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ABSTRACT 
 

The purpose of this study was to characterize the palatability of multiple beef cuts 

from three quality grades. A previously developed objective beef juiciness measurement was 

also conducted to determine the relationship between the juiciness of the longissimus dorsi 

and the juiciness traits of various beef cuts. Five different beef sub-primals were utilized for 

the study: strip loins (IMPS #180), inside rounds (IMPS #169), bottom rounds (IMPS #171B), 

shoulder clods (IMPS #114), and chuck rolls (IMPS #116). The sub-primals were from three 

different USDA quality grades: Prime, Choice, and Select; (n = 10 / quality grade) and were 

fabricated into the longissimus dorsi and eight different cuts: longissimus dorsi, complexus, 

and spinalis dorsi (LCS); serratus ventralis; infraspinatus; triceps brachii; teres major; 

adductor; semimembranosus; and biceps femoris. The raw pH and percentage of fat, moisture, 

protein and collagen was determined for each cut. Additionally, cooked steak measurements 

included: Warner-Bratzler shear force (WBSF), slice shear force (SSF), cook loss, and 

pressed juice percentage (PJP). Consumer and trained sensory panelists evaluated the 

palatability of each cut and quality grade combination. A cut × quality grade interactions (P = 

0.03) was determined for trained panel overall tenderness, SSF (P = 0.02), all proximate 

measures, and pH (P < 0.05). In both objective and subjective measurements of tenderness, 

the LCS was the most (P < 0.05) tender, while the biceps femoris, adductor, and 

semimembranosus were among the toughest. Moreover, these three steaks ranked the lowest 

(P < 0.05) for juiciness, flavor, and overall liking by the consumers. Additionally, trained 

panelists found similar results, with the cuts from the round (semimembranosus, biceps 

femoris, and adductor), across all three quality grades, to contain the highest values (P < 0.05) 
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for overall tenderness. For each cut, fat percentage was the highest (P < 0.05) in Prime cuts. 

For SSF, Choice infraspinatus, longissimus dorsi, semimembranosus, and serratus ventralis 

were more tender (P < 0.05) than Select and Prime cuts. The WBSF tenderness values, 

decreased (P < 0.05) across all muscles, with quality grade increasing (Prime < Choice < 

Select). A Pearson’s correlation coefficient showed consumer attributes to be positively 

correlated (P < 0.05) to several trained panel attributes; initial juiciness, sustained juiciness, 

myofibrillar tenderness, overall tenderness, and beef flavor identity (r ≥ 0.42). Consumer 

attributes were negatively correlated (P < 0.05) with cook loss percent (r ≥ -0.26), moisture (r 

≥ -0.32), protein (r ≥ -0.44), and connective tissue (r ≥ -0.30). Within the longissimus dorsi, 

infraspinatus and biceps femoris, fat percent positively associated (P < 0.05) to each 

consumer attribute assessed. The PJP values for the adductor, semimembranosus, and serratus 

ventralis were lower (P < 0.05) than all other cuts evaluated. Conversely, infraspinatus, LCS, 

and serratus ventralis were juicer (P < 0.05) than all other cuts as determined by both 

consumer and trained sensory panelists. The PJP among all muscles was associated (P < 0.05) 

with consumer juiciness ratings as well as trained initial and sustained juiciness ratings (r = 

0.20, 0.19, 0.18, respectively). A regression analysis revealed the PJP of the longissimus dorsi 

accounted for a significant (P < 0.05) amount of variation in the trained initial and sustained 

juiciness scores of the adductor (R2 = 0.42, 0.38, respectively) and the serratus ventralis (R2 = 

0.25, 0.24, respectively), however, was unrelated (P > 0.05) to the trained sensory panel 

scores for all other muscles. Moreover, longissimus dorsi PJP was not related (P > 0.05) to 

the consumer juiciness ratings for all cuts evaluated.  
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Results of this study indicate that sensory differences can be detected between cuts 

evaluated, with some measures able to determine differences among quality grades. 

Differences in juiciness was also determined to exist among cuts, yet the PJP method was not 

found to be an adequate predictor of sensory panel juiciness ratings for most of the cuts 

evaluated.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Texas Tech University, Kara M. Nyquist, May 2018 

 

 

vii 

 

TABLE OF CONTENTS 

ACKNOWLEDGMENTS ............................................................................................................ ii 

ABSTRACT ............................................................................................................................. iv 

1. INTRODUCTION .................................................................................................................. 1 

2. LITERATURE REVIEW ........................................................................................................ 4 
Factors effecting palatability ratings and acceptability .............................................................. 4 

Beef muscles ............................................................................................................................... 4 

Muscle fiber types....................................................................................................................... 8 

Quality grade ............................................................................................................................ 10 

Understanding objective and subjective juiciness .................................................................... 15 

Juiciness defined ....................................................................................................................... 15 

Juiciness measurements ............................................................................................................ 16 

Effects on WHC and juiciness ratings ...................................................................................... 21 

Consumer and trained sensory properties of juiciness .............................................................. 24 

LITERATURE CITED ................................................................................................................. 27 

3. EVALUATION OF PALATABILITY THROUGH OBJECTIVE AND SUBJECTIVE MEASURES 

AMONG MULTIPLE BEEF CUTS ............................................................................................. 32 
ABSTRACT .................................................................................................................................. 32 
INTRODUCTION ........................................................................................................................ 33 
MATERIALS AND METHODS .................................................................................................. 35 

Product ...................................................................................................................................... 35 
Proximate and pH analysis ....................................................................................................... 36 
Cooked sample preparation ...................................................................................................... 37 
Warner-Bratzler shear force ..................................................................................................... 37 
Slice Shear Force ...................................................................................................................... 38 
Consumer and trained sensory panel evaluation ....................................................................... 38 
Statistical analysis ..................................................................................................................... 40 

RESULTS ..................................................................................................................................... 41 
Objective measurements ........................................................................................................... 41 
Consumer demographics .......................................................................................................... 42 
Consumer purchasing motivators ............................................................................................. 42 
Consumer sensory analysis ....................................................................................................... 43 
Consumer ratings of acceptability ............................................................................................ 44 
Consumer perceived quality levels ........................................................................................... 44 
Trained sensory analysis ........................................................................................................... 45 
Correlations .............................................................................................................................. 46 

DISCUSSION ............................................................................................................................... 50 
Evaluation of chuck cuts ........................................................................................................... 51 
Evaluation of round cuts ........................................................................................................... 55 

LITERATURE CITED ................................................................................................................. 58 

4. VARIATION OF PRESS JUICE PERCENTAGE IN MULTIPLE BEEF CUTS ............................ 75 
ABSTRACT .................................................................................................................................. 75 
INTRODUCTION ........................................................................................................................ 76 
MATERIAL AND METHODS..................................................................................................... 78 



Texas Tech University, Kara M. Nyquist, May 2018 

 

 

viii 

 

Product ...................................................................................................................................... 78 

Cooked Sample Preparation ..................................................................................................... 79 

Pressed Juice Percentage .......................................................................................................... 79 

Consumer and trained panel evaluation .................................................................................... 80 

Statistical analysis ..................................................................................................................... 82 

RESULTS ..................................................................................................................................... 82 
Press Juice Percentage (PJP) .................................................................................................... 82 

Correlations .............................................................................................................................. 83 

Prediction equations for sensory panel ratings ......................................................................... 84 

DISCUSSION ............................................................................................................................... 84 
Press Juice Percentage variation within muscles ...................................................................... 85 

Relationship among Pressed Juice Percentage and sensory panel ratings ................................ 85 

LITERATURE CITED ................................................................................................................. 88 

APPENDIX A ......................................................................................................................... 95 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Texas Tech University, Kara M. Nyquist, May 2018 

 

 

ix 

 

LIST OF TABLES 
3.1 Interaction (P < 0.01) between quality grade1, longissimus dorsi and  

      eight different beef cuts2 for proximate percentage and pH measurements ...................... 63 
 

3.2. Interaction (P = 0.02) between quality grade1 and cut2 for  

       Slice Shear Force (SSF) .................................................................................................... 64 
 

3.3. Least Square means for Warner- Bratzler Shear Force (WBSF) of  

       the longissimus dorsi and eight beef cuts1 from three quality grades2 .............................. 65 
 

3.4. Demographics characteristics of consumers who participated  

       in consumer sensory panels (n = 210) ............................................................................... 66 
 

3.5. Fresh beef steak purchasing motivators1 of consumers (n = 210)  

       who participated in consumer sensory panels ................................................................... 67 
 

3.6. Least squares means for consumer (n = 210) ratings1 of the  

       palatability traits of longissimus dorsi and eight beef cuts3 from three quality grades2 ... 68 
 

3.7. Percentage of the longissimus dorsi and eight beef cuts from  

       three quality grades rated acceptable by consumers (n = 210) for juiciness, 

       tenderness, flavor, and overall liking ................................................................................ 69 
 

3.8. Percentage of the longissimus dorsi and eight beef Cuts1 from three quality  

       grades identified as certain perceived quality levels by consumers (n = 210) .................. 70 
 

3.9.  Least squares means for trained sensory panel ratings1 of the  

        longissimus dorsi and eight beef cuts2 from three quality grades3................................... 71 
 

3.10. Least squares means for the interaction (P = 0.03) between quality  

        grade1 and cut2 for trained sensory panel overall tenderness3 rating ............................... 72 
 

3.11.  Pearson correlation coefficients between consumer sensory traits,  

          trained panel analysis, and all objective measurements for the longissimus  

          dorsi and eight beef cuts of three different quality grades ............................................. 73 
 

3.12.  Pearson correlation coefficients of cooked objective measures  

          and fat percentage of each individual cut1 ..................................................................... 74 
 

4.1. Least Square means for press juice percent (PJP) of various  

       quality grades1 from the longissimus dorsi and six different beef cuts2 ........................... 90 
 



Texas Tech University, Kara M. Nyquist, May 2018 

 

 

x 

 

4.2. Pearson correlation coefficients of consumer and trained sensory  

       panel juiciness ratings1 in relation to the longissimus dorsi Pressed Juice  

       Percentage (PJP) and Pressed Juice Percentage among all beef cuts................................ 91 
 

4.3. Pearson correlation coefficients for measurements of Pressed  

       Juice Percentage and consumer and trained sensory panel juiciness ratings1  

       from six beef cuts2 and longissimus dorsi PJP .................................................................. 92 
 

4.4. Simple linear regression equations of consumer and trained juiciness  

       ratings1 from six beef cuts2 as related to muscle Pressed Juice Percentage (PJP)3 

          and longissimus dorsi PJP. ................................................................................................ 93 
 

A.1.  Pearson correlation coefficients between consumer sensory traits, trained  

         panel analysis, and all objective measurements of the longissimus dorsi1 ..................... 95 
 

A.2.  Pearson correlation coefficients between consumer sensory traits, trained  

         panel analysis, and all objective measurements of the infraspinatus 1 ............................ 96 
 

A.3.  Pearson correlation coefficients between consumer sensory traits, trained  

         panel analysis, and all objective measurements of the LCS1 .......................................... 97 
 

A.4.  Pearson correlation coefficients between consumer sensory traits, trained  

         panel analysis, and all objective measurements of the serratus ventralis1 ...................... 98 
 

A.5.  Pearson correlation coefficients between consumer sensory traits, trained  

         panel analysis, and all objective measurements of the teres major1 ............................... 99 
 

A.6.  Pearson correlation coefficients between consumer sensory traits, trained  

         panel analysis, and all objective measurements of the triceps brachii 1 ........................ 100 
 

A.7.  Pearson correlation coefficients between consumer sensory traits, trained  

         panel analysis, and all objective measurements of the adductor 1 ................................. 101 
 

A.8.  Pearson correlation coefficients between consumer sensory traits, trained  

         panel analysis, and all objective measurements of the biceps femoris 1 ....................... 102 
 

A.9.  Pearson correlation coefficients between consumer sensory traits, trained  

         panel analysis, and all objective measurements of the semimembranosus 1 ................. 103 

 
 



Texas Tech University, Kara M. Nyquist, May 2018 

 

 

1 

 

CHAPTER I  

INTRODUCTION 
 

The beef industry has diverted majority of their attention on marketing middle cuts 

from the loin and rib region, as consumers have found these cuts to be desirable in tenderness, 

juiciness, flavor, and overall liking (Lepper-Blilie et al, 2014; Jung et al., 2016). 

Characteristics from the chuck and round have been underutilized and least desirable in 

comparison to middle cut from the loin and ribs. Chuck and round cuts have been historically 

marketed as ground products, low-end roast, or low-quality steaks due to perceived lower 

eating quality (Belew et al., 2003; Von Seggern et al., 2005; Lepper-Blilie et al., 2014). 

Moreover, consumer evaluations over time have shown that muscles from the chuck share an 

equal to or even superior eating experience to the ribeye, making these muscles potential 

candidates to be retailed as individual cuts for a lower cost (Kukowski et al., 2004). With 

price and quality grade being one of the major influences in beef purchasing, consumers have 

stated that they are willing to pay a premium price for a more tender steak (Miller et al., 2001; 

Kukowski et al., 2005; Lepper-Blilie et al., 2014; Lucherk et al., 2016; Yeh et al., 2017). 

Therefore, the convenient lower-end chuck and round muscles, could be marked as individual 

low-cost steaks, without having to sacrifice palatability, such as tenderness and flavor 

(Kukowski et al., 2004; Lepper-Blilie et al., 2014).  

Evaluating palatability attributes has been able to determine the consumers 

acceptability, eating satisfaction, and perception for meat quality (Jung et al., 2016). As 
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tenderness reaches an acceptable level, flavor becomes just as important for overall 

acceptability (Corbin et al., 2015). O’Quinn et al., (2018) stated that the overall eating quality 

may excel with one or two traits excelling, with a potential risk of fail occurring if one trait is 

deemed unsatisfactory and unable to meet consumers eating experience. Previous studies have 

evaluated the palatability of muscles from the chuck and round, revealing that carcass location 

has one of the largest effects for tenderness, juiciness, flavor, and overall liking (Jung et al., 

2016). Jeremiah et al., (2003) and Johnson et al., (1988) revealed that muscles from the chuck 

tend to rate higher in tenderness and juiciness in comparison to the round, with ratings similar 

to the strip loin and ribeye. Yet, muscles located in the same beef cut tend to differ in 

palatability (Jeremiah et al., 2003a). Marbling and fat content is an additional factor that has 

been determined to effect palatability. A higher quality grade of a lower-end products can 

demonstrate equivalent sensory ratings to a lower quality loin or rib cut (Hunt et al., 2014).  

With defining sensory characterizes of chuck and round muscle, the Beef Checkoff 

has been able to identify sixteen marketable value-added cuts. These value- added cuts are the 

“next generation” for the beef industry and have been further identified as the NCBA Beef 

Innovation cuts (National Cattlemen’s Beef Association, 2012). Among these cuts, only three 

Innovation cuts have previously been evaluated as individual muscles or in small collections 

of other cuts from the chuck and round; Flat Iron (infraspinatus), Denver (serratus ventralis) 

and Delmonico (Longissimus dorsi, complexus, and spinalis dorsi), (LCS) (Lepper-Blilie et 

al., 2014; Hunt et al., 2014; Jung et al., 2016; Yeh et al. 2017). The infraspinatus, also termed 

as top blade steak or the Flat Iron, has been identified as one of the first value-added cuts 

marketed (Calkins & Sullivan, 2007; Seggern et al., 2005). With excelling in sensory analysis, 
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Calkins et al., (2012) described and defined the infraspinatus as one of the most tender cuts in 

the beef carcass. The LCS and serratus ventralis additionally have been introduced over the 

years as favorable beef value cuts (Lepper-Blilie et al., 2014). Consumers have compared 

equivalent traditional retail cuts (strip loin and ribeye) to value-added cuts and determined no 

differences in overall liking between the two. The results from the previous studies have 

concluded that Innovation cuts could be a less expensive way for consumers to obtain a 

premium eating experience (Lepper-Blilie et al., 2014). 

Among the previous Innovation cut studies, the eating quality from multiple USDA 

quality grades has yet to be examined. The USDA quality grade or marbling content in the 

beef strip loin, has been extensively research and based on those studies, quality grade can 

heavily influence the eating experience and the consumers acceptability (O’Quinn et al., 

2012; Emerson et al., 2013; Tatum, 2015). Therefore, the objective of this study was to 

evaluate the longissimus dorsi and eight different beef cuts among three different quality 

grades, using objective tenderness measures (WBSF and SSF), PJP, proximate analysis, and 

subjective analysis (consumer and trained panelist) to determine the palatability of multiple 

cuts across three different quality grades. 
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CHAPTER II 

LITERATURE REVIEW 
 

FACTORS EFFECTING PALATABILITY RATINGS AND ACCEPTABILITY 

Beef muscles 

A variety of notable studies over the years have been performed and contributed in 

defining muscle profiling and composition of various sub-primals, as well their noteworthy 

muscle cuts (Von Seggern et al., 2005). Muscle location can influence how consumers 

respond and evaluate each palatability trait (Lepper-Blilie et al., 2013). Earlier studies have 

determined basic beef muscle characteristics (Ramsbottom et al., 1945, 1948; Butterfield et 

al., 1966), with majority of studies focusing on cuts from the loin and rib region (Hildrum et 

al., 2009). The longissimus dorsi (LD), has been used over the years as a reference point for 

measuring and comparing multiple muscles of the chuck and round through studies evaluating 

tenderness (Belew et al., 2003; Calkins and Sullivan, 2007), flavor attributes (Hunt et al., 

2014; Legako et al., 2015) or distinct sensory measurements (McKeith et al., 1985; Jeremiah 

et al., 2003; Lorenzen et al., 2003; Hildrum et al., 2009).  

Characteristics from the chuck and round have been underutilized and least desirable 

in comparison to middle cut from the loin and ribs. Muscle cuts in the chuck and round are 

more marketable in lower priced steaks, ground products, and roasts as they are assumed to be 

tougher (Belew et al., 2003; Von Seggern et al., 2005; Lepper-Blilie et al., 2013). Major 

muscles found within the round contain a lower fat content than muscles found in the chuck, 

as well as muscles associated with maintaining posture (loin and rib cuts) (McKeith et al, 
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1985; Brackebush et al., 1991). Movement and extreme use of muscles tends to affect the 

tenderness of muscles, creating a tougher and less acceptable cut, typically containing a lower 

fat content with a higher percent moisture (McKeith et al.,1985; Brackebush et al,1991). Von 

Seggern et al. (2005) determined the chemical composition of round and chuck muscles were 

affected due to the quality grade, yield grade, and the weight of carcass. Among the 31 

muscles examined, results found that 26 of the muscles showed an inverse relationship 

between fat (marbling) and water content within the muscle. The results also agree with 

earlier research presented by Garrett and Hinman (1971) and Brackebush et al., (1991). 

When examining consumer marketability of the beef forequarter, a lower percentage is 

determined, due to the cut-out yield and the palatability characteristics of the muscles making 

up the forequarter (Johnston et al.,1988). Kukowski et al. (2004) reported that current 

consumer ratings of muscles from the chuck have been shown to be equal to or even superior 

to the ribeye, making these muscles potential candidates to be retailed as individual cuts for a 

lower cost. The eating experience of muscles in the round are often jeopardized by the lack of 

consumer education for cooking methods and aging to help improve palatability on these 

more difficult cuts (Savell et al., 2015). The wholesale value of the chuck and round have 

increased over the years due to consumer demand and the development and application of 

value-added beef cuts (Von Seggern et al., 2005). Value-added beef cuts have been 

determined based on defining sensory characterizes that resemble the eating experience of the 

favorable cuts, like the ribeye and strip loin. Over the past few years, the Beef Checkoff has 

identified sixteen marketable value-added cuts. These value- added cuts are the “next 

generation” for the beef industry and have been further identified as the NCBA Beef 
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Innovation cuts (National Cattlemen’s Beef Association, 2012). Among these cuts, only three 

Innovation cuts have previously been evaluated as individual muscles or in small collections 

of other cuts from the chuck and round; Flat Iron (infraspinatus), Denver (serratus ventralis) 

and Delmonico (LD, complexus (COM), and spinalis dorsi (SD)) (Hunt et al., 2014; Lepper-

Blilie et al., 2014; Jung et al., 2016; Yeh et al. 2017). The IF, also termed as a top blade steak 

or the Flat Iron, was identified as one of the first value-added cuts marketed (Seggern et al., 

2005; Calkins & Sullivan, 2007).  Calkins et al. (2012), ranked 40 different beef muscle cuts 

for tenderness by using the Slice Shear Force method. The study determined the psoas major 

(PM) as the most tender (3.07 kg of force) cut, with several cuts from the forequarter of the 

carcass also rating as very tender (<3.9kg); infraspinatus (IF), serratus ventralis (SV), 

multifidus dorsi, subscapularis (SUB), teres major (TM) and portions of the spinalis dorsi 

(SD). Calkins et al. (2012), stated that based on tenderness valuation, the IF and TM 

potentially could be marketed as ‘value cuts’, as tenderness has influenced consumers to find 

the IF and TM extremely desirable in tenderness and juiciness (McKeith et al., 1985; Savell et 

al., 2015). Cuts such as the Delmonico and Denver steak (SV) additionally have been 

introduced over the years as favorable beef value cuts (Lepper-Blilie et al., 2014). When 

having consumers compare traditional retail cuts to value added cuts, consumers found many 

similarities in overall liking between the two. These results also, concluded that the value-

added cuts, could be a less expensive way for consumers to share a similar eating experience 

(Lepper-Blilie et al., 2014). Furthermore, Yeh et al., (2017) used sensory analysis to 

determine the characteristics of value-added cuts, (IF; Bonanza cut, SUB, gluteus medius 

(GM), rectus femoris (REC)) could be marketed as individual steaks, with the IF being 
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superior in subjective tenderness and juiciness. Several additional studies have concluded the 

IF, SV and triceps brachii (TB) muscles from the chuck, and gracillus (GR), Sartorius (SAR), 

and Vastus intermedius (VI) from the round to be best suited to be fabricated and used as 

individual steak instead of roast. (Ramsbottom et al., 1945; McKeith et al., 1985; Johnson et 

al., 1988; Calkins and Gwartney, 2002; Kirchofer et al., 2002,).  

Sensory analysis over the years has predominantly been accomplished by evaluating 

various quality grades across samples from the loin and rib regions (O’ Quinn et al. 2012; 

Corbin et al., 2015; Lucherk et al., 2016). With sensory properties among various beef 

muscles only evaluated through small collections of muscles across one quality grade 

(McKeith et al., 1985; Jeremiah et al., 2003a; Kukowski et al., 2004; Von Seggern et al., 

2005).  Among current beef muscle sensory studies, repeatable data has been determined for 

tenderness and flavor attributes, while juiciness still has a little focus within these chuck and 

round muscles. Carmack et al., (1993) and Jeremiah et al., (2003a) determined that muscles 

from the loin and chuck are generally juicier than muscles located within the round. Jeremiah 

et al., (2003a) evaluated 33 different muscles within the beef carcass by using a 9-point scale 

to evaluate initial and overall tenderness, connective tissue amount, juiciness, and flavor 

intensity. 14 out of 33 muscles reached a goal of 95% consumer acceptability for juiciness. 

