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ABSTRACT: Recent consumer surveys have indicated that 
beef eating quality characteristics are a key concern of beef 
consumers. However, the repeatability and genetic basis of 
meat eating quality traits require further investigation. This 
study used a combined dataset of 515 animals with sensory 
panel eating quality traits to estimate genetic parameters 
and measures of trait repeatability. Repeatabilities were 
relatively strong for sensory tenderness (0.83) and juiciness 
(0.69) for animals with multiple records showing that 
sensory panel scoring was consistent across separate 
evaluations. Estimates of heritability were relatively low (h2 
= 0.07-0.11) with moderate to strong genetic correlations 
between the traits (rg = 0.44-0.89). However standard errors 
of these estimates were large indicating that additional data 
will be required to ascertain the extent of the control that 
genetics holds over these traits. 
Keywords: beef cattle; meat eating quality; repeatability; 
heritability 
 

Introduction 
Surveys of European beef consumers have shown that beef 
eating quality is an important concern for consumers when 
purchasing a beef product (Verbeke et al., 2010). 
Assessment of beef eating quality can be carried out by, 
amongst others methods, sensory panel analysis which can 
measure meat characteristics such as tenderness, juiciness 
and flavour. Numerous studies have reported that these 
three sensory traits are amongst the most important in terms 
of eating quality to the consumer (Brunsø et al. (2005); 
Banovic et al. (2009)).  Therefore any mechanism to select 
animals for greater meat eating quality characteristics 
would be of benefit to the beef industry as a whole. 

Future genetic selection for meat eating quality 
characteristics in beef animals will be contingent upon the 
presence of sufficient genetic variation for these traits 
within target populations. This study aimed to investigate 
the genetic basis of tenderness, juiciness and flavour as 
assessed by a sensory panel. This data is being collected by 
the Irish Cattle Breeding Federation (ICBF) on a routine, 
on-going basis for crossbred beef animals. The objectives 
were to 1) estimate the heritability of each sensory trait 2) 
estimate genetic correlations between the sensory traits and 
3) quantify the repeatability of these sensory panel traits in 
our population of animals. 
 

Materials and Methods 
Experimental animals. This study was based on 

an amalgamation of three datasets of animals with sensory 
meat eating phenotypes for tenderness, juiciness and 
flavour. This included the following groups 1) 341 
crossbred progeny of AI beef bulls of various beef breeds 
which were tested at the ICBF Tully performance test 

centre in County Kildare, Ireland, 2) 126 primarily 
crossbred animals from beef breeds (e.g. Charolais, 
Limousin) originating from the Teagasc Grange research 
facility, County Meath, Ireland and 3) 48 crossbred dairy 
animals (consisting of crosses between Holstein, Friesian 
and Jersey animals) which originated from the Teagasc 
Johnstown Castle research facility, County Wexford, 
Ireland. Animals from group 1 were born between February 
2011 and June 2012 and were slaughtered on average at 
17.5 months of age. Group 2 and 3 animals were born 
between January 2010 and April 2010 and were slaughtered 
on average at 17.4 and 18.9 months of age, respectively. In 
the total dataset of 515 animals the average proportion of 
each breed were Limousin (26%), Charolais (20%), 
Holstein (11%), Simmental (10%), Belgian Blue (9%), 
Aberdeen Angus (4%), Hereford (3%), Jersey (2%) and 
Friesian (2%). 

The group 1 animals (295 young bulls, 46 steers) 
underwent a 90-day performance testing period where they 
were individually offered a diet of ad libitum concentrates 
and one kilogram of hay daily. Animals were penned in 
batches of six and were grouped according to weight. At the 
end of this 90-day period, the animals were slaughtered. 
Animals from group 2 and 3 consisted entirely of young 
bulls offered diets consisting of a combination of forage 
(grazed grass or grass silage) and concentrates.  

