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Abstract: [ Objective | This study aims to explore the optimal synchronous extraction technology of
flavonoids and polysaccharides from Chimonanthus nitens Oliv. leaves and evaluate their in vitro antioxidant
activity , providing a theoretical basis for the comprehensive utilization of Chimonanthus nitens leaves resources
and the development of antioxidant functional products. [ Method ] Using Chimonanthus nitens leaves as test
materials and the total yield of flavonoids and polysaccharides as the evaluation index, the synchronous
extraction process of flavonoids and polysaccharides from Chimonanthus nitens leaves was optimized by ethanol
extraction method through single—factor tests and orthogonal tests. Additionally, the extract was further
separated and purified by column chromatography to obtain flavonoids and polysaccharides. The antioxidant
activities of the crude extract and purified product were evaluated by DPPH radical, ABTS® radical scavenging
tests,and FRAP assay.[Result](1) The optimal synchronous extraction process for flavonoids and polysaccharides
from Chimonanthus nitens Oliv. leaves was: ultrasonic time of 30 min, ultrasonic power of 100 W, ethanol volume
fraction of 30%, and ultrasonic temperature of 50 “C.The total yield of flavonoids and polysaccharides was
10.70%. After further separation and purification, the contents of flavonoids and polysaccharides were increased
by 71.17% and 47.26%, respectively. (2) Within the mass concentration range of 0.1-0.6 mg/mlL, the
scavenging rates of DPPH radicals by the crude extracts and purified products were 2.98-30.09% and 5.69-
48.28%, respectively. The scavenging rates of ABTS® radicals were 50.48-75.71% and 48.99-89.05%,
respectively. Within the mass concentration range of 0.02~0.1 mg/mL, the FRAP values of both the crude
extracts and purified products were 0.022 0-0.340 3 and 0.032 0-0.343 9, respectively, both were significantly
lower than that of VC (P<0.01).Overall, the purified products had better radical scavenging effects than the
crude extracts, but both demonstrated relatively weak ferric ion—reducing capacity. [ Conclusion] The
synchronous extraction process established in this study demonstrates robust stability and practicable. AB-8
macroporous resin exhibits significant simultaneous purification effects on both flavonoids and polysaccharides
from Chimonanthus nitens Oliv. leaves. Both crude and purified products display measurable antioxidant
activity , with the purified fractions showing markedly enhanced efficacy.
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Tab.2 Analysis of orthogonal test results of ultrasonic power,ultrasonic temperature,

ethanol volume fraction and ultrasonic time

Z K Factor levels

L g 2
AR /min B II%/W CHPTIREE/C D ZEIAR MU TR RI% Piﬁzii B9
A Ultrasonic B Ultrasonic ~ C Ultrasonic D Ethanol volume ~ Flavonoid yield Jield Total yield

