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Effect of adulteration on quality of Farfarae Flos
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Abstract: Objective For the adulteration phenomenon of Farfarae Flos, the chemical composition of the flower buds and the rachis,
rhizome, and the roots were compared, to provide the basis for the quality control of Farfarae Flos. Methods The content of tussilagone
was determined by high performance liquid chromatography (HPLC) according to the Chinese Pharmacopeia. The HPLC based fingerprint
was also generated, and the similarity and the relative contents of the common peaks between the flower buds and adulteration parts were
calculated. The pearson correlation between the relative content of the major compounds and the flower buds ratio, as well as principal
component analysis and clustering analysis were also performed. Results The content of tussilagone and the peak areas of 13 common
peaks in the HPLC fingerprint were significantly higher than those in the rachis, rhizome, and the roots, and positively correlated with the
flower buds ratio. The results of the principal component analysis and clustering analysis showed that the flower buds showed distinct
separation with those adulteration parts. In addition, the compounds within the caffeoyl quinic acids and flavonoids showed positive
correlations with each other, and the correlations were also observed between different kinds of components. Conclusion The major
compounds of Farfarae Flos were mainly present in the flower buds, and the quality of Farfarae Flos will be greatly affected when there are
more impurities such as pedicel, taproot and rhizome in the crude drugs. Currently, there is no impurity in the Chinese pharmacopeia for
Farfarae Flos, and the limit of the impurities should be added to guarantee the quality of Farfarae Flos.
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Table 1 Information of samples

T FEH SR
1 Hr T E 2015
2 HR e 2015
3 HNER 2016
4 AL 2014
5 HNER 2016
6 RE-Jupiibis 2015
7 H A 2015
8 HRE R 2016
9 HNER 2016

10 H R A 2015

11 b 2016

12 RS R 2016

Ai g, L. BRI E Fisher Chemical; X HE i

SEEBR(HL S 110753-201716, 5 B0 BN 99.3%)
AT (LS 111884-201303, Jii &0 BN 98.5%)
WHETEE RS e AR MR R (S
YJ-102572). BREJEER (L5 YI-100754). &%
BEH (LS YJ-150109 ) . il &=y (H S
YJ-100452). ¥t EER (fitS YI-100752) W H
LI KRG HR AR T (5 140912) 1
H B EANTHRAR; FaEK B (i
5 14122417) REJEIE A (L5 14062009). 5
SRR C (b5 14062011), 30 B AR B ik k)
B RA R AT B 5K T 98%:;
BT Wt -3,14-Z- kX Ak & = B 0 R .
1B,8-bisangeloyloxy-3,4B-epoxybisabola-7(14),10-
diene AR ZH R &AL 4 55 . 4lifh, 4 HPLC
VA — A3 5 ot 50 BB PE 98% LA L.
1.2 {4z

F[H Agilent 1260 HPLC £4 (Bl BAELEST
Bt 5L, PUTCEREZE G1311C, HHRAH G1316A, H
BEFEAS G1329B, #AMGIIZE G1314F 5 Agilent
1260 tBi% TAEN; A BIET A KQ-300 & (&
WSS A PR A ] ); Sartorius BSA124S 4347
K (fE[E Sartorius A Do
2 FHE
2.1 HMBHEEMSIT

FEAFE = ) 12 HERATEZM R B 4E DY 4>
E AL 100 g, FRIZAEES . fERE. MRZE. FAR.
P (B 1D 375028, MEIF T EAAE A
353 5 T
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Fig. 1 Flower bud and adulteration parts
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ToE Sl ) % T V2 R0 8 B SR A S IR (P E 2 ) 2015
SERRGER A AETI S A W i 2 s it il
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Fig. 2 Chromatogram of tussilagone (A) and Farfarae Flos
sample (B)

2.3 HRYEEREN

231 S Sk N Agela-venusil MP Cig
(250 mmX 4.6 mm, 5 um); A Z i NIRSIAH A, 0.4%
BRER K NI BIAE B HEATYENL (0~10 min, 13% A;
10~25 min, 13%~40% A; 25~30 min, 40%~90%
A; 30~45 min, 90%~95% A), ERHE 1.0
mL/min; FEif 25 C; #EFEE 10 pL; 2 BAREK
M5E, 0~25min, 254 nm; 25~45 min, 220 nm £
W FRARBIL AR VB SAMIK T 5 000,

