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INTRODUCTION

The importance of intramuscular fat (IMF) con-
tent on meat quality is well established (Warriss, 2000; 

Wood et al., 2008). The selection experiments devel-
oped in pigs (Suzuki et al., 2005a; Schwab et al., 2009) 
and cattle (Sapp et al., 2002) to increase IMF content 
showed that this trait responds to selection. A compan-
ion paper has reported that IMF can also be enhanced 
through selection in rabbits (Zomeño et al., 2013). 
However, there is little information about correlated 
responses on carcass and meat quality traits in pigs and 
cattle, and no information is available about rabbits.

Selection for IMF content may have consequences 
on other traits that should be considered. Intramuscu-
lar fat content is unfavorably genetically correlated to 
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ABSTRACT: Correlated responses on carcass and 
meat quality characteristics after 3 generations of diver-
gent selection for intramuscular fat (IMF) content were 
assessed by comparing the high and low lines. Selection 
was based on the phenotypic value of IMF content of 
LM, measured in 2 full sibs of the first parity. Traits 
measured were: BW, HCW, commercial carcass weight 
(CCW), reference carcass weight (RCW), scapular (SF) 
and perirenal fat (PF) content, meat-to-bone ratio (M:B) 
of the hind leg, pH of LM, color (lightness, L*; red-
ness, a*; and yellowness, b*) of the carcass and of a LM 
section, protein content, and fatty acid (FA) composi-
tion of LM. A total of 174 records was used to estimate 
the correlated selection response. Data were analyzed 
using Bayesian methodology. We considered one-third 
of the phenotypic SD of a trait as a relevant value for 
the difference between lines. Then, the probability of 
the difference being greater than a relevant value (PR) 
was calculated. A low PR implies that the lines com-
pared are similar. Carcass weights (PR between 0.24 
and 0.31) and M:B of the hind leg (PR = 0.15) were 
not modified by selection for IMF content. There was 

a slight negative correlated response for BW, although 
evidence of its relevance was low (PR = 0.48). Scapular 
fat content was similar between lines (PR = 0.03). There 
were differences for PF content, although there was low 
evidence for showing its relevance (PR = 0.47). Color 
traits of the carcass were not affected by selection (PR 
between 0.04 and 0.30). In muscle, L* was also similar 
between lines (PR = 0.26). There were differences for 
a* and b*, although there was little evidence of their 
relevance (PR = 0.35 and 0.40, respectively). There was 
a positive correlated response on muscle pH and differ-
ences could be relevant (PR = 0.77). Protein content of 
LM was similar between lines (PR = 0.13), whereas FA 
composition was affected by selection. There were rel-
evant differences between lines for MUFA (PR = 0.99), 
n-3 (PR = 0.95), and n-6 (PR = 0.98) percentages. For 
individual FA, differences were relevant for C18:1n-9 
(PR = 0.97) and C20:5 n-3 (PR = 0.98). In conclusion, 
selection for IMF content may modify carcass qual-
ity by increasing PF content. Moreover, it led to some 
modifications in pH and FA composition of LM.
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carcass fatness, as well as to carcass leanness (reviewed 
by Sellier, 1998), although these correlations showed 
a wide range of variation across studies. Estimates of 
genetic correlations between IMF and some meat qual-
ity traits have been reported (Suzuki et al., 2005b; Gjer-
laug-Enger et al., 2010; Schwab et al., 2010). In rabbits, 
the number of publications reporting genetic parameters 
of meat quality traits is scarce (reviewed by Hernández 
and Gondret, 2006) and the genetic association between 
IMF and carcass and meat quality characteristics has not 
been investigated yet. Genetic correlations involving 
meat quality traits have high SE due to the difficulty of 
having a large amount of data to estimate them. The esti-
mation of correlated responses is a more precise method 
to examine the consequences of selection for IMF on 
other traits.

The aim of this study was to assess the correlated re-
sponses on carcass and meat quality characteristics after 
3 generations of divergent selection for IMF in rabbits.

MATERIALS AND METHODS

All management and experimental procedures in-
volving animals were approved by the Research Ethics 
Committee of the Universitat Politècnica de València.

