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Abstract: Objective The fingerprint and chemical pattern recognition methods were used to evaluate the quality of different
germplasm of Baizhi (Angelicae Dahuricae Radix, ADR) using coumarin as the index, and the change of the content of active
ingredients in the development process of different germplasm of ADR was discussed, which provided a reference and basis for
the rational harvesting and quality control of ADR. Methods HPLC method was used to determine the content of coumarins in different
developmental stages of five germplasm species, and the chemical fingerprints of different germplasm of ADR were established, and the
similarity analysis, cluster analysis and principal component analysis were combined to compare and evaluate the quality of different
germplasm of ADR. Results The chemical fingerprints of different germplasm of ADR were established, a total of 19 common peaks
were calibrated, and the similarity of 35 batches was 0.871—0.995; during the development of various germplasm of ADR, the total coumarin

content showed a trend of first increasing and then decreasing, reaching the highest in mid-July. The principal component analysis results of
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samples from different harvest stages of five germplasm of ADR showed that the comprehensive scores of the five germplasm

of ADR were highest in mid-July. The principal component analysis and comprehensive scoring results of five germplasm of
ADR samples in mid-July showed that Sichuan Baizhi > Nanchuan Baizhi> Yubaizhi > Qibaizhi > Bobaizhi, and the total

coumarin content and imperatorin content of Sichuan Baizhi were significantly higher than those of other germplasm.

Conclusion The composition and content of coumarin components were determined by both germplasm and development

degree, and under the experimental conditions, the best harvest period of various species was mid-July, and the quality of

Sichuan Baizhi was the best.

Key words: Angelicae Dahuricae Radix; coumarin; germplasm resources; harvest period; fingerprinting; imperatorin; isoimperatorin
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Fig. 1 HPLC of Angelicae Dahuricae Radix (ADR) sample (A) and mixed control (B)
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*1 TEMRBE. TRNHASHESZRISE

Table 1 Content of eight coumarin components in different germplasm of ADR at different times

5 H/(mg g™

s BKEY%

BRRTEAR FECHTAIR MHER OhTFHANE SLRTHIR A2am ABaR Kediix B

Q1 11.73  2.6434e 04291g 1.7949c 0.1812d 1.7279g  0.4024g 0.076 1f 0.149 Og 7.404 0Of
Q2 10.13  2.8385b 0.5391f 1.6813e¢ 0.163 le 2.3182b  0.8754f 0.148 9e 0.22 00e 8.784 Se
Q3 858 29717a 0.8604e 1.7415d 0.238 1c 2.7079a  2.061 7a 0.168 6d 0.200 6f 10.950 5b
Q4 793  24355f 1.1660c 1.4866f 0.2556d 2.0410d 1.4668b 0.4773a 0.635 1a 9.963 9d
Q5 774 22727g 09042d 1.7426d 0.1777d 1.758 9f  1.161 5¢ 0.284 8¢ 0.4870d 8.789 4e

Q6 889 2.7643d 1.2964b 2.1824a 0.3142a 2.1938c 1.4419d 0.3813b 0.550 1c 11.124 4a
Q7 6.59 2.7754c 1.4062a 2.0936b 0.2357c 1.9797¢ 1.084 0e 0.2827c 0.566 4b 10.423 7c