232 XISV A RS AR & R
B, 00 0l ) R BV FE A 1.0 mg/mL I RER,

4 CRAFEH.
233 PRSI EIEES R RREGR AT R
IS0 1.0 g, EHIEHEE S, A 50%H
BE 20 mL, FROERTE, @AELE (Th3F 200 W, i
K 40 kHz) 30 min, HEAHEZ=E, H 50%H
ANERCR TR, BRA), JER, ISRiE, B
2.3.4 FEEERE HGREILAMBMAER (2 5 il
AR ST, RS “2.3.17 TR SR
6 K, VAGRIRR NS HRIE, & nE g AH Xt 7 BE i [E]
) RSD 7E 0.02%~0.66%; AHXTUETHIF) RSD 7
0.60%~2.05%, 7 BHZRAAE I FRE I VA e i s A0
FHERE T, BN RS HIRE R BT
235 #HEWAR BGRAEAMBK 2 5
Hil &AW, CPATHIE 6 iy, MRPE “2.3.17
T 5 S5 A E LRI e, DL R R NS IR,
5 0 T UG FE T OR B B TE] 1) RSD 7E 0.01%~0.09%;
AEXF U T AR RSD 7 0.28%~1.92%, RUZJT
LEEERLT.
23.6 faEtiln BGRAEAMBm KR 2 5
il & PR WL 2 AITE 04 24 4. 8. 12, 24 h
MEfRg W, SRRRRIE NS R, FEM 240 %
0 1% U6 A 6 OR B I TE] 1) RSD 7E 0.01%~0.64%;
A W T AR RSD 7E 0.63%~2.18%, W%
T AR VA VTR 24 h I O Uk 2 B iR
SEME R AT
237 HAEAT RA 2R SUEE AU VR
BAE (2.0 fRO, EFFAIEEELL 12 HEIERE MR
BT A= plon] R FR S B0, i i o 25 e S EE AR AL
MR IE 14 MEFESE, RHIARTZES
BITHE 12 e, oM. R, RESIRIEL
B (R AR ALREE o 3 Mark U DUTC 753 &L vRE A
B LA IR R, F T Lh s S S AR
B K SPSS BAF (18.0), iHHE &AL EYIMNT &
&= (PUERR) 5% 51 Pearson fHK £
o ¥ 12 HERIERERAEE KB e s E
W A e W T AT R B AR AR, B
SIMCA-P 13.0 A bt 47 £ i 70 . 8
Metaboanalyst 4.0 Chttps://www.metaboanalyst.ca) [%
VAR AR 14 AN WA X5 & 2 8] f) Pearson AH 2K £
KA1 Heatmap .
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F2 12 HREEDGMPRRALEE
Table 2 Ratio of flower buds and adulteration parts as well

as contents of tussilagone in 12 batches of Farfarae Flos

®3 LRHYRSEPREWSE
Table 3 Contents of tussilagone in 12 batches of Farfarae

Flos samples

samples 5E R AT R =5 H0 %
- 0 /% e e HR2E FR EoEay )
W iz [T FIR 1 008 0020 0 0 0.083
1 92.28 2.52 0 0 2 0.09 0016  0.007 0.005 0.098
2 78.71 4.01 2.01 8.62 30110 0.023  0.012 0.021 0.074
3 72.20 5.18 2.59 3.10 4 0135 0018  0.006 0.011 0.081
4 71.85 4.17 2.09 2.38 5 0110 0018  0.008 0.010 0.059
5 40.09 14.94 7.88 9.69 6 0153 0.050  0.008 0.019 0.081
6 47.13 32.77 8.90 3.66 7 0.107 0.016  0.005 0.012 0.059
7 38.98 9.71 15.89 27.10 8 0.114 0.021  0.009 0.007 0.045
8 36.31 9.83 28.33 12.09 9 0.095 0.018  0.005 0.008 0.043
9 27.51 8.67 45.12 12.07 10 0.128 0.023 K£&F K& 0.064
10 25.02 8.35 24.74 24.12 11 0114 0.021  0.008 0.006 0.041
11 2021 12.20 51.18 3.06 12 0122 0.023  0.004 0.005 0.030
12 14.30 7.57 60.29 5.14

bt N 92.28%, EARHIUN 14.30%. 45
FEARFEHE S IR EAEZ AL, AR, R
K. EMRUSRID S e S 2.52%~
32.77%, HRZEHN 0~60.29%, FHRHA0~27.1%, I
TPHEIEN 3.05%~34.62%. 12 LR AL L5 FEA
B A LB F I ACRE, B Aer & FE BRIk
ZiFAL. BBk, IRZB AR ™ E, R
A5k Ll s Tk 60.29%.

