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Purification of Total Flavonoids Extracted from Ponkan (Citrus reticulata Blanco cv. Ponkan) Peel by

AB-8 Macroporous Adsorption Resin and Separation of Flavonoid Constituents

LUO Dang-wei, YE Jing, HUANG Ya-yan, XIAO Mei-tian™
(College of Chemical Engineering, Huaqiao University, Xiamen 361021, China)

Abstract: Objective: To propose an optimal purification process for flavonoids extracted from ponkan (Citrus Reticulata
Blanco cv. Ponkan) peel. Methods: The dynamic adsorption and desorption performance of AB-8 macroporous resin towards
flavonoids extracted from ponkan peel was investigated. Major process parameters including sample concentration, pH,
flow rate, and elution ethanol concentration were evaluated. Then the purified flavonoids were isolated by chromatographic
methods with silica gel and semi-preparative HPLC, and the structures were elucidated on the basis of physicochemical
properties and spectral data analysis. Results: The optimal purification process was determined as follows: samples at pH 3.0
containing 3.03 mg/mL ponan peel flavonoids were loaded onto the column at a flow rate of 3.0 BV/h, and then 90% ethanol
was passed through the column to elute the bound flavonoids. After the purification, the purity of ponan peel flavonoids
was increased from 17.8% to 63.1%. In addition, eight compounds were isolated from the purified flavonoids and identified
as tangeretin, nobiletin, 4',5,7,8-tetramethyl-O-isoscutellarein, 5-demethyl-tangeretin, sinetsetin, aurantine, naringin, and
hesperidin. Conclusion: AB-8 macroporous resin has a high performance in enriching and purifying flavonoids from ponkan
peel, providing a simple and feasible method. Eight compounds can be isolated from the purified flavonoids. Moreover,
4',5,7,8-tetramethyl-O-isoscutellarein, 5-demethyl-tangeretin, aurantine, naringin, and hesperidin are first reported from
ponkan peel.

Key words: Citrus reticulata Blanco cv. Ponkan peel; flavonoids; AB-8 macroporous adsorption resin

S5 Q946.8; R284 kbR GRS A SCEHS: 1002-6630 (2014) 06-0030-06
doi:10.7506/spkx1002-6630-201406006

Wi HIY: 2013-04-12

FEWH: FINTTEREHE LI (2008ZD17)

EE I B2 (1985—) , 55, fiid:, W5 MARAYMES . E-mail: kukuleleyunyun@126.com
MEEER: HEA (1968—) , 5, #d%, Wi, W AR . E-mail: mtxiao@hqu.edu.cn



XTEHAR =IT

il =

2014, Vol.35, No.06 31

P (Citrus reticulata Blanco cv. Ponkan) J& 2% £}
MG By, RAW & HEFRIME R, W R4 R
S EIRE TR, G BRI B SR BT G . AT B BROK
rAh, EEBRFEMEREY R SR, 3EE%
WEWY R M T RYE. o, IR AR
B EEEYE Ry < —, T HAE R R AR
e BT A FEREX 3 A AR A R b
BB gy, b 22 SRR B A Ui AR A R
77 WA BRI

R LB B A6 i A — o 2 R BT 32 1R R B 3 B A
B, BAREMES. WM EEEmRy . BRI W
WRAF IR . ANZITEHEEN . FRAE TR 0 A
AR, T RN T R R AR R iR RSy (i
AL . AR AEMEE R TS RISy
B, I T A s IR AR B . AR O KL
i FH F A0 A A 8 SR e 2 4t 1, B SR WD 101
AB-8 KL I 73 B8 ZE A HH A B S R AT B0 B ROR .
UV AB-8 K FLA g e 25 Y0 ) 72 A Bl 8 o L 4l
LFN51.6%, (HA 50N BE FIBE SR WARIE
RO FEAB-8 KL AR, LAPHE R k), wF T
of S T 2R AL 1 B A R B RO R e e, JER A RE IR
FEEMT . HPLCEFHOAR 73 B AEARE il i P A B i, 9
BRI B2 .

