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Introduction 

Multibreed genetic evaluations in beef cattle remain an ongoing area of interest. Multibreed 

genetic evaluation will enable the direct comparison of genetic merit across breeds. A further 

advantage of multibreed genetic evaluation is that it increases the size of the reference 

population through the amalgamation of records from different breeds, which can improve the 

prediction accuracy and is especially beneficial to breeds with smaller reference populations 

(Hayes et al., 2009). To implement multibreed genetic evaluations, multibreed reference 

populations are required using observations recorded head-to-head across breeds, especially 

for hard-to-measure traits such as carcase traits. Establishing a multibreed reference population 

with records for carcase traits will also accelerate the implementation of genetic evaluation, as 

sufficient records can be collected more quickly. This work aimed to estimate the breed 

differences for carcase quality traits recorded in a multibreed reference population in Australia. 

 

Materials & Methods 

Traits. Carcase traits investigated included hot carcase weight (kg), eye muscle area (cm2), 

and meat tenderness traits: Warner-Bratzler Shear Force (kgf) and Compression Testing traits 

(Compression (kgf), and Hardness (kgf)). Meat tenderness traits were measured and calculated 

as described by Perry et al., (2001). In short, Shear Force measures the peak force required to 

cut through the meat sample. During compression testing, the sample was subjected to two 

compressions. Hardness was measured as the peak force reached during the first compression 

of the meat sample, indicating the force required to deform the meat upon taking the first bite. 

Compression was calculated as the product of hardness and the area under the second 

compression curve divided by the area under the first compression curve. When the 

compression measure is high, it indicates that the sample has more connective tissue holding 

the muscle fibres in place, thus requiring more subsequent compressions to deform the sample, 

indicating a higher degree of ‘chewiness’.  

 

Data edits. Twins, contemporary groups with fewer than 5 animals, and outliers were removed. 

After edits, records from 2,034 steers from the Southern Multibreed Project were included 

(Walmsley et al., 2021), with observations from six beef cattle breeds: Angus (N = 629), 

Brahman (N = 61), Charolais (N = 199), Hereford (N = 445), Shorthorn (N = 283), and Wagyu 

(N = 274). Matings were predominantly within breeds; however, at one site, a small number 

of crosses were made between Brahman and Angus (N = 73), and between Brahman and 

Hereford (N = 69). The standard feeding program was 150 days, while Wagyu cattle were 

longfed for 365 days to reflect commercial practices. A subset of Angus steers (N = 174) was 

also long-fed alongside the Wagyu to serve as a linkage breed for across-breed comparisons. 

 

Statistical models. Data was analysed in RStudio version 2024.09.1 (Posit team, 2024) using 

the packages readr, dplyr, lme4, emmeans, and car. A mixed linear regression model was fitted 
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with contemporary groups, harvest age, breed proportion (summing to 1 across the six breeds), 

heterosis and first-order interactions between main effects. Contemporary group was defined 

as year of birth, herd, harvest date, and, for the tenderness traits, also cooking batch. The final 

model was determined by backward elimination of non-significant terms (P < 0.05). None of 

the interaction terms was significant. Terms included in the final model were those that were 

significant for at least one trait, i.e. harvest age, contemporary group, breed proportion and 

heterosis. Sire was fitted as a random effect, contemporary group as a class effect, and harvest 

age, breed proportion and heterosis were fitted as covariates.  

 

Results 
Table 1 displays the raw mean for carcase traits for each of the breeds and the within-breed 

variation for the recorded traits. Angus cattle were the only breed that was both short-fed and 

 

Table 1. Descriptive statistics of the carcase traits reported for the pure cattle breeds in the 

Southern Multibreed project. 

 Hot Carcase 

Weight (kg) 

Eye Muscle 

Area (cm2) 

Shear Force 

(kgf) 

Compression 

(kgf) 

Hardness 

(kgf) 

Angus      

N (No. 

