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COMPARISON OF MUSCLE CHOLESTEROL AND FATTY ACID PROFILES OF BISON, BEEF CATTLE, ELK, AND CHICKEN.
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ABSTRACT:  The objective was to compare cholesterol (CHOL) and fatty acid contents of longissimus dorsi (LD), semitendinosus (ST), and supraspinatus (SS) muscles of (n = 10 for each) range bison (31 mo of age), grain-finished bison (18 mo of age), range beef cows (4 to 7 yr of age), feedlot steers (18 mo of age), free-ranging cow elk (3 to 5 yr of age), and chicken breast.  Both lipids were analyzed by capillary GLC. Chicken breast CHOL was higher (P < 0.01, 59.3 mg/100 g) than LD CHOL, which was lowest for range bison (43.8 mg/100g), and intermediate for the other species. ST cholesterol changed with species similarly to that observed in LD. SS CHOL was highest (P < 0.01) for feedlot bison and feedlot cattle, which were similar to chicken breast (mean = 61.2 vs. 52.8 mg/100 g for the other species). PUFA were higher (P < 0.01) for chicken breast (24.6%) than for LD PUFA, which were lowest (P < 0.01) for feedlot steers (5.0%). LD n-3 fatty acids were greatest (P < 0.01) for range bison and elk (mean = 2.7%) and lowest (P < 0.01) for feedlot steers (0.4%). ST PUFA were highest (P < 0.01) for range bison, elk, and chicken breast (mean = 21.9%), and lowest for feedlot steers (6.1%), whereas n-3 fatty acids were greatest (P < 0.01) for range bison (3.9%). PUFA of chicken breast were greater (P < 0.01) than SS PUFA of bison, beef, or elk, and were lowest for feedlot steers (7.2%). SS n-3 fatty acids were greatest (P < 0.01) for range bison, range beef, and elk (mean = 1.9%). LD conjugated linoleic acid (CLA, cis-9, trans-11) was greatest (P < 0.01) for range beef (0.4%), and lowest for chicken and elk (mean = 0.1%).   ST CLA was greatest (P < 0.01) for range and feedlot bison and range beef (mean = 0.4%), and lowest for elk ST and chicken breast (mean = 0.1%).  SS CLA was greatest (P < 0.01) for range beef (0.5%), and lowest for chicken breast (0.1%).  Mean total fatty acid concentration for all muscles in descending order was feedlot steers > feedlot bison > range bison > range beef > elk > chicken.
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Introduction

Many consumers are interested in alternatives to conventional meat products.  Bison (Bison bison) consumption in the U.S. has increased in popularity, and currently bison numbers in North America are about 250,000 (National Bison Association, 1998).  In addition to cultural interest, bison meat is leaner that beef when both species are reared similarly (Koch et al., 1995), which may enhance the perception that bison meat may be more healthful than beef.  Towle et al. (1994) reported a 5.6% increase (P < 0.02) in serum low-density lipoprotein (LDL) cholesterol in 12 human subjects who consumed 227 g/d of 12-13% fat ground beef, but no increase in LDL-cholesterol when they consumed ground meat from a beef x bison cross that contained the same total fat concentration.  Several studies have reported the nutrient composition of bison meat (Marchello et al., 1989; Driskell et al., 1997; Driskell et al., 2000) as well as its fatty acid profile.  Presently, data for long-chain n-3 PUFA and conjugated linoleic acid (CLA) in bison meat are lacking.  Furthermore, comparison of bison meat from animals finished in a feedlot with those raised on range are lacking.  The leanness of bison meat may be its salient characteristic.  Thus, comparison of bison meat with meat of other species, known to be lean, is warranted. The objective was to compare cholesterol and fatty acid contents of longissimus dorsi (LD), semitendinosus (ST), and supraspinatus (SS) muscles of range bison, grain-finished (feedlot) bison, range beef cows, feedlot steers, free-ranging cow elk, and chicken breast.

