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0.271 6.0. 794 1, AT RMSEP 4354 0. 002 8.0. 010 3;R, 43514 0. 999 3.0. 998 4;RPD 435N 3.97 4.29; FefE &
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Abstract : Establishing a rapid and simple method to determinate the moisture content and extract of Polygonum chinense. Near-
infrared spectroscopy ( NIRS) combined with chemometric partial least square method (PLS), was used to correlate spectral
information with the moisture content and extract of the Polygonum chinense L..By optimize the number of wavelength bands, pre-
processing methods and principal factors,an optimal quantitative model was established, followed by external validation.The R, of
the model for the moisture and extract of the Polygonum chinense were 0.918 7 and 0.930 2, respectively; the RMSEC were
respectively 0. 210 8 and 0. 514 4;the RMSECV were 0.271 6 and 0. 794 1,respectively;the prediction of model RMSEP were
0.002 8 and 0. 010 3,respectively;the R, were 0. 999 3 and 0. 998 4, respectively;the RPD were 3. 97 and 4. 29, respectively;
and the optimal number of principal factors were 6 and 7,respectively.The results proved that the two models had good accuracy
and stability. There was no significant difference between the predicted and measured values of models ( P>0. 05).The established
quantitative model can be used to predict the moisture content and extract of Polygonum chinense L., which provides a simple,
rapid and eco-friendly method for the quality control of Polygonum chinense.

Key words : Polygonum chinense L. ; near-infrared spectroscopy ; partial least square method ; quantitative model ; extract ; moisture
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PR HORINT TR RG> dransh
Y&1% ( Near Infrared Spectroscopy , NIRS) /28 F |
HRAER A5t 8k SO i R T— 1k
AYBAOERE S IR U BoR . NIRS S F 0l WLt 3%
X5 PP LLAME X 22 6] 1Y L I, il A IR B )
TR A RS SR AT TR LT AR XS R B R A T R
D AT PR et | R i A D S ARG A AR
A TS G AT R AR AR RS
izE  NITSEBLE M 8 i AR o b SR 2 R b
L0 i R & 31 P 74 31 e a0 B S Y TN
2y P R R A A T TR TR AT

BEA NATTXF 0 i 4 (0, 245 Y B AL, KR B 1
FHZAFRE N, a5 — b bR JC 1540 52 7K 73 FR
WA R 0 i, DRI 2 e AR
i KIRAFBATIRAEC T A 25 b b 1) 2019 4
FECER = WH 0T AH R SE D R K 73 R L ) 7 i
AWFFEAUR T NIRS 258 i e /)N — 3 % ( Partial
Least Square Method , PLS) HJt ¥ {8 B K it kb 3 71
HENT K BE AR 43 AR H ) % i NIRS G f A A
Ry Kb i R SRR SRR

1 SKIEBSY
L1 FEERSEG

Luminar (45 AOTF BT £1 4N EREI (BC4H
B (InGaAs) #:  #8, 35 [ Brimrose A #) ) ;
DH81-9203 A 7Y Hg $A 1 I 8 XU TR 46 ( LIRS 7%
ST A A PR ) 5 YR-150 £ 3y BE B A AL
(K FE T H T8 FRA ) 5XS205 B4 J7 70 2
— LT KO (Fi+ Mettler Toledo 23 5] ) ; HH-
8 TUTE /KA 5 (B VISR B A FRA R ) ;
2T & 2% A Unscrambler ( 35 [# Brimrose 2%
) ;SPSS25 Giit4k
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ARAFINRE L5 3Tk 2201 32 H W a2 vk Y
PRl 20 ARSI 50 ok e BEAK SRR
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SEEREE R 1, ko B: 50 L2 i K B
B A ME (KA <14%) , H i 20230009,
20230018, 20230023, 20230024, 20230027 .
20230855 912 Y & K T AR B KR (7 O B
HES15%) , FTRE 7= L IR B A RISt 380
A KA RR B n Ty 245 B R ) (k3
JUT S AR TR ) o B R RIGE B 1, — O 0 AR R
S

Fz1 S0HLIORBIEEARFER
Tab.1 Basic information table of 50 batches of

Polygonum chinense L.

