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Figure 1. Schematics of the supraspinatus and representative steaks from 2.5-cm increments along the long axis of 
the muscle. Least squares means for shear force values (kg) are also displayed. Parenthetical data represent steak 
average shear force values (SE = 0.30, 0.25, 0.24, 0.23, 0.25, muscle.SE muscle.SE  meansrepresentativemuscle.SE values    forceshear force squares steak for muscle.SE
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Figure 3. Schematics of the triceps brachii and representative steaks from 2.5-cm increments along the long axis of 
the muscle. Least squares means for shear force values (kg) are also displayed. Parenthetical data represent steak 
average shear force (SE = 0.26, 0.18, 0.12, 0.11, 0.10, 0.09, 0.08, 0.08, 0.08, 0.08, 0.09, and 0.11 for steaks 1, 2, 3, 4, 5, 6, 
7, 8, 9, 10, 11, and 12. Within the muscle, least squares means that do not have a common superscript letter differ, P 
< 0.05. 

ing method, a typical preparation for tender cuts of 
meat. The SS may perform differently when prepared 
using a moist cooking method, which is suitable for less 
tender cuts of meat. When preparing cuts from the beef 
chuck, moist cooking methods are typically imple-
mented. Under moist cooking conditions, greater 
amounts of existing connective tissue (collagen) can be 
solubilized, resulting in an increase in overall tender-
ness. According to the results of the National Cattle-
men’s Beef Association’s Muscle Profiling Study 
(NCBA, 2000), moist cooking methods for the SS re-
sulted in lower WBSF values than dry cooking methods; 
however, in the current study, using a dry cooking 
method was more appropriate in determining the re-
gions of the studied muscles that would be suitable to 
market as single-muscle steaks. Using the Miller et 
al. (2001) tenderness threshold levels, the SS can be 
considered “slightly tender” when prepared using moist 
cooking methods. 

Infraspinatus 

There were no (P = 0.51) differences in WBSF values 
within and among steaks when evaluating the IF; how-
ever, unlike the SS, the IF was consistently tender 
throughout the muscle with average steak shear of 3.16 
kg and a SD of 1.01 kg (Figure 2). This consistency in 

tenderness indicates that the IF would be suitable to 
market as single-muscle steak. Paterson and Parrish 
(1986) evaluated nine muscles from the square-cut beef 
chuck and reported that the IF scored highest in sen-
sory panel scores for tenderness and overall palatabil-
ity, and the SS scored low for all sensory attributes. 
Paterson and Parrish (1986) also discovered significant 
correlations between myofibrillar fragmentation index 
(MFI) values, sensory panel tenderness scores, and 
WBSF values; the IF had significantly greater MFI val-
ues than intermediate (deep pectoral) and tough (rhom-
boideus) muscles. One reason the IF is consistently 
tender might be muscle function and collagen content. 
The IF abducts the arm of an animal, rotating it out-
ward (Jones et al., 2000). In terms of general movement, 
cattle do not extend their front limbs outward to any 
great extent. Instead, the front limbs mainly move in 
a forward/backward movement; therefore, the IF is not 
used extensively in locomotion. The IF has been re-
ported to have a collagen content of 8.72 mg/g (Jones 
et al., 2000), which is a much lower content than that 
of the SS; this low collagen content may be another 
factor contributing to the consistently tender quality of 
IF. Generalities such as this are, however, less applica-
ble when a wide array of individual muscles is evalu-
ated for tenderness (Belew et al., 2002). 
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Figure 4. Schematics of the serratus ventralis and representative steaks from 2.5-cm increments along the long axis 
of the muscle. Least squares means for shear force values (kg) are also displayed. Parenthetical data represent steak 
average shear force (SE = 0.34, 0.22, 0.18, 0.16, 0.15, 0.13, 0.13, 0.14, 0.17, 0.24, 0.52, 0.64, and 0.74 for steaks 1, 2, 3, 4, 
5, 6, 7, 8, 9, 10, 11, 12, and 13, respectively. Within a muscle and specific steak, least squares means that do not have 
a common superscript letter differ, P < 0.05. 
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Triceps Brachii 

To construct simplified TB steak figures (Figure 3), 
least squares means from adjoining cores were aver-
aged to give a single shear value for a given area of 
approximately 5 cm2. The TB had different (P < 0.05) 
WBSF values among steaks. The mean steak WBSF 
value was 4.12 kg with a SD of 1.26 kg. The first four 
steaks originating at the distal end of the muscle and 
the last steak located at the proximal end of the muscle 
were tougher (P < 0.05) than the middle steaks and had 
WBSF values >4.1 kg, characterizing them as slightly 
tough or tough according to the tenderness ranges used 
by Miller et al. (2001). A tenderness gradient (lack of 
tenderness consistency) similar to the pattern observed 
here for TB has been reported in the beef LM (Crouse 
et al., 1989; Zuckerman et al., 2001; Kerth et al., 2002). 
The specific cause of the tenderness gradient of the beef 
LM has not been defined. Possible factors causing shear 
force differences among TB steaks may be the rate of 
temperature increase during cooking experienced by 
the ends of the smaller steaks compared with the middle 
steaks. In addition, the basic physiological tapering of 
muscle fibers as they reach their points of attachment 
also may be important. The TB functions to extend the 
elbow joint, and it flexes the shoulder joint. Extending 
the elbow and flexing the shoulder joint may account 
for the fact that steaks located at the distal and proxi-
mal ends of the TB have greater WBSF values than 
the remaining middle steaks. The outer portions of the 
TB are used in attachment, whereas the middle section 
may only be used for stability, which may explain the 
tenderer middle steaks. When evaluating an objective 
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