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ABSTRACT 
 

The purpose of this study was to compare palatability traits of beef strip loin 

steaks of varying marbling scores from young steers and mature fed cull cows fed a high-

energy corn based ration for at least 120 d prior to harvest. Strip loins (n = g150) were 

selected to equally represent ten treatments. Treatments included USDA marbling scores 

of Slightly Abundant and greater (SLAB+), Modest and Moderate (MT/MD), Small 

(SM), Slight (SL), and Traces and Practically Devoid (TR/PD) from young “A” maturity 

carcasses (Y) and mature (C or greater maturity) carcasses (M). Subprimals were aged 21 

d under vacuum at 2 to 4°C. Following aging, all strip loins were fabricated into 2.5 cm-

thick steaks, frozen, and stored at -20oC. Steaks were thawed for 24 h at 2 to 4oC and 

were cooked on a gas radiant broiler grill to a medium degree of doneness (71°C) 

monitored by a digital thermometer in the geometric center of each sample. Consumers (n 

= 120) were served one sample from each treatment in a random order. Trained and 

Consumer sensory panels evaluated each steak for tenderness, juiciness, flavor identity, 

flavor liking, and overall liking on a 10 cm, verbally anchored line-scale. Acceptability of 

tenderness, juiciness, flavor liking, and overall liking were also rated. For trained panels, 

15 panels were conducted consisting of seven trained panelists in a dark room under red 

lights. Panelists were trained during three different sessions by being fed varying quality 

and maturity grades. Each sample was evaluated for initial juiciness, sustained juiciness, 

initial tenderness, sustained tenderness, beef flavor, and flavor intensity on a 10 cm, 

verbally anchored line-scale (0 = extremely dry/tough/unbeef-like; 100 = extremely 

juicy/tender/beef-like). The samples rated the highest (P < 0.05) for overall liking were 

Y-SLAB+ and Y-MT/MD. For tenderness, juiciness, and flavor, Y-SLAB+ ranked highest 
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(P < 0.05) compared to all other treatments. For all palatability traits, M-TR/PD ranked 

the lowest (P < 0.05) in each category. Both maturity levels for SLAB+ and MT/MD 

samples had highest (P < 0.05) tenderness ratings than all other treatments. Both M-

SLAB+ and M-MT/MD were rated higher (P < 0.05) than Y-SM for tenderness, flavor 

liking, and overall liking. Both Y-SM and M-SM rated (P < 0.05) the same for tenderness 

and overall liking. Within each marbling score, young fed cattle rated higher or equal to 

(P < 0.05) mature cattle for tenderness, juiciness, and overall liking. The percentage of 

acceptability for tenderness, juiciness, and overall liking was highest for Y-SLAB+ (P < 

0.05). The percentage of juiciness, flavor, and overall liking acceptability was higher (P < 

0.05) for M-SLAB+ and M-MT/MD samples than Y-SM. For trained panels, samples 

from Y-SLAB+ rated highest (P < 0.05) for initial juiciness, sustained juiciness, initial 

tenderness, sustained tenderness, beef flavor, and flavor intensity. Also, M-TR/PD rated 

lowest (P < 0.05) in initial juiciness, initial tenderness, sustained tenderness, beef flavor, 

and flavor intensity. The meat from young cattle rated higher (P < 0.05) for both initial 

tenderness and sustained tenderness when compared to mature cattle with the same 

marbling score. For all marbling scores, except SM, young cattle resulted in a higher 

quality eating experience than mature cattle. However, M-SLAB+ and M-MT/MD were 

rated higher than Y-SM for all palatability traits, indicating cull cows fed a high 

concentrate diet prior to harvest with Modest or higher marbling from mature corn fed 

cull cows may produce a similar eating quality to young cattle with lower marbling 

scores. 

Key words: beef, consumer panel, maturity, palatability, USDA quality grade, trained 
panel 
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CHAPTER I 

INTRODUCTION 
 

Beef prices constantly fluctuate with the market, but since the late 1970s, beef prices 

have steadily increased. The price per lb. for whole muscle cuts and ground beef is currently 

at a record high (USDA, 2014). Reasons for the price increase include, but are not limited to, 

the drought conditions across the United States, increased feed prices due to alternative 

energy, low cattle numbers, and increased transportation prices (Hao et al., 2013). The 

drought of 2012 made a significant impact on the United States’ economy and can be 

considered one of the worst natural disasters in the history of the United States (Mallya et al., 

2013).  The drought caused corn prices to skyrocket and meant less grass for farmers and 

ranchers to feed their cattle; consequently, the beef prices started to rise due to increased cost 

to feed (Mallya et al., 2013). Because of the price increase in feed, it was easier to feed out 

more mature cattle because they already had a high carcass weight and it would cost less to 

feed them than to start a calf at the beginning of the growth curve. 

 An additional cause of increasing beef prices is the negative attention beef gets 

nutritionally and in media. The first edition of the Dietary Guidelines for Americans in 1980 

suggested that consumers intake less total fat, saturated fat, and cholesterol (USDA-USDHH, 

2010).  This greatly impacted the amount of beef purchased by consumers because of the 

health concerns associated with beef at the time. Since then, the latest edition of the Dietary 

Guidelines for Americans, released in 2010, stresses reducing sodium, sugar, and alcohol in 

the diet (USDA-USDHH, 2010). In the fall of 2015, new guidelines were released and can 

significantly impact how red meat, specifically; beef is consumed in the U.S. Even though, 
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reducing the total amount of fat in the diet is of less important in today’s Dietary Guidelines 

for Americans, some of the same social stigmas still surround beef. 

According to the USDA (2014), the U.S. has the lowest number of cattle on feed 

since 1954. Because of this, a 7.02% increase in consumer demand has occurred, causing a 

spike in beef prices (Tosnor, 2014). In a recent audit completed by the USDA, from August 

2013 to August 2014, commercial beef production in the United States declined 10%. 

Because of the increased cost of beef and decline of number of cattle on feed, there is a 

significant increase in mature cows going into the food supply (USDA, 2014). Classified as 

“other cows”, mature beef cows account for 10% of cattle slaughtered in the U.S. (USDA-

NASS, 2014). According to Feuz et al. (1995), cull cow receipts can equal 15-30% of income 

in cow-calf productions. 

Due to market conditions, many producers are increasing the number of fed cull 

cows. In industry, fed cull cows are fed a high concentrate diet between 28 and 196 days 

prior to slaughter (Duckett et al., 1983; Miller et al., 1987; Matulis et al., 1987; Cranwell et 

al., 1996; Schnell et al., 1997). Overall, feeding cull cows will result in improved steak 

acceptability and a higher quality eating experience for consumers (Miller et al., 1987 and 

Cranwell et al., 1996). Currently, many producers are feeding cull cows for longer periods of 

time to capitalize on higher marbling premiums (Schnell et al., 1997). Consumer perception 

of meat from cull cows will ultimately decide the impact feeding them has on the beef 

industry. 

For producers trying to increase economic gain, there are many reasons to feed cull 

cows a grain diet Smith et al. (1994) and Schnell et al. (1997) suggest there is significant 

monetary value in feeding cull cows. The beef industry forfeits $69.90 per non-fed animal at 
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the time of harvest (Smith et al., 1994). Meat from cull cows is an integral source of beef in 

the EU, which can allow for increased trade of mature cows from the United States (Vitale et 

al., 2014). With the increase in cull cows being fed a high concentrate diet, the economic 

impact is significant for the beef industry.  
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CHAPTER II 

REVIEW OF LITERATURE 

Overview 
 
 Consumer purchasing decisions drive the beef industry to evolve and provide a high 

quality eating experience.  A key determinant of whether or not consumers will continue to 

purchase beef is palatability, which consists of three main factors: tenderness, juiciness, and 

flavor. Maturity of beef carcasses can impact these palatability traits and plays a major role in 

consumer perception of beef. 

Marbling Score 
  

Marbling, intramuscular fat, plays an essential role in the chemical composition and 

eating quality of beef.  Marbling correlates with the USDA Quality Grades of beef. USDA 

Quality Grades match with various marbling scores and content of intramuscular fat within 

the ribeye. According to proximate analysis, an increase in marbling results in a higher 

percentage of fat. Regardless of subcutaneous fat, the percentage of intramuscular fat is 

independent and increases with USDA quality grade (Wahrmund-Wyle, et al., 2000). It is 

well documented that beef with higher marbling scores, decrease in shear force value 

(Wheeler et al., 1994). Cattle supplemented with a grain-fed diet have higher marbling score 

than cattle fed a strictly forage diet (Reagan et al., 1977; Larick et al., 1987). As marbling 

score decreases, consumer palatability categories of tenderness, juiciness, and flavor 

decreases (Platter et al., 2003; Lorenzen et al., 2003; O’Quinn et al., 2012; Corbin et al., 

2015). This conveys the importance of feeding cull cows to upkeep consumer acceptability of 

beef.  Days on feed can directly correlate with an increase in marbling score in cattle. 
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Marbling scores show an increase in cull cows between 28, 56, and 84 days (Matulis et al., 

1987; Cranwell et al., 1996). Duckett et al. (1983) found that by switching from a forage diet 

to a high concentrate diet 84–196 d prior to slaughter, intramuscular fat can significantly 

increase. By increasing intramuscular fat, palatability traits are rated higher by consumers. 

