ETHETEFEHEAMIL TOPSIS 57k & XHE RS EITEN R
PR ARAM RE
;AL & B2 OREXS MNEFE! WA
VL R REI RS =B Z5RRE TEFH 110003; 2 I T EZ R MEER & LT TERR B—FL TEFH 1100005 232
THERZ R MR LBl T A PR AN T 25 AL, TERH 110034
W OB @ EEARSIERRS B, RS RS IMBGEIRFAEHET (technique for order preference by similarity to ideal
solution, TOPSIS) :EKECHLE (grey relational analysis, GRA) Rl&BELT A AN [\ 7= dh e A 22 57, B i B AR 25 M I B 1k
K. RH Discovery Cis 03,  Z5-0.1%BEE iR s BE EE VeI, R KALT, @M RERE TR, FILRER.
FET S S RERR-Z-O-HEMEE . AMUIRER . FWE . FHURIR. BRI, dedT . WA IRRE A R ER T, R AR
X RIER T M E By & i, X HAMRE S — 2 PRERIZE R i (R NRITAIE 2 0 ARAERNNR A MLE K . X 18 4t
BB RSP TRAR RN 45 R AT 2 70 HT (principal component analysis, PCA) AIIEAZ ffi /I — 37 F1 5 70t (orthogonal partial least
squares discriminant analysis, OPLS-DA) 347, F24B 20 i L 7 R bR 4 . LA TOPSIS 5 GRA R-AAEEL, XA [F]7= 1
BB ARAM IR REEAT AN 12 DRASERIER R (R>0.9992)  {UaFE% . EEM. etk 240 BRI #EFERE, T35
IFEEIE (n=9) 1F 96.95%~100.1%2 8], AAXTFRfEIR < 2.0%. FIXTIEIEH TRl RIF, 2 FiiikZRA K. PCA 4R 0K 18
A ARE AN 3 3, OPLS-DA ZiRE/RIEH T FFHURIR. EMIRIR . S S 1. W TFIRAR 2250 3K -3-O-Hi & Wi 1 /2 je i i R
PR RN ZE SRR EY . 18 HUEE R M MGIE FEAE 0.236 2~0.717 2 2 I0], FIHEE AT/ Z B, BT iR (B EELUF, WEmfis
R, ATSEBUEE R Z AR LR AT A E S L TOPSIS 55 GRA @l #:8) nf Bl T AN A7 M2 5 A IR A4 R & 1A
R AR —MBIEE AR IMBGEIE AR R, KEOSREEE T BUREF
HESHKS: 0657.72; RI31.S XERARIREE: A

Quality evaluation of Sambuci Williamsii Ramulus from different
origins based on chemometrics combined with weighted TOPSIS and GRA

fusion model
SHAO Li', QIAO Long?, KANG Bao-wen?®, LIU De-jun', ZHU Li-chao!*

'Department of Pharmacy, the Third Affiliated Hospital of Liaoning University of Traditional Chinese Medicine, Shenyang 110003, China;
2Department of First Orthopedics and Traumatology, Affiliated Hospital of Liaoning University of Traditional Chinese Medicine & Liaoning
Traditional Chinese Medicine Hospital, Shenyang 110000, China; >Department of Drug Administration, the Second Affiliated Hospital of
Liaoning University of Traditional Chinese Medicine/Liaoning Traditional Chinese Medicine Institute, Shenyang 110034, China
Abstract: This study aims to establish a quantitative control method for multi-index components of Sambuci Williamsii Ramulus, and to
evaluate the quality difference of Sambuci Williamsii Ramulus from different producing areas by chemometrics, weighted technique for order

preference by similarity to ideal solution and grey relational analysis fusion model for improving the overall quality control level of Sambuci



Williamsii Ramulus medicinal materials. The analysis was performed on a Discovery Cig column, with a mobile phase consisting of
acetonitrile-0.1% phosphoric acid for gradient elution. The relative correction factors of quercetin and gallic acid, protocatechuic acid, rutoside,
isoquercitrin, cyanidin-3-O-glucoside chloride, betulinic acid, morroniside, oleanolic acid, ursolic acid, balanophonin and lariciresinol were
calculated, the content of each component was determined by the mean of the relative correction factor, and the difference between the external
standard method and the quantitative analysis of multi-components by single marker method was compared. The extract and total ash were
detected according to the standard of Pharmacopoeia of People 's Republic of China. principal component analysis and orthogonal partial least
squares discriminant analysis were performed on the test results of each evaluation index of 18 batches of Sambuci Williamsii Ramulus to
explore the differential markers affecting product quality. A weighted TOPSIS and GRA fusion model was established to comprehensively
evaluate the quality of Sambuci Williamsii Ramulus from different producing areas. The linear relationship of 12 components (R>> 0.999 2),
instrument precision, repeatability and stability (24 h) were good. The average recover (n = 9) was between 96. 95% and 100.1% (relative
standard deviation< 2.0%). The relative correction factor had good robustness, and there was little difference between the two methods. The
PCA results showed that 18 batches of Sambuci Williamsii Ramulus were clustered into 3 categories. The results of OPLS-DA showed that
balanophonin, oleanolic acid, betulinic acid, isoquercitrin, gallic acid and cyanidin-3-O-glucoside chloride were the differential markers
affecting the quality of Sambuci Williamsii Ramulus. The relative closeness of 18 batches of samples ranged from 0.236 2 to 0.717 2, indicating
that there were regional differences in Sambuci Williamsii Ramulus. The established method is convenient, economical, accurate and practical,
and can realize the rapid analysis of multi-index components of Sambuci Williamsii Ramulus. Chemometrics combined with weighted TOPSIS
and GRA fusion model can be used for the overall quality evaluation of Sambuci Williamsii Ramulus in different producing areas.
Keywords: Sambuci Williamsii Ramulus; quantitative analysis of multi-components by single marker; chemometrics; weighted TOPSIS; grey
relational analysis; quality evaluation

