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Abstract – Diet and pre-slaughter stress are key 

factors that may affect the biochemical processes 

during the conversion of muscle into meat. The 

aim of the present study was to evaluate the effect 

of two different pre-slaughter stress managements 

(reduced-stress handling, RH and conventional 

handling, CH) in Angus steers, raised under 

contrasting feeding systems (grain, GS and 

pasture, PS) on histidine dipeptides content and 

free amino acids profile. Dipeptides and free 

amino acids were analyzed by ion exchange 

chromatography. The concentration of free amino 

acids was not different neither among feeding 

systems nor among pre-slaughter stress 

managements. The concentration of histidine 

dipeptides was higher in CH than in RH for both 

production systems applied.  Histidine dipeptides 

could act as tissue protectors and as markers of 

acute stress in animals. 

Keywords—Histidine Dipeptides, Free Amino 

Acids, Pre-Slaughter Stress, Feeding Systems. 

 

 
I. INTRODUCTION 

 

The histidine dipeptides, carnosine (-alanyl-L-

histidine) and anserine (-alanyl-L-1-

methylhistidine) are simple compounds naturally 

occurring in vertebrate animal tissues (1). Both 

dipeptides show antioxidant activity acting as 

metal chelators and free-radical scavengers (2). 

These antioxidative peptides play many roles, 

such as prevention of diseases and aging related 

to oxidative stress (3, 4, 5). The amount of these 

dipeptides is largely higher in the skeletal 

muscle than in other tissues, especially in 

muscles with a glycolytic metabolism (6). 

Nevertheless, its content may vary with the 

animal species (7), age (8), and/or diet (1, 2). 

Muscle enzymes contribute to the generation of 

free amino acids post mortem, which improve 

the nutritional value and affect flavor, being able 

to enhance taste and aroma (9). 

Despite the fact there are not enough studies in 

bovine muscles, results published by 

Hammarqvist (10) have shown that the human 

muscle protein catabolism increase by the 

administration of stress hormones. 

Other authors found that, in human, an infusion 

of a triple combination of stress hormones into 

healthy volunteers produces changes in muscle 

amino acid metabolism similar to those observed 

immediately after surgical trauma (11). 

Post mortem muscle metabolism may vary 

significantly with animal nutrition and pre-

slaughter stress. Both of them are influenced by 

pre-slaughter muscle glycogen and muscle 

metabolism respectively (12).  

The impact of these stress factors on the final 

content of histidine dipeptides and free amino 

acid profile of meat is not well understood. Thus, 

the aim of the present research was to evaluate 

the content of carnosine and anserine and free 

amino acids in beef from cattle raised under 

contrasting feeding systems and subjected to 

different pre-slaughter management. 

 

 

II. MATERIALS AND METHODS 

 

Animals 

The experiment was carried out at the 

Experimental Station INTA (National Institute 

of Agriculture Technology) General Villegas 

(Buenos Aires, Argentina) according to the 

procedures stated by SENASA (13) in Argentina. 
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Forty steers from the Angus breed were selected 

for the study.  

Animals were randomly raised under two 

contrasting feeding systems: grain- and pasture- 

based systems. The endpoint chosen was 

determined by fat cover. 

Grain-based system (GS): 20 animals fed on a 

grain diet (39 % corn silage, 59 % whole corn 

and 2 % mineral premix with monensin) to a 

final mean weight of 461.9 ± 22.1 kg 

Pasture-based system (PS): 20 animals fed on 

triticale (triticosecale Wittmack) with a daily 

forage allowance equivalent to 2.5 % of live 

weight, to a final mean weight of 509.7 ± 26.5 

kg. 

Once dorsal adipose tissue depth reached 6 mm 

in both feeding systems, the two groups were 

transported simultaneously to a distance of 300 

km to the slaughterhouse. Upon arrival, both 

groups were randomly divided into two sub-

groups: RH (reduced stress handling) and CH 

(conventional handling). They were placed in 

separate lairage pens overnight with free access 

to water. 

 Animals from RH subgroup were slaughtered 

first to reduce their exposure to odors and noise. 

