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Background
P ig s , lik e  o th e r  a n im a ls , h a v e  a  th e rm o n e u tra l  z o n e . O u ts id e  th is  z o n e  th ey  w ill h a v e  a n  in c re a s in g  d if f ic u lty  in  a d a p tin g  th e ir  p h y s io lo g y , 

and  c a n  u lt im a te ly  d ie , d u e  to  in c re a s e d  te m p e ra tu re  a n d  to  ro u g h  h a n d lin g  c o n d itio n s . P ig s  a re  p a r tic u la r ly  se n s itiv e  to  h ig h  te m p e ra tu re s  
(A u g u s tin i e  F isc h e r . 1 982 ; C h u rc h  a n d  W o o d , 1 9 9 2 ),an d  K ilg o u r  e  D a lto n  (1 9 8 4 )  h a v e  in d ic a te d  th a t  t ra n s p o r t  o p e ra tio n s  sh o u ld  b e  a v o id ed  
w h e n  te m p e ra tu re  e x c e e d s  2 2  °C . B a r to n -G a d e  (1 9 7 1 ), in  D e n m a rk , fo u n d  m e a t  q u a li ty  in  S u m m e r  to  h a v e  a  g re a te r  v a r ia tio n  th a n  in  A u tu m n , 
an d , in  th e  N e th e r la n d s , L e n d fe rs  (1 9 6 8 )  sh o w e d  h ig h  e n v iro n m e n ta l  te m p e ra tu re s  to  d e  a s so c ia te d  w ith  a  w o rse  m e a t q u a lity , w h e n  c o m p a re d  
w ith  lo w e r  te m p e ra tu re s . W h ile , in G e rm a n y , in  co n tra ry , S c h e p e r  (1 9 7 1 ), fo u n d  P S E  a n d  D F D  m e a t in c id e n c e s  to  b e  h ig h e r  in  A u tu m n  a n d  
W in te r  th a n  in  S p rin g  o r  S u m m e r. A ls o  L u n d s trö m  (1 9 7 6 ), in  S w e d e n , fo u n d  low  o r  n o n -s ig n if ic a n t c o r re la tio n s  b e tw e e n  h ig h  te m p e ra tu re s  
and  m e a t q u a li ty  in  p ig s , w h ile  W a rr is s  (1 9 9 1 ) , in  th e  U n ite d  K in g d o m , fo u n d  th a t, w h e n  c o m p a re d  w ith  p ig s  s la u g h te re d  a t te m p e ra tu re s  < 1 8 .  
3°C  (a v e ra g e  14 .4  ± 1 .0 2 °C ), p ig s  s la u g h te re d  a t >  18 .3 °C  (a v e ra g e  2 0 .6  ±  1 .10°C ) -  b e s id e s  d if fe re n c e s  in  o th e r  p a ra m e te rs  -  h a d  s ig n if ic a n tly  

h ig h e r  d r ip  lo s s  a n d  a  p a le r  c o lo u r  in  th e  L ong iss im us dors i (Ld).

Objectives
M o s t o f  th e  w o rk  s tu d y in g  th e  r e la tio n s h ip s  b e tw e e n  e n v iro n m e n ta l fa c to rs  a n d  m e a t q u a li ty  p a ra m e te rs  h a s  u su a lly  b e e n  c a r r ie d  o u t  in  

o th e r  c o u n tr ie s , w h ic h  a re  k n o w n  to  h a v e  n a tu ra l  a n d  in d u s tr ia l  e n v iro n m e n ta l  c o n d itio n s  w h ic h  a re  d if fe re n t f ro m  th o s e  p re v a ilin g  in  P o r tu g a l . . 
D u e  to  th e s e  d if fe re n c e s  a  m o re  a m p le  o p e ra tio n a l s tu d y  o f  m e a t q u a lity , in c lu d in g  th e  c h a ra c te r iz a tio n  o f  P o r tu g u e s e  ante  m ortem , m a n ip u la tio n  
° f  p ig s  a n d  p o s t- s la u g h te r  p h a s e s , a n d  th e ir  e f fe c t  o n  a n im a l w e lfa re  an d  m e a t q u a li ty -  in  g e n e ra l  - m u s t  b e  c a rr ie d  o u t, i f  w e  w a n t to  e s ta b lis h  
s im p le  a n d  e c o n o m ic  m e th o d s  o f  a s s u r in g  q u a li ty  in  th e s e  sp e c ific  c o n d itio n s  a n d  a ls o  m a k in g  u se  o f  d a ta  e x is tin g  in  c o m p a n ie s  an d  v e te r in a ry  
in sp e c tio n  s e rv ic e s . T h e  re s u lt  o f  a  m o re  e x te n s iv e  s tu d y  w ill a l lo w  to  e s ta b lis h  th e  p h y s io lo g ic a l  a n d  m e a t q u a li ty  p a ra m e te rs , a n d  o th e rs  th a t 
Will g iv e  u s  th e  o p p o r tu n ity  o f  c o n tro llin g  v a r ia b il ity  in  h a n d lin g  o f  a n im a ls  a n d  c a rc a s se s . F o llo w in g  th is  th in k in g  p la tfo rm , th e  m a in  o b je c tiv e  
° f  th is  w o rk  w a s  to  s tu d y  -  w ith  l im ite d  m a te r ia l  re s o u rc e s  - th e  r e la tio n s h ip s  b e tw e e n ; 1) a) E n v iro n m e n ta l  d a ily  te m p e ra tu re  (m in im u m  an d  
av e rag e )  a n d  a v e ra g e  d a ily  re la tiv e  h u m id ity  p e rc e n ta g e  (R H ) o n  th e  d a y  o f  t ra n s p o r t  a t th e  a n im a ls ’ o r ig in  a n d  th e  s la u g h te rh o u s e  a re a ;  b ) 
[he a v e ra g e  o f  m in im u m  a n d  a v e ra g e  te m p e ra tu re s  a n d  R H  in  b o th  g e o g ra p h ic a l  a re a s  a n d  [(R H  fa rm  +  R H  s la u g h te rh o u s e )^ ] ;  c )  L a ira g e  
tem p e ra tu re  a n d  R H  im m e d ia te ly  b e fo re  s la u g h te r ;  a n d  2 )  M in o lta  C IE  L *  a n d  d r ip  lo s s  p e rc e n ta g e , in  a  P o r tu g u e s e  s la u g h te rh o u s e , w ith  a  

s la u g h te r  r a te  o f  b e tw e e n  a b o u t  1 6 0 -2 0 0  p ig s .h '1.

M e th o d s

U n d e r  a.m . a n d  p.m . c o m m e rc ia l  c o n d itio n s , a ll  m e a s u re m e n ts  w h e re  m a d e  o n  L d , b e tw e e n  th e  f irs t a n d  th e  fo u rth  lu m b a r  v e r te b ra e , 
f ro m  Ju n e  12th to  O c to b e r  16lh, o n  a  g ro u p  o f  146  a n im a ls  (fe m a le :m a le :  sex  ra tio  1 .0 3 ), w ith  c a rc a s s  w e ig h ts  b e tw e e n  5 1 -1 0 5  k g ,. T h e y  
" 'e re  s u b m itte d  to : jo u rn e y s  b e tw e e n  4 0 -1 2 0  m in ; a  t ra n s p o r t  d e n s ity  b e tw e e n  0 .4 1 -0 .5 6  m 2.1 0 0  k g  c a rc a s s  w e ig h t  _1; sh o w e re d  o r  sp ra y e d  
em p iric a lly  in  la irag e ; s u b m it te d  to  e le c tr ic a l  s tu n n in g  (1 9 0  V, 1.5 A ); a f te r  a  ca. 2 4  h  la ira g e  p e r io d . T h e  m e a s u re m e n t o f  m e a t q u a lity  
P a ram ete rs  w a s  c a r r ie d  o u t  a s  fo llo w s : 1. M in o l ta  C IE  L * . ca. 3 0  h  p.m .: m e a s u re d , a f te r  1 h  b lo o m , w ith  a  M in o lta  C h ro m a  M e te r  [m o d e l 
D R -2 1 0 b  (5 0  m m -d ia m e te r  m e a s u r in g  a re a , D 6 5 , 0 °  v ie w in g  a n g le ) , M in o lta  C a m e ra  C o ., L td . J a p a n ] , c a l ib ra te d  to  a  w h ite  t i le  (M in o lta  C R - 
^ 4 4 ) ,  2  m e a s u re m e n ts  w e re  m a d e  o n  e a c h  o f  tw o  c h o p s , ta k e n  f ro m  th e  f irs t 5 lu m b a r  v e r te b ra e  a rea , s u b m itte d  to  p re -f re e z in g  te m p e ra tu re s  

a°d  c u t b y  m a c h in e , to  v a ry in g  th ic k n e s s  a n d  w e ig h ts  (m in im u m  1.5 c m ), th e  d ay  a f te r  s la u g h te r ;  2. D r ip  lo s s  p e rc e n ta g e  w as c a lc u la te d  by  
Us'n g  th e  2 p re v io u s  c h o p s , f ro m  w h ic h  th e  L d  w as  se p a ra te d ; th e s e  sa m p le s  w e re  w e ig h e d , p la c e d  a t  2 -3  °C , fo r  4 8  h , in  p la s tic  v id e o  b o x e s , in 
vvhich 2 p la s tic  n e t  la y e rs  (2  m m  s id e )  w e re  p la c e d  o v e r  a  p a p e r  to w e l p re v io u s ly  p u t in  th e  b o tto m  o f  th e  b o x ; th e y  w e re  re w e ig h e d  ev e re y  2 4  
hou rs; a n d  a s  a  m e a s u re  o f  c o n tro l  p H  a n d  te m p e ra tu re  w e re  m e a s u re d  a t  ca. 3 0  h  [p H  m e te r  (m o d e l p H  9 5 , W T W , W e lh e im , G e rm a n y )  a n d  a  

