DR EmR Modern Food Science and Technology 2025, Vol.41, No.11

BB ERYEHIN B R BB
RAn| RSO

DHL', AR, BFISH, &', B, R, WKL
(L#dbsh E2h KF MR, bR 430065) (2. b A K FRFEF R ERXT P EREFIR, #b
R 430014) (3. HALETHRIE, #HILRX 430065)

THE: AR HA ARG FGIES AL, FAHETREEFLAR, URR KRR S ML6948 8 B A FIabtAt, REARE
FIN T EH RS E. R AR 1,1-=FE2- =2 K0 (DPPH) § 14 284 F(3- LA R AErd R -6-5582) — e 2 (ABTS )
B HAFRAFk B TER A (FRAP) 3 A B4z AT it R b i B se . R BT, 88 H RESMA ZURN 192 F 0
B AHIE B 9.13~52.18 mg/g, & @i 62.72~189.50 mg/g, HLLF 4 138.26~459.12 mg/g, % RLEArstE RIS E 55 H 8.19~
4532 mg/g, 0.45~4.6 mgl/g, %A 11.86~80.99 mg/g, BB 13.11~99.33 mg/g, T4 S4B S 485853 4 20.24~96.78 mg/g F=
9.46~43.28 mg/g. #t—F RABMU RS R E F PR RAR & LR KA 41.78%~56.19%, H KM AL A 12.50%~46.72%;
9 A B By RS, PR RALSMRETA RSN ST H LR MR E. BT T RO FHIA S TR RBOEATH RS
Lo, R A (0.814). = (0.522). 7 (0.378). % (0.058). 48 & FILBILEALE R AW (65.76% ) »T (64.56% ). 7% (62.53% ).
% (61.91%). % L 5Riss RA 4G G F AR 25 F s e o A LARAET A A ed A IE, A8 Tt —F 3658 o A AR,

KER: 2AH; FRBML, TR FHAS RENREN

DOI: 10.13982/j.mfst.1673-9078.2025.11.1094

Evaluation of Active Ingredients and Antioxidant Activity of
Chrysanthemum morifolium cv. Fubaiju at Different Parts and Different

Harvesting Stages

MA Qihua', ZHOU Qing?, CHEN Qiaohuan!, WANG Xiao'!, FANG Yan!, GONG Ling'*", LIU Dahui'*"
(1.School of Pharmacy, Hubei University of Chinese Medicine, Wuhan 430065, China)
(2.Department of Pharmacy, Wuhan City Central Hospital, Tongji Medical College, Huazhong University of Science and
Technology, Wuhan 430014, China) (3.Hubei Shizhen Laboratory, Wuhan 430065, China)

Abstract: In order to effectively utilize the non-medicinal parts of Chrysanthemum morifolium cv. Fubaiju and achieve comprehensive
development and utilization of chrysanthemum resources, the content of its active ingredients was systematically measured and evaluated using
C. morifolium cv. Fubaiju from different harvesting periods and parts as experimental materials. Simultaneously, the in vitro antioxidant capacity
of the compound was evaluated using three antioxidant indicators: 1,1-dipheny 1-2-trinitrophenylhydrazine (DPPH) radical, 2'-bis
(3-ethylbenzene and thiazolin-6-sulfonic acid) diamine salt (ABTS) radical scavenging ability, and iron ion reducing ability (FRAP). The results
showed that the content of active ingredients in different parts of Chrysanthemum morifolium was 9.13~52.18 mg/g crude fat, 62.72~
189.50 mg/g protein, 138.26~459.12 mg/g crude fiber, 8.19~45.32 mg/g total amino acids, and 0.45~4.6 mg/g essential amino acids,
respectively, 11.86~80.99 mg/g total flavonoids, 13.11~99.33 mg/g total phenols, 20.24~96.78 mg/g neutral polysaccharides and 9.46~
43.28 mg/g acidic polysaccharides, respectively. Further amino acid composition analysis showed that the proportion of taste amino acids in C.

morifolium was 41.78%~56.19%, followed by medicinal amino acids at 12.50%~46.72%; Analysis of 9 polyphenolic monomers showed that
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phenolic acid compounds had higher content and significant differences compared to flavonoid compounds. The comprehensive analysis of
effective components using principal component analysis and fuzzy mathematical membership function method resulted in seedlings (0.814),
leaves (0.522), flowers (0.378), and stems (0.058). The comprehensive results of antioxidant of Chrysanthemum were seedlings (65.76%),
leaves (64.56%), flowers (62.53%) and stems (61.91%). In summary, the experimental results provide strong scientific and technological
support for the application of non-medicinal parts of chrysanthemum, which is helpful to further broaden its application field.

