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Abstract: In order to improve the near-infrared spectroscopy analysis method for realizing quickly the use of the quantitative model for
non-destructive and rapid detection of the theabrownin in black tea products, this research used near-infrared spectroscopy to collect, extract and
analyze the theabrownin in the fermented leaves of Yinghong No.9 as the example. The construction and optimization of the near-infrared
quantitative detection model are performed. Firstly, the original spectra were preprocessed and analyzed by five preprocessing methods:
Normalization, baseline correction, S-G first derivative (Savitzky-Golay, 1% S-G), S-G second derivative (2™ S-G) and standard normal variable
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transform (SNV). Then, the best 1st S-G preprocessing method was used to extract the wavelength features, using the interval partial least
squares algorithm (iPLS), competitive adaptive weighting algorithm (CARS) and the variable iterative space shrinkage approach (VISSA),
respectively. Finally, the partial least squares regression (PLS) prediction model was used for regression modeling. The results show that the
1"-CARS-PLS model established by using the first-order derivative for preprocessing and the CARS method has more significant effect
characteristics, with the number of eigenvalues being 53. The research shows that the model method used in this experiment can rapidly and
non-destructively detect the theabrownin content in the fermented leaves of Yinghong No.9.

Key words: near infrared spectroscopy; black tea; theabrownin

PN RENANNZREF G OaxNy
—, GRS, TR, BUR IR E SR
Ferol. e fLgr g, o, & WEE, SR,
AR T KR,

FHEZ (Theabrownine) [1F=4: 32 BAEHFTEHIAS
R R BB B, RS B E T KSR
BATHIRERE . R RS AR (e R RIS ARG,
KR T EMZ TR . RN ESHR AR
DR AR, B, KB RA L. REREE
IS, FH O RINLTRE I SERAIE; R TRl
FRGEEY. HEEIEAERRIRE K
PR R, MR B 2. HEEIELL )5
FRAEPL, PRIUL, FH S BT M NI LS R R
FER— bR,

Ttz o B ARAER I 7772 NY/T 3675-2020, &
— M IR I TV A T A R I R AF
R, B BRI A A ELAg
PR IR e DRI, DU, okl a2l L 5 R
MR N TR A AR e AR B . i
LLAMEERA R — P PuE . o ek AR . st
D081 L5 a7 NTE 1 M0 142 £ | A - A1 =N
FIATE, R, AR SRR e gt
P A A N . A A A 4T A
A, BT /N LA 1872 nm AL T R Z Iy SR
PP AY, 255, R A D¢ R E A E] 0.94,
AU T2 2 Wy S B PRHAI . A HekE R
LLAMGIEROR, RA (/N Sk g & 2 ot Bl
SEHL T R ZH 6 P BRI o ) A T
PLS 5%, @i AN RDEIE AR 7 o0 R & i
SERIER . PR, IELAMEAR T T R TR
AR A RTINS, FF HAT 1) & Rl N S
RTEHR Dol | PRiE R R B HAT, B1XS
ALE ) i A B I AR R I 24 R A DU ) i AT A
b, HEAT P AR R AR T, /N
TRAFITAGREYR AR, KIEERAR R
# (Correlation Coefficient of Calibration Set, Rc) N
0.952, THMIEERIFHZ%L (Correlation Coefficient of

314

Predication Set, Rp) A 0.951, XAWRTIEAELEAIE
EARS . R AR . [FEE, PAELLS
TN G R BT S 3R S I A AR H I

AT H B 0] 5 7 1] R IR PR X B 2R G
P Pl e BRI . Bk, iR s
BRI R R RS, A SR TS
feAbEE (Normalize). J:26#%1E (Baseline). S-G —fr
S (Savitzky-Golay, 1% S-G). S-G —Wrg# (2™
S-G). Fr#EIESA B (Standard Normal Variate
Transform, SNV) LA FRAREE 7520t JE a6 il 4T 7t
WIS SRS, MR TERSRIBOERERAE, Ear
A = ) o AR, A SR FH A R B B R P AL B 7
AT IACRFAE RN, 43Sl A5 FH 1) 8 e /> — 3fe B0

(Interval Partial Least Square, iPLS). 74+ &N

KU (Competitive Adaptive Reweighted Sampling.
CARS). AR RS AINL4E /712 (the Variable Iterative
Space Shrinkage Approach, VISSA) HEEUKAFAE .
5 8 A e/ 3¢ [R5 (Partial Least Square, PLS)
TR AT B ] Y= A

