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Abstract

:

To improve beef quality, a selection of specific breeds for crossbreeding, genotyping, and selection of specific candidate genes in breeding animals can be some of the solutions. The objective of this study was to determine the effects of FASN, SCD, and GH genes on carcass fatness and fatty acid (FA) composition of intramuscular lipids of crossbred Holstein × beef breeds (Simmental, Belgian Blue, Limousin, and Piemontese). The allelic and genotypic distribution of polymorphisms in the FASN, SCD, and GH genes was studied in 80 crossbreed animals. Genomic DNA was isolated from musculus longissimus dorsi, whose chemical composition was determined by near infrared transmittance spectrophotometry, while the fatty acid composition was determined by gas chromatography. DNA polymorphism was analyzed by restriction fragment length polymorphism analysis. The FASN (g. 17924A>G) polymorphism was significantly associated with C19:1 n-9 and C24:1 n-9, whereas GH (g.2141C>G) was significantly associated with C16:0 and C20:1 n-9. The SCD (g.8586C>T) polymorphism was significantly associated with C16:0, C18:0, C20:0, C14:1 n-5, C16:1, C18:1, C18:2 n-6, C18:3 n-3, C20:2 n-6, and C20:4 n-6, and analyzed the sum and ratios of fatty acids. Sex had significant effect on carcass fatness and fatty acid composition. This study provided useful results for the above candidate genes and their association with some FA, supporting their influence as genes associated with fats and fatty acid composition in beef meat.
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1. Introduction


Beef is one of the basic animal foods in the diet of the world’s population. Global beef production is 68.3 million tons, representing 20.3% of total meat production (336.6 million tons) [1]. The average beef consumption in the world is 6.3 kg/capita, while in some countries, such as Argentina, the annual beef consumption reaches 36.9 kg/capita [2]. Beef meat is a rich source of protein, fat, and a variety of essential macro and micronutrients. Fats in beef meat have an impact on nutritional, sensory, and processing properties, but also have certain health effects on the consumer. Beef muscle contains about 1–4% total fatty acids (lipids), which are mainly in triacylglycerol form, and those in muscles are triacylglycerol and phospholipids [3]. The level and composition of fatty acids (FA) of intramuscular fat (IMF) determines meat palatability and consumer’s satisfaction [4]. A high intake of SFA (Saturated Fatty Acids) is associated with an increase in serum cholesterol and low-density lipoprotein levels, which are risk factors for cardiovascular disease [5,6]. Polyunsaturated fatty acids (PUFA) and monounsaturated fatty acids (MUFA), such as linoleic or oleic acid, protect the cardiovascular system, and are associated with a decrease in serum cholesterol levels and an increase in high-density lipoprotein [7]. Conjugated linoleic acid also has favorable effects on human health [8].



The influence of genotype on carcass conformation and beef quality, including fat and fatty acid content in Holstein crossbreeds with beef breeds, has been confirmed in most of the previous studies [9,10,11,12]. Keane and Drennan [10] found that Holstein × Belgian Blue crosses had more favorable class and lower carcass fat compared to purebred Holstein cattle. Keane [11] found that F1 crosses of Holsteins with beef breeds were superior to purebred Holsteins in beef production. The fatty acid composition of the meat was affected by the diet [13]. Consumption of linseed has a significant effect on the concentrations of PUFAs [13] and contributes to the increase in the proportion of n-3 fatty acids in intramuscular fat [14]. The use of vitamin E at high doses (2.1 g/head/day) with extruded linseed had a positive effect on microbial loads and growth dynamics, and improved the fatty acid profile (with beneficial effects on consumer health) in finishing diets of young bulls [15].



The development of molecular genetics methods and direct detection of certain SNP polymorphisms on codogenic sequences has stimulated interest in gene candidates that have a certain effect on meat, especially fatty acids [16]. Fatty Acid Synthase (FASN) is a multifunctional enzyme that catalyzes the conversion of acetyl-CoA and malonyl-CoA to palmitate [17], and the FASN gene has been mapped to BTA19 [18]. Of particular interest was the SNP g.17924A > G polymorphism, which causes the replacement of the threonine to alanine, which affects the fat content in carcass and the proportion of FA, and SFA/MUFA/PUFA in beef meat [19,20,21,22,23,24,25]. Abe et al. [20] concluded that FASN gene polymorphism can be used for breeding control and optimization of some fatty acid concentrations in beef meat.



Stearoyl-CoA desaturase is an enzyme encoded by the SCD gene located on chromosome 26 and performs an important role in determining the fatty acid profile of ruminant tissues [26,27,28,29], as it is responsible for the conversion of SFA into MUFA [30,31]. Taniguchi et al. [26] identified a SNP in the fifth exon of this gene c.878 T>C that causes an amino acid change from alanine to valine, and the CC genotype to be associated with a higher proportion of PUFAs containing 9c-14:1, 9c-16:1, and 9c-18:1, and a lower melting point in the intermuscular fat. Wang et al. [29] reported that SNPs within the SCD gene had significant influence on C18:1 cis-13 fatty acid.



Several studies indicate associations of polymorphisms in GH loci with meat production and fatty acids profile. Growth hormone (GH), GH receptor (GHR), transcription factor PIT-1 (which activates GH and prolactin gene expression in the anterior pituitary), insulin-like growth factor-I (IGF-1), and possibly unexplored genes encoding GH signal transduction may contribute to advances in genetic selection in cattle [32]. Polymorphic substitution of ACG/ATG has been observed at codon 172 [33,34]. Ardiyanti et al. [35] examined GH codon polymorphisms at positions 127 and 172 and found that one group of cattle had higher levels of C18:1, MUFA, USFA (unsaturated fatty acids), MUFA/USFA, and USFA/SFA, while the other group had lower levels of C16:0 and C18:0. Maharani et al. [36] found that nucleotide substitution at codons 127 and 172 was not associated with fatty acid properties in their study.



Since farmers, and especially consumers, are interested in producing meat with favorable nutritional and sensory characteristics, some solutions are needed to improve meat quality. Some solutions could be the selection of specific breeds for crossbreeding, genotyping, and the selection of specific candidate genes in breeding animals, and the use of sexed semen to control the sex of calves. The objective of this study was to evaluate the association of genotype (FASN, SCD, and GH genes) with fat content in beef carcasses and the proportion of fatty acids in intramuscular fat.




2. Materials and Methods


2.1. Description of the Biological Sample


For research purposes, the crossing of cows of the Holstein breed (HL) with bulls of four beef breeds (Piemontese, Belgian Blue, Limousin, and Simmental; PIE, BB, LIM, and SIM) was carried out. In the crossing program, four bulls were selected for each beef breed, whose semen was used for artificial insemination. Insemination was performed over 4 months. After calving, at 2 weeks of age, 10 male and 10 female calves were collected for each cross combination (HL × PIE, HL × BB, HL × LIM, HL × SIM). A total of 80 calves were collected, 40 males and 40 females. The calves were collected and housed in a facility and kept until 6 months of age. Calves were separated by sex in two separate facilities on a cattle farm where their rearing continued.



The fattening of 40 bulls and 40 heifers was carried out on one fattening farm. Animals were kept in large, covered pens, each holding about 10 animals. The young cattle were fattened by applying a common fattening technology. They were fed a total mixed ration (TMR) once per day. An average TMR meal consisted of 6.5 kg of corn silage (30% dry matter), 5.5 kg of high moisture corn (~70% dry matter), 650 g of straw (~35% dry matter), and 1.4 kg of concentrate (34% crude protein). The average nutritional value of meal was ~76 MJ/kg ME and 950 g/kg of crude protein.



Young bulls were slaughtered at an average age of 489.8 ± 12.9 days, and heifers at 468.0 ± 8.2 days. Slaughter was carried out according to the standard procedure. Carcasses of slaughtered animals are classified by the EUROP classification system, which evaluates carcass muscularity (EUROP) and fat grades (1 to 5) of the carcass. The thickness of subcutaneous fatty tissue was measured using a precise caliper with a measurement scale in mm. The processed carcasses were stored at a temperature of 4 °C. After cooling, from the left half of each animal (carcass), a sample of the rib section was collected, which includes the 9th, 10th, and 11th thoracic vertebra, and its dissection was used to estimate the proportion of tissue in the carcass (muscle: fat and connective tissue: bone). On a meat sample of MLD taken at the 9th rib (weight 150 g), a chemical analysis of the meat was performed using NIT spectrophotometry (Near Infrared Transmittance spectroscopy) in the measuring range 850–1050 nm using a Foodscan instrument (Foss Electric A/S, Hillerød, Denmark).




