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Discriminant analysis of Scutellariae Radix growth patterns and accurate
prediction of major active components based on powder color digitization

ZHU Xintian, OUYANG Shaoqin, WANG Yushi, YANG Ruiqi, CUI Yang, ZHU Keyao, ZHAO Yuanyu, LIANG
Ru, ZOU Huiqin, YAN Yonghong
School of Traditional Chinese Medicine, Beijing University of Traditional Chinese Medicine, Beijing 102488, China

Abstract: Objective In order to establish a rapid method for distinguishing different growth modes of Huangqin (Scutellariae Radix)
based on digital analysis of the color of the herbal powder, and to establish an accurate prediction model for the main active components
of Scutellariae Radix based on the color of the herbal powder. Methods The L*(luminance), a’(red-green), b*(yellow-blue)
colorimetric values and E*(total color) of the powder color of Scutellariae Radix were measured using a spectrophotometer, and the
contents of flavonoid components (baicalin, wogonoside, baicalein, and wogonin) were determined by HPLC. Based on the
colorimetric values, combined with multivariate statistical analysis and machine learning algorithms, a qualitative discriminant model
for different growth modes of Scutellariae Radix and a quantitative prediction model for four main active components were established.
Results There were significant differences in the contents of flavonoid components baicalein and wogonin between different
cultivation methods of Scutellariae Radix (P < 0.05). The colorimetric values of the powdered herb were correlated with the content
of effective components (except a* was not significantly correlated with baicalin and wogonin contents, P < 0.05). In the model for
discriminating the growth patterns of Scutellariae Radix based on colorimetric values and integrated with machine learning algorithms,
the Random Forest classifier combined with ten-fold cross-validation achieved the highest classification accuracy of 100%.

Furthermore, the main active component content prediction model based on chromaticity values showed that the correlation coefficients
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between the predicted values and the measured values of the four effective components were all greater than 0.97. Conclusion The

qualitative and quantitative prediction analysis method established by using the chromaticity value of the herbal powder has the

advantages of rapidity, accuracy, and accessibility, providing theoretical basis for revealing the scientific connotation of "distinguishing

colors to judge quality" of Scutellariae Radix.

Key words: Scutellaria baicalensis Georgi; color; HPLC; baicalin; wogonoside; baicalein; wogonin; content determination; wild

species; cultivated species
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Table 1 Information of Scutellariae Radix samples

EiRE] FEHb AR URER  CRERTE %
S1 AT Ak 7 1l g 2023-10 5%
S2 AT Ak 7 1l g 2023-10 5%
S3 AT Ak 7 1l g 2023-10 5%
S4 AT Ak 7 1l g 2023-10 5%
S5 AT Ak 7 1l g 2023-10 5%
S6 AT Ak 7 1l g 2023-10 5%
S7 AT Ak 7 1l g 2023-10 5%
S8 AT Ak 7 1l g 2023-10 5%
S9 b A s A 2023-10 #H%:
S10 bk fE A 2023-10 #H%:
S11 bk s A 2023-10 #H%:

S12 bk fE Fkr 34 2023-10 #H%:
S13 bk s Fkr 34 2023-10 #H%:
S14 b fE Fkr 34 2023-10 #H%:
S15 bk s x5 4 2023-10 #h%:
S16 bk s x5 4 2023-10 #h%:
S17 bk fE x5 4 2023-10 #h%:
S18 bk fE FHr 10 4 2023-10 #H%:
S19 bk fE FHr 10 4 2023-10 #H%:
S20  yldbaKfE Fkr 10 4F 2023-10 4%

2.1.3 iR EIEHDN Cis Bt (250 mm X 4.6
mm, 5 um); JiSIFHA LG (A)-0.1 %R /K R (BD,
BEREWERL (0~10 min, 15%~20% A; 10~20 min,
20%~25% A; 20~50 min, 25%~45% A; 50~60 min,
45%~55%A); AFUAE 1.0 mL/min, MK 274
nm, FEFEE 10 uL, AR 30 C. VAT IR VAR
PE iR ETEE LA 1,

A 1
' 3
)
I
- _ ‘l‘ ) h l L
102030 4050
B 1’
\ | “ 3 4
| [ A
1020 .‘30”7‘40 o 50l
t/min

