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Abstract: Objective To evaluate the quality of Fagopyri Dibotryis Rhizoma Tablets (FDRT) produced by different companies.
Methods A total of 18 batches of FDRT produced by company A and 20 batches of FDRT produced by company B were collected,
respectively. The fingerprints of 38 batches FDRT were determined using HPLC, the common peaks were assigned and the constituents
of these peaks were identified by quadrupole time-of-flight mass spectrometry (Q-TOF-MS/MS). Using quantitative common peak
areas as variables, pattern recognition analysis of the fingerprint was conducted using hierarchical cluster analysis (HCA), principal
component analysis (PCA), and orthogonal partial least squares discriminant analysis (OPLS-DA). The content of the nine constituents
confirmed by comparison with reference substances and have good separation in samples were determined. Results There were 33
common peaks in the fingerprint of 38 batches of FDRT, and a total of 53 constituents were identified by Q-TOF-MS/MS, including
21 tannins, 12 phenolics, seven flavonoids, seven phenylpropanoid glycosides, two amino acids, two organic acids, one alkaloid, and
one terpenoid, among them, three phenolics (gallic acid, protocatechuic acid, and protocatechualdehyde), five tannins (procyanidin B1,
B2, B3, C1, C2), four flavonoids (catechin, epicatechin, epicatechin gallate, and rutin) were confirmed by reference substance. The
separation degree of nine constituents except for procyanidin C2, B2, and rutin was relatively good. The average content of these nine
constituents in FDRT produced by company B was significantly higher than that in FDRT produced by company A (P < 0.01). The
results of HCA, PCA, and OPLS-DA were consistent, clearly distinguished the FDRT produced by company A and company B into
two categories. The constituents corresponding to common peaks 30, 29, 16, 17, 2, 21, 10, 11, 18, 20, and 27, such as procyanidin C2,
B2, C1, B1, B3, gallic acid, epicatechin, etc., are the marker constituents responsible for the quality differences in FDRT produced by
two enterprises. Conclusion There is a significant quality difference in FDRT produced by two companies.

Key words: Fagopyri Dibotryis Rhizoma Tablets; quality evaluation; HPLC; fingerprint; Q-TOF-MS/MS; pattern recognition;
hierarchical cluster analysis; principal component analysis; orthogonal partial least squares-discriminant analysis; tannins; phenolics;
flavonoids; phenylpropanoid glycosides; amino acids; organic acids; alkaloids; terpenoids; gallic acid; protocatechuic acid;

protocatechuic aldehyde; procyanidins; catechin; epicatechin; epicatechin gallate; rutin

TR0 ST 7 HPLC 3k BN E 57 32 b R
# Bl. B2, C1 MJFILAER. ILRE. RILER 6
AN SRS, AR RELEA PRI FLR &1,

] 5 2 it M B L R N 24 A R
HATES & 753 A A s MbE S S M 2 R4

G FENEREY &F74Z Fagopyrum dibotrys
(D. Don) Hara [T/ ZE00, Rl = e e A
1958 4F¥e< 7% 22 VR 7 Ml B A AR B 7 k& T [
F, ST AR T IEIRERAE, [ R SR B 25T
FoP S e TR PME A G M T 2T T AR
FAE Aoy BSRIRAERARTTT, JRRTE T ok, ABFFCRAIJe WIS HPLC fREUEIE. Q-
&7+ % F (Fagopyri Dibotryis Rhizoma Tablets, TOF-MS/MS ) & P 7 i 5 2 oy i &5
FDRT), HUREELFI AT NILHIFRRE  HrAHSERI7EEM0, 353X 2 R RIe 77 2
B2 I R R HURG ZG Y 2S), GIRE WY T TSRS BEE LA AT .

(hPEZY) 1977 FRUCERS, —HIELF) 2025 4 1 XFESKHA
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PRI SR IERST, 1245 NIE N EFRFE T E
FEIT 100 2AMMERAR, AFEERE. K.
WA, RN EFIR. AILRE. THEMmE. £

Alliance ! S RUBAH A TE RS0, EFE 2695 4
B HI0. 2998 PAD &l 4% Al Empower &3 T {F 3,
% [E Waters A #; UFLC-Triple-Q-TOF/MS # 4,
A F% Shimadzu Prominence UFLC ¥ AH 5% {1 AB
SCIEX Triple TOF 4600 Jii i, F# 3= Ehd % SIL-
20AC XR HEIHEFEREFI LC-20AD XR %%, HA
AFE]; JEH L& TR B TR Q-TOF-MS/MS £l

B SRS, LA IR SRRSO
T EEVE R AR 23T, R R K
71 LA R 2 B PR Y 24 A AN 2 2 g,

EFT AT BT R AR E R ORI 266 EEE DI E
SIS R, R B R IEAED, R

A3 H Peak View Bl /AT ft, 3£ AB SCIEX A
H]; SK5200H B4 FE i veas, gkt A
HIRAF; BT25S M7 R, #[EH Sartorius A H] .
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£2=99.9%). J5JLARR (L5 110809-202207, Jii &
3E0=97.5%) WETEE (5 110831-201906, i
B =915%). RILFRKBETRE (5
111987-201501, JFiEr%¥=98.1%). il Gits
111538-202007, FifE /7 #0=93.5%). w2k H (it
5 111521-201809, JiiE 7 %=94.9%). 7T (L5
100080202012, JE$1=91.6%). Hitx & (ks
100081-201610, FiE/3%0=99.1%)> W H+ E & &
2y E I AR s PR LAE R (S GR-139-
203497). FKILFZEHR (5 GR-139-055270). J5ifE
HHR A2 (b5 GR-138-230019). FitH = Al (it
5 GR-138-653301). JF{EH & Bl (4it'5 GR-138-
310519). JEfEH %= B2 (k5 GR-139-213006). Ji
HE & B3(ILS GR-138-352214). il H & C1 (it
5 GR-138-310726), Jii s> 4(3=98.0%, MHEF
RS A RA R MRS R C2 (it
5 wkq23051009, J5i &5 HN 98.90%) M H VY )14
e w T AEVIR A IR A 7 FEE (ke 25 O
4l ) Wy H 3 E Fisher Scientific A &) ; FEE (A
af), oK (Eata) 1 E E 258 B 2R E
FRAF; 4K B s e G IR AR . 18
ek A P24 TR 22 A 20 kiR B Al AR
M7 e B E WIS, BAARE R
* 1,

