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INTRODUCTION 

••• any excess fat.beyond that which is required to make an 
attraoti.ve looking, juicy. and highly flavored meat is essen� 
t:tally waste ••.• this fat costs the producer ·a large sum of 
money for whici'h the world gets no reasonable return ••• 

The above ©omEents by Trowbridge !!t al. (1919) also apply to modern 

beef production. Recent consumer preference surveys indicate a desire 

for smaller. leaner cuts of beef, with less fat. Tl:i.e problem is to ob-

tain ruaximmn lean production at cheapest cost, yet retain the quality 

attri.butes = juiciness, tenderness and flavor = of well=finished beef. 

To better meet c:onsmner demands, many cattle are full=fed after 

weaning and marketed at an earlier age. However, surprisingly little 

:i.nformation o:n efficien�y of lean production has been published in re-

cent years. In addi.ti9X')c, knowledge concierning the performance �nd 

carcass desirability of weanling calves fed to gain 'a.t a, moderate rate 

is extremely limited •. S11ch a regime may promote maximum lean development 

Thus, the effects of diff'E!rent nutri.tional planes on carcass com= 

position of fattening ©attle and on beef quality are yet to be determined. 

Data a.re also needed on the effic:l.ency of conversion of ration con= 

stitutents to body components. Further, beef researchers are constantly 

confronted with the problem of developing reliable measures of animal 

perfomi,rnce and car�ass desirability. Hence the relationships among 

various live �mimitl a.nd ©arc:a.ss measurements merit inv-estigation o 

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

without ex~ess:ive f'£:1.t depo:BJitiono 

1 



were conducted at the Oklahoma Agricultural Experiment Station. In

dividually-.fed weanling steer .. calves were subjected to different planes 

2 

of nutrition, and extensive feedlot 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 perfonnance 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 
J. 

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 
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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 !i il•, 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� !l· (1919) showed similar trends with 

older steers, a:rrl emphasized the large amount of waste fat and extreme 

inefficiency of full-feeding older cattle for long periods of time. The 

same effects were obseryed by Moulton et al. (192)). 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� !1,., 1922a, 1922b), however, include 

observations on JO 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 

... 

• 
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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 

II juvenile 11 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 

5 

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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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-
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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 (J) 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�!!· (1924) 

slaughtered pigs at 50 pound intervals from 100 to JOO 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 

. ~ 
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data provided. strong supporting evidence for these development patterns, 

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 predetennined 

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) comparied HH and LH 

' . 
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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!!,. (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�!!,. (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 leaf 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�!!• (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 

Cl 
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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 d�ring the finishing phase. 

A.11 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.intennuscular 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 LL 

treatments were imposed on similar lambs from the third month of fetal 

life to JO 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 JO pound weights. 

Vecy 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 

(HH), 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 estimated yield 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 MB 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 cont�nuous and interrupted growth. Control 

steers were fed a liberal 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�!!.· (1957) also reported no appreciable differences 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 

eotwins. In one extreme case (calorie 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 of 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 MeMee�n 

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 a�e needed to.markedly affect carcass com

position. 

Quality Factors 

Many of the artie+es co�cerned with the effects of plane of nutrition 

on live and carcass 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 !l·, 1958; Brugman, 1950; Guilbert� !l·, 1944; 

Weber� !l•, 1931; Palsson and Verges, 1952b). However, grades sometimes 

improved in the case of swine (Winters � !l· , 1949; Lucas and Calder,. 

19.56; Lucas !!: !!,. , 1960) while in other reports grades were not affected 

appreciably by treatment (Shorrock, 1940; Winchester� !l·, 1957). 

Trends in dressing percenta;ge frequently paralleled carcass grades. In 

many instances where difl'erences in grade or yield were not observed, 

the designs of the trials were such that variation in these me!isurements 

would be minimized. 

The studies of McMeekan (1940b, 19400) with swine and Palsson and 

Verges (19.52b) 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 ether 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 (19.52a) 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 (195.5), Winchester and Ellis (1957), and 

Winchester � al. (19.57) all, concluded from investigations with id_entical 

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 

slaughtered 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 ·ate.era 

were judged superior.in aroma, flavor, color and juiciness to those from 

yearling steers. No tenderness differences were detected, however. 

Efficiency on a Carca.ss Basis 

Hendrickson (1961) ha$ reviewed a number of articles concern1.-ng 

effec.ts of plane of n-µ��t;on on feed efficiency, measured as feed or 

TDN required per pound o:f 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 b.een reported to any extent in plane of nutrition 

st:ad.ies, 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 weight gain p since gains are seldom isocaloric in 

nature (Reid § !.!,. , 1955) G The major problem has been to obtain a re

liable, yet inexpensive, estimate of carcass energyo 

Reid ,n !1,. (.1955) observed that fat-free body contained 2L64 ± L53 

percent protein for beef and dairy carcasses of cattle varying from one 



to 4,860 days of age. Using the caloric values of fat (9,367 keal./kg.) 

and of protein (5,233. keal./kg.) reported by Blaxter and Rook (1953), 

these workers were ab;t,.e to calculate the energy value of the carcass. 

Data used included mapy 9r the early studies reported herein (Jordan, 

1895; Haecker, 1920;. 'rroWb_;ridge !1 !;!. , 1918, 1919; Moulton !1 !!.•, 

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 calorie values compared favorably with those ob

tained from actual chemical composition data, but other workers (Garrett 

� !!·, 19.59; Breidenstein fil:. !!,. , 1955) have not been able to satis

factorily measure body •ter. 

Meyer � !!· (1960) proposed the use of specific gravity to predict 

carcass composition._· The percentages of fat and lean so. obtained were 

converted to energy 'Values by using 9,367 keal./kg. fat (Blaxter and 

Rook, 19.53) and 5,686 keal./kg. protein (Garrett�!!.•, 1959). The 

latter figure was determi_ned on a dry fat- -&nd ash-free basis, whereas 

the value used by R�d � !!• (1955) was determined on a dry ash.;.free 

basis only, corresponding to.a tissue con:taining 16 percent nitrogen. 

Using the oalculated .. ealoric carcass values, "corrected." careass weights 

which were equivalent in c�lorie and protein content were obtained. These 

weights were adjusted for differences in initial weight by covariance 

analysis so that the resulting values incorporated the essential infor

mation commonly deriyEtd from live weight gains, dressing percentages and 

carcass grades, and :pe+mitted use of one over-all statistic (instead of 

three) for interpret�tion of experimental results. 

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

multiplying pounds of TDN by 1,814. However, more recent data (Swift, 

14 
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1957) suggests that 1,982 is a more appropriate conversion factor for 

cattle fed mixed rationso 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 subjecto Rather. certain studies have 

been selected which illustrate the deg�ees 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 1,.in beef cattle evaluation has been the lack of an· 

accurate method of measuring carcass traits in live cattle. Orme ll !J..

(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 Oo90, 0.43 to 0086, 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 fore flank and width of shoulder and round were among 

the most repeatable of these. All eareass measurements were highly re-

pea table. 

Width measurements of the carcass were highly correlated with 
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corresponding live animal measurements (r = o.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 !!,. (1959) obtained similar results with data from 98 yearling 

steers. al though 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 linear measurements, 

since it is well established that the latter are highly associated with 

general size or weight. A number of investigators (Kidwell. 1955; Yao 

!.1 � .• 1953; Cook ..21 !.!•, 1951) have reported rather low correlations 

between live animal measurements or scores and production or carcass 

traits. Literature reviewed by Hendrickson (1961) indicates 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, 195.5; Orme et!!, •• 1959). 

Orme�!!,. (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 correlated with primal cuts (-0.40 to -0.50) .. 

Hearth girth�aceounted for 81 percent of the variation in loin eye 

area (live weight constant) 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 expected 
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as loin eye size increases. This is not .in agreement with early reports 

by �c:Meekan (1941) ,na. 1evera.l others which indicate that the area of 

the Longissimus dorsi is a good index of muscling. Cole !1!!.· (1960b) 

were able to account for only five to 30 percent of the variation in 

separable lean of ei"ther. 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 condu.cted 

with sheep and swi.ne, 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 H:owe (1946) have -been and are being used by many workers to estimate

carcass compositionfrom physical separation of the 9-10-llth rib out. 

This is obviously m6re practical than complete physical separation of the 

carcass and appears. to be, among the best. estimates available. Correlation 

coefficients betwee� .. sep�rable tissue components of the three-rib cut 

and corresponding separable carcass components were 0.90, 0.93, and 0.80 

for lean, fat and b�ne, respectively, based on data !rom 84 steers. How

ever, the extreme variation in experimental material used makes appli

cation of these res�ts tQ certain uniform groups of cattle of somewhat 

questionable value.: 

Recently, Cole . .!!!:. !J_. (1960b) evaluated the separable lean of several 

wholesale cuts and yarious linear carcass measurements as to their use

fulness in predi,ctitlg .. cai-¢ass lean. Carcass weight was more highly . 

associated with total lean (r= o .. 77) than were .linear measurements or 

loin eye area. Wi,dth 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 carcass lean were 0.95 with round, 

0.93 with chuck, 0.81 with foresha:nk, 0.80 with sirloin, 0.79 with rib, 

o. 75 with shortloin and o. 74 with the 9-10-llth 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 carcass. 

Subsequently, the same group of workers ( Onne et !J.. , 1960) ob

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 infonnation may have only limited

application.

There has been considerable interest in the use of specific gra,r}ty 

to estimate carcass composition. Kraybill � !J.. (1952) obtained. 

correlation coefficients pf -0.956 and 0.984 between specific gravity 

of the eviscerated 'body, and body fat and water contents, respectively. 

There was a close r�latio:tiship between specific gravity of the carcas,� 

and of the whole animal �0.989). Specific gravity of the 9-10-llth rib 

was also highly co,..ri:!lated 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 corrf3la-

tions observed in this study reflect the wide variation in body composi-

tion present in the 30 yearling Hereford steers used. 

Meyer fil_ !!_. (1960) noted a high relationship (r = -0.98) between 

specific gravity of the dressed carcass anq percent carcass fat, as 

calculated from theda.ta of Kraybill fil. il· (1952).. Again, wide varia

tion in the experimental �aterial was evident. 

Correlation coefficients of -0 • .57, O. 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'� il· (1960a). 

Measurements were obtained on 100 beef ribs grading from Prime to Standard 

and Commercial. Breidenstein et !1:_. (19.55) 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 

separation, and ether extract of the separable lean.and fat, all deter-
�··'· . 

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 b.e dtrectly 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 2.i !!,. (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.Jl) 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 speeitie 



20 

gravity of the Longissimus dorsi muscle in the 9-10-llth rib and percent 

fat, water, protein and carcass grade ( to the nearest one-third) were 

found to be -0.81, 0.74, o.68 and -0.68 1 
respectively (Orme et !l·,

1958). The data included measurements of 51 wholesale beef ribs, pri

marily in the Choice grade. The authors suggest that specific gravity 

may be used to obje9tively measure marbling, which is not in agreement 

with the work of Breidenstein� !J:_. reported above. 

Other investigations concerned with carcass quality reveal that 

live animal measurements and scores are not signifi�antly correlated with 

marbling (Good et !J:_ .. , 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 after ribbing. Eighty=one 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 that the·degrees of relationship among 

numerous live animal and carcass traits are nearly as varied as the 

characteristics studied. Most investigators have found cotrelation 

coefficients among linear measurements of the live animal and carcass 

to be disappointingly low when the mutual influence of body size and. live 

weight is removedQ Similarly, subjective scores, whether on live animal 

or carcass traits, have not shown much promise for predictive purposeso 

In contrast, relatiyely a�eurate estimates of carcass composition have 

been obtained by use of separable lean in certain wholesale cuts, and 

with specific gravity and chemical analysis. Specific gravity is being 

studied extensively becau1:Se it is very easily and quickly obtained and 
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the saleability of the prpdu�t is not altered. Carcass quali.ty factors 

appear to remain elusive, and the predictive value of both objective 

and subjective measures of product acceptability has been relatively 

It must be emphasizt:ld 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. 

low. 



MATERIALS AND METHODS 

Sixty-four weanling Hereford steer calves from the experiment 

station herd at Fort fteno. were used in a series of three feeding trials 

initiated. in December, 1956, at Stillwater, Oklahoma. A fourth trial 

was conducted in 1959-60 with 24 similar calves from the same herd. 

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

Trials I, II and III 

The experimental design for the first three trials is shown in 

Table I, where 11High" (H) represents f�l-f eeding for rapid gain and 

11Moderate11 (M) indicates restricted feeding for a limited rate of gain. 

TABLE I 

DESIO� OF.EXPERIMENT (TRIALS I, II AND III) 

Treatment Group HH HM MH MM 

Plane of nutrition 
Phase I (200 lp. gain) High High Moderate Moderate 
Phase II (200 lb. gain) High Moderate High Moderate 

Number of steers. 
Trial I (1956-57). 4 4 4 

Trial II (1957-58) a
5 5 5 

Trial III (1958-59) 6 6 6 \j,Q 
Total 15 15 15 13 

aone steer was removed from each treatment group in Trial II: O�e 
steer died due to bl9at; .another was removed. because of a throat injury; 
two. were· removed due to abnormally poor performance. 

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

22 
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Each steer remained on tE3st until approximately 400 pounds total feedle>t 

gain had been obtained, as estimated by shrunk weights (16 hours off feed 

and water). 
..�/ .. . ..i�- .n· 

Initial shrunk weight, feeder grade, sire, age of calf, and treat-

ment and age of dam. wer� considered in allotment of animals to the treat

men t groups. The steers were individually-fed in stanchioned stalls, 

twice daily, and had 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 feeding, .Feed.refusals were weighed back and recorded. 

