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Abstract Sil ica particles were modified with 3-
methacryloxypropyl trimethoxysilane (MPS) as a carrier ma-
terial. The tetracycline (TC) molecular imprinting polymer
based on the surface of modified silica (MPS/SiO2) was pre-
pared by adopting the novel surface molecular imprinting
technique with tetracycline as template molecule and ethylene
glycol diglycidyl ether (EGDE) as crosslinker. The rebinding
capacity of molecularly imprinted polymer (MIP) was evalu-
ated according to the adsorption kinetics and the adsorption
isotherm. The two distinct linear portions in Scatchard analy-
sis indicate that two classes of binding sites existed in the
imprinted polymer. The MIP obtained was used as a selective
sorbent for molecularly imprinted solid-phase extraction
(MISPE) prior to HPLC analysis. The results showed that
good linearity was observed in the range of 150∼950 μg/L
for TC, with a correlation coefficient of 0.9972. Adding level
of 300∼700 μg/L, the average of spiked recoveries of TC is
about 81.1 %, with a relative standard deviation (RSD) range
from 3.0 to 4.4 %, and the limit of detection (LOD) reached
25μg/L. The proposedmethod is easy to operate, reliable, and
applicable to analyze the TC residues in milk samples.
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Introduction

Tetracycline (TC) antibiotics are commonly used as antibi-
otics both for treatment of infectious diseases and as an addi-
tive to animal feeds because of their broad-spectrum antibac-
terial activity and cost effectiveness. However, these pharma-
ceuticals are very difficult to be metabolized completely, and
the residues in the environment can induce the development of
antibiotic-resistant pathogens and pose adverse health effects
to humans (Ji et al. 2011). The US Food and Drug
Administration (FDA) has set the maximum residue limits
for the sum of tetracycline, chlortetracycline, and oxytetracy-
cline residues as 2 mg/kg in muscle and 0.4 mg/kg in milk
(U.S. Code of Federal Regulations 2003). In order to protect
humans to be exposed to TCs in the edibles of animal origin
foods. Traditional methods for determination of TC include
microbiological inhibition tests (Pellinen et al. 2002), immu-
noassays (Pastor-Navarro et al. 2007), and chemical-physical
methods, e.g., gas/liquid chromatographic (GC/LC) analysis
(Schneider et al. 2007) and Liquid chromatography–tandem
mass spectrometry (LC–MS/MS) (Kaufmann et al. 2008).

Molecularly imprinted polymers (MIPs) possessing tailor-
made recognition sites exhibit the ability of specifically
rebinding to a target molecule in preference to analogous com-
pounds. During the preparation of MIPs, three-dimension
structure cavities were generated after polymerization and
template extraction (Gao et al. 2007; Pérez-Moral and
Mayes 2007). MIPs possess excellent recognition ability to-
ward template molecules, and these specific binding affinities
between the multifunctional MIPs and the target molecule
have been proven. MIPs displayed outstanding advantages,
such as predetermined recognition ability, stability, and effort-
less and less expensive preparation (Alexander et al. 2006).
MIPs have been widely used as artificial receptors in separa-
tions (López et al. 2012), sensors (Pardieu et al. 2009),
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catalysis (Volkmann and Brüggemann 2006), and drug devel-
opment and screening (Shi et al. 2007). To achieve the neces-
sary levels of sensitivity, an enrichment step is needed before
chromatographic analysis (Bagheri et al. 2004). MIPs provide
high selectivity to SPE, allowing analytes to be eluted from
cartridges almost free of co-extracted compounds. Nowadays,
solid-phase extraction (SPE) is a well-established technique
and has been used for the preconcentration and cleaning up of
numerous different classes of compounds in a variety of ma-
trices (Masqué et al. 2000; Figueiredo et al. 2007). Coupling
ofMIPs and SPE is possible to combine the two advantages of
molecular recognition and traditional separation methods.
Thus, molecularly imprinted solid-phase extraction (MISPE)
would be an ideal separation material presenting high speci-
ficity and sensitivity (Zhang et al. 2014; Wang et al. 2015).

