SOME EFFECTS OF DIFFERENT PLANES OF NUTRITION,ON CARCASS
CHARACTERISTICS OF FATTENING STEER CALVES AND
RELATIONSHIPS AMONG VARTOUS LIVE ANIMAL
AND CARCASS MEASUREMENTS

By

ROBERT F. HENDRICKSON
1
Bachelor of Science
The University of Wisconsin
Madison, Wisconsin
June, 1956

Master of Science
Oklahoma State University
Stillwater, Oklahoma
May, 1961°

Submitted to the:Faculty of the Graduate School of
‘the Oklahoma State University of Agriculture and
Applied Science in partial fulfillment of the
requirements for the degree of
DOCTOR OF PHILOSOPHY
August, 1962



H e S"5
\Rbay
'H"#(f%s

QQF\Z



OKLAHOMA
STATE UNIVERSITY
LIBRARY

NOV 8 1962

SOME EFFECTS OF DIFFERENT PLANES OF NUTRITION ON CARCASS
CHARACTERISTICS OF FATTENING STEER CALVES AND
RELATIONSHIPS AMONG VARIOUS LIVE ANIMAL
AND CARCASS MEASUREMENTS

Thesis Approved:

(Pt gt
(R Nehnt
Cinalgzi;ﬂﬁﬁﬁﬂa//

/ e
/;4/( fﬁgée/@//f/‘fi

'x/ -C 207 8 ot e 5
N 5 A e 5P F e B
7

..’; /é“"ﬁw
\ l,'f

Dean of the Graduate School i

504434

ii



ACKNOWLEDGMENT

The author wishes to express his sincere appreciation to Dr. L. S.
Pope, Professor of Animal Husbandry, for his valuable guidance during the
course of this study and in the preparation of this thesis.

Grateful acknowledgment is also extended to Dr. R. L. Henrickson
of the Animal Husbandry Department for his invaluable assistance in
obtaining the necessary carcass information.

The author is deeply indebted to Dr. Wm. Granet of the Mathematics
Department and to Mrs. Cassie Spencer, Supervisor of the Computing Center,
for their advice and cooperation concerning computational problems.
Appreciation is also extended to Dr. J. V. Whiteman of the Animal Hus-
bandry Department for suggestions concerning the statistical aspects of
this study.

The author is indeed grateful to George Odell of the Biochemistry
Department for conducting the chemical analyses, to Dr. J. R. LeGendre
for conducting the first trial of this experiment, and to Mrs. Grady
Williams for obtaining much of the information involving cooked samples.
Thanks are also extended to the members of the grading committee, which
included Drs. L. S. Pope, R. L. Henrickson, J. V, Whiteman, J. C. Hillier,
L. E, Walters, Robert Totusek and Doyle Chambers, and to the many
students who cared for the cattle and assisted with slaughtering and
collection of data,.

Special thanks is due the author's wife, Norma, for her encouragement
in the preparation of this thesis.

i



TABLE OF CONTENTS

INTRODUCTION. o o o "on L6k . o & o Bk & ¢ @ o ¢ @ ol Y9I weFuel (O @ 9 ¢ e W

REVIW OF LITERATUREO ' o) lex @ @ orie e ok @ ok g T8 & WF. e « & e o o o

Early Body Composition Studies . . . . . . . . .
Effects of Plane of Nutrition on Carcass Traits.
Carcass and Tissue Composition. . . « « .
Quality Factors . . v . ¢ ¢« ¢ ¢ ¢ ¢ o o o o
Efficiency on a Carcass Basis . . . « « « &

o eV iel e v

Relationships Among Live Animal and Carcass Traits . . . . .

MATERTALS AND METHODS .

. . . & @

Trials I, IT and IIT . . . .

Trial IV L] L] L] . -

Analysis of the Data . . . .

RESULTS AND DISCUSSION.

Effect of Plane of Nutrition on Carcass Traits
Subjective Grading Scores . « ¢« « « o« « o«
Slaughter Floor Data. . . . « . . .
Yield of Wholesale Cuts . « .« . . &
Specific Gravity Determinations . .
Rib Eye Measurements. « « « « o « o &
Physical Separation Data. . . . . .
Chemical Analysis of Lean Tissue. .
Shear Values and Organoleptic Data. . . .
Efficiency on a Carcass Basis . . . . . oo

Relationships Among Live Animal and Carcass Traits oy Y 13

Relationships

Involving

Carcass Measurements.

Relationships
Relationships
Composition
Relationships

SORMARY . . « & ¢ o w &
LITERATURE CITED. . . .
APPENDIX A. . . . « . .

APPmDIX B L] ° - - - - -

Involving
Involving

OF O e o o

Involving

e e o o o B E M & w B ® e o o o .

° oV el o) -

ot g} (o} @ 0

" ® & = 9 o o o Vel @ o o yvel wop T8 g

.
OF FOSEO T )

. o & 8 o
.
.
.

. L] L] . L}
L]

)
e o o o o

Linear Live Animal and

Specific Gravity Determinations
Other Indicators of Carcass

Carcass Quality Data. . . « . .

iv

22

27
28

30
32
32
4o

L6
48
51
53
L

61

62
66

69
72

4
e
82

91



LIST OF TABLES

Table Page
I. Design of Experiment (Trials I, IT and III) « &« « « ¢ & o « o 22
II. Approximate Daily Feed Offered (Trials I, II and III) . . . . 23

III. Average Composition of Rations, as Fed (Trials I, II
and III) . . L] [ (] L) . . . [ . . . . . L] . * . . (] [ . . o . 2}4'

IV. Average Composition of Rations, as Fed (Trial IV) . . . . . . 28
V. Feedlot Pefformaneerars v Tosmt  fr v BB ¢ 6 o o0 o ® oul

VI.. Live Animal Evaluation Scores (Av. of Trials I, II and III) .

p=

VII., Live Animal Evaluation Scores (Trial IV). . « ¢ v o o « « & « 36
VIII. Carcass Evaluation Scores (Av. of Trials I, II and III) . . . 37
IX. Carcass Bvaluwation Scores (Trial IV). ¢« « « ¢ « o s « a4 s « 39
Y. Slavghtor TlopFr BBia. s ¢ 5% w6 ¢ ¢ o 450 o 0 s« o o ¢« K2

XI. Yield of Wholesale Cuts (%) . . . .

E

XII. Specific Gravity Determinations . . « « o o ¢ o o o o o « o o 47
XIII. Rib Eye Measurements (12th Bib) . & ¢ & o o « s s ¢ « ¢ o o » B9
XIV. Physical Separation Data (9-10-11th Rib). . « « o ¢ ¢ & « o o« 52
XV. Chemical Analysis of Lean Tissue€. « « o « o o o o ¢ o« o + o o 54
XVI. Shear Values and Organoleptic Data. « « o ¢ « ¢« ¢ « « o s ¢ o 56
TII, KDrieasy oa 4 Coibday BRI . ¢ . . o 4.0 % 6 6% 5 ¢« s 0o 57

XVIII. Correlations Between Live Animal Measurements and Other
- Sulel ol TENEOEEEE, « . - 5 "% ¢ 6 sl s o o 2.4 o o « 63

XIX. Correlations Between Carcass Measurements and Other
selected variabl es * L] (] [ ] [ ] [ ] L] . L] * . L] [ ] L ] L[] L] L ] L] L] L] L] 64

XX. Correlations Between Specific Gravity Determinations and
Other Selactoll Variadbles: « « » s ¢ o ¢ ¢ ¢ o0 0 ¢ o 6 o o 67



Table

XXI.

XXIT.

XXIITI.

XXIV.
XXV.
XXVI.
XXVII.
XXVIII.
XXIX.
XXX.
XXXI.
XXXII.
XXXIII.
XXXIV.
XXXV.
XXXVI.
XXXVII.
XXXVIII.
XXXIX.
XL.
XLI.
XLII.

XLIII.

LIST OF TABLES (Continued)

Correlations Between Certain Wholesale Cuts and Other
Sellected VABNADWESH: wor o o o ror o) oiirel ob & o o Hay 0415 s & & ‘o

Correlations Between Carcass Composition and Chemical
Analysis Da ta L] [ ] . L] L] L] L] L] L] L] L] L] L] L] L] L) L] L] . - L] -

Correlations Between Certain Subjective Scores and Carcass
Quality Data . . . . . . . . . . . . . 3 . . L . . L] . Ll

Anglysis of Variowee Broflale o - + s v o o s o s 0 o o ® 8

Examples of Output Format of Analysis of Variance Program .

Live Animal Evaluation Scores (Trial I) « « s s & » « o o

Live Animal Evaluation Scores (Trial II). « « ¢ « o « o « &
Live Animal Evaluation Scores (Trial III) . . v ¢ & o « o &
Carcises Bvalustienh Jeoras (Trifd I) . . ¢« ¢ o » o o « o 5 &
Caréass Evaluatibn Scores (Prial II). v o « o im & .5 5 % & ‘o
Carcass Bvaluation Scores (Trial III) ¢ o « = o 5 o o » « o
Slaughter Floor Data (%) (Trials I, II and III) . . . . . .
Percent WholosHle 'Cubds (TFLal I) v « + o % 65 a4 4 & &
Pérocat - Wholdsale Cuts ' (Prisd II) o v o v o 6w & & 4 o s 3
Peteent Whtlesale Cuts (Trial TIT). 5 = % ko ® & & & 2 %
Specific Gravity Readings (Trials I, II and III). . . . . .
Rib Eye Measurements (Trials I, IT and III) . . « « « + . &
Physical Separation Data (%) (Trials I, II and III) . . . .
Chemical Analysis of Lean Tissue (Trials I, II and III) . .
Shear Values and Organoleptic Data (Trials I, II and III) .
Efficiency on a Carcass Basis (Trial I) . . . « « ¢ » % & o
Bfficlency on a Carcass Basis (Trial II). . s s « & %.» = 4

Efficiency on a Carcass Basis (Trial III) « « « « « o & + «

vi

Page

70

71

73
84
88
92
93
oL
95
96
97
98
99
100
101
102
103
1lo4
105
106
107
108

109



LIST OF TABLES (Continued)

Table Page

XLIV. Correlations Between Live Animal Measurements and Subjective
Grading SCOTeS. o o o o o o o s o o o o 5 o o s o o o s 110

XLV. Correlations Between Carcass Measurements and Subjective
Grading Scores ° ° . » [} e - . [ L] . L] . ° * L] ? . * ¢ e L] lll



LIST OF FIGURES

Figure Page

1. Amount of Fat, Protein and Ash Stored in the Body at
Different Weights (Haecker, 1920). « & « &+ « ¢ o v « « o « 5

2. Reference Points for Measurements from Rib Eye Tracing . 26

L

viii



INTRODUCTION

.00 any excess fat beyond that which is required to make an
attractive looking, julcy, and highly flavored meat is essen-
tially waste oo this fat cosis the producer a large sum of

money for which the world gets no reasonable return ...

The above comments by Trowbridge et al., (1919) also apply to modern
beef production., Recent consumer preferenée surveys indicate a desire
for Smallef, leaner cuts of beef, with less fat. The problem is to ob-
tain maximum lean production at cheapest cost, yet retain the quality
attributes - julciness, tenderness and flavor - of well-finished beef.

To better meet @onsumér‘demands, many catple are full-fed after
weaning and marketed at an earlier age. However; surprisingly iittléi
information on efficiency of lean preoduction has been published in re-
cent years, ;n addition, knowledge concerning the performance and
cafcasa desirability of weanling calves fed to gain at étmoderate rate
is extremely limited., Such a regime may promote maximum lean development
without excessive fat depositicn.

Thuso the effects of different nutritional planes on carcass com-
position of f@tteniﬁéf@attle and on beef quality are yet to be determined.
Data are also needed on the efficiency of conversion of ration con-
stitutents to body components. Further, beef reseérchers are constantly
confronted with the problem of developing reliable measures of animal
performance and carcass desirability. Hence the relationships among
various live animal and earcass measurements merit investigation;

In an attempt to provide this needed information, four feeding trials

i



were conducted at the Oklahoma Agricultural Experiment Station. In-
dividually-fed weanling steer calves were subjected to different planes

of nutrition, and extensivevfeedlot and carcass data were collected. In
three trials, the calves were fed for the same total feedlot gain (approxi-
mately 400 pounds) and, in one trial, for the same length of time. Re-
sults pertaining to feedlot performance have been reported previously
(Henrickson, 1961). Carcass composition, quality, and efficiency data,
together with certain relationships among live animal and carcass measure-

ments, are presented herein.



REVIEW OF LITERATURE

This review is presented in three parts, consisting of (1) early
body composition studies, (2) effect of plane of nutrition on carcass

traits and (3) relationships among live animal and carcass traits.
Early Body Composition Studies

Many of the early investigations on carcass composition, as influ-
enced by nutritional treatment, have been reviewed by Hammond (1955) and
Hendrickson (1961). An inverse relationship between fat and water con-
tent of carcasses was observed as early as 1849 by Lawes and Gilbert
(Haecker, 1920). In 1895, Jordan noted that, despite large differences
in total gain, the relative weights of organs and body parts, and the
proportions of water, fat, protein, and ash (on the basis of the entire
body, the dressed carcass, or the edible portions only) were surprisingly
similar for pairs of Shorthorn steer calves subjected to diets widely |
differing in nutritive ratios, when slaughtered at the same age (17
months or 27 months). The author concluded that the individual animal
possesses a constitutional inertia which may not easily be overcome, and
that severe measures are necessary if this growth pattern is to be dis-
turbed. Consequently, more drastic treatments were imposed by many in-
vestigators in subsequent studies.

Several fundamental relationships were observed in these investiga-

tions. Waters (1908) was perhaps the first to show that skeletal growth



continues, although lean and fat tissues are severely retarded, when
young steers are fed rations which permit no gain in weight. Eckles and
Swett (1918) and Hogan (1929) noted, as did Waters, that, despite a very
strong tendency towards recovery when liberal feeding was resumed, both
the severity and length of the underfeeding period affected the eventual
mature size of cattle.

Further results of Water's experiments with yearling steers (re-
ported by Trowbridge et al., 1918) indicated pronounced "savings" in
nutrients, due to use of body fat, at maintenance and submaintenance
feeding levels. The demand of body tissues for nutrients was, in order
of increasing priority; subcutaneous fat, visceral and intermuscular fat,
intramuscular fat, protein of the soft tissues, skeletal fat, and
skeletal protein. Trowbridge et al. (1919) showed similar trends with
older steers, and emphasized the large amount of waste fat and extreme
inefficiency of full-feeding older cattle for long periods of time. The
same effects were observed by Moulton et al, (1923). Most of the in-
crease in fatty tissue in mature dairy cows was observed around the
internal organs and only a relatively small part was found with the
edible flesh.

Much of the early work cited is subject to criticism since rather
general conclusions were often based on data from one or two animals,
Later Missouri reports (Moulton et al., 1922a, 1922b), however, include
observations on 30 steers and provide substantial support for many of the
previous generalizations, Three groups of Hereford-Shorthorn steers
were fed for maximum growth and fattening, maximum growth without
fattening, and retarded growth, from birth until slaughter at intervals

from a few weeks to four years of age. The proportions of skeleton and



of total organs were greatest at birth, and of total fleshy parts, at
four years. The rate of growth of most body components measured was at
a maximum at 8.5 months of age, when the animal exhibited its most
"juvenile"” form. The main effect of age and plane of nutrition on com-
position of tissues and of the whole animal was an increase in percent
fat and corresponding decreases in other constituent percentages, except
where fattening was slight. The last weight gains made by older animals
were calculated to be 90 percent fat.

Haecker (1920) conducted an extensive, well-designed study wherein
50 steers were slaughtered at various stages from 100 to 1,400 pounds live
weight. The following figure, which is self-explanatory, not only sum-
marizes part of his results but also illustrates the general pattern ob-

tained in early investigations concerned with body composition. It is
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Figure 1. Amount of Fat, Protein and Ash Stored in the Body at
Different Weights (Haecker, 1920)

readily seen that beyond 800 pounds live weight, fat accounts for an in-
creasingly greater part of the weight gain than does protein. The lower

efficiency of feed conversion obtained at the heavier weights sub-



stantiates the fact that fattening is an expensive process.