Keywords: Chrysanthemum morifolium cv. Fubaiju; different parts; nutrients; bioactive constituents; antioxidant activity
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Table 1 Comparison of basic nutrients contents in C.morifolium cv. Fubaiju in at different parts and different times (mg/g)(n=3)
g & W HEH AL L
W 32284044  189.5+5.64°  219.2+3.78
»f  29.35+0.33° 171.63+4.58" 197.5+4.61°¢
Z 9.13£0.22¢  62.72+£3.23¢  459.12+10.86°
f6 52.18+£0.22* 110.47+1.83¢ 138.26+11.21¢

E: AFPRAFIBFHEEATEFRE (P<0.05), HAhest4F,
22 A& A% F R R B AL L B Ak R AT

HIZ€ 2 TR, A 50 T RS R AP SN B St RSN U1 S A AR R — e 22 5. WIS R A
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FIER AR, SREmEIMKIO . 18, 2K, £ SR8 8.19 mg/g F10.45 mg/g. HAMELR
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PR 3 45, FERZE 4 1. GABA {F—Fh LRI MEAPEs iy, AT PRI e . IR PR S Bk DL
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Table 2 Comparison of basic nutrient content in C.morifolium cv Fubaiju at different parts and different stages (mg/g) (n=3)

ER NG ES 5 E il ES it
* AR Val 0.74+0.05*  0.09+0.00°  0.07+0.01°  0.19+0.01°
HiEN His 0.32+0.03*  0.06+0.00°  0.08+0.01°  0.06+0.00°
HRR Gly 0.23£0.01*  0.02+0.00°  0.02+0.00°  0.04+0.00°
2B Glu 8.24+0.48"  1.64+0.09° 0.60+0.04¢  6.12+0.32°
R B Gln 6.53+0.45*  1.26+0.03°  1.56+0.12°  4.55+0.23"
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2.13+0.102
2.68+0.192
0.99+0.08?
3.35+0.27°
0.64+0.03?
0.63+0.042
0.59+0.02°
0.59+0.042
1.20+0.072
1.47+0.122
0.25+0.01°
1.68+0.14°
0.57+0.042
12.40+0.86*
0.00+0.00?
0.01+0.00°
0.00+0.00°
0.07+0.01°
0.01+0.00°
0.01+0.00°
45.32+3.03°
4.60+0.262
40.71£2.77°

0.08+0.01°
0.22+0.01°
0.08+0.01°
0.25+0.01°
0.14+0.01°
0.02+0.00°
0.25+0.012
0.09+0.01°
0.13+0.01°
0.10+0.00°
0.04+0.01°
2.62+0.102
0.03+0.00°
4.30+0.18°
0.00+0.00?
0.00+0.00
0.00+0.00°
0.01+0.00°
0.01+0.00?
0.00+0.00°
11.39+0.49¢
0.76+0.05°
10.64+0.44¢

0.09+0.01°
0.25+0.02°
0.14+0.01°
0.14+0.01°
0.12+0.01°
0.02+0.00°
0.08+0.00°
0.05+0.00°
0.10+0.01°
0.12+0.02°
0.02+0.00°
1.81+0.11°
0.01+0.00°
2.91+0.32°¢
0.00+0.00?
0.00+0.00
0.00+0.00°
0.01+0.00°
0.01+0.00?
0.00+0.00°
8.19+0.72¢
0.45+0.03¢
7.74+0.69¢

1.36+0.05°
0.64+0.03°
0.55+0.03°
0.40+0.01°
0.19+0.02°
0.17+0.01°
0.08+0.01°
0.18+0.01°
0.31+0.01°
0.20+0.01°
0.08+0.01°
0.84+0.02°
0.07+0.00°
3.17+0.14¢
0.00+0.00?
0.00+0.00
0.02+0.00?
0.01+0.00°
0.01+0.00?
0.00+0.00°
19.22+0.89°
1.09+0.05°
18.13+0.84°

