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ABSTRACT: Objective To achieve rapid quantitative detection of ethanol concentration (alcohol content) in

edible alcohol by data fusion techniques in Raman and mid-infrared spectroscopy. Methods First, Raman and
mid-infrared spectra of edible alcohol aqueous solutions with different concentrations were separately acquired.
Subsequently, the original data were preprocessed using multiplicative scatter correction (MSC), Savitzky-Golay
(S-G) convolution smoothing, and first-order derivative methods. Then, based on bootstrapping soft shrinkage
(BOSS) and uninformative variable elimination (UVE), feature extraction was performed on the preprocessed
spectral data. The spectral data were further partitioned into calibration and prediction sets using sample set
partitioning based on joint X-Y distance (SPXY). Finally, a predictive model for ethanol concentration in edible
alcohol was established by integrating Raman and mid-infrared spectra through partial least squares regression
(PLSR). The sparrow search algorithm-optimized hybrid kernel extreme learning machine (SSA-HKELM) was
employed to enhance predictive performance, enabling rapid and accurate quantification of ethanol concentration in
edible alcohol at various concentrations. Results Compared to the predictive models constructed by fusing Raman
spectral data, mid-infrared spectral data, and layered data from mid-infrared and Raman spectra, the predictive model
based on the fusion of mid-infrared and Raman spectral feature layers demonstrated superior predictive performance.
The optimal model exhibited a root mean squared error of calibration set (RMSEC) of 0.98314, a coefficient of
determination of the calibration set (Rcz) 0f'0.99634, a root mean squared error of prediction set (RMSEP) of 1.03256,
and a coefficient of determination of the prediction set (Rp2) 01 0.99036. Conclusion The fusion predictive model of
mid-infrared and Raman spectral feature layers enables efficient quantitative detection of different concentrations of
edible alcohol, providing effective theoretical support and technological assurance for the quality assessment of

edible alcohol.

KEY WORDS: Raman spectroscopy; mid-infrared spectroscopy; spectrum integration technology; ethanol solution
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Fig.2 Raman spectra and mid-infrared spectra of edible alcohol aqueous solutions at different concentrations
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Fig.3 Preprocessed Raman spectra and mid-infrared spectra of edible alcohol aqueous solutions at different concentrations
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