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BT IR (WMNC) 3 P 437 2 R T LR 9T o R R S0 (i 00 2 20 L FDRT . 114t FDRCHI
153t WMNC A998 0, bR A1 40 4, SR PUs AR 6 s - DU ARAT QAT R G L 482 T 67 80y,
Hoop e MEFZEE S JRAERZBL, B3, €2, B2, C1HIA2), 3AEIEMA R ETH . JEJLASMR AR LSS
BE) . ANEEIR UL E . RILEKFE . R E TRRERAS T ) R A S LA . DLt fig
WBCAESE, /T2 IR0 . BT IEAS RS/ SR A 0T, 455839 SR FDRT Al FDRC
5 WMNC FE LT 2255, FDRT 5 FDRC WARAE— @ R 285 o KSR R HESh b XA IA HL 23 88 BE RS0
L0 43 BE 78 B RE , & BUBR FDRC I WMNC H1 LA B FDRT A FDRC W RAE T R A2 13 & &0 2
Z5(P>0.05)%h, 3FFDR 55 1048 00V 34 & &3 W35 25 57 (P<0. 015 P<0. 05), HHRE TR .
JF LA B 5 )LZSIE 4 FDRC > FDRT > WMNC, JEAEH 2 B1 FIJFAE # % B3 4 FDRC > WMNC > FDRT, #JL
KE. FIAEEEC FEILFHHE TERNE  WMNC > FDRC > FDRT, JLZZ 4 FDRC fl WMNC > FDRT, J&
167 # A2 2 WMNC > FDRC 1 FDRT, 3 Fh FDR il 500 E 2 ksr B A E , (HEfEi #2255, HFDRTH
FDRC 5 WMNC £ 52,
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Quality Comparison of Three Fagopyri Dibotryis Rhizoma
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Abstract: This study conducted a comparative quality evaluation of three Fagopyri Dibotryis Rhizoma
(FDR) preparations named FDR Tablets (FDRT), FDR Capsules (FDRC), and Weimaining Cap-
sules(WMNC) by combining fingerprint qualitative analysis with multi-component quantitative analy-
sis. Fingerprints of 20 batches of FDRT, 11 batches of FDRC, and 15 batches of WMNC were deter-
mined by high performance liquid chromatography, 40 common peaks in the fingerprints were demar-
cated, and 67 components were identified in these 40 common peaks by ultra-fast liquid chromatogra-
phy—quadrupole time-of-flight mass spectrometry (UFLC—Q-TOF-MS/MS). Among these, 6 tannins
including procyanidin B1(PB1), procyanidin B3 (PB3), procyanidin C2(PC2), procyanidin B2
(PB2), procyanidin C1(PC1), and procyanidin A2(PA2), 3 phenolics including gallic acid, pro-
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tocatechuic acid, and protocatechualdehyde, and 4 flavonoids including catechin, epicatechin,
epicatechin gallate (ECG) , and rutin were confirmed by reference substance. Hierarchical cluster
analysis, principal component analysis, and orthogonal partial least squares discriminant analysis
were conducted by using the quantified peak areas of the common peaks as variables. The results con-
sistently showed significant differences in quality between FDRT and FDRC compared to WMNC,
and there were also some differences in quality between FDRT and FDRC themselves. Quantitative
determination was conducted on a total of 10 components, which were verified by comparison with
reference substance and exhibited good separation. The results revealed that, with the exception of
no significant difference in the mean content of catechin between FDRC and WMNC, as well as in
PA2 between FDRT and FDRC (P>0.05), the mean content of all 10 components across the three
FDR preparations showed significant differences (P<0.01 or P<0.05). Specifically: gallic acid,
protocatechuic acid, and protocatechualdehyde exhibited FDRC>FDRT>WMNC, PB1 and PB3
showed FDRC>WMNC>FDRT, epicatechin, PC1, and ECG demonstrated WMNC>FDRC>FDRT,
catechin displayed both FDRC and WMNC>FDRT, and PA2 exhibited WMNC>both FDRC and
FDRT. In summary, the main components contained in the three FDR preparations are basically the
same; however, there are differences in quality, with FDRT and FDRC demonstrating notable dif-
ferences compared to WMNC.

Key words: Fagopyri Diboiryis Rhizoma Tablets; Fagopyri Dibotryis Rhizoma Capsules; Weimain-
ing Capsules; quality comparison; fingerprint; UFLC-Q-TOF-MS/MS; pattern recognition;

multi-component quantitative analysis

G5 (Fagopyri Dibotryis Rhizoma, FDR) AEBHEY) &3 Fagopyrum dibotrys(D. Don) Hara [+
AR ZEY S R LR R SE A 1958 4EHR S 1 FDR RGP Iz AL R 5, B3l £ 5K B A Fl v
BE AR B2y Wit S BT BR 5 %) FDR BEAT 7 RGEMEST, FRWHE 1372 i (FDRT) , HRERINAEFTE
22 T L3RR e e 1 A i B R UYL 244, FDR AR bl 1977 4ERB UG D (b [ 2 84) li
T R 25 SR B oy AT IR 2 S B LR 1 SR AL HE(FDRC)'™ . = g AR R[] ] FDR /K I
T I REEE A BRI R T TR H (WMNC) ™, 2019 SERFE (COVID-19) 15 5K )5, Zhang
S5O H LS FDR N 89 26 Fh b B2 B BSOS FE M . FDR RS BRI SETE

FDRT. FDRCFI WMNC /) s 8] R 2 JF0RHE) 8 FDR 19 ZBESR B 5, Ho FDRT AL FDRC () )
1443 314 FDR ZEEHRBURE RIS ZE TR, WMNC B9 J5URHE 3 724 FDR Z R B 28 K FLIZ Bt
EAEAAL AL RS T 55 T 0 BHE b 3R RI DI RCEEA A F], (HARYE 5B+, FDRT MIFDRC 32
S5 F M, 0 WMNC I 3232 PRl 455 . FDR & FDRTIGYT Iz BT 20 4ead 1 4 451 600
ARRBEITHUG I REZIE ', WMNC 5 S5 GAR 7I6 7 98 007 R s B e R B E ', HAR DL 3 Fh
FDR il 5 ) HoAt Ik PRATE S 41038