The study saw no increase in marbling after 196 d on a high-energy diet. Increasing the 

marbling score can allow producers to capitalize on higher premiums for their cattle. 

Numerous consumer studies have found that as marbling scores increase, the overall 

rating of consumer acceptability increases (Miller et al., 1987; Cranwell et al., 1996; Platter 

et al., 2003; O’Quinn et al., 2012; Corbin et al., 2015). For consumers, marbling score played 

the biggest role in tenderness acceptability; as intramuscular fat increased, the perceived 

tenderness of the sample increased (Miller et al., 2001). In “A” maturity study, it was found 

that as marbling scores increase across maturity groups, the level of consumer acceptability 

also increases (Berry et al., 1980). Undeniably, marbling score plays a vital role for consumer 

acceptability. 

Three major theories explain the marbling phenomena and why it is such an 

important part of beef palatability for consumers. First, the lubrication theory suggests that an 

increase in marbling will result in an increase in fat breakdown during the cooking process. 

The increased fat will stimulate saliva production and increase the lubrication within the 

mouth, giving the consumer the perception of increased juiciness (Smith and Carpenter, 

1974). Another concept is the bulk-density theory, which provides evidence that as the fat 

breaks down during cooking, the meat becomes less dense and more tender to increase 

consumer acceptability. According to Savell and Cross (1988), the density changes during 

cooking because the intramuscular fat gelatinizes and allows the meat to be easier to bite 
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through. The last theory of how marbling effects palatability is the insurance effect, which 

states that marbling acts as insurance to guarantee a high quality eating experience. With 

factors like degree of doneness, the increase of intramuscular fat allows the meat to give the 

perception of being juicy and staying tender, even if it gets overcooked (Smith and 

Carpenter, 1974). Clearly, these theories describe why marbling score is important when 

studying consumer acceptability of beef. 

Flavor 
 

Change in flavor profile is a major with beef from mature cattle. Flavor is a 

combination and amplitude of taste and aroma, and is a leading factor that drives consumer 

acceptance of beef (Maughan et al., 2011; James and Calkins, 2008). Factors impacting 

flavor include, but are not limited to temperature, cooking method, aging process, storage 

time, diet regime, packaging, and USDA quality grades (Adhikari et al., 2011). Sensory 

evaluation has been conducted studying the desirable and undesirable flavors in beef. When 

beef is prepared in the home by consumers, Huffman et al. (1996) found flavor had a stronger 

association to overall steak acceptability ratings than any other palatability factor. In the 

study, consumers were able to prepare the steak to their preferred degree of doneness. While 

holding tenderness at a constant, a multi city study found flavor was the most important 

factor affecting meat-purchasing practices of consumers (Sitz et al., 2005). The study took 

away the halo effect caused by tenderness, which is an increased perception of overall 

palatability from increased tenderness of the sample.  

Even though many consumer flavor studies have been conducted, it is difficult to 

compare them due to immense variation of flavor description terms. According to Adhikari et 

al. (2011), the creation of flavor lexicons offers a tool for the beef industry to effectively 
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identify and quantify off flavors. The study used highly trained panelists to discover a 

combination of 38 positive and negative flavors and aromas in beef samples. In 2012, 

Maughan et al. created a standardized list of 18 flavor lexicons to allow for consistent flavor 

descriptions throughout studies. The 18 flavor descriptors were derived from the most 

popular off flavor responses from consumers and trained panelists. Between these two 

studies, the industry has a more concise, uniform list of lexicons to further expand flavor and 

aroma research. 

Numerous flavor studies have been completed comparing cattle finished with a grass-

fed diet and cattle finished on grain. Cattle finished on grain diets possess a white colored fat.  

Grass-fed beef displays a fat that is much more yellow in color due to the beta-carotene in 

grasses and forages (Schnell et al., 1997; French et al., 2000; Realini et al., 2004; Leheska et 

al., 2008). When looking at strip steaks and ground beef, grass-fed beef possessed a lower 

content of monounsaturated fatty acids (MUFA) and a greater content of saturated fatty acids 

(SFA), conjugated linoleic acid (CLA), and n-3 polyunsaturated fatty acids (Leheska et al., 

2008). According to the American Heart Association, SFA have the ability to raise 

cholesterol concentrations in the body and increase coronary disease. Ruminant fat has a 

higher SFA and a lower polyunsaturated to saturated fatty acid ratio than non-ruminant fat, 

due to hydrogenation of dietary unsaturated fatty acids in the rumen (French et al., 2000).  

In consumer studies comparing grass-fed and grain-fed cattle, American consumers 

prefer the flavor found in grain fed beef and will pay more grain-fed beef (Umberger et al., 

2002; Sitz et al., 2005). When pairing grass-fed and grain-fed steaks of similar marbling 

scores and shear force values, consumers strongly preferred the flavor of the grain-fed cattle 

(Sitz et al., 2005). According to Larick et al. (1987), the grassy off-flavor associated with 
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grass-fed beef is masked at 112 days, making the beef more acceptable for the American 

consumer. The study provided a look at how to maximize profits by creating a more 

acceptable product for consumers. Additionally, the yellow fat can be a disadvantage for 

consumer acceptability in the retail case because consumers are more likely to purchase beef 

with a more intense white colored fat (Reagan et al., 1977). In another study the color of the 

longissimus dorsi in grass-fed cattle was darker than grain-fed cattle, resulting in lower 

consumer ratings (Realini et al., 2004). Color is a crucial indicator of consumer purchasing 

motivation and is considered the number one trait consumers look for in the retail case 

(Mancini and Hunt, 2005). Obviously, it is beneficial to feed cull cows a high concentrate 

grain-fed diet for consumer flavor preferences. 

Few studies have compared grass-fed cull cows to cull cows finished on grain. In 

1980, Berry et al. found that feeding loin steaks from various marbling scores and maturity 

levels played a large role in flavor. Steaks from older cows were found to have more off 

flavors and less consumer acceptability than beef from young cattle of the same quality 

grade. The older cattle were not supplemented with grain prior to slaughter and the grassy off 

flavor was unacceptable for consumers. In the same study, aroma, an essential part of flavor, 

was less desirable for mature cattle. Another study showed a decrease in detectable off-

flavors for cull beef cows finished on a high concentrate grain diet for at least 42 days 

(Stelzleni and Johnson, 2008a). The beef from mature cull cows still exhibited off flavors 

when compared to young cattle with similar marbling scores (Stelzleni and Johnson, 2008b).  

By feeding cull cows a grain diet, the white colored fat is intensified and the grassy flavor 

were masked, making the flavor more acceptable for American consumers (Cranwell et al., 

1996; Schnell et al., 1997). According to Schupp et al. (1980), alternative feeding systems, 
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feeding systems providing cattle both grain and grass in the diet, were beneficial in 

decreasing yield grade, while maintaining marbling scores and flavor that will upkeep 

consumer acceptability rates. The study found diets containing both grain and forage were 

beneficial would be the best combination to capitalize on yield and quality incentives. 

Masking the grass-fed flavor in meat from cull cows, will allow for the meat to be a more 

viable option to the American consumer. 

Tenderness 

Tenderness is the amount of pressure required to bite through a piece of meat and it 

an essential component of palatability and consumer acceptability. Miller et al. (2001) found 

tenderness to rank as the most influential palatability trait for overall consumer acceptability 

of beef. The study found that tenderness often influences the consumer perception and bias of 

other palatability traits, which is called the halo effect. Warner-Bratzler Shear Force (WBSF) 

is one way to objectively measure tenderness by measuring the pressure, in kilograms, it 

takes to cut through a piece of meat. According to Shackelford et al.(1991), the acceptable 

shear force value for consumers is 4.6 kg. As marbling score increases, the WBSF values 

decrease, making the beef more tender and consistent with consumer ratings (Platter et al., 

2003). Findings from the first National Beef Tenderness Survey revealed that beef was too 

variable in tenderness to meet the demands of the consumer (Morgan et al., 1991). The 

variation in the study was caused by differences in marbling scores, breed type variation, and 

degree of doneness. Because of this, many studies have been conducted to discover a way to 

increase beef tenderness and the consistency of tenderness. In multiple studies, consumers 

could properly evaluate differences in tenderness and samples with higher shear force values 

were perceived as tougher by consumers (Huffman et al. 1996; Boleman et al. 1997). 
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Consumers are willing to pay a higher premium for improved tenderness of beef (Boleman et 

al. 1997; Lusk et al., 2001; Shackleford et al., 2001). Maintaining tenderness in beef is 

crucial for overall consumer acceptance ratings.  

