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ABSTRACT: Data were recorded on 7,434 Norwegian 
Landrace boars born from 2008 to 2013. Data was provided 
from the boar test station of the Norwegian Pig Breeders’ 
Association. Feed consumption in the test period was regis-
tered together with carcass traits assessed by computer 
tomography. The data were analyzed with an animal model 
with lean meat (kg) and fat (kg) included as covariates 
through fixed and random regressions. The results showed 
significant genetic variation in the animals’ efficiency to 
deposit lean meat and fat, and indicated that there was a 
greater genetic variation in efficiency to deposit fat com-
pared with lean meat. The genetic correlation between the 
two efficiency traits was high (0.72), indicating that these 
two factors are distinct, albeit correlated genetic traits.  
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Introduction 
 

Production efficiency is of increasing importance in live-
stock production because of heightened competition for 
feed resources by (i) human food consumption, (ii) use of 
resources for bioenergy production, and more marginal land 
resources in many parts of the world due to climate chang-
es, which results in higher feed prices. This makes im-
provement of total pork production efficiency an important 
goal for future genetic improvements in animal breeding. 
About 70% of the variable costs in Norwegian pork produc-
tion are feed expenditures (Kolstad and Vangen (1996); 
Campo and Turrado (1998)), and therefore a major compo-
nent of genetic improvement of production efficiency, is 
feed efficiency. It is known that feed efficiency is influ-
enced by variation in the maintenance requirement caused 
by such as differences in body composition and growth 
(Kolstad and Vangen (1996)). The approaches used for 
measuring feed efficiency are gross feed intake, residual 
feed intake, feed conversion ratio and feed intake relative to 
growth rate in the breeding goal (Korver (1988); Gilbert et 
al. (2007); Do et al. (2013)). Currently, the Norwegian Pig 
Breeders’ Association (Norsvin), includes feed efficiency 
as feed conversion ratio in their breeding goal.  Still, it is of 
interest to find a more exact measure of feed efficiency that 
reflects what the pork producers are actually paid for; the 
amount of lean meat on the carcass. The aim of this study 
was to investigate a new measure of feed efficiency through 
deposition of lean meat and fat relative to feed consump-
tion, and whether or not there is variation in boars’ efficien-
cy to deposit lean meat. 
 

Materials and Methods 
 

Data. Data material was provided by Norsvin and 
was recorded on 7,434 boars of Norwegian Landrace at 
Norsvin Delta. Norsvin Delta is a boar station located in 
Hamar, Norway. Annually, about 3,500 boars are tested, 
equally divided between the breeds Norwegian Landrace 
and Duroc. The boars are housed in pens of 12 boars. In 
each pen there is one feed station (FIRE; Osborne Indus-
tries Inc., Osborne, KS, USA), where individual feed con-
sumption and body weights are recorded. The boars includ-
ed in the data set were born from 2008 to 2013, and the trait 
analyzed was total feed intake in the test period. When the 
test period was over, all boars were scanned using Comput-
er Tomography (CT). Through image analysis of the scan-
ning, the CT provided information directly on selection 
candidate boars for the variables lean meat (kg) and fat (kg) 
content. For animals that entered the test station after De-
cember 18, 2011 the trait was defined as feed consumption 
up to 120 kg, with the CT-scanning at same weight, while 
animals starting the test prior to this date were recorded at 
100 kg body weight. 

 
Statistical analyses. The data was analyzed using 

an animal model, and variance components were estimated 
using the DMU software package (Madsen and Jensen 
(2008)). Lean meat (kg) and fat (kg) were included as both 
fixed and random regressions for the trait feed consumption 
in the model. The efficiency is expressed as genetic regres-
sion coefficients on the lean meat and fat production. 
 
 The following model was used;  
 

Yijklm = hyi + bmonthj + scank + bmeat x lmeatm + bfat x 
fatm + penl + idm + blmm x lmeatm + bfm x fatm + eijklm 

 
Where; 
 
Yijklm  is total feed up to 100 or 120 kg of live weight (kg) 

depending on when CT occurred, measured on boar m 
from herd-year i born in month j, scanned at k kg, 
housed in pen l. 

hyi was the fixed effect of herd-year i for boars (i=1…85). 

bmonthj was the fixed effect of birth month j for boars 
(j=1…12).  

scank was the fixed effect of when the boar was scanned, at 
100 or 120 kg live weight (k=1, 2). 



bmeat x lmeatm was the fixed regression on lean meat (kg). 

bfat x fatm was the fixed regression on fat (kg). 

Penl was the random effect of pen l, (l=1…224). 

Idm was the random effect of breeding value for boar m 
(m=1…7,434). 

blmm x lmeatm was the random regression of lean meat (kg) 
for boar m.  

blmm (kg feed/kg lean meat) is a measure for the feed effi-
ciency to deposit lean meat. 

bfm x fatm was the random regression of fat (kg) for boar m. 

bfm (kg feed/kg fat) is a measure for the feed efficiency to 
deposit fat. 

eijklm was the residual for boar m. 
 

Because of the difference between boars in weight 
at CT-scanning, the effect of whether they were scanned at 
100 kg or 120 kg was included as a fixed effect (scank) in 
the model. 
   

Results and Discussion 
 

Regression coefficients, variance components 
and correlations. Variance components (standard error) 
estimated for the random intercept (Idm), regression coeffi-
cients for lean meat (kg) and fat (kg) are shown on the 
diagonal of Table 1. Estimated genetic correlations (stand-
ard error) between the variables are shown off the diagonal 
in Table 1. All the variance components were significantly 
>0 and the genetic variation in fat efficiency (bfm) was 
higher than the variation in lean meat efficiency (blmm). 
This result may indicate that there is greater genetic differ-
ences between animals ability to deposit fat than lean meat 
per kg feed intake.  

 
Table 1. On diagonal: Variance components (standard 
error) for the intercept of total feed consumption in the 
test period (Idm), regression coefficients for lean meat in 
kg (blmm) and fat in kg (bfm). Off diagonal: Genetic 
correlations (standard error) between intercept of total 
feed consumption in the test period (Idm), regression 
coefficients for lean meat in kg (blmm) and fat in kg 
(bfm). 

 
Idm blmm bfm 

Idm 66.01 (3.76) - - 
blmm 0.78 (0.04) 1.0 (0.13) - 

bfm 0.90 (0.01) 0.72 (0.05) 3.49 (0.26) 
 
 
 
 
 
 
 

The correlation between the random regression co-
efficients for fat and lean meat was 0.72, which indicate 
that some common genetic factors may control both lean 
meat and fat efficiency (e.g., ability to digest feed). But 
their correlation was significantly <1, suggesting that they 
were not identical genetic traits.  
 

The trait total feed consumption was recorded until 
~100 kg or ~120 kg body weight. The two datasets were 
merged in order to achieve a sufficient number of records. 
This resulted in a dataset with animals scanned at 100 kg 
and at 120 kg. For the animals scanned at 120 kg, an equiv-
alent increase in total feed consumption was expected. Still, 
recoding regime was accounted for in the statistical model. 

 
Conclusion 

 
Results suggested that there was significant genet-

ic variance among Norwegian Landrace boars in efficiency 
for the deposition of lean meat and fat during the test peri-
od. The results indicated that there was a greater variation 
in animals’ efficiency to deposit fat than lean meat, and that 
the two efficiency traits were highly correlated, but not 
identical genetic traits. Further analysis are required to 
investigate this measure of feed efficiency. 
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