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Purification and Structural Analysis of Anthocyanins from Black
Wolfberry and Mulberry

LIU Enfen', SUN Lin?>, CHEN Ziye’, WANG Jun>"

(1.Yunnan Zhongyan Reconstituted Tobacco Co., Ltd., Kunming 650001, China;
2.College of Food Science and Nutritional Engineering, China Agricultural University, Beijing 100083, China)

Abstract: In order to study the effective method of the enrichment and purification of anthocyanin in black wolfberry and
mulberry, and identify the structure of anthocyanin, the black wolfberry and mulberry extracts were purified by
macroporous resins. The adsorption and desorption abilities of different types of the resins for anthocyanins were compared.
LX-20SS was optimized as the resin for the purification of anthocyanins from black wolfberry. The purification conditions
were as follows: The mass ratio of resin to crude anthocyanin powder of black wolfberry was at 10:1, and the elution
concentration of ethanol was 70%, and the flow rate was 3 mL/min. After the purification, the content of anthocyanin
reached 144.18+3.40 mg/g. DM-21 was optimized as the resin for the purification of mulberry anthocyanin. The
purification conditions were as follows: The mass ratio of resin to crude anthocyanin powder of mulberry was at 20:3, and
the elution concentration of ethanol was 30%, and the flow rate was 1 mL/min. The content of anthocyanin reached
112.44+42.24 mg/g after purification. High performance liquid chromatography tandem mass spectrometry (HPLC-MS/MS)
analysis for anthocyanin structures in black wolfberry and mulberry showed that the main anthocyanin in black wolfberry
was petunidin-3-O-rutinose (p-coumaroyl)-5-O-glucoside, which accounted for more than 95% of the total anthocyanin. In
addition, there are two main types of anthocyanins in mulberry, corresponding to cyanidin-3-glucoside and cyanidin-3-
rutinoside, which accounted for 63.58% and 36.42% of the total anthocyanins respectively. The results provided references
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for the development of black wolfberry and mulberry.

Key words: black wolfberry; mulberry; anthocyanin; purification; structural identification
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Table 1 Comparison of absorption and desorption capabilities of different macroporous resins to black wolfberry anthocyanins
LY el 523 Hh R AR I B i (mg/g) R i (mg/g) AR (%)
LX-20SS St 500~600 m*/g 20.96 16.10 76.81

LK-66 St =700 m%/g 18.68 15.39 82.39
LX-32 R = 1000 m%g 22.55 12.81 56.81
AB-8 P 480~520 m*/g 26.06 10.78 41.37
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Table 2 Comparison of absorption and desorption capabilities
of different macroporous resins to mulberry anthocyanins

WhEEE Rk e THR

(mg/g)  (mg/g) (%)

DM-21 e 21000 mYg 10.20 6.41 62.84
LX-32 e = 1000 mYg 9.94 6.16 61.97
LK66 St =700 m%/g 10.69 3.69 34.52

AB-8 ikt 480~520m¥g 13.23 5.46 4127
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Fig.1 Effect of eluent concentration on adsorption performance
of resin (n=3)
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Fig.2 Effect of loading amount on adsorption performance of
resin (n=3)
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Fig.3 Effect of elution flow rate on adsorption performance of
resin (n=3)
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Table 3 Comparison of anthocyanin content before and after
purification (n=3)

Ykl aifbmifE i aE(mg/le)  AifbE AT E(mg/g)
RAAL 14.14+40.35 144.18+3.40
E--4 4.61+0.13 112.44+2.24

2.4 HPLC-DAD-MS/MS &8RSk
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Fig.4 HPLC chromatography of purified black wolfberry (A)
and mulberry (B) samples at 530 nm
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Table 4 Mass spectrometric data of molecular and fragment
ions of anthocyanins

wa&Y  BEET (m/z) BERET (m/z) REERER (V) R R (V)