Between grass-fed and grain-fed cattle, shear force values decreased and consumer 

rated tenderness increased (Larick et al., 1987). It is well known that beef from mature cows 

is tougher and has a higher shear force value than young cattle due to the increase of collagen 

and the insolubility of collagen (Aberle et al., 1981; Smith et al., 1982; Miller et al., 1983; 

Weston et al., 2002). Mature cattle fed a grain diet shear a lower shear force value than cull 

cows that were not fed a high-energy diet, due to higher marbling scores (Weston et al., 

2002; Realini et al., 2004). For consumers, overall steak tenderness was higher for cull cows 

fed grain for 56 d than for cows fed 0 or 14 d (Schnell et al., 1997). By feeding high energy 

rations to cattle preslaughter, a significant increase in collagen solubility will occur due to 

increase in protein synthesis, allowing for lower shear force values and increased tenderness 

(Aberle et al., 1981; Weston et al., 2002). Schnell et al. (1997) found that feeding mature cull 

cows increases soluble collagen content and plateaus at 28 days of being fed a high-energy 

ration. Feeding cull cows a high concentrate diet can significantly increase tenderness and 

consumer acceptability of beef, when compared to non-fed mature cows. 

Carcass Composition 
  

Feeding a high-energy ration to cull cows can significantly impact the carcass 

composition and value. When comparing grass-fed and grain-fed cattle, cattle fed a low-

energy diet had lower carcass weights (Crouse et al., 1984; Realini et al., 2004). The cattle 

fed a high concentrate diet had greater carcass weight, conformation, degree of finishing, fat 

depth, and ribeye area (Realini et al., 2004). The numerical yield grade for grain-fed cattle 
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increased, along with ribeye size (Larick, et al., 1987). One study showed that as body 

condition improved, muscling and fat thickness increased (Apple et al., 1999). For fed cows, 

as number of days on feed increases, carcass weights, ADG, and dressing percentage 

increased (Cranwell et al., 1996; Schnell et al., 1997). By feeding cull cows a high 

concentrate diet, a significant increase in muscle occurs, as boneless forequarter weight, 

boneless hindquarter weight, and ribeye area increased (Matulis et al., 1987). Adjusted fat 

thickness and overall yield grade increased with the number of days on feed, but not to a 

significant level for discounts to occur (Matulis et al., 1987; Cranwell et al., 1996; Schnell et 

al., 1997). If managed to properly maximize profit potential, feeding cull cows a high 

concentrate diet can be beneficial, depending on rate and efficiency of gain.  

Increasing the days on feed for cull cows will increase the lean firmness and desirable 

texture of the longissimus muscle, along with a more intense white colored subcutaneous and 

intramuscular fat (Crouse et al., 1984; Cranwell et al., 1996; Schnell et al., 1997). This is 

vital for consumer acceptability within the package at stores, as appearance is one of the 

main purchasing drivers for consumers. 

Cooking 
 
 Cooking method and degree of doneness can have a significant impact on the overall 

palatability of beef. The Maillard reaction is primarily responsible for the browning of meat 

during cooking and smoking. This reaction influences the flavor, color, and nutritional value 

of cooked meat. In beef, the reaction occurs when the denatured proteins combine with the 

sugars at around 300°F to give the beefy flavor. The biggest factor involving cooking that 

impacts consumer acceptability is degree of doneness. According to USDA (2015), degree of 

doneness is directly correlated with an internal temperature measurement and are as 
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followed: rare (60°C), medium-rare is (63°C), medium (71°C), well (77°C), and very well 

done (82°C).  

Consumers prefer beef at various degrees of doneness and the way meat is cooked 

can heavily influence consumer acceptability ratings of beef. Studies have shown that as 

internal temperature increases cooking loss increases and the chemical percentage of 

moisture decreases, affecting the perceived juiciness for the consumer (Luchak et al., 1998; 

Parrish et al. 1973). Regardless of quality grade, increasing the internal temperature of a 

sample resulted in tougher meat from multiple cuts from the carcass (Luchak et al., 1998). 

The study kept quality grades uniform across all treatments to strictly obtain the consumer 

acceptability of certain degrees of doneness. Trained panels have found that tenderness, 

juiciness, flavor and overall acceptability for the samples decreased as the internal 

temperature increased (Parrish et al. 1973). Even though consumers want beef that is tender, 

juicy, and flavorful, the ideal degree of doneness is extremely variable and can influence 

each individual’s perception of beef. 

 In a restaurant consumer study, consumers were asked to order steak to their liking 

and the average degree of doneness order was medium (Cox et al., 1996). This study showed 

that customers receiving a steak to their preferred degree of doneness played a significant 

role in consumer acceptability of the steak. When conducting consumer panels, it is vital to 

make sure the consumers prefer beef to the degree of doneness of the study. If the consumer 

did not receive the steak to their ideal degree of doneness, the chances of them rating the 

steak as acceptable significantly decreased (Cox et al., 1996). This conveys how important it 

is for consumers to have a product that is cooked to their preferred degree of doneness to 

increase consumer acceptability. 
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The cooking method of beef also plays a role in the overall acceptability of beef and 

either minimizes or adds to the inconsistency of the product. Methodology of cooking can 

influence shear force values of the same individual muscle (Wheeler et al., 1994). The study 

tested many different forms of cooking the samples and it was discovered that the method of 

cooking can have significant impacts on cooking loss, shear force values and perceived 

palatability traits of the consumers. According to Lawrence et al. (2001), cooking 

methodology should not mask or enhance palatability traits of samples. By changing the 

perceived tenderness, juiciness, and flavor of samples, biased can be created and significantly 

impact the results of the study. The study compared the electric belt grill, forced-air 

convection oven, and electric broiler and discovered that the belt grill and electric broiler 

produced the most consistent endpoint temperatures. It has been suggested that the electric 

belt-grill creates the most repeatable results to increase the consistency and precision of 

measuring cooking traits (Wheeler et al., 1998). When conducting research, it is important 

produce repeatable, consistent data to provide the most accurate results possible. 

Maturity 
 
 Carcass maturity can greatly impact palatability traits and the overall perception of 

beef for consumers. USDA Quality Grades are directly related to maturity and marbling. The 

maturity levels for beef carcasses represent the approximate physiological age of the animal 

and are designated as “A” through “E”. The maturity classifications are: “A” maturity, 9-30 

months; “B” maturity, 30-42 months; “C” maturity, 42-72 months; “D” maturity, 72-96 

months; and “E” maturity, greater than 96 months (USDA, 1997). To determine skeletal 

maturity, the ossification of the sacral, lumbar, and thoracic vertebrae and lean color are 

evaluated to give an overall maturity level of the carcass (USDA, 1997). Although many 
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other factors impact skeletal maturity, Smith et al. (1982), found that skeletal maturity was 

more reliable than lean color in determining palatability trait differences for consumers, 

across all maturity groups. As cattle age, the cartilaginous buttons of the vertebrae ossify and 

form hard bone indicative of a more mature carcass. With physiological age, the beef 

becomes tougher and has higher shear force values due to collagen insolubility and an 

increase in collagen crossbridges (Romans et al, 1965; Herring et al., 1967; Smith et al., 

1982). In the American food supply, most all whole muscle lean cuts are from “A” and “B” 

maturity cattle because the young cattle are usually tenderer and have a more consistent beef 

flavor than mature cattle. 

 Many other factors impact the skeletal maturity of an animal and the rate of which 

ossification occurs. Gender plays the largest role in the skeletal ossification of beef cattle. 

Lawrence et al. (2001a) found that male cattle were more often misclassified as “A” maturity 

cattle than females. This because some carcasses can exhibit more or less skeletal ossification 

than their chronological age due to increased exogenous hormones (Lawrence et al., 2001a). 

According to the 1995 National Beef Quality Audit, heifers exhibit more advanced skeletal 

maturity than steers (Boleman et al., 1998). This is because estrogen causes females to 

exhibit more advanced skeletal ossification than males, causing “A” maturity score higher 

than their chronological age (Field et al., 1996; Lawrence et al., 2001a; Acheson et al., 2014). 

In 1996, Field et al. tested three groups of heifers to prove the various levels of estrogen can 

significantly impact the skeletal maturity of cattle spade, virgin, and single-calf heifers of 

similar chronological ages. When testing the ossification of the heifers, it was found that the 

maturities varied from “A”, “B”, and “C” of the respected groups, even though the cattle 
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were the same physiological age. The extreme difference in skeletal maturity conveys how 

estrogen can affect the amount of ossification a carcass exhibits.  

When studying the effect of estrogenic growth-promoting hormones on cattle, both 

implanted males and females show more advanced skeletal maturity than non-implanted 

males and females (Unruh et al., 1986; Foutz et al., 1997). The main reason for the increased 

ossification is due to the early onset of puberty and estrus, which is occurs because of the 

increase of all growth processes in the body (Lawrence et al., 2001a). This is detrimental to 

the industry because the ossification of females and implanted cattle that would otherwise be 

chronologically young, are misclassified as mature cattle.  

Certain plant interventions have impacted the skeletal maturity of carcasses. 

According to Allen et al. (1987), spray chilling can impact the amount of skeletal maturity 

that a carcass exhibits due to hydration of the cartilaginous chine buttons. It was found that 

sides of carcasses that have been spray chilled possessed less ossification than sides of the 

same carcass that were not sprayed chilled.  