Pl AN BARHEE RIBHEYHLE AR Sambucus williamsii Hance FIT 2R, T2 A1 b, e, KL
VOIS = B, mIAE XUBRIR . W& ML LEdR, W H V6T RIRER  J JER. AR BRIt B 4. A
P9 SR AER), BB A2 M. BUREE BT FEE T, 3B RS PR R 23 AT I 77 B 40 P AN B 20 B ) TR 1
o34k, 8L A 40 AME 5 18 5 8 IR (extracellular signal regulated kinase, ERK /2224 J5 7% 14 2 (¥4 % (mitogen
activated protein kinase, MAPK) 15 5% 3illE, S 55 AN TACH, & B K4S, B RS2 1 nT
PRV LA B S A 10477, 0P IPTRS P B S 403403 /s BB — 8 VR T AR FISY: 328 AR AR Wl 8 23 R0 S8 A T VAT 5T
SRR HA R EWRETEE N 3 FE g Gk, BENE T E mENEEAED O HBRAEHERCCR R
Bl AR AR UV BA RAF R BCE RO, aOINPE I @A LR, SR E ST, M. Wik, RIRREEZL
it -1, 252808 2 M O D R S A S5 R o 3l AR (PR NRITATE 2558 CBURfRIFR (i 25 58)
Wk, SR ARAEN2B], bR G — B To e B it. AL RO R Gl i PR AR R gt i KE s, Rl E
W, Rk 22 Hh FH - PE A A 24 i 0450, IBGE I FEAEHET (technique for order preference by similarity to ideal solution,
TOPSIS) % LA B PR AL H AR IR RE B HEXS 2 A B HEAT 0 AT P, 2 WLHERRUO). IR ESCHREE 70 #r (grey relational
analysis, GRA) VZiid K 2 (B AH FLOCHRFE LUAS,  F2 460 1 i Jot B 5 M BRI 22 R 1, D7 VRN &S L EDUL R 707181,
AHEFER ] — 2 PR 8 4 18 HEHEH ARG P& TR JFILERIR. /T MR Bk Tr. REHR-3-0-

=1



MEEE . AMIERR . ST, PHURIR. RERIR. eIl BErHaw e & B RTE, S8 (R EZ ) @l
RrE MRSy, BRI FAGSE H& 2 KA TOPSIS 5 GRA @& BAR KRG oMl g 1, B N AR E i
A Gi— 54T FoE MR TR 5%
1 #8
1.1 k%5

Fr REIL 1 B 24 K5 B IR 58 =1 e 243 79 Rl A vh 24 IR i 4, S B A RHE B KRB MY AR Sambucus
williamsii Hance ) T 24, RIEM . BAGFB T L THEHGRFMEE =ZERTAREAE RAH T
SWH2023001~SWH2023018) , RAHIARAERS A W 1.

K1 BEAKERFER

Table 1 Source information of Sambuci Williamsii Ramulus

%5 No. KM Collection sites KEERT[E] Acquisition time %5 No. K£EHHL Collection sites  KEER[E] Acquisition time

St T L L 202348 H S10 mHER R 202347 H
S2 W SR 2023 48 H Si1 SRR R 202347 H
S3 TRUEILR 202348 H S12 = THEE 202348 A
S4 LR TE 202349 H S13 L PGt L 2023 48 H
S5 TREE R 202349 H S14 NS EEa 202347 H
S6 WAL 2023 48 H S15 BRpgyE i B 2023 48 H
S7 WAL £ 2023 £ 8 A S16 BRVE B B 2023 4E 8 A
S8 Va2 B 2023 48 H S17 bR SR A0 2023 48 H
S9 U1 2B 202347 H S18 b S 202347 H

