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Abstract 27 

The aim of this study was to evaluate the effect of six generations of selection for 28 

intramuscular fat (IMF) in muscle Longissimus thoracis et lumborum (LTL) at 9 wk in 29 

IMF and fatty acid (FA) composition of muscles with diverse metabolic profile in 30 

rabbits. Direct response to selection was 0.33 g of IMF/ 100 g of LTL, around 0.4 SD 31 

per generation. A positive correlated response was observed in IMF of Biceps femoris, 32 

Supraspinatus and Semimembranosus proprius muscles at 9 wk, representing around 33 

0.2 SD of the trait per generation. Selection affected similarly the FA composition of all 34 

muscles at 9 wk, high-IMF line showing greater monounsaturated but lower 35 

polyunsaturated FA percentages than low-IMF line, whereas no differences were 36 

observed for saturated FA. Traits were also measured at 13 wk and correlated responses 37 

were in the same direction. Our results suggest a common genetic background for IMF 38 

and FA composition in muscles with different metabolic profile in rabbits.  39 

 40 

Key words: intramuscular fat, selection, correlated response, muscles, rabbit. 41 

 42 

1. Introduction 43 

Intramuscular fat (IMF) is a main factor in meat quality because affects sensory, 44 

nutritional and technologic properties of meat (Wood et al., 2004). This trait can be 45 

easily improved by selection due to its high heritability. There are few selection 46 

experiments for IMF (Sapp, Bertrand, Pringle, & Wilson, 2002 in cattle; Zhao, Chen, 47 

Zheng, Wen, & Zhang, 2007 in chickens and Schwab, Baas, Stalder, & Nettleton, 2009 48 

in pigs). At the Universitat Politècnica de València we are performing a divergent 49 

selection experiment for IMF content of Longissimus thoracis et lumborum (LTL) 50 

muscle in rabbits (Zomeño, Hernández, & Blasco, 2013 and Martínez-Álvaro, 51 

Hernández, & Blasco, 2016). Rabbit is a good model for genetic studies in other 52 

livestock species due to its short generation interval and the low cost of its carcasses. 53 

There is scarce information about the genetic determination of IMF deposition in 54 

muscles with different metabolic profile. Some authors point to some differences in the 55 

genetic determinism of muscles with different metabolic type (Quintanilla et al., 2011). 56 

According to these authors, selection for IMF of LTL muscle could be affecting 57 

differently other muscles with different metabolic profile. 58 
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Genetic correlations between muscles involving IMF and other meat quality 59 

traits are difficult to obtain because they need a great amount of data to be estimated. 60 

The estimates found in literature are often imprecise for this reason (see for example 61 

Ros-Freixedes, Reixarch, Bosch, Tor, & Estany, 2014). The study of the correlated 62 

responses after selection for IMF is an alternative for examining the genetic 63 

relationships between IMF of different muscles, requiring a much lower amount of data, 64 

since it only involves the comparison between means. However, none of the selection 65 

experiments for IMF cited above studied the correlated responses to selection for IMF in 66 

muscles with different metabolic profile. The selection experiment for IMF in chicken 67 

breast (Zhao, Chen, Zheng, Wen, & Zhang, 2007) studied the correlated response for 68 

IMF in the whole hind leg, but hind leg includes muscles with different metabolic 69 

profile. The aim of this work is to study the correlated responses to selection for IMF of 70 

LTL, in IMF of other muscles with different metabolic profile in rabbits.  71 

2. Materials and methods 72 

2.1. Animals  73 

This study was performed with rabbits from the sixth generation of a divergent 74 

selection experiment for IMF. The base population consisted in 13 males and 83 75 

females coming from a synthetic rabbit line, and the following generations had 8 males 76 

and 40 females per line (high-IMF and low-IMF lines). Intramuscular fat was measured 77 

in LTL muscle in rabbits slaughtered at 9 wk of age. Two rabbits (a male and a female) 78 

from the first parity of each doe were evaluated for IMF, and the average between these 79 

two phenotypic values was calculated. Then, all dams were ranked according to this 80 

average, and selection of the next generation was performed among rabbits from the 81 

second parity. All females of the approximately 20% best dams were selected for next 82 

generation. Each sire was mated with five does. To reduce inbreeding, only one male 83 

progeny of each sire was selected for the next generation. Lines selected for high-IMF 84 

and low-IMF were reared contemporary at the farm of the Universitat Politècnica de 85 

