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Extraction of flavonoids from Chrysanthemum indicum L.
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Abstract: Green deep eutectic solvents (DES) synthesized by choline chloride (ChCl) were applied to
extract the total flavonoids, total quercetin and quercitrin from Chrysanthemum indicum L. Firstly, four
kinds of DES with excellent performance were synthesized and their physical properties were characterized.
Secondly, urea-choline chloride with the best extraction effect was used as solvent to optimize several
parameters affecting the extraction effect. Under the extraction conditions of water content of 30%,
extraction time of 45 min, solid-liquid ratio of 1 : 50 (g : mL, the same below), extraction temperature of
60 °C, the extraction yields of total flavonoids, total quercetin and quercitrin were 72.32, 12.97 and 10.06
mg/g, respectively, better than that extracted by traditional organic solvents. SEM and XRD results showed
that Chrysanthemum indicum L. had no obvious change in crystal structure during the extraction process,
but the surface morphology change significantly. DES enabled Chrysanthemum indicum L. to have a
stronger cell-breaking effect, resulting in easier dissolution of flavonoids.

Key words. deep eutectic solvents (DES); flavonoids; quercetin; quercitrin; Chrysanthemum indicum L.;
separation and purification technology
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LI ChCl & 2R 5 DES R 75 2 HUET 45 1€ o #5 i
ALY CEEER . B R AR ), XS R
DES YBEVE R AT R AR, JT45 & P b iR 5 5
HY A5 AL P P U R R R, DL G ML 7 k%t
Fb, XA [R]85 700 4 B s 5 40 A6 10 235 4 R S it 4 7
38T, ULEH DES 1R RMEEHGAFIMA &,  DES
AL GE AT WL TR B SR 7= 0 A F 5 B 446 ] A
A

1 SCIGERSy

11 KFENE
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Table 1 Prepared four DES
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SR fIb A Y- N & Z Tk
JRRIRES - i

1.3 DESHIERIE

FTIR: ¥ DES HI/DVFTo/K C MR, ARG
W TR R B, T, R AR L sk
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S as FAREIE
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DRI U . AR 3 R H4(E .

S R SROGHTIE, BIEESIF
HUEE X DES SR T, & AIE DES
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BRAERESIN 3 YRR
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PPAGAEFERAE 45 C T THEMEE, Sl
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ALY DES B5R, PR (TEE 100 W, B
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45 kHz ) 30 min, $EHCRMAR: FKE 30%. $REL
BffE] 45 min, FEV&E 1:50 (g:mL ), $&BUEE
60 ‘C, ZJ& Lk 10000 r/min 5.0> 8 min, [BIH F 5K
JFH 0.22 pm BEEK ( PES ) (AL uE M g, Frisfit
[ RN W TR IR € = 3 W o o TR 2 B
0.9 mL AN, A 0.1 mL 4 mol/L HI3hR,
T 80 CIHIR/KBKM 1 h, AHGI AT 5L
T0%H A EART | mL, I T g £
22 B3 51
15 XRFHEHIH&E

FREVEF MR 0.5 ¢ THIEHIEIHES, mMA
25 mL KB EL 70% FH BEVA T, JE SR ERE S A
il £ 5 AR ]
16 BEM., SWEZTHEESENNE
1.6.1 ¥ wEALFF M

RIS S 2 4 - i TR L i U s 2 B B
B A6 S FE A () o BV R o PR 5 70% BV TR
BO B B 1 g/L WP TARUER W B T AR
WEVE BB FEFR PR 0.2, 0.4, 0.6, 0.8, 1.0g/L, 4}
VAN [R) B S v BE I 2 T AR EVS W 0.1 mL & T
10 mL RSP, A 03 mL JEESEHN 5%
NaNO, W, I 21 HCE 6 min; FHAIA 0.3 mL
AT 10%1% ALNOs), W, RS G E
6 min; fIA 4 mL FTH 53400 4% NaOH 5K,
JEIMARTR 5L 70%H B A 2208, R%B¥HA)E
FCE 15 min, 383 A0 1T WA BE TR E S5 N s
AR BT e BE P T AR METE WA 510 nm AR BE
fHo DAARfEd B W B R Ae bR (X)), WOBEE A
AR (Y ) 2l bR il £ 2R A 7 R
Y=0.1585X+0.0017, R*=0.9996, #f it b S B il &
B 52 792k« B 0.1 mL RRAR & T 10 mL 25 5

o, SRR SRR L g T A ], R B ERAS
A= pxV, xV /(mxV,) (1)
X A R REEITR, mg/g; p MirdElZ b

BEA R, /L VOMBURERRL, mL; V, R
MBARFL, mL; V HE#BOR SR, mL; mAE
mnJE, go
1.6.2 B ZFFGNE

ZHSCHR[191 715, ANEZ AR R a4 i
A V(I EE) : VOK)=60 : 40, BERRIHshAH pH
% 3.0; Wik 1 mL/min; ZAMEME K 253 nm;
FEfR 10 pl.