1 MH5HE

1.1 eI

BRI P AR KR, SROH20104E 12 7, HiAR
EEZINERREERAR GKEF) it

T CEARHD I 24 46 4k 2 50 R A
Al OFE. WAHEREN. IR, AR, A, &

B2 Ol R (B9 4D v B A TR A IR 2
" AB-8KILWHIRINE  REFTF R R

(100~200. 200~300 H, k24l

HIRAHE]

12 U5 EE
CLF-04H 258 EpL ) N R BT ALk % 25 B

AT TSANEAM T R E R R

AHl; WRRRE EEThermofi FRAF; INOVA-

500MHz-FTH B, LR 6320 ESTi i £E

Agilent/A F] s 1525l £ B i BOBUAH B (2998 L

T4 (photo-diode array, PDA) &l #%) %

E Waters A 7

1.3 ik

1.3.1 FORT RSB ) 4 Y
BUS REEZ70 CHET, B,

ST

130 H i, AR

100 g, AymEEBEAG, L8 JEEIN2 L 90% & B2 il
80 C[HIFLFLH3 K, BIK2 hoe HIFIER, MWIEWRYE,
8 000 r/min 030 min, HU_EiEH, A TH, 1554
S AR ) o
1.3.2 75 T hRdE LR 2 ) R R B A R I e

P 1A 1T 2 1 22 W) R A R S T TR e 2 R
CREZ ) 2010MR" . CAROEEEAR AR 75T 5
FIREp (mg/mL) NREAARR, il br itk th 28 05 F2 0 -
A=12.214p—0.004, R’=0.999 5. % (1) 5 & i

0
g

N XWXV
M B % = a X 100 (D
m

(D e p HIE R R/ (mg/mL)
VAIERHR AR /mL; moAJERHE B /mg.
1.3.3 KA HE R Ti%E o H Tk 2

2% HR[13], EFEAB-8 K FLI IR 3EAT 3h 25 V2K il
PN R S B A AT, I TRAL BTk S TR 15].
1.3.4  ZhasW bt dh 2wt 7e

HER PR 18 g AL It I AB-8 KALI i, 2EHE)5,
RSy R B R R B R N 2.86 mg/mL,
pH 3.5, Jii#A3.0 BV/h GEIRAEAIZ20 mL) 5 Hefii
FAF N Ve N90% LB, ik 3.0 BV/h; Pt
FE10 mLWBEL &, WIS, DLE B 5 2K
(mg/mL) AR, PEBARE (BV) 9l Asbres il 3l
A BRME IS il 281
1.3.5  AB-8KFLMI XS PR B ek 8 14D 20 78 O P A R 1
GEANpEAL

VERIAREN 1S gTiALFERT (I AB-8 K FLB i, B4,
TEAR R 26 AF TR AL B RV SR R VR (095, 1.98,
3.03. 4.09. 4.93 mg/mL) . pH (1.0, 2.0. 3.0. 4.0,
5.0) « EFEFE (1.0. 2.0. 3.0, 4.0, 5.0, 6.0BV/h)
XT AB-8 K LA Mg W Bt 24 SR (R s il s 43 A A R R & I A
A H (30% 40% 50%- 60%- 70%- 80%- 90%)
STYERE BRI . RPN (2) ~ (4 THHEAEEA
K WL R

p
MR 2% = ——— X 100 (2)
pl 1
pV.—pV.
W B 2/% = ———2-2-X 100 (3)
lVl
NS
fEWR R/ %o = ——————— X 100 (4)
pY=pV,

X (2) ~ @) W opy pos p A RIERERE . T
HH YRR B VR BB R IR/ (mg/mL) 5 Vs V. Y
FEORJEURII . I HE YRR B VR AR A /mL



32 2014, Vol.35, No.06

D

6o it

XL EEA

1.3.6  AB-8KALW AR B Bids 1 75 bt

FE T 5 (1) F5 AR W B A0 AR I 2% A A, 3 o i B
Ve, R0 mLYEEL B, MR EIREE; DABEum A
FUONBRAR AR, e B P e B I VR P A A, 221
Al
1.3.7  EEEYI oAt

