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SUMMARY

A fermenter probe was developed based on the immobilisation of glucose
oxidase at an amperometric mediated graphite electrode. The response
characteristics of the probe made it readily applicable to continuous
monitoring of glucose concentration during bakers yeast propagation.

INTRODUCTION

Efficient yeast production requires a regular supply of the main
nutrients, a glucose source and oxygen, throughout the propagation
process. Any discontinuity in the rate of substrate supply can induce
partially fermentative metabolism, the glucose being converted into
ethanol and carbon dioxide at the expense of yeast growth. To avoid
losses in productivity it is desirable to continuously monitor
substrate concentration so that the onset of fermentative metabolism
may be predicted and prevented.

EXPERIMENTAL

Glucose oxidase (EC 1.1.3.4) from Aspergillus niger was obtained from
either Sturge Enzymes (Selby, U.K.)(Glucox PS) or Boehringer Mannheim
GmbH Biochimica (Mannheim, D.)(Grade II). Graphite discs were cut from
1 mm Papyex graphite foil (Le Carbone, U.K.).

Enzyme immobilisation

The enzyme immobilisation procedure used was based on that of Brooks et
al (1987) and was modified as described by Bradley et al (1989). The
procedure is based on the covalent immobilisation of glucose oxidase to
mediated graphite via a Schiff base, followed by cross-linking with
dextran to stabilise the immobilisation. Once immobilised the enzyme
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is stable for at least one month (on storage at 4°C in sodium phosphate
buffer, 0.01 M, pH 7.0) to within the 95% confidence 1limits of the

original response.

Fermenter probe design

The probe was developed based on the earlier design of Brooks et al
(1987) and was modified to allow rapid exchange of enzyme coated discs.
The probe was manufactured from non-conducting, solvent resistant

thermoplastic to improve its compatability with stainless steel
fermentation vessels. The probe is comprised of two parts; an inner
sensing element and an outer housing (Figure 1). The inner sensing
element holds four graphite discs (4.5mm diameter x Imm thickness) on
which the enzyme is immobilised which fit into recesses in the face of
the probe, and a silver/silver chloride reference electrode. The
graphite discs have one convex and one flat surface and are held flat
surface uppermost in close proximity to the polycarbonate membrane
during probe operation by tightly coiled platinum springs. The probe
was assembled by insertion of the inner sensing element into the outer
housing once the polycarbonate membrane was fixed in place. The probe
is designed to permit in situ calibration by means of introduction of
timed glucose pulses in a constant buffer flow.

Response characteristics of the glucose fermenter probe

The response time of the probe is dependent upon the mixing efficiency
of the vessel, with 20-25 second response times observed in 20 1litre
fermentations, 70-75 seconds in a magnetically stirred cell, to 180-240
seconds in 2 1litre fermentations. The 1linear range of the sensor
(0.015-10 mM) may be extended to at least 30 mM, within acceptable
signal to noise ratios, by the introduction of constant internal buffer
flow at 0.2 ml/min. In continuous operation the sensors gave a stable
response for at least 12 hours (within the 95% confidence limits of the
initial response). 1In situ calibration of the probe enables accurate
glucose measurement over a further extended period, and allows
replacement discs to be compared directly with the originals should
replacement of the discs prove necessary. The accuracy of the probe in
comparison to a standard gas chromatographic procedure for glucose
analysis is good with a correlation coefficient of 0.98 (n = 10) which
compares favourably to that obtained using other standard analytical
procedures and a commercially available glucose analyser based on
immobilised glucose oxidase (Bradley et al, 1989). Interference on
probe response from other sugars, aeration, ethanol, pH, temperature
and other inputs to a typical bakers yeast propagation were negligible
or could be compensated for (Bradley et al, 1989).
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Figure 2: Real time monitoring of a 'shift' fed bakers yeast
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Ethanol concentration was monitored on-line by the FIA system of
Kinnecke and Schmid (1989).
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Use of the fermenter probe to monitor glucose concentration during
bakers yeast propagations

The probe was routinely used to monitor glucose concentration in pulse
fed bakers yeast propagations on defined medium and molasses at 2 and
20 litre scales. The glucose feed pattern imposed could be observed in
chart records obtained from the fermenter probe (Bradley et al, 1988).

The probe was also used to monitor a bakers yeast propagation on
defined feed in which the feed was introduced in three ‘shifts' in
glucose concentration. The changes in glucose concentration can be
directly 1linked with the formation of ethanol as determined on-line
with the flow injection analysis system of Kiinnecke and Schmid (Figure
295

CONCLUSION
The results obtained to date illustrate the usefulness of the probe for
in situ fermentation monitoring. The facility for rapid exchange of
immobilised discs 1linked with in situ calibration should greatly
increase the lifetime of the fermenter probe in continuous operation.

Further work should be directed towards the inclusion of different
immobilised enzymes in the probe to measure a number of different
substrates/products simulateously, the immediate compounds of interest
being ethanol, lactate and amino acids; and the application of the
probe to other fermentations.
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