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Abstract: In this study,the static adsorption and desorption properties of six macroporous resins were compared for the
purification of lotus seed epicarp polyphenols ( LSEPPs ). The purification conditions of the most suitable macroporous
resin were optimized. In addition, the stabilities of LSEPPs were also investigated. The results indicated that AB-8 resin
had the optimal adsorption and desorption performance. The optimal adsorption conditions with AB-8 macroporous resin
were determined as follows :solution concentration of 4.5 mg/mL, feeding rate of 0.5 mL/min, and the optimal desorp-
tion conditions with AB-8 macroporous resin were ethanol concentration of 50% , elution rate of 2 mL/min, elution vol-
ume of 4 BV. Under these conditions, the purity of LSEPPs was 69.34% . The stabilities of LSEPPs were improved by

low temperature , light-avoiding and midly acidic conditions. Fe** , Fe** | AI’* | Sn** | Cu’* and Pb’* had destructive

effect on LSEPPs.
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Fig. 1 Static adsorption curve of different resins
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Fig.2  Static desorption curve of different resins

FIET 2 AT, 6 iR A A ik I SR A7 A S 18 s
PATRRaE TR 1S h RESE AR, JEIT, AB-8|
DM130 HPD-100 ,DM10 D101 DM21 ## fi fr) e 25 fi
W AR Yk Jg 88. 8% . 86. 5% . 82. 5% . 82. 3% .
72.7% \65.3% . AB-8 .DM130 fi# 1 20 SR AH N B 4,
DM21 \DIOT B i Fo it e 3 B S A1 53 41 4 Bl A
AEATHE T2 mI AL,

T2 I R R 1 S 5 I, AR AB-8 BT Y
AR B A I T DMIO, (E A I R B K 25 %
LE R e 2 OB R R A IR RE ), 45t AB-8 Y JfiE o

B e 2 B BORRY LR, By M, il & T
BTt Eaifl.
2.2 AB-8 W ARHIBhAS IR M AN AR AR SR I8
2.2.1  EHRE TR E 00

VI _FREEE 0.5 mL/min , G AN 5] _b AL
ST AB-8 I 3tk T 22 i1 W B, 485 SR A
K3 fros o

1% B (mg/mlL)
Aolsorption rate

4 ) ) 1 ]
1.5 30 45 60 75
AR E (mg/mlL)

Sample conce

B3 EREREXRMENRm

Hg. 3 Effect of concentration of LSEPPs on adsorption capacity

HH &3 A, Bl AR VR BE R S, AB-8 I
XoJ 3270 20 T3 114 I 2 2 300 50 184 o s i 20 B i 95
MEEMHE R 1.5 mg/mL I, AB-8 #4f JI5 f W% BRHE 10
6.1 mg/mL; MR = E] 4.5 mg/mL i,
AB-8 IR W By 1y 10. 47 mg/mL, 3% & AN Y
E VR e JBE A TR, BRI VA B A 164 0 , T WA B 40 S 1)
AT, R, AB-8 AR i A9 IR B R e . (ELE:
Wil 5 A R AR B R AR 23 K, 5 22 T 3 4 W T 174 % o
SN AEEE —E AR e 2B /e AB-8
RERE TR FORE T T B, DTS O A W B i A BT
TR I, EARREERERE 4.5 mg/mL,
2.2.2 LAk B AR M E AR

T EAEMRIE 4.5 mg/mL, I AN [R] b AR
ZAFT AB-8 R i X 35 5T 22 Wy ) W B, 45 R
4 JFi7R o

u&l}ﬁ%(mg/mL)
Adsorption rate
SRS

~ O

0O 05 10 15 20
AR (mg/min )

Sample rate

B4 i e IR Bt 2 O 2 M
Fig. 4 Effect of feeding rate on adsorption capacity
HITE 4 AT, Bl b RE R A3 O, AB-8 A4 il
Xof T 22 Wy ) W B S 0. 2 R



Vol. 26

RS : B GE T o0 2 By A IR S 2l SR g Ve AT 241

0.25 mL/min ¥4 K %] 2 mL/min B}, W2 H 12.57
mg/mL FEKE] 6. 59 mg/mL, X &Py b R Y
KRR, Z B2 W) AR AR AT L AR AR b 7870
BRI AR A . BRI AR A A R T A 0
B, (R, I A2 S T AR RS ], BRI TARROR
M EREHEE N 0. 25 mL/min B, W ff &N 12, 57
mg/mL, Y4 FAEE EH 0.5 mL/min B, 0% [ & 4
12.30 mg/mL, M4 RORMEH IR, EFE0.5
mg/mL [ FEAT BRI
2.2.3  TEREMBRARG 0

