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ABSTRACT: A divergent selection experiment 
for intramuscular fat content (IMF) in Longissimus muscle 
(LM) was carried out during 5 generations in rabbits. Direct 
and correlated responses in body weight (BW), chilled 
carcass weight (CCW), reference carcass weight (RCW), 
scapular fat (SF), perirrenal fat (PF), color parameters (L*; 
a*, b* and ΔE) in carcass and LM, and LMpH were esti-
mated as differences between lines in the fifth generation. 
Direct response to selection was also estimated as the mean 
of the genetic values in each line and generation. High line 
showed a response of 0.12g of IMF/100g muscle and low 
line showed a response of −0.11g of IMF/100g muscle. 
Carcass quality may be affected by selection for IMF, pro-
ducing an increase in PF content. There is some evidence 
that selection for IMF can modify color of  both carcass and 
LM and also LMpH. 
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tion; Carcass quality; Meat quality 
 
 

Introduction 
 

Intramuscular fat content (IMF) plays an essential 
role in meat quality (Wood et al. (2008)). However, a corre-
lated deposition of fat in the carcass can deteriorate carcass 
quality. Few studies have been focused on increasing IMF 
by selection. Sapp et al. (2002) in cattle and Suzuki et al. 
(2005b) and Schwab et al. (2009) in pigs showed that ge-
netic improvement is feasible, but no experiments in rabbits 
have been performed hitherto. The aim of this study is to 
evaluate the selection response on intramuscular fat content 
of the Longissimus muscle in rabbits after 5 generations of 
selection, and to estimate the correlated response in carcass 
and meat quality traits. 
 

Materials and Methods 
 

Data. A total amount of 966 data from 5 genera-
tions of a divergent selection experiment for IMF of 
Longissimus muscle (LM) in rabbits were used in this 
study. Animals came from a synthetic rabbit line. The base 
population consisted of 13 males and 83 females. High (H) 
and low (L) lines had approximately 8 males and 40 fe-
males per generation. Selection was based on the phenotyp-
ic value of IMF measured in 2 full sibs of the candidate (a 
male and a female). Selection pressure on females was 
approximately 20% per generation on average. Males were 
chosen within families to avoid inbreeding. Animals were 
bred at the experimental farm of the Universitat Politècnica 
de València. Litters were homogeneized at birth up to 9 kits 
per litter. Rabbits were reared collectively from weaning to 

9 wk and were fed ad libitum with a commercial diet. Ani-
mals were evaluated after slaughter at 9 wk, and chilled for 
24h at 4ºC. Then, LM were excised, minced, freeze-dried 
and scanned with NIRS. The IMF of LM was expressed as 
a g/100g of muscle on a fresh basis. Body weight (BW), 
chilled carcass weight (CCW) and reference carcass weight 
(RCW) were recorded according to the norms of the World 
Rabbit Science Association (Blasco and Ouhayoun (1996)). 
Scapular (SF) and perirrenal fat (PF) were excised and 
weighted. The left leg was dissected to obtain the meat to 
bone ratio (M/B).  

 
Color parameters L*, a*, b* of the carcasses were 

measured on the surface of the fourth lumbar vertebra of the 
right side, and color of the meat was measured at the sev-
enth lumbar vertebra transversal section of the right LM. 
Muscle pH was measured 24 hours post mortem in the LM 
at the level of the fifth lumbar vertebra of the left side. 

 
All experimental procedures involving animals 

were approved by the Universitat Politècnica de València 
Research Ethics Committee, according to Council Direc-
tives 98/58/EC and 2010/63/EU. 

 
Statistical analysis. To estimate genetic trends of 

IMF, the following model was fitted: 
 

IMF!"#$% = 𝑆!   + 𝑌𝑆! + 𝑃𝑂!   + 𝑐!"#$ + 𝑎!"#$%   +   𝑒!"#$% 
 
Where 𝑆!  is the effect of sex (2 levels),  𝑌𝑆! is the 

year-season effect (11 levels), 𝑃𝑂!  is the parity order effect 
(3 levels), 𝑐!"#$   is the effect of common environment litter 
(484 levels), 𝑎!"#$%  is the genetic value of the animal and 
𝑒!"#$% is the residual of the model. Bayesian inference was 
used; 𝐈𝐌𝐅 was assumed to be conditionally distributed as 
follows: 

 
𝐈𝐌𝐅 𝒃, 𝒄,𝒂,𝜎!!   ~𝑁 𝑿𝒃 +𝑾𝒄 + 𝒁𝒂, 𝑰𝜎!!  