time power temperature fraction

1 1 1 1 1 1.928 4+0.011 0 7.503 6:0.002 7 9.432 0+0.013 7

2 1 2 2 2 1.4127+0.048 2 5.446 7+0.607 7 6.859 4+0.559 4

3 1 3 3 3 1.895 0+0.037 4 6.915 8+0.330 1 8.810 8+0.292 7

4 2 1 2 3 1.875 6+0.008 8 6.105 0+0.342 2 7.980 6+0.333 4

5 2 2 3 1 2.084 6:0.009 4 7.279 7+0.367 8 9.364 3+0.358 4

6 2 3 1 2 2.058 8+0.0134 7.216 8+0.128 0 9.275 6+0.141 4

7 3 1 3 2 1.577 620.027 5 6.197 4+0.1253 7.775 0+0.152 8

8 3 2 1 3 2.0652+0.1126 6.911 0+0.5740 8.976 2+0.461 4

9 3 3 2 1 1.560 2+0.006 8 6.731 9+0.161 7 8.292 1+0.168 5

K, 50.204 2 50.375 2 553677 54.176 8

K, 53.2412 50.399 9 46.264 4 47.820 1

K, 50.086 8 52757 1 51.900 1 51.5353

k, 8.367 4 8.3959 9.2280 9.029 5

k, 8.873 5 8.400 0 77107 7.970 0

k, 8.347 8 8.7929 8.650 0 8.589 2

R 0.5257 0.397 0 15172 1.0595
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R A5 2R (R 5 T Ay < R 7 L R 2 AR LA OGS AR R 5 e ) B AT S PR 22 R (P<0.01) 5 #E
I [H] XoF A5 238 1) 52 ) 47 7 0 35 1 22 57 (P<0.05) 5 B8 75 T 30 A S8 i 52 i O b 3 22 55 (P>0.05) o 5
A L AR P R A 2 ) 2 B O B A TS0 ALBLCLD,, R 75 B[] 30 min, 75 D)3 100 W,
IR 50 °C, S EEAR TR E030% o >R I E A IR0 00 Ak 1 A A T 20 X8 L A e R RN 2 0 AT (D
A $ B B 5l 2 3 RO AT IR B0 O B AR B UL A B AT RN 2.27% , 20 AR
8.43% , P # BIIE B T e KAE , AR RN 10.7% , 45 5 3= W38 18 1F 38 350 00 A A5 210 (0 1L 5 A - 25 6] 0
2 W IR A5 2 B AR T 257 B () st 48 v 08 ) 0 2 00 100 75 5%, D il A5 0GR B e KO ik T2
SR NIE
R3 BEE BERE.ZEERS B BERNEGEN T

Tab.3 Analysis of variance of ultrasonic power,ultrasonic temperature,

ethanol volume fraction and ultrasonic time

AR AR -5 H Y75 p Bk
Source of variation Sum of squares Freedom degree Mean square Mean square

AR *
1.066 2 0.533 5.197 0.032

A Ultrasonic time

B DR
0.624 2 0.312 3.042 0.098

B Ultrasonic power

C 7 it J3 "
7.037 2 3.518 34.304 0.000

C Ultrasonic temperature

D Z BRI L ..
3.399 2 1.700 16.572 0.001

D Ethanol volume fraction

%25 Error 0.923 9 0.103

STt Total 13.049 17

R R B (P<0.01), " For 2 R E (P<0.05)
“#x” yepresent significant at highly difference (P<0.01),“*” represent significant at difference (P<0.01).

2.3 LM B S HEALE RO

3 ) L A R 2 WA B A v B L 22 I T, LAPE A AB-8 KL R X
Ly g 5 R 220 114 8 A SR (TR 7)o L g e 5 T R 22 A 42 v B J5 £ 40 0k 11.03%
LW TR S BR 34.28% 5 4l Ak W v B TR T B 43 B0 18.88% , 2 BT I BN 50.48% . LI 44y B 4l
bS5, T AN 0 T B IR T 71.2% F147.26% , H A B g2 5. I, AB-8 K ALK Ft
R JIE T Ly A I e ) 8 R A LA R R [ s 4 A RR, o

60—

T m MERISH
Flavonoids mass fraction
% B 4

Polysaccharides mass fraction

L) aiie)
Crude Purified
extracts products

S IR ZE AN (P<0.01) ¢
“#%” yepresent significant at highly difference (P<0.01).
P77 Ll RS AN Al A ) BT R 22 Y o 205
Fig. 7 Flavonoids and polysaccharides mass fraction in the crude extracts and purified products

from Chimonanthus nitens Oliv leaves
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2.4 LtEiEr B S PERE Y AL RSN E L F R M
2.4.1 LiEHgpet K ERAAR S MR MR M Ao i 5 DPPH B w A Atk h 69 %@

DPPH [ H 2 —Fl & 106 B 719 R 3, L AE A TR B URSE 6, 76 517 nm ARAT RRAE IR
Ly A v ) B R 2 LA W R AR L AU, 5 DPPH [ H 5 A 9IH - BE X, (v e
TFEH D WO RE TR R VA TR A A VR R T R o AR € P A AR R R AT )RR T R AR
P P18 TT 6 it 5 L A P ) 0 22 KL 2 0 R i A 4 5 vk B A 3 K, LY bR DPPH H 25 9 E
B 2 RO 4 0.1~0.6 mg/mL I, HLAE P % DPPH [ i 25 (9 3% R % 2.98%~30.09% , 44k 1 %F
DPPH [ 1 5E 138 5 580 5.69%~48.28% ; 78 i 1 ¥k & 0.2~0.6 mg/mL, 4l 464 %) DPPH [ H 5& 1) 8 B3
S E TR Y (P<0.01) , W55 %5 DPPH [ B 5 19 3 BR AR 19 30 251K T B XT BR 254 VC (P<0.01) .
DA b 435 5 3% B L 0 A e N 22 AR AR K Ak k) DPPH A i S35 A R AP SRR RR ), L —
BT AL T T

