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Optimization of Extraction Process of Anthocyanins from Purple-
fleshed Potatoes and Its Stability and Antioxidant Activity
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Abstract: The natural deep eutectic solvent (DES) was prepared by using betaine as hydrogen bond acceptor and organic
acid, sugar group and alcohol group as hydrogen bond donor. Based on microwave-assisted extraction method, the
extraction process of purple-fleshed potatoes anthocyanins (PPA) was optimized by single factor experiment combined with
response surface analysis. The effects of microwave time, microwave power, solvent water content and solvent molar ratio
on the extraction content of PPA were investigated. Moreover, the stability of PPA under different temperature and light
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conditions, and the free radical scavenging rates of DPPH, ABTS" and OH were compared with conventional solvents to
determine the antioxidant capacity in vitro. The results showed that the acidic deep eutectic solvent with betaine and citric
acid (molar ratio of 1:2.1) and a water content of 28.6%, under the conditions of microwave power of 800 W and
microwave time of 28 s, the extraction content of PPA could reach 228.658+1.241 mg/100 g, which was 56.92% higher
than that of the conventional extraction process. In addition, the stability of PPA obtained by DES was significantly
improved under different light and temperature conditions. The sunlight had the biggest effect on the PPA. The results
showed that the preservation rate of PPA could reach more than 90% in the case of light avoidance, while the preservation
rate of conventional solvent extraction was only 82.78%. Moreover, the content of anthocyanins would decrease
continuously with the increase of temperature, and the preservation rate of both decreased significantly. Antioxidant
capacity results demonstrated that the antioxidant capacity of PPA obtained from DES was stronger, and the values of ICy,
for different radical scavenging capacity were less than the conventional solvent extraction. The ICy, values of DPPH
radical scavenging capacity ranged from 45.95 ug/mL to 41.54 ug/mL, ABTS" radical scavenging capacity ICs, values from
17.81 pg/mL to 11.30 pg/mL, OH radical scavenging capacity ICy, values from 162.00 pg/mL to 22.44 pg/mL. Therefore,
the content, stability and antioxidant activity of PPA are closely related to the extraction solvent, and our extraction process
provides a new idea for the utilization and development of purple-fleshed potatoes anthocyanins.

Key words: purple-fleshed potatoes anthocyanins; deep eutectic solvent; extraction technology; stability; antioxidant
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Al ARPE 1:50(g/mL) BN L, JINA 70% B 2,
By 3, TEAE T 700 W F) P A B 30 s,
B SR E E = RS, 20 10 min( 10000 r/min) o
ME PPA &, LA PPA & NIEhR, YeRri EnI e
LS EAE TR =
1.2.3 DES BUHI& LFI e TRl —Fh
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Table 1 Five types of deep eutectic solvents and molar ratios
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Table 2 Factors and levels of response surface methodology

%
K AP B8 C-DES D-DES
HiffE] (s) HIZR(W) FKE (%) JBEIK L
-1 10 700 20 1:1
0 30 800 30 1:2
1 50 900 40 1:3
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Fig.4 Effect of different factors on PPA content
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2.3.5 fHptra] SEE T ANESMOE A (10, 30, 50,
70. 90 )Xt PPA s, &l 4(B) nl A1, fik
BHEISA 30 s B, PPA &t die i, {0 2S5 i e AS W kg
Rk, SRR, X RT RERE TR R s e R AN A
BEZLH, PPA B H ST e o (B BE A B B TR i 1
i, B TR UM, 5B R R BT e, AE i
KA. PRI, TR TR ERE Y 30 s,

2.4 RUKHENREE G E N EmM RIS LR

2.4.1 ma N EHRIG SR MO 22508 S T e
PEHL PPA T 25 4 14, LA Bk I Bf 18] L e o o %R
DES %7K, DES FE/RE 4 PRI 225200 K
2, [FIT LS T S b A SR IS 8 Sy i B (B S 7Y
ES = g o S AT W A VAL TR YR A W St
ZERANTFE 3 PR,

T AT a] . S T3 . DES & /K& F1 DES JE
IREESY 32 AL B. C. D, L PPA & i) BB 4T
ZotH G, 133 IR Z IR R Yopa 40—
227.59-3.37A—1.77B—3.47C+1.87D—4.43AB—2.58 AC+
0.42AD—15.58BC+0.044BD—3.62CD—17.1A>~13.92B*~
14.53C*~10.54D%, [EIT 7R I7 28T a5 R L3R 4

