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Abstract

Brewer's worts were fermented under five different conditions in each of which one of the

five elemental factors involved in the conventional batch fermentation, i.e., fermentation

period, heterothermal condition, spontaneous agitation, stratification, and foam covering, was

forced to alter remaining other factors unchanged. The resulting beers were analyzed for their

flavor components gas-chromatographycally and all of the five factors were found to be necessary

for the development of the characteristic flavor of traditional beer.

Introduction

For the purpose of increasing the efficiency of
beer fermentation, various trials such as higher
pitch rates (1), higher fermentation temperatures
(2), agitation (3), and continuous processes (4,
5,6,7,8,9,10,11,12) have been practiced by nu-
merous investigators. However, none of the
attempts have been fully successful in reproducing
the characteristic flavor of the traditional beer
(13, 14, 15, 16, 17, 18). The fact suggests a neces-
sity of evaluating various factors involved in the
conventional batch fermentation on the standpoint
of flavor development in the beer before we
attempt to alter the existing fermentation method.
Some of the factors would be essential for the

beer flavor and should be included in the new

method of fermentation, whereas the factors of
less important may be neglected thereafter. The
fermentation condition for the batch beer may be
considered to be composed of many individual
factors such as fermentation period, heterothermal
condition, spontaneous agitation, stratification,
foam covering, etc. Keeping other factors uncha-
nged, each individual factor was altered experim-
entally and its response on the syntheses of flavor

compounds was examined gas-chromatographyca-

1ly.
Materials and Methods

Fermentation In order to relate the experim-
ents closely to the practical fermentation of beer,
one of the 45, 000-liter open batch fermentors in

a commercial brewing plant was selected for this



study. For the normal operation of this plant the
wort pitched with yeast is filled in the fermentor
to about two meters deep and is subjected to
ferment for nine to ten days before the green
beer is transferred to the aging tanks. A part of
beer samples used for this study were taken from
this fermentor. A long plastic tube of 120cm in
length and 5 cm in diameter was also used as a
small fermentor. The details for each particular

fermentation will be given in the result section.

Gas-chromatographic analyses The flavor co-
mponents in the fermenting wort or green beer
were extracted with carbon disulfide and were
submitted to a single quantitative dual-column gas-
chromatographic analysis described by Powell and
Brown (19) with a slight modification in the
temperature programing and attenuation. Fifteen
peaks of alcohols, acids, esters, and unidentified
metabolites were clearly resolved by this method

along with a peak of an internal standard (2-
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Fig. 1. Chromatogram of 9-day Fermented Green Beer. Attenuation Changes for each Peak
are indicated. For identity of peaks, see Table 1.

Table 1. Identity of Peaks in the Chromatogram (Fig. 1), after Powell & Brown (19)

Peak No. 1 Compound i(Peak No. Compound
1 1 Ethyl acetate 9 Ethy) caproate
2 Ethanol 10 Ethyl caprylate and/or Acetic acid
3 Isobutyl acetate 11 B-Phenylethyl acetate and/or Caproic
4 n-Propanol and/or Ethyl butyrate acid (Hexanoic acid)
5 Isobutanol 12 B-Phenylethanol
6 2-Pentanol (internal standard) 13 Caprylic acid
7 Isoamylacetate 14 Unidentified
8 Isoamyl alcohol and/or 2-Methyl 15 Capric acid (Decanoic acid)
butanol 16 Unidentified Cy, acid




pentanol) as shown in Fig. 1. For the internal
standard, 0.20 ml of 2-pentano! was diluted in
100 ml of distilled water, and 1 ml of the solu-
tion was added in the 70 ml of chilled beer
sample before the analysis.

The identity of the peaks was also followed
after Powell and Brown (19) and listed in Table
1. Using the average value of duplicate analyses
the relative peak area (RPA) for each metabolite

was calculated as follows;

RPA— Metabolite peak area
Internal standard (2-pentanol) peak area
X100
Results

Fermentation period The change in the re-
lative concenirations of main metabolites detected
in the fermenting wort against the fermentation

time is shown in Fig. 2. Most of them were
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Fig. 2. Effect of Fermentation Period on the
Formation of Flavor Compounds. Fermenting wort
samples were taken from the plant batch fermenter
once a day during the 10-day period of fermen-
tation and were analyzed gas-chromatographycally.
The numerals indicate peak numbers and for their
identity, see Table 1.

formed to the maximum level within four to five
days with two exceptions; in one case, ethyl
acetate continually increased, and in the other,
one unidentified C,, acid increased rapidly from
the fourth day, reached to the maximum after
eight days, and followed by a slow decrease
thereafter.

