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THE EFFECT OF LAIRAGE TIME IN POST-MORTEM PH IN PIG MUSCLE
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B a c k g r o u n d

Q u a n tity  an d  q u a li ty  a re  d e s c r ip tiv e  te rm s  o f  g re a t  im p o r ta n c e  in  th e  m e a t in d u stry . P ro d u c e rs  o f  m e a t  a n im a ls  h a v e  a lw a y s  s tr iv e n  fo r  
q u an tity . A s th e  liv e  a n im a l is c o n v e r te d  to  m e a t  a n d  th e  m e a t m o v e s  a lo n g  th e  l in e  o f  d is tr ib u tio n , f ro m  s la u g h te rs  a n d  p ro c e ss o rs  to  r re ta ile r s  
a n d  f in a lly  to  c o n s u m e rs , th e  f a c to r  o f  q u a li ty  b e c o m e s  in c re a s in g ly  m o re  im p o rta n t. In  th e  p re s e n t  g lo b a l e c o n o m y , m e a t q u a li ty  ta k e s  on  
c o n s id e ra b le  im p o rta n c e  f o r  a ll  s e g m e n ts  o f  th e  in d u s try  f ro m  p ro d u c e r  to  c o n su m e r. C o n s u m e rs  a re  b e c o m in g  m o re  d is c r im in a tin g  a n d  w ill 
n o  lo n g e r  a c c e p t m e a t  o f  lo w e r  q u a li ty  m e a t  (C a s se n s , 2 0 0 0 ).

T h e  p re -s la u g h te r  h a n d l in g  o f  p ig s  h a s  b e e n  d iv id e d  in  tw o  m a jo r  p e r io d s : th e  tr a n s ie n t  f ro m  th e  p ro d u c tio n  u n i t  to  th e  s la u g h te r  p la n t  a n d  
la ira g e  a t  th e  a b a tto ir . B o th  tra n s p o r t  a n d  la ir a g e  h a v e  im p o rta n t  im p lic a tio n s  o n  e c o n o m ic s  a n d  w e lfa re  g ro u n d s  (F a b re g a  e t  a l., 2 0 0 2 ).

M a n y  fa c to rs  in te r a c t  d u r in g  th e  p re -s la u g h te r  p e r io d , i.e . a m b ie n t te m p e ra tu re , h u m id ity , s to c k in g  d e n s itie s , t r a n s p o r t  o r  la ira g e  d u ra tio n , 
m a n a g e m e n t. T ra n s p o rt , la ira g e  a n d  s la u g h te r  c o n d itio n s  a re  o f  g re a t  im p o rta n c e  fo r  fin a l m e a t  q u a lity , b e c a u s e  a n te -m o rte m  sh o r t- te rm  o r  
lo n g - te rm  s tre s so rs  c h a n g e  th e  n o rm a l m u s c le  m e a ta b o l is m  a n d  a ffe c t  f re s h  m e a t co lo u r , w a te r -h o ld in g  ca p a c ity , s h e lf- l ife , a n d  te c h n o lo g ic a l  

y ie ld s  (G is p e r t  e t  a l. 2 0 0 0 ) .
M u s c le  g ly c o g e n  c o n c e n tr a t io n  a t  th e  t im e  o f  s la u g h te r  is  o n e  o f  th e  m o s t  im p o r ta n t fa c to rs  a f fe c tin g  m e a t q u a lity . G ly c o g e n  is  th e  

m e ta b o lic  su b s tra te  th a t  fu e ls  p o s t  m o r te m  la c ta te  p ro d u c tio n  a n d  th u s  e n a b le s  th e  p H  d e c lin e . In su f f ic ie n t g ly c o g e n  re se rv e s  a t th e  t im e  o f  
s la u g h te r  r e s u l t  in  p H -v a lu e s  a b o v e  5 .5  a n d  in  e x tre m e  c a s e s  to  a  se r io u s  q u a li ty  p ro b le m  k n o w n  a s  d a rk -c u tt in g . In  a d d it io n  to  h ig h  u lt im a te  
p H  (>  5 .8 ) , d a rk -c u tt in g  m a y  b e  c h a ra c te r iz e d  b y  r e d u c e d  s h le f  l ife , u n d e s ira b ly  d a rk  co lo u r , w e a k  m e a t  f la v o u r  a n d  im p o rta n t  te c h n o lo g ic a l  
p ro b le m s  in  d ry -c u re d  p ro d u c ts  ( Im m o n e n  e t  a l. 2 0 0 0 ).

