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ABSTRACT 

Thirty Hereford cows were obtained from a registered herd owned 

by the Apache Indian Tribe at San Carlos, Arizona. All cows used in this 

study were 4 to 10 years of age, nonpregnant and known to have similar 

genetic backgrounds. The cows ranged from poor to thin in body condi

tion. 

Two experiments were conducted. Experiment I, a summer study> 

had 18 cows, while Experiment II, a winter trial, included 12 cows. A 

total of eight cows from both groups were slaughtered initially to 

establish a base body composition. The remaining cattle were individual

ly fed either a 40% or 80% concentrate diet for varying lengths of time 

to provide a wide range of body compositions. 

Experiment I cows were placed in three groups and fed an 80% 

concentrate diet until one of three final weight (kg):height (cm) ratios: 

4.0, 4.2 or 4.4, was obtained. The days on feed, daily gain (kg) and 

feed to gain ratio for the three groups were: 38, 2.18, 5.06; 63, 2.04, 

5.16; 108, 1.90, 616, respectively. 

Seven days after slaughter, one side of each carcass was 

separated into wholesale cuts and each wholesale cut was dissected into 

separable bone, fat and lean. The other side was also separated into 

wholesale cuts, with each wholesale cut boned, ground and sampled for 

protein, lipid and moisture determination. Separable lean increased 

(P<.05) by 15 kg and separable fat increased (P<.05) by 30 kg from base 
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cows to 108 day fed cows. Extractable lipid Increased (P<.05) by 31 kg, 

while protein increased by approximately 4 kg, moisture increased by 

about 12 kg. The greatest deposition of fat was found in the center 

portion of the carcass (rib, plate, loin and flank). The percent mois

ture, lean and bone in the realimentated cows decreased with time on 

feed. The Triceps brachii (TB), Semimembranosus (SM), Longissimus dorsi 

(LD) and Gluteus medius (GM) muscles were evaluated for changes in 

composition and acceptability by a sensory panel, as well as shear force 

values. The protein percent remained constant for the TB and GM muscles 

but increased in the LD (P<.05). Acceptability of these muscles was 

not (P>.05) improved in the realimentated animals. 

Experiment II cows were placed in two diet groups (40% and 80% 

concentrate). Cows were weighed weekly and removed from the experiment 

at a final weight:height ratio of approximately 4.2. Length of feeding 

period averaged 57 days for both groups. Cows fed the 80% concentrate 

diet had a higher rate of gain (1.45 vs. 1.42 kg) and were more efficient 

in conversion of feed (8.29 vs. 10.17) than those fed the 40% concentrate 

diet, but the differences were not significant (P>.05). Empty gut weight 

increased by 18 kg, of which approximately 11 kg was lipid, 6 kg moisture 

and 1 kg protein. Carcass composition did not (P>.05) differ between the 

two diet groups. 

A stepwise regression analysis including 289 different variables 

revealed that the composition of the plate was the most accurate predic

tor of total carcass lipid, protein and bone. The composition of the 
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plate and total carcass lipid, protein and bone had a multiple R of 0.99, 

0.97, 0.99 and a standard deviation of prediction of 1.1, 0.3, 0.6, 

respectively. 



INTRODUCTION 

In the United States, as well as many foreign countries, mature 

cows are culled from the herds for a number of economic reasons. 

Generally, the beef from these animals is merchandised in the form of 

ground meat products. The marketing of this beef in forms other than a 

ground product is limited due to the palatability. Palatability of beef 

is judged by color, juiciness, aroma, flavor and tenderness. The influ

ence of these factors not only varies from carcass to carcass but also 

from muscle to muscle. This variation is attributed to numerous internal 

and external influences ranging from physiological condition of the 

animal prior to slaughter to cooking methods used in preparing the meat. 

Improvement of cull cow beef through realimentation has been an 

area of limited research. Knowledge is not only lacking on acceptability 

of this beef, but also in the composition of the beef produced through 

realimentation. Critical to these unanswered questions are the un

answered economic questions of efficiencies in the realimentation 

process. U.S.D.A. estimates reveal that if salvage weight could have 

been increased by 100 pounds per head, the increase in beef tonnage from 

1972 cull cows would have been over 1 billion pounds. This amount would 

be equivalent to the predicted expansion in demand for cow beef to 1980. 

Therefore, the goals of this project were: (1) to study the 

performance of realimentating range cows; (2) to measure the actual 

increase in the weight, and composition of beef produced from 
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realimentated cows; and (3) the acceptability of the beef produced 

through realimentation. The approach to gain this knowledge is one of 

leaving no stone unturned from genetic and nutritional background through 

total energy intake during realimentation and total energy gained in the 

animal, as well as energy gain location, followed by acceptability of the 

finished product through mechanical and sensory panel evaluations. 



LITERATURE REVIEW 

General 

Literature containing data on the abilities and efficiencies of 

range cows to gain weight under feedlot conditions are sparce to non

existent. Morrison (1954) in his text mentions that the purchase and 

fattening for the market of range cows which have been culled for age or 

other reasons is not a profitable venture. This author further states 

that the gains made by such cows are generally very expensive, although 

no data was presented to support this statement. 

Composition of Meat 

Fat and Lean Tissue 

It has been suggested by McMeekan (1940, 1941) that in a specific 

muscle there are certain limits to muscle fiber size which are defined by 

age and these limits cannot be exceeded despite a prolonged high plane 

of nutrition. Any weight gain in the mature bovine after these limits 

are reached must be due solely to fat deposition (Moulton, Trowbridge and 

Haigh; 1923). Callow (1947, 1948, 1949, 1950) presented evidence that 

the major change in composition of the mature animal is the level of 

fatness. 

Fat is laid down in different depot sites in the animal; around 

the viscera and kidney (internal fat), between the muscles (intermus

cular) , beneath the skin (subcutaneous), and in the form of marbling 
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between the muscle bundles (intramuscular) (Forrest et al., 1975). 

Johnson, Butterfield and Pryor (1972) emphasized that increased carcass 

weight results in relatively more intermuscular and subcutaneous fat 

deposits. These workers reported that 74% of the total fat in the 

bovine carcass was found in these two depot sites. Ramsey, Cole and 

Sliger (1967) reported that intramuscular fat increased with maturity 

up to 30 months of age, after this intramuscular fat content varied 

little with increasing age. Johnson, Pryor and Butterfield (1973) re

futed the speculation. They concluded that increases in intramuscular 

fat accounts for a very small portion of weight gain in a muscle. 

Studies with mature female bovine have presented conflicting 

results. Moulton et al. (1923) found that the mature bovine grows some 

during fattening, but 76.5% of the weight increase is fat. Callow (1950) 

reported that cows fatten more slowly than steers, and that with cows only 

58.2% of the increase is due to fat as compared to 71.5% for 2h year old 

fattening steers. Fat deposits appear first as internal fat, with in

creasing age and adequate calorie intake, intermuscular fat is then 

deposited as is subcutaneous fat, and lastly fat is deposited in the form 

of marbling (Andrews, 1958; Zinn, 1964). 

Working with steer carcasses, Allen (1966) observed that fat 

deposits and muscle growth may not proceed proportionately from one part 

of the animal to another. This unproportional deposition of fat and mus

cle tissue was noted as early as 1926 by Lush and later by Hopper (1944) 

and Hankins and Howe (1946). These workers agreed that weight, sex and 

level of fatness all contributed to the disproportionate growth pattern. 
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Considerable research has been devoted to estimation of carcass 

composition based on evaluation of individual wholesale cuts. Hankins 

and Howe (1946) analyzed data from 36 heifer and 84 steer carcasses and 

concluded that the physical components (muscle, fat and bone) of the 

9-10-llth rib were highly associated with the corresponding components of 

the carcass. These workers reported that correlation coefficients be

tween percentage of separable fat of the rib cut and fat of the carcass 

were higher for the steers (r=0.93) and lower for the heifers (r=0.88). 

Cole, Orme and Kincaid (1960) conducted a study to determine the 

variation in total carcass separable muscle based upon the amount of 

separable muscle in the round. Their findings revealed that 90 percent 

of the variation can be accounted for with the muscles found in the round. 

Orme et al. (1960) studied cow carcasses using the weights of entire mus

cles from the round and were able to account for 92 percent of the 

variation in the total separable lean of the carcass by this procedure. 

Numerous investigators (Brungardt and Bray, 1963; Cahill, 1964; Thornton 

and Hiner, 1965; Miller et al., 1965; Allen, 1966; Tuma et al., 1967) 

have been consistent in their findings that percent separable lean, fat 

and bone of the round are indicative of the percent separable components 

of the entire carcass. 

Data published by Hankins and Howe (1946) indicated the fatness 

of the flank was more highly related to fatness of the entire carcass 

(r=0.95) than the 9-10-llth rib cut (r=0.93). Allen (1966) observed 

correlation coefficients of 0.91 and 0.91 between separable muscle and 

fat of the flank and percent separable lean and fat components of the 

entire carcass. Hedrick (1968) also found a high correlation 
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(r=-.86) between the percent fat in the flank and percent trimmed whole

sale cuts. 

Muscle-Bone Ratio 

Several workers (Hammond, 1920; Palsson, 1939; McMeekan, 1940, 

1941) observed positive relationships between bone weight and muscle. 

This ratio of the weight of muscle tissue to the weight of bone in a car

cass was reported to be a useful measure of carcass composition (Callow, 

1961). Cole et al. (1960) reported the weight of separable carcass lean 

and separable carcass bone was positively related (r=0.75). 

Berg and Butterfield (1966) dissected one side from each of 62 

steers of six breeds, differing in nutritional treatment and age. These 

investigators reported that the muscle-bone ratio was the best indicator 

of carcass composition. 

Connective Tissue and Muscle Fiber 

It was formerly thought that connective tissue fibers, rather 

than muscle fibers, contributed the greatest to muscle tenderness 

(Mitchell, Hamilton and Haines, 1928). Later work pointed out that meat 

tenderness is a multi-factor interaction, with the many interactions not 

being fully understood (Webb, Kahlenberg and Naumann, 1964). 

Since age of the animal has been recognized as having a great 

influence on tenderness, a large amount of research effort has been 

directed in this area. Mitchell et al. (1928) failed to reveal any con

sistent age-associated changes in the connective tissue content of muscle. 

Later work by Bate-Smith (1948) was in complete agreement in failing to 

find a consistent age-associated change. Wilson, Bray and Phillips 
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(1954) reported that veal L. dorsi contained more collagen and elastin 

and less fat than the corresponding muscle in either steers or cows. 

Contrary to this, Hiner, Anderson and Fellers (1955) could find no dif

ference in collagen associated with age nor could Ritchey and Hostetler 

(1964) detect significant differences in the amounts of collagen among 

age groups. Several workers have reported a negative association be

tween collagen content and muscle tenderness (Adams, Harrison and Hall, 

1960; Loyd and Hiner, 1960; Parrish, Bailey and Naumann, 1961). 

Hill (1966) reported finding no difference in collagen should be 

considered as a critical factor in muscle tenderness. Earlier work by 

Wilson et al. (1954) lends support to a lower or at least no increase in 

collagen content of the muscle of older animals, strongly suggesting 

that decrease in tenderness is due to a structural change in collagen 

as the animal matures which is generally referred to as cross-linking. 

In a recent publication, Kruggel and Field (1974) purified epimysial and 

intramuscular collagen from the active fore shank muscle (a tough muscle) 

and from the quiescent, tender Longissimus muscle to determine collagen 

cross-linking. These workers reported higher solubility and lower 

amount of intramolecular cross-linkage of fore shank muscle collagen, 

thus supporting the view that active muscles have fewer cross-linkages 

than quiescent muscles. 

Changes Due to Weight Loss and Realimentation 

It has been recognized for centuries that seasonal drought affects 

the world livestock production. These droughts reduce pasture to such an 
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extent, both in quantity and quality, that livestock lose large amounts 

of weight and may even die. 

Yeates (1964) reported a study of the rise and fall of body 

weight in cattle as related to the seasonal rain fall in Northern 

Australia. This investigator recorded weight losses in the dry season 

ranging from 0.2 to 0.8 kg per day per head, with an average weight loss 

of 20.8% of body weight. This live weight change of 20% or more is well 

supported in the literature by several different studies on beef cows 

under typical range conditions (Furr and Nelson, 1959; Duvall and 

Whitaker, 1963; Ewing, Stephens and Smithson, 1966; Joandet and 

Cartwright, 1969). 

Yeates (1964) cited early work which reported that the total 

reduction in flesh was due to fat loss and to shrinkage of muscle fibers. 

The investigators cited by Yeates (1964), also felt that the severe re

duction in flesh resulted in irreparable injury to the muscle; that 

inadequate food and excessive exercise caused atrophy of fat and muscle. 

These earlier reports speculated as to the permanent damage in 

these severely undernourished animals. Realizing this, Yeates (1964) 

studied muscle changes resulting from gross starvation. This worker 

found that all starved animals made rapid, progressive recovery of body 

weight when turned out to pasture with adequate feed. Muscle tissue 

research supported the conclusion that in mature cattle severe weight 

loss, even down to the lowest limit compatible with maintaining life, 

does not necessarily cause permanent damage to the muscle or to the 

quality of the meat. 
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Robinson and Lambourne (1968) assessed the extent to which pro

tein depletion takes place in free grazing cattle on arid ranges by 

measuring the changes in skeletal muscle protein. These investigators 

found that the concentration of protein per unit of wet tissue fell 

markedly during the depletion period and increased during repletion. 

Skeletal muscle protein clearly represents an important labile reserve 

and bears the brunt of protein depletion, probably buffering the effect 

of protein loss in the major organs of the body and thus may act as a 

major protein store. Robinson and Lambourne (1970) suggest that the 

free grazing domestic livestock of temperate and subtropical regions 

of the world have undergone little, if any, selection for fat deposition. 

Therefore, muscle protein represents an important labile reserve for the 

body. In support of this, Paquay, Baere and Lousse (1972) reported that 

the mature cow is able to store and lose large amounts of body protein 

(more than 15 kg), without altering its ability to reach N equilibrium. 

Schake and Riggs (1972) studied the weight changes in the 

undernourished mature beef cow in different stages of gestation or lac

tation. Lactation was identified as a major factor influencing weight 

change, requiring 34% more feed intake as compared to prepartum cows. 

The point made in this study is that most researchers have drastically 

underestimated the abilities of the range cow to survive and reproduce 

under harsh arid range conditions. 
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Acceptability of Mature Beef 

Effect of Maturity on Color of Meat 

Meat from mature range cows is used almost exclusively in ground 

beef form, palatability is the limiting characteristic governing other 

uses of cow beef. Eating quality is influenced by color, juiciness, 

aroma, flavor and most of all by tenderness (Jacobson and Fenton, 1956; 

Romans, Tuma and Tucker, 1965; Breidenstein et al., 1968; Dryden, 

Marchello and Ray, 1969; Berry, Smith and Carpenter, 1974). 

Romans et al. (1965) investigated four U.S.D.A. maturity levels 

(A, B, C, D) and two marbling levels (moderate and slight). These in

vestigators reported that myoglobin and hemoglobin increased with 

advancing maturity, but only between A and the other three maturity 

levels were the differences significant. Marbling alone had no effect 

on myoglobin or hemoglobin concentration. Dryden et al. (1969) reported 

that sensory panel evaluations strongly suggested an undesirable effect 

of pigment concentration on muscle acceptability. The redness and iron 

content of raw beef is increased with age (Jacobson and Fenton, 1956). 

