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ABSTRACT 
 

 Beef tenderness is one of the primary beef quality attributes affecting consumer 

satisfaction and affects consumer purchasing decisions.  Two methods of tenderness 

analysis are currently being used in both research and the meat industry.  The Warner-

Bratzler shear (WBS) method of tenderness analysis is the traditional method that 

utilizes an average of six 1.27 - cm samples from a single steak to generate a tenderness 

value.  The WBS method is accurate but does not provide rapid results that could be 

utilized in a production setting to allow for tenderness-based sorting of carcasses.  A 

more recent method of analysis is the slice shear force (SSF) method which uses a 

single measurement from each steak and produces rapid results.  The purpose of this 

study was to investigate the effect of steak location within a strip loin subprimal (IMPS 

180) on SSF and WBS values and muscle fiber angles, the effectiveness of USDA 

quality grades on predicting beef tenderness as well as evaluate the relationship 

between SSF and WBS values.  The study was conducted in two phases; phase one 

focused on the effect of steak location, the efficacy of USDA quality grades as a 

predictor of meat tenderness, and muscle fiber angle on SSF and WBS values.  Fifteen 

USDA Top Choice, 15 Choice, 15 Select, and 15 no roll strip loin subprimals were 

fabricated into 12, 2.54 cm steaks and measured using SSF and WBS methods. Slice 

shear force measurements were obtained from the lateral and medial portion of each 

steak.  Warner-Bratzler shear force measurements were obtained at the lateral, middle 

and medial sections.  Phase two consisted of the evaluation of 1,538 2.54 - cm USDA 
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Choice and Select strip loin steaks to determine the correlation between SSF and WBS 

measurements. Slice shear force measurements were obtained from the lateral and 

medial sections of each steak and WBS values were obtained from the lateral, middle 

and medial portions of each steak.   Steak location within a strip loin subprimal had a 

significant effect on both SSF and WBS values (P < 0.001) with a linear increase in 

tenderness values as steak location moved closer toward the posterior end of the strip 

loin.  The SSF method produced similar results in location 1 through 8, and WBS 

values were similar from steak locations 1 through 5 (P > 0.05). Furthermore, this study 

shows that USDA quality grade has a significant effect on beef tenderness (P < 0.002) 

when evaluated using SSF and WBS protocols. This study found that no differences in 

tenderness exists between USDA Select and no roll quality grades.  The muscle fiber 

angle changes in steaks throughout a strip loin.  A significant difference in the lateral 

muscle fiber angle occurred at steak location 7 indicating that SSF may not produce 

accurate results at this location.  Finally, significant correlations between SSF and WBS 

values were obtained in this study.  Slice shear force from the lateral portion correlated 

to the averaged WBS values produced a correlation coefficient (r) of 0.636 and a 

correlation of an averaged SSF value comprised of values obtained from the lateral and 

medial sections to an averaged WBS value produced a correlation coefficient (r) of 

0.704. 
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CHAPTER I 

INTRODUCTION 
 

Consumer satisfaction is the most important factor influencing beef consumption 

in the United States (Reicks, 2006). With a variety of protein sources present on the retail 

shelf, the consumption of beef is no longer considered essential in the diet. Therefore, 

consumer satisfaction and eating quality are important in maintaining a stable beef 

market. Consumer satisfaction is based on overall palatability which consists of 

tenderness, juiciness and flavor. 

 Research studies have indicated that beef tenderness is the most important factor 

influencing consumer satisfaction (Savell, J.W., Branson, R.E., Cross, H.R., Stiffler, 

D.M., Wise, J.W., Griffin, D.B., Smith, G.C., 1987).  Miller. M.F., Carr, M.A., Ramsey, 

C.B., Crockett, K.L., Hoover, L.C. (2001) found that consumers are willing to pay a 

premium for guaranteed tender meat products.  Several factors impact meat tenderness 

and are therefore not easily predicted. Current methods for sorting beef carcasses do not 

adequately ensure tenderness.  Additionally, juiciness and flavor are important to 

ensuring consumer satisfaction.  Felderhoff, C.A. (2007) found that beef flavor has a 

great influence on consumer satisfaction.  Miller et al. found that as tenderness 

acceptability decreases, the impact of juiciness and flavor on overall satisfaction 

increases.  Marbling has a profound impact on juiciness and flavor thus selection for 

increased marbling is positively correlated with increased juiciness and more intense beef 

flavor. 



Texas Tech University Andrew Derington, December, 2008 

2 

 To cater to consumer demands for increased eating quality, carcasses are often 

sorted based on factors that will increase the likelihood of meeting consumer satisfaction.  

USDA quality grades, which take into account maturity and marbling, are commonly 

used to sort beef carcasses. Wheeler, T.L., Leheska, J.M., Shakelford, S.D., Belk, K.E., 

Wulf, D.M., Gwartney, B.L., Koohmaraie, M. (1994) found that marbling not only 

affects the juiciness of the product but also correlates to meat tenderness. However, the 

National Beef Tenderness Conference (1994) reported that 1 in 9 USDA Choice and 1 in 

4 USDA Select carcasses are considered unacceptable in regard to tenderness. Based on 

this study, the likelihood of a consumer receiving meat that is unacceptable in regard to 

meat tenderness is too high.  A more precise method of sorting carcasses to increase meat 

tenderness would increase consumer satisfaction. 

 In order to accurately sort carcasses based on tenderness and thus ensure 

tenderness acceptability for consumers, it is important to understand how objective 

measurements relate to consumer acceptability.  Miller et al. (2001) found that consumers 

can detect differences among objective measurements of tenderness which indicates that 

these measurements for meat tenderness may be used to ensure tender meat products to 

consumers. 

 Meat tenderness is commonly assessed by two methods, Warner-Bratzler Shear 

(WBS) and slice shear force (SSF) analysis.  Warner-Bratzler Shear Force analysis 

(WBS) is a method of tenderness analysis that measures tenderness in cooked steaks that 

have been cooled to an internal temperature of 2 °C after cooking.  In this method of 
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tenderness analysis, six 1.2 cm core samples are removed from a single sample parallel to 

the muscle fiber orientation.  Cores are then cross section sheared using a Warner-

Bratzler testing instrument and the force required to shear each core is recorded in kg.  

The six cores are then averaged to assign a single value to a sample.  This method of 

analysis is very accurate as it utilizes several cores from different locations within a steak 

which provides a value that is representative of the entire sample.  However, because this 

method requires that samples be cooled after cooking results are not rapidly determined.  

The second method of tenderness analysis is the slice shear force method of tenderness 

analysis.  The SSF method of analysis utilizes a single 5-cm long, 1-cm thick single slice 

removed form the lateral portion of the longissimus dorsi muscle immediately after 

cooking.   The slice is removed at a 45° angle parallel to the muscle fiber orientation.  

The 5-cm slice is then cross section sheared using a compression force analyzer.  The 

force required to shear the sample is measured in kg.  The SSF method produces rapid 

results as samples are sheared immediately after cooking.  However, this method utilizes 

a single slice from a predetermined location which may not represent the entire sample. 

These methods of tenderness analysis are similar in terms of the manner in which they 

analyze tenderness; however, the application of these methods in a sorting process may 

be very different.  In order to increase consumer satisfaction in regards to meat 

tenderness it is important to understand these methods of analysis as well as the samples 

that are commonly used for analysis. The objectives of the present study were: 
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• To correlate WBS values with SSF by determining the WBS value and SSF 

values from New York Strip steaks. 

• To evaluate the tenderness gradient that exists from the anterior to the posterior 

end of whole beef strip loins (IMPS 180) using both SSF and WBS methods for 

evaluating tenderness.  

• To determine if the SSF is an effective method for evaluating tenderness of steaks 

removed from all locations across a strip loin by measuring the angle of the 

muscle fiber orientation from steaks fabricated from all locations across a strip 

loin. 

• To evaluate the efficacy of USDA quality grades as a predictor of beef tenderness. 
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CHAPTER II 

REVIEW OF LITERATURE 
 

 Meat tenderness is perhaps the most important factor for consumers when 

considering meat palatability (Savell et al., 1987). Miller et al. (2001) found that 

tenderness accounts for more than 50% of consumer overall acceptability of beef 

products.  Additionally, research has indicated that 10 to 25% of beef products found at 

retail stores are considered tough (Morgan et al., 1991 and Savell et al., 1991).   Also, 

Wilkes (1992) found that 0.1% of unhappy consumers complain about poor quality meat 

products.   Tenderness is influenced by many factors making beef tenderness difficult to 

ensure.  Additionally, it is important to be able to analyze tenderness through both 

subjective and objective measurements to provide insight to both what consumers want 

from beef products and what factors affect tenderness of beef products. 

Tenderness analysis 

Objective Measurements 

 Currently, two objective methods of tenderness are commonly used in the beef 

industry.  The most common method for analyzing meat tenderness is WBS analysis.  

The WBS measures the amount of force required to shear across whole muscle fibers.  

