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Trials on the impact of flash pasteurization on beer quality showed that higher pasteurization
temperatures with shorter holding times are favourable for beer quality. However, the killing
effect in the temperature range up to 90°C has not been elucidated so far. Pasteurization
temperatures of 50° 60° 72°; 84° and 90°C and pasteurization units of 0; 15; 80 and 500 PU were
used. The associated residence times were calculated according to Del Vecchio et al.’s formula.
The experiments with beer-relevant yeasts and bacteria showed that Saccharomyces yeasts are
much easier to inactivate than Lactobacilli and Pediococci. Furthermore, it can be stated that
the commonly used PU calculation according to Del Vecchio reflects the actual killing
characteristics in the temperature range from 60° to 72°C quite precisely. Although flash
pasteurization with low PU figures at temperatures higher than 72°C and with very high
amounts of bacteria may be insufficient, because the real inactivation effect is lower than
indicated, there is no need to increase the PU load when changing to higher pasteurization

temperatures and shorter holding times in practical application.
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INTRODUCTION

Extensive trials on the impact of flash pasteurization on
beer quality showed that higher pasteurization
temperatures and associated shorter holding times are
favourable both for beer quality and flavour stability!.
Although the Pasteurization Unit (PU) represents by
definition primarily a measure for the inactivation of
micro-organisms, it is still common practice in breweries
to judge the anticipated quality damage from flash
pasteurization by the number of PU applied.

As the killing kinetics of micro-organisms are the basis
for the calculation of pasteurization units, different
combinations of temperature and time with identical
amounts of PU will theoretically always lead to the
same killing rate. As could be demonstrated during
previous studies, the impact of flash pasteurization on
beer quality differs strongly when the same number of
PU is effected with different combinations of
temperature and time. The prediction of beer flavour
deterioration due to thermal stress cannot only rely on
one sole parameter like the number of PU. Instead, the
influencing factors are manifold. Among the most

*Paper presented by C. Zufall at the EBC Brewing Science Group meeting in
Edinburgh on September 8th, 1998.

important besides beer composition are holding time,
pasteurization temperature and oxygen content of beer.
The frequently heard opinion that temperatures above
75°C will always lead to a product damage has been
disproven. It even turned out, that in the range around
15 PU a temperature of 72°C was most favourable, while
for 80 or 500 PU’s, temperatures over 80°C lead to better
quality preservation, because the holding times are
decisively shorter.

It is now clear that the pasteurization unit is certainly
not a good descriptor of product damage by thermal
stress. The object of this work was to elucidate whether
the biological impact of different flash pasteurization
procedures can be compared by PU calculations over the
temperature interval from 50 to 90°C.

The unsatisfactory situation for breweries is that the
content of living cells in beer may from time to time
exceed the desired “zero” decisively, although the beer
is always undergoing the same flash pasteurization
scheme. Of course the theoretical killing effect is
constant when holding time and temperature remain the
same, but the number of micro-organisms in pasteurized
beer depends, among other factors, on the number of
cells before treatment. To cope with very high cell
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densities, a higher number of PU may be necessary to
guarantee biological product safety. It is common
practice to pasteurize certain products more strongly
than regular beer. Recovered beer from yeast, diluted
beer from the process and beer returned to the brewery
are some examples. Even during normal production,
higher cell concentrations are not unknown. These occur
in “shocks”, ¢. g. when changing from once lagering tank
to another during filtration. During the last few decades,
endeavours to reduce thermal stress in order to enhance
beer quality have led to a decisive reduction in the
number of PU. This of course may represent a biological
risk which should not be underestimated.

MATERIALS AND METHODS
Overview of the trials

Analogous to the experiments about the impact on
beer quality, flash pasteurizations were carried out with
15, 80 and 500 PU at temperatures of 50, 60, 72, 84 and
90°C. According to the calculations by Del Vecchio et al 2,
a combination of a PU level with a certain pasteurization
temperature leads to a specific holding time, as can be
seen from Table 1.

TABLE [.  Holding times of the flash pasteurization trials

used in the experiments. The Saccharomyces diastaticus-
yeast from the culture collection turned out to be less
thermoresistant than a wild strain isolated from a keg
where it grew even though a pasteurization with 25 PU
at 68°C had been made prior filling. After verification,
the wild strain was chosen for the experiments.

The organisms used were:

®  Lactobacillus brevis (which is more resistant than
L. delbriickii)

®  Pediococcus damnosus

®  Saccharomyces cerevisiae var. Carlsbergensis
(strain “Rh")

®  Saccharomyces diastaticus (wild strain)

As the flash pasteurization programme had to be the
same as in the trials on beer quality, a large number of
living cells was required. If only a few cells per milliliter
were added, that is, typical brewery concentrations, no
cells would survive at all, rendering an evaluation of the
killing effect impossible. Thus, the standard cell density
was set at 100 to 107/ml, with all four strains being
added simultaneously, making the pasteurization goal
of complete killing even harder to achieve. All micro-
organisms were added shortly after the end of the

PU used 15 80 500
Temperature 50 60 72 84 50 60 72 84 90 60 72 84 90
[°C]

Holding time 413 15 0:17 | 0:0.3 | 2203 80 1:30 0:02 | 0:0.2 500 9:21 0:10 0:01
imin:sec|

Flash pasteurization

The flash pasteurizer used had a nominal flow of 100
litre/h (large pilot-scale) and was of the same design as
flash pasteurizers operating in large breweries. This means
that the results from experiments with this installation
are directly comparable to higher flow rates. By varying
temperature, flow and length of the holding tube, a great
bandwidth of combinations of pasteurization temperature
and holding time was possible.

Killing rate determinations were carried out with
brewery-relevant micro-organisms. The trials were made
with yeast-containing wheat beer from a German brewery.
A cloudy beer was chosen as a “worst-case scenario” because
of the retarding effect of turbidity towards inactivation
of cells. Because cloudy beers are harder to pasteurize, a
more complete killing can be expected in filtered beers
under the same conditions.

Micro-organisms used

According to the philosophy of a “worst-case
scenario”, thermoresistant beer-damaging bacteria and
yeasts were chosen from the VLB culture collection. A
standard bottom-fermenting brewery culture yeast was

logarithmical growth phase during propagation, because
cells in the so-called lag-phase are harder to kill than cells
in the log-phase.

Cell counting was always made both with a
microscope using a Thoma or bacterial cell and with
plate counts. Microscopical counting, where no
differentiation between living and dead cells is possible,
is only used to establish the proper range of cell additions
to the beer, before verifying the actual living cell
concentration via a plate count. The relationship between
microscopical cell counts and actual living cell densities
determined by agar plate counting was established in a
series of pre-trials. All evaluations of the killing effect
required plate counts before and after flash pasteurization.

RESULTS
Calculation of D and Z values

D and Z values are used to describe the thermal killing
behaviour of micro-organisms. These values are specific
for each strain and can be used to compare the biological
impact of different combinations of pasteurization
temperature and holding time leading to the same
number of PU.
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