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Introduction

Molecular imprinting is an emerging technology 
which enables us to synthesize the materials with 
highly specific receptor sites towards the target 
molecules. Molecularly imprinted polymers (MIPs) 
are a class of highly cross-linked polymer that can 
bind certain target compound with high specificity. 
The polymers are prepared in the presence of the 

target molecule itself as the template. The concept 
behind the formation of the selective binding sites 
is schematically shown in Figure 1. In brief, the 
template interacts with functional monomers 
before being cross-linked by cross-linker in 
polymerization process. The specific binding site 
complementary to the target analyte is generated 
upon the removal of the template from the solid 
polymers. 
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Figure 1. Schematic representation of non-covalent and covalent molecular imprinting procedures.
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The molecularly imprinting technology was first 
proposed by Wulff and Sarhan (1972). The technology 
was then expanded by the effort of Mosbach and co-
workers in 1980s (Andersson et al., 1984). The MIPs 
possess several advantages over the conventional 
immunosorbent (IS). They show high selectivity and 
affinity, high stability and the ease of preparation 
(Piletsky et al., 2006). The MIPs can be used repeatly 
without loss of activity with high mechanical strength 
and durable to harsh chemical media, heat and 
pressure compared to biological receptors (Lavignac 
et al., 2004). Chemical stability studies demonstrated 
that the polymers kept >95% of their affinity even 
after 24 h of exposure to autoclaving treatment, 
triethylamine, 10M HCl acid and 25% NH3. Heat 
treatment revealed that the polymers are thermally 
resilient and able to retain their chemical affinity, as 
the MIP will not degrade up to temperatures of 150oC 
(Svenson and Nicholls, 2001). They can be stored for 
years without loss of affinity for the target analyte. 
Researches in this technology have grown rapidly 
due to its potential application in various fields, 
ranging from chemical, pharmaceutical, engineering, 
material science and biotechnological industries. The 
synthesis approaches, analysis, characterization and 
application of MIP in food safety in the recent few 
years are discussed in this review, challenges of MIP 
are also been briefly discussed.

Synthesis of MIP

Covalent, semi-covalent and non-covalent
There are three different approaches to prepare 

MIPs: covalent (pre-organized approach), non-
covalent (self-assembly approach) and semi-covalent 
approach. The covalent or pre-organized approach was 
introduced by Wulff and co-workers (1972), involves 
the formation of reversible covalent bonds between the 
template and monomers before polymerization. Then 
the template is removed by cleavage of the covalent 
bonds, which will be re-formed upon rebinding of 
the target molecule. Covalent approach leads to a 
homogenous population of binding sites due to the 
high stability of template-monomer. However, this 
approach is restrictive since the cleavages of covalent 
bonds always require a rather harsh condition.

The semi-covalent approach is an intermediate 
option (Sellergren and Andersson, 1990; Whitcombe 
et al., 1995) where the template is covalently bound 
to a functional monomer, but the rebinding is based 
on non-covalent interactions.

The non-covalent or self-assembly approach was 
introduced by Mosbach and co-workers (Arshady 
and Mosbach, 1981). This approach is based on the 

formation of relatively weak non-covalent interactions 
(e.g. hydrogen bonding, electrostatic interaction, 
hydrophobic interaction, Van der Waals forces and 
dipole-dipole bonds) between the template molecule 
and functional monomers before polymerization. The 
association and disassociation of the imprint occurs by 
plain diffusion in and out of the sites. This approach 
is the most used method for the preparation of MIPs, 
owing to its simplicity and availability of different 
monomers able to interact with almost any kind of 
template. However, it suffers from some drawbacks 
because the template-monomer interactions are 
governed by equilibrium process. A high amount of 
monomer is used in order to displace the equilibrium 
to form the template-monomer complex. As a result, 
the excess of free monomers is randomly incorporated 
to the polymeric matrix and leading to the formation 
of heterogeneous or non-selective binding sites.

Despite of the drawbacks, the non-covalent 
strategy is still the preferred method in preparing MIP. 
The non-covalent methodology is easily conducted 
and the template removal can be carried out simply 
through solvent extraction. This methodology is also 
found to be more versatile and the imprinting step 
is quite similar to the recognition pattern observed 
in nature. The apparent weakness can be overcome 
by allowing a multitude of interaction point 
simultaneously.   