L a ira g e  t im e  a t  th e  a b a t to ir  sh o u ld  b e  a s  sh o r t  a s  p o s s ib le  in  te rm s  to  m in im iz in g  g ly c o g e n  d e p le tio n  p r io r  to  sa lu g h te r.
T h e  a im  o f  th is  su rv e y  w a s  to  e v a lu a te , u n d e r  c o m m e rc ia l  c o n d itio n s , th e  m e a t u lt im a te  p H  in  d if fe re n ts  la ira g e  t im e s  o f  p ig s  in  th e  a b b a to ir  

in  o rd e r  to  fin d  th e  o p tim a l la ira g e  t im e  th a t  n o t  a f fe c t  th e  m e a t q u a lity .

Material and methods
T h e  p ig s  (c ro s s e s  o f  L a n d ra c e  x  L a rg e  W h ite )  w e re  re a re d  o n  tw o  c o m e rc ia l  fa rm s  (T T 4  a n d  C T 3 ) . A ll th e  p ig s  w e re  w e ig h e d  o n e  d a y  o f  

s la u g h te r. T h e  e x p e r im e n t w as  c a r r ie d  o u t d u r in g  o n e  w e e k  in  s u m m e r  (2 8  F e b ru a ry -2  M a rc h  2 0 0 3 ) . T h e  d u ra t io n  o f  th e  t r a n s p o r t  w a s  1 a n d  3 h, 
an d  th e  d u ra tio n  o f  la i r a g e  w a s  0 , 2 , 3 , 4 , 6  a n d  2 4  h . T h e  a v e ra g e  o u td o o r  te m p e ra tu re  d u r in g  t r a n s p o r t  a n d  u n lo a d in g  r a n g e d  f ro m  2 5 -3 0 °C .

A ll p ig s  w e re  s u b je c te d  to  th e  s a m e  o n - fa rm  fa s tin g  t im e  (1 2  h )  an d  s to c k in g  d e n s ity  d u r in g  t r a n s p o r te  (0 .5  m 2/1 0 0  k g  p ig s ) . T h e  sa m e  lo rry  
w as u se d  b u t w ith  d if fe re n t d r iv e r. T h e  lo rry  w a s  a  r ig id  t ru c k  w ith  th re e  d e c k s  d iv id e d  in  e ig h t c o m p a r tm e n te s  e a c h  d e c k s  a n d  e q u ip p e d  w ith  
n a tu ra l v e n ti la t io n  a n d  r a m p  fo r  lo a d in g  a n d  u n lo a d in g . M ix in g  o f  u n fa m ilia r  a n im a ls  w a s  a v o id  d u r in g  t r a n s p o r t  a n d  la ira g e . S to c k in g  d e n s ity  
a t la ira g e  w a s  0 .5  m 2/1 0 0  k g  p ig s , in  p e n s  o f  7 0 -8 0  in d iv id u a ls . T h e  a n im a ls  w e re  sh o w e re d  a f te r  u n lo a d in g  a n d  d r in k in g  w a te r  w a s  av a ila b le  
th ro u g h o u t th e  la ira g e  p e r io d . E le c tr ic a l  s tu n n in g  w as u se d  (2 2 5 -3 0 0  V  a n d  2 -2 ,9 5  A ). T h e  s la u g h te r  l in e  sp e e d  w a s  3 0 0  p ig s /h . F o r  e a c h  la ira g e  
t im e  (0 , 2 , 3 , 4 , 6  a n d  2 4  h )  2 5  a n im a ls  w e re  se le c te d . T h e  c a rc a s s e s  w e re  in  a  c h il l in g  ro o m  a t 1 -3°C  fo r  2 4  h . T h e  m e a t q u a li ty  w a s  a s s e s s e d  b y  
m e a s u rin g  u lt im a te  p H  (p H u )  in  M. L o n g iss im u s dorsi u s in g  a  h a n d  h e ld  C r is o n  m ic ro  p H  m e te r , w ith  g la s s  e le c tro d e , th is  m u s c le  w as  se le c te d  
° n  th e  b a s is  o f  i t  e c o n o m ic a l im p o r ta n c e , a s  w e e l as b e in g  g o o d  in d ic a to r  fo r  a p p e a ra n c e  a n d  o n e  o f  th e  s in g le  la rg e s t  m u s c le  in  th e  ca rc a ss . 
T h e  p H  m e te r  w a s  c a lib ra te d  in  p H  4  a n d  p H  7 b u f fe rs  a n d  re -c a lib ra te d  a f te r  e v e ry  25  re a d in g s . T h e  d a ta  w e re  a n a ly s e d  s ta tis t ic a lly  (A N O V A ) 
by  O r ig in  6 .0  so f tw a re  fo r  W in d o w s . D if fe re n c e s  b e tw e e n  th e  p H  w e re  a c c e p te d  as b e in g  s ig n if ic a n te  i f  P  <  0 .0 5 .

