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Construction of spectrochemical characterization model for quality identification
based on utility difference of multi-source Coptidis Rhizoma
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Abstract: Objective The difference in the utility of the multi-source species of traditional Chinese medicine has been paid great
attention by the doctors in the past dynasties. In this study, FT-NIR and FT-MIR technologies were combined to investigate the
feasibility of applying spectrochemical characterization techniques to the determination and quality identification of the common
material basis of multi-source Huanglian (Coptidis Rhizoma). Methods Taking the common material basis of four Coptidis
Rhizoma, coptisine, magnoflorine, berberine, columbamine, and palmatine as the research objects, optimization and feature learning
algorithms based on spectral matrix, combining near-infrared and mid-infrared spectroscopy characteristics to construct PLSR and
SVR spectrochemical characterization models to determine the content of common active ingredients in medicinal materials and
identify their quality differences. Results The SVR model had the best effect on the determination of berberine, with an RPD value
of 4.842. The predicted RPD values of the model for berberine, palmatine and magnoflorine content were all higher than 2; PCA
results showed that the model could effectively identify the differences in the common components of multi-source Coptidis
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Rhizoma, and provide a basis for its quality identification. Conclusion The serial application of multiple spectrum technology can
effectively characterize the difference in the content of the common components of the multi-based original Coptidis Rhizoma, and
improve the efficiency of quality identification of the multi-based original Chinese medicine.
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spectroscopy; partial least squares regression; support vector regression; spectrochemical characterization model; berberine; coptisine;

magnoflorine; columbamine; palmatine

% N BEIE Coptis chinensis Franch.. = ff %%
% C. deltoidea C. Y. Cheng et Hsial. = F§#i% C.
teeta Wall.. /5 HF 1% C. omeiensis C. Y. Cheng %555
ERHEYINTRRZE RS AURLE, BRK
BE BRI AT A ERE M, (B BRI
BERZER. W EARR) id#k: “HmiE, HEHH
Ko R, TN TLARE TUER, J7H
KE”, $8 N7 58 B A BT IR I 08 FRIW IR 2%
B ML UZR (0 35 5% JU) 58 25 T4 BT H AR
KL PR HA AIMIEYE, 5 S BN R R 5 5
HEZ IR 22 e 1) 2 L DR R Iy LA 1) Jog A
VR A, AT, IR
WIS AY (R AE AL o A (7] 58 TR 2 R R DR 25 T Ay
(7] — R 24 45 FH ) A, O L3 ] IR TR PR
B JR PR BRI S (M B2 SR R o TR/ NBERRR AR )
BN BEIE M 1) E A B, BN, R
PR AR 0D, YT AR AR, Xt
TR S B E R IR R 2 B R E A A R
) B R 0P R 5 oy () B AT A RGRAE,
AN [F ORI SOE M A Y B 2 5,
Lo 5 22 e SN BRI RS, I BN TR 2
BEUR - BN B BRI =

B0k v 245 53 2% Ak 2 vh ) o R Al R 1 R T
€, PRI LIEZECEHT T2 A miiR. H,
TR RAR KL EORAE ). M S, ZERER
PEfaI B, TR FEAARIARE,  HABE 4 1H R FE
AR B R, e — IR ER IR E TV
HERPARPLIEEEERER R, 5 TRIVIAER
TFHE, far SR (R 1 AR B g S B H AR AR
FEPAAGH I — P N A R . BT, 2P
THEZFEMITECE N A TOGBEER R, LR
P e AR B AR R R R s T M. Bl 2 Fhifl
FMe . RHIES ) RE BR G L, R TG
FOAR R 1A ROTEE, WHETNE, — B
FOCTERE R TR o A%, BAETUALIE. FH
HEW . FHIEE IR 2 P8R, B
BT AL . 124, SRR IR

% BL ) BB M A A B 5 B R 22 R 1)
HER R R AR

FET b, AW TS A IR EZH BT BT T A R R
WAH SRR, 2 R e v F I
SR /NG . BT AR EAEHR . AEINBE S,
MELTT, FEEOUHEA 2RO AR N T 2 25 5
A VEVE RO I e A SRR R AT . S
AR T 2T 46 (fourier transform near infrared
spectroscopy, FT-NIR) A& B8 # v 21 4p i 1
( fourier transform mid-infrared spectroscopy ,
FT-MIR) HEARREANFEEF HIEAM IPDEIRE R,
it BEE, MR B BIDER S
Mrifife . fhife/ — e Ja Cpartial least squares
regression, PLSR) A1 Kf[F & [=]JH (support vector
regression, SVR) HiEH F R LZZAM 61
PO EIRIEEA, B RS SRR R )
FHORME, IRV LLAM G B FH T2 2840 57 i o3 Rl
JEMZE SRR AT AT M, 20 B IR B IR 2504 1 5
HERTR AR .
1 MR5EE
1.1

