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Research progress on separation of natural anthocyanin by liquid-liquid partition
chromatography and combination with liquid chromatography

SUN Heng-mian, BAO Hong-lei, TONG Sheng-qiang
College of Pharmacy, Zhejiang University of Technology, Hangzhou 310014, China

Abstract: Liquid-liquid partition chromatography (LLC) is a continuous and efficient chromatography technique now widely used in
the field of natural products. Natural anthocyanin is a flavonoid natural pigment with many physiological activities. Anthocyanin is
very unstable and LLC has been widely used in the separation of natural anthocyanin because of its mild operating conditions and the
avoidance of irreversible adsorption of samples. The research progress on separation of natural anthocyanin by LLC and combination
with liquid chromatography from 2010 to 2019 is reviewed in this paper.

Key words: LLC; LLC-LC; anthocyanin; purification; two-dimensional chromatography

RO NN T AT B BR300
Zy R RS KRAMEZRRPLL. i, K
MABEGERER, HRAT SRR A2k
e PR A R B ARTE I AR SRS
FER A AR 2] AT L P COBHIS BN . B
TR EERIEEM, feOHE A PR
SEYATREN. KREIARMEEHES €L
Yok, G AR AR A, e KR ThReR). il
77 40 LB P 14

N T T XS AN TR RIR R ARt BEAT € PEAT
ERT, TERKER &0 EEREA O R
HEfh, (AL ELE S5 ISR S P 2 7 B2 g 1

WimAER: 2020-03-01
HEEWH: BXRARFIHESEIHTE (21978266)

WG MRS . RItk, MAEYI RIS S AR
OB PARTE A I F 2@t . RIEOHH L
RGPV HT AR OEELRE, Bl
WA PIAE B A2 BRI PR B 75 K 2 DA SR BT
SACEE AL, HRT AR ORI KRR A
HilEL 500 Fh, FUTERTR—MAE OB RKAE T AEYE
PEATFIT HIB),

A L PR R AR AR R AR e
B R 73 B T B e N T A R AR L
tEY) . WA ECt s (liquid-liquid partition
chromatography, LLC) &) {2 % FH T KRR =¥+,
BA KR AR B E S0, EmRE

1EH N IMERL, L&, EmL, RTINS HT. E-mail: sheryltahiti@163.com
HEEMES WA, #0%, W4, EERTT AR GRS EAR TSN R A UL T 2 oy B gtk

Tel: (0571)88320984 E-mail: sqtong@zjut.edu.cn



T84

Chinese Traditional and Herbal Drugs 35 51 % %522 #1 2020 11 A

* 5857 -

FEACL 8 9 Aot 5 22 T 4L €00 385 v O A B T ¥ LA
IrES o WA Tt - AH 1S B (liquid-liquid
partition chromatography-liquid chromatography ,
LLC-LC) R LA ke bk B — (il 5 R 43 B 1 £
HEH, EFEREEE T 0@ RREOTH.
1 RAREBHEHUFLEH

RARAE O R A 7 A 1) RS AL &
Yo, J&THEHGTEMNFIE R 2 By RS R b (2
— R, ERONEY R E E R KRR OERRE,
HAhgs e T, MEHR, mE 1 fos. B
OB FFET AT 23 B, Hoh B AR TP i LA 2
ARz GEER, BafR. AHR. RZE
PR 6 KR, BRFMFTHFENEE R
W, 2 U EH AL FEEAMLL Ce-Cs-Co
NEIRIAEHE RS GV RAC T, HE R L0
BT A R R B 2 O 5 DL PR O, 3l A G5 i R
BEFALEL Cs A1 C A XU A AE ). TECLH I
FUWEE W, MUEHEEER. TR, W
EiE

Ry

OH OH
BRK %
—» HO
R, R,

+
O,
e
/OH
OH

K#HE Ri=H,R,=H
KEHFE Ri=0H,R,=H
H#EHLFE R,=OH, R,=OH
AjZjtizE  R;=OCH;, R,=H
%A #E  Ri=0CH;, R,=OH
Mm% R,=0CH;, R,=0CH;

