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THz spectroscopic detection of sweeteners based on
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Abstract: Three artificial sweeteners, sucralose, erythritol and xylitol, are qualitatively and
quantitatively studied based on Terahertz time—domain spectroscopy combined with machine learning
algorithms and optimization algorithms. The results show that the Sparrow Search Algorithm-Support
Vector Machines/Support Vector Regression(SSA-SVM/SVR) model is optimal for qualitative and
quantitative analysis of the mixture. The accuracy of classification prediction is up to 95.56%, and the
optimal regression coefficient for quantitative regression prediction is 0.999 8, so that a high-precision
classification and quantitative analysis of three sweetener—flour mixtures is achieved. This provides an
effective and reliable method for the rapid detection of artificial sweeteners.
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Fig.1 THz spectra of sucralose, erythritol and xylitol
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Fig.2 Optical parameters of three sweeteners in the range of 0.50-2.50 THz
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Fig.3 Absorption spectra of three sweeteners mixed with flour in different proportions
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Tablel Results of classification of three sweetener—flour mixtures

train set correct quantity/ accuracy of the  test set correct quantity/ accuracy of the optimal penalty — optimal kernel

model . . training time/s
totality train set/% totality test set/% factor ¢ parameter g
SVM 83/102 81.37 33/45 73.33 - - 5.02
GA-SVM 95/102 93.14 40/45 88.89 74.64 0.34 17.82
GS-SVM 97/102 95.10 43/45 95.56 128 0.25 33.86
SSA-SVM 97/102 95.10 43/45 95.56 2.98 15.90 13.29
3.0 65000 3.0
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Fig.4 Actual classification and predictive classification of the test set
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Table2 Results of quantitative analysis of xylitol, erythritol and sucralose mixed with flour

sweetener model train set RMSE/%  train set R>  test set RMSE/% test set R optimal penalty factor ¢ optimal kernel parameter g
GS-SVR 2.95 09321 2.53 0.9229 55.71 0.02
xylitol GA-SVR 0.09 0.999 8 0.68 0.984 3 6.12 1.17
SSA-SVR 0.09 0.999 8 0.09 0.999 8 40.25 0.23
GS-SVR 3.080 0.922 6 5.440 0.8758 1.74 1.15
erythritol GA-SVR 2.580 0.924 6 5.280 0.8615 1.88 1.26
SSA-SVR 0.009 0.999 8 0.009 0.999 8 100.00 1.56
GS-SVR 1.69 0.950 4 1.63 0.9511 256.00 0.03
sucralose GA-SVR 2.12 0.942 4 1.41 0.960 5 82.63 0.08
SSA-SVR 0.68 0.991 2 0.28 0.991 7 100.00 0.23
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