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Abstract: Five grades of Huangshan Maofeng tea samples with six different storage times were analyzed by using an electronic nose. First,
the original feature vectors representing the tea odor were acquired, and the first five principal components were extracted as the principal
feature vectors. The principal feature vectors were used as the input of back propagation neural network (BPNN) to establish the prediction
model for the storage time of Huangshan Maofeng tea (called PCA-BPNN). The test was carried out on 75 tea samples (15 samples of every
grade). The results showed that for the tea at zero day of storage, the maximum prediction error was seven days and the prediction error of five
samples exceeded ten days (6.67%). For the tea of 60 d of storage, the maximum prediction error was ten days, and the prediction error of four
samples exceeded ten days (5.33%). For the tea of 120 d of storage, the maximum prediction error was 16 d and the prediction error of seven
samples exceeded ten days (9.33%). For the tea of 180 d of storage, the maximum prediction error was 19 d and the prediction error of eight
samples exceeded ten days (10.67%). For the tea of 240 d of storage, the maximum prediction error was 21 d and the prediction error of eight
samples exceeded ten days (10.67%). For the tea of 300 d of storage, the maximum prediction error was 14 d and the prediction error of six
samples exceeded ten days (8.00%). The feasibility of PCA-BPNN prediction model to determine the storage time of Huangshan Maofeng tea
was verified. Moreover, the performance of PCA-BPNN prediction model was better than that of BPNN prediction model using the original
feature vectors as the input.
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Table 1 Properties of the sensors
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Fig.1 Typical response curve of the electronic nose
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Table 2 Correlation coefficient matrix of partial variables of R2 with different storage times

e X X X1 X1 X22 X3 X32
X 1.000
Xa 0.163 1.000
Xi1 0.494 0.390 1.000

X12 0.476 0.322 -0.208 1.000
Xa1 0.776 -0.398 0.759 0.186 1.000
X22 0.036 0.679 0.347 0.702 0.233 1.000

X31 0.426 0.192 0.529 -0.130 0.673 0.100 1.000
X32 0.268 0.567 0.251 0.460 0.281 0.327 0.805 1.000
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Table 3 Variance and contribution rate of the first five principal

components of R1 with different storage times
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Table 4 Variance and contribution rate of the first five principal

components of R2 with different storage times

EN P %% TRE/% R TRE/%
F, 47.16 46.34 46.34
F, 32.47 31.90 78.24
Fs 6.52 6.40 84.64
F4 531 522 89.86
Fs 2.69 2.64 92.50
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Table S Variance and contribution rate of the first five principal

components of R3 with different storage times

EN Py FE TTRE Y% R TR R/ %
F 45.89 44.62 44.62
F, 37.10 36.07 80.69
Fs 6.02 5.85 86.54
Fs 5.11 497 91.51
Fs 3.01 2.93 94.44
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Table 6 Variance and contribution rate of the first five principal

components of R4 with different storage times

ERS FE TTERE% R TTaRE%
F 50.76 53.17 53.17
F, 2432 25.47 78.64
F; 7.35 7.70 86.34
Fs 413 433 90.67
Fs 1.01 1.06 91.73
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Table 7 Variance and contribution rate of the first five principal

components of RS with different storage times

EN Py FE Tr#RE/% R TERE%
F 49.24 49.28 49.28
F, 27.46 27.48 76.76
Fs 11.31 11.32 88.08
Fy 3.09 3.09 91.17
Fs 231 231 93.48
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Fig.2 Learning curves of two networks for R3
% 8 PCA-BPNN FEIhER S S5 8R
Table 8 Learning results of PCA-BPNN with different node

numbers in the middle layer

YR F 5 RHK RE

4 4564 0.01

6 4132 0.01

7 3685 0.01

8 2345 0.01

10 2223 0.01
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Fig.3 Predicted averages of each tea sample grade with
different storage times using PCA-BPNN
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Table 10 Predicted storage time of each tea sample grade using

both networks
BTN Fmlig£Ai 10 d AR
] 24 e R AR |
R ERHK N3 HLE /%,
0 7 5 6.67
60 10 4 5.33
120 16 7 9.33
PCA-BPNN
180 19 8 10.67
240 21 8 10.67
300 14 6 8.00
0 12 10 13.33
BPNN 60 16 17 22.67
120 22 20 26.67
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