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ABSTRACT 

The need to improve the quality and consistency of beef has been a concern of 

researchers, producers, packers, retailers, and restaurateurs for decades. As consumers 

strive to find a convenient, healthy, affordable, palatable food sources, the beef industry 

has fallen behind. Beefs lack of consistency, convenience, and the health concerns 

associated with eating beef have resulted in lost market share to other protein sources. 

The beef industry needs to identify means of providing consumers with high quality, 

convenient products. 

This dissertation evaluates methods to improve the quality and consistency of 

beef First, a study was conducted to determine if a guaranteed tender beef steak could be 

successfiilly offered to consumers in retail stores. This study utilized a new technology, 

middle meat electrical stimulation, to improve tenderness and also evaluated six different 

cattle breed types. Electrical stimulation did not improve tenderness (P > .05). However, 

electrical stimulation did improve (P < .05) marbling score, quality grade, and lean color. 

No palatability differences (P > .05) were found between breed types. Moreover, 99% of 

the steaks had Wamer-Bratzler shear (WBS) values less than 4.5 kg. Thus, providing 

consumers with a guaranteed tender beef steak can be accomplished. 

A second study was conducted to utilize objective color measurements to identify 

tough beef carcasses from others. This study used CIE L*, a* and b* color 

measurements determined from the previous experience to determine if specific objective 

color measurements could be used to identify carcasses that produced tough steaks. 

Carcasses were selected that had L*, a* and b* values below 32.5, 20.5 and 20.5. A 
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higher proportion of these carcasses (P < .05), 73.7%, had WBS values greater than 4.5 

kg. Therefore, identifying a portion of the carcasses that produce tough steaks using 

objective color measurements can be accomplished efficiently and effectively. Both 

projects provided results that can be utilized by the beef industry to improve the quality 

and consistency of beef that is sold to consumers. 

Vl l l 



LIST OF TABLES 

3.1 Number of each breed type selected from each feedlot by sex of animal 17 

3.2 Means and standard deviations by breed type for carcass cutability 
and quality for the carcass traits for the carcass sides not stimulated 26 

3.3 Means and standard deviations for carcass side quality traits by electrical 
stimulation treatment 27 

3.4 Means and standard deviations of objective carcass side color measurements 
by electrical stimulation treatment 28 

3.5 Number of carcass sides by breed group in each quality grade and number 
and percentage that changed quality grade when electrically stimulated 30 

3.6 Means and standard deviations of purge, drip loss, pH, and cooking loss 
measurements by electrical stimulation treatment 31 

3.7 Means and standard deviations of medium and medium-well WBS and 
medium sensory panel ratings by treatment 33 

3.8 Means and standard deviations of medivim and medium-well WBS 
individual core values 35 

3.9 Percentage of steaks from sides not electrically stimulated that were 
ranked as tough^, intermediate'' or tender"̂  when cooked to two donenesses 
for WBS value and medium doneness sensory panel scores 36 

3.10 Mean Hunter Miniscan L*, a* and b* values by tenderness class of 
steaks cooked to a medium doneness 37 

3.11 Means and standard deviations of WBS values and sensory panel ratings 
of steaks from the carcass sides not stimulated by breed group 38 

3.12 Percentage of steaks, from carcass sides not stimulated, classified as tough^ 
intermediate'' or tender*̂  by breed type of medium and medium-well doneness 
WBS values and medium doneness sensory panel ratings 40 

3.13 Percentage of cattle by breed group that fit both the Rancher's Registry 
tenderness and ribeye area specifications 42 

IX 



3.14 Mean retail display case evaluations of steaks by electrical stimulation 
treatment of the caircass sides 43 

3.15 Mean retail display-case objective color measurements by electrical 
stimulation treatment of the carcass sides 44 

3.16 Mean retail display case evaluations of steaks from each feedlot 46 

3.17 Mean retail display case objective color measurements of steaks 
from each feedlot 47 

4.1 Means and standard deviations of WBS values and sensory panel ratings 
by tenderness class 56 



CHAPTER 1 

INTRODUCTION 

The need to improve the quality and consistency of beef has long been a concern 

of researchers, producers, packers, retailers, and restaurateurs. As consumers strive to 

find convenient, healthy, inexpensive, palatable food sources, the beef industry has fallen 

behind. The lack of consistency, convenience, and health concerns associated with eating 

beef has resulted in lost market share to other protein sources. The beef industry needs to 

identify means of providing consumers with high quality, convenient products, which 

they demand. 

Many factors contribute to the variation in beef palatability. These include animal 

age, breed, genotype, nutritional regimen, days on a high-concentrate diet, the use of 

growth promotants, electrical stimulation, post-mortem aging, cooking method and end-

point cooking temperature. Researchers have studied the effects and the mechanisms by 

which they alter beef palatability, especially tenderness. Beef palatability can be 

improved by increasing days on a high-concentrate diet, electrical stimulation, and post

mortem aging. However, some beef still provides an unsatisfactory eating experience. 

Therefore, researchers have evaluated numerous means to prevent unpalatable beef from 

reaching the consumer. Nonetheless, the problem remains of how to identify unpalatable 

beef The USDA quality grading system has been used since the 1920's to segregate 

carcasses based on expected palatability and to market cattle and beef, but this system has 

been unsuccessful at identifying all unpalatable beef Thus, researchers are continually 



working to find a more effective means of segregating beef based on expected 

palatability. 

Alliances are forming across the beef industry to provide a more consistent 

product to consumers. Rancher's Registry, an alliance consisting of Excel Corporation, 

Rancher's Renaissance, Beef Advantage Program, and Caprock Industries, has taken on 

the challenge of providing consumers with a guaranteed tender beef product. Rancher's 

Registry has set forth certain specifications for marbling score, ribeye area, post-mortem 

aging and breed type. The cattle and carcasses must meet these specifications to be 

included in the program. The Rancher's Registry product will be marketed through retail 

outlets as guaranteed tender. The objective of this study was to ensure this alliance that 

their product could be guaranteed tender. 

Moreover, developing a system to segregate all or a portion of tough beef would 

greatly benefit the beef industry. Several researchers have evaluated objective color 

measurements to segregate carcasses based on expected palatability. However, a system 

has not yet been adopted by the beef industry. The objective of this study was to develop 

an effective, efficient method using objective color measurement values that can be used 

to identify all or a portion of tough beef 



CHAPTER II 

REVIEW OF LITERATURE 

History of Beef Grading 

Beef grading, segregating cattle and beef carcasses based on expected value, 

began over 70 y ago in the United States because cattle producers, buyers, and packers 

saw the need for a system to determine value of cattle to more accurately merchandize 

cattle and beef, as well as report market trends (Briskey and Bray, 1964). The need for a 

grading system became evident because of the tremendous variation in the cattle 

population and beef at that time. Thus, the USDA initiated work in 1916 to develop 

standards for grading livestock and meat (Briskey and Bray, 1964). In January, 1923, the 

USDA began grading beef carcasses using tentative US standards. On June 3, 1926, the 

USDA pronounced these beef grade standards as the official US Standards for Market 

Classes and Grades of Carcass Beef to become effective July 1, 1926. However, even 

with the official grade standards in place, much opposition was encountered. Packers 

were not convinced that this system would work; thus, they developed their own grading 

systems, whereas producers promoted stamping of carcasses based on the standards 

approved by the USDA. Conferences between packers, producers, and government 

officials in the late 1930s, resulted in the development of a single grading system 

(Briskey and Bray, 1964). Throughout the years, several revisions and changes have 

been made to the grading standards primarily because beginning grading standards were 

based on opinions. However, as universities began animal science programs, research 

was conducted to evaluate the grading standards and document the need for change. 
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Also, as the cattle industry changed and progressed, periodically a need to revise the 

grading standards became evident. Some of the changes that have been made to the 

grading standards since their promulgation are: (1) the addition of the Standard grade in 

1956, (2) lowering the marbling requirements for the Prime and Choice grades in 1965, 

(3) developing yield grading standards in 1965, (4) eliminating conformation score from 

the grading standards in 1975, (5) eliminating fat thickness as a factor to determine 

quality grade in 1980, (6) changing the Good grade to Select in 1987 (USDA, 1989), and 

(7) eliminating B maturity carcasses with "small" or "slight" marbling scores from the 

Choice and Select grades (USDA, 1996). 

Beef Palatability and Tenderness 

Market share of beef has declined for a number of reasons, but the most 

significant is beefs lack of consistency. As consumers strive to find an affordable, 

palatable, convenient product, beef continues to be highly variable in palatability 

(especially tenderness) thus leaving consumers dissatisfied and in search of an alternative 

meat source. Because tenderness is currently the most studied beef palatability trait, 

research is continuously being conducted to find the cause and solutions to beefs 

variation in tenderness. Reasons to focus research efforts on tenderness are: (a) 

tenderness varies twice as much as flavor (Koohmaraie et al., 1995) and (b) flavor is 

influenced by consumers' choices of cooking method and seasonings (NLSMB, 1995). 

Miller et al. (1995) reported that tenderness accounted for greater than 50% of a 

consumer's overall acceptability of beef steaks. With tenderness being the most critical 



palatability attribute of a steak to provide consumer satisfaction, improving the variation 

in beef tenderness is critical. 

Many factors contribute to the variation in beef tenderness. These include animal 

age, breed, nutritional regimen, days on a high-concentrate diet, the use of growth 

promotants, electrical stimulation, post-mortem aging, cooking method and end-point 

cooking temperature. Most all young cattle slaughtered in the United States today are 

handled in the same way prior to slaughter. They are fed a high-concentrate diet prior to 

slaughter, given growth promotants and are slaughtered at similar ages in large 

commercial packing facilities. Therefore, genetic differences between and within breeds 

of cattle can be identified as the main source of variation in tenderness that occurs prior 

to slaughter. Many researchers have shown that certain biological types produce tougher 

beef than other types. The main differences in meat palatability are between Bos indicus 

and Bos taurus cattle. Numerous studies have shown that Bos indicus cattle produce 

meat that is tougher than Bos taurus cattle (Damon et al., 1960; Ramsey et al., 1963; 

McKeith et al., 1985; Crouse et al., 1987). As the percentage of Brahman breeding 

increases, beef tenderness decreases (Crouse et al., 1989; Johnson et al., 1990; Sherbeck 

et al., 1996). Sherbeck et al. (1996) found that, as phenotypic expression of Brahman 

characteristics increased, tenderness of steaks from those animals decreased. Palmer 

(1963) reported that the percentage of Bos indicus blood accounted for more of the 

variation in tenderness than any other factor. However, not all Bos indicus cattle produce 

tough beef Researchers also have shown great variation in tenderness among different 

Bos taurus breeds (Koch et al., 1976; Gregory et al., 1994; Wulf et al., 1996). 

Additionally, researchers also have shown much tenderness variation within breeds 
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(Koch et al., 1982; Shackelford et al., 1994; Brooks et al., 1998). Wulf et al. (1996) 

showed tenderness differences of steaks within the Charolais and Limousin breeds. Thus, 

it is imperative to identify cattle that will produce high quality and exceptionally 

palatable beef 

Electrical Stimulation 

A method that has been tested and used in various areas of the industry to 

improve beef tenderness, as well as aid in ease and efficiency of bleeding by speeding up 

post-mortem glycolysis, is electrical stimulation. Benjamin Franklin first noted that 

killing turkeys electrically made them uncommonly tender (Stiffler, 1982). Harsham and 

Deatherage patented their electrical stimulation process and equipment utilized in the 

tenderization of beef carcasses in 1951 (Savell, 1979). 

