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In fact, an abnormally rapid pH-fall, while muscle temperature is still high, 
results in denaturation of soluble and structural proteins. The ultimate 
result is the condition known as pale, soft, exudative (PSE) pork, which is 
still the major quality problem in pork.

There is no doubt that the genetics of the animal, as determined by halothane 
phenotype (Eikelenboom and Minkema, 1974), as well as preslaughter handling, 
are major factors which determine the occurrence of PSE. Thus, efforts to improve 
meat quality should primarily be directed to the breeding of stress resistant 
animals and to adequate loading, transport, lairage and stunning procedures.

However, I think that in general we may also improve meat quality in swine if we 
lower carcass temperature more rapidly. In an experiment (Eikelenboom et al., 
data to be published) we kept muscle specimens, excised after debleeding, at 
temperatures varying from 25 - 42.5 °C for the first 2 hrs post mortem. Total 
driploss during the first 3 days p.m. in these samples ranged from 4.7 to 14.2%. 
Samples kept at higher temperatures showed characteristics similar to PSE. 
Lowering carcass temperature more rapidly, would mean in practice shorter 
slaugherl ines, in which the carcasses are opened as soon as possible and 
rapidly conveyed to the chillers, with preferably a high initial chilling 
rate.

James et al. (1983) studied the effect of ultra rapid chilling of pork. Carcasses 
and sides were chilled for 4 hrs at -30 °C and 1 m/sec air velocity, in compa­
rison with chilling in air at 0 °C and 0.5 m/sec. Rapidly chilled loins were 
slightly darker and less saturated in colour with lower FOP-values, than con­
ventional chilled loins. They found that there were no important differences in 
carcass appearance and the pork could be cut and packed immediately after ultra 
rapid chilling. It was demonstrated that freezing should be indeed avoided, 
since it produced a considerable increase in drip. However, a toughening effect 
of ultra rapid chilling was also observed in this study, which was probably due 
to cold shortening. The authors stated that the commercial significance of this 
finding was not clear.

Electrical stimulation

In the early seventies New Zealand research has looked into the effect of 
electrical stimulation (ES) on meat quality, as a means to overcome cold-short­
ening in lamb carcasses that were chilled or frozen in the prerigor state 
(Chrystall and Hagyard, 1976; Davey et al., 1976). The ES process has been 
implemented fairly quick in New Zealand. Research on electrical stimulation in 
beef (Saveli et al., 1978) resulted in the installment of the first commercial 
equipment in 1978 in Texas. It seems that the improvement of carcass quality 
grade and the avoidance of the so-called heat ring, rather than the improvement 
of tenderness is responsible for the early adoptation of ES in commercial 
practice in the US. Why is the application of ES in Europe, with the exception 
of Norway and Sweden, still very limited? Is it because our meat industry does 
not get complaints about the tenderness of their meat, which they attribute 
to the occurrence of cold toughening? Is it because there is no benefit from 
ES with grading, because carcasses are nog graded here on cross-section of the 
longissimus at 24 hrs post mortem, as they are in the US?

As reviewed by Saveli (1982) there is a considerable amount of literature on the 
beneficial effects of electrical stimulation: the improvement of colour, tender­
ness and even palatibility aspects (s.a. flavour).

The prevention of cold shortening through electrical stimulation iswel 1 accepted. 
But do we still have an effect on tenderness, if cold shortening conditions are 
supposed to be absent, either by ambient conditions or anatomical location of 
the muscle? In other words, does a tenderizing effect per se exist? Several 
authors respond positive to this question and a number of mechanisms has been 
suggested to be responsible for this effect, such as fysical disruption of muscle 
fibres (Saveli et al., 1978). lysosomal damage resulting in release of proteo­
lytic enzymes (Dutson et al., 1978) and an accelerated ageing process. Whatever 
the case, an improvement of tenderness can be achieved through electrical stimu­
lation.

