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Background

O u r  u n d e rs ta n d in g  o f  th e  b io c h e m ic a l re a c tio n s  p o s t  m ortem  an d  h o w  th e s e  a f fe c t  th e  m a c ro s c o p ic  q u a li ty  in  b e e f  (D e v in e  et a l., 1 9 9 9 ) an d  
sa lm o n  (E r ik so n , 2 0 0 1 )  a re  n o t fu lly  u n d e rs to o d . T h e  u s e  o f  r ig o rm e te rs  th a t  m e a s u re  m u s c le  te n s io n  a n d  sh o r te n in g  c o n tin u o u s ly  a t  d if fe re n t 
ch illin g  ra te s  a n d  te m p e ra tu re s , m a k e  i t  p o s s ib le  to  o b ta in  c o n d itio n s  c o m p a ra b le  to  th o s e  u n d e r  c o m m e rc ia l  c o n d itio n s  (R o se n v o ld , et al., 
20 0 3 ). D u r in g  o u r  s tu d ie s  o f  te n s io n  a n d  c o n tra c tio n  in  b e e f  m u sc le  (R o se n v o ld  et al., 2 0 0 3 )  an d  s tu n n in g  m e th o d s  o n  rigor m ortis  in  A tla n tic  
sa lm o n  (R o th  e t al., 2 0 0 2 )  w e  h a v e  o b s e rv e d  th a t  th e  d e v e lo p m e n t o f  rigor m ortis  d o e s  n o t fo llo w  th e  te n s io n  a n d  c o n tra c tio n  c u rv e s  in  b e e f  
an d  th e  d e v e lo p m e n t o f  rig o r  in d e x  in  A tla n t ic  s a lm o n . I t  h a s  b e e n  p o in te d  o u t th a t  th e  m e c h a n is m  o f  rig o r m ortis  is  n o t fu lly  u n d e rs to o d  in  
fish  (E r ik so n , 2 0 0 1 ) , an d  th is  is  a ls o  th e  c a s e  f o r  o th e r  a n im a ls  su c h  a s  b e e f  (D e v in e  e t a l., 1999 ).

Objectives
T h e  p u rp o se  o f  th e  p re s e n t  s tu d y  h a s  b e e n  to  f in d  o th e r  fa c to rs  in  th e  c e ll th a t  c o n tr ib u te  to  th e  s tif fn e ss  o f  rig o r m ortis  b e s id e  th e  fo rm a tio n  

° f  th e  a c to m y o s in  b r id g e s . S in c e  rig o r m o rtis  is  a  g e n e ra l  p h e n o m e n o n  in  fish , b ird s  a n d  m a m m a ls , th e  f in d in g s  h a v e  to  b e  o f  g e n e ra l  v a lu e .

Methods
M ateria ls. A tla n tic  s a lm o n  (Sa lm o  sa lar)  w as  s tu n n e d  a n d  th e  g ill  a rc h e s  w e re  cu t. S a m p le s  w e re  ta k e n  f ro m  th e  re g io n  b e h in d  th e  d o rsa l  