The inaccuracy of the current maturity classification system has caused research to 

discover a more accurate way to determine the physiological age of cattle. It has been found 

that studying the dentition of cattle by counting the number of permanent incisors is more 

accurate than using skeletal maturity to determine the chronological age of an animal 

(Lawrence et al., 2001a; Acheson et al., 2014). It has been suggested to replace skeletal 

maturity as the primary classification system with dentition to more accurately determine the 

chronological age of the animal and create less variable maturity groups (Lawrence et al., 

2001a). Shackelford et al. (1995) created a system comparing the physiological maturity of 

cattle with the number of permanent incisors. The system correlated to the months of age 
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used by the USDA. The study concluded that cattle with zero permanent incisors should be 

classified as “A” maturity, cattle with two or four permanent incisors should be classified in 

the “B” maturity category, cattle with six permanent incisors into the “C” maturity class, and 

cattle with eight permanent incisors into the “D” and “E” maturity classes. This system will 

more accurately and precisely classify cattle with the USDA maturity classifications. Using 

dentition to classify the physiological age of carcasses, the industry could increase total 

revenue because more carcasses would be properly classified as young (Acheson et al., 

2014). 

 Many consumer studies have been conducted to rate the acceptability of beef with 

various maturity levels. Carcasses with “A” maturity were rated by consumers as more 

acceptable and exhibited less variation in acceptability, when compared to all other maturity 

groups (Smith et al., 1982). In terms of flavor, as the animal’s age increased a higher 

prevalence of undesirable off-flavors were discovered by consumers (Berry et al., 1980). For 

tenderness, consumers consistently found older animals to be less acceptable than beef from 

the “A” maturity group (Smith et al., 1982). Overall, as cattle progress in physiological age, 

the perceived palatability traits and acceptance for consumers significantly decrease. 

In contrast, some studies have found no significant difference in palatability traits 

between maturity groups, when holding marbling at a constant. According to Miller et al. 

(1983), by keeping marbling score at a constant, the palatability differences and shear force 

values across maturity groups were not significant. This can conclude that feeding a high-

energy ration to increase marbling score and consumer acceptability in mature grass-fed 

cattle. Like in Aberle et al. (1980), feeding cattle high-energy rations prior to slaughter can 

account for similar shear force values between maturities. By eliminating the bias in 
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marbling score, it is clear that diet and intramuscular fat play a big role in consumer response 

to mature cattle.  

Color 
 
 Color is one of the most important indicators of a consumer’s perception of meat 

quality prior to cooking. According to Mancini and Hunt (2005), meat color is determined by 

the sixth binding site of myoglobin and the state of the iron on the heme ring. Due to the lack 

of oxygen, for deoxymyoglobin the meat color were a dark purple and the sixth site is bound 

with water with a ferrous iron state. Oxygenation occurs when the meat is exposed to oxygen 

to create a bright, cherry-red color. The sixth site will bind with oxygen, while remaining in 

the ferrous iron state. The brown color that occurs in meat is derived from the metmyoglobin 

beneath the surface of the meat. The longer meat is exposed to oxygen, oxidation will occur, 

changing the state of iron from ferrous to ferric. This change will cause the brown, 

undesirable color that consumers find unacceptable. The chemistry of meat color is vital to 

understanding how to increase value of products for consumers. 

 Color is electronically measured using spectrophotometers, which is device that 

measures the absorbance of particular wavelengths of light. Colorimeters use three scales to 

determine various shades and hues of meat. The L* value indicates lightness versus darkness 

with 0-50 being a dark color value and 51-100 being a light color value. The a* value 

indicates red versus green with positive numbers representing a red color and green color 

being represented by a negative number. Finally, the b* value indicates yellow versus blue 

with positive numbers being yellow and negative numbers being more blue. 

Consumers use red color in meat as an assessment of quality because they associate 

color with freshness of the product (Mancini and Hunt, 2005). Expected quality is accessed at 
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the point of purchase and color is the most influential driver of expected quality of 

consumers (Troy and Kerry, 2010). Although color does not have effect on the eating quality 

of the meat, consumers place significant importance on meat color prior to cooking 

(Carpenter et al., 2001). Due the browning of meat in the retail case, 15% of meat in the retail 

case is discounted, resulting in over $1 billion annual revenue loss (Smith et al., 2000). This 

loss in revenue significantly increases meat prices.  

Because of this, many studies have been conducted to increase shelf life and value of 

meat. By adding certain substance to meat to enhance color, shelf life of the cherry-red 

oxymyoglobin color is increased, providing more economic value for retailers. Djenane et al. 

(2003) found that adding rosemary oleoresin to meat allows for 10-20 d increased shelf life 

by delaying metmyoglobin production and lipid oxidation. The supplementation of vitamin E 

to cattle extended the time for beef colored to be deemed acceptable for consumers by 

delaying the rate of metmyoglobin production (Faustman et al., 1989; Smith et al., 1996). 

Another way to improve shelf life and color of a product is through various types of 

packaging. Modified atmospheric packaging (MAP) is a popular way to enhance the color 

and prolong the shelf life of various meat products. By adding oxygen and carbon dioxide to 

a package, a significant decrease in microbial growth and increase in color stability occurs, 

resulting in an extended the shelf life of the product (Clark and Lentz, 1972; Huffman et al., 

1975; Silliker and Wolfe, 1980). Even though carbon monoxide is toxic, studies have found 

that it enhances meat color and stability substantially more than traditional methods and is 

used in miniscule amount in Norway (Luno et al., 2000). Undeniably, color studies are vital 

to prolong shelf life by enhancing color and delaying microbial growth in packages. 
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 When comparing the color of grain-fed cattle to the color of grass-fed cattle, the 

longissimus muscle in grass-fed cattle was darker (Crouse et al., 1984). Therefore, feeding 

cull cows a high concentrate diet prior to slaughter, the lean color should become redder and 

more desirable to the consumer. 
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CHAPTER III 

CONSUMER AND TRAINED PANEL EVALUATION OF BEEF STRIP 

LOIN STEAKS OF VARYING MARBLING SCORES AND MATURITY 

LEVELS FED A HIGH ENERGY CORN-BASED CONCENTRATE 

DIET PRIOR TO HARVEST 

Abstract 
 

The purpose of this study was to compare palatability traits of beef strip loin steaks of 

varying marbling scores from young steers and mature fed cull cows fed a high-energy corn 

based ration for at least 120 d prior to harvest. Strip loins (n = 150) were selected to equally 

represent ten treatments. Treatments included USDA marbling scores of Slightly Abundant 

and greater (SLAB+), Modest and Moderate (MT/MD), Small (SM), Slight (SL), and Traces 

and Practically Devoid (TR/PD) from young “A” maturity carcasses (Y) and mature (“C” or 

greater maturity) carcasses (M). Subprimals were aged 21 d under vacuum at 2 to 4°C. 

Following aging, all strip loins were fabricated into 2.5 cm thick steaks, frozen, and stored at 

-20oC. Steaks were thawed for 24 h at 2 to 4oC and were cooked on a gas radiant broiler grill 

to a medium degree of doneness (71°C) monitored by a digital thermometer in the geometric 

center of each sample. Consumers (n = 120) were served one sample from each treatment in 

a random order. Trained and Consumer sensory panels evaluated each steak for tenderness, 

juiciness, flavor identity, flavor liking, and overall liking on a 10 cm, verbally anchored line-

scale. Acceptability of tenderness, juiciness, flavor liking, and overall liking were also rated. 

For trained panels, 15 panels were conducted consisting of seven trained panelists in a dark 

room under red lights. Panelists were trained during three different sessions by being fed 
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varying quality and maturity grades. Each sample was evaluated for initial juiciness, 

sustained juiciness, initial tenderness, sustained tenderness, beef flavor, and flavor intensity 

on a 10 cm, verbally anchored line-scale (0 = extremely dry/tough/unbeef-like; 100 = 

extremely juicy/tender/beef-like). The samples rated the highest (P < 0.05) for overall liking 

were Y-SLAB+ and Y-MT/MD. For tenderness, juiciness, and flavor, Y-SLAB+ ranked 

highest (P < 0.05) compared to all other treatments. For all palatability traits, M-TR/PD 

ranked the lowest (P < 0.05) in each category. Both maturity levels for SLAB+ and MT/MD 

samples had highest (P < 0.05) tenderness ratings than all other treatments. Both M-SLAB+ 

and M-MT/MD were rated higher (P < 0.05) than Y-SM for tenderness, flavor liking, and 

overall liking. Both Y-SM and M-SM rated (P < 0.05) the same for tenderness and overall 

liking. Within each marbling score, young fed cattle rated higher or equal to (P < 0.05) 

mature cattle for tenderness, juiciness, and overall liking. The percentage of acceptability for 

tenderness, juiciness, and overall liking was highest for Y-SLAB+ (P < 0.05). The percentage 

of juiciness, flavor, and overall liking acceptability was higher (P < 0.05) for M-SLAB+ and 

M-MT/MD samples than Y-SM. For trained panels, samples from Y-SLAB+ rated highest (P 

< 0.05) for initial juiciness, sustained juiciness, initial tenderness, sustained tenderness, beef 

flavor, and flavor intensity. Also, M-TR/PD rated lowest (P < 0.05) in initial juiciness, initial 

tenderness, sustained tenderness, beef flavor, and flavor intensity. Young cattle rated higher 

(P < 0.05) for both initial tenderness and sustained tenderness when compared to mature 

cattle with the same marbling score. For all marbling scores, except SM, young cattle 

resulted in a higher quality eating experience than mature cattle. However, M-SLAB+ and M-

MT/MD were rated higher than Y-SM for all palatability traits, indicating cull cows fed a 
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high concentrate diet prior to harvest with Modest or higher marbling from mature corn fed 

cull cows may produce a similar eating quality to young cattle with lower marbling scores. 