Preparation approach 
There are a number of preparation methodologies 

reported so far, ranging from traditional bulk 
polymerization to multi-step swelling and emulsion 
core-shell polymerization. Many researchers used 
bulk polymerization technique since it requires 
simple apparatus and the reaction conditions can be 
easily controlled. However, this procedure is tedious 
and time-consuming. The grinding process creates 
irregular particles that can cause back pressure 
problems when packed as the stationary phases for 
chromatography. The useful fines are lost during the 
sieving process (Mahony et al., 2005) and resulted in 
low yield of MIPs. Only less than 50% of the resultant 
polymers will be usable for the chromatographic 
purposes (Mayes and Mosbach, 1996). These 
prevent their large-scale production and acceptance 
in analytical laboratories (Martín-Esteban, 2001). In 
spite of these obvious drawbacks, most of the MIPs 
reported in the literature are still prepared by bulk 
polymerization (Tamayo et al., 2007).

Later, Mayes and Mosbach (1996) proposed 
the suspension polymerization that used liquid 
perfluorocarbon in a continuous phase to yield 
MIP beads. This non-polar dispersant stabilizes 
the interactions between functional monomers and 
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templates required for the recognition process. 
The method yields are in 5 to 50 µm size ranges, 
depending on the amount of surfactant and stirring 
speed. This method is relatively fast and reliable but 
it is quite expensive. 

Precipitation polymerization method was 
developed by Ye and co-workers (Ye and Mosbach, 
2001) which can provide 0.3-10 µm size of particles. 
It is based on the precipitation of the polymeric 
chains out of the solvent in the form of particles as 
they grow more and more insoluble in an organic 
continuous medium (Pérez-Moral and Mayes, 2004). 
This method is found to be able to obtain uniform 
size and high yields of resultant polymers. Yet, it 
requires large amount of template and high dilution 
factor.  A new precipitation polymerization method 
was developed for the one-step preparation of 
monodisperse MIP particles about 5 µm in diameter 
(Wang et al., 2003), which can be applied to HPLC 
and solid-phase extraction (SPE) separation as the 
stationary phase. 

Two-step or multi-step swelling polymerization 
was developed by Hosoya et al. (1994) and 
further optimized by Haginaka and Sagai (2000). 
It requires several swelling steps before the 
polymerization process. This method enables to 
prepare monodisperse beads with controlled diameter 
(2-50 µm) which makes them the ideal particles for 
HPLC. But it requires complicated procedures and 
reaction conditions, while their performance in 
chromatographic separation is still unsatisfactory 
(He et al., 2007).  

Surface imprinting polymerization is another 
option to prepare chromatography-grade imprinted 
materials. In this method, the radical polymerization 
is performed on the porous silica for chromatography 
so that the imprinted materials will form a thin-layer 
coating at the surface of the beads (Sellergren et al., 
2002; Ruckert et al., 2002).

In situ polymerization is a very simple method for 
preparing MIPs as it is a one-step for HPLC or SPE 
separation (Hosoya et al., 1996; Zhang et al., 2003; 
Lin et al., 2006) where the polymerization is carried 
out directly in a chromatographic column. Matsui and 
his co-workers first used the in-situ polymerization 
technique for preparation of molecularly imprinted 
monoliths (Matsui et al., 1993; Matsui et al., 1995). 
Its good porosity and permeability makes it a 
favorable method in preparing stationary phases for 
chromatography and SPE (Liu et al., 2005).

Pérez-Moral and Mayes (2004) compared five 
different synthetic methods which are the bulk, 
suspension, precipitation, two-step swelling, and 
emulsion core-shell polymerization to provide 
a general view of the behaviors of different 

polymerization procedures using a fixed composition 
and specific method of analysis.

Optimization 
The optimization is a challenging task since the 

synthesis involves a lot of variables that can affect 
the molecular recognition properties of the polymer 
and their performance in latter application. The 
ideal polymer should be rigid to preserve the cavity 
after the removal of the template, and yet should be 
flexible to facilitate a fast equilibrium between uptake 
and release of the analyte. Thus, the optimization 
requires good understanding of chemical equilibrium, 
molecular recognition theory, thermodynamics and 
polymer chemistry in order to obtain polymer with 
desired properties (Mosbach, 1994; Andersson et 
al., 1996; Haupt and Mosbach, 1998; Cormack and 
Elorza, 2004; Spivak, 2005).   

