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+ E. H e rlih y , * P .V .J . H egarty * & J .J .A .  H effron

I n tr o d u c t io n ; During th e  f i r s t  few h o u rs  post-m ortem  s k e le ta l  muscle undergoes 
an e x te n s iv e  s e r ie s  o f b iochem ical changes cu lm in a tin g  in  r ig o r  m o rtis  (B ate-S m ith  & 
B endall 1949), and th e  u l t im a te  q u a l i ty  o f th e  meat i s  determ ined by th e  r a t e  and 
e x te n t o f th e se  changes. The p h y s ic a l and chem ical changes accompanying r ig o r  
m o rtis  have been review ed by B endall (i9 6 0 ) and in c lu d e  sh o rte n in g  o f th e  m uscle, 
lo s s  o f AT? and c r e a t in e  phosphate , d e c rea se  in  pH and lo s s  o f e x te n s ib i l i ty  
(B ate-S m ith  & B endall 1947, B endall 1951).

The sh o rte n in g  accompanying r i g o r  m o rtis  co in c id e s  in  tim e w ith  th e  disappearance 
o f ATP (B en d all 1951) and causes changes in  th e  banding p a t te r n s  o f th e  f i b r e s  s im ils f  
to  th o se  in d ic a te d  by th e  s l id in g  f i la m e n t model f o r  in  v ivo  c o n tra c tin g  muscle 
(S trom er & G oll 1967a). A ccording to  th e  s l id in g  f i la m e n t th eo ry  (Huxley & 
N iedergerke  1954, Huxley & Hanson 1954) m uscle c o n tra c t io n  depends s t r u c t u r a l l y  on 
a  s l id in g  o f in te r d ig ib a t in g  th ic k  and th in  f i la m e n ts  -  th e  l a t t e r  being  a tta c h e d  
a t  one end to  th e  Z l i n e  w ith  th e  o th e r  end lo c a te d  between a d ja c e n t th ic k  f ila m e n ts . 
Changes in  banding p a t te r n  a re  then  due to  changes in  th e  o v erlap  o r  r e l a t i v e  p o s itio n 5 
o f th e  th ic k  and th in  f i la m e n ts  and t h i s  i s  a lso  r e f l e c te d  in  th e  sarcom ere le n g th .

I n t e r e s t  in  th e  e f f e c t  o f th e  degree  o f muscle c o n tra c t io n  on te n d e rn ess  of 
meat was f i r s t  s tim u la te d  by Locker (i9 6 0 ), who s ta te d  t h a t  re la x e d  m uscles were 
more te n d e r  th an  p a r t ly  c o n tra c te d  m uscles; b e e f , p o u ltry  and f i s h  m uscles ex c ised  
p i-e -r ig o r  have a l l  been shown to  be l e s s  te n d e r  p o s t - r ig o r  than  c o n tro l  m uscles 
a llow ed  to  pass th rough  r ig o r  r e s t r a in e d  by normal s k e le ta l  a ttach m en ts  (Ramsbottom & 
S tran d in e  1949, dePremery & Pool I9 6 0 ). A lso, the  degree  o f c o n tra c tio n  a s  measured 
by sarcom ere le n g th  when a l t e r e d  in  d i f f e r e n t  p o r tio n s  o f th e  same m uscle by treatise#  
o r  when v a ry in g  n a tu r a l ly  in  d i f f e r e n t  m uscles has been shown to  be a s s o c ia te d  w ith  
te n d e rn e ss  (H errin g , C assens & B risk ey  1965). Sarcomere le n g th  a s  an  in d ic a to r  of 
th e  degree o f  c o n tra c t io n  i s  an im p o rtan t c r i t e r io n  o f m uscle te n d e rn ess  and t h i s  i s ¡¡. 
e s p e c ia l ly  t r u e  f o r  m uscles where th e  e f f e c t  o f co n n ec tiv e  t i s s u e  i s  sm all ( Rams bo t t 011 
S tran d in e  1949).

