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Optimization of Ultrasonic-Assisted Deep Eutectic Solvent Extraction
Process, Biological Activities and Components of Burdock Polyphenols

WU Yonghua, WANG Jieyu, HUANG Lili, PAN Sicen, ZHANG Jianping, LIU Enqi’

(Jiangsu Key Laboratory of Food Resource Development and Quality Safe, Xuzhou University of Technology,
Xuzhou 221018, China)

Abstract: The extraction effects of six deep eutectic solvents on burdock polyphenols (BPs) were investigated, and the
response surface methodology was used to optimize the process conditions of ultrasonic-assisted deep eutectic solvent
extraction of BPs, moreover, the total reducing power, the DPPH* scavenging capacity, the inhibition of a-glucosidase and
cholic acid binding capacity in vitro were studied, and its composition were analyzed by HPLC. The results showed that
DES 5 (the molar ratio of choline chloride to ethylene glycol was 1:4) was the best solvent system for the extraction of
BPs. The optimum technological conditions were as follows, the water content of deep eutectic solvent was 40%, the ratio
of material to liquid was 55:1 mg/mL, the extraction temperature was 49 °C, and the extraction time was 41 min, under the
above conditions, the yield of BPs was 1.19%=+0.11%. The biological activity analysis showed that the ICs, of the total
reducing power and DPPH« scavenging capacity of burdock polyphenol were 0.93 mg/mL and 7.03 pg/mL, respectively,
indicating that it had good antioxidant capacity, but weaker than V.. The IC; of a-glucosidase inhibition was 0.13 mg/mL,

which was higher than acarbose, indicating that it possessed excellent hypoglycemic activity. In addition, its cholic acid
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binding rate was 33.23% when the mass concentration was 1.5 mg/mL, implied that it had a certain hypolipidemic activity.

HPLC analysis showed that BPs contained chlorogenic acid, caffeic acid and ferulic acid. The results would provide a

theoretical basis for the green preparation of burdock polyphenol and its development and utilization as a functional

component of antioxidation, hypoglycemia and blood lipids.

Key words: deep eutectic solvent; burdock; polyphenols; biological activity; component analysis
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Table 1 Composition of the DESs
%5 414 JEIR L
DES-1 SULARG : HT 1:1
DES-2 SAACNERR : FLRR 1:2
DES-3 SALIEGE - P = 1:2
DES-4 SALIBE N R 1:2
DES-5 AALNE : 2 — R 1:4
DES-6 AACNEGE : Z BRI R 1:2
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Table 2 Response surface analysis factors and levels
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Table 3 Gradient elution method
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Fig.1 Effects of different DESs on the yield of BPs
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Fig.2 Effect of water content on the yield of BPs
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Fig.3 Effect of ratio of material to liquid on the yield of BPs
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Fig.4 Effect of temperature on the yield of BPs
2.1.5 PEHURFEIAYERE  SREUI AN A2 2 AR
AsZNE ULIE] 5 Frzs, $EHUN TRIFE 10~40 min B, 432
ZW ARG T, IFAE 40 min BHEASER S, Z )5
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Fig.5 Effect of extraction time on the yield of BPs

2.1.6 PRI EGSE

2.1.6.1 [FEIFBEAIST  FARIZR SEg R B, B Lb Xt
LEIRIR RSN, TS 7K ER(A) « FRIPGREEE (B) FiEEHL
A Ta] (C) X R G m e, [RIEsE A T e b 3RS e B Y
LA, X — AR R AR AR R 45 BT 1Y
{EUEA T 0 T I TS, 255 DLER 4, 3B SRR ST,
1B 22 2R (YY) Y ENE 7R Y=1.16—0.084A—
0.062B+0.051C+0.047AB+0.001AC—0.078BC—
0.26A%—0.17B>—0.18C2,

Sof &t SR 0 T [ 43HT, g SR I 5 R,
& 5 0, A P<0.0001 (B 52380 5 T sl 5
RIS AR B AU P>0.05 (R .35, BiBH Frfs
TR o BRI RAE FREL R7=0.9774, RIJIZATHY
B 56 (H 5 TE $L A B B 3195 A%E IE 58 R 3L

