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Identification of Growth Years of Scutellariae Radix By Characteristic Spectrum of

Inorganic Elements Combined with Chemometrics
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[ Abstract] Objective: To obtain content characteristics of inorganic elements in Scutellariae Radix
(aged 1-4 years) , and to explore the feasibility of identifying the growth years of Scutellariae Radix based on
characteristic spectrum of inorganic elements combined with chemometric models. Method: After microwave
digestion, the contents of Mn, Zn, Ca, Fe, Mg, Na, K, Cr, Cu, Se, As, Cd, Hg, Pb and Ni in 21 batches of
Scutellariae Radix were determined by inductively coupled plasma atomic emission spectrometry (ICP-OES)

and inductively coupled plasma mass spectrometry (ICP-MS). Meanwhile, characteristic spectrum of inorganic
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elements in samples was drawn. The identification model was constructed to discriminate the growth years of
Scutellariae Radix based on the combination of principal component analysis (PCA) , Fisher discriminant
function and support vector machine (SVM ). Result; The contents of Mn (7.79-36.48 pg-g'), Zn (10.12-
3143 pg-g'), Cu(6.38-17.20 pg-g'), K (2.98-13.89 pg-g'), Mg (3.45-7.78 pg-g") and Ca (2.32-7.09 pg-g"')
in Scutellariae Radix were detected by ICP-OES and ICP-MS, and their contents increased with the prolongation
of growth years. PCA results showed that Cu, Ni, Cd, Na, Mg, Fe, Ca, Zn, Mn and Hg were characteristic
elements of Scutellariae Radix. Samples with different years could be divided into four categories in the spatial
characteristic diagram of Fisher discriminant analysis. The correct rate of SVM model for identifying the growth
years of samples was 95.2%. Conclusion: This established method is accurate and rapid for discriminating the
growth years of Scutellariae Radix, which can provide reference for the identification of other Chinese medicinal
materials. It is suggested that some elements should be considered as indexes in subsequent construction of the
quality evaluation system of Scutellariae Radix.

[Keywords] Scutellariae Radix; inductively coupled plasma atomic emission spectrometry (ICP-OES) ;

inductively coupled plasma mass spectrometry (ICP-MS) ; inorganic elements; characteristic spectrumj;

chemometrics; growth years
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Fig. 1 Appearance of Scutellariae Radix from different origins and different years
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Table 1 Sample information of Scutellariae Radix with different

years
FEfgS ARAERAE 7 sl Z B

sxsl-lyr 1 BEVE T 33°49715.48” 110°02705.56"
sxsl-2yr 2 BEVG T 33°49715.48” 110°02705.56"
sxsl-3yr 3 BEVERTI 33°49715.48” 110°02705.56"
sxsl-dyr 4 BEVE T 33°49715.48” 110°02705.56"
hnls-1yr 1 TEG TG 34°03705.02” 111°03707.11"
hnls-2yr 2 TE IS 34°03705.027 111°03707.11"
hnls-3yr 3 I FE G 34°03705.027 111°03707.117
hnls-4yr 4 T FE TG 34°03705.027 111°03707.11"
sxxf-lyr 1 WIPE PPy 35°52742.08” 111°26'20.03"
sxxf-2yr 2 WIPE PPy 35°52742.08” 111°26'20.03"
sxxf-3yr 3 WIPE PP 35°52742.08” 111°26'20.03"
hbag-1yr 1 b2z 38°25716.00" 115°19'39.70"
hbag-2yr 2 WAL 2 E  38°25716.00” 115°1939.70”
gsmx-2yr 2 H e 34°26700.92” 104°03'31.06”"
sdlw-1yr 1 13698 36°12748.16" 117°40'31.57"
sdlw-2yr 2 INAKETE 36°12748.16" 117°4031.57"
sdlw-3yr 3 WA ETE 36°12748.16" 117°4031.57"
nmgbw-2yr 2 W %% 17 40°36729.1”  109°58'31.7"