Schmidt, Kline and Parrish (1970) are in agreement with these workers by 

reporting that the intensity of color was affected by maturity, thus 

suggesting that muscle pigment concentration might have an effect on 

palatability of mature beef. This suggestion is somewhat supported by 

Breidenstein et al. (1968), who stated that color was found to be 

associated with palatability. 
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Effect of Maturity on Juiciness, Aroma and Flavor of Meat 

There is a lack of agreement in the literature concerning the 

effect of maturity on juiciness, aroma and flavor. Jacobson and Fenton 

(1956) reported that scores for aroma, flavor and juiciness tended to 

decrease after 48 weeks of age. Work by Goll et al. (1965) agreed that 

older animals had significantly lower flavor intensity scores. Romans, 

Tuma and Tucker (1965) found that the flavor of steaks of younger car

casses were generally preferred over the older carcasses by a trained 

taste panel. 

Ramsey et al. (1967) who reported on work with cattle ranging 

in age from 3 to 211 months, found a correlation coefficient of r=0.17 

between juiciness and age, also finding r=0.11 between flavor and age. 

These low correlations indicate that age has no effect on flavor, Kyomo 

et al. (1966) stated that age had little or no effect on palatability 

factors after the cow reaches maturity. 

Hawrysh, Berg and Howes (1975) reported significant increases 

(P<.05) in flavor scores for Semitendinosus roasts from mature animals. 

These workers felt that the eating quality of mature, marbled beef would 

be acceptable to the Canadian consumer. 

Factors Affecting Tenderness of Mature Beef 

The level of meat tenderness or toughness is not determined by a 

one component system. Webb, Kahlenberg and Naumann (1964) suggested that 

it is a multi-component system and proposed seven factors that cause 

variations in tenderness of beef: (1) chronological age, (2) inheritance, 

(3) biochemical changes during the aging period, (4) chemical 
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constituents of muscle, (5) antemortem treatment, (6) degree and disper

sion of fat in the carcass, and (7) livestock management. 

There has been little, if any, dispute to the trend of decreased 

tenderness as maturity increases (Hiner and Hankins, 1950; Jacobson and 

Fenton, 1956; Goll et al., 1965; Ramsey et al., 1967; Berry et al., 1974; 

Prost, Pelczynska and Kotula, 1975). However, in the investigations by 

Ramsey et al. (1967) and Berry et al. (1974), this continued decrease in 

tenderness after an animal reached maturity was slight or even non

existent, suggesting that once an animal has reached maturity the effect 

of increased chronological age on tenderness is at its maximum and will 

not increase. Martins (1974) reporting on a comparison of mature cows 

ranging from 3 to 10 years, agreed that once maturity is reached, in

creased chronological age after that point does not further decrease 

tenderness. 

The influence of heredity on tenderness of beef has been proposed 

for some time, although conclusive data are lacking. Black, Semple and 

Lush (1934) reported that the roasted meat of the Brahman-Shorthorns was 

less tender than that of Herefords or Shorthorns. Hostetler, Foster and 

Hankins (1936) compared the offspring of a native bull and native cows 

with the offspring of a purebred Hereford bull and native cows and found 

that cuts from the purebred Hereford bull's offspring were significantly 

more tender than those from the native bull's offspring. 

Cover, Cartwright and Butler (1957) working with Hereford, 

Brahman X Hereford and Brahman steers found heritability estimates for 

tenderness ranging from 28 to 119%, but admitted that some of them must 

be biased upward indicating confounding of inheritance and environment. 
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Alsmeyer et al. (1958) reported heritability estimates for tenderness of 

51% from Brahman and 0% from Shorthorn and crossbred sires, if breed of 

sire was ignored, the estimate of heritability was 129%. In a recent 

report by Muller et al. (1974), British carcasses (Angus and Hereford) 

were significantly more tender than Zebu or Dairy carcasses. 

Ramsbottom and Strandine (1949) reported that beef was more 

tender at two hours following slaughter than at any time thereafter 

for the next two to six days, but by the 12th day after slaughter it was 

more tender than it was two hours after slaughter. The loss of tender

ness that occurs the first few hours following slaughter has been 

referred to as actomyosin toughening (Forrest et al., 1975). However, 

the aging process does not appear to effect the bonding between the actin 

and myosin filaments (Marsh, 1972). Davey and Gilbert (1967) in studying 

the extractability of the myofibrillar proteins during aging suggest that 

there is a progressive weakening of the linkage between the filaments and 

relatively insoluble components, such as those making up the Z-line, or 

disintegration of these components. 

The chemical constituents of a muscle which affect tenderness are 

mainly the connective tissue content (background toughness) and the 

actomyosin complex (in cold-shortened muscles) (Goll et al., 1974). 

Locker (1960) proposed that in those muscles that were high in connective 

tissue, the background toughness component constitutes a large portion of 

toughness and connective tissue content would have a high correlation 

with tenderness. On the other hand, he proposed that in those muscles 

with low levels of connective tissue, the correlation between connective 
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tissue and tenderness would be low, but the correlation between the state 

of the sarcomere and tenderness would be high. 

Although it is exceedingly difficult to determine the relative 

contributions of background toughness and actomyosin toughness, several 

investigators have been active in this area (Boulton and Harris, 1972; 

Boulton et al., 1973; Purchas, 1972). Purchas (1972) concluded that a 1% 

change in actomyosin toughness produced the same change in tenderness as 

a 10% change in background toughness. In an assessment of the effect of 

cold-shortening, Marsh (1972) summarized that cold-shortening, which 

contributes to actomyosin toughness, can produce a degree of toughness 

that considerably exceeds that due to any of the other generally recog

nized toughening factors. 

The effect of the level of fat in a carcass upon the tenderness 

of the meat found in that carcass has been the subject of several investi

gations. Early workers (Black, Warner and Wilson, 1931; Wanderstock and 

Miller, 1948; Husaini, Deatherage and Kunkle, 1950) were in agreement 

that tenderness was increased in favor of the fatter animals. Cover, 

Butler and Cartwright (1956) reported a positive relationship (r=0.24) 

between fat content of the carcass and tenderness. The relationship be

tween fat content of the carcass and tenderness was found to have a 

positive relationship (r=0.50) by Pilkington, Walters and Whiteman (1960). 

More recent publications (Hendrickson and Moore, 1965; Romans et al., 

1965; Walter et al., 1965; Goll et al., 1965; Prost et al., 1975) empha

size that neither marbling nor total carcass lipid levels per se have 

any effect on tenderness. However, Jacobson and Fenton (1956) analyzed 

data which measured palatability factors of beef as affected by three 



levels of nutrition. These investigators found that the beef from 

animals on higher levels of nutrition was preferred to beef from animals 

on the low level- Lawrie (1966) discusses the positive relationship 

between the high physiological condition of the animal at slaughter and 

the increased acceptability of the product. Price and Schweigert (1971), 

as well as Forrest et al. (1975) agree that the management of the live

stock preslaughter can affect the carcass appeal. These investigators 

state that animals which are stressed prior to slaughter will show a 

decrease in tenderness, opposed to similar animals which are not stressed. 

Prediction Equations Used for Estimation of Carcass Composition 

Numerous equations have been proposed to estimate the composition 

of the beef carcass. Early workers in this area (Lush, 1926; Hopper, 

1944; Hankins and Howe, 1946) developed estimation equations based on the 

separable components (fat, lean and bone) of wholesale cuts to estimate 

composition of the entire carcass. Murphy et al. (1960) developed an 

equation to estimate the percent boneless retail cuts from the round, 

loin, rib and chuck as follows: Percent boneless retail cuts = 51.34 -

5.784 (fat thickness over ribeye, inches) - .0093 (carcass weight, lb.) -

.462 (kidney fat, percent of carcass) + .740 (area of ribeye, sq. in.). 

This was modified and is now used in the Official Standards for Grades 

of Carcass Beef (U.S.D.A., 1965) to estimate the cutability of beef 

carcasses. Several other prediction equations have been proposed to 

estimate the retail yield of the beef carcass, but their variations from 

Murphy et al. (1960) are small (Brungardt and Bray, 1963; Allen, 1966; 

Tuma et al., 1967; Breidenstein et al., 1968). 
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The use of carcass density as an indicator of body composition of 

beef steers was evaluated by Garrett and Hinman (1969). These workers 

reported correlation coefficients between carcass density and the chem

ical constituents of the empty body were -.96, 0.93 and 0.92 for percent 

fat, water and nitrogen, respectively. 

Vance et al. (1971) observed that the sawdust from either the rib 

or the loin would provide a good indication of total carcass chemical 

composition. This was based upon the high relationship between the chem

ical analysis they found in the rib and loin as compared to those in the 

entire carcass. 

In an attempt to estimate the yield of fat-free lean from cow 

carcasses, Jeremiah et al. (1972) found that the relationships between 

carcass measurements and the content of fat-free lean tissue or protein 

were low and nonsignificant. 

Variable results have been obtained when early prediction equa

tions have been used in later studies (Crouse and Dikeman, 1974). 

Hedrick (1968) warned of the limitations of general use of prediction 

equations, he felt that variables such as breed, sex and age of animals 

are likely to lower the success of prediction when the original equation 

was based on a more homogenous group of carcasses. 



MATERIALS AND METHODS 

In this study 30 Hereford cows were obtained from a registered 

herd owned by the Apache Indian Tribe at San Carlos, Arizona. This herd 

is maintained under range conditions with no supplementation during the 

winter months. Nichol (1952) reported the forage in this area consisted 

of desert grassland vegetation. The annual rainfall averages about 

355 mm and the temperatures range from a mean of 7 C in January to a 

mean of 29 C in July. 

Cows, 4 to 10 years of age, were selected on the basis of being 

nonpregnant and ranging from poor to average in body composition. Body 

composition was estimated by the ratio of body weight in kilograms to 

height at the hips in centimeters. Following selection the cows were 

trucked directly to the University of Arizona in Tucson. These cattle 

were used to evaluate daily gains, feed conversion and carcass composi

tion as influenced by type of diet and length of time on feed. 

Live Animal Treatment and Data Collection 

The 30 cows were used in two separate trials, 18 in a summer 

trial and 12 in a winter trial. In both trials, after arrival in Tucson, 

the cows were held at least 10 days on an all roughage diet in an effort 

to minimize the contribution of gastrointestinal fill to weight gains 

made during the subsequent experimental period. 

A total of eight cows from both trials were slaughtered initially 

to establish an initial body composition. The remaining cattle were 

17 



18 

individually fed either 40 or 80 percent concentrate diets for varying 

lengths of time (Table 1). 

Initial weight height (wt:ht) ratios were determined on all in

coming cows. Cows that were placed on feed in individual pens were 

individually weighed at weekly intervals and removed from the experiment 

when they reached one of three final wt:ht ratios; 4.0, 4.2 or 4.4. In 

addition, average daily gains were individually calculated, as well as 

feed per kilogram of gain. The number of days required to reach a 

certain wt:ht ratio on the varying diets were also considered as a vari

able in live animal performance. 

Slaughter Data Collection 

Before slaughter each cow was subjected to a 12 to 15 hour 

fasting period. Shrunk live weights were taken immediately prior to 

slaughter. At slaughter, weights were recorded for hide, head, fore 

shank, full gut, empty gut, liver, heart, kidneys, lungs, udder, tongue 

and tail. In addition, the empty gut was ground through a 1.3 cm 

chopper plate, mixed thoroughly, and a 0.5 kg sample was taken. This 

sample was reground in a Hobart Model 10814 Food Cutter until a homoge

neous mixture was obtained. The sample was placed in a 600 ml jar and 

stored at -25 C until analysis. 

Processing Data Collection 

Hot carcass weights were obtained at the time of slaughter and 

then the carcasses were aged for seven days in a forced-air cooler at 

2 C. At the end of the seven day aging period, cold carcass weights were 

taken and dressing percentages calculated. The carcasses were "ribbed" 



TABLE 1. COMPOSITION OF EXPERIMENTAL DIETS 
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Ingredient 40% Concentrate 80% Concentrate 

Ground alfalfa hay, % 40.00 20.00 

Cottonseed hulls, % 20.00 

Steam processed-flaked milo, % 34.25 74.50 

Molasses, % 5.00 5.00 

Dicalcium phosphate, % 0.50 0.25 

Salt, % .25 .25 

Total 100.00 100.00 

Vitamin A-10-P, g 10.00 10.00 

Calculated Analysis 

Crude protein, % 10.50 10.60 

Calcium, % 0. 39  0.76 

Phosphorus, % 0.29 0.30 
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between the 12th and 13th ribs, at which point ribeye area and fat thick

ness measurements were taken. At this time, kidney fat weights were 

obtained for the computation of the yield grade. 

The right sides of all carcasses were separated into individual 

wholesale cuts: chuck, rib, plate, shank and brisket, round, short loin, 

sirloin butt and flank. 

The fore quarter and hind quarter were separated between the 12th 

and 13th ribs by a cut that "burned" the 12th rib its full length. This 

cut severs the flank at a point level with the union of the 7th and 8th 

vertebrae (13th thoracic - 1st lumbar) counting down from the pelvic arch. 

The separation of the chuck and brisket from the wing (rib and 

plate) was accomplished by a cut between the 5th and 6th ribs which 

"burned" the 5th rib. The brisket was then removed from the chuck by a 

parallel cut to the brisket just above the bony rise (lateral condyle of 

the humerus). 

The separation of the rib and plate entailed the estimation of 

one-third of the planar distance from the chine bone to the tip of the 

plate at the 6th rib and also the 12th rib. Each estimate was scored and 

a straight line was scored between the two, with this being the line of 

separation. 

In the breaking of the hind quarter, the flank was the first 

wholesale cut removed. The flank was removed by cutting underneath the 

udder fat, then following the natural curve of the round and cutting to 

slightly expose lean in the sirloin tip area (the surface of rectus 

femoris). This cut was continued through a point on the 13th rib that 
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corresponds to the point of separation established between the rib and 

plate. 

The loin and round were broken on a line about 2.5 cm anterior of 

the pelvic bone and just anterior to the head of the femur. This line 

crossed the 5th sacral vertebrae thus making the cut parallel to the cut 

made between the 12th and 13th ribs. 

The rump was not removed from the round, therefore in this experi

ment any discussion of the round is also inclusive of the rump. 

The kidney fat was thoroughly trimmed out of the inside of the 

loin and weighed. The loin was divided into two sections, the short 

loin and sirloin loin butt, this division was made on a line just anteri

or to the pin-bone (tuber coxae of the ilium) and across the juncture of 

the 7th and 8th lumbar vertebrae. 

Each wholesale cut was then weighed and physically separated into 

separable fat, lean and bone, and the weights recorded. During physical 

separation, eight muscles were excised from the wholesale cuts for: 

tenderness and sensory evaluations; lipid, moisture and protein deter

mination; and individual marbling score estimates. These muscles 

included: the Triceps brachii and Supraspinatus from the chuck; 

Semimembranosus, Semitendinosus, and Biceps femoris from the round; 

Longissimus dorsi and Psoas major from the short loin; and Gluteus medius 

from the sirloin butt. Each muscle was placed in a cryovac bag, wrapped 

in laminated freezer paper, frozen and stored at -25 C. 

The left sides were also aged seven days and broken into their 

wholesale cuts by the same procedure as outlined for the right sides. 

Each wholesale cut was weighed and completely boned out. The weight of 
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the bones were recorded and the fat and lean were weighed together. The 

fat and lean of each wholesale cut were ground through a 1.3 cm chopper, 

mixed thoroughly and a random 0.5 kg sample reground in a Hobart Model 

10814 Food Cutter until a homogeneous mixture was obtained. The sample 

was placed in a 600 ml jar and stored at -25 C until analyses. The 

laboratory analyses consisted of lipid, moisture and protein determina

tions . 

Chemical Analysis 

Chemical analyses were conducted to determine the percents lipid, 

moisture and protein. Since the procedures used were modified from 

existing procedures all will be outlined. All analyses were performed 

using duplicate determinations and reruns were made when the values did 

not agree within one percent of the mean of duplicate determinations. 