These muscles included the rib fingers, Flat Iron, blade eye, short rib, skirt, tenderloin, cross 

rib cap, tri-tip, ribeye cap, flap meat, rib cap (top portion), and exterior cap (vastus lateralis 

(VL), biceps femoris (BF) and GR). Out of these 14 cuts the ribeye cap (6.60), and short ribs 

(6.59) were determined to be the juiciest, but moderately undesirable in flavor liking. Past 

research also performed by Jeremiah et al. (1971) does not share similar results which stated 
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that the sirloin tip eye and outside flat were juicier than the exterior cap and eye of the round. 

Current studies share comparable results when comparing sensory traits between the LD and 

various muscles from the found round. The GR, SAR, and VI shared the most similarities to 

the LD, while the adductor (AD), semimembranosus (SM), and VL differed (Anderson et al., 

2012; Jung et al., 2016). 

 Muscle fiber types 

Muscle fiber types vary throughout each sub-primal within the carcass and have also 

been determined to even change orientation and direction within an individual muscle (Hunt 

and Hedrick, 1977; Totland et al., 1988). Cuts found within the chuck can have a lower 

sensory rating for overall palatability due to directional changes in muscle fibers (Lepper-

Blilie et al., 2013). Muscles located within the round tend to show similarities to each other 

yet, have different fiber types and tend to differ in sensory properties (McKeith et al., 1985; 

Kirchofer et al., 2002; Jung et al., 2016). Muscles located within the same beef cut also can 

differ in tenderness and other palatability attributes (Jung et al., 2016). Kirchofer et al., (2002) 

characterized the muscle fiber types of 12 muscles from the round and 26 muscles from the 

chuck. The purpose of this experiment was to profile fiber-types from the small muscles of 

these primals that are often used in further processing or value cuts. Results determined 

majority of muscles located in the round were classified as white fiber types (9 of 12). Fiber-

type found within the chuck tended to have more variation between each muscle; red fibers 

(10 out of 26), intermediate (9 out of 26), and white fiber type (7 out of 26). The variation of 

muscle fiber-types throughout the different cuts, had reflected additional results that have 

found the muscle fibers to affect the outcome of meat quality and desirability to consumers 
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(Kirchofer et al., 2002). Anderson et al., (2012) also reported how different muscle cuts 

tended to differ in sensory scores based on fiber type when compared to the LD. Among the 

AD, GR, SAR, SM, VI, and VL were found that their fiber type and pH level were 

determined to be the reason for the various outcomes in sensory ratings. One of the most 

notable muscles examined was the VI. The VI at 14d aging was recorded to be lower in 

tenderness and chewiest scoring when compared to rating of the LD. Yet, no differences were 

determined between the VI and LD for flavor and juiciness. The VI is found in the round and 

primarily composed of type I muscle fibers. Type I fiber types can create a degradation during 

aging to slow down. With the lower amount of degradation in the VI, this can than resulted in 

the lower rating of tenderness and consumer determining the round muscle creating the 

consumer’s response of the VI to be chewy (Anderson et al., 2012).  

  In relation to meat quality, structural differences associated with different fiber types 

or variation in fiber types, have been determined to change the physical properties within 

various cuts of meat, ultimately creating a change in consumer overall liking and acceptability 

(Totland et al., 1988; Kirchofer et al., 2002). Totland et al., (1988) discovered muscle fiber 

types within the SM typically change between layers, and from the medial to lateral end. The 

medial region contained more type I fibers and less IIB fibers than the lateral portion. Type I 

fibers were also found in the deeper layers, while IIB composed the superficial region of the 

muscles. Type I muscle fiber have been characterized as having a smaller diameter, high 

oxidative metabolism, and lower glycogen content (Lawrie, 2006). Each of these expressed 

traits helped Totland et al., (1988) create a conclusion that tenderness could be affected by the 

change in muscle fiber- type directly within one muscle. Tenderness was said to potentially be 
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compromised, as the SM contains a larger surface area and fibers located in the deeper layers 

becoming more glycolic. A similar study conducted earlier on, Hunt and Hedricks (1977), 

looked at fiber-type and sensory measurements within five bovine muscles (LD, PM, GM, 

and the inner and outer potions of the semitendinosus (SET) and SM). Results determined the 

PM had the reddest fiber type and longest sarcomere length, while the outside SET contained 

the whitest fiber type among all muscles and lowest water holding capacity. Loin and rib 

muscle, like the PM, contain more red fiber types than round muscles like the SET. These loin 

and rib muscles also showed to contain a higher percentage of fat development. The increase 

in intra-muscular fat (IMF) can affect and lower the palatability (O’Quinn et al., 2012). As 

marbling increases, there is a decrease in white fibers present. Therefore, muscles with an 

increase in white fiber tend to contain more connective tissue, less intramuscular fat, and will 

be tougher compared to those muscle comprised of red fibers (Calkins et al., 1981; Kirchofer 

et al., 2002).  

Quality grade 

Intramuscular fat content among individual muscles has traditionally been thought to 

affect overall palatability of retail beef cuts (Joo et al., 2013). As the marbling (fat) increases, 

a positive effect is shown between consumers and trained panelists’ ranking for the 

relationships with beef tenderness, juiciness, flavor and overall palatability (Smith et al.,1985; 

O’Quinn et al., 2012; Emerson et al., 2013; Corbin et al., 2015). Fat content found in muscle 

tends to increase linearly, with marbling scores increasing as well. Past studies have 

determined the amount of fat (marbling) present in specific cuts will reflect the outcome of 

overall eating quality to have a low to moderately relationship towards tenderness, juiciness, 
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and flavor (Tatum, 2015). Emerson et al., (2013) determined that by using several degrees of 

marbling and sensory attributes, instrumental marbling scores and sensory evaluation will 

have a moderately to strong correlation to sensory traits; juiciness (r = 0.67), tenderness (r = 

0.63) and meaty/ brothy flavor intensity (r = 0.57). As marbling increased, juiciness ratings 

also increased (Neely et al.,1998; Lorenzen et al.,1999), creating a 45% variation of panel 

rating of juiciness acceptability. Similar results in juiciness were determined by O’ Quinn et 

al., (2012); as quality grade (fat) decreased, juiciness decreased as well. When using seven 

different quality grade treatments; US sourced product included: Prime, High and Low 

Choice, Select and Standard. Australian sourced Wagyu and a short-term grain-fed treatment 

were also included.  Consumer ratings for juiciness acceptability showed no differences 

among the 5 highest quality grades, while lower quality grades (Standard and Australian 

grain-fed) were deemed the least juicy and acceptable. The Wagyu, Prime and High Choice 

treatments were also rated more desirable in flavor and the most tender cuts when compared 

to the Low Choice, Select, Standard, and Australian grain-fed. Overall, the amount of fat 

content present reflected to be associated with all consumer ratings; overall liking (r = 0.28), 

tenderness (r = 0.31), flavor (r = 0.25), and juiciness (r = 0.37). Yet, these results also stated 

that overall liking was determined to be influenced primarily by how flavorful (r = 0.88) 

consumers found the cut to be at each perceived quality grade level (O’ Quinn et al., 2012). 

Corbin et al., (2015) evaluated only tender beef strip loins from 10 different treatments to 

minimize a halo-effect created by consumer ratings of tenderness and the influence that flavor 

can have in sensory analysis. Among the different treatments, a wide range in fat content was 

evaluated; Standard contained 1.96% fat and Australian Wagyu had the most fat of 26.64%. 
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The variation in fat levels played a significant role in consumer evaluation. Tenderness, 

juiciness, flavor, and overall liking was found to be positively associated with fat content, 

especially the treatment of higher marbling levels (Prime, Australian and American Wagyu). 

Previously to the study, a threshold of tenderness was determined and required for each strip 

being evaluated; WBSF level of < 3.4 kg. When consumers were asked to rate tenderness, the 

interaction between other traits (juiciness and flavor), and the amount of fat content became 

one of the main influencers on the outcome; tenderness decreased as quality grade increased. 

Trained panelist results indicated how the importance of flavor can influence overall liking. 

Fat content was not the main influential component for trained panelist, as flavor became 

more important when negative attributes are determined. The grass-finished samples, which 

had the lowest flavor and acceptability rating, even with fat percentage relating to the Select 

strip loins evaluated.  

More recent studies observing small collections of beef muscles of one or two quality 

grades has been observed with a primary focus only on tenderness and flavor (Hunt et al., 

2014; Legako et al., 2015). In Hunt et al., (2014) sensory outcomes, especially flavor, 

influenced the percentage of IMF, collagen, protein, and moisture. Similar to O’Quinn et al., 

(2012), overall liking was found to be associated with proximate measures and increasing 

IMF among all muscles. Moisture percentage showed the most interaction between muscle 

and quality grade, contributing to consumers acceptability to juiciness, flavor, and overall 

liking. Among four different beef muscles, the SV Top Choice was found to be more 

desirable in consumer ratings for juiciness than any other muscle × quality grade interaction. 

The outcome could be contributed to how the SV contained almost double the amount of IMF 
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in Select and Top Choice cuts, then the GM, SM, and longissimus lumborum (LL). A similar 

muscle × quality grade interaction was determined during trained panel evaluation of juiciness 

was demonstrated by Lorenzen et al., (2003). This study examined four different quality 

grades (Top Choice, Low Choice, High Select and Low Select) and three different beef 

muscles (top loin, top sirloin, and top round steak). The Top Choice, top loin was scored the 

highest across all factors trained panel assessed (muscle fiber tenderness, juiciness, flavor 

intensity, and connective tissue), the top round across all quality grades was rated the lowest. 

Warner-Bratzler tenderness testing reflected a similar outcome determined by trained panelist. 

Across all quality grades, the top loin ranked the most tender (2.6, 2.6, 2.8, 2.7) and top round 

the toughest (3.8, 3.7, 4.0, 4.0). Legako et al., (2015) evaluated palatability and volatile beef 

flavor among four beef muscles (LL, PM, SM, and GM), across five USDA quality grades 

(Prime, Upper 2/3 Choice, Low Choice, Select and Standard). A muscle × quality grade 

interaction was shown for consumer juiciness, flavor liking, and overall liking. In juiciness 

and flavor liking, the interaction resulted from lower ratings for Low Choice PM and SM 

samples, with Select and Standard rating significantly higher.   

Quality grade as compared to yield grade and weight of carcass has had the most 

common effect on chemical composition (Fat, Moisture, and ash) in muscles from the chuck 

and round (Von Seggern et al., 2005). The interaction between fat and moisture is one of the 

most importance factors for consumers perception for juiciness (Von Seggern et al., 2005). 

Moisture content tends to decrease as an increase in marbling score is shown, creating a 

positive relationship with bound water percentage that will eventually be released (Romans et 

al. 1965a; McBee & Wiles, 1967; Hendrick et al 1981; Brackebush et al. 1991; Von Seggern 
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et al. 2005). Brackebush et al., (1991) showed how fat content in the LD compared to 14 

additional beef muscles. Each muscle was found to be related to each other when measuring 

percentage of fat, moisture, and protein. As expected, relationships between the muscles were 

also linear to subjective marbling scores, as well as lipid content present within the LD. These 

linear relationships agreed with results shared by Garrett and Hinman (1971). In both studies 

the IF, SV, LD, GM, SM, and AD fat content showed to correlated with increasing marbling 

scores. In addition, Brackebusch et al. (1991) also established prediction equations for 

marbling score of each muscle, based on the linear relationship of LD IMF and muscle IMF. 

When the equations were applied to the 14 individual muscles, the R2 values ranged from .68 

to .78 percent fat.  

Cook loss can be created by variation of quality grade or marbling in raw meat, cook 

temperature, and cooking methods (Aaslyng et al., 2003). When comparing quality grade and 

cooked beef palatability, a higher fat content present will retain more juice within the steak 

during cooking, creating a higher rating of tenderness and juiciness (Smith et al., 1985).  One 

of the largest effect on consumer palatability and rating of juiciness can be contributed to 

degree of doneness (DOD), as well as different cooking methods (Cox et al., 1997; McKenna 

et al., 2004; Lucherk et al., 2016).  The insurance theory allows for a higher level of marbling 

to reach a higher DOD without affecting the ultimate palatability. With the increase in 

marbling and quality grade there is a greater assurance that palatability and overall eating 

experience will not be affected. Lucherk et al., (2016) determined that marbling played a large 

role in the increase in juiciness perception as the DOD increased (rare to well-done).  The 

study observed the increase in DOD in the strip loin across five quality grades (Prime, Top 
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Choice, Low Choice, Select and Standard). Results showed that consumer panelists were able 

to determine a decrease in tenderness, juiciness, and overall acceptability as moisture was loss 

during cooking to the higher DOD.  Among all DOD, the Select and Standard samples rated 

similar to each other with both quality grades consisting of the lowest sensory ratings. When 

cooked to rare and medium, the Prime, Top Choice, and Low Choice samples were found by 

consumers to be similar. Moreover, when cooked to well-done, Prime was found to be more 

acceptable than Top Choice and Low Choice, which no difference were detected between the 

two. Trained panelist attributes of initial juiciness, sustained juiciness, initial tenderness, and 

sustained tenderness values decreased, as DOD increased. Yeh et al., (2017) evaluated cook 

loss percentage for the IF (bonanza cut), SUB, GM and REC, and determined the value-added 

cuts (IF and SUB) had a lower cook loss (20.99 and 21.37%) than the sirloin cuts (GM and 

REC; 24.87 and 23.57%). The lower IF cook loss percentage was determined to be influenced 

by the fat and moisture content present in the cut. This influence also affected the outcome of 

sensory ratings, as the IF was determined to be superior in juiciness and tenderness, compared 

to all other cuts.  

UNDERSTANDING OBJECTIVE AND SUBJECTIVE JUICINESS 

Juiciness defined 

Juiciness can be termed as the amount of free water influencing mouth sensations as 

moisture releases from the meat when pressure is applied by the teeth (Ritchey and Hostetler, 

1963). The application of pressure that creates juice emission is determined as the initial and 

sustained phases. Initial juiciness occurs during the first few chews when fluids are first 

released, while sustained juiciness is slowly release from fat and interaction among salivary 
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flow (Lucherk et al., 2017; McKillip et al., 2017). Beef eating experience is defined through 

palatability traits of tenderness, juiciness, and flavor. Tenderness and flavor have been 

determined to be the main influences in consumer eating satisfaction, as they each become 

important when the other is favorable (Savell et al., 1987; Calkins and Sullivan, 2007; Corbin 

et al., 2015). While, fewer studies and knowledge have been able to define the importance of 

juiciness in relation to beef palatability (Aaslyng et al., 2003). With several past studies 

clearly defining objective and subjective measures for the palatability trait of juiciness, 

objective measurements including: shear force, compression, and cook loss could help the 

prediction of sensory juiciness scores (Perry et al., 2001). The amount of IMF content found 

in press fluid (Simers and Hanning, 1952), pH, enhancements, cooking methods, and degree 

of doneness also can have an effect of overall juiciness within a cut (Montgomery and 

Leheska, 2008; Lucherk et al., 2017).   

Juiciness measurements 

 Different water holding capacity (WHC) objective measurement methods have been 

used to measure the amount of unbound water within a muscle, as well as indicate the amount 

of moisture content present (McKillip et al., 2017). Different methods used to measure WHC 

are essential for quality assurance, effectiveness of production and process, and further 

research in meat products (Honikel et al., 1998). Measurements of WHC have been classified 

in four different approaches in determining objective juiciness: mechanical (applied pressure), 

gravimetric (Drip-Loss, and cook loss), absorptive (filter paper methods), and centrifugal 

(Honikel, 1998; Otto et al., 2004). With variations among each of these measures, little 
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correlation has been determined between objective measures and sensory evaluation of 

juiciness, until recently through the press juice percentage method (Lucherk et al., 2017).  

Mechanical press measurements are one of the first WHC methods developed and first 

reported by Child and Baldelli (1934,1935). Their investigations used a hydraulic press 

termed the pressometer, which measured the amount of muscle fluid that is pressed out in 

each sample. Muscle sample sizes of 2 to 3 gm were collected from one tender muscle (PM) 

and one tough muscle (BF). Each sample was wrapped in an un-sized filter cloth and pressed 

to a pressure of 250 pounds. Each sample was then rated for the quantality of press fluid or 

juice; based on the weight loss of the samples. Overall, the results from the pressometer 

demonstrated no significant difference between the two different muscles used, as well as 

quality of fat present and length of pressure applied were also found to be non-significant to 

each other.  In the 1950’s a more advanced compression method, Carver-press, was 

developed; a version of the Harrison et al., (1953) hydraulic press. The press method 

determined the amount of free water that is released from moisture and bound water, press 

fluid. Sanderson and Vail, (1962) was able to conduct two different experiments using the 

Carver-Press according to similar methods previously performed by Wierbicki and 

Deatherage (1958). The first experiment tested used a 1- minute press method, using 0.5 g of 

cooked samples placed within two pieces of aluminum foil. The enclosed sample was then 

placed on top of filter paper and placed in between 2 plexiglass plates and pressed at a 

specific pressure for 1 minute. After application of pressure, the cooked sample was removed 

and re-weighed to determine the amount of free water released. The second experiment 

applied pressure for fifteen-minutes, using the same protocol but with modifications used 
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earlier by Harrison et al., (1953).  The 1- minute method released more press fluid, but a 

correlation was determined between both experiments, r = 0.89, respectively (Sanderson and 

Vail, 1962). 

Van Oeckel et al., (1999) examined another type of application of pressure method, 

examining the amount of press fluid that is released, the filter paper method. This method is 

one of the cheapest and quickest methods in determining WHC, as well as easily demonstrates 

the amount of free fluid present on the surface of a cut (Kauffman et al, 1986). In this study 

the filter paper press method was able to resemble juice released during mastication when 

examining three different expressions and a four-on-line filter paper press method to 

determine correlations to juiciness. With each of these WHC methods, the use of the filter 

paper press method is one of the best methods to use on an on-line method, as it is can predict 

dryness of a sample (Van Oeckel et al., 1999). When conducting this method, Van Oeckel et 

al., (1999) used the modified filter paper press method by Grau and Hamm et al., (1952). A 

300-mg homogenized sample was placed on filter paper in between two pieces of plexi-glass 

and pressed for 5 minutes under 1 kg of pressure. The filter paper then was removed and re-

weighed after 2 seconds. Measurements were recorded based on the weight of the absorbed 

water on the filter paper. Three different filter paper method expressions were then calculated 

to determine the press fluid: M/ RZ (Pressed meat/ difference between areas), M/T (pressed 

meat/ wet area on filter paper), RZ (difference between areas). Each expression measured was 

found to be associated to each other and found to be significantly correlated to consumer 

juiciness. With each expression correlated to juiciness scoring, the M/ RZ (r = 0.28) and M/T 
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(r = 0.27) were more associated (P > 0.05) with juiciness scores than RZ (r = -0.24) 

expression.  

Lucherk et al., (2017) measured 21 raw objective measures and 17 cooked objective 

measures for juiciness, with introducing a new objective measure of juiciness, the Pressed 

Juice Percentage (PJP) method. Through results PJP was recorded to be the most effective in 

determining a relationship between objective measure and sensory evaluation of juiciness. 

The PJP method was developed by Lucherk et al., (2017), and tested again for accuracy and 

repeatability by McKillip et al., (2017). The method uses a 1-cm × 1-cm cooked sample 

between two pieces of filter paper. The sample is then pressed for 30 s under 78.45 N (8 g) of 

pressure. The following weights were recorded pre-and post-press: sample, dry filter paper, 

unpressed sample + filter paper and wet filter paper. Moisture loss during compression was 

then calculated using the developed equation: [(Wet filter paper- filter paper)/ (dry sample + 

filter paper) = Press juice percentage]. Lucherk et al., (2017) determined PJP and cook loss 

contained the strongest correlation with consumer juiciness (r = -0.75), initial trained juiciness 

(r = 0.69), and sustained trained juiciness (r = - 0.73). Similar results were later shown in 

McKillip et al., (2017) determining the similar correlation between PJP and consumer 

juiciness (r = 0.55), trained initial juiciness (r = 0.59), and trained sustained juiciness (r = 

0.57). These results determined that PJP was a repeatable measure, as it demonstrated a high 

coefficient (0.70), leaving the additional 0.30 to represent how much variation in juiciness 

could occur in each sample evaluated (McKillip et al., 2017). Accuracy of the PJP method 

was also observed. After obtaining PJP and sensory juiciness values, Lucherk et al., (2017) 

created a regression-based model to determine threshold levels that could predict the likeness 
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of consumers rating samples juicy based on PJP. The threshold concluded that if a low PJP 

value of 14.64% = < 50% chance of consumers rating juicy and a high prediction PJP values 

of >23.25 % = > 90 % chance of consumers rating juiciness. The accuracy of this threshold 

was reexamined by McKillip et al., (2017), which found the threshold levels to be acceptable 

in able to establish only consumer and trained initial juiciness among the strip loin.   

Another good indicator of WHC is through gravitational methods, such as drip loss 

and cook loss (McKillip et al., 2017). The drip loss method uses raw individual samples of 

150 g, free of external fat and connective tissue and are then hung by a nylon cord in a plastic 

bag in a low temperature (4oC) for 48 hours to obtain results (Honikel et al., 1998). This 

WHC method is one of the simplest method to use, but also very time consuming (Von 

Oeckel et al., 1999). Drip loss occurs when a pressure is exerted through gravity and 

shrinkage when stored. As drip loss exceeds certain yields, drip loss will then cause meat to 

change in appearance as well as result in low consumer acceptability (Otto et al., 2004). Perry 

et al., (2001) conducted two different experiments looking at objective measures; shear force, 

compression, drip loss, and cooking loss; sensory tenderness and juiciness were evaluated 

also. In experiment one, drip loss had no association (P > 0.05) to sensory tenderness and 

juiciness, yet in experiment two, a poor relationship to juiciness was found (r2 = 0.03). 

Results were compared to Davis et al., (1975), who also determined that drip loss and 

juiciness contained a slightly correlated (r = -0.09) with how consumers rated juiciness. 

Additional drip loss modifications methods (EZ-DripLoss) have been used and are 

recommend method for routine testing (Otto et al., 2004; Correa et al., 2006). Using the 
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modified EZ-DripLoss method (48h storage and dabbing samples before weight) have been 

proven to strengthen accuracy of results (Correa et al., 2006).  

Effects on WHC and juiciness ratings 

The composition water found within meat has been shown to influence palatability of 

flavor, juiciness, and tenderness (Ritchey and Hostetler, 1963). Hydration properties of meat, 

expressed by the WHC, can determine the ability of water retention within a cut. Water 

retention predicts juice emission and changes tenderness, juiciness, flavor, pH level, texture 

and appearance during cooking, and sensation of chewing (Offer et al., 1989; Boakye et 

al.,1992). Water can be held within and between myofibrils, within the cell membrane 

(sarcolemma) and between muscle bundles. Each of these areas contain addition 

“compartments” in which drip occurs (Huff-Lonergan et al., 2005). Within muscles, water is 

contained and classified three separate ways; bound, immobilized, or free. Bound water is 

held within the tissue and has been shown to influence tenderness, juiciness, and flavor 

ratings (Huff- Lonergan et al., 2005). As heat is applied, bound water is released within the 

muscle as expressible juice, creating a higher percentage of free water (Ritchey et al.,1963). 