I R 4

nxgy-2yr 2 THEE 36°01'16.27" 106°18'21.72"
bjyg-1yr 1 JEEUHEE 40°31708.4"  115°46'44.3"
bjyg-2yr 2 JESTAEE 40°31708.4"  115°46'44.3"

0.5 mL, 7 S I 14 % 2 58 T f% 40 min. SR FHA)
T, 5 3B BOE AL 76 1300 W(100% ) D) R
T, F 5 min TR Z 160 °C; 78 1 300 W(100% )
HF, T 5 min N THE % 200 °C;7E 1 300 W(100%)
AT, T 5~20 min £ 55 200 CCHER . 15 1 fi B4
MEERCHIEBREEITERZ 15 mL M ERT
4D T R VR B 3 R A A . R AR S RE A
WL AE
2.4 KHRALER SIS AT A B 2 BT AT SPSS
23.0 MATLAB R2017a. Hij# T PCA F1 Fisher I
WA Hr, J5 B T SVM B R A 257
2.5 Al e A RO A ES ARG DU R i B e R
ICP-OES HI ICP-MS illl & 15 Fh CHLIC K (1Y & 51 i &
W SEARWETS I . ICP-OES D)4 T 25 W i 13 {1 Sy 2\ A
i, JBT E VR BE O B A A A% 1 il 4R E ICP-MS
WM 5E v, YEHE Rh(10 g+ L) N IN bR, DL 4% o0 2 06 15
N AE 55 PN BR TC 2K S L U e 7 {1 BE A R N A b T
TR R AR R AR L W 2. SR A
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Table 2 Linear regressions and detection limits of 15 elements in

Scutellariae Radix

TR o 1 iy 2 r 6 R 2Rk

Mn Y=17 458.0X-24.4 1.000 0 0.006 mg-L™" 0.02~2 mg-L"'

Zn Y=3 836.6X+2.4 1.000 0 0.005 mg-L" 0.02~2 mg-L"
Ca Y=4 624.2X+3.0 1.0000 0.065 mg-L" 0.2~20 mg-L"
Fe Y=2 468.0X+31.8 1.0000 0.020 mg-L" 0.05~5 mg-L"
Mg Y=86 258.0X+3 607.4 0.9997 0.020 mg-L™" 0.05~5 mg-L"
Na Y=2232.5X-42.1 1.0000 0.015mg-L" 0.5~40 mg-L"
K Y=631.5X+1.0 1.0000 0.015mg-L" 0.5~40 mg-L"
2Cr ¥=0.214 1X+0.004 6  1.000 0 0.033 wg-L" 0.1~10 pg-L"'

#Cu ¥=0.269 6X+0.0475 0.9999 0.300 pg-L'  1~100 pg-L"

Se ¥=0.002 0X+0.000 7 0.9996 0.040 wg-L"' 0.1~10 pg-L"
As ¥=0.028 5X+0.000 3  0.9999 0.030 wg-L" 0.1~10 wg-L"'
"cd ¥=0.089 6X+0.0002  1.0000 0.040 pg-L"' 0.1~10 pg-L"
22Hg ¥=0.080 1X+0.0004  0.999 8 0.002 pg-L" 0.05~0.5 ug-L"
2%ph ¥=10.639 4X+0.738 6 1.000 0 0.001 pg-L"' 0.1~10 pg-L"

Ni ¥=0.150 7X+0.0147  1.0000 0.050 wg-L" 0.1~10 pg-L"

