Wine fermentation process control from infrared spectra
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Abstract

Food production is inherently dynamic, yet analytical measurements are still often used to assess quality at
discrete time points or after a process has been completed. Vibrational spectroscopy offers the possibility of
following food processes rapidly and non-destructively, but extracting information that is useful for process
decisions requires chemometric approaches able to account for time, variability and uncertainty [1]. Wine
alcoholic fermentation provides a useful model system for developing such strategies. Portable middle
infrared (ATR-MIR) spectroscopy combined with multivariate analysis has been used to follow
fermentation trajectories, quantify relevant process parameters and identify abnormal fermentations. More
recently, we introduced the evolving window dissimilarity index (EWDI) to describe changes in the
multivariate process trajectory and detect deviations associated with altered fermentation kinetics [2]. Then,
we extended this concept from monitoring towards forecasting. A moving-window PCA model is used to
describe the current fermentation state, while the temporal evolution of PCA scores is extrapolated to
reconstruct future infrared spectra. These predicted spectra are subsequently translated into future EWDI
values, together with an estimation of the uncertainty, allowing to calculate the probability that a
fermentation will remain within its normal operating conditions or a preventive action needs to be taken in
order to maintain the expected quality of the product [1]. The approach provides reliable short-term
forecasts during the early stages of fermentation, where anticipating changes is particularly relevant for
process intervention. Its limitations are equally informative: abrupt changes that are not represented in the
recent process history cannot be predicted until new measurements capture the altered trajectory. This,
together with the prediction of classical quality control parameters from just the infrared spectra, such as pH
or density, offers a comprehensive toolbox for food process understanding and controlling. Together with
related applications of vibrational spectroscopy and chemometrics to wine and other fermented foods [3],
these results illustrate a transition from analytical methods that describe what is happening, to tools that can
estimate what is likely to happen next, in a sustainable, affordable and real-time manner.
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