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ABSTRACT 

Twelve Hereford cows were obtained from a registered 

herd owned by the Apache Indian Tribe at San Carlos, 

Arizona. These twelve animals with known genetic and 

nutritional backgrounds were used to form three age groups 

with four animals which ranged from poor to average in body 

condition in each group. Group I—3 years old, mean live 

weight 422 kg; Group II--6 years old, mean live weight 439 

kg; and Group III--1Q years old, mean live weight 460 kg. 

Slaughter occurred immediately after trucking to the 

slaughter facility. The right half of each carcass was 

aged for 7 days in a forced-air cooler at 2 C and the left 

sides were aged under the same conditions for 14 days. 

After the respective aging periods, the carcasses were 

divided into the following wholesale cuts: round, sirloin 

butt, shortloin, chuck, rib, shank and brisket, plate, and 

flank. These wholesale cuts were separated into lean, fat, 

and bone; and eight intact muscles were selected from each 

carcass side. The selection of muscles was as follows; the 

Triceps brachii and Supraspinatus from the chuck; Semi"-

membranosus, Semitendinosus, and Biceps femoris from the 

round; Longissimus dorsi and Psoas major from the shortloin, 

and Gluteus medius from the sirloin butt. From each muscle, 

two steaks were obtained for tenderness measurements 
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(Warner-Bratzler Shear). A third steak, removed from 

between the two steaks used for tenderness evaluation, was 

used for lipid extraction. 

The steaks were cooked in an electric oven to an 

internal temperature of 71 C. From each steak, 4 cores were 

obtained for measurement of shear force (tenderness). The 

eight shear force values were averaged to obtain the shear 

value for each muscle. 

No significant differences (P > .05) in live weights 

were observed between age groups. Although a trend was 

observed that live weight increased with age, no reflections 

of this trend could be seen in the proportions and traits 

of the carcasses studied. 

Statistical analysis of individual muscle weight 

data between age groups revealed no significant differences 

(P > .05) in muscle weights. The Longissimus dorsi, 

Supraspinatus, and Semimembranosus were highly correlated 

with live weight (r = 0.88, 0.88, and 0.86, respectively). 

In all age groups, the Biceps femoris muscle possessed the 

highest value for extracted lipid. However, in Group I, it 

was not significantly different from Psoas major, Longis

simus dorsi, Semimembranosus, or Triceps brachii. 

The Biceps femoris scored the highest for marbling 

in all three age groups. The relationship between marbling 

score and lipid content were calculated; however, no 

significant correlations were found. 
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Shear force value comparisons by muscle within age 

revealed that in Group I, the Biceps femoris had the highest 

shear value (7.9 kg), being significantly less tender than 

all the other muscles, with the exception of the Semi

membranosus muscle (6.7 kg). In both Groups II and III, 

the Biceps femoris had the least tender steaks (8.1 kg and 

8.9 kg, respectively) being significantly different (P < 

.05) from all other muscles in both groups. The Gluteus 

medius, Longissimus dorsi, Psoas major, and Triceps brachii 

were similar with respect to tenderness, but the Psoas 

major was the most tender of the eight muscles studied in 

Groups II and III. 

The effect of post-mortem aging (7 vs. 14 days) was 

significant for the Longissimus dorsi muscle. The most 

tender muscle group was found to improve in tenderness when 

aged for 14 days. This trend was not observed in the less 

tender muscle group. 



INTRODUCTION 

In the United States as well as many foreign 

countries, mature cows are slaughtered because of the herd 

culling process or because the beef production program 

requires several years to complete. In most instances, 

the beef from these animals is merchandized in the form of 

nondescript cuts or utilized in sausage manufacture. The 

merchandizing of beef in this manner results in inefficient 

marketing because some of this beef can be utilized in a 

manner which is common to high quality steer or heifer beef. 

Palatability is probably the most critical charac

teristic governing the use of cow beef. Palatability or 

eating quality of beef is influenced mainly by color, 

juiciness, aroma, flavor, and tenderness. The influence 

of these factors varies from muscle to muscle even within 

the same carcass. Some of the differences in these factors 

are associated with the treatment of the meat from slaughter 

to cooking while other variations are closely associated 

with the physiological status of the animal prior to 

slaughter. The degree of tenderness is probably the most 

important palatability factor and the most difficult factor 

to be evaluated by the consumer prior to cooking and 

consumption, Some of the important factors proposed as 

causing variation in beef tenderness are: (1) chronological 
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age of the animal, (2) biochemical changes during carcass 

aging, (3) methods of cooking, (4) ante-mortem treatment, 

(5) livestock management, (6) inheritance, (7) chemical 

constituents of muscle, and (8) dispersion of fat in the 

muscle. 

Knowledge regarding the carcass characteristics and 

the palatability of cow beef is definitely lacking. 

Therefore, this study was undertaken to: (1) establish 

base-line values for carcass characteristics; (2) appraise 

the tenderness of certain selected muscles; (3) observe the 

variation in tenderness between selected muscles; (4) 

evaluate the influence of chronological age of cattle (3, 6 

and 10 years) on tenderness; (5) observe the influence of 

post-mortem aging (7 vs. 14 days); and (6) determine the 

magnitude of the relationships between tenderness and 

certain carcass traits. 



LITERATURE REVIEW 

Effect of Maturity on Beef Tenderness 

Meat tenderness or toughness is not a one-component 

system. Due to its multi-factor interactions, this trait 

of meat is not yet well understood. 

It has long been known that two structural 

components, the muscle fiber and connective tissue, are 

involved in meat tenderness. An additional component to be 

considered is the inconsistent influence of marbling on meat 

tenderness. 

Perhaps the earliest attempt to relate functional 

properties of meat to protein composition involved the 

relationship between toughness and connective tissue. 

Mitchell, Hamilton, and Haines (1928) made the following 

statement, "It is the connective tissue fibers, rather than 

muscle fibers, to which the greater portion of toughness of 

meat is due" (p. 165). Since connective tissue within the 

muscle has been widely recognized as having an important 

role in determining tenderness, the effect of age on the 

quantity and quality of connective tissue, usually measured 

as collagen, the major protein of this tissue, has been 

studied in great detail. Early workers such as Mitchell 

et al. (1928) and Bate-Smith (1948) failed to reveal any 

consistent age-associated changes in the connective tissue 
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content of muscle. More recently, Wilson, Bray, and 

Phillips (1954) reported that veal Longissimus dorsi con

tained more collagen and elastin and less fat than the 

corresponding muscle in either steers or cows. Hiner, 

Anderson, and Fellers (1955) could find no conclusive 

differences nor could Ritchey and Hostetler (1964) detect 

significant differences in the amounts of collagen between 

ages of beef animals. Hill (1966) also found no difference 

in collagen associated with age, but suggested that solu

bility of collagen should be considered in relation to meat 

tenderness. Adams, Harrison, and Hall (1960); Loyd and 

Hiner (1960); and Parrish, Bailey, and Naumann (1961) 

revealed a negative association between collagen content 

and meat tenderness. 

Data collected by Wilson et al. (1954) demonstrated 

a lower or at least no increase in collagen content of the 

muscle of older animals; therefore, strongly suggesting 

a structural change in collagen as the animal matures which 

is generally referred to as crosslinking. 

The relationships between collagen content and age 

of animal, and collagen content determined by chemical 

methods and scores for tenderness of muscle, have been the 

basis for the majority of the work that has been done to 

clarify the role of animal age influencing the tenderness of 

cooked meat. 



5 

Mitchell and Hamilton (1933) and Mackintosh, Hall, 

and Vail (1936) found that meat from younger steers con

tained less collagen and it was more tender than meat from 

older animals. Substantial differences in tenderness 

between muscle samples from very young as compared to very 

mature animals were detected by Cline, Longhead, and 

Schwartz (1932); Brady (1937); Hiner and Hankins (1950); 

Hiner et al. (1955); Simone, Carrol, and Chichester (1959); 

Romans, Tuma, and Tucker (1965); Walter et al. (1965); and 

Breidenstein et al. (1968). 

Berry, Smith, and Carpenter (1974), studying samples 

from carcasses in maturity groups A, B, C, D, and E found 

that tenderness ratings assigned to samples from E maturity 

carcasses were usually inferior to those from carcasses in 

the other maturity groups. Also, they recorded that dif

ference in tenderness between samples from A and B maturity 

groups were of small magnitude and not linearly related to 

advancing maturity, although samples from the most youthful 

carcasses were more tender than those from most mature. 

