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ABSTRACT: The tea production is developing towards large-scale currently, and the quality evaluation of tea after
processing still relies on highly subjective artificial sensory evaluation, which is not suitable for the large-scale develop-
ment of tea. Near-infrared spectroscopy (NIRS) has rich structural and compositional information, which is suitable for
the detection of physicochemical parameters of hydrogen-containing organic substances. So it is widely used in the detec-
tion of biochemistry components of tea and the classification, such as authenticity discrimination and origin traceability.
The work aims to take 'Yinghong 9' black tea as the research object, and propose a rapid grading method for tea quali-
ty based on NIRS. Firstly, a total of 42 samples of black tea processed from the fresh tea leaves of various grades were

collected, a sub-sample was taken from each sample and ground into powder. A NIR spectrometer was used to scan tea
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powder to collect the spectrum of each sample. Secondly, quantitative models for the biochemistry components were con-
structed based on NIRS to gain the biochemistry component information of black tea. Thirdly, 5 professional tea tasters
were invited to conduct sensory evaluation on all samples. Based on the opinions of the tea tasters, the quality grade of tea
samples were determined. Finally, the relationship between sensory evaluation results and biochemistry components were
established to achieve the quality grading of '"Yinghong 9' black tea. In particular, when establishing the grading model,
only the black tea processed from the second grade fresh leaves was selected and divided into three grades according to
the sensory evaluation results. The quantitative models of four biochemistry components including tea polyphenol, soluble
sugar, free amino acid and caffeine in black tea were established while these four quantitative models were prepro-
cessed by combination data correction and normalization to reduce noise, drift as well as other interference and improve
the difference between samples. These quantitative models were uniformly built using Partial Least Squares algorithm af-
ter using Genetic Algorithm, Successive Projections Algorithm, Variable Combination Population Analysis combined with
Genetic Algorithm and other algorithms respectively to extract features. In order to ensure the reliability and stability of
the model, Kennard-Stone algorithm was used to divide the samples into calibration set and test set before modeling, and
K-fold verification was used in the modeling process. The principal components of the four quantitative models were all
less than 10. The coefficients of determination on calibration set were tea polyphenol 0.974 5, soluble sugar 0.887 6, free
amino acid 0.963 6 and caffeine 0.860 6 and the Root Mean Squared Error were 0.630 0, 0.298 3, 0.045 6, 0.162 6, re-
spectively. The grading model based on sensory evaluation and biochemistry components had an accuracy of over 85%,
which was built using Random Forest algorithm with 35 trees. The research results provide a feasible scheme for rapid

grading of processed black tea based on specially graded fresh tea leaves, and effectively improve the interpretability

of black tea grading.
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Fig.1 Experiment process
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Fig.2 Box diagram of contents of black tea made from fresh leaves of tea of different grades
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Tab.2 Sensory evaluation grading results of samples
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Fig.3 Diagram of raw and preprocessed spectra
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Tab.3 Partial quantitative models and their results
% kb B 77 3 R R R’ RMSECV RMSEP  {Rkdi Kkt

SG+MSC+minmax iPLS 09603  0.9475 0.6959 0.880 5 155

A none iPLS 09423  0.9265 0.966 4 1.086 9 155
SG+MSC+Minmax+SG ALL 0.988 2 0.974 5 0.382 2 0.6300 1557

SG+airPLS+autoscaling GA 0.918 1 0.858 9 0.3811 0.402 6 15

] PR none GA 09168 0.8876 0.294 6 0.298 3 15
SG+airPLS+autoscaling+SG ALL 09372  0.509 1 0.1813 0.849 7 1557

SG+SNV-+autoscaling VPCA_GA 09543 09636 0.0453 0.0456 14

e 8 B R none VPCA GA 09596 0.8788  0.0435  0.0749 81
SG+SNV-+autoscaling+SG ALL 09976 09422 0.0115 0.106 7 1557

SG+SNV+autoscaling SPA 0.8723  0.8606 0.169 4 0.162 6 15

n ik none SPA 0.4390  0.47 03231  0.2950 15
SG+SNV-+autoscaling+SG ALL 09227 0.8297 0.133 5 0.2256 1557
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Tab.4 Modelling method selected for each
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Tab.5 Grading Result of sensory evaluation and our model
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Tab.6 Biochemistry component information for mis-graded samples

B IR E RFEA ik JFCHE T 5 %
JF5 KM QIR c Ui B3 AR Wi Bk
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? ST 7.79 2.89 1.88 2.48
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