Key words: beef, consumer panel, maturity, palatability, USDA quality grade, trained panel 

Introduction 
 
 Typically, meat from mature animals is considered to be tougher and less palatable 

than meat from younger animals. This is due to increase in collagen and fiber diameter, 

which increases WBSF and consumer perception of the toughness (Romans et al, 1965; 

Herring et al., 1967; Smith et al., 1982). 

 Carcasses with “A” maturity were rated by consumers as more acceptable and 

exhibited less variation in acceptability, when compared to all other maturity groups (Berry 

et al., 1980; Smith et al., 1982). In terms of flavor, as the animal’s age increased a higher 

prevalence of undesirable off-flavors were discovered by consumers (Berry et al., 1980). For 

tenderness, consumers consistently found older animals to be less acceptable than beef from 

the “A” maturity group (Smith et al., 1982). Opposing these notions, Miller et al. (1983) no 

difference in palatability traits across maturities, when hold marbling at a constant. 

However, it has been found to increase palatability by feeding mature cull cows a 

high-energy ration prior to slaughter. Flavor is more desirable after feeding the high-energy 

ration to mature cull cows prior to slaughter (Berry et al, 1980; Larick et al., 1987; Cranwell 

et al., 1996; Schnell et al., 1997; Umberger et al., 2002; Sitz et al., 2005; Stelzleni and 

Johnson, 2008). Additionally, tenderness increases with feeding cull cows a high-energy diet 

(Aberle et al., 1981; Duckett et al., 1983; Larick et al., 1987;; Miller et al., 1987; Matulis et 

al., 1987; Cranwell et al., 1996; Schnell et al., 1997; Realini et al., 2004). By feeding cull 

cows a high-energy diet, producers can capitalize on higher premiums, while increasing 

quality for consumers. 
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The purpose of this study was to compare palatability traits of beef strips of varying 

marbling scores from young cattle and mature fed cull cows. 

Materials and Methods 
 

Product Selection 
 

Trained personnel from Texas Tech University selected 150 strip loins from a 

packing plant in Omaha, NE. The plant slaughters both young cattle and corn-fed mature 

(white cow program) cows daily. At the plant, cattle of 30 months of age or older by 

dentition are marked and separated from young cattle. The subprimals were selected to 

equally represent ten treatments. Treatments included strips with USDA marbling scores of 

Slightly Abundant and greater (SLAB+), Modest and Moderate (MD/MT), Small (SM), 

Slight (SL), and Traces and Practically Devoid (TR/PD) from young “A” maturity carcasses 

(Y) and mature (“D” or greater overall maturity) carcasses (M). As seen in Table 3.6, mature 

carcasses were selected with “D” and “E” skeletal maturities with overall maturities falling in 

the “D” category due to lean color. All mature carcasses were selected from a fed cull cow 

program, being fed grain greater than 120 days. Carcass data was collected including lean 

and skeletal maturity, ribeye area, fat thickness, hot carcass weight, percentage of kidney, 

pelvic and heart fat, and USDA yield and quality grades. Subprimals were shipped and 

stored, under vacuum, at 0 to 4°C for 21 days prior to steak fabrication.  

Steak Fabrication 
 

All subprimals were cut into 2.5 cm-thick steaks. Steaks were randomized on the 

order of the strip and one steak from each strip loin was used for the following analyses: 

Warner-Bratzler Shear Force (WBSF), consumer panels, and trained panels. Steaks used for 
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these analyses were stored under vacuum for 21 d after slaughter in the absence of light and 

frozen at -10°C following aging. 

Color and pH Analyses 

One steak fabricated from the most anterior portion of the strip loin was tested for 

color and pH. Samples were taken out of the vacuum package and allowed to bloom for 20 

min. After blooming, a handheld spectrometer (Model 45/0-L Hunter MiniScan XE Plus, 

Hunter Associates Laboratory, Reston, VA) was used to determine L*, a*, and b* values for 

each sample. Once color was assessed, pH for each intact steak sample was determined using 

a pH probe (Model 13-620-285, Fisher Scientific, Pittsburgh, PA). The pH probe was rinsed 

between each pH measurement using distilled water.  

Consumer Panels 
 

Consumer panels were conducted at Texas Tech University in the Animal and Food 

Science Building.  Five panels of 24 consumer panelists were recruited resulting in a total of 

120 panelists. Each consumer panelist received monetary compensation for his or her 

participation. Consumers that participated in the study were required to prefer a medium 

degree of doneness (71°C) and eat beef on a regular basis. Each panelist only participated in 

one panel. The study was arranged as a completely random design, so that the effects of age 

and marbling score on palatability traits were determined by feeding each consumer. 

Treatments were compared to all other treatments of various marbling scores and maturity 

levels. By looking for interactions among all treatments, the study offers an effective way to 

market mature cull cows compared to beef from young cattle of similar eating quality. Each 

session lasted approximately 50 minutes.  
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Before cooking, steaks were tempered under refrigeration in a single layer until 

thawed at 2 to 4°C for 24 h prior to each consumer evaluation. Upon thawing, steaks were 

weighed to the nearest 0.1g and raw temperature was recorded, assuring the steaks were 

between 2 to 4°C, by using a digital thermometer (Digi-Sense Type J, Cole-Parmer 

Instrument Company, Vernon Hills, IL) in the geometric center of each sample. On a gas 

radiant broiler (Model IRB-36, Imperial Commercial Cooking Equipment, Corona, CA), 

each steak was cooked to an internal temperature of 71°C. The gas radiant broiler was used 

to represent cooking methods used in the food service industry. The final temperature was 

recorded and after a three minute resting period, the cooked weight was recorded. Each steak 

was cut into eight equal parts relative to the size of the steak and served to the panelists. Each 

sample was evaluated for tenderness, juiciness, flavor identity, flavor liking, and overall 

liking on a 100 mm, verbally anchored line-scale (0 = extremely dry/tough/unbeef-like, 

dislike extremely; 100 = extremely juicy/tender/beef-like, like extremely). Acceptability of 

tenderness, juiciness, flavor liking, and overall liking were also rated for each sample.  

Trained Panels 
 

Trained panels were conducted and trained according to the AMSA sensory 

guidelines (AMSA, 1995). For 15 trained panels, seven panelists received one sample from 

each treatment. Each panel lasted about 30 min. Panelists were trained during three different 

sessions to distinguish differences in tenderness, juiciness, and flavor by feeding various 

quality grades and maturity levels. Panels and training sessions were conducted in a dark 

room under red lights to minimize bias of the visual appearance of the sample. Two samples 

measuring 1 cm3 from each steak were served to each panelist. Similar to consumer panels, 

steaks were thawed at 2 to 4°C for 24 h prior to each consumer evaluation. Each steak was 
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cooked to an internal temperature of 71°C by using a digital thermometer (Digi-Sense Type 

J, Cole-Parmer Instrument Company, Vernon Hills, IL) in the geometric center of each steak. 

Samples were cooked on a gas radiant broiler (Model IRB-36, Imperial Commercial Cooking 

Equipment, Corona, CA). Trained panelists evaluated each sample for initial juiciness, 

sustained juiciness, initial tenderness, sustained tenderness, beef flavor, and flavor intensity. 

The scale used for the trained panels was a 10 cm line scale anchored at both ends and with 

eight hedonic ratings down the scale. The ratings were evenly spaced on the 100 mm line and 

ranged from extremely, very, moderately, and slightly dry, tough, or dislike; to slightly, 

moderately, very, and extremely juicy, tender, or beef-like or intense for the various 

palatability traits and overall liking of each sample.  

Warner-Bratzler Shear Force 
 

Steaks were thawed for 24 h until the samples reached 2 to 4°C. Using the same 

grilling method as outlined for the sensory panels, steaks were cooked to 71°C by using a 

digital thermometer in the geometric center of each steak. Then, each sample was chilled to 2 

to 4°C for 24 h, prior to coring. Six core samples measuring 1.3 cm were collected from each 

steak and sheared using a WBSF analyzer. The six values were averaged for each steak to 

effectively find the shear value (kg).   

Statistical Analysis 
 
 Statistical analyses were conducted using the procedures of SAS (Version 9.3; SAS 

Inst. Inc., Cary, NC). Treatment comparisons were tested for significance using PROC 

GLIMMIX with α = 0.05. Treatments included USDA marbling scores of Slightly Abundant 

and greater (SLAB+), Modest and Moderate (MT/MD), Small (SM), Slight (SL), and Traces 

and Practically Devoid (TR/PD) from young “A” maturity carcasses (Y) and mature (“C” or 
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greater maturity) carcasses (M). For each treatment, 15 strip loins were selected and cut into 

2.5 cm-thick steaks for the various tests. Acceptability data for each palatability trait was 

analyzed with a model that included a binomial error distribution. 