Fr BB PRI T 4 P @Y, SR
R RS AR EE, 750l NEiE C
chinensis Franch.. =it 3% C. deltoidea C. Y.
Cheng et Hsial. I#J& ¥ i% C. omeiensis C. Y. Cheng
=PI #E C. teeta Wall.. R 3 FEYIK4E T 791
BUHEE B A N TR, mfiERET &
P HETT B ULI £ N TRE I, SREEFEMIIN 5
SRR . AR MR ER FE S B = i T
%, BCHARZEMAL, Wi 60 CHET, fRIFED]
TRTHRAL . 1531 4 FhECIEZTM 73 TN RE | I |
PP EM =%
1.2 {XE5I

PerkinElmer {8 BLIH- T 7 AN R 2T /M6 A (SE[H
HEHRREBRIEAPRA ), DFT-50A HIF42mE
N, (RRHRA R AR, #LENE), BRF
(EEZMIBPAERA IR AT, 650, LC-20A Al



¢EH 2024108 $53% H20H Chinese Traditional and Herbal Drugs 2022 October Vol. 53 No. 20

* 6345«

ROBAR IS CHARREAF]D . XS/ INEERS (L
“7 110713-201814) ity H - [E £ 5t 24 bk e B A e »
KR2ZAEH (b5 CHB180205). AE¥HEA i (k5
CHB180712). #iiZEHH, ({lk'5 CHB180629) FHLLHYT
(#t'5 CHB180226) T/l r & HAFI A F], i
A =98%.
2 FE
2.1 FEmIe

PRIUE B, 50T TREAR SRR
B R LT AP LD AR, 43R4 FT-NIR A
FT-MIR JGIEAFAE. BF0S&E—MREa, il X E] 4y
H¥EE N 10 000~4000 cm~t F1 4000~500 cm1, X
ATHERLIN 4em™, 55 R 64 IR ERERIIE
LT, BRI A KR AR S R I = AE
R WA U U R S b 1115 S S T
HEWE 3, “FEPLERT RS, BiiEdE
(13 58 2 2 R A Ji 3 PR E 9 A SR L
2.2 FIBBIBOIRIZ
221 4 PG Al 3 B LA TR 46 6 L Ak
P EYE (11 fD, ERMEE S0 2ok
Fbr#E IR &, THERGEUN 2w, SEEE,
PN LA AL I TR SRR (S B0
222 REAHIZE KRHZEET PLSR 1 Hotelling
T2U2UG B2 W B 43 A o 1 ST XORI Y SRR T
PLSR #AY, R4 T2 i K Hcths & h i w18
MR T2 T 99%E S X 0], %A E
N T FEATE MR o
223 FARFRUEAL  JEHERI I BE B A AN A ) =
W, BB B E — B E R, AR TR
T (1) S SRR P A G AR, DR I O 4 ek &
[-1, 1] Z [l
224 OGIERHEBE R IE S IR LA E
TEEN, REEMEIRHHER, e/ EXR
BERLKRE S, AMUGIBEALZ AT, B2 FEK
BT (AL ERIHE Ve . 3B 4 PR S WL 5
ER A B ) AT, el 0 R
FEJH B Crecursive feature elimination, RFE) [,
Boruta H3051, Ap & 5 5 B E A% 5k (variable
importance in projection, VIP) WSIFIFL % (gini
coefficient, GIND) 7, R FH-+#7 58 X IGUE AN REAE
BEHH .
225 FHIEEERE: FEREARRE & — P s
KPR SR, B RUR T AN R AR SR 3 R RFAE A B

ICAZEE, W RAP= A L —(5 B RS R . T4
B AT FERI A TR W8, AHH SR RYE T FT-NIR
A FT-MIR SG i R E R B AT (5 SRt &, #—b
P& 1 22 5 R B 2 LA 5 o3 SRAE AR AL (R A
PERA 201

2.3 FiBWFRIERE

TSR PLSRIVE VL H T 5 FhILA 7 pli sy
(I A P RAEAR A 1% 7 VE R B KW 7 22 R,
HEE B PARE (X (YY) ZRfXR. %
JIE A 2 T ARG Hh v AR 2 e L2k P i,
532 R H80HT I B 4 Dy o L AN RH 50 1 AE TR T
(latent variable, LV). LV 1% H & PLSR I EES
B, HT R IIES R 2 S8, B
RAERERY

