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Quality evaluation of reference substances of classical formula Tiaowei Chengqi
Decoction based on HPLC fingerprint combined with multivariate statistical
analysis
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Abstract: Objective The quality research system of the classic formula Tiaowei Chengqi Decoction (TCD, i B &%) was
constructed by establishing HPLC fingerprinting and index component content determination methods, and the quantity value transfer
law of its reference samples were explored. Methods Prepare TCD reference samples from 15 batches of herbal materials sourced

from different regions using traditional methods. Establish fingerprint profiles via HPLC and evaluate batch-to-batch consistency using
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chemometric methods such as hierarchical cluster analysis (HCA) orthogonal partial least squares-discriminant analysis (OPLS-DA)
and principal component analysis (PCA) to identify the batch-to-batch consistency and differential markers. Simultaneously,
Hotelling’s 7> and DModX were calculated based on the PCA model, with 95% and 99% confidence limits serving as the warning and
control limits [72crit (95%) = 31.49, T%crit (99%) = 54.15, Dcric = 1.97] for batch consistency evaluation. A method was established to
simultaneously determine the content of six target components gallic acid, glycyrrhizin, aloe-emodin, emodin, glycyrrhetic acid, and
rhein in 15 batches of samples and their corresponding crude drug slices. The transfer rate of these components from crude drug slices
to samples was calculated. Results A robust HPLC fingerprint profile of TCD was successfully established, allowing for the
identification of 16 common peaks. Chemometric analysis confirmed effective batch-to-batch differentiation, with gallic acid and
glycyrrhizic acid identified as key chemical markers contributing to the discrimination of batch variations. Quantitative analysis of six
marker components across 15 batches revealed mass fractions ranging from 0.521 to 1.581 mg/g for gallic acid, 0.143 to 0.711 mg/g
for glycyrrhizin, 0.025 to 0.071 mg/g for aloe-emodin, 0.016 to 0.182 mg/g for emodin, 0.487 to 2.740 mg/g for glycyrrhizic acid, and
0.007 to 0.039 mg/g for rhein. Furthermore, component tracking from crude drug to final sample demonstrated average transfer rates
of 17.625%, 2.878%, 5.929%, 5.159%, 1.689% and 1.088% for these compounds, respectively. Conclusion Combined with multi-
component quantitative analysis with chemometric methods to develop an HPLC fingerprint profile for TCD, systematically
investigating the compositional variation patterns from herbal materials to reference samples. The findings provide a scientific
foundation for quality evaluation research on TCD.

Key words: classical famous prescription; Tiaowei Chengqi Decoction; HPLC; fingerprint chromatogram; value transfer; multivariate

statistical analysis; quality evaluation; reference standard sample; gallic acid; liquiritin; aloe-emodin; rhein; glycyrrhizic acid; emodin
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A ARDUE B TR S (%gie) O, RARSHERTT
AR B R 53 o 2T KB H A, P20 3 Bk
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5 111610-201908, Jii & /%1 =95.00%). HH IR
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2025 R AW H R 77, DL 2018 4E (L
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fil, W CZONBCH R, BREAR, R/
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Table 1 Origin information of TCD medicinal materials

K3 T HE

5 Twe rm me m w9 W
1 D070101 T MO071501 L7 G070101 Hif

2 D070102 T M071502 L7 G070102 Hif

3 D070103 i MO071503 {L7% G070103 Hl

4 D070104 FH#E MO71504 JLZ% G070104 Hk

5 D070105 i MO071505 IL7% G070105 Hl

6 D070106 Hiff MO071506 FHJ)Il G070106 WZily
7 D070107 HiF M071507 4l G070107 WZily
8 D070108 Hif M071508 Uil G070108 M
9 D070109 Hilt M071509 PUJIl G0O70109 K32t
10 D070110 Hi M071510 PUJII GO70110 W
11 DO70111 PU)Il MoO71511 Hif

12 DO070112 DY)il M071512 HIR

13 DO070113 PY)il M071513 HIR

14 DO070114 PU4)iI M071514 HR

15 DO070115 PU)il M071515 Hif

2 FEEHER
21 TCD &EfEHm CFT#H) #lF

(g€t TCD JEJe#N “RIEMIPIE L,
T, HE DR, I, E=IR, DUk=
Th BRI RE, AT, BLERMk—
W, MR RIS, RO 1PN
13.8 g, 1 F+41°8 200 mL #EAT#5E, R K3 55.2
g. WHH 27.6g, h/K 600 mL, FHi&EZ%E 200mL,
LB, AT 77 g, BEME, ERGE,
TEBA VR TR BIAR B AR TR . 15 LIk TCD £
HERE AL A R 2 R IR M L CRIZ AL S, Bk
HeEEENE 2.