2.6 AFAFEREXS DM ITEN R 55
FREC2 1 HE B RE R R 0.5 g AE AR E 1% 2.3 00 F
J5 % il £ A3 i 5 W, SR JH ICP-OES I ICP-MS 43
A E 1SF AT E &, WR3, SRERTER
Mn.Zn.Cu.K . Mg.Ca7E 8 % H & 5 &, iX 5 55
EVEEEDY REEP MRS R AT B
WM/T 2—2004( 24 I A8 ¥y J il 5 b 28 52 2% 47 0l
FrifE) (Pb<S wg-g'.Cd<0.3 pg g’ As<2 pg-g' Hg<
0.2 pgrg'.Cu<20 pg-g')Xf Pb.Cd.As . Hg Fll Cuix
5 PP IR 4 JE AT FE O AR R AR o B
FEIT T 21 HEA [ 77 A ) 4 BR fr) 2 5 4 v |3
SFOTER G AR R
2.7 NIRRT R IEEGE S S
B I A 9k B 1S R s AR R T
BT | 25 ) 85 To ML T 2R FRAE RS DL 2, 4
PR, 21 LA [ 45 B B 5 rp g RE A I 33X 15 Fh oG
HLOCE , HAE K o A #a 3 Mn>Zn>Cu>K>Mg>Ca>
Na>Cr>Ni>Pb>Fe>As>Se>Cd>Hg., 21 #t A [a] 7 #
AN ) AF B 85 55 19 TE ML 7T R AR 13 14 52 00 AH 8L Y
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®3 BEEHRISHTENRENH 2 —e—sxsl-1yr  —hnls-1yr ——sxxf-lyr
Table 3 Contents of 15 elements in Scutellariae Radix pg-g! 32 ~hbag-lyr —e-sdlw-lyr -a-biyq-lyr a
ST 3 e KA Fe/MA B (+5,n=21) 24
16
Mn 36.48 7.79 16.12+7.93 3
Zn 31.43 10.12 16.01+4.65 0 n—u—u—+ : =
Hg Pb As Cd Cu Ca Mg K Na Zn Mn Cr Se Ni Fe
Ca 7.09 232 4.29+1.54
——sxsl-2yr —«hnls-2yr —sxxf-2yr
Fe 0.85 0.09 0.35£0.21 —hbag-dyr  —esdiw2yr - —ebiye2yr
40 [ _e—gsmx-Zyr ——nmgbw-2yr  —+-nxgy-2yr
Mg 7.78 3.45 5.23+1.22 32
24
Na 15.15 0.35 3.20+3.26 16
K 13.89 2.98 8.33+2.46 7, 8 \
¢y 4.43 0.80 2.11£1.13 g 0a— X
. : : . S Hg Pb As Cd Cu Ca Mg K Na Zn Mn Cr Se Ni Fe
63 ﬂ
Cu 17.20 6.38 10.70£2.58 ﬁ 40 —o—sxsl-3yr ——hnls-3yr  ——sxxf-3yr —+—sdlw-3yr
Se 0.19 0.042 0.10+0.05 =G
®As 0.37 0.06 0.17+0.09 24 ¢
ed 0.22 0.004 0.05+0.05 1:
Hg 0.007 0.001 0.003+0.002 0 b—t—a—of
208 Hg Pb As Cd Cu Ca Mg K Na Zn Mn Cr Se Ni Fe
Pb 0.78 0.09 0.36+0.17
40
Ni 6.08 0.29 1.24+1.47 % — sxsl-4yr —e— hnls-4yr 4
24
RARFFAE B H B 5 A W) T At o 25 8 19 o0 R AR 16
. . - 8
B, Wnar (A . A BIFIE & B TE AN ] A1 B 1 3 5 0 4—a e

SR AT E EEA Cu.Ca. Mg K Na.Zn
A Mn, H3X 7 F0 o0 R 76 A [F 45 B A FE 5 b & i 25 5
BRI0% Ca Mg K 1Y % 5t AR TE 4 4F 2k 1 4 ik 3|
I RME, G &K Cafil Mg I & AL ¥ R B Ry 4 48 E >
3AEE R A STARAE TR K i AR L RN
4AE SV AR =2 A E >3 4R E s S0 Cu Zn Al Mn 11
R 3 A P IR B R ORME L U E Cu AR b
RN 3FEE~A A SV FE~2 A, JUH Zn & it
AR IR 3AE A >2 AE A > AR A ~4 4E 2, DT Mn
i AR A R B R 3 AR A > 1 AR AR =4 AR AE S AR A
BEA A 51 50 2 Na & 5 1) fi K AE H BAE 1A AR 5
Korp S AR BN VAR >2 AR A>3 AE A >4 4R
A AR TEF H AL LA T 2R L B R, IR R T e B
ANTR) 7 b A 38 5T R 09 4 A AE A 25 Sk TR IROIRRR
S R R 2 ) A R S R 2 DDA O

