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ABSTRACT 
 
A divergent selection experiment for intramuscular fat content (IMF) in longissimus thoracis et 
lumborum (LTL) muscles was performed in rabbits during 10 generations at the Universitat 
Politècnica de València in order to unravel the mechanisms involved in fat deposition. The aim of the 
present experiment was to study the correlated response to selection on liver fat content and its fatty 
acid profile, as well as in plasma metabolites related to liver metabolism. A total of 190 rabbits from 
the 10th generation of selection were used to estimate the direct response to selection. A subsample of 
54 animals was selected to study the correlated response to selection on the liver fat, its fatty acid 
profile and on plasma metabolites related to the liver metabolism. Direct and correlated responses to 
selection were estimated as the phenotypic differences between high-IMF and low-IMF lines. A 
relevant value of the difference (r) of 1/3 of the phenotypic standard deviation of the trait was 
proposed in order to estimate the probability of relevance Pr. Bayesian inference was used. The direct 
response to selection was 0.49 g/100 g of LTL muscle, which represents a 47% of the mean of the trait 
and 4.1 of its standard deviation. Higher liver percentage was found in high-IMF line, with relevant 
differences (Pr = 0.81). No evidence of difference between lines was found on their liver fat content 
(P0 = 0.65). Nonetheless, its fatty acid profile was modified. Monounsaturated fatty acids were higher 
in high-IMF line, whereas polyunsaturated fatty acids were higher in low-IMF line with relevant 
differences (Pr = 0.90 in both cases). Higher plasma concentration of triglycerides and lower of alanine 
transaminase were found in the low-IMF line, with relevant differences (Pr = 0.97 and 0.92 
respectively). Selection for IMF led to a correlated response on the liver percentage and on its fatty 
acid composition, indicating a genetic relationship between those traits. The higher concentration of 
triglycerides found in L suggests that differences in IMF at 9 wks of age may be due to a reduced 
capacity of lipid uptake from the plasma. 
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INTRODUCTION 
 

Intramuscular fat content (IMF) is one of the main parameters in meat quality, since it affects its 
juiciness, tenderness and flavor. A divergent selection experiment for IMF in longissimus thoracis et 
lumborum (LTL) muscle was developed in rabbits at the Universitat Politècnica de València with the 
scope to study this trait, its correlation with other relevant traits and to contribute to unravel the 
mechanisms of fat deposition. 
Lipid deposition in muscle depend on a balance between lipogenic and catabolic fatty acid fluxes. In 
this aspect, the liver plays a very important role since it is an important lipogenic site in growing 
rabbits (Gondret et al., 1997). Previous studies in these lines have shown that the liver lipogenic 
activity was positively correlated with fat deposition in muscle (Martínez-Álvaro et al., 2018), 
supporting that, in rabbits, the liver lipogenic activity has a very important function in the 
development of the trait under study. Nonetheless, the relationship between IMF, liver fat and liver 
fatty acid profile has not been studied so far. In our divergent selection experiment we can compare 
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these relationships in rabbit lines that have the same genetic origin and environment and differ only in 
IMF and correlated traits. 
The aim of the study was to study the correlated response to selection for intramuscular fat content in 
rabbits on the liver fat content and its fatty acid profile, as well as in plasma metabolites related to the 
liver metabolism. 
 
 

MATERIALS AND METHODS 
 

A divergent selection experiment for intramuscular fat content (IMF) was performed in rabbits during 
10 generations at the Universitat Politècnica de València. The selection criterion was the average 
phenotypic value of IMF measured in two full sibs (one male and one female) of the candidate, at 9 
weeks of age in LTL muscle. The complete selection procedure is described in Martínez-Álvaro et al. 
(2016). 
One hundred animals from the high-IMF line and 90 from the low-IMF line from the 10th generation 
were used to estimate the direct response to selection. 82 of these rabbits were born after an embryo 
transfer procedure, since these lines were also involved in a different project. The correlated response 
to selection on liver fat and its fatty acid composition, and on plasma metabolites were estimated in a 
subsample of 54 animals (27 from each line), not included in the embryo transfer group. 
Animals were slaughtered at 9 weeks of age by exsanguination prior electric stunning. Blood samples 
were collected at slaughter from the jugular vein in 1 ml lyophilized lithium heparin tubes and plasma 
was prepared by centrifugation at 3000 rpm for 10 min. Carcasses were chilled for 24 h at 4ºC. The 
liver weight was recorded and its percentage was estimated relative to the reference carcass weight, 
recorded following the norms of the World Rabbit Science Association (WRSA) (Blasco and 
Ouhayoun, 1993). LTL muscle was dissected, minced, lyophilized and scanned using near infrared 
spectroscopy (NIRS 5000, FOSS NIRSystems Inc., Hilleroed, Denmark). IMF was estimated as 
g IMF/100 g of fresh muscle applying the equations developed by Zomeño et al. (2012). Total lipid 
content of the liver were determined by ether extraction (Soxtec 2055, Tecator, Höganäs, Sweden) 
with a previous acid hydrolysis (Soxcap 2022, Tecator, Höganäs, Sweden) and the results were 
expressed as g fat/100 g of liver. To obtain the liver fatty acid profile, fatty acid methyl esters were 
prepared using the method described in O’Fallon et al. (2007) and analyzed by gas chromatography 