 Consumer demographic information was summarized using PROC FREQ. PROC 

CORR was used for calculating and determining significance (P < 0.05) of all correlation 

coefficients. 

Results and Discussion  
!
Color and pH Analyses 
 
 Results presented in Table 3.1 show that samples from Y-SLAB+ and Y-MD/MT 

resulted in the higher (P < 0.05) L* values. For a*, Y-MD/MT, and Y-SL resulted in the 

higher (P < 0.05) values. Samples from Y-SLAB+, Y-MD/MT, and Y-SL resulted in the 

higher (P < 0.05) b* values than all other treatments. Compared to all other treatments, M-

TR/PD samples possessed the lowest (P < 0.05) L* and b* values. This is due to the lack of 

marbling within the ribeye and more mature cattle result in darker colored lean (Crouse et al., 

1984; Mancini and Hunt 2005). Both M-SLAB+ and M-TR/PD treatments resulted in the 

lowest (P < 0.05) a* values. Young cattle samples had higher (P < 0.05) L* and a* values 

when compared to mature cattle with similar marbling scores. Crouse et al. (1984) found 

similar results with mature carcasses having lower L and a* scores than mature carcasses. 

For mature cattle, as marbling scores increased, the L* values increased (P < 0.05). 

Compared to all other treatments, M-TR/PD samples possessed the lowest (P < 0.05) L* and 

b* values. This is similar the results found in Mancini and Hunt (2005) because the increase 

in white marbling causes higher marbling scores to have higher L* scores.  
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 For analysis of pH, Y-TR/PD samples had the highest  (P < 0.05) pH values. Samples 

from M-SLAB+, M-SM, and M-TR/PD possessed the lowest (P < 0.05) pH values. Rating 

similar (P < 0.05) for pH values were Y-SLAB+, Y-MD/MT, M-MD/MT, Y-SM, and M-SL 

treatments. 

Consumer Demographics  
!
! Table 3.2 contains demographic information obtained from consumers fed in 

Lubbock, TX. Sensory analysis was performed by a majority Caucasian/White (67.50%), 

male (57.50%) and female (42.50%) consumers. A majority (> 50%) of consumers had a 

household income of $50,000 of more (62.5%), had some college or technical school 

experience (30.83%) or was a college graduate (40.00%). For beef consumption, most 

consumers ate beef 1 to 3 times a week (36.67%) and 4 to 6 times weekly (47.50%). Beef 

was the clear majority for meat flavor preference (75.83%) and flavor (48.33%) and 

tenderness (39.17%) were the most important palatability traits for acceptability of beef. 

Multiple studies have found flavor to be the most important palatability trait for consumers 

when rating beef (James and Calkins, 2008; Maughan et al., 2011). However, other studies 

have shown tenderness to have the most impact on consumer decisions (Miller et al., 2001). 

Consumer Panel Ratings 
 

As shown in Table 3.3, samples from Y-SLAB+ and Y-MD/MT were rated the 

highest (P < 0.05) for overall liking. For tenderness, juiciness, and flavor, Y-SLAB+ strips 

were rated higher (P < 0.05) than all other treatments. Compared to all treatments, M-TR/PD 

samples ranked the lowest (P < 0.05) in all palatability traits. Previous studies have found 

similar results that as marbling scores increase; overall palatability ratings increase for 

consumers (Lorenzen et al., 2003; O’Quinn et al., 2012; Corbin et al., 2015). Only M-TR/PD 
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steaks were rated lower (P < 0.05) than M-SL for all palatability traits. Steaks from SLAB+ 

and MD/MT were more tender (P < 0.05) than lower marbling scores, regardless of maturity. 

It has been found that marbling score played the biggest role in tenderness acceptability; as 

intramuscular fat increased, the perceived tenderness of the sample increased (Miller et al., 

2001). In addition, M-SLAB+ and M-MD/MT samples rated higher (P < 0.05) than Y-SM for 

tenderness, flavor liking, and overall liking. This demonstrates the importance of marbling in 

consumer acceptability ratings and that even mature high quality steaks can outrank young 

steaks in certain palatability categories. Both Y-SM and M-SM subprimals were rated as 

similar (P > 0.05) for tenderness and overall liking. Of all steaks from young cattle, TR/PD 

strips rated the lowest (P < 0.05) for all palatability traits. Studies have found as marbling 

score decreases, consumer palatability categories of tenderness, juiciness, and flavor 

decreases (Smith et al., 2003; Lorenzen et al., 2003). As marbling score increased in mature 

cattle, tenderness and overall liking increased (P < 0.05). In “A” maturity study, it was found 

that as marbling scores increase across maturity groups, the level of consumer acceptability 

also increases (Berry et al., 1980). Finally, M-SLAB+ strips rated similar (P > 0.05) to Y-SL 

for flavor and overall liking. When marbling scores were kept at a constant, Miller et al. 

(1983) found no interaction (P > 0.05) between youthful and mature carcasses for the 

perception of tenderness and flavor liking. 

Table 3.4 shows that acceptability for tenderness, juiciness, and overall liking was 

highest (P < 0.05) for Y-SLAB+ samples. Flavor and overall liking acceptability were lowest 

(P < 0.05) for M-SL and M-TR/PD samples. Numerous consumer studies have found that as 

marbling scores increase, the overall rating of consumer acceptability increases (Miller et al., 

1987; Cranwell et al., 1996; Platter et al., 2003). In this study, for all mature cattle, as 
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marbling scored increased, tenderness acceptability increased (P < 0.05).  Miller et al. (2001) 

found similar results for tenderness acceptability because of corresponding increases in 

marbling score. Acceptability for juiciness, flavor, and overall liking was higher (P < 0.05) 

for M-SLAB+ and M-MD/MT than Y-SM. For flavor liking, M-SLAB+ samples were the 

most acceptable (P < 0.05) among all treatments. Percentages of juiciness, flavor and overall 

liking acceptability for M-SM samples were higher (P < 0.05) than Y-SM samples. Steaks 

from young cattle resulted in a higher (P < 0.05) percentage of acceptability for tenderness 

than mature cattle with the same marbling score. Carcasses with “A” maturity were rated by 

consumers as more acceptable and exhibited less variation in acceptability, when compared 

to all other maturity groups (Smith et al., 1982). The percentage of overall acceptability of 

M-SLAB+ and Y-SL samples were rated as similar (P < 0.05). The percentage of juiciness 

and flavor acceptability for M-SM and Y-SL samples were rated as similar (P < 0.05).  

These results can significantly impact the beef industry because with further research, 

there can be a way to effectively market high marbled (MD/MT and greater) beef from corn-

fed mature cows to the food service industry. Monetary increases can be researched further, 

but one study showed a decrease in $69.90 per animal not fed a high-energy ration prior to 

slaughter (Smith et al., 1994). Feeding cull cows will increase marbling score and consumer 

acceptability to increase profit for the producer, while providing a cheaper price for the food 

service industry and consumer, without sacrificing the eating experience (Larick et al., 1987; 

Cranwell et al., 1996; Schnell et al., 1997; Stelzleni and Johnson, 2008). 

Off flavors determined by consumers showed a low correlation (r = 0.07) with fat 

content of samples, as seen in Table 3.5. Of the nine off flavor descriptors used in the study, 

there were no statistical differences for the effect of treatment on the prevalence of off 
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flavors description. Like in Berry et al. (1980), feeding cull cows a high-energy ration prior 

to slaughter effectively masked off-flavors because there was no interaction between 

maturities (P > 0.05). Stelzleni and Johnson (2008a) found similar results in cattle fed a high-

energy ration for 42 days less detectable off-flavors. In Miller et al. (1983), no flavor 

differences were found between youthful and mature carcasses (P > 0.05), once fed a high-

energy, corn-based diet prior to slaughter. These results are significant because the food 

service industry can feed high marbled beef (MD/MT and greater) from mature cows fed a 

high-energy diet to consumer with a similar flavor profile to that of steaks from young 

carcasses with similar marbling scores.  

For all marbling scores, except SM, young cattle resulted in a higher quality eating 

experience than mature cattle. However, M-SLAB+ and M-MT/MD rated higher than Y-SM 

for all palatability traits, indicating cull cows fed a high concentrate diet prior to harvest with 

Modest or greater marbling may produce a similar eating quality to young cattle with lower 

marbling scores. Marketing mature cattle with high marbling scores (MT/MD and greater) 

can be possible because the have similar eating experiences to young cattle of lower marbling 

scores (SM and lower). 