To obtain different rates of gain, the calves were fed as indicated 

in Table II. The 2. Q pounds of milo per cwt. daily offered to the high 

plane groups is comparable to the amount consU!lled by self-fed steers on 

a fattening-type ration. Feed allowances were adjusted for each 50

pounds increase in body weight. 

'l'ABLE II 

APPROXIMATE�DAILY FEED OFFERED (TRIALS I, II AND III) 

Plane of Nutrition 
Ingredient (lb.) 

Rolled milo (per cwt.) 
Cottonseed meal 
Dehydrated alfalfa pellets 
Cottonseed hulls (per cwt.) 

High Moderate 

2.0 
1.5 
1.0 
0.75 

LO 
1.5 
1.0 

1.5 

It was hoped that these feed allowances would result in gains i�. 

excess of 2.0 pound� 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 chemical composition, 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 Grou.12 HH HM 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 4.5 • .5 
Molasses 0.1 0.2 

Chemical composition (%)a 
Dry matter 89. 7 90.0 89.9 90.2 
Ash 2.9 3.0 J.O 3.1 
Crude protein 11.7 11.2 11.4 10.7 
Ether extract 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 .5.5.2 .50.J 

TDN (%)b 69.4 64.J 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 samples. 

bvalues 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 includ;ed individual feed records, .. 

average daily gains and length of time required to reach slaughter 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 appraised the carcass with respect to compactness, thickness, 

rib eye lean,.loin, round, thickness of external fat, distribution of fat, 

kidney knob, marbling, texture of lean. firmness of lean, oclor of fat 

and carcass grade. ·· 

At time of slaughtei.-, the contE;3nts of four compartments •f the rumi

nant stomach were weighed to obtain an estimate of "fill 11
• Weights of 

the hide, large and. small intestines (full), internal fat (Trials II and 

III 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 carcass 

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 · section 

and thickness of eJtternai fat over the rib eye were measured from the 

same tracing as shown tn 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; chuclt, rib, plate, brisket and shank) in the eon.:. 

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-llth rib cut. In addition, samples of 

the Lo:ngissimus :dorS:i and Semimembranosus muscles were analyzed chemically 

for percentages of moisture, protein, fat. and .ash. Lei't side Semi-

membranosus muscles were not samples in Trial II� and 1 only the ri.ght side 

of the carcass was _a,pa.lyzed in Trial !!I.' 

External 
fat 

rn Rib eye 

Figure 2. Ref'eret).ce Points for Measur�ents from Rib 
Eye Trac:ing 

,· 

Tenderness of w�l-broiled, two-inch steaks was.estimated with the 

Warner-Bratzler shearing. de'Vice. The steaks were put in the bro:i,.ler at 

46° - 48° F., turned at 95° and removed at 155° internal.temperatur�s, as 

determined with meat thermometers. Two shears (Trial I) or three shears 

( Tria].s II and IlI) were obtained from each of three one-inch diameter 

cores from twelfth rib steaks in all trials and from top round steaks · in 

Trials I and II.

Similar on.e-inch steaks. from the etghth ,rib and top.round were used 

for more subjective orgam:oleptic studie�. .A panel ,of six to eight 

students and staff members recorded the nlll11ber .of ch�s required per 
. 

. 

·;· • . . 
. 

> 
·. 

. 
. 

. 

.. 

.·. 

sample (oJie-ha.lf-�ch .. diameter oore) ·• and rated each samt>le from "one"

to ":nine" with resp�ct to tenderness . and juiciness·; the· larg�r numera.is 

denoting the more desirable ratings,. Round stea:ks "were not. evaluateq/in 



.Trial III. 

Except where otherwise indicated, both sides of the carcass were 

utilized in obtaining the above data. 

Trial.IV 
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Trial IV differed from the previous tests in that only three treat

ments were imposed (eight steers per treatment), as follows: 

High--Full'.'"fed to gain rapidly for )50 pounds total feedlot gain·. 

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

same time as the "High" group. 

Moderate II--Fed to gain moderately for )50 pounds total feedlot gain. 

Allotment and handling of cattle, and collection of data, were es

sentially as d.escribed for previous trials.. The rations, however, were 

changed by adding sorghum 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 11High" 

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;eJCce:etions. Only two sets of live animal measurements 

were taken (initial and final), and weights of the rumen, liver, heart, 

hat1ging tender and pluck were not determined. However, length and width 

measurements of the right front cannon bo.ne were recorded. Shear values 

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

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

trial. 

TABLE IV 

AVERAGE 90MPOSITION OF RATIONS, AS .FED (TRIAL IV) 

Treatment High Moderate I Mod.erate II 

Ingredi.ent (,f,)
Rolled milo .52 • .3 26.7 
Cottonseed meal 6.2 6.o
Dehyd. alfalfa pellets 4.2 4.0
Cottonseed hulls 8 • .5 16.0 
Sorghu silage 28.8 47.2 

Chemical composition <i)
a

Dry matter 71.0 . 59.5 
Ashb J.2 J.8
Crude proteinb 12.4 11.J
Ether extraetb 2.9 2.7
Crude fiberb 10.9 .19.0 
N-free extractb 60.4 52.8 

TDN (�)a, b 71.4 6).1 

Net energy (therms/cwt .. )a• b 67.3 56.J

avalues were calculated using data of Morrison (19.56). 

bvalues were adjusted to 90 percent dry matter equivalent. 

Analysis of the Data 

29.J
6.2 
4.9 

18.1 
41.5 

6).2 
J • .5 

11.4 
2.6 

19.0 
52.8 

6J.2 

56.5 

The data obtained in all four trials were punched on cards and the 

IBM 650 electronic computer was utilized for the statistical analyses. 

Fortran and Fortrans;i.t IIS interpretive schemes were employed to write 

the programs need.ed for compilation of the. data. The results were 

analyzed according to methods described by Snedecor (19,56).. The program 
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used. for analysis of vari.ance, designed foi;- one or two-way cross classi-

fication, was writte� in.Fortran by the author and is presented in Table 

XXIV, Appendix A. Th,e a,aton Correlation .Routine was used. to obtain 

�ea�s,. standar<l. deviations, and simple correlations. Orthogonal compari

son.a were made. te> co111pare. differences .. among treatment groups. 

Subjective evaluation seo:reswere adjusted by use of Fortransit !IS 

programs to reduce the efl"eots due to individual graders. This proced'1?"e 
I 

is described ·�n 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.lean and 20 percent fat. Equal initial yields of .56 

pere ent were also assumed. Total c�raass 1 ean. and fat were oalaula ted 

from 9-10-llth rib physical separatio:n data by employing the equations of 

&tnkins and Howe (1946): 

Y = 16.08 + 0.80 X; Y = percent lean in carcass, X = peroent 
' 

' 

separable lean in 9-10-llth rib. 

Y = 3.54 + o.ao x; Y = percent fat in carcass, 

arable .:f'at in 9-lO-µth rib. 

I= percent .se� 

Calorie value of .the carcass was �culated using 9,367 keal./kg. 

inf,-t (Bl�xter and Rook, 19.53) and 5.686 keal./kg. in p:rotein (Garrett 

n ,!!. , 1959L .Carcass prate� 1was calculated from 21.64 percent protein 

in the fat ... !ree body (Reid n ti.·, 19.5�). Caloric value of the ration 

was oaloulated. using 1,982 kcal./lb. in TDN (Swift, 19.57). 



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 briefly 

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 ·treatments within each trial. 

This trend is indi'oated in the three-year average shown in.Table V. Note 

that the HH and MR groups gained over 0.29 pound.per day more tha.'n HM 

and MM groups· .... The pronounced effect of plane of nutrition during the 

�,(:lcond ;half· of the feedlot period ;(HM and MH, grqu.ps) on overall performance 
' 

:pas :been observed by several other investtgators. (}iammond, 19.55; Guilpert 

J1 !!,. , 1944; Weber� !J:., 1931; Wilson, 19p0). , ._" 

'In the first three trials, calves full�.ted in Phas.e II (RH and MH.)
. . . . 

. ,,, . . . 

consumed more f'eed and TDN per day,, but required iess feed per pound of 

�a.in, than steers in the other two groups. .Art average of 40 le51S a.ays · 

was needed, by HH and MH groups, to obtain the des�red ;total gain. How

ever, when nutritive value of the rations .wA� '9onsidered, expressed as 

JO 
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TDN. the cattle fed to gain,moderately in Phase I. were slightly more 

efficient. The MH group, in particular, required less TDN per pound of 

gain than steers on tehe opposite (HM) regime, which probably reflects 

the greater maintenance needs of the latter steers during Phase II. 

In Trial 'rv, no important differences were noted in feedlot p'er-
,, 

forinanee between the two moderate groups. The full-fed calves (H) 

gained mo:re rapidly, consumed more TDN. per day and required less feed 

per pound of gain, but were n6t signifi�antly more efficient than moder-

ately-fed steers in terms of TDN required per pound of gain. The MI 

group gained about 80 pounds less than the other two groups during the 

feedlot test. Much of the following discussion involves presentation of 

carcass data for the steers in these four trials. 

The results reported herein are divided into two parts: Effects 

of Plane of Nutrition onCarcass Traits, and Relationships Among Live 

Animal and Carcass Traits. The first part includes discussion of sut;>-

jeetive grading scores, slaughter floor data, yield of wholesale outs, 

specific gravity determinations, rib eye measurements, physical separation 

data, chemical analysis of lean tissue, shear yalues and organoleptic 

data, and efficiency on a carcass basis. Relationships involving linear 

live animal and carcass measurements, specific gravity determinations, 

other indicators of carcass composition, and subjective scores and carcass 

quality data, are discussed in the second part. 

' . 

Effect of Plane .. of Nutrition on Carcass Traits 

Subjective Grading Scores 
... \ 

In all trials, a grading committee o! three to seven men evaluated 

each steer at the .. end of the feeding test (:l::ive animal scores) and after 



slaughter (carcass scores}o Both sets of grades are i'1eluded. �n the 

following disaussion. The actuai score� were adjusted;· because of a 

large number Qf missiilg values, as described.. in Appendix A. However, 

only the actual values ,"'°ere subjectec,i to. an analysis of variance. 

33 

Live animal evaluation 'Scores. -- The av.�rage .live ,�al scares, 

9:ctu.al and _adjusted, for the first three trials are ShC?wn in Table VL 

Tables.ml, XXVII and. XX:VIII, Appendix B, show the corresponding values 

obtained in each trial. Smoothness of finish and live slaughter grade 

were the only variables approaching statistical significanc.e for .the 

three .. ye,araverage. The steers full-fed in Phase II (HH and MR) were 

given more favorable s�ores for finish, refinanent and grade than the 

other two treatment groups, but the only trend noticeable among the seven 

conformation scores is that the HR group appeared �lightly more desirable 

than the,MM group .. Adjustment of the data was of no benefit in es

tablishing a pattern, which may indicate that one of the assumptions 

made prior to this adjustme:nt, namely that ea.ch grader was consi.stent 
' ' 

in his own standard, was �ot valid. Several of the graders commented. 

that consistency w:as difficult when observing only one or two animals at 

a time, . particularly within th.e. :relatively narrow grade'. range of these 

cattle. 

A. number of significant .. di.ff erences in fav:or of the Hii and MH- treat-
l· 

.,. 

. 
' 

ments were obtained in Trial I, but there wer�:no highly significant 

dU'ferences :i:n Trials II and IIIq In Trial III;, tl;le HM regime'. .resulted 
. 1, : 

in gen�rally more favorable seores than the MH treatmento After adjust-
. · . ·· . . ' . 

ment, the two groups appeared more ne!lrly eq_u.al in terms of the v.ariables 

used .. The disorepano��s between trials may serve to illustrate the 

sampling error and nat.ural variation common to biological material, and 
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particularly to the small · groups of �attle us.ed. 

The subjective live animal seores !'or the .fourth trial are 

presented in Table VII. !he full-fed steers (H). recieved ·��� mo.st 

q.esirable ratings for the majority o:t the v�ri.ables shown. and the MI·. �· 
,{. 

gi'Oup l\f&.S rated as .inferioi" .to the MIT cattte .for B;ll scores except 

35 

."refinane.nt." The latter score may .reflect a:ge.difi'er·ences, as the MII

steers were approximate� two months. older •... Th� adj"Q,sted val,ues, al

though higher, do not al. te� the · above t:it!3nd$ � 

The literature on su.bjectiv� .. ·live animal scores appears rather 

limited. Ternan !! �· (1959). concluded that the use of one ov.erall · 

�core provided as adequate an evaluation 0£'.90¢'onnation as did con-

sideration of all. th� �dividual items on the grading card. Orme.et. al.;
--

(1959) reported that linear carcass measurements could be predicted more 

accurately from live animal measurements· than frc;,m subJE:cti:ve �cores. 

· ��nee Hendrickson (1961) obtained few significant diffe;ences among

treatlnents using objective live animal measurements, it is not surprising

�at subjective scores (which may. be even less .reliable) generally did

not reveal marked treatment differences in these trials.
,• I • 

• 
' 

• 

Carcass evaluation scores. -- The avera.geoarcass evaluation scores, 

aCJtual and adjusted, :f'or the first three tri,als are presented in Table 

VIII. Corresponding values Q'lttained in each. trial are shown in Tables

xµx, XXX and XXXI, .Appendix B. The d.ata ind:).eate a tendency to rate

the ,BB . and HM. treatments as 1,11ore desirable. than. the other two groups.