FDR BLA - AR BRI . W2 . BEZE . RN REE . ARSI . Amizs | il
REFR T H R (AR T ) R ST A LA R . RILARFE B AR FIRER I R e 03
FEA T (IEAE T Z B2)IRAY, %280y R A FDR K H i 5003697 il ez A0 it i A 32 6 4 g
g3 MR T2, 3R FDRBIFIRT S5 i W BCRE A S B N I BT ek, AT TR ]
PRZ 3 Fh FDR 6l R Y K@ VAE . FIHH FDR 57697 COVID-19 B 2500 B 54 KL aili . {H 3 fih FDR
HFRI BT B BRI TR S — R @A R . FDRTUR M 20 Y60 EE I € S 3 i) & &, FDRC
IR H RO AR £ RS (HPLC) yEI 8 LR Z & &, WMNC AU A e BRI 8 AR i & HPLC 7%
WEFRILRRIEE "

TR L ) B R R E RIBOIEAFE , REO8 R R AR i I S Ak o i 2, (HALE
EEIE N REFAEE R, RS E 0 i B A0 £ e R o DUARRE o DUARAT - AT N )
H KBTS (Q-TOF-MS/MS) RI7ETC A BB TS T S2BUE S 25 A FIEEE ,  RERE ) (2 i 2 15
FAAEEZR D, AMUBEERE TP 2 i sy, T H RS2 A P 25 BT ™ Ao iR
PRSI RAE BEA TR LE . N2, R E AR R RO, I n AL BE R
S e v 24 1 R0 0 5 S A [ R B R 22 55 B — B RS AN RE A T PRI v 24 B R R0
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B, LEFRLEEF Q-TOF-MS/MS E V4 5L it b 3E T2 s & il @ b 25 B R PR Y a4k

YT, ARPFEME T 204 FDRT, 114t FDRC A 153t WMNC i) HPLC $840 &3, % i Pk
FE 3 DU B AT R AT ) BT 3% (UFLC—Q-TOF-MS/MS ) X8 4 [ il I AT WA T T oy g, DL fbitAy
W T AR R 7 R HR S RS AT T2 IRER IS T (HCA) . 00T (PCA ) FIEAE (e /> — 3R ) 43 b
(OPLS-DA) ZFAEAR AN BT, FFIRE T 46 FAE S b >R AR HESh bE G i DA HL A2 508 40 B 480 I 1Y 10 4N )ik
e ErE, DA SRR 3 Fh FDR HIRIEETT 7 TR LEL .

1 Xy

1.1 UFE5iLHF

Alliance f& R AH (0% R G5 (BL 75 Empower {3 TAER; . €2695 43 55 BT 12998 PAD Kl 2%, S5
Waters 2y 7)) ; UFLC-Triple-Q-TOF-MS &%t , {445 Shimadzu Prominence UFLC ¥ #H {41543 (SIL-20AC
XR H B FFEER R LC-20AD XR %, HZARHEZH)) Al AB SCIEX Triple TOF 4600 Jit B X (L £ Peak View
FEVE S BT B 25 5 TR Q-TOF-MS/MS Rl &%, 3218 AB SCIEX 23 #]) ; BT 25S B F R F- (1
Sartorius ¥ 7] ) 5 SK5200H & 5 P id e g ( LiERM SR A A TR A H]) o

Tl al B . 6% 4l B i (Fisher Scientific 23] ) 5 03540 B R (78]E Merck 23 7)) 5 4lidge /K (BT
MR SERIA R 2 ]) o

XF RO JRLARER (65 110809-202207) . & & 11 (#5 110831-201906) . J5 LA (4it5
110810-202210) , FJLEHHE TN (ECG, #t5 111987-201501) . 7T (k5 100080-202012) i H
b B e 2 R E EIERE s JRAEE 3 C2(PC2, fit5 wkq23051009) 1 B VU 1|48 4k v & A2 I BHECA BR 22
H; JEAEE R A2(PA2, fit5 GR-138-230019) . JEAEH FE B1(PBI, #t'5 GR-138-310519)., JEIEH &R
B2(PB2, 1t'5 GR-139-213006) . J5iE7 2 B3(PB3, b5 GR-138-352214) . JRiEHZ C1(PCl, 5
GR-138-310726) . JLA#E (4it*5 CR-139-203497) ., FJLA F (Hit5 GR-139-055270) i) A e 52 ) A
YA R ]

FE &l . 20 4t FDRT (4 5 S1~S20, #t -5 43 A1) o4 22230101, 22230102, 22230103, 22230104,
22230106, 22230112, 22230113, 22230114, 22230201, 22230203, 22220103, 22230202, 22230208
22230209, 22230210, 22230211, 22230212, 22230213, 22230214, 22230218) . 11 #t FDRC (4%5
S21~831, 5435124 73220202, 73220301, 73230103, 73220305, 73220306, 73220502, 73220504,
73230102, 73220103, 73220302, 73211102) 4724k 38 AR5 e d 25 SE R A B IR A &) 5 154 WMNC
(45 S32~846, 573714 220502, 210704, 210601, 210703, 220402, 210303, 210602, 220603,
221101, 210702, 210604, 230304, 221001, 230301, 230401) 4=k kEmZ AR A 7). LLEFE
A B E N BT R 2 )

1.2 BikHEE

1.2.1 FDRT#XMmARSIE HEDRTHY, BRAMMELR, W, KERIZ 1, BT 50 mL S
W, INS50% SRR ZIEE, B (TR 200 W, 5% 53 kHz) $2 830 min, BOA G IE. D8R R K 4i
(50~70 C)ZJEF, FRIEH 10% CHEm ke, B R 10 LY, 10% CEEZE, #5,
3 000 r/min #5005 min, BCEIEWH 0. 22 pm SEFLIEIEIS IS, BDEMAE IR A

1.2.2 FDRCHHAMBRSIE MFDRCHCR, Wi AY, Br4l, HARRE “1.2.17 #4E,

1.2.3 WMNCHX @iaiisl®E BWMNCEK, BN ay, B, HAR 1217 45,
1.2.4 BHLETAEAMBEARHE oaIERNEE, BERE, B FHE—-2/H%,
50% HI R i AaRE , TCH 2 13 AN o3 T S B340 40. 0 g - mL™ YR58 HE AR

