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Abstract: Objective To establish the HPLC fingerprint of Heleocharis dulcis and simultaneously determine the contents of

chlorogenic acid, caffeic acid, ferulic acid, luteolin and jaceosidin, and to evaluate the quality of H. dulcis from different regions by
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chemical pattern recognition method, so that a reference can be provided for quality control of H. dulcis. Methods The fingerprint
of H. dulcis was established on a ZORBAX SB Cis (250 mm x 4.6 mm, 5 pm) column using acetonitrile-0.1% phosphoric acid solution
as the mobile phase with gradient elution. the “Chinese medicine chromatographic fingerprint pattern similarity evaluation
system”(2012.130723 edition) was used for similarity evaluation, SPSS27.0 and SIMCA14.1software was performed for hierarchical
cluster analysis (HCA), principal component analysis (PCA) and orthogonal partial least squares discriminant analysis (OPLS-DA)
were utilized to evaluate the quality of H. dulcis from diverse origins. The five chemical constituents were identified and content
determined by comparison with the reference substance, and the results were synthesized using chemical pattern recognition and
entropy weighted TOPSIS method. Results A total of 15 common peaks were matched to 26 batches of H. dulcis HPLC fingerprints,
and five components including chlorogenic acid, caffeic acid, ferulic acid, luteolin and jaceosidin were identified. The similarity of
fingerprints was between 0.865 and 0.995. The 26 batches of H. dulcis were clustered into two classes by HCA. PCA analysis yielded
a cumulative variance contribution of 83.283% for the three primary constituents. Four components, including luteolin and chlorogenic
acid, were screened by OPLS-DA as the indicator components for the quality difference of H. dulcis from different regions. The mass
fractions of chlorogenic acid, caffeic acid, ferulic acid, luteolin and jaceosidin in 26 batches of H.dulcis were 5.43—60.65 , 0.44—
2.27, 1.65—6.46, 2.58—59.94 and 0.31—24.40 pg/g, successively. Both PCA and entropy weighted TOPSIS results indicated that
samples from Hubei Province exhibited the best quality. Conclusion The established HPLC fingerprinting method is characterised
by its stability, reliability, and reproducibility. which can be used for the quality evaluation of H. dulcis in combination with chemical
pattern recognition, and provides a reference for the quality control and resource development of H. dulcis.

Key words: Heleocharis dulcis (Burm. f.) Trin. ex Henschel; fingerprint; chemical pattern recognition; chlorogenic acid; caffeic acid;

ferulic acid; luteolin; jaceosidin; quality evaluation
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Table 1 Sample sources of Heleocharis dulcis

T P L5
S1 il aaYii 241125
S2 WL &M 250103
S3 R R 241208
S4 DY I K 241223
S5 AR 241216
S6 I PEBM 250304
S7 T S 250217
S8 pivh b=y el 251205
S9 JHRERE 241222
S10 Bl 250306
S11 AN 251128
S12 ALK 250307
S13 ZHTEH 241202
S14 = A I 251206
S15 ML= 241215
S16 JVa R T 250310
S17 I REAR 241203
S18 T 22 251228
S19 IR 241217
S20 TLIR T3 241226
S21 = EBR 251122
S22 ST AT 251201
S23 PINIINE =S 251121
S24 = R 241213
S25 WAL EE X 241213
S26 WALE & 250302

2 FAEEHR

2.1 HPLC {58 EERYESL

2.1.1 B4 ZORBAX SB Cis (250 mmX 4.6
mm, 5pum) I FENAH K (A -0.1%5 R K
W (B, BAEEWENL (0~25min, 5%~15%A; 25~
55min, 15%~25%A; 55~60min, 25%~30%A;
60~80min, 30%~40%A; 80~85min, 40%~5%

A; 85~95min, 5%A); AFRViE 1.0 mL/min;
MK 325 nm; #1730 C; HEFEE 10 uL.