Electrical stimulation of beef carcasses, shortly after exsanguination, improves 

palatability, especially tenderness (Davey et al., 1976; Savell et al., 1977, 1978a, b; 

McKeith et al., 1981). On the other hand, Davis et al. (1981), Crouse et al. (1983), and 

Bidner et al. (1985) found no improvements in beef sensory panel ratings when carcasses 

were electrically stimulated. High- (200 to 500 V) and low-voltage (30 to 90 V) 

electrical stimulations have been researched. High-voltage stimulation has been most 

effective for improving tenderness. However, for various reasons, high-voltage electrical 

stimulation is not currently being utilized extensively within the beef industry. One 

major reason for lack of utilization of high-voltage stimulation is due to the quality 

problems associated with the thick cuts of the carcass, most specifically the round. By 

lowering pH rapidly when using high-voltage electi:ical stimulation, the lean of some 
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rounds becomes pale, soft and exudative. Also, plants are concerned with employee 

safety associated with using high-voltage electrical stimulation. On the other hand, low-

voltage stimulation is widely used throughout the industry. Carcasses are stimulated with 

low-voltage stimulation in the blood pit and at the hide puller area of most all major 

packing facilities in the United States. Electrical stimulation provides other benefits, 

such as improvements in lean color (Savell et al., 1978a, b, 1979; McKeith et al., 1980, 

1981) and marbling score (Savell et al., 1978a, b; McKeith et al., 1981; Stiffler et al., 

1982). However, some researchers have found that electrical stimulation does not 

increase marbling score (Davis et al., 1981; Crouse et al., 1983). 

Three different theories have been proposed on how electrical stimulation 

improves tenderness. New Zealand researchers attribute the improvement in tenderness 

to the prevention of cold shortening, as stimulation causes a rapid decline in the amount 

of available ATP (Chrystall and Hagyard, 1975; Davey, et al., 1976; Chrystall, 1976). 

Secondly, studies have shown that the lysosomal enzymes in electrically stimulated beef 

carcasses are released sooner and work at an accelerated rate when compared to the 

lysosomal enzymes in unstimulated carcasses (Dutson, et al., 1980). The third theory of 

the improvement in tenderness resulting from electrical stimulation is that stimulation 

causes structural damage to muscle fibers (Savell et al., 1978a). These three mechanisms 

could be singularly or collectively responsible for the improvement in tenderness caused 

by electrical stimulation. 



Effect of Lean Color on Beef Tenderness 

Lean color has a significant relationship with beef palatability. Lean maturity is 

used to determine the overall maturity of beef carcasses to assign quality grades (USDA, 

1996). Wulf et al. (1998) reported that carcasses with lower L* values (darker color) 

produced steaks that were lower in palatability. Below an L* value of 36, these steaks 

were unacceptable in palatability, especially tenderness, and had an undesirable 

appearance. Wulf et al. (1996, 1997) and Jeremiah et al. (1991) found that tenderness 

decreased as lean color became darker. Also, Smith et al. (1982) found that overall 

palatability decreased as lean maturity score increased. Tuma et al. (1963) reported 

longissimus muscle color was darker as animals increased in age, but reported low 

correlations between longissimus muscle color and tenderness. These conflicting results, 

found when using subjective color evaluations to predict tenderness, prove the need to 

use an objective color measurement to segment carcasses into expected palatability 

groups. 

USDA Beef Grading System 

Marbling 

All of the factors mentioned above affect beef palatability. However, the USDA 

Quality Grading Standards utilize marbling and maturity to predict palatability. Quality 

grading of beef carcasses is used to segregate beef carcasses based on expected 

palatability. The US Quality Grading Standards for beef carcasses primarily use 

marbling score (intramuscular fat in the longissimus muscle) and maturity (skeletal and 

lean maturity) to determine quality grade. Eleven marbling scores and five maturity 
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classes are used to determine quality grade of beef carcasses. Current quality grades are 

Prime, Choice, Select, Standard, Commercial, Utility, Cutter, and Canner (USDA, 1989). 

The first four quality grades are used to grade A and B maturity carcasses (typically 12 to 

24 mo of age), while the last four are the grades for C, D, and E maturity carcasses (3 y 

old or older). Basically, Prime, Choice, Select, and Standard are the grades assigned to 

fed steers and heifers, while Commercial, Utility, Cutter, and Canner are the grades 

assigned to non-fed animals, especially cull cows. 

The grading system used for the fed cattle population is extensively used by the 

beef industry. About 85% of all steers and heifers (28.1 million) slaughtered at federally 

inspected plants in 1995 were assigned a quality grade (Smith et al., 1995). However, 

over 80% of steers and heifers in the fed cattle population had either "small" or "slight" 

marbling scores. Smith et al. (1984) reported no palatability differences between steaks 

produced from carcasses with "small" or "slight" marbling scores. Nonetheless, a 

tremendous price spread is found between these two marbling scores because "small*^^" is 

the minimum marbling requirement for a carcass to grade USDA Choice. Thus, the 

USDA quality grades used for the fed cattle population do not effectively segregate 

carcasses into expected palatability groups because of the very narrow range between 

adjacent marbling scores and the fact that the vast majority of cattle in the US cattle 

population fall within this narrow range. 

Because marbling and maturity are the two factors that determine USDA quality 

grade, they have been extensively researched. Numerous researchers have studied the 

effects of marbling and maturity on beef palatability (Blumer, 1963; Tuma et al., 1962; 

Webb et al., 1964; Romans et al., 1965; McBee and Wiles, 1967; Breidenstein et al., 
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1968; Parrish et al., 1973; Berry et al., 1974; Tattim et al., 1980; Dolezal et al., 1982; 

Smith et al., 1982, 1984, 1988; Tatum et al., 1982; Savell et al., 1987). However, 

researchers have found conflicting results when studying the effects of marbling and 

maturity on beef palatability. Parrish et al. (1973) found no differences in beef 

palatability as marbling increased. Other researchers found increased tenderness and 

juiciness as marbling increased (Smith et al., 1984; Savell et al., 1987; McBee and Wiles, 

1967). However, these researchers did not find significant differences in beef palatability 

between adjacent marbling scores. When comparing carcasses from A to E maturity. 

Smith et al. (1984) reported no differences in overall palatability of longissimus steaks 

ranging in marbling score from moderately abundant to moderate, from slightly abundant 

to modest, and from modest to small. In addition when evaluating carcasses of A and B 

maturity only, McBee and Wiles (1967) found no differences in tenderness ratings of 

beef between any adjacent marbling levels. Savell et al. (1987) reported, among A 

maturity carcasses, no differences in tenderness for marbling scores ranging from slightly 

abundant to modest, from moderate to small, from small to slight, and from slight to 

traces. Also, juiciness ratings of beef were not different between adjacent marbling 

scores. However, Warner-Bratzler shear force values were lower for steaks with 

marbling scores ranging from slightly abundant to small when compared to steaks with 

slight and traces marbling scores (Savell et al., 1987). Most researchers have shown that 

marbling accounts for only a small part of the variation in tenderness. Campion et al. 

(1975) found that marbling accounted for no more than 10% of the variation in beef 

palatability. Blumer (1963) and Carpenter (1974) concluded, based on review of the 

research up to that time, that less than 15% of variation in beef palatability was associated 
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v^th marbling differences. Smith et al. (1984) also found that marbling differences 

accounted for about 15% of the variation in beef tenderness. Tatum et al. (1982) found 

that only 5% of the variation in beef tenderness was associated with differences in 

marbling. Nonetheless, because several researchers have shown few differences between 

adjacent marbling scores and marbling accounts for only a small percentage in the 

variation of beef tenderness, too many marbling scores are used to segregate carcasses 

into expected palatability groups. 

Maturity 

In addition to the numerous research projects studying the effect of marbling on 

beef palatability, several others have focused attention on the effects of maturity on beef 

palatability. Many researchers reported increased maturity (very young to very old) 

resulted in decreased palatability (Tuma et al., 1962; Breidenstein et al., 1968; Romans et 

al., 1965; Prost et al., 1975; Smith et al., 1982, 1988). However, several researchers have 

reported little or no difference in beef palatability between carcasses of A and B maturity 

(Walter et al., 1965; Breidenstein et al., 1968; Berry et al., 1974; Tattim et al., 1980). On 

the other hand. Smith et al. (1982, 1988) found A maturity carcasses were more palatable 

than B maturity carcasses. The difference or lack of difference between A and B 

maturity carcasses is important because of the recent grade change made by the USDA, 

which eliminates B maturity carcasses with small and slight marbling from the Choice 

and Select grades and classifies those carcasses as Standard (USDA, 1996). Smith et al. 

(1988) found Wamer-Bratzler shear force values increased as maturity increased from C 

to D and D to E maturity, but found overall palatability of C and D maturity carcasses 
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similar. However, Berry et al. (1974) showed carcasses ranging from A to E maturity 

had similar juiciness ratings and found few differences in shear force values. Smith et al. 

(1982, 1988) showed that C maturity carcasses produced steaks that were significantiy 

less palatable than steaks from A and B maturity carcasses. Smith et al. (1982) 

concluded that the USDA system of assigning maturity scores was effective in 

segmenting carcasses into groups that produce steaks differing in palatability. From the 

above, we must realize that conflicting results exist for the effects of maturity on beef 

palatability. Possibly, too many maturity classifications are used to segregate carcasses 

into expected palatability groups. 

Marbling, Maturity and Degree of Doneness Interactions 

Several of the factors that influence beef palatability interact to positively or 

negatively affect eating satisfaction. Some studies suggest that marbling provides some 

insurance against over-cooking of meat. However, Parrish et al. (1973) reported that 

increased marbling did not ensure acceptable palatability as end-point cooking 

temperature increased; thus, the marbling x end-point cooking temperature interaction 

was not significant. In contiast, Schmidt et al. (1970) found a significant maturity x end-

point cooking temperature interaction for tenderness because of the greater temperature 

required to solubilize collagen of old animals versus young animals. The marbling x 

maturity interaction is significant for tenderness (Tuma et al., 1962; Smith et al , 1988). 

Thus, USDA Quality Grading Standards require an increased amount of marbling for a 

carcass of increased maturity within the B, C, D, and E maturity classifications to be 

assigned the same quality grade as a carcass of the youngest maturity within the same 
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maturity class. Researchers have shown that, within A maturity, no palatability 

differences exist from the youngest carcass to the oldest carcass (Smith et al., 1982). 

With many factors influencing all palatability attributes, researchers have been 

challenged for many years to develop an effective quality grading system. Developing 

objective measurements to segregate beef carcasses based on expected eating satisfaction, 

especially tenderness, would be an invaluable tool to the beef industry. 

Summary 

Beef quality grading has been used for decades as a marketing tool and to predict 

beef palatability. The USDA quality grading system has provided an adequate means of 

marketing beef throughout the US and around the world. However, it often falls short 

when predicting beef palatability. Therefore, researchers have been determined to 

develop a more accurate means of predicting beef palatability. Several methods have 

been tried and tested to more accurately predict beef palatability. Nonetheless, to date no 

substitute has been found for the USDA quality grading system. If the beef industry 

expects to regain lost market share, providing a highly palatable product to consumers is 

a must. Thus, there is a need to develop a more effective system of sorting beef based on 

expected palatability to ensure consumers are satisfied. 
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CHAPTER III 

DEVELOPMENT OF RANCHER'S REGISTRY, 

A GUARANTEED TENDER BEEF PRODUCT 

Abstract 

Consumers expect and demand a consistent, high quality beef product. Therefore, 

all segments of the beef industry must work together to meet or exceed consumer 

demands to avoid further market loss and regain market share. The objective of this 

project was to aid the member organizations of Rancher's Registry in developing a 

guaranteed tender product by selecting various biological types of cattle, electrically 

stimulating only the middle meats of their carcasses, collecting carcass data, and 

determining palatability attributes of the beef High voltage electrical stimulation 

improved marbling scores, USDA quality grades, and visual color scores (P < .05). 