#*2 154t TCD 2 EHRMENESER
Table 2 Random combination information for 15 batches
of TCD standard reference samples

. fits , E15e]
i MW pis ew

"ekE pHE R
S1 D070114 G070105 M071503| S9 D070112 G070103 M071507
S2 D070108 G070104 M071507| S10 D070106 G070103 MO71515
S3 D070101 G070109 M071508] S11 D070105 G070102 M071512
S4 D070109 G070102 M071509{ S12 D070107 G070108 MO71515
S5 D070110 G070110 M071504| S13 D070104 G070103 M071514
S6 D070104 G070101 M071506{ S14 D070108 G070107 M071507
S7 D070112 G070110 M071506{ S15 D070102 G070102 M071514
S8 D070109 G070109 M071502

22 BYEILEHR

221 @ik @ikiEA Agilent Pro Shell ECis
¥ (150 mm X 2.1 mm, 2.7 um); i shAE N FEE-0.1%
HR KAWL, BHREVENL: 0~10min, 5% fE; 10~
20 min, 5%~18% ' ¥; 20~30min, 18%~22%H
f%. 30~60 min, 22%~35%HE; 60~98 min,
35%~80% H f%; 98~110 min, 80%~100% !/ ;
FE#R 30 C; AR E 0.4 mL/min; BEFEE S uL;
K KA 260 nm.

222 WA %

(1) BN FR T I A A VR i s R 5 R
WE TR IS 4.0mg. KRNI 4.0 mg. 7
ZRFEAT I 4.0mg. KEE G 4.0mg. H
TR 2.0 mgs H EERE R 2.0 mg, 43
BT smLEMT, n50%TEEE [760W. @A
A (4042) kHz] 10 min ¥R 5 2%

(2) IREX R SIER A H % R R EL RN
MRS 1.0mL, T[A— 10mL =, MA
50%HEEES, WA, &/, AP HEREGE=H
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2.2.3 BHAMIERPIH & REEAEL TCD HdEr
iR T8y 0.50 g, WHel, B HEHIEHEES, hn50%
HEE 10mL, #%E, FRaEiisE, @48 [760 W,
EBEAZE (40£2) kHz] 15min, J8#, FPRE R
&, H 50%HREANERCRIIRE, 5, B EIEH
i 0.22 pm FUFLUEMEE, HUERIEM, BPASALR RIS
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RV, HRIR “2.2.17 TR (i S0 sk
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LA WG AR G B I 1B RO AR I TR RSD L, &5
TR AT VARG R B B[] 1) RSD fE 34/ T- 1.93%.
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A RE R RUT
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THEL S SL AT W A T R B B () FHAE 6 I THI AR RSD
1B, Z5R&ILA WA PRI R RSD fHI/NT
1.14%. AHXTIETEIAR ) RSD {H14/N T 5.63%, 45
AR A WAE 24 h WFasE T R IF.

226 EEMEL HLSLL TCD HvERES, IR
“2.2.37 BRI AT HI 4% 6 (A A, 7 il 44

| :

MR “2.2.17 TR il AR REbE, Il EdE, U
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RSD {H#5/N T 4.95%, £ RE I Z L ELERIF.
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FEVN RGHEAT /0 A4, G S1 NS IENE,
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RIS (R), S53IE 1. A€ 16 Mk,
FRYET R SR A 6 M Eilig (K 2),

DG R TR GBS NS, THE 15 it TCD 4k
FEil S1~S15 84U TE AL 437114 0.904. 0.877
0.829. 0.955. 0.933. 0.769. 0.908. 0.921. 0.890.
0.909. 0.826. 0.952. 0.884. 0.952. 0.923, 45 &
7~ 15 #lk TCD FEHERE S AR LRE 2 4E 0.769~0.955 .
15 #LIk TCD ZE#EFE S, S1. S4. S5, S7. S8,
S10. S12. S14. S15 9 fit TCD FEHERE 5 R AR
AEETE 0.90 LA E, RIS LK —BHE R IF . H
RACOARLEE AR, o S6 AHLEELE 0.80 LA
T, FREUGHE TCD JEAERE & 5 HAh ik TCD ek
FEmZERLZE, AR 1V GMRIEGEER, HNHLZE
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. 3 4 5 : 7870 12 131415
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PSPPI Y Y . .. aato Mo JUS SUPUPT WC. SOOI UL Y. SN ORI S N SN 90 SRR &)
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PUREEEPVPRPR DX NPE DUNPVIAEE ISR NS N S - L" IPUIPYAPREFPPISL T A P T | PP | -1. . S4
PP Y Y - raeste - o Mige o tolust susatosaton o wlas oaat, Tt fege o S3
+
1 b
~ PPN PP LR NCIPAYL S Vi e s ntenist it fates Tten set Ttk S2
B
‘ 1 !
- PRSI PSR R VRTINS S5 BEPUDPY SUUPRPPITSS B8 LG DN { W S S IR
T T T T T T T T T T T |
0 15 30 45 60 75 90 105
t/min