§ lass p e n e tra tio n  e le c tro d e  (m o d e l E C -F G  6 3 5 1 1 -0 1 B , E u te c h  In s tru m e n ts  E u ro p e , N ijk e rk , N e th e r la n d s ) , a n d  p e n e tra tio n  te m p e ra tu re  p ro b e  
h°r a u to m a tic  te m p e ra tu re  c o m p e n s a t io n  (m o d e l T F K  15 0 /E , W T W , W e lh e im , G e rm a n y ) ] . E n v iro n m e n ta l  d a ily  te m p e ra tu re  (m in im u m  a n d  
av erag e) a n d  a v e ra g e  d a ily  re la tiv e  h u m id ity  p e rc e n ta g e  (R H ) (a t 0 9 h 0 0 ) -  m e a s u re d  b y  th e  In s ti tu to  d e  M e te o ro lo g ia  (N a tio n a l M e te o ro lo g y  
in s titu te ) . T e m p e ra tu re  a n d  H R  in  la ir a g e  a re  a n  a v e ra g e  o f  3 m e a s u re m e n ts  (ev e ry  5 m in u te s  d u r in g  15 m in u te s ) , o b ta in e d  a t  a n  h e ig h t  o f  
C q - 1.5 m , w ith  a  th e rm o g ra p h  (T e s to s to r  175 L o g g e r , m a rc a  T E S T O , L e n z k irc h , G e rm a n y ) . S ta tis c a l  m e th o d s : S c h e f fe  te s t, u s in g  th re e  

ter|ip e ra tu re  o r  R H  lev e ls .
f t  r«suits and discussion

In  T a b le s  1 a n d  2  a re  s h o w n  th e  c a s e s  in  w h ic h  te m p e ra tu re  an d  R H  h a d  s ig n if ic a n t e f fe c ts  o n  th e  tw o  m e a t q u a li ty  p a ra m e te rs  th a t 

Were s tu d ie d . T h e re  w e re  n o  s ig n if ic a n t in f lu e n c e s  on  L *  an d  d r ip  lo s s  p e rc e n ta g e  th a t  c o u ld  b e  a ttr ib u te d  to : 1) in  th e  d a y  o f  t ra n s p o r t , th e  

m >nimum (lev e ls : 9 .4 - 1 1.9°C ; 1 2 .5 -14 .1  °C ; 1 5 .6 -1 8 .4  °C ) an d  a v e ra g e  ( lev e ls : 1 6 .4 -19 .1  °C ; 2 0 .4 -2 3 .6  °C ; 2 4 .9 -2 6 .1  °C ) e n v iro n m e n ta l  d a ily  

teiU pera tu res an d  th e  R H  (R H  lev e ls ; 2 7 -5 0  % ; 6 5 -7 7  % ; 8 6 -9 8  % ) a t th e  g e o g ra p h ic a l  a re a  o f  th e  fa rm  o f  o r ig in ;  2 ) in  th e  d a y  o f  t ra n s p o r t , th e  
*Verag e  o f  th e  m in im u m  ( le v e ls : 1 1 .4 -1 2 .2  °C ; 1 4 .4 -1 6 .2  °C ; 1 6 .8 -1 9 .6  °C ), a v e ra g e  o f  a v e ra g e  ( lev e ls : 1 5 .5 -1 9 .2 °C ; 2 0 .1 -2 2 .0 °C ; 2 5 .5 -2 7 .9 °C )  

aily  te m p e ra tu re s  an d  a v e ra g e  o f  R H  (lev e ls : 3 2  a  41  % ; 6 3  a  8 0  % ; 85  a  9 8  % ) m e a s u re d  in  b o th  fa rm  a n d  s la u g h te rh o u s e  g e o g ra p h ic a l  a re a s ; 

J  ‘n th e  d ay  o f  s la u g h te r , a v e ra g e  ( lev e ls : 15 .7  a  2 0 .0  °C ; 2 1 .0  a  2 3 .5  °C ; 2 6 .3  a  2 9 .9  °C ) d a ily  te m p e ra tu re  a n d  R H  (lev e ls : 2 5 -5 4  % ; 5 8 -7 3  % ; 
-9 7 % ); 4 ) jn the day ()f  s la u g h te r , R H  m e a s u re d  in  la ira g e , im m e d ia te ly  b e fo re  s la u g h te r. T h e  re s u lts  su g g e s t  th a t  - c o n s id e r in g  th e  

U iperatu re  le v e ls  re c o rd e d  - , a s  th e y  in c re a s e d : m in im u m  d a ily  te m p e ra tu re , in  th e  g e o g ra p h ic a l  a re a  o f  s la u g h te rh o u s e , o n  th e  d a y  o f  tra n sp o r t , 

s ig n ific a n tly  in c re a se  b o th  L *  a n d  d r ip  lo s s ; w h ile  a v e ra g e  d a ily  te m p e ra tu re  o n ly  -  a n d  w ith  lo w e r  s ig n if ic a n c e  -  in c re a s e d  L *  v a lu e . O n
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th e  d a y  o f  s la u g h te r, b o th  m in im u m  d a ily  te m p e ra tu re  an d  te m p e ra tu re  in  la ira g e  im m e d ia te ly  b e fo re  s la u g h te r  o n ly  in f lu e n c e d  d r ip  lo s s , by  

d e c re a s in g  it; w ith , c o n c e rn in g  th e  L *  v a lu e , th e  te m p e ra tu re  in  la ira g e  im m e d ia te ly  b e fo re  s la u g h te r  a c h ie v in g  a  0 .0 5  s ig n if ic a n c e  v a lu e . T h e  
re a so n  w h y  te m p e ra tu re  in  la ira g e  im m e d ia te ly  b e fo re  s la u g h te r , in s te a d  o f  in c re a s in g , a c tu a lly  lo w e re d  d r ip  lo s s  m a y  a ttr ib u te d  to  e m p ir ic a l 
h u m a n  c o n tro l  o f  la ira g e  e n v iro n m e n t, in  th is  c a s e  -  a s  o b s e rv e d  - b y  w o rk e rs  s h o w e rin g  o r  s p ra y in g  p ig s , w h e n  fe e lin g  h ea t, an d , in  th a t  w ay , 
p ro b a b ly  lo w e r in g  s tre s s  an d  m u s c u la r  te m p e ra tu re . E v e n  th o u g h  o u r  m e th o d o lo g y  w a s  d if fe re n t f ro m  th e  o n e  u s e d  b y  W a rr is s  (1 9 9 1 ), w e  m ay  
say  th a t, o n  th e  d a y  o f  t ra n s p o r t , in  th e  g e o g ra p h ic a l  a re a  o f  th e  s la u g h te rh o u s e , th e  te m p e ra tu re  le v e ls  ( o f  m in im u m  a n d  a v e ra g e  te m p e ra tu re s ) , 
ab o v e  w h ic h  th e re  w e re  s ig n if ic a n t r is e s  in  L *  an d  d r ip  lo ss  v a lu e s , w e re  s im ila r. I t  s e e m s  th a t, s in c e  a n im a ls  s la u g h te re d  a f te r  lo n g  la irag e  
p e r io d  s ta y  a  lo n g e r  a  p e r io d  u n d e r  th e  in f lu e n c e  o f  th e  e n v iro n m e n ta l  te m p e ra tu re s  in  th e  g e o g ra p h ic a l  a re a  o f  th e  s la u g h te rh o u s e , th e se  
a p p a re n tly  w ill  h a v e  s ig n if ic a n t e f fe c ts  o n  L *  a  d r ip , a n d  c o u ld  b e  u s e d  a s  p re d ic to rs  o f  th e  p ro b a b le  in f lu e n c e  o f  e n v iro n m e n ta l  te m p e ra tu re  on  
th e  v a r ia n c e  o f  th o se  m e a t  q u a l i ty  p a ra m e te rs . T h e  s ta tis t ic a lly  s ig n if ic a n t d if fe re n c e s  in  L *  a n d  d r ip  lo ss , in  p ra c tic a l  te rm s , a re  n o t, p ro b ab ly , 
re lev an t. M a y b e  te m p e ra tu re  e f fe c ts  c o u ld  b e  m o re  re le v a n t i f  h ig h e r  te m p e ra tu re s  -  w h ic h  c a n  b e  c o m m o n  in  P o r tu g a l -  a n d  s h o r te r  la ira g e  
re s tin g  p e r io d s  h a d  b e e n  c o v e re d  in  th is  s tu d y .