2.1.2  HHASVERAEIES RBEEF MR O
VU5i%) 2 4g, FEmMRE, BRIEMET, HE
I 70% L EE 50 mL, FRE i, #A AL 30 min,
VeI, EMEURERAE BT, FRIE G H A
ERAE SmL #EiF, R, JE, BRI .
2.1.3  PRESARIHI A 20 RS B Rk SR R

DNMERR . BTZRRR . KB . FRREH FN RS
B, N 70% BT B BT B KON 0.577 .

0.199. 0.197. 0.580. 0.241 mg/mL %} 5B,
73 RS %] B RERE B, N 70% LA B R
— VR P FRVR B ot R AR

2,14 FEERGAL  BDEEFEREM, 1% “2.1.27 TUR
J7iE AR A, T 2117 Tk s ks
HERE, HESRHEFE 6 Ik, DGR AS I (S), M
3 15 MEE R R BB E RSD N 0.02%~
0.06%, HHXFIETIAL RSD A 0.15%~2.23%.

215 FEtkilie  BEEFRA, & “2.127 T
TER &R IE R, ol THI% S 0. 34 64 9.
12, 24h i, DARIRIR S IBIE (), W75 15 4
FEAT W PR AR R BR B ] RSD A 0.02%~0.07%,  #H
XTUETHIAY RSD A 0.19%~1.63%.

2.1.6 FEEMHRE HUE-HE (S ZFEFFE, %
“2.1.27 BUFEPATHIS 6 ks, %
“2.1.17 U s S Ao bR, DLSRIE R v 2 R ik
(SO, WAF 15 NILAWEPFXT IR B E] RSD N
0.03%~0.08%, XTI AR RSD 4 0.35%~2.98%.
2.1.7 fROUENE R ARV VR TR it
TSR S AU VAN R 4GE (2012.130723 fRA)”
o NTE 2,117 T SR A INAT ) 26 fit2E SRR AL
BIEEARE, A pda SUEIE Joo IERE (B 1. 4558
BN, 26 fEEF AR ILIUALA 15 DM ILAIE,

I 50 B LT, FRIAH S M A, WA
2, B 1 S NGEES. 2 SIENINHERS . 5 S08h
BTZRER . 9 SR ARBH R, 13 TN RTEHR.
26 MEEFREMARLE T R K 2. S8R Y
26 MEEFERI AU 0.865~0.995. 26 HLix =35 4
S2. S12 FHLLEAE 0.85~0.90 41, Hi4 24 HitaRar &l
TEARALEILE 0.90 & LLE, RHIX 24 fit2=FAEH
BT —30E, M S2 AHALLE Y 0.880, S12 AHALE
4 0.865, fEFTARLIRZIM R AR RSAR, $iBIIX 2
HEEEF M 5 HABHER ZIMAFAE— 8 2 57
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Fig.1 Overlaid HPLC fingerprints of 26 batches of H. dulcis from different origins and reference fingerprint (R)
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1SR 2-NHERR s S-BTERER; 9-KBEER; 13A3KEH R,
1-chlorogenic acid; 2-caffeic acid; 5-ferulic acid; 9-luteolin; 13-jaceosidin.
E2 RAMNRSE A) FiXmER (B) HPLC &i%E

Fig.2 HPLC chromatograms of mixed reference substances (A) and test sample (B) solutions

w2 MACETNER 22 EENKIRR

Table 2 Results of similarity evaluation 2.2.1 B4 M (hierarchical cluster analysis,
%' R i FEALEE HCA) #2255 48 gU B 1 o S A 0 1 g T AR AR
S1 0.903 S14 0.994 B 5 N SPSS27.0 W AF, X 26 #H 2 FEFE HHHAT &
52 0880 S13 0.980 45 HCAUS), 55U 3. 244320650y 20 I, R
:i gzgf :3 gzz P EEF MR 2 2K, §1:s3: S5. S7~S9.
s 0.994 S18 0.987 S11. S13~S19. S21~825 TN 1 25, S4. S6. S10.
S6 0.985 519 0.995 S12. 820 S26 NG 2 I TR 1 FEM AL,
S7 0.958 $20 0.952 WL, M. 50N R TL0E. 8. =rd. P,
S8 0.958 s21 0.979 RS 20 MILKIZESE, K2 REaED T
89 0.956 S22 0.956 Ph W TLIREERR 6 MIIRIIZESE, R
:1? 8322 :ii gzg 22 AL 22 R L AR — 2, (50 1
s 0.865 25 0.991 AHIE 22 I Ry B B AT — B B ZE 5, HEL

