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Introduction 
In March 2008 Norsvin (the Norwegian Pig Breeders Association) introduced a new boar 
testing station with scanning of 3500 live boars annually by Computed Tomography (CT). 
The boars are tested for various traits, of which one of the most important is percentage of 
lean meat (LMP). The boars are selection candidates for the next generation of AI elite boars. 
Increased LMP is expected to reduce meat quality (Lonergan, S., Huff-Lonergan, E., Rowe, 
L. et al. (2001)). Several meat quality traits are measured at the boars not selected for 
breeding. The meat quality traits in this study are measured by novel low labour demanding 
methods. This makes the recording inexpensive, rapid, environmentally friendly, safe and 
user-friendly (Gjerlaug-Enger, E., Aass, L., Ødegård, J. et al. (2010)). This study was 
designed to estimate the first genetic parameters for LMP from CT and meat quality traits; 
drip loss (DRIP), intramuscular fat (IMF) and moisture content in meat (MOIST).  

Material and methods 
The data-set consists of LMP (Landrace: 2920, Duroc: 2373) and meat quality traits 
(Landrace: 1356, Duroc: 1140) measured on young boars from August 2008 to February 
2010. Boars selected for breeding are selected based on a BLUP breeding value including 
more than 20 traits. Pigs are kept in single-breed groups of 12 pigs per pen, and fed ad 
libitum on conventional concentrates. In this dataset, average full-sib group size was 1.1 
(Landrace) and 1.4 (Duroc) and average half-sib group size was 35. Average start and end 
weights were 30 and 101 kg live weight respectively. Slaughter was performed in weekly 
batches; pigs were stunned in an atmosphere with 90% CO2. The carcasses were transported 
from the abattoirs to a partial dissection line at Animalia, the Norwegian Meat and Poultry 
Research Centre.  
 
The traits were:  
LMP: The LMP is measured by CT, using a GE multi-slice VCT LightSpeed scanner. The 
images were analyzed using an in-house MATLAB program. The non-carcass tissues were 
removed to obtain a virtual carcass. Previous carcass studies have shown that volume and 
weight of different tissues (fat, muscle and bone) can be estimated directly from a stack of 
images (Kongsro, J. (2008)). However, the estimation may be somewhat biased due to the 
nature of pixels in CT images. By using columnwise neighbourhood operations (The 
Mathworks (2010)) in the pixel analysis, we were able to obtain more unbiased estimates 
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with respect to the level of carcass dissection data on fat, muscle and lean tissue. The lean 
meat percentage was estimated using the number of pixels classified as muscle, multiplied by 
slice thickness and average density of muscle tissue to get the mass of muscle tissue.  
DRIP: The EZ-DripLoss method (Rasmussen, A., and Andersson, M. (1996)), was carried 
out on two samples of approximately 10 g from a slice, three to five cm posterior to the last 
rib curvature. Twenty-four hours after sampling, each container was weighed, including meat 
and drip loss and once again for drip loss. The EZ-DripLoss method gives relatively high 
drip loss levels because of the high ratio between sample area and volume.  
IMF and MOIST: The FOSS FoodScan Tm near-infrared spectrophotometer (FOSS, 
Denmark) with an artificial neural network calibration model was used for determination of 
fat, moisture, protein and collagen. The instrument used NIR transmission (Near Infrared 
Spectroscopy), scanning the region from 850 to 1050 nm. Approximately 180 g of a loin 
chops were trimmed for fat and homogenized.  
 
Initial computations were performed using SAS Proc GLM (SAS Inst., Inc., Cary, NC) to 
evaluate fixed effects (herd x year, station x year x month, slaughter day, dripping time, 
storage day, carcass weight and live weight) to be included in the model. The same model 
was used for both breeds. Estimation of (co)variance components was performed using 
multi-trait animal models, analysed with restricted maximum likelihood (REML) 
methodology. The DMU 6.7 software package (Madsen, P., and Jensen, P. (2008)) were used 
in the estimation. Significance of the random effects of pen was tested through a likelihood 
ratio test. Due to computational constraints the random effect of pen was not included in the 
analyses of the meat quality traits. The pedigree file, included 7850 (Landrace) and 5317 
(Duroc) individuals, contained all tested animals and their ancestors traced back to 2002.  

Results and discussion 
Basic statistics and variance components from multi-trait analyses of the traits studied are in 
Table 1. The levels for the different traits presented here are highly influenced by the 
methods used in this study. The LMP calculated from CT-analyse are not directly 
comparable with LMP from dissection. High ratio between sample area and volume gives 
relatively high drip loss levels measured with the EZ-DripLoss method. The IMF predicted 
by NIR might be 0.5 % lower than the chemical method traditionally used. Additionally, the 
levels are highly affected by sex, and boars are expected to have higher LMP, DRIP, MOIST 
and lower IMF compared to castrates and females. In this study, estimated heritabilities for 
LMP was consistent with the corresponding estimates reported by Ducos, A., Bidanel, J., 
Ducrocq, V. et al. (1993) and Gilbert, H., Bidanel, J., Gruand, J. et al. (2007). All studies 
calculated a LMP based on a dissection procedure. Literature values of heritability estimates 
for LMP from CT on pigs are not available. Our results were in agreement with heritability 
estimates for DRIP published by Suzuki, K., Irie, M., Kadowaki, H. et al. (2005) and by van 
Wijk, H., Arts, D., Matthews, J. et al. (2005) and IMF measured by NIR published by 
Hermesch, S., Luxford, B., and Graser, H. (2000) and Kadarmideen, H., Schworer, D., Ilahi, 
H. et al. (2004). The estimated heritabilities for MOIST were similar to the estimates 
reported by Cameron, N. (1990) and Lo, L., Mclaren, D., Mckeith, F. et al. (1992). Duroc 
has in general higher phenotypic and genetic variation for these traits than Landrace, and also 
higher heritabilities. The explanation for the smaller genetic variation in Landrace can be the 