Computer simulation
Piletsky et al. (2001 (a), 2001 (b), 2002 and 

2004) used computer software to simulate the 
polymer properties through molecular modeling 
and thermodynamic calculations. The molecular 
modeling is difficult due to their numerous possible 
structure and interactions with template, solvent 
and other molecules which require extremely large 
computational workload. Thus, they simplified the 
model by making assumption that the complexes 
formed in monomer mixture during the polymerization 
process will be preserved in the final products. 
Thereby, instead of modeling the polymer, a model 
of the monomer mixture and the interactions taking 
place in solutions between monomers, crosslinker, 
template and solvent was carried out to reduce 
the computational time. The simulation between 
monomers and template models can be quantified 
and used for rational selection of ideal monomers for 
polymer preparation. The molecular modeling has 
been used to predict which functional monomers are 
capable of forming effective polymer. Researchers 
can select the high affinity monomers that interacting 
strongly with the target analyte from the virtual 
library (Chianella et al., 2006; Dineiro et al., 2006; 
Breton et al., 2007).

Combinatorial screening
Combinatorial screening allows one to rapidly 

prepare a large range of products on a small scale for 
screening and optimization of MIP formulations. This 
strategy was proposed independently by Sellergen 
and co-worker (Lanza and Sellergren, 1999) and 
Takeuchi group (Takeuchi et al., 1999). A number 
of polymers are synthesized directly in HPLC vials 
as small monoliths and their rebinding capacity will 
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be evaluated by measuring the template release after 
incubation in the presence of a suitable solvent. 
Sellergen group synthesized triazine-targeted MIPs 
while Takeuchi targeted sulphonylurea herbicides; 
both experiments have successfully employed 
the combinatorial screening for rapid evaluation 
and selection for the best combination of MIP 
components. The selection of optimum formulation 
can be eased by the use of experimental design and 
multivariate analysis methods since such methods 
allow identifying the main factors affecting the 
properties of MIPs (Tamayo et al., 2007).     

Application in food safety
Application of molecular imprinting has become 

attractive in many fields of chemistry, biology and 
engineering, particularly as an affinity material for 
sensors (Ansell et al., 1996; Kriz et al., 1997; Dickert 
et al., 2000; Haupt and Mosbach, 2000; Hirayama et 
al., 2002;), binding assays (Chianella et al., 2002), 
artificial antibodies (Ye and Mosbach, 2001; Lavignac 
et al., 2004), adsorbents for solid phase extraction 
(Mullett and Lai, 1998; Bereczki et al., 2001; Weiss 
et al., 2001; Molinelli et al., 2002; Martin et al., 
2003), chromatographic stationary phase (Xie et al., 
2001; Hwang and Lee, 2001; Peter et al., 2003; Liu et 
al., 2006), catalysis (Wulff, 2002), drug development 
and screening (Ye and Mosbach, 2001). Among these 
applications, the one most widely used is SPE, for 
which MIPs are commercialized (Haupt, 2003), 
where new applications of MIPs in SPE keep coming 
out constantly.

In food industry, the detection of contaminants is 
of utmost importance to ensure the food is safe for 
consumption. To get the required level of protection, 
food-producing industries and the regulatory 
agencies are interested in rapid, simple, accurate 
assays for contaminants or anti-microbial drugs in 
food. Anyhow, up to date, the applications of MIPs in 
food have been proposed in a lesser extent although 
it is an emerging area with promising developments. 
Table 1 lists the applications of MIPs to detect and 
determine the contaminants in food samples in the 
recent years. Solid-phase extraction is routinely 
used to clean up and pre-concentrate the biological 
samples since the residues may exist in very low 
concentration (Zhu et al., 2002). Molecularly 
imprinted solid-phase extraction (MISPE) offers an 
easy and effective pretreatment method in the food 
and food-related products (Pizzariello Xie et al., 
2001., 2001; Blomgren et al., 2002). 

Detection of antimicrobial residues
The detection of antibiotic residues is always a 

highlighted issue since many of them are potentially 

harmful to human being. The current detection methods 
available include mainly enzymatic, microbiological, 
chromatographic and immunological methods. Shi 
and co-workers (2007) prepared the MIPs through 
aqueous suspension polymerization method and 
packed them into the SPE cartridges to detect the 
chloramphenicol (CAP) in milk and shrimp samples. 
It was found that the recoveries of CAP were above 
80%, which demonstrated they are potential to be 
applied for enrichment and pre-concentration the 
trace CAP from complex food matrices.    

