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|ntroduct ion

The PSE muscles of pigs show a rapid fall in pH after slaughter while the
carcass is still warm and this condition seems to reduce the water holding
capacity (WHC). We have observed that this WHC is very important in the
aging process of dry-cured ham., In fact a very low WHC 24 hours after death
favours the occurrence of defects during aging (Di Antonio, Severini, Vizzani
e Cenci, 1982; Severini, Di Antonio, Vizzani, Cenci e Avellini, 1983). Furthe-
more we noted the existence of a relationship between WHC 1 hour and pH
1 hour after death and also between WHC-1 hr and the pH value found after
1 hr and after 24 hr. However we also found a certain number of cases in
which though the pH-1 hr was low, the WHC-1 hr was greater than that predicted
and the PSE condition was not evident (Severini, Vizzani, Cenci e Bertorotta,
1983). The fall in pH and the drip loss post mortem seem to be the result
of a rapid glycolysis within the first hour after slaughter (Bendall and
Wismer—Pedersen, 1962; Sybesma and Eikelenboom, 1969). A low pH and high tempe
rature cause denaturation of muscle proteins and formation of a large amount
of drip (Bendall and Wismer-Pedersen, 1962). Fischer, Hamm and Honikel (1979)
have studied the changes in solubility and enzymic activity of glycogen
phosphorylase in order to evaluate the denaturation of proteins in PSE muscle.
The phosphorylase activity has also been studied histochemically in order
to identify myofiber populations in PSE muscle (Swat land and Cassens, 1973).

The aim of the present work is to investigate the relationship between the
PSE condition, the pH value and the WHC 1 hr after slaughter; to evaluate
the prevalence of carcasses with PSE or abnormal muscle of pigs slaughtered
for dressed pork products; to examine the relationship between pH-1 hr,
WHC-1 hr and the rate of glycolysis by histochemical (glycogen amount and
phosphorylase activity) and biochemical (lactic acid amount) tests.

Materials and Methods

Two hundred and four (204) carcasses of healthy pigs (male and female, mixed
breed L x LW, live weight 140-160 kg) slaughtered and dressed at the same
slaughterhouse were used in this experiment.

About 60 min after slaughter the pH (pH-1), temperature and water holding
capacity (WHC-1) were carried out on the freshly cut cross-section of Longis-
simus dorsi muscle between the 5th-6th ribs of the right side of the carcass.

The pH-1 was measured at three different locations with a pointed glass electro
de using a pH meter Top Tronic. The temperature was determined using a Top
Tronic electric thermometer. Water holding capacity (WHC) measurement was
carried out according to the filter-paper absorption method of Grau-Hamm
(1957) on a muscle sample of about 0.300 g. The WHC was expressed as ratio
value of meat Film area to fluid area (measured with a planimeter).

A sample weighing about 200 g was also taken from twenty five Llongissimus
dorsi muscles 1 hr after death. A subsample was immediately frozen in liquid
nitrogen and stored at -70°C until sectioned for histochemistry; a second
subsample was frozen and stored at =70°C until extraction with 1.0M perchloric
acid and neutralisation with 2M KOH, pH 10-11; the remainder was placed
in a polyethylene box and stored at about 10°C. Subsamples were taken from
this fresh portion of muscle 120 min after death and frozen as previously
described for histochemical and biochemical tests or used for WHC-2 (2 hours
after death) and pH-2 measurement. The pH-2 (2 hours after death) was determi-
ned with a radiometer pH meter using 10 g of muscle homogenised in 50 ml
of 5mM neutral iodoacetate solution.

To determinate the phosphorylase activity serial sections (1(3’1, myof ibers
transversely cut) were incubated for 20 min at 37°C in different media buffe-
red to pil 5.8 and containing glucose 1 phosphate and glycogen only (medium 1)
or with NaF (medium 2), AMP (medium 3), ATP and MgS0, (medium 4). The control
media were without glucose 1 phosphate. The reaction product was stained
in a weak iodine solution. To determine intrinsic glycogen the serial
sections (10u) were fixed for 5 min in a Gendre solution at 0°C and were
stained with the PAS reaction according to the McManus method (with x and
(3 amylase control). Ali the histochemical tests were carried out according
to the methods of Pierini, Splendiani, Rampichini (1970). The lactic acid
was determined in the extract using the Automatic Clinical Analyser 1 (Du
Pont Instruments U.S.A.). We observed the colour appearance in 145 muscles.

Results

Table 1 shows the distribution of the cases in different groups of pH-1
and the average values of the WHC-1 and of the temperature for each aroup.
We can see that almost 607 of the muscles had a pH-1< 6.0 and that as the
pH-1 value decreases the average value of WHC-1 also decreases. The average
values of the temperature are high for all the pli=1 groups and the temperatu-
res are slightly higher in the groups with the pH-1<5.8.

Table 2 shows the distribution of the cases according to the pll and WIC
observed 1 hour after death. The muscles with pl=1 2 6,2 all have WIC-1

> 1.50 and 97.67 have a WHC=1 > 2,00, The number of muscles with WHC-
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The high standard deviation value is due to the presence of very high WHC values:
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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 myofibers on the cross-section of the muscle and because
of  the histochemical measurement of phosphory lase activity which depends
also on the interpretation given to the colour of the reaction product

(Swatland, 197%). 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 genetic (stress susceptibility of pigs) and environ-
mental factors that cause stress (Monin, Qllivier, Goutefongea and Girard,
19%1), 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
early low WIC, a rapid increase of lactic acid level and an carly decrease
of glycogen content and phosphorylase activity. Fischer, Hamm and Honikel
(1979) showed a diminuition of the solubil ity and activity of glycogen phospho-

rylase in PSE muscles. Cheah, Cheah, Croslar Casey and Webb (198%4) suggest

that the enhanced glycolysis is associated with the elevated sarcoplasmic
calcium levels in PSE meat,

Vhen the rate of glycolysis is high and the amount of alycogen ante mortem
is small the decrease of glycogen content and phosphorylase activity is
rapid, but the muscle does not reach a high acidity as in our atypical case.
It sometimes happens that the glycogen content is very large and that
the glycolysis post mortem starts later than normal as in our second

atypical case which resembles those observed by Swattland and Cassens
(197

On the basis of our findings we believe that the Longissimus dorsi
muscles of pigs with pH-1<5.% and WHC-1 1.50 can be regarded as PSE. The
muscles with pH-1< 6.0 and WHC-1 £ 2,00 can be considered as moderately
PSE. When the identification of Longissimus dorsi PSE muscles is based only
on pl-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 muscles1 hour after death.
This probability is greatly reduced 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 i difficult to define
because it can be 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 fall in pH, the rapid
breakdown of glycogen by the phosphorylase activity, the rapid production
of a large quantity of lactic acid, high temperature and low WHC just 1
hour after death. The critical pH and WHC levels probably vary according
to the breed, sex and the age of the pigs, the breeding, transport and slaugh-

ter conditions and the season. We found the PSE condition in a high 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 < 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 simi lar,
if not identical to these muscles with a clear PSE condition and can be regar-
ded as PSE muscles.

smmary

Two hundred and four Longissimus dorsi muscles of pigs were examined,

19,27 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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