València. Controlled ventilation and 16L:8D lighting schedule were applied. Litters 86 

were homogenized by performing cross-fostering at birth up to 9 kits per litter. From 87 

weaning to slaughter, rabbits were reared collectively in commercial cages of 8 rabbits 88 

and fed ad libitum. More details of this experiment can be found in Zomeño, 89 

Hernández, & Blasco (2013) and Martínez-Álvaro, Hernández, & Blasco (2016). 90 
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A total of 134 rabbits from the sixth generation of selection were used to 91 

estimate the direct response to selection for IMF in LTL muscle and the correlated 92 

responses in carcass weight, fat depots weight, pH and fatty acid composition of LTL at 93 

9 wk of age (68 from the high-IMF line and 66 from the low-IMF line). From those, a 94 

subsample of 60 animals was randomly taken to study the correlated responses in IMF, 95 

fatty acid composition and pH of muscles with diverse metabolic profile: Biceps femoris 96 

(BF), Supraspinatus (SS) and Semimembranosus proprius (SP). Additionally, 51 rabbits 97 

(26 from the high-IMF line and 25 from the low-IMF line) were slaughtered at 13 wk of 98 

age to study the correlated responses to selection in the traits described above at a later 99 

age. Animals were slaughtered at 9 or 13 wk of age by electrical stunning and 100 

exsanguination.  101 

All experimental procedures involving animals were approved by the Universitat 102 

Politècnica de València Research Ethics Committee, according to Council Directive 103 

2010/63/EU for animal experiments.  104 

2.2. Intramuscular fat, pH and fatty acid measurements 105 

Carcasses were chilled for 24 h at 4 ºC. The reference carcass weight (the weight of the 106 

carcass without the head, liver, lungs, thymes, esophagus, heart and kidneys) was 107 

recorded according to the World Rabbit Science Association recommendations (Blasco, 108 

& Ouhayoun, 1996). Perirenal and scapular fat depots were excised from the carcass 109 

and weighed. Dissectible fat percentage (DFP) of the carcass was calculated as the sum 110 

of both fat depots weights divided by the reference carcass weight. Muscles LTL, BF, 111 

SS and SP were excised from the carcass and muscle pH was measured 24 h post 112 

mortem with a Crison pH-meter Basic +20 (Crison Instruments, Barcelona, Spain). In 113 

LTL, pH was measured at the level of the fifth lumbar vertebra and in BF, SS and SP 114 

pH was measured in the central area, always in the left muscles. Muscles LTL, BF and 115 

SS were minced, freeze-dried and scanned with Near Infrared Spectrophotometry 116 

(model 5000, FOSS NIRSystems INC., Hilleroed, Denmark). Intramuscular fat and 117 

saturated (SFA), monounsaturated (MUFA) and polyunsaturated (PUFA) fatty acid 118 

contents were determined in g/100g of muscle on a fresh basis applying the calibration 119 

equations previously developed by Zomeño, Hernández, & Blasco (2011) and Zomeño, 120 

Juste, & Hernández (2012). Then, fatty acid contents were expressed as a percentage of 121 

total fatty acids. As a routine control, around 20% of the total NIRS scanned samples 122 

were also chemically analysed for IMF by ether extraction (Soxtec 1043 extraction unit, 123 
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Tecator, Höganäs, Sweden) to confirm that NIRS predictions are in line with 124 

intramuscular fat chemical measurements. Intramuscular fat content of SP muscle was 125 

quantified by ether extraction due to its reduced size, and it was expressed in g of 126 