SVR20 g T~ 5T 3 ) AL EE I R AL
TR S RS e ML EE VS, MRS T, DA
VP WRLA B R it . ST RMEA T 4 5
£, ZER R WU B S 4R RRAE T, AR
FRERAETT 3 o A% PR BRI 5N SR A I A i 8 1) B
12 R A BR 0] DA At W AT R B A, B A
BN R M AE R R Y, fE T R % ( penalty
coefficient, c¢) F & 1 #% K % (gaussian kernel
coefficient, g) s& SVR fAIrp 2 NEEFSH. AT
TR EIE MRV R Z I ORE, 5 %
REM R EZSE. BEELT, 2 NSHWIATH
BT RS HEDE . A FERBRE R (genetic
algorithm, GA). RiFHHLILEE (particle swarm
optimization, PSO) FIM% 25 i% (grid search,
GS) A% SVR HMMZH, DR ikl
SERAEAEAL,

T2 B, FEIEM SEONRIE R
(correction coefficient, R?) #&rT 1 F WA IR
Uf; RIESEXTRIEZ (root mean square error of
estimation, RMSEE) FITFiill 4 5 75 R % 2 (root
mean square error of prediction, RMSEP) 43l K
TP RS IE AR IR UE AR S5 IR () w22 28 SUIRHIE 3 7 iR
7= (root mean square error of cross validation,
RMSCV) #1238 XIS UEF I, Rl v (3] A= 1Y
I e /1R 9 RUERE AL AR f M AN BT 1R A A i
&, N Kennard-Stone %2304 kL AR 7> A
WZREMIRIELE, TIEH T @R F R, )5
T I B HE )RR T . F AR T e 2

(residual predictive deviation, RPD) & —/M¥Airik



* 6346 «

¢EH 2024108 $53% H20H Chinese Traditional and Herbal Drugs 2022 October Vol. 53 No. 20

RIS S, @w LT, 1ZEs
o U 2 R AR R R0 R T . 24 R 2 i, R A
B T Ak S A 24
3 H#R59%
31 FREBUBATMILER
DR FT AR 25 SRR, /BRI B
AR2EAEHE . AR OB B2 7T A R i iR 35 24
MIFEHE B, A2 3 B LA 81, A HE
RORAH TSI, 1K 5 PGS o AR AE & T 45
R 1 R,
32 LIMEIEBIBEIALIBLE
FEAFERERIE A 5 IR AR bR
#HEAL 3 AP IR . FT-NIR Sl i A B A543 il v —
3. S8, Mg, I SHgEE £ T
B RS IE AN — B 34 FT-MIR S5 U 1) 990 A B 492
120+
100 T
80

60

5r80(mg 97

g 404

204 &

s &
T #T,

Th . —-—

o,
BOEWL ARZAERL DEERL AEMHBTO BT
Bl ZEREEDSHAERIHSETAK

Fig.1 Visualization of contents of five common components
in multi-source Coptidis Rhizoma
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Table 1 Results of FT-NIR after optimization
WA Tk BER T R RMSEE RMSECV Rp? RMSEP
B Raw 7 0.85 1.46 1.94 0.61 2.16
FD 2 0.78 1.65 1.84 0.65 1.93
SD 4 0.98 0.58 1.46 0.66 1.86
SNV+FD 2 0.79 0.37 1.36 0.59 2.14
SNV+SD 5 0.99 0.37 1.36 0.65 1.89
MSC—+FD 2 0.79 1.62 1.80 0.58 2.15
MSC—+FD 2 0.79 1.65 1.84 0.65 1.89
K2R Raw 3 0.45 1.22 1.61 0.49 1.33
FD 8 0.98 0.24 0.93 0.64 1.08
SD 2 0.81 0.71 1.10 0.79 0.91
SNV+FD 1 0.51 1.13 1.21 0.55 1.25
SNV+SD 2 0.81 0.71 1.09 0.80 0.92
MSC—+FD 1 0.51 1.13 1.12 0.55 1.24
MSC+SD 2 0.81 0.71 1.09 0.80 0.92
/INBETRR Raw 6 0.88 6.45 7.79 0.92 6.13
FD 2 0.83 7.45 8.08 0.87 7.54
SD 2 0.93 4.72 6.84 0.92 6.69
SNV+FD 2 0.87 6.62 7.16 0.90 6.96
SNV+SD 2 0.94 452 6.49 0.93 6.65
MSC—+FD 2 0.87 6.60 7.15 0.90 6.97
MSC+SD 2 0.94 451 6.48 0.93 6.67
BT o Raw 6 0.56 0.85 1.03 0.24 1.16
FD 7 0.95 0.29 0.68 0.18 1.23
SD 4 0.95 0.28 0.76 0.26 1.03
SNV+FD 2 0.54 0.84 0.98 0.25 1.05
SNV+SD 4 0.94 0.30 0.68 0.26 1.03
MSC—+FD 2 0.54 0.84 0.98 0.25 1.04
MSC+SD 6 0.99 0.10 0.66 0.29 1.00
B gyT Raw 9 0.94 1.15 2.02 0.88 1.77
FD 8 0.99 0.48 1.24 0.88 1.47
SD 4 0.99 0.50 1.44 0.82 1.72
SNV+FD 7 0.98 0.60 1.26 0.86 1.52
SNV+SD 4 0.99 0.48 1.32 0.84 1.60
MSC—+FD 7 0.98 0.60 1.26 0.86 1.52
MSC+SD 4 0.99 0.48 1.32 0.84 1.60