Percent Lipid and Percent Total Moisture Procedure 

The samples were analyzed for total extractable lipid and total 

moisture content of the muscle by chloroform-methanol (CHCl^ - CH^OH) 

extraction. The procedure used provided a means by which the total lipid 

and moisture content could be determined as separate steps of the same 

procedure (Brown, 1969). The modified procedure was as follows: 

1. Analytically weight approximately 10 g of diced and thoroughly 

mixed muscle tissue (with random selection but not including 

large pieces of connective tissue). 

2. Mix tissue (Omni-Mixer with 300 ml stainless steel adapter) 

with 90 ml CH^OH at high speed (speed control = 6.0) for 90 

seconds. 
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3. Add 50 ml CHCl^ and mix for 30 seconds at slow speed (speed 

control = 2.0). 

4. Repeat step 3. 

5. Add 50 ml distilled water and mix for 30 seconds at high speed. 

6. Add 0.5 teaspoon (approximately 1.8 g) zinc acetate and mix for 

10 seconds at high speed. 

7. Filter through two pieces of Whatman No. 42 filter paper in a 

Buchner funnel. Wet filter paper with distilled water before 

adding homogenate. Top piece of filter paper should be analyt

ically weighed before filtration. 

8. Wash mixing jar with approximately 30 ml CHCl^ and transfer 

contents to Buchner funnel after homogenate has completely 

filtered. 

9. Transfer filtrate to 250 ml graduated cylinder. Rinse flask with 

approximately 10 ml CHCl^ and add to filtrate. 

10. Collect, dry in vacuum oven (50 C under vacuum) and analytically 

weigh residue from filtration along with the top piece of 

filter paper. 

11. When two phases have clearly separated (allow to set overnight) 

in a graduated cylinder, read and record the volume of the lower 

phase (CHCl^). Remove upper phase by suction and discard. 

12. Remove a 10 ml aliquot from the lower phase and place in predried 

and analytically weighed 50 ml beaker. Evaporate to dryness 

(overnight) in vacuum oven at approximately 50 C with a mild 

vacuum and obtain dried weight analytically. 
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13. Place remainder of lower phase in a 250 ml beaker and evaporate 

to dryness (overnight) in a vacuum oven at approximately 50 C 

with a mild vacuum. Bring lipid back in solution with CHCl^ and 

transfer to a 2-dram vial. 

14. Calculations: 

% lipid = volume of CHCI3 layer 
aliquot lipid weight x JQ x 100 

weight of tissue (dry) 

% moisture = 
filtration residue weight + tissue lipid weight 

1.0 . . —c x 100 
weight of tissue (wet) 

All extractions were run in duplicate determinations. 

Protein Analysis 

All ground samples were anlyzed for total percent nitrogen. 

Total nitrogen was then utilized for determining the protein content. 

The modified procedure as described by Leander (1975) was as follows: 

1. Weight accurately 0.5 - 2.0 g sample on tissue paper and place 

sample plus paper in Kjeldahl flask. Run duplicate sample 

determinations and at least one blank daily. 

2. Add one spoonful of catalyst (approximately 10 g ^SO^, plus 3.0 g 

CuSO^) and 2-5 Hengar granules. 

3. Add 25 ml concentrated sulfuric acid. 

4. Turn on the Kjeldahl exhaust fan and the hood exhaust fan. 

5. Rotate flask gently to wet contents, place on digestion apparatus, 

and heat for at least 30 minutes after solution turns a clear 

blue-green color. Start burners on low heat until frothing 

ceases, then turn to high heat. 
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6. Turn off heat and allow flasks to cool (can speed up cooling by 

placing in hood with exhaust fan on). 

7. Add 300 ml of distilled water down the side of the flask and 

swirl gently to mix. 

8. Allow contents to cool again before distilling. (Determination 

may be interrupted at this point by stoppering flasks tightly.) 

9. Place 50 ml of four percent boric acid in a 500 ml wide-mouth 

Erlenmeyer receiving flask. 

10. Place receiving flask under end of receiver tube on distillation 

rack. Make sure the end of the receiver tube is under the liquid. 

11. Turn on condenser, water and distillation heaters. 

12. Add two pieces of mossy zinc or approximately 0.5 g granulated 

zinc (20 - 30 mesh). 

13. Hold the cooled Kjeldahl flask at a 45° angle and add 100 ml of 

45 percent NaOH slowly down the neck so that it forms a layer on 

the bottom. 

14. Connect the flask to the condenser tube so that it is airtight 

and swirl flask to mix completely. The solution should be dark 

blue; if not, because of high nitrogen content, add more NaOH in 

subsequent determinations. 

15. Distill until about 250 ml of solution have been collected in 

receiver flask (minimum time, 30 minutes). 

16. Adjust receiver flask so that glass receiver tube is raised above 

liquid level and condensate can drain into flask. 
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17. Remove receiver flask and replace with 250 ml beaker of dis

tilled water. Turn off heat and condenser water and allow 

distilled water to suck back through condenser. 

18. Titrate the boric acid-distillate mixture with standard acid 

(0.1 N ^SO^.) from a 50 ml buret to the end point (slight pink, 

pH 5.1 or same color as blank). 

19. Record amount of acid used to nearest 0.05 ml. 

20. Calculations: 

[ml H„S0, (sample) = ml H~S0, (blank)] x N acid x 0.014 
% N = — 7^r~ i x 10 

weight sample 

% Crude protein = % N x 6.25 

Acceptability Determination 

" A sixteen member sensory panel was employed to evaluate the 

differences between the meat of cows that had been fed and those which 

were slaughtered as initial base composition cows. For a member to be 

accepted for the panel, they must have successfully passed a triangle 

test. The triangle test consisted of three cooked meat samples, two 

being similar in palatability while one differed. If a prospective panel 

member failed to select the sample that differed, they were not accepted 

as a panel member. 

Four muscles were selected for comparison: Semimembranosus, 

Triceps brachii, Gluteus medius, and Biceps femoris. The muscles were 

cut into 2 to 2h kg roasts. These roasts were placed on racks in 

electric ovens of 107 C, 135 C, or 163 C and dry cooked to an internal 
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temperature of 70 C. The roasts were cut into 2.5 cm cubes, placed on a 

steam table and served to the panel. 

The panel judged the samples on the basis of tenderness, juici

ness, flavor and overall acceptability on a hedonic scale of one to nine, 

with one being extremely undesirable and nine being extremely desirable. 

In addition to the sensory panel's evaluation, the Warner-

Bratzler Shear device was used as a mechanical determinant of tenderness. 

The frozen muscles were cut transversely at the mid-point. A 2.54 cm 

wide steak was cut from each half at the mid-point end. These cuts were 

then placed on racks in electric ovens at 163 C with temperature probes 

inserted internally to the middle of the meat. When the internal meat 

temperature reached 35 C, the cuts were turned over and then removed from 

the oven when the internal temperature reached 70 C. 

Cooked samples were refrigerated at 2 C for 24 hours and cores 

were removed. The cut was bisected transversely and also laterally, thus 

dividing it into four equal sections. A single 1.27 cm diameter core 

from each sub-area of both cuts from the same muscle was taken and shear 

determined. The shear force values were measured in kilograms of force. 

Statistical Treatment of Data 

All the data were tested for significance by means of one-way 

analysis of variance according to Nie et al. (1975). On those effects 

found to be significant (P<.05) , .the Student-Newman-Keul*s procedure was 

applied to isolate these differences. 



A stepwise regression analysis was also employed to aid in the 

development of prediction equations for the prediction of total carcass 

composition based upon the variables measured in the study. 



RESULTS AND DISCUSSION 

General 

A thorough search of the literature was conducted and revealed 

that comparable data do not exist in this area of study. Consequently, 

it should be pointed out that the discussion of the results, in most 

instances, are limited to this study only and must stand on its own merit. 

Performance Data 

Experiment I 

The initial weight for the cows fed for 108 days was significant

ly less than the initial weights of the other three groups (Table 2). 

Also, those cows in the 108 day group had significantly lower 

weight:height ratios. Final live weights increased significantly with 

time on feed; however, the two groups fed 38 and 63 days did not differ 

(P>.05). Weightrheight ratios increased significantly with time on feed. 

Average daily gains were not significantly affected by time on 

feed, although there was a trend toward reduced average daily gains as 

time on feed increased. Average daily feed intakes were not signifi

cantly different between groups, nor were there any trends established. 

Feed per kilogram of gain did not differ significantly, although there 

was increased feed required per kilogram of gain as the length of time 

on feed increased. 

29 
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TABLE 2. EXPERIMENT I - PERFORMANCE DATA OF THE COWS AS INFLUENCED 
BY TIME ON FEED 

Parameter 

Davs on Feed 

Parameter 0 38 63 108 

Initial 

Weight, kg 386. 4b 387.3b 379.5b 325.0a 

Weightrheight ratio 3. 2b 3.2b 3.2b 2.7a 

Final 

Weight, kg 386. 4a 469.5b 508.2bc 530.5C 

Weightrheight ratio 3. 2a 4.0b 4.2C 4.4d 

Average daily gain, kg 2.16 2.04 1.90 

Average daily feed, kg 10.95 10.53 11.70 

Feed per kg gain, kg 5.07 5.16 6.16 

a,b,c,d 
Values with different superscripts are significantly 

different (P<.05). 



31 

Experiment II 

Initial cow weights and weightrheight ratios between the three 

groups did not differ significantly in this experiment (Table 3). Both 

diets did significantly increase final weight and weight:height ratios 

over the nonfed cows, but did not differ from each other. 

The two fed groups were fed for approximately the same number of 

days (57). The concentrate level in the diets did not affect the average 

daily gains. There were significantly (P<.05) larger amounts of the 40% 

concentrate diet consumed, this was also reflected in a significantly 

greater feed per kilogram of gain requirement in this diet over the 80% 

concentrate diet. 

Conclusion 

In comparing the two experiments, a seasonal effect was apparent. 

This effect is not surprising. Range conditions on the San Carlos 

Reservation are the poorest in late Spring and early Summer, which was 

just prior to the selection of cows used in Experiment I. Range condi

tions in this area are optimum in late summer and fall, just prior to the 

selection of cows used in Experiment II. 

Average daily gains definitely reflect the initial condition of 

the cows. There are two aspects of condition that must be considered, 

one is weight of the cow as compared to its normal mature weight and the 

other is the health status of the cow. This condition cannot be over 

emphasized and must be kept in mind in further studies concerning the 

gainability of cull range cows. This effect was apparent with the effi

ciencies of gains being reduced in the second experiment. 
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TABLE 3. EXPERIMENT II - PERFORMANCE OF THE COWS AS INFLUENCED 
BY DIETS 

Diet 

Parameter Nonfed 
40% 

Concentrate 
80% 

Concentrate 

Initial 

Weight, kg 400.0 438.6 430.5 

Weight:height ratio 3.3 3.6 3.5 

Final 

Weight, kg 400.0a 510.5b 514.5b 

Weight:height ratio 3.3a 4.2b 4.2b 

Days on feed 

Average 57 58 

Range 49-68 42-75 

Average daily gain, kg 1.42 1.45 

Average daily feed, kg 14.42b 12.02a 

Feed per kg gain, kg 10.15b 8.30a 

sl b ' Values with different superscripts are significantly different 
(P<.05). 
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Slaughter Data 

Experiment I 

Hide, head, fore shank and hind shank significantly decreased 

as a percentage of live weight, as days on feed increased (Table 4). 

The percentage of gut increased in the cows that were fed as compared to 

the nonfed animals, although this increase was not significant. There 

was a significant increase in liver percent with the fed cows. 

Experiment II 

The percent of hide of the nonfed cows was higher than the fed, 

but nonsignificant (Table 5). However, the head, fore shank and hind 

shank percents significantly (P<.05) decrease with feeding but were not 

influenced by concentrate level. 

Conclusion 

The decrease in hide, head, fore shank and hind shank percentages 

of live weight indicates that these areas are not depleted in any signi

ficant amount when a cow is in a poor body condition. This is in 

disagreement with Moulton et al. (1923), these investigators reported a 

percentage gain in the hair and hide of cows that had been fattened. 

This report represented work conducted in 1909 with only two cows; 

therefore, the differences could be explained by animal variation. 
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TABLE 4. EXPERIMENT I: SLAUGHTER DATA EXPRESSED AS A PERCENT 
OF LIVE WEIGHT COMPARED BY TIME ON FEED 

Days on Feed 

Parameter 0 38 63 108 

Hide 8.4b 7.4ab 7.5ab 6.7 

Head 3.8b 3.0a 2.7 a 2.6' 

Fore shank l.lc 0.9b 0.8a 0.8 

Hind shank 1.2C 1.0b 0.9a 0.9' 

Gut 17.8 20.8 19.4 21.6 

Liver l.la 1.5° 1.3bc 1.21 

Heart 0.5 0.5 0.5 0.4 

Kidney 0.3 0.2 0.2 0.4 

Lungs 1.4 1.4 1.3 1.3 

Dressing percent 53.8 55.3 54.7 54.8 

Udder 1.4 1.3 1.2 1.6 

Tongue 0.3b 0.2a 0.2a 0.2' 

Tail 0.2 0.2 0.2 0.2 

£ £ 
' ' Values with different superscripts are significantly 

different (P<.05). 
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TABLE 5. EXPERIMENT II: SLAUGHTER DATA EXPRESSED AS A PERCENT 
OF LIVE WEIGHT BY DIETS 

Diet 

Parameter Nonfed 
40% 

Concentrate 
80% 

Concentrate 

Hide 8.2 7.3 7.6 

Head 3.5b 2.7a 2.9a 

Fore shank 1.0b 0.8a 0.8a 

Hind shank l.lb 0.9a 0.9a 

Liver 1.3 1.2 1.2 

Heart 0.4 0.4 0.4 

Lungs 1.3 1.2 1.2 

Dressing percent 49.6 52.0 54.6 

Udder 1.0 1.0 1.1 

3 b 
' Values with different superscripts are significantly different 

(P<.05). 
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Experiment II 

The composition of the gut was not determined in Experiment I, 

however, it became apparent during this experiment that there was tremen

dous compositional changes taking place in this area. Therefore, in 

Experiment II complete compositional analysis of the gut was done. 

The weight of the full viscera did not significantly differ 

between the three groups (Table 6). Although not significant, the 40% 

concentrate diet averaged 12 kg more in full gut weight than did the 80% 

concentrate diet. This difference was not evident in the empty gut 

weights. However, the weight of the empty gut was significantly (P<.05) 

less for the nonfed group than both the 40% and 80% concentrate groups. 

This difference was also significant when calculated as a percent of live 

weight. 

The composition of the gut changed (P<.05) with the realimentated 

cows versus the nonfed cows. The lipid changes in the gut were a 10 kg 

gain in the fed cows which increased the lipid from 10% in the base cows 

to 29% in the realimentated cows. 

Moisture and protein values of the gut (P<.05) increased in 

weight when the cows were fed, although on a percent live weight basis, 

they significantly decreased. 

Composition of the gut was compared by upper and lower portions 

(Table 7). The composition established in the total gut values (Table 6) 

are consistently reflected in both the upper and lower gut. Empty gut 

weight, as well as weight of lipid, moisture and protein all 
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TABLE 6. EXPERIMENT II: COMPOSITION CHANGES IN THE TOTAL GUT WEIGHT 
AND PERCENT OF LIVE WEIGHT AS INFLUENCED BY DIET 

Parameter 

Diet 

Parameter Nonfed 
40% 

Concentrate 
80% 

Concentrate 

Total gut 

Full, kg 96.3 106.9 94.9 

Full, % 24.0 20.4 18.5 

Empty, kg 30.4a 48.7b 48.5b 

Empty, % 7.6a 9.3b 9.5b 

Lipid, kg 3.0a 14.2b 14.2b 

Lipid, %° 9.8a 29. lb 29.3b 

Moisture, kg 24.0a 29.8b 29.9b 

Moisture, %c 79.0b 61.la 61.7a 

Protein, kg 3.4a 4.3b 4.7b 

Protein, %c 11.2b 8.8a 9.7a 

a 
' Values with different superscripts are significantly different 

(P<.05). 