Materials and Methods

Animals and tissues.  Samples of LD (12th rib), ST, and SS muscles were obtained from ten animals of each of the following species.  Range-raised bison bulls (31 mo of age), feedlot-fed bison bulls (18 mo of age), range/pasture-fed beef cows (4 to 7 years old), feedlot-fed crossbred steers (18 mo of age), and free-ranging cow elk (3 to 5 years old).  Poultry samples were obtained from chicken breasts of commercially produced animals, purchased from a local grocery store.  The range-raised bison were obtained from a local bison producer (Prairie Monarch Bison Ranch, Laramie, Wyoming) who raises bison exclusively on forage.  These animals were killed and exsanguinated on location and transported (20 min) to the University of Wyoming abattoir for the remainder of processing.  Muscle samples from the feedlot-fed bison were obtained from a commercial bison slaughter and processing facility (Rocky Mountain Natural Foods, Denver, Colorado).  Feedlot-fed bison are typically placed into the feedlot at 12 mo of age, and fed high-grain diets for 6 mo, and then slaughtered.  The feedlot cattle were fed a corn-based high- energy diet for 6 mo, and slaughtered at the University of Wyoming abattoir.   The range-fed beef cows were crossbreds obtained from a local rancher.  These cows were slaughtered at the University of Wyoming abattoir as part of a separate project.  All muscle samples, except those obtained from the commercial facility, were dissected 48 h after slaughter.  Feedlot bison muscle samples were obtained when those carcasses were fabricated.  All University of Wyoming slaughter was conducted under Wyoming Department of Agriculture inspection.

Fatty acid and cholesterol analysis.  Muscle samples were freeze-dried, ground and homogenized using a home-style coffee grinder.  One hundred mg were then subjected to direct saponification at 90( with 4.0 mL of 1.18 M KOH in ethanol in 16 mm x 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, and transferred to vials and sealed for analysis of cholesterol by GLC.  

The original tubes were acidified with 1.0 mL of concentrated HCl and fatty acids extracted with hexane and transferred to clean tubes.  Hexane was evaporated and 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 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 and 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.  Inherent to the study, species varied in age and dietary regimen.  However, within each species, these parameters are used for normal production.  The present study was predicated on the hypothesis that each type of product was different in fatty acid composition and cholesterol content.  Therefore, within a muscle type, each species was compared to the other by one-way ANOVA.  Poultry was included in each muscle comparison, even though only chicken breast was used.  Statistical analysis was conducted using SAS software for all computations (SAS, Version 4.1, release 7.0; 1998).

Results and Discussion

Fatty acid data for the LD and chicken breast are shown in Table 1.  Bison LD had the lowest (P < 0.01) 14:0 and 16:0, the latter fatty acid being highest (P < 0.01) in beef cattle and elk.  Elk had two- to threefold higher 16:1 (P < 0.01) than the other species, and the lowest (P < 0.01) 18:0, which was highest in range bison LD.  Differences in 16:0 and 18:0 between bison and cattle were consistent with previous observations (Larick et al., 1989; Marchello et al., 1989); however, saturated fatty acids (SAT), which were not different for bison and cattle in these studies, were lower (P < 0.01) for feedlot bison than for range bison, beef cattle, and elk in the present study.  Range bison LD had substantially lower (P < 0.01) 18:1cis-9 than feedlot bison, which was not different (P > 0.05) than that of feedlot cattle LD.  Elk had the lowest (P < 0.01) 18:1cis-9, being nearly threefold lower than feedlot beef LD and over half that of range bison LD.  Chicken breast had the highest (P < 0.01) 18:2cis-9,12, likely a function the diet typical of these animals.  Elk and range bison LD had higher (P < 0.01) 18:2cis-9,12 than beef cattle LD.  Of the CLA isomers in LD, 18:2cis-9,trans-11 was higher (P < 0.01) in range beef cows than in range bison, which was higher than that in feedlot bison or feedlot steers; this CLA isomer was lowest (P < 0.01) in chicken breast.   Range beef cattle had the highest LD (P < 0.01) 18:2trans-10,cis-12.  Chicken breast had higher (P < 0.01) PUFA than that in the LD of the other species because of the higher values for 18:2cis-9,12 and 20:4 (n-6) observed in the chicken breast meat.  Generally, PUFA were highest in LD of the range-fed animals, with range-fed bison and elk having similar (P > 0.05) weight percentages of these fatty acids.  Cholesterol concentration was higher (P < 0.01) in chicken breast than in LD of the other species, which was lowest P < 0.01) in range bison LD.  Based on concentration of total fatty acids in the LD, range bison, range beef cows, elk, and chicken breast were leanest (P < 0.01); feedlot bison had twice the fatty acid concentration of the previous species, and was half that observed in feedlot steer LD.

Table 2 shows fatty acid and cholesterol for ST.  Most fatty acids and cholesterol varied similarly with species and, within species, rearing for both LD and ST.  However, in ST, 18:1cis-9 was similar (P > 0.05) for feedlot bison and feedlot beef, both of which were higher (P < 0.01) than that of range bison and range cows.  Weight percentage of 18:1cis-9 in elk ST was over half that in range-reared bison and cattle (P < 0.01).  Weight percentage of 22:6 (n-6) was higher (P < 0.01) in bison ST than in beef or elk, and was similar for bison ST and chicken breast.  Total fatty acid concentration of the ST was similar (P > 0.05) for feedlot bison and feedlot beef, which were greater (P < 0.01) than that of chicken breast and ST of the remaining species; the latter had similar concentrations of total fatty acids.