Sires) 

629 (95) 628 (95) 597 (94) 598 (94) 598 (94) 

Mean (SD) 412.0 (70.1) 90.7 (9.5) 3.04 (0.58) 2.32 (0.47) 1.80 (0.36) 

Range  169.0 – 660.0 63.0 – 125.0 1.78 - 5.93 1.06 - 3.78 0.88 - 2.85 

Brahman      

N (No. 

Sires) 

61 (21) 61 (21) 61 (21) 61 (21) 61 (21) 

Mean (SD) 304.0 (38.6) 75.6 (6.9) 3.94 (0.96) 2.55 (0.48) 1.93 (0.36) 

Range  200.0 – 410.0 57.0 – 92.0 2.57 - 6.79 1.48 - 3.59 1.22 - 2.84 

Charolais      

N (No. 

Sires) 

199 (39) 195 (39) 197 (39) 199 (39) 199 (39) 

Mean (SD) 378.0 (32.6) 99.6 (9.3) 3.37 (0.66) 2.63 (0.55) 2.01 (0.41) 

Range  289.0 – 484.0 70.0 – 126.0 2.11 - 5.50 1.22 - 4.35 0.93 - 3.27 

Hereford      

N (No. 

Sires) 

445 (75) 445 (75) 442 (75) 442 (75) 442 (75) 

Mean (SD) 355.0 (34.1) 81.5 (7.8) 3.18 (0.57) 2.46 (0.52) 1.87 (0.39) 

Range  261.0 – 470.0 61.0 – 108.0 2.05 - 6.67 1.07 - 4.09 0.80 - 3.16 

Shorthorn      

N (No. 

Sires) 

283 (41) 283 (41) 282 (41) 283 (41) 283 (41) 

Mean (SD) 347.0 (32.0) 85.3 (9.5) 3.23 (0.60) 2.41 (0.51) 1.85 (0.40) 

Range  266.0 – 438.0 55.0 – 116.0 1.79 - 5.28 1.15 - 4.02 0.90 - 3.14 

Wagyu      

N (No. 

Sires) 

274 (60) 274 (60) 238 (60) 238 (60) 238 (60) 

Mean (SD) 357.0 (40.9) 92.7 (9.4) 2.22 (0.42) 1.73 (0.34) 1.35 (0.25) 

Range  259.0 – 484.0 74.0 – 124.0 1.44 - 4.32 0.98 - 2.71 0.82 - 2.07 

N: Number of animals; SD: Standard Deviation 
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long-fed, which increased variation in hot carcase weight to almost double the standard 

deviation (70.1) compared to the other breeds. The final statistical model included 

contemporary group for all the traits; heterosis was significant for hot carcase weight, eye 

muscle area, and shear force; and harvest age was significant for hot carcase weight and eye 

muscle area. 

Table 2 reports the regression coefficients for each breed, relative to Angus, in the model for 

each carcase trait. Overall, Charolais had the heaviest carcases (9.59) and the largest eye 

muscle (13.24), while Wagyu and Brahman had the lightest carcases (-134.24 and -83.66, 

respectively). Brahman also had the smallest eye muscle (-11.18). Wagyu was the most tender 

(-0.65, -0.53 and -0.42), and Brahman (0.94, 0.36 and 0.25) and Charolais (0.22, 0.31 and 0.21) 

were the least tender. 

 

Table 2. Regression coefficients (Reg) and standard errors (SE) for each breed relative to 

Angus (Subscripts denote significant breed differences within each trait). 