2.8 PCA HEHEHEPISPHILRMTHEMENL R,
S A SPSS 23.0 #: 4T PCA, 18 4% 70 K 19 FF (5 ot
Bk, WLk 40 DURFIEME>1 g br ol , 32 BUAT 5 A 32 A
Iy, H E B STk R 3k 85.805% , Ui W ix 54~ F2 4 Al
& E S b T AL T FE BB RREAE B . Gl X
REAFAE K DR 48 ar 20 B HE AT 7 25 fie KA IE 38 Jie %
Je , ARAR s TR AR B R 1 R S
Cd.Cu.Ni.Na % & B IEM 2 55 2 £ 5 Mg Fe.

Hg Pb As Cd Cu Ca Mg K Na Zn Mn Cr Se Ni Fe

FHITER
2 1F£@2FEDIFE(OIIFE(DETHTES
(n
Fig. 2 Characteristic spectrum of inorganic elements in annual
(a) , biennial (b) , triennial (¢) and quadrennial (d) Scutellariae

Radix

As 5L IE A OG5 3 E N4 Ca B IE AR O,
B4 EMIT S Zn Mn 25 EEIEASC S ERUT S
Hg &5 B IEA G, 45 R KWL K Cu.Ni.Cd.Na,
Mg.Fe.Ca.Zn Mn . Hg /& 8 X M FEIE THL T %=, W
5, FEFFE" @ 4 % Ca K. Fe . Mg.Mn.Cr.Zn,
Cu 8 (Sr) . PiX 10F TR TR PCAMNS 1538 T
KR, & Mg K. Ca,Fe.Zn & 8 % i) 32 B 4%
fETLHLITE .

2.9 Fisher #| 5 i 50 Fisher 1) 5] ok 50 vk & — Fh 5
T 07 22 53 W SEARLI 0 3 o0 W O i e v A s TR
] {15 24 25 (] 45 52, (45 4 1] %) X0 45 A, 4 N i X
B /I P Al AS T A 488 52 2 7 4R R A ) o e
3 PCA B 5 4f B8 B 4 J5 , JT & Fisher 21 51 WF
FEo G5 KB BI R AL 1L(F) RN F, R AEAE 4 51 A
15.454.2.103, J7 22 STk 2 I 43 51 2 81.8% . 11.1%,
X2 AR B TR R T 3k 92.9%, R IK A F,
H1F, X8 B 5 AR BRAEAT 3 2, T AR 47 1 43 2 45
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Table 4
Scutellariae Radix by PCA

A A AR AN DT

Eigenvalues and contribution rates of 15 elements in

BV %y
FHE A TR R /% F TR /%
1 4.831 32.204 32.204
2 3.242 21.611 53.815
3 2.414 16.093 69.908
4 1.272 8.481 78.388
5 1.112 7.417 85.805
6 0.750 5.002 90.807
7 0.386 2.572 93.379
8 0.373 2.484 95.862
9 0.269 1.791 97.653
10 0.166 1.109 98.762
11 0.100 0.664 99.426
12 0.043 0.285 99.710
13 0.030 0.202 99.913
14 0.013 0.084 99.997
15 0.000 0.003 100.000

x5 BERISHTERRETHREEFER
Table 5 Factor matrix after rotation transformation of 15 elements

