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Spectral rapid detection of phytochemicals in tea
(Camellia sinensis) based on convolutional neural network

LI Xiaoli, ZHANG Dongyi, DONG Yulun, JIN Juanjuan, HE Yong”"
(College of Biosystem Engineering and Food Science/Key Laboratory of Spectroscopy Sensing of Ministry of

Agriculture and Rural Affairs, Zhejiang University, Hangzhou 310058, China)

Abstract Catechins and caffeine are the key indicators of tea quality. In order to explore the feasibility of visible/near
infrared spectroscopy (Vis/NIR) combined with convolutional neural network (CNN) for nondestructive and rapid
detection of catechins and caffeine of fresh tea, this study used high performance liquid chromatography to determine
the content of catechins and caffeine in tea, and established a corresponding relationship with the spectral information of
the sample. Regression analysis and CNN modeling were used to construct the quantitative relationship between the
spectrum and contents of tea. In addition, the competitive adaptive reweighted sampling (CARS) and successive
projections algorithm (SPA) were used to select the characteristic wavelengths for the development of simple models.
The result showed that: The contents of four catechins and caffeine displayed a gradual decrease trend from the first
leaf position to the sixth leaf position. The extracting characteristic wavelengths not only reduced the number of spectral
variables, but also obtained models performance that were better or close to that of the full spectrum. CNN performed
well in the regression analysis and feature extraction, the coefficient of determination (R?) and residual prediction
deviation (RPD) of optimal models for predicting catechins and caffeine reached 0. 93 and 3. 28, respectively.
Therefore, the convolutional neural network combined with visible/near infrared spectroscopy could quickly and non-
destructively detect contents of catechins and caffeine.
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Fig. 2 The visible and near infrared spectrum acquisition system of tea samples
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Fig. 3 The leaf position distribution of fresh tea leaves and theeffects of different

leaf positions on contents of four main catechins and caffeine
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Table 1 Performance comparison of PLS regression model
o LN A YE AP E B T s T 4 75 BRAR T
Component Input Variable /%ﬁl iR 22 %iﬂl MR 1% 22 it 2%
variable dimension R: RMSEC R: RMSEP RPD
Original 1 050 0.938 5 2.308 7 0.921 6 2.668 2 3.5327
EGCG SPA 26 0.938 3 2.3115 0.910 1 2.857 1 3.299 1
CARS 50 0.947 9 2.123 8 0.929 8 2.524 7 3.7335
Original 1 050 0.902 7 1.310 7 0.892 2 1.392 1 3.047 9
ECG SPA 26 0.899 9 1.329 7 0.897 0 1.360 9 3.117 7
CARS 70 0.903 7 1.304 2 0.899 9 1.341 6 3.162 6
Original 1 050 0.959 5 1.274 5 0.950 1 1.422 7 4.489 3
EGC SPA 29 0.964 6 1.191 2 0.951 4 1.402 6 4.553 6
CARS 33 0.970 3 1.091 1 0.966 7 1.161 8 5.497 5
Original 1 050 0.949 1 0.358 6 0.916 0 0.464 0 3.469 8
EC SPA 29 0.9351 0.405 0 0.910 3 0.479 6 3.356 9
CARS 75 0.934 8 0.405 8 0.916 2 0.463 7 3.472 1
Original 1 050 0.882 2 0.986 2 0.891 6 0.951 8 3.034 2
CAF SPA 20 0.879 9 0.995 9 0.879 0 1.005 7 2.871 6
CARS 59 0.953 3 0.620 4 0.953 1 0.6259 4.614 1

E:EGCG AR EFILAKAREE FRRER.ECG HRILK R W E FIRE . EGC BRI A FILA R . EC HRILKHK .CAF X

/I 3 S i

Note: EGCG is epigallocatechin gallate, ECG is epicatechin gallate, EGC is epigallocatechin, EC is epicatechin, and CAF is

caffeine. The same below.
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SR CARS Fll SPA 5 ot 4% 5 AF I K 4 7
1 PLS 1454 AT LR K faf AL B AL, 38 7T DL AR 4
TR (18 i fe ek R o e
2.4 EF CNN WF s Ao Fin&Es