However, tenderness was not improved. Cutability traits were different among breed 

types; carcasses from English cattle were fatter (P < .05) and lighter muscled than other 

breed types, while % Exotic x % Brahman cattle produced trimmer, higher cutability 

carcasses than other breed types. Breed types did not differ (P > .05) in tenderness. In all 

breed types, at least 91.7% of Wamer-Bratzler shear force values were less than 3.6 kg 

when steaks were cooked to a medium doneness. The percentage decreased to as low as 

66.7% when steaks were cooked to a medium-well doneness. The results of this study 

showed that electrical stimulation can be used as a viable method to improve marbling 

score, quality grade and lean color. No breed type differences were found in tenderness, 

and over 90% of the cattle were tender after 14 d of aging. However, because of the 
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current ribeye area specifications (64.5 to 90.3 cm^) of Rancher's Registry, breed types 

with higher percentages of Exotic influence would be eliminated from the program 

because tiieir ribeye areas were too large. Over 90% of the time, carcasses produced a 

guaranteed tender product for consumers to purchase at retail levels with proper aging 

and production methods. 

Introduction 

To provide consumers with a guaranteed tender product. Excel Corporation has 

teamed wdth Rancher's Renaissance, Beef Advantage Program and Caprock Industries. 

The goal of the program is to produce a branded beef product called Rancher's Registry. 

The mission of this product is to provide retail outlets guaranteed tender beef products by 

ensuring that the middle meats of carcasses in the program have Warner-Bratzler shear 

(WBS) values less than 3.6 kg. The feeders and ranchers of the member organizations 

will provide the cattle that will be marketed through this program. Texas Tech 

University was recmited to identify the biological types of cattle producing carcasses that 

have middle meats with shear values of 1.3-cm-diameter cores less than 3.6 kg when 

normally processed or electrically stimulated and that meet other carcass specifications. 

To avoid lean quality problems that occur when carcasses are electrically stimulated with 

high voltages, the procedure for stimulating only middle meats was developed. Carcass 

data collected in the study will determine which biological types of cattle most frequently 

conform to the other specifications of Rancher's Registry. At the present, the program 

will allow only carcasses that possess Slight̂ *' to Small̂ ^ marbling and 64.5 to 90.3-cm^ 

ribeye areas. The objectives of this study were: (1) to determine biological types that 
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will most often produce middle meats with WBS-values less than 3.6 kg after 14 d of 

aging, (2) to determine if electrical stimulation improves acceptability of middle meats 

after 14 d of aging, and (3) provide management strategies and post-mortem handling 

procedures to produce middle meats with less than 3.6 kg shear force after 14 d aging. 

Materials and Methods 

Cattle Selection 

Cattle (n = 303) were selected from four feedyards (Caprock #5, Champion, 

Swisher, and Tascosa) to represent six breed types [English (EN), V^ English x 'A 

Brahman (ENB), V2 English x V2 Exotic (ENEX), V2 English x VA Exotic x % Brahman 

(ENEXB), VA Exotic x 'A Brahman (EXB), 'A Exotic x 'A English x % Brahman 

(EXENB)]. Caprock #5 Feedyard is located in Bovina, TX, about 10 miles from the beef 

processing facility where slaughter and fabrication took place. Champion Feedyard is 

located in Hereford, TX, about 35 miles from the processing facility. Swisher Feedyard 

is located in Swisher County, TX, about 65 miles from the packing facility, and Tascosa 

Feedyard is in Bushland, TX, about 130 miles from the packing facility. Equal numbers 

of steers and heifers were selected, as well as equal numbers of each breed type from 

each feedyard, to avoid confounding the results (Table 3.1). Two of the feedyards. 

Champion and Tascosa, fed vitamin E, and two did not, Caprock #5 and Swisher. Cattle 

were slaughtered from a feedyard that fed vitamin E and a feedyard that did not feed 

vitamin E on each slaughter day. Two trained evaluators selected the cattle based on one 

of the six breed types (Figure 3.1). If an animal did not fit into one of the breed types by 

visual appraisal, the animal was not included in the study. 
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Table 3.1. Number of each breed type selected from each feedlot by sex of animal 

Feedlot and 

sex of animal 

Caprock #5 

Steers 

Heifers 

Champion 

Steers 

Heifers 

Swisher 

Steers 

Heifers 

Tascosa 

Steers 

Heifers 

Total 

Steers 

Heifers 

"EN = English. 

''ENB = English: 

EN" 

5 

7 

5 

9 

7 

5 

8 

4 

25 

25 

K Brahman. 

ENB'' 

9 

10 

4 

6 

6 

5 

6 

6 

25 

27 

Breed 

ENEX' 

7 

9 

6 

6 

6 

10 

6 

6 

25 

31 

type 

ENEXB" 

11 

5 

5 

11 

3 

5 

3 

4 

22 

25 

EXB' 

3 

7 

9 

7 

6 

5 

7 

5 

25 

24 

EXENB^ 

8 

5 

8 

10 

5 

8 

3 

2 

24 

25 

Total 

43 

43 

37 

49 

33 

38 

33 

27 

146 

157 

'ENEX = English x Exotic. 
' ' E N E X B = English x Exotic x Brahman. 

'EXB = Exotic X Brahman. 
*EXENB = Exotic x English x Brahman. 
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Figure 3.1. Examples of breed types selected for this study: (a) English, (b) % English x 
% Brahman, (c) Vi English x V2 Exotic, (d) V2 EngHsh x VA Exotic x VA Brahman, 

(e) VA Exotic x VA Brahman, and (f) V2 Exotic x % English x VA Brahman. 

Slaughter and Electrical Stimulation 

Approximately 45 steers representing each breed type from one of the four 

feedyards and 45 heifers representing each breed type from another feedyard were 

slaughtered on each kill day. Cattle were transported to the Excel beef processing facility 
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in Friona, TX. The cattle were slaughtered in groups of seven because of space 

constraints where the carcasses were stimulated. Cattle were processed under normal 

commercial slaughter procedures. After the final wash, the carcasses were placed on the 

acceptable quality level rail for stimulation. One side of each carcass was stimulated 

with a portable electrical stimulator constructed by engineers at Excel Friona. Two 

ground probes were placed in the external side of the carcass, one between the 5"' and 6"' 

ribs and the other at the round and sirloin juncture. The positive probe was placed in the 

external side of the carcass 2.5 cm opposite the 7"̂  lumbar vertebra. The stimulator was 

set to deliver 500 V for 1 min with 2 s pulses every 4 s (15 repetitions/min). When the 

stimulator was mnning, the voltage dial was set at 600 and the amperage dial reached 5 to 

7 so 500 V was delivered to the carcass. Amperage of the electrical current was 

proportional to voUage and could not be controlled. After stimulation, the carcasses were 

placed back on the chain and allowed to proceed through the steam pasteurization cabinet 

and into the hot box. The carcasses were chilled under normal commercial conditions for 

48 h at 0°C. Temperature and pH measurements were taken at 1 and 3 h post-mortem in 

the M. longissimus at the lO"' rib and final temperature and pH measurements were taken 

before grading. Temperature was taken using a digital thermometer (Hantover, Model 

TM99A, Atlanta, GA), and pH was measured using a hand-held pH meter (Orion 

Research Inc., Model 230A, Cambridge, MA). 

Carcass Grading 

Each side of the carcasses was evaluated independently by two trained Texas 

Tech University personnel for skeletal maturity, lean maturity, marbling score, USDA 
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quality grade (USDA, 1996), lean color score (1 - extremely dark red, 8 = extremely 

bright cherry red), lean firmness score (1 = extremely soft, 8 = extremely firm), lean 

texture score (1 = extremely coarse texture, 8 = extremely fine texture), degree of dark 

cutter (1 = 100% dark cutter, 5 = none), and presence of heat ring (1 = extreme, 5 = 

none). Carcasses also were evaluated for fat thickness, adjusted fat thickness, ribeye 

area, kidney, pelvic and heart fat percentage, and USDA yield grade (USDA, 1996). If 

the non-stimulated side of the carcass had a marbling score greater than Small'' or lower 

than Slight"" or the carcass was not A maturity, the carcass was removed from the study. 

Minolta Spectrophotometer (Minolta, Model CR-2002, Ramsey, NJ) and Hunter 

Miniscan XE Plus (Hunter Laboratories, Model MSXP-4500L, Reston, VA) CIE L*, a*, 

b* measurements were taken on both sides of each carcass at the \2^ and 13"" rib 

interface 20 min after ribbing to make comparisons between the two instruments. Each 

instmment was calibrated following manufacturer's instructions. One measurement per 

side was taken using each instmment. 

Aging and Further Processing 

Carcasses were fabricated under normal commercial packing conditions and 

NAMP (1996) #180 strip loins were vacuum packaged, boxed, and transported to the 

Texas Tech Meat Laboratory for aging 14 d at 2°C. After aging, purge, drip loss and 

retail case evaluations were conducted. Each strip loin was weighed in the vacuum 

package bag and then removed from the bag and allowed to dry for 30 min. The strip 

loin then was weighed to determine purge percentage. One steak was cut from the rib 

end of each strip loin for drip loss procedures. Of the 606 strip loins, 196 were randomly 
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selected for retail display evaluations. A second 1.3-cm steak was cut from the rib end of 

these strip loins and placed in a white boat and over-wrapped with polyvinyl-chloride 

film (Reynolds 914, Richmond, VA). All remaining strip loin portions were vacuum 

packaged again and frozen at -20°C for at least 3 to 5 days. Three 2.5-cm-thick steaks 

then were cut from the rib end of the strip loin and randomly selected for WBS value 

determination and sensory panel evaluation. Steaks were vacuum packaged and placed 

back in the freezer for 5 to 30 days. 

Drip Loss Determination 

A lean sample weighing about 50 g was cut from each steak. Samples were 

weighed and suspended from a small hook in a plastic bag. They then were hung from a 

rack, placed in the cooler for 24 h at 2°C and removed from the bag and re-weighed. The 

percentage drip was determined by: Drip, % = [(Beginning weight - Weight after 24 h)/ 

Beginning weight]* 100. 

Evaluations in the Retail Display-Case 

Steaks, 1.3 cm-thick, were selected randomly for retail display-case evaluations to 

evaluate equal numbers of vitamin E- and non-vitamin E-fed cattle of each breed type of 

both steers and heifers from each feedlot. The non-stimulated and electrically stimulated 

strip loins from each carcass selected were used for retail display case evaluations. 

