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INTRODUCTION

The Danish authorities require that
prepacked meat products are declared
with a minimum shelf-life. Sliced,
vacuum-packed ham is normally declared
a shelf-life of 4-6 weeks at a maximum
temperature of 50C. Previous studies
determined by laboratory test have
demonstrated a disagreement between the
declared and the actual shelf-life (Bggh-
Sgrensen et al., 1986).

At the Danish Meat Products Laboratory
the shelf-life is tested by organoleptical
testing and by microbiological and chemi-
cal analyses. Such evaluations normally
take 3-5weeks. Both for the meat
producing companies and for the authori-
ties checking the shelf-life, it would be
advantageous if the shelf-life could be
predicted as soon as possible after
production.

The main purpose of this experiment was
to establish a correlation between dif-
ferent microbiological and for chemical
parameters and the organoleptically
evaluated shelf-life of cooked, sliced,
vacuum-packed ham stored at 5°C. It was
investigated whether it could be possible
to establish a mathematical model for
prediction of the shelf-life on the basis of
significant parameters. Similar investiga-
tions have been performed on e.g. chilled
fish by Jgrgensen et al., 1988.

MATERIALS & METHODS
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and within 2 weeks for 8 hams. According
to Bggh-Sgrensen and Qvist, 1987, this
period would probably be halved at a
higher storage temperature, e.g. 10-15°C.
The mean difference between organolep-
tically determined and mathematically
calculated shelf-life was 2.2 days.

Some of the results are presented in the
following illustrations (figures la, b, 1c)
and it is obvious that the figures verify
the model. Comparison of the figures
la and lc shows that the "lag phase"
influence the shelf-life, figures 1b and lc
demonstrate the effect of salt in water,
and figures la and 1b show that both
"lag phase" and salt in water are neces-
sary for prediction of shelf-life.

In this study, the "lag phase" is defined

as days until DEFT total count is
equal to SPT total count. The "lag phase"
expresses the resuscitation phase of

stressed bacteria. It is very important to
emphasize that the resuscitation rate
depends on degree of damage of the
individual bacteria cells, and that it takes
place gradually. In many cases the initial
bacterial counts of heat-treated meat
products determined by manual plating
are <100 cfu/g, but after a few days
it can rise to e.g. | mill. cfu/g. It is
probably a consequence of regeneration of
stressed bacteria, which are present in
large numbers at the time of packaging,
but these bacteria need some time for
resuscitation. A more severe heat-treat-
ment could probably kill most bacteria,
but this would negatively influence the
product quality.
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Figures la, 1b, lc:

ds
Microflora and taste score during chill storage (max. 50C) of cure

sliced, vacuum-packed ham.
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during storage.

Of the chemical parameters only salt in
water affected the shelf-life significant-
ly. Salt (3.4 to 5.0 g/100 g water) did not
affect the growth of lactic acid bacteria,
but some observations indicate that the
metabolic activity of these bacteria were
reduced with increasing concentration of
salt. Therefore, salt in water formed part
of the model.

The initial mean pH was 6.4, whereas the
mean pH at time of rejection was 6.0.
The explanation for the rather constant
pH during storage could be the buffering
substances (polyphosphate) added to the
product. The results are in agreement
with other studies (Silla and Simonsen,
1985), which neither demonstrated any
correlation between the storage life and
the pH of sliced, vacuum-packed meat
products.

Comparison of microbiological methods

The total counts, estimated by DEFT
and SPT respectively, were compared, and
the results are shown in figure 2.
The correlation coefficient was r = 0.94,
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A t-test shows, however, as it may also be
seen from figure 2, that there is not a
good agreement between the two methods
at low counts (beginning of storage) and
at very high counts (after 20 days of
storage).

As mentioned earlier, the DEFT-counts
include both viable and non-viable
bacteria, whereas the SPT-countsinclude
viable bacteria only. Sliced, vacuum-
packed ham is a heat-treated product,
and the majority of the initial microflora
in the raw ham is inactivated by the
heat-treatment. Therefore, at very low
counts, the DEFT-counts are significantly
higher than the SPT-counts (Jakobsen and
Qvist, 1984). Unfortunately, there is no
explanation for the significantly higher
SPT-counts at very high counts. In the
intervening storage period, there is an
agreement between the results of the two
methods.

CONCLUSION

The main conclusion of this experiment is
that a mathematical model based on the
two parameters: Salt in water and
"lag phase" can be used for prediction of
shelf-life of cured, cooked, sliced,
vacuum-packed ham. For the producers,
optimal control of salt addition is of great
importance, and it is recommended that
salt in water content be >4.0. In addition,
good manufacturing practices and a high
quality of raw materials are important,
as this will ensure a relatively longer
"lag phase", and the longer the "lag phase"
is, the longer will the shelf-life of the
product be, especially if salt in water
content is above 4.0.

It has to be pointed out that the model
has only been tried on a limited number of
samples of one kind of meat products, and
therefore further research is needed to
extend the application of the model.
Finally, the application of this model
implies that the meat products must be
kept at the low temperature (max. 5°C)
during storage.

It is of a great importance for develop-
ment and evaluation of microbiology to
prove that microbiological rapid methods
can be used advantageously in connection
with predictive microbiology and also in
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way, it will be possible to us€ o5 ':
biological results during proc® ¥
stead of after the products ar®
may be consumed.
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