
CONSUMER ASSESSMENT OF THE PALATABILITY OF 

USDA SELECT AND CHOICE AND CERTIFIED 

ANGUS BEEF STRIP LOIN STEAKS 

FROM RETAIL MARKETS 

by 

SHAWN W. CLABORN, B.S. 

A THESIS 

IN 

ANIMAL SCIENCE 

Submitted to the Graduate Faculty 
of Texas Tech University in 

Partial Fulfillment of 
the Requirements for 

the Degree of 

MASTER OF SCIENCE 

Approved 

December, 1996 



r 
Pi !C 0 

ACKNOWLEDGMENTS 

After finishing my final revisions, I have reflected upon who has been 

instrumental in helping me finish my master's degree. My first acknowledgment of 

thanks must be to my Lord and Savior, Jesus Christ. Without having faith in His 

direction and guidance for me, I would not have finished this chapter in my life. 

The only person to come close to His guidance, is my wife Raquel. The 

loving support and continued efforts to allow me to finish this thesis is a wonderful 

testament to Raquel and the sacrifices she has made for both Ashton and myself 

I would like to thank my parents, Tom and Norma Clabom, for their 

unwavering support throughout my life and educational experience. I know their job 

was not made easy by me, but without them I don't know where I would be today. To 

both my brothers, Doug and Shannon, I thank them for being there for me and never 

letting me forget what is important. 

I would like to express my appreciation to my committee for their help and 

guidance throughout this project. I particularly owe my appreciation to Dr. Mark 

Miller for his friendship and guidance throughout this research project. A special 

thanks goes to Dr. Ramsey for his valuable critique and help. Also, I thank Dr. 

Thompson for her well pointed comments and help that made this project better. 

Finally, I would like to thank Gerald Critz and Kurt McMillan at United 

Supermarket for providing me a start as an assistant meat market manager and also 

allowing this research project to be done through the meat department. I would like 

express my appreciation to Tony Torres and Kim Merriman, who not only provided 

their direcfion and assistance to pull off this project, but also for teaching me how to 

run a profitable retail meat market. 



TABLE OF CONTENTS 

ACKNOWLEDGMENTS n 

LIST OF APPENDICES v 

LIST OF TABLES vi 

LIST OF FIGURES vn 

CHAPTER 

I. INTRODUCTION 1 

II. LITERATURE REVIEW 

Tendemess 3 

Marbling 3 

Connective Tissue 5 

Cold Shortening 6 

Age of Animal Effect 7 

Muscle Type 7 

Breed Difference 8 

Calcium Chloride Injection 9 

Aging 11 

Cooking Effect 12 

Shear Test Tendemess Threshold 12 

Flavor 13 

Juiciness 14 

Consumer Perception of Beef 15 

USDA Quality Grading System 17 

Certified Angus Beef 17 

111 



III. CONSUMER ASSESSMENT OF THE PALATABILITY OF 
BEEF STRIP LOIN STEAKS FROM U.S.D.A. SELECT, 
CHOICE, AND CERTIFIED ANGUS BEEF™ 19 

Summary 19 

Introduction 21 

Materials and Methods 21 

Location of Study 21 

Fabrication of Loin Strip Steaks 22 

Consumer Survey 22 

Wamer-Bratzler Shear Force 23 

Trained Sensory Panel Evaluation 24 

Minolta Colorimeter 25 

Percent Crude Fat 26 

Statistical Analysis 26 

IV. RESULTS AND DISCUSSION 28 

Respondents to Survey 28 

Effects of Demographics on Consumer Ratings 32 

Consumer Evaluation of Steaks 32 

Threshold of Tendemess Levels to Consumer 36 

Trained Sensory Panel Evaluation 36 

Percent Crude Fat 38 

Minolta Colorimeter 42 

Wamer-Bratzler Shear Force 42 

V. CONCLUSION 46 

LITERATURE CITED 49 

IV 



LIST OF APPENDICES 

A. LTNITED SUPERMARKET SELF-ADHESIVE STICKER 
PROGRAM FOR USDA SELECT, USDA CHOICE, AND 
CERTIFIED ANGUS BEEF 54 

B. CONSUMER SURVEY 56 

C. UNITED SUPERMARKET ADVERTISEMENT 58 

D. "30 MEALS E^ 30 ME^UTES" INCENTIVE GIVE AWAY 60 

E. SENSORY PANEL EVALUATION SHEET 62 

F. Z*fl*Z7* COLOR SPACE DIAGRAM 64 

G. PORTION OF a*, b* COLOR SPACE DIAGRAM FOR 
DEMONSTRATION OF HUE DIFFERENCE 66 



LIST OF TABLES 

2.1 Shear force, marbling, and tendemess scores from crosses of 

varying levels of Bos taurus and Bos indicus breeding 10 

4.1 Profile of consumer surveys 29 

4.2 Means and standard deviation for consumer survey response for 
sensory evaluation of USDA Select and USDA Choice, and 
Certified Angus Beef 33 

4.3 Distribution of consumer tendemess rating among USDA Select 
and USDA Choice grades and Certified Angus Beef 34 

4.4 Distribution of consumer responses to three satisfaction questions from 
the survey for USDA Select and USDA Choice, Certified Angus Beef 35 

4.5 Consumer survey tendemess rating breakdovm of percent 
satisfaction by grade 37 

4.6 Trained sensory panel average beef palatability sensory 
scores panel by grade 39 

4.7 Means and standard deviation of L*a*b* color spaces among 
USDA Select, USDA Choice, and Certified Angus Beef 
Also calculations of Metric Chroma and Hue-Angle derived 
from the Mean L*a*b* 43 

VI 



LIST OF FIGURES 

4.1 Distribution of reasons steaks were purchased 30 

4.2 Average percentage fat in USDA Select, USDA Select, 
USDA Choice, and Certified Angus Beef cooked steaks 40 

4.3 Comparison of trained sensory panel initial 
tendemess rating of average percent fat values 41 

4.4 Comparison of trained sensory panel sustained 

tendemess rating of average percent fat values 41 

4.5 Average Wamer-Bratzler Shear value by grade 44 

4.6 Comparison of trained sensory panel initial 
tenderness rating of average Wamer-Bratzler 45 

4.7 Comparison of trained sensory panel sustained 
tendemess rating of average Wamer-Bratzler 45 

A.l UNITED SUPERMARKET SELF-ADHESIVE STICKER 
PROGRAM FOR USDA SELECT, USDA CHOICE , AND 
CERTIFIED ANGUS BEEF 55 

C.l UNITED SUPERMARKET ADVERTISEMENT 59 

D.l "30 MEALS IN 30 MINUTES" INCENTIVE GIVE AWAY 61 

F.l Z*fl*Zj* COLOR SPACE DIAGRAM 65 

G. 1 PORTION OF a*, b* COLOR SPACE DIAGRAM FOR 
DEMONSTRATION OF HUE DIFFERENCE 67 

VII 



CHAPTER I 

INTRODUCTION 

The consumers' perception of red meat is a very important factor in promoting 

beef in today's food market. Not only do the consumers have diet and health 

concems about beef, they also take into account taste (i.e., flavor, juiciness, and 

tendemess) and its cost when determining satisfaction (Medeiros et al., 1987). 

Information from the National Consumer Retail Beef Study (Savell et al., 

1989) concluded that consumers identified tendemess as the single most important 

factor in determining consumers' perception of taste. In addition, when marbling 

levels decreased and Wamer-Bratzler shear (WBS) values increased, consumer 

satisfaction declined. 

The National Beef Quality Grade Study in 1987 (National Beef Tendemess 

Conference, 1994) concluded, one in five beef carcasses (USDA Prime through 

USDA Standard quality grades) will yield a "slighfly tough" or "tougher" loin steak. 

Furthermore, when USDA Prime through USDA Standard quality grades were 

studied separately, 1 in 18 USDA Prime loin steaks were "slightly tough" or 

"tougher," 1 in 9 USDA Choice grade, 1 in 4 USDA Select grade, and 6 in 10 USDA 

Standard grade steaks also rated as tough. 

A 1993 Texas A&M University study (Nafional Beef Tendemess Conference, 

1994) determined that one tough beef carcass could negatively impact as many as 542 



consumers. It was also revealed that only .001 percent of tough, dry or bland steaks 

are retumed for replacement or refund; thus for every complaint vocalized, 10 

complaints are never heard. 

This study will utilize United Supermarkets' fresh beef marketing program of 

retailing USDA Select, USDA Choice, and Certified Angus Beef'^ (Appendix A). 

