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Currently, marbling in beef cattle is very important
economically in the U.S. and seedstock producers are
selecting to improve marbling by obtaining ultrasound data
on progeny of sires and(or] obtaining actual carcass data
on progeny. When progeny tests are properly conducted so
that several sires are compared in the same contemporary
group, genetic differences in marbling among sires can be
used to develop Expected Progeny Differences (EPDs) by
breed associations for use in selection. EPDs are’user friendly’
tools for cattle producers to use in selection. Most U.S. beef
cattie breed associations publish EPDs for marbling and
several other carcass traits in addition to performance traits
such as weariing or yearling weight. EPDs are expressed as
deviations in marbling score or percentage of intramuscular
fat from the breed average.

An example of the marbling EPDs of four Simmental
sires are presented in Table 18. The EPD of 0.27 for Nichols
Legacy means that he would be expected to sire progeny
that would have 0.27 higher marbling score than breed
average. If breed average was ‘Small?%, his progeny would
be expected to average ‘Small*”", Progeny from 3C Pasque
would be expected to average 0.35 marbling score lower
than breed average, or ‘Slight®® (Slight is the degree of
marbling below Small).

The average heritability estimate for longissimus
muscle tenderness in cattle is 0.30. Unfortunately, the only
accurate method at present to measure tenderness is to
retrieve sections of meat from carcasses, cook them, and
then conduct a trained sensory panel or use an instrumental
method such as the Warner-Bratzler Shear Instrument or
MIRINZ Tenderometer to measure tenderness. Whatever the
method of measurement used, it is difficult and expensive
to obtain tenderness data for genetic improvement. Animals
have to be identified at the time of slaughter, sections of
meat have to be retrieved, and the meat then transported
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to a laboratory where tenderness assessment can be made.
Because trained sensory panels can only evaluate a few
samples at one time, most tenderness measurements are
made by using an instrumental procedure.

Expected Progeny Differences for Warner-Bratzler
shear force have been published by the American Simmental
Association, which are the first EPDs developed and
published for tenderness. The EPDs ranged from -0.87 Ib. to
+0.60 Ib among the 102 sires tested. Seedstock producers
can use this information to make selection decisions to
genetically improve tenderness (Table 18).

Breeds are not identified in these data because the
study was not a breed comparison study, but rather a study
to generate data to allow breed associations to develop
EPDs and to validate DNA markers for meat quality traits.
The range for Warner-Bratzler shear force means from the
most to the least tender breed is quite wide at 8.9 Ib., or
4.1 kg (Table 19). The range among progeny means of sires
across breeds was dramatic at 14.4 Ib. or 6.6 kg. These data
also show that there is considerable range among progeny
means of sires within breeds. These data clearly indicate
that there is a very significant beef tenderness problem. The
cattle in this large study were young and managed in a near
optimum way; therefore, the variability in tenderness when
cattle are older and not managed in an optimum way likely
will be even greater.

The correlation between Warner-Bratzler shear force
and trained sensory panel evaluated tenderness for the
data in Tables 19 and 20 was -0.82. The ranking of the 11
breeds that had at least 100 progeny evaluated was slightly
different than the ranking for Warner-Bratzler shear force,
but the two most tender and two least tender breeds were
the same for both methods of evaluating tenderness (Table
20).

Table 17. Pure Breed Least Squares Means for Carcass and Meat Palatability Traits®

Retail product

Percentage Shear Sensory panel
Dressing  Marbling USDA 8mm, O0Omm, 8 mm, force, -

Breed percent score®  Choice&Prime % kg kg i e
Red Poll 60.0 5.30 74 67.8 62.6 2025 4.72 5:15 5.25 4.96
Hereford 60.3 5:21 60 66.0 60.1 192.3 5.06 5.10 5:25 4.80
Angus 613 5.41 77 67.1 61.5 20152 4.50 555 5:38 4.92
Limousin 6534 443 14 76.5 72.3 239.8 5.62 4.88 5.01 4.82
Braunvieh 597 4284 42 7.9 67.3 232.1 5.09 5.06 512 4.90
Pinzgauer 59.5 516 55 71.5 66.8 225.0 4.47 543 5.20 4.96
Gelbvieh 5919 453 15 74.2 70.0 240.1 5.78 4.63 5.04 4.75
Simmental 59.8 4.80 34 72.8 68.4 2393 5.48 4.80 5.14 4.83
Charolais 60.7 4.71 24 732 68.7 241.3 5.16 495 5.12 4.88
D.05¢ 8 .28 19 1.3 s 8.2 45 27 19 13

“Adapted from Gregory et al. (1994a, 1994b).
b4.00 - 4.90 = slight; 5.00 - 5.90 = small.

