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ABSTRACT The objective of the present study is to 
quantify the relationship between genetic merit for terminal 
beef traits and phenotypic performance in commercial beef 
herds. Carcass data were available on 115,456 animals from 
14,841 contemporary groups in 5,961 herds. Animals were 
categorized into four groups based on genetic merit. 
Associations with actual phenotypic performance were 
estimated using a fixed effects model. Relative to the lowest 
genetic merit group for the terminal index, the elite genetic 
group were slaughtered 54 days earlier, weighed 55kg more 
and had a 3.8 unit better conformation score (scale 1-15); 
there was no obvious association between terminal index 
and carcass fat. These improvements in carcass 
characteristics manifested themselves as a differential of 
€289 in carcass value between the best and worse terminal 
index category. Therefore considerable gains in phenotypic 
performance, and thus revenue, can be achieved through 
genetic selection.  
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Introduction 
 

The expanding and more affluent human 
population is demanding more animal protein for human 
consumption. The heritability of most terminal traits in beef 
cattle is high (Crowley et al., 2010; Pabiou et al., 2010) 
suggesting that genetic improvement can contribute 
substantially to fulfilling these demands. Controlled 
experiments have shown that differences in genetic merit 
for the terminal traits like carcass weight are reflected in 
differences in phenotypic performance although genotype-
by-environmental interactions did exist (Campion et al., 
2009). Clarke et al. (2009) documented a greater monetary 
return from beef animals divergent in genetic merit for a 
terminal index in a field trial in Ireland. Most of these 
studies however originated from controlled environments 
which may not necessarily be representative of the 
commercial populations. Few studies exist that compared 
genetic merit of animals for terminal traits with phenotypic 
performance across a large number of commercial herds; 
McHugh et al. (2014) reported that the direction of the 
association between genetic merit for maternal 
characteristics and actual differences in maternal 
performance traits in Irish commercial herds was in the 
expected direction although the associations were not 
always as large as expectations.  

How precisely differences in genetic merit of 
individuals reflect expected differences in phenotypic 
performance are important to build producer confidence in 
the use of genetic information to select parents of the next 
generation. Moreover, the merits of using total merit 
indexes to identify animals excelling in genetics, and 

therefore phenotypic performance, must also be quantified. 
The objective of the present study was to quantify the 
relationship between measures of genetic merit for terminal 
beef traits in beef cattle and phenotypic performance in 
commercial beef herds. Results from this study will be 
extremely beneficial to quantify the benefits of genetic 
selection on animal performance and help instil confidence 
among producers in the benefits of genetics.  

 
Materials and Methods 

 
Data. Carcass data from the Irish Cattle Breeding 
Federation (ICBF) database were available on 459,071 
animals born between the years 2009 to 2010. Phenotypic 
information available included carcass weight, carcass fat 
(1to 15), carcass conformation (EUROP; 1 to 15), price per 
kg (€/kg), and animal value (€) calculated as price per kg 
times carcass weight. Other information available included 
sire, dam, date of birth, dam date of birth, parity, median 
parity age, twin births,  slaughter date, slaughter age, price, 
herd year season (hys), carcass weight, conformation, fat 
and  calving difficulty. Predicted transmitting ability (PTA) 
of all animals was obtained from the April 2010 national 
genetic evaluation; PTAs were available on carcass weight, 
carcass conformation, carcass fat and calving difficulty. 
Estimated breeding values (EBV) for all traits were 
calculated as the sum of the sire PTA and dam PTA for the 
respective trait; only animals with a known sire and dam 
were retained. A terminal index for each animal was 
calculated as terminal index= -5.27 * calving difficulty 
EBV - 1.72 * gestation length EBV - 5.34 * mortality EBV 
+ 15.82 * docility EBV + 47.55 * feed intake EBV + 2.95 * 
carcass weight EBV + 14.77 * carcass conformation EBV - 
7.86 * carcass fat EBV  

