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Purification of anthocyanins from blueberry using macroporous resin
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Abstract: Objective The separation and purification of anthocyanin from blueberry was studied to determine the optimum
purification conditions. Methods Static adsorption and desorption analytical test was conducted to screen the best macroporous resin
from HPD-600, HPD-100A, DM 130, D4020, and D3520 for purification of anthocyanins from blueberry. Effects of the sample liquid
concentration, pH, adsorption flow rate, eluent ethanol concentration, eluent ethanol amount, and elution flow rate were investigated
through dynamic adsorption-desorption test by single factor and orthogonal experiments. Results D3520 resin was the most effective
resin for adsorption and desorption of anthocyanins from blueberry, when the amount of macroporous resin (g) and the amount of
anthocyanin from blueberry (mL) was 1 : 5. The optimal conditions were as follows: The concentration of sample was 1.0 mg/mL,
adsorption flow rate was 2.0 mL/min, and sample solution pH value was 3. Under the optimal conditions, eluent ethanol concentration
70%, elution flow rate 2.0 mL/min, eluent ethanol amount 60 mL, and the adsorption rate and desorption rate can reach 92.82% and
91.58% respectively. Conclusion The color value of purified products under the optimized conditions was increased by 11 times; The
purity fraction of anthocyanin was 96.17% and the purity was increased by 5 times; And the yield of anthocyanin was 14.271%. This
process effectively improves the efficiency of anthocyanin from blueberry purification, which is suitable for the future production of
anthocyanin from blueberry.
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BR 25 54T % BRI S A . B Rl B
WA LURRIN R 2, mHAT RN T, 6F
R AR, MR ESREETRE S
fasetk, MHRARM. Kk, REESEEETR
(R4l BERE R T LT & RN 7RI RN o 158
2B X-5 KAUR AR 2iAL TR Fon SRAE (e, 15
BT MmN 352 MIEER. kEBEOEH HPD-
100 KFLW AR 2ifb BB A 1, 23281 7 0 h 38.5
e & . T2V AB-8 K AL gk 4lifk 2 Hy
IRHMEE R, RIALE RS R ERm. X
TR R A INERE R CA SCikikiEt 7, |
R BIMALTE REM AR, AL XA
(R LA B AT e, ARt & S alifb iE A e
FI AN S AR R e T2, DA R IR A
B R LA A= T2 AR AR R .
1 #RI5{EE

WEAE TN BE LR I B A TR A A2 4t,
RO K 2 25 22 B 5K A 20 48 AL RS AR R
AR JE Vaccinium Linn, ¢ R IAEY R SE, BAR S F
FNUIN SRR WS RFE Vaccinium ashei Reade, 577t 5
WA E, TR, —20 CHREYCLRTE, fF
XTI R AR 2 -3-O- R B FE T, TR 50>98%,
VU 24 e B AR A TR A A, k'S 1508235 X
HT R R -3-0- M BB E (L5 ZES-0938).
B R -3-0- M A PEH (LS ZES-0911S), &
S =95%, BEEEEYREARAF.

ToKZEE BhIR. SEMNL s
HEE, 6T ZR B CIHR B A R AR KA
Jl§ HPD-600. HPD-100A. DM130. D4020. D3520,
T T30 M 5 B AR A BR A 7]

T6 Hrth A ] WA e, bt AriE A
B E IR TTAE AT ; PL303 HEL T RF, s -
FER ZAE: (R FARAF]; Telstar LyoQuest
%ML, Thermo Fisher ST 16R 753 A4 55 0o HL,
FEBR G RB: (RED ARAF; PB-10 BRE
i E 3 L2 I A KQ5200DB HR A i iE Ve s,
R A A R A ; THZ-82A /KIBEIEIRD
2, SR T R HNE A R 2], Waters2695-996
R 3 X, Acquity UPLC-Class Bio 54,
UV g, ResHARE: (i) FRAH .

