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Table 1 Factors and levels of Box-Behnken experiments
KT Level ] X, Z@%\’i/%l ' X %EZHQ‘IE'/S ' Xg ﬁivgg&:ﬁh—i/%.
Ethanol concentration Microwave extraction time Citric acid concentration
1 40 10 0.3
2 60 50 0.9
3 80 90 1.5
k2 RBEEMOBH4UER ARG A8 R 35 20 0 W RS A . 547 HPLC-ESI-
Table 2 The separation and purification programs of anthocyanins MS 4347, LA BG 22 45 4 06 0 A 40 1 R . M &%
i WA/ WY /L fF: @ 3% £ Agilent Zorbax _?lepie Plus
Time Mobile Mobile Injection (100 mm X 2.1 mm,3.5 pm). PLH BRI A,
phase A phase I volume B 0.5% F R I9K H W SHAH BL i 0.3 mL/min. £
0 10 %0 ’ W30 CLiEkERE 5 L 3 IR FR 2 ST BEVEL . R
0 20 80 0 TS 25 R AL N, 40 psis THEAR N R
10 2 7 0 8.0 L/min, BANE I N 350 C. BN HEIEE
15 30 70 0 FHAT 4.5 kV, B HH A F R 50~1 000 m /2.
20 3 65 g 1.3 EBFTRRENNE
EE 10 60 0 S Lee % 9 R pH R £k,
30 45 55 )
35 50 50 S 2 zﬁ% 563\1:}?
10 55 45 5 2.1 Box-Behnken I iZitfn&E R
H 60 10 o B (X)) CERRICET ] (X)) FFP A R 1
12 60 40 g HX)OWNAZERE TR T EE AN, XH
45 10 90 5 Box-Behnken .35 3% 1 X 0 4 B 42 lOCAE 5 R 19 T
60 10 90 5
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Table 3 The design and results of Box-Behnken experiments
o PRI ] /s 3 IR =/ Y HHEEZ4H >
w25 X1 Z‘ﬁ%—ﬁ%/% Mi:fgwievme( Ziltrja:czion . *’ifilﬂ:ailf . " Hit?l(i;:rr:/g>
No. Ethanol concentration time concentration vield
1 60 10 1.5 1.781
2 40 50 0.3 1.710
3 60 10 0.3 1.816
4 60 50 0.9 1.887
5 40 10 0.9 1.652
6 40 90 0.9 1.756
7 80 10 0.9 1.699
8 60 90 1.5 1.909
9 80 90 0.9 1.753
10 40 50 1.5 1.691
11 60 50 0.9 1.906
12 60 90 0.3 1.857
13 60 50 0.9 1.894
14 60 50 0.9 1.907
15 80 50 0.3 1.662
16 60 50 0.9 1.907
17 80 50 1.5 1.766
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PEAT 22 0 R WG e A AR AR 1A 7 R O

Y = 0. 3855 + 0. 046724X, + 0.002759X, — 0.009813X; —
0.001563X, X + 0.002563X, X3 + 0.009063X > X; — 0.003984 X7 —

0.001616X3 —0.09330X3

[l JIRERY ) 7 22 3 A WL 3 4. i 3R 4 W]l A

AR F (& 141.93, P<0.000 1,2 B 45 50 25 S
T AR 22 AR B 0.01 %0 I AR R iR 22
S5, BRI P =0.062 7>>0.05, 2< #1300 A i
&L UL AR L g RR O L A DA DI $L A B AR 4
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Table 4 The analysis of the response surface multivariate quadratic regression model
- Rl H B \ir -
725 R U . - F i . BEME
N Sum of Degree Mean of P>F N
Source F value Significance
square of freedom square
R Model 0.140 0 9 0.016 0 141.93 <0.000 1 * %
X,-X, 0.006 3 1 0.006 3 5.68 0.048 6 *
X,-X, 0.013 0 1 0.013 0 120.56 <0.000 1 * %
X3-X; 0.001 3 1 0.001 3 11.73 0.011 1 *
XX, 0.006 3 1 0.006 3 5.64 0.049 3 *
XX 0.003 8 1 0.003 8 34.12 0.000 6 *ox
X,X, 0.001 9 1 0.001 9 17.07 0.004 4 * %
X? 0.110 0 1 0.110 0 964.38 <0.000 1 * %
X2 0.002 8 1 0.002 8 25.38 0.001 5 * %
X3 0.004 8 1 0.004 8 42.88 0.000 3 * %
%22 Residual term 0.007 8 7 0.001 1
JAUIR Lack of fit 0.006 3 3 0.002 1 5.72 0.062 7
4l % Pure error 0.001 5 4
0.14 16