2.2. Extraction of Total Lipids in Muscle and Analysis of Fatty Acid


The meat samples of MLD taken at the 9th rib (weight 50 g) were stored at a temperature of −20 °C until analysis. After thawing, tissues were homogenized for 60 s (3 × 20 s, with 10 s cooling intervals) at 9000 rpm. Samples were homogenized with an Ultra-Turrax T25 Basic homogenizer (IKA, Staufen, Germany).



Extraction of total lipids was conducted with a modified method developed by Folch et al. [37]. Extraction of total lipids was performed with a solvent mixture of chloroform that is methanol of different polarities. The ratio of extraction solvent was 15 cm3/g of tissue, divided into a three-part composition: chloroform:methanol at 2:1, chloroform:methanol at 1:1, and chloroform:methanol at 1:2. Total lipid homogenates in each solvent were extracted for 30 min with stirring (700 rpm), then centrifuged for 10 min at 3000 rpm at 20 °C. Total lipid extracts were combined and concentrated in a UNIVAPO 100H rotary evaporator, equipped with a UNICRYO MC 2L cooling unit (Uniequip, Planegg, Germany), and stored at 20 °C until analyzed.



Fatty acids from the total lipid extract were converted to methyl esters via transesterification with methanolic HCl according to international standard procedure ISO 5509 (2000). The resulting methyl esters of fatty acids were prepared for analysis with gas chromatography.



The analysis of fatty acid methyl esters was performed using a gas chromatograph (Agilent 8860, Agilent Technologies, Inc., Santa Clara, CA, USA) equipped with a flame ionization detector (FID). Temperatures of the injector and detector were 200 °C and 240 °C, respectively. Chromatography was performed on a DB-23 capillary column (Agilent Technologies, Santa Clara, CA, USA; length 30 m, column inner diameter 0.25 mm, active layer thickness 0.25 μm). Initial column temperature was 120 °C for 3 min, then it was increased to 260 °C by heating for 6 °C/min and was held at that temperature for 5 min. Hydrogen was used as carrier gas at a flow rate of 1 mL/minute. Collection and processing of the results were carried out using the computer program OpenLAB CDS ChemStation Workstation VL. Fatty acids were identified by comparison of retention times with methyl standards (Sigma Aldrich Chemie, GmbH and Supelco, St. Louis, MA, USA). The individual FA were used to calculate the sums of SFA, MUFA, and PUFA. Results are presented expressed in g/100 g of FA determined.




2.3. Analysis of the FASN, SCD i GH Polymophisms


Meat samples were collected after slaughter and stored at −20 °C. Isolation of DNA from tissue was performed using Sigma-AldrichTM GenElute Mammalian Genomic DNA Miniprep Kit (www.sigmaaldrich.com, accessed on 15 January 2022). Isolated DNA was stored at −20 °C until the genotyping procedure was performed. Each animal was genotyped for the FASN g.17924A>G, SCD g.8586C>T, and GH g.2141C>G through PCR-RFLP technique. Initial oligonucleotide sequences F-FASN 5′-TCTTCACAGAGCTGACGGAC-3′ and R-FASN 3′-GGAGGAAGAGCRGRRGCAGT-5′ were used to amplify the codogenic regions of the FASN gene [36]. For SCD and GH genes, we used two pairs of initial oligonucleotide sequences: F-SCD 5′-CCTGGTGTCCTGTTGTTGTG-3′ and R-SCD 3′-TAGACGTGGTCTTGCTGTGG-5′, F-GH 5′-TCTATGAGAAGCTGAAGGACCTGGAGGAA-3′, and R-GH 3′-CCAGAATAGAATGACACCTACTCAGACAAT-5′ [36].



Amplification of the codogenic sequence was performed in a 13.8 μL reaction mixture (5.4 μL MiliQ water, 7.5 μL EmeraldAmp GT PCR Master Mix, 0.45 μL of each primer, and 1.2 μL DNA). The polymerase chain reaction was performed on a Thermal Cycler MJ Research PTC 100 according to a temperature program, to which, after initial denaturation (98 °C/3 min), 35 cycles of DNA fragment amplification followed (98 °C/10 s, 58–61 °C/30 s, and 72 °C/50 s), then a final extension (72 °C/5 min). A quality control of the PCR reaction was performed on a 1% agarose gel after staining with StainINGreen Nucleic Acid. After the amplification, the PCR product was digested by restriction endonuclease MscI (FASN), Fnu4HI (SCD), and AluI (GH) for 4 h/37 °C in the prepared reaction mixture (0.40 μL dH2O, 10 μL PCR product, 0.10 μL DdeI enzyme). Restriction enzyme splitting results were read directly on a 3% agarose gel after electrophoresis (85 V/40 min; Figure 1). FASN, SCD and GH genotypes are determined based on the DNA fragment size: (a) GG (362, 262 bp), GA (362, 262, 195, 167 bp), and AA (262, 195, 167 bp), (b) CC (143 bp, 75 bp), CT (143, 113, 75 bp) and TT (143, 113 bp), (c) CC (264, 185, 145 bp), CG (264, 236, 185, 145 bp), and GG (264, 236, 145 bp) (Figure 1).




2.4. Statistical Analysis


The effects of FASN, SCD, and GH genes on carcass fatness and FA composition traits were tested using GLM (General Linear Model) procedure in the SAS V.18. The effects of genotypes on carcass fatness and fatty acid composition were determined using the following model:


Yijkl = μ + αi + gj + βk + εijkl








where Yijkl is the value of the analyzed parameter, μ is the overall mean, αi is the effect of crossbreeds (HL × SIM, HL × LIM, HL × BB, HL × PIE), gj is the effect of sex (bulls/heifers), βk is the effect of gene variant (FASN, SCD, GH gene), and εijkl is a random error. In case of effect of sex, age was included as co-variable in the model. The differences between means were estimated by Tukey’s test. All tables contain the least square mean (LS Mean) and standard error (SE) of the means.





3. Results


The polymorphism of the codogenic region of FASN, SCD, and GH genes was observed in the population of crossing animals (HL × beef breeds; SIM, LIM, BB, and PIE, respectively). The frequencies of the observed genotypes are shown in Figure 2, and the frequencies of the polymorphic allele variants G/A, C/T and C/G are shown in Table 1.



This study found the domination of G variant FASN g.17924A>G SNP in frequency 0.60–0.75. In three populations, we observed domination of T variant SCD g.8586C>T SNP, and only in HL × BB population was C variant SCD gene in frequency 0.60. In case of GH g.2141C>G SNP was observed domination of the C variant of gene, in frequency 0.70–0.93.



Although the focus of this study was to determine the influence of FASN, SCD, and GH genes on carcass fatness and fatty acid composition of intramuscular lipids in F1 Holstein × beef breeds, Table 2 shows values for animal weight, fatness of the carcass and meat, and longissimus dorsi muscle fatty acid composition on crossbreeds, and by sex. In the studied sample, the slaughter weights of animals were the highest (p < 0.001) in the HL × SIM crosses (572.1 kg), and the lowest slaughter weights were in the HL × LIM crosses (500.2 kg; Table 2). The cold carcasses weight was higher (p = 0.001) in the HL × SIM crosses (324.2 kg). Considering the EUROP conformation (muscularity) of the carcasses, the lowest rated carcasses was HL × SIM (3.33; p = 0.045), while their fat content was higher (3.09 vs. 2.54–2.79). The lowest proportion of fat and connective tissue in the rib section was observed in HL × PIE and HL × BB crosses, and differences are significant (p < 0.001). Significant impact of crossbreeds in the content of SFA, MUFA, PUFA, PUFA/SFA, and PUFA/MUFA were observed between the crossbred groups (Table 2).



The average slaughter weight and the weight of cold carcasses were significantly higher in bulls than in heifers (Table 2). The heifer carcasses, compared to the carcasses of bulls, were fatter (EUROP fat grade; p < 0.001) and had a higher proportion of fat and connective tissue in the rib section (21.23 vs. 11.61%; p < 0.001), and the proportion of fat in the MLD (3.17 vs. 1.74%; p = 0.002). Compared to bulls’ meat, heifer meat had a significantly higher content of MUFA (47.52 vs. 39.56; p < 0.001) and a lower content of PUFA (8.95 vs. 16.51; p < 0.001), especially n-6 PUFA (8.20 vs. 15.52; p < 0.001). Differences are noticeable also at the level of MUFA/SFA, PUFA/SFA, and PUFA/MUFA indices (p < 0.001).



