World
Rabbit
Science
Association

D'Nantes, France

PROCEEDINGS OF THE 12" WORLD RABBIT CONGRESS

Nantes (France) - November 3-5, 2021
ISSN 2308-1910

Session
BIOLOGY and PHYSIOLOGY

Zubiri-Gaitan A., Martinez-Alvaro M., Ccalta R.,
Satué K., Blasco A., Hernandez P.

CORRELATED RESPONSE TO SELECTION FOR INTRAMUSCULAR FAT
ON THE LIVER FAT AND ITS FATTY ACID PROFILE

Full text of the communication
+

Slides of the oral presentation

How to cite this paper

Zubiri-Gaitan A., Martinez-Alvaro M., Ccalta R., Satué K., Blasco A., Hernandez P.,
2021. Correlated response to selection for intramuscular fat on the liver fat and its
fatty acid profile. Proceedings 12th World Rabbit Congress - November 3-5 2021 - Nantes, France,

Communication BP-35, 4 pp. + presentation




World Rabbit Science Association
12th World Rabbit Congress - November 3-5 2021 - Nantes, France, Communication BP-35, 4 pp.

CORRELATED RESPONSE TO SELECTION FOR INTRAMUSCULAR
FAT ON THE LIVER FAT AND ITS FATTY ACID PROFILE

Zubiri-Gaitan A. 1, Martinez-Alvaro M. !, Ccalta R}, Satué K2, Blasco Al, Hernandez, P**

Ynstitute for Animal Science and Technology, Unsitat Politécnica de Valéncia, 46022, Valéncia,iSpa
2Department of Animal Medicine and Surgery, Univeasi Cardenal Herrera, 46113 Valéncia, Spain.
*Corresponding authophernan@dca.upv.es

ABSTRACT

A divergent selection experiment for intramuscuiar content (IMF) inlongissimus thoracis et
lumborum (LTL) muscles was performed in rabbits during 18nerations at the Universitat
Politecnica de Valéncia in order to unravel the Ima@isms involved in fat deposition. The aim of the
present experiment was to study the correlatedoresspto selection on liver fat content and itsyfatt
acid profile, as well as in plasma metabolitestegldo liver metabolism. A total of 190 rabbitsrfro
the 10" generation of selection were used to estimatelifeet response to selection. A subsample of
54 animals was selected to study the correlatggbnse to selection on the liver fat, its fatty acid
profile and on plasma metabolites related to ther imetabolism. Direct and correlated responses to
selection were estimated as the phenotypic diftmerbetween high-IMF and low-IMF lines. A
relevant value of the difference (r) of 1/3 of thkenotypic standard deviation of the trait was
proposed in order to estimate the probability ¢éwance P Bayesian inference was used. The direct
response to selection was 0.49 g/100 g of LTL naysehich represents a 47% of the mean of the trait
and 4.1 of its standard deviation. Higher livergeetage was found in high-IMF line, with relevant
differences (P= 0.81). No evidence of difference between lines iound on their liver fat content
(Po = 0.65). Nonetheless, its fatty acid profile wasdified. Monounsaturated fatty acids were higher
in high-IMF line, whereas polyunsaturated fattydacivere higher in low-IMF line with relevant
differences (P= 0.90 in both cases). Higher plasma concentratidriglycerides and lower of alanine
transaminase were found in the low-IMF line, witblevant differences (B 0.97 and 0.92
respectively). Selection for IMF led to a correthtesponse on the liver percentage and on its fatty
acid composition, indicating a genetic relationshgtween those traits. The higher concentration of
triglycerides found in L suggests that differencedMF at 9 wks of age may be due to a reduced
capacity of lipid uptake from the plasma.

Key words: divergent selection, intramuscular fat, liver, fatty acids, rabbit

INTRODUCTION

Intramuscular fat content (IMF) is one of the maiawrameters in meat quality, since it affects its
juiciness, tenderness and flavor. A divergent siele@xperiment for IMF idongissimus thoracis et
lumborum (LTL) muscle was developed in rabbits at the Ursitat Politécnica de Valéncia with the
scope to study this trait, its correlation with exttrelevant traits and to contribute to unravel the
mechanisms of fat deposition.

Lipid deposition in muscle depend on a balance eebwipogenic and catabolic fatty acid fluxes. In
this aspect, the liver plays a very important reilgce it is an important lipogenic site in growing
rabbits (Gondret et al., 1997). Previous studieshase lines have shown that the liver lipogenic
activity was positively correlated with fat depamit in muscle (Martinez-Alvaro et al., 2018),
supporting that, in rabbits, the liver lipogenictigty has a very important function in the
development of the trait under study. Nonetheldss,relationship between IMF, liver fat and liver
fatty acid profile has not been studied so faroum divergent selection experiment we can compare
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these relationships in rabbit lines that have #mesgenetic origin and environment and differ anly
IMF and correlated traits.