A ll  th e  ev idence to -d a te  
due to  th e  fo rm atio n  o:

u g g e s ts  t h a t  muscle in  r ig o r  i s  in e x te n s ib le .  This g 
t i g h t  c ro s s - l in k a g e s  between a c t i n  and myosin th u s  prevent

s l id in g  o f th e  f i la m e n ts .  The evidence has come m ostly  from  in v e s t ig a t io n s  o f  the 
p h y s ic a l changes o c cu rrin g  d u rin g  r ig o r  m o rtis  (B en d all, I9 6 0 ). The in v e s t ig a t io n s  
in c lu d e d  th e  measurement o f e x t e n s ib i l i t y  (B ate-Sm ith  à B endall 1949), h a rd n ess  
(Marsh 1952), e l a s t i c i t y  (K arsh 1954, B ah ler & P a le s  1966), c o n t r a c t i l i t y  and 
e x c i t a b i l i t y  (F o r re s t  & B riskey  1966), and changes in  m o lecu lar c o n f ig u ra tio n  from \

These a re  review ed by F o r re s t  0 5X -ray d i f f r a c t i o n  s tu d ie s  (Huxley & Brown 1967).
More -recen tly  sarcom ere le n g th  was shown n o t to  change when muscle was su b je c te d  to 
an a p p lie d  lo ad  90 hours post-m ortem  (Lavey & Dickson 1970). T his o b se rv a tio n  f u i  
su p p o rts  th e  i n e x t e n s i b i l i t y  th eo ry .

G oll (1968) d is t in g u is h e s  between two ty p es  o f in e x t e n s ib i l i t y  o ccu rrin g  in  
m uscle a s  r ig o r  develops -  ( l )  m acroscopic i n e x te n s ib i l i t y  o r  lo s s  o f th e  a b i l i t y  °' 
th e  m uscle f i b r e  to  s t r e t c h  under th e  in f lu e n c e  o f a  g iven  w eight o r  fo rc e  and 
(2 ) m o lecu la r i n e x t e n s i b i l i t y  o r  i n a b i l i t y  o f th e  a c t i n  and myosin f i la m e n ts  to  
s l id e  p a s t  each o th e r .  G oll concludes th a t  a p a r t i a l  r e v e r s a l  o f th e  m o lecu lar 
i n e x t e n s i b i l i t y  phase o f r ig o r  occu rs  in  bovine muscle a f t e r  3-4 days post-m ortem

P re s e n t a d d re s s ; + Departm ent o f  Zoology, T r in i ty  C o lleg e , D ublin, I r e la n d .
*' The A g r ic u l tu ra l  I n s t i t u t e ,  D unsinea, C astleknock ,

Co. D ublin , I r e la n d .
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^ o th a rd  e t  a l .  1966, S trom er & G oll 1967b).

T his suggested  an in v e s t ig a t io n  as  to  w hether a  r e v e r s a l  of the  m o lecu lar 
^ e x te n s ib i l i ty  phase o ccu rs  in  muscle in  r ig o r  bu t b e fo re  any a u to ly t ic  changes 

tak e  p la c e . I t  had a lre a d y  been found (H egarty  & H erlih y , in  p re p a ra t io n )  th a t  
^ouse m uscles a llow ed to  go in to  r ig o r  f o r  4 hours and th en  s tre tc h e d  p o s t - r ig o r  showed 

in c re a se  in  sarcom ere le n g th  when t h i s  was m easured in  i s o la te d  f i b r e s  from the  
'fe tched  m uscle. I t  became o f i n t e r e s t  to  examine th e se  m uscles e le c tro n  m ic ro sco ric - 

. ^  io  confirm  th a t  a sarcom ere le n g th  change occu rred  in  muscle a s  a  whole under the

the c o n d itio n s  and to  in v e s t ig a te  p o s s ib le  u l t r a s t r u c t u r a l  changes a s s o c ia te d  w ith  
s t r e tc h in g .