S13 0.976 $26 0.988 JER AT RE S iRl . SRIZA]. 3. fEE SRS
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F= 4 VIBEATFHEER
0 5 10 15 20 25
< Table 4 Initial factor load matrix
s St : L :
o3 ESI! FEHr 2 FEHs 3
NN 1 0.895 ~0.050 -0.229
s15 1 2 0.940 ~0.130 0.191
st 3 0.841 -0.192 0.174
o 4 0.845 ~0.118 0.276
ar 5 0.381 -0.269 0.666
s 4 6 0.964 0.009 -0.034
25 7 0.846 0.203 -0.317
52 8 0.800 0.388 -0.103
$6 9 0.700 ~0.469 0.026
ol J 10 0.877 0218 ~0.286
s 11 0.684 -0.589 0.057
S10 12 0.853 —0.265 —0.154
13 0.670 0.176 -0.573
3 EEBRASHER 14 0.480 0.644 0.536
15 0.678 0.557 0.334

Fig.3 Results of cluster analysis of H. dulcis

ZRRZRA K. RPN BEIE NP 22 2 T
—hrifE, ETELEHEHA R AR .
222 ERST AT (principal component analysis,

PCA) T HE— PV AR = 22550 R R &
ZE 5, B 26 HEAESFIRAUENE T 15 AL I g T
R SPSS27.0 #ift:, 4T PCA, Z5R WK 3, LU
FRAEAE > 1 (bR dEEAT RIS, 152 3 N E RS,

HrpFERA 1~3 TTERZEK IR 60.877% 11.827%-
10.580%, 3 A~ B 1 R AR T 2 o1 Bk Z 0k #
83.283%, W T I 22 S HR SUEIE LA I R 23 1)

KERIE S

®3 BEESHERRE

Table 3 Eigenvalues and contribution rate

ERGr  RRIEE T ETTERER % BRI ETIRRE %
1 9.132 60.877 60.877
2 1.774 11.827 72.704
3 1.587 10.580 83.283

WG TR LR 4, RAYUOE SR
KT ZFIER RS 15 MOigET 4 D ERs
R e R R, AR T AR BN A ) T R AR
B, HAHEB R, B 1AL ELE X R A
T v BIT 22 P P st e i 3 200, 368y R o 4 SR R WA
51 o FER T IRAERE T 1 (RERRD 6.
7. 8. 10, 13 (BFRFEHR) FTHHIELR, F2F
oy FE S T ARAUEE R 2 (IMERRD L 3. 4. 5,
9 (REBEEZ). 11, 12 5EMEE, 53 FlaE

BT FRSUERE 14, 15 SIEME .

12 F SPSS27.0 #AF T 26 HLZEFERE M1 K
I35, A EROMRHHERE AR5, 3 AE
MR, 3 DT REL: F1=0296 X+
0.311 X,+0.278 X3+0.280 X4+0.126 X5+0.319 Xs+
0.280 X7+0.265 Xz+0.232 Xo+0.290 X10+0.226X1,+
0.282 X12+0.222 X15+0.159 X14+0.224 X15; Fo=
—0.038 X;—0.098 X>—0.144 X;—0.089 X;—0.202
X5+0.007 Xs+0.152 X7+0.291 Xz—0.352 Xo+0.164
X10—0.442 X1,—0.199 X12+0.132 X13+0.484 Xi4+
0.418 Xis; F3=—0.182 X;+0.152 X,+0.138 X3+
0.219X4+0.529 X5—0.027 Xs—0.252 X7—0.082 Xz+
0.021 Xo—0.227 X10+0.045 X1, —0.122 X;,—0.455
X131+0.425 X14+0.265 X155 K& 355 Fovt BLfY
DT R 5 7 $ A 1 4 350 2 B 20 A Tk 2R R BT o 1
PEEAE N E T E R A B F=0.731F,+
0.142 F>+0.127 F3; 3 DNEMD1F9 LG50 1E
DU 5, BN AS R P AR SR S 2R A 13 o HE
%, ATLURBEH A FERERZE SR R E RIS, HE
LR L . SRR, WAL HEE SRR
[EEAR P LR EAF AL ERT S, WML =m. 5t
M= HRE S PSR G IR, X R LR G
B0 N-1.624. —1.660. —2.042, Hrhi 7
FERIPEISR G0 AR, BLETEIX 26 fikZ235H,
WG = HURE i T BT, S P R T BRI
223 IR w3538 (orthogonal partial
least squares discriminant analysis, OPLS-DA) A
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Table S Principal component score and comprehensive 05 . Q