FHAR B4 50 70% HY e 35 W B ) T 6 Wk B R
2 mg/L [ R ZAR RS IR o R B 28 o O T A ik
FERRE N 0. 0.4, 0.8, 1.2, 1.6 mg/L. DAMiH: 25

HRBE R AR (X)), EREBURALLR (Y), 22
PRk, LRI Y'=2963.9X'+14.08,
R°=0.9996 ., #F i Hf i e 28 25 12 (18 0 5 B vfE il 4%
5 Dy AR TR, R AR AT
B p'xVy xV'
m' <V,

A B REME RS K, me/g; p MisdERRZH
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REEA R, go
1.6.3 MR 43 Fagml 2
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nm; i 1 mL/min; #5325 °C; #FFEE 25 uL;
Tl A NG, st B RIREIEL 0.1% R
IKIEW; BEFEVEMG: 0~11 min, A 10%~18%, B
90%~82%; 11~30 min, A 18%~20%, B 82%~80%;
30~40 min, A20%, B 80%.
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Fig. 2 Effects of temperature (a) and water content (b) on
viscosity of DES
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WK 3a frR, HLS 38 B I B A0 TR i oK i
AlRESE IR TS, DES MUZEERRAL, BT ialfE
5 . B Pl e, SEh SR,
WiE 3b fias, 30 °CF, &/KEHnf DES 5%
FeAR KIGREAG, X2 KT HR A7 K S
IR T DES JRAT A4 SR M 2%, 1R 28 P 7 ] i) i el
IR, Fshiksbsg, mSsRmmnl, HEKE
H60%It, HL S FREK, REhKIE B SR TR,
B it BEOK 53k DES JRA S5 H 9k o8 e min
fRESEERIBI TR, AR TR,

2.3 DESRFIHIfFL

DUPR S R FR A, 0 1 6 BT 45 46 P R B
SN2 R AR PR BUSCR S DES. 7EAHTE Y
PEEMT CHRBE 50 °C . BHE] 30 min, BV 1 :
50, FKE 30%), EGCRE 4 Fis

WK 4 FFioR, 4 Fh DESs B9 HE OO 200 TR FR
I3 T0%H B (70% IR ), 31X ] BB R N B
M2k b & WtEs DES 43F A1 sd o 14 43 F 18] &
FRCLE2E A AR, B T R RS T

fitt, P ASRMURCRAE T30 . b, DES-1,
DES-2. DES-3 X &8 i i) $2 OO B ay, s
314 70.09 .67.49 F1 67.49 mg/g; DES-3 HI DES-4
XoF S R 3R AR BRI AT, BRI 5351 R 10.61
1 11.08 mg/g; DES-2 Hl DES-3 X #if K 1 il Bk
R, FEEFE 508 9.33 F19.69 mg/g. £ L,
DES-3 [l i Xof sl B . Az 38 M B A S e 1)
PRICHCR . X REZPNIREE 50 °C. &/KHE 30%
ff, DES-3 RYZHE AL EE M, finin g
KB, BT LERAIERN A R®E), &1
BRI, BRI m L iR AR TR A
HE— TG FE B ChCl DESs % BERR A% % L S8 5
MR, (B4 A R =R 2 LR, kT
LG . Wik, fERSMPF5Hh L DES-3
VA, R OO EE R AR ) e R IR B A
FHHLEE
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Fig. 4 Effects of different DES on extraction yields of
total flavonoids, total quercetin and quercitrin from
Chrysanthemum indicum L.
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Fig. 5 Effects of different water content (a) and temperature

(b) on extraction yields of total flavonoids, total
quercetin and quercitrin from ChrysanthemumindicumL.
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FEMFETIRA, SR IRIGRE . MR I
BORKF, KRB 30%00T, $EHUE R B T .
IO R R K 3 BE AR v 23 fiff DES 2k e BUA 1 AU
FRRREE TG, RIS AR T 8B40 A 28 1 & W 1
fifeth , FEARES R TR I, S8R S KN 30%
AT G %