Comparisons among youthful carcasses have demon

strated that few significant differences in tenderness could 

be attributed to relative physiological maturity (McBee and 

Wiles, 1967; Covington et al., 1970;.Norris et al,, 1971), 

Also, Ritchey and Hostetler (1964), working with young 

cattle from 33 to 62 weeks of age, did not find any 

significant influence of age on tenderness scores. Muller, 
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West, and Palmer (1974) using cow carcasses of C, D, and E 

maturity observed that Angus and Hereford were significantly 

more tender than Zebu or dairy (Holstein and Jersey) cows. 

C maturity cows were significantly less tender than D or E 

maturity cows for all breeds. 

Very few reports appear in the literature which do 

not agree that decreases in tenderness values are not 

significantly correlated with age within a large range of 

maturity. Foster (1928) and Nelson, Lowe, and Helser (1930) 

are among those reporting no effect of age on meat tender

ness . 

In addition to tenderness, other carcass factors 

are associated with the effect of age on carcass composi

tion. Results of early investigations by Lawes and Gilbert 

(1859) and Swanson (19 21) have led to the conclusion that 

the amount of water decreases and the ash and protein 

content increases in the body as animals approach maturity. 

These changes are marked when fattening does not occur. 

Since the fat and water contents are extremely variable, 

but together generally constitute 75 to 79% of the whole 

empty body of mammals, Reid, Wellington, and Dunn (1955) 

presented evidence indicating that the fattening process is 

largely one of replacement of water by fat. In this same 

line of research, Murry (1922) , Moulton (1923), and Blackmon 

(_1960) have also observed that the water content decreased 

slightly with advancing age and that lipid content increased. 
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Marbling and maturity were long ago implicated as 

factors in the eating quality of beef. Official U.S.D.A. 

Standards for Grades of Beef Carcasses (U.S.D.A., 1965) 

have given the greatest consideration to these variables in 

evaluting beef quality. Cover, Butler, and Cartwright 

(1956); Cover, King, and Butler (1958); Alsmeyer et al. 

(1959); and Wellington and Stouffer (1959) have indicated 

that marbling is only moderately associated with beef 

tenderness and that variations in marbling or ether extract 

account for 10 per cent or less of the total variation in 

tenderness of the Longissimus dorsi steaks. Tuma,. 

Henrickson, Stephens, and Moore (1962) found that marbling 

had more influence in certain age groups than in others, 

while Walter et al. (19 63) reported that marbling had no 

significant effect on palatability in any of these maturity 

groups or six marbling levels studied. From studies with 

maturity groups A, B, C, and D, and two marbling (slight 

and moderate) degrees, Romans et al. (1965) found that 

neither maturity, marbling, nor core location had an effect 

on tenderness as determined by the Warner-Bratzler Shear on 

Longissimus dorsi steaks. Steaks from more mature carcasses 

were generally considered less tender than those from less 

mature carcasses by taste panel evaluation. However, no 

difference was detected in tenderness due to marbling or 

sample location. 
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Brady (1937), working with four different beef 

muscles, obtained a non-significant correlation between 

fiber diameter and shear force values. However, data 

presented by Hiner et al. (1953) indicate that meat having 

small fiber diameters was more tender than meat having 

large fibers. Romans et al. (1965) observed a trend toward 

larger fiber from more mature animals in their studies with 

A, B, C, and D maturity groups. Joubert (1956) demon

strated a high relationship (r = 0.856) between diameter 

of muscle fiber and total musculature in lamb. This 

worker also stated that as the animal increased in size 

and weight from birth to maturity, the muscle fiber diameter 

increased until the maximum growth capacity of the animal 

was reached. If this fiber diameter to total musculature 

relationship holds true for beef cattle, it may be that meat 

type or animal maturity could have an influence on tender

ness. Tuma, Venable, Wuthier, and Henrickson (1962), using 

five different age groups of Hereford steers (6, 18, 24, 42, 

and 90 months), found a gradual increase in fiber diameter 

with increasing animal age for the Longissimus dorsi muscle. 

The fiber diameter in the Semitendinosus muscle increased at 

6, 18, and 24 months, then leveled off. The authors stated 

that the effect of fiber diameter on tenderness appears to 

be due to the animal-age-fiber diameter relationship. 

Within age groups, there seems to be little relationship 

between fiber diameter and tenderness. 
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Research studies have failed to identify at which 

specific time (chronological age or physiological maturity) 

a definite decrease in tenderness begins to occur. Assump

tions have been made that the effects of maturity on 

palatability attributes, especially tenderness, are pro

gressive, accumulative, and linear. 

Effect of Cooking Temperature on 
Meat Tenderness 

It is widely known that heat treatment causes meat to 

shrink. This thermal shrinkage is due to the physical and 

chemical transformation of muscle fibers and collagen fibers 

found in the connective tissue of muscle. Internal doneness 

temperature and carcass maturity are two important factors 

which should be taken into consideration as modifiers of 

meat tenderness. 

Lowe (1955) reported that when the internal tempera

ture of meat reached 90 C, the total weight loss was 34.6%; 

the volume loss was 16,6%; the length shrink was 22.0%; the 

width shrink was 12.0%; and the depth gained was 8.0%. 

Cooking for an additional hour increased the losses at this 

same temperature. Taki (19 65) collected a large amount of 

data on cooking losses of the Longissimus dorsi muscle. 

With an internal temperature of 77 C in an electric oven, 

the mean cooking loss was 32.92 + 3.81%, which was in close 

agreement with Lowe (1955). The former worker also 

observed that cooking the same kind of steak by deep frying 
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to the same internal temperature caused the cooking loss to 

be 38.91 + 1.63%. 

Shock, Harrison, and Anderson (1970) studied the 

effect of dry and moist heat treatment using Semimembranosus 

muscle cooked to an internal temperature of 70 C and found 

that the highest cooking loss was 33.2%. The shrinkage 

of muscle fibers during the heating process was observed 

under the microscope by Landmann (1967) and Hostetler and 

Landmann (1968) using isolated muscle fibers at a constant 

temperature of 37 C, 45 C, 53 C, 61 C, and 77 C, These 

workers recorded that the decrease in fiber diameter takes 

place at lower temperatures than the decrease in the length 

of the fibers. 

Herring, Cassens, and Briskey (1965) observed that 

the sarcomere length was greater when the muscle fiber 

diameter was smaller. Sherman (1961) indicated that the 

decrease in the fiber length began at about 50 C as well 

as the coagulation of proteins and it was complete at 70 C. 

This range of temperature corresponds to the region where 

most of meats are cooked, especially in research work. 

Cover, Hostetler, and Ritchey (1962), using 

Longissimus dorsi muscle to study the effect of internal 

cooking temperature, observed that a temperature increase 

from 61 C to 80 C reduced the muscle tenderness. In this 

same work using steaks from Biceps femoris and Longissimus 

dorsi from ISO different animals, neither muscle showed 
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significant differences between shear-force values at 80 C 

and 100 C. 

Laakkonen (1973), in a very extensive review on 

factors affecting tenderness of meat during heating compared 

the results given by Giles (1969) with those obtained by 

Marsh and Leet (1966) and concluded that during rigor mortis 

a decrease of up to 20% of the initial length of fiber 

does not exert a significant effect on tenderness. However, 

toughness increased rapidly with further shortening beyond 

this point, reaching a peak many times its original value at 

a shortening of about 40%. The authors suggest that 

possibly the shortening of muscle fiber during the heating 

process of meat could have a similar effect. 

VerzSr (19 64) has noted from a search of the medical 

literature as early as one hundred years ago, that when a 

collagen fiber is heated to about 58 C it shrinks to about 

one*-quarter of its original length. This worker studied the 

effects of post-mortem aging on the contraction of collagen 

during heating. In collagen fibers of older animals the 

contraction takes place at a slower rate than in the 

collagen of younger animals. During thermal contraction of 

the tendon fiber the release of hydroxyproline from younger 

animals is very fast and in appreciable amounts; whereas 

the release from older animals is slower and to a much 

lesser extent. During thermal contraction at 55 C to 65 C 

a certain amount of collagen is dissolved and goes into 
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solution. This amount of collagen decreases with age of the 

animal. VerzSr named this soluble collagen "labile 

collagen." The decrease in labile collagen with increased 

age could be explained as a result of increased cross-links 

during the aging process of the animal. VerzSr and Zs-Nagy 

(1970) reported that at 55 C disintegration of cross 

striations occurred as the first morphological manifesta

tion of the destruction of collagen fiber. According to 

Gustavson (1955a, 1955b) this is caused by rupture of 

internal corss-linkage of collagen. The increasing number 

of these cross-linkages with age leads to an increase of the 

Thermal Shrinkage Temperature (T ), which is generally taken 

as that temperature at which the release of soluble hydro-

xyproline occurs. Soluble substances are released from 

collagen fibers during the thermal shrinkage and appear to 

decrease with advancing aging according to VerzSr (1964). 

