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Muscles w ith  an extremely pole nppenrence a l l  hod a pH-1 -  5.59.
Table 4 shows the d is tr ib u t io n  o f cases according to  MIC ami colour at ^  ^  
observed 1 hour a f te r  death. Die percentage o f  muscles w ith  a <nor ^  „i»1' 
pale appearance increases as the WHC-1 decreases. 87• 5# nW""̂  tl
an extremely pale afjpearance have a WHC-1 -  1.00 ami 14. V- * dppe^ 
-  1.50. The 11.0 percent (16/145) o f the muscles examined fo r  colour ^  ^  
ce have pH-1 -  5.59, M1C-1 -  1.50, an extremely pale appearance 
already have a c le a r PSE cond ition  1 hour a f te r  death.

Introduct i on

The PSE muscles o f  p igs show a rap id  f a l l  in pH a fte r  s laughter wh ile the 
carcass is  s t i l l  warm and th is  cond ition  seems to  reduce the water hold ing 
capacity (W C). We have observed th a t th is  W1C is  very important in the 
aging process o f dry-cured ham. In fa c t a very low WHC 24 hours a f te r  death 
favours the occurrence o f defects during aging (Di Antonio, Sever in i,  Vizzani 
e Cenci, 1982; Severin i, Di Antonio, V izzan i, Cenci e A v e llin i,  1983). Furthe- 
more we noted the existence o f  a re la tio n s h ip  between WHC 1 hour and pH 
1 hour a f te r  death and a lso between WHC-1 h r and the pH value found a fte r  
1 hr and a f te r  24 h r . However we a lso found a c e rta in  number o f cases in 
which though the pH-1 h r was low, the WHC-1 h r was greater than th a t p redicted 
and the PSE cond ition  was not evident (S eve rin i, V izzani, Cenci e B e rto ro tta , 
1983). The f a l l  in pH and the d r ip  loss post mortem seem to  be the re s u lt 
o f a rap id  g ly c o ly s is  w ith in  the f i r s t  hour a f te r  slaughter (Bendall and 
Wismer-Pedersen, 1962; Sybesma and Eikelenboom, 1969). A low pH and high tenpe 
nature cause denaturation o f muscle p ro te ins  and form ation o f  a large amount 
o f  d r ip  (Bendall and Wismer-Pedersen, 1962). fis c h e r, Hamm and Honikel (1979) 
have studied the changes in s o lu b il i t y  and enzymic a c t iv i ty  o f glycogen 
phosphoryIase in order to  evaluate the denataration o f p ro te ins  in PSE muscle. 
The phosphoryIase a c t iv i ty  has a lso been studied h is tochem ica lly  in order 
to  id e n t ify  myofiber populations in PSE muscle (Swatland and Cassens, 1973).

The aim o f the present work is  to  investiga te  the re la tio n s h ip  between the
PSE cond ition , the pH value and the WHC 1 hr a fte r  s laughter; to  evaluate
the prevalence o f carcasses w ith  PSE o r abnormal muscle o f p igs slaughtered
fo r  dressed pork products; to  examine the re la tio n sh ip  between pH-1 h r,
WHC-1 h r and the ra te  o f g ly c o ly s is  by histochemicaI (glycogen amount and 
phosphoryIase a c t iv i ty )  and biochemical ( la c t ic  acid amount) te s ts .

M a te r ia ls  and Methods

Two hundred and four (204) carcasses o f  healthy p igs (male and female, mixed 
breed L x LW, liv e  weight 140-160 kg) slaughtered and dressed at the same 
sIaughterhouse were used in th is  experiment.
About 60 min a fte r  s la u<*te r the pH (pH-1), temperature and water hold ing 
capacity (WHC-1) were ca rrie d  out on the  fre s h ly  cu t cross-section  o f lo n g is - 
simus dorsi muscle between the 5th-6 th  r ib s  o f the r ig h t  side o f the carcass.