8 = extremely tender, juicy, or flavorful; 1 = extremely tough, dry, or bland.
9D.05 is the approximate difference between means of parental breeds required for significance.
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Table 18. Example Warner-Bratzler Shear Force and Marbling Expected Progeny Differences (EPDs) for Four Simmental Sires' from

Data Generated in the Carcass Merit Traits Project2

Warner-Bratzler shear

Sire Name force EPD (Ib.) Accuracy Marbling EPD Accuracy
GW Lucky Break 047G -0.87 (1% 0.26 -0.01 0.41
-0.36
Circle S Leachman 600U 0.45 0.14 0.66
GW Lucky Strike 147G -0.02 0.26 047:(2"9 0.43
Nichols Shannigan F5 0.60 (100" 0.38 -0.16 0.47

1
From Dikeman et al. (2003)

The Carcass Merit Traits project was funded in part by beef and veal producers and importers through their $1/hd checkoff and was produced for the Cattlemen’s

Beef Board and state councils by the National Cattlemen’s Beef Association.

Table 19. Carcass Merit Traits Project' Warner-Bratzler Shear
Force Ranges of Sires Within Breeds Ranked on WBSF from
Most Tender to Least Tender Breed?

Breed #1 3.451b Breed #8 3.68 Ib.
Breed #2 5.20 Ib Breed #9 1.90 Ib
Breed #3 3.74 b Breed #10 3.991b
Breed #4 2.29 b Breed #11 2.331b
Breed #5 2.79 Ib Breed #12 6.62 1b
Breed #6 2.66 b Breed #13 4.49 Ib
Breed #7 4.32Ib Breed #14 6.41 b

?fﬁ‘ea range = 8.9 Ib; Sire range across breeds = 14 44 |b.

2 F_rOm Dikeman et al. (2003).
The Carcass Merit Traits project was funded in part by beef and veal
Producers and importers through their $1/hd checkoff and was produced
for the Cattlemens Beef Board and state councils by the National
Cattlemen’s Beef Association.

?ble 20. Carcass Merit Traits Project' Ranges of Sires for
enderness Scores* Within Breeds Ranked 1% to 11™**2

Breed #2 0.75

Breed #11 0.55
Breed #3 0.56 Breed #10 0.81
Breed #4 0.84 Breed #13 1.13
Breed #7 1.11 Breed #14 1.05
Breed #9 0.80
Breed #6 1.11
Breed #8 0.52

:,g: Extremely tender; 1 = extremely tough.

te:g/ breeds with $100 progeny (11 of the 14 breeds) are presented; Avg.
o, Siimess score = 5.63; Breed range =
] Fr'omﬁ‘Drange across breeds = 3.03.
2 ikeman et al. (2003).
prsdﬁsrcagg M.em Traits project wa§ funded in part by beef and veal
. ‘h:rs and lmpqrters through their $1/hd checkoff and was produced
R Cvattlemens Beef Board and state councils by the National
en’s Beef Association.

The rankings of breeds for flavor intensity as
evaluated by a trained sensory panel was considerably
different than the ranking for tenderness, which suggests
that there is not much relationship between tenderness and
flavor intensity. The range of means of breeds, and progeny
means of sires within breeds were quite small. These results
suggest that there may be little opportunity to genetically
improve beef flavor intensity.

The range of means of breeds, the range of progeny
means of sires across breeds, and the range of progeny
means of sires within breeds for juiciness were intermediate
to those of tenderness and flavor intensity. Except for the
two breeds with the least juicy steaks, the ranking of breeds
on juiciness was much different than how the breeds
ranked for tenderness.

Minick et al. (2001) conducted genetic analyses of
tenderness and marbling differences among sires within
four breeds of beef cattle that were part of the larger
Carcass Merit Traits project reported by Dikeman et al.
(2003) and Pollak et al. (2001). The heritability estimates
of tenderness as measured by Warner-Bratzler shear force
were 0.11 in Hereford, 0.13 in Simmental, 0.34 in Angus,
and 0.43 in Charolais cattle. In the analyses by Minick et
al. (2001), genetic correlations between marbling and
Warner-Bratzler shear force were -0.18 for Angus, -0.34
for Charolais, -0.43 for Hereford, and +0.64 in Simmental
cattle. For Angus, Hereford, and Charolais cattle, selection
for increased marbling would be expected to result in a
small to moderate decrease in Warner-Bratzler shear force
(improved tenderness). However, in Simmental cattle, an
increase in marbling alone would be expected to result
in an increase in Warner-Bratzler shear force (decreased
tenderness). Therefore, single trait selection for marbling
may or may not result in an improvement in tenderness. To
improve both marbling and tenderness, there would need
to be selection for each trait simultaneously.

Table 21 presents heritability estimates for carcass
compositional traits that are very representative of other
data in the literature. All of these estimates are moderately-
high to high. Ribeye area and fat thickness data can be
obtained from actual carcasses of progeny or by ultrasound
evaluations of progeny of sire groups. Ultrasound data
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can be obtained on breeding bulls and heifers as well as
on slaughter steers and heifers. When progeny tests are
properly designed and conducted, ultrasound and|or)
actual carcass data can be used by beef cattle breed
associations to develop EPDs. Percentage of retail product
(meat yield) can be predicted from weights, fat thicknesses,
and ribeye area data.