1S5 2-DUREH: 33055 4-DUE R
1-baicalin; 2-wogonoside; 3-baicalein; 4-wogonin.
1 RFESR (A) MftidE B) AiRENiEHEEEE
Fig. 1 HPLC prints of reference substance (A) and
sample (B)
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3922, r=0.9997, ZMEJEH 0.4740~4.740 0 ug;
AR Y=1 315485 X+86 257, r=0.999 8, it
6 0.630 0~6.300 0 pg; INFHZEZ Y=1232490 X—
11727, r=0.9997, ZiiEH 0.2180~2.1800 pg,
T R AE S O N IR R R IF
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ul, % “2.1.37 TR R R sLilt i 6 IR, 0
SKEEH . DOESH . mE R DUESRIERA,
115 RSD 4354 0.35%+ 0.35%-. 0.44%- 0.28%,
RN B R o
2.1.6 FREtEES RS A R Z A A R R
WL Al TG 0. 2. 4. 8. 12, 164 24h
2 “2.1.37 DU EEFNE, dREEEH. W
BAH L AR DR RIER, 115 RSD 405l
N 0.15%- 0.12%- 1.69%- 0.44%, B HER IR
7E 24 h W,
2.1.7 EEMHRE EWEARRAR, % <2117
TR I3 AT A s 6 1, 4% “2.1.37 Tl
NS FANE, WREEE DO, mE
. PGEXR RIEHEAR, FFiE 5 82 %0 RSD 434
N 1.27% 0.21%. 0.60%- 2.06%, & FFK %Ik
HE MR
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99.26%, RSD 43514 2.40%- 1.85%- 0.80%- 0.81%.
2.1.9 FEMIE  BURRIIEEESREAL, 4% “2.1.17 T
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Table 2 Determination of the content of four kinds of

flavonoids in different Scutellariae Radix (n =2)

Ty HEHI% DB HI% HERI%  NHEEE%
S1 19.31 10.94 3.61 2.85
S2 19.37 11.58 4.35 2.67
S3 18.62 8.80 3.43 2.09
S4 17.71 7.47 3.89 2.14
S5 17.58 8.55 3.22 2.30
S6 18.58 8.84 6.15 2.83
S7 18.73 9.02 3.63 1.81
S8 16.77 8.17 3.93 2.30
S9 18.55 9.23 4.26 2.18
S10 20.29 8.15 4.30 1.26
S11 18.62 7.34 4.53 151
S12 12.36 4.64 0.50 0.22
S13 10.66 3.90 0.61 0.24
S14 16.40 9.28 1.66 0.70
S15 13.06 5.87 0.75 0.36
S16 10.73 4.83 0.88 0.39
S17 10.62 4.93 0.96 0.40
S18 20.25 10.34 1.57 0.65
S19 20.21 8.35 1.32 0.50
S20 19.37 9.18 3.08 0.90

2020 FRRIEEFAM EEEEAG DT 9.0%M
ER, S S ER AN AR S10, ES
HEERIHN 5 F4 R S17. i i %kt
it 1) 4 Tl 250 23 1) 2 1 LB BT A it > AR %
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IR AEANE (JEELR 3mm), #HATHE, i
SERER BRI (LD, 44 (o). EiE
(b,

223 FEEERE DA AMEEGRAR (SD, %
92227 WUNEAEIME %A, HELNE 6 K, i
L. a". b", 5 RSD 2514 0.02%. 0.24%.
0.15%, FEAUAHKE R B R LT

224 HEEMHRE B 6 MEE MM K
(SD), #% “2.2.2”7 Wi N EAEN&EFAHTIE, D
L a" b, TFHEILRSD 518 0.06%- 1.69%-
0.60%, FZITEEE MR

225 REtilie BUEESAMEERSH AR (SD, 7
BF 0. 2. 4. 6. 8. 104 12h $% “2.227 Wi M (i
WEFKAH TNE, Wex L« b 115HH RSD
RN 0.32%. 1.24%. 0.59%, FHIFEMTE 12h K
FOEME RIF
22.6 (OFNE % “2227 W ORENESMAER
FH 43 I SO0 38 25 2Rk R ik AT % &AL
AR RPATINE 3 IR, BCPME, it EaaE
[E"=(L"4a+b"2)2), 58 WFE 3.
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Table 3 Colorimetric value measurement results of

Scutellariae Radix powder (n = 3)

