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CAUSE OF MUSCLE SHORTENING, PROTEOLYSIS AND WB-SHEAR FORCE IN BEEF 
LONGISSIMUS AND SEMITENDINOSUS

P a rk . B .Y , S .H . C h o , J .H . K im , I .H . H w a n g , Y .G . K im , J .M . L e e , S .G . Y oo , G .N . K im  

National L ivestock Research Institute, RDA, Suwon, 441-350, Korea

Background

p H /te m p e ra tu re  in te ra c tio n s  d u r in g  r ig o r  d e v e lo p m e n t a re  s ig n if ic a n t d e te rm in a n ts  o f  p ro te o ly tic  a c tiv ity  o f  th e  c a lp a in  sy s te m  
(K o o h m a ra ie , 1 996 ) a n d  th e  m a n if e s ta t io n  o f  c o ld  sh o r te n in g  a n d  r ig o r  to u g h n e s s . T o rn b e rg  (1 9 9 6 ), c o n s id e re d  th a t  m e a t to u g h n e s s  in  th e  
e a r ly  p o s tm o r te m  p e r io d  w as th e  su m  o f  p h y s ic a l  an d  e n z y m a tic  e ffe c ts . S a rc o m e re  le n g th  w a s  a  s ig n if ic a n t d e te rm in a n t o f  s h e a r  fo rc e  fo r  
co ld  sh o r te n e d  b e e f  lo n g is s im u s  m u s c le , w h ile  th a t  w as  n o t a lw a y s  th e  c a s e  fo r  m u s c le  w h ic h  h a d  e n te re d  r ig o r  m o r tis  a t h ig h  te m p e ra tu re  
(H e rtz m a n  e t  a h , 1 993 ; O ls s o n  e t a h , 1 994 ; S im m o n s  e t  a h , 1997). W h e e le r  a n d  K o o h m a ra ie  (1 9 9 9 )  sh o w e d  th a t  p ro te o ly s is  o f  p o s t-m o r te m  
m u sc le  d u r in g  c h i l le r  a g e in g  w a s  in d e p e n d e n t  o f  sa rc o m e re  le n g th , w h ic h  su g g e s ts  th a t  p ro te o ly s is  d u r in g  r ig o r  d e v e lo p m e n t c o u ld  p o s s ib ly  
a m e lio ra te  th e  a d v e rse  e f fe c ts  o f  p h y s ic a l  s h o r te n in g  o n  te n d e rn e ss . T h e s e  s tu d ie s  in d ic a te d  th a t  m e a t  to u g h n e s s  in  c o ld  sh o r te n e d  m u s c le  w as 
a s so c ia te d  w ith  s h o r te n e d  s a rc o m e re s  a n d  r e d u c e d  p ro te o ly s is  d u r in g  th e  e a r ly  p o s t-m o r te m  p e r io d , w h ile  h e a t- in d u c e d  m e a t to u g h n e s s  w as 
m o re  a  fu n c tio n  o f  a c c e le ra tio n  a n d  a u to ly s is  o f  th e  c a lp a in  e n z y m e s  (H w a n g  a n d  T h o m p s o n  2 0 0 1 ) . T h e  re la tiv e  c o n tr ib u tio n  o f  p ro te o ly s is  
an d  sa rc o m e re  le n g th s  to  te n d e rn e s s  w a s  e x a m in e d  in  c o ld  sh o r te n e d  a n d  r ig o r  to u g h e n e d  sa m p le s  w h e re  a ll  s a m p le s  h a d  b e e n  h e ld  a t  c o n s ta n t 
te m p e ra tu re  re g im e s  fo r  2 4 h .

Objectives
T h is  s tu d y  in v e s tig a te d  th e  re la tiv e  im p o r ta n c e  o f  r a te  o f  p ro te o ly s is  a n d  sa rc o m e re  le n g th  o n  W B -s h e a r  fo rc e  in  b e e f  M m . long issim us  

an d  sem itend inosus  e x p o s e d  to  e x tre m e s  in  te m p e ra tu re , f ro m  s o o n  a f te r  s la u g h te r  to  2 4 h  p o s t-m o rte m .