Heterothermal condition In the conventional
method of beer production the fermentation
usually starts by filling batch fermentors with the
cool wort in which yeast is pitched. The wort
temperature at this time is around 9°C. As the
fermentation proceeds the metabolic energy of the
yeast raises the wort temperature gradually up to
the maximum of about 14°C. in three or four
days. Then a slight loss of temperature occurs
until the cooling coil turns on, usually at the
eighth day of the fermentation. The cooling
process brings the wort temperature down rapidly
to approximately 2°C. before the fermentation
terminates. The overall change of the temperature

in the plant batch fermentor during the 1(i-day

period of fermentation is given with a solid line

in Fig. 3.
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Fig. 3. The changing Pattern of Fermentation
Temperature in the Plant Batch Fermentor (hetero-
thermal) and the Constant Temperature in the
Experimental Fermentor (isothermal) during the
10-day Period of Fementation.

At the start of the plant fermentation four
plastic tubes of 120 cm high and 5c¢m in diameter
were filled with the yeast pitched wort. Two of
the tubes were remained in the plant fermentor

submerging the wort-filled part into the fermenting



wort so that the temperature in the tube to be
changed with the surrounding plant fermentor
temperature during the whole period of fermention
(heterothermal) as it is shown in Fig. 3. The
other two tubes were placed in a room where the
temperature was controlled at 11. 5°C. (isotherm-
al). Among the 15 metabolites detected in the
those
metabolites which showed significant differences

worts fermented for five and ten days,

between the two types of fermentations were se-

lected and shown graphically in Figs. 4 and 5.
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Fig. 4. Effect of heterothermal Condition on Ester

Formation. -O-;Isothermal, 11. 5°C., -@-;Heterc-

thermal, fermenting wort temperature in a plant
batch fermentor.

Although the mode of influence is dependent on
the kind of metabolite formed, the results suggest
a good possibility of changing the characteristic
flavor of the traditional beer by breaking the
unique pattern of temperature accompanied with
the conventional batch fermentation.
Spontaneous agitation During the course of
conventional batch fermentation, especially in the

early stage, the wort in the fermentor is well

agitated by the upward movement of carbon

dioxide bubbles generated by the actively growing
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Fig. 5. Effect of heterothermal Condition on Acid
Formation. -O-;Isothermal, 11.5°C., ~@-;Hetero-
thermal, fermenting wort temterature in a plant
batch fermentor.

o
o

401 Unidenfified
Cjo Acid

capric
Acid

30 30,
< E
w
o 20 20
Pre
v 10 10~
<
w
o
8]
= Isp 301~
-
<€
— 1o~ 20f~
w
14
5" o1
Phenylethy! Ethyl
Acetate Caproate
1 - L i
S 10 5 10
DAYS

Fig. 6. Effect of Spontaneous Agitation on Acid
and Ester Formation. -@- ; In the plant fermen-
tor (spontaneous agitation), ~(O-: In the tube:
fermentor (spontaneous agitation restricted).



yeast cells. This type of spontaneous agitation
was partially blocked by fermenting the same
wort in the narrow plastic tube suspended in the
plant fermentor as did for the heterothermal
fermentation. The analytical data of this beer
were compared with that of free-moved beer in
the plant fermentor in Fig. 6. The spontaneous
agitation seems to be unfavorable for the syntheses
of capric acid and the unidentified C,, acid,
whereas the formation of phenyl acetate was
favored.

Stratification The spontaneous agitation keeps
the fermenting mass uniform during the early
stage of the batch fermentation. However, as the
substrate in the wort exausts the carbon dioxide
generation ceases and the yeast cells starts to
settle down as it is shown in Fig. 7. Thus the
homogeneity of the wort exists no longer and a
kind of stratification within the fermentor occurs.
In this stage the fermenting body in the fermentor
is sandwitched between the two different phases,
i.e., the air at the top and a settled yeast layer
at the bottom. Thus the suspended yeast cells
near the air and those near the settled yeasts are
subjected to ferment under different environmental

conditions. In order to evaluate this stratification
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Fig. 7. Distribution of Yeast Cells in the Ferme-
ntor during the Plant Batch Fermentation. The
settled yeast was estimated by subtracting the
suspended yeast from the maximum total amount
of yeast which was 6 gram per liter. -O-; Su-
spended yeast, -@- ; Settled yeast
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Fig. 8. Effect of Stratification on Acid and Ester