In early studies VerzSr (1957), VerzSr and Freydberg-Lucas 

(1958), VerzSr and Huber (1958) , and Brocas and VerzSr 

(1961) have reported that the temperature of thermal 

shrinkage (T ) was not related to age. Other workers, 

however, have reported an increase in Tg with advancing age 

(Brown and Consden, 19 58; Brown, Consden, and Glynn, 19 58; 

Joseph and Bose, 1962). The cross-linkage stability of 

collagen can be altered by chemical or physical agents 

leading to a decrease in the Tg value. 
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Gustavson (1957) stated that the principal type of 

cross-linkages broken during the thermal contraction of 

collagen was the hydrogen bonds formed between the 

hydroxyl groups of hydroxyproline. This researcher 

postulated that these bonds were among the relevant sources 

of stabilization of collagen fibers against thermal 

shrinkage. However, more recently Burge and Hynes (1959) 

and Piez and Gross (1960) indicated that the pyrrolidine 

residues locking the amino acids residues of collagen into 

a poly-L-proline II-type configuration has a significant 

influence on stabilization of the collagen fibers. 

Goll, Hoekstra, and Bray (1964), using four age 

groups of bovine, found that the Tg value for 40-49 day old 

veal calves was 55 C and for 10 year old cows it was 7 0 C. 

These findings indicate stronger or more extensive cross-

linkage in the collagen from older animals. 

Machlik and Draudt (1963) studied small samples of 

Semitendinosus muscles and found that a marked decrease in 

shear values occurred rapidly in the 58 to 60 C range, an 

increase in the 65 to 75 C range and a decrease again in the 

71 to 75 C range, being more pronounced with increasing 

temperature. The 71 to 7 5 C range could correspond to the 

temperature at which the collagen fibers break (VerzSr, 

1964). 

Draudt, Machlik, and Rimstidt (1964), working with 

Longissimus dorsi, found that collagen shrinkage was 
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evident in the 56 to 58 C range and minimal values for 

shears were obtained at 60 C. The hardening reaction became 

evident as temperature was increased above 60 C with the 

maximum shear value at 70 to 76 C. At higher temperatures, 

the softening action was believed to be due to solubilization 

of collagen occurred resulting in decreased shear values 

with increasing temperature. The above results with 

Longissimus dorsi were in agreement with previous studies 

by Machlik and Draudt (1963) who used the Semitendinosus 

muscle. 

Currently there appear to be three major heat 

produced changes in the muscle: (1) the collagen shrinkage 

reaction, (2) the hardening reaction, and (3) a softening 

reaction. The hardening reaction is presumed to be due to 

the changes in the muscle fiber proteins which form the 

basic functional structure of muscle, the sarcomere, and 

the softening reaction due to solubilization of collagen 

into gelatin. 

Opinions in the recent literature concerning the 

effect of the amount of connective tissue on tenderness of 

meat are not unanimous. Many cooking methods have been based 

on two traditional principles of meat cookery (Cover, 1959) . 

These involve the concepts that high temperatures toughen 

proteins, and that long, slow cooking by moist heat makes 

less tender cuts more tender by hydrolyzing the collagen of 

connective tissue. Another fibrous protein of connective 



tissue is elastin, which is very resistant to heat, 

although it tends to shrink and harden (Lawrie, 1968). 

However, elastin is quantitatively a minor component of 

the total connective tissue of most muscles. 



MATERIAL AND METHODS 

In this study twelve Hereford cows were used as 

experimental material. They were obtained from a registered 

Hereford herd owned by the Apache Indian Tribe at San 

Carlos, Arizona. This herd is maintained under range con

ditions with little or no supplementation during the winter 

months. The range forage consisted of desert grassland 

vegetation as described by Nichol (1952). Annual rainfall 

in this area averages about 355 mm and the temperatures 

range from 7 C in January to 29 C in July. 

The twelve cows represented three age groups with 

four animals per group as follows: Group I—3 years old, 

mean live weight 422 kg; Group II—6 years old, mean live 

weight 439 kg; and Group III—10 years old, mean live weight 

4 60 kg. Selections were made in a manner which allowed cows 

in each age group ranging in body condition from poor to 

average. Following selection the cows were trucked directly 

to the University of Arizona Meats Laboratory in Tucson. 

Before slaughter each group of cows was subjected to 

a 12 to 15 hour fasting period. Live weights were recorded 

immediately before slaughter. The weight of hide, fore 

shank, hind shank, head, tongue, liver, kidney, lung, 

viscera, heart, and hot carcass were recorded for each 

animal during the slaughter process, 

16 
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The right side of each carcass was aged for seven 

days in a forced-air cooler at 2 C and the left side was 

aged under similar conditions for 14 days. 

After the respective aging periods, the carcasses 

were "ribbed" between the 12th and 13th ribs. The ribeye 

area, fat thickness and marbling score were recorded on 

each side. Each side was separated into wholesale cuts 

which included the round, short loin, sirloin butt, rib, 

chuck, flank, shank, and brisket and plate according to the 

standard procedures established by Wellington (1953). 

The various wholesale cuts were physically separated 

into lean, fat, and bone. Eight muscles were obtained from 

the wholesale cuts for tenderness studies, lipid determina

tion, and marbling scores. These muscles included: the 

Triceps brachii and Supraspinatus from the chuck; Semi

membranosus , Semitendinosus, and Biceps femoris from the 

round; Longissimus dorsi and Psoas major from the shortloin; 

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. Samples for tenderness and 

lipid determination were removed from each muscle in frozen 

state. 
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Method of Sampling 

To obtain a true estimate of the tenderness of each 

muscle it was necessary to obtain several shear force 

values which were averaged to represent the sample. 

The weight and cross sectional area of the same 

muscle varied from carcass to carcass. Therefore, sampling 

was accomplished by cutting the muscle in two halves, 

perpendicular to the long axis of the fibers. From each 

muscle half, on the freshly exposed end, one 1.27 cm thick 

steak was obtained for lipid determination. Immediately 

adjacent to each* & 2.54 cm thick steak was cut for 

tenderness determination. This procedure provided, 

from each muscle, two 2.54 cm thick steaks for the 

tenderness determinations by the Warner-Bratzler Shear and 

two 1,27 cm thick steaks for lipid determination. The steak 

obtained from the distal part of the muscle was identified 

as steak #1 and, that obtained from the proximal part was 

steak #2. 

Cross sectional areas of each steak were divided 

into A, B, C, and D sub-areas such that the corresponding 

sub-areas in steaks #1 and #2 were mirror images 

Method of Cooking 

From each muscle in the frozen state two 2.54 cm 

thick steaks were taken as previously described, identified, 

packed individually in laminated paper, and held frozen. 



19 

In preparation for cooking, they were thawed at room tempera

ture for 5 hr. The cuts were broiled in an electric oven to 

an internal temperature of 71 C with a thermostat setting of 

23 2 C. The internal temperature was measured with a long-

stemmed dial thermometer by inserting the point into the 

center of the steak. To cook the steaks uniformly on both 

sides, the steaks were turned when an internal temperature 

of 37 C was reached. The cooked steak was stored at 5 C 

overnight before the tenderness measurements were taken. 

Tenderness Measurements 

The shear-force values were obtained by using a 

Warner-Bratzler Shear device. A single 1.27 cm diameter 

core from each sub-area (A, B, C, and D) from both steak #1 

and #2 was sheared. A great deal of care was taken to 

obtain the cores along and not across the fibers. This was 

done so that the orientation of muscle fibers during the 

shearing would be similar in all cores sampled. The shear 

force values were directly obtained by reading from the 

apparatus dial in kilograms of force. 

Lipid Extraction Procedure 

The two steaks from each muscle utilized for lipid 

determinations were ground to a single 

in a laboratory type food cutter. Intramuscular lipid 

analysis was performed using duplicate determinations and 
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reruns were made when the differences between duplicates 

exceeded 2 per cent. 

The chloroform-methanol method of extraction 

described by Brown (1969) was used. The method of extrac

tion was as follows: 

1. Analytically weich out approximately 10 g muscle 

tissue and record exact weight. 

2. Blend tissue (Omni-Mixer) with 9 5 ml CH^OH at high 

speed (#6) for 90 seconds. 

3. Add 50 ml CHCl^ and mix for 30 seconds at low 

speed (#2). 

4. Add 50 ml CHCl^ and mix for 30 seconds at low speed 

(#2). 

5. Add 50 ml demineralized 1^0 and mix for 30 seconds 

at high speed (#6) . 

