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Introduction 

Ireland remains a major net exporter of beef, with Irish beef exports worth approximately 

€3.4 billion in 2025 (Bord Bia, 2025). The sustained competitiveness of Irish beef in global 

markets reflects not only production efficiency but also a well-established international 

reputation for quality, traceability, and transparency. This reputation has been strengthened 

further through initiatives such as Ireland’s National Genotyping Programme, which aims to 

genotype the national cattle herd thereby enhancing DNA-based traceability and supporting the 

integration of genomic information into routine genetic evaluations. Together, these 

developments provide international markets with increased confidence in the integrity and 

reliability of Irish breeding stock. In 2020, the Irish Cattle Breeding Federation (ICBF), in 

collaboration with Teagasc and Meat Technology Ireland, launched a national multi-breed 

single-step genomic evaluation for meat eating quality. This genetic evaluation incorporates 

phenotypes for tenderness, juiciness, and flavour collected by trained sensory panellists, enabling 

information from phenotyped and genotyped animals to be propagated throughout the population 

using a single-step genomic model. Breeding values are now generated for more than 12 million 

animals, over six million of which are genotyped, with updated genetic evaluations published six 

times annually. Intramuscular fat (IMF) is widely recognized internationally as a proxy measure 

for meat eating quality and is often used as a proxy trait for meat quality (Berry et al., 2021, 

Berry et al., 2017, Mateescu et al., 2015). Since 2012, intramuscular fat phenotypes from live 

ultrasonic scanning have been collected at the national progeny test centre. The objective of this 

study was therefore to (i) estimate the genetic parameters for the existing meat eating quality 

traits along with intramuscular fat, and (ii) validate the single-step genomic evaluation with a 

particular focus on its comparison with a pedigree-based approach. 

 

Materials & Methods 
Meat eating quality phenotypes obtained from trained sensory panel assessments were originally 

recorded across multiple scales. For this evaluation, all sensory phenotypes were rescaled to a 

common 1–9 scale, where a score of 1 represented very tough, not juicy, or lacking flavour, and 

a score of 9 represented very tender, very juicy, or strongly flavoursome steak. The resulting 

dataset included sensory phenotypes from 8,270 growing crossbred cattle, of which 8,069 were 

genotyped. Similarly, intramuscular fat phenotypes were available for 6,605 growing cattle, with 

6,538 genotyped; 4,465 of these animals had phenotypes across all traits. Intramuscular fat was 

measured using the Esaote Aquila ultrasound system and expressed as percentage intramuscular 

fat following the methodology of Aass et al. (2006). Variance component estimation was based 

on pedigree matrices employing the Monte Carlo Expectation Maximisation REML algorithm 

(Matilainen et al., 2012). The model used for the analyses was: 
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y = Xb + Zaua + Wpeupe + e       (1) 

where y is the vector of phenotypes, representing either meat quality traits (tenderness, juiciness, 

flavour) or intramuscular fat percentage. X is the incidence matrix relating observations to fixed 

effects (b), Za relates observations to the vector of additive genetic effects (a), Wpe relates 

observations to the permanent environmental effect (PE) accounting for animals with repeated 

intramuscular fat measurements and e is the vector of residual effects. The fixed effects included 

in the models were defined according to trait type. For the meat eating quality traits, fixed effects 

comprised herd by slaughter date, date by location of sensory panel analysis, calendar month of 

analysis, sex, heterosis coefficient, and time from slaughter to sensory evaluation (expressed in 

months). For intramuscular fat percentage, fixed effects included scan date by animal type (bull, 

steer, or heifer) and age of the animal. For the meat eating quality traits, the permanent 

environmental effect was not included. Breed fraction was fitted as a fixed regression (covariate) 

in the models for both meat eating quality and intramuscular fat. For the traditional pedigree-

based genetic evaluation, it was assumed that the additive genetic effects followed 

𝒖𝑎 ∼ 𝑁(0, 𝑨𝜎𝑎
2)         (2) 

where 𝜎𝑎
2is the additive genetic variance and 𝐴 is the pedigree relationship matrix. The 

permanent environmental effects were assumed to follow 

𝒖𝑝𝑒 ∼ 𝑁(0, 𝑰𝜎𝑝𝑒
2 )        (3) 

where 𝜎𝑝𝑒
2 is the permanent environmental variance. 

