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Abstract: In order to establish a new green and efficient process for extracting anthocyanins from mulberry, mulberry was used as the raw
material and deep eutectic solvents (DESs) was used as the extractant to explore the effects of the types of DESs, water content, solid-liquid ratio,
as well as extraction temperature and extraction time on the extraction efficiency of anthocyanins. On the basis of single factor experiments, the
extraction conditions were optimized by response surface methodology. The results revealed that the yield of anthocyanins was 6.35 mg/g when
the choline chloride/acetic acid (1/3 n/n) -water (80/20 V/V) was selected as the suitable solvent, solid-liquid ratio was 1/10 (g/mL), extraction
temperature was 60 ‘C and extraction time was40 min. The experimental result was close to the predicted value of the response surface model,
indicating that the model is suitable. The extraction efficiency of this process for mulberry anthocyanins was much higher than that of traditional
extractants, suggesting the strong hydrogen bonding between DESs and the target product (which was composed of a proper ratio of hydrogen
bond donors and acceptors) was more conducive to the leaching and dissolution of anthocyanins. The results of this study provide a reference for
high-efficiency preparation of natural products with green and designable DES solvents.
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FZ R — 2 BRI A R PG, RN A e
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48h, 13| H MY
15 ZMIFZERIEERHN
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I EAXWT:

R Z1E% (mg/g)= AXx MW x DF xV
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At

A——BRAA, i A=( Amax-Ag00 )pH1.0' (Apax-Ag00 )pH4.5;

MW——%%FE3-REBEF,TE, 4492 g/mol;

e——REHEI-HHEIFGERB AR, 26900
L/(mol-cm);

DF——# 434K,

L——%A2, 1com;

V——RBCR A EARER, mL;
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THARE 6 e M e RI1FE

1.8 DES & A4 F R EUHY o 5L Ak

JEHUCRHE LG FREGREE . SREHUR [a] = ANy
RER RN, LA 159
NAE, F Box-Bohnken HHUhHAVEIRET 3 K2R 3 7K
SERRES, BT AT, LIRS KR
® 1. PEHGINEI I 28 (1/3) K (8020 V/V)
R B TR AL, o

xR 1 LERARSKFFIT
Table 1 Experimental factors and horizontal design

L L —
A#b#  BiRE/C  CAFIE)/min
-1 1:7 50 30
0 1:10 60 40
1 1:13 70 50
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Fig.1 UV-visible spectroscopy of mulberry anthocyanins
indifferent extraction solvents
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Table 2 Effect of various solvents on the amount of anthocyanins
yield from mulberry

F5 DES BER  #FE/(mg/g)
1 ChCl/Acetic acid 2/3 3.1940.13
2 ChCV/Acetic acid 12 3.67+0.16
3 ChCV/Acetic acid 1/3 4.05+0.17
4 ChC/Acetic acid 1/4 3.50+0.16
5 ChCV/Acetic acid 1/5 3.2340.12
6 ChCl/Urea 1/3
7 ChCl/Glycerin 1/3 0.15+0.01
8 ChCl/Lactic acid 1/3 3.75+0.17
9 ChCl/Ethylene glycol 1/3 0.61+0.02
10 ChCl/Propylene glycol 1/3 1.56+0.07
11 80% Ethanol-0.4% HCI - 3.2240.12
12 95% Ethanol - 0.18+0.01
13 H,O - 0.35+0.02

DIAHURR. B2 o v B bk, DLEILiE
TS B2 AT & 7 10FDES, F3EE3 i F A F2EL
A (80%E-0.4%E6F8 . 95% LBEFAEETK) N
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SERINL2R, DESSHIALR. GRS LA ANE
SRR 3E 2 B s fe T 2= 152, fERTE
[IDESsH, A 6F T BT IR BUSER, HAd bl
CHCVHA (1/3) (135 &, 1454.05 mg/g: *DES
AR N Z O, TEH RIVEREEEIL, A
0.15~1.56 mg/g, BHRAR TS B NERIN () DESS,
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s, A3 ARERE/RI, XEZIHRTDESA K
LA AR A 2 T B EUAR R A B 45 AR Ak, 3T
BT By UL DL R pH A SRR . %St
PRBUAFIT =, BRMVATI80% L BFE-0.4% thFE I BLS
HILEMRT 5% LBEME B TRKIIEER, K55
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T PR

23 EMUFRRBARGEEZ L

LA CHCVHA NEEHUGR), W78 7K & & BHREE.
PRI E S R H [A) %) SR 225 2 M . an
2a 7, DES HK IR0 23 IR 6T 2 4L
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SIS BRI S, N 20% MK IHET = 145
i, 1k 4.59 mg/g. — XIS, DES A& IR
Ky PHCREUVD, Baffli AR T RKIR = EL
{H Zeng Z5PU7EA% ] CHCI/UR M ZEZE rh R B SR AN
20-F2FE W1 BRI KL, 7E DES HRigsin— e Ll
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RS SRR RN, IR S
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KA FARE 2 ORI IE, 5T BRI LN
V4~1/16 X SMAEH ZEHRMTm (& 2b), KIHH
BREEEN 1710 B, 16 RIS EER G 4838
BRI, SR, RS e FER L
110, MIEEN 4.48 mg/g. RIRF=INREUE R
AL BRI L BB TRk, 3 R A HRE B 4
IAM AT BEARFR A AR (PIRG S, 1 ELVA 7R AN 442 )
WP RA R G N3Nk R IY B2, ki
(FEEY) SHEHGRI BRI AR, 52 S EURR AN,

