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National Beef Tenderness Survey - 2006 

J.W. Savell, K.L. Voges, C.L. Mason, J.C. Brooks, R.J. Delmore, D.B. Griffin, D.S. Hale, W.R. Henning, D.D. 
Johnson, C.L. Lorenzen, R.J. Maddock, R.K. Miller, J.B. Morgan, B.E. Baird, B.L. Gwartney 

Introduction 

The first National Beef Tenderness Survey (Morgan et al., 
1991) was conducted to determine the tenderness of beef in 
retail cases of the United States based on Warner-Bratzler 
shear force values and trained sensory panels. The Beef 
Consumer Satisfaction Study (Neely et al., 1998, 1999; 
Lorenzen et al., 1999; Savell et al., 1999) showed that ten- 
derness is a major and contributing factor to consumers  
perception of taste. With the tenderness problems found in 
beef and the elapsed time since that survey, it became clear 
that it was important to update the information on beef ten- 
derness nationwide. Morgan et al. (1991) focused solely on 
the retail sector; however, with the increasing prevalence of 
foodservice, the 1998 Tenderness Survey included a food- 
service portion (Brooks et al., 2000). The objectives of the 
1998 Survey were to determine tenderness of beef from the 
retail case and the foodservice industry based on Warner- 
Bratzler shear force and consumer evaluation panels. The 
1998 Tenderness Survey found that retail cuts from the 
round still required more attention in processing and prepa- 
ration to ensure acceptable tenderness; however, chuck cuts 
improved in tenderness. Providing a benchmark for beef 
palatability allows the industry to identify where improve- 
ments have been made and where tenderness issues may 
still exist. Thus, a new survey was conducted to determine 
the tenderness of beef from the retail case and foodservice 
establishments based on Warner-Bratzler shear (WBS) force 
and consumer sensory panels. 

Materials and Methods 

Collaborators sampled eleven U. S. cities once, during 
the period of January 2006 to March 2006. Cities sampled 
were Seattle, WA; Los Angeles, CA; San Francisco, CA; 
Denver, CO; Houston, TX; Chicago, IL; Kansas City, MO; 
Atlanta, GA; Tampa, FL; Philadelphia, PA; and New York 

City, NY. In each city, two to three retail chains, represent- 
ing at least one-third of total market share in their area, 
were sampled by auditing four stores per chain. Retail 
chains were identified and permission was obtained to 
sample each store. Postfabrication times   as a measure of 
postmortem age   was recorded along with brand names 
and grades of product name. Retail cuts were shipped via 
overnight delivery to Texas A&M University in insulated 
containers containing commercial ice packs, and were 
processed under refrigerated conditions (2 to 4°C) after arri- 
val. Each steak was individually identified, vacuum pack- 
aged using a roll stock packaging machine, and frozen at - 
10°C. Approximately 60% of the steaks representing retail 
cut, grade, and brand at each store were used for consumer 
sensory panels and the subsequent 40% were used for WBS 
evaluation. 

While in each city, collaborators sampled one foodser- 
vice facility. Each USDA quality grade that the facility por- 
tioned into steaks was evaluated. Postfabrication times were 
recorded, along with brand name, grade, and whether the 
use of mechanical tenderization methods was employed. 
Steaks were shipped to Texas A&M University as described 
above. Approximately 60% of steaks, from each grade, were 
selected randomly, vacuum-packaged, and frozen for food- 
service consumer panel evaluation. 