Percentages based on weight of empty gut. 
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TABLE 7. EXPERIMENT II: COMPOSITION OF THE UPPER AND LOWER GUT WEIGHT 
AND PERCENT OF LIVE WEIGHT AS INFLUENCED BY DIET 

Diet 

Parameter Nonfed 
40% 

Concentrate 
80% 

Concentrate 

Upper gut 

Empty, kg 17.9a " 30. lb 29.6b 

Empty, % 4.5a 5.8b 5.8b 

Lipid, kg 1.4a 8.1b 8.1b 

Lipid, % 7.6a 26.8b 27.2b 

Moisture, kg 14.4a 18.5b 18. lb 

Moisture, % 80.4b 61.4a 61.3a 

Protein, kg 2.4a 3.0b 3.2b 

Protein, % 13.6b 10. la 10.9a 

Lower gut 

Empty, kg 12.5a 18.4b 19. lb 

Empty, % 3.2 3.5 3.7 

Lipid, kg 1.5a 6.0b 6.2b 

Moisture, kg 9.6a 11.3b 11.6b 

Moisture, % 76.8b 61.2a 60.6a 

Protein, kg 1.0a 1.3b 1.5b 

Protein, % 8.0 7.0 7.6 

3 b ' Values with different superscripts are significantly different 
(P<.05). 
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significantly increased when the cows were fed either the 40% or the 80% 

concentrate diets as compared to the nonfed cows. 

Conclusion 

The gut represents a tremendous storage depot for lipid and 

protein in the mature cow. After depletion of this depot under poor 

range conditions, the animal demonstrates rapid repletion in this area. 

It is of importance to note that type of diet (40% or 80% concentrate) 

had little effect on gut composition. Though not significant in this 

study, a high roughage diet should be expected to have a greater amount 

of intestinal contents than a high concentrate level. This trend in 

ruminants has been recognized by numerous investigators, as cited by 

Morrison (1954) . 

Carcass Data 

Experiment I 

The carcass weights increased (P<.05) with days on feed (Table 8). 

However, this increase was not significant between 38 days and 63 days on 

feed. Percent of kidney, heart and pelvic fat significantly increased 

with time on feed, but 38 days and 63 days did not differ. Fat thickness 

over the 12th rib had a pronounced increase as time on feed increased. 

Rib eye area did not significantly change with time on feed. Yield 

grades increased with days on feed, but significance (P<.05) was only 

found between the cows that were fed for 108 days and the cows that were 

not fed. 
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TABLE 8. EXPERIMENT I: CARCASS DATA OF COWS AS INFLUENCED 
BY TIME ON FEED 

Days on Feed 

Parameter 0 38 63 108 

Hot carcass weight, kg 214.8a 263.2b 283.4bc 300.2C 

Cold carcass weight, kg 208.0a 251.8b 274.2bc 294.6C 

Kidney, heart and pelvic 
fat, % 1.4a 2 ,lab 2.1ab 3.0b 

Fat thickness, cm 0.10a 0.46a 0.94b i.35l 

2 
Rib eye area, cm 54.0 56.2 65.6 62.1 

Yield grade 2.1a 2.2a 2.9ab 3.8b 

a>b»Values with different superscripts are significantly 
different (P<.05). 
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Experiment II 

Carcass weights significantly increased for cows fed both diets, 

but did not differ between diets (Table 9). The same response was noted 

for percent kidney, heart and pelvic fat, fat thickness over the 12th rib 

and yield grade. Rib eye area was larger for the realimentated animals 

as compared to the nonfed cows, but this difference was not significant 

(P>.05) . 

Conclusion 

Carcass fat measurements increased in proportion to carcass 

weight gain in mature cows when realimentated. There was not signifi

cantly detectable difference between the carcasses produced by the 40% 

concentrate diet and the 80% concentrate diet when fed for approximately 

the same length of time. 

Wholesale Cut Weight Changes 

Experiment I 

All wholesale cut weights significantly increased for the cows 

that were fed for 38 days as compared to the base individuals (Table 10). 

Only the rib and shortloin (P<.05) increased in weight from the 38 to 63 

day fed cows. All wholesale cuts gained weight from 38 days of feeding 

to 108 days, but these gains were not significant (P>.05) in the shank 

and brisket and the round. Only the shortloin and kidney fat increased 

(P<.05) from 63 days to 108 days on feed. 

The percentages of chuck and sirloin butt did not change between 

the four feeding groups. Those wholesale cuts which decreased as a 
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TABLE 9. EXPERIMENT II: CARCASS DATA OF COWS AS INFLUENCED BY DIET 

Diet 

Parameter Nonfed 
40% 

Concentrate 
80% 

Concentrate 

Hot carcass weight, kg 198.2a 276.8b 285.6b 

Cold carcass weight, kg 190.7a 269.8b 277.4b 

Kidney, heart and pelvic 
fat, % 1.4a 1.9b 2.1b 

Fat thickness, cm 0.06a 0.79b 0.86b 

2 
Rib eye area, cm 55.8 62.7 62.7 

Yield grade 1.7a 2.9b 3.1b 

3 b 
' Values with different superscripts are significantly different 

(P<.05). 
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TABLE 10. EXPERIMENT I: WHOLESALE CUT WEIGHT AND PERCENT OF SIDE 
AS INFLUENCED BY TIME ON FEED 

Days on Feed 

Parameter 0 38 63 108 

Cold side weight, kg 104.0a 125.9b 137.lbc 147.3° 

Chuck, kg 29.9a 35.6b 38.1bc 40.5C 

Chuck, % 28.8 28.3 27.8 27.5 

Shank and brisket, kg 8.4a 9.8b 10.5b 10.5b 

Shank and Brisket, % 8.0a 7.8a 7.6a 7.1b 

Plate, kg 8.0a 10.0b ll.lbc 12.7C 

Plate, % 7.7a 8.0b 8.1b 8.6° 

Rib, kg 8.4a 11.3b 13.4C 13.1C 

Rib, % 8.2a 9.0b 9.8C 8.9b 

Round, kg 27.4a 31.7b 33.4b 33.3b 

Round, % 26.3C 25.2bc 24.4b 22.6a 

Shortloin, kg 6.6a 8.3b 10.0C 12. ld 

Shortloin, % 6.3a 6.6a 7.3b 8.2° 

Sirloin butt, kg 9.2a 11.5b 12.6bc 13.2C 

Sirloin butt, % 8.8 9.1 9.2 8.9 

Flank, kg 3.6a 5.0b 5.9bc 6.5C 

Flank, % 3.5a 4.0b 4.3bc 4.4C 

Kidney fat, kg l.la 2.4b 2.7b 3.4° 

Kidney fat, % l.la 1.9b 2.0b 2.3b 

' ' 'values with different superscripts are significantly 
different (P<.05). 
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percent of side weight were the shank and brisket and the round in the 

realimentated animals versus the nonfed animals. All other wholesale 

cuts significantly increased as percent of side weight with the cows that 

were fed. 

Experiment II 

All wholesale cuts significantly increased in weight for the cows 

that were fed (Table 11). There were no significant differences between 

wholesale cut weights of the cow on the 40% concentrate diet as compared 

to the 80% diet. Only two wholesale cuts significantly differed in 

percent of side between the three groups. These were the round, which 

decreased in the fed cows, and the shortloin, which increased in the fed 

cows. 

Conclusions 

Weight gains are found in all the wholesale cuts of realimentated 

range cows. Certain wholesale cuts (plate, rib, shortloin, sirloin butt 

and flank) gain considerably more than other wholesale cuts (chuck, shank 

and brisket, and round) compared to the base cows. This phenonmenon 

should be kept in mind later when analyzing compositional changes in the 

individual wholesale cuts. 

There is no apparent difference between the wholesale cut weight 

gains or percentage of gains with cows fed a 40% concentrate diet versus 

cows fed an 80% concentrate diet. 
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TABLE 11. EXPERIMENT lit WHOLESALE CUT WEIGHT AND PERCENT OF SIDE 
AS INFLUENCED BY DIET 

Diet 

Parameter Nonfed 
40% 

Concentrate 
80% 

Concentrate 

Cold side weight, kg 98.2a 138.7b 142.3b 

Chuck, kg 27.7a 37.4b 38.0b 

Chuck, % 28.2 27.0 26.7 

Shank and brisket, kg 7.9a 10.4b 11.4b 

Shank and brisket, % 8.0 7.5 8.0 

Plate, kg 7.9a ll.lb 11.4b 

Plate, % 8.0 8.0 8.0 

Rib, kg 8.2a 12.5b 12.7b 

Rib, % 8.3 9.0 8.9 

Round, kg 27.la 34.5b 35.3b 

Round, % 27.6b 24.9a 24.8a 

Shortloin, kg 5.3a 10.4b 10.5b 

Shortloin, % 5.4a 7.5b 7.4b 

Flank, kg 4.1a 6.5b 6.7b 

Flank, % 4.2 4.7 4.7 

Kidney fat, kg 1.4a 2.6b 3.0b 

Kidney fat, % 1.4a 1.9b 2.1b 

A b 
' Values with different superscripts are significantly different 

(P<.05). 
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Experiment I 

Separable lean weight significantly increased (P<.05) with time 

on feed, but did not differ between any of the three fed groups (Table 

12). This same result was noted for the kilograms of moisture in the 

carcasses. Separable fat weight increased significantly with length of 

feeding; however, no significance was noted between 38 days and 63 days 

of feeding. The separable fat weights were very comparable to the 

extractable lipid results. The separable bone weight was significantly 

different between 108 days of feed and the other three groups. The 

total kilograms of protein significantly increased with feeding; the 

carcasses from the cows fed 63 and 108 days were higher (P<.05) than 

those fed 38 days. 

The percentages of separable lean, separable bone, moisture and 

protein significantly decreased with length of feeding, although the 

actual amounts of these increased. The fat measurements, separable fat 

and extractable lipid significantly increased with length of feeding 

period. 

Experiment II 

The weight of fat and lean in the 40% and 80% diets fed cows 

was significantly greater than in the nonfed cows, but no differences 

were observed between the two diets (Table 13). This same significant 

trend was also noted in weight of lipid, moisture and protein. The 

percentages of fat and lean and lipid increased significantly in the 

fed cows of both diets over the nonfed cows. Bone and moisture 
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TABLE 12. EXPERIMENT I: TOTAL 
AS INFLUENCED BY 

COMPOSITION OF 
TIME ON FEED 

THE COLD SIDE 

Days on Feed 

Parameter 0 38 63 108 

Cold side, kga 104.0b 125.9C 137.lcd 147.3d 

Separable lean, kg 74.8b 85.9C 91.9° 88.4C 

Separable lean, % 69.7d 65.0° 64.8C 58.9b 

Separable fat, kg 9.9b 21.2° 25.5° 39.4d 

Separable fat, % 9.2b 16.1C 18.0° 26.2d 

Extractable lipid, kg 8.9b 20.3C 24.5C 39.9d 

Extractable lipid, % 8.6b 16. lc 17.9C 27. ld 

Moisture, kg 45.4b 53.2° 57.7C 56.6C 

Moisture, % 43.8C 42.3C 42.1° 38.4b 

Protein, kg 15.9b 18.3° 19.8d 19.6d 

Protein, % 15.3d 14.5C 14.4C 13.3b 

All percentages in this table are based upon this parameter. 

b,c,dValues with different superscripts are significantly 
different (P<.05). 
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TABLE 13 . EXPERIMENT II: TOTAL 
AS INFLUENCED 

COMPOSITION OF THE 
BY DIET 

COLD SIDE 

Diet 

Parameter Nonfed 
40% 

Concentrate 
80% 

Concentrate 

Cold side, kg 98.2a 138.7b 142.3b 

Fat and lean, kg 73.0a 114.0b 119.8b 

Fat and lean, % 74.3a 82.2b 84.2b 

Bone, kg 24.2 22.5 21.2 

Bone, % 24.6b 16.2a 14.9a 

Lipid, kg 5.0a 24.9b 27.0b 

Lipid, % 5.1a 18.0b 19.0b 

Moisture, kg 53.6a 69.6b 71.3b 

Moisture, % 54.6b 50.2a 50. la 

Protein, kg 14.2a 19.5b 20.5b 

Protein, % 14.5 14.1 14.4 

A b 
' Values with different superscripts are significantly different 

(P<.05). 
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percentages decreased (P<.05) when the cows were fed, but the weight of 

bone did not significantly alter during the feeding period. On a 

percentage of side basis, the protein did not change between the three 

groups. No significant differences were noted between 40% and 80% 

concentrate diets (Table 13). 

Conclusions 

The weight gains in realimentated range cows were about 75% fat 

with about a 25% increase in lean mass when the feeding period extends 

to 108 days. These findings are in agreement with Moulton et al. (1923) 

who reported mature bovines grow some during fattening but 76.5% of the 

weight increase is fat. However, these results may be altered if the 

base cows are compared with the weight gains in the realimentated cows 

excluding those cows that were carried to the over-fat condition by 108 

days of feeding. The weight gains then represent more nearly 50% fat and 

50% lean mass. This would agree with Callow (1950), that increased 

weight in fattening cows consist of 58.2% fat. Therefore, composition of 

gain is dependent on the base condition of the cow, as well as the 

length of feeding, thus composition of gain is not constant. 

It is apparent that the greatest increase in protein and lean 

mass occurs in the first 38 days of feeding, demonstrating that protein 

repletion is rapid and has a priority function when undernourished cows 

are realimentated. This is in agreement with the conclusions of Robinson 

and Lambourne (1968) and Paquay et al. (1972) that when placed on a high 

nutritional plane, undernourished range cattle can make rapid protein 

repletion gains. 
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Compositional Changes in the Individual Wholesale Cuts 

Experiment I 

Compositional Changes in the Chuck. The chuck increased (P<.05) 

in separable lean weight in the realimentated cows (Table 14). The 

percent of separable lean in the chuck did not differ until 108 days of 

feeding, and this group possessed significantly less. The amount of 

separable fat became significantly greater as length of feeding increased, 

resulting in a significant increase (P<.05) of percent of separable fat 

in the chucks of the realimentated cows. The weight of separable bone 

did not significantly differ among the four groups, but on a percentage 

basis, bone decreased in the realimentated cows. Extractable lipid was 

found to increase in the fed cows, but no change was detected between the 

38 and 63 day groups. As a percentage of chuck weight, the extractable 

lipid followed the same pattern as the kilograms of lipid. The kilograms 

of moisture were significantly greater in the realimentated cows, with 

no significant differences among fed groups. The percent of moisture did 

not decrease until fed for 108 days. The amount of protein found in the 

chuck increased gradually with increased time on feed, but the increase 

was not significant until cows had been fed for 63 days. A decrease in 

the percent of protein was noted in the cows fed for 108 days. 