1 15t TCD EifEtFmA) HPLC $54EE (S1~S15) RAXMRIENEE (R)
Fig. 1 HPLC fingerprint spectra of 15 batches of TCD referencesamples (S1—S15) and their reference spectrum (R)
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A
14
ﬂw " l LJ.h 1.}..2..113, l1.516

0 20 40 60 80 100
t/min
L-BETE: 5-HHE,; 1292 KR, 13-K0IR; 14-H R
By 15-KHE; 16-K3M .
1-gallic acid; 5-glycyrrhizin; 12-aloe-emodin; 13-rhein; 14-

ammonium glycyrrhizinate; 15-emodin; 16-chrysophanol.
2 TCDEMEHmM (A) SoERETEENER (B)
9 HPLC EELLER
Fig.2 Comparison of HPLC chromatograms between
TCD reference samples (A) and mixed reference substances

for selected components (B)

i F B BT ORI H B2 1 7 2 R T
2.2.8 JZIREI M1 (hierarchical cluster analysis,
HCA) 43K, HPLC fagU w45 A i 241t 2,
 HCA MIEAZ i pe /> —3fe-F0 1 73 4 Corthogonal
partial least squares-discriminant analysis, OPLS-DA),
TR 25 2 7 BER S B 001 T B i e 22
SRR EIAE S TR0, ST EEORFE ALK TCD
FAERE S EE R S EZE R, R SPSS 26.0 K
R4, DL 15 ik TCD FEERE ) 16 AN S i i
R NAS B, SR Ward 3%, PLP 7R ERER B 1E A
JERPMEATRE S, SRIE 3, TWIT AR
IR TCD FEHERE i 503 1) — Bk . 242K A BE A 20
15 ftt TCD FEAEFE M 3Ry 2 38, Hirp S6. S11.
S3 E N—3, S1~S5. S7~S10. S12. S14. S15 %
N,

229 Esr9r#r (principal component analysis,
PCA) ¥4 15 #it TCD JEHERE T 16 NI IgIE T
SN SPSS 27.0 B AFI4, X 15 ANETHIAR AT AR 1
AL EE f5 34T PCA, 45 3 32 B/ FREAE{E A0 D ik 26
(F3) ULEAE (W4, iF3IATH, H54ME
B CERARFIEE > 1) I B BRU5 22 vigk R nl
ik 92.056%. A HRET 5 AMRFAEE AR 1k Hh 26 e
U, $E7RiX 5 A E o BRI 16 M LA IR 3
BUFE R, 1X 5N F AT LMEA TCD JEHERE b R 5

177 Wk
10 15 20 25

(=}
W

S14

S1
S12 J

3 154t TCD EAE#Em HCA RHRE
Fig. 3 HCA dendrogram of 15 batches of TCD reference
samples
#3 PCAYHEERFGETIE

Table 3 PCA eigenvalue and variance contribution rate

TR T RHEE T ETRE/ % BB Z TR %

1 5.643 35.269 35.269
2 3.443 21.521 56.790
3 2.219 13.870 70.660
4 1.973 12.334 82.994
5 1.450 9.062 92.056
6
5
4 ‘.""‘.‘.‘

e \

E 3 \"'\

ﬁ \.
) )
1

1 4 7 10 13 16
TR H

4 TCD HJ PCA BEAE
Fig. 4 PCA lithotripsy diagram of TCD

PN ERR

2.2.10 Hotelliing’s 72 1 DModX ¥z ] [i% ) & 37,
Hotelliing’s 72 F1 DModX /£ 2 AN B AN Z &
B, T RARA RGO 22 8] ) — EpEn,
FHh Hotelliing’s T2 /£ PCA #E [) PY ERAR L 5
iz LRtz —, AR T RS B SRR A H At ke
a5 S 2 A1) 22 P K/ s DModX B2 (1) 405 A8
T FE R, ARRAE S rf oK i A5 7Y fige g ) A 2281
Hotelling’s 72 1 DModX H)#% 4 4B 5. 6 B,
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Tcri (99%)