1.2.5 EENERBENBMEBAEHE WS T . PC2. PB2AMY 10X HREE S, FERE, M
50% LFEGERE, 43 B 10 A0 BRI 85T o 43 VRS W B % B S B i, o T ) — i
Ms50% LFERZ B, FEAIEHI R 7. FILRE . JFILREE . JLARFE . RILKFE . ECC. PA2,
PB1. PB3HIPCI BT )4 24 102. 025, 86.275., 12.525, 277.480. 397.280. 427.920. 300. 400,
315.600, 1047.00 wg-mL™" BYIRA R HEIETR Ao BUR GBI A, 433 H 50% SBE5r i 2
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5. 10, 20, 504%, BCH iR G0 B IEE B~F

1.3 BYUBEENEIESHIE

1.3.1 @I%EEHE A% H A Symmetry C, (4. 6 mmx250 mm, 5 pm); FsIAHM 0. 1% B R KGR (A ) -
ZHE(B), BEEEVEMEAEF : 0~10 min, 2%~4% B; 10~20min, 4% B; 20~30 min, 4%~10% B; 30~50
min, 10%~12% B; 50~60 min, 12%~15% B; 60~70 min, 15%~16% B; 70~100 min, 16%~50% B, ¥
1 mL-min™; #4730 °C; A KA 280 nm'?' .

1.8.2 REEMHE @GS AMRE “1.3.17, ESIFRHE, e FRii, 5754 DuoSpray,
T URISE ST B TR (ISVF) R4 500 V, bR (Gas 1) A 413.7 kPa, IR (Gas 2) A 413.7 kPa, KH K,
(CUR)}241. 3 kPa, &FIRHEE (TEM) 4500 C. RH TOF MS-IDA-10MS/MS FUGRBUF E(E S, H
RSHORE . —HOEMEFERE(DP) A-80 V, HE#EREE (CE) A-10 eV, TOF-MS ZRitHfH]>4 250 ms,
BESFHATEE A m/z 115~1 500 Da; 2Rk (DP) h-80 V, filif#RE R (CE)A-35 eV, filffi
BEEY R (CES) A 15 eV, TOF-MS Rt} a2k 100 ms, F337EH A m/z 50~1 500 Da,

1.3.3 MBEEZIW &40 K HINHUSAS Sl aia i 30 WL EAEIE , 0% 6 YE (1) 45 2L g 1R
B i) B W v AR, LA B8 I REE R L 23 B P A 23 S (PC) A S g, 5 H A 3 A7 5 22 i
U T AR EARL (PAR ) FIAH XS £ B B i) (RRT) B HAH SRR 22 (RSD) .

1.83.4 FEMLE S5 TH&E50, 3. 6. 9, 12, 18, 24, 36 h H S S45 R IE 30 pL ik
FFNE, [H “1.3.37 T

1.83.5 BEEMXW Hofys4s, % “1.2.37 kbl MAnRsEw, W “1.3.37 J7dkistArin g it
53T

1.3.6 FEYEIEMNERIBIESEENEST  H IR S1~S46 HE i 30 pL #1700 E , K5 EIE
PLATA RSN R 2 a8 e 0 I RS AU PEAY R G40 (2012 10) ), DL S45 [l Ky 2 i, i e i3k
HATAZHICEL, JNLLZ SACIE, st issgcidit, bre bk,

1.3.7 HBIEMSE SHENRIECSI3, S24 & S45 4R Shia e ko % 8 FITR A6 B s i & 10
pl, 7EN UFLC-Triple—Q-TOF-MS RZEiM%E , {8 H PeakViewl. 6 5T i 43 #4132 BL 3 AN HE S AR A %
HEUSH AR RS U I o i Ao o) B ) R s R A T AT, S R R, AR e B
1) J5 T 5 s 5 0 Bt B8 SR e ) O B S LR, 2 ek R AL S W BUHE 2 PubChem (hitp: //pub-
chem. ncbi. nlm. nih. gov. ), X} 3 FhifilFRIFa L& 1) AR HITERE

1.3.8 #FXiAH LDlEfbIgusmfoAs s, R SIMCA 14. 1544372847 HCA . PCA FilOPLS-DA
G

1.4 BASENERERSHT

1.4.1 ZRMXRER 43 B WRIEUE S E TR A SR TR A~F % 30 LRI e, DA TE AR
(VX RIRE (X, mg-mL " )FEFFRIALIE, 5 104N B A5 FE . Ll KA % R 2L
1.4.2 HWHRMEESTRERE KE2NEHIRSIRSARFZS MG rme, DIEws3 1,
10 120 BIEEA TR PR (LOD ) FilSE & T RR (LOQ) I E .

1.4.3 BEBEZE HIIW30 wL&EE RS REER C, 551 dES 6 IEEFFENE #1TH N
KA 5%, G5 1~3 d g RIEFEIE 2 KT H IR S EE 5%, 1ok 10 A gt ARV B, 115
RSD,

1.4.4 FREMEE I “13.47 WEMGREE, i 108 g E, 115 RSD,
1.4.5 EESMXE I “1.3.57 MR, idsk 10N im R sE, RNRIESRE T
56 RN E 1 104 180 1) P34 &5 & L RSD .

1.4.6 EIERSIR HS45MB6fy, BME0.5g, HEMRE, BT 50 mLEHRH, 20k S IR
R 12,57 BURIR 104N I A (S RN 2% TR TP ), Hatk “1.2.37 Jitk
PRV, FEARSLINE PRI E , 10 B IR NSCR B H RSD .