2 FAEEHR

2.1 BRAIHIE

2.1 HEHRASER RIS BT, &L
K, WA, L) 1g ¥R, MEMRE, B 50mL
B=HH, N 50%OBERZIRE, HA (BiEE 53 kHz,
IHR 200 W) 42X 30 min, JiZ4, €L, BEM 50~
70 CHEIRGE T, H 10% N5 IR,
HHF R 10mL B=HF, N 10% O B2, #25,
PL 3 000 r/min &0 (F0F4E 8 cm) S min,
W 0.22 pm FRFLIERESE, ENERiE, Rt
AN TEIN

2.1.2 S AR A R TR RIS ik
FERRES A SR, BR—8MmE, I 50%H i
WARIRRE, TR 17 AR S EIRE LN 40
wg/mL P57 4 8 FH TR A 6 R VA

2.1.3 EENE HRA ST RS ER RS % R
BB 5 R LR 2 4.93 mg. B TFE 5.83 mg, )
AET 2 mL £fF; XA JLAEER 19.82 mg. JR
1 % B1 15.02 mg. JiA4ETH % B3 15.78 mg. &L

x1 eFEAERER
Table 1 Informations on samples of FDRT

G5 4l = s Al #its
S1 A 191105 S20 B 22230209
S2 A 200419 S21 B 22230104
S3 A 200510 S22 B 22230202
S4 A 210309 S23 B 22230210
S5 A 201101 S24 B 22230211
S6 A 210608 S25 B 22230212
S7 A 211002 S26 B 22230213
S8 A 211210 S27 B 22230214
S9 A 221107 S28 B 22230218
S10 A 221206 S29 B 22230203
S11 A 221218 S30 B 22230208
S12 A 240301 S31 B 22230106
S13 A 231202 S32 B 22230112
S14 A 230122 S33 B 22230113
S15 A 221206 S34 B 22230114
S16 A 240601 S35 B 22230201
S17 A 240618 S36 B 22230101
S18 A 240504 S37 B 22230102
S19 B 22220103 S38 B 22230103

EWE TR 35.66 mg. & JLAE 24.83 mg, 7
AET SmL EF; XTR R LA 5.01 mg. &
1EHZ Cl1 69.80 mg, HHIET 20 mL £ffH; 2
AN 50% CRERZIEE, RRA), 4y mIBCH R 9 ASxT i
i i ST o PRI TR i s 3 VR % %o TR it £ 8 ¥
EE, BT 10mL &P, 50%LEEZE,
5], BT JRILRIR. JRILREE. RIL
REBETIREG. LR RILKER. BT X BI.
JRIEH R B3, HAEHZE Cl JEIKRE D 5N
102.025. 86.275+ 12.525. 427.920. 277.480- 397.280.
300.400. 315.600. 1047.00 ug/mL [¥) & & 5E FHR
A0 BT 1, BOE S TR A R TR 1,
S 50%EERERE 24 54 10, 204 50 f%, F#l
SE T 72 FH TR B 0] B VTR 26

2.2 EQENEREISL RS

221 g AN Symmetry Cig £ (250
mmX4.6 mm, 5pum); FLaIAHN LHE-0.1% R K
W, BEEREF: 0~10 min, 2%~4%ZfiE: 10~20
min, 4%ZfE; 20~30 min, 4%~10%ZHE; 30~
50 min, 10%~12%Z.JiE; 50~60 min, 12%~15%
ZJE; 60~70min, 15%~16%Z.JE; 70~100 min,
16%~50% M AFLE 1 mL/min; #4i 30 C;
K 280 nme



PER 202688 B57% HI15H  Chinese Traditional and Herbal Drugs 2026 August Vol. 57 No. 15

» 5893 »

222 FiE&M B FES T B FUE: Duo
Spray; HLES: ESL; BRI FEE 4 500 V;
FAbR 413.685 kPa (60 psi); JHFR 60 psi; 7T
5. 241.317kPa (35psi); & FIFIRE 500 C. i
{5 BB R: TOF MS-IDA-10MS/MS; — 2% Jii i
iR E—80 V; i REE—-10eV; TOF-MS ST
] 250 ms: BEE TG m/z 115~1 500, —2%
JR RS AR R -80 V; LI EE RS 15eV; filfERE
#-35eV; TOF-MS R [A] 100 ms; FAHEEFE m/z
50~1 500,

223 REEEAL TR S30 AR 30 uL,

HEEEIE 6 IR, 1035 & A VR LR B I ] e e T AR
DALR BRI [R)3dE R FLA B RPN 21 5 (56T
#CD NZE, tHE AR IS 2 IRIE AR XS
R B B 1) RIA U T AR 2 e RSD, 45 FEAH XS £ B f
] RSD<<0.67%, AHXTIEHIFR RSD<4.37%, £Wi%
AR AT

224 FoEMERES  TRE S30 A SATR 30 uL,

RIS 04 3¢ 64 9. 12, 18. 24, 36h ik
WiE, [ “22.37 TR EAT M. 45 FARX R
PH I 1] RSD<$0.95%, HIXT I TH A RSD<<4.98%, %
B GRS VA RAE 1 45 )5 36 h AR e 1 KL o

225 EEMHRK H6 1 S30, & “2.1.17 WF
Jiim A R A, SR 30 uL #EREDE, [
“22.37 TR AT, G5 RANNH RIS [E] RSD<
1.37%, AHXFIETH R RSD<<4.99%, & HIFE M 1AL HE
Tr kB .

