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CHAPTER I 

INTRODUCTION 

The ultimate goal of the meat industry should be to 

provide consumers with a desirable, high quality product. 

Since a wide variation exists in meat quality, reliable and 

accurate methods for measurement of meat palatability are 

needed. Palatability attributes include: tenderness, 

juiciness, flavor and aroma. Of these, tenderness is the 

single, most important attribute contributing to the 

acceptability of meat (Seltzer, 1955; Van Syckle and Brough, 

1958). The trend toward production of leaner cattle will 

decrease the amount of variation in measures presently used 

to segment carcasses into groups based on expected 

tenderness. 

Many meat tenderness evaluation methods are time 

consuming and depend on a cooked sample. Reagan et al. 

(197 5a) emphasized the need to develop a fast, accurate 

method for tenderness evaluation using raw muscle. Also, 

Kapsalis and Szczesniak (1976) suggested that tenderness 

prediction using raw muscle would be a useful tool in meat 

quality evaluation. Estimation of tenderness at an early 

postmortem (PM) time could be more useful for evaluation of 

tenderness with advanced processing techniques than at a 

later time PM. Raw muscle sample removed at 1 d PM was 

related (r=-.65) to shear force value (SFV) using myofibril 

fragmentation index (Parrish et al., 1973b). Cole and Davis 



(1981) reported that fragmentation index (FI) was related to 

SFV (r=.50) using raw muscle sample at 60 h PM. Thus, an 

accurate method for tenderness prediction using raw muscle 

at 18 to 24 h PM could be of practical use. 

Currently, an increased emphasis is placed on the 

production of greater amounts of lean beef using 

crossbreeding, particularly with Bos indicus cattle. 

Kincaid (1963) indicated an increase in percent lean 

(decrease in fatness) with an increase in percentage of 

Brahman crossbreeding. Ramsey et al. (1963) reported 

Brahman steers yielded a greater percentage (P<.01) of 

wholesale cuts than did British bred steers; however, breed 

type/ particularly Bos indicus, is related to tenderness. 

Ramsey et al. (1963) reported SFV increased as the 

percentage of Brahman blood increased and loin steaks from 

Brahman carcasses scored lowest of all breeds tested for 

tenderness and flavor and had the highest SFV. Palmer 

(1963) reported greater variability in tenderness for 

Brahman crossbred cattle than that exhibited by British 

straightbred cattle. Therefore, the use of a tenderness 

evaluation method, such as FI, on raw muscle possibly could 

detect tenderness differences due to breed type. 

Thus, the objectives of this study were: 1) to 

determine if FI could predict tenderness at 24 h PM, 2) to 

compare FI to certain carcass traits as a tenderness 



predictor of steaks from lean beef carcasses, and 3) to 

determine if tenderness differences due to breed type could 

be predicted using FI an early PM time. 



CHAPTER II 

LITERATURE REVIEW 

Various studies have revealed that meat tenderness is 

the most important beef quality attribute from the 

consumer's viewpoint (Husaini et al., 1950; Cover et al., 

1958). Various indicators or measures of tenderness that 

have been studied include: collagen solubility (Hill, 

1966), intramuscular fat (Covington et al., 1970; McBee and 

Wiles, 1967), sarcomere length (Howard and Judge, 1968; 

Harrell et al., 1978), water holding capacity (Hegarty et 

al., 1963; Wierbicki and Deatherage, 1958), days on feed 

(Zinn et al., 1970), Armour Tenderometer (Parrish et al., 

1973a), penetrometer (Hinnergardt and Tuomy, 1970), MFI 

(M0ller et al., 1973; Olson and Parrish, 1977; Olson et al., 

1976) and FI (Reagan et al., 1975; Davis et al., 1979; Davis 

et al., 1980; Calkins and Davis, 1978; Calkins and Davis, 

1980; Calkins et al., 1980). Of these objective methods, FI 

has been the most successful in segmenting carcasses into 

homogeneous groups based on tenderness. Presently, however, 

beef carcasses are grouped based on expected tenderness as 

determined by the USDA quality grading standards, in which 

marbling score (a subjective measure) has a significant 

influence. These quality grades are accepted by industry 

and consumers as possessing the criteria needed to classify 

carcasses based on tenderness. Palmer et al. (1958) 

reported that USDA quality grades accounted for only 8% of 



the observed variation in tenderness. Cover et al. (1958) 

reported variations in tenderness still exists within a 

given USDA grade. In a study by Davis et al. (1980), FI was 

the best single measure for predicting tenderness 

differences in loin steaks from carcasses within the same 

USDA grade. 

A clearer understanding of why FI is related to 

tenderness and what changes occur in PM muscle, could 

facilitate the use of FI early PM. Various studies on 

muscle pH (Harrell et al., 1978; Bouton et al., 1973), aging 

temperature (Parrish et al., 1973b; Parrish et al., 1969) 

and catheptic enzymes (Herring et al., 1969; Robbins et al., 

1979) have revealed the changes that occur in PM muscle. In 

studies comparing early PM changes in muscle and muscle 

fragmentation, Takahashi et al. (1967) reported that muscle 

breakdown during PM aging may not be attributed to the 

effect of proteolytic enzymes in muscle cells but to the 

breakdown of bonds between tropomyosin. Olson et al. 

(1977), studying the role of a-actinin in PM muscle, found 

that, although a-actinin is located exclusively in the Z 

line, it is not a major factor in degradative changes in 

muscle. Thus, the Z line may weaken and fragment without 

the degradation and release of a-actinin from the myofibril. 