32 REMEENE

e (REZG) 2015 ERGRE R, Xt
FIRERATE M, DLRTF THRHRITEE . TERE. iR
. FR BIDDHIERRATAT S 2N (R
3D 12 REERAACLM B bk th 46785 R A
JREHCN 0.086%~0.153%, 1EH4 0.016%~
0.050%, HEZ5H0~0.012%, TARA 0~0.021%.
AT B B B S R A S > A > e >
FWSHRZE (B 3. SRV, FAHR 250 A
THeES, HRRem, SELNEERN /5. dF
ZIFAAL EAR . MR R A TR R ARG, BE
2R EEES.

IR 12 R A AR 2 M R AT T = A BN
0.030%~0.098%, &6 M ARZG FE AL o b2
AICLEH, FRATEZM TRk &R ) & 2 AR T
TR L, A R, M R AT
RS . RERATEAM AR & ' S5 EEN
15 LUiEAT Pearson AHOGHEZM T, AT LI AH G R 2L

(r) 9 0.854, RIZGH ik &Ml i) & & 5 167 o5 Lu A
FEIEARSG (B 4). Bbhh, B 788 L, EE K
AT BRI M R AT S 2. W1 S
KICH B BINE T 2 SHEA, H 1 SFEAREES
A S EIRT 2 SRR, S 1 SA4MBRIEE
b b, AHZ M R ACER B B AT 2 52
3.3 HEYEESH

330 AAWERGEEESY AT R
AR EE H5ARZ A AT AT be iR, SR HPLC &
SEFRAACIFR S, I RS NN B 7V K
AAEFREUEI AT SRR, SERIA R 14 M
g (B 5, AHE 6 ML Rz TR CBist
JfRe, @R, FRalimR, RaER AL B, O, 4
ANEEAZR S (PT S 22t M & I 2sm).
3 MFE W R (GRA R . 1B,8-bisangel-
oyloxy-3p,4B-epoxybisabola-7(14),10-diene . & &
BED. 1 ANEJREE SR CBJRERD, FEAE R 7K
AAE T IR BAH AL

332 HRAACHESIEM . W2, FHRHEN R
L 2 SRR AAEREAR LT B AR AT I HR S 1S
BEATRI, BIEE DL, 2R, ERMIRLE
WXL (B 5-A) RATRUE i, e rba] DUl 2
e TR A 14 NI g 6 ANmnmEmREZE T
RIS LA T 3 I8 5 70 %of L PR €8 Tl U 7 43 1)
T ZE BRI 2, AR PSR T
Sk MRS EMAENNFER (5. 9 M
115) AHRZE (5 F165) FEA ARG E] (fF
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Fig.3 Comparison of major compounds between flower buds and adulteration parts (n =12)
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Fig. 4 Pearson correlation of contents of major compounds and ratio of flower bud
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A . R4 12 H{RSAEGM LT RIBFABAARILE S
7 | Table 4 Similarity values of 12 batches of flower bud and
3 ‘ N : 1R adulteration parts
| R "
o T o HIAZ S
L’ | M or 2P 2 95 = >
e B Dlleon PP -~ L e
B 6 1 0.997 0.927 — — 0.994
! 2 0.995 0.913 0.927 0.928 0.993
2 3 0.986 0.930 0.941 0.903 0.983
1 \ o 13 4 0994 0952 0899 0918  0.996
TN Jl.,3 - ‘__]_____‘_gl_(_)lll N J 14 o HE 2 5 0.999 0.921 0.891 0.926 0.998
0 10 20 30 40 50 6 0.907 0.812 0.813 0.894 0.872
t/min 70997 0947 0963 0907  0.992
IR ER 2- R -G 45T S-Sk 6- 8 0.999 0.929 0.896 0.900 0.995
S R E _RURE M 10 2
SOER B 7-FAERR A S-FAUERE C oM R 10-I%E 9 0997 0721 0889 0846 0976
L7} 11- 5 7 12- 3% 4 T 13-1B,8-bisangeloyloxy-
3B.4B-epoxybisabola-7(14),10-diene  14-3K % 2k 10 0994 0967 0.955 0917 0998
11 0.998 0.920 0.946 0.877 0.992