fin. T h e  M. long issim us dors i  f ille ts  w e re  f ro m  N o rw e g ia n  re d  b u lls . Tension a n d  contraction . R ig o rm e te rs  w e re  f ro m  R igoT ech® , R e o lo g ic a  
In s tru m e n ts  A B , L u n d , S w e d e n , a n d  m e a s u re  c o n tin u o u s ly  te n s io n  a n d  sh o r te n in g /c o n tra c tio n  in  r e c ta n g u la r  m u s c le  s tr ip s  3 0  m m  lo n g  a n d  
10 x  10 m m  c ro ss  se c tio n a l a rea . C a lib ra t io n  o f  th e  in s tru m e n ts  u s in g  p o ly a c y la m id e  g e ls  g av e  r e p ro d u c ib le  re s u lts  (R o se n v o ld  et al., 2 0 0 3 ). 
Shear fo rce . W B  s h e a r  fo rc e  w a s  m e a s u re d  u s in g  a  S ta b le  M ic ro  S y s te m s  T e x tu re  A n a ly s e r , G o d a im in g , U K . Staining. P A S , p e r io d ic  a c id  
S c h if f  m e th o d , w as  u se d  to  o b s e rv e  c e ll  m e m b ra n e s  a n d  c o n n e c tiv e  tis s u e  (C a rso n , 199 6 ). S e r ia l  s e c tio n s , 12 p m  th ic k , w e re  c u t o n  a  c ry o s ta t  
and  s ta in e d  fo r  g ly c o g e n . R ig o r  index. T h is  w a s  c a lc u la te d  a s  IR =  (L 0 -  L ,)/L 0 x  100  (B ito  et al., 1 983 ) w h e re  L  r e p re se n ts  th e  v e r tic a l  d ro p  
° f  th e  ta il  (p a rt o f  fille t)  w h e n  h a l f  o f  th e  le n g th  w a s  o u ts id e  th e  tab le . L 0 re p re s e n t th e  v e r tic a l d ro p  a t  s ta r t  a n d  L t re p re s e n ts  m e a s u re m e n ts  
d u rin g  th e  e x p e r im e n t.

Results and Discussion
S in c e  f ish  h av e  a  te m p e ra tu re  th a t  c a n  b e  c o n tro lle d  a t  th e  m o m e n t o f  d e a th  th ey  r e p re s e n t  g o o d  m o d e ls  fo r  th e  s tu d y  o f  rig o r m ortis. 

F u rth e rm o re , in  fish  w h ite  a n d  re d  m u s c le  a re  se p a ra te d  a n d  th e  p ie c e s  c u t o u t a re  v e ry  h o m o g e n o u s . F ig u re  1 sh o w s s h o r te n in g  a n d  c o n tra c tio n  
In A tla n tic  s a lm o n . A lre a d y  w ith in  an  h o u r  a f te r  s la u g h te r  th e  te n s io n  an d  c o n tra c tio n  h av e  re a c h e d  its  m a x im u m . In  F ig u re  2 , a  n u m b e r  o f  s h e a r  
fo rce s a n d  rig o r  in d e x e s  h a v e  b e e n  m e a s u re d  a t  c o m p a ra b le  c o n d itio n s . T h is  f ig u re  sh o w s th a t  th e re  is  a  te n d e n c y  to w a rd s  a  d e c re a s e  in  sh e a r  
fo rce  fo rm  th e  m o m e n t o f  d e a th  a n d  o n w a rd s , w h ile  th e  rig o r  in d e x  g o e s  th ro u g h  a  m a x im u m . R ig o r  in d e x  in  fish  a re  m e a s u re d  a s  ta il  b e n d in g  
(F ig u re  2 ), a n d  a  s im ila r  e x p e r im e n t h a s  b e e n  p e r fo rm e d  o n  b o v in e  M. long issim us dorsi (F ig u re  3 A  a n d  B ) a f te r  w ra p p in g  in  p o ly e th y le n e  film  
ln o rd e r  to  re s tr ic t  c o n tra c tio n  (H ild ru m  e t a l., 2 0 0 2 ) . A f te r  rigor  th e  b e e f  m u sc le  re la x , a n d  b e c o m e s  te n d e r  a f te r  14 d a y s  a s  m e a s u re d  b y  W B . 
F  is  g e n e ra lly  a g re e d  th a t  rig o r m ortis  s t if fn e ss  is  d u e  to  th e  re a c tio n  b e tw e e n  a c tin  an d  m y o s in , an d  th a t  th is  b in d in g  c a n n o t b e  re so lv e d  d u e  to  
luck  o f  ATP. B o th  in  fish  a n d  m a m m a ls  th e  re la x a t io n  c o m e s  s o o n e r  th a n  th e  te n d e r is a tio n , th u s  so m e th in g  e ls e  m u s t e x p la in  th e  s tif fn e ss .