Animals and Experimental Design

Data from the third generation of a divergent selec-
tion experiment for IMF content of LM were used in 
this study. Animals were from a synthetic line, formerly 
selected for ovulation rate for 10 generations (Laborda 
et al., 2011). The base population consisted of 13 males 
and 83 females, obtained after selection for ovulation 
rate was relaxed for 2 generations. High, selected for in-
creased IMF, and low, selected for reduced IMF, lines 
had ~8 males and 40 females per generation. Selection 
was performed on rabbits from the second parity based 
on the phenotypic value of IMF content measured most-
ly in 2 full sibs of the first parity. Some IMF measure-
ments were made on the second or third parity. Selection 
pressure on females was on average 13% for the first 
generation and 26% for the second and third generations. 
Males were selected within sire families to reduce in-
breeding. A total of 174 rabbits was used to estimate the 
correlated response on carcass and meat quality charac-
teristics. 

Animals were housed at the experimental farm of 
the Universitat Politècnica de València. Litters were ho-
mogenized by performing adoptions at birth, with 9 rab-
bits per litter. From weaning to 9 wk of age, rabbits were 
reared collectively and fed ad libitum, with a commer-
cial diet formulated for growing rabbits with an average 
composition of 15.7% CP, 16.4% crude fiber, and 3.0% 

fat. High and low lines were contemporarily raised. Feed 
intake was measured collectively during the growing pe-
riod. Two rabbits (a male and a female) of the first parity 
of each doe were slaughtered at 9 wk of age.

Carcass Quality Characteristics

Before slaughter, BW of rabbits were recorded. 
After slaughter, hot carcasses were weighed and were 
chilled for 24 h at 4°C. The weight of the chilled car-
casses was recorded (CCW). These carcasses contained 
the head, liver, lungs, thymus, esophagus, heart, and kid-
neys, which were removed to obtain the reference car-
cass. The weight of the reference carcasses (RCW) was 
measured, containing only meat, fat, and bone. Scapular 
(SF) and perirenal fat (PF) were excised from the car-
cass and weighed. From the hind part of the carcass, the 
left leg was dissected to separate bone from edible meat 
and then the meat-to-bone ratio (M:B) was calculated. 
Carcass color (lightness, L*; redness, a*; and yellow-
ness, b*) was measured on the surface of the fourth lum-
bar vertebra of the right side, using a CR300 Minolta 
Chroma Meter (Minolta Camera, Osaka, Japan).

Meat Quality Characteristics

The muscle pH was measured at 24 h postmortem in 
the LM muscle at the level of the fifth lumbar vertebra 
of the left side and recorded with a Crison pH-meter Ba-
sic 20+ (Crison Instruments, Barcelona, Spain). The LM 
were excised from the carcass. Meat color was measured 
at the seventh lumbar vertebra transversal section of the 
right LM muscle. The variables L*, a*, and b* were re-
corded, as previously indicated. Meat obtained from LM 
was ground, freeze dried, and scanned with near infra-
red reflectance spectroscopy (NIRS; model 5000, FOSS 
NIRSystems Inc., Hillerod, Denmark). Protein content 
and fatty acid (FA) composition of LM was determined 
applying calibration equations previously developed 
(Zomeño et al., 2012). Protein content was expressed as 
g/100 g of muscle on a fresh basis and FA composition 
as a percentage of total FA.

Statistical Analyses

Correlated responses on carcass and meat quality 
traits were estimated by comparing the high and low 
lines at the third generation of selection. Differences be-
tween lines for each trait were estimated by fitting the 
following univariate model:

yijkl = LGi + Sj + POk + pikl + eijkl
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where yijkl is a phenotypic measure for a trait, LGi is the 
effect of line generation (7 levels: base population, H 
line-first generation, L line-first generation, H line-sec-
ond generation, L line-second generation, H line-third 
generation, and L line-third generation), Sj is the effect 
of gender (2 levels), POk is the effect of parity order (3 
levels), pikl is the effect of common litter (334 levels), 
and eijkl is the residual of the model.

Bayesian inference was used. Each trait was as-
sumed to be conditionally distributed as follows:

y | b, p, σ2
e ~ N (Xb + Wp, Iσ2

e),

where b is the vector including LG, S, and PO effects; p 
is the vector of common litter effects, including genetic 
and environmental effects of the litter; X and W are the 
known incidence matrices; σ2

e is the residual variance, 
and I is an identity matrix of appropriate order. Bounded 
uniform priors were used to represent vague previous 
knowledge of b. Prior knowledge concerning common 
litter effects was represented by assuming that they were 
normally distributed, conditionally on the associated 
variance component, as follows:

p | σ2
p ~ N (0, Iσ2

p),

where σ2p is the common litter variance and I is an iden-
tity matrix of the same order as the number of levels 
of common litter effects. Bounded uniform priors were 
used for residual and common litter variances.

