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SUMMARY

The aim of this study was to determine the changes at degradation of some 

myofibrillar proteins in bovine m. Longissimus dorsi occurring post mortem 

during refrigerated storage. The study was carried out with six calves (male and 

female) of Limousin crossbreed, 24 months of age and an average live weight of 

418 kg. Samples of m. Longissimus dorsi were taken 24 h post mortem after a 

14 day vacuum aging at 2-4 °C and after 6 days storage at 2-4 °C after opening 

the vacuum bags. The extracted myofibrillar fractions were analyzed by SDS 

acrylamide electrophoresis (5-11%). The amounts of T-troponin decreased 

(p<0.01) for all periods of storage which was related to the increase of 30 kDa 

polypeptide during vacuum aging (p<0.001) and after opening the bags 

(p<0.01). The desmin quantity decreased (from 1.27 % to 0.86 %) and the 

amounts of 38 kDa polypeptide increased (p<0.05) for the period of vacuum 

storage. Additional studies could fully clarify the changes in the myofibrillar 

structure of the meat during vacuum storage.
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INTRODUCTION

The bigger part of the muscle proteins consists of inter- and intra-

myofibrillar filaments which are mainly responsible for the changes occurring 

post mortem in muscle such as rigor mortis and alteration in some 

physicochemical and sensory characteristics. The processes of disruption and 

fragmentation in the Z-disc area occurring by calcium active endogenous 

proteinases during storage are proved (Blanchard and Mantle, 1996; 

Koohmaraie, 1996; F.C. Parrish 2008) and also the mechanisms involved 

increase meat tenderness which is one of the most important commercial 

characteristic (Boleman et al. 1997; Zamora et al. 2005). 

The price of the meat is formed by the expenses for the animal breeding 

and the storage of the carcasses after slaughtering. The supply of matured beef 

meat with guaranteed flavor and tenderness that could attract the consumer 

(Mintert et al., 2000) requires meat to be stored in suitable conditions such as 

vacuum package (F. J. M. Smulders et al., 2006), to prevent the discoloration, 

microbiological pollution, loss of water and dry meat surface.
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The object of this study is to investigate the changes in some myofibrillar 

proteins in muscle Longissimus Dorsi (m. LD) occurring post mortem during 

the refrigerated storage.

MATERIAL AND METHODS

The study was carried out with six animals (males and females) of 

Limousin crossbreed at the age of 24 months with an average live weight of 418 

kg. The slaughter was carried out according to the requirements of the European 

Union. Samples from m. Longissimus dorsi were taken on the 24 h post 

mortem, after vacuum aging of a part of the muscle at 4°C for 14 days and after 

opening the vacuum bags at 4°C for a maximum of 6 days. 

Myofibrils are extracted by the addition of buffer pH 7 (50M KCl; 20mM 

Tris; 4mM MgCl
2
; 2mM EDTA; 60mM DTT ) in a ratio of 1:10 w:v. The 

samples were homogenized by Ultra –Turrax (2 × 15s 9500- 13500 rev min

-1

) at 

a consequent change of the speed 9500 and 13500 rev min

-1

 and subsequent 

centrifugation at 6000  g for 20 min. The myofibrillar protein was obtained 

after triple washing with buffer, pH 7 (70mM KCl; 1mM KH
2
PO

4
; 2mM 

MgCl
2
; 2mM EGTA), homogenization and centrifugation at 6000 x g for 20 

min.  An equal amount of tampon pH 6.8 (0.5M Tris- HCl; 0.1M SDS; 10% 2-

Mercaptoethanol; Blue bromphenol) was added to each sample. The samples 

were incubated in water bath at 80°C for 3 min. The amount of protein in the 

samples was determined according to Lowry, 1951) with Folin-Ciocalteu`s 

phenol reagent (Fluka), using bovine serum albumin as standard.

The myofibrillar fractions were visualized by vertical SDS- PAGE (Hoefer 

SE 260 mini- vertical gel electrophoresis unit) with 5-11% acrylamide gel (10.5 

× 10 cm, thick 0.85mm), according to Laemmli 1970. The amount of protein 

injected in the gel was 33µg. The gels were colored with a solution, containing 

0.1% Coomassie Brilliant Blue R-250 (MERCK), 30% ethanol and 5% acetic 

acid and were discolored with the same solution, but not containing Coomassie 

Brilliant Blue R-250.

In order to identify the protein fractions by molecular weight we used SDS-

PAGE Molecular Weight Standards (161-0317), Bio-Rad Laboratories, U.S.A. 

The quantification of the myofibrillar fractions was carried out by Sigma-Gel 

software.

The data is statistically evaluated using t-criterion of Student (Microsoft-

Exel software).

RESULTS AND DISCUSSION

The percentage distribution of the myofibrillar proteins, extracted from m. 

Longissimus dorsi 24 h post mortem, on the 14

th

 day of the vacuum aging and 

on the 6

th

 day after opening the bags are presented in Table 1. The part of the 

main protein fractions – actin and myosin decrease during the time of storage 



Archiva Zootechnica 13:2, 47-53, 2010 49

(from 62.53% to 61.99% at the opening of the bags and 60.33 % at the end of 

the refrigerated storage). -actinin 24 h post mortem 

is 6.44 % and decreases to 5.65 % at the end of the storage. The data for the 

-actinin by the calpain during 

refrigerated storage are in agreement with the results of Goll et al., 1991. Due to 

its molecular weight, the band of the heavy myosin (MHC) was located close to 

the top of the gel (Fig.1). Cook, 1997 and Bandman and Zdanis, 1988 describe 

the lack of proteolytic splitting during refrigerated storage at 4º The myosin, 

actin and - actinin do not affect the processes of increasing of the meat 

tenderness (Koohmaraie, 1996). Two more bands of the myosin light chain 

(MLC) located in the lower part of the gel were identified (Fig.1). The parts of 

the MLC1 and MLC2 are increased at the end of the refrigerated storage as 

follows: MLC1 from 4.98% post mortem to 5.38% at the end of the storage and 

MLC2 - from 4.59% post mortem to 5.59%.

