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Table 1 Statistics of sensory quality of Yuan’an yellow tea
¥ 4i it Data statistics % KM Maximum % /MA Minimum FEI{H Average FRUEN 2% Standard deviation
L FBFE AL ALl samples 92.05 78.40 88.96 2.55
& IE4E Calibration set 92.05 78.40 89.05 2.61
BHE4E Prediction set 91.75 84.95 89.11 1.83
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Fig.1 Near infrared spectroscopy of Yuan’an yellow tea

13 2 AT, A (6] 9 016 3% 104 1 07 12 N7 Y 4
WA PLS B R 25 L 0] 22 S B . o0 ] — B 2 R
b 3R Ty ST B PLS BRI 25 R 25 (R =0.614,
RMSECV =2.75) , Jool 3 Tl &b #4457 (1) PLS #17
SERMIXF 22 (R? =0.705, RMSECV = 2.35) , Ji Jf]
2 JU LS I T F00AL B 5 v A 37 9 PLS B AL 245 2R fr
HE(R? =0.793, RMSECV = 1.95) , RMSECV #; £
ZEM I RO R T 29.1% . 0] UL AR 6%
HEAT A 202 W b 3L, T DL e A A O AR L (H RN
2 T AT A FIUAL B 7 9 R 2 B BB U I ROR
2.3 Bi-PLS ## & @1

;. FH 22 0 IS AR I Ak Ry 3 et i A A T 2 Mg
b 35 ST Y PLS AR 25 B 2% i R AR 4 b 75
IS 2 B8 BT . SRk, 22300 Bi-PLS Jy ik ik —
A5 108 5 J0C 22 Bt S5 R DD AH DG Y G % X TR 5 A 57
AR (K 3) ., B 3 ATH .0 Bi-PLS J7 ¥ 0
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Table 2 Comparison of spectral pretreatment methods

Fe T 4h #H 7 ‘ 2&%& R? RMSECV
No. Pretreatment methods Dimension
1 MSC 6 0.793 1.95
2 SNV 8 0.767 2.03
3 ECO 9 0.735 2.20
4 J& None 6 0.705 2.35
5 FD+ MSC 5 0.688 2.46
6 VN 8 0.687 2.50
7 FD 7 0.659 2.62
8 FD+SNV 9 0.645 2.72
9 FD-+SSL 5 0.634 2.75
10 SSL 1 0.625 2.73
11 SD 1 0.614 2.75

7 Note: MSC: Z U # 1E Multiple scatter correction; SNV : #f
#EAS A Standard normal variate; ECO: 1 B % £ fi %% it Elimi-
nate constant offset; FD: — B %% First derivative; VN % & 4 —1fk
Vector normalization; SSL: ¥l & — 4% B £ Subtract straight line;
SD: Z B 341 Second derivative.

®3 EREFRR BI-PLS ME TN &R
Table 3 Results of Bi-PLS models for Yuan’an yellow tea

e S X ] /em !

. . R? RMSECV
No. Spectral regions
9 003.2~7 497.9;
1 6 101.7~5 449.8; 0.853 1.64

4 601.3~4 246.5
7 501.7~6 097.8;

2 0.824 1.66
4 601.3~4 246.5
9 403.2~5 449.8;

3 0.817 1.69
4 601,3~4 246.5

1 4 601.3~4 246.5 0.771 1.74
7501.7~6 097.8;

5 0.788 1.79
5 453.7~4 597.5
9 403.2~6 097.8;

6 0.754 1.80
5 453.7~4 246.5
9 403.2~6 097.8;

7 0.712 1.87
4 601,3~4 246.5

8 9 403.2~6 097.8 0.707 1.89
6 101.7~5 449.8;