Shear Analysis 
The following cuts were sampled from the retail case: 

clod steak, ribeye steak, bone-in ribeye steak, top sirloin 
steak, bottom round steak, top round steak, eye of round 
steak, top loin steak, bone-in top loin steak, t-bone steak, 
and porterhouse steak. Steaks were thawed in a 4°C cooler 
for 48 h before cooking. Grated, non-stick electric grills 
(Hamilton Beach Indoor/Outdoor Grill) were used to cook 
the retail cuts. The grills were preheated for 15 minutes to a 
temperature of 177°C. The following cuts were sampled 
from foodservice establishments: ribeye steak, top loin 
steak, and top sirloin steaks. Foodservice steaks were 
cooked on a Garland gas grill that was preheated before 
cooking to obtain a surface temperature of 232°C. During 
cooking, all steaks were turned after reaching an internal 
temperature of 35°C and cooked to a final internal tempera- 
ture of 70°C. Cooking time, initial and final internal tem- 
perature, raw weight, and final cooked weight were re- 
corded for each steak. Internal temperature was monitored 
by 0.02 cm diameter, iron-constantan Type-T thermocouple 
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wire attached to a thermometer (Omega HH501BT, Stam- 
ford, CT). After the desired internal temperature was 
reached, steaks were removed from the grill, weighed, and 
allowed to cool for approximately 4 hours or until room 
temperature. After cooling, steaks were trimmed free of visi- 
ble connective tissue to expose the muscle fiber orientation. 
At least six 1.3 cm cores were removed from each muscle. 
Both the M. Longissimus lumborum and the M. Psoas major 
were used to represent the t-bone and porterhouse steaks. 
Cores were removed parallel to the muscle fiber orientation 
and sheared once, perpendicular to the muscle fibers, on a 
Warner-Bratzler shear machine (United 5STM-500, Hunt- 
ington Beach, CA) using a 11.3 kg load cell. The peak force 
(kg) need to shear each core was recorded, and the mean 
was used in statistical analysis. 

Consumer Panels 
Panelists recruited from the surrounding communities 

and within collaborating universities were asked to com- 
plete a demographic questionnaire and a consent form. 
Steaks were served randomly to individual panelists in sen- 
sory booths. Samples were characterized using 10-point 
scales for overall like (10=like extremely; 1=dislike ex- 
tremely), flavor (10=like extremely; 1=dislike extremely), 
beef flavor (10=an extreme amount; 1=none at all), juici- 
ness (10=very juicy; 1=not at all juicy), and tenderness 
(10=very tender; 1=not at all tender). 

Statistical Analysis 
Before analysis, steaks were divided into groups based on 

the steak type for retail and foodservice and grade within 
steak type for foodservice. Analysis of variance was per- 
formed with SAS PROC GLM, and when significant differ- 
ences occurred, means were separated using the p-diff op- 
tion. Box Cox transformation was used to ensure normal 
distribution for analyses. The percentages of steaks broken 
into tenderness classes (Belew et al., 2003; Shackelford et 
al., 1991) were analyzed using PROC FREQ of SAS. 

Results and Discussion 

Postfabrication Aging Times 
Subprimal postfabrication times at the retail level aver- 

aged 22.6 d (Table 1) and the range was 3 to 83 d. These 
data are similar to those found by Morgan et al. (1991) with 
a range of 3 to 90 d and are greater than those reported by 
Brooks et al. (2000) with the range of 2 to 61 d. Bone-in 
ribeyes possessed the lowest percentage of boxes aged un- 
der 14 d, whereas top rounds had the largest percentage. 
The mean percentage of subprimals aged under 14 d was 
19.6, which is considerably lower than the 1998 Tender- 
ness Survey, which was 34.1% (Brooks et al., 2000). 

Postfabrication aging times for foodservice subprimals 
(Table 2) showed that the mean aging time was 30.1 d. This 
is very similar to the times reported by Brooks et al. (2000) 
with the mean aging time being 32 d. The shortest aging 
time, 7 d, was found for some ribeyes, whereas while the 
longest aging time, 136 d, was observed for some strip 

loins. These data show a much larger range in aging time 
than did Brooks et al. (2000). 

