



























































The table shows that in beef muscles the relation be

A
(”"o clobin content) and either speed of Cunt?rr?ign[gi of cold contr;otumfr(\g’)
is tenuous to say the least. Only in the extreme case of becf ire the

values for myoglobin content and speed of contracture in agreement and

these are related to an extremely low contraction speed, so that here

We have a classical case of & slow, red muscle which cold-contracts

Vigourously. Cn the other hand, the LD muscle disobeys this rule completely,

because it has the highest contraction speed of all, is not particularly
red and yet also shows a high rate of cold-contracture, The other two
s, TFL and 3TM, show intermediate contraction speeds, yet have
Similgy myoglobin contents to the LD, but are only capable of quite feeble
cold-contracture,

Similar contradictions exist amongst the pig muscles where the red
Portions of VL and BF show quite vigourous cold-contracture, yet BF(R)
has more than double the contraction speed of VL(R), and is also less red.
The white portions of these muscles show only feeble phase 1 cold=-contracture,
although they are capable of shortening considerably in phase 2 (rigor).
Both white portions have high contraction speeds. On the other hand, the
two rabbit muscles behave classic ally; the fast, white IS shows no colc-
contracture at 29, whereas the very slow, red semitendinosus cold-contracts
quite fagt,

Une can only conclude that the red-slow/white-fast rule applies only
in the most extreme cases of very red and very white muscles, the former
showing vigourous coli-contracture and the latter no cold-contracture &t
8ll. It has been suggested (Horgen et al., 1972) that very slow red muscles
show cold-contracture because they have only very sparse sarcoplasmic reticula,
and hence very inefficient Ca “vy which will sllow extensive Ca=-relecse ot
low temperatures (Bendzll, 1973), whereas very fast, white muscles have the
very opposite. This ray be true in some extreme cases, but it does not
aPPly to either the beef or pig muscles studied here. If it were true then
the redder muscles, allowing escape of more Cn3+ at low temperature, would

b Dected +n 1 . / i & . , .
© €xpected to have higher ATP-turnover rates (V.) during rigor than the

whiter

» Whereag table IV shows that V. is rem irkably similar from muscle
to Muscl T 3 0'(5‘ 2 P " . 2
St P B ¢ ¥ In contrast, rabbit IS5, which is very fest

A
an ™ whi = ‘ haih i . : .
d very Whilte, should have the most efficient Ca-pump of all, yet in fact

1%t shows

learly the same ATP-turnover rate during low temperature rigor as
beef | does,

m : § = = ) " - Y R
The rigor turnover rates of ATT are, indeed, somewhat of 2 thorn in the
si f ¢ . b gl o
de of tie Ca-release hypothesis, because they ire not only similar amongst
muscles wh £ 3 2 Spe - % 1 , "
les which show quite different speeds of cold-contracture, but the

also nearls . . ; :
*0 nearly constant throughout the whole rigor-process in any gsiven nuscle




This, in spite of the fact that both beef LD and STV muscles, for example,

show quite definite relaxation phases at the end of phase 1; during such

relaxation one would expect V, to fall due to reduction of the intrafibriller
2% & ol ¢ 7 . :
ca level, but nothing of the sort can be detected, at least by present

analytical methods. o doubt these contradictions will be resolved by

urther research,
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T8 IFPCRTANCE OF RIGOR SEORTENING AND COLD CONTRACTURE IN ThHE IRICTICAL
LANDLING OF KEAT.
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The practical importance of muscle shortening during all types of rigor
cannot be overstressed, as the New Zealand workers have repectably shown
(Locker and lagyard, 1963; Marsh and lLeet, 1966; Davey and Gilbert, 19€¢9),
3e of its effect on the toughness of meat. It is the degree of
shortening which brings about toughening, and not the meens by which
shortenin- is achieved; the results of Herring et al. (165) on the
toughness of various muscles of normally treated beef carcasses, hung
up in the traditional manner by their hind-limbs, amply confirm this
conclusion. They found that those muscles which had been zble to shorten
during rigor because of the carcass posture, notably thoce on the back of
e thigh, were. all tougher than the relatively stretched muscles, such
ags tr.osce on the front of the thigh. By altering the posture of the carcass
durin; rigor, by lying it on its side with the legs flexed, the relative
shortening was reversed and with it the toughness, muscles on the back of
high then being more tender than thoese on the front. Incidentally,
these findings should be a warning to any butcher who thinks it a good
idea to bone out meat while it is still hot. Extensive rigor shortening
will occur in the meat in this state, with resulting toughening post-rigor.
In the above experiments there was no question of cold-contracture, but
merely the effect of posture, so that the flexed muscles were found to have

imniform, but 'short' sarcomere lengths and the extended muscles 'long'
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sarcomere lengtins., %hen cold-contracture, due to very rapid chilling of the
carcass, is superimposed on the posture effect, both flexed and extended
muscles tend to be tougher than normal. This is because, even in an extended
sarcomeres shorten quicker than others due to unequal rates of
cooling, and thus shortened nodes, alternating with lengthened portions,

tend to form throughout the musculature (cf. the model experiment of I.arsl

/

and leet (1966, to demonstrate this point). At KRI, we have shown how
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jually sarcomeres within adjacent fibres do in fact shorten during

cola=-contracture, even when the muscle is restrained from any overall
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Shortening (Voyle, 1969; Restall and Voyle, unpublished observations).

Longitudinal sections, examined over at least 2 mm length of muscle,
show every conceivable pattern of shortening, including node formation,
passive crimpling and extended sarcomeres. GEven in rigor at 15°, we nave
noted considerable variation in sarcomer length in restrained nmuscles
but not to the same extent as in cold-contracture.