IMF/100g of muscle on a fresh basis. 127 

2.3. Statistical analysis 128 

Descriptive statistics of carcass and meat quality traits at 9 and 13 wk were 129 

estimated after correcting data by line, sex, and month-season fixed effects. Direct and 130 

correlated responses to selection were estimated as the phenotypic differences between 131 

high and low-IMF lines at 9 wk and at 13 wk. All the differences within age were 132 

estimated with a model including line, sex and month-season fixed effects and common 133 

litter random effect. Additionally, differences between lines for IMF and its 134 

composition were estimated with the same model including the DFP as a fixed effect 135 

(considering different levels each 0.5% of DFP). Phenotypic correlations between IMF 136 

of muscles were estimated within age after correcting data by line, sex, and month-137 

season fixed effects. 138 

Bayesian inference was used (Blasco, 2005 and 2017). Common litter effect and 139 

residuals of the models were assumed to be independently between them and 140 

independently normally distributed. Bounded flat priors were assumed for all fixed 141 

effects and variances. Marginal posterior distributions were estimated using Gibbs 142 

sampling. Descriptive statistics and differences between lines were performed with the 143 

software “Rabbit”, developed by the Institute for Animal Science and Technology 144 

(Valencia, Spain). After some exploratory analyses, results were based on Monte Carlo 145 

Markov chains runs consisting of 60,000 iterations, with a burn-in period of 10,000, 146 

and only one of every 10 samples were saved for inferences. Phenotypic correlations 147 

were computed with the software TM (Legarra, Varona, & López de Maturana, 2008). 148 

In this case, after some exploratory analyses results were based on Monte Carlo 149 

Markov chains runs consisting of 1,000,000 iterations, with a burn-in period of 150 

200,000, and only one of every 100 samples were saved for inferences. Convergence 151 

was tested using the Z criterion of Geweke and Monte-Carlo sampling errors were 152 

computed using time-series procedures (Blasco, 2017). 153 

The parameters obtained from the marginal posterior distributions of the 154 

differences between lines were: the median, the highest posterior density region at 95% 155 
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(HPD95%) and the probability of the difference being greater than zero when the median 156 

is positive or lower than zero when the median is negative (P0). Additionally, 1/3 of the 157 

SD of a trait was considered as a relevant value (r) and the probability of relevance was 158 

calculated (probability of the difference between lines being greater than r when the 159 

median is positive or lower than r when the median is negative) (Pr).  From the marginal 160 

posterior distributions of the phenotypic correlations the median, HPD95% and P0 were 161 

estimated. A more detailed description of these features can be found in Blasco (2005 162 

and 2017).  163 

3. Results and discussion 164 

3.1. Descriptive statistics 165 

Table 1 presents descriptive statistics of carcass traits. Since commercial 166 

carcasses of rabbits vary between countries from 9 to 13 wk of age, traits have been 167 

evaluated at both ages.  168 

Table 1  169 

Descriptive statistics of carcass traits in rabbits at 9 and 13 wk of age. 170 

 
9 wk 

 
13 wk 

1Trait Mean SD 
 

Mean SD 

RCW, g 766 59.8 
 

1262 91.9 

SF, g 3.78 1.22 
 

7.79 2.85 

PF, g 7.48 2.32 
 

20.6 7.13 

DFP, % 1.45 0.34  2.24 0.65 
1RCW, reference carcass weight; SF, scapular fat weight; PF, perirenal fat weight; DFP, 171 

dissectible fat percentage. 172 

Descriptive statistics are similar than those previously reported by Hernández, 173 

Aliaga, Plá, & Blasco (2004) in rabbits at the same ages. Perirenal and scapular fat 174 

depots are the greater fat depots in rabbits (Hernández, Ariño, Grimal, & Blasco, 2006). 175 

