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Abstract –Bison meat has been found to discolour 

more rapidly than beef in retail display. The 

influence of tissue levels of PUFA, vitamin E and 

pigment on the colour stability of bison and beef 

were examined. Longissimus samples from beef 

and bison were analyzed for fatty acid 

composition, vitamin E, pigment, TBARS, and 

retail stability. The change in MetMb in both beef 

and bison were most influenced by the n-6:n-3 

ratio in muscles. Inherent levels of PUFA, pigment 

and vitamin E in bison seem to be strongly linked 

to undesirable changes in fresh meat. Further 

work should investigate strategies to stabilize 

fresh bison meat in the retail environment while 

ensuring a desirable fatty acid profile. 
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I. INTRODUCTION 

 

Bison (Bison bison) are raised for their meat and 

other products (hides, breeding stock) in North 

America. Bison meat composition has been 

found to be nutrient dense, with a high 

proportion of protein [1, 2]. Bison meat has been 

found to discolour more rapidly than beef [3, 4, 

5] and the reasons for this accelerated 

discolouration have not been determined. Meat 

colour is important because it is used by 

consumers as an indicator of freshness [6]. 

Polyunsaturated fatty acids (PUFA) in 

phospholipid membranes are susceptible to 

oxidative breakdown resulting in changes to the 

colour, smell and taste of the meat [7]. Species 

differences in susceptibility of meat to oxidation 

have been linked to the heme iron content [8]. 

Heme iron has been proposed as an initiator and 

promoter of lipid oxidation in raw meats and 

H2O2-activated metmyoglobin has been seen to 

promote lipid oxidation [9]. High levels of total 

iron have been found in raw bison meat 

compared to those typically found in beef [1, 2]. 

PUFA levels (weight percentage) in both range 

and feedlot fed bison were found to be higher 

than in range or feedlot fed cattle [10]. Thus, the 

relatively rapid deterioration of colour quality of 

bison muscle compared with beef may be related 

to the significantly higher content of both total 

PUFA’s and total iron. 

The colour of meat can be attributed to 

pigments, which absorb certain wavelengths and 

reflect others. The major pigment in meat is 

myoglobin (Mb). The colour of fresh meat is 

impacted by the amount of each derivative of 

Mb, purple reduced deoxymyoglobin, red 

oxymyoglobin (MbO2), and brownish 

metmyoglobin (MetMb).  

The ferric ion will be reduced to the ferrous 

form and in an aerobic environment, MbO2 will 

result. This reaction is dependent on the 

reducing capacity, oxygen availability and Mb 

autoxidation rate of the muscle, and will differ 

depending on intrinsic (age of the animal, 

species, feeding regime, muscle and fibre type) 

and extrinsic (temperature, microbial 

contamination , chilling rate, and final pH ) 

factors [11]. 

The purpose of this study was to examine the 

influence of tissue levels of PUFA, vitamin E, 

and pigment on the oxidative and colour stability 

of fresh beef and bison in a retail display 

environment. 

 

II. MATERIALS AND METHODS 

 

Animals and Slaughter  

A total of 20 feedlot steers were fed in feedlot 

pens. Their finishing diet contained 

approximately 8% grass hay and up to 80% 

steam-rolled barley. Fourteen intact male bison 

from three commercial farms were finished on 
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native grass pasture. All animals were 

slaughtered at the Lacombe Research Centre 

abattoir in accordance with the principles and 

guidelines established by the Canadian Council 

on Animal Care [12]. 

Following overnight chill, at approximately 24 h 

post-mortem, the left longissimus thoracis et 

lumborum (LTL) was removed from the beef 

and bison carcasses respectively. After 

trimming, one steak was removed for subsequent 

fatty acid and α-tocopherol determination. The 

remainder of the muscle was labeled, bagged 

and aged in a cooler at 2oC. Following the 6 d 

ageing period, steaks (25 mm thick) were 

removed for analysis. One steak was placed into 

a horizontal retail display case under fluorescent 

room lighting, as previously described [13]. 

Samples were held at 1C for retail evaluation 

after 0, 1, 2 and 3 d. 

Lipid Analyses 

Lipid extraction and methylation was performed 

using procedures previously reported [14, 15, 

16]. Fatty acid methyl esters were analyzed by 

gas chromatography [17], and contents were 

reported as % of total fatty acids quantified. 