ALt 933 771,479,317 25 135
FHEALOFIE] 449 287 10 135
FEACOFIE2 595 449,287 15 135

BN m/z=449, 1E RGP R —r TR bE
FRIERT, A FN RGO R IEES T m/z=287., REHIE
o BAARIG 2 19 () 7 T3 T m/z=595, TE 2%
SR H R o —rF B 3L, IS B BT m/z=
449, IR 2o — o T AR LIS B R A R IE T
m/z=287, IZWEZIINAFTT LU M43t SRt g 1
SRR AEBE FR -3 ANET, W5 2 R A-3- 25 .
FH T A R SR T Sl A b S B AT
MIAE O TR A R M K -3-0- 25 F M (F Sk
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HO OH OH OH
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— — P
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/@&/g /@rf"\/g OH
HO HO HO~ OH
m/z=933 m/z=771 m/z=479 m/z=317
Bl s BEAEAAR-3-0- 25 (B A ) -5-O- A M I B T L
Fig.5 Ion fragmentation mechanism diagram of petunidin-3-O-rutinose (p-coumaroyl)-5-O-glucoside
OH OH
HO, A
oH HO™ 0
0)

-C 12H2009

—CeH,,0s

oH
I
HO 0

m/z=595

l OH

OH
m/z=287

Kl 6 RAH-3-ZEHMF LR

Fig.6 Fragmentation mechanism of cyanidin-3-rutin



%453 55 13

XRSE , % B S RO TS ST - 263 -

L) -5-O- A, alifb)a SR h e ety E2EH
R AR R -3 - N 453 -3 - 25 B 4k
3 #ig

i AFIE A, LX-20SS AL AEFI DM-21 K
FUA AR 53X A AR A SRE AL O HAA R A0 52
AR . LX-20SS KL P T SEAACAE A 2lifk
JEAS R AR P AE O & iR F) 144.18+3.40 mg/g.
DM-21 KA PEXT SHEAL AT alifb 575 B AR
AT SR T 112.44+2.24 mg/g, M =R ULAH
O 5 B4 FH TR, MR b R ST R E
A, IR A0 2 -3-O- 25 bl (B S 3 ) -5-0-4
M, AT S LR T 95%., SR R
ALY, 5390 I8 4234 21 -3 - e BT A< 42
B B3-S, R A4 R -3 AP I AR AT
fY 63.58%, R4 R 3-8/ 5 AL i iy
36.42%, N RBMPCFIRELL AT BN FFAIRAE T
BlEs

© The Author(s) 2024. This is an Open Access article
distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

SE
(1] semzoa R, ke, 38, . ZRM G LFERSF
2 AF R AT S e (7). 9 b 25 % & &, 2021, 36(1): 170-173.
[ AIERKEN A, TENG L, LIU M, et al. Research process on com-
ponents and pharmacological action of anthocyanin in Lycium
ruthenicum. Murray[J]. Northwest Pharmaceutical Journal, 2021,
36(1):170-173. ]
[2] Fssk 2ERERAXORRAATBEHTID]. FM: 3
M K%, 2020. [ LUAN L L. Study on the extraction and stability of
anthocyanins from mulberry pomace[D]. Guiyang: Guizhou Uni-
versity, 2020. |
[3] %%, £4, $# L, . ZRMLFREF RIS LML
# 0. R EHAR S I L,2014,26(11): 1797-1802, 1760.
[ TAN L, DONG Q, CAO J Y, et al. Extraction and identification
of anthocyanins in Lycium ruthenicum Murr [J]. Natural Product Re-
search and Development, 2014, 26(11): 1797-1802, 1760. ]
[4] LSk, £HEEF 09 3R AL U kA& 5 R [D]. 3¢
Fa. 3t M K %2, 2016. [ MA Y Q. Extraction, purification, microcap-
sulation and application of mulberry anthocyanins[D]. Guiyang:
Guizhou University, 2016. ]
[5] VIOLETA R U N. Influence of pH on color variation and sta-
bility of cyanidin and cyanidin 3-O-beta-glucopyranoside in aque-
ous solution[J]. CyTA-Journal of Food, 2021, 19(1): 174—182.
[6] WANG Y W, YE Y, WANG L, et al. Antioxidant activity and
subcritical water extraction of anthocyanin from raspberry process
optimization by response surface methodology[J]. Food Bio-
science, 2021, 44: 101394.
[7] DZHANFEZOVA T, BARBA-ESPIN G, MULLER R, et al.
Anthocyanin profile, antioxidant activity and total phenolic content
of a strawberry (Fragariaxananassa Duch) genetic resource collec-
tion[J]. Food Bioscience, 2020, 36: 100620.
[8] MA ZL,DUB,LIJ, etal. An insight into anti-inflammatory
activities and inflammation related diseases of anthocyanins: A re-

view of both in vivo and in vitro investigations[J]. International
Journal of Molecular Sciences, 2021, 22(20): 11076.