score table il” """""
Y5 ERRT 1 ERHSr 2 ERS 3 LA/ s o | I"i
S10 7.103 —0.881 0.084 5.078 1 %, 05 - | i "
S26 5.638 0.553 -0.018 4.197 2 < H : "
S20 5.909 -0.714 —4.094 3.698 3 -1.0 H I
S4 4.013 1.177 2.460 3413 4
S6 3.596 1177 —0.743 2701 5 13
S16 2.012 1.693 1.298 1.876 6 20 .
S13 1423 -1.821 3.022 1.165 7 020 02 04 06 08 10
S12 2.161 —3.868 0.492 1.093 8 MR
S2 0.609 4.010 0.471 1.075 9
S25 -0.304 0.886  —0.451 -0.154 10 5 26 #tZ=F OPLS-DA BE#id1d
S19 —0.807 —0.294 0.849 —0.524 11 Fig.5 OPLS-DA replacement inspection diagram of 26
S1 —0.858 0.150 —0.949 -0.727 12 batches of H. dulcis
S3 -1.195 —0.103 0.698 —-0.800 13 )
S17  -1507  -1.154 082  -l161 14 P 4 80 A 77 3t ) 0 OPLS.DA #
sI1 -1.807 0237  -0335  -1397 15 ﬁl’ f AREAFEITELS )“%‘ A s s
S9 ~1.999 0.096 0.139 ~1.430 16 B3 3K VIP {E, W3k 6 fizs, VIP #5453 E LK
S14 —2.001 =0.071 =0.037 -1.478 17 6, LA VIPE>1 WbrHETIEZ sy, ik 4
S5 —1.986 —0.043 —0.186 —-1.482 18 A B s, e [ L - v o

| 3 A I = S

i i omw s res 1o MESHERG KEEEREMLMELLLN 65
S24 2250  —0.198  —0.203  -1.699 20 >0 Slg CRBEER) >1 T (GFER) >155
I 24T 023 026 SR 21 g, 6 Bl AKRIE (95U, SR O
S22 2552 0020  —0.680  —1.949 24 AIAE N X 23 AN [R] P Hb 22 55 0 2 AL 2 R AE 2 R
S7 —2.841 —0.015 —0.610 —-2.156 25 1‘7]? :L!J:t%
S8 -2.918 —0.082 -0.704 —-2.234 26

T AR B FIAEAS 2 (B I 22 5, s H St 5 e
YA 22 R DTHR R BRI 2, fE PCA (2R
B2 T AR OPLS-DA, 45 51 4nE 4 it
7N, S1~S3. S5. S7~S9. S11. S13~S19. S21~
S25 EEALTE 2. 3 AR, S4. S6. S10. S12.

S20. S26 FEAITH 1. 4 BIE, 26 HZEFHH 2
%%, 5 HCA 455 —5. OPLS-DA f:7 it B g
HBH R N 0.831, R?y 1 0.866, Titlllfe 1240 02
N 0.743, ¥IKT 0.5, ULHIATER OPLS-DA 74!
FasE . ATEE. BENLHED] 200 VB k56, 158 3
RIGas R, WK S, 251K 0> SHHAHZE i~ 7

ol

6 «S12 *2

4

5 S8 53¢

7 22517 « S20

= 0 S1R781 S10°
=, <2825 S6 .56

. 813 516

-6 *S4

-8 82

-10 |

—-15 -10 =5 0 5 10

t1]
R{1]=0.658 R*{2]=0.172 Ellipse:Hotelling’s 72 (95%)

