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Study on Extraction, Purification and Degradation Kinetics of
Anthocyanins from Lycium ruthenicum

LIAN Min, GAO Yiwei, NIAN Xin, WANG Mengze"

(College of Food Science and Engineering, Ningxia University, Yinchuan 750021, China)

Abstract: In this study, taking the amount of anthocyanin extraction as the main index, the extraction process of lyophilized
Lycium ruthenicum anthocyanin was optimized by one-way and orthogonal tests, and the purification process of
anthocyanin and its degradation kinetics were studied under these conditions, to explore the changes of the extraction
amount of anthocyanin under different temperatures and pH. The results showed that the optimal conditions for the
extraction process: The material-liquid ratio was 1:25 (g:mL), the ethanol concentration was 60%, the pH was 4, and the
extraction time was 2 h, which resulted in a purification rate of 90.02%. The amount of anthocyanosides extracted under
these conditions amounted to 36.507+0.325 mg/g. In addition, the study showed that AB-8 macroporous resin was the most
effective in purifying anthocyanin from Lycium ruthenicum, and it had the best effect on the adsorption and desorption of
anthocyanin. The optimal conditions were: The concentration of the sample solution was 200 mg/100 g, the concentration
of desorbed ethanol was 80%, the flow rate of the sample was 2 mL/min, the flow rate of elution was 2 mL/min, and the

volume of the sample was 5 BV. The results of the degradation kinetics study showed that the degradation rate of
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anthocyanin increased with increasing temperature and the half-life decreased at the same pH. Moreover, anthocyanosides

were more stable in acidic environment and easily degraded in alkaline environment, and the stability of anthocyanosides
was the best with the maximum of t, , of 38.5 h and the maximum of Ea of 41.89 kJ/mol at pH3 and 50 °C. Therefore, the
content of Lycium ruthenicum anthocyanin is closely related to its extraction, purification and stability of process

conditions, this study provides technical support for the extraction of wolfberry anthocyanin and the development of

beverages.

Key words: Lycium ruthenicum; anthocyanins; extraction; purification; degradation kinetics
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— e B[], F5.51) SRR A AT SR A I B U

1.2.3 PARNEIIGET  AEIMFREBCR A T4
JEI D, SR BRG], DL RS AT et
W& SR, DUBHE L 1:20 g/mL. ZPEHk
BE 60%. pH3. #EHATTR] 2 h M EME, 55 T BRI
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Table 1 Orthogonal experimental design

012

ABREH(gmL) B OEARE(%)  CcpH D HEEUE (h)
1 1:15 60 2 2.0
2 1:20 80 3 25
3 1:25 90 4 3.0

1.2.5 RAEEFFHRBCRE MG B 0.2 mL YHEE™
W, 53 pH1.0 SALETR IS pHA.5 BEIRANEE vhis
WA RS, = IREE G B ST E], 453 pH1.0 A1 pH4.5
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JH pH /R 2575 A b AT PR
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&H.
1.2.6.2 KRALW AT L EHEIR I P on A &
T4 ¥R B RIS (D130, D101, HPD100., AB-8., X5,
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Ea
lnk:ﬁﬂnkn X (6

o k IR SN H L W' kg SRR B,
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JHEE 53 B4k Origin 2022 VEIE] . Fp2H 5286 HA2
3 WK, IR A R P E R EZE (R +5) R
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O PREBUE S, N 35.047+0.230 mg/g; KL LL
A 1:5 g/mL B}, fE B BGR AR . BEERRRA LLY
Yeohn, FESRMACLAE (O PR IBGR Se T = IS BRI, X2
FAE AR R, R EE I N O TRk A T
LA T s . MOERR LS 1:10 5 1:15 g/
mL B, AR IR0 W 3 22 7 (P>0.05) . BB R}
W L P ARZEIE N, A6 T SR BRI RIS, O T
FEIFIRLEE S, F 2R A R 0, DSt e
2%, SEAL AT S, PR FEIREY
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Fig.1 Effects of solid-liquid ratio, ethanol concentration, pH
and extraction time on the amount of anthocyanoside

Bf, A6 1Y & i ik B K, S 35.907+0.340 mg/g;
AR EE DN 80% FI] 90% ARAKI], 480 1 & Bz
REALG, B T Sk BE R i, IR AE (B atids), 53K
HAE BRI, R, SRR EE Sl 80% SN HIE(,
RERESIEER ez 5

2.1.3 pH WIHfiE  A[A pH X 46 (O FF $EHUR AU 52
m, A 1c s BiEZE pH MUHG K, fE A PR BUR %
Wi, pH & 3 BFA B K, S 33.207+0.335 mg/g,