RERMR. MRz ER. ST, JEJLRIR . S . ORI B TR T IR (b [ &l 24 s e T
Bi, LS50 110742-202424. 100081201610+ 111998-202205. 110809-202207. 111809-202205. 110709-202109-
110831-202407 F1 100080-202012, & EAIKIKN 99.7%- 99.1%. 98.4%. 97.5%-. 96.3%- 95.8%- 90.8%F1 91.6%) ;
EIMEIRIR « R 3R -3-O- M B BETE « eIl Iy i Aa i g s CEGDORAE AR HEAR G R A F], #6573 711°8 CFS202202.
CFS202301. CFS202201 1 CFS202202, & EAKIKN 98.8%  98.5%- 98.2%F1 98.4%) ; WL shAH FH ZIEFIBEER (R
ATOEE R TR, figaiD 5 HARRAh AR 4.
1.2 {XE5

EL2401 B4R (B EMEREEh A R]D 5 LC-20AC B msf Al i CHARSE AR 3 H-Class B i R0l
A (£E Waters AF]) 5 (A% FE Discovery Cis ¥ BetaMax Base Cis #: A1 SunFire Cis #£, %3574 5 um, 250
x 4.6 mm; DS-2510DTH ARUE#x A piE vids ( Rl AENTBAEMERAFD .
2 FESHER

2.1 BB



2.1.1 MR SRik

i 2 B %55 R i 5, Y 60% P B e 1) BBE mL 7 8 8 TR 0.172 mg. Ji JLAS TR 0.084 mg. /% T 0.238 mg.
W 2% 0.97 mg. Tt T 0312 mg. REHK F-3-0-H &P 0.196 mg. HHEAGEE 0.214 mg. ZEiFH 1T 1.36 mg. 5%
BURER 0.492 mg. AERIR 0.71 mg. HEFLT 0.106 mg. &AM AERE 0.048 mg FIVR A& . FEZWHUC &, H
WAERFRE 20 f5, B4, IR,
2,12 BiR&IER

BUMRE I AR K20 1.0 g, FEEFRE, 60%FHEE 20 mL 8 A5 $2HL 45 min, A1, d3€, FHEFERE 25 mL,
A, B 0TRSO A TSI L 0.22 pm JERE I8 .
2,13 &iEE&H

K H Discovery Cis i 5 2.5 (AD-0.1% 8 A9 s AH AR FE e C0~11 min, 16.0%A; 11~17 min, 16.0%—38.0%A;
17~27 min, 38.0%—62.0%A; 27~46 min, 62.0%—75.0%A; 46~55 min, 75.0%—82.0%A; 55~60 min, 82.0%—16.0%A);
AT IPEA: 254 nm (0~27 min KM B FER. JFEILEER. AT MR EMFMEE) © 520 nm (27~31 min £
MR ZEZ ZR-3-O-F B HET) ¢+ 210 nm (31~46 min F M HHEARER . i1 TR AE L) ¢ 280 nm (46~60 min
R T IS AA R IR EE D+ #EFEARR 10 L, AE 30 °C, Y& 1.0 mL/min.
22 FEEER
221 Ao REFR

FE“2. 13T, REBWEC 2. 1L 1R 2. 1.2 T N VABOERE, 4553 12 DMEFREr B IRIETE X FR, AL

BEsE 4y B, (RN AR S A Vi X R VALY 12 AN R e ) (R B B TR SE AR ) (L 1)

0 5 10 15 20 25 30 35 40 45 50 55 60 0 5 10 15 20 25 30 35 40 45 50 55 60
i8] Time (min) AiB] Time(min)

e 1WETIE: 20 BILRER: 3. 797 40 MR 5. R 6. REFR3-O-HEMET: 7. AMEIR: 8. Fint: 9. FHUR
Bes 10, FRARMR: 11 MEIKT 12, FHAAMIEEE
Note: 1. Gallic acid; 2. Protocatechuic acid; 3. Rutoside; 4. Quercetin; 5. Isoquercitrin; 6. Cyanidin-3-O-glucoside chloride; 7. Betulinic acid; 8.
Morroniside; 9. Oleanolic acid; 10. Ursolic acid; 11. Balanophonin; 12. Lariciresinol
B 1 REXEME (A FEREA (B) MBBAAGEE
Fig. 1 HPLC chromatograms of mixed reference substances (A) and Sambuci Williamsii Ramulus(B)
222 AMXRER
VR A ot B B IR 60% TR R 2 0.1/204 0.2/204 0.5/20. 1.0/20+ 2.0/20. 5.0/20, il 6 ANKFHE &

REW. 73R BURAA 10 pL IEA SRR GG, DI 7R JRILRIR. 7T MR Rt



RIFZR-3-0O-ME T . AMNRRR . S0, FFHORIR. RERIR. Wi J M s o ik f 55 A 180 e i AR
TEIAALEE, A3 AR 12 Dl LRI, 45 R 2.
R 212 ANBRE R R

