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Preparation and characterization of phytic acid molecularly
imprinted polymer and its adsorption performance

ZHANG Nai-pian, WANG Cheng-ming* ,AO Wen-fang, LI Ke-chao, BAI Juan

(Huazhong agricultural University , Wuhan Institute of Food Science and Technology , Wuhan 430000, China)

Abstract; The molecularly imprinted polymer( MIPs) were prepared by bulk polymerization using phytic acid (PA) as template
molecule , MAA as functional monomer, N, N’ - Ethylenebis (acrylamide ) as crosslinker, Ammonium persulphate as initiator.
Surface structure of molecularly imprinted polymers was observed by SEM , the chemical structure of MIPs was characterized by
FT- IR. MIPs adsorption performance were investigated by dynamic adsorption, static adsorption and selective adsorption
experiments. The experimental results showed that the PA MIPs exhibited good adsorption and recognition abilities, with
imprinted factors of 1.70 ,while myo—inositol (MI)was 1.46.The adsorption reaction reached equilibrium after 80 min, and the
desorption ratio of ractopamine reached 89.59% .The experimental results showed that MIPs not only have specific recognition
selectivity , but also have good desorption property for PA ,and the adsorption capacity of phytic acid was 21.38 wmol-g~". After
adsorption—desorption 5 times, MIPs were stable and reusable, the adsorption capacity of phytic acid was 65.62 wmol-g™",
which was 90.00% of the first adsorption capacity and could be cycle used.
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ANGFHTIC N B

AR GEIE 3k 5 BRI T B AR IR R A S
T, NG IR (MAA) I RESAAAR, N, N/ — ZAd JE Y
JETBERE (EBA) Sy Z2W50] , d B R B2 Sl 5 | 250, R T 2R
G v ) A X AR R B AT R R S R PR A AL R 43T BN
G ST T HXSAE W2 1) W2 B 0 f I BE 7, S AR IR
B a4 e ali A AN o A SR AR B .
1 #R5TE
1.1 #REE

R (ZUHE > 90% ) 52 Fubk /A 7l s YLD 4 i
(8 > 99% ) Sigma 2\ H]; oo i R &% (4L RE >

98% )  Biosharp 23 F] 5 N, N'— Z I 3k PN s Pt e ( 2 5
>98% ) BRI TN LBE, BEER, N [ 2545 A

AR FNA BRS W o A SZ I8 T R TR 25 SR 4 AT 4l o
ik al,

Walters 2998 [Hag AR IS RStk H 37 il
YEFIT ; Nicolet 470 {8 LN AR s AN G 38 EHR
JE T J1N T ISM-6390LY i H 4% H A T4
Hl3722N AI WA EE T LR AR R AN ER A RR
5w SHZ-82A SO ER IR A% B MBI A
BRASE B L LR ER) s UKFE AR
KRR IR A BRA T
1.2 XLWHE
1.2.1  FHER TR R 5 MHI&  FREL 1.0 mmol
KRV BRAE &hFIT 16 mmol H L PN 35 iR T /5L BE B 7 4
FL A S mL(JK: SBE =3 1) IBREIEW,25 CHE~
JK¥E 1 h, il A 12.5 mmol N, N’ — Z, )7 3 PN 47 /ot Jiée A
0.100 g F AR , 4L 25 °CF 160 W #7757k 1 h,
B FEMRIEIAEE 4 CFiE 24 h J5,38 A N, 30 min,
WA B . SRIGHATRE I BT ,40 C MR E 24 h,
B =8y, ik, Bas 08 24 h, FH B EGR f F 47 6
B, it 200 H 0. KRS TR R b, b B
Wi, 76 60 °CF Has T4 24 h, 47 = k& Ah#kt K
T R =8:2,200 mL, fili$2 48 h LT 7K ,200 mL, Fl
$2& 48 h HLT-; 215,200 mL, 2 48 h LT, 1524
W5 FENE R A o

25 FARA Y (NIPs) il £ Br T A0 AAH 2 , FHoAth
RS FRARET
1.2.2 MRS F N R AW RAE  RHIRILEE
i 2 0 Nicolet {d HL I 28 3 2T #1 i AL %ot
BEML AT MIPs | %8I 5 MIPs FlI NIPs BEAT3RAE, ¥
MIPs 1 NIPs 3% [ % 42 /& , FH 33 3 da 7 i 1 455 0L 5%

