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Summary

The inclusion of meat quality and carcass cut information in future breeding goals has the
potential to increase the value of beef meat. The objective of the present study was to
quantify the genetic parameters of meat quality and carcass retail cut traits in beef cattle.
Carcass data including slaughter date, age at slaughter, carcass weight, conformation and fat
score were available on 1,574 animals. The weights of 7 carcass cuts were also available, as
well as sensory-based assessments on 1,252 animals. Genetic and residual variance
components for all traits were estimated using animal linear mixed models. The heritability
estimates (standard error in parenthesis) of meat quality traits ranged from 0.02 (0.07) to 0.12
(0.09), while the heritability estimates for the carcass cut traits ranged from 0.56 (0.14) to
0.97 (0.13). The phenotypic and genetic correlations between the carcass retail cuts with the
meat quality traits and carcass conformation and fat were dependent on the individual cut
investigated. The phenotypic correlation between the carcass cut traits with carcass weight
were all strong (>0.76). The genetic correlations between the carcass retail cuts and carcass
weight were all >0.68, and had low associated standard errors; the strongest genetic
correlation existed between carcass weight and silverside (0.91).
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Introduction

Beef breeding goals have historically focused on growth traits, although in more recent years,
beef breeding goals have included other traits such as carcass weight, carcass conformation
and carcass fat to better reflect prevailing carcass pricing systems. Connolly et al. (2016),
using data collected from 156,864 animals in 7,301 Irish finishing herds, concluded that
animals with superior genetic merit not only outperformed their inferior genetic merit
contemporaries for carcass weight, carcass conformation, carcass price and carcass value, but
were slaughtered younger.

As the demand for meat is driven by consumers, it is important to consistently produce
sustainable, high quality meat products; including meat quality information in future
breeding goals may be beneficial in achieving this. Furthermore, a higher price is paid by
consumers for higher value cuts (i.e., striploin and fillet) and thus increasing the proportion
of high value cuts in the whole carcass has the potential to increase the overall value of the
carcass. The objective of this study therefore, was to quantify the genetic parameters of meat
quality traits (namely flavour, tenderness and juiciness), as well as carcass retail cut traits
(namely silverside, topside, knuckle, rump, striploin, fillet and brisket) in cattle.
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Materials and Methods

Carcass data including slaughter date, age at slaughter, carcass weight, carcass conformation
and carcass fat score were available on 1,574 animals that were finished from one feedlot.
The weights of 7 untrimmed carcass cuts (namely silverside, topside, knuckle, rump,
striploin, fillet and brisket) were also available; cut weight records were only retained if the
recorded weight of both sides of the carcass had a within-animal coefficient of variation of
<0.1. Meat sensory-based assessments of 1,252 animals were also available; data on
tenderness, flavour, and juiciness on a scale of 1 (unfavourable) to 9 (favourable) were
available.

Variance components for all traits were estimated using bivariate linear animal mixed
models with ASReml (Gilmour et al., 2009). The linear mixed model for the meat quality
traits included the fixed effects of gender by age, slaughter date, sensory analysis date, and
heterosis class, with the animal itself fitted as a random effect. The linear mixed model for
the carcass traits was the same as that for the meat quality traits but excluded the sensory
analysis date. The pedigree of each animal was traced back to the founder animals which
were subsequently allocated to genetic groups based on breed; 8,753 sires were represented
in the pedigree. A supplementary analysis included carcass weight as a covariate in the
models.

Results and discussion

Genetic parameters

Regardless of the individual trait in question, the meat quality traits had a lower heritability
estimate and a lower coefficient of genetic variation compared to the retail carcass cut traits
when carcass weight was not in the model (Table 1). Heritability estimates of the meat
quality traits in the present study were within the range outlined in a review paper by Berry
et al. (2017). The heritability estimates of the carcass cut data ranged from 0.56 (fillet) to
0.97 (brisket); these heritabilities were higher than those estimated by Pabiou et al. (2014) in
a non-overlapping population of 3,501 commercial Irish cattle. Pabiou et al. (2014)
documented heritability estimates of cut traits ranging from 0.28 to 0.62.

The change in the heritability of carcass traits after adjusting for carcass weight was
dependent on the individual trait; for example the heritability of silverside, rump, striploin
and brisket all reduced to <0.52 while for the remaining cuts (i.e., topside, knuckle and fillet)
the heritability increased slightly by 0.02 on average. The genetic variation in the carcass cut
traits reduced when carcass weight was included in the model. The heritability estimate of
carcass weight, carcass conformation and carcass fat was 0.67, 0.54 and 0.75, respectively.