E1 #YFEINTeENTeETrNFEN
Fig. 1 Chemical structures of representative anthocyanins

and anthocyanidins in plants
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R1 2010—2019 F#5 LLC Sk RARIEERH
Table 1 Partially purified natural anthocyanins by LLC from 2010 to 2019
e s
15 @j l) fiil) iR e R BN R W
b3 3 700 H:0-BuOH-MTBE-ACN-TFA cyanidin 3-O-(6"-O-o-thamnopyranosyl-p-D-glucopyranoside)s ~~ >95.0 - HPLC-ESI-MS/ 16
G 30rero00n cyanidin 3-0{6"-O-o-thamnopyranosyl-p-D-galactopyranoside). MS
cyanidin  3-O-p-D-glucopyranoside +  cyanidin ~ 3-0-p-D-
galactopyranoside. cyanidin 7-0-B-D-glucopyranoside
%z 15 880 H,0-BuOH-MTBE-ACN-TFA peonidin ~ 3-0-(6-0-(E)-caffeoyl-2-0-p-D-glucopyranosyl-f-D-  95.5 95.0. 75, 35,  HPLC-ESI-MS/ 17
(Ge4i1r100000) glucopyranoside)-5-0--D-glucoside + cyanidin  3-0-6-O-p- 978,963 50, 60  MS. NMR
coumaroyl)--D-glucopyranoside +  peonidin ~ 3-0-(2-0-(6-0-
(E)-cafteoyl-f-D-glucopyranosyl)-6-O-(E)-caffeoyl-p-D-glucopyr
anoside)-5-0-p-D-glucopyranoside + peonidin 3-0-(2-0-(6-0-
(E)-feruloyl-p-D-glucopyranosyl)-6-0-(E)-caffeoyl-f-D-glucopyr
anoside)-5-0-p-D-glucopyranoside
A N 4 850 H,0-BuOH-MTBE-ACN-TFA cyanidin 3-xylosyl (sinapoylglucosyl) ~galactoside + cyanidin 850, 920, — HPLCDAD.HPLC- 18
(522220100000 3-xylosyl-(feruloylglucosyl) galactoside . cyanidin 3-xylosyl ~ 96.0 ESI-MS
(coumaroylglucosyl) galactoside
Kkl 2 850 H:0-BuOH-MTBE-ACN-TFA cyanidin  3-0-p-D-giucopyranoside +  cyanidin  3-0-(6™-0- 95.1, 982 — HPLC-UV, HPLC- 19
6:3:2:100000) malonyl-p-D-glucopyranoside) MS
KHE 2 800 H:0-BuOH-MTBE-ACN-TFA - 915 43 HPLC 2
(5:2:2:1:000)
i 2 850 H:O-BuOH-MTBE-ACN-TFA cyanidin 3-O-glucoside 9.0 - HPLC-MS 2
(1023204200
A 2 80 7 % HSCCC : BuOH-MTBE- delphinidin 3-O-ghicoside . cyanidin 3-O-glucoside. peonidin 975, 58, 74, 127, HPLC-UV. ES- 22
ACNAO1%TFA (0715 210 20134 © 3-O-glucoside. delphinidin. peonidin, malvidin 86,983, 43,87, MS. NMR
1.592) . BuOH-EA-ACN-0.1%TFA 970,73 11,85
(1348 100605 + 2.156)
it 15 850 H:0-BuOH-MTBE-ACN-TFA cyanidin - 3-0-(6"-O-o-thamnopyranosyl-p-galactopyranoside) +  >95.0 - HPLC-ESI-MS/ B
(52301010005 cyanidin - 3-0-(6"-O-o-thamnopyranosyl-p-glucopyranoside) « MS
petunidin 3-O-f-glucopyranoside
e iz 2 850 H:0-BuOH-MTBE-ACN-TFA delphinidin 3-O-sambubioside. cyanidin 3-O-sambubioside 978, %62 — HPLC-UV, HPLC- 24
63 10100000 ESI-MS
HARR 2 850 H20-BuOH-MTBE-ACN-TFA cyanidin 3-O-glucoside 9.1 08 HPLC-ESI-MS 25
(52222010000
54, Tt 15 800  Hy0-BuOH-MTBE-ACN-TFA 19ACs - - HPLC-ESI-MS 26
LT (5:2:2:1:001)
bk 2 850 HyO-BuOH-MTBE-ACN-TFA pelargonidin 3-O-glucoside 9726 - HPLCDAD.HPLC- 27
(512125:25:001) ESI-MS, NMR
LGNS 2 850 Hi0-BuOH-MTBE-ACN-TFA - ) 3760 HPLCDADJHPLC- 28
(52222010000 uv
% 1 850 H:0-BuOH-MTBE-ACN-TFA cyanidin 3-O-rutinoside. pelargonidin 3-O-rutinoside cyanidin 3- 9924, 885, — HPLC-DAD-ES- 29
(5:2:2:10000) O-glucoside. pelargonidin 3-O-glucoside 99.9. 96 MS
£yl 3 800 H:0-BuOH-MTBE-ACN 2ACs %7, 915 — HPLC-DAD 3
(5HO.I%TFA 2227 1)
BRI I 1200 H:0-BuOH-MTBE-ACN-TFA - 89 - HPLC,HPLCES- 31
(5:15:25:1:0.001) MS
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B, IREE AR LLC s (kg 73 s — ANk
WHRENSH, BRI RSS2 L [E e
AHLR BE 221351, T 3] 2 AH DR BE 28y 2 {5 43 B B T 40,
1 Zouw FECTIE 73 B B AR 1) 3 FPAE (A I A IR BT
ARAARAR A A 1 mL/min B[] 52 AH 0 £ B 2658 &, 1%
Iy R, M0 3 mL/min (AR R B S 4 PR
E R AR B 2 TN 3 R 230 USRIl — W E R
800~900 r/minl), 7E MY FEl PN XHE L 2 B R0R
TR E A o JERE B K2 PR H AR 0 1) 43 B8
JE, Li SRR S B A0 R A B I A i i
100 mg, [FIREHRERER 25 CULALEREFE M fRE
P, KH 2.0 mL/min AR ERERE T 41.7%
(1% [l 5 AH R BE 26
3 LLC-LC