T L a’ b* E*

S1 58.35 5.11 32.87 67.17
S2 55.14 5.12 32.08 64.00
S3 55.30 5.66 31.99 64.14
S4 54.57 5.82 31.64 63.35
S5 55.83 5.48 32.27 64.72
S6 55.34 5.50 32.02 64.17
S7 54.93 5.41 31.03 63.32
S8 55.69 5.73 31.75 64.36
S9 54.77 5.63 31.09 63.23
S10 63.16 4.18 34.36 72.02
S11 59.20 4.82 32.07 67.50
S12 77.58 -0.75 44.45 89.41
S13 80.22 -1.87 42.08 90.60
S14 78.66 -1.24 41.31 88.86
S15 76.64 0.28 46.71 89.75
S16 78.89 -0.39 45.02 90.84
S17 76.09 1.45 43.60 87.70
S18 58.56 3.96 32.08 66.89
S19 58.20 2.61 31.47 66.21
S20 52.17 4.79 27.98 59.39

W B RN L' 5217~80.22. a" A
-1.87~5.82. b"/y 27.98~46.71. E"; 59.39~
90.84 ., B A i 1735 W BEAE LU A3 it > BF AR
i, ASFV AT FR RS o 1P B A LA 3 4
A >B5AFEA>10 4 mEREMP S g A L
B BPAR SN > AR, AR AE AR BRAR RS ST
LI LS. 10 4E4E >5 AR >3 44 EERE
dn P B B b A RREE > TPAE N, AFIAE
KA R RIS S (1 PR A L 5 >3
A >10 A L 2 A5 RSB ERE L B A S R L
FRiE, RIEEmmB R, HA KRR R
B i B AR B AR
23 HRWALEBSHH
231 BAUGE: K SPSS 23.0 #BAEGHE NG
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232 MRMESHT  RA SPSS 23.0 B0 %2
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Table 4 Inspection statistics

R S o S Cow SERLS G 3
z 1521 ~1.481 -3.761 -3.762
P 0.128 0.138 0.000 0.000

®5 BSEREES 4 MERIEEHSEXMESER (n=20)
Table S Correlation analysis of four active components

and chromaticity values of Scutellariae Radix (n = 20)

., R HL

oy L a b* E*
AT -0.509"  0.330 -0.560"  —0.526"
POEXRE -0.550"  0.383 -0.483"  —0.606™
EER -0.603™  0.740"* -0.545"  —0.609™"
WEHEE 0672  0.830" -0.512° —0.663"

"P<0.01; "P<0.05

R 5 Al L, a"5EEH. PORSHLEEM
KRR, A GHFRMNEE RS EAREE M
K (P<<0.01) , RIfE—@E aE N, MRStk imar
L, WEHERNMPOESR SRl L0, E'S 45
AR RAUHE (P<0.05) , Hr L™ 5% 2 A
DB R EAMEE MM (P<0.01) , BIfE—
SEJCHEIN, BREUEERES, SRS RS =
s B SPOEEE . ME RIS R G EA N
WEMMK (P<0.01) , BIfE—EVul N, Sl
BN, DOEEH . MERMMES RS ERE. '
INEE NIRRT BB S AN B VIS, NiE
SRELT 250 M R B A I BB XN AN R A K7
U B HEAT H 0 73 B B2 He Al o
2.3.3  E5r 5T (principal component analysis,
PCA)  RFH SIMCA 14.1 8, *F 20 #EEEEFE
H e AT E B ) PCA, s 3ET EER
PCA A HEAT AN [R] AR T7 30 250 1 B A i ok 1%
X oy, SR 2.

@520 MJ..\ .

-1.0 -
-6 —4 -2 0 2 4

t
R%[1]=0.968 R?% [2]=0.0286 Eliipse:Hotelling’s T2(95%)

2 TEEKABAREH PCA BE
Fig.2 PCA score plot of Scutellariae Radix with different

growth mode

% PCA BRI, Moyl 2 I, RBURRER
9 99.66% (R%[1]=96.80%, R*[2]=2.86%) , Hi
2 ARG RE BT AR RERE  99.66% I E (A RF-AIE
LIRS E B R A B AR HIE 2 T,
20 HLFE S BRI AR, B AR E AR
2 BN, AR M EAMAE 1. 3. 4 RIR, &
B B AR S A BBCOR B B i, Hod 3 48
AFERE S (S12~S14) EEHARIEE 4 KR, 54
AR B S (S16~S17) B TR 1 R, 10 4F
A RIS (S18~S20) FE A MTEL 3 RIR HIEE
B AR R, VAN ) AR K 2R A PR ) 3 5 24
MARBUEATTEZE S, Sl i R &5 HdR AT A
A A= K 7 SR B 25 B 2R R B i Xy BT — 8
ATATHES
2.3.4 B w3 Fn 54T Corthogonal partial

