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Detection of Sudan I in Food using Magnetic Molecularly Imprinted
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Abstract: A novel method (magnetic surface molecular imprinting technique) for the detection of Sudan | in food was investigated. A
silica-wrapped magnetic nanoparticle was utilized as the carrier and on its surface the magnetic surface molecular imprinted polymer was
synthesized. The magnetic properties, morphological features, adsorption properties, and specificities of the prepared Sudan | magnetic
molecularly imprinted polymers were determined by ultraviolet (UV) spectrophotometry, infrared (IR) spectrometry, and transmission electron
microscopy. The results showed that the imprinted sites of the magnetic surface imprinted polymer were located on the surface of the magnetic
carrier, and the binding capacity with the target substance was shown to be improved. With the presence of an external magnetic field, the
magnetic surface molecularly imprinted polymers easily reached adsorption equilibrium, magnetic separation was achieved, and nonspecific
adsorption was reduced, thus improving the adsorption and selectivity capacity for Sudan I. Furthermore, the recovery of Sudan | in pepper was
measured to be more than 80%, indicating that the magnetic surface molecular imprinting technique can be used as a novel method for the rapid
and efficient detection of Sudan | in food.
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Fig.1 Infrared spectra of Fe;0,4 nanoparticles (a), SiO,@Fe;0,
(b), and MIP@Fe;0, ()
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Fig.3 Adsorption isotherm of Sudan I on MIP@Fe;O, and
NIP@Fe;04

BREEENE (MIP@ FesO,) SHEVEARENIE RS

(NIP@ Fe30,) HlIJE AL MR EARN A (D
Hr, AR R N AT S AR B, AREE AR (D
A5 P E 2R RR = E EZE 5R E 5 AN R B 5
AN IS UL T LD i SR AN B v sl =
EWE R RIZE, WK 3 PR, WNEHRTE
3, B TFEIRR SIS AT BART RG22 F
EE R A, TR 1 Wit T ENE R AW T3
20 1 ORI T, Bt e R SIS &g 7
P, WYIREEIA S 3.0 mg/L I, 4558 7Z Wi,
TR 3 WAl gt & 2R T 2% . AIF B S = il 4%
55 FHAL T R 7 T BN SRS T o540 T 1
sEOPERE R AT

242 FFHL | mpH g TGRS M eG4F

(&
N N
ia®

B4 7L  (a) FAFHALIN (b) R
Fig.4 Chemical structure of Sudan I (a)and Sudan
V(b)

401w gudan * x
3.5 -eSudan IV x x
3.0+
@ 25F o
2 20t *
S sl
1.0}
05+ ./‘___;_——i———l—i—!
0035 10 15 20 25 30 35
C1/(mg/L)
& 5 AFEIrEE S FENERAMMIAFILL | FFAFFELIV B
MiZFimLk
Fig.5 Adsorption isotherm of Sudan I and Sudan IV on
MlP@Fego4

TIFHEL T RGFFHELIV & S5 A6 A BA R P At A 7] 42
J5it, WP 4 s . HI S T4 1 ki1 BN S
Ex /e aE S VLR A A= b Sy el NS G T
LAE BIT5PHLL T WA o) 7 BN R S5t T I3 HAL
MIZE G RCRIRGS, X THITIVE SRR, B
TRORERI AL, S EREEABA R ER . BT AR
FHL T Wit 1 BN R SV RA IR S iR R

25 AP mSta ] Bk RGN E

WA (2), FREIREPERTT S FEIRREY
[AEEMZER A AP T R, sk 1 fis. &
1, fEBRmEE A P IR T A A
X () HHImAE, SHIEREVIHENTRENEE
HIFHL i N A A (c-Co) V-(Co-Co" )V FIME . il
TFEAR], BRI MR 2 T ENE R A
YT SR IR T IR 80%~101%. [FIR,
BN AV TRPHAL T A e B e R ARAK, &
10% L T o IG5 RV G TR PHAL T jEVE 2y 1 Bidk
REY T LA Rt b R R A AT,
HZ i AR .

26 it

H AT &SR P v, 2R
RO T A I o G 4 2 S et £ rh
FHA ORI, SR m oA s, REIER A 05
mg/L, [EICRTE 75.9% A F . TEASCHI5FH AA
FRt5 0.5 mo/L, [BIYCERAE 80.8%LA .o (Rl 0AH
REAALL, XTI RE S AR L, (EAE A
VA, WA 7 A TR AR I TR, L)
INTREG T3, ARG TAY, BARRGRRME. i
K FH R 537 ER TR VR 5 P I B A 7 V245 VR
i, HFEEREGYTESHH, MSEE, 5TH