4 26 #t%3 OPLS-DA 357 &
Fig.4 OPLS-DA score plot of 26 batches of H. dulcis

*6 EFI5/NGILLE VIPFH
Table 6 VIP score for 15 chromatographic peaks of H.
dulcis
i 5 VIP f§ e 5 VIP
6 2.570 420 10 0.564 068
9 1.432 410 4 0.415 304
1 1.399 400 12 0.403 902
15 1.311 820 11 0.399 035
13 0.667 391 2 0.379 886
3 0.660 974 14 0.332 615
7 0.596 521 5 0.153 140
8 0.576 566
3.0
2.5
A 2.0
S 15
1.0
0.5 T _
0
70‘500\—4226’)1\002?2:(‘\!:%
ﬁﬂﬁﬁgﬁ*@@gﬁ@gﬁgﬁ
Var ID (Primary)

El6 26 #HtE=5F VIP 557
Fig. 6 VIP score chart of 26 batches of H. dulcis
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23 HPLC ZHNEE

231 k&M A “2.1.17 Tl

232 FMEAVEREIE [ “2.1.37 T,

233 AU mEl& [ “2.1.27 T,

234 ZMRARFES R “2.1.3”7 BUT SRR
DO BARRR . AR BRI FO R RS

&, B SmL ST, I 70% ORI AS B AR
AN 57.684. 11.940. 19.721. 57.992. 24.077 pg/mL ]
TRA NI EAR. R 70% MR, HI ARSI
J B P R B0 R I o 4% “2.1.17 T Eaiis 4t
FEIE, DA SO R AL R BV B R AR (XD, I
A NIASR (Y), BETEMERDS, S8R NEE 7.

RT1 EFRSHROEMEER

Table 7 Linear investigation of five components in H. dulcis

%) YR r LR MEVE R/ (ug-mL ™)
SRR Y=45528 X—0.027 5 0.999 0 1.15~57.68
INHERR Y=894.49 X—0.028 4 0.999 8 0.24~11.94
R BRI Y=843.54 X—0.047 9 0.999 7 0.39~19.72
KREBEZE Y=482.04 X—0.024 3 0.999 9 1.16~57.99
FRRZEH R Y=552.17 X—0.029 9 0.999 9 0.48~24.08

235 REEEWLR  BEEFALREIER, %2117
TS E T IESHERE 6 Ik, THEEARISEERR . o
MERR BT BRRR KB FL R AR R E A R & AN RSD
SN 0.13%. 2.23%- 1.13%- 0.30%-. 0.20%, %
WA 28 5 B R AF

23.6 faEtEIES  HUEESE 2 AR R A%
W, TE “2.1.17 TERE &4, 2007F 0. 34 6.
9. 12, 24 h #EATHERE AT, AR ISR S mR . uhnmdk
. FBRIR . RBHZR. FEREHRMIEI A RSD
WK 0.17%- 1.18%. 1.04%. 0.46%. 0.29%.
237 HEEMRK  BE-HEESFAHM, 1792127
TR I PAT i 4 6 I 22 3 Al i, £ 42.1.17
TS S5 T AT RERE 4, PR SRS RR . o
WERG . FTERRR . KBER. RRERRMTES
RSD 4351128 1.00%- 1.47%- 1.20%- 1.53%- 1.77%.
2.3.8 NFEREIEERRES RS ARELC I E & &1
#EF 2g, AN EENILIRIR . MR . BrER
R RBER, FRREFHFEN B RER, % “2.1.27
W PATHI S 6 ki, R AT, THE SRR
FR. UMHERR . FIBERR . ARBELZR. BRREFHREIT
PIINRE ESCR 2 51 92.62% 102.32%. 106.47%-
92.78%- 105.80%, RSD 435N 0.48%. 2.68%-
2.80%. 0.44%. 0.46%.