120~
L . am
100 Crude extracts
[
© ‘é 80— &% = it
o & 6 i Purified products
& 2 I
jr 8 — VC
;)8 40+
201
0

0.0 0.1 0.2 0.3 0.4 0.5 0.6

WY /(mg-mL™)
Mass concentration

" RN 2 (P<0.01)
“#%” pepresent significant at highly difference (P<0.01).
I8 A B A 2 HIPHLER Y A2l A %] DPPH [ th S35 BRAE 71 0 20
Fig.8 The effect of crude extracts and purified products of flavonoids and polysaccharides

from Chimonanthus nitens Oliv. leaves on DPPH radical scavenging ability

2.4.2 \LEEAgeT R B Ae S REALR M A AL 3T ABTS B b R F TR Ak S 89w

ABTS # AL J5 238 Jike s (19 ABTS [ H &L, (S W 2 IE 2% (0, 76 734 nm AL A FRRAE W I, #E H
INADTE AT (AN BB 58 VC A5 ) J5 , ABTS™ H 255 B sl /b | i i i B0 648 0 WO BE T e AR B T
(R B R RT BT ) b TG BR AR EERY Sl 9l A, e 1L A e R A 22 MR B ) AN 2k ) o e B
(3N, X ABTS™ H H 55 1Y ¥ B 68 7738 M7 3 58 5 >4 B 5 Wk 0 0.1~0.6 mg/mL I, L $2 9 %t ABTS H
FH L T BR 2R N 50.48%~75.71% , ZEAL W % ABTS' H HH 3 19 7 B 2K K 48.99%~89.05% ; W & Xt ABTS H
HH 56 0 7 R 38 8 B 350 T X BRZH VE(P<0.01) o FE T B W i 0.2~0.6 mg/mL, ZiAL Y 1Y ABTS TH R % 1t
i THARY (P<0.01) ,3X AT REZ H T2 Ab il 78 b L BR 1353 2% 5T, i A5 28 1 A0 22 W5 55 A 0 o3 9 A
Xof i 4t v, I PR A3 22 1] B B R AT e A 208 i, R 1S A RO R P T BR AR . B
05, Ly AR 25 i A 22 R 4 ) S 2 AL W) X ABTST A FR 2R3 B KA B 8 BRI , FLYE 4 2 o vk
JEF A et ABTS A i JE A3 BRACR 7T 5 VC AR, 2% B L I A o 1 0 22 W Ak 4 B S i 4T
Afkie
2.4.3 LikdgetE ERAAe S obEALIR M Ao shAb 4 xF FRAP 2 38 R 3 B AL F M09 %

TERRME AT BUAALY) AT LUAE JE Fe ~TPTZ ;= A ¥ (il Fe~TPTZ, 7E 593 nm A4 i KOG,
FE il I Y AR5 0 b i s B 0 G E L, T AAE Sl — il W i b S8 AL BE 1 1 751 o FH FRAP{E s A i
B PR TR S |, B FRAPE ZE4 (A 45 TRES 5 Fe ' ~TPTZ W J5 7F 593 nm &b 77 A5 B W ' (7 B AH 24 1
FrifE FeSO, ¥ 1 i M B (mmol/L) , H FRAP {54 S P A8 AL 16 M 22 IEAH G i & 10 mT 0, > o vk
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JE°40.02~0.10 mg/mL B, i 75 LLy ¥ A6 P 2 ) R1T 22 M REL B2 40 R i Ak 4 T R B 184, T 3 19 FRAP LAl
Bifi 22 14, AR ] 5 e B R ORLAR 4 5 4l Ak W 1Y FRAP {1 4H 24 , P FRAP {43 % 4 0.022 0~0.340 3.
0.032 0~0.343 9; VC 19 FRAP {B Bl 75 55 5 ¢ J32 110 184 ST 385 K, 8 A W) 5 5 vk B2 Y L I VC 19 FRAP {2
2.971 3~6.535 7. LI AR I B ) R 22 PR B ) P 4G AL 0 19 FRAP B 1B &K F VC(P<0.01) . ZEA/ LI L
45 ST AT L A T N 2 R R S S SR XS Fe™ 134 B RE 3855 .