Compositional Changes in the Shank and Brisket. The fed cows had 

significantly greater amounts of separable lean over the nonfed, with the 

cows that were fed for 68 days having the greatest amount of separable 

lean (Table 15). Separable fat was least in the base cows and greatest 

in the longest fed cows. The amount of bone in the shank and brisket was 
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TABLE 14. EXPERIMENT I: COMPOSITION OF THE CHUCK AS INFLUENCED 
BY TIME ON FEED 

Days on Feed 

Parameter 0 38 63 108 

Chuck, kg3 29.9b 35.6C 38.1cd 40.5d 

Separable lean, kg 21.6b 25.7C 27.2C 25.4° 

Separable lean, % 72.2C 72.2C 71.4C 62.8b 

Separable fat, kg 2.0b 4.3C 5.3C 8.8d 

Separable fat, % 6.7b 12.2C 13.9C 21.7d 

Separable bone, kg 6.3 5.6 5.6 6.3 

Separable bone, % 21. lc 15.6b 14.7b 15.5b 

Extractable lipid, kg 2.2b 5.4° 5.8° 9.8d 

Extractable lipid, % 7.4b 15.2C 15.2C 24.2d 

Moisture, kg 16.5b 18.9C 20.2C 18.4C 

Moisture, % 55.2C 53.1C 53.0° 45.4b 

Protein, kg 4.5b 5.3bc 6.0C 5.5° 

Protein, % 15.1C 14.9C 15.7C 13.6b 

All percentages in this table are based upon this parameter. 

b,C,dValues with different superscripts are significantly 
different (P<.05). 
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TABLE 15. EXPERIMENT I: COMPOSITION OF THE SHANK AND BRISKET 
AS INFLUENCED BY TIME ON FEED 

Parameter 

Days on Feed 

Parameter 0 38 63 108 

Shank and brisket, kg 8.4b 

o 0
0 o\ 

10.5C 10.5° 

Separable lean, kg 4.7b 5.1c 5.9d 5.1C 

Separable lean, % 56.0C 52.2bc 56.6C 48.5b 

Separable fat, kg 0.9b 1.7C 1.7C 2.9d 

Separable fat, % 10.8b 16.9C 16.4C 27.8d 

Separable bone, kg 2.8 3.0 2.8 2.5 

Separable bone, % 33.2° 30.8C 26.9b 23.7b 

Extractable lipid, kg 0.8b 1.5° 1.6° 2.4d 

Extractable lipid, % 9.5b 15.3° 15.2C 22.8d 

Moisture, kg 3.7b 4.1c 4.6d 4.1° 

Moisture, % 44.0b 41.8C 43.8b 39.0d 

Protein, kg 1.0b 1.2bc 1.3C 1.2b' 

Protein, % 11.9 12.2 12.4 11.4 

All percentage in this table are based upon this parameter. 

b,C'dValues with different superscripts are significantly 
different (P<.05). 
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found to be constant through the study, thus resulting in a decrease when 

expressed as a percentage of cut weight. Extractable lipid increased 

significantly with longer feeding, both in weight and percent. Moisture 

and protein were also increased in the fed cows over the nonfed. 

Compositional Changes in the Plate. The weight of bone in the 

plate did not significantly change among the four groups of cows (Table 

16). The percentage of bone significantly decreased as the amount of 

time on feed increased. Extractable lipid, moisture and protein all 

significantly increased in the realimentated cows. The actual amount of 

lipid increased from 0.8 kg initially to 4.4 kg in the group fed for 108 

days. As a percentage of the plate, the lipid increased from 10.0% to 

34.6% at 108 days. 

Compositional Changes in the Rib. Separable lean increased in 

the realimentated cows, but the only significant difference was between 

the base cows and the cows that had been fed for 63 days (Table 17). 

The amount of separable fat rose significantly in the realimentated 

cows, with a 4 kg gain between the base cows and the cows fed for 108 

days. This increase in separable fat was also reflected in the percent 

of separable fat, with 9.5% in the base cows and 36.5% in the 108 day 

cows. Extractable lipid, moisture and protein amounts all increased 

when the cows were realimentated. Moisture and protein levels did not 

increase as the same rate as did the total rib weight; therefore, on a 

percentage basis, these two declined. 

Compositional Changes in the Round. There was a significant 

increase in separable lean in the realimentated cows over the nonfed 

cows, but there was no difference between the three fed groups (Table 18). 
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TABLE 16. EXPERIMENT I: COMPOSITION OF THE PLATE AS INFLUENCED 
BY TIME ON FEED 

Parameter 

Days on Feed 

Parameter 0 38 63 108 

Plate, kga 8.0b 10. oc ll.lcd 12.7d 

Separable bone, kg 1.9 1.7 1.7 1.3 

Separable bone, % 23.6d 17.5° 15.0bc 9.9b 

Extractable lipid, kg 0.8b 2.2C 2.6C 4.4d 

Extractable lipid, % 10. ob 22.0C 23.4° 34.6d 

Moisture, kg 4.0b 4.7° 5.1cd 5.4d 

Moisture, % 50.0d 47.0° 45.9C 42.5d 

Protein, kg l.lb 
c 

1.3 1.5d 1.5d 

Protein, % 13.8C 13.0C 13.5C 11.8b 

All percentages in this table are based upon this parameter. 

b'c,dValues with different superscripts are significantly-
different (P<.05). 
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TABLE 17. EXPERIMENT I: COMPOSITION OF THE RIB AS INFLUENCED BY TIME 
ON FEED 

Days on Feed 

Parameter 0 38 63 108 

Rib, kga 8.4b 11.3C 13.4d 13. ld 

Separable lean, kg 5.5b 6.7bc 8.2C 6.1b' 

Separable lean, % 65.8C 59.3C 61.1C 46.6b 

Separable fat, kg 0.8b 2.2C 2.8° 4.8d 

Separable fat, % 9.5b 19.2C 21.2C 36.5d 

Separable bone, kg 2.1 2.4 2.4 2.2 

Separable bone, % 24.7C 21.5bc 17.8C 16.9C 

Extractable lipid, kg 0.6b 2.0° 2.6C 4.4d 

Moisture, kg 4.5b 5.3C 6.5d 5.1° 

Moisture, % 53.6d 46.9C 48.5C 38.9b 

Protein, kg 1.2b 1.6cd 1.9d 1.4bl 

Protein, % 14.3C 14.2C 14.2° 10.7b 

All percentages in this table are based upon this parameter. 

b'C'Values with different superscripts are significantly 
different (P<.05). 
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TABLE 18. EXPERIMENT I: COMPOSITION OF THE ROUND AS INFLUENCED 
BY TIME ON FEED 

Parameter 

Days on Feed 

Parameter 0 38 63 108 

g 
Round, kg 27.4b 31.7C 33.4C 33.3C 

Separable lean, kg 19.8b 22.2C 23.4C 22.3C 

Separable lean, % 72.2C 70.2bc 70.1bc 67.0b 

Separable fat, kg 2.4b 4.0° 4.5C 5.7d 

Separable fat, % 8.6b 12.7C 13.4C 17. ld 

Separable bone, kg 5.3 5.4 5.5 5.3 

Separable bone, % 19.2C 17.2b 16.4b 16.0b 

Extractable lipid, kg 2.0b 3.4° 3.9C 5.9d 

Extractable lipid, % 7.3b 10.7b 11.7b 17.7C 

Moisture, kg 15.5b 17.4bc 18.1C 16.4b' 

Moisture, % 56.6b 54.9° 54.2C 49.2d 

Protein, kg 4.3b 5.0C 5.4C 
c 

5.A 

Protein, % 17.8° 15.8b 16.2b 16.2b 

All percentages in this table are based upon this parameter. 

^»c»<Values with different superscripts are significantly 
different (P<.05). 
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Separable fat increased (P<.05) as length of the feeding period increased. 

Extractable lipid, moisture and protein significantly increased in the 

fed cows, but only the extractable lipid values were greater (P<.05) for 

the 108 day group as compared to the two other fed groups. 

Compositional Changes in the Shortloin. Shortloin separable 

lean significantly increased with increased time on feed, but not after 

day 63 (Table 19). Separable fat rose (P<.05) in the realimentated cows 

from a base value of 0.4 kg to 4.0 kg in the 108 day group. This repre

sented a separable fat percentage rise from 6.0% to 33.5%. Extractable 

lipid, moisture and protein all increased (P<.05) in the realimentated 

cows, but only lipid showed an increase on a percentage basis while 

moisture and protein declined. 

Compositional Changes in the Sirloin Butt. Base cows had the 

lowest (P<.05) amount of separable lean, with the cows in the 68 day 

feeding group possessing the most (Table 20). There was a 3 kg gain 

(F<.05) in separable fat between the base cows and 108 day fed group. 

Extractable lipid, moisture and protein all significantly increased in 

the realimentated cows. Extractable lipid values were highest for the 

108 day group, while moisture and protein were found in the largest 

amounts in the group fed for 68 days. 

Compositional Changes in the Flank. Extractable lipid levels 

increased (P<.05) in the realimentated cows, ranging from 0.5 kg, 

initially, to 2.5 kg in the 108 day group (Table 21). Moisture also 

rose from a base of 2.3 kg, initially, to 3.0 kg with 108 days of feed

ing. The amount of protein did not change (P>.05) with increased 

feeding. 
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TABLE 19. EXPERIMENT I: COMPOSITION OF THE SHORTLOIN AS INFLUENCED 
BY TIME ON FEED 

Days on Feed 

Parameter 0 38 63 108 

Shortloin, kg 6.6b 8.3C 10. od 12.18 

Separable lean, kg 4.7b 5.6° 6.5d 6.2d 

Separable lean, % 71.2C 67.3C 64.8C 51.5b 

Separable fat, kg 0.4b 1.4C 2.3d 4.0e 

Separable fat, % 6.0b 16.9C 23.4d 33.5e 

Separable bone, kg 1.5 1.3 1.2 1.8 

Separable bone, % 22.7C 15.7b 11.8b 15. lb 

Extractable lipid, kg 0.4b 1.4C 2.4d 3.9e 

Moisture, kg 3.6b 4.2bc 4.8C 4.8C 

Moisture, % 54.5d 50.6C 48.0C 39.7b 

Protein, kg i.ob 1.2bc 1.4C 1.4C 

Protein, % 15.2C 14.5C 14.0C 11.6b 

All percentages in this table are based upon this parameter, 

b e d s  
' ' ' Values with different superscripts are significantly 

different (P<.05). 
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TABLE 20. EXPERIMENT I: COMPOSITION OF THE SIRLOIN BUTT 
AS INFLUENCED BY TIME ON FEED 

Parameter 

Days on Feed 

Parameter 0 38 63 108 

Sirloin butt, kga 9.2b 11.5C 12.6cd 13.2d 

Separable lean, kg 6.6b 
c 

7.7 8.4d 7.4C 

Separable lean, % 71.8d 67.1C 66. lc 56.0b 

Separable fat, kg 1.0b 2.1° 2.5C 4.0d 

Separable fat, % 11.2b 18.3C 22.0C 30.0d 

Separable bone, kg 1.7 1.7 1.5 1.8 

Separable bone, % 180.c 14.6b 12.0b 14.0b 

Extractable lipid, kg 0.8b 1.8° 2.4° 3.5d 

Extractable lipid, % 8.7b 15.7C 19.0° 26.5d 

Moisture, kg 5.3b 6.1° 6.6d 6.0° 

Moisture, % 57.6d 53.0C 52.4° 45.4b 

Protein, kg 1.4b 1.7C 1.9C 1.8° 

Protein, % 15.2C 14.8C 15.lc 13.6b 

aAll percentages in this table are based upon this parameter. 

k'c'^Values with different superscripts are significantly 
different (P<.05). 
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TABLE 21. EXPERIMENT I: COMPOSITION OF THE FLANK AS INFLUENCED 
BY TIME ON FEED 

Parameter 

Days on Feed 

Parameter 0 38 63 108 

Flank, Kga 3.6b 5.0C 5.9cd 6.5d 

Separable bone, kg 0.1 0.1 0.1 0.1 

Separable bone, % 2.0 1.4 1.4 0.6 

Extractable lipid, kg 0.5b 1.4° 1.8° 2.5d 

Extractable lipid, % 13.9b 28.0C 30.5° 38.5d 

Moisture, kg 2.3b 2.7bc 3.0C 3.0C 

Moisture, % 63.9d 54.0C 50.8bc 46.2C 

Protein, kg 0.6 0.7 0.8 0.8 

Protein, % 16.7d 14.0C 13.6C 12.3b 

aAll percentages in this table are based upon this parameter. 

b'c'dValues with different superscripts are significantly 
different (P<.05). 



Experiment II 

Compositional Changes in the Chuck. The composition of the chuck 

was found to differ (P<.05) between the base group and the fed animals 

(Table 22). Only the percent moisture was similar between nonfed and 

fed cows. The nonfed cows had less fat and lean than the fed cows. 

These cows also had less lipid, moisture and protein than did the fed 

cows. There was more bone in the nonfed cows versus the fed cows. There 

were no significant differences found for any compositional parameters 

in the chuck between the 40% and 80% concentrate diets. 

Compositional Changes in the Shank and Brisket. The amount of 

fat and lean in the shank and brisket of the fed cows was greater than 

that of the nonfed cows (Table 23). There were no significant differ

ences found in the bone weight of this wholesale cut; therefore, the 

percent bone did decrease (P<.05) as the weight of the shank and brisket 

increased. Lipid, moisture and protein levels were (P<.05) greater in 

the two fed groups than in the nonfed group. There were no significant 

differences detected in the composition of the shank and brisket of the 

cows fed the 40% concentrate diet and those fed the 80% concentrate diet. 

Compositional Changes in the Plate. There were significant 

increases in the amount of fat and .lean in the fed cows over the nonfed 

cows, with the amount of bone not differing (Table 24). The amount of 

lipid, moisture and protein significantly increased in the realimentated 

cows. The amount of lipid significantly increased on a percentage of 

plate basis, while percentage of moisture and protein decreased. No 

significant differences were detected in any plate composition values 

between the 40% concentrate diet and the 80% concentrate diet. 
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TABLE 22. EXPERIMENT II: COMPOSITION OF THE CHUCK AS INFLUENCED 
BY DIET 

Parameter 

Diet 

Parameter Nonfed 
40% 

Concentrate 
80% 

Concentrate 

Chuck, kga 27.7b 37.4C 38.0C 

Fat and lean, kg 19.9b 31.3C 32.3C 

Fat and lean, % 72.0b 83.8C 85.0C 

Bone, kg 7.8C 6.1b 5.7b 

Bone, % 28.0C 16.2b 15.0b 

Lipid, kg 1.0b 5.5° 6.2° 

Lipid, % 3.6b 14.7C 16.3C 

Moisture, kg 14.8b 19.9C 20.2° 

Moisture, % 53.4 53.2 53.2 

Protein, kg 3.8b 5.4° 5.7C 

Protein, % 13.7b 14.4C 15.0° 

percentages in this table are based upon this parameter. 

b,cValues with different superscripts are significantly different 
(P<.05). 
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TABLE 23. EXPERIMENT II 
AS 
: COMPOSITION 
INFLUENCED BY 

OF THE SHANK AND 
DIET 

BRISKET 

Diet 

Parameter Nonfed 
40% 

Concentrate 
80% 

Concentrate 

Shank and brisket, kg 7.9b 10.4C 11.4C 

Fat and lean, kg 5.2b 7.6° 8.4C 

Fat and lean, % 66.2b 72.7C 73.8C 

Bone, kg 2.7 2.8 3.0 

Bone, % 33.8C 27.3b 26.2b 

Lipid, kg 0.5b 1.6C 1.8C 

Lipid, % 6.3b 15.4C 15.8C 

Moisture, kg 3.6b 4.6° 5.0C 

Moisture, % 45.6 44.2 43.9 

Protein, kg 0.9b 1.3° 1.4° 

Protein, % 11.4 12.5 12.3 

aAll percentages in this table are based upon this parameter. 

b'Values with different superscripts are significantly different 
(P<.05). 
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TABLE 24. EXPERIMENT II: COMPOSITION OF THE PLATE AS INFLUENCED 
BY DIET 

Parameter 

Diet 

Parameter Nonfed 
40% 

Concentrate 
80% 

Concentrate 

Plate, kga 7.9b 11.lc 11.4C 

Fat and lean, kg 6.0b 9.3C 9.8C 

Fat and lean, % 75.9 83.3 86.0 

Bone, kg 1.9 1.8 1.6 

Bone, % 24.lc 16.2b 14.0b 

Lipid, kg 0.3b 2.5° 2.7C 

Lipid, % 3.8b 22.5° 23.7C 

Moisture, kg. 4.3b 5.3C 5.5° 

Moisture, % 54.4C 47.7b 48.2b 

Protein, kg 1.2b 1.5C 1.5C 

Protein, % 15.2C 13.5b 13.2b 

All percentages in this table are based upon this parameter. 

b c 
' Values with different superscripts are significantly different 

(P<.05) . 
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Compositional Changes in the Rib. Rib fat and lean increased 

4.5 kg in the realimentated cows. This increase resulted in a signifi

cant increase of lipid, moisture and protein in the fed cows (Table 25). 

