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Development of an electrochemical workstation for
monitoring the fermentation of beer
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An instrument with electrochemical sensors for measuring oxygen, carbon dioxide and glucose is
described. The instrument has been used to monitor the variation of the three analytes in the fermen-
tation of beer both in the laboratory and in a 1700 dm?> vessel in a pilot plant. Typical results are
presented. The control of oxygen levels at the start of the process is important. The concentration
of glucose passes through a maximum. The time to this maximum and the initial rate of CO,

production provide early indicators of yeast vitality.

1. Introduction

In the previous two papers [1, 2] the development of a
novel titration electrode to measure CO, was
described. In this paper the use of the CO, elec-
trode, together with a conventional oxygen electrode
[3] and a glucose enzyme electrode to measure online
and in real time the variation of the concentration
of these three analytes during the brewing of beer, is
described. The new instrument has been used both
in the laboratory and on a 1700 litre pilot plant fer-
menter at the Whitbread Technical Centre.

2. Experimental details

The construction of the CO, electrode has been
described previously [2]. The membrane for dissolved
CO, measurements in the 0 to 0.25atm range was
12.5um PTFE. The complete sequence for a CO,
measurement was:

(i) Pump fresh electrolyte (1 mol dm™ NaClO,/
0.1 moldm ™ NaCl) for 30s.

(ii) Generate OH™ with a current of —15uA for
ty = 100s.

(iii) Switch from CO, free water to sample.

(iv) Monitor E and measure time, ¢ to endpoint
found as a point of inflexion.

(v) Calculate [CO,] from t,/t; and calibration con-
stant.

(vi) Wash cell with CO, free water.

The oxygen electrode was a conventional Clark
electrode [3] made of platinum with a 12.5 um PTFE
membrane supplied by Goodfellows Ltd. The
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electrode was held at —700 mV with respect to a Ag/
AgCl reference electrode. The background electrolyte
was a phosphate buffer (pH = 7.4) with 0.10 mol dm™>
NaCl. The glucose electrode has been described pre-
viously [4]; the electrode material was the conducting
organic salt NMPTCNQ where NMP" and TCNQ
are as follows:

NMP+ TCNQ
Ni@ NC CN
ﬁ/ NC: ; :CN

CH,

The emzyme was glucose oxidase (E.C.1.1.3.4)
supplied by Bohringer Mannheim Ltd and was used
without further purification. The membrane was
made of cellulose acetate, Spectra/Por 2 supplied by
Pierce Warriner Ltd. The electrode was held at
+50mV with respect to a Ag/AgCl reference
electrode. The electrolyte was the same as that used
in the oxygen electrode. All other chemicals were of
AnalaR grade.

At the start of this work the electrodes were con-
trolled by the same instrumentation as that used in
the development of the CO, electrode [2]. During
the course of this work a new module, shown in Fig.
1, was developed. The electrochemical sensor, flow
cell and peristaltic pumps are mounted on the front
panel of each module. This gives a robust arrange-
ment and minimises the distance between the sensor
and the electronics, thereby reducing the pick up of
noise in an industrial environment. The peristaltic
pump heads were made by Pharmacia and each
head was driven by electric motors supplied by RS
Components Ltd. Switching between the test and
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calibration solutions was achieved using solenoid
valves manufactured by Biochem Valve Corpor-
ation. Each analyte has its own module. Each
module is connected in series and controlled
through a Master Control Unit. Each module can
store its own data and can be downloaded to a
host microcomputer when desired. One Master
Control Unit can govern up to eight modules.
In the pilot plant all the modules, the Master
Control Unit and the host microcomputer are
housed in a Tecnopac Universal Case supplied by
Schroff.

Beer was brewed in three different rigs. First, a
1dm? tall tube fermenter made of glass was used.
Secondly, we used a 30 dm? laboratory fermenter, and
finally, a set of four 1700 dm? vessels in the pilot plant
was used. The sensors were located outside the
fermenter and the fermenting wort was bled at a
flow rate of 0.10mlmin~! through the flow cell to
waste.