Abbott 2R 2SS EHIS R DES Mi#kvk
Ve R, TR T DES B s RE R, A
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FHD TN, SBUSERN TR, WK 2c B, W&
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Fig.2 The effect of several parameters on anthocyandins yield
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PSR el T2 HB A TR 2D 95 min, IR
6.32 mg/g; (HAKSEEINFLHN (], 167 R 2
BUZH T RIS . SRR A2 me s,

HI Al K 2 AR R R AR H R P S B %
fit, hfEHAAREE Rl KRR, FRREER
oz el

24 DES S MU F F 4R BUH R M AL

FIIH Design-Expert F A5 3 #1900 82T 4347 5
FIIREAIEET Z To Rl AE R, 133
(T IB] U 77 R S A N2 0T 220 BT W3 3.6
3 ChCI/HA(1/3)-H,0 (80/20 V/ N1RERTEE ZAIBox—Behnken

W
Table 3 Box-Behnken design for three variables and
experimental results of anthocyanin yield using ChCI/HA
(1/3)-water (80/20 V/V) as extraction solvent
%% At BIRE/C CHE/min Y F%/(mg/g)

1 0(10) 1(70) -1(30) 5.96
2 0 1 1(50) 6.00
3 0 0 (60) 0 (40) 630
4 1(13) -1 (50) 0 6.17
5 1 0 -1 6.19
6 -1(7) -1 0 6.05
7 0 0 0 635
8 -1 0 -1 6.04
9 0 0 0 632
10 1 1 0 6.18
11 -1 1 0 597
12 -1 0 1 6.06
13 0 0 0 6.34
14 0 0 0 635
15 0 1 1 6.03
16 1 0 1 6.25
17 0 -1 -1 6.04

FRALE 132 2N ¥Y=6.3348+0.0850A-
0.0245B+0.0150C+0.0222AB+0.0114AC+0.0129BC-
0.0565A%-0.1830B%-0.1437C*. M _FFRATLIEH, K
ff) F BN 98.94, p<0.0001<0.05, XFEHIMEAIRE B %
o JAIRN FHA 0.5083, p {HM 0.6975>0.05, %5
R, WHHZENA TR eI A T R4, AR
DR B Sz at 4 A THRIERUDN,  DERASR 235 FH A LR
Zolfg. FR, ERPETTESNRE, AL B,
AL B CP U (p(Pr>F)<0.05) W AEE BB
oM SRR 5N, B C TR A By C Z IR EAE
FAXHEE R R AR . WREERE,
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% Pred R*=0.9567 S5IH#EAI ML R?2=0.9822
EELH, hERE R=0.9922 LUK B ML R %L
R*5q=0.9822 1B WA LI A FEBER AT
x4 @FAFERERBEERE
Table 4 Regression equation coefficients and significant test
kR ¥HA awmE ¥FrE FE pld REH
AR 0.33 9 0.037 9894 <0.0001 HZH
A 0.058 1 0.058 155.10 <0.0001 **
B 0.0048 1 0.0048 12.87 0.0089 *k
C 0.0018 1 0.0018 4.80 0.0645
AB  0.0020 1 0.0020 530 0.0549
AC  0.0005 1 0.0005 1.40 0.2759
1
1
1
1

BC  0.0007 0.0007 1.79  0.2229

A? 0.014 0.014 36.14 0.0005 ok
B? 0.14 0.14 37893 <0.0001 o
c? 0.087 0.087 233.67 <0.0001 K

%A 00026 7 0.0004 -
%IME 00007 3 00002 051 06975 RBF
%ig £ 00019 4 0.0005 -
BF 033 16 0037 9894 -

E: *ATEREFE (p<0.05); *EATHRIEE (p<0.01),

Kl 3 B 7RG b RN G AN (A% S E T
FRRMZHAEM . gl sn, ma S h ik BEE %R
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o BEEFR 3 TR, R L SHRBGREE . $2
ECI P 55 1) DA SRR L A5 B s ) R A8 ELAE % 5%
AT 2 W15 2 5 & B gk /s o FH e ml BLAS
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B9 RHREL 17100 BEAIREE 60 C. A (A
40 min, {EZFM FIITEERR, BIAEERMF
BIS5N 6.35 mg/g, BN TR FUNE 6.36 mg/g,
VLRI AT 5E . RN, AMPARSSREE S TRESHS
ST Rk 2 Bl 7 SR R AR T R 13 R 5.09
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Fig.3 Interaction effects of different factors on the mulberry

anthocyanin yield
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