Product Information 
External fat thickness, steak thickness, and package 

weight of retail cuts are presented in Table 3. Steaks origi- 
nating from the round possessed less (P < 0.05) external fat 
than those originating from the beef loin (top loin, bone-in 
top loin, t-bone, porterhouse) and from the rib (ribeye, 

Table 1. Postfabrication times (d) for subprimal cuts audited in the cold 
storage facilities of retail stores 
Subprimal n Mean SD Min a Max b % 

< 14d c 

Shoulder Clod 157 17.3 9.3 7 69 38.9 
Ribeye Roll 61 26.9 13.7 8 77 11.3 
Bone-In Ribeye 165 27.7 11.6 7 79 3.0 
Strip Loin 200 26.2 12.2 3 70 10.0 
Bone-In Top 
Loin 

98 26.2 13.2 8 75 5.0 

Short Loin 163 23.1 11.9 5 83 16.0 
Top 
Sirloin 

149 24.4 10.4 8 55 14.8 

Top Round 163 17.6 8.8 7 48 46.4 
Bottom Round 145 17.5 6.9 8 50 28.1 
Eye Round 84 21.4 7.1 7 35 11.8 
Overall 1,391 22.6 11.3 3 83 19.6 
a Min = minimum value. 
b Max = maximum value. 
c % < 14 d = percentage of subprimals aged less than 14 d. 

Table 2. Postfabrication times (d) for subprimal cuts audited at the 
foodservice facilities 
Subprimal n Mean SD Min a Max b % < 14d c 

Ribeye 146 30.6 25.8 7 122 37.2 
Top Loin 140 41.7 30.3 11 136 29.6 
Top 
Sirloin 

140 33.2 20.9 9 95 20.8 

Overall 426 30.1 26.3 7 136 29.5 
a Min = minimum value. 
b Max = maximum value. 
c % < 14 d = percentage of subprimals aged less than 14 d. 

Table 3. Least squares means and standard errors for external fat thickness, 
steak thickness, and package weight of retail cuts 

Steak n External fat 
thickness, cm 

Steak 
thickness, cm 

Package 
Weight, 

kg 
Clod 79 0.21 ±0.17 b 2.18 ±0.74 c 0.58 ±0.25 cd 

Ribeye 275 0.32 ±0.19 d 2.49 ±0.58 e 0.43 ±0.17 a 

Bone-In 
Ribeye 

46 0.30 ±0.19 cd 2.56 ±0.49 e 0.49 ±0.15 ab 

Top Loin 258 0.34 ±0.19 de 2.60 ±0.59 e 0.44 ±0.20 a 

Bone-In 
Top Loin 

45 0.38 ±0.16 ef 2.50 ±0.44 e 0.45 ±0.14 ab 

T-Bone 128 0.41 ±0.20 f 2.34 ±0.51 cd 0.53 ±0.28 bc 

Porterhouse 90 0.38 ±0.18 ef 2.48 ±0.54 de 0.55 ±0.16 c 

Top 
Sirloin 

218 0.21 ±0.22 b 2.33 ±0.63 c 0.57 ±0.25 cd 

Top Round 104 0.11 ±0.19 a 2.28 ±0.88 c 0.63 ±0.23 d 

Bottom 
Round 

117 0.27 ±0.22 c 1.75 ±0.63 a 0.58 ±0.39 cd 

Eye Round 199 0.08 ±0.12 a 2.00 ±0.86 ab 0.47 ±0.27 ab 

P-value <0.0001 <0.0001 <0.0001 
a, b, c, d, e, f Within a column, means lacking a common superscript letter differ 
(P < 0.05).
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bone-in ribeye). Mean external fat thickness across all cuts 
was 0.27 cm (data not reported in tabular form) and sup- 
ports findings from Brooks et al. (2000) who found the mean 
to be 0.28 cm. Steaks fabricated from the round and chuck 
were cut thinner (P < 0.05) than those from the rib and loin. 
Bottom round steaks were cut the thinnest at 1.75 cm com- 
pared to the thickest steaks, top loin steaks, at 2.60 cm. Top 
round, bottom round, top sirloin, and clod steaks had heav- 
ier (P < 0.05) packages than top loin, bone-in top loin, 
ribeye, bone-in ribeye, and eye round steaks. 