Materials and Methods
A nim al, experim en ta l d esign  a n d  trea tm ent:  E ig h t H a n  w o o  s te e rs  (6 8 5  ±  17 k g )  w e re  s a m p le d  f ro m  th e  K o re a n  N a tio n a l L iv e s to c k  

R e se a rc h  In s ti tu te  f e e d in g  p ro g ra m . W ith in  3 0  m in  o f  s la u g h te r , th e  M m. long issim us thorac is e t lum borum  (L D ) a n d  sem itend inosus  (S T )  w e re  
re m o v e d  f ro m  th e  c a rc a s s  a n d  t ra n s p o r te d  to  th e  la b o ra to ry , w h e re  th e y  w e re  d iv id e d  in to  th re e  p o r tio n s  (e a c h  4  c m  in  le n g th ) , a n d  a llo c a te d  
m to  o n e  o f  th re e  te m p e ra tu re  t r e a tm e n ts  (5 , 15 o r  3 6 °C ) in  a  la tin  sq u a re  d e s ig n . S a m p le s  w e re  p la c e d  in  re -s e a la b le  p o ly e th y le n e  b a g s  an d  
in c u b a te d  in  a ir -b a s e d  5 , 15, o r  3 6 °C  in c u b a to rs  fo r  2 4  h rs . A f te r  th e  in c u b a tio n  p e r io d , m u s c le  te m p e ra tu re s  w e re  e q u a liz e d  b y  p la c in g  th e  b a g s  
in  ru n n in g  w a te r  (ca . 18°C ) fo r  3 0  m in , p r io r  to  p re p a ra tio n  f o r  W B -s h e a r  fo rc e  a n d  sa rc o m e re  le n g th  m e a s u re m e n ts .

M easurem ent:  C o re  sa m p le  te m p e ra tu re s  w e re  lo g g e d  (T h e rm o  R e c o rd e r , T R -5 0 C , J a p a n )  in  th e  g e o m e tr ic a l  c e n tre  o f  th e  sa m p le s  a t  5 
m in u te  in te rv a ls . p H  w a s  m o n ito re d  u s in g  a  p o r ta b le  n e e d le - t ip p e d  c o m b in a tio n  e le c tro d e  (N W K b in a r , p H -K 2 1 , G e rm a n y )  a t  a p p ro x im a te ly  
15 m in  in te rv a ls  u n til  th e  m u s c le  w a s  ju d g e d  to  h a v e  re a c h e d  u lt im a te  p H  6 .0 , an d  th e re a f te r  h o u rly . S a rc o m e re  le n g th  w as m e a s u re d  u s in g  
a  H e liu m -N e o n  la s e r  d if f ra c tio n  te c h n iq u e  o n  f ix ed  m u s c le  a c c o rd in g  to  th e  m e th o d  o f  C ro s s  e t  a l. (1 9 8 0 ). W B -s h e a r  fo rc e  w as m e a s u re d  
° n  s te a k s  c o o k e d  a t  7 0 °C  w a te r  b a th  fo r  6 0  m in . a n d  d e te rm in e d  a c c o rd in g  to  W h e e le r  e t  al. (2 0 0 1 ). Im m u n o -d e te c ta b le  T ro p o n in -T  w as 
d e te rm in e d  a t  0 , 1, 3 , 6 , 12 a n d  2 4  h  in c u b a t io n  tim e s  a c c o rd in g  m e th o d  d e s c r ib e d  b y  G e e s in k  e t  a l (2 0 0 1 )  u s in g  m o n o c lo n a l a n ti-T ro p o n in -T  
1 ;2 0 0 0  (C lo n e  JL T -12 , S ig m a ).

