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ABSTRACT:( The objective was to determine cholesterol and fatty acid content in longissimus dorsi (LD) and semitendinosus (ST) muscles from sire breeds that differ in potential for lean growth but have similar mature BW. Hereford (normal muscling, H), Limousin (moderate increase in muscling, L), and Piedmontese (muscular hypertrophy, P) sires (20 to 25 per breed) were bred to crossbred cows at random to produce F1 calves that were inter se mated within sire breed to produce F2 calves. Calves were weaned at 6 mo, grown out, finished for either 90 or 132 d, and slaughtered. Piedmontese-cross calves were genotyped for the G-A transition mutation at the myostatin locus characteristic of P. Genotypes were classified as having 0 (H, L, and P0), 1 (P1), or 2 (P2) copies of the mutant allele (msP). Fatty acids and cholesterol were determined by capillary GLC. Saturated fatty acids were greatest in H and L in LD (P = 0.05, mean = 42.8%) and ST (P = 0.04, mean = 38.5%). Monounsaturated fatty acids were lowest (P < 0.01) in P2 for each muscle (34.5% in ST; 36.1% in LD). PUFA were highest (P < 0.01) in P2 LD (10.6%) compared with the other genotypes (mean = 4.8%). In ST, PUFA were highest (P < 0.01) in P2 (12.7%), lowest (P < 0.01) in H (5.8%), and intermediate in L, P0, and P1 (mean = 7.6%). In LD, n-3 fatty acids were highest (P < 0.01) in P2 (1.4%) and lowest in P0 (0.5%). Weight percentage of total conjugated linoleic acid was not affected by genotype in LD (P = 0.25, mean = 0.2%), or ST (P = 0.28, mean = 0.2%). Cholesterol concentration was not affected by genotype in LD (P = 0.44, mean = 50.5 mg/100 g). In ST, cholesterol concentration was highest (P = 0.02) in P2 (54.6 mg/100 g) and similar for the other genotypes (mean = 51.1 mg/100 g). We conclude that P2 contain higher ST muscle cholesterol, and higher PUFA, in particular the n-3 fatty acids, in both LD and ST muscles.
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Introduction

Consumer desire for lean meat has prompted interest in developing production systems that include breed considerations to alter muscularity and composition. Moderate changes in muscularity and composition can be achieved using breeds such as Limousin (Koch et al., 1976), but effects that are more dramatic can be achieved with breeds such as Piedmontese that are double muscled (Wheeler et al., 1996; Grobet et al., 1998). In addition to leanness traits, fatty acid profile and cholesterol content are of interest. We did not find genotypic effects on muscle cholesterol when high- and low-growth potential cattle were compared (Rule et al., 1997). However, we recently reported greater cholesterol and unsaturated fatty acids in longissimus dorsi (LD) of Piedmontese cattle that contained two copies of the mutant allele at the myostatin locus (Rule et al., 1999). In that study, LD that was dissected free of intramuscular fat was analyzed. Because variation in muscle cholesterol is rare in cattle, replication of the previous study (Rule et al., 1999) was warranted. The objective of the present study was to determine fatty acid profiles, including conjugated linoleic acid (CLA) and n-3-PUFA, and cholesterol concentration in LD and semitendinosus (ST) muscles of cattle expressing normal muscling (Hereford), moderately high muscling (Limousin), and muscular hypertrophy (Piedmontese).

Materials and Methods

Cattle Breeding and Management

Hereford (H), Limousin (L), and Piedmontese (P) bulls (20 to 25 bulls per breed) were bred at random to crossbred cows to produce F1 calves. These sire breeds were selected to represent genotypes that are similar in mature body size but differ in degree of muscularity. Hereford was considered a control genotype for degree of muscularity with Limousin representing a moderate increase in muscularity and Piedmontese representing a dramatic increase in muscularity through the effects of a mutated myostatin gene. The F1 progeny were inter se mated to produce the F2 generation. This mating system was designed to allow alleles of major genes to segregate independently so that the genotypic and phenotypic effects of these alleles could be identified.


The F2 calves were weaned at approximately 6 mo of age and were group-fed a growing diet until weekly weights for heifers were > 341 kg and steers were > 386 kg. As each individual animal attained the target weight, they were switched to the finishing diet that was fed for either 90 or 132 d, and then they were slaughtered. The split carcass was allowed to hang in a cooler (4ºC) for 2 d. Then the left half was processed to obtain carcass data and muscle samples.