Formations. -[ - ; Top, ~m&- Middle, -lll- ; Bo-
ttom of the plant fermenter.

factor on the metabolite synthesis, the 5-day and
10-day fermented wort samples were collected
from the bottom(2 m deep), middle(1 m deep),
and the surface of the plant fermentor. Each
sample contained different amounts of capric acid,
caprylic acid, ethyl acetate, and the unidentified
C,, acid(Fig. 8). The difference is more critical
in the 10-day fermented stage when the stratific-
ation was more evident than the 5-day stage.
The fact suggests that the stratification phenome-
non accompanied by the batch fermentation also
has a positive effect on the development of the
beer flavor.

Foam covering During the plant batch fermen-
tation the wort surface is covered by a layer of
foam. The foam starts to accumulate at the top
of the wort a few hours after the pitching and
reaches a maximum thickness of more than 30cm
in three or four days. The height of the foam
layer then reduces gradually until some part of
the liquid surface is exposed to the air just before.

the termination of fermentation. To reproduce



the similar condition, a 120 ¢m ylagtic tube ferm-
entor was filled with the wort to 90cm level
leaving 30 cm for a headspace in which the foam
may accumulate to cover the fermenting mass.
One more tube was completely filled withwort so
that the foam overflowed automatically and the
liquid surface was exposed to the air throughout
the fermentation. Both tubes were suspended in
the plant batch fermentor as usual and fermented
for eight days under the heterothermal condition.
As it is shown in Table. 2, the foam covering
factor also has some significance on the flavor
development. The syntheses of ethyl acetate,
isoamyl acetate, and capric acid appeared to he
favored by the foam covering, whereas the un-

identified C,g acid preferred exposure to the air.

Table 2. Effect of Foam Covering during the

Fermentation on the Formation of
Esters and Acids

Relative Peak Area

Metaboli i

etabolites With Foam  Without Foam
Ethyl acetate 127 87
Isoamyl acetate 145 97
‘Capric acid 23 15
Unidentified C,, acid 22 31

Discussion

Drowert and Tresst (20), reviewing a number
of analytical reports, listed 136 compounds as
flavor components of the lager beer. More comp-
ounds will be added in the list as research proce-
eds. The present chromatogram of 15 peaks,
therefore, may represent only one tenth of the
total feature of the beer flavor. It may not be

logical to guaraniee the flavor of beer with the

.chromatogram having less number of resolution

peaks than the actusl number of flavor compone-

ats. However, one may safely assume a possibility
of flavor defect by observing any significant ch-

.ange appeared on the normal pattern of the chro-

matogram with less number of resolution peaks,

At least four or five peaks among the 15 resolutions
+a the chromotogram were found to be altered sign-

ficantly when any one of the five main fermen-
tation factors had been forced to change experi-
mentally, Therefore, all of the five fermentation
factors tested, i.e., fermentation period, hetero-
thermal condition, spontaneous agitation, stratif-
ication, and foam covering, are logically evaluated
to be essential for the development of the chara-
cteristic flavor of the conventional batch fermented
beer.
In most of the new methods of beer fermenta-
tion which have been tried by many workers,
some or all of the above conditions are
overlooked. In the agitated continuous fermenta-
tion, for example, none of those conditions such
as the stratification, the heterothermal condition,
and the sufficient fermentation period can be ex-
pected, whereas a certain degree of the foam
covering and the spontaneous agitation may be
retained if the agitation is gentle. In the case of
continuous beer fermentation using a tower ferme-
ntor where the mechanical agitation is not applied,
a stratification effect similar to the batch ferme-
ntation may be also expected in addition to that
of the spontaneous agitation and the foam covering
(21,22). This may be one of the reason why the
tower type continuous fermentation is more succ-
essful than the fully agitated homogeneous conti-
nuous fermentation in reproducing the typical
flavor of the batch fermeted beer(17). Although
there remained many other factors related to the
batch beer fermentation to be evaluated, at least
the above five factors should be fully considered
in any modification on the existing method of

fermenting beer.
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