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M u s c l e  p o s t  m o r t e m  c a u s e s  a n  e a r l y
Hf1 f a l l  t o  v e r y  l o w  v a l u e s .  T h i s  p r o -

S s  b e i n g  a s s o c i a t e d  w i t h  l a c t i c
^  a c c u m u l a t i o n  a n d  i n c r e a s e d  A T P -

r n o v e r  s t r o n g l y  a f f e c t s  m e a t  q u a -  
nty a n d  i n d u c e s  P S E  c o n d i t i o n  ( B e n -  

a n d  W i s m e r - P e d e r s e n ,  1 9 6 2 ;B
Hur i s k e y ,  1 9 6 4 ;  H o n i k e l  a n d  K i m ,  1 9 8 5 ) .

s ° l e  i s  p a l e r  t h a n  n o r m a l  a n d  s h o w s  
1 q w  w a t e r  h o l d i n g  c a p a c i t y  ( W H C )  

0 h i g h  d r i p  l o s s ,  p r o b a b l y  d u e  t o  
° ^ e i n  d é n a t u r a t i o n .  S w e l l i n g  i n d u -Pr,
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b y  N a C l  s o l u t i o n s  a t  a  l o w  c o n 
a t i o n  i s  a l s o  a f f e c t e d  a n d  P S E

c l es a t  2 4 h r  p o s t  m o r t e m  a b s o r b  
e  s o l u t i o n  t h a n  n o r m a l  ( S e v e r i n i  
a l - ,  1 9 8 7 ) .  H o w e v e r ,  a  w i d e  r a n g e

^  l n t e r m e d i a t e  p a t t e r n s  c a n  b e  d e -  
^ , c t e d  b e t w e e n  n o r m a l  a n d  P S E  c o n d i -  
c  0 r , s  a n d  a m o n g  n o r m a l  m u s c l e s  a s  
a  n c e > ' n s  v e l o c i t y  o f  g l y c o g e n o l y s i s  

N e a t  q u a l i t y  ( S e v e r i n i  e t  a l . ,
> Monin e t  a l . ,  1987). Th is  study 

^  aimed a t  e v a lu a t in g  the in f lu e n c e  
9lycogen s to re  a t  s la u g h te r  time 

^  the g ly c o g e n o ly t ic  ra te  have on 
p.e h yd ra t io n  and s w e l l in g  a b i l i t y  o f 

 ̂ Muscles post mortem.

S ^ l A L S  A N D  M E T H O D S  
f  o f  L o n g i s s i m u s  d o r s i  m u s c l e

6 n  a t  t h e  l e v e l  o f  t h e  l a s t  r i b s■ Hr*
l
otn
3rc 3 5  c r o s s b r e d  p i g s  ( L a n d r a c e  x  

w h i t e ) ,  w e i g h i n g  1 2 0 - 1 4 0 k g  a n d  
ttl e r' ' / 6 n ' t i c>r | a l l y  s l a u g h t e r e d  a t  a  c o r n 
s '  C * a l  a b a t t o i r  w e r e  u s e d  f o r  t h i s  
^ N C ) '  w a t e r  h o l d i n g  c a p a c i t y