Blood samples from Piedmontese-cross animals were processed to obtain DNA from white blood cells. The DNA was assayed for the presence of the G to A nucleic acid transition at position 938 of the myostatin locus characteristic of Piedmontese (Fahrenkrug et al., 1999). Genotypes were classified based on having 0 (P0), 1 (P1), or 2 (P2) copies of the mutant allele (msP). Piedmontese alleles that were not classified as msP as well as both myostatin alleles in Hereford-cross and Limousin-cross were assumed to be normal (ms+) which resulted in a breed classification of H, L, and P and a genotype classification of H, L, P0, P1, and P2.

Muscle Sampling and Analysis

From 12 carcasses of each genotype, cross sections of the LD at the 12th rib and ST were dissected during fabrication. Outside fat was trimmed, and the entire muscle sample was minced, freeze-dried, and then ground and homogenized using a home-style coffee grinder. One hundred milligrams were then subjected to direct saponification at 90(C with 4.0 mL of 1.18 M KOH in ethanol in 16 mm ( 125 mm screw-cap culture tubes. Stigmasterol (0.2 mg) was used as internal standard for cholesterol assay. Non-saponifiable materials were extracted in hexane, transferred to vials, and sealed for analysis of cholesterol by GLC. 


The original tubes were acidified with 1.0 mL of concentrated HCl. Fatty acids were extracted with hexane. The hexane was transferred to clean tubes and evaporated. Fatty acid methyl esters prepared with 4.0 mL of 0.545 M HCl in methanol for 1 h at 80(C. Fatty acid methyl esters were extracted with 3.0 mL of hexane and transferred to vials and sealed for GLC analysis. Tridecanoic acid (13:0, 1.0 mg) was used as a fatty acid internal standard. Cholesterol was quantified by GLC as described by Rule et al. (1997). Fatty acids were determined by GLC using a 100 m capillary column (SP 2350, Supelco, Bellefontane, PA) with a split ratio of 50:1 with He as carrier gas at a column flow rate of 1.0 mL/min. Injector and detector temperatures were 250(C, and column temperature was ramped from 140(C to 250(C at a rate of 3.5(C/min.

Statistical Analysis

Within each muscle, fatty acid and cholesterol data were analyzed by one-way ANOVA (SAS Inst. Inc., Cary, NC). Weight percentages of each fatty acid reported represent the proportion of the individual fatty acids relative to all fatty acid peaks observed. Thus, the total of fatty acid weight percentages do not total 100%.


Results and Discussion

Fatty acid and cholesterol data for LD are shown in Table 1. Weight percentage of 16:0 in LD was lowest (P = 0.008) for P2 and highest for H, L, and P0; 16:0 for P1 was intermediate. Weight percentage of 16:1 was lowest (P = 0.003) in LD of H and P2. Weight percentage of 18:0 in LD of P2 more closely resembled that of H and L than P0 or P1; the latter genotype had the lowest (P = 0.001) 18:0. Weight percentages of 18:1(trans) and 18:1(n-9) were lowest (P = 0.0001) in LD of P2, and each of these fatty acids were similar in LD of the other genotypes. Weight percentages of 18:2(n-6), 18:3(n-3), 20:4(n-6), and 22:6(n-3) were substantially higher (P = 0.0001) in LD of P2 and similar for the other genotypes. Weight percentage of total CLA was not influenced (P = 0.25) by genotype. Weight percentage of 20:5(n-3) was highest (P = 0.008) for P2 and L; however, 22:5(n-3) was lowest (P = 0.04) in P2, which was similar to that of L. Total saturated fatty acids (SAT) were lowest (P = 0.05) in LD for P1; this effect was influenced most by 18:0. PUFA, and total n-3 fatty acids in LD were highest (P = 0.0001) in P2. Concentration of total fatty acids in LD decreased as the number of mutant alleles in P increased (P = 0.0001). Total fatty acid concentration in LD of H and L was similar to that of P1. Cholesterol concentration in LD was not affected (P = 0.44) by genotype.