This is a somewhat different trend than obs��ed-cf.or on-foot scores, where

HH and MH, treatments tended to grade higher� . The· adjusted values do

not app-ear to alter this pattern appreciably.

Of particular inte.rest i;l'."� the marbling scores, which are· highly 
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cprrelated with carcass .grade (.Wheat and Holland, 1960)_. These favor 

�he·Iill and HM regimes and represent the most significant differences 

obtained in each tnal. However, the adjusted marbling seores.;,nd 

38 

carcass grades in Trial I suggest that the actual.values.may not be 

realistic. These re.sults lend further support to the ev;idence presented 
' . .  • 

by McMeeka.n (1940b, 1940c). Palsson and Verges (l9.52b) and Merkel ,.!!;: �. 
: 

I ' 
• 

•( 
• 

I ,• •, 

(19.58) . which in,dicat�s that age, as well as.plane of nutrition, may 

ini'luenee the amount of· intramuscular fat. .Age di££erenqes were �on-

siderably less in �rial I.than in Trials II.$.nd III. 

Garcas� soo.res .should be more ef.£ectiv�. th� ;iiv·e anim$.l scores 

in detecting treatment differences, 'Since the former were established 

under muph m�re. uniform conditions. This. is borne out by the greater 

number of significant diff erenc�s obtained •ong the variables studied; 

however, none of these differences were large. Carcass grade ranged 

from High Good (HH group) to Low to .Average :Good (MM group), rep_J:"esen-
. 

. . 

ting only _one-half of a grade difference between .. the treatment extremes. 
. . 

: 
. . . . 

The subjective carcass scores for Trial rv are presented. in Table 

IX. .Carcasses from full ... f ed · steers (H) appeared to nave superior con

formation, as indicated by all five conformation.scores, and more ex-

ternal fat than the moderate groups. The l:i,.ghter weight s.'teers (MI) · 
. 

·, 

were generally inferior � the MII cattle. Carca�s
1 

grades �ere signifi

oantly different and reflected the patt&rn eyident with most of the 

other variabl�s. In this trial. subjective :scores on the live m:iimal 
. 

' 

and carcass showed essentially the same tl"ends, which merely indicates . ' 
I 

the ability of graders to detect larger diff.e��nces than existed in the 

· earlier tests.

_Tlle effect of age on marbling, dii:scv.ssed previously, is especially 
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evident in '.!;'rial IV, where it appears'that the increased marbling re

sulting from.full-feeding could also be obtait1ed 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 Fl6or D�ta 

40 

The average values for Trials I,:. II and Ill for hide, "fill," 

internal fat,- and yield,. all·· expressed as a percentage of live weight, 

are presented in Table I. ', Corresponding v�ues for individual trials 

may be.found in Table,XXIII, 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 th,e steers. Callow (1961) ·-observed 

this pattern w;th oJder steers, using.s1Jnilar treatment compa,risons. 

Percent "fill," as estimated by the co�tents of the ruminant 

stomach, was signii'ioantly less for the HH and MH groups in Trial I, 

but varied fa-om year. to year, and the three-year average do.es not reveal 

significant differences among treatments. 

not estimated in Trial IV. 

For thi:s reason "fill" was 
. . ' . 

An estimate of internal fat, was i�cluded in t:t?..e data ooUected 

after the first tl;'ial, in an .attempt to obtaip some indication of the 

amount of fat produced having little practical value. Moulton .. �- !l,. 

{1923) and 'l'rowbridge ,!i ·!l· (1919) reported that muoh of the increase 

in fat in old�r e��tle w�s depo'sited a.roµnd ��e int�mal organs� As 

expected, steers ful;l-fed in Phase II. had .l�rger amounts of internal fat . 
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in the second trial. In Trial II, however, smaller but statistically 

significant differences, were 9btained for another set of comparisons 

(HH + HM > MH + MM). The large treatment by year, interactic>n prevented 

significant differences among the averages shown in Table X, _al though 

the values reflect the expected trend, as do the p·er.eentages observed 

in Trial IV., 

Yield or dressing percentage, based on 48-hour chilled carcass 

weights. was similar for all treatm,nts in the three-year average, 

al though HH and MH regimes resulted in higher yields in Trial L The 

average yield of steers in the MI gror;p was lower than for steers all.owed 

to gain approximately 80 pounds more (H and MII regimes)" These e.f'f'ects · 

. were expected, since many other inve,stigators (Brugman, 1950 i Lucas !1

ilo, 1960; Guilbert et a.lo, 1944; Winchester et al., 1957) were unable 
-- �=-==:i: --

. 

to detect differences in yield with swine and cattle •. Lower dressing 

percentages were obtained with sheep, however, by Weber ,!1 &· (1931) ·.,and 

Palsson and Verges (19.52a, 19.52b) on restricted or low planes of' nutrition. 

In general, use 9f extreme nutritional regimes produces marked differ

ences in yield, Whereas little or no effect may be observed. when more 

practical treatm�nts are employed. 

In Trial IV 9 the right front cannon bone was measured. .;to detennine 

if di:f'ferences in bone development could be detected.. The treatment 

means were found to be nearly identioalo This should be expected., since 

Waters (1908) <:iemonstrated the priority for skeletal growth, which'eon� 

tinued even when steers were subjected to submaintenance rations. 

Other data coll.acted ;at time of slaughter included weights of th_e 

heart, pluck, liver and hanging tender. It is believed. that trimming 

errors on these items exceeded any probable treatment differences, and 



-T,A13
LE

 X

SLA
UG

HT
ER

 F
LO

OR
 DA

TA
 

Tri
al

s 
I I

 
Ir

 an
d 

II
I 

(A
v;

 )a
 

. 
. 

. 
-

-
Tr

ia
l 

IV
 

. 
-

-
Tr

ea
tm

en
t.

G
ro

u p
 

HH
 

HM
 

rm
 

MM
 

Hi
gh

- C
H
)

Mo
de

ra
te

, I
- {

M �
) 

· 
Mo

dera
te

 I
I 

(M
ll

l

P,e
rc

en..
t 

8
.6

b
8

.5
b 

E
.6

c
Hi

de
 

8
. 9

 
9
.1

 
9
.4

 
11
P'i

ll
0
d 

6
.o

6
.o

6
.6

 
6 ..

 7
 

In
te

rn
al

. f
at

e
 

2 .
3 _

 
1

.8
2
.1

 
.
.
.
 

1
. 5

 
1
.6

 
+·

3r
Yi

el
d

-
61

.0
 

60
.7

 
60

.J
 

60
.7

 
5

8
.8

 
5
6
.6

 
Ca

nn
on

 b
on

e 
mea

s.
 

(i
n.

) 
-Wi

dt
h

. 
..
..
...
 --

-
--
-
-

..
...
...
 -

-
-
·
-

1
.5

8 
1
.5

5 
Le

ng
th

 
_
_
 ...

 _
 

-
-
-
-

_
_
 ..
 _
 

-
-
-
-

7
.8

6
 

7
.a

z
-

ac
o_?

re
sp

on
di

ng
 va

lu
es

 f
or

 in
di

vi
du

al
 t

ria
�f!

_a
re

-p
re

sen
te

d 
in

 T
ab

le
 XXX

II
. 

Ap
pe

nd
ix

 B
. 

b{
HH

 +
 M

B)
 

si.
�

ic
an

tly
 d

if
fe

ren
t 

fr
om

· (
HM

+
 MM

)-
at

 P
<

 0
.
0

5
.

CH
 s

ig
ni

fi
ca

n,tly
 d

if
fe

ren
t 

fro
m 

(M
I

+
 M

II
) 

at
 P

�
 0

.0
7 •

. 

ti;E
!St

ima
te

d-
by

'w
-ei

gh
in

g·
c

on
ten

j;s
 o{

 th
e·

rum
ina

nt
 s

to
ma

ch
. 

.9
.1

 

1
.4

 
59

.0
 

1
.5

8
 

7
.84

 

eni_
crl

ud
es

' ea
si

ly
 r

em
ov

ab
le

 f
at

 f
ro

m 
th

e 
st

om
ac

h 
an

d 
pel

vi
e· 

o�
vi

ty
; 

No
 e

st
ima

-te
 wa

s 
ob

ta
in

e
d i

n 
T
r
ial

 
I
. 

r .f
MI

 s
±gntt

iea
nt

ly
- · d

if
fe

re
nt

" f
"ro

m··
m

, a
t 

P 
_..::::.

 O
� �

�·
 

t
 

I 



therefore they are not reporteq.. 

Yield of Wh.olesale_Cuts 

Average percentages of . wl;lolesal.e :cuts. obtained in the first three 
. 

. .- . � 

43 

�rials and in Trial IV are presep.ted in Tab+e p:. Corresponding values 

for Trials J;:� II and III are shown in Tables IµIII, XXXIV and XIXV, · · 

respectively, Appendix B. The three-year average_ (Tabl� XI) rev,eals 

that carcasses from steers full-fed in Phase II (HH ;ind MH) yielded 

lower pel".centages o! round, shank and major,-outs and higher percentages 

o·f flank, plate, cheap cuts and wasty 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 Qrisket and shank, were probably subject to more cut.t;i.ng 

error. 

Fewer sig¢.fieant differences were obtained in ,the $epa�te trials, 

although the ,percentage of round reflected the three-year average· i:n ea.ch 
. . . . . • . 

test, as did the percentages of major cuts,· cheap' cuts and wasty cuts 

in Trials I and II. There were no important.discrepancies between trials. 
" . 

In the.fourth trial, ea�asses of .ru11,,;rf*1 steers yielded higher 

percentages of flank, plate and wasty cuts and :lower percentages of round, 

�hank and. major cuts. than thf:t �WO moderate grou.ps. The younger, lighter 

weight. cattle (MI) tended to have lower perC?.entag�s of fat· cuts and higher 

percentages of lean cu.ts tllan the other moderate group (MII), but the 

t,nly signifi�ant, increase was in percentage of :round. 

lt is readily seen that steers red to gai:n rapidly in the finishing 

phase, produced small but consistent increases in. the cheaper ,and fatter 



TABLE ll 

YIELD OF_WHOLESALE CUTS(�) 

Trial IV 

Wholesale cuts 
17.7b 17.ab-

c
' c 1�.sd 

Round 18.5 18.8 18.5 19.0 
Rump 5.7 5;7 5�9 5�6 6.1 e 

.5�9 5.8 
I.,oin 14.4 14.4 14 6 14.4 13�5 1-4.o 13.9 
Flank 6.9r 6.6 • r 6�4 ?�Og · 6·.o .. 6.5 6.9 
Kicin�y- knob 3.2_ 2.8 3.0 2.9· 2.8 2�4 2.6 

·Chuck 25:s 25.4 25.7 26;1 . 25�2 25.3 25-:7 
Rib 8.0h 8.1 8 o- · 8.0 S�l 8.0 a.o

Plate 8.8 8.J. a:� 8.1 8. 7g� ··8.2 8.1 
Hrisket 5.1

1
5.y. 5.0 4.9 5.3 5.3 _5..4 

Shank 4.411· 4.6 4.5h 4.6 4.7J .5;.J 5.1 

Hind quarter 47.9 48.0. 4$.1 48.1 !1-7;9 4fl.l 4·1,.8 
Fore (luarter 52.1 51.7 

5+
.6h 51�7 52�0 52.1 .,2.3 

Major cutsk -71.6h 72.1 72.0 .. 
72�9-·· 

71� q;E!�· 7.3.0 72.4 
Cheap eutsl 28.4f' 27.6 _'/."/.at ,' 26.9·· 2&;5 · 27�2 27·. 7 '_ 
Wasty·,qw��m 24.on 23.0 23.3n 22�3 2.3.ag .. 21.9, 22 • .6 

aOortespo�ding values for individual trials are presented in -Tables _XXXIII through XXXV� Appendir B. 
- .· 

- - . 
?(lUl :+ MR) signil'ieantly different from (HM + �) at P � 0.001. 

'. ,.. .. , • �. 
• -

r • 

e�"signifieantly different from (MI :t MII) at P.cC 0.025. 

��::.:significant!;· diff�rent fro�·-MII' it P-� O.ij.5,., � .. - -

9irs1.gnifieantly-ditferent from (MI +-MII) at P ,;,_ oa6.

. ·. f(mr' + MH). significantly different· from (HM-+ -MM) . at P :::- O. 07�

t 

Trials- I. II and -III (Av o)a High Moderate I Moderate II 
Treatment Group HH: HM - Mii . MM · (H} ._ (MI) (MII) 
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cuts, compared. with mod�ratel.y-fed cattle. This trend was more pro-
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nounced when high and modera.te groups were f� for the same length of 

time (MI) ·than when fed for the same total feedlot gain (MII). These 

results a.re in agreement with studies by Go� � .!J:.. (1961) which in

dicate that pe:r,-eentage of round-tends to be inf'luenoed. more by differ-
. . 

. . . 

ences in caroa�s grade than the other wholesaie ou:t:.s.. The percentage 

ot major cuts was also markedly affected. Butle.r (195?) noted o�y 

small differences in wholesale cutout despite wide vari'ation in experi

mental material. Considering the ,relatively narrQw range in carcass 

grades reported in a previous section, it is·not surprising that large 

dif�erexiees in yields of .wholesale cuts werE r not obtained. Insofar as

percentages of major and wa$ty outs 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 attriputed to the nutritional plane il!lposed in the 
. 

. . 

second half or the fattening period. 