Mice w eighing 28-30 grams from  F a lco n e rs  Q s t r a i n  were k i l l e d  by e th e r  
^ s t h e s i a .  In  th e  f i r s t  s e r i e s  of experim ents th ey  were im m ediately  l a i d  on t h e i r  

ckg on a  co rjr board w ith  both  t h e i r  fo re lim b s  f ix e d  w ith  tap e  in  a fo ld e d -o v e r  
^ s l t io n .  A f te r  4 hours post-m ortem  in  t h i s  p o s i t io n  th e  bone to  which th e  b icep s
0̂ i i  m uscle i s  a tta c h e d  was p laced  in  f ix a t iv e  w h ile  th e  companion lim b was p u lle d  

T' s t r a ig h t  to  180 and pinned f o r  an hour in  th a t  p o s i t io n  b e fo re  f i x a t io n  in  th e  
Sa®e manner.

T  Om  a second s e r i e s  o f experim ents one of th e  lim bs was extended to  180 p re - r ig o : 
* Pinned in  th a t  p o s i t io n  f o r  4 hours b e fo re  f ix a t io n  w hile  th e  companion lim b was 

-aed m axim ally p r e - r ig o r  f o r  4 hours b e fo re  s t r e tc h in g  ou t f o r  an hour and f i n a l
N a t io n .

¡5- ,  f i x a t io n  was c a r r ie d  ou t e i th e r  f o r  3 hour's c r  o v e rn ig h t in  2 .5 fi g lu ta ra ld e h y d e  
b ®  UP in  ( l )  0.05M c aco d y la te  b u f f e r  pH 7 .4  (Gordon e t  a l  1963) (2 ) R inger-Locke

i-ered  w ith  0.05M T ris-H C l o r  0.05H phosphate pH 7 .4 . The i n i t i a l  f i x a t io n  was&lv;
th ia-ys c a r r ie d  ou t w ith  th e  muscle b icep s  b raeh i.i a t ta c h e d  to  th e  bone.

1 d is s e c te d  from  th e  bone, f u r th e r  f ix e d  f o r  a  tim e in  f lu ta ra ld e h y d s  
°he hour in  lOy su c ro se  s o lu t io n  made up in  b u f f e r .

The muscle was 
and then  washed

The muscle v/as th en  c u t in to  
Samples c u t f o r  f ix a t io n  were

for

cubes in  1%  OsO^ a t  0 -4 u f o r  1 hour (P a lace  1952),
^rom th e  a re a ^ o f  maximum f ib r e  d iam eter o f th e  b icep s  b ra c h ii  in  each lim b 

ê ?^^sP ink 1962). D ehydration  in  graded e th an o l was fo llow ed  by i n f i l t r a t i o n  and 
g a d d in g  in  A ra ld i te  (G la u e r t, Rogers & G lau ert 1956). Thin s e c t io n s  were c u t on
\ ^ Ss k n iv es  u s in g  an LKB U ltram icro tom e. S ec tio n s  were s ta in e d  f o r  15 m inutes in  2'.- 

a c e ta te  in  m ethanol (stem pak 6c Ward 1964). A f te r  thorough d ry in g  le a d  c i t r a t e  
aP p lied  f o r  15 m inu tes u s in g  th e  method o f Reynolds (1963). S e c tio n s  were examined 

H ita c h i E le c tro n  M icroscope Type HS-7. Sarcomere le n g th s  were m easured a t  X4,000 
l a t e x  p a r t i c l e s  as  a  s u i ta b le  s tan d a rd  a t  th e  same m a g n if ic a tio n .

F t was found th a t  th e  in c o rp o ra tio n  o f R inger Locke in to  th e  g lu ta ra ld e h y d e  
Of r e s u l te d  in  b e t t e r  p re s e rv a tio n  o f th e  m uscle s t r u c tu r e  w ith  l e s s  sw e llin g

m ito ch o n d ria  and l e s s  spac ing  between th e  m y o f ib r i ls .  W hatever th e  method of 
t ^ i ° a  employed a s ig n i f i c a n t  (20/;) d if f e r e n c e  in  sarcom ere le n g th  (P < 0 .01 ) was 

betw een a  fo ld e d  m uscle in  r ig o r  and i t s  companion muscle s t i  
f o ld in g .  These measurements a re  summarised in  Table 1.