Steaks are cooked to an internal temperature of 71 °C then chilled to an internal 

temperature of 2 °C in order to determine WBS values.  Six 1.2-cm cores are then 

removed from a meat sample parallel to the muscle fiber orientation.  The WBS measures 
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force required to shear through whole muscle fibers. Thus, it is important to recognize the 

muscle fiber orientation to facilitate the removal of whole fibers.  Cores that do not 

include whole muscle fibers will produce inaccurate results. Research has shown that a 

tenderness gradient exists among steaks and across muscles, therefore it is important to 

remove these cores from various locations from across the sample (Kerth et al., 2002).  

The cores are then cross section sheared and the force used to shear the sample is 

measured in kg with a WBS force analyzer. The WBS values of the six cores from each 

steak are then averaged to produce a single value for the steak.  Averaging these cores 

provides a single value that takes into account variation within the meat sample. 

Historically, the WBS method has been the most common tenderness assessment method 

globally because this method has been the most accurate method of tenderness analysis 

available (Szczesniak and Torgeson, 1965).  The WBS method has been considered to 

accurately measure tenderness because the six cores are removed from various locations 

across a sample which is then used to produce a value that represents all of the tenderness 

variation within the sample.  Also, this method produces tenderness values that correlate 

well to consumer tenderness ratings (Miller et al., 2001; Destefanis et al., 2007).  

However, this method requires that the samples be cooled to room temperature or chilled 

to 2 °C prior to analysis which delays the results from this method.  Because the time 

frame required to complete the WBS is several hours long, implementing this method in 

an in-line production setting is not feasible.  Additionally, this method of analysis is not 

very repeatable both within and among institutions due to variations of protocol and 
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equipment differences, which creates problems when determining a base line for 

tenderness-based marketing programs (Wheeler et al., 1997).    Kerth et al. (2003) 

researched the repeatability endpoint of cooking temperatures, cooking losses and WBS 

for three different cooking methods.  The research found that the repeatability of cooked 

temperatures was low when using a conveyor belt grill or a electrical broiling method 

(Kerth et al., 2003).  Cooking loss results were repeatable when using a broil cooking 

method when compared to oven or grill methods of cooking which are considerably less 

repeatable (Kerth et al., 2003).  The variation of cooked temperatures and cooking loss 

may partially explain why the repeatability of the WBS method is lower than desired. 

However, WBS is very accurate when ranking meat based on tenderness. 

  A more recent method of tenderness analysis that was developed to be placed in 

in-line production settings to facilitate sorting carcasses based on tenderness to allow for 

more accurate tenderness based marketing programs is the SSF method of tenderness 

analysis.  Sliced Shear Force was developed by Shackelford et al. (1999) as a simplified 

technique that could easily be implemented into in-line testing and that would be more 

repeatable due to a more standardized protocol.  Slice Shear Force analysis protocol was 

developed specifically for measuring the tenderness of beef longissimus muscle which is 

commonly used for tenderness analysis. Similarly to Warner-Bratzler analysis, this 

method of tenderness analysis measures the amount of force required to shear through 

whole muscle fibers of a sample.  In this method of analysis, meat samples are cooked to 

an internal temperature of 71 °C then a slice is removed from the lateral portion of the 
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longissimus muscle to be sheared.  The slice is removed from the lateral portion of the 

longissimus muscle by first squaring the lateral end by making a cut 1 to 2 cm medial of 

the lateral most portion of the sample perpendicular to the length of muscle.  Next, a 5 - 

cm portion of the lateral end of the sample is removed by making a cut perpendicular to 

the length of the sample 5 - cm medial of the lateral most part of the sample.  Then, a 1 - 

cm slice is removed from the center of the 5 - cm portion at 45° angle using a cutting 

guide.  The slice is removed at a 45° angle which allows whole muscle fibers to be 

removed. The 1 - cm thick, 5 - cm long slice is then sheared using a flat, blunt-end blade 

and the force required to pass through the sample is measured using an electronic testing 

device. When compared to WBS, this method produces more rapid results because this 

method does not require the sample to be cooled prior to testing.  The SSF method allows 

samples to be sheared immediately after cooking and therefore, this method could easily 

be placed into an in-line sorting process.  However, this method utilizes a single portion 

of the sample and therefore, does not take into account the variation that exists within 

other portions of the steak.  Kerth et al. (2002) found that a tenderness gradient exists 

among steaks with the lateral end being the toughest portion of the steak  

 A third option for analyzing beef tenderness in a production setting that is still in 

the research phases is the use of near-infrared reflectance (NIR) spectroscopy.  Near-

infrared reflectance is a very rapid, nondestructive system that utilizes light to analyze 

properties within beef to predict tenderness (Rust et al., 2008). Rust et al. (2008) found 

that NIR could easily be implemented in an in-line production setting as this method 
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produces rapid results and is noninvasive.  Although this type of measurement may not 

be applicable in a laboratory setting, the rapid results from this type of objective analysis 

along with the nondestructive manner in which measurements are taken may allow this 

system to be the most feasible in a production setting.  

Sensory Measurements 

 The beef industry should meet consumer demands for tender beef. A valuable tool 

for meat producers is sensory evaluations which provide insight to both what is important 

to consumers and how a particular product or production technique will be accepted by 

consumers.  According to Meilgaard et al. (1999) the primary function of sensory testing 

is to obtain valid, reliable data on which decisions may be made.  Sensory evaluation is 

based on how a product stimulates the five senses: sight, smell, taste, feel and hearing.  

When evaluating a food product, appearance is the first attribute perceived followed by 

odor, aroma and fragrance then consistency and finally, flavor (Meilgaard et al., 1999). 

When setting up a sensory evaluation experiment, there are two options, one could 

choose a trained sensory panel which utilizes trained subjects or one could choose what is 

commonly referred to as a consumer panel.  A trained sensory panel can provide great 

insight to the true properties of a food product by removing much of the variation that 

may exist among panelists through training. Through training, one can shape the 

panelists’ perception of a particular stimulus which provides more consistent results from 

a panel.  Consumer panelists are a great tool for determining how the general public will 

perceive a given product.  Because consumer panelists are not trained, the results of a 
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consumer sensory panel contain more variation than a trained panel and therefore require 

a larger population to provide sound results (Meilgaard et al., 1999).  When determining 

which type of subjects to use for a given study it is best to consider the objective of the 

study and the capabilities of the panelists.   

 In the meat industry, both trained and consumer sensory evaluations are 

commonly used.  Sensory evaluation of beef products are commonly used to study the 

tenderness, juiciness, flavor, overall mouth-feel and overall liking of a sample.  Although 

objective measurements exist for measuring meat tenderness, without a clear 

understanding of how consumers perceive tenderness, objective measurements are not 

applicable.  Therefore, subjective measurements are very important to ensuring consumer 

satisfaction.  Through the use of sensory panels and objective measurements, research has 

found that consumers can differentiate between tough and tender meat products and are 

willing to pay a premium for more tender beef products (Miller et al.,  2001). 

Additionally, consumer sensory panels have been used to provide insight as to what is 

important to consumers and what effects consumer purchasing decisions.  Felderhoff, et 

al. (2007) found that demographics has the largest impact on consumers’ willingness to 

pay extra for premium beef cuts.  Reicks (2006) has found that overall palatability was 

the most important factor influencing consumer purchasing decisions followed by price. 

Research is conflicting as to what factor of meat palatability is most important to 

consumers.  Reicks (2006) and Felderhoff et al. (2007) found that flavor was the primary 

factor effecting consumer satisfaction. While Savell et al. (1987), Smith et al. (1987) and 
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Miller et al. (2001) found that tenderness is the primary factor influencing consumer 

satisfaction.  The meat industry has focused on providing more consistently tender meat 

products for consumers which may have resulted in consumers placing less emphasis on 

meat tenderness because the majority of consumers consider tenderness acceptability a 

given.     

Factors Influencing Beef Tenderness 

 Tenderness of beef products has been described as unacceptably inconsistent 

(Morgan et al., 1991, Brooks et al., 2000).  The inconsistencies in beef is a result of the 

many factors, both antemortem and postmortem, that effect meat tenderness.  To 

understand tenderness in beef products, it is important to understand the factors that 

influence tenderness in beef. 

Marbling 

 Marbling or the intramuscular fat present within a muscle is an important 

measurement of palatability that is one of the factors currently used in the beef industry 

to assign USDA Quality grades. Intramuscular fat is deposited in loose networks of 

perimysial connective tissue surrounding muscle bundles and is the last fat to be 

deposited in the body and the first to be utilized for energy (Aberle et al., 2001).   Quality 

grades are assigned to beef carcasses based on the maturity of a carcass which is 

determined through evaluating the skeletal and lean maturity and the degree of marbling 

within the longissimus dorsi muscle exposed by a cut made between the 12th and 13th rib. 

USDA Quality grades are currently used as the main indicator of beef palatability.   
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 Marbling has a very noticeable effect on the juiciness and flavor of a beef 

product.  However, the effects of marbling on meat tenderness are less noticeable 

although studies have shown that tenderness acceptability increases with the amount of 

marbling present in the muscle.  The National Beef Quality Grade Study in 1987 which 

studied the effectiveness of USDA quality grades to predict tenderness measured by 

consumer panel results from beef loin steaks obtained from USDA Prime, Choice, Select 

and Standard grades, found that tenderness acceptability does increase with USDA 

Quality grades.  Results from this study indicated that 1 in 18 USDA Prime beef loin 

steaks, 1 in 9 USDA Choice loins steaks, 1 in 4 USDA Select steaks and 6 of 10 USDA 

Standard are considered to be tough by consumers.  Additionally, Gruber et al. (2006) 

indicated that as the quality grade of beef cuts increased, Warner-Bratzler shear force 

values decrease which indicates that marbling not only effects consumer perceptions of 

meat tenderness but also has a positive effect on objective measurements of meat 

tenderness.  In the study presented by Gruber et al. (2006), seventeen muscles from 

carcasses of different quality grades were analyzed for tenderness differences.  Results 

indicated that quality grades have an effect on the tenderness values obtained from the 

longissimus dorsi and other muscles as well.  Several theories exist in relation to the 

effect of marbling on meat products.  