W E 7 > AR @A 7 vk, CNN Xf
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0.934 7,ECG 25 F AH X 45 2% . (A3 i SPA & £ 1Y
SHEP K AS 30 RS A RPD 439353 1 0. 932 2 il
3.621 2, Zi I, CNN [mlIH 73 H7 BLAg TR 47 M RCR
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Table 2 Performance comparison of CNN regression models

o LTI I3 A Y I E iy T e € it ¥4 75 B A H
Component Input Variable ER M iR 22 EY 1 MR 2% Tt 22
variable dimension R RMSEC R: RMSEP RPD
Original 1 050 0.993 7 1.506 0 0.971 8 2.117 8 4.450 8
EGCG SPA 26 0.972 9 1.242 2 0.934 7 2.517°5 3.744 1
CARS 50 0.990 0 1.148 5 0.963 1 1.831 1 5.147 7
Original 1 050 0.990 4 1.226 4 0. 860 0 1.581 0 2.683 7
ECG SPA 26 0.977 7 1.373 0 0.932 2 1.171 7 3.621 2
CARS 70 0.982 3 0.698 7 0.894 6 1.314 9 3.226 8
Original 1 050 0.992 2 0.9117 0.981 5 1.189 0 5.3717
EGC SPA 29 0.993 3 0.514 5 0.983 5 0.822 0 7.770 0
CARS 33 0.992 2 0.611 8 0.986 6 0.855 0 7.470 1
Original 1 050 0.982 0 0.381 2 0.969 6 0.313 4 5.137 2
EC SPA 29 0.986 9 0.237 2 0.945 8 0.379 9 4.237 9
CARS 75 0.961 8 0.2610 0.940 1 0.379 3 4.244 6
Original 1 050 0.976 0 0.557 1 0.953 1 0.700 9 4.120 4
CAF SPA 20 0.986 9 0.677 9 0.944 6 0.759 9 3.800 5
CARS 59 0.953 6 0.548 6 0.940 7 0.698 6 4.133 9
&3 #id CNNREUVRIER) PLS B R
Table 3 PLS modeling effect of extracting features through CNN
o LN A YR AR s sabi T P T 34 75 BR AT
Component Input Variable %%ﬁl MR 2 ?iﬂl MR 2 it 2
variable dimension R? RMSEC R} RMSEP RPD
Original 1 050 0.998 2 0.379 8 0.984 0 1.789 1 5.268 5
EGCG SPA 26 0.998 1 0.576 8 0.986 5 1.619 1 5.8217
CARS 50 0.998 5 0.512 6 0.984 9 1.736 2 5.429 1
Original 1 050 0.999 6 0.1250 0.923 8 1.630 9 2.601 6
ECG SPA 26 0.999 2 0.164 9 0.952 8 1.293 4 3.280 5
CARS 70 0.998 9 0.192 7 0.899 2 1.874 8 2.263 1
Original 1 050 0.999 2 0.256 9 0.987 9 1.047 3 6.098 5
EGC SPA 29 0.999 1 0.269 3 0.991 1 0.881 3 7.247 2
CARS 33 0.999 1 0.261 4 0.994 4 0.677 7 9.424 5
Original 1 050 0.997 8 0.104 3 0.966 0 0.436 1 3.691 8
EC SPA 29 0.998 4 0.088 7 0.966 5 0.440 1 3.658 2
CARS 75 0.998 3 0.091 7 0.981 6 0.344 1 4.678 8
Original 1 050 0.989 0 0.300 7 0.985 4 0.841 9 3.430 3
CAF SPA 20 0.995 5 0.272 8 0.972 2 0.711 6 4.058 4
CARS 59 0.995 0 0.286 1 0.950 8 0.911 9 3.167 0
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