2 FAEEHR
2.1 HiARESEERARRNEIE
HUERER T8 10.000 g, FZHEENELE 1230 41

NIRRT (70% L EF-1 mol/L 52 9 & 1), i@
FEE 3 X, 30 min/ik, & 9F 3 IRIEEUK, 8 000 r/min
B0 15 min, HCETERE RS, bR OmE, 1948
B, HZARBKERT 100 mL £+
2.2 MERSIARRSIE
FE SR B 236 K -3-0-F i BEEF X B 1.0
mg, HHPFEERZE SmL, $£5, &H.
23 BETTEREENE
2.3.1  ArdEMIE Rl MO RS AR o iR
0.1. 0.2. 0.3. 0.4. 0.5. 0.6 mL TiRE 4, B 2
H, HHFEERE 1 mL, HPr1 4Ll pH 1.0
MZEMTWEFRZ 5 mL; 7H4 1 4HLL pH 4.5 FIZE
WERZ 5mL, 4 2 2B o T 530
nm F1 700 nm JEHLWHE (4O EH, HAHE
A gy VA A 9 IAEFE (YD, R E R AL FR (XD,
xwibr et 2, |EIETEAN Y=4757 1 X—
0.009 71, R*=0.999 3, £k ] 0.02~0.12 mg/mL.
A 'ﬂsw:(Asm _A700)pH 1.0_(A530 _A7oo)pH 45
232 WHEAAAHERMEENE B “2.07 TUFH &
A 1 mL, 235 pH 1.0 F1 pH 4.5 1)
SRRV, i “2.3.17 TUNE A H, fEArdEf Lk
HEAFREKRE, ALHHEETRE.
WERBE=CXV| X Vy/Vs
WERBER=CXVM
C NIEHERIREIREE, Vi BRI, 1y JIRBUR AR,
V3 JRRIVRARAR, M TR 7
233 FFERE SESCEOTENET, 455
FFE 2 E ) RSD 1H N 0.86%(n=6), F2 2 L) RSD
B9 0.87% (n=6), EEVEH RSDEN 1.42% (n=
6), JEEFEISZ A RSD N 1.82% (n=6).
2.4 KL BERYTHIE
24.1 KA RRITUALEE  FREL— 2 2= KL g
F 95% L BEH IR0 24 h 5, I ZRT/KIEE T
ks P 3% HCL K H0RIE 3 h J5, HZEKEE
ik, 55 3% NaOH VR0 3 h, FZEMK
veaE T, &H.
242 KALWERIER SR ELE:  HERPREL AL 3
TP 5 FPALR ORI AE % 2.000 g CHHBEARIL T3 1
KO, A ETHEIE T, S 10 mL K #E %
TEHFMER, HO, ETEEREK (25 C. 100
t/min) HRGWHE 3 h, 3 AIIE 5 PSR AR B
JEERAE T BRI A4 18 4D, T AR
SRR G5 R 1.
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Table 1 Resin adsorption and desorption results

LRSS W Bt 5% PR %
HPD-600 75 73
HPD-100A 84 82
DW130 80 78
D4020 89 88
D3520 92 90

MR Bt = (A X Vo— A, X V(Ao X Vi)
Ao NI RTRER IO, Vo AR ETRERIOERL, 4,
W B BER IR G, 7y R B I BT P A
243 KILWIEMIER SR HEFEL 2.000 g
WA ISR AE TS R 5 FEEAORILR AR, il E T
HEFR, 22BN 10 mL FEFR > H0h 70% 2.0
W, HEOBREO, BTEERREK (25 C. 100
r/min) PRFEW 3 h, SR 5 BN SE fA A e A HE
TERRRAARR A (4y), #UL N AR E MR,
SR WA 1.

R = A, X Vol(Ag X Vo— A1 X V)
Ay JIIRI G REEPIMROGE sV AR JE R ) P

1 7T LUE Y, D3520 MR 5 HoAb AR AH L,
TV i W B AR AR AR SR A B AR ), PRI 35
A BAETR P S5 A P BE 1) D3520 Y5 b AR X i
REAE T RIAT e sk 4lifk.
2.5 D3520 KFLWBEBhASORME . #RIRE R4

FREGEAJE 1 D3520 KALF /I 2.000 g 2544,
CAVR B 23 AR AR A, X AR TS R R TR IR
W AR R SRR T FOH AR pH (5552 K]
RIAT T
2.5.1  WEREACTE FPEIROTTER VA PN A i W B 2R ) 5
W ARSIEC 1.0, 1330 1.67. 2.0. 2.33 mL %%
TH MM, SHHKERZ 10 mL, FHAE
WA 0.64 0.8, 1.00 1.2, 1.4 mg/mL, 5 M
A VAT D REARRIR BN 2 mL/min, BT S)ASI
S, E HRR TS A B, TR,
GERRHN 85.51%. 87.64%- 89.33%- 84.78%.
78.42%, W LAE B E PRI SR AL 0, TR
FHAEWME RGP EIRAEEN 1.0 mg/mL B, W%
BRI R AE, A BIMAIRS, BEE 2R
PR n, ARA R0, A REAS 1
RAEA NG PO, (8 LR PR R AT O, (R
T Z IR =K E N 1.0 mg/mL f .
2.5.2 W ARG E X B TR 2R e B S £