?etched p o s t - r ig o r  
An in c re a s e  in

le n g th  due to  s t r e tc h in g  was found in  th e  case  of every  m uscle examined in  
^Ue 1+exPerim en t. A s l i g h t  th rough s ig n i f ic a n t  in c re a s e  in  A band le n g th  was a ls o  no ted  
A ^ 0 s "t r e ‘tch in g  p o s t - r ig o r  (P <  0 .0 1 ) .  A le n g th  o f 1 .30 nm was o b ta in ed  f o r  the  
a  ̂ !a o f norm al f r e s h  m uscle. This v a lu e  la y  between th e  two A band le n g th s  o b ta in ed  
k ^ ' ^ i g o r  fo ld e d  m uscle (1 .25  nm) and a  m uscle s t re tc h e d  p o s t - r ig o r  a f t e r  fo ld in g  
the ^ 1“0 r  (1 .4 0  nm). T h is suggested  th a t  both  s l i g h t  sh rin k ag e  and s t r e tc h in g  of 

^ band o ccu rred  d u rin g  maximum c o n tra c t io n  and p o s t - r ig o r  s t r e tc h in g  re s p e c tiv e ly ,

°siers

'•Ooivr + _.
o r  th e  d if f e r e n c e  in  A band le n g th .
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Table 1 -  Comparison of sarcom ere le n g th s  o f mouse b ic ep s  b ra c h ii  m uscle in
r ig o r  and a f t e r  s t r e tc h in g  in  r ig o r

Experim ent
No.

F ix a t io n Folded Pre--R igor S tre tc h e d  Po 
from Folded

st-R igor
P o s i t io ^

Sarcomere
Length

(nn)

A Band 
Length 
(nm)

Sarcomere
Length
(nm)

A 3ar¿ 
Leng¿B 
(nm)

I 3 mice G lu t. in  c aco d y la te  
3 hours

1 .78 _+ 0.06 1.40  + 0 .08 2 .20  + 0 .20 1 .5 0 + ° '

I I 3 mice G lu t. i n  c aco d y la te  
o v e m ig h t

1 .80 + 0 .02 1.30  _+ 0.06 2.05 +, 0 .09 1.40 i 0'

I I I 3 mice G lu t. in  R inger T r is  
3 hours

1 .5 0 + 0 .0 7 1.20  _+ 0.06 1.80 + 0 .06 1.34 + 0,1

IV 3 mice G lu t, i n  R inger phos- 1.70 _+ 0 .08  1 .20 ±  0 .04  2 .10 _+ 0 .20  1.40
p hate  3 h ou rs

V 4 mice G lu t, in  R inger phos- 1.73 _+ 0 .06  1 .20 _+ 0 .02 2 .00  + 0 .09  1.34
p h a te  o v e rn ig h t

+ 0,

+ 0'

Mean (16 m ice) 1 .70 + 0 .03* 1.25 + 0.03 2 .03 + 0 .06  1.40

* s tan d a rd  e r ro r  o f mean

F u r th e r  ev idence f o r  th e  in c re a s e  in  sarcom ere le n g th  due to  s t r e tc h in g  o f a  muscle 
fo ld e d  p r e - r ig o r  can be seen  by com parison of th e  m icrographs of P ig . I  end P ig . II* a 
Lengthening o r  r e la x a t io n  o f th e  s t r e tc h e d  muscle ap p ears  to  have o ccu rred  by a  s l i ^ ^  
of th e  i n t e r d i g i t a t i n g  f i la m e n ts  p a s t  one a n o th e r . I t  i s  in t e r e s t in g  to  n o te  th a t  
d e s p ite  th e  a p p l ic a t io n  o f s t r e t c h ,  th e  sarcom eres o f a  m uscle s tre tc h e d  p o s t - r ig o r  
a f t e r  p r e - r ig o r  fo ld in g  (P ig . I I ) a re  n o t a s  long  as  th o se  seen  in  a  m uscle allow ed 
to  go in to  r ig o r  in  a s t r e tc h e d  s t a t e  (P ig . I I I ) .  T h is in d ic a te s  th a t  p o s t - r ig o r  SL< 
ching  can n o t e f f e c t  com plete r e v e r s a l  o f  i n e x t e n s ib i l i t y  in  a  muscle fo ld e d  p re - r ig 0' '  
The sarcom ere measurements from  th e se  m uscles a re  summarised in  Table 2.

