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Double-stage Batch Fermentation of Beer

I. Theoretical Background
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ABSTRACT

Fermentation models of beer having higher efficiencies with 2 minimum change in convent-

jonal batch fermentation condition have been designed. By diluting the fermenting mass with

one half or one third volume of fresh wort after three days of the conventional batch fermen-

tation and completing the rest of the fermentation in five or four days, about 20 to 30 percent

increase in the fermentation efficiency over the regular 9-day batch beer fermentation is

theoretically feasible.

INTRODUCTION

The previous survey on the condition of the
«conventional batch beer fermentation (1) indicated
that all elemental factors examined ie., ferm-
entation period, heterothermal condition, spon-
taneous agitation, stratification, and foam cover-
ing during the fermentation were responsible on
the formation of flavor compounds in the tradi-
tional beer. In order to avoid undue change in
the flavor characteristics the above factors were
kept unchanged and some new ways of fermenta-
tion having higher efficiencies compared to the
conventional batch process have been proposed.

As it was described in the previous report (1)
the yeast population in the commercial batch
fermentor reaches to the peak in about three
days after pitching. The wort temperature which

was initially 10°C also reaches to the maximum

of 14°C at this stage. Because of the high yeast
population together with the high temperature,
the fermentation speed at this point is the
highest over the entire fermentation period. Since
the wort is well circulated by the rising movement
of carbon dioxide bubbles at the third day of the
fermentation, we may transfer the wort easily
without distroying the stratification pattern of
the normal batch fermentation. In the present
designs this efficient stage of fermentation was
emphasized and tried to extend substantially by
replacing certain portions of the fermenting mass
with fresh wort after three days of regular batch

fermentation.

Fermentation models and their
efficiencies

Single-stage batch fermentations : The conven-

tional batch method with a fermentation period



of nine days has been designated as a standard
fermentation of beer in this study. The total
werk for the standard fermentation using a single
fermentor is expressed as 9 tank-days. Should a

fermentation ended up by eight days, a day

would be saved with the total work of 8 tank-
days and thus the efficiency gained by 11%.
Similarly the efficiency gains for shorter fermen-

tations were also calculated and shown in Table 1.

Table 1. Single-stage Batch Fermentation Models* and their Efficiencies.

Period Work

L Work Saved Efficiency Gained

Fermentation (day) (tank-day)  (tank-day) (%

9-day Single 9 9 0 - 0
(standard)

8-day Single 8 8 1 11

7-day Single 7 7 2 22

6-day Single 6 6 3 33
0 1 2 3 4 5 6 7 8 9 S-day Single

8-day Single

7-day Single
6-day Single

Table 2. Double-stage Batch Fermentation Models and their Efficiencies.
One half volume of fermenting mass is replaced with the same
volume of fresh wort after three days of the Iinitial stage

fermentation.
. o 7;7»;eriod Work Work Saved Efficiency Gained
Fermentation (day) (tank-day) (tank-day) (%)
9-day Single 9 18(9X2) 0 0
(standard, 2 sets)*
Double-stage
1st stage ond stage
3 days + 6 days 9 15(3X1+6X2) 3 17
(1 set) (2 sets)
4 5 days 8 13(3X1+5X2) 5 28
(2 sets)
" 4 days 7 11(3X1+4X2) 7 39
(2 sets)
" 3 days 6 9(3X1+3%X2) 9 50
(2 sets)
8 9

¢-day Single-stage
i i (2 sets)

{ l |

Double-stage
| | (started with 1 set,

5 6 ended with 2 sets)



Double-stage batch fermentation replacing 1/2
volume with fresh wort: Table 2 shows some
models of increasing efficiency with minimal
changes in fermentation conditions. Fermentation
starts in a batch as usual. After three days the
fermenting mass is diluted with the same amount
of fresh wort making two batches and fermentat-
ion continues. A 17% gain in efficiency is theore-
tically possible by this method without changing
the total fermentation period of nine days. If one
day could save in the second stage having the
total period of 8 days the efficiency gain will be
289%. Further cuts in the second stage having
399% and 509% efficiency gains,

to be of little practical value.

however, seem

Double-stage batch fermentation replacing 1/3
volume with fresh wort: The principle for the
models in Table 3 is also the same as above,
except that the dilution ratio of fermenting wort

to fresh one is 2 to 1. Because of the less portion

for the fresh wort, it may be possible to shorten
a couple of days from the second stage expecting
339% of efficiency gain.

The theoretical efficiency gains in the foregoing
models are summarized and compared in Figure
1. By simply adopting the doublestage fermenta-
tion concept without reducing the 9-day period,
one may expect 11% (—A—) or 17% (—@—)
gain in fermentation efficiency which are equiva-
lent to the 8-day or 7. 5-day single-stage fermenta
tion (—(O—) respectively. One day reduction
from the second stage pericd may be possible
with efficiency gains of 22% (—A~—) and 28%
(—@—) which are equivalent to that of the 7-
day or 6.5-day single-stage fermentation (—(O—),
In the case of the double-stage fermentation
with a less portion of fresh wort (—A—) evén
two days reduction from the secondstage expect-
ing a 33% efficiency gain may be worth-while to
try.

Table 3. Double-stage Batch Fermentation Models and their Efficiencies.
One third volume of fermenting mass is replaced with the same
volume of fresh wort after three days of -the initial stage

fermentation.
. Period Work Work Saved Efficiency Gained
Fermentation (day) (tank-day) (tank-day) (%)
9-day Single 9 27(9%3) 0 0
(standard, 3 sets)*
Double-stage
1st stage ond stage
3 days + 6 days 9 24(3X246X3) 3 11
(2 sets) (3 sets)
4 5 days 8 21(3X2+5x3) 6 22
(3 sets)
4 4 days 7 18(3X2+4X3) 9 33
(3 sets)
" 3 days 6 15(3X2+43X3) 12 45
(3 sets)
.
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Fig. 1. Comparison of Efficiencies between Fer-

mentation Models of Single-stage and
Double-stage Batch Fermentations.

DISCUSSION

For the bottom fermentation of beer, a wide
range of fermentation periods are adopted in
different countries. It has been reported that in
Denmark (2) it is usual to ferment for 8 days at
9—10°C. In Western Germany (3) the time of
fermentation may range from 5 to 14 days and
the temperature 5—9°C. American practice is to
ferment for 6 to 9 days at temperatures rising
from 10—13°C but beeing reduced to as low as
5°C before the completion(4).

The standard fermentation peried of 9 days in
the present study is based on the regular opera-

tion time of a commercial brewery which belongs

to the category of the above American style as
was described in the previous report (1). It may
not be very difficult to shorten a day from the
9-day fermentation period, but to reduce two or
three days without changing the product quality
would be almost impossible for this particular
beer. However, if we apply the present double-
stage batch fermentation principle we may expect
to obtain efficiency gains equivalent to the 7-day
or 6-day single-stage batch fermentation with
minimum change in beer quality, because the
total fermentation period for the double-sgtae
fermentation is longer than that for the single-
stage batch fermentation to get the same fer-
mentation efficiency. A confirmation study for

the possibility will be followed.
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