Molecular imprinting for the recognition of TCs has been
already reported. Caro et al. (2005), Cai and Gupta (2004), and
Suedee et al. (2004) prepared the TC MIPs using bulk poly-
merization to obtain bulky MIPs, which were traditional and
exhibited some disadvantages including incomplete template
removal, small binding capacity, slow mass transfer, and irreg-
ular materials shape. To overcome these disadvantages, surface
polymerization has been proposed to prepare the MIP film on a
solid support substrate, which can improve mass transfer and
reduce permanent entrapment of the template (Bonini et al.
2007; Gao et al. 2008). Up to date, the molecular imprinting
at the surface of various substrates remains a challenge, and
there are few reports with respect to the synthesis of the tetra-
cycline MIP material on silica surface by the surface molecular
printing technique and its application to real sample analysis.

The aim of this work was to develop a new programmed
surface molecular printing approach to imprint tetracycline
antibiotics at the surface of silica particles. The surface struc-
ture and the physicochemical properties of the polymers were
characterized; the adsorption capacity and the selectivity

toward the template were determined. The performance of
the developed MIPs for the separation and preconcentration
of TCs from milk samples was also evaluated.

Experimental

Materials

Tetracycl ine, oxyte t racycl ine , chlor te t racycl ine ,
trimethylolpropane trimethacrylate (TRIM, technical grade),
and methacrylic acid (MAA) were obtained from Aladdin
Reagent (Shanghai, China). Ammonium persulfate and 3-
methacryloylpropyl trimethoxysilane (MPS) were obtained
from Shanghai Chemical Reagent Plant (Shanghai, China).
Ethylene glycol diglycidyl ether (EGDE) was purchased from
Wuxi Wanrong Material Ltd. (Jiangsu, China); HPLC grade
methanol and acetonitrile were obtained from Sigma (St.
Louis, MO, USA); and acetic acid (HAC), hydrogen chloride,
methanol, and acetonitrile were purchased from the Tianjin
chemical reagent company (Tianjin, China). Silica gel (200–
300 mesh) was purchased from Qingdao Marine chemical
factory. Milk samples were purchased from a local supermar-
ket. MAAwas purified prior to use via the general distillation
method in vacuum under nitrogen protection to remove the
polymerization inhibitor. Double distilled water was used
throughout the experimental procedures. All other reagents
were of analytical grade. All solutions used for HPLC were
filtered through a 0.45-μm nylon filter before use.

Instruments

All chromatographic tests were performed using an LC-20AT
chromatographic system (Shimadzu, Japan), including two LC-
20AT pumps and a SPD-20A UV–VIS detector. Samples were

Fig. 1 The structure of TC, OTC,
and CTC
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injected through a Rheodyne 7725 valve. Thermogravimetric
analyses (TGA) were carried out simultaneously using a ZRY-
2P instrument. JSM-7500F electron scanning microscope
(JEOL Co., Japan) and VarioEL III elemental Analyzer
(Elementar Co., Germany)were used. Fourier transform infrared
spectrometer (Shimadzu, Japan). TU-1810-type ultraviolet spec-
trophotometer (Beijing General Instrument Co., Ltd., China)
and TG16-WS high-speed centrifuge (Centrifuge Factory,
China) were used in this experiment.

Preparation of Tetracycline Molecularly Imprinted
Polymer

Bonding of 3-methacryloxypropyl Trimethoxysilane
on the Surface of Silica Gel

Two grams of silica gel particles which were activated with
hydrochloric acid and 2.5 mL of MPS were added into a
100 mL mixed solvent of ethanol–water (1:1, v/v). The mod-
ification reaction was carried out at 50 °C for 24 h. Then, the
products were extracted into anhydrous ethanol in a Soxhlet
extractor for 24 h to remove the polymer absorbed on the
surface of the silica gel. The surface-modified particles
MPS/SiO2 was obtained.