6. Add 1.8 g zinc acetate and mix for 10 seconds. 

7. Filter through two pieces of Whatman #42 filter 

paper in a Buchner funnel. Analytically weigh top 

piece of filter paper and wet filter paper with 

demineralized before adding homogenate. 

8. Wash mixing jar with approximately 3 0 ml CHCl^ and 

transfer contents to Buchner funnel after the 

homogenate has completely filtered. 

9. Transfer the filtrate to a 250 ml graduate cylinder. 

Rinse filter flask with CHCl^ and add to filtrate. 

Let set overnight. 
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10. Collect, dry in vacuum oven, and analytically weigh 

out residue from filtration along with top piece of 

filter paper. 

11. When the two phases have clearly separated in the 

graduated cylinder, read and record the volume of 

the lower layer (CHCl^)• Remove the upper phase 

by suction, not disturbing the lower phase. 

12. Remove a 30 ml aliquot from the lower phase and 

place in an analytically pre-weighed beaker. 

Evaporate to dryness in vacuum oven at approximately 

50 C and obtain dried weight analytically. 

13. Calculations: 

% lipid = 

Volume of CHCl^ layer 
aliquot lipid weight x 

weight of tissue 

x 100. 

Statistical Treatment of Data 

The data were expressed either on a percentage basis 

of the carcass or muscle weight, or in kilograms of shear 

force for each individual muscle. This allowed all 

observations to be evaluated independently in the interpre

tation of the results. 

All the data were tested for significant differ

ences between the means by the ANOVA 45 program for analysis 



of variance (Weldon and Humphrey, 1972) and by means of the 

least-squares analysis of variance and nested least square 

procedures according to Harvey (1960). The nested variables 

were age, side, storage time, muscle shear value, extracted 

lipid, and marbling score. 

On those effects found to be significant (P < .05), 

the Duncan's New Multiple Range Test according to Li (1964) 

was applied to isolate these differences. 



RESULTS AND DISCUSSION 

Influence of Age on Live Animal and Carcass Data 

The live weight and carcass data means by age group 

are listed in Table 1. No significant differences (P < .05) 

in live weights were observed among the age groups. Also, 

no effect of age could be seen in the traits and propor

tions of the carcasses studied. It was anticipated that 

differences might be observed which were due to the age of 

the animal. 

Schake and Riggs (1972) found that beef cows fre

quently undergo rather drastic body weight changes due to 

the influence of season of year expressed through variation 

in quantity and/or composition of available forage plus 

metabolic energy demands of gestation and lactation. 

Lean, Fat, and Bone Ratios of Wholesale Cuts 

Separable lean, fat, and bone percentages for each 

wholesale cut are presented in Table 2 by age group. None 

of the percentages were influenced significantly by animal 

age even though large differences for certain cuts were 

noted. The within age variance for these parameters was of 

sufficient magnitude to mask the sizeable between age 

variances which existed, 

23 
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Table 1. Live weight and carcass data means by age group. 

3 yr. 6 yr. 10 yr. 
Parts, organs, and traits cow cow cow 

Live weight, kg 422 439 460 
Ribeye area, cm^ 56.1 53. 5 51.6 
Fat thickness, cm 1.0 0.4 0.5 
Kidney, pelvic, and heart fat, % 0.2 0.2 0.2 
Yield grade 2.9 2.5 2.8 

Percentage of live weight: 

Hide 8.3 8.5 7.9 
Fore shank 0.9 0.9 0.9 
Hind shank 0.9 0.9 0.9 
Head 3.4 3.4 3.1 
Liver 1.2 1.0 1.0 
Kidney 0.2 0.2 0.2 
Lung 1.4 1.4 1.5 
Viscera 22. 6 22.2 21.8 
Heart 0.4 0.4 0.4 
Side hot carcass 25.7 26.5 26.0 
Side cold carcass 24.8 25.4 24.9 
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Table 2. Percentage of separable lean, fat, and bone 
from wholesale cut by age groups. 

3 yr. 6 yr. 10 yr. 
Wholesale cut name and parts cow cow cow 

Chuck 
lean 70.4 73.3 74.3 
fat 9.9 7.5 7.8 
bone 18.7 18.3 17.6 

Rib 
lean 58.5 62.5 58.6 
fat 19.1 11.2 13.7 
bone 24. 2 24.8 26.9 

Shank and brisket 
lean 51. 2 52.2 53. 2 
fat 14.7 10.1 10.2 
bone 33.1 36.1 35.8 

Round 
lean 68.1 70.2 70.9 
fat 12.2 10.1 10. 4 
bone 18.9 18.8 17.9 

Plate 
lean 56.8 59.6 65. 2 
fat 24.8 21.7 19. 2 
bone 17. 7 18. 2 14.2 

Shortloin 
lean 61. 0 65.7 65.9 
fat 16.7 13.7 14. 2 
bone 20. 5 18.6 19.6 

Sirloin butt 
lean 63.7 68.6 66.7 
fat 17. 0 13.3 14.3 
bone 18.7 16,7 18.0 

Flank 
lean 53.3 57.8 59.7 
fat 44.1 39.1 36.1 
bone 1.5 2.5 2.5 
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The data collected for lean, fat, and bone ratios 

were in agreement with early studies conducted by Helser 

(1930), where age of steers (8, 20, and 32 months old) was 

observed to have little influence on the percentage of the 

various cuts of beef. 

Size of Selected Muscles 

Age Effect 

The selected muscles: Triceps brachii and Supra-

spinatus from the wholesale chuck; Semimembranosus, Semi-

tendinosus, and Biceps femoris from the wholesale round; 

Longissimus dorsi and Psoas major from the wholesale 

shortloin; and Gluteus medius from the sirloin butt repre

sent cuts which comprise the major portion of the carcass 

weight as well as value. These muscles are commercially 

important due to their presence in the most valuable 

retail cuts coming from the beef carcass. Thus, these 

muscles were considered representative of the entire carcass 

and were used for all analyses. 

The mean weight for each individual muscle and its 

percentage in each respective wholesale cut are listed in 

Table 3 by age group. The Biceps femoris and Semi

membranosus were the heaviest muscles (3.5 kg) and were 

similar in weight. The Psoas major from the shortloin and 

Supraspinatus from the chuck were the lightest and similar 

in weight, Statistical analysis of individual muscle weight 



Table 3. Muscle weight and percentage of wholesale cut by age group and side. 

Age Side 

Wholesale cut and 
muscle name 

Muscle wt.' 

3 
yr. 

6 
yr, 

10 
yr, 

% wholesale cut 

3 
yr. 

6 
yr, 

10 
yr. 

Muscle wt. 
% wholesale 

cut 

Right Left Right Left 

Chuck 
Triceps brachii (TB) 
Supraspinatus (SP) 

Round 
Semimembranosus (SM) 
Semitendinosus (ST) 
Biceps femorus (BF) 

Shortloin 
Longissimus dorsi (LD) 
Psoas major (PM) 

Sirloin butt 
Gluteus medius (GM) 

2.3 
0.8 

2.9 
1.5 
2 . 8  

2 . 0  
0 . 6  

2.9 
1.0 

3.3 
1.6 
3.7 

2.3 
0 . 6  

2.7 
1.0 

3.3 
1.6 
3.5 

2.3 
0.7 

8 . 2  
2 . 8  

10.8 
5.7 
10,5 

27.1 
8.1 

9.6 
3.1 

11. 9 
5.8 
13.1 

27.5 
8.9 

8.3 
3.0 

11.7 
5.5 

12.0 

30.8 
9.1 

2.6 
0.9 

3, 
1, 
3, 

2 ,  
0, 

2.7 
0.9 

3.2 
1.5 
3.2 

8.4 
3.1 

11.5 
5.9 

12.2 

2,0 2.5 2.4 22.3 22.7 22.6 2.3 

2.2 27.9 
0.6 9.0 

2.3 22.1 

8.9 
2.9 

11.4 
5.4 

11.6 

29.0 
8.4 

23.0 

Muscle weight in kg. 
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data among age groups revealed no significant differences 

(P > .05) in muscle weight. In fact, the muscle weights 

were quite similar for all age groups. 

The Longissimus dorsi, Supraspinatus, and Semi

membranosus muscles were highly correlated with live weight 

(r = 0.88, 0.88, and 0.86, respectively). 