Phenotypic and genetic correlations

The phenotypic and genetic correlations between all traits are in Table 2. The phenotypic
correlations among the meat quality traits were strong (0.74 on average), as was the
phenotypic correlation between carcass weight and conformation (0.48). However, the
phenotypic correlation among the carcass cut traits was dependent on the individual cut; the
brisket cut had the weakest absolute phenotypic correlation with all other cut traits (0.05 on
average). The strongest phenotypic correlation among the carcass cut traits was between
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topside with both silverside (0.62) and knuckle (0.60); this result was expected as these cuts
of meat are all from the hindquarter of the animal and are sometimes combined to form a
retail cut known as the ‘round’. There was a negative phenotypic correlation between the
brisket with both the fillet and rump. The absolute phenotypic correlation between the
carcass cut traits with the meat quality traits were all weak (i.e., <0.14). The phenotypic
correlations between the carcass cut traits with carcass weight were strong (>0.76) regardless
of the trait in question; this result was expected as a heavier carcass would normally result in
a heavier individual cut. The phenotypic correlations between the carcass cut traits with
carcass conformation and fat varied by individual trait; three of the hindquarter cuts
(silverside, topside and knuckle) were strongly negatively correlated with fat (-0.34 on
average), but all had a moderate to strong positive correlation with carcass conformation
(0.42 on average). This result is once again expected as the breeding programme used in
Ireland is designed to breed well conformed carcasses with a reduced fat score.

As observed with the phenotypic correlations, the genetic correlations among the three
meat quality traits were strong (0.80 on average) (Table 2), however the correlation between
flavour and tenderness was not statistically significant. Similarly, the genetic correlation
between carcass weight and conformation was also strong and positive (0.44). The genetic
correlation among the carcass cut traits differed depending on the cuts compared; as with the
phenotypic correlations, the strongest genetic correlations were between the topside with
both the knuckle (0.82) and silverside (0.70). The weakest genetic correlation among the
carcass cut traits was between the striploin and the silverside and fillet (both -0.03); although
these correlations were not statistically significant.

The genetic correlation between the carcass cut traits and meat quality traits varied by
trait; tenderness was strongly correlated with the knuckle cut (0.82) but had a moderate to
weak genetic correlation with other traits (-0.34; striploin, 0.14; brisket). Juiciness was
strongly correlated with knuckle (0.82), but had a weak correlation with other cut traits (-
0.08; fillet). The genetic correlation between the carcass cut traits with carcass weight were
all strong (>0.68), with the strongest correlation existing between carcass weight and brisket
(0.92). Silverside, topside, knuckle and fillet had a moderate negative correlation with
carcass fat (-0.53 on average), while the remaining three traits had a weak genetic correlation
with carcass fat (0.12 on average), although these results were not statistically significant.
The retail cuts that make up the hindquarter of the animal (silverside, topside and knuckle)
had the strongest genetic correlation with carcass conformation (0.58 on average), while the
fillet (which is located within the striploin and rump) had a very weak (although not
statistically significant) correlation with carcass conformation of 0.07. These results are
biologically logical given that within the European Union, the EUROP classification system
is used to assign a conformation and fat grade to each carcass (Department of Agriculture
and Food, 2004). The carcass conformation scoring system is based on a 5 point scale with
particular emphasis placed on the hindquarter, back and shoulder in the grading of carcass
conformation (Pabiou et al., 2009).
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Table 1. The genetic standard deviation (σg), heritability (h2; standard error in parenthesis) and coefficient of genetic variation (CVg) of the
three meat quality traits and the 7 carcass cut traits and the three carcass traits with and without adjustment for carcass weight in the model.

No adjustment for carcass weight Adjustment for carcass weight
Trait N σg h2(SE) CVg σg h2(SE) CVg

Meat
quality

(scale 1 to
9)

Flavour 1,026 0.095 0.02 (0.07) 0.016 0.119 0.03 (0.71) 0.020
Juiciness 1,026 0.258 0.11 (0.08) 0.044 0.268 0.12 (0.84) 0.046

Tenderness 1,026 0.327 0.12 (0.09) 0.054 0.335 0.13 (0.87) 0.055
             

Carcass
cuts
(kg)