Steaks were placed in a coffin-style retail display-case (Tyler Refrigeration Corporation, 

Model DGC6, Niles, Ml) at the Texas Tech Meat Laboratory for evaluation by eight-

trained visual panelists. The 3°C retail case was equipped with overhanging lights 
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(Sylvania 40W, Gro-Lux, Model A858) and ceiling lights (Phillips 34W, Watt-Saver, 

Model G) with a measured light reading of 55 foot candles at the meat level. The steaks 

were scored (AMSA, 1995) daily for 4 d by the panelists for beef color (1 = extremely 

dark red, 8 = extremely bright cherry red), color uniformity (1 = uniform, 5 = extreme 

two-toning), surface discoloration (1 = 0%, 7 - 100%), and browning (1 = none, 6 = dark 

brown). In addition, objective color measurements (CIE L*, a*, b*) were taken during 

each of the 4 d of display with the Minolta Spectrophotometer and the Hunter Miniscan 

through the overwrap film. The overwrap film was placed over the machine before 

calibration, and the instruments then were calibrated following manufacturer instmctions. 

One reading was taken with each instmment in the center of the steak. 

Shear Force Determinations 

Steaks were thawed ovemight to 3 to 5°C. Extemal fat was trimmed. Steaks 

were weighed and cooked on a belt grill (MagiKich'n, Model MagiGrill TBG 60, 

Quakertown, PA). One steak from each strip loin was cooked to 71°C, and one steak was 

cooked to 76°C for WBS determinations. Steaks were weighed after cooking to 

determine cooking loss and then chilled at 4°C for 24 h. Cooking loss was calculated by: 

Cooking loss, % = [(Raw weight - Cooked weight)/ Raw weight]* 100. Six 1.3-cm-

diameter cores were taken from each steak parallel to the muscle fiber orientation. Cores 

were numbered from the medial to the dorsal side of the steak to determine variation 

between cores within steaks. The cores then were sheared once perpendicular to muscle 
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fiber orientation with a Salter shear machine to determine WBS value, and the six values 

were averaged to determine the shear value of each steak. 

Sensory Evaluations 

Steaks were thawed and cooked following the same procedure described above 

for the WBS analyses. One steak from each strip loin was used for sensory evaluations 

and was cooked to 71°C, a medium doneness. Immediately following cooking, steaks 

were cut into l-cm'' pieces. The pieces were placed in pre-warmed serving pans filled 

with warm sand. Eight trained panelists (Cross et al., 1978) were served the steaks under 

red lights. The panelists scored (AMSA, 1995) the steaks for initial and sustained 

juiciness (1 = extremely dry, 8 = extremely juicy), initial and sustained tendemess (1 = 

extremely tough, 8 = extremely tender), beef flavor intensity (1 = extremely bland, 8 = 

extremely intense), beef flavor characteristic (1 = extremely uncharacteristic beef flavor, 

8 = extremely characteristic beef flavor), and overall mouthfeel (1 = extreme non-beef

like mouthfeel, 8 = extreme beef-like mouthfeel). 

Statistical Analyses 

Data were analyzed using GLM procedures with a least squares model (SAS, 

1990) that included the fixed effects of treatment (non-stimulated, stimulated), breed type 

(EN, ENB, ENEX, ENEXB, EXB, EXENB), and the treatment x breed interaction. 

Feedlot and sex were dropped from the final model of this analysis because no effects (P 

> .05) were found in earlier analyses. Feedlot, breed type, sex class and treatment 

interactions also were evaluated, and no significant interactions were found (P > .05). No 
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interactions were significant (P > .05) for carcass or palatability traits. Thus, to allow for 

ease of interpretation, treatment and breed effects were reported and discussed separately. 

To determine if differences existed between WBS values of cores within steaks, pair-wise 

t-tests were conducted between each core location at both cooking donenesses and 

treatments. Retail display evaluations were analyzed using a similar procedure with the 

addition to the model of a variable to differentiate feedlots feeding or not feeding vitamin 

E to the cattle. Mean separation for all analyses was performed using the PDIFF option 

(pair-wise t-tests) of SAS (a = .05). 

Frequency tables were constmcted to determine tender, intermediate and tough 

steaks by treatments and breeds. Tender was considered less than 3.6 kg WBS value and 

greater than or equal to 6.0 sensory panel tendemess score. Intermediate tendemess was 

designated between 3.6 and 4.5 kg WBS value and between 4.5 and 5.9 mean sensory 

panel tendemess score. Tough was considered greater than 4.5 kg WBS value and less 

than 4.5 sensory panel tenderness score. These values were chosen because Excel 

Corporation wanted the product rated tender at least 95% of the time. Miller et al. (1998) 

found that consumers rated steaks slightly tender 95% of the time when they had WBS 

values of 3.6 kg or less and that, when steaks had WBS values of 4.5 kg or greater, they 

would be rated slightly tender less than 50% of the time. The tender category was 

designated as at least 6.0 (moderately tender or better mean sensory panel rating), and the 

tough category was designated as 4.5 or less (slightly tough to slightly tender mean 

sensory panel rating). Frequency tables also were constructed to determine the number of 

carcasses within each breed that would fit the specifications of Rancher's Registry for 

ribeye area and tendemess. 
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Results and Discussion 

Carcass Traits 

Carcass cutability traits by breed type are presented in Table 3.2. These traits 

were not affected (P > .05) by electrical stimulation. However, average hot carcass 

weights tended (P = .09) to be higher for breed types (ENEX, ENEXB, EXB and 

EXENB) showing Exotic breed characteristics. Breed type EN had the highest adjusted 

fat thickness, and EXB had a lower fat thickness than all other breed types except 

EXENB. All breed types had similar kidney, pelvic and heart fat percentages. Breed 

types EN and ENB had smaller ribeye areas than breed types ENEX, EXB and EXENB. 

Breed type EN produced carcasses that were the lowest in cutability (P < .05), as shown 

by the highest numerical yield grade, while carceisses originating from breed type EXB 

were highest in cutability but not different from ENEX. Other researchers have shown 

that English cattle have greater fat thickness and smaller ribeye areas compared to Exotic 

and Exotic cross cattle (Griffin et al., 1985; Crouse et al., 1989). Shackelford et al. 

(1991) and Crouse et al. (1989) found that Brahman cross cattle produced carcasses with 

less fat than English cattle, but with similar-sized ribeyes. 

Skeletal, lean and overall maturity scores did not differ between breeds (Table 

3.2). Carcasses from breed type EN had higher marbling scores than all breed types 

except ENEX, while carcasses from EXB had the lower marbling scores than all breed 

types except ENEXB. Researchers have shown that increasing percentage of Brahman 

breeding results in decreased marbling scores (Comerford et al., 1988; Crouse et al., 

1989; Wheeler et al., 1990). Several researchers also have reported that English cattle 
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Table 3.2. Means and standard errors by breed type for cutability and quality traits of the 
carcass sides not stimulated 

Trait 

Hot carc£iss weight, kg 
Mean 
SE 
Subcutaneous fat, cm 
Mean 
SE 
K.PHF, % 
Mean 
SE 
Longissimus area, cm^ 
Mean 
SE 
USDA yield grade 
Mean 
SE 
Skeletal maturity'' 
Mean 
SE 
Lean maturity' 
Mean 
SE 
Overall maturity' 
Mean 

SE 
Marbling score*̂  
Mean 
SE 
Lean color* 
Mean 
SE 
Lean texture"" 

Mean 
SE 
Lean firmness' 

Means 
SE 

''•'''''''Means in a row 
'A°°=100. 

EN 

330 
4.8 

1.70' 
.07 

2.4 
.07 

81.9' 
1.18 

3.48'' 
.10 

173 
1.65 

168 
2.08 

171 
1.46 

423'' 
7.8 

6.1 
.17 

6.9 
.16 

7.4'̂  
.13 

ENB 

326 
6.1 

1.45'' 
.10 

2.5 
.10 

83.2=' 
1.35 

3.10' 
.10 

171 
1.21 

168 
2.20 

168 
1.15 

401"' 
8.3 

6.1 
.18 

6.4 
.19 

6.8 '̂' 
.15 

Breec 

ENEX 

340 
3.5 

1.34'' 
.07 

2.4 
.07 

90.3' 
1.64 

2.77"'' 
.11 

176 
1.98 

168 
2.16 

172 
1.62 

408"* 
6.9 

6.0 
.15 

6.3 
.20 

7.0'" 
.19 

with different superscripts differ (P < 

'type 
ENEXB 

330 
6.3 

1.35" 
.09 

2.5 
.09 

83.9"" 
1.50 

3.02"' 
.12 

172 
1.69 

170 
1.72 

171 
1.24 

385"" 
8.0 

5.9 
.16 

6.2 
.16 

6.6"" 
.18 

.05). 

EXB 

336 
5.3 

1.14" 
.07 

2.3 
.07 

90.9' 
1.39 

2.49" 
.12 

173 
1.67 

168 
1.64 

171 
1.37 

371" 
6.9 

6.2 
.14 

6.3 
.20 

6.5" 

•24 

EXENB 

334 
5.4 

1.30"" 
.10 

2.4 
.10 

87.7"' 
1.39 

2.88"' 
.10 

172 
1.43 

169 
1.71 

171 
1.27 

399"' 
7.1 

6.1 
.16 

6.2 
.20 

6.7"" 
.16 

*Slight°° = 300; Smai r = 400. 
^1 = extremely dark red; 8 = bright cherry red. 
•"l = extremely coarse textured; 8 = extremely fine textured. 
' 1 = extremely soft; 8 = extremely firm. 
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produce carcasses with more marbling than carcasses from Exotic cattle (Griffin et al., 

1985; Tatum et al., 1990). Crouse et al. (1989) found similar results to those found in 

this study when comparing carcasses from English cattle and Vi English x V2 Exotic cattle. 

Lean color and lean texture scores did not differ between breed types. Breed type EXB 

produced carcasses with lower (P < .05) lean firmness scores than breed types EN and 

ENEX. 

All carcass quality characteristics measured, except skeletal maturity, were 

improved (P < .05) when middle meats of one carcass side were electrically stimulated 

(Table 3.3). Mean marbling score was improved from Sl̂ * to Sm^ .̂ Other researchers 

Table 3.3. Means and standard errors for carcass side quality traits by electrical 
stimulation treatment 

Carcass trait 

Skeletal maturity' 

Lean maturity' 

Overall maturity' 

Marbling score*' 

Lean color' 

Lean texture^ 

Lean firmness^ 

^'''Means in a row 
'A°°-100. 

Not stimulated 

173 (.67) 

169" (.79) 

17l''(.56) 

398' (3.2) 

6.1'(.06) 

6.4' (.07) 

6.8'(.07) 

with different superscripts differ (P < .05). 

Stimulated 

173 (.67) 

147'(.84) 

162'(.59) 

422''(3.44) 

7.5" (.05) 

7.1''(.06) 

7.1''(.07) 

"Slight"" = 300; Smair" = 400. 
'1 = extremely dark red; 8 = bright cherry red. 
*̂1 = extremely coarse textured; 8 = extremely fine textured. 
^1 = extremely soft; 8 = extremely firm. 
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also have shown that electrical stimulation improves marbling score (Savell et al., 1978a; 

Davis et al., 1981). Also, several researchers have found improved lean color with the 

application of electiical stimulation (McKeith et al., 1980, 1981; Savell et al., 1978a, b, 

1979). Savell et al. (1978b) found that low voltage electrical stimulation improved lean 

color but did not increase marbling score. 