FH% 4 T, AR A 2 S 4 55 (P<0.0001), #

3 W A s S AR

Table 3 Design and results of response surface experiment

g A-ﬁ#ﬁzi&’ B-filik C-DES D-DES PPAFH
WE(s)  DIR(W) k(%) FERH (mg/100 g)

1 10 700 30 1:2 195.568
2 50 700 30 1:2 198.446
3 10 900 30 1:2 202.666
4 50 900 30 1:2 187.81
5 30 800 20 1:1 198.837
6 30 800 40 1:1 201.818
7 30 800 20 1:3 209.595
8 30 800 40 1:3 198.077
9 10 800 30 1:1 201.59
10 50 800 30 1:1 194.252
11 10 800 30 1:3 206.618
12 50 800 30 1:3 200.942
13 30 700 20 1:2 188.342
14 30 900 20 1:2 217.752
15 30 700 40 1:2 213.468
16 30 900 40 1:2 180.56
17 10 800 20 1:2 202.075
18 50 800 20 1:2 199.486
19 10 800 40 1:2 196.73
20 50 800 40 1:2 183.821
21 30 700 30 1:1 205.364
22 30 900 30 1:1 198.146
23 30 700 30 1:3 207.147
24 30 900 30 1:3 200.103
25 30 800 30 1:2 229.154
26 30 800 30 1:2 225.25
27 30 800 30 1:2 229.36
28 30 800 30 1:2 228.284
29 30 800 30 1:2 225.909
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Table 4 Results of regression analysis of PPA content model
and regression coefficients

3 B2THM amE Hir Ffi P WEM
Y 4918.77 14 35134 6697 <0.0001 **
AR 136.62 1 136.62  26.04 0.0002  **
B 3% 37.8 1 37.8 72 00178  *
C-DES®/KE 1443 1 1443 27.5  0.0001  **
D-DESEE/RIL 42.09 1 42.09 802 00133  *
AB 78.62 1 78.62 1499 0.0017  **
AC 26.63 1 26.63 507  0.0408 ¥
AD 0.69 1 0.69 0.13 07222 ns
BC 970.88 1 970.88  185.05 <0.0001  **
BD 7.57E-03 1 7.57E-03 1.44E-03 09702 ns
CD 52.56 1 5256 10.02  0.0069  **
A’ 1895.77 1 189577 36134 <0.0001 **
B? 1257.72 1 125772 23973 <0.0001  **
c? 1368.7 1 1368.7 260.88 <0.0001  **
D’ 719.93 1 719.93  137.22 <0.0001  **
B 2% 73.45 14 5.25
AU 59.09 10 5.91 1.65 03337 s
4Rz 14.36 4 3.59
syl 4992.23 28

R=0.9853 R, ;=0.9706 R*, ~0.9273

E: P<0.05 03, HI*3RIR, P<0.01 4 3, AR, P>0.05 94 i
=, HinsFR .

REFEL R M 0.9853, BRI G I K, AEE
S EDHB AL, GG 25 R . AR APIUAS 1 35 (P>0.05 ), Tl
PR R DR 2250/, L IEBRAE R R p g M 0.9706, Ui
AHASLIRY (8 AE S AR RS P AR S, v L FH AR IR 334 7
ST . S3HT A EFEXT PPA Sz n]
B, — RGBT E] . DES & /K EXF PPA 85201
W i 35 (P<0.01), i B | DES EE/R EEXT PPA &
B EA W2 0 (P<0.05) o 4 52 [N & b, X
PPA & B 5IHIRIT N C>A>D>B, i KN DES &
FK i, U s A, 115 A7 DES BEJR b, 5200 5
NIRRT, R I A%, B, C*, D X} PPA &
HAISZ AR .35 (P<0.01), UL DU ZE X PPA &
A ARLRIERY SN . 38 H I BC. AB. CD Xf PPA
B R 53 (P<0.01), AC %] PPA &2 i
2 (P<0.05),
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Fig.5 3D Response surface plots of the interaction between
PPA content and various factors
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Fig.6 Effects of different extraction solvents on PPA under
different environmental conditions
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% DPPH F| HiB:fg )y 5 BEER S IE LU OC R, M
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Table 5 Results of IC, analysis of antioxidant capacity

o IC5,(pg/mL)
DPPHHLAfKAE )  ABTSH%fkAES)  OHFL%MLAE TS
EtOH 45.95 17.81 162.00
DES-2 41.54 11.30 22.44
Ve 19.24 7.20 251.30
3 45
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