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Abstract: Six kinds of deep eutectic solvents were designed and prepared, and four extraction techniques, namely, ethanol extraction,
freeze-thaw extraction, ultrasonic extraction, and microwave extraction were compared to develop an efficient and environmentally friendly
method for extracting flavonoids from Osmanthus fragrans. Ultrasound-assisted extraction using deep eutectic solvents was determined to be
the optimal method. The effects of molar ratio of solvents, liquid-to-raw material ratio, water content, ultrasonic power, and extraction time on
the yield of flavonoids were investigated through single-factor tests. Based on the results, response surface curves were drawn to obtain the
optimal conditions for flavonoid extraction from Osmanthus fragrans. Optimal extraction can be achieved by ultrasound-assisted extraction
using a ternary deep eutectic solvent (choline chloride/sorbitol/1,2-propanediol) under the following conditions: liquid-to-raw material ratio, 60:1
(mL/g); choline chloride-to-sorbitol-to-1,2-propanediol ratio, 2:1:4 (mol/mol/mol); water content, 62 mol; ultrasonic power, 150 W; and
extraction time, 16 min. Under these conditions, the maximum yield of total flavonoids reaches 10.06 mg/g, which is 8.93 mg/g higher than that
achieved using the traditional ethanol extraction method. This proves that ultrasound-assisted extraction using an environmentally friendly deep
eutectic solvent is highly efficient. The good agreement between the experimental results and the proposed response surface model indicated the
effectiveness of the model. The findings of this study provide a reference for the future utilization of deep eutectic solvents for green extraction
from natural products.
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Table 1 Factors of different technology

REBHA  wAe/ (mllg)  RIRETE HA et
FT 20:1 12h BRI K, A#BE: 20°C, BRMA
ET 20:1 12h LEARARH: 80%
MA 20:1 60s R K, ZhE: 800W
UA 20:1 60s wH K, ThE: 150W
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Table 2 Different types of DESs
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R, S BIBGE AR 5. 10, 15, 20, 25 min {EN
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Table 3 Factors and levels of response surface methodology
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FEM S RAENAE, DES SR A ARG AR
i, IR,

7c

6 /5/1\5
L 3
o s \§
)
E 4
>
2
1
0 1 1 1 1 1
5 10 15 20 25
Time / min

& 8 FBFERTIEIT FOFs 2B E TSN
Fig.8 Effect of extraction time on extraction yield of FOFs

25 R EIRRER G oA

251 b AR 03 2 557

T HREFREE R, EIEKEA). WEL(B)
AR E)(C) =N EE KN FE N E AR, DL FOFs #2211
= O N AE (YY), KR Design-expert %K 4 4% 1&
Box-Behnken sZ36# 11 T 15 41556, 12 4 NHTALS
S, 3 HUNEE TSI, TR BT, 4
RUWEK 4, FESREG TR S.

FII ] Design-Expert #4554 5256 Bt A7 404, 15
F) R E TR TR
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Table 4 Design and results of the response surface methodology (RSM) and Box-Behnken

H&

P ol B icsmUg) CAE s min T Y9
1 1 0 1 457
2 1 0 1 5.66
3 1 1 0 8.03
4 0 1 1 8.22
5 1 1 0 5.01
6 1 1 0 6.62
; 0 0 0 8.44
8 0 1 1 8.17
9 1 0 1 6.12
10 1 -1 0 3.23
1 0 0 0 8.76
1 0 0 0 8.82
13 0 1 -1 4.89
14 0 1 1 3.96
15 1 0 -1 4,95

*5 REMNEMERITISENFEDER

Table 5 ANOVA results of extraction rate response surface fitting regression equation

ZAERR  FHA gEE FE F 1 p BEMH
] YRR 49.27 9 5.47 1575  0.0037 ok
A 0.028 1 0.028 0079  0.7894
B 24.33 1 24.33 69.97  0.0004 i
C 0.20 1 0.20 0.59 0.4774
AB 2.54 1 2.54 7.32 0.0425 *
AC 0.0016 1 0.0016  0.0046  0.9485
BC 0.19 1 0.19 0.56 0.4891
A? 14.30 1 14.30 4113 0.0014 ok
B? 3.57 1 3,57 1026  0.0239 *
c? 7.04 1 7.04 2024 0.0064 ok
KE 1.74 5 0.35
PEDE 1.65 3 0.55 1322 00712
YhiR £ 0.083 2 0.042
4eit 51.01 14

A%, ZFRFE, p<0.05; **, EFMEFE, p<0.0l; R*=0.9659, AdjR?=0.9046, Pre R?=0.4773.
sy 3, TEMURIEE N 60:1 (mL/g) 7245 B HH IR

252 vhE @R EA R ST 5 R

PRI 25 1832 A A5 281k 2 T i 2 ) P 9~ [ 11
SR A KR BRG] (58 AR
FOFs $RHUE IIRAMALS . ek, RYZE %
SOMRE S LRSI R i
ANE o i, [ KRN, FOFs 32U 2
Bl e THE MRS, B, &KEE 62 mol
Ik . B 10 o, SRECEREE R LA,
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K, Z AR,
25.3 IiEIREE

FR4 Design-Expert #4415 H7E & /K& HE S E]
FERE LA HAE R, SOURICLZ N Wkt
“H59.90:1, /K& A 62.17 mol, A5 ] 4y 15.69 min,
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