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Abstract – The objective of this work was to 

compare the antioxidant enzymes [catalase (CAT), 

superoxide dismutase (SOD), and glutathione 

peroxidase (GPx)] activities, glutathione (GSH) 

content, and lipid oxidation [thiobarbituric acid-

reactive substances (TBARS)] in meat aged from 

bulls and steers. The Longissimus dorsi muscle from 

12 male cattle (5 bulls and 7 steers) of the Nellore 

breed was used. Meat samples were collected 48 h 

post-mortem for the antioxidant enzymes and GSH 

analyses. Also, all the steaks were vacuum-packaged 

and aged for 1, 7, 14, and 21 days for the TBARS 

analysis. The results showed no differences for the 

CAT, SOD, GPx, GSH, and TBARS between bulls 

and steers. Furthermore, there was no effect of 

castration and aging time for the TBARS. In 

conclusion, the antioxidant status between bulls and 

steers is similar. The stability of the lipid oxidation 

in beef remains stable for 21 days with the use of 

vacuum packaging. 
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I. INTRODUCTION 

 

The castration of male cattle is a widely used 

technique in Brazil, which facilitates the handling 

of the animals and increases the amount of fat in 

carcasses, improving the meat quality. Previous 

reports have observed that the unsaturated and 

polyunsaturated fatty acids in meat can trigger the 

process of lipid oxidation [1]. Loss of color, odor, 

and flavor in meat and meat products are some of 

the harmful effects of lipid oxidation [2]. 

 

The final potential of the lipid oxidation is 

determined by the balance between endogenous 

pro-oxidants and antioxidants that are present in 

the meat [3]. A major defense mechanism against 

the oxidation process is given by the catalase 

(CAT), superoxide dismutase (SOD), and 

glutathione peroxidase (GPx) enzymes as well as 

the glutathione (GSH) content. Antioxidant 

enzymes can be used as a good indicator of the 

oxidative status in muscular tissue [4]. Differences 

in activities of those enzymes may exist among the 

meats from different species, the muscles from the 

same animal [3,5,6], and the animals from 

different sex conditions [7]. 

 

Therefore, this work aimed to compare antioxidant 

enzymes (CAT, SOD, and GPx) activities, GSH 

content, and lipid oxidation [thiobarbituric acid-

reactive substances (TBARS)] in meat aged from 

bulls and steers. 

 

II. MATERIALS AND METHODS 

 

A. Animals 

 

Twelve cattle (5 bulls and 7 steers) of the Nellore 

breed (Bos indicus) with 23 months of age were 

used. All the animals were confined for 140 days 

with a common diet composed of sugarcane 

bagasse, corn grain, soybean meal, soybean hull, 

urea and mineral trace. The animals were 

slaughtered at an average weight of 516  33 kg. 

 

B. Muscle 

 

After 48 hours post-mortem, meat samples from 

the Longissimus dorsi (LD) muscle were collected 

for the analyses of SOD [8], CAT [9], GPx [10], 

and GSH [11]. Next, the steaks with 2.5-cm thick 

were vacuum-packaged and aged for 1, 7, 14, and 
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21 days at 2 ± 2 ºC to perform the TBARS 

analysis [12]. 

 

C. Statistical Analysis 

 

A completely randomized design was used to 

investigate the effect of castration on the CAT, 

SOD, GPx, and GSH. The same experimental 

design using a 2 (castration) x 4 (aging time) 

factorial scheme with repeated measures on time 

was used on the TBARS. The data were analyzed 

by the PROC MIXED procedure of the SAS. 

Significant differences were only considered for 

the P values at 5%. 

 

III. RESULTS AND DISCUSSION 

 

The results for the antioxidant enzymes (CAT, 

SOD, and GPx) activities in LD muscle from bulls 

and steers are shown in Table 1. 

 
Table 1 Antioxidant enzymes activities (units/g of 

tissue) in meat from bull and steer 
Antioxidant 

enzymes 
Bull Steer P 

CAT 66.1 (5.19)£ 60.5 (4.39) 0.43 

SOD 685.3 (93.37) 800.8 (78.91) 0.37 

GPx 2.7 (0.18) 2.6 (0.15) 0.68 

Legend: CAT = catalase; SOD = superoxide dismutase; 

GPx = glutathione peroxidase; £ = least squares means 

(standard error). 

 

No differences (P > 0.05) were observed for the 

antioxidant enzymes activities between bulls and 

steers. Such results suggest that castration had 

little influence on the activities of these enzymes. 

There is no work comparing the antioxidant 

enzymes activities in muscle from bulls and steers. 