Thus, to simplify the discussion, three levels of fresh beef will be considered as 

separate "grades" throughout this study. The objective of this research will be to 

evaluate the palatability traits of three grades in a retail market situation. Thus, some 

of the questions to be answered are; will consumers be able to distinguish palatability 

differences between the three grades? What level of tendemess is needed for 

consumer satisfaction? Finally, why do consumers purchase beef of different 

marbling levels? 



CHAPTER II 

REVIEW OF LITERATURE 

Tendemess 

Marbling 

Intramuscular fat (small fiakes of fat), deposited in the muscle of meat is 

called marbling. Marbling amounts are estimated in the ribeye area of a beef carcass 

between the 12th and 13th ribs. The use of marbling degree has been a primary factor 

in predicting beef palatability under the current US beef grading system (USDA, 

1989). 

The segregation of beef carcasses based on marbling degrees has been 

identified as the most practical and effective method to provide tendemess evaluation 

in the industry so far (Davis et al., 1979; Tatum et al, 1992; Jones and Tatum, 1994). 

Also, research has shown that as intramuscular fat increased, so did sensory panel 

tendemess ratings (Seideman et al., 1988). Wheeler et al. (1994a) found a small but 

positive correlation between marbling scores and palatability. However, variability 

exists in tendemess among carcasses of a given USDA quality grade (Wheeler et al , 

1994a). Zmolek et al. (1981) found that marbling accounts for only 10%> of the 

variation in beef palatability. Other researchers have reported marbling accounts for 

only a 5%) associafion (Parish, 1974). In addifion, Wamer-Bratzler shear (WBS) 

force decreased ( P < .05 ) as marbling increased from Traces to Small marbling 



scores in both Bos taurus and Bos indicus cattle. Furthermore, in Bos indicus cattle, 

WBS values of beef with Small marbling scores was not different ( P < .05) when 

compared with Modest or Moderate marbling scores. 

Smith and Carpenter (1976) provided an excellent review of the relationship 

of palatability and fat content in meat products. The review pointed out that if some 

levels of carcass finish are related to eating satisfaction, then certain levels of 

intramuscular fat deposits should be used as a palatability indicator. The four 

following theories provide an account of why intramuscular fat has a positive effect 

on tendemess, 

1. Bite theory. This theory suggests that with any given bite size of cooked 

meat, marbling decreases the mass per unit of volume, thus lowering the density. 

Also intramuscular fat has less resistance to shear force than coagulated protein. It 

was also postulated that marbling could serve as a dilution factor that would allow 

fewer muscle fibers to be severed in chewing or during shear force cutting. 

2. Strain theory. This theory uses the idea that marbling permeates 

connective tissue and causes the breakdown of collagen upon cooking (Carpenter, 

1962). It could also be viewed that marbling could be deposited in the perivascular 

cells inside the walls of the perimysium or endomysium, thus causing the walls of the 

connective tissue to be thinner. 

3. Lubrication theory. This theory suggest that marbling aids in the 

lubrication of the muscle fibers to produce the sensation of a more tender and juicier 



meat product. Tough meat could then be perceived as being more tender than it 

actually is, if the fat and fluid is released in a slow and sustained manner. Carpenter 

(1962) reported meat that was juicy during extended periods of chewing would seem 

more tender, thus marbling would be directly related to juiciness and indirectly to 

tendemess. 

4. • Insurance theory. This final theory uses the thought process that higher 

levels of intramuscular fat would allow the use of high-temperature, dry-heat methods 

of cookery without adverse palatability traits of cooked meat products. Since fat does 

not conduct heat as rapidly as lean meat, the product could endure higher 

temperatures without overcooking the meat intemally. Thus, consumers who prefer 

their meat cooked to a well-done cooking temperature, would more then likely be 

satisfied with meat that is highly marbled. 

Cormective Tissue 

One main component of connective tissue in all higher classes of animals is 

collagen (usually about 2% in muscle). Connective tissue (including collagen and 

other components) has two main functions in higher class animals: skeletal tissue 

structure (bones, teeth, cartilage, etc.) and soft connective tissue (skin, tendons, 

ligaments, etc.). Meat scientists are most concemed with the second structure in 

regard to Us effect on the texture of meat. Bailey and Light (1989) hypothesized that 

the quality of collagen rather than the total amount is the predominant factor 



accounting for the variability of meat texture. For example, veal contains more 

collagen than beef, even though veal is considered a more tender meat source (Marsh. 

1977). 

Jeremiah and Martin (1981) reported that up to 20 d postmortem, no 

relationship was found between intramuscular collagen content or solubility between 

WBS force values in beef carcasses from cattle with similar maturity, weight, and 

breed. 

Cold Shortening 

The process of chilling beef and sheep carcasses during pre-rigor state can 

cause tendemess changes. During rigor mortis, the post-mortem muscle will become 

rigid once the ATP has been substantially depleted. If the muscle is chilled too 

quickly and falls below lO^C prior to the final stage of rigor, the muscle fibers will 

spontaneously contract. Thus, the amoimt of energy left in the muscle will determine 

the degree of contraction and toughening (Warkup, 1993). If a physical barrier (i.e., 

subcutaneous fat covering) is not provided, the muscle fibers will contract by half or 

more of their initial lengths. It is important to prevent "cold-shortening" by not 

allowing the carcass to reach a critical temperature of 10 C or below before rigor sets 

to not allow rigor bonds to lock into a relaxed configuration (Marsh, 1977). 



Age of Animal Effect 

The age of an animal is a major factor in determination of value in the beef 

industry. Huff and Parrish (1993) showed, by examining softness to tooth and fiber 

fragmentation, steaks from more mature animals tended to score lower than younger 

animals in the "A" maturity range. Also, Smith et al. (1982) reported wide variations 

in sensory panel tendemess ratings of mature (C maturity) versus young beef 

carcasses (A and B maturity). Shorthose and Harris (1990) found that increased 

toughness of individual muscles with animal age was related to their cormective tissue 

strength. 

Age effects on toughness can be further studied at a structural level. With an 

increase in an animal's age, two factors provide an explanation for decreased textural 

quality. As an animal ages, the average muscle fiber size increases and a higher 

proportion of heat-stable cross links in the collagen or myofibrilar are formed causing 

the proteins to denature less easily (Bailey and Light, 1989). 

Muscle Type 

Location of muscle in the beef carcass in conjunction with the animal's age 

can be a major factor influencing consumer satisfaction. Psoas major muscles were 

almost unaffected by increasing animal age, whereas, high cormective tissue strength 

muscles, such as the Biceps femoris, had a threefold effect on toughness (Shorthose 

and Harris, 1990). Seideman and co-workers (1988), ufilizing sensory tendemess 
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rafings, ranked the following muscles from "most tender" to "'least tender": Psoas 

major > Semitendinosus > Longissimus dorsi > Biceps femoris > Semitendinosus. 

This report also concluded that differences among various muscles ma\ be due to the 

proportion and size of muscle fiber types. 

In addition, the thickness of the retail cut may have an affect on sensory 

ratings and WBS force. For instance, a thick chuck roast tended to have a higher 

(more tender) tendemess score than the thinner steak counterpart from the chuck 

(Morgan et al., 1991). This phenomena can be explained because thicker retail cuts 

will increase the opportunity for solubilization of collagen during cooking (Locker. 

1977). 

The 1991 National Beef Tendemess Survey by Morgan et al. (1991), showed 

that top sirloin steaks had the highest WBS value (3.56 kg) of popular retail steaks 

when compared with retail cuts from the rib section (3.36 kg), top loin (3.25 kg) and 

tenderloin steaks (2.61 kg). When compared with other rib and loin retail cuts, the 

top sirloin steaks' average myofibrillar tendemess, total connecfive tissue amount, 

and overall tendemess ratings indicated possibly reasons for lower palatability. 

Breed Difference 

When comparing 18 sires from two Continental European breeds to "black 

baldy" and other commercial crossbred cow herds; more genetic \ ariation in 

tendemess within a breed was found than between breeds. A sire's influence on 
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tendemess accounted for only 3.8%o of the total variation in tendemess. Thus genetic 

selection within a breed could improve beef tendemess (Wulf et al., 1995). 

Cattle of different biological type generally yield few differences in meat 

tenderness (Koch et al., 1982). It was also found that cattle crossed with Sahiwal and 

Brahman were significantly less tender than English and European breeds. 