PN AR 4.5 mg/mL, FREEE 0.5 mL/
min FEBEH EE 2 mL/min GEBARF 4 BV g AN [H]
TR IE AT AB-8 B fIg X 3% 152 £ Wy 14 ik Wt
ROERWME S PR,

90

(=]

R (%)
Desorption rate

T e NN B o]
==l

30 40 50 60 70
LRI (%)

Ethanol concentration

BS ZEREXFRRZME

Fig. 5 Effect of concentration of ethanol on desorption rate

HI 1 5 AT, 29 SRR BE /N T 50% B, 3 5%
ZTE AB-8 R i 1 11 fifk I 230 2% T 18 K, A 2 3 K
CBEWR B, e RO I ARk . PR R R RV BE 1Y
P BN R , AR RIS BERGRE 7 o PRk, 26
$£ 50% W £ B AR Ve, I 251 T, R R
81.21% .

2.2.4  BRBLiRE TR AR Y
P LREHRE 4.5 mg/mL EAEEE 0.5 mL/

Ty

0o 1 2 3 4
PRI K (m/min )

Elution speed

LY = N B o)
S o o O

FRB AR (%)
Desorption rate

B
(=)

Bl 6 kB i3 X R R S SR A 22

Fig. 6  Effect of elution speed on desorption rate

min , CEEYRE 50% Uk iR AH 4BV, I 5E AN [R] 3 M5t
MBS AB-8 B i5 X 3 -7 2 Wy 1Y i W 52, 2%
RANE 6 fiw

I 11 6 ATHT, AB-8 A ig Xof 322 - 5¢ 22 193 1) i Wi %%
SR AR R MG R o YRR R 0.5
mL/min 3K F| 4 mL/min B}, f# K R H 82.23% [#
h 68.05% PRI Ay Y 30 U G O, R I ) A R A B
SRR b1 22 W 7540 2 fik, £ HOAS B 22
NI B A b 58 A i e R o e U I
X T BRSO N Tl 2B 7= R i 4 e S — o 5%
My, MuBEM M 0.5 mL/min # K F| 2 mL/min
B, M R AR AL AN TG, PRI, 39648 2 mL/min (1370 8 7E
(RRV i
2.2.5 BB AR ARG R

PN AR 4.5 mg/mL B REEE 0.5 ml/
min | ZBEHR B 50% VI 2 mL/min, ) 5 R[]
VEMUARTR AT AB-8 B 5 X 34 1 7 2 W 1Y il I
ROERWME T PR,

—_
o
(=]

R (%)
Desorption rate

o ®

S S

[SSTE Y
(==

I 2 3 4 5 6
PELAF(BY)
Elution volume

B 7 SRR TR R IR S R B B N

Fig. 7 Effect of elution volume on desorption rate

HIIE 7 AT, 1 ~4 BV, BN 58 2 W 0 vk
JBRRE T AF A6 S RN OG5, 1 BV I, it R AU
30.98% ,4 BV I, i W # T i, g AR Gk 2
82.72% , Yk L34 K LW Fl i, A W A< TC WY S0 o
T2 AT & SR RE TR IAFR ) 4 BV,

2.3 ETEZHMREMENHAR
2.3.1 ARBEFxSHREMGH S

BT 5E Z R T B R i B 28
b T3 L s T RSN, T
JCES 2 HE TEN, R HCES; 5 —4HE
TRREAL , Bk SOC IR, AR 1 d 2 I E 3
HE P2 WS E S E 8 d, 4R WK 8 fr
No



242 KIRF=YIBE R 5T K

Vol. 26

3%

2 £

 §

25

H i

<1 =, 20 | —— 35t Light—avoiding

=] = 10 +'?§[7\]j‘lﬁlndoor light

N £ 0 —— FHSE T Direct sunlight

1 23 456 7 38
5 1E] (d) Time

8 RARXEFRESEHMIGE MM
Fig. 8 Effect of light on stability of LSEPPs

FH L 8 WA, ST 2 W R URR . AR
FNG SN L  A A T B ] A
K, ZW& w5 N Roa S BT R R K,
I FSF A5 Y 0 ot 5 s [ ) S K 2 A S ) A 1
Ak REOEAN A T JC I B AR, 2= N = S H
B T IRE R B (B Wi AR 2T, H s H AR 21
AR . 558 d B, R NG EANHG E AT 4
T /2 B R A 3 5 3 o 91, 00% | 81. 13%
62.67% . FRILFT UL, S 58 2 W AE A7 Fom T 72
Hh NI D 5 R R i
2.3.2 BEMETxSBBEMRGT W