Pigment and tocopherol 

Pigment (myoglobin) was determined using a 

modified procedure from Trout [18] and 

reported in mg/g. Tocopherol content was 

estimated by high performance liquid 

chromatography according to methods outlined 

by Hewavitharana et al. [19]. 

Evaluation of Retail Stability 

Treatment samples were placed into the retail 

display case controlling for known temperature 

gradients within the retail case. On each specific 

day in retail objective colour measurements 

(CIE L*[brightness], a*[red-green axis], 

b*[yellow-blue axis] values [20]) were collected 

in triplicate across the face of the steak using a 

Minolta CM2002 (Minolta Canada Inc.). 

Spectral reflectance readings were also collected 

at the same time to calculate the relative 

contents of MetMb, Mb and MbO2 as describe 

by Krzywicki [21]. Following objective colour 

measurements steaks were evaluated for retail 

appearance, lean colour score, percent surface 

discolouration, and colour of discolouration. 

Thiobarituric acid reactive substance (TBARS) 

determination 

TBAR substances (0 d and 3 d in retail), were 

determined as previously reported [22]. 

Statistical Analyses 

A comparison of bison to beef for vitamin E 

homologues, pigment and fatty acids using 

PROC MIXED least squares means and standard 

errors were determined. Differences between 

species (bison and beef) were determined for 

retail evaluation data on day 0, 1, 2 and 3 using a 

repeated measures design with PROC MIXED 

[23]. The fixed effects were species, day and 

their interaction. The experimental unit was the 

individual animal within species. 

PROC STEPWISE was used [23] to examine the 

effect of inherent tissue levels of total fat, 

omega-3 (n-3), omega-6 (n-6), PUFA, n-6:n-3, 

pigment and vitamin E on the change in MetMb, 

% discolouration and appearance scores between 

d 0 and d 3 in retail display. Only significant 

factors (P < 0.15) were included in the overall 

model R2 value. 

 

III. RESULTS AND DISCUSSION 

 

Total fat was significantly less in bison than in 

beef. All the fatty acid indices were different (P 

< 0.01) between beef and bison (Table 1). PUFA 

levels and long chain n-3 fatty acids (which are 

more sensitive to oxidation) were higher in bison 

than beef. 
 

Table 1 Fatty acid (% FA measured), pigment (mg/g 

meat) and vitamin E (µg/g meat) in longissimus of 

beef steers and intact bison bulls  

  Beef  Bison  SEM P 

Number of animals 20 14   

Total Fat, % 5.56 1.00 0.39 <0.01 

SFA, mg/100mg 44.0 40.6 1.00 <0.01 

MUFA, mg/100mg 49.5 38.3 0.97 <0.01 

PUFA, mg/100mg 6.43 21.1 1.44 <0.01 

n-3, mg/100mg 0.94 6.16 0.32 <0.01 

Pigment, mg/g 6.87 8.45 0.53 <0.01 

Vitamin E, µg/g 2.2 3.19 0.24 <0.01 

 
Pigment levels in bison were significantly higher 

(P < 0.01) in bison over beef (Table 1). While 

the primary structure of Mb between bison and 

beef have been found to be identical [24], the 

increased levels of pigment found in bison in the 
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present study combined with high levels of iron 

found in bison muscle tissue [1] likely contribute 

to poor colour stability in fresh bison meat. 

Vitamin E was significantly higher (P < 0.01) in 

bison than in beef (Table 1). However levels of 

α-tocotrienols were higher in beef than in bison. 

Feeding vitamin E to steers has been shown to 

improve lipid and MbO2 stability in several 

muscles [25]. The TBAR measurements did not 

support the expected improvement in oxidative 

stability associated with increased Vitamin E.  

TBAR values above about 0.5 are considered 

critical (in beef) since at this level lipid 

oxidation products which produce a rancid 

odour and taste, detectable to consumers are 

present [7]. In the present study both beef and 

bison had TBARS values (data not shown) 

which exceeded this critical level by day 3 of 

retail display (0.54 and 0.73 respectively). There 

was no significant differences in TBARS values 

between beef and bison (P = 0.28). 

MetMb levels in bison were significantly higher 

than beef on all retail display days confirming 

the early browning in bison reported previously 

[3, 4, 5]. The beef MetMb level on day 3 was 

equivalent to the level in bison on day 0 and by 

day 3 the levels in the bison were twice that of 

beef. Over the same time, MbO2 decreased (P < 

0.01) slightly in beef (0.78 to 0.71) and 

substantially in bison (0.70 to 0.55). Hence it 

appears that the colour stability of bison was 

already compromised on entry into the retail 

case after 6 d of ageing. 