 The bulk density effect is based on the idea that fat tissue is less dense when 

compared to skeletal muscle making products that contain more intramuscular fat less 

dense.  A less dense product would require less force to be sheared, thus a consumer 
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would perceive a piece of meat with a greater amount of fat to be more tender even when 

the muscle fibers present do not posses the characteristics associated with tender meats.  

Additionally, with increased marbling present within the meat sample, the amount of 

muscle fibers present within a single bit would be diluted resulting in less resistance in 

the chewing giving the perception of a more tender meat product.  Also, it is believed that 

as intramuscular fat is deposited in between muscle bundles in loose networks of 

perimysial connective tissue the connective tissue surrounding the muscle bundle is 

stretched causing it to be less dense making the product more tender. 

 When subjected to heat, fat liquefies adding apparent moisture to the meat 

sample. The fat provides lubrication in the chewing process giving a perception of a more 

tender product. Marbling provides juices that are released less rapidly than retained water 

providing sustained juiciness which increases overall mouth-feel and liking of a sample 

(Carpenter, 1962).  It is possible that the overall liking and mouth-feel of a sample effect 

consumer perception of a particular trait of a sample.  If a consumer samples a piece of 

meat that is very juicy and flavorful but is less than adequate in terms of tenderness, the 

consumer would be less likely to rate the tenderness of the sample low when compared to 

a sample that is not juicy, flavorful or tender. Marbling provides juiciness and flavor to a 

sample which gives the perception of an overall good piece of meat regardless of the 

actual tenderness.  Additionally, marbling aids in the breakdown of collagen during the 

cooking process by permeating the connective tissue causing the collagen to breakdown 

more easily (Carpenter, 1962). 
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 Finally, marbling provides insurance to a consumer.  Because of the juiciness and 

flavor added to beef products through marbling, a consumer could under or over cook a 

product and still have a pleasurable eating experience. Because fat does not conduct heat 

as easily as lean tissue, a product could be cooked at a higher temperature with out losing 

palatability attributes.  Also, the addition of juiciness and flavor to a product would 

provide a perception of a more tender meat product even if the product is not as tender as 

it may seem. 

Collagen 

 Collagen is the most abundant protein source in the animal body accounting for 

20 to 25% of total body protein in most mammals and has drastic impact on meat 

tenderness (Aberle et al., 2001).  Collagen is the primary protein found in connective 

tissue, ligaments and tendons and is essentially found in all tissues of a body (Aberle et 

al., 2001).  Collagen is found in connective tissues surrounding muscles, muscle bundles 

and muscle fibers.  Collagen is not uniformly distributed among all muscles in a body.  

Muscles that are commonly used for locomotion primarily found in the limbs of an 

animal contain higher concentrations of collagen when compared to muscles located 

along the spinal column. Therefore, the location and function of a muscle impact the 

tenderness of the muscle.  Additionally, as an animal ages biochemical changes occur in 

respect to collagen making the age of an animal at the time of slaughter important to both 

the chemical make up of collagen and the tenderness of meat products. 
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 The concentration of collagen within a muscle parallels the physical activity of 

the muscle (Aberle et al., 2001).  As the physical activity of a muscle increase, the 

amount of collagen present in the muscle increases resulting in a less tender product. 

Additionally, different cooking methods have been found to aid in the breakdown of 

collagen in meat products.  Therefore, muscle location and cooking method are important 

to producing an enjoyable eating experience. Beef products that are removed from 

muscles that are commonly used for locomotion such as those found in the chuck and 

round are considerably less tender than those removed form the rib and loin. Stolowiski 

et al.. (2006) found that muscle type has a great impact on meat tenderness with cuts 

originating from the round being significantly less tender than those from the loin and the 

chuck. In the study conducted by Stolowiski et al. (2006), muscle type, calpastatin levels, 

breed type and electrical stimulation were tested to determine the influence of these 

factors on meat tenderness.  Muscle type was found to play the greatest role in meat 

tenderness. Torrescano et al. (2002) researched the correlation between collagen content 

and Warner-Bratzler shear force values.  Torrescano et al. (2002) evaluated the collagen 

content of 14 different muscles from beef carcasses along with shear values from each 

muscle.  A positive correlation exists between collagen and shear force values which 

indicates that muscle function and location play a role in meat tenderness. Also, this 

study found that, of the 14 muscles evaluated, the psoas major produced that lowest shear 

force values and the lowest concentration of collagen.  However, the pectoralis profundus 

produced the highest shear force value but not the highest collagen concentration which 
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indicates that other factors influence the overall shear force of a meat sample.  

Additionally, Rhee et al. (2004) evaluated shear force values, sensory tenderness ratings 

and collagen content of 11 muscles removed from a beef carcass.  In this study Rhee et 

al. (2004) found that psoas major, longissimus dorsi and gluteus medius contained the 

lowest collagen concentration, and lowest shear force values when compared to muscles 

isolated from the chuck and round.   Based on the differences in collagen concentration 

observed in this studied it can be assumed that muscle function and location play a role in 

collagen content thus affecting tenderness.  Because of the effect of muscle function and 

location on the concentration of collagen different cooking methods can be used to 

optimize meat tenderness. More tender cuts of meat that contain less collagen are 

commonly cooked using a dry heat cooking method whereas, less tender meat cuts found 

in the chuck and round are commonly cooked using a moist heat method.  The addition of 

moisture in the cooking process permeates collagen connective tissue aiding in 

solubilizing soluble collagen resulting in a more tender product. Kolle et al. (2003) found 

that intermediate to tough beef cuts subjected to moist cooking methods were 

significantly more tender than those cooked using a dry cookery method.   

 Collagen can be found in two different forms, soluble collagen and insoluble 

collagen.  When cooked to a temperature of 145° F, soluble collagen looses its structural 

integrity and breaks down.  The break down of insoluble collagen results in a more tender 

product.  However, as animals age, collagen cross linkages form which are stabilized by 

sulfide bonds which increase the integrity of collagen.  The development of sulfide bonds 
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as a result of age results in more stable collagen that is not soluble when subjected to 

heat.  Therefore, the age of an animal prior to slaughter drastically impacts the tenderness 

of meat products.  In the current USDA quality grading system, marbling and maturity 

are the two primary factors used in assigning quality grades.  Maturity is based on the 

skeletal and lean maturity of the carcass.  Skeletal maturity is evaluated primarily based 

on the ossification of the thoracic buttons.  As an animal ages the cartilage on the dorsal 

processes of the thoracic buttons begin to ossify, therefore, the presence of ossification on 

the thoracic buttons is an indication of an older animal.  The lean maturity of a carcass is 

based on the color of the lean evaluated in the longissimus dorsi muscle exposed between 

the 12th and 13th rib.  As animal age increased, the concentrations of myoglobin increases 

which results in a darker colored lean.  Maturity scores of beef carcasses are used to sort 

carcasses based on physical age as this has a substantial impact on meat tenderness.  

Unruh et al. (1986) determined that the chronological age of an animal prior to slaughter 

is an important factor influencing meat tenderness through changes in collagen.  

Torrescano et al. (2002) studied the relationship between insoluble collagen and Warner-

Bratzler shear force values and found that a positive relationship exists between insoluble 

collagen and shear force values.     

Actomyosin Effect  

 Muscle contraction occurs due to the formation of actin-myosin cross bridges in a 

sarcomere.  A sarcomere is comprised primarily of thin and thick filaments which are 

directly involved in muscle contraction.  The thick filament present in a sarcomere is the 
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myosin filament which is approximately 14 to 16 nm in diameter and 1.5 µm in length 

(Aberle et al., 2001). The thin filament is the actin filament which is approximately six to 

eight nm in diameter and 1.0 µm in length (Aberle et al., 2001).  During muscle 

contraction the thick and thin filaments slide closer together with the thick filament 

sliding beneath and above the thin filament.  The sliding of the filaments creates actin-

myosin cross bridges.  Actin-myosin cross bridges are more dense with a greater diameter 

but a shorter length.  When an animal is harvested, the skeletal muscles under go rigor 

mortis which is severe muscle contraction.  Rigor mortis is not reversible as the 

contraction of the muscles utilize all the energy available to the muscles leaving no 

energy to initiate muscle relaxation.  Typical muscle contraction that occurs in a live 

animal utilizes 20% of the actin binding sites for contraction (Aberle et al., 2001).  

During rigor mortis, muscles utilize almost all binding sites for muscle contraction 

making the muscles considerable more dense (Aberle et al., 2001).  Actomyosin cross 

bridges are formed during rigor mortis and biochemical structures of these cross bridges 

drastically affect meat tenderness.    