» l a c t i c  a c i d  c o n t e n t ,  p e r c e n t a 

g e  o f  P A S - p o s i t i v e  f i b r e s ,  L *  v a l u e  
w e r e  e v a l u a t e d  a t  1 h r  p o s t  m o r t e m .  
M o r e o v e r ,  f i v e  s l i c e s  o f  a b o u t  2 5 g ,  
1 c m  t h i c k  a n d  w i t h  a b o u t  t h e  s a m e  
s u r f a c e  a r e a  w e r e  c u t  a c r o s s  t h e  
m u s c l e .  S u b s e q u e n t l y ,  o n e  o f  t h e m  
w a s  f r e e l y  i m m e r s e d  i n  a  6 %  N a C l  s o 
l u t i o n  ( 1 : 4 ,  m e a t : s o l u t i o n  w e i g h t )  
a n d  f o u r  w e r e  l a i d  o n  m e t a l  n e t s ,  p u t  
i n s i d e  c o v e r e d  p l a s t i c  b o x e s  a n d  s t o 
r e d  a t  4 ° C  f o r  t h e  f o l l o w i n g  t r e a t 
m e n t s  a n d  m e a s u r e m e n t s .  A t  8 h r  p . m . ,  
p H ,  W H C  a n d  w e i g h t  l o s s  w e r e  d e t e r m i n  
e d  a n d  a  s l i c e  w a s  i m m e r s e d  i n  t h e  
6 %  N a C l  s o l u t i o n .  A t  2 4 h r  p . m . ,  p H ,  
W H C ,  w e i g h t  l o s s ,  l a c t i c  a c i d  c o n t e n t ,  
p e r c e n t a g e  o f  P A S - p o s i t i v e  f i b r e s  
a n d  L *  v a l u e  w e r e  d e t e r m i n e d  a n d  a  
s l i c e  w a s  i m m e r s e d  i n  t h e  s a l t  s o l u 
t i o n .

T h e  p H  w a s  m e a s u r e d  b y  a  r a d i o m e t e r  
p H - m e t e r  u s i n g  1 0 g  o f  m u s c l e  h o m o 
g e n i z e d  i n  5 0 m l  o f  5 m M  n e u t r a l  i o d a -  
c e t a t e  s o l u t i o n .  T h e  W H C  w a s  d e t e r 
m i n e d  a c c o r d i n g  t o  t h e  f i l t e r - p a p e r  
a b s o r p t i o n  m e t h o d  a n d  t h e  v a l u e  w a s  
e s p r e s s e d  a s  m e a t  f i l m  a r e a / f l u i d  
a r e a .  L a c t i c  a c i d  c o n t e n t  w a s  e v a 
l u a t e d  i n  t h e  e x t r a c t  ( M e t h o d s  o f  
E n z y m a t i c  F o o d  A n a l y s i s  -  B o e h r i n g e r  
M a n n h e i m ,  1 9 8 3 )  u s i n g  t h e  A u t o m a t i c  
C l i n i c a l  A n a l y s e r  1 1  ( D u  P o n t  I n 
s t r u m e n t s  U . S . A . ) .  T h e  p e r c e n t a g e  o f  
P A S - p o s i t i v e  f i b r e s  w a s  e v a l u a t e d  
o n  s e c t i o n s  c u t  f r o m  s a m p l e s  f r o z e n  
a t  - 2 0 ° C ,  f i x e d  i n  G e n d r e  s o l u t i o n  
a n d  s t a i n e d  w i t h  p e r i o d i c  a c i d  S c h i f f ' s  
( P A S ) .  S w e l l i n g  a b i l i t y  w a s  e s p r e s s e d  
a s  p e r c e n t a g e  o f  t h e  w e i g h t  o f  f r e s h  
m u s c l e  a t  1 h r  p . m .  a n d  w a s  c a l c u l a t e d  
b y  a d d i n g  t h e  p e r c e n t a g e  o f  w e i g h t  
l o s s  b e f o r e  b r i n i n g  t o  t h e  p e r c e n t a g e  
o f  w e i g h t  g a i n  a f t e r  i m m e r s i o n  i n  
6 %  N a C l  s o l u t i o n  a t  4 ° C  f o r  4 8 h r .  
T h e r e f o r e ,  t h e  v a l u e  i n d i c a t e s  t h e  
p e r c e n t a g e  i n  w e i g h t  o f  s a l t  s o l u t i o n  
a b s o r b e d .  L *  v a l u e  w a s  m e a s u r e d  ( v a 
l u e s  L *  a *  b *  C I E ,  1 9 7 6 )  w i t h  a  M i 
n o l t a  C h r o m a  M e t e r  1 1  R e f l e c t a n c e
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c o lo r im e te r  (San to ro , 1987).

RESULTS AND DISCUSSION 
The muscles were c la s s i f ie d  in to  s ix  
groups accord ing  to  the cha rac te 
r i s t i c s  shown in  Table 1.

