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Optimization of ultrasound-assisted deep eutectic solvent extraction process for
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ABSTRACT: AIM  To optimize the ultrasound-assisted deep eutectic solvent extraction process for total
flavonoids from Sojae Semen Praeparatum, and to evaluate their anti-oxidant activity. METHODS The kinds of
deep eutectic solvents were screened. With water content, liquid-solid ratio and ultrasonic temperature as
influencing factors, total flavonoids content as an evaluation index, the extraction process was optimized by Box-
Behnken response surface method. The scavenging capacities of total flavonoids on DPPH, ABTS free radicals were
investigated. RESULTS The optimal conditions were determined to be choline chloride-urea as deep eutectic
solvent, 36 : 1 for liquid-solid ratio, 32% for water content, and 73 °C for extraction temperature, the total
flavonoids content was 6. 13 mg/g. Total flavonoids demonstrated the scavenging rates of 71.71% , 86.47% on
DPPH, ABTS free radicals at the concentration of 50 wg/mL, along with the IC, of 30.06, 29.38 wg/mL,
respectively. CONCLUSION  This stable and reliable method can be used for the ultrasound-assisted deep
eutectic solvent extraction process for total flavonoids from Sojae Semen Praeparatum with strong anti-oxidant
activity.
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Tab.1 Kinds of deep eutectic solvents (rn=3)

ERes AHEZIK LA
DES-1 ERIiEL IR

DES-2 AR N =

DES-3 AL E R Frigmg

DES-4 SALIBTR FLIR

DES-5 AL JRF

DES-6 SALIBTR L

E7 60% s
2.2 #ees®  ZESCER [11] B, B

WAGE R, INAGMERS R 3 h, Bk, UERR
AR, BURA, HET
2.3 ERARE
2.3.1 FokE BEEWCEHEE 30 01, $REUEE
30 °C, HRHUEE] 30 min, 430 % 5 K E 10% |
20% . 30% . 40% . 50% X i ¥ i $2 R K B,
HE 3K,
2.3.2 WORHH R 2 K &R 30%, 2 HUR E
30 °C, HREUE] 30 min, JH0FEEEHORIE 10 2 1,
20:1, 30: 1, 40 : 1, 50 : 1 XF B i $2 BOCR 1Y
s, ERE 3R,
2.3.3 4REUREE [ SKE 30% , WORHLE 40 ¢
1, $REETE 30 min, 4355 4 BOREE 15, 30,
45, 60, 75 CXFEBERR IR, B 3K,
2.3.4  SRIBURRME] [ E EOKEE 30% , WOELLE 40 ¢
1, $RBUREE 60 °C, 4rnlHESBR uUntiE) 10, 30, 50,
70, 90 min X} S EEIFRBCR AT M, EE 3K,
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2.4 Box-Behnken *&1 & @7 3%  7EEA N 2 56 FE A
b, BEEEKE (A), WRHE (B) . #EEBURE
(C) TERFmEER, BEEGR (V) ENTN
Bhr, HEAKFEE?2,

% 2 Box-Behnken M5z % E E K F

Tab. 2 Factors and levels for Box-Behnken response
surface method
K- A%
A FKER/% B WOELLL C R/ C
-1 10 30: 1 45
0 30 40 : 1 60
1 50 50 :1 75

2.5 BeXSmiEg A& MR 2,47 WUNSE
FEEPRECL. 00 g Z5M R, S IRILIE 7 ) 4 50 1R
G, PSS R R A T R B, RIS R
BEELOET, 10 000 r/min #5010 min, i
W, RifE,

26 &MXFEFE SHOCHK [12] if, FRE
10. 00 mg /4 T X%F B, HBEVA i OF € 4 2 10 mL
P, 24, BIAE 1,00 mg/mL AW, 43 IR
0.10, 0.20, 0.30, 0.40, 0.50, 0.60. 0.70 mL
%10 mL 2, fimA 0.3 mL 5% NaNO, &,
1RA), HE 6 min, FHIA 0.3 mL 10% Al (NO,),
W, IRA), BE 6 min, FIA 4 mL NaOH %
W, WEESR, RHWA, #%E 15 min, £ 510
nm PR AD I A WG RE LA R R R v A R Ak
e (X)), WO MY (A) #ATEIE, 877
FEH A=8.705 7X-0.009 9 (R*=0.999 3), 7E10~
70 pg/mL Ju I NRPER R RAF,