Animals waited twenty minutes in the alley next 

to the slaughterhouse before entering the race to 

stun box. The process was made to be quiet, 

without yelling or other actions commonly used 

to move the animals up. Also dark zones of the 

race were strategically illuminated to avoid 

shadows. Animals from CH subgroup were 

slaughtered after the previous, without waiting in 

the alley and following usual procedures 

including yelling and, eventual use of electric 

prods. Shadows and slaughter odors and noise 

were not minimized during the pre slaughter 

handling of this subgroup submission. 

 

Samples 

Left carcasses were chilled in the abattoir at 4 

1 C for 24 h. Four-ribs blocks (10
th
 to 13

th
 rib) 

were removed after measuring ultimate pH, each 

rib was vacuum packaged individually and 

maintained under -20  1 °C until analysis of 

histidine dipeptides and free amino acids. 

 

Analysis  

Carnosine, anserine and free amino acid content 

was analyzed in triplicate. Samples were treated 

with 0.6M Trichloroacetic acid (TCA) in order 

to denature proteins (14), previous the 

determinations. 

Determination of histidine dipeptides: 

supernatant solution was 20-fold diluted using 

KH2PO4 90mM pH 5 and transferred into vials 

for chromatographic analysis. Standard anserine 

and carnosine were purchased from Sigma 

Chemical Co. Histidine dipeptides levels were 

determined using the HPLC method described 

by Sri Kantha (15). The assay was performed by 

a HPLC Shimadzu equipped with a UV detector. 

The assay parameters were: Zorbax 300-SCX 

column, eluent 90 mM KH2PO4 solution 

containing 10% methanol. The flow rate was 1 

mL/min and the injection volume 20µL. The 

chromatographic runs were carried out at 55◦C, 
and detection was set up at 210 nm. 

Determination of free amino acid: The pH of the 

supernatant solution was adjusted to 2.2 before 

the analyses by Ion Exchange Chromatography. 

The chromatography of the extracts was carried 

out in an amino acid analyzer Biochrom 30 

(Biochrom Ltd) equipped with a cationic 

exchange column. L-Norleucin was used as 

internal standard and an eighteen pure amino 

acids solution was used to identify the amino 

acid composition. 

 

Statistical Analysis 

Data were subjected to analysis of variance 

using the SPSS® v12 statistical software. The 

two factorial design considered feeding systems 

and pre-slaughter management conditions with 

two levels (GS – PS and RH – CH, respectively) 

and their interaction (16).  T-test was used as 

means of comparison. The level of significance 

was set at 0.05 for all tests. 

 

 

III. RESULTS AND DISCUSSION 

 

Table 1 shows the anserine and carnosine 

content in LD muscles of studied animals. 

 
Table 1. Anserine (A) and Carnosine (C) content 

(mg/g) of beef from cattle raised under contrasting 

feeding systems and pre-slaughter management. 
 

GS PS 

CH RH CH RH 

A 
0.243±0.097 

aB 

0.153±0.059 

bB 

0.319±0.106 

aA 

0.209±0.113 

bA 

C 
1.633±0.527 

a 

1.000±0.384 

b 

1.711±0.554 

a 

1.343±0.610 

b 

 

Values are expressed as mean ± SD. Lowercase letters in 

different cells indicate management effect. Capital letters in 

different cells indicate feeding system effect. (p <0.05). 
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As can be seen, animals from both contrasting 

feeding systems (GS and PS) exposed to RH 

showed lower concentration of anserine and 

carnosine than those exposed to CH (p<0.05). 

On the other hand, the animal feeding system 

displayed a significant effect in anserine levels 

(p<0.05). Thus, pasture-based animals showed 

increased content of anserine in LD muscle. 

No interaction effect was observed between 

feeding system and pre-slaughter management. 

Regarding this issue, it could be assumed that 

CH practice (for both feeding systems) led to 

increased levels of these dipeptides in order to 

protect the muscle tissue. This protection may 

occur due to the antioxidant and free radical-

scavenging functions of carnosine, which can 

take place during acute stress in + management. 