No significant effect on carcass fatness was observed among the FASN genotypes. (Table 3). The AA genotype of the FASN gene had the lowest EUROP fat grade and subcutaneous adipose tissue thickness (2.58; 2.21 cm; Table 3). Different combinations of genotypes had minor significant effects on carcass fatness and fatty acid composition of intramuscular lipids. For example, GG genotype vs. GA/AA (p = 0.026) and GA vs. GG/AA (p = 0.036) had a significant effect on EUROP conformation.



The content of fatty acids in beef, depending on the observed FASN genotypes, are shown in Table 3. Significant effect of FASN genotypes was observed on content of C19:1 n-9 and C24:1 n-9 fatty acid, which both had a higher content in AA genotype then in GG and GA genotype (p = 0.013; p = 0.029). Significant effects were also observed in AA vs.GG/GA and GA vs.GG/AA combinations of genotypes for the same fatty acids (Table 3). No significant effect of FASN genotypes was observed on the sums and the ratios of fatty acids (SFA, PUFA, and MUFA).



Table 4 shows the effects of SCD genotypes and its different combinations on analyzed traits. Regarding SCD genotype, the fat + connective tissue in rib section and fat in MLD were significantly higher in the TT genotype (p = 0.001; p = 0.021). EUROP conformation classification was significantly affected only by the TT genotype vs. the CT/CC combination (p = 0.040). The CC vs.TT/TC and CT vs.TT/CC combinations had significant effect on fat + connective tissue in rib section (p = 0.001; and p = 0.001, respectively), and fat in MLD (p = 0.006; and p = 0.042, respectively).



The content of FA in beef of analyzed crossbreds depending on the SCD genotypes are shown in Table 4. The significant effect of SCD genotypes on the content of specific FA was observed. The highest value of C16:0 and C18:0 was found in the CC genotype (p = 0.004; and p = 0.005, respectively), while the CC and CT genotypes had the same value for C20:0 (p = 0.002). The TT genotype significantly affected content of C14:1 n-5, C16:1, and C18:1 (p = 0.034; p = 0.001; and p = 0.035, respectively). PUFAs (C18:2 n-6, C18:3 n-3, C20:2 n-6, and C20:4 n-6, respectively) were significantly higher in the CT genotype (p = 0.020; p = 0.007; p = 0.005; and p = 0.086, respectively). Sums and rations of fatty acids were significantly different between SCD genotypes (Table 4). The significant effect of TT vs. CT/CC and CT vs.TT/CC genotype combinations was found on majority of individual SFAs, MUFAs, and PUFAs, while CT vs.TT/CC combination also showed significant effect on majority of sums and rations of fatty acids (Table 4).



EUROP fat grade was significantly higher in the CG genotype (CG > CC > GG) of GH gene (p = 0.004). It was also found that the EUROP fat grade was significantly lower in CG vs. CC/GG genotypes (2.76 ± 0.07 vs. 3.05 ± 0.11; p= 0.003).



The content of FA in beef of analyzed crossbreds, depending on the GH gene, are shown in Table 5. The content of most FAs was not significantly affected by the GH gene. However, content of C16:0 was higher in CG genotype (p = 0.019), while content of C20:1 n-9 was higher in the GG genotype (p = 0.010). CG genotype vs. CC/GG showed significant effect on C16:0 (p = 0.043), while C20:1 n-9 was affected by CC vs. CG/GG and CC vs. GG (p = 0.007; p = 0.038). The sum of SFAs significantly differed for GG vs. CG/CC (p = 0.033).




4. Discussion


The dominance of the g.17924G variant of the FASN gene (0.66) in the population included in the study has been observed in numerous previous studies. In the population of Hanwoo cattle, the frequency of the g.17924G variant of the FASN gene is 0.81 [38], which was confirmed in the study by Maharani et al. [36]. Oh et al. [39] also found a dominance of the g.17924G variant of the FASN gene in a population of Korean cattle (0.73). Papaleo Mazzucco et al. [40] observed dominance of the g.17924G variant of the FASN gene in the Hereford population (0.72), and in a population of Angus cattle, where the frequency of the g.17924A variant of the FASN gene is 0.69. Cancino-Baier et al. [41] observed dominance of the g.17924G variant of the FASN gene in a population of Holstein Friesian steers (0.62). The dominance of the g.8586T variant of the SCD gene in the research population (0.72) was also observed in other cattle populations. Papaleo Mazzucco et al. [40] observed the dominance of the g.8586T variant of the SCD gene in a population of Angus and Hereford (0.68; 0.71). Maharani et al. [36] demonstrated certain dominance of the g.8586T variant of the SCD gene in the population of Hanwoo cattle (0.60). In the studied population, the g.2141C variant of the GH gene dominated in crosses of the Holstein × beef cattle breed (0.82). Maharani et al. [36] found a greater prevalence of the g.2141C variant of the GH gene in the population of Hanwoo cattle (0.93), and Kaneda et al. [42] also found the dominance of the g.2141C variant of the GH gene in nine cattle breeds from the Bos taurus and Bos indicus group (0.983–0.800).



In the population included in this study, minor effect of the g.17924A>G FASN gene on carcass fatness and fatty acid content of beef was detected. However, some previous studies indicate the association of the g.17924A>G SNP variant of the FASN gene with carcass fatness and fatty acid content of beef. Maharani et al. [36] indicated that the g.17924A>G SNP in the FASN gene was significantly associated with lower C14:0 content (p < 0.01) in animals with the GG genotype, and Zhang et al. [18] observed the same association in Angus bulls. The same FASN SNP was associated with higher C16:0 (p < 0.03) and lower C18:1 (p < 0.04) in animals with the AA genotype [43]. Narukami et al. [44] did not observe the same association FASN g.17924A>G SNP on FA composition of beef in Holstein bulls. Uemoto et al. [45] indicated that the g.17924A>G SNP of the FASN gene was associated with oleic acid (C18:1; p < 0.05) in Japanese black cattle. Oh et al. [39] indicated that the g.17924A>G SNP of the FASN gene was significantly associated with C14:0, C16:0, C18:0, C14:1, C18:1, C18:2 n6, C18:3 n3, SFA, and MUFA (p < 0.05). In the same study conducted in Korean cattle, the AA genotype g.17924A>G SNP of the FASN gene was associated with increased levels of C14:0, C16:0, and C18:0 fatty acids, and a decrease in C18:1 fatty acid in longissimus muscle [39]. Abe et al. [20] and Matsuhashi et al. [21] indicated significant effects of the g.17924A>G FASN genotype on 14:0, 14:1, 16:0, 16:1, and 18:1 content and intra-muscular fat in Japanese black cattle. Zhang et al. [18] observed that Angus bulls with the GG genotype (compared to the AA-genotype) had lower SFA, 14:0 and 16:0 fatty acids, and higher total MUFA and 18:1 fatty acid. Yeon et al. [38] observed that the g.17924A>G locus of the FASN gene was significantly associated with content C16:0, C16:1, C18:1, SFA, and unsaturated FA in Hanwoo cattle. Zhang et al. [18] and Schennink et al. [46] reported that the g.17924A>G SNP had a significant effect on the fatty acid composition of rib steaks in purebred American Angus bulls. Li et al. [22] concluded that animals with the AA genotype had a higher concentration of SFA, higher 14:0 fatty acid content, and lower concentration of oleic acid. Oh et al. [39] reported that SNP g.17924A>G of FASN gene has a significant effect on marbling of Korean cattle.



The polymorphic variants g.8586C>T SNP in the SCD gene showed major effect on carcass fatness and fatty acids content of beef in the studied population. Matsuhashi et al. [21] observed that in Japanese black cattle, the polymorphism of SCD had effects on myristic acid (p < 0.001), myristoleic acid (p < 0.001), stearic acid (p < 0.001), oleic acid (p < 0.001), and MUFA (p < 0.001). Maharani et al. [36] indicated that the g.8586C>T SNP in the SCD gene had a significant effect on C14:1 in Hanwoo cattle (p < 0.01). In agreement with a previous study in Japanese Black cattle, the SCD gene was significantly associated with C14:1 and C18:1 concentration in perirenal and intramuscular fat [47]. Papaleo Mazzucco et al. [40] did not find differences between SCD genotypes and fatty acids in a population of Angus and Hereford. Other authors indicate a relationship between SCD and fatty acid composition in Japanese black and white cattle [21,46], Fleckvieh bulls [25], and Brangus white oxen [48].



