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Abstract: The authentic Hubei Chinese medicinal and edible herb Fubaiju, Chrysanthemum morifolium, is rich in
flavonoids. An evaluation method based on an in vitro chemical antioxidant assay and an in vivo C. elegans model was
proposed to investigate the antioxidant capacities of flavone compounds, using the free-radical-scavenging rate, antioxidant
enzyme activity, and nematode fluorescence intensity as indicators. The common peaks indicated in the spectral fingerprints
of flavonoids from 15 different brands of Fubaiju Chrysanthemum were assessed to investigate the spectrum-effect
relationship between Fubaiju Chrysanthemum flavonoids and their antioxidant activities. The maximum DPPH and the
ABTS" free-radical-scavenging rates of the flavonoid extract of Fubaiju were 83.14% and 75.32%, respectively. Moreover,
the flavonoid extract significantly improved the antioxidant enzyme activity in nematodes and enhanced their oxidative stress
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resistance. Eight characteristic common peaks in the flavonoid spectral fingerprint profile all showed a certain correlation

with antioxidant activity, especially peak 3, which had the most significant correlation and may represent luteolin-7-O-4-D-

glucoside. Peak 4 showed the most significant correlation with ABTS" free-radical scavenging and may represent luteolin-7-

O-f-D-glucuronide. The flavonoid extract from Fubaiju Chrysanthemum exhibited promising antioxidant activity, providing a

reference for the subsequent derivation and development of antioxidants.
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Table 2 Instrument precision determination
EHE HIR %2k % 3K % 4K % 5K % 6K 345 RSD/%
il 3.301 78 3.470 875 3.089 728 3.53179%4 3.409 121 3.362 395 3.360 949 0.17
B 2 14.730 96 14.406 96 15.128 97 15.349 86 15.083 98 14.382 43 14.847 19 0.34
HIE 3 27.142 1 27.244 68 26.732 99 27.52075 27.136 07 27.293 05 27.178 27 0.25
W% 4 28.367 46 28.949 35 28.7339 25.694 94 26.340 23 27.081 04 27.527 82 1.41
WIS 30.006 06 29.908 99 28.158 2 30.452 07 31.13926 29.849 65 29.919 04 1.05
B 6 3197142 31.786 41 32.588 39 31.82728 31.051 08 31.946 49 31.861 85 0.54
W% T 39.631 76 40.574 9 40.017 39 40.093 77 37.728 68 40.217 86 39.710 73 1.67
W% 8 56.300 6 52.541 07 57.600 23 57.066 3 50.449 19 56.337 02 55.049 07 3.23
* 3 HEMEEMMK
Table 3 Sample repeatability test
£ F1h %24 %34 % 4ty %54 ENR FHE RSD/%
il 3.27322 3.512 064 3.207 005 3.419372 3.499 065 3.120 046 3.338 462 0.21
B 2 14.676 73 14.653 6 14.221 18 13.887 64 14.733 57 15.601 34 14.629 01 0.97
W% 3 27.127 59 27.342 98 28.088 06 26.816 35 27.378 66 26.291 96 27.174 27 0.69
W% 4 28.347 75 27.447 03 27.817 53 29.001 12 27.908 15 28.086 33 28.101 32 0.74
HE 5 31.93324 31.290 8 33.759 76 33.429 55 31.053 63 30.457 67 31.987 44 1.17
B 6 34.456 24 35.629 5 37.106 52 34.55593 35.104 82 36.054 08 35.484 52 1.38
HE T 39.673 35 41.465 02 45.562 17 40.061 18 38.881 39 41.374 35 41.169 58 224
B8 56.296 67 58.949 46 54.799 42 63.739 18 60.310 33 54.620 64 58.119 28 3.51
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Table 4 Sample stability test
Ay Oh 2h 4h 12h 24 h F#ME RSD/%
B | 3.264 35 3.296 496 3.211 782 3.256 574 3.364 262 3.166 451 3.259 986 0.08
g2 14.678 76 14.632 57 14.536 03 14.725 38 14.781 31 14.684 22 14.673 04 0.12
R 3 25.342 33 24.848 4 24.507 33 24.763 69 24.675 31 24.541 17 24.779 71 0.84
B 4 27.129 57 26.897 64 28.165 72 27.033 18 26.834 27 27.286 95 27.224 55 0.45
% 5 31.978 86 32.068 45 32.262 37 31.961 88 32.285 86 32.311 37 32.144 8 0.48
% 6 36.435 03 35.494 05 37.145 74 36.578 62 36.598 13 35.586 03 36.306 27 1.57
BT 42.396 74 39.502 2 41.858 28 46.724 73 42.186 24 42.771 93 42.573 35 1.35
M 8 56.308 79 55.875 54 59.702 63 58.519 71 53.536 24 56.859 26 56.800 36 2.27
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Table 5 Prolonged lifespan of nematodes under oxidative stress conditions by Fubaiju Chrysanthemum
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Fig.1 DPPH and ABTS free radical scavenging rates of
flavonoids from Fubaiju Chrysanthemum
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Fig.2 The effect of Fubaiju Chrysanthemum flavonoid extract

on the activity of SOD in nematodes
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Fig.4 Effect of Fubaiju Chrysanthemum on oxidative stress
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Table 6 Similarity of flavonoids fingerprints of 15 different
batches of Fubai Chrysanthemum

