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B E: BRY KABYEIELS A KI5 (hierarchical clustering analysis, HCA)« ZE {447 (principal component analysis,
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Abstract: Objective To analyze the fingerprint data of Gouji (Cibotii Rhizoma, CR) using chemical pattern recognition technology,
screen the characteristic index components and conduct quantitative analysis, hoping to provide scientific basis for the quality control
of CR. Methods HPLC was used to establish fingerprints of 16 batches of CR samples from nine producing areas. Chemical pattern
recognition techniques such as similarity analysis, cluster analysis, principal component analysis (PCA) and partial least squares
discriminant analysis (PLS-DA) were used to screen out the characteristic chemical components of CR among different regions as
quality markers, and the quantitative analysis was carried out. Results A total of ten common peaks were identified from HPLC
fingerprints of 16 batches of CR samples, and the similarity was between 0.695—0.954. A variety of chemical pattern recognition
techniques were used to distinguish CR from different producing areas. After comprehensively analysis, four components including 5-

HMF, protocatechuic acid, protocatechualdehyde and astragalin were screened out as Q-Markers of CR, and the mass fractions were
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0.022 8%—1.339 4%, 0.006 2%—0.713 3%, 0.020 0%—0.234 5%, 0.011 2% —0.106 5%, respectively. The results of characteristic

fingerprint and content determination showed that the quality of CR from Guangxi was superior. Conclusion The fingerprint and

content determination method established in this study are stable, reliable and reproducible, which can provide a reference for the

comprehensive evaluation of the quality of CR.

Key words: Cibotii Rhizoma; fingerprint; similarity analysis; chemical pattern recognition; 5-HMF; protocatechuic acid,

protocatechualdehyde; astragalin

M) 5 N i 52 R BHAE W) & B E Cibotium
barometz (L.)J. Sm.I) TR ZE, W4« &EIH 7,
FEFETIES TR . WHESE L, B
MR ANITE S SRIER 2 DA IR B Rl va I7 KGR
I ERIR K. T BJE JI SRR o 3 A Ko S o8
15 B i e R I A2 iy FER R R, K
EIEBY RIS . BRI VEM S FE RIS R N R
APl AR 0 B 5 bR A I H — A= if
KA AT T, PE A I E Bk
Z—, MR AT R EEHA T M. (P E )
2020 FFRREY, AU H ) LR R IX B — iR hni AT & &
Mg, A TR AE b R LR S 5 ANy i
ITEENMES, HEpZylin S, LRy
B2 B e, AR e DL A THT S B A A o = AR
%o MARSUEITEE R 25508 7 T R A AR REUx
WORE REE R A, 25 A1 AR 0 R S ik
HATEARBRLE . AN, TR A ) 22 Rk,
F T8 i i 22 e bn 5 . B SCR AR I,
TR AU EE AL 22 R R SCRRE D, AR S5 DA
TR TER R, B R RO (S (HPLC) fR4L
P 25 A A 2 R R AR B G 23 B e S rh 4
LA W AR KR, 15 B0 R P Hb R R AR A 27 1
SPIEEEINGE, B RS DI A 15
SERAERETT AHICHI R 4 ] DL 2 BRI R R
Rt 2%

1 #H
1.1 {28

B S RO A 0354 Shimadzu SPD-20AT,
W% : Agilent Eclipse XDB-Cis #£(250 mm X 4.6 mm,
5.0 um); AB135-S M52z —HF ot R
(Mettler Toledo A#]); KQS5200B YA /5 I il ¥k 2%
(R s AR AFD.

1.2 ik

SR S-FE LIRS (A5 20051201). JFL
I (5 20082402 Ji ) LZE R (45 20082901)
H AP LS 19042203) AR S A EMRIEE

BRA R mnHERR (L5 110885-201703) H [E £ fh24
r R AT, R B =98%. 43 AT 4l I
HRE TG A R, Akl Rz B 55 FH
Sigma AF], VKEEEE (rifral, Rigemmife skt
BT, KONGRS aliFK
1.3 Zh%

FPEZM AT R, TV WL MRS, L
16 fLIK o 2R EEH R 25 R By R 4 58 5 ik
BHEYI 4 BHE C. barometz (L) J. Sm. 1 TIER 2K .
HPEHE S RIR LR 1.

