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Abstract: Molecularly imprinted polymer (MIP) for tetracycline was prepared via precipitation polymerization 
at 60°C for 24 h using methacrylic acid as the monomer, trimethylolpropane methacrylate (TRIM) as the 
crosslinker, 2,2-azobis–isobutyronitrile as initiator, dichloromethane as porogen and tertracycline HCl as 
template. After template-removal by methanol-acetic acid solvent extraction, the MIP suspension was coated as 
sensing layer of a piezoelectric quartz crystal transducer. The molecular recognition of tetracycline in the MIP 
coating was indicated by a corresponding frequency shift of the sensor response. The sensor response was 
optimized by varying the amount of coating and pH of solution measured. Different parameters like linearity 
(r=0.9921), sensitivity (41 Hz/ln [conc]), response time (2.4 min), and dynamic range of solutions (1 × 10-6  
to 1 × 10-3 µg/mL tetracycline) were obtained. A decrease in sensitivity and selectivity ratio was observed for oxy-
tetracycline and chlortetracycline in the selectivity study done. Acceptable % recovery was observed for milk and 
honey matrices. The developed tetracycline sensor is a possible cheaper methodology for screening and 
quantitation of low levels of tetracycline in foods. 
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1. Introduction 

 

Antibiotics are extensively used to prevent 
diseases and as growth promoters in food producing 
animals. Antibiotic resistance is a natural phenomenon 
generally considered to be a consequence of the wide 
use – and misuse – of antibiotics [1]. Thus, the 
presence of these antibiotic residue in foods of animal 
origin poses health risks to human. A lot of countries 
worldwide including the UK, US, Canada, and 
Australia have set maximum residue limits (MRLs) to 
ensure food safety for consumers. The main concern 
regarding the ingestion of antibiotic residues is the 
development of strain resistance to the drug in human. 

It is an inevitable side-effect of using antibiotics 
resulting to reduced therapeutic options for patients 
infected by antibiotic-resistant pathogens as well  
as in the increased severity of symptoms of the 
infection [2]. 

Tetracycline which is one of the emerging 
contaminants from pharmaceutical industry [3], is 
present in high concentrations in soil fertilized with 
animal manure [4]. Due to its widespread use in farm 
animals, residues of tetracycline and other antibiotics 
can be found in milk, eggs, butter, cheese, animal 
tissues and other livestock products.  

Some problems in the detection of antibiotic 
residues include very low level of detection and matrix 
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interference. Thus, the development of a reagent phase 
that is highly selective to tetracycline will help 
improve the selectivity, sensitivity and throughput of 
an analytical measurement for this antibiotic. One 
promising materials that can be used for the selective 
determination of residual antibiotics in food are the 
molecularly imprinted polymers (MIPs). These are 
synthetic polymers having a predetermined selectivity 
for a given analyte or a group of structurally related 
compounds that make them ideal materials to be used 
as selective sensing layers and as sorbents in 
separation processes. They have been used in several 
analytical methods, including liquid chromatography, 
capillary electrophoresis and capillary electro-
chromatography, solid phase extraction, ligand 
binding assay, and sensor technology [5]. Several 
studies have demonstrated the application of MIPs in 
the determination of food additives, vitamins, 
nucleotides, pesticides, and drugs like anesthetics and 
antibiotics [6]. Molecularly imprinted polymer (MIP) 
offers greater stability, robustness, and 
enantioselectivity. It is less expensive and easy  
to prepare.  

The selectivity of these MIPs could be integrated 
so some sensor transducers to meet the drawbacks in 
achieving very low detection limits at parts per billion 
ranges. The quartz crystal microbalance is one type of 
transducer that can detect very small mass change. 
That could be related to the change in resonant 
frequency of the quartz. This resulting frequency shift 
can then be used for the quantitation of the analyte 
measured. 

Currently, there are a few methods capable of 
measuring residual concentrations of antibiotics at or 
close to the maximum residue limits in food [7-12]. 
These methods include high-performance liquid 
chromatography (HPLC), liquid chromatography-
mass spectrometry (LC-MS), conventional 
spectrophotometry and microbial assay. They require 
sophisticated and expensive instrumentation as well as 
highly skilled personnel. In this study, characterization 
of MIP as sensing layer of a piezoelectric quartz 
crystal transducer was explored for tetracycline. The 
determination of tetracycline by this method 
integration of MIPs as recognition element could be an 
alternative way of determining very low levels of 
tetracycline in foods. 

 
 

2. Experimental 