Data edits. Outlier values (i.e., age at slaughter, 
carcass weight and carcass price) were discarded separately 
within each carcass type of young bulls, steers and heifers; 
cows were not considered in the present study. Dam age at 
calving was determined; cows recorded to have calved less 
one year of age were also discarded. Only dam parity 
records ≤ 10 were retained. Dam parity records greater than 
five was grouped together. A contemporary group was 
defined as herd-carcass type-date of slaughter and only 
contemporary groups with at least five individuals were 
retained. Animal EBV for each trait and the terminal index 
were stratified by EBV into four equally sized groups. 
Following edits, 115,456 animals from 14,841 
contemporary groups in 5,961 herds remained.  

 
Statistical analyses. The association between 

genetic merit for the terminal index and phenotypic carcass 
performance was evaluated using a series of fixed effects 
linear models. The dependent variables considered were: 



carcass weight, carcass conformation, carcass fat, carcass 
price per kg, carcass value, and age at slaughter. The fixed 
effects considered in each model were dam parity, Dam age 
at calving was determined and cows calving greater than 18 
months from the median age per parity were discarded, 
contemporary group, whether the animal was a singleton or 
a twin, and age at slaughter (age was not included in the 
model when the dependent variable was age at slaughter).  

 
Results and Discussion 

 
The mean carcass weight and age at slaughter for 

the 115,456 animals in the present study was 334 kg and 
765 days, respectively. The mean carcass conformation 
score and fat score was 5.92 (O+) and 6.39 (3=), 
respectively. The mean price per kg was €3.66/kg.  

Table 1 summarizes the mean performance 
differences between heifers, steers, and young bulls. Steers 
were slaughtered 235 days older than young bulls and 124 
days older than heifers. Steers were 51 kg heavier than 
heifers at slaughter and 5 kg heavier than young bulls at 
slaughter; however after adjustment for differences in age 
steers were 53 kg heavier than the heifers and 6 kg heavier 
than the young bulls. Following adjustment for differences 
in age at slaughter, fifth parity animals had a 10 kg heavier 
carcass than first parity animals. This is likely due to first 
parity animals producing a lighter calf at birth (Kertz et 
al, 1997) and having less milk to feed the growing calf. 
Furthermore less selection pressure on easy calving is 
placed on bulls mated to older mature cows; when calf 
carcass weight EBV was also included as a fixed effect in 
the model the difference between parity one progeny and 
parity five progeny was only 3 kg suggesting minimal 
impact of parity per se. 

Genetic merit analysis. Mean genetic merit for 
the animals divergent for the terminal index are in Table 2. 
The difference in mean terminal index EBV between the 
highest and the lowest terminal index category was €142. 
The difference in mean carcass weight EBV between the 
highest terminal index group and the next highest group 
was 27.1 kg but the difference between the three lowest 
groups was only 14.3 kg indicating a skewed distribution 
towards greater carcass weight EBV. Also the difference in 
mean carcass conformation EBV between the highest 
terminal index group and the next highest group was 2.90 
units (scale 1 to 15) but the difference between the three 
lowest groups was only 0.32 units. This indicates that the 
highest terminal index group were considerably superior, 
genetically, to the other groups which in turn did not differ 
much from each other. Carcass weight constitutes 36% of 
the relative emphasis of the terminal index value; reflected 
in a large difference in carcass weight between the terminal 
index categories.  