Palatability differences between Bos inducus and Bos taurus cattle have been 

widely investigated. As Bos inducus influence in breeding increases, WBS force 

increases and sensory panel tenderness rating decreases (Johnson et al., 1990). When 

Wheeler et al. (1994a) compared meat from Bos taurus (n = 1,337) to Bos indicus x 

Bos taurus crosses (n = 330), the Brahman-cross cattle had a lower tendemess rating 

and higher WBS force values (P < .05). 

Crouse et al. (1989) found, as the influence of Brahman breeding increased, 

higher WBS force values were found and lower marbling and sensory tendemess 

scores were reported (Table 2.1). 

Calcium Chloride Injection 

The infusion or injection of calcium chloride (CaC^) has great potential in 

increasing consistency of meat tendemess. It has been found that beef carcasses with 

high calpain acfivity will further the tenderization rate faster then beef with lower 

calpain acfivity. Shackelford et al. (1991a) found that calcium-dependent 



Table 2.1 Shear force, marbling, and tendemess scores from crosses of varying levels 
of Bos taurus and Bos indicus breeding 

Breed 
group 
Hereford, Angus 
% Brahman 
V2 Brahman 
VA Brahman 

n 
107 
28 
36 
20 

Shear force. 
kg 

4.40 
5.16 
5.80 
6.68 

Marbling 
score^ 
431 
393 
351 
306 

Tenderness 
score 
5.35 
5.16 
4.93 
4.51 

' 300 to 399 = slight, 400 to 499 = small. 
1 = least tender to 8 = most tender. 

(Crouse et al., 1989) 
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protease inhibitors at 24 hr and calcium-dependent protease-I at 0 hr postmortem 

accounted for 63%) of the variafion in 14 d WBS experiments, thus providing an 

excellent predictor for tendemess. Thus, the postmortem process of injecting CaCb 

(10%) by weight of 300mA^ into pre-rigor meat has been found to enhance and 

accelerate postmortem tenderizafion (Koohmaraie et al., 1990). Koohmaraie et al. 

(1990) have reported at 1 d postmortem, average WBS value for CaCb-injected meat 

was 6.09 kg while the control was 9.03 kg. Also, beef injected with CaCb had 

consumer tendemess and juiciness scores of .3 to .4 points higher than the control (1 

= extremely tough; 8 = extremely tender). A perception does exists in the meat 

industry that meat injected with CaCli would be rejected by consumers, but this may 

not be the case. Miller et al., (1995a) found that 71%) of the retail consumers visually 

preferred the packaging of CaCli injected beef over the non-injected controls. 

Aging 

Wulf et al. (1995) found that aging strip loins 4, 7, 14, 21, and 35 d reduced 

WBS force values, when compared to strip loins aged for 1 d, by 10, 19, 28, 33, and 

40%, respectively. Also, incidence of "tough" loin steaks (shear values above 3.9 kg) 

decreased from 58%) at 1 d postmortem to 43, 27, 14, 9, and 3% on a corresponding 

increase of postmortem aging. Huff and Parrish (1993) found that as the length of the 

aging period increased, softness to tooth pressure and fiber fragmentation ratings 

improved. It has been reported that loin steaks from 3/4 Angus and 1/4 Brahman 
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carcasses responded more to 10 d postmortem aging than Va and V^ Brahman cross 

carcasses. Johnson et al. (1990) showed that WBS values of 3/4 Angus and 1/4 

Brahman carcasses decreased by 37 and 21% during the 10 d postmortem aging 

period, while 1/2 and 3/4 Brahman cross carcasses decreased by only 9.4 and 16.7%), 

respectively. 

Cooking Effect 

Steaks became increasingly tougher and less juicy as intemal end-point 

cooking temperature increased (Akinwoinmi et al., 1993; Luchak et al., 1990). 

Luchak et al. (1990) also found that USDA Select top strip loin steaks were tougher 

when cooked to higher temperatures than similarly cooked USDA Choice steaks. 

Thus, it was concluded that USDA Select top strip loin steaks and eye of round roasts 

were more similar in juiciness and tendemess to the USDA Choice counterparts when 

cooked to a lower temperature endpoint. Wheeler et al. (1994b) found that steaks 

broiled to a 70^C intemal temperature rather than 65^C, had higher WBS values by 

1.06kg(P>.05). 

Shear Test Tendemess Threshold 

Shackelford et al. (1991b) reported a tendemess threshold level for retail and 

foodservice beef of 4.6 and 3.9 kg, respecfively. If steaks had less than a 4.6 kg WBS 

force they had a 50%) chance of being rated a 5 (slightly tender) or higher score (based 
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on a 1 to 8 scale). The foodservice steaks with a 3.9 kg or less WBS force, had a 68%) 

chance of scoring a 5 (slightly tender) or higher. 

Results from a study by Huffman et al. (1996) found to ensure high levels of 

consumer acceptability in the home and restaurant (98%)), a WBS value of 4.1 kg 

should be targeted. 

The Strategic Alliances Meat Evaluation used WBS force to measure 

tendemess, and a value of 3.9 kg or less was considered as "restaurant-quality tender.'" 

Where as a value of 4.5 kg or higher indicated that the steak was not tender enough 

for sale at retail (Lambert, 1994). 

Miller et al. (1995b) found that consumers eating steaks in the home and 

restaurant were influenced by the ambiance of the environment. Wamer Bratzler 

Shear force tendemess threshold levels for the home were between 4.6 and 5.0 kg, 

whereas the consumers was more discriminating in the restaurant and required 

threshold levels of between 4.3 and 5.2 kg. 

Flavor 

Flavor is a very complex sensory component that involves odor, taste, texture, 

temperature, and pH. Odor or aroma is the most important factor in determining 

flavor. Without percepfion of odor, one of the other primary taste sensations, such as 

bitter, salty, sour, or sweet, will likely predominate. In fact, under ideal conditions, 

response to sense of odor is about 10,000 times more sensifive than that to taste 
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(Lawrie, 1966). Weir (1960) described beef flavor as "mouth-filling, serum-like, and 

with good bouquet" (p. 78). 

The primary quality factors that motivate purchases of beef according to the 

Nafional Research Council (1988) are taste, price, and healthfulness. However, if 

taste quality was lacking, then price and health factors were irrelevant and people 

would not purchase the product. 

Juiciness 

Differences in pH, water-holding capacity, fatness, and firmness were directly 

related to juiciness scores for cooked meats (Lawrie, 1966). Weir (1960) reported 

that initial fluid release (impression of wetness during first chews) and sustained 

juiciness (sensation of juiciness perceived during continued chewing) results from the 

stimulating effect of fat on salivary fiow. This effect can be attributed to the fat 

deposits that are located in and around the muscle fibers that serve as a lubricant 

(Carpenter et al., 1963). 

The most important factor influencing juiciness of meat (especially initial 

fluid release, is the cooking method. It is easy to imderstand that beef cooked to rare 

is more juicy than beef that is well-done. Thus, marbling has a dramatic effect on 

juiciness. It has been shown that high-quality meats tend to lose more fat during 

cooking, due to greater amount of fat, but lose less moisture. Too little marbling will 

result in dry, flavorless meat (Briskey and Kauffman, 1971). 
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Reagan et al. (1976) found that moisture content had little correlation with 

sensory panel evaluation of juiciness, but collagen content of samples was related to 

panel scores for juiciness. When collagen content increased, so did sensory panels 

perceived increase in juiciness. 

Consumer Perception of Beef 

Consumers identify beef with more marbling as more desirable in tenderness, 

juiciness, and flavor when compared to leaner beef When consumers were surveyed, 

they preferred leaner beef when advertised as lower in fat (Medeiros et al., 1987). 

However, the same consumers then would complain about the texture of those leaner 

meats. Thus, it can be concluded that consumers are willing to initially trade-off 

sensory properties for perceived advantages in health. However, in the long term, 

sensory properties become greater motivating factors then health influence for 

continual acceptance and purchasing habits. 

Boleman et al. (1995) found that consumers were capable of determining 

tenderness differences among three different marbling levels of beef strip loins. 

These same consumers were willing to pay a premium for guaranteed tendemess, if 

available. 

Chambers and Bowers (1993) reported consumer acceptance of meat can have 

wide ranges of tendemess and juiciness levels depending upon their expectations. For 

instance, round steaks will have lower expectations and higher levels of acceptability; 
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whereas strip loin steaks are considered to be higher in quality with smaller ranges of 

acceptability. This is due to the usual lower price advantage rounds have over strip 

loin steaks. It was also stated that consumers would not buy meat with obvious fat 

content, either subcutaneous fat or marbling, because it was considered unhealthy. 