Raw. FD. SD. SNV. MSC 3 AMCEARHAE. — 5. S8, L0IESEE. ZI0EURIE, Frafdigid FigadE. REAIR?
43 SARFAR IE AL A AR I e AL
Raw, FD, SD, SNV and MSC respectively represent the spectral pre-processing algorithms of unprocessed, first derivative, second derivative, standard
normal variate and multiplicative scatter correction. All data applied with a smoothing step. Rc? and Rp? represent the coefficient of determination for

calibration and the coefficient of determination for prediction respectively

%2 FT-MIR XiEMILEER

Table 2 Results of FT-MIR after optimization

% TiAb B ALE R RMSEE RMSECV Rp? RMSEP
THOEBR, Raw 4 0.78 1.66 1.83 0.66 1.98
FD 2 0.75 1.78 1.89 0.67 1.94
SD 2 0.79 1.63 1.87 0.69 1.87
SNV+FD 2 0.79 1.62 1.80 0.65 2.01
SNV+SD 2 0.80 1.57 1.84 0.69 1.88
MSC+FD 2 0.79 1.62 1.80 0.65 2.01
MSC+SD 2 0.80 1.56 1.84 0.69 1.88
A=A Raw 3 0.75 0.80 1.03 0.61 1.16
FD 2 0.73 0.83 0.93 0.53 1.29
SD 1 0.71 0.84 1.01 0.79 0.91
SNV+FD 1 0.72 0.83 0.91 0.49 1.33
SNV+SD 1 0.72 0.83 0.95 0.47 1.35
MSC+FD 1 0.72 0.83 0.91 0.49 1.33
MSC+SD 1 0.72 0.83 0.95 0.47 1.35
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=35 TRAL#E BIEH T RZ  RMSEE RMSECV Rp? RMSEP
/NEER Raw 4 0.92 5.22 6.10 0.85 7.69
FD 2 0.90 5.84 6.30 0.88 6.95
SD 2 0.91 5.61 6.58 0.89 6.70
SNV-+FD 4 0.96 3.67 5.09 0.86 7.23
SNV+SD 3 0.95 4.42 5.68 0.88 6.73
MSC+FD 4 0.96 3.66 5.10 0.86 7.28
MSC-+SD 3 0.95 4.26 5.69 0.88 6.72
BT o Raw 4 0.51 0.82 0.94 0.39 1.06
FD 7 0.54 0.78 0.81 0.49 0.97
SD 3 0.75 0.57 0.76 0.50 0.94
SNV-+FD 1 0.50 0.81 0.84 0.49 0.96
SNV+SD 3 0.77 0.57 0.74 0.47 0.97
MSC+FD 3 0.69 0.65 0.73 0.54 0.91
MSC-+SD 3 0.77 0.57 0.74 0.47 0.97
BT Raw 3 0.82 1.77 1.95 0.86 1.87
FD 5 0.93 1.14 1.52 0.91 1.57
SD 2 0.86 1.51 1.71 0.91 1.54
SNV-+FD 3 0.90 1.31 1.60 0.93 1.37
SNV+SD 2 0.87 1.49 1.71 0.92 1.41
MSC+FD 3 0.90 1.32 1.61 0.86 1.37
MSC+SD 2 0.87 1.48 1.70 0.92 1.41

