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Introduction

The improvement of overall tenderness and the reduc-
tion in variability of tenderness was identified by the Na-
tional Cattlemen’s Beef Carcass Quality Task Force as a high
priority and a major issue facing the beef industry. The Na-
tional Beef Tenderness Survey (Morgan et al., 1991) evalu-
ated the overall tenderness of beef cuts in the retail meat
case. Sources of variation in beef tenderness were identified
as: 1) regional effects that could be contributed to either
management differences among regions (prefeedlot manage-
ment, days in the feedlot, feedlot management, level of nu-
trition, etc.) or breed type differences; 2) post-mortem con-
ditions and handling practices; aging time varied from 3 to
over 90 days post-fabrication with an overall mean post-
fabrication time of 17 days, this likely added to, not reduced,
the variation in tenderness; 3) the shift from roasts to steaks
and more single-muscle cuts as steaks from the same cut are
tougher than roasts, most likely due to differences in cook-
ing methods. From these results, a research program was
initiated with the long term goal to identify critical control
points from conception to consumer for beef tenderness and
to subsequently identify methods of either controlling or
monitoring critical control points. Ultimately, our goal is to
test a system from conception to consumer to determine the
efficacy of this approach. While much of this research is
either on-going or in the planning stages, only the compo-
nents that have been completed and that provide new infor-
mation to the scientific literature will be presented.

Critical Control Points For Meat Tenderness

Beef tenderness is a complex issue and has been shown
to be influenced by four major factors: 1) muscle fiber degra-
dation; 2) the muscle fiber contractile state or the influence
of the actomyosin complex; 3) connective tissue content; and
4) the amount of intramuscular fat or marbling. As genetic
and environmental factors can influence each of the four ten-
derness components, critical control points based on previ-
ous research were developed. Each critical control point will
not be discussed, as extensive research has beenpublished
on how each of these points impacts beef tenderness. The
critical control points for beef tenderness are:

Genetic regulation of beef tenderness
Percentage of Bos indicus breeding
Management preslaughter - days on a high concentrate

diet and animal age
Rigor Mortis - pH decline and chilling rate
Electrical Stimulation
Post-Mortem Aging
Handling, Preparation and Cooking
Degree of Doneness
Consumer Perception
Our concept is to apply critical control points to beef

production (Fig. 1). While this concept has merit and many
critical control points currently are applied to beef produc-
tion, a system that impacts the value of beef based on cor-
rect application of tenderness control points is not in place.
To improve tenderness and reduce variability in tenderness,
tenderness has to impact the value of meat; otherwise, there
is no incentive to make changes and the signal to improve
tenderness is weak. Beef can be bought and sold multiple
times throughout the beef production chain. Possible points
of sell where tenderness value could impact the price of
beef are: seedstock producer to commercial cow-calf op-
erator to stocker to feedlot operator to packer to further pro-
cessor to either retail, foodservice or export segments and
then ultimately to the consumer (Fig. 1). The greatest chal-
lenge for the beef industry is not applying critical control
points, but verifying that minimum levels for each critical
control point across the production cycle have been imple-
mented. To date, the beef industry does not have a method
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of verifying if live cattle, carcasses or meat have been man-
aged or handled to maximize tenderness. The only method
used to verify or helpassure tenderness is the USDA Beef
Quality Grade System (USDA, 1989). This system, while the
best practical system to date, only accounts for 10% to 30%
of the variability in beef tenderness and this system does
impact the value of beef. The challenge still remains – de-
velopment of verification tools for beef tenderness that can
be used by the beef industry.

Two major research projects are being conducted at
Texas A&M University that will result in beef tenderness veri-
fication tools for the beef industry. These verification tools
can be used to determine the value of beef tenderness and
to verify if critical control points have been properly imple-
mented. Therefore, if beef production segments have imple-
mented critical control points to improve beef tenderness,
these tools should provide a mechanism for each segment
to receive increased value. These two strategies are: 1) Un-
derstanding genetic influences on beef tenderness and de-
veloping genetic markers for beef tenderness; and 2) Devel-
opment of an automated grading system to segment beef
into more consistent categories based on expected tender-
ness.