Both depots comprise a dissectible fat percentage of 1.45% at 9 wk, and 2.24% at 13 176 

wk, showing the leanness of rabbit carcass, in comparison to carcasses from other meat 177 

species such as pig and beef (Lawrie, & Leward, 2006). 178 

Table 2 presents descriptive statistics of meat quality traits in LTL, BF, SS and 179 

SP muscles at 9 and 13 wk of age. These muscles were chosen due to their different 180 
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physicochemical properties (see their pH in Table 2) and metabolic type, according to 181 

Delmas, & Ouhayoun (1990). These authors reported a high glycolytic activity in LTL 182 

and a high oxidative activity in SS and SP, whereas BF was intermediate between them. 183 

Muscle LTL showed the lowest IMF content in comparison to BF, SS and SP, as 184 

observed in previous studies in rabbits (Alasnier, Remington, & Gandemer, 1996 and 185 

Gondret, Mourot, & Bonneau, 1998). As expected, IMF increased with age in all 186 

muscles, in line with other studies in rabbits (Gondret, Mourot, & Bonneau, 1998). 187 

Table 2 188 

 Descriptive statistics of meat quality traits in several muscles of rabbits at 9 and 13 wk 189 

of age.  190 

    9 wk   13 wk 

Muscle 1Trait Mean SD   Mean SD 

Longissimus thoracis et 

lumborum 

pH 5.66 0.11 

 

5.75 0.12 

IMF 1.05 0.14 
 

1.42 0.17 

SFA 36.8 1.28 
 

37.4 1.11 

MUFA 20.8 3.04 
 

26.1 2.25 

PUFA 42.4 3.39 
 

36.5 2.38 

Biceps femoris 

pH 5.81 0.10 

 

5.86 0.12 

IMF 2.08 0.33 

 

2.55 0.57 

SFA 35.8 1.07 

 

36.3 0.77 

MUFA 29.9 2.17 

 

31.8 1.62 

PUFA 34.2 2.43 

 

31.9 1.73 

Supraspinatus 

pH 6.22 0.14 

 

6.31 0.18 

IMF 2.13 0.35 

 

2.91 0.58 

SFA 31.2 1.59 

 

31.9 1.31 

MUFA 28.7 2.19 

 

32.1 1.73 

PUFA 40.1 3.39 

 

36.0 2.28 

Semimembranosus proprius 
pH 6.40 0.11 

 

6.38 0.12 

IMF 2.64 0.51   4.18 0.55 
1IMF; intramuscular fat expressed as g of IMF/100g muscle; Saturated (SFA), 191 

monounsaturated (MUFA) and polyunsaturated fatty acids (PUFA) expressed as a 192 

percentage of total fatty acids. 193 

The three muscles showed PUFA:SFA ratios near or above nutritional 194 

recommendations of 1.00 (World Health Organization, 2008). The ratio between PUFA 195 

and SFA was 1.28 for SS, 1.15 for LTL and 0.95 for BF at 9 wk, and 1.13 for SS, 0.98 196 

for LTL and 0.88 for BF at 13 wk. In general, rabbit meat shows greater PUFA:SFA 197 
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ratio than other species as pig, beef or lamb (Enser, Hallett, Hewitt, Fursey, & Wood, 198 

1996 and Dalle Zotte, 2002). 199 

3.2. Correlated responses to selection for IMF of LTL muscle  200 

3.2.1. Correlated responses in carcass traits 201 

Table 3 shows the differences between high-IMF and low-IMF lines for carcass 202 

traits at 9 and 13 wk of age. Comparisons should be made at the same state of maturity. 203 

