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UHPLC Fingerprinting and Spectroscopic Relationship of Antioxidant Activity of the Miao Medicine Ficus
Tikoua Bur.

YANG Mingyu, LI Mengyu, HUANG Zhe, HE Qi, SUN Qingwen, YANG Ye'(Guizhou University of Traditional
Chinese Medicine, Guiyang 550025, China)

ABSTRACT: OBJECTIVE To establish the UHPLC fingerprint of Miao Medicine Ficus tikoua Bur., study its spectrum-effect
relationship with antioxidant activity, and screen the antioxidant active components. METHODS  UHPLC was used to establish
the fingerprint of Ficus tikoua Bur.. Evaluation System for Similarity of Chromatographic Fingerprint of Chinese Herbal Medicine
(Version 2012) was used to evaluate the similarity and identify the common peaks. SPSS 16.0 and SIMCA 14.1 software were used
for hierarchical cluster analysis(tHCA) and principal component analysis(PCA). The 1,1-diphenyl-2-picrylhydrazyl(DPPH) free
radical scavenging method, 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt(ABTS) free radical scavenging
method and total antioxidant capacity method were used to evaluate the antioxidant activity of 16 batches of ethanol extracts from
Ficus tikoua Bur. Three methods including grey relational analysis(GRA), bivariate correlation analysis and partial least squares
regression(PLSR) were used to study the spectrum-effect relationship. RESULTS  The UHPLC fingerprints of 16 batches of Ficus
tikoua Bur. were established and 13 common peaks were identified. The similarities were 0.613—0.996. At the same time, it was
identified that peak 9 was rutin, peak 10 was isoquercetin, and peak 12 was narcissin. The results of HCA showed that the samples
were clustered into two categories, which was consistent with the PCA results. Sixteen batches of Ficus tikoua Bur. had different
degrees of antioxidant activity. The results of GRA showed that the correlation between 13 common peaks and antioxidant activity
was >0.8, and all of them had high correlation. The results of bivariate correlation analysis and PLSR analysis showed that the
correlation coefficient and regression coefficient of peak 5, peak 9(rutin), peak 10(isoquercetin), peak 11 and peak 12(narcissin)
were positively correlated with antioxidant activity, and the contribution rate was larger(variable importance in projection>1), which
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were the main active components of antioxidant activity. CONCLUSION  All the 16 batches of Ficus tikoua Bur. have good
antioxidant activity, and its antioxidant effect is the result of the synergistic action of the internal antioxidant component group. The
components corresponding to the common peaks 5, 9, 10, 11, 12 are closely related to their antioxidant activity, revealing the
pharmacodynamic material basis of the antioxidant activity of Ficus tikoua Bur.

KEYWORDS: Ficus tikoua Bur.; fingerprint; anti-oxidation; gray correlation; partial least squares regression; spectral efficiency

relationship

HOWBE, R AR . HobolE, ARPHEE
FEY) 224 H Y5 B AR MBI (Ficus tikoua Bur.) i)+
SRR U RSB G R A, IR
bongtnial tid B5 i A2, HAR | 6. RELIHTTA
48 e, MR, HAY mﬂ@\@m@% %
BEIH MR, FiR A R . K,
ﬁ%ﬁ&%ﬁmoﬂm%¢@ﬁEW%\HM@

KIG T K 2 W55 Z Pl 2E B, SR 288
Mﬁ%%ﬂm%fhﬂ% PRI . PUBEIR
. DL AR T B B AN, I
WL%E%ME%?mf@mEMfMQHM,
Hi T HE B FE P9 AN 00 B BRAL S0 . o AT
T EWE . GC-MS 43 #t . UHPLC $5 £ &1 3% %5 1]
SR T, SCHERAIF SR R T S U A
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rh 2448 S0 1 S R BB 4 1T M S B 25 04 T 5 4k

EAF AR OC R, BEXT 2 N TE SR AT A K
A LRGPP IR 22 0 1,1- o2

AR A Bk (DPPH), 2,2'-Haé A-X (3-Z
FERTF M mk-6- R ) — B Eh (ABTS). B ¥ib
J5 T A AL RE JJ (ferric reducing antioxidant power,
FRAP)3 F 5 i B REA RO B AL () Bt
AAbaE T, HEABIMRBIEMLEED; B
WAk, KRR 5347 grey relational analysis,
GRA) . XU AHICHE AT d5e/IMi — 3 ik [ml )5
PR ZEBREIR Z R . 2R Z A E AR