Numerous works (Hamm.,1960; Cover et al.,1962b; Ritchey et al.,1963) have determined that 

61% of bound water is found among the raw state, while free water composes an additional 14 

% of water. Total water composition changes can only occur once reaching a temperature 

medium-well degree of doneness (74°C); at this DOD evaporation can occur from the present 

moisture and free water collects on the surface of the meat (Ritchey et al.,1963). This 

evaporation process during heat application allows the water composition to create a physical 

and dimensional change to the steak, such as shrinkage, shortening, and loss in weight. Loss 
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of weight between raw and cooked product is defined as cook loss; the chemical and physical 

changes that occur during cooking, effecting WHC and juiciness ratings (Van Oeckel et al., 

1999). Cook loss can be determined by the following formula: [(initial raw weight)- (final 

cooked weight) = Cook Loss]. Factors that contribute to cook loss can be the denaturation of 

proteins, cell membranes, shrinkage of muscle fibers and connective tissue, and DOD 

(Honikel, 1998). As heat is applied the weight of the steak changes due to a shift in the 

conversion between bound and free water present (Ritchey and Hostetler, 1963). The length, 

width, and thickness will begin to decrease or increase as the muscle fibers and muscle 

bundles begin to change. With the movement of muscle fibers, more water loss occurs 

creating shortening and shrinkage also to also occur (Ritchey et al., 1963).  Ritchey and 

Hostetler, (1963) examined the reasons why beef cuts tend to decrease in size and dimension 

during application of heat. The study examined the fiber orientation and universal 

characteristics from both the LD and BF. Each cut was cooked to various DOD (61°C, 68°C, 

74°C, 80°C), and measured for weight loss, loss of bound and free water, and dimensional 

changes. In the LD and BF, the highest percentage of loss across each measure occurred 

between 74°C - 80°C, with loss of free water percentage eight times higher than the other 

DOD, 5.4% (LD) and 7.3 % (BF). At a lower DOD the LD resulted in a lower amount of free 

water loss, as the conversion of bound to free water also equaled total weight loss. Juiciness 

and softness components in the LD and BF were also recorded. In both muscles, as 

temperatures increased, juiciness and softness decreased. These results reflected the 

previously stated results of more free water loss occurring at a higher DOD. The change in 

subjective scoring and physical differences can be contributed to the internal temperature and 
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the cooking length between the two muscles. The BF took longer than the LD to reach the 

correct internal temperatures; the extended time allowed for an increase of free and bound 

water to be loss. Even with the variation of cooking length, both the LD and BF showed 

physical changes. At all DOD both the LD and BF became thinner. Yet, at lower temperature 

ranges the BF became narrow and longer in dimensions, while the LD became wider and 

shorter in length. Fibers found within the LD tend to fan out from the medial of the steak 

toward the edge of the steak at a 45° angle. While fibers found within the BF tend to run the 

length of the steak parallel with the surface cut creating 90° fibers angle. The distinct 

differences in fiber orientation contributed to the direction water would be released and shift 

during cooking, ultimately creating the change in dimensions for each cut. Ritchey and 

Hostetler, (1963) determined sensory differences based on cook loss. More weight loss 

occurred in the LD as temperature began to increase from 61°C to 68°C to74°C, with a 

dramatic increase from 74°C to 80°C. In each of these examined temperatures, the change in 

DOD was determined the only factor to be affecting subjective scores of juiciness and 

softness during eating experience were significantly related to change in reference to DOD. 

When a high amount of cook loss occurs, a lower eating quality is created, causing a negative 

correlation to consumer juiciness (Aaslyng et al., 2003). These high cook loss percentage 

muscles usually contain higher levels of connective tissue content, which tend to have a 

positive relationship when moisture is release during cooking due to gelatinization; with an 

opposite effect occurring among muscles with low amounts of connective tissue (Cheg and 

Sun, 2008). 
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In the raw state free water is often expressed as purge content. Purge is defined as the 

fluid that is lost in fresh meat and is made up of water soluble protein myoglobin and 

additional water-soluble nutrients. In raw products purge is acceptable at 1 to 2 % and 

becomes excessive greater than 4 %. The higher the purge percentage, the higher possibility 

of content effecting pH, color, and myofilament spacing within a cut (Huff-Lonergan et al., 

2005). Colle et al., (2016) evaluated post-fabricating aging within the BF and SM, to observe 

differences in quality characteristics and sensory perceptions. The longer the muscles aged the 

higher the percentage of purge present; at 63d purge was found to be excessive with BF at 

3.68% and SM at 6.11%. A longer aging and storage period showed to create more moisture 

lost and excessive amount of free water present. Consumer sensory evaluation was also 

recorded for these two muscles. Across 5 different aging periods, the BF showed no 

differences in flavor and juiciness, yet consumers found flavor the be the most acceptable 

across the first four aging periods (2, 14, 21, 42), while at 63d juiciness was the most 

acceptable.  

Consumer and trained sensory properties of juiciness 

Research measuring juiciness has been primarily reported through consumer and 

trained sensory evaluations. Sensory panelist perception of juiciness is influenced partially by 

stimulation of salivary glands, as well as the actual juiciness of the meat (Judge et al., 1989). 

A masking effect can occur in consumer rating of juiciness if tenderness is defined as 

unacceptable (Montgomery and Leheska, 2008; O’Quinn, 2018). It is plausible that an 

increase or decrease in tenderness or flavor acceptability may have an influence on how 

consumers rate juiciness. As tenderness reaches an acceptable level, flavor became the next 
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most important driver for beef eating satisfaction (Corbin et al., 2015).  O’Quinn et al., (2018) 

examined a collection of consumer studies in order to provide a relationship of tenderness, 

juiciness, and flavor to the consumers overall eating experience. As one palatability trait fails, 

the chance for failure increases among overall palatability. When juiciness is deemed 

unacceptable, the overall palatability chance of failure then becomes 17.1 times higher. When 

comparing juiciness acceptability to attributes of tenderness or flavor, the risk of failure then 

becomes extremely high, with overall palatability failure increases 92 and 294 times. Hunt et 

al., (2014) reported overall liking to correlate with all consumer attributes; juiciness being the 

lowest correlation (r = 0.68). Corbin et al., (2015) also found juiciness and overall liking to be 

highly correlated (P > 0.05) to each other, with flavor correlating the highest (r = 0.93, 0.96). 

Lastly, Lucherk et al., (2016) also determined consumer juiciness to be highly associated to 

consumer overall liking (r = 0.81), initial juiciness (r = 0.62) and sustained juiciness (r = 

0.63) assessed by trained panelist.  

With research about the variation in sensory juiciness among muscles being limited, 

McKeith et al. (1985) was able to determine small differences among thirteen different 

muscles (SM, AD, BF, TB, IF, GM, PM, SET, rectus femoris, longissimus- loin, longissimus-

rib, pectoral and supraspinatus). Panelists determined that flavor and tenderness were the 

largest contributors in a muscles desirability; with loin and rib cuts the most tender. In 

juiciness evaluation, the IF ranked the highest, being closely related to five other muscles. 

Additional muscles were found to be inconsistence and juiciness varied between muscles 

from the same wholesale cut. The pectoral and SET was classified by panelist as the toughest, 

least juicy and least desirable in flavor. The effect of quality grade and intramuscular fat on 
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palatability traits was exhibited in Hunt et al., (2014). Among four different muscles (GM, 

SV, SM and LL) consumer panelists found overall liking to be highly correlated with 

juiciness and flavor, when tenderness was found acceptable. Consumers ranked the SV and 

GM as the most acceptable for juiciness, yet top choice SV was found to be the most 

acceptable for juiciness, compared to all other muscle × quality grades treatments. Hunt et al., 

(2014) also stated that the desirability of flavor and juiciness scores could be used to improve 

the overall liking and acceptability of less tender cuts, like the SM.  
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CHAPTER II 

EVALUATION OF PALATABILITY THROUGH OBJECTIVE 

AND SUBJECTIVE MEASURES AMONG MULTIPLE BEEF 

CUTS 
 

ABSTRACT 

The purpose of this study was to determine the palatability characteristics of multiple 

beef cuts of three different quality grades. Five different beef sub-primals representing three 

USDA quality grades were utilized for the study: strip loins (IMPS #180), inside rounds 

(IMPS #169), bottom rounds (IMPS #171B), shoulder clods (IMPS #114), and chuck rolls 

(IMPS #116); Prime, Choice, and Select; (n = 10 / quality grade). Sub-primals were fabricated 

into the longissimus dorsi and eight different muscles: longissimus dorsi, complexus, and 

spinalis dorsi, (LCS); infraspinatus; serratus ventralis; triceps brachii; teres major; adductor; 

semimembranosus; and biceps femoris. The raw pH and percentage of fat, moisture, protein, 

and collagen was determined for each cut. Additionally, cooked steak measurements included: 

Warner-Bratzler shear force (WBSF) and slice shear force (SSF). Consumer and trained 

sensory panelists evaluated the palatability traits of each cut and quality grade combination. A 

cut × quality grade interaction (P = 0.03) was detected by trained panelists for overall 

tenderness, SSF (P = 0.02), proximate measures and pH (P < 0.05). In all objective and 

subjective measurements of tenderness, the LCS was the most (P < 0.05) tender, while cuts 

from the round (biceps femoris, adductor, and semimembranosus) were among the toughest 

and least juicy. Conversely, consumers and trained sensory panelists identified the LCS, 
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infraspinatus, and serratus ventralis to be juicier (P < 0.05) than all others. The triceps brachii, 

teres major, and longissimus dorsi were perceived by consumers most often as everyday 

quality cuts. The LCS was found by consumers to be the most acceptable (P < 0.05) across all 

attributes, with the semimembranosus the least (P < 0.05) desirable cut. For each cut, fat 

percentage was the highest (P < 0.05) in Prime cuts. Slice shear force determined Choice 

infraspinatus, longissimus dorsi, semimembranosus, and serratus ventralis to be more tender 

(P < 0.05) than Select and Prime. The WBSF values decreased (P < 0.05) across all muscles, 

as quality grade increased (Prime < Choice < Select). Through objective and subjective 

evaluation, differences in sensory attributes were determined among the longissimus dorsi and 

eight beef cuts across three quality grades. In addition, the study determined the triceps 

brachii and teres major to share similar sensory properties to the longissimus dorsi.  

INTRODUCTION 

When evaluating meat quality, palatability traits such as tenderness, juiciness, and 

flavor all are extremely important in influencing the consumer’s perception, acceptability, and 

purchasing habits towards various cuts in the beef carcass (Savell et al., 1987; Miller et al., 

2001; Montgomery and Leheska, 2008). Based on previous research, beef muscles from the 

chuck and round, have been determined to be marketed best by grinding, low-end roasts and 

steaks, as chuck and round cuts are perceived to have a lower eating quality compared with 

muscles from the beef rib and loin (Kukowski et al., 2005; Lepper-Blilie et al., 2014). 

However current research has speculated that specific muscles from the chuck (infraspinatus, 

serratus ventralis, triceps brachii) and the round (gracillus, sartorius, and vastus intermedius) 
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potentially could share a similar eating quality to the strip loin and ribeye, yet at a lower cost 

(Kukowski et al., 2004; Lepper- Blilie et al., 2014; Yeh et al., 2017).  

Through basic muscle profiling, objective tenderness, and distinct sensory measures, 

the Flat Iron (infraspinatus), Denver (serratus ventralis), and Delmonico (longissimus dorsi, 

complexus, and spinalis dorsi) have been defined as value-added cuts, as they each have the 

potentially be marketed as individual steaks (McKeith et al.,1985; Kukowski et al.,2004; Von 

Seggern et al., 2005). These cuts have been further identified by the Beef Checkoff as three of 

sixteen next generation value-added cuts, also termed as National Cattlemen Beef Association 

(NCBA) Beef Innovation cuts (National Cattlemen’s Beef Association, 2012). Many of these 

Innovation cuts have previously been evaluated (Jeremiah et al., 2003; Lepper-Blilie et al., 

2014; Hunt et al., 2014; Jung et al., 2016 and Yeh et al., 2017) as individual muscles or in 

small collections of other cuts from the chuck and round. However, little information is 

available regarding differences among Innovation cuts in palatability attributes and overall 

eating quality when compared across multiple USDA quality grades. Past studies have 

extensively researched the strip loin, marbling content, and various USDA quality grades. 

Based on those studies, marbling content among the strip loin has been established to relate to 

the overall eating experience, with consumers perceiving the strip loin as a premium quality 

cut (Savell et al., 1987; Emerson et al., 2013; Tatum, 2015; Corbin et al., 2015; Lucherk et al., 

2016). Therefore, the objective of this study was to evaluate and define differences in 

palatability using a traditional cut, the longissimus dorsi, and eight beef cuts across three 

quality grades. 
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MATERIALS AND METHODS 

Product 

 Beef sub-primals used in this study included: strip loins (IMPS #180), inside rounds 

(IMPS #169), bottom rounds (IMPS #171B), shoulder clods (IMPS #114), and chuck rolls 

(IMPS #116). Sub-primals were also represented across three different quality grades Prime, 

Choice (Small00 – Small100), and Select (Slight00 to Slight50); n = 10 / quality grade). Primals 

were collected from the right side of beef carcasses by Texas Tech University (TTU) and 

Kansas State University (KSU) personnel at a commercial beef processing plant in the 

Midwest and transported in a refrigerated (4 – 6 °C) truck to the TTU Gordon W. Davis Meat 

Science Laboratory in Lubbock, Texas. All sub-primals were aged for 21 d at 0 – 4°C under 

vacuum packaging. Following aging, each subprimal was fabricated into nine beef cuts. Cuts 

from each sub-primal were as follows: strip loin: longissimus dorsi (strip); bottom round: 

biceps femoris (Western Griller); top round: adductor (San Antonio), semimembranosus 

(Tucson); chuck shoulder clod: infraspinatus (Flat Iron), triceps brachii (Ranch), teres major 

(Shoulder Petite Tender); chuck roll: longissimus dorsi, complexus, and spinalis dorsi, (LCS) 

(Delmonico); serratus ventralis (Denver).  

Muscles were then cut perpendicular to the long axis of the cut, across the grain, into 

2.5 cm thick steaks. The most anterior (wedge) steak was cut prior to fabrication and 

designated as steak zero. Following the wedge steak, cuts were then designated a steak number 

(one through six) and assigned in a predetermined order either a subjective or objective 

measurement. The biceps femoris, adductor, semimembranosus, infraspinatus, triceps brachii, 

serratus ventralis, and longissimus dorsi were each assigned with steak zero (wedge) used for 
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proximate analysis and pH evaluation. Steaks one through six were assigned as followed: 

consumer sensory testing, trained sensory testing, Slice Shear Force (SSF), and Warner-

Bratzler Shear Force (WBSF) analysis. No LCS steaks were assigned to SSF analysis. For the 

teres major, steaks were only assigned to consumer and trained sensory analysis due to size 

limitations. All steaks were individually identified, vacuum-packaged, and frozen (-20°C) 

until subsequent analyses. 

Following freezing, steaks intended for consumer and trained sensory analysis were 

shipped frozen to KSU for evaluation. All nine beef cuts were used in sensory analysis. 

Objective measures (WBSF, SSF, proximate analysis, and pH measurement) were conducted 

at TTU.  

Proximate and pH analysis 

  The percentage of fat, moisture, protein, and collagen, as well as pH were determined 

for each raw sample. Steaks were thawed for 24 h at 4 – 6 °C prior to analysis. Any exterior 

muscles present, heavy connective tissue, and external fat was removed prior to grinding to 

leave only the muscles of interest. Samples were then cubed into approximately 2.5 cm size 

pieces and ground twice through a 4-mm plate (#12 2/3 HP Electric Meat Grinder, Model: 

MG-204182-13, Gander Mountain, Saint Paul, MN). Proximate analysis of raw steaks was 

conducted by an AOAC official method (Anderson, 2007) using a near infrared 

spectrophotometer (FoodScan, FOSS NIRsystems, Inc., Laurel, MD). From this method, the 

percentages of fat, moisture, protein and collagen were determined. 

 The pH was measured from a slurry mixture of 10-g of raw ground sample in 90 ml of 

distilled water. A filter paper (Qualitative P8 Fisherbrand Filter Paper, Fisher Scientific, 
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Pittsburgh, PA) cone was placed in the slurry and pH measurements were taken from the 

solution. The electrode (Jenway Model- 3510, 120 VAC, Cole-Parmer, Vernon Hills, IL) was 

raised and cleaned between each pH measurement with distilled water and low-lint Kimwipes 

(Kimberly-Clark; 34120, Uline, Pleasant Prairie, WI). 

 Cooked sample preparation  

Steaks were thawed at 2 – 4° for 24 h prior to testing. Following thawing, steaks were 

trimmed to remove external fat. Initial raw weights and temperatures (Thermapen Mk4, 

Themoworks, American Fork, UT) were recorded before cooking. Steaks were then cooked 

using an electric clamshell grill (Cuisiart Griddler Deluxe, model GR150, East Windsor, NJ) 

and were removed from the grill and allowed to rise to a medium degree of doneness (71oC) 

and a peak temperature was recorded. Immediately after cooking, each steak was re-weighted 

to calculate cooking loss. Cooking loss percentage was calculated using the following 

equation: cooked weight of the steak divided by raw weight of the steak, multiplied by 100.  

Warner-Bratzler shear force 

 Tenderness was evaluated using WBSF as described by the American Meat Science 

Association guidelines (2015). Each steak was cooked as described above, placed on a metal 

tray and overwrapped with polyvinyl chloride, and chilled for 24 h at 4- 6°C. Following 

chilling, 4 to 6 cores (1.3 cm in diameter) were removed parallel to the muscle fibers, 

randomly throughout the steak. In multiple-muscle steaks (LCS), 2 to 3 cores (1.3 cm in 

diameter) were removed from each muscle. Individual cores were then sheared at 200 

mm/min using a Warner- Bratzler shear machine (G-R Elec. Mfg., Manhattan, KS) with a 

calibrated digital force gauge attachment (Mecmesin BFG500N, G-R Elec. Mfg. Co.). The 
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peak force (kg) was recorded for each core, followed by taking an average tenderness value 

(kg of force) to determined tenderness for each steak.  

Slice Shear Force  

 Tenderness was evaluated using SSF as described by Shackelford et al. (1999) with 

the modifications outlined by USDA-ARS (2016) for multiple muscles. Each muscle followed 

a different method of cutting to obtain two or three slices for testing. Six of the seven muscles 

were cut according to the USDA-ARS slice shear force cutting protocol for twenty-two 

different muscles (USDA-ARS, 2016). A 5-cm long section from the medial portion of each 

steak was used to obtain two to three slice samples using either a 45°or 90° slicing block, 

based on muscle fiber orientation. In addition, SSF analysis for the serratus ventralis followed 

similar SSF protocols of muscles with the 45° fiber orientation. The anterior and posterior 

ends of the steak were removed to expose the muscle fiber orientation (45°). Following these 

initial cuts, two 5-cm by 1- cm thick cuts slices were made from both ends of the steaks using 

the 45° cutting guide and used for SSF determination. 

For each muscle, samples were center sheared perpendicular to the muscle fiber 

orientation at 500 mm/min per slice using a slice shear machine analyzer (GR-152, Tallgrass 

Solution, INC., Manhattan, KS). An average tenderness measurement (kg of force) was 

recorded for muscles with multiple samples.  

Consumer and trained sensory panel evaluation 

Consumer panels were conducted similar to methods utilized in several previous 

works (Lucherk et al., 2016; Wilfong et al., 2016; McKillip et al., 2017) and consistant with 

the AMSA Research guidelines for cookery, sensory evaluation, and instrumental tenderness 



Texas Tech University, Kara M. Nyquist, May 2018 

 

 

39 

 

measures of meat (AMSA, 2015). Panelists (n = 210) were recruited from Manhattan, KS and 

the surrounding communities and monetarily compensated for their participation. Panelists 

were provided with a ballot, plastic fork, toothpick, napkin, expectorant cut, cup of water, and 

palate cleansers (unsalted crackers and apple juice) to use between samples. Data was 

gathered using electronic ballots (Model 5709 HP Steam 7; Hewlett-Packard, Palo Alto, CA) 

which included a digital survey (Version 2417833; Qualtrics Software, Provo, UT) containing 

an information page, demographic questionnaire, beef steak purchasing behavior page, and 8 

sample ballot pages. Before the start of each panel, panelists were given verbal instructions 

about the electronic ballot and the use of palate cleansers. Steaks were cooked as previously 

described and cubed into1.27-cm pieces, with two pieces served immediately to each of 7 

predetermined consumers. Consumers were served a total of 8 samples representing 

differences in muscles and quality grades in random order. The predetermined serving order 

was designed as an unbalanced, incomplete block design so that every muscle × quality grade 

combination was compared as close to an equal number of times as possible. Attributes for 

each sample were ranked on a ballot with continuous-line scales for juiciness, tenderness, 

flavor liking, and overall liking. The zero anchors were labelled as: extremely dry, extremely 

tough, dislike flavor extremely, and dislike overall extremely; the 100 anchors were labelled 

as extremely juicy, extremely tender, like flavor extremely, like overall extremely, and neutral 

midpoints were provided for each scale. Also, each consumer was asked to rate each sample 

as either acceptable or unacceptable for each palatability trait. Consumers also identified each 

sample as either unsatisfactory, everyday quality, better-than-everyday quality, or premium 

quality. 
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Trained sensory analysis was conducted at KSU using an eight-member trained 

descriptive panel trained according to the Research guidelines for cookery, sensory 

evaluation, and instrumental tenderness measures of meat (AMSA, 2015). Panelists were 

trained over a period of two weeks immediately prior to sample evaluation using 

representative samples using the anchors described by Vierck (2017). A total of thirteen 

sessions were conducted, where panelist evaluated nine different sample, with a warm up 

steak sample served first for panelist palatability calibration. Panelists evaluated each sample 

based on initial juiciness, sustained juiciness, myofibrillar tenderness, connective tissue 

amount, beef flavor intensity, off flavor intensity, and overall tenderness on continuous line 

scales with verbal anchors at each end (0 = extremely dry/tough/ none/ bland, 100 = 

extremely juicy/tender/abundant/intense) and neutral midpoints anchored at 50% of the scale. 

All cooking procedures were identical to those described above.  

Statistical analysis 

 Statistical analyses were conducted using the procedures of SAS (Version 9.4; SAS 

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

GLIMMIX with α = 0.05. Sub-primal was used as the experimental unit. A factorial 

arrangement with cut, grade, and the cut × quality grade interaction as fixed effects was used 

as the model. For sensory data the model included the random effects of panel, and for both 

sensory and shear force analysis, steak peak temperature was used as a covariate. The SLICE 

option was further used for data that consisted of a cut × quality grade interaction. Pearson 

correlation coefficients were determined among all variables measured via PROC CORR 

using a significance of (P < 0.05). 
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RESULTS 

Objective measurements 

 A cut × quality grade interaction (P < 0.01) was detected for each proximate 

measurement, as well as pH (Table 3.1). This interaction indicates that the variation of quality 

grades can be detected within each cut evaluated. Within muscles the fat percentage increased 

(P < 0.05) as quality grades increased; except the adductor and triceps brachii, in which Prime 

rated higher (P < 0.05) than Choice and Select, which did not differ from each other. The 

adductor had the least variation (2.81%) in fat percentage between Select and Prime, while the 

serratus ventralis steak had the greatest difference (11.98%). Among all cuts and quality 

grades, moisture showed an inverse relationship with fat percent. As quality grades decreased, 

moisture levels increased (P < 0.05), with Prime steaks having the lowest (P < 0.05) amount 

of moisture within each cut. For many of the cuts, differences (P < 0.05) were found among 

quality grades for the percentage of protein, collagen, and pH, however, in most cases these 

differences were minor (< 3% for protein; < 1% for collagen; and < 0.1 for pH). Yet, among 

pH levels, the serratus ventralis was the only cut that differed (P < 0.05) among each quality 

grade, with Prime rating the highest.  