Trained Panels 
 

Results from Table 3.5 show that samples from Y-SLAB+ were rated the highest (P < 

0.05) for initial juiciness, sustained juiciness, initial tenderness, sustained tenderness, beef 

flavor, and flavor intensity. Also, M-TR/PD were rated the lowest (P < 0.05) for initial 

juiciness, initial tenderness, sustained tenderness, beef flavor, and flavor intensity.  Steaks 

from “A” maturity carcasses were rated higher (P < 0.05) for both initial tenderness and 

sustained tenderness when compared to mature cattle with the same marbling score. 
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Consumers have consistently found older animals to be less acceptable than beef from the 

“A” maturity group (Smith et al., 1982). Strips from Y-SLAB+ and M-SLAB+ were rated 

highest (P < 0.05) in beef flavor and flavor intensity. In addition, M-SLAB+ was rated higher 

(P < 0.05) for initial juiciness and sustained juiciness when compared to samples from all 

lower marbling scores, regardless of maturity. Initial juiciness, initial tenderness, sustained 

tenderness, beef flavor, and flavor intensity were rated higher (P < 0.05) in strip steaks from 

Y-TR/PD when compared to M-TR/PD samples. Finally, M-MD/MT strip loins were rated 

higher (P < 0.05) in initial juiciness and sustained juiciness when compared to Y-SM 

samples. These results add significance to Smith et al. (1994) and Schnell et al. (1997), 

which suggest there is significant monetary value in feeding cull cows. Duckett et al. (1983) 

found that by feeding a high concentrate diet 84–196 d prior to slaughter, intramuscular fat 

can significantly increase, and in turn, increase consumer palatability. Miller et al. (1983) 

found no difference (P > 0.05) between youthful and mature carcasses for the perception of 

tenderness, juiciness, and flavor liking, when marbling scores were at a constant. 

Feeding a high energy corn based concentrate ration prior to slaughter M-SLAB+ cull 

cows could provide a similar eating experience to “A” maturity cattle of lower marbling 

scores, indicating the ability to market beef from mature cows to increase profitability. 

Warner-Bratzler Shear Force 
 
 Table 3.1 shows that samples from M-TR/PD and M-SM sheared with the highest (P 

< 0.05) WBSF values, indicating that they were tougher than all other treatments. Steaks 

from Y-MD/MT sheared the lowest (P < 0.05) values, meaning the samples were tenderer 

than all other treatments. Both Y-SLAB+ and M-SLAB+ treatments sheared with similar (P < 

0.05) shear force values. Similar to Aberle et al. (1981), feeding cull cows a high-energy 
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ration preslaughter, resulted in lower shear force values and increased tenderness. In 

addition, M-MD/MT sheared similarly (P > 0.05) to Y-SM samples. Finally, M-SL and Y-

TR/PD sheared with similar (P > 0.05) shear force values. Shear force values were negatively 

correlated (P < .0001) with consumer tenderness ratings (r = -0.35), trained panelist initial 

tenderness ratings (r = -0.43), and trained sustained tenderness ratings (r = -0.43) as seen in 

Table 3.6. According to Miller et al. (1983), by keeping marbling score at a constant, shear 

force values across maturity groups were not significant (P > 0.05). In an “in-home” study, 

consumer perception of tenderness was weakly correlated with WBSF (r = 0.26) (Lorenzen et 

al., 2003).   
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Table 3.1. Least squares means for color, pH analysis and Warner-Bratzler shear force of beef 
strip loin steaks of varying quality treatments. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 Young: “A” overall USDA maturity cattle, Mature: “C” overall USDA maturity or greater 
2 Slightly Abundant and greater (SLAB+), Modest and Moderate (MT/MD), Small (SM), Slight 
(SL), and Traces and Practically Devoid (TR/PD) 
3 SEM of the least squares means. 
abcdeLeast squares means in the same column without a common superscript differ (P < 0.05). 
 
 
 
 
 
 

Treatment L* a* b* pH WBSF, kg 
Young1 

     
SLAB+ 2 44.29a 24.34ab 21.26a   5.58bc 2.18bc 
MD/MT2 43.67a 24.79a 21.39a   5.51bc 2.14c 
SM2 41.05b 24.42ab 20.76ab   5.58bc 2.43bc 
SL2 38.40cd 26.75a 21.51a   5.64b 2.63ab 
TR/PD2 37.70cde 24.77ab 19.49bcd   5.82a 2.59abc 

Mature1 
     

SLAB+ 2 41.10b 19.76cd 18.87cd   5.50c 2.30bc 
MD/MT2 39.36bc 23.25bc 20.59ab   5.52bc 2.33bc 
SM2 37.30cde 23.14bc 20.77ab   5.49c 2.89a 
SL2 36.47de 21.52bcd 19.90abc   5.52bc 2.50abc 
TR/PD2 35.46e 20.16cd 18.17d   5.50c 2.94a 

SEM3 0.88 1.17 0.61   0.05 0.17 
P-value <0.0001   <0.0001   <0.0001 <0.0001 <0.0001 
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Table 3.2. Demographic characteristics of consumers (n = 120) who participated in consumer 
sensory panels. 

Characteristic Response Percentage of 
consumers 

Gender Male 57.50 
 Female 42.50 
Household size 1 person 11.67 
 2 people 14.17 
 3 people 25.00 
 4 people 25.00 
 5 people 16.67 
 6 people 6.67 
 >6 people 0.83 
Marital Status Single 30.00 
 Married 69.17 
Age Under 20 13.33 
 20-29 17.50 
 30-39 25.83 
 40-49 18.33 
 50-59 17.50 
 Over 60 7.50 
Ethnic Origin African-American 4.17 
 Asian 0.83 
 Caucasian/White 67.50 
 Hispanic 27.50 
 Native American 0.0 
 Other 0.0 
Annual Household Income Under $25,000 14.17 
 $25,000 - $34,999 5.83 
 $35,000 - $49,999 17.50 
 $50,000 - $74,999 19.17 
 $75,000 - $100,000 20.83 
 >$100,000 22.50 
Education Level Non-high school graduate 2.50 
 High school graduate 15.00 
 Some College/Technical School 30.83 
 College graduate 40.00 
 Post graduate 11.67 
Weekly beef consumption None 2.50 
 1 to 3 times 36.67 
 4 to 6 times 47.50 
 7 or more times 13.33 
Most important palatability trait when eating beef Flavor 48.33 
 Juiciness 12.50 
 Tenderness 39.17 
Meat product preferred for flavor Beef 75.83 
 Chicken 10.83 
 Fish 0.83 
 Lamb 0.83 
 Mutton 0.0 
 Pork 3.33 
 Shellfish 2.50 
 Turkey 1.67 
 Veal 0.0 
 Venison 4.17 
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Table 3.3. Least squares means for consumer ratings1 of the palatability traits of grilled beef strip 
loin steaks of varying quality treatments and maturity classifications.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

1Sensory scores: 0 = extremely dry/tough/unbeef-like, dislike extremely; 100 = extremely 
juicy/tender/beef-like, like extremely. 
2 Young: “A” overall USDA maturity cattle, Mature: “C” overall USDA maturity or greater 
3 Slightly Abundant and greater (SLAB+), Modest and Moderate (MT/MD), Small (SM), Slight 
(SL), and Traces and Practically Devoid (TR/PD) 
4 SEM of the least squares means. 
abcdeLeast squares means in the same column without a common superscript differ (P < 0.05). 
 
  

Treatment Tenderness1 Juiciness1 Flavor1 Overall Liking1 
Young2 

    
SLAB+ 3 70.90a 66.13a 63.33a 63.02a 
MD/MT3 66.70ab 58.55abc 61.88ab 62.68a 
SM3 54.39cd 50.43bcd 50.35cde 52.30bc 
SL3 58.15c 54.33bcd 51.06cd 55.64ab 
TR/PD3 53.59cd 50.67cde 46.24cde        50.12c 

Mature2 
    

SLAB+ 3 59.59bc 62.32ab 52.11cd 57.39ab 
MD/MT3 55.86c 50.76cde 53.37bc 54.53b 
SM3 51.89cd 52.53bcde 51.06cd 53.39bc 
SL3 46.26de 45.97de 43.55de 45.87cd 
TR/PD3 42.45e 43.42e 41.63e        41.79d 

SEM4 3.38 3.96 3.43 2.97 
P-value <0.0001 <0.0001 <0.0001 <0.0001 
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Table 3.4. Percentage of beef strip steaks of varying quality treatment rated as acceptable1 for 
juiciness, tenderness, flavor, and overall liking by consumers (n = 120). 
 

Treatment Tenderness1 Juiciness1 Flavor1 Overall Liking1 

Young2     
SLAB+ 3 93.27a 84.15a 80.77abc 87.50a 
MD/MT3 90.00a 79.22abc 81.67ab 84.17ab 
SM3 77.50bc 67.00de 70.59cde 71.67cd 
SL3 78.15bc 72.80bcd 73.11bcde 77.50abc 
TR/PD3 73.11cd 69.10cde 67.50de 70.00cd 

Mature2     
SLAB+ 3 86.44ab 80.84ab 84.87a 80.67abc 
MD/MT3 78.33bc 69.57cd 78.15abcd 75.63bc 
SM3 73.95c 70.34bcd 73.33bcde 76.47bc 
SL3 61.67de 63.13de 63.33e 62.50d 
TR/PD3 57.14e 56.62e 62.18e 62.18d 

SEM4 0.05 0.05 0.04 0.04 
P-value <0.0001 <0.0001 <0.0001 <0.0001 

 
1Sensory scores: 0 = extremely dry/tough/unbeef-like, dislike extremely; 100 = extremely 
juicy/tender/beef-like, like extremely. 
2 Young: “A” overall USDA maturity cattle, Mature: “C” overall USDA maturity or greater 
3 Slightly Abundant and greater (SLAB+), Modest and Moderate (MT/MD), Small (SM), Slight 
(SL), and Traces and Practically Devoid (TR/PD) 
4 SEM of the least squares means. 
abcdeLeast squares means in the same column without a common superscript differ (P < 0.05). 
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Table 3.5. Least squares m
eans for trained panelist ratings 1 of the palatability traits of grilled beef strip loin steaks of varying quality 

treatm
ents. 