MEIEZR, Ml T H 2 S8 25040 -
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T ) i TR Y B SRR AE AT 2 A, B TR M H
ST Ry 58 1 BT s VPN R R B HOT R
S ZAH A
1 1‘ s SR 7

Agilent-1290 AU = RO AH (O 354 (B AT )
BRI A, DUOTH IR R G . HERAS .
F3hiEREES); KQ-500DE ZUAcs i 7 Pl v e ds (B
I RIS A FRA A]); UV-5900 Synergy 2 fifitn
AT (Bio-Tek 22 H]); BSA224S %I B+ K (%%
ZRNRLFA A BRA A

FT @S 100080-201811; 4l . 91.7%).
SR (S . 100080-201804; 4fJE: 97.2%).

KA @5 111997- 2015015 4fFE . 93.1%) 1
F 2 AR P R e R . BETR (PR gat,
E 2R R A FD; BEE. OB (fBigal,
FE R U IAF AR, ALK 1,1-
TR 2-Z AL IEE (CAS: 1898-66-4; LT -
300267). 2,2-I W (3-2, KL 2 I e -6 i) —
B dh (CAS: 30931-67-0; #it5 . 7329461), =it
BEHL = (CAS: 3682-35-7; L5 . 282581) I
H Sigma AldrichZ\ A ; $it 3 Il B2 (Vitamin C,
VC, EAER AT BR AR, HAb ik
B Al S DA g . 16 e TEER R 45 T 5%
ALK, 28 BN R 2 K 2E h 25 W0 5 e
FOWE = 9 K SCH AR % A R (Ficus tikoua
Bur.) M TEZE . W, 25 RIE IR 1.

T HBE R BB A R AR OLE

Tab.1 Source and batch similarity of Ficus tikoua Bur.

i Kt AAALLBE | 45 KUt HAABE

SEMAE BRI M SN 0,983 | S9 SBINEILTIEKEL-1 0.887
A E-1 0,613 | S10 BN SCHTNEEL 0838
AAEIKTAKINX 0.929 | S11 SN Xtk E-2 0.993

MM SHTTAERIX 0,989 | S12 BENE 4TI ZTE -3 0.950
P T IEE-1 0,991 | S13 BUNAS L EER 0952
0.990 [ S14 SUHIA X SCHTJEIKEE-2 0.969
S7 SUNEXSITEZE 0,995 | S15 SEHEXCSITAEHE 0,980
S8 BNEILITHEE -2 0.989 | S16 SNEISXATHHEHE 0,996
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2 FAEEHER
2.1 s

% H Agilent ZORBAX RRHD Eclipse Plus
C\5(2.1 mmx50 mm, 1.8 pm) %A . WA R
0.1% BEFRIK (A)-0.1% WEIR LN (B); BHEEBEME (0~
2min, 10%—17%B, & 0.1 mL-min'; 2~5 min,
17% B, ¥ii# 0.1 mL-min'; 5~5.5 min, 17%—
17.5% B, ¥ii# 0.1—0.35 mL-min"'; 5.5~10 min,
17.5%—18% B, & 0.35 mL-min'; 10~11 min,
18%—60%B, ik 0.35—0.2mL-min"'; 11~13min,
60%—100% B, ¥ii# 0.2 mL-min'; 13~16 min,
100% B, ¥i# 0.2 mL-min "), # Il ¥% K 360 nm;
FEIR 25 °C; #FFEE 2 il
2.2 R
2201 XEGEEAHS R ERRE T,
MR Z L KA X IR 2.10, 2,50, 2.38 mg,
FH 55% W 5E 25 28 10 mL £ 08 7 g % R 4
W
222 MBI RS B PR M TORE R
211.0g, BT 150 mL EZEFRKESHP, A 55%
FEE 25 mL, FRE. T 80 C F/KWEIR 1 h, B
W A, FRE, H 55% BRI, ok, HOE
T 0.22 pm ARFLIEREE 38, BIASAE G I T
2.3 IR S RIS E T KO i ik
231 XARKE R W E R — g S
(SO #& “2.17 TN Mgk R SedbbE 6 Ik, 1t
SR A WA ) ARG £ B 5 () FIAR XS U T AR RSD B
¥1<3.0%, RIZITEAEH R BRI
232 HEMWNE WRFE—MKSER (S,
BU6 MRS, e “217 TR @8 &0 T K
DU, I3 4% S 0 P AP X 0 v R A T B B
1] RSD fH4<3.0%, KUZ Ik EEME R
233 RoEtkiE  BUE— s (S, 4
WITERI% 0, 1, 2, 4, 8, 12h/J5Hk “2.1” WF
(T S5 P R AT RGN, 335 4% A AR (%) R X6 i T
FEURIAH X O B B [B] RSD B3 <3.0%, FIARE S
WAE 12 h e R AT
2.3.4 UHPLC FHiEEIE S SHLETER  BOR
)= Hu Y 16 HEHLTUBERE i, #2 “2.2.27 I3REUT
Pl AR A, T 217 B EIE AT
AR, K iRk & a3 S A 2012 il Crhehif
T SRS AL PR R GE ) AR TR B, iR
S1 X FRIEE, IFR] B8R 0.5 min, $&H {7 84
BN 227 2024 4E 3 A5 41 545 6 1)