Fz1 16 LR AEKIE

Table 1 Sample information of C. barometz

Eihel FEHE Eikel T
S1 | S9 =
S2 || S10 =
S3 T S11 Eic]zs
S4 T S12 Eic]zs
S5 Ak S13 v
S6 T S14 v
S7 B S15 HR
S8 I %R S16 HK

2 HESH#R
2.1 @Y

HEAE: Agilent Eclipse XDB-Cis 1 (250 mm X
4.6 mm, 5.0 um), VAN 1%0KEERRKIEH (A -
FEE(B), VLN AEES B HE A2 /74 0~17 min, 93%~
85% A; 17~25min, 85%~76% A; 25~30 min,
76%~T74% A; 30~45 min, 74%~65% A; 45~52
min, 65%~40%A; 52~55min, 40%~10%A; 55~
65min, 10%~93%A; #AFRiE 1.0 mL/min; AR
30 C; HEFEE 20 pLs AN 280 nm.
22 BRAIHIE
221 ORISR S ) BORE R 5-FR O
WERE (S-HMP). JELAEE . J5LRER . mHERR |
B HER, BERE, B8R, IAFE-
1% UK BE BR KI5 (70 @ 30) il %2 5-HMF 679
pug/mL. JE)LZREE 24.0 ug/mL. J&JLER 15.0
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ng/mL. WIHERR 42.5 ng/mL. % =9 45.0 pg/mL
(IR £ %of B VS VAR

222 MEER RIS AR GE=5)

2)2.0g, MEWRE, EEEHIPRS, HBEMANH
T - 1% K BERR K VA (70 & 30) YR AT S0mL, FR
SE J R, A AL EL(TH R 250 W, 4% 40 kHz)30min,
T4 - 1% 0K BR 7K (70 © 300 TR AW
IR R, #E4T, 0.22 um FITFLIERE e,
HRaRyE, Bpfs.

23 FHEFER

231 FEEFERL  HUE—E R (S B,
HESHERE 6 Ik, HEFEEE 20, LA 5-HMF N3 [EIE
(S), T 5 A AR AR UG 1) AF GO B BT (5] R AH XS
WETHIFAY) RSD, SN RG2S RP R W AR X
LR EF IS 1] ¥ RSD 1H 43 51N 0.42% 0.82%- 0.54%-
0.69%-~ 0.76%, &tk W AH % & [HI AR (1) RSD {8 7333l
N 0.55% 1.29%. 0.84%. 1.47%. 1.53%, ¥I/NT
2.0%.

232 HEEWRE WE—MEHEESmS (SD, #%
“2.2.17 WURHI% 6 A SEW, % “2.17 TR
EREZ ARy BRI E , HEFEE 20 ul, DL 5-HMF
RN (S), T H At RRAE 4 PRI AR G O B B [
FHXTUETHIRR Y RSD, HEEIERIE G . SRk
FEXF R B I ] 1) RSD H 2378 0.82% 1.76%-

0.73%-~ 0.51%- 0.74%, ik I A XTI TR AN 1) RSD
537N 0.16% 1.57%. 1.04%- 0.92%- 1.24%,

BINT 2.0%.

233 FEriLe  HBUE—fEakils (S R,
S FECHIS 04 24 5. 104 15, 24 h HEREDE, F
FEE 20 ul, DL 5S-HMF S8, 5 H A RRE 0%
IR X £ B B ) ARG U THT AR RSD, 25 224K
TR BIARE M & RP AR VA OR BE B[R] () RSD B 43
AN 0.17% 0.72%. 1.01%. 1.02%-. 1.25%, &%t
A XTI TR AR ) RSD fE 23718 0.62% 0.73%-

0.89%-+ 1.41%-. 1.85%, ¥J/MT 2.0%.