Genetic markers could be used to impact the value of
cattle at five different locations in beef production (Fig. 2).
By selection and verifying that an animal as the propensity
under standard management systems to produce tender meat,

the seedstock producer could market bulls and heifers to
the commercial cow-calf segment for greater value. Addi-
tionally, the commercial steers and heifers produced from
the “tender-verified” animals could be marketed from the
commercial cow-calf producers to either the stocker or feeder
for greater value. The stocker could sell the “tender-veri-
fied” cattle to the feeder and ultimately the feeder would
sell the “tender verified” cattle to the packer. The packer
would have the second verification tool for the system, the
automated grading system that more accurately accounts
for differences in beef tenderness (Fig. 2). The packer would
purchase cattle based on tenderness differences, providing
a higher price for more tender meat and a lower price for
tougher meat. The packer also could utilize the automated
grading technology to segment boxed beef into more ho-
mogeneous groups based on expectedtenderness differences,
similar to what is currently done with Choice and Select
beef cuts, however, these new categories would have less
variability in tenderness than the current system.

Understanding Genetic Influences On Beef
Tenderness In Bos Indicus-Influenced Cattle

Developing Genetic Marker

The examination of tenderness of Bos indicus-influenced
cattle is not a new topic. Morgan et al. (1991) documented
that one source of variation in beef tenderness was the ori-

FIGURE 1.

Critical control points (*) for beef tenderness overlaid onto the beef
production cycle.

FIGURE 2.

The beef production cycle and where genetic markers and automated
grading systems for beef tenderness could impact the value of beef
animals.
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gin from which beef was derived with areas having a higher
proportion of Bos indicus breeding having meat with higher
shear force and more variation in shear force values than
areas with lower Bos indicus influence. It has been well docu-
mented that Bos indicus-influenced cattle have higher shear
force values and greater variation. Research has documented
that as the percentage of Bos indicus breeding increases,
beef tenderness tends to decrease and the variability in ten-
derness increases (Damon et al., 1960; Ramsey et al., 1963;
Koch et al., 1982; Crouse et al., 1989; Wheeler et al., 1990;
Whipple et al., 1990; Shackelford et al., 1991). If the beef
industry is going to reduce variability in beef by 50% by
1997, methods of identification and management of tender-
ness variation of Bos indicus-influenced cattle are impera-
tive. One strategy to improving meat tenderness is to de-
velop genetic markers that could be used in seed stock
production to identify cattle that have the potential to pro-
duce progeny with tender meat. The research project “Gene
Mapping - The Genetic Control of Beef Carcass Merit” is
being conducted at Texas A&M University. In this project
steers and heifers are produced to represent 3/4 Angus x 1/4
Brahman, 1/4 Angus x 3/4 Brahman and F2 1/2 Angus x 1/2
Brahman breeding. The steers and heifers in this project are
produced under similar environmental conditions and us-

ing the same management practices over a four-year period.
The study included 32 families with an average of 20 prog-
eny per family for a total of 640 animals produced by em-
bryo transfer. All cattle produced were slaughtered at ap-
proximately 20 months of ageand after 150 to 170 days on a
high concentrate diet.