Y1 1129 25486d 04366f 1.5841f 0.1455f  1.2636f 0.4373g 0.1442g 0.205 8g 6.765 7g
Y2 704 33671a 04686e 1.5447g 0.1349f  2.1412a 0.5727f 0.2029f 0.279 5f 8.711 6f
Y3 716 24175f 1.0159c 1.9232c 02372¢  1.6989f 1.0483e 0.2423d 0.410 5d 8.993 8¢
Y4 9.15 3.0774b 1.1266b 1.7759%  02930c  1.7901d  1.1963c 0.293 2c 0.5517a  10.104 2c
Y5 874 24381le 09702d 20076b 02739d  1.9067b 2.0653a 0.3328b 03821e 10376 7b
Y6 812 3.0841b 13693a 2.0210a 03257a 1908 1b 1.8698b 0.3544a 04929b  11.4253a
Y7 730 2.9940c 1.1332b 1.8878d 03078b  1.6413e 1.0876d 0.215 le 0.474 5v 9.741 3d
Bl 876 27812 04454g 2.1292c  0.1503f 13548z 0.2994g 0.1199e 0.248 8e 7.529 0g
B2 9.68 33341b  05180f 19924d 02714c  2.1417c  0.9684f 0271 Ib 0.418 9d 9.916 0d
B3 745 3.1760c 0.6714e 1.7029g 02678c  2.5310a 2.1064b 0.203 9d 0.2238f  10.883 2¢
B4 769  2.7036g 0.8207d 1.7341f 0.1789%  1.7754f 12147¢ 0.3251la 0.608 3a 9.360 8f
BS 6.10 27491f 09591a 19531e 02089d  1.8084e 1.4274c 0.2740b 0.508 0b 9.888 0e
B6 750 29294d 0.9010c 22410b 04698a  23627b 2.4800a 0.3292a 0.466 9¢ 12.180 0a
B7 6.67 3.5767a 09160b 23446a 03980b  1.9815d 1.3019d 0.2213c 04699c  11.209 9b
Cl 933 2.5930f 0.3822g 1.4523f 02049f  1.8257f 04364g 0.1772f 0.548 1d 7.619 8f
C2 938 1.5469g 04716f 1.1645¢ 0.1253g  1.8371f 0578 7f 0.106 9g 0.367 3e 6.198 3g
c3 925 3.0211d 09364d 1.7895d 03571b  3.4743a 2.8030a 0.2180e 03632  12.962 6b
c4 897 3.2404c 0.7432¢ 1.9217c 02444d  22537d 1.2297d 0.419 5a 0.8214a  10.8740d
cs 853 3.7545a 1.0590c 23329a 02286e  3.1403b 1.8707b 0.339 3¢ 0.617 6¢ 13.342 9a
C6 8.84 33267b 13384a 21878 04844a  2.9556c 1.5982c 0.357 4b 0.6774b  12.9259c¢
c7 740 28781le 1.1432b 2.1797b 03428c  2.0260e  1.1308e 0.325 Id 0.5569d  10.582 6e
NI 956 2.5363g 04238¢ 1498 1f 0.148 1f  1.3001g 0.3216g 0.150 8d 0.354 5¢ 6.733 3g
N2 1077 27957 03590f 12300g 02293d  2.0311c  1.170 If 0.208 5c 0.278 2f 8.301 of
N3 8.18 427902 0.6938d 2.5610a 03748b  25977a 1.5209¢ 0.143 3d 02299g  12.400 4a
N4 928 2.8190d 0.8850b 1.8091e 02532c  1.7845¢ 1.8199a 0.4513a 0.5567a  10.3787d
N5 8.62 2.7662f 0.7878 193954 02086e  1.6108f 1.2885¢ 0.2517b 0.459 2¢ 9.312 3¢

N6 7.65 3.2044c 1.0998a 22089  0.497 Oa 23151b  1.6340b 0.2422b 0.493 1b 11.694 5b
N7 696 3.3242b 0.8876b 2.1584c  0.494 8a 1.8554d 1.3917d 0.204 7¢ 0.415 0d 10.731 &c

FFIAFNE FRMUEEREE, P<0.05.