Estimated breeding values (EBV) were estimated from a full traditional evaluation using 

pedigree information only (PBLUP). GEBVs were estimated using the ssGTaBLUP approach, 

which simultaneously integrates genomic, pedigree, and phenotypic information and provides 

single nucleotide polymorphism effect estimates (Mäntysaari et al., 2020; Vandenplas et al., 

2023). For all the computations, the MiX99 software (MiX99 development team, 2024) was 

used. For validation, 165 sires each with at least 20 progeny were selected. Phenotypic records of 

their progeny were masked to generate a reduced dataset, from which EBVs and GEBVs were 

estimated using the traditional and single-step genomic evaluation methods. Progeny deviations 

for these sires were calculated using the full dataset. Prediction accuracy was assessed as the 

Pearson correlation between sire progeny deviations derived from the full dataset and the 

corresponding EBVs or GEBVs obtained from the reduced dataset; while bias was evaluated 

using the regression coefficient of sire progeny deviation on EBVs or GEBVs from the reduced 

evaluation. 

 

Results 
Table 1 summarises descriptive statistics for the sensory-derived meat eating quality traits and 

intramuscular fat across all phenotyped animals. The meat eating quality traits are based on 

scaled phenotypes ranging from 1 to 9, whereas intramuscular fat represents the percentage of 

intramuscular fat in lean muscle. 
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Table 1. Summary statistics for traits across all phenotyped animals 

Trait Mean Median Sd Min/Max 

Tenderness 7.12 7.17 0.56 2.43/8.65 

Flavour 6.59 6.67 0.66 2.85/8.25 

Juiciness 6.48 6.56 0.81 2.43/8.65 

IMF 5.34 6.01 1.79 1/8 

 

Estimates of heritability and genetic and phenotypic correlations among traits are presented in 

Table 2. Heritability estimates for the meat eating quality traits ranged from 0.091 to 0.161, 

whereas intramuscular fat had the highest heritability (0.178). Intramuscular fat was positively 

correlated with all three meat eating quality traits, with the strongest genetic association observed 

with flavour, followed by juiciness, and to a lesser extent, tenderness.  

 

Table 2. Heritability (diagonal), Genetic (above diagonal) and phenotypic (below diagonal) 

correlations for tenderness, flavor, juiciness and intramuscular fat percentage 

Traits Tenderness Flavour Juiciness IMF 

Tenderness 0.161 0.147 0.144 0.023 

Flavour 0.662 0.124 0.173 0.105 

Juiciness 0.741 0.760 0.091 0.053 

IMF 0.273 0.186 0.229 0.178 

 

Table 3 presents the validation results. GTaBLUP yielded higher correlations and regression 

slopes closer to 1 than PBLUP, indicating improved accuracy and reduced bias. 

 

Table 3. Correlations and regression coefficients between single step GTaBLUP and PBLUP for 

all traits in the validation dataset. 

 Correlation Regression Slope 

Traits EBV1 GEBV2 EBV1 GEBV2 

Tenderness 0.18 0.25 1.25 1.03 

Flavour 0.13 0.21 1.15 1.17 

Juiciness 0.06 0.14 0.52 0.95 

IMF 0.15 0.49 0.47 1.30 
1 Validation results from the traditional pedigree-only based evaluation (PBLUP). 
2 Validation results from single step genomic evaluation (GTaBLUP). 

 

Discussion 
The results demonstrate that genetic variation within meat eating quality traits and intramuscular 

fat exists. This variation occurs both within and across breeds and highlights the value of 

incorporating genomic information, which captures genetic differences not fully explained by 

pedigree alone. Combined with the low to moderate heritability estimates observed for all traits, 

these findings indicate that genetic improvement through selection is feasible. Currently, meat 

eating quality traits are presented as standalone traits and are not directly included in the 

breeding objectives of any national selection indexes. Incorporating these traits into breeding 

goals would require quantifying their economic value. Nonetheless, increasing global demand 

for high-quality beef products, along with Ireland’s need to expand into new export markets, 

suggests these traits are likely to gain economic importance in the future. The generally weak but 

positive correlations between intramuscular fat and the sensory traits imply that intramuscular fat 
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captures complementary aspects of meat quality beyond what sensory panel measurements 

provide. This indicates the potential benefit of presenting intramuscular fat as an additional 

quality trait, particularly given it’s a more commonly evaluated quality trait globally. Validation 

results demonstrated that single-step genomic evaluations improved prediction accuracy across 

all four traits relative to the pedigree-based approach. In addition, genomic evaluations reduced 

bias across traits, indicating more reliable evaluations.  

 

Conclusions 
The detected genetic variability for meat eating quality and intramuscular fat traits indicate scope 

for genetic improvement of eating quality in Irish breeding stock. Validation results 

demonstrated that the single-step genomic evaluation improved prediction accuracy and reduced 

bias relative to a pedigree-based approach. 
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