Even though moisture and protein increased in amount, they did not in

crease as a percent of the total rib. There were no significant differ

ences in the" rib composition between the 40% concentrate diet and the 80% 

concentrate diet. 

Compositional Changes in the Round. The amount of fat and lean 

significantly increased in both the 40% and 80% concentrate diet groups 

(Table 26). The lipid, moisture and protein weights significantly in

creased in the realimentated groups, with lipid the only one increasing 

when calculated on a percentage basis. Differences in the parameters of 

the round between the 40% and the 80% concentrate diet cows were non

significant. 

Compositional Changes in the Shortloin. Shortloin fat and lean 

significantly increased more than 5 kg in the fed cows (Table 27). Lipid 

increased by 2 kg while moisture and protein levels combined increased by 

3 kg. On a percentage basis, lipid rose (P<.05), while moisture and 

protein did not differ significantly between the realimentated cows and 

the nonfed cows. In the shortloin, no differences (P>.05) in composition 

between the 40% and 80% concentrate diet groups were noted. 

Compositional Changes in the Sirloin Butt. Fat and lean rose 

dramatically in the realimentated cows (Table 28). This rise was 

significantly reflected in an increase in lipid, moisture and protein in 

these cows. However, only the amount of lipid rose high enough to cause 

a significant increase when expressed as a percent of sirloin butt. 
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TABLE 25. EXPERIMENT II: COMPOSITION OF THE RIB AS INFLUENCED BY DIET 

Parameter 

Diet 

Parameter Nonfed 
40% 

Concentrate 
80% 

Concentrate 

Rib, kga 8.2b 12.5° 12.7C 

Fat and lean, kg 5.6b 10.1C 10.1C 

Fat and lean, % 68.2b 80.9C 79.9° 

Bone, kg 2.6 2.4 2.6 

Bone, % 31.8C 19. lb 20. lb 

Lipid, kg 0.2b 2.7C 2.5C 

Lipid, % 2.4b 21.6C 19.7C 

Moisture, kg 4.2b 5.6C 5. 8C 

Moisture, % 51.2C 44.8b 45.7b 

Protein, kg l.lb 1.6C 1.7C 

Protein, % 13.4 12.8 13.4 

aAll percentages in this table are based upon this parameter. 

b,cValues with different superscripts are significantly different 
(P<.05). 
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TABLE 26. EXPERIMENT II: COMPOSITION 
BY DIET 

OF THE ROUND AS INFLUENCED 

Diet 

Parameter Nonfed 
40% 

Concentrate 
80% 

Concentrate 

Round, kg3 27. lb 34.5C 35.3C 

Fat and lean, kg 21.7b 28.6° 29.4C 

Fat and lean, % 80.0 82.9 83.2 

Bone, kg 5.4 5.9 5.9 

Bone, % 20.0 17.1 16.8 

Lipid, kg 0.9b 3.9C 4.2C 

Lipid, % 3.3b 11.3C 11.9C 

Moisture, kg 16. lb 19.0C 19.3C 

Moisture, % 59.4C 55.lb 54.7b 

Protein, kg 4.3b 5.4° 5.7C 

Protein, % 15.9 15.7 16.1 

All percentages In this table are based upon this parameter. 

b c 
' Values with different superscripts are significantly different 

(P<,05). 
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TABLE 27. EXPERIMENT II: COMPOSITION OF 
BY DIET 

THE SHORTLOIN AS INFLUENCED 

Diet 

Parameter Nonfed 
40% 

Concentrate 
80% 

Concentrate 

Shortloin, kg 5.3b 10.4C 10.5C 

Fat and lean, kg 3.7b 8.9C 8.9C 

Fat and lean, % 69. lb 85.6C 84.6C 

Bone, kg 1.6 1.5 1.4 

Bone, % 30.9C 14.4b 13.6b 

Lipid, kg 0.2b 2.3C 2.2° 

Lipid, % 3.8b 22.1° 21.0C 

Moisture, kg 2.7b 4.9C 5.2° 

Moisture, % 50.9 47.1 49.5 

Protein, kg 0.7b 1.4C 1.5C 

Protein, % 13.2 13.5 14.3 

g 
All percentages in this table are based upon this parameter. 

b c 
' Values with different superscripts are significantly different 

(P<.05). 
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TABLE 28. EXPERIMENT II: COMPOSITION OF THE SIRLOIN BUTT AS INFLUENCED 
BY DIET 

Parameter 

Diet 

Parameter Nonfed 
40% 

Concentrate 
80% 

Concentrate 

Sirloin butt, kg 9.0b 12.6° 12.9C 

Fat and lean, kg 6.9b 10.7C 11.2C 

Fat and lean, % 76.5b 84.6C 86.5C 

Bone, kg 2.1 1.9 1.7 

Bone, % 23.5C 15.4b 13.5b 

Lipid, kg 0.4b 1.9° 2.5C 

Lipid, % 4.4b 15.1C 19.4° 

Moisture, kg 5.0b 6.8C 6.7° 

Moisture, % 55.6 54.0 41.9 

Protein, kg 1.4b 1.9° 1.9° 

Protein, % 15.6 15.1 14.7 

All percentages in this table are based upon this parameter. 

b>Values with different superscripts are significantly different 
(P<.05). 
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There were no significant differences in composition between the sirloin 

butt of the cattle on the 40% concentrate diet and those on the 80% 

concentrate diet. 

Compositional Changes in the Flank. The amount of fat and lean 

in the flank of the fed cows was greater (P<.05) than in the nonfed cows 

(Table 29). This increased level was reflected in increased lipid, 

moisture and protein values. Lipid levels rose nearly 2 kg, from 0.1 kg, 

initially, to 1.9 kg in the two diet groups. Diets containing either 

40% or 80% concentrate did not significantly alter flank composition. 

Conclusions 

Compositional weight gains of lipid, moisture and protein occur 

in all parts of the carcass. The ratio of fat deposition to lean mass 

in repletion appears to be one-to-one through 63 days of realimentation 

on a high plane of nutrition. After this time on feed, weight gains 

appear to be mostly fat deposition in the realimentated range cow. 

Compositional Changes in Eight Selected Muscles 

Triceps brachii 

Excluding the cows fed for 108 days, the weight of the Triceps 

brachii did not significantly change (Table 30). The muscle weight was 

significantly less in the 108 day group than the shorter fed groups, but 

not different from the base cows. The amount of lipid, moisture and 

protein found in this muscle did not differ (P>.05) among any of the four 

groups of cows. 
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TABLE 29. EXPERIMENT II: COMPOSITION 
BY DIET 

OF THE FLANK AS INFLUENCED 

Diet 

Parameter Nonfed 
40% 

Concentrate 
80% 

Concentrate 

Flank, kga 4.1b 6.5C 6.7C 

Fat and lean, kg ' 4.0b 6.5° 6.7C 

Fat and lean, % 97.8 99.1 99.3 

Bone, kg 0.1 0.1 0.0 

Bone, % 2.2C 0.9b 0.7b 

Lipid, kg 0.1b 1.9C 1.9° 

Lipid, % 2.4b 29.2C 28.3C 

Moisture, kg 2.9b 3.5C 3.6° 

Moisture, % 70.7C 53.8b 53.7b 

Protein, kg 0.8 1.0 1.1 

Protein, % 19.5C 15.4b 16.4b 

aAll percentages in this table are based upon this parameter. 

lu Q 
' Values with different superscripts are significantly different 

(P<.05). 
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TABLE 30. EXPERIMENT I: COMPOSITION OF THE TRICEPS BRACHII 
AND SUPRASPINATUS MUSCLES OF THE CHUCK AS INFLUENCED BY TIME ON FEED 

Parameter 

Days on Feed 

Parameter 0 38 63 108 

Triceps brachii 

Weight, kg 2.6ab 2.9b 3.0b 2.3a 

Percent of chuck 8.8b 8.2b 8.0b 5.7a 

Lipid, kg 0.1 0.2 0.1 0.1 

Lipid, % 4.1 5.6 4.9 5.7 

Moisture, kg 1.9 2.1 2.2 1.7 

Moisture, % 74.0 72.4 73.5 72.5 

Protein, kg 0.5 0.6 0.6 0.5 

Protein, % 20.8 21.0 20.4 20.7 

Supraspinatus 

Weight, kg 1.0 1.1 1.0 1.0 

Percent of chuck 3.4 3.0 2.5 2.5 

Lipid, kg 0.05 0.07 0.07 0.09 

Lipid, % 4.9a 7.1ab 6.6ab 8.9b 

Moisture, kg 0.7 0.7 0.7 0.7 

Moisture, % 73.3 71.2 72.0 70.0 

Protein, kg 0.2 0.2 0.2 0.2 

Protein, % 20.8 20.0 20.0 20.4 

3. b c 
' ' Values with different superscripts are significantly 

different (P<.05). 
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Supraspinatus 

No significant changes in the amount of this muscle were noted 

between the four groups of cows (Table 30). Although nonsignificant 

when expressed as a percent of the chuck, the amount of Supraspinatus 

decreased as the number of days on feed increased. An increasing level 

of lipid was found as the length of feeding increased and when expressed 

as a percent of muscle, there was a significant increase between the 

nonfed cows and those realimentated for 108 days. Moisture and protein 

levels did not significantly change in this muscle with diet or time on 

feed. 

Longissimus dorsi 

The weight of the Longissimus dorsi increased significantly in 

the realimentated cows, but did not differ (P>.05) among the realimenta

ted cows (Table 31). Expressed as a percent of the rib, there was a 

significant trend toward decreased levels of this muscle in the rib. 

There was a trend toward increased lipid levels in the fed cows, this 

reached a significant level in the 108 day fed cows. As a percentage of 

the muscle, lipid rose continuously with increased days on feed to a 

level of 11.8% in the longest fed cows. Moisture and protein amounts 

did not significantly differ amont the four groups of cows. Percent 

moisture decreased as the percent lipid increased. 

Psoas maj or 

The weight of this muscle did not differ significantly between 

the four groups of cows (Table 32). Neither were there any significant 

differences in the amount of lipid, moisture and protein in the muscle 
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TABLE 31. EXPERIMENT I: COMPOSITION OF THE LONGISSIMUS DORSI MUSCLE 
OF THE RIB AS INFLUENCED BY TIME ON FEED 

Parameter 

Days on Feed 

Parameter 0 38 63 108 

Longissimus dorsi 

Weight, kg 1.9a 2.2b 2.2b 2.2C 

Percent of rib 23. lb 19. 4ab 16.5a 17. la 

Lipid, kg 0.1a 0.1a 0.2ab 0.3b 

Lipid, % 3.6a 6.4ab 8.6ab 11.8b 

Moisture, kg 1.4 1.5 1.5 1.4 

Moisture, % 72.8b 70.2ab 68.7ab 65.4a 

Protein, kg 0.4 0.5 0.5 0.5 

Protein, % 21.8 22.3 21.5 21.8 

a 

' Values with different superscripts are significantly different 
(P<.05). 
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TABLE 32. EXPERIMENT I: COMPOSITION OF THE PSOAS MAJOR MUSCLE 
OF THE SHORTLOIN AS INFLUENCED BY TIME ON FEED 

Parameter 

Days on Feed 

Parameter 0 38 63 108 

Psoas maior 

Weight, kg 0.7 0.7 0.6 0.9 

Percent of shortloin 10.3 9.0 6.4 7.6 

Lipid, kg 0.03 0.05 0.04 0.10 

Lipid, % 4.6a 7.0ab 7.3ab 11. ob 

Moisture, kg 0.5 0.5 0.4 0.6 

Moisture, % 72.7b 70.0ab 70.2ab 68.0a 

Protein, kg 0.1 0.1 0.1 0.2 

Protein, % 21.0 21.3 21.0 19.9 

g b 
' Values with different superscripts are significantly different 

(P<.05). 
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among groups. When lipid was calculated as a percent of muscle, it rose 

with increased time on feed reaching a level of 11.0% in the 108 day fed 

cows. As the percent of lipid increased, moisture percentage decreased 

to a low of 68.0% in the cows with 11.0% lipid in the Psoas major muscle. 

Gluteus medius 

The weight of this muscle increased in the realimentated cows, 

but significance was only reached between the nonfed cows and those fed 

for 63 days (Table 33). As a percentage of the sirloin butt the Gluteus 

medius decreased as the sirloin butt increased in weight. The composi

tion of the Gluteus medius was consistent in all groups. 

Semimembranosus 

The weight of this muscle increased in the realimentated cows, 

with this increase reaching significance in the cows fed for 108 days 

(Table 34). When expressed as a percent of the round, this muscle did 

not significantly differ among the four groups. The base cows had signi

ficantly lower amounts of lipid than all three groups of fed cows, with 

no differences occurring among these fed groups. The level of moisture 

was also significantly elevated in the realimentated cows. Protein 

levels increased with time on feed, both in actual weight and as percent 

of the muscle. 

Semitendinosus 

This muscle of the round did not significantly change among the 

four cow groups (Table 34). The amount of lipid did significantly in

crease in the realimentated cows, but after 38 days of feeding this level 
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TABLE 33. EXPERIMENT I: COMPOSITION OF THE GLUTEUS MEDIUS MUSCLE 
OF THE SIRLOIN BUTT AS INFLUENCED BY TIME ON FEED 

Parameter 

Days on Feed 

Parameter 0 38 63 108 

Gluteus medius 

Weight, kg 2.2a 2.6ab 2.9b 2.5at 

Percent of sirloin butt 23.7b 22.9ab 22.8ab 19.0a 

Lipid, kg 0.1 0.1 0.1 0.1 

Lipid, % 3.8 5.2 3.5 3.1 

Moisture, kg 1.6 1.9 2.1 1.8 

Moisture, % 73.3 71.7 73.3 73.8 

Protein, kg 0.5 0.6 0.6 0.6 

Protein, % 21.9 21.6 21.8 22.3 

cL b 
' Values with different superscripts are significantly different 

(P<.05). 
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TABLE 34. EXPERIMENT I: COMPOSITION OF THE SEMIMEMBRANOSUS 
AND SEMITENDINOSUS MUSCLES OF THE ROUND AS INFLUENCED BY TIME ON FEED 

Days on Feed 

Parameter 0 38 63 108 

Semimemb ranos us 

Weight, kg 

Percent of round 

3.0a 

11.1 

3.5b 

11.0 

3.6b 

10.8 

3.8b 

11.3 

Lipid, kg 

Lipid, % 

o.ia 

3.28a 

0.2b 

4.58b 

0.2b 

5.00b 

0.2b 

4.201 

Moisture, kg 

Moisture, % 

2.2a 

73.4 

2.5b 

71.9 

2.6b 

71.1 

2.7b 

71.4 

Protein, kg 

Protein, % 

0.7a 

21.7ab 

0.7a 

21.0a 

0.8ab 

22.4ab 

0.9b 

23.2b 

Semitendinosus 

Weight, kg 

Percent of round 

1.6 

5.9b 

1.9 

5.9b 

1.5 

4.4a 

1.8 

5.5b 

Lipid, kg 

Lipid, % 

0.04a 

2.4a 

0.10b 

3.9b 

0.10b 

4.6 

0.101 

4.4b 

Moisture, kg 

Moisture, % 

1.2 

74.3b 

1.4 

72.4ab 

1.1 

70.6a 

1.3 

70.6a 

Protein, kg 

Protein, % 

0.4 

23.2 

0.4 

22.7 

0.3 

22.8 

0.4 

24.0 

a 

' Values with different superscripts are significantly different 
(P<.05). 
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did not increase further. Moisture and protein levels remained relative

ly constant in all groups, with only the percent of moisture 

significantly decreasing as the days on feed increased. 