%% AWE (AR) || %5 AE (ARB)
S1 1.000 S9 0.831

s2 0.979 S10 0.905

S3 0.909 st 0.969

s4 0.975 S12 0.890

S5 0.833 S13 0.888

S6 0.868 S14 0.807

S7 0.783 S15 0.970

S8 0.967

2.4 HEXK RSN
T3 15 AASTE] R8O 48 E 44 35 7 5 DPPH Al
ABTS' B HFERR, HIC, W%k 7 Arx.

R 7 15N A E mEtE B W EERDPPHIIABTS'
B HEFREIC,
Table 7 DPPH and ABTS" free radical scavenging rate
ICy, of 15 batches of Fubaiju flavonoids

%%  DPPH ICs/(pg/mL) ABTS' IC,/(ng/mL)
1 32.85+0.96 44.82+1.31
2 33.50+0.40 44.93+0.56
3 31.58+0.26 46.15+1.32
4 33.09+1.58 44.34+0.83
5 33.19+1.72 46.64+1.01
6 33.26+1.90 46.06+0.45
7 32.75+1.02 45.91+1.33
8 32.05+1.56 46.49+1.05
9 32.63+1.46 46.67+0.97
10 34.1240.25 44.97+0.87
11 31.82+1.09 45.19+1.21
12 33.08+1.67 45.84+1.51
13 32.61+1.53 43.80+1.00
14 31.06+0.46 45.54+0.89
15 33.13+1.75 44.87+0.91

241 KREXRIKESHT

PL 15 k48 (%4 35 B 6 DPPH H i 35 15 B R M
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ORI S 3, 7 #F R 0.5, Frfq CHKE
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B KI5 B DPPH H B2 H 2 i 26 1E I
4558, X DPPH H H G FR & ok K i 2 53
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] %% 4 AIE %70 %) DPPH B 3597 B 256 BT ik 1 K /1N i
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ABTS' H HA:7E BRI B EAE 0.477~0.851 Z [,
Ui IAE 126 B R R TS B ABTS' H RGP R &
HERDGAEERARER, X ABTS™ B B2
OB Ky 8 S0, JLORIKE )y 0.851.
MR 8 FI A, A 5 A R 0T ABTS H i
FIFBR R TR KNG 9 8 Sl >2 S >4 5
>3 SlE>1 SilE>7 SI&>5 S >6 Sk,
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Table 8 Correlation between common peaks in the
flavonoids fingerprint of Fubaiju Chrysanthemum and

DPPH free radical clearance rate

A% DPPH ABTS’
1 Fig 0.872 0.787
2 5l 0.883 0.834
3 5k 0.867 0.791
4 i 0.882 0.817
5 5k 0.719 0.642
6 T 0.598 0.477
7 S 0.773 0.742
8 Fik 0.855 0.851

242 AmZRESH

e 15 ALK AR E 2 v W 00 06 T AR A0 1
N E A, 15 N FE AR 4 3R X DL DPPHL
ABTS' H HEEERR R 1Cs, fE N AL &, FIH SIMCA
14,1 3144 2R i v B /IS — € 11 VA 43 W7 D7 V230 AT 1% 2004y
M, WFFEAE A% #EI % DPPH 1 ABTS  E 55K
A& 7. VIPHBR K, R DTk Ze bk 5, VIP KT 1.0,
ForE BETEY. WK 9 FoR, fEXTHE A 4 B R
X DPPH H HHZEIE BRI 20, DTk BE Mk ik 2
3. 6. 7 FEXTAR S EE N ABTS H B G
BB, DTRREE K MRIKRIE 7. 64 45 UiBAAR
F % # X ABTS A1 DPPH [ H JE 40 i 1 i 3 22
TP R AR R4 SR R g AR 3R
PSR E H RIS R E A P R E R, B
TN 156 5 TR B2 B Hh 1 22 P i 1 R 2y R A 3 3
o B A B A

1 2.4.1 IKERBLE bk, A 16X DPPH
HHEERRMH TN 2 5 >4 5
I >1 506 >3 U, I U S A 06 SC K B AR
it /D —RES W 152], 3 S IEX DPPH H
ARG PR R DTk K. KRB AT ikep, St
Xt ABTS H FH 237 B 2 19 AH & M HEF 3 =K
N 8 i >2 H g >4 50, XA FAG g I HL
EMIE, dia /D Bkl 338, 4 5t
ABTS' H G BRF oTmh k.