Although there is little literature regarding 

dipeptides in stressed animals, our results agree 

with those of other authors who have found that 

carnosine content in whole human muscle has 

been correlated with high-intensity exercise (17). 

Published data also related higher concentrations 

of these dipeptides in athletes participating in 

anaerobic sports (18, 19). These correlations 

suggest that increased levels of dipeptides found 

in our work would be a consequence of an 

increased anaerobic glycolysis involved in CH-

animals before slaughter. 

Animals from pasture-based system showed 

higher values of anserine (p<0.05) than animals 

from grain-based system, independently of pre-

slaughter management. Other authors (20) found 

that feeding location is a significant source of 

variation for carnosine, and anserine. 

Our results could be associated to the increased 

anxiety and dehydration displayed by these 

animals (data not shown) during transport or at 

the abattoir installations, since pastured-fed 

animals would be less accustomed to human 

contact than grain-fed ones.  

Table 2 shows the total concentration of free 

amino acids of LD muscles of animals studied.  

 
Table 2. Free Amino acid content (mg/100g) of beef 

from cattle raised under contrasting feeding systems and 

pre-slaughter management. 
 

GS PS 

CH RH CH RH 

119.87±6.14 127.20±22 127.40±4.06 115.55±48.01 

 

As can be observed, no significant differences 

were found neither between feeding systems nor 

pre-slaughter management. 

 

IV. CONCLUSION 

 

The values of anserine and carnosine in LD 

muscle were associated to feeding system and 

pre-slaughter management at abattoir 

installations. The free amino acids content did 

not differ among treatments. This finding 

contributes to the understanding of muscle 

metabolism of histidine dipeptides and suggests 

new markers of acute stress in animals. 

Accordingly, possible uses should be further 

studied in meat quality. 

 

 
ACKNOWLEDGEMENTS 

 

The present work was funded by INTA. Financial 

support from University of Moron is also 

acknowledged. Authors thank to Patricio Davies, Inés 

Ceconi, Daniel Mendez and Miguel Buffarini for 

their collaboration with the study. The cooperation 

and assistance of the abattoir staff of Mattievich 

(Rosario, Argentina) is also gratefully acknowledged. 

We thank Dra. Débora Primrose, for reviewing the 

manuscript and collaborate with the English edition. 

 

 

REFERENCES 

 

1. Aristoy, M. C., Soler, C. & Toldrá, F. (2004). 

A simple, fast and reliable methodology for the 

analysis of histidine dipeptides as markers of 

the presence of animal origin proteins in feeds 

for ruminants. Food Chemistry 84(3): 485-491. 

 

2. Chan, K. M. & Decker, E. A. (1994). 

Endogenous skeletal muscle antioxidants. 

Critical Reviews in Food Science and Nutrition 

34: 403–426. 

 

3. Hipkiss, A. R. & Brownson, C. A. (2000). A 

possible new role for the anti-aging peptide 

carnosine. Cell and Molecular Life Science 57: 

747–753. 

 

4. Hipkiss, A. R., Preston, J. E., Himsworth, D. T., 

Allende, L., Abbott, N. J. & Michaelis, J. 

(1998). Pluripotent protective efects of 

carnosine, a naturally occurring dipeptide. 

Annals of the New York Academy of Sciences 

854: 37–53. 

 



60
th

 International Congress of Meat Science and Technology, 17-22
rd

 August 2014, Punta del Este, Uruguay 

 

5. Arihara,K. (2006). Strategies for designing 

novel functional meat products. Meat Science 

74(1): 219–229. 

 

6. Aristoy, M. C. & Toldrá, F. (1998). 

Concentration of free amino acids and 

dipeptides in porcine skeletal muscles with 

different oxidative patterns. Meat Science 

50(3): 327-332.  

 

7. Crush, K. G. (1970). Carnosine and related 

substances in animal tissues. Comparative 

Biochemistry and Physiology 34: 3-30. 

 

8. Carnegie, P. R., Hee, K. P. & Bell, A. W. 

( 1982 ). Ophidine ( - alanyl – L – 3 - 

methylhistidine, ´balenine’ ) and other histidine 

dipeptides in pig muscles and tinned hams. 

