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Ultrasound-Assisted Extraction of Anthocyanins from Aronia
melanocarpa with Acidic Natural Deep Eutectic Solvents and Its
Stability and Antioxidant Activity

LI Haifei, YANG Yi, QI Yurui, LI Jilong, WANG Lin, RAN Man, YANG Hongxin, GAO Hao,
HUANG Dewei, WANG Zhibing’

(College of Chemistry and Life Sciences, Changchun University of Technology, Changchun 130012, China)

Abstract: A green and efficient ultrasonic-assisted acidic natural deep eutectic solvents for the extraction of anthocyanins
from Aronia Melanocarpa was developed. The extraction conditions were optimized by the artificial neural networks and
genetic algorithms, and the stability and antioxidant activity of anthocyanins extracts were investigated. A series of acidic
natural deep eutectic solvents were prepared using betaine and organic acids as hydrogen bond acceptor and hydrogen bond
donor respectively. Their physical and chemical properties such as density, viscosity, pH value were measured. The
structure and formation mechanism of natural deep eutectic solvents were studied by infrared spectroscopy. The optimal
extraction conditions were optimized by artificial neural network combined with genetic algorithm. The photostability,
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thermal stability and antioxidant activity of anthocyanins extract were evaluated. The experimental results showed that the
natural deep eutectic solvents formed by the hydrogen bond interaction between betaine and lactic acid had the
characteristics of density as low as 1.19, viscosity as low as 24.75 mPa-s and pH as 2.89. The optimal extraction conditions
were as follows: betaine and lactic acid were used to prepare natural deep eutectic solvents, molar ratio was 1:3, water
content was 32%, ultrasonic power was 124 W, ultrasonic time was 24 min and initial ultrasonic temperature was 32 °C.
Under this condition, the anthocyanins extraction yield reached 23.62 mg/g. Compared with traditional solvents and other
methods, the method is green, efficient and simple to operate. The results of stability and antioxidant experiments showed
that light can accelerate the degradation of anthocyanins in the extract. When the temperature was higher than 50 °C, the
thermal degradation of anthocyanins accelerated with the first-order kinetic degradation constant k>0.0234. When the mass
concentration was 200 ng/mL, the DPPH free radical scavenging rate and total antioxidant capacity of anthocyanins extracts
were 62.30% and 6.39 mmol/L FeSO, 7H,0 equivalent, and at a mass concentration of 30 pg/mL, the ABTS" free radical
scavenging rate of anthocyanins extracts was 85.14%. The antioxidant activity of anthocyanins extracts was significantly
(P<0.05) higher than that of V., and was proportional to the concentration. Therefore, the ultrasonic-assisted acidic natural
deep eutectic solvents method can effectively improve the extraction yield of anthocyanins from Aronia Melanocarpa, and
provide a scientific basis for the development and utilization of Aronia Melanocarpa resources.

Key words: Aronia melanocarpa; anthocyanins; acidic natural deep eutectic solvent; artificial neural network-genetic
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R FE pH", AL HR BT R B 2=k, G 7] fE
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AT A HLER B IR YE NADES, LA H: il F175 25 65 A
AR 32 19 Bt 356 FOBE 3L 4 S~ HBD 5 1 Y NADES-4~
NADES-6 X HEZ0 NADES,

N TIRA T % NADES B BEAbPEBT, 2 T &
KA 30% (RS0 B 6 B NADES 19 pH. k5 EE
g R . {4 PHS-3E pH TH7E= il 25 C &
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0.45 mm [ 4t 45, P FH 55 96 406 22 a5 i T s b
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1.2.3  ABFS P BRI AR IR R B B R

