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Background
T h e re  is  so m e  e v id e n c e  th a t  e le c tr ic a l  s t im u la tio n  o f  la m b  c a rc a s s e s  c a n  le a d  to  a  f a s te r  r a te  o f  m y o f ib r i l la r  d e g ra d a tio n  (H O P K IN S  

&  T H O M P S O N , 2 0 0 1 ) . A s  d is c u s s e d  b y  H W A N G  e t  a l. (2 0 0 3 )  th e re  a re  tw o  m e c h a n is m s  w h ic h  c o u ld  e x p la in  th e  e f fe c t  o f  s t im u la tio n  
o n  te n d e r isa tio n . T h e y  a re  a  re d u c t io n  in  ‘c o ld - in d u c e d ’ sh o r te n in g  an d  a lte ra tio n  o f  p ro te in  s tru c tu re  b y  p h y s ic a l  d is ru p tio n . A  se c o n d a ry  
e f fe c t is  th e  e n h a n c e m e n t o f  th e  ra te  o f  p ro te o ly s is  p o te n tia lly  s t im u la te d  b y  th e  re le a s e  o f  C a 2+ a t  a  h ig h e r  te m p e ra tu re . T o  a id  th e  d e s ig n  a n d  
c o m m e rc ia l  a d o p tio n  o f  c o s t  e f fe c tiv e  s t im u la tio n  sy s te m s  i t  is  im p o r ta n t to  u n d e rs ta n d  w h a t  e f fe c ts  e le c tr ic a l  in p u ts  h av e  o n  p o s t-m o r te m  

m u sc le .

Objective

T o  d e te rm in e  th e  im p a c t o f  tw o  d if fe re n t c u r re n ts  o n  th e  f ra g m e n ta tio n  o f  m y o f ib r i l la r  p ro te in s .

Methods

Treatm ents

A  to ta l  o f  6 0  la m b s  (1 0  - 11 m o n th s  o f  a g e )  w e re  p ro c e s s e d  a t  a  c o m m e rc ia l  ab a tto ir . A ll la m b s  w e re  s e c o n d  c ro ss  su c k e rs  f ro m  th e  o n e  
i P ro p e rty  th a t  h a d  b e e n  g ra z in g  p e re n n ia l  p a s tu re  p r io r  to  s la u g h te r. L a m b s  w e re  p ro c e s s e d  in  s ix  b lo c k s  o f  10. L a m b s  in  b lo c k s  1 &  6  re c e iv e d

no  s tim u la tio n  (c o n tro l) . L a m b s  in  b lo c k s  2  &  4  re c e iv e d  lo w  c u rre n t s t im u la tio n  (c o n s ta n t c u r re n t 3 0 0 m A  p e a k , 1 3 H z  o r  p u lse s /se c o n d , 
m a x im u m  v o lta g e  5 5 0 V  p e a k ) . L a m b s  in  b lo c k s  3 &  5 re c e iv e d  h ig h  c u r re n t s t im u la tio n  (c o n s ta n t c u r re n t 6 0 0 m A  p e a k , 1 3 H z  o r  p u ls e s /  
se co n d , m a x im u m  v o lta g e  5 5 0 V  p e a k )  im m e d ia te ly  a f te r  e x sa n g u in a tio n . S tim u la tio n  w as p ro v id e d  b y  a n  o n - lin e  s y s te m  d e v e lo p e d  b y  M e a t 

& L iv e s to c k  A u s tra lia .

Sam pling  a n d  m ea t qua lity  m easurem en ts

A t r e g u la r  in te rv a ls  a f te r  th e  c o m m e n c e m e n t  o f  c h il l in g  p H  w as m e a s u re d  in  th e  le f t  p o r tio n  o f  th e  m . long issim us thoracis  (L L ) a t  th e  
cau d a l en d  o v e r  th e  lu m b a r /s a c ra l  jo in t .  A  s e c tio n  o f  s u b c u ta n e o u s  fa t an d  th e  m . g lu teus m edius  w a s  c u t aw a y  to  e x p o s e  th e  L L  a n d  a f te r  
m e a s u re m e n t th e  a re a  w a s  r e s e a le d  w ith  th e  o v e r la y in g  t is su e . p H  w as m e a s u re d  u s in g  m e te rs  w ith  te m p e ra tu re  c o m p e n s a tio n  (Je n c o  M o d e l 
6 0 0 7 ) a n d  a  p o ly p ro p y le n e  s p e a r- ty p e  g e l e le c tro d e  ( Io n o d e  IJ  4 4 ) , c a lib ra te d  a t  a m b ie n t te m p e ra tu re  (1 6 °C ) . F iv e  to  s ix  m e a s u re m e n ts  w e re  