Grafting Poly-methylacrylic Acid on MPS/SiO2

Two grams of particles MPS/SiO2 and 7 mL of MAA were
added into 150 mL of water, and the graft polymerization was
performed by initiating (NH4)2S2O8 under N2 atmosphere at
70 °C for 7 h. The resultant particles were extracted with
ethanol in a Soxhlet extractor to remove the polymers physi-
cally attaching to the particles. After drying under vacuum, the
grafted particles MAA/SiO2 were obtained.

Preparation of Tetracycline MIPs

Two grams MAA/SiO2 was added into 50 mL of 10 mmol/L
tetracycline mixed solution of methanol–acetonitrile (6:7, v/v).
Themixture was shaken at 25 °C for 6 h until the grafted PMAA
on MPS/SiO2 particles was fully swelled and the adsorption of
MAA/SiO2 toward tetracycline reached the equilibrium. After
filtrating, the particles MAA/SiO2, which had adsorbed tetracy-
cline in saturation, were dried under vacuum. Two grams of the
MAA/SiO2 particles with adsorbed tetracycline was placed in
50 mL of 4 mmol/L tetracycline in 50 % aqueous methanol–
acetonitrile (6:7, v/v) solution. The pH value of the solution was
adjusted to pH 8.0, and 2.5 mL of crosslinker EGDEwas added.
The reaction was performed at 50 °C for 8 h. Then, theMIPwas
extracted into acetic acid–methanol (1:9, v/v) solution in a
Soxhlet extractor for 24 h to remove the unreacted crosslinker
EGDE and the template thoroughly. After that, the MIP was
washed with ultrapure water until neutral. The non-imprinted

polymer (NIP) was synthesized using the same procedure men-
tioned above (Gao et al. 2008), except without adding a template
molecule.

Kinetic Adsorption

In the kinetic experiments, 50 mg of MIP or NIP was added to
10 mL of 8 mmol/LTC mixed solution of methanol–acetoni-
trile (6:7, v/v). The mixture was mechanically shaken with
different adsorption times of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12,
and 14 h at room temperature and then separated centrifugally.
The unbound TC in the supernatant was measured by UV
spectrometry at 355 nm.

Static Adsorption Test

To measure the adsorption capacity of the polymer, 50 mg of
MIP or NIP sorbent was mixed with a series of concentrations
(0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9 mmol/L) of TC mixed solution of
methanol–acetonitrile (6:7, v/v) and was shaken for 8 h. The
resulting supernatant was measured for unbound TC by UV
spectrometry at 355 nm.

Q ¼ Ci–C fð Þ � V

m
ð1Þ

where Q (mg/g) was the mass of TC adsorbed per gram of
polymers, Ci (mg/L) and Cf (mg/L) are the initial and final
concentrations of TC in solution, respectively, V (L) is the total
volume of the solution, and m (g) is the mass of polymers.

The saturation binding data were further processed to gen-
erate a Scatchard equation to estimate the binding properties
of MIP and NIP. The Scatchard equation (Hiratsuka et al.
2013) was as follows:

Q

Cfree
¼ Qmax–Q

Kd
ð2Þ

where Q was the amount of TC bound to polymers at
equilibrium, Qmax was the apparent maximum adsorption

Table 1 The conditions
of gradient elution Time (min) Solvent A Solvent B

0.01 8 92

2.00 18 82

2.10 25 75

7.00 25 75

11.00 35 65

14.00 40 60

16.00 40 60

19.00 8 92

24.00 8 92
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capacity, Cfree was the free TC concentration at equilibri-
um, and Kd was the dissociation constant. The values of
Kd and Qmax could be calculated from the slope and in-
tercept of the linear curve plotted at Q/Cfree versus Q.