Once the decision is made to install ES equipment, there is a variety of stimu­
lation systems available (West, 1982). We do have high voltage systems, in which 
ES is usually performed after evisceration or splitting of the carcass, and low 
voltage systems, which are usually used in the bleeding area. High voltage (auto­
matic) systems allow a high volume throughput, but require also extensive safety 
measures. With low voltage systems, the electrodes are usually fixed to the 
nostrils and earth (rail). In Holland, we obtain quite satisfactory results with 
the automatic stimulation system we designed for use immediately after debleeding 
in veal.

With low voltage and particularly with extra low voltage systems, which are used 
in Australia (Powell et al., 1983), there is the danger of understimulation if 
the shackle, hook or rail are not well cleaned. There exists in my opinion also 
the danger of overstimulation. Beef is usually rarely affected by conditions 
resembling PSE in pork, because of its relatively low pH-drop. Yet, there is 
evidence that also in unstimulated beef, part of the variation in colour and 
WHC is associated with post mortem pH and temperature profiles in the muscle 
(Hunt and Hedrick, 1977). If a very rapid pH-decline is induced through elec­
trical stimulation, this association might become more strict. In fact, in some 
of our experiments on electrostimulation we found evidence for a decreased pro­
tein solubility (Eikelenboom and Smulders, 1982) in stimulated meat, together 
with an increased drip loss during vacuum storage. In general, however, litera­
ture is rather conflicting as to the effect of ES on water retention (HSnikel, 
1983).

In practice how do we monitor the effectiveness of the electrical stimulation 
process? If we use (in spite of their limitations) pH-measurements, what rate 
of pH-fall should we aim at? Or should we use tenderness measurements, according 
to the method developed by Powell et al.(1983)?

A conditioning period prior to chilling was the previous treatment for avoiding 
cold shortening. Although this has been replaced by electrical stimulation, the 
New Zealand work has demonstrated that even in electrical stimulated lamb 
tenderness is improved by delayed chilling or (accelerated) conditioning 
(Chrystall and Devine, 1982). In Europe today the technique of conditioning meat 
is particularly used for pre-rigor excised muscle, to avoid excessive muscle con­
traction and a corresponding negative effect on meat tenderness. Allowing rigor 
to develop at temperatures around 15 °C, both heat and cold shortening are avoided.

Hot boning

There is an increasing interest in hot boning (HB) or hot processing. The poten­
tial economic advantages of HB and immediately vacuum packaging of primal cuts 
are strong: a higher yield, more saleble meat, lower refrigeration costs, lower 
labor costs etc.
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An improvement of meat quality because of less drip in the vacuum package after 
longer storage periods and a more uniform colour as a result of a more even 
cooling of the HB joints, has been shown (Cuthbertson, 1982; Taylor, 1983). With 
regard to the effect of tenderness, cold shortening may occur if the ambient 
temperature for the vacuum packed meat is not carefully controlled. Although a 
preceeding electrical stimulation of the intact carcass will considerably 
diminish this risk, we found that it is certainly not fully disappeared (Smulders 
et al., 1984). There is also some evidence that electrical stimulation may mini­
mize the beneficial effects of HB on colour (Taylor et al., 1980). There are, 
clearly, certain potential disadvantages of the HB technique s.a. the require­
ment of a more strict hygiene control, the desirability of on rail boning, the 
unconventional shape of cuts, the synchronisation of slaughter and boning lines, 
trade resistance at retail level, etc. (Cuthbertson, 1982). Such factors make 
it difficult to introduce the technique in existing plants, which are now 
gradually moving to the vacuum packaging of cold boned cuts.

Closing remarks

In many beef plants in Europe, there is a great variety as to breed, sex and age 
in the beef presented for slaughter and, as a result, the further processing is 
also variable. Specialisation is probably a requirement for a succesful intro­
duction of new technology. Fortunately, we do have some good examples here in 
Europe.

By hot processing of the lower valued carcasses and carcass parts and the sub­
sequent manufacturing of comminuted meat products, the eating quality of such 
products might be largely controlled. However, if we want to control and im­
prove also the quality of fresh meat with new post-slaughter technology s.a. 
electrical stimulation, hot boning and vacuum packaging, we need to put suffi­
cient emphasis to their interactions with the animal production system. Only with 
an integrated approach throughout the chain we may achieve optimum results and 
products with a good and uniform quality, to the ultimate benefit of the 
consumer.
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