In general, these early investigations indicate effects of rela-
tively severe treatments (particularly undernutrition) imposed for long
periods of time. More recent experiments, while still not of a practical
nature in most instances, provide information that is more readily applied
to current feeding practices. The effect of plane of nutrition on rate
of gain and feed efficiency has been reviewed by Hendrickson (1961).
Therefore, the emphasis in the following discussion is placed on carcass

studies involving different nutritional planes.

Effects of Plane of Nutrition on Carcass Traits

Because of the multiple effects due to treatment, and the large
number of measurements taken in many experiments, this section is divided
into three parts, involving effects on (1) carcass and tissue composition,

(2) quality factors and (3) efficiency on a carcass basis.

Carcass and Tissue Composition

Since considerable time and expense is involved in detailed carcass
analyses, more investigations have been conducted with swine and sheep
than with cattle. In experiments with swine, Hogan et al. (1924)
slaughtered pigs at 50 pound intervals from 100 to 300 pounds live weight
and observed larger percentages of bacon and loin, and correspondingly
smaller percentages of other cuts, as the animals gained in weight.
McMeekan (1940a) postulated anterior to posterior gradients and cen-
tripetal gradients in skeletal, muscle and fat development of male pigs
slaughtered at monthly intervals from birth to seven months of age. Ex-

tensive carcass measurements and quantitative and qualitative chemical



data provided strong supporting evidence for these development patternms,
and revealed the inadequacy of live weight as a measure of growth in the
animal body. In subsequent studies, McMeekan (1940b) subjected pairs of
closely inbred pigs to high and low planes of nutrition from birth to 16
weeks of age. Body length and the extremities in general were penalized
less by inadequate nutrition than body depth, loin and hindquarters.
Pigs on the higher plane contained 221, 291 and 1,007 percent as much
skeletal, muscle and fat tissue, respectively, as low-plane pigs, which
strikingly illustrates the differential effects of nutrition on body
tissues. In every instance, early-developing parts and tissues were less
markedly affected than those developing late.

Twenty similar pigs were fed to gain according to predetermined
growth curves from birth to 200 pounds live weight (McMeekan, 1940c).
The four treatments were High-High (HH), High-Low (HL), Low-High (LH)
and Low-Low (LL), where "High" and "Low" refer to the nutritional plane
imposed. HL and LH pigs were switched to the opposite plane at 16 weeks
of age., Two distinct types of carcasses were produced; the HH and LH
groups were similar, containing a greater proportion of the later-
developing parts, while earlier-developing parts were proportionately
greater in the case of HL and LL groups. The amount of skeleton and
muscle increased, and fat decreased, in the order LH, HH, HL, and LL.
Relative to LL, mean treatment differences ranged from six to 20 percent
less bone, five to 25 percent less muscle and 26 to 64 percent more fat.

The above series of articles by McMeekan are classical in nature,
and many investigators, including the author, have since conducted
studies employing similar treatment arrangements.

In other research with swine, Brugman (1950) compared HH and LH



feeding regimes using two cross-bred lines believed to be genetically
similar., Limiting the feed intake to 70 percent of full-feed up to 150
pounds and then full-feeding to 220 pounds live weight (LH line) resulted
in a higher percentage of trimmed primal cuts, less total lard and leaner
carcasses. Winters et al. (1949) used HH, HL, LH and LL treatments and
noted that the animals fed the restricted diet throughout (LL) pro-
duced the leanest carcasses. The results of these two studies do not
necessarily conflict with McMeekan's work, however, since treatments were
imposed at weaning, instead of at birth, and there were obviously differ-
ences in genetic material.

When two genetically dissimilar lines were used to compare effects
of various nutritional planes on pork carcass traits, Lucas and Calder
(1956) concluded from the results that genetic differences are likely to
be of more importance in the production of desirable bacon than attempts
to alter the growth curve by feeding - within the limits acceptable in
practice. These limits are often much narrower than the range in treat-
ments reported in studies of this nature.

Merkel et al. (1958) incorporated fibrous feeds (corn cobs and
alfalfa hay) in swine rations to restrict energy intake. Pigs fed the
restricted rations produced carcasses with less backfat and lezf fat,
and higher percentages of skinned ham, ham muscle and lean cuts, Loin
eye area and percent belly did not appear to be affected by treatment.
Crampton et al. (1954) observed that not only the percent of lean in the
bacon, but also the actual quantity of lean, increased when feed intake
of swine was restricted during the finishing period.

Thus, the effects of plane of nutrition on carcass composition appear

to be marked in swine, although dependent on the degree and time interval



of feed restriction. As would be expected, fat tissue was affected most
and skeletal tissue least, and carcass composition generally reflected
the feeding regime imposed during the finishing phase.

All species may not respond according to the above pattern, however.
Wilson (1954) used McMeekan's growth curves (HH, HL, LH and LL) with
chickens and was unable to detect significant treatment differences in
body composition when cockerels were sacrificed at intervals from birth
to 24 weeks of age, compared on an equal weight basis. Since the chicken
has relatively little fat tissue at this stage of development, compared
to domestic mammals, this may explain the small differences obtained.

Palsson and Verges (1952a) used half-sib lambs to study body develop-
ment on high and low planes of nutrition. The treatments were imposed
from the third month of fetal life to 41 weeks of age. Carcasses were
studied at birth, nine weeks and 41 weeks, and the extensive measurements
taken provided strong support for the growth patterns and gradients pro-
posed by McMeekan (1940a). Vital organs were not appreciably retarded by
early restriction, and intermuscular fat was reduced less than sub-
cutaneous fat by the low feeding regime.

In a subsequent study (Palsson and Verges, 1952b) HH, HL, LH and IL
treatments were imposed on similar lambs from the third month of fetal
life to 30 pounds carcass weight. Again results agreed remarkably well
with McMeekan's, with two distinct types of carcasses being produced.

HH and LH groups yielded very desirable carcasses, in contrast with the

thin, poorly finished carcasses of the HL and LL treatments. Differences
between the HL and LH groups furnish additional evidence for the premise
that the tissues developing most rapidly at any given time are influenced

most by nutritional treatment. In all cases, however, tissues in the
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later developing parts of the body were relatively more affected than
those in the early developing regions. The same general pattern of re=-
sults has been obtained by Wilson (1960), who reared goats on HH, HL, LH
and LL planes of nutrition from birth to 16 and 30 pound weights.

Very little information is available on carcass composition on
cattle, as influenced by nutritional plane, other than that discussed in
the previous section. Callow (1961) reported significant differences in
fat and lean content of carcasses from 24 steers subjected to High-High
(BHH), High-Moderate (HM), Moderate~High (MH) and Moderate-Moderate (MM)
feeding regimes. These treatments were imposed during winter months =
only and all animals were grazed during the summer, Steers were
slaughtered at an estimatedineld of 57 percent. Percent of lean in-
creased, and fat decreased, in the order HH, MH, MM and HM. This pattern
may have been influenced by the fact that HH and MH groups were slaugh-
tered off grass in late summer.

In 1955, Winchester and Howe used six pairs of identical twin steers
to study the effects of continuous and interrupted growth. Control
steers were fed a liberai ration, while the retarded animals received
50 percent (maintenance), 62 percent and 75 percent of a liberal ration
from six to 12 months of age. The latter groups were then liberally fed
and all steers were slaughtered at about 1,000 pounds live weight.

Rather surprisingly, the quantity of lean meat in the carcass was not
decreased by the growth interruption.

In a second investigation 10 pairs of identical twins were used with
a wider range of treatments (Winchester and Ellis, 1957). The caloric
retardation included sub~-maintenance, maintenance, and super-maintenance

levels from three to six or four to eight months of age. All steers were
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slaughtered at an estimated grade of Low Prime. No important differences
in lean or fat content were observed. Significant increases in percent
bone were noted for the maintenance and sub-maintenance groups over the
controls, but this may have been due to age differences rather than nu-
tritional regime. .

Winchester et al. (1957) also reported no appreciable differendeé in
carcass composition due to various levels of calorie and/or protein re-
striction with 12 pairs of identical twins restricted between six and 12
months of age and slaughtered at the same degree of fatness as their
cotwins, In one extreme case (caloric maintenance and 2.5 percent
digestible protein), one retarded twin possessed slightly less muscle and
slightly more fat than its liberally fed cotwin.

The above series Qf experiments prominently illustrates the ability
of steers to recover from a period of undernutrition. The preceding
discussion strongly suggests‘that carcass composition of ruminants in
general reflects the plane of nutrition imposed.in the months just prior
to slaughter. The growth and development patterns proposed by McMeekan
appear to be applicable to cattle, sheep and goats as well as to swine.
The literature also supports the contention of Jordan (1895) that rather
severe nutritional regimes ate needed to. markedly affect carcass com-I

position.

Quality Factors

Many of the articles concerned with the effects of plane of nutrition
on live and careass grades,_yield and marbling scores have been reviewed
by Hendrickson (1961). In general, when a reduction in fat content

occurred due to a low nutritional plane, live and carcass grades were
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lowered (Merkel et al., 1958; Brugman, 1950; Guilbert et gl., 1944 ;

Weber et al., 1931; Palsson and Verges, 1952b). However, grades sometimes
improved in the case of swine (Winters et al., 1949; Lucas and Calder,
1956; Lucas et al., 1960) while in other reports grades were not affected
appreciably by treatment (Shorrock, 1940; Winchester et al., 1957).

Trends in dressing percentage frequently paralleled carcass grades. In -
many instances where différences in grade or yield were not observed,

the designs of the trials were such that variation in these measurements
would be minimized.

The studies of McMeekan (1940b, 1940c) with swine and Palsson and
Verges (1952b) with lambs indicate that marbling, as estimated by
chemical analysis of the eye muscle, may be more closely associated with
age than with nutritional treatment, since.gther extract was least in
samples from the HH group and greatest in samples from the LL carcasses.
Moisture varied inversely with ether extract. Merkel et al. (1958) also
noted that intramuscular fat did not appear to be associated with degree
of feed restriction. However, Palsson and Verges (1952a) found sig-
nificantly less marbling in lamb carcasses when a low plane of nutrition
was compared to a high plane and animals were slaughtered at the same age.

Winchester and Howe (1955), Winchester and Ellis (1957), and
Winchester et al. (1957) all concluded from investigations with identical
twin steers that carcass quality was not adversely affected by retarding
growth with a caloric maintenance ration for as long as six months,
Measurements included carcass grade and yield, shear values, and organo-
leptic studies wherein tenderness and flavor of lean and fat were rated.

The literature available reveals a definite pattern for the effects

of plane of nutrition on carcass quality factors only when experimental
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design is considered. In investigations where treatment groups were
siaughtered at the same age, significant differences were often observed.
Removal from test at approximately equal grade, yield or weight generally
did not produce appreciable differences between treatments. Differences
in organoleptic values appear difficult to obtain, except in extreme
cases such as reported by Foster (1928) where roasts from aged steers
were judged superior in aréma, flavor, color and juiciness to those from

yearling steers. No tenderness differences were detected, however.

Efficiency on a Carcass Basis

Hendrickson (1961) has reviewed a number of articles concerning
effects of plane of nutrition on feed efficiency, measured as feed or
TDN required per pound of live weight gain. No clear-cut pattern was
established in these reports, as feed efficiencies were often unchanged
by treatment and occasionally favored the lower planes. With the widely
used four treatment design, HM or HL groups often were more efficient
than the other feeding regimes imposed.

However, the expression of feed efficiency on the basis of carcass
composition has not been reported to any extent in plane of nutrition
studies, although the basic concept is not new. The obvious advantage
of such a procedure is that basing efficiency on the caloric content of
the carcass provides'a more realistic measure of the energetic efficiency
of feeds than does welght gain, since gains are seldom isocaloric inbb‘
nature (Reid et g;., 1955). The major problem has been to obtain a re=-.
liable, yet inexpensive, estimate of carcass energy. ‘

Reid et al. (1955) observed that fat-free body contained 21.64 + 1.53

percent protein for beef and dairy carcasses of cattle varying from one
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to 4,860 days of age. Using the caloric values of fat (9,367 keal./kg.)
and of protein (5,233 kecal./kg.) reported by Blaxter and Rook (1953),
these workers were able to calculate the energy value of the carcass.
Data used included many of the early studies reported herein (Jordan,
1895; Haecker, 1920; Trowbridge et al., 1918, 1919; Moulton et al.,
1922a, 1922b, 1923)., Prediction equations were developed for estimation
of energy value of the carcass from the percentage of body water and age
of the animal. These caloric values compared favorably with those ob-
tained from actual chemical composition data, but other workers (Garrett
et al., 1959; Breidenstein et al., 1955) have not been able to satis-
factorily measure body water.

Meyer gt al. (1960) proposed the use of specific gravity to predict
carcass composition. The pergent;ges of fat and lean so obtained were
converted to energy values by using 9,367 keal./kg. fat (Blaxter and
Rook, 1953) and 5,686 keal,/kg. protein (Garrett et al., 1959). The
latter figure was determined on a dry fat- and ash-free basis, whereas
the value used by Reid et al. (1955) was determined on a dry ash-free
basis only, correspohding to.a tissue containing 16 percent nitrogen.
Using the calculated caloric carcass val;eé; "corrected" carcass weights
which were equiﬁalent in caloric and préﬁéin‘content were obtained. These
welghts were adjusted for differences in iﬁitial weight by covariance
analysis so that the resulting values incorporated the essential infor-
mation commonly derived from live weight gains, dressing percentages and
carcass grades, and permitted use of one over-all statistic (insteéd'of
three) for interpretation of experimental results.

Brody (1945) suggested that TDN may be converted to calories by

multiplying pounds of TDN by 1,8l4. However, more recent data (Swift,
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1957) suggests that 1,982 is a more appropriate conversion factor for
~cattle fed mixed rations. It appears that caloric efficiency may be
calculated from TDN if the well known limitations of TDN as a measure
of the value of feeds for ruminants are considered.

Although no plane of nutrition investigations appear to have
employed the above methods, the author has used portions of these pro-

cedures to aid in evaluating efficiencies in the studies reported in

this thesis.
Relationships Among Live Animal and Carcass Traits

No attempt has been made in this section to review the vast amount
of literature pertaining to this subject. Rather, certain studies have
been selected which illustrate the degrees of relationship most frequently
observed. The emphasis in the following discussion will be on measure-
ments and observations used to estimate carcass composition and quality,
and will be limited to cattle.

A major problem in beef cattle evaluation has been the lack of an
accurate method of measuring carcass traits in live cattle. Orme gt al.
(1959) studied the relationships among a large number of linear live
animal and carcass measurements, using 31 long yearling beef steers.
Repeatability estimates ranged from 0.50 to 0.90, 0.43 to 0.86, 0.73 to
0,96 and 0.70 to 0.98 for width, length, height and circumference
measurements, respectively, taken on the live animal. Height at withers,
circumference of f@fe flank and width of shoulder and round were among
the most repeatable of these. All carcass measurements were highly re=-
peatable,

Width measurements of the carcass were highly correlated with
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corresponding live animal measurements (r = 0,66 to 0.77). Both width
and depth measurements of the carcass were more highly‘associated with
objective on-foot measurements than with subjective grading scores.
Ternan et al. (1959) obtained similar results with data from 98 yearling
steers, although correlations were generally lower in magnitude. Sub-
jective scores were usually only slightly correlated with objective
measurements; however, this may reflect the true relationship more
accurately than the high correlations found among linearvmeasurements,
since it is well established that the latter are highly associated with
general size or'weight. A number of investigators (Kidwell, 1955; Yao
et al., 1953; Cook et al., 1951) have reported rather low correlations
between live animal measurements or scores and production or carcass
traits. Literature reviewed by Heﬁdrickson (1961) indicétes that, while
heart girth has been closely related to nutritional plane imposed and
certain width and depth measurements show some promise, these relation-
ships are difficult to establish with treatments in the range acceptable
to commercial practice. Heart girth has repeatedly been shown to be the
best single estimate of body weight (Kidwell,; 1955; Orme et al., 1959).
Orme et al. (1959) also correlated live animal measurements with
wholesale cut percentages, holding live weight constant. Relationships
were generally negative and non-significant, except for heart girth and
percent primal cuts (r = -0.46). With carcass measurements, only width
dimensions were highly cofrelated with_primal cuts (=0.40 to =0.50).
Hearth girth accounted for 81 percent of the variation in loin eye
area (live weight constaﬁt) but loin eye area showed a significant ne-
gative correlation with the major wholesale cuts («0.51), which in-

dicates that lower percentages of round, rump and loin may be expectéd
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as loin eye size increases. This is not in agreement with early reports

by McMeekan (1941) and several others which indicate that the area of

the Longissimus dorsi is a good index of muscling, Cole et al. (1960b)
were able to account for only five to 30 percent of the variation in
separable lean of either the entire carcass or of specific wholesale
cuts using loin eye'area. Since most of the studies supporting the
value of this measurement as an indicator of lean have been conducted
with sheep and swine, there may be an important species difference
here.