Muscle weight as a percentage of respective whole

sale cut are compared by age group in Table 3. Among the 

eight muscles studied, the Longissimus dorsi represented 

the highest value in terms of percentage of wholesale cut 

from which it was removed. Although the differences in the 

percentage values were not significant, the values for the 

muscles from the shortloin showed a tendency to increase as 

animal age increased from 3 to 9 years, 

Butterfield (1963) found that only advanced 

fattening altered the relative weights of muscles in adult 

cattle differing in breeding and nutritional history. The 

effect of age was similar to, but less pronounced than the 

effect of fatness. The relatively greater increase of the 

ventral parts of the body with age and fattening, as well 

as the increase in the fat deposits alters carcass con

formation. However, the body condition of the cows used 

in this study did not fit the above description. 

Callow (1962) found that there were no differences 

in the proportions of the total muscle in various joints 

(wholesale cuts) when comparing Hereford, Dairy Shorthorn, 



29 

and Friesian steers and between animals reared under 

differing planes of nutrition. 

Berg and Butterfield (1966) working with different 

breeds (Hereford, Brahman, Poll Hereford, Angus, Shorthorn) 

and ages (6 to 60 months) found significant differences in 

muscle weights. This was not surprising considering their 

diverse origin, live weight values, and ages of the 

cattle. Also, large standard deviations existed for all 

tissue weights, again reflecting considerable variation. 

The effects of age, range conditions, and season on 

the group of cows utilized in this study did not appear to 

have a direct or significant influence on the musculature 

size of the animals. 

Side Effect 

Muscle weight comparisons between the right and left 

sides are also given in Table 3. However, no significant 

(P > ,05) differences were observed. Considering that the 

right side was aged for 7 days and the left side for 14 

days, differences could have been created due to greater 

moisture loss during the 14 days aging as opposed to the 

7 days aging because of the thin fat covering of the 

carcasses. 



Muscle Marbling and Lipid Values 

30 

Comparisons by Muscle Within Ages 

In order to determine the effect of age on the 

amount of intramuscular fat and also to determine the 

relationship between marbling and shear force value, the 

lipid was extracted from each individual muscle. 

The least squares means for per cent intramuscular 

lipid (wet basis) and marbling score by muscle within each 

age group are listed in Table 4. In all age groups, the 

Biceps femoris possessed the highest value for extractable 

lipid; however, in Group I (3 years), it was not signifi

cantly different (P > .05) from Psoas major, Longissimus 

dorsi, Semimembranosus, or Triceps brachii. In Group II 

(6 years), the Biceps femoris was significantly different 

(P < .05) from all muscles except the Longissimus dorsi. In 

Group III (10 years), the Biceps femoris was significantly 

different (P < .05) from Gluteus medius, Semitendinosus, and 

Semimembranosus for intramuscular lipid. 

The marbling scores of the eight selected muscles 

within age groups are also listed in Table 4. The Biceps 

femoris was scored the highest for marbling in all three age 

groups. In Group I, the Biceps femoris, Triceps brachii, 

Semimembranosus, Semitendinosus, Longissimus dorsi, and 

Psoas major scores were similar. 



Table 4. Least squares means for lipid and marbling score for various muscles 
within age groups. 

Parameter 
a 

TB ss SM ST BF LD PM GM 

3 yr. cow 

Lipid % 

O
 00 • 

ID 

4.2Cd 
. ,bcd 4. 6 4.2Cd 6.3b 5. 4bc 5. 8b 3.3d 

Marbling 
score 7.7bc 5.1Cd 7.7bC 

6 

8 . 7b 

yr. cow 

9.5b • 00
 cr
 

o
 

6.1bcd 3.6d 

Lipid % 5.8bc 5.4bc 4.2b A a)°C 4. 6 7.6d 6. 3Cd 5. 5bc 4.4b 
Marbling 
score 6.7 6.7 10.2 

10 

5.8 

i yr. cow 

9.0 7.9 7.4 6.0 

Lipid % 5. 3bc 4.7bC 3.9Cd 4.2Cd 6.4b 5. 2bc 5. 0bG 2.8d 
Marbling 
score 5. 4bc 4. lbc 6. 3b 4. 7bC 5. 6b 7. 5b 5. 2bC 1. 9C 

aidentification for muscles and marbling scores appears in Appendix A. 

k'C'dyalues within each age group with different superscript on the same 
line are significantly different (P < .05). 
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No statistical differences (P > .05) among the 

muscles in marbling scores for Group II were noted. In 

Group III, the Gluteus medius scored the lowest for 

marbling being significantly different (P < .05) from all 

other muscles. 

The marbling scores recorded from the Biceps 

femoris, Longissimus dorsi, Semitendinosus, and Triceps 

brachii were significantly (P < .05) correlated with intra

muscular fat (r = 0.69, 0.51, 0.47, and 0.40, respectively). 

Relationships calculated between intramuscular fat and 

marbling score for the Supraspinatus, Semimembranosus, 

Psoas major, and Gluteus medius (r = 0.31, 0.19, -.03, and 

-.03, respectively) were not statistically significant 

CP > . 05) . 

The correlations between marbling score and intra

muscular fat, although statistically significant for 

certain muscles (Biceps femoris, Longissimus dorsi, Semi

tendinosus , and Triceps brachii) but not for others 

(Supraspinatus, Semimembranosus, Psoas major, and Gluteus 

medius), were expected to be much higher. The lack of close 

association between marbling score and intramuscular fat has 

led to the conclusion that the presence of intramuscular fat 

detected by chemical methods is not reflected visually when 

evaluated as marbling in mature cows. This may indicate 

the presence of significant quantities of phospholipids 

within the muscle. Even for the muscles with significant 
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correlation coefficients, such as the Biceps femoris (r = 

0.69), it is difficult to predict the intramuscular fat 

content from the marbling score. 

Blumer et al. (1962) stated that the degree of 

marbling may vary by as much as three marbling scores 

within different sections of Longissimus dorsi. Therefore, 

it appears that the relationship between marbling score and 

intramuscular fat is inconsistent. 

Comparisons by Ages Within Muscle 

The least squares means for per cent intramuscular 

lipid for each individual muscle are listed in Table 5 by 

age groups, Non-significant (P > .05) differences were 

observed in lipid content of individual muscle among the 

three age groups. 

Age of the animal had no significant influence on 

marbling score of the muscle (Table 5). Apparently, 

condition of the animal was much more important than the age 

with regards to intramuscular fat. 

The absence of significant differences in intra

muscular lipid among the eight muscles of the three groups 

agrees with the results reported by Schake and Rigg (1973); 

Ramsey, Cole, and Sliger (1967); and Tuma, Henrickson, 

Stephens, and Moore (.1962). On the other hand, Jacobson 

and Fenton (1956); Bray, Phillips, and Bohstedt (1951); 
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Table 5. Least squares means for lipid and marbling score 
by age within muscle. 

Parameter 3 yr. 6 yr. 10 yr. 

mIa TB 
Lipid % 
Marbling score 

6.8 
7.2 

5.3 
6.2 

6.0 
7.7 

SS 
Lipid % 
Marbling score 

5.2 
4.6 

4.9 
6.2 

5.5 
6.5 

SM 
Lipid % 
Marbling score 

5.7 
7.2 

3.7 
9.7 

4.7 
8.7 

ST 
Lipid % 
Marbling score 

5.3 
8.2 

4.1 
5.4 

5.0 
7.1 

BF 
Lipid % 
Marbling score 

7.4 
9.0 

7.2 
8.6 

7.2 
8.0 

LD 
Lipid % 
Marbling score 

6.4 
7.4 

5.8 
7.5 

5.9 
9.8 

PM 
Lipid % 
Marbling score 

6.8 
5.6 

5.0 
7.0 

5.8 
7.6 

GM 
Lipid % 
Marbling score 

4.4 
3.1 

3.9 
5.6 

3.5 
4.2 

Identification for muscles and marbling scores 
appears in Appendix A. 
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and Tuma et al. (1963) found significant increases in 

extracted lipid due to age. 

Tenderness of Selected Muscles 

Comparisons by Muscles Within Ages 

The least squares means given in Table 6 represent 

the average of the four shear force values from each of two 

steaks (total of eight values) from each selected muscle. 

Within each age group, the shear values were found to be 

different (P < .05) by individual muscle. In Group I, the 

Biceps femoris had the highest shear value (7.9 kg) being 

significantly different (P < .05) from all the other muscles 

with the exception of the Semimembranosus muscle (6.7 kg). 

In both Groups II and III, the Biceps femoris again had the 

least tender steaks (.8.1 kg and 8,9 kg, respectively) being 

significantly different (P < ,05) from all other muscles. 

From the data listed in Table 6, it is difficult to 

select the individual muscle which was the most tender. The 

Gluteus medius, Longissimus dorsi, Psoas major, and Triceps 

brachii were very similar with respect to the shear force 

value (tenderness). It has been accepted for many years 

that the Psoas major was the most tender muscle. However, 

there was really no evidence to indicate that the Psoas 

major was the most tender of the eight muscles studied. 