Moeller et al. (1977) reported that high temperature 

conditioning of muscle prior to fragmentation resulted in 

limited proteolysis and deterioration of the muscle 



structure, allowing it to be degraded more easily, which 

facilitated a reduction in muscle fragment size after 

homogenization. 

Cooler aging is related to tenderness, with a longer 

aging period corresponding to an increase in tenderness 

(Paul et al., 1944). Herring (1968) reported that an 

increase in tenderness during aging is exclusively an effect 

on muscle fibers rather than connective tissue. High 

temperature conditioning, aging muscle at elevated 

temperatures, affects tenderness and muscle pH. Parrish et 

al. (1973b) reported PM aging of carcasses immediately post 

slaughter at 16 C for 24 h was effective in improving 

tenderness. These workers also reported rib steaks aged 24 

h PM at 16 C were nearly as tender as steaks aged 7 d at 2 

C. Cassens and Newbold (1967) found that high temperature 

aging influences not only the rate but also the extent of 

glycolysis (pH decline is a measure of the extent of 

glycolysis). Finally, Moeller et al. (1977) reported high 

temperature conditioning caused muscle pH to drop more 

rapidly and ultimate pH to be significantly lower than 

during immediate chilling. 

Decline in pH and high temperature conditioning are 

related to enzymatic activity. Cathepsins, degradative 

enzymes, are found in the muscle lysosomes and are released 

during PM aging. Release of certain catheptic enzymes is 

enhanced by low pH and high temperature (Dutson and Lawrie, 



1974). Moeller et al. (1977) reported high temperature 

conditioning of muscle samples caused large amounts of 

enzymes to be released from the lysosomes. Davey and 

Gilbert (1969) and Moeller et al. (1976) found that 

enzymatic activity varied with specific pH values and 

temperature. Enzymatic activity and pH decline could 

facilitate the use of FI at a time early PM. 

Other factors such as connective tissue, myofibrillar 

proteins and lipid deposits affect meat tenderness. Cross 

et al. (1973) reported connective tissue is a major 

contributing factor to toughness of meat. Cover et al. 

(1962) stated that meat tenderness primarily is determined 

by two factors—properties of the connective tissue and the 

nature and state of the contractile protein. Thus, 

shortened muscles are tougher; and, if the effect of the 

connective tissue is small, then the state of contraction is 

a significant factor in tenderness (Locker, 1960). Marsh 

(1977) reported that the contractile apparatus was first 

established as an important contributor to meat tenderness 

in the early 1960's, and its full significance in meat 

quality is still not understood or appreciated. 

Lipid deposits have limited effects on meat tenderness. 

Blumer (1963) reported a higher degree of intramuscular fat 

may have a tenderizing effect on meat, resulting from a 

greater total mass as intramuscular fat versus the total 

mass of muscle or connective tissue. In addition, it is 
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possible that the lubrication qualities of intramuscular fat 

may affect the ease with which meat is chewed and swallowed. 

Various studies (McBee and Wiles, 1967; Cover et al., 1956; 

Romans et al., 1965) showed that fatness is more closely 

related to juiciness than tenderness, and variations in 

fatness, at best, accounted for about 10% of the variation 

in tenderness. 

Coupled with the possible use of FI at early PM times 

is the potential use of FI to predict tenderness of cooked 

steaks from lean cattle and from different breed types. 

Dairy breeds, such as Holstein, supply the demand for leaner 

beef by possessing less external fat cover (Wellington, 

1971). This decrease in external fat corresponds to a 

decrease in the amount of variation in carcass indicators of 

tenderness. Zebu breeds, such as Brahman, are less tender 

than similar carcasses of the British breed (Ramsey et al., 

1963; Cole et al., 1964; Carrol et al., 1964; Dunsing, 

1959). Thus, the use of an objective method using raw 

muscle to predict accurately the tenderness of lean cattle 

and Zebu breeds at a time early PM could be useful in meat 

research. 



CHAPTER III 

FRAGMENTATION INDEX AS AN EARLY 

POSTMORTEM PREDICTOR OF BEEF TENDERNESS 

Summary 

Short loins were removed from 36 lean Holstein steer 

carcasses (Group I) and 41 Brahman crossbred (Brahman-X) and 

Hereford carcasses (Group II). Simple correlation 

coefficients relating fragmentation index (FI) of raw muscle 

(Holsteins) to shear force value (SFV) for cooked loin 

steaks were .51, .48 and .52 for 24, 72 and 240 h PM aged 

longissimus muscle, respectively. Correlation coefficients 

relating various Holstein carcass traits to SFV and FI were 

low (-.13 to .12). Simultaneous consideration of FI at 24 h 

PM (FI-24) and six carcass traits accounted for 30.4% 

(FI-24, 26.3%; carcass traits 4.1%) of the observed 

variation in SFV of cooked loin steaks. 

Group II consisted of 41 short loins which were removed 

from carcasses of steers that were stratified into four 

breed groups: A) carcasses randomly selected from 26 

Hereford cattle, n=12; B) carcasses randomly selected from 

3/8 to 3/4 Brahman-X cattle, n=10; C) selected carcasses 

from Brahman-X cattle whose carcasses showed skeletal 

and(or) lean indicators associated with tough meat, n=10; 

D) carcasses from Brahman-X steers selected to match 

(maturity, weight, USDA grade) carcasses from Hereford 

random (A) cattle, n=9. The short loins were deboned. 
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vacuum packaged, transported from a commercial plant (Excel 

Corporation, Plainview, Texas) to the Texas Tech University 

Meat Laboratory and stored at 2 C. 