Conclusions
W e m a y  c o n c lu d e  th a t: 1) T e m p e ra tu re  m a y  s ig n if ic a n tly  a f fe c t q u a li ty  p a ra m e te rs , b u t, u n d e r  th e  c o n d itio n s  s tu d ie d  m a y  n o t b e  o f  p ra c tic a l 

re le v a n c e ; 2 )  E v e n  th o u g h  th e  a n im a ls  h a d  a  lo n g  la ir a g e  re s tin g  p e r io d , b e c a u s e  th e y  a re  m a n ip u la te d  in  th e  e a r ly  m o rn in g  h o u rs  [0 5 h 0 0  (o r 
e a r l ie r ) -0 7 h 3 0 ] , th e  e f fe c t  o f  m in im u m  d a ily  te m p e ra tu re  -  d u r in g  w h ic h  a n im a ls  m o re  su ffe re d  a  te m p e ra tu re  e f fe c t - s e e m s  to  b e  m o re  u se fu l 
in  e x p la in in g  v a r ia tio n  in  th e  p a ra m e te rs  s tu d ie d ; 3 )  A tte n tio n  sh o u ld  b e  g iv e n  to  th e  a c c o m p lis h m e n t  o f  a  u n ifo rm  h u m a n  c o n tro l  o f  la ira g e  
e n v iro n m e n ta l c o n d itio n s , w h ic h  a re  h in te d  to  b e  -  b y  o b se rv a tio n  -  r a th e r  c o n tro lle d  b y  h u m a n  d is c o m fo r t  th a n  b y  p ig  d isc o m fo r t , w ith  th e  
im p lic a tio n s  o f  th is  -  a m o n g s t o th e rs  - in  p ig  w e lfa re , v a r ia tio n  in  m e a t  q u a li ty  an d  p ro fita b ility ; 4 )  T h is  ty p e  o f  s tu d y  sh o u ld  b e  c a r r ie d  o u t in 
la rg e r  g ro u p s  o f  a n im a ls  su b m it te d  to  s h o r te r  la ira g e  p e r io d s  a n d  in  w a rm e r  d a y s  - s o  th a t  a  la rg e r  a m p litu d e  o f  m u ltifa c to r ia l  re a l s itu a tio n s  
c o u ld  b e  u n d e rs to o d  -  th e  in te ra c tio n  b e tw e e n  te m p e ra tu re  an d  R H  sh o u ld  b e  a n a ly se d .
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T ab le  1 -  S ig n if ic a n t e f fe c ts  o f  te m p e ra tu re  an d  R H  o n  M in o lta  C IE  L *  a n d  o n  d r ip  lo s s  (% ), o n  th e  d a y  o f  t ra n sp o r t

Minimum daily temperature 
in geographical area of slaughterhouse 10.5 a 15.4 °C (n= 64) 16.3 a 18.4 °C (ti= 55) 19.9 a 20.8 °C (n= 27)

LSM SD LSM SD LSM SD P

L* 51.2b 2.70 52.5ba 3.00 53.0a 2.95 <0.01

Drip loss (%) 2.94b 1.06 2.94b 1.27 3.89" 1.31 <0.01
Average daily temperature 

in geographical area of slaughterhouse 16.4 a 19.1 °C (n= 44) 20.4 a 23.6 °C («= 32) 24.9 a 26.1 °C (ti= 31)

LSM SD LSM SD LSM SD P

L* 51.3b 2.51 51,5ba 3.07 52.9* 2.95 <0.05

Drip loss (%) 2.86 0.80 3.07 1.27 3.33 1.43 NS

T a b le  2  -  S ig n if ic a n t e f fe c ts  o f  te m p e ra tu re  a n d  R H  o n  M in o lta  C IE  L *  a n d  o n  d r ip  lo s s  (% ), o n  th e  d a y  o f  s la u g h te r

Minimum daily temperature 9.9 a 14.2 °C («= 52) 15.0 a 16.4 °C (n= 46) 17.2 a 20.5 °C (n= 48)
LSM SD LSM SD LSM SD P

L* 52.0 2.98 52.4 2.79 51.7 3.07 NS _
Drip loss (%) 3.35“ 1.03 3.29b 1.50 2.70b 1.07 < 0.05__

Temperature in lairage 
immediately before slaughter 16.943 a 20.473 °C (n= 36) 20.902 a 22.265 °C («= 34) 23.164 a 25.938 °C (ti=  46)

LSM SD LSM SD LSM SD P

L* 52.8" 2.79 51. lb 2.85 52. lb" 2.97 NS (0.05^_

Drip loss (%) 3.61" 1.05 2.84b 1.12 2.64b 1.11 <0.01

LSM - Least square means; SD -  Standard deviation; P -  Significance; NS -  Non significant; Means with different superscripts are different
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T H E  IN F L U E N C E  O F C L IM A T E  ON T H E  R E L A T IO N S H IP  B E T W E E N  U L T IM A T E  P H  A N D  M E A T  Q U A L IT Y  
C H A R A C T E R IS T IC S  O F B E E F  M . L O N G I S S I M U S  T H O R A C IS

K a d im . I .T . '.  M a h g o u b , O ., A l-A jm i, D .S . a n d  A l-M a q b a ly , R .S .

Departm ent o f  Animal & Veterinary Sciences, C ollege o f  Agricultural and M arine Sciences, Sultan Qaboos University, PO Box 34, Al-Khoud, 123, M uscat,
Sultanate o f  Om an

I

\

\

Background
O m a n  is  lo c a te d  in  th e  h u m id  a n d  s e m i-a r id  s o u th  o f  th e  A ra b ia n  P e n in su la . T h e  m o n th s  o f  M a y  to  O c to b e r  a re  c h a ra c te r iz e d  b y  a  h ig h  

te m p e ra tu re s  (h o t se a so n ) , w h ile  N o v e m b e r  u p  to  A p ril is  o f  m ild  te m p e ra tu re  ( c o o l se a so n ) . D u r in g  th e  h o t s e a so n , s tre s s fu l  c o n d itio n s  m a y  
p rev a il. T h e s e  d e p le te  m u s c le  g ly c o g e n  re s e rv e s  b e fo re  s la u g h te r, c o n s e q u e n tly  in c re a s e  th e  u l t im a te  p H  o f  m e a t, a n d  re s u lt  in  lo w  re s id u a l 
lev e ls  o f  g lu c o s e  (B ray , e t  a l. 198 9 ). T h u s  th e y  c a n  c a u s e  c h a n g e s  in  p ro te in  s tru c tu re  an d  c h e m ic a l c o m p o s it io n  th a t  in f lu e n c e  m e a t  q u a li ty  
c h a ra c te r is tic s . V ario u s  s tre s s  fa c to rs  h a v e  b e e n  re p o r te d  as a  c a u s e  fo r  g ly c o g e n  d e p le tio n : t ra n s p o r ta tio n  o f  a n im a ls  f ro m  th e  fa rm  to  th e  
s la u g h te rh o u s e , m ix in g  a n im a ls , la ira g e  t im e , a n d  e n v iro n m e n ta l  te m p e ra tu re . In  p ra c tic e , a n y  s i tu a tio n  w h ic h  p ro v o k e s  a  su b s ta n tia l  d e p le tio n  
o f  m u s c le  g ly c o g e n  re se rv e s  w ill  r e s u l t  in  m e a t  w ith  a  h ig h  u lt im a te  p H , i f  th e  a n im a l is  s la u g h te re d  b e fo re  its  e n e rg e tic  re se rv e s  a re  re s to re d  

(T arran t a n d  M o th e rs ill ,  1987 ).

Objective
T h e  a im  o f  th is  s tu d y  w a s  to  e v a lu a te  th e  in f lu e n c e  o f  c l im a tic  s tre s s  (h o t o r  c o o l)  o n  th e  r e la tio n s h ip  b e tw e e n  th e  u lt im a te  p H  a n d  m e a t 

q u a lity  c h a ra c te r is t ic s  o f  b o v in e  lo n g is s im u s  th o ra c is .

Methods
F if ty - tw o  sa m p le s  o f  th e  long issim us thoracis  m u s c le  ta k e n  b e tw e e n  th e  10 th to  th e  13 ,h o f  th e  r ig h t s id e  w e re  r a n d o m ly  se le c te d  f ro m  