There was a significant ‘species by day in retail’ 

interaction for objective colour measurements, 

with L* values increasing (P = 0.03) and chroma 

and hue values (P < 0.01) decreasing over time 

in retail. Even by d 1 bison were showing less 

desirable retail characteristics. Retail appearance, 

lean colour score, and percent surface 

discolouration were significantly different for 

bison than beef, with bison scoring less 

favourably on all of these measurements. In all 

retail display days bison had higher Met Mb and 

on display days 1, 2, and 3 had higher % of 

discolouration than the beef steaks (data not 

shown). 

Overall for both beef and bison, the change in 

MetMb from d 0 to d 3 was most influenced by 

the inherent n-6:n-3 levels in the tissue (R2 = 

59.3) with total fat (R2 = 5.40) and vitamin E (R2 

= 4.17) bringing the model R2 to 68.9 [change 

MetMb = 0.374 – 0.026vitE + 0.039n-6: n-3 – 

0.015total fat] (P < 0.05). A decrease in vitamin 

E and increase in n-3 levels increased the change 

in % discolouration between d 0 and d 3. As 

total fat increased, the change in appearance 

between d 0 and d 3 increased (improved).  

These relationships show that the inherent tissue 

traits of grass finished bison are strongly linked 

to undesirable changes in fresh meat colour in a 

retail display environment. Bison had lower fat, 

lower n-6:n-3 levels, higher vitamin E levels, 

and higher n-3 levels than beef and consequently 

showed an increased rate of MetMb production, 

greater % of discolouration, and less attractive 

appearance between d 0 and d 3 in retail. 

 

IV. CONCLUSION 

 

Fatty acid composition was significantly 

different between grass-finished bison and grain-

finished beef for all the fatty acids measured. 

Bison also had higher tissue levels of pigment 

and vitamin E. The meat traits of bison were 

linked to poorer performance in the retail 

environment when compared to beef. Strategies 

need to be investigated to improve shelf life of 

bison meat in the retail environment while still 

maintaining a desirable fatty acid profile from a 

health conscious consumer’s perspective. 

 

ACKNOWLEDGEMENTS 
The authors thank the technical staff at the AAFC-

Lacombe Research Centre.  

 

REFERENCES 

 
1. Galbraith, J. K., Hauer, G., Helbig, L., Wang, Z., 

Marchello, M. J. & Goonewardene, L. A. (2006). 

Nutrient profiles in retail cuts of bison meat. 

Meat Sci. 74: 648-654.  
2. Marchello, M. J. & Driskell, J. A. (2001). 

Nutrient composition of grass and grain finished 

bison. Great Plains Res. 11: 65-82. 

3. Pietrasik, Z., Dhanda, J. S., Shand, P. J. & Peg, 

R. B. (2006). Influence of injection, packaging, 

and storage conditions on the quality of beef and 

bison steaks. J. Food Sci. 71:s110-s118. 

4. Dhanda, J. S., Pegg, R. B., Janz, J. A. M., Aalhus, 

J. L. & Shand, P. J. (2002). Palatability of bison 

semimembranosus and effects of marination. 

Meat Sci. 62:19-26. 



 
58th International Congress of Meat Science and Technology, 12-17th August 2012, Montreal, Canada 

5. Janz, J. A. M., Aalhus, J. L., Price, M. A. & 

Schaefer, A. L. (2000). The influence of elevated 

temperature conditioning on bison (Bison bison 

bison) meat quality. Meat Sci.56: 279-284. 

6. Mancini, R. A. & Hunt, M. C. (2005). Current 

research in meat colour. Meat Sci. 71:100-121. 

7. Wood, J. D., Enser, M., Fisher, A. V., Nute, G. 

R., Sheard, P. R., Richardson, R. I., Hughes, S. I. 

& Whittington, F. M. (2008). Fat deposition, 

fatty acid composition and meat quality: A 

review. Meat Sci. 78: 343-358. 

8. Rhee, K. S., Anderson, L. M. & Sams, A. R. 

(1996). Lipid oxidation potential of beef, chicken 

and pork. J. Food Sci. 61: 8-12. 