Table 3 summarizes the association between 
terminal EBV and phenotypic animal performance. The 
difference in the mean carcass weight between the highest 
and the lowest terminal index category was 55 kg; the 
difference in carcass weight EBV between the highest the 
lowest terminal index groups was 41 kg implying that the 
difference in phenotypic performance was closely aligned 
with expectations. Moreover, the best terminal index group 

had, on average, 44 kg heavier carcasses than the second 
best terminal index group but with only 11 kg difference 
between the remaining three terminal index groups. The 
elitist terminal index category was slaughtered, on average, 
54 day earlier than the lowest terminal index category, so 
not only did the genetically elite animal have heavier 
carcass weight but they were also considerably younger at 
slaughter suggesting greater daily carcass gains in the elite 
group. Moreover, the EBV for feed intake in the elite 
terminal index group was over 0.5 kg less per day that the 
lowest terminal index group (Table 2), which when coupled 
with the 54 days less feeding implies greater feed efficiency 
of these animals. 

Terminal index ranking had little effect on carcass 
fat with only 0.11 unit difference between the groups (scale 
of 1 to 15). The mean difference in carcass conformation 
between the highest and the lowest terminal index category 
was 3.8 units (scale of 1 to 15) equating almost four grades 
on the EUROP grading system. This increase in carcass 
conformation manifested itself as superior carcass price 
because animals in Ireland are paid on carcass conformation 
(and other characteristics). The superior carcass price/kg 
and greater weight of carcass in the genetically elite 
animals cumulated to a difference in the mean carcass value 
between the highest and the lowest terminal index groups 
calculated as €289.  

  
Conclusion 

 
Results show the differences in genetic merit were 

reflected in differences in phenotypic performance. 
Assuming a producer slaughtering 50 animals annually, the 
difference in carcass value alone between the highest and 
lowest terminal index animals (€289) equates to €14,450. 
Moreover, these elite animals were slaughtered 54 days 
younger than the lowest genetic merit; assuming a daily 
intake of 12 kg DM at an average ration cost of €290/ tonne 
this equates to a cost saving of (12 kg DM x €0.29 /kg x 54 
days) €9,396 for the producer with 50 animals; not included 
here is the expected reduced daily feed intake of higher 
index animals. Thus the overall improvement in profit 
(based on the traits considered here) between the highest 
and lowest index animals is €23,846. 
 
 
Table 1. Association between carcass type (steers, 
heifers and young bulls) and age at slaughter (days), 
carcass weight (Cwt; kg), carcass conformation (Conf; 
scale 1to 15) and carcass fat (Fat; scale 1 to 15); pooled 
standard error also included 

 
 
 

Gender Age Cwt Conf Fat 
Heifer 730 293 6.85 7.32 
Steer 854 344 5.15 6.73 
Young bull 619 339 6.71 5.12 
SE 0.62 0.01 0.29 0.01 

http://www.sciencedirect.com/science/article/pii/S0022030297759666


Table 2.  Mean EBV value for the important traits in the 
terminal index for each EBV group and the difference 
in terminal EBV between groups 

EBV Terminal 
Cwt 
Ebv 

Cfat 
Ebv 

Cconf 
Ebv 

Feed 
EBV 

VH 59 28.6 -0.59 2.19 -0.08 
H -31 1.5 0.10 -0.39 0.16 
L -54 -5.0 0.22 -0.50 0.13 
VL -83 -12.8 0.26 -0.71 0.48 
Cwt= carcass weight, Cfat= carcass fat, Cconf= carcass 
conformation, Feed= feed intake  
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Table 3. Association between terminal EBV (Index) and age at slaughter, carcass weight, conformation and fat score 
as well as price per kg and overall animal value; pooled standard error (SE) also included. 
 
Index Age (days) Carcass weight 

(kg) 
Conformation 
(scale 1 to15) 

Fat 
(scale 1to15) 

Price per kg 
(€/kg) 

Value 
(€) 

Very High 726 371 8.68 (R+) 6.33 (3=) 3.85          1412 
High 775 327 5.04 (O=) 6.40 (3=) 3.60 1174 
Low 779 321 4.97 (O=) 6.44 (3=) 3.60 1153 
Very Low 780 316 4.88 (O=) 6.33 (3=) 3.57 1123 
       
SE 0.89 0.31      0.01       0.97 0.24 1.65 
 
 
 
 


