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Introduction 
At the completion of the National Beef Quality Audit 

(NBQA) Strategy Workshop, participants and guests ranked 
the top 15 quality concerns of the beef industry (Smith et 
al., 1992). “Low overall palatability” and “inadequate tender- 
ness” were ranked sixth and seventh, respectively (Table 1). 
Lack of uniformity and product fatness were top concerns 
of all segments of the beef industry. Implementation of 
value-based beef marketing systems will undoubtedly initi- 
ate a move toward leaner slaughter animals. The potential 
effects of these changes in genetics and management on 
meat palatability are of grave concern to retailers, purveyors 
and restaurateurs. 

The poultry industry has controlled variation to a much 
greater extent than the red meat industry. Because broilers 
are slaughtered at a very young age (approximately 6 wk of 
age), maturity-associated tenderness problems are not 
prevalent for chicken. Much the same scenario exists for 
pork in that most hogs are slaughtered at or before the on- 
set of puberty. A high proportion of the pork carcass is used 
for processed meats items and, thus, inherent tenderness 
is of little concern. In contrast, most beef and lamb is mer- 
chandised fresh and prepared without the use of extensive 
tenderization processes. 

Before 1960, ideas about meat tenderness tended to be 
dominated by the role of connective tissue (Locker, 1985). 
Locker (1960) demonstrated the importance of the myofib- 
rillar component of tenderness and began the modern era 
of meat tenderness research. Since that time, meat scien- 
tists have come to realize that the majority of the explain- 
able variation in tenderness of youthful animals is due to the 
myofibrillar component. Thus, a plethora of research has 
been conducted to improve tenderness via manipulation of 
the myofibrillar component. Widespread adoption of electri- 
cal stimulation by the U.S. beef slaughter industry occurred 
during the 1980’s; however, it is doubtful that improving 
cooked meat tenderness was the primary reason for adop- 
tion. Retailers and purveyors have relied on aging as a 
means of controlling beef quality. In the following discus- 
sion, we will provide evidence that these methods are not 
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adequately controlling the variation in beef tenderness. 
Thus, there is a need for a continuance of basic meat sci- 
ence to elucidate the mechanisms of meat tenderness and 
applied meat science to  provide a “quick-fix”so that the 
variation in tenderness can be controlled. 

Variation in Tenderness 
The National Consumer Retail Beef Study indicated that 

“taste” has a positive impact on consumer attitudes towards 
beef while price and leanness have a negative influence 
(Savell et al., 1989). Thus, the beef industry has shifted from 
a standard of 1.27 cm of fat trim remaining to a standard of 
.64 cm (Savell et al., 1991). However, this change in the 
composition of beef retail cuts has been achieved via the 
trimming of fat at the retail level and not via changes in the 
phenotype of slaughter cattle. The NBQA inplant surveys 
conducted during the Fall of 1991 indicated that there is a 
tremendous amount of variation in the U.S. fed-beef slaugh- 
ter population (Table 2). Quality grade ranged from U.S. Cut- 
ter to High Prime with a mean of SelectS6 and a standard 
deviation of 60% of a quality grade. Moreover, 8.28% of cat- 
tle graded Standard or less and seven percent of the fed- 
beef slaughter population had maturity scores above Bo. 

The National Beef Tenderness Survey (NBTS; Morgan et 
al., 1991) indicated that the variation in the fed-beef slaug- 

Table 1. Top Fifteen Quality Concerns 
of the Beef Industry.a 

Rank 
1 
2 
3. 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 

Concern 
Low overall uniformity of beef 
Excess external fat 
Low overall uniformity of live cattle 
Price too high 
Excess seam fat 
Low overall palatability 
Inadequate tenderness 
Low overall cutability 
Insufficient marbling 
Too frequent hide problems 
Too high incidence of injection-site blemishes 
Excess weightsibox 
Excess livekarcass weights 
Inadequate understanding of the value of closer- 
trimmed beef 
Too larae ribevesiloineves 

aAdapted from Smith et al. (1992) 
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Table 2. Simple Statistics for Grade Traits 
of U.S. Fed-Beef Slaughter Population.a 

Species Mean Standard deviation Minimum Maximum 
USDA yield grade 3.2 
USDA quality gradeb 686 
Adjusted fat thickness, mm 15.0 

Longissimus area, cm2 83.4 
2.2 

Marbling scorec 524 

Carcass weight, kg 345.4 

Kidney, pelvic and heart fat, % 

- Overall mat ur it yd 
aAdaDted from Smith et al. (19921. 