In the population included in this study, the influence of polymorphic variants was detected g.8586C>T SNP GH gene. The nucleotide substitutions at the codons of the GH gene were significantly associated with C14:0, C16:0, C18:1, C20:1, C20:5 n-3, SFA, and MUFA, and the ratios of MUFA/SFA and USFA/SFA in Japanese Black cattle [35]. Maharani et al. [36] did not observe that the g.8586C>T SNP in the GH gene had a significant effect on the fatty acid profile in Hanwoo cattle.



The effect of sex on carcass fatness and fatty acid composition of intramuscular lipids was observed, although it is not the focus of this study. Such a significant effect of sex on fatty acid composition was also observed in some previous studies. Barton et al. [49], in their study of Charolais × Simmental crossbred bulls and heifers, found that the total content of FA tended to be higher in heifers than in bulls, and that the content of SFA and MUFA increased linearly with increasing total FA. Karolyi et al. [50] found lower levels of MUFA and higher levels of PUFA in the muscle lipids of Simmental bulls compared to heifers.



The observed associations between polymorphic genes and carcass fatness, and fat and fatty acid content of beef are useful for selecting and conducting crossbreeding programs, and complement to previous scientific knowledge [9,10,11,12]. By selecting and favoring certain genotypes, it is possible to produce meat that is more acceptable to consumers. The observed associations of candidate genes with fatness traits and meat quality are also useful in selection of commercial and local breeds, especially in optimizing carcass fatness and fatty acid ratio, taking into account the influence of sex, nutrition, and other factors on beef quality.




5. Conclusions


In the present study, the effects of FASN and GH gene polymorphism on carcass fatness and fatty acid composition of intramuscular lipids were partially confirmed. The SCD gene polymorphism showed dominant effect on analyzed traits compared to other two genes. Fats and fatty acids determine the quality, health and sensory characteristics of beef and are of particular interest to consumers and indirectly to beef producers. It is possible to improve the target quality of beef by selecting specific genotypes in breeding or by crossbreeding. Future research needs to include more candidate genes and populations (purebred or crossbred) that are widely used in beef production.
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Figure 1. Determination of allelic variants of FASN (a), SCD (b), and GH (c) gene on gel. 
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Figure 2. Number of observed FASN, SCD, and GH genotypes in sample. 
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Table 1. Frequencies of allele variants of FASN, SCD, and GH genes observed and expected heterozygosity (Ho/He).
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Crossbreeds

	
FASN

	
SCD

	
GH




	
G/A

	
Ho/He

	
C/T

	
Ho/He

	
C/G

	
Ho/He






	
HL × SIM

	
0.65/0.35

	
0.60/0.46

	
0.25/0.75

	
0.30/0.37

	
0.85/0.15

	
0.30/0.25




	
HL × LIM

	
0.60/0.40

	
0.60/0.48

	
0.15/0.85

	
0.30/0.26

	
0.70/0.30

	
0.40/0.42




	
HL × BB

	
0.75/0.25

	
0.40/0.38

	
0.60/0.40

	
0.30/0.48

	
0.93/0.07

	
0.15/0.14




	
HL × PIE

	
0.63/0.38

	
0.45/0.47

	
0.15/0.85

	
0.30/0.26

	
0.80/0.20

	
0.20/0.32




	
Total

	
0.66/0.34

	
0.51/0.45

	
0.28/0.72

	
0.30/0.41

	
0.82/0.18

	
0.26.0.30
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Table 2. Average value (LS Mean ± SE and p-value) of carcass fatness and fatty acids composition in the m. longissimus dorsi by crossbreeds and sex of animals.
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Characteristic