Selective Binding Experiments

To investigate the rebinding selectivity of the prepared MIP
towards TC molecule, oxytetracycline (OTC) and chlortetra-
cycline (CTC) (Fig. 1) were selected as the structural ana-
logue. The MIP (50 mg) was added to a flask containing
10 mL of 8 mmol/LTC, OTC, and CTC, respectively, shaken
at room temperature for set times and then separated
centrifugally.

The distribution coefficients (KD), selectivity coefficients
(k), and relative selectivity coefficients (k ′) of OTC and CTC
with respect to TC can be obtained according to the following
equations:

KD ¼ Qe=Ce ð3Þ

k ¼ KD TCð Þ
KD j

ð4Þ

k 0 ¼ kMIP=kNIP ð5Þ
where Qe (mg/g) and Ce (mg/L) are the equilibrium binding
amount and the equilibrium concentration of the TC and com-
petitive antibiotics, respectively. KDj represents the distribu-
tion coefficients of competition species. kMIP and kNIP are the
selectivity coefficients of MIP and NIP, correspondingly.

Solid-Phase Extraction Procedure on MIP

Five hundred milligrams of the polymer was poured into
10 mL volume SPE cartridges. The cartridge was
preconditioned with 5 mL of acetic acid–methanol (1:9, v/v).
The sorbent was conditioned with 5 mL ofmethanol and 5mL
of acetonitrile. One milliliter of sample extracts spiked with
TC, OTC, and CTC was loaded on the MIP-SPE cartridge.
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Fig. 2 Schematic expression of chemical reaction process to prepare tetracycline surface MIP

Table 2 Element
analysis results of MIP Samples Elemental composition/%

C H

MAA/SiO2 10.22 1.363

MIP 11.82 1.546
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After a washing step with 5 % methanol (2 mL), it was eluted
with 5 mL of 100 mmol/L potassium hydroxide solution–
methanol (3:2, v/v) (Jing et al. 2009). The eluting fraction
was collected and evaporated to dryness under a stream of
N2 at 50 °C. The residue was redissolved with 1 mL of mobile
phase and analyzed by HPLC. All results were confirmed by
duplicated experiments.

Milk Sample Treatment

A portion of 5 mL milk was mixed with TCs mixed standard
solution in methanol–acetonitrile (6:7, v/v) mixture and was
homogenized. A step of protein precipitation was carried out
before MIP-SPE. Thus, equal volumes (5 mL) of milk and l
mL of l mol/L hydrochloric acid and 15 mL of acetonitrile
were added. The spiked samples were extracted by ultrasonic-
assisted extraction at room temperature for 10 min; the mixed
sample was transferred to two 10-mL centrifuge tubes. The
supernatant extract was isolated after centrifugation for 10min
at a speed of 4000 rpm. A portion of 2 mL of the clear filtrate
was evaporated until dryness under a gentle stream of nitrogen
at ambient temperature. The solid residue was then dissolved
in 1 mL of acetonitrile and loaded on MIP-SPE cartridge. The

spiking concentrations for each TCs were set with three levels
of 300.0, 500.0, and 700.0 μg/L, respectively.

HPLC Analysis

The analyses of sample were performed on Shimadzu LC-
20A HPLC system under the gradient condition: methanol–
acetonitrile (1:4, v/v) as solvent A and 0.03 mol/L oxalic acid
solution as solvent B. The conditions of gradient elution are
shown in Table 1. All separations were achieved on an ana-
lytical reversed-phase column (250×4.6 mm) packed with
ODS C18 stationary phase. The flow rate was 1.0 mL/min,
and the detection wavelength was set at 355 nm (the maximal
absorbance wavelength of TCs).

