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The genetics of meat traits in South African sheep
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Summary

The genetics of ovine meat traits have been poorly studied in South Africa. Multi-breed data of
three South African resource populations maintained for research on breed and crossbreeding
effects in local sheep flocks were combined and used to estimates the heritability of and genetic
correlations among meat traits in South African sheep. The data set derived used between 1583
and 1870 records for individual traits. Heritability estimates were 0.60 for slaughter weight, 0.54
for carcass weight, 0.47 for ultimate meat pH, 0.31 for the L* colour measurement, 0.34 for
cooking loss, 0.18 for fat depth at the 13th rib and 0.21 for rump fat depth. Genetic correlations
suggested that weight and fat depth traits were genetically quite similar. Meat with a high
ultimate pH will also be dark with a low cooking loss, while lighter meat would have a higher
cooking loss. Further research on the genetics of ovine meat traits in South Africa is still needed.
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Introduction

The environmental and genetic influences on meat traits of the South African ovine genetic
resource are poorly described, although pure breeds (Cloete et al., 2012; Burger et al., 2013) and
crossbreds (Cloete et al., 2008a) were assessed in previous exploratory studies. These previous
studies could be criticized on the basis that they were mostly conducted on institutional flocks,
many detailed by Schoeman et al. (2010), with limited influx from the commercial industry
while they also used the limited number of animals available at that stage (Cloete, 2007). The
latter author recommended that future studies should be based upon a greater numbers of
animals linked to the commercial industry, as this would allow closer linkage with the pedigreed
portion of the South African ovine genetic resource. It was recommended that data recorded
routinely should include the quantitative traits carcass weight, dressing percentage and fat depth
as well as the meat quality traits pH, meat colour, tenderness, drip loss and cooking loss.

Provisional estimates of genetic variation in animals of the South African ovine genetic
resource furthermore suggested that some slaughter traits exhibited significant genetic variation
(Cloete et al., 2008b). No other record of genetic variation in meat traits of the local ovine
genetic resource could be sourced, although overseas studies indicated genetic variation in
slaughter traits (Safari et al., 2005). The purpose of this study was to update the preliminary
parameters reported by Cloete et al. (2008b) using records that accrued since. Updated databases
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include a larger proportion of animals that were sired by industry rams, more closely linking the
results from institutional resource flocks described by Schoeman et al. (2010) to the commercial
recorded sheep industry.

Materials and Methods

The study cohort included institutional resource flocks maintained at Elsenburg and Langgewens
research farms in the Western Cape of South Africa. The study used data from current and
previous studies, including the Langgewens crossbreeding experiments reported by Cloete et al.
(2008a) and Cloete & Cloete (2015), The Elsenburg Dormer flock (Van Wyk et al., 2003), the
Elsenburg South African Mutton Merino flock (Cloete et al., 2004) and the Elsenburg Merino
High and Low lines (Cloete et al., 2009). Slaughter data at Langgewens were recorded from
1999-2003 in a terminal crossbreeding experiment using 5 Merino-type dam lines. Additional
data of the progeny of Merino, Dohne Merino and Dormer ewes subjected to either pure
breeding or terminal crossbreeding was available from 2007-2016 at Langgewens. The
Elsenburg data were recorded from 2015-2016. All these resource populations were well-linked
to industry flocks through the usage of common sires. Slaughter traits, namely the quantitative
carcass traits slaughter weight, carcass weight, fat depth as well as the meat quality traits of
ultimate meat pH, meat lightness (the L* measurement) and cooking loss were recorded in these
flocks where possible (see Cloete et al., 2008a; 2008b; 2012 for trait descriptions). Records
pertaining to drip loss and other colour traits were also available but excluded from this report
for the sake of conciseness. Data of approximately 2000 individual animals were recorded for at
least one trait, with individual traits being represented by between 1870 (slaughter weight) and
1583 (cooking loss) records.

Contemporary groups were constructed by combining flock-year-breed/selection line
information. The slaughter traits recorded were analysed by ASReml (Gilmour et al., 2016) in a
7-trait analysis involving the fixed effects of contemporary group (110 levels), sex (male or
female), age of dam (2-6+ years) and birth type (single or multiple), as well as the contemporary
group by sex interaction. Heritability estimates and genetic correlations among traits were
derived from these analyses.

Results and Discussion

Descriptive statistics for the traits analysed are presented in Table 1.

Table 1. Descriptive statistics of the slaughter traits included in the study.