The position of genes within the genome to a region on
a specific chromosome can be identified by scoring a map
of DNA markers in the resource herd and sequentially test-
ing each of the markers for an association with marbling or
tenderness. A DNA marker is a small, but unique, sequence
of DNA for which the location on a specific chromosome
can be determined and that is variable among individuals
within the resource herd. DNA markers simply provide a
method that allows the determination of the breed of origin
of the DNA on the chromosomes inherited from the sire and
dam at the point on the chromosome where the marker is
located. Markers can be assigned to chromosomes and by
determining the order of the markers and the distance be-
tween the markers on each of the chromosomes, a genetic
map can be produced. Considering each marker individu-
ally, we compared the marbling score of all animals that
inherited two pieces of Angus DNA at the marker with the
marbling score of all animals that inherited two pieces of
Brahman DNA at the marker to determine if there was a
gene influencing marbling close to this marker. If the mean
marbling scores of the two groups differ, we concluded that
there was a gene influencing marbling close to the marker.
At this point, it may be possible to use the marker to identify
superior cattle for marbling, or it may be necessary to actu-
ally identify the quantitative trait loci (QTL) responsible for
the differences in marbling before selection using DNA mark-
ers. The process of gene discovery is complex, but can most
easily be accomplished by using comparative map informa-
tion and the progress achieved by the human genome ini-
tiative. The order and arrangement of many genes on hu-

TABLE 1.  Least Squares Means for Carcass Characteristics
of Steers from Angus and Hereford Cows.

Kidney, pelvic Total collagen
Dam n Marblingc and heart fat, % amount, mg/g

P value .0001 .006 .013
Angus 74 378a 1.99a 2.11b

Hereford 15 321b 1.55b 2.31a

abMeans within a column with different superscripts differ (P < .05).
c300=Slight.

TABLE 2. Least Squares Means for Carcass Characteristics of Bos indicus-sired Steers.

Overall Hot carcass Fat Ribeye Yield
Sire n Marblinge maturityf weight, kg thickness, cm area, cm2 KPH, %g Grade

P value .0001 .28 .0006 .05 .001 .003 .002
1 11 415a 161 279.3b 1.02 ab 71.9 ab 1.82 ab 2.95 ab

2 9 325b 169 306.1 ab 0.81b 68.3b 1.45 b 2.88 ab

3 9 335b 168 315.5 ab 0.99 79.7 a 2.19 ab 2.77 ab

4 8 372 ab 166 305.3 ab 0.99 ab 73.7ab 1.85 ab 2.86 ab

5 16 305b 163 285.5ab 0.79b 77.7 ab 1.39 ab 2.15b

6 6 353b 168 308.4 ab 0.91 ab 77.9 ab 1.59 ab 2.57 ab

7 10 347b 167 312.0 ab 1.07 ab 79.6 a 1.74 ab 2.70 ab

8 4 347 ab 161 327.6 a 1.47 a 75.0 ab 1.57 ab 3.30 a

9 7 359 ab 166 311.8 ab 1.14 ab 78.3a 2.00 ab 2.90 ab

10 9 338b 161 331.7 a 1.07 ab 74.8 ab 2.10 a 3.27 a

RSDd 39 7 25.9 0.36 5.9 .48 .59
abcMean within a column with different superscripts differ (P < .05).
dRSD=Residual Standard Deviation.
e400=Small; 300=Slight.
f100=A maturity.
gKPH=Kidney, pelvic and heart fat.
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man and bovine chromosomes has been conserved in the
evolution of the species and consequently, examination of
the genes mapped on the corresponding human can often
lead to the identification of the QTL.

The enzyme calpastatin is known to down-regulate a
second enzyme calpain which is involved in the post-mortem
degradation of the muscle fiber component. Some data exist
to suggest that carcasses with high levels of calpastatin in the
longissimus muscle at 24hours post-mortem tend to produce
tough steaks as measured by Warner-Bratzler shear force
(WBSF). The calpastatin enzyme is produced by the
Calpastatin gene (CAST) which is known to map to bovine
chromosome 7. A marker that detects variation within the
Calpastatin gene has been developed and there has been
some evidence that the genetic differences detected by this
marker also detect differences in beef tenderness. Conse-
quently, Dr. Noelle Cockett of Utah State University collabo-
rated to score the genotypes for this marker in a sample of
the Angelton progeny. We then integrated this marker into
our map of bovine chromosome 7 and tested the whole chro-
mosome to determine whether there are any genes on the
chromosome that appear to be involved in the expression of
the calpastatin enzyme or with WBSF and taste panel assess-
ments of beef tenderness. We found strong evidence for a
gene on chromosome 7 where the amount of calpastatin
enzyme produced by individuals with Angus DNA was lower
than individuals with Brahman DNA. However, the estimated
position of this gene on chromosome 7 was 25% of the length
of the chromosome distant from CAST itself. This may sim-
ply be a sampling effect because the statistical confidence
interval for the gene influencing calpastatin included the
position of the CAST locus. It may also be due to the pres-
ence of a second gene on chromosome 7 that is involved in
the regulation of enzyme activity. However, we found no

