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ABSTRACT: Objective To develop a prediction model for the rapid quantification of perchlorate contamination
levels in tea based on near-infrared spectroscopy (NIR) analysis technique. Methods Ninety-one dry tea samples
from different origin and varieties were collected and obtained their near-infrared diffuse reflectance spectra by
Fourier transform NIR scanning. The content of perchlorate in tea samples was determined by ultra performance

liquid chromatography-tandem mass spectrometry. Samples were divided into two categories with reference limit of
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0.75 mg/kg. The partial least squares (PLS) technique was used to establish a prediction model for perchlorate content

ranges. Spectral preprocessing techniques such as first derivative (1st), continuous wavelet transform (CWT), multiplicative

scatter correction (MSC), standard normal variate (SNV), and wavelength selection technique competitive adaptive

reweighted sampling (CARS) were used to optimize the discriminant model, and the model was validated using prediction

set samples. Results The model built using the original spectra could initially predict the perchlorate content range, while

the prediction accuracy of the model was significantly improved by using the spectral pre-processing to deduct the

background information in the spectra and combining the MSC and CARS methods together, and the misclassified

samples were reduced to three and the prediction accuracy was improved to 88.5%. Conclusion The study indicates

that NIR technology can be used as a new method for analyzing perchlorate contamination levels in tea, which has

important practical significance for the high-quality development of the tea industry.

KEY WORDS: near-infrared spectroscopy; tea; perchlorate; partial least squares-discriminant analysis; competitive

adaptive reweighted sampling
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Fig.1 Distribution of perchlorate content in tea
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TP A B AT LB I BRI () (AR 2% . X EE 1st, CWT . MSC
F1 SNV 4 RS RAN 53k, TN (E A S AH I

F 1 FAELIETS E T B B U A E R

Table 1 Accuracy rates of model prediction under different
treatment methods

WAL ERIER RO EMMR BEEER
R aR 0.9167 0.0833 0.5714 0.4286
Ist 0.9565 0.0435 0.6250 0.3750
CWT 0.9565 0.0435 0.6250 0.3750
MSC 0.9524 0.0476 0.5000 0.5000
SNV 0.9583 0.0417 0.7143 0.2857
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Fig.3 Pre-processed NIR of tea from different origin
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Table 2 Accuracy rates of model prediction under different
variable selection methods

ik MR BBAMER EEEE R
bR 0.9167 0.0833 0.5714 0.4286
B 4L Y-8k
Vit e 0.8148 0.1852 0.2500 0.7500
+CARS
1st+CARS 0.9167 0.0833 0.5714 0.4286

CWT+CARS  0.9200 0.0800 0.6667 0.3333
MSC+CARS  0.9231 0.0769 0.8000 0.2000
SNV+CARS  0.9583 0.0400 0.7143 0.2857
12 ¢
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Fig.4 Selected variables of raw near infrared reflectance spectra by
CARS method
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Fig.5 Different pre-processed NIR selected variables
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Fig.6  Prediction results of optimized PLS model
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