1.4.7 H@mEEMNERSH FEE “1.3.6"7 WER) S1~S46 B EAIEE, TE3R 10 AFI A4 i) g i H
UM E, RN R AR SR 25 8o 003 &, % 3 R0 FDR il 50 b 10 A4S ol 43 75 2 00 8 45 SR .
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GraphPad Prism 9 FAEHEAT X LA 4T, FFRIHBUAEGEE LAY B 00T . vAAEF- & (https: //www.
bioinformatics. com. en/) 2| HUA]

2 wR5iH®

2.1 B EEWESL KRS

2.1.1 FiE¥EE RS EE S PAR ) RSD<4. 7%, RRT M RSD<0.59%, BiBH{L kG2 R ITF; 2
SEPESLIS PAR A RSD<4. 9%, RRT ) RSD<0. 63%, AR Sia e i & 5 36 hINFasE ; B ML
PAR [ RSD<4. 6%, RRT [ RSD<0.49%, iiBHFESH LR J7 vk B TEAT

2.1.2 IBYEENERITBIESER 46 AN TESCENE B0 RS WLIE 1, X RRA8L B i bR
FE T 40N AU, 0ok 46 HEAE S TR LA RS 40 AN AT WA IR RN, I A W T AR A A0 A A
g Az Bt T A AR A R A I A

15 30
20

1c 2527 31 33 39
11312 191 s 3435 36373
2 34 78 9 17 24628 29|32 3738 40
177 56 P8 ol 18Tz 23 ||2||| 1k Ll a
~ A M fonng 3

Y . q

T T T T T T T T T T T

0 10 20 30 40 50 60 70 80 90 100

Time/min

1 464 FDR 7] (S1~S46) (1) HPLC 4840 &1 1 Foxt fide 4 i (R)
Fig. I HPLC fingerprints of 46 batches FDR preparations(S1-S46) and reference fingerprint(R)

2.1.3 HHEBEWET 3 MHESFITRA IS FREDLE 2, 3RbRFITEL g r 40 A 0E
B T 6T ST, WARERR N 300, BRIy 154y, WEIZR 74, RINEHRES 91,
AR 24, BEERZEN Sy . s« W2y AR b & 14y, Hd 3N 28 50
(BT . FILRMBAFILAES) . 6 MR (PBL, PB3, PC2, PB2, PC1HIPA2) . 44 ¥
Ksr OLZRE . RILZEE . ECCRIPTT) I 134 s >R G BGS EE BN, 3 Bt 0% 2 -5 ) 6 5
VR RE BRI AR —S(E 1, #h & gs SE 2 ) .

2.1.4 BELSW I “2.1.27 iHEFT1S 46 It FDR i 5148 L1 0 1) 40 A Ak 3L A 0% 1w LS N
SIMCA14. 1 AE# T HCA . 455 (K 3) R, 463t EmZR 241 S1~S20(FDRT)H1S21~S31(FDRC) A
—4, S32~S46(WMNC) A 55 —4l; 55—2H X h S1~S20(FDRT) Ml S21~S31(FDRC)2 A4 . /R
FDRTHIFDRC 5 WMNC fEAEHH R i 255, FDRT 5 FDRCWLAAAE—E M TR 22 5.

2.1.5 EWASH B 2. 1.27 iHEPS 46 1t FDR H 518 20 0E A 40 A 2L g AR SN
SIMCA14. 1 #AEHEAT PCA, 7 AR A B AR R R B2, 0. 889, BRIHHEAITINGE )1 Q.. Tl
0.769, FHART RN LR 88. 9% MR LAEE, HR  FQ . KT 0.5, FPEAFEEEE, 46
HFDR BI040 B B (B 4) S, S1~S20(FDRT) H1S21~831(FDRC) ZM A AE il <07 Hhzemnl,
S32~846 (WMNC) M4 T EIN Gl “0” &AM, S1~S20(FDRT)FS21~831(FDRC) X 43 i) 3= B 43 A 1E A%
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Bhoco” AN, 5 HCAZESR 3, Wi%/8 FDRT M FDRC 5 WMNC 17720 2 /) it 2 25 5%
FDRT 5 FDRC fEAE— € ) TR 2 5+

|
10 30 50 70 90
Time/min
25a27a 29a31a 38
23 23h27h 29c31c o 38h40a
21288 4 ! 37 | 400
e SRPIONE S TN NN

10 30 50 70 90

Time/min

Time/min
D
3la
2 15 2
10 12k 30
11 33
l N 8 23
_UJJL I A
10 30 50 70 90
Time/min
K2 FDRT(A), FDRC(B), WMNC(C) Bzl n it (D) it 5 i P (518 1A
Fig.2  TIC of FDRT(A), FDRC(B), WMNC(C) and mixed reference substances(D) (negative ion mode)
F1 ABLEEIHATIER) UFLC-Q-TOF-MS/MS %7€ 45 1
Table 1 Identification results of common peak in fingerprint by UFLC-Q-TOF-MS/MS
f Parent i E
No. " Compound Formula Arenton o MS/MS (m/z)* Classification
/min (m/z) /ppm