WKL 5b Jos , i Ez 2 0 B A 56 B i 3 1)
AWK TN, 60 °CZ AT, e HHR S5 A A B HE S
RE LTS, BRI TR Xl e i
f P o R A W — B R N SRR, T8
B T 2 A A e R P07, O TR BERE L Wl
ST AR R A G, R 60 °COMRBURIE .
242 Bk AL B ]

B it 5 9 500 A A e LS R L G, TR
F6 4b PR S AR T R AR AL (mL ). BES it
K, HEBHR DSBS, RIS, i
A —E R P A DR SR, IR N
Fohr. KL, AL DRI BV R ECE R S A A
Y, HEE T R RIS ) RS AL A P B R
B, 55K 6 s, HAph AR 1.4 75

0 S &
O 7
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Fig. 6 Effects of different solid-liquid ratio (a) and extract
time (b) on extraction yields of total flavonoids,

total quercetin and quercitrin from Chrysanthemum
indicumL.

WK 6a ftR, MER LR 12 50 B, EEERER
S 2 2R T SRS R, 43l 70.52,
11.97. 9.86 mg/g, K% DES F&Eut—&n, &
Wi e 2R S B AT A PR B A — R R RS, X
AR T fK il s R BOR 2 B . A
I, EEEFEIVR I 1 50 FE R E A,

WAL 6b FTo , Ao Ve i 55 K A 42 U 32 e 42
HSURST [1] P9 B B n , {H 45 min 5 2 R R
A R AT R B R TR A . X AT g
S T ARG Y TP R KIS TR 2
KRS, R T BERE S AR, DT B
PR AN, S B 2R 00 B IR R B B 1] 3
BRWETERE:, 76 30 min J5H KR BB HAE /N, 285
&, YERE 45 min {F R HEEUTE]

25 DESIREVEIREN EWHIRREIIEL

AHIFFE B 7 VR TR . R L M Y
PSRN 72,32, 12.97, 10.06 mg/g, Ti7EAH
[ b B AR T , RFRE 70% HY B R H2 BT 2
A6 SV SR R R L MR T PR AR R 4 5 R
47.58. 4.44. 3.77 mg/g. I LR ] 2 B
BRI 4516 T I B, Y O AR R BN 80%
PEHCTE] R 2 by BRI LR 12 25 JEEE N 80 °CHif,
FREUS R Hy 49.01 mg/g. FNTAENTOR AR I 46 B
DES $&HUEF 25 16 b (9 BB , 2 ChCl/L, 4- T ZFES
JKIEN 28%, R A 1225, RN 65 °CH, &
SR N 62.16 mg/g, WILATLIIEMN, 5154
HLAFIAI L, DES X H7 45 76 5 R 28 10 A5 4 1) 4 sk
R
26 DESTIEBAIEHHEEHMIERSH
2.6.1 XRD 45#

SR AGAE . IRFL L 70% B I T 2 BUEY 45 4E
F1 DES-3 & U 454611 XRD 45 R a1& 7 .
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Fig. 7 XRD patterns of samples
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M2 A& BT — L.
2.6.2 SEM 5 #7

B R 2 2 AR 7 ) 38 AT R A C AN 4 A EE )
A 20 (anys ) Z02irh, Bk SR 20 i REAT B T ¥
TR A Jo PR L B R R O . AR S Al
SEM WLEE T $2 T 5 BF 45 16 M R B SR A5 i i A8 1k
ZERINE 8 ian., MK 8 WLIEH, KREHEEUAF
Ab B B A5 1E 2 BRR E5 4 H R N, SRR
70% H EEIS AR U BROIRZE A BH o /b ;- 48 DES-3 4b
PRI, P45 10 B BROIR S5 44 JL T 26 HASURL 2 R RS
X AT g A& BT P2 HUET 48 46 B 2R Ak & 0 i o 7R
W, DES X4 464 1 B A R E A IR A P, il
AT T 5 20 L BE AR, B R 2R fE A
G

K8 AFRBCRAEECE REALRE (a, b)), KBV 70% P AR IRIUE (¢, d) MIDES-3 (e, f) $2BUSEF354E) SEM &
Fig. 8 SEM images of untreated Chrysanthemum indicum L. (a, b) ,Chrysanthemum indicum L. extracted with 70% volume
fraction methanol solution (c, d) and DES-3 (e, f) at different magnifications
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