Postmortem Aging  

 After slaughter, several changes occur within a muscle that alters the physical 

properties of meat.  Most changes occurring within a muscle post-slaughter directly affect 

the tenderness of meat.  The primary change occurring within a muscle that has the most 

drastic effect on meat tenderness is the degradation of the z disks.  The z disk plays a 

vital role in maintaining the structure of a sarcomere.  Actin filaments attach to both sides 
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of the z disk.  The z disk stabilizes the actin filaments and provides structure to the 

sarcomere. During muscle contraction myosin filaments attach to actin filaments and pull 

closer to the z disks and results in tension build up on the z disk.  During postmortem 

aging the structural proteins of z disks, primarily desmin and titin, are degraded by 

proteolytic enzymes that relieves tension and results in fragmentation of myofibril.  Two 

proteolytic enzymes have been credited with the fragmentation of myofibrils.  Cathepsin 

are calcium dependent enzymes that reside in the lysomes of muscle fibers.  Cathepsin is 

an enzyme that posses the ability of breaking down the z disks present in a myofibril 

however, it has been suggested that this enzyme is not released from the lysomes after 

electrical stimulation or prolonged postmortem aging periods (Aberle et al., 2001).  This 

suggests that cathepsin has little effect on increasing meat tenderness.  The calpain 

system however, is present in the sarcoplasm and plays a vital role in the fragmentation 

of myofibrils. The calpain system is comprised of two proteolytic enzymes and an 

inhibitor enzyme referred to as calpastatin.  All enzymes in the calpain system are 

calcium dependent enzymes.  Calcium is released form the mitochondria and 

sarcoplasmic reticulum during postmortem aging periods.  The two proteolytic enzymes 

that fragment myofibrils differ in calcium requirements. One calpain requires millimolar 

calcium (m-calcium) and the other requires micromolar calcium (u-calcium) (Aberle et 

al., 2001).  Calpastatin enzymes inhibit calpain activity, thus the concentrations of 

calpastatin present in a muscle directly affects the effectiveness of postmortem aging.  

The level of calpastatin present within a muscle is affected by genetics and breed type 
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(Aberle et al., 2001).  Therefore, cattle can be selected based on calpastatin levels to 

increases meat tenderness.  Additionally, it has been suggested that proteolysis of 

collagen occurs during postmortem aging; however, the degradation of collagen is 

minimal and occurs immediately after slaughter (Aberle et al., 2001).  Several studies 

have documented the effect of prolonged aging periods on beef tenderness.  A study 

conducted by Gruber et al. (2006) studied the effect of age over time in 17 different 

muscles and among different quality grades. This study indicates that proteolytic activity 

occurs in all muscles and has a positive relationship to tenderness.  Data from this study 

shows that WBS values decreased with prolonged aging periods for all muscles.  

However, grade and muscle type influence the age requirements to optimize tenderness.  

This studied showed that upper two-thirds USDA Choice beef reached peak tenderness 

with shorter aging treatments when compared to select beef (Gruber et al., 2006).  

Additionally, this research indicates that muscle location plays a role in the efficiency of 

aging treatments (Gruber et al., 2006). Kolczak et al. (2002) confirmed that muscle 

location impacts the efficiency of postmortem aging and found that chronological age of 

an animal effects postmortem aging.  Kolczak et al. (2002) found that proteolytic 

enzymes are more effective in younger animals when compared to older counter parts. 

 According to Taylor et al. (1995) postmortem aging occurs by degrading nebulin, 

titin, vinculin and desmin.  However, Taylor et al. (1995) found that these proteins are 

not digested at the z-disk as previously thought but the degradation actually occurs at the 
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I-band. Ho et al. (1996) found that the degradation of these proteins can be accelerated 

through the use of electrical stimulation.  

 Chilling 

 At slaughter several biological changes occur within muscles.  Rigor mortis, 

protein degradation, accumulation of acid and other changes occur immediately 

following slaughter. Chilling an animal after slaughter is vital to ensuring that these 

physical changes occurring after slaughter do not have detrimental effects on quality.  

When carcasses are chilled properly, the biological changes occurring within muscles 

have a constant and predictable effect.  However, undesirable changes in meat 

palatability occur when carcasses are chilled incorrectly.  When a muscle reaches too 

cold of an internal temperature prior to the onset of rigor mortis two conditions occur.  

Thaw rigor is a term used to describe severe muscle contraction that occurs when muscle 

is frozen prior to the onset of rigor mortis then thawed.  Thaw rigor is the result of a 

sudden release of calcium upon thawing and results in muscle shrinkage of up to 80% of 

the original length (Aberle et al., 2001).  Thaw rigor results in the development of muscle 

fibers with a much larger diameter resulting in a very tough meat product.  Cold 

shortening is similar to but not as severe as thaw rigor.  Cold shortening is the result of a 

muscle being chilled below 16° C prior to the onset of rigor (Aberle et al., 2001). 

Diet and Growth Promoters 

The diet provided to meat animals plays a role in lean and fat tissue development 

and to some extent meat palatability. Muscle growth occurs through one of two 
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processes, hyperplasia or hypertrophy.  Hyperplasia is an increase in cell number and 

hypertrophy is an increase in cell size.  Muscle growth is determined by the rate of 

protein synthesis compared to the rate of protein degradation.  The calpain system present 

within the muscle has been credited with the function of protein degradation.  Genetics, 

diet and feed additives are some of the many factors that influence muscle growth.  

Hypertrophy of muscle cells occur when protein synthesis takes place more rapidly than 

protein degradation.  If protein degradation is slowed due to genetic or feed additive 

reasons, it can be assumed that the effect of postmortem aging would be altered as well. 

Several growth promoting feed additives have been developed to increase muscle 

production, decrease the accumulation of fat and increase feeding efficiency and increase 

overall animal weight.  However, these feed additives potentially have detrimental effects 

on meat palatability.  Somatotropin is a feed additive that is currently used in other 

countries but is not approved for use in the United States.  Somatotropin is a feed additive 

that is a naturally occurring protein hormone released from the anterior pituitary gland.  

The addition of Somatotropin increases muscle growth and decreases adipose tissue 

growth through repartitioning nutrients toward muscle and bone formation (Dunshea et 

al., 2005).  Somatotropin increases muscle growth through increasing protein synthesis 

rather than reducing protein degradation. Additionally, this product also improves 

average daily gain and feed efficiency.  However, D’Souza et al. (2002) found that the 

use of this additive results in decreased consumer acceptance for meat tenderness, 

juiciness and flavor in pork cuts.  Beta Agonist feed additives are more common in the 
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United States and are approved for use in meat animals.  β–Agonists have a greater effect 

on lowering the amount of fat present on an animal by directly activating β–androgenic 

receptors on adipocytes via signaling cascades (Dunshea et al., 2005).  The effect of β–

agonists on adipocytes is a result of increased lipolysis and decreased lipogenesis.  β–

Agonists also increase muscle growth in ruminant animals through decreased protein 

degradation (Dunshea, et al., 2005).  Dunshea et al. (2005) found that the use of β– 

agonists in ruminant nutrition resulted in decreased intramuscular fat and increased shear 

force values. Estrogenic and androgenic implants are commonly used in beef cattle  to 

increase feeding efficiency and body composition. Barham et al. (2003) determined that 

the use of anabolic steroid implants increased shear values obtained from meat aged for 

3, 7 and 14 days postmortem but had no effect on consumer tenderness ratings.  

Conjugated linoleic acid (CLA) is geometric isomer of linoleic acid with conjugated 

double bonds that has anti-cancer and other positive health properties.  Additionally, 

supplementing CLA in animal feeds has been proven to increase live weight gain, 

improve feeding efficiency, increase muscle growth and decrease fat deposition (Dunshea 

et al., 1999).  The addition of CLA in the diet has been proven to decrease back fat and 

increase marbling (Dunshea et al., 2005).  However, Dunshea et al. (2005) found that 

consumer perception of flavor and tenderness decreased along with the addition of CLA 

along with increased shear force values.  Not all feed additives have negative effects on 

meat palatability.  Vitamin E supplementation has been found to reduce lipid and 

myoglobin auto oxidation which increases product shelf life. Additionally, the addition of 



Texas Tech University Andrew Derington, December, 2008 

24 

vitamin D to the diet has been proven to increase meat tenderness (Montgomery et al., 

2004).  Vitamin D increase meat tenderness through increasing calcium concentrations 

within the muscle.  The increased calcium concentrations within the muscle results in 

increased calpain activity thus resulting in a more a more tender product.       

   Additionally, the availability of nutrients to an animal affects palatability factors.  

Miller et al. (2002) found that animals on restricted diets produced meat with lower 

juiciness and flavor ratings. 

Genetics 

 Genetics play a vital role in meat palatability.  Marbling, collagen content, 

enzyme activity, and muscle fiber diameter are all factors that are influenced by genetics.  