Total carcass lean is of particular importance in carcass evaluation
studies and investigators are continually searching for ways to obtain
inexpensive and reliable estimates. The equations proposed by Hankins
and Howe (1946) have been and are being used by many workers to estimate
carcass composition from physical separation of the 9-10-11lth rib cut.
This is obviously more practical than complete physical separation of the
carcass and appears:to be among the best estimates available. Correlation
coefficients between separable tissue components of the three-rib cut
and corresponding separable carcass components were 0.90, 0.93, and 0.80
for lean, fat and bone, respectively, based on data from 84 steers. How-
ever, the extreme variation in experimental material used makes appli-
cation of these resﬁlts,to certain uniform groups of cattle of somewhat
questionable value.

Recently, Cole et al. (1960b) evaluated the separable lean of several
wholesale cuts and various linear carcass measurements as to their use-
fulness.in predicting carcass lean. Carcass weight was more highly -
associated with total lean (r=0.77) than were linear measurements or

loin eye area. Width and circumference measurements were correlated more
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highly with loin eye.area than with lean, while the reverse was observed
with length measurements. Correlation coefficients between separable
lean in various wholesale, cuts and caréass lean were 0.95 with round,
0.93 with chuck, 0.8l with foreshank, 0.80 with sirloin, 0.79 with rib,
0.75 with shortloin and 0.74 with the 9-10-11th rib. The authors
suggested that separable lean in the round may be useful in estimating
carcass lean, with negligible loss in economic value of the carecass.
Subsequently, the same group of workers (Orme et al., 1960) ob- 1
tained the following standard partial regression coefficients between
total carcass lean-and weights of certain muscles or muscle groups:

Biceps femoris, 0.97; sirloin tip muscles, 0.82; Longissimus dorsi, 0.79

and-inside round muscles, 0.72. The data were collected from carcasses
of 43 mature Hereford cows and slaughter weight was held constant in the
‘calculations. -Estimation of total carcass lean was not enhanced by use
of multiple correlations. The relationships noted appear sufficiently
high to be of predictive value, but the pattern for immature cattle is
probably somewhat different, so this information may have only limited
application. |

There has been_considerable-interest in the use of specific gray;ty »
to estimate cardass-composition, Kraybill et al. (1952) obtained ‘
correlation coeffic;ents of =0,956 and 0,984 between specific gravity
of the eviscerated body, and body fat and water contents, respectively.
There was. a close rgla@idhship between specific gravity of the céréa§§
and of the whole animal L6,989)o ‘Specific graviiy of the 9—ib-llth rib
was also highly corvelaped with that of the carcass (0,950) and the whole
“animal (0.954), indicating that this cut may be used nearly as effectively

as the entire carcass for density determinations. Density values obtained
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for fat and lean, respectively, were 0.895 and 1,100. The high correla-
tions observed in this study reflect the wide variation in body composi-
tion present in the 30 yearling Hereford steers used.

Meyer et al. (1960) noted a high relationship (r = =0.98) between
specific gra#ity of the dressed carcass and percent carcass fat, as
calculated from the data of Kraybill et al. (1952). Again, wide varia-
tion in the experimental material was evident.

| Correlation coefficients of =0,57, 0,72, =0.77 and =0.60 were ob-
tained between specific gravity and fat thickness, subjective marbling,
chemical fat and drip loss, respectively, by Cole et g;.ﬂ(1960a), |
Measurements were obtained on 100 beef ribs grading from Prime to Standard
and Commercial, Breidenstein et al. (1955) observed excellent agreement
among several measures of carcass fatness with 24 steers which graded
High Good to Low Prime, These measures were specific gravity, physical
§eparation, and ether extract of the separable lean and fat, all dqper—
mined on the wholesale rib. Little relationship was noted between

specific gravity of the Longissimus dorsi muscle and subjective marbling

score, although the latter appeared to be directly related to ether
extract of the rib eye.

Specific gravity has also been used to measure other quality
attributes, which are generally considered to be far more elusive in
nature than the composition of body tissues. Cole et al. (1960a) ob-
tained highly significant correlation coefficients between specific
gravity of the rib and palatability (-0.45), flavor of lean (-0.45),
juiciness (-«0.41), and tenderness scores (=0.31) but only 10 to 20 per-
cent of the variation in beef eating quality was explained by specific

gravity. In another study, correlation coefficients between specifie
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gravity of the Longissimus dorsi muscle in the 9-10-1lth rib and percent
fat, water, protein and carcasé grade (to the nearest one~third) were
found to be -0.81, 0.74, 0.68 and -0.68, respectively (Orme et al.,
1958). The data included measurements of 51 wholesale beef ribs, pfi-
marily in the Choice grade. The authors suggest that specific gravity
may be used to objectively measure marbling, which is not in agreement
with the work of Breidenstein et al. reported above.

chervinvestigations concerned with carcass quality reveal that
live animal measurements and scores are not sigmificantly correlated with
marbling (Good et al., 1961)., It seems obvious, then, that marbling,
and therefore to a large extent carcass grade, cannot be accurately
evaluated in the live animal. Wheat and Holland (1960) obtained average
correlation coefficients of 0.07 to 0.39 between live slaughter grade
and carcass grade aftér ribbing. :Eightyaone percent of the 688 Herefords
graded were in the AVerage Good to‘Average Choice range. Marbling and
final carcass grade were highly correlated (0.89) within this range.

In summary, it appears thét the degrees of relationship among
numerous live animal and carcass traits are nearly as varied as the
characteristics studied. Most investigators have found correlation
coefficients among linear measurements of the live animal and carcass
to be disappointingly low when the mutwal influence of body size and live
weight is removed. Similarly, subjective scores, whether on live animal
or carcass traits, have not shown much promise for predictive purposes.
In contrast, relati?élyvaccurate estimates of carcass composition have
been obtained by use of separable lean in certain wholesale cuts, and
with speecific gravity and chemical analysis. Specific gravity is being

studied extensively because it is very easily and quickly obtained and
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the saleability of the product is not altered. Carcass quality factors
appear to remain elusive,gand the predictive value of both objective
and subjective measures of product acceptability has been relatively
low.

It must be emphasized that none of the easily obtainable estimates
and the traits which they:estimate are sufficiently correlated to
eliminate the need for refinement in techniques or for further exploratory

investigations in any area of beef production research.



MATERIALS AND METHODS

Sixty-four weanling Hereford steer calves from the experiment
statién herd at Fort Reno were used in a series of three feeding trials
initiated in December, 1956, at Siillwater, Oklahoma. A fourth trial
was conducted in 1959-60 with 24 similar calves from thé same herd.

Average weight of the steers when placed on test was 482 pounds.

Trials I, II and ITI

The experimental design for the first three trials is shown in
Table I, where "High" (H) represents full-feeding for rapid gain and

"Moderate" (M) indicates restricted feeding for a limited rate of gain.

TABLE I

DESIGN OF EXPERIMENT (TRIALS I, IT AND III)

Treatment Group S HH . HM MH MM

Plané of nutrition
Phase I (200 1lb. gain) High High Moderate Moderate
Phase II (200 lb. gain) High Moderate High Moderate

Number of steers

Trial I (1956-57) 4 Y 4 4
Trial II (1957-58)2 5 5 5 5
Trial IIT (1958-59) 6 6 6 b
Total _ ) 15 15 15 13

30ne steer was removed from each treatment group in Trial II: One
steer died due to bloat~ another was removed because. of a throat 1n3ury,
two. were removed due to abnormally poor performance,

bTwo steers were removed from the MM group in Trial III because of
chronic bloat and paor performance.
- 22
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Each steer remained on test until approximately 400 pounds total feedlot
gain had been obtained, as estimated by shrunk weights (16 hours off feed
and water).

Initial shrunkiaéiéﬁ£, feeder grade, sire, age of calf, and treat-
ment and age of dam were considered in allotment of animals to the treat-
ment groups. The steers were individuaily-fed in stanchioned stalls,
twice daily, and h;d free access to water and a 2:1 salt:steamed bone-
meal mixture between feedings. Stanchion time consisted of 1.5 to 2.0
hours per feedingi’“Feedgrgfusals were weighed back and recorded.

To obtain different_rates of gain, the calves were fed as indicated
in Table IT. The_Z;Q,p@undsbof milo per cwt. daily offered to the high
plane groups is comﬁéfabie to the amount consumed by self-fed steers.on
a fattening-type ration. Feed allowances were adjusted for each 50

pounds increase in body weight.

TABLE II
APPROXTMATE DAILY FEED OFFERED (TRIALS I, IT AND IIT)

- E Plane of Nutritioﬁ
Ingredient (1b.) — High ' Moderate

Rolled milo (per cwt.) 2.0 1.0
Cottonseed meal ‘ 1.5 1.5
Dehydrated alfalfa pellets 1.0 1.0

0.75 1.5

Cottonseed hulls (per cwt.)

It was hoped that ihese feed allowances would result in gains in._
excess of 2.0 pounds per day for the high plane groups and from 1.3 to
1.5 pounds per day for the moderately-fed groups. The average percents
of feeds used, estimated chemicalvcomposition, and calculated TDN and net

energy values are shown in Table III.
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TABLE III
AVERAGE COMPOSITION OF RATIONS, AS FED (TRIALS I, II AND III)

Treatment Group _HE_ BM MH MM

Ingredient (%)
‘Rolled Milo 65.5 49.9 54.8 40.0
Cottonseed meal 6.8 8.1 7.8 8.7
Dehydrated alfalfa pellets 5.1 5.6 5.4 5.8
Cottonseed hulls 22.5 36.4 31.8 45.5
Molasses 0.1 F— 0.2 —————

Chemical composition (%)2
Dry matter , 89.7 90.0 89,9 90.2
Ash 2.9 3.0 3.0 3.1
Crude protein 11.7 11.2 11.4 10.7
Ether extract it 2.7 2.5 2.6 2.3
Crude fiber - 13.5 19.7 17.7 23.7
N-free extract . . 58.8 53.5 55.2 50.3

TDN (%) | 69.4 64.3 65.9 60.9

Net energy (therms/cwt.)b‘ 64.7 57.7 60.0 53.2

aComposition was estimated.by chemical analysis of feedstuff saﬁplés.

Byalues were‘calculated using TDN and net energy data of Morrison
(1956).

The following body measurements were taken at the beginning, mid-
point and end of each trial: Height at withers, length of body, width of
shoulder, width of loin, width of quarter and heart girth. Other data .
collected during the feedlot phase included individual feed records,
average daily gains and length of time required to reach sléughter weight.,
Information on feedlot performance and reference points for the above
body measurements have been presented and discussed by Hendrickson (1961).

As the steers were individually removed for slaughter at the Meats
Laboratory, a grading panel of three to seven members of the Animal Hus-

bandry Department staff scored each animal subjectively in terms of
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compactness, width of body, crops,‘loin, rump, quarter, muscling, thick-
ness of fat, smoothness, refinement and live slaughter grade. A similar
committee app?aised the carcass with respect to compactnesé; thickness,
rib eye lean, loin, round, thickness of external fat, distribution of fat,
kidney knob, marbling, texture of lean, firmness of lean, ¢olor of fat
and carcass grade. -

At time of slaughter, the contents of four compartments of the rumi-
nant stomach were weighed to obtain an estimate of "fill“,l Weights of
the hide, large and small intestines (full), internal fat (Trials II and
IIT only). pluck, liver, heart and hanging tenderloin were also re-
corded. Dressing percentages were obtained, based on 48<hour chilled
carcass weight.

Carcass measurements taken after 24 hours chill included carcasé'
length, length of leg, circumference of round (Trials I and II only),
length of loin, depth of body, thickness of chuck and thickness of round.
Reference points for these measurements have been presented by Hendrick-
son (1961).

From a tracing at the twelfth rib, rib eye area was determined with
a compensating planimeter. Width and length of the rib eye cross‘sedtion
and thiclkness of external fat over the rib eye were measured from the
same tracing as shown in’Figure 2.

Carcass cutout values were obtained after 48 hours chill by cutting
each side "Chicago-style" into 10 wholesale cuts (round, rump, loin,
flank, kidney knob, chuek, rib, plate, brisket and shank) in the con=
ventional manner. Specific gravity readings of the major wholesale cuts
(round, rump, loin, chuck and rib) were also obtained at this time. ;

An attempt to ‘estimate gross composition of the carcass was made by
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a physical separation of the 9-10-1llth rib cut. In addition, samples of

the Lopgissimus dorsi and Semimembranosus muscles were analyzed chemically
for pertentages of moisture, protein, fat and ash, Left side Semi-
membranoSus,muscles‘were not samples in Trial II, and only the fight side

of the carcass waslénalyzeg in Trial III.

External
IIII fat
Y rib eye

Figure 2. Reference Points for Measurements from Rib
- ‘ Eye Tracing

Tenderness of well-broiled, ﬁwo-inch steaks was estimated with the
Warner-Bratzler shearing device. The steaks were put in the broiler at
46° - 480 F,, turned at 959 and removedvét 155° internal‘temperaturés, as
determined with meat thermometers. Two shears (Trial I) or three shears
(Trials IT and IIT) were obtained from each of three one-inch dianeter
cores from twelfth rib steaks in all trials apd from top round stéaks‘in
Trials I and Ii. | |

Similar_one-inch steaks from the eighth,rib and top.round were used
for more subjective organbleptic studies. A‘fanel'of six to eight |
students ahd étaff members recorded the nuﬁber of chéws required pef
sample (one—haif;inchﬂdiameter core), and rated each sample from "one"
to "nine“‘with respect to tenderness and juiciness; the 1arger humerals

-

denoting the more desirable ratings. Round steaks were not evaluated in
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Trial III.
Except where otherwise indicated, both sides of the carcass were

utilized in obtaining the above data,
Trial IV

Trial IV differed from the previous tests in that only three treat-
ments were iﬁposed (eight steers per treatment), as follows:

High==Full-fed to gain rapidly for 350 pounds total feedlot gain.

Moderate I--Fed to gain moderately and removed from test at the

same time as the "High" group.

Moderate II--Fed to'gain moderately for 350 pounds total feedlot gain.

Allotment and handling of cattle, and collection of data, were es-
sentially as described for previous trials., The rations, howe#er, were
changed by adding sorghﬁﬁ silage and decreasing the cottonseed hull con-
tent in an attempt to improve palatability and thereby increase feed in-
take of the full-fed calves. The average composition of the rations
used is presented in Table IV. As in previous trials, the different
rates of gain were achieved by offering a full feed of milo to the "Hiéh"
group and approximately one-half this amount, or 1.0 pound of milo per
cwt, daily, to the "Moderate" groups. The latter steers-also received
additional roughage.

