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Progress in the application of molecularly imprinted polymers

in the detection of food additives

FAN Dongni HE Hongyuan

(School of Criminal Investigation, People's Public Security University of China, Beijing 100038, China)

Abstract: The improper use of food additives poses a threat to food safety and human health, making it essential to establish sensitive and
rapid detection methods for food additives. Molecular imprinting technology, which enables the specific and selective recognition of
template molecules in real samples, has been widely applied in the fabrication of molecularly imprinted polymers. The emergence of this
technology provides a new perspective for the detection of food additives. This paper outlines novel preparation methods and materials for
molecularly imprinted polymers, reviews research progress over the past five years on their application in food additive sample pretreatment
and the construction of detection sensors, and prospects future developments in molecularly imprinted polymer preparation, detection scope,
and the development of portable detection sensors.
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Figure 1 Schematic diagram of the preparation of MIPs
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frameworks, MOFs) #4 A i) MIPs 7E £ & 7% i 770 46 ] 457 42,
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Table I New preparation methods and strategies for MIPs
AR 5 e ER S A 275 3CHk
EIUSI#S EEIBUE S N 7 2 A R R AR S BRI RS, % Pk RE A s i A R A 2k MIPs 2R [10]
JEE A2 185 JRE X A B R AT N 5 )
2K B H AR 20K BBHAY R L 2 AR B T MIPs B £ BE D — S T TR A AR <200 nm [ 11]
B BRI MIPs UKL 5 22 107 1T 15 A A4 T, 7 5 9 0 5 48 MUIPs 0NS8R AN AT
sl ok WePEPEDNREAL , T AL Z RN REIE PP, ST 2% PRI AN s A PEAT B AR R 2o liA s [12]
EJY 378 55 MEAUBER BRG] T i AS AN E sl S B HAR Y s R SR AN MR B IR B [13—14]
AR B B A Pk s
ZAHUZ Dy Re A i AT [ A I 22 A H AR, S5 A AT NS A S L R R S s T (15— 16]
WA FIE 3 AR, 285 5 (L A7 A 5 BTN 5 5 8 0 4 O i AN 1 — 05 B 4 5 3 119 ) B LAk
GURL I 2R XNy 7 0 S 2 IR R TR BB ROCR A kw2 im0 T [17]
MIPs 2 s 5 F AT T 2 s Rl A B, o 0 45 1 BE 5 28 Ay e
TR R 2> T8 ELBRBOR & G AL A5 AT 20 G AR i Al 1S T80y Tai e (18]
By T XFFRAY H AR
TET ) S0 4 T R D R 6 D205 v, ok PR A S A R L 2 A 2 R 8 O B MTPs 5 [19]
FAY 1D 328 55 W T ey 3 22 S A N 7 ok A SRV )
Sl VA FHIGRE 5 MIPs 19 58 45 SO, i o 2o 72 5 S 0 B8 5 i 1 (0 ot m iz i g ik [20]
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i A R A i SR R 0 G /N B Ak MIPs I B 7 2R
%, FH MIPs 1 HE 78 W B 570 6] 7K R0 A P 0 S e fi — 2R
fiil £ 757 SPME
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P VA R LA b 3 R M v R R Y £ R T R Sy
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Table 2 Application of MIPs in the pretreatment of food additive samples

5 _ % . . i N B, 2%
[HES H x4 fg ik [ W 531 RS FEA 4 H PR LR o ik
brs MR 3-Z LW AL = SPME HPLC-UV Zit i 0.009 94 yg/mL  0.05~100 pg/mL 94.20~98.50 [23]
(%0 VA% B 03

it K 2% FF 35 7 0 i MSPE FT-IR  #89F 258 0.001 1 pg/mL 0.005~1.25 pg/mL 92.20~104.70 [24]
Hit Kz 2% RS9 0 T MSPE FT-IR ¥4 0.2 pg/mL 0.32~25.0 pg/mL  96.00~98.60 [25]
ITB:S TR s Pt i MSPE FT-IR ¥R 0.006 8 pg/mL  0.05~20.0 pg/mL 90.50~95.40 [26]
KEHFE-3-0- 1,5-"%H -4, SPME HPLC  TF{8 4 0.15 pg/mL 1~500 pg/mL 84.72 [27]