De Prada et al. (2005) developed the on-line 
preconcentration through solid-phase extraction, and 
coupled to square wave voltammetry for quantification 
to selectively detect sulfamethazine in milk samples. 
The MISPE enabled the enrichment to achieve 
the factor of 45, which was sufficient to analyze 
the antibacterial compound at the maximum level 
permitted by the Codex Alimentarius Commision in 
milk (25 mg/L). The milk samples were spiked with 
low concentration levels of sulfamethazine and the 
recoveries of practically 100% were achieved.

MIP targeting the tetracycline (TC) and 
oxytetracycline (OTC) was developed by Caro et al. 
(2005) to selectively remove the antibiotic and several 
tetracycline analogues from pig-kidney tissue. The 
polymers were packed into SPE tubes for the sample 
clean-up for HPLC analysis. The sample extract was 
spiked with 600 ppb of TC and OTC and the analysis 
showed good recoveries of both antibiotics. Suedee 
and co-workers (2004) synthesized MIP that targeting 
a class of tetracycline. It was used in the affinity 
membrane to selectively remove the antibiotics from 
water. The study demonstrated that it is useful to use 
MIPs with broad selectivity to isolate TC-degradation 
compounds.  

Detection of dye residues
Industrial dyes that used illegally in food have 

raised concern from the consumers as well as the 
authority since they are viewed as genotoxic or 
carcinogenic or both. The illegal dyes that detected 
in food samples so far are Sudan I to IV, Para Red, 
Rhodamine B, Orange II, Acid Red, Sudan Red 
7B, Metanil Yellow, Auramine, Congo Red, Butter 
Yellow, Solvent Red I, Naphthol Yellow, Malachite 
Green, Leucomalachte Green, Ponceau 3R, Ponceau 
MX and Orange SS. Puoci et al. (2005) synthesized 
Sudan I-specific MIP through bulk polymerization 
method using methacrylic acid (MAA-MIPs) and 
4-vinylpyridine (4VP-MIPs) as the functional 
monomers and packed them into MISPE. The group 
succeeded to significantly concentrate the traces 
of Sudan I (10 ppm) in the spiked red chili powder 
for HPLC detection by using the MISPE, where 
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4VP-MIPs demonstrated better affinity toward the 
target analyte. The purification step is considered 
a practicable solution for sample preparation when 
traces of Sudan I are not detectable using HPLC 
alone. 

Yan and co-workers (2007) synthesized Malachite 
Green (MG)-templated MIP through precipitation 
method. The dye has been used illegally in treating 
fungal infection in fishes since 1930s (Halme et 
al., 2004). The resultant polymer was proved to 
selectively bind the dye in preference to other 
closely related compounds, with apparent maximum 
number of MG at 2.33 mmol/g for the MIPs. Su et al. 
(2007) packed the MIP into the HPLC column and 
concluded that the column was able to separate MG 
with its analogue (crystal violet) efficiently. Li and co-
workers (2008) developed a group selective MISPE 
for malachite green. They found that in spite of high 
rebinding activity toward malachite green, the MISPE 
also displayed 83.0% and 87.5% binding of leuco-
malachite green and crystal violet in the selectivity 
test. The MISPE was used as the sample pretreatment 
for spiked tap water before being analyzed with 
HPLC. Two pet fishpond water samples were tested 
and the presence of target compound was detected at 
1.5 ng/mL and 0.67 ng/mL respectively.  

Detection of chemical residues
Mycotoxins are natural occurring toxins and 

probably the most important food contaminants in 
terms of toxicity and widespread diffusion. Maier et 
al. (2004) developed a new analytical method to detect 
mycotoxin ochratoxin A (OTA) in red wines with 
two-dimensional solid-phase extraction (SPE) clean-
up protocol on C18-silica and the target-specific MIP. 
They utilized OTA-mimic template, basic functional 
monomer, sterically demanding tertiary amine 
(Q-MAA) and the highly hydrophobic tert-butyl group 
(tBu-MAA) in the studies. Spiked samples (0.033-1.0 
ng OTA/mL) provided >90% recoveries and R.S.D. 
<10% with LOD and LOQ value at 0.01 and 0.033 ng/
mL respectively. The researchers have successfully 
reproduced three batches of polymers with consistent 
performance to show its excellent reproducibility. 
The reusability analysis demonstrated the recoveries 
after five reuse cycles, were practically identical 
with the unchallenged polymers. The corresponding 
chromatograms neither show any interfering matrix 
components nor increasing baseline signal. However, 
similar favorable performance characteristic was 
observed in control experiments in which the MIP 
was replaced by the corresponding NIP.

