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INTRODUCTION 
Alternative pig crossing strategies are widely practised in Spain to  achieve different pig meat 
industry requirements. However, production, meat and carcass traits of the pure breed 
populations are not fixed and can differ across breeding companies according to the origin of 
their populations and their priorities in  selection goals. In addition, gene frequency of the RYR-
1 gene could be different across populations and contribute to enlarge these differences.  The 
main goal of this study is to analyse the variability of carcass and  main joint composition in 
the Spanish pig breeding populations.  
 
MATERIAL AND METHODS 
This study was undertaken with 48 entire male piglets from Large White breed (LW), 52 
Landrace (LD), 38 Duroc (Du) and 31 Pietrain (Pi) randomly sampled from 19 nucleus herds 
of the Spanish National Association of Pig Breeders (ANPS) and born within one week in 
different litters. The RYR-1 genotype (homozygotes nn and NN, and heterozygote Nn) was 
determined using the molecular analysis of the cDNA from preweaning blood samples (Fujii et 
al., 1991) in order to quantify the RYR-1 gene allele frequency in each breed (Table 1). The 
animals were reared at the Pig Testing Centre (IRTA), fed with a 3088 kcal and 17.5 % crude 
protein diet and slaughtered at about 100 kg at the Meat Technology Centre (IRTA), after a 
standardised pre-slaughter treatment. 
 
Live weight (kg) was recorded 1 h prior to slaughter. Hot carcass weight was obtained one 
hour post-mortem and used to calculate the killing-out proportion (g/kg). The following fat and 
muscle depths were taken using a Fat-O-Meater (FOM) over Longissimus thoracis muscle (LT) 
at 60 mm from the mid-line on the left side of the carcasses: subcutaneous fat thickness (P2, 
mm) measured at the head of the last rib, subcutaneous fat thickness measured between the 3rd 
and 4th last ribs, and loin muscle thickness also measured at the same location. Estimated 
carcass lean content (ELEAN, g/kg) was calculated using the official prediction equation for 
Spanish pig population (Diestre et al., 1994). Eye muscle area (cm2) was measured on a 
transverse cut of LT muscle between 3rd and 4th last ribs 24 hours post mortem. 
 
After removal of flare fat, kidneys and diaphragm, the left side of each carcass was divided into 
12 joints according to the New EU Reference Dissection Method (Commission Regulation 
(EC) Nº 3127/94, Walstra, 1995).  The main joints (ham, loin, shoulder and belly) were 
dissected into lean, subcutaneous fat with skin, intermuscular fat and bone and weighed 
separately. The economic yield of each carcass was calculated by adding the product of the 
weight of each joint by its commercial price (€/kg) divided by its carcass weight. The 
economic yield was obtained from average prices of local Spanish commercial companies. 
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The mixed model of analysis basically included the breed and RYR-1 genotype terms as fixed 
effects and the nucleus herd origin (nested within breed) and the error as random effects. We 
assume that nucleus herd origin and error random effect are N(0,σherd) and N(0,σe), 
respectively. All the analyses were performed using the SAS System for Mixed Models 
program of the SAS statistical package (Littell, 1996). 
 
Differences between and within breed were compared using breed range and top versus bottom 
10 % herds (Herd range), respectively. The breed range, was the difference in least square 
means between the highest and the lowest performing breed for each trait. The difference 
between the top versus bottom 10 % of herds, was estimated as , where σ  is the 
estimated standard deviation of herd effects. 

herdσ∗51.3 herd

 
RESULTS AND DISCUSSION 
Part of the variation in carcass composition traits can be attributed to large breed differences in 
allelic frequencies for some of the major genes known in pigs, as RYR-1 gene. Table 1 provides 
genotypic and allelic frequencies for the RYR-1 gene of the breeds analysed. The frequency of 
the n allele was null in Duroc, it showed low intermediate values for Large White and 
Landrace, and it was  92 % in Pietrain. Sellier (1998), reviewing the frequency of the n allele in 
different countries found similar results, with values ranging from 0.06 to 0.44 in Landrace, 
from 0.03 to 0.11 in Large White, nearly 0 in Duroc and from 0.91 to 0.97 in Pietrain. 
 
Table 1.  RYR-1 genotypic frequencies and frequency of the n allele by breed 
 

Genotypic frequency  (%) LW LD Du Pi Total 
NN 77.1 67.3 100 0.0 65.1 
Nn 22.9 32.7 0.0 16.1 19.5 
nn 0.0 0.0 0.0 83.9 15.4 

frequency of  n  (%) 11.5 16.3 0.0 91.9 25.1 
 
Table 2 provides the least square means values (and the residual standard deviation) for several 
carcass composition traits and the differences between the top and bottom breed means for 
each trait. In addition, the variation among herds as sources of breeding stock is illustrated with 
the estimated difference between the 10% top herds versus the bottom 10% of herds range 
(assuming the same variation within each breed), and the ratio between genotype and herd 
variation (herd range to breed range ratio).  
 