A W
S O

TQCrit (95%)

10 . . l
0

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10S11 S12S13S14S15
Obs ID (primary)
Taiit (95%)=31.4882  T’crit (99%)=54.149 7

5 154t TCD AR fEY Hotelliing’s T2 43I ]
Fig. 5 Hotelling’s 72 control chart for 15 batches of TCD

reference samples

T2 range [1-6]
(98]
3

[~}
(=}

1.8 Dt (0.05)

SI S2 S3 S4 S5 S6 S7 S8 S9 S10S11S12S13S14S15
Obs ID (primary)

6 15 #t TCD EifER A DModX FHIE
Fig. 6 Control chart of DModX for 15 batches of TCD

reference samples

B e (99%) Fll Doy PEHIRR, Hazd) B IR
3N 5415 A1 1.97; TP (95%) NEMM, HIR
N 31.49. iX 15 it TCD JEvERE S EEFIRZ T,

PR IE SRR 5, 78 2 ki B b T2 458K,
Pt HIX 15 it TCD EERF: it b o B 22 UK.

2.2.11 OPLS-DA >R OPLS-DA *f 15 it TCD #&
TERE AT 20 HT090 6 15 it TCD JEvEFRE A 16
MLHIBIEmMA N E SN SIMCA 14.1 #fFh.

B HEEW S RP=0.992 8, HTEN AR
# RA=0.5612, HATNZE 0 ¥IRKT 0.5, Wi
ZBLARRE AT, A RUF T EE /7. i2H SIMCA
14.1 84455 15 it TCD FEHERES PCA 154> (B
Do GERFEW, PRI 95% M B S X N4>
N3 2%, HRES S2. S8, S13 A, S10.

S15 —38, OPLS-DA 7373 & (|5 8) 452k 5 HCA 45
RIFATE—H, FEIEN TSR ERT
JR AL, AT RES 2 Fh o A 5 R JE AN AR [ 5%, HCA
AT — P B TR AR [R) 0 R Bz i AT R R i I
#%; 1M OPLS-DA Ul # T KA R 2 7, F25d
IR TEOCRE AR B A fh 22 57, e th S BUx g 2
St . Bk, HCA JET “BRArplE” 3

DModX[6] (Norm), Weighted residuals

t[1]
R2{1]1=0.353 R%*{2]=0.215 Ellipse: Hotelling’s T2 (95%)

7 154t TCD EifERmA) PCA 557 E
Fig. 7 PCA score chart for 15 batches of TCD reference

samples information

150
_ ] s15
= 5o
* ]
Q 1 QA
g 50/ S
= 5 S

; 2
150 |
~100 -50 0 50 100

1.007 62*t[1]
8 15#t TCD /MY OPLS-DA 57 El
Fig. 8 OPLS-DA score maps for 15 batches of TCD

reference samples

FERL T 2 41, i OPLS-DA JEF “ICH 2 5 ik
437 EREA T SEARE) 3 4, iX 2 MOTEERT A
[FZEFESR it AR B E VPN M5 B DLAR B B
#52 (variable importance projection, VIP) KF 14
PRI 2 RSy, SRR 4 X3 2REE IR
KIEGr (B9, g 1 Qa1 . IE 6.
I 14 CHERRE . U 2,

23 RS EENE

231 XTHRENETRIHIE ARk RO B TR
KREER. REKR. FHERER. HEE. HERE

%Egﬁﬁﬁﬁmmﬁmmﬁagi
& i K iz K X
B i 4
o
var ID (primary)

E9 16 NEHBIER VIP &

Fig. 9 VIP values for 16 common peaks
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EE TR, 0 S50% PR AR E A& 1.59%. 1.51%. 3.42%. 2.84%, RIIZIVEFTGt
Joi B 4354 1000.00. 1000.00. 50.00. 200.00. NERAE 24 h Wfg et BRI

400.00. 400.00 [FVRA XTI AH CHERE
=R RS 5/1.020 7).