1 8.61 HETmR" CHO, 169.0149” 3.9  125.0244, 169.0146, 97.029 3 [}

2 10.79 2-0-B% & FBEIE-D-H AT HE 7 C,H,0, 331.0673" 0.7 271.0463, 330.8428, 169.0139, [
125.024 6

3 12.96 AFE = E-2-O-HM R C,H,0, 301.0567" 0.6 169.0137, 125.0249, 301.058 1 [}

4 14.29 FHR? CHO, 167.0356° 3.7 123.0459, 121.0285, 167.0355, i
137.025 4

5 17.03 JFILAR Y C,HoO, 153.0202” 5.7 109.0301, 153.0186, 91.0200, [
81.035 1

6 17.35 FFHR-4-0- R > C,H,0, 329.08917 3.9  167.0349, 123.0462, 89.0236 i

7 24,34 TEIREEMETT CH,u0,, 359.0985” 0.4 197.0454, 153.0557, 123.008 8, i}
166. 996 6

8 26.40 JFLAEEY CHO, 137.0252" 5.7 137.025 1, 93.034 1 iy




512 3] i A4 SRR E R IT 5 2 o R B MRS, 5 ) 3 Fh G322 5 e A 2455
(g:31)
i Parent ion Error 5) .
No. ' Compound Formula MS/MS (m/z) Classification
/min (m/z) /ppm
9a  30.50 Sibiricose A3" C,H,0,, 461.1302” 0.3 461.1327, 153.0196 iy
9b 30.58 RILAE-(28—7, 48—8)-FILE  CH,0, 879.1776" -0.2 559.0719, 709.1291, 727.1101 BT
F-(48—8)-FUETRLAHK
10 31.59 PB1" CH, 0, 577.1378" 4.6 289.0722, 407.0773, 425.0897, L2901}
577.1417
11 32.42 PB3" CH, 0, 577.13717 3.4  407.0789, 289.0723, 425.0892, 79514
577.1379
12 34.15 JLAFEY C.H,0, 289.07317 4.6 289.0736, 245.0828, 125.024 1, e
137.0253
13a 34.65 1, 6- % TRAMLIL-B-D-Hi %] C,H,0,, 483.0803" 4.7 483.0808, 271.0477, 169.0149, iy
227 313.058 3
13b 34.70 (+)-JLASH-3-0-4 A H C,H,0, 487.1031” 3.8 331.0831, 451.1276, 269.0778, B
289.076 2
14a 35.24 {6 % BT CH, 0, 577.1384” 5.6 407.0795, 289.0732, 577.1420, L7d
425.0900
14b 35.41 SRR C,H,0, 353.0885” 2.0 233.0484, 205.0507, 353.0881, iy
245.0519
l4c 35.53 X IR g2 C,HO, 121.0304” 7. 121.029 4, 93.0358 [
15a 36.21 Arecatannin A1% C, H,0, 8652023 4.8 287.0578, 125.0244, 289.0734, BT
577.138 6
15h 36. 43 Epicatechin-(3'-0-7"")-epiafzelechin®’  C,H, 0, 561.1426> 4.2  289.0724, 561.1443, 407.0789, L7 45y
435.1100
16a 36.58 1-f%-4, 6-—-0-RETMBLIL-L-D- C,H,,0, 497.0960° 4.7 497.0968, 183.0294, 313.0576, [
A 169. 014 3
16b 36.90 JLZEFE-(4a—6)-[FILEHE-(46—8)],- CH,0, 1153.2652” 2.8 577.1374, 575.1202 BRI
RILHED
17a 37.31 [JLEE-(4a—8) |- LA F (45) CeH0,, 1153.2627% 0.7  577.1382, 575.1293, 865.1913 W
17b 37.56 JFAET % 4P C,H, 0, 577.1378” 4.6 289.0723, 407.0791, 577.1386, L2904
425.089 3
17¢ 37.80 HJg P22 C,H,0, 387.1308” 2.9 207.0660, 119.0356, 101.0270, il
387.1423
18a 39.13 PC2" C,H, 0, 901.1768” 1.8 577.1456, 865.1829, 125.024 8, L2954
865.214 4
18b 39.17 PB2" C,H, 0, 577.1382” 5.3 407.0788, 289.0718, 577.1409, B
425.088 1
19a 40.51 Arecatannin G177 C,H,0, 8652028 4.9 287.0594, 577.1382, 125.024 8, HEIR
289.070 9
19b 40.56 4, 15-Dioxo-5, 8, 11, ld-tetraoxa-  C,H,,0, 349. 1157 4.8  349.1152, 99.0454, 249.063 7, HHLIE
octadecane-1, 18-dioic acid™! 113.0254
20a 41.39 JLZEFE-(4a—8) | LEF AR C H0, 576.1306" 6.2 289.0719, 125.0238, 151.0386, BRI
407.078 1
20b 41. 67 Epiafzelechin-(48—8)-epicatechin-  C,H, 0, 849.2045” 1.0  287.0547, 289.074 6, 577.1392, IR
(48—8)-catechin' 271.0615
21a 42.15 Proanthocyanidin B2 C,H,0,, 577.1380° 4.9 577.1429, 289.0732, 407.077 4, W
125.0249
21b 42.46 [FILFH-(4-8) | JLEHE AR C H 0, 1153.2660° 5.3  575.1358, 865.1925, 577.139 3, A
1153.2903
21c 42.53 [RILAEK-(4—8) ] -£ILHEK3-0-  C,H,0,, 1053.1907" 4.3 1017.2110 L7951
B TR
22 43.41 FILKEEY CH,0, 289.0726” 2.9 289.0725, 245.0825, 137.0246, il
125.023 8
23 50.37 pC1” C,H 0, 865.20317 5.3  287.0552, 577.1452, 289.0730, L7954
125.024 1
24 54.27 JFAET % B8 C,H, 0, 577.1380° 4.9 289.0733, 407.0776, 577.1398, B
425.0879
25a 54.66 Cinnamtannin A2" CeHy,0,, 576.1308Y 6.0 289.0729, 125.0245, 151.0418, BT
245.046 1
25b 54.99 N-Z,JEHE-LAEHN AR > C,,H,NO, 206.0833” 5.0 164.071 4, 103.054 8 IR
26a 55.66 F£ILFKHE-(488)-RILFKHE C,H, 0, 577.1386” 6.0 289.0730, 577.1520, 425.0874, 290