No differences were found in 12 out of 13 carcass 

scores or measures of sarcomere length, percentage fat and 

moisture, FI or SFV between Hereford random (A) and 

Brahman-X (D) matched carcasses based on weight, fatness and 

maturity. Randomly selected Brahman-X (B) carcasses had 

higher USDA overall maturity scores and possessed a darker 

lean color and tended to have higher FI and SFV values than 

randomly selected Hereford (A) carcasses. Steaks from loins 

of carcasses from underfinished, mature, Brahman-X (C) 

carcasses with dark ribeyes, which showed evidence of 

incorrect antemortem handling (bruises), were less tender 

than steaks from loins of carcasses from other Brahman-X and 

Hereford steers. 

When the Hereford and Brahman-X carcasses were pooled 

(n=41), SFV of cooked loin steaks was related to USDA 

marbling (r=-.44), USDA quality grade (r=-.46), adjusted fat 

thickness (r=-.37), tenderness estimate A (r=-.55), 

tenderness estimate B (r=-.46), tenderness estimate C 

(r=-.31), FI-36 h (r=.54) and FI-240 h (r=.52). These 

findings show tenderness can be predicted with use of 

subjective (experienced evaluators, USDA marbling) or 

objective measures (FI). Sarcomere length was not related 

to SFV of cooked loin steaks. 
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Simultaneous consideration of the four USDA quality 

grading factors, sarcomere length, percentage fat and 

moisture, and FI-36 h PM accounted for 51.2% of the observed 

variation in SFV. These data indicate the use of FI applied 

to 24 or 36 h PM raw longissimus muscle alone or in 

conjunction with other carcass measures is a useful tool in 

early PM prediction of tenderness of cooked loin steaks from 

lean (Holsteins) or Brahman-X and Hereford carcasses. 

Introduction 

Two beef characteristics of major concern to the meats 

industry are lack of tenderness and too much fat (Ziegler et 

al., 1971). The current trend toward production of leaner 

cattle will decrease the amount of variation in measures 

presently used to segment carcasses into groups based on 

expected tenderness. However, lean carcasses uniform in 

carcass traits still will vary in steak tenderness. 

Kapsalis and Szczesniak (1976) suggested tenderness 

prediction using raw muscle would be a useful tool in meat 

quality evaluation. Estimation of tenderness at an early 

time post mortem (PM) could be more useful for evaluation of 

tenderness with advanced processing techniques. Cole and 

Davis (1981) reported fragmentation index (FI) was related 

(r=-.50) to shear force value (SFV) using a raw muscle 

sample at 60 h PM. Thus, an accurate method for tenderness 

prediction using raw muscle at 18 to 24 h PM could be of 
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practical use in segmenting lean carcasses based on 

predicted tenderness. Holstein cattle fed for beef usually 

have less fat over the outside of the carcass than other 

breeds (Cole et al., 1964). Holsteins would be an ideal 

breed for study of tenderness prediction (early PM) because 

their lean carcasses vary little in USDA carcass traits. 

Ramsey et al. (1963) reported SFV increased as the 

percentage of Brahman blood increased and loin steaks from 

Brahman carcasses scored lowest of all breeds for tenderness 

and flavor and had the highest SFV. Palmer (1963) reported 

greater variability in tenderness for Brahman crossbred 

cattle than that exhibited by British straightbred cattle. 

Use of a tenderness evaluation method on raw muscle, such as 

FI, could possibly detect tenderness differences due to 

breed type. The objectives of this study were: 1) to 

determine if FI could predict tenderness at 24 h PM, 2) to 

compare FI to certain carcass traits as a tenderness 

predictor of steaks from lean beef carcasses, 3) to 

determine if the tenderness differences due to breed type 

could be predicted using FI early PM. 

Experimental Procedure 

Sample selection 

Group I. Short loins from 36 lean Holstein steer 

carcasses processed in a commercial plant (Excel, Friona, 

Texas) were deboned, vacuum packaged, packed in dry ice. 
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transported to the Texas Tech University Meat Laboratory at 

21 h PM and aged at 2 C. Loin steaks 1 cm thick were 

removed from the anterior end of each short loin at 24, 48 

and 240 h PM, wrapped in polyvinyl chloride (PVC) film, 

double-wrapped in polyethylene coated freezer paper, frozen 

and stored at -15 C until required for physical 

determinations. At 10 d PM, a 2.5 cm thick loin steak was 

removed from each short loin and stored at -15 C until 

required for determination of SFV. 

Group II. Forty-one short loins were removed from 

carcasses of steers that previously had been stratified into 

four breed groups: A) carcasses randomly selected from 26 

Hereford cattle, n=12; B) carcasses randomly selected from 

3/8 to 3/4 Brahman crossbred cattle, n=10; C) selected 

carcasses from Brahman cattle whose carcasses showed 

skeletal and(or) lean indicators associated with tough meat, 

n=10; and D) carcasses from Brahman crossbred steers 

selected to match (maturity, weight, USDA grade) carcasses 

from Hereford cattle in group A, n=9. The short loins were 

deboned, vacuum packaged, packed in dry ice, transported 

from a commercial plant (Excel, Plainview, Texas) to the 

Texas Tech University Meat Laboratory and stored at 2 C. 

After cooler aging (2 C) periods of 36, 72 and 240 h PM, 

three 1 cm thick loin steaks were removed from the anterior 

end of each short loin, double-wrapped in PVC film and 

polyethylene coated freezer paper, frozen and stored at -15 
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C until required for physical, chemical and histological 

analyses. A 2.5 cm thick loin steak was removed at 10 d PM 

then similarly stored for subsequent shear force 

determination. 

Carcass evaluation 

Carcasses were evaluated, scored and assigned USDA 

quality and yield grade factors at 20 h PM. Lean color 

(8-point scale), lean texture (8-point scale) and heat ring 

(4-point scale) also were scored by two evaluators. 

