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Abstract: Ultrasound-assisted deep eutectic solvent extraction technology was employed to extract the active
ingredient, Schisantherin A (SCA), from Schisandra sphenanthera. The optimal extraction solvent was determined, and
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the influences of water content, extraction temperature, liquid—solid ratio, sonication time, and sonication power on SCA

extraction yield were investigated. Response surface methodology was adopted for optimization of the extraction process,

and the optimized process was compared with extraction using conventional organic solvents. The results indicated that

the optimal extracting agent was a combination of choline chloride and levulinic acid (molar ratio of 2:3), and the optimal

process conditions for extraction were as follows: 20% water content of the solvent (volume fraction), 63 “C extraction temperature,

21:1 liquid-solid ratio (mL/g), 63 min sonication time, and 150 W sonication power. The SCA extraction yield under these

conditions was 10.12 mg/g, which was close to the predicted value and demonstrated the effectiveness of the model in

predicting the optimal process conditions for SCA extraction. In addition, the extraction yield was 1.98- and 3.30-fold that of

the yields obtained by extraction using 80 vol% dimethyl sulfoxide and 95 vol% ethanol, respectively. Good bacteriostatic

effects were exhibited when Escherichia coli was subjected to 24 hours of intervention with SCA at a mass concentration of

2.25~4.50 mg/mL. The results of this study can serve as reference for high-efficiency and green extraction of SCA and its

development and application in bacteriostasis.
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Table 1 Response surface experiment design scheme
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Table 2 Extraction yield of SCA with different solvents

%5 il BB $RICE/(mg/g)
DES-1 Chcl:LA 1:1 0.70 £0.01
DES-2 Chcl:LA 1:2 1.36+0.02
DES-3 Chcl:LA 1:3 1.29 +£0.02
DES-4 Chcl:LA 2:1 0.56 +£0.01
DES-5 Chcl:EG 1:1 0.34£0.01
DES-6 Chcl:EG 1:2 0.23+0.01
DES-7 Chcl:EG 1:3 0.52+0.01
DES-8 Chcl:PG 1:2 2.23+0.02
DES-9 Chcl:PG 1:3 3.50+£0.03
DES-10 Chcl:PG 2:3 1.51+0.01
DES-11 Chcl:Ha 1:2 5.98+0.06
DES-12 Chcl:Ha 1:3 5.49+0.03
DES-13 Chcl:Ha 2:3 7.23+0.02
DES-14 Chcl:Lvac 1:1 7.98 £0.04
DES-15 Chcl:Lvac 1:2 9.23+0.12
DES-16 Chcl:Lvac 1:3 9.37+0.04
DES-17 Chcl:Lvac 2:3 9.53£0.02

18 95% EtOH — 2.93+0.01
19 80% Acid EtOH — 2.02+0.02
20 80% MeOH — 2.73+0.01
21 90% Ac — 0.07 £0.01
22 Chx — 1.78 £0.02
23 80% DMSO — 4.84+0.04
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Fig.4 The effect of DES water content on the extraction yield
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Table 3 Response surface analysis plan and test results

ey A IEB% c FRIF /(mg/g)
1 0 -1 -1 7.67+£0.03
2 -1 -1 0 8.31£0.05
3 1 -1 0 8.63 £0.05
4 0 -1 1 8.83 £0.07
5 0 0 0 9.94 £ 0.09
6 0 0 0 10.15£0.03
7 0 0 0 9.81 £0.04
8 -1 0 -1 7.83 £0.06
9 0 0 0 10.07 £0.12
10 0 0 0 9.83£0.03
11 1 0 1 8.92 +0.03
12 -1 0 -1 7.96 £ 0.05
13 -1 0 1 8.56 £ 0.04
14 0 1 1 9.11 £0.07
15 1 1 0 9.21+£0.01
16 -1 1 0 9.04 £0.04
17 0 1 -1 8.53+0.06

[ AR T ZE A M an 3k 4.

x4 OEFEBFESTER

Table 4 Analysis of variance results of regression model

x® ik gEE ¥F  FA P 2EH

AR 9.93 9 1.10  82.64 <0.0001 **

A 01128 1 01128 845 00227  *
B 07688 1 0.7688 57.60 0.0001  **
C 1.47 1 147 11019 0.0001  **
AB 00081 1 0.0081 0.6069 0.4615
AC 00132 1 0.0132 09909 0.3527
BC 00841 1 00841 630 00404 *
A 1.98 1 1.98 14857 <0.000 1  **
B> 09252 1 09252 6932 <0.0001 **
C’ 3.85 1 3.85 28848 <0.0001  **
%% 00934 7 00133
KEE 00054 3 0.0018 0.0822 03438 FEH
#i2 £ 00880 4 0.0220

EEHF 10.02 16

AR ZA(R): 0.990 7, HA AR EAE R A (R )
0.978 7.

i rATEREE (P<005); ™R TELZRAMREE
(P<0.01),
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M % 4 7] LLAE H, SCA $2& U= 1A A 22 57 4%
B3 (P<0.01), RWEEAEZE, XTI Z0 R
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HEEmERZ B0 R, 1H TSR
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P TR PR S R BRI AR IE 1 5 R 5043 79 0.990 7 Al
0.978 7, 3 BHZ IRV 7R St g o7 {70 A8 14 P A R 56 1
15 97.87%, MM A FE Tk ¥ o SCA M4 HU T 2 K&
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Fig.9 The interaction effect and contour plot of extraction

temperature and liquid-solid ratio
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Fig10 The interaction effect and contour plot of ultrasonic

time and liquid-solid ratio
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Fig.11 The interaction effect and contour plot of ultrasonic

time and extraction temperature
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2.5 SCA A i #7  oy P0 0 v MM € 45 R

AT EEAN [R5 B9 E () SCA X K AT T 41
PR S0, DA T R AR K/ D U W DA 400 v
MIsRgs. Z5RWE s K& 12 Prox, SCA XK HF
PR R R AT B A B 0.070 mg/mL, B4 SCA 1
JRHEIR M 0.035 mg/mL IZHTHE K Z 4.50 mg/mL, 1
8 EARM 0 mm IZHTHE K E 19.12 mm, HiH] SCA
X K R R R 400 i 1P i o L o R R AN B 1 K
1M 4 5% ; SCA Ji IR 7 2.25~4.50 mg/mL i}, H
X5 R AT T B0 T i R A B v PR, TSR
MBS R AT . XA REAE T SCA 9l EUIRAS,
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% 5 AEREBIRESCAN XFFEMINEFME
Table 5 Antibacterial activity of SCA with different mass
concentration on Escherichia coli

RERE WHEE AR/

5 (mg/mL) m P M
1 4.50 19.12:0.34 2 R AR
2 2.25 18.29+0.41 & B AU
3 1.13 12.86+0.26 o AR
4 0.56 11.70+0.33 o B AR
5 0.28 10.38+0.17 o AR
6 0.14 7.93+0.24 R AR
7 0.070 4.26+0.14 KA
8 0.035 0 TR R 2
2= Puitsil 0 0 —

" RAEAR.

13 SCA XXM B E & 1%
Fig.13 Antibacterial activity of SCA on Escherichia coli
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