Muscles in  group 1 showed high pH, 
h igh WHC, h igh percentage o f  PAS-po
s i t i v e  f i b r e s ,  sm all amount o f  l a c t i c  
a c id ,  low L* va lue and good s w e l l in g  
a b i l i t y  a t  1hr post mortem. The pH 
va lu e ,  WHC and s w e l l in g  a b i l i t y  de
creased s lo w ly  and g ra d u a l ly  du r ing  
the fo l lo w in g  hours and the lowest 
va lues were recorded a t  24hr. At t h i s  
stage the l a c t i c  ac id  con ten t  and 
the L* va lue were q u i te  h igh ,  but 
the va lue o f weight lo ss  was low. 
These muscles can be regarded as no r
mal (B r is k e y ,  1964), even though the 
u l t im a te  pH was very low, s im i la r  
to  t h a t  found in  Hampshire p igs  
(Monin e t  a l . ,  1987). They had a 
la rg e  s to re  o f  glycogen and a slow 
g ly c o g e n o ly t ic - g ly c o ly t ic  ra te .  At 
24hr a lmost a l l  f i b r e s  were dep le ted

o f g lycogen, the L* va lue was hi<9̂  
and muscles appeared s l i g h t l y  p a le' 
bu t not exuda tive .

Muscles in  group 2 showed very s i ^ 1'  
l a r  c h a r a c te r is t i c s  a t  1hr to  those 
in  group 1, except f o r  a lower perce^  

tage o f  PAS-pos it ive  f ib r e s  and 3 
s l i g h t l y  h ighe r  s w e l l in g  a b i l i t y '  
The u l t im a te  pH value was reached 
a t  8h r,  i t  was s im i la r  to  group  ̂
and remained around 5.70 up to  24hf* 
The f i n a l  l a c t i c  ac id  con ten t waS 
lower and the s w e l l in g  a b i l i t y  at 
24hr was h ighe r  than group 1. There'  
f o re ,  i t  may be assumed t h a t  these 
muscles had a g lyc o g e n o ly s is  as sl°J 
as group 1, but a sm a lle r  amount 0 
s to re d  g lycogen.

Muscles in  group 3 were q u i te  s im i l ^  
to  those in  group 2 a t  a l l  stage5̂  
bu t they showed a s l i g h t l y  lower P 
va lue and a lower percentage of 
p o s i t i v e  f ib r e s  a t  1h r ,  a h igher 
t im a te  pH value and lower l a c t i c  ac1̂  
con ten t a t  24hr. Th is  in d ic a te s  tha

Table 1. Mean ± SD of pH value, WHC, lactic acid content (mmol/kg), L* value, PAS-positive fibres 
swelling (%), weight loss (%) in pig Longissimus dorsi muscles at various stages post morte'11.

(It)'

