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could isolate 60-70% of the total collagen from unaged muscle.

Subsequent acid extraction. Again two major fractions were

found, B11 and B12. Figure 5 shows these results in terms of
Bl12 as a percent of the total. Most of the <X material seemed
to have been extracted by the prior salt treatment and these
peaks were not routinely present in the column effluent.
Although the influence of aging proved non-significant (Table 2)
this may be misleading in that it is a single figure for grouped
data. Examining the two muscles separately it may be seen that
with semitendinosus there is a steady decrease from 31% at day

0 to 12% at day 13. The major decline occurs between day 3 and
6. The same is true for psoas with the exception that no B12
was found in the day 0 samples.

Comparison of peak heights showed that in both muscles
the two B components increased very significantly with time
post-mortem. This difference was significant by day 3. At this
point it is difficult to determine if this was due to breakdown
of a higher molecular weight compound ( Ktrimer) or to increased
extractability.

The level of total hydroxyproline in the sample was so small
it could not be measured accurately but it undoubtedly represented
the difference between the sum of the salt and guanidine extract-
ions and the total (about 10%).

Guanidine extraction. This extraction proved the most complex

and the hardest to interpret. Extraction of fresh muscle (Fig.6)
gave three major peaks which were identified, judging from
retention volumes and subsequent behaviour, as two undifferen-

tiated peaks (&A1 and Bll followed by Bl12 and &~2) coming before
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a large, uncharged group of molecules tentatively identified as
'8 ' collagen. The effect of post-mortem aging on this system
was very evident. A typical elution pattern of semitendinosus
Muscle aged 13 days (Fig. 7) shows that the larger heavier
peak has declined while the smaller collagen molecules have
increased and a better separation is seen. We have deciphered
these results as a function of aging time in Figs. 8 and 9.
Statistical analyses were difficult to perform on these
data because of the emergence of peaks through aging. An analysis
of variance was conducted on the '3¥ ! peak since this was the
Only component present at all time periods. Table 2 shows the dec-

rease in '0 ' as a per cent of the total with time was very

highly significant while no difference was noted between the two

Muscles. A subsequent Duncan's test indicated that for psoas
Muscle a significant reduction of 'YX collagen occured between
days 0 and 3 and also between 6 and 13. A simple correlation of

the two muscles from the same animals over the entire aging period
gave a correlation coefficient of + 0.87 (P<.01).

Analysis of the guanidine extracted collagen as a per cent of
the total extractable collagen showed that aging resulted in an

Increased extraction by this solution as mentioned previously

tRig. ‘10).
General discussion: The major findings of this series of

€Xperiments may be summarized as follows:
L. Intramuscular connective tissue was isolated from bovine psoas
and semitendinosus muscles with various extractants, heat

denatured and separated on carboxymethylcellulose columns.
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2. Post-mortem aging of these tissues seems to produce changes in
intramolecular cross-linking of the collagen molecules as
evidenced by changes in elution patterns. Also the total

amount of extractable collagen increases with time. {

N

3. In general, the two muscles behaved similarly during aging
but some specific differences were noted.

4. As the severity of the extraction processes increased, differ- ‘
ences in elution patterns were noted earlier in the aging
period. Significant differences were noted between days 0 and
3 in guanidine extracts.

5. Although the collagen fractions have not been positively
identified by amino acid analysis or molecular weight
determination aging appears to result in the disappearance of
large, less charged molecules and the appearance of smaller,
higher charged molecules.

These results may be attributed to a post-mortem break-

down of higher molecular weight components or to selective changes

in extractability. Guanidine extracted collagen showed an orderly

decrease in larger molecules and an increase in smalller molecules

over the aging period which suggests a causal relationship. The
reason for these changes is not yet clear but it has been suggested
that there are proteolytic enzymes present in meat capable of

solubilizing collagen (Kruggel and Field, 1971).

Since it has been implied that meat tenderness may be influenced
by the degree of cross-links in the intramuscular connective tissu€
(Shimokomaki et al., 1972) the results of our experiments may be \
important from the aspect of meat organoleptic quality. We have 1

evidence for beef psoas muscle that certain tensile properties,




uncooked shear force and two taste panel parameters chew count)
and tenderness)all decreased significantly by day 3-4 post-mortem
(Eino and Stanley, 1973; unpublished data). Collagen has a very
great tensile strength as compared to muscle proteins and any
factor affecting collagen structure may prove significantly in
meat tenderness. At present it is difficult to relate behaviour
of intramuscular connective tissue in a guanidine extract to
eating quality but more must be known about how the former affects

the latter.
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Analysis of variance for collagen fractions in

e unextracted muscle. Data given are probabilities.

Source a.f . Total Hydroxyproline Hexosamine
(Hg/mg) (v g/mg)

Days 3 .0007 .0214

Muscles 1 .0000 . 1720

Animals 4 .0242 1975
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