	
Crossbreeds

	
p Value

	
Sex

	
p Value




	
HL × SIM

	
HL × BB

	
HL × PIE

	
HL × LIM

	
Bulls

	
Heifers






	
Slaughter weight, kg

	
572.1 ± 9.16 a

	
530.6 ± 8.81 b

	
517.8 ± 8.77 b,c

	
500.2 ± 8.94 c

	
<0.001

	
569.8 ± 7.75

	
478.1 ± 11.15

	
<0.001




	
Carcass weight, kg

	
324.2 ± 4.55 a

	
306.4 ± 4.59 a,c

	
310.6 ± 4.57 b,c

	
291.7 ± 4.79 d

	
0.001

	
343.2 ± 4.38

	
273.3 ± 6.30

	
<0.001




	
EUROP conform a

	
3.33 ± 0.11 a

	
3.74 ± 0.11 b

	
3.72 ± 0.11 b

	
3.55 ± 0.12 a,b

	
0.045

	
3.85 ± 0.11

	
3.44 ± 0.15

	
0.089




	
EUROP fat grade b

	
3.09 ± 0.10 a

	
2.76 ± 0.11 a,c

	
2.54 ± 0.11 b

	
2.79 ± 0.11 b,c

	
0.013

	
2.53 ± 0.08

	
3.25 ± 0.12

	
<0.001




	
Subcut. fat tissue c

	
2.57 ± 0.27

	
2.78 ± 0.28

	
2.89 ± 0.28

	
2.69 ± 0.29

	
0.901

	
2.47 ± 0.19

	
3.34 ± 0.28

	
0.043




	
Fat + conn. tissue d

	
18.25 ± 0.59 a

	
16.23 ± 0.59 b

	
11.81 ± 0.59 c

	
18.37 ± 0.62 a

	
<0.001

	
11.61 ± 0.51

	
21.23 ± 0.73

	
<0.001




	
Fat in MLD e

	
3.09 ± 0.22 a

	
2.52 ± 0.22 a,b

	
2.03 ± 0.23 b

	
2.62 ± 0.23 a,b

	
0.089

	
1.74 ± 0.20

	
3.17 ± 0.29

	
0.002




	
C14:0

	
2.57 ± 0.12 a

	
2.69 ± 0.12 a

	
2.13 ± 0.12 b

	
2.87 ± 0.13 a

	
0.002

	
2.27 ± 0.11

	
2.83 ± 0.13

	
0.011




	
C16:0

	
23.99 ± 0.37 a

	
24.61 ± 0.37 a

	
21.65 ± 0.37 b

	
24.14 ± 0.39 a

	
<0.001

	
22.03 ± 0.35

	
25.09 ± 0.39

	
<0.001




	
C16:1

	
3.86 ± 0.14 a

	
3.88 ± 0.14 a,c

	
3.52 ± 0.14 a

	
4.28 ± 0.15 b,c

	
0.023

	
3.43 ± 0.12

	
4.28 ± 0.13

	
<0.001




	
C18:0

	
13.58 ± 0.41

	
13.41 ± 0.42

	
13.43 ± 0.41

	
12.48 ± 0.43

	
0.368

	
14.71 ± 0.39

	
11.72 ± 0.43

	
<0.001




	
C18:1

	
40.16 ± 0.68 a

	
37.91 ± 0.68 a

	
35.24 ± 0.68 b

	
39.00 ± 0.71 a

	
0.003

	
34.74 ± 0.65

	
41.31 ± 0.72

	
<0.001




	
C18:2 n-6

	
6.27 ± 0.62 a

	
6.85 ± 0.62 a

	
11.39 ± 0.62 b

	
6.80 ± 0.65 a

	
<0.001

	
10.85 ± 0.59

	
4.98 ± 0.65

	
<0.001




	
C18:2 c9.t11

	
0.24 ± 0.01

	
0.23 ± 0.01

	
0.22 ± 0.01

	
0.23 ± 0.02

	
0.835

	
0.23 ± 0.01

	
0.23 ± 0.02

	
0.967




	
C20:4 n-6

	
2.07 ± 0.25 a

	
2.57 ± 0.25 a

	
3.87 ± 0.25 b

	
2.38 ± 0.26 a

	
0.001

	
3.37 ± 0.24

	
2.17 ± 0.26

	
0.008




	
C22:4 n-6

	
0.39 ± 0.04 a

	
0.49 ± 0.04 a,c

	
0.58 ± 0.04 b,c

	
0.40 ± 0.04 a

	
0.017

	
0.51 ± 0.04

	
0.43 ± 0.04

	
0.210




	
C22:5 n-3

	
0.17 ± 0.02 a

	
0.23 ± 0.02 a

	
0.33 ± 0.02 b

	
0.21 ± 0.02 a

	
0.002

	
0.29 ± 0.02

	
0.20 ± 0.02

	
0.024




	
SFA

	
44.12 ± 0.60 a

	
45.30 ± 0.63 a

	
41.98 ± 0.59 b

	
43.75 ± 0.63 a

	
0.017

	
43.88 ± 0.55

	
43.48 ± 0.61

	
0.692




	
MUFA

	
45.71 ± 0.76 a

	
43.23 ± 0.81 a

	
40.18 ± 0.76 b

	
45.22 ± 0.79 a

	
0.003

	
39.56 ± 0.75

	
47.52 ± 0.83

	
<0.001




	
PUFA

	
10.17 ± 0.98 a

	
11.47 ± 1.04 a

	
17.84 ± 0.97 b

	
11.03 ± 1.02 a

	
<0.001

	
16.51 ± 0.93

	
8.95 ± 1.03

	
<0.001




	
n-3 PUFA

	
0.52 ± 0.05 a

	
0.61 ± 0.05 a

	
0.85 ± 0.05 b

	
0.57 ± 0.05 a

	
0.001

	
0.75 ± 0.04

	
0.52 ± 0.05

	
0.006




	
n-6 PUFA

	
9.39 ± 0.86 a

	
10.62 ± 0.99 a

	
16.75 ± 0.93 b

	
10.22 ± 0.98 a

	
<0.001

	
15.52 ± 0.90

	
8.20 ± 0.99

	
<0.001




	
n-6/n-3 PUFA

	
17.79 ± 0.44 a

	
17.43 ± 0.47 a,c

	
19.27 ± 0.44 b,c

	
17.69 ± 0.46 a

	
0.095

	
20.73 ± 0.40

	
15.77 ± 0.44

	
<0.001




	
MUFA/SFA

	
1.05 ± 0.02 a,b

	
0.96 ± 0.02 a

	
0.96 ± 0.02 a,b

	
1.04 ± 0.02 b

	
0.075

	
0.90 ± 0.02

	
1.10 ± 0.02

	
<0.001




	
PUFA/SFA

	
0.23 ± 0.02 a

	
0.25 ± 0.02 a

	
0.43 ± 0.02 b

	
0.25 ± 0.03 a

	
<0.001

	
0.39 ± 0.02

	
0.21 ± 0.02

	
<0.001




	
PUFA/MUFA

	
0.23 ± 0.03 a

	
0.28 ± 0.03 a

	
0.49 ± 0.03 b

	
0.25 ± 0.03 a

	
<0.001

	
0.44 ± 0.03

	
0.20 ± 0.03

	
<0.001








a EUROP conformation classification: 1 = poor, 5 = excellent; b EUROP fat grade classification: 1 = leanest, 5 = fattest; c thickness of subcutaneous fat tissue, cm; d fat and connected tissue in the 9 to 11 ribs section, %; e fat in musculus longissimus dorsi, %; SFA, sum of saturated fatty acids; MUFA, sum of monounsaturated fatty acids; PUFA, sum of polyunsaturated fatty acids; n-3 PUFA, sum of n-3 PUFA fatty acids; n-6 PUFA, sum of n-6 PUFA fatty acids; n-6/n-3 PUFA, ratio of the sum of n-6/n-3 PUFA fatty acids; MUFA/SFA, ratio of the sum of MUFA and SFA fatty acids; PUFA/SFA, ratio of the sum of PUFA and SFA fatty acids; PUFA/MUFA, ratio of the sum of PUFA and MUFA fatty acids; different small letters in row, p < 0.05.
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Table 3. Carcass fatness and fatty acid content in MLD, their sums and ratio by FASN genotypes (LS Mean ± SE and p-value).
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Carcass Fatness and Fatty Acids

	
FASN Genotypes

	