High and low-IMF lines were at the same state of maturity along all their growing 204 

period (Pascual, Calle, & Blasco, 2015).  205 

Table 3 206 

 Differences between high and low intramuscular fat rabbit lines for carcass traits at 9 207 

and 13 wk of age. 208 

  9 wk   13 wk 
1Trait  2D 3HPD95% 4P0 

5r 6Pr 
  2D 3HPD95% 4P0 

5r 6Pr 

RCW, g 53.8 29.7, 80.4 1.00 19.9 0.99 
 

23.0 -39.9, 80.8 0.78 30.6 0.40 

SF, g 1.00 0.45, 1.50 1.00 0.41 0.99 
 

-0.05 -1.69, 1.65 0.48 0.95 0.14 

PF, g 2.89 2.01, 3.90 1.00 0.77 1.00   9.31 5.30, 13.5 1.00 2.38 1.00 

DFP, % 0.38 0.25, 0.52 1.00 0.11 1.00  0.68 0.32, 1.06 1.00 0.22 0.99 
1RCW, reference carcass weight; SF, scapular fat weight; PF, perirenal fat weight; DFP, 209 

dissectible fat percentage; 2D = median of the marginal posterior distribution of the 210 

difference between lines; 3HPD95% = highest posterior density region at 95% of 211 

probability; 4P0 = probability of the difference being greater than zero when D >0 or 212 

lower than zero when D <0; 5r = relevant value, proposed as 1/3 of the standard 213 

deviation of the trait; 6Pr = probability of relevance (probability of the difference being 214 

greater than r when D >0 or lower than r when D <0). 215 

Selection for IMF showed a positive correlated response on carcass fat 216 

deposition. High-IMF line showed relevantly greater perirenal fat weight at both ages 217 

than low-IMF line (Pr = 1.00), whereas scapular fat weight was relevantly greater only 218 

at 9 wk (Pr = 0.99). The apparent lack of a positive correlated response in scapular fat 219 

weight at 13 wk was unexpected, but it may be a sampling effect since the HPD95% of 220 

the differences between lines is relatively large (from -1.69 g to 1.65 g). Dissectible fat 221 

percentage was relevantly greater in the high-IMF line than in the low-IMF line at 9 and 222 

13 wk of age with a Pr = 1.00. Considering the six generations, DFP showed a mean 223 
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correlated response of 0.18 SD of the trait per generation at 9 wk, and 0.17 SD at 13 wk. 224 

Other experiments of selection for IMF also showed positive correlated responses in the 225 

carcass fat content (Zhao, Chen, Zheng, Wen, & Zhang, 2007 in broilers and Schwab, 226 

Baas, Stalder, & Nettleton, 2009 in pigs).  227 

3.2.2. Correlated responses in IMF and fatty acid composition of several muscles 228 

Tables 4a and 4b show the differences between high and low-IMF lines for IMF 229 

and fatty acid composition of LTL, BF, SS and SP muscles at 9 and 13 wk of age, 230 

respectively.  231 

Table 4a 232 

 Differences between high and low intramuscular fat rabbit lines for meat traits in 233 

several muscles at 9 wk of age. 234 

Muscle 1Trait 2D 3HPD95% 4P0 
5r 6Pr 

Longissimus 

thoracis et 

lumborum 

pH 0.06 0.01, 0.11 0.98 0.04 0.72 

IMF  0.33 0.27, 0.38 1.00 0.05 1.00 

SFA 0.67 0.30, 1.29 1.00 0.43 0.93 

MUFA 7.11 5.76, 8.49 1.00 1.01 1.00 

PUFA -7.90 -9.41, -6.42 1.00 1.13 1.00 

Biceps femoris pH 0.02 -0.04, 0.08 0.77 0.03 0.62 

IMF 0.39 0.20, 0.60 1.00 0.11 1.00 

SFA 0.38 -0.33, 1.15 0.86 0.36 0.52 

MUFA 2.14 0.96, 3.39 1.00 0.72 0.99 

PUFA -2.54 -3.95, -0.98 1.00 0.81 0.99 

Supraspinatus pH 0.08 -0.02, 0.18 0.94 0.05 0.72 

IMF  0.45 0.22, 0.68 1.00 0.12 1.00 

SFA 0.52 -0.42, 1.54 0.87 0.53 0.51 

MUFA 3.25 1.95, 4.74 1.00 0.73 1.00 

PUFA -3.80 -6.02, -1.72 1.00 1.13 0.99 

Semimembranosus 

proprius 

pH  -0.05 -0.11, 0.02 0.94 0.04 0.62 

IMF  0.61 0.32, 0.89 1.00 0.17 1.00 
1IMF; intramuscular fat expressed as g of IMF/100g muscle; Saturated (SFA), 235 