305



R EmiB Modern Food Science and Technology 2016, Vol.32, No.9

7 BRI
R 1 EERRE

Table 1 Measurement of recoveries

PN T Iy, Lepi kot o S 1% Lapepi RodhsE S 1%
8 4R EImg 89 LT Eimg
1.25 1.01 80.80 0.12 9.60
2.50 2.02 80.80 0.234 9.36
FRARE 3.75 3.07 81.90 0.361 9.63
4.50 4.49 99.78 0.444 9.87
5.65 5.66 101.42 0.557 9.86
1.25 1.10 88.00 0.118 9.44
2.50 219 87.60 0.245 9.8
it 3.75 331 88.20 0.367 9.79
4.50 4.46 99.11 0.439 9.76
5.65 5.75 101.1 0.541 9.58
. Journal of Chromatography A, 2010, 1217(45): 6995-7002
3 fhe [4] GONG Xiao-yan, CAO Xue-jun. Preparation of molecularly

AR T Bl B A REVE R R o T RN R A
Yo, WSRO AT . 2 TENE R A
AR — S R IR 3, 7R HAR T & K
DTEHERE. JREEN . AADGEMLE &
LI HILAS A PR AR AR AT TR
25 RAEHZ 7)1 BN S S BoAT B B A AR
SEWMPERE. HAEAMEMIAIERT, REILEAAIAE]F
iy, SEHUMEY RS, TACERAEDER. AR, XS Rrkhhos
FIEL | MRS BEATINGE, [RICRIA T 80.8%EA 1.
EB 2 VR T 1 BN SR B Y A R AT [
e, TSRS TR, BRI
e SR R A

[1] Rebelo TS CR, Almeida S A A, Guerreiro J R L, et al.

Trimethoprim-selective ~ electrodes ~ with  molecularly
imprinted polymers acting as ionophores and potentiometric
transduction on graphite solid-contact [J]. Microchemical
Journal, 2011, 98: 21-28

[2] Davoodi D, Hassanzadeh-Khayyat M, Rezaei M A, et al.
Preparation, evaluation and application of diazinon imprinted
polymers as the sorbent in molecularly imprinted solid-phase
extraction and liquid chromatography analysis in cucumber
and aqueous samples [J]. Food Chem., 2014, 158: 421-428

[31 ZHAO Chuan-de, ZHAO Ting, LIU Xiao-yan, et al. A novel
molecularly imprinted polymer for simultaneous etraction
and determination of Sudan dyes by on-line solid phase

extraction and high performance liquid chromatography [J].

306

[5]

(6]

(7]

(8]

(9]

imprinted polymers for artemisinin based on the surfaces of
silica gel [J]. Journal of Biotechnology, 2011, 153(1/2): 8-14

Baggiani C, Baravalle P, Giovannoli C, et al. Binding
behavior of molecularly imprinted polymers prepared by a
hierarchical approach in mesoporous silica beads of varying
porosity [J]. Journal of Chromatography A, 2011, 1218(14):
1828-1834

LIU Yan, LIU Zhan-chao, GAO lJie, et al. Selective
adsorption behavior of Pb (II) by mesoporous silica
SBA-15-supported Pb (ll)-imprinted polymer based on
surface molecularly imprinting technique [J]. Journal of
Hazardous Materials, 2011, 186(1): 197-205

ZHAO Chen, WU Dao-cheng. Rapid detection assay for the
molecular imprinting of gossypol using a two-layer
PMAA/SIO, bulk structure with a piezoelectric imprinting
sensor [J]. Sensors & Actuators: B. Chemical, 2013, 181:
104-113

B, PO, B SO, 4. B FHIB R 731 BN 585 D )
% M HSO BRI & i EH,2014,35(20):236-241

ZHAO Chen, JIA Guang-feng, LU Wen-zong, et al.
Preparation and fluorescence microscopic characterization of
surface molecularly imprinted polymer of Rhoda mine B [J].
Food Science, 2014, 35(20): 236-241

AR, PO, I SC i, 5 R T 707 BNy ) 24 Wi By BV 26
B IR T[] B AR S T7%,2014,14(16):88-93

ZHAO Chen, JIA Guang-feng, LU Wen-zong, et al.
Preparation of gossypol surface molecular imprinting

polymer and detection [J]. Science Technology and



MK EmBHL

Modern Food Science and Technology

2016, Vol.32, No.9

[10]

[11]

Engineering, 2014, 14(16): 88-93

Chen L G Liu J, Zeng Q L. Preparation of magnetic
molecularly imprinted polymer for the separation of
tetracycline antibiotics from egg and tissue samples [J]. J.
Chromatogr. A, 2009, 1216: 3710-3719

Li L, He X W, Chen L X. J. Preparation of core-shell
magnetic molecularly imprinted polymer nanoparticles for

recognition of bovine hemoglobin [J]. Chem. Asian, 2009, 4:

[12]

286-293

i, R IR, R e RO (5 i I 5 & it b 5P AL
QR 5o 9] 50 T 42 )i 4%, 2015,30(6):57-58
XIAO Xiao, CHEN Xiao-hua, WANG Guo-ging.
Improvement of detection for Sudan 1 -IV in foou based on
high performance liquid chromatography method [J]. Bull
Dis. Control Prev, 2015, 30(6): 57-58

307