Marginal posterior distributions for all unknowns 
were estimated using Gibbs sampling. The program 
Rabbit developed by Institute for Animal Science and 
Technology (Valencia, Spain) was used for all proce-
dures. Chains of 60,000 samples with a burn-in period 
of 10,000 were used. One sample of each 10 was saved 
to avoid high correlations between consecutive sam-
ples. Convergence was tested using the Z-criterion of 
Geweke. Details of the procedure can be found in Blasco 
(2001). These parameters were obtained from the mar-
ginal posterior distributions of the differences between 
lines: median of the marginal posterior distribution of 
the difference (DH-L); probability of lines being differ-
ent (probability of the difference between high and low 
lines being >0 when this difference is >0, or probability 
of the difference being <0 when this difference is <0; 
P); greatest posterior density region at 95% (HPD95%); 
guaranteed value of a difference (k) with a probability 
of 80% (limit of interval [k, +∞) when the difference 
is >0 or limit of interval (–∞, k] when the difference 
is <0) and probability of relevance (probability of the 
difference being greater than a relevant value; PR). The 
use of Bayesian inference in meat quality analyses was 
proposed by Blasco (2005). A relevant value (R) is a 

minimum amount having biological or economic signif-
icance, and it is the difference to be detected in experi-
mental designs. For most productive traits, the economic 
importance of a difference is relevant when it ranges be-
tween one-half and one-third of SD of the trait. Thus, we 
considered one-third of the phenotypic SD of each trait 
as a relevant value for the differences between lines. The 
SD was calculated using all data of the selection experi-
ment (668 rabbits). The k values are displayed in tables 
only when DH-L and k value have the same sign.

RESULTS

Descriptive statistics of BW and carcass composition 
are presented in Table 1. Table 2 shows descriptive sta-
tistics for carcass and meat quality measurements, and 
Tables 3 and 4 for protein content and FA composition.

For all the traits analyzed, Monte Carlo SE were 
very small. Therefore, they are not displayed in the 
tables. The Geweke test did not detect lack of conver-
gence in any case.

Correlated Response on Body Weight and  
Carcass Measurements

Features of the marginal posterior distributions of 
the differences between high and low lines for BW and 
carcass composition in the third generation of selection 
are shown in Table 5. Body weights and carcass weights 
were greater in the low line than in the high line (P be-
tween 0.83 and 0.96). However, the estimated differ-
ences represent a low percentage of the mean (2.95% for 
BW, 2.14% for HCW, 1.85% for CCW, and 2.06% for 
RCW) and guaranteed values of differences with a prob-
ability of 80% were very small. In some cases, we are 
also interested in knowing which will be the minimum 
difference between lines with a determined probability. 
When using estimates of the difference in this discussion, 
we only guarantee a minimum value with a probability 
of 50%. Thus, a minimum value with a probability of 
80% improves the discussion. Notice that although 0 

Table 1. Descriptive statistics of BW (g) and carcass 
composition (g) of rabbits
Trait1 Mean SD CV × 100 No. animals
BW 1,651 138 8.4 174
HCW 983 83 8.4 174
CCW 943 82 8.7 174
RCW 748 68 9.1 174
SF 3.33 0.83 25.0 173
PF 6.66 2.18 32.7 174

1CCW = chilled carcass weight; RCW = reference carcass weight; SF = 
scapular fat content; PF = perirenal fat content.
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was included in some HPD95%, P was >0.95. This is be-
cause the right tail of the distribution is considered in P 
but not in HPD95%; see Blasco (2005). In this study, we 
have considered one-third of the phenotypic SD of a trait 
as a relevant difference between lines. The probability 
of the difference being greater than R was intermediate 
for BW (PR = 0.48), indicating little evidence for show-
ing whether differences were relevant or not. For carcass 
weights, differences were not relevant, as indicated by 
the low PR (between 0.24 and 0.31). For SF content, dif-
ferences between lines were irrelevant (PR = 0.03; Table 
5). However, for PF content, the high line had a greater 
value than the low line (P = 0.95), with the difference 
being 1.06 g. This represents a correlated response of 
15.9% of its mean. This difference was at least 0.53 g, 
with a probability of 80%. Considering 1.10 g as a rele-
vant value, there was low evidence for showing whether 
differences were relevant or not (PR = 0.47).