Carcasses were assigned a bruise score (4=no bruise, l=very 

bruised) to relate partially to antemortem handling. Three 

evaluators with varying degrees of carcass evaluation 

experience (Dr. G. W. Davis, 10 y, experienced; Mr. J. K. 

Cable, 4 y, moderately experienced; Mr. M. F. Miller, 1 y, 

slightly experienced) estimated expected tenderness of 

cooked loin steaks (8-point scale) based on a combination of 

all subjective quality indicators. 

Shear force value determination 

Loin steaks 2.5 cm thick were thawed 24 h at 2 C. 

Steaks were broiled on a preheated Farberware broiling unit 

(Group I), or were oven roasted in a 150 C preheated oven 

(Group II) to an internal temperature of 70 C. Steaks were 

allowed to cool to 25 C. Ten (Group I) or four (Group II) 

1.27-cm cores were removed, parallel to the longitudinal 

orientation of the muscle fibers, for determination of 

Warner-Bratzler SFV. SFV was based on the average of each 
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core sheared twice for each steak (Group I, 20 measurements; 

Group II, 8 measurements). 

Fragmentation index 
determination 

FI values were determined according to the procedure 

outlined by Davis et al. (1980) as follows: Ten g of 7 mm 

cubed frozen longissimus muscle was added to 50 ml of cold 

sucrose (0.24M) and potassium chloride (.02M) solution in a 

150 ml stainless steel homogenization cup. After 5 min each 

sample was blended for 40 s at full speed in a Virtus Model 

"45" homogenizer. The blades were in reverse position and 

parallel to each other. The resulting homogenate was 

filtered through a "Nitex" screen (250ym pore size) with the 

use of a "Nalgene Filter Unit" and a plastic stir rod. The 

residue and "Nitex" screen were blotted twice on an 

absorbent towel immediately after stirring and then weighed. 

This net weight times 100 is reported herein as the FI. The 

40 min drying time was omitted and subsequently speeds data 

collection per sample by 35 min without loss of accuracy. 

Chemical and histological 
measurements 

Group II. Longissimus muscle used for chemical and 

histological measurement was prepared by removal of all 

subcutaneous fat and epimysial tissue, frozen in liquid 

nitrogen and powdered in a high speed blender. Percentage 

moisture was determined by measuring the weight loss of 
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duplicate 2-g samples, dried 24 h at 100 C in a vacuum oven. 

Fat percentage was determined by measuring weight loss of 

dried samples after 12 h of continuous extraction using 

petroleum ether in a Soxhlet apparatus. Sarcomere length 

was measured by a procedure in which 1 g of powdered muscle 

sample was placed in 5 ml of .25 M KCl solution for 5 min. 

Mean sarcomere lengths were determined on 25 sarcomeres 

measured under a phase contrast microscope using a filar 

micrometer. 

Statistical analysis 

Group I. Data were analyzed using simple correlation 

coefficients (between SFV and FI and carcass 

characteristics) and multiple regression analyses (SFV as 

the dependent variable and FI and carcass traits as 

independent variables) as outlined by Steel and Torrie 

(1980) . 

Group II. Data were reduced with use of both analysis 

of variance and regression techniques. A one-way analysis 

of variance with unequal sub class numbers was employed to 

determine which physical, chemical and(or) histological 

traits had a significant F ratio for the main effect, breed 

group (Steel and Torrie, 1980). When a significant F ratio 

existed, the Duncan (1955) mean separation test was 

utilized. The predetermined acceptable level of probability 

was 5% for all analyses and is used throughout this 

discussion. Also, since this population was variable in 
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tenderness, correlation and regression techniques were 

applied to the pooled population to relate various traits or 

measures to SFV of cooked steaks. 

Results and Discussion 

Means, standard deviations and coefficients of 

variation for various Holstein carcass traits and for FI and 

SFV are shown in table 1. Carcasses in this group were lean 

with an adjusted fat thickness range of 2 to 10 mm. 

Variation in SFV of the cooked loin steaks was low, which 

would be expected for cooked steaks from loins of uniformly 

lean carcasses. Ziegler et al. (1971) reported Holstein 

carcasses were leaner and significantly lower in marbling 

score but not different in SFV as compared to other breed 

groups. Additionally, these researchers found lean Holstein 

carcasses compared favorably with other beef breeds in 

consumer acceptability. Mean values for FI shown in table 1 

are higher than those reported by Davis et al. (1980). This 

was due to the omission of the 40-min residue drying step in 

the FI procedure used in the present study. Calkins et al. 

(1980) reported coefficients of variation for fragmentation 

ranging from 40.88 to 47.39%. In the current study, 

relatively low coefficients of variation for FI were 

obtained. 

Holstein carcass traits evaluated at 20 h PM were not 
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TABLE 1. MEANS, STANDARD DEVIATIONS, COEFFICIENTS OF 
VARIATION AND SIMPLE CORRELATION COEFFICIENTS FOR CARCASS 

AND PHYSICAL TRAITS (N=36) 

Variable Mean 

379.0 
4.1 

12.6 
14.1 
6.2 
3.3 

SD 

38.3 
1.9 
2.2 
.4 
.8 
.7 

CV 

10.1 
45.2 
17.7 
2.8 
13.3 
21.5 

r with 
shear 
force 
value 

.02 
-.10 
-.01 
-.09 
.02 
.12 

794.0 
818.0 
775.0 

79.0 
75.0 
75.0 

10.0 
9.1 
9.7 

.51** 

.48** 

.52** 

Hot carcass weight, kg 
Adjusted fat thickness, mm 
USDA marbling score^ , 
USDA overall maturity 
Lean texture score 
Lean color score 

Shear force value, kg 3.4 1.5 14.8 

FI - 24 h 
FI - 48 h 
FI - 240 h 

^12=Slight-plus, ll=Good-minus. 