Not even the fact that marbling provided improved flavor and tendemess, consumers 

still did not understand this premise. 

It was also found the consumers were more discriminating when eating beef 

steaks in the home rather than in a restaurant (Miller et al., 1995a). Using at least a 

98%) overall acceptance level, restaurant consumers rated steaks with an average WBS 

of 4.0 kg as acceptable in tendemess. However, the same consumers in their ovm 

home had a threshold of tendemess acceptability of 3.6 kg WBS value. 

In national consumer studies (Neely et al., 1995 ), top sirloin steaks did not 

differ in consumer satisfaction across four quality levels (high and low USDA Choice 

and high and low USDA Select). However, USDA Choice top loin steaks had better 

consumer palatability rating than the USDA Select grade steaks. Low USDA Choice 

steaks had an intermediate mark for overall consumer satisfaction. Colorado State 

University's trained consumer taste panels, rated strip loin steaks for tendemess, 

flavor, and overall palatability for the Strategic Alliances Meat Evaluation. They 

found that the breaking point for acceptable overall palatability was 4.5 or less on an 

8 point scale (1 = extremely tough; 8 = extremely tender) for acceptability (Lambert, 

1994). Variation in palatability of beef prepared in the home has caused consumers to 
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be dissafisfied with eating quality just slightly less than 20%) of the time (Miller, 

1992). 

USDA Quality Grading System 

The Nafional Beef Quality AudU (1992) showed that 52.7%) of catfle tested 

graded USDA Choice, 36.9%) graded USDA Select, and Prime grade only represented 

2.3%) of the cattle population. Furthermore, Standard grades made up S% of the cattle 

with a maturity characteristic of "hard bone^" Thus, a grave concem is raised that 

Standard grades along with the lower third of the USDA Select grades are susceptible 

to greater variation in eating characteristics than higher USDA quality grades^ 

The USDA Select grade is composed of beef carcasses that have Slight 

marbling and A and B maturity • Minimum marbling for A maturity beef is constant 

from A^ to A^̂ ,̂ while B maturity minimum marbling increases equally as B̂  

increases to B^^ .̂ Low, Average, and High USDA Choice carcasses require: Small, 

Modest, and Moderate degrees of marbling, respectively. 

Certified Angus Beef^ 

The Certified Angus Beef (CAB) Program was established in 1978 to promote 

and increase demand for Angus seedstock through a high quality, branded, beef 

product. Only licensed packers, retailers, and food service distributors are allowed to 

use and market product marked CERTIFIED ANGUS BEEF™. 
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The following criteria are used by employees of licensed processing plants to 

identify CAB and the CAB program is monitored by the USDA grading service 

(USDA, 1994): 

Must be predominantly black cattle (at least 51%) black hair). 

Modest or higher degree of marbling. 

"A" maturity. 

USDA yield grade of 3.9 or leaner. 

Medium or fine marbling texture. 

Beef muscling characteristics of moderately thick or thicker. 

Hump on the neck not to exceed 5 cm in height. 

No evidence of intemal hemorrhages in the ribeye muscle. 

Free of dark cutting characteristics. 
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CHAPTER III 

CONSUMER ASSESSMENT OF THE PALATABILITY 

OF USDA SELECT AND CHOICE AND CERTIFIED 

ANGUS BEEF^^ STRIP LOIN STEAKS FROM RETAIL 

MARKETS 

Summary 

This research project will evaluate consumer acceptance of one retail 

supermarket chains efforts to merchandising USDA Select, USDA Choice, and 

Certified Angus Beef (CAB) in a conventional supermarket setting. For simplicity, 

the above marketing levels of beef will be reported as grades throughout this paper. 

Four United Supermarkets in Lubbock, Texas were utilized to market three grades of 

beef. A consumer survey (Appendix B) was attached to the back of each package of 

steaks (return rate =103 with 197 steak evaluations) during the week of September 

20th through the 26th of 1995. Minolta colorimeter readings (Z*fl*Z)* color space) of 

two steak samples were taken at 1 d retail display and then frozen at -lO^C. All steaks 

were broiled on a Farberware Open Hearth electric broiler to an intemal temperature 

of 40^C, tumed, then cooked to a final temperature of 70^C. One cooked steak was 

used for Wamer Bratzler Shear (WBS) tesfing and the other for trained sensory panel 

evaluations. The remainder of the cooked samples from sensory panel testing were 

used to determine fat content. The CAB steaks were more tender, juicy, and flavorful 
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(P < .05) than USDA Select and USDA Choice steaks. No differences in tendemess, 

juiciness, and flavor were found between the USDA Select and USDA Choice grade 

steaks. Utilizing a trained sensory panel, CAB had significantly greater initial and 

sustained tendemess and juiciness ratings when compared to USDA Select and 

USDA Choice grade steaks, but no difference (P > .05) existed between Select and 

Choice grade steaks. Lower average WBS values were found for CAB compared to 

the USDA Select and USDA Choice grades, while Select and Choice did not differ (P 

> .05) from each other. When consumers were asked why they purchased the steaks, 

of those purchasing USDA Select grade steaks, 47%) answered "value of product in 

relation to price." In contrast, consumers of CAB answered "greater amount of 

marbling" 38% of the time. When consumers cooked their steaks to a rare to medium 

degree of doneness (no control for accuracy), 92% of consumers answered yes to the 

questions of "Were you satisfied ?" and "Was tendemess acceptable ?", However, 

consumers cooking steaks to a medium well to well done degree of doneness, only 

79% gave positive remarks to the satisfaction questions. There was no difference 

found between grades in cooking degree and cooking method when answering the 

satisfaction questions. These statistics indicate that marketing branded beef of high 

marbling levels (such as Certified Angus Beef) can be an effective method to insure 

consumer satisfaction. 

20 



Introduction 

Some research has shown that marbling is an unreliable predictor of 

tendemess (Zmolek et al., 1981; Parish, 1974). However, the current method used b> 

the beef industry to segregate beef carcasses into different quality grades relies mostly 

on marbling levels. The Nafional Beef Quality AudU (1992) reported one of the beef 

industry's major concems is the wide variation in eating quality among USDA 

Standard and the lower third of the USDA Select grade beef Thus, it could be 

concluded that segregation of beef carcasses by marbling level does work. In 

addition, the use of marbling has also proven to be the best indicator of tendemess 

used in an industry setting (Davis et al., 1979; Tatum et al., 1992; Jones and Tatum, 

1994). 

Consumer behavior about lean meat can be contradictory as well. When 

advertised as lower in fat, the consumer said they preferred leaner beef However, the 

same consumer would then register complaints about the leaner meat's flavor and 

texture (Medeiros et al., 1987). 

The purpose of this study was to identify consumer acceptability differences 

among USDA Select and USDA Choice, and CAB fresh beef steaks that were 

marketed in a retail supermarket environment. This study used consumer surveys, 

trained sensory panel, WBS, Minolta colorimeter Z-*«*Z)* color space, and fat analysis 

to determine what factors affect consumer perception of palatability factors between 

three grades. 
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Materials and Methods 

Location of Study 

This study was conducted in cooperation with United Supermarkets 

(Corporate offices located in Lubbock, Texas) located in the West Texas area 

operating 39 stores. Four stores in Lubbock, TX provided a broad consumer base 

representing most ethnic groups, income, and educational levels: 1701 50̂*̂  (#506), 

401 Slide Road (#505), 2703 82"̂ ^ St. (#537), and 8201 82"̂ ^ St. (#543). Each store 

retails fresh beef labeled USDA Select, USDA Choice, and Certified Angus Beef™ 

(Appendix A). Stores #505 and #543 display all three grades of retail beef cuts in 

traditional tray wrapped packages. Stores #506 and #537 provide exclusive full 

service counter space that displays and sells CAB retail cuts and seafood. 

Fabrication of Loin Strip Steaks 

Boneless beef strip loins (IMPS #180) from USDA Select, USDA Choice, and 

CAB grades were used in for this study with initial postmortem aging of at least 7 d or 

more. Steaks were fabricated using a band saw with a serrated blade to an 

approximate thickness of 2.5 cm and the subcutaneous fat was trimmed to a 

maximum of .6 cm. Steaks were then placed two to a package in foam trays, over 

wrapped with polyethylene film, and stickers (Appendix A) were placed on the 

bottom, left-hand comer of the film to identify the correct grade. The full service 
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counter was an exception, whereas only Certified Angus Beef was sold and packaged 

in white freezer paper according to the customer's order. 