 The cooked analysis showed an interaction (P = 0.02) between cut and quality grade 

for SSF (Table 3.2). No differences (P > 0.05) were found among each quality grade within 

the triceps brachii and all cuts evaluated from the round (adductor, biceps femoris and 

semimembranosus). Among the infraspinatus, serratus ventralis, and longissimus dorsi, 

Choice cuts sheared more tender (P < 0.05) than Select and Prime. Table 3.3 presents the 

WBSF means for the main effects of cut and quality grade. As quality grade increased, WBSF 
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values also decreased (P < 0.05; Prime < Choice = Select). The LCS was the most tender (P < 

0.05) among cuts, while the semimembranosus was found to be the toughest (P < 0.05). The 

infraspinatus, longissimus dorsi, and serratus ventralis were similar (P > 0.05) in tenderness 

and sheared lower (P < 0.05) than the adductor, triceps brachii, and biceps femoris cuts.   

Consumer demographics 

The demographic profile of consumers tested in Manhattan, KS for this study are 

presented in Table 3.4. Slightly more males (54.1%) participated in the study than females 

(45.9%). The age of the consumers was distributed from 18-65, with most (34%) of the 

consumers falling in the 20 – 29 age range. The majority (84.1 %) of consumers were 

Caucasian. Each annual household income bracket was represented by consumers tested, but 

the largest number of participants (21.6 %) was represented in the $50,000 - $74,999 range. A 

majority of consumers had at least a college level degree (63.2%). When asked how many 

times a week they consumed beef, the majority said at least 3 times a week (19.9%). 

Consumers indicated that consuming steaks cooked to a medium-rare degree of doneness was 

preferred by the majority of panelists. Flavor (50.7 %), followed by tenderness (36.4) was the 

most important palatability trait when consuming steaks identified by consumers.  

Consumer purchasing motivators  

The beef steak purchasing motivators of the consumers who participated in the 

sensory study are presented in Table 3.5. Consumers rated price as the most important (P < 

0.05) when purchasing beef. When asked to rate inherent properties, consumers determined 

grade, size, weight and thickness, color, and familiarity with the cut, were determined more 

important (P < 0.05) than claims concerning packaging, brand, nutrient content, and animal 
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production (animal diet, hormone, and antibiotic use). The animal production claims of 

natural or organic, were found to be the least (P < 0.05) important to consumers.  

Consumer sensory analysis  

Consumer ratings for juiciness, tenderness, flavor liking, and overall liking are shown 

in Table 3.6. There was no cut × quality grade interactions for all traits evaluated (P > 0.05), 

indicating the impact of quality grade was consistent across all of the muscles evaluated. 

Prime was rated higher (P < 0.05) than Choice and Select for all traits evaluated. No 

difference (P > 0.05) was found between Choice and Select for tenderness and overall liking, 

however, Choice was rated higher (P < 0.05) than Select for both juiciness and flavor. 

Consumers rated the LCS, infraspinatus, and serratus ventralis the highest (P < 0.05) for 

juiciness, while the longissimus dorsi rated similar (P > 0.05) to triceps brachii for the same 

trait. The adductor, biceps femoris, and semimembranosus were similar (P > 0.05) for 

consumer juiciness ratings, with each cut rating lower (P < 0.05) than the longissimus dorsi, 

LCS, infraspinatus, and serratus ventralis. The LCS and infraspinatus were the most tender (P 

< 0.05), followed by serratus ventralis, which were more tender (P < 0.05) than all others. The 

longissimus dorsi was rated similar (P > 0.05) in tenderness to the teres major and triceps 

brachii. The biceps femoris was tougher (P < 0.05) than all other cuts except the 

semimembranosus. The LCS and infraspinatus were rated higher (P < 0.05) for flavor than all 

other cuts except the serratus ventralis, which was similar (P > 0.05) to the infraspinatus. Cuts 

from the round (adductor, biceps femoris, and semimembranosus) had the lowest (P < 0.05) 

overall liking ratings, while the LCS was higher (P < 0.05) than all other cuts except the 

infraspinatus.  
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Consumer ratings of acceptability 

Table 3.7 shows percentage of samples rated as acceptable for juiciness, tenderness, 

flavor, and overall liking by consumers. There was no cut × quality grade interactions found 

among acceptability traits evaluated (P > 0.05), demonstrating the variation of quality grade 

affected all muscles evaluated the same. The LCS, infraspinatus, and serratus ventralis had a 

higher (P < 0.05) percentage (> 92%) of steaks rated acceptable for juiciness than all other 

cuts. The biceps femoris had the lowest (P < 0.05) percentage for tenderness acceptability 

than all other cuts. The LCS had the highest (P < 0.05) percentage (96.4%) of steaks rated as 

acceptable overall. All of the cuts from the chuck (infraspinatus, LCS, serratus ventralis, 

triceps brachii, and teres major) had a similar or greater percentage of samples rated 

acceptable overall as the longissimus dorsi. The adductor, biceps femoris, and 

semimembranosus were similar (P > 0.05) and had the lowest (P < 0.05) percentage of 

samples rated as acceptable overall. A higher (P < 0.05) percentage of Prime samples were 

rated acceptable for all palatability traits than Choice and Select. The percentage of steaks 

rated acceptable in Choice and Select cuts did not differ (P < 0.05) across traits, except 

juiciness, where differences were determined as consumers rated Choice higher (P < 0.05) 

than Select. 

Consumer perceived quality levels  

Consumer perceived quality levels are presented in Table 3.8. Consumers found no cut 

× quality grade interactions (P > 0.05) among quality level of samples evaluated. The LCS 

had a higher percentage (P < 0.05) of steaks rated as premium and better than everyday 

quality than all cuts other than the infraspinatus; whereas the adductor, biceps femoris and 
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semimembranosus had the highest percentage (P < 0.05; all >30%) of steaks rated as 

unsatisfactory. The longissimus dorsi and serratus ventralis did not differ (P < 0.05) among 

each other when rated everyday quality. Comparing quality grades, Prime was rated for 

premium quality the most frequently (P < 0.05) and was found to not differ (P < 0.05) from 

Choice when rated better than everyday quality. Select was determined by consumers to have 

the highest (P < 0.05) percentage of steaks rated as unsatisfactory quality compared to both 

Choice and Prime. Everyday quality ratings increased (P < 0.05) as quality grades decreased 

(Prime < Choice < Select).  

Trained sensory analysis 

Table 3.9 shows the means for trained sensory panel ratings. There were no cut × 

quality grade interactions for traits evaluated (P > 0.05), except overall tenderness (P = 0.03). 

Initial juiciness, myofibrillar tenderness, and beef flavor intensity were rated higher (P < 0.05) 

for Prime compared with Choice and Select, which were rated similar (P > 0.05) for the same 

traits. Select cuts had a greater (P < 0.05) amount of connective tissue than both Choice and 

Prime steaks. Panelists rated the LCS, infraspinatus, and serratus ventralis highest (P < 0.05) 

for initial and sustained juiciness, while the adductor and semimembranosus rated lowest (P < 

0.05). For myofibrillar tenderness, the LCS and infraspinatus rated highest (P < 0.05), 

followed by the longissimus dorsi, serratus ventralis and teres major. The semimembranosus 

was rated the lowest (P < 0.05) for myofibrillar tenderness. The biceps femoris was rated 

highest (P < 0.05) for amount of connective tissue, followed by the semimembranosus, which 

had a greater (P < 0.05) rating for connective tissue amount than all other cuts. For beef flavor 

intensity, the serratus ventralis rated the highest (P < 0.05), and the LCS and infraspinatus 
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were higher (P < 0.05) than all other cuts. No differences were determined among cuts and 

quality grades for off flavor intensity. Yet, among all cuts trained panelists found off- flavor 

to be the highest (P < 0.05) intensity within the infraspinatus and serratus ventralis.  

The interaction (P < 0.05) of quality grade × cut on overall tenderness scores is 

reported in Table 3.10. Within Prime, the LCS was rated the most (P < 0.05) tender, and no 

differences (P > 0.05) were found among the longissimus dorsi, infraspinatus, serratus 

ventralis, and teres major. Whereas within Choice and Select, LCS were similar (P > 0.05) to 

the infraspinatus and teres major for overall tenderness. Additionally, within Prime, no 

difference (P > 0.05) in overall tenderness was found among biceps femoris, adductor, and 

semimembranosus. However, the adductor was more tender (P < 0.05) than both the biceps 

femoris and semimembranosus in both Choice and Select.   

Correlations 

 Table 3.11 shows Pearson correlation coefficients between consumer sensory traits, 

trained sensory analysis and all objective measurements across all muscles. Consumer overall 

liking was correlated (P < 0.01) with consumer tenderness (r = 0.90), juiciness (r = 0.75), and 

flavor liking (r = 0.90). Furthermore, consumer tenderness rating was positively correlated (P 

< 0.01) with multiple trained panel attributes, such as: initial juiciness, sustained juiciness, 

myofibrillar tenderness, overall tenderness, and beef flavor identity (r ≥ 0.43). Consumer 

tenderness ratings were also correlated (P < 0.05) with fat percent (r = 0.42), collagen 

percentage (r = 0.13), and pH (r = 0.34). Negative correlations (P < 0.05) were determined 

between consumer tenderness ratings and connective tissue amount (r = -0.57) assessed by 
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trained panelists. Consumer tenderness was negatively correlated with WBSF (r = -0.54) and 

SSF (r = -0.49).   

 Consumer juiciness was also correlated (P < 0.01) with trained panel attributes. 

Specifically, initial juiciness, sustained juiciness, myofibrillar tenderness, overall tenderness, 

and beef flavor identity (r ≥ 0.52).  Furthermore, consumer juiciness ratings were correlated 

(P < 0.01) with fat, collagen, pH (r = 0.58, 0.38, 0.31).  

 Consumer flavor liking scores were also positively correlated (P < 0.01) to multiple 

trained panel attributes, including: initial juiciness, sustained juiciness, myofibrillar 

tenderness, overall tenderness, and beef flavor identity (r ≥ 0.42). Additionally, flavor liking 

was associated (P < 0.01) with fat, collage, and pH (r = 0.40, 0.24, 0.22).  

Consumer overall liking showed a positive correlation (P < 0.01) to multiple trained 

panel attributes: initial juiciness, sustained juiciness, myofibrillar tenderness, overall 

tenderness and beef flavor identity (r ≥ 0.42).  Furthermore, consumer overall liking was 

correlated (P < 0.01) with fat percentage (r = 0.42), collagen (r = 0.19), and pH (r = 0.31).  

Cook loss percentage was negatively correlated (P < 0.01) across all consumer 

attributes evaluated; tenderness, juiciness, flavor liking, and overall liking (r ≥ -0.26). 

Additionally, cook loss was negatively associated (P < 0.01) with trained panel attributes of 

initial juiciness, sustained juiciness, myofibrillar tenderness, overall tenderness and beef 

flavor identity (r ≥ -0.27). Cook loss percentage and WBSF were positively correlated (P < 

0.01) to each other; r = 0.49  

Table 3.12 shows Pearson correlation coefficients of cooked objective measures and 

fat percentage of each individual muscle to all recorded measures. The longissimus dorsi, 
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infraspinatus, and biceps femoris fat percentage was correlated (P < 0.01) with consumer 

ratings of tenderness, juiciness, flavor liking, and overall liking (r ≥ 0.47). However, the 

serratus ventralis, triceps brachii, and semimembranosus fat percentage was only correlated (P 

< 0.05) with juiciness (r ≥ 0.44). Fat percentage of the LCS was only correlated (P < 0.05) 

with overall liking (r = 0.37). Finally, the fat percentage of adductor was not correlated (P > 

0.05) with any consumer attribute. Among the longissimus dorsi, LCS, serratus ventralis, 

triceps brachii, and biceps femoris fat percent was correlated (P < 0.05) with trained panel 

attributes of initial juiciness, sustained juiciness, myofibrillar tenderness, overall tenderness, 

and beef flavor identity (r ≥ 0.38). The LCS was the only cut to be negatively correlated (P > 

0.05) with connective tissue content assessed by trained panelist (r = -0.38).  

The serratus ventralis, triceps brachii, and biceps femoris were the only cuts that 

WBSF was negatively correlated (P < 0.05) to consumer juiciness ratings (r ≤ -0.41).  The 

longissimus dorsi and biceps femoris WBSF was negatively correlated (P > 0.05) with trained 

attributes of initial juiciness, sustained juiciness, myofibrillar tenderness, and overall 

tenderness (r ≥ -0.37). WBSF values for the serratus ventralis and semimembranosus were 

negatively correlated (P > 0.05) with trained panel overall tenderness (r = -0.43, -0.47). 

Furthermore, serratus ventralis and LCS WBSF were negatively associated (P > 0.05) to 

myofibrillar tenderness (r = -0.55, -0.41). A positive correlation (P > 0.05) was demonstrated 

for WBSF and connective tissue in the longissimus dorsi and triceps brachii (r = 0.48, 0.42).  

Within each cut, SSF was only determined to be negatively correlated (P < 0.05) to 

consumer attributes within the biceps femoris. (r ≤ -0.39). The longissimus dorsi and serratus 

ventralis SSF was negatively correlated (P > 0.05) with trained attributes of myofibrillar 
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tenderness, overall tenderness, and beef flavor identity (r ≥ -0.39); SSF for the longissimus 

dorsi was also negatively correlated (P > 0.05) with initial and sustained juiciness (r = -0.41, -

0.49). The infraspinatus, adductor, and semimembranosus SSF values were negatively 

correlated (P > 0.05) to overall tenderness (r ≥ -0.36); with the infraspinatus also negatively 

correlating (P > 0.05) to myofibrillar tenderness (r = -0.54). Finally, the infraspinatus, 

adductor, and semimembranosus SSF were each positively correlated (P > 0.05) to trained 

panel attribute of connective tissue (r ≥ 0.37).  

Cook loss percent was negatively correlated (P < 0.05) with each consumer attribute (r 

≤ -0.47) for the longissimus dorsi, adductor, and biceps femoris. Consumer tenderness and 

juiciness ratings alone were correlated (P < 0.05) to cook loss percent for serratus ventralis (r 

≤ -0.38). However, for the semimembranosus cook loss percent was negatively correlated (P 

< 0.05) with flavor (r = -0.49) and overall liking (r = -0.39). Cook loss percent for trained 

panel attributes of initial juiciness, sustained juiciness, myofibrillar tenderness, and overall 

tenderness were found to be negatively correlated (P > 0.05) to the LCS and triceps brachii (r 

≥ -0.43). In addition, the LCS was also determined to be negatively correlated (P > 0.01) with 

beef flavor identity (r = -0.48). Cook loss among the biceps femoris and teres major was only 

negatively correlated (P > 0.05) with trained panel attributes of initial juiciness and sustained 

juiciness (r ≥ -0.45). In similarity, cook loss among the adductor was only negatively 

correlated (P > 0.05) to initial juiciness (r = -0.37). The infraspinatus, cook loss percent was 

also negatively correlated to trained panel myofibrillar tenderness and overall tenderness (r = 

-0.42, -0.36).  



Texas Tech University, Kara M. Nyquist, May 2018 

 

 

50 

 

DISCUSSION 

Previous authors have evaluated the palatability of a number of muscles using both 

consumer and trained sensory panelists including the semimembranosus (Gilpin et al., 1965; 

Breidenstein et al., 1968; McKeith et al., 1985; Behrends et al., 2005; Hunt et al., 2014; 

Legako et al., 2015), the serratus ventralis (McKeith et al., 1985; Hunt et al., 2014; Lepper-

Blilie et al., 2014), the gluteus medius (Neely et al., 1998; Lorenzen et al., 2003; King et al., 

2009; Guelker et al., 2013; Hunt et al., 2014; Legako et al., 2015; Yeh et al., 2017;), the psoas 

major (Legako et al., 2015; O'Quinn et al., 2015), the triceps brachii (King et al., 2009; 

McKeith et al., 1985), the semitendinosus (McKeith et al., 1985; Luchak et al., 1998; Phelps 

et al., 2016) and the muscles of the chuck (Kukowski et al., 2004; Kukowski et al., 2005). 

However, in most of these reports, the authors focused on only a limited number of muscles 

for comparisons and commonly, only a single USDA quality grade. The current study works 

to build upon this previous research by providing a thorough evaluation of the palatability of 

nine different cuts (the longissimus dorsi and eight muscles) across multiple quality grades.  

In the current study, consumers were asked what the most important trait is when 

purchasing beef; consumers then reported price was the most important aspect, followed by 

quality grade. By evaluating the palatability of a variety of lower cost value-added beef cuts, 

the study was able to determine the differences and similarities in eating satisfaction when 

compared to each other, as well as to a more tradition and expensive beef cut (longissimus 

dorsi). Quality grade was also determined by consumers to impact the overall quality and 

eating experience. The positive impact of increased marbling level and quality grade among 

each cut allowed an indication of differences in distinct sensory traits evaluated between the 
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Innovation cuts from the chuck and the round. In the current study, location of cuts had a 

substantial impact in sensory ratings and fat content present. Cuts from the chuck 

(infraspinatus, LCS, serratus ventralis, triceps brachii, and teres major) rated higher for 

juiciness, tenderness, flavor, and overall liking in comparison to muscles of the round 

(adductor, biceps femoris, semimembranosus). Differences in fat percentages were also 

determined within each individual cut, with the serratus ventralis contained the highest 

amount of fat percent across all grades; the adductor contained the lowest amount of fat 

percent across all grades. 

Similar results have previously been reported in muscle profiling studies by 

Brackebusch et al., (1991) and Von Seggern et al., (2005), with fat percentage contributing 

the greatest differences in palatability of each cut evaluated form the chuck and round. Other 

studies, primarily evaluating the longissimus dorsi (O’ Quinn et al., 2012; Emerson et al., 

2013), have focused on fat percentage and the relationship shared with moisture; as marbling 

increases, the fat content also increase with a decline of moisture (water) content. In 

agreement, the current study showed the same inverse relationship, between fat and moisture, 

among all cuts; with strong negative correlations occurring between fat and moisture. The 

results give a preview of how different chuck and round cuts are composed and how their 

composition can affect sensory analysis results.  

Evaluation of chuck cuts  

Among chuck cuts evaluated the LCS, serratus ventralis, and infraspinatus exceled in 

palatability ratings, determined as overall most acceptable and premium quality. These cuts 

(LCS, serratus ventralis and infraspinatus) had some of the highest fat percentages across each 
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grade, with all having >12% fat in the Prime samples. Through proximate analysis and SSF 

evaluations, differences in quality grade and each cut were determined, yet consumers lacked 

the ability to determine differences in quality grade when evaluating each cut. Even without 

determining a cut × quality grade interaction, consumers in this study still were able to rate 

several high fat content cuts (longissimus dorsi, serratus ventralis, and infraspinatus) more 

acceptable than cuts containing lower amounts of fat content (adductor and 

semimembranosus). Previous papers have already defined the positive effect that can occur 

between the amount of fat content and sensory attributes have on consumer satisfaction 

(Savell et al., 1987; Neely et al., 1998; Miller et al., 2001; Behrends et al., 2005). O’Quinn et 

al., (2012) and Corbin et al., (2015) determined that besides tenderness, beef flavor perception 

and overall liking are very important, as these traits could over power the influence of fat 

content when negative attributes are detected. Earlier on McKeith et al., (1985) determined 

the same results of fat content and palatability being associated, when the most favorable and 

most tender muscles also contained the highest fat percentages. In the current study, the 

infraspinatus had a higher fat percentage across all grades, yet the LCS was determined to be 

more acceptable among all consumer panel acceptability attributes; tenderness, juiciness, 

flavor, and overall liking.  

The LCS scored the highest in tenderness, flavor, overall liking, and overall 

acceptability, with only the infraspinatus ranking higher in juiciness. With the LCS being the 

only multi-muscle testing in this study, the combination of different muscles, complexus, 

spinalis dorsi, and longissimus dorsi, can contribute to the increase in consumer ratings of 

premium perceived quality and superior eating satisfaction over the longissimus dorsi. A 
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consumer evaluation conducted by Kukowski et al., (2004), found a similar result as the 

complexus, serratus ventralis, infraspinatus, and triceps brachii were all found to be equal or 

superior to the ribeye (longissimus thoracic).  Johnson et al., (1988) reported comparable 

results with the longissimus dorsi, spinalis dorsi, Infraspinatus, serratus ventralis, and triceps 

brachii resulting as the top 5 most tender cuts. When reflecting on these results, Johnson et al., 

(1988) determined the study to be comparable to previous studies also stating the 

infraspinatus, serratus ventralis, and triceps brachii each have the potential to be retailed as 

individual steaks.  

Following the LCS, the serratus ventralis was overall one of the most accepted cuts. 

Quality grade had one of the biggest impacts on the serratus ventralis, as the Prime was ≥ 18 

% fat, with one of the highest pH levels recorded among individual cuts. Hunt et al., (2014) 

concluded that the reason why the serratus ventralis is more desirable can be contributed by 

the higher pH level allowing for an increase in water-holding capacity, as well as the presence 

of a higher fat percentage. Anderson et al., (2012) also concluded the correlation between pH 

to tenderness and juiciness scores perhaps influences the consumer ratings for overall 

acceptability. Greater fat content positively impacts palatability (O’Quinn et al., 2012). Belew 

et al., (2003) classified serratus ventralis (Denver) as a “very tender” cut (3.00 kg), as Calkins 

et al., (2007) classified the muscle as the fourth most tender beef muscle; both using the 

WBSF method. Results from this current study demonstrate similar WBSF outcomes, and 

comparable overall tenderness results determined by the interaction between cut and quality 

grade. The Prime serratus ventralis ranked third for most tender, while overall tenderness, 

assessed by trained panelists, of Select cuts were moderate and similar in ranking to cuts from 
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the round. Yet, the serratus ventralis expressed the highest values for initial and sustained 

juiciness, with similarities to the infraspinatus consumer juiciness. Higher fat and more tender 

cuts, tend to readily emit juices retained in the steak while cooking. This expression of 

moisture results in a juicier sensory rating (Smith et al., 1984; Lucherk et al., 2017). Thus, 

consumers are more likely to rate juiciness as desirable if tenderness or overall liking traits 

were also desirable (O’Quinn et al., 2018).  

The infraspinatus (Flat Iron) has been one of the most successful Innovation cuts, with 

being the second most tender beef muscles (Calkins et al., 2007; Von Seggern et al., 2005). 