Table 2 Linear relationship of 12 components

%43 Component [#]J377F2 Regression equation R? 28 Linear range(pug/mL)
BT Gallic acid Y=15.2954x10°X - 1 449.5 0.999 4 0.86~43.00
J& JLZEER Protocatechuic acid Y=4.7651x10°X + 819.6 0.999 3 0.42~21.00
7T Rutoside Y=9.872 0x10°X +224.1 0.999 6 1.19~59.50
M2 % Quercetin Y=6.745 0x10°X - 1 633.1 0.999 4 4.85~242.50
i E T Isoquercitrin Y=1.068 9x10°X + 1 224.1 0.999 6 1.56~78.00

REFE-3-0- B P

Y=7319 0x10°X +258.5 0.999 3 0.98~49.00

Cyanidin-3-0-glucoside chloride
FHMEASER Betulinic acid Y =8.630 0x105X + 1 391.5 0.999 5 1.07~53.50
i Morroniside Y=1.093 6x10°X - 867.6 0.999 6 6.80~340.00
FHREE Oleanolic acid Y=9.1312x10°X - 2 248.9 0.999 3 2.46~123.00
RERIR Ursolic acid Y=17.967 8x10°X + 175.2 0.999 5 3.55~177.50
IeF T Balanophonin Y=6.021 2x10°X+ 1 123.6 0.999 4 0.53~26.50
W FAPIEEE Lariciresinol Y=4457 4x10°X + 410.8 0.999 5 0.24~12.00

223 WEWEEHFK

HORA X ISR, 7R 2. 1.3 TS TlE 5 Ik, &5 AR VETA TG i 22 5, G T AR (1) AE R A i i 22
(relative standard deviation, RSD) KK NEE TR 1.1% JFILAER 1.2%. 11 0.96%- Hit [ & 0.36%- S #
0.63%- REHGZ-3-O-FHFEF 0.95% FAMEAER 0.82%. FEIFH 0.32% SRR 0.77% RERTR 0.64%. MEFK T
1.1%. VEHIAMAEEE 1.6% (n = 5) , RN {UBHEZ T R,
224 AR EHER

W—mHEa AR (SO WA, TH&ER 4h dE—k, RN ZE 24 h, SRGEMAKINAHE, &
TR 1) RSD MK UCNIR B TR 1.5% JRILFIR 1.7% 7T 1.3%. MK E 0.71%. S 1.0%. KEHER-3-0-
WAL 1.3% EHERRR 1.1%. SEUE T 0.64%. SRR 1.1%. AERIR 0.96%. BEHTT* 1.5% V&AM IERE 1.9%
(n =7, RFBEAMRBEREE 24 h FaE k.
225 THEMRKE

WEEAR (S MK 64y, /s S s, e, THEENS &', SGRTEEIHRLE, &l
RIS BN 0.1864 0.077. 0.345. 1.239. 0.460. 0.262. 0.319. 1.975. 0.683. 0.932. 0.097 1 0.051 mg/g, RSD
WIEE TR 1.8%. JFILFEIR 1.9% 791 1.7% WK R 1.4%. Tl H 1.5%. REHR-3-0-HE P 1.8%.

FIMEARER 1.7% S35 E 1.0% FTHEURER 1.6%. AERFR 1.5% T 1.9%. EMHIARAEEE 1.96% (n = 6) &



226 BHAEFER

AT R FINRE S TV E AT HERA LB 5. I AN B TR JRJLRIR. 79T M E . . R4%
R-3-O-HIA M . AMIRIR. SCiATr. SFEURRE. RERER. T JEHHAMIERE S RIVEE R (S Bk 9 4,
B2 0.5 g, FEERRE, BTG o &3 DKPFINESSTHRSER (B mL 5% 8 7R 0.092 mg. Ji LA
0.037 mg. /] 0.173 mg. M ¥ 2 0.634 mg. FMil T 0.232 mg. KA R-3-0-H & MitF 0.129 mg. FAMEARER 0.155
mg. FEIETF 0.983 mg. FFEURMR 0.348 mg. RERER 0.471 mg. MEIKT 0.046 mg. TEMFARIREE 0.027 mg) 0.8, 1.0.
1.2mL, PRI SO SR SR, HERE, THE 12 Bl (P X IR [ W% A0 RSD 43 51l 98.48% (1.3%) -
97.52% (1.5%) + 98.65% (1.0%) - 100.1% (0.80%) . 98.56% (1.4%) . 97.01% (1.3%) . 96.95% (1.3%) .
100.0% (0.74%) « 99.16% (1.5%) « 99.33% (0.94%) . 97.07% (1.1%) F197.67% (1.2%) , FTIIZITILHERE
o
22.7 A ERTFHE