E: N AFRLAE; KPR P INEFERTEFREE (P<0.05).
N T IRNIR TR 5 A FRGHA RSB, 2 FE RIS F% . AR EFIR SR, 20 AT T LR R IR 251

TRV SRS IR AL, HAPRIZR 3. i R Eos, ARG TS
SRR LEBIRI RN, BATERITE 7.32%~16.29% 1], 2 AIERRA R LEITE 12.5%~46.72% 2 1], WRICEIELRR
RV FEIAE 41.78%~56.19% Ao 4 44 PRI o 24 P S S ROR S S SE MR PIT o7 I S5 AEAT L, LRl R s S PR

NEE

ERSIEL TR

5 R R IR I L) 2 BRI 3. A 2 0 AN [R] 56 A6 2 B BR AL R oy AT AT e 45 SR AT th B R SR R O S L
1.245~2.575 mg/g. FHMRZEAEEIR 1.515~3.764 mg/g FIE IR ZFE IR 0.959~2.562 mg/g, FIAAGIEA F ARG A& 1
JRIBY, CRE ARSI W S A SRR n] UG AR 3 R ALAE R BB — i Bk .

% 3 BAFTERIGAT EIRR S EBRE R S

Table 3 Analysis of amino acid composition in C.morifolium cv Fubaiju at of different parts and different stages

i SH BB Y R ERE (MAA) 2LR/% AR SF/me/g
\ SRR AR EURER TARAR  RERARA

12 EAA/NEAA EAA/T MAA/T ‘
(UAA) (SAA) (BAA) /Y%

£ 1629 14.01 37.58 10.370.59 8.51+0.65 6.15+0.46 55.24

et 11.98 10.70 2213 1.7120.10 3.15+0.13 0.65+0.05 48.34

E 9.36 8.56 1250 0.68+0.06 2.19+0.16 0.55+0.04 41.78

1t 7.32 6.82 46.72 7.48+0.37 1.86+0.04 1.45+0.07 56.19

E: MAA: Tyr. Arg. Asp. Ile. Phe. Lys. Glu. Gly. Ala; UAA: Asp. Glu; SAA: Gly. Ala. Ser. Thr. Pro. Lys; BAA:

Val. Met. Leu. Ile. Phe. Arg. His.

2.3 AR A B R K R B AL S B SR 4 L B AT

A 2 AN 8] SR SR AN [ 350 A7 w1 A B B A 6y 1 [0 05 T FR 2 il & y=4.495 4x+0.011 5, 7=0.999 5
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Fig.1 The contents of total flavonoids and total phenolic acids in different parts of Chrysanthemum cv Fubaiju in diferrent times (n=3)
E: BYR—REAARE T RRABFEEATEFLE (P<0.05).
* 4 BEFIERYHATEEM 9 HSEMLSYIN S EEER
Table 4 Comparison of the contents of 9 polyphenolic compounds in C.morifolium cv Fubaiju at of different parts and different stages
(mg/g) (n=3)

4 ORBEHF ESie FEE MR %R HEREBR FHEMA FHBRHBB FE&ER®C

] 0.28+0.06°  1.62+0.06*  0.06+0.00*  0.13+£0.05*  10.30+0.46° 17.65+0.63*  17.27+0.14% 1.04+0.24¢ 2.35+0.12°
g 0.99+0.16°  1.62+0.17*  0.08+0.01*  0.13+£0.06*  22.53+1.36*  11.45+0.41°>  11.45+0.41° 1.76+0.142 1.60+0.05¢
ES 0.15+0.03%  0.54+0.08°  0.01+0.00*  0.05+0.01° 1.36+0.15¢ 2.3240.12¢ 4.94+0.46°¢ 0.17+0.04¢ 0.37+0.01¢

it 1.28+0.34*  1.58+0.04*  0.04+0.00*  0.10+0.02*  4.29+0.72°¢ 2.80+0.07°¢ 4.78+0.72¢ 1.30+0.17° 3.04+0.63%

E: AFRIFRENEFHEEATEFREE (P<0.05).