169 

.9 -.8 7.2 
60 21 3 900 
6.1 .o 45.7 

42.9 173.6 543.2 
10.5 47.1 146.5 
.7 .o 6.0 

106 240 1100 
21 110 430 

b200’= CutteP, 800=Primed ’ 

C200=Practically devoid0, 1000=AbundantO. 
dl 00-Ao, 400=D0. 

ter population resulted in an unacceptable level of variation 
in the tenderness of retail cuts (Figure 1). Despite the wide- 
spread use of tenderization mechanisms such as electrical 
stimulation and postmortem storage (aging) by the beef in- 
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Distribution of Warner-Bratzler shear values relative to the 50% 
confidence level (4.6 kg) of Shackelford et al. (1991) for the retail 
cuts sampled for the National Beef Tenderness Survey (Morgan et 
al., 1991). Bars indicate a range from two standard deviations be- 
low the mean to two standard deviations above the mean. 

dustry, the average coefficient of variation in shear force 
for the 26 retail cuts sampled for the NBTS was 21.88%. 
Moreover, USDA quality grade failed to control the variation 
in tenderness (Table 3). Round and chuck cuts were espe- 
cially tough despite being cooked by moist-heat methods 
(Table 4). Thirty-five percent of round cuts exceeded the 
50% Warner-Bratzler shear force confidence level (4.6 kg) 
of Shackelford et al. (1991) and the mean shear force value 
of round cuts exceeded the 68% confidence level (3.9 kg). 

Steaks from the round and chuck were much tougher 
than their roast counterparts. For example, the mean shear 
force value of top round roast was 4.06 kg while the mean 

Table 3. Effect of Quality Grade on the 
Percentage of Retail Cuts Exceeding the 50% 

Warner-Bratzler Shear Force Confidence Level 
(4.6 kg) of Shackelford et al. (1991). 

Qualitv arade 
Primal Choice Select NO-roll 
Chuck 9.8 14.8 13.8 
Ri b/Loin 3.5 2.9 7.4 
Round 27.5 27.0 36.2 
aAdapted from Morgan et al. (1991). 

Table 4. Means and Distribution of 
Warner-Bratzler Shear Values for Retail 

Cuts Sampled for the National Beef 
Tenderness Survey Stratified by Primala. 

Confidence limirt’ 
Primal Mean, kg 50% 68% 
Chuck 3.72 15.3 40.8 
Rib 3.36 8.0 23.0 
Loin 3.17 5.3 17.5 
Round 4.31 35.8 62.8 
aAdapted from Morgan et al. (1991). 
bPercentage of retail cuts exceeding the 50 and 68% confidence 
levels (4.6 and 3.9 kg, respectively) of Shackelford et al. (1991). 



45th Reciprocal Meat Conference 45 

Table 5. Warner-Bratzler Shear Force Values of Beef Ribeye Steaks, 
Pork Rib Chops and Lamb Rib Chops.a 

Species n Mean Standard Deviation Minimum Maximum 
Beefb 97 3.20 .69 1.69 5.40 
LambC 29 1.74 .72 .90 2.68 
Porkd 120 3.71 .91 2.01 6.96 
aNote: pork was frozen at 48 h postmortem and subsequently thawed and cooked for determination of shear force. 

bAdapted from Morgan et al. (1991). CAdapted from Harris et al. (1990). 
Beef and lamb cuts were obtained at retail and never frozen before cooking. 

dAdapted from DeVol et al. (1988). 

shear force value of top round steaks was 5.23 kg. Meat 
retailers have been forced to produce thin-cut steaks to 
provide consumers with portions that are appropriate for 
today’s one- to two-person household. The move toward 
thinner cuts of meat has not been limited to round and chuck 
cuts. Most riblloin steaks sampled for the NBTS were 1.3 
to 1.9 cm thick. These thinner steaks cook faster than thick- 
cut steaks and this may have malicious effects on tender- 
ness. The retail sector must investigate innovative mer- 
chandising techniques to maintain steak thickness while 
minimizing portion size. Retailers have been forced to 
reduce steak thickness to maintain portion size due to the 
escalation in the size of ribeyes. The NBQA indicated that 
the average ribeye size was 83.4 cm2 with the maximum 
being 146.5 cm2. Tatum (1992) indicated that ribeyes in ex- 
cess of 90 cm2 were too large to produce 2259 portions 
when steaks were cut 2.5 cm thick. 