Different lowercase letters in the same column represent significant differences, P < 0.05.
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Fig. 2 Changes of imperatorin (A) and total coumarin (B) content at different developmental stages of ADR
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Fig. 3 Superimposed HPLC-UYV fingerprint (A) and
control pattern (B) of ADR sample
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NIRRT AN [FII A L TERE S 2 (B AR A R A
RO E, (ERARNESRENS &8 LAE
BWRKER.
33 ARRWHMBAEEERLSEMEI

BT “3.27 WUNAREF B B IERE A E R AL
I ERMEE R, X 6~7 AR 4 URkE St
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R BT A AT, R b R, 1 Sexd
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Table 2 Similarity evaluation of 35 batches of samples

i HHAE 95 HAUE i HEALAE i HHE i FHACLEE
Q1 0.960 Y1 0.983 Bl 0.965 Cl 0.980 N1 0.981
Q2 0.964 Y2 0.979 B2 0.983 C2 0.956 N2 0.960
Q3 0.983 Y3 0.983 B3 0.989 c3 0.964 N3 0.989
Q4 0.980 Y4 0.973 B4 0.965 C4 0.994 N4 0.972
Qs 0.993 Y5 0.871 BS 0.995 cs 0.995 N5 0.992
Q6 0.984 Y6 0.963 B6 0.985 C6 0.988 N6 0.972
Q7 0.986 Y7 0.988 B7 0.995 C7 0.993 N7 0.990

P ZEE IR E Sy R ZE i KA AL
JRERE R AR AL AEL A PR 7 38 R AT A 2 DL S 4 b
B BRI TR AR RIS, WK 3 Fos, AFEIFhR
FIEFRI RS R T 1, HAMEE AT 1

BRI RFIEE BT DT 84.508%~93.878%, BtHAAS
[ BT 1 T P ) R 1 R 8 2 UL AR AS [ P
IR RN BN 32 BRI 9200,

ANEF S [ TE 8 P 53R o M e ik 4
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®3 EMSOIHEERTEE

Table 3 Principal component analysis eigenvalues and contribution rates

. R FRE(E TR /% R %
1 2 3 1 2 3
EISS A 3.626 2.355 1.529 45328 29.435 19.115 93.878
& EIE 5.103 1.710 63.793 21.376 85.169
2= HIE 2.569 2.551 1.916 32.118 31.892 23.949 87.959
JIETE 3.579 3.329 44.731 41.619 86.350
I A E 3.971 2.790 49.635 34.873 84.508

R4 ERD DT TRENE T HEER

Table 4 Factor loading matrix of principal component analysis after rotation transformation

. e 4]
ﬁéuu W 5E R 53 PC1 PC2 PC3
A A EILES —-0.387 0.714 0.525
SERRATHH 2 0.899 0.117 0.343
W& 0.181 -0.042 0.960
el 0.732 0.393 0.409
AL AT &R -0.091 0.984 0.012
SRRV 0.478 0.812 —0.152
EEJEES 0.971 -0.009 -0.147
KEBARTHER 0.959 -0.217 0.035
EY =S EILES —0.124 0.921
SEERAT A 2 0.950 0.083
W& 0.949 -0.200
T HH N R 0.949 0.039
AL AT &R 0.264 0.819
EE=YEN] 0.910 0.016
SEJEES 0.891 0.252
KEEARTEAER 0.833 0.280
ZHIE YIS -0.290 0.359 0.688
SERRATEH R 0.823 0.268 0.180
W& 0.103 -0.222 0.929
T HH N R 0.284 0.601 0.719
AALATI &R 0.000 0.989 0.081
EE=YEN] 0.340 0.892 0.033
EEJEES 0.844 0.381 -0.149
IKEANRTIHER 0.943 -0.143 -0.011
JIEAIE GRS 0.576 0.730
SEIRAT 5 2% 0.736 0.521
W& 0.575 0.761
il T FH PN TR 0.694 0.386
AL AT 0.945 0.058
EE=YEN] 0.950 -0.003
EEJEES 0.261 0.944
IKEANRTIHER -0.172 0.951
m)IEATE GRS 0.576 0.730
SRR AT 2% 0.736 0.521
MR R 0.575 0.761
R A 0.694 0.386
AT ER 0.945 0.058
ERE=YEN] 0.950 -0.003
EEJEES 0.261 0.944