	
p-Value




	
AA

	
GA

	
GG

	
p-Value

	
GG vs. GA/AA

	
GG/GA vs. AA

	
GG/AA vs. GA

	
GG vs. AA






	
EUROP conform a

	
3.58 ± 0.172 a,b

	
3.72 ± 0.079 a

	
3.45 ± 0.089 b

	
0.081

	
0.026

	
0.874

	
0.036

	
0.547




	
EUROP fat grade b

	
2.58 ± 0.166

	
2.80 ± 0.076

	
2.82 ± 0.085

	
0.434

	
0.768

	
0.220

	
0.716

	
0.335




	
Subcut. fat tissue c

	
2.01 ± 0.431

	
3.02 ± 0.197

	
2.63 ± 0.221

	
0.121

	
0.391

	
0.147

	
0.074

	
0.225




	
Fat + conn. tissue d

	
15.79 ± 0.93

	
15.72 ± 0.42

	
16.35 ± 0.48

	
0.603

	
0.235

	
0.774

	
0.488

	
0.705




	
Fat in MLD e

	
2.51 ± 0.138

	
2.64 ± 0.217

	
2.42 ± 0.446

	
0.832

	
0.397

	
0.538

	
0.726

	
0.563




	
C12:0

	
0.06 ± 0.003

	
0.06 ± 0.003

	
0.06 ± 0.003

	
0.737

	
0.874

	
0.599

	
0.453

	
0.538




	
C14:0

	
2.35 ± 0.189

	
2.62 ± 0.086

	
2.54 ± 0.097

	
0.433

	
0.768

	
0.323

	
0.385

	
0.381




	
C14:1 n-5

	
0.55 ± 0.079

	
0.60 ± 0.036

	
0.61 ± 0.040

	
0.749

	
0.582

	
0.546

	
0.821

	
0.387




	
C15:0

	
0.33 ± 0.028

	
0.37 ± 0.013

	
0.37 ± 0.014

	
0.563

	
0.993

	
0.367

	
0.898

	
0.392




	
C16:0

	
23.63 ± 0.30 a

	
23.82 ± 0.26 b

	
22.23 ± 0.57 b

	
0.054

	
0.782

	
0.021

	
0.241

	
0.043




	
C16:1

	
4.03 ± 0.217

	
3.84 ± 0.099

	
3.85 ± 0.111

	
0.728

	
0.990

	
0.413

	
0.964

	
0.513




	
C17:0

	
0.88 ± 0.063

	
0.92 ± 0.029

	
0.92 ± 0.032

	
0.814

	
0.904

	
0.549

	
0.875

	
0.613




	
C17:1 n-7

	
0.83 ± 0.060

	
0.78 ± 0.027

	
0.80 ± 0.031

	
0.665

	
0.726

	
0.456

	
0.454

	
0.677




	
C18:0

	
12.98 ± 0.64

	
13.46 ± 0.30

	
13.06 ± 0.33

	
0.616

	
0.439

	
0.681

	
0.513

	
0.870




	
C18:1

	
38.02 ± 1.06

	
38.07 ± 0.48

	
37.79 ± 0.55

	
0.927

	
0.897

	
0.878

	
0.659

	
0.853




	
C18:2 n-6

	
9.02 ± 0.970

	
7.62 ± 0.443

	
8.03 ± 0.499

	
0.417

	
0.989

	
0.269

	
0.347

	
0.378




	
C18:2 c9.t11

	
0.21 ± 0.023

	
0.23 ± 0.011

	
0.24 ± 0.012

	
0.666

	
0.722

	
0.276

	
0.958

	
0.445




	
C18:3 n-6

	
0.05 ± 0.008

	
0.05 ± 0.004

	
0.06 ± 0.004

	
0.173

	
0.055

	
0.836

	
0.095

	
0.499




	
C18:3 n-3

	
0.21 ± 0.017

	
0.19 ± 0.008

	
0.20 ± 0.009

	
0.535

	
0.704

	
0.485

	
0.298

	
0.662




	
C18:4 n-3

	
0.03 ± 0.007

	
0.03 ± 0.003

	
0.03 ± 0.003

	
0.901

	
0.912

	
0.587

	
0.989

	
0.615




	
C19:0

	
0.05 ± 0.004

	
0.06 ± 0.002

	
0.06 ± 0.002

	
0.237

	
0.711

	
0.055

	
0.578

	
0.072




	
C19:1 n-9

	
0.06 ± 0.006 a

	
0.04 ± 0.002 b

	
0.05 ± 0.003 a

	
0.013

	
0.111

	
0.016

	
0.010

	
0.228




	
C20:0

	
0.07 ± 0.005

	
0.07 ± 0.002

	
0.07 ± 0.002

	
0.731

	
0.377

	
0.883

	
0.771

	
0.534




	
C20:1 n-9

	
0.13 ± 0.010

	
0.13 ± 0.005

	
0.12 ± 0.005

	
0.388

	
0.252

	
0.890

	
0.362

	
0.269




	
C20:2 n-6

	
0.10 ± 0.010

	
0.10 ± 0.005

	
0.10 ± 0.005

	
0.814

	
0.735

	
0.949

	
0.354

	
0.862




	
C20:3 n-6

	
0.57 ± 0.078

	
0.52 ± 0.036

	
0.57 ± 0.040

	
0.523

	
0.348

	
0.684

	
0.292

	
0.910




	
C20:4 n-6

	
3.09 ± 0.391

	
2.64 ± 0.178

	
2.81 ± 0.201

	
0.546

	
0.788

	
0.360

	
0.395

	
0.545




	
C20:5 n-3

	
0.08 ± 0.010

	
0.06 ± 0.004

	
0.07 ± 0.005

	
0.345

	
0.797

	
0.225

	
0.322

	
0.394




	
C22:2 n-6

	
0.02 ± 0.008

	
0.02 ± 0.003

	
0.03 ± 0.003

	
0.339

	
0.265

	
0.202

	
0.465

	
0.126




	
C22:3 n-3

	
0.10 ± 0.014

	
0.08 ± 0.006

	
0.09 ± 0.007

	
0.227

	
0.277

	
0.271

	
0.120

	
0.522




	
C22:4 n-6

	
0.48 ± 0.063

	
0.43 ± 0.029

	
0.51 ± 0.032

	
0.249

	
0.122

	
0.702

	
0.121

	
0.777




	
C22:5 n-3

	
0.27 ± 0.036

	
0.23 ± 0.016

	
0.24 ± 0.018

	
0.586

	
0.889

	
0.391

	
0.515

	
0.521




	
C22:6 n-3

	
0.02 ± 0.006

	
0.03 ± 0.003

	
0.03 ± 0.003

	
0.316

	
0.151

	
0.441

	
0.488

	
0.247




	
C24:1 n-9

	
0.05 ± 0.007 a

	
0.03 ± 0.003 b

	
0.04 ± 0.004 a,b

	
0.029

	
0.564

	
0.012

	
0.038

	
0.121




	
SFA

	
42.07 ± 0.93 a

	
44.22 ± 0.44 b

	
43.66 ± 0.48 a,b

	
0.114

	
0.763

	
0.066

	
0.234

	
0.059




	
MUFA

	
43.72 ± 1.19

	
43.45 ± 0.56

	
43.34 ± 0.61

	
0.959

	
0.933

	
0.994

	
0.714

	
0.777




	
PUFA

	
14.21 ± 1.52

	
12.33 ± 0.72

	
12.99 ± 0.78

	
0.518

	
0.814

	
0.326

	
0.315

	
0.490




	
n-3 PUFA

	
0.70 ± 0.072

	
0.62 ± 0.034

	
0.66 ± 0.037

	
0.269

	
0.557

	
0.395

	
0.255

	
0.609




	
n-6 PUFA

	
13.29 ± 1.46

	
11.47 ± 0.69

	
12.09 ± 0.75

	
0.513

	
0.835

	
0.318

	
0.324

	
0.481




	
n-6/n-3 PUFA

	
18.43 ± 0.68

	
18.00 ± 0.32

	
18.01 ± 0.35

	
0.856

	
0.322

	
0.732

	
0.875

	
0.678




	
MUFA/SFA

	
1.04 ± 0.034

	
0.99 ± 0.015

	
1.00 ± 0.017

	
0.396

	
0.889

	
0.337

	
0.657

	
0.189




	
PUFA/SFA

	
0.34 ± 0.039

	
0.28 ± 0.018

	
0.30 ± 0.020

	
0.398

	
0.939

	
0.267

	
0.370

	
0.366




	
PUFA/MUFA

	
0.35 ± 0.046

	
0.31 ± 0.021

	
0.32 ± 0.024

	
0.663

	
0.913

	
0.504

	
0.468

	
0.656








a EUROP conformation classification: 1 = poor, 5 = excellent; b EUROP fat grade classification: 1 = leanest, 5 = fattest; c thickness of subcutaneous fat tissue, cm; d fat and connected tissue in the 9 to 11 ribs section, %; e fat in musculus longissimus dorsi, %; SFA, sum of saturated fatty acids; MUFA, sum of monounsaturated fatty acids; PUFA, sum of polyunsaturated fatty acids; n-3 PUFA, sum of n-3 PUFA fatty acids; n-6 PUFA, sum of n-6 PUFA fatty acids; n-6/n-3 PUFA, ratio of the sum of n-6/n-3 PUFA fatty acids; MUFA/SFA, ratio of the sum of MUFA and SFA fatty acids; PUFA/SFA, ratio of the sum of PUFA and SFA fatty acids; PUFA/MUFA, ratio of the sum of PUFA and MUFA fatty acids; different small letters in row, p < 0.05.
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Table 4. Carcass fatness and fatty acid content in MLD, their sums and ratio by SCD genotypes (LS Mean ± SE and p-value).






Table 4. Carcass fatness and fatty acid content in MLD, their sums and ratio by SCD genotypes (LS Mean ± SE and p-value).





	
Carcass Fatness and Fatty Acids

	
SCD Genotypes

	