in Scutellariae Radix

JLFE EM L ESr2 FEWS3 ENr4 ENSS
Hg -0.128 0.108 -0.019 0.321 0.865
Pb 0.625 0.518 0.051 0.227 -0.058
As -0.043 0.715 0.157 0.536 0.116
cd 0.856 -0.128 -0.072 -0.094 0.383
Cr -0.004 -0.072 0.793 0.239 -0.428
Cu 0.883 0.068 0.126 0.086 -0.213
Zn -0.078 0.135 0.056 0.825 0.418
Mn 0.017 0.201 -0.082 0.883 0.009
Fe 0.431 0.866 -0.115 0.116 -0.079
Ni 0.929 0.122 -0.052 -0.134 0.002
Se -0.138 -0.127 -0.902 -0.079 -0.155
Ca -0.134 0.180 0.860 -0.392 0.034
Mg 0.094 0.882 0.227 0.054 0.150
K 0.620 0.204 0.220 0.246 -0.124
Na 0.873 0.262 -0.196 -0.292 -0.161

o MIHg(X,) .Pb(X,) . As(X,).Cd(X,).Cu(X,).Zn

(X,) .Ca(X,) Mg(X,) .Fe(X,) Mn(X,,) .K(X,).Na

(X,,).Cr(X,,).Se(X,)FINi(X, )3 15FpT RN &&=

JFE AR, o A AL F, R, YRR B R 15 8] F=

2 398.471X,+10.938X,-51.828X,~133.761X,+0.859.X,~
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0.600X,~1.032X,+12.909X,+5.446.X,+0.454X,,+2.884X, +
1.407X,,-1.347X,,-41.056X,,~7.77,  F,=459.319X,+
2.379X,~17.621X,-3.413X,+0.555X.~0.16X,+4.435X +
2.214X,+112.86X,+0.01X,,~2.636X,-2.547X,,~1.533.X,,~
9.412X,,-2.508, B ICE & HEIE WA FAF, TR
FRAE 25 6] v B A A (L p) o x 2 2 T FiH o il
KB BAR , y )2 3 T 35 H ok (R A, M O K8
L% 6. Fisher H 31 4 AT (9 — 4k #0161 0038 58 1 A
FBEImas Bl S5 R A B 1 AR A 2 4R A 3 AR AR R 4 4E AR
BRI 40 X 00 JE R A

®6 WIh 15 TR Fisher HI5 BM M RS % B

Table 6 Coefficients and constants of Fisher discriminant

function for 15 elements in Scutellariae Radix

JLH F, F,

Hg 2398.471 459.319
Pb 10.938 2379
As -51.828 -17.621
cd -133.761 -3.413
Cu 0.859 0.555
Zn -0.600 -0.160
Ca -1.032 4.435
Mg 12.909 2.124
Fe 5.446 112.860
Mn 0.454 0.010
K 2.884 -2.636
Na 1.407 -2.547
Cr -1.347 -1.533
Se -41.056 -9.412
g -7.770 -2.508

2.10 SVM  SVM J2& | F # ok BOR K4 e 5 51 58
1o 2 s ) 6 AN [R) 2R AR 3R A7 4] 43, 3 3 A 3 fe
S T A S B 4 Je i A A %) 43 2 i T T /IR
RO HKIF 2 LY R B S S 5T
TE T SVM AR Y g4 N7 K F0 AR B 1) 5 ) 38 G B
¥ FROF, A W B 5 A MATLAB R2017a
Classfication Learner &£t , @] #: 3£ T SVM Ay #5 5 4F
B o3 R 3 ok A4 i) 3 A% o ) 7 0 AT
SR SR BCTE B, R 1T 58 U IE T ik Lk 2
B, b g RS AR B Y 43 S TN AR R LA Y GF B R
M2k 3 TAERRE (ROC) T 26 F 1 BL(AUC)1E N
TR BB il RAF 5 A A bn o, 5 R R IR IR
2R VA% pR BT B R I B SRR AUC 5 i . H AL 3
AL, BT ST B L AR AR 6 M REAR (2 4E AR 9B
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A3 AR 4 A FE A Y B AT A A A 4 4R
19 2 A FEA TP LA DR A g 2 48 A L A A T
14 S TE B 36 95.2% , & B BT H AR AR (1 990 000 14 B 4 47
ROC [ 2 o AUC #2231, 2 A5 R0 o affy % Rz 1k
A 7B AT, 45 3 % AN [A) 4 PR 8 5 B L i AUC 1>
0.99, 156 B 2R 56 T SVM A 37 4 45 70 56 4 - s X531
AR A PR A5

