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Abstract 
 

In large industrial-scale processes such as bioethanol production, chemically undefined multiple substrates are 
present that can be highly variable from batch to batch. The complexity of the initial medium is varied by the 
type of feedstock (wheat, rye, and corn), the enzymatic pretreatment, as well as yeast fermentation itself. Com-
pounds of interest are glucose, the nutrient for yeast fermentation, its fermentation product ethanol, as well as 
side-products such as lactic acid, acetic acid, and glycerol. Near-infrared (NIR) spectroscopy is well suited for 
rapid, non-destructive, multi-constituent analyses with minimal sample preparation directly in the fermentation 
broth. 
 
The objective of this study is the development of PLS regression models for a prediction of concentrations of the 
above mentioned compounds in different bioethanol mashes by NIR spectroscopy [1]. We apply a genetic algo-
rithm (GA) for variable selection and evaluate the models’ prediction performance by a repeated double cross 
validation (rdCV). rdCV offers a strategy to estimate the optimum model complexity - that is the number of PLS 
components. Furthermore, rdCV allows a realistic estimation of the prediction errors and their variations for new 
cases, based on a large number of test set predicted values [2]. 
 
Variable selection by GA improved the prediction performance in all investigated cases. For centrifuged samples 
the standard deviations of the prediction errors (SEP) for test set data are about 2 gL-1 for glucose (0–55 gL-1), 0.6 
gL-1 for ethanol (0–56 gL-1 in stillage), and 0.2–1 gL-1 for the other compounds. These results are promising for a 
successful application of NIR spectroscopy and multivariate data evaluation in bioethanol production. 
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