Consumer Survey 

During the week of September 20th through the 26th of 1995, United 

Supermarkets advertised "New York Strip Steaks" for $8.77 per kilogram ($3.98 per 

pound) for USDA Select and $10.78 per kilogram ($4.89 per pound) for the USDA 

Choice grade steaks (Appendix C). Certified Angus Beef "New York Strip Steaks" 

were not included in the advertisement, but were promoted as an in-store managers' 

special for $13.18 per kilogram ($5.98 per pound). 

The consumer survey (Appendix B) was attached to the back of each package 

with each survey containing questions for the consumer who purchased the meat as 

well as an evaluation section for two steaks. Pre-paid postage was provided with a 

recipe book offered as an incentive for completion and retum of the survey ("30 

Meals in 30 Minutes," 1992 [Appendix D]). 

Wamer-Bratzler Shear Force 

Warner-Bratzler Shear (WBS) values were used to determine tendemess of 

cooked steaks. Frozen steaks were thawed at 2 to 5 C for 48 h before cooking. All 

steaks were broiled on a Farberware Open Hearth electric broiler (Farberware, Bronx, 

NY) to an intemal temperature of 40^C, tumed, and removed when they reached 70^C 
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intemal temperature. Steak temperatures were monitored with a Cooper Instruments 

(model SH66A, Middlefield, CT) digital meat thermometer placed in the center of the 

steak. The steaks then were placed on white plastic trays covered with Reynolds 

polyvinyl chlorate wrap and cooled to a temperature of 4̂ C for 24 h prior to removing 

cores. Six 1.3-cm diameter cores were removed from each steak parallel to the 

muscle fibers and sheared once across the center of the core perpendicular to the 

muscle fibers. Each core was sheared once with a Salter WBS machine model 

19406482 (Manhattan, KS). 

Trained Sensory Panel Evaluation 

The second steak was used for trained sensory panel evaluation. Training was 

accomplished in group sessions with discussion among panelists to correlate on 

different ranges of tendemess, flavor, and juiciness (Appendix E). Steaks were 

cooked by the same method used in the WBS procedure. An eight-member trained 

sensory panel (AMSA, 1991) evaluated warm 1-cm samples of each strip loin for 

initial and sustained juiciness and tendemess, flavor intensity, beef-flavor intensity, 

and overall mouthfeel using an eight-point scale (8 = extremely juicy, tender, intense, 

characteristic beef flavor, and beef-like mouthfeel; 1 = extremely dry, tough, bland, 

uncharacteristic beef flavor, and non-beef-like mouthfeel). Panelists evaluated 

samples in individual booths with a red light to mask any color differences. Water 

and apple juice were available for each panelist to rinse their palate between samples. 
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Minolta Colorimeter 

Each day the strip loin steaks were on sale, two strip loin steak samples were 

picked up at each store by 5:30 p.m. to record control numbers, date sold, and 

colorimeter readings of steaks in the retail case. Both sample steaks were over 

wrapped in oxygen permeable, polyvinyl chloride packaging in white foam meat 

trays. The steaks then were placed in a Tyler (model DGC6) retail display case at 2°C 

under continual exposure to 150 foot-candles of cool white Sylvania (F15T8/D30) 

fluorescent light. Three colorimeter readings were taken on various location of each 

steak at 1 d of retail display. A Minolta CR-200 colorimeter utilizing illuminant C 

was used and synchronized with a white calibration plate (Y = 94.5, x = .313, and y = 

.320). 

The L*, fl*, 6* color space (also known as CIELAB space) readings are used 

for uniform color space analysis, as defined by the CIE in 1976. Three colorimeter 

readings were then averaged for each steak to determine the mean Z* (lightness), a* 

(redness), b* (yellowness) color space to determine possible correlation of meat color 

with tendemess (Appendix F). Limits exist with Z*fl*Z)* color spaces, because only 

color differences in single numerical values are expressed. Thus, Metric Chroma and 

Hue-Angles (L*C*h color space) were calculated to provide a cylindrical coordinate 

to show differences in colors (Appendix G.). The L*C*h color space was then 

calculated using the mean Z*fl*^* color spaces, with the formulas found below. It 
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should be noted that the L* color space is the same value with both L*a*b* and 

L*C*b* color spaces (Minolta, 1993). 

Metric Chroma: C* = V(«*)2 + (̂ *)2 

b^ 
Metric Hue-Angle: h = tan"' ( ^ * ) [degrees] 

Percent Crude Fat 

The Soxhlet ether extraction (AOAC, 1995) method was used to determine 

percentage crude fat for cooked steak samples. Pieces of meat left over from the 

trained sensory panel evaluations (only solid muscle portions from the longissimus 

muscle were used, devoid of any exterior fat or connective tissue) were saved in 

Whirl-Pak" bags and frozen at -30 C for analysis. Frozen meat samples then were 

placed in a Waring blender jar and homogenized. Crude fat percentage then was 

determined in duplicate to a 5% point of percision. 

Statistical Analysis 

Data were analyzed using ANOVA with GLM procedures of SAS (1995), 

based on three marbling levels x demographic information, consumer sensory ratings, 

three satisfaction quesfions, and trained sensory panel evaluation. Consumer 

acceptability percentages were analyzed using the frequency procedure with the Chi-

square option. The chi-square procedure also was used to separate percentage of 
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respondents to purchasing and demographic questions. PROC CORR procedure was 

used to correlate WBS values, fat content, grade, L*a*b* color space and consumer 

sensory ratings. Throughout this analysis, it should be recognized that the consumer 

survey data reflects only 70 out 157 beef strip loin samples. Whereas, the trained 

sensory panel, percent fat, WBS, and colorimeter evaluations used all 157 beef strip 

loin samples. 
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CHAPTER IV 

RESULTS AND DISCUSSION 

Respondents to Survey 

Table 4.1 shows the demographic characteristics of the 197 consumers that 

evaluated steaks from the 103 returned surveys out of a estimated total of 1200 (8.5 

%) return rate). A majority of the consumers were white in ethnic make-up (95%o). 

Education levels varied from grade school to graduate school degrees, however 11% 

of the respondents had at least some college education. Income of consumers varied 

with the majority of incomes being between $25,000 to 74,999 with 11%) consumers 

having incomes less than $15,000 and 2% respondents having incomes over 

$250,000. The average age of the participants was 45 y with a range from 12 to 82 y 

of age. The majority of the respondents ate beef for lunch and dinner at least 4 meals 

(23%)) and 10 times (17%) during the last 7 d, with the range being between 1 and 16 

meals. When questioned about the frequency of eating chicken within the past 7 d, 

the range was between zero and 10 meals with the following responses representing 

the majority of respondents: 1 = 16%, 2 = 21%, 3 = 18%, 4 = 13%, and 5 = 15%. 

When questioned about why the consumers bought the steaks (Figure 4.1), 47%) of the 

consumers (n = 24) that purchased USDA Select grade steaks did so because of 

"value of product in relation to price." Whereas, 38%) of CAB steak customers (n = 
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Table 4.1 Profile of consumer surveys. 

Characteristic Number Percent 
Education level 

Grade school 
Some high school 
High school 
Technical school 
Some college 
College graduate 
Post graduate 
N/A' 

Income, $ 
Less than 15,000 
15,000 to 24,999 
25,000 to 49,999 
50,000 to 74,999 
75,000 to 99,999 
100,000 to 249,999 
250,000 or more 
N/A 

Age, y 
Less than 14 
15 to 21 
22 to 29 
30 to 39 
40 to 49 
50 to 59 
60 to 69 
70 to 79 
80 or more 
N/A 

Gender 
Male 
Female 
N/A* 

Ethnicity 
White 
Black 
Hispanic 
N/A 

2 
3 

25 
9 

63 
47 
42 

6 

22 
20 
59 
41 
26 

6 
4 

19 

1 
9 

23 
33 
34 
38 
27 

8 
1 

23 

101 
83 
13 

188 
2 
3 
4 

1 
1 

13 
5 

32 
24 
21 

3 

11 
10 
30 
21 
13 
3 
2 

10 

4 
12 
17 
17 
19 
14 
4 

12 

51 
42 

7 

95 
1 
2 
2 

.5 

^ / A = No Answer. 
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Figure 4.1 Distribution of reasons steaks were purchased. 
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12) purchased steaks for "greater amount of marbling - fat within muscle." The 

consumers of CAB steaks had similar response to those participating in a study at 

Clemson University (Malphrus, 1977). In the Clemson survey, when consumers were 

asked about their preference of "T-bone" steaks of varying marbling levels, heavily 

marbled steaks were chosen 42%) of the time for "more marbling" and "better 

marbling." 