Objective color measurements of the M. longissimus muscle on both sides of the 

carcasses are shown in Table 3.4. Electrically stimulated carcass sides had higher 

Minolta L* and Hunter L* values (P < .05) than did sides not stimulated. Electrical 

stimulation did not affect a* and b* values. In data not shown in tabular form, no breed 

differences (P > .05) were observed for objective color measurements. These data show 

that the color of muscle is lighter and brighter after electrical stimulation and agree with 

Table 3.4. Means and standard errors of objective color measurements of carcass sides 
by electrical stimulation treatment 

Not stimulated Stimulated 

Minolta L* 34.0'(.24) 35.1" (.27) 

Hunter L* 34.6'(.21) 37.4" (.22) 

Minolta a* 17.9 (.16) 18.2 (.16) 

Hunter a* 24.8 (.20) 24.8 (.18) 

Minolta b* 16.1 (.14) 16.6 (.17) 

Hunter b* 23.0 (.22) 23.5 (.21) 

'•"Means in a row with different superscripts differ (P < .05). 
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visual evaluations shown in Table 3.3. Minolta and Hunter L*, a* and b* values were 

taken to determine if one instrument could be used more effectively to predict tendemess 

or identify tough carcasses. The differences of the values of the two instmments is 

caused by manufacture calibration and L*, a* and b* scales used. 

Electrical stimulation improved marbling score of all breeds (Table 3.3), and this 

effect improved quality grades. Table 3.5 shows the distribution of grades by breed type 

and percentage of carcasses that were raised in grade by electrical stimulation. Of the 83 

carcasses whose non-stimulated side graded High Select, 48 of the stimulated sides of 

these carcasses were Low Choice for a 58% improvement. Also, of the 159 carcasses 

whose non-stimulated side was Low Choice, 34 of the stimulated sides of those carcasses 

were Average Choice for a 21% improvement. Carcasses whose non-stimulated side was 

Low Select showed a 57% improvement to High Select for the stimulated side of those 

carcasses. Improvement of quality grade by electrical stimulation would have a 

significant economic impact for the beef industry, especially the improvement from High 

Select to Low Choice and from Low Choice to Average Choice. With an advantage of 

$13.2/kg for carcasses grading Low Choice over those grading Select, the use of middle 

meat electrical stimulation has the potential to increase carcass value $42 for a 318-kg 

carcass. About 25% of the carcasses slaughtered in the United States grade High Select 

(NBQA, 1995). Therefore, if 58% of the 25% were improved to Low Choice with 

electrical stimulation, in a packing facility that slaughtered 4,000 head per. day, 

approximately 1,000 carcasses would grade High Select without electrical stimulation, 

but 580 of the 1,000 could be improved to Low Choice with electirical stimulation. This 

would result in a one day increased carcass value potential of $24,360 of carcasses 
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grading High Select being improved to Low Choice. Gains could also be realized for 

carcasses improving from Low Choice to Average Choice because of the numerous Top 

Choice programs carcasses are marketed through. 

Table 3.5. Number of carcass sides by breed group in each quality grade and number and 
percentage that changed quality grade when electrically stimulated 

Grade and change 

High Select 

Change to Choice" 

Change, % 

Low Choice 

Change to Choice" 

Change, % 

Low Select 

Change to Select"̂  

Change, % 

EN 

10 

7 

70 

32 

11 

34 

6 

3 

50 

ENB 

10 

5 

50 

32 

3 

9 

10 

3 

30 

ENEX 

16 

10 

63 

35 

10 

29 

10 

7 

70 

Breed type 

ENEXB 

13 

11 

85 

18 

5 

26 

16 

9 

56 

EXB 

20 

8 

40 

15 

1 

7 

14 

8 

57 

EXENB 

14 

7 

50 

27 

4 

15 

9 

7 

78 

All 

83 

48 

58 

159 

34 

21 

65 

37 

57 

Purge, Drip Loss and pH Measurements 

The percentage of purge from strip loins averaged .5% higher (P < .05) for 

electtically stimulated than for non-stimulated strip loins (Table 3.6). Breed differences 

also were observed for percentage purge. In data not shown in tabular form, carcasses 

from breed types EN and ENB produced strip loins with lower percent purge, 1.75 and 

1.84%, respectively, and were lower than all other breeds except ENEX. No treatment or 
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breed differences (P > .05) were found in drip loss percentages. The drip loss 

percentages were taken on 50-g samples from the center of a steak. Thus, the small 

sample and the fact that the water loss had already occurred as purge may explain the 

reason that no differences were shown between treatments for drip loss. 

The muscle pH measurements taken 1 and 3 h post-mortem were lower (P < .05) 

for stimulated sides than sides not stimulated. However, final pH did not differ among 

stimulated or non-stimulated sides. Also, no breed differences were observed for any pH 

measurement. 

Table 3.6. Means and standard errors of purge, drip loss, pH, and cooking loss 
measurements by electrical stimulation treatment 

Measurement Not stimulated Stimulated 

Purge, % 1.76' (.05) 2.26" (.04) 

Drip loss, % 1.72 (.03) 1.69 (.03) 

Muscle pH at 1 h post-mortem 6.59" (.01) 6.32' (.01) 

Muscle pH at 3 h post-mortem 5.94" (.02) 5.68' (.01) 

Final muscle pH 5.71 (.01) 5.70 (.01) 

Cooking loss at medium, % 17.9^ (.24) 18.6^ (.24) 

Cooking loss at medium-well, % 22.3' (.25) 22.2' (.25) 

'•"Means in a row with different superscripts differ (P < .05). 
^•'Cooking loss means in a column with different superscripts differ (P < .05). 
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Steaks from carcass sides electrically stimulated did not have different (P > .05) 

cooking loss percentages than steaks from carcass sides not electrically stimulated at both 

medium and medium-well doneness. However, steaks from both carcass sides had higher 

(P < .05) cooking loss percentages when cooked to medium-well doneness when 

compared to steaks cooked to medium doneness. 

Shear Force Values and Sensory Panel Ratings 

The non-stimulated sides of carcasses produced steaks with lower WBS values 

and higher sensory panel ratings (P < .05) than electi-ically stimulated sides (Table 3.7). 

Electrical stimulation increased WBS values .42 kg when steaks were cooked to a 

medium doneness and .64 kg when steaks were cooked to a medium-well doneness. 

Electrical stimulation lowered sensory panel initial and sustained tenderness ratings .7 

and .8 imits, respectively. Also, variation in tendemess of steaks from electrically 

stimulated carcass sides was considerably larger than the variation within steaks from 

carcass sides not stimulated. These results conflict with most of the previous research 

using electrical stimulation. Most research shows that electrical stimulation improves 

beef tendemess (Savell et al., 1978a, b; Davis et al., 1981; Bidner et al., 1985). However, 

Elliot et al. (1998) found that low voltage electrical stimulation lowered WBS values at 

one packing facility but did not change WBS values at another facility, and he reported 

that high voltage electrical stimulation (300 V) did not lower WBS values. 
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Table 3.7. Means and standard errors of WBS values for medium and medium-well done 
steaks and sensory panel ratings for medium doneness steaks by treatment 

Attribute 

WBS, medium doneness, kg 

WBS, medium-well doneness, kg 

Initial juiciness' 

Sustained juiciness' 

Initial tendemess'' 

Sustained tenderness'' 

Beef flavor intensity' 

Beef flavor characteristic 

Overall mouthfeel^ 

Not stimulated 

2.48' (.04) 

2.94' (.05) 

6.2" (.03) 

6.5" (.03) 

6.3" (.05) 

6.5" (.05) 

6.4" (.03) 

6.6" (.03) 

6.1" (.04) 

Stimulated 

2.90" (.06) 

3.58" (.07) 

6.0'(.03) 

6.3' (.03) 

5.6'(.06) 

5.7' (.07) 

6.3'(.03) 

6.4' (.03) 

5.3' (.06) 

''"Means in row with different superscripts differ (P < .05). 
'1 = extremely dry; 8 = extremely juicy. 
''l = extremely tender; 8 = extremely tender. 
'1 = extremely bland beef flavor; 8 = extremely intense beef flavor. 
1̂ = extremely uncharacteristic beef flavor; 8 = extremely characteristic beef flavor. 

^1 = extremely uncharacteristic of beef; 8 = extremely characteristic of beef 

The conflicting results could be due to the fact that our work is the first in which 

middle meat electrical stimulation has been utilized. The very high voltage and amperage 

levels that were used caused tissue damage in the middle meat area. This level of 

electrical current cooked the muscle fibers in about a 5-cm-diameter area around the 

positive probe. Steaks used for WBS and sensory panel evaluations were located as close 

as 1 cm to the location where the probe was placed. However, because the steaks were 

randomized to each treatment, exact location of the steaks in relation to the positive probe 

location is unknown. 
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Electrical stimulation also produced steaks that were less juicy and flavorful and 

had .8 unit lower overall beef mouthfeel characteristics (P < .05) than steaks from carcass 

sides not stimulated (Table 3.7). Savell et al. (1978) and Schroeder et al. (1982) reported 

no differences in juiciness and flavor sensory panel ratings of electrically stimulated and 

confrol steaks. 

Variation in tenderness across steaks from carcass sides both stimulated and not 

stimulated existed. Core 4 had higher WBS values (P < .05) than cores 1 or 6 at both 

medium and medium-well doneness (Table 3.8). Cores 3 and 4 from steaks of carcass 

sides not stimulated and cooked to medium doneness had higher (P < .05) WBS values 

than cores 1, 2, 5 and 6. These less tender cores were taken from near the center of the 

steaks. Core 3 of medium doneness steaks from electrically stimulated carcass sides had 

higher (P < .05) WBS values than cores 1, 2, 5 and 6. Core 4 of steaks cooked to 

medium-well doneness from carcass sides not stimulated had higher (P < .05) WBS 

values than all other cores from similar steaks. Electrically stimulated carcass sides 

produced steaks with cores 4 and 5 having higher (P < .05) WBS values than all other 

cores from similar steaks except core 2. These resuhs show that the center of steaks is 

tougher than the medial and lateral ends. Other researchers also have shown that 

variation exists in WBS values among core location with a steak (Crouse et al., 1989; 

Wheeler et al., 1994). Wheeler et al. (1994) reported that average WBS value variation 

could be reduced by shearing a greater number of cores, but reduction in variation of 

WBS value within a steak was small after five cores. 
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Table 3.8. Means and standard errors of WBS values from individual cores of steaks 
cooked to medium and medium-well doneness 

Attribute 

Medium WBS 

Core 1̂  

Core 2 

Core 3 

Core 4 

Core 5 

Core 6 

Medium-well WBS 

Corel 

Core 2 

Core 3 

Core 4 

Core 5 

Core 6 

Not stimulated 

2.45'" (.05) 

2.40'" (.05) 

2.58'(.05) 

2.61'(.05) 

2.48" (.04) 

2.37' (.04) 

2.93"' (.06) 

2.86'" (.06) 

3.00'(.06) 

3.12''(.06) 

2.96"' (.06) 

2.77'(.05) 

Stimulated 

2.73" (.08) 

2.98"' (.08) 

3.16'(.08) 

3.11'^'(.07) 

2.94' (.06) 

2.50'(.05) 

3.32'(.09) 

3.74"'(.10) 

3.60" (.08) 

3.85'(.08) 

3.83'(.08) 

3.14'(.07) 

''"'''''•'Means in column group with different superscripts differ(P < .05). 
Core 1 was from the medial end of the muscle and core 6 was from the lateral end. 

Less than 4% of carcass sides not electrically stimulated produced steaks that 

were tough by either WBS value or sensory panel scores (Table 3.9). Of the steaks 

cooked to a medium degree of doneness, 94.5% were classified as tender and .6% as 

tough by WBS evaluations, while 81.4% of those cooked to medium-well doneness were 

classified as tender and 3.9% as tough by WBS evaluations. Sensory panelists rated 
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70.8% of the steaks moderately tender or higher initially and 77.0% of the steaks 

moderately tender or higher after chewing. Sensory panelists gave 3.2% of the steaks a 

slightly tough or lower initial tenderness score and 3.9% of the steaks a slightly tough or 

lower sustained tenderness score. Thus, with the limited numbers of steaks classified as 

tough, developing methods to predict tendemess from these data pose problems. 