monounsaturated (MUFA) and polyunsaturated fatty acids (PUFA) expressed as a 236 

percentage of total fatty acids. 2D = median of the marginal posterior distribution of the 237 

difference between lines; 3HPD95% = highest posterior density region at 95% of 238 

probability; 4P0 = probability of the difference being greater than zero when D >0 or 239 

lower than zero when D <0; 5r = relevant value, proposed as 1/3 of the standard 240 

deviation of the trait; 6Pr = probability of relevance (probability of the difference being 241 

greater than r when D >0 or lower than r when D <0). 242 
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Table 4b 243 

Differences between high and low intramuscular fat rabbit lines for meat traits in 244 

several muscles at 13 wk of age. 245 

Muscle 1Trait 2D 3HPD95% 4P0 
5r 6Pr 

Longissimus 

thoracis et 

lumborum 

pH -0.02 -0.10, 0.07 0.70 0.04 0.32 

IMF  0.71 0.61, 0.81 1.00 0.06 1.00 

SFA 0.29 -0.33, 0.98 0.81 0.37 0.40 

MUFA 6.88 5.49, 8.31 1.00 0.75 1.00 

PUFA -7.17 -8.61, -5.73 1.00 0.79 1.00 

Biceps femoris 

pH 0.01 -0.08, 0.10 0.62 0.04 0.27 

IMF 0.92 0.60, 1.27 1.00 0.19 1.00 

SFA 0.66 0.12, 1.16 0.99 0.26 0.94 

MUFA 2.39 1.46, 3.32 1.00 0.54 1.00 

PUFA -3.06 -4.03, -2.02 1.00 0.58 1.00 

Supraspinatus 

pH -0.05 -0.15, 0.07 0.78 0.06 0.40 

IMF  0.83 0.45, 1.17 1.00 0.19 1.00 

SFA 0.02 -0.83, 0.83 0.52 0.44 0.16 

MUFA 2.58 1.56, 3.68 1.00 0.58 1.00 

PUFA -2.62 -4.11, -1.21 1.00 0.76 0.99 

Semimembranosus 

proprius 

pH  -0.07 -0.15, 0.01 0.96 0.04 0.79 

IMF  1.76 1.40, 2.10 1.00 0.18 1.00 
1IMF; intramuscular fat expressed as g of IMF/100g muscle; Saturated (SFA), 246 

monounsaturated (MUFA) and polyunsaturated fatty acids (PUFA) expressed as a 247 

percentage of total fatty acids. 2D = median of the marginal posterior distribution of the 248 

difference between lines; 3HPD95% = highest posterior density region at 95% of 249 

probability; 4P0 = probability of the difference being greater than zero when D >0 or 250 

lower than zero when D <0; 5r = relevant value, proposed as 1/3 of the standard 251 

deviation of the trait; 6Pr = probability of relevance (probability of the difference being 252 

greater than r when D >0 or lower than r when D <0). 253 

In the sixth generation, direct response to selection on IMF of LTL at 9 wk was 254 

0.33 g of IMF/100g muscle (Pr = 1.00), representing a 31.4% of the mean and 2.38 SD 255 

of the trait. The genetic progress estimated per generation was 0.4 SD of the trait, which 256 

is in line with the results obtained with whole data from this selection experiment 257 

(Martínez-Álvaro, Hernández, & Blasco, 2016). Other selection experiments for IMF 258 

also reported great responses to selection (Sapp, Bertrand, Pringle, & Wilson, 2002 in 259 
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cattle; Zhao, Chen, Zheng, Wen, & Zhang, 2007 in chickens and Schwab, Baas, Stalder, 260 

