[bookmark: OLE_LINK9]Supplementary Information The supplementary material includes additional tables and figures:
Table S1. Detailed composition of chili oil series
Table S2. FTIR spectral characteristics before and after carbonization
Table S3. XPS elemental composition proportions
Table S4. Raman characteristic peak assignments
Table S5. Model compounds for mechanism study
Table S6. Quantitative performance metrics (R², RMSE, MAE)
Table S7. Classification performance metrics (accuracy, precision, recall, F1)
Table S8. Apparent recovery results
Table S9. HPLC comparison for commercial chili oils
Table S10. Spiked recovery for commercial chili oils
Fig. S1. Additional TEM images
Fig. S2. High-resolution XPS spectra of MNP@Ag-CPDAB and MNP@Ag-CPDH
Fig. S3. EF calculation using HTP
Fig. S4. HTP response and reproducibility
Fig. S5. Batch-to-batch reproducibility
Fig. S6. Stability over 28 days
Fig. S7. PLS-R calibration plots comparing single and multi-sensor arrays
Fig. S8. Representative super-spectrum profiles
Fig. S9. PCA plots of nine chili oil series
Fig. S10. SERS heatmaps before and after data augmentation
Fig. S11. Training curves