pH 3.0 ME LT MR 2 mL, 73 H/KES R
10 mL, =4 5 MEFRERRES B8 1.0, 1.5,
2.0~ 2.5+ 3.0 mL/min, AT RES,
AT S A4 (ERA, THERER, 2215508
90.13%-+ 91.67%- 92.34%. 89.72%. 88.45%, HJLA
A Hh il o B AR A B TR i, R B 2R S
Ji BRAR, WRPHAARFA IR 2 2.0 mL/min FOBHEE, IR
H IR, 4 PHAFRAL R/ T 2.0 mL/min ()
I, B 2 BRI 0T B2 DR AT b 2 A T e B ot
LR, e i A5 LA i 5 R 0 R, S B
RGN BHARIR E KT 2.0 mL/min B, W%
RERIRE TS, e Ry R i
PRI, TEHFZRA LT HEIRIENE, EEFHR
Tk, GELI PR B, DRI PR AR oA
2.0 mL/min #f%.

2.5.3  WEAEACTE FOMIE pH BT AR B R 15
M Y4 A AL F PR 2 mL, 237 K GEZ
% 10mL, W17 pH {4518 1.0, 2.0+ 3.0, 4.0,
P EREAR RN 2.0 mL/min, 34T 50 S0
WG, WS IR ETE 4 EHAR, THEREER, 4
BTN 84.32%. 88.49%. 92.73%. 83.46%, W] LA
FHBEE pH AERAKIIG N, W25 05 PR,
4 pH 9 3.0 RSB, WP 2 tH I KA, 7T RE 2 A
NAETE RAER %A N edaoE, B4 pH A 3.0 [
i, AV PRI BI 1 8 A A i R AR A A A o e
O, R RETE T R AR A pH BN 3.0
254 BRI ARSI B, EEGE
B LHRERE (A, BHEFRE (B). pH
5 (C) MigmiRZ T EASRE (K 2). 4558 H
2. 3 WTLAEH, D3520 8 ) E A it 41 2
AB,Cy, BB ZE 43 BT P AISZ M FE B R /MK pH
1B > IR AR R AL B > RV RS . 2R B iR,
D3520 KL i 1 5 FE I B 25 A A2 AR 0T B IR
1.0 mg/mL, EREAAFRGIEN 2.0 mL/min, WRECT
Z R pH {E N 3.0.

255 BRAABREN MR RN DIARE
PR R 5 B 2B A D e B, R L TRG  f A
D3450 KALBAR & 2 g $6bE, LRI AT R,
XPHE AR R e A SRR 4 3
ANREHAT M. 26 50 mL 280K AT vk, AR
J& Fl 60 mL 70% LB, $5] 5 AMETF AR
EH41.00 1.5, 2.0, 2.5, 3.0 mL/min, #1735}
AEW S, i TS A ERR, THE R
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F2 HEWM Ly3Y) EXRBIIHER
Table 2 Results of dynamic adsorption Ly(3*) orthogonal

experiment

ﬁm%mggwmiﬂ)c D (R%) THE%
1 L0 151 2(1) (1) 8063
2 10(1) 202 3Q @ @ 928
3 1L0(1) 253 43) () 8217
4 1220 15(1) 4(3) (2 9052
5 12) 202 2(1) () 8438
6 1220 253 3@ (1) 7145
7 143) 150 3Q (3) 8247
8 14(3) 202 4@3) (1) 7896
9 14(3) 253 2(1) (@ 8321
Ki 25562 25362 237.04 24822
K, 25235 25616 266.55 252.74
K; 24464 24283 249.02 251.65

R 10.98 1333 2951  4.52
®3 DEWMAESHER

Table 3 Verification results of orthogonal experiment

TRKE P H F1i4 2N
A 21.188 6 2 57123

B 33.396 1 2 9.003 4

C 146.8513 2 39.5904  P<<0.05
D (iR %) 3.709 3 2

W, 45 553551 88.61%190.12%-91.34%-89.09%
83.44%, T LAAE B A el AR AL = R0, AfEIRk
RS IEIN G B, 4 BE AR IR B4 2.0 mL/min K,
fRR EE I KA, MR BRI, L EEXTAE
HRSMIEZ Pt e, s TEIRER
3T Z A HIE R 16T = 5 W s 2 a1 71
N AREEAETE 2 MR L SE AR R ok SR
PR, AR TIEE RZ IR, R A
T L P RIS e S W B AR T R e 1
VT K6 AR I AR kSR, R g A R e
PRF RN 2.0 mL/min.