The aim of the study was to study the correlategarse to selection for intramuscular fat content i
rabbits on the liver fat content and its fatty ggidfile, as well as in plasma metabolites relatethe
liver metabolism.

MATERIALS AND METHODS

A divergent selection experiment for intramusctigrcontent (IMF) was performed in rabbits during
10 generationst the Universitat Politécnica de Valéncia. Theest@n criterion was the average
phenotypic value of IMF measured in two full silbné male and one female) of the candidate, at 9
weeks of age in LTL muscle. The complete selegpimtedure is described in Martinez-Alvaro et all.
(2016).

One hundred animals from the high-IMF line and @orf the low-IMF line from the 10generation
were used to estimate the direct response to smie®2 of these rabbits were born after an embryo
transfer procedure, since these lines were alsaved in a different project. The correlated regmsn
to selection on liver fat and its fatty acid compos, and on plasma metabolites were estimates in
subsample of 54 animals (27 from each line), nduiged in the embryo transfer group.

Animals were slaughtered at 9 weeks of age by exsaation prior electric stunning. Blood samples
were collected at slaughter from the jugular veid iml lyophilized lithium heparin tubes and plasma
was prepared by centrifugation at 3000 rpm for 1. i@arcasses were chilled for 24 h at 4°C. The
liver weight was recorded and its percentage wimated relative to the reference carcass weight,
recorded following the norms of the World Rabbitiédce Association (WRSA) (Blasco and
Ouhayoun, 1993). LTL muscle was dissected, minbaxphilized and scanned using near infrared
spectroscopy (NIRS 5000, FOSS NIRSystems Inc..eidiid, Denmark). IMF was estimated as
g IMF/100 g of fresh muscle applying the equatideseloped by Zomefio et al. (2012). Total lipid
content of the liver were determined by ether extoa (Soxtec 2055, Tecator, Ho6ganas, Sweden)
with a previous acid hydrolysis (Soxcap 2022, TecaH6gands, Sweden) and the results were
expressed as g fat/100 g of liver. To obtain therlifatty acid profile, fatty acid methyl estersrave
prepared using the method described in O’Falloal.e2007) and analyzed by gas chromatography
(FOCUS, Thermo, Milan, ltaly). Plasma concentratiaf albumin, alanine transaminase, glucose,
cholesterol, triglycerides and bile acids, weresdatned by photometric methods in the laboratory of
the veterinary clinical hospital of the UniversidaBU Cardenal Herrera.

Direct and correlated responses to selection wstienated as the phenotypic differences between
high and low-IMF lines. The model included linexs&ansference (transferred or non-transferred)
and parity order (2 levels: first parity or secamt! more) as fixed effects, and common litter ramdo
effect. The former was assumed to be normally ibigied with mean0 and variancd ch, and
uncorrelated with the residualfesiduals were also assumed to be normally disédbiand
uncorrelated. Bounded flat priors were assumeailfdixed effects and variances. Bayesian inference
was used by means of the program Rabbit (InstitoteAnimal Science and Technology, UPV,
Valencia, Spain). The parameters obtained fronmtasginal posterior distributions of the phenotypic
differences were: the median of the difference betwhigh and low-IMF lines (D), the highest
posterior density region at 95% (HERE) and the probability of the difference being gegdhan zero
when D > 0 or lower than zero when D < Q)(MBesides, a relevant value of the differencena}
assumed to be 1/3 of the phenotypic standard dewiaif the trait, and the probability of the
difference being greater than r when D > 0 or lothan r when D < 0 was calculated (probability of
relevance, f (Blasco, 2017).

RESULTS AND DISCUSSION
Descriptive statistics and the differences betwlews for every trait are summarized in table 1e Th

divergent selection experiment was successful, sigpa direct response of 0.49 g/100 g of muscle,
that represents 47% of the mean or 4.1 standargtams of the trait. This is the only selection
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experiment for IMF performed in rabbits; in oth@esies they are scarce (Sapp et al. (2002) irecattl
Zhao et al. (2007) in chickens and Schwab et @092 in pigs), all showing high response to
selection.

Table 1: Descriptive statistics and differences betweemdlifior: intramuscular fat ihongissimus
thoracis et lumborum muscle (n=190), liver weight, liver percentageetifat, liver fatty acid profile,
and plasma metabolites (n=54)

Trait Mean  SD' D? HPDgso;° P’ r° P°
Intramuscular fat (g/100 g muscle) 1.05 0.12 0.49 .450 0.53 1.00 0.04 1.00
Liver weight (g) 60.3 10.9 3.85 -3.30 1095 0.86 633. 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 P.2 0.65 0.14 0.25
Fatty acids (%) Mean  SD' D? HPDgso,” Py’ r° P°
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 4.7 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 99. 0.09 0.92
Oleic acid (C18:1n9c) 13.63 2.13 1.73 0.33 3.32 0.990.71 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 0.790.61 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 spt D? HPDgso, P} re p,°
Glucose (mg/dl) 115.00 34.10 -1.87 -23.86 2192 605 11.37 0.20
Cholesterol (mg/dl) 48.06 16.42 -3.95 -16.67 8.38 740. 5.467 0.40
Triglycerides (mg/dl) 82.10 32.00 -34.04 -56.55 .4B1 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 0.46 904. 0.99 1.05 0.92