2.2.6 FRECEEN e o IR IR SR RE T IR
S1~838 At 30 pL, FERENE, K ERE L)
AIA MR ENE R AWM ZE 2 mAn ) (ha
e S B REAR U VRN RGEBE (2012 RROY, BA S30
BN 2 R, A A Eod AT | 3IUCEE,  fnbe
Z ERIE, EMEFEE R IRIRSERE (R, fx
EIAWE 33 4 (B 1), id3% 38 #IREFFE et
BRI A W T AR, ok LA 0 T AR Fe b 1) 1L
WA AR A R T E AL AR Y, RIS
WU TR

2.2.7 HHERSE 5 S30 B AR A
F A 4 e TR G0 BE I VA% 10 pL, 7 A\ UFLC-
Triple-Q-TOF/MS R 44Tl %, PeakView 1.6 Jii i
I BT ERAF SR G 7R R i AR A 0 R I B S T
W (B 2. b 17 NSRRI B, Bk
LRI AR B 258 L) FRRS B AR 43

FHREMATGRMNS T BAETEEE, SR
i BOCHR P B B LU, A TER R EY)
%4 72 PubChem(http://pubchem.ncbi.nlm.nih.gov. ),
SRS LA R AT S . &FFFE T TRLE
i 33 MNMEFHEIE ER T 53 ANy, B 21
BRI 12 MR T AR 7 A
RNFHEHT R 2 DNEEERE RS 2 ME LIRS
By 1 ANEVIBSE S 1 ARy, ik
B (2. LR (7 FIJFEJLEE (%
9) 3 MKy, JFEAEFR Bl (1§ 10). B3 (%
11). C2 (I 17a). B2 (I 17b). C1 (& 21) 54
PRy, LA R (I 12). RILEER (1§20,
FKILKRBETI]REE (g 26) MPT (27a) 4 N
FZRRy, St 12 ANk B o It el W
*2.

2.2.8 FROUENEMLE VY R (R tmilear
BIEFAL VAN R AT (2012 BROY X 38 fit4:5%
# R RS RE ATAEE VA, A5 R A ki 18
fit (S1~S18) &7% A MABIEZ 7354 0.252.

0.359. 0.235. 0.427. 0.464. 0.269. 0.325. 0.461.
0.309. 0.402. 0.362. 0.572. 0.564. 0.348. 0.390.
0.429. 0.332. 0.602, B ki 20 #it (S19~S38)
SFREFFIALE 5N 0485, 0.682. 0.670.

0.618. 0.749. 0.736. 0.827. 0.809. 0.612. 0.786-
0.579. 0.742. 0.454. 0.585. 0.687. 0.746. 0.658.
0.692. 0.654. 0.694. &7~ 2 FKA ™ i EAFAE
A2 22 5, A R A MDA [R5 7 b iR AP 22 5o
229 JEZREFHT (hierarchical cluster analysis,

HCA) HCA =2 —F{ERA LWFRFIRT, K
ANFEARMRE SR R AR AT 404, AN
AMEBEA m AR, T2 TR AMA B A MR
() —Ff b FBU4, F “2.2.67 TR HELTS 38 it
BT 33 N EAILHIEE T A SIMCA 14.1
AT HCA, 4553 (E3) Bor, 38 #tFE RN
2 4. S1~S18 (A k™ f) FA 14, S19~S38
(B Mbr=fit) BAH 141, 3R 2 R A= 14
FRE AP R 2 .

2.2.10 E5 M1 (principal component analysis,
PCA)  PCA 2o B i P 4EHifs i BE 7 %,
R 0% LS S SR AR KR 1 3 2L IS 0051, PCA 4373 1K
AT DL B RS A [ o R A S e, R
U 1) B SR A R 2L DG R0, g “2.2.6” TR
THERTS 38 #L&:F54 A i 33 AN B IE AR S
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- 823
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0 10 20 30 v 40 50 60 70 80 v 90 160
t/min
1 €%%HF (S1~838) HPLC 54 EE R RIELEE (R)
Fig. 1 HPLC fingerprint of FDRT (S1-—S38) and reference fingerprint (R)

27b 1a

32b 33a
33b

0 10 20 30 40 50 60 70 80 90 100
t/min

2B BT T-ELAE: 9-JF LS 10-J51675 % Bl 1184675 % B3: 12-JLFHK; 17a-BEHF C2; 17b-Jf1EH & B2 20-RILFHK; 21-
JRIET R Cls 26-RILAEHRBE THRNE: 27a-7 1.
2-gallic acid; 7-protocatechuic acid; 9-protocatechuic aldehyde; 10-proanthocyanidins B1; 11-proanthocyanidins B3; 12-catechin; 17a-proanthocyanidins
C2; 17b-proanthocyanidin B2; 20-epicatechin; 21-proanthocyanidins C1; 26-epicatechin gallate; 27a-rutin.