] 24 A 8v L FR L B
M Z W BN M MSPE FT-IR  Hi457t 0.27 pg/mL 1~80 pg/mL  90.40~94.00 [28]

P 5 A s 1
i e A 4- 2 I BN g SPE HPLC  BRMERE ESHR . 0.2 pg/mL 1~100 pg/mL  87.10~101.30 [29]

AR

B 4- 20 B g SPE FT-IR A 0.69 pg/mL — — [30]
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gEk2
2 HAr %) Tyae s ik B Ry ik B A i 2 M e ﬁ%
% ik
i e PR P 35 7 0 MEPS HPLC-UV #kA} (AR 1.0 pg/mL 1.0~50.0 pg/mL 25100 [31]
e
M FER RS 9 0 T2 SPE FT-IR  IREE 0.051 pg/mL 1~25 pg/mL  95.87~118.18 [32]
FfbJe ¥ PP R T 4 2 SPE uv L - - 88.10~92.76 [33]
NI R 2 FH L TR 05 TR SPE FT-IR  ZEMEk — — 97.12 [34]
A kK 94.60
[k 90.12
Bis IS 70 A R 4-Z U FEMEE MSPE HPLC-UV 33t 0.006 pg/mL  0.02~10.0 pg/mL 92.70~101.40 [35]
FH R (3v & H N 3 ) MSPME HPLC-UV i # . #i4 f1 810 ° pg/mL 5X10 %~3X  85.12~94.96 [36]
i L i ENAE-E 353 ih 7X10  pg/mL 107" pg/mL
SN 4- 2, 4 K 3k SPE GC-MS  fH¥rih 7.2X10 ° pg/mL 1.0X10 °~  75.60~101.00 [37]
i 1.2 ug/mL
TER PP R T 4 2 SPE HPLC ¥ P4, 0.03 pg/mL 0.10~100 pg/mL  78.70~112.20 [38]
LR ERS
RS Uk b
R A% — W . =% MSPE HPLC-UV /K it Hl 0.02~1.0 pg/mL  4.0~100 pg/mL  81.80~108.70 [10]
T YNNIR
Th 2R S 46 H Bk A1 MSPE HPLC- % L& 0.07 pg/mL 0.20~50.0 pg/mL  91.20~100.20 [39]
Kk M TR 2H uvD
I A1 A il 7 79
7 LT M R SBSE HPLC-UV 22 JL##} 2.5%X10 *~1.0X  0.01~100 pg/mL  94.70~98.90 [40]
I F 2 10 ?pg/mL 0,02~100 pg/mL  82.10~96.70
PP A B 0.03~100 pg/mL  84.50~93.20
FTERCEF 3-E HEWHE = MSPE HPLC Rk} 4.40X10 °~  2.07X10 ~4.63X 91.20~107.10 [41]
LR EUMM AR 2.01X10 *pg/mL 107" pg/mL
LHEHE 2
il SiE I TR0 T i MSPE HPLC  SERIT 0.03 pg/mL 0.1~100 pg/mL  93.50~101.60 [42]
BN LR AR PP R T 4 R SPE  HPLC-UV I FEH 1000 pg/mL 1X10%1 X — [43]
AR 10* pg/mL
S fiF e CEAR S D46 1R SPE  LC-MS/MS #ht 2X1077~7X — 93.00~107.00 [44]
NDEA .NPIP, 10 7 pg/mL
NDPA .NDBA
FINDPHA)
A5 H R TR 0 Pt MSPE HPLC % 4 A £ /i 0.024 828 pg/mL  0.1~3.0 pg/mL  93.28~103.03 [45]
2 P
iR IHFENEE = DSPE  LC-MS ‘EMBET 0.003 pg/mL 0.01~1.0 pg/mL >79.50 [46]
S S A
B PR T 1,3,5-= H1 3t SPE HPLC/DAD A4 0.23~0.28 pg/kg 1~100 pg/kg  93.90~100.50 [47]
RS THi 89.40~102.30
I % 92.10~106.50