evidence that this gene influenced the taste panel assessment
of tenderness and only very weak evidence that this gene
had any effect on WBSF. In fact, there was no difference be-
tween the WBSF of individuals with Angus and Brahman DNA
at this locus, but individuals that inherited Angus DNA from
one parent and Brahman DNA from the other parent had
about one-half a pound higher shear force values. These re-
sults seem to imply that a DNA test for differences in the
CAST gene may not be a useful predictor of beef tenderness.
The reason for this seems to be that there are a number of
steps in the pathway between the Calpastatin gene and ten-
derness and that other factors come into play at each step to
dilute the effect of differences in the gene. First, we knowthat
additive genetic differences account for only about 60% of
the differences in calpastatin activity among a group of cattle.
Therefore, complex interactions among genes and environ-
mental factors are responsible for the other 40% of the differ-
ences. Also, there are very likely to be a number of genes
besides CAST involved in determining the 60% of the ge-
netic variation and differences in CAST may account for a
small part of this 60%. Finally, we also know that variation
in calpastatin enzyme activity only explains about 27% of
the variation in WBSF, hence if variation in CAST only ex-
plains a small amount of the variation in calpastatin enzyme
activity, it will explain very little of the differences in WBSF.

Bos indicus Sire Effects

The objective of this research was to evaluate progeny
from 10 different Bos indicus sires under standard environ-
mental conditions to understand if difference in tenderness
exists. The overall goal of this research is to identify Bos
indicus sires that produce progeny that are tender and less
variable in tenderness. Additionally, by evaluating sire dif-
ferences, we can simultaneously evaluate the factors that

TABLE 3. Least Squares Means for Chemical Components of
Progeny from Bos indicus-sired Steers.

Calpastatin
Sarcomere activity Total Collagen

length, at 24 hr, Collagen Solubility,
Sire n µm µg/gm Amount, mg/g %

P value .24 .009 .63 .49
1 11 1.84 2.55ab 2.11 18.86
2 9 1.72 2.61ab 2.30 16.53
3 9 1.72 2.29ab 2.17 17.51
4 8 1.76 2.41ab 2.19 16.73
5 16 1.73 2.52ab 2.15 18.17
6 6 1.72 2.60ab 2.17 16.26
7 10 1.69 2.10b 2.14 17.98
8 4 1.74 2.14ab 2.45 15.81
9 7 1.73 2.92a 2.18 17.34
10 9 1.72 2.02b 2.24 16.39
RSDd .10 .47 .25 2.82
abMean within a column with different superscripts differ (P < .05).
cRSD=Residual Standard Deviation.

FIGURE 3.

Least squares means for Warner-Bratzler shear force (kg) of progeny
from Bos indicus-sired steers. P value for Warner-Bratzler shear force
stored at 0, 7, 14, 21, 28 and 35 days = .03, .09, .38, 07, .26, .01,
respectively and Residual Standard Deviation for Warner-Bratzler
shear force stored at 0, 7 14, 21, 28 and 35 days = .95, .77, .64, .73,
.73 and .77, respectively.
abMeans within a column with different superscripts differ (P<.05).
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influence tenderness and determine what factors contribute
to tenderness differences in Bos indicus-influenced cattle.