2.5.6 VRIS R IR R AR B
AR BN 2.0 mL/min, %¢H 50 mL Z& 18K AT R
B, SRIEH 70% CBREVE B BsHAT ik, 4 5 min
WO 1 IR, AT A EWCRTS, 8 H AR
i 5 A [ERAL, THEMCEE, 855195008 76.41%.
82.11%. 87.71%- 91.27%. 90.83%. 91.33%, AJLL
F B VR RN, AR ERIRETRE I, 4
Ve &8 60 mL B, R I aG TR e RAS,

Z A PR RN, ARRCRE — BT
RGP, R e A M e & 60 mL.
257  CTEARFR D EOT I IR AR R Ao G
BRARFAREA 2.0 mL/min, 5EH 50 mL 2848 /K 47
Mk, SRIE A 60 mL RT3 ECN 30%. 40%-
50%-. 60%- 70%- 80%[1] L BEMHEXT BLPIAE T, i
AT ENASAEWORES, i HARR AT S A [EAR, Tt
FARIR, 455058 73.53%. 82.06% 85.67%-
88.79%- 92.07%-. 88.41%, W LLH HiplH LEEA
SRR, ARSI E BRI, 2 SRR
RN T70%0, RN IR KE, BN SRR
HIEHEZ 0 THER A I 5165 20 T 1)
YEF 04 T PRSI iy iz, R A8 T 2= (R %
R OBy, i — BIXFE A JIA TR
T, Be SRR R, N R 2R
N 70%.
258 IEXIAL FEFRESLI A, B ORE
AR E (A Bt R R E (B el & (O
NFCI R =T IR, R 4. 5 WLUEH,
D3520 BRI E AR MR A 72 ABsCry IR ZE AT
AT IR R FE DR/ IN e AR AR It i > e i v FH >
CIEARRAT . 2% BFTIR, AR R SR A A2 B M
N T0%LHE, PelARFR &N 2.0 mL/min, ¥l
F&5 60 mL.
2.6 HPLC ZEnthehtaiRiEE#E R EE

X AL AT IS WS REAET REAT U 404, HPLC

T4 DEBRE L,3Y ExRWBRITEER

Table 4 Results of dynamic desorption Lo(3%) orthogonal

experiment
RS A% B/(mLmin") C/mL D(GRZE) FERE/%

1 60(1) 1Lo(1)  60(1) (1) 80.76
2 60(1) 152 700@ (@) 84.19
3 60(1) 203 803 () 87.45
4 70Q) 10(1)  80@3) (2 76.51
5 70(2) 152)  60(1) (3) 86.67
6 702 2003 702 (1) 91.58
7 80(3) Lo  70@ @3 75.42
8  80(3) 1.5(2) 803 (1) 86.12
9 803 2003 601 (2 81.55

K, 25240 23269 25846 24898

K, 25476 25698 24225 251.19

Ky 24309  260.58  249.54 250.08

R 11.67 27.89 16.21 2.21
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Table 5 Verification results of orthogonal experiment

BRKE P H B F1iH M
A 253816 2 31.1805 P<0.05
B 153.424 0 2 1884765  P<<0.01
C 43.941 6 2 539809 P<0.05
D (iR %) 0.814 0 2

HT 444 Lichrospher5-C g (a4 (150 mm X 4.6
mm, 5 um), L 30 C, VsIAHAHEE-5%H IR
IKIEWL, BB : 0~5 min, 15%FE#; 5~10 min,
20%HlE; 10~25 min, 25%F E%; 25~45 min, 30%
HlE; 45~50 min, 70%MHE#; 50~65 min, 15%H
B, A KA 530 nm, AAFRIFEN 0.5 mL/min,
BEFEEN 10 uL. 50 HE 1 A, gifh s i
THEZA 13 PR sy, 5 XIS T P T g 2 24 7%
ML R3-O-MENEE, 1§ 5 NREFOR-3-0-
HIERET, 1§ 12 NEZEAR3-0-HE R . X
SEEUAEAL T JS B HPLC 5, 2ifbaiig 2. 5. 12
P TR E 0 & 0 B 1) 2.27% 0.47%-
3.26%; 4ifbJEig 2. 5. 12 FIIEmEAIE 8505 &
FIE R 4.08%- 1.94%- 5.57%; WHEFH HZ D3520
KA Naaifhf5, WEAEIETE 2 & 06 P o b g] A ot
= G SR SN T =T
27 BEEHFERENEEMNNE

Al G IS AR T RIEW, Rk ol F%
HTENATIRT, RAERIEERERRAR, KH
RN, AT EME ST ZH KR 10.0
mg, F pH 3.0 3R R/KIEHE 25T 100 mL &5/,
PL pH 3.0 BIERRR /KW AR, 7E 520 nm
WS A fE, WIEARX E=4/m (b E MO, m
NIRRT T AR DT Al BT 5 BN 15
R A LT AT G T E S E, R LUE K
FH D3520 LI B B8 i 72 fe A T 20 561 T 4k 5
HALE R, AEREREETROM N 58.6, JHHE
RACH RIRIWIMIGM A 537, BMARET 11
B, AMLHTTEE R E S EON 18.13%, 4ift/51E
HRIFESBCN 96.17%, FESBIRE T 5 .