Carmack et al., (1993) determined the infraspinatus to be the most tender, with shoulder and 

neck muscles classified as moderate to tough. Similar results were also found in this current 

study, as the infraspinatus excelled as one of the top cuts evaluated in consumer and trained 

panel sensory analysis. The trained panelist determined the attribute of overall tenderness 

among Choice and Select infraspinatus to be more tender than all cuts. Yet, the infraspinatus 

was determined by trained panelist to have a slight off-flavor intensity and moderate in 

consumer flavor liking was most commonly rated as a better than everyday quality cut. The 

results had a slight effect on how consumer determined the cut’s overall acceptability. The 

infraspinatus and LCS did not differ among all sensory traits, except for flavor and overall 

liking. O’Quinn et al., (2018) stated that the overall eating quality may excel with one or two 

traits excelling, with a potential risk of fail occurring if one trait is deemed unsatisfactory and 

unable to meet consumers eating experience.  

Among the additional chuck cuts evaluated, notable exceptions include the teres major 

and the triceps brachii, both of which were only moderate in consumer tenderness, flavor, and 
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overall liking. These cuts, were also rated moderate by trained panelist, with several attributes 

not differing from the longissimus dorsi. Overall tenderness across all quality grades did not 

differ between the teres major and the longissimus dorsi. Belew et al., (2003) examined the 

tenderness values of 40 different beef muscles, with the teres major and the longissimus 

lumborum shearing at similar measures; tender muscles (3.2 kg < WBS < 3.9 kg). In addition, 

in the current study, the longissimus dorsi and triceps brachii did not differ in ratings of 

consumer juiciness, trained initial juiciness, sustained juiciness, and beef flavor identity. 

Besides proximate and tenderness rankings, minimal sensory analysis research has been 

conducted on the triceps brachii and teres major. This current study was able to prove that 

these two chuck cuts could provide a similar everyday quality eating experience like the 

longissimus dorsi, which to consumers is a premium and familiar cut.  

Evaluation of round cuts  

Cuts from the round have been determined in previous studies to be less desirable due 

to lower tenderness ratings influenced by fiber type and an increased level of connective 

tissue (Anderson et al., 2012). Among round cuts evaluated, the adductor, biceps femoris, and 

semimembranosus were the least tender, juicy, flavorful and likable cuts evaluated. With 

mean sensory scores for these cuts falling close to and even below the 50% anchored 

threshold on the sensory scales, on average these cuts, specifically the semimembranosus, 

were considered dry, tough, and disliked by sensory panelists. The results determine 

consumer scores, especially juiciness, mirror the lower fat percentages observed for the 

various cuts and quality grades. With a lower fat percentage found within each quality grade 
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than the cuts from the Chuck, tenderness and overall palatability were determined to be the 

lowest in all round cuts evaluated.  

Trained panelist determined the biceps femoris to contain the highest amount of 

connective tissue, contributing to the toughness determined through objective and subjective 

analysis. Results from Rhee et al., (2004) determined the biceps femoris had twice as much 

collagen compared to the longissimus lumborum. With a greater connective tissue content, 

results can reflect differences in sensory properties when compared to the longissimus dorsi. 

Additionally, sensory properties of the biceps femoris could be influenced by the changing of 

fiber orientation from the anterior to posterior end of the muscle. Fiber changing from red to 

white is created as round muscles are predominately used for locomotion, developing an 

increased level of connective tissue and a decreased in percentages (Kukowski et al., 2002; 

Calkins et al., 2007). Therefore, the biceps femoris is extremely tough and contains a high 

content of connective tissue (McKeith et al., 1985; Brackebush et al,1991). Trained panelist 

found the biceps femoris across all grades, to be the toughest cut observed. Sensory results 

from this study demonstrate the biceps femoris lacks the ability to compete with lower 

connective tissue middle meats, such as the longissimus dorsi. 

Belew et al., (2003) reported WBSF tenderness measurements of the 

semimembranosus to be highly correlated to the adductor (r = 0.92), as muscle are located 

closely to each other in the hind-quarters. In the current study, moderate values of overall 

tenderness, initial juiciness, and sustained juiciness are shown to be comparable between the 

two cuts from the round. Consumers found the adductor to rate low compared to other cuts, 

but the adductor has still been acknowledged in the beef industry as a high-quality value-
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added cut (Hildrum et al., 2009). This agrees with Jeremiah et al., (2003) who stated that the 

adductor (loose side) was slightly deficient in overall tenderness, juiciness, and extremely 

deficient in flavor desirability. In the current study, the Prime adductor had a similar amount 

of fat as the Select chuck cuts (infraspinatus and serratus ventralis), likely contributing to the 

low sensory evaluations and overall acceptability scores observed with this cut (adductor). 

The semimembranosus was determined to be the toughest muscle and least desirable among 

all cuts. Comparable results were determined by Hunt et al., (2014) with the 

semimembranosus rating the lowest for WBSF tenderness and all consumer traits, across two 

different quality grades (Low Choice and Select). Crouse et al., (1985) reported the 

longissimus lumborum to be equivalent in shear force values to the semimembranosus. 

Studies from Lee et al., (2006), Anderson et al., (2012), and Colle et al., (2016) have 

evaluated pH of the semimembranosus. The Choice and Select pH values correspond with the 

outcome in the current study, with a higher Prime pH value determined in the current study. 

The adductor contained the lowest pH levels among all quality grades in the adductor. 

Anderson et al., (2012) concluded that the lower pH within a cut, the less tender and chewie 

the sample becomes. Even with low sensory ratings, consumers determined the adductor and 

semimembranosus as unsatisfactory and everyday quality retail cuts. With these lower ratings 

and quality among the round cuts evaluated, additional processing steps such as injections, 

enhancements, and alternative cooking methods could be used to improve theses overall 

quality (Jung et al., 2016) to reach the same eating satisfaction as the superior cuts from the 

chuck and the rib/loin region.  
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Table 3.1 Interaction (P < 0.01) between quality grade1, longissimus dorsi and eight different beef cuts2 for proximate percentage and pH measurements.  

Cut2 /Quality Grade1 Fat, % Protein, % Moisture, % Collagen, % pH 

Longissimus Dorsi      

Prime 14.07a 21.63c 63.79c 2.37a 5.70 

Choice 6.13b 23.59b 69.81b 1.79b 5.82 

Select 3.18c 24.24a 71.91a 1.57b 5.76 

SEM3 0.67 0.22 0.56 0.09 0.04 

P- Value < 0.01 < 0.01 < 0.01 < 0.01 0.07 

Infraspinatus      

Prime 14.82a 18.71c 65.23c 2.44a 5.89 

Choice 7.42b 20.17b 70.87b 1.96b 5.90 

Select 4.65c 20.96a 73.07a 1.88b 5.83 

SEM3 0.70 0.22 0.59 0.10 0.04 

P- Value < 0.01 < 0.01 < 0.01 < 0.01 0.39 

LCS      

Prime 12.07a 20.87b 66.90c 2.22a 5.62 

Choice 6.65b 22.59a 70.46b 1.81b 5.57 

Select 4.06c 22.63a 73.30a 1.67b 5.63 

SEM3 0.67 0.23 0.56 0.09 0.04 

P- Value < 0.01 < 0.01 < 0.01 < 0.01 0.42 

Serratus Ventralis      

Prime 18.04a 18.03c 62.65c 2.87a 5.92a 

Choice 10.00b 20.58b 68.23b 2.19b 5.81b 

Select 6.06c 21.44a 71.25a 1.93c 5.70b 

SEM3 0.67 0.22 0.56 0.09 0.04 

P- Value < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 

Triceps Brachii      

Prime 7.62a 20.77b 70.55b 2.41a 5.83 

Choice 3.87b 21.87a 73.07a 1.95b 5.84 

Select 2.76b 21.97a 74.04a 1.78b 5.83 

SEM3 0.67 0.22 0.56 0.09 0.04 

P- Value < 0.01 < 0.01 < 0.01 < 0.01 0.99 

Adductor      

Prime 4.63a 23.46c 70.31b 1.99a 5.40 

Choice 2.15b 24.07b 72.30a 1.82a 5.32 

Select 1.82b 24.81a 72.67a 1.53b 5.44 

SEM3 0.67 0.22 0.56 0.09 0.04 

P- Value < 0.01 < 0.01 < 0.01 < 0.01 0.07 

Biceps Femoris      

Prime 12.73a 20.25c 66.72c 3.02a 5.59 

Choice 6.67b 21.96b 70.46b 2.33b 5.56 

Select 3.54c 22.56a 72.69a 1.69c 5.61 

SEM3 0.67 0.22 0.56 0.09 0.04 

P- Value < 0.01 < 0.01 < 0.01 < 0.01 0.64 

Semimembranosus      

Prime 9.35a 21.83b 68.60b 2.54a 5.60 

Choice 4.68b 23.67a 71.43a 2.19b 5.58 

Select 2.68c 24.03a 72.52a 1.66c 5.60 

SEM3 0.67 0.22 0.56 0.09 0.04 

P- Value < 0.01 < 0.01 < 0.01 < 0.01 0.88 
1 USDA Quality grades included Prime, Choice (Small00 – Small100), and Select (Slight00 – Slight50) 
2 Cuts represented by muscles: longissimus dorsi (strip); infraspinatus (Flat Iron); longissimus dorsi, complexus, and spinalis dorsi (LCS) (Delmonico); serratus 

ventralis (Denver); triceps brachii (Ranch); adductor (San Antonio); biceps femoris (Western Griller); semimembranosus (Tucson). 
3 SE (largest) of the least squares means 
abcLeast squares means in muscle and column without a common superscript differ (P < 0.05) 
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Table 3.2. Interaction (P = 0.02) between quality grade1 and cut2 

for Slice Shear Force (SSF) 

Cut2/ Quality grade1 SSF(kgf) 

Longissimus Dorsi  

Prime 13.63a 

Choice 11.14b 

Select 14.74a 

SEM3 0.82 

P - value < 0.01 

Infraspinatus  

Prime 14.40a 

Choice 10.72b 

Select 13.69a 

SEM3 0.87 

P - value < 0.01 

Serratus Ventalis  

Prime 13.34a 

Choice 10.84b 

Select 14.85a 

SEM3 0.82 

P - value < 0.01 

Triceps Brachii  

Prime 16.81 

Choice 13.75 

Select 13.73 

SEM3 0.83 

P - value < 0.01 

Adductor  

Prime 14.86 

Choice 14.87 

Select 14.43 

SEM3 0.83 

P – value 0.91 

Semimembranosus  

Prime 17.11 

Choice 16.53 

Select 17.89 

SEM3 0.83 

P - value 0.51 

Biceps Femoris  

Prime 20.29 

Choice 20.76 

Select 21.54 

SEM3 0.83 

P - value 0.56 
1 USDA Quality grades included Prime, Choice (Small00 – 

Small100), and Select (Slight00 – Slight50) 
2 Cut represented by muscle: longissimus dorsi (strip); 

infraspinatus (Flat Iron); serratus ventralis (Denver); triceps 

brachii (Ranch); adductor (San Antonio); biceps femoris (Western 
Griller); semimembranosus (Tucson).  
3 SE (largest) of the least squares means 
abcLeast squares means within muscle and column without a 
common superscript differ (P < 0.05). 
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Table 3.3. Least Square means for Warner- Bratzler Shear Force (WBSF) of 

the longissimus dorsi and eight beef cuts1 from three quality grades2 

Treatment WBSF (kgf) 

Quality grade  

Prime 2.27b 

Choice 2.51a 

Select 2.63a 

SEM3 0.05 

P-value < 0.01 

  

Cut  

Longissimus Dorsi 1.99d 

Infraspinatus 2.16d 

LCS 1.76e 

Serratus Ventralis 2.04d 

Triceps Brachii 2.69c 

Adductor 2.54c 

Biceps Femoris 3.00b 

Semimembranosus 3.57a 

SEM3 0.16 

P-value < 0.01 
1 Cut represented by muscle: longissimus dorsi (strip); infraspinatus (Flat Iron); 
longissimus dorsi, complexus, and spinalis dorsi (LCS) (Delmonico); serratus 

ventralis (Denver); triceps brachii (Ranch); adductor (San Antonio); biceps 

femoris (Western Griller); semimembranosus (Tucson).  
2 USDA Quality grades included Prime, Choice (Small00 – Small100), and Select 

(Slight00 – Slight50).  
3 SE (largest) of the least squares means. 
abcde Least squares means in the same main effect without a common superscript 

differ (P < 0.05). 
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Table 3.4. Demographics characteristics of consumers who participated in consumer sensory panels (n = 210). 

Characteristic Response Percentage of Consumers 

Gender Male 54.1 

 Female 45.9 

Household size  1 people 21.4 
 2 people 25.7 

 3 people 11.9 

 4 people 22.9 
 5 people 10.0 

 6 people 2.4 

 > 6 people 5.7 
Marital status Married 57.4 

 Single 42.6 

Age, yr Under 20 5.7 
 20 to 29 34.0 

 30 to 39 21.1 

 40 to 49 23.4 
 50 to 59 12.9 

 Over 60 2.9 

Ethnicity African-American 3.4 

 Asian 1.4 

 Caucasian/White 84.1 

 Hispanic 7.7 
 Native American 1.0 

 Other 0.5 

 Mixed Race 1.9 
Annual household income, $ < 25,000 11.8 

 25,000 - 34,999 12.8 

 35,000 – 49,999 12.8 
 50,000 – 74,999 21.6 

 75,000 – 99,000 18.1 

 100,000 149,999 18.1 
 150,000 – 199,999 4.4 

 > 199,999 0.5 

Highest level of education completed  Non – high school graduate 1.9 
 High school graduate 11.5 

 Some college/Technical school 23.4 

 College graduate 40.2 
 Post – college graduate 23.0 

Most important palatability trait Flavor 50.7 
 Juiciness 12.9 

 Tenderness 36.4 

Preferred degree of doneness Very Rare 1.0 
 Rare 2.9 

 Medium-Rare 63.6 

 Medium 26.3 
 Medium-Well 0.0 

 Well-Done 5.7 

 Very Well Done 0.5 
Weekly beef consumption, number of meals 1 2.4 

 2 9.2 

 3 19.9 
 4 11.2 

 5 9.7 

 6 10.2 
 7 6.3 

 8 3.4 

 9 9.7 

 10 5.3 

 11 2.9 

 12 5.3 
 13 1.5 

 14 0.5 

 15 1.5 
 ≥17 0.5 
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Table 3.5. Fresh beef steak purchasing motivators1 of consumers (n = 210) who 

participated in consumer sensory panels. 

Motivation Traits Importance 

Price 72.3a 

USDA Grade(marbling) 65.0b 

Size, weight, and thickness                        64.9b 

Color 64.4b 

Familiarity with cut 60.4b 

Nutrient content 49.8c 

Growth hormone use in animal 43.7d 

Eating satisfaction claims 43.5d 

Animal Welfare 39.5de 

Antibiotic use in animal 38.5def 

Animal fed a forage-based(grass) diet 37.3ef 

Packaging type 37.3ef 

Brand of product 36.0ef 

Animal fed a corn-based diet 34.8ef 

Natural or organic claims 33.5f 

SEM2 2.0 

P - value <0.01 
1Purchasing motivators: 0 = extremely unimportant, 100 = extremely important. 
2SE (largest) of the least square means. 
 abcdefSuperscripts within the same main effect (quality grade or cut) differ (P < 

0.05). 
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Table 3.6. Least squares means for consumer (n = 210) ratings1 of the palatability traits of longissimus dorsi and eight beef cuts3 

from three quality grades2 

Treatment Juiciness Tenderness Flavor Overall Like 

Quality grade2     

Prime 68.8a 66.8a 64.9a 66.2a 

Choice 56.6b 56.3b 58.9b 57.9b 

Select 51.4c 54.5b 54.6c 55.0b 

SEM4 1.3 1.3 1.3 1.3 

P - value < 0.01 < 0.01 < 0.01 < 0.01 

     

Cut3     

Longissimus Dorsi 59.8b 63.2c 59.2c 61.8c 

Infraspinatus 73.7a 75.9a 67.8ab 72.7ab 

LCS 71.6a 78.4a 71.5a 74.2a 

Serratus Ventralis 72.6a 69.1b 65.4b 67.4b 

Teres Major 53.0cd 62.9c 57.9c 59.9c 

Triceps Brachii 56.3bc 57.6c 58.4c 59.2c 

Adductor 47.2de 46.6d 50.6d 48.3d 

Biceps Femoris 51.0cde 38.4e 54.4cd 47.4d 

Semimembranosus 45.1e 40.9de 50.0d 46.4d 

SEM4 2.4 2.4 2.1 2.3 

P - value < 0.01 < 0.01 < 0.01 < 0.01 

     

Quality grade x Cut     

P - value 0.38 0.63 0.28 0.59 
1Sensroy scores: 0 = Extremely dry/tough/dislike extremely; 100 = extremely juicy/tender/like extremely. 
2 USDA Quality grades included Prime, Choice (Small00 – Small100), and Select (Slight00 – Slight50). 
3Cut represented by muscle: longissimus dorsi (strip); infraspinatus (Flat Iron); longissimus dorsi, complexus, and spinalis dorsi 
(LCS) (Delmonico); serratus ventralis (Denver); teres major (Shoulder Petite Tender); triceps brachii (Ranch); adductor (San 

Antonio); biceps femoris (Western Griller); semimembranosus (Tucson).  
4SE (largest) of the least square means. 
abcde Least squares means without a common superscript within the same main effect (quality grade or cut) and sensory attributes 

differ (P < 0.05). 
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Table 3.7. Percentage of the longissimus dorsi and eight beef cuts from three quality grades rated acceptable by 

consumers (n = 210) for juiciness, tenderness flavor, and overall liking. 

Treatment 
Juiciness 

Acceptability 
Tenderness 

Acceptability 
Flavor 

Acceptability 
Overall 

Acceptability 

Quality grade1     

Prime 93.0a 90.9a 87.2a 87.7a 

Choice 81.5b 82.4b 82.9b 82.3b 

Select 75.9c 81.7b 78.8b 78.4b 

SEM2 2.0 2.0 2.1 2.0 

P - value < 0.01 < 0.01     < 0.01 < 0.01 

     
Cut2     

Longissimus Dorsi 85.3b 89.4bc 79.5cde 83.4c 

Infraspinatus 93.6a 93.8ab 86.2abc 88.5bc 

LCS 92.6a 96.4a 91.4a 96.4a 

Serratus Ventralis 96.6a 91.6abc 88.0ab 90.7b 

Teres Major 79.5bc 90.8bc 83.5bcd 84.4bc 

Triceps Brachii 82.8b 87.0c 83.9bc 81.5c 

Adductor 71.1cd 65.6d 75.2de 67.4d 

Biceps Femoris 70.3cd 51.7e 81.7bcde 60.5d 

Semimembranosus 65.9d 65.1d 73.4e 69.4d 

SEM2 3.6 3.9 3.5 3.9 

P - value < 0.01 < 0.01 < 0.01 < 0.01 

     

Quality grade x Cut     

P - value 0.34 0.43 0.57 0.71 
1USDA Quality grades included Prime, Choice (Small00 – Small100), and Select (Slight00 – Slight50).  
2Cut represented by muscle: longissimus dorsi (strip); infraspinatus (Flat Iron); longissimus dorsi, complexus, and 
spinalis dorsi (LCS) (Delmonico); serratus ventralis (Denver); teres major (Shoulder Petite Tender); triceps brachii 

(Ranch); adductor (San Antonio); biceps femoris (Western Griller); semimembranosus (Tucson). 
3SE (largest) of the least square means. 
abcde Least squares means without a common superscript within the same main effect (quality grade or cut) differ (P < 

0.05). 
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Table 3.8. Percentage of the longissimus dorsi and eight beef Cuts1 from three quality grades identified as certain perceived 

quality levels by consumers (n = 210). 

Treatment 
Unsatisfactory 

Quality 
Everyday Quality 

Better than Everyday 

Quality 
Premium Quality 

Quality Grade1     

Prime 11.0b 34.0c 29.8a 15.2a 

Choice 15.2b 41.5b 24.9a 2.0b 

Select 19.6a 50.0a 19.2b 6.1b 

SEM3 
1.8 2.1 1.9          2.1 

P - value < 0.01 < 0.01 < 0.01 < 0.01 

     

Cut2 
    

Longissimus Dorsi 12.9b 40.9b 23.8cd 15.1bc 

Infraspinatus 8.9bc 26.0c 36.7a 22.0ab 

LCS 6.3c 25.5c 37.8a 30.0a 

Serratus Ventralis 6.0c 40.8b 34.2ab 16.5b 

Teres Major 15.0b 46.8ab 27.0bc 8.7cd 

Triceps Brachii 14.1b 48.5ab 25.9bcd 6.9d 

Adductor 30.1a 47.0ab 18.3ed 3.4d 

Biceps Femoris 32.4a 48.1ab 15.1e 3.8d 

Semimembranosus 31.1a 56.0a 11.4e 0.0d 

SEM3 3.6 3.9 3.4 5.5 

P - value < 0.01 < 0.01 < 0.01 < 0.01 

     

Quality grade x Cut     

P - value 0.82 0.11 0.26 0.13 
1 USDA Quality Grades included Prime, Choice (Small00 – Small100), and Select (Slight00 – Slight50).  
2Cut represented by muscle: longissimus dorsi (strip); infraspinatus (Flat Iron); longissimus dorsi, complexus, and spinalis 

dorsi (LCS) (Delmonico); serratus ventralis (Denver); teres major (Shoulder Petite Tender); triceps brachii (Ranch); adductor 

(San Antonio); biceps femoris (Western Griller); semimembranosus (Tucson). 
3SE (largest) of the least square means. 
abcde Superscripts within the same main effect (quality grade or cut) differ (P < 0.05). 
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Table 3.9.  Least squares means for trained sensory panel ratings1 of the longissimus dorsi and eight beef cuts2 from three quality grades3. 

Treatment Initial Juiciness 
Sustained 

Juiciness 

Myofibrillar 

Tenderness 

Connective Tissue 

Amount 

Beef Flavor 

Intensity 

Off Flavor 

Intensity 

Quality grade3       

Prime 70.9a 63.4a 74.8a 19.2b 49.4a 1.1 

Choice 62.3b 52.3b 67.2b 20.3b 40.7b 1.8 

Select 60.3b 48.9c 65.1b 22.8a 39.1b 1.8 

SEM4 
    0.9 1.1 0.8 1.0 0.7 0.3 

P - value   < 0.01   < 0.01 < 0.01 < 0.01 < 0.01 0.25 

       

Cut2       

Longissimus Dorsi    65.6b 54.9b 73.9b 8.1e 41.9d 0.7 

Infraspinatus    76.7a 70.7a 82.9a  10.6e 48.9b 2.8 

LCS    77.0a 71.0a 83.5a 8.6e 49.6b 1.3 

Serratus Ventralis    78.4a 72.2a 76.4b  21.5cd 52.4a 2.1 

Teres Major    61.5bc 50.0bc 64.2c  17.7d 41.5d 0.9 

Triceps Brachii    58.6c 49.0c 75.6b 7.9e 37.6e 2.0 

Adductor    47.2d 34.5d 55.9d 25.6c 33.9f 1.4 

Biceps Femoris    64.8b 54.3bc 58.8d 50.2a 45.5c 1.2 

Semimembranosus    50.4d 37.4d 50.3e 37.1b 36.2ef 1.4 

SEM4      1.8 2.0           1.5 1.8 1.2 0.6 

P – value  < 0.01 < 0.01       < 0.01 < 0.01 < 0.01 0.25 

       

Quality grade x Cut       

P - value      0.73 0.69 0.35 0.20 0.07 0.83 
1Sensory scores: 0 = Extremely dry/tough/bland/none, 50 = neither juicy/dry/tough/tender, 100 = extremely    juicy/tender/abundant/intense 
2Cut represented by muscle: longissimus dorsi (strip); infraspinatus (Flat Iron); longissimus dorsi, complexus, and spinalis dorsi (LCS) (Delmonico); 
serratus ventralis (Denver); teres major (Shoulder Petite Tender); triceps brachii (Ranch); adductor (San Antonio); biceps femoris (Western Griller); 

semimembranosus (Tucson). 
3 USDA Quality grades included Prime, Choice (Small00 – Small100), and Select (Slight00 – Slight50) 
4SE (largest) of the least square means. 
abcde Least squares means without a common superscript within the same main effect (quality grade or cut) differ (P < 0.05). 
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Table 3.10. Least squares means for the interaction (P = 0.03) between quality grade1 

and cut2 for trained sensory panel overall tenderness3 rating.   