125.024 2
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(8% 1)
t Parent ion Error .
No. ! Compound Formula MS/MS(m/z)* Classification
/min (m/z) /ppm
26b 55.68 F£ILFKHE-(46—8)-3-0-%EFEELIL C,H,0, 1017.2135” 3.9 557.1110 BR
K F-(48—8)- LA E
26¢ 55. 82 Hemiphloin“** C,H,,0,, 433.1155” 3.4 313.0721, 295.064 6, 325.0706, HE
267.064 3
27a 57.08 Afzelechin-(4—8)-catechin-(4—8) C,H,0,, 849.2078” 4.9 577.142 1, 287.049 4 BRI
-catechin'?
27b 57.09 Procyanidin trimer EEC™ C,H, 0, 901.1803” 5.6 575.1290, 714.1656, 865.2366, L7954
245.043 7
28a 57.84 1, 6-Di-O-syringoyl-8-D-glucose'”’ C,H,0,, 539.1433” 5.0 539.1531, 197.0460, 341.084 4, [
153.055 6
28b  57.90 Pestalotin 4'-O-methyl-B-mannopyrano-  C H, 0, 389. 184 0¥ 5.9 389.1862, 183.1452 HoAh
side"?!
28¢ 58.06 Arecatannin A3 C,H,0, 720.1617Y 3.7 289.0670, 125.024 1, 287.0580, BT
577.133 8
29a 64. 64 BEAERR> C,HO, 301.0004” 4.7 301.000 0 1
29h 64.89 3, 3'-Digalloylprocyanidin B2 C,H,0, 881.1620” 5.6 287.0583, 125.0279, 729.162 1, BLIT
289. 064 3
29¢ 65.19 Arecatannin A1-3, 3'-digallate'! C,H,0, 1169.2291 7.4  575.1278, 577.1353, 881.1779 745
30 66.12 ECG" C,H,0, 477.0620” 5.5 169.0142, 289.072 1, 441.0856, i
125. 024 4
3la 66.49 7" C,H,0,, 609.1493” 5.2 609. 1514, 301.0368 el
31b 66.55 Isocinnamtannin A2"’ CoHy,0,, 1153.2676Y 4.9  287.0541, 575.1228, 577.1496, B
865. 176 2
3l 66.98 JLEZE-(48—8)- LK E-(48—8)-% C,H,0, 865.2047” 7.1 713.1678, 125.023 4, 287.0544, B
L #ED 289. 068 8
32 68.68 KA T ILAE-T-HATHE R C,H,0,, 481.1000” 2.6 481.1023, 315.0742, 153.0189, R
437.098 2
33 68.85 PA2" CoH,0,, 611.0992” 4.9 575.1253, 289.073 6, 423.074 3, BRI
449.088 8
34 81.42 3-Feructosyl-6'-p-coumaroyl-sucrose > C,H,0,, 699.1728" 4.4  663.1982, 145.0288, 175.0398  KHEHF
35a 84.02 6-Acetyl-3', 6'-di-p-coumaroyl-su- C,H, 0, 675.197 1 6.0 675.2042, 145.0297, 487.1509, ENZHEFH
crose'?! 529.1657
35h 84.07 N-cis—feruloyltramine'* 2 CH,NO, 312.1253” 5.7 312.1265, 148.0535, 178.0512 A )
36 88.57 Smilaside A C,H,0,, 813.2075" 7.5 175.040 8 KNEP
37 90.42 Hydropiperoside? CuH,0,, 81520177 7.1  145.0287, 633.1851, 779.2284  ZN#HIF
38a 93.24 Tatariside A 7% C,H,y0, 759.22027 7.9 145.029 7 ENRT
38b 93.43 9, 10, 13-Trihyroxy-11-octadecadieno- C H, O, 329.235 1 5.3  329.2370, 211.1350, 171.103 3, A HLIR
ic acid? 229.1453
39 95.41 Diboside A" Col, 0, 991.2470" 3.7 955.300 1 KNETF
40a 95.76 Lapathoside A" 7 CyoH, 0, 1021.26177 7.7 985.2972, 145.029 4 RNETT
40b 95. 94 Tatariside B 2% €, H,0, 929.2360° 9.0 145. 028 4, 893.2709 BNEE
40c 96. 11 Lapathoside B™ C,H,0,, 1051.2816” 16.3 1015.3009, 145.0292 KRN R
1): confirmed by comparison with reference substances GE 1 %] B & EXT AN ) 5 2): parent ion is [M-H] (BEFRH[M-H]); 3): par-
ent ion is [M+Cl] (£ F R [M+C1]7); 4): parent ion is 1/2[M-2H]* (£} 8T K 1/2[M-2H]* ); 5): sequencing according to the abun-
dance (FR ¥ £ B HES1))
M FDRT
_ 8000 I FDRC
2 Il WMNC
= 4000
AT Yl o
I T AR IS T USRS SCARNALN RN ERFIISTTCEESRRIL SRR
nwvnwnmunmnwnwunonwunuowvananananunanunununununonnunnnnon oo vy wn vy w2 w2

3 464l FDR il 5 H) JE S Al R
Fig. 3 HCA of 46 batches FDR preparations
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2.1.6 EXHBBNAZFRANIE Wit g3 + e
il FDR i) 0 5T R 2R B Sy, 7E PCA Ll B, 40001 A Awne
46 41t FDR il 714} FDRT(S1~820) . FDRC(S21~831) ‘ adt

T WMNC(S32~846)3 41, L “2.1.2”7 iF&sa0p = °
P AT T BN AS 5, SRAISIMCA 14, 1 50BERE Y. 0] - ’vv{
OPLS-DA KL% . i% M % % % R, =0.889, R'.= L.
0.918, (°.=0.911, ¥ KT 0.5, EWEMALLEE

T T
-20 000 0 20 000

1
B RE PRI, S IR DL A, EAE 200 FMIFOS  Rap00ssa" Bl Hoclling's 1205%
KBTI B RN TR T IE, B R, 04 4 46t FDR I AR U
B0, 156, —0.434, EBiZEAEETE, T3 Fig. 4 Scores plot of 46 batches FDR preparations
Fh FDR #5009 5347 (DL 5) . OPLS-DA #5115 43 [#] ( e
054 R 2 o 8- _-7
6)H1 S1~S20(FDRT) F1S21~831(FDRC) S A 1ESN Gl “0” me

-
-
-
-
-
-

BATON, W7 S32~S46 (WMNC) Wy fitEN R “0” B4
i, 5 HCAFIPCAZER 5, HIKIARFDRTAHIFDRC £
5 WMNC 7F7EB) Bt & 25 5%, FDRT Ml FDRC WAFHE—

FEFEZES . OPLS-DA AR S B (VIP) 5 .
ELE 7, LIVIP> 1B, kb6 A sIIFIDR "2 Convlationcoficien v

Re=(0.0, 0.156), 0°=(0.0, ~0.434)
1| 31| e SR ;:t %3 N Ve
BARRESOSI A, RBVPRCRIO OISR
U5 35 (6-Acetyl-3", 6'-di-p-coumaroyl-sucrose il N-cis- Fig. 5 Permutation test results of PLS-DA

feruloyltramine) . W% 34 (3-Feructosyl-6’-p-coumaroyl- model (n=200)

sucrose) . WE11(PB3). & 10(PB1) . U4 18(PC2 1 PB2) B @FDRT
20U, 4 2 L2 RBTALANESS. 34 wow Wy i
AISHIRLIHUETIR, R IBM SPSS 25 0%5it#kctE £ | [ am | Y ‘
B, AR LSO k. dRGEs e 2 | AW T §

R, BRFDRTHIFDRC HATIE 34 103y SELIE AL %]

WER(P>0.05)4k, 3FpHIFHFELEEILAAIESS . 34 500 . :

