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Highlights
Rapid and low-cost analytical strategy for discriminating fruit vinegars.
Data fusion revealed complementary information in vinegar samples.
A high-accuracy discrimination model was achieved (94.7%).
Resumo/Abstract
Fruit vinegars are valued for their organoleptic and functional properties, which increase their commercial value but also make them susceptible to fraud. Although spectroscopic and chromatographic methods have been applied for classification, data fusion strategies integrating multiple sources remain largely unexplored for this matrix. To address this gap, a novel approach combining data fusion, computer vision, and chemometrics was developed to classify fruit vinegar samples. A total of 57 commercial samples were analyzed: 23 apple (MC), 15 white wine (VB), and 20 red wine (VT) vinegars. Images were captured using a Samsung A54 smartphone in a mini-studio under optimized conditions (camera-to-sample distance of 8.0 cm; LED strip lighting at 40% brightness; light diffusion controlled with tracing paper). Regions of interest (ROIs) of 100 × 100 pixels were cropped using GIMP v.2.10.38 and processed in Chemostat® v.2 to extract color index histograms (R, G, B, H, S, V, L, and I). Chemical composition (CC) data were determined in parallel, including pH, Brix, potassium (K), sodium (Na), total phenolic compounds (TPC), total acidity (TA), volatile acidity (VA), and fixed acidity (FA), using standardized methods. Three datasets were generated: (i) chemical composition (CC), (ii) digital images (DI), and (iii) fused data (F_CC_DI). Variance inflation factor (VIF) analysis was applied to select variables without multicollinearity (VIF < 5), resulting in pH, K, Na, Brix, TPC, R, B, H and V for modeling. Classification models were built using Linear Discriminant Analysis (LDA), and sample grouping was assessed via Principal Component Analysis (PCA). All analyses were performed in Minitab v.16. For the CC dataset, PCA explained 69.6 % of the variance, with pH, K and Brix as the most relevant variables, although class separation was limited. LDA achieved high classification rates for VT (94.7%), but lower accuracy for VB (80.0%) and MC (87.0%) samples. For the DI dataset, PCA explained 91.3% of the variance, separating VT from the other classes but showing strong overlap between VB and MC samples. LDA accuracy for this dataset was 70.2% for both classification and cross-validation, highlighting that each dataset (CC and DI) captures complementary information. The fused dataset (F_CC_DI) proved to be the most effective. PCA explained 61.4% of the variance and clearly separated all three vinegar classes (MC, VB, and VT). LDA achieved superior performance, with classification and cross-validation accuracies of 94.7% and 91.2%, respectively. Moreover, individual classification rates of 94.7% for VT, 93.3% for VB, and 95.7% for MC were achieved using the data fusion model. These results demonstrate that combining data fusion with computer vision and chemometrics provides a rapid, robust, and reliable strategy for discriminating fruit vinegars.
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