Trait # of records Mean SD CV (%) Range

Slaughter weight (kg) 1870 43.5 7.6 17.5 21.0 – 77.0
Carcass weight (kg) 1801 19.2 4.7 24.5 7.0 – 36.7
Ultimate pH 1649 5.67 0.29 5.1 5.0 – 6.8
Lightness (L*) of meat 1650 35.7 2.9 8.1 18.1 – 48.3
Cooking loss (%) 1583 28.3 5.8 20.5 8.8 – 45.8
Fat depth 13th rib (mm) 1760 2.76 2.68 97.1 0 – 18
Fat depth rump (mm) 1760 4.60 3.72 80.9 0 – 25
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Means and standard deviations in Table 1 were fairly consistent with those reported by Greeff et
al. (2008) and Brito et al. (2017) for corresponding traits. Fat depth had higher levels of
variation than the other traits as estimated by the coefficient of variation, while ultimate pH had
a very low coefficient of variation. Transformation of fat depths to square roots improved the
statistical properties of these traits.

All traits were heritable, estimates ranging from 0.18 for fat depth at the 13th rib to 0.60 for
slaughter weight (Table 2). Comparable estimates in the literature ranging from 0.19 to 0.37 for
weight traits, 0.10 to 0.22 for ultimate pH, 0.18 for L* and 0.20 to 0.28 for fat depths (Greeff et
al., 2008; Brito et al., 2017; Mortimer et al., 2017). It is notable that heritability estimates for
weight traits, ultimate pH and L* were generally higher than those in the literature. The fact that
the database was constructed from records obtained from several resource populations could
have contributed to this result.

Genetic correlations among traits suggested that the weight and fat depth traits were very
similar genetically, with high correlations among all of them (Table 2). Brito et al. (2017)
accordingly reported that slaughter weight and carcass weight were largely similar traits
(rg=0.85) as well as a comparable positive correlation amounting to 0.43 between slaughter
weight and ultrasonic fat depth. Weight traits were fairly independent of ultimate pH and
lightness, as was also reported by Brito et al. (2017). Meat with a high ultimate pH was dark in
colour with a low cooking loss, while lighter meat was genetically associated with a higher
cooking loss. The negative association of ultimate pH with lightness (L*) was also reported by
Greeff et al. (2008) and Brito et al. (2017), comparable rg estimates ranging from -0.56 to -0.57.
Fatter carcasses were associated with lower cooking loss values. This trend is likely to be
associated with lower moisture levels in such carcasses. Phenotypic correlations among traits
were mostly similar in sign to genetic correlations, but smaller in magnitude.

Table 2. Phenotypic variation (σ²p) as well as (co)variance components for the slaughter traits
slaughter weight (SW), carcass weight (CW), ultimate pH (pHu), lightness (L*), cooking loss
(CL), fat depth at the 13th rib (Rib13) and fat depth at the rump (Rump).

Trait Trait
SW CW pHu L* CL Rib13 Rump

σ²p 27.02 8.38 0.461 6.134 15.80 0.171 0.295
Heritability on the diagonal in bold, genetic correlations below and phenotypic correlations above
SW 0.60±0.09 0.87±0.01 0.06±0.04 -0.16±0.03 -0.26±0.03 0.42±0.03 0.42±0.03
CW 0.98±0.02 0.54±0.09 -0.01±0.03 -0.15±0.03 -0.29±0.03 0.51±0.03 0.53±0.03
pHu 0.36±0.15 0.31±0.16 0.47±0.10 -0.23±0.03 -0.21±0.03 0.03±0.03 -0.01±0.03
L* -0.26±0.18 -0.20±0.19 -0.78±0.18 0.31±0.10 0.21±0.03 -0.21±0.03 -0.08±0.03
CL -0.43±0.16 -0.42±0.16 -0.70±0.17 0.73±0.20 0.34±0.10 -0.39±0.03 0.07±0.03
Rib13 0.46±0.18 0.51±0.17 0.48±0.24 -0.51±0.28 -0.80±0.20 0.18±0.08 0.65±0.02
Rump 0.45±0.16 0.58±0.15 0.34±0.22 -0.29±0.26 -0.56±0.21 0.79±0.14 0.21±0.08

Conclusions

The study suggested that slaughter traits of South African sheep would respond to selection.
Some heritability estimates were higher than corresponding estimates in the literature, possibly
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reflecting the multi-breed nature of the study population. Genetic correlations among traits were
generally favourable apart from the positive correlation between size and fatness. Despite similar
correlations in the literature, there is ample evidence of successful selection for lean growth in
sheep, suggesting that such unfavourable correlations are not unsurmountable. Further studies of
the genetics and genomics of ovine meat traits in the South African genetic resource are
seriously needed. Genetic correlations of meat traits with other traits of economic importance
should also be derived.
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