Data obtained were similar to those collected in earlier trials,
with the following exceptions. Only two sets of live animal measurements
were taken (initial‘and final), and weights of the rumen, liver, heart,
hanging tender and pluck were not determined. However, length and width
measurements of the right front cannon bone were recorded. Shear values

were obtained on rib steak only (three shears per core) and only
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Longissimus dorsi muscles from the right side were utilized for chemical

analysis. In addition, no organoleptic tests were conducted in the fourth

trial.
- TABLE IV
AVERAGE COMPOSITION OF RATIONS, AS FED (TRIAL IV)
Treatment _ High Moderate I Moderate II
Ingredient (%) ‘
Rolled milo 52.3 26.7 29.3
Cottonseed meal 6.2 6.0 6.2
Dehyd. alfalfa pellets b2 4,0 4.9
Cottonseed hulls 8.5 16.0 18.1
Sorghum silage 28.8 47.2 41.5
Chemical composition (%)é
Dry matter 71.0 59.5 63.2
Ashb 3.2 3.8 3.5
Crude proteinP 12,4 11.3 11,4
Ether extractP - 2.9 2.7 2.6
Crude fibert _ 10.9 19.0 19.0
N-free extractP 60.4 .52.8 52.8
TDN (%)3-P R 71.4 63.1 63.2

Net energy (therms/cwt,)a'b 67.3 56,3 56.5

8Values were calculated using data of Morrison (1956).

byalues were adjusted to 90 percent dry matter equivalent.
" Analysis of the Data

The data obtained in all four trials were punched on cards and the
IBM 650 electronic computer was utilized for the statistical analyses.
Fbrtran and Fortransit IIS interpretive schemes were employed to write
the programs needed for compilation of the data. The results were

analyzed according to methods described by Snedecor (1956). The progfam
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used for analysis of variance, designed for one or two-way cross classi-
fication, was writteﬁ in Fortran by the author‘and is'presented in Table
XXIV, Appendix A. ThebBeaton Correlation Routine was used to obtain
means, standard deviations, and simple corrqlations.v Orthogonal compari-
Sons were made to compare differences among tréatment groups. -

Subjective evaluation scores.were adjusted by use of Fortransit IIS
programs to redu?e the effects due to individual graders, This procedure
is described in Appendix A. |

Efficiency of conversion of feed constituents to carcass components
was calculated by assuming equal initial carcass composition among treat-
ments of 63 percent’leén and 20 percent fat., Equal initial yields of 56
percent were also assumed, Total carcass lean and fat were calculated
from 9-10-11th rib physical separation data by employing the equations of
Hankins and Howe (1946): |

Y = 16,08 + 0.80 X; Y = percent lean in carcass, X = percent
separable lean in '9-10-11£h rib. H

Y = 3.5+ 0.80 X; Y = percent fat in carcass, X = percent sep-
arable fat in 9-10-1lth rib.

Caloric value of the carcass was calculated using 9,367 keal. /kg.
in fat (Blaxter and Rook, 1953) and 5,686 kecal./kg. in protein (Garrett
et al., 1959). Carcass protein was calculated from 21.64 percent protein
in the fat.free body (Réid et gl., 1955). Caloric value of the ration

was calculated using 1,982 kcal./lb° in TDN (Swift, 1957).



RESULTS AND DISCUSSION

Results of the feedlot performance of calves in the four trials re-
ported herein have been presented by Hendrickson (1961) and are bfiefly
summarized in Table V. The following comments serve merely to orientate
the reader with respect to the variability and nutritional history of the
cattle used in this study.

Initial shrunk weight of the steers ranged from. 330 to 585 pounds.
The wide variation in weight within treatment groups is indicated by
large standard deviations.

Although average daily gains decreased markedly: in successive years
for the first three trials (1.95 vs. 1.68 vs. 1,52 pounds per steer per
day), a consistent pattern was noted among freatménts within egch trial.
This trend is indicated in the three-year average shown in‘Tabie V. Note
that the HH and MH groups gained over 0.29 p§uhd per day more than HM
and MM gfoupsg, The pronounced effect of p;énenof”nutrition during the
égcond*half éf the feedlot period (HM and Mﬁ,grqupé) on overall performanée
bas been observed by several other investigators (Hammond, 1955; Guilbe%t
et al., 1944; Weber et al., 1931; Wilson, 19§0)‘3Q :

'In the first three trials, calves fﬁllfied_in Phase II (HH and MH)
consumed more feed and TDN per day, but required less feed per pound of
gain, than steers iﬁ ﬁhe'other two groups. Angaverégé of 40 léss uays
was needed, by HH and MH groups, to obtain ﬁhe,desired’;otal gain. How-

ever, when nutritive value of the rations.wéé’considered, expressed as

30
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TDN, the cattle fed to gain moderately in Phase I were slightly more
efficient. The MH group, in particular, requifed less TDN per pound of
gain than steers on the opposite (HM) regime, which probably reflects
the greater maintenance needs of the latter steers during Phase II.

In Trial'iv, no important differences were noted in feedlot per-
formance between the two moderate groups. The full-fed calves (H)
gained moreifepidly, consuméd more TDN per day and required less feed
per pound of gain, but were not siénifiéantly more efficient than moder-
ately-fed steers in termé of TDN required per pound of gain. The'MI
group gained abdut 80 pounds less than the othef two groups during the
feedlot test. Much of the following discussion involves presentation of
carcass data fof the steers in these four trials;

The results reported herein are divided into two parts: Effecﬁe
of Plane of Nutrition on Carcass Traits, an&vRelationships Arong Live
Animal and.Carcass Traits. The first part includes discussion of sub5
Jjective grading scores, slaughter floor data, yield of wholesale cuts,
-specific gravity determinations, rib eye measurements, physical separation
data, chemical analysis of lean tissue, shear values and organoleptic
data, and efficiency on a carcass basis. Relationships involving iinear
live animal and carcass measurements, specific gravity determihations,
‘other indicators of carcass composition, and subjective scores and carcass

-qﬁality data, are discussed in the second pért; :
" Effect of Plane of Nutrition on Carcass Traits

‘Subjective Grading Scores
In all trials, a grading committee of three to seven men evaluated

each steer at the.end of the feeding test (live animal scores) and after
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slaughter (carcass scores). Both sets of grades aré included in the
following discussion. The actual scores were adjusted,“becausé of a
large number of missiﬁg values, as describéd,in Appéndix A. However.
only the actual values were subjected to an analysis of variance.

Live animal evaluation -scores. -- The average live animal scores,

actﬁal and adjusted, for the first three trials are Shown in Table VI.
Tables. XXVI, XXVII and XXVIII, Appendix B, show the corresponding values
obtaihed in each trialqv‘Smoothness of finish and live slaughter grade
were the only variables approaching stafistical Significance.for.the
three-year average. The steers full-fed in Phase II (BH and MH) were
given more favorable scores for finish, refinement and grade than the
other two treatment groups, but the only trend noticeable among the seven
conformation scores is that the HH group appeared slightly more desirable
than the.\MM‘groupo Ad justment of the data was of no benefit in es=
tablishing a pattern, which may indicate that one of the assumétions
made prior to this adjustment, namely that each grader was consistent

in his own standard, was not valid. Several of the gréders commented
that consistency was difficult when obéerving only one or two animals at
a‘time,,particularly within thg'relatiﬁely narrow_gréde-range 6f tﬁese
cattle.

A number of significant differences in favor of the HH and MH treat-
ments were obtainéd in Trial I, but, there wéretno“highly significant
di?fferencv.es in Trials IT and IIT. In Trial "'_I‘_I“I;_, the HM regime resulted
in generally more favorab;e sﬁdres than the MH,treéfment° After adjust-
ment, the two groups appeared more nearly equal in terms of thezyariables
used. The discrepancies between trials may serve to illustrate the

sampling error and natural variation common to biological material, and
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particularly to the small groups of:gattle used.

The subjective live animal scorés for the fourth trial are
presented in Table VII. The full-fed steers (H) recieved the most
&esirable ra#iﬁgé forlthe majority of the vari#ﬁles shown, and @he MI.
group was rated és,inferidg.to the MIT cattle .for all scores excépt
"refinemgnt," The latter score may_reflect age.differences, as the MII
steers were approximately two months older. . The adjusted vélges, al-
though higher, do not alter thg'abofe t;pnds;

| The literature on subjéctive;live animal scores appears rather
limited. Ternan gt al. (1959). concluded that the use of one overall
score provided as adequate an evalﬁation of conformation as did con-
sideration of all the.ihdividual items on the grading card.‘ Orme et al.
(1959) reported that linéar carcass measurements could be predicted more
accurately'from live animal measurements than from subjgctiye scores.
Since Hendrickson (1961) obtained few significant diffé;ences among
treatments using objective live animal measﬁrements, it is not surprising
that subjective scores (which may be even less reliable) generally did
not reveal marked treatment differences in thesé trials.

Carcass evaluation scores. -- The average carcass evaluation scores,

actual and adjusted, for the first three trials are presented in Table
VIII. Corresponding values obtained in each trial are shown in Tables
XXIX, XXX and XXXI, Appendix B. ' The data indicéte a tendency to raﬁé
the HH and HM treatments as more desirable than the other two groups.

This is a somewhat different trend than observed for on-foot scores, where
HH and MH treatments tended to grade higher. The adjusted values do

not appear to alter this pattern appreciably.

Of particular interest are the marbling scores, which are highly
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correlated with carcass grade (Wheat and Holland, 1960). These favor
the HH and HM regimes and_represeht the most significant differenées
obtained in each trial. However, the adjusted marbling scores and
carcass grades in Trial I suggest that the actual values may not be
realistic. These results lend further support to the evidence presented
by McMeekan (1940b, 1940c), Palsson and Verges (1952b) and M?rkel et gl}
(1958) which indicates that age, as well as plane of nutfitién, may
influenée the amount of-intramuscular fat. Age differences were Gon-
siderably less in Trial I than in Trials II and III. |

Carcas% scores should be more effective than live animal scores
in deﬁecting treatment differences, since the former were established
under much more uniform conditions. -This is borné out by the greater
number of significant differencgs obtained among the variables studied;
however, none of these differences were 1arge. Carcass grade ranged
from High Good (HH group) to Low to Average Good (MM group), fepresen-
ting only_ong-half of a grade differénce between]the.treatment éxtremes.

The sﬁbjeetive carcass scores for Trial LV are presented in Table
IX. Carcasses from full—féd‘steers (H) appeared to have superior con-
fbrmation, as indicated by all five conformafionﬂscores, and more éx—
ternal fat than the moderate éroups. The lighter weight S£§ers (MI)
were generally inferior to the MII cattle. _CarcaSsigrades were signifi-
cantly different and reflected the pabﬁern evident ﬁith most of the
other variablgs3 In this trial, subjective scores on the live animal
and carcass showed essentially ﬁhe same trends, which merely indicat?s
the ability of graders to detect largetr differences than existed in fhe
earlier tests, '

The effect of age on marbling, . discussed previously, is especially
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evident in Trial IV, where it appears that the increased marbling re-
sulting from full-feeding could also be obtained by moderately-fed
cattle permitted to remain on feed 65 days longer, or:until total

feedlot gains equaled those of steers on the High regime.
Slaughter Fléor Data -

The average values for Trials I, II and IIT for hide, "fill,"
iﬁternal fat, and yield, all;expressed as a percéntage Qf live weight,
are presented in Table X."’Corresponding values for individual trials
may be found in Table XXXII, Appendix B. Data for the fourth trial are
also included in Table X.

Cattle full-fed in Phase II yielded a significantly lower per-
centage of hide than did steers subjected to-HM and MM treatments.

The same trend was evident in Trial IV, and probably reflects the
relative finish or condition of the steers. Callow (1961) -observed
this pattern with older steers, using simi1ar treatment comparisons.

Percent #fill," as estimated by the contents of the ruminant
stomach, was significantly less for the HH and MH éroups in Trial I,
but varied from year to year, and the three-year average does not reveal
significant differences among treatments. For this reason, "fill" was
not estimated in Trial IV,

An estimate of internal fat was included in the data collected
after the first trial, in an attempt £d obtain some indication of the
amount of fat produced having little practical value. Moulﬁqn_gg»g;.
(1923) and Trowbridge et al. (1919) reported that much of the increase
in fat in older caftle was deposited around the internal organs. As

expected, steers full-fed in Phase II had larger smounts of internsl fat
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in the secénd trial. In Trial II, however, smaller but statistically
significant differences, were thained for another set of comparisons
(HH + M > MH + MM). The large treatment by year 1nteract10n prevented
significant differences among the averages shown in Table X, although
the values reflect the expected trend, as do the p'ercentages observed
in Trial IV,

Yield or dressing éercentage, based on 48-hour chilled carcass
welghts, was similar for all treatm§nt$ in the three-year average,
although HH and MH regimes resulted in higher yields in Trial I. The
average yield of steers in the MI group was lower than for steers alloiwed
to gain approximately 80 pounds more (H and MIT regimes). These effects
~were expected, since many other investigators (Brugmaﬁ, 1950; Lucas et
al., 1960; Guilbert et al., 1944; Winchester et al., 1957) were unable
to deteet differences in yield with swine and cattle. Lower dressing
percentages were obtained with sheep, however, by Weber et al. (l931)fand
Palsson and Verges (1952a, l952b)_on restricted or low planes of nutrition,
In general, use gf extreme nutritional regimes produces marked differ-
ences in yield, whereas little or no effect may be observed when more
practical treatmeﬁts are employed.

In Trial IV, the right front cannon bone was measured to determine
if differences in bone development could be detected. The treatment
means were found to be nearly identical. This should be expected, since
Waters (1908) demonstrated the priority for skeletal growth, which con-
tinued even when steers were subjected to submaintenance rations.

Other data eollected.at‘time of slaughter included weights of the
heart, pluck, live; and hanging tender. It is believed that trimming

errors on these items exceeded any probable treatment differences, and
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therefore they are not reported.

Yield of Wholesale Cuts

Average percentages of . wholesale cnts obtalned in the first three
~trials and in Tr1a1 IV are presented in Table XI. Corresponding values
for Trials I, II and ITI are shown in Tables XXXIII, XXXIV and XXXV
respectlvely, Appendlx B. The three-year average. (Table XI) reveals
that carcasses from steers full-fed in Phase IT (HH and MH) yielded
lower percentages of round, shank and major;cuts,and higher percentages
of flank, plate, cheap.cuts and waety cuts. A slightly higher percentage
of kidney knob was also observed for these groups, while brisket values
were higher for cattle from the HH and HM regimes. No appreciable
treatment differences were noted among the remaining cuts. .The smaller
cuts such as brlsket and shank, were probably subject to more cutting
‘error. |

Fewer.sigpificant differencés were obtéined in the separate trials,
_although the percentage of round reflected the three-year average<ih each
test, as did the percentages of major cuts, cheap cuts and wasty cuts
in Trials I and IT. There were ne 1mportant,discrepanc1es between trials.

In the fourth trial, carcasses of full-fed steers yielded higher
percentages of flank, plate end wasty cuts and lower percentages of round,
shank and major cuts than the two moderate groups. The Jounger, lighter
weight cattle (MI) tended to have lower percentages of fat cuts and higher
percentages df_iean cuts than the other moderate group (MII), but the
only significant increase was in percentage of round. |

It is readily seen that steers fed to gain rapidly in the finishing

phase produced small but consistent increases in the cheaper and fatter



TABLE XI
YIELD OF WHOLESALE CUTS (%)

' IR Trigl IV - »
Trlals I, IT and ITT gAv,z High Moderate I Moderate II
Treatment Group ' HH: - M . "MH MM - (H) . (MT) (MIT)
Wholesale cuts .
Round 17.7°  18.5 17,80 18.8 18,55 19,89 19.0
Rump 5.7 5.7 5.9 5.6 6.1¢ 5.9 5.8
Loin 14,4 14,k 14.6 4.4 13.5 14,0 ©13.9
Flank 6.9% 6.6 6.9f 6.4 5,086 6.0 6.5
~ Kidney knob 3.2 2.8 3.0 2.9 2,8 2.4 2.6
Chuck 25.8 25.4 25,7 26,1 25,2 25.3 25,7
Rib 8.0 8.1 8.0: . 8.0 8.1 8.0 8.0
Plate 8.8h 8.3. g.uh 8.1 8.7 - 8.2 8.1
Brisket 5.1 5.31 5.0 4,9 5.3 5.3 5.4
Shank b h b,6 h, sh 4.6 b7} 5:3 5.1
Hind quarter k7.9 48,0 8.1 8.1 7.9 48,1 42.8
Fore quarter 52.1 51.7 51.6 51,7 52,0 52.1 52,3
Major cutsk -71.6h 72.1 72,00 72.9 71.4€ 73.0 72,4
Cheap cutsl 28.4f 27.6 27,88 26,9 2835 27.2 27.7 .
Wasty cuts® _ - 24.0m 23.0 23.3% 22.3 23,88~  21.9 22,6

. e
g

?’Céfféspohding vaiues for individual trials are pre‘s,ented in 7'Iab‘1es XXXTII through XXXV, Appendi%- B.
?(’H‘Hgﬂ- MH) significantly different from (HM + MM) at P< 0.001. |

eHs:Lgn:Lf icantly different from (MI + MII) at P 0.025.