i, 22 RARIETE H ST ECAT 20 IR IR R FI3LA
BB, WK 1~2, RO i A g
DA BRI B 12 S @5y 2 e, DA
B 1, brsE 1T 13 4R g, i A
fit A8 T VR 3 5 %) R i £ B ) Sz UV O35 #Y)
—HPEILIA 3, fRAH 3 NI, b 9 S
T, 10 SN R R, 12 SR . B

T T \. T T T Ir- IiriilR(l3)
6 7 8 9 1011 12 13 14 15
t/min

1 I RE & FR AR AE B 3
Fig. 1  Control characteristics chromatogram of Ficus tikoua
Bur.

B2 M0 FE (S1~S16)UHPLC #5 4% [ i & fm [&]
Fig. 2 Overlay of UHPLC fingerprint chromatograms of
Ficus tikoua Bur. (S1-S16)

10
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6

3 9 12 13
17 411 7 8 11

S1(13)

01 23 456 7 8 9101112131415 16
t/min

B3 Mg R & EE 506 1 B & UHPLC & i A
97T 5 105 EEE s 12-7KAF
Fig. 3 UHPLC chromatogram of Ficus tikoua Bur. control

and mixed control
9—rutin; 10—isoquercitrin; 12—narcissin.
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TEXT IR AR S 1, RIS O
U, SR LR 1o 25 it Uk i JTURE i A AU 78
0.613~0.996, Hrr S2 AHUEEAHXS ALK, MRk
YRR SR TE AT LU HZ A U R LA i i |
(7 RS B B N Ta]) 55 A e OORH 2R 22 5
WL 2~3, FeIAN ] bt JICHEE AT 6 ph T b A A
SR T B A S A 2R

T2 MBS A U B AR AT (R B AL ]

235 % 25 /> M1 (hierarchical cluster analysis,
HCA) K 16 3t JTUBERE it 45 SO P G 13 A
A0 0 T AR IR IR B L B G 1613 B £ 4 R
e, S AMAERFES (http://www.bioinformatics.
com.cn), KRR ICRE B AR SR IEE (Bt i
F ARG B REB ), 4597 4, HCA 4521
KW, K 16t 7 N e, S1~83, S5,

Tab. 2 Relative retention time of common peaks in fingerprint of Ficus tikoua Bur.

P F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12(S) F13
S1 0.150 5 02000 03818 0.4615 04978 05207 0.6472 06900 0.7887  0.8396 09257 1.000 0 1.3822
S2 0.154 1 02044 04126 04699 05116 05335 06126 06985 07949 08452 09130 1.0000  1.3900
S3 0.1505 0.1999 03805 04599 04971 05198 06099 06888 07871 08388 09102 1.000 0 1.3802
S4 0.1524 02026 03771 04586 04966 05200 06108 0.6957 0.7889  0.8421 0.926 6 1.000 0 1.400 7
S5 0.1501 02707 03812 04600 04967 05196 06127 06879 07865 08380 09246 1.000 0 1.3759
S6 0.1498 0.1988 03794 04598 04964 05194 06110 0.6882 0.7865 0.8379  0.9248 1.000 0 1.3773
S7 0.1503 02002 03788 04600 04969 05202 06337 06897 07880 0.8391 0.9258 1.0000  1.3778
S8 0.1523 02450 03887 0.4621 04990 05217 0.6128  0.689 1 0.7872 0.8382 09252 1.000 0 13754
S9 0.1545 02043 03680 04561 0.4955 05195 06378 07010 07887 08455 09476 1.0000  1.4143