T 2> HCE A A H (dispersive solid phase extraction, DSPE) . [ A {3 #% B (solid phase microextraction, SPME) i 4 1% W [ % B (stir bar
sorptive extraction, SBSE) it ¥ 1 I Bff # L (stir cake sorptive extraction, SCSE) 31 75 W% Fff 71 i #% B (microextraction by packed
sorbent, MEPS) . i P [# #H £ it (magnetic solid phase extraction, MSPE) | 4 4 Hl & A %% it (magnetic dispersive solid phase extrac-
tion, MDSPE) 7k [ A1 1 #£ B (magnetic solid phase microextraction, MSPME) .
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MOFs Hi F = FL B 3R ALK b g B, &k MIPs &
H MR, B HE N IE, B 4H MOFs P I 2 2515
MIPs 45 40 4 Wk 4 0@ A L 42 (isoreticular metal-
organic frameworks, IRMOFs) | 2 i £7 BK Mg B 22 (zeolitic
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(zirconium-based metal-organic frameworks, Zr-MOFs) , i
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ALV B 2 R 0 R R e PR B AT, KRR MR AF Y
ZIFs MILs Fl 4% 3 4 J& A ML 22 o 1) UTOs (university of
oslos, UIOs) Z % £ 1if &b 2Ly M H T2 o

2R 5 MOFs & 41 H 1) UTO-66-NH, 1k #5 14¢
2\ i 1 I T 117 e 0 o8 st s 0L =
% P 6G . Kardani 452 H) Ff GO@ZIF-8 MOF 41 4
454 MIPs, X PRCRE ISR £ i =R 10 U 0 09 42 IR i WY AT A
HEAT SPME. Chen 554 i T —Fi th MOF {0 il id £
HE UBEAR % MIPs 19 (MIL-101(Fe) @DMIPs) , X} £ 35 85
3 N- K e BE4T SPE. Rl £ AR Wr g L W Rt &
T2 19 MOFs 55 MIPs 25 4 B HI T8 sl

W T MIPs W B 0] 119 15 A 5 0 485 150 A 06T, 00 4 ok
A RERRE., —JE, MIPs ol 5% (8 F LA, 0
Elfadil %4 B T 9 3 WG VR 40 K BE T 1 3R £ [0 i 5 MIPs
2 4B (Fe;0,@PDA@MIP) , X £ B i SR #8241 B 1F
T MDSPE £ B, 8K J 45 & T LB L € 23 A7 72 5 i A7 30
E 5 93— 7, MIPs 5 48 54 Hr ik & I, © 9 g i T
XF B b e 2 ) AT I 0 R L OF & R E B 4
. Lamaoui 25504 5L T MIPs (1) W Fff 571 45 A 2 — A4~ 36 T
sk o pr i s A T — N EEE R I &R G
JH T 38 B8 Hb 43 B R B8 FE S b 09 Bl e TP 40k . Vodova
LG fi ] — B L T MIPs 19 28 475 5 90 6O 335 i 4% 304K
T 43 A B A R DU A P AR 2 L X R T MIPs (B
VA 0 R0 2 i S o A 4 A — R R
3 MIPs & % 2% 5 £ b 7% 500 Il v ity

W H
3.1 MIPsEB LS L RaR

MIPs HL fk 2% f% B 25 2 4 MIPs il i H A 45 5 2k 185
T BE Y 2 B P, A L OB A P R 2 T 3 5 3R 40 A 4
O TR H A S #EAT A . 5 A 2 B ) MIPs % IR
AH LG, MIPs HL b 2% 4% 8% 4% H A IRt KR 45 A 7 2 AR