Table 21. Estimates of Direct Heritability (h?) for Carcass
Traits

Trait
Hot carcass weight 0.49
Retail product percentage 0.58
Fat percentage 0.49
Bone percentage 0.48
Ribeye area 0.58
Adjusted fat thickness 0.46
Kidney, pelvic and heart fat percentage 0.60
Marbling score 0135
Warner-Bratzler shear force 0.34

Adapted from Splan et al. (2002).

Single Gene Effects

There is now a GeneSTAR® test for marbling and
for tenderness marketed by Genetic Solutions (Genetic
Solutions, 2003). This is the first commercial test for a
meat quality trait. The marbling test distinguishes alleles
of the thyroglobulin gene. Results from studies on the
relationship between the frequency of the GeneSTAR®
gene for marbling were presented but not published in
the proceedings at the 2001 and 2002 Beef Improvement
Federation meetings in the U.S. In a population of
Simmental, Angus, Red Angus, and Wagyu cattle, there
were twice as many cattle homozygous for the GeneSTAR®
gene for marbling in Waygu cattle as for Red Angus cattle,
and approximately four times as many as for Angus and
Simmental cattle. However, the frequency of heterozygotes
for the GeneSTAR® gene was nearly equal for the Wagyu
and Red Angus breeds. The frequency of the GeneSTAR®
gene (homozygotes and heterozygotes) was almost the
same for Angus and Simmental cattle, but marbling is
considerably higher in Angus than in Simmental cattle.
Furthermore, Angus and Red Angus cattle are very similar
in marbling, but the frequency of the GeneSTAR® gene was
higher in Red Angus than in Angus cattle. In another study
in the U.S. involving yearling steers and heifers, marbling
increased almost linearly from cattle having zero, one or
two GeneStar® genes for marbling. In contrast to these
results, in ‘calf-fed” steers and heifers, marbling score was
not related to the frequency of the GeneSTAR® gene for
marbling.

The frequency of the GeneSTAR® gene for marbling
was generally different among ‘biological types’ of cattle
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that generally differ in marbling (Table 22). For example,
‘British” type cattle, such as Angus and Red Angus (relatively
high marbling), had a higher frequency than ‘Continental’
type cattle, such as Gelbvieh, Simmental and Limousin
(moderately low marbling). Bos indicus cattle (low
marbling) had a very low frequency of the GeneSTAR® gene
for marbling. The advantage of a test like the GeneSTAR®
marbling gene is that DNA can be analyzed as early as
birth to measure the frequency of the gene. For seedstock
producers who are intensively selecting for marbling, it can
be used as tool to screen potential sires early in their life and
avoid the expense of progeny testing so many sires.

Table 22. Limited U.S. Data on the Frequency of the
GeneSTAR® Gene for Marbling Among Different Biological
Types of Cattle (Unpublished Data)

Biological Type of Cattle Frequency
Angus, Red Angus, Shorthorn 25-60%
Hereford, Polled Hereford, Red Poll 0-15%
Simmental, Limousin, Charolais, Salers 20-45%
Bos indicus 0-5%
Bos indicus composite 10-17%
Dairy 15-25%

Marbling most likely is controlled by numerous
genes, rather than just the GeneSTAR® gene. Therefore,
additional methods to genetically improve marbling will
need to be implemented in countries where marbling is
economically important. Currently, marbling in beef cattle is
very important economically in the U.S.

Genetic Solutions has also commercialized a
GeneSTAR® test for tenderness. This gene test is for ‘variants’
of the calpastatin gene on chromosome 7. The ‘variants’ do
not inhibit calpain enzyme activity like calpastatin does. The
DNA test determines whether cattle have zero, one or two
variant genes (‘stars’) for calpastatin. In results that have not
yet been published in refereed journals, the frequencies of
‘2-stars’ was approximately 85% in British cattle, 43% in
Brahman cattle, and 67% in Santa Gertrudis (a composite
breed developed from Brahman and Shorthorn cattle).
Conversely, the frequencies of ‘O-stars’ were 2% in British,
11% in Santa Gertrudis, and 22% in Brahman cattle.
Genetic Solutions reports that cattle with 2-stars compared
to O-stars averaged 0.37 kg less shear force; cattle with 1-
star were intermediate in tenderness. They further predicted
that cattle with 2-stars would reduce the number of steaks
rated unacceptable in tenderness by consumers by 50%.
The cost of the test at the time that this manuscript was
written was 60 to 90 U.S. dollars, depending on the volume
of business.

Page et al. (2002) discovered that single nucleotide

polymorphisms of the micro-molar calcium-activated
calpain gene exist, and are ‘markers’ for tenderness. The
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