$pacific Gravity Determinations 

Specif�c gravity readings are presented as averages or the first 

�hree trials in Table XII, which also contains the readings obtained in 

Trial IV. Corresponding values for Trials I. II,�nd III may be found in 

table llXVI, Appendix B'; Density readings t�orded for the five major 

wholesale cuts were lowest for the HR group, an4. highest for ._the MM 

group. wi thout exception, in each of the three trials. Significantly 

iower relative densities wer,e obtained on cuts from steers full-fed in 

Phase II (Hli and MH) for all comparl.so_ns, ei:cfept- round and rump in Trial 

III, at P < 0.10"' In addition, lower values were observed for HR and HM 
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treatrtients for all cuts in Trial III and in the three-year average, and 

for rib in Trial II (P < 0.10). As indicat� in ;the tables, most of the 

above differences were highly significant. 

In Trial IV, cuts from high plane stee:rshad lower relative densities 

than those from the moderately-.t'ed cattle (P <. 0.025). as expected, but 

the differences between.the two moderate groups.were negligible. 

It is obvious that specific gravity determinations were of much 

greater value in detecting treatment differences than were the measure-

ments reported in previous sections. Of the cuts stud�ed. the wholesale 

rib appeared to be more useful than the round or%'UI!lp in this regard. 
' . ' . 

. ' 
. 

' 

Kraybill Jl: !J.. (1952) suggest.ad tha.t th.e 9.:.10-11 th rib out could be used 

to estimate specific gravity of the entire e�rqas�, and Meyer � ,!!. 

(1960) proposed that specific gravity determinations. could be used to 
. ' . .

obtain economical and reliable estimates of percent carcass fat. 

The trends observed among treatments in relative densities are 

similar to, but more pronounced than, those noted for wholesale cut 

yields, and provide additional support for the contention that carcass 

differences are due more to the plane of nutrition imposed in Phase II 

than in Phase I. 

�ib Eye Measurements 

Average rib eye me�surements obtained trithe.first three trials 

�re presented in Table XIII. Corresponding'.values for the individual 

t;rials are shown in Table XXXVII, Appendi:x; B .• · .. Few significant differ

�nces were observed, although cross-sectiona.;t l�µgth and rib eye area 

tended to be least for the HH group and greatest in the case of the MM 

regime. The opposite tendency was noted for width of external fat, with 

.. 
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HM and� �reatments :,resulting in in�ermediate values. No consistent 

trend was �vident .for width measurements, or. for Width x length dimen� 

sions. 

50 

HH and MH groups had significantly ..m<;>re .external .fat in Trial !., 

�d significantly smaller rib f)tes in Trial i III,:Js est�ated by width, 

length, width x length, or area measurements. However, all other com

pari�ons within each trial were nonsignifioant. 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 expe_rimental 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 regime. This might be ex

pected since the former steers wetghed app�.ximately 80 pounds l�s 

at tiine o.f slaughter. High. and Moderate II'treatments were more nearly 

comparable in measures _obtained for size of '.rib eye, although the full

:ted steers tended to have more extemal fat ••. 

Insofar as rib eye measurements are indicliltors of oarcass lean, 

these results suggest that m0derate]J different nitritional planes do 

not appreciably influence -lean development when st,eers are allowed to 

attain equal feedlot gains, but that steers gainipg �t m,oderate rates 

J!lay .not produce as much lean tissue as f'ull;f¢.·lllteers when removed 

£,rom test at the same time and slaughtered �t J,hEL same age. However. 

Cole and associates (1960b) reported that ofily 18,;percent of the varia

tion in total carcass lean could be accounted f'or by rib eye area . 

determinations. 



Physical Separation Data 

The results of physical separation of the 9-10-llth 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 .. HR and MH regimes produced carcasses containing 

a calculated average of 2.8 percent less lean, 4.0 percent more fat 

51 

and 0.8 percent less 'bone than those from HM and MM treatments. Differ-

ences in lean and fat w�re ,significant at P'<0.01, and differences

in bone at P < 0. 05, whether actual or calculated· percentages' were used. ,. 

These trends agree well with those obtained from wholesale cutout 

and specific gravity data, and are further substantiated by the studies 

of MeMeekan (1940b, L940c) and Palsson and Verges (1952a, 1952b). As 

mentioned previously, the plane of nutrition· imposed in the latter part 

of the feeding period appears to dictate the major differences observed 

in carcass composition, although this effect was not obtained in Trial 

III in this study. Percent fat Wa's influenced the most, and percent 

bone the least, by nutJ:itional ,plane, which serves to illustrate the 

different priorities of body. tissues for nutrients first reported by 

Waters (1908) .. 

In Trial I.V (Table XIV)-, full-fed steers produced carcasses con

taining more fat and le�s bone, but only slightly less lean, than those 

from the two moderate treatments.. Carcasse� :from the MI group were lower 

in percent fat, and higher in percent lean and bone, than those from the 

MII group, although the differences were small �d not statistically 

significant .. , Wholesale cutout and relative density determinations dis-

cussed previously show the same general trends. However,, percentages do 

not reveal differences in actual weight of the carcass or its components. 
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53 

While the MI grqup had the highest percentage of _lean, total carcass lean 

was actually' least for this group due to dif!erenees in feedlot gains 

and slaughter weight, as will 'be discussed later. 

Chemical Analysis of Lean Tissue 

Sampl.es of Longissimus dorsi afui Semimembranosus muscles were aub-

� ected to proximate ehemiaal analysis and t\t! .-8:�e:t;ages obtained for the 

series of three trials are p�esented in Table XV. Corresponding val"Q.es 

i;or each --trial are shown in _Table XXXIX, Appendix .B. Differences among 

�reatments were ql.lite variable; however, signific�ntly mo;re ether extract 
• ' • 'I. • 

was observed for the HH and l:IM groups. The,marbling scores reported
. 

. . . . 

earlier rEtvealed a similar pattern. -Percent moistUZ,"e t�ed .to vary 

inversely with eth_er extract, whif"e no definite .trends were.establisl:led 

for ash and protein. The reason for signif!�antlj more ash in,!!. dorsi 

:samples from HH and MH groups in the three-y.ear. average is not apparent. 
. 

:, 
. 

,· 

Only,&. dorsi samples were analyzed in:Trial-IV (Table XV). Samples 
. 

. 
' . 

from the carcasses of full-fed aatile cont�ined more ether extract 
. 

. 

(P < 0.05). and Slighily less moisture than_ t.,�ose from the other groups. 

Protein and ash appeared to be relatively ul}&ffeeted by treatment. 

A major problem in .obtaining. reliable chemical analysis data is in 

getting representative samples. It seems lqgj.,cal,:that sampling error 

�ould easily mask or distort small_ t_;reatmerr!;, diff�renoes. This .should 
-� 

be part�qulal".f:Y:. true.where relatively low-g�ading.cattle are involved,

since differences iri :intramuscular fat would likely be minimal in suoh

instances.

Palsson and Verges (19,.52b) found that age ha_d more influence than 

plane .of nutritiori�;on· lliarbl.ing of the eye muse.le. This could explain 
.� .. . 
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the higher ether extract values observed for the HM group than fo.r the 

oppos�te (MH) regime. 

Shear Vil.µ.es.and Organoleptic Data 

55 

Shear values and organoleptio scores are 1SU1n,ar1zed in Taple.XVI. 

9orrespond.ing d.atafor Trials I, II and III.are.presented in·Table.XL, 

Append.i.;: B. Except for slightly ,,lower. shear val:ues for cooked rib steak 

in, '.!'rial II, none of the comparisons approache4 statistical signifieanoe. 

Apparently, errors.inherent in. the teehniques USS9, .produced.far more 

yariation than resulted from. any treatment differences, since "F" 

values obtained in the variance analyses wete. oftem less .thall 1.00. · 

Christians (1962) reported tllat the cooking proced':1?'�,·introduced con

siderable variation. .Cole .li !!· (1960a) observed ··significant differences 

in shear vaJ.ues and taste panel data, as have many ot�er investigators, 

but oi:lly when steaks used. represented a fairly wide range in carcass 

grade; even so, differences �ere of�en small� 

The shear values ob�ned in Trial IV (Table:xvr) reveal a logical: 

trend;. as carcass grade decreased, tenderness also decreased. However, 

(lifferences in shear value ci14. not appr�aah; �
i

.gni:ficance. 

Ji:fficienoy on.a Carcass Basis 

Average ef£i9iency va+ues, expressed o, ... th, \)asis of, carcass com-
•· : 'l. • • I . .. 

· position, w�re calculated i'rom data obtain� _dtii,f.itig the first 'three
,., - � - . 

' / 

trials and.are presented in Table XVII. Corresponding data for in-
.. . 

l 

'.! 

dividual trials are presented in Tabl.es XLI; XL.II and XLIII, Appendix B.

To_tal carcass l ean and .fat were ea.l.culM:,ed 1;>y multiplying oareass 

Weight by, th.e estimated C4t�ass pereen:?ges. of lean and fat Shown in 

Tabies XIV and IXIVTII •.. 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 pronouncfed in Trials I and :X:I, .. but not in Trial III. 

Since no.ne of the cattle were siaughtered at: the begi�ng of the 

feedlot tests. estimates of initial carcass composition were not available. 

Carcass composition was assumed to be sim:i.lar for all groups a.t this tim.e,. 

Theoretical _initial values for pounds of: carQass lean �d fat were 

calculated by assuming an av:�rage yield of' 56 percent and average carcass. . . . . ' ,. . 

composition of 63 percent lean and 20 percent fat.for each treatment

group. These values approximate those obtained in subsequent stu4ies

and shoul,d be satisfactory for comparative purposes •. Efficiencies ob-
.· 

' ' 
, 

I 

tainfd by . their use should also be more · realisti� •· than using _total
�

.

carcass ,fat and lean, with no correction for init.ial compositions.

The three-year ave�ge .for Trials I, .I.I .�nd 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

9£ fat and lean tissue. Since TDN is .known.to over-estimate the value

of :rou�ges for .. prod;u.ctive purposes. the net energy values may be more
\ . \J 

· reliable. I� the latter comparisons, MM and)ffl regimes resulted in

�,ignifioantly more efficient feed CO)ilVe?"sipn (P< 0.05) •

By converting both:ratiori and carcass components to .oal�rtes, 

ef"f:i.�ienoy ratios expressed in the ,same units can be obtained.. The 

conversion fac_tors 11s� (Table XVII) pe�it.d.et�rmination_ of the calories 

�f 11digeµitible _energy" in the ration reqlrl.r� per. calorie of edible meat 
·' 

. 
� I 

. . 

(!at and lean) produe.ed. 'l'h,is procedure giyes addit:ioµal .er.edit to, 
..,,. 

. . 

rations which result in production of carcasses higher in fat content. 

However, :this credit ma1: not be justified in studies where the amcrunt· of 
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.tat deposited is in excess of that required for a product of acceptable 

quality.. 1:n the present study, steers full':'fed in Phase II (HH and MH) 

needed 12.6 percent less feed calories per calorie of fat and lean, than 

cattle subjected to HM and MM regimes {P < 0.025). 

One of the objectives of this stud.ywas to �etermine the feeding 

regimes which would result in the eonversio� of f43ed nutrients to lean 

meat most efficiently. Expressed as either pound·s :of TDN or therms of 

net energy required per pound of ine:rea:se in lean tissue, .the 

efficiency .of .conversion increased in the treatment order HR, HM, MH and 

MM. The same trend was noted for pounds of crude protein needed to pro

duce a pound of carcass protein; MH and MM groups: we?"e more efJ;i�ient

than steers subjected to HH and HM regimes (P< 0.025).

. 

" �

The pr_eceding discussion illustrates how effieiez:cy rankings of the 

four treatments va:ry, depending on the method. of measurenien:t.. However, 

regardless of the criteria used, the values obtained. for the average 

of three trials {Table XVII) indicate.an int,resting overaii trend. The 

HM. regime always ranked as one of the tw-p least. efficient treatments�.

while the opposite regime (MH) ranked first. or second in effie,�ency of 

feed conversion. in every comparison. Most ot the. e�rcass data ·reported. 

earlier indicate that oatcass composition and quality were simil�r for 

these two treatments .. In view of these findings,. theMH f�edirig regime 

appears c:lecidedly superior to the HM treatme!:lt. Inc�eased m:aintenance 

requirements in Ph�se II may.have contribu.t¢. 1;.o therelatively poor 

performance of the latter group. Other tre�::tment, coinparisons may not 

be valid. beeaus� of �eater differences in Qarcass characteristics. 

No literature has been �ound to support or contradict these 

efficiency patterns since, in most studies, efficiency comparisons have 
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been based on live weight gains. Species differences may exist, since 

MeMeekan (1940c).reported that the HL regime was_:most efficient, followed 

in sequence by Ell, LH and LL treatments. Many research.ers have observed 

little or no difference in feed efficiency between,various nutritional 
1,_ ···' • 

regimes (Merkel .� &•, 1958; Lucas ..!E: g,., 
1
1960; Winchester and Howe, 

1955; Winchester and Ellis, 1957; Winchester�.!:!,., 1957). 

In Trial IV (Table XVII) the moderate plane of nutrition failed to 

promot.e maximum lean development. This is indicated by the:, relatively 

small· quantity of lean produ<:!ed by the MI treatment, and illustrates 

the need for feeding steers on high and moderate nut?'.'itio?-lal 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 �n Trial IV. There were·-essentially no differences in 

efficiency between the MI and J.UI treatment�, exc.ept when express� on a 

caloric basis. In the latter ·oompari,son, the MII regime resulted in a; .. 

small �mprovement in efficiency. 