24 WMBEEYEENEL

241 FPEX IR SUEIE R E R 2k R
16 it FPEFEMZ 2.0 g, H% “2.2.27 TR 77k &
BERSIE, % €207 TUF B AT 0, R
MR R IZE G2 “ 2 ail e ORI HL AR
R4 (2012.130723 RO B, X 16 #AVEFE S
HPLC #4704, LA S1 SRR, KA Az
ik, WAV R FE EEERIAN 0.1 min, &2 S IE

ZJE AT B BULAS, A% 16 fitHE 24584 1) HPLC 45

o PR A PR E (RD, L 1. 2.
— - — ; R(10)

S16(10)
: = —} i S1(10)
0 10 20 30 40 50 60 70
t/min
El1 %% HPLC 54 &g
Fig.1 HPLC fingerprints of C. barometz
A 3 \
6
12 4 5 18 9 10
B Il
2 3 5 10
10 20 30 40 50 60 70
t/min
1-5-HMF  2-JFJLZ6B8  3-JRJLAcHE  S-WHERR  10-%8 =0

1-5-HMF  2-protocatechuic acid =~ 3-protocatechualdehyde

5-caffeic acid 10-astragalin
B2 t#meiEkE () SHRReiEE )
Fig.2 Chromatograms of sample (A) and reference (B)

2.4.2 FHEUEMFEIN 16 B ZHE 10 MLH
g, Hohfgil 1. 20 30 S A1 10 5, 5 AN TEERE
Wg: 3508 S-HMF, J5)LZEER, JRILASEE, UnHER,
g A <

2.43 AHBUEESEM X 16 AT RE R e SR e
BEATARABARE TH B3 M, e HBORE it S D R R

Iy B ELF 5-HMF 1E NS H0& (S), DAL AR EE B[R] AN
WETHIFR N 1, V5 16 HUAE R S 1A W PR AR X LR
B INF [ AR o U TR AR, &% H A g (%) R G O B I ]
RSD fH 3 /NT 2.0%, HFHXFUETH AR RSD 7
64.81%~86.64%, Ut IHAS [FIHEIFE it th % Bl oy 2 &
ZEREUR, ARG ARG R NAR 2. 16 HEHEFE M
3% B 5 0 IR 2B A ILFEAE 0.695~0.954,

R EAT=HMPE 27K, XA Re 5505 5 AR
AFEA K. ABUEEZE R R 3.

2.5 ERNXIRATH

251 EEHr 16 fitFEs HPLC FREUEIER 10
AN IEH I G A SN SPSS BT KRG K9y
M7 (hierarchical clustering analysis, HCA), KH4
ERR R, DP R AT b, &5
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Table 2 Relative peak area of common peaks in fingerprints of 16 batches of C. barometz
X AR UEE T AR
i
1 2 3 4 6 7 8 9 10

S1 1.000 000 0.866 166 0.805725 0.559338 0.308 492
S2 1.000000 0.231362 0.606267 0.694 618 0.331650 0.187 551
0.401453 0.216 862 0.433 858
S4  1.000 000 0.761503 3.560283 0.345530 0.315890 0.148 884 0.046 701
1.966 436 0.663 142 0.398 831
0.571 158 0.058 789 0.029 430 0.094 401
0.166 919 0.097 817
S8  1.000 000 0.054 680 0.514379 0.120090 0.056 365
S9  1.000 000 0.064 733 0.336616 0.074 923 0.045 832
S10  1.000 000 0.403 106 0.438396 0.050388 0.000 407
S11  1.000 000 0.349 670 2.595584 0.054 463 0.614 740
S12 1.000 000 0.927328 4.201277 0.268 088 0.513 606
S13 1.000 000 0.560328 2.489079 0.179280 0.294 886
0.193 838
S15  1.000 000 0.247425 0.582764 0.198750 0.110 824
1.025930 0.119835 0.095 963

