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ABSTRACT: There is an increasing interest in including 
intramuscular fat (IMF) and oleic acid (C18:1) content in 
the selection objectives of pig lines for quality pork mar-
kets. Knowing the correlation structure of IMF and C18:1 
across muscles and with subcutaneous fat (SF) is necessary 
for developing adequate recording schemes. We present 
here the genetic correlations of IMF and C18:1 among three 
muscles (GM: gluteus medius; LD: longissimus dorsi; SM: 
semimembranosus) and with C18:1 in SF. All genetic corre-
lations were positive but variable, ranging from 0.13 for 
IMF (0.30 for C18:1), between LD and SM, to 0.68 (0.62), 
between GM and LD. In general, genetic correlations be-
tween C18:1 in muscle and SF were lower, ranging from 
0.02, for SM, to 0.52, for LD. Results indicate that GM and 
LD may be mutually interchanged as selection criteria but 
not SM or SF. 
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Introduction 
 

Intramuscular fat content (IMF) and composition, 
particularly oleic acid content (C18:1), affect both the or-
ganoleptic and the nutritional properties of pork and deriva-
tives. Therefore, there is an increasing interest in including 
them in the selection objectives of pig lines for quality 
markets. Because these traits are difficult and costly to 
measure, their genetic evaluation is based on records taken 
on a single muscle or from the subcutaneous fat (SF). How-
ever, it is known that the pattern of IMF and fatty acid 
deposition may differ across tissues, muscles, and even 
across locations within tissue (Sharma et al., 1987; Franco 
et al., 2006; Duran-Montgé et al., 2008; Sellier et al., 2010; 
Yang et al., 2010). There is then a need to know the correla-
tion structure of IMF and C18:1 across valuable muscles 
and with SF to develop adequate recording and genetic 
evaluation schemes. The objective of this study is to esti-
mate the genetic correlation of IMF and C18:1 across three 
economically relevant muscles and with SF in order to 
assess whether selection is effective in muscles or tissues 
other than the recorded. 

 
Materials and Methods 

 
Animals and data. Data from a purebred Duroc line (Ros-
Freixedes et al., 2012) were used for the analyses. The data 
set used for the estimation of genetic parameters consisted 
of 111,305 pigs, from which 102,915 had at least one rec-
orded trait. Pigs with records were born from 1996 to 2011. 

Backfat thickness at 180 days of age (BT) was ultrasonical-
ly measured at 5 cm off the midline at the position of the 
last rib (n=98,398; mean: 15.58 mm, SD 3.46). Since 2002, 
1,204 purebred barrows used for producing dry-cured ham 
were taken for recording IMF and C18:1. These barrows 
were raised in 15 batches until slaughter in a commercial 
abattoir at around 210 days of age (~125 kg of body 
weight). From 160 days onward, barrows were fed a com-
mercial pelleted finishing diet. Immediately after slaughter, 
samples of SF (n=333) at the level of the third and fourth 
ribs and of muscle semimembranosus (SM, n=198) were 
collected. After chilling for about 24 h at 2ºC, a sample of 
the muscle gluteus medius (GM, n=1,204) and a sample of 
the muscle longissimus dorsi at the same location as the SF 
sample (LD, n=318) were also collected. The IMF content 
and fatty acid composition of each sample were determined 
in duplicate by quantitative determination of the individual 
fatty acids by gas chromatography (Bosch et al., 2009). The 
IMF content was calculated as the sum of each individual 
fatty acid expressed as triglyceride equivalents, and ex-
pressed as percentage of fresh matter. The C18:1 content 
was calculated as the percentage of C18:1 relative to total 
fatty acids in IMF. Means and standard deviations by tissue 
are shown in Table 1.  
 