14=Typical A maturity, 13=A-plus maturity. 

^ 6=Moderately fine, 5=slightly fine. 

^ 6=Cherry red, 5=slightly dark red. 

^Kilograms of force required to shear a 1.3-cm core of 
cooked meat. 
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related to SFV of cooked loin steaks (table 1). Blumer 

(1963) reported marbling accounted for only 6.8% of the 

variation in tenderness. He indicated that, even though 

fatness does contribute to meat quality, neither USDA 

marbling nor overall degree of fatness are major 

determinates of cooked steak tenderness. However, simple 

correlation coefficients relating FI at three PM aging 

periods (24, 48 and 240 h) to SFV were significant. FI 

determined from longissimus muscle at 24 h PM was more 

closely related to SFV than certain carcass traits. This is 

in agreement with Cole and Davis (1981) who reported FI 

determined at 60 h PM was significantly related to SFV 

(r=.50) of cooked loin steaks. Since carcass traits of 

uniformly lean carcasses were not related to SFV as 

expected, which is in agreement with (Cover et al., 1958), 

it is encouraging to learn FI, an objective measure 

applicable on 24 h PM muscle, can be used to measure 

differences in SFV with use of raw, early PM muscle. 

Since FI requires more time to determine than the 

collection of carcass data, it would be appropriate to 

determine if certain carcass traits are related to FI. 

However, results in table 2 indicate carcass traits were not 

related to FI. FI is obviously measuring a component of 

muscle perhaps independent of bulk density measures (fat and 

moisture), muscle mass and lean visual traits. Goll et al. 

(197 4) postulated that, since fat and water are not 
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TABLE 2. SIMPLE CORRELATION COEFFICIENTS RELATING 
FRAGMENTATION INDEX TO HOLSTEIN CARCASS TRAITS 

Variable 
Fragmentation index 

Hot carcass weight, kg 
Adjusted fat thickness, mm 
USDA marbling score 
USDA overall maturity 
Lean texture 
Lean color 

24 h 

- . 0 5 
- . 1 3 

.10 
- . 0 6 
- . 0 9 

.11 

240 h 

.29 
- . 0 1 

.23 

.22 

.20 

.14 
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intrinsically tough, it follows that neither can directly 

contribute to meat toughness. Therefore, differences in 

meat tenderness are due primarily to muscle protein and it 

is possible FI is measuring a stromal and (or) myofibrillar 

protein contribution to tenderness. Therefore, a need 

exists to find a simple carcass measure which can quantify 

the protein contribution to tenderness. 

Coefficients of determination and standard error of 

estimate for regression equations predicting SFV of short 

loin steaks from Holstein carcasses using subjective carcass 

scores and FI are presented in table 3. FI at 24 h PM and 

USDA marbling score accounted for 26.7% (FI, 26.3%; 

marbling, .4%) of the variation in SFV. Simultaneous 

consideration of FI at 24 h PM and carcass traits (USDA 

factors and lean scores) accounted for 30.4% of the observed 

variation in SFV of cooked loin steaks. These values are ; 
> 

lower than those of Calkins et al. (1980) who found that FI '' 
» 

at 240 h PM and various carcass traits accounted for 64.6% | 

of the variation in SFV of steaks from USDA Commercial and j, 
i 

utility carcasses. Significant to the present study is the } 

fact that FI at 240 h PM accounted for only 1.2% more of the 

variation in SFV than FI at 24 h PM. 

These data indicate FI can predict tenderness of loin 

steaks from lean, uniform carcasses, varying little in 

various USDA traits, using 10 g of longissimus muscle 

obtained at 24 h PM. Use of FI could provide a simple 
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TABLE 3. COEFFICIENTS OF DETERMINATION (R X 100) 
AND STANDARD ERROR OF ESTIMATE FOR MULTIPLE 
REGRESSION EQUATIONS PREDICTING SHEAR FORCE 

VALUES OF HOLSTEIN SHORT LOIN STEAKS 

Variables ^ 
in subset Variables^ R X 100 SEE 

6 1,5 26.7 .96 
2 all carcass traits 4.0 1.17 
7 1, all carcass traits 30.4 1.01 
2 2, 5 29.4 .94 
7 2, all carcass traits 35.4 .98 

^Variable code for physical measurements: 
1 = FI - 24 h 5 = USDA marbling score 
2 = FI - 240 h 6 = USDA overall maturity 
3 = Hot carcass weight, kg 7 = Lean texture 
4 = Adjusted fat thickness, mm 8 = Lean color 
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laboratory procedure using a small quantity of raw 

longissimus muscle by which carcasses could be selected on 

the basis of expected tenderness, as suggested by Reagan et 

al. (1975a). Furthermore, this technique could be used 

early PM, which could be valuable to the meat industry and 

for Meat Science research studies. 

Means, standard deviations and coefficients of 

variation of carcass traits for Brahman-X and Hereford 

carcasses are presented in table 4. This population of 

carcasses were relatively lean (10.5 mm), A to A-plus USDA 

overall maturity, slightly fine lean texture, slightly dark 

red lean color, USDA quality grade Good-plus, USDA yield 

grade 2.8 and slightly bruised. Hot carcass weight, 

adjusted fat thickness and USDA marbling and quality grade 

contained the greatest amount of variation. Variation of 

other carcass traits was low. Carpenter et al. (1961) 

reported Brahman carcasses tend to grade considerably below 

British breeds with Brahman crosses being intermediate. 