R e s u l ts  a n d  D is c u s s io n

T h e  te n d e n c y  o f  p H u  a f te r  th e  la ira g e  t im e  is p re s e n te d  b y  F ig u re  1.M e a n s , s ta n d a rd  e r ro s , m in im u m  a n d  m a x im u m  v a lu e s  o f  th e  p H u  
(2 4  h )  o f  th e  M . L ong iss im us dors i  m u s c le  fo r  a ll t r e a tm e n ts  a re  g iv e n  in  T a b le  1. S ig n if ic a n t d if fe re n c e s  in  p H u  w e re  o b s e rv e d  b e tw e e n  a ll  th e  
d if fe re n t la ira g e  t im e , a n d  n o  d if fe re n c e s  w e re  o b s e rv e d  w ith  d if fe re n t p o rk  fa rm s  (C T 3  a n d  T T 4 )  w ith  th e  sa m e  la ira g e  tim e . W h e n  p H u  w as 
m e a s u re d  b e tw e e n  2  a n d  4  h o u rs  o f  la ira g e  t im e  n o  e f fe c t  c o u ld  b e  d e m o n s tra te d . T a b le  1 sh o w s th a t  th e  p H u  in c re a s e d  w ith  la ira g e  tim e , an d  
n fte r 6  h o u rs  o f  la ira g e  t im e  th e  p H u  v a lu e s  re a c h  v a lu e s  (p H  6 .0 )  th a t  a re  sa id  to  b e  in d ic a tiv e  o f  D F D  c a rc a s s e s  (G is p e r t  e t a l., 2 0 0 0 ) . H o w ev er, 
H o m e r  &  M a tth e w s  (1 9 9 8 )  e s t im a te d  th a t  v a lu e s  o f  p H  2 4  h  a f te r  s la u g h te r  g re a te r  th a n  6 .5  a re  sa id  to  b e  in d ic a tiv e  o f  D F D  c a rc a s se s .

