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MATERIALS AND METHODS

The psoas major, longissimus dorsi, semitendenosis, pectoris profundis, gastrocnemius and sternomandibula-
ris were chosen as muscles typical of increasing toughness and were obtained from a freshly slaughtered 2 year
old steer. Epimysium was carefully dissected from each muscle and then 50 g wet weight of each muscle was
chopped into 1 cm® cubes. Perimysium and endomysial sheaths were prepared by the method of McCollester (1962)
with slight modifications.

Briefly, muscle was homogenised in cold mM CaCl, in a Waring Blendor. Filtering through fine gauze
collected the perimysium in the retentate and allowed passage of the finely homogenised muscle fibres through
into the filtrate. The perimysium of each muscle was washed exhaustively with water and then blot dried and
weighed. Ten 20 mg portions of each perimysium were accurately weighed, dried and re-weighed. In this way
the total dry weight of perimysium from each muscle was obtained.

Empty endomysial sheaths were obtained by lysis of the muscle proteins with sequential washes in 25 mM NaCl

pH 7.4 at 37°C and cold water. These endomysial preparations were heated through a Tinear temperature gradient
on a microscope stage and the shrinkage temperature was determined.

Determination of collagen cross-1links

A portion of each perimysial preparation was homogenised briefly in 2% (w/v) sodium dodecylsulphate (SDS),
stirred at room temperature for 30 m and then collected by centrifugation. The process was repeated and then
the perimysial samples and epimysial samples were washed in phosphate buffered saline (PBS) pH 7.4. After
suspension in the same buffer samples were reduced with tritiated KBH., washed and hydrolysed in 6 M HCI at
110°C as previously described (Robins et al., 1973). Collagen cross-links were analysed by ion-exchange
chromatography on Zeolit 225 in pyridine-formate buffers as described (Light and Bailey, 1982) and the relative
proportions of the tritiated cross-links were calculated.

Quantification of the ratio of Type I to Type III collagen

SDS washed perimysial and epimysial samples were digested with an equal weight of CNBr in 70% (v/v) formic
acid at a final coltagen concentration of 10-20 mg/m1 for 4 h at 30°C. Aliquots of the dried digests were then
subjected to SDS-polyacrylamide gel electrophoresis and the protein bands were visualised by staining with
Coomassie brilliant blue. Type I and Type III collagen ratios in each sample were estimated by quantifying
specific peptide bands as previously described (Light, 1982).
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collagen fibres, the basement membrane collagen denatures and shrinks on heating, Hut owing To iTs \ess
crystalline organisation, this occurs over a wider temperature range. Our preliminary studies, using the
heating stage of a standard 1ight microscope, indicate continuous shrinkage of endomysial sheaths from 55°C
through to 80°C. Despite the stability of its cross-links, we cannot yet compute the extent of compression
caused by endomysial shrinkage as its structure has not yet been determined. It is likely, however, that the
tension generated is sufficient to cause further loss of water from the cooking meat.

Although the precise details need to be worked out, there is now a clear rationale for the role of collagen
in the texture of meat. During cooking the actomyosin denatures at 40-50°C such that the muscle fibres shrink
within the endomysium. This stiffening of the actomyosin gel leads to an increase in texture of the meat. A
second more dramatic increase in texture, as determined by shear value, occurs between 65-70°C when the collagen
denatures, and if restrained, for example by the muscle fibres, generates a tension. Shrinkage of both the
perimysial collagen fibres and the collagen network of the endomysium therefore results in a compression of the
intracellular space. This force is certainly sufficient to result in loss of fluid from the muscle fibres and
a pushing together of the denatured muscle fibres. In extreme cases, higher temperature or highly cross-
linked old collagen, compression of the denatured muscle fibres themselves may even occur.

In short, collagen, although only constituting about 2% of the tucal protein of meat, plays a significant
role in determining the quality of the sensation of toughness of meat.
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