Trial I 12.6% 15.7 12.6° 4.6
Trial II 14.8 17.1 15.43 15.6
Trial TII 16,34 16.04 16.9 18.7
Carcass grade1
Trial I 11.53 = 14.0 13.03 15.2
Trial II 14.53:4%  15.6% 15.53 16.7
Trial III 15.85 15.6° 17.6 19.8
Dressing percent6
Trial I 63.6 61.3 62.4 61.2
Trial II 60.9 60.3 60.7 60.8
Trial III 59.3 60.5 58.5 60.0
Marbling scorel
Trial I 15.38 16.28 18.3 19.5
Trial II 16.98 16,59 20.0 19.h
Trial ITI 17. 4% 17.9% 21.6 23.7

lrow choice = 12, high good = 1k, average good = 16, low good = 18

and high standard = 20.

2

3(HH + MH signifiéantly different from (HM + MM

)
)
h(HH + HM)
)

5(HH + M) sighificantly different from (MH + MM)&t P < .Ol.

6
weight (48 hours).

1

C

. i
significantly different from (MH + MM

at P < .05,

at;P < .05.

7Subjective score; Jlowest values indicate best marbling.

8(HH + HEM) significantly different from (MH + MM) at P < .10,

(HH + MH) significantly different from (HM + MM) at P < .025.

“Based on shrunk slaughter weight (16 hours) and chilled carcass
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' TABLE XXV. HEIGHT AT WITHERS MEASUREMENTS OF STEERS ON
DIFFERENT PLANES OF NUTRITIONI

Plane of Nutrition ©_HH HM MH MM
Initial |
Trial 1 Lo.2 bo.5 39.k4 39.2
Trial II 38.8 39.5 39.3 39.8
Trial III 0. 29.8 39.8 39.7
Mid point
Trial I 41.02 41.22 50.6 40.6
Trial IT h2.1 Lho.g 1.7 k2.0
Trial IIT 41.0 4o.7 h1.4 40.8
Final
Trial I L. 5 Lh.3 43.5 43.4
Trial II . L4.8 k5.9 L5.1 L.k
Trial TII 44,0 L. 3 L1 43.8

lshortest vertical distance from top of withers to floor with steer
in normal standing position. All values are expressed in inches.

2(HH + HM) significantly different from (MH + MM) at P < .10.
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TABLE XXVI. LENGTH OF BODY MEASUREMENTS OF STEERS ON
DIFFERENT PLANES OF NUTRITIONL

Plane of Nutrition - HH HM MH MM
Initial
Trial I 50.1 49.9 koL L8 . kL
Trial II k6.9 Lol 48.1 L8.6
Trial ITX ke.1 s, b 46.2 45,8
Mid- point A
Trial I 51.82 52.5 51.87 52.5
Trial II hg,1 48.0 ho.2 49.8
‘Trial III L7.5 46,7 h7.2 46.8
Final
Trial I 5.5 55,2 5h. 55.3
Trial IX 50.5 50.9 51.5 52.2
Trial III 50.1 49,7 50.6 Lo,1

1Shortest distance from point Qf‘shoulder to pins, parallel to
midline, with steer in normal standing position. All values are expressed
in inches.

2(HH + MH) significantly different from (HM + MM) at P < .10.



TABLE XXVII. HEART GIRTH MEASUREMENTS OI STEERS ON
’ DIFFERENT PLANES OF NUTRITION!

Plane of Nutrition HH M MH MM
Initial
Trial I 53.8 55.9 shl 54.8
Trial II 55.7 55.2 54,5 56.2
Trial III 54,2 55.8 53.9 54,8
Mid-point
Trial T 62.5 62.5 61.6 61.5
Trial II 65.5 63.4 63.6 65.4
Trial III 61.6 62.1 60.8 - 60.2
Final
Trial I 68.8 68.2 68.2 67.5
Trial II 71.2 69.3 70.5 70.9
Trial III 9.1 68.3 67.3 66.8

loircumference of body immediately behind elbow with steer in

normal standing position. All values are expressed in inches.
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TAﬁLE.XXVIII} WIDTH OF SHOULDER MEASUREMENTS OF STEERS ON
' DIFFERENT PLANES OF NUTRITION1