S10 0.1735 02314 03605 04438 05012 05262 06699 07186 07885 08332 09418 1.000 0 1.608 1
S11 0.1636 02179 03735 04636 0.5079 05325  0.6093 0.7310  0.773 3 0.8650  0.9370 1.000 0 1.504 7
S12 0.1579 02105 03772 04638 05040 05281 0.6742 07146 0.7633 0.8546 09319 1.000 0 1.4521
S13 0.1550 0.2061 0.379 1 0.462 3 0.5014 05250 0.6433 0.698 3 0.7917 08479 09292 1.000 0 1.4209
S14 0.1529 02033 03800 04609 04989 05231 06519 0.6973 07909 0.8433 09281 1.0000  1.4029
S15 0.1510 02009 03823 04604 04982 05213 05732 06915 07882 08403 09257 1.000 0 1.3855
S16 0.1510  0.2005 0.3802  0.460 3 04974 05206 0.6474 0.6909 0.7879 0.8394 09256 1.000 0 1.3837

|3 HUN BRSSO 2R 1 i AE % g T AR

Tab.3 Relative peak area of common peaks in fingerprint of Ficus tikoua Bur.

P> F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12(S) F13
S1 04356 0.2449 2.1280 0.5324 14.0767 2.7332 03184 13377 1.1053 5.0881 0.3538 1.0000 7.698 4
S2 22223 17975 08905 0.6183 7.650 8 1.8507 13809 14090 12938 1.1353 03733 1.0000 24.5456
S3 23051 1.3720 13.1972 21175 464279 168595 32703 57307 74106 59376 13121 1.0000 12.8849
S4 03285 0.1540 23076 0.5670 11.5896 24553 08764 14596 19651 6.7434 0.1015 1.0000 7.108 5
S5 0.7209 0.1453 34363 07111 16.680 6 39290 02811 08233 14544 51868 0.1679 1.0000 10.3592
S6 04503 0.2734 24707 04320 184216 33605 03823 06409 15042 7.8968 03532 1.0000 7.5104
S7 0.1105 0.0594 05302 0.2222 44273 09096 0.0293 04273 05710 19412 0.0665 1.0000 1.4227
S8 0.3972 02910 37473  0.683 1 16.480 3 32109 04531 12360 22497 82267 0.7713 1.0000 6.5943
S9 04843 03196 23270 0.5054  11.3371 25231 01901 02607 1.6428 4.7215 0.0926 1.0000 6.260 9
S10 03140 0.157 1 1.1201  0.2157 4.168 2 1.0763 0.0718 0.1526 12514 6.5141 0.2413 1.0000 23514
S11 04049  0.2667 1.106 6 0.504 3 6.212 1 14234 01239 02993 13227 48830 0.0814 1.0000 32826
S12 0.5196 0.206 4 1.1875 0.3188 6.8129 1.3120 0.5109 02082 0.5319 33714 0.0255 1.0000 3.008 1
S13 0.1883  0.1267 0.6653  0.2022 2.896 5 0.8014 0.0681 0.0349 04781 29083 0.0340 1.0000 2.4475
S14 0.0492  0.0228 02197 0.084 9 23489 03393 0.0155 0.1844 02981 1.0886 0.0472 1.0000 0.448 8
S15 0.3395 0.170 8 1.6675 04154 7.344 8 1.9892 0.0489 05377 08233 23196 0.0522 1.0000 4.8553
S16 02411 0.1553 1.6104 0.5487 119253 19771 0.0768 0.5780 1.6017 55618 0.0480 1.0000 2.596 1
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Fig. 4 Cluster heat map of 16 batches of Ficus tikoua Bur.
samples from different habitats

2.3.6  F 435 M (principal component analysis,
PCA) HHZICG 44 SIMCA 14.1 %} 16 it
JNBERE S B AT PCA, MR H FE 150 WA 5.
i ok BTk R KB 2 A BRSO R
1] BBT Z TR R 46.4%, 552 TR 2] &
Uy £ 5THR R 18.3%, TTHRFEZ AN 64.7%, R
X 2 A~ 3 A A3BE S b TR 24 4 B SEARGFAE . 45
RN, TEFRIT (1] 080T 16 Sttib I FE & Al

BoRh225, HEM S1, S2, S3, S5, S6, S9,
A PCA
4
3
27 S4 @
S3 S14
11 1
500 @ |57%
. 04 @ Si16 @
& S15 S6 S8
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Fig.5 PCA score of 16 batches of Ficus tikoua Bur. samples
I BN FH 227 2024 4F 3 156 41 3856 6 W

