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Abstract 
A capacitive electrolyte-insulator-semiconductor (EIS) sensor with an immobilized enzyme acetoin 
reductase for the detection of acetoin/diacetyl has been presented for the first time. The enzyme 
butane-2,3-diol dehydrogenase (acetoin reductase) catalyzes the reduction of acetoin/diacetyl to 
butane-2,3-diol, inducing a pH change which can be monitored by the EIS sensor. With the developed 
acetoin/diacetyl biosensor, acetoin in the concentration range between 10 µM and 100 µM can be 
detected, measured in buffer solution of pH 7.1. 
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Introduction 
Acetoin and diacetyl are used in e.g., foods, 
cosmetics or as flavor and fragrance1. Both 
components are key parameters during the 
fermentation process of alcoholic beverages 
(beer or wine) since their buttery-like taste can 
influence their quality2. Hence, the detection of 
acetoin/diacetyl during fermentation processes 
could not only monitor the quality of the process 
but also could avoid unnecessary maturation 
time. 

Results and discussions 
In this work, a capacitive electrolyte-insulator-
semiconductor (EIS) field-effect biosensor for 
the detection of acetoin has been presented. 
The EIS sensor (see Fig. 1) has been modified 
with the recently characterized enzyme acetoin 
reductase3 (also referred to butane-2,3-diol 
dehydrogenase) from B. clausii DSM 8716T for 
the reduction of acetoin to 2,3-butanediol, while 
NADH serves as cofactor. Fig. 2 shows the 
dynamic response of the developed acetoin 
biosensor measured in TRIS-HCl buffer 
containing 150 mM NaCl (pH 7.1) with acetoin 
concentrations in the range between 1 µM and 
500 µM. The sensor`s ability has been 

investigated using constant-capacitance 
measurements, and a linear behavior in the 
concentration range between 10 µM and 90 µM 
with a sensitivity of 65 mV/dec is achieved. 
Furthermore, preliminary experiments in wine 
have been successfully carried out. 

Conclusions 
An acetoin biosensor has been developed 
based on an EIS structure with an immobilized 
enzyme acetoin reductase. The biosensor 
behavior was studied with regard to sensitivity 
in the linear concentration range, response 
time, hysteresis and long-term behavior. 
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Fig.1. Schematic of the acetoin/diacetyl biosensor consisting of an EIS sensor (Al-p-Si-SiO2-Ta2O5) with the 
immobilized enzyme acetoin reductase. 

 

 

 
Fig.2. Dynamic response of the acetoin biosensor chip measured in an acetoin concentration range between 

1 µM and 500 µM. 
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