Tamayo and colleagues (2003) prepared MIP 
through precipitation polymerization to detect 
fenuron, a phenylurea herbicide in plant samples. The 

polymers prepared with methacrylic acid (MAA) as 
the functional monomer was consisted of homogenous 
binding site distribution when fitted the rebinding 
isotherm to the Langmuir-Freundlich isotherm. The 
MISPE synthesized was able to recover 95-115% of 
spiked fenuron in potato, carrot, wheat and barley 
using HPLC-UV. The interferences in the samples 
were being cleaned up by MISPE and the peak can be 
detected clearly in the chromatograms compared to 
the samples without MISPE treatment. The proposed 
procedure allowed the determination of fenuron at 
concentration below the maximum residue levels 
(MRLs) recommended by the legislation.         

Cacho et al. (2006) prepared triazine-
specific semi-covalent MIP through precipitation 
polymerization to detect the triazinic herbicides in 
spiked corn and potato. They found that the semi-
covalent polymers demonstrated better performance 
compared with non-covalent polymer of their 
previous work (Turiel et al., 2001; Cacho et al., 
2003). The semi-covalent MISPE was useful to 
clean up the sample extracts and allow the triazines 
to be detected at concentration levels below the 
established maximum residue limits (MRLs) by 
current legislation, which was not possible for some 
of the triazines studied using the non-covalent MIP. 
The semi-covalent approach also showed a more 
homogenous binding site distribution and reduction 
of non-specific interaction. Agostino and co-
workers (2006) developed the potentiometric sensor 
for atrazine detection with molecularly imprinted 
membrane. The membrane was rigid enough to 
bear the filling solution in contact with the internal 
reference electrode to give good potentiometric 
response, with detection limit of around 2 x 10-5 
mol/L. The response time was less than 10 second 
and the sensor could be used for more than 2 
months without any changes of the potentiometric 
response.

Djozan and Ebrahimi (2008) proposed the 
monolithic molecularly imprinted solid phase micro-
extraction (SPME) to be coupled with GC and GC-
MS for extraction and analysis of triazine herbicides. 
SPME is widely used for sample preparation in 
analytical laboratories. It is a two-step process 
contributing to simultaneous extraction and pre-
concentration of analytes (Lord and Pawliszyn, 
1998). The fiber was synthesized with atrazine as 
the template and placed in the home-made SPME 
syringe, which then to be inserted directly into GC 
and GC-MS injection port. The onion and rice seeds 
were spiked with atrazine and analogues of atrazine 
(simazine, propazine, cyanazine, ametryn, terbutryn 
and prometryn) and even structurally unrelated 
compounds to investigate its selectivity. They proved 
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that the SPME showed high selectivity towards 
the triazines compared with structurally related or 
unrelated compounds.  

Kootstra et al. (2005) used MIP for detection 
of beta-agonists, a type of feed additive for 
growth promoter in bovine muscle with liquid 
chromatography-mass spectrometry (LC-MS). The 
MIP4SPE was commercialized by MIP Technologies. 
The result showed that eight compounds (cimaterol, 
ractopamine, clenproperol, clenbuterol, brombuterol, 
mabuterol, mapenterol and isoxsuprine) meet 
the requirements for a quantitative determination 
using MIPs for sample clean-up. The decision limit 
(CCα), detection capability (CCβ), repeatability, 
reproducibility and accuracy were calculated for 
validation of the analysis. The method was also 
found to be suitable for samples from rabbit, duck, 
turkey, liver and various kinds of fish. It is suggested 
that the combination of MIPs with LC-MS has 
promised a robust and rapid procedure for detection 
of the drug.