Differences among species, breed types and within individual cattle create variation 

among palatability characteristics.  Cattle are typically broken down into two categories, 

Bos indacus and Bos taurus.  Numerous studies have found that Bos indacus cattle 

produce tougher meat when compared to Bos taurus cattle (McKeith et al., 1985; Crouse 

et al., 1987).  Also, Crouse et al. (1989) and Johnson et al. (1990) found that Brahman 

influenced cattle are tougher than cattle with no Brahman influence.  However, 

Stolowiski et al. (2006) found that the Brahman influence in composite breeds has little 

influence on meat tenderness.   
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CHAPTER III 

THE EFFECT OF LOCATION WITHIN BEEF STRIP LOIN 
SUBPRIMALS ON SLICE SHEAR FORCE AND WARNER-

BRATZLER TENDERNESS VALUES AND AN EVALUATION OF 
THE RELATIONSHIP BETWEEN SLICE SHEAR AND WARNER-

BRATZLER MEASURMENTS. 
 

Abstract 

The present study was conducted to investigate the effect of steak location within 

a strip loin subprimal (IMPS 180) and muscle fiber angle on SSF and WBS values, 

determine the efficacy of USDA Quality grades as a predictor of beef tenderness, as well 

as to evaluate the correlation between SSF and WBS values.  The study was conducted in 

two phases, the first phase focused on the effect of steak location, fiber angle and USDA 

Quality grades on SSF and WBS values.  Fifteen USDA top Choice, 15 Choice, 15 

Select, and 15 no roll strip loin subprimals were fabricated into 12, 2.54 - cm steaks and 

measured using SSF and WBS methods.  The SSF measurements were obtained from the 

lateral and medial portion of each steak, and WBS measurements were obtained at the 

lateral, middle and medial sections.  Phase two evaluated the correlation between SSF 

and WBS measurements.  Slice shear force measurements taken from the lateral and 

medial sections of 1,538 steaks and WBS values obtained from the lateral, middle and 

medial portions of each steak.   Steak location within a strip loin subprimal had an effect 

on both SSF and WBS values (P < 0.001) steaks from the anterior portion being the most 

tender and steaks from the  posterior end being the toughest.  The SSF produced similar 
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results for locations 1 through 8 and WBS values were similar for steak locations 1 

through 5 (P<0.05). Muscle fiber angle was found to change due to location. A 

significant change in the lateral muscle fiber angle at steak 7 was found.  Furthermore, 

this study showed that USDA quality grade has a significant effect on beef tenderness (P 

< 0.0002) when tenderness was evaluated using SSF and WBS protocols. No differences 

in tenderness existed between USDA Select steaks and steaks from no roll quality grade 

carcasses. Finally, significant correlations between SSF and WBS values were obtained.  

The SSF from the lateral portion correlated to the averaged WBS values produced a 

correlation coefficient (r) of 0.636 and a correlation of an averaged SSF value comprised 

of values obtained from the lateral and medial sections to an averaged WBS value 

produced a correlation coefficient (r) of 0.704. 

 

Introduction 

 Research has indicated that beef tenderness is the most important factor 

influencing consumer satisfaction (Savell et al., 1987).  Miller et al. (2001) found that 

consumers are willing to pay a premium for guaranteed tender meat products. Due to the 

impact tenderness has on consumer satisfaction; much research has focused on 

understanding and measuring beef tenderness. 

 Two methods of measuring tenderness in beef products are currently used in the 

US.  Warner-Bratzler Shear (WBS) force was one of the first methods developed to 

measure beef tenderness and is perhaps the most traditional and most commonly used 
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globally.  However, Wheeler et al. (1997) found that WBS values vary among 

institutions. Therefore, in 1999 Shackelford et al. developed the SSF method of 

tenderness analysis which is a faster method of measuring beef tenderness than WBS that 

could easily be implemented into an in-line production setting and used to guarantee 

tender beef cuts for consumers.  The SSF method uses a single defined measurement 

protocol resulting in a more repeatable method (Shackelford et al., 1999).  Finally, SSF 

produces a rapid result that could easily be used to sort carcasses based on tenderness 

scores.  The SSF analysis has an advantage over WBS in terms of being easily 

implemented into a production setting while still providing repeatable, accurate and rapid 

results.  

 Kerth et al., (2002) found that a tenderness gradient exists within the longissimus 

muscle (LM) which is a commonly used muscle for research purposes.  The tenderness 

gradient that exists within the LM may affect the repeatability of both the SSF and WBS 

tenderness analysis.  

Also, USDA quality grades which consider the maturity and marbling score of a 

carcass have been used as means of predicting beef palatability.  Wheeler et al. (1994) 

found that marbling correlates to meat tenderness. However, the National Beef 

Tenderness Conference (1994) reported that 1 in 18 USDA Prime beef loin steaks, 1 in 9 

USDA Choice loins steaks, 1 in 4 USDA Select steaks, and 6 of 10 USDA Standard 

steaks are considered unacceptable in regard to tenderness.  Additionally, Gruber et al. 

(2006) found that as the quality grade of beef cuts increased, WBS values decreased 
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which indicates that marbling not only effects consumer perceptions of meat tenderness 

but also has a positive effect on objective measurements of meat tenderness.   

 The purpose of the present study was to investigate the effect of steak location 

within a strip loin subprimal (IMPS 180), the change in muscle fiber angle from anterior 

to the posterior end of the subprimal and the effect of USDA quality grades on SSF and 

WBS values as well as to evaluate the correlation between SSF and WBS values.  

Materials and Methods 

Experiment 1 

 The present study, was designed to evaluate the effect of steak location across a 

strip loin subprimal (IMPS 180) on SSF and WBS values.  Also, the study determined the 

change in muscle fiber angle as it relates to location across strip loin subprimals. The 

efficacy of USDA quality grades as a predictor of beef tenderness was also evaluated. 

The quality grade study utilized 15 USDA Top Choice, 15 USDA Choice, 15 USDA 

Select, and 15 no roll Strip loin (IMP 180) subprimals.  Each strip loin (n = 60) was 

fabricated into 12, 2.5 cm thick steaks and identified by steak number and from which 

strip loin it originated. The first steak removed from the anterior most portion of Strip 

loin was identified as number one; the next steak was identified as “2” through the 12th 

steak removed from the posterior most portion of the strip loin (Figure 3.1).  Steaks were 

then sheared using both SSF and WBS protocol to determine tenderness gradients and 

repeatability.  Additionally, the angle of the muscle fiber orientation was measured at the 
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lateral, middle and medial portions of the Strip loin to determine if the muscle fiber angle 

the influenced SSF measurements.   

Experiment 2 

 The second portion of this study focused on correlating SSF and WBS values 

measured from various locations across a Strip loin steak.  This study utilized 1538 

USDA Choice and Select quality grade Strip loin subprimals which were fabricated into 

one 2.54 cm thick steaks.  

 

Figure 3.1 Steak sampling layout; 12 steaks were removed and number starting at 
the anterior portion of the strip.
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Slice Shear Force Analysis 

SSF values were obtained from two different locations on each strip loin steak as 

illustrated in Figure 3.2. Steaks were randomly selected and thawed at 4 °C for 24 hours 

prior to cooking. Steaks were cooked to an internal temperature of 71 °C using a 

Magigrill belt grill (model TBG-60 Magigrill, Magi-Kitch’n Inc., Quakertown, PA).  

After cooking, a 1-2 cm slice was removed across the width of the steak from both the 

lateral and medial end to square off the steak and expose the muscle fibers. A cut was 

made across the width of the steak parallel to and 5 - cm medial of the first cut made on 

the lateral end of the steak to obtain a 5 - cm section from the lateral end of each steak. A 

slice was then obtained from the medial end of the steak using the same procedures.  

Next, a 1 cm thick, 5 cm long slice was obtained from each section by making a cut 

across the section at a 45° angle parallel to the muscle fiber orientation. Each slice was 

then center sheared across the muscle fiber using a United force analyzer (model #SSTM-

500 with a tension attachment, United Calibration Corp., Huntington Beach, CA) using a 

cross head speed of 500 mm/min with a load cell of 50 kg.  Shear force values were 

recorded in kg.  

 

Warner-Bratzler Shear Force Analysis 

After each steak was slice sheared, the portions of each section remaining were 

chilled at 2 °C for 24 hours.  The WBS values were determined for each section by 

removing two 1.3 cm cores from the lateral, middle and medial portions of each steak. 



Texas Tech University Andrew Derington, December, 2008 

31 

Cores were then center sheared across the muscle fibers using a Warner-Bratzler shear 

force analyzer. Shear force values were recorded in kg.  The WBS core locations are 

outlined on Figure 3.2. 

Muscle Fiber Orientation Angle Determination 

 The muscle fiber orientation of the lateral, middle and medial portion of each 

steak removed from each location (location 1 through 12) (n=720).  Muscle fiber angle 

were measured by measuring the fiber angle of exposed muscle fibers.  Muscle fibers 

were exposed following the SSF protocol outlined above. 

 

Statistical Analysis 

 The tenderness gradient and the effect of location on muscle fiber angle was 

analyzed using the MIXED procedures of SAS (SAS Inst. Inc., Cary, NC) with a 4x12 

factorial arrangement for repeated measures.  The experimental unit was strip loin 

subprimal with the dependent variable being tenderness measurement or fiber angle.  The 

Independent variables were grade and steak location. Least Squares means were 

computed. Mean separation was conducted using a Fisher’s protected least significant 

difference with an α-level of 5% used to detect significant differences.  