Genotypic effects on most fatty acid weight percentages in ST (Table 2) were similar to those observed for LD. In ST, 14:0 was lowest (P = 0.03) for P2. As in the LD muscle, weight percentage of 20:5(n-3) in ST was highest (P = 0.03) for P2, but the weight percentage of 22:5 was not affected (P = 0.25) by genotype in ST. Total fatty acid concentration in ST was lowest (P = 0.0001) in P2 and highest (P = 0.0001) in H. Cholesterol concentration was highest (P = 0.02) in ST of P2 and similar for the remaining genotypes, which was in contrast to no significant differences among cholesterol concentrations in LD.


Genotype effects observed for fatty acid weight percentages in the present study were similar to those observed previously (Rule et al., 1999) in that P0 and P1 genotypes contained lower LD 16:0 and PUFA than the P2 genotype. However, cholesterol concentration was higher in LD of P2 than in LD of P1 and P0 genotypes in the previous study (Rule et al., 1999); whereas, no genotype effect on LD cholesterol was observed in the present study. The present study included analysis of the ST, wherein P2 cholesterol concentration was greater (P = 0.02) than in the other genotypes regardless of breed. Cattle sired by high growth potential bulls were similar in LD cholesterol concentration compared with cattle sired by medium growth potential bulls (Rule et al., 1997), which would be consistent with the present study where breeds within the ms+/ms+ genotype, but of different muscling potential, had similar LD cholesterol. Greater weight percentages PUFA were reported by Rule et al. (1997) for cattle sired by the high growth potential bulls, indicating that greater leanness results in greater PUFA. In the present study, the change in LD leanness, as determined by total fatty acid concentration, there was a striking decrease as msP alleles were added with P1 being similar to the H and L breeds, which had the ms+/ms+ genotype. In ST, H was the least lean, and L, P0, and P1 were similar and intermediate to H and P2, the latter being the most lean.


Leanness is dependent on muscle type and genotype. In ST, the moderately increased muscling of the L breed was similar to P containing 0 or 1 copies of the mutant myostatin allele. As with the level of leanness, cattle with the highest level of muscular hypertrophy had the greatest weight percentages of PUFA. Higher 18:0 and 18:1 (n-9) could indicate greater neutral lipid (Larick et al., 1989); this would also be indicative of greater triacylglycerol. Thus, cattle expressing the greatest muscular hypertrophy may have had greater PUFA because most of the muscle lipid would likely have been contained in the polar lipid fraction of the muscle cell membrane. We conclude that P2 contain higher ST muscle cholesterol and higher PUFA, in particular the n-3 fatty acids, in both LD and ST muscles.

Implications


Muscular hypertrophy was associated with greater ST cholesterol. However, the biological significance is probably low because the change was very slight (about 5%) and occurred only in cattle with the P2 genotype. Excluding the P2 genotype, breeds considered to be of normal muscling, moderately increased muscling, or muscular hypertrophy, were similar for many of the fatty acids and cholesterol but varied considerably in leanness. For consumers concerned about the healthfulness of the lipids they consume, the P2 genotype produced the leanest product with lipids that were composed of the most beneficial fatty acid profile of the genotypes compared.
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Table 1.  Weight percentagesa of fatty acids and concentrations of cholesterol and total fatty acids in longissimus muscle of Hereford, Limousin, and Piedmontese (P) cattle containing 0 (P0), 1 (P1), or 2 (P2) copies of the mutant myostatin allele