& Nettleton, 2009 in pigs).  261 

Correlated responses in IMF content of BF, SS and SP muscles at 9 and 13 wk 262 

of age were all positive and relevant (Pr = 1.00). “In the followings, correlated responses 263 

are expressed in units of SD to facilitate comparisons between muscles. Correlated 264 

responses at 9 wk were similar (1.18 SD in BF, 1.27 in SS and 1.19 in SP), which are 265 

around 0.2 SD of the trait per generation, and they were lower than in LTL. At 13 wk of 266 

age, correlated responses to selection in units of SD were greater in muscles LTL (4.12) 267 

and SP (3.20), in comparison to BF (1.60) and SS (1.43). Gondret, Mourot, & Bonneau 268 

(1998) reported greater rate of intramuscular lipid deposition in rabbits around 14 wk of 269 

age, which was particularly large for SP muscle in comparison to Longissimus 270 

lumborun and BF muscles.  271 

Selection for IMF of LTL affected similarly the fatty acid composition of LTL, 272 

BF and SS muscles, regardless of their metabolic profile. Selection for high IMF 273 

relevantly increased MUFA and decreased PUFA percentages in all muscles at 9 wk (Pr 274 

≥ 0.99, Table 4) and 13 wk (Pr ≥ 0.99, Table 5), in comparison to low-IMF line. 275 

Differences between lines at 9 wk were greater in LTL (2.3 SD for MUFA and -2.3 SD 276 

PUFA) than in BF (0.99 SD for MUFA and -1.04 for PUFA) and SS (1.48 SD for 277 

MUFA and -1.12 SD for PUFA) muscles. Similar conclusions can be obtained at 13 wk 278 

of age. We almost did not observe a correlated response to selection in the SFA 279 

percentage of muscles, except in LTL at 9 wk and in BF at 13 wk. Result in LTL is 280 

likely a sampling effect since SFA percentage of LTL muscle at 9 wk was not affected 281 

by selection in a study of whole data from this selection experiment (Martínez-Álvaro, 282 

Hernández, & Blasco, 2016). Differences between lines in fatty acid composition are 283 

explained by a rapid increase of triglycerides (rich in MUFA and SFA) respect to 284 

phospholipids (rich in PUFA) when fat increases (Wood et al., 2008). The lack of a 285 

clear positive correlated response in total SFA percentage of muscles may be explained 286 

by different richness patterns of the main individual SFA in rabbit meat in the two 287 

phases, triglycerols and phospholipids (Alasnier, Rémington, & Gandemer, 1996). The 288 

greater differences between lines in MUFA and PUFA observed in LTL in comparison 289 

to BF and SS muscles are in line with the greater IMF differences observed in this 290 

muscle, at 9 and 13 wk. If correcting by DFP, correlated responses to selection in IMF 291 
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and fatty acid composition at both ages were approximately the same in all muscles 292 

(data not shown).  293 

Our results suggest a common genetic background for the IMF deposition and 294 

fatty acid composition in several muscles with different metabolic profile in rabbits. The 295 

genetic determinism of IMF deposition and composition in the muscles studied seems to 296 

be relatively independent from the determinism of fat deposition in carcass. In this line, 297 

Martínez-Álvaro, Hernández, & Blasco (2016) quantified the genetic correlation 298 

between IMF of LTL and DFP within animals from this selection experiment and it was 299 

low (0.34), although HPD95% was large (from 0.08 to 0.60). The high correlated 300 

response to selection observed in DFP (Table 3) is due to its positive genetic correlation 301 

with intramuscular fat, which is the trait being selected, and the high heritabilities of 302 

both traits, IMF and DFP (Martínez-Álvaro, Hernández, & Blasco, 2016).  303 

There is not previous information about the correlated responses to selection for 304 

IMF in muscles with different metabolic profile. The selection experiment for IMF in 305 

chicken breast found a positive correlated response in the IMF content of the whole 306 

hind leg, but they do not differentiate between muscles with different metabolic patterns 307 