b o v in e  c a rc a s se s  s la u g h te re d  a t  M u s c a t  M u n ic ip a li ty  b e tw e e n  Ja n u a ry  2 0 0 2  a n d  J a n u a ry  2 0 0 3  o n  m o n th ly  b a s is . A p p ro x im a te ly  w ith in  6 0  m in  
Post mortem , lo n g is s im u s  th o ra c is  m u s c le  sa m p le s  w e re  re m o v e d  an d  k e p t in  th e  c h i l le r  a t  4 -5 °C  fo r  7 2  h . M e a t q u a li ty  m e a s u re m e n ts  in c lu d e d  
u ltim a te  m u s c le  p H , W a rn e r -B ra tz le r  s h e a r  fo rc e , e x p re s s e d  ju ic e ,  c o o k in g  lo s s  a n d  c o lo u r  L*, a*, b *  w e re  d e te rm in e d . T h e  u l t im a te  p H  (p H u ) 
Was a s se s se d  in  h o m o g e n a te s  o f  1 .5 -2  g  m u s c le  t is s u e  in  10 m l o f  n e u tra liz e d  5 -m M  s o d iu m  io d o a c e ta te . C h ille d  m u s c le  sa m p le s  (1 3  m m  X  
13 m m  c ro ss  se c tio n )  f o r  a s s e s s m e n t  o f  s h e a r  fo rc e  b y  a  d ig ita l  D illo n  W a rn e r -B ra tz le r  sh e a r  m a c h in e  w e re  p re p a re d  f ro m  m u s c le  sa m p le s  
c o o k e d  in  a  w a te r  b a th  a t  7 0°C  f o r  9 0  m in  (P u rc h a s , 199 0 ). E x p re s se d  ju ic e  w a s  a s s e s s e d  u s in g  a  f ilte r  p a p e r  m e th o d , a s  th e  to ta l  w e t te d  a rea  
less  th e  m e a t a re a  (c m 2) r e la tiv e  to  th e  w e ig h t  o f  th e  sa m p le  (g ). A p p ro x im a te ly  6 0  m in  a f te r  e x p o s in g  th e  f re s h  s u rfa c e , C IE  L*, a* , b*  l ig h t 
re fle c ta n ce  c o o rd in a te s  o f  th e  m u s c le  su r fa c e  w e re  m e a s u re d  u s in g  a  M in o lta  C h ro m a  M e te r  C R -3 0 0  (M in o lta  C o ., L td ., J a p a n ) . T h e  L *  v a lu e  
re la te s  to  lig h tn e ss ;  th e  a *  v a lu e  to  R e d -G re e n  h u e  w h e re  a  p o s itiv e  v a lu e  re la te s  to  th e  re d  in te n s ity ; a n d  th e  b*  v a lu e  to  th e  Y e llo w -B lu e  w h e re  

a p o s itiv e  v a lu e  re la te s  to  y e llo w .
T h e  g e n e ra l  l in e r  m o d e l (G L M ) p ro c e d u re  w ith in  S A S  (1 9 8 5 )  w a s  u se d  to  e v a lu a te  th e  s ig n if ic a n c e  o f  c l im a tic  s tre s s  o n  th e  r e la tio n s h ip  

b e tw een  u lt im a te  p H  a n d  m e a t q u a li ty  c h a ra c te r is t ic s .

Results and Discussion
T h e  m e a n  p H u  o f  5 .9 6  fo r  th e  h o t  s e a s o n  g ro u p  w a s  s ig n if ic a n tly  (P < 0 .0 0 1 )  h ig h e r  b y  7 %  th a n  th e  c o o l se a so n  g ro u p  (5 .5 4 )  fo r  b e e f  

lon g is s im u s  th o ra c is  (T ab le  1). T h is  is  a  re f le c tio n  o f  th e  c lim a tic  h e a t s tre s s  p r io r  to  s la u g h te r. I t  is  c o m m o n  to  h av e  a  h ig h  in c id e n c e  o f  h ig h  
PH u b e e f  a f te r  b e in g  h e ld  a t  h ig h  e n v iro n m e n ta l  te m p e ra tu re  a t a  m e a t p la n t p r io r  to  s la u g h te r , a s  w as  th e  c a s e  in  th is  stu d y . T h is  in d ic a te s  

f t a t  th e  h ig h  te m p e ra tu re  c a u s e d  s o m e  d e p le t io n  o f  th e  m u s c le  g ly c o g e n  a n te  m o r te m  s to re s  r e s u lt in g  in  a  d e c re a s e d  p o s t  m o r te m  la c tic  a c id  

P ro d u c tio n . T h e  la tte r  re s u lte d  in  m e a t  w ith  an  e le v a te d  p H u  w h ic h  n e g a tiv e ly  a f fe c t  m e a t  c o lo u r  a n d  k e e p in g  q u a li ty  (L is te r, e t  a l., 198 1 ). T h e  
re sp o n s e s  o f  m e a t p H u  to  p re  s la u g h te r  s tre s s  a re  in  a g re e m e n t w ith  re s u lts  o f  G e e s in k , e t  al. (2 0 0 1 ). T h e  r e la tio n s h ip  b e tw e e n  p H u  a n d  W B  
sh ea r  p a ra m e te rs  sh o w e d  th a t  th e  p e a k  W B  s h e a r  fo rc e  v a lu e s  w as a t a b o u t 5 .5  fo r  sa m p le s  f ro m  c o o l se a so n  g ro u p  (F ig u re  1). T h is  v a lu e  is 
sb g h tly  lo w e r  th a n  th e  p e a k  r e p o r te d  in  o th e r  s tu d ie s  (P u rc h a s  &  A u n g s u p a k o n , 1 9 9 3 ; S ilv a  e t  a l., 1999 ). H o w ev e r, th e re  w e re  few  sa m p le s  w ith  

PH u v a lu e s  a ro u n d  th e  p e a k  in  a g re e m e n t  w ith  P u rc h a s  e t  a l. (1 9 9 9 ).
M e a t sa m p le s  d a rk e n e d  a t  a  d e c re a s in g  r a te  in  te rm s  o f  L * ,a*  a n d  b*  v a lu e s  a s  p H u  in c re a s e d  (F ig u re  2 ) , a s  h a s  b e e n  s h o w n  in  se v e ra l 

o th e r  s tu d ie s  (M a c D o u g a ll  &  R h o d e s , 1 972 ; P u rc h a s , 1990 , P u rc h a s  e t  a l., 1 999 ; S ilv a  e t  a l., 19 9 9 ). T h e  e x p re s s e d  ju ic e  a n d  c o o k in g  lo ss%  
also  d e c re a s e d  b y  h ig h  te m p e ra tu re . H o w e v e r  th is  d if fe re n c e  w as o n ly  s ig n if ic a n t (P < 0 .0 1 )  fo r  c o o k in g  lo ss% . T h is  in d ic a te s  th a t  th e  e a r ly  
P ost m o rte m  m e ta b o lis m  is  o f  im p o r ta n c e  f o r  th e  d e v e lo p m e n t o f  d r ip  lo ss . T h e  re s u lts  re p o r te d  h e re  a re  fo r  m u s c le  sa m p le s  re m o v e d  f ro m  

lbe c a rc a s s  p re -r ig o r  in  a  w a y  th a t  w a s  lik e ly  to  c a u s e  so m e  m u sc le  s tim u la tio n . T h e  la c k  o f  an y  sk e le ta l  re s tra in t  m a y  h av e  e n a b le d  m u sc le  
sh o rten in g  b u t te m p e ra tu re  c o n d itio n s  w e re  su c h  th a t  c o ld -sh o r te n in g  w as av o id ed .

Conclusions

C lim a tic  h ig h  te m p e ra tu re  s tre s s  h a d  a  s ig n if ic a n t e f fe c t  o n  m e a t q u a li ty  c h a ra c te r is t ic s  o f  th e  b e e f  m  long issim us thoracis. I t  d e c re a s e d  th e  
u hi m a te  p H , c o lo u r  L*. a *  a n d  b*  a n d  c o o k in g  lo s s % , w h ile  th e re  w a s  n o  s ig n if ic a n t e f fe c t  o n  e x p re s s e d  ju ic e  v a lu e s  b e tw e e n  th e  h o t  se a so n  

an<J co o l se a so n  g ro u p s . A  s ig n if ic a n t l in e a r  r e la tio n s h ip  w as fo u n d  b e tw e e n  p H u  a n d  th e  te n d e rn e ss  , c o lo u r  L*. a*, a n d  b*.
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T ab le  1. M e a n s  ±  s ta n d a rd  e r ro rs  fo r  a  ra n g e  o f  q u a li ty  c h a ra c te r is t ic s  fo r  m. long issim us thoracis  in f lu e n c e  b y  c lim a tic  s tre s s  (h o t o r  c o ld )

M e a su re m e n t
C lim a tic  s tre s s

H o t C o ld

N u m b e r  o f  a n im a l 22 30
8

U ltim a te  p H 5 .9 6 b± 0 .0 3 7 5 .5 4 a± 0 .0 3 2
1
JCto

S h e a r  v a lu e  (k g /c m 2) 12 .37*± 0 .246 1 5 .6 0 b± 0 .2 1 1
&
i

E x p re s se d  ju ic e 3 2 .8 5 ± 1 .2 4 3 3 4 .3 6 ± 1 .0 6 5

C o o k in g  lo ss  % 2 1 .9 4 a± 0 .6 9 0 2 5 .9 5 b± 0 .5 9 1

C o lo u r  p a ra m e te rs  L *  ( l ig h tn e s s ) 3 2 .4 4 a± 0 .5 4 6 3 5 .5 6 b± 0 .4 6 8

a *  ( re d n e ss ) 1 9 .5 4 a± 0 .3 6 4 2 3 .16b± 0 .3 11

b*  (y e llo w n e ss ) 4 .4 7 a± 0 .143 6 .4 3 b± 0 .1 2 2

5 .3  5 .5  5.7  5 .9  6.1 6 .3  6 .5  6.7  6 .9

Ultimate meat pH
Figure 1. Influence of climate on changes in W B peak force values with 

increasing pHu for samples of M longissimus thoracis
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Figure 2 . Effect of climate on changes in meat colour, as shown by values for L*, a*, and b* 
with increases in pHu for samples of beef M. longissimus thoracis
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TO W A RD S U N IF Y IN G  M E A T  S H E A R  F O R C E  M E A S U R E M E N T  S Y S T E M S  TO  
D E T E R M IN E  M E A T  T E N D E R N E S S .