Results and Discussion

T ab le  1 sh o w s th e  e f fe c ts  o f  in c u b a t io n  te m p e ra tu re s  o n  c h a n g e s  in  p H  a n d  te m p e ra tu re  o f  sa m p le s  d u r in g  th e  in c u b a tio n  tim e , a n d  W B - 
sh ea r  fo rc e  a n d  sa rc o m e re  le n g th  a t 2 4  h  fo r  th e  L D  a n d  S T  m u sc le s . B o th  m u s c le s  sh o w e d  a  s im ila r  te m p e ra tu re  d e c lin e  a t e a c h  in c u b a tio n  
te m p e ra tu re . R a te  o f  p H  d e c lin e , m e a s u re d  a t  b o th  3 an d  6  h o u rs  sh o w e d  s ig n if ic a n t e f fe c ts  o f  b o th  m u s c le  a n d  te m p e ra tu re . T h e  S T  h a d  a  fa s te r  
ra te  o f  p H  fa ll th a n  th e  L D  m u s c le  a n d  th is  r a te  a c c e le ra te d  a t  th e  h ig h e r  te m p e ra tu re s . T h is  su g g e s ts  th a t  a t  th e  h ig h e r  te m p e ra tu re s  g ly c o ly tic  
ra te  w as a  la rg e ly  a  fu n c tio n  o f  m u s c le  te m p e ra tu re , b u t a t  th e  lo w e r  te m p e ra tu re s , f ib re  ty p e  te n d e d  to  b e  th e  m a in  d riv e r. In c u b a tio n  a t  15°C  
re su lte d  in  th e  lo n g e s t  s a rc o m e re s , w h ic h  a g re e d  w ith  p re v io u s  s tu d ie s  b y  L o c k y e r  a n d  H a g y a rd  (1 9 6 3 ). P re v io u s  s tu d ie s  h av e  s u g g e s te d  th a t 
^ d e r i z a t io n  s ta r ts  w h e n  th e  p H  a p p ro a c h e s  6 .2  (D e v in e  a n d  G ra a fh u is , 1 995 ) a n d  th a t  p ro te o ly s is  w a s  in d e p e n d e n t o f  sa rc o m e re  le n g th  

'  le e le r  a n d  K o o h m a ra ie , 1 9 9 9 ). T h e  r e s u l ts  fo r  t im e  ta k e n  to  re a c h  p H  6 .2  a n d  th e re fo re  th e  in it ia t io n  o f  p ro te o ly s is , w o u ld  su g g e s t  th a t 
P ro te o ly s is  w o u ld  h av e  c o m m e n c e d  a t a  s im ila r  t im e  in  th e  L D  5 °C  an d  15°C  sa m p le s , a n d  L D  36 °C , S M  5°C  a n d  S M  15°C  s a m p le s . H o w e v e r  
, e re - . t s  f ro m  th e  g e ls  sh o w e d  th a t  th e  d e g ra d a tio n  ra te  o f  T ro p o n in -T  w as  g re a te s t  in  th e  3 6 ° C > 1 5 ° C > 5 ° C  tr e a tm e n ts  fo r  b o th  m u sc le s , a n d  

e re  w as n o  o b v io u s  d if fe r e n c e s  b e tw e e n  m u s c le s  (F ig u re  1). W h e n  te m p e ra tu re  a t  p H  6 .2  w a s  ta k e n  in to  a c c o u n t th e  fa s te r  d e g ra d a tio n  fo r  
2  h ig h e r  te m p e ra tu re  w as e x p e c te d , a s  K o o h m a ra ie , (1 9 9 6 )  c o n s id e re d  th a t  p -c a lp a in  a c tiv ity  w as la rg e ly  a  fu n c tio n  o f  th e  p H /te m p e ra tu re  

ttj e c ts - S im ila r ly  th e  ra te  o f  u -c a lp a in  a u to ly s is  in c re a se d  a t th e  h ig h e r  in c u b a tio n  te m p e ra tu re s (d a ta  n o t sh o w n ). T h e s e  re su lts  a g a in  co n f irm e d  
e u n p o r ta n c e  o f  th e  in te ra c tio n  b e tw e e n  c h i l l in g  r a te  a n d  p H  d e c lin e  in  th e  in it ia t io n  o f  p ro te o ly s is .

3qo ^  *la s  h e e n  d e f in e d  th a t  c o ld  a n d  r ig o r  s h o r te n in g  o c c u rs  w h e n  p re -r ig o r  m u sc le  w a s  e x p o s e d  to  te m p e ra tu re  b e lo w  1 0°C  o r  h ig h e r  th an  
. 5" w ith  A T P  a v a ila b le  (e .g . p H  a b o v e  6 .2 ) , r e sp e c tiv e ly  (B e n d a ll,  1973 ). T h e  e x p e r im e n ta l  d e s ig n  a c h ie v e d  e x tre m e s  in  r ig o r  te m p e ra tu re  

c sa m p le s  f ro m  b o th  m u s c le s  a p p ro a c h in g  o r  a c h ie v in g  th e  c o ld  sh o r te n in g  an d  r ig o r  to u g h e n in g  w in d o w s . T h e  im p a c t o f  th e s e  e x tre m e  
j n It,o n s a t  r ig o r  w a s  re f le c te d  in  s h o r te n e d  s a rc o m e re s  a t  b o th  th e  5 a n d  3 6 °C  te m p e ra tu re  tre a tm e n ts . H o w e v e r  in  s p ite  o f  th e  s im ila r ity  