Foodservice external fat thickness, steak thickness, and 
steak weights are reported in Table 4. Top sirloin steaks 
possessed less (P < 0.05) fat when compared to ribeyes and 
top loin steaks. Ribeye steaks were cut the thinnest (P < 
0.05) at 2.66 cm and top sirloin steaks were the thickest (P 
< 0.05) at 3.17 cm. Steak weights varied between steaks 
with the top sirloin steaks the lightest (P < 0.05) and ribeyes 
the heaviest (P < 0.05). 

Warner-Bratzler Shear Force 
WBS values for retail cuts are presented in Table 5. Bot- 

tom round steaks had the highest (P < 0.05) WBS value 
compared to all other retail cuts. Eye of round, clod, and 
top round steaks also had higher (P < 0.05) WBS values 
than the remaining retail cuts. Brooks et al. (2000) found 
WBS values for the clod, bottom round, and eye of round to 
be 3.01, 5.09, 4.19 kg, respectively. Morgan et al. (1991) 
reported WBS values for the clod, bottom round, and eye of 
round to be 4.01, 4.38, and 4.67 kg, respectively. However, 
in 1991 the steaks were braised to an internal temperature 
of 85°C, compared to 70°C in our study and the 1998 
study. Top loin, bone-in strip, bone-in ribeye, t-bone and 
porterhouse steaks had the lowest WBS values found in our 
study. Brooks et al. (2000) reported the t-bone and porter- 
house steaks to have the lowest WBS values in the 1998 
Survey. 

Least squares means for WBS values of foodservice cuts 
are presented in Table 6. Top loin steaks had the lowest (P < 
0.05) WBS value compared to ribeye and top sirloin steaks. 
All cuts had very low WBS values. 

Tenderness categories developed by Belew et al. (2003) 
and Shackelford et al. (1991) are based on WBS values and 
were used to determine percentages of retail cuts that fell 
into each group (Table 7). Top round, bottom round, and 
eye round steaks were the only cuts shown to have WBS 
values over 4.6 kg. These percentages are much lower than 

those found by Brooks et al. (2000) and Morgan et al. 
(1991). Our study had lower percentages for all cuts ex- 
ceeding 3.9 kg WBS values. Consistent cooking methods 
allowed for the determination of tenderness between all 
cuts sampled in 2006 and 1998. However, the single cook- 
ing method did not allow for the use of other cooking 
methods that may optimize the palatability of cuts that con- 
tain higher connective tissue levels (Brooks et al., 1998). 
Table 8 illustrates the foodservice steaks stratified into ten- 
derness categories. Top loin steaks had the highest percent- 
age of steaks in the very tender category, WBS < 3.2 kg. Top 
sirloin steaks possessed the greatest percentage of steaks 
that were classified as tender and tough. Least squares 
means for WBS values of foodservice cuts stratified by grade 
are presented in Table 9. No significant differences were 
found across grades for WBS values. These data concur with 
Brooks et al. (2000) for the top loin steaks; however, differ- 
ences were found for ribeye and top sirloin steaks in the 
1998 Survey. 

Retail Consumer Sensory Evaluations 
Information obtained from collaborating universities was 

combined and presented as retail data. Least squares means 

Table 4. Least squares means and standard errors for external fat thickness 
and steak thickness of foodservice cuts 

Steak n External fat 
thickness, cm 

Steak 
thickness, cm 

Package Weight, kg 

Ribeye 188 0.36 ± 0.34 b 2.66 ± 0.41 a 0.34 ± 0.03 c 

Top 
Loin 

189 0.36 ± 0.16 b 3.02 ± 0.50 b 0.33 ± 0.04 b 

Top 
Sirloin 

168 0.11 ± 0.20 a 3.17 ± 0.74 c 0.28 ± 0.06 a 

P-value <0.0001 <0.0001 <0.0001 
a, b, c Within a column, means lacking a common superscript letter differ 
(P < 0.05). 