No. it BRY/ % K% i
1 20230022 17. 00 7.85 TR BHYL
2 20231030 25.48 7.14 JARBAIL
3 20231549 16. 63 7.25 JTZR BHYL
4 20231101 15.00 6.35 JTZR BHYL
5 20230001 23.20 7.97 TR BHYL
6 20231350 20. 16 7.19 IR
7 20230010 15.78 8.40 I 45 H
8 20230003 21.09 6.99 I HE e
9 20231358 18. 86 6.79 I ¥ e
10 20232246 15. 16 7.42 JTARAE
11 20231742 26.50 6. 88 T 2R AN
12 20231039 21.31 9.30 I IR AN
13 20230008 24.94 8.72 TR A
14 20230016 17. 41 7.42 I IR AN
15 20230027 12.96 9.29 T 2R A
16 20230020 15.74 9.01 IR
17 20230017 17.91 7.77 L]
18 20231034 19.73 7.11 |
19 20230002 17.33 9.00 i}
20 20230023 12. 66 7.97 i)
21 20231033 22.71 8.95 JUPE R
22 20230014 15.22 8. 49 JUPE R
23 20230024 13.45 8. 04 R N
24 20231245 15.38 7.53 TP R
25 20231114 23.19 5.97 TP
26 20230015 17.52 7. 68 T PEEKN
27 20230021 15.49 8.19 IR
28 20230018 9.33 10. 54 L
29 20231707 16. 05 6.67 LN
30 20231637 17.67 6.94 LN
31 20230005 15.84 8. 85 LR
32 20230006 17.10 7.97 LM
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No. it BH¥s % K/ % 7 b
33 20230012 18.57 9.22 LM
34 20230048 24. 09 8.54 LM
35 20230025 14. 60 8.21 WL
36 20230007 20. 10 8.03 Wi
37 20230855 14.01 9.05 WL
38 20231121 17.56 6.42 WL
39 20230004 15.32 8.50 WL
40 20230011 19. 55 9.48 WL
41 20235100 15.72 6.35 WL
42 20231534 17.29 9.22 =
43 20230009 14.03 9.11 =
44 20231540 16.75 7.55 =Y
45 20230942 21.92 9.05 Hm
46 20230013 16. 99 8.90 i)
47 20230934 20. 14 9.35 AR E
48 20231025 17.15 6.83 vt
49 20231035 23.26 6.24 ]
50 20230019 13.19 8.57 P I e

2.2 NIRS k&

BUKIREEBY R 4 8 g (1 TS50 ) , B T A 9
SRy N I Y S S B R A A LR g G B
A, R RS T R A E,
(25+2)°C ; #H X . 50% ; 9% K JE Fl: 1 100 ~
2 300 nm; Y62 :2. 0 nm; FFIFE : Ratio mode ;
OB .2 Y RE L NIRS J54A 3 WA 1,

1100.0 1500.0 . 1900.0 2300.0

1 ks bR g
Fig.1 Original fingerprint of Polygonum chinense L.***

2.3 IELLAMERIRHEST

FKHINIRS 454 PLS #5615(5 B 5K 50 fiis
HW & AR SCER 1T Unscrambler 014 2245 T 75
KIFAEIR2Z )7L (RMSEC) M ERB(R,,) A8
IS TFIR 22 2597 # (RMSECV ) ) 2 A5 1 XF A i Y
TINAE Sy, A ST T, LSS UE AR 152 25 2 5 iR AR
KERE(R,) JiEAE R 2E 7 (RMSEP )  AHXT
SR ZE (RPD) VR P 48 A Xof A5 750 $3 00 o Aff
FEHATIF . Horp R? (ERREIE 1, RIDLIEE R
5 BR & 2 E) A 2 M ¢ R BAE; RMSEC,

RMSECV .RMSEP # /N, RMSEC , RMSEP 2 [H] 2%
RER /I DRSS A (ARG B2 o R b vy, 0000 7 R
4 ,RPD>1. 5 i, /R A 4%, RPD>3 i}, &R
R R R, HOTE AR,

Ry = Jl ol Z(C,- -C)* /0 Z(Ci -c,)2] (1)

RMSEP = /[ i(ci -C)?*1/m(2)
i=1

RPD = SD/ J[Ylf)(ci -CH?/(m-1))(3)
Soft.c, B kIR O, TN EL, ¢,
S 1 A A% 2%y o D 5 010 P 9 8, m o % F S R A
B, m R ESEREACKL, SD B0 42 b G 22 .
2.3.1  FREMERRI
ST AR [ SR AL IE AR S R R
Iz B PG RS R RS B AR E MR AR
FEMR ARTIR G SR FH Bt ML 43 B ok 0 B4 HE VR Y
10% N HAELE ,90% /AR S 7K 43 FR H AL
IEESETEE BN 5.97% ~ 10. 54% 9. 33% ~
26. S0% W FEA B i K e/ IME (B35 A B R HE
f ) AR IE 4R | 78 55 30 AT, BB A8 A A s 2
P B A (%) 5 SR, DT ol A R B L
WerE T
T2 FEAREM S5