	
p Value




	
CC

	
CT

	
TT

	
p Value

	
TT vs. CT/CC

	
TT/TC vs. CC

	
TT/CC vs. CT

	
TT vs. CC






	
EUROP conform a

	
3.75 ± 0.152 a

	
3.72 ± 0.100 a

	
3.48 ± 0.075 b

	
0.095

	
0.040

	
0.265

	
0.129

	
0.132




	
EUROP fat grade b

	
2.79 ± 0.145

	
2.69 ± 0.096

	
2.84 ± 0.072

	
0.454

	
0.525

	
0.840

	
0.231

	
0.802




	
Subcut. fat tissue c

	
2.86 ± 0.379

	
2.65 ± 0.249

	
2.77 ± 0.188

	
0.885

	
0.647

	
0.874

	
0.844

	
0.866




	
Fat + conn. tissue d

	
15.32 ± 0.82 a

	
13.56 ± 0.54 a

	
17.69 ± 0.41 b

	
0.001

	
0.001

	
0.387

	
0.001

	
0.028




	
Fat in MLD e

	
2.20 ± 0.306 a,b

	
2.18 ± 0.202 b

	
2.85 ± 0.153 a

	
0.021

	
0.006

	
0.224

	
0.042

	
0.077




	
C12:0

	
0.07 ± 0.003

	
0.06 ± 0.003

	
0.06 ± 0.005

	
0.253

	
0.108

	
0.744

	
0.142

	
0.366




	
C14:0

	
2.58 ± 0.166 a,b

	
2.36 ± 0.109 a

	
2.55 ± 0.083 b

	
0.105

	
0.059

	
0.768

	
0.038

	
0.667




	
C14:1 n-5

	
0.48 ± 0.069 a

	
0.54 ± 0.045 a

	
0.66 ± 0.034 b

	
0.034

	
0.023

	
0.058

	
0.092

	
0.035




	
C15:0

	
0.37 ± 0.025

	
0.37 ± 0.016

	
0.36 ± 0.012

	
0.717

	
0.509

	
0.493

	
0.638

	
0.553




	
C16:0

	
24.44 ± 0.51 a

	
22.62 ± 0.33 b

	
23.91 ± 0.25 a

	
0.004

	
0.029

	
0.047

	
0.002

	
0.321




	
C16:1

	
3.59 ± 0.191 a

	
3.48 ± 0.125 a

	
4.18 ± 0.095 b

	
0.001

	
0.001

	
0.096

	
0.001

	
0.006




	
C17:0

	
0.95 ± 0.055

	
0.94 ± 0.036

	
0.89 ± 0.027

	
0.500

	
0.314

	
0.363

	
0.411

	
0.419




	
C17:1 n-7

	
0.72 ± 0.053

	
0.76 ± 0.035

	
0.83 ± 0.026

	
0.083

	
0.035

	
0.157

	
0.170

	
0.089




	
C18:0

	
14.29 ± 0.57 a

	
13.90 ± 0.37 a

	
12.56 ± 0.28 b

	
0.005

	
0.002

	
0.050

	
0.015

	
0.015




	
C18:1

	
37.78 ± 0.93 a,b

	
36.70 ± 0.61 a

	
38.79 ± 0.46 b

	
0.035

	
0.021

	
0.840

	
0.016

	
0.210




	
C18:2 n-6

	
7.10 ± 0.852 a

	
9.28 ± 0.561 b

	
7.32 ± 0.423 a

	
0.020

	
0.028

	
0.270

	
0.008

	
0.765




	
C18:2 c9.t11

	
0.24 ± 0.021

	
0.22 ± 0.014

	
0.24 ± 0.010

	
0.549

	
0.575

	
0.514

	
0.362

	
0.718




	
C18:3 n-6

	
0.04 ± 0.007

	
0.05 ± 0.005

	
0.05 ± 0.003

	
0.503

	
0.689

	
0.319

	
0.392

	
0.377




	
C18:3 n-3

	
0.17 ± 0.015 a

	
0.22 ± 0.010 b

	
0.18 ± 0.007 a

	
0.007

	
0.035

	
0.136

	
0.002

	
0.377




	
C18:4 n-3

	
0.02 ± 0.008

	
0.03 ± 0.004

	
0.03 ± 0.002

	
0.574

	
0.690

	
0.428

	
0.645

	
0.422




	
C19:0

	
0.06 ± 0.004

	
0.06 ± 0.002

	
0.06 ± 0.002

	
0.982

	
0.947

	
0.974

	
0.759

	
0.851




	
C19:1 n-9

	
0.05 ± 0.007 a,b

	
0.04 ± 0.003 a

	
0.05 ± 0.002 b

	
0.067

	
0.018

	
0.657

	
0.020

	
0.370




	
C20:0

	
0.08 ± 0.004 a

	
0.08 ± 0.003 a

	
0.07 ± 0.002 b

	
0.002

	
0.001

	
0.029

	
0.002

	
0.002




	
C20:1 n-9

	
0.12 ± 0.009

	
0.12 ± 0.006

	
0.13 ± 0.004

	
0.301

	
0.500

	
0.156

	
0.416

	
0.096




	
C20:2 n-6

	
0.10 ± 0.009 a,b

	
0.11 ± 0.006 a

	
0.09 ± 0.004 b

	
0.005

	
0.002

	
0.914

	
0.002

	
0.355




	
C20:3 n-6

	
0.49 ± 0.068

	
0.61 ± 0.045

	
0.52 ± 0.034

	
0.223

	
0.310

	
0.345

	
0.118

	
0.664




	
C20:4 n-6

	
2.41 ± 0.343 a,b

	
3.17 ± 0.226 a

	
2.59 ± 0.170 b

	
0.086

	
0.158

	
0.273

	
0.043

	
0.628




	
C20:5 n-3

	
0.06 ± 0.009 a,b

	
0.08 ± 0.006 a

	
0.06 ± 0.004 b

	
0.061

	
0.090

	
0.477

	
0.027

	
0.988




	
C22:2 n-6

	
0.02 ± 0.006

	
0.03 ± 0.004

	
0.02 ± 0.003

	
0.508

	
0.320

	
0.917

	
0.253

	
0.848




	
C22:3 n-3

	
0.07 ± 0.012

	
0.10 ± 0.008

	
0.09 ± 0.006

	
0.302

	
0.931

	
0.143

	
0.283

	
0.355




	
C22:4 n-6

	
0.44 ± 0.055

	
0.51 ± 0.036

	
0.45 ± 0.027

	
0.408

	
0.541

	
0.465

	
0.251

	
0.778




	
C22:5 n-3

	
0.22 ± 0.031

	
0.27 ± 0.021

	
0.23 ± 0.016

	
0.158

	
0.243

	
0.404

	
0.081

	
0.746




	
C22:6 n-3

	
0.02 ± 0.006

	
0.03 ± 0.004

	
0.03 ± 0.003

	
0.180

	
0.738

	
0.125

	
0.122

	
0.415




	
C24:1 n-9

	
0.05 ± 0.008

	
0.04 ± 0.004

	
0.04 ± 0.003

	
0.276

	
0.466

	
0.160

	
0.902

	
0.076




	
SFA

	
45.79 ± 0.82 a

	
43.30 ± 0.57 b

	
43.46 ± 0.41 b

	
0.029

	
0.277

	
0.005

	
0.929

	
0.019




	
MUFA

	
42.82 ± 1.04 a,b

	
41.02 ± 0.72 a

	
45.04 ± 0.71 b

	
0.006

	
0.003

	
0.481

	
0.004

	
0.049




	
PUFA

	
11.39 ± 1.34 a

	
15.68 ± 0.93 b

	
11.50 ± 0.66 a

	
0.035

	
0.058

	
0.264

	
0.015

	
0.697




	
n-3 PUFA

	
0.59 ± 0.031 a

	
0.78 ± 0.044 b

	
0.55 ± 0.063 a

	
0.047

	
0.202

	
0.163

	
0.026

	
0.414




	
n-6 PUFA

	
10.66 ± 0.63 a

	
14.68 ± 0.89 b

	
10.58 ± 1.28 a

	
0.035

	
0.055

	
0.271

	
0.015

	
0.713




	
n-6/n-3 PUFA

	
18.87 ± 0.60 a,b

	
18.66 ± 0.42 a

	
17.58 ± 0.30 b

	
0.043

	
0.008

	
0.198

	
0.072

	
0.039




	
MUFA/SFA

	
0.94 ± 0.030 a

	
0.96 ± 0.019 a

	
1.04 ± 0.015 b

	
0.002

	
0.002

	
0.021

	
0.013

	
0.004




	
PUFA/SFA

	
0.25 ± 0.034 a

	
0.34 ± 0.023 b

	
0.28 ± 0.017 a

	
0.036

	
0.090

	
0.149

	
0.019

	
0.463




	
PUFA/MUFA

	
0.28 ± 0.041 a

	
0.39 ± 0.027 b

	
0.29 ± 0.020 a

	
0.011

	
0.020

	
0.240

	
0.005

	
0.784








a EUROP conformation classification: 1 = poor, 5 = excellent; b EUROP fat grade classification: 1 = leanest, 5 = fattest; c thickness of subcutaneous fat tissue, cm; d fat and connected tissue in the 9 to 11 ribs section, %; e fat in musculus longissimus dorsi, %; SFA, sum of saturated fatty acids; MUFA, sum of monounsaturated fatty acids; PUFA, sum of polyunsaturated fatty acids; n-3 PUFA, sum of n-3 PUFA fatty acids; n-6 PUFA, sum of n-6 PUFA fatty acids; n-6/n-3 PUFA, ratio of the sum of n-6/n-3 PUFA fatty acids; MUFA/SFA, ratio of the sum of MUFA and SFA fatty acids; PUFA/SFA, ratio of the sum of PUFA and SFA fatty acids; PUFA/MUFA, ratio of the sum of PUFA and MUFA fatty acids; different small letters in row, p < 0.05.
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Table 5. Carcass fatness and fatty acid content in MLD, their sums and ratio by GH genotypes (LS Mean ± SE and p-value).
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Carcass Fatness and Fatty Acids

	
GH Genotypes

	