Treatment Overall Tenderness 

Prime  
Longissimus Dorsi 77.6b 

Infraspinatus 81.2b 
LCS 89.3a 

Serratus Ventralis 77.2b 

Teres Major 64.7c 

Triceps Brachii 75.6b 

Adductor 45.1d 

Biceps Femoris 41.8d 
Semimembranosus 37.7d 

SEM4 2.8 

P - value < 0.01 

Choice  
Longissimus Dorsi 68.5b 

Infraspinatus 77.8a 
LCS 76.6a 

Serratus Ventralis 65.9b 

Teres Major 51.7c 

Triceps Brachii 70.4ab 

Adductor 44.6c 

Biceps Femoris 35.5d 
Semimembranosus 36.3d 

SEM4 3.0 

P - value < 0.01 
Select  

Longissimus Dorsi 66.2b 

Infraspinatus 76.3a 
LCS 73.2ab 

Serratus Ventralis 54.4c 

Teres Major 54.7c 

Triceps Brachii 69.8ab 

Adductor 42.8d 

Biceps Femoris 29.3e 
Semimembranosus 29.8e 

SEM4 3.2 

P -  value < 0.01 
1 USDA Quality Grades included Prime, Choice (Small00 – Small100), and Select 
(Slight00 – Slight50)  
2Cut represented by muscle: longissimus dorsi (strip); infraspinatus (Flat Iron); 

longissimus dorsi, complexus, and spinalis dorsi (LCS) (Delmonico); serratus 
ventralis (Denver); teres major (Shoulder Petite Tender); triceps brachii (Ranch); 

adductor (San Antonio); biceps femoris (Western Griller); semimembranosus 
(Tucson). 
30 = Extremely tough; 50 = neither tough/tender; 100 = extremely tender. 
4SE (largest) of the least square means.  
abcde Least squares means within the same grade without common superscript differ (P 

< 0.05). 
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Table 3.11.  Pearson correlation coefficients between consumer sensory traits, trained panel analysis, and all objective measurements for the longissimus dorsi and eight beef cuts of three different quality grades.  

 Consumer Panel rating  Trained Panel Rating Objective Measurements 

Measurement Tenderness Juiciness 

Flavor 

Liking 

Overall 

Liking  

Initial 

Juiciness 

Sustained 

Juiciness 

Myofibrillar 

Tenderness 

Connective 

Tissue 

Overall 

Tenderness 

Beef 

Flavor 

Identity 

Off-

Flavor  

WBSF, 

kg SSF, kg 

 

 

Fat % 

Moisture 

% Protein % 

Collagen 

% 

Consumer panel                    

Juiciness 0.73**                   

Flavor Liking 0.75** 0.71**                  

Overall Liking 0.90** 0.75** 0.90**                 

Trained Panel                     

Initial Juiciness 0.52** 0.56** 0.42** 0.48**                

Sustained Juiciness 0.54** 0.58** 0.45** 0.51**  0.98**              

Myofibrillar Tenderness 0.67** 0.56** 0.47** 0.57**  0.79** 0.81**             

Connective Tissue -0.57** -0.32** -0.30** -0.45**  -0.25** -0.25** -0.60**            

Overall Tenderness 0.71** 0.52** 0.45** 0.60**  0.63** 0.64** 0.89** -0.83**           

Beef Flavor Identity 0.43** 0.56** 0.42** 0.42**  0.76** 0.78** 0.62** -0.13* 0.46**          

Off- Flavor -0.07 -0.02 -0.07 -0.05  -0.01 0.00 0.02 -0.05 0.01 -0.10         

Cooked Measurements                    

WBSF, kg -0.54** -0.51** -0.35** -0.45**  -0.48** -0.49** -0.66** 0.60** -0.72** -0.39** 0.02        

Slice Shear force value, kg -0.49** -0.40** -0.20** -0.37**  -0.23** -0.25** -0.48** 0.65** -0.63** -0.20** -0.07  0.58**      

Cook Loss % -0.26** -0.36** -0.30** -0.28**  -0.45** -0.44** -0.35** 0.03 -0.27** -0.38** 0.02  0.49**  -0.01     

Raw Measurements                    

Fat % 0.42** 0.58** 0.40** 0.42**  0.58** 0.60** 0.53** -0.16* 0.44** 0.71** -0.06    -0.39** -     0.32**     

Moisture % -0.35** -0.49** -0.32** -0.33**  -0.46** -0.48** -0.44** 0.13* -0.36** -0.60** 0.07     0.36**   0.33** -0.95**    

Protein % -0.44** -0.60** -0.44** -0.45**  -0.66** -0.68** -0.58** 0.16* -0.48** -0.71** 0.00  0.33**  0.26** -0.79**  0.61**   

Collagen % 0.13* 0.38** 0.24** 0.19**  0.32** 0.33** 0.20** 0.12 0.09 0.48** -0.09  -0.12  -0.07  0.74** -0.62** -0.63**  

pH 0.34** 0.31** 0.22** 0.31**  0.39** 0.38** 0.39** -0.33** 0.44** 0.34** 0.03  -0.17*  -0.25**  0.20**    -0.07 -0.47** 0.06 

**Correlation coefficient differs from 0 (P < 0.01). 

*Correlation coefficient differs from 0 (P < 0.05).  
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Table 3.12.  Pearson correlation coefficients of cooked objective measures and fat percentage of each individual cut1.  

 Consumer Panel rating Trained Panel Rating  Objective Measures 

Cut
1
/ Measurement Tenderness Juiciness 

Flavor 

Liking 

Overall 

Liking  

Initial 

Juiciness 

Sustained 

Juiciness 

Myofibrillar 

Tenderness 

Connective 

Tissue 

Overall 

Tenderness 

Beef Flavor 

Identity Off-Flavor  WBSF, kg SSF, kg Moisture, % Protein, % Collagen, % pH 

Longissimus Dorsi 
    

            
  

 

WBSF -0.27 -0.35 -0.33 -0.26  -0.41* -0.42* -0.37* 0.42* -0.39* -0.48** -0.11  - 0.49** 0.53** 0.47** -0.49** 0.06 
SSF -0.28 -0.25 -0.23 -0.22  -0.41* -0.49** -0.39* 0.32 -0.40* -0.66** -0.02  - - 0.64** 0.59** -0.54** 0.25 

Cook Loss % -0.59** -0.65** -0.57** -0.61**  0.06 0.01 0.17 -0.13 0.18 0.08 0.07  0.28 0.30 - - - - 

Fat % 0.53** 0.60** 0.47** 0.48**  0.72** 0.78** 0.66** -0.32 0.62** 0.87** -0.23  -0.52** -0.64** -0.99** -0.94** 0.90** -0.41 
Infraspinatus                    

WBSF -0.16 -0.19 -0.01 -0.01  0.14 0.13 -0.22 0.25 -0.19 0.02 -0.14  - 0.34 0.17 0.17 0.14 -0.34 

SSF -0.28 -0.34 -0.24 -0.24  -0.21 -0.26 -0.54** 0.42* -0.47* -0.14 -0.16  - - 0.39 0.36 -0.29 0.05 
Cook Loss% -0.11 -0.20 -0.19 -0.19  -0.20 -0.21 -0.42* 0.09 -0.36* -0.34 -0.16  0.17 0.34 - - - - 

Fat % 0.65** 0.64** 0.50** 0.44**  0.38* 0.53** 0.43* 0.04 0.26 0.61** -0.11  -0.16 -0.39* -0.99** -0.92** 0.80** -0.17 

LCS                    

WBSF -0.27 -0.26 -0.21 -0.28  -0.29 -0.32 -0.41* -0.02 -0.32 -0.35 0.29  - - 0.34 0.20 -0.37* 0.32 
Cook Loss % -0.36 -0.16 -0.09 -0.07  -0.58** -0.67** -0.55** -0.04 -0.40* -0.48** 0.39  0.38* - - - - - 

Fat % 0.29 0.29 0.35 0.37*  0.43* 0.44* 0.59** -0.38* 0.68** 0.65** -0.24  -0.35 - -0.98** -0.86** 0.87** -0.04 

Serratus Ventralis                    
WBSF -0.35 -0.54** -0.06 -0.25  -0.23 -0.22 -0.55** 0.25 -0.43* -0.37 -0.13  - 0.69** 0.58** 0.52** -0.61** -0.12 

SSF -0.16 -0.31 0.14 -0.04  -0.27 -0.27 -0.58** 0.26 -0.52** -0.51** -0.18  - - 0.49** 0.43* -0.54** -0.13 

Cook Loss % -0.38* -0.48* -0.20 -0.35  -0.08 -0.10 -0.21 0.21 -0.27 -0.27 0.12  0.50** 0.24 - - - - 
Fat % 0.27 0.51** -0.08 0.08  0.58** 0.57** 0.68** -0.40* 0.62** 0.71** 0.07  -0.59** -0.50** -0.99** -0.95** 0.89** 0.23 

Teres Major                    

        Cook Loss -0.36 -0.12 -0.08 -0.04  -0.61** -0.57** -0.29 -0.16 -0.19 -0.34 -0.15  - - - - - - 

Triceps Brachii                    
 WBSF -0.08 -0.43* -0.13 -0.13  0.07 0.05 -0.16 0.48** -0.35 -0.03 -0.11  - 0.30 0.40* 0.29 -0.30 0.22 

SSF -0.13 -0.33 0.22 0.00  -0.12 -0.15 -0.15 0.16 -0.19 0.06 -0.05  - - 0.08 0.29 -0.17 0.15 

Cook Loss % -0.09 -0.37 -0.13 -0.13  -0.44* -0.43* -0.57** 0.09 -0.54** -0.25 0.05  0.42* 0.19 - - - - 
 Fat % 0.16 0.44* 0.25 0.32  0.53** 0.58** 0.52** -0.23 0.50** 0.57** 0.07  -0.36* -0.18 -0.96** -0.68** 0.75** -0.12 

Adductor                    

WBSF -0.05 -0.05 0.09 0.03  -0.20 0.19 -0.09 -0.09 -0.20 -0.26 0.46*  - 0.38* -0.01 0.16 -0.12 0.22 

SSF -0.05 -0.19 0.26 0.07  0.07 0.09 -0.22 0.37* -0.50** -0.04 0.04  - - -0.02 0.13 0.01 -0.15 
Cook Loss % -0.52** -0.54** -0.46** -0.60**  -0.37* -0.26 -0.29 -0.16 -0.31 -0.19 0.02  0.60** 0.13* - - - - 

 Fat % 0.23 0.26 -0.06 0.00  0.30 0.27 0.20 0.02 0.15 0.34 -0.26  -0.11 -0.03 -0.93** -0.62** 0.62** -0.09 

Biceps Femoris                    
WBSF -0.38* -0.41* -0.31 -0.28  -0.39* -0.37* -0.39* 0.16 -0.44* -0.10 0.17  - 0.51** 0.45** 0.49** -0.45* 0.27 

SSF -0.49** -0.44* -0.40* -0.39*  -0.01 -0.04 -0.10 0.32 -0.23 0.10 0.09  - - 0.28 0.12 -0.13 0.34 

Cook Loss % -0.47** -0.56** -0.50** -0.52**  -0.48** -0.45* -0.29 -0.08 -0.18 -0.04 -0.31  0.34 0.19 - - - - 
Fat % 0.51** 0.59** 0.62** 0.57**  0.45* 0.53** 0.57** -0.34 0.54** 0.75** -0.20  -0.47** -0.20 -0.96** -0.91** 0.82** -0.28 

Semimembranosus                    

WBSF 0.13 -0.32 0.01 0.07  0.02 0.06 -0.09 0.25 -0.47** -0.06 0.13  - 0.43* 0.40 0.35 -0.45 0.49 

SSF 0.11 -0.19 0.06 0.01  0.08 0.26 0.22 0.40* -0.65** 0.02 0.31  - - 0.34 0.47 -0.26 0.03 
Cook Loss % -0.12 -0.02 -0.49** -0.39*  -0.05 0.01 0.01 0.01 0.03 0.03 0.14  0.40* 0.27 - - - - 

Fat % 0.09 0.47** 0.05 0.08  -0.06 -0.04 -0.08 0.01 0.34 0.08 -0.17  -0.48** -0.43* -0.87** -0.88** 0.77** -0.20 

**Correlation coefficient differs from 0 (P < 0.01). 
*Correlation coefficient differs from 0 (P < 0.05).  

1Cut represented by muscle: longissimus dorsi (strip); infraspinatus (Flat Iron); longissimus dorsi, complexus, and spinalis dorsi (LCS) (Delmonico); serratus ventralis (Denver); teres major (Shoulder Petite Tender); 

triceps brachii (Ranch); adductor (San Antonio); biceps femoris (Western Griller); semimembranosus (Tucson). 
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CHAPTER IV 

VARIATION OF PRESS JUICE PERCENTAGE IN MULTIPLE 

BEEF CUTS 
 

ABSTRACT 

The purpose of this study was to use a previously developed objective beef juiciness 

measurement to determine the efficacy of juiciness among the ongissimus dorsi and six 

different muscles among three different quality grades. Five different beef sub-primals were 

utilized for the study: strip loins (IMPS #180), inside rounds (IMPS #169), bottom rounds 

(IMPS #171B), shoulder clods (IMPS #114), and chuck rolls (IMPS #116). Sub-primals were 

from three different USDA quality grades: Prime, Choice, and Select; (n = 10 / quality grade) 

and were fabricated into steaks; longissimus dorsi, serratus ventralis, infraspinatus, triceps 

brachii, adductor, semimembranosus, and the biceps femoris. An objective juiciness 

measurement was recorded using a warm cooked sample to determine Press Juice Percentage 

(PJP). Consumer and trained sensory panelist were used to rate overall, initial, and sustained 

juiciness measurements. No interaction was determined between cut × quality grade. The 

adductor, semimembranosus, serratus ventralis had lower (P < 0.05) PJP values than all other 

cuts evaluated. Within quality grades, PJP was similar (P < 0.05) among Prime and Select 

samples, which rated higher (P < 0.05) than Choice. Among all muscles, PJP was associated 

(P < 0.05) with consumer juiciness ratings as well as trained initial and sustained juiciness 

ratings (r = 0.20, 0.19, 0.18, respectively). Additionally, out of all cuts evaluated, PJP was 
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only associated (P < 0.05) with the consumer juiciness scores for the triceps brachii, 

accounting for 17% of the variation. The infraspinatus and serratus ventralis PJP was 

associated with (P < 0.05) trained sensory panel measures of juiciness, accounting for 26% of 

the variation for both initial and sustained juiciness. The PJP among all cuts also was found to 

be the most correlated (P < 0.05) with the longissimus dorsi PJP (r = 0.37). A regression 

analysis revealed the PJP of the longissimus dorsi accounted for a significant (P < 0.05) 

amount of variation in the trained initial and sustained juiciness scores within the adductor (R2 

= 0.42, 0.38, respectively) and serratus ventralis (R2 = 0.25, 0.24, respectively). However, 

these cuts were unrelated (P > 0.05) to the trained sensory panel scores for all other cuts. 

Moreover, the longissimus dorsi PJP was not related (P > 0.05) to the consumer juiciness 

ratings for all cuts evaluated. Results of this study indicate that though differences in juiciness 

exist among cuts, PJP was not an adequate predictor of sensory panel juiciness ratings for 

most of the cuts evaluated.  

INTRODUCTION 

Juiciness can be termed as the amount of free water influencing mouth sensations as 

moisture releases from of the meat when pressure is applied by the teeth (Ritchey and 

Hostetler, 1963). Sensory juiciness can be broken down into two parts: the initial wetness 

during the first few chews produced by a rapid release of meat juices, and the sustained 

juiciness while fat in the sample causes a slow release of saliva after continued mastication 

(Bratzler, 1971).  Juiciness along with factors such as tenderness and flavor contribute to the 

overall beef palatability. It is often noted that more tender meat readily emits juices and 

results in a juicier sensory rating (Lucherk et al., 2017). In addition, intramuscular fat is 
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solubilized into juice, where marbling can indirectly have a positive contribution to tenderness 

(Emerson et al., 2013). Thus, consumers are more likely to rate juiciness as desirable if 

tenderness or overall liking traits were also desirable. Understanding beef juiciness is of great 

importance, as previous work has indicated that there is a 66% chance of overall palatability 

failing when juiciness fails to meet consumer expectations (O'Quinn et al., 2017).   

Until recently, there has not been an objective measure of beef juiciness. A recent 

study by Lucherk et al. (2017) developed a measurement technique, termed the Pressed Juice 

Percentage (PJP). In that study, the authors reported the PJP method was a better predictor of 

sensory panel juiciness scores than all other objective juiciness measures evaluated (37 in 

total), except cooking loss measured directly from steak evaluated by panelists (Lucherk et 

al., 2017). Also, recently completed work demonstrated that the PJP method was both 

repeatable and accurate in identifying steaks that would be classified as “juicy” by consumers 

(McKillip et al., 2017). McKillip et al., (2017) showed the repeatability of measuring PJP, and 

determined the method to be successfully repeatable (0.70) and comparable to the original 

study by Lucherk et al., (2017). Accuracy of using the PJP method to measure sensory 

juiciness was as determined through creating a threshold prediction equation showing the 

correspondence of PJP and sensory juiciness. The threshold prediction equation, demonstrated 

how consumers would rate juiciness based on the PJP outcome of a sample (Lucherk et al., 

(2017). McKillip et al., (2017) proved the PJP threshold equation to be accurate for only 

consumer juiciness and trained panel initial juiciness. Trained panel sustained juiciness 

predicted a lower percentage of samples rating juicy than the equation predicted. Overall, the 
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PJP method was determined to be repeatable and accurate in determining the probability of a 

steak being juicy.  

The past PJP studies conducted by Lucherk et al., (2017) and McKillip et al., (2017) 

evaluated the longissimus dorsi across multiple quality grades and DOD. Therefore, further 

research needs to be completed for a further understanding of juiciness traits in additional 

beef muscles. The objective for this study was to evaluate differences in juiciness using the 

longissimus dorsi and 6 different beef muscles among various quality grades and determine 

the efficacy of PJP as a measure of juiciness, as well as the ability of PJP measured on the 

longissimus dorsi to predict the juiciness of other muscles. 

MATERIAL AND METHODS 

Product 

 Five different beef sub-primals representing three different quality grades were 

evaluated: strip loins (IMPS #180), inside rounds (IMPS #169), bottom rounds (IMPS 

#171B), shoulder clods (IMPS #114), and chuck rolls (IMPS #116); [Prime, Choice (Small00 

– Small100), and Select (Slight00 to Slight50)]; n = 10 / quality grade). Primals were collected 

by Texas Tech University (TTU) and Kansas State University (KSU) personnel at a 

commercial beef processing plant in the Midwest and transported in a refrigerated truck to the 

TTU Gordon W. Davis Meat Science Laboratory in Lubbock, Texas.  All sub-primals were 

taken from the right side of the carcass and aged for 21 d at 0 – 4oC under vacuum packaging. 

Following aging, each subprimal was fabricated into individual muscles and removed as the 

following: strip loin: longissimus dorsi (strip); bottom round: biceps femoris (Western 
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Griller); top round: adductor (San Antonio), semimembranosus (Tucson); chuck shoulder 

clod: infraspinatus (Flat Iron), triceps brachii (Ranch); chuck roll: serratus ventralis (Denver). 

Muscles were fabricated as described in chapter 3, from anterior to posterior across the 

grain, perpendicular to the long axis of the cut, into 2.5 cm thick steaks. From each muscle, 

the third steak was assigned to perform Slice Shear Force (SSF), as well as used to analyze 

the Press Juice Percentage (PJP). Each steak was then individually vacuum-packaged and 

frozen (-20o C) until subsequent analyses.  

Cooked Sample Preparation  

Steaks were thawed at 2 – 4 o C for 24 h prior to testing. Following thawing, steaks 

were trimmed to remove excess fat. Initial raw weights and temperatures were recorded 

before cooking (Thermapen Mk4, Themoworks, American Fork, UT). Steaks were then 

cooked using an electric clamshell grill (Cuisiart Griddler Deluxe, model GR150, East 

Windsor, NJ) where they were monitored and removed from the grill and allowed to rise to a 

medium degree of doneness (71oC) and peak temperature was recorded. Immediately after 

cooking, each steak was re-weighted in order to calculate cook loss. 

Pressed Juice Percentage  

Methods of objective juiciness testing were conducted as described by Lucherk et al. 

(2017) for the longissimus dorsi. For each muscle, immediately following tenderness testing, 

an additional 1- cm thick, steak-width slice was removed using a double-bladed knife 

immediately adjacent to the SSF sample removal (protocol demonstrated in Chapter 3). Three 

1- cm samples, parallel to the muscle fiber orientation, were removed from the 1-cm thick 

slice. Each PJP slice was removed from different sections based on the muscle, muscle fiber 
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orientation, and location of SSF sample removal (Figure 4.1). Once the three 1- cm PJP 

samples were cut, two sheets of filter paper (Qualitative P8 Fisherbrand Filter Paper, Fisher 

Scientific, Pittsburgh, PA) were weighted for each sample and then a pre-compression weight 

was taken with each of the 3 samples placed on separate filter papers. Each sample was then 

compressed for 30 s at 8-kg pressure. After compression, the sample was removed from the 

filter paper and the filter paper was re-weighted. Through the following equation, the 

percentage of moisture lost during compression quantified the PJP: [(Wet filter paper- filter 

paper)/ (dry sample + filter paper) = Press juice percentage]. 

Consumer and trained panel evaluation 

Consumer panels were conducted similar to methods utilized in several previous 

works (Lucherk et al., 2016; Wilfong et al., 2016; McKillip et al., 2017) and consistent with 

the AMSA Research guidelines for cookery, sensory evaluation, and instrumental tenderness 

measures of meat (AMSA, 2015). Panelists (n = 210) were recruited from the Manhattan, KS 

and the surrounding communities and monetarily compensated for their participation. 