KEEIATIHER -0.172 0.951
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FR, A as iR T 0.5 WIZFoRE 50 5E il
BAEREANE, By AU5FRIEMRS A,
8 M LR BMAMEA R AEF o FIEAR
=T, PCL. PC2. PC3 A7 T AFFT (1 8 Fiy
SERBSMNETEE, RIS TR

ANEFP R A TEE AR R I 8 FhE 5 R B
oy & AR AR B 2R 6 15 AT VAN . 45
G135 (F) THE 758 £ oy R 71950 5 REIEE
TUERFR SR, H Al E1E F=0.453 28 F1+
0.294 35 F2-+0.191 15 F3, &AIE F=0.637 93 F1+
021376 F2, ZH1E F=0.32118 F1+0.31892 F2+
0.239 49 F3, JI|A1E F=0.447 31 F140.416 19 F2,
B ETE F=0.496 35 F1+0.348 73 F2. ZE50F9)
HEERWE S o, AREMIRETE 8 Fid & R KM
SR AV IITE T AR A BIR KA, RP 7 AF
RS E R T 3o I s AR BRI A
LB A [R5 1 2 1D R A e
34 ARMERBIEREEFHH

B “3.37 TR AFRFR A ELEA R B 8 A
B R PCA v AL, AFEF R A IE 8 Fid &
R G EVEIITE 7 AP Ak Bl K ME, HF
WIELE FASE AR A 1E 8 f G R B X AH —

LS. WO IR A FIM R B TR & L
e, ARSERHE—D [ RO, X7 A 15 HRFE
(AR [R5 1 A kAT 43 B2
341 FHESN 6 Al W, ARFE A EAEE
BRWH (7 H 15 B MEGRBEH B EST
F. BATHR S 2 AIER A 3.326 7 mg/g,
0 T H AR SRR LS AR R
9 1.369 3 mg/g, HIONNIEIER 1.338 4 mg/g,
WK A 22 00 2 40 B DO )T B TE > R I TR > =
HIE>HAES>FALE; 8 MESRLEWER
EHMER, NNEIERES SR SN 12.9259 mg/g,
HPCNZ AL 12.18 mg/g, HERLEERKIK NI
1 > 2 0> )1 > & e > A0 .
342 PCA KH PCA AR A IEREAT 24T,
SMTES “337 TR 8. PRI 3 A,
3 AN ERAHFAEE ST 2,780 2.480. 2.000, )
KT 15 FHEETTEREE 5 1R 34.749%. 30.999%-
25.002%, — & AFATTHRZEIX 90.750%, UiBHHT 3 4
F RS TR T RE TS 0 SR A [R5 1 TE TR AR R
WAL 3 AN B AT T

T, ANEIFRTE IR 8 PR TR B A
R 7R, FRRATHZE. WEEEER. A 2M4EKE PCL

x5 EMSDNGETNER

Table 5 Comprehensive scoring results of principal component analysis

FEdh FE it R AR I [A] Fl1 F2 F3 F AT
BTt 2021-07-15 0.930 0.300 1.317 0.762 1
2021-07-30 0.489 -0.357 1.202 0.346 2
2021-06-15 1.247 -0.016 -1.392 0.294 3
2021-06-30 0.274 -1.016 -0.812 -0.330 4
ENS A 2021-07-15 1.133 0.554 0.841 1
2021-06-30 0.790 -0.527 0.392 2
2021-06-15 0.401 0.606 0.385 3
2021-07-30 0.275 -0.057 0.163 4
Z A0k 2021-07-15 0.855 0.967 0.659 0.741 1
2021-07-30 0.197 —0.154 1.762 0.436 2
2021-06-30 0.845 -0.412 -0.533 0.012 3
2021-06-15 1.083 —0.467 —1.245 -0.099 4
JIETE 2021-07-15 0.742 0.752 0.645 1
2021-06-30 0.589 0.521 0.480 2
2021-06-15 -0.716 1.196 0.177 3
2021-07-30 -0.083 0.476 0.161 4
)1 BT 2021-07-15 0.889 0.710 0.689 1
2021-06-15 -0.330 1.595 0.393 2
2021-07-30 0.554 0.129 0.320 3
2021-06-30 -0.477 0.404 -0.096 4
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Table 6 Contents of coumarins at suitable harvest period of different germplasm of ADR
SR R E/(mg-g ™)
BRATEA R RERATEIER SR MhTA AR AAETIR ARk AMAR KESEMARTHER  AE