239 FEMEENE W26 MEFEFIL2.127 0K
L &2 AR R, TR “2.1.17 Wik
THERE, MG S MM SR, SRNE 8. B E
58 &5 R WK A WAL= 1 i) 5 Ao & B E Al iR
s 26 fHEESE TR AR IR R I BT B 4 BUAE 5.43~60.65

*8 26 MEFHRPSHRIIENENLER
Table 8 Determination of content of five components in 26
batches of H. dulcis

B Hi(ugg ™

B e mm AREE  BERE
S1 33.13 0.67 1.65 6.56 4.92
S2 11.80 0.88 1.80 532 7.24
S3 13.15 0.83 2.65 7.30 1.76
S4 44 .31 1.90 3.01 9.10 3.49
S5 12.27 0.66 2.41 4.49 2.56
S6 36.01 1.68 3.03 9.86 14.57
S7 6.30 0.74 2.19 2.83 345
S8 5.75 0.70 2.00 2.58 323
S9 9.45 0.66 2.60 3.91 2.55
S10 45.53 2.27 3.94 50.45 4.65
S11 11.39 0.46 2.19 3.93 2.02
S12 22.79 1.46 2.45 59.94 2.86
S13 15.61 1.90 6.46 10.99 3.08
S14 12.87 0.70 2.53 4.88 0.70
S15 5.43 0.44 1.83 3.76 2.66
S16 15.65 1.55 3.27 6.97 6.53
S17 21.42 1.09 3.07 5.19 0.31
S18 11.06 0.57 2.12 3.86 1.95
S19 14.04 1.13 3.37 6.74 2.39
S20 60.65 1.96 1.72 18.55 24.40
S21 5.94 0.49 2.02 4.11 0.52
S22 6.86 0.64 2.37 3.04 3.79
S23 10.26 0.73 2.82 4.35 3.23
S24 12.08 0.60 2.32 4.13 2.14
S25 18.27 0.76 2.47 6.44 3.39
S26 48.51 2.04 3.51 41.36 11.93
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ng/g, NVLIRFEHL S B IINMERR (1) o & HAE
0.44~2.27 ng/g, FNIACF=HL & B BTERER Y T
BRI 1.65~6.46 pglg, NZEFEHEE; KR
FER RS BUE 2.58~59.94 ng/g, NIALFE S
BRI FRRER R IR E S E0r 8 0.31~24.40
uglg, FILH=HE B S .

2.3.10 Bt TOPSIS 73t ZH CHRIkIE,
Bl 26 #2EFh 5 RSN EENEERIA
SPSSAU TEL KM EAT/EEL TOPSIS 734, T1H5HAS
PIEHAREE (D). ABEEEE (D7) LA
AR (C) HHATHET , VP ZEFERE R RS,
BRI 8 R WEE 9.

26 fLEEFAES SHEAE G W S10>
S26>S12>S20>S6>S4>S13>S16>S1>S19>
S17>S15>82>825>83>823>S14>85>89>
S22>S7>824>S8>S11>S18>S21, HE4 R 2 ¥
A& S10. 826, XFRLfF=H &AL (S10. S26), H

R9 EFRETIHF
Table 9 Ranking of quality scores of H. dulcis

s D;* Di~ Ci 7
S1 0.417 0.102 0.197 9
S2 0.430 0.072 0.143 13
S3 0.433 0.056 0.114 15
S4 0.373 0.183 0.329 6
S5 0.449 0.040 0.081 18
S6 0.343 0.192 0.359 5
S7 0.461 0.037 0.075 21
S8 0.465 0.032 0.065 23
S9 0.454 0.037 0.076 19
S10 0.191 0.361 0.654 1
S11 0.461 0.028 0.057 24
S12 0.248 0.368 0.597 3
S13 0.380 0.180 0.321 7
S14 0.452 0.040 0.082 17
S15 0.432 0.082 0.160 12
S16 0.400 0.118 0.229 8
S17 0.432 0.082 0.160 11
S18 0.459 0.028 0.057 25
S19 0.422 0.081 0.160 10
S20 0.282 0.311 0.525 4
S21 0.472 0.013 0.028 26
S22 0.459 0.037 0.075 20
S23 0.446 0.047 0.096 16
S24 0.455 0.034 0.070 22
S25 0.428 0.063 0.128 14
S26 0.176 0.324 0.648 2