ARSI K pH, AL AT HRBCR AT FTBAIK, 1302 T
B pH FYHE R, 1B T ER e MERRAIR, 3 ahi i & 2k
SRR

2.1.4 FREEFEIAEI S ASTRIBEEC TR o 4
BRI, AN 1d s Bl B B a] (9 S A8
PP BCE Se SN, MR R 2.5 h, HAE
AT R IR IR B i R, o 35.637+0.316 mg/g. H
it 5 B B TR 9 S, A6 0 S F BRI, X2 T4
Bt ra) a1, B o A LR AR R, PRIk, 2.5 h 4B
AR TR]

22 EXREER

221 BRI LER B al ANk 2 ir
7N, 2245 R, SRR T R ACA L (2 Er P G
) R I ZRIILT Ay 2 B 3 >R h i bl >4 B i) >
pH. FHEE 3 AT, 45 PR 2 X6 (0 1 P B e 80 S A
BE2ZEF(P<0.01) , ZEETebr iGN AsB,C3D,y,
Bl e A B A5 4 B EE 1:25 g/mL., 2 Bk
60% . pH4 . HFEHHJTHE] 2 he

#2 IEZAIER
Table 2 Orthogonal test results

TES ARNRIL BZEEWKEE CpHE DIZUUE] 7L & i (mg/g)

1 1 1 1 1 29.72
2 1 2 3 2 25.95
3 1 3 2 3 26.97
4 2 1 3 3 32.53
5 2 2 2 1 33.13
6 2 3 1 2 30.12
7 3 1 2 2 33.75
8 3 2 1 3 25.58
9 3 3 3 1 36.33
k1 27.55 32.00 28.47 32.40
k2 31.26 27.55 30.62 29.94
k3 31.89 31.14 31.60 28.36
R 4.342 4.447 3.130 4.032

*3IERR T2

Table 3 Analysis of variance of orthogonal experiment

K% w2 Vorf AmE  Bir FfE WM
AR L 99.159 2 49.579  91.018 *x
BRI 100.148 2 50.074  91.926 o

CpH 46.101 2 23.05 42316 o
DI ] 74.329 2 37.165  68.227 **

R 9.805 18 0.545

T FRORARKGIE; " RoRik 83 (P<0.01),
222 ARHEEAFIIEIRES 7R T %

PRI HE 1:25 g/mL, ZBEHE 60% ., pH4, HEHL
AsE]2 h B FAG TR ES, T4 T IR, A5 AT e
{15 & BN 36.507+0.325 mg/g, A% T IEAS IR
B A A AR AR (o PR U B vy, R AR HAA 7T
171k

23 ERWEEeENS

2.3.1 RALMANRHITHLE 6 B[R] ICALA X AR
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HOAC AL €25 W B 5 i 2 i sz, an i 2 B,
AB-8 1 g (Y W Bt} 68 77 S 48, FLUR B & 2l 26.933+
0.252 mg/g, fMW 3N 25.200+£0.316 mg/g, X &H T
AB-8 B AR LSS, 5 BERAMICAE A S T i 554
PERLHISE G RE IR, Rk, 1EdE AB-8 BRI
VR T REA AL (o 2l ke

30  ER R 30
o B -
25t 1 = 125
cF L al N —H20 B
£ £
ﬂg 15 H1s E
= 10 110 &
5 Hs
0 Q \Y \} S o) \ 0
O T D
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P2 ARG AL £ I B A b R T

Fig.2 Effects of resins on adsorption and resolution of
anthocyanins

232 AB-8 BIEWKRBH EAEHEE  ARRIAE G R
XF AB-8 BRI BRHAE T s, sl 3 s, FE—
RE RPN, W B e B A (0 MR BE RS R IG R, 24E
(0,5 B IR F 200 me/100 g Ji5 W fit i #a T Fa 52, X
JE T PR I R, BRI S A 2R EEFTTDE,
5 AR g T Gk A0 BH ZE B, LR 2 A O MR B R,
RGBT, 2R AE Tty PPl B, 200 mg/
100 g J& fv il A sl 245 W B BE SR A AL AE 75 2R A

I B B (mg/g)
—_— —_ 3] [3S) o o [\ ]
(o)} oo (=) [\S) N (o)) o0

—
~

6 5.0 160 130 260 230
AOTHRE (mg/100 g)
3 FEGTE T AR S W B A5
Fig.3 Effect of anthocyanin loading concentration on
adsorption capacity
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HOSZNE, Q1] 4 Fios, BEAE SRR LR i, SRARAAL
AECH AN ST N, 24 2B B 80% I,
ARAMACAE O B R B R . i Tl -5 4E
AR AR ZS IS, 80% Ky LMl MEAT SR A AL AL

A ARAAARL, WERE AB-8 IR F AL %

i TUE R, BEM RGN TP, I, BEHOR
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[\ [
e [=}
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N
NS}
T
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= =
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Fig.4 Effect of ethanol concentration on desorption capacity