A fte r  d e a th  c a ta b o lic  r e a c tio n s  p re d o m in a te s .  In  g e n e ra l  th e re  is an  in c re a se  in  sm a ll  m o le c u le s , f o r  e x a m p le  g ly c o g e n  g o e s  to  la c ta te . T h is  
'U crease th e  o s m o tic  p re s s u re  (7t =  c R T ) w ith in  a  c e ll a n d  w a te r  flow s in to  th e  ce ll. T h e  v o lu m e  o f  b o th  fish  an d  w ra p p e d  f ille ts  d o e s  n o t c h a n g e  
du rin g  rigor. B u t  d u e  to  c h a n g e  in  o s m o tic  p re s s u re  th e  sh a p e  o f  th e  m u sc le  c e ll c h a n g e  f ro m  sp h e ric a l to  a  m o re  c u b ic  fo rm  a n d  th e  h is to lo g ic a l  
Auctions, a s  sh o w n  in  F ig u re  4 , c h a n g e  f ro m  a  c ir c u la r  to  a  m o re  sq u a re d  fo rm , an d  th is  h a s  b e e n  c a lc u la te d  to  b e  s ta tis t ic a lly  s ig n if ic a n t. T h e
W B sh e a r  fo rc e  a c tin g  s im ila r  to  a  k n ife  a re  n o t a f fe c te d  b y  th e  w a te r  b e in g  in tra -  o r  e x tra c e llu la r , a s  o p p o s e d  to  th e  rig o r  in d e x  an d  o th e r
’M ethods u s e d  to  m e a s u re  te x tu re  d u r in g  th e  rig o r m ortis  p h a s e  (E r ik so n , 2 0 0 1 ).

Conclusions
T h e  p o s t  m ortem  r e a c t io n s  in c re a s e  th e  n u m b e r  o f  m o le c u le s  w ith in  th e  m u sc le  c e ll. T h is  in c re a se s  th e  o sm o tic  p re s s u re  w ith in  th e  ce ll 

aud th e  ce ll is  e n la rg e d  d u e  to  an  o s m o tic  in f lu x  o f  w a te r. S in c e  th e  v o lu m e  o f  th e  m u s c le  a s  su c h  is c o n s ta n t  th e  in c re a se d  c e ll v o lu m e  m a k e s  
e m u sc le  s tiff . T h is  e x p la in s  w h y  d e c re a s e  in  A TP, te n s io n  a n d  c o n tra c tio n  d o  n o t fo llo w  th e  d ire c t  m e a s u re m e n t o f  m u sc le  s tif fn e ss , i.e. rigor  

^o r tis .  T h is  is  a  g e n e ra l  p h e n o m e n o n  fo r  a ll  a n im a ls . B e tte r  u n d e rs ta n d in g  o f  th is  w a te r  t r a n s p o r t  w ill  in c re a se  o u r  u n d e rs ta n d in g  o f  th e  w a te r  
m n g  c a p a c ity  o f  m u s c le  fo o d , a s  w e ll  a s  p h e n o m e n o n ’s su c h  a s  th e  P S E  sy n d ro m e .
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F ig u re  1. Is o m e tr ic  te n s io n  a n d  is o to n ic  c o n tra c tio n  
a s  a  fu n c tio n  o f  t im e  f o r  A tla n t ic  sa lm o n . T h e  h ig h ly  

s tre s se d  fish  w as 4 ,7  k g  a n d  re a re d  a t  12 °C  an d  
m e a s u re d  a t  2 0 °  C  in  th e  R igoT ech®

F ig u re  2. M e a s u rm e n ts  o f  W B  s h e a r  fo rc e  a n d  rig o r  in d ex  
in  a  n u m b e r  o f  d if fe re n t A tla n tic  sa lm o n  sa m p le s

F ig u re  3 A  a n d  B . “ T a ilb e n d in g ”  o f  b o v in e  M . long issim us dorsi b e in g  w ra p p e d  in  p la s tic .

F ig u re  4 . P A S  re a c tio n  f o r  g ly c o g e n  in  w h ite  m u s c le  o f  a n  A tla n tic  sa lm o n  3 .2  k g , te m p e ra tu re  9  °C  a t 
h a rv e s t . (A )  Pre rig o r  (a f te r  3 0  m in )  an d  (B ) in rigor  ( s to re d  a t  2 0  ° f o r  11 h o u rs ) .
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