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Abstract: With consumers’ increasing attention to the ingredients of skincare products and
their preference for natural and additive-free products, the issue of adding preservatives to
skincare products has become one of the hot topics in analytical chemistry. This article pro-
poses a method based on particle swarm optimization and backpropagation neural network al-
gorithm combined with surface enhanced Raman spectroscopy (SERS) to achieve quantitative
prediction of preservatives such as benzyl alcohol and phenoxyethanol in skincare products
for the rapid and non-destructive quantitative analysis of preservatives. We collected and an-
alyzed the Raman spectra of purified preservatives such as benzyl alcohol and phenoxyethanol

in skincare products and predicted their vibrational spectra using density functional theory.
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The enhancement effects of different nanoparticles on preservatives such as benzyl alcohol
and phenoxyethanol were compared in this innovative research. The Raman spectra of differ-
ent concentrations of preservatives in skincare products were detected, and quantitative anal-
ysis models for preservatives such as benzyl alcohol and phenoxyethanol were constructed u-
sing the novel particle swarm optimization backpropagation neural network algorithm mod-
els. The predictive ability of the models was evaluated by the coefficient of determination and
root mean square error. Among them, the PSO-BP model had the best prediction results for
the test set, with R* of 0. 9518 and RMSE of 7. 669X 10 °.

optimization backpropagation neural network algorithm combined with surface enhanced Ra-

In summary, the particle swarm

man spectroscopy proposed in this article has good performance in quantifying skincare pre-
servatives. This study can provide strong technical reference and support for relevant law en-
forcement or quality supervision departments.
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Table 1 Ingredients table of liquid preservatives added to toner formula
F5 o KRB/ (mD K/ (mD) R B 5 KA/ (mD) koK / (mD) TR
1 0. 000 20. 000 0. 000 9 0. 000 20. 000 0. 000
2 0. 100 20. 000 0.005 10 0. 100 20. 000 0. 005
3 0. 200 20. 000 0.010 11 0. 200 20. 000 0.010
4 0. 300 20. 000 0.015 12 0. 300 20. 000 0.015
5 0. 400 20. 000 0.020 13 0. 400 20. 000 0.020
6 0. 500 20. 000 0.024 14 0. 500 20. 000 0.024
7 0. 600 20. 000 0.029 15 0. 600 20. 000 0.029
8 0. 700 20. 000 0.034 16 0. 700 20. 000 0.034
3 ERB G I3k A I Ty B4y
Table 1 Ingredients table of solid preservatives added to toner formula
e Jein&m  Fkok/ e/ [z Jeinac kK / W/ o) Jein4am  FRAK/ W/
7 fig / (mg) (mD (mg/ml) ’ fig / (mg) (mD) (mg/ml) 7 fi&/ (mg) (mD (mg/ml)
1 0. 000 20. 000 0. 000 9 0. 000 20. 000 0. 000 17 0. 000 20. 000 0. 000
2 0. 050 20. 000 0.002 10 0. 050 20. 000 0.002 18 0. 050 20. 000 0.002
3 0. 100 20. 000 0.005 11 0. 100 20. 000 0. 005 19 0. 100 20. 000 0. 005
4 0. 150 20. 000 0.007 12 0. 150 20. 000 0.007 20 0. 150 20. 000 0. 007
5 0. 200 20. 000 0.010 13 0. 200 20. 000 0.010 21 0. 200 20. 000 0.010
6 0. 250 20. 000 0.012 14 0. 250 20. 000 0.012 22 0. 250 20. 000 0.012
7 0. 300 20. 000 0.015 15 0. 300 20. 000 0.015 23 0. 300 20. 000 0.015
8 0. 350 20. 000 0.017 16 0. 350 20. 000 0.017 24 0. 350 20. 000 0.017
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Fig. 7 PSO-BP quantitative model prediction of phenoxyethanol. (a) Training set prediction, (b) cross validation prediction,
(c) test set prediction
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