Results and Discussion

Preparation of MIP

In the current study, the surface of the silica gel was first
silylated with 3-(methacryloxy) propyltrimethoxysilane to ob-
tain vinyl end groups, then the methylacrylic acid (MAA) was
grafted to the surface of modified silica, and the grafted parti-
cles MAA/SiO2 were obtained. The MAA was used as the
monomer, which could form hydrogen bond between MAA
and the 3-OH and 4-N(CH3)2 of TC to enhance selectivity and
affinity of MIP. As the adsorption of MAA/SiO2 toward TC
reached a saturated state by hydrogen bonding and electrostat-
ic interaction, crosslinker EGDE was added. As a result, TC
molecule was enveloped in the polymer. As the template mol-
ecules were washed away, a great deal of TC caves would

Table 3 Thermogravimetric analysis data

Sample Weight retention Grafted weight (%)

100 °C 500 °C

MPS/SiO2 10.05 8.73 13.1

MAA/SiO2 10.27 8.83 14.0

MIP 10.53 8.87 15.8

4000 3500 3000 2500 2000 1500 1000 500 0
10

20

30

40

50

60

70

80

90

b

a

463

808

1092

1716

2370

3563

tra
ns

m
itt

an
ce

(%
)

wavenumber(cm-1)

Fig. 3 FT-IR spectra of MIP (a)
and MAA/SiO2 (b)
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remain in the thin polymer layer on the surface of silica gel
particles, and the TC imprinted material MIP was obtained.
The schematic diagram ofMIP preparation is shown in Fig. 2.

Characterization of MIPs

Element Analysis

The polymers of MAA/SiO2 and MIP were characterized by
using elemental analysis. Elemental analysis data are listed in
Table 2. The content of C and H elements increased obviously
comparedMIP withMAA/SiO2. This evidences indicated that
crosslinker EGDE had grafted to the surface of MAA/SiO2

successfully.

Thermogravimetric Analysis

Thermogravimetric analysis plays an important role in
assessing the surface coverage of the polymer-modified silica.

The weight loss between 200 and 600 °C was found to be
related to the loss of the organic groups attached to the surface
(Lumley et al. 2004). Table 3 shows the thermogravimetric
date of MPS/SiO2, MAA/SiO2, and MIP, respectively. For
MPS/SiO2, the weight loss from 200 to 600 °C was attributed
to the loss of the initiator-bonded silica gel. For MAA/SiO2,
the weight loss was due to the MAA moieties. The gravity of
MIP was caused by the bonding on its surface of functional
monomers and crosslinker losses. The immobilization per-
centages of MPS/SiO2, MAA/SiO2, and MIP in thermogravi-
metric analysis were about 13.1, 14.0, and 15.8 %, respective-
ly. These results indicated that the molecularly imprinted ma-
terials were successfully prepared.

FT-IR Characterization of MAA/SiO2 and MIP

FT-IR spectrums of MAA/SiO2 and MIP are shown in Fig. 3.
There is an obvious broad and strong adsorption peak at about
1092 cm−1 which represents the Si–O antisymmetric

Fig. 4 Scanning electron
micrographs of silica (left) and
MIP (right)
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Fig. 5 Dynamic adsorption
curves of MIP and NIP
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stretching vibration. The adsorption peaks at 806 and
471 cm−1 imply the Si–O symmetric stretching vibration and
bending vibration, respectively. The C=O stretching vibration
absorption peak appeared at about 1721 cm−1 in Fig. 3a. The
strong bands appeared at 3408∼3563 cm−1 corresponding to
the –OH stretching vibration of carboxyl groups. These results
indicated that the MAAwas successfully immobilized on the
surface of silica. In MIP, 1093 cm−1 peak strength enhance-
ment is due to the introduction of crosslinker C–O–C
stretching vibration. In the peak of 3563 cm−1 strength en-
hancement, because one end of crosslinker EGDE could react
with hydroxyl group exposed on the MAA/SiO2 through
open-ring bonded reaction, the number of free hydroxyl in-
creased, suggesting that crosslinker EGDE successful poly-
merization on the surface of MAA/SiO2.