Relationships Among Live Animal and Carcass Traits 

The data reported h�rein involve numerbµs .. mea�urements and scores 

individually obtait;1ed from 82 steers. These measures have been. dis.

cussed in the preceding section, an<;i by.:(ien�rickson (1961), �th re-
. ·: . .. . .  

. 
;: . . . .. 

spe�� to the effects of nutritional plane •. The experimental material 

was selected primarily for this nutrition st:udy, and therefore contains 

iess variation than is usually desir:edin i#vestiga.tions.designed to 

study interrelationships among ·var;ous measi,irements. 

However, the large number of different mea,surements available 
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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 

aomparisons and serve primarily to establish general relationship 

patterns .foJ:? the type of steers used. .All va1ues are simple overall 

©orrelations, unadjusted for treatment or year effect, or for the in

fluence of any other variables. 

Relationships I:nvol ving .. Linear Live Animal and Ca.re ass Measureni�nts 

Cor:rel.at,ion �oe:fficients obtained between live animal measurements 

and other selected ,rariables are shown in Table XVIII. Skeletal measure= 

ments (X4 and X
.5

). and partii::nllarly heart girth, were highly associated

with live weight.. Wi.dth of shoulder and quarter were related ( o. 78L but 

neither was appre©iablya_ssoc:ia.ted with width of loino Difficulty in 

m,.easuring loin wi.q.th wa� evident in these studies. Heart girth was

posftively correlated with the other live animal measurements. Width 

a�d length measurements were negatively associated when correlations in= 
�-2\ 

. 

.

volving width of loin were not �onsideredo 

In gener�l, width of shoulder and quarter, height at withers, and 

heart girth were positi.vely related to linear carcass measurements .. 

Rest..u.ts of other investigations (Orme.� M•. 1959; Termm et !11·. 1959) 

support the abo11e trends. however, higher correlation coefficients were 

obtai.noo for most·�omparisons, which reflects wider variation in experi"" 

mental materialo It should be emphasized that linear m�surem.ents re= 

fle�t, body size and, .be«lause of this, are positively correlated with live 

weight. This relationsh.c1.p ls strikingly, illustrated in Table XIX. Note 

the highly signifi�ant positive correlation (0.39 to 0.64) between 

!iilaughter weight and -various linear carcass measurements. Many of the 
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TABLE XIX 

CORRELATIONS BETWEEN CARCASS MEASUREMENTS
AND OTHER SELECTED.VARIABLF.Sa , b 

Variable. x, X2 \ ... x, Xh, 

Slaughter w:t· (lb.) o.64 0.56 o.41 0.5.5
Av. daily gain (lb:) -0.20 -0.32 -Q.31 .:-0.14
Carcass meas. (in.)· 

,. ·, 

Carcass length (XJ) 0.81 o.49 o.aa
.Length of leg (

� 
.. 0.60 0.73 

Depth of body ( 
� 

0.39 
Length of loin ( ) 
Width of �boulder (X

.5
)

Width of round (X6) 
Care.ass composition (�) 

Lean 0.21 0.32 0�20 0.19 
Fat -0.lJ -0.24 -Q.lJ -0.16 
Bone -0.16 -0.10 -0.1.5 -0.04

64 

. X.5 
X6

0.48 0.39 
-0�12 0.05 

0.25 o.4J 
o •. 34 0.32 
o.4o 0.16 
0.81 0.31 

-0.16

-0.04 0.11
0.1.5 -0.02

-0.'.3.5 -0.22

acorrelations between carcass measurements and subjective grading
scores are presented in Table XLV, Appendix B. 

br = 0.217 at P = 0.05 and 0.28'.3 �t P =:0.01. 
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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 ��ores are presented in Table XLIV, Appendix B. Com

parisons were also made between subjective scores and linear carcass 

measurements and are shown in Table XLV, Appendix B. Although a few 
(, �· 

high correlations were observed, most relationships 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 scores. Ternan

.tl !J:.. (1959) obser�ed low or insignificant correlations between body 

measurements and conformation scores, and Orme .tl !J:.. (1959) f.ound sub-

jective scores to be of less predictive value than objective live animal 

measurements for estimating oarcas::i dimensions. 

Christians (1962) reported that live animal measurements had little 

value for predicting carcass components;. The correlations between live 

animal measurements and carcass composition (Table XVIII) and between 

linear carcass measurements and carcass composition (Table 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. 

L-
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Relationships Involving Specific Gravity Det�r.minations 

Tlae correlation coefficients obtained between specific gravity 

readings and other selected variables are presented in Table XI. These 

values were essentially the same magni tu.de, regardless o{ which whole

s�e cut was used. Likewise, the five-out �verage did not appreci�bly 

alter the size of the correlations. Rib arid loin; readings were in. 

c.losest agreement (0.91). of the five .cu.ts m�su.rea..

The use of specific gra�ty as an �stimate ot carcass fat has been 

advocated by Kraybill � .&!:.· (1952) and Meyer � !l• (1960). Correla

tions between··speoii'ic gravity of the wholeijale rib cut and· the calcu .. 
. 

•. 

lated carcass composition were -0.90, .0.80 and Q. 70 for percent fat, l.ean 

and bone, respectively. Thus, despite limited. variation in these cattle, 

specific gravity of the rib accounted for 81 percent or the variation 

:i.n percent carcass fat. ·up to 96 percent has 'been accounted for in 

other studies (Meyer � §!. , 1960). 

Significant relationships were generallyob$erved between specific 

gravity and percentages of wholesale cuts, except: for chuck, rib. and 

brisket. Percent round, flank, plate, shank, major cuts and wasty cuts 

all showed relatively high correl�tion coefficients. Calculating corre-
.. 

lations from percentage data rano�es most of the effect of live weight, 

but may introduce artificial interrelationships s.ince all values �ust 

add . to 100 percent. 

Specific gravity readings were also highly associated with width 
' ' 

' 

C?f external fa� at the 12th rib, percent moi1:;1ture,and ether ext?"aet in 

the rib. eye t live and carcass grade and oth�r selected scores. Correla

tions invol'Ving estimates of fat were generally higher than those est:i.

mating lean. Measures of rib eye size were-not appreciably as sociated 



TABLE XX 

CORRELATIONS BETWEEN SPECIFIC GRAVITY DETERMINATIONS
'AND OTHER SELECTED VARIABr;r.ga 

Variable. X1 X2 X3 .·14 X5 

Specific gravity 
Round (X

J
) 0.8.5 0.87 0.89 o.84

Rump (.x2 0.88 0.87 o.84
Lo;i.n (X� o.88 0.91
Chuck (. ). o.88
Rib (X5) 
Av. 0£ 5 cuts (X6) 

Carcass ·composition(%) 
Le� 0.71 0.72 ().Sl, 0.74 0.80 
Fat -0.76 -0.79 -0..�7 -0 .. 82 -0.90
Bone 0.55 0.58 0.62 0.63 0.70 

Wholesale cuts ( '1,)
Round o.45 0.60 0.-67 0.53 o.68
Rump 0.46 0.27 0 .. 43 0.42 o.45
Loin -0.19 -0.15 -0.37 -0.3=8 -0.27
Flank -0.58 -0.62 -0.63 -0.59 -0.70
Kidney knob -0.39 -0.45 .. Q.52 -0.41 -0.53
Chuck 0.18 0.23 0.17. 0.10 0.22 
Rib 0.02 0.02 0.02 0.0.5 -0.06
Plate -0 • .51 -0.60 -0 • .52 -0 • .57 -0 • .59
Brisket -0.06 -0.05 Q.0.5 0.01 o.oo
Shank o·.49 0.50 Q.57 0 • .51 0 • .55 
Major cutsb 0 • .53 0.60 0.57 0.53 o.6.5
Ch eap cuts0 -0.49 -0 • .56 -0 • .51 -0.49 -0.60
wasty ou.tsd -0.61 -o.68 -0.66 ·-0.63 -0.74

ar = 0.217 at P = 0.0.5 and 0 .• 283 at P·= :0.01.

brncludes round, rump, loin, chuck and Jiib._ 
0rncludes .flank, kidney knob, plate, brisket and .shank. 

drncludes flank, kidney knob, plate and ,brlsk-et. 

67 

... 16 

0.94 
0.92 
0.96 
0.96 
0.94 

0.80 
-0.88
0.65 

0.62 
o.44

-0.27
-0.65
-0.48
0.17
0.02

-0.57
o.oo
0.56 
0.59 

-0.,54
-0.69



TABLE XX ( Continued) 

Variable 

Rib eye data (in.) 
Area 
Length 
Av. f'at cover 
Av. width 
Width x length 

Chemical analysis(%) 
·Moistur�
.Ether extract 
Ash 
Protein 

Subjective· scores (live) 
Width of body 
Muscling 
Fat thickness 
Live slaughter grade 

Subjective scores (carcass) 
Thickness 
Fat thickness 
Kidney knob 
Marbling 
Firmness of lean 
Carcass grade 

t . ... 

0.05 
o.ai+

-0.70
... 0.09
o.04

0.55 
-0.67
0.14

-0.14

0.40 
0.37 
0 • .51 
0.65 

0.51 
0.67 
0 • ..50 
0 • ..58 
0.51 
0.77 

Xg 

0.14 
0.32 

-0.63
0.02
0.16

0.59
-0.64
0.14

-0.20

o.4..5
0.37
0.53
0.61

0.46 
0.58 
0.51 
0.52 
o.48
0.72

0.13 
0.34 

.. 0.79 
.. 0.03 
0.12 

0.61 
-Q.66
0.13

-0.25

0.39
0.31
0.52
o.67

Q.51
o.66
Q • .56 
0.57 
0.50 
0.78 

a r = 0.217 at P = 0.05 and 0.283 at P = .0.01. 

brnolude• round, rump, loin,. chuck .and rib •. 

0.05 -0.01
0.27 0.19 

-0.67 -0.77
-0.09 -0.15
0.05 -0.03

0.61 0.52 
-0.71 -0.66
0.18 0.18 

-0 .. 16 -0.20

o.42 0.39 
0.3.5 0.29 
0.53 0.51 
o.68 0.67 

o.48 0.54 
0.61 o.68
o.48 0.61
0.58 0.60
0 • ..52 0.52
0.77 0.79 

0Inelu.des f'lanlc, :',lq.d.:Q,ey knob, plat.�; brisket and shank. 

d!nclu,des flank; kidney: knob, plate and brisket. 

68 

0.06 
0.28 

-0.76
-0.09
-0.06

0.62
-0.71
0.16

-0.20

o.43
0.36
0.55
0.70

0.54 
o.68
0.55
0.60
0.54
0.82

X 



69 
. ·�· .. 

with specific �ravity deteminations. Cole.!!!!· (1960b) reported that 

the rib eye was a relatively poor index of 1;,otal .. l.ean development. 

The above .discussion indie�tes that speeific gravity deteminations 

may be of consid.erable predictive va,lue. �rtiQt4,�rly ··tor estimating p�r

cent carcass fat. In this study, as much as:81 peroen� of ·the .variation 
,, ! . . ·.· ., 

in this trait. could �,·accounted for by one·specif'ic gravity measurement. 

Relatio;nships I�volving Other Indicators of Qarca�s Composition 
. . � . . � 

-; 
Correla:t;.ions between the. wholesale cut�. �o.s�. highly associated 

lfith specific gravity and other selected va;'iabie� are presented in Table 

m. The .relationships among wholesale cut$ .. are_ undoubtedly too high,

4u.e to part-to-whole relationships and the +imi:tat,ions of percentage

q.ata.. Correlations between rib eye area and }iholesale cu.ts were neg

ligib],.EI). In every remaining comparison, hi�y.signifieant relationships

we,re observed. Values were generally slig��J.y higher for variables
. . . 

· estimating fat content, but prediotion of percent: carcass fat from per-
. ' . . . . . 

.. . 
•' 

°'ent wa�ty outs accounted for only 55 percent of;the variation. 

Correlations between pe:N)ent wholesale· cµts and estimated carcass 

.c:omposi tion reported in� the li tera tu.re have gener.Uly been l.ow. How

�ver, Cole .� !!,. (1960b) recently obtained a correlation of 0.95 be

'�ween separable lean in the wholesale round ·and total carcass lean. 

Relationships between estimated caroas�:·composition data, thickness 

9f exter:na.l fat, and chemical analysis values for)ean tissue are pre

sented in Table XIII. Correlations of -0.79, 0.79 and -0.6J were 

obtau� b&twE:i� thi<:::kness of external fat �rid pe:t"Cent lean, fat and 

bon�. respectively. Percent moisture and �ther extract w�re also highly 

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



TABLE XXI 

CORRELATIONS BETWEEN CERTAIN WHOLESALE CUTS 
AND OTHER SELECTED VARIABLEsa

Variable x
l 

I� XJ 

Wholesale cuts {%)
Round (X1) ... 0.63 -0.46 .. · 0.46 
Flank (X2) 0.37 ... o)"4
Plate (X3) .-0.24 
Shank (X4) 
Major cutsb (X5)
Wasty cutsc (X6) 

Carcass composition(%) 
L§an 0.63 -0.61 -Q.55 0.57 
Fat ... 0.70 o.68 0.57 -0.58.
Bone 0.52 -0.50 -0.35 0.33

Rib eye 
Area -0.04 -0.02 -0.07 -0.07
Fat cover =0.60 0.6J O.Jl -0.54

Chemical analysis (%) 
Moisture 0.52 -0.JJ -0.29 0.46 
Ether extract ... o.44 0.47 o.45 -0.48

Live slaughter grade 0.48 ... o.46 �0 .. 35 0.58 
Carcass grade 0.59 -0.49 -0.46 0.61 

ar = 0.217 at P = 0.05 .and 0.28J at P =·0.01. 

binCJludes round, rump, loin, chuck and rib. 