Correlated Response on Carcass and Meat  
Quality Characteristics

Table 6 shows features of estimated marginal pos-
terior distributions of the differences between high and 
low lines for carcass and meat quality characteristics. 
The M:B ratio of the hind leg was not affected by the 
selection process (PR = 0.15). Line low showed greater 
values for L* (P = 0.87) and b* (P = 0.96) of the car-
cass. However, differences were not relevant (PR = 0.28 

Table 2. Descriptive statistics of carcass and meat qual-
ity measurements of rabbits
Trait1 Mean SD CV × 100 No. animals
M:B 4.30 0.55 12.8 114
C L* 55.2 2.4 4.3 173
C a* 3.43 0.92 26.7 174
C b* –0.66 1.88 –285 167
LM pH 5.59 0.10 1.7 174
LM L* 53.4 2.6 4.8 173
LM a* 3.96 1.11 28.0 174
LM b* 0.91 0.83 91.4 173

1M:B = meat-to-bone ratio of the hind leg; C L* = lightness of the carcass 
surface; C a* = redness of the carcass surface; C b* = yellowness of the 
carcass surface; LM pH = pH of LM; LM L* = lightness of LM; LM a* = 
redness of LM.; LM b* = yellowness of LM.

Table 3. Descriptive statistics of protein content (g/100g 
muscle) and fatty acid composition (percentage of total 
fatty acids) of LM
Trait1 Mean SD CV × 100 No. animals
Protein 21.7 0.4 2.0 174
SFA 35.7 2.1 6.0 174
MUFA 23.7 2.2 9.1 174
PUFA 39.8 3.6 9.1 174
n-3 7.07 0.86 12.2 174
n-6 33.4 2.4 7.1 174
n-6/n-3 4.64 0.39 8.4 170
PUFA/SFA 1.16 0.06 5.6 174

1SFA = C14:0 + C15:0 + C16:0 + C17:0 + C18:0; MUFA = C16:1 + 
C18:1n-9 + C18:1n-7; PUFA = C18:2n-6 + C18:3n-3 + C20:2n-6 + C20:3n-6 
+ C20:4n-6 + C20:5n-3 + C22:4n-6 + C22:5n-3 + C22:6n-3; n-3 = C18:3n-3 
+ C20:5n-3 + C22:5n-3 + C22:6n-3; n-6 = C18:2n-6 + C20:2n-6 + C20:3n-6 
+ C20:4n-6 + C22:4n-6.

Table 4. Descriptive statistics of individual fatty acid 
composition (percentage of total fatty acids) of LM of 
rabbits
Trait Mean SD CV × 100 No. animals
C14:0 1.36 0.32 23.8 174
C15:0 0.48 0.02 4.2 174
C16:0 21.7 1.5 7.1 174
C16:1 0.89 0.55 62.1 150
C17:0 0.70 0.04 5.7 174
C18:0 8.79 0.63 7.2 174
C18:1 n-7 1.67 0.12 7.0 173
C18:1 n-9 20.0 1.7 8.6 174
C18:2 n-6 21.5 1.8 8.6 174
C18:3 n-3 1.25 0.30 24.0 172
C20:2 n-6 0.32 0.04 11.1 169
C20:3 n-6 0.62 0.08 13.7 168
C20:4 n-6 6.48 1.00 15.5 169
C20:5 n-3 1.89 0.36 18.9 171
C22:4 n-6 2.37 0.37 15.8 174
C22:5 n-3 0.98 0.19 19.3 169
C22:6 n-3 3.34 0.70 21.0 167

Table 5. Features of estimated marginal posterior dis-
tributions of differences between high and low lines for 
BW (g) and carcass composition (g)

Trait DH-L
1 P2 HPD95%

3 k80%
4 R5 PR

6

BW –48.8 0.96 –109 4.45 –25.8 –50 0.48
HCW –21.0 0.88 –56.1 14.8 –6.06 –30 0.31
CCW7 –17.4 0.83 –54.9 16.2 –2.17 –30 0.24
RCW7 –15.4 0.85 –44.0 14.9 –3.20 –25 0.27
SF7 –0.05 0.60 –0.39 0.36 – –0.40 0.03
PF7 1.06 0.95 –0.11 2.34 0.53 1.10 0.47

1DH-L = median of the marginal posterior distribution of difference.
2P = probability of the difference being >0 when DH-L >0 and probability 

of the difference being <0 when DH-L <0.
3HPD95% = greatest posterior density region at 95% of probability.
4k80% = limit of the interval [k, +∞) when DH-L >0 and (-∞, k] when DH-L 

<0 at 80% of probability. It is displayed in the table only when DH-L and k80% 
have the same sign.