The occurrence of phase 2 shortening after phase 1 cold-contr:cture
is complete, adds a further hazard to any attempt to cool carcasses very
rapidly, because it greatly extends the dangerous period during which the
muscle temperature should not be allowed to irop below 10°, if shortening
and consequent toughening are to be avoided. In beef carcasses, this may not
be a serious problem, because there is such a mass of musculature that rapid
cooling is likely to occur only in a superficipl layer, but it is certainly
hazardous in calf or lamb ca S n( b% ] ig ) asul ts

in f 1 carcasses and in pig. The results

Presented here strongly suggest that all types of carcass would be optimall
tender if they were hung at 12° for at least 15 hr to allow the completion

of rigor, before any attempt was made to cool them below 10°, After 15 hr,

\

it is safe 10 chill as rapidly as practicable (ef. Bendall, 1971).

There is, at present, no satisfactory theoretical explanation of why
cold-shortened muscles uld be tougher than muscles at rest length.
The question is bedevilled by the fact that muscle lengths, and sometimes
Sarcomere lengths, have usually been measured on the uncooked meat, whereas
the toughness messurements have been made after cooking., Quite apart from
Other ObJGCtiors, this method fails to take into account the more or less
Severe cooking shrink the muscles undergo, due to heat shrinkage of their
¢ollagen. furthermore, the denaturation and coagulation which occurs during
Cooking causes extensive cross-linking of the denatured proteins into
confirmations quite different from those in the fresh material.

Uncookod, cold-shortened muscle is in fact not nuch tougher and often
BOre tender than unshortened muscle (Drs, E. Dransfield and . Ii. Rhodes,
FRI ~ unpublished cb;crvutions).' This is expectable on the sliding filament
hyPUthesiS,

3

because when a fibre has shortened beyond 35j% of its rest length

its : L T . .
Constituent actin filaments overlap each other and, moreover, its myosin

fila : . . A
afents become distorted by pulling themselves up against the Z-discs

(8ee £fi. +\ A 3 .
1ig. 1) The result is that the number of rigor cross-links which

can pe ¢ ’ i : o : .
be iormed between actin and myosin filaments 1s vastly reduced, and

Consec £ ; 3 2 :
ueguen,¢j the resistance of the fibre to stretch or compression falls.
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reflection in tension experiments with living muscle,

falls to zero when the sarcomere length is reduced to

the point at which myosin filaments begin to bang into the Z-discs, thereby
draatiesliv reducs the contractil links which ce : i betw 7091
irastically reducing the contractile links which can form between myosi
heads and actin monomers (Gordon et al., 1966).

tuation is probably very different after cooking, because the

distorted sercomeres in the shortened nodes are in an ideal state

to form tough, compact coagula as the muscle proteins are denatured. It
is noteworthy, indeed, that in very highly shortened regions of the muscle,
the sarcomere lengths are often less than the length of a myosin filament
(i.e 1.6 pm indicating that more than 50§ shortening has occurred locally,
in spite of the overall shortening being perhaps less than 407 of the

initial muscle length. At present this seems the best explanation of the

toughening which accompanies shortening, but it is far from adequate.

The author wishes to acknowledge with thanks the expert assistance
he has received from kr, C. C. Ketteridge throughout this work, and
recently also from Miss E, Ii. Alderson., He has also received much

pful advice from Dr. K. S. Cheah,
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1. The fundemental biochemical and physical background of rigor mortis

is discussed in detail. It is shown that the physical basis of the
loss of Stretchability during rigor is the formation of cross-links
between the heads of the molecules in the n osin filaments and the
onomers which make up the actin filament. This occurs as the ATI

level falls from its resting level of 5 - 8 p.mole g = to € 0.1
\ -1 - . , ;
H.mole g '. Loss of the last rraces of ATI causes a localised

contraction, accounting for rigor shortening

m - : :
ihe’ biochemical events are

by the slow turnover of lgATP”

-

at the ATP-ase sites of the myosin heads. This turnover is counter-
balanced at first by resynthesis of ATP from PC and glycolysis
(lactate formation; fall of pi), until the PC supply runs out, when

the ATP level falls, due to splitting to INP, Xn;+ and P..

ct

Temferature has anomalous effects on the rate of turnover of ATP,
SO0 that the rate falls fast at first and then ever more slowly as

the temperature is reduced below 19° In beef muscles the rate at 2°

18 as high as at 15°, thus foreshortening the rigor process in a

manmner not predictable from simple thermodynamic theory.

Cold~contracture accompanies the anomslous biochemical behaviour

8%t low temperatures., It is thought to be due to release of Cag+

1ons from their storehouse in the SR, this release stimuleting the

contractile actin-myosin

previously dormant.
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The extent of cold-contracture varies inversely with the load on the

mu : . . - . T < A San' a4 atinss 4 a
uscle, and so does its speed. Its duration is confined to about the

FS u V1AL
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i nd 2 1 o - S - : . = Y
*TST 7 hr after cooling to 2°., It is sometimes followed by a relaxa-

tion phase which is in turn supplanted by further slow contraction

p)‘.ﬂ:,e

2 rigor ;) The latter often exceeds in extent the
colu~C(ntructup3 and can perform more work. Phase 2 is not highly
loag . noendo s
&€ Or pii-dependent.
ST o : : e A X _
1€ bearing of these clhianges on ine practical handling of meat is

di il % g . ; g 2 o 2 R
Glscussed, particularly in relation to the toughening which accompanies

extensive shortening of the muscle.
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