Table 5. Least squares means and standard errors for Warner- 
Bratzler shear values (kg) of retail steaks 

Steak n Mean, kg Standard Error 

Clod 23 2.83 d 0.11 

Ribeye 81 2.37 bc 0.06 

Bone-In Ribeye 19 2.16 ab 0.12 

Top Loin 8 2.12 a 0.06 

Bone-In Top Loin 15 2.14 ab 0.14 

T-Bone 48 2.27 ab 0.08 

Porterhouse 32 2.32 ab 0.10 

Top Sirloin 70 2.51 c 0.06 

Top Round 39 3.02 d 0.09 

Bottom Round 27 3.67 f 0.10 

Eye Round 29 3.38 e 0.10 

P-value <0.0001 

a,b,c,d,e, f Means lacking a common letter differ (P < 0.05). 

Table 6. Least squares means and standard errors for 
Warner-Bratzler shear values (kg) of foodservice steaks 
Steak n Mean, kg Standard Error 

Ribeye 118 2.75 b 0.05 

Top Loin 119 2.23 a 0.05 

Top Sirloin 99 2.79 b 0.06 

P-value <0.0001 
a,b Means lacking a common letter differ (P < 0.05).
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for sensory panel ratings for retail steaks are presented in 
Table 10. The bone-in top loin, top loin, ribeye, t-bone, 
and porterhouse received the highest (P < 0.05) ratings by 
consumers for overall like and like tenderness. Round 
cuts, including top round, bottom round, and eye round 
steaks, received the lowest (P < 0.05) sensory ratings for 
overall like and like tenderness. For tenderness evalua- 
tion, the bone-in top loin and porterhouse steaks received 
among the highest (P < 0.05) ratings from consumers, 
whereas the cuts from the round received the lowest (P < 

0.05) scores. Steaks from the rib and loin, including ribeye, 
bone-in ribeye, top loin, bone-in top loin, t-bone, and por- 
terhouse steaks, received the highest ratings for like flavor 
and beef flavor, whereas the steaks from the round, includ- 
ing top round, bottom round, and eye round steaks, were 
given the lowest marks by consumers. Juiciness and juici- 
ness desirability were rated by consumers and the bone-in 
top loin steak received the highest (P < 0.05) ratings and 
steaks from the round had the lowest. Overall, the bone-in 
top loin steak received the highest ratings across all sensory 
attributes. 

Foodservice Consumer Sensory Evaluations 
Least squares means and standard errors for sensory 

panel ratings of foodservice ribeye steaks are found in Table 
11. Ribeye and top loin steaks received higher (P < 0.05) 
ratings for overall like, like tenderness, tenderness, like 
juiciness, and juiciness when compared to top sirloin 
steaks. No differences were found for like flavor and beef 
flavor. Table 12 displays the least squares means and stan- 
dard errors for sensory panel ratings for foodservice ribeye 
steaks stratified into grades. Select ribeye steaks received 
higher (P < 0.05) scores for like flavor than did the other 
grades. For all other attributes, no differences were found 
across quality grade groups supporting the findings of 
Brooks et al. (2000). Sensory panel rating means and stan- 
dard errors for foodservice top loin steaks are found in Table 
13. No statistical differences were found among grade 
groups for top loin steaks. Brooks et al. (2000) reported sen- 
sory panel ratings for tenderness, juiciness, flavor, and beef 
flavor did not differ across quality grades for the top loin 
steaks. Least squares means and standard errors for sensory 
panel ratings of foodservice top sirloin steaks are found in 
Table 14. Prime top sirloin steaks received higher (P < 0.05) 
ratings than other grades for tenderness and juiciness, which 
concurs with Brooks et al. (2000). 