9. Decker, E., Faustman, C. & Lopez-Bote, C. J. 

(2000). Antioxidants in muscle foods: nutritional 

strategies to improve quality. John Wiley & Sons 

Inc. New York. 485 pp. 

10. Rule, D. C., Broughton, K. S., Shellito, S. M. & 

Maiorano, G. (2002). Comparison of muscle 

fatty acid profiles and cholesterol concentrations 

of bison, beef cattle, elk and chicken. J. Anim. 

Sci. 80: 1202-1211. 

11. Renerre, M. (1990). Review: Factors involved in 

the discolouration of beef meat. Int. J. Food Sci. 

and Tech. 25: 613-630. 

12. Canadian Council on Animal Care. (1993). 

Guide to the care and use of experimental 

animals. Vol. 1, 2nd ed. E.D. Olfert, B.M. Cross, 

A.A. McWilliam, eds CCAC, Ottawa, ON. 

13. Jeremiah, L. E. & Gibson, L. L. (2001). The 

influence of packaging and storage time on retail 

properties and case-life of retail-ready beef. Food 

Res. Int. 34(7): 621-631. 

14. Folch, J., Lees, M. & Sloane Stanley, G. H. 

(1957). A simple method for the isolation and 

purification of total lipids from animal tissues. J. 

Biol. Chem. 226: 497-509. 

15. Kramer, J. K. G., Fellner, V., Dugan, M. E. R., 

Sauer, F. D., Mossoba , M. M. & Yurawecz , M. 

P. (1997). Evaluating acid and base catalysts in 

the methylation of milk and rumen fatty acids 

with special emphasis on conjugated dienes and 

total trans fatty acids. Lipids 32: 1219-1228. 

16. Cruz-Hernandez C., Deng Z., Zhoua J., Hill A. 

R., Yurawecz M. P., Delmonte P., Mossoba M. 

M., Dugan M. E. R. & Kramer J. K. G. (2004). 

Methods to analyze conjugated linoleic acids 

(CLA) and trans-18:1 isomers in dairy fats using 

a combination of GC, silver ion TLC-GC, and 

silver ion HPLC. J. AOAC 87:545-560. 

17. Kramer, J. K. G., Hernandez, M., Cruz-

Hernandez, C., Kraft, J., & Dugan, M. E. R. 

(2008). Combining results of two GC separations 

partly achieves determination of all cis and trans 

16:1, 18:2, 18:3 and CLA isomers of milk fat as 

demonstrated using Ag-ion SPE fractionation. 

Lipids 43: 259-273. 

18. Trout, G. R. (1991). A rapid method for 

measuring pigment concentration in porcine and 

other low pigmented muscles. Int. Congress 

Meat Sci. Tech. 37:1198. 

19. Hewavitharana, A. K., Lanari, M. C. & Becu, C. 

(2004). Simultaneous determination of Vitamin 

E homologs in chicken meat by liquid 

chromatography with fluorescence detection. J. 

Chrom. A 1025:313-317. 

20. Commission Internationale de l’Eclairage 

(1978). Recommendations on uniform color 

spaces-color difference equations – psychometric 

color terms, CIE Publication No. 15 (E-1.3.1) 

1971/(TC-1.3), Supp. No.2, pp. 8-12. Paris. 

21. Krzywicki, K. (1979). Assessment of relative 

content of myoglobin, oxymyoglobin and 

metmyoglobin at the surface of meat. Meat Sci. 

3: 1-10. 

22. Nielsen J. H., Sorensen B., Skibsted L. H. & 

Bertelsen G. (1997). Oxidation in Pre-cooked 

Minced Pork as Influenced by Chill Storage of 

Raw Muscle. Meat Science. Volume 46. Number 

2. 191-197. 

23. SAS Institute Inc. (1996). SAS User’s guide: 

Statistic. Ver. 6.11. SAS Institute Inc. Cary, NC. 

24. Joseph, P., Suman, S. P., Li, S., Beach, C. M., 

Steinke, L. & Fontaine, M. (2010). 

Characterization of bison (Bison bison) 

myoglobin. Meat Sci. 84: 71-74. 

25. Chan, W. K. M., Hakkarainen, K., Faustman, C., 

Schaefer, D. M., Scheller, K. K. & Liu, Q. 

(1996). Dietary vitamin E effect on color 

stability and sensory assessment of spoilage in 

three beef muscles. Meat Sci. 42: 387-399. 