TEFESLIY HPLC 26140, H3hdbFE RGEEFE<2.2.27T0 6 MRS B AW 10 L, SREEETHR, DI RN

stAi
pix As

WZY), AKX f = GRS P RLIER 5 p A A4 ROARRA BB IR EEAE T AR i A1 s RS

AHABAFM L5 o R 2 S IE R AL R A T SR AE, BOLP A e s AN, R R
% 3,
£ 3 R RS AR IE R T

Table 3 Relative correction factor of the index components

TRA X I
LA setretr RO e S MM RO T R
3 : . L PRIJLREK . i e <03 v PONBE  REoRBR  HEIKT YN
i Mixed g o g HT R y g _ _
~__ Protocatech . Isoquercit o Betulinic Morronisi Oleanolic Ursolic Balanoph fit
reference Gallic acid o Rutoside ) Cyanidin-3-O-gluc ) ) ) ) L
uic acid rin acid de acid acid onin  Lariciresinol
oside chloride
solution
1 1.2772 1.3913 0.6867 0.6367 09102 0.7790 0.6344 0.7387 0.8498 1.1145 1.507 0
2 1.274 0 1.3887 0.6872 0.6369 09128 0.7793 0.6163 0.7284 0.8497 1.1150 1.507 3
3 1.2858 1.386 7 0.6886  0.6342 0.908 4 07778 0.6186 0.7262 0.8488 1.1022 1.4881
4 1.2796 1.406 2 0.6913 0.6389 09228 0.7825 0.6223 0.7403 0.8496 1.1134 1.5143
5 1.2773 1.4170 0.6726 0.6197 09257 07771 0.6092 0.7455 0.8407 1.1169 1.4992
6 1.274 0 1.4137 0.6843 0.6321 0.920 8 07817 0.6176 0.7379 0.8471 1.1196 1.5132
SFEIME Average 1.2780 1.400 6 06851 0.6331 0916 8 07796 0.6197 0.7362 0.8476 1.1136 1.504 9
RSD (%) 0.34 0.96 0.96 1.1 0.79 0.27 1.4 1.0 0.42 0.54 0.65

2.2.8 AT E B AT R E R
AN A J AT R 1) U A AR IE TR 5 o 36 B H-Class B4 LC-20AC % HPLC 1% i 4: (Discovery

Cis#¥. BetaMax Base Cis #£#1 SunFire Cis#¥) HFEHE%Z, HIHERGIEFE2.1. 1700 MIRA XSS 10 uL, K



SRR, TFRS R IR RLIE R 7, S5 R ILER 4, $Eon xR IR BBy P R 47 (RSD 21/hT 2.0%)
R4 NEAGEL AR EEETE AR IE R TE

Table 4 Relative correction factor values of different chromatographs and different chromatographic columns

JFLA
& . P, RIEH] % -3-0-H g TGRS ., TR
BRT®R B’ SR H - AR S RARR T .
K e
Instrume 3% Column Gallic Protoca . Isoquercitr . Betulinic Morronisi Ursolic Balanopho =~
Rutoside Cyanidin-3-O-glu Oleanol Lariciresin
acid  techuic in acid de acid nin
nt ) coside chloride ic acid ol
acid
Discovery Cis 1.276 1 1.3992 0.6842 0.6325 09153 0.778 1 0.6185 0.73510.8462 1.1109 1.5022
H-Class BetaMax Base Cis  1.2796 1.4055 0.6875 0.6348 0.9182 0.7802 0.6201 0.7368 0.8492 1.1125 1.5036
SunFire Cis 1.2843 14162 0.6939 0.6391 0.929 3 0.7839 0.6357 0.74590.8539 1.1198 1.5139
Discovery Cis 1.2742 13871 0.6721 0.6187 0.9056 0.7762 0.6083 0.7242 0.8434 1.1004 1.4825
LC-20A
BetaMax Base Cis 1.2809 1.3943 0.6792 0.6196 0.906 7 0.7725 0.6122 0.72590.8446 1.1026 1.4893
C
SunFire Cis 1.2937 1.4138 0.6908 0.6378 0.9251 0.7821 0.6348 0.74370.8512 1.1183 1.5126
FHME Average 1.2815 1.4027 0.6846 0.6304 09167 0.778 8 0.6216 0.73530.8481 1.1108 1.5007
RSD (%) 0.54 0.81 1.2 1.4 1.0 0.53 1.8 1.2 048 0.72 0.84

2.2.9 ARSHE A {E T E
RAE“2.2.87 T 12 4™ H 73 (00 i 0 P D B I 1) , SR ARG PR B I TR ARV 78 6 &IN5 I i 70 1) €00 3 0, =5 AN [R]) HPLC
ASCRIE VAT X AHOS D B N T ) S0, S5 SR L3R 5, S oA E8 B I TRMELVZ P T8 B AR b 12 AR o) C i U 1) 5 or

(RSD #J/hF2.0%) &

RS ARG AR EEENE KRR R B EME

Table 5 Relative retention time values of different chromatographs and different chromatographic columns