R B P R R B TR, SOKIB R, TR OERREHL,
WYE, AHTE, 515 g RAREE . A SRR A
Bl CHmBE-ER, 20:1—0: IBRRESEM) 517 A4
55 (Fr1-17) , Fr2&rERAE i CHlE- 48 L &
4, 20:1—>0: 1A WM 95 M4 Fr2-1. Fr2-2.
Fr2-3. Fr2-4. Fr2-5, Fr2-1. Fr2-2. Fr2-35%1HE 41 Ik
FERCAE Gl Cf i - T4 ) R G0 B B R D 0 o) 4%
BB (FE-AO JFHEW1 (245 mg) « A
P2 (16.1 mg) « LEW3 (8.6 mg) . Fr3frbfiitt
T MBI R 48, 20:1—-0: 1B EEVEML) 54 AN
Jy: Fr3-1. Fr3-2. Fr3-3. Fr3-4, W53 N2 B EHE
1 REERAE i CymBE- DI BE R G B A &
B 1 (KD BG4 (9.5 mg) « Hh
M5 (9.2mg)  LEM6 (7.9 mg) o FraZ2 W
i CHImBE- IR RGN, A6 & =
WA (HEE-KD , &7 (8.2mg) « A8
(9.1 mg) o

VMBS 454 Agilent C i (250 mm X
9.4 mm, 5um) ; JisNHH: FEL-K; FE: 2.0 mL/min;
FE#R30 'C; PDARTINZS, frillggk: 220, 254, 280.
360 nmo.

2 SR5HH

2.1 BhASW B R 2

2 30r
gn 25F /./
Z20F "
g 15} _/-/
@ 10F -~
= 05 /_/_/
ﬂﬂi( 00 oo T"/T 1 1 1 1 1 1 1 1 1 ]
W01 2345678 91011121314
VEMARYBY
Pl 1 RO 2

Fig.1  Breakthrough curve

— AR, IR B R TR AR A R R R B
o e A PR 1 38 Jir Rk ok T R B %) 1/ 1O B e ) A
o BTN, AB-8KFLAR I 120 25 I PRI it 2 1 ik
JAN2.0BV. HEATA, X9l ARIL$13.5 BV
B, R B A B TR o AR S O A e R R

SV R, T N AB-8 R AL IR St T AN
W Bt o TR B RH T RIAFAE, {5 15 W B UG 22 A A )
ARG “S” RUhLL.
22 L REIU TR R R

AETFREC 18 gFilAb 35 (I AB-8 KALI I3 K, b
% N: pH 3.5, k3.0 BV/h; Pl VEBLRN
90% LB Jiti#3.0 BV/h; ek B o 5 A FEE 0T IR B P 52 i
g5 R UNE2FTR

100

-
¥ 90 s
Juniy =13
E 5
70 I

60 ! ! ! 35
1 2 3 4 5

SO VR R/ (mg/mL)

B2 RENRSREN DG RNSRIZmN
Fig.2  Effect of sample concentration on the recovery and

purity of flavonoids

HE20 71, BRI EWREAE3.03 mg/mLA L
I, M R A T A A R A A R s Y R
Ji R AR T-3.03 mg/mLAF, AB-8KFLIL I # g 2
iyl W B P R 7 B R P 0 T s, DR R SR S R
B B PR R R B i B T s BEE A VR SRR
JREKE AR R, RREEMMN, MasS5HH
R T S R RS AL AT, S EUR IR RN
Gb, SEEEFEH ORI, JERHAT B ST 3.03 mg/mL
I 2 R R I B s X2 KON FH I AB-8A IR 1)
FiAR T B B4, 90.3~1.25 mm, BE# BRI EIK
FERII I, KAZ 5 TFIZWM, 255 5 SO0 e B i
FEH RIS A KRR, EREUS T R R IR
7£3.03 mg/mL A A7
23 R pHAE kS

WG S AR, EIFMME, ERMEAM
TR R A R A SRR RES, XA R T RS B
AR SO B s FEBUE AT, SEERIL AL E T
AN T4 i o FL PR PR, HERAFRER 1S @ TRALEE L ) AB-8
KALPREREAE, LRESME e P R 3 I o B Ik
3.0 mg/mL. 3.0 BV/h; PeMiisch: Beliiino0% 2.
BE. JiH3.0 BV/h; R pHAR R B FR 52 45 5 4 P 3
FioR.

B3R A, MpH 3.0/ %, AB-8 1 B 20UR i
U, TR B iR 80.22% it A5 pHAEL 3 K B %6 5 1 %
i, XATRER R ApHIETES.OL A, HEA/ T 24 TR
A, BRTWM . FRNEpHE AN LRI A B AR, T
REFERR T EEShab ™, b 5 S0W B R ARG .