[9] ZHANG L L, CHEN J, LIAO H J, et al. Anti-inflammatory ef-
fect of lipophilic grape seed proanthocyanidin in RAW 264.7 cells
and a zebrafish model[J]. Journal of Functional Foods, 2020, 75:
104217.

(10 ] SR2m, BAF—, JOE%, . BRI X3 ) L4 FALH AT
73R [T]. 24 A& 3 K,2020,27(2):173-176. [QIUL L,
YAN Z Y, HE Y L, et al. Biological mechanisms of proanthocyani-
dins in prevention and treatment of cancers[J]. Pharmaceutical
Biotechnology, 2020, 27(2): 173-176. ]

[11] SASADHAR M. Discovery, development, and design of an-
thocyanins-inspired anticancer agents-A comprehensive review [J].
Anti-cancer Agents in Medicinal Chemistry, 2022,22(19):3219—
3238.

[12] CHANGJJ, HSU M J, HUANG H P, et al. Mulberry antho-
cyanins inhibit oleic acid induced lipid accumulation by reduction of
lipogenesis and promotion of hepatic lipid clearance[J]. Journal of
Agricultural and Food Chemistry, 2013, 61(25): 6069—6076.

[ 13] YANFJ, DAI G, HZHENG X D. Mulberry anthocyanin ex-
tract ameliorates insulin resistance by regulating PI3K/AKT path-
way in HepG2 cells and db/db mice[J]. Journal of Nutritional Bio-
chemistry, 2016, 36: 68—80.

[ 14 ] BHUIYAN M1 H, KIM H B, KIM S Y, et al. The neuropro-
tective potential of cyanidin-3-glucoside fraction extracted from
mulberry following oxygen-glucose deprivation[J]. Korean Journal
of Physiology & Pharmacology, 2011, 15(6): 353-361.

[15] ZHOU L H, CHANG J R, ZHAO W H, et al. Proanthocyani-
dins regulate the Nrf2/ARE signaling pathway and protect neurons
from cypermethrin-induced oxidative stress and apoptosis[J]. Pesti-
cide Biochemistry and Physiology, 2021, 177: 104898.

[ 16 ] TSUDA T. Dietary anthocyanin-rich plants; Biochemical ba-
sis and recent progress in health benefits studies[J]. Molecular Nu-
trition & Food Research, 2012, 56(1): 159-170.

[17] WUT,QIXM,LIUY, et al. Dietary supplementation with
purified mulberry (Morus australis Poir) anthocyanins suppresses
body weight gain in high-fat diet fed C57BL/6 mice[J]. Food
Chemistry, 2013, 141(1): 482-487.

(18] xitkdy, . BAge e & & 3l s <150 F F At Bb ik
R R I RS T4, 2020,41(9): 146-150. [LIUJN,
WANG X B. Inhibitory effect of anthocyanin from Lycium
ruthenicum Murray on acrylamide in cookie[J]. Food Research And
Development, 2020, 41(9): 146—150. ]

[19] #dF, A, & BHELFERER ST T L
S J]. #R$t 5 1, 2022,22(1): 56-61. [HUANGHN, LUM J,
YE S D. Study on processing technology of blueberry anthocyanin
health beverage[J]. Storage and Process, 2022, 22(1): 56-61. ]
[20] F&#, TR, IhEW, F. RIEHFF AR T8 5 R
1. P E 2% A & T2k, 2021(2): 56-60. [ XU X M, WANG W
Q, SUN J Y, et al. Application of proanthocyanidins in cosme-
tics[J]. China Cleaning Industry, 2021(2): 56—60. ]

[21] KIA, FhR, FF. BN EARRSHBREFRF
1. R =& L,2020015):36-41. [ZHANG Q Y, LI B H, LI
W H. High efficiency extraction of anthocyanins in solanum tu-
berdsm by countercurrent extraction[J]. Farm Products Processing,
2020(15): 36-41. |