2.7 BSEEeEA KSR IO B R B 0K
1 mL, &7T 10 mL &, & “2.47 3F I
EWOLE, A EE,

2.8 HAMNFWHRT I T 23RBS EE,
B, BRI, 2 AB-8 UKL B RS A R4 T
WAL, SRR, AN R B VR R
2.8.1 DPPH H H A5 PR g i % R EL DPPH
A% 0.007 886 ¢, To/K LB AR, ERE
100 mL, WZHC 0.5 mL A 8 H 2 UK = EP &,
A 1.0 mL DPPH <& BE¥ W, % i kOt J
30 min, DUPCIRIMLER R XF B, #F 517 nm 34 AL
EWOGREE, THEERE, AXAFRE=1 -
Apg — Asy o H T VRS
—i@@—fx1mm,‘A¢Aﬁmﬁ#mmw&\Dﬂm
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Fig.1  Effects of different deep eutectic

solvents on total flavonoids content
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Fig.3 Effect of liquid-solid ratio on total flavonoids content
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Fig.4 Effect of extraction temperature on
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Fig. 5 Effect of extraction time on total flavonoids content
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Design Expert 13. 0 #Fi# 17 Z Wi X [ml 5 73 #r, 1%
FREHN Y=6.01+0.514-0. 17B+0. 23C-0. 002 5AB-
0. 025 0AC+0. 020 0BC-1. 154*-0. 35B*~0. 17C*,

TSN 4, ATHIBEAL P<0.01, HA
W EM; RP=0.9939, R, =0.986 0, FHIHIA
ALAEPERER R R AT, FTHTRZr0r, SRR
M FE BEAR IR A A>C>B,

el 7 RT3 A7 UL 6, TN 2R AB ., AC =4k ifh
M, R\HZEAENE W R, M BC =4k
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Tab.3  Design and results for Box-Behnken response
surface method
o =N
W A UK/ BHRHE ¢ HBORIE Y‘“‘ﬂ'ﬂ_‘j‘f/
mg-g
1 30 30: 1 75 5.77
2 10 50 :1 60 3.73
3 50 30:1 60 5.28
4 30 50 :1 75 5.59
5 10 40 : 1 75 4.51
6 30 40 : 1 60 5.95
7 30 50 : 1 45 5.16
8 30 30:1 45 5.42
9 50 50 :1 60 4.83
10 30 40 : 1 60 6.02
11 30 40 - 1 60 6.07
12 10 30:1 60 4.17
13 30 40 : 1 60 6. 04
14 30 40 : 1 60 5.98
15 50 40 - 1 75 5.41
16 50 40 - 1 45 4.92
x4 FESWER
Tab.4 Results for analysis of variance
HIE PRV Al ¥y F{E P{H
AR 9.37 9 1. 04 126.39  <0.000 1
A 2.11 1 2.11 256.36  <0.000 1
B 0.2211 1 0.221'1  26.85 0.001 3
c 0.432 4 1 0.4324  52.5 0.000 2
AB 0 1 0 0. 003 0.957 6
AC 0.002 5 1 0.0025 0.3035 0.5988
BC 0.001 6 1 0.0016 0.1943 0.6727
A? 5.59 1 5.59 678.72  <0.000 1
B? 0.537 4 1 0.5374 65.24 <0.000 1
c? 0.1213 1 0.1213 14.73 0. 006 4
BRI 0.057 7 7 0.0082  — —
KT 0.048 6 3 0.0162 7.13 0.044
i 0.009 1 4 0.0023  — —
B 9.43 16 — — —

3.4 HAAENR
DPPH [ 3
RN, DPPH A hI&ERRRTIE, M50 pg/mL

3.4.1

R 7 s, BEE S R

Bk 71.71% , (AR FHUIR MR, Ifi#id GraphPad
Prism 9 /4045 IC5, 24 30. 06 pg/mL,
3.4.2 ABTS HH3E W& 8 s, Bl S b it i
WREERGHN, ABTS H GRS, 4 50 pe/mLi}
ik 86.47% , (AARFHLIR M AR, i GraphPad
Prism 9 4045 H: IC5, 74 29. 38 pg/mL,
4 #ig
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Fig. 6 Response surface plots for various factors
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