The consumers participating in our survey overwhelmingly chose outdoor 

grilling as the cooking method of choice (67%o), while broiling, indoor grill, and pan 

fry methods were used 7, 7, and 15%) of the time, respecfively. 

When the consumer was asked about their "perceived" degree of doneness of 

the steaks eaten, the following degrees of doneness was reported: 2% = rare, 32%) = 

medium-rare, 37%) = medium, 22%) medium-well, and 6% well done. Ninety-two 

percent of the respondents that cooked their steaks from rare to medium answered yes 

to "Were you satisfied ?" and "Was tendemess acceptable ?", However, as doneness 

increased to medium-well and well-done, a drop in percentage (79%)) was found from 

consumers answering yes to the question of "Was tendemess acceptable?". 

In addition, a correlation of .16 (P < .05) was found between degree of 

doneness and tendemess acceptability. The low correlation may be due to the fact 

that 72%) of the steaks were cooked to less then medium-well. When cooking method 

and degree of doneness was evaluated, no differences (P > .05) were found among the 

three grades. 
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Effects of Demographics on Consumer Ratings 

No demographic difference was found among consumers purchasing different 

grades in this study. When age, sex, and income were compared with variables such 

as tendemess, juiciness, and flavor ratings and all three satisfacfion questions; no 

significant differences were found (P > .05). 

Consumer Evaluation of Steaks 

Certified Angus Beefsteaks was found to be significantly more tender, juicy, 

and flavorful than steaks from the USDA Select and USDA Choice grades (Table 

4.2). A higher percentage of respondents (20%)) rated CAB steaks tender enough to 

score an 8 rating (1 = extremely tough; 8 = extremely tender) when compared to 

USDA Select and USDA Choice steaks. Only 9 and 5% of USDA Select and USDA 

Choice steaks, respectively were given the most tender rating (Table 4.3). However, 

the USDA Select grade steaks had tendemess ratings ranging from 8 (extremely 

tender) to 1 (extremely tough), whereas USDA Choice and CAB did not. 

Furthermore, CAB steaks only had 9%o of respondents score tendemess ratings less 

than a six. Distribution of consumer response to the three satisfaction questions 

(Table 4.4) was interesting. When the consumer was asked, "Were you satisfied ?", 
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Table 4.2 Means and standard deviation for consumer survey response for sensory 
evaluafion of USDA Select and USDA Choice, and Certified Angus Beef (CAB). 

Survey trait 
Tendemess^ 
Juiciness 
Flavor' 

Select 
6.14' 
6.09' 
6.57' 

SD 
.13 
.11 
.10 

Choice 
6.18' 
6.08' 
6.65' 

SD 
.20 
.16 
.16 

CAB 
6.67' 
6.84' 
7.16' 

SD 
.17 
.14 
.14 

P < F 
.05 
.001 
.002 

% = moderately tender. 
6̂ = moderately juicy. 

'6 = moderately desirable, 7 = very desirable. 
''Means in a row with different superscripts differ. 
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Table 4.3 Distribution of consumer tendemess rating among USDA Select and 
USDA Choice grades and Certified Angus Beef (CAB). 

Tendemess 
rating^ 

8 
7 
6 
5 
4 
3 
2 
1 

Select 
Number 

9 
38 
26 
11 
5 
3 
2 
1 

(n = = 95) 
Percent 

9 
40 
27 
12 
6 
3 
2 
1 

Choice (n -• 
Number 

2 
13 
18 
4 
3 
0 
0 
0 

= 40) 
Percent 

5 
33 
45 
10 
7 
0 
0 
0 

CAB( 
Number 

11 
27 
13 
2 
0 
3 
0 
0 

n = 56) 
Percent 

20 
48 
23 
4 
0 
5 
0 
0 

^Tendemess rating: 1 = extremely tough, 2 = very tough, 3 = moderately tough, 4 
slightly tough, 5 = slightly tender, 6 = moderately tender, 7 = very tender, and 8 = 
extremely tender 
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Table 4.4 Distribution of consumer responses to three satisfaction questions from the 
survey for USDA Select and USDA Choice, and Certified Angus Beef 

Satisfaction 
question 
from survey 
Were you satisfied? 

Were you satisfied 
at the 
price paid ? 
Was tendemess 
acceptable ? 

Yes 
No 

Yes 
No 
Yes 
No 

Select 
Number Percent 

82 
8 

79 
13 
77 
11 

91 
9 

86 
14 
88 
12 

Choice 
Number 

33 
5 

33 
5 

34 
5 

Percent 
87 
13 

87 
13 
87 
13 

CAB 
Number 

49 
4 

44 
8 

52 
3 

Percent 
92 
8 

85 
15 
95 
5 

35 



USDA Choice steak consumers had the highest dissatisfaction (13%)). Howe\er. 

throughout the survey, consumers responses about USDA Choice steaks did not 

change in regard to answering yes to the three satisfaction questions. When asked 

"Were you safisfied at the price paid ?", both USDA Select and CAB had decreases in 

the percentage satisfaction, with CAB steaks having the largest drop percentage wise 

to 85%o. Finally, when asked "Was tendemess acceptable ?", consumers of CAB 

steaks had the greatest satisfaction percentage mark (95%o) when compared to the two 

USDA quality grades. 

Threshold of Tendemess Levels to Consumer 

Regardless of marbling level, not one consumer answered yes to any of the 

three satisfaction questions when a tendemess rating of 3 or less (3 = moderately 

tough) was given. At tendemess ratings of 4 and 5 (4 = slightly tough and 5 = slightly 

tender), 67% and 65%o of the respondents reported positive satisfaction. Consumers 

rating steaks with tendemess rating of 6 to 8 were found to be satisfied 100%) of the 

time. The only deviation from the above information was foimd when the consumer 

was questioned about satisfaction "At the price paid?", negative satisfaction was 

reported regardless of tendemess rating: USDA Select = 14%o, USDA Choice = 13%o 

and CAB = 15% (Table 4.5). 
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Table 4.5 Consumer survey tendemess rating breakdown of percent satisfaction by 
grade. 

Tenderness 
rating^ 
1 

2 

3 

4 

5 

6 

7 

8 

Grade 
Select 
Choice 
CAB 
Select 
Choice 
CAB 
Select 
Choice 
CAB 
Select 
Choice 
CAB 
Select 
Choice 
CAB 
Select 
Choice 
CAB 
Select 
Choice 
CAB 
Select 
Choice 
CAB 

Were you 
Yes 
0 
0 
0 
0 
0 
0 
0 
0 
0 

100 
0 
0 

82 
25 
50 

100 
100 
100 
100 
100 
100 
100 
100 
100 

satisfied ?"' 
No 

100 
0 
0 

100 
0 
0 

100 
0 

100 
0 

100 
0 

18 
75 
50 

0 
0 
0 
0 
0 
0 
0 
0 
0 

At the 
Yes 

0 
0 
0 
0 
0 
0 
0 
0 

33 
100 
33 

0 
100 
25 

0 
92 

100 
92 
92 

100 
87 
75 

100 
100 

price paid ?'' 
No 

100 
0 
0 

100 
0 
0 

100 
0 

67 
0 

67 
0 
0 

100 
100 

8 
0 
8 
8 
0 

13 
25 

0 
0 

Was tendemess 
acceptable? 

Yes No 
0 100 
0 0 
0 0 
0 100 
0 0 
0 0 
0 100 
0 0 
0 100 

50 50 
0 100 
0 0 

67 33 
33 67 

100 0 
100 0 
100 0 
100 0 
100 0 
100 0 
100 0 
100 0 
100 0 
100 0 

^Tendemess rating: 1 = extremely tough, 2 = very tough, 3 = moderately tough, 4 
slightly tough, 5 = slighfly tender, 6 = moderately tender, 7 = very tender, and 8 = 
extremely tender. 
^Appendix B. 
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Trained Sensory Panel Evaluation 

Certified Angus Beef had higher initial and sustained ratings for both 

tendemess and juiciness in trained sensory panel (n = 157) ratings over USDA Select 

and USDA Choice quality grades (P < .05), (Table 4.6). 

As average initial and sustained tendemess ratings increased, WBS values 

decreased as shown by the - .50 and -.51 correlafion (P < .001). The correlafion 

between initial/sustained tendemess and initial/sustained juiciness was high: (initial 

tendemess vs. initial tendemess = .60; sustained tendemess vs. sustained juiciness = 

.59 [P < .001]). 