 
 Where 𝒃 is the vector including 𝑆,𝑌𝑆and 𝑃𝑂 ef-

fects;   𝒄  is the vector of common environment litter 
fects;  𝒂 is the vector of genetic effects; 𝜎!! is the residual 
variance;  𝑿,  𝑾 and 𝒁 are the known incidence matrices and 
𝑰 is an identity matrix. Common environment litter effects 
were assumed to be normally distributed as: 

 
𝒄  ~  𝑁 𝟎, 𝑰𝜎!!  

 



Where 𝜎!! is the common environment litter vari-
ance. Genetic effects were assumed to be normally distrib-
uted as follows:  

 
𝒂  ~  𝑁 𝟎,𝑨𝜎!!  

 
Where 𝑨 is the known genetic relationship matrix 

and 𝜎!! is the genetic variance. Bounded uniform priors 
were employed for all effects and variances. Differences 
between H and L lines in the last generation were analyzed 
with a model including the effects of line-generation, sex, 
parity order and common environment litter effect. Mar-
ginal posterior distributions were estimated using Gibbs 
sampling. Convergence was tested using Z criterion of 
Geweke and Monte Carlo sampling errors were computed 
using time-series procedures (Sorensen and Gianola 
(2002)). 

 
Results and Discussion 

 
Table 1 presents descriptive statistics of the traits. 

Coefficient of variation of Cb* is large because Cb* has 
negative and positive values, and its mean is near to zero.  

 
Table 1. Descriptive statistics of the traits. 

1IMF, intramuscular fat content of the Longissimus muscle (g/100g); 2BW, 
body weight (g); 3CCW, chilled carcass weight (g); 4RCW, reference 
carcass weight (g); 5SF, scapular fat content (g); 6PF, perirrenal fat content 
(g); 7M/B, meat to bone ratio of the hind leg; 8CL*, lightness of the carcass 
surface; 9Ca*, redness of the carcass surface; 10Cb*, yellowness of the 
carcass surface; 11LML*, lightness of the Longissimus muscle; 12LMa*, 
redness of the Longissimus muscle; 13LMb*, yellowness of the Longissi-
mus muscle; 14LMpH, pH of the Longissimus muscle. 

 
 
Direct response to selection was estimated as the 

mean of the genetic values in each line and generation (Fig-
ure 1). Response on IMF was successful and symmetrical. 
The estimated genetic means for IMF in the fifth generation 
were 0.12g/100g muscle in the H line (P=100%), and 
−0.11g/100g muscle in the L line (P=99%). Considering 

one third of the standard deviation (0.05g/100g muscle) as a 
relevant difference, the probability of finding a relevant 
difference between lines was P=100%. Heritability of IMF 
of LM was high (0.42) with a standard deviation of 0.11. To 
our knowledge, there are no published estimates of herita-
bility of IMF in rabbits. Estimates of heritabilities of similar 
traits in other species were moderate to high (Solanes et al. 
(2009), Sellier et al. (2010) and Ros-Freixedes et al. (2012) 
in pigs; Bertrand et al. (2001) in cattle). 

 

 
Figure 1: Means and standard deviations of marginal 
posterior distributions of the responses in each line and 
generation for intramuscular fat content (IMF) in the 
Longissimus muscle. H: high line. L: low line. 
 

 
Table 2 shows the responses to selection for IMF 

and correlated responses estimated as differences between 
lines in the fifth generation. The median of the difference 
between lines in the fifth generation was 0.30g/100g mus-
cle, which is coherent with the estimates of the genetic 
response in Figure 1. The difference between lines was at 
least 0.27g/100g muscle with a probability of 80% (see k80% 
in Table 2). The BW and carcass body weights showed a 
slightly negative correlated response with IMF (P=96%), 
although it represented a low percentage of the mean 
(3.7%). There are evidences that fat deposits have in-
creased, particularly PF. The difference between lines in PF 
was 2.61, representing a 30.8% of its mean. The probability 
of this difference being relevant (more than one third of the 
standard deviation of the trait) was high (P=92%). In pigs, 
there is a low positive genetic correlation between adipose 
tissues and IMF (Schwab et al. (2009), Solanes et al. (2009) 
and Suzuki et al. (2005a)). Selection for IMF can deterio-
rate carcass quality due to a correlated increase in adipose 
deposits. Nevertheless, total dissectible fat content in rabbit 
carcass is low, about 3% of the carcass (Pla et al. (1996)) at 
9 wk of age, and this correlated response does not suppose 
now a problem. There is some evidence that the meat bone 
ratio was higher in the L line (P=96%) but it is scarcely 
relevant.  
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Generation 