AL BRI A B AT i, AL AE
ST M, T A AN AR AR LT 2R AE I
RHIRTAT I, BRI AR R R IR P VA
AR TR PR EIR IR, SRR A ROR

1S

11 RBEEA

AARIGABLR B TR AE AR Bt g - e 41 L
SIGEH, FrRAERT RMAELIS . ARl
FEMASTH T 2020 42 6 H NULET REJEm (M)
KA, KRR N2 e — 2=, 4595 R0
JE R E T USRI I () A, HBUREL
4cm, ZJHREE 8 ho ZERGHEAZLTANIFE 40 min
J&i > FE— S 40 min SERACRIGHE Sl . FEARZ
R FAEERRE, FHRm B E R ES, R
BELL LT () R BT 1], 4% = PR IR R AE
2 °C, REET ho fEREEEFES, BAVNHE 5



MR BRI

Modern Food Science and Technology

2023, Vol.39, No.6

AFEAR, BEMEAL 100 g, U5 K CGE—ICAK
FETAEBEE N 0 5D, At 40 AR AEA . Bl
Ja, BEEFEARE TSR, MTILRE RN
80 °C, sES 3h,

12 REk%

A e 45 FH 28 BR R A L AR e T 41 4
(FT-NIR) Y¢i¥{% (Thermo Scientific Co., Waltham,
MA, US) MIEA S, FUrakig i
Tt 12 000~3 800 cm™ (833~2 630 nm). A4
HERVLE Ny Acm™, BRI BN 20 cm. REAIHE
HCH 64 CRIEFHREERBCN 64) X (RIEREARLE
MR — D, BAFEARE = IREEE T ME.

1.3 EApNE

AICRAR R S R BACIN A% R A R AR
Rl 7792 NYIT 3675-2020 #EAT - %7735 N et RE Tt
MEE, AP R R AR, HormIHIE
THE, LI CBEABRIR BB A TR A AT 2
Wil T 380 nm ANWEROLRE, FERELR R EOT
AR SR,

14 BABAT %

141 HAXISZ %
SPXY %4 (Sample Set Partitioning Based on Joint
x-y Distance, SPXY) j&—fifs X A EAY AFE R}
IEAENIIREARI 2 77130, RSB SPXY SHEAE
REEHPEAR T 28 MEARIES, 12 MEATIIE.
HIRE T A RN:

dy(p,q)zaf(yp— vy’ p,qe[Ln] (D

d(p,q) N dy(p,

dy(p,gP= ,
maXpg < (1P,  MaXpq « ady(p,q>

p.aelin] (2)

Kt

dy(p)——% p 5.5 q ZIEREAIIED;

Vo B Y——a A ApE qeRERE,

N T TR REATE e s 1A A R AR, 4515
FIPEES dy(p,q), XA FEATE A A AR HEALEE
BAN.

1.4.2 Sz ok

N T R MR S IR I 2R B AL oA TR R 1) 5
M, —REAERRA Y BTSSP . H AT
B IR I 2040 S 1 Ak B T VA R A A B

(Normalize). FEZ6f21E (Baseline). S-G —Bir5%k
(Savitzky-Golay, 1%S-G). S-G K5 (2™ S-G).

br #E IE 25 48 8 4 4 ( Standard Normal Variate
Transform, SNV), e RdREICIERFEYE, BD
IR L. ARVEALAREE (Normalize) K RAE[FIR
IBAEFRELL . FEZRIE (Baseline) Tl BR 4G K
Frime 52, SNV = SR [ AR A NAS S5 F1)
PRI LA AOCRE AR Bo GisE R (52, ITfTis
FILBREEE R EH, S-G SHUNERRIERY =T
MIFELIE, REDPFEMREUE.