2.3.2 HHAMIEB IR REEPREL TCD HEHER:
an i Tk 459.4 mg, ffF4H, B HZEHEIEIH, I 50%
HEE 10mL, 2%, POEmE, AL [760 W,
BRI (40£2) kHz] 15min, &, FFRE R
&, M 50% RN E, B2, B EIET
i 0.22 pm ALUERE, BXEIETR, BRI .
233 LMEXRRFEE WEHESMHESRIEE, H
HEEARRE, %I “2.2.17 TR (3l &R b RE N 2,
DL HE St I VR S P R AR AR (X0, I TR
kR (YD, exfilbrdEh g, HEATENERIE, 15EH
Jife: W TR Y=29.777 X—24.989, r=1.0000,
LYEVEFE 1.600~1 000.000 pg/mL; KEE Y=
36.304 X+25.270, r=0.999 9, Z&MEIEE 1.600~
1000.000 pg/mL; K Y=54.303 X—157.19, r=
0.999 1, Z&MEVEH 3.125~50.000 pg/mL; /525 K8
& Y=54.435 X—170.13, r=0.999 8, 1L
6.250~200.000 pg/mL; H ¥ Y=11.003 X+
22.876, r=0.999 3, Z{TEHE 12.500~400.000
ng/mL; HE R, Y=7.428 8 X—84.581, r=0.9990,
LR VI 6.250~400.000 pg/mL; K F{EMEEL (S/N)
EE AR A E 2R, LA S/IN~=3 il kel R,
SIN~10 e NERR, HERkE TR KR K
fR. PEERTER. HEH . H BRI R 2> 3
4 0.060+ 0.090. 0.875. 0.130. 0.400. 1.325 pg/mL,
EER 58 02000 0.320. 3.125. 0.460. 1.350.
4.460 pg/mL.

234 FEEEHEE U TCD HEUERES (S, #4018
“2.3.27 TR 7 A& A AR, FR I €2.2.17 T
RS AR E 6 R, W E Tt p i g T
L RSD. ZEREETFIR. KiER. KHERKR. 7%
WER. HEF. HEREIEHAMN RSD 73N
1.46%-+ 1.56%-+ 1.90%-. 1.72%- 0.34%. 1.88%, &
HAZAX AR K 25 P R U

235 FasEtE%Eg  HUTCD HEUERES (S1), 4@
“2.3.27 I R i A AR T EIR TR 0.
2. 4, 6. 8. 12, 24h 5, ¥R “22.17 TRt
FAFAEN E, AT I I A RSD. 45 %
BV, KEE. KR, AERER. HEHE,
HE RIS A RSD 518 1.71% 1.20%-

23.6 HEEMHEH HUFE—L TCD FEHEFEM(SD,
Fl “2.3.27 TR EPAT IS 6 otk i,
IR “2.2.17 TR g R RE I, E Rl %
FOak g, FEARE TR, KiExR. KiE
R P2 KB H R H R & 73 301 RSD
SN 1.11%+1.61%- 1.85%- 1.08%+2.61%- 0.43%,
SRR ZIEEE N R
23.7 FERENREEE B CIE SRR
[f) TCD FUERESL (S1) 6 43, M &I S mL, 4>
AIIAAE 2T ST ARG R S FEAR T 80% 100%-
120% 1) & X /e, ~PATRRE 6, 128 “2.3.27 T
T ER SRS, I 92207 TR B
PEEREDE, THEASE] 6 PR B TG K
W KHER. MEREER. R, B
I IIRE B2 51N 93.97%- 88.88%- 104.13%-
87.64%- 100.51%- 96.80%, RSD 4} 5N 4.61%-
2.51%+ 3.37%- 2.27%- 3.64%. 1.86%, %&HRE£H
T VEHER T R
2.3.8 TCD FEHEFES P 6 Fife b & &Elle B
15 it TCD BEHEREM, MR8 “23.27 TiF
T3k & AR A 3y, TRIR “2.2.17 TR i
SAFRERED R, THEL 15 fit TCD EUERE S At
BWHEETR. HEH., PERHEER. KER. H
FIRE . KIRMTHEE, 4RNE 4. 418
7N, 15 it TCD FEvERES (S1~S15) dhfgbrmiori%
P RIFRESEON 0.52~1.53 mg/g, HHEEFFRES
A 017~0.71 mg/g, FERBERRESEA
0.03~0.07 mg/g, KNI EEN 0.02~0.18
mg/g, HEREESTHCN 0.49~2.49 mg/g CHER
B = H B R E/1.020 7), KIER RS BN
0.01~0.04 mg/g, Z5RFWZ ™ m T2 HERE .
24 15#t TCD FEEMHMmPEIERKR T EEEEX
AR