15 ANAS [ B RBP4 11 2 S 35 B $2 U 1) DPPH
T ABTS' H HEERR R LIRS 2.1 FESMA
A P BG AR Fp SR G 25 BT, 2.1 AR N BT AL
P£ DPPH H H1 335 bR R 5 2.4 o7 15 AN ASF AR
1% DPPH [ 5675 BR 2 A 225 1.05, ABTS'

120

[ H FE 0 B 2 bR A 22 09 1.07, R 9I4E E 59 51
PUEAITEPERR E o AR M VEE IR 5] AT OR B I R) X6 EE SC
R, HENXT DPPH [ B HE T B2 A AR DGR iR 2
FH I3 FUERRER AR K -7-0-4-D- MM ; X
ABTS" b2 375 R 34 P Gk i 25 1) 4 5 0]
RER AR E K -7-0-4-D-H & BB IR T -

OABTS* -
fl | £
G
E
- b E %

EDPPH
1 1 1 1 1 1 1

1I 2 3 4 5 6 7 8
g
Fl 9 SAHEUERT AL IERD VIP Rk

Fig.9 VIP contribution of each characteristic peak to

w
T

VIP
=) —
— =

e C ¢ 2

antioxidant activity

3 g

SR 2 KRB, AE %5 Ed DPPH H H 5 B
T B KA N 83.14%, 1Cs, N 35.80 ug/mL ; 48 4
5 Bl ABTS™ H HH JE 7 B 28 18 i) KA N 75.32%,
ICs, N 48.36 ng/mL. 48 15 # FE 2 I e 2 & 4 =
& A PUEIEE SOD V& /1. GSH & &, #Em4H
PIPUAMRLI IS T, R4 AR Bk B )
Tk, BEATEAN T 15 ANMLUAR F 28 SR i 2 v
HITRR 7S B35 08 STE RIS R o AN ) S AL TR )
& A% S B AR s T R % DPPH H H RIS bR
A ABTS' [ B 575 B R BV B4 iE M, SR i ik
TR IR FE A 5 /N vk 45 & . RIL 8 M
TR W PR ATE T A — s ARG, Hod 3
SUEXT DPPH [ 535 bR A A G i B 3, vl
BE A2 AR B2 -7-0-p-D-Hl & B 1T 5 4 516X ABTS'
HHEE MR RER MR 5, WRERARRE
-7-0-B-D-H & FEEE R TF . DL LSKIGR M, #WE%
TR SE U B R bre g tE, AR Ea% G
FER BPUEM T S S kR, BARMAH T &%
AT 47

A SR

(1] EZRAGUZERS P NRILAEZ 2010, —
R IMY. Ak Hp 2 24 8 H Rk, 2010.
[2] 4R WA, AR E A CE M 25 3448 (27 AR A0S




MK EBBHT

Modern Food Science and Technology

2025, Vol.41, No.8

(8]

[11]

[12]

[13]

[14]

HEEUE X I [I].0 2 2 [ £,2016,27:954-957.
DG FRB 7 RRIRAR 15 0 7 S SO IR R S A R
WE[I]. 389464 RH22,2011,50:3781-3784.
AL BRI AR 1 5 AL DD SR IE (0] KR SRR 2,
2012,8:193-194.
7L R A, A AN TR SR AR B A S E R
IR it 5 ) EL L0 T [T 88 il BH272,2020,41:249-255.
X5, ZECFL 6 T, 55 1 1L 5 TEHPLC R 40 3% 2 57
T e ity o 1) A 29008 LE AL 5 (0. o v 25 2% 36,2019,
44:3711-3717.
LI'Y, HAO Y, GAO B, et al. Chemical profile and in
vitro gut microbiota modulatory, anti-inflammatory and
free radical scavenging properties of Chrysanthemum
morifolium cv. Fubaiju [J]. Journal of Functional Foods,
2019, 58: 114-122.
SUN DY, WU M, XU H H, et al. The bioactive properties
and quality attributes of Chrysanthemum morifolium Ramat as
affected by pulsed vacuum drying [J]. Drying Technology: An
International Journal, 2022, 40(14): 3021-3035.
FEREIC, X P, 158 1], 2% UPLC-Q-TOF-MS/MS 45 &5 W %
LR IR VAR 59 25 R0 B R A R LB R A B[],
Hh [ 244 7,2022,47:4190-4201.
XIAO M Z, ASIMUGULI R, ZHONG J K, et al.
Traditional Chinese medicine compounds containing
Lonicera japonica, Chrysanthemum morifolium, and
Siraitia grosvenorii inhibits the growth of streptococcus
mutans [J]. Evidence-Based Complementary and
Alternative Medicine, 2022, 2022: 5802343.
ZHAN J F, HE F, CAI H M, et al. Composition and
antifungal mechanism of essential oil from Chrysanthemum
morifolium cv. Fubaiju [J]. Journal of Functional Foods,
2021, 87: 104746.
YI M H, YAN F L, JIE L, et al. Protective effect of
Chrysanthemum morifolium cv. Fubaiju hot-water extracts
against ARPE-19 Cell oxidative damage by activating
PI3K/Akt-Mediated Nrf2/HO-1 signaling pathway [J].
Frontiers in Nutrition, 2021, 8: 648973.
YING HL, XIN M, DIY Z, et al. Extraction of flavonoids
from Chrysanthemum morifolium and antitumor activity in
vitro [J]. Experimental and Therapeutic Medicine, 2018,
15(2): 1203-1210.
NAI'Y C, SHU L, ZHONG Z, et al. The chemical profile
of Fubai Chrysanthemum (Fubaiju) and its mechanism in
preventing cataract based on ultrahigh-performance liquid
chromatography coupled with mass spectrometry and
network pharmacology [J]. Journal of Separation Science,
2022, 45(13): 2406-2414.
ZHANG Y, LI K X, CHEN M B, et al. A novel
polysaccharide prepared from Chrysanthemum morifolium

