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Resumo

Honey is a natural product widely valued worldwide for its nutritional, medicinal, and economic importance. In Brazil, stingless bee honey, produced by native
species such as Scaptotrigona depilis (Mandaguari), has a high commercial value and is an important source of income for family farmers and smaill
producers. However, adulteration through partial or total substitution of nectar by sucrose syrup is a common and difficult-to-detect practice, compromising
product authenticity and consumer trust. Conventional detection methods, such as stable carbon isotope ratio mass spectrometry, are accurate but expensive
and not accessible to honey processing facilities. The objective of this study was to develop and validate a rapid, non-destructive, sustainable and low-cost
industrial process for detecting adulteration in stingless bee honey during packaging using a portable near-infrared (NIR) spectrometer combined with
chemometric modeling. Sixty honey samples were collected from 20 Mandaguari colonies maintained at Embrapa Environmental. Initially, honey was
collected under natural nectar feeding, followed by controlled feeding with sucrose syrup (1:1 sugar:water) for 15 and 60 days to simulate adulteration levels.
NIR spectra were acquired in reflectance mode using a portable Tellspec spectrometer operating in the 900-1700 nm range. Preprocessing included Standard
Normal Variate (SNV) correction and Savitzky-Golay first derivative, followed by mean centering and autoscaling. Data were divided into training (70%) and
testing (30%) sets, and classification models were built using Partial Least Squares Discriminant Analysis (PLS-DA). Model performance was evaluated by
confusion matrix determining the model accuracy, sensitivity, and specificity. The PLS-DA model achieved 100% accuracy, sensitivity, and specificity in
discriminating between pure and adulterated honey samples. All 18 test samples were correctly classified, with no false positives or negatives. Principal
Component Analysis (PCA) score plot also revealed clear clustering of samples according to feeding time of the bee with sucrose syrup (0, 15, and 60 days),
confirming the robustness of the model. The use of four latent variables in PLS-DA model allowed effective class separation with minimal model complexity,
and cross-validation confirmed the absence of overfitting. In conclusion, portable NIR spectroscopy combined with chemometric modeling represents an
effective and low-cost tool for identifying adulteration in stingless bee honey. This process can be readily adopted by honey packaging facilities, increasing
product authenticity, consumer confidence, and market value. The methodology aligns with sustainable production practices and offers a promising
alternative to traditional expensive analytical methods, contributing to the development of the meliponiculture chain in Brazil.
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