AEHMFREL 0.1 g FERARAIAEMK AR T 10 mL &0
Bh, A 5 mL S 7KkE Y 32% Y NADES . B
TREYIIRNE 8 s J&, 76 32 °C. 124 W U R AR HEE
32 min, ZRJG7E 10000 r/min F &0 10 min, B 75,
1B E W)
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1.2.5 NADES & HL £ /A8 He 6% 08 RAH
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TSRS 32 IR.
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BEPTMEAETT A . B2 1) 1 mL AER E UK,
—53 ) pH 4 1.0 9 KCI-HCl ZErPisinEes 10 mL,
55— 2 mol/L NaOH % # F1 pH & 4.5 1) HAC-
NaAC ZEsE T HEBR pH N 4.5 JF5REZE 10mL,
RAVE, iR F#SEE# 30 min, X5 7E 8000 r/min
L0 5 min, IS FIEWAE 510 A1 700 nm AL 52
WCEE . FeoszR() . (BT HRECE, (LHE

FEIBCR LIS NE AR AR h & 10 5 4224 32 -3 -4
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AA XM Vv
T AR IUE (mg/g) = —on e XBXY e ()
exm
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HH RS, ARG HE AT R AR,

ﬁ%%%%$®®=%xmo ® (3)

K, Ay WS IE T BRI A BT
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BEIE. EHEENEMRIE N3 )25, JE
T — R N R B (k) A i B (¢ ) SR e 46
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1.2.11 e RZBWmbtE et
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5 R ERER AR (2.6 mmol/L)F 08 1:1 AR FR IR
&G, #YCRV 12 h #1153 ABTS il &# . B
52 AR (200 mmol/L, pH7.4) P75 ABTS 457K
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2, Ay AR RELEIRIGAE, A, AREEH AR -
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POFFEIE R B5E, HESIR S vh (300 mmol/L) .
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TPTZ %% T 40 mmol/L HCD) #Z /& 10:1:1 AYARFR
LhIR & #l 4 FRAP TAEM . FHHL 0.1 mL A [EIHREE
PRI TR V. 42k V5 UZ (0.3~2.1 mmol/L), 43 AIA 5 mL
FRAP TAER, 1RSI, BT 37 °C F#HDEV 8 min,
TE 593 nm AbWIE £ WOGIHE, ZtilbrdElZk . (s R
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LR PEARE R I35 1 FeSO,- 7TH,O X 1 3R /R AR i 1Y
P fkRES), B 1FRAP Hi{v/=1 mmol/L FeSO, 7H,0,
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1.3 HEAIE
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22 03 Hr, i1k Matlab Math Works R2021a {41
AR ECERA
2 FERESHh
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Table 1 Physicochemical properties of NADES

oH HE (30%

R 2K, JFEIRIL BEEE ey k)
(30% 7Kk (mPa-s)
NADES-1  #ifess: 7L 1:3 119 2.89 24.75
NADES-2 FERIH: AR K 1:1:2 147 257 46.00
NADES-3 R0 SR K 1:1:1 138 2.88 47.25
NADES-4 FLER  H il 1:2 133 1.67 27.00
NADES-5  AH=Em: Hl 1:2 127 6.86 36.25
NADES-6 HEO8:#i4 K 1:1:1 127 6.23 65.25
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A3RIK 24,75 F1 27.00 mPa-s. XA HES5H14G NADES
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AT LT ANFEFIZE NADES X467 2= H#EHL
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Fig.7 Light stability of anthocyanins extracts of Aronia
melanocarpa (A) and degradation kinetics curves of
anthocyanins at different temperatures (B)
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Table 2  First order kinetic parameters of anthocyanins
degradation of Aronia melanocarpa under different temperatures

RE(C) lal 7 ES S O SN ()
4 In(C/C,)=-0.0053t-0.0024  (.0053  0.9083 130.78
30 In(C,/C,)=-0.0089t-0.0066 0.0089 0.9322  77.88
50 In(C/Cy)=-0.0234t-0.0156  0.0234  0.9369 29.62
70 In(C/Cy)=-0.1881t-0.0529  0.1881  0.9895 3.68
90 In(C/C,)=-0.3412t-0.1431 0.3412 09734  2.03
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