The USDA Quality grade effect on beef tenderness at various location within a 

strip loin were analyzed using the MIXED procedures of SAS (SAS Inst. Inc., Cary, NC) 

with a 4 x 12 factorial arrangement for repeated measures.  The experimental unit was 

strip loin subprimal with the dependent variable being tenderness measurement.  The 
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Independent variables were USDA Quality grade and steak location. Least Squares 

means were computed. Mean separation was conducted using a Fisher’s protected least 

significant difference test with an α-level of 5% used to detect significant differences 

 Pearson Correlations were performed by using the PROC CORR procedures of 

SAS (SAS Inst. Inc., Cary, NC). Variable means were calculated by using the PROC 

MEANS procedure of SAS (SAS Inst. Inc., Cary, NC). The variables analyzed include: 

SSF from section A, SSF section C, averaged SSF, WBS from section A, WBS from 

section B, WBS section C, averaged WBS, steak location, fiber angle from the lateral 

end, fiber angle from the middle, fiber angle from the medial end, percent cook loss, and 

steak thaw weight.  
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Figure 3.2 SSF and WBS values were obtained from the lateral, middle and medial 
portions of each steak.
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Results and Discussion 

Experiment I 

 Steak location within a strip loin had a significant effect (P < 0.001) on the 

tenderness value obtained using SSF value.  Lateral SSF produced a linear increase in 

shear force from the anterior to posterior positions indicating that steak location has a 

strong effect on SSF tenderness values (Figure 3.3).  However, shear values obtained 

from the medial portion were much less linear and do not follow the same pattern as 

those values from the lateral portion.  The highest estimated mean for the medial end was 

found in location 1 whereas the location with the highest tenderness value for the lateral 

was found in location 12.  The results indicated that the tenderness gradient that exists 

within the Longissimus dorsi muscle or the strip loin subprimal is more prominent and 

displays a more linear increase on the lateral portion of the muscle.  Additionally, when 

comparing the values obtained from lateral and medial, it was noticed that the values 

collected from the lateral portion were significantly higher (P < 0.05) than those values 

from the medial section.  Steaks were considerably less tender on the lateral end when 

compared to the medial end.  

 Significant differences occurred for SSF values obtained from the lateral portion 

of each steak from each location.  Steak location showed no differences in SSF values 

obtained from the lateral section between steak locations 1 through 8 (Table 3.1). This 

information should be considered when designing a study that utilizes paired steaks or 

several steaks from the same strip loin.  In the research field, it is common to remove 
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several steaks from a single strip loin on which to perform several forms of analysis.  

Results from this study show that when utilizing the first 8 steaks there will be little 

inheritable differences in tenderness.  However, due to the natural gradient present within 

a strip loin, steaks removed posterior from the eighth steak will be less tender. Table 3.2 

illustrates the significant differences among SSF values obtained from the medial portion 

of each steak at each steak location.  The location differences found in the medial portion 

were very different than those observed from the lateral portion.  Steak location 1 was 

significantly different than steak locations 3 through 10 and location 12. This indicates 

that the gradient found in the lateral portions does not translate to the medial portion.  
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Figure 3.3 Tenderness gradient across a strip loin subprimal measured by Slice 
Shear Force analysis (SSF) 
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Table 3.1 P values used to determine significant differences in slice shear force values from the lateral portion at each 
steak location.  

Steak 
Location 

Anterior 
1 2 3 4 5 6 7 8 9 10 

Posterior 
11 

Anterior 1            
2 0.3048           
3 0.2171 0.8349          
4 0.5362 0.1003 0.0641         
5 0.3958 0.0610 0.0374* 0.8175        
6 0.1750 0.0174* 0.0097* 0.4603 0.6117       
7 0.1294 0.0111* 0.0061* 0.3687 0.5040 0.8724      
8 0.1186 0.0096* 0.0052* 0.3416 0.4713 0.8315 .9584     
9 0.0239* 0.0011* 0.0005* 0.1005 0.1578 0.3653 .4563 0.4884    

10 0.0005* <.0001* <.0001* 0.0038* 0.007* 0.0307* 0.0454* 0.0513 0.2083   
11 >.0001* <.0001* <.0001* <.0001* <.0001* <.0001* 0.0001* 0.0001* 0.0017* 0.0568  

Posterior 
12 

>.0001* <.0001* <.0001* <.0001* <.0001* <.0001* <.0001* <.0001* <.0001* 0.0062* 0.3518 

* Denotes those values that were considered to be significantly different 
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Table 3.2.  P values used to determine significant differences in slice shear force values from the medial portion at each steak 
location.  

Steak 
Location 

Anterior 
1 2 3 4 5 6 7 8 9 10 

Posterior 
11 

Anterior1            
2 0.0538           
3 0.0013* 0.1919          
4 0.0008* 0.1476 0.8858         
5 0.0002* 0.0640* 0.5830 0.6852        
6 0.0006* 0.1270 0.8246 0.9379 0.7433       
7 <.0001* 0.0421* 0.4655 0.5577 0.8564 0.6112      
8 0.0012* 0.1849 0.9832 0.9024 0.5975 0.8410 0.4784     
9 0.0125* 0.6151 0.4221 0.3440 0.1767 0.3058 0.1256 0.4101    

10 0.0233* 0.7328 0.3351 0.2681 0.1305 0.2359 0.0906 0.3247 0.8718   
11 0.9759 0.0599 0.0015* 0.0009* 0.0002* 0.0007* 0.0001* 0.0014* 0.0175* 0.0266*  

Posterior 12 0.0367* 0.7804 0.3436 0.2793 0.1438 0.2481 0.1028 0.3336 0.8467 0.9666 0.0409* 
* Denotes those values that were considered to be significantly different
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A noticeable increase in WBS values occurs as you move closer to the 

posterior portion of the Strip loin (steak 12) indicating that steak location has a strong 

effect on WBS values (Figure 3.4).  The lowest WBS values were found in the medial 

portion, the highest values were found in the middle and the intermediate values were 

found at the lateral end indicating that there is a tenderness gradient that exists within 

an individual steak and the medial portion of the steak is the most tender, the middle 

is the toughest and the lateral portion is intermediate in tenderness.   The WBS values 

from the middle portion were the highest and produced the most linear increase in 

WBS values. Additionally, the WBS values removed from the lateral portion were the 

closest to the averaged values which indicates that WBS values from the lateral 

section could act as an indicator of overall steak tenderness. The WBS values 

obtained form the medial end were the lowest when compared to the other values.   

 Table 3.3 illustrated the significant differences among averaged WBS values 

obtained from the lateral, medial and middle portions of each steak at each location.  

Steak locations 1 through 5 are similar in terms of averaged WBS values, however, 

steaks 6 through 12 are statistically different (P>0.05).  Thus, indicating that steak 

location has an effect on overall WBS values after location 5 and should be 

considered when designing a research study.  It should be considered that after the 

fifth steak removed from the anterior end of a strip loin there will be inheritable 

differences in tenderness due to the natural tenderness gradient that exists across the 

longissimus muscle.   
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 When comparing the results from the SSF and WBS studies the same patterns 

were observed. Both WBS and SSF measurements resulted in a linear increase in 

values as you move toward the posterior portion of the subprimal.  Therefore both 

methods of tenderness analysis are capable of detecting the tenderness gradient that 

exists within a strip loin subprimal and that the location of a steak within a Strip loin 

has an effect on both SSF and WBS values.  

 Steak locations 1 through 8 were found to be similar using the SSF method at 

the lateral end; whereas when using the WBS method, locations 1 through 5 were 

found to be similar.  The differences among these two values could be attributed to a 

number of factors. The WBS method uses several samples from various locations 

across a steak and may be more sensitive to a tenderness gradient and therefore steak 

location differences are more easily found. 

 A similar pattern was observed when comparing the tenderness gradient 

within an individual steak.  Both WBS and SSF measurements found the medial 

portion to be the most tender.  The middle section was not evaluated using SSF 

analysis as the size of the samples did not support three SSF values from each steak 

and therefore, no comparisons may be made involving the middle portion. 
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Figure 3.4 Tenderness gradient across a strip loin subprimal measured by 
Warner-Bratzler shear analysis (WBS).
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Table 3.3.  P values used to determine significant differences in averaged Warner-Bratzler shear values at each steak location.  
Steak 

Location 
Anterior 

1 2 3 4 5 6 7 8 9 10 
Posterior 

11 
Anterior 1            

2 0.5925           
3 0.5473 0.9469          
4 0.8826 0.4947 0.4536         
5 0.1605 0.0527 0.0451* 0.2091        
6 0.0406* 0.0099* 0.0081* 0.0573 0.5180       
7 0.0023* 0.0003* 0.0003* 0.0037* 0.0978 0.3123      
8 0.0042* 0.0007* 0.0005* 0.0066* 0.1430 0.4127 0.8482     
9 0.0011* 0.0002* 0.0001* 0.0019* 0.0623 0.2227 0.8343 0.6887    

10 <.0001* <.0001* <.0001* 0.0002* 0.0120* 0.0614 0.3888 0.2924 0.5140   
11 <.0001* <.0001* <.0001* <.0001* 0.0004* 0.0037* 0.0560 0.0358* 0.0884 0.2898  

Posterior 12 <.0001* <.0001* <.0001* <.0001* 0.0004* 0.0030* 0.0431* 0.0277* 0.0672 0.2241 0.8326 
* Denotes those values that were considered to be significantly different  
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Table 3.4.  P values used to determine significant differences in Warner-Bratzler shear values from the lateral portion at each steak 
location.  

