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Identification of Honey Adulterated with Syrup by Raman Spectroscopy and Chemometrics
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Abstract: In order to qualitatively and quantitatively identify syrup adulteration in honey, a method for rapid identification
of adulterated honey by Raman spectroscopy and chemometrics was proposed. Raman spectroscopy was used to acquire
spectral data of honey samples, and principal component analysis (PCA) was used to extract features from the spectral data.
Principal components with a cumulative contribution rate of more than 85% were selected for modeling and prediction.
By using linear discriminant analysis (LDA) and partial least squares-discriminant analysis (PLS-DA), models to identify
honey adulterated with 20% syrup were established. A support vector machine (SVM) model to identify honey adulterated
with 5% syrup, and all LDA, PLS-DA and SVM models could distinguish adulterated honey samples with 1% syrup content
from pure honey with an accuracy of more than 0.9. Raman spectroscopy combined with chemometrics is a fast and non-
destructive method for the identification of adulterated honey with high accuracy, which is significant to maintaining the
order of the honey market.
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Fig.1 Raman spectra of four pure honey samples
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Fig.2  Comparison of original spectra before and after background

subtraction and Savitzky-Golsy smoothing
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Fig.3  Spectral comparison between natural honey and adulterated honey
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Table 1  Performance evaluation of PCA-LDA and PLS-DA models in
discriminating honey samples adulterated at 20% gradient
) PCA-LDA PLS-DA
F10 F30 F50 F10 F30  F50
RIUE 0.8857 1 1 09429 09714 1
R 1 0.942 9 1 09857 09714 1
HERG R 09619 09619 1 09714 09714 1
Macro-F1 Score  0.9394  0.9459 1 09565 09577 1
GScore 0.941 1 0.947 3 1 09566 0.9578 1
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Table 2  Performance evaluation of PCA-LDA and PLS-DA models in
discriminating pure from adulterated honey
N PCA-LDA PLS-DA
5| R Fl1 R Fl1
REUE 0.857 1 0.9429 1 0.9429
RRTE 0.9429 0.857 1 0.9429 1
HERf R 0.900 0 0.900 0 0.9714 0.9714
Macro-F1 Score 0.8955 0.904 1 09722 0.970 6
GScore 0.896 4 0.904 9 0.9726 09710
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Table3  Performance evaluation of SVM model in discriminating
honey samples adulterated with different proportions of syrup
gl F5 F10 F15
RIGE 1 0.800 0 1
etk 0.800 0 1 1
HERR 09333 0.9333 1
F1-Score 0.909 1 0.888 9 1
GScore 09129 0.894 4 1
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Fig. 5 Relationship between log, ¢ value and accuracy of linear
kernel SVM
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