SEZ YRS - 4 F B I B A W FE A R R 0 AR I A B R PR R

A Gy F /NG R F Sh ik S s 2

MIPs Fi, b 2% A% JE% 2% UL 00 A6 0 T 1 A AR 22 vk (22 B
AN TR VA7 N R RN ol R S = R LN A S

T MIPs B R 2 3 2 5% 2% 4 00 9 4% 8% 8 i T
12 AR AR ZE TR T B TR A — o 09 W o, AR H AR 4y
BT 90 AN 8 Bk B b 27 S 1 480 Ak B30 T, W) e 3 i 5 B e
25 A G DAG R L i A8 A HEAT R . R, X T 2R
B WAL B A 5 MIPs , JLAS I 3 1) 428 £ 19 B, 3t A 5 1R
B R R R RS RO RGO AE Sk R R
B, 77 T AT 3 A R A v AR SR DR QS o 4 ) N
K IR I 4 T A HLAE 2, 42 T MIPs B RHIG SR ER S )
— 5T T B AR T PR A AR B g K A 3 T AR
MIPs JZ2 K AR BRI 2 oAb, oA o B 2 A 48 1l {45
IINES AR R A A 7= 2 MIPs A% B 25 A7 B4 S Bl
85 2RI 35 A WA )

i £k 2% BH BT 3% K I 25 (electrochemical impedance
spectroscopy, EIS) 15 MIPs # AR 45 & J& 75 v 3 18+ 2t
MIPs 2, i b W 455 BH $0 45 5 19 728 1k Sk I 2E 9 3R 501 ==
PFo B2 iy T B BT i T I M B b B s R A ARy
SPESE A, 7 A Y BT AR b 43 5% me A oE R R L R 2
7 HoAth MIPs A Ak 2= (L IR A 23t B0 . e 7T LG 2 S
s FhOB =AY Ty B 50 ke 1 8 B0k S T A R ML
B 2 4 8 AT HLE 4L NH,-Fe-MIL-88B 5 11 S &
G L& T 2 U R AR R R A L) e SRR, T A R
A 2 A% SR X A T R R AT R A R A ) R TS L R
10 “~10 *mol/L,

MXenes 1 2 — 285 B /Y 2 U 42 )8 B 1 ) s AL AL
YA RL, R AUR e R L S R L, S
I E L B B BB M R . Zhang % VHE ST T —Fh g
T MXenes 1) MIPs Hi Ak 2% 4% G FH T4 00 2 b i = 44
e 3 MXenes W B AL BK (Ti,C, T, ) B4 4 X H B 4715
M, 283856 = 40 4E 76 10 nmol/L~50 pumol/L ¥ J& Y [l N £k
PEE R B4 H PR AR = 1.18 nmol/L, X Bk v | ¥ 24 fnfa
B b = R Y I 86.38%~95.52% , 1% AR IR i HLAT
LAY R BB R B
32 MIPs U FERKER

MIPs Yt b 2 15 R J2 ¥ MIPs 1 Sy £% 828 19 5 T
PEXF B b5 830 AT 4 S VTR K BB 8 O 2 1 T AR Ak e
AR 53 A5 5 38 o 332 A 5 SO0 S B0 H AR 04 R

HR 8 56 15 5 19 Ol JR, MIPs Y6 1k 24 5 IR 7T DL 43
MIPs 3 Fil f 25 Al MIPs ' £ 257

MIPs 5 & S 32 240 35 98 6 AL IR T 45 1 1
AR AL R A | L 15 S I JE T SERS Ay 14 s 421 4
mh, HP R LTz

R A 5 A5 5 R IR 09 R TR, 43 B 36 2¢O 1% % 4
(molecular imprinted fluorescence sensor, MIFs) 32 % 4
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Table 3  Application of MIPs electrochemical sensor in the detection of food additives