However, there is a report showing that the SOD 

activity in castrated rats is lower than in intact 

ones [7]. The lack of the differences for the 

antioxidant enzymes activities may be explained 

by the differences in gene expression of those 

antioxidant enzymes that exist among the species 

[13]. 

 

The values for the CAT, SOD, and GPx enzymes 

activities in this work were, in most cases, lower 

than those found in other works in beef [14,15,16]. 

This may have occurred due to the differences 

among the breeds, rearing systems, feeding, and 

age of the animals used in the different works. 

 

The GSH content in LD muscle from bulls and 

steers is shown in Fig. 1. 

 

 
 

Figure 1. Glutathione content in meat from bull and 

steer 

 
Similar to the results obtained for the antioxidant 

enzymes activities (Table 1), the GSH content did 

not differ (P > 0.05) between bulls and steers.  

 

In turn, there were no differences (P > 0.05) for 

the TBARS values between bulls and steers (data 

not shown). This result could be related to the lack 

of differences for the antioxidant enzymes (CAT, 

SOD, and GPx) between those groups. 

Furthermore, the similar fat thickness observed in 

carcasses from those animals (data not shown) 

may contribute to explain the similarity of the 

TBARS values between bulls and steers. The 

TBARS values in meat aged from bulls and steers 

are presented in Table 2. 

 
Table 2 Lipid oxidation [thiobarbituric acid-reactive 

substances (TBARS) expressed in mg of 

malonaldehyde (MDA)/kg of tissue] of the meat aged 

from bull and steer 
Aging time 

(day) 
Bull Steer 

1 0.33 (0.051)£ 0.30 (0.044) 

7 0.25 (0.061) 0.28 (0.051) 

14 0.30 (0.042) 0.27 (0.041) 

21 0.23 (0.032) 0.30 (0.027) 

Legend: £ = least squares means (standard error) 

 

The mean of the TBARS values in this work was 

of 0.28 mg of MDA/kg of tissue, which is 
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considered low [17]. These authors established a 

maximum TBARS level of 1.0 mg of MDA/kg of 

tissue for a good consumer acceptance. 

 

During the aging of the meat, the TBARS values 

remained constant (P > 0.05). This may be 

attributed to the use of the vacuum packaging. 

Oxygen-free packaging has been an efficient 

technique to increase the oxidative stability of 

aged meat [18]. To corroborate with our results, 

other works also found no changes of the TBARS 

values in LD muscle aged for 21 days [19] as well 

as in LD, Semimembranosus, and Gluteus medius 

muscles aged for 47 days [20], all being vacuum-

packaged. 

 

According to our results, we believe that the 

favorable conditions to oxidation of meat such as a 

longer time of aging and/or the use of the aerobic 

packaging would allow detecting possible effects 

of castration on the TBARS content of aged meat. 

 

IV. CONCLUSION 

 

The oxidative potential for the LD muscle from 

bulls and steers was similar and corroborates with 

the TBARS results. Also, the aging time of 21 

days did not affect the lipid oxidation of beef for 

vacuum-packaged steak. 

 

ACKNOWLEDGEMENTS 

 
We thank the “Fundação de Amparo a Pesquisa do 

Estado de São Paulo - FAPESP” for providing the 

scholarship to the first author (Number 2010/08565-

9) and for the financial support in this work (Number 

2010/11013-8). 

 

 

REFERENCES 

 
1. Högberg, A. et al. (2002). Muscle lipids, vitamins 

E and A, and lipid oxidation as affected by diet and 

RN genotype in female and castrated male 

Hampshire crossbreed pigs. Meat Science, 60, 411-

420.  

2. Gray, J.I.; Pearson, A.M. (1987). Rancidity and 

warmed-over flavor. Cap. 6 in Restructured Meat 

and Poultry Products, Advances in Meat Research, 

Vol. 3, A.M. Pearson, A. M.; Dutson, T. R. (Eds.) 

p. 221-269. Van Nostrand Reinhold, New York.  

3. Pradhan, A. A., Rhee, K.S. & Hernández, P. (2000). 

Stability of catalase and its potential role in lipid 

oxidation in meat. Meat Science 54: 385-390. 

4. Mielnik, M. B., Rzeszutek, A., Triumf, E. C. & 

Egelandsdal, B. (2011). Antioxidant and other 

quality properties of reindeer muscle from two 

different Norwegian regions. Meat Science 89: 

526-532. 

5. Descalzo, A. M. & Sancho, A. M. (2008). A 

review of natural antioxidants and their effects on 

oxidative status, odor and quality of fresh beef 

produced in Argentina. Meat Science 79: 423-436. 