9 0.698 1.93

4 601.3~4 246.5
PR HE G X 6] (9 003.2~7 497.9 cm 1,6 101.7~
5449.8 em '.4 601.3~4 246.5 cm ') J5 #H7 T
A28 B3 [ PLS #5580 25 S AT Jir 42 &5, fw £ Bi-
PLS BRI e fE PLS #5581 R? #2557 7.57% . fe
Bi-PLS #& %I 4F % {# PLS #& % RMSECV F [ T
15.83% , A WL, J3 JH Bi-PLS J7 8 AL 2 1 #4511
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Fig.2 Frequency variation of spectral data points the best data points of model
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Fig.4 Frequencies and wavenumbers of the data points
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AR 2L A 22 DRI AR O e O A
2.5 Bi-GA-BP-ANN # BV 2 57 R R B H LI
DLt 1 B IR R 19 75 A S i BN A5 ok
NAB  DAIIE 22 38 245 i Jo3 o i 13 48 1 FH R Il A% 4 N T
P ) 4 7 gk N7 O B BT Y O £ A0 Ok 3
Bi-GA-BP-ANN T #5776 & 57 N T 0 25 0 2%
REARL G FE ey, B 27 2 R0 0.1, 1% 338 R ECH line-
ar[ —1, 1], BRI IR A3 45 L3R 4. BT & ¥ 48 i
JR A4 I K PLS F A | Bi-PLS 55 | Bi-GA-PLS
LA 4 K GA-PLS ## F1 Bi-GA-ANN # 7#
(R 4>, IF 43 51 FH 56 1F 52 B 5 FR AR IR AE d ket 3k 5
oA TR (18 e P AT A B, LU AN (W) 9 () o S A
x4

TR A

MR 4 WJLLE L 7E B3R 5 R NIRS i il #5 %Y
H,BL Bi-GA-PLS 4 & BB it 57 i 45 R fe H (R? =
0.964,RMSEP=1.54,RPD=5.27) , L 2 M 4b 3 J&5
I FH 4 3 K B ST Y PLS B 25 B 25 (RY =
0.732,RMSEP=1.98,RPD=1.93), GA-PLS #i %!
T 25 R UL T Bi-PLS MR 25 5L sk v GEJ& i T
GA T 45 3] 19 5 AE 6 8 B0 20 & A e (5 B
BT Bi B AR B REAE G X ] o g R
f5 B . Bi-GA-ANN #RI ) 25 5 R 22 T Bi-GA-PLS
BERLZE 5L, AR ANN J7 i B A b i JE L&
fie ) AR E B TN 2 05 B AL s Y )
T AN I F A BiF 5% 48 7 376 22 8 2% b T T 00 A A
W A SR I LD MG B R 45 5 Bi-GA-PLS 41
GBS T 2 AR o bR T AL o
T

S MBI RMAB LR

Table 4 Comparison of prediction results of five models

1% 1IE4E Correction set

IESE Validation set

KK 5 Test set

#E 8 Model RPD
Rf RMSECV R;Z, RMSEP R? RMSEP
PLS 0.797 1.94 0.732 1.98 0.670 2.30 1.93
Bi-PLS 0.855 1.65 0.837 1.70 0.807 1.87 2.48
Bi-GA-PLS 0.971 1.52 0.964 1.54 0.951 1.57 5.27
GA-PLS 0.866 1.63 0.850 1.67 0.814 1.84 2.58
Bi-GA-BP-ANN 0.914 1.56 0.906 1.59 0.893 1.59 3.26
s W B I - 2% K O i 21 88 36 3 (6 900
o em™ 15 100 em™ ) f L BEG T H, O 10 75 K
31 ASIERIER B0 XEBET BN . 12 O AT BF S 5 AT K 1
F R B NIRS #B i 1 557 AFECHE A AU B IRAr 3026 2 0 T35 P 0 O 75 22

o LA, 0 S 0 FH 4 O 1S B S R AN AV i
BB [ T B TR B AR B AR
/NG 2 NS R e S IR S D A [ B S A
B U RE 5 D) AH DG 1) NIRS {5 B, AU 5 &
B R i A T R A R S AR SRR B H Y, 6 2 Bl
b (R K027 T vR A AR 22 8 A J w32 Hh R 1 R AR DTG
RGN Bi 5 1 0 Y AR BB S B G 2 B AR
J ) F X8 JE 7 PLS B8, 28 Lh ek 2 Rk 3 10
PR 28 5L W Bi-PLS J7 ¥k 57 1Y 8 48 B4 R
NIRS AL, AN HE AL 04 6 135 B a2 o 40 1% 4k
Pt 0 41.80 %) o i FLASE Y (1) 35 SR A 45 B T A Ui T
(RMSECV FRET 15.83%) . i i i F7 AF 6 1% X 7]
S 9 003.2~7 497.9 em .6 101.7~5 449.8
em 'Fl4 601.3~4 246.5 cm ', fE 3 T IXH Y