N/

least squares-discriminant analysis, OPLS-DA) %
FI SIMCA 14.1 %A, X6 20 HEBEERE G 1) €0 5 i3k
1745 W B ) OPLS-DA, £53ILIA 3,
KU ) B AR B SR 5 R =1, A
ERATRE RY=0.837, FAITNITEEL Q*=0.687,
IR T 0.5, BUIHLEE R, £ 200 (K E ks
5, Q*RIHLSHHMIAEAL M/NT 0, BEEIAAELE
G, ZAERISUEA R, RS R AT LT A
() A=A 7 3B 55 P A i R SR 3 it 03 40 #T o
235 W15 RH] Weka 3.9.6 #F, it
A MBS LR 5 2] AR 8 B R L B AR AR
K7 BB A, 43k Bayes Net. Naive
Bayes Net. SMO. Random Forest 73528317 HL#4¢,
R FH 47 28 SRR X A A M e AT VP Al . DAIE )
# (correctly classified instances, CCl) . ~Fiy4axt
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200 permutations 1 components

A-OPLS-DA 115y H; B-E#G% A,
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3 FREKFAREZH OPLS-DA FIRI T4
Fig. 3 Results of OPLS-DA discriminant analysis for

Scutellariae Radix with different growth mode

%7 (mean absolute error, MAE). ¥J 53 i% Z (root
mean squared error, RMSE ). X %] 1% 7 (relative
absolute error, RAE) fHXf 377 Hii 1% 2 (rootrelative
squared error, RRSE) 1E APl B84 R FE 4R b
SR WA 6.

HHER 6 7] WL, 73 3 11 14| 223578 80% LA |,
HABENL AR (Random Forest) 4325 #s £ IR 4T,
1EHZN 100% H &R ZE BN, AT LASEINAS
[F) A 7 A 5 R ), DR e 1% 7 v —
e
2.3.6 HEEHPAMARLS TERRBEN X
Hl Weka 3.9.6 #ff, @bl a2 > B L #%
Random Forest 77 K &% 2 T 20 #L 32 FF 0 (1) 3
U AT E B9 3% 60 HEEEME L™ o™ o™ E7HL
TR EZ M P ESE. NESH, 55 R
M3 % 2 4 FhA R0 77 & B L Al A Y,
SR 47 28 OB AIE v N A Y A e AT VR AL, DA
R R # (correlation coefficient, CC). MAE.
RMSE. RAE. RRSE fE Jy ¥4l 85 84 ik #ff Ji2 (11 45
bro @RME 7.

*6 TRDEFMNIRERARASHHRIER (HHREIEE)

Table 6 Discrimination results of different classifiers for Scutellariae Radix with different growth mode (10-fold cross-

validation)

KA CCl/% MAE RMSE RAE/% RRSE/%
Bayes Net 85.000 0 0.156 1 0.3475 31.452 3 69.666 5
Naive Bayes Net 88.333 3 0.1131 0.3246 22.780 6 65.075 6
SMO 85.000 0 0.150 0 0.387 3 30.2158 77.6431
Random Forest 100.000 0 0.0345 0.0855 6.949 6 17.142 2

®7 AZDAMEREERDSETNER (HHZXEIEL

Table 7 Prediction results of the contents of four flavonoid components in Scutellariae Radix (10-fold cross-validation)

D%y cC MAE RMSE RAE/% RRSE/%
WA 0.998 1 0.2727 0.5328 9.656 6 15.777 8
PO A 0.996 7 0.3195 0.540 4 18.854 9 25.613 7
W 0.9725 0.227 2 0.396 2 15.504 2 24.289 8
PUOHEZR 0.989 4 0.092 4 0.1356 10.645 0 14.438 6

R 7 AL, A, DRSS, BRI
FE K CCAE4 v 0.998 1. 0.996 7. 0.972 5.
0.9894, KiRZEMEINE/N, UEHIBELARANT 4 Ff
53 30 BT R TR e

W BN AR KR LA 8 XIRAF AT 3
PTG S5 E S DOESH . MRS R
S MNE 34T B LS, 285 R LEE 4. IR 4wl O,
BT BB A E UL o) BIE AR X 2%

W4 BB R B AT TN, ESLA 4 PR
Ry Er R RN 8 HAT W ) R
3 g
TGS “HERE T 19« 1 5L 5l 20]
SRR, BV R B RPEREFE, 2
2y VP I E B R bR 2 — . BUREF AR R,
2 R B RYIE TS WA AR Sy
R EAM PRt i, RE%yit, %4
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