6. Serpen, A., Gökmen, V. & Fogliano, V. (2012). 

Total antioxidant capacities of raw and cooked 

meats. Meat Science 90: 60-65. 

7. Barp, J., Araújo, A. S. R., Fernandes, T. R. G., 

Rigatto, K. V., Llesuy, S., Belló-Klein, A. & Singal, 

P. (2002). Myocardial antioxidant and oxidative 

stress changes due to sex hormones. Brasilian 

Journal of Medical and Biological Research 35: 

1075-1081. 

8. Ewing, J. F. & Janero, D. R. (1995). Microplate 

Superoxide Dismutase Assay Employing a 

Nonenzymatic Superoxide Generator. Analytical 

Biochemistry 232: 243-248. 

9. Beers, R. F. & Sizer, J. W. (1952). A 

spectrophotometric method of measuring the 

breakdown of hydrogen peroxide by catalase. 

Journal of Biological Chemistry 195: 133-140. 

10. Paglia, D. E. & Valentine, W. N. (1967). Studies 

on the quantitative and qualitative characterization 

of erythrocyte glutathione peroxidase. Journal of 

Laboratory and Clinical Medicine 70: 158-169. 

11. Tietze, F. (1969). Enzymic method for quantitative 

determination of nanogram 552 amounts of total 

and oxidized glutathione—applications to 

mammalian 553 blood and other tissues. Analytical 

Biochemistry 27: 502– 522. 

12. Vyncke, W. (1975). Evaluation of the direct 

thiobarbituric acid extraction method for 

determining oxidative rancidity in mackerel 

(Scomber scombrus L.). Fatte Seifen Anstrichmittel 

77: 239-240. 

13. Ma, Q. (2010). Transcriptional responses to 

oxidative stress: Pathological and toxicological 

implications. Pharmacology & Therapeutics 125: 

376-393. 

14. Gheisari, H. R. & Motamedi, H. (2010). Chloride 

salt type/ionic strength and refrigeration effects on 

antioxidant enzymes and lipid oxidation in cattle, 

camel and chicken meat. Meat Science 86: 377-383. 

15. Mahecha, L., Nuernberg, K., Nuernberg, G., 

Martin, J., Hubbermann, E. M., Knoeller, S., 

Clayes, E., De Smet, S. & Dannenberger, D. (2011). 

Antioxidant enzyme activities and antioxidant 

capacity in longissimus muscle from bulls fed diets 

javascript:mediumPopup('/SAGe_WEB/printProcess.do?abstractProcessId=61445&typeProcess=true&showInPopup=true&org.apache.struts.taglib.html.TOKEN=f63b84397c0068e41776cf102998b47f&method=printProcess',%20'popup')
javascript:mediumPopup('/SAGe_WEB/printProcess.do?abstractProcessId=61445&typeProcess=true&showInPopup=true&org.apache.struts.taglib.html.TOKEN=f63b84397c0068e41776cf102998b47f&method=printProcess',%20'popup')


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

rich in polyunsaturated fatty acids. Food Chemistry 

127: 379-386. 

16. Larraín, R. E., Schaefer, D. M., Richards, M. P., 

Reed, J. D. (2008). Finishing steers with diets 

based on corn, high-tannin sorghum or a mix of 

both: Color and lipid oxidation in beef. Meat 

Science 79: 656-665. 

17. Rippoll, G., Joy, M. & Muñoz, F. (2011). Use of 

dietary vitamin E and selenium (Se) to increase the 

shelf life of modified atmosphere packaged light 

lamb meat. Meat Science 87: 88-93. 

18. Filgueras, R.S., Gateliier, P., Aubry, L., Thomas, 

A., Bauchart, D., Durand, D., Zambiazi, R.C. & 

Santé-Lhoutellier, V. (2010). Colour, lipid and 

protein stability of Rhea americana meat during 

air- and vacuum-packaged storage: Influence of 

muscle on oxidative processes. Meat Science 86: 

665-673. 

19. Franco, D., González, L., Bispo, E., Latorre, A., 

Moreno, T., Sineiro, J., Sánchez, M. & Núñez, M.J. 

(2012). Effects of calf diet, antioxidants, packaging 

type and storage time on beef steak storage. Meat 

Science 90: 871-880.  

20. Yang, A., Lanari, M.C., Brewster, M. & Tume, 

R.K. (2002). Lipid stability and meat colour of beef 

from pasture- and grain-fed cattle with or without 

vitamin E supplement. Meat Science 60: 41-50. 

 

 
 

 

 

 

 