24 48 8% BRBN T B B LS 8 R BT

100

2 B/ (mg/g)
g g =

2
=

0

WO ¥4
ik Tl
1 FR A R

2 BEFARREUATEIEMIZHE S BELER
Fig.2 Comparison of polysaccharide content in C.morifolium cv Fubaiju at different parts and different times (n=3)
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B 158 75 A [F) SRS [R50 A7 R 1 22 W 1 1m0 U5 FR R PR G R R, 49 AN »=11.934x+0.007 2,
r=0.998 9, 1=0.009 9x+0.014 7, r=0.998 9. ZWEEEAMALME 2 fizw, Rt Z MRS RS 25w, 7
#8 96.78 mg/g Fl 44.04 mg/g, X —EEITLUNTHAIER 2 5, SEEZEN 5 5. BEFEIT L5162 hE i &
A ORI 2 238 5 BEAT I TS o F AR 0% O ANAN[R] P Hh 26 6 2 mp 1 22 BRI IR 1 22 W 5 DU e 45 SR 40 3l
15.43~43.79 mg/g F1 12.04~30.41 mg/g, X775 RS EF 5525 205 2 7E 62.6 mg/g. BRILZ AL, e ZhEH
PAESE A REFRPTE. PR AT M & DhRe R AL5E 2 P2 BRI REN, BRFHPHSEBIR 78 R 046 24 F R A
ZPERT OEI T R A S B, SGENE 2 BT EURIE DI RE R L. XN TRA AT LAKAR 5 25 AR R
RS 2 — PR A, S IRIR 2%

2.5 A& A3 R RSO B LA A B 7 R AT
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Fig.3 Comparison of antioxidant capacity of Chrysanthemum cv Fubaiju at different stages and in different parts
iz BYR—REAARE T AR BFEEATEFLE (P<0.05).
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. ZREREUEER, ThlD, XURRILFEERT . 25 A Tatn RO, TERE TR ZE . THEH R
1. 2. 3 RLE 0109 0.692. 0213, 0.094, FFHEILEE— P45 HUE FRERGPNME. FZIBVFME RN ERE, X
NI (0.814) >IF (0.522) >1E (0.378) > (0.058) LG AW HAR SRR P IUE TR, R4
IR HEREFE, POZEA AR, e sip .

K5 SNEMOFHERE. THANE., ERTHEREYHEOS

Table 5 Eigenvalues, contribution percentages, cumulative contribution rates and eigenvectors of the three principal components

A =
1 2 3
e A IEAE 11.078 69.235 69.235
THRBAE (%) 3.411 21.320 90.554
RBITRE (%) 1511 9.446 100.000
Val 0.085 -0.085 -0.046
His 0.079 -0.126 0.08
Arg 0.078 -0.072 0312
Ile 0.085 -0.084 -0.013
Trp 0.083 -0.033 0.241
Leu 0.086 -0.069 -0.062
Thr 0.085 -0.083 -0.055
Phe 0.086 -0.071 -0.065
Met 0.083 -0.099 0.03
it 0.03 0.178 -0.554
HEG 0.073 0.136 0.244
HLLT Yt -0.045 -0.226 0.298
R 0.08 0.109 0.161
2N 0.085 0.079 0.063
gk % A 0.024 0.254 0.327
B S A5 0.059 0.218 0.034

* 6 BEFARRIEAT RN ERA T WEGREIFNME

Table 6 Comprehensive evaluation values of active ingredients in C.morifolium cv Fubaiju at different parts and different stages

o LA EAMA EY R Y] o
E 5 ZAIRIME  HA
PCI1 PC2 PC3 n(x1) n(x1) n(x1)
£ 1.399 -0.523 0.138 1 0.258 0.651 0.814 1
ot -0.208 1.132 0.962 0.323 1 1 0.522 2
% 0976  -1.098 0.301 0 0 0.720 0.058 4
i <0215 0.489 -1.402 0.320 0.712 0 0.378 3
AR E 0.692 0.213 0.094

®7 BEFRENEEEEITN

Table 7 Comprehensive evaluation of antioxidant activity of polyphenols in C.morifolium cv Fubaiju

o APC $55/% ] ] ]
S APC 424-3535/%  APC #3HE5
DPPH ABTS FRAP
¥ 10000 97.00 0.28 65.76 1
= 9353 100 0.15 64.56 2
% 10000 8564 0.10 61.91 4
i 8730 100 0.30 62.53 3
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