higher degree of selection for production efficiency traits in Landrace for many years. The 
genetic correlations (Tables 2) between these traits were similar in both breeds. Positive 
genetic correlations between LMP and DRIP are in agreement with previous studies by 
Knapp, P., Willam, A., and Solkner, J. (1997) and Sonesson, A., de Greef, K., and 
Meuwissen, T. (1998). Average literature values of the genetic correlations between LMP 
and IMF (Sellier, P. (1998)) also agreed with our results. The results from the present study 
also indicate that pork with a lower level of IMF tended to have more DRIP. A negative 
genetic correlation between IMF and MOIST was also reported by Cameron, N. (1990). 
Relationships between MOIST and DRIP were not found in the literature, but negative 
genetic correlations between IMF and DRIP were reported by de Vries, A., van der Wal, P., 
Long, T. et al. (1994) and van Wijk, H., Arts, D., Matthews, J. et al. (2005). In our study, 
this genetic correlation between IMF and DRIP was a little stronger. Before Norsvin 
implemented CT for analyzing LMP in live boars, LMP was measured on carcasses (females 
and castrates tested in a half-sib test) by dissection of ham, shoulder and loin into lean meat, 
fat, bone and skin. LMP from CT has similar heritabilities, but considerable larger genetic 
and phenotypic variation than LMP from dissection due to increased precision by using CT. 
Since LMP from CT in addition is measured directly on the selection candidates, an 
increased response from selection for LMP is expected. Norsvin is measuring several meat 
quality traits and genetic parameters of these traits tested in this half-sib test are reported in a 
previous study (Gjerlaug-Enger, E., Aass, L., Ødegård, J. et al. (2010)). In that study NIR 
and EZ-DripLoss gave higher heritabilities than more traditional methods used to measure 
IMF, MOIST and DRIP. The meat quality traits are today measured on boars directly. The 
heritabilities were similar or smaller for boars than for castrates and females. Smaller 
heritability for DRIP might be due to the behaviour of boars, since fighting can have a large 
impact on the DRIP. The boar test and the animals are more standardized than pig from half-
sib test, and hence the phenotypic variance is smaller. The genetic variances were also 
smaller, and some of this reduction can be due to the effect of pre-selection, although it is not 
only because of selection the amount of boars with meat quality is smaller than for CT-tested 
boars. The meat quality traits are, however, not a major part of the breeding goal, however 
genetic correlations to production and reproduction trait might give some effect of the pre-
selection. The genetic correlations among the meat quality traits were similar for boars and 
half-sib tested animals, in split of a negative correlation between DRIP and MOIST, 
estimated for both breeds. This correlation is favourable, however with large standard errors.     
 
Table 1: Numbers of animals per trait, mean and standard deviations for uncorrected 
data, and heritabilities, genetic and phenotypic variances from the analyses  
  N Means SD  h2±SE σ

2a σ
2p 

Landrace 2920 66.0 3.9  0.41±0.06 3.43 8.28 
LMP 

Duroc 2373 59.3 4.7  0.60±0.06 8.58 14.40 
Landrace 1325 7.1 2.0  0.13±0.06 0.45 3.59 

DRIP 
Duroc 1112 4.8 1.7  0.11±0.06 0.26 2.36 
Landrace 1356 1.01 0.19  0.38±0.08 0.012 0.032 

IMF 
Duroc 1140 2.04 0.55  0.60±0.08 0.166 0.277 
Landrace 1356 75.2 0.4  0.21±0.07 0.035 0.170 

MOIST 
Duroc 1140 74.5 0.6  0.48±0.08 0.149 0.311 



Table 2: Phenotypic correlations (below diagonal) and genetic correlations (above 
diagonal; standard errors between brackets) for LMP and meat quality traits 
  Landrace  Duroc 
 LMP DRIP IMF MOIST  LMP DRIP IMF MOIST 
LMP  0.46±0.20 -0.66 ±0.10 0.35 ±0.16   0.34±0.21 -0.78±0.06 0.68±0.08 
DRIP 0.15  -0.33±0.22 -0.09±0.30  0.19  -0.41±0.21 -0.09±0.25 
IMF        -0.41 -0.19  -0.65±0.15  -0.62 -0.23  -0.78±0.06 
MOIST       0.21 0.18 -0.30   0.51 0.12 -0.73  

Conclusion 

In order to have a sustainable breeding for LMP, meat quality has to be taken into 
consideration. Meat quality traits measured with rapid methods shows high genetic variation 
and this makes it possible to select for meat quality traits in pig breeding programs.  
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