_______________________ IM PLf. 1 , i m T—
DISTRIBUTION OF CASES ACCORDING TO pH 1 HOUR AlltKDEATH

T°

40.0 -  0-7

pH n° % WHC-11

*  6.20 41 20.1 6.19 i 4.41*
6.0-6.19 41 20.1 4.10 1 4.05“
5.8-5.99 50 24.5 2.23 - 2.00^
5.6-5.79 43 21.1 2.01 i 0.90

4 5.59 29 14.2 0.94 1 0.40

TOTAL 204

41..1 4 0-f’ 
41.5 ± 0.9

f The high standard deviation value is  due to the presence of vety high PTC values

TABLE D

DISTRIBUTION Of CASES ACCORDING TP pH A*'D WHC 1 HOUR AFTER

6.0-6.19

5.5-5.99

5.6-5.79

^ 5.59

WATER HOLDING CAPACITY
1 .0 1 -1 .5 0  1 .5 1 -2 .0 0  * 2.01

20
9 o.o

25

a i i 5 '

i i 2 ‘

13.2
38

1.71 3 '

9.015

91

* Number o f cases; ** percentage o f the to ta l in  the column; * 
o f  the to ta l in  the l in e .  ||,

A b'l <****'Table 5 shows the d is tr ib u t io n  o f 25 cases (h istochem ica lly and ^  ^ ^  
tested) according to  pH and WHC observed 1 hour a f te r  deat j
w ith  pH-1 *  6.2 had (1 hour a f te r  death) a normal co lour, *  ^,¿19
than or close to  2.00 and an average value o f  59pnol o f •a£rtl

The pH-1 was measured a t three d iffe re n t  locations w ith  a pointed g lass e le c tro  
de using a pH meter Top Tron ic . The temperature was determined using a Top 
Tronic e le c tr ic  thermometer. Water hold ing capacity (WHC) measurement was 
ca rrie d  out according to  the f i lte r -p a p e r  absorption method o f Grau-Hamm 
(1957) on a muscle sanple o f about 0.300 g. The WHC was expressed as r a t io  
value o f meat f i lm  area to  f lu id  area (measured w ith  a p lan im eter).
A sanple weighing about 200 g was a lso taken from twenty f iv e  Longissimus 
dorsi muscles 1 h r a f te r  death. A subsanple was immediately frozen in  liq u id  
n itrogen and stored a t -70°C u n t il sectioned fo r  h is tochem istry ; a second 
subsanple was frozen and stored at -70°C u n t il e x tra c tio n  w ith  1.0M p e rch lo ric  
ac id  and n e u tra lis a tio n  w ith  2M K0H, pH 10-11; the remainder was placed 
in a polyethylene box and stored a t about 10°C. Subsamples were taken from 
th is  fresh po rtio n  o f muscle 120 min a f te r  death and frozen as previously 
described fo r  histochemicaI and biochemical te s ts  or used fo r  WHC-2 (2 hours 
a fte r  death) and pH-2 measurement. The pH-2 (2 hours a f te r  death) was determ i­
ned w ith  a radiometer pH meter using 10 g o f muscle homogenised in 50 ml 
o f  5mM neutra l iodoacetate so lu tio n .
To determinate the phosphoryIase a c t iv i ty  s e ria l sections ( l f y ,  myofibers 
transverse ly c u t) were incubated fo r  20 min a t 37°C in  d iffe re n t  media b u ffe ­
red to  pH 5.8 and conta in ing  glucose 1 phosphate and glycogen only (medium 1) 
or w ith  Naf (medium 2), AMP (medium 3), ATP and MgSÔ  (medium 4 ). The contro l 
media were w ithout glucose 1 phosphate. The reac tion  product was stained 
in a weak iodine so lu tio n . To determine in t r in s ic  glycogen the s e ria l
sections ( l t y )  were f ixe d  fo r  5 min in a Gendre so lu tio n  a t 0°C and were 
stained w ith  the PAS reac tion  according to  the McManus method iw ith  o< and 
Q amylase c o n tro l) .  At i the histochemicaI te s ts  were c a rrie d  out according 
to  the methods o f P ie r in i,  Splendiani, Rampichini (1970). The la c t ic  acid 
was determined in the e x tra c t using the Automatic C lin ic a l Analyser II  (Du 
Pont Instruments H .S .A .). We observed the co lour appearance in 145 muscles.