0rncludes flank, kidney knob, flank and brisket. 

70 

X,2 X6 

o.64 -0.69
=0.69 .. 0.75 
=0,70 0.74 
0.18 ... 0 .. 38 

0.96, 

0.62 -0.71
-0.66 0,,74 
o.44 -0.46

0.05 -0.04
-0.48 0.55 

0.29 -0.37
=0.43 0.54 

o.43 -0.52
0.56 -0 .. 66
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comparisons are insignificant or unrealisti�.when;expressed as percentages. 

The general trend observed in Tables XXI and.XIII is that most of 

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

carcass composition, were significantly correlateq with calculated per

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

range of 0.50 to 0.70. 

ltelationships Involving Carcass Quality Data 

Correlations among certain subjective scores, organoleptic data and 

shear values are presented in Table XXIII. ,Refinement score, observed 

on the live animal, was not significantly eorrel�t,ed with any of the 

other variables. No important relationship$ were noted for any comp?,ri

sons which included shear readings or organ¢1ep�iy 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).· AU. other comparisons 

a.mong these scores were also highly significant. 

It is apparent that organoleptic tests and �hear values, determined 

on the cdoked produqt, were of no importance in this study. Christians 

(1962) ti?ted that cooking introduced considerable variation, which could 

easily mask small differences in the raw product. 
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SUMMARY 

Three trials, involving 64.w.eanling steer calves, were conducted to 

study the effects of different nutritional planes on carcB:ss qo�position, 

qual�ty, and-efficiency of nut�ent conve�sion. The pl�es of nutrition 

imposed were: Full-feeding·for '360""400 pounds feedlot gain (HH); full

feeding for appl"O�a"-ely half·the total gain, f()llowed by a moderate 

level of. feeding (HM); mpderate feeding, followed by full'!"feeding (MH); 

and a moderate level of feeding thro:ughout (MM). The different nu.-

tri tional planes were achieved by V$.rying the amounts of rolled milo and 

cottonseed hulls in the ration,.which also �ontained cottonseed meal and 

dehydrated alfalfa pellets. The steers were individually-fed, and 

slaughtered after 360-400 p0\1lldS gain. A fourth trial, using 24 calves, 

was conducted to compare the effects of h.igh (H) vs. moderate nutritional 
. . 

' . 
' 

regimeS. imposed for equal length, of time (MI) or equal feedlot gain of 
I .. 

;50 pounds (JUI).·· In ea.oh trial., individual records were maintained on 

weight gains and feed consumption. Data collected included linea� live 

animal and carcass measurements, subjective live animal andoaroass 
I ' 

. 

·evaluation scores, hide weight, dressing percent.and estimates of "fiU"

and internal fat.. Other. carcass information included rib eye tracings,

yield ?f wholesale cu,ts, specific gravity·ofwholesale cuts. physical 

separation of the 9-10-llth rib cut, a�d proJC411ate chemical analysis of 

lean. tiss.ue. Desirability of the cooked produc� _was estimated by sliea.r 

tests and organol.eptic studies. �impl:'et overall correla:tions were calcu-

7,4 
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lated on the data from 82.steers to establish genera.1. .1.....__ 

p�tterns among these variable.s. 

In Trials I, II and III, steers full-fed for rapid gain (HH) pro

duced higher grading· carcasse� whioh contained more fat and less lean and 

bone, as indioatedby physical.separationdata,, than those from steers 

:fed to gain at a moderate rate (MM)�-., When the plane of nutritic;m was 

reversed in Phase II (HM. and MH treatments), the carcasses produced 

were intermediate to the HH and MM reg:i,mes iri composition and grade. 

However, carcass composition reflected th.e influence of the plane of 

nutrition imposed in the second phase, as evidenced by an increased 

percentage of fat and. deer.eased percentages o.r lean and bone for the MR 

g�oup, relative to the HM regime. Yield and. specific gravity of the 

�holesale cut and physical separation of the 9-10-llth 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.sµbjective conformation scores were generally not signific•t. 

No differences in desirability of the cooked product were de

_t·ecte.d among the four treatment groups. The range in carcass grade, 

High Good to Low"."'to .. Average Good, suggests. small diffepences in quality. 

Subjective carcass quality scores paralleled those for carcass graqe. 

The distribution of treatment.means with respect to relative 

efficiency of meat produ.ction varied, depending o.lfl the Ct'.iteria used. 

When expressed on the basis of c.aroass lean or prot¢.n, eff'ioienci:es in-
. . 

� 
.. 

creased in the treatment ord�r HH, HM., MH and MM� In eveey com�rison, 

the MH regime was more efficient than the .HM regime. 

In Trial IV, a,11 composition measurements and subjective scores 

indiea:t� a l9wer p�roenta:ge of lean and more fat in carcasses of the 
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full-i'ed group. When the moderate plane oi' nutrition was imposed .for the 

same length ot time (MI), rather than for the same total feedlot gain 

(MII) , lighter-weight e·_a.rc.,saes were obtained which were interior in

grade and yield. Carcass grades ranged from Average Good (High group) 

to Average-to-High. S�dard (MI group)� Al though the pe�entage of 

. carcass .. lean inorea-sed, total lean production £.or the MI regime waa. 
' . . 

I 

approxima.�ely 30 pounds less . tha� f9r the High treatment;. The latter 

group was also more efficient in conversion of calories and protein. 

A large number of simple correlation coefficients were calculated 

using the various measurements and scores available in these.four tria.l:s. 

In general, the :relations.hips were in agreement with those repo.rted in 

the li te-rature. However, the coefficients were frequently lower in 

magnitude, due .. to the- relative uniformity of the exp�rimental material, 

and most oi' the variables, therefore, appeared to be of low predictive 

value. 
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ANALYSIS OF THE. DATA AND ADJUS'fflE
N

T 
'OF SUBJECTIVE GRADING SCORES 

. Analysis of Variance 

The analysis of variance program used was., written in Fortran for 
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use on the IBM 650 computer, and is presented in Table XIIV. As written, 

the program will perform either one- or two-way cross.classification 

analysis of a maximum of 24 variables. Any number of treatment and/or 

block groups may be used and uneq'18.l s'U,bgroup �umbers are permitted,; how

ev.er, one e.t'fect (treatment or block) i� limited to 12 unequal subgroups. 

All input cards are in fixed point form '.and have a 12 punch in 

column 73. �ta may be either positive or negative. The first header 

card has the following format: 

Word 1 -- OOOOOOOOOX, X�1 (one-way AOV) or X=2 (two-way A.OV) • 
. . .

Word 2 -- No. of gro-q..ps for Effect I (usually treatment). 

Word J -- No. of groups for Effect II (usually bloc�). 

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 s�t of 

subgroups (all treatment subgroups .in one bJ.ock = one set). Two subg.roup 

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: 

Word.1 -- No. of subgroup headers (1 or�Z). 

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

Word 3 -- XXOOOOOOYY, where.XX= no. of tirs*' subgroup with different 

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

. example, 050000001� indicates that Subgroup 5 has 10 less 



1 0000 0 
42 O 
42 1 
42 2 
42 3 
42 4 

1 0 

2 0 

3 O 

4 O 
4 1 

.5 0 
5 1 
6 O 

7 0 

8 0 
9 O 

10 0 

11 0 
12 O 
13 O 
14. O

TABLE.WV

ANALYSIS OF VARIANCE PROGRAM 

Fortran Statements 

ONE OR M WAY CROSS AOV 
.. DlMENSION MA(24), -A(24), 
B(24), C(24), D{24), E(24), 

· G(24), N(11) •. ,ZNC(12), .. P!2;), . R(24), 'f(.24, 12L 5(24), 
NFT (24,3) 
READ 1, KT, K, L, KD, KV 
DO 2 I•1,11 
N(I)•O 
ZNT=O.O 
NO=O 
DO 3 I=1 . 24 
D(I)=O.O 
G(I)=O.O 
P(I)=O.O 
R(I)=O.O 
DO 3 J=.1 , 12 
ZNC(J)=O.O 
T(I,J)=O.O 
MM=1 
READ 1, KH, NA, N(1), N(2), 
N(J), N(4), N(S) 
ZNA.=NA. 

00 TO (6,.5), KH 
READ 1 , N ( 6) , N ( 7) ,. N ( 8) , 
N(9), N(10), N(11) 
lX) 7 I=1,24 
B(I)=O.O 
C(I)=O.O 
ZNB•O.O 
IJ=10 
M=1 
DO 9 I=.1,24 
E(I)=B(I) 
DO 1.5 J:::1 ,NA. 
READ 1, MD1, (MA.(J),J=1,6) 
GO TO (14,13,12,11), KD 
READ 1, MD1, (MA(J) ,J=19,24) 
READ 1, MD1, (MA(J),J=1J,18) 
READ 1 , MD1, (MA(J) ,J=7, 12) 
00 1.5 I=1 , KV 
A(I)=MA(I) 
B(I)=B(I)+A(I) 
C(I)=C(I)+A.(I)**2 
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TABLE XXIV (Continued) 

Fortran Statements 

1 .5 0 CONTINUE 
00 16 J=M,M 
ZNC(J)=ZNC(J)+ZNA 
00 16 I=1,KV 
E(I)=B(I)-E(I) 
D(I)=D(I)+E(I)**2/ZNA 
T(I,J)=T(I,J)+E(I) 

16 0 CONTINUE 
ZNB=ZNB+ZNA 
M=M+1 
IF (K-M) 18,20,20 

18 0 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 

19 O CONTINUE 
ZNT=ZNT+ZNB 
MM=MM+1 
IF. (L=MM) 31 ,4,4 

20 O 11=300000000 
21 0 IF (N(1)) 23,8,22 
22 0 IF (N(1)=LL) 25,8,24. 
23 O IF (N( 1)+11) 24, 8,25 
24 O 11=11+100000000 

GO TO 21 
2.5 0 LL=LL=100000000 

IF (M,�LL/ 1 00000000) 8, 26, 8 
26 0 IF (N(1)) 27,8,28 
27 0 NA=NA+(N(1)+1L) 

GO TO 2q 

28 O NA=NA+(N(1)=LL) 
29 0 ZNA=tiJA 

DO 30 I=1 ,IJ 
30 0 N(I)=N(I+1) 

IJ=IJ=1 
GO TO 8 

31 O 00 33 r�1 ,KV 
A(I)=G(I)**2/ZNT 
B(I)=P(I)=A(I) 
C(I)=OoO 
DO 32 J=i ,K 

32 0 C(I)=C(I)+T(I,J)**2/ZNC(J) 
C(I)=C(I)=A(I) 
E(I)= R(l:)=A(I) 
G(I)=D(I)=A(I)=C(I)=E(I) 
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TABLE xx;rv (Continued) 

Fortran Statanents 

33 0 R(I);:B(I)-C(I)-E(I)-G(I) 
JA=ZNT-1.0 
JB=;:K-1 
ZJ:BeJB 
JC=.1.,-1 
ZJC=JC 
JD=JB*JC 
ZJD=JD 
JE=JA-JB-JC-JD 
ZJE=JE 
KEY=1111 .. 
KK=K-1 
00 41 I=1,KV 
IF (A(I)) 43,41,43 

43 0 A(I)=C(I)/ZJB 
S(I)=R(I)/ZJE 
GO TO (35,34), KT 

J4 0 D(I)=E(I)/ZJC 
P(I)=G(I)/ZJD 
NFT(I,3)=(P(I)/S(I))*100.o+0.5 
NFT(I,1)=(A(I)/P(I))1'110u.o+o.5 
NFT(I ,2)=(1;l(I) /P(I) ).>!!100. o+0.5 
Gd TO J6 

35 0 NFT(I,1)•(A(I)/S(I))*100.o+0.5 
J6 0 NO=No+ 1 . 
45 0 PUNCH 1, MD1, NO, KT 
37 0 PUNCH 1 ,: MD1, JA, B(I) 
38 0 PUNCH 1 ,MD1, JB, C(:J;), A(I), 
JS 1 NFT(I, 1 ) 

.. 

00 l'O (44,39}, KT 
·39 0 PUNCH 1,MD1, JC,. E(I), D(I),
39 1 NFT(I,2) 
40 0 PUNCH 1 ,MD1, JD, .Q(I), P(I), 

. 40 1 NFT(I,J) 
44 0 PUNCH 1 ,MD1, ·JE, R(I), 'S(I) 

DO 46 J=1,KK 
46 0 PUNCH 1, MD1, ZNC(J), T('I,J) 

J=K 
47 .0 PUNCH 1, MD1, ZNC(J), T(I,J), 
471 KEY· 
41 0 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 zero�. 

I£ a second subgroup header is needed, all words are punched in the 
' 
. 

same manner a.s words three through seven of the first subgroup beader. 

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 V8:riables preceding those in card two, and card four 

(if present) as variables seven through twelve. 

Program output is in standard AOV format. Two examples are given in 

Table XIV. These examples are from data collected· in the studies reported 

in this thesis and illustrate the types of' analysis used. Main effects 

were assumed to be fixed in calculating "F" · Yalu.es�. If this is true, 

the statistical mod.el for example I is . 

. xijh = ,- + °' i + (j j + -� ij + C ijh, i • 1 • • • a, j = 1 • • • b, h m 1 •••

n
". 