H 

L 

Trait Mean SD CVx100 Nºof animals 
IMF1 1.08 0.16 14.8 980 
BW2 1719 156 9.1 986 
CCW3 988 100 10.1 984 
RCW4 783 84 10.8 986 
SF5 4.03 1.22 30.3 980 
PF6 8.48 3.72 43.9 984 
M/B7 4.60 0.52 11.3 703 
CL*8 54.18 2.44 4.5 985 
Ca*9 3.21 0.86 26.8 986 
Cb*10 0.61 1.37 225 954 
LML*11 53.07 2.50 4.7 984 
LMa*12 3.76 1.01 26.9 984 
LMb*13 1.14 0.76 66.6 985 
LMpH14 5.58 0.10 1.8 981 



Table 2. Responses to selection of IMF and correlated 
responses estimated as differences between lines in the 
fifth generation.	  
Trait D1 P2 HPD95%

3 k80%
4 

IMF5 0.30 1.00 [0.24, 0.37] 0.27 
BW6 -64.3 0.96 [-139.8, 8.5] -31 
CCW7 -15.5 0.74 [-60.7, 30.9] 

 RCW8 -10.9 0.70 [-50.7, 27.6] 
 SF9 0.31 0.88 [-0.21, 0.82] 0.09 

PF10 2.61 1.00 [0.95, 4.29] 1.89 
M/B11 -0.26 0.96 [-0.54, 0.05] -0.13 
CL*12 -1.18 0.98 [-2.27, -0.05] -0.70 
Ca*13 0.10 0.72 [-0.27, 0.45] 

 Cb*14 -0.27 0.81 [-0.88, 0.34] -0.01 
CΔE15 1.27 1.00 [2.39, 0.17] 0.83 
LML*16 -1.22 0.99 [-2.33, -0.09] -0.74 
LMa*17 0.33 0.95 [-0.05, 0.74] 0.16 
LMb*18 0.00 0.51 [-0.33, 0.31] 

 LMΔE 19 1.28 1.00 [2.36, 0.25] 0.84 
LMpH20 0.05 0.99 [0.00, 0.09] 0.03 
1D, median of the marginal posterior distribution of the difference between 
the high and the low lines; 2P, probability of D being greater than zero 
when D>0 and probability of D being lower than zero when D<0; 3HPD95% 

highest posterior density region at 95% of probability; 4k80%, limit of the 
interval [k, +∞) when D>0 and (-∞, k] when D<0 at 80% of probability; 
5IMF, intramuscular fat content of the Longissimus muscle (g/100g); 6BW, 
body weight (g); 7CCW, chilled carcass weight (g); 8RCW, reference 
carcass weight (g); 9SF, scapular fat content (g); 10PF, perirrenal fat content 
(g); 11M/B, meat to bone ratio of the hind leg; 12CL*, lightness of the 
carcass surface; 13Ca*, redness of the carcass surface; 14Cb*, yellowness of 
the carcass surface; 15CΔE, color distance of carcass surface; 16LML*, 
lightness of the Longissimus muscle; 17LMa*, redness of the Longissimus 
muscle; 18LMb*, yellowness of the Longissimus muscle; 19LMΔE, color 
distance of Longissimus muscle; 20LMpH, pH of the Longissimus muscle. 

 
 
Rabbit meat is usually commercialized as a whole 

and to a less extent as a retail cuts, and appearance and 
color are important for consumers. Low line showed greater 
values for CL* (P=98%) and Cb* (P=80%). However Ca* 
showed only a low evidence of being higher in the high line 
(P=72%). Color parameters of the muscle presented similar 
results for lightness, and LMb* did not present differences 
between lines whereas LMa* was higher in the H line 
(P=98%). Differences in color distance ΔE (Fairchild 
(2013)) higher than 1 are considered the minimum that the 
human eye can detect. Some differences in ΔE were found 
in our experiment, in carcass (P=100%) and meat 
(P=100%); with some evidence about this difference being 
higher than 1 in the carcass (P=69%) and meat (P =70%). 
In pigs, low genetic correlations between L* and IMF were 
found (Gjerlaug-Enger et al. (2010), and Schwab et al. 
(2010)). 

 
 

The LMpH was greater in H line (P=99%), with a 
difference between lines of 0.05. This difference was at 
least 0.03 with a probability of 80%. Schwab et al. (2009) 
found no effect of selection for IMF on Longissimus muscle 
pH, in pigs. 

 
Conclusion 

 
A successful experiment of divergent selection by 

IMF was carried out. In the fifth generation, the difference 
between lines was 0.23g/100g muscle. Carcass quality may 
be affected by selection for IMF, producing an increase in 
dissectible fat content. There is some evidence that selec-
tion for IMF also can lead to some modifications in carcass 
and meat color and LMpH. 
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