A within breed effect of the RYR-1 gene is found in LW breed. A favourable effect of the gene 
is found in heterozygote animals (Nn) against the negative ones (NN) for loin area, ham 
proportion, lean/bone ratio and economic yield. In the Landrace animals, the favourable effect 
of RYR-1 gene is only significant for killing-out proportion and belly weight. No significant 
effect was found between Pietrain RYR-1 genotypes. 
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Table 2. Least-square means and variation between herds related to variation between 
breeds for carcass measurements and composition 
 

Trait Means Residual 
s. d. 

Breed 
 range1 

Herd 
range2 

Herd range to  
breed ratio 

Killing-out (g/kg) 788.8 13.96 30.4***0 14.7ns0 0.48 
P2 (mm)A 15.5 2.88 7.7***0 6.0*0* 0.78 
Loin eye area (cm2) 41.4 4.73 14.8***0 6.5ns0 0.44 
ELEAN (g/kg)B 544.4 29.53 97.4***0 74.5*0* 0.76 
Carcass  (g/kg)C 
 · Lean 

 
646.6 

 
31.30 

 
134.6***0 

 
84.1*0* 

 
0.62 

 · Bone 91.4 6.48 9.3ns0* 18.3**0* 1.97 
 · Subcutaneous fat 200.9 27.41 113.2***0 77.1**0 0.68 
 · Intermuscular fat 54.7 7.92 19.2***0 13.2*0* 0.69 
 · Total fat 255.6 33.04    
 · Lean / Bone ratio 7.14 0.573 2.19*** 1.49** 0.68 
Main joints (g/kg) 
 · Ham 

 
241.5 

 
8.82 

 
42.4*** 

 
10.5ns0 

 
0.25 

 · Loin  127.0 8.39 21.3***0 18.0*0* 0.85 
 · Shoulder 137.7 6.42 15.4*** 7.8ns0 0.51 
 · Belly 88.4 7.21 17.1*** 8.1ns0 0.47 
 · Backfat 44.5 7.72 28.3**** 18.0*0 0.64 
Joint composition (g/kg)D 
Ham    · Lean 

 
698.2 

 
29.33 

 
20.0**** 

 
69.5*0 

 
0.58 

 · Fat 213.5 29.32 108.5*** 72.4*0* 0.67 
 · Bone 88.3 6.49 20.2**** 16.3*0 0.81 
 · Loin / Bone ratio 8.03 0.742 3.33*** 1.55** 0.46 
Loin · Lean 575.0 41.90 148.3*** 95.9* 0.65 
 · Fat 292.4 45.06 161.1**** 115.9*0 0.72 
 · Bone 132.2 17.19 13.8ns0 21.5ns0 1.56 
Shoulder   · Lean 654.0 30.72 132.6**** 65.7*0 0.50 
    · Fat 244.3 33.17 118.3*** 61.1* 0.52 
    · Bone 101.8 7.80 13.7**0* 19.2* 1.41 
Economic yield (€/kg) 1.53 0.045 0.19*** 0.12* 0.61 
1 Difference between highest and lowest performing breeds for each trait. 2 Predicted difference between 
top 10% and bottom 10 of breeders, assuming between herd variation is the same for all breeds. 
A P2 at the last rib. B Calculated from 3/4F and 3/4M. C Carcass composition: Σ weight (g) of each 
component of the dissected joints / Σ dissected joints (kg) . D Joint composition: Σ weight (g) of each 
component of the dissected joint / weight of the joint (kg). 
ns, *,**, ***, indicates the significance (non significant, p<0.05, p<0.01, p<0.001) of the predicted 
difference between breeds and top and bottom 10% of herds for that trait. 
 
As an example, the difference between the top and bottom breeds for P2 fat depth was 7.7 mm 
(Landrace vs. Pietrain), while the difference between the top 10% and the bottom 10% of herds 
was estimated to be 6.0 mm. The ratio of herd range to breed range is 0.78. When this ratio is 
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greater than one, the difference between herds within a breed is greater than the difference 
between the best and worst breed for that trait. 
There were some very large differences in this ratio for the carcass measurements and 
composition. Traits with high herd to breed ratio were bone, fat measurements (P2) and 
estimated lean content (ELEAN) compared to the low value for ham content (0.25). Ball et al., 
(1996), also found in the Canadian pig breeding stock that backfat depths, carcass index and 
lean content of primal cuts had a high herd to breed ratio. 
Taking into account the economic yield of the carcass, we have estimated that the extra profit 
between breeds is of about 15.2 € per pig (80 kg carcass weight) and the difference between the 
top versus bottom 10 % of breeding stock in Spain is about 9.6 € profit per pig market. 
For many of the carcass characteristics there was a high variation between herds. This means 
that when choosing breeding stock is often even more important to identify the best breeding 
stock within a breed, or the best lines within a genotype, than to identify the best breed overall.  
 
CONCLUSIONS 
The within breed differences allow producers to fit different breeds and lines to specific 
production and marketing niches, trying to optimise their carcass characteristics. Most of the 
carcass characteristics and distribution evidence a larger variation between herds within a 
breed. This means that when choosing breeding stocks it is important to select the optimal 
breed overall, but also to identify the best breeding stock within a breed (or the best lines 
within a genotype) in order to match specific production and marketing targets. This supports 
strongly the idea that the characteristics of individual breeding stocks should be continuously 
estimated over time in the breeding programs  
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