Eijh is 1('9 1 0'), 

and the. model £or. example II is 

X�j = )I +oei + (Jj + ,ij' i = 1 ••• a, j • 1 ••• \b, Eij is N.(O, cr),

where "X" · is the observation, �" is· the overall mea�·., ""'" is the t�eat-

ment effect, "P" is the blook·effeot, "'" is a random.eff'�t, "a" is the 

number of' treatments.,· "bll 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 squares were ali:Jo punched in order to 

use AOV output for input of a program design�d to test orthogonal com-

parisons among treatment groups. Sinee,the latt�r program is specific in 
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TABLE xiv 

EXAMPLES OF OUTPUT FORMAT.. OF ANALYSIS. 
OF VARIANCE PROGRAM· 

Identification d:t: SS MS F 

Example I 
943342132+ 12+a 2+b

943342132+ . 57+ 21108000524+ 
943342132+ 3+ 1807000053+ 60233.33352+ 417+ 
943342132+ 2+ 3983000053+ 19915000 53+ 1378+ 
943342132+ 6+ 8670000052+ 144.5000052+ 46+ 
943342132+ 46+ 1445100054+ 3141521·752+ 
943342132+ 15000000 52+C. 23.59000054+d 
943342132+ 1500000052+c 23130000.54+d 
943342132+ 1500000052+0 23190000.54+d 
943342132+ 1300000052+0 20600000.54td llll+e

Example II 
18+a .... b 

95�532132+ .... 1+·. 
9.54532132+ 23+ .5.5221-70057+ 111.57300.57+ 712+ 
954532132+ 2+ 2231460057+ 15670048.56+ 
954.532132+ 21+ 32907100.5.7+ 
954532132+ aopoooo51+0 39620000.55+� 
954.532132+ 800000051+0 3944.500055+d

954532132+ 800000051+0 J4360000.55+d llll+e

asequential number o:t: variable. 

bType of analysis ( one-way or two-way) •. · · · 
,. 

0Number of.animals in eaoh treatment.

dss for each.treatment. 
9Signifies last· oard in eaoh a,nailysis.



design and .evaluates only the comparisons of . importance in this· study, 

it is mo,t presented here� 

Adjustment of Subjeotive Grading Scores 

89 

The subjective grading scores reported,in..�� thesit:1 are averages 

of the evaluations of three te seven men. Many of the graders·d.id not 

o�serve all of the ,nimals and consequently' the data are far from com

plete. While it mu.st be assumed th.at ea.oh grader. was eonsistent in the

U$e of his own 11 standa:rd, 11 it is highly probabl� �hat different graders

had different .. standards in the case of _many variables.· If this is true,

then CEWtain of, the averages are biased due to. differences in the

"average" standards used for different anima].s wh1,oh a,re caused by

absences of one or more graders.

For this reason, an attempt was made to adjust the averages to re

duce this bias. The usual procedures for supplying missing data were 

not considered because of the large numbers'o.r Dd.ssing values. The 

equation that was used to create values for m;ssing information is 

X . (I:Aij) [ �B1/N0 )k.
J iJk' = • '

�a EA1/ (N� •N0) 

whe;r::e 11 .X•·· is. �he created value. ''A" represents the actual values give:n

by the number of men (Na) who gra4ed all the animals within a group, "B" 

represents the actual valaes given by each man (k) who graded one or more, 

but not all, animals within a group, and N
0

: is the number of animals in 

a. gr,oup. The variable number is "i" and the·animal number is."j". This

equation merely multiplies the average values for:. the complete portion of

-the .data (no missing values} by the ratio of val�es given by men grading
. ·. . . � . . 

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



The values were calculated on a within treatm""ent l;>asis first and the re

sulting tla.ta (containing actual and oreated values) w�re used to repeat 

the process on a within year basis. The nelf treatment means subseqhenUy 

obtained included many ereated values. Ii 

This procedure is not statistically valid, since it results in 

adju:3ted means but not in adjusted ,variances. In all instances ex

perimental error is drastically reduced and'analyses of variance are.not 

appropriate. However, analyses of variance.were conducted on the actual 

averages and the adjusted means were used only as a further aid in 

evaluating the results. It is the autho�vs·opinion that this type of. 

adjustment, w�ile 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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Treatment Group 

Trial I 
Hide 

�Fill11 a 

Internal rate 

Yield 
Trial.II. 

Hide 
11Fill11a 

In·ternal fat0 

Yield 
Trial III 

Hide 
11Fill"a 
In.ternal rate 

Yield 

TA.BLE.XllII 

SLAUGH�ER FLOOR DATA (%) 
(T:R.IALS I, II.AND III) 

HH HM 

8.5 8.5 
5.5b 7.0 
--�--.. d6J.6 61.3 

8.2 8.7 
6.J 7.0 
2.9e 1.9 

60.9 60.3 

9.0:r 9.3 
6.lg 4.6 
1.ah l.8h

59 • .3 60.5 

MB 

8.4 
6.5b 

62.4d 

8.1 
7.2 
2.8e 

60.7 

8.9r 
6.lg
1.6

58.5 

aEstima ted by weighing contents of the rwninant stomach. 

98 

· · ·- . MM.

8.9 
7.2 

...... ,.....

61.2 

8.6 
7.1 
1 •. 8 

60.8 

10.0 
5.7 
1.1 

60.0 

b(lili + MH). significantly different from (HM + MM) at P.::::. 0.025. 
0Inelu.des easily removable fat from the s.tomach and pelvic cavity. 

No estimate was obtained in Trial I. 

d(HH + MH) signifieantly different :f'rom (EM + MM) at P < 0.05. 
k·i. �· 1':"'": .. 1 . · 

8(HH + MB) si�fi�antly different from (MH + MM) at P<< 0,001 .. 

f (HH + MH) sigi:uficantly different from (BM + MM) at P � 0. 07. 
, . ,. .. . . 

g(HH + MH) sig�i'icantly different from (HM + MM) at P .:::.::- 0.09. 

h(HH + HM) significantly different f�m (MH + MM) at Pc:.. 0.05. 

-------------··='"''"'"-····=· -----------------------------



TABLE XXXIII 

PERCENT WHOLESALE CUTS (TRIAL I) 

Treatment Group HH HM MH 

Wholesale cuts 
Round 17.9a 18.6 17.4a

Rump 4.8 .5.0 4.9 
Loin 14.9 14.8, 14.7 
Flank 7.3b 6 • .5 7.6b

Kidney knob J.7 J.1 J.9
Chuck 2.5.3° 26.1 2.5 • .50

Rib 8.0 8.2 8.1 
Plate 8.9 8.7 8.6 
Brisket 4.9 4.8 .5.0 
Shank J.90 4.2 J.9c

Hind quarter 48 • .5d 48.0 48 • .5 
Fore quarter .51.0 52.0 .51.1d 
Major cutse 70.9f 72. 7 70.6f 
Cheap cuts·g 28.6b 27.J 29.ob

Wasty ·outsh 24. 7b 2).1 2.5.1b

a(lm + MH) significantly different from (HM+ MM) at P � 0.10. 

b(HH + MH) significantly different from (HM + MM) at P � 0.06. 

C(HH + MH) significantly different from (HM + MM) at P...::::. 0.0.5. 

d(HH + MH) significantly different from (EM+ MM) at P ::::: O • 09. 

erncludes round, rump, loin, chuck and rib. 

f (HH + MH) significantly diff,erent from (HM + MM) at P� 0.08. 

ginolucfes flank, kidney knob, plate, brisket and shank. 
( 

hrncludes flank, kidney knob , plate and brisket. 
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MM 

18.7 
4.8 

14.8 
6.7 
J.4

26.1 
7.9 
8.4 
4 • .5 
4.J

48.4 
.51.2 
72.J
27.J 
2).0 

, . 

• 



TABLE XXXIV 

PERCENT WHOLE.5ALE CUTS (TRIAL II) 

Treatment Group · HH HM MH 

Wholesale cuts 
Round 17 • .3a 18.1 17. 7a
Rump 5.7 5.7 5.7 
Loin 1.5.1 1.5.0 14.9 
Flank 6.8 6.8 7.1 
Kidney knob .3 .2 2.7 2.6 
Chuck 2.5.9 25.1 2.5.6 
Rib 7.

�
8.4 7.8a 

Plate 8.6 7.9 8.7b 
Brisket 5.oc

_5.6C 4.9 
Shank 4.6 4.6 4.7 

Hind quarter 48.1 48 • .3 48.0 
Fore quarter .51.8 51.6 51.7 
Major cutsd 71.� 72 • .3 71.7a 

Cheap cutse 28.2f 27.6 28.of 
Wasty cutsg 2.3.6h 2.3.0 2.3.Jh 

a(HH + MH) significantly different from (HM+ MM) at P � 0.02.5. 

b(lm + 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. 

einoludes flank, kidney knob, plate, brisket and shank. 

f(HH + MH) significantly different from (HM+ MM) at P ..(, 0.0.5. 

gm.eludes flank, kidney knob, plate and brisket. 

h(HH + MH) significantly different from (HM + MM) at P � 0.06. 
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MM 

18.8 
5.7

14 • .5 
6.4 
2.8 

26.J
8.J

, 7. 7
4.8
'f.6 
r 

48.2
.51. 7
7.3.6
2Q.J
21.7

. .

. .... 

I! 
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TABLE XXXV 

PERCENT WHOLESALE CUTS (TRIAL III) 

Treatment Group HH HM MH 

wtiolesale cuts 
Round· 17.8a 18.7 l7.9a

Rump 6.2 6.2 h.B
Loin 13.5 13.7 14.3
Flank 6.8b 6.4b 6.3 
Kidney knob 2.9 2.8 2.7 
Chuck 26.0 25.2 25.8 
Rib 8.1 7.9 8.0 
Plate 8.7 8.5 8.0 
Brisket 5.3 5.4 5.2 
Shank 4.5c 4.9 4. 7C 

Hind quarter 47.2 47.8 48.0 
Fore quarter 52.6 51.9 51.7 
Major cutsd 71.6 71. 7 72.8 
Cheap cutse 28.2 28.0 26.9 
Wasty cutsf 23.7 23.1 22.2 

a (HH + MH) s,ignificantly different from· (HM + MM) at P".:::'.' 0.09. 

b(HH + HM) significantly different from (MH + MM) at P�0.06. 
' 

C(Hfl + MH) significantly different from (HM+ MM) at P � 0.07. 

drncludes round, rump, loin, chuck and rib. 

eincludes flank, ·kidney knob, plate, brisket and shank.

!Includes flank, kidney knob, plate and brisket.
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MM 

18.9 
6.1 

13.9 
6.1 
2.6 

2.5.9 
7.8 
8.3 
5.3 
5.0 

47.6 
52.3 
72.6 
27.3 
22.J
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Treatment Group 

Trial I 
Round 
Rump 
Loin 
Chuc� 
Rib

TABLE XXXVI 

SPECIFIC GRAVITY READINGS 
(TRIALS I, II AND III) 

HH HM 

l.072a 1.080 
1.049b 1.062 
l.Q!J9c l.OJ.5
1.05.5d 1.065
1. 0.52° 1.063

Average (.5 cuts) 1.05.5e 1.066
Trial.II 

Round 1.079a 1.080 
Rump 1. 0.588 l.06J
Loin 1.045d 1.050
Chuck 1.062b 1.068
Rib 1.055c, f 1.065f

Average (.5 cuts) 1.061b 1.066 
Trial III 

Round 1.084g l.08.5g
Rump 1.061h 1.065h 
Loin 1.052b·� l.060g 
Chuck 1.06.5g, i 1.069g 
Rib 1.0�. h 1.073� 
Average (.5 cuts) 1.06r· j 1.072J 

a(HH + MH) significantly different from (HM+ MM) 

\HH + MH) significantly different from (HM+ MM) 

0(HH + MH) significantly different from (HM + MM) 

d(HH + MH) significantly different from (HM+�) 

e(ijH + MH)·significantly different from (HM+ MM)
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MH . MM 

1.orf 1.084 
1.o.56b 1.067 
1.044° 1.057 
1.06od 1.069 
1.o.54c 1.068 
l.06oe 1.070 

1.073a 1.08.5 
1.0.5� 1.071 
1.045 1.0.59 
1.062b 1.071 
1.059° 1.072 
1.062b 1.072 

1..090 1.09.5 
1.068 1.075 
1.06ob 1.071 
i.073i 1.079 
1.074a 1.081 
1.074a 1.082 

at P.::::. 0.05.

at P< 0.01. 

at P.::::.. 0.001. 

at PL. 0.025. 

at P.:::::. 0. 00 .5. 

f(HH + HM) significantly different from (MH + MM) at P .'.:::". 0.06. 

g(HH + HM) significantly different from (MH + MM) at P <. 0.02.5. 

h(HH + HM) significantly different from (MH + MM) at P ..C:.. 0.05.

i(HH + MH) significantly different from (HM + MM) at P � 0.07.

j(HH + HM) significantly different from (MH + MM) at P ..c:_ 0. 01. 