e AT MR (AR Y . o AS 2 SR
T G B — 2 W OE R BT — st s i
P T 188 SR S 3 0 0 R R TS A5 A R R 5 o ik
53 0w WA 6, Ui B a0 35 W A0 nT i 1k B 1 s T
BRIk, BRSO LRY IR EE S AR B
¥ . —CH,.—C=0.,—COOH fI—NH, % 7 fg
P L 76T 2040 635 X ] 6 000 cm ™' BT 2 4 B fig A
2045 00 1 B X, B R e T2k 2 I OIS (R
5555~5 882 em ! E—CH, — /% %5 B X 5%,
8 264~8 696 cm ' E—CH, — %54 5 B X 3,
4 545~4 500 cm 'l 6 666~7 690 cm & CH,
A A A B DRI, o R T S R 2 W R b e
i 555 255 T DA R 2 B R A B A R TR 1 1R R
4760~4 445 cm ' 2—C= 0O H 4 H (5 H X 5,
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JE C—H M5 IR A1 C= O 45 4% 3h 1 415 9015 8
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C=OM45 = 3h (1 41 G345 2D X, E 2w 1l 5
GHER R 5T AN o R A R I R O £E B
ROEAEGRE X ], 5 2 56 C (5 B b vl g
ST EASTE [ B AR v A 2 1 ) R AR ) B AR
Ak Ry ik 2 ) ot 5 1 2 1 B A B R AT L g
Bi 53 i 16 ) AR O 1 X R AT DL AR Sy o iff b R
B 5 375 22 % i B D AH O I 9 8 B A s ELAT B A
AR R A B2 HEIE X MIF A 5 &
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55 o B 23 5 WA AR B N Ak A . PR, 2230 T GA
SRV SR K ME O 2k 5 O e A O 5T T % U0 0 4K
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32 GARBHERIFIEXIZHIES

M GA B3 9 003.2~7 497.9 cm ',
6 101.7~5 449.8 cm ' fl 4 601.3~4 246.5 cm ™'
3K RS HESR BT 75 A 5 0m 2 B4 R
AH S B B 5 (9 003.2~7 497.9 em 'R 40 A,
6 101.7~5 449.8 cm "1 13 .4 601.3~4 246.5
em 'HY 22 AN R B B L B BTN B
43 B e G BB 08 45 AN G IR, BT 53
21,1212 A, e o5 e 43 5 ol 52,5096, 92,31 % .
54.55%) 1,9 003.2~7 497.9 em ™' X ] 42 B Ay
FRAE G B0 A 2 2 R i & — CH, B RB A A9 — 9%
FEAR AL A5 8.6 101.7~5 449.8 cm ' IX ] #
R R AR DG 15 A o R B R B 2 —CH, B e AT Y
— B AEHE B .4 601.3~4 246.5 cm ' [X ] 45 BUAY
FREGIEEE S FE R 2 —C=0 EReH s
W5 B M NH B g — M Z A5 s &, UL L
XL iR A 5 A% e Y SO L o ML 2% 22 R RN
HE A O 3k JUA 4 B 5 G2 42 B o JB 2 DA
SR, AR 30 A O i Bl HE A R R R T
RO AR ELZHN O—H 45 C—O {4
(9 L1 B A D Tt e 45 A3 A 5L DA R IR Dy 4 26 W Jo
) C—H g C—C Mai i H G /E L. BT
B AAE TR B AR I, 23 AR B 1 5T B i i 2R
T 8 e T U 8 e N e S Uk B R A AR 2R OB