The tough steaks that were identified in the study had very distinguishing 

objective color measurements compared to other steaks (Table 3.10). Steaks cooked to 

the medium degree of doneness that had WBS values greater than 4.5 kg were 

significantly lower in Hunter Miniscan L*, a* and b* values than tender (< 3.6 kg WBS 

value) and intermediate steaks (3.6 to 4.5 kg WBS value). Being able to identify tough 

Table 3.9. Percentage of steaks from sides not electrically stimulated that were ranked as 
tough', intermediate" or tender' when cooked to two donenesses for WBS value and to 

medium doneness for sensory panel evaluations 

Doneness and tendemess measure 

Medium, WBS value 

Medium-well, WBS value 

Medium, sensory panel score 

Initial tendemess 

Sustained tendemess 

Tough 

.6 

3.9 

3.2 

3.9 

Intermediate 

4.8 

14.8 

26.0 

19.2 

Tender 

94.5 

81.4 

70.8 

77.0 

'Tough = WBS value > 4.5 kg; sensory panel tendemess score < 4.5. 
"intermediate = WBS value 3.6 to 4.5 kg; sensory panel tendemess score 4.5 to 6.0. 
'Tender = WBS value < 3.6 kg; sensory panel tendemess score > 6.0. 
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Table 3.10. Mean Hunter Miniscan L*, a* and b* values by tendemess class 
(determined by WBS values) of steaks cooked to a medium doneness 

Tenderness class Hunter L* Hunter a* Hunter b* 

Tender' 34.6" 24.8" 23.0" 

Intermediate'' 34.0" 25. l" 24.0" 

Tough' 33.0' 18.7' 15.2' 

'•"Means in a column with different superscripts differ (P < .05). 
'Tender = WBS value < 3.6 kg. 
''intermediate = WBS value 3.6 to 4.5 kg. 
'Tough = WBS value > 4.5 kg. 

carcasses based on objective color measurements could have a significant economic 

impact on the industry. This method of identifying tough carcasses is very easy, efficient 

and cost effective, thus online application would be very practical. The Hunter Miniscan 

CIE L*, a* and b* measurements can be taken on the grading line right before or after 

USDA grading while the line continues to move. Therefore, additional research will be 

needed to determine the exact color parameters that will determine which carcasses 

produce tough steaks. 

Electrical stimulation of carcasses decreased tendemess and palatability of all 

breed types. Therefore, the data from the steaks of carcass sides not stimulated is 

presented for evaluating breed types. No differences (P > .05) were found among breed 

types for mean WBS values or sensory panel ratings (Table 3.11). However, many other 

researchers have shown that English and Exotic cattle are more tender than Brahman 

cross cattle (Crouse et al., 1989; Johnson et al., 1990; Sherbeck et al., 1996; O'Comior et 

al., 1997). However, our sample of cattie showed no breed type differences for 
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Table 3.11. Means and standard errors of WBS values and sensory panel 
ratings of steaks from the carcass sides not stimulated by breed group 

Trait 
Medium WBS 

Mean 
SE 

Medium-well WBS 
Mean 
SE 

Initial juiciness' 
Mean 
SE 

Sustained juiciness' 
Mean 
SE 

Initial tendemess'' 
Mean 
SE 

Sustained tendemess'' 
Mean 
SE 

Beef flavor intesity' 
Mean 
SE 

Beef flavor characteristic 
Mean 
SE 

Overall mouthfeel^ 
Mean 
SE 

EN 

2.46' 
.09 

3.00" 
.12 

6.3 
.07 

6.6 
.06 

6.4 
.10 

6.5 
.10 

6.4 
.06 

6.7 
.05 

6.3 
.08 

ENB 

2.41' 
.08 

2.86" 
.11 

6.1 
.08 

6.4 
.12 

6.2 
.11 

6.4 
.12 

6.4 
.06 

6.6 
.06 

6.1 
.09 

Breed type 
ENEX 

2.51' 
.09 

2.78" 
.10 

6.2 
.07 

6.5 
.07 

6.4 
.10 

6.5 
.11 

6.4 
.05 

6.6 
.06 

6.2 
.09 

ENEXB 

2.57' 
.10 

3.18" 
.12 

6.2 
.10 

6.4 
.09 

6.1 
.14 

6.2 
.15 

6.3 
.06 

6.5 
.06 

5.9 
.13 

EXB 

2.55' 
.10 

3.10" 
.10 

6.1 
.08 

6.4 
.10 

6.3 
.11 

6.4 
.12 

6.4 
.07 

6.5 
.07 

6.1 
.11 

EXENB 

2.38' 
.11 

2.77" 
.12 

6.2 
.09 

6.5 
.10 

6.4 
.12 

6.6 
.14 

6.4 
.06 

6.6 
.07 

6.2 
.12 

'•"Means in a column with different superscripts differ (P < .05). 
'1 = extremely dry; 8 = extremely juicy. 
''l = extremely tender; 8 = extremely tender. 
'1 = extremely bland beef flavor; 8 = extremely intense beef flavor. 
*̂1 = extreme uncharacteristic beef flavor; 8 = extreme characteristic beef flavor. 
^1 = extremely uncharacteristic of beef; 8 = extremely characteristic of beef 
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tendemess. Steaks cooked to medium had lower WBS values for both stimulation 

ti-eatments and in all breeds (P < .05) than steaks cooked to medium-well. Others have 

found similar results; as degree of doneness increases, palatability decreases (Parrish et 

al., 1973; NLSMB, 1995; Hilton et al., 1998). Approximately 60% of today's consumers 

cook steaks to medium-well or well done degree of doneness (NLSMB, 1995). Thus, 

providing consumers with a guaranteed tender product becomes more of a challenge 

because fewer steaks are tender at medium-well or higher degrees of doneness. 

Over 90% of steaks from carcass sides of all breed types not stimulated had WBS 

values less than 3.6 kg when cooked to medium doneness (Table 3.12). When cooked to 

medium-well doneness, over 80% of steaks from carcass sides not stimulated of breed 

types EN, ENB, ENEX and EXENB had WBS values less than 3.6 kg, and breed types 

ENEXB and EXB produced only 67 and 75% steaks that had WBS values less than 3.6 

kg, respectively. Thus, cooking doneness has a great effect on tenderness classification 

of steaks and the effect varies across breed types. More education of consumers is 

needed to make beef more acceptable in tendemess to them when they cook it. Less than 

4% of steaks from carcass sides not stimulated of all breed types except ENEXB were 

rated as slightiy tough or lower by sensory panelists. Sensory panelists rated 6.2% of 

steaks of breed type ENEXB initially slightly tough and 8.3% slightly tough after 

chewing. 

Carcasses used in this study were selected to meet the Rancher's Registry 

specification for marbling score. Table 3.13 shows the percentage of carcasses that met 

or exceeded current Rancher's Registry specifications for ribeye area and tenderness. 

Breed types ENEX and EXB produced fewer carcasses that met the ribeye area 
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specification, only 47%. Other breed types produced carcasses with over 70% of the 

ribeyes between 64.5 and 90.3 cm^, and the EN type had 80% in this category. Because 

of the low percentage of ribeye areas that met the Rancher's Registry specification of 

breed types ENEX and EXB, only 43 and 45% of steaks from carcasses of those breed 

types, respectively, met both the ribeye area and WBS value specifications when cooked 

to medium doneness, while over 70% of other breed types met the specifications. At 

medium-well doneness, breed type EXB produced only 37.3% of steaks that met the 

WBS value and ribeye area specifications. More steaks from carcasses of breed types EN 

and EXENB met the ribeye area specification and had tendemess ratings of moderately 

tender or higher by sensory panelists than other breed types. 

Retail Display-Case Evaluations 

Evaluations of steaks from electrically stimulated and non-stimulated carcass 

sides during retail case display are presented in Table 3.14. The only visual evaluation 

difference between treatments was beef color score on d 1 when the steaks were put in 

the retail case. The electrically stimulated steaks were lighter red in color on d 1 and 

would be more desirable to consumers because they consider lighter-colored steaks to be 

higher quality (Kropf 1980). 

Objective color measurements of steaks from carcass sides not stirhulated and 

electrically stimulated are presented in Table 3.15. Minoha L*, a* and b* values are not 

presented in tabular form because no differences (P > .05) were found between steaks 

from carcass sides electrically stimulated or not stimulated. Steaks from non-stimulated 
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Table 3.14. Mean evaluations of steaks during 4 d of retail case display by 
electrical stimulation treatment of the carcass sides 

Attribute 

Beef color' 

Color uniformity'' 

Surface discoloration' 

Browning*^ 

Day 

1 

2 

3 

4 

1 

2 

3 

4 

1 

2 

3 

4 

1 

2 

3 

4 

Not stimulated 

5.8' 

5.5 

5.0 

4.3 

1.1 

1.3 

2.0 

2.8 

1.0 

1.2 

2.2 

4.4 

1.0 

1.2 

2.5 

4.0 

Stimulated 

6.3" 

5.7 

5.2 

4.4 

1.2 

1.6 

2.3 

3.0 

1.0 

1.3 

2.5 

4.7 

1.0 

1.3 

2.6 

3.9 

'•"Means in a row with different superscripts differ (P < .05). 
'Beef color: 8 = extremely bright cherry-red; 1 = extremely dark red. 
Color uniformity: 1 = uniform; 5 = extreme two-toning. 

'Surface discoloration: 1 = 0%; 7 = 100%. 
^iSrowning: 1 = none; 6 = dark brown. 
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Table 3.15. Mean objective color measurements of steaks during 4 d of retail case 
display by electrical stimulation treatment of the carcass sides 

Color parameter Day of display Not stimulated Stimulated 

Hunter L* 1 36.6' 38.5" 

2 35.3' 37.1" 

3 34.6' 36.4" 

4 34.3' 36.6" 

Hunter a* 1 21.9 22.0 

2 19.7" 18.7' 

3 17.9" 16.8' 

4 13.4" 12.1' 

Hunter b* 1 17.9' 18.5" 

2 17.1 17.3 

3 16.7 16.6 

4 14.8 15.1 

''"Means in a row with different superscripts differ (P < .05). 

carcass sides had lower Hunter L* values on all 4 d of display, higher Hunter a* values 

on d 2, 3 and 4, and lower Hunter b* values on d 1 than steaks from electrically 

stimulated carcass sides (P < .05). Electrical stimulation produced steaks that were 

brighter on day 4 of display because the L* values were higher compared to steaks from 

carcass sides not electrically stimulated. Similar differences were not evident with the 

Minolta instrument because of the smaller diameter of the lens. 
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Two of the feedlots (Champion and Tascosa) fed vitamin E to all of the cattle in 

their lots, and the other two (Caprock #5 and Swisher) did not. Retail display-case 

evaluations of steaks from cattle fed in the four feedlots are presented in Table 3.16. No 

differences were found between steaks from carcasses originating from the feedlots until 

d 3 of display. Caprock #5 and Tascosa cattle produced carcasses that had steaks with 

greater color uniformity and less browning on d 3 of display than Champion and Swisher 

(P < .05). Steaks from carcasses originating at Swisher had the most surface 

discoloration on d 3 and 4 (P < .05), while steaks from carcasses produced at Caprock #5 

had the least surface discoloration on d 4 (P < .05). Steaks from carcasses produced from 

cattle fed at Ch2impion were the least uniform and had the most surface browning on d 4 

of display (P < .05). These data show that feeding vitamin E did not prolong retail case 

life. 