Steer progeny (n=89) from 10 different Bos indicus sires
bred to Hereford (n=15) or Angus (n=74) cows were uti-
lized. After weaning, steers were fed for 215 days on a high
concentrate diet and slaughtered over 3 days at a commer-
cial facility in Corpus Christi, TX. All carcasses were electri-
cally stimulated with moderately high-voltage electrical
stimulation, using three stimulation bars for 27 sec (150 V at
1.9 amps, 300 V at 3.0 amps and 300 V at 3.0 amps). At 24
hours post-mortem, calpastatin level (mg/g; Koohmaraie,
1990; Shackelford, 1994) and sarcomere length (&m; Cross
et al., 1981) were determined. Carcass characteristics, USDA
quality grade and USDA yield grade (USDA, 1989) were
evaluated at 36 hours post-mortem. Top loin steaks (2.54
cm thick) from both carcass sides were removed, vacuum-
packaged and stored at 1° to 3°C and randomly assigned
topost-mortem aging periods of 0 (defined as 48 hours post-
mortem), 7, 14, 21, 28 or 35 days for Warner-Bratzler shear
force. Total collagen (mg/g) and collagen solubility (%) also
were determined (Hill, 1966; Cross et al., 1973; Kolar, 1990)
on 0 day top loin steaks.

Steers from Angus cows had higher marbling score and
percentage kidney, pelvic and heart fat (KPH) and lower to-
tal collagen amount than steers from Hereford cows (Table
1). However, sire had a greater influence than dam on the
carcass characteristics of steers (Table 2). Sire influenced
marbling, hot carcass weight, fat thickness, ribeye area, KPH
and USDA yield grade. It is apparent that this population of
steers varied in carcass characteristics and sire effects ex-
plained a large proportion of these differences.

To understand if sire influenced meat tenderness, chemi-
cal components of beef tenderness were measured (Table
3). Sarcomere length has been related to muscle shortening
during rigor mortis, 24 hour calpastatin level was an indica-
tion of the ability of muscle to degrade post-mortem, total
collagen has been related to differences in amount of con-
nective tissue in a muscle and collagen solubility was an

indication of how the connective tissue that was present
broke down with heating. Sarcomere length, total collagen
and soluble collagen did not differ across sire groups. As
carcasses were chilled in the same cooler location within
the three slaughter days and the majority of carcasses (n=83)
had fat thickness of .63 cm or greater, differences in sarcom-
ere length would not be expected. Additionally, as steers
were fed the same diet for 215 days and were the same age
at slaughter, differences in connective tissue measures would
not be expected. However, 24-hour calpastatin did vary. Sire
9 had steers with the highest calpastatin level and steers from
sires 7 and 10 had the lowest calpastatin level. Based on
these results, it would be expected that meat from steers
sired by bulls 7 and 10 would improve in tenderness with
increased post-mortem aging than meat from sire 9 steers.
At 0 days, shear force values did not differ across sire groups;
however, steaks from steers from sires 2, 5 and 10 tended to
have lower shear force values and shear force values from
steaks from these three sires did not improve in tenderness
with subsequent post-mortem aging (Fig. 3). Warner-Bratzler
shear force tended to decrease with increased post-mortem
aging with the most significant improvement in shear force
occurring in the first 7 days. After 35 days of post-mortem
storage, steaks from sire 8 steers were more tender than steaks
from sire 4 steers. These data indicate that sire has some
influence on Warner-Bratzler shear force values, but a strong
relationship between sire and Warner-Bratzler shear force
was not apparent. Based on the differences in 24-hour
calpastatin level, we had expected more definitive effects of
sire and post-mortem storage time on Warner-Bratzler shear
force. It has been proposed that selecting Bos indicus-influ-
enced cattle on 24-hour calpastatin level would improve
the tenderness and reduce the variability in tenderness of
these cattle. To understand the relationship between 24-hour
calpastatin level and Warner-Bratzler shear force in our data,
a regression plot was reported for 0 and 14 days post-mortem
aging (Fig. 4 and 5, respectively). A relationship existed be-
tween Warner-Bratzler shear force and 24-hour calpastatin

FIGURE 5.FIGURE 4.