S3 1.000 000 0.082 801

S5 1.000 000 0.237 484

S6  1.000 000 0.118 053
S7  1.000 000 0.043 072 0.903 451

S14  1.000 000 0.353 005 2.683862 0.102771

S16 1.000 000 0.238 310

0.144 844 0.266 334 0.339544 0.139035 0.182 295
0.139723 0.624 766 0.080471 0.278 625
0.153 041 0.281297 0.147 327
0.074450 0.051251 0.057072
0.265502 0.203 661 0.216414 0.771 814 0.100 705
0.021 139 0.165592 0.128 718 0.019 501
0.346421 0.161097 0.897358 0.104226 0.022 807
0.344 394 0.295461 0.891910 0.065490 0.320987
0.530 133 0.026239 0.174 830 0.599030 0.382718
0.031 559 0.006872 0.092280 0.356643 0.314703
0.040 787 0.181229 0.222955 0.397736 0.011 378
0.067 956 0.047 778 0.164 624 0.860 011 0.019 725
0.365 844 0.205700 0.090 597 0.455505 0.035097
0.016 404 0.131570 0.959397 0.114 817 0.142 443
0.054 831 0.097256 0.291991 0.117993 0.113 999
0.040 549 0.100179 0.222988 0.648 870 0.059 903

0.522 166 0.168 751

®3 16 fABEIEERUEITNER
Table 3 Results of similarity evaluation of 16 batches of C.

barometz

P it HHAEAEE Ff it HAARE
S1 0.954 S9 0.851
S2 0.887 S10 0.824
S3 0.695 S11 0.829
S4 0.829 S12 0.801
S5 0.777 S13 0.848
S6 0.892 S14 0.863
S7 0.908 S15 0.904
S8 0.847 S16 0.918

RILE 3. 25 2KEEES 10 B, RoR 16 fbFem T3t
RONWZE, HAskETR ST A S2 BA—2, H
R IR

25.2 FE45r5r#T (principal component analysis,
PCA) 7t N T2 X S A E AR,
16 HEFE S TFE SRS 10 AN AT 0 (R us T AR M i
IR%E S\ SPSS B FEAT Ab 3, 34T PCA. H %,
HEATBRAER 720 #r, 45 R EoR KMO fHM 0.773, K
T 0.5, RPKABEMCHERL, DRHEERT 1

RS
0 5 10 15 20 25
6 . ‘ : . :
S14
S9
S4
S12

E 3 MEHERBASFE

Fig.3 Cluster analysis diagram of C. barometz samples

PR ER Iy, 582 MEERy, R ETTEIRE
9 88.298%, W3 4; Ik, MR BT ki
B NG 2B UL AT ERIAT 2 AN

W 4. BMFERE (% 5) ZERER, 1A ERD
FEREERE 1~7 S0&H 9 Sig, Hi1~3 51&
539 5-HMF, JE)LZEER, JiLAEEE, 550650
HERS, 5 2 D ERIME R R EE 10 5k (K x
Y. B, ¥ 16 RS 10 AN g AT
T SIMCA 14.1 A%, 133 16 #EAS R ™ HUAf i
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Table 4 Eigenvalues and variance contributions

TIr  WIIRRHEE T ETTRERE % RBTTERE /%
PCl1 7.647 76.473 76.473
PC2 1.183 11.825 88.298
8
6
g
& 4
e
2
1
1 2 3 4 5 6 7 8 910
A5

B4 EHSHEAE

Fig. 4 Scree plot of PCA
I ERA 2B, WE S, Ry (cum) N 0.75, Q2
(cum) 4 0.645, UWHIZIAI AL, 45 RER 2 4
F oY B S L AR K R, 5 EIR R
RO WraR—20 SRR AL Ry
oE AR

4 oS8
3
2
1 S7S8
S Sl551% d§‘§5 oS
)
-1 s137s4 ' S16 S
-2
-3
_4.