Conclusions 

Because of their WBS values and consumer ratings, 
Round retail cuts still require more attention postmortem to 
ensure acceptable tenderness. Decreasing the number of 
retail cuts that are not sufficiently aged before consumption 
may help to improve tenderness. Data from this survey can 
serve as a benchmark for tenderness of beef available at 
retail and foodservice levels. 

Table 7. Percentage distribution of retail steaks stratified into tenderness 
categories 
Steak  Very 

Tender  

WBS < 
3.2 kg 

 Tender  

3.2 kg > 
WBS 

< 3.9 kg 

 Intermediate  

3.9 kg > 
WBS 

< 4.6 kg 

 Tough 
  

WBS > 
4.6 kg 

Clod 69.57 30.43 

Ribeye 95.06 4.94 

Bone-In Ribeye 100.00 

Top Loin 98.68 1.32 

Bone-In 
Top Loin 

100.00 

T-Bone 97.02 2.08 

Porterhouse 93.75 6.25 

Top Sirloin 87.14 12.86 

Top Round 61.54 25.64 10.26 2.56 

Bottom Round 22.22 48.15 18.52 11.11 

Eye Round 34.48 55.17 6.90 3.45 

Table 8. Least squares means for Warner-Bratzler shear (WBS) force and 
the percentage distribution of foodservice steaks stratified into 
tenderness categories 
Steak  Very 

Tender  

WBS < 
3.2 kg 

 Tender  

3.2 kg > 
WBS 

< 3.9 kg 

 Intermediate  

3.9 kg > 
WBS 

< 4.6 kg 

 Tough  

WBS > 
4.6 kg 

Ribeye 81.36 12.71 5.08 0.85 

Top Loin 96.64 3.36 

Top 
Sirloin 

73.74 22.22 2.02 2.02 

Table 9. Least squares means and standard errors for Warner-Bratzler shear values (kg) of foodservice steaks stratified by grade 
Group 

Steak Prime Top 
Choice 

Choice Select P-value 

Ribeye 2.60 ± 0.12 2.96 ± 0.12 2.66 ± 0.11 2.81 ± 0.11 0.13 

Top Loin 2.07 ± 0.09 2.22 ± 0.10 2.38 ± 0.08 2.31 ± 0.11 0.08 

Top Sirloin 2.72 ± 0.15 2.81 ± 0.14 2.73 ± 0.12 2.88 ± 0.14 0.82
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Table 10. Least squares means and standard errors for sensory panel ratings (Like/dislike: 10 = like extremely, 1 = dislike extremely; Tenderness: 10 = very 
tender, 1 = not tender at all; Juiciness: 10 = very juicy, 1 = not at all juicy; Flavor: 10 = extreme amount, 1 = none at all) for retail steaks 

Steak Overall 
Like/Dislike 

Like/Dislike 
Tenderness 

Tenderness Like/Dislike 
Flavor 

Beef Flavor Like/Dislike 
Juiciness 

Juiciness 

Clod 5.61 ± 0.09 c 5.71 ± 0.16 b 5.96 ± 0.24 c 5.72 ± 0.16 b 5.83 ± 0.23 bc 5.76 ± 0.10 d 5.43 ± 0.02 d 

Ribeye 6.49 ± 0.04 ab 6.83 ± 0.08 a 6.94 ± 0.13 ab 6.44 ± 0.08 a 6.44 ± 0.12 a 6.41 ± 0.04 b 6.21 ± 0.12 b 

Bone-In 
Ribeye 

5.93 ± 0.19 bc 6.20 ± 0.29 b 6.39 ± 0.42 bc 6.25 ± 0.30 ab 6.36 ± 0.41 ab 6.08 ± 0.19 bcd 5.92 ± 0.04 bcd 

Top Loin 6.50 ± 0.05 ab 6.87 ± 0.09 a 6.94 ± 0.14 ab 6.47 ± 0.09 a 6.55 ± 0.13 a 6.22 ± 0.05 bc 6.06 ± 0.05 bc 