2544 o
1.2.3  MIPs XA 2 i1 W7 BiF 5 6 %t e
1.23.1 s f2E i 2 EE 20 mL ¥ E R

30 wmol - L™ AR 43 B INA 2] 10 ASHETE IR
JIA 50 mg f) MIPs, 7E 25 “CfE il T 735 #k% 10 .20
40 .60 .80 ,100 ,200 ,400 ,600 min, & 10 min f5,
TR 37 W8 3 53 56 ' JRE T DU B A R P AR R T R
TR R Q,, , S FATINAE 3 UHCFIIM(E, IF 221l
IR B[R] G 2R B £, 25 L Ep i o 1 S A IR 1 45
SR, IR S 35 B S AR IS ) R R 1D

76 017178

(D), ¢, MHEBRYI AU (pmol - 1.71) 5 C, Ny
R AR P A4 7 22 (ol - L71) 5V SAy A T V2 VR 1) A4 L
(mL) sm Sy AT MIPs (95T (g) o
1232 SRR 2  EEUEE Y 5,10,
15.20.25 .30 mg/L MFEFRIE W 20 mL, N A F] 6 4~
HEFEHE AR, 43 BIAIA 50 mg f) MIPs F1 NIPs,25 °C fi
TR 7 h, % & 10 min J5 , B2 B 35 WE I 5350
SGHEE T I W MR b AR R Wk B, T SR T A R BN &
Q.(pmol-g™") [ SPATINSE 3 YR HF- M4, 2 il W B 45
MRek . BERAS A9 5 Y5 FH langmuir A1 Fredunlich 1 Bff
SRR DL — 25 VP MIPs FI1 NIPs BOZ5 5 H5E

Langmuir I B 25 76 75 4 -

Q.=K.0,C/(1 +K,C,) #H(2)

K(2)h,Q, EWHZ & (pumol -g™') 5 C, EHR
(- i W BE (pumol - L71) 5 K, 2 W B 43 iE R K
(Lepmol ") ; Q, S KW 25 5k (mol - g ™) o

SROTAERRSY 8 R B A S e T e

c/Q,=C/Q,+1/K,Q,

Fredunlich W {450 52 . Q, =K, C.”

X (3) Ky S B 2R B (L pumol ™) 5 J2 W
HH(L/ pmol ™)

SRITABEHESE 38 ER AL R R R

log Q, =log K, +1/n-log C, =H(4)
1.24 g PEEEm 4 LW 4R KIEW
(B 7220 1) VE BRI, 4 B 10 mL ¥R JE R
20 mg/LIWAHFRIE W & T 5 > 20 mL A [&]) (19 HETE )R
L n A 20 mg MIPs, #£7%5 200 min, 4000 r/min
#5010 min, #H'E 10 min J5 , B EFWBGET 00
BTN S P W ARLR B9 M 3, A5 3 I B 4, 5 B
Wo HNA 10 mL PBEEHE , I E A [R] F e B A e o p
TEPR U B, 15 B e B A, TH 08 A e %%

%W%W@=%%§xm) #(5)

1.2.5  VESEHEWHTSCE S T RAE MIPs [y 25 45 107
RRFPE , 2E4E 55 A I9R 25 A4 AH RL 8 LB AR S 58 4 IS ) 32F
FT5286™ o S BIFREL 50 mg MIPs, NIPs F 25 mlL %%
R, A 20 mL 435155 12 pumol - L™ A 12 , LSRG
REEW, IFERZE 25 mL, ¥R 200 min, ¥ &
10 min Ji5 , 38 33435600 BE THI S 7 W D B0 A R TR R
TR Q, (pmol =g ™) (ENIE A 1, SRITAY
MIPs 1 NIPs Xf A8 PR A0 5E £ 45 1
1.26 W|EMAHMAESEE FREL 0.5 g iy MIPs T
250 mLAEJEI T, HIA 200 mL % JEH 125 wmol - L
MIFETRIE WL ,25 C I ¥R 7 h, 8 3d 4060 B v o
WY PA W $2 IR0 (1) T R 28 e A
IR BN S, X EDIR AR HEAT U, SRS B A TR,
o, RS ERIFEN A T EE 5 R, LA
(1) 52 BeMR LLUS B MIPs X PA B9 B 255
1.3 HEZITHH