OMT significantly different from MII at P< 0.05. - -

'.eﬁ significantly different from (MI + MII) at P ”'Q 10

£ Om + MH) significantly different from (HM'+- MM) at P/"‘O 07.

iy
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cuts, compared with moderately-fed cattle. This trend was more pro-
nounced when high and moderate groups werevféd for the same length of
time (MI) than when fed for the same total feedlot gain (MII). These
results are in agreement with studies by Goll et al. (1961) which in-
dicate that percentage of round tends to be influenced more by differ-
ences in carcass grade than the other wholesale cuts. The percentage
of major cuts was also markedly affected. Butler (1957) noted oply
small differences in wholesale cutout despite wide variation ih experi-
mental material. Considering the reiatively narrow range in carcass
grades reported in a ﬁrevious section, it iS'hot éurprising that large
differences in yields of wholesale cuts were not obtained. Insofar as
percentagesbof major and wasty cuts reflect carcass composition, the
results parallel those-observed by McMeekan (1940b, 1940c) and Palsson
and Verges (1952b), who reported that the major differences among
treatments could be attributed to the nutritional plane imposed in the

second half of the fattening period.

§pecific Gravity Determinations

Specific gravity readings are presented as averages of the first
three trials in Table XII, which also céntains the readings obtaiﬁed in
Trial IV. Corresponding values for Trials I, II and III may be found in
rable XXXVI,‘Appendix B: Density readings recorded for the five major
wholesale cuts were lowest for the HH g;oup;and,highest for the MM
group, without exception, in each of.the three tfiéls. Significantly
lower relative densities were obtained on cuts from steers full-fed in
Phase IT (HH and MH) for all comparisons, ekcept round and rump in Trial

III, at P< 0.10. In additién, lower values were observed for HH and HM
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treatments for all cuts‘ih Trial IIT and in the three-year average, and
fbr rib in Trial II (P< 0.10). .As indicatgq in the tables, most of the
above differenees were highly significant.y‘.J

In Trial IV, cuts from high plane steers had lowef,relative densities
‘than fhose from the moderately-fed cattle (P< 0,025), as expected, but
the differences between the two moderafe groﬁpsrwere negligible.

It is ob#ious that specific gravity determinations were of much
greater value in detecting treatment differences ;han were the measure~ °
ments reported in previous sections. Of the cuts studied, the wholesale
rib appeared to be more useful than the round or rump in this regard,
Kraybill et al. (1952) suggested that the 9110-11th rib cut could be used
to estimate:speeific gravity of the entire carqass, and Meyer é& al.
(1960) proposed that specific gravity determinations could be ﬁsed to
obtain economical and réliabie.estimates of percent carcass fat,

vThe trends observed among tfeatments iﬂ'relativg densities are
similar to, but more pronounced than, those'hoted;fo: wholesale cut
yields, and provide additional support'for the'contgnt;§n that carcass
differences are due more to the plane of nutrition imposed in Phase II

than in Phase I.

gib Eye Measurements

x Average rib eye measurements obtained iu,theﬁfirst three trials
are presented in Table XIII, Corresponding values for the individual
trials are shown in Table XXXVII, Appendix B.. Few significant differ-
ences were observed, although cross-sectional length and rib eye area
ﬁended to be least for the HH group and greatest in the case of the MM -

regime. The ppposite tendency was noted for width of external fat, with
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HM and MH treatments resulting in inpermediate values, No consistent
trend was gvident fof width measurements, or for width x length dimén-
sions.

HH and MH groups had significantly more external fat in Trial I,
and sigﬁificanﬁly smaller rib eyes in Trial ‘III, as estimated by width,
length, width x length, or area measurements, However, all other com-
parigons within each trial Were,nonéignifieant. Variation-in response
from year to year was evident, and the reasons-for discrepancies such
as the extremely low value for width of external fat observed for the.
MH group in Trial III are not apparent. Errors in measurement or a poor
sample of experimental material may have been responsible.

| In Trial IV (Table XIII), the MI treatment tended to produce smaller
rib eyes and less external fat than the MII‘regimé. This might be ex-
pected since the former steers weighed appréximatély 80 pounds less

at time of slaughter. High and Moderate IT treatments were more nearly
comparable in measures,obtaihed for size of rib éye, although the full-
fed steers tended to have more external fat.

Insofar as rib eye measurements are indicators of carcass lean,
these results suggest that moderately different nutritional ﬁlanes do
not appreciably influence lean development ﬁhen steers are allowed to
attain equal feedlot gains, but that steers gaining at moderate rates
vmayvnot produce as much lean tissue as fnll{fedfsteers when removed
from test at the same time and slaughtered at‘the.same age. However,
Cole and associates (1960b) reported that only 18 percent of the varia-
tion in total carcass lean could be accounted for by rib eye area

determinations,
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Physical Separation Data

The fesults of physical separation of the 9-10-11lth rib cut, ex-
pressed as the average of three trials, are shown.in Table XIV.
Corresponding values for the individual trials are ‘presented in Table
XXXVIII, Appendix B. HH and MH regimes produced. carcasses containing
a calculated average of 2.8 percent less lean, 4.0 percent more fét
and 0.8 percent less bone than those from HM and MM treatments. Differ-
ences in lean and fat were significant at P'< 0,01, and differences
in bone at P< 0.05, whether:actual or calculitedfpércentages’were.used.w

These trends agree well with those obtained from wholesale cutout
and specific gravity data, and are further sﬁbstantiated by the studies
of McMeekan (1940b, 1940c) and Palsson and Verges (1952a, 1952b). As
meﬁtioned previously, ‘the plane of nutrition  imposed in the latter part
of the feeding period appears to dictate Fhé majof differences observed
in carcass composition, although this effe¢t was not obtained in Trial
ITT in this stud&. Percent fat was influenced thevmost,.aﬁd pércent
Bone the least, by nutritionaldplaﬂé, which serves to illustrate the
different priorities of body tissues for nu%riénts first reported by
Waters (1908),

In Trial IV (Table XIV), full-fed steers prbduced carcasses con-
taining &ore fat and iessfbone, but ohly slightlyfless lean, than those
from the two moderate treatments. Carcasseé,fr§m.the MI group were lower
in percent fat, and higher in percent lgan‘andvbone, than those from the
MITI group, although the differences were smallvand not statistiecally
significant;, Wholesale cutout and relative density determinations dis-
cussed previously show the same general trends. However,;perceﬁtages dé

not reveal différences in actual weight of the carcass or its components.
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While the MI group had the highest percentage of lean, total carcass lean
was actually least for this group due to differences in feedlot gains

and slaughter weight, as will be discussed later.

Chemical Analysis of Lean Tissue

Samples of Longissimus dorsi and Semimembranosus muscles were sub-

Jected to proximate chemical analysis and the averages obtained for the
series of three trials are presented in Table XV. Corresponding values
for each trial are shown in Table XXXIX, Appendix B. Differences among
treatments were quite variable; however, significantly more ether extract
was observed for the HH and HM‘groups. The marbling scores reported
earlier revealed a similar pattern. Percent moisture tended to vary
inversely with ether extract, wﬂifé no definite trends were established
for ash and protein. The reason for significantly more ash in L. dorsi
samples from HH and MH groups in the three-year average is not appa:ent.

Only L. dorsi samples were analyzed in Trial IV (Table XV). Samples
from the carcasses of full-fed cattle contained more ether extract
(P< 0.05) and slightly less moisture than those from the other groups.
Protein and ash appeared to be relatively unaffected by treatment.

A major problem in obtaining reliable chemiecal analysis data is in
getting representative samples. It seems logical that sampling error
could easily mask or distort small treatment differences. This_should
Be particularly true where relatively lOWhgféding'cattle are involved,
since differences in intramuscular fat would likely be minimal in such
instances.

Palsson and Verges (1952b) found that age had more influence than

plane of nutrition.on marbling of the eye muscle, This could explain
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the higher ether extract values observed for the HM group than for the

opposite (MH) regime.

Shear Values and Organoleptic Data

Shear values and organoleptic scores are summarized in Table XVI.
Corresponding data for Trials I, II and III are presented in:Table XL,
Appendix B. Except for slightly lower shear values for cooked rib steak
in Trial II, none of the comparisons approached statistical significance.
Apparently, errors inherent in the techniques used produced far more
variation than resulted from any treatment differences, since "F"
values obtained in the variance analyses were often less than 1.00.
Christians (1962) reported that the cooking procedure -introduced con-
siderable variation. Cole et al. (1960a) observed significant differences
in shear values and taste panel data, as have many other investigators,
but only when steaks used represented a fairly wide range in carcass
grade; even so, differences were often small,

The shear values obtained in Trial IV (Table XVI) reveal a logical
trend; as carcass grade decreased, tenderness also decreased. However,

differences in shear value did not approach significance,

Efficiency on a Carcass Basis
Average efficiency values, expressed on the basis of carcass com-
position, were calculated from data obtainea_dnrigg the first three
trials and are presented in Table ;VII; Correspon&iﬁg data for in-
dividual trials are presented in Téﬁles XLI, XLII and XLIII, Appendix B.
Total carcass lean and fat were calculated by multiplying carcass
weight by the estimated carcass percentages of lean and fat shown in

Tables XIV and XXXVIII. Steers full-fed in Phase II (HH and MH regimes)
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yielded carcasses containing significantly more total fat and less lean:
This effect was pronounced in Trials I and II, but not in Trial III.

Since none of the cattle were slaughtered at the beginning of the
feedlot tests, estimates of initial carcass composition were not available.
Carcass composition was assumed to be similar for all groups at this time,
Theoretical initial values for pounds of carcass lean and fat were
calculated by assuming an average yield of 56 percent and average carcass
composition of 63 percent lean and 20 percent fat for each treatment
éroup. These values approximate those obtained in subsequent studies
and should be satisfactory for comparative purposes. - Efficiencies ob-
tained by their use should also be more‘reaiisti¢gthan using total
carcass fat and lean, with no correction for initial compositions.

The three-year average for Trials I, IT and III (Table XVII) showed
that efficiencies were generally improved according to the treatment
order HM, HH, MM and MH when measured as pounds of TDN, or therms of
net energy, required per pound increase in carcass weight, or in weight
of fat and lean tissue, Since TDN is known to over-estimate the value
of roughages for productive purposes, the net energy values may be more
‘reliable. In the latter comparisons, MM and MH regimes resulted in
significantly more efficient feed conversion (P< 0.05).

By converting both ration and carcass components to calories,
efficiency ratios expressed in the same units can be obtained. The
conversion factors used (Table XVII) permit determination of the calories
of "@igestibleqenergy" in the ration required per calorie of edible meat
(fat and lean) produced. This procedure gives additional credit to: |
rations which result in production of carcasses higher in fat content.

However, this credit may not be justified in studies where the amocunt of



60

fat deposited is in excess of that reqniredvfor a product of acceptable

quality. In the present study, steers full-fed in Phase IT (HH and MH)

needed 12.6 percent less feed calories per calorie of fat and lean, than
cattle subjected to’ﬁM and MM regimes (P < 0.025).

One of the objectives of this study was to determine the feeding
regimes which would result in the conversion of feed nutrients to lean
" meat most efficiently. Expressed as either pounds of TDN or therms of
net energy required per pound of increase in lean tissue, the
efficiency of conversion increased in the nreatmentborder‘HH, HM, MH and
MM. The same trend was noted for pounds of erude protein neeged to pro-
duce a pound of carcass protein; MH and MM érOups.were moreveéfiq?ent
than steers subjected to HH and HM regimes (P< 0.025).

The preceding discussion illustrates how efficiency rankings of the
four treatments vary, depending on the method of measurement, However,
' regardless of the criteria used, the values ebtained for the everage
of three trials (Table XVII) indicate.an interesting overall trend, The
Hﬂ regime always ranked as one of the two least efflclent treatments,.
while the opposite regime (MH) ranked first or second in efficlency of
feed conversion in every comparison. Mest of the‘earcass data reported
earlier indicate‘that careess composition and quality were similar for
these two treatments. In view of these findings, the.MH feeding regime
appears decidedly superior to the HM treatment. Increased maintenance
requirements in Phase IT may have contrlbuted to the relatlvely poor
performance of the latter group. Other treatment. comparlsons may not
be valid because of greater differences in carcass characteristics.

No literature has been ﬁeund to support or contradict these

efficiency patterns since, in most studies, efficiency comparisons have
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been based on live ﬁeight gains. Species differences may exist, since
McMeekan (1940c). reported that the HL regime was most efficieﬁt, followed
in sequence by HH, LH and LL treatments. Many researchers have observed
little or no difference in feed efficiency betweenwvariéus nutritional
regimes (Merkel et al., 1958; Lucas et g;.,;l960;yﬁinché5ter and Howe,
1955; Winchester and Ellis, 1957; Winchester et al., 1957).

In Trial IV (Table XVII) the moderate plane of nutrition failed to
promote maximum lean development. This is indlcated by the relatively
small-quantity of lean produced by the MI treatment, and illustrates
the need for feeding steers on high and ﬁbderate'nutritional planes for
equal gains (MII), rather than for an equal'length of time (MI), if
comparable quantities of lean are desired.

The full-fed steers were generally more efficient than either
Moderate group in Trial IV. There were“essentially no differences in
éfficienqy between the MI and MII treatments, except when expressed on a
caloric basis. In the latter: comparison, the MIT regime resulted in a-

small improvement in efficiency.
Relationships Among L;ve'Animal and Carcass Traits

The data reported herein involve nqgerbnswmeasuraments and scores
individually obtained from 82 steers. These measures have been dis-
cussed in the preceding section, and,by,Héhgrickson (1961), with re-
spect to the effects ofynutritional plane. :The'expefimental material
was selected primarily for this nﬁtrition siudy, and therefore contains
less variation than is usually desir_ed, in iﬁvestigations,designed to
study interrelationships among various measurements.

However, the large nnmber of different measurements avallable
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permit a wide range of comparisons on the same cattle. The correlation
coefficients presented in the following tables represent a survey of these
comparisons and serve primarily to establish general relationship
patterns for the type of steers used. All values are simple overall
correlations, unadjusted for treatment or year effect, or for the in-

fluence of any other variables,

Relationships Involving Linear Live Animal and Carcass Measurements

Correlation coefficients obtained between live animal measurements
and other sele@te& variables are shown in Table XVIII. Skeletal measure-
ments (X4 and X5)° and particularly heart girth, Were highly associated
with live welght. W@dth of shoulder and quarter‘were related (0,78), but
neither was appre@iagly'associated with width of loin, Difficulty in
measuring loin width was evident in these studies., Heart girth was
pésiﬁively correlated with the other live animal measurements, Width
a@@\length measurements were negatively associated when correlations in-
volving width of loin were not considered.