 

Treatm
ent 

Initial 
Juiciness 1 

Sustained 
Juiciness 1 

Initial 
Tenderness 1 

Sustained 
Tenderness 1 

B
eef 

Flavor 1 
Flavor 

Intensity
1 

O
ff 

Flavor 1 

Y
oung

2 
 

 
 

 
 

 
 

SLA
B

+ 3 
80.38

a 
 81.17

a 
 84.54

a 
 85.18

a 
 84.42

a 
 78.34

a 
   5.83

bc 
M

D
/M

T
3 

70.22
bc 

 69.97
bc 

 80.62
ab 

 79.57
ab 

 80.23
ab 

 73.92
ab 

   4.20
c 

SM
3 

64.17
cd 

 63.23
cde 

 72.46
bc 

 70.73
cdef 

 80.03
abc 

 73.11
abc 

   6.11
bc 

SL
3 

70.08
bc 

 67.48
cd 

 76.34
abc 

 74.58
bcd 

 77.48
bc 

 70.97
bcd 

   5.98
bc 

TR
/PD

3 
61.53

d 
 57.26

e 
 70.44

cd 
 66.83

cdef 
 75.06

cd 
 66.96

cd 
 10.97

abc 
M

ature
2 

 
 

 
 

 
 

 
SLA

B
+ 3 

76.10
ab 

 77.27
ab 

 76.56
abc 

 75.41
abc 

 83.67
a 

 78.55
a 

   4.21
c 

M
D

/M
T

3 
68.85

bcd 
 67.81

cd 
 70.25

cd 
 68.38

cdef 
 77.74

bc 
 72.62

abc 
 13.19

ab 
SM

3 
68.16

bcd 
 65.61

cde 
 68.03

cd 
 64.83

def 
 77.75

bc 
 70.36

bcd 
   7.41

bc 
SL

3 
68.08

bcd 
 67.71

cd 
 68.46

cd 
 64.38

ef 
 77.60

bc 
 70.94

bcd 
   9.17

bc 
TR

/PD
3 

61.31
d 

 59.46
de 

 62.34
d 

 58.59
f 

 71.37
d 

 66.32
d 

 18.31
a 

SEM
4 

2.99 
3.33 

3.32 
3.70 

1.89 
2.28 

2.88 
P-value 

<0.0001 
 <0.0001 

 <0.0001 
 <0.0001 

 <0.0001 
 <0.0001 

<0.0001 
 1Sensory scores: 0 = extrem

ely dry/tough/unbeef-like, dislike extrem
ely; 100 = extrem

ely juicy/tender/beef-like, like extrem
ely. 

2 Y
oung: “A

” overall U
SD

A
 m

aturity cattle, M
ature: “C

” overall U
SD

A
 m

aturity or greater 
3 Slightly A

bundant and greater (SLA
B

+), M
odest and M

oderate (M
T/M

D
), Sm

all (SM
), Slight (SL), and Traces and Practically 

D
evoid (TR

/PD
) 

4 SEM
 of the least squares m

eans. 
abcdef Least squares m

eans in the sam
e colum

n w
ithout a com

m
on superscript differ (P < 0.05). 
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Table 3.6. Pearson correlation coefficients for tenderness scores of beef strip steaks varying in m
arbling score and m

aturity treatm
ent.  

 M
easurem

ent 
C

onsum
er 

Juiciness 
C

onsum
er 

Tenderness 

C
onsum

er 
O

verall 
Liking 

Trained 
Initial 

Tenderness 

Trained 
Sustained 

Tenderness 

Trained 
Initial 

Juiciness 

Trained 
Sustained 
Juiciness 

W
B

SF 

C
onsum

er Panels 
  

  
 

 
 

 
 

 
Juiciness 

 
0.73* 

0.73* 
0.26* 

0.28* 
0.16* 

0.18* 
-0.18* 

Tenderness 
0.73* 

 
0.79* 

0.53* 
0.54* 

0.25* 
0.26* 

0.35* 
O

verall Liking 
0.73* 

0.79* 
 

0.32* 
0.34* 

0.22* 
0.23* 

0.26* 
 

 
 

 
 

 
 

 
 

Trained Panels 
 

 
 

 
 

 
 

 
Initial Tenderness 

0.26* 
0.53* 

0.32* 
 

0.98* 
0.64* 

0.64* 
0.43* 

Sustained Tenderness 
0.28* 

0.54* 
0.34* 

0.98* 
 

0.64* 
0.62* 

0.43* 
Initial Juiciness 

0.16* 
0.25* 

0.22* 
0.64* 

0.64* 
 

0.97* 
-0.21* 

Sustained Juiciness 
0.18* 

0.26* 
0.23* 

0.64* 
0.62* 

0.97* 
 

-0.22* 
 

 
 

 
 

 
 

 
 

W
B

SF 
-0.18* 

0.35* 
0.26* 

0.43* 
0.43* 

-0.21* 
-0.22* 

  
  

 
 

*C
orrelation coefficient differs from

 0 (P < 0.01). 
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Table 3.7. Least squares m
eans of lean, skeletal, and overall m

aturities of beef carcasses of varying fat level and quality treatm
ents 

  1M
aturity scores: 100: “A

”, 400: “D
”, 500: “E” 

2200: Traces, 300: Slight, 400: Sm
all, 500: M

odest, 600: M
oderate, 700: Slightly abundant, 800: M

oderately A
bundant 

3 Y
oung: “A

” overall U
SD

A
 m

aturity cattle, M
ature: “C

” overall U
SD

A
 m

aturity or greater 
4 Slightly A

bundant and greater (SLA
B

+), M
odest and M

oderate (M
T/M

D
), Sm

all (SM
), Slight (SL), and Traces and Practically 

D
evoid (TR

/PD
) 

5SE (largest) of the least squares m
eans. 

Treatm
ent 

Lean 
M

aturity
1 

Skeletal 
M

aturity
1 

O
verall 

M
aturity

1 
M

arbling 
Score

2 

Prelim
inary 

Fat 
Thickness, 

in 

A
djusted 
Fat 

Thickness, 
in 

R
ibeye 

A
rea, in 

H
ot 

C
arcass 

W
eight, 
lbs. 

K
idney, 

Pelvic, 
and H

eart 
Fat, %

 
Y

ield 
G

rade 
Y

oung
3 

  
  

  
  

  
  

  
  

  
  

SLA
B

+ 4 
161.33

c 
156.67

c 
158.00

c 
803.33

a 
0.61

b 
0.67

b 
13.33

bc 
923.53

bc 
2.10

a 
3.83

b 

M
D

/M
T

4 
159.33

c 
161.33

c 
161.33

c 
564.00

c 
0.55

bcd 
0.60

bcd 
13.62

bc 
852.40

cd 
1.97

abc 
3.27

cd 

SM
4 

164.67
c 

156.00
c 

160.00
c 

450.67
d 

0.59
bc 

0.65
bc 

14.32
ab 

907.20
bc 

2.00
ab 

3.41
bcd 

SL
4 

184.00
a 

158.67
c 

169.33
c 

354.67
e 

0.42
de 

0.40
ef 

14.05
ab 

881.80
bc 

1.90
abc 

2.76
e 

TR
/PD

4 
168.00

bc 
142.67

c 
152.67

c 
226.00

g 
0.20

f 
0.23

g 
14.45

ab 
779.00

d 
1.77

bc 
1.80

f 

M
ature

3 
  

  
  

  
  

  
  

  
  

  
SLA

B
+ 4 

179.33
ab 

543.33
a 

431.33
ab 

746.00
b 

0.78
a 

0.84
a 

14.94
a 

1118.54
a 

2.00
ab 

4.47
a 

M
D

/M
T

4 
172.00

abc 
496.00

b 
401.33

b 
590.00

b 
0.46

cde 
0.52

cde 
12.83

c 
949.53

b 
2.03

ab 
3.70

bc 

SM
4 

178.00
ab 

558.67
a 

456.00
a 

450.00
d 

0.37
e 

0.44
ef 

13.61
bc 

947.60
b 

1.97
abc 

3.23
cde 

SL
4 

173.00
ab 

552.67
a 

454.00
a 

353.33
e 

0.44
de 

0.52
de 

14.23
ab 

948.20
b 

1.90
abc 

3.23
cde 

TR
/PD

4 
182.00

a 
550.67

a 
452.67

a 
266.67

f 
0.34

e 
0.38

f 
11.21

d 
782.13

d 
1.70

c 
3.15

de 

SEM
5 

4.71 
13.58 

12.44 
10.52 

0.05 
0.05 

0.41 
29.00 

0.10 
0.18 

P-value 
<0.0001 

<0.0001 
<0.0001 

<0.0001 
<0.0001 

<0.0001 
<0.0001 

<0.0001 
<0.0001 

<0.0001 

abcdefgLeast squares m
eans in the sam

e colum
n w

ithout a com
m

on superscript differ (P < 0.05)


