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Enzymatic Chillproofing and Beer Foam Stability

Part 1. Foam Deterioration during Manufacturing Processes
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Abstract

An excellent foam stability in the freshly fermented green beer of a commercial brewery was found to

‘be destroyed substantially by the time it was finished. A further survey proved that the processes of

aging and pasteurization accompanied by enzymatic chillproofing were responsible for the foam deterio-

ration.

Introduction

A good, creamy and lasting head of foam that
develops as the glass is filled is considered one of
the properties of beer appreciated by many cons-
umers. Brewers therefore wish to maintain or

improve the foam characteristic of their beers.

Many investigations have been carried out to de-

termine the factors influencing head retention,
According to Curtis et al., ™ among the various
steps of processes, the largest loss of head reten-
tion oceurs during fermentation. Thomption et al.

think this is due to the loss of foam-stabili-

zing factors into the foam and to the fermation
of ethanol, higher alcohols, and other negative
foam factors. The use of cereal adjuncts at mas-
hing improves foam stability. The maximum foam
is obtained from a grist containing 25% wheat
flour and 75% malt but similar improvements can
be found using flaked barley.® Hop boiling also
improves head retention but too prolonged boiling
may cause coagulation of the foam-stabilzing
proteins.

Despite these findings, relatively little infor-
moiatn is available for the factors involved in the
processes following the fermentation. Using a

newly developed foam evaluation method each



steps of post-fermentation processes have been

analyzed in view of the foam stability.
Materials and Methods

Sample beers were taken from various stages on
the production line of a commercial brewery. A
flow diagram for the beer manufacturing processes
following the ffrmgntati(m step is summarized in
Figure 1.. About 30 ppm of papain of several co-
mmercial blands have been used as chillproofing
agents along with certain amount of foam-stabil-
izing majterials in this plant. The foam stability
of the beer is expressed with the slope of the
foam decay curve obtained through the following

procedures originally developed by Hoffmann. ®
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Fig. 1. Flow Diagram of Beer Manufacturing
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Processes after Fermentation.
numericals indicate spots
beer samples were obtained. For the
sample number 6, five bottles of the
same product beer were collected from

five different retail stores and blended.

About 500 m! of sample beer in a beaker is de-
gassed by pouring into another beaker and then
back to the original beaker repeating 30 times.
After cooling to 5°C. the beer is poured to a
1000ml graduated cylinder to thet 200 m! mark
(Fig. 2).
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Fig. 2. Foam Measuring Device. Beer is forced
to foam by buffling nitrogen gas and then
the changes of foam volume (V) and
liquid volume (V,) against time are re-

corded. (A): Before nitrogen gas is bu-
flled. (B): After buffled.

Nitrogen gas is then bubbled into the beer
through a fritted glass disc at 1000ml per minute
rate. The foaming is stopped when the level rea-
ches the 700m/ mark in the cylinder. The foam
volume and liquid volume are then read at one
minute intervals for the first ten minutes, and.
then at five minutes intervals for an additional
40 minutes or until the foam has completely col-
lapsed. All assays were done in duplicate and the
values reported are averages. The foam decay
curve is obtained by plotting the ratio-volume of
foam divided by volume of liquid-versus time on
semi-log paper. The stability of a foam is inver-
sely proportional to the slope of the curve.

For the experimental aging 15 liters of green
beer was taken from the plant immediately after
the primary filtration in a 20-liter aluminum tank.
A commercial bland of double-strength liquid pa-
pain was added at the level of 30 ppm which is.



equivalent to the routin operationof the brewery.
The beer was then aged at 0°C. for 22 days un-
der the C0, atmosphere. Pasteurization at 60°C.
for 20 minutes was followed after the beer was
bottled. The same procedures were applied for
the control beer in which the chillproofer was
not added.

Results

The foam decay curves obtained from the fresh

green beer and the finished beer are shown in

Figure 3. The slope of the finished beer is much

fresh Green Beer (Green) and Finished
Beer (Finished).

steeper than the green beer indicating that the
foam stability of the finished beer is much infer-
ior than the fresh one. The fact suggests that
some, if not all, steps of the manufacturing pro-
cesses after the fermentation should be responsi-
ble for the foam deterioration. Sample beers were
withdrawn from various spots on the production
line as shown in Figure 1 and foam decay curves
were obtained from each sample. As it is clear
in Figure 4 a major part of the foam deterioration

takes place during the process of aging. Pasteur-

ization after the aging is also responsible to reach
the lowest level of foam stability and no further

decrease is detected after the pasteurization. It is

Fig. 4. Effect of Post-Fermentation Manufactu-r
ing Processes on Beer Foam Stability.
For numericals, see Fig. 3.
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Fig. 5. Effect of Papain on the Foam Deterio-
ration during Aging and Pasteurization.
15 Green beer, 2; Beer aged for 22 days
at 0°C without papain and then pasteur-
ized 3; 30ppm papain added and aged
for 22 days at 0°C and then pasteurized.



noticeable that a significant reduction of foam st-
ability can be observed imediately after the add-
ition of papain as a chillproofer whereas processes
of centrifuge and filiration have no effect on the
beer foam quality. In order to confirm the invol-
vement of enzyme on the foam deterioration phe-
nomenon, green beer was aged without papain for
22 days at 0°C. followed by pasteurization, and
its foam stability was compared to the beer aged
with papain (Fig. 5). Obviously both processes
of aging and pasteurization themselves have no
adverse effect on the beer foam stability unless

the enzymatic chill proofer is participated.

Discussion

A numerous methods have been developed to
measure foam quality in beer. Among them the
‘methods commonly employed at present are; the
Helm or Carlsberg method®, the Blom or
Tubor method®, modifications of these methods
by Laufer and Schwarz® and Laufer and Zilio
tto®, and the Ross and Clark general foam
method® as applied to studies on beer by Gray
and Stone®®.

dicates that there is considérable difficulty in obt-

However, general experience in-

aining reproducible results. The difficulty, howe-
ver, has been substantially reduced by using the
foam decay curves in the present report. Through
the curves we can read the whole pattern of foam
‘behavior, which is the key advantage for this
method, from the time when the foam is artifi-
cially created until it is collapsed. Because of the
nature of non-lineality in the foam decaying pat
tern, it is rather difficult to judge the foam qual-
ity by certain foam volume or collapse rate recor-
‘ded at any particular stage of the foam decaying
process.

Proteolytic enzymes have been universally em-
ployed as a chillproofing agent since the time of
Leo Wallerstein’s invention in 191199, The
principle involves the hydrolysis of the complex
proteinaceous material in beer which is responsi-
‘ble for the formation of haze. Early studies also

established that protein constituents of high mol-

ecular weight are needed for head retention®*~
1% Since the enzymes of chill-prrofing are not
selective for the chill-haze protein, it is natural
to assume that the improved colloidal stab-
ility imparted by enzymatic proteolysis iS acec-
ompanied by a decrease in *foam stability. The
fact has been clearly demoenstrated in the present
survey in which both aging with papain and pas-
teurization afterwards are proved to be responsible
for the drastic destruction of foam stability in the
beer. vAlthough the low temperature of aging may
not be favorable for the proteolytic activity of
papain, the long period of contact time together
with the relatively high concentration of the en-
zyme would allow the hydrolysis of the protein
components responsible. for the head retention.
The rest of the protein hydrolysis seems to be
completed during the pasteurization under more
favorable temperature (Fig. 4). At any rate the
brewing industry should  not insist chillproofing
if it is at the expense of foam quality because
consumers appreciate good head retention beer as

much as the brilliant clear one.
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