Bone-In 
Top Loin 

6.92 ± 0.19 a 7.15 ± 0.30 a 7.44 ± 0.43 a 6.57 ± 0.30 a 6.53 ± 0.42 a 7.30 ± 0.20 a 6.96 ± 0.11 a 

T-Bone 6.56 ± 0.06 a 6.88 ± 0.10 a 6.96 ± 0.16 ab 6.47 ± 0.10 a 6.42 ± 0.15 a 6.30 ± 0.06 bc 6.03 ± 0.05 bc 

Porter- 
house 

6.53 ± 0.07 ab 7.07 ± 0.11 a 7.14 ± 0.18 a 6.43 ± 0.11 a 6.48 ± 0.17 a 6.05 ± 0.07 cd 5.83 ± 0.03 cd 

Top Sirloin 5.54 ± 0.05 c 5.70 ± 0.09 b 5.91 ± 0.14 c 5.70 ± 0.09 b 6.10 ± 0.14 b 5.51 ± 0.05 d 5.32 ± 0.02 d 

Top Round 4.82 ± 0.7 d 4.47 ± 0.12 c 4.61 ± 0.18 d 5.25 ± 0.12 c 5.53 ± 0.17 c 4.70 ± 0.07 e 4.51 ± 0.03 e 

Bottom 
Round 

4.27 ± 0.09 e 3.93 ± 0.15 d 4.12 ± 0.23 e 4.93 ± 0.15 cd 5.46 ± 0.22 c 4.59 ± 0.09 e 4.43 ± 0.03 e 

Eye Round 4.64 ± 0.08 de 4.48 ± 0.14 c 4.63 ± 0.22 d 4.87 ± 0.14 d 5.05 ± 0.21 d 4.42 ± 0.09 e 4.21 ± 0.03 e 

P > F <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
a, b, c, d, e Within a column, means lacking a common superscript letter differ (P < 0.05). 

Table 11. Least squares means and standard errors for sensory panel ratings (Like/dislike: 10 = like extremely, 1 = dislike extremely; Ten- 
derness: 10 = very tender, 1 = not tender at all; Juiciness: 10 = very juicy, 1 = not at all juicy; Flavor: 10 = extreme amount, 1 = none at 
all) for foodservice steaks 
Sensory Rating Ribeye Steak Top Loin Steak Top Sirloin Steak P > F 
Overall like/dislike 6.98 ± 0.52 a 6.75 ± 0.51 a 6.26 ± 0.52 b 0.0006 
Like/dislike tenderness 6.99 ± 0.41 a 7.08 ± 0.40 a 6.06 ± 0.41 b <0.0001 
Tenderness 7.12 ± 0.65 a 7.23 ± 0.65 a 6.45 ± 0.65 b <0.0001 
Like/dislike flavor 6.96 ± 0.79 6.80 ± 0.78 6.57 ± 0.79 0.1281 
Beef flavor 6.71 ± 0.51 6.73 ± 0.49 6.60 ± 0.51 0.7611 
Like/dislike juiciness 6.22 ± 0.09 a 6.27 ± 0.09 a 5.56 ± 0.09 b 0.0015 
Juiciness 5.89 ± 0.05 a 6.01 ± 0.05 a 5.18 ± 0.05 b 0.0003 
a, b Within a row, means lacking a common superscript letter differ (P < 0.05). 

Table 12. Least squares means and standard errors for sensory panel ratings (Like/dislike: 10 = like extremely, 1 = dislike extremely; Ten- 
derness: 10 = very tender, 1 = not tender at all; Juiciness: 10 = very juicy, 1 = not at all juicy; Flavor: 10 = extreme amount, 1 = none at 
all) for foodservice ribeye steaks 

Group 
Sensory Rating Prime Top Choice Choice Select P > F 
Overall like/dislike 6.84 ± 0.79 6.82 ± 0.87 6.90 ± 0.72 7.36 ± 0.79 0.32 
Like/dislike tender- 
ness 