S12, S13, SIS® K1 3, sS4, S7, S8, Slo,
S11, S14, S16 B A M2, H5REME HHLER
—,
2.4 HTEEARSMT AR HEITSY
2.4.1 DPPH H HAIEBREES) 2 BOCHR [24-25]
J5 kil DPPH %W, W “2.37 WUF il b
W, FREZ ARG IR BUR, WA B IRRE
R, H 55% B BE S fR R B OT 4 i G B 0.2,
0.4, 0.6, 0.8, 1.0, 1.2 mg-mL™" Jfi ¥ & 1Y Hi K
e BARYIA W, B VC YRS 1 g, FEERRE, M
A 55% HIEEE A ZE 50 mL &8I, 258 Ve iF
VR 5 AN [ 1 X TR S VA R

AN (] Jo 5 e A ol 3 YRR A O R A%
1 mL, filA DPPH % 6 mL, M#iRs], F 37 C
TR REEIIE 30 min, B 96 FLARHT, FEREAR AT
A ETF 516 nm P AN E WG 4,, FAHLKE
3w, St EEh, RS A I TC AR,
R IAKXTTEFRE, K IC, H. FHE
R=[1—(4,-A4,)/4,]x100%, A, 1 mL55% I [ %
W+ 6 mL DPPH i IO EEMH ; 4, i 1 mL A[A]
5 U B R S U6 mL 55% FP VA VAL 1 WO B
85 4,74 1 mL AN [A] 5T & ¥R 3 A i % Wi +6 mL
DPPH % H WG RE (A
2.42 ABTS HHHEIFRAES) ZBOCHR [24-25]
)5 5 ABTS i #0W, 70 “2.4.17 TR
N ) Jo Y AR o Vi TRORIT ) B VA 4% 3 mL,
A 0.3 mL ABTS i s, SiEGHE 40 min,
B 96 fLA Y, TEREPR BT T 734 nm iE AL
W E W E A 4,, BRASEKER 3K, Lk
R, RESh A I C AN, % R A ARG
WA, K IC 1A o ¥F BR F=[1-(4,-4,)/4,]*
100%, A, >4 3 mL Hrifh 7% 7K +0.3 mLABTS fifi &
TE R SEE(EL s A, 3 mL A [] i e B R S I
W+ 0.3 mL Bk R K W EEE; 4, B 3 mL A
[i) Jo 2 € B R S TR T +0.3 mLABTS i £ (1 W
FEE
2.4.3 FRAP @hiffbag 1k = Sk
[24-25] B 7 10 B FRAP TAEW, Z39IH Eik A
IF) o 2 R P A T VBRI R RV T4 1 mL, JIMA
6 mL FRAP R4, T 37 °C /KIEHEHIFE 40 min,
B 96 fLH, TEBREPR AT T 593 nm P AL
WE WOGEEE, BASREL 3K, Ll
H, RS I TC R AP AR A B X R 24 i
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HARE LS Y=3.077 9X-0.000 4(H:H ¥ AR FEMO
JEAE, XACRWREE), W Sus priliggh Rl A Lk
T FRAP {H.

¥ Fil GraphPad Prism7 X £ 1] %4 5 | DPPH ,
ABTS ¥ B A HR JE 19 21 B0 B % 1C,, {H 5 FRAP
SPTAIRR IR, Z5R L% 4. b DPPH K
ABTS 1 ICs, fH#E/N, Ui B FLVE B A i L 6E 1 H
BUAAALTE PEBR IR, T FRAP (B8R, 15080 HOE 5
BREFRE S R BPTAALRE AR . 45 R R I R
THEAE 3 BT A A 7 TR MR R YA B 175 R
M L7614, 7€ DPPH ¥ [k A 1 3L AE ) h R AL 55
FHERA S10. S4. Sl14; fE ABTS LRI R
MU S14. S10; 7E FRAP v HAL S gt
R S1, S2, S16, Z5H R R 3 Fpor kil bt
AR P PR B A HA TR
R4 HNEREMRBER

Tab.4 Antioxidant test results of Ficus tikoua Bur.