Tab.2 Range of component distributions of the sample set

i siv] . FEAY,  SEEE, EHE, Sh/
wps TEEE L % %
KA KE% 45 5.97~10.54  8.07 1.04

IUESE 5 6.35~9.30  7.47 1.13
ey, RIEE 45 9.33~26.50 17.91  3.55
Bt LioaT o 5 14.01~25.48 17.19  4.70

2.3.2 BN ERE

P T3 2T i I 5 e 5, I A 0 T
FEER T A AN Ak AT vk S AR DT B
S MR, P A RO Y PLS & H AT R
FAEM R 5 s 1% i H | TS B v, vl
I s 78 () — 3 T A 7 I O A 50 R 4 HH 5%
OYNT B L5 22 T B 43 BT 1, SOAR B 9 R
PLS f Ry gy 2
2.3.3 LI BOE B Rk RR

TN I B R B A 4% A X RS
SR R B R B R THBR TGO T, d T
T TS RY | ARE TF A 156 BURR 23 O A P33 E
T B A Rk 4y, ¥ NIRS 3 X 18] 43 9 4
ANTR) ] B A T LA AT

BT FEFREE R W2 3, I NIRS 2 H] HA HL
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P& A —CH . —NH ,—OH 554l ¢ #f BL A5 ik 5l
FIAEA B B AR e AT e, KRR e g5 SR &
B JE LT ANX M (1 350 ~2 500 nm) X Fh 2K
AR AV BRI YEIE X 3,1 100~ 1 200 nm F 5
B —CH W BAE X Ik 1 430 nm J2—OH f—
PAGIN, K P15 ) S A /i A R 5 4k
MR A9 (H F BRI A 3, HE
TP H—CH —OH ™% | ARSI 25 45 SCibk ik
$£1500~2 3001 100~2 100 nm 43 HIE R K etk
KT R W e AR R g AR B
3 RRDEREX B @5

Tab.3 Modeling results of different spectral bands
Weketp IS Wil 4

nm RMSEC RMSECV  R., RMSEP R, RPD

]

1 100~1500 0.2552 0.2935 0.907 8 0.007 7 0.994 8 1.45
1 100~1 700 0.2000 0.3039 0.9010 0.0209 0.961 0 0.54
1100~1900 0.1883 0.3127 0.9034 0.0182 0.970 4 0.61
1100~2 100 0.1973 0.2814 0.906 0 0.006 0 0.996 8 1.85
1100~2300 0.226 8 0.3031 0.9051 0.0064 0.996 4 1.74
1300~2300 0.2387 0.2782 0.9077 0.004 3 0.998 4 2.62
1500~2300 0.2437 0.2914 0.9038 0.0029 0.999 3 3.88
1700~2300 0.236 6 0.2926 0.9027 0.0031 0.999 2 3.66
1900~2300 0.2482 0.2808 0.9044 0.0041 0.9985 2.74

[EimbASE

1100~1500 0.7279 0.8847 0.9223 0.0274 0.988 8 1.62
1100~1700 0.3344 0.9854 0.9145 0.0708 0.070 8 0.73
1 100~1900 0.7567 1.0885 0.908 8 0.028 0 0.9883 1.59
1100~2 100 0.5144 0.7941 0.9302 0.0103 0.998 4 4.29
1100~2300 0.1171 1.4230 0.8265 0.0245 0.991 0 1.81
1300~2300 0.7822 0.9045 0.9077 0.0302 0.986 3 1.47
1500~2300 0.8163 0.9421 0.9172 0.0144 0.996 9 3.08
1700~2300 0.8605 0.9841 0.9110 0.0153 0.9965 2.90
1900~2300 0.8158 0.9359 0.9202 0.0155 0.99 4 2.87