5R = relevant value defined as one-third of SD of the trait.
6PR = probability of relevance (probability of the difference being greater 

than R).
7CCW = chilled carcass weight; RCW = reference carcass weight; SF = 

scapular fat content; PF = perirenal fat content.
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and 0.30, respectively). Differences for a* of the carcass 
were also irrelevant (PR = 0.04). Muscle pH was higher 
in the high line than in the low line (P = 0.99), with a 
difference between lines of 0.04. This difference was at 
least 0.03, with a probability of 80%. The PR was mod-
erately high for this trait (0.77), indicating that the dif-
ference could have some consequences on meat quality. 
Color parameters of the muscle (L*, a*, and b*) were 
greater in line low (P between 0.88 and 0.97), but dif-
ferences were not relevant for L* (PR = 0.26). For a* 
and b*, the intermediate PR (0.35 and 0.40, respectively) 
showed low precision for inferring on the relevance of 
differences.

Features of estimated marginal posterior distribu-
tions of the differences between the high and low lines 
for protein content and FA composition of LM are pre-
sented in Tables 7 and 8. Differences for protein content 
were irrelevant (PR = 0.13). However, there were dif-
ferences for FA composition. Saturated FA and MUFA 
percentages were greater in the high line than in the low 
line (P = 0.98 and 1, respectively). Conversely, PUFA (P 
= 0.99), n-3, and n-6 (P = 1) percentages were greater in 
the low line. Favorable values for FA ratios were found 
for the low line, exhibiting decreased n-6/n-3 values and 
greater PUFA/SFA values than the high line (P = 0.99 
and 1, respectively). Differences for MUFA, n-3, and 
n-6 percentages were relevant (PR between 0.95 and 
0.99). For SFA and PUFA percentages, as well as n-6:n-3 

and PUFA:SFA ratios, there was a moderate to high PR 
(PR between 0.64 and 0.80), indicating that differences 
might be relevant.

The high line showed greater values for C14:0, C15:0, 
C16:0, C16:1, and C18:1 n-9 and C18:3 n-3 percentages 
(P between 0.87 and 1; Table 8). The low line had greater 
percentages of C17:0, C18:0, C18:1 n-7, C18:2 n-6, and 
long-chain PUFA (P between 0.82 and 1; Table 8). Dif-
ferences for C18:1 n-9, C20:5 n-3, and C22:4 n-6 were 
relevant (PR between 0.92 and 0.98). The PR ranged from 
moderate to high for C14:0, C18:0, C20:3n-6, and C20:4 
n-6 (PR between 0.80 and 0.88), showing that differences 
can be relevant. For C16:0, C16:1, and C22:6 n-3, PR 
was intermediate (between 0.56 and 0.65), indicating that 
there was low evidence of its relevance. The differences 
for C15:0, C17:0, C18:1 n-7, and C20:2 n-6 percentages 
were very small. They represent a small percentage of the 
mean (between 1.79 and 3.13%) and were not relevant 
(PR between 0.19 and 0.33). Similarly, differences for 
C18:2 n-6, C18:3 n-3, and C22:5 n-3 were not relevant 
(PR between 0.07 and 0.25).

DISCUSSION

Rabbit carcasses have a small percentage of dis-
sectible fat (Pla et al., 1996). Scapular and perirenal 
fat tissues are 2 of the main carcass fat depots and, on 

Table 6. Features of the estimated marginal posterior 
distributions of the differences between high and low 
lines for carcass and meat quality measurements

Trait DH-L
1 P2 HPD95%

3 k80%
4 R5 PR

6

M:B7 0.07 0.72 –0.18 0.31 – 0.20 0.15
C L*7 –0.53 0.87 –1.48 0.35 –0.14 –0.80 0.28
C a*7 –0.04 0.60 –0.33 0.27 – –0.30 0.04
C b*7 –0.47 0.96 –1.03 0.05 –0.24 –0.60 0.30
LM pH 0.04 0.99 0.01 0.08 0.03 0.03 0.77
LM L*7 –0.51 0.88 –1.41 0.32 –0.15 –0.80 0.26
LM a*7 –0.28 0.95 –0.63 0.05 –0.14 –0.35 0.35
LM b*7 –0.26 0.97 –0.54 0.01 –0.14 –0.30 0.40

1DH-L = median of the marginal posterior distribution of difference.
2P = probability of the difference being >0 when DH-L >0 and probability 

of the difference being <0 when DH-L <0.
3HPD95% = greatest posterior density region at 95% of probability.
4k80% = limit of the interval [k, +Y) when DH-L >0 and (-Y, k] when DH-L 

<0 at 80% of probability. It is displayed in the table only when DH-L and k80% 
have the same sign. 