For oxygen measurements the electrode was
exposed directly to the fermenting wort. For glucose
measurements the wort sample was diluted by a

Fig. 1. Diagram of the electrochemical workstation.

factor of 10 with a solution containing 0.1 mol dm™
NaCl and phosphate buffer at a pH of 7.4. This
brought the glucose concentration to within the
linear working range of the electrode (0 to
10mmoldm ) and the optimum working pH. The
beer and diluent were mixed continuously in the
electrochemical cell using a magnetic stirrer. For
CO, measurements the electrode was only exposed
to the wort during the titration phase. At all
other times wort was replaced with air saturated
water. No serious problems with contamination
were experienced using these procedures. The wort
and yeast for brewing were supplied by Whitbread.

3. Results and discussion
3.1. Oxygen electrode

Brewers yeast requires oxygen in the initial part of the
fermentation for the production of unsaturated lipids
and sterols [5]. These are important constituents for
the yeast cell membrane without which yeast growth
is severely restricted.
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Figure 2 shows typical results from the oxygen
electrode for dissolved oxygen in wort. These results
were obtained in the pilot plant. At point A the oxy-
gen concentration is low. At point 8 yeast is intro-
duced into the wort and the yeast rapidly consumes
the available oxygen. Between points C and D oxy-
gen is blown (sparged) through the wort. There is a
specification for the initial oxygen content for each
type of beer fermentation. Hence monitoring the
oxygen level at this stage is important. At point E
the oxygen is fully consumed leading to anaerobic
conditions for the rest of the fermentation.

When the oxygen sensor was first used in the pilot
plant it was found that for one vessel the oxygen
levels appeared to be half of the value required.
This problem was eventually traced to the sparge
ring that had become partially biocked. After
cleaning the ring the proper levels of oxygen were
attained.

3.2. Glucose Electrode

A major source of energy for yeast propagation comes
from the carbohydrates present in wort. Typical
values for their proportions are glucose 14%, sucrose
6%, maltose 59% and maltotriose 20%.

Figure 3 shows typical results for the variation in
glucose concentration obtained from the 30 litre
laboratory fermenter. The glucose concentration
passes through a maximum. This is because the yeast
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Fig. 2. Typical results for the variation of the concentration of
oxygen in beer fermentation in the pilot plant.
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Fig. 3. Typical results for the variation of the concentration of
glucose in beer fermentation in a 30 dm? laboratory fermentor.

starts by converting sucrose to glucose and fructose.
Beyond the maximum the sucrose level has fallen so
that now there is a net consumption of glucose.

3.3. CO, electrode

Previous work on the CO, sensor measured CO, in
the gas phase [2]. The calibration plot in Fig. 4 shows
that the sensor can also measure CO, in an aqueous
phase. CO, production in beer fermentation can
take place under aerobic conditions by the partial oxi-
dation of glucose:

C6H1206 _— 2C2H50H + 2C02

Figure 5 shows typical results for the release of CO,
for two different yeasts. The older yeast is less active.
Such variation in yeast vitality means that the time for
the same fermentation may vary, for instance,
between two and four days. In managing a plant it
is helpful to be able to predict the time the fermenta-
tion will take. The initial rates of CO, production
and O, uptake and the time to the glucose maximum
should provide an early indication of yeast vitality
and fermentation performance leading to better con-
trol of the plant and of the fermentation process.
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Fig. 4. Calibration plot for the measurement of CO, from an iy 5 Typical results for the variation of the concentration of

aqueous solution: #, is the time for generation of OH™ and % is  4/hon dioxide in an ale fermentation in the tall tube fermentor.
the time for the titration of OH™ by CO, diffusing across the (A) Fresh yeast and (O) 15 day old yeast
membrane. ’
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