1-5-caffeoylquinic acid 2-chlorogenic acid 3-4-dicaffeoylquinic

acid 4-rutin 5-hyperoside 6-isochlorogenic acid B
7-isochlorogenic acid A 8-isochlorogenic acid C  9-quercetin
13-1B,8-

bisangeloyloxy-3[3,4B-epoxybisabola-7(14),10-diene 14-

10-kaempferol 11-chromone 12-tussilagone

7B-(3-ethyl-ciscrotonoyloxy)-1a-(2-methylbutyryloxy)-3
(14)-dehydro-Z-notonipetranone
5 MELE. HIEAABMLELEE A) kxR
YEE (B)
Fig. 5 HPLC fingerprint of flower bud, adulteration parts
(A) and reference fingerprint (B)

0.967, 251 0.813~0.963, TR N 0.846~0.928,
ZMEIRRALEE N 0.872~0.998.

334 FRAWESCM. 2K, FRILA WA
SeEtki hE 3 A, 6 AUmHERE R TR IR
9y CHreRERR. SRR . BRsk AR K 4R AR A
B. O 4 MEEESS T S22t Hi
. WEm . 3 MEEWE RS GRAE
1B,8-bisangeloyloxy-3f,4p-epoxybisabola-7(14),10-
diene. KA FKM) 1 ANMEJREAZEA > (EEED 3
FEAEACTE T B, HORRAEHE, MM ER S
FrEplf. DI R AX B R (W
O 576 5 L) Pearson ¢ R % W 4 Fiow,
B T SHRIR (r=0.483) ZA4b, HoAth il ot AR
516 5 LR Pearson #H5¢ R B KT 0.718, BiZ
MR Ee R o3 (1) B 516 5 AR R IEA DG R
FLFETEA . A5 FmE . DMERE S TR € SRR AR I
B 38 R B A T AR A AERE, Ak R AR A LS
FkZ, ZiR xR s A R R .

335 ERGraT HEDRAAETE . TERE. AR

12 0.998 0.958 0.867 0.902 0.991

TR 4 AFeA 14 ASFLA G P U T AU 1 H0 B
FREHAT Z TS b B SRIEAT B i,
%1 ERSr (PC1=0.373) FIZE 2 4> (PC2=
0.294) HEIIHURE (B 6-A) AT WL, FHAAEER]
IR RS 3, IR STEME, 2. TR HAD
BRI R Xy RESEER (K7 HER,
AT S HAMB AR AR A Z R W, e
B MRZE ERZEZEREN, 45875 B8t
—E

3.3.6 XM ZIAIAHRIE T O TRt E
AN 14 ARG Z TR ARORAE, BL 14 Ao i AR &
TN 2 34T Pearson A0 (B 6-B). W
W, 2xIFIR . BRI Lok iR By AL C A5
HERGE 2 T IR IE B 7> 2 IAAFAE R Y IEAR O B SR
BRI FTT S Bt MR LR WA AE
BUORRIEM R P sk & AR A R BE AT
TERCBE A IE A 9%, T 1B,8-bisangeloyloxy-3p,4p-
epoxybisabola-7(14),10-diene 574 . 2K 4 ZH g
HARAERAR . AR S it R I L — 52 B A 5%
e, fEmERAr (BR 1PB,8-bisangeloyloxy-3B,4pB-
epoxybisabola-7(14),10-diene < #I), 5 I A5
FHEREZE TR (BB SRR ER AN Bsr B Bk
AUIEAESS, DR TR (BRBTER IR Sh)
B R o AH AR BOR, R R 5 15 2 s S iy
(% 1PB.8-bisangeloyloxy-3pB,4B-epoxybisabola-7
(14),10-diene Z Ak« SHEAZE I+ MHEREZE T BR 2R
5y (BRBaR R IR AN A BRI IEA G
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12-#K &8 13-1p,8-bisangeloyloxy-3p,4B-epoxybisabola-7(14),10-diene  14-3K & K

1-5-caffeoylquinic acid 2-chlorogenic acid 3-4-dicaffeoylquinic acid 4-rutin 5-hyperoside 6-isochlorogenic acid B  7-isochlorogenic acid A

8-isochlorogenic acid C 9-quercetin  10-kaempferol 11-chromone 12-tussilagone

14-7B-(3-ethyl-ciscrotonoyloxy)-1a-(2-methylbutyryloxy)-3(14)-dehydro-Z-notonipetranone

El6 MEALBRIBEIMAERN ST (A) MERIEXMED (B)
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Fig. 6 PCA analysis of flower bud and adulteration parts (A) and pearson correlations among 14 compounds in Farfarae
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