9
i Lyr 0 0 8
7
6
= 2yr 0
&K 5w
ﬁ , B
3yrt 0 0 0 5 &
2
dyrr 0 1 0 1 1
0
lyx 2yx 3yx 4yx
B S
b .
4
e
4
4
4
4
4
- e
s P
i) > 1yr AUC=1.00
b e —<4—2yr AUC=0.99
. —#—3yr AUC=1.00
L’ —e—3yr AUC=1.00

012 014 016 018 l.IO
fRIEZ %
s lyr VARAE s 2yr 2 AR A2 s 3yr 3 4R A: s 4yrd 4R AR
El3 FEFEREZHISVMIEBER (a)f ROCHZ(b)
Fig. 3 Confusion matrix (a) and ROC curve (b) of SVM for

Scutellariae Radix with different years
3 g

A 5T K H ICP-OES F ICP-MS il 5 T 21 4t 3
Z M H Mn  Zn . Ca.Fe . Mg .Na ,K.Cr.Cu.Se.As.
Cd . Hg .Pb AINidL I5F M IT R &, L H 7
KT FRIE 3, 45 0k B 21 AN [ 7 b
AN TR] A BR B 57 19 JC AL T 28 ReAIE 1] 33 257 22 B0 1 A AL
1) AR AE  HFL B S AN (] Al v 245 4 119 O 3K R
fEREE . BRI S, %4 Mn . Zn .Cu K Mg fl Ca
T3 1 ik B A R AR BR A S T G o, 2 AR K AR
BE Ay 3 4F 5 4 4F B 7 o ok B R . AR PR A i
2 38 T B 3R TE AL TT 3R S T i I B
AL S b A O Y R VR R R R X
TR P ATEM SRR R o

FE AT AR O T DR A B A Y ] S

BRI SVM 3 HI T /INEAS 73 2 B BRI 3, TF
& T PCA \Fisher $| i bR £ FN SVM 45 G2 11 J5 125 1) il
GUFSE R T T S R AR AR T FR 4 AR R 4 ) A
AL, BE BT Hb P ) B R AR R (B S 228 7 4k 2 gk
ANRVAEBR 5, DL ifE— 20 B0 UE I LA AL . A SO
FELE R R AN RS R 21 4t 35 TR E LT R B
ERK XS ETE WG R AEA 5 [,
TR S 2 B B AN () 7 b 8 R e AR bR
XA T REE R ER, B LR T RN
BRI K T EHE LM RV IC R R, R 1 1%
AT EXN ES T T E RN EEEAKZN
J B N HE A [ A AR R B8 (BT A o 5 R )
T I HL G i S5 AN T AL R S G
RHESE , 2 A BE AR 5T B0 5 b Je Pl o 3= I Wl AR 2
A i A PR A I T 5, R R A o Ak D A
B BA AR SC 2V HE B S A T i Y A
J& KA EIJCE Pb.Cd. As Hg Fl Cu, {H H & ¥ 45
A (25 A W K il 00 A 28 57 6 A7 oMb A o ) 1) PR o
Sl B B A o S )7 2yl R 2T SRS S
e 2 23 = NiiE B e R N DL AN LN
XF bR 5 R OC R AE AR A LR A R L L
il T 5N 57 2 0 AR AR R0 O TS Y
Il A 22 4 ] 24 B T 58 3L
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