B2 &7FEHR A REAXESR B) RETFRE (1BFER)

Fig.2 Total ion current diagram of FDRT (A) and mixed reference substances (B) (negative ion mode)
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*2 RUEELEFE Q-TOF-MS/MS £EL£R
Table 2 Identification of common peak in fingerprint by Q-TOF-MS/MS

L W MS W wam 5%

e T Tmn mer o NS AR HE ik

15193 CsHNOs  128.0363° 128.0353 7.7 128.0354 LERER FAER 2,712

2 8607 CiHeOs  169.0149° 169.0142 3.9  125.0244,169.0146,97.029 3 BEFR i

310103 CoHuO  575.1198° 5751195 0.5 575.1273,449.080 8, 125.023 5,423.081 3 proanthocyanidin A3’ ¥R

4 10794 Ci3HieOn  331.0673° 3310671 0.7  271.0463,330.842 8, 169.013 9, 125.024 6 2-O-% & T BLH-D-H B 23

5 12961 CHiOy 301056 7" 3010565 0.6 169.0137,125.0249,301.058 1 AE=M-2-0-H B HRR By 237

6 14288 CsHsOs  167.0356" 167.0350 3.7 123.0459,121.028 5,167.035 5, 137.025 4 & EHR 3

7 17027 CHeOs  153.0202° 153.0193 5.7 109.0301,153.018 6,91.0200,81.035 1  FJLRHE 2 i

8 24.005 CsHsOs  183.0304" 183.0299 2.7  123.0084,139.039 8, 183.029 8 BETHRTRE 6

9 26395 CiHe0s  137.0252° 137.0244 57 137.0251,93.034 1 Jii LA & i

10 31.588 CxoHyO1  S77.1378° 5771352 46  289.0722,407.077 3,425.089 7, 577.141 7 RiE% & B12 L1971

11 32416 CoHyO12  ST7.1371° 5771352 3.4 407.0789,289.072 3,425.089 2, 577.1379 FRiEH & B3 L1971

12 34.146 CisHiuOs  289.0731°  289.0718 46 289.0736,245.0828,125.024 1, 137.025 3 LK &2 #W

132 34.648 CoHoO1s  483.0803° 483.0780 47  483.080 8,271.0477,169.014 9, 313.058 3 1,6- i & T FRME3E-p-D-H i 4 B 237

13b 34.697 CaiHuOn  487.103 1% 4871013 3.8  331.083 1,451.1276,269.077 8, 289.076 2 LR &-3-0-Hi ki EW 23,7

14 35.037 CigHisOs  353.0894° 3530878 45 233.0452,205.051 8, 353.000 2, 245.045 6 GFEM B3

14b 35243 CxoHpO12  577.1384° 5771352 5.6 407.079 5,289.073 2, 577.1420,425.090 0 FfeE & BT R 3

l4c 35.525 CjHe02  121.0304" 121.0295 74 121.0294,93.0358 NI AR B 312

152 36.583 CaiHnO1s  497.0960°  497.0937 47  497.096 8, 183.029 4,313.057 6, 169.014 3 1-H¥-4.6-—-0-% & FHABER-p-D-HBHE B 3

15b 36.899 CooHsoO2s 1153.2652" 1153.2619 2.8  577.1374,575.120 2 LR E-(ba—6)-[F)LRR-Up-8)-FILEE B 3

16a 37.313 CooHsoO2¢ 11532627 1153.2619 0.7  577.1382, 575.129 3, 865.191 3 ULEE-(4oo8)]s B 237

16b 37.563 CxoHasO12  S77.1378" 5771352 4.6  289.0723,407.079 1, 577.138 6, 425.089 3 i % & B4 YR 237

16c 37.802 CiiHuO10  387.1308° 3871297 2.9  207.066 0, 119.035 6, 101.027 0, 387.142 3 5 J8 T #0237

172 39.125 CasHisO1s 9011768 9011752 1.8 577.1456,865.1829,125.024 8, 865.214 4 RfEFHF & €2 L1971

17b 39.174 CxoHpO12 5771382 5771352 53 407.078 8,289.071 8,577.1409, 425.088 1 JifE % & B2 L1971

182 40.508 CusHisO1s  865.2028" 8651985 49  287.0594,577.138 2, 125.024 8,289.070 9 arecatannin C1 B 237

18b 40.556 CisHnO1  349.1157° 3491140 48  349.1152,99.0454,249.063 7, 113.0254  4,15-dioxo-5,8,11,14-tetraoxaoctadecane- HHLE 2-3,7
1,18-dioic acid

192 41.460 CooHsoO2¢  576.1314% 5761273 7.1 289.0719,125.023 8, 151.038 6, 407.078 1 [JLEFZ-(4p—8)ls B 237

19b 41.672 CasHsO17 849204 5" 8492036 1.0 287.0547,289.074 6,577.139 2,271,061 5 epiafzelechin-(4p—8)-cpicatechin-(4p—~8)- ¥ 2-3,7
catechin

20 43410 CisHiwOs  289.0726°  289.0718 2.9  289.0725,245.082 5, 137.024 6,125.023 8 F L%k &K #W

21 50371 CosHasOis 865.2031°  865.1985 5.3 287.0552,577.1452,289.073 0, 125.024 1 Jfe# & C14 171

22 54266 CxHsO12  577.1380° 577.1352 49  289.073 3,407.0776,577.139 8, 425.0879 e & B8 R 3

23a 54.705 CaoHsoOa4  576.1318% 576.1273 7.8 289.0729,125.024 5, 151.041 8, 245.046 1 cinnamtannin A2 B 237

23b 54.985 CiHiNOs  206.0833°  206.0823 5.0  164.071 4,103.054 8 N-CBE-L KN AR AER 237

24a 55.660 C3HyO12  577.1386" 5771352 6.0 289.0730,577.1520,425.0874,125.024 2 KL K E-(4p~8)-F LK & BR3

24b 55.684 CsoHoOn 1017.2135° 10172095 3.9 557.1110 FNRE-AP~8)3-0-R B TBKILE- ¥R 3
(4p—8)- LK%

2c 55.823 CuHnOn 4331155 433.1140 34  313.0721,295.064 6, 325.070 6, 267.064 3 hemiphloin #W 3