In general, width of shoﬁlder and guarter, height at withers, and
heart\girthvwere positively related to linear carcass measurements.
Results of other investigations (Orme et al., 1959; Ternan et al., 1959)
support the above trends; however, higher correlation coeffi@iénts were
obtained feor most comparisons, which reflects wider variation in experi-
mentél material. It should be emphasized that linear measurements re-
f;ect body size and, because of this, are positively correlated with live
weight. This relationship is strikingly. illustrated in Table XIX. Note
the highly significant positive correlation (0.39 to 006%) between

slaughter weight and various linear carcass measurements, Many of the
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TABLE XIX

CORRELATIONS BETWEEN CARCASS MEASUREMENTS

AND OTHER SELECTED VARTABLES®.DP

64

Variable - X1 X2 X3 X Xs X4
Slaughter wt. (1b.) 0.64 0.56 0.4 0.55 0.48 0.39
Av. daily gain (1b.) -0.20 -0.32 0,31 .-0.1% -0,12  0.05
Carcass meas. (in.) S
Carcass length (Xq) 0.81 0.49 0.88 0.25 0.43
Length of leg (X %. 0.60 0.73 0.34 0.32
Depth of body (X2)~ 0.39 0.40 0.16
Length of loin (%) 0.81 0.3l
Width of shoulder (X5) -0,16
Width of round (Xg)
Carcass composition (%) -
Lean 0.21 0.32 0.20 0.19 ~ -0,04 0.11
Fat -0.13 -0.24 -0.13 -0.16 0.15 «0,02
-0.04 -0,22

Bone -0.16

-0.10

-0.15

-0.35

3Correlations between carcass

br = 0,217 at P = 0.05 and 0.283 at P = 0.01.

measurements and subjective grading
scores are presented in Table XLV, Appendix B.
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high correlations among the latter variables, and most of the positive
relationships mentioned previously (Table XVIII) can be attributed in
part to the mutual influence of live weight. It is obvious that some of
the correlations among carcass measurements in Table XIX are spurious
because of part-to-whole relationships between the variables.

Correlation coefficients observed between live animal measurements
and subjective scores are presented in Table XLIV, Appendix B. Com-
parisons were also made between subjective scofes and linear carcass
measuremen§§ and are shown in Table XLV, Appendix B. Althqugh a few
high corfelations were observed, mostxrelationships were quite low.
Negative values actually indicate positive correlations due to the method
of scoring used. Heart girth (Table XLIV) and width of shoulder (Table
XLV) were significantly associated with most subjective écores. Ternan
et al. (1959) observed low or insignificant correlations between body
measurements and conformation scores, and Orme et al. (1959) found sub-
Jjective scores to be of less predicfive value than objective live animal
measurements for estimating carcass dimensions.

Christians (1962) reported that live animal measurements had little
value for predicting carcass components, The correlations béiween live
animal measurements and carcass composition (Table XVIII) and between
linear carcass measurements and carcass compositioﬁ (?éble XIX) reveal
no consistent trends. '

The amount of variation accounted for in any one comparison may be
expressed as r2, None of the comparisons discussed account for sufficient

variation to be of much predictive value.
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Relationships Involving Specific Gravity Determinations

The correlation coefficients obtained between Sﬁécific gravity
readings and other selected variables are presented'in'Tabie XX. These
values were essentially the same magnitude, régardlessvoﬂ which whole=-
sa}e cut was used. Likewise, the five;cut éverage did not appreciably
alter the size of the correlations. Rib and,loindreédings were in
closest agreement (0.91) of the five cuts measured.

The use of specific gravity as an estimate of carcass fat has been
advacated by Kraybill et al. (1952) and Meyer et al. (1560). Correla-
tions between-specific gravity of the wholesale rib cut and'the calcu~
lated carcass composition were -0.90, 0.80 and 0.70 for percent fat, lean
and bone, réspectively; Thus, despite limited variation in these cattle,
specifie gravity of the rib accounted for 8l percent of the variation
in percent carcass fat. Up to 96 percent has been accounted for in
other studies (Meyer et al., 1960).

Significant relationéhips were generally observed between specific
gravity and percentages of wholesale cuts, éxcept?for chuck, rib and
brisket, Percent round, flank, plate, shank, major cuts and wasty cuts
all showeq relatively high correlation coefficients. Calculating corre-
lations frﬁm percentage data removes most of the effect of live weight,
but may introduce artificial interrelationships since all values must
add to 100 percent,

Specific gravity readings were also highly associated with width
of external fa; at the 12th rib, percent moisture.and ethér extract in
the rib,qye, live and carcass grade and othér selected écores. Correla-
tions involving estimates of fat were generally higher than those esti-

mating lean. Measures of rib eye size were not appreciably associated



TABLE XX

CORRELATIONS BETWEEN SPECIFIC GRAVITY DETERMINATIONS

'AND OTHER SELECTED VARIABLESa
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Variable X X2 X3 Xy X5 Xg

Specific gravity :

Round (Xq) 0.85 0.87 ~ 0.89  0.8%  0.94
Rump (Xz% 0.88 0.87 0.84 0.92
Loin (X») 0.88 0.91 0.96
Chuck (. ) 0.88  0.96
Rib (X5) 0.94
Av. of™5 cuts (Xg)

Carcass composition (%)

- Lean 0.7, 0,72 0.8l 0,74 0,80 0,80
Fat -0.76 -0.79 -0.87 -0,82 -0.90 -0.88
Bone 0.55 0.58 0.62 0,63 0.70  0.65

Wholesale cuts (%) . )

Round 0.45 0.60 0,67 0.53 0.68  0.62
Rump 0.6 0,27 0.43 0.42  0.45 0.44
Loin -0.19 -0.15 -0.37 -0.18 -0,27 =-0.27
Flank -0.58 0,62 =0.63 =0.59 =0.70 =0.65
Kidney knob -0.39 -0.45 -0.52 -0.41 ~0.53 -0.48
Chuck 0.18 0.23 0.17 0,10 0:22 0,17
Rib 0.02 0.02 0,02 0.05 -0.06 0.02
Plate -0.51 =0,60 =0.52 <0.57 =0.59 =0.57
Brisket -0.06 -0.05 Q.05 0.01  0.00 0.00
Shank 0.49 0.50 0.57 . 0.50 0.55 0.56
Major cutsP 0.53 0.60 0.57 0.53 0.65 0.59
Cheap cuts® -0.49 .0,56 -0.51 -0.49 -0,60 0,54
Wasty cutsd -0.61 -0.68 =0.66 <=0.63 0,74 -0.69
4r = 0.217 at P = 0,05 and 0.283 at P'= 0,01,

PTncludes round, rump, loin, chuck and rib;

®Includes flank, kidney knob, plate, brisket and shank.

dIncludes flank, kidney knob, plate and-brisket.



TABLE XX (Continued)
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Variable Xy Xo X Xy Xe Xg
Rib eye data (in.)
Area ‘ 0.05 0.14 0.13 0.05 -0.01 0.06
Length 0.24 0.32 0.34 0.27 0.19 0.28
Av. fat cover ‘ -0.70 -0.63 ~0.79 «0.67 -0.77 ~0.76
Av, width -0,09 0,02 «0,03 «0.09 «0.15 «0.09
Width x length 0.04 0.16 0.12 0.05 «0.03 0,06
Chemical analysis (%) :
‘Moisture 0.55 0.59 0.61 0.61 0.52 0.62
Ether extract -0.67 -0.64 -0,66 <0.71. -0,66 -0,71
Ash ' 0.14 0.14 0.13 0.18 0.18 0.16
Protein -0.14 0,20 -0.25 =0.16 -0.20 -0.20
Subjective scores (live) S
Width of body 0.40 0.45 0.39 0.42 0.39 0.43
Muscling 0.37 0.37 0.31 0.35 0.29 0.36
Fat thickness 0.51 0.53 0.52 0.53 0.51 0.55
Live slaughter grade 0.65 0.61 0.67 0.68 0.67 0.70
Subjective scores (carcass) .
Thickness 0.51 0.46 0.51 0.48 0.54 0.54
Fat thickness 0.67 0.58 0.66 0.61 0.68 0.68
Kidney knob 0.50 0.51 0.56 0.48 0.61 0.55
Marbling 0.58 0.52 0.57 0.58 0.60 0.60
Firmness of lean 0.51 0.48 0.50 0,52 0.52 0.54
0.72 0.78 0.77 0.82

Carcass grade 0.77

0.79

% = 0.217 at P = 0,05 and 0,283 at P = 0.01.

bTncludes round, rump, loin, chuck and rib.

®Includes flank, ‘kidney knob, plate, brisket and shank,

dIncludes flank, kidney knob, plate and brisket.
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with specific gravity determinations. Cole et al. (1960b) reported that
the rib eje was a relatively poor index of total lean development.

The above discussion indicates that specific gravity determinations
may be of considgrable predictive value, particular1y~£orbeétimating per-
cent carcass fat; In this study, as much as:8l percent of the variation |

in this trait could be accounted for by oneKSpéCific graﬁity measurement.

Relationships Involving Other Indicators of Qarcags_Compositibn
Correlations between the wholesale cut%_mosp?highly associated
with specific gfavity and other selected va?;ables are presented in Table
iXI. The relationships among wholesaie'cutsuaré.ﬁndoubtedly too high,
due to part-to-whole relationships and the limitations of percentage
data. Correlations between rib eye area and wholesale cuts were neg-
ligible. In every remaining comparison, highly,significant relationships
were observed. Values were generally slighﬁly higher for variables.
~gstimating fat content, but predietion of,pércentfcarcass fat from per-
¢ent wagty cuts accounted for onl& 55 percent of the variation.
Correlations bet%een percent wholesalefcuts-aﬁd estiméted carcass
composition reported in?the literature have generally been low. How-
ever, Cole et al. (1960b) recently obtained:a correlation of 0.95 be-
tween separable lean in the wholesale round and total carcass lean.
Relationships between estimated carcass composition data, thickness
of external fat, and chemical analysis values for lean tissue are pre-
sented in Table XXII. Correlations of -0,70, 0.79 and -0.63 were
obtained between thickness of external'fat.énd percent lean, fat and
bone, respectively. Percent moisture and ether extract were also highly

associated with percent fat and lean, and with fat thickness. Most other
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TABLE XXI

CORRELATIONS BETWEEN CERTAIN WHOLESALE CUTS
AND OTHER SELECTED VARIABLES2

Variable X Xo X3 ). Xs X6

Wholesale cuts (%) :
Round (X;) =0,63 =046 0,46 0.64 -0.69
Flank (X3) 0.37 -0.M% -0.69  0.75
Plate (X3) L=0,24 =0,70 - 0.74
Shank (Xj,) 0,18  -0.38
Major cutst (X.) e 0.96 .

Wasty cuts® (X3)
Carcass composition (%)

Lean "~ 0,63 «0,61 =0.55 0.57 0.62 =0,71

Fat =0,70 0.68 0,57 «=0.58" «0.,66 0.74

Bone 0.52 =0,50 =0,35 0.33  0.44 =0.46
Rib eye '

Area -0,04 =0,02 0,07 <=0,07 0.05 =0,04

Fat cover =0,60 0.63 0,31 =0.54 =0.48 0.55
Chemical analysis (%)

Moisture 0.52 =0.33 =0.29 0.46 0.29 =0.37

Ether extract =044 0,47 . 0,45 =0.48 =0.43 0,54
Live slaughter grade 0.48 =0.,46 -0.35 0.58 0.43 «0.52
Carcass grade 0.59 =0.49 0,46 0.61 0.56 =0.66

r = 0,217 at P = 0,05 and 0,283 at P = 0,01,
bTncludes round, rump, loin, chuck and rib.

CIncludes flank, kidney knob, flank and brisket,
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comparisons are insignificant or unrealisti¢,when;expressedvas percentages.
The general trend observed in Tables XXI and XXIT is that most of

the variables studied, which were believed to provide some indication of

carcass compositiqn, were significantly correlated with calculated per-

centages of carcass lean and fat, These correlations were usually in the

range of 0.50 to 0.70.

Relationships Involving Carcass Quality Data

Correlations among certain subjective scores, organoleptic data and
shear values are presented in Table XXIII. lRefinément score, observed
on the live animal, was not significantly correlated with any of the
other variables. No inportant relationships were noted for any compari-
sons which included shear readings or organéleptig scores. However,
correlations from 0.65 to 0.82 were obtained between carcass grade and
live slaughter grade, marbling, and other carcass scores (texture and
firmness of lean, and color of lean and fat). All other comparisons
among these‘Scores were also highly significantfv;

It is:apparent that organoleptic tests and shear values, determined
on the cooked product, were of no importance in this study. Christians
(1962)'p9ted that cooking introduced considerable variation, which could

éasily mask small differences in the raw product.
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SUMMARY

Three trials, involving 64 weanling steer calves, were conducted to
study the effects of different nutritional planes on carcassvcopposition;
quality, and efficiency of nutrient conversion., The planes of nutrition
imposed were:‘ Full-feeding'for:360-400 pounds feedlot gain (HH); full-
feeding fof apbroximately.half the total gain, followed by a4modera£e
level of feeding (HM); mpderate feeding, followed by fﬁll-feeding (MH) ;
and a moderate level of feeding throughout (MM). The different nu- |
tritional planes wére achieved by varying the amounts of rolled milo and
dottonseed hulls in the ration, which also contained éottonseed meal and
dehydrated alfalfa pellets. The steers were individually-fed, and
slaughtered éfter 360-400 pounds gain. A fourth trial, using 24 calves,
éas conducted to compare the effects of high (H) vs. moderate nutritioﬁali
regimes imposed for equal length of time (MI) or equal feedlot gain of
350 pounds (MI&).' In each trial, individual records were maintainedton
weight gains and feed consumption. Data coliected‘included linear live
animal and cafeass méasurements, subjeétive live gnimal and carcass
evaluation scores, hide weight, dressihg percent #Ad eétimates ofl"fiil"
and internal fat. Other carcass information included rib eye tracings,
yieldvpf.wholeséle cuts, specific gravity of wholesale cuts, physical
éepafatiqn 6f.£he §;lo-llth rib cut, aﬁd proximate chemical analysis of
léén tissﬁe. Desirability of the cooked product was estimated ﬁy shéar

tests and organoleptic studies. Simple overall correlations were calcu-

h
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lated on the data from 82 steers to establish general :o_.
patﬁerns.among these variables.

In Trials I, II and IITI, steers full-fed for rapid gain (HH) pro-
duced higher grading-carcasses.whicﬁ contained more fat ﬁnd less lean and
bone, as indicated by physical.separatioh»daﬁé,‘than those from steers
fed to gain at a moderate rate (MM).:. When the plane of nutrition was
reversed in Phase II (HM and MH treatments), the carcasses produced
were intermediate to the HH.and MM regimes in composition and grade.
However,vcarcass_composition reflected the influence of the plane of
nutrition imposed in the second phase, as evidenced by én increased
percentage of fat and decreased percentages of lean_aﬁd bone for the MH
group, relative to the HM regime. Yield and specific gravity of the
wholesale cut and physical separation of the 9-10-11th rib all revealed
small but consistent differences among treatment groups in support of
the above conclusions., Treatment differences_with rib eye area, internal
fat and subjective conformation scores were generally not significant.

| No differences in desirability of the cooked product ﬁere de-
tected among the four treatment groups. The range in carcass grade,
High Good to LowetQaAverage Good, suggests small differences in quality.
Subjective carcass quality scores paralleled those for carcass grade,

Thé-distribuﬁion of treatment means with respect to relative
efficiency of meat production varied, depending on the criteria used.
~When expressed on thebbas§§ of carcass lean or proﬁein, efficiencies in-
creased in the treatment order HH, HM, MH and MM. In every comparison,
the MH regime was more efficient than the HM regime;

In Trial IV, all composition measurements and subjective scores

indicated a lower percenﬁage of lean and more fat in carcasses of the
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full-fed group. When the moderate plane of nutrition was imposed for the
- same length éf time (MI); rather thanvfor the same total feedlot gain
(M11), lighter-weight carcassés were obtained which were inferior in
grade and yield. Carcass grades ranged from Average Good (High group)

to Average-to-High Standard (MI group);v Although the percentage of
carcass. lean increased, total lean prodnctiqn for the MI regime was
approximately 30 poundslless than for the High treatment. The latter
group was also moreAefficient in conversion of calories and protein.“

A large nnmber of simple coffelatioﬁ coéfficients were calculated
using the various measurements and séores available in these four trials.
In general, the relationships were in agreement with those reported in
the literature, Howevef, the coefficients were frequently lower in
magnitude, due‘to the relative uniformity of the experimental material,
and most of the variables, therefore, appeared to be of low predictive

value.
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ANALYSIS OF THE DATA AND ADJUSTMENT
OF SUBJECTIVE GRADING SCORES

~Analysis of Variance

The analysis of variance program used was written in Fortran for
use on the IBM 650 computer, and is presented in Table XXIV. As written,
the program will perform either one- or two-way cross.cléssification
analysis of a maximum of 24 variables. Any numbér of treatment and/or
block groups may be used and unequal subgroup numbers are permitted; how-
ever, one effect (treatment or block) is limited to 12 unéqual subgroups.