B e k h it , A . E . D .1, D e v in e , C . E .2, M o r to n , J . D . '.  B ic k e rs ta ffe , R .1 

'M olecular B iotechnology G roup, A nim al and Food Sciences D ivision, L incoln University, Canterbury, New Zealand 
h o r tic u ltu re  and Food Research Institute o f  New Zealand Ltd (HortResearch), Private Bag 3123, Ham ilton, New Zealand.

Background
T h e  su b je c tiv e  c o n s u m e r- re la te d  e v a lu a tio n  o f  m e a t is re fle c te d  in  th e  a ttr ib u te  te rm e d  te n d e rn e ss . I ts  o b je c tiv e  m e a s u re m e n t is a ch ie v e d  

th ro u g h  m e c h a n ic a l  m e th o d s  o f  m e a s u re m e n t o f  s h e a r  fo rc e . H o w ev er, th e  in s tru m e n ts  u se d  fo r  th e  e v a lu a tio n  o f  sh e a r  fo rc e  v a ry  w id e ly  
a m o n g  r e s e a rc h  g ro u p s  a n d  in s ti tu tio n s . M a n y  e le m e n ts  o f  th e  sh e a r  fo rc e  m e a s u re m e n t s y s te m  a re  s ta n d a rd is e d  in  la b o ra to r ie s  su c h  a s  th a w in g  

c o n d itio n , c o o k in g  m e th o d , c o o k in g  te m p e ra tu re  o r  c o o k in g  tim e . T h e  d ire c tio n  o f  sh e a rin g  a c tio n , th e  ty p e  o f  in s tru m e n t u se d  an d  th e  v a r ia tio n  
in  sh e a rin g  m e th o d s  d o  n o t a p p e a r  to  g iv e  re s u lts  th a t  c a n  b e  c o m p a re d  f ro m  o n e  la b o ra to ry  to  an o th e r . T h e  W a m e r-B ra tz le r  sh e a rin g  d e v ic e  
is th e  m o s t w id e ly  u se d  in  th e  U S A  an d  a ro u n d  th e  w o rld  fo r  th e  e v a lu a tio n  o f  m e a t  s h e a r  fo rc e  T h e  s h e a r  b la d e  h a s  a  triangular hole an d  
c o re d  cylindrical sa m p le s  (1 .2 7  c m -d ia m e te r)  f ro m  th e  c o o k e d  m e a t a re  a s se s se d . O n e  c le a r  m o d ify in g  f a c to r  is  th e  c o n tin u a l c h a n g e  o f  c o n ta c t  
a re a  b e tw e e n  th e  sa m p le  a n d  th e  s h e a r  b la d e  d u r in g  th e  te s t  a n d  th e  f ib re  o r ie n ta tio n  2-3. T h e  s h e a r  fo rc e  re s u lts  f ro m  W a m e r-B ra tz le r  h a s  b een  
c o rre la te d  w ith  th e  se n so ry  te n d e rn e s s  sc o re  o f  tra in e d  p a n e ll is ts  ( r=  -0 .6 3  -  ( -0 .8 3 ))4' 5-6. W h e e le r  e t a l. (1 9 9 7 )  d e m o n s tra te d  th a t th e  a s se s sm e n t 
o f  m e a t te n d e rn e ss  b y  W a rn e r -B ra tz le r  s h e a r  fo rc e  a p p a re n tly  v a r ie d  a m o n g  in s ti tu tio n s , re g a rd le s s  o f  a p p a re n t s a m p le  tre a tm e n t o r  c o o k in g  
c o n d itio n s . A  m o d if ie d  v e rs io n  o f  th e  W a rn e r -B ra tz le r  d e v ic e  u s in g  a  rectangular hole a n d  rectangular sa m p le s  (0 .6 5  c m  h ig h  x  1.5 c m  w id e )  
c a lle d  M e a t R e s e a rc h  L a b o ra to ry  d e v ic e 8 h a s  b e e n  d e v e lo p e d  in  A u s tra lia  th a t  av o id s  f ib re  o r ie n ta tio n  is s u e s  a n d  v a r ia b il ity  in  th e  s h e a r  an g le . 
T h e  M IR IN Z  p n e u m a tic  te n d e ro m e te r  d e v e lo p e d  in  N ew  Z e a la n d  h a s  th e  sa m e  m o d e  o f  a c tio n  a s  th e  V o lo d k ev ich  ja w s  m e th o d  a n d  m e a s u re s  
th e  fo rc e  re q u ire d  to  s h e a r  a  s ta n d a rd - s iz e d  1 c m  x 1cm  sa m p le  o f  c o o k e d  m e a t9. T h e  s h e a r  v a lu e s  d e te rm in e d  b y  th is  te n d e ro m e te r  w e re  h ig h ly  
c o rre la te d  w ith  c o n s u m e r ’s se n so ry  a n a ly s is  ( r  =  0 .9 7 ) 10. C o r re la tio n s  b e tw e e n  th e  c o n v e n tio n a l W a rn e r -B ra tz le r  a n d  M IR IN Z  te n d e ro m e te r  
m e a s u re m e n ts  o f  ra w  b e e f  w e re  n o t s ig n if ic a n t ( r=  0 .0 ) 11. T h e  p re s e n t s tu d y  e x p a n d s  th o s e  b y  G ra a fh u is  e t  a l (1991  ) l_ w h o  fo llo w e d  th e  c h a n g e s  

in m e a t a g e in g  u s in g  a  M IR IN Z  te n d e ro m e te r  a n d  a  W a rn e r -B ra tz le r  in s tru m e n t in  a  v a r ie ty  o f  b e e f  m u sc le s .

Objectives
T o d e te rm in e  th e  r e la tio n s h ip  b e tw e e n  m e a t s h e a r  fo rc e  u s in g  a  M IR IN Z  te n d e ro m e te r  a n d  a  m o d if ie d  b la d e  W a m e r-B ra tz le r  s h e a r  d e v ic e  

(W B  d e v ic e )  o n  sa m e  m e a t b ite s .

Material and methods:
T u rk ey  m u sc le s  ini. pectoralis superficialis a n d  m.pectoralis major) w e re  o b ta in e d  f ro m  c a rc a s s e s  su b je c te d  to  a  ra n g e  o f  p ro c e ss in g  

c o n d itio n s  (e le c tr ic a lly  s t im u la te d  o r  n o n  e le c tr ic a lly  s tim u la te d , c h il le d  a t  0 °C  o r  a ir  b la s t  f ro z e n )  to  y ie ld  m e a t w ith  a  w id e  ra n g e  o f  sh e a r  

fo rce  v a lu e s  th a t  w e re  te s te d  a f te r  a g in g  fo r  3 h , 2 4  h  o r  7 d a y s  p o s tm o r te m  l3.
B e e f  p o r te rh o u s e  s te a k s  (m . longissimus lumborum), 2 .0  - 2 .5  c m  th ic k  a n d  la m b  lo in  c h o p s  (m . longissimus lumborum) a p p ro x im a te ly  2 .5  

c m  th ic k w e r e  r a n d o m ly  c o l le c te d  f ro m  su p e rm a rk e ts .
T h e  m e a t sa m p le s  w e re  c o o k e d  in  u n s e a le d , w e ig h te d  p la s tic  b a g s  p a r tia l ly  im m e rs e d  in  a  w a te r  b a th  a t 8 0  °C  u n til  th e  sa m p le  c e n tre  

re a c h e d  an  e n d  p o in t te m p e ra tu re  o f  75  °C  a s  d e s c r ib e d 9. E v e ry  sa m p le  w as th e n  c u t a lo n g  th e  m u sc le  f ib re  a x is  u s in g  sc a lp e l b la d e s  se t  a p a r t  by  
1 cm  to  p ro d u c e  8 o r  m o re  sa m p le s  ( te rm e d  b ite s )  1 c m  x 1cm  c ro ss  se c tio n  a c ro ss  th e  f ib re  ax is . T h e  s h e a r  fo rc e  o f  e v e ry  b ite  w a s  d e te rm in e d  
se q u e n tia lly  u s in g  th e  M IR IN Z  te n d e ro m e te r  a n d  th e  W B  d e v ic e , w ith  a  1 c m  x  1 c m  h o le  in  th e  b la d e  th ro u g h  w h ic h  th e  sa m p le s  w e re  in se rte d , 

m o u n te d  o n  an  In s tro n  U n iv e rsa l  M a c h in e  (se r ie s  4 4 0 0 )  a t  sh e a rin g  ra te  o f  100  m m  m i n 1.