A Total

v ox FoREWIN B3, P<T0.01; * FRM 3% ,0.01<CP<(0.05, Note: * * indicates highly significant, P<(0.01; * indicates
significant,0.01<CP<C0.05.
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Fig.2 Effects of different extraction methods on the extraction rate of anthocyanins
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Fig.3 HPLC spectrum of anthocyanins from blueberry lees
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Fig.4 MS and MS/MS spectrums of the nine peaks from HPLC analysis
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Table 5 Analysis and identification of anthocyanins in blueberry lees extract
I3 U8 B 8] / min BB T om /= R m/= E i HR/Y%
Peak Time Parent ion Product ion Compounds Content
1 23.779 465.1 303.1 KMEF A FE 3-O-2LFLBEH Delphinidin 3-O-galactoside 5.522
2 24.826 465.1 303.1 KIEH A FE 3-O-H A BT Delphinidin 3-O-glucoside 9.509
3 26.274 449.1 287.1 RKEFHEE-3-O-LFMH Cyanidin-3-O-galactoside 1.678
4 27.530 449.1 287.1 KGHG (0 % -3-O-# Z B Cyanidin-3-O-glucoside 5.178
5 28.374 479.1 317.1 B HAE-3-O-LFLHF Petunidin-3-O- galactoside 5.179
6 29.357 479.1 317.1 R E-3-O-H 2 B 1F Petunidin-3-O-glucoside 12.168
7 31.980 493.1 331.1 BEE A0 R -3-0-F FMETF Malvidin-3-O-galactoside 26.039
g
8 32.877 493.1 331.1 HR3E A K -3-O-F Z BT Malvidin-3-O-glucoside 17.545
9 35.126 463.1 331.1 #2540 2 -3-O-FT hi ffH T Malvidin-3-O-arabinoside 8.736

R AN L AR A RS e L
Gt 80% . AE Atk WA AE IR (13X 9 FhAE
FpHR 2 0 K -3-0-1 ZUE 1 RUES 25 5K -3-O- 4
T R R EEAMAET R, 05 BT RES
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3 it
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VER R AT BE W] DL 1E S8 35 4o il i
RAGTT 2 00 0 FH 3 B il $2 B 6 35 2 AN (AT LA
T BT v F T2 b Rt 5 A 40 . Rk, AR
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min, KM T AEH R E L P 64.84 mg/g. 1E
TR ol B B IR L e PR RS 1. F B 59.6 00 (7

i

1% TFA) SR E# 425 W OB E L 25 = 1,320
B 132 s, BAR M T A6 T R AL HUE -y 54.94 mg/g,
i % %5 %5 70 42 3L 60 min. £ B AE 5 2 AU K 44.83
mg/ g . XU BA T I R T A AR R AR T I R
R, SCHUR P U Al By B T T B B (R B L AR AE 5
SR FH B el B8 B 8 W R v AR T R 19 B0 B
R4 U T 2002 OB IR R 3 B 62 06 L Fy 6 R ot £ 73 4K
F1.25% ST E 420 W R E FE 60 ¢ 1 Bk R EL
WFE183 s, 5 4% Go i 7k A Eb o R K Hb 46 4 T 42 B
], B T HRICE
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Optimizing microwave-assisted extraction of anthocyanins from blueberry

wine lees and identifying anthocyanins in extract with HPLC-ESI-MS

SONG Qi LIAO Tingting WANG Ji CHEN Zhenmin
ZHANG Yimin LIANG Yunxiang HU Yongmei

College of Life Science and Technology/State Key Laboratory of Agricultural Microbiology »
Huazhong Agricultural University ,Wuhan 430070,China

Abstract The response surface methodology (RSM) was used to optimize the microwave-assisted
extraction (MAE) of anthocyanins from freeze-dried blueberry wine lees. The high-performance liquid
chromatography-electrospray ionization-mass spectrometry ( HPLC-ESI-MS) was used to identify the
structure of the anthocyanins. Using ethanol containing citrate acid, 420 W power,and a 60 : 1 (V/m)
liquid-to-solid ratio, the optimal conditions for obtaining the maximum anthocyanins yield of 1.905 =+
0.038 mg/g were 62% ethanol containing 1.25% citrate acid,with an extraction time of 83 s and the ex-
traction rate of 86.87% for the first time.Nine anthocyanins were identified in the extract by HPLC-ESI-
MS. Results showed that malvidin-3-O-galactoside and malvidin-3-O-glucoside are the major anthocyanin
components in blueberry wine lees.

Keywords anthocyanins; blueberry wine lees; microwave-assisted extraction; response surface

methodology; HPLC-ESI-MS
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