Objective color measurements of the steaks from carcasses produced by cattle 

from the four feedlots are presented in Table 3.17. Steaks of carcasses from all feedlots 

had similar (P > .05) L* values throughout the display period. These data are in 

agreement with visual color evaluations, as no visual differences were found for beef 

color on any of the display days. On all days of display, steaks from cattle fed at Tascosa 

had higher (P < .05) a* values than steaks from cattle fed at Swisher. Steaks from cattle 

fed at Swisher had the lowest (P < .05) a* values on d 3 and 4 of display. Steaks from 

cattle fed at Tascosa, Champion and Caprock #5 had similar (P > .05) a* on d 1, 2 and 3 

of display. Cattle fed at Champion produced steaks that had lower (P < .05) b* values 

than steaks from cattle fed at Caprock #5 or Tascosa on d 1 of display. Steaks from cattle 
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Table 3.16. Mean retail display case evaluations of steaks from cattle fed in each feedlot 

Attribute 

Beef color' 

Color uniformity^ 

Surface discoloration** 

Browning'' 

Day 

1 

2 

3 

4 

1 

2 

3 

4 

1 

2 

3 

4 

1 

2 

3 

4 

No vitamin E fed 

Caprock #5 

6.2 

5.7 

5.3 

4.5 

1.2 

1.4 

1.9' 

2.9" 

1.0 

1.4 

2.1'" 

3.4' 

1.0 

1.3 

2.1' 

3.8' 

Swisher 

6.1 

5.6 

5.0 

4.4 

1.1 

1.5 

2.3" 

2.5' 

1.0 

1.3 

3.0' 

5.7" 

1.0 

1.4 

3.2" 

3.9' 

Vitamin E fed 

Champion 

6.2 

5.6 

5.0 

3.9 

1.1 

1.5 

2.4" 

3.3' 

1.0 

1.3 

2.3" 

4.8' 

1.0 

1.3 

2.8" 

4.4" 

Tascosa 

5.8 

5.4 

5.1 

4.7 

1.2 

1.4 

1.9' 

2.8" 

1.0 

1.2 

1.8' 

4.1" 

1.0 

1.2 

2.1' 

3.8' 

''"•'•''Means in a row with different superscripts differ (P < .05). 
'Beef color: 8 = extremely bright cherry-red; 1 = extremely dark red. 
fcolor uniformity: 1 = uniform; 5 = extteme two-toning. 
^Surface discoloration: 1 = 0%; 7 = 100%. 
''Browning: 1 = none; 6 = dark brown. 
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Table 3.17. Mean retail display case objective color measurements of steaks from each 
feedlot 

Color parameter 

Hunter L* 

Hunter a* 

Hunter b* 

Day 

1 

2 

3 

4 

1 

2 

3 

4 

1 

2 

3 

4 

No vitamin E fed 

Caprock #5 

37.9 

35.8 

35.6 

35.0 

22.1'" 

19.7" 

18.5" 

15.4' 

18.4" 

17.8 

17.4"' 

16.1' 

Swisher 

37.2 

36.1 

35.2 

35.5 

21.4' 

18.2' 

15.0' 

9.2' 

17.9'" 

16.5 

15.5' 

13.4' 

Vitamin E fed 

Champion 

37.5 

36.0 

35.1 

35.3 

21.9'" 

19.1'" 

17.5" 

12.6" 

17.6' 

16.9 

16.3' 

14.6' 

Tascosa 

37.6 

36.8 

36.2 

36.1 

22.4" 

19.7" 

18.4" 

13.9"' 

18.9" 

17.6 

17.4' 

15.8"' 
a,b,c,d ''' Means in a row with different superscripts differ (P < .05). 

fed at Swisher had the lowest (P < .05) b* values on d 3 and 4 of display. These data 

show that feeding vitamin E did not show clear improvements in retail case life of the 

steaks from cattle fed at Champion and Tascosa. However, other researchers have shown 

that vitamin E prolongs the retail case life of steaks from cattle that were fed vitamin E 

during the feeding period (Amold et al., 1992; Sanders et al., 1993; Sherbeck et al., 

1995). Arnold et al. (1992) and Sherbeck et al. (1995) did not evaluate steaks from 
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carcasses of cattle fed at different feedlots. Some of the cattle fed at Champion feedyard 

were fed sorghum instead of corn because of cost effectiveness. This management 

practice could have affected retail case life more dramatically than the benefits of feeding 

Vitamin E. Cattle from Tascosa feedyard were hauled the longest distance to the 

processing facility. Thus, trucking distance likely did not affect retail case life. 

No palatability differences were found between biological types of cattle in this 

study. Very few steaks were tough after 14 d of aging. Thus, from a tendemess 

standpoint, the cattle from the various groups of Rancher's Registry can be utilized in a 

guaranteed tender program. Steaks from 94.5% and 81.4% of the cattle in this study that 

were cooked to medium or medium-well doneness, respectively, were tender. At this 

time, more than 60% of consumers prefer their beef steaks to be cooked to medium-well 

or higher. Consumer education must be continued to ensure consumers that steaks are 

safe and more palatable at lower degrees of doneness than at medium-well or higher 

doneness. 

Very high voltage electrical stimulation as it was applied to the middle meats in 

this study did not improve tendemess as expected, but middle meat application of 

electrical stimulation should be studied fiirther because it improved color and marbling of 

the ribeye and would have significant economic impact. Probe location, voltage, 

amperage, and duration of electrical current flow should be studied further to determine 

the optimum parameters for improving lean color, marbling and tenderness. 

Because the current specifications of Rancher's Registry require ribeye areas to 

be between 64.5 and 90.3 cm^ 34% of the cattle in this study were disqualified. 

Increasing the ribeye area specification would cause fewer carcasses to be disqualified. 
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However, larger ribeye areas would result in steaks being too heavy for a desired single 

serving size if cut 2.5 cm thick. 

The possibility of using objective color evaluations to segregate carcasses that are 

tough from those that are tender may exist based on these data. Further investigation of 

this sorting tool may lead to a very useful segregation of tough from tender carcasses. 

Implications 

Beef from cattle produced by member producers and feeders of Rancher's 

Registry of the breed types evaluated can be utilized in a guaranteed tender beef program. 

However, beef from these cattle will not be tender 100% of the time. Middle meat 

electrical stimulation can be utilized by the beef industry to improve lean color and 

marbling score. 
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CHAPTER IV 

IDENTIFYING TOUGH BEEF WITH OBJECTIVE 

COLOR MEASUREMENTS 

Abstract 

Nineteen carcasses were selected from a commercial beef packing facility based 

on their objective color measurements of the longissimus muscle at the 12'" and 13"' rib 

interface. The carcasses were selected only if their L*, a* and b* values were below 

32.5, 20.5 and 20.5, respectively. Carcasses were fabricated, and strip loins were 

collected and fransported to Texas Tech University for aging and further processing. 

Steaks from the stiip loins were cooked to determine Wamer-Bratzler shear (WBS) force 

values and sensory panel ratings. These objective color measurements were successful (P 

< .05) for identifying carcasses that would produce tough steaks, because 14 of the 19 

carcasses selected had WBS values greater than 4.5 kg. Also, steaks with greater than 4.5 

kg WBS values had lower (P < .05) initial and sustained tendemess panel ratings and 

lower overall mouthfeel panel ratings (P < .05) than the other five carcasses. No 

differences (P > .05) were found between the carcasses with WBS values greater than 4.5 

kg or less than 4.5 kg for initial and sustained juiciness, beef flavor intensity or beef 

flavor characteristic panel ratings. No carcasses in this study produced steaks with WBS 

values less than 3.0 kg. Use of L*, a* and b* objective color measurements is an 

effective method for identifying a portion of the carcasses that produce tough beef 
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Introduction 

Market share of beef has declined for a number of reasons, but one of the most 

significant is its lack of consistency. Researchers have suggested that 10 to 25% of the 

beefsteaks sold at retail stores are tough (Morgan et al., 1991; Savell et al., 1991). As 

consumers strive to find an affordable, palatable, convenient product, beef continues to 

be highly variable in palatability (especially tendemess), leaving consumers dissatisfied 

and in search of an alternative meat source. Because tendemess is the most studied beef 

palatability trait, research is continually being conducted to find the cause and solutions 

to beefs tendemess variation. Reasons to focus research efforts on tendemess are: (a) 

tendemess varies twice as much as flavor (Koohmaraie et al., 1995) and (b) flavor is 

influenced by consumers' choices of cooking method and seasonings (NLSMB, 1995). 

Miller et al. (1995) reported that tenderness accounts for greater than 50% of consumers' 

overall acceptability of beef steaks. Also, Boleman et al. (1995) revealed that consumers 

are willing to pay a higher price for tender beef than less tender beef Thus, with 

tendemess being the most critical palatability attribute of a steak to provide consumer 

satisfaction, reducing the variation in beef tendemess is critical. 

The USDA currently utilizes lean maturity as one of the factors to assign USDA 

quality grades to beef carcasses. However, lean maturity is a subjective color assessment 

done on-line by USDA graders and is only part of the quality grading system. Several 

researchers have shown a relationship between ultimate muscle pH and/or muscle color 

and meat tendemess (Purchas, 1990; Jeremiah et al., 1991; Watanabe et al., 1995). Wulf 

et al. (1997) found that objective color measurements could be effectively used to 
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identify tough beef carcasses. Wulf et al. (1998) concluded that either L* or b* value 

could be used to segregate the 20 to 30% of the carcasses that produce the darkest meat 

and thereby eliminate the vast majority of palatability problems. However, the b* value 

is sensitive to bloom time. Moreover, Hilton and Miller (1999) showed that carcasses 

with L*, a* and b* values below 32.5, 20.0 and 20.0, respectively, produced steaks that 

had Wamer-Bratzler shear force values (WBS) of greater than 4.5 kg and were rated as 

tough by trained sensory panelists after 14 d aging. However, the previous findings were 

based on a small number of carcasses. These findings show the need to further 

investigate the efficacy of using CIE L*, a* and b* objective color measurements to 

remove beef carcasses that will produce tough steaks from the general population of beef 

steaks and find other uses for these carcasses. The objective of this study was to 

determine the efficacy of using CIE L*, a* and b* objective color measurements to 

eliminate carcasses that could potentially produce tough beef steaks from the population. 

Materials and Methods 

Carcass Selection and Fabrication 

Carcasses (n = 19) were selected from a commercial packing facility after 20 min 

of bloom time. The carcasses were selected only if all three color values (CIE L*, a* and 

b*) were below the set limits of 32.5, 20.5 and 20.5, respectively. Measurements were 

taken using the Hunter Miniscan XE Plus (Hunter Laboratories, Model MSXP-4500L, 

Reston, VA). Carcasses were fabricated under normal commercial packing conditions 

and NAMP #180 strip loins (NAMP, 1996) were vacuum packaged, boxed, and 

tiansported to the Texas Tech Meat Laboratory for aging 14 d at 2°C. After aging, strip 
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loins were frozen at -20°C for 3 to 5 days. Two 2.5-cm steaks were cut from the rib end 

of the strip loin for WBS determination and sensory evaluation. Steaks were vacuum 

packaged and placed back in the freezer for 2 days. 

