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INTRODUCTION

It has been previously observed (Tyszkiewicz and Olkiewicz, 1992) that mechanical tenderization causes an increase 
in the water and brine holding capacity of meat which results in a better yield on cooking, as w ell as enhanced firmness 
and cohesiveness o f the product. The technological effects o f mechanical tenderization o f meat were very similar to 
those caused by tumbling (Tyszkiewicz and Olkiewicz, 1992; Siegel et al., 1978) but much more pronounced. The 
tumbling process, by applying energy to large pieces o f meat, causes the development o f a creamy, tacky exudate on 
their surface. The exudate, containing mainly salt-soluble proteins, contributes most to the binding strength o f product. 
Muscle destruction caused by mechanical tenderization potentiates the availability o f salt-soluble proteins and formation 
o f a high protein exudate (Motycka and Bechtel, 1983).

The aim of the work was to examine the kind and degree o f ultrastructure damage that occurs in mechanically tenderized 
meat in the context o f protein availability.

Ma t e r ia l s  a n d  m e t h o d s

Excised w ell trimmed pork biceps femoris m uscles cut off from the ham 48 hours post-mortem were mechanically 
tenderized by being treated with meat a activator, knife tenderizer and meat grinder with a kidney plate. In the meat 
activator (Lutterberg, Germany), the tubular attachment mounted on the outlet o f meat grinder, the muscles were 
transported by a conveying worm and squeezed out through a narrow slide that caused a sudden explosive expansion 
° f the meat. In the knife tenderizer (model IT-1, Belam, the Netherlands) the muscles passed between two knife rolls 
having 59 knives each, making a series incisions in the meat. In the meat grinder that was equipped with a kidney plate 
the muscles were transported by a conveying worm and coarsely ground. As a control, the untreated 48 hours post­
mortem muscle was used in each run. To study the ultrastructure, two or three muscles were examined following every 
t)T>e o f treatment Four samples of each muscle were randomly taken from the deeper muscle areas, which had not been 
‘lirectly touched by the apparatus. Samples o f about 30mm in length (i.e., 3mm in diameter) were excised along the long 
^  of the muscle fibres. These were then attached to plastic rods, fixed in glutaraldehyde-paraformaldehyde, embedded 
m Epon, and prepared for electron microscopy. A ll procedures were previously described in detail (Jakubiec-Puka et 
Ql-> 1981; Jakubiec-Puka, 1985).

Re s u l t s  a n d  d is c u s s io n

^  the ultrastructure o f the 48 post-mortem control muscles numerous changes were found: kinked fibres, disrupted 
Sarcolemma, destruction o f mitochondria, fibre fragments devoid o f contractile material and organelles, and swelling
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o f fibres. The contractile structure o f several fibres was in supercontraction and contraction bands were frequent- 
Several irregularities and impairments o f myofibrils were present, such as breaks in the continuity o f the Z-line, 
complete disappearance of the Z-line or fractures of myofibrils at the Z-line level (Figure 1). Most o f these changes are 
known to occur be in the postmortem muscle. In all experimental muscles they were also present; some o f them were 
much more frequent, especially the broken myofibrils (Figure 2). Some other changes seemed to be peculiar to or 
characteristic o f the particular treatment method. Namely, the meat activator produced considerable expansion of the 
fibre fragments, up to the disruption o f the I-A band connection (i.e., loss o f contact between the myosin and the actio 
filaments) (Figure 3). The knife tenderizer produced some focal damage and expansions o f the contractile structure 
(Figure 4). The meat grinder disrupted the muscle fibre content irregularly, though, often with preserved continuity of 
the myofibrils (Figure 5). A s it could be stated, the severity o f meat tissue damage varied due to different techmqueS 
o f mechanical tenderization. In all cases, however, the expansion o f the contractile system, fractures across the 
myofibrils, and disruption o f the contractile apparatus might allow free movement o f intra- and extra-cellular materials’ 
such as to cause an increase in the availability o f proteins to extraction. Simultaneously, the pressure-induced 
disaggregation and conformational changes o f proteins might occur, together with the breaking o f divalent cations - 
protein bonds (Macfarlane 1985). Offer and Knight (1988) proposed an explanation of water uptake in salted meat as 
being caused by the expansion o f the lattice due to chloride ions being bound to proteins. The expansion was limited 
to some extent because the filaments were held together by other structural elements, especially the Z-line. Thus, the 
main forces acting on the filaments in intact postmortem muscle were the electrostatic repulsive forces and the 
restraining forces that result from transverse structural elements. In mechanically tenderized meat, where several 
linkages in the contractile system were broken, the increasing repulsive forces between filaments were no long^ 
restrained allowing a severe rise in the amount o f water uptake.

CONCLUSIONS

The ultrastructure o f mechanically tenderized pork biceps femoris muscles exhibits severe damage to the contractile 
apparatus: fractures across the fibre; breaking o f myofibrils at the Z-line level; disconnection o f the A- and I-bands; a0 
myofibrillar expansion and irregular disruption. Thus the ultrastructural damage caused by mechanical tenderizatio» 
can be responsible, by destroying several linkages in myofibrils, for lattice expansion and an increase in the uptake 0 
brine in meat.

ACKNOWLEDGEMENTS

The authors wish to thank Mrs. R  Chomontowska and Mrs. A. Matusiak for their skillful technical assistance, and M1”. 
K  Krawczyk for the photographic work. Electron micrographs were made in the Electron Microscopy Laboratory 0 
the Nencki Institute o f Experimental Biology.

REFERENCES

JAKUBIEC-PUKA, A ., KULESZA-LIPKA, D ., and KRAJEWSKI, K. 1981. The contractile apparatus o f striat^ 
muscle in the course o f atrophy and regeneration. I. Myosin and actin filaments in the denervated rat soleus. Cell an 
Tissue Research. 220:651 -663.

JAKUBIEC-PUKA, A. 1985. Reconstruction o f the contractile apparatus o f striated muscle. I. M uscle maintained a1 
extension. J. Muscle Research and Cell Motility. 6:385-401.

MacFARLANE, J.J. 1985. High pressure technology and meat quality. In: LAWRIE, R. (ed). Developments in inea 
science - 3. Elsevier Applied Science Publishers, London and New York. pp. 155-184.

MOTYCKA,R.R., and BECHTEL, P.J. 1983. Influence o f pre-rigor processing, mechanical tenderization, tundra1® 
method and processing time on the quality and yield o f ham. J. FoodSci. 48:1532-1536.

2



OFFER, G„ and KNIGHT, P. 1988. The structural basis of water-holding in meat. In: LAWRIE, R. (ed). Developments 
in meat science - 4. Elsevier Applied Science, London and New York, pp.63-171.

SIEGEL, D.G., THENO, D.M., SCHMIDT, G.R., and NORTON, W. 1978. Meat massaging: the effects o f salt, 
phosphate and massaging on cooking loss, binding strength and exudate composition in sectioned and formed ham J. 
FoodSci. 43:331-333.

T YSZKIEWICZ, I., and OLKIEWICZ, M. 1992. The effect o f energetic treatment on some physico-chemical and 
mechanical characteristics of meat. Rocznih IPMiT. (in press).

3