Table 2 -  Comparison o f th e  sarcom ere le n g th s  o f mouse b icep s  b ra c h ii  s tre tc h e d
p r e - r ig o r  and s t re tc h e d  p o s t - r ig o r

Experim ent F ix a tio n S tre tc h e d  from 
fo ld e d  p o s i t io n

S tre tc h e d Pre-Rii

Sarcomere A Band Sarcomere A
Length Length Length Leif
(nm) (nm) (nm) (lîIÛ

I  3 mice G lu t, in  c aco d y la te  2 .20  _+ 0o20 1 .50  _+ 0 .04  2 .46 _+ 0 .10
3 h o u rs

I I  3 mice G lu t, in  c aco d y la te  2 .0 5 + 0 .0 9  1 .4 0 + 0 .0 4  2 .4 0 + 0 .0 4
o v e rn ig h t

I I I  3 mice G lu t, in  R in g e r-T r is  1.83 _+ 0 .06 1 .30  _+ 0 .05  2 .58  _+ 0 .09  '
3 h ou rs

1.30 ¿
0‘

1.30

.33
O'

Mean (9 m ice) 2 .02  + 0 .08* 1 .40 + 0 .04  2 .50  + 0 .05

Ü44 * s tan d a rd  e r r o r  o f mean



Some o f th e  u l t r a s t r u e t u r a l  damage seer, in  a  muscle s tre tc h e d  p o s t - r ig o r  from  
the p r e - r ig o r  fo ld e d  p o s i t io n  could be a t t r i b u t e d  to  th e  o b se rv a tio n  th a t  i r .e x te n s ib i l  
ts  on ly  p a r t i a l l y  r e v e r s ib le .  I t  could  a ls o  be pu t down to  o v e rs tre tc h in g  of th e  lim  
-‘•t occu rred  on ly  in  some o f th e  f i b r e s .  I t  w as 'n o t p o s s ib le  to  Q u an tify  th e  amount 
- te n s io n  ex e rted  by s t r e tc h in g  th e  m uscle p o s t - r ig o r  from  the  f u l l y  c o n tra c te d  

s_ta te  to  180°.

The u l t r a s t r u c t u r a l  damage seen  was o f two types and o ccu rred  in  sm all a re a s  
°~ seme o f th e  f i b r e s .  I t  must be em phasised th a t  th e  rem ain ing  sarcom eres were 
'dip p re se rv ed  and had an in c re a se d  sarcom ere le n g th  r e l a t i v e  to  th ose  seen  in  a 
°lded m uscle in  r ig o r .

^  The f i r s t  type o f damage seen  was a  breakdown in. th e  o rd e r ly  arrangem ent o f 
f la m e n ts  and a  change in  th e  norm al f i b r i l l a r  u l t r a s t r u c t u r e .  T his f i b r i l l a r  
QaQage v;as e s p e c ia l ly  e v id e n t in  th e  c e n tre  o f th e  I  band. The Z l i n e  in  such 
Sa-rcomeres v a r ie d  from a wavy appearance to  com plete absence.

, The second type o f damage which occu rred  l e s s  f r e q u e n t ly  was c h a ra c te r is e d  by a 
f i n i t e  breakage in  the  sarcom ere. This occurred  between th e  Z l i n e  and th e  a c t in  

•‘-laments and l e s s  o f te n  a t  th e  A band-I band ju n c tio n . These f in d in g s  tend  to  
°h iirm  th e  h y p o th e s is  th a t  th e  w eakest p a r t  o f the  m uscle f i b r e  i s  th e  ju n c tio n  
etv/een th e  a c t i n  f i la m e n ts  and th e  Z l i n e .  The Z l i n e  had a  wavy appearance in  
me of th e se  sarcom eres and in  some c ase s  i t  was broken in  p a r t ,  th u s  f a c i l i t a t i n g  

.. e breakage between th e  Z l i n e  ana th e  a c t i n  f i la m e n ts .  A s im ila r  type o f breakage 
, s seen  l e s s  f r e q u e n tly  in  th e  c o n tro l p r e - r ig o r  fo ld e d  muscle which c a s ts  some 
°b’b t a s  to  th e  breakage being  due to  th e  s t r e tc h in g  of th e  p r e - r ig o r  fo ld e d  m uscle.