Bgsults and discussion
B y  ta k in g  a d ja c e n t m e a s u re m e n ts  o n  th e  sa m e  b ite  w e  w e re  a b le  to  d ire c tly  c o m p a re  th e  M IR IN Z  te n d e ro m e te r  a n d  W B  s h e a r  d e v ic e  

m reg a rd  o f  th e ir  a b il i ty  to  a s se s s  th e  m e a t s h e a r  fo rce . O v e r  a  w id e  ra n g e  o f  m e a t s h e a r  v a lu e s , b o th  s h e a r  s y s te m  w e re  e f fe c tiv e  in  te rm s  o f  
d if fe re n tia tin g  b e tw e e n  sa m p le s  (F ig u re  1). T h e  c o r re la tio n s  b e tw e e n  te n d e rn e ss  re a d in g s  f ro m  M IR IN Z  te n d e ro m e te r  an d  W B  d e v ic e  w e re  
s ig n if ican t a t b o th  b ite  a n d  sa m p le  le v e ls  f o r  a ll m e a t  ty p e s  (p < 0 .0 0 1 ). T u rk ey  sa m p le s  h a d  b e t te r  c o r re la tio n  a t  b o th  lev e ls  th a n  la m b  o r  b e e f  
th a t m ay  b e  d u e  to  an  in h e re n t h o m o g e n e i ty  o r  lo w e r  c o n n e c tiv e  t is s u e  le v e ls  o f  tu rk e y  m u sc le . T h e  lo w e r  c o r re la tio n  a t th e  b ite s  lev e l fo r  b e e f  
ar>d lam b  sa m p le s  m a y  p a r tia l ly  a r is e  f ro m  a  n a r ro w e r  ra n g e  o f  s h e a r  v a lu e s . B o th  in s tru m e n ts  h ad  v e ry  s tro n g  o v e ra ll c o r re la tio n  fo r  a ll  m e a t 
sam p le s  ( r=  0 .9 2 , n =  3 7 9 ). H o w e v e r , w ith in  in d iv id u a l s a m p le s , th e  c o r re la tio n  b e tw e e n  s h e a r  fo rc e  d e te rm in e d  b y  M IR IN Z  te n d e ro m e te r  an d

m o d if ie d  d e v ic e  v a r ie d  g re a tly  f ro m  - 0 .2 0  to  0 .9 1 .
In  th e  p re s e n t s tu d y , th e  in h e re n t v a r ia b il ity  o f  s h e a r  v a lu e s  fo r  individual b ite s  fo r  b o th  th e  M IR IN Z  te n d e ro m e te r  a n d  W B  d e v ic e  sh o w ed  

a r e la tiv e ly  lo w  c o r re la tio n  b e tw e e n  th e  tw o  in s tru m e n ts . H o w e v e r  w h e n  a ll b ite s  w e re  c o n s id e re d  a n d  means w e re  c o m p a re d , th e re  w as a  h ig h  

c° r re la tio n  b e tw e e n  s h e a r  v a lu e s . T h e  r e la tio n s h ip  b e tw e e n  th e  tw o  in s tru m e n ts  w a s  W B  =  M IR IN Z  * 0 .6 9 5 3  +  0 .7 5 9 5 . T h is  r e la tio n s h ip  is 

rem a rk a b ly  c lo s e  to  th e  v a lu e s  o b ta in e d  b y  G ra a fh u is  e t  a l ( 1 9 9 1 )12 w h e re  W B  =  M IR IN Z  * 0 .6 3  +  0 .6 1 . In  a  m o re  re c e n t stu d y , u s in g  th e  sa m e  
c° ° k in g  p a ra m e ts r s  f o r  th e  M IR N Z  te n d e ro m e te r  a n d  a  lo w e r  c o o k in g  te m p e ra tu re  o f  7 0 ° C  an d  a  w id e r  sa m p le  o f  1.5 c m  fo r  th e  W B  d e v ic e , 

the  W B  =  M IR IN Z  * 0 .6 2 5 1  +  1 .1 7 4  (D e v in e , W e lls  an d  S ta rb u c k , 2 0 0 3 ) '4. A ll o f  th e s e  v a lu e s  a re  c lo s e  an d  s u g g e s t  th a t s tro n g  r e la tio n sh ip s  

b e tW een th e  tw o  d e v ic e s  e x is t  in  a  v a r ie ty  o f  la b o ra to ry  se ttin g s , p ro v id e d  a  1 c m  x 1cm  c ro s s  se c tio n  sa m p le  is  u se d . A n y  d if fe re n c e s  th a t  do  
e* ist m ay  b e  r e la te d  to  sm a ll , a s  y e t  n o n -q u a n tif ie d  d if fe re n c e s , in  b la d e  d im e n s io n s  in c lu d in g  th e  p re s e n t s tu d y  w h e re  th e  W B  s h e a r  b la d e  is 1 

n tm  w h ile  th e  tip  o f  th e  sh e a r in g  d e v ic e  o f  M IR IN Z  is  1.5 m m . O n  th e  b a s is  o f  th e  sh e a r in g  fo rc e  a p p lie d  p e r  u n it c o n ta c t  a re a , b o th  in s tru m e n ts  
'9’°u ld  b e  e x p e c te d  to  h av e  th e  s a m e  s h e a r  fo rc e  v a lu e . H e n c e , s ta n d a rd iz in g  th e  th ic k n e s s  o f  th e  s h e a r  b la d e  f o r  b o th  in s tru m e n ts  w o u ld  e x p e c t 

to g iv e  s im ila r , i f  n o t id e n tic a l , s h e a r  fo rc e  v a lu e s  fo r  s a m e  m e a t sa m p le .
F o r  W B  te n d e rn e ss  ev a lu a tio n , A M S A  (1 9 9 5 ) re c o m m e n d s  th e  u s e  o f  a t le a s t s ix  g o o d  1 .27 c m  c irc u la r  c ro ss  se c tio n  c o re s  f ro m  a  sam p le . 

H ow ever, th a t  is re la tiv e ly  d ifficu lt lo g is tic a lly  in  a  te n d e rn e ss  c la s s if ic a tio n  s y s te m 16 a n d  u se s  an  e x cess iv e  a m o u n t o f  m ea t in  so m e  ca se s . F o r
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ex am p le , h av in g  s ix  g o o d  c o re s  fo r  W a m e r-B ra tz le r  m e a s u re m e n ts  r e q u ire  u s in g  o n e  b e e f  s tr ip lo in  ste ak , tw o  p o rk  lo in s  o r  th ree  lam b  lo in  c h o p s  as 

th e  sa m p le 16. U tiliz in g  th e  m o d if ic a tio n  o f  W a m e r-B ra tz le r  b la d e  as h ere , th e re fo re  w o u ld  re su lt  in  a  s im p le r  sa m p le  p re p a ra tio n  a n d  e lim in a te  the  
p ro b le m s a s so c ia te d  w ith  c o r in g  (co rin g  o r ie n ta tio n  a n d  c o r in g  an g le ) . T h a t is e sp ec ia lly  im p o rta n t w h en  te n d e rn e ss  a s se s sm e n t is p e rfo rm e d  on  
m e a t c u ts  w h ic h  d o  n o t h av e  s in g le  d ire c tio n  fo r  th e  m u sc le  fib res  (e .g . la m b  leg  ch o p ). A lso , th e  n u m b e r  o f  sa m p le s  re q u ire d  fo r  a s se s sm e n t w ill be 
re d u c e d  su b s tan tia lly  (w ith  th e  u s e  o f  d o u b le -b la d e  sc a lp e l a t le a s t 8 b ite s  can  b e  o b ta in e d  f ro m  1 in ch  th ic k  la m b  lo in  c h o p ). G iv en  th e  f a c t  th a t th e  
te n d e rn e ss  w ith in  a  s te ak  is  v a r ia b le  u s in g  th e  d o u b le -b la d e  sc a lp e l w ill p ro d u c e  h ig h  n u m b e r  o f  b ite s  o b ta in e d  p e r  p o rk  a n d  b e e f  sa m p le s  ( 1 8 -2 0  
b ite s  fo r  2 .5  c m  b e e f  m. longissim us lum borum  sa m p le )  c o m p a re d  to  th e  c o r in g  m e th o d . L a rg e  n u m b e rs  o f  sa m p le s  w ill im p ro v e  th e  e s tim a tio n  o f  
th e  tru e  te n d e rn e ss  v a lu e  o f  a  sa m p le , e s p e c ia lly  s in c e  i t  is  c le a r  f ro m  th e  p re se n t s tu d y  th a t th e re  is a  la rg e  v a ria tio n  in  m e a t sh e a r  va lues .

Conclusion

T h e  re su lts  in d ic a te  th a t  th e  M IR IN Z  te n d e ro m e te r  a n d  th e  m o d if ie d  W a rn e r  B ra tz le r  d e v ic e  b o th  e f fe c tiv e ly  d if fe re n tia te  b e tw e e n  sa m p le s  
o v e r  a  w id e  ra n g e  o f  s h e a r  v a lu e s . T h e re  is c le a r ly  a  la rg e  ra n g e  o f  s h e a r  v a lu e s  fo r  e a c h  b ite  fo r  e a c h  g iv e n  m e a t sa m p le  b u t w h e n  th e s e  v a lu e s  
a re  av e ra g e d , th e re  is a  s tro n g  c o r re la tio n  fo u n d  b e tw e e n  th e  m e a n  s h e a r  v a lu e s  f ro m  b o th  s h e a r  sy s te m s  s u g g e s tin g  th a t  in  th e  c a s e  o f  th e  
m o d ifie d  fla t b la d e  W a rn e r  B ra tz le r  d e v ic e  a n d  M IR IN Z  te n d e ro m e te r , s h e a r  v a lu e s  a re  in te rc h a n g e a b le  u s in g  a  c o n v e rs io n  f a c to r  fo r  1 c m  x 
l c m  c ro ss  se c tio n  s a m p le s . P ro v id e d  th e re  is  th e  sa m e  sa m p le  p re p a ra tio n  a n d  c o o k in g  c o n d itio n s  u se d , d a ta  b e tw e e n  d if fe re n t in s ti tu tio n s  can  
b e  re a lis t ic a lly  c o m p a re d .
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F igure 1. Relationships betw een m eat shear force values obtained using M IRINZ tenderom eter and W B shear device fo r turkey, beef and lam b m uscles. The 
m easurem ents w ere obtained sequentially on the sam e bite and the sam ple value represents the m ean values.