Scatter plots of 24-hour calpastatin activity (Activity) for Warner-
Bratzler shear force (kg) at 0 days of post-mortem storage from Bos
indicus-sired steers. r = .22 (P = .036)

Scatter plots of 24-hour calpastatin activity (Activity) for Warner-
Bratzler shear force (kg) at 14 days of post-mortem storage from Bos
indicus-sired steers. r = .146 (P = .175)
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(r=.22 at P=.036 and r=.15 at P=.175 for 0 and 14 days post-
mortem, respectively), however, this relationship was not
strong. We then removed the effect of sire, breed of dam and
slaughter day on Warner-Bratzler shear force from steaks aged
for 0, 7 and 14 days post-mortem, to examine the relation-
ship between 24-hour calpastatin and Warner-Bratzler shear
force (data not presented) and again a significant improve-
ment in the relationship between these two parameters was
not reported. Therefore, if half-blood Bos indicus-influenced
cattle were selected on 24-hour calpastatin, almost as many
tender steaks would have been removed from the study as
tough steaks. These data indicated that selection for tender-
ness based on one criterion, 24-hour calpastatin, would not
improve the overall tenderness or reduce the variability in
tenderness of Bos indicus-influenced cattle.

The question still remains, if 24-hour calpastatin is not
accounting for a large proportion of the variation in Warner-
Bratzler shear force, then do other measurements offactors
influencing beef tenderness account for or explain variation?
The phenotypic and an estimate of genetic correlations be-
tween components of beef tenderness and Warner-Bratzler
shear force across six storage times and averaged for the
study are reported in Tables 4 and 5, respectively. Pheno-
typic correlations were not high for the tenderness traits mea-
sured, although 24-hour calpastatin tended to have the high-
est phenotypic correlations on days 0, 14, 21 and averaged
across aging times. Estimates of genetic correlations were
higher for 24-hour calpastatin, marbling and collagen solu-
bility and these data indicated that the five tenderness traits
measured had a slight genetic relationship to Warner-Bratzler
shear force.

We concluded from these studies that there is a posi-
tive, but not strong, genetic correlation between 24-hour
calpastatin and Warner-Bratzler shear force. Twenty-four-
hour calpastatin is an indirect selection tool for shear force
which is only as powerful as the genetic correlation (r=.27).
Angus versus Brahman versions of the 24-hour calpastatin
gene are different and result in differences in the amount of
the enzyme, but the gene is almost certainly regulated by
other genes. A DNA test for differences in 24-hour calpastatin
may not be a useful predictor of beef tenderness. Other fac-
tors play a role to dilute the effect of differences in the gene.
Additive genetic differences of about 60% of the differences
in 24-hour calpastatin activity indicate that there is a mul-
tiple gene effect. Complex interactions among genes and
environmental factors account for up to 40% of the rela-
tionship between calpastatin and Warner-Bratzler shear force,
which also supports the multiple gene effect. The Gene Map-
ping Project found a difference between Angus and Brah-
man for Warner-Bratzler shear force, but it was not signifi-
cant. Why? We have concluded that there is a weak
relationship between the gene and Warner-Bratzler shear
force and that other genes and environmental effects play a
role in this relationship. We must improve our understand-
ing of the genetic interactions involving 24-hour calpastatin,
overall tenderness and Warner-Bratzler shear force before
we decide what components oftenderness to use as a selec-
tion tool. Selection of live cattle using DNA markers is not a
simple process as tenderness is a complicated issue that is
influenced by multiple factors.