Steak 
Location 

Anterior 
1 2 3 4 5 6 7 8 9 10 

Posterior 
11 

Anterior 1            
2 0.3131           
3 0.4679 0.7772          
4 0.9994 0.3135 0.4684         
5 0.0388* 0.0022* 0.0053* 0.0387*        
6 0.0027* <.0001* 0.0002* 0.0027* 0.3446       
7 0.0069* 0.0002* 0.0006* 0.0069* 0.5220 0.7604      
8 0.0171* 0.0007* 0.0019* 0.0171* 0.7491 0.5317 0.7486     
9 0.0503* 0.0031* 0.0074* 0.0502* 0.9127 0.2916 0.4533 0.6676    

10 0.0021* <.0001* 0.0001* 0.0021* 0.3088 0.9416 0.7055 0.4850 0.2596   
11 0.0005* <.0001* <.0001* 0.0005* 0.1489 0.6119 0.4182 0.2598 0.1207 0.6634  

Posterior 12 <.0001* <.0001* <.0001* <.0001* 0.0132* 0.1110 0.0602* 0.0293* 0.0099* 0.1271 0.2690 
* Denotes those values that were considered to be significantly different. 
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The SSF method of tenderness analysis utilizes a 45° angle to remove a 1 - cm 

thick, 5 - cm long portion of the sample that will be used for analysis.  The specified 

angle is used to remove whole muscle fibers parallel to the muscle fiber orientation.  

However, steak location within a strip loin effects the muscle fiber angle (P<0.001).    

Figure 3.5 illustrates the effect of steak location on muscle fiber angle.  The lateral 

muscle fiber angle increases gradually from 45.9° at location 1 to 53.9° at location 12.  

The medial muscle fiber angle also increases with steak location however, this angle 

is considerably lower than the lateral and may require a different angle if the medial 

portion of a sample were to be used for reliable tenderness evaluation.  The effect of 

steak location on fiber angle is illustrated in table 3.5 in which mean separation was 

used to determine were differences occur.  Table 3.5 indicates that with the exception 

of location 4 being different than location 1, the primary change in muscle fiber angle 

on the lateral end occurs at steak location 7. When comparing the change in muscle 

fiber angle and the tenderness gradient it may be observed that both the fiber angle 

and the tenderness measurements react very similarly to the location effect.  It may be 

assumed that the accuracy of the SSF method may improve with a more precise 

method of removing whole muscle fibers, however, a Pearson correlation was used to 

analyze the correlation between SSF and the muscle fiber angle.  In this study, a 

slight but positive correlation between SSF values and muscle fiber angles.  A 

correlation between the lateral angle and the SSF value obtained from the lateral end 

produced a correlation coefficient (r) of 0.129; while a correlation between the lateral 

angle and the averaged SSF for a sample produced a correlation coefficient (r) of 

0.180.  The correlation of the medial angle to the SSF value obtained from the medial 
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end produced a correlation coefficient (r) 0.142 and the correlation between the 

medial angle and the average SSF produced a correlation coefficient (r) of 0.202.  
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Figure 3.5 Change in lateral and medial muscle fiber angles from the anterior 
(location 1) to the posterior (location 12) portion of a strip loin subprimal.
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Table 3.5 P values used to determine significant differences in lateral fiber angles at each steak location. 
Steak 
Location 1 2 3 4 5 6 7 8 9 10 11 
1            
2 0.4944           
3 0.1597 0.4693          
4 0.0264* 0.1236 0.4138         
5 0.3838 0.8512 0.5919 0.1762        
6 0.4214 0.9040 0.5465 0.1558 0.9466       
7 0.0772 0.2779 0.7175 0.6487 0.3694 0.3348      
8 0.0002* 0.0028* 0.0230* 0.1444 0.0050* 0.0041* 0.0556*     
9 <.0001* <.0001* 0.0003* 0.0048* <.0001* <.0001* 0.0011* 0.1719    
10 <.0001* <.0001* <.0001* 0.0019* <.0001* <.0001* 0.0004* 0.0996 0.7784   
11 <.0001* <.0001* <.0001* 0.0003* <.0001* <.0001* <.0001* 0.0293 0.4076 0.5828  
12 <.0001* <.0001* <.0001* <.0001* <.0001* <.0001* <.0001* 0.0107* 0.2032 0.3131 0.6279 

* Denotes those values that were considered to be significantly different. 
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The present study found that USDA quality grades have a strong affect (P < 

0.001) on beef tenderness values obtained by using SSF protocols at all steak 

locations across a strip loin subprimal. Table 3.6 illustrates the SSF means for each 

USDA quality grade. As observed on table 3.6, the tenderness values have an inverse 

relationship with quality grades indicating that marbling and maturity have an effect 

on meat tenderness. USDA Top Choice strip loins were found to be the most tender 

and USDA Select was found to be toughest. Mean separation was performed to 

determine if a significant difference in tenderness, when measured using SSF 

protocols, exists amongst quality grades. Table 3.7 displays the P-values obtained 

from this analysis.  As indicated by table 3.7, all USDA quality grades are 

significantly different (P < 0.002) in terms of tenderness except USDA Select and no 

roll strip loins (P = 0.0956). Additionally, there was no interaction between steak 

location and USDA quality grade which indicates that the effect of USDA quality 

grades on SSF values is not affected by the inherent tenderness gradient within a strip 

loin.      

Similarly to SSF values, this data indicates that USDA Quality grades have a 

strong affect (P < 0.001) on beef tenderness values obtained by using WBS protocol. 

Table 3.8 illustrates the WBS means for each USDA Quality grade. It can be 

observed that WBS values are higher in the USDA Select and no roll grades when 

compared to USDA Choice.  Again WBS values and USDA Quality grades have an 

inverse relationship indicating that higher quality grades correspond to increase 

tenderness.  However, this study found that USDA Choice strip steaks were 

significantly more tender (P < 0.0035) than top choice strip steaks while USDA 
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Select and no roll strip steaks were not significantly different (P < 0.3857). P-values 

for mean separations are found on table 3.9.  Additionally, no interaction between 

USDA Quality grade and steak location was observed which indicates that the ability 

of USDA Quality grades does not depend on steak location. 
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Table 3.6 LS means of slice shear force values for USDA Top Choice, Choice, 
Select and no roll beef strip loin steaks. 

USDA 
Quality Grade 

SSF LS Means

Top Choice 12.94
Choice 13.94
Select 15.55
No Roll  15.11
 

Table 3.7 P values used to determine significant differences in tenderness values 
measured using slice shear force among USDA Top Choice, Choice, Select and 
no roll beef strip loin steaks. 

 Top Choice Choice Select 

Choice 0.0002   

Select <0.0001 <0.0001  

No Roll <0.0001 <0.0001 0.0956

 
Table 3.8 LS means of Warner-Bratzler shear values for USDA Top Choice, 
Choice, Select and no roll beef strip loin steaks. 

 
 

 
 
 

Table 3.9 P values used to determine significant differences in tenderness values 
measured using Warner-Bratzler shear analysis among USDA Top Choice, 
Choice, Select, and no roll beef strip loin steaks. 

 Top Choice Choice Select 

Choice 0.0035   

Select 0.0282 <0.0001  

No Roll 0.0022 <0.0001 0.3857

 

Quality Grade WBS LS Means

Top Choice 3.14
Choice 2.97
Select 3.27
No Roll  3.31
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Experiment II 

SSF values were obtained from the lateral and medial  portions of each steak 

to produce two values along with an averaged value for each steak.  The WBS values 

were obtained from the lateral, middle and medial portions of the same steaks to 

produce three values and an average for each steak. Values were correlated using 

Pearson correlations.  Correlation coefficients (r) are presented on table 3.10.  Section 

A is the common value produced by the SSF and the WBS method utilizes an average 

of the six values.  The correlation between the lateral value obtained from the SSF 

method to the average of the six WBS values produced a correlation coefficient of 

0.636. The correlation of the lateral portion SSF values to the lateral portion WBS 

values produced the lowest correlation coefficient (r) of 0.513.  Because of the 

correlation coefficient between SSF Section A and the average WBS values, one 

could assume that the WBS values obtained from Section A are not the most reliable 

indicator of meat tenderness.  The highest correlation coefficient exists between the 

averaged SSF values and the averaged WBS values.  Both averages account for more 

tenderness variation within a single steak and may best represent the entire steak.   
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Table 3.10. Correlation coefficients determined through Pearson correlations of slice 
shear force (SSF) values from the lateral and medial portions to Warner-Bratzler 
shear (WBS) values from the lateral, middle and medial portions.  