Panelists were provided with a ballot, plastic fork, toothpick, napkin, expectorant cut, cup of 

water, and palate cleansers (unsalted crackers and apple juice) to use between samples. Data 

was gathered using electronic ballots, (Model 5709 HP Steam 7; Hewlett-Packard, Palo Alto, 

CA) which included a digital survey (Version 2417833; Qualtrics Software, Provo, UT) 

containing an information page, demographic questionnaire, beef steak purchasing behavior 

page and 8 sample ballots. Before the start of each panel, panelists were given verbal 

instructions about the electronic ballot and the use of palate cleansers. Steaks were cooked as 

previously described and cubed into 1.27-cm3 pieces, with two pieces served immediately to 



Texas Tech University, Kara M. Nyquist, May 2018 

 

 

81 

 

each of 7 predetermined consumers. Consumers were served a total of 8 samples representing 

differences in muscles and quality grades in random order. The predetermined serving order 

was designed as an unbalanced, incomplete block design so that every muscle × quality grade 

combination was compared as close to an equal number of times as possible. Attributes for 

each sample were ranked on a ballot with continuous-line scales for juiciness, tenderness, 

flavor liking, and overall liking. The zero anchors were labelled as: extremely dry, extremely 

tough, dislike flavor extremely, and dislike overall extremely; the 100 anchors were labelled 

as extremely juicy, extremely tender, like flavor extremely, like overall extremely, and neutral 

midpoints were provided for each scale. Also, each consumer was asked to rate each sample 

as either acceptable or unacceptable for each palatability trait. Consumers also identified each 

sample as either unsatisfactory, everyday quality, better-than-everyday quality, or premium 

quality. 

Trained sensory analysis was conducted at KSU using an eight-member trained 

descriptive panel trained according to the Research guidelines for cookery, sensory 

evaluation, and instrumental tenderness measures of meat (AMSA, 2015) Panelists were 

trained prior to evaluation over a two-week period. The representative samples were evaluated 

based on the anchors described by Vierck (2017). A total of thirteen sessions were conducted, 

where panelist each time evaluated nine different sample, with a warm up steak sample served 

first for panelist palatability calibration. The panelists evaluated each sample based on initial 

juiciness, sustained juiciness, myofibrillar tenderness, connective tissue amount, beef flavor 

intensity, off flavor intensity, and overall flavor and tenderness on continuous line scales with 

verbal anchors at each end (0 = extremely dry/tough/ none/ bland, 100 = extremely 
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juicy/tender/abundant/intense) and neutral midpoints anchored at 50% of the scale. All 

cooking procedures were identical to those described above.  

Statistical analysis 

 Statistical analyses were conducted using the procedures of SAS (Version 9.4; SAS 

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

GLIMMIX with α = 0.05. Sub-primal was used as the experimental unit. A factorial 

arrangement with cut, grade, and the cut × quality grade interaction as fixed effects was used 

as the model. For sensory data the model included the random effects of panel and steak peak 

temperature as a covariate. Pearson correlation coefficients were determined via PROC 

CORR using a significance of (P < 0.05). Simple linear regression analyses (PROC REG) 

were used to analyze sensory juiciness ratings in relation to PJP measured on each cut as well 

as the longissimus dorsi PJP. 

RESULTS 

Press Juice Percentage (PJP) 

Table 4.1 presents the least square means for the PJP of cuts and quality grades. When 

evaluating PJP, there were no cut × quality grade interactions determined (P > 0.05), 

indicating the impact of quality grade was consistent across all of the muscles evaluated. 

Prime and Select cuts where evaluated to expresses similar (P > 0.05) juice percentages, 

rating higher than (P < 0.05) than Choice. Among muscles, minimal differences were 

determined. The longissimus dorsi, triceps brachii, infraspinatus, and biceps femoris were 

similar (P > 0.05) and higher (P < 0.05) in PJP than the serratus ventralis, adductor, and 

semimembranosus. The longissimus dorsi contained the highest (P < 0.05) PJP value 
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recorded, with the semimembranosus demonstrating the lowest (P < 0.05) PJP value among 

all cuts. 

Correlations 

 Table 4.2 shows the Pearson correlation coefficients used to identify and quantify 

juiciness relationships between consumer and trained sensory panels in relation to the 

longissimus dorsi PJP and the PJP of each cut. The longissimus dorsi PJP was correlated (P < 

0.05) with the PJP of the individual cuts (r = 0.37). Additionally, across all cuts, muscle PJP 

was correlated (P < 0.05) with consumer juiciness ratings, as well as trained initial and 

sustained juiciness ratings (r = 0.20, 0.19, 0.18, respectively). Consumer juiciness ratings 

showed a moderately high correlation (P < 0.05) with trained initial juiciness rating and 

trained sustained juiciness ratings; r = 0.56, 0.62 respectively. The strongest associated (P < 

0.05) was shown between initial and sustained juiciness among all cuts and quality grades 

evaluated (r = 0.98). 

The Pearson correlation coefficient between sensory panel juiciness ratings from the 

seven different beef cuts and PJP is shown within Table 4.3. Consumer juiciness ratings were 

positively correlated (P < 0.05) with muscle cut PJP of the triceps brachii (r = 0.41). 

Additionally, a positive correlation (P < 0.05) occurred between the infraspinatus PJP and 

trained initial and trained sustained juiciness; r = 0.50 and 0.51, respectively. The trained 

initial and sustained juiciness of the adductor and serratus ventralis were positively correlated 

(P < 0.05) with the PJP of the longissimus dorsi; r = 0.64, 0.62, 0.50, 0.49, respectively. 

Lastly, the semimembranosus PJP was the only cut to be positively correlated (P < 0.05) to 

the longissimus dorsi PJP, (r = 0.48).  
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Prediction equations for sensory panel ratings   

Table 4.4 presents a simple linear regression for predicting sensory juiciness based on 

PJP of the longissimus dorsi and individual muscle PJP. Regression analysis indicated 

consumer juiciness ratings for the triceps brachii was predicted (P < 0.05) by the equation: 

consumer juiciness ratings = 25.56 + 2.51 × triceps brachii PJP (R2 = 0.17).  The regression 

analysis indicated trained initial juiciness and sustained juiciness of the infraspinatus was 

predicted (P < 0.05) by the equations: initial juiciness rating = 50.05 + 2.31 × infraspinatus 

PJP (R2 = 0.26); and sustained juiciness rating = 40.97 + 2.58 × infraspinatus PJP (R2 = 0.26). 

The longissimus dorsi PJP explained (P < 0.05) over 38% of the variation in initial and 

sustained juiciness of the adductor. The equation initial juiciness rating = 18.23 + 2.47 × 

longissimus dorsi PJP and sustained juiciness rating = 2.91 + 2.68 × longissimus dorsi PJP, 

explained 42% and 38% of the variation in initial and sustained juiciness of the adductor.   

DISCUSSION 

  The purpose of the current project was to evaluate the juiciness of multiple beef cuts 

using both sensory panel analysis and the recently developed instrumental juiciness technique 

(PJP). To date, only the longissimus dorsi has been evaluated using PJP methods (Lucherk et 

al., 2017; McKillip et al., 2017). In both previous studies, PJP has been demonstrated to be a 

reliable indicator of sensory panel (both consumer and trained) juiciness scores. Moreover, 

PJP has shown the ability to sort strip steaks into categories of expected juice percentage and 

be a repeatable juiciness measurement (McKillip et al., 2017). However, based on previous 

work, it is unclear if the PJP method and relationship between PJP and sensory juiciness, 

could be used on additional beef muscles.  
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Press Juice Percentage variation within muscles 

In this current study differences were seen in juiciness during sensory evaluation, 

differences in PJP were also found among the individual cuts. The infraspinatus, longissimus 

dorsi, biceps femoris, and triceps brachii resulted in higher PJP values than the other cuts 

evaluated. This differed from the juiciness ratings found in the sensory evaluation conducted 

and presented in chapter 3. However, the serratus ventralis, which was rated as one of the 

juiciest cuts by sensory panelists, had one of the lowest PJPs in comparison to the other 

muscles. Moreover, the biceps femoris and triceps brachii, also had some of the highest PJP 

values, despite low sensory juiciness ratings. Sensory ratings and PJP results were not 

influenced by the variation of quality grade, as panelist and PJP measurement were not able to 

detect differences in quality grade between cuts. Therefore, these results indicate that perhaps 

differences in muscle structure, cooking properties, salivation, the halo-effect, or other 

unidentified factors among muscles may contribute to sensory juiciness perception that is not 

easily quantified using instrumental juiciness measures, including PJP.  

Relationship among Pressed Juice Percentage and sensory panel ratings 

Previous authors (Lucherk et al., 2017; McKillip et al., 2017) have reported PJP of the 

longissimus dorsi to be correlated with consumer sensory juiciness scores (r = 0.45, – 0.55) 

and trained sensory panel juiciness scores (r = 0.57, - 0.67) and to account for 20 - 48% of the 

variation in these ratings. However, in the current study PJP was less efficient at accounting 

for variation in the sensory juiciness scores of the muscles evaluated. Across all muscles, PJP 

(measured on the same muscle) was only minimally associated (r = 0.18, – 0.20) with sensory 

panel juiciness ratings. Individually, PJP was associated with sensory juiciness traits of the 
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triceps brachii and infraspinatus, accounting for 17 – 26% of the variation in consumer and 

trained panel juiciness ratings for these two cuts. However, for all other muscles evaluated, 

including the longissimus dorsi, PJP measured on the muscle itself was not related to sensory 

juiciness ratings. It is important to note that in the previous work evaluating PJP, the samples 

evaluated included a breadth of USDA quality grades as well as samples enhanced with 8 – 

12% of a salt, water, and phosphate solution (Lucherk et al., 2016; McKillip et al., 2017). 

Moreover, steaks in those studies were cooked to a wide range of degrees of doneness (Rare 

to Well-Done), creating additional variation in juiciness. It is plausible that the amount of 

variation in juiciness observed in the current study with all samples cooked to a medium 

degree of doneness, was not sufficient enough to produce correlations and regression models 

with PJP that accounted for the amount of juiciness variation that has been previously 

reported. Moreover, differences between PJP values among samples vs sensory panel 

differences and rankings observed among cuts previously discussed contributed to the low 

and in many cases, non-existent relationships, between PJP and juiciness ratings. 

 An objective of the current study was to evaluate the efficacy of PJP measured on the 

longissimus dorsi as a predictor of juiciness of the other cuts evaluated. Previous work has 

addressed similar questions in regard to muscle tenderness and the relationship to the 

tenderness of the longissimus dorsi (Shackelford et al., 1995; Wheeler et al., 2000). Our work 

showed that longissimus dorsi PJP was moderately correlated (r = 0.37) to the PJP of the 

other cuts. When using longissimus dorsi PJP as a measure of sensory panel juiciness ratings 

of the other cuts, it explained a significant amount of variation (24 - 42%) in trained sensory 

panel juiciness scores for both the adductor and serratus ventralis, a greater proportion than 
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was explained by PJP measured directly on these muscles. In all other cuts, longissimus dorsi 

PJP was not related to juiciness ratings. This indicates that the longissimus dorsi PJP is not a 

reliable indicator of the juiciness of the majority of muscles evaluated, preventing the use of a 

single PJP value to represent the juiciness of multiple cuts from the carcass.  
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Table 4.1. Least Square means for press juice percent (PJP) of various quality 

grades1 from the longissimus dorsi and six different beef cuts2. 

Treatment PJP % 

Quality Grade1  

Prime 11.42 

Choice 11.08 

Select 11.43 

SEM3 
0.35 

P - Value 0.55 

  

Cut2  

Longissimus Dorsi 12.61a 

Infraspinatus 12.02a 

Serratus Ventralis 10.56b 

Triceps brachii 12.12a 

Adductor 10.10b 

Biceps Femoris 12.01a 

Semimembranosus 9.75b 

SEM3 0.42 

P - value < 0.01 

1 USDA Quality Grades included Prime, Choice (Small00 – Small100), and Select 

(Slight00 – Slight50).  
2 Muscles represented by cut: longissimus dorsi (strip); infraspinatus (Flat Iron); 
serratus ventralis (Denver); triceps brachii (Ranch); adductor (Adductor); biceps 

femoris (Western Griller); semimembranosus (Tucson). 

3 SE (largest) of the least squares means. 
ab Least squares means in the same section without a common superscript differs 

(P < 0.05). 
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Table 4.2. Pearson correlation coefficients of consumer and trained sensory panel juiciness ratings1 in relation to the longissimus dorsi Pressed Juice 

Percentage (PJP) and Pressed Juice Percentage among all beef cuts. 

Measurement 
Trained Initial Juiciness 

Rating1 
Trained Sustained Juiciness 

Rating1 
Muscle PJP Longissimus Dorsi PJP 

Consumer Juiciness Rating 0.59** 0.62** 0.20* 0.13 

Trained Initial Juiciness Rating - 0.98** 0.19* 0.20 

Trained Sustained Juiciness Rating 0.98** - 0.18* 0.18* 

Muscle PJP  0.19* 0.18* - 0.37** 
1Sensory scores: 0 = extremely dry; 100 = extremely juicy 

Significant levels at: 
*Significant correlation (P < 0.05). 

**Significant correlation (P < 0.01). 
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Table 4.3. Pearson correlation coefficients for measurements of Pressed Juice Percentage and consumer and trained sensory panel juiciness ratings1 from six beef cuts2 and 

longissimus dorsi PJP 

Measurement Cut2 
Consumer Juiciness 

Rating1 

Trained Initial 

Juiciness Rating1 

Trained Sustained 

Juiciness Rating1 
Muscle PJP 

Muscle PJP  Longissimus Dorsi 0.25 0.10 0.15 - 

 Infraspinatus 0.28 0.50** 0.51** - 

 Serratus Ventralis 0.12 0.07 0.05 - 

 Triceps brachii 0.41* 0.00 0.05 - 

 Adductor 0.05 0.20 0.16 - 

 Biceps Femoris 0.08 0.24 0.26 - 

 Semimembranosus 0.13 -0.22 -0.30 - 

Longissimus Dorsi PJP  Longissimus Dorsi 0.25 0.10 0.15    - 

 Infraspinatus -0.19 0.09 0.08 -0.09 

 Serratus Ventralis 0.13 0.50* 0.49* 0.13 

 Triceps brachii 0.21 0.32 0.20 0.09 

 Adductor 0.32 0.64** 0.62** 0.30 

 Biceps Femoris -0.03 0.35 0.36 0.24 
 Semimembranosus 0.16 0.13 0.08 0.48* 
1Sensory scores: 0 = extremely dry, dislike extremely; 100 = extremely juicy, like extremely 
2Muscles represented by cut: longissimus dorsi (strip); infraspinatus (Flat Iron); serratus ventralis (Denver); triceps brachii (Ranch); adductor (San Antonio); biceps femoris 
(Western Griller); semimembranosus (Tucson). 

*Significant correlation (P < 0.05).  

**Significant correlation (P < 0.01).  
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Table 4.4. Simple linear regression equations of consumer and trained juiciness ratings1 from six beef cuts2 as related to muscle Pressed 

Juice Percentage (PJP)3 and longissimus dorsi PJP.  

Measurement Cut2 Intercept 
Regression 
coefficient R2 P - value 

Consumer Juiciness Longissimus Dorsi 37.73 1.71 0.06 0.19 

Muscle PJP Infraspinatus 45.42 2.31 0.08 0.13 

 Serratus Ventralis 67.66 0.54 0.02 0.54 

 Triceps brachii 25.56 2.51 0.17 0.02 

 Adductor 44.24 0.25 0.00 0.80 

 Biceps Femoris 46.48 0.54 0.01 0.68 

 Semimembranosus 36.52 1.01 0.02 0.50 

Initial Juiciness Longissimus Dorsi 59.90 0.44 0.01 0.60 

Muscle PJP Infraspinatus 50.05 2.31 0.26 <0.01 

 Serratus Ventralis 77.09 0.29 0.01 0.72 

 Triceps brachii 50.28 0.00 0.00 0.99 

 Adductor 36.24 1.05 0.04 0.28 

 Biceps Femoris 51.54 1.12 0.06 0.21 

 Semimembranosus 62.23 -1.24 0.05 0.24 

Sustained Juiciness Longissimus Dorsi 44.57 0.80 0.02 0.44 

Muscle PJP Infraspinatus 40.97 2.58 0.26 <0.01 

 Serratus Ventralis 71.55 0.26 0.00 0.80 

 Triceps brachii 44.92 0.29 0.00 0.80 

 Adductor 24.60 0.94 0.03 0.39 

 Biceps Femoris 38.09 1.36 0.07 0.18 

 Semimembranosus 54.93 -1.82 0.09 0.11 

Consumer Juiciness Longissimus Dorsi 37.73 1.71 0.06 0.19 

Longissimus Dorsi PJP Infraspinatus 88.50 -0.71 0.04 0.45 

 Serratus Ventralis 71.07 0.46 0.02 0.61 

 Triceps brachii 43.88 1.18 0.05 0.40 

 Adductor 28.61 1.36 0.10 0.19 

 Biceps Femoris 56.85 -0.17 0.00 0.91 

 Semimembranosus 40.15 0.76 0.03 0.51 

Initial Juiciness Longissimus Dorsi 59.90 0.44 0.01 0.60 

Longissimus Dorsi PJP Infraspinatus 76.22 0.23 0.01 0.75 

 Serratus Ventralis 66.81 1.35 0.25 0.03 

 Triceps brachii 48.43 1.23 0.10 0.20 

 Adductor 18.23 2.47 0.42 <0.01 

 Biceps Femoris 52.24 1.28 0.12 0.14 

 Semimembranosus 44.74 0.46 0.02 0.61 

Sustained Juiciness Longissimus Dorsi 44.57 0.80 0.02 0.44 

Longissimus Dorsi PJP Infraspinatus 70.75 0.24 0.01 0.76 

 Serratus Ventralis 58.01 1.65 0.24 0.03 

 Triceps brachii 40.01 1.01 0.04 0.42 

 Adductor 2.91 2.68 0.38 <0.01 

 Biceps Femoris 40.59 1.45 0.13 0.13 

 Semimembranosus 34.10 0.35 0.01 0.73 

1Sensory scores: 0 = extremely dry; 100 = extremely juicy 
2Muscles represented by cut: longissimus dorsi (strip); infraspinatus (Flat Iron); serratus ventralis (Denver); triceps brachii (Ranch); 
adductor (San Antonio); biceps femoris (Western Griller); semimembranosus (Tucson). 
3 Percentage of sample weight lost as fluid during compression of sample between filter paper at 8 kgf for 30 sec 
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Figure 4.1. Demonstrates the cutting procedures for obtaining samples for A) Pressed 

Juice Percentage (PJP) and B) Slice Shear Force (SSF) from muscles1 with either a 45o 

or 90o muscle fiber orientation.  
1Muscles represented by Innovation cut: infraspinatus (Flat Iron); triceps brachii (Ranch); 

semimembranosus (Tucson); serratus ventralis (Denver); biceps femoris (Western Griller); adductor 

(San Antonio); longissimus dorsi (strip) (Not Represented).
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Table A.1.  Pearson correlation coefficients between consumer sensory traits, trained panel analysis, and all objective measurements of the longissimus dorsi1. 

 Consumer Panel rating  Trained Panel Rating Objective Measurements 

Measurement Tenderness Juiciness 

Flavor 

Liking 

Overall 

Liking  

Initial 

Juiciness 

Sustained 

Juiciness 

Myofibrillar 

Tenderness 

Connective 

Tissue 

Overall 

Tenderness 

Beef 

Flavor 

Identity 

Off-

Flavor  

WBSF, 

kg SSF, kg 

 

 

Fat % 

Moisture 

% 

Protein 

% 

Collagen 

% 

Consumer panel                    
Juiciness 0.92**                   

Flavor Liking 0.87** 0.82**                  

Overall Liking 0.92** 0.87** 0.95**                 
Trained Panel                     

Initial Juiciness 0.55** 0.59** 0.50** 0.53**                

Sustained Juiciness 0.53** 0.55** 0.48** 0.50**  0.96**              

Myofibrillar Tenderness 0.48** 0.46** 0.43* 0.45*  0.78** 0.80**             
Connective Tissue -0.38* -0.39* -0.25 -0.33  -0.28 -0.28 -0.48**            

Overall Tenderness 0.51** 0.48** 0.45* 0.47**  0.71** 0.76** 0.97** -0.59**           

Beef Flavor Identity 0.56** 0.62** 0.51** 0.50**  0.72** 0.77** 0.55** -0.27 0.57**          
Off- Flavor -0.46** -0.42* -0.33 -0.45*  -0.28 -0.33 -0.34 0.30 -0.40* -0.24         

Cooked objective Measurements                    

WBSF, kg -0.27 -0.35 -0.33 -0.26  -0.41* -0.42* -0.37* 0.42* -0.39* -0.48** -0.11        

Slice Shear force value, kg -0.28 -0.25 -0.23 -0.22  -0.41* -0.49** -0.39* 0.32 -0.40* -0.66** -0.02     0.49**      
Cook Loss % -0.59** -0.65** -0.57** -0.61**  0.06 0.01 0.17 -0.14 0.18 0.08 0.07  0.28*   0.30     

Raw objective Measurements                    

Fat % 0.53** 0.60** 0.47** 0.48**  0.72** 0.78** 0.66** -0.32 0.62** 0.87** -0.23   -0.52** -0.64**     
Moisture % -0.52** -0.59** -0.47** -0.48**  -0.72** -0.78** -0.65** 0.33 -0.62** -0.85** 0.21  0.53** 0.64** -0.99**    

Protein % -0.56** -0.59** -0.46* -0.48**  -0.73** -0.80** -0.71** 0.34 -0.68** -0.87** 0.32  0.47** 0.59** -0.94**  0.91**   

Collagen % 0.51** 0.59** 0.43* 0.49**  0.75** 0.78** 0.61** -0.26 0.54** 0.79** -0.23  -0.49** -0.54**  0.90** -0.87** -0.87**  
pH -0.32 -0.27 -0.28 -0.34  -0.19 -0.18 -0.31 0.35 -0.35 -0.24 0.13       0.06  0.25 -0.41*    0.45*   0.27 -0.18 

**Correlation coefficient differs from 0 (P < 0.01). 

*Correlation coefficient differs from 0 (P < 0.05). 
1Muscles represented by cut: longissimus dorsi (strip) 
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Table A.2.  Pearson correlation coefficients between consumer sensory traits, trained panel analysis, and all objective measurements of the infraspinatus 1. 