mg-mL™"
R T DPPH ABTS FRAP

Sl 0.049+0.008 0.281+0.027 1.176+0.033
S2 0.117+0.011 0.335+0.030 1.167+0.039
S3 0.117+0.011 0.250+0.024 1.1540.040
sS4 0.028+0.005 0.258+0.025 1.162+0.033
S5 0.3440.021 0.178+0.018 1.153+0.032
S6 0.156:0.012 0.189+0.019 1.15620.026
S7 0.049+0.030 0.333+0.030 1.163+0.024
S8 0.105+0.011 0.174+0.019 1.154+0.034
S9 0.123+0.013 0.195+0.021 1.132+0.033
S10 0.0010.003 0.163+0.015 1.139+0.033
S11 0.273+0.022 0.461=0.028 1.154+0.029
S12 0.193+0.019 0.257+0.022 1.12520.049
S13 0.219+0.017 0.252+0.025 1.147+0.028
S14 0.031:£0.006 0.092+0.011 1.139+0.035
S15 0.243+0.020 0.5040.021 1.134:0.016
S16 0.216+0.017 0.279+0.028 1.166+0.057

vC 0.0006+0.024 0.009+0.011 -

2.5 JE-BOCERT

251 GRA [ i HEBRFW IC,, 59 A LI
PR FASE, B ICs, /NG Mg, B s bt
AL TE VEHE BR 1C, (EFE 1A E 82, % -
WHLA AT T E S5 RAE NS %78, 4530 1
(1% U TET AR O Bb g A A R B AR R, X

K FE B BE AT RIS G A e A PR S A
n(k) = (minmin |x,(k) — x;(k)| + o - max max [ xo(k) — x;(k)])
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|xo(k) = x;(k)| +p - max max |xo(k) — x:(k)| 2, He
xo(k) M M JTUBE A HIL UK IC,, {H % FRAP {H, x,(k) N
LUK BE U R AE e T AR, BT e 49 Ak Ak B
kWS p R HERE, DA BERECh 0.5 115
KRHRFREL, KRR AT RT3k s, HiF
i S A U I 92 S A 06 X B AR AR TS R A TR R
RPN, G5 GIR 13 A 0 SPTAIG R
[F1] B S B B 2>0.8 HLAS- L vk 5 25 3036 b =22 T 1Y) 6
B2 R, R 134 H 16 ST ELEE
705 i (1] ) HAT 1 BE AR DG

TS HNBE A€ KB B IR AR AT

Tab. 5 Spectrum-effect correlation analysis of grey relational
of Ficus tikoua Bur.

SR DPPH ABTS FRAP
WS GG WS CHUE WD e
1 F11 1.491 F6 2.859 F6 6.873
2 F10 1.476 F3 2.836 F3 6.644
3 F12 1.475 F10 2.785 F13 6.444
4 F9 1.467 F2 2.772 F1 6.261
5 F1 1.462 F9 2.767 F5 6.230
6 F2 1.460 F1 2.736 F4 6.003
7 F7 1.456 F5 2.720 F2 5913
8 F3 1.456 F4 2.678 F10 5.302
9 F6 1.451 F11 2.644 F9 5.134
10 F4 1.451 F12 2.622 F12 4,738
11 F13 1.451 F8 2.512 F7 4.688
12 F5 1.449 F7 2.422 F8 4.625
13 F8 1.448 F13 1.325 F11 4.320
252 WASfEAH ST 43 LA DPPH ¥ |

ABTS % ICs, {H 1 1405 FRAP % WPt A fb 45
Z-score WRUETLAL PR IS RO 45 AR & (), A3 %
W AU AR B (X) § A SPSS 26.1 8, #EAT AU
AR CHE ST, TR A A U T RR 5 B AR AR T
) Pearson A 3¢ R % . 45 R WoxiE 1, 9, 10
5 DPPH #it & 1k i ¥ W 3 1F A ¢ (P<0.05 5%
P<0.01); W5, WE 11, 5§12 5 ABTS Bfhi sk
M W IE A S (P<0.05 8f P<0.01); 1§ 15
FRAP 2 1t 0 S0 1 2 | 35 fUMH ¢ (P<0.05 5§
P<0.01), ULIE 6,
253 M fie /N = e 1] 9 (partial least squares
regression, PLSR) DL Z-score ¥y #E £k 4b ¥ J5 19
13 LA IR T {28 &, Z-score Frif fbAb B
J& A TR AL U b TR (i3 4 9 DPPH 75 . ABTS %
IC,, fHY %S FRAP W HiE b g5 R AR i
B P22 2024 4F 3 A4S 41 B4 6 3]




Bl 6 16 #bHN B S E W HEEERE AN E LN
W& &M KW

FFFRIRAE 0.01 7K B WA *FIRTE 0.05 /K L FMIC.

Fig. 6 Bivariate correlation analysis of common peak area

and antioxidant activity of 16 batches of groundnut vine herbst
**Indicated significant correlation at the 0.01 level; *indicated significant
correlation at the 0.05 level.