	Fatty acidb
	Hereford
	Limousin
	       P0
	       P1
	      P2
	SEM
	P-value

	14:0
	2.52
	2.88
	2.53
	2.49
	3.07
	0.43
	0.82

	16:0
	25.3c
	25.9c
	24.6c
	24.0cd
	22.6d
	0.65
	0.008

	16:1
	4.37de
	4.88cd
	5.10c
	5.24c
	4.11e
	0.23
	0.003

	18:0
	12.6c
	12.4cd
	11.4de
	10.6e
	12.2cd
	0.36
	0.001

	18:1 (trans)
	3.99c
	4.21c
	4.47c
	4.33c
	1.83d
	0.23
	0.0001

	18:1 (n-9)
	39.1c
	39.4c
	41.5c
	40.4c
	34.3d
	0.96
	0.0001

	18:2 (n-6)
	2.57d
	2.82d
	2.21d
	3.00d
	6.24c
	0.29
	0.0001

	18:3 (n-3)
	0.18d
	0.17d
	0.17d
	0.19d
	0.35c
	0.02
	0.0001

	18:2 (CLA)
	0.17
	0.18
	0.19
	0.21
	0.19
	0.01
	0.25

	20:4 (n-6)
	1.08d
	1.19d
	0.18d
	1.15d
	2.36c
	0.16
	0.0001

	20:5 (n-3)
	0.15d
	0.26c
	0.12d
	0.13d
	0.26c
	0.03
	0.008

	22:5 (n-3)
	0.04d
	0.07cd
	0.05d
	0.05d
	0.09c
	0.01
	0.04

	22:6 (n-3)
	0.29d
	0.30d
	0.20d
	0.32d
	0.65c
	0.04
	0.0001

	SAT
	42.3c
	43.3c
	40.0cd
	39.0d
	41.7cd
	1.06
	0.05

	PUFA
	4.69d
	5.22d
	3.92d
	5.34d
	10.6c
	0.55
	0.0001

	n-3
	0.66de
	0.80d
	0.53e
	0.69de
	1.35c
	0.08
	0.0001

	Total fatty acids, mg/g
	126.3cd
	111.8d
	147.9c
	105.2d
	53.0e
	11.0
	0.001

	Cholesterol mg/100 g
	51.0
	49.0
	50.1
	51.1
	51.4
	1.01
	0.44


aWeight percentage values are relative proportions of all peaks observed by GLC.

bFatty acids are represented as number of carbon atoms:number of carbon-carbon double bonds.  SAT = total saturated fatty acids.

c,d,eMeans in a row with different superscripts are different (P < 0.01).

Table 2.  Weight percentagesa of fatty acids and concentrations of cholesterol and total fatty acids in semitendinosus muscle of Hereford, Limousin, and Piedmontese (P) cattle containing 0 (P0), 1 (P1), or 2 (P2) copies of the mutant myostatin allele

	Fatty acidb
	Hereford
	Limousin
	       P0
	       P1
	      P2
	SEM
	P-value

	14:0
	2.16c
	2.19c
	2.05c
	2.07c
	1.67d
	0.12
	0.03

	16:0
	24.3c
	23.2cd
	23.0cd
	22.5d
	19.9e
	0.53
	0.0001

	16:1
	5.49c
	5.56c
	5.79c
	6.33c
	4.40d
	0.34
	0.004

	18:0
	9.92c
	9.75cd
	9.21cd
	8.55d
	10.2c
	0.41
	0.05

	18:1 (trans)
	4.36c
	3.55c
	4.05c
	3.89c
	1.16d
	0.29
	0.0001

	18:1 (n-9)
	40.4c
	38.8c
	40.1c
	39.5c
	33.3d
	1.02
	0.0001

	18:2 (n-6)
	2.89e
	3.82d
	3.59de
	3.85d
	6.46c
	0.31
	0.0001

	18:3 (n-3)
	0.20d
	0.22d
	0.21d
	0.22d
	0.32c
	0.02
	0.0001

	18:2 (CLA)
	0.23
	0.21
	0.24
	0.27
	0.23
	0.02
	0.28

	20:4 (n-6)
	1.45e
	2.14d
	1.93de
	1.99de
	3.39c
	0.02
	0.0001

	20:5 (n-3)
	0.24d
	0.27d
	0.23d
	0.25d
	0.44c
	0.03
	0.0004

	22:5 (n-3)
	0.07
	0.12
	0.13
	0.12
	0.21
	0.04
	0.25

	22:6 (n-3)
	0.46d
	0.62d
	0.54d
	0.60d
	1.01c
	0.06
	0.0001

	SAT
	38.5c
	38.5c
	36.9cd
	35.9d
	36.2cd
	0.78
	0.04

	PUFA
	5.81e
	7.8d
	7.24de
	7.69de
	12.7c
	0.64
	0.0001

	n-3
	0.98d
	1.24d
	1.11d
	1.19d
	1.98c
	0.13
	0.0001

	Total fatty acids, mg/g
	105.6c
	75.5d
	81.9d
	77.0d
	45.9e
	6.92
	0.0001

	Cholesterol mg/100 g
	51.2d
	50.6d
	51.2d
	51.3d
	54.6c
	0.90
	0.02


aWeight percentage values are relative proportions of all peaks observed by GLC.

bFatty acids are represented as number of carbon atoms:number of carbon-carbon double bonds.  SAT = total saturated fatty acids.

c,d,eMeans in a row with different superscripts are different (P < 0.01).
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