|  tak en  a s  th e  p H  d e c lin e d . W h e n  p H  6 .0  w a s  a c h ie v e d  a  sa m p le  o f  m u sc le  w as  ta k e n  f ro m  th e  c ra n ia l  e n d  o f  th e  L L  a t  th e  5 th/6 ,h rib . O n e  p o r tio n
° f  m u sc le  ( - 5 - 1 0  g ra m s)  w a s  f ro z e n  a t  -2 0 ° C  fo r  d e te rm in a tio n  o f  m y o f ib r i l la r  f ra g m e n ta tio n  (M F I)  an d  a n o th e r  p o r tio n  - 1  g ra m  w a s  f ro z e n  
in liq u id  n itro g e n  f o r  d e te rm in a t io n  o f  p H . A t 2 4  h o u rs  p o s t  s la u g h te r, L L  m u sc le s  f ro m  b o th  s id e s  o f  th e  c a rc a s s  w e re  b o n e d  a n d  ra n d o m ly  
a llo c a te d  to  e ith e r  a  2  o r  4  d a y  a g e in g  tre a tm e n t  a n d  h e ld  c h il le d  a t  ~ 4 .0 °C . A  sa m p le  fo r  d e te rm in a tio n  o f  M F I ’s w as  ta k e n  a t  1 a n d  2  d a y s  p o s t
m o rte m  a n d  s to re d  f ro z e n  a t  -2 0 °C . T h e  m e th o d  fo r  d e te rm in a tio n  o f  M F I ’s h a s  b e e n  p re v io u s ly  d e s c r ib e d  w as b y  (H O P K IN S  e t  a l., 2 0 0 0 ). 
M u sc le  sa m p le s  ( ~ lg )  h e ld  a t -7 0 ° C  w e re  u se d  fo r  d e te rm in a tio n  o f  p H  u s in g  io d o a c e ta te . T h e  m e th o d  w as a d a p te d  f ro m  th a t  d e s c r ib e d  by  

U R A N S F IE L D  e t al. (1 9 9 2 ). S a m p le s  o f  th e  L L  an d  o v e r ly in g  t is s u e  w e re  ta k e n  v a c u u m  p a c k e d  a n d  a g e d  f o r  2  d a y s  a n d  th e n  fro z e n . T h e se  

sam p le s  w e re  s u b s e q u e n tly  th a w e d  in  a  c h i l le r  a t 4 ° C , tr im m e d  to  6 5 g  b lo c k s  o f  le an  an d  w e re  c o o k e d  fo r  3 0  m in  in  p la s tic  b a g s  a t 7 0 °C  in  a  
" 'a te rb a th . F ro m  e a c h  b lo c k , 6  s u b -s a m p le s  w ith  a  c ro s s -s e c tio n a l a re a  o f  1cm 2 w e re  te s te d  fo r  s h e a r  fo rce . T h e  b lo c k s  w e re  c u t p a ra lle l  to  th e  

^  m u sc le  f ib re s  a n d  s h e a r  fo rc e  m e a s u re d  u s in g  an  In s tro n  U n iv e rsa l T es tin g  M a c h in e  w ith  a  W a rn e r -B ra tz le r  s h e a r  b la d e  fitted .

Statistica l ana lysis

p H  as d e te rm in e d  b y  io d o a c e ta te  a n d  M F I ’s w e re  a n a ly s e d  u s in g  an  a n a ly s is  o f  v a r ia n c e  p ro c e d u re  (G E N S T A T , 2 0 0 2 ) . F o r  th e  la t te r  tra it  
Me fixed  e f fe c ts  w e re  tre a tm e n t  (n o  s tim , lo w  o r  h ig h  s t im )  a n d  p o s t-m o r te m  ag e  o f  sa m p le  (p H  6 .0 , 1 o r  2  d a y s  p o s t-m o rte m ). T h e  d a ta  w as 

M ocked  fo r  k ill g ro u p .

Results
T h e  ra te  o f  d e c lin e  o f  p H  w a s  s im ila r  f o r  th e  lo w  a n d  h ig h  s tim u la tio n  tre a tm e n ts , w h ic h  w e re  fa s te r  th a n  in  n o n -s tim u la te d  c a rc a s se s . T h e  

0vera ll m e a n  p H  ±  s .e . f o r  th e  p H  d e te rm in e d  u s in g  io d o a c e ta te  w as  6 .0 4  ±  0 .0 3 , r a n g in g  f ro m  5 .5 5  to  6 .3 8 . T h e  m e a n  v a lu e s  ±  s .e . a n d  ra n g e  
M r th e  th re e  tre a tm e n ts  w e re  6 .1 5  ±  0 .0 3  (5 .9 1 -6 .3 4 ) , 5 .9 2  ±  0 .0 5  (5 .5 5 -6 .2 8 )  a n d  6 .0 6  ±  0 .0 4  (5 .6 3 -6 .3 8 )  re sp e c tiv e ly  fo r  no  s tim , lo w  an d  