252 64.642 CiaHeOs  301.0004" 3009900 4.7  301.0000 VLR By 237,12

25b 64.849 CuHuOn  881.1620° 8811571 5.6  287.0583,125.0279,729.162 1,289.064 3 3,3"-digalloylprocyanidin B2 g5 237

25¢ 65.194 CsoHagO2 11692291° 11692205 74 575.1278,577.135 3, 881.1779 arecatannin Al-3,3"-digallate g5 237

26 66.116 CoHigO10  477.0620°  477.0594 5.5 169.014 2,289.072 1,441.085 6, 125.024 4 F LR ZH & FHAME I
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xK2 (8
wy Vg —— B W MSMS! it a2

min bR ERE (X109 ME
27a 66489 CyHOw  609.1493° 609.1461 5.2 609.1514,301.036 8 FTA H
27b 66549 CooHsoOns 1153.2676" 11532619 49  287.0541,575.1228,577.149 6, 865.176 2 isocinnamtannin A2 ¥R 237
27c 66983 CusHysOis 8652047 8651985 7.1 713.1678,125.023 4,287.0544,280.068 8 JLKE-(4p—8)- LR E-(4p—8)-F)LKE ¥R 237
28 68.576 CaHnOiz  481.1023° 481.0988 7.1 481.1023,315.074 2,153.0189,437.098 2 F A 1)L EK-T- 45 R I K 23
29 81460 C3iHxO6  663.1982° 6631931 7.8  663.209 5, 145.028 7,175.037 7 3-P SR AL -6/ A S AL 7 A ANEH 3
30a 84.021 CnHiO6  675.1971° 675.1931 6.0 675.2042,145.0297,487.1509,529.165 7 6-ZBtHE-3' 6"~ & G RE AN ARET 23,7
30b 84.070 CisHiNOs  312.1253" 3121241 57 3121265, 148.053 5,178.051 2 N-cis-feruloyltramine R 23,7
31 90422 CxHaOr  8152017F 8151960 7.1 145.0287,633.185 1,779.228 4 hydropiperoside AREH 3
322 93251 CxHaoO1s  795.1984% 7951909 9.5 145.0288,759.223 8 tatariside A AREH 3
32b 93430 CisHOs  329.2351° 3292333 53 329.2370,211.1350,171.103 3,229.145 3 9,10,13-trihyroxy-11-octadecadienoic acid  HHEE 3
33a 95761 CsoHsoOx 1021.2617% 10212539 7.7 985.2972,145.0294 lapathoside A KNEH 237
33b 95.940 CuHaOm 929236 0F 9292276 9.0  145.0284,893.2709 tatariside B KREL 23,712
33c 96.107 CsiHs0 1051.281 6% 10512644 163 10153009, 145.0292 lapathoside B KRET 237

A TETAM—H]; #EDTETHRMAC s &AEDTETHA 2M—2HP SARIEFEHS]; A-JEI0 I O A -
*_quasimolecular ion is [M—H]; #-quasimolecular ion is [M + CI]~; &-quasimolecular ion is 1/2[M —2H]*"; $-sequencing according to the abundance;

A-confirmed by comparison with reference substances.

f[Comp. 1] A SIMCA 14.1 BAFHEAT PCA, 57 (IR SRR
SO SR SO TR Reum 9 0.894, EAVHITINEE /) O%xeum
49 0.890, U ST ALY AT LARRRE 89.4% (1) R 4615
A By H R:%eum M QPreum IR T 0.5, RUEIL IR
B nEE. 3R1R 38 #AER MBS B (4
2R, S1~S18 (A k™) A S19~838 (B 1
=D 3RS 2 MAFEIX IR, 5 HCA 45
—38, IR 2 KA AP & FF 3 B A7 W R R
BT
2201 IEAS A /D Tk -FI 43 #1 Corthogonal
partial least squares-discriminant analysis, OPLS-DA)
OPLS-DA & —Fif7 W B 1o At 7525, TR AN FE A IS
BN N 2 5y bR, MM 57 43 K455 7, OPLS-
DA A DU &5 oo H DB EAT X 43, I HL R 8

B 1k
2.5 1 ]
1.5 1
= (]
E %
< 05 “ 0
— S1~SI18 @® s19~s38
] Al ‘ Bk
—1.5 1 .
25 : | : .
-10 -5 0 5 10

t[1] (X 10%)
R2{1]1=0.866 0 R*{2]=0.028 1 Ellipse: Hotelling’s T2 (95%)

3 BMEFZTHBENER 4 BMEFERH PCABIHSE
Fig. 3 Cluster analysis results of 38 batches FDRT Fig. 4 PCA score scatter chart of 38 batches of FDRT
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B 3 B ) DX 1) 22 S e AR B 07, Dy — 2D i
X & TR R R R R RSy, /E PCA i |,
BHA N A =5 (S1~S18) Ml B A=k
(S19~838) 2 4, LA “2.2.6” Wi FilH 15 38 4t
SFFEFM 33 AEHLF RGN TR, R
SIMCA 14.1 #4857, OPLS-DA #&75Y, %A S %]
R2%um=0.893, R%yeun=0.978, Q%umn=0.958, >
0.5, B Z AR B FL A A I AR 1t A T 4 o

OPLS-DA #AIE 5 (K 5) 1 38 #HL 4T i
I35y 2 2%, S1~SI18 (A b i) ~—3%,

S19~838 (B 1Mk i) N —3K, 5 HCA il PCA

2R3
34 @
2 @
X : S19~838
= B 4k
)
& -1 @
=z ! S1~S18
@ Al '
- ]
-10 -5 0 5 10

1.000 04*t[1] (X 10%)
R?1]1=0.826 0 R?y,[1]1=0.067 1 Ellipse: Hotelling’s T2 (95%)

E5 38it&FEFH OPLS-DA 155780 =E
Fig. 5 OPLS-DA score scatter chart of 38 batches of FDRT
3

VIPprcd
o —_

9B IEAR RS LS FERL G, JE I 200 (R E Rk
IOXT R AT IRAE, B ER R2. Q> 4alA
0.185. —0.391, RUNZMMFEFE, T 2K
M EFEE i, AR K 6.