Ramsbottom, Strandine, and Koonz's (1945) studies 

on the comparative tenderness among 25 beef muscles revealed 
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Table 6. Least squares means for shear force (kg) value for 
muscle within age groups. 

Parameter TB SS SM ST BF LD PM GM 

3 yr. cow 

Mean shear 
St^ ̂ . ,b c 0bc , _cd c 0bc d _ _b c _b . .b 
and 2 4.1 5.3 6.7 5.3 7.9 3.7 5.0 4.4 

6 yr. cow 

Mean shear 
Stfa^ ̂  t Qb „bc c .be „bc Q ,d a ,cd .b ^b and 2 3.8 5.2 5.4 5.2 8.1 6.6 3.4 3.5 

10 yr. cow 

Mean shear 
steak #1 , , c K hc d _ Q

c o -7° t qc 
and 2 4.2 5.2 6.3 5.2 8.9 3.8 3.7 3.8 

Abbreviation for muscles which appear in Appendix A. 
j_ j 
' ' Values within each age group with different 

superscript on the same line are significantly different 
(P < .05) . 



that there was a great variation in texture of the muscles 

as determined by the size of the bundles of fibers 

(fasciculi) and the amount of connective tissue (perimysium) 

surrounding the bundles. These workers also found that the 

Gluteus medius, Longissimus dorsi, Psoas major, and 

Triceps brachii were among the 6 most tender muscles of the 

25 studied. Brady (1937) associated a fine texture to the 

muscle with tenderness. Previously, Moran and Smith 

(1929) observed that small fibers and bundles were present 

in the Psoas maj or and large fibers and bundles were common 

in the muscles of the round. The texture of the Gluteus 

medius, Longissimus dorsi, Psoas major, and Triceps brachii 

is considered to be fine and, therefore, agrees with the 

observation of Brady (1937). 

It is well known that a wide range in tenderness 

occurs between muscles in any animal. In general, those 

muscles which contain the least amount of connective tissue 

such as the Psoas major or Gluteus medius are the most 

tender and those with a greater amount of connective tissue 

such as Biceps femoris or Supraspinatus are generally the 

least tender, 

Price and Schweigert (1971) describing tenderness 

variation within muscles showed that tenderness decreases 

rapidly from the pelvic end in the Semimembranosus, is 

almost uniform in Biceps femoris and Semitendinosus, and 

increases from the center to both ends of Longissimus 



dorsi. These variations in tenderness between muscles and 

within muscles emphasize how complex the assessment of this 

variable is and also emphasizes the importance of good 

cutting practices if the meat is to have its maximum 

tenderness when served. 

Connective tissue in muscle is made up of collagen, 

elastin, and ground substance. Of these constituents, the 

only one present in large amounts is collagen. The break

down of the collagen is the characteristic that shows the 

greatest difference between the Longissimus dorsi (tender) 

and Biceps femoris (less tender) muscle according to Cover, 

Hostetler, and Ritchey (1962). These researchers found that 

the Biceps femoris had less tender connective tissue than 

the Longissimus dorsi when cooking steaks to 61 or 80 C 

internal temperature. It is assumed that the Biceps femoris 

has a more dense network of cross-linking involving the 

collagen fibers than the Longissimus dorsi muscle which 

would make the Biceps femoris connective tissue less 

susceptible to heat degradation. 

On the other hand, Cover, Ritchey, and Hostetler 

(19 62) in comparing the tenderness of these same two 

muscles found no significant difference in the shear force 

values at 61 C internal temperature. This result is 

difficult to explain because of the less tender connective 

tissue and much higher collagen content in the Biceps 

femoris. At 80 C internal temperature, the Longissimus 
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dorsi with more tender connective tissue and less collagen 

content had significantly higher shear force values (less 

tender). 

These data strongly indicate that in this range of 

internal temperatures (61 to 80 C), the connective tissue 

per se did not have a definite effect on the muscle tender

ness. The combined effects of the cooking temperature on the 

proteins of connective tissue and the sarcomere have to be 

taken in consideration when tenderness evaluation is made. 

Data obtained in this study (Table 6) show that the 

Biceps femoris was significantly (P < .05) less tender than 

the Longissimus dorsi in age Groups I and III. In this 

respect, these data agree with the results given by 

Ramsbottom et al. (1945) and also with Sanderson and Vail 

(19 63) who found that the Longissimus dorsi was more tender 

than the Semimembranosus or Semitendinosus when cooked to 

80 C internally. 

From the data in Table 6, the muscles may be 

classified into three groups on the basis of tenderness: 

(1) the Longissimus dorsi, Psoas major, Triceps brachii, and 

Gluteus medius; (2) the Supraspinatus and Semitendinosus; 

(3) the Semimembranosus and Biceps femoris. The first 

group was considered the most tender and the muscles were 

classified as those preferred for the broiling method of 

cooking. These muscles are primarily found in club, T-bone, 

and porterhouse steaks. The second group is best prepared 
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by dry or moist heat cooking and are intermediate in 

tenderness. The third group of muscles are the least 

tender of the eight muscles studied and should be prepared 

by "Swissing" or moist heat cooking (braising). 

Knutson et al. (1966) studying the variation in 

tenderness of beef muscles (Semimembranosus, Gluteus 

medius, Semitendinosus, Biceps femoris, Rectus femoris, 

Longissimus dorsi loin and rib) also found the same general 

pattern for classification of beef muscle according to 

their tenderness. 

Muscle tenderness from mature beef cattle is the 

most important factor in appraising the palatability of the 

meat. Since tenderness assumes such importance in consumer 

evaluation of the meat, consideration of this factor is 

valued in areas where most of the merchandise beef falls 

into the mature cateyory. Any system developed to evaluate 

the acceptability of such carcasses has to consider tender

ness as a paramount factor. The dollar value assigned to 

the different parts and/or cuts definitely depend on this 

factor. 

The most tender muscles from this group of mature 

cows were the Longissimus dorsi, Psoas major, Triceps 

brachii, and Gluteus medius. These muscles can be valued 

higher and merchandized primarily as steaks for broiling. 

However, it should be mentioned that the internal tempera*-

ture to which steaks from these muscles are cooked is 
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critical in obtaining maximum tenderness. Cuts with 

greater amounts of connective tissue could become more 
# 

tender by cooking to higher internal temperatures, whereas 

cuts with less connective tissue may toughen as the internal 

temperature increases. This observation is based on the 

hardening reaction which is presumed to be due to changes 

in the myofibrillar proteins. Draudt et al. (1964), working 

with the Longissimus muscle, found maximum collagen shrinkage 

between 56 and 58 C internal temperature and the minimal 

shear values were obtained at 60 C. The hardening reaction 

became evident as internal temperature was increased above 

60 C with the maximum shear values at 7 0 to 76 C. At higher 

temperatures, the softening reaction occurred which was 

believed to be due to solubilization of collagen resulting 

in increased tenderness. However, at these high internal 

temperatures acceptability was poor because of the influence 

on other palatability factors. 

Several studies have shown that there is no 

systematic increase in the amount of connective tissue 

(collagen) as age increases (Wilson et al., 1954; Goll, 

Bray, and Hoekstra, 1963; Hill, 1966); Hill (1966) 

suggesting that the age of animal affects the collagen 

solubility. The decrease of soluble collagen with age can 

be explained as the result of increased cross-linking of the 

collagen molecule during chronological aging of the animal. 
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Comparisons by Ages Within Muscles 

The least squares means for shear force values by 

each individual muscle for each age group are presented in 

Table 7. The Longissimus dorsi was the only muscle whose 

tenderness was significantly influenced (P < .05) by age of 

the animal. The Longissimus dorsi steaks from cows 3 and 10 

years of age were significantly (P < .05) more tender than 

from 6 year old cows. 

Locker (1960) suggested that there may be a rela

tionship between the post-rigor sarcomere length of muscle 

and its ultimate tenderness. This worker also indicated 

that in a tender muscle, like the Longissimus dorsi where 

the effect of connective tissue is small, the state of 

contraction is a significant factor in tenderness. Herring 

et al. (1965) also reported a highly significant (r = -.82) 

relationship between the amount of fiber contraction, as 

evaluated in sarcomere length, and tenderness in beef 

muscle. 

Another physical change in the fine structure of 

muscle that appears to be involved with the development of 

tenderness is the degradation and/or disappearance of Z_ 

lines as well as the breakdown of the junction of Z_ line 

and I_ filaments of the muscle myofibrils (Davey and 

Gilbert, 1969; Takahashi, Fukazawa, and Yasui, 1967), 

These physical events may not occur at the same time or 

to the same extent in all muscles. The significant 
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Table 7. Least squares means for shear force value (kg) 
by age within muscle. 