A combinatorial approach was used to develop 
the MIP-based extraction of bisphenol A (BPA) from 
canned-food samples (Martin-Esteban and Tadeo, 
2006). The optimization was simplified by assessing 
the methacrylic acid (MAA) and 4-vinylpyridine 
(4-VP) as functional monomers, ethylene glycol 
dimethacrylate (EDMA) and trimethylolpropane 
trimethacrylate (TRIM) as cross-linkers, and 
methanol, acetonitrile and toluene as porogen. Isotope 
labeled compounds BPA-d16 (Sambe et al., 2006) and 
BPA’s structure analogue p-tertbutylphenol (Watabe 
et al., 2005), have also been used as templates in 
other approaches to avoid undesirable template 
leakage. The optimal components selected were 4-VP 
(4 mmol) and TRIM (12 mmol), which provided a 
higher degree of cross-linking, AIMN (0.88 mmol) 
and toluene (150 mL), which gave lower non-specific 
binding results. The MIP-based method allowed the 
determination of BPA with 78% recovery in canned-
food samples. 

Analysis of MIP

UV
UV spectroscopic analysis is used to confirm the 

template could complex with the functional monomer 
by electrostatic interaction (ionic interaction and 
hydrogen bonding). The results provide general 
insights into the nature of the pre-polymerization self-
assembly phase. It was used for evaluating different 
complexes between a template and a monomer and 
for selecting the monomer (Zhu et al., 2006 (a)) and 
optimizing the ratio template/monomer (Zhu et al., 

2006 (b)). 
This analysis also allows us to estimate the 

number of medium to high affinity recognition sites 
in the synthesized polymer and a means for the 
rapid evaluation of molecular imprinting systems 
(Andersson and Nicholls, 1997). This approach was 
also used to verify the inert nature of the cross-linker 
and for the screening of ideal functional monomers 
(Svenson et al., 1998). This technique is widely 
applied in MIP analysis due to is its simplicity of use 
and the possibility to control monomers-template 
complex formation in aqueous media (Striegler and 
Tewes, 2002; Guo and He, 2000).

NMR
The NMR spectroscopy is a useful tool to 

investigate the complexation process and characterize 
the interaction between functional monomer and 
template in the pre-polymerization mixture (Tanabe 
et al., 1995; Katz and Davis, 1999; Idziak et al., 
2001; Sanbe et al., 2002; Lu et al., 2003; Svenson 
et al., 2004; O’Mahony et al., 2005). In most of 
these studies, it is possible to determine the exact 
composition of the complex. NMR data was also 
combined with a molecular modeling approach for 
predicting the template/monomer ratio and also 
for selecting the porogen (Farrington et al., 2006). 
The chemical shift studies allow the calculation 
of dissociation constants and provide a potential 
means for predicting the binding capacities of MIPs 
(Whitcombe et al., 1998). Quaglia et al. (2001) 
investigated the significance of hydrogen bonding in 
achieving imprinting effects with NMR. O’Mahony 
et al. (2005) used NMR to determine the types of 
interactions occurring in pre-polymerization mixture 
in two different pre-polymerization complexes. They 
also correlate the observations from NMR with the 
final properties of the MIP by evaluating its selectivity, 
providing evidence that the efficiency of the non-
covalent imprinting process is directly influenced by 
subtle binding interactions.

SEM and BET
The scanning electron microscope (SEM) is 

commonly used to examine the structure and surface 
morphology of the MIPs. Its excellent resolution 
makes it one of the best tools for this purpose. González 
et al. (2006) carried a comparative study on digoxin-
templated MIP through “bulk” polymerization 
under different synthesis conditions to observe their 
morphology difference. It was found that the analyte 
binding capacity, binding specificity and chemical 
and thermal capacities were dependent directly on 
the characteristics of their surface morphology.
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FTIR
FT-IR provides quantitative analysis of the 

binding modes of a substrate molecule to the polymer 
site by empirical calibration of FT-IR and 13C cross 
polarization-magic angle spinning (CP/MAS) NMR 
data. The technique gives a consistent representation 
in which the target analyte binds to the polymer site. 
The analysis also provides an opportunity to quantify 
site isolation within the polymer and the fidelity 
with which the functionalized site is maintained 
by the network polymer (Shea and Sasaki, 1991). 
The imprinting process generally begins with a 
complexation between a functional monomer and 
a template that involves hydrogen bonding. The 
formation of this bond can be identified using FTIR 
since the stretching frequency of hydroxyl or amino 
groups (hydrogen bond donors) and carbonyl groups 
(hydrogen bond acceptors) are displaced and an 
observable shift can be observed (Katz and Davis, 
1999; Duffy et al., 2002).  