‘ L% B B i N
& wer SR RA4R-3-0-8 Atels PR TR
" 4 e e s O HEWH O B WIKT
_— i FTOH EIRETY [ [ _ i
Instrume 3% Column . Protocate . . .. Morron Ursolic Balanop = |
Gallic Rutoside Isoquer Cyanidin-3-O-gluc Betulinic Oleanoli Lariciresi
chuic iside acid  honin
nt acid ) citrin  oside chloride acid c acid nol
acid
Discovery Cis 0.6069 0.7370 09364 1.1792 13757 1.5780 1.6445 1.7890 2.0434 22746 24335
H-Class BetaMax Base Cis  0.6127 0.7429 09416 1.1867 1.386 2 1.5893 1.6452 1.7962 2.0591 22963 2.4462
SunFire Cis 0.6241 0.7562 09537 1.1983 1.4051 1.6097 1.6692 1.8284 2.0768 23017 2.4593
Discovery Cis 0.6015 0.7213 09305 1.1739 1.3625 1.5625 1.6357 1.7739 2.0316 22608 24137
LC-20A
BetaMax Base Cis 0.6082 0.7385 0.9424 1.1851 1.376 2 1.5736 1.6419 1.7783 2.0302 2.2635 2.4265
C
SunFire Cis 0.6239 0.7597 09518 1.1976 1.386 7 1.5983 1.6582 1.8126 2.0718 22931 24481
“EI{E Average 0.6129 0.7426 09427 1.1868 1.3821 1.5852 1.6491 1.7964 2.0522 2.2817 24379
RSD (%) 1.5 1.9 094 082 1.0 1.1 0.74 1.2 0.98 0.77 0.68

2.2.10 RKAFRAW



IR S (S1~S18) M#2. 1.2 T Rl S ) # i AR S AR S CRR LIS 3 1), B BhilbRE RGi &%t
Ff 10 uL, JEFH4MRTE (external standard method, ESMD HRE & FER. FILRIR. 1. Mk &R, Bkt &
ERFR-3-OMENET . MR . S, R, RERR. I EHRARERE S, BRI 2T
(quantitative analysis of multi-components by single marker, QAMS) 5, fEBh“2.2. 77 Wi+ 5 A fIIEIME, LA
FRENZIRY), WWERETRR. FILRR. 71 mi . REFR-3-O-HEHE . AMIRR. 0. SR
M. RERER. MEIET. VEMHIAMIEEII S & . B SPSS26.0 SE it ST REAS T RIS Ty 0T 4544 BN 7 ik
EAEBEAT 73 M7, 45 R B8 QAMS A ESM WA 5 15 43 & 2 RSDAE A /IN T 5.0%, WA 52K WY 2 22 57 (P>0.05) .
ZERNE 6.

RoRANARASHEIUELER (n=3)

Table 6 Determination results of 12 components (n = 3)

D %ix Fik & Content (mg/g)
P
Component Method S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 SI11 S12 S13 S14 S15 S16 S17 S18
iR 2%
0 ) ESM 1.254 1.154 1.304 1.281 1.371 1.275 1.237 1.082 1.031 1.078 0.998 0.978 1.510 1.577 1.607 1.639 1.543 1.371 -
uercetin

vrfr7E;  ESM 0.183 0237 0.256 0.211 0.221 0.191 0.228 0.186 0.149 0.162 0.121 0.105 0.171 0.216 0.143 0.176 0.137 0.157
0.841
Gallicacid o AnS 0.188 0.241 0.263 0.217 0.226 0.196 0.232 0.181 0.153 0.166 0.118 0.108 0.173 0.210 0.147 0.181 0.141 0.160

LR ESM 0.076 0.082 0.077 0.087 0.092 0.086 0.093 0.094 0.108 0.105 0.119 0.115 0.069 0.069 0.063 0.059 0.071 0.074
Protocatechu 0.888

ic acid QAMS 0.078 0.084 0.079 0.089 0.094 0.084 0.091 0.096 0.111 0.108 0.117 0.113 0.067 0.070 0.064 0.060 0.073 0.076

T ESM 0.342 0.353 0.334 0.391 0.376 0.435 0.362 0.242 0.296 0.332 0.305 0.283 0.435 0.521 0.443 0.529 0.467 0.453
0.858

Rutoside QAMS 0.334 0.362 0.342 0.398 0.383 0.426 0.371 0.249 0.304 0.341 0.313 0.291 0.428 0.533 0.451 0.516 0.479 0.465

S ke ESM 0463 0511 0.331 0.415 0.409 0375 0.511 0.431 0.238 0.256 0.231 0.204 0.675 0.658 0.631 0.711 0.768 0.601
0.945
Isoquercitrin 5 AnS 0.451 0.525 0.339 0.427 0.403 0.365 0.500 0.438 0.244 0.261 0.235 0.209 0.690 0.672 0.642 0.727 0.751 0.614