	
p-Value




	
CC

	
CG

	
GG

	
p-Value

	
CC vs. CG/GG

	
GG vs. CG/CC

	
CG vs. CC/GG

	
CC vs. GG






	
EUROP conform a

	
3.53 ± 0.068

	
3.68 ± 0.107

	
3.75 ± 0.220

	
0.360

	
0.219

	
0.511

	
0.221

	
0.358




	
EUROP fat grade b

	
2.67 ± 0.065 a

	
3.08 ± 0.103 b

	
2.50 ± 0.212 a

	
0.004

	
0.015

	
0.219

	
0.003

	
0.449




	
Subcut. fat tissue c

	
2.58 ± 0.170

	
3.18 ± 0.268

	
2.30 ± 0.551

	
0.136

	
0.206

	
0.498

	
0.076

	
0.628




	
Fat + conn. tissue d

	
15.75 ± 0.36

	
16.51 ± 0.58

	
15.79 ± 1.19

	
0.544

	
0.124

	
0.978

	
0.616

	
0.959




	
Fat in MLD e

	
2.50 ± 0.138

	
2.64 ± 0.217

	
2.42 ± 0.446

	
0.832

	
0.510

	
0.874

	
0.809

	
0.862




	
C12:0

	
0.06 ± 0.007

	
0.06 ± 0.004

	
0.06 ± 0.002

	
0.774

	
0.959

	
0.462

	
0.887

	
0.525




	
C14:0

	
2.51 ± 0.075

	
2.71 ± 0.118

	
2.35 ± 0.242

	
0.247

	
0.219

	
0.390

	
0.263

	
0.536




	
C14:1 n-5

	
0.57 ± 0.031

	
0.64 ± 0.049

	
0.68 ± 0.101

	
0.341

	
0.099

	
0.397

	
0.459

	
0.245




	
C15:0

	
0.36 ± 0.011

	
0.38 ± 0.018

	
0.35 ± 0.036

	
0.522

	
0.397

	
0.680

	
0.403

	
0.810




	
C16:0

	
23.33 ± 0.27 a

	
24.34 ± 0.36 b

	
22.24 ± 0.74 b

	
0.019

	
0.082

	
0.103

	
0.043

	
0.180




	
C16:1

	
3.83 ± 0.085

	
3.91 ± 0.135

	
4.02 ± 0.277

	
0.731

	
0.269

	
0.602

	
0.972

	
0.508




	
C17:0

	
0.91 ± 0.025

	
0.94 ± 0.039

	
0.87 ± 0.080

	
0.722

	
0.808

	
0.561

	
0.712

	
0.619




	
C17:1 n-7

	
0.79 ± 0.024

	
0.79 ± 0.037

	
0.85 ± 0.077

	
0.716

	
0.605

	
0.410

	
0.591

	
0.382




	
C18:0

	
13.37 ± 0.25

	
13.28 ± 0.40

	
12.17 ± 0.82

	
0.392

	
0.350

	
0.181

	
0.868

	
0.202




	
C18:1

	
37.64 ± 0.42

	
38.59 ± 0.66

	
37.96 ± 1.36

	
0.485

	
0.270

	
0.942

	
0.566

	
0.838




	
C18:2 n-6

	
8.26 ± 0.382

	
6.95 ± 0.603

	
9.35 ± 1.241

	
0.114

	
0.176

	
0.310

	
0.220

	
0.441




	
C18:2 c9.t11

	
0.23 ± 0.009

	
0.25 ± 0.015

	
0.21 ± 0.030

	
0.417

	
0.373

	
0.602

	
0.217

	
0.732




	
C18:3 n-6

	
0.05 ± 0.003

	
0.05 ± 0.005

	
0.04 ± 0.010

	
0.353

	
0.201

	
0.425

	
0.361

	
0.376




	
C18:3 n-3

	
0.20 ± 0.007

	
0.18 ± 0.010

	
0.21 ± 0.021

	
0.278

	
0.236

	
0.451

	
0.372

	
0.602




	
C18:4 n-3

	
0.03 ± 0.003

	
0.03 ± 0.004

	
0.03 ± 0.006

	
0.454

	
0.266

	
0.940

	
0.232

	
0.741




	
C19:0

	
0.06 ± 0.002

	
0.06 ± 0.002

	
0.06 ± 0.005

	
0.268

	
0.349

	
0.549

	
0.218

	
0.664




	
C19:1 n-9

	
0.05 ± 0.002

	
0.05 ± 0.003

	
0.05 ± 0.007

	
0.614

	
0.844

	
0.460

	
0.302

	
0.577




	
C20:0

	
0.07 ± 0.002

	
0.07 ± 0.003

	
0.06 ± 0.006

	
0.343

	
0.605

	
0.158

	
0.538

	
0.222




	
C20:1 n-9

	
0.12 ± 0.004 a

	
0.14 ± 0.006 b

	
0.15 ± 0.013 b

	
0.010

	
0.007

	
0.055

	
0.076

	
0.038




	
C20:2 n-6

	
0.10 ± 0.004

	
0.10 ± 0.006

	
0.11 ± 0.013

	
0.770

	
0.995

	
0.513

	
0.781

	
0.488




	
C20:3 n-6

	
0.57 ± 0.031

	
0.49 ± 0.048

	
0.56 ± 0.100

	
0.321

	
0.214

	
0.894

	
0.346

	
0.924




	
C20:4 n-6

	
2.88 ± 0.154

	
2.38 ± 0.243

	
3.29 ± 0.500

	
0.142

	
0.252

	
0.355

	
0.239

	
0.472




	
C20:5 n-3

	
0.07 ± 0.004 a

	
0.06 ± 0.006 b

	
0.08 ± 0.012 a,b

	
0.063

	
0.122

	
0.363

	
0.127

	
0.500




	
C22:2 n-6

	
0.02 ± 0.003

	
0.03 ± 0.004

	
0.03 ± 0.008

	
0.424

	
0.995

	
0.540

	
0.355

	
0.197




	
C22:3 n-3

	
0.09 ± 0.005

	
0.08 ± 0.009

	
0.10 ± 0.018

	
0.328

	
0.475

	
0.478

	
0.368

	
0.602




	
C22:4 n-6

	
0.48 ± 0.025

	
0.42 ± 0.039

	
0.54 ± 0.080

	
0.320

	
0.520

	
0.402

	
0.364

	
0.528




	
C22:5 n-3

	
0.25 ± 0.014

	
0.21 ± 0.022

	
0.29 ± 0.046

	
0.135

	
0.281

	
0.343

	
0.239

	
0.449




	
C22:6 n-3

	
0.03 ± 0.003

	
0.02 ± 0.005

	
0.03 ± 0.008

	
0.493

	
0.504

	
0.649

	
0.466

	
0.755




	
C24:1 n-9

	
0.04 ± 0.003

	
0.03 ± 0.005

	
0.04 ± 0.009

	
0.297

	
0.301

	
0.658

	
0.191

	
0.733




	
SFA

	
43.64 ± 0.38 a,b

	
44.55 ± 0.58 a

	
41.26 ± 1.19 b

	
0.049

	
0.692

	
0.033

	
0.161

	
0.060




	
MUFA

	
43.02 ± 0.48

	
44.17 ± 0.74

	
43.85 ± 1.51

	
0.413

	
0.196

	
0.778

	
0.605

	
0.673




	
PUFA

	
13.35 ± 0.61

	
11.28 ± 0.95

	
14.89 ± 1.94

	
0.130

	
0.206

	
0.339

	
0.236

	
0.465




	
n-3 PUFA

	
0.67 ± 0.029

	
0.57 ± 0.045

	
0.75 ± 0.092

	
0.124

	
0.273

	
0.315

	
0.236

	
0.417




	
n-6 PUFA

	
12.45 ± 0.59

	
10.44 ± 0.91

	
13.91 ± 1.87

	
0.129

	
0.200

	
0.341

	
0.232

	
0.470




	
n-6/n-3 PUFA

	
18.31 ± 0.28

	
17.76 ± 0.43

	
17.83 ± 0.88

	
0.539

	
0.197

	
0.605

	
0.803

	
0.578




	
MUFA/SFA

	
0.99 ± 0.013

	
1.00 ± 0.021

	
1.06 ± 0.043

	
0.260

	
0.348

	
0.096

	
0.822

	
0.105




	
PUFA/SFA

	
0.31 ± 0.015 a,b

	
0.25 ± 0.024 a

	
0.37 ± 0.050 b

	
0.065

	
0.201

	
0.215

	
0.177

	
0.302




	
PUFA/MUFA

	
0.37 ± 0.018

	
0.28 ± 0.029

	
0.37 ± 0.059

	
0.140

	
0.149

	
0.532

	
0.338

	
0.668








a EUROP conformation classification: 1 = poor, 5 = excellent; b EUROP fat grade classification: 1 = leanest, 5 = fattest; c thickness of subcutaneous fat tissue, cm; d fat and connected tissue in the 9 to 11 ribs section, %; e fat in musculus longissimus dorsi, %; SFA, sum of saturated fatty acids; MUFA, sum of monounsaturated fatty acids; PUFA, sum of polyunsaturated fatty acids; n-3 PUFA, sum of n-3 PUFA fatty acids; n-6 PUFA, sum of n-6 PUFA fatty acids; n-6/n-3 PUFA, ratio of the sum of n-6/n-3 PUFA fatty acids; MUFA/SFA, ratio of the sum of MUFA and SFA fatty acids; PUFA/SFA, ratio of the sum of PUFA and SFA fatty acids; PUFA/MUFA, ratio of the sum of PUFA and MUFA fatty acids; different small letters in row, p < 0.05.
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