& The in c re a s e  in  sarcom ere le n g th  a s s o c ia te d  w ith  s t r e tc h in g  o f a  r ig o rsgussion :
. °i*tened m uscle su g g es ts  t h a t  th e  c ro s s - l in k a g e s  formed between a c t in  and myosin 
p •■‘•hg r i g o r  a re  n o t a s  perm anent and t i g h t  a s  had been p re d ic te d  on th e  b a s is  o f 

s e n s i b i l i t y  m easurements on ly . These r e s u l t s  confirm  e a r l i e r  measurements of 
^ c o m e re  le n g th  w ith  th e  l i g h t  m icroscope (H egarty and H e rlih y , in  p re p a ra t io n ) ,
¿ ° ugh in  a l l  c ases  a  l a r g e r  v a lue  f o r  sarcom ere le n g th  was o b ta in e d . T his 
^ Screpancy between a b so lu te  v a lu e s  f o r  sarcom ere le n g th  could  be due to  d if fe re n c e s  
 ̂ the p re p a ra t io n  o f th e  m uscles. Huxley (1969; re p o r te d  a  20;. d ec rease  in  e ro s s -b r  
erig th  due to  p ro cess in g  of muscle f o r  - ie c tro n  m icroscopy. G lu ta ra ld eh y a e , in  
i‘I i c u l a r ,  i s  known to  cause some sh rin k ag e  o f t i s s u e s  d u rin g  f ix a t io n  (Torack 1966).

Of
f*

^ id e n c e  f o r  th e  f u l l  developm ent of r ig ^ r  in  th e se  m uscles b e fo re  th e  a p p l ic a t io n  
s t r e tc h  was o b ta in ed  from  ATP and oH measurements -  th e  ATP c o n c e n tra tio n  decreased

om 5 , 2 5 P1moles/gm im m ediately  post-m ortem  to  0 .74  ^moles/gm a t  4 hou rs post-m ortem  
PH decreased  from  7 .3  to  a  c o n s ta n t 6 .6  in  th e  same tim e p e rio d .

iq
o tr

J-I1e occu rren ce  o f u l t r a s t i u c t u r a l  damage a f t e r  s t r e tc h in g  in  some o f th e  f i b r e s  
^ g o r  sh o rten ed  m uscle i s  c o n s is te n t  w ith  the  th e o ry  th a t  muscle cannot be

However, th e  p resenceIt ^tc 'neH in  r ig o r  m o rtis  b u t w i l l  t e a r  r a th e r  th an  e lo n g a te .
V~r ^‘ese f i b r e s  o f w e ll p re se rv ed  m y o f ib r ils  w ith  s t r e tc h e d  sarcom eres compared to  

i0se o f m uscles fo ld e d  in  r ig o r  su g g es ts  th a t  s l id in g  o f th e  f i la m e n ts  a ls o  ta k es  
The breakages in  th e  Z l i n e  found h e re  were a ls o  re p o rte d  to  r e s u l t  from