120
100 i
&%

© % 80 :I *%

&2 oOr .l

= % Crude extracts
401

= i
20 Purified products
0 1 1 1 1 1 ] —— VC

0.0 0.1 0.2 0.3 0.4 0.5 0.6

Ji IR /(mg-mL™)
Mass concentration

S IR ZE A (P<0.01) ¢
“#%” yepresent significant at highly difference (P<0.01).
PRI Lty ot R 22 WKL ) AN 2 Ak % ABTS™ 1 pR ST BR B 1 (15 )
Fig.9 The effect of crude extracts and purified products of flavonoids and polysaccharides

from Chimonanthus nitens Oliv. leaves on ABTS" radical scavenging ability
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Fig.10  The effect of crude extracts and purified products of flavonoids and polysaccharides

from Chimonanthus nitens Oliv. leaves on iron—reducing antioxidant activity (FRAP assay)
3 = A\

ABR S A B Z AR IS IR BT A 2 L A B R A R R R UL T R T
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2N AB=8 ALK B i 7 AR A7) B T 229 11 20 8 2 A v RAT B3 ) I FH DA R L 1 70 s 24 3

Heo NIRRT 5 FPRFUR IRAS F A A 35 1 ) i A A B~ MR, R B AB =8 AL i AT 5
F18 2 A A A2 B 3, T — A DA Al A T 25 205 7 3 S R 8 ) - 42 i 1 3 T 1k 81 96.52% . 1

SERIIT S ] AB=8 AL M B iR Xk AT 2 Wl BAT B 4 23 B AEARASCR, , LT D-101 AL I
BEAh , AB=8 TR L M B A8 i 6 73 B Al Al 28 DR g TR Bk v TR I R BT R T R AR 2
SEPR R I B B BEARRIOCR o DRI ARIF SR T AB=8 AL AR g A S A 2 A7 U] v 73 25 2l Ak
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LS AR v ) B T R 22 W, $0A5 T R 1 [ I3 B Al A AR, ali A =2 S LA e R A 2 B 0
A BRI T

Xof 308 ae i ) A B BT 25 305 A L A - T R 22 R 2 400 LA B AB—8 LW B il 4 1k )5 A
Lyt A P 2 R 0 22 W i Ak AT R ST SR TS PR DR . MR S 4l b % DPPH L ABTS' [ 263 H
A BRI BRBE Ty HL SR BB, B — 8 MRS TR SRR 7 o 1L A I e R 2K )
TGP T A 2B M R s I A R BT AR S W DL B B B M R AR B R A
Pyl L aEFy v E SR BV EE  TT S A R R AN RN RO, AT R A A 3 Ll A e
T 2B SR L RIL R, nTR L SR 5 @ 3 R, AT BE 1k 3 A 3% B N
PRI, R R 22 M i v, L) BB S TR 22 | X6k [ 3 %) T 5 1 P e, 1Ly o A I 8 R 22 A 4 AL )
X I R AR O TORLEE . SR, L A v TR R 20 Al A BORL B 1 3 T e ) A I L3
BH5, 0] g 32 B A2 B (L Mg b 2 S, 22 TUE 5 6 BH O L B AR b B RO S Al A i 2 EL A
KA B R SR bR AE ), (E A G PR 55, AR BF IR 45 R 5 R B 45 3R — 2, R vl RE 5 2 0 Y
RN R HE G AR R O B, LU AR R R 2 AR AR ) R Sl
B EA R ARSI SIS M FL B R 2208 o R B S A B TR R B A TR L A AR
ST B T L A T R 2 AR A ) % Al Ak ) v e A AE AR SR R S 2 W 0 R R T SR AR AT A
HE— 5T .

AHIFFE R F B PR 20 | E A8 I D A 1 Ly A P e R A A S el B IR B A [ A5 B
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