Data. All sensory analysis was carried out on the 
longissimus thoracis muscle taken from the right side of 
each carcass. Sensory panel analyses for group 1 animals 
were carried out by Eolas International (Little Island, Co. 
Cork).  Measurements were based on 2.5cm steaks which 
were thawed at 4°C at 24 hours before analysis. Before 
analyses the steaks were allowed to reach room 
temperature. Steaks were then grilled to a ‘medium’ 
cooking finish, removed from the heat and allowed to rest 
for two minutes before being offered to between 7-10 
panelists. Tenderness scores were rated from 1 (‘not tender 
at all’) to 9 (‘extremely tender’), flavour ranged from 0 
(‘off note’) to 9 (‘extremely flavoursome’) while juiciness 
ranged from 1 (‘not at all juicy’) to 9 (‘extremely juicy’). 

Animals from groups 2 and 3 underwent sensory 
panel analysis in the following way. The samples were 
thawed 40 hours before analysis at 4-5°C. Samples were cut 
into 1.5cm steaks and these were grilled between two 
contact plates heated at 310ºC for two minutes until they 
reached a temperature of 55°C. The steaks were then 
evaluated by 12 panelists trained in meat sensory analysis. 
Scores for tenderness ranged between 1 (‘extremely tough’) 
to 8 (‘extremely tender’), flavour from 1 (‘extremely 
weak’) to 8 (‘extremely strong’) and juiciness ranged from 
1(‘extremely dry’) to 8 (‘extremely juicy’).  



Statistical analysis. In the group 1 dataset there 
were multiple records available on each animal. For the 
purpose of the current genetic analysis an average value for 
each trait was calculated for each animal in that group. 
Only single records were available for animals in groups 2 
and 3. Subsequently, summary statistics for sensory traits 
within the three groups of animals were calculated using the 
PROC MEANS procedure in SAS (SAS Institute, 2012). 
Using this information on the respective means and 
standard deviations, the sensory trait measurements from 
groups 2 and 3 were rescaled to the measurement scale of 
group 1 using the formula, 

𝑦𝑖𝑟 =   (𝑦𝑘𝑖  −  𝑚𝑒𝑎𝑛𝑘)  ∗  𝜎1
𝜎𝑘

 +  𝑚𝑒𝑎𝑛1  
where 𝑦𝑟 is the rescaled phenotype,  𝑦𝑘𝑖 the raw phenotype 
for animal i from group k for the particular sensory trait, 
 𝑚𝑒𝑎𝑛𝑘 is the mean of the raw phenotypes for group k, 𝜎𝑘 
is the standard deviation of raw phenotypes for group k, 𝜎1  
is the standard deviation of raw phenotypes from group 1 
and 𝑚𝑒𝑎𝑛1 is the mean of the raw phenotypes for group 1 
animals. 

Repeatabilities of the sensory traits were based on 
43 animals which underwent more than one sensory 
evaluation for all three sensory traits. All these animals 
originated from within group 1. The repeatability of 
individual traits was based upon average scores across all 
sensory panelists for the repeat animals. The repeatability 
of the trait was then simply the correlation between the 
animals’ average scores for their first and second dates of 
measurement. These correlations were calculated using the 
PROC CORR procedure in SAS. The repeatability of 
measurements for individual sensory assessors was also 
calculated. The number of animals evaluated more than 
once by a single assessor varied from 43 to 10. In the case 
of an assessor who assessed 43 animals on more than one 
occasion, that assessor’s repeatability was calculated as the 
correlation between their scores for the 43 animals on the 
first date of evaluation and those on the second date of 
evaluation for each respective sensory trait. In this way a 
measure of repeatability was calculated for each assessor. 

Phenotypic correlations between sensory traits 
were calculated using the PROC CORR statement in SAS 
and were based on all 515 animals from groups 1, 2 and 3. 
Heritabilities and genetic correlations between the three 
meat sensory traits were calculated using DMU (Madsen 
and Jensen (2008)). The fixed effects in these models were 
determined using the PROC GLM procedure in SAS. Fixed 
effects included animal group (1, 2 or 3), slaughter date, 
age (days), animal type (young bull or steer). Breed fraction 
was included as a covariate for the nine most representative 
breeds in the dataset (Limousin, Charolais, Simmental, 
Belgian Blue, Aberdeen Angus, Hereford, Jersey, Friesian 
and Holstein). Individual animal was fitted as a random 
effect with relationships between animals accounted for 
using the additive relationship matrix based on five 
generations of pedigree information. This pedigree file 
contained 8,696 animals. The additive genetic coefficient of 
variation (CVA) was also calculated for each trait by 
dividing the estimate of the additive standard deviation 
obtained from the heritability analysis by the population 
mean. 