10 8 -6 4 —2 0 2 4 6 8§
t[1]
R’ [1]=0.765 R%yx[2]=0.118 Ellipse: Hotelling’s 7 (95%)
E5 % PCABHE
Fig.5 PCA scores of C. barometz

WILEH P8 /e LR 5, ERW L, 6 1 F
ROy B T RRIE 8 A 10 ISR, BIRAG bR
kg 1~7. 9 M5 R, 28 2 FRisr F B MR H
JE e bR i g 10 M52 GRATE>0.7). Hig
1 N 5-HMF, %2 NJE)LZRER, & 3 AR LA,
U 5 mIERR, U6 10 N AT, DARRSEAR S 2
MNERSESERN X Yo Z %5, 135 10 MEESY
PCA 15501, 5L 5, S1. S2. S8 5 H Ak
a B, R TEE RREAAE, BT RIE
1) 2 MRS BRI T e — 2K, RV REIAE
KRBT # RIET MR, &3 PCA 404, 75AT
LUK S1 AT S2 X 5T«

x5 HROER
Table S Component matrix
e 5 o 353 )
1 2 1 2
1 0.906 —0.099 6 0.904 0.309
2 0.943 —-0.209 7 0.964 0.060
3 0.862 —0.193 8 0.778 0.293
4 0.968 —0.175 9 0.930 —0.056
5 0.965 —0.195 10 0.327 0914

2.5.3 i/ —Feik-F 5 73 At (partial least squares
discriminant analysis, PLS-DA) %37 PLS-DA &
Y, AT DL SE G A AN [ 7 HASE AR TA] (R 2 N 22 7

R BN, FrAHEPIE AL R? (cum) AT O? (cum)
EER T HAM SR, FFH 02 (cum) R
2 e, B R4S PLS-DA fRAYH 2L, 1
W W BES T 2= BRI 5. PLS-DA 1577
K ). 3D B, W 6. 7. SRR IR 16 #HLFE M5
WO 44, TG 2 ANRERL STORTS2 PR AR S3

1
®S8
1500 = %
1000 4
S3
500 S7 eS2
— S9 S5
0
< s?lsg S oSl
=500 4 SSI 60
~1000 S11
—1500
2000+ R
—8000 —4000 0 4000 8000

{[1]
R4 [1]=0.831 R?;[2]=0.049 3 Ellipse: Hotelling’s 7% (95%)

6 JI&E#m PLS-DA 557 E
Fig. 6 PLS-DA scores of C. barometz

3]
10050004000 0-4080%00"”0 1000 2009,,,
|

!
} m2
\ €52 i 3
1000 11000 .4
<-. |
0} :.1 ;O
'w 1 P |
~1000! R @5 11000
2000, L2000
t[1]°2000- 8000 t[2]
1000

Z 0
1000~ ~~ 4000
2000~ 8000
RA4{1]=0.831 R%[2] =0.0493 R2y[3]=0.035 Ellipse: Hotelling's T2 (95%)
E7 &S PLS-DA 247 3D
Fig. 7 3D image of C. barometz by PLS-DA
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3ATEHE N —H, HR—H., SiaREEENER
5218 (variable importance in projection, VIP) ([&] 8)
A1 VIP>1 Byt CEE =2 2290008 2.
3. 104 8 A1 SUE (JFLRER. JRLARIER ZIH
RAEYIM 5-HMF), Bt el 7 plisr Z AN
7R R i 1) 22 AR A

3

VIP[4]

A2 A3 AI0 A8 Al A4 A7
Var ID (Primary)

A6 AS A9

8 fA&HMm PLS-DA H VIP
Fig. 8 VIP value from PLS-DA load diagram of C.

barometz

2.6 AEFBYURSTHEENE

PCA 73R TR S EIE H 1~3. 5 S 52m
AN 7= ) 5 5T & I RRAE A 2B L, il 5-
HMF. JFJLAEE . LA WNHERS, A& RmAs[E
7 R O R (W REAE AL 2 4y - PLS-DA 255 R,
A 5 A VIP>1, 43508 2 JEJLAERD . 3 (R
JLREE). 10 CEREF). 1 (5-HMF) 4 M4y,
PLA 8 S (ARENRAN) o 1 BAS ] 77 Hb i L i 3
BEEFRK, e 22 e ERHE A U8 sy, AR
SIS IHIE S-HMF. B LIS . LR . LR Te it
VERAE Fabm it o 34T 2 S 5
26.1 ZRMERRFEE NG E WS R G A TR
TEE, WREL “2.2.17 TR IR A0 R
W1, 2. 5. 15, 50, 100 pL, J%, 4% “2.17 WiR
EREANE S-HMF, JE LA JR)LRIR. XK=
FEHF G TEIAN . DA SRR B R AR (X0,
WA ARER (V), hilbrdEmZk, 1R
AT AL REL (1o R NE 6.