The NBTS (Morgan et al., 1991) revealed that most beef 
subprimals were aged for over ten days prior to fabrication 
into retail cuts. The average interval between fabrication 
into boxed-beef subprimals and retail fabrication was 17 
days while the range was from 3 to 90 days. In light of these 
lengthy aging periods, it is disturbing that such a high per- 
centage of cuts had unacceptable shear values. 

The variation in palatability of beef has led consumers 
to be dissatisfied with the eating quality of beef prepared 
at home slightly more than 20% of the time, according to a 
survey conducted by Wayne Purcell of Virginia Tech (Miller, 
1992). The consumer dissatisfaction rating for beef was sig- 
nificantly higher than the 15% dissatisfaction rating of 
chicken. Moreover, consumers scored beef lower than 
chicken as the “food of choice” for serving to guests at spe- 
cial occasions. 

A comparison of longissimus muscle tenderness of beef 
sampled for the NBTS (Morgan et al., 1991), lamb sampled 
for a National Market Basket Survey for Lamb (Harris et al., 
1990), and pork sampled in the carcass survey of DeVol et 
al. (1988) indicated that there is a tremendous amount of 
variation in the tenderness of all three meat species. Caution 
should be exercised in comparing the tenderness of the three 
species because the pork cuts were frozen at 48 h post- 
mortem and, thus, may not be representative of retail pork. 

Does Tenderness Affect Product Value? 
Beef subprimals are clearly priced according to their ex- 

pected palatability. Currently, there is a $3.70/kg advantage 
for U.S. Prime vs No-roll NAMP 180 boneless, short-cut 
striploins (Figure 2). The foodservice industry is willing to 
pay a premium for “high-quality” cuts to assure consumer 
satisfaction. This has resulted in the success of quality- 

based programs such as Certified Angus Beefs. It appears 
that retail consumers are also willing to pay a premium for 
more tender cuts of beef. Using data from the NBTS, we 
plotted the mean retail price of four beef cuts - represent- 
ing a wide range in tenderness - against their mean 
Warner-Bratzler shear values. Tenderloin steaks command a 
$3.83/kg premium over top loin steaks despite the fact that 
these steaks are similar in composition. The price differen- 
tial between these cuts is clearly a reflection of the tender- 
ness advantage of the tenderloin steaks. The beef industry 
must implement techniques such as CaC12-injection 
(Koohmaraie et al., 1988,1989,1990) so that top loin steaks 
are as tender as tenderloin steaks. This should allow the 
price of top loin steaks to be elevated close to that of ten- 
derloin steaks, thereby increasing the value of cattle. More- 
over, implementation of methods to eliminate the variation 
in tenderness should help to increase consumer satisfac- 
tion ratings of beef. 

Figure 2 
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Relationship of Warner-Bratzler shear force with the price of retail 
beef cuts. Shear forces adapted from Morgan et al. (1991) and lo- 
cal supermarket prices obtained June, 1992. 
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Future Needs 
It is imperative that the meat industry eliminate the op- 

portunity for beef tenderness shortfalls at the foodservice 
and retail level. Ultimately, this must be accomplished via a 
reduction in the genetic variation that currently exists in the 
U.S. beef feeder cattle population. Cattle possessing high 
levels of 50s indicus inheritance are simply unacceptable. 
However, most research indicates that cattle containing 
less than 25% 50s indicus inheritance are similar to their 
50s taurus counterparts in palatability. Thus, if one adheres 
to sound crossbreeding principles, the production advan- 
tages of Brahman crossbred cattle may be reaped without 
compromising product quality. 

The diversity in tenderness that exists between cuts 
from the various anatomical locations must be eliminated. 

Miller (1992), when quoting the findings of Wayne Purcell, 
indicated that today’s consumers lack knowledge of the dif- 
ferences between the various cuts of beef. If consumers do 
not know which cuts of meat are most tender, it is very 
doubtful that they are aware of the need to use moist-heat 
cookery to prepare round and chuck cuts. Moreover, today’s 
active-lifestyle consumer lacks the time to prepare these 
cuts. We must look to innovative merchandising systems for 
round cuts. Instead of advertising these cuts as marinate- 
and-grill items and then leaving the consumer with the bur- 
den of preparing the marinade themselves, we should pre- 
marinate the cuts before retail display. This may be best 
accomplished via a branded product. Failure to initiate 
these steps to reduce the variation in beef tenderness will 
no doubt coincide with a loss of market share to chicken. 
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