Cô e^ch in g  o f an aged m uscle post-m ortem  (D ickson, 1968). T his su p p o rts  the  
7Cô b s i ° n  th a t  th e  Z l i n e  i s  the  lo c a t io n  of minimum r e s is ta n c e  in  th e  f i b r e .  
j ^ Gl'bing to  B er.dall (1 96S) any f o r c ib le  a tte m p t to  s t r e t c h  a muscle a f t e r  i t  has

in to  r ig o r  and become r ig i d  i s  accompanied by f r a c tu r e ,  u s u a lly  in  th e  I band 
ssk/Ps s u rp r is in g  th a t  such breakages were n o t found more o f te n . The f in d in g  of

b reakages in  a  fo ld e d  muscle in  r ig o r  c a s ts  some doubt a s  to  t n e i r  being 
t h ^ eĉ  ^y s t r e tc h in g  c f  th e  m uscle. I t  has been re p o r te d  (Voyle 1969» B en d a ll, I960)

elo
Some f i b r e s  can undergo d i s to r t io n  and sometimes even ru p tu r in g  d u ring

Pment o f r ig o r  m o rtis  due to  sh o rte n in g  o f more a c t i v e ly  c o n tra c t in g  f ib r e s .

> 6  cnq u e s tio n  now a r i s e s  a s  to  th e  n a tu re  o f th e  changes in  the  a c t  in-m yosin  
iijj.fl^-c t io n  in  the  m y o f ib r il  th a t  r e s u l te d  in  the  s lip p a g e  o f th e  f i la m e n ts  unde 

•Pence o f te n s io n . G oll (1968) c o n s id e rs  th a t  le n g th e n in g  of c o n tra c te d  s a r
"t?10 

sarcom ere



n

in  a  m uscle 2-3 days post-m ortem  o r ig in a te s  p r im a r i ly  from  a weakening o r  p a r t i a l  
d is s o c ia t io n  o f th e  ac tin -m y o s in  in te r a c t io n  and a ls o  in  p a r t  from a d e g ra d a tio n  of 
th e  sarcom ere a t  th e  le v e l  o f th e  Z l i n e  due to  p r o te o ly t ic  d ig e s t io n . I t  i s  
u n l ik e ly  th a t  p r o te o ly t ic  breakdown would have occu rred  in  a npiscle 4 hours post-morte-0'

A ccording to  the  s l id in g  f ila m e n t h y p o th e s is  o f m uscu lar c o n tra c tio n  th e  c ap ac ity  
o f th e  c o n t r a c t i l e  system  to  produce te n s io n  i s  p ro p o r t io n a l  to  th e  number o f *
in te r a c t in g  s i t e s  and hence th e  amount o f overlap  between th e  two s e t s  o f in te r a ig i 't&u 
f i la m e n ts .  In  a  s tu d y  o f th e  e f f e c t  o f sarcom ere le n g th  on th e  te n s io n  ex e rted  
by a  m uscle Ednan (1966) showed th a t  a c t iv e  te n s io n  i s  v i r t u a l l y  ab se n t when th e  
A and I  f i la m e n ts  a re  a t  end to  end p o s i t io n s  r e l a t i v e  to  each o th e r; i t  in c re a s e s  t° 
a  maximum when th e  degree of o v e rlap  p ro v id es  th e  maximum number o f in te r a c t in g  
s i t e s  f o r  p ro p u ls io n  o f th e  th in  f i la m e n ts  and th en  d e c rea se s  ag ain  due to  sh o rten ing  
o f th e  sarcom ere and t i g h t e r  packing o f th e  f i la m e n ts .  The maximum degree  of 
c o n tra c t io n  seen in  a  m uscle fo ld e d  p r e - r ig o r  could be re s p o n s ib le  f o r  th e  s lip p ag e  
o f th e  f i la m e n ts  du rin g  p o s t - r ig o r  s t r e tc h in g .  I t  i s  p o s s ib le  th a t  th e  h ig h  degree 
o f sh o rte n in g  of th e  sarcom eres p e rm itte d  on ly  a sm all number o f s i t e s  on a c t in  
and myosin to  i n t e r a c t  r e s u l t in g  in  minimum te n s io n  developm ent between th e  two 
s e t s  o f f i la m e n ts .

The most im p o rtan t re s u .l t  from t h i s  s tudy  may be th a t  th e  immediate p o s t - r ig o r  
s t r e tc h in g  of muscle e f f e c t s  a  s ig n i f ic a n t  in c re a se  in  sarcom ere le n g th . In  view 
o f L o c k e r 's  (i9 6 0 ) f in d in g  o f a  c o r r e la t io n  between meat te n d e rn ess  and sarcom ere 
le n g th  t h i s  work may have some a p p l ic a t io n  in  meat te n a e r iz a t io n .