4w R R

Table 4 Response surface test design and results

g7 ATKFR(%) BRPUREL (C) CHIUR ] (min) 435 ZEHR (%)
1 35 50 45 0.82
2 40 50 40 1.16
3 40 50 40 113
4 40 45 45 1.05
5 35 50 35 0.75
6 40 45 35 0.76
7 40 50 40 L12
8 35 45 40 0.86
9 35 55 40 0.76
10 40 50 40 1.18
11 40 55 45 0.71
12 45 55 40 0.65
13 45 50 35 0.62
14 40 55 35 0.73
15 40 50 40 L.15
16 45 50 45 0.69
17 45 45 40 0.62

F 5 R I E R ABAL Ty 25 3 B A R
Table 5 Analysis of variance of quadratic response surface
regression model

g3 FHEM HEME B FE  PH BEH
HiE 0.75 9 0.083  34.87 <0.0001 **
A 0.056 1 0.056  23.60 0.0018  **
B 0.031 1 0.031  13.14 0.0085  **
c 0.021 1 0.021 8.84 0.0207 *
AB 9.025E-003 1  9.025E-003 3.80 0.0924
AC 0.000 1 0.000  0.000 1.0000
BC 0.024 1 0.024  10.10 0.0155  *
A? 0.28 1 028  119.24 <0.0001  **
B’ 0.12 1 0.12 49.38 0.0002  **
c? 0.14 1 0.14 60.28 0.0001  **
B 2E 0.017 7 2.378E-003
AU 0.012 3 4.042E-003 3.58 0.1250
gl 4.520E-003 4  1.130E-003
sl 0.76 16
R=0.9774 R*,;=0.9501
Adeq Precision  15.481

s R 25 B 2 (P<0.01); * 25 5 1 2 (P<0.05)

R? 5 47=0.9501, F AR 0] LU A 95.01% i Lz {R
FIAEAL . &5 L, IS TS AR iT DA 2 75 it
B A= 3% 2 T 200 740 T 30 . kA, — R AL
B I URIGT A2, B2, C? X 2R 35 Z A5 R mi il o 25
(P<0.01), —¥RIF C KA HIN BC X445 H 5200 i 2
(P<0.05), & 6(c) P rlF H $EBGE 5 $E BT
(e AH B AR FH A s R RDE , E—25 B P FH
VEFH .35, 3D mia o [ T 5 HH i v T B T 2 B
BRI B, 4738 Z iR RSB IS U]y =4 A AR st
AR FE M RR S A 35 /KR (A >HEBGRE (B)>42
BRI (C) o

2.1.6.2 BALT M 383k e Ry E R AR o0 B is
FRAESA A BRI LE 551 mg/mL F7K3 39.08%.
IR 48.71 °C. B[] 40.97 min, TEiZ &4 F w4
LW IIATRN 1.185%. NI EERE, B IEZ& R
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Fig.6 Response surface and contour plot of interaction of various factors

BRELER 5511 mg/mL, S7KFA 40% . $2GRE 49 °C. .
BHEISA 41 min, $847 =UCPATEEE, 1538455 Z 9109
1330 1.19%+0.11%, L5557 S (EAHT, 3=
IIASE UL R4, PRALSRAA v, ALY v L
] A2 Z2 1 R HRECER T
2.2 KFLIRBHHIAERT 455 2 B AU LE 1L USR

FH22 6 1, SR IS O Ak 19 S5 A0 il &5 1 A= 3%
HHZ W 4B A 16.21%+1.32%, & AB-8 KFLIIE
itk )5 HaF RS2 T 67.86%+1.54%, WFIRES T

Heali e (P<0.05), $E78 AB-8 FFLI IS BER 4T-Hb F= 55
A 2 W IS A AR, AR T 4352
iy eH S E 4R alifk.