TABLE XXXVII 

RIB EYE MEA.SURl!M�TS 
,(TRIALS I, II A.ND III) 

Treatment Group HH HM 

Trial I 
Av. rib eye width (cm.) 5.4 5.0 
Rib ey� length (cm.� 12. 2 12.4 
Width x length (c�. ) 66.3 62.2 
Rib eye area (in. ) 8.87 8.55 
Av. width external fat (cm.) l.24a 0.95 

Trial II 
Av. rib eye width (cm.) 5.8 5.3 
Rib eye length (cm.� 13.2 13.1 
Width x length (cm. ) 77.1 69.2 
Rib eye area (in.2) 10.16 9.28 
tv� width external fat (cm.) 1.22 1.20 

Trial III 
Av. rib eye width (cm.) 5.2b j.6
Rib eye length (cm.1 12.sc 13.4 
Width x length (cm. ) 66.ob ' 75.0 
Rib eye area {in. 2) 9.07d 10.25 
Av. width external fat (cm.) 0.83 0.80 

a(HH + MH) significantly different from (HM + MM) 

b(HH + MR) significantly different from (HM + MM) 

c(HH + MH) significantly different from (HM+ MM) 

d(HH + MH) significantly different from (HM+ MM) 
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MH MM 

5.5 5.8 
12.6 13.0 
69.2 75.5 
9.02 9.43 
1.27a 0.58 

5.5 5.5 
13.l 13.7 
72.2 75.1 
9.67 10.31 
1.16 0.96 

5.ob 5.6 
13.1c 14.0 
66.1b 78.0 

8.94d 10.23 
0.59 - 6. 73

at P" O.Ol. 

at P.::. 0.025. 

at P:::: 0.06. 

at P .c.. 0.05.

• 



TABLE XXXVIII 

PHYSICAL SEPARATION DATA(%) 
(TRIALS I, II AND III) 

Treatment Group HH HM 

Trial I 
Lean l9-10-llth rib) 43.9a 49.1 
Fat ( 9-10-11 th rib) 39.8b 32.5 
Bone (9-10-llth rib) 15.1b 17.2 
Lean ( carcass) c 51.2a 55.3 

Fat (carcass)C 35.4b 29.5 
Bone (carcass)c 14.lb 15.3 

Trial II 
Lean (9-10-llth rib) 50.od, e 52.9d
Fat (9-10-llth rib) 35.8; 30.0 
Bone (9-10-llth rib) 13.6 16.2d Lean (carcass) c 56.1d, e 58.4 
Fat (carcass)C 32.2° 27.6 
Bone (carcass)C 13.3f 14.7 

Trial III 
.Lean (9-10-llth rib) 53.3 55.6 
Fat (9-10-llth rib) 31..5 28.0 
Bone (9-10-llth rib) 14.9 16.1 
Lean (carcass)c 58.7 60.5 

Fat ( carcass)c 28.7 25.9 
Bone (carcass)c 14.0 14.7 

a(HH + MH) significantly different from (HM+ MM) 
b(HH + MH) significantly different from (HM+ MM) 
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MH MM 

45.4a .51.4 
38.7b 30.1 
14.8b 18.0 
.52.4a 57.2 
J4.5b 27.6 
14.ob 15.8 

51.7° 56.4 
33 • .5; 28.1 
14.2 14.6 
57.4e 61.2 
30.3° 26.0 
13.6f 13.8 

55.5 57.6 
27.5 25.9 
16. 7 16.2 
60.5 62.2 
25.5 24.2 
15.0 14.8 

at P <. 0.005.

at Pc... 0.001. 

cCalculated from 9-10-llth rib data using equations of Hankins and 
Howe (1946). 

d(HH + HM) signifipantly different from (MH + MM) at P � 0.08.

e(HH + MH) significantly different from (HM+ MM) at P<:::: 0.025. 
f(HH + MH) significantly different from (HM+ MM) �t P.:::::. 0.05.



TABLE XXXIX 

CHI!MICAL ANALYSIS OF LEAN TISSUE 
(TRIALS I, II .AND III) 

Treatment G.roup HH HM 

Trial I 
Moisture (rib) 69.83a 69.97 
Protein (rib) 22.28 21.94 
Ether extract (rib) 6.82 6.82 
.Ash (rib) 1.08 1.02 
Moisture (round) 71.53 72.27 
Protein (round)' 21.6.5 21.96 
Ether extract (round) 4.77 3.79 
Ash (rounq) 1.16 1.10 

Trial II 
Moisture (rib ) b 72.20 71.32 
Protein (rib) 21.94 21.4.5 
Ether extrac� _(rib) 4.19 4.01 
Ash (rib) 1.13 1.08 
Moisture (round) 70.23 70.24 
Protein (round) 22.01b 21 • .53 
Ether extract { round) . 3.81 4 • .5.5 
Ash (round) 1.09 1.07 

Trial III 
Moisture (rib) 71.62c 71.64C 
Protein (rib) 21.63

d 
21.06 

Ether extrao� (rib) 3.10 3.88d 
Ash (rib) 1.14 1.13 
Moisture (round) 70 • .59 71 • .54 
Protein (round) 22.2.5 21.62 
Ether extract (round) 3.49 3.18 
Ash (round) 1.08 1.0.5 

a(HH + MH) significantly different from (HM+ MM)

b(HH + MH) significantly different from (HM+ MM)

c(HH + HM) significantly differ�t from (MH + MM) 

d(HH + HM) significantly different from (MH + MM)

MH 

69.19a

22.'+b 
6.41 
1.10 

71.97 
21.79 
3.83 
1.16 

71 • .57b

21.87 
3.99 
1.12 

70 • .5o
b22.17 

3.49 
1.10 

73.0.5 
21.30 
2.80 
1.12 

71.11 
22.40 
2.8.5 
1.07 

at P '2:: O. 09 • 

at P ...( 0.0.5. 

at P.:::::: 0.08, 

at P...::: 0.01. 
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MM 

71.30 
22.55 
5.77 
1.06 

71.92 
22.17 
3 • .51 
1.16 

72.77 
21.70 
2.77 
1.12 

71.23 
21.73 
3.19 
1.07 

73�45 
21 • .54 
1.64 
1.12 

70 • .56 
22.39 
3.34 
1.07 



TABLE XL 

,SHEAR VALUES AND ORGANOLEPTIC DATA 
(TRIALS I, II AND III) 

Treatment Group 

Trial I 
Av. shear (rib steak) 
Av. shear ( round steak) 
Organoleptic scores 

Tenderness 
No. of chews 
Juiciness 

Trial II 
Av. shear (rib steak) 
Av. shear (round steak) 
Organoleptic scores 

Trial III 

<;'Jenderness 
No. of chews 
Juiciness 

' 
' 

Av. shear ( rib steak) 
Av. shear (ro.und steak) 
Organoleptic score� 

Tenderness 
No. of ctiews 
Juiciness 

.HH HM 

20.90 19.33 
15.89 14.07 

6.55 5.98 
29.0 30.4 
7.00 6.31 

14.30a 13.56a

12.65 14.50 

6.42 6.18 
21.6 24.9 
6.42 6.28 

16.12 15.37 
16.83 17.12 

6.53 6.17 
16.4 17.3 
6.25 ·5.80

a (HH + HM) significantly different from (MH + MM) 
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MH MM 

.16.97 20.23 
16.48 15.21 

6.24 6.67 
28.1 26.7 
6.77 6.84 

16.09 16.20 
14�49 15.81 

6.69 6.41 
23.2 24.0 
6.53 6.69 

16.61- 14.19 
17.00 14.02 

6.69 6.16 
15.8 17.0 
6.15 5.63 

at P � 0.08. 

.. 



Tr eatment Grou:12 
a Total lean (lb.) 

Total fat (lb. )a

Lb. TDN/lb . of 
'CarcassC 

Fat and leanc

LeanC 
Therms NE/ib. of 

Carcass0

Fat and leanc

Leanc 

TABLE XLI 

EFFICIENCY ON A CARCASS BASIS 
(TRIAL I) 

HH HM 

280.8b 288.8 
194.3 1.54.2 

9.7d

10. ti
10.6d

12.2d

25.7e 23 .• 3 

9.of 9.4!

9.9f 10.8!

23.9d,e 20.�

Cal. feed/cal. fat and leanc 10.2e 13.1 
Lb . crude protein/lb. 

carcass proteinc

. 
. 

18.8e 17.6 
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MH MM 

278.8 298.2 
183.6b 143.5 

9.4 9.3 
10.3 10.6 
24.2e 18.6 

8.6 8.0 
9.4 9.1 

22.oe 16.0 

10.1e ll.8

l8.2e 14.1

acalculated fran 9-10-llth rib physical sepa�ation data (Hankins and 
Howe , 1946). 

b(HH + MH) significantly differ ent from (HM+ MM) at P<. 0.001.

cCalculated using 9,367 kcal./kg. fat (Blaxter and Rook, 1953), 
5,686 kcal./kg. protein, 21..64 percent protein on fat-free basis (Reid

� al., 19.55) and 1,982 kcal./lb. TDN (SWift, 19.57). Theoretical initial 
yield (56%), lean (63%) and fat (20%) were used. 

d(HH + HM) significantly diff erent from (MH + MM) at P � 0.08. 

e(HH + MH) significantly diff erent from (HM+ MM) at P< 0.05.

f,(HH + HM) sigrtificantly diff'erent from (MH + MM) at P< 0.0.5. 



Treatment GrouE 

TABLE XLII 

EFFICIENCY ON A CARCASS BASIS 
(TRIAL II) 

HR HM 

108 

MH MM 

Total lean (lb.)/ 306.9b

l 76.4c 
302.6b 305.0 340.5 

Total fat (lb.) 143.2 161.4c 144.7 
Lb. TDN/lb. of 

Carcassd 10.2; 
Fat and leand 10.9 
Lean 21.0 

Thenns NE/lb
ci 

of 
9.6 Carcass 

Fat and leand 10.2 
Leand 19.7 

Cal. feed/cal. fat and leand 11.3g 
Lb. crude protein/lb 

Carcass proteind 16.3 

11..5 
12.9 
21.7 

10.3 
ll.5
19.4

14.6 

17.4 

10.1; 
n�o 

19.6 

9.2 
10.0 
17.9 

11 8g 
, ' 

. 

15.5 

ll.2
12.2 
18.9

9.8 
10.6 
16.5 

14.5 

15.2 

aCalculated from 9-10-llth rib physical separation data (Hankins
and Howe, 1946) .. 

\HH + HM) significantly different from (MH + MM) at P:::::::: 0.10. 
0(HH + MH) significantly different from (HM+ MM) at P.:::::: 0.025. 

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

�-�·· 1955) and 1,982 kcal./lb. TDN (Swift, 1957). Theoretical initial 
yield (56%), lean (63%) and fat (20%) were used. 

e(HH + MH) significantly diff�rent from (HM + MM) at P ".:::::: 0.10.

f(HH + MH) significantly different from (HM+ MM) at PC:::: 0.05.

g(HH + MH) significantly 'different\froni (� + MM) at p.:::::. 0.005.

• 
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J 

• 
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Treatment GrouE 

Total lean (lb.1
a

Total fat (lb.) 
Lb. TDN/lb. of 

Carcassb 

Fat and leanb 

Leanb 

Therms NE/lb . of 
Carcassb 

Fat and leanb 

Leanb 

TABLE XLIII

EFFICIENCY ON.A CARCASS.BASIS 
( TRIAL III)

•, 

RH HM 

294.7 305.7 
145.2 131.4 

11.9 11.2 
12.9 12.3 
21.9 19.4 

11.oc 10.?c 

12.0 11.1 
20.3 17.6 

Cal\ feed/c al. fat and leanb 14.5 14.6 
Lb. crude protei�/lb . 

carcass proteinb 17�2 16.5 

109 

MH MM 

300.0 308.6 
127.3 122.1 

10.7 11.4 
12.2 11.7 
19.0 18.2 

9.7 10.1 
11.1 10.4 
17.3 16.2 

14.6 14.5 

15.4 15.4 

. acal
1

culated from 9-10-llth rib physical separation data (Hankins 
and Lowe, 1946). 

bcalculated using 9,367 kcal./kg. fat (Blaxter and Robk, 1953), 
5,686 kcal./kg. protein, 21.64 percent prote� on lat-free basis (Reid 
et al., 1955) and l, 982 kcal. /lb. TDN (Swift, 117:J7) � . Theoretical initial 
yeild (5�%), lean (63%) and fat (20%) were used. 

0 (HH + HM) significantly different from (MH + MM) at P .:::- 0.10. 
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TABLE XLV 

CORRELATIONS BETWEEN CARCASS MEASUREMENTS 
AND SUBJECTIVE GRADING SCORE.Sa

Variableb x, X2 XJ X4 

Live animal scores 
Compactness 0.46 o.45 0.12 0.56 
Width of body 0.14 0.16 -0.01 0.27 
Crops 0.16 0.17 0.01 0.45 
Loin 0.08 0.09 -0.05 0.17 
Rump 0.07 0.06 -0.03 0.].5 
Quarter 0.07 0.11 -0.06 0.20 
Muscling 0.11 0.10 0.02 0.17 
Thickness of fat 0.14 0.18 0.01 0.20 
Live slaughter grade 0.24 0.30 0.16 0.23 

Carcass scores 
·Compactness 0 .. 414, 0.47 0.18 0.46 
Thickness 0.08 0.14 0.03 0.19 
Rib eye (lean) -0.05 -0.05 -0.04 0.02 
Loin -0.03 -0.02 -0.10 0.07 
Round 0.14 0.21 0.07 0.18 
Fat thickness 0.07 0.14 0.06 0.11 
Carcass grade 0.23 0.26 0.17 0.24 

ar = 0.217 at P = 0.05 and 0.283 at P = 0.01.

X5 

0.'02 
-0.)4
-0.26
-0.40
-0.23
-0.24
-0.33
-0.33
-0.22

-0.07
-0.35
-0.28
-0.39
-0.26
-0.28
-0.18

bx1 = carcass length. x2 = length of leg. x
6 

= depth of body.
of loin, x5 = width of shoulder and x6 = widt of round. 

111 

X6

0.06 
-0.12
-0.07
-0.10
-0.16
-0.14
-0.13
-0.09
o.oo

0.20 
-0.05
-0.12
-0.08
-0.08
o.oo
o.oo

X4 = length 
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