L8 B 11 S AL AT W TR AR A J. 25 22 55 (P<0. 01 R2X[1]=0.831 _20 OO(;ZX[2]=0.05180100025§1H];3%: Hotelliiog?:):‘ZOS%)
H L4704 35 F11 18 ) WMNC > FDRC > FDRT, L7504 K6 463 FDR S OPLS-DA 3
345 WMNC > FDRC fll FDRT, Fig. 6 OPLS-DA score plot of 46 batches FDR

preparations

VIP[3+140]
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wn t — © 0 A N>~ O O VY R o= = O 2] Lo - B = N o e BN = o T o B = N L T o
[SaBE e TR B B B AN =~ 4 NN~ A M AN onoon — [ VRSO S B I B S VIR o I
R Y R B SR R R B S R R VR Qv R} < R R I R v L R B Qv
T @ d ® ® © ¥ @ @ 0 W @ 9 © d © © o « g 0@ @ d @ ® @ @ ® &9 ©
g & ¢ & ¢ O ¢ 0 A L T T O L & & O < C A C 0 0 0 0 O 0 LAy L O
A A A A A A A A A A A A A [ Vi VW =% =¥ [ =V W AW W VN =V ¥ [V =¥

Var ID(Primary)

|25

7 40 HEAUER) VIP
Fig. 7 VIP value of 40 common peaks

2.2 HHESENELERRDH

2.2.1 FHEZEE 10BN RS E—E R ERENENEERRRL, fHEA0. 181~14.592
pe/mL, & T4 0.225~15. 867 ng/mL (WL 2) . H MRS K RSD<2. 3%, H [H] K5 % B i) RSD<
3.7%, FWHLBHGZEERIE; FagEMESCIh i RSD<3. 2%, FHHLRSIEWTER &G 36 hNfaE; B8
PESLER ) RSD<3. 5%, FHHMESACRE 7 B YT I A 97. 5%~104%, RSD<2.7%, #
HH B S Y 7 R R R
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Peak 35 Peak 34 Peak 18
P=0.000 P=0.000 P=0.000
P=0.000 £=0.200 P=0.000
: P=0.000
= P=0.000 = B
2 8 ks P=0.000
g =] =]
E 5 E |
5 5 4 5 1.0
= -~ -~
£ & 24 £ 057
E E E
< < <
- = =
[«3 o [«3
078 a© O 0 078 <l
S O O
S q®® ¥ «gxﬁ O o «g@

&8 LGS ATIE 35 | 34 7 18 BAL AT I AR J5 22 0 BT 4 RATAR 13
Fig. 8 Bar charts of the variance analysis results of the quantified peak areas of common peaks 35, 34, and 18 in the fingerprint
F2 10T RE . AMEEE L KRR e R

Table 2 Regression equations, linear ranges, LOD and LOQ of 10 components

Compound Regression equation r Linear range/(wg-mL™") LOD/(uwg-mL™") LOQ/(pg mL™)
BETR Y=73 297 240 X-3 282 0.9999 2. 040 5~102. 025 0. 190 0.427
JEILAS IR Y=42 739 684 X-15 956 0.9999 1. 725 5~86.275 0. 698 1.074
JELA R Y=125 372 146 X-18 719 0.9999 0.250 5~12. 525 0. 181 0.225
PB1 Y=19 064 922 X-50 972 0.9999 6. 008~300. 4 2.956 3.645
PB3 Y=20 128 383 X-80 886 0.999 9 6.312~315.6 4.568 5.571
JLEER Y=19 216 041 X-23 878 0.9999 5.549 6~277. 48 1. 694 3.000
FKILKER Y=19 857 944 X-26 122 0.9999 7.945 6~397.28 2.260 3.374
PC1 Y=18 934 715 X-267 402 0.9999 20. 94~1 047 14. 592 15. 867
ECG Y=31708 601 X-90 574 0.999 9 8.5584~427.92 3.101 3. 847
PA2 Y=14 065 119 X-124 600 0.9999 12.36~618 9.285 9. 844

2.2.2 HMEBENELER 46 FDREFIH 104 B =FEIRE WE 9, AWK 10, B9 EIR,
[ FDRC Fll WMNC 1 JLZ5 % 2 FDRT Fl FDRC W PA2 ()°F ¥ & 8 T R 255 (P > 0. 05) 4, 3F FDR il
I 104 B P34 8 8 B 104N 4 2 2 I PRI B35 22 57 (P<0. 01 B P<0. 05), HHk &
FWe . J5)LAHR &8 JLA5EE 4 FDRC > FDRT > WMNC, PB1 I PB3 4 FDRC > WMNC > FDRT, #JL4%
# . PCl. ECG K 104y & 8 Z Fil & WMNC > FDRC > FDRT, JLZ% 2 % FDRC fil WMNC > FDRT,
PA2 5 WMNC > FDRC I FDRT,

Gallic acid Protocatechuic acid Protocatechualdehyde PB1 PB3 Catechin
P=0.000 P=0.000 P=0.000 P=0.000 P=0.000
|
P=0.000 | P=0.000 P=0.000 P=0.000 | P=0.000 £20.000 |
= P=0.875
0.8 P=0.000 4 ;ﬂ)o 0.155 P=0.000 3 P=0.000 3 P=0.000 34 —
o ~0.4+ o P=0.000 o | = o
‘CD ‘DD ‘CD I I I
0 i e o 0.104 W24 i 24 x 24
E £ E £ £
304 E E E E
5} < 0.2 < D 5] o)
g E E ERE ERE
=] < < < <
S Q & S S
0- 0- 0- :
S 8 o Y AR AP O O
TRRRIRAN < R RS RS
Epicatechin PA2 Sum of 10 constituents
P=0.000 P00 P=0.000
P=0.000 | — P=0.000
P=0.000 _P=0.06 5 P=0.000 20- P=0.000
— 4 ~ ~
E: w4 E: 510+ E ‘i
2 5 5 . 5
= = = 14 = =10+
g 9 H H ] ]
g g £ g g
§ 27 £ g 054 g
3 3 S © ©
0- 0- 0- 0- £ & 0- T
8 @0 O S 0 O S 0 O S 2O O
T TN e RO RN

9 464t FDR I 104~ flisr & BAEIRIE

Fig. 9 Bar charts of the contents of 10 constituents in 46 batches FDR preparations
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2.4 it i