OPLS-DA # v ({2 B EE B (variable
importance in projection, VIP) FE| LI 7, VIP {E#CK
FIRZAE B FE A R DTS, — LA VIP>1
TR i T B e B Gt 2 U8, B 7 5
BoR, VIP>1 RLHIEE 114, 45 VIP R
IR NIE 30 (6- LM HE-3,6"- — X 7 5. IE i JRE bE A
N-cis-feruloyltramine ) 29 (3-Fi 2 3-6'-X 2 i
FREHD . 16 (LR FR-(4a—8)]5- LA (4S). J5AE

1.0 1

0.6
i
x 02
%

-0.2

—0.6

0 0.2 04 0.6 0.8 1.0
MR A

R2=(0.0, 0.150), 0*=(0.0, —0.332)

6 PLS-DA f5EEIfY 200 X BRI LR
Fig. 6 Results of 200 permutation tests of PLS-DA model

30 29 16 17 21 2 10 11 20 18 27 31 2526 12 1523 28 19 14 9 13 8 2422 5 7 33 1 4 3 32 6
g5 [var ID (primary)]

7 33 MNHABIER VIP (&
Fig. 7 VIP value of 33 common peaks

HHR B4 Al ). 17 (FfEH R C2. B2). 2
(BEETE) 21 JFHEZR CD.10(JEIEH R Bl
11 (JR4£75 & B3). 18(arecatannin C1 1 14,15-dioxo-
5,8,11,14-tetraoxaoctadecane-1,18-dioic acid). % 20
(FILFEE) FIE 27 [ 7T . isocinnamtannin A2 1),
B (Ap—8)- )L E-(Up—8)-FILE K], R
A A E R 51 2 b= i 2 7 1
PR BT .

23 &FEFRAPINRAEENESERSH
230 i [ “22.17 Wi %% N RIETE
R BRI i L 8

232 KM KRRFEL  HRREUE N E RS

SRR 1~6, % 30 uL, BERENE, DL
(V) PR (X0 FATEMERAEE, 193] 9 Sk
YR R VA 7 7R S R METE B 2 N TR Y=
2443241 X—3282, r=0.9999, ZkitiEH 61.215~
3 060.750 ng; JEJLZEER Y=1 424 656 X—15 956,

r=0.999 9, £XMEVEE 51.765~2 588.250 ng; JEJL
ZWE Y=4179 072 X—18 719, r=0.999 9, £l
7.515~375.750ng; J5{EH & Bl Y=635497 X—
50972, r=0.9999, M 180.24~9012.00 ng;
JRAETE & B3 Y=670946 X—80 886, r=0.9999, £
PEJEFE 189.36~9468.00ng; JLAER Y=640535X—
23 878, r=0.999 9, ZVEH] 166.488~8 324.400
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2 26
B 10112 20
7
9
.
| — ‘ —r— — —— — 1]
0 10 20 30 40 50 60 70 80 90 100
t/min
A TR T-RILAER: 9-JR LSS 10-JEEEE Bl 11-EEH & B3 12-)LF R 20-RJLEE: 21-FHHE Cl: 26-R LA R FIRNS.

2-gallic acid; 7-protocatechuic acid; 9-protocatechualdehyde; 10-procyanidin B1; 11-procyanidin B3; 12-catechin; 20-epicatechin; 21-procyanidin C1; 26-

epicatechin gallate.

8 &FER (A) KEAXRME (B) # HPLC
Fig. 8 HPLC of FDRT (A) and mixed reference substances (B)

ng; F#ILHE Y=661931 X—26 122, r=0.9999,

LR M 238.368~11 918.400 ng; JFEIEFH % Cl
Y=631 157 X—267 402, r=0.999 9, 75
628.200~31 410.000 ng; F*JILARKEE TFIRES Y=
1 056 953 X—90 574, r=0.999 9, £ H
256.752~12 837.600 ng.

233 IR FIERRER  fE e RS
XTI 6 B MR JEERE I, DAENRLL 3
1. 10 0 1 4334T R U R AN 2 bR 5, S5 R e
TR JRILAER LA JifEE R Bl JEfEd
F B3, LR, RILER. FAEER CL. RILE
R E TR AR 5> 78 5.694.20.930.5.429.
88.676. 137.028. 50.835. 67.797. 437.767. 93.091
ng, EEMRDHIN 12.796. 32.234. 6.764. 109.359.
167.132. 89.998. 101.232. 476.008. 115.403 ng.

234 REEERK WEL 30 pL s TR AT
TR 3, 55 1 RIESE 6 YCHEREN E BT H N R
HEEE, B 1~3 REREFNE 2 XTI
R EELE, R B TR RN, LA,
JRIEHZ Bl JFfEH & B3 ILEHR. RILEER.