Results and Discussion 
Phenotypic analysis. Analysis of multiple records 

scored on the same animals (n=43) showed a repeatability 
of 0.83 for tenderness, 0.53 for juiciness and 0.69 for 
flavour. This indicates that animals seem to be consistently 
measured by the sensory panel on separate dates for 
tenderness and juciness but not for flavour. The 
repeatability of individual scorers (Table 1) was quite 
variable with large differences both between scorers for the 
same trait and within scorer for different traits. Table 2 
describes the dataset used in the estimation of genetic 
parameters and Table 3 shows the correlations (phenotypic 
and genetic) and the heritabilities. Phenotypically the traits 
were very similar and they had moderate phenotypic 
correlations with each other (r=0.55-0.67). 
 
Table 1. Phenotypic correlations of sensory traits for 
individual assessors. 
Assessor N Tenderness Juiciness Flavour 

1 43 0.64 0.35 0.41 
2 41 0.74 0.45 0.58 
3 39 0.76 0.31 0.57 
4 39 0.41 0.12 0.25 
5 26 0.69 0.39 0.44 
6 26 0.85 0.56 0.63 
7 20 0.50 0.47 0.74 
8 11 0.68 0.50 0.45 
9 11 0.60 0.21 0.88 
10 10 0.77 0.76 0.74 

N = number of animals evaluated more than once by the assessor. 
 
Table 2. Summary statistics for tenderness, juiciness 
and flavour for the 515 animals with sensory 
phenotypes. 
 Mean S.D. Min. Max. 
Tenderness 5.88 1.10 1.86 8.63 
Juiciness 5.77 1.00 2.25 8.38 
Flavour 5.64 0.94 2.39 8.38 
 
Table 3. Estimates of heritability (diagonal elements), 
genetic correlations (above diagonal) and phenotypic 
correlations (below diagonal) for tenderness, juiciness 
and flavour based on all 515 animals. 
 Tenderness Juiciness Flavour 

Tenderness 0.11 
(0.15) 

0.44 
(0.79) 

0.81 
(0.75) 

Juiciness 0.67 0.11 
(0.16) 

0.89 
(1.10) 

Flavour 0.62 0.55 0.07 
(0.17) 

Standard errors are listed below estimates in brackets where applicable. 
 
Genetic Parameters. The results indicate that 

these sensory traits may be heritable. This hypothesis is 
further supported by similar estimates of heritability in 
other beef populations (Gregory et al. (1995); O’Connor et 
al. (1997)). However, the heritability estimates from this 
study were not significantly different from zero. This is 
likely a reflection of the small number of animals in this 
study. The corresponding CVA statistics were 0.06 for 
tenderness, 0.05 for juiciness and 0.04 for flavour. The 



same observation can be made in regard to the genetic 
correlations between the sensory traits which were 
moderate to strong (0.44-0.89) but also with large standard 
errors (0.75-1.10) indicating a large degree of uncertainty 
around these estimates.  
 

Conclusion 
Phenotypic correlations among sensory panel traits 

were relatively strong indicating that these traits appear to 
be interdependent or affected by similar factors. The 
sensory traits are moderately to strongly repeatable for 
individual animals although the repeatability is not as 
strong for individual assessors with repeated measurements 
on the same animal. A larger dataset is needed to accurately 
quantify whether there is a genetic basis to these meat 
eating quality traits. In this regard extra data will become 
available as the ICBF are collecting this data on an ongoing 
basis. In addition to further phenotypic and genetic 
parameter estimates we also aim to quantify the effects of 
some major genes believed to affect meat eating quality 
(e.g. myostatin, µ-calpain, calpastatin) in future analyses. 
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