Table 1. Mean and standard deviations (SD) of intra-
muscular fat (IMF) and oleic acid (C18:1) content by 
tissue. 
 IMF, % fresh matter  C18:1, % fatty acids 
Tissue1 mean SD  mean SD 
GM 4.85 1.90  44.91 2.87 
LD 3.48 1.20  45.75 2.67 
SM 2.71 1.66  44.27 4.95 
SF - -  44.10 3.74 
1GM: gluteus medius, LD: longissimus dorsi, SM: semimembranosus, SF: 
subcutanoeus fat. 

 
 
Estimation of genetic parameters. Genetic pa-

rameters for IMF and C18:1 in GM, LD, SM, and SF were 
estimated fitting 4-trait multivariate models, where body 
weight and BT at 180 days were the two first traits and IMF 
or C18:1 in two different tissues the other two. In matrix 
notation, the model was: 

 
yi = Xibi + Ziai + Wici + ei, 

 
where yi is the vector of observations for trait i; bi, ai, ci, 
and ei are the vectors of systematic, additive genetic, litter, 



and residual effects, respectively; and Xi, Zi, and Wi the 
known incidence matrices that relate bi, ai, and ci with yi, 
respectively. Systematic effects for body weight and BT 
were the batch (1,226 levels), gender (3 levels; males, fe-
males, and castrates), and age at measurement as a covari-
ate. The model for IMF and C18:1 only included the batch 
(15 levels) and age at measurement. Because there were 
only 1.8 piglets/litter with records for IMF and C18:1, the 
litter was dropped from the model for these two traits. Ge-
netic correlations between IMF and C18:1 in two tissues 
were estimated fitting 6-trait (or 5-trait) multivariate mod-
els, including body weight, BT, and IMF and C18:1 in the 
two tissues (only IMF of one muscle if SF was one of the 
tissues). The genetic parameters were estimated in a Bayes-
ian framework using Gibbs sampling with the TM software 
(Legarra et al., 2008). The traits were assumed to be condi-
tionally normally distributed. Flat priors were used for bi 
and residual (co)variance components. Additive genetic and 
litter values, conditionally on the associated (co)variance 
components, were both assumed multivariate normally 
distributed. The relationship matrix was calculated using all 
the pedigree information. Flat priors were also used for 
additive and litter (co)variance components. Further details 
on both the model and the analysis can be found in Ros-
Freixedes et al. (2012). Means and highest posterior density 
intervals at 95% of probability (HPD95) of the estimates 
were derived from the samples of the marginal posterior 
distribution using a unique chain of 1,000,000 iterations, 
where the first 500,000 were discarded and one sample out 
of 100 iterations retained. Convergence was tested using the 
Z-criterion of Geweke and visual inspection of convergence 
plots. 

 
Results 

 
The posterior mean and HPD95 of the heritability 

of IMF in GM, LD, and SM, as well as of the genetic corre-
lations among them and with BT, are shown in Table 2. The 
corresponding posterior mean and HPD95 for C18:1 in 
GM, LD, SM, and SF are given in Table 3. The heritability 
of IMF in the three muscles was high, particularly for LD. 
Although they had wide HPD95 (due to the low number of 
pigs with data on IMF and C18:1), all of them showed 95% 
probability of being greater than ~0.35. The heritability of 
C18:1 in the three muscles was of similar magnitude than in 
IMF and slightly higher than in SF. 

 
Table 2. Genetic parameters1 for intramuscular fat 
content (IMF) among muscles and with backfat thick-
ness (BT). 

 IMF  
   Trait2 GM LD SM BT 
   IMF     
       GM 0.51 0.68 0.16 0.42 
 (0.38, 0.67) (0.48, 0.87) (-0.25, 0.56) (0.24, 0.59) 
       LD 0.47 0.68 0.13 0.40 
 (0.38, 0.56) (0.53, 0.83) (-0.15, 0.42) (0.14, 0.66) 
       SM 0.15 0.21 0.54 -0.09 

 (-0.04, 0.33) (0.02, 0.39) (0.34, 0.72) (-0.53, 0.30) 
   BT 0.29 0.32 0.04 0.48 
 (0.24, 0.34) (0.23, 0.42) (-0.12, 0.22) (0.46, 0.50) 

1Heritabilities (diagonal, in bold), genetic correlations (above diagonal), 
and phenotypic correlations (below diagonal). Mean of the posterior 
density in the first row and highest posterior density interval at 95% of 
probability (HPD95) in the second row. 