In SS, changes in most fatty acids and cholesterol were similar to those observed for the other two muscles and chicken breast.  However, 16:0 was similar for feedlot cattle, elk, and chicken breast, which were higher (P < 0.01) in 16:0 than SS of bison or range cows; this fatty acid was similar in the latter species.  Total fatty acid concentration was similar (P > 0.05) in SS for bison and feedlot cattle, which were higher (P < 0.01) in total fatty acids than that of range beef cows, elk, and chicken breast.

In the present study there were no striking species contrasts in weight percentages of CLA.  However, in elk, muscle CLA was consistently lower than that in the other ruminant species.  The fatty acid profile for elk muscles were similar to that reported by Cordain et al. (1999).  Isomers of CLA are intermediates in the ruminal biohydrogenation process (Harfoot, 1981).  Species differences in CLA suggest that there were differences in the diet and (or) ruminal microflora.  The P/S values were generally higher for elk and range bison, and n-6/n-3 were lowest for range bison, range beef, and elk.  The latter effect reflected the higher relative proportion of 18:3cis-9,12,15 compared with the n-6 fatty acids, in particular, 18:2cis-9,12 and 20:4 (n-6) in  muscles of these three species compared with feedlot bison and cattle and with chicken breast. Diets of range-fed species and elk would have contained the highest levels of 18:3cis-9,12,15  because of the forage content of their diets (Whitney et al., 1999).   Lower n-6/n-3 suggests these lipids would support greater cardiovascular benefit as well as fewer other benefits, such as anti-inflammation (Broughton el., 1991).  Cholesterol values were generally lowest for range bison.  However, Marchello et al. (1989) did not report significant differences in cholesterol of the LD when bison were compared to beef LD or chicken breast.  In the present study, cholesterol in LD and ST were lower (P < 0.01) than cholesterol in chicken breast.  

In conclusion, bison muscle had only modest differences in CLA compared with other ruminant species.  The range-fed species, as well as elk, had the highest proportions of n-3 fatty acids, and were represented most by 18:3cis-9,12,15.  Muscles of the range bison, range beef cows, and elk were typically the leanest.

Implications

Consumption of bison meat would provide the consumer with lean meat that contains fatty acids with a healthful profile with respect to n-3 fatty acids and cholesterol concentration.  However, it is doubtful that bison meat provides consumers with healthier meat than other species because range beef cows and elk had similarities with range bison in so far as lipid profiles were concern.  Furthermore, feedlot bison was second to feedlot beef in leanness and the fatty acid profiles were different than those of range bison.  If bison meat contributes more to a healthy diet than meat from other ruminant species, differences in composition will likely be composed of substances other than just fatty acids or cholesterol.

Literature Cited

Broughton, K. S., J. Whelan, I. Hardardottir, and J. E. Kinsella.  1991. Effect of increasing the dietary (n-3) to (n-6) polyunsaturated fatty acid ratio on murine and peritoneal cell fatty acids and eicosanoid formation.  J. Nutr.  121:155-164.

Cordain, L., B. A. Watkins, G. L. Florant, J. Kehler, and L. Rogers.  1999.  A detailed fatty acid analysis of selected tissues in elk, mule deer, and antelope.  FASEB J. 13:A887.

Driskell, J. A., X. Yuan, D. W. Giraud, M. Hadley, and M. J. Marchello.  1997.  Concentrations of selected vitamins and selenium in bison cuts.  J. Anim. Sci.  75:2950-2954.

Driskell, J. A., M. J. Marchello, and D. W. Diraud.  2000.  Riboflavin and niacin concentrations of bison cuts.  J. Anim. Sci.  78:1267-1271.

Harfoot, C. G.  1981.  Lipid metabolism in the rumen.  In: W. W. Christie (ed.) Lipid Metabolism in Ruminant Animals.  Pergamon Press, New York, NY.

Koch, R. M., H. G. Jung, J. D. Crouse, V. H. Varel, and L. V. Cundiff.  1995.  Growth, digestive capability, carcass, and meat characteristics of Bison bison, Bos Taurus, and Bos x Bison.  J. Anim. Sci. 73:1271-1281.