U S11. S18. S21 HEtade /e, WL = i VT i
(S11). 5 (S18) FI=F (S21).
3 g

SIS B T A FEIRAIAE (LMK ZHE-
0.1%M5E . FHIF-0.1% 58 . LNF-0.1% MR, 4
IR CIE-0.1% BB ARSI, v 22
PARE SR (1) 70 B8 5 183 5 58 2 A fh 7E DAD
A KAAHE (200~400nm) TINS5 8, K ILH
fE 325 nm RS K 4y B FERLLT, WEe RIE B 2
— XA R R R AR (251 30435.40 C).
ANEEFRE (0.5, 0.8, 1.0, 1.2mL/min) ##4T &
GiFE R, R, FEIEN 30 C. HmERE 1.0
mL/min I (1506 73 B AR i o ARSI E 5 T AR
FEHOT R CMBEIFRANEE A S0, $EHUAT] OK.
30% LM% 50% L0 70%2. 0% 80%FHE . FHEE).
FEHUATR] (30 40 50, 60 min). VA7 (20, 25.
50, 75+ 100 mL) X} 2= 25 HR a0 (i B i 52
W, 254575 8 R B G I 43 B B AU T AR, 2%
e 4 50 mL 70% L EEHE 7 30 min FEATHEHL

vh 24 48 SCR S AT 42 07 AR IR LA 2 B TS
B MBCE AR %, WA R a3t
HUEAFAEM ZE S UL RT3, ARSEIREE ST T 26 ik
A=A TS EE, RN T 15 ML,
HIGN T SRR MIEER . FIBERR. ARBREL R, %
RIEHGE S MMEEW. 26 HEZF5RE S HR SRS (1)
AHBLEE A 0.865~0.995, FH Ak S2. S12 AHLEELE
0.85~0.90 4b, H 4 24 fit+a S B AHLEZE I TE 0.90
UL b, KX 24 #2255 A B —8E,
S2 FHABLEE Sy 0.880, S12 FHALE N 0.865, TEATA L
RGP PR SRS AR, DX 2 L2220 5 HoAth
R MAFIE—E 25, TR 5%, I,
ARKPHEIRE SRR A G D a A
WU ZEFA TSR A R VR, Hd HCA A1 PCA
GERRM, FEFMRRES A BAAEE 20
FHOCAE, WAL= Hh 2255 256 i B8 i - OPLS-DA 4
VIP {H i 6. 9 ORBHEZF). 1 (ZHEF). 155
W, AT A X o AN R 7 b 2 S5 I R PRI SRR A 22 5
PRED, JEESLIHE AT — DX R AE 6. 15 1k
ST M E o BF AR IR R B R N4 R
MR EAPE. PrE. YU, FRmE 7R RS,
H2FMbE. piEt. duE. BRI —
SE PRI ORI o AR S0 Bl 5 4 R 3 W16 = 1 1)
GEBRGRRERSEANRS, H PCA 4515
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A —, BN E S B AMSZEF MR

= REIEMK, BB TOPSIS ¥:5 3 Misr i it 4 3

FER 5, BRI AL 2R T 25 5 R A X AR

(WS vl 7 N 9L L I NEEE S TRV (N E s

JRETEUT TR PR . B AN FIVEN I VA RATAE

BUNBE), EHBAEH IR . PCA S

TOPSIS VP45 SRR b7 M 22 524 it o

2RAL.

AW TR T A E P HEESE ) HPLC $iRS0E]
W, I iz AR S R 5 A AR ORI AR AR R
W75, RAFE I 2255 M OT SR a1 P, At
Fl OPLS-DA fiiiie thh A Atk ik 2255 22 Atk o s
BN, FFFEINIGE 12255 256 5 Ry (2xJER
DNHERR . FTERRR . RBER. BRRERR) HEE.
ZITERES A R AEBH P AN R 2255 i DA
Foits RIER SR AR SRy, A ONZESEH B Y
FmEAE R IR S, WA BRIRRI 455 TT K]
PSR BEAR S -

RBAR AR ERARAELEPZFR
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