2See abbreviations in Table 1. 
 

Table 3. Genetic parameters1 for oleic acid content 
(C18:1) among muscles and subcutaneous fat. 

 C18:1 
   Tissue2 GM LD SM SF 
   GM 0.45 0.62 0.40 0.29 
 (0.32, 0.57) (0.41, 0.80) (0.14, 0.65) (-0.06, 0.72) 
   LD 0.54 0.60 0.30 0.52 
 (0.46, 0.62) (0.44, 0.80) (-0.08, 0.68) (0.24, 0.78) 
   SM 0.24 0.30 0.59 0.02 
 (0.12, 0.37) (0.13, 0.45) (0.42, 0.77) (-0.47, 0.60) 
   SF 0.34 0.47 0.09 0.37 
 (0.23, 0.45) (0.31, 0.61) (-0.16, 0.39) (0.21, 0.54) 

1See footnote in Table 2. 
2See abbreviations in Table 1. 

 
 
The genetic correlation between IMF in GM and 

IMF in LD was high (0.68), but it decreased to ~0.15 for 
that between them and SM. For these latter, the HPD95 
included null and negative values, indicating that IMF in 
SM can be considered an independent trait with respect to 
IMF in GM or in LD. Similarly, BT was positively correlat-
ed to IMF in GM and in LD (~0.40), but uncorrelated to 
IMF in SM. The phenotypic correlations showed the same 
trends, but lower in magnitude than the genetic correlations. 
For C18:1, the highest genetic correlation was also found 
between GM and LD (0.62). The genetic correlations of 
C18:1 in GM and LD with SM were similar (0.40 and 0.30, 
respectively), but the genetic correlation of C18:1 in LD 
with SF was higher (0.52) than that of C18:1 in GM with 
SF (0.29). No evidence of genetic correlation between 
C18:1 in SM and SF was found. 

 
Table 4. Genetic correlations1 of intramuscular fat con-
tent with oleic acid content among muscles2 and in sub-
cutaneous fat2. 

 C18:1 
   IMF GM LD SM SF 
   GM 0.46 0.24 0.29 -0.03 
 (0.26, 0.64) (-0.04, 0.50) (-0.02, 0.59) (-0.39, 0.32) 
   LD 0.51 0.49 0.37 0.09 
 (0.30, 0.71) (0.30, 0.66) (0.19, 0.55) (-0.29, 0.41) 
   SM 0.15 0.14 0.74 0.06 
 (-0.14, 0.44) (-0.14, 0.46) (0.59, 0.86) (-0.29, 0.42) 

1Mean of the posterior density in the first row and highest posterior density 
interval at 95% of probability (HPD95) in the second row. 

2See abbreviations in Table 1. 
 
 
The posterior mean and HPD95 of the genetic cor-

relations of C18:1 in GM, LD, SM, and SF with the IMF 



content in the three muscles are given in Table 4. The IMF 
content of GM and LD were moderately correlated with the 
C18:1 content of the same muscles (0.46-0.51), except for 
IMF in GM with C18:1 in LD (0.24). The C18:1 and IMF 
content in SM were highly correlated (0.74). C18:1 in SF 
and IMF in any of the three muscles were uncorrelated. 