 Consumer Panel rating  Trained Panel Rating Objective Measurements 

Measurement Tenderness Juiciness 
Flavor 
Liking 

Overall 
Liking  

Initial 
Juiciness 

Sustained 
Juiciness 

Myofibrillar 
Tenderness 

Connective 
Tissue 

Overall 
Tenderness 

Beef 

Flavor 
Identity 

Off-
Flavor  

WBSF, 
kg SSF, kg 

 

 
Fat % 

Moisture 
% 

Protein 
% 

Collagen 
% 

Consumer panel                    

Juiciness 0.86**                   

Flavor Liking 0.75** 0.79**                  
Overall Liking 0.81** 0.85** 0.89**                 

Trained Panel                     

Initial Juiciness 0.19 0.13 -0.05 0.01                

Sustained Juiciness 0.34 0.30 0.10 0.13  0.95**              
Myofibrillar Tenderness 0.51** 0.45* 0.36* 0.33  0.49** 0.53**             

Connective Tissue -0.24 -0.22 -0.24 -0.15  0.04 0.01 -0.55**            

Overall Tenderness -0.13 -0.06 -0.17 0.23  0.46* 0.49** 0.90** -0.75**           
Beef Flavor Identity 0.36* 0.28 0.27 0.14  0.48** 0.56** 0.39* -0.07 0.36*          

Off- Flavor 0.42 0.34 0.22 0.09  0.16 0.09 0.21 -0.34 0.35 -0.28         

Cooked objective Measurements                    
WBSF, kg -0.16 -0.19 -0.01 -0.01  0.14 0.13 -0.22 0.25 -0.19 0.02 -0.14        

Slice Shear force value, kg -0.28 -0.34 -0.24 -0.24  -0.21 -0.26 -0.54** 0.42* -0.47* -0.14 -0.16     0.34      

Cook Loss % -0.11 -0.20 -0.19 -0.19  -0.20 -0.21 -0.42* 0.09 -0.36* -0.34 -0.16     0.17   0.34     

Raw objective Measurements                    
Fat % 0.65** 0.64** 0.50** 0.44**  0.38* 0.53** 0.43* 0.04 0.26 0.61** -0.11    -0.16 -0.39*     

Moisture % -0.61** -0.61** -0.47* -0.42*  -0.39* -0.52** -0.41* -0.06 -0.24 -0.60** 0.12  0.17  0.39* -0.99**    

Protein % -0.67** -0.69** -0.57** -0.51**  -0.37* -0.52** -0.48** 0.06 -0.35 -0.57** 0.02  0.17    0.36 -0.92**  0.88**   
Collagen % 0.51** 0.49** 0.52** 0.35  0.33 0.46* 0.43* 0.10 0.24 0.44* -0.14  0.14   -0.29  0.80** -0.76**  -0.71**  

pH -0.06 -0.06 -0.24 -0.11  -0.02 0.01 -0.06 -0.14 0.03 0.09 0.11    -0.34    0.05 -0.17    0.15    0.06 -0.50** 

**Correlation coefficient differs from 0 (P < 0.01). 

*Correlation coefficient differs from 0 (P < 0.05). 
1Cut represented by muscle: infraspinatus (Flat Iron) 
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Table A.3.  Pearson correlation coefficients between consumer sensory traits, trained panel analysis, and all objective measurements of the LCS1. 

 Consumer Panel rating  Trained Panel Rating Objective Measurements 

Measurement Tenderness Juiciness 
Flavor 
Liking 

Overall 
Liking  

Initial 
Juiciness 

Sustained 
Juiciness 

Myofibrillar 
Tenderness 

Connective 
Tissue 

Overall 
Tenderness 

Beef 

Flavor 
Identity 

Off-
Flavor  WBSF, kg 

 

 
Fat % Moisture % Protein % Collagen % 

Consumer panel                   

Juiciness 0.85**                  

Flavor Liking 0.70** 0.75**                 

Overall Liking 0.77** 0.81** 0.92**                

Trained Panel                    
Initial Juiciness 0.23 0.09 0.09 0.16               

Sustained Juiciness 0.24 0.14 0.11 0.17  0.97**             

Myofibrillar Tenderness 0.42* 0.29 0.32 0.40*  0.76** 0.77**            

Connective Tissue -0.13 0.05 -0.15 -0.17  -0.10 -0.05 -0.23           
Overall Tenderness 0.43* 0.25 0.34 0.44*  0.69** 0.69** 0.88** -0.58**          

Beef Flavor Identity 0.33 0.21 0.19 0.28  0.75** 0.74** 0.75** -0.31 0.72**         

Off- Flavor -0.09 -0.10 -0.02 -0.01  -0.23 -0.22 -0.09 0.18 -0.17 -0.19        
Cooked objective Measurements                   

WBSF, kg -0.27 -0.26 -0.21 -0.28  -0.29 -0.32 -0.41* -0.02 -0.32 -0.35 0.29       

Cook Loss % -0.36 -0.15 -0.09 -0.07  -0.58** -0.67** -0.55** -0.04 -0.40* -0.48** 0.39*   0.38*     
Raw objective Measurements                   

Fat % 0.29 0.29 0.35 0.37*  0.43* 0.44* 0.59** -0.38* 0.68** 0.65** -0.24  -0.35     

Moisture % -0.29 -0.29 -0.36* -0.37*  -0.37* -0.40* -0.51** 0.41* -0.63** -0.60** 0.20  0.34  -0.98**    

Protein % -0.27 -0.33 -0.35 -0.38*  -0.46* -0.45* -0.58** 0.23 -0.62** -0.65** 0.35  0.20  -0.86**  0.78**   
Collagen % 0.27 0.31 0.31 0.31  0.19 0.20 0.46** -0.25 0.50** 0.46* -0.33   -0.37*   0.87**     -0.82** -0.84**  

pH -0.01 -0.03 0.05 0.02  0.01 0.06 0.05 0.02 0.05 0.19 0.06  0.32   -0.04      0.10    -0.22 -0.02 

**Correlation coefficient differs from 0 (P < 0.01). 

*Correlation coefficient differs from 0 (P < 0.05). 
1Cut represented by muscle: longissimus dorsi, complexus, and spinalis dorsi (LCS) (Delmonico) 
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Table A.4.  Pearson correlation coefficients between consumer sensory traits, trained panel analysis, and all objective measurements of the serratus ventralis1. 

 Consumer Panel rating  Trained Panel Rating Objective Measurements 

Measurement Tenderness Juiciness 
Flavor 
Liking 

Overall 
Liking  

Initial 
Juiciness 

Sustained 
Juiciness 

Myofibrillar 
Tenderness 

Connective 
Tissue 

Overall 
Tenderness 

Beef 

Flavor 
Identity 

Off-
Flavor  

WBSF, 
kg SSF, kg 

 

 
Fat % 

Moisture 
% 

Protein 
% 

Collagen 
% 

Consumer panel                    

Juiciness 0.49**                   

Flavor Liking 0.68** 0.17                  
Overall Liking 0.88** 0.30 0.86**                 

Trained Panel                     

Initial Juiciness 0.22 0.45* -0.07 0.10                
Sustained Juiciness 0.28 0.47* -0.01 0.16  0.99**              

Myofibrillar Tenderness 0.40* 0.58** -0.06 0.19  0.80** 0.81**             

Connective Tissue -0.65** -0.36 -0.49** -0.61**  -0.33 -0.38* -0.58**            

Overall Tenderness 0.49** 0.50** 0.12 0.33  0.73** 0.75** 0.92** -0.78**           
Beef Flavor Identity 0.22 0.48** -0.13 0.00  0.68** 0.68** 0.76** -0.38* 0.71**          

Off- Flavor -0.54** 0.13 -0.54** -0.56**  -0.07 -0.12 -0.11 0.40* -0.25 -0.10         

Cooked objective Measurements                    
WBSF, kg -0.35 -0.54** -0.06 -0.25  -0.23 -0.22 -0.55** 0.25 -0.43* -0.37 -0.13        

Slice Shear force value, kg -0.16 -0.31 0.14 -0.04  -0.27 -0.27 -0.58** 0.26 -0.52** -0.51** -0.18   0.69**      

Cook Loss % -0.38* -0.48* -0.20 -0.35  -0.08 -0.10 -0.21 0.21 -0.27 -0.27 0.12    0.50**   0.24     
Raw objective Measurements                    

Fat % 0.27 0.51** -0.08 0.08  0.58** 0.57** 0.68** -0.40* 0.62** 0.71** 0.07  -0.59** -0.50**     

Moisture % -0.23 -0.47* 0.11 -0.04  -0.54** -0.53** -0.63** 0.36 -0.57** -0.67** -0.11   0.58**  0.49** -0.99**    

Protein % -0.32 -0.50** -0.03 -0.15  -0.56** -0.55** -0.67** 0.49** -0.65** -0.69** 0.04   0.52**   0.43* -0.95**   0.93**   
Collagen % 0.41* 0.63** 0.08 0.28  0.61** 0.62** 0.70** -0.51** 0.68** 0.71** 0.01  -0.61** -0.54**   0.89**  -0.84** -0.87**  

pH 0.32 0.25 0.17 0.25  0.33 0.36* 0.48** -0.60** 0.63** 0.22 -0.19   -0.12  -0.13   0.23   -0.16  -0.35 0.39* 

**Correlation coefficient differs from 0 (P < 0.01). 

*Correlation coefficient differs from 0 (P < 0.05). 
1Cut represented muscle: serratus ventralis (Denver) 
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Table A.5.  Pearson correlation coefficients between consumer sensory traits, trained panel analysis, and all objective measurements of the teres major1. 

 Consumer Panel rating Trained Panel ratings 

Measurement Tenderness Juiciness 

Flavor 

Liking 

Overall 

Liking  

Initial 

Juiciness 

Sustained 

Juiciness 

Myofibrillar 

Tenderness 

Connective 

Tissue 

Overall 

Tenderness 

Beef Flavor 

Identity Off- Flavor 

Consumer panel             
Juiciness 0.84**            

Flavor Liking 0.77** 0.77**           

Overall Liking 0.80** 0.83**       0.96**          

Trained Panel              

Initial Juiciness 0.39 0.32 0.21 0.27         

Sustained Juiciness  0.40* 0.35 0.26 0.33  0.97**       

Myofibrillar Tenderness 0.37 0.21 0.16 0.21  0.67**     0.72**      

Connective Tissue      -0.09     -0.17 -0.22 -0.17   0.12 0.11       -0.20     

Overall Tenderness 0.28 0.18 0.11 0.13     0.48* 0.51* 0.88*     -0.56**    

Beef Flavor Identity 0.32 0.39 0.14 0.22      0.62**     0.62**        0.37  0.39 0.08   

Off- Flavor 0.05 0.24 -0.06 0.03  0.35 0.32        0.19         0.01 0.17 0.12  

Cook Loss, %      -0.36     -0.12 -0.08 -0.04    -0.61**    -0.57**       -0.29       -0.16      -0.19 -0.34 -0.15 

**Correlation coefficient differs from 0 (P < 0.01). 

*Correlation coefficient differs from 0 (P < 0.05). 
1Cut represented by muscle: teres major (Shoulder Petite Tender)  
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Table A.6.  Pearson correlation coefficients between consumer sensory traits, trained panel analysis, and all objective measurements of the triceps brachii 1 

 Consumer Panel rating  Trained Panel Rating Objective Measurements 

Measurement Tenderness Juiciness 

Flavor 

Liking 

Overall 

Liking  

Initial 

Juiciness 

Sustained 

Juiciness 

Myofibrillar 

Tenderness 

Connective 

Tissue 

Overall 

Tenderness 

Beef 

Flavor 

Identity 

Off-

Flavor  

WBSF, 

kg SSF, kg 

 

 

Fat % 

Moisture 

% 

Protein 

% 

Collagen 

% 

Consumer panel                    
Juiciness 0.46*                   

Flavor Liking 0.61** 0.43*                  

Overall Liking 0.87** 0.53** 0.85**                 

Trained Panel                     
Initial Juiciness 0.23 0.39* 0.17 0.31                

Sustained Juiciness 0.19 0.41* 0.15 0.29  0.96**              

Myofibrillar Tenderness 0.04 0.33 0.06 0.13  0.79** 0.79**             

Connective Tissue 0.06 -0.27 0.04 0.07  -0.05 -0.05 -0.29            
Overall Tenderness 0.14 0.40* 0.09 0.18  0.66** 0.65** 0.91** -0.52**           

Beef Flavor Identity 0.14 0.42* 0.44* 0.30  0.55** 0.56** 0.60** -0.11 0.50**          

Off- Flavor -0.49** -0.28 -0.22 -0.41*  -0.14 -0.03 -0.09 -0.34 -0.09 -0.08         
Cooked objective Measurements                    

WBSF, kg -0.08 -0.43* -0.13 -0.13  0.07 0.05 -0.16 0.48** -0.35 -0.03 -0.11        

Slice Shear force value, kg -0.13 -0.33 0.22 0.00  -0.12 -0.15 -0.15 0.16 -0.19 0.06 -0.05  0.30      

Cook Loss % -0.09 -0.37 -0.13 -0.13  -0.44* -0.43* -0.57** 0.09 -0.54** -0.25 0.05    0.42* 0.19     
Raw objective Measurements                    

Fat % 0.16 0.44* 0.25 0.32  0.53** 0.58** 0.52** -0.23 0.50** 0.57** 0.07   -0.36*   -0.18     

Moisture % -0.16 -0.44* -0.25 -0.30  -0.50** -0.55** -0.51** 0.25 -0.50** -0.51** -0.06    0.40*    0.08 -0.96**    
Protein % -0.13 -0.33 -0.20 -0.30  -0.52** -0.58** -0.60** 0.27 -0.55** -0.52** -0.04  0.29    0.29 -0.68**  0.57**   

Collagen % 0.19 0.36* 0.27 0.28  0.44* 0.47** 0.37* -0.18 0.37* 0.54** 0.04     -0.30   -0.17  0.75** -0.64**   -0.55**  

pH 0.03 0.22 0.17 0.12  0.00 0.02 0.02 0.28 -0.01 0.34 -0.27      0.22    0.15  -0.12    0.16    0.18 -0.01 

**Correlation coefficient differs from 0 (P < 0.01). 

*Correlation coefficient differs from 0 (P < 0.05). 
1Cut represented by muscle: triceps brachii (Ranch) 
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Table A.7.  Pearson correlation coefficients between consumer sensory traits, trained panel analysis, and all objective measurements of the adductor 1 

 Consumer Panel rating  Trained Panel Rating Objective Measurements 

Measurement Tenderness Juiciness 

Flavor 

Liking 

Overall 

Liking  

Initial 

Juiciness 

Sustained 

Juiciness 

Myofibrillar 

Tenderness 

Connective 

Tissue 

Overall 

Tenderness 

Beef 

Flavor 

Identity 

Off-

Flavor  

WBSF, 

kg SSF, kg 

 

 

Fat % 

Moisture 

% 

Protein 

% 

Collagen 

% 

Consumer panel                    
Juiciness 0.64**                   

Flavor Liking 0.55** 0.59**                  

Overall Liking 0.75** 0.68** 0.87**                 
Trained Panel                     

Initial Juiciness 0.30 0.31 0.27 0.29                

Sustained Juiciness 0.25 0.27 0.24 0.27  0.97**              
Myofibrillar Tenderness 0.40* 0.40* 0.27 0.36*  0.66** 0.60**             

Connective Tissue -0.13 -0.12 0.02 -0.07  0.42* 0.47** -0.16            

Overall Tenderness 0.43* 0.43* 0.20 0.39*  0.35 0.25 0.81** -0.48**           

Beef Flavor Identity -0.07 0.18 0.12 0.05  0.46* 0.48** 0.18 0.37* 0.00          
Off- Flavor -0.04 0.00 0.23 0.16  -0.34 -0.31 -0.23 -0.24 -0.06 -0.20         

Cooked objective Measurements                    

WBSF, kg -0.05 -0.05 0.09 0.03  -0.20 -0.19 -0.09 -0.09 -0.20 -0.26 0.46*        
Slice Shear force value, kg -0.05 -0.19 0.26 0.07  0.07 0.09 -0.22 0.37* -0.50** -0.04 0.04    0.38*      

Cook Loss % -0.52** -0.54** -0.46* -0.60*  -0.38* -0.26 -0.29 -0.16 -0.31 -0.19 0.02    0.60**    0.13     

Raw objective Measurements                    
Fat % 0.23 0.26 -0.06 0.00  0.30 0.27 0.20 0.02 0.15 0.34 -0.26   -0.11   -0.03     

Moisture % -0.26 -0.22 0.11 -0.01  -0.18 -0.14 -0.10 0.04 -0.12 -0.27 0.15   -0.01   -0.02 -0.93**    

Protein % -0.12 -0.30 -0.10 -0.05  -0.38* -0.37* -0.50** -0.01 -0.31 -0.44* 0.15    0.16 0.13 -0.62** 0.40*   

Collagen % -0.33 -0.03 -0.21 -0.29  0.34 0.36* 0.14 0.16 -0.03 0.49** -0.08   -0.12 0.01  0.62** -0.50** -0.59**  
pH 0.28 0.39* 0.17 0.24  -0.15 -0.13 0.00 -0.03 -0.07 -0.06 -0.06    0.22   -0.15  -0.09    0.15  -0.01 -0.27 

**Correlation coefficient differs from 0 (P < 0.01). 

*Correlation coefficient differs from 0 (P < 0.05). 
1Cut represented by muscle: Adductor (San Antonio) 

 

 



Texas Tech University, Kara M. Nyquist, May 2018 

 

 

102 

 

 

 

 

 

 

 

 

 

 

 

Table A.8.  Pearson correlation coefficients between consumer sensory traits, trained panel analysis, and all objective measurements of the biceps femoris 1 

 Consumer Panel rating  Trained Panel Rating Objective Measurements 

Measurement Tenderness Juiciness 

Flavor 

Liking 

Overall 

Liking  

Initial 

Juiciness 

Sustained 

Juiciness 

Myofibrillar 

Tenderness 

Connective 

Tissue 

Overall 

Tenderness 

Beef 
Flavor 

Identity 

Off-

Flavor  

WBSF, 

kg SSF, kg 

 
 

Fat % 

Moisture 

% 

Protein 

% 

Collagen 

% 

Consumer panel                    

Juiciness 0.72**                   

Flavor Liking 0.80** 0.78**                  

Overall Liking 0.87** 0.76** 0.86**                 

Trained Panel                     

Initial Juiciness 0.14 0.19 0.15 0.04                

Sustained Juiciness 0.21 0.27 0.26 0.13  0.97**              

Myofibrillar Tenderness 0.21 0.36* 0.34 0.23  0.84** 0.85**             

Connective Tissue -0.30 -0.25 -0.13 -0.22  -0.27 -0.24 -0.27            

Overall Tenderness 0.29 0.30 0.19 0.24  0.73** 0.69** 0.77** -0.70**           

Beef Flavor Identity 0.25 0.32 0.37* 0.30  0.51** 0.58** 0.63** -0.13 0.38*          

Off- Flavor 0.28 0.09 0.12 0.28  -0.31 -0.29 -0.26 -0.08 -0.17 -0.33         
Cook Loss, % -0.13 -0.07 0.02 0.04  -0.48** -0.45* -0.29 -0.08 -0.18 -0.04 -0.31        

Cooked objective Measurements                    

WBSF, kg -0.38* -0.41* -0.31 -0.28  -0.39* -0.37* -0.39* 0.16 -0.44* -0.10 0.17        

Slice Shear force value, kg -0.49** -0.44* -0.40* -0.39*  -0.01 -0.04 -0.10 0.32 -0.23 0.10 0.09   0.51**      

Cook Loss % -0.47** -0.56** -0.50** -0.52**  -0.48** -0.45* -0.29 -0.08 -0.18 -0.04 -0.31     0.34    0.19     

Raw objective Measurements                    

Fat % 0.51** 0.59** 0.62** 0.57**  0.45* 0.53** 0.57** -0.34 0.54** 0.75** -0.20  -0.47**   -0.20     

Moisture % -0.53** -0.58** -0.64** -0.57**  -0.43* -0.52** -0.54** 0.29 -0.49** -0.74** 0.21   0.45** 0.28 -0.96**    

Protein % -0.44* -0.57** -0.63** -0.51**  -0.53** -0.60** -0.68** 0.28 -0.54** -0.69** 0.18   0.49** 0.12 -0.91**  0.82**   

Collagen % 0.40* 0.53** 0.42* 0.37*  0.31 0.37* 0.42* -0.38* 0.48** 0.51** -0.17   -0.45*   -0.13  0.82** -0.67**  -0.79**  

pH -0.15 -0.23 -0.16 -0.21  0.00 0.00 -0.05 0.23 -0.18 -0.03 0.18     0.27 0.34 -0.28    0.26    0.18 -0.37* 

**Correlation coefficient differs from 0 (P < 0.01). 

*Correlation coefficient differs from 0 (P < 0.05). 
1Cut represented by muscle: biceps femoris (Western Griller) 
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Table A.9.  Pearson correlation coefficients between consumer sensory traits, trained panel analysis, and all objective measurements of the semimembranosus 1. 

 Consumer Panel rating  Trained Panel Rating Objective Measurements 

Measurement Tenderness Juiciness 

Flavor 

Liking 

Overall 

Liking  

Initial 

Juiciness 

Sustained 

Juiciness 

Myofibrillar 

Tenderness 

Connective 

Tissue 

Overall 

Tenderness 

Beef 

Flavor 

Identity 

Off-

Flavor  

WBSF, 

kg SSF, kg 

 

 

Fat % 

Moisture 

% 

Protein 

% Collagen % 

Consumer panel                    

Juiciness 0.20                   

Flavor Liking 0.66** 0.26                  
Overall Liking 0.86** 0.22 0.86**                 

Trained Panel                     

Initial Juiciness -0.08 -0.05 -0.16 -0.13                
Sustained Juiciness -0.01 -0.04 -0.17 -0.14  0.92**              

Myofibrillar Tenderness -0.03 -0.07 -0.16 -0.19  0.42* 0.61**             

Connective Tissue 0.17 -0.07 0.01 0.16  -0.13 0.08 0.25            
Overall Tenderness -0.05 0.21 0.10 0.00  -0.08 -0.30 -0.40* -0.70**           

Beef Flavor Identity 0.07 0.14 0.18 0.08  0.57** 0.61** 0.40* -0.09 0.00          

Off- Flavor -0.02 -0.12 -0.11 -0.18  0.07 0.16 0.12 -0.20 -0.23 -0.18         

Cooked objective Measurements                    
WBSF, kg 0.13 -0.32 0.01 0.07  0.02 0.06 -0.09 0.25 -0.47** -0.06 0.13        

Slice Shear force value, kg 0.11 -0.19 0.06 0.00  0.08 0.26 0.22 0.40* -0.65** 0.02 0.31  0.43*      

Cook Loss % -0.12 -0.02 -0.49** -0.39*  -0.05 0.01 0.02 0.01 0.03 0.03 0.14  0.40*   0.27     
Raw objective Measurements                    

Fat % 0.09 0.47** 0.05 0.08  -0.06 -0.04 -0.08 0.01 0.34 0.08 -0.17   -0.48**  -0.43*     

Moisture % -0.03 -0.37* 0.07 0.05  0.08 0.04 0.07 -0.09 -0.29 0.04 0.17  0.40*   0.34 -0.87**    
Protein % -0.02 -0.48** 0.04 -0.02  0.09 0.09 0.16 0.01 -0.31 -0.03 0.11       0.35 0.47** -0.88**     0.71**   

Collagen % 0.10 0.49** 0.20 0.19  -0.04 -0.01 0.05 -0.02 0.19 0.19 -0.09  -0.45*  -0.26  0.77**  -0.45* -0.65**  

pH 0.06 -0.12 0.08 0.10  -0.11 -0.24 -0.60** -0.12 0.03 -0.18 0.00     0.49**   0.03  -0.20 0.12    0.04 -0.33 

**Correlation coefficient differs from 0 (P < 0.01). 

*Correlation coefficient differs from 0 (P < 0.05). 
1Cut represented by muscle: semimembranosus (Tucson) 

 
 