X T ZHEA Bmiltz 2014, Vol.35, No.06 33
8r K, AL R B SR R R SR IE, O
80 LTEARR 7 B $E90%
N
oL
£ " 100 5~ 307
= 90 —a— 509
70 80" —v— 60%
N 70 —<— 70%
65 ! L L | ‘@_ 60 F »— 80%
1 2 3 4 5 g 50 —— 90%
pH & ‘3‘8
20
A3 _bREpHEN SRR R m 10
Fig.3  Effect of sample pH on flavonoids adsorption 01 2 3 4 5
o Ve ABYBY
24 BRRRUHEP LR
ES5 ZEERSE SRR RN

VERRFRELLS g FilAb Bt i AB-8 A FLA g ek, A
ZAE R AN B AT T AR 3.0 mg/mL. pH 3.0; I
W E&AE: PElR90% L BERE W . LE3.0 BV/h;  FAFRIE
XoF R B 5 i 45 SR B4R

L 25%

R (BV/RD

B4 R R R

Fig.4  Effect of sample flow rate on flavonoids adsorption

HHE4T 1, BEE ERERIE IR, AB-8 KFLR IR
W B 2 R R A, DI R T 1 O A S
B BRI R, R R R VS S R P A b
(A, SR AN By BRI g P P 2 T T 2B U
FEOR MRS ERERERN, WS TA RS
(R 1] 5540 I PN SR T B i, A3 T AB-8 K AL I %o 7 At
BB R B, AT T A b B A e i, AR
TSR TR . RUE N, TS ALK,
CRE 5 R Z RN S BRI [R), R AEALE 3.0 BV/h.
2.5 VeBLBARR B R

YERIPRES g FUAL B i AB-8 K FLM g 3k, A
A s AN R R WA R = FE 3.0 mg/mL. pH 3.0, Uit
3.0 BV/h; 3.0 BV/hIFJURIEGENL; Bl O REdRA 74
XoF R P R P s e 5 SR A B S PR

B ST, BEE AR BRSOk,
WA BT X SRR A SRS IR 2 R B —
SE G AEAE Ty, B PR R A o P B A 0 ) Y A 4
K. AB-8 K ALK BB i S 55 A P (R B R R A 1)
FERH B B A B AN, W2 AR AR o R v R AR R N
U e Bt 2 R R W o 5 R B B R R ) O K B — e
FEE, WRERREEAPE, mAREMFEEESHEEh T

Fig.5  Effect of ethanol concentration on flavonids desorption

2.6 BhAYe R 2k

HERARE18 g Filab B F AB-8 K LI g B, 4% 1R
SAEMR AR T2 CERERLR S R R 59K £3.03 mg/mL.
pH 3.0, Vii#3.0 BV/h, BN S EEARF 73 $090%)  EAF:

et AB-8 KALW AR ahas e it etk ih e tn 6 s -

’_1; 16
Y 14 '\-
E 121
Z 1ok /\
2 sr / .
]]lﬁ-] o / \-\
o4 - '\_\-
E 21 /
HE 0 I il 1 1 1 1 1 T, I Y
B0 1 2 3 4 5 6 7 8 9 1011
PEBABY/BY
E6 Bmidizk
Fig.6  Elution curve

EH IO TT N, b Rz 8 i 0 ot v e AR T B v, TR
PR, BEMPERE RUF. UM R N4 BVEF, P
B T T o B B IS B B B, 914 mg/mL: Y BELK
WALE R 10 BVEF, JEAR B8R AB-8 K FLI B4 A w Ft
P07 R R B ] A S e
2.7 KT A e

2131775 7 R AR I 7 M R e B R 26 B 17.8%
¥ EIRAAL I T2 AAB-8 K AL lg HEAT3 YRSELG, A
{0 7 A B A B TR 40 5 59351 N 60. 7% 65.4% 63.2%, HUI:
P N63.1%, RSDN3.73%.