RAEHE  ESM 0.259 0.282 0.308 0.281 0.308 0.279 0.302 0.203 0.185 0.172 0.198 0.153 0.283 0.218 0.287 0.238 0.158 0.261
-3-O-%i % b

e

#
0.916

Cyanidin-3- QAMS 0.252 0.290 0.317 0.287 0.316 0.274 0.310 0.207 0.180 0.177 0.194 0.149 0.276 0.212 0.295 0.244 0.162 0.268
O-glucoside

chloride

At HS R
FFERERR  ESM 0316 0.272 0.311 0.286 0.309 0271 0.308 0.243 0.268 0.261 0.246 0.237 0.381 0.414 0.385 0.404 0389 0361
Betulinic 0.891
acid  QAMS 0307 0.279 0.315 0.293 0.315 0.277 0.300 0.249 0.261 0.267 0.252 0.242 0.388 0.405 0.380 0.415 0.396 0.370
wypgr  ESM 1958 1.704 1.956 1.902 2.028 1.991 1.856 1.601 1.527 1.602 1.549 1.443 2.259 2.341 2.403 2.435 2.351 2.116
0.863
Morroniside QAMS 1.904 1.753 1.979 1.945 2.081 1.935 1.879 1.643 1.565 1.637 1.516 1.484 2.292 2.394 2.441 2.489 2.343 2.082

FREURIR ESM 0.697 0.731 0.702 0.638 0.618 0.581 0.682 0.640 0.589 0.576 0.523 0.574 0.847 0.903 0.849 0.916 0.865 0.828
Oleanolic 0.863
acid QAMS 0.678 0.750 0.711 0.656 0.636 0.592 0.693 0.655 0.577 0.592 0.538 0.559 0.869 0.921 0.831 0.903 0.883 0.849

A SRR ESM  0.951 0.956 1.035 1.196 1.137 1.226 1.069 0.764 0.735 0.723 0.597 0.631 1.562 1.627 1.502 1.704 1.506 1.301 0.912




Ursolic acid QAMS 0.924 0.982 1.019 1.224 1.166 1.259 1.097 0.785 0.716 0.744 0.588 0.649 1.596 1.656 1.537 1.721 1.478 1.320

Ly ESM 0.098 0.108 0.120 0.103 0.123 0.096 0.112 0.085 0.081 0.083 0.078 0.085 0.156 0.137 0.151 0.154 0.133 0.127
Balanophoni 0.894
n QAMS 0.096 0.111 0.123 0.106 0.120 0.098 0.115 0.087 0.083 0.085 0.080 0.083 0.152 0.141 0.147 0.158 0.136 0.130

TIPS
VIR M ESM 0.052 0.047 0.032 0.039 0.038 0.034 0.046 0.039 0.028 0.032 0.026 0.032 0.056 0.059 0.062 0.074 0.065 0.053
i 0.934

Lariciresino] @QAMS 0.051 0.048 0.033 0.040 0.039 0.035 0.045 0.038 0.029 0.033 0.027 0.031 0.057 0.060 0.063 0.072 0.066 0.054

2.3 RSN
BHAEIK S S8 ChE 20 2020 4 RRIDHRIEN 2201 B HYIIEE . 2302 2558 LTI 52 20,
GERWAE T
R T BERIBRUPAERIBIWER (n=2)

Table 7 Detecting results of extraction and total ash a in Sambuci Williamsii Ramulus (n = 2)

%5 No. ZHY) Extract (%) K4y Total ash (%)
S1 10.25 4.16
S2 11.39 4.59
S3 9.15 4.28
S4 11.72 3.79
S5 10.62 3.83
S6 8.94 3.94
S7 8.01 5.03
S8 7.25 4.96
S9 7.36 4.87
S10 6.59 5.39
S11 8.93 6.01
S12 8.42 4.26
S13 12.46 4.02
S14 13.25 3.02
S15 14.39 2.64
S16 12.57 2.91
S17 15.36 3.15
S18 12.62 2.73