Raw. FD. SD. SNV. MSC 7B, —r 58, IS8 ZI0ERLR. ZI0HUMRIE, FrA8dE 2 Fiabal. Re? il Rp?
S3 AR IE AR NI IE SR I P R AL
Raw, FD, SD, SNV and MSC respectively represent the spectral pre-processing algorithms of unprocessed, first derivative, second derivative, standard
normal variate and multiplicative scatter correction. All data applied with a smoothing step. Rc? and Rp? represent the coefficient of determination for
calibration and the coefficient of determination for prediction respectively
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Fig. 3 Outlier diagnosis of different datasets
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Table 3 RMSE based on different feature selection models
5% AR i RFE BORUTA VIP GINI
HIETH FT-NIR 0.099+0.031 0.104+0.033 0.10840.037 0.10240.029
FT-MIR 0.088+0.032 0.09240.030 0.112+0.036 0.09440.031
INBEGR, FT-NIR 0.123+0.050 0.130+0.048 0.133+0.050 0.123+0.049
FT-MIR 0.07440.027 0.077+0.026 0.083+0.026 0.077+0.022
EyT FT-NIR 0.105+0.039 0.10640.044 0.115+0.048 0.135+0.041
FT-MIR 0.092+0.032 0.09140.040 0.10240.041 0.11640.038
JEPHBA 2 FT-NIR 0.131+0.036 0.126+0.037 0.19440.038 0.185+0.036
FT-MIR 0.11940.033 0.122+0.034 0.203+0.034 0.190+0.042
KL FT-NIR 0.114+0.034 0.120+0.039 0.13240.038 0.181+0.031
FT-MIR 0.119-40.039 0.118+0.041 0.123+0.046 0.161+0.045
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Fig. 4 Variable number after different feature selection
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s /NBEBRY) PLSR BEAY (1 TR AR Fe AL . 122455 7Y
BEIREA R ZE 4 ™ LV, H RMSEE. RMSECV,
R2, RMSEP fll RPD 43 %/ 0.075. 0.097. 0.928.

0.096 1 3.734, X T-AE By B 7 &= Ttill, PLSR
FER R R 42, H RMSEE. RSECV. R2, RMSEP

1 RPD 4341l 0.140. 0.170. 0.580. 0.205 Al 1.570.
MR R b 2 R AERI AL RPD ff, 3 HH PLSR
BT R ANEEIR. L EL VT RIOR 2 A8 hk 1) 7t
DR IAF L R

SVR #A 4 R AINK 5 fion, HSHFEME 5

T 4 PLSR HiEMFRAERFLER

Table 4 PLSR results of spectrochemical characterization model

W2y LV RMSEE RMSECV R? RMSEP RPD
L, 3 0.092 0.111 0.862 0.162 2.003
INBET 4 0.075 0.097 0.928 0.097 3.734
BT 5 0.080 0.124 0.883 0.115 2.917
eI B L 3 0.140 0.170 0.580 0.205 1.570
A ZIEH 4 0.079 0.108 0.767 0.132 2.051

Fz5 NiEHFFRIEEEM SVRER
Table 5 SVR results of spectrochemical characterization model
=R Tii% c g RMSECV R? RMSEP RPD
TR GA 2.266 0.473 0.110 0.862 0.186 1.741
PSO 1.372 0.010 0.116 0.831 0.167 1.941
GS 1.320 0.435 0.106 0.864 0.185 1.753
IINBET GA 0.337 0.091 0.087 0.950 0.089 4.034
PSO 17.238 0.010 0.094 0.957 0.075 4.842
GS 0.758 0.027 0.088 0.951 0.079 4,558
BT GA 0.476 0.015 0.102 0.923 0.128 2.638
PSO 14.149 0.010 0.116 0.900 0.161 2.094
GS 2.297 0.005 0.099 0.915 0.126 2.664
eI 7 % GA 64.343 0.058 0.167 0.726 0.170 1.892
PSO 3.039 0.010 0.184 0.606 0.202 1.587
GS 1.320 0.082 0.174 0.712 0.182 1.768
A ZTE GA 9.971 0.032 0.114 0.763 0.134 2.030
PSO 2.930 0.010 0.127 0.792 0.127 2.138
GS 2.297 0.005 0.123 0.823 0.116 2.344
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Fig. 5 Parameter adjustment process of GA, PSO and GS (berberine as an example)
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Fig. 6 Correlation of predicted data and actual data based on optimal spectrochemical characterization model
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Fig. 7 PCA results based on optimal spectrochemical
characterization model
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