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Introduction 
Beef eating quality plays a central role in consumer satisfaction and market demand, with 

tenderness, measured as slice shear force (SSF), and marbling score (MRB), widely recognized as 

two of its most important components. SSF is consistently identified as the primary factor shaping 

consumer perception of beef palatability, whereas MRB mainly contributes to flavor, juiciness, 

and the overall eating experience, as shown in consumer-based studies (O’Quinn et al., 2018). In 

U.S. production systems, MRB is directly rewarded through carcass pricing grids and quality 

grades, making it a major economic driver for producers. In contrast, MRB is rarely incentivized 

at the producer level despite its well-established influence on consumer acceptance and repeat 

purchasing behavior. Nevertheless, both objective measures of SSF and MRB score have been 

shown to affect overall consumer acceptance (Platter et al., 2003). Both traits are biologically 

complex and are influenced by genetic, environmental, and management factors. In multibreed 

populations, additional variation arises from differences in breed composition and heterosis. 

Previous studies have reported significant breed effects for carcass and meat quality traits, 

including MRB and traits related to palatability, although the magnitude and consistency of these 

effects varied across populations and composite groups (Gregory et al., 1994). Therefore, the 

objective of this study was to estimate genetic parameters, heterosis, and breed effects for SSF and 

MRB score in a multibreed beef cattle population.  

 

Materials & Methods 
Data were obtained from the U.S. Meat Animal Research Center (USMARC) Germplasm 

Evaluation program (GPE) with records available for both SSF and MRB score (n = 7,059). MRB 

was recorded as USDA MRB score × 100 and SSF was expressed in kilograms (kg). The pedigree 

file contained 17,872 animals and was limited to three generations.  

 

Statistical analysis. Genetic parameters were estimated using an animal model implemented in 

ASReml version 4.2 (Gilmour et al., 2015). Univariate analyses were first conducted separately 

for SSF and MRB. Fixed effects included population, year–month of birth, sex, slaughter age, 

general heterosis, and linear covariates for breed proportions. Random effects consisted of the 

direct additive genetic effect and a residual effect. A bivariate animal model was subsequently 

fitted to jointly analyze SSF and MRB and to estimate genetic and phenotypic correlations between 

traits. The same fixed effects were fitted as in the univariate models. Additive genetic effects were 

modeled using the numerator relationship matrix derived from the pedigree. To evaluate whether 

MRB explained a meaningful proportion of the phenotypic variation in SSF, an additional 
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univariate model for SSF was fitted including MRB as a linear covariate, while retaining the same 

fixed and random effects structure.  

 

Results & Discussion 
The heritability estimate obtained for SSF (0.31 ± 0.03) was similar to the estimates for Warner-

Bratzler shear force reported by Pratt et al. (2013) in a multibreed population including 12 sire 

breeds. The estimates from Pratt et al. (2013) ranged from 0.23 ± 0.11 to 0.42 ± 0.15 across 

postmortem aging periods, indicating substantial additive genetic control of tenderness under 

heterogeneous genetic backgrounds. Genetic and phenotypic correlations between SSF and MRB 

score were weak and negative (rg = −0.16 ± 0.06; rp = −0.15), indicating only a slight association 

between higher MRB and lower SSF values. Low to moderate correlations between these traits 

have also been reported in other multibreed populations. In an Angus–Brahman population, Elzo 

et al. (1998) reported genetic correlations between MRB and SSF ranging from slightly negative 

to near zero, depending on slaughter endpoint and breed composition. In addition, the review by 

Herring (2004) summarized evidence across multiple populations showing that MRB was 

moderately too highly heritable, whereas its genetic relationship with SSF was generally weak and 

inconsistent. Together, these findings are consistent with the present results and support the 

conclusion that selection for MRB alone is unlikely to result in meaningful correlated improvement 

in SSF. When MRB score was included as a covariate in the univariate model for SSF, the 

heritability estimate was largely unchanged (0.31 ± 0.03).  Fixed-effect estimates from the 

univariate animal models indicated that general heterosis had minimal influence on both traits, 

with estimates of −0.57 ± 0.27 kg for SSF and −0.19 ± 4.90 units for MRB score. Slaughter age 

was associated with both traits, showing a favorable effect on SSF (−0.023 ± 0.003 kg per day) 

and a positive effect on MRB score (1.22 ± 0.06 units per day).  In the present study, breed effects 

relative to Angus indicated clear differences among AI sire breeds for SSF, with Red Angus 

exhibiting a small negative effect (−0.18 ± 0.49 kg), whereas Hereford (1.34 ± 0.43 kg), Charolais 

(3.19 ± 0.51 kg), Limousin (2.22 ± 0.49 kg), Gelbvieh (3.19 ± 0.51 kg), Simmental (1.65 ± 0.44 

kg), and Brahman (7.82 ± 0.78 kg) were associated with higher SSF values. Similar results have 

been reported previously, where breed effects explained a large proportion of the variation in SSF 

and MRB, while heterosis effects were more evident for carcass composition traits than for 

measures of SSF (Gregory et al., 1994).  

 

 

Conclusions  
Estimates of heritability for SSF and MRB score were moderate to high, indicating substantial 

additive genetic variation for both SSF and intramuscular fat deposition. Significant breed effects 

for both traits highlight the importance of accounting for breed composition in genetic evaluations 

and breeding programs. The weak genetic and phenotypic correlations between SSF and MRB 

score indicate largely independent genetic control, confirming that selection for increased MRB 

alone is unlikely to produce meaningful correlated improvement in SSF. These results support the 

need for objective measures of SSF in industry populations if genetic changes in SSF are desired 

as indirect selection using MRB score will be insufficient.  
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