5R = relevant value defined as one-third of SD of the trait.
6PR = probability of relevance (probability of the difference being greater 

than R).
7M:B = meat-to-bone ratio of the hind leg; C L* = lightness of the carcass 

surface; C a* = redness of the carcass surface; C b* = yellowness of the 
carcass surface; LM L* = lightness of LM; LM a* = redness of LM; LM b* 
= yellowness of LM.

Table 7. Features of the estimated marginal posterior 
distributions of the differences between high and low 
lines for protein content (g/100g muscle) and fatty acid 
composition (percentage of total fatty acids) of LM

Trait DH-L
1 P2 HPD95%

3 k80%
4 R5 PR

6

Protein –0.05 0.72 –0.23 0.12 – –0.15 0.13
SFA7 0.86 0.98 0.00 1.65 0.50 0.70 0.64
MUFA7 1.58 1 0.85 2.33 1.27 0.70 0.99
PUFA7 –1.57 0.99 –2.85 –0.32 –1.02 –1.10 0.79
n-37 –0.47 1 –0.75 –0.22 –0.36 –0.25 0.95
n-67 –1.87 1 –2.79 –0.91 –1.47 –0.90 0.98
n-6/n-3 0.19 0.99 0.02 0.34 0.12 0.15 0.67
PUFA/SFA –0.04 1 –0.07 –0.01 –0.03 –0.03 0.80

1DH-L = median of the marginal posterior distribution of difference.
2P = probability of the difference being >0 when DH-L >0 and probability 

of the difference being <0 when DH-L <0.
3HPD95% = greatest posterior density region at 95% of probability.
4k80% = limit of the interval [k, +∞) when DH-L >0 and (-∞, k] when DH-L 

<0 at 80% of probability. It is displayed in the table only when DH-L and k80% 
have the same sign. 

5R = relevant value defined as one-third of SD of the trait.
6PR = probability of relevance (probability of the difference being greater 

than R).
7SFA = C14:0 + C15:0 + C16:0 + C17:0 + C18:0; MUFA = C16:1 + 

C18:1n-9 + C18:1n-7; PUFA = C18:2n-6 + C18:3n-3 + C20:2n-6 + C20:3n-6 
+ C20:4n-6 + C20:5n-3 + C22:4n-6 + C22:5n-3 + C22:6n-3; n-3 = C18:3n-3 
+ C20:5n-3 + C22:5n-3 + C22:6n-3; n-6 = C18:2n-6 + C20:2n-6 + C20:3n-6 
+ C20:4n-6 + C22:4n-6.
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average, account for 65% of carcass dissectible fat in 
the rabbit (Hernández et al., 2006). In this study, SF and 
PF represented a very small percentage of the chilled 
carcass (1.06%), which is in line with previous studies 
(Hernández et al., 2006; Zomeño et al., 2010).

Values for carcass and meat color variables, and mus-
cle pH were similar to those obtained in previous stud-
ies (Hernández et al., 2004, 2006). The M:B ratio of the 
hind leg, used as an indicator of the M:B ratio of carcass 
(Hernández et al., 1996), was less than in other studies. 
Results for protein content and FA profile obtained in this 
study were close to values reported for LM of rabbits 
(reviewed by Hernández and Dalle Zotte, 2010).

Correlated Response on Body Weight and  
Carcass Measurements

After 3 generations of divergent selection for IMF, 
the difference between high and low lines for IMF con-
tent was 0.09 g/100 g of muscle (Zomeño et al., 2013). 
This difference represents a direct selection response of 
9% of its mean. Selection for IMF content resulted in a 

slightly negative correlated response on BW. However, 
carcass weight and M:B ratio, which determine carcass 
yield, were not affected by selection for IMF. Regarding 
adipose tissues of the carcass, SF content was not modi-
fied, but there was a positive correlated response on PF 
content. These findings are in agreement with Schwab 
et al. (2009), who obtained no correlated responses in 
growth performance traits and greater values of back-
fat measurements (mm) in a pig line selected for in-
creased IMF. Genetic correlations between IMF content 
and backfat have been studied in pigs, showing a wide 
range—from 0.04 (reviewed by Sellier, 1998) to 0.64 
(Solanes et al., 2009). These estimates suggest that part 
of the genetic variation of IMF is independent of the ge-
netic variation in overall lipid content of the carcass. In 
fact, Sapp et al. (2002) obtained no correlated response 
on fat thickness in bulls selected for IMF content, indi-
cating that selection for increased IMF can be achieved 
without increasing carcass fat. 