^ m e n r e  le n g th  th e  5 °C  tre a tm e n t  re s u lte d  in  s ig n if ic a n tly  h ig h e r  W B -s h e a r  fo rc e  (i.e . 5 k g ) . T h is  im p lie d  th a t  th e  t im e  o f  in itia tin g  
add e riZ ati0n  p ro c e s s  a n d  te m p e ra tu re  d u r in g  th e  p e r io d  w a s  an  im p o rta n t d e te rm in a n t fo r  m e a t te n d e rn e s s  a t  2 4  h  (D ra n s f ie ld  e t  a l., 19 9 4 ). In  
j  , 1 10n> p ro te o ly s is  w as  o b v io u s ly  m o re  im p o rta n t  th a n  sa rc o m e re  le n g th  in  d e te rm in in g  m e a t te n d e rn e s s  in  th e  e a r ly  p o s t-m o r te m  p e r io d , 

te  CeC ' d e g ra d a tio n  ra te  o f  T ro p o n in -T  m irro re d  W B -s h e a r  fo rc e  sc o re  fo r  b o th  m u sc le s . T e n d e r  m e a t  a t  2 4  h  re s u lte d  f ro m  th e  h ig h e r  r ig o r  
(j errj’e ra tu re  d o e s  n o t m e a n  th e  m o s t te n d e r  m e a t a f te r  e x te n d e d  a g e in g  as b o th  S im m o n s  e t  a l., (1 9 9 6 )  an d  H w a n g  an d  T h o m p s o n , (2 0 0 1 )  
cal ° n s tra te d  th a t  h ig h  r ig o r  te m p e ra tu re  w h ic h  re s u lte d  in  te n d e r  m e a t in  th e  e a r ly  a g e in g  p e r io d  w a s  d u e  la rg e ly  to  e a r ly  a c tiv a tio n  o f  th e  

Po i s^ s te m > ar*d th a t th e  b e n e f its  w e re  e ro d e d  w ith  e x te n d e d  a g e in g  tim e s . T h e  c u r re n t s tu d y  d e m o n s tra te d  th a t  le n g th  o f  te n d e r iz a tio n  e a r ly  
o r te m  a n d  te m p e ra tu re  d u r in g  th e  p e r io d  w a s  c o n s id e ra b ly  im p o rta n t o n  m e a t te n d e rn e s s  c o m p a re d  to  sa rc o m e re  len g th . I t  in d ic a te d  

a d d 'm ea t to u g*ln e s s  l in k e d  to  c o ld -s h o r te n in g  w a s  m o re  a s s o c ia te d  w ith  e n z y m a tic  te n d e r iz a tio n  m e c h a n is m  th a n  s h o r te n e d  s a rc o m e re s . In  
10n, th e  c u r re n t  re s u lts  s u g g e s te d  th a t  p H /te m p e ra tu re  p ro file  e a r ly  p o s tm o r te m , o r  r a te  o f  p ro te o ly s is  n e e d s  to  b e  ta k e n  in to  a c c o u n t w h en
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s a rc o m e re  le n g th  a n d  W B -s h e a r  fo rc e  a re  re la te d , an d  s a rc o m e re  le n g th  fo r  fa s t  g ly c o ly s in g  m u s c le  w as  n o t  s ig n if ic a n t f a c to r  in f lu e n c in g  m e a t 
te n d e rn e ss  e a r ly  p o s tm o r te m  p e r io d  a s  s h o w n  b y  (S m u ld e rs  e t a l., 1990).