TR BRI E Tk, 5% (R E 254 2025
SRR, GEEL “2.37 TN AL Bl e ik B
TEPER) 6 FlpR 7y CHEAF, MEREER. KIER.
HHERE. KER. BETR KPR EER, K
RILH R -JEAERE a7 RS, 15 ik
TCD JEVERE i &8 br B 72O AR 0 ot & 29 4
PAB IR B IR HERE i e R a5 R (R 5) R,
HEH, FERER. KER. HERE. KR,
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4 15HL TCD RS 6 FERRITHIEMNELER (n=73)

Table 4 Determination of six indicator components in 15 batches of TCD reference samples (7 = 3)

- Jii &7 H/(mg-g ") BER JiUE 7 $/(mgg ")
BT HEH PSR KER HERE KEER KETR HEH PEREE KER HERE KER
S1  0.584 0342 0.031 0.016 0.992  0.019 |S10 1.581  0.253 0.054 0.123 0.584 0.010
S2 0.669 0322 0.053 0.088 2.492  0.018 |S11 0.521  0.562 0.029 0.099 0.744  0.010
S3  0.806 0.614 0.033 0.097 0.771  0.008 |S12 0.565 0.476 0.054 0.078 1.475  0.017
S4 0881 0.163 0.039 0.113  0.813  0.007 |S13 1.040  0.468 0.071 0.046  2.740  0.039
S5 1.020 0.143 0.034 0.079  0.567 0.007 |S14 0.836 0.174 0.052 0.058 0.834  0.009
S6 0521  0.586 0.032 0.144  0.487  0.007 |S15 1.519  0.411 0.029 0.182 0.633  0.028
S7  0.809 0.154 0.028 0.017 0.691 0.007 [X+s 0.888%+ 0.381%f 0.041%+ 0.090+ 1.092+ 0.016*
S8  0.783  0.711 0.046 0.178  1.982  0.029 0.333  0.185 0.013 0.053 0.734  0.010
S9  1.190 0.341 0.025 0.028 0.569 0.019 |[RSD/% 37.468 48.405 33.104 58.629 67.220 63.449

x5 RMAREEFRTRISESEBER

Table 5 Contents and transfer rate of components in decoction pieces and reference samples

e 4 23 fons 3 L 7

| ﬁﬁﬁ/ . KK%%/ . kﬁ%/ . ﬁﬁ&%/ . kﬁf/ . aﬁf%/ .

ik (mgg) e (mg:g™) 0y (mgg™) = (mgg) = (mg:g) = (mg:g™) =,
GH ki B ki B ki b ke &M ke aE ki

S1 11784 0342 2902 0343 0031 9.038 1266 0016 1264 63.031 0992 1574 1385 0.019 1372 3.789 0.584 15413
S2 13.660 0322 2357 0550 0053 9.636 0961 0.088  9.157 61.650 2492 4.042 1831 0018 0983 4989 0.669 13.410
S3 17396 0.614 3530 0701 0.033 4708 1.022 0.097 9491 72118 0.771 1.069 1.545 0.008 0518 9.106 0.806  8.851
S4 11767 0.163 1385 1183 0.039 3297 3.698 0.113  3.056 63.112 0813 1288 1.167 0.007 0.600 8461 0.881 10412
S5 11.048 0.143 1294 0.685 0034 4964 2440 0079 3238 55244 0567 1.026 125 0.007 0557 8982 1.020 11.357
S6 11767 0.586 4980 1453 0032 2202 2492 0.144 5778 63.031 0487 0773 1162 0007 0602 2220 0521 23.469
S7 13286 0.154 1.159 0543 0028 5157 1.052 0.017 1616 63.629 0.691 1.086 1.597 0.007 0438 3213 0809 25.176
S8 17422 0711 4081 0833 0046 5522 1279 0178 13917 72862 1982 2.720 1.506 0.029 1926 9.702 0.783  8.070
59 17396 0341 1960 0343 0025 7289 1266 0.028 2212 63.031 0569 0903 1385 0019 1372 8689 1.190 13.69
S10 11784 0253 2147 0.685 0.054 7.883 2440 0.123 5041 63.031 0584 0927 1256 0.010 079 9.116 1581 17344
St 11784 0562 4769 0518 0.029 5598 3.586 0099 2761 61.747 0.744 1205 1.506 0.010 0.664 3.789 0.521 13.751
S12 11112 0476 4284 0833 0.054 6483 1279 0078 6099 55538 1475 2.656 1506 0017 1129 9.106 0565 6204
S13 11767 0468 3977 0832 0.071 8534 0971 0.046 4737 72862 2.740 3761 1.655 0.039 2356 8461 1.040 12292
S14  13.048 0174 1334 1183 0.052 439 3.698 0.058 1568 64.988 0.834 1283 1.167 0.009 0771 2220 0.836 37.658
S15 13.665 0411 3.008 0.685 0.029 4234 2441 0182 7456 61.747 0.633 1.025 1256 0028 2229 3213 1519 47271
X £s 13.246% 0381 2.878% 0.758% 0.041% 5.929% 1.993+ 0.090% 5159+ 63.841% 1.092% 1.689% 1.412% 0.016% 1.088+ 6.337% 0.888% 17.625%