TABLE 4. Phenotypic Correlations Between Calpastatin, Marbling Score, Sarcomere Length, Total Collagen
and Collagen Solubility and Warner-Bratzler Shear Force.

Warner-Bratzler shear force at different length of post-mortem storage time, daysa

Trait 0 7 14 21 28 35 Average

Calpastatin .22 .14 .15 .19 .21 .13 .17
Marbling .11 .00 .02 .02 .00 .24 .07
Sarcomere length .11 .19 .01 .02 .32 .25 .15
Total collagen .10 .10 .02 .05 .07 .10 .07
Collagen solubility .14 .02 .03 .01 .03 .11 .06
aCorrelation coefficients were not significant (P> .05).

TABLE 5. Estimation of Genetic Correlations Between Calpastatin, Marbling Score, Sarcomere Length,
Total Collagen and Collagen Solubility and Warner-Bratzler Shear Force.

Warner-Bratzler shear force at different length of post-mortem storage time, daysa

Trait 0 7 14 21 28 35 Average

Calpastatin .37 .11 .16 .53 .44 .04 .27
Marbling .36 .01 .27 .20 .24 .35 .24
Sarcomere length .03 .11 .40 .07 .11 .50 .20
Total collagen .05 .21 .16 .34 .46 .41 .27
Collagen solubility .38 .36 .28 .30 .13 .01 .24
aCorrelation coefficients were not significant (P> .05).
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Automated Grading for Beef Tenderness

Automated grading is needed to more accurately seg-
ment beef carcasses into more homogeneous groups based
on expected palatability. Our research approach in devel-
oping an automated grading system for beef palatability has
been to first segment beef into categories based on marbling
score. If this segmentation is conducted with marbling score,
which is moderately related to flavor and juiciness and has
a low relationship to tenderness, further segmentation could
be concentrated on differences within marbling groups into
tenderness categories. We are using a new ultrasonic tech-
nology, elastography (invented by Ophir et al., 1991), as the
tool to segment beef. Our research has been concentrated
in three areas: 1) understanding the basic physics of
elastography so that image quality can be maximized; 2)
development of image feature extraction techniques that will
evaluate an elastogram (the resultant image from elasto-
graphy) using a computer to remove the human subjective
element; and 3) determining the relationship between infor-
mation obtained from elastography to predict marbling, con-
nective tissue content, muscle fiber degradation and muscle
fiber contractile state.

Initial research which examined the efficacy of ultrasonic
elastography to predict beef tenderness used a laboratory sys-
tem. In this research, three muscles (Longissimus muscle from
the top loin, Gluteus medius and Semitendinosus) from 17
young beef carcasses ranging in marbling from Traces to
Moderate were used (Lozano, 1995). Elastograms were gen-
erated and an image feature extraction technique called gray-
level co-occurrence matrix statistical features (GCCM param-
eters; Haralick et al., 1973) were used to extract textural
features from the images. The GCCM parameters were de-
fined as independent variables and chemical (total collagen,
collagen solubility, sarcomere length, myofibrillar fragmen-
tation index and percentage of fat and moisture), sensory
(trained panel juiciness, muscle fiber tenderness, connective
tissue amount, overall tenderness and flavor intensity) and
mechanical measurements (Warner-Bratzler shear force) of
beef tenderness were defined as dependent variables. We were
able to predict Warner-Bratzler shear force (R2 = .88), sensory
muscle fiber tenderness (R2 = .82) and sensory overall tender-
ness (R2 = .69) in the longissimus muscle using GCCM pa-
rameters. GCCM parameters were not as high of predictors of
tenderness for Semitendinosus and Gluteus medius muscles,
but it was evident that elasto-grams from the three muscles
had different structure. As these three muscles differ in muscle
fiber orientation, size of muscle bundles, percentage of fat
and connective tissue content, differences in structure in the
elastograms would be expected. While these data were from
a small number of animals, the results indicated that ultra-
sonic elastography had potential as an method of predicting
beef tenderness. However, the images contained excess noise.
Research conducted by Jonathan Ophir has concentrated on
the improvement of image quality. Using a new image en-
hancement technique called averaging, a second study was
initiated (Moore, 1996) using longissimus muscles from 30