All input cards are in fixed point form and have a 12 punch in
aolumn'?B.v Data may be either positive or negative. The first header
card has the following format:

Word 1 -~ 000000000X, X=1 (one-way AOV) or X=2 (two-way AOV).

Word 2 -- No. of groups for Effect I (uéually treatment).

Word 3 -- No. éf groups for Effect IT (usually block).

Word 4 -- No. of data cards (six variables per card).

Word 5 -- No. of variables (up to 24).

This header is followed by a subgroup header card for each set of
subgroups (all treatment subgroups in one block = one set). Two subgroup
headers are needed when there are more than five unequal subgroups in a
set. All unused columns must contain zeros. The first subgroup header
card has the following format: o

Word 1 -- No. of subgroup headers (1 or 2).

Word 2 -- No. of experimental units in Subgroup 1 (N).

Word 3 -~ XX000000YY, where XX = no, of first subgroup with different

N than the preceding subgroup, and YY = change in N. For

. example, 0500000010 indicates that Subgroup 5 has 10 less



TABELE XXIV
ANALYSIS OF VARTANCE PROGRAM

Fortran Statements

1 0000
L2

42

L2

42

b2

1

2

TEF W
- O

~ oaun\\n

\O 00

1"
12

13

14

0
0
1
2
3
b
0

0

[eNe) o o -0 o

o

[=NoNe o]

‘R(24), T

" ONE OR TWO WAY CROSS AOV

DIMENSION MA(24), A(24),

B(24), c(24), D(24), E(24),

G(24), N211)._ZNC(12),.P§24),
24,12), s(24),

NFT (24,3)

READ1’KT’K’L’I®,KV

M=1 '
READ 1, KH, NA, N(1), N(2),
N(3), N(&), N(5)

ZNA=NA

GO0 T0 (6,5), KH

READ 1, N(6), N(7), N(8),
N(9), N(10), N(11)

D0 7 I=1,24

B(I)=0.0

c(1)=0.0

ZNB=0,0

1J=10

M=1

DO 9 I=1,24

B(I)=B(I)

DO 15 J=1,NA

READ 1, MD1, (MA(J),Jd=1,6)
Go T0 (14,13,12,11), KD
READ 1, MD1, (MA(J),Jd=19,24)
READ 1, MD1, (MA(J),d=13,18)
READ 1, MD1, (MA(J),J=7,12)
DO 15 I=1,KV

A(I)=MA(I)

B(I)=B(I)+A(I)
C(I)=C(I)+A(I)**2



TABLE XXIV (Continued)

85

Fortran Statements

15

16

18

19

20
21
22

23
2L

25

26
27

28
29
30

31

32

0

[oNeoNoNoNe)

o

o O

CONTINUE

DO 16 J=M,M
ZNC(J)=2ZNC(J)+2ZNA
DO 16 I=1,KV

E(I)=B(I)~E(I)

D(I)=D(I)+E(TI)**2/ZNA
T(I,d)=T(I,J)+E(I).
CONTINUE
ZNB=ZNB+ZNA

M=M+1

IF (K-M) 18,20,20

DO 19 I=1,KV
G(I)=G(I)+B(I)
P(I)=P(I)+C(I)
R(I)=R(I)+B(I)**2/ZNB
CONTINUE

ZNT=ZNT+ZNB

MM=MM+ 1

IF. (L-MM) 31,44
LL=300000000

IF (N(1)) 23,8,22

IF (N(1)-LL) 25,8,24
IF (N(1)+LL) 24,8,25
LL=LI+100000000

GO TO 21
LL=LL-100000000

IF {(M-LL/100C00000) 8,26,8
IF (N(1)) 27,8,28
NA=NA+(N{1)+LL)

GO TO 29
NA=NA+{N{1)}=LL)
ZNA=NA

D0 30 I=1,IJ
N(I)=N(I+1)

1J=IJ-1

GO TO 8

DO 33 I=1,KV
A(I)=G(I)**2/ZNT
B(I)=P(I)=A(I)
C(I)=0,0

DO 32 J=1,K
C(I)=C(I)+T(I,J)**2/ZNC(J)
C(I)=C(I)-A(I)
E(I)=R(T)-A(I)
G(I)=D(I)=-A(I)=C(I)-E(T)
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Fortran Statements

330

43 0

340

350
36 0
45 0
370
38 0
38 1

39 0
39 1
40 0
40 1
b 0

46 0
47 0

47 1
M 0

R(T)=B(I)=C(I)~E(1)-G(I)
JA=ZNT=-1.0
JB=K-1

2JB=JB

JC=L-1

2JC=JC

JD=JB*JC

2JD=JD

JE=JA-JB-JC-JD

ZJE=JE

KEY=1111

KK=K-1

DO 41 I=1,KV

IF (A(I)) 43,41,43
A(I)=C(I)/2JB

S(I)=R(I)/ZJE

GO TO (35,34), KT
D(I)=E(I)/zJC

P(I)=G(I)/2JD
NFT(I,3)=(P(I)/S(I))*100.0+0.5
NFT(I,1)=(A(I)/P(I))*i00.0+0.5
NFT(I,2)=(D(I)/P(I))*100.0+0.5
GO. TO 36 |
NFT(I,1)=(A(I)/S(I))*100,0+0.5
NO=NO+1. ,

PUNCH 1, MD1, NO, KT

PUNCH 1, MD1, JA, B(I)

PUNCH 1,MD1, JB, C(I), A(I),
NFT(I,1) : ' .

GO TO (44,39), KT

PUNCH 1,MD1, JC, E(I), D(I),
NFT(I,2) R
PUNCH 1,MD1, JD, G(I), P(I),
NFI(I,3) |

PUNCH 1,MD1, JE, R(I), S(I)

DO 46 J=1,KK .

PUNCH 1, MD1, 2ZNC(J), T(I,d)
J=K

PUNCH 1, MD1, 2ZNC(J), T(I,J),
KEY ' ,
CONTINUE

GO TO 1

END
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experimental units than Subgroup 4.

Words 4 through 7 -- Same as Word 3. If there are no unequal sub-

groups, these words contain zeros.

If a second subgroup header is needed, all words are punched in the
same manner as words three through seven of the first ;ubgroup header.

Data cards contain identification in word one and data in words
two through seven. The first data card contains the first six variables.
Card two (if present) is read as the last six variables, card three (if
present) as the six variables preceding those in éard two, and card four
(if présent) as variables seven through twelve.

Program output is in standard AOV format. Two examples are given in
Table XXV. These examples are from data collected in the studies reported
in this thesis and illustrate the types .of ahalysis used. Main effects
were assumed to be fixed in calculating "F" values. If this is true,
the statistical model for example I is. |

X ”"“'“i"’ﬁj*“@ij"'

13h ‘ijh’ i=1... a; j=1..0b, h=1.,,.

n, €, is 8(0,0), |
;nd the model for example II is

xij sure, +fi+€y, 11,00, §=1 SRR UVES N(0,6),
where "X" is the observation, "u" is the overall meaﬁg fd" is the treat-
ment effect, "B" is the block'effect, "e' is a random  effect, "a" is the
number of treatments, "b" is the number of blocks and "n" is the number
of observations per treatment within each block (Snedecor, 1956; Federer,
1955).

Individual treatment sums of sguares were also punched in order to
use AOV output for input of a program designed to test orthogonal com-

parisons among treatment groups. Since the latter program is specific in



TABLE XXV

EXAMPLES OF OUTPUT FORMAT OF ANALYSIS
: OF VARIANCE PROGRAM.

88

Identification

800000051+°¢

1111+©

af Ss MS F
Example I
9433421 32+ 1248 24P
9433421 32+ 57+ ° 2110800054+
9433421 32+ 3+ 1807000053+ 6023333352+ 417+
9433421 32+ 2+ 3983000053+ 1991500053+ 1378+
943342132+ 6+ 8670000052+ 1445000052+ L6+
9433421 32+ 46+ 1445100054+ 3141521752+
943342132+ 1500000052+¢ 235900005u+d
9433421 32+ 1500000052+€ 2313000054+
9433421 32+ 1500000052+¢ 2319oooo5u+
9l33421 32+ 1300000052+  2060000054+4 1111+€
Example IT

9545321 32+ 18+2 1+b.w
954532132+ 23 5522170057+ 1115730057+ 712+
954532132+ 2+ 2231460057+ 1567004856+
954532132+ 21+ 3290710057+
9545321 32+ 80p000051+C 3962000055+
954532132+ - 800000051+° 3944500055+
954532132+ 343600005%

8Sequential number of variable,

bType of analysis (one-way or two-way).

CNumber of animals in each treatment

dSS for each treatment.

eSignifies last card in each analysis.
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design and evaluates only the comparisons of importance in' this-study,

it is not presented here.

Adjustment of Subjective Grading Scores

The subjective grading scores_reportediiqﬂthi§ thesis are averages
of the evaluations of three to seven men. Many{of the graders did not
observe all of the animals and consequently the data are far from com-
plete. While it must be assumed that each grader was consistent in the
use of his own "standard," it is highly probable that different graders
had different standards in the case of many variables. If this is true,
then cértain of the averages are biased due to_differences in the
"average" standards used for different animalé‘uhich are caused by
absences §f one or more graders.

For this reason, an attempt was made to édjuét the averages ﬁo re-
duce this bias. The usual procedures for supplying missing data were
not considered because of the large nnmbers'of missing values. The

equation that was used to create values forhmissing information is

Kisic =‘zAi' ; ' [(sBi/Nc);;., ]'
Ny ZA;/(Ng Ne)
where "X"'is_the created value. "A" represents the actual values given
by the nunber of men (Na) who graded all the animals within a group, "B"
representé the actual values given by each ﬁan (k) who graded one or more,
but not all, animals within # group, and N, ' is the number of animals in
a group. The variablé number is "i" and the animal number is "j", This
équation merely multiplies the average values for, the complete portion of
“the data (no missing values) by the ratio of values given by men grading

all animals to those given by each man not grading all animals in a group.



.§0
The values were calculated on a Within treatment basis first and the re-
sulting data (containing actual and created values) were used to repgat
the process on a within year basis. The new treatment means subseqﬁently
obtained included many e¢reated values. S o

This procedure is not statistically valid, since it resultg in

adjusted means but not in adjusted variances. In all instances ex-
\perimental error is drastically red;éed and analyses of variance are not
appropriate. However, analyses of variancévwere conducted on the actual
averages and the adjusted means were used only as a further aid in
evaluating the results. It is the author“s'opinion that this type of
adjustment, while not recommended in most analyses, is of some benefit
in evaluating data with a large number of missing'values, in which case

the usual methods become extremely complex.
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TABLE XXXIT

SLAUGHTER FLOOR DATA (%)
(TRIALS I, IT AND IIT)
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Treatment. Group

HH HM MH MM
Trial I
Hide 8.5 8.5 8.4 8.9
nFi11nd 5,50 7.0 6., 5P 7.2
Internal fatC —— — c— ———
Yield : 63.64 61.3 2.4d 61.2
Trial II ,
Hide 8.2 8.7 8.1 8.6
ngpi11nd 6.3 7.0 7.2 7.1
Internal fat® 2.9¢ 1.9 2.8¢ 1.8
Yield 60.9 60.3 60.7 60.8
Trial III
Hide 9.0f 9.3 8,9f 10.0
"pilled 6.18 4,6 6.18 5.7
Internal fatC 1.88 1.8h 1.6 1.1
Yield 59.3 60.5 58,5 60.0

3Fstimated by weighing contents of the ruminant stomach,

P(HH + MH) significantly different from (HM + MM) at P < 0,025,

CIncludes easily removable fat from the stomach and pelvie cavity.
No estimate was obtained in Trial I.

d(HH + MH) significantly different from (H{ + MM) at P< 0.05.

©(HH + MH) significantly different from (MH + MM) at P<< 0.00l..

f(HH + MH) significantly different from (HM + MM) at P 2~ 0,07.

€(HH + MH) significantly different from (HM + MM) at P=-0.09.

h(E + mM) significantly different from (MH + MM) at P<£ 0.05.



TABLE XXXTIT
PERCENT WHOLESALE CUTS (TRIAL I)
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Treatment Group HH HM MH MM
Wholesale cuts
Round 17.92 18.6 17.42 18.7
Rump 4.8 5.0 Lk.9 4.8
Loin 14.9 14.8 1h.7 14,8
Flank 7.3P 6.5 7.6P 6.7
Kidney knob 382 1 o 3.9 3.4
Chuck 25.3¢ 26.1 25,5¢ 26.1
Rib 8.0 8.2 8.1 7.9
Plate 8.9 8.7 8.6 8.4
Brisket k.9 k.8 5.0 4.5
Shank 3.9¢ 4,2 3.9¢ 4.3
Hind quarter 48.5, 48,0 48,5 48.4
Fore quarter 51.0 52.0 51,1d 51.2
Major cutse 70.9% 72.7 70.6f 72.3
Cheap cutsg 28,6b 27.3 29,0b 27.3
Wasty cutsh 2, 70 23.1 25.1b 23.0

4(HH + MH) significantly different from (HM + MM) at P~ 0.10.
Y(HH + MH) significantly different from (HM + MM) at P2=0.06.
C(HH + MH) significantly different from (HM + MM) at P< 0.05.
d(HH + MH) significantly different from (HM + MM) at P~ 0.09.
€Includes round, rump, loin, chuck and rib,

f(HH + MH) significantly different from (HM + MM) at P2< 0.08.
€Includes flank, kidney knob, plate, brisket and shank.

hIncludes flank, kidney knob, plate and brisket.
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TABLE XXXIV
PERCENT WHOLESALE CUTS (TRIAL II)

Treatment Group HH _H H MM
Wholesale cuts
Round 17.32 18.1 17.72 18.8
Rump 5.7 5.7 L g 5:7
Loin 15.1 15.0 14.9 14.5
Flank 6.8 6.8 7ol 6.4
Kidney knob 3.2 | 2.6 2.8
Chuck 25.9 283 25.6 26.3
Rib 02 8.4 7.828 8.3
Plate 8.6P 7.9 8.7b %0
Brisket 5.0¢ 5.6¢ 4.9 4.8
Shank 4,6 L,6 Lh,7 4.6
Hind quarter 48.1 48.3 48.0 48.2
Fore quarter 51,8 51.6 Y7 37
Major cutsd 71,72 B3 71.7% 73.6
Cheap cuts® 28.2f 27.6 28.0f 26.3
Wasty cuts8 23.6h 23.0 23.3h 21.7

4(HH + MH) significantly different from (HM + MM) at P < 0.025,
O(HH + MH) significantly different from (HM + MM) at P< 0,01.

C(HH + HM) significantly different from (MH + MM) at P =0.07,

dIncludes round, rump, loin, chuck and rib.

€Includes flank, kidney knob, plate, brisket and shank.

f(HH + MH) significantly different from (HM + MM) at P < 0.05.