Also, Adams et al. (1973) in a study comparing carcass 

traits among different breeds, reported Holstein and Brahman 

carcasses had the lowest marbling scores among seven breeds. 

No differences were found for 12 out of 13 carcass 

scores or measures of Hereford random (A) versus Brahman-X 

matched (D) (matched carcasses based on weight, fatness and 

maturity) steer carcasses (table 5). Also, there were no 

differences for sarcomere length, percentage fat and 
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TABLE 4. MEANS FOR BRAHMAN X AND HEREFORD 
CARCASS TRAITS (N = 41) 

Carcass trait Mean SD CV 

Hot carcass weight, kg 
Adjusted fat thickness, 
USDA marbling , 
USDA overall maturity 
Lean texture score 
Lean color score 
USDA quality grade 
USDA yield grade 
Bruise score 

mm 
2 8 6 . 1 

1 0 . 5 
1 1 . 5 
1 3 . 4 

5 .5 
5 .4 

1 0 . 6 
2 . 8 
3 . 5 

33 .6 
3 .7 
3 . 1 
1 .0 

.9 

.9 
2 . 1 

.7 

.8 

1 1 . 7 
3 5 . 3 
2 6 . 8 

7 . 8 
1 6 . 8 
1 5 . 9 
1 9 . 3 
2 3 . 1 
2 2 . 1 

^12=Small-minus, ll=Good-plus. 

^14=Typical A maturity, 13=A-plus maturity. 

^ 6=Moderately fine, 5=slightly fine. 

^ 6=Cherry red, 5=slightly dark red. 

^ll=Choice-minus, 10=Good-plus. 

^ 4=No bruise, 3=slightly bruised. 
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moisture, FI or SFV between these groups (table 6). A trend 

indicating greater toughness was observed in FI and SFV but 

the trend was not significant. Evaluator A was using the 

known breed differences between Brahman and Hereford, 

reported by other researchers, as a subjective factor and 

other carcass traits in making tenderness estimates; thus, 

his scores between Hereford random (A) and Brahman-X matched 

(D) were different (table 5). 

The literature clearly establishes meat from Brahman 

carcasses as less tender than from other breeds (Carpenter 

et al., 1961; Carroll et al., 1964). These data indicate 

when carcasses from steers with unknown history are matched, 

the breed difference in SFV is not significant. 

With the exception of USDA overall maturity, lean color 

and tenderness estimate A, no differences were found in 

other carcass measures comparing Hereford random (A) 

carcasses to Brahman-X random (B) (table 5). Also, no 

proximate analysis or sarcomere length differences existed 

between these groups (tables 6). Although not significant , 

a trend indicating higher FI and SFV for Brahman-X random 

(B) in comparison to Hereford random (A) existed (table 6). 

Thus, the Brahman-X random (B) carcasses (tables 5 and 6) 

were more mature and of darker lean color than randomly 

selected Hereford carcasses and tended to have higher FI and 

shear force values. In related findings by Dunsing (1959), 

Hereford carcasses possessed a more youthful, lighter 
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colored lean. 

Comparison of Hereford random (A) and Brahman-X select 

(C) (selection based on indications of having tough meat) 

carcasses revealed Brahman-X select (C) were more mature, 

were trimmer, had a darker lean color and had more bruises 

evident than Hereford carcasses. Steaks from loins of 

Brahman-X select (C) steers with obvious traits (under-

finished, A-plus maturity, dark lean color) known to be 

associated with tough meat were less tender than steaks from 

loins of other Brahman-X and Hereford steer carcasses. 

Berry et al. (1974) reported a difference in muscle color 

between A-minus, A-typical and B-minus carcasses maturity 

and these differences were closely related to variability in 

tenderness. Some of the difference between Brahman-X and 

Hereford carcasses in tenderness may be associated with 

differences in feeding regimen, degree of finish, handling 

and physiological age. Smith et al. (1976) reported that 

lamb carcasses with less external finish were significantly 

lower in tenderness than lambs possessing a higher degree of 

finish. It would be interesting to attempt to explain 

differences in tenderness between the breeds after certain 

environmental and other factors are controlled. Possibly 

in-depth studies concerning the various myofibrillar and 

stromal proteins from muscle of loins of carcasses from each 
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breed would aid in explaining the tenderness difference 

between these breeds. 

No significant differences except in SFV were found 

between Brahman-X select (C) and the Hereford random (A) 

carcasses (table 6). These data indicate SFV was the only 

objective method in this study that could detect a 

difference between Brahman-X select (C) carcasses and the 

other Brahman crosses (B, D) and Hereford random (A) 

carcasses. 

Table 7 shows simple correlation coefficients relating 

SFV to Brahman-X and Hereford carcass traits. USDA marbling 

scores and quality grades were related to SFV (r=-.44, 

-.46). Adjusted fat thickness and USDA yield grade were 

also related to SFV. A trend was noticed in the 

relationship of bruise score to SFV. All other carcass 

traits were not significantly related to SFV. Tenderness 

estimates (subjective, visual measures) made by three 

trained carcass evaluators (A=experienced, B=moderately 

experienced, C=slightly experienced) were all significantly 

related to SFV of cooked loin steaks. These findings show 

indicators of tenderness are apparent on carcasses, 

especially if scored more accurately by an experienced 

evaluator. Since the correlation coefficient for evaluator 

A (r=-.55) was the best estimate of SFV (table 7), maybe use 

of multiple regression techniques using the same factors as 

evaluator A could account for a similar amount of variation 
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TABLE 7. SIMPLE CORRELATION COEFFICIENTS RELATING SHEAR 
FORCE VALUE TO BRAHMAN X AND HEREFORD CARCASS TRAITS 

Variable 

r with 
shear force 

value 

-.13 
-.37* 
-.44** 
-.02 
-.08 
-.17 
-.46** 
-.32* 
-.25 
-.55** 
-.46** 
-.31* 

Hot carcass weight, kg 
Adjusted fat thickness, 
USDA marbling score 
USDA overall maturity 
Lean texture score 
Lean color score 
USDA quality grade 
USDA yield grade 
Bruise score 
Tenderness estimate, 
Tenderness estimate, 
Tenderness estimate. 

mm 

evaluator 
evaluator 
evaluator 

B 

^Evaluator A, experienced in carcass evaluation. 