2.4.1 SENEMRSERE ALIASCER[29 10 O35 50 L 2 A% T s R, (515
Ao O E AR IR BRSBTS e AEE RNy, 3 Fh FDR BSR40 A7 i 8
RE T 6Ty, FHo 134 s R A B U RIA . A PC2. PB2 B T AR5 H A 3 I BT %055
B DA E T 4 MRSy . 4 ARSI 3 AN IS A A 3 10 AN T I

2.4.2 FDRHIFIFEIRS FaLlE ik ag %t v 24 K =500 p i 25 2 BAb 2 o BEA PR RAE ™ o A
AT IR B 46 41 3 Fh FDR HRIFE S0 B0 I A IE S E 458 F , FDRT, FDRC., WMNC "f EZEE A HH
[0 67 ANy, AT Fh2E S SCHRIRIE FE AR — 50> . ARBRT I T8 R BRI S . W2 S B T2 A,
53 H R A A 4 57 3 LI R0 B E R sy
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I PB1 3
2
PB3
1
Catechin 0
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Fig. 10 Heatmap of the contents of 10 constituents in 46 batches FDR preparations

2.4.3 3MFDRHAFMNREERRERSH ASHRLRER, 3MEDREIFIGFAERE LS, H
FDRTHIFDRC 5 WMNC fF7EBH it i 22 5, FRaC i35, 34, 11, 10, 18, 12X M0 s A&
S 3Fh FDR R & 22 5 B2 5y o XT3 Ml ), fegcBig A 35, 3400 18 1P Rkt Ay
g AR FDRT Al FDRC () 3445106 34 TR 5 (P> 0. 05)4h, HAKAE BEFMEER(P<0.01), Hijpdt
%35 F1 18 5 WMNC > FDRC > FDRT, $£41434 % WMNC > FDRCHIFDRT; PB3., PB1. JLE%10
ARSI HPER SR AR EE S, B WMNC > FDRC > FDRT, Ptk i WMNC &1k
F FDRCHIFDRT, FDRCJF&kT FDRT,

SR 3PP FDR IR 22 50 5, EEN 8 FDR JE0RE, PR JERH BT & 22 5 SRk B
o AR RN, BIFEH, AERAER . RIS AR, FDRAGS SIS B ZERMR AR, AR
2HE WMNC i J5oRE B8 H = B~/ FDR ™,

HR W% ERI$ T2, FDRT. FDRCH WMNC ¥4 FDR i ZEESEPl R 2, (H3EHUH g
BEL R PREURE) . JOBCEE T I S B A B . AR R SO HPLC SRR, S I E K
VIP > 1 B 3L A W I 5 0 B o AR MR s, BIKIA PR Rl o3 HR AR RT . & B AR 45 SR i
N, S FDRCEES, WMNCHLZEZE (U 12) PR EETRHEES, DaZisr R, Zumhign sy
SRR WMNCAR; 25 g i P38 & 8 R P X b S I AU WMNC & . XU i 5
WMNC [ S22 7 ) 2 b A vh B RS LI B AR R A A B 56, IR A ZE ARSI R v FH /K B 4535 43 7K
VEVERLSY , ME MR T ARPER/NA Sy o JEE T FDR SRR R LR RIR G s
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KA A2 LA HE ARG H AR S BRI ML, BARWMNC H LA R (1% 12) 2 J5 gy
PC1 (I 23) , PA2(U§33) . PC2FI PB2 (15 18) SR ¥R 2R i 70 P & B ¥ Aig S m Rk T
FDRC, {HZ RN PB3(IE11) . PBI(IE 10) AMIKT FDRC, $E/mAbBld R i 1 LR P4 K %
FRRR ST AR . B 8~10 FA EOWHL I /R 1 UL _E T 205 12 370 FDR IR & 22 5

MR 2 TR R B S R M R, ARYESCER T T R bR FR R, FDRT &R (£90.3 9) &
FDR#]1.52 g, Hl4 g &IE258125. 07 g; FDRC, WMNCERKL(0. 4 o) FDRZ2. 5, B4 g & J52Y
#¥4256.25 go FDRTHIFDRC Ala]—4lk =, JRORRIER FEAH ], Z25{Ch & /& FDR ZBES2E
EEMBIERE R, J5# 2 FDR SEEFE BT 2550k MBTE R % e pe %€, {H FDRT A FDRC Hr
FRPA2 F RS B RS (P >0.05) 4, HAI MR FY S BA B EER(P<0.01), HIFH
J5 R T BB A IR LI 25 Ty 75 BN 2 IR TE SRl 2, A it 3 2R 2 AR A 2D
2.4.4 3MFDRHEFMRE. AEHERIN  HIF= AT & B E LR 258, S+
i S BRI R . RGP, 3R FDRWIFIY & H AR 3K, FDRT AEIK4~5F,
FDRC MK 38, WMNC MAEIK 6~8 %L, HIE “2.4.3” ¥, FDRT, FDRC, WMNC A4 H IR 2551
EHEE R 2B B R A M 18, 24~22.8 g, 22.5 g F145~60 g, EHILRT UL, 1SR 25 5 e it R 3 R 24
By EHE, FDRT A FDRC ZEZR Y, ) WMNC & H 2. 0~2. 7%, X M\ 55— 75 1 fi# B FDRT Fl
FDRC EZH Tz 5, 0 WMNC W ZEH TGRSR, e il 8% 25 50 & 0] LA B9 K 3 Fh
FDR 1l 771 4) i3 B AE o

3 &

AWFFE ST T 3 A0 FDR 50040 HPLC S84, Sthrae (3L I T T aor 455, %t 3 Fh FDR il 51
W FE LS AT TR AT, FER 10 A AT TR R LA, SRR, NEMWMAEE, 3F
FDR HlFFr & F 2 FAME, {H FDRTHIFDRC 5 WMNC 7/ B 245, FDRT 5 FDRC 7%
E—EREESR, 2NRNRTERNS . L EWERr . 4 N2 B2 1A SRl o A 5 e 3
T FDR ] 500 i B 25 5 00 B34y . Mk b, WMNC 89 5T 246 F FDRT A1 FDRC, FDRC B it 846 F
FDRT.
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