# 6 AB-8 JALI MR ] 432 Z By A 2 (LR
Table 6 Purification effect of BPs by AB-8 macroporous
adsorption resin

s 4k R alifb)5
ZWaliE (%) 16.21+1.32° 67.86+1.54
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2.3.1 FFEZEHEIMNUEIE RIS R F35E
1375 b DPPH S JF ) IS5 R I K 7 BT, 2435
I V. BEAT BRI DPPHWS R AE J1 A8 )5 7,
TESCHGH VS I N, 35 B TE R SRR 1 2 38 i
MREE R nagkast, h 7A 71H, {4320
FIHE R 35 pg/mL B, VESE R 81.42%, &=
AR EER, YRR AR X IR MDA S AR A
LW V. TEBE DPPHAY 1C5, {HS35I°4 7.03 pg/mL
1 0.27 pg/mL, H BLIE JHE 1 19 1Cs) 18 53 51 o~
0.93 mg/mL F1 0.06 mg/mL, 327~ H EA BT H 4
A TSR, {H 425 Z 09X DPPHe. [ FH 3L & R BE 1 Fn
SR AR T X RE S Voo YEA SRR Fngkgh e
SEC AR R B AR 3R 2 BAT AU ARTE T, S
ARLEHARLL
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Fig.7 Antioxidant capacity of BPs
{E: A: DPPH-IFBRACR; B: Bk 5]
2.32 AZEZIRT o-HAHE T A A R A
o F 2R BT AR SR T A /K A5 2 RV 2 B RE T

FY OB, JELAL A R HS A, T AR 14 )5 MU 7K P
T, X TRY P R s BAA B2 a0 XY
Pl 8 FII, A-55 Z2 Wy Xo) o ) A W i HAT 5 AT
HIVE, B A 25 2 R B g hnail R bt g . A4
S Z2 1 FNBAT S PEOHE XS o7 2 R 0 PR3 ) 22 10
ICs, {E43 M 0.13 Fi1 0.37 mg/mL, 225 X py il 5
LR B RPBER 2.85 1%, $27R 425 2 W BA #5800
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Fig.8 o-Glucosidase inhibition of BPs

2.3.3 XTHMRELZE GRS IHERERREE A I E TG
B2 STONEER |V E G (B i i 7 = S e B BN i [t 2
FEAE TP, DA T S PR ML A8 Py L[] P55 e, 3k 58 A ARG i
N B IR0, A o X L PR 5 P14 R o e e DU 85 afin.
N BT, R IE 9 WIHN, 435 2 W % AR R £k i 2%
B BE 77 Bt 25 A R ) TR TR G R, S Rk
1.5 mg/mL B}, 45430 33.23%, 4kLii Rk s,
LEGSRIAAAR, PR32 2 WA —E WIHIRER 25 5
fedr, AT — @I RE 1.t — LAERT ot &
WS 2 Wy A — 5 P AR FRER W B BE ), AR Sh
AEARL.
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32 4
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Fig.9 Binding ability to sodium taurocholate
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HPLC-DAD 43Mr4F 3% 2 Wy 2 4345 5 DLIE 10
T 7, 435 Z2 Wy vh 32 2E0E Y H WS 8] 5 R o 5 b
B 3. 4 F S S g e A [a] il As — 2, A3 2
My v 25 A SRR | WNMERR AR BRI, Horh SR R R
BrEAE, H(63.25+1.12) pg/mL, ZEP5 LB 5T
RIS AT R RR . NMERR RN BRAR, H 4R
TR e, A5 RSN EE R 2

KT FEZHAT NG

Table 7 Compositions and contents of BPs

Hor SRR IR PR ZH R
£ A HsFA] (min) 18.09 21.81 28.08
it (pg/mL) 63.25+1.12 10.57+1.23 18.23+0.96
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Fig.10 HPLC results of polyphenols standard (A)
and BPs (B)
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AR e H X A= 25 22 1 SR BUSCR B AR AR L
TR 2R, SR P nia) 7 TR 7 P P 3l B A s e )
PRI 35 Z Wy i f AR T2, SR ] DES 5(584LH
B 20 " REEE IR FEoA 1:4) S $E HGR], 765 7K 3 40%,
BRELE 55:1 mg/mL, {3 49 °C FHEEURTAE] Y 41 min
i, 2R 25 2 AR AR, O 1.19%+0.11%. F252
WP 22 AB-8 AL 4 alifb)s, 2l W35
P, HHEABGREIAF T | R DPPH H Hi
AEJIFIXT - A0 HF S P gl e 00, IR
—E BIRHIRER A 5 HE T G RN 252 2B BIPt
FEACRCRFIRE NUBERE VT, I BAA —EMIREINARRE ]
HPLC 537 425 2 Wy b 4t iR & e, 73 hd
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