Characterization of binding site
Equilibrium batch rebinding is one of the most 

common methods to evaluate the presence of 
cavities. A known amount of template is introduced 
in a vial with a given amount of MIP or NIP. Once 
the system has come to equilibrium, the amount of 
free template in solution is measured to calculate 
the amount of adsorbed template. This amount is 
compared to the one bound on the NIP, the number 
of cavities being correlated to the difference between 
the amounts adsorbed on both sorbents (Pichon, 
2007). Although the imprinting concept suggests a 
homogeneous binding site distribution, experimental 
works have demonstrated that a heterogeneous 
distribution is common situation. Linearization is the 
most common method employed to fit the binding 
data to the adsorption model. Since the groups of 
Guiochon and Sellergren started to characterize the 
MIP through binding isotherms in the late 1990’s, 
there are different adsorption models used in the 
analysis. García-Calzón and Díaz-García discussed 
the different binding isotherm models, including 
Langmuir isotherm, Jovanovic isotherm, Freundlich 
isotherm, Langmuir-Freundlich model, Jovanovic-
Freundlich model, Allosteric isotherm in a review 
paper in detail by highlighting the their advantages 
and limitations (García-Calzón and Díaz-García, 
2007). 

Challenges/disadvantages
Although the technology receives much interest 

from the researchers, there are few drawbacks 
associated with it. Most of the MIPs are prepared by 
the non-covalent imprinting approach, which give a 

relatively low yield of specific binding sites and high 
non-specific binding. Thus, it is necessary to improve 
the synthesis methodology to obtain MIPs with a 
homogeneous population of binding sites, similar 
to monoclonal antibodies. Until present, the general 
procedure for MIP preparation cannot be determined 
and the optimization is normally being done by trial-
and-error experiment using different ratio of template: 
monomer: cross-linker. The optimization of the 
synthesizing procedure is made complication when 
it involves a lot of variables that potentially affect the 
properties of the imprinted materials. Fortunately, it 
is possible to predict how a particular variable may 
impact upon the resultant polymers (Katz and Davis, 
1999; Lübke et al., 2000; Turner et al., 2004; Oral 
and Peppas, 2004). 

Template bleeding is considered as one of the 
main drawbacks especially in quantification of trace 
compound in complex samples. The traces of template 
remain in the polymer even after tedious repeated 
washing step, because the imprinted sites are formed 
not only on the surface but also deeply in the cross-
linked polymer network structure, where organic 
solvent can hardly reach (Haginaka and Sambe, 
2000). Attempts have been made to use “dummy” or 
analogue of target molecule to synthesize the MIP in 
order to avoid the interference during analysis. But 
this method is usually leads to reduced selectivity 
toward that target analyte. Zander et al. (1998) heated 
the MIPs and eluted them with strong polar solvent 
in order to reduce or eliminate the leakage of the 
template. 

Polymers that have been developed are generally 
imprinted only for small molecules. The next stage in 
the design of interesting polymers may be polymers 
capable of recognizing macromolecules such as 
enzymes as can be observed with biological systems. 
In fact, it is found that the large molecular weight 
compounds are not easy to be imprinted. The concept 
of fragment imprinting technique is considered to 
be able to expand the applicable range of molecular 
imprinting (Hosoya et al., 1998; Kubo et al., 2004). 
Instead of the whole large molecule, a fragment of the 
target is imprinted as the pseudo-template molecule.

Conclusion

The findings of different research groups in the 
molecular imprinting field during the past few years 
show that MIP is an exciting and powerful technique 
compared with traditional detection materials for 
its selectivity, stability, robustness and low cost of 
preparation. As shown in this review, MIPs can be 
successfully used as selective sorbents to clean up 
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and pre-concentrate contaminants in different food 
samples matrices. Although there are drawbacks 
accompanied with this technology, there are also 
proposed ways to minimize or even overcome them. 
Many of the successful applications in various 
fields, especially in solid-phase extraction for 
sample clean-up have proved the potential of MIP. 
There are MIP-based SPE cartridges that have been 
commercialized by the companies, such as ELIPSA 
(Germany) and MIP Technologies (Sweden), for 
examples, clenbuterol-selective, triazine-selective 
and chloramphenicol-selective MISPE. It is expected 
that molecular imprinting will continue receiving 
enormous attention and research will be growing 
exponentially in its application in food safety field. 
The future trend will not only to improve its selectivity 
and sensitivity in contaminant detection, but also 
for selective extraction or removal of undesired 
components in the food. 
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