JREE &= Cl. RILKREETIRES 9 AR
TFRE, THE I RSD, 455 H kS %% RSD 4
AN 1.02%- 1.75%- 2.32%- 1.67%-~ 2.12%- 1.33%.
1.13%. 1.11%. 0.85%, HIa¥E%E RSD 251N
1.29%-1.61%-2.22%- 1.27%-3.69%- 0.98%- 1.06%-
1.12%- 0.97%, Z5RRINAANEHRE % R AT

2.3.5 e tkilng  FREC “2.2.47 TUNIE R GLE
Bl 4% “23.47 TR EICREE TR JRILSE
BR. JFRJLAEE. JFAEH & Bl JRIEH R B3, JLA
R RILER. FREZR CL. RILEREE TR
9 AR AT MG T ARAR A0, 15 RSD, £5 585051
N 4.11%. 2.85%- 4.35%- 2.91%. 2.21%- 2.49%.
1.77% 2.75%- 0.85%, &5 5K MR AR 36
h WEENE R I

2.3.6 EEMHRIE  HRE “2.2.57 TR IE M Ak
B, $%H8 “23.47 DUR A dsE TR, LS
fR. JRJLAEE. JRIEHE R Bl BfEHE B3, LR
. RILFER. BRHEERCL. BILEAREKE PR
9 AN BT AR 2B, ARANEET R 6 Ik
D5 BT 240 )5 2 B % 3L RSD, 4551 9 AN ot =&
3B RSD 734 1.86%- 2.39%- 3.30%- 1.48%-
2.10%- 2.16%- 2.11%- 2.69%- 1.39%, FWIFEH
A 71 0 B

2.3.7 MEEENCRREE B S30 K 6 1, R
0.5g, FEEME, B SomL &M+, FBERAES 7
FE B IE B AR “2.1.37 T RECHI 9 /N0t IR
& IS I E LS TR R D, HaRd%
“2.1.17 TR AR S TR A T VERRAE, HRE I
JPiEBEREN E, TR 9 SRR FIIAE [EIUSCR K H
RSD 1. 4R E TR, FILRRR. JRILAREE. J&
WHEZEBL. FHHE B3 ILEE. BILEE. A
EH 7 Cl AR LA R & T IRER 1T 3 At Rl i
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KRN 102.23% 100.23%- 98.96%. 98.19%-
97.32%-. 101.50%- 98.28%- 99.13%. 97.95%, RSD
3N 1.46%-0.66%- 1.30%- 1.69%- 1.34%-2.33%-
1.37%- 1.36%- 1.53%.

23.8 ftEamEENE SRS I “2.2.6”7 T

TNE I S1~S38 FEA A RE ], 103k 9 MR
S IETARAR A, AN EDE T FE T ERE & & &
TR, GRIE 4.

4§ IBM SPSS 25.0 {553 4 1 A Al Ak =
() 18 LIk 4754 A (S1~S18) Al B Al AE 771 20

T4 EFERPFINTHSSEMNELER

Table 4 Results of determination of nine constituents in FDRT

e FiE S H/(mg-g™")

G5 BETR BFJLER FILEEE FHEFERBL FEFEB JLER LILFER FEEFERC RILERERETRE

S1 0.187 0.227 0.011 0.154 0.188
S2 0.194 0.162 0.017 0.147 0.144
S3 0.205 0.307 0.024 0.152 0.170
S4 0.182 0.221 0.013 0.170 0.169
S5 0.160 0.150 0.014 0.113 0.139
S6 0.132 0.161 0.011 0.121 0.140
S7 0.201 0.188 0.016 0.179 0.199
S8 0.193 0.184 0.016 0.129 0.157
S9 0.116 0.110 0.010 0.121 0.135
S10  0.122 0.118 0.009 0.095 0.116
S11 0.152 0.177 0.016 0.108 0.121
S12 0.107 0.086 0.011 0.119 0.126
S13 0.116 0.082 0.009 0.130 0.130
S14  0.294 0.316 0.046 0.194 0.198
S15 0.198 0.170 0.013 0.110 0.118
S16  0.092 0.064 0.007 0.123 0.109
S17  0.173 0.069 0.010 0.124 0.104
S18  0.104 0.067 0.008 0.127 0.109
S19  0.465 0.313 0.060 1.622 1.086
520 0.399 0.283 0.033 0.746 0.832
S21 0.285 0.167 0.037 0.870 0.972
S22 0439 0.307 0.058 0.787 0.836
S23 0.508 0.329 0.053 0.757 0.551
S24  0.282 0.175 0.045 0.963 0.629
S25 0.494 0.267 0.054 0.719 0.749
S26  0.275 0.177 0.024 0.798 0.835
S27  0.385 0.143 0.044 0.904 0.878
S28  0.456 0.215 0.042 0.620 0.532
S29 0419 0.302 0.045 0.772 0.757
S30  0.386 0.325 0.039 0.698 0.739
S31 0.366 0.174 0.039 0.551 0.616
S32  0.365 0.176 0.027 0.589 0.932
S33 0.354 0.123 0.041 0.880 0.827
S34 0328 0.254 0.040 0.963 0.605
S35 0.411 0.203 0.043 0.952 0.841
S36  0.325 0.225 0.047 0.978 0.879
S37 0439 0.247 0.043 0913 0.841
S38  0.426 0.208 0.038 0.958 0.925

0.492 0.180 0.341 0.073
0.444 0.340 0.436 0.070
0.512 0.295 0.326 0.058
0.526 0.382 0.496 0.116
0.375 0.252 0.336 0.065
0.388 0.275 0.380 0.085
0.576 0.334 0.454 0.081
0.429 0.278 0.375 0.071
0.385 0.293 0.362 0.072
0.306 0.223 0.317 0.069
0.343 0.256 0.351 0.069
0.198 0.325 0.512 0.097
0.223 0.360 0.526 0.098
0.417 0.450 0.604 0.145
0.200 0.276 0.479 0.128
0.184 0.356 0.507 0.090
0.186 0.419 0.700 0.120
0.177 0.358 0.559 0.092
1.255 1.027 1.425 0.377
1.157 1.384 1.456 0.214
1.082 1.361 1.635 0.426
1.045 1.210 1.441 0.465
1.108 1.199 1.279 0.378
0.607 0.668 0.806 0.305
0.982 1.054 1.179 0.357
0.975 1.126 1.459 0.514
0.479 0.678 0.948 0.368
0.670 0.886 1.216 0.403
0.936 0.949 1.229 0.263
1.026 1.140 1.311 0.258
0.806 1.038 1.253 0.216
0.972 1.077 1.402 0.209
0.429 0.578 0.886 0.191
0.742 0.624 0.949 0.258
0.467 0.656 0.944 0.245
0.524 0.682 0.994 0.291
0.914 0.869 1.431 0.373
0.962 1.141 1.750 0.421
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W&F57 F (S19~838) H1 9 ANy & &l 58 45
RAATG A, i DL X + s Ko, KA 2 Ak
SEREAS ¢ KT A AT AR i, BL P<<0.05 N