beef carcasses. These carcasses were from steers and heifers
varying in percentage of Brahman and Angus breeding from
the Gene Mapping – The Genetic Control of Beef Carcass
Merit project slaughtered over 2 years. In this study, GCCM
parameters accounted for approximately 47% of the varia-
tion in Warner-Bratzler shear force. While this was a reduc-
tion in predictability, averaging significantly reduced the noise
in elasto-grams and improved the clarity of the image.

While the aforementioned results were promising, we
still did not know the theoretical limits of elastography in ex-
pressing components of muscle tissue. Kallel et al. (1996)
conducted a simulation study using finite element modeling
analysis combined with an echographic image formation
model to evaluate how marbling would be expressed in an
elastogram. The Slightly Abundant00 photograph of the lean
cut surface of a longissimus muscle from the Official USDA
Marbling Photographs (USDA, 1989) was digitized using a
video camera and converted into a binary image; the higher
level was defined as muscle tissue and the lower level was
defined as fat tissue. Using the binary image, the apparent
marbling was detected as numerous closed contours; each
contour was defined as the region of fat tissue. These were
used to build the geometry for the finite element analysis.
Elastograms were generated using 3.5, 5.0 and 7.5 MHz RF
signals to determine the effect of different RF frequencies to
detect marbling. Marbling is easily detected in elastograms
from 3.5, 5.0 and 7.5 MHz RF frequencies and as frequency
increases, marbling is more easily differentiated from the
muscle tissue. However, as frequency increases, penetration
into the muscle decreases. This results in a trade-off, while
image quality is enhanced with higher frequencies, the depth
of penetration of the signal decreases and less of the muscle
tissue can be used in the elastogram. We are concentrating
our efforts on using the 3.5 and 5.0 MHz RF frequencies in
our future research. As these results provided positive evi-
dence that marbling could be detected in elastograms, we
obtained a commercially-purchased shoulder muscle that
contained well-defined marbling. Elastograms were obtained
and expressed on either a gray or color scale. This provided
further evidence that larger, easily visible marbling is detect-
able in elastograms. Further research using the finite element
model approach and then confirming the results of the mod-
eling on meat samples with lower levels of marbling is being
conducted. The results of this research will help us to deter-
mine if we can detect differences in marbling in beef muscle.
If we can detect marbling differences, the elastography ma-
chine, being installed at Texas A&M University this summer,
will be used to evaluate marbling in beef carcasses immedi-
ately post-mortem. This research also is helping us to under-
stand if this technology has potential for detection of mar-
bling in live animals.

Based on these results, elastography has promise as a
method of determining meat palatability. Potential exists to
determine marbling both in the live animal and in the lean of
meat in addition to detecting differences in tenderness, either
through measuring factors related to tenderness or shear force.
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Where to Go from Here?

The question still remains, can the beef industry reduce
variation in tenderness by 50%? How do we hit the tender-
ness target? Estimates indicate that genetic markers will not
be available for at least 2 to 5 years and automated grading
will be at least 3 to 6 years before accurate systems will be
available for use. These are two of four major issues in meet-
ing the goal of reducing tenderness by 50%. Even with the
implementation of genetic markers and automated grading,
other questions need to be answered before the tenderness
puzzle can be solved. These questions are: 1) what influ-
ence does consistent chilling and proper and/or consistent
application of electrical stimulation have on overall tender-
ness and the reduction of variability in tenderness in pack-
ing plants?; 2) What is the current tenderness level of beef in
the retail meat case, in other words, where is the target, is it
the same as in 1989 when the National Beef Tenderness
Study (Morgan et al, 1991) was conducted?; and 3) What is
the value of tenderness to consumers?
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