cv. Fubaiju tea and its emulsifying properties [J].

(22]

[23] X

[24]

[25]

[26]

International Journal of Food Science & Technology, 2022,
57(6): 3385-3399.

BV, 1 5,01 55 B IR ARAR B 39T I > T 2R
B TE R At RV [ 6 oM, 2021,42:57-60.

FHIR T R, 2T 0, 55 A AR K R B L2 (I L
Vk,2021,42:40-44.

P EARTE, B be 2 55 75 TN AT 4 RO TR A 1 e
VA e A L A T R (0] RH,2019,40:268-276.

A . AR AR 1) R S KB R 9T [D] K

KHEHFEZK,2019.
WA ZE RIS AR o 250 ok R AT R e S i)

FRIT[7]. 7 [ A 24 4% 35,2015,40:1425-1432.
SRERH 22 IR e O - B A o, e B, A6 AL OB R I i i
Ty 400 J5 &5 e B HLA S A AT 983G 1 20 AT D] £ ot Dl
RH4%,2024,45(11):213-221.
KI5 AR KA, A5 A LU O B R B 11 4 P BT R
TG VE A S 00 75 T BT 2 de g 4 A e A F 0]
i RLE,2022,43:151-157.

K2 AR W 4 B A BB AR AU S & B R AR AL
AT R AR S P[] 6 R RF,2011,32:5-9.
B& 1T ik, A AR L AT R BH 2Bk S AR A 1R o 5 75 TN
B AT £ Ryt s 2 M PL AL AR T [0] . & dh 52,2024,
45(11):144-151.
AR A X R T, 5 LT B 1 T A A R 5 N e
R ] E S RHE,2023,39(6):1-9.
LIU H, WANG Y, ZHANG W, et al. Lentinan extends
lifespan and increases oxidative stress resistance through
DAF-16 and SKN-1 pathways in Caenorhabditis elegans [J].
International Journal of Biological Macromolecules, 2022,
202: 286-295.
AR & T, W B S ST E A IR IR bR A
WEERT T (0] 8 5 R TME,2024,50(15):163-169.
245 R SR B A 4 12, B VS 30 A v A B 1 2 B e G
PUEALERE T[], & Tl RHE,2018,39:211-218.
BRAEERR &, 2R TN, 55 55 2 B BT S8 A s MR 9 (0],
R EBACH24,2015,17:435-439.
TOREN F, J. H N. Oxidants, oxidative stress and the
biology of ageing [J]. Nature, 2000, 408(6809): 239-247.
NEMOTO-SASAKI Y, KASAI K. Deletion of lec-10,
a galectin-encoding gene, increases susceptibility to
oxidative stress in caenorhabditis elegans [J]. Biological &
Pharmaceutical Bulletin, 2009, 32(12): 1973-1977.
FH 5 A LTS ROR R ORI R AL
P EATEE 2 T (9] A FH2,2023,48:176-184.
& TL TRTAT 3, 40 4, 55 6 T K € SR IR B2 15 I 2 v e
NIRRT (R B T A R AT T[] B [
#4,2023,34:2298-2302.
R VB IR, P b LA AR E AL 5 By LC-MS~nE
P34 JLHPLC-U Vi 2 oy & il 52 [J]. oh R 250 k2
%#412,2019,50:565-571.

121