M gh stim . T h e s e  m e a n s  w e re  s ig n if ic a n tly  d if fe re n t ( P  < 0 .0 5 ) . T h e s e  sa m p le  m e a n s  in d ic a te  th a t  in  so m e  c a rc a s s e s  th e  p H  w a s  m u c h  lo w e r  
M an th e  ta rg e t o f  6 .0 , su c h  th a t  so m e  c a rc a s s e s  w e re  w e ll p a s t  th e  n o m in a l p o in t  o f  r ig o r  (p H  6 .0 ) . B e c a u se  o f  th is  a n d  th a t  th e  o b je c tiv e  w as to  
f a m i n e  th e  tre a tm e n t b y  a g e in g  in te ra c tio n  fo r  M F I ’s, d a ta  fo r  sa m p le s  w ith  an  io d o a c e ta te  p H  le s s  th a n  5 .8  w e re  re m o v e d  f ro m  th e  a n a ly s is . 

a ia  fo r  5 c a rc a s se s  f ro m  th e  lo w  s t im u la tio n  g ro u p  a n d  fo r  1 c a rc a s s  f ro m  th e  h ig h  s t im u la tio n  g ro u p  w e re  rem o v e d .
D u rin g  a g e in g  th e re  w a s  a  s ig n if ic a n t ( P  <  0 .0 0 1 )  in c re a se  in  m e a n  M F I ’s (T ab le  1), b u t th e re  w as n o  s ig n if ic a n t e f fe c t  o f  tre a tm e n t  o n  

M F I v a lu e s  o r  a  s ig n if ic a n t in te ra c tio n  b e tw e e n  a g e in g  a n d  tre a tm e n t. T h e  sa m e  o u tc o m e  w as fo u n d  w h en  a ll c a rc a s s e s  w e re  in c lu d e d  in  th e  

ana ly s is . T h e  m a g n itu d e  o f  th e  s ta n d a rd  e r ro r  o f  th e  t r e a tm e n t m e a n s  in d ic a te s  c o n s id e ra b le  v a ria tio n .
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T ab le  1. P re d ic te d  m e a n s  (av . s .e .d .)  f o r  m y o f ib r i l la r  f ra g m e n ta tio n  in d ex  (M F I)  v a lu e s  f ro m  a  m o d e l c o n ta in in g  te rm s  fo r  fix ed  e f fe c ts  (ag e in g  
an d  tre a tm e n t) , in c lu d in g  a  b lo c k in g  te rm  f o r  k ill  g ro u p  a n d  m e a n s  fo r  s h e a r  fo rc e  (kg ).

T erm s N o . o f  c a rc a s s e s  sa m p le d M e a n  M F I A v  s .e .d . N o . o f  c a rc a s s e s  sa m p le d M e a n  s h e a r  fo rc e  (k g )  A v  s.e .d .

A g e in g

p H  6 .0 5 4 6 4 c

1 d ay 54 9 5 b

2  d ay s 5 4 102a 2 .5 9

T re a tm e n t

C o n tro l 20 8 6 a 2 0 4 .2 a

L o w  s tim u la tio n 15 8 8 a 20 3 .4 b

H ig h  s tim u la tio n 19 8 9 a 6.41 2 0 3 .5 b  0 .16
Means followed by a different letter in a column (a, b, c) are significantly different ( P  < 0.05).

Discussion

G iv en  th a t s t im u la tio n  (h ig h  a n d  lo w ) re d u c e d  s h e a r  fo rc e  a f te r  2  d a y s  o f  a g e in g  c o m p a re d  to  n o n  s t im u la te d  m e a t it m ay  h av e  b een  
e x p e c te d  th a t  a  s im ila r  r e s p o n s e  w o u ld  b e  f o u n d  fo r  M F I  v a lu e s . T h is  w as  n o t th e  c a s e  a n d  th e re  w as n o  in te ra c tio n  b e tw e e n  a g e in g  and  
tre a tm e n ts . In te re s tin g ly  u n d e r  c o n tro lle d  c o n d itio n s  H O P K IN S  &  T H O M P S O N  (2 0 0 1 )  fo u n d  th a t  lo w  v o lta g e  s t im u la tio n  d id  a c c e le ra te  

th e  in c re a se  in  M F I ’s d u r in g  a g e in g  in d ic a tiv e  o f  in c re a se d  m y o f ib r il la r  d e g ra d a tio n , b u t th e  s t im u la tio n  tre a tm e n t h a d  n o  im p a c t o n  re d u c in g  
s h e a r  fo rce . G E E S IN K  e t al. (1 9 9 4 )  fo u n d  th a t  th e  le n g th  o f  th e  s t im u la tio n  tim e  a ffe c te d  th e  re sp o n s e  an d  in te ra c tio n s  b e tw e e n  s tim u la tio n  
a n d  c h il l in g  te m p e ra tu re  c a n  im p a c t o n  th e  r e s p o n s e  o b se rv e d  th ro u g h  th e  im p a c t o f  th e  c h il l in g  re g im e  o n  sa rc o m e re  len g th . F o r  ex am p le  