28 HARAYIME ST
2.8.1 &N

R EEPRG S (PR ; EEFHA, ESI-MS
m/z: 373[M+H]*, 395[M+Na]*, 411[M+K]". 'H-NMR
(500 MHz, CD,0D) ¢: 7.96 (2H, d, J=9.0 Hz, H-2’,
6’) , 7.09 (2H, d, J=9.0 Hz, H-3", 5') , 6.65 (1H, s
H-3) , 4.10, 4.02, 3.92 (9H,s,3X0OCH,) , 3.89 (6H,
s, 2X0OCH;) ; “C-NMR (125 MHz, CD;OD) 6: 179.8
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(C-4) , 164.5 (C-4") , 164.0 (C-2) , 153.5 (C-
7) , 149.5 (C-5) , 149.3 (C-9) , 145.8 (C-6) ,
139.8 (C-8) , 1292 (C-2',6") , 1247 (C-1") , 1158
(C-10) , 115.5 (C-3",5") , 106.9 (C-3) , 62.8,
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Wa e B BR A8, ML S N &
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Tegr i (FED 5 IEE 7T, ESI-MS m/z:
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(500 MHz, CDCl,) d: 7.61 (1H, dd, J,=2.0Hz,
J,=8.50 Hz, H-6") , 7.44 (1H, d, J=2.0 Hz, H-2") , 7.00
(1H, d, J= 8.50Hz, H-5") , 6.84 (1H, s, H-3) , 4.12
(3H, s, OCH,-5) , 4.04 (3H,s, OCH;-8) , 3.99 (3H,s,
OCH;-6) , 3.97 (3H, s, OCH,-7) , 3.96 (6H, s, OCH;-
3’,4") ; "C-NMR (125 MHz, CDCl,) J: 177.4 (C-
4) , 161.8 (C-2) , 152.3 (C-7) , 151.8 (C-9) ,
149.4 (C-5) , 148.4 (C-4') , 147.7 (C-3") , 1443
(C-6) , 137.9 (C-8) , 123.7 (C-1") , 120.08 (C-
6') , 1143 (C-5") , 1113 (C-2") , 108.7 (C-10) ,
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'H-NMR (500 MHz, CDCl,) 6: 7.96 (2H, d, J=8.0 Hz,
H-2'.6’") , 7.10 (2H,d,J=9.0 Hz, H-3",5") , 6.68 (1H,s,
H-8) , 6.61 (1H,s,H-3) , 4.01 (3H,s, OCH,-5) , 3.95
(3H,s,OCH;-7 ) , 3.92 (3H,s, OCHs-8) , 3.89 (3H,s,
OCH,-4") ; "C-NMR (125 MHz, CDCl,) §: 180.4 (C-
4) , 164.4 (C-2) , 163.5 (C-4") , 159.0 (C-7) ,
157.9 (C-5) , 1532 (C-9) , 132.0 (C-6) , 129.2 (C-
2,6") , 1247 (C-1") , 115.8 (C-3",5") , 109.1 (C-
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(500 MHz, CDCl;) 6: 12.35 (1H, s, 5-OH) , 7.91
(2H, d, J=8.8 Hz, H-2",6") , 7.05 (2H, d, J= 8.8 Hz,
H-3',5") , 6.61 (1H,s, H-3) , 4.12, 3.99, 3.96, 3.91
(12H, s, 4X0OCH;) . “C-NMR (500 MHz, CDCl,)
J: 183.5 (C-4) , 164.5 (C-4) , 163.1 (C-2) , 153.2

(C-7) , 145.0 (C-5) , 1462 (C-9) , 1369 (C-6) ,
133.4 (C-8) , 1284 (C-2,6) , 123.8 (C-1) , 1149 (C-
3,5), 107.3 (C-10) , 104.1 (C-3) , 62.4, 62.0,
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TEEPIRG S (PR 5 IEE 4, ESI-MS m/z:
373[M+H]", 395[M+Na]’. 'H-NMR (500 MHz, CDCI,)
d: 7.62 (1H,d,J=8.5Hz, H-6') , 7.36 (1H, s, H-2") ,
6.92 (1H, d, J=8.5Hz, H-5") , 6.63 (1H, s, H-8) , 6.37
(1H, s, H-3) , 3.95, 3.92, 3.90 (9H, s, 3XOCH,) ,
3.89 (6H, s, 2XOCH;) ; "“C NMR (500 MHz, CDCl,)
5: 1777 (C-4) , 161.8 (C-2) , 157.3 (C-7) , 154.4
(C-9) , 152.6 (C-5) , 149.9 (C-4") , 149.4 (C-
3') , 141.0 (C-6) , 120.9 (C-1") , 120.3 (C-6") ,
111.8 (C-5") , 109.4 (C-2") , 108.1 (C-3) , 107.8
(C-10) , 97.0 (C-8) , 62.8, 62.2, 57.0, 56.9, 56.8
(5XOCH;) . LA EER 5 SCHR[25-26]4Kk 38 5 25 i
(5,6,7,3",4"-pentamethoxyflavone) ##f3EA—3%, Hifb
H5 % 8 RS T
28.6 thEW6