Percent Crude Fat 

The percentage fat in the cooked steaks (n = 149) was positively correlated (P 

< .01) with quality grade (.65), consumer juiciness rating (.21), and a negative 

correlation with WBS of (-.33). The maximum and minimum levels of percent fat 

was as follows: USDA Select = 12.9 and 3.3 %, USDA Choice = 16.6 and 3.7%, and 

CAB = 18.0 and 6.1%). As expected, average percent fat in CAB steaks were higher 

than that in USDA Choice and USDA Select steaks, while USDA Select was lowest 

(Figure 4.2). 
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Table 4.6 Trained sensory panel average beef palatability sensory scores panel by 
grade. 

Trait 
Initial Juiciness 
Sustained Juiciness' 
Initial Tenderness' 
Sustained Tendemess' 
Flavor Intensity^ 
Beef Flavor^ 
Overall Mouthfeel'' 

Select 
5.79^ 
5.75'' 
5.97'' 
5.97'' 
5.90' 
5.97' 
5.85'' 

Choice 
5.74" 
5.73'' 
6.08'' 
6.08'' 
6.06'' 
6.15'' 
5.98'' 

CAB 
6.20' 
6.18' 
6.60' 
6.55' 
6.20' 
6.39' 
6.44' 

P < F 
<.001 
<.001 
<.001 
<.001 
<.001 
<.001 
<.001 

d 
'' ''Means in a row with different superscripts differ (P < .001). 
5 = slightly juicy, 6 = moderately juicy. 

'5 = slightly tender, 6 = moderately juicy. 
5 = slightly intense, 6 = moderately intense. 
5̂ = slightly characteristic beef flavor, 6 = moderately characteristic beef flavor. 

'̂ 5 = slightly beef-like mouthfeel, 6 = moderately beef-like mouthfeel. 
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Figure 4.2 Average percentage fat in USDA Select, USDA Choice, and Certified 
Angus Beef (CAB) cooked steaks. 

'''''Means with different superscripts are different (P < .05). 
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Sensory Panel Initial Tenderness Rating^ 

Figure 4.3 Comparison of trained sensory panel initial tendemess rating of average 
percent fat values. 

s 
0) 
u o 

Sensory Panel Sustained Tenderness Rating^ 

Figure 4.4 Comparison of trained sensory panel sustained tendemess rating of 
average percent fat values. 

^ = No tenderness ratings of 2 or 1 were reported by trained sensory panel. 
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Minolta Colorimeter 

In the following table (Table 4.7) shows the average Z*^*^* color spaces with 

standard deviations. The Metric Chroma and Hue-Angle was then calculated from the 

L*a*b* average color space. No conclusive relationship was found between the 

L*a*b* color spaces (n = 157) and consumer tendemess ratings (P <.05). The only 

correlation found was between the I * color space and percentage fat (.33) and grade 

(.29), while the a* color space was negatively correlated (-.24) with WBS values (P < 

•05). 

Wamer-Bratzler Shear Force 

USDA Select steaks had a higher WBS value (n = 156) than Choice and CAB, 

with CAB being lower than the two quality grades (P < .001), (Figure 4.3). The 

maximum and minimum levels of WBS were: USDA Select = 4.65 and 2.12 kg. 

Choice = 4.07 and 2.08 kg, and CAB = 3.82 and 1.8 kg. The average WBS values 

seem to be well below already reported tendemess threshold limits (Morgan et al., 

1991; Shackelford et al., 1991b; Lambert, 1994). 
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Table 4.7 Means and standard deviation of Z*a*Z?* color spaces among USDA 
Select, USDA Choice, and Certified Angus Beef Also calculafions of Metric 

Chroma and Hue angle derived from the Mean Z*^*/?* 

Grade 

Select 

Choice 

CAB 

Z* 

44.59" 

44.88' 

45.68'' 

SD 

.22 

.33 

.41 

a* 

20.99' 

22.44''' 

20.52" 

SD 

.23 

.35 

.44 

b* 

8.91' 

9.57'" 

8.63'' 

SD 

.13 

.19 

.23 

Chroma 

22.8 

24.4 

22.26 

Hue angle 

23.0 

23.1 

22.81 

^4eans in a column with the same superscript do not differ (P > .05), hue angle was 
not analyzed. 

SD = Standard deviation. 
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Select Chdce 

Grade 

CAB 

Figure 4.5 Average Wamer-Bratzler Shear value by grade. 
''''''Means with different superscripts are different (P < .05). 

44 



4.0 T 

^2.5 • 
'i^ 2.0 • 
^ 1.5 • 

0.0 J — ^ mill 
Sensory Panel Initial Tenderness Ratinĝ  

Figure 4.6 Comparison of trained sensory panel initial tendemess rating of average 
Wamer-Bratzler Shear. 

^ 2.0 

^ 1.5 

Sensory Panel Sustained Tenderness Ratinĝ  

Figure 4.7 Comparison of trained sensory panel sustained tendemess rating of 
average Wamer-Bratzler. 

= No Tendemess rating of 2 or 1 were reported by trained sensory panel. 
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CHAPTER V 

CONCLUSION 

It cannot be explained entirely why tendemess variation exists in beef Many 

factors exist with no conclusive correlation of one or more factors that insure 

tendemess and consumer satisfaction. The use of colorimeter readings from this 

study show promise for a quick, noninvasive method to determine tendemess. A 

correlation of .33 was found between Z* (lightness) and percent fat and a -.24 

correlation was found between a* (yellowness) and WBS force. Future research in 

the area of colorimeter readings should be investigated. The potential to correlate 

color of meat with tendemess would be valuable. 

The consumer survey done in this study showed how cooked beef temperature 

effects palatability evaluation. It was found that 92%) of consumers perceived 

cooking their steaks to a cookED endpoint temperature of rare to medium, answered 

yes to the question of whether they were "satisfied" or "tendemess was acceptable". 

On the other hand, consumers cooking steaks to medium-well to well done were only 

"satisfied" 79%o of the time. Education to the benefits and skills needed to cook beef 

to proper temperature range is greatly needed to restore consumer satisfaction and 

confidence in beef 

It can also be concluded from this study that consumer and taste panel 

palatability and acceptability ratings of USDA Select and USDA Choice steaks, on 
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the average, are not different. However, USDA Select steaks were found to be more 

variable than USDA Choice and Certified Angus Beef steaks in tendemess and 

juiciness. If a solid conclusion was foimd, it was that Certified Angus Beef 

T'TVyf 

Program selection for a minimum marbling level, modest (Average USDA Choice) 

or higher, can be used to insure greater consumer satisfaction of tendemess and 

juiciness. 

This study also found that the measurement of beef for percent fat may be a 

better barometer than visual evaluation of marbling levels for quality grade standards. 

Developing a method to establish accurate percent fat levels from the longissimus 

muscle in short time periods would be an excellent area of research to further pursue. 

Thus in the short term, strategies to improve the USDA Select and lower 

grades beef are greatly needed to reduce eating quality variability. Possibly the use of 

processing techniques such as "calcium chloride injection" (Koohmaraie et al., 1990; 

Miller et al., 1995b) or other fiirther processing methods could be used to compensate 

for the inconsistent eating quality. 

Even though greater marbling amoimt has been shown to greatly reduce the 

tendemess and juiciness consistency problems, however in the future we can not rely 

on marbling to be the sole factor to determine acceptable tendemess for the consumer. 

For example, the high correlation (.81) between marbling and greater fat thickness 

(May et al., 1992) exists and may cause reduced efficiency in percent yield of 

boneless retail cuts of beef Thus, more research is needed to find solutions to 
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tendemess not only through genetics and further processing methods, but also 

instrumental testing of tendemess before the beef products are sold to the consumer. 
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APPENDIX A. UNITED SUPERMARKET SELF-ADHESIVE STICKER 
PROGRAM FOR USDA SELECT, USDA CHOICE, AND CERTIFED ANGUS 

BEEF. 
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FIGURE A.l UNITED SUPERMARKET SELF-ADHESIVE STICKER 
PROGRAM FOR USDA SELECT, USDA CHOICE, AND CERTIFED ANGUS 

BEEF 
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APPENDIX B. CONSUMER SURVEY 
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Consumer Survey 

Will you please help make this research study a success? All information will be strictly held 
confidential. For your help, you will receive within one week - FREE - a beef recipe book 30 Meals in 30 
Minutes with great beef recipes for your family! Please carefully fill out this consumer survey, refold and 
mail (postage pre-paid) back to Texas Tech University. Circle or answer the number/space next to the 
phrase that best describes the evaluation of the two steaks purchased (more than one evaluator is 
desired). 