G E E S IN K  e t a l. (2 0 0 1 )  re p o r te d  th a t  h ig h -v o lta g e  s t im u la tio n  re d u c e d  s h e a r  fo rce , in  s p ite  o f  n o  e f fe c t  o n  p ro te o ly s is , b u t in  w h ic h  case  
co n tro l m u sc le  h a d  s ig n if ic a n tly  s h o r te r  s a rc o m e re s . B y  c o n tra s t  w h e n  th e re  w as n o  d if fe re n c e  b e tw e e n  tre a tm e n ts  fo r  s a rc o m e re  le n g th  and  
s tim u la te d  m u sc le  h a d  lo w e r  s h e a r  fo rc e  v a lu e s , th is  w as  m irro re d  b y  an  in c re a se d  c h a n g e  in  M F I  fo r  l o n g i s s i m u s , b u t n o t s e m i m e m b r a n o s u s  

m u sc le  (G E E S IN K  e t al., 199 3 ). T h e  re la tiv e  im p o r ta n c e  o f  p ro te o ly s is  a n d  sa rc o m e re  le n g th  fo r  th e  c u r re n t  s a m p le s  c a n  n o t b e  e s ta b lis h e d , 
a s  n o  m e a s u re s  o f  sa rc o m e re  le n g th  w e re  a v a ila b le . H o w e v e r  it a p p e a rs  b a s e d  so le ly  o n  M F I  v a lu e s  th a t  th e  im p ro v e m e n t in  s h e a r  fo rc e  w as 
n o t d u e  to  a n  in c re a se  in  m y o f ib r i l la r  d e g ra d a tio n . S o  th e  q u e s tio n  re m a in s  w as  it s im p ly  th a t  th e  s t im u la tio n  tre a tm e n ts  re d u c e d  th e  im p a c t o f  
c o ld  in d u c e d  sh o r te n in g , g iv in g  r is e  to  a n  im p ro v e m e n t in  s h e a r  fo rc e  a f te r  2  d a y s  o f  a g e in g ?

T h e  v a r ia tio n  o f  M F I v a lu e s  fo r  t r e a tm e n t m e a n s  w as h ig h e r  th a n  re p o rte d  p re v io u s ly  (eg  H O P K IN S  &  T H O M P S O N , 2 0 0 1 )  w h ich  
in d ic a te s  g re a te r  d if fe re n c e s  b e tw e e n  sa m p le s  w ith in  tre a tm e n ts . T h is  a ls o  c o n tr ib u te d  to  th e  fa c t th a t  n o  s ig n if ic a n t d if fe re n c e  w as fo u n d  
b e tw e e n  tre a tm e n ts . T h e  t im e  o f  s a m p lin g  fo r  th e  n o m in a l p H  6 .0  sa m p le s  w as b a s e d  o n  m e a s u re m e n t o f  p H  a t  th e  c a u d a l e n d  o f  th e  loin 

m u sc le  a n d  sa m p lin g  w a s  a t  th e  c ra n ia l  e n d  f o r  d e te rm in a tio n  o f  p H  u s in g  io d o a c e ta te . T h is  p a r tia l ly  e x p la in s  w h y  so m e  c a rc a s s e s  h a d  to  be 
e x c lu d e d  f ro m  th e  a n a ly s is . I t is  a ls o  lik e ly  th a t  b y  th e  t im e  a  c a rc a s s  w a s  sa m p le d  th e  p H  h a d  d ro p p e d  s ig n if ic a n tly  f ro m  w h e n  th e  n o m in a l 

p H  6 .0  v a lu e  w as m e a s u re d . M e a s u re m e n t  a n d  s a m p lin g  a t th e  sa m e  s ite  in  th e  lo in  w o u ld  h av e  r e d u c e d  th is  e ffe c t. T h e  la rg e  in c re a s e  in  M F I 
v a lu e s  w ith  a g e in g  is  a s  e x p e c te d  re f le c tin g  in c re a s e d  f ra g il i ty  o f  th e  m y o f ib r i l la r  p ro te in s  a  w id e ly  r e p o r te d  re sp o n s e .
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