24 EXRENZFSHF D4 (orthogonal partial least squares discriminant analysis, OPLS-DA)

P18 fEFEE AR 12 M ETr QAMS & & R IYIN S KRS ROy &, B SIMCA 14.1 X} 18x14 5
MEEUHEHEAT PCA 08T, 2550 18 b B ARFES KE 1 3 4, A T A Ai 3 7E 95% EAE X (LK 2)
FE IR FIZ T OPLS-DA 77, 45 RS H R2X=0.935. R2Y=0.847. 0*=0.756, KT 0.5021, F Wz
SRR R AT EE . TINAE Dt (LB 3) o BRI HEEME (variable importance in projection, VIP) >1 [f14H 534y
BN 10 (RERER VIP=1.650 6) « 7> 8 (BEiktF VIP=1.5714) . &% 6 (REHKR-3-0-HEHEH VIP=1.369
4) A4 (R R VIP=1.275 1 « i 1 GEE TR VIP=1.163 4) Ak 5 (it VIP=1.1416) , £
Bk 6 AN 3 X AN F] 7 B R B R R . LS, RN R R R R E R R T (W 4
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Fig. 2 PCA scatter plot of Sambuci Williamsii Ramulus from different production areas
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Fig. 3 OPLS-DA scatter plot of Sambuci Williamsii Ramulus from different production areas
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Fig. 4 VIP values of each index in the OPLS-DA model
LB ETE: 2. FILER: 3. /4T 4. WEER: 5. FMETE; 6. REHR-3-O-MEET; 7. AMIRR; 8. SLik1F; 9. FFHR
B2 10. REIRER: 11 W97 120 MRARIIERY: 13, 2H4: 14 8K
Note: 1. Gallic acid; 2. Protocatechuic acid; 3. Rutoside; 4. Quercetin; 5. Isoquercitrin; 6. Cyanidin-3-O-glucoside chloride; 7. Betulinic acid; 8.
Morroniside; 9. Oleanolic acid; 10. Ursolic acid; 11. Balanophonin; 12. Lariciresinol; 13. Extract ; 14. Total ash.

2.5 ETF M TOPSIS 5 GRA Rt &R B WIEE RFRETMN
AR IR TOPSIS 5 GRA @l G B PN 18 HEFi ARFUE Z R, B a7 I3 — LA BE, K& PRAY
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ST RS TEN B ITAE X T IR BRZESFH TR R I P GAIR T S5 P 9 R KBRS . BT &
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18 kB E AT B & TR BULRR. T WU R. FWUEE. REHR-3-0-HERE. AMARR. ik
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2.5.2 GRA 9 #7

RHIAR I 2 2%} 18 e Arh 12 Fhpl sy & 5 12 ARG IR MR 45 S HEA T Rl AL AL 345 31 5 A8 B 10 R £
SETH) BESFHITH . GRA SHTHARR SR B, 7= 5 SR AR2223, 43 51K A SCBRIPI 2 T 54 PO B
TORIN TR BESH TR RE WP QAR T B S5 5 IR EE . PR RARRS T |2 5% )7
F )RR o
2.5.3 /X TOPSIS ik 5 GRA & ak &5 47

SR 22 17 A1 K PR PR RS AN OGRS JEAT TCAN A3, R SR & BN &AL 5 IBR IR B (d v d; )

REKIRE Cry 1) o HIARPHFEEE TR IR IRIEE . SRR R SR a M LR (v, FRARYEy: X

FEAh AT HET o i BOK, Bl AR i R . 45 R IR 8.
& 8 18 HEB AR AEST

Table 8 Quality sorting of 18 batches of Sambuci Williamsii Ramulus

%5 No. * ) Tip Vi " ) ¥ HEIT Sort
S1 0.606 3 0.484 8 0.5843 0.6577 0.534 6 0.6320 0.4583 13
S2 0.586 7 0.593 0 0.648 8 0.6199 0.620 9 0.603 3 0.507 2 11
S3 0.538 8 0.678 0 0.6730 0.6370 0.675 5 0.5879 0.5347 8
S4 0.507 8 0.620 1 0.6324 0.6195 0.626 3 0.563 7 0.5263 10
S5 04749 0.694 7 0.674 2 0.599 9 0.684 5 0.5374 0.560 2 7
S6 0.5619 0.573 9 0.5909 0.682 5 0.582 4 0.622 2 0.483 5 12
S7 0.528 3 0.638 9 0.665 3 0.610 6 0.652 1 0.569 5 0.5338 9
S8 0.790 3 0.3137 0.5338 0.814 6 0.423 8 0.802 5 0.3456 14
S9 0.897 9 0.1877 0.522 4 0.893 2 0.3551 0.895 6 0.2839 16
S10 0.8552 0.228 3 0.5418 0.845 1 0.3851 0.850 2 03117 15
S11 0.958 0 0.169 2 0.566 6 0.942 8 0.3679 0.950 4 0.279 1 17

S12 1.000 0 0.1194 0.499 2 1.000 0 0.309 3 1.000 0 0.236 2 18



S13 0.278 1 0.884 1 0.8351 0.5177 0.859 6 0.3979 0.683 6 3

S14 0.286 5 0.938 3 09101 0.5196 0.924 2 0.403 1 0.696 3 2
S15 0.2973 0.922°5 0.860 9 0.558 9 0.8917 0.428 1 0.675 6 4
S16 0.259 6 1.000 0 1.000 0 0.5290 1.000 0 0.3943 0.7172 1
S17 0.458 8 0.844 8 0.865 7 0.561 4 0.8553 05101 0.626 4 5
S18 0.3970 0.725 6 0.722'5 0.574 5 0.724 1 0.485 8 0.598 5 6
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