*SD: standard deviation of the traiB): median of the marginal posterior distributiontioé difference between high and low
IMF lines; *HPDyso¢ highest posterior density region al 95% of praligh*Py: probability of the difference being greater
than zero when D > 0 or lower than zero when D %:0glevant value, proposed as 1/3 of the standavihtion of the trait;
®P.: probability of relevance (probability of the difence being greater than r when D > 0 or lowen thahen D < 0);
'SFA: C12:0 + C14:0 + C15:0 + C16:0 + C17:0 + C18:0 + C20C22:0 + C24:O?MUFA: Cl4:1 + C16:1 + C17:1 +
C18:1n9t + C18:1n9c+ C18:1n7 + C20:1 + C22:19|ﬁ’9JFA: C18:2n6¢c + C18:3n6 + C18:3n3 + C20:2 + C20:3n6 8362

+ C20:4n6 + C20:5n3 + C22:4n6 + C22:5n3 + C22:6n3.

Liver weight and percentage were greater in thé-higF line (D = 3.85 g and 0.66% respectively),
but this difference was only relevant for liver gemtage (B 0.81). The greater liver size in high-IMF
line suggests a greater lipogenic activity, as tisisue is an important site of lipogenic activity
growing rabbits (Gondret et al., 1997). The formelationship has already been observed in a
previous study performed in thd §eneration of selection, in which larger liverghwhigher liver
lipogenic activity were found in high-IMF line (Mi@mez-Alvaro et al., 2018). No correlated response
to selection was found on the liver fat,£P.65), although its fatty acid profile was modifieThe
main individual fatty acids are shown in table Ipng with the saturated (SFA) monounsaturated
(MUFA) and polyunsaturated (PUFA) fatty acids grsuprhe high-IMF line showed higher
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percentage of MUFA and lower of PUFA with relevalifterences (B 0.90 for both), though there
were no evidence of relevant differences in SFAc@atage (B 0.51). The correlated response to
selection on the fatty acid composition of the Lifluscle was analyzed by Martinez-Alvaro et al.
(2017) in the 8 generation of selection with similar results tmsé shown in the liver, though
differences were greater in muscle (D = 9.20 formUand D = -10.3 for PUFA) compared to liver
(D =2.11 for MUFA and D = -2.48 for PUFA).

In plasma metabolites, higher concentration ofiytdgrides was found in low-IMF line, which could
be caused by a lower uptake of this metabolite bgales and other fat depots. The concentration of
alanine transaminase (ALT) was also modified bya@n, being higher in the high-IMF line. The
relationship between ALT and fat deposition is dlet@ar, but this result was also observed in the 8
generation (Martinez-Alvaro et al., 2018). No relewdifferences were found in glucose, cholesterol,
bile acids and albumin. The concentrations of tlesrpa metabolites detected were inside normal
limits, indicating a good health status of the aadsn

CONCLUSIONS

From these results we can conclude that a corcetagponse to selection for intramuscular fat agnte
was found on the liver percentage and on its fatig composition, indicating a genetic relationship
between those traits. Larger liver size has beewugat to be related to higher liver lipogenic adiyi
and this liver activity plays an important roletire fat deposition of the lines, although no evideaf
difference between lines was found on their liardontent.
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OBJECTIVE

Effect of selection in:

el * liver lipids
; * liver fatty acid composition
). A * plasma metabolites related to liver metabolism
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Metabolism of the intramuscular fat deposition
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METHODOLOGY
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METHODOLOGY
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METHODOLOGY

Statistical analysis

Fixed effects:
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METHODOLOGY

Statistical analysis

Fixed effects:
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RESULTS
Liver lipid
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RESULTS

Liver fatty acid profile
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RESULTS

Liver fatty acid profile
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RESULTS

Liver fatty acid profile
Odd-chain SFA (OCFA)
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RESULTS

Plasma metabolites

Trait D HPDy,, P, r P,

ALT (UI/1) 2.58 [0.38 4.71] 0.99 1.02 0.92

Triglycerides (mg/dl)| -34 [-56.11 -9.82] 1 -1.18 0.98
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CONCLUSIONS

No differences in the liver fat content

Higher MUFA and lower PUFA in the high-IMF line

Higher OCFA in the low-IMF line =) importance of the microbiome
Lower triglycerides uptake in the low-IMF line

Higher amino acid metabolism in the hig-IMF line

Thank you for your attention
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