Plane of Nutrition . | HH M MH MM
Initial
Trial I 12.6 12.6 12.2 12.1
Trial II : 13.5 12.8 12.8 13.3
Trial ITI 14.3 14.8 14.8 k.2
Midapoint
Trial I 15.2 15.6 h.7 14.8
Trial II 17.6 16.7 16.2 16.8
Trial III 16.8 17.2 16.8 16.3
Final
Trial I 16.2 17.0 16.2 16.3
- Trial II 19.5 18.5 19.0 19.1
" Trial III 19.1 19.4 19.3 18.9
1

Widest points, perpendicular to midline, with steer in normal
standing position. All values are expressed in inches.
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TABLE XXIX. WIDTH OF LOIN MEASUREMENTS OF STEERS ON
DIFFERENT PLANES OF NUTRITION!

. g
- ——

Plane of Nutrition | ‘ HE' HM MH .MM
Initial
Trial I 10.0 9.8 10.1 10.0
Trial II 11.1 10.3 10.1 10,7
Trial III 10.3 10.9 10.9 10.0
Mid-point
Trial I 11.4 11.2 10.5 11.0
Trial II 11.7 11.7 11.7 12.0
Trial III 11.7 11.8 11.6 11.4
Final
Trial I 12.6 12.8 12.6 13.5
Trial II 12.6 12.4 12.4 12.9

Trial III 12.6 12.8 12.7 12.5

l§idth of loin measured at half the distance from hooks to last
rib, perpendicular to midline, with steer in normal standing positlon.
A11 values are expressed in inches.



TABLE XXX. - WIDTH OF ROUND MEASUREMENTS OF STEERS ON

DIFFERENT PLANES OF NUTRITIONl

6L

Plane of Nutrition

HH MH MM

Initial

Trial I 10.7 11.1 10.6 10.5

Trial II 13.5 12,8 12.7 12.2

Trial III 14.0 4.5 kb 14,0
Mid: point

Trial I 13.8 13.9 12.8 13.3

Trial II 18.5 17.0 16.6 16.8

Trial III 17.5 18.0 18.1 17.7
Final |

Trial I 15.7 4.9 15.4 15.6

Trial II 19.2 18.7 18.7 18.7

Trial III 16.0 "19.4 1 19.7 19.2

lyidest points, perpendicular to midline, with steer in normal
standing positiomn.

All values are expressed in inches.



TABLE XXXI.

W

CARCASS MEASUREMENTS OF STEERS ON
DIFFERENT PLANES OF NUTRITION!
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" Plane of Nutrition HH HM MH
‘Carcass length
Trial I Ll L ik Ly, 2 L.2
Trial II Ls.b 45.8 45.7 46.9
Trial III 45,3 kh.5 L5.6 L5.6
Length of leg
Trial I 28-6 2808 28.2 2806
Trial II 28.9 29.7 29.4 30.3
Trial III 29.3 29.3 29.6 29.8
Circumference of round
Trial I 3h.2 33.9 33.1 3k.0
Trial II 32.0 31.9 32.1 33.1
Trial IIT ——— ———— J— oo
‘Length of loin '

- Trial I 23.7 23.9 23.6 2k.0
Trial 1II 23.7 2.3 2h.2 24.8
Trial III 23.8 23.5 23.8 2h.1

Depth of body
Trial I 14.8 4.k 14.8 14.6
Trial II 15.0 15.2 15.2 15.7
Trial III 15.1 15.3 15.4 15.2
Width of shoulder -
Trial I 8.3 7.9 7.8 T T
Trial I1 8.5 8.0 8.3 8.3
Trial III 7.8 7.9 8.0 8.0
Width of round
Trial I 8.4 8.8 8.2 8.3
Trial II 9.L 9.1 9.2 9.3
Trial III 9.0 9.0 9.1 9.1

1Averages of right and left sides, in inches.
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