% JH Microsoft Office Excel F1 SPSS 19.0 %44 Xt
SLBAIR AT AL BRI 43 HT , A5 SR DL YE = bR
ZE(X£s8) TR,

H(3)
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2 ZR5He
2.1 SFEN AR LT S0 St i

X MIPs i1 NIPs 4741 #0635 434, &5 S an &l 1
Bt , K BRR dib 72 3400 em ™' [ff T O—H A4 45 =
31,1550 em ' HftiT SR C = C 198288880, 7E 1000 cm ™
T RS P = O Fl C—O 45 IR3h, NIPs R
Ve MIPs L) K Bt J& 1 MIPs 548 R bR & 16133 %f
L, 1000 em ™" BRI I WA ok 555 , 3 5 2 I ot R v il 1 T
P =0 #EAs A 3¢, FE MIPs il £ i B v, 9% 198 iR
P = Ot 5 Dy B B 1A B 5L DY 9 1 v 4% 3001 il &0, B
TR EER 55 , 1a W ARG PR B DA A 43 FEN AR 22 o PEHR
JE BIRETR 5> F-ENIE SR -G MIPs 5 MIPs DL K 25 (4 5%
NIPs X [t , 0] LAFE H47E 3400 cm ™' BIEFN 1550 em ™' [}
T H B EY W  E AE JS 48E, HLAE 1200 em ' FfF T HH PR
O—HImH N5 il #g 3) , iX J& B Sy 76 NIPs 1, O-H JL 14
FELF C =0 ZEPE A, 78 MIPs 1 O—H JLHFIAN
V5 C =0 ZEJE a4, £ 5 P =0 JElam™ .
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Fig1 FT-IR spectra
T aAHRARA, b BEBUS NIPs 547,
c: PEMLRHT MIPs SRE4), d: BEIBUS MIPs SR,