2.3.4  JEIETUL IR DT Ik 0 AR
R DI A KN AR AR S
TR MR R RIS S A R T bR
BHRICOCIE 2 B 520, 46 e RS B R B, 75 X
JEIS AT WAL BE ) AT OR AR v I A AR AR
ik (SNV) | Z 0 HU A IE (MSC) | 5 % ad 3
( First Derivative, 1D, Second Derivative, 2D ) |, SG
S W ( Savitzky-Golay, SG ). SG + 1D9 fi ik
(SG1D9S) .SG+1D11 5% (SGID11S) .SG+2D11
ik (SG2D9S) \SG+2D11 #i#: (SG2D9S) SNV +
1D SNV+2D MSC+1D MSC+2D ZEhb 361, H
rf MSC 1 SNV AT LAVH B 83 R K/ INAS Y e i 1
P FEOT LI B B LR R 5t T4 5 SG nT DA
T B M5 5 7 Ll R, RMSECV , RMSEC
RMSECP \RPD 1ERIFM4EHR, 27 & LU A TR bR 4h
Ho KORBEK 3 FiE ) B f G i AL 34 75 vk
S350 SNV+1D F1 SG1D9S! 4L L3 4

PR EE R

R4 ORFTAL BTy vk AL R

Tab.4 Modeling results of different pre-processing methods

pow LR BIESE WIS
WAHEERE RMSEC RMSECY R,  RMSEP R,  RPD

ARAEFE 0.2784 0.3022 0.9021 0.0055 0.9973 2.03
SNV 0.2424 0.2997 0.9081 0.0041 0.9985 2.74
MSC 0.2415 0.2913 0.9130 0.0051 0.9977 2.18

1D 0.2362 0.2910 0.9053 0.0030 0.992 3.69
2D 0.0285 0.3711 0.8677 0.0097 0.9917 1.15
SGID9S 0.2366 0.2926 0.9027 0.0030 0.992 3.67
SGID11S 0.2300 0.2859 0.9086 0.0032 0.991 3.52
SG2D9S  0.2010 0.2936 0.9092 0.0063 0.9965 1.77
SG2D11S 0.2051 0.2999 0.9011 0.0051 0.9977 2.17
SNV+ID 0.2253 0.2805 0.9133 0.0028 0.993 3.9
SNV+2D  0.0574 0.3188 0.9047 0.0079 0.9944 1.41
MSC+1D 0.2427 0.3002 0.9005 0.0035 0.9989 3.19
MSC+2D 0.5675 0.3164 0.8970 0.0090 0.9929 1.24
SNV+MSC 0.2477 0.3059 0.9042 0.0137 0.9835 0.82

b

KRAEFE 09467 1.1342 0.9121 0.0287 0.9877 1.55
SNV 0.6879 0.8394 0.9019 0.0211 0.9933 2.10
MSC  0.8682 1.0055 0.9118 0.0157 0.99%63 2.82

1D 0.6698 0.9242 0.9239 0.0171 0.9956 2.59

2D 0.4898 0.9108 0.9011 0.0295 0.9869 1.51
SGID9S 0.5144 0.7941 0.9302 0.0103 0.998 4 4.29
SGIDIIS 0.6781 0.7879 0.9141 0.0266 0.9894 1.67
SG2D9S  0.8027 1.1177 0.9024 0.0236 0.916 1.88
SG2D11S 0.678 1 0.7879 0.9141 0.0288 0.9875 1.54
SNV+ID 0.3660 0.7187 0.9145 0.0253 0.9904 1.75
SNV+2D 0.1361 1.0424 0.8754 0.0380 0.9782 1.17
MSC+ID 0.1465 1.0650 0.9050 0.0268 0.9893 1.66
MSC+2D 0.3061 0.9663 0.9077 0.0380 0.9782 1.17
SNV+MSC 0.6945 0.8504 0.9019 0.0226 0.9924 1.97

2.3.5 FEHFH(n) ByiLEE

G E n JE BRI S ) R R 2
— 90 R /IN T R ) A ST R R A v A R, AR
T2 n KD, ARREFE A NIRS M58 s n 2 £
SBR[
NN A< A N T AR o O S AR
RMSECV #/N, FrEE ) n B4R, HRIEE 2 PR, =7
A FK ST EHFE>6.7 Z 5, RMSECV {H722 4k

%5 RMSECV Z3{k(f
Tab.5 Changes in RMSECV values

EER

St

no KRR CRIMPE | n KRB RIEOY
1 0.8145  2.6413 11 0.3750 1.063 1
2 0.4886 1.919 8 12 0.3887 1.027 6
3 0.3907 1.3455 13 0.4028  0.9913
4 0.3488 1.051'5 14 0.4230  0.9460
5 0.2805  0.8970 15 0.4337  0.9495
6 0.2716  0.8348 16 0.4362  0.9610
7 0.2881 0.794 1 17 0.4357  0.9721
8 0.3035  0.8037 18 0.4455  0.9800
9 0.3416  0.8730 19 0.4482  0.9950
10 0.3614 1.010 8 20 0.4551 0.990 1
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Fig.2 Number of principal factors in NIRS model