Parameter TB 
a 

SS SM ST BF LD PM GM 

3 yr. cow 

Mean 
#1 

shear steak 
and #2 3. 5 4.8 6.0 4.8 

6 yr. cow 

7. 3 3 , lb 3.4 3.7 

Mean 
#1 

shear steak 
and #2 3. 8 5.3 5.4 5,3 

10 yr, cow 

8. 1 6.6° 3,4 3.5 

Mean 
#1 

shear steak 
and #2 4. 3 5.2 6.3 5.2 8. 9 3.8b 3.7 3.8 

Abbreviation for muscles which appear in Appendix A. 

to c ' Values within each muscle with different super
scripts on the same column are significantly different 
CP < .05) . 
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difference in tenderness of the Longissimus dorsi muscle 

between age groups (Table 7) could be supported by these 

changes in the fine structure of the muscle. 

All eight muscles tended to increase in shear force 

value (decrease in tenderness) when comparisons were made 

between age Group I and III, indicating that tenderness may 

decrease with age. 

Hiner and Hankins (1950) studied the tenderness of 

the Semimembranosus, Semitendinosus, Biceps femoris, and 

Psoas major using animals of different ages and found that 

the difference in muscle tenderness between veal (2-1/2 

months old) and cows (5 years old) was highly significant; 

whereas that between veal and steers (16 months old) was 

not. Also, less difference in tenderness was found between 

samples representing steer calves (7 months) than those from 

the older mature animals. 

Berry et al. (1974) using the Longissimus dorsi 

muscle found no significant (P > .05) difference in shear 

force values between samples from A maturity (very young 

animals) vs. E maturity (animals with evidences of 

advanced age) cattle. Differences in tenderness given by 

shear force value for the eight muscles (Table 7) were of 

small magnitude and not linearly related to advancing age. 

Considering the work by Tuma, Henrickson, Stephens, 

and Moore (19 62) where animal age was more critical with 

regard to tenderness at a point between 18 and 42 months 
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than at 90 months of age, the results of the present study 

suggest that the chronological age groups used were 

physiologically and fully mature. Thus, no convincing and 

significant difference between muscle tenderness would be 

detected. Dusing (1959) and Simone et al. (1959) 

postulated that this critical age for tenderness may fall 

in the range of 18 to 20 months. 

It is possible that the method of cookery used in 

the present study affected the tenderness measurements by 

the Warner-Bratzler Shear, producing either toughening of 

the muscle from younger carcasses or tenderizing muscle 

from more mature cows, Schmidt, Kline, and Parrish (1970) 

concluded that in assessing the effects of maturity on 

tenderness the effects of the interaction of maturity with 

the final internal temperature of cooked muscle must be 

taken in account. 

Another aspect to consider in the present study was 

the rather poor condition of the cows. If these animals 

were in a gaining condition and depositing fat, this may 

have had some beneficial effects on the intrinsic qualities 

of the muscle. Additional research in this area is needed. 

Influence of Aging 

The shear data for aging 7 days vs. 14 days by 

individual muscles regardless of age group are listed in 

Tables 8 and 9. The Supraspitanus and Semimembranosus 



Table 8. Least squares means for shear force values (kg) 
for muscle within aging time. 

Parameter TBa SS SM ST BF LD PM GM 

Seven days 

Mean shear 
steak #1 
and #2 4. 0b 4.7° 6,0d 4.7° 

Fourteen days 

7.8e 5.6d 3.7b 3.8b 

Mean shear 
steak #1 
and #2 3 .8b 5.5C 5.8C 5.5° 8.4d 3 . 4b 3.4b 3 . 5b 

Abbreviation for muscles which appear in Appendix A. 

b c d e ' ' ' Values within each aging time with different 
superscripts on the same line are significantly different 
CP < .05) . 
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Table 9. Least squares means for shear force value (kg) 
for muscles aged seven and fourteen days. 

Parameter TB SS SM ST BF LD PM GM 

Mean shear 
steak #1 
and # 2 4.0 4.7 

Seven days 

6.0 4.7 7.9 5.6 3.7 3.9 

Mean shear 
steak #1 
and #2 3.8 5.5 

Fourteen Days 

5.8 5.5 8.4 3.5 3.4 3.5 

Abbreviation for muscles which appear in Appendix A. 

Id c 
' Values within each muscle with different super

scripts on the same column are significantly different 
(P < . 05) . 
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muscles were significantly different, and the Longissimus 

dorsi was different from the Psoas major or Gluteus medius 

when aged for 7 days. However, after aging for 14 days the 

differences no longer existed between the Supraspinatus and 

Semimembranosus and between Longissimus dorsi, Psoas major, 

and Gluteus medius. 

The tenderizing effect on these muscles due to 14 

days of aging was significantly (P < ,05) increased only in 

the Longissimus dorsi muscle (Table 9). Although not 

significant, the Triceps brachii, Semimembranosus, Psoas 

major, and Gluteus medius demonstrated a little decrease 

in shear force value (increase in tenderness) when aged for 

14 days. 

Studies by Tuma, Henrickson, Stephens, and Moore 

(1962) on the effects of aging (2 vs. 14 days) on 

Longissimus dorsi shear force tenderness from 42 and 90 

months old animals revealed that the tenderizing effect of 

14 days of aging was non-significant. Deatherage and 

Harsham (1947) presented data concerning the efficiency of 

tenderizing beef by aging the Longissimus dorsi muscle at 

approximately 1 C for 2, 6, 10, 17, 24, 31, or 3 8 days after 

slaughter. These workers found that some animals appear to 

become progressively more tender throughout the aging 

period, while others definitely became tougher at some time 

during the aging period. It was also pointed out that 

individual variations in animals account for these 
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differences, since the 12 animals used in the experiment 

were initially close together in tenderness. 

Deatherage and Harsham (1947) pointed out that if 

meat were a homogeneous substance one might expect that 

tenderness would vary directly with age, but some reflec

tion on the heterogeneous structure of meat indicated that 

perhaps beef does not tenderize regularly with increasing 

postmortem aging time. 

Since tenderness is not a smoothly increasing 

function with aging, it is reasonable to assume that more 

than one major factor of beef contributes to this important 

attribute of meat quality. Further, it may be considered 

that individual differences in animals and muscle structures 

indicate the relative variation with respect to each other 

in determining the toughness or tenderness of each indi

vidual muscle. 

Relationship Between Tenderness and 
Certain Carcass Traits 

It has been the object of speculation among meat 

scientists as to how closely related muscle lipid and/or 

marbling score is to meat tenderness. However, conclusions 

on the role of these two interrelated factors on tenderness 

is not yet clear and definitely not understood. 

In attempting to determine the influence of muscle 

lipid content or marbling score on shear force value 

(tenderness), correlation coefficients were calculated, 



Table 10 lists the simple correlation coefficients 

between shear force of each muscle and the various carcass 

parameters. The shear values of the Triceps brachii, 

Biceps femoris, and Longissimus dorsi muscles were 

moderately correlated to age of the animal. With the 

other parameters, no consistent correlations were found. 

As shown in Table 10, very poor and inconsistent 

correlations were found between marbling score or muscle 

lipid and shear force value of each individual muscle. 

The simple correlation coefficients between shear 

force values of the individual muscles are listed in 

Table 11. The shear value of the less tender muscle group 

(Biceps femoris, Semitendinosus, Semimembranosus, and 

Supraspinatus) were moderately correlated to one another. 

Poor and inconsistent correlations were observed between 

the less tender group and the most tender group of muscles 

(Longissimus dorsi, Psoas major, Triceps brachii, and 

Gluteus medius) for shear force value. 

The data in Table 11 indicate that the less tender 

group of muscles (Biceps femoris, Semitendinosus, 

Semimembranosus, and Supraspinatus) were better correlated 

among themselves with respect to the tenderness than the 

most tender group of muscles (Longissimus dorsi, Psoas 

major, Triceps brachii, and Gluteus medius), 
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Table 10. Simple correlation coefficients of muscle shear 
force value and various carcass parameters. 