Results

Table 1 shows the d is tr ib u t io n  o f the cases in d iffe re n t  groups o f pH-1 
and the average values o f the WHC-1 and o f the temperature fo r  each group. 
We can see tha t almost 60% o f  the muscles had a pH-1 < 6 .0  and tha t as the 
pH-1 value decreases the average value o f WIC-1 a lso decreases. The avera»*' 
values o f the tenperature are high fo r  a l l  the pH-1 groups and the temperatu­
res are s l ig h t ly  higher in the groups w ith  the pH-1 -5.8.
Table 2 shows the d is tr ib u t io n  o f the cases according to  the pH and WIC 
observed 1 hour a f te r  death. The muscles w ith  pH-1 -  6 .2 a l l  have WHC-1 
> 1.50 and 97.6# have a WHC-1 v 2.00. The number o f muscles w ith  WHC-1 
4 2.00 or w ith  WHC-1 4 1.50 gradua lly increases as the pH-1 value o f each 
troup decreases. 69.0# o f the muscles w ith  pH-1 6 5.80 have a WHC-1 4 1.00.
Tali I e 3 shows the d is tr ib u t io n  o f cases according to  the pH ami co lour appea­
rance observed 1 hour a f te r  death. The percentage o f muscles w ith  a more 
o r less pule appearance increases as the pH-1 value o f each group decrease*.

fresh tis s u e . A ll the muscles had 50-60% o f myofibers w ith  q u 'te  *  ¡n ^ 6  
t i t y  o f  sta inab le  glycogen. PhosphoryIase a c t iv i ty  was detec ^  Qf  , 
o f myofibe''s mostly located a t the periphery o f  fa s c ic u l i,  j ^  , ft 
myofibers had a blue/greyish-green colour and a few had a s 
co lou r. The presence in the medium o f Naf increased the in*® 
colour s l ig h t ly .  Wien the sections were incubated w ith  AMP ,n a < f^  f 
the co lour in te n s ity  and the number o f p o s itiv e  m yofibers, incre
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lar«)e amount of lactic acid ( lOOpmol/g) similar to the 
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-------------------- table 5
JJ^TR irdtiqv of 25 CASE? ACCORDING TO pH-1 AND WHC-1

WATER HOLDING CAPACITY TOTAL
H? 1.01-1.50 1.51-2.00 ^ 2.01

of
them

the Por(■cent

PH-1 6.0-6.19 Had 
had a HHC-1 > 2.00 and 

Pes^ Usaue (with

normal or moderately pale colour, 
average value of 78pm«>l of lactic 

large range of values) 1 hour after «leat.h.
fLC°*our °  mV o fib e rs  w ith  g lyco g en  and phosphory I a se  a c t i v i t y  and
: nH-l i  tena' t  -

^ er two hOUr ’ 2 thou<jh  th e re

o ^ ep thanl^o theSe m u scles had about tho same a  *MC-2> 2.00 o r  s i  i« * t ly  
vitŷ  range 0f ° ^  f n a v e r j9e v a lu e  o f  l a c t i c  a c id  equal t o  73p nol/g  (w ith

wide r i ab iIi ty between the muscles.

values). The amount, of glycogen and the phosphory I ase acti-
Scle 0f ^°n ^ e  average by about 5 0 -6 0 2  

group had a WHC-1 andvery , thi,

N
0w | .....  -   - — —  - WHC-2 ranging from 1.50 t.o 2.00

^ath, TheVel lactic acid 1 hour (36umol/g) and two hours (42pmo l/g)
°v< 1 j( glycogen content and the phosphory I ase activity were also 