 Hot Carcase 

Weight (kg) 

Eye Muscle 

Area (cm2) 

Shear Force 

(kgf) 

Compression 

(kgf) 

Hardness 

(kgf) 

Angus      

Reg 0 d 0 d 0 b 0 b 0 b 

Brahman      

Reg -83.66 b -11.18 a 0.94 d 0.36 d 0.25 d 

SE 6.02 1.43 0.09 0.07 0.05 

Charolais      

Reg 9.59 e 13.24 e 0.22 c 0.31 d 0.21 d 

SE 4.27 1.04 0.06 0.05 0.03 

Hereford      

Reg -21.63 c -5.24 b 0.01 b 0.12 c 0.06 c 

SE 3.16 0.77 0.05 0.03 0.03 

Shorthorn      

Reg -18.81 c -1.01 c, d 0.09 b, c 0.11 c 0.07 c 

SE 4.02 0.98 0.06 0.04 0.03 

Wagyu      

Reg -134.24 a -4.40 b, c -0.65 a -0.53 a -0.42 a 

SE 4.17 1.01 0.07 0.05 0.04 

 

Discussion 

Results on the breed regression coefficients show that the heaviest breed was Charolais, which 

also had the largest eye muscle. Wagyu was the lightest breed, and the Brahman breed had the 

smallest eye muscle. There were significant breed differences for hot carcase weight, except 

for Shorthorn and Hereford, which were not significantly different. For the eye muscle area, 

Brahman and Charolais were distinct. Eye muscle area for Wagyu, Hereford, and Shorthorn 

was generally similar and intermediate between Brahman and Charolais. Berry et al., (2023) 

reported breed effects for nine breeds recorded with the Irish Cattle Breeding Federation and 

found similar results to this study. In their study, Charolais (365.9 kg) and Belgium Blue (363.2 

kg) were the heaviest breeds; however, Hereford (331.5 kg) was heavier than Angus (327.1 

kg). The mean for Angus reported by the authors was lower than the mean reported in this 

study (412.0 kg). This could be explained by the contribution of the long-fed Angus steers to 

the mean. 

 

Shear force is a measure of the muscle fibre strength (Bouton and Harris, 1972). A higher 

regression coefficient indicates that more force was required to tear through the muscle fibres, 
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thus indicating a higher degree of toughness in the meat. Brahman, Charolais and Wagyu 

showed distinct differences. Wagyu had the lowest shear-force regression coefficient, making 

it the most tender. Whereas Brahman had the highest shear-force regression coefficient and 

Charolais the second-highest, indicating that both are less tender. Hereford and Shorthorn were 

not significantly different from Angus. Martín et al., (2022) investigated the effect of progeny 

sired from Angus and Hereford sires crossed with dairy cows. Their results showed that there 

were no distinct breed differences for carcase weight; however, for shear force, the Angus-

sired progeny had a lower overall mean than that of the Hereford-sired progeny, whereas in 

this study, Angus and Hereford were not significantly different for shear force. During 

compression testing, the sample was compressed twice at the same point to assess its structural 

soundness. The structural soundness of the muscle is highly influenced by the connective tissue 

between the muscle fibres (Bouton and Harris, 1972). Compression and Hardness showed 

regression coefficients that were closely related; this is expected, given that Hardness is used 

as a metric in calculating Compression.  For both traits, Wagyu had the lowest regression 

coefficients, which were significantly different from those of the other breeds. Brahman and 

Charolais were not significantly different and had the highest regression coefficients. Hereford 

and Shorthorn were not significantly different from one another. In a study of Brahman and 

Tropical Composite cattle, Wolcott et al., (2009) reported heritability estimates for meat 

quality traits. Their heritability estimates for each breed were not significantly different for 

shear force and compression. To our knowledge, no studies have directly compared 

compression and hardness traits in a multibreed context. The results of this study indicate that 

breed effects should be considered in multibreed genetic evaluations of meat tenderness traits. 

Results for the meat tenderness traits tended to be grouped by breed type, suggesting that breed 

classification may be preferable to individual breed effects. Classifying breeds may simplify 

models, particularly when including crossbred animals, because each breed's contribution can 

make models overly complex.  

 

Conclusion 

The results showed differences between breeds for the given carcase and meat tenderness traits. 

These breed differences will help inform the development of a multibreed genetic evaluation 

for carcase and meat quality traits. For meat tenderness traits, investigating breed effects using 

breed classification rather than individual breeds may be useful for future analyses, especially 

when crossbred animals are included in the genetic evaluation.  
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