Correlated Response on Carcass and Meat  
Quality Characteristics

Meat color is related to the appearance of the prod-
uct and consequently it is crucial for the consumer. Rab-
bit carcasses are usually commercialized as whole, but 
retail cuts are increasing in importance. Hence, carcass 
and muscle color are essential quality traits. Carcass 
color traits were not affected by selection for IMF. In 
muscle, L* was also similar between lines. However, 
there was a response on a* and b*, with low evidence 
of its relevance. Schwab et al. (2009) observed an in-
creased muscle light reflectance and Hunter L* in a pig 
line selected for increased IMF. Different values of ge-
netic correlations between lightness and IMF have been 
published. In pigs, Sellier (1998) reported a null genetic 
correlation, whereas Suzuki et al. (2005b) and Schwab 
et al. (2010) estimated moderate positive genetic corre-
lations (0.42 and 0.52, respectively) and Gjerlaug-Enger 
et al. (2010) reported a moderately low negative genetic 
correlation (–0.20).

Selection for IMF resulted in a positive correlated 
response on muscle pH. This finding is consistent with 
the relationship between ultimate pH and postmortem 
metabolism of muscle. Greater IMF can lead to an in-
crease in oxidative metabolism and, consequently, to an 
increased postmortem pH (Gjerlaug-Enger et al., 2010). 
To our knowledge, only 1 study investigated the correlat-
ed response on muscle pH [Schwab et al. (2009) in pigs], 
but no effect of selection for IMF was detected on this 
trait. A wide range of estimates of genetic correlations 
between IMF and muscle pH in pigs have been pub-
lished. Suzuki et al. (2005b) reported a moderate nega-
tive relationship (–0.51); Schwab et al. (2010) found no 

Table 8. Features of the estimated marginal posterior 
distributions of the differences between high and low 
lines for individual fatty acid composition (percentage 
of total fatty acids) of LM
Trait DH-L

1 P2 HPD95%
3 k80%

4 R5 PR
6

C14:0 0.16 1 0.04 0.28 0.11 0.10 0.85
C15:0 0.01 0.96 0.00 0.01 0.01 0.01 0.19
C16:0 0.65 0.98 0.05 1.23 0.39 0.60 0.56
C16:1 0.29 1 0.07 0.51 0.19 0.20 0.65
C17:0 –0.02 0.97 –0.03 0.00 –0.01 –0.02 0.33
C18:0 –0.33 1 –0.53 –0.12 –0.24 –0.20 0.88
C18:1 n-7 –0.03 0.86 –0.07 0.02 –0.01 –0.04 0.27
C18:1 n-9 1.16 1 0.59 1.73 0.92 0.50 0.97
C18:2 n-6 –0.34 0.82 –1.12 0.34 –0.04 –0.60 0.25
C18:3 n-3 0.06 0.87 –0.04 0.15 0.02 0.10 0.10
C20:2 n-6 –0.01 0.94 –0.03 0.00 –0.01 –0.02 0.28
C20:3 n-6 –0.06 1 –0.10 –0.02 –0.05 –0.04 0.88
C20:4 n-6 –0.45 0.99 –0.81 –0.13 –0.31 –0.30 0.80
C20:5 n-3 –0.24 1 –0.36 –0.10 –0.18 –0.10 0.98
C22:4 n-6 –0.19 1 –0.31 –0.06 –0.14 –0.10 0.92
C22:5 n-3 –0.03 0.84 –0.10 0.03 0.00 –0.06 0.07
C22:6 n-3 –0.23 0.97 –0.48 0.01 –0.12 –0.20 0.60

1DH-L = median of the marginal posterior distribution of difference.
2P = probability of the difference being >0 when DH-L >0 and probability 

of the difference being <0 when DH-L <0.
3HPD95% = greatest posterior density region at 95% of probability.
4k80% = limit of the interval [k, +∞) when DH-L >0 and (-∞, k] when DH-L 

<0 at 80% of probability. It is displayed in the table only when DH-L and k80% 
have the same sign.