BN ER 7] YL REN AL AR FEA R 5 B et i;
PR BARR B-HBI RS cv T AR B 7 nmol/L 100~1 000 nmol/L [58]
AR b T IL R CV .EIS FEvE EEE R 3.2X10 “nmol/L 1X10 *~1X10 2 nmol/L  [59]

A
] i £ i PR DPV 1B 3Rk 22 nmol/L 8~6 000 nmol/L [60]
o] $6i7 £ {45557 (DES) CV. DPV R Rt 0.1~50.0 mg/mL [61]
R Wiy 2L 2 cv it 7 nmol/L 25~1 000 nmol/L [62]
I LB e CV.DPV ok 350 nmol/L 100~17 000 nmol/L [63]
B JE 70 AR R e CV.LSV.EIS & R/KFIH K 100 nmol/L 1X10°~1X10° nmol/L [ 64]
£ | I W Xof 4 R cv BETT PRAURIARES 1.18 nmol/L 10~5> 10* nmol/L [65]
TR R TR T Je CV.DPV PKULIE RS ZEWS 1.43 nmol/L 0.1~1 000 nmol/L [66]
W
T L P 0 R CV.EIS.DPV ZEHK W25 EEE  5X10 *nmol/L  1X10 *~1X10° nmol/L  [67]
tx EER 4- IR HE N A BESE CV EIS.DPV L ##) 5 nmol/L 10~2 000 nmol/L [68]
HHE
WA 5P N e cv R 10 nmol/L 100~1 10°nmol/L [69]
H 74 & SEBENEZLH CV R AE TR TE R IY 35 1.6 nmol/L 10~110° nmol/L [70]
SRk bE Rt
Fr i B LA cv JECLTAE N FUR T 0.027 nmol/L 0.6~160 nmol/L [71]
s o Z W% cv REIECE k3 1.1 nmol/lL 3~180 nmol/L [72]
R TR R R
By B DET
Frfs e L-F5 &R DPV RURB R 2.7 nmol/L 8~112 nmol/L [73]
JIA B 21 HILNIAIR B CV.DPV.EIS 1k 6.05 nmol/L 9.0~3.9X10° nmol/L [ 74]
B H OAKREE LN cv EE BN RS 9 nmol/L 40~2 000 nmol/L [75]
el
TR IR KA ERIIE CV.DPV Hh MERMIT 7.9 nmol/L 1~1X10° nmol/L [76]
H fE 1H
THRF IR SRR CV.DPV.EIS Z&# ¥ RACGKM . 6 nmol/L 10~1<10° nmol/L [77]
ik K
44 B, 3-Z MR R CV.DPV Ji 7 BE R ORE 10 nmol/L 600~7 > 10° nmol/L [78]
Bt
AT X 2R AR T cv F=9iikli 0.046 pg/mL 0.5~60.0 pg/mL [79]
-
EEMSE FoN NP S Ccv EARTIN Tk ] 4.4 nmol/L 10~1 > 10* nmol/L [80]
A-CIR Tl 2-5 SR Ccv LI 6.03 nmol/L 30~300 nmol/L [81]

TR %E Bk 3 B AL L4 bk o {R %2 ¥ (differential pulse voltammetry, DPV) fi 8 {k % 3 (cyclic voltammetry, CV) 5 I Rk % %
(square wave voltammetry , SWV ) FIZ 147 # £k % 7% (linear sweep voltammetry, LSV ) #2145 |

A LG YL R Y ST R A A ORE T RN 2O L R T
4 Fp e I BT 4 (quantum dots, QDs)™ ¥R % s
(carbon dots, CDs)"™ J& MIFs % FH (094G A . 76 £ 5 5
FAR RS I, AT DL I+ 8 MIPs B0 R AR AR IR R B
Bi—re g5 RAIE B 5 1 RE e E -

2 1H1 45 B 1 JL PR (surface plasmon resonance, SPR)
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