€Includes flank, kidney knob, plate and brisket.

h(gy + MH) significantly different from (HM + MM) at P == 0.06.
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TABLE XXXV

PERCENT WHOLESALE CUTS (TRIAL III)

Treatment Group

2
=
|§

Wholesale cuts

Round 17.82 18.7 17.92 18.9
Rump 6.2 6.2 6.8 6.1
Loin 13.5 13.7 14,3 13.9
Flank 6.80 6.4b 6.3 6.1
Kidney knob 2.9 258 Z2nr 2.6
Chuck 26.0 25.2 25.8 25.9
Rib 8.1 7.9 8.0 748
Plate 8.7 8.5 8.0 8.3
Brisket 5.3 5.4 52 5.3
Shank 4, 5¢ 4.9 4, 7° 5.0
Hind quarter 47.2 47.8 48.0 47.6
Fore quarter 52,6 51.9 5857 52.3
Major cuts 71.6 74 W 72.8 72.6
Cheap cuts® 28.2 28.0 26.9 Ay e
Wasty cutsf 23,9 23.1 22,2 22.3

4(HH + MH) significantly different from-(HM + MM) at P= 0.09.
b(HH + HM) significantly different from (MH + MM) at P=<0.06.
C(HH + MH) significantly different from (HM + MM) at P2~ 0.07.
dIncludes round, rump, loin, chuck and rib.

®Includes flank, kidney knob, plate, brisket and shank.

fIncludes flank, kidney knob, plate and brisket.



TABLE XXXVI

SPECIFIC GRAVITY

READINGS

(TRIALS I, II AND III)
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Treatment Group HH HM MH - MM
Trial I
Round 1.0722 1,080 1.07272 1.084
Rump 1.049P 1.062 1.056b 1.067
Loin 1.039¢ 1.035 1.044° 1.057
Chuck 1.055d 1.065 1.0604 1.069
Rib 1.052¢ 1.063 1.054¢ 1.068
Average (5 cuts) 1.055¢€ 1.066 1.060e 1.070
Trial II
Round 1,0792 1.080 1.0782 1.085
Rump 1.0582 1.063 1.0592 1.071
Loin 1.045d 1.050 1.045d 1.059
Chuck 1.062b 1,068 1.062b 1.071
Rib 1.055¢:f  1,065f 1.059¢ 1.072
Average (5 cuts) 1.061P 1.066 1.062b 1.072
Trial III
Round 1.0848 1.0858 1.090 1.095
Rump 1.061% 1.065h0 1.068 1.075
Loin 1.052°'8 11,0608 1.060P 1.071
Chuck 1.0658:1  1,0698 1.0731 1.079
Rib 1.0642,h  1,073h 1.0742 1.081
Average (5 cuts) 1,0672:J 1.072J 1.0748 1.082

3(HH + MH) significantly different

b(HH + MH) significantly different

®(HH + MH) significantly different

d(HH + MH) significantly different

®(HH + MH) significantly different

f(HH + HM) significantly different

€(HH + HM) significantly different

h(HH + HM) significantly different

1(HH + MH) significantly different

J(HH + HM) significantly different

from (HM + MM) at P <« 0.05,

from (HM + MM) at P< 0,01.

from (M + MM) at
from (HM + MM) at

from (HM + MM) at

from (MH + MM) at P 22 0,06,

from (MH + MM) at

from (MH + MM) at P« 0.05.

from (HM + MM) at P~ 0.07.

from (MH + MM) at P< 0.01.

P« 0.001.
P« 0,025,

P< 0.005.

P L 0.025.
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TABLE XXXVII

RIB EYE MEASUREMENTS
(TRIALS I, II AND III)

oo \Ww

Treatment Group HH HM MH _ M_
Trial I
Av. rib eye width (cm.) 5.4 5.0 §e5 5.8
Rib eye length (cm.% 12,2 12.4 12.6 13.0
Widthk x length (c%. ) 66.3 62.2 69.2 199
Rib eye area (in.<) 8.87 8.55 9.02 9.4
Av. width external fat (cm.) 1,243 0.95 2272 o
Trial II ,
Av. rib eye width (cm.) 568 'Y 5.5 Sl
Rib eye length (cm.% 152 o 13.1 23,7
Width x length (cm.%) 77.1 69.2 72.2 75.1
Rib eye area (in.%2) 10.16 9.28 9.67 10.3
Av. width external fat (em.) 1.22 120 1.16 0.9
Trial III
Av. rib eye width (em.) 5.2P 5.6 5.0b 5.6
Rib eye length (cm.% 12.8¢ 13.4 13:18 14,0
Width x length (em.2) 66.00 75.0 66.1P 78.0
Rib eye area (in.Z2) 9.07d  10.25 8.94d  10.2
Av. width external fat (cm.) 0.83 0.80 0.59 -0.7

8(HH + MH) significantly different from (HM + MM) at P < 0.01,
b(HH + MH) significantly different from (HM + MM) at P < 0.025.
C(HH + MH) significantly different from (EM + MM) at P~ 0,06,

d(HH + MH) significantly different from (HM + MM) at P < 0,05,

o\ -

w W



TABLE XXXVIII

PHYSICAL SEPARATION DATA (%)
(TRIALS I, II AND III)
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Treatment Group HH M MH MM
Trial I
Lean (9-10-11th rib) 43,93 49.1 45,42 51.4
Fat (9-10-11th rib) 39.8P 32.5 38,70 30.1
Bone (9-10-1lth rib) 15.1° 17.2 14,8b 18.0
Lean (carcass)® S B 55.3 52.423 57.2
Fat (carcass)® 35.4D 29.5 34,50 27.6
Bone (carcass)® 14.1b 15.3 14,00 15.8
Trial II
Lean (9-10-11th rib) - 50,04, 52,9d 51,78 56.4
Fat (9-10-11th rib) 35.8% 30.0 33.5% 28.1
Bone (9-10-11th rib) 13,6f 16.2 14, 2f 14.6
Lean (carcass)® 56,19.¢ 58.4d 57,48 61.2
Fat (carcass)® 32.2€ 27.6 30, 3¢ 26.0
Bone (carcass)® 13.3F 14,7 13.6f 13.8
Trial III
Lean (9-10-11th rib) 53.3 55.6 55.5 57.6
Fat (9-10-11th rib) 31.5 28.0 27.5 25.9
Bone (9-10-11th rib) 14.9 16.1 16.7 16.2
Lean (carcass)® 58.7 60.5 60.5 62.2
Fat (carcass)® 28.7 25.9 25.5 24,2
Bone (carcass)® 14.0 W47 15.0 14.8

Howe

3(HH + MH) significantly different from (HM + MM) at P < 0.005.

b(HH + MH) significantly different from (HM + MM) at P« 0.001.

CCalculated from 9-10-11th rib data using equations of Hankins and

(1946).

d(HH + HM) significantly different from (MH + MM) at P ~ 0.08.
©(HH + MH) significantly different from (HM + MM) at P< 0,025,

f(HH + MH) significantly different from (HM + MM) at P< 0.05.



TABLE XXXIX

CHEMICAL ANALYSIS OF LEAN TISSUE
(TRIALS I, II AND III)
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Treatment Group HH HM MH MM
Trial I
Moisture (rib) 69.832 69.97 69.792 71.30
Protein (rib) 22,28 21.94 22,46 22455
Ether extract (rib) 6.82 6.82 6.41 Sk 07
Ash (rib) 1.08 1.02 1.10 1.06
Moisture (round) 71.53 7227 71.97 71.92
Protein (round) 21.65 21.96 21.79 22.17
Ether extract (round) L, 77 3.79 3.83 3.51
Ash (round) 1,16 1,10 1.16 1.46
Trial II
Moisture (rib) 71,320 72.20 7.57° 72.77
Protein (rib) 21.94 21.45 21.87 21.70
Ether extract (rib) 4.19 4,01 3.99 2,97
Ash (rib) 1513 1.08 1.12 1 .32
Moisture (round) 70.23 70.24 70.50 71.23
Protein (round) 22.,01P 21.53 22,17° 21.73
Ether extract (round) . Sl 4,55 3.49 3.19
Ash (round) 1.09 1.07 1.10 1.07
Trial III ;
Moisture (rib) 71.62¢ 71.64¢C 73.05 73.45
Protein (rib) _ 21.63 21.06 21.30 21.54
Ether extract (rib) ' 3.10d 3,88d 2.80 1.64
Ash (rib) 1.14 ozl3 b, A2 1.12
Moisture (round) 70.59 71.54 7, LT 70.56
Protein (round) 22.25 21.62 22.40 22,39
Ether extract (round) 3.49 3.18 y 3.34
Ash (round) 1.08 1.05 1.07 1.Q7

2(HH + MH) significantly different from (HM + MM) at P =~ 0.09.
P(HH + MH) significantly different from (HM + MM) at P < 0.05.
C(HH + HM) significantly different from (MH + MM) at P~ 0.08,

d(HH + HM) significantly different from (MH + MM) at P« 0.01.



‘SHEAR VALUES AND ORGANOLEPTIC DATA

TABLE XL

(TRIALS I, II AND III)
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Treatment Group HH HM MH MM
Trial I
Av. shear (rib steak) 20.90 19.33 16.97 20.23
Av. shear (round steak) 15.89 14,07 16.48 15,21
Organoleptic scores
Tenderness 6.55 5.98 6.24 6.67
No. of chews 29.0 30.4 28.1 26,7
Juiciness 7.00 6.31 6.77 6.84
Trial II
Av. shear (rib steak) 14,302 13,562 16.09 16.20
Av. shear (round steak) 12.65 14.50 14,49 15.81
Organoleptic scores
Tenderness 6.42 6.18 6.69 6.41
No. of chews 236 24,9 23.2 24,0
Juiciness 6.42 6.28 6.53 6.69
Trial IIT
Av. shear (rib steak) 16.12 15.37 16.61- 14.19
Av. shear (round steak) 16.83 il 4 17.00 14.02
Organoleptic scores '
Tenderness 6.53 6.17 6.69 6.16
No. of chews 16.4 17.3 15.8 17.0
Juiciness 6.25 5.80 6.15 5453

3(HH + HM) significantly different from (MH + MM) at P~ 0.08.
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TABLE XLI
EFFICIENCY ON A CARCASS BASIS
(TRIAL I)
Treatment Group HH M MH MM
Total lean (1b.)2 280.8, 288.8 278.8 298.2
Total fat (1b.)2 194.3 154.2 183, 6P 143.5
Lb. TDN/1b. of 4 .
‘Carcass® 9.7 10.6 9.4 9.3
Fat and lean® 10.7d 12.24 10.3 10.6
Lean® 25.7¢ 23.3 2h,2° 18.6
Therms NE/1b. of
Carcass® 9.0f 9.4f 8.6 8.0
Fat and lean® 9.9% 10.8f 9.4 9.1
Lean® 23,9d,e 20,7d 22,08 16.0
Cal. feed/cal. fat and lean® 10.2¢€ A5l 10.1° 1.8
Lb. crude protein/lb.
carcass protein® 18¢8° 17.6 18.2¢€ 14.1

3Calculated from 9-10-11th rib physical separation data (Hankins and
Howe, 1946).

D(HH + MH) significantly different from (HM + MM) at P< 0.001.

®Calculated using 9,367 kcal,/kg. fat (Blaxter and Rook, 1953),
5,686 kcal./kg. protein, 21.64 percent protein on fat-free basis (Reid
et al., 1955) and 1,982 kcal./lb. TDN (Swift, 1957). Theoretical initial
yield (56%), lean (63%) and fat (20%) were used.

d(HH + HM) significantly different from (MH + MM) at P2 0.08.

©(HH + MH) significantly different from (HM + MM) at P< 0.05.

f(HH + HM) significantly different from (MH + MM) at P< 0.05.
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TABLE XLIT
EFFICIENCY ON A CARCASS BASIS
(TRIAL II)
Treatment Group HH HM MH MM
Total lean (lb.;a 306.9° 302. 60 305.0 340.5
Total fat (1b.) 176.4° 143.2 161.4° 144.7
Lb. TDN/1lb. of
Carcassd . lO.Zg 11.5 10.1? 11.2
Fat gnd lean 10.9 12.9 11.0 12.2
Lean 21.0 21.7 19.6 18.9
Therms NE/lba of
Carcass 9.6 10.3 9.2 9.8
Fat and leand 10.2 11.5 10.0 10.6
Leand 3.7 19.4 17.9 16.5
Cal. feed/cal. fat and leand 11.38 14,6 11.88 14.5
Lb. crude protein/lb
Carcass protein 16.3 17.4 15.5 15.2

8Calculated from 9-10-11th rib physical separation data (Hankins

and Howe, 1946),

b(HH + HM) significantly different from (MH + MM) at P = 0.10,

C(HH + MH) significantly different from (HM + MM) at P< 0.025.

dcalculated using 9,367 keal./kg. fat (Blaxter and Rook, 1953),
5,686 kcal./kg. protein, 21.64 percent protein on fat-free basis (Reid

et al., 1955) and 1,982 keal./lb, TDN (Swift, 1957).

yield (56%), lean (63%) and fat (20%) were used.

®(HH + MH) significantly different from (HM + MM) at P< 0.10.

f(HH + MH) significantly different from (HM + MM) at P < 0.05.

Theoretical initial

€(HH + MH) significantly different-from (HM + MM) at P< 0.005.
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TABLE XLIII
EFFICIENCY ON A CARCASS. BASIS
(TRIAL III)

Treatment Group - HH WM MH MM
Total lean (1b.ga 294.7 305.7 300.0 308.6
Total fat (1b.) 145.2 131.4 127.3 122.1
Lb. TDN/1lb. of

CarcassP 11.9 .3 10472 11.4

Fat and lean® 12.9 1353 12.2 11.7

LeanP 21.9 19.4 19.0 18.2
Therms NE/1b. of

CarcassP 11.0¢ 10.2¢ G 10.1

Fat and leanP 12.0 LY 11.1 10.4

Lean® 20.3 17.6 17,3 16.2
Cal, feed/cal. fat and lean® 14.5 14.6 14.6 4.5
Lb. crude protein/lb,

carcass protein® 17.2 16.5 15.4 15.4

‘aCaiculated from 9-10-11th rib physical separation data (Hankins
and Lowe, 1946).

PCalculated using 9,367 kecal./kg. fat (Blaxter and Rook, 1953),
5,686 kecal./kg. protein, 21.64 percent proteir on fat-free basis (Reid
et al., 1955) and 1,982 kecal./lb. TDN (Swift, 1Y57). Theoretical initial
yeild (56%), lean (63%) and fat (204) were used,

C(HH + HM) significantly different from (MH + MM) at P~ 0.10.
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TABLE XLV

CORRELATIONS BETWEEN CARCASS MEASUREMENTS
AND SUBJECTIVE GRADING SCORES?

Variableb X3 X2 X3 X X3 X4,

Live animal scores
Compactness 0.46 0.45 0.12 0.56 0.02 0.06
Width of body 0.14 0.16 0,01 0.27 =0.34 -0.12
Crops 0.16 0.17 0.01 0.25 =0.26 <0.07
Loin 0.08 0.09 =0.05 0.17 -0.40 -0.10
Rump 0.07 0.06 -0.03 D15 =025 <8.08
Quarter 0.07 .11 -0.06 0.20 -0.24 -0.14
Muscling 0.11 0.10 0.02 Q.17 <0.33 =0udB
Thickness of fat 0.14 0.18 0.01 0.20 =0.33 -=0.09
Live slaughter grade 0.24 0.30 0.16 0.23 20,22 0.00

Carcass scores
Compactness 0.44 0.47 0.18 0.46 -0.07 0.20
Thickness 0.08 0.14 0.03 0.19 <0.35 =0.05
Rib eye (lean) -0.05 -0.05 -0.04 0.02 -0.28 -0.12
Loin -0.03 -0.02 -0.10 0.07 <0.,39 -0.08
Round 0.14 0.21 0.07 9.18 =0.26 0,08
Fat thickness 0.07 0.14 0.06 0.11 -0.28 0.00
Carcass grade 0.23

0.26 0.17 0.24 -0.18 0.00

&pr = 0,217 at P = 0.05 and 0.283 at P = 0.01.

by = carcass length, X, = length of leg, X5 = depth of body, X, = length
of loin, XS = width of shoulder and X6 = width of round.
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