Conclusions
W ith  a  s im ila r  s a rc o m e re  le n g th  b e tw e e n  c o ld  a n d  h e a t s h o r te n e d  m u sc le s , W B -s h e a r  fo rc e  w a s  a p p ro x im a te ly  5 k g  h ig h e r  f o r  c o ld  

sh o r te n e d  m u sc le s  a n d  th a t  w a s  r e la te d  to  d u ra t io n  o f  te n d e r iz a tio n  an d  te m p e ra tu re  d u r in g  th e  p e r io d . T h is  s u g g e s te d  th a t  e a r ly  p o s tm o r te m  
p ro te o ly s is  w as  m o re  im p o rta n t in  d e te rm in in g  m e a t te n d e rn e ss  in  th e  e a r ly  p o s t- r ig o r  p e r io d  th a n  sa rc o m e re  le n g th . In  a d d it io n  m e a t to u g h n e s s  
r e la te d  to  c o ld  sh o r te n in g  is  lik e ly  m o re  la rg e ly  a f fe c te d  b y  e n d o g e n o u s  e n z y m a tic  te n d e r iz a tio n  m e c h a n is m  ra th e r  th a n  p h y s ic a l  sh o r te n in g . 
T h e  c u r re n t  s tu d y  in d ic a te d  th a t  p ro te ly s is  f a c to r  n e e d s  to  b e  a c c o u n te d  w h e n  re la tio n sh ip  b e tw e e n  sa rc o m e re  le n g th  a n d  W B -s h e a r  fo rc e  a re  
e s ta b lis h e d .
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T ab le  1. L e a s t  s q u a re  m e a n s  a n d  F  ra t io  o f  th e  m ix e d  m o d e l fo r  p H , te m p e ra tu re , W B -s h e a r  fo rc e  a n d  sa rc o m e re  le n g th  as a  fu n c tio n  o f  
in c u b a tio n  te m p e ra tu re  a n d  m u s c le  ty p e

m . lo n g is s im u s m . se m ite n d in o s u s

Av. S e

M o d e l te rm s

5°C 15°C 36°C 5°C 15°C 36°C M u s c le T em p
T em p  x  
m u sc le

p H  a t  3 h 6 .6 8 a 6 .6 6 a 6 . 12 b 6 .3 2 b 6 .3 2 b 5 .9 2 c 0 .0 7 13.9** 49.2*** 0 .7 2

p H  a t 6  h 6 .3 4 a 6 .3 2 a 5 .6 9 b 6 .0 2 c 6 .0 2 c 5 .5 7 b 0 .0 7 6 8 .2 4 * 6 1 .9 4 * * * 1.93

T e m p e ra tu re  a t  3 h  (°) 1 3 .9 a 1 6 .l b 3 7 .3C 1 4 .8 ab 16 .8 b 3 7 .5 C 0 .7 8 0 .71 538.3*** 0 .1 0

T e m p e ra tu re  a t  6  h  (°) 8 .4 a 1 5 .5 b 3 7 .2 C 8 .8a 15 .5b 3 7 .I e 0 .5 0 0 .0 7 1 7 2 6 * * * 0 .1 9

T im e  to  p H  6 .2  (h ) 8 .0 a 7 .4 a S . l 1* 5 .0 b 4 .4 b 2 .0 e 0 .8 9 5 .9 5 * 1 7 .3 5 * * * 1 .20

T e m p e ra tu re  a t  p H  6 .2

(°)
7 .7 a 1 5 .0 b 3 7 .4 C 1 3 .9 b 15 .8 b 3 7 .4 e 0 .8 2 9 .91** 6 7 2 .7 * * * 9 .4 2 * *

S h e a r  fo rc e  (k g ) 9 .3 a 5 .9 b 4 .2 cd 9 .6 a 5 .4 bd 4 .9 e 0 .4 8 0.1 106.4*** 1.43

S a rc o m e re  le n g th  (p m ) 1 .5 2 a 1 .7 6 b 1 .45a 1 .5 2 a 1 .76b 1 .42a 0 .0 6 0 .01 19.8*** 0 .0 5

dt4 1/14 2 /2 6 2 /2 6

In c u b a tio n  t im e  (h )
m. longissimus m. semitendinosus

F ig u re  1. D e g ra d a tio n  o f  T ro p o n in -T  a s  a  fu n c tio n  o f  in c u b a tio n  t im e  fo r  lo n g is s im u s  a n d  s e m ite n d o n o s u s
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