Larick, D. K., B. E. Turner, R. M. Koch, and J. D. Crouse.  1989.  Influence of phospholipid content and fatty acid composition of individual phospholipids in muscle from bison, Hereford and Brahman steers on flavor.  J. Food Sci.  54:521-531.

Marchello, M. J., W. D. Slanger, D. B. Milne, A. G. Fischer, and P. T. Berg.  1989.  Nutrient composition of raw and cooked Bison bison.  J. Food Comp. Anal.  2:177-185.

National Bison Association.  1998.  News release.  Bison World 23:10.

Rule, D. C., M. D. MacNeil, and R. E. Short.  1997.  Influence of sire growth potential, time on feed, and growing-finishing strategy on cholesterol and fatty acids of the ground carcass and longissimus muscle of beef steers.  J. Anim. Sci. 75:1525-1533.

Towle, L. A., E. A. Bergman, and E. Joseph.  1994.  Low-fat bison-hybrid ground meat has no effects on serum lipids levels in a study of 12 men.  J. Am. Diet. Assoc.  94:546-548.

Whitney, M. B., B. W. Hess, J. E. Kaltenbach, H. J. Harlow, and D. C. Rule.  1999.  Direct transesterification of lipids from feedstuffs and ruminal bacteria.  Can. J. Anim. Sci.  79:247-249.

Table 1.
Weight percentage of fatty acidsa and concentration of cholesterol and total fatty acids in longissimus dorsi of bison, beef cattle, elk, and in chicken breast





  Bison
   

           Beef Cattle

Fatty acidb


Range

Feedlot

Range

Feedlot

Elk

Chicken
SEM

14:0


  1.58e

  1.47e

2.03e

 2.66d

  3.84c

  0.48f

0.20

16:0


17.2e

18.0e

23.2cd

25.8c

23.8cd

21.8d

0.97

16:1


  2.58e

  3.08de

  2.67e

  3.75de

10.9c

  5.30d

0.71

18:0


16.8c

12.6d

13.4d

13.5d

  8.75e

  8.83e

0.53

18:1cis-9


30.7e

43.3c

37.5d

40.4cd

12.9f

28.1e

1.52

18:2cis-9,12


  7.81de

  6.75e

  4.10f

  3.11f

10.1d

17.0c

0.83

18:2cis-9, trans-11


  0.34d

  0.28e

  0.41c

  0.26e

  0.10f

  0.07f

0.02

18:20trans-10, cis-12

 
 0.02d

  0.01f

  0.12c

  0.01de

  0.03de

  0.00f

0.01

18:3cis-9, 12, 15


  2.81c

  0.41f

  1.48e

  0.22f

  2.13d

  0.45f

0.17

20:4 (n-6)


  2.46d

  1.86de

  1.47ef

  0.79f

  3.82c

  4.69c

0.29

20:5 (n-3)


  1.07d

  0.40ef

  0.62e

  0.13f

  1.44c

  0.18f

0.12

22:5 (n-3)


  1.25c

  0.53de

  0.71d

  0.26e

  1.31c

  0.31e

0.10

22:6 (n-3)


  0.23c

  0.18d

  0.09e

  0.04f

  0.11e

  0.26c

0.01

SAT


41.7c

37.0d

41.7c

44.0c

41.9c

34.7d

1.00

PUFA


16.5d

10.7e

  9.53ef

  5.04f

19.4d

24.6c

1.43

P/S


  0.40de

  0.29ef

  0.23fg

  0.12g

  0.49d

  0.71c

0.05

n-6/n-3


  4.21e

  7.87d

  4.06e

9.62d

  4.89e

29.8c

0.71

Cholesterol, mg/100 g

43.8e

54.1d

52.3d

52.7d

50.2d

59..3d

1.23

Total fatty acid, mg/g

11.1e

20.7d

10.7e

28.8c

  8.05e

  7.94e

1.90

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 and P/S is the ratio of PUFA/SAT.

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

Table 2.
Weight percentage of fatty acidsa and concentrations of cholesterol and total fatty acids in semitendinosus muscle of bison, beef cattle, elk, and in chicken breast.