group number 1 2 3 4 5
number of samples 3 6 4 8 6
1 hour post mortem
pH range > 15.20 > (5.20 > 6.20 6.00-6.19 5.80-5.99 < !
mean pH 6.46 ±0.06 6.33 ±0.15 6.24 ±0.07 6.09 ±0.05 5.90 ±0.06 5.61
WHC 5.01 ±0.63 3.17 ±0.93 2.48 ±0.44 3.26 ±1.07 3.18 ±2.26 0.79
lactic acid 52.7 ±1.15 54.7 ±9.2 57.5 ±5.0 73.0 ±5.7 61.7 ±9.8 88.0
L* 42.1 ±2.8 43.1 ±2.2 43.7 ±2.3 44.2 ±3.5 44.8 ±2.2 51.0
fibres pos. 87 ±10 60 ±n 23 ±8 52 ±20 15 ±13 2
swelling 26.7 ±2.9 31.2 ±2.7 24.3 ±4.1 20.1 ±1.3 21.7 ±2.4 24.6
8 hours post mortem
mean pH 5.66 ±0.14 5.69 ±0.03 5.85 ±0.07 5.58 ±0.08 5.61 ±0.08 5.56
WHC 1.32 ±0.26 1.00 ±0.49 1.05 ±0.20 i.ii ±0.34 0.83 ±0.16 0.64
weight loss 1.06 ±0.25 1.01 ±0.31 1.14 ±0.19 1.10 ±0.27 0.96 ±0.20 1.36
swelling 25.1 ±2.8 27.7 ±1.6 26.0 ±4.0 20.3 ±3.4 19.9 ±3.1 25.2
24 hours post mortem
mean pH 5.48 ±0.06 5.72 ±0.03 5.84 ±0.08 5.56 ±0.10 5.59 ±0.10 5.61
WHC 0.99 ±0.11 0.92 ±0.23 1.30 ±0.93 1.08 ±0.20 1.07 ±0.20 0.68
lactic acid 100.0 ±2.0 87.7 ±4.3 73.0 ±2.6 101.2 ±5.1 95.7 ±6.7 100.2
L* 54.1 ±2.8 50.4 ±0.15 50.8 ±0.-9 53.0 ±3.4 54.3 ±2.7 56.4
weight loss 1.09 ±0.26 1.37 ±0.39 1.35 ±0.15 1.45 ±0.15 1.35 ±0.31 2.98
swelling 20.8 ±2.5 29.2 ±4.7 22.9 ±2.3 18.5 ±3.3 19.2 ±2.7 24.6

;.80 
to-°8 
+o.zl 
♦8.7 
iZ-1 
iZ+ 4.4

iO.°7
i0-z6
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t>h
ney had an even sm a lle r  amount o f 

^ycogen a t  s la u g h te r  t im e and a 
R ig h t l y  f a s te r  g ly c o g e n o ly s is . The 
alance between these fa c to rs  might 

^ave played an im po rtan t ro le  in  a f -  
ect in g  the s w e l l in g  a b i l i t y  which 

^as s l i g h t l y  lower than groups 1 and 
 ̂ aT I h r  and much lower than group 

and s l i g h t l y  h igher than group 1 
^  24hr. Muscles in  both groups 2 

3 showed the same L* va lue a t  
which was the lowest found fo r  

* groups.

e hypothesis that a s l ightly  faster 
 ̂ yeogenolysis may reduce the swel

l s  abi l i ty  of muscles seems to 
r̂ise from the data for groups 4 and 
' The high content of lactic  acid 

at 24hr
9̂d 
and 
U

i r  in d ic a te s  th a t  these muscles 
a la rge  amount o f  s to red  glycogen 
The r e la t i v e l y  high value o f  la c -

c ac id  con ten t a t  1hr to g e th e r  w ith

pAs.r
The

h,ad
91y

low pH-1 and the low number o f 
‘P o s i t iv e  f ib r e s  shows th a t  they 
a s l i g h t l y  f a s te r  g ly c o g e n o ly t ic -  

^ y c o l y t i c  ra te .  The s w e l l in g  a b i l i -  
° f  the muscles was a lready  low 
^hr and was s im i la r  to  group 1 
^4hr. At t h i s  stage they a lso  had 

i same L* va lue and the same weight 
s - Only one muscle showed PAS-po- 

l Tive f i b r e s  a t  24hr, a l b e i t  a low

at 
at 
The 
loss 
si 
Pe
^ r centage. A ra p id  decrease in  phos- 
v ^en compounds due to  a h igher ATP- 

rn°ve r (Schwagele and H o n ike l,  1988)

might e x p la in  the e a r ly  reduc t io n  
o f  the s w e l l in g  a b i l i t y  in  these 
muscles w ith  pH between 6.19 and 5.80 
a t  1hr post mortem.