143 HFAERAFTr ik

1431 a4 HIE R E IR (Competitive Adaptive
Reweighted Sampling, CARS)

CARS $ig2 iy Li SR (R R Kk
Jrik, HEBEGRE Tl A A /R G AE I A
S ZENEIEIS LA, HFEE T PLS BTG HIAL
H, FIEEENUIIBCEE RS 205 A ST B
IR TSRS A~ RMSECV A B/ NIRFHIETEE1E N
A T4 XU RAE O ] = RO [ (R o 3 4 h
(B A B AT R R, FF @7 1 PLS Tl A2,
Hr CARS BEMIBUER BT, HALIEAHR REN 0.92
RT3 0.98, RS A [FIZE A 1 390 4
PEFEHUREIEZ T CARS HiEHEAFIE S5 &L Bl
FRAREEAL
1432 X8/ —3%7%E Cinterval Partial Least
Square, iPLS)

iPLS %22 i1 Norgaard 252048 H g — i K [X
(I i X — MO E R B E R R AN 4053
HE A OHE B, FHEHIRHEEREE X, 7H
BRICRAT B X . iPLS 7k E R TR
7 (Root Mean Squared Error of Cross-Validation,
RMSECV) #EAT#kik, LA K HAhZHn voe R4

(Squared Correlation Coeffcient, R2), FIgb%. (W%
BEETIME . Yang 25 PLS. iPLS. SiPLS £
AR EES M, KA 2T, Hd,
S H IPLS SESRAG YA AHOC R M 0.83 3 0.92.
1433 ABEEARANAE /71 (the Variable Iterative
Space Shrinkage Approach, VISSA)

AR AR 2 1A Ui 4 75 VPR — T R R A TR A
IR 3R R 45 A i — PR BBk 57

(1) BlgE— K*P [ HEhIRRE, DASRA KA
FHARES K AT B EEA TR
RMSECV i, &H RMSECV {1 —Lb v,
HHE A EMNRE. & ICsIX e i i
THEALFH4 RMSECV.

(2) HRAPIR (1) PIBCE £ 550 —dkhlERE, I
IEEE TR, PSR R ) RMSECV 1M1

315



MR BRI

Modern Food Science and Technology

2023, Vol.39, No.6

(3) W (1. 2) WIF RMSECV 1, HCF
) RMSECV fH 5 /MY, B 2R RMSECV {H%
Ait—PHseE b, BE—ERE.

#HE (1-3), [EFAEE, UHtEfs
R — /NS EAER) RMSECV HEHTEL#E, fnH: RMSECV
fHFE/N, B H &M RMSECV fH.
144 i =—F=y)a ik (Partial Least
Square, PLS)

i1 GELADI, P #2Hif) PLS Bt ah &% okt
[FJH (MLR). FRArFEIE (PCR) FHHALAH SR
(CCA) HIHFME. 2eflifl PCR MR TCHI {52,
FEES MLR ZEAZ RIS SRR BRI IR FEH R 43
FRIITRIES, KRR (S B 5 AR IS AR R i
PR, TERRTE AN ER AT, B GEAERERIS
SRR AR AT A #0545 B 1 HE R T
Iy ELIE SIREEIEATOREE, BESEAR T PCR WX et
BT RIE S, XATLLS MLR BREEAZE &

2 ZR55HT

21 FABFEMMELER

R 140 DROANSFAEGRERTIE
Table 1 Measured values of 40 samples of Yinghong No.9 tea

theabrownine

HARS FBRESEIN| | HARST FBEEE%
1 3.999 21 6.437
2 4.105 22 6.204
3 4.074 23 5.96
4 3.827 24 5.97
5 3.949 25 6.024
6 4771 26 6.559
7 4.904 27 6.295
8 5.056 28 6.118
9 4.495 29 6.118
10 4.818 30 6.129
11 5.634 31 6.956
12 5.459 32 6.582
13 5.248 33 6.381
14 5.386 34 6.288
15 5.219 35 6.46
16 6.189 36 7.272
17 5.745 37 6.775
18 5.694 38 6.61
19 5.911 39 6.617
20 5.784 40 7.066
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Table 3 Accuracy of PLS model after different pretreatment of theabrownine

YR TR ZE 5 ik RS R’ ~RMSEC RMSECV  RMSEP
Normalize 091 085 093 028 035 0.25
Baseline 090 070 087 029 051 035
A% 1% Savitzky-Golay 096 089 094 0.8 031 0.24
2" Savitzky-Golay 095 079 082 021 0.43 0.38
SNV 095 088 093 021 031 0.26
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Table 4 Results of PLS theofloocin model established by three feature selection methods
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Fig.7 The linear prediction model of theofupupin PLS was
established by using the original spectrum
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