Shear value for 
Carcass — 
Parameter TB a SS SM ST BF LD PM GM 

Age 0. 52 0. 25 0.14 0. 27 0.49 0. 44 0. 20 0.04 
Live weight 23 17 -.19 -.52 0.00 0.10 0. 24 -.04 
Hide » 27 • 04 -.27 -.30 -.15 -.02 • 27 -.22 
Cold carcass """ • 29 23 -.50 -.75 -.18 0.17 0. 28 -.27 
Yield grade • 09 • 30 -.18 -.45 0.00 -.10 0. 32 0.15 
Marbling 
score • 12 27 -.09 -.35 0.04 0. 01 0. 26 0.10 
Ribeye area ^ t 55 0. 05 -.11 -.19 -.28 0. 08 ^ • 34 -.32 
Fat thickness • 32 08 -.05 -.19 -.12 -.22 0. 03 0. 07 
Kidney fat 30 • 40 -.01 -.17 -.17 -.14 • 05 0.17 
Chuck fat  ̂• 30 • 24 -.17 -.47 -.11 -.09 *" t 23 0.01 
Rib fat t 22 • 28 -.16 -.46 -.16 -.08 0. 24 0.03 
Shank and 
brisket fat • 37 23 -.27 -.59 -.38 -.03 0. 29 -.06 
Round fat • 27 • 15 -.09 -.38 -.03 -. 09 0. 04 0. 05 
Plate fat 40 • 39 -.36 -.73 -.29 0. 06 0. 13 -.10 
Short loin 
fat 26 33 -.23 -. 60 -.16 -.08 0. 35 0.06 
Sirloin 
butt fat 28 -. 31 -.15 -.49 -.15 -.16 0. 30 0. 00 

Flank fat • o7 • 09 -.15 -.26 0. 00 0. 01 -. 07 0. 02 
Chuck lean • 03 • 15 -.03 -.21 -.10 0. 04 0. 10 -. 28 
Rib lean —. 12 • 18 0.11 -.13 -.30 -.06 • 04 -.05 
Shank and 
brisket lean 0. 16 • 10 0. 21 0.13 0.05 -.22 0. 11 -.29 
Round lean 0. 22 ^ « 31 0. 61 0. 28 0.19 -.64 0. 19 0.32 
Plate lean 0. 41 0. 23 0.13 0.34 0.16 -.07 0. 30 -.30 
Short loin 
lean 0. 24 ^ • 03 0.08 0.13 0. 00 0. 04 0. 02 -.09 

Sirloin butt 
lean 0. 10 0. 03 -.02 0.10 0. 00 0.21 • 24 -.09 
Flank lean 0. 08 0. 01 0.10 0.15 -.06 0,02 0. 04 0.00 
Muscle lipid 0. 00 » 17 0. 00 -.34 0.17 -.11 ™ • 07 -.39 
Muscle 
marbling —. 15 0. 06 -.05 -.12 -.13 0. 00 ^ • 02 0,34 

aNames for muscles appear in Appendix A. 
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Table 11. Simple correlation coefficients between shear 
force values of individual muscle. 

Muscle 

Muscle 

Muscle TBa SS SM ST BF LD PM GM 

TB 0. 20 0. 23 0.55 0.61 -.13 0.08 0.48 

SS -.01 0. 52 0.37 -.26 -.05 -.25 

SM — 0.48 0.42 -.32 0.00 0.40 

ST — 0.48 -.22 -.12 0.38 

BF -.25 -.02 0.33 

LD -.08 0.04 

PM — 0.11 

GM — 

aNames for muscle abbreviations are given in 
Appendix A. 



SUMMARY 

In this study twelve Hereford cows were used as 

experimental material. They were obtained from a registered 

Hereford herd owned by the Apache Indian Tribe at San 

Carlos, Arizona. The herd varied in size from 280 to 435 

cows. This herd was maintained under range conditions 

with little or no supplementation during the winter months. 

These animals with known genetic background and 

nutritional history were divided in three age groups with 

four animals in each: Group I—3 years old, mean live 

weight 422 kg; Group II—6 years old, mean live weight 439 

kg; and Group III—10 years old, mean live weight 460 kg. 

Animals in each group represent cows from poor to average 

in body condition. 

Upon trucking to the University of Arizona Meats 

Laboratory, the cows were fasted for 15 hours and 

slaughtered. The right carcass half was aged for 7 days 

in a forced-air cooler at 2 C and the left half was aged 

for 14 days. 

After the respective aging periods, the carcasses 

were divided into the wholesale cuts round, sirloin butt, 

shortloin, chuck, rib, shank and brisket, plate, and 

flank. These wholesale cuts were completely separated into 

lean, fat, and bone, Eight intact muscles were selected 

53 
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from each carcass side. The Triceps brachii and Supra-

spinatus from the chuck; Semimembranosus, Semitendinosus, 

and Biceps femoris from the round; Longissimus dorsi and 

Psoas major from the shortloin; and Gluteus medius from the 

sirloin butt. 

From each muscle, three 2.5 cm steaks were removed. 

Two steaks were used for shear force measurements. The 

third steak was taken from between the two steaks used for 

tenderness determinations was used for lipid extraction. 

The steaks used for tenderness appraisal were 

broiled in an electric oven to a final internal temperature 

of 71 C. From each steak four shear force values were 

obtained with the Warner-Bratzler Shear device. The average 

of the eight shear measurements was used as the value of 

tenderness for each muscle. 

No significant differences (P > .05) in live weights 

were observed between age groups. Although a trend was 

observed that live weight increased with age, no reflections 

of this trend could be seen in the traits and proportions of 

the carcasses studied. Percentages of lean, fat, or bone 

were not influenced significantly by animal age. 

The Biceps femoris and Semimembranosus muscles were 

the heaviest muscles and similar in weight. The Psoas major 

and Supraspinatus muscles were the lightest and also similar 

to one another in weight. Statistical analysis of indi

vidual muscle weight data between age groups revealed no 
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significant differences (P > .05) in muscle weight. The 

Longissimus dorsi, Supraspinatus, and Semimembranosus were 

highly correlated with live weight (r = 0.88, 0.88, and 

0.86, respectively). 

In all age groups, the Biceps femoris muscle 

possessed the highest intramuscular lipid; however, in age 

Group I, it was not significantly different from Psoas 

major, Longissimus dorsi, Semimembranosus, or Triceps 

brachii. In age Group II, the Biceps femoris was signifi

cantly different from all muscles except the Longissimus 

dorsi. In age Group III, the Biceps femoris was signifi

cantly different (P < .05) from Gluteus medius, Semi-

tendinosus, and Semimembranosus. 

The Biceps femoris scored the highest for marbling 

in all three age groups, The relationships of the marbling 

score and lipid content of each muscle were moderate to low 

in magnitude. 

Shear force values (tenderness) comparison by 

muscle within age revealed that in age Group I, the Biceps 

femoris had the highest shear value (7.9 kg), being 

significantly less tender than all the other muscles, with 

the exception of the Semimembranosus muscle (6.7 kg). In 

both age Groups II and III, the Biceps femoris again had the 

least tender steaks (8.1 kg and 8.9 kg, respectively) being 

significantly different from all other muscles in both age 

groups. 
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It was difficult to select the individual muscle 

which was the most tender. The Gluteus medius, Longissimus 

dorsi, Psoas major, and Triceps brachii were similar with 

respect to the tenderness; however, the Psoas major in 

Groups II and III has the lowest shear force value of the 

eight muscles selected. 

Based on tenderness data the muscles could be 

classified into three groups: (1) the Longissimus dorsi, 

Psoas major, Triceps brachii, and Gluteus medius; (2) the 

Supraspinatus and Semitendinosus; and (3) the Semi

membranosus and Biceps femoris. The first group was con

sidered most tender and the muscles were classified as those 

preferred for the broiling method of cooking. These 

muscles are primarily found in club, T-bone, and porterhouse 

steaks. The second group was considered as intermediate in 

tenderness and could be prepared by dry or moist heat. The 

third group of muscles were the least tender of the eight 

muscles studied and are usually prepared by using moist 

heat (braising). 

The effect on tenderness of post-mortem aging (7 vs. 

14 days) was significant for the Longissimus dorsi muscle. 

Furthermore the most tender group of muscles was found to 

improve in tenderness when aged for 14 days; however, this 

same trend was not observed in the intermediate and less 

tender muscle groups. 



APPENDIX A 

IDENTIFICATION FOR MUSCLES AND MARBLING SCORES 

Explanation of Muscle Abbreviations 

TB = Triceps brachii 

SS = Supraspinatus 

SM = Semimembranosus 

ST = Semitendinosus 

BF = Biceps femoris 

LD = Longissimus dorsi 

PM = Psoas major 

GM = Gluteus medius 

Marbling Scores 

Practically Devoid 1, 2, and 3 

Traces 4, 5, and 6 

Slight 7, 8, and 9 

Small 10, 11, and 12 

Modest 13, 14, and 15 

Moderate 16, 17, and 18 

Slight Abundant 19, 20, and 21 
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