A UM RS A . 7E DT W I 2 W AT A S E L Rk K o
T 88 255 T AR IR L TR RS ) B L AT S ) SR Ry
F ARSI R R JEM L 4 R G2
R T A LAY R RRAE B TRERGN
i IR A TR L (FL 3 28 3 ) 3 ARG L RO B AT Y
LA ETEAE B AR 55 . X 2 4R L 75 4>
RAEGREROE P B A5 SRR E RO S T DL B
b 7 W5 B A 6 0 B B R R RE AL
PSR O DL PN I <O SR 0 S Sl 2 G S Sl 8N
ME B 45 AL B2 5 28 T 41 A6 A 4 A T R IR 2
KA b PR 5%

AW 5% 38 S AT AR AT T 2R O 40 AN
i, 454 Bi-PLS 83k Ml GA-PLS 58k 20 % 0 i T
AT R AIE D' 1 DX ) AR AE S 1% B4l A, SR T I
TR T AP T R T, AR B A
14 Bt 1 o T LA v G e 00 A 3 A 0 R A o A5
43 (R?*=0.942,RMSEP=1.573), {HABF 5% 1 17
T 22 B2 i O 43 TR0 A A B SR P RE R 2 B
AU B & BT B A B IX R 78.40~92.05,
U, Ay (o A AR EL A A e ) e et AN A 1 8 FH Y
B T 7E EASE IS O 3 B S R S A R AE G {5 B 4b
TP S 5 DX 1] b T — 2 i T A3 B
AV B R o FH T S S A R o A5 B AR 4F Y S B
N FH AR .
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Fast and non-destructive quality evaluation of Yuan’an

yellow tea based on near-infrared spectroscopy

WANG Shengpeng' ,ZHENG Pengcheng' , GUI Anhui',
TENG Jing',LIU Panpan', YE Fei' , GAO Shiwei' , MA Mengjun®, LIU Xiaoying®

1.Institute of Fruit and Tea , Hubei Academy of Agricultural Sciences ,Wuhan 430064 ,China ;
2. Xianning Academy of Agricultural Sciences s Hubei Province , Xianning 437100,China ;
3.Enshi Huazhishan Ecological Agriculture Co.,Ltd ,Enshi 445000,China

Abstract Near infrared spectroscopy (NIRS) combined with a variety of algorithms was used to
conduct rapid and non-destructive quality evaluation of Yuan’an yellow tea.The near-infrared spectra of
90 samples of Yuan’an yellow tea were obtained by scanning,and 11 different methods were used to pre-
process the spectra to remove part of the noise information. Then the backward interval partial least
squares (BiPLS) method was used to screen the characteristic spectral interval reflecting the quality of
the sample and the genetic algorithm (GA) was used to accurately extract the characteristic spectral
wavelength.Five NIRS prediction models of yellow tea quality were established.Finally,an attempt was
made to analyze information of the spectral functional group.The results showed that the best spectral
pretreatment method was multiple scattering correction. The characteristic spectral interval screened
with BiPLS method was 9 003.2-7 497.9 cm ™ ',6 101.7-5 449.8 cm ™' and 4 601.3-4 246.5 cm ', respec-
tively.GA algorithm accurately screened 75 characteristic spectral data points. The Bi-GA-PLS model had
the best robustness and predicted the quality of unknown samples (R* = 0. 951, RMSEP = 1. 57,
RPD=5.27) ,which was preliminarily realized to quickly and accurately forecast the quality of Yuan’an
yellow tea.By analyzing the spectral information,45 spectral data points mainly reflected the information
of functional group including —CH, ,C=0 and —NH ,representing the monosaccharide, caffeine, thea-
nine and free protein closely related to the quality of the samples.The other 30 spectral data points main-
ly reflected the information of the functional group including O—H, amide bond and C—H and C—C
stretching, representing lignin, starch and cellulose.

Keywords Yuan’an yellow tea; quality evaluation; nondestructive evaluation; near infrared spec-

troscopy; backward interval partial least squares; genetic algorithm; artificial neural network
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