W R AR 9% | H i W K 43 3 500 S R
6.7 it RMSECV fz/)N, [N i H 9 FoK o3 i) e 4
FHFEH 6.7,
2.3.6 MIEBIRIHE T

AR AL S E0 0 B S KR BEK 4 TR )
EER BRSHILFE 6, 45 R ILK 3, RAEIF
Hri8 45, RMSEC . RMSEP /N, Hi % 22 {H /)N, 4
RIS, AR B AR b, 25 & 3] RMSEP f

F®6 ERBRIERESN

Tab.6 Optimal conditions for quantitative model

ZH IKATHEHY B R
AT s PLS PLS
WK/ nm 1 500~2 300 1 100~2 100
i WAk B SNV+1D SG1D9S
n 6 7
RMSEC 0.210 8 0.514 4
RMSECV 0.271 6 0.794 1
R, 0.918 7 0.930 2
RMSEP 0.002 8 0.010 3
R, 0.999 3 0.998 4
RPD 3.97 4.29

B/ %

¥
60 65 7.0 7.5 80 85 9.0 9.5 10.0
WU %

7 14 16 18 20 22 24 26
SEHHE %
a Kb AR Y
3 RIREEK ST FNR L ) AR ]
Fig.3 Quantitative model of the moisture and

extract of Polygonum chinense

/B RPD B P BEAT & i A FE BT R | o AR
RS R R T 25 5 75 SR A T e
2.3.7 BRSNS UE
A FEHENT KR BRI S iR ) e
FEIEAR A X IAIESE 5 HURE S AT AN EAIE , A
MAE BRI 5 45 R L3R 7,
RT RSN IR,

Tab.7 Results of the external validation of the model

IRIT 5 B
LS 16 10 1 S 2 T N 1 N 51 I £ G 7
H/% /% 2/% /% /% 2/%
1540 7.43 7.55 1.54 1030 25.14 25.48 1.36
1039 9.11  9.30 2.09 0855 14.30 14.01 2.12

1358 6.53 6.79 3.80 0002 17.95 17.33 3.60
5000 7.33 7.38 0.67 0006 18.29 17.10 6.95
5100 6.06 6.35 4.57 2246 16.38 15.16 8.02
RAD 1. 24% — RAD 1. 64% —

ERTIR  JORBEK AT R A
FRAE 5 S Y RAD (RS2 0w 22 ) 43 31 A
1.24% 1. 64% , ZBXF ¢ Kol . Koy & 2
LI TOUI R AN S E Y T B 2 R (P>
0.05) , FIXFIRZZIITE 109% LA P, 2 I F 0 4 5 52
DUMEARAE . TR P 16 2 50T 2 1) T A A %t
KRAE 7K A3 RIS ) B e T A R R e AR
PEbE,

3 #ig

HERR PR TE I R R 2 AR R
Wz — BEE T EALE AR LA M B AR 1 & R
Jof I NIRS ARG I Xef v 25 ol bt 42 i) LA 22
S,

T ARFESHK S0 NIRS [E3E 4 68 11 4%
S ARBIGE LK IRAE K S RN W R S 4
it NIRS %54 PLS, SR A1 0 Be  TAb B 5 i I
FHFELL LR SR Y Ok S S 5
FRICKA R, LUEE ST KOk B 7K 43 FIR 4 1Y)
£ NIRS e AR, 45 SR /K 43 FLE 0 1) B
FEBAR AT 1 500~2 3001 100~2 100 nm; %
FEFALFR T H: 43 ) SNV+1D SGID9S, H: R {H
¥I7E 0.9 DL I, RPD 478 3 Dl I, & W48 R I 4F
AR RAIEAE I T 45 5 5 5 Gy v 2
T EES

ARWFRAE T I0 B h R B, (1) B = 4L
TN 2 ERE RS AR Y () T B R AR )
o ARSEEGAEHEAT WU S YT A AR U &
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WA B B A TR M A T, A oK R B 2 b R
AP IE A AL T B2 A e 5 L

S

[ 1T RURG kg B A2 1843 20 BT L A I 4% 24 350 T T
FE R I R D] T )P KRR, 2023.

(2] BEERRL, FEH , o T f. 3 F W0 2% 2 B2 1) kB BE XL
RBERIT B TS I R e AL A ZT [ T]. v B
BE 25 51 R 4%, 2023,47(6) :59-64.
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