Figure 2. The relationships betw een m eat shear force values obtained using a M IRIN Z tenderom eter and a modified W B shear device for all m eat samples.
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Background
T h e  se a rc h  f o r  a  in na tura  p o rk  p r o d u c t io n  te c h n o lo g ic a l  a n d  se n so ry  q u a li ty  is  o n e  o f  th e  a im s  w h ic h  m o s t p ro m o te  th e  d e v e lo p m e n t o f  

d o m e s tic  sw in e  c u ltu re . S u c h  q u a li ty  c h a ra c te r is t ic s  in te r fe re  w ith  th e  in d u s tr ia l  p ro c e s s e s  o u tc o m e  a s  w e ll  a s  th e  c o n s u m e  ra te s , d e te rm in in g  

m a rk e t p ro fits  a n d  a g ro in d u s tr ia l  e c o n o m ic a l cap ab ility .
C o lo r  an d  e x u d a tio n  a re  th e  m a in  p ro p e r t ie s  in  d ra w in g  p o rk  c o n s u m e rs ’ in te r e s t  (B R E W E R  et a i ,  2 0 0 1 ) . T h e s e  tw o  e le m e n ts  a re  o f  

g rea t e c o n o m ic a l s ig n if ic a n c e  fo r  th e  p ro c e s s in g  c o m p a n ie s , p a r t ic u la r ly  th e  w a te r  h o ld in g  c a p a c ity  (W H C ). T h ey  a re  b o th  d e te rm in e d  b y  th e  
P ost-m ortem  (p .m .) p H  d e c re a s e  w h ic h  c a u s e s  im p o r ta n t  a l te ra tio n s  in  p o rk  p ro te in s  s tru c tu re  a n d  o rg a n iz a tio n  (W A R R IS , 1 995 ; R U B E N S A M , 
2 0 0 0 ). T h u s , c o lo r  a n d  e x u d a tio n  w o u ld  b e  im p o rta n t  p ro p e r tie s  to  b e  c o n s id e re d  w h e n  a s s e s s in g  th e  p o rk  te c h n o lo g ic a l  q u a li ty  in  p ro d u c tio n  

lines.
A c c o rd in g  to  B ro w n  (1 9 9 2 ) , a l th o u g h  th e  c o lo r  a n d  e x u d a tio n  a s s e s s m e n t su b je c tiv e  m e th o d s  m a y  p re s e n t  p ro b le m s  su c h  a s  in d iv id u a l 

v a r ia tio n s  a m o n g  c u ts , th e y  c a n  b e  s u c c e s s fu l ly  u s e d  to  e s tim a te  th e  p o rk  q u a li ty  fo r  th e ir  a c tu a l  c o r re la tio n s  to  th e  p H 45, p H u, re f le c ta n c e  a n d  
W H C  d e te rm in e d  b y  d r ip  lo s s  a n d  f i lte r  p a p e r  p re s s io n  (G R A U  a n d  H A M M , 1953). S u c h  m e th o d s  a re  fa s t  a n d  a p p lia b le  to  d if fe re n t p ro d u c tio n  

lines a s  lo n g  a s  w o rk e rs  re c e iv e  p re v io u s  tra in in g .
T h e  c o n tin u o u s  s tu d y  o f  th e  re la tio n s  a m o n g  th e  m a in  se n so ry  a n d  te c h n o lo g ic a l  q u a li ty  a s p e c ts  o f  f re s h  p o rk  m e a t, th ro u g h  d if fe re n t 

an a ly s is  m e th o d s , is  im p o r ta n t  f o r  th e  m a n ta in a n c e  o f  m o n ito r in g  p ro g ra m s , w h ic h  a re  in d u s tr ia l ly  p o s s ib le  in  te rm s  o f  w o rk a b ility , 

d e p e n d a b ility  an d  c o s ts .

Objective
T h e  o b je c tiv e  o f  th is  w o rk  w a s  to  c o m p a re  tw o  m e th o d s  f o r  d e te rm in in g  th e  W H C  a n d  su b je c tiv e  e v a lu a tio n  o f  c o lo r  in  d if fe re n t sw in e  

c a rc a s se s  c u ts  s tu d ie d  u n d e r  r e g u la r  in d u s tr ia l  p ro c e d u re s  c o n d itio n s . T h e s e  c a rc a s se s  h a d  b e e n  p re v io u s ly  c la s s if ie d  as s ta n d a rd  o r, p o te n tia lly , 

e ith e r  P S E  o r  D F D , c o n s id e r in g  th e  long issim us dorsi m u sc le  pH .

M e th o d s
N in e ty  s w in e  c a rc a s s e s  o b ta in e d  f ro m  a n im a ls  s u b m itte d  to  ro u tin e  p re -s la u g h te r  h a n d lin g  a t a  s la u g h te ry  in d u s try  w e re  ra n d o m ly  

se lec ted , in d e p e n d e n tly  o n  o r ig in , se x , w e ig h t  a n d  g e n e tic  c o n s titu tio n . A f te r  r e g u la r  s la u g h te r  a n d  in sp e c tio n  o p e ra tio n s , th e  c a rc a s s e s  w e re  
c la ss ified  a c c o rd in g  to  th e  p H  fo u n d  in  th e  long issim us dorsi m u sc le  a t 4 5  m in u te s  (p H 45) a n d  a t  2 4  h o u rs  p .m . (p H u), u n d e r  th e  fo llo w in g  

c r ite ria  (M U R R A Y , 1995 ; N P P C , 2 0 0 0 ):
p H 45 <  6 .0  -  p o rk  te n d in g  to  P S E  (p a le , s o f t  a n d  e x u d a tiv e )  c o n d itio n  

p H 45 >  6 .0  a n d  p H u <  6 .0  -  s ta n d a rd  q u a li ty  
p H 45 >  6 .0  a n d  p H u >  6 .0  -  p o rk  p o te n tia lly  D F D

D a ta  w e re  c o le c te d  a t  th e  in d u s try  d u r in g  2 0  w e e k s  a im in g  th e  c o n s titu tio n  o f  3 g ro u p s  c o n ta in in g  th e  sa m e  n u m b e r  o f  c a rc a s s e s  (n = 3 0 ). 
In o rd e r  to  h a v e  th e  p H  re a d in g s , a  p o r ta b le  p H -m e te r  p lu g g e d  to  a  g la s s  e le c tro d e  w a s  u se d . T h is  in s tru m e n t w as  in se rte d  b e tw e e n  th e  13th 
and  14th r ib s, p e rp e n d ic u la r  to  th e  m id lin e , in  th e  le f t  h a l f  c a rc a s s  m e d ia l p o r tio n . A t 2 4  h o u rs  p .m .. th e  c a rc a s s e s , p re v io u s ly  se le c te d  a n d  sp lit  
*nto th e  3 q u a li ty  g ro u p s , w e re  d e b o n e d . T h e  s tu d ie d  c u ts  w e re  long issim us d o rs i , sem im em branosus , b iceps fe m o r is  ( in n e r  p o r tio n )  a n d  triceps  
brachii capu t longum . S u c h  c u ts  w e re  is o la te d  a n d  d is s e c te d . T w o  2 .5  c m  th ic k  s lic e s  f ro m  e a c h  c u t w e re  p re p a re d  f o r  th e  su b je c tiv e  c o lo r  
C e s s m e n t  th ro u g h  th e  N a tio n a l P o rk  P ro d u c e rs  C o u n c il ’s p h o to g ra p h ic  s ta n d a rd  (N P P C , 2 0 0 0 ) . T h e  sa m e  sa m p le s  w e re  u s e d  to  d e te rm in e  
the W H C  b y  th e  d r ip  lo s s  m e th o d  a c c o rd in g  to  H o n ik e l (1 9 9 8 ), an d  b y  th e  f ilte r  p a p e r  p re s s u re  (F P P ) te c h n ic  a d a p ta d e d  f ro m  G ra u  a n d  H a m m  
(1953), a c c o rd in g  to  V an O e c k e l e t al. (1 9 9 9 a ) . T h e  d a ta  w e re  a n a ly s e d  in  su b d iv id e d  p a r ts , b e in g  p re s e n t  in  a ll  p a r ts  th e  q u a li ty  c o n d itio n s  (3 
levels), a n d  b e in g  p re s e n t  in  th e  su b p a r ts  th e  c u ts  (4  le v e ls )  u n d e r  an  e n tire ly  r a n d o m iz e d  3 0  r e p e ti t io n s  d e s ig n . T h e  T u k e y  a n d  D u n n  a t  5 %  te s ts  

' Vere  u se d  fo r  th e  a v e ra g e  m u lt ip le  c o m p a r is o n s .