Variables Correlation Coefficient (r) 

Avg. WBS to Avg. SF 0.73 

Lateral SSF to Lateral WBS 0.58 

Medial SSF to Medial WBS 0.69 

Lateral SSF  to Avg WBS 0.66 

Medial SSF to Avg WBS 0.66 

Lateral WBS to Avg SSF 0.52 

Middle WBS to Avg SSF 0.62 

Medial WBS to Avg SSF 0.56 
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Table 3.11. LS means and standard error means for lateral, medial and averaged slice 
shear force values (SSF) and lateral, middle, medial and averaged Warner-Bratzler 
shear (WBS) values. 
Variable LS Mean Std. Error Mean 

Lateral SSF 15.19 0.099 

Medial SSF 13.63 0.121 

Average SSF 14.41 0.978 

Lateral WBS 3.42 0.023 

Middle WBS 3.69 0.028 

Medial WBS 3.16 0.024 

Average WBS 3.42 0.021 

 



Texas Tech University Andrew Derington, December, 2008 

54 

Conclusion 

Experiment I 

The present study showed that steak location has a significant effect on SSF 

and WBS values (P < 0.001) which confirms the findings of Wheeler et al. (2007). 

Mean separation indicated that there was no significant difference among SSF values 

measured on the lateral end obtained from steak locations1 through 8. However, SSF 

values from the medial portion displayed no systematic change in tenderness based on 

location and is therefore an unreliable location for obtaining SSF values.  No 

significant difference among WBS values obtained from steak locations 1 through 5.  

Therefore, it is important to consider sampling location when conducting a study 

using paired steaks in order to reduce variation occurring due to steak location.  This 

study shows that when using SSF analysis on the first eight steaks no significant 

difference in tenderness should exist due to location. 

The present study indicated that steak location affects muscle fiber angle (P < 

0.001).  Because SSF measurements are based on removing samples at a 45° angle, it 

is important to understand how muscle fibers change among a strip loin.  Differences 

in muscle fiber orientation occurred at steak location 7.  The change in muscle fiber 

orientation is important to consider when designing a study that utilizes SSF 

protocols. 

When evaluating the effect of quality grade on SSF values, it was noticed that 

the highest quality grade resulted in the highest tenderness value while the lower two 

quality grades produced the lowest tenderness ratings. Additionally, the WBS values 

obtained from this study found that the USDA Choice and Top Choice strip steaks 
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were more tender than USDA select and no roll strip steaks. The data indicated that 

USDA quality grade had a relationship to beef tenderness in the steaks in this study.  

However, this study found that USDA Select and no roll strip steaks were not 

significantly different in regard to tenderness indicating that lower quality grades are 

not as efficient at sorting carcasses to increase tenderness.  Finally, the SSF values 

obtained from this study indicated that USDA Top Choice steaks were significantly 

more tender than USDA Choice steaks, however, the WBS values found that the 

USDA Choice steaks were significantly more tender than the Top Choice steaks 

which indicates that these two methods of analysis are not effected by USDA quality 

grade to the same extent. 

Experiment II 

 Results indicate a strong correlation exists between average SSF values 

obtained from the lateral and medial and averaged WBS values.  However, based on 

the findings in Experiment I, SSF values obtained from the medial end of strip loin 

steaks do not produce reliable values.  The correlation between SSF values removed 

from the lateral end and averaged WBS values produced a positive correlation. 
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APPENDIX A 

MAGI-GRILL OPERATION INSTRUCTIONS 
 

1. Turn the main power switch “ON” 
2. Turn the key switch to the menu position (horizontal) – Display should 

read [MENU?A] 
3. Press the letter of the desired menu (F is the most common for cooking 1” 

cuts to a medium degree of doneness) 
4. Press ENTER to choose the desired menu 
5. Press and hold the LIFT ENABLE button until the belts are fully lowered 

– BE SURE TO HOLD THE BUTTON DOWN UNTIL THE DISPLAY 
CHANGES FROM [SET Ht] to [TIME 15:00] --- If the grill height does 
not change, the emergency knob may be engaged.  Simply pull the 
knob out to undo the emergency hold. 

6. The grill will begin pre-heating for 15 minutes 
 
 

AFTER COOKING CLEAN-UP 
 
After each cooking session the belt grill should be cleaned to prevent grease build up 
and aid in maintaining sanitary conditions. 

1. After all steaks have been cooked, push the [CANCEL] button and the 
grill will count down for one cooking cycle 

2. Turn the power switch “OFF” 
3. Remove the grease catching pans and clean thoroughly with soap 
4. Wipe down the area below the grease catching pans 
5. Wipe the belts clean with a wet cloth in bleach water (no soap) by turning 

the belts by hand 
6. Empty the grease pail from the far left compartment in the trash can  

and rinse clean 
7. Dry all pieces of equipment and re-assemble the grill 
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APPENDIX B 

SLICE SHEAR FORCE ANALYSIS 

Cooking Steaks 
1. Thaw steaks at 2-5°C for 18 to 24 hours. Thawing more rapidly at room 

temperature results in increased purge. 
 
2. Take the internal temperature of each steak in geometric center of steak and 

record. Temps should be around 2to5°C. Don’t allow steaks to set out at room 
temperature and get warmer than 5°C as this will result in a higher degree of 
doneness. 

 
3. Set a clean plate on the scale and zero the scale. 

 
4. Weigh each steak with its identification tag in grams and record. 

 
5. Place each steak on the belt grill with its tag near it to maintain identification. 
 
6. Using a clean plate, again zero the scale. 
 
7. When steaks are finished cooking, weigh the steak and its tag and record. 
 
8. Take the internal temperature of each steak in the geometric center and record. 

Temps should be 68-71°C. 
 

 

Shearing Steaks 
1. Set up United Testing Machine; Machine should be set on compression 

mode with a cross head and return speed of 500 mm/minute; linear units 
should measured in mm and force measured in kg. 

2. After cooking, a 1 to 2 cm section is removed across the width of the 
lateral end of the steak to square off the lateral end. Next, a cut is made 
across the width of the steak 5 cm medial of the lateral end (use of the 
approved cutting guide is required).  Then, a 1 - cm thick, 5 - cm long 
slice is removed from the lateral section using the approved cutting guide 
following the muscle fiber orientation.  

3. Cross section shear each slice across the muscle fibers taking care not to 
shear across the cook surfaces. 

 
4. Record shear force value. Be sure to re-set shear machine to zero before 

the next slice is sheared. Clean shear knife between each sample. 
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5. Dispose of all meat once all shear values have been recorded in double 

bagged trash bags. 
 
6. Clean shear machine by dis-assembling, washing, and re-assembling. 
 
7. After entering data, check each point for accuracy. 
 
8. Make copies of data. 
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APPENDIX C 

WARNER-BRATZLER SHEAR FORCE ANALYSIS 

Cooking Steaks 
9. Thaw steaks in sausage room at 2-5°C. Steaks must be set out the day before 

as thawing takes 18 to 24hr. Thawing more rapidly at room temperature 
results in increased purge. 

 
10. Take the internal temperature of each steak in geometric center of steak and 

record. Temps should be around 2-5°C. Don’t allow steaks to set out and get 
warmer than 5°C as this will result in a higher degree of doneness. 

 
11. Set a clean plate on the scale and zero the scale in grams. 

 
12. Weigh each steak with its identification tag in grams and record. 

 
13. Place each steak on the belt grill with its tag near it to maintain identification. 
 
14. Using a new plate, again zero the scale in grams. 
 
15. When steaks are finished cooking, weigh the steak and its tag and record. 
 
16. Take the internal temperature of each steak in the geometric center and record. 

Temps should be 68-71°C. 
 
17. Place all cooked steaks on a white tray and cover with saran.  Store trays in 

cooler at 2-5oC for 24 hours until time to shear. 
 

Shearing Steaks 
9. Set up Warner Bratzler Shear machine or the United Testing Machine; 

obtain cores from kitchen and data sheets in filing cabinet. 
 
10. Take 6 cores from each animal number parallel to the muscle fibers. 

Check each core to make sure they are devoid of connective tissue or fat.  
 
11. Record degree of doneness.  Use the NBCA color chart. 
 
12. Shear each of the six cores and record values.  Be sure to re-set shear 

machine to zero before each core is sheared. Clean shear knife between 
each sample. 
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13. Dispose of all meat once all shear values have been recorded in double 
bagged trash bags. 

 
14. Clean shear machine by dis-assembling, washing, and re-assembling. 
 
15. After entering data, check each point for accuracy. 
 
16. Make copies of data. 
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APPENDIX D 

SPECIFICATIONS FOR IMPS 180 STRIP LOIN 
 

Item No. 180 - Beef Loin, Strip Loin, Boneless - This item is boneless and consist 
of the anterior section of the loin and contains the 13th rib mark. The hanging tender 
and tenderloin shall be removed. The rib end shall follow the natural curvature of the 
13th rib mark. The sirloin end shall be anterior to the hip cartilage, forming an 
approximate right angle with the length of the short loin, and exposes the gluteus 
medius. The flank side shall be ventral to, but not more than 3.0 inches (7.5 cm) from 
the longissimus dorsi at the rib end to a point on the sirloin end ventral to, but not 
more than 2.0 inches (5.0 cm) from the longissimus dorsi.  
The purchaser specified options (PSO) for flank removal by a straight cut are as 
follows. (Rib end x Sirloin end)  
PSO: 1 - 2 in. (5.0 cm) x 1 in. (25 mm)  
2 - 1 in. (25 mm) x 0 in.  
3 - 0 in. x 0 in. 
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