Shear Force Determinations 

Steaks were thawed ovemight to 3 to 5°C. External fat was trimmed. Steaks 

were weighed, and one steak from each strip loin was cooked to 71 °C on a belt grill 

(MagiKich'n, Model MagiGrill TBG 60, Quakertovra, PA). Steaks were re-weighed and 

chilled at 4°C for 24 hours. Cooking loss was calculated by: Cooking loss, % = (Raw 

weight - Cooked weight/ Raw weight)* 100. Six 1.3-cm-diameter cores were taken from 

each steak parallel to the muscle fiber orientation. The cores then were sheared once 

perpendicular to muscle fiber orientation with a Salter shear machine to determine WBS. 

Shear force value (WBS) was recorded in kilograms, and the six values were averaged to 

determine the shear force value of each steak. 

Sensory Evaluations 

Steaks were thawed and cooked following the same procedure described above 

for the WBS analyses. One steak from each strip loin was used for sensory evaluations 

and was cooked to 71°C. Immediately following cooking, steaks were cut into l-cm'' 

pieces. The pieces were placed in pre-warmed serving pans filled with warm sand. Eight 

trained panelists (Cross et al., 1978) were served the steaks under red lights. The 

panelists scored (AMSA, 1995) the steaks for initial and sustained juiciness (1 = 
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extremely dry, 8 = extremely juicy), initial sand sustained tendemess (1 = extremely 

tough, 8 = extremely tender), beef flavor intensity (1 = extremely bland, 8 = extremely 

intense), beef flavor characteristic (1 = extremely uncharacteristic beef flavor, 8 = 

extremely characteristic beef flavor), and overall mouthfeel (1 = extreme non-beef-like 

mouthfeel, 8 = extreme beef-like mouthfeel). 

Statistical Analyses 

Data were analyzed by comparing frequency of tough steaks, (a WBS value 

greater than 4.5 kg), intermediate tendemess of steaks, (a WBS value between 3.0 and 4.5 

kg), or tender steaks (a WBS value less than 3.0 kg). These WBS values were selected 

based on results reported by Miller et al. (1998). Miller et al. (1998) found that 

consumers rated steaks with WBS values slightly tender or higher 100% of the time if 

WBS values were less than 3.0 and rated steaks with WBS values slightly tender only 

50% of the time when steaks had WBS values greater than 4.5 kg. Significance was 

tested using Chi-square tests (a = .05). 

Data were analyzed using GLM procedures using a least squares model (SAS, 

1990). The main effect was the tendemess class variable, tender, intermediate and tough. 

Mean separation for all analyses was performed using the PDIFF option (pair-wise t-

tests)ofSAS(a = .05). 

Results and Discussion 

Mean L*, a* and b* values of the longissimus muscle at the 12"' and \3^ rib 

interface were 30.9, 19.8 and 18.8, respectively. Carcasses were selected to have L*, a* 
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and b* values below 32.5, 20.5 and 20.5, respectively. About 500 carcasses were 

measured to find the 19 carcasses. Thus, about 3.8% of the carcasses graded on the 2 d 

had L*, a* and b* values that were less than the set values. 

Of the 19 carcasses selected, 14 of them produced steaks that had WBS values 

greater than 4.5 kg (Table 4.1). These values resulted in a different (P < .05) proportion 

of carcasses that were tough, 73.7%. These tough carcasses produced steaks that had 

average sensory panel ratings of 4.8 for both initial and sustained tenderness and average 

WBS values of 5.3 kg. The other five intermediate tenderness carcasses produced steaks 

with average WBS values of 3.6 kg and sensory panel ratings of 6.2 and 6.3 for initial 

and sustained tendemess. 

The intermediate category of WBS values had steaks that had lower (P < .05) 

WBS values and higher initial and sustained tendemess and overall mouthfeel sensory 

panel ratings than the tough category. The steaks from the two categories did not have 

different (P > .05) initial and sustained juiciness, beef flavor intensity, and beef flavor 

characteristic sensory panel ratings. The WBS values were the basis of assigning steaks 

to tendemess categories, but these results show that panelists were able to segment the 

steaks into similar categories. 

Wulf et al. (1998) also reported that carcasses with lower L* and b* values 

produced steaks that had higher WBS values and lower sensory panel ratings than 

carcasses with higher L* and b* values. However, they used a Minolta brand colorimeter 

so the actual values are different. Jeremiah et al. (1991) and Wulf et al. (1996, 1997) 

found that tendemess decreased as lean color became darker. Wyle et al. (1999) reported 

results of the BeefCam HunterLab systems that is being used by Excel Corporation. 
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Table 4.1. Means and standard errors of WBS values and sensory panel ratings by 
tenderness class 

Trait Tender' Intermediate Tough' All 

Number of carcasses 

WBS value, kg 

Initial juiciness*^ 

Sustained juiciness 

Initial tendemess^ 

Sustained tenderness^ 

Beef flavor intensity'' 

Beef flavor characteristic' 

Overall mouthfeel^ 

5 

3.6'(.26) 

5.9 (.27) 

6.2 (.20) 

6.3" (.34) 

6.5" (.39) 

6.3 (.18) 

6.3 (.30) 

6.2" (.25) 

14 

5.3" (.23) 

5.8 (.15) 

5.9 (.15) 

4.8'(.29) 

4.8'(.32) 

6.1 (.14) 

6.2 (.13) 

5.2'(.25) 

19 

4.9 (.25) 

5.8 (.13) 

6.0 (.12) 

5.2 (.28) 

5.3 (.30) 

6.1 (.11) 

6.2 (.12) 

5.4 (.22) 

''"Means in a row with different superscripts differ (P < .05). 
'Tough = WBS value > 4.5 kg. 
''intermediate = WBS value 3.0 to 4.5 kg. 
'Tender = WBS value < 3.0 kg. 
"̂1 = extremely dry; 8 = extremely juicy. 
^1 = extremely tender; 8 = extremely tender. 
''1 = extremely bland beef flavor; 8 = extremely intense beef flavor. 
'1 = extreme uncharacteristic beef flavor; 8 = extreme characteristic beef flavor. 
•"1 = extremely uncharacteristic of beef; 8 = extremely characteristic of beef 

This camera takes an online image of the 12'" and 13* rib interface. The machine takes 

objective color readings. Wyle et al. (1999) reported that 8% of carcasses tested had a 

WBS value less than 4.5 kg. However, greater than 75% of the carcasses tested actually 

produced steaks with WBS values less than 4.5 kg. No other information has been 

released by HunterLab for publication at this time. The current information does not 

state if tough carcasses were segmented with this technology. 
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Miller et al. (1998) in a nation-wide study and Boleman et al. (1997) showed that 

consumers are willing to pay a higher price for more tender beef Miller et al. (1998) 

reported that consumers would be willing to pay more for a guaranteed tender beefsteak; 

one with 100% acceptability by consumers or less than 3.0 kg WBS value. They asked 

consumers to choose the price they would pay for the each steak with the choices of 

$7.79, 6.49 and 4.99/Ib. Consumers were willing to pay $6.15/lb for steaks with WBS 

values less than 3.0 kg. However, consumers were willing to pay only $5.88/lb for steaks 

with WBS values between 3.0 and 4.9 kg and $5.66/lb for steaks with WBS values 

greater than 4.9 kg. In the present study, no carcasses produced steaks with WBS values 

less than 3.0 kg. Also, five carcasses produced steaks with WBS values between 3.0 and 

4.5 kg, and five carcasses produced steaks with WBS values between 4.5 and 4.9 kg. 

Finally, 9 carcasses produced steaks with WBS values greater than 4.9 kg. 

Use of objective color measurements to segregate a portion of carcasses that 

produce tough beef was effective in this study. Additional research needs to be 

conducted to determine which measurement, L*, a* or b*, has the greatest effect on 

tendemess. Also, other classes of color meeisurements should be studied to determine if a 

larger percentage of carcasses that produce tough beef can be identified from this 

technology or if carcasses that produce tender beef can be segregated. 
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Implications 

Objective color measurements, specifically L*, a* and b* values less than 32.5, 

20.5 and 20.5, respectively identified carcasses that produced tough steaks. This 

technology can be used online to segregate a portion of the carcasses that have tough 

steaks from other beef carcasses. Therefore, eliminating a portion of the carcasses that 

produce tough steaks will improve the quality and consistency of beef provided to 

consumers. 
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CHAPTER V 

SUMMARY OF EXPERIMENTS 

Improving the quality and consistency of beef that reaches consumers is a main 

goal of the entire beef industry. Over the past decade, many segments of the beef 

industry have started joining forces to provide a more uniform, higher quality product to 

consumers. However, improvements and change often result in many challenges as the 

beef industry is very diverse and segregated. Nonetheless, methods and technologies are 

being tried and tested to produce a highly palatable, safe, uniform beef product to 

consumers. The research for this dissertation evaluated methods to improve the quality 

and consistency of beef marketed to consumers. First, middle meat electrical stimulation 

was evaluated to determine its efficacy in producing a guaranteed tender beef product 

from various breed types. A second hypothesis was developed from the results of the 

first study to determine if certain CIE L*, a* and b* values could be utilized to identify 

carcasses that would produce tough beef 

High voltage middle meat electrical stimulation was not effective for improving 

tendemess after 14 d post-mortem aging. The settings used for electrical stimulation, 

positive probe location, voltage and amperage, must be optimized to gain the 

improvements in tenderness expected from electrical stimulation. However, electrical 

stimulation improved lean color, marbling score and USDA quality grade, The use of 

high voltage middle electrical stimulation could provide a significant economic 

opportunity from the returns received from the improvement in quality grade. 
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No palatability differences were observed for any of the breed types represented 

in this study. Using phenotypic expression of these breed type characteristic should 

allow for identification of cattle that will produce carcasses that can be utilized in this 

guaranteed tender beef program. The differences in cutability between the breed types 

were similar to those expected, as carcasses from cattle with higher percentages of Exotic 

breeding were leaner, heavier and higher in cutability and had larger ribeye areas than 

other breed types. Over 50% of the carcasses from the cattie with over 50% Exotic 

phenotypic expression had ribeye areas too large for the portion size specifications of this 

program. Carcasses from cattle of primarily English breeding were fatter and lower in 

cutability and had smaller ribeye areas than other breed types. The data from this 

research show that a guaranteed tender beef product can be provided to consumers at 

retail with a 94.5% acceptability when cooked to a medium doneness but with only an 

81.4% acceptability when cooked to a medium-well doneness. 

Objective color measurements can be used effectively to identify carcasses that 

produce tough beef after 14 d post-mortem aging. All carcasses identified in this study 

produced steaks with WBS values greater than 3.0 kg, and 73.7% of steaks from those 

carcasses had WBS values greater than 4.5 kg. The L*, a* and b* values of 32.5, 20.5 

and 20.5, respectively can be used to identify carcasses that will produce tough beef 

effectively and efficiently on line. 

The research presented in this dissertation can be utilized to improye the quality 

and consistency of beef provided to consumers. A guaranteed tender beef product 

provided to consumers through retail outlets should increase beefs market share and 

positively influence consumers' attitudes of beef The use of objective color 
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measurements to ensure that fewer tough beef steaks reach consumers will improve 

consumer satisfaction of beef by improving quality and consistency. With the use of both 

technologies, the beef industry should be able to come closer to reaching its goal of 

increasing market share by eliminating tough beef and providing consumers with a high 

quality, consistent product. 
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