PHE T2 Z TR o e T et R AP B 283K
B A A 5 4, 4 B s 4,25 .37 .50,
75100 CEIR AR, BERE 2 h 205l 5 4K

——4 C —--25C
—a—37 C>50 °C

Z Wi (pg/ml)
Polyphenols content

——75 G—=—100 C |
0 2 4 6 8 10
I5[E] (h) Time

E9(a) BEMNEFREZEHBIRAEHNIIT
Fig. 9(a) Effect of temperature on stability of LSEPPs

NS}
(=}

100

DN X
oS O

ZWHIAFH (%)
5

Prescrving rate Polyphenols

[\
(=)

0 20 40 60 80 100

TLEECC)

Temperature
AERELE 10 h FEFESHMIRER
Preserving rate of LSEPPs at different tempera-

B 9(b)
Fig. 9(b)
ture after staying 10 h

BB, S E 10 h, 458 K 9 (a) F19
(b) Fon,

A 9 (a) F19(b) AT, IR EEXTE F5E 2 WY
et EA WE R, NIRRT B N
PRI A] B A4, 22 W 5 5 A AN TRl AR B (Y AR,
U 10 h J5,4.25 37,5075 100 C 414 F i 2 W
TERARK I N 98. 3% .96. 4% . 92. 9% . 83. 6% .
71.5% \50.2% . w1 3L A] O, Bl TR 0 T, 2
P4 AR ffp o 8 5 > U B R 2k 50 °C I, o e i i
B R, 100 °C 2544 F M 10 h J5 , fRAFRA —
o I, 2y IR e 2 RIS A A T AR
2.3.3 pHAEF £ S BARILE Y

AL pH Ry 2 4.6 .8 10 BYZZ sk, in A
FHMETFTEZBR , RO E & T 37 CHEE
AiEserh, ARl 2 h JEIE 25 i, A5 R E 10
Fs o

Z Wi ((wg/mL)
Polyphenols content

10 pH X 3EF 7= SEHMIAE AR
Fig. 10  Effect of pH on stability of LSEPPs

H & 10 BT, 53 pH ££ 2.0 ~6. 0 JE[Fl A,
Ziy S AR K, H pH S 4.0 B 228 & S i
YYEW pH BRI, 22 B & i 8N R, G R
SR, Z BRSO FERB G IR HEE pH Y3
RN, pH 3 10. 0 B, FEW R AGLL . sk al
WL ET e 2 MRS RS T BT E X T 2
TG i (e PRI TR AE S8 RR AR R #EAT o
2.3.4 2EBBTHETREHBTMAGY A

59 B i vk Bl 0. 05 mg/mL fy K* | Ca®" |
Na* . Mg2+ . Cu2+ . Fe“ . Fe3+ . Zn2+ . Al3+ . Pb2+ .
Ba®* (Sn’" VIR, A G5 BE ) 35§72 Z B R R
WG BT 37 CHERAR BT, R 1 h e AR
[ B FHE (BT ) 78 280 nm Ab B WG AR, % 4
DE 4 h, FE2R 1A 11 PR

PP 11 A] i 2 R B D S, A AR TR
B R BT Z R OB E R (A A AN TR R B
754k, K* Ca®* Na® Mg’* Ba’" Zn’" 3X 6 FhE
TAAAERS , ZWAE B SOLERZ O 5 25 4T 2%



Vol. 26

RS : B GE T o0 2 By A IR S 2l SR g Ve AT 243

0.7 —&— Sn*
06 —a— Fe*
© ’ —a— Fe?*
£ 05 e A
= é —— Cu*
o 204
E,z( Jﬂ:ﬂ —— thJr
=%
m g 0.3 —— K
R & e
=E 02 — G
<
< —a— Na'
£ 01 —— Mg
0 — B‘dpr
1 2 3 4= In”