  Bison
   

         Beef Cattle   

Fatty acidb


Range

Feedlot

Range

Feedlot

Elk

Chicken
SEM

14:0


  1.44e

  1.48e

  1.97de

  2.52cd

  3.06c

  0.48f

0.19

16:0


16.3f

18.1ef

21.9d

25.0c

19.8de

21.8d

0.68

16:1


  2.91d

  4.39d

  5.39d

  3.99d

11.5c

  5.30d

0.75

18:0


14.2c

  9.74e

12.8cd

11.9d

  8.94e

  8.83e

0.49

18:1cis-9


29.0d

45.6c

27.5d

43.3c

12.6e

27.1d

1.02

18:2cis-9, 12


  8.32de

  5.57ef

  6.07ef

  3.52f

10.8d

17.0c

0.65

18:2cis-9, trans-11


  0.39c

  0.37cd

  0.32bc

  0.28d

  0.10e

  0.07c

0.02

18:2trans-10, cis-12


  0.03c

  0.03cd

  0.03cd

  0.01cd

  0.03c

  0.01d

0.01

18:3cis-9, 12, 15


  3.01c

  0.39e

  1.72d

  0.30e

  3.31c

  0.45e

0.17

20:4 (n-6)


  3.57de

  1.97e

  3.04e

  1.08f

  4.59cd

  4.69c

0.26

20:5 (n-2)


  1.68c

  0.50e

  1.22d

  0.22e

  1.50cd

  0.18e

0.09

22:5 (n-3)


  1.96c

  0.59e

  1.23d

  0.37e

  1.42d

  0.31e

0.07

22:6 (n-3)


  0.27c

  0.22c

  0.14d

  0.06e

  0.13d

  0.26c

0.02

SAT


38.1d

33.6e

39.9cd

42.0c

39.3d

34.7e

0.64

PUFA


19.9c

  9.96de

14.4d

  6.11e

21.3c

24.6c

1.32

P/S


  0.52d

  0.30e

  0.36e

  0.15f

  0..54d

  0.71c

0.03

n-6/n-3


  3.06f

  5.77de

  3.86ef

  7.22d

  5.05def

29.8c

0.62

Cholesterol, mg/100 g

45.8f

51.0de

48.7ef

53.4d

52.1de

59.3c

1.02

Total fatty acids, mg/g

  9.64d

25.2c

  8.21d

22.9c

  7.35d

  7.94d

1.80

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 and P/S is the ratio of PUFA/SAT.

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

Table 3.
Weight percentage of fatty acids and concentrations of cholesterol and total fatty acids in supraspinatus muscle of bison, beef cattle, elk, and in chicken breast





  Bison
   

          Beef Cattle


Fatty acidb


Range

Feedlot

Range

Feedlot

Elk

Chicken
SEM

14:0


  1.56ef

  1.28f

  1.84e

  2.33d

  3.34c

  0.48g

0.15

16:0


16.8d

15.7d

17.6d

22.4c

20.9c

21.8c

0.72

16:1


  2.81ef

  2.95e

  0.78f

  3.34de

  9.77c

  5.30d

0.63

18:0


18.8c

13.0d

13.4d

13.1d

11.2e

  8.83f

0.58

18:1cis-9


31.7e

44.1c

35.8d

41.8c

16.6g

28.1f

1.11

18:2cis-9, 12


  7.81de

  7.78de

  5.59ef

 4.44f

  9.63d

17.0c

0.68

18:2cis-9, trans-11


  0.42d

  0.31e

  0.52c

  0.31e

  0.19f

  0.07g

0.02

18:2trans-10, cis-12


  0.06c

  0.01e

  0.04cd

  0.01e

  0.03d

  0.01e

0.01

18:3cis-9, 12, 15


  2.80c

  0.43e

  1.94d

  0.33e

  2.32cd

  0.45e

0.16

20:4 (n-6)


  2.10e

  2.09e

  1.85e

  1.22e

  3.40d

  4.96c

0.28

20:5 (n-3)


  0.77c

  0.28d

  0.72c

  0.16d

  0.71c

  0.18d

0.07

22:5 (n-3)


  1.10cd

  0.47e

  0.88d

  0.39e

  1.16c

  0.31e

0.08

22:6 (n-3)


  0.19d

  0.20d

  0.10e

  0.05e

  0.09e

  0.26c

0.02

SAT


42.6c

34.7d

35.5d

41.0c

42.0c

34.7d

0.86

PUFA


15.5e

11.8e

12.2e

  7.24f

19.7d

24.6c

1.19

P/S


  0.37e

  0.34e

  0.35e

  0.18f

  0.49d

  0.71c

0.04

n-6/n-3


  5.06e

10.5d

  5.05e

  9.70d

  6.93e

29.8c

0.71

Cholesterol mg/100 g

54.6d

62.8c

52.7d

61.4c

51.2d

59.3c

1.28

Total fatty acids, mg/g

21.2de

29.2c

13.8ef

26.6cd

10.4ef

  7.94f

2.1

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 and P/S is the ratio of PUFA/SAT.

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