Scanning Electron Analysis

Figure 4 shows the SEM image of the surface structure of the
MIP (right), as well as that of the silica (left) which was used
for comparison. It was obvious that silica possess a very
smooth surface, spherical shape before imprinted. However,
the MIP had rough surface which was morphological features
after a step-by-step coating procedure. The resulting MIP had
a large number of mesopores on their surface, which facilitat-
ed template molecules closed to the Breservation^ cavity and
interacted with the recognition sites of imprinted polymer
through these tunnels.

Binding Properties of the MIP and NIP

Figure 5 presents the adsorption kinetics of TC solution on the
MIP. Adsorption equilibrium of MIP nanoparticles in TC so-
lution was determined at different adsorption times. The initial
concentration of TC was kept constantly at 8 mmol/L. In
0.5∼4 h, the binding amount of TC increased rapidly and
reached an equilibrium after 8 h; the adsorption capacity rap-
idly increase at the initial stage and then slow down to reach
the adsorption equilibrium.

Static adsorption tests were performed on theMIP and NIP,
with different initial concentrations of TC (Fig. 6). The MIP
and NIP particles were put in the concentrations of TC solu-
tions ranging from 0.5 to 9mmol/L, when the concentration of
TC reached 6 mmol/L and more, the bound amounts achieved
a saturated plateau for MIP and NIP. The static adsorption
capacities of the MIP and NIP for TC were 42.30 and
22.32 mg/g, respectively, which displayed better steric

0 2 4 6 8 10
0

10

20

30

40

50

Q
(m

g
/g

)

C(mmol/L)

 MIP

 NIP

Fig. 6 Adsorption kinetics
curves of MIP and NIP
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matching with the imprinted molecule TC, indicating that the
MIP had a higher affinity than the NIP for the template mol-
ecule. The calculated maximum monolayer adsorption capac-
ities of theMIP exhibited better than the literature value which
is 12.10mg/g (Dai et al. 2012). In general, MIP possesses both
specific and nonspecific binding sites, while NIP only has
nonspecific binding sites, which enable MIP to take up more
TC than NIP. The difference in adsorption capacity between
MIP and NIP is equivalent to the contribution from the spe-
cific binding sites on MIP.

As can be seen from Fig. 7, the Scatchard plot for MIP was
not a single linear curve but rather consisted of two linear parts
with different slopes, which suggested that there were two
different types of binding sites for MIP toward TC molecular.
The Kd and Qmax values can be calculated according to the
slopes and intercepts of the two linear portions of the
Scatchard plot. The results are shown in Table 4.

Adsorption Selectivity

To evaluate the selectivity of the TC imprinted MIP, two TC
structural analogs OTC and CTC were selected as the controls
to determine their binding capacities on MIP and NIP, respec-
tively. The initial concentrations of TC, OTC, and CTC used

were 8 mmol/L. It can be seen in Fig. 8 that the bound amount
of TC for MIP was much higher than that of the other two
competitive analogs. MIP exhibited much higher selectivity to
TC than to NIP. The k values for OTC and CTC were 20.11
and 9.07, respectively. The k′ values for OTC and CTC were
2.98 and 0.60, respectively. These results showed that the
preparation of molecularly imprinted materials had good se-
lective adsorption ability for TC.

Molecularly Imprinted Solid-Phase Extraction of TC
from Spiked Samples

The prepared MIP and NIP were packed into a solid-phase
extraction cartridge to evaluate their characteristics. In order to
optimize the chromatographic extraction conditions, different
loading, washing, and eluting solutions were tested. The highest
extraction efficiency was achieved by using acetonitrile as load-
ing solution, 2 mL 5%methanol as washing solution, and 5mL
of 100 mmol/L potassium hydroxide solution/methanol (3/2, v/
v) as loading, washing, and eluting solution, respectively.