e RS & (FE ; EEFEA, ESI-MS
miz: 373[M+H]", 395[M+Na]". 'H-NMR (500 MHz,
CDCly) 6: 7.91 (2H, d, J=8.8Hz, H-2",6") , 7.01
(2H, d, J=8.8 Hz, H-3",5") , 6.58 (1H, s, H-5) , 4.01
(3H, s, OCH;) , 4.00 (3H, s, OCH,) , 3.99 (6H, s,
2XOCH,) , 3.89 (3H, s, OCH,) . VA F¥d 5 30fik[27]
IE R B R EA S, b Ak E IR E .
2.8.7 tEWT

Fash kAR (&) 5 EE PRI, ESI-MS m/z:
581[M+H]". 'H-NMR (500 MHz, DMSO-d,) J: 12.10
(1H, s, 5-OH) , 9.59 (1H, s, 4’-OH) , 7.35 (2H, d,
J=8.0Hz, H-2",6") , 6.80 (2H, d, J=8.0 Hz, H-3",5") ,
6.14 (1H, d, J=2.5Hz, H-8) , 6.12 (1H, d, J=2.0 Hz,
H-6) , 5.50 (1H, centred t, J=5.5 Hz, H-2) , 5.3 (1H, d,
J=8.2 Hz, #i%j¥E, H-1"") , 52 (1H, d, J=2.2 Hz, WZH¥,
H-1""") , 3.8 (2H, m, H-6'") , 3.2-3.7 (14H, m, 2K
A EBE H) , 1.2 (3H, d, J=6.6 Hz 2 FECH,) . UL L
HH 5 SR (28 145 P A B RO B A — B, MUk BT
YE MM BT
28.8 1LEWS

WO EHRAR (E) ; EET#EA, ESI-MS
m/z: 611[M+H]*. 'H-NMR (500 MHz, DMSO-d,) o:
12.0 (1H, s, 5-OH) , 9.1 (1H, s, 3'-OH) , 6.95 (1H,
d, J=2.0Hz, H-2") , 6.93 (1H, d, J=8.0 Hz, H-5") ,
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6.91 (1H, dd, J=2.0Hz, 8.0Hz, H-6’) , 6.15 (1H, d,
J=2.0Hz, H-8) , 6.12 (1H, d, J=2.0Hz, H-6) , 4.98
(1H, d, J=7.4 Hz, & MH-1"") , 4.52 (1H, s, RZHE,
H-1""") , 3.77 (3H, s, OCH,-4’) , 3.52-3.65 (2H, m,
H-6"") , 3.2-3.6 (7H, m, RAEVEFHE &4, H , 3.14
(1H, m, H-3b) , 2.79 (1H, m, H-3a) , 1.08 (3H, m,
Z5P¥-CH,) ; "C NMR (125 MHz, DMSO-d,) J: 196.7
(C-4) , 1649 (C-7) , 162.6 (C-5) , 162.0 (C-9) ,
130.4 (C-1") , 146.1 (C-3") , 147.6 (C-4") , 117.5
(C-6") , 1139 (C-2") , 111.7 (C-5") , 102.9 (C-
10> , 100.2 (C-1""") , 99.0 (C-I'") , 95.9 (C-6) ,
95.2 (C-8) , 78.0 (C-2) , 75.9 (C-3"") , 75.2 (C-
5, 727 (C-2"") , 71.6 (C-4""") , 69.9 (C-3""") ,
69.8 (C-2""") , 69.1 (C-4"") , 67.9 (C-5""") , 65.7
(C-6"") , 55.3 (OCH;) , 41.7 (C-3) , 17.5 (C-
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