7.04 ± 0.68 6.76 ± 0.75 6.73 ± 0.61 7.44 ± 0.68 0.16 

Tenderness 7.08 ± 1.01 7.06 ± 1.10 6.97 ± 0.92 7.38 ± 1.00 0.65 
Like/dislike flavor 6.72 ± 1.18 b 6.71 ± 1.27 b 6.72 ± 1.07 b 7.67 ± 1.17 a 0.01 
Beef flavor 6.55 ± 0.83 6.35 ± 0.91 6.57 ± 0.75 7.29 ± 0.82 0.06 
Like/dislike juiciness 4.91 ± 0.14 4.52 ± 0.17 4.78 ± 0.12 5.07 ± 0.14 0.84 
Juiciness 7.95 ± 0.17 7.57 ± 0.19 7.66 ± 0.14 8.08 ± 0.17 0.45 
a, b Within a row, means lacking a common superscript letter differ (P < 0.05).
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Table 13. Least squares means and standard errors for sensory panel ratings (Like/dislike: 10 = like extremely, 1 = dislike extremely; 
Tenderness: 10 = very tender, 1 = not tender at all; Juiciness: 10 = very juicy, 1 = not at all juicy; Flavor: 10 = extreme amount, 1 = 
none at all) for foodservice top loin steaks 

Group 
Sensory Rating a Prime Top Choice Choice Select P > F 
Overall like/dislike 6.16 ± 0.87 6.97 ± 0.87 6.93 ± 0.85 7.18 ± 0.96 0.06 
Like/dislike tenderness 7.05 ± 0.65 7.28 ± 0.65 6.79 ± 0.63 7.29 ± 0.72 0.44 
Tenderness 7.08 ± 0.99 7.58 ± 1.00 7.09 ± 0.97 7.31 ± 1.08 0.42 
Like/dislike flavor 6.30 ± 1.23 6.94 ± 1.24 7.01 ± 1.20 7.07 ± 1.34 0.18 
Beef flavor 6.54 ± 0.83 6.94 ± 0.84 6.58 ± 0.81 6.89 ± 0.91 0.60 
Like/dislike juiciness 5.97 ± 0.20 6.70 ± 0.20 6.27 ± 0.19 6.29 ± 0.22 0.40 
Juiciness 5.59 ± 0.11 6.57 ± 0.12 6.07 ± 0.11 6.05 ± 0.13 0.17 

Table 14. Least squares means and standard errors for sensory panel ratings (Like/dislike: 10 = like extremely, 1 = dislike extremely; 
Tenderness: 10 = very tender, 1 = not tender at all; Juiciness: 10 = very juicy, 1 = not at all juicy; Flavor: 10 = extreme amount, 1 = 
none at all) for foodservice top sirloin steaks 

Group 
Sensory Rating a Prime Top Choice Choice Select P > F 
Overall like/dislike 6.65 ± 0.90 6.11 ± 0.85 6.44 ± 0.91 5.83 ± 0.92 0.22 
Like/dislike 
tenderness 

6.70 ± 0.74 5.96 ± 0.70 5.80 ± 0.75 5.78 ± 0.75 0.11 

Tenderness 7.18 ± 1.12 a 6.41 ± 1.06 ab 6.12 ± 1.13 b 6.04 ± 1.13 b 0.04 
Like/dislike flavor 6.45 ± 1.24 6.42 ± 1.18 6.98 ± 1.26 6.46 ± 1.26 0.45 
Beef flavor 6.81 ± 0.83 6.50 ± 0.79 6.72 ± 0.85 6.38 ± 0.85 0.63 
Like/dislike 
juiciness 

6.22 ± 0.20 5.29 ± 0.20 5.46 ± 0.21 5.28 ± 0.21 0.13 

Juiciness 5.91 ± 0.12 a 4.79 ± 0.11 b 5.32 ± 0.12 ab 4.77 ± 0.12 b 0.03 
a, b Within a column, means lacking a common superscript letter differ (P < 0.05).