Table 1. Quantity distribution of the myofibrillar proteins, extracted from m. 

Longissimus dorsi 24 h post mortem, on the 14

th

 day of vacuum aging and on the 6

th

 day 

after opening the vacuum bags.

24 h post 

mortem

1

st

 day after 

opening the 

bags

6

th

 day after 

opening the 

bags

Level of significanceItems

       _

       x ± Sx

      _

      x ± Sx

     _

     x ± Sx

24 h /

1

st

 day 

24 h /

 6

th

 day 

1

st

 day / 

6

th

 day 

MHC, % 36.11 ± 0.67 35.76 ± 0.80 34.91 ± 0.90 NS NS NS

-actinin, % 6.44 ± 0.41 6.11 ± 0.54 5.65 ± 0.66 NS NS NS

desmin, % 1.10 ± 0.23 1.21 ± 0.26 0.86 ± 0.23 NS NS NS

actin, % 26.42 ± 0.45 26.23 ± 0.43 25.42 ± 0.59 NS NS NS

T- troponin,% 1.27 ± 0.34 0.02 ± 0.01 0.00 ± 0.00 ** ** **

Tm, % 13.87 ± 1.24 13.30 ± 1.7 13.26 ± 1.74 NS NS NS

38 kDa, % 1.37 ± 0.27 2.16 ± 0.32 2.38 ± 0.29 NS * NS

30 kDa, % 0.49 ± 0.17 2.22 ± 0.24 2.64 ± 0.47 *** ** NS

MLC1, % 4.98 ± 0.50 4.48 ± 0.56 5.38 ± 0.47 NS NS NS

I- troponin,% 3.35 ± 0.59 3.57 ± 0.69 3.90 ± 0.71 NS NS NS

MLC2,% 4.59 ± 0.47 4.93 ± 0.55 5.59 ± 0.54 NS NS NS

p<0.05* p<0.01** p<0.001***

MHC- myosin heavy chain, 

MLC1; 2- myosin light chain 1; 2

Tm- Tropomyosin

The part of the desmin band changed from 1.10% to 0.86% at the end of the 

period but the quantity of the separated of it 38 kDa fragment was significantly 

increased (p<0.05) during the refrigerated storage. While investigating the 

changes in desmin band in the same muscle, Ho et al., 1997 report its slow 

fading till 28

th

 day of the refrigerated storage. Grobbel et al., 2008 found that 

the alterations of the desmin filament at the similar experimental design are not

related to the vacuum storage. Desmin is a secondary filament, surrounding the 
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Z-line of the myofibrils. It is located in the periphery of the Z-disc and connects 

the closely situated myofibrils on the level of their Z-lines, thus connecting the 

myofibrils with other cell structures including sarcolema (Robson, et al., 1995) 

and preserving the structural integrity of the muscle cells. Rowe et al., 2004 

prove that the post mortem alterations of desmin due to its role and location 

influence the tenderness of meat.

Fig 1.Effect of storage time on gel (5 - 11%) electrophoresis patterns of myofibrillar proteins 

in beef meat.  

1- m. Longissimus dorsi

2- m. Longissimus dorsi , 1

st

day after 14 days vacuum aging

3- m. Longissimus dorsi 6

th

day after 14 days vacuum aging

MHC - myosin heavy chain 

MLC1- myosin light chain 1; MLC2-myosin light chain 2

1          2        3

-

-

MLC 1

actinin

desmin

actin

T troponin

tropomiosin

38 kDa
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Fig. 1 Effect of storage time on gel (5-11%) electrophoresis patterns of myofibrillar proteins in 

beef meat

The degradation of T-troponin, whose amount decreases significantly for 

all the intervals (p<0.01) till its complete extinction at the end of the studied 

period, is related to the significant increase of the part of the 30 kDa component 

(p<0.001 after opening the vacuum bags and p<0.01 till the end of the 

refrigerated storage). In a number of studies T-troponin is determined as a 

regulatory protein without direct influence on the meat tenderization but its 
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changes post mortem might indirectly improve the tenderness of meat by 

breaking the thin filaments and the interaction between the thin and the thick 

filaments (Ho et al., 1994; Huff- Lonergan et al., 1996; Negishi et al., 1996). 

Penny and Dransfield, 1979 consider the appearance of the 30 kDa polypeptide 

as an indicator of proteolysis and meat tenderness, related to it. 

The tropomyosin is visualized under the T-troponin band (Fig.1) and 

change its relative part with 0.61% during the time of storage. 

I-troponin was identified between the two MLC components. After vacuum 

aging it is split in two bands and in the next stage it is visualized again as an 

individual band, but as pointed by Ho et al., 1996 its distance of migration 

increases. 

CONCLUSIONS

The amount of T-troponin decreased significantly (p<0.01) in all the 

storage intervals which is related to increase of the quantity of 30 kDa 

polypeptide during the vacuum aging (p<0.001) and after opening the bags 

(p<0.01). 

The amount of desmin decreased (from 0.27 % to 0.86%), and the quantity 

of the connected 38kDa polypeptide increases (p<0.05) for the period of 

vacuum aging. 

Additional experiments are necessary in order to completely clarify the 

changes in the myofibrillar structure of the meat during vacuum aging.
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