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Optimization of Ultrasonic-assisted Extraction with Deep Eutectic Solvent

and Study of Antioxidant Activity of Polyphenols from Sorghum Bran

LI Jieru, MI Xue, PAN Meimei, WU Yizhen, SU Jing*
(College of Food Science and Engineering, Shanxi Agricultural University, Jinzhong 030800, China)

Abstract: To use polyphenols from sorghum bran, this study employed ultrasonic-assisted deep eutectic solvent (DES)
extraction method. The most efficient DES system for extracting polyphenols from sorghum bran was selected from 16
candidates. Subsequently, based on the results of single-factor experiments, the optimal extraction conditions for sorghum
bran polyphenols were determined using the response surface methodology. Finally, the antioxidant activity of the extracted
polyphenols for sorghum branwas assessed. The results indicate that the optimal solvent for extracting polyphenols from
sorghum bran was 1,3-butylene glycol-malonic acid with a solvent molar ratio of 1:1 and water content of 20% (V/V).
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Under the conditions of solid-liquid ratio of 1:26 g/mL, ultrasonic temperature of 47 C , and ultrasonic time of 50 min, the
extraction yield of sorghum bran polyphenols was 19.47 mg/g, which was 2.21 and 1.68 times higher than that obtained by
70% (V/V) ethanol and 70% (V/V) methanol, respectively. The half maximal inhibitory concentration (IC,) values of DES
extract against 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonate) (ABTS) cation radical, 1,1-diphenyl-2-picrylhydrazyl
(DPPH) free radical, superoxide anion, and hydroxyl radical were 105.85, 122.94, 145.42, and 146.29 g/mL, respectively,
which were significantly lower than those of the 70% (V/V) ethanol and 70% (¥/V) methanol extracts (P<0.05). At equivalent
polyphenol concentrations, the ferric reducing ability of plasma (FRAP) value of the DES extract was significantly higher
than that of the 70% (V7/V) ethanol and 70% (V7V) methanol extracts (P<0.05). These results indicate that the ultrasonic-
assisted DES extraction method effectively extracts polyphenols from sorghum bran with high antioxidant activity. This
research contributes to the green, efficient extraction and high-value application of polyphenols from sorghum bran.
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Fig.4 Effect of different extraction temperature on the yield
of polyphenols from sorghum bran
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Table 3 The independent experimental combinations

and response values of response surface optimization for
polyphenol extraction from sorghum bran

mps AP BRE cmR Y 38

(gmL)  %E/C  BE/min  FF/(mg/g)
1 -1 -1 0 18.04 £0.21
2 1 -1 0 15.95+0.17
3 -1 1 0 17.13+0.24
4 1 1 0 14.18 £0.14
5 -1 0 -1 15.61 £0.16
6 1 0 -1 12.09 £0.11
7 -1 0 1 15.90+0.18
8 1 0 1 13.61 £0.12
9 0 -1 -1 15.81+0.25
10 0 1 -1 13.40+0.10
11 0 -1 1 16.21+0.19
12 0 1 1 14.15+0.11
13 0 0 0 19.10 £ 0.19
14 0 0 0 19.10 £0.24
15 0 0 0 19.68 +0.26
16 0 0 0 19.27+0.20
17 0 0 0 19.30 +0.21

MRAE R 4 i = Ik 2 A8 Y (1) T 22 4 A 46
IR — R I, ORI, AR YOI 3 A b
No fm FAH (F=94.02) Ak P{E (P <<0.000 1)
DoRZHEMOEIAR T REKFE, RN LR E
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(P=0.155 8>0.05) IS0 H ¥k i 2 5. thd
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U ME, BRI R 29 99.2% (1 BdE T b R Y AR
. WEGEMRE R (R 5K IE &
Ry ZIHHIZES/NTF 0.2, FI, /EE 6,
S0 B p5 35 51 4 AT AE BV 28 ) [ L5 [R] )H 2k %
VIVCAC, X3 B SL b i 5 Pliie B A & R — 80,
P2 AR RN T 22 Wy A BP0 TN B A R ) Y
PEPY, A5 RN 2.00%, T bR E 5 EE
PR /N, 3 B S 00 B P A B v HonT 5. e Ak,
SERERAEMM LRI (AL B O MFEH
TR (A’ B, C°. D) XMNEMEREE
ER (P <0.05). BIAYR)RH Z R R £ 5
15 28 (1) 52 W G A R A R S I ) > 8 P iR R > )
W .
R4 DREBFESTMBEESN

Table 4 The analysis of variance and significance analysis for
the quadratic model

FE BEFP . s 2%
e AwmAE ¥x  FiA P&

AL 90.94 9 10.1  94.02 <0.000 1 o

A 14.68 1 14.68 136.57 <0.0001 oK

B 6.4 1 6.4 59.56  0.000 1 *
C 1.09 1 1.09 10.13  0.0154 *
AB 0.18 1 0.18 1.71 0.2322 ns
AC 0.38 1 0.38 3.51 0.103 2 ns

BC  0.031 1 0.031 029 0.609 1 ns
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Fig.6 Correlation between predicted and actualvalues of

polyphenol extraction from sorghum bran
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Fig.7 The response surface and contour plots for the effects

of the interactions between different experimental factors on

the extraction yield of polyphenols from sorghum bran
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Fig.8 The antioxidant capacity of polyphenols

from sorghum bran
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Table 5 Antioxidant activity of polyphenols from sorghum bran
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