[22] R Z, M, x| Ty, 5 HAFRET X SRERRRT
LA U], 7 B &% 5 K,2010,10(5):31-36. [LUAN L J,


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1080/19476337.2021.1874539
https://doi.org/10.1080/19476337.2021.1874539
https://doi.org/10.1080/19476337.2021.1874539
https://doi.org/10.1016/j.fbio.2021.101394
https://doi.org/10.1016/j.fbio.2021.101394
https://doi.org/10.1016/j.fbio.2021.101394
https://doi.org/10.1016/j.fbio.2020.100620
https://doi.org/10.3390/ijms222011076
https://doi.org/10.3390/ijms222011076
https://doi.org/10.1016/j.jff.2020.104217
https://doi.org/10.2174/1871520621666211015142310
https://doi.org/10.2174/1871520621666211015142310
https://doi.org/10.2174/1871520621666211015142310
https://doi.org/10.1021/jf401171k
https://doi.org/10.1021/jf401171k
https://doi.org/10.1016/j.jnutbio.2016.07.004
https://doi.org/10.1016/j.jnutbio.2016.07.004
https://doi.org/10.1016/j.jnutbio.2016.07.004
https://doi.org/10.1016/j.pestbp.2021.104898
https://doi.org/10.1016/j.pestbp.2021.104898
https://doi.org/10.1016/j.foodchem.2013.03.046
https://doi.org/10.1016/j.foodchem.2013.03.046
https://doi.org/10.3969/j.issn.1672-2701.2021.02.006
https://doi.org/10.3969/j.issn.1672-2701.2021.02.006

- 264 - £ Tl B4

20244 7 A

CHEN N, LIU X S, et al. Studies on the multi-stage countercurrent
extraction technology for the extraction of proanthocaynidins from
grape seed[J]. Journal of Chinese Institute of Food Science and
Technology, 2010, 10(5): 31-36. ]

(23] et RELEFH S BENE BASTALRINEH
[D]. &4):ixd K %, 2013. [ [HUJ K. Separation and prepara-
tion, structural analysis and in vitro acitivity of anthocyanins from
mulberry fruits[D]. Wuxi: Jiangnan University, 2013. ]

[24 ] XUE HK, SHEN L Y, WANG X R, et al. Isolation and pu-
rification of anthocyanin from blueberry using macroporous resin
combined Sephadex LH-20 techniques[J]. Food Science and Tech-
nology Research, 2019, 25(1): 29-38.

[25] ZHAME. HEFREFTEN > B AL BRALEMER
[D]. & RiE obRiE T K3, 2019. [ WANG D Y. Purification,
depolymerization and inentification of proanthocyanidin from grape
seed[D]. Harbin: Harbin Institute of Technology, 2013. ]

[26 ] SIGURDSON G T, GIUSTI M M. Bathochromic and hyper-

chromic effects of aluminum salt complexation by anthocyanins
from edible sources for blue color development[J]. Journal of Agri-
cultural and Food Chemistry, 2014, 62(29): 6879—7322.

[27] #%, &4 . pH & £ 5 HPLC M Z Mt F 7
# (1], F B R AL F 4R, 2017,38(7): 74-78. [ YANG P, LI Z.
Comparison between pH differetial method and HPLC method for
measuring anthocyanin content of black wolfberry[J]. Journal of
Chinese Agricultural Mechanization, 2017, 38(7): 74-78. ]

(28] 4 AR A B A AR AR, NYT2640-2014 44y oA
Fo P A F MR B ACRAR &R [S]. W b E Rk AL,
2014. [ Ministry of Agriculture and Rural Affairs of the People’s
Republic of China. NYT2640-2014 Determination of anthocyani-
dins in plant origin products-high performance liquid chromatogra-
phy[S]. Beijing: China Agriculture Press, 2014. |

[29] JIN H, LIU Y, YANG F, et al. Characterization of antho-
cyanins in wild Lycium ruthenicum Murray by HPLC-DAD/QTOF-
MS/MS [J]. Analytical Methods, 2015, 7(12): 4947-4956.


https://doi.org/10.1021/jf501950s
https://doi.org/10.1021/jf501950s
https://doi.org/10.1021/jf501950s
https://doi.org/10.1039/C5AY00612K

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 黑枸杞和桑葚花色苷提取方法
	1.2.2 花色苷大孔树脂纯化方法
	1.2.2.1 大孔树脂的预处理
	1.2.2.2 大孔树脂的吸附
	1.2.2.3 大孔树脂的洗脱
	1.2.2.4 大孔树脂解吸率的计算

	1.2.3 纯化动态试验
	1.2.4 花色苷总含量测定方法
	1.2.5 花色苷定性分析液相色谱串联质谱条件

	1.3 数据处理

	2 结果与分析
	2.1 大孔树脂筛选
	2.2 树脂纯化黑枸杞花色苷分析结果
	2.3 纯化前后对比
	2.4 HPLC-DAD-MS/MS结果分析

	3 结论
	参考文献