Results and Discussion
T h e  p H  v a lu e s  fo u n d  h a v e  s h o w n  a  sm a ll v a r ia tio n . M o s t  o f  th e m  h a s  n o t sh o w n  a n y  c o rre s p o n d e n c e  to  e x tre m e  v a lu e s  c h a ra c te r is t ic  o f  

ty p ica lly  P S E  (p H 45 <  5 .8 )  o r  D F D  (p H u >  6 .2 )  p o rk . T h e  in itia l p H  a v a ra g e  in  th e  p o te n tia lly  P S E  g ro u p  w a s  5 .8 7 , w h ile  th e  fina l p H  o n e  in 
•he D F D  g ro u p  w as 6 .0 6 . T h e  re s u lts  o b ta in e d  f ro m  th e  te s ts  f o r  th e  W H C  d e te rm in a tio n  an d  th e  c o lo r  su b je c tiv e  a s s e s s m e n t a re  p re s e n te d  o n  
T»bles 1 and 2. A s fa r  a s  th e  d r ip  lo s s  is  c o n c e rn e d , it w a s  p o s s ib le  to  fin d  a  s ig n if ic a n t d if fe re n c e  a m o n g  th re e  q u a li ty  g ro u p s  o n ly  in  th e  /. 
do,'si a n d  sem im enbranosus. O b s e rv in g  th e  b. fe m o r is  d a ta  o n ly  th e  D F D  c a rc a s se s  c o u ld  b e  d if fe re n c ia te d . T h e  t. b rach ii o b s e rv a tio n s  h a v e  n o t 
fo llo w ed  th e  p re v io u s  c la s s if ic a tio n . A m o n g  th e  c u ts  s tu d ie d , s ig n if ic a n t d if fe re n c e s , o n  th e  d r ip  lo s s  te s t, w e re  o b se rv e d  o n ly  in  th e  P S E  an d  
stan d a rd  c a rc a s s e s  in v o lv in g  th e  t. brach ii. T h ro u g h  th e  F P P  te c h n ic , i t  w as  v e r ifie d  th a t  in  a ll  c u ts  th e  d a ta  d if fe re d  a s  to  th e  3 c la s s if ic a tio n  
é d i t i o n s ,  a n d  th a t  th e  b. fe m o r is  sh o w e d  th e  s m a lle r  W H C  v a lu e  c o m p a r in g  to  th e  o th e r  cu ts . A s  to  th e  su b je c tiv e  c o lo r  a s s e s s m e n t, th e  
O s s i f ic a t io n  w as p ro v e d  o n c e  a g a in  in  th e  lo in  a n d  a lso  in  th e  leg  cu ts . In  th e  sh o u ld e r , c u t  it w as  p o s s ib le  to  d is t in g u is h  o n ly  b e tw e e n  th e  P S E  
O f  th e  D F D  c h a ra c te r is t ic s . C o m p a r in g  th e  re s u lts  a m o n g  c u ts , th e  c o lo r  s c o re s  h av e  p re s e n te d  a  u n ifo rm  v a r ia tio n  p a tte rn :  in  a ll  th e  3 g ro u p s , 
he}■ dorsi a n d  t. b rach ii re c e iv e d  th e  lo w e s t a n d  th e  h ig h e s t  c o lo r  sc o re s , re sp ec tiv e ly , d if fe r in g  f ro m  th e  sem im em branosus  a n d  th e  b. fe m o r is  

w hich  h a d  in te rm e d ia te  sc o re s . A ll th e  a n a ly s e s  h a v e  p re s e n te d  a  g re a t  v a r ia tio n  a n d  s ta n d a rd  d e v ia tio n  in  th e  re su lts . T h is  b e c a m e  d if f ic u lt  th e  
W arage c o m p a r is o n s  a m o n g  th e  3 g ro u p s . A n o th e r  a s p e c t th a t  c e r ta in ly  a f fe c t th e  o v e ra ll d a ta  w as  th e  la c k  o f  P S E  an d  D F D  ty p ic a l  p H  v a lu es .

everth e le ss , th e  p re v io u s  c la s s if ic a tio n  e f fe c tiv e n e ss , a c c o rd in g  to  th e  c r i té r iu m  a d o p te d , to  d e te rm in e  th e  q u a li ty  p ro p e r tie s  s tu d ie d  w as 
^ • is fa c to ry , e x c e p t fo r  a  few  p a ra m e te rs  o b s e rv e d  in  th e  s h o u ld e r  c u t. T h e  c u ts  c o m p o s it io n , a s  to  th e ir  p re d o m in a n t m u sc le  f ib e r  h is to c h e m ic a l 
yPe h as , p re su m a b ly , a ls o  in te r fe re d  w ith  th e  d a ta  f o r  th e  lo in  a n d  leg  c u ts  h a v e  sh o w n  se v e ra l s im ila r  c h a ra c te r is t ic s .
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Conclusions

T h e  a p p lic a tio n  o f  a  p re -c la s s if ic a tio n  sc h e m e  b a s e d  o n  p H 45 a n d  p H u m e a s u re m e n ts  o n  th e  sw in e  s la u g h te r  h a s  b e e n  u se fu l a n d , p ro b ab ly , 
b e n e f ic ia l f o r  b o th  e c o n o m ic a l a n d  te c h n o lo g ic a l  re a so n s . S u c h  a  m o d e l h a s  sh o w n  to  o ffe r  s a tis fa c to ry  re s u lts  w h e n  c o m p a re d  to  W H C  and  
p o rk  co lo r . T h e s e  re su lts  c o u ld  b e  o b s e rv e d  e v e n  in  th e  a b s e n c e  o f  e x tre m e  P S E  o r  D F D  c o n d itio n s , c o n f irm in g  th e  e f fe c tiv e n e ss  a n d  re su lts  
c o rre s p o n d e n c e  f o r  p H  m e a s u re m e n ts  o b ta in e d  in  th e  long issim us dorsi m u sc le .
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T a b le  1 -  A v e ra g e  v a lu e s  a n d  s ta n d a rd  d e v ia tio n  fo r  th e  re s u lts  o f  d r ip  lo s s  te s t  a n d  W H C  o b ta in e d  b y  f i lte r  p a p e r  p re s s u re  m e th o d  (M :T )a, 
d e te rm in e d  in  4  d if fe re n t m u s c le  o f  p re -c la s s if ie d  sw in e  c a rc a s s e s  a s  s ta n d a rd  o r, p o te n tia lly , e i th e r  P S E  o r  D F D , c o n s id e r in g  th e  longissim us  
dorsi  m u sc le  pH .

, .  , D r ip  lo s s  F il te r  P a p e r  P re s s u re
M u s c le  -------------------------------------------------------------------------------------- — —  -----------------------------------------------------------------

P S E S ta n d a rd D F D P S E S ta n d a rd D F D

1. d o rs i 5 .8 5 b± 2 .2 9  A a 3 .4 5 + 1 .7 3  B a 2 .0 6 ± 1 .4 4  C a 0 .4 0 b± 0 .0 9  A a 0 .4 9 ± 0 .11 B a 0 .5 5 ± 0 .10 C a

se m im e m b ra n o s u s 4 .4 3 ± 2 .4 1  A a b 3 .1 2 ±  1 .56  B a 1 .8 9 ± 0 .8 2  C a b 0 .4 4 ± 0 .10 A b 0 .4 9 + 0 .1 0  B a 0 .5 8 ± 0 .0 9  C a

b .fe m o ris 4 .0 5 ± 2 .5 3  A b 3 .5 2 ± 2 .1 3  A a 1.71 ± 0 .7 3  B a b 0 .3 7 ± 0 .0 9  A a 0 .4 3 ± 0 .1 2  B b 0 .5 0 + 0 .0 9  C b

t. b ra c h ii 1 .6 4 ± 0 .9 7  A c 1 .4 6 ± 0 .5 1  A b 1 .3 2 + 0 .4 0  A b 0 .4 6 ± 0 .0 9  A b 0 .5 2 ± 0 .10 B a 0 .5 6 ± 0 .0 7  C a

aM=pressured meat sample area; T=pressured meat sample area plus removed juice by pressure area.
b on each line, the averages followed by the same capital letters do not differ among themselves through the Tukey test (p > 0.05). 
bon each column, the averages followed by the same small letters do not differ among themselves through the Tukey test (p > 0.05).

T a b le  2  -  A v e ra g e  v a lu e s  an d  s ta n d a rd  d e v ia tio n  fo r  th e  re s u lts  o f  su b je c tiv e  c o lo r  a s s e s s m e n t ( l= e x t r e m e  p a le ; 6 = e x tre m e  d a rk )  o f  4  d iffe ren t 
m u sc le  o f  p re -c la s s if ie d  sw in e  c a rc a s s e s  a s  s ta n d a rd  o r, p o te n tia lly , e i th e r  P S E  o r  D F D , c o n s id e r in g  th e  long issim us dors i  m u sc le  pH .

M u s c le
C la s s if ic a tio n

P S E S ta n d a rd D F D

1. d o rs i 1.5a± 0 .6  A a 2.1 ± 0 .6  B a 2 .7 ± 0 .5  C a

se m im e m b ra n o s u s 2 .3 ± 0 .8  A b 3 .0 ± 0 .8  B b 3 .6 ± 0 .9  C b

b .fe m o ris 2 .7 ± 0 .8  A b 3 .4 ± 0 .7  B b 4 .0 ± 0 .6  C b

t. b ra c h ii 4 .5 ± 0 .8  A c 4 .8 ± 0 .6  A B c 5.1 ± 0 .7  B e

“on each line, the averages followed by the same caital letters do not differ among themselves through the Dunn test (p > 0.05). 
“on each column, the averages followed by the same small letters do not differ among themselves through the Dunn test (p > 0.05).
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