In order to validate the linearity of the MIP-SPE/HPLC
method, standard calibration curves were constructed by using
the three TCs from the working standard solution. Linear re-
gression analysis was performed by measuring the peak areas
against their respective analyte concentrations (Table 5). The
calibration curves were established with R above 0.9972.
Limit of detection (LOD) was calculated as the concentration
corresponding to a signal three times the standard deviation of
the baseline noise, respectively. The LODs of the proposed
method were 25 μg/L for TC, 15 μg/L for OTC, and 40 μg/L
for CTC, respectively. The MRLs for tetracyclines in milk
samples from animals were 100 μg/kg in European Union.
The LODs were relatively lower than the maximum residue
limits of tetracyclines in milk provided by European Union.

Solid-phase extraction prior to chromatographic quantita-
tive determination was used in order to achieve high sample
cleanup and pre-concentration. Figure 9 shows the

Table 4 The results of the
Scatchard analysis Binding sites Linearity Kd (g/L) Qmax (mg/g)

Lower affinity sites Q/C=−8.293 × 10−5 Q+ 0.01501 (R= 0.9299) (left line) 12.05 181.0

Higher affinity sites Q/C=−0.001130 Q+ 0.05961 (R= 0.9665) (right line) 0.8850 52.75
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Fig. 8 Binding behaviors of TC and its two structural analogs on MIP
and NIP

Table 5 The working linear equation, linear range, and correlation
coefficient

Compound Linear range (μg/L) Linear equations R

TC 150∼950 y= 35.15 ×−1556.28 0.9972

OTC 150∼950 y= 33.85 ×−898.98 0.9972

CTC 300∼1900 y= 13.95 ×−1767.18 0.9976
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chromatograms obtained for TCs standard solution (Fig. 9a),
blank milk sample (Fig. 9b) and spiked milk with a cleanup of
MISPE (Fig. 9c), and NISPE (Fig. 9d), respectively. As can be
seen in Table 6, the mean recoveries of TC, OTC, and CTC in
milk were evaluated by three spiking samples with different
concentrations (300, 500, and 700 μg/L) were 79.3∼83.3,
51.5∼55.0, and 46.2∼59.1 %, respectively, with relative stan-
dard deviations (RSDs) of 2.5∼10.0 % (Table 6), indicating
that the MIP can be used for the selective enrichment of TC in
milk. In contrast with the MIP-SPE, using NIP as sorbent was
also investigated. Since some analytes were eluted out the
cartridge during the washing step of NIP-SPE, the relative
recoveries of TC using NIP were lower (50.7–52.1 %) and
some interferences originating from the biological matrix
were eluted. In MIP-SPE, due to their special selectivity for

conducting target analyte isolation, MIPs provided better se-
lection, yielding higher recovery values and a clearer extract.

Conclusions

We used surface imprinted technique to prepare TC on silica
gel. Kinetic, isotherm, selectivity and regeneration analyses
were used to estimate the adsorption performance. The ad-
sorption equilibrium time, capacity, and selectivity of MIP/
SiO2 are significantly better than that of NIP/SiO2. Thus, a
method was successfully developed by using the MIP/SiO2

polymer as the MISPE coupled with HPLC for enrichment
and analysis of trace TC in milk. The high recoveries and
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Fig. 9 The chromatograms of
milk samples extracted with MIP
and NIP. (a) 550 μg/L TCs stan-
dard solution. (b) Extracted sam-
ple solution. (c) Spiked with
500 μg/L of TCs sample solution
extracted with the MIP (d) and
with the NIP

Table 6 Recoveries of three TCs
obtained after MISPE and NISPE
of the spiked milk samples

MIP NIP

Samples Spiked level (μg/L) Recovery/% RSD% Recovery% RSD%

TC 300 83.3 4.4 50.7 9.4

500 80.6 3.5 50.3 5.8

700 79.3 3.0 52.1 6.6

OTC 300 51.5 7.2 32.7 5.0

500 53.8 2.5 39.6 3.1

700 55.0 7.3 37.7 6.9

CTC 300 46.2 8.5 42.2 8.8

500 55.1 4.2 43.1 10.0

700 59.1 6.6 46.7 9.7
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satisfied precision for TC proved that the methodwas valid for
the analysis of trace TC in milk samples.
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