 
Discussion 

 
In general, the estimates of the heritability of IMF 

and C18:1 obtained here were slightly higher than those 
already reported (Suzuki et al., 2006; Casellas et al., 2010; 
Sellier et al., 2010). Among the muscles, GM and LD 
showed high correlations, both for IMF and C18:1, but the 
same correlations between them and SM were much lower, 
particularly for IMF. An explanation for this result is that 
SM is subjected to greater sampling errors. To avoid depre-
ciation of the ham, SM was sampled by cutting a small slice 
from the exposed surface of the carcass at the slaughter-
house. In contrast, big samples of GM and LD were ob-
tained from the ham and the loin retail cuts, respectively. 
As a result, they are likely more representative of the whole 
muscle than the small slices of SM. Because fatty acid 
composition is expected to be less sensitive to muscle sam-
ple size variations, this sampling effect should have a great-
er influence on IMF than on C18:1. This may explain also 
why SM behaved even more differently for IMF than for 
C18:1. This result would confirm that muscle sampling is a 
critical factor in the interpretation of the correlations across 
muscles (Bosch et al., 2009). 

 
The genetic correlation of C18:1 between muscles 

(GM and LD) was higher than that between them and SF. 
However, for LD, this correlation was higher than those 
involving GM and SM. This can be attributed to the fact 
that LD and SF were collected at the same anatomical posi-
tion, suggesting that SF composition correlates better to 
IMF composition of adjacent muscles than to that of more 
distantly located muscles. Moreover, it is known that fatty 
acid composition differs between SF layers. In this study 
we did not analyze each layer separately. Although this may 
introduce a new source of sampling error, it is what is likely 
to occur in practice. The correlation structure of  BT and SF 
has practical implications. On one hand, it indicates that 
there is room for improving IMF content independently 
from overall fatness (BT), but, on the other hand, that 
measuring C18:1 in SF can be a good criterion for C18:1 in 
loin but not in ham. In fact, IMF in LD provides the best 
correlation structure amongst the muscles for predicting 
C18:1 across them. However, because of sampling simplici-
ty, GM can be a useful alternative for selecting for IMF and 
C18:1 in both loin and ham. 

 
Results in the literature regarding the correlation 

of IMF and fatty acid composition among tissues are scarce 
but in line with those reported here. Rauw et al. (2012) 
found that the phenotypic correlations between GM and LD 
were 0.69 and 0.35, for IMF and C18:1, respectively. While 

Yang et al. (2010), in a White Duroc × Erhulian cross, 
obtained a phenotypic correlation between C18:1 in LD and 
SF similar to ours (0.45), Cameron and Enser (1991), in 
Duroc and Landrace, reported much lower values (0.19). In 
Duroc, Suzuki et al. (2006) obtained, for C18:1, and be-
tween the longissimus thoracis muscle and SF, a genetic 
correlation of ~0.70, with the phenotypic correlation being 
~0.35. Although part of the discrepancies among estimates 
may be explained by the relatively high standard errors, 
there is enough evidence that the pattern of fat deposition 
can differ widely across muscles and fat tissues. Low corre-
lations between muscles have also been found for other 
meat quality traits. Huff-Lonergan et al. (2002), in Large 
White, reported phenotypic correlations of 0.47 and 0.30 
between LD and SM for pH and color (Hunter L) at 24 h 
post-mortem, respectively. Even though Gjerlaug-Enger et 
al. (2010) found high genetic correlations (~0.8) between 
ultimate pH in GM and LD, both in Landrace and Duroc, 
the genetic correlations that they found between these two 
muscles and the gluteus profundus did not exceed 0.55. 

 
Conclusion 

 
The genetic correlation of IMF and C18:1 among 

muscles is positive but variable in magnitude. The genetic 
correlation between GM and LD, for both IMF and C18:1, 
is greater than that between them and SM or SF. Results 
indicate that LD or GM can be used indistinctly as the ref-
erence muscle on which to base selection decisions for IMF 
and C18:1. In contrast, C18:1 in SF is of limited value for 
C18:1 in muscle. The estimates obtained here confirm that 
it is important to know the correlation structure of IMF 
content and composition across fat tissues and muscles for 
developing adequate genetic evaluation schemes. 
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