B LLC AR S TEA Rk
il 2 B KM E F L, BT 2 B AR AR
BAK, A S GONE AR, AOEE— R
IRMETFBIFEAR ) B8R . Aah, ZEAR kR
VEMA WL SRR vl 7 (8, FERF K. AL
KBS, BRI RE (HPLC) £ 8 KARIE
B LA s, B TR R
TR fER I TR DR LB, B2
KBRS B AR AT 28 TR ik,
Wang 40154 J5 5% FH LI FR B I RH 2 1) % 28 v 2k
WA (semi-HPLC) 454 1776 BT A 5 25
SEER THEEOR 3-0-MEME. Bt R
3-O-F B TR IR A 3-0- A, s
BN 97.7% 99.3%. 95.4%. 2018 4, Chen
SEMT B & A % (prep-HPLC) #5183
1) 2% VRUAE A 1% ] SR H 0 TR 4 B A B 2o sk
99%[ 10 Fh 3 EEAE 08 FRLAA o X T AR 43 1 i &
FIREALAE (L B4R, Zhang ZEU245 4 22 Rk (41 A1
BB 1 NSRS b 4y AR 3 2 Rk AL AR
A, A FEIR IR =4 o 4y B AL AL o A
PROL TR, . AT, oA B VORE € v e [ Ak [
SE M AP AR AR SR IR R B 2R A 15 R B e
PR AT PR 1 T A € 0 78 20 B R AR A6 L [ B
., HARGS A A EE LLC #] & E/MRZ, ANiE
A& B A BT, FsL Lk, mTRRTER
H LA AR AR P 22 0 155, A S — a4
AR EATHEAT 7 B AR A A

31 ZHfE LLC-LC

AR 2 FhEGEECH A, —Fh
RS RIE N — YA, N —Fh Sk RN
Tkl gk AR ORI SR AT DU T
WD 2 ) I E SR T RIESE. 4
R 2 Pk R EBA AR S HLH I A
PSS R BEVE 2 R, e s
ATRLRIERIRCOR. B, ISR, o E
HLAAS 7] o A P € i B PR A A5 06 7 He e fe e B
15 31 v o1 B 7 B B AR =0T, B — 4RI EE —
Y £ T 0 TR A8 1 ] T PP 4R g R B Re
Schoenmakers &5 480 1E A2 M @ O 4t Hh 4
A 2 M 7 BALEI B Es, PR 7EIX 2 Fhs
i R 40 AR B (B FE GE v 2 F R AT A SR
IERZ S B AU R TAE s VAR 2 P Bk &R )
REE B R B 2 MR RAFLE IR PR A
RERREA A BRIk B R ], IERe
BT, TR 5 B RE TR, ST 4E K, LLC-LC
BRI FHE B RN =53 T R Hh L S
Rife BT 2 Freailis RARF 5 gL, Bt b
HOROE R RIEAZ N TR E, HEGRE—
LLC A S I 1oy HE e f s i e s 2. 5 4800
ik, 4G LLC-LC EA LTI EEN
M A EHURIAE, B4R ARG,
BT AN R 73 55 R B 15 2 Fl A it A R
D BER RIEASHE:; AR, 2 FhEREEAR K RAMH
T 2415 2 PRI NS 5, TR
At T RUFIHEIAR SRR o
32 LLC-LC pBEiaHRK