*6 MEBMLMSGE. EXABMLEEE
Table 6 Linear equation, correlation coefficient and linear

range of reference substance

it Ltk ro B
5-HMF Y=7.0X106X4+1.0X107 09991 0.679 0~67.9
JFLRER  Y=972370 X—44 640 0.999 8 0.024 0~2.40
JFLAEE  Y=928721 X—408 122 0.9997 0.0155~1.55
BRI Y=20X100X+268922  0.9997 0.0425~4.25

2.6.2 REEERE DURSXTHE, % “2.17 Tt
WA E SRR 6 IR, WI4F 5-HMF. JE )L 5
JLATR . 5 FEEF I A RSD 1E 735108 1.07%-
1.28%- 1.12%- 0.98%, 45T IHFEEE RIT.
263 BEEMIRK HSIFERIL6 ), % “222”
TR )24 SR IR VR, 4% “2.17 TR B &4 5l
BERENSE, W S-HMF. JFLEEE. FILRR. K=
A EE, RSDEAHIN 1.16% 2.26% 2.12%-
1.28%, RFZTIEMEGERL .

26.4 FEtEilis BURSXTIES, 26T RCH S
0. 2. 5. 10, 15, 24 h e, 4% “2.17 Dtk
FAFEEFE 6 Ik, WA S-HMF. JE LR, iU
RIR LI HEH A RSD 25N 1.29%.
2.07%- 1.18%- 1.73%, &5RFIAFE et R,
2.6.5 BIAEFENSCRIRLS BN R) ST SHERE
MR 6 0% 1.000 g, FEEFRE, HalmANEER L
W 4 A SR R AR R AR, % “2.2.27 T
R, % 217 DU KT E, S-HMF,
JRILZEIR . JRILAEIE . B e IR 4 3N
99.27%- 98.21%- 99.62%- 101.18%, RSD 437N
0.84%- 1.89%. 0.48%- 1.50%.

26.6 FEmEENE BIE “2.2.27 BUF 7 ER &
PP 2 BER VBT 15 4217 TR (i 253k Rt
M4 5-HMF. J5)LZREE . BULARER. LRt ms
&, SiRNET. HERA, (PEZGR) HEh

#=7 16 {1tAE 4 FIEIRMER S S ENELER

Table 7

components in 16 batches of C. barometz

Content determination of four chemical

. R & 5 B %
5-HMF  JFJLAEER LA Sxiudr
S1 13394  0.7133 0.2345 0.012 4
S2  0.6339  0.0902 0.156 8 0.029 1
S3  0.1223 0.006 2 0.020 0 0.106 5
S4  0.0513 0.024 0 0.074 6 0.018 4
S5 0.0976  0.0143 0.078 3 0.034 1
S6 02216  0.0161 0.0517 0.015 1
S7  0.1919  0.0071 0.070 7 0.046 2
S8 03231 0.0109 0.067 8 0.0210
S9 03437  0.0137 0.047 2 0.014 4
S10  0.5518 0.136 8 0.098 7 0.0120
S11  0.1173 0.0252 0.1242 0.0357
S12 0.0228 0.0130 0.039 0 0.0123
S13  0.0431 0.0149 0.043 8 0.0117
S14 0.1802  0.0391 0.1973 0.0112
S15  0.1671 0.025 4 0.039 7 0.019 1
S16 03272  0.0479 0.1370 0.0182
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BHRE ) LRERN KT 0.02%, 16 #LAE R R
LR EZEREOR, MRS IR LA R
WAL (PEZ) bRk,
3 it