Biceps femoris 

The weight of this muscle of the round did not differ signifi

cantly in any of the four groups (Table 35). Percent of lipid rose to a 

significant level in the group fed for 108 days, but not in the groups 

fed for 38 and 63 days. Moisture and protein percentages were 

significantly lower in the longest fed group when compared with the 

nonfed cows. 

Conclusions 

These selected muscles in the chuck, rib, shortloin, sirloin butt 

and the round comprise the major portion of the carcass weight, as well 

as carcass value. These muscles are commercially important since they 

are located in the most valuable retail cuts; therefore, weight gains in 

these muscles are economically significant. 

When the major muscles are added together, .there is a definite 

increase in total muscle weight gain in the realimentated cows. This 

increase is in the form of lipid, moisture and protein, for the shorter 

fed cows. Compositional changes in the longer fed versus the shorter 

fed cows are almost solely accounted for by lipid gains in the muscle. 

The muscles in the rib and shortloin apparently have ability for greater 

lipid deposition than the muscle of the chuck, round and sirloin butt. 

This ability is consistent with the total fat deposition in these 
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TABLE 35. EXPERIMENT I: COMPOSITION OF THE BICEPS FEMORIS MUSCLE 
OF THE ROUND AS INFLUENCED BY TIME ON FEED 

Parameter 

Days on Feed 

Parameter 0 38 63 108 

Biceps femoris 

Weight, kg 3.5 3.3 3.0 3.6 

Percent of round 12.7 10.4 8.9 10.7 

Lipid, kg 0.1 0.1 0.1 0.2 

Lipid, % 2.5a 3.2a 3.0a 5. 3b 

Moisture, kg 2.6 2.4 2.2 2.6 

Moisture, % 74.0b 73.4ab 73.6ab 71.8a 

Protein, kg 0.8 0.7 0.7 0.7 

Protein, % 22.9b 21.0a 21.7a 20.7a 

ci b 
' Values with different superscripts are significantly different 

(P<.05) . 



81 

wholesale cuts as discussed earlier. However, very little of total car

cass lipid deposition in realimentated range cows is found in the muscle. 

Tenderness of Selected Muscles 

Presented in Table 36 are the shear force values for individual 

muscles. Tenderness in six of the eight muscles was not affected by 

realimentation. With extended time of realimentation, the 

Semimembranosus significantly increased in tenderness. In contrast, the 

Biceps femoris significantly decreased in tenderness. 

Conclusions 

From the shear force values it can be concluded that for the 

Triceps brachii, Supraspinatus, Longissimus dorsi, Psoas major, Gluteus 

medius and Semitendinosus muscles, realimentation of range cows on a 

high plane of nutrition for extended periods of time had little effect 

on the tenderness of these muscles. Apparently, the over riding factor 

in the tenderness of these muscles, regardless of physiological condi

tion, is the cross-linking of the connective tissue that occurs in mature 

muscles. The cross-linking of mature muscles has been reported as an 

irreversible process (Wilson et al., 1954; Hill, 1966). 

Explanation for the increase in tenderness of the Semimembranosus 

and decrease in tenderness in the Biceps femoris when range cows were 

realimentated on a high plane of nutrition for over 100 days is diffi

cult to explain, in view of little change in other muscles. Possibly, 

these contradictory results should only be stated and explanations held 

until such results are repeated in future studies. 
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TABLE 36. EXPERIMENT I: SHEAR FORCE (KG) VALUES FOR INDIVIDUAL 
MUSCLES AS INFLUENCED BY TIME ON FEED 

Days on Feed 

Muscle 0 38 63 108 

Triceps brachii 4.2 3.7 4.8 4.4 

Supraspinatus 5.8 5.5 5.8 5.6 

Longissimus dorsi 4.9 3.8 3.8 4.0 

Psoas maior 3.9 3.5 3.3 3.8 

Gluteus medius 3.7 3.3 4.4 5.0 

Semimembranosus 10.0b 9.3b 7.4ab 5.7a 

Semintendinosus 6.0 6.1 6.7 6.2 

Biceps femoris 7.0a 6.5a 6.3a 9.4b 

sl b 
' Values with different superscripts are significantly different 

(P<.05). 
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Sensory Panel Evaluation 

Comparison of Fed Versus Nonfed Beef 

In Table 37, sensory evaluation of four selected muscles (Semi

membranosus, Triceps brachii, Gluteus medius and Biceps femoris) from 

the nonfed cows are compared with those from the realimentated cows. 

The acceptability of the Semimembranosus and Triceps brachii muscles did 

not change with realimentation. Realimentated cows were judged by the 

panel to have a more acceptable Gluteus medius, although significant 

improvements were found in tenderness only. This same trend was also 

noted in the Biceps femoris muscle. 

Of the four muscles evaluated, the Semimembranosus was the least 

tender and the Triceps brachii and Gluteus medius were the most tender in 

the nonfed range cows (Table 38). Juiciness was also lowest in the 

Semimembranosus and highest in the Gluteus medius and Biceps femoris. 

The panel evaluated the overall acceptability of these muscles consis

tent with the tenderness, juiciness and flavor evaluations, finding the 

Semimembranosus the least acceptable and the Gluteus medius the most 

acceptable in the nonfed beef. 

Sensory evaluation of the beef from the realimentated cows were 

unchanged from those for the beef from the nonfed cows. The 

Semimembranosus was the least desirable and the Gluteus medius most 

desirable. 
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TABLE 37. EXPERIMENT I: SENSORY PANEL EVALUATION COMPARING INITIAL 
NONFED AND FED BEEF BY MUSCLES 

Nonfed Fed 

Semimembranosus 

Tenderness 4.1 4.4 

Juiciness 5.1 4.6 

Flavor 4.6 5.0 

Overall 4.4 4.6 

Triceps brachii 

Tenderness 6.4 6.1 

Juiciness 5.9 5.7 

Flavor 5.5 5.5 

Overall 5.7 5.6 

Gluteus medius 

3 b 
Tenderness 6.7 7.5 

Juiciness 7.3 7.5 

Flavor 6.2 6.7 

Overall 6.5 7.2 

Biceps femoris 

Tenderness 5.4a 6.5̂  

Juiciness 6.4 6.9 

Flavor 6.2 6.9 

Overall 6.0 6.8 

a "H 
' Values with different superscripts are significantly different 

(P<.05). 
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TABLE 38. EXPERIMENT I: SENSORY PANEL EVALUATION OF INITIAL 
NONFED BEEF AND FED BEEF BY MUSCLES3 

Nonfed 

SM TB GM BF 

Tenderness 4.1b 6.4d 6.7d 5.4° 

Juiciness 5.1b 5.9C 7.3d 6.4C 

Flavor 4.6b 5.6C 6.2d 6.2d 

Overall 4.4b 5.7C 6.5d 6.0C 

Fed 

Tenderness 4.4b 6.1° 7.5d 6.5° 

Juiciness 4.6b 5.7C 7.5d 6.9d 

Flavor 5.0b 5.5C 6. 7d 6.9d 

Overall 4.6b 5.6C 7.2d 6.8d 

aS emimemb ratios us (SM), Triceps brachii (TB), Gluteus Medius (GM), 
Biceps femoris (BF). 

b»c«̂ vaiues with different superscripts are significantly 
different (P<.05). 
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Comparison of Fed Versus Nonfed Beef at Different 
Oven Temperatures 

All samples were cooked to an internal temperature of 71 C. The 

cooking temperature had no appreciable effect on the tenderness of the 

meat from the nonfed range cows as judged by a sensory panel (Table 39). 

Tenderness of the realimentated beef was significantly greater when 

cooked at 135 C and least tender when cooked at 107 C. Juiciness was 

greatly decreased at higher cooking temperatures in both the nonfed and 

fed beef. Flavor was judged significantly lower in the nonfed beef that 

was cooked at 135 C than at the other two temperatures. The opposite 

was found in the fed beef in that meat cooked at 135 C was significantly 

more flavorful than either the 107 and 163 C cooking temperatures. 

Overall, the nonfed beef was more acceptable when cooking temperature 

was either 107 or 163 C. The beef from the realimentated cows was most 

acceptable overall when cooking temperature was 135 C. 

Presented in Table 40 are the comparisons of the acceptability of 

nonfed and fed beef with cooking temperature as the main effect. 

Tenderness in the nonfed cows was significantly greater than the fed cows 

when the cooking temperature was 107 C. The meat from fed animals was 

significantly more tender than the nonfed when the cooking temperature 

was at 135 C. Juiciness did not differ between the two groups at any 

temperature. The fed beef was judged to be the most flavorful when the 

cooking temperature was 135 C. Overall acceptability did not signifi

cantly change between the two groups at any of the three cooking 

temperatures. 
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TABLE 39. EXPERIMENT I: SENSORY PANEL EVALUATION COMPARING COOKING 
TEMPERATURES WITHIN EITHER NONFED OR FED BEEF 

Cooking temperature 

Parameter 107 C 135 C 163 C 

Tenderness 

Nonfed 6.4 5.6 6.3 

Fed 4.4a 6.9° 5.7b 

Juiciness 

Nonfed 7.1 6.0 5.7 

Fed 6.9b 6,0a 5.3a 

Flavor 

Nonfed 6.2b 5.2a 6.3b 

Fed 5.5a 6.4b 5.4a 

Overall 

Nonfed 6.3b 5.3a 6.2b 

Fed 5.4a 6.4b 5.4a 

a'b'Values with different superscripts are significantly 
different (P<.05). 
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TABLE 40. EXPERIMENT I: SENSORY PANEL EVALUATION COMPARING NONFED 
AND FED BEEF WITHIN COOKING TEMPERATURES 

Cooking Temperature 

Parameter 

107 C 135 C 163 C 

Parameter Nonfed Fed Nonfed Fed Nonfed Fed 

Tenderness 6.4b 4.4a 5.6a 6.9b 6.3 5.7 

Juiciness 7.1 6.9 6.0 6.0 5.7 5.3 

Flavor 6.2 5.5 5.2a r ,b 6.4 6.3 5.4 

Overall 6.3 5.4 5.3 6.4 6.2 5.4 

Si b 
' Values with different superscripts are significantly different 

(P<.05). 



Conclusions 

Beef from realimentated range cows was not consistently more 

acceptable than beef from nonfed range cows. The Gluteus medius and 

Biceps femoris increased in- acceptability from the cows that were 

realimentated, while the acceptability of the Semimembranosus and Triceps 

brachii remained unchanged. Cooking temperatures do affect acceptability, 

but their effect was inconsistent and inconclusive in this study. 

With the level of acceptability being 5.0, the sensory panel 

evaluation of the four selected muscles clearly showed that the Triceps 

brachii, Gluteus medius and Biceps femoris muscles were acceptable from 

mature range cows. The Semimembranosus was unacceptable when prepared 

in the manner used in this study. With this knowledge, it is safe to 

say that the shoulder clod, the rib, the full loin and the top round of 

these mature carcasses can be removed and merchandised other than as 

ground beef items. 

Prediction Equations 

Percent of Total Carcass Bone 

A stepwise regression approach was employed which considered 

yield grade measurements made on the carcass and individual wholesale 

cut composition to determine best estimators of the percent of bone 

found in the total carcass. The composition of the plate was found to 

be the best predictor of the total bone in the carcass. Two equations 

were formulated: 

(1) Y = 8.6 + (.52)(plate % bone) 
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(2) Y = 23.6 + (.9)(plate % bone) + (.4)(plate % protein) - (.42) 

(plate % lipid) 

Equation 1 had a multiple R = 0.82 with a standard deviation of 2.2. 

Equation 2 had a multiple R = 0.99 and a standard deviation of 0.6. 

These two prediction equations were formulated using the data from the 

Experiment II cows and then tested on the Experiment I cows (Table 41). 

Both equations were found to be accurate, but the equation using only the 

percent bone found in the plate was found to be the best predictor when 

applied to the Experiment I cow carcasses. 

Percent of Total Carcass Lipid 

As in the prediction of total bone, the composition of the plate 

was found to be the best predictor of percent total carcass lipid. Two 

equations were formulated: 

(1) Y = 2.5 + (.69)(plate % lipid) 

(2) Y = -6.8 + (.85)(plate % lipid) + (.12)(plate % protein) + (.26) 

(plate % bone) 

Equation 1 had to have a multiple R = 0.97 with a standard deviation of 

1.3. Equation 2 had a multiple R = 0.99 and a standard deviation of 1.1. 

In Table 41 are found the results of testing these two equations on 

Experiment I cow carcasses. Both equations were accurate and no 

difference was detected in the predictive values of the two equations. 

Percent of Total Carcass Protein 

Once again, the composition of the plate was found as the best 

predictor of total carcass composition. Two equations were formulated: 

(1) Y = 6.9 + (.58)(plate % protein) 



TABLE 41. ACTUAL AND PREDICTED PERCENTS OF TOTAL CARCASS BONE, 
LIPID AND PROTEIN 

Actual Equation 1 Equation 2 

Bone 

Nonfed 21.2 20.9 21.8 

38 days 18.0 17.7 16.5 

63 days 16.4 16.4 15.7 

108 days 12.9 13.7 10.4 

Lipid 

Nonfed 8.6 9.4 9.5 

38 days 16.1 17.6 18.0 

63 days 17.9 18.5 18.6 

108 days 27.1 26.2 26.6 

Protein 

Nonfed 15.3 14.9 15.6 

38 days 14.5 14.4 14.5 

63 days 14.4 14.7 14.9 

108 days 13.3 13.7 11.7 



(2) Y = 11.9 + (.42)(plate % protein) - (.05)(plate % bone) - (.09) 

(plate % lipid) 

Presented in Table 41 are the results found when the prediction equations 

were applied to the Experiment I cow carcasses. Both equations were 

accurate in the prediction of total carcass lipid. 

Conclusions 

All the formulated prediction equations used in this study were 

effective in giving an accurate predicted value. The accuracy of these 

predictions for percent of total carcass lipid and protein are consis

tently within the tolerance, plus or minus 1% of the mean, allowed in 

the duplicates in the analytical procedures used in the laboratory for 

the determination of lipid and protein. Therefore, it is possible to 

attribute differences in predicted values and actual values to experi

mental error in actual measurements. 



GENERAL DISCUSSION 

The cows used in this study are typical of those found on the 

arid ranges in the Southwestern United States. Performance of the range 

cows placed in the feedlot was dependent upon the initial condition of 

the cows entering the lot. Weight gains were rapid for the first 30 to 

45 days on feed. Apparently, to obtain maximum performance, the cows 

must be in poor to thin condition and they must be physically sound upon 

entering the feedlot. The economics of realimentating cull range cows are 

not only dependent on their initial condition but also on the length of 

feeding period. 