Silverside 1,003 2.106 0.77 (0.14) 0.108 0.740 0.46 (0.14) 0.038
Topside 1,068 2.846 0.82 (0.14) 0.105 1.672 0.84 (0.13) 0.061
Knuckle 1,055 1.528 0.64 (0.14) 0.094 0.921 0.66 (0.13) 0.057
Rump 1,059 1.880 0.67 (0.14) 0.087 0.422 0.20 (0.11) 0.020
Striploin 938 1.727 0.69 (0.15) 0.092 0.891 0.52 (0.15) 0.048
Fillet 890 0.609 0.56 (0.14) 0.075 0.420 0.63 (0.15) 0.051
Brisket 925 2.458 0.97 (0.13) 0.123 0.839 0.44 (0.15) 0.042

Carcass
traits

Weight 1,574 31.408 0.67 (0.11) 0.080 - - -
Conformation 1,574 0.836 0.54 (0.11) 0.077 0.756 0.58 (0.11) 0.070
Fat 1,574 0.922 0.75 (0.11) 0.151 0.916 0.77 (0.11) 0.150

Table 2. Phenotypic (above diagonal) and genetic (below diagonal; standard errors in parentheses) correlations between the 3 meat quality
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traits, the 7 carcass cut traits and the 3 carcass traits

Silver-
side

Topside Knuckle Rump Striploin Fillet Brisket Conf1 Fat2 Weight3 Flavour Tender Juicy

Silverside (kg) 0.62 0.46 0.24 0.03 0.20 0.07 0.43 -0.27 0.88 -0.09 -0.06 -0.11

Topside (kg) 0.70
(0.09)

0.60 0.33 0.05 0.27 0.10 0.54 -0.41 0.84 -0.02 0.03 -0.03

Knuckle (kg) 0.66
(0.12)

0.82
(0.06)

0.22 -0.04 0.26 0.00 0.29 -0.33 0.80 0.01 0.14 0.02

Rump (kg) 0.38
(0.28)

0.46
(0.20)

0.40
(0.23)

0.11 0.26 -0.02 0.26 0.03 0.79 -0.02 -0.02 -0.06

Striploin (kg) -0.03
(0.23)

-0.09
(0.17)

-0.15
(0.19)

0.10
(0.29)

0.14 0.07 0.02 0.16 0.79 -0.06 -0.07 -0.04

Fillet (kg) 0.25
(0.21)

0.32
(0.16)

0.39
(0.16)

0.50
(0.25)

-0.03
(0.22)

-0.03 0.13 -0.23 0.76 -0.04 0.02 -0.05

Brisket (kg) 0.28
(0.23)

0.15
(0.19)

-0.10
(0.21)

-0.52
(0.31)

0.35
(0.23)

-0.09
(0.23)

0.23 0.12 0.84 -0.02 0.00 -0.03

Conf1 0.47
(0.15)

0.77
(0.09)

0.48
(0.14)

0.23
(0.25)

-0.18
(0.19)

0.07
(0.18)

0.41
(0.18)

-0.09 0.49 -0.10 -0.01 -0.05

Fat2 -0.51
(0.13)

-0.50
(0.10)

-0.55
(0.11)

-0.05
(0.23)

0.17
(0.17)

-0.57
(0.13)

0.13
(0.18)

-0.19
(0.14)

-0.17 0.03 -0.00 -0.01

Weight3 (kg) 0.91
(0.03)

0.77
(0.05)

0.75
(0.07)

0.77
(0.07)

0.77
(0.07)

0.68
(0.08)

0.92
(0.04)

0.44
(0.11)

0.11
(0.13)

-0.04 -0.02 -0.04

Flavour 0.32
(0.74)

0.38
(1.42)

0.13
(0.77)

-0.42
(0.74)

-0.73
(0.40)

-0.49
(0.60)

0.82
(0.94)

0.77
(2.91)

-0.10
(0.75)

0.40
(0.97)

0.71 0.76

Tender 0.18
(0.43)

0.13
(0.31)

0.82
(0.38)

-0.17
(0.52)

-0.17
(0.52)

-0.08
(0.36)

0.14
(0.43)

0.72
(0.42)

-0.38
(0.30)

0.23
(0.29)

0.70
(0.43)

0.75

Juicy 0.66
(0.56)

0.09
(0.33)

0.43
(0.41)

-0.86
(0.46)

-0.86
(0.46)

-0.17
(0.38)

0.38
(0.46)

0.48
(0.42)

-0.50
(0.35)

0.23
(0.30)

0.93
(0.23)

0.78
(0.22)

1Carcass conformation
2Carcass fat
3Carcass weight
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