2309 0185 1331 0313 0.013 2163 1.043 0053 3599 5293 0.734 1.071 0202 0.010 0636 2978 0333 11474

BB TFIRMNIR A -FEHEFE T YR R 0N Horp 6 MRFEMERS . GEREIR, 15 #it TCD ik
2.878% - 5.929%. 5.2159%. 1.689% 1.088% . FE i P Fe SUEIEALE N 0.769~0.955, H, 14

17.625%. ik TCD R S B AHBLEE =T 0.80, 9 ik TCD %

B = SR P R AR AR IR S B bR ERE S ARUBETE 0.90 DAL, WD ER B ACHT TR 5
iyt TR UE M & T2 B B i A e v A
3 g P, BEUSARIEAFEIR TCD JEfERE e B4k b B

HZG T R R LR T AR, fRel BRI — Bt ER AR SR BUE D B v L
BIELOE —FRERIEE T A A T . A K, Hop S6. S3 M1 S113 MR FIFRLLEE IR, 45
WAL T 15 #t TCD B:ERE S HPLC 4840 AR 2 HINAM = HuE BT o0, RIX 3 /M2
K, FroE 1 16 AN ILAUE, JRd s S E 1 SR FERHLK (S3. S6. S11) WM T 77 3 H K
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K, T HARARRLRE B itk (ln S4. S5, S12.
S14 55D BRI 3 BRIE T H A )1 X —3
G0 K BRI 77 1 22 S5 AT R A 3 EORE AL K 8] R
BA IR E .

N R IR AR R 22 e, ARSI
TR 22 BT R, HCA ¥ 15 it TCD
FEWERE ARSI R A 20 IFEE Ay 2 2%, Hidt S6.S11,
S3 WMy — 2K, 2B ULE T IX JLHERE i 5
MHEIRAFAE R 22 5, SARE VRN 70 b 4 A —
o PCAHRELT 5ANFEHY, H R Z T3 IA
92.056%, FHIX 5 A5 2 DARTRFE i 1S
SHE R, R RO X A MIVPA FE A ST & . OPLS-
DA 8t VIP i T FEE R ) 2 5 1 kAL
FhREY, AR TR, HERE. LEE 2
MILAIE 6.

T R AR (R 5D b, KB OPLS-
DA §fiif i OB 22 FeAn i) (VIP>1) R E
FRRATH BER, 3X 2 PR IR AR [F) 7= H R R
(R F SR B B S X ) o T 56 FH 75 K 3 1) S6 A
S11 #tik, HESTREENITAIKPRIE (33
4 0.52mg/g); S6 #HLIRIH F IR & E WAL T /K
- (0.49 mg/g)s I H KT S10 #hik, HEE
TEREENA 1.59mg/g. BHEERM, FET A
IR FEZ, HNIRME S Ry & AP B3
S, XFPZE R EEAAEL ] T BAMHF RS, M
M5 80T Fi S0 0% 1 R Ak 22 S5t R 43 St U AL E
T

Giit ot B8, OPLS-DA 5 HCA 4iit4h
RHATEE—, FENE NG RAEAEZE R 5
AIRETET 2 B b 7k B A K [R], HCA & —Ff
FE T REA (8] 1) PR B i i AT R M B 72
OPLS-DA il 5 T RACLH 8] 22 57, 5 ZL@ AR AL
K AR [) P 20 1l 22 S 0 et 5 0 6 22 S 1) R
K2, Kk, HCA T “ SARMAIE” SERE S 2K
7 22, T OPLS-DA 5T “IRfEZE RS HEFE
SRR T AN 3 4, 3X 2 Rk A R A R R A
TR EIENRIMEE . B4h, J8id OPLS-DA i
%6 OB 2 AR B SR U 20 6, HALS SR
ANBRHf, AR SRHI AR A A € - g 43 3% O 1 1K
FAR (LC-MS/MS) X AT 458, LR AHY
71 T AN A b ) o7 B 22 S R 0 i Al

Hotelling’s 72 F1 DModX 4% il B3t 47 i #2451
IIMTHIEE RSN, BT 15 it TCD JEHERE S VK 78