Evaluator B, moderately experienced in carcass 
evaluation. 

^Evaluator C, slightly experienced in carcass evaluation 

* P<.05. 

**P<.01. 
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in SFV. 

FI at 24 and 240 h PM was significantly related to SFV 

of cooked loin steaks (table 8). These values are in 

agreement with SFV or tenderness values reported by other 

researchers (r=-.50, FI-60 h PM, Cole and Davis, 1981). 

Correlation coefficient relating sarcomere length to SFV was 

not significant, which substantiates findings by Parrish et 

al. (1973) who reported myofibrillar fragmentation index 

(MFI) was a more accurate predictor of cooked meat 

tenderness than sarcomere length. Conversely, Lewis et al. 

(1977) showed a significant relationship (r=-.35) between 

sarcomere length and SFV for crossbred beef steers. Also, 

Bidner et al. (1973) reported a significant relationship 

(r=-.72) between sarcomere length and SFV for Brahman 

crossbred steers, but the same relationship for Angus steers 

was not significant. A trend was noticed in relating two 

chemical measures (percentage fat and moisture) to SFV; 

however, Reagan et al. (1975b) reported moisture percentage 

was not closely related to either subjective or objective 

measures of tenderness. The relationship between FI at 36 h 

PM and SFV on two different populations of cattle suggests 

FI of raw muscle can predict cooked meat tenderness 

regardless of breed group at early PM. 

Regression equations predicting SFV of short loins 

steaks from Brahman-X and Hereford carcasses using various 

chemical, physical and histological measures are presented 
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TABLE 8. SIMPLE CORRELATION COEFFICIENTS RELATING SHEAR 
FORCE VALUE TO CERTAIN MEASURES 

r with 
shear force 

Variable value 

FI - 36 h .54** 
FI - 240 h .52** 
Sarcomere length .13 
Percentage moisture -.29 
Percentage fat -.27 

**P<.01. 
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m table 9. Simultaneous consideration of USDA quality 

measures (USDA overall maturity, USDA marbling score, 

adjusted fat thickness, hot carcass weight) accounted for 

28.0% of the observed variation in SFV. The addition of FI 

at 36 h PM to this model accounted for an additional 19.5% 

of the variation in SFV. Similarly, the addition of FI at 

36 h PM (FI-36) accounted for another 17.3% of the variation 

in SFV over USDA and laboratory measures. USDA, laboratory 

and FI-36 together accounted for 51.2% of the observed 

variation in SFV. Cole and Davis (1981) reported regression 

equations combining carcass traits (USDA marbling, lean 

color, lean firmness, adjusted fat thickness and hot carcass 

weight), FI at 60 h PM and other measures (saromere length, 

percentage fat, percentage moisture and percentage cooking 

loss) accounted for 46.1% of the observed variation in SFV 

of aged loin steaks. 

The data also reveal that FI-36 explained about 19% of 

the variation in SFV above the variation accounted for by 

carcass traits (footnote c, table 9 ) . The USDA quality 

grade standards attempt to segment beef carcasses into 

groups based on expected tenderness. The factors used to 

estimate USDA quality grades are based on memory standards 

and are subjective. Accuracy is dependent on the skill and 

experience of the carcass evaluator. Davis et al. (1979) 

concluded the variation in tenderness that exists within 

USDA quality grades is not measurable by the USDA grade 
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TABLE 9. COEFFICIENTS OF DETERMINATION (R X 100) AND 
STANDARD ERROR OF ESTIMATE VALUES FOR MULTIPLE REGRESSION 
EQUATIONS PREDICTING SHEAR FORCE VALUE OF BRAHMAN X AND 

HEREFORD SHORT LOIN STEAKS 

Variables 
in subset 

4 
5 
7 
8 

8 
9 

1 
5 
2 
6 
4 
5 

Variables 

USDA^ 
USDA, FI-36 , 
USDA, laboratory 
USDA, laboratory, FI-36 

Carcass^ 
Carcass, FI-36 

Estimate A 
Estimate A, USDA 
Estimate A, FI-36 
Estimate A, FI-36, USDA 
Estimate A, laboratory 
Estimate A, laboratory. 

FI-36 

R^ X 100 

28.0 
47.5 
33.9 
51.2 

29.9 
49.0 

30.7 
37.6 
46.7 
49.8 
44.6 

55.9 

SEE 

1.78 
1.54 
1.78 
1.56 

1.86 
1.62 

1.68 
1.68 
1.49 
1.53 
1.56 

1.41 

^Includes: USDA overall maturity, USDA marbling, 
adjusted fat thickness hot carcass weight. 

^Includes: sarcomere length, percentage moisture, 
percentage fat. 

^Includes: USDA overall maturity, USDA marbling, 
adjusted fat thickness, hot carcass weight, lean color, lean 
texture, bruise score. 