5R = relevant value defined as one-third of SD of the trait.
6PR = probability of relevance (probability of the difference being greater 

than R).
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relevant association (0.01); and Gjerlaug-Enger et al. 
(2010) estimated small (0.11) or moderate (0.42) posi-
tive genetic correlations. 

Rabbit meat is characterized by reduced fat and 
greater protein content, and favorable FA composition, 
compared with meat of other species (Hernández and 
Gondret, 2006). Results of this experiment showed no 
correlated response on protein content. Previous selec-
tion experiments for IMF content did not focus on cor-
related response on protein content. To our knowledge, 
there is only 1 study reporting genetic correlations be-
tween protein and IMF content [Gjerlaug-Enger et al. 
(2010), in pig], in which moderate negative genetic cor-
relations were estimated. 

The positive correlated responses on SFA and MUFA 
percentages, and negative correlated responses on PUFA 
percentage and PUFA:SFA ratio are related to the direct 
selection response on IMF content. Lines were con-
temporarily raised and fed with the same diet. The feed 
intake during the growing period was also similar for 
both lines (1.68 and 1.66 kg of feed/kg of BW in high 
and low lines, respectively). Thus, correlated response 
on FA composition should be attributed to the selection 
process for IMF. De Smet et al. (2004) highlighted an 
increase in SFA and MUFA content, and a decrease in 
PUFA with increasing fat content, resulting in a decrease 
of the relative proportion of PUFA and reduction in the 
PUFA:SFA ratio. According to these authors, the rela-
tionship between fat content and FA composition is ex-
plained by the different FA composition of the 2 major 
lipid fractions, phospholipids and triacylglycerols, and 
by the relative contribution of these fractions to total lip-
ids. Similarly, Sellier et al. (2010) reported a negative 
genetic correlation between IMF and PUFA:SFA ratio 
(–0.39), as well as between PUFA and SFA (–0.83), and 
MUFA (–0.73) percentages of LM in pigs. A positive re-
lationship was also found by Nogi et al. (2011) between 
IMF and MUFA (0.23) in beef cattle. 

The PUFA:SFA and n-6:n-3 ratios are used to eval-
uate the nutritional quality of the meat. Our results 
showed values close to the recommendations (>0.45 for 
PUFA/SFA and <4 for n-6/n-3; Hernández and Dalle 
Zotte, 2010), and were more favorable for low line, with 
greater PUFA/SFA and lower n-6/n-3 values, than for 
high line.

The correlated response on the individual FA per-
centages showed a similar pattern as for the FA groups, 
with an increase in SFA (C14:0 and C16:0) and MUFA 
(C16:1 and C18:1 n-9), and a decrease in PUFA (C20:3 
n-6, C20:4 n-6, C20:5 n-3, C22:4 n-6, and C22:6 n-3) in 
the line selected for increased IMF, although there was 
low evidence for showing the relevance of the response 
on C16:0, C16:1, and C22:6 n-3. When measuring C20:3 
n-6, C22:4 n-6, and C22:6 n-3 with NIRS, we obtained 

a very poor accuracy (Zomeño et al., 2012). Thus, esti-
mated differences between lines for these FA should be 
treated with caution. Suzuki et al. (2006) reported posi-
tive genetic correlations between IMF and C14:0 (0.21) 
and C16:0 (0.49) in pigs. Pitchford et al. (2002) also ob-
tained a positive genetic association between IMF and 
C16:0 (0.43) in beef cattle. A moderately high genetic 
correlation between IMF and C18:1 n-9 (0.47) in pigs 
was reported by Ros-Freixedes et al. (2012). In beef cat-
tle, small but also positive genetic correlations were re-
ported by Nogi et al. (2011) between IMF and C18:1n-9 
(0.19). These authors also obtained a negative genetic 
correlation between IMF and C18:0 (–0.27), which is 
in line with the negative correlated response on this FA 
found in our study. 

Several thousands of data are needed to estimate 
genetic correlations accurately. Due to the difficulty of 
having a large amount of data in meat quality experi-
ments, genetic correlations of the studies mentioned 
above have large SE. Results of the present experiment, 
based on a comparison between lines, confirm reported 
correlations and display a greater precision.

In conclusion, carcass quality may be affected by 
selection for IMF content, producing an increase in PF 
content. However, there was low evidence of the rel-
evance of the response on this trait. Selection for IMF 
content also led to some modifications in muscle pH and 
FA composition.
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