(FOCUS, Thermo, Milan, Italy). Plasma concentrations of albumin, alanine transaminase, glucose, 
cholesterol, triglycerides and bile acids, were determined by photometric methods in the laboratory of 
the veterinary clinical hospital of the Universidad CEU Cardenal Herrera.  
Direct and correlated responses to selection were estimated as the phenotypic differences between 
high and low-IMF lines. The model included line, sex, transference (transferred or non-transferred) 
and parity order (2 levels: first parity or second and more) as fixed effects, and common litter random 
effect. The former was assumed to be normally distributed with mean 0 and variance I , and 
uncorrelated with the residuals. Residuals were also assumed to be normally distributed and 
uncorrelated. Bounded flat priors were assumed for all fixed effects and variances. Bayesian inference 
was used by means of the program Rabbit (Institute for Animal Science and Technology, UPV, 
Valencia, Spain). The parameters obtained from the marginal posterior distributions of the phenotypic 
differences were: the median of the difference between high and low-IMF lines (D), the highest 
posterior density region at 95% (HPD95%) and the probability of the difference being greater than zero 
when D > 0 or lower than zero when D < 0 (P0). Besides, a relevant value of the difference (r) was 
assumed to be 1/3 of the phenotypic standard deviation of the trait, and the probability of the 
difference being greater than r when D > 0 or lower than r when D < 0 was calculated (probability of 
relevance, Pr) (Blasco, 2017). 
 
 

RESULTS AND DISCUSSION 
 
Descriptive statistics and the differences between lines for every trait are summarized in table 1. The 
divergent selection experiment was successful, showing a direct response of 0.49 g/100 g of muscle, 
that represents 47% of the mean or 4.1 standard deviations of the trait. This is the only selection 
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experiment for IMF performed in rabbits; in other species they are scarce (Sapp et al. (2002) in cattle, 
Zhao et al. (2007) in chickens and Schwab et al. (2009) in pigs), all showing high response to 
selection. 
 
Table 1: Descriptive statistics and differences between lines for: intramuscular fat in longissimus 
thoracis et lumborum muscle (n=190), liver weight, liver percentage, liver fat, liver fatty acid profile, 
and plasma metabolites (n=54)  