Journal of the Science of Food and Agriculture 

33: 795–801.  

 

9. Toldrá, F., Flores, M., Navarro, J.-L., Aristoy, 

M.-C. & Flores, J. (1997). New developments 

in dry-cured ham. In Chemistry of Novel foods, 

eds. A. M. Spanier, M. Tamura, H. Okai and 0. 

Mills (pp. 259-272). Allured Publishing Co. 

Inc., Carol Stream, IL. 

 

10. Hammarqvist, F., von der Decken, A., Vinnars, 

E. & Wernerman J. (1994 ). Stress hormone 

and amino acid infusion in healthy volunteers: 

short-term effects on protein synthesis and 

amino acid metabolism in skeletal muscle. 

Metabolism. 43(9):1158-1163.  

 

11. Wernerman, J., Hammarqvist, F., Botta, D. & 

Vinars, E. (1993). Stress hormones alter the 

pattern of free amino acids in human skeletal 

muscle. Clinical Physiology. 13(3): 309–319. 

 

12. Warner, R. D., Greenwood, P. L., Pethick, D. 

W. & Ferguson, D. M. (2010). Genetic and 

environmental effects on meat quality. Meat 

Science 86:171-183. 

 

13. SENASA (2013). Handbook of Procedures for 

Animal Welfare of the National Service of 

Animal Health.  Ministerio de Agricultura, 

Ganadería y Pesca. Fecha: 17/12/2013. 

Resolución25/2013.http://www.senasa.gov.ar/c

ontenido.php?to=n&in=1592&io=26325 

 

14. Peiretti, P. G., Medana, C., Visentin, S., Dal 

Bello, F. & Meineri G. (2012). Effect of 

cooking method on carnosine and its 

homologues, pentosidine and thiobarbituric 

acid-reactive substance contents in beef and 

turkey meat.  Food Chemistry 132(1): 80-85. 

 

15. Sri Kantha, S., Takeuchi, M., Watabe, S. & 

Ochi, H. (2000). HPLC determination of 

carnosine in commercial canned soups and 

natural meat extracts. Lebensmittel 

Wissenschaft und Technologie 33: 60-62.  

 

16. Weber, D. C., & Skillings, J. H. (2000). A First 

Course in the Design of Experiments: A linear 

Models Approach. Boca Raton, USA: CRC 

Press.  

 

17. Suzuki, Y., Ito, O., Mukai, N., Takahashi, H. & 

Takamatsu, K. High levels of skeletal muscle 

carnosine contributes to the latter half of 

exercise performance during 30-s maximal 

cycle ergometer sprinting. Japanese Journal of 

Physiology 52:199-205. 

 

18. Parkhouse, W.S., McKenzie, D.C., Hochachka, 

P.W. & Ovalle, W.K. (1985). Buffering 

capacity of deproteinized human vastus 

lateralis muscle. Journal of Applied Physiology 

58: 14-17. 

 

19. Boobis, L. H., Tallon, M. J.,  Harris, R. C., 

Fallowfield, J. & Wise, J. A. (2005). The 

carnosine content of vastus lateralis is elevated 

in resistance-trained bodybuilders. Journal of 

Strength and Conditioning Research 19(4): 

725–729. 

 

20. Liu, Q (2011). Concentrations of creatine, 

creatinine, carnosine, and anserine in bovine 

longissimus muscle and their correlations with 

carcass and palatability traits. Graduate Theses 

and Dissertations. Paper 10080. 

http://lib.dr.iastate.edu/etd/10080 

http://www.senasa.gov.ar/contenido.php?to=n&in=1592&io=26325
http://www.senasa.gov.ar/contenido.php?to=n&in=1592&io=26325
http://dialnet.unirioja.es/servlet/autor?codigo=1438613
http://dialnet.unirioja.es/servlet/autor?codigo=1438610
http://dialnet.unirioja.es/servlet/autor?codigo=1438611
http://dialnet.unirioja.es/servlet/autor?codigo=1438615
http://dialnet.unirioja.es/servlet/autor?codigo=1438617
http://lib.dr.iastate.edu/etd/10080

	REFERENCES