22 FWBESH

2 JAEEE MIPs(a) il NIPs (b) B9 #35 A& 54
B IR A, & 2 AT UL, NTPs 22 T 88 M 6 iE 5%,
ok A HES B2, JLFJCaE 5B A2, T MIPs B T
RHRE , JoUkr a] HE S 55 A8 H 22 FL, 77 76 KR BRI 25 7,
5 NIPs M5 A X 51, 1 B 7 AR AR 431 ER 325 325 B9 7] fg
P, S0 BT ) £5 A5 B T LA BR S AR AR 59 431 BR S
A PR
2.3  MIPs xt1&ES 1 IR Bt 14 B8
2.3.1  BhjizRmhgkiilae &3 S MIPs 76 A [5) % B Ak
Er) PN ATL 188 9 W B sh F1 22 i e NI TR AT DU HY
TE 200 min P, W B R 4 B, 22 W A2 o 1 N 2%
12, BRWHR BN FA S o WM 25 B 7 T f e s 18 i A 5
K2 MIPs 3% [T A7- 76 R s BN 3 25 O BRHBE 85, W B 22
ey B, Bl A B TR] A9 i K, MIPs 3 ap B[ 5l 25
7 BRHSE 150 328 T 15 A B8R 7 R, Aol A R R B R i S R
(£ 2 ST i S 1 Rt
232 “FRWHAHZ M e K 4 S5 MIPs F1 NIPs
W BRHAE R A T 28, M I H ] LU M it 6 A R A B 1
B, MIPs W B AR W in, 76 45 pumol - L' Ik 21
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Fig.2 SEM photos of phytic acid MIPs(a)and NIPs(b)
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Fig.3 The phytic acid adsorption kinetics curve of MIPs
KBSk 59.58 pumol - g ™" 28 AT i A5 T4 1 o4
P& ,fi ] Langumir 5 Freundlich WjFh&5 R0 B 5 F i
53T, 521 E 5 (K 6 fiEk 1 R, Bk 1 s
AU 1 2 K00 S, Langmuir 284 8] )9 25 (R® =
0.990) = F Freundlich £ 7] )9 & ¥t (R® =0918),
MIPs X AR ) fe R W B 25 4k g 59.58 pumol - g™, B 422
T Langmuir BB & HI Y 62.92 wmol - g™, AR R 18
MIPs | 1% W% B 47 28 B8 47 A5 & Langmuir &5 35 0% B
A R A e = LS
233 fe BRI EEE ARl 7, 7€ 80 min ZHY, f#
e 3R bR 5 1 2 R S MIPs | AT JE % 22 g W R 455
i rio 7E 80 min ZJ5 ,BE3E MIPs | GEAE WA BRI B
BR85S i AR D AL, G figp e S JRE A 2%, 3 T s 31 %
o A eSS A& 3 5T 22 0 e ik e SR T S 1 BN 3R
BAAE, HMRAT 3N 92.3% ) 5 T AR T A8 A BRI B
SN 73T BN SRS, TR TE] 12 h R, i Iz %2
9 95.9% o AT AR 200 min , A 1 3 G 5]
92.3% , Vi W R W S AR 35 0 o
2.3.4  GEEEERP  FETE 4 sCuG AR, MIPs A1 NIPs X5
L P AN L 1 S A5 2 Bf e @, VRITERGR PR 7 1, L3R 2
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Table 1  The adsorption isotherm model regression parameters of phyticacid at 25 °C
Langmuir Freundlich
MRz A1 5 o o "y >
Q,,(pmol-g™) K, (L-pumol ) K, (L/pmol ™) n(L/pmol ™) R
MIPs 62.92 0.263 0.763 2.320 0.918
NIPs 45.30 0.122 1.032 1.459 0.955
707 100
60 80
= 50 ~
&0 X
. < 60
E 40 5
Z 304 = 40
B &=
S 20+ —e—MIPs 0
10~ —=— NIPs i
0 T T T T 1 0 T T T T T T
0 10 20 30 40 50 0 40 80 120 160 200 240
C(umol + L) fif AT I 8] (min)
B4 25 T MIPs FiI NIPs 0 B 1 25 2% 7 R I 2
Fig4 The phyticacid adsorption isotherm of Fig7  The desorption curve of phytic acid
MIPs and NIPs at 25 °C F 2 MEER MIPs 1 NIPs S A AL £
144 W B R M
1.2 & MIP Table 2 Adsorption capacity and selectivity of
% 1.0 4 NIP MIPs and NIPs for PA and MI
S 0.8- a Q, (pmol-g™")
g 7 = I
Z 061 & MIPs NIPs '
OF 0.4 PA 21.38 12.58 1.70
0.2 MI 14.97 10.24 1.46
0.0 . ¥ = 2 T
0 10 20 30 40 il 8 T s, HE A YRR I B ) SR A 2 . MIPs

C (umol L")

K5 25 “CHf MIPs il NIPs ) Langmuir 25 J5 0% B A 11 2%
Fig.5 Langmuir sorption isotherm of MIPs and NIPs at 25 °C
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Fig.6  Fredunlich sorption isotherm of
MIPs and NIPs at 25 C

AE R ZE MIPs i i 0 fif 4% 4 21.38 pmol - g ™', & T
TE NIPs H a9 Bt 12.58 pmol g ™' B[R & 9 %
FEER A BN 325 [ 7oA 170, T 6k UL B9 BN SIE IR T oA
1.46, X2 T MIPs EAFEBRUE LN B T 14 BN 25
73, BRI AR 43T H8 IR Re A IR AR 4 i 2 B8 L (H
XU, D) TE AR v e PR A5 5, PRI R A 25 SR AN
o XU BH B SR 5 W X AR o T AR IR B AT e S ok
FEPEARBE ST o

235 HEEMMME i SPSS19.0 #EAT 3 S HT,

78 sorrmmTH

IV R R AW B ok 72.91 pumol =g ™, 5 YR VEIES
Kb FEL PR T o 25 SRy 65.62 pumol - g SRS — R I BfE 2
EH 10 90.00% , W% B4 F [ 10.00% , T MIPs ()47 14
ik oy 0.5 g, 5 WUEWE S, T & Sy e W #20m & iy
88.19% ,}7 0.4234 g, JF &k FI& 11.81% , 1% 3 WA iR
S BRI SR A EL A AR G 1) 2 e P R B A2 A

e, FEAYI N AT LB S A
80+

alIbbcd
T T 2 T s T s T s

3
FAAH
K8 DREME RS R
Fig.8 Recycling test results
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