ES A 2.764 3e 1.2964c¢ 2.1824b 0.3142c¢ 2.1938d 1.4419¢  0.3813a 0.5501b 11.1244e
EERS I 3.084 1d 1.3693a 2.0210c 0.3257¢ 1.9081e 1.8698b  0.3544b 0.4929¢ 11.4253d
eSS 2.929 4¢ 0.9010e 2.2410a 0.4698b 2.3627b 2.4800a  0.3292c 0.4669d 12.1800b
JIEATE 3.326 7a 1.3384b 2.1878b 0.4844a 2.9556a 1.5982d  0.3574b 0.6774a 12.9259a
M)IIEATE  3.204 4b 1.0998d 2.2089a 0.4970a 2.3151c¢ 1.634c  0.2422d 0.4931c¢ 11.6945¢

FFIAFNE MK EREE, P<0.05.

Different lowercase letters in the same column represent significant differences, P < 0.05.

R®T EEETFERE
Table 7 Rotated factor loading

W2 A it

PCl1 PC2 PC3
G ES 0.387 0.348 0.805
SEERATH & 0.980 -0.027 -0.198
MEER -0.672 0.643 0.072
T M I —0.409 0.562 0.714
AALRTIHER 0.048 0.969 0.214
SEEVEYiN —0.755 -0.174 0.013
SEVEFS 0.352 0.147 —0.864
KEFARTI R 0.596 0.798 -0.067

FEAREEA, Y PCl R R AT .
WEER. AAARMNER, R, PC2 B Mk
AIEAZR . AKEEMATHRNGER, PC3 2 MK A]
AR RN ER . B9 HERPE R, PCL. PC2. PC3
RN AT R 8 Py SR

ANFFR AR R ZE SRR 3 NMERS
PCA LRG3 AT VRN, AFFR A IE 8 Fi &
KA LEE1545> F=0.347 49 F1+0.309 99 F2+
0.250 02 F3. iHHEERWNE 8 i, JIAE F>w

A
[}
8]
6.
. o)l
— { A6 E
S 0 &> O )IIaTE
2] A FE R
_4.
_6
78,
-101 _ -
-8 —4 0 4 8

JWEIE F>E AL F>E1E F>2HIE F, Wi
AFEFR EEERE ERA—EER, JAERE
I, ZEIEFE S AN M HIE R R K.
WAk, ANERST EEZA TR ZE FoRFH SIMCA 16.0
BAFEAT M, DMAE oM 45 SRS s nT 5 A
SIMCA B A xF AN [R5 1 IE#E4T PCA 5 R K
(hierarchical clustering analysis, HCA) 34T, 18K m]
s OIS, TS HRIR 3 MRy, HER
U ZEDTRREATIN 90.750%, FREHIX 3 ANERMRE
BONRNH S AN FRUS I TE R A R EYE R
SIMTEE R WA 4 Fos, ASERp R A TEE R B
=8 EWMANMEESEN

Table 8 Comprehensive score of principal component

analysis

FE FI F2 F3 F  ZEHF
JNBIE 0.80132 1.47627 0.26341 0.802 1
M)IIATE —0.243 65 -0.262 52 1.40023 0.184 2
B 082845 131992 -0.01352 -0.125 3
= Nia 021566 0.009 14 —1.376 57 —0.266 4
ZHTE  -1.60178 0.09703 —0.273 55 -0.595 5
B