A SPSS 26.1 #f#47 PLSR 20T e b4k a1
O AE 7 4 5Y (variable importance in
projection, VIP) {H, M I B HT A AL TE T 1Y 3%
e

[ 5 28 0 T £ 3RR 1800 5 T 1 TE A e
b TS B N O ALy i - . 7 N <
KPR, 76 DPPH ke 1, W 3, g8, 1§ 9,
U 10 5 TEAH G, TTHRBE KU g 10>08 8>
1506 3> 95 I 2. I 4~7. U 11~13 R HAHE,
TR RN R IE 4> 7>06 11506 12>06 13>06
6> 25 FF ABTS a1, g5, g7, & 11,
U 12, U 13 REAH O, TR EE RN I 9>
12> 1106 5>I6 7>06 13>06 1, 1§ 2~4, 1% 6,
g g, W 105t A D¢, BTMR B R /DN D g
8>10>2>3>4>6; fE FRAP Ll 2 W 4, I 5,
W 7. W8, g 10, g 11 RIEMAG, TTEREE A/
Mg 10518 4> 1115818 7> 5>, & 1., &
3,06, W9, g 12, 05 13 RO, TTHREKR
NI 3>12>1>9>13>6, &7 1 AH 5 H AR R 1) A,
Iy 25 Bk DPPH Fl ABTS [ i3 I St g ALfE /1
YEFI R e mty, 2 T & A5 e S AL RE 1 B9 T
PR, DLIEL 7, iR XU REAE DG A 4G R
A,

VIP (B 287 B 40 X0 3 PR i sk AR B, — i
BN 227 2024 4E 3 A5 41 545 6 1)

A DPPH 7 ABTS [ FRAP
1.5
1.0
ﬁf 0.5
o
2 0
=
T 05
-1.0 A
_15 .

[ T T T T T T T >

T
F1 F2 F3 F4 F5 F6 F7 F8 F9 FI0F11F12F13
I

E7 &/ _FEETHEX R
Fig. 7 Correlation coefficient of partial least squares
regression

&, VIPE>1, Ui HXFRAE B35 vimk, ]
iR A AR T R AR B RERR I, VIP (K, A
A i 6 RS S A RS RE ) iR PP, L DPPH |
ABTS H L5455 & FRAP bt g Abae 1k 2%k
Fe bR, XF VIPAEHEAT 20 BT 07 356 H X IOk B 2 47
PrAEALRE T R R ki, 255 R 8 B
JNBEEE SR Y% DPPH H HH 34 15 BR AE 5% it K 3
IR IR Ry U 10>06 2>08 1>08 11>08 9> 45 Xf
ABTS [ H1 5L 38 B A8 1 1952 ) H 2R B /MEK IR hy e
12> 4>04 11>04 5>I4 8; X} FRAP Wbt fbie
()52 i) R B /MR IR Ry e 1>08 3>06 12>106 2>14
6> 8, $/x UL I i/ 7 DPPH. ABTS. FRAP
PrE ki R p g W Tk LS Pt e 2
FAHE (VIP>1),

A DPPH [ ABTS I FRAP

F1 F2 F3 F4 F5 F6 F7 F8 F9 FIOF11F12F13
i

E8 fmm/b_FEENET VIP &

Fig. 8 Partial least squares regression VIP values
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VIP {E>1 (IRTHE T8 3 AN 2530 i 1019 2R 5L
%P, fE DPPH HI& 1, 1% 9. 1% 10 £ 1EAHX,
g2, U4 g 11 EAAHOC, ABTS Hhg 5. g
11, W 12 2 IEAH K, g 4, W 8 A ¢,

FRAP Hrilg 2 % 8 BLIFAHOG, W1, 1§ 3, 1§ 6,
m% 12 %ﬁ\[*ﬁa‘é, JI—LIAFEI 7~8o
3 g

3.1 SSRGS

AR S BGTT B €3 A5 1 A T SR (0.1% W R
K- L 0.1% B R K -0.1% B R & ), Ik K
(220, 254, 274, 317, 324, 360, 368 nm), #E
M (20, 25, 30 °C), #FREE (1, 2, 3 pL) T
g2, SR BRSO 0.1% B 1R K (A)-
0.1% R 20 (B), P 360 nm, ik 25 ¢, i
FEiE 2 pL BF UHPLC $R 80 EIE M 7 B B, o
M o7 (A v 5 R B 25 558 T i TN B P £ U =K
G L IR, B R R OB (55%, 65%,
75%, 100%). LB (65%, 75%), HEHCHFE (1,
2, 3 h), BEBORE 1, 2, 3R)MEE K
(1:15, 1:20, 1:25, 1:30), HR&HE T HIK
FEM IR RS S e KR R 1 g, BT
150 mL HZE R A, A 55% HEE 25 mL,
FRE ., T 80 C F/KWGMW 1 h, B, ik, H
55% HmEAhE, adug, HROEWRIA .
3.2 RSB SN IE RS R b