I5[E] (h) Time

B 1l &EBEFYNEFESHREENZME
Fig. 11  Effect of metal ions on stability of LSEPPs

5t Z B R EVETC IR . Sn® " X T
W3 PRS2 0D 5 A 0. 35, S® " IS, 8 VR T B AR Y% i
AT EFRDTTE ™ A, HBEHCE I 8] 26 03
s Fe’ AT , 2 By RE ek v 9 (8 il R 6, O
B i BR A (A BORVTTE s Fe® " AT, Z BRI
PR B (0725 SRy i B, TE AR T LT =2 5 AT
N JEARERCEE N, () e B e o (8 ZORTTE 5
Ph** JILAJE , V¥ IRAS VD, 7™ He A ik B 0 SR DT
VE; Cu® AR RERCEE IR, TEUVE =2, ftt
ﬂ)m_,,Fe% \Fe3+ ‘Al3+ \Sl'l2+ \Pb2+ ‘Cu2+ ‘Pb2+ %—‘%
X T 5e 22 By B W R R I 7 22 B i i 45
PRAFFIRE T v, O 5 50X 6 e T4 fih

3 #Fig

i# i+ AB-8, HPD-100, D101, DM10, DM21
DMI130 3 6 Ff R} i 1% 285 WA BT R fige 1 8 3 2 S
e AB-8 4 JIig W R & X H. 52 i W, o2 2 T o 2
S E AR R AER R . Bt AB-8 A g A B0 A5 K BT
FEIR SR e Z WA T2 S 800 : I
FEMRE 4.5 mg/mL, FREEE 0.5 mL/min, 3 i 57
LR 50% , PRI 2 mL/min, PERIAFL 4BV,
AN E TR 2 WAl ik 69.34% , T 2L
SAFREFE o3 AT T AR SR B T BAR Y 43 8 AL
Ro RUEMETRAIRERY]  E TR MO 5
TR NG PR G 2 IR, Ol BB , et R s, dei v
R AR BOR . AN TR] 42 R B 0 T 2
FUE TR AR, Fe’* Fe'* AI'" Sn®* (Cu®" Pb*"

X 6 B X I 5w 2 W BRI IR AR A,
K" Ca’* \Na® Mg'* Zn’* [Ba’ " iX 6 Fli i F ¥
Wi o PRI, 32558 22 W3 09 T 2 R FH LA G | APl
SSIRIREE e T, JF I A B Bk B B A AR LAY
Hefih, REARPAEE P AT 5 4

S 30k

I Zhou DL(JHEJ) , Gao JH(FHE4E) , Yang WI( GF5#H) |
et al. Analysis on the nutrient components of lotus seed shell
and study on the antioxidation activity of flavonoid. Anhui Ag-
ric Sci (LA Fl) ,2011,39.3968-3970.

2 Zhou M(Ji]%) ,Duan YQ( Bt E &), Wang WB( F3CLe),
et al. In vivo and in vitro inhibitory activities of proanthocya-
nidins from lotus seedpod ( LSPC) and lotus seed hulls ( LSH-
PC) against Melanoma B16 in mice. Food Sci( & f#iFl%) ,
2009,30:223-226.

3 Chen S,Fang LC,Xi HF,et al. Simultaneous qualitative as-
sessment and quantitative analysis of flavonoids in various
tissues of lotus ( Nelumbo nucifera) using high performance
liquid chromatography coupled with triple quad mass spec-
trometry. Anal Chim Acta ,2012,724 .127-135.

4 Qi SJ,Zhou DL. Lotus seed epicarp extract as potential an-
tioxidant and anti-obesity additive in Chinese Cantonese Sau-
sage. Meat Sci,2013,93.257-262.

5 Kredy HM,Huang DH, Xie BJ,et al. Flavonols of lotus ( Ne-
lumbo nucifera ,Gaertn. ) seed epicarp and their antioxidant
potential. Eur Food Res Technol,2010,231.387-394.

6 Martinez-Perifian E, Hernandez-Artiga MP, Palacios-Santand-
er JM, et al. Estimation of beer stability by sulphur dioxide
and polyphenol determination. Evaluation of a Laccase-Sono-
gel-Carbon biosensor. Food Chem ,2011,127.234-239.

7 Mo XY (LEEHE) , Xu J(##) ,Shao WX(HFTIA¥). Purifi-
cation of flavonoids from mesosperms of Ginkgo biloba with
macro porous adsorbing resins. Nat Prod Res Dev( KR =)
WF5E 5% ) ,2008,20:157-160.

8 Zhou LM( JEINNHH ). Study on extraction , separation , purifica-
tion, antioxidant and antimicrobial activity of mango polyphe-
nols. Wuhan ; Huazhong Agriculture University ( £ Fp el &
), Msc. 2007.

9 Wang ZH(TFEZE),Sun ZD(FNHK) , Xie BI(BIEH).
Stability and thermal degradation kinetics of procyanidins
from lotus seed pods. Food Sci (£ fhi#l2%),2011,32.77-
82.