Steak «1 1 .....,..,,.:.... Staak«2 

Tenderness 

8 

7 

6 

5 

4 

3 

2 

1 

Extremely Tender 

Very Tender 

Moderately Tender 

Slightly Tender 

Slightly Tough 

Moderately Tough 

Very Tough 

Extremely Tough 

8 

7 

6 

5 

4 

3 

2 

1 

Juiciness 

8 
7 

6 

5 

4 

3 

2 

1 

Extremely Juicy 

Very Juicy 

Moderately Juicy 

Slightly Juicy 

Slightly Dry 

Moderately Dry 

Very Dry 

Extremely Dry 

8 

7 

6 

5 

4 

3 

2 

1 

Degree of Doneness 

1 

2 

3 

4 

5 

Rare 

Medium-Rare 

Medium 

Medium-Well 

Well-Done 

1 

2 

3 

4 

S 

Ethnic Group 

1 

2 

3 

4 

5 

6 

7 

8 

White 

Black 

American Indian 

Pacific Islander 

Hispanic 

Alaskan Native 

Asian 

Other 

1 

2 

3 

4 

5 

6 

7 

8 

Education Level 

1 

2 

3 

4 

5 

6 

7 

Grade School 

Some High School 

High School 

Technical School 

Some College 

College Graduate 

Post Graduate 

1 

2 

3 

4 

5 

6 

7 

Steak #1 ; Steak «2 

Flavor 

8 

7 

6 

5 

4 

3 

2 

1 

Extremely Desirable 

Very Desirable 

Moderately Desirable 

Extremely Desirable 

Slightly Undesirable 

Moderately Undesirable 

Very Undesirable 

Extremely Undesirable 

8 

7 

6 

5 

4 

3 

2 

1 

Were you Satisfied 

1 

2 

1 

2 

1 

2 

Yes 

No 

1 

2 

At the Price Paid 

Yes 

No 

1 

2 

Was Tenderness Acceptable 

Yes 

No 

1 

2 

Cooking Method Used 

1 

2 

3 

4 

5 

Outdoor Grill 

Broil 

Indoor Grill 

Pan Fry 

Other 

1 

2 

3 

4 

5 

Sex 

1 

2 

Male 

Female 

1 

2 

Age 

What is your age? | 

Marriage Status 

1 

2 

Married 

SIngle/Dlvorced/Wldowed 

1 

2 

Family Income Level 

1 

2 

3 

4 

5 

6 

7 

Less than $15,000 

$15,000 to 24,999 

$25,000 to 49,999 

$50,000 to 74,999 

$75,000 and 99,999 

$100,000 and 249,999 

$ 250,000 and Over 

1 

2 

3 

4 

5 

6 

7 

Questions to the Purchaser 

How many people, including yourself, live in your home ? 

Thinking of your lunches and dinners the last 7 days, about how many of your meals, (both at home and away from 
home) Included beef? 

Thinking of your lunches and dinners in the last 7 days, about how many of your meals, (both home and away from 
home) included chicken? 

When purchasing this package of steaks, which factor below was most important (choose only one) when purchasing 
the se New York Strips steaks ? 

1 
2 
3 
4 

Value of Product in Relation to Price 
Total Price 
Leanness 
Size of the muscle 

5 
6 
7 
8 

Greater Amount of Marbling • fat within muscle 
Less Amount of Marbling - fat within muscle 
Color of Meat 
USDA quality grade 

To receive your free gift; please provide a retum address: 

Name 

Street. 

City .State Z ip . 
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APPENDIX C. UNITED SUPERMARKET ADVERTISEMENT 
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ttome of 
the 
personal 

touch United 
.Sct' t'aye 2 

Sale^^Q^kotfoi) 
United USDA SELECT 

C Boneless "^ 

NeiTYork Strip Steak 

- $398 
C'?'ciK)Kt r<ew York strip steak ib. • 4 . 8 9 

United USDA CHOICE 
( Boneless ) 

Rump Roast 
^' $149 

lb. 

^nomogenizea 
or Lowfat 

United 

Milk Minute 
.Maid 

All Varieties 

etuze<l̂  
wfat 
ietiesj 

1/2 gallon .98 .Varieties; 

96 oz. 

Minute Maid 
lOrange 
Juice 

$^68 2 

Blue Bell 

Ice Cream 
^ or Yogurt 

( All VarieUes) 

$ , 

1/2 gallon For 5 
f All ^ O r\x\-^\ 
Î VarietiesJ J .cj \\zJl 

|p$|58 

C AU VarieUes) 

$138 
...U . 1 

^P$|78 
' >|;./I2 oz. A 

(^E) 'l/'̂ O'D 

../12 oz. 

Chopped Brisket 

Ig99 I lb. i(w^p«d Ddtkcl, 
I pi. M x i ^ M U d . 
I|H. |ilnui b u M Ir 
4 hitniliuryc/ bun. 

Each 

Hills Brothers 

Coffee 

12I3 0Z. 

Chocolate Chip 
Cookies 

Bounty 
Towels 

(̂  Big Roll A 
l^AllStylesJ 

JL for ^ 
roH YOUR convcniEnce WE A U NOW 
ACCcnviG mtx QUAUU CAJIDS 4 ru*-

OESMIEaiSSSMm 

20 2122 23 24 25 26 
nUCXS 0000 TIIIUI SUTMBU ]6ni in UUOOL SLATÔ  

rosT. LzvtuAno. ununtu> ATO ttowrru) 
na Sak* to Dulcn • QiMnlity MghU KcKrvcd 

«c Accept Toot SUapi aad WK Ords 

FIGURE C.l UNITED SUPERMARKET ADVERTISEMENT 
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APPENDIX D "30 MEALS IN 30 MINUTES" INCENTIVE GIVE AWAY. 
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30MEALSIN30MINDTES. 

BEEF.rr'SWMrSFORDINNER 

FIGURE D.l "30 MEALS IN 30 MINUTES" ESfCENTIVE GIVE AWAY. 
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APPENDIX E. SENSORY PANEL EVALUATION SHEET. 
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Beef Sensory Evaluation Form 

Name Date Time am/pm Project_ 

SAMPLE 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

JUICINESS 

INITIAL SUSTAINED 

TENDERNESS 

INITIAL SUSTAINED 

FLAVOR 

INTENSITY 

BEEF 

FLAVOR 

OVERALL 

MOUTHFEEL 

JUICINESS 
8 Extremely juicy 
7 Very juicy 
6 Moderately juicy 
5 Slightly juicy 
4 Slightly dry 
3 Moderately dry 
2 Very dry 
1 Extremely dry 

TENDERNESS 
8 Extremely tender 
7 Very tender 
6 Moderately tender 
5 Slightly tender 
4 Slightly tough 
3 Moderately tough 
2 Very tough 
1 Extremely tough 

BEEF FLAVOR 
8 Extremely characteristic beef flavor 
7 Very characteristic beef flavor 
6 Moderately characteristic beef flavor 
5 Slightly characteristic beef flavor 
4 Slightly uncharacteristic beef flavor 
3 Moderately uncharacteristic beef flavor 
2 Very uncharacteristic beef flavor 
1 Extremely uncharacteristic beef flavor 

FLAVOR INTENSITY 
8 Extremely intense 
7 Very intense 
6 Moderately intense 
5 Slightly intense 
4 Slightly bland 
3 Moderately bland 
2 Very bland 
1 Extremely bland 

OVERALL BEEF MOUTHFEEL 
8 Extremely beef-like mouthfeel 
7 Very beef-like mouthfeel 
6 Moderately beef-like mouthfeel 
5 Slightly beef-like mouthfeel 
4 Slightly non-beef-like mouthfeel 
3 Moderately non-beef-like mouthfeel 
2 Very non-beef-like mouthfeel 
1 Extremely non-beef-like mouthfeel 
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APPENDIX F. Z*a*Z7* COLOR SPACE DIAGRAM. 
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a*/b* Qii?6maticity Diagram 
(YeUiiw) 
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FIGURE F.l I*a*^* COLOR SPACE DIAGRAM 
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APPENDIX G. PORTION 0¥ a*, b* COLOR SPACE DIAGRAM FOR 
DEMONSTRATION OF HUE DIFFERENCE. 
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FIGURE G.l PORTION OF a* /?* COLOR SPACE DIAGRAM FOR 
DEMONSTRATION OF HUE DIFFERENCE. 
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