^Variable code for experienced carcass evaluator. 
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Standards. However, these researchers found the USDA 

standards could distinguish tenderness differences among 

USDA grades to a moderate degree. 

In agreement with those findings, data from the present 

study reveal that an experienced carcass evaluator observing 

various carcass measures could account for 30.7% of the 

observed variation in SFV (table 9). The addition of FI-36 

accounted for 16.1% more variation in SFV than tenderness 

estimate A. Tenderness estimate A, laboratory assays and 

FI-36 together accounted for more variation in SFV (55.9%) 

than any other model. These data indicate the use of FI at 

36 h PM alone or in conjunction with other carcass measures 

and laboratory assays is a valuable predictor of cooked meat 

tenderness. 

Conclusions 

The conclusions of the present study were: 1) FI of 

raw muscle from Holstein steer carcasses was related about 

the same (r=.48 to .52) to SFV of loin steaks, early PM (24 

h) or after a 10-d cooler aging period. FI can predict with 

reasonable accuracy tenderness using raw muscle at 24 h PM 

removed from uniformly lean carcasses varying little in 

carcass traits. 2) Correlation coefficients relating 

various Holstein carcass traits to SFV were low (-.10 to 

.12). None of these carcass traits were significantly 

related to SFV whereas, FI determined at three times between 

24 and 240 h PM was significantly related to SFV. 3) Simul-
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taneous consideration of FI-24 and six carcass traits 

accounted for 30.4% (FI-24, 26.3%; carcass traits 4.1%) of 

the observed variation in SFV of cooked loin steaks from 

carcasses from Holstein steers. 4) There were no 

differences for 12 out of 13 carcass scores or measures in 

sarcomere length, percentage fat and moisture, FI or SFV 

between Hereford random (A) versus Brahman-X matched (D) 

(matched carcasses based on weight, fatness and maturity) 

steer carcasses. 5) Steaks from loins of carcasses from 

underfinished, mature, Brahman-X select (C) (selection based 

on indications of having tough meat) carcasses, with dark 

ribeyes and showing evidence of non-optimal antemortem 

handling, were less tender than steaks from loins of other 

Brahman-X and Hereford steers. 6) The correlation 

coefficients between six carcass scores or estimates were 

related to SFV of cooked loin steaks (r=-.37 to -.55) 

compared to r=.52 to .54 for two FI measures. Thus, when 

the Hereford and Brahman-X carcasses were pooled (n=41), 

certain carcass traits and FI could be used to about an 

equal degree in identifying differences in tenderness of 

cooked loin steaks. 7) Simultaneous consideration of the 

four USDA quality grading factors, sarcomere length, 

percentage fat and moisture, and FI-36 h PM accounted for 

51.2% of the observed variation in SFV of cooked loin steaks 

from carcasses of Brahman-X and Hereford steers. 8) Use of 

FI applied to 24 or 36 h PM raw longissimus muscle alone, or 
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in conjunction with other carcass measures and certain 

laboratory assays is a useful tool in early PM prediction of 

cooked meat tenderness of loin steaks from lean carcasses 

(Holsteins) or Brahman-X and Hereford carcasses. 
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APPENDIX A. 
TABLE 10. MEANS FOR POSTMORTEM pH DECLINE OF MUSCLE AGED 

AT VARIOUS TEMPERATURES 

Aging temperature 
Time 
postmortem, h 

1 
12 
18 
24 
36 
48 
60 

0 

6.36 
5.65 
5.50 
5.50 
5.50 
5.44 
5.48 

12 

^ 

5.46 
5.34 
5.39 
5.39 
5.34 
5.38 

23 

^ 

5.36 
5.36 
5.39 
5.42 
5.39 
5.44 

Mean of five observations 
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APPENDIX B. PRELIMINARY PROCEDURES 

Sample removal and preparation 

Five short loins were removed from five carcasses (3 

Charolais, 2 Angus) approximately 45 min after 

exsanguination, prior to chilling. Each short loin was 

divided into one 10 cm (control) and two 8 cm thick 

sections, wrapped in polyvinyl chloride film (PVC) and 

assigned to a PM temperature conditioning group (0, 12.5, 

23.5 C ) . A 1 cm thick cross section of longissimus was 

removed at 12, 18, 24, 36, 48 and 60 h PM from each 

temperature group, wrapped in PVC film and 

polyethylene-coated freezer paper, frozen and stored at -10 

C. For shear force determination, a 3 cm thick steak, which 

was removed at 10 d PM, was thawed 24 h at 0 C, broiled on a 

preheated Farberware broiling unit to an internal 

temperature of 70 C then allowed to cool to 25 C. 

Chemical measurement 

Muscle pH was determined with a Beckman 35 pH monitor 

using a 4-g longissimus sample placed in 25 ml deionized, 

distilled water and blended 15 sec. Muscle pH was measured 

for initial and all PM treatment groups. 
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Lean color 

8=light grayish red (pink) 
7=very light cherry red 
6=cherry red 
5=slightly dark red 
4=moderately dark red 
3=dark red 
2=very dark red 
l=black 

Estimated tenderness 

Lean texture 

8=very fine 
7=fine 
6=moderately fine 
5=slightly fine 
4=slightly coarse 
3=moderately coarse 
2=coarse 
l=very coarse 

Heat ring 

8=extremely tender 
7=very tender 
6=moderately tender 
5=slightly tender 
4=slightly tough 
3=moderately tough 
2=very tough 
l=extremely tough 

4=no heat ring 
3=slight heat ring 
2=moderate heat ring 
l=extreme heat ring 

Bruise score 

4=no bruise 
3=slightly bruised 
2=moderately bruised 
l=very bruised 