N T IRAS T LT 1) 7 B R R RN A B R o B
AL AR, IR H LLC-LC 4 E 4l R R
TEEF I T HOEZER I (R 2). Xu FBRIL
RIREEHEAE CCC BB FIFE HPLC H58
EAE: £ CCC @tk R, TetH b7
FERGR TR o U AR E B g5, B A
URHE (1) 4 €88 2 2 R BB RRCHY 1) 16 € e 0 1
K, VEMUFARION AT . =80 E .
FUBEE . AR . FThifamie . S ARTEEE T
585 TOAHZE AR [ ) HS 06 5 DU B T B FREAR
FERE, ZHURAE AT Je T UL BB P i ok
VeGP 5 o R R B R . RS AR, WA
. OREHOR, NYBER. REEAR. X T
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Table 2 Partially purified natural anthocyanins by LLC-LC from 2010 to 2019
, Fl it s o . -
KR E P i S i 7 50% it o
FIR HSCCC ~ Hy0-BuOH-MTBE-ACN-  prep-HPLC ~ H;O-FA-ACN (871103, cyanidin 3-O-rutinoside. cyanidin 3-O-glucoside. peonidin — HPLC-PDA . HPLC- 50
TEA(S:2:27170.01%) A), @0:10:50, B);  3-O-utinoside  peonidin 3-O-glucoside +  cyanidin ESI-MS", NMR
90%A. 10%B M 3-0-(6-0-malonyl)glucoside. cyanidin 3-O-sambubioside
PG, %5 MLCCC - HoO-BuOH-MTBE-ACN-  prepHPLC  H,0-FA-ACN (87:10:3, delphinidin 3-0-a-L-thamnopyranosyl-(1—6)-p-D- — HPLC-UV/Vis, HPLC- 51
MR TRA(5:2:201:01%) A (0010050, B);  ghucopyranoside. cyanidin 3-0-(2"-0-B-D-xylopyranosyl- MS/MS, HPLC-TOF-
95%A. 5%B M 6"-0-0-L-hamnopyranosyl-p-D-glucopyranoside) . cyanidin MS. 'DD-NMR
3-046"-O-t-thamnopyranosyl)-p-glucopyranoside. cyanidin
3-O-tinoside. delphindin 3-O-rutinoside. pelargonidin
3-O-nutinoside
JHEE  HSCCC  H0-BuOH-MTBE-ACN-  prep-HPLC  H:0-FA-ACN (87103, delphinidin 3-O-glucoside. cyanidin 3-O-glucoside, malvidin — HPLC-ESI-MS™, NMR 52
TFAG5:2:2:1:01%) A). (40:10:50, B) B 3-O-glucoside. petunidin 3-O-glucoside peonidin 3-O-
A glucoside, malvidin 3-O-p-coumaroyl-glucoside
KORE  HSCCC  Hp0-BuOH-EA-TFA semiprep  HoO-ACN-MeOH (80 15 petunidin-3-p-coumaroylrutinoside-5-glucoside  peonidin-3- 97.8, 977 HPLC-UV/Vis, HPLC- 39
(5:3:1:01%) HPLC 5) SN p-coumaroylrutinoside-S-glucoside ESI-MS/MS
R HSCCC ~ H0-BuOH-MTBE-ACN-  semiprep  HoO-MeOH BFEEGM: malvidin 3-0-ghucoside. elphinidin 3-O-glucoside. peonidin 9274+ 91.03, UPLC-Q-TOF-MSMS 37
TFA (S0 40:1:1: HPLC 3-O-glucoside 91.21
0.01%)
B B semiprep ACN-SUFABREENM  HSCCC  H:0-BuOH-MTBE-ACN- 18 ACs >95 HPLC-ESLLCMS/ 36
T, K%, HPLC TFA(S:2:2:1:001) MS. NMR
b N
G50
KWEE  HSCCC  0.1%TFA-BuOH-EA-ACN  semiprep  1%AcOH-ACN BAEFHER  SACs 4068, 438, HPLC-UV 53
(60:35:8:13) HPLC 35.75.9061.
60.53

(AR AN R H e, IR R & a2
Se TARMMEAL G BEML,  FEBEAAE (1 2 % T AL
T m, RIEAE (H 7E HPLC A H ISP A I
NEHEEAR, REFEER. BEFOAR, 4G
R ORZFEOER, AR FRERINT S5 K
I3y B AL KR A AT FASTF &, 0 Zou %527
#£ 7K -BuOH-MTBE-ACN-TFA (5 :2:25:25:
0.01) FIEFI ARG R A H CCC F £ HPLC 435
R EEREIER LA 2 (I 1. 43508 K %
R 3-O-FEEE, REZER 3-O-H H M AR
R 3-0O-EF/MEH). ETRIFLETE CCC M
HPLC H ) Bl R HetE, nfLJeilid CCC XHEt
T AT Y05, Fat—2R A HPLC il &
o A B = R B AR U B 0 Li BT
HA O RS A semi-HPLC %, HA0AL1R 354>
BAE, BRI B T 4 FiEatr g
7, JRESEI KT 90%. N TIREHRESEE