However, the c h a r a c te r is t ic s  o f  the 
muscles in  group 6 in d ic a te  th a t  a 
very ra p id  g lyco g e n o lys is  assoc ia ted  
w ith  a la rge  amount o f glycogen a t  
s la u g h te r  time leads to  the PSE con
d i t i o n .  The pH value i s  lower than 
5 .80 , the l a c t i c  ac id  con ten t i s  very 
h igh and very few or no f ib r e s  w ith  
glycogen are present a lready  a t  1hr 
p.m. in  these muscles. Th is  causes 
very low WHC and a high weight loss  
due to  d r ip  lo s s ,  but a lso  high swel
l i n g  a b i l i t y ,  in  comparison w ith  
muscles showing the same glycogen 
s to re .  The t ren d  is  s ig n i f i c a n t  even 
when ta k in g  in to  account the percen
tage o f  weight ga in ( i . e .  w i th o u t  
c a lc u la t in g  weight lo ss  be fore  im
mersion in  s a l t  s o lu t io n )  as shown 
in  Table 2. The s w e l l in g  was s l i g h t l y  
h ighe r  in  those muscles in  group 6 
which showed lower l a c t i c  ac id  con
t e n t  a t  24hr and th e re fo re  a lower 
glycogen s to re  a t  s la u g h te r  t im e . 
D enatu ra tion  o f sarcoplasm ic and myo
f i b r i l l a r  p ro te in s  as w e l l  as membra
ne damages causing low WHC and high 
d r ip  lo ss  (H on ike l and Kim, 1985; 
Honike l and Kim, 1986; O f fe r  e t  a l . ,  
1988) may be considered in  e x p la in in g  
the h igh s w e l l in g  in  PSE muscles.

£__2. S w e ll ing  espressed as percentage o f  s a l t  s o lu t io n  absorbed (a) and as 
weight ga in  (b ) .  Mean value ± SD.

1 hr p.m. 8hr p.m. 24hr p.m.
a b ai b ai b

1 26.7 ±2.9 26.7 ±2.9 25.1 ±2.8 24.1 ±3.1 20.8 ±2.5 19.8 ±2.6
2 31.2 ±2.7 31.2 ±2.7 27.7 ±1.6 26.5 ±1.7 29.2 ±4.7 28.0 ±4.7
3 24.3 ±4.1 24.3 ±4.1 26.0 ±4.0 24.8 ±4.0 22.9 ±2.3 21.5 ±2.3
4 20.1 ±1.3 20.1 ±1.3 20.3 ±3.4 18.7 ±2.3 18.5 ±3.3 17.0 ±3.1
5 21.7 ±2.4 21.7 ±2.4 19.9 ±3.1 19.0 ±3.3 19.2 ±2.7 18.0 ±2.7
6 24.6 ±4.4 24.6 ±4.4 25.2 ±2.8 23.9 ±2.8 24.6 ±2.5 22.1 ±2.8

° u p  i
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CONCLUSIONS
Pig muscles post mortem present d if 
ferences in the rate and extent of 
glycogenolysis and g lyco lys is .  Our 
resu lts show that th is  greatly af
fects the hydration and swelling abi
l i t y  of muscle from the f i r s t  to the 
24th hour after slaughter.

Muscles with a large amount of glyco
gen at the time of death and slow 
glycogenolytic rate show a gradual 
decrease in water holding capacity 
(WHC) and swelling ab il ity .  S l igh t ly  
faster glycogenolysis causes a pH 
fa l l  to values ranging from 6.19 to 
5.80 and a reduction of swelling 
a b i l i ty  even at 1 hr, without greatly 
affecting WHC.

When the glycogenolysis i s  very rapid 
pH f a l l s  to values below 5.80, nearly 
a l l  fib res are depleted of glycogen, 
the lact ic  acid content i s  high and 
the swelling a b i l i ty  i s  increased. 
These muscles are PSE (pale, soft, 
exudative) and their characteristics 
do not change very much up to 24hr 
post mortem, except for the high drip 
loss.

In muscles with a smaller store of 
glycogen than normal and slow glyco
genolysis, the ultimate pH presents 
a higher value and the swelling abi
l i t y  i s  high from the f i r s t  to the 
24th hour.

Moreover, the amount of glycogen at 
slaughter time and the glycogeno
ly t ic -g ly co ly t ic  rate seem to balance 
each other and determine intermediate 
degrees of muscle hydration and of 
swelling induced by low sa lt  solu
tion.
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