r and 2 hours after slaughter. We believe that this muscle

in muscles with higher pH-1 values. This relationship is quite good but 
not. always easy to evaluate because of the different distribution of the 
various types of myot ibers on the cross-scct. i on of the muscle and because 
•>f the histochemical measurement of phosphoryIase activity which depends 
also o«i the interpretation given t.o the colour of the reaction product 
(>watland, 19/S). The pH—1 therefore seems to be related to the glycogen 
content, in the muscle just before slaughter as well as the rate of glycolysis 
post mortem depending on genet.ic (stress susceptibility of pigs) and environ­
mental factors that cause stress (Monin, Ollivier, Goutefongea and Girard, 
l0'*I I. The presence of a large amount, of glycogen before the slaughter and 
a fast glycolysis post mortem are demonstrated by a rapid fall in pH, an 
e‘,rIy l°w MIC, a rapid increase of lactic ucid level and an early decrease 

of glycogen content and phosphoryIase activity. Fischer, Mann and Honike I 
(1979) showed a diminution of the solubility and activity of glycogen phospho­
ry lose in PSE muscles. Cheah, Cheoh, Crosland, Casey and Webb (1984) suggest 
that the enhanced glycolysis is associated with the elevate«! sarcoplasmic 
calcium levels in P?E meat.
When the rate of glycolysis is high and the amount of glycogen ante mortem
is small the decrease of glycogen content and phosphnryIase activity is
rapid, but the muse I e doe s not reach a high acidity as in our atypical case. 
It sometimes happens that the glyctjgen content is very large and that 
the glycolysis p«>st irortem starts later than normal as in our second

atypical case which resembles those observed by Swattland and Cassens 
(1°73). On the basis of our findings we believe that the Longissimus dorsi 
muscles of pigs with pH-1 - 5.c and WHC-1 * 1.50 can be regarded as PSE. The 
muscles with pH-1 < 6.0 and WHC-1 - 2.00 can be consideretl as rmxlerately 
■ >E. When the i«lent i f icat. ion of Longissimus dorsi PSE muscles is based only 
on pH-1 value we believe that muscles with pH-1 < 5.6 must be regarded as
PSE given the high probability that they have a WHC-1 * 1.50 which seems
to be a critical level for the quality of these muscles 1 hour after death. 
This probability is greatly re«!uced for muscles with a higher pH-1, though 
it is still quite high for muscles with pH-1 <6.0. This probability is almost 
nil for muscles with pH-1 - 6.2.
In conclusion, we believe that the PSE condition is difficult to define 
because it can lie evaluated according to different physical, chemical, bioche­
mical or histochemical tests, e.g. fall in pH, water holding capacity, rate 
of glycolysis, calcium release, colour appearance, etc.. The results of 
experimental and statistical studies can vary according to how we consider 
PSE condition and how we relate It to the stress susceptibility of pigs. 
This could explain the existence of the frequent occurrence of discrepancies. 
On the basis of these considerations we believe that the PSE condition in 
the muscles we examined is characterised by the rapid fa 1 I in pH, the rapid 
breakdown of glycogen by the phosphory I ase activity, the rapid production 
of a large quantity of lactic acid, high temperature and low WHC just 1 
hour after <tenth. The critical pH and MIC levels probably vary according 
to the breed, sex and the age of the pigs, the breeding, transport and slau^i-
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K .̂(i g l y c o l y s i s  2 hou rs a f t e r  d e a th . In t h i s  c a s e  r e l a t i v e l y
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ter conditions and the season. We found the PSE condition in a hi«̂ i percentage 
of muscles with pH-1 * 5.59 and WHC-1 ^ 1.50. However, the characteristics 
of glycolytic metabolism of these muscles were also present in muscles with 
pH C 5.8 and WHC * 1.50 which had a pale appearance. 19.12% of the total 
muscles examined therefore had a glycolytic rate, fall in pH and WHC similar, 
if not identical to these muscles with a clear PSE condition and can lie regar- 
det! as PSF muscles.
Summary

Two hundred and four Longissimus dorsi muscles of pigs were examined.
19.2% showed pH < 5.8, WHC £ 1.50, rapid glycolysis post mortem and pale 
or extremely pale colour appearance 1 hour after death (PSE muscles). A 
high percentage of muscles showed pH-1 hr 5.8-6.19 and quite a variation 
in WHC-1 hr and rate of glycolytic metabolism.
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