ZERAGIHFE, 858 GRS Bor, B kg™
et 9 PR S EREST A 4k
(P<<0.01),

x5 2HREUEFHEFERTITRISELR (x+59)

Table 5 Comparison of content of nine constituents in FDRT produced by two companies ( X £ s)

R g g

i

BETR  FILRR

FOLZEEE FEAEE R BL JEEEZR B3

A 0.16310.050 0.159+0.076 0.015+0.009 0.134+0.026 0.143£0.031 0.353+£0.133 0.314+0.068 0.448+0.108
B 0.39040.068" 0.23140.064" 0.04240.009" 0.85240.224" 0.79340.146" 0.857+0.250" 0.967+0.250" 1.25040.260"

JURE  RIURER REER CL R)URRER TR
0.089+0.024
0.32740.094'

5 Al P<0.01.
*P<0.01 vs company A.

3 Wit
3.1 BYEEXBERSEERESNERTH
HE

AHIEFCAE R A SCRR B B A -, TWsE T g
RESER T2 ARl REAELERT 17 AR % R
i, T &3 1) Q-TOF-MS/MS {4 tbxf, &4
RAREEFZ PRz EAE R Al GRE X
A ST E R TE] 60 min A4, B 2, R
[F). M (PREEI R 78 min 247D A4 22k
COR BRI [B] 5 7 T B AR RD , KR T 56 2= A2
A5 BH I 18] 70 min A2 A7) A Bz 2 (£ BE 1] 87 min
oA, ABHEARILE R .

TF FC L R BB ARAE 75 XU 5 4 57 32 25 0 Fl
YR HPLC FR 4B R i 25 82 11 (% 25 AR kit gk AT
T2 UARAL, ABATY RIS 53 o 1 U 1R R 23 AR AT K
I35 AR Peak View 73 A A B AL AN 5] R B I
() 73 B W 1R o 15 e I\ 55 52 FR S 33
A IFIET SR T 53 MY, R 6 ML
1E 3 ANEBRIY, 8 MUAELAE 2 NESI,
Horp 3G 17 19 2 MES AT R C2 1 B2
T 3T HE R B A

BRI BT 45 R B, R SCEIRE AT U6 30,
29, 16+ 17+ 2. 21. 10+ 11. 18, 20+ 27 XM A%
I3 g 2 AN AE = TR 2 i 2 = AR
PERCr, # B E e ROEFEX Ry, (HILE
6 30, 16+ 17. 18 Al 27 fFIEEB Sy, 3-BrIFLmE
Be-6'-%f B EBLALRERE (LA g 29) T o0 R Rt
N, BT DA s e B T AR B TR G A 2D,
JFHEHR C1 GhFE 21, FiEF R Bl Lk
100, FIEHEZ B3 (LA 1D, R)LER GLHE
20) TE A IR 6 IE S B A HL (o i e ) B A
1) 3 MRS 3 MR 3 TR

539 NG, BRTIX 3 K N R 7R &
FLHIF B 23T,
32 &FERREERNEESH

WRIEE 5 s, B A& FRERF 9
AN SR E T A ik, MIRSUETE ML
FE A aE A, A A FEHR P B A R
25, HJEFR AT REE AT H R R, AR RN,
SFEDIM RS2, RO, KRGS
b DRI 2R 52 B 7120, 4 W S5 U2ER H O R R
ME T =rd s VOIS b, Y95 5 AN r=Hh 44
It E&FE LM PR ER Cl. RILER. ILER.
JRILRE . BT RILERE S TREES 24 1
BA IS, 45 RO IUANIR = Hh ) 4 57 5 ik B A
ST EZERIBR, LUREIEE % C1 oA, BLES A
7 R R B0 i 1.867 1,199 0.703. 0.713.
1.153 mg/g; A5 H ZHIVHT A% R H HPLC $540 Bl
FBECIR S PR M 5 2 By e A W AR 45 6 (1 7
W XPRAPEHUNTLIR . =Fg. 2B S s A
B EFRZ M TSI 23 MEFRER T
TREVHY, SRR, REZEMEMN 78T
iM% RO 5 R FH A 6 /8 457 22 2 M il £ (1)
WA FEREES, WENRERTEE, X6
J TR M ) o 52 5 55 7 28 8 S R L At B 855 oy
8, ARERGEEEERMXNEFREZRR T
B2 (WIS . B0 R S AR AR = 42021 Zhang
FRAR R Y N TIREN R R o e
FH o
4 g

AHFFR A HPLC U2 T A B 2 kA
TR 38 TR TR SUEIE, bRE A g 33
A, KH Q-TOF-MS/MS HEARYEH T 53 AN
DALEAL I F g m A &, MRS BT T
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HCA. PCA. OPLS-DA AR A 4T, XFFE &
SR FH G RE it LSRN HL 23 28 FERCATF 1 9 /N oy i3k AT
TEREME R, K HCA. PCA Al OPLS-DA
BEK A A B AP IEFRE F XN 2
K, B WA REFHEE T 9 NS E
B EET A &k (P<<0.01), IR 2 A
P EFRE AR R EZER .
RBAR AR ERTALEF B R

SE R
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