L a ira g e  t im e  h a s  b e e n  s h o w n  to  a f fe c t  th e  s tre s s  lev e l in  p ig s  (F a u c ita n o , 1998). O p tim a l la ira g e  t im e  a p p e a rs  to  b e  a ro u n d  2 -3  h  (v an  
d e r  W al, E n g e l &  H u ls e g g e , 1 9 9 7 ). A f te r  a p p ro x im a te ly  2  h  o f  la ira g e  p ig s  c a lm  d o w n  a n d  in  g e n e ra l  f ig h tin g  s to p s  (v an  d e r  W al e t  a l., 1997 ; 
Van d e r  W al, E n g e l, &  R e im e r t , 19 9 9 ). H o w e v e r , d u r in g  e x te n d e d  la ira g e  th e  p ro p o r tio n  o f  sk in  d a m a g e  a n d  D F D  m e a t d u e  to  f ig h tin g  an d  
m u sc le  g ly c o g e n  d e p le tio n , re sp e c tiv e ly , in c re a s e s  (N a n n i C o s ta , L o  F ie g o , D a l l ’O lio , D a v o li, &  R u s so , 2 0 0 2 ; W arris  e t  a l., 1 9 9 8 b ). S la u g h te r  
im m e d ia te ly  a f te r  d e liv e ry  to  th e  a b a t to ir  o r  a f te r  v e ry  sh o r t  la ira g e  m a y  in c re a se  th e  p ro p o r t io n  o f  P S E  m e a t (E ik e le n b o o m  &  B o lin k , 1991). 
H o w ev er, th e  o p t im a l  la i r a g e  t im e  w ill d e p e n d  s tro n g ly  o n  th e  la ira g e  c o n d itio n s  (e .g . p e n  s iz e ) , m ix in g  o f  u n fa m ilia r  a n im a ls  a n d  th e  in te n s ity  
° f  th e  s tre s s  e x p e r ie n c e d  b y  th e  p ig  d u r in g  t ra n s p o r t . R e c e n tly  i t  w as  s h o w n  th a t  p o rk  q u a li ty  f ro m  a  H a lo th a n e  g e n e  f re e  p o p u la tio n  w as 
m d e p e n d e n t o f  la ira g e  tim e , w h e n  th e  p ig s  w e re  e x p o s e d  to  lo w  s tre s s  p re -s a lu g h te r  h a n d l in g  (A a s ly n  &  B a r to n -G a d e , 2 0 0 1 ).

T h is  s tu d y  sh o w s th a t  lo n g  la ir a g e  t im e  h a s  a n  e f fe c t  o n  m e a t  q u a lity , in c re a s in g  th e  p e rc e n ta g e  o f  D F D  c a rc a s se s .

Conclusions
L a ira g e  t im e  o f  0  h  h a s  th e  lo w e s t  p H u  v a lu e  (P < 0 .0 5 ) . L a ira g e  t im e  b e tw e e n  2 a n d  4  h o u rs  h a s  n o  e f fe c t  in  p H u  (P > 0 .0 5 )  o f  M. 

T°n g iss im Us dors i  a n d  s h o w n  p H u  v a lu e s  th a t  a re  in d ic a tiv e  o f  g o o d  m e a t q u a lity . S ix  (6 ) a n d  2 4  h  o f  la ira g e  t im e  p re s e n ts  p H u  v a lu e s  th a t 
c° u ld  be  in d ic a tiv e  o f  D F D  c a rc a s se s .
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F ig u re  1 -  p H u  in c re a se  in  M. L o n g iss im u s dorsi.
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T ab le  1 -  S ta ty s tic a l  v a lu e s  o f  p H u  in  M . L o n g is s im u s  d o rs i in  th e  d if fe re n t la ira g e  tim e .

F a rm  c o d e L a ira g e  t im e  (h o u rs ) PH S ta n d a rd  e r ro r  (± ) p H  M in p H  M ax

T T 4 0 5 .3 7 a 0 .0 5 9 5 .2 6 5.51

T T 4 2 5 .6 5 b 0 .1 4 2 5 .3 9 6 .0 0

T T 4 4 5 .6 6 b 0 .1 4 3 5 .3 6 6 .0 2

T T 4 6 5 .9 9 ° 0 .1 3 5 5 .6 8 6.21

C D 3 0 5 .3 6 a 0 .0 9 5 5 .1 8 5 .5 2

C D 3 3 5 .8 0 d 0 .1 2 8 5 .5 2 6.01

C D 3 6 6 .0 4 c 0 .1 3 0 5 .8 2 6 .2 6

C D 3 2 4 6 . 10e 0 .151 5 .8 3 6 .4 3

* Different letters in pHu values indicate significant differences (P>0,05) within lairage time.
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