Carcass weight gains in realimentated range cows were predom

inantly of lipid, moisture and protein composition. The composition of 

carcass gains were determined by the condition of the cow. As the cow's 

physiological condition improves the ratio of fat deposition to total 

gain in the carcass increases. During the first 30 to 45 days of 

realimentation the weight gains were approximately 50% lean tissue and 

50% fat tissue. After this time, not only did the performance decline, 

but the weight gains were predominantly gains in fat tissue. Therefore, 

the cost of the final product in the longer fed cows greatly increased 

due to greater cost of gains and also the final product had an excess of 

fat resulting in greater trim losses on the block. 

Weight gains were found throughout the entire carcass, with the 

plate, rib, loin and flank gaining considerably more weight than the 
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other areas of the carcass. This was also the area of greatest deposi

tion of fat, when the mature cows were carried to higher condition this 

middle area was more than 30% lipid. 

The viscera was found to be a tremendous storage area for lipid. 

It is apparent that this area of fat deposition is extremely mobile and 

undoubtly serves the animal as a major source of energy reserve. If 

depletion of the viscera fat to its lowest levels occurs, the mature cows 

still retain the ability to breed and sustain a gestation period. This 

is an area of fat deposition that must be considered in computation of 

total energy gain in the animal, but is of limited economic value in 

slaughter animals, since it is an inedible portion of the animal for 

humans. 

The concentrate level in the diet, ranging from 40% to 80%, had 

little effect on the performance or composition of gain in these 

realimentated cows. How low the concentrate level could drop before 

there was a noticeable decrease in performance or carcass composition 

is still unanswered. Present on-going work at this station is attempt

ing to find the answer. Possibly, the answer will be in the form of 

high roughage as a starter and then followed by a more concentrated diet. 

Muscle tenderness in realimentated range cows, even when the 

period of realimentation was for extended periods of time, was not 

improved. Apparently, the over riding factor in the tenderness of these 

muscles, regardless of physiological condition, is the cross-linking of 

the connective tissue that occurs in mature muscles. This study leaves 

no doubt of the fact that cross-linking is an irreversible process in 

these mature cows. 
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Data from this study does not support the belief that realimen-

tation will improve the acceptability of beef from cows. However, there 

was no evaluation of the fresh product and the cooked product had all 

outside fat removed from the muscles. Future studies should give atten

tion to the visual appearance of the fresh product. Furthermore, the 

muscles for sensory panel evaluation should include accompanying fat 

cover and seam fat during cooking. In this way, total merit could be 

given to the improvement of the muscle through refeeding. 

The prediction equations formulated in this study provide a 

valuable tool for future research in this area. These will allow for 

testing of much larger numbers of cows with only minimal laboratory time 

and expense required. However, it should be pointed out that prediction 

equations are limited to similar cattle for which the equations were 

formulated and to those cattle on which they are used. Error is intro

duced when this concept is not kept in mind. This error is apparent in 

the U.S.D.A. Yield Grade as a predictor of cutability for all breeds and 

classes of cattle (Hedrick, 1968). 



SUMMARY 

In this study 30 Hereford cows were used as experimental 

material. They were obtained from a registered herd owned by the Apache 

Indian Tribe at San Carlos, Arizona. This herd was maintained under 

range conditions with no supplementation during the winter months. All 

cows were four to ten years of age, nonpregnant and known to have similar 

genetic backgrounds. The cows ranged from poor to thin in body condition. 

Two experiments were conducted. Experiment I, a summer study, 

had 18 cows, while Experiment II, a winter trial, had 12 cows. A total 

of eight cows from both groups were slaughtered initially to establish a 

base body composition. The remaining cattle were individually fed either 

a 40% or 80% concentrate diet for varying lengths of time to provide a 

wide range of body compositions. 

Experiment I cows were placed in three groups and fed an 80% 

concentrate diet for 38, 63 and 108 days. Performance for these three 

groups were not significantly (P>.05) different, but a trend was 

established. Rate of daily gain decreased from 2.18 kg with 38 days of 

feeding to a low of 1.90 kg with the group fed for 108 days. Feed to 

gain ratio was at a low of 5.06 in the 38 day cows and at a high of 6.16 

in the 108 day group. 

Seven days post slaughter, one side of each carcass was sepa

rated into wholesale cuts and each wholesale cut was dissected into 

separable bone, fat and lean. The other side was also separated into 

96 
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wholesale cuts, with each wholesale cut boned and ground for protein, 

lipid and moisture determination. 

All wholesale cuts increased (P<.05) in weight in the realimen-

tated carcasses. The greatest weight gains were in the rib, plate, loin 

and flank. This middle area of the carcass was also the area of greatest 

fat deposition. Carcass separable lean increased (P<.05) by 15 kg and 

separable fat increased (P<.05) by 30 kg from base carcasses to carcasses 

from cows fed for 108 days. During the same period of time, extractable 

lipid increased (P<.05) by 31 kg, while protein increased by approximate

ly 4 kg, moisture increased by 12 kg. The percent moisture, lean and 

bone in the realimentated cows decreased with time on feed. 

The Triceps brachii, Semimembranosus, Longissimus dorsi and 

Gluteus medius muscles were evaluated for changes in composition and 

acceptability by a sensory panel, as well as by shear force values. The 

composition of the selected muscle remained constant with few exceptions. 

An increase (P<.05) in percent lipid in the Longissimus dorsi was noted 

with time on feed. Shear force values did not decrease with 

realimentation. The acceptability of these muscles did not improve with 

realimentation, but the Triceps brachii, Longissimus dorsi and Gluteus 

medius were judged acceptable in both the base animals and those which 

were realimentated. 

Experiment II cows were placed in two diet groups (40% and 80% 

concentrate). The two groups were fed for approximately the same length 

of time (57 days). Rate of daily gain was not significantly different 

(P>.05) between the two groups, however, the 80% concentrate diet was 
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more efficient in conversion of feed than those fed the 40% concentrate 

diet, but the difference was not significant (P>.05). 

Total gut composition was determined in the second experiment. 

Empty gut weight increased by 18 kg, with approximately 11 kg lipid, 

6 kg moisture and 1 kg protein. There were no differences (P>.05) 

between the gut compositions of the two diet groups. 

Carcass compositions did not differ (P>.05) between the two diet 

groups. Carcass changes agreed in most instances with those changes 

observed in the groups fed for 38 and 63 days in Experiment I. 

A stepwise regression analysis including 289 different variables 

revealed that the composition of the plate was the most accurate predic

tor of total carcass lipid, protein and bone. Two equations were 

formulated for each compositional component. 

Total bone %: 

(1) Y = 8.6 + (0.52)(plate % bone) 

Multiple R = 0.82 

Standard deviation = 2.2 

(2) Y = 23.6 + (0.09)(plate % bone) + (0.04)(plate % protein) -

(0.42)(plate % lipid) 

Multiple R = 0.99 

Standard deviation = 0.6 

Total lipid %: 

(1) Y = 2.5 + (0.69)(plate % lipid) 

Multiple R = 0.97 

Standard deviation = 1.3 



(2) Y = -6.8 + (0.85)(plate % lipid) + (0.12)(plate % protein) 

(0.26)(plate % bone) 

Multiple R = 0 99 

Standard deviation = 1.1 

Total protein %: 

(1) Y = 6.9 + (0.58)(plate % protein) 

Multiple R = 0.87 

Standard deviation =0.5 

(2) Y = 11.9 + (0.42)(plate % protein) - (0.05)(plate % bone) -

(0.09)(plate % lipid) 

Multiple R = 0.97 

Standard deviation = 0.3 



APPENDIX 

STATISTICAL DATA 
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TABLE 42. SIMPLE CORRELATION COEFFICIENTS OF HOT CARCASS WEIGHT, KIDNEY FAT %, FAT THICKNESS, 
RIB EYE AREA, YIELD GRADE, CARCASS BONE %, CARCASS LIPID % AND CARCASS PROTEIN % WITH 

CARCASS MEASUREMENTS AND WHOLESALE CUT COMPOSITION3 

Hot Carcass Carcass 
Carcass Kidney Fat Ribeye Yield Carcass Lipid, Protein, 
Wt. Fat, % Thickness Area Grade Bone, % % % 

Hot carcass, wt. 1.00 .70 .86 .42 .78 -.91 .90 -.67 
Kidney fat, % .70 1.00 .69 .09 .77 -.76 .81 -.58 
Fat thickness .86 .69 1.00 .30 .86 -.88 .90 -.70 
Ribeye area .42 .09 .30 1.00 -.15 -.48 .31 .09 
Yield grade .78 .77 .86 -.15 1.00 -.73 .84 -.80 

Empty gut 
% .83 .76 .56 .40 .55 -.76 .72 -.47 
Lipid, % .89 .85 .77 .33 .74 -.89 .92 -.60 
Protein, % -.60 -.59 -.43 .06 -.59 .62 -.69 .59 

Carcass 
Bone, % -.91 -.76 -.88 -.48 -.73 1.00 -.94 .59 
Lipid, wt. .94 .80 .91 .31 .86 -.93 .99 -.75 
Lipid, % .90 .81 .90 .31 .84 -.94 1.00 -.73 
Protein, wt. .90 .59 .67 .60 .51 -.81 .73 -.28 
Protein, % -.67 -.58 -.70 .09 -.80 .58 -.73 1.00 

Chuck 
Weight .97 .62 .82 .29 .80 .85 .85 -.66 
Bone, % -.94 -.73 -.89 -.45 -.76 .98 -.95 .64 
Fat and lean, wt. .98 .67 .86 .34 .81 .90 .90 -.67 
Lipid, wt. .96 .77 .90 .30 .86 .95 .95 -.73 
Protein, wt. .89 .52 .68 .33 .65 -.74 .74 -.42 
Lipid, % .95 .79 .91 .35 .84 -.92 .97 -.73 
Protein, % .45 .21 .23 .40 .13 -.40 .34 .21 



TABLE 42. SIMPLE CORRELATION COEFFICIENTS OF HOT CARCASS WEIGHT, KIDNEY FAT %, FAT THICKNESS, 
RIBEYE AREA, YIELD GRADE, CARCASS BONE %, CARCASS LIPID % AND CARCASS PROTEIN % WITH 

CARCASS MEASUREMENTS AND WHOLESALE CUT COMPOSITION (CONTINUED)3 

Hot Carcass Carcass 
Carcass Kidney Fat Ribeye Yield Carcass Lipid, Protein, 
Wt. Fat, % Thickness Area Grade Bone, % % % 

Flank 
Weight .95 .68 .79 .46 .70 -.84 .87 -.64 
Fat and lean, wt. .96 .68 .80 .46 .71 -.84 .87 -.64 
Lipid, wt. .92 .80 .85 .25 .85 -.90 .97 -.81 
Protein, wt. .58 .22 .31 .55 .16 -.39 .33 -.02 
Lipid, % .89 .79 .85 .24 .83 -.92 .97 -.80 
Protein, % -.63 -.66 -.71 .00 -.76 .72 -.81 .82 

Round 
Weight .95 .49 .78 .43 .68 -.79 .82 -.58 
Bone, % -.54 -.39 -.60 -.65 -.29 .76 -.61 .28 
Fat and lean, wt. .95 .51 .81 .51 .67 -.84 .85 -.56 
Lipid, wt. .86 .71 .84 .32 .77 -.89 .97 -.69 
Protein, wt. .09 -.29 -.04 .71 -.38 -.10 -.16 .56 
Lipid, % .80 .75 .81 .31 .73 -.89 .97 -.65 
Protein, % -.92 -.63 -.81 -.19 -.83 .78 -.90 .80 

Shank and brisket 
Weight .89 .68 .73 .45 .66 -.78 .76 -.60 
Bone, % -.77 -.64 -.90 -.56 -.64 .88 -.83 .45 
Fat and lean, wt. .89 .69 .80 .49 .68 -.82 .80 -.58 
Lipid, wt. .87 .77 .87 .45 .73 -.88 .93 -.67 
Protein, wt. .79 .60 .63 .57 .49 -.70 .61 -.38 
Lipid, % .79 .74 .85 .44 .69 -. 86 .94 -.61 
Protein, % .28 .19 .19 .59 -.06 -.27 .10 .22 



TABLE 42. SIMPLE CORRELATION COEFFICIENTS OF HOT CARCASS WEIGHT, KIDNEY FAT %, FAT THICKNESS, 
RIBEYE AREA, YIELD GRADE, CARCASS BONE %, CARCASS LIPID % AND CARCASS PROTEIN % WITH 

CARCASS MEASUREMENTS AND WHOLESALE CUT COMPOSITION (CONTINUED)a 

Hot Carcass Carcass 
Carcass Kidney Fat Rib eye Yield Carcass Lipid, Protein, 
Wt. Fat, % Thickness Area Grade Bone, % % % 

Plate 
Weight .88 .75 .80 .40 .71 -.96 .91 -.51 
Bone, % -.66 -.61 -.67 -.46 -.50 .82 -.67 .14 
Fat and lean, wt. .84 .74 .78 .42 .67 -.94 .86 -.42 
Lipid, wt. .90 .78 .89 .36 .80 -.98 .96 -.65 
Protein, wt. .59 .41 .41 .54 .25 -.67 .54 -.08 
Lipid, % .92 .76 .92 .41 .79 -.99 .97 -.65 
Protein, % -.30 -.35 -.42 .32 -.58 .23 -.37 .87 

Shortloin 
Weight .96 .67 .87 .44 .75 -.91 .92 -.64 
Bone, % -.92 -.75 -.82 -.48 -.70 .99 -.94 .59 
Fat and lean, wt. .95 .66 .85 .40 .75 -.92 .93 -.63 
Lipid, wt. .92 .73 .92 .26 .86 -.91 .97 -.78 
Protein, wt. .91 .59 .70 .47 .61 -.87 .84 -.46 
Lipid, % .90 .73 .90 .28 .84 -.92 .98 -.77 
Protein,% .02 -.08 -.28 .21 -.27 -.06 -.02 -.42 

Sirloin Butt 
Weight .90 .78 .77 .47 .67 -.90 .82 -.62 
Bone, % -.77 -.77 -.76 -.40 -.65 .92 -.80 .43 
Fat and lean, wt. .85 .75 .89 .35 .78 -.94 .91 -.58 
Lipid, wt. .75 .71 .84 .19 .79 -.86 .84 -.55 
Protein, wt. .90 .76 .91 .42 .78 -.97 .93 -.60 
Lipid, % .73 .66 .83 .17 .78 -.84 .84 -.53 
Protein, % .87 .69 .90 .41 .76 -.94 .93 -.55 



TABLE 42. SIMPLE CORRELATION COEFFICIENTS OF HOT CARCASS WEIGHT, KIDNEY FAT %, FAT THICKNESS, 
RIBEYE AREA, YIELD GRADE, CARCASS BONE %, CARCASS LIPID % AND CARCASS PROTEIN % WITH 

CARCASS MEASUREMENTS AND WHOLESALE CUT COMPOSITION (CONTINUED)3 

Hot Carcass Carcass 
Carcass Kidney Fat Ribeye Yield Carcass Lipid, Protein, 
Wt. Fat, % Thickness Area Grade Bone, % % % 

Rib 
Weight .95 .57 .82 .48 .69 -.87 .87 -.74 
Bone, % -.87 -.75 -.83 -.11 -.87 .88 -.93 .82 
Fat and lean, wt. .96 .65 .86 .39 .77 -.90 .92 -.79 
Lipid, wt. .90 .74 .91 .23 .87 -.90 .97 -.83 
Protein, wt. .89 .54 .67 .58 .53 -.85 .78 -.49 
Lipid, % .87 .76 .89 .19 .87 -.89 .96 -.80 
Protein, % -.10 -.04 -.32 .34 -.41 -.01 -.16 -.65 

Any correlation of greater than 0.50 or less than -.50 is significant (P<.05). 
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