AL AT 20 & 5 5 =m /m,

Sl JE AT 2 5 5= ma/m,
my SIS I R EHIR R R, my A
TEREAETE SR TR S O AT B, my J9SEU0I 731 05
WALE RAALE MEH R0RE, my, NIERET RALT
HiR S5 PRI AR B

2
A
I
5
B
\12
C
4
1
11
4
6
D 13
? 10 /\
2 |17 o /| 2 /L
9
\M\ Sx U \\A,J TN
1
E 4 6 111
(L \ 178 1? \IAZ
\—_,___} l\ \/SJ j\/\jj\/ \J/ \u 4/ \.N\A\
0 10 20 30 40 50 60 70
t/min

2- KMEH MR 3-0-MEMTE  S-REMOR3-0-MERH  12-
FEOER-3-O- M A B
2-delphinidin-3-O-glucosidechloride  5-cyanidin-3-O-glucosidechloride
12-malvidin-3-O-glucosidechloride
1 W& (A~C). ditkar (D) REkE (B) BEE%E
%/ HPLC
Fig. 1 HPLC of reference substances (A—C), blueberry
anthocyanin before (D) and after (E) purification

2.8 HEIZWIE

B 3 Oy HUE A% T8 10.000 g, %08 “2.17 T
Hil & TTEHATH &, RIEERIUR, fRRfET2
ZAFHHATIRAE, ik D3520 RUKFLM AR, 167
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R R BN 1.0 mg/mL; W IHRFRTE N 2.0
mL/min; FE pH 3.05 BEliilih 70% S EE; Bk
M EN 2.0 mL/min; P& 60 mL, TH&EFE
ML T2 AR 45 R IME 2tk J5 15 %5
WH R EDE 7N 95.78%196.17%-96.82%,
FI 96.26%, “FIIHEH 14.183%

3 it

ARSI SR F O FLAR R P20 W5 2 A6 7 ok 1R
VAT AEAAIE T, 308 FORFLAM Jlg kA7 44045 21 52
B B AR, T2, A RS
P ri, [RITB S AT S S48 & & Tolgk Az =21,
I L B AS P - S8, % HPD-600. HPD-100A
DM130. D4020. D3520 5 FlRFLB e g i2k47 0
i, f3E] D3520 BT I RE AL T 2R IR B - R
Rt B LA aT S 1 R A (L RS
A, HPLC WK AN A ME T AR, %5
'CT =24 D3520 Alifk J i A BB, 4R,
LA D3520 KALBH G AR TR AT = dith. 5
HATZ 8K AB-8 KL FHA IR0tk A:, AR
7] Ak o 30 A2 300 3 O - T ot B B 24K T H 115 A
[F] Kb 7 D3520 LI PR AR W B - I 2 5 AB-8 K
SIS B ARF A R B - A i A L RE SR i 240 13% /5 44, HL
28 D3520 KALW R 2liAb J5 1 i R 7 R (i e
P 11 £, AERTIET RN E S H0N 18.13%,
AN EEFRZNRESECN 96.17%. D3520 W5
Al R BT ) )5 TR AT B A2 F T i R 20 Y
ARG BT G IR AL T 3 Co-Cs-Co IS IRF
‘[\é[26-30]0

TATRES, RO . AT
Ve LT £ T A 58 55 DR 35 06 W B - e AT R — e R
(RRZIA, (EEI AR T FE SR pH I/ .
H A B AN e TR R aitb s A 2R L,
TP B, Rk, KSFEHE Raith ik s
2 R AN E .

A SEES 1% FH D3520 1E Ay fi A W R g SR AT 85
RACH RZ AL, BRRENAN T2 AT
KRR EWRE N 1.0 mg/mL, WA EN 2.0
mL/min, FE pH 3.05 Ve 70% L BE, BElifk
U EN 2.0 mL/min, etk HE 60 mL, 7E LK
WM, AT =IO BOR Al S 7 5
8, WRETE RMAGCR AR R A, T 2R
B ERAEH REMEE, AHBERRHAEEK
MM E .
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