(Zhao, Chen, Zheng, Wen, & Zhang, 2007). In a commercial population of Duroc pigs, 308 

Quintanilla et al. (2011) observed that some lipid QTL maps for IMF content and 309 

composition of Longissimus were different than those from Gluteus medius, suggesting 310 

that IMF content and composition of these two muscles were partially regulated by 311 

different genes. Few studies have reported genetic correlations between muscles, 312 

providing results in the same direction as our findings. In pigs, Ros-Freixedes, 313 

Reixarch, Bosch, Tor, & Estany (2014) estimated the genetic correlation between IMF 314 

in LTL and IMF in Gluteus medius muscles and it was 0.68 with HPD95% [0.48, 0.87]. 315 

The genetic correlations between these two muscles for SFA, MUFA and PUFA 316 

percentages were also positive and high, ranging from 0.62 to 0.82 (Ros-Freixedes, 317 

Reixarch, Bosch, Tor, & Estany, 2014). In the selection experiment for IMF in 318 

chickens, Zhao, Wen, Chen, Zheng, & Li (2006) reported a genetic correlation between 319 

IMF of breast muscle and IMF of whole hind leg of 0.89. 320 

3.3. Correlations between IMF content of the muscles  321 
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Table 5 shows the phenotypic correlations between muscles for IMF at 9 and 13 322 

wk. All the phenotypic correlations between IMF of LTL, BF, SS and SP muscles were 323 

positive with P0 = 0.96 or greater. These positive phenotypic correlations are consistent 324 

with the positive correlated responses to selection observed on IMF of different 325 

muscles. The medians of the phenotypic correlations ranged between 0.24 and 0.57. 326 

However, due to the low amount of data used to estimate these phenotypic correlations, 327 

we do not have much information about the actual values (see their large HPD95%).  328 

To our knowledge, there are no previous estimates of correlations between IMF 329 

from different muscles of the carcass in rabbits. Phenotypic correlations between IMF 330 

of five different muscles in lambs were positive and variable, ranging from 0.30 to 0.75, 331 

the strongest correlations found between muscles located within the same region of the 332 

carcass (Anderson, Pethick, & Gardner, 2015). In pigs, a positive correlation (0.71) for 333 

IMF between muscles Longissimus and Gluteus medius was reported by Quintanilla et 334 

al. (2011). 335 

Table 5 336 

Medians and highest posterior density regions at 95% of probability (within brackets) of 337 

the marginal posterior distributions of the phenotypic correlations between 338 

intramuscular fat of muscles in rabbits at 9 and 13 wk. 339 

Muscles Biceps femoris Supraspinatus 
Semimembranosus 

proprius 

Phenotypic correlations at 9 wk 

Longissimus 

thoracis et 

lumborum 

0.32 

[0.06, 0.55] 

0.31 

[0.04, 0.54] 

0.26 

[0.00, 0.50] 

Biceps femoris  
0.54 

[0.34, 0.71] 

0.28 

[0.02, 0.52] 

Supraspinatus  
 

0.40 

[0.17, 0.62] 

Phenotypic correlations at 13 wk 

Longissimus 

thoracis et 

lumborum 

0.47 

[0.27, 0.67] 

0.56 

[0.36, 0.74] 

0.41 

[0.14, 0.64] 

Biceps femoris 
 0.52 

[0.31, 0.72] 

0.24 

[-0.02, 0.51] 

Supraspinatus 
 

 

0.57 

[0.35, 0.76] 
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Conclusions 340 

Our results show that there is a common genetic background for the IMF 341 

deposition and fatty acid composition in muscles with different metabolic profile in 342 

rabbits. Selection for IMF in muscle LTL showed a positive correlated response in IMF 343 

of other muscles with different metabolic profile (BF, SS and SP) at 9 and 13 wk of age. 344 

Selection for high IMF increased MUFA and decreased PUFA percentage in all muscles 345 

at both ages, in comparison with low-IMF line, whereas no differences between lines 346 

were observed for SFA.  347 
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