.
2.3.4 BHAWMHAR CAERENTE AR

RO AR AT R (RS A S an & 5 TN . B
R R R, R A 3 (P<<0.05) B INEA
Y AR RIS S| 2 mL/min J&, W EAE AL T
Ba, AR PS50 45 IR e A B AR 2 mL/min.
AR RS I LR IR BRI G N 2R, 5 |
P EE P, S A T R LD, Bt
FERE SR VR Bl 25 DARERTE AN, BLR AT LU A LA
REFESTW AT, (FOSFERTECI, SEmRieRrle,
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._.
[\S]
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Fig.5 Effect of loading rate on adsorption capacity of
AB-8 resin

2.3.5 AEAERIEGE AR R S,
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EEW IS, Y5 BAERCY 10 BV B AB-8
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L4r
121
10}
i
= o8t
= 06l
20
04t
0.2

0.0

0 2 4 6 8§ 10 12
ERAREL (BY)
K6 Wi ik
Fig.6 Adsorption leakage curve
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R 5 BV B, BOGEE N DA GEER 1/10, 1A
Shy BURS AR

2.3.6 IV AITAE PR U = 10
sZm, WE 7 i, MW GHE Y 1 mL/min B, AB-8
FFLA B X BB R ) A A6 €0 T 19 i T 11 2l 24.200+
0.400 mg/g, VEMLFLHE A 2 mL/min BRI EA 24.933+
0.321 mg/g. ZIEFIVEMLAEHR/ N, ZORFBEIG, B,
FEREVE A A 2 mL/min,

26

R (mg/g)
— —_ o N W)
@) [ere] (=) 5] NS

—
~

T2 3 4 s
Ve (mL/min)
P 7 R SRR A ek 145200
Fig.7 Effect of elution velocity on desorption

2.4 A[E pH FLRE TRRCECERERNHF

H () AR TE] pH FNRE T BRAMACIE
HRIRREAR A, P AT LRI, SRR UL 4. G55R
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Table 4 Kinetic parameters of anthocyanins in Lycium
barbarum at different pH and temperature

T k e

M=

PH () (gt 020 Ea(KUmoD) Dk Z(T) “““(OC) Qo
40 2 57.8 0.0192 40~60 1.55
50 3 38.5 0.0128

3.0 60 5 23.1 (Rziéiggm 0.0080 49.5 40~80 1.57
70 8 14.4 0.0048
80 12 9.6 0.0032 60~80 1.58
40 3 38.5 0.0128 40~60 141
50 4 28.9 0.0096

4.0 60 6 19.3 (Rzig:ggﬁl) 0.0064 69.69 40~80 1.38
70 8 144 0.0048
80 11 10.5 0.0035 60~80 1.35
40 3 38.5 0.0145 40~60 1.63
50 4 28.9 0.0096

5.0 60 7 16.5 (Rzig:;;fﬁ) 0.0055 60.7 40~80 1.49
70 9 12.8 0.0043
80 13 8.9 0.0030 60~80 1.36
40 7 16.5 0.0058 40~60 1.45
50 9 12.8 0.0043

6.0 60 14 8.3 (R2=306..93947> 0.0027 61.46 40~80 1.46
70 23 5.0 0.0017
80 30 3.9 0.0013 60~80 1.46
40 27 4.3 0.0014 40~60 1.83
50 51 2.3 0.0008

7.0 60 90 1.3 (Rzig:ggﬁ) 0.0004 55.12 40~80 1.49
70 117 1.0 0.0003
80 134 0.9 0.0003 60~80 1.22
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Table 5 Thermodynamic parameters of anthocyanins in Lycium
barbarum at different pH and temperature

pH T(C) AH(kJ/mol) AG(kJ/mol) AS(kJ/mol)
40 41.56 96.32 -0.17
50 41.47 101.10 -0.18
3 60 41.39 103.01 -0.19
70 41.31 104.74 -0.18
80 41.22 106.69 -0.19
40 29.90 97.89 -0.22
50 29.81 100.33 -0.22
4 60 29.73 102.40 -0.22
70 29.65 104.74 —0.22
80 29.56 106.94 -0.22
40 36.44 98.22 —0.20
50 36.35 100.33 -0.20
5 60 36.27 101.97 -0.20
70 36.19 104.40 -0.20
80 36.10 106.45 -0.20
40 35.97 95.83 -0.19
50 35.88 98.15 -0.19
6 60 35.80 100.05 -0.19
70 35.72 101.73 -0.19
80 35.63 104.00 —0.19
40 37.06 92.17 -0.18
50 36.97 93.50 —0.17
7 60 36.89 94.90 -0.17
70 36.81 97.09 -0.18
80 36.72 99.61 -0.18
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