12+ —\

W

ABEIE

FEEBS

(=T R N

4 HIiE PCA (A) 5 HCA B)
Fig. 4 PCA analysis (A) and HCA analysis (B) of ADR
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BAEWPEZR, PCA 5 HCA LA [FFHR (15 E
22, HAPEiE. BEERN 1, AT,
AL, Z2AEEREN 13, WHAFRRR A IEE
R A W R
4 g
4.1 FRIRWATHIRIERE S

2y A FIR B R AR B B AN ], HORAE
RGP &t apE 2 KAk, & BRSO
MR & A REE . TR ZM R ],
BRI AE PR E, 2REDA RS A
AR RIS, ARSI H 250 5 =
SRR, AR 00 24 FR A ELAN T St {22230, 4
T2 AR 00 808 o #0R AR R B, B AR I8
Tk H AN [ RV 4 1 o LU i ST HE A T AR K AR
PR 2% BRI RSN 3, DA RUCOR B 242524250, a o
BT 2008y B B 0 TR 2R WSO I k2 RO
FRASEROL I FNRT, R REFLRS SRR, 42 5T
TR ZGh, (EAR KRR Listh 7 b 25 R 2
31, REAE SRR R FER LI 2] FINE « AHF 5
R ATE LA RS B s RO B, A
[F AR A IEA A KR B SGEAE R B A
R ETE 8 ME G RBRD LAV I 7 A4
REIRAE, FRGRITR, 7 HRANAFRME A
EH G REN WA R, SRR R A
TE R BT R BOE B A TE R I, 5L
FTENRET (7 ARAD RILE A —2 LS
X RS TR] G — IR AR AR = s i
MAEIEER, W &EF & MR NEE,
42 AEMBRAIERE S

A SEEGNE & 7 X A R R B TS BT
TERH R — 3R RRE, W DA KPR FEHERR AR K FR B
R IEEBRAF R R I sem, 22 i AR R EORIE T
Foft it A [] RSSO 8 A5 40 5k 1Y) 22 57 - PCA FTHCA
SRR, 5 AR EER SN T 2 2, Hd)ig
T M) EERZAER I, BEE. BEEER
RN, HENEE, wTRed T HIEFE IR G,
(HPAEARRD) B “BLEiE: PEWIBUN . Rk,
itgs PO T A8 WYLAER TR, =T
N NRNATE. FBATE: PAdb e E, WK,
BE. PR E ARE AT, 7RI (FTEE) D
W, NAIEEACA 400~600 S 1F: s, Mtk
R B SRS SR VLSRR O R DY )113%E 7 4%
B3, b Er L, N EE SR A A5

Ji, & (HPEEYE) Il IE A dahurica
cv.‘Hangbaizhi*P" ., & FIEA LT A IEARET ) s 45
R, (HEA 200 R, B HEBIEAREEIENA,
B A SR B DT AR A IE, N IE A
A AIE A dahurica it JETE B ARES . 46
FLIE R AREE T e A BT 20 4D 30 4RAR, ATRER M
WE gl RO B AR, HE&BAIENE M A
dahurica cv. Qibaizhi?B4 , T =2 F {E R3PS0k, K
EARSIAT 20 S 70 SEAUR, BT z@Ei
MROdR JE, &) Fh SRR SRR A, G
S RGBT,

ANFIFRBT A IE 8 Fh BRI & B E 45 R
KW, AFRMBEEERSFAERRKER, BHFER
BEERN: JNAE>EIIBIE>ZHIE>HHIE>
REIE, VA A S A R & & 7 A
ARFLSE . AFEMRATERELZEF TR
HiE F>F)IATE F>&ATE F>AE F>21
1E F, 8RR B E R S, 2= A e R s,
A RER IR JFUR A T3 ARG, BLELE. ITELE
ot B3, JTRCE LT R (W ) B8,
VOJHRIE AP WL T S, ZbTiE, X4
TUWIE, A4 ERIE, W, AEH. A4,
PR, GG NIE, M SIETRA . 7 BEL, T
R AEM R, DAUNIERIEIS,  InasExs [ 1E
FS BRI B, 78 ORI R BRI (B0 H
PB4 I .
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