AE L AR, SR ARSI F i I i 28
LR BRI T RDEATYIL 5, FAEH %
AR — DA B R e, &S EAEH
2 PhEEAR O, RSN 97.8% 97.7%.
2019 4, FKIAHZEBNGEFE EA-BuOH-ACN-0.1% TFA
(8:35:13:60) NEAERFTIKSR, %H CCC Xf
TR LA EATYIL 5, BRI E
HRESECN 43.64%, P44 semi-HPLC A%
oy 8545 2 5 B B F L5y, s 0 BUR 1A 90%,
FHEG R e 80 € il 23 B 45 2 A6 1 T 2 0 4L
FHECE BRIy, (H R ERZH 53 R R 43 5 25 1 A BIR il
A 20%LA &, J5 2R TR EERHZ L 5 F oy 2 45 R
WAk o A BT IEHA i A R 5 — 4 (o i 1T 1 I
RN Al IR T R E S A
TR, 1 Xu 25K A semi-HPLC Al CCC BEH
TN 6 PRI R A 7 B30 1 15 Mieta g
W, R HATIR 95%.
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IREFHR 3-OMBMWE  I-RZHER 3-OMBML M-REFHER 3-0-5F/HT
I-Cy-3-glucoside II-Pg-3-glucoside III-Pg-3-rutinoside
B2 {E@HEMIEYA HPLC BIEEMEUEE (A) FIEEHEMEYR HSCCC BIEE (B)
Fig.2 HPLC and mass spectra of crude anthocyanin extract (A) and HSCCC of crude anthocyanin extract (B)

4 HERRE

ML AR RN FRARTE O ORI 7 32 B vh T Ho A 7
TEPE, YU B PURE ST RIS IR Th A .
et AR 2 H R LEARTEL, AT
ST R FEAS [ (0 S R 45 A Wi PR TR AT RE AL
Hil, RIS S REEREENE 1 5. ££50
Bl T VR LR i S A B A et B FE
M RITE A, A A prep-HPLC #t—25 7
BARRCO R, SR, XSRS B alifh Tk
FEIT K A7 D] ] 4[] e A IR B 5 350 PO AR TR e 2
I 2 5 5 A T M LA DRSS 43 B 459 21 15 i =40 4K
(AL R BAARDSS], LLC ERIIR T KRR
LRI AT RIS S B, HERS H R R
R e 5 AR GUAH OSBRI EAME, FEAE E
Z E MRS SR ORI b . — R R L
SASATYE AR B T,

—ENE LT B B R AT ) 45 2 245 B
R BIAE G, (BXT T2 B PEARL
AT BT AR, A —Fh sk A e R
R B EM R GG AR, FEMNES YO
LR i hdx — i) Ji3639), LLC A1 HPLC #y 2R f) — 4k
3 78 3 I 7 LLC il 4% Bg J1 AT HPLC F 43 B3 K
R, SEILT 2 AMWLEIEAN, IR T RAMIE
ACVE, PRALEL—oE B i I AR S AP,

H#l LLC AT/ B RAICET B FIR R
L, FEAREE IR BuOH LU fz di AN 1 771

RRRIRNNE, EREIERSAE] CCC WD 7R
SRACETF FRA ) HPLC #E—B2lifki, BuOH A5
I & R B AERR 2% . BRI 7 B RARTE B H IR 5
It e L EIR R M 2R VA R A &R BEAh,
FARTEAD A TE LLC A HPLC H 1) HH I A3k —
RN TC: AR S LR I AE T BT H
HIRAIIIRAE AT 7B IGO0 H S 3 267 B A=
FUREE R TR, BEEOARRE . RSO R
PRBEFEEL D MEAGAE E T SR H W G 3 AN B
L TR e EUA QAT BB O 2 13 5 ) DR I 5
[, LLC-HPLC 7y AL 7y B R IRAE T
T2 REUE LA, B S 28— 4t i R
BEATHIE 08, RGP SR B &AL 53 7 ) BE RS
B2l iy Nl i 7 N R Ei s S A SR R M
iz HI PP ARG BN Al s AN 5 ST S AL RIRE i
BT PSE M R, SR
I B AE CUH BRI & BOR A 7 B 2% IR R AR m
W st AR 204 -
SE
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