Trait Mean SD1 D2 HPD95%
3 P0

4 r5 Pr
6 

Intramuscular fat (g/100 g muscle) 1.05 0.12 0.49 0.45 0.53 1.00 0.04 1.00 

Liver weight (g) 60.3 10.9 3.85 -3.30 10.95 0.86 3.63 0.52 

Liver percentage (%) 7.3 1.09 0.66 -0.05 1.30 0.97 0.36 0.81 

Liver fat (g/100 g liver) 3.83 0.41 -0.05 -0.28 0.22 0.65 0.14 0.25 

Fatty acids (%) Mean SD1 D2 HPD95%
3 P0

4 r5 Pr
6 

Myristic Acid (C14:0) 0.48 0.17 0.05 -0.07 0.16 0.84 0.06 0.49 

Palmitic Acid (C16:0) 20.17 2.06 0.42 -0.86 1.78 0.74 0.69 0.35 

Heptadecanoic Acid (C17:0) 0.92 0.16 -0.14 -0.25 0.04 0.99 0.05 0.95 

Stearic Acid (C18:0) 19.09 1.38 0.10 -0.85 0.99 0.59 0.46 0.20 

Saturated fatty acids (SFA) 41.06 1.27 0.44 -0.32 1.24 0.86 0.42 0.51 

Palmitoleic Acid (C16:1) 0.66 0.28 0.23 0.03 0.40 0.99 0.09 0.92 

Oleic acid (C18:1n9c) 13.63 2.13 1.73 0.33 3.32 0.99 0.71 0.91 

Vaccenic acid (18:1n-7) 1.69 0.23 0.14 -0.01 0.29 0.97 0.08 0.79 

Monounsaturated fatty acids (MUFA) 16.70 2.67 2.11 0.03 3.86 0.98 0.89 0.91 

Linolenic Acid (C18:3n3) 0.72 0.13 -0.11 -0.19 0.01 0.99 0.04 0.92 

Arachidonic Acid (C20:4n6) 8.17 1.01 0.10 -0.67 0.79 0.61 0.34 0.25 

Linoleic Acid (C18:2n6c) 29.10 2.33 -2.31 -3.99 0.76 1.00 0.78 0.97 

Polyunsaturated fatty acids (PUFA) 42.26 3.21 -2.48 -4.74 0.21 0.98 1.07 0.90 

Plasma metabolites Mean SD1 D2 HPD95%
3 P0

4 r5 Pr
6 

Glucose (mg/dl) 115.00 34.10 -1.87 -23.86 21.92 0.56 11.37 0.20 

Cholesterol (mg/dl) 48.06 16.42 -3.95 -16.67 8.38 0.74 5.467 0.40 

Triglycerides (mg/dl) 82.10 32.00 -34.04 -56.55 -11.19 1.00 10.67 0.97 

Bile acids (mol/ml) 15.60 7.33 -2.10 -7.15 2.61 0.81 2.44 0.44 

Albumin (g/dl) 3.09 0.62 0.29 -0.17 0.74 0.89 0.21 0.65 

Alanine transaminase (IU/l) 11.64 3.16 2.60 0.46 4.90 0.99 1.05 0.92 
1SD: standard deviation of the trait; 2D: median of the marginal posterior distribution of the difference between high and low 
IMF lines; 3HPD95%: highest posterior density region al 95% of probability 4P0: probability of the difference being greater 
than zero when D > 0 or lower than zero when D < 0; 5r: relevant value, proposed as 1/3 of the standard deviation of the trait; 
6Pr: probability of relevance (probability of the difference being greater than r when D > 0 or lower than r when D < 0); 
7SFA: C12:0 + C14:0 + C15:0 + C16:0 + C17:0 + C18:0 + C20:0 + C22:0 + C24:0; 8MUFA: C14:1 + C16:1 + C17:1 + 
C18:1n9t + C18:1n9c+ C18:1n7 + C20:1 + C22:1n9; 9PUFA: C18:2n6c + C18:3n6 + C18:3n3 + C20:2 + C20:3n6 + C203n3 
+ C20:4n6 + C20:5n3 + C22:4n6 + C22:5n3 + C22:6n3. 
 
Liver weight and percentage were greater in the high-IMF line (D = 3.85 g and 0.66% respectively), 
but this difference was only relevant for liver percentage (Pr= 0.81). The greater liver size in high-IMF 
line suggests a greater lipogenic activity, as this tissue is an important site of lipogenic activity in 
growing rabbits (Gondret et al., 1997). The former relationship has already been observed in a 
previous study performed in the 8th generation of selection, in which larger livers with higher liver 
lipogenic activity were found in high-IMF line (Martínez-Álvaro et al., 2018). No correlated response 
to selection was found on the liver fat (P0=0.65), although its fatty acid profile was modified. The 
main individual fatty acids are shown in table 1, along with the saturated (SFA) monounsaturated 
(MUFA) and polyunsaturated (PUFA) fatty acids groups. The high-IMF line showed higher 
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percentage of MUFA and lower of PUFA with relevant differences (Pr= 0.90 for both), though there 
were no evidence of relevant differences in SFA percentage (Pr= 0.51). The correlated response to 
selection on the fatty acid composition of the LTL muscle was analyzed by Martínez-Álvaro et al. 
(2017) in the 8th generation of selection with similar results to those shown in the liver, though 
differences were greater in muscle (D = 9.20 for MUFA and D = -10.3 for PUFA) compared to liver 
(D = 2.11 for MUFA and D = -2.48 for PUFA). 
In plasma metabolites, higher concentration of triglycerides was found in low-IMF line, which could 
be caused by a lower uptake of this metabolite by muscles and other fat depots. The concentration of 
alanine transaminase (ALT) was also modified by selection, being higher in the high-IMF line. The 
relationship between ALT and fat deposition is not clear, but this result was also observed in the 8th 
generation (Martínez-Álvaro et al., 2018). No relevant differences were found in glucose, cholesterol, 
bile acids and albumin. The concentrations of the plasma metabolites detected were inside normal 
limits, indicating a good health status of the animals. 
 
 

CONCLUSIONS 
 
From these results we can conclude that a correlated response to selection for intramuscular fat content 
was found on the liver percentage and on its fatty acid composition, indicating a genetic relationship 
between those traits. Larger liver size has been proved to be related to higher liver lipogenic activity, 
and this liver activity plays an important role in the fat deposition of the lines, although no evidence of 
difference between lines was found on their liver fat content.  
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