95% EAS X M HI PR A, R NEBA T ZKE,
ARG T “ 2R LRE T KL, AL
FEVEAR 5 B (1) 2 b AN 27 70 2 (AT RIARABAE 4%
1] B PR 1R A AR X T ER BT AR SR R e
TSR (R AFT Ot 25 52 o T A6 i B FE 28 1] PR P4 T A7 A
A REORE S AR AL BE G, 0 BH BRI 2544 S8
AFETAEAE R 2 5, ARGl TE 2R FEW)
S, RN R AR A A R 2 A ) 3
PEOCEP IR . X 5 Je i fE Hoth &2 M 44 07 fn v ide g 123)
HH R B — 8, [RIE 28 842 5 350 A A 2 TR
Er, RighG 2T B EEAT VY, AT ORUE 5
o B R 1

ARFFHE (P EZHY X RE. HEM S
TR AR SR R 10 B R RO DL
i CETR 5 AT BRI, EROT R Y
REHHRE TR FEREE. KER. KEE,
A5 24 2 A () R R R A v AR bR e o AT
EESNT. FEMEERER, 154 TCD HEER
a6 PR bR L I & BATAE B A, A X AR
HEfW 2 (RSD) fHAE 31.34% % 67.29%2 [A], iX—4%
REFRSUEIRE KAk v 55 1 o0 M 45 10 AH L EDAE,
FRUCULBA 284 7= MR RE VA2 R MR TCD R UERE S ik
SR BN R . AR B &5 i
T e YT BL ¥ —, NI F 2504 1A 7 i SR
J ) TS HAT A bR eI, SRR E T
Fa b o3 2 B (M 25 M R SR

GEATTIASCERIERE, AR I RS T A A
GHEEEAE NTEbR, EERF NSRRI LS
IKHRE S AF B IR BUK AT ERY, TCD 1 &
A8 I 2 2 K 0 0 &5 A i TR K AR A i
B, BRI s i &= T e S iz 7
SERRb R . R W, S5 A EERAE A ORI 1)
HEEMERY, FAE T I A AR AR RN
Fio AR TR R E KL 2, 2T 4
HESE R R B AR, DA SE R R T .

BAEAE LI TR E A 5 BT R B I,
Ho2k BB TR ZV 4B 7 i) 2% T 20 R0 4 7 AR
RIS . “ AP0 -JEHERE T R R A R
Ny BRIEE TR TR RN 17.70%, Hae 5 H
TRPR R R, PR R K. H R
KERMEBRLET 10%. 456 TR0 # &
B, K R I B R RS AN H B () =i 2 Y 8
FHREE PR KR ENEY), BTSN
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TR FKHE, AR TR MEH. BT
BB N—F Ny T2, HARRKEN, K
I FL RS e AT A 1
SCHERFRABRO27, KT 13 B R 2R AL A T
K AN GEAT T 5 T o fR a4k, X T] RE A2 A%
BRICTN A —EEER. SFIR RN, H
B )RR A R RS 5 R B P ) R SR R A
RAMEAER, 8 TERRE AW H R
b, KBS H RS KRB I E 5 1o 2 K AR DT
B, XATREEHEE “gMziit” Bnlelz —, (H[FE
B AT B 3 T H AR 7E 37 77 IR B BRI
WA 25 1 T A6 0 AT BB R 2 B RS S R AR
SN TEREMI NN SR P B R e, AT
RETI R ERAT RN, B0 43 T A LA 3 R
iR PERARR T EE BT AT M, 30 T 2 0 g 4 PR A
TE.
NRTERBE R r ME RS R, AR T 2R TR
KON SUSHEHGATR, Wk ARIKREE Ol S
KRG VEFATREEL,  DASE IR 1 e (R
ALRIZ T 2S5 FfEmiR B ), sk
JGE, G2V, JEIFIRGE R, AR
TR VA NTERY,  LAURES SR AT S8R5 A LIS 4 1 471
[iGp-2
4 “Eip
gi ERTR, AR HPLC frau&ithas A4k
SRR A S RIE, PR T 4477 TCD
BEAERE S B B R R L e R R A
T FCHEM, 2834 SRR PT e A2 T BN [FIHE IR (B) A0
NESPTERE, HFimiEd T HF X o AR
WHI A bR &Y. B B AR, K
LT R FRAR R (B GUK AL E T 2 h R R
RIS, FR8h A AH I SCHRHE U L AT g i R
P T R P ) TR 2R A0 o = R R R
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