REFERENCES

B ah le r, A .S. 
B ate-S m ith , 
B ate-S m ith , E.C. and 
B en d a ll, J .R . (1951) 
B e n d a ll, J .R .

and P a le s  J . J . ,  
l.C. and B endall

B en d a ll, J .R .

(1960)

(1969) 20

(1966) J .  A ppl. P h y s io l. 2, 1421.
J . R . , (1947) J .  P h y s io l. 106, 177.

B endall J .R . , (1949) J .  P h y s io l. 110, 47.
J .  P h y s io l. 114, 71.

Post-m ortem  changes in  muscle in  " S tru c tu re  and F u n c tio n  of 
ed . G.H. Bourne V ol. 3 , 227. Academic P ress  N.Y.
M uscle, m olecules and movement, ed. S.A. B a rn e tt ,  p 
Heinemann, London.

deFremery D. and P oo l, M.F. (i9 6 0 ) Fd. Res. 25, 73.
D ickson, M. (1968) Ann. R eport of New Zealand Meat In d u s try , Res. I n s t .
Davey C.L. and D ickson, M.R* (1970) J .  Pd. S c i. 35, 56.
Edman, K.A. P. (1966) J .  P h y s io l. 183, 407.
F o r r e s t ,  J .C . (1968) P ro c . 2 1 s t Ann. Meat Conf. of Am. Meat S c i. A ss. p. 
F o r r e s t ,  J .C . and B risk ey  E .J .  (1966) J .  Fd. S c i. 32, 483»
G la u e r t, A.M ., R ogers, G.E. and G lau e rt R.H. (1956)
G oldspink , G. (1962) P roc . Roy. I r .  Acad. 62B, 135.
G o ll, D.E. (1968) P roc . 2 1 s t Ann. Meat Conf. of Am.
Gordon, G .3 . , M il la r ,  L .R ., and Bensch, K.G. (1963)
G othard, R.H. e t  a l  (i9 6 0 ) J .  Fd. S c i .  31, 825.

Muse

1968-69. P

9.

.17*

H e rrin g , H .K ., C assens, R.G. and B risk ey  E .J .  (1965)
173, 
973.

and Brown W., (1967) J .  Mol. B io l. 30,

H uxley,
Huxley,
Huxley,
Huxley,
Locker,
Marsh,

. ,  C assens, R.G. and B risk ey  E .J .  
and N iedergerke  R . , (1954) N ature 
and Hanson J . ,  (1954) N atu re  173,

A .F.
II • £j •
II • Sti •
a . * . ,  (1969) 
R.H. (i960 ) 

B .B ., (1952)

N atu re  178, 803.

Meat S c i. A ss. p .16
Exp. C e ll Res. 31, 440.

J . S c i. Fd. A g rie . 16,
971.

383.

379

Science 
Fd. Res. 
Biochem.

164, 1356.
25, 304. 
B iophys. A cta 9, 127.

146



REFERENCES

^arsh , B .B ., (1954) J .  S e i .  Fd. A g rie . 5, 70. 
j;ala d e , G.S*, (1952) J .  Exp. Red. 95, 285.
^ is b o t to m , J .L î., and S tra n d in e  (1949) J .  Anim. S e i. 8 , 398. 
Reynolds, E .S . (Í963) J .  C e ll . B io l. 17, 208.
^ e n p a k , J .G . and Ward, R .T. (1964) J .  C e ll  B io l. 22, 697 
p r ô n e r ,  H.H. and G o ll, D.E. ( 1967a) J .  F d .S c i. 32, 329. 
^trom er, R.H. and G o ll, D;E. (l967b j <J. F d .S c i. 32, 386. 
Joi'ack, R.R. (1966) J .  U l t r a s t r u c tu r e  S e s . 14, 590.
°y le , c.A. (1969) J .  Fd .T echno l. 4, 275.