(e [ 24 810) 2020 4FRCR I Z -1 %8R R AE 9t
HAH, ASLIGIEFEEL T 0.1% T EK-2 05 0.05%
FRK-C MG 1% K- EESSRaER R, 1E46
SCHERFEA_EXP R B AR TS, SR RIEL 1%
BERR (A) -HEE (B) AVRShAHREEELEL, #5145
BT, B )5 R 1 %EE R - P B AT 4o B e

HHZM N TE RS2 AR KA EE gk, T3,
AR FEHREED L SR R] A SN Tk 8Tk
EZ IR o AR HL 5y B 2 Lo 75 52
MR, HELMERILAFE P2 R RIS, N
T I X Sy P R R R, AR IS FH AR
BV . RO, PCA 2 #TA1 PLS-DA HIfL241t
BEEENAF = AT R A . R
ALAL 9 ANFEHLAE RS T RO 2 95, o
FPERN—H, HA = HAE R AN—2, U~
VA RSIREE A5 2R A 5 R 3 AH O AN [ 1) 22
PE. 75 PCA S iR el & H, 9 A=l G+ & mT
I3 K, ERSAAE— BN ESR, PCA TS
BRI REAHF, B G SRUR R AR AR
IR R, L PCA 74T, 3R LA
¥ S1RI S2 XJIFF, FIREE A KB E#E RN ZETT
MEFE K. PLS-DA Zr#rtiaf LUE H, 71 2 4>
FERA T, AR PUF=H 3 MFER ST S2
FT S8, 43w 2 FL A = B R RE o XS 7 A
BT 5 HAR = MR AP E — B E 7. 16
HEHEFE A HPLC FREUEE, fRilH 10 Mg %,
Hor (R EZGH) 2020 FERRIFTE LR LASER AN &
MRS, U LS LR A RHENE. A5
FEEIEA b, 454 PCA 43 # 1 PLS-DA L% 11 &2
J7i%, K S-HMF. 5L . SRR JEH 2= Hif
28 M RE A Uy, AR5 S i & mT DA A
XA %2, PCA 454 PLS-DA 4555047, T
i S-HMF. JR)LASEE . JFRLRIR. R imtHEN
HAE A B 5T

5-HMF H A Z K25 HEEE, ndisEil. ik,
Bée I SO A P S T B . PR RGBS, 5-
HMF H A B ANAELE ™ 5 (1) ARG, (E AR =)
S-f R EHE R B — e B RIE, 'S EEtE. &
JEE MESUYR S, an a4 i L3 10 DL R ol

—E N E B TFIRAG B,

S SCERERE I, R LRER . TR LASEE . o
HERRUILL S5 = 0 2 8 R AMHE
SRR DDA A . BRI LASER . BRI LASEE . ol
HERR DL AR = S N IR s . CAIESE, J5
LR R AR HR. WG ). BRI
5+ A I INSORESE S5 2 BRAE Y. JEAER, 1B
TR, TR LRI AT IR AR 1R AR B 4 i X 4 5101
T E LA AT T 58 205 AR R IEH, and sk
FERBIK AL NCREE . ] S A% 4 T
A R o AR ) TL-8 TSR . 5
IR IR, EERIE ARG YT RNIR R
REE2 RN U157k = g0 YN RPN & 71 7 K K KN I
iR S 2 A 2 R4 VR U4, G 5-HMF. J7 )L
R JFILREE . LR IEEAE A A B A
AR R AN EE R, RS AL KGR, #b
JHE, SRR B4 AL o

AT T 16 #AS [F] = Ho A F (1) HPLC fi
SUEIG, WAL T 10 M, 45502 R
WM Tk, 125 Atk Ehiikt 7 4 N
e i 45 o1 & 1) 25 S AR A, FERTIX 4 AN gr itk
1T T E2NE. AWFEELH HPLC 7 80 EE
2R AR A 75 DL RS B T AR e L TR,
DA 2R (1) o 4 RN AH 5% B R R IR N T
Ft B8 5E A .
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