AR5 R FH 8 2 AR e R ST 16 UK
HErg o s, Hoirh UHPLC B Ik B3 7R AN [
77 b b JTCE 1) Ak 2% B A3 AR — BIUH B WA 25
5, HAHOR M fs SCETEARUE BT A 13 4>
HHWE, AN, HCA B PCA UG5 R BoR, ks
S1~83. S5. S6. S9. S12. S13., SISE NI 2k,
S4. S7. S8. S10. SI11, S14, SI6 E M 2,
1T 245 LR AEF5 S 1 3 v o i T FR AR XT3 R 7
HE P R A E R, H PCA 410
T 125, AR5 09 D A AT BB 2 45 U 8] 7= 1L A
BN ] S 8, BRI R X SR 3 A9 i Rk 7R
HCA BRI, Gtk S2. S8 ¥k s Ml
W= kb, (BRBERAF LR B R 27 1 25,
S8 7EM 2, [REEILA S5, S11. S12 [A A H M %
ERAE, SHERAINE, HATHREL K,
S9. S14 Ry BT MPRIKERAE, WA S — 2051,
T S e T 246 T T 8 B ) 0 A RN 2 Sk

Ik, SRF DPPH #:. ABTS #: il FRAP 3%
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Ho TP A AR TG MEEA T RRAN, Sl o T HE bR
L fE I ALE TR TR T R B, AN [R] 7 H b T
YA BB E AR e P, ALk Rl T E AL e
7t DPPH 5 ABTS " i £ 22 7 AR, X7
FRAP H iR BN AH 22 K . Hodtb ik S10(5 M
BTG4 ). S14C M 48 2% SUTHT 8 1k 4 -
2) 7£ HCA J PCA 53t R T3S, 43 B XHE BR
DPPH. ABTS H 3068 1 feom, (H & 7
FRAP 1 S hi A b he 1 R 455 Lk S17E
HCA J& PCA i RAE 1 25, AR & EA
%, 7E DPPH. ABTS Hif R H t A fE Sy R B
%, {H7E FRAP Byt fbid b R . &4t
IR 22 50T Re ML I & iior 5 3 i s fb
BEE G RN B, BOK —E A e
NP Hb T BT S AT 1 o
3.3 iEROCRSHT

Ao is ISR B b xt “3g” 5 “307
(I2E RIATILE, R GRA TS 80 F 3%
N 13 S A 06 5 40 AU T T Y DGR B 43R 3>
0.8, A &R CHE, X id B Tk & 48 BT
iR 2 U I FVE R S5 R . Ao
WEROCR, XTI g sC B s iy 13 A~ g
5 3425 %048 b AT T OBUAE A O 43 i I
PLSR 7347

FEWUAR A 543 M Pearson A ¢ R 2R
I 1, W 9. W% 105 DPPH % B H i 5t W 2 A1
X%, Wes, W11, %12 5 ABTS 1B A 3t R
G, HERMIEADE, W 1 X FRAP S L
A EAHCIEEA ARG . LR a8 RV, MK
MEdIg 5. W9, I 10, 0% 11, 1§ 12 YIXIHLE L
WA WE R IEE A, 0 1 X b TR Bt AU fb 5
PEAELE B E T HIVER .

PLSR 43 M7 45 5 .7~ 76 DPPH H, 1% 1, 14
9. U 10 RIEAHI N FEA R, W2, W4, 014
11 255l , ABTS Hlg s, i 11, 15 12 &
TEAHC R 20, g 4, U5 8 SR 2R g
FRAP il 2 W 8 52 IEAH OGN E B s, 1%
1. W3, g6, W 12 2GRl ig, nTLlk B
3 PP AR B ) 2 2GR0 5 2 A8 i W R TE AR G
MM IE A ES, 3PS RES,
i UG 9 W 10 N S5 HTERTE A B S
EAMI SN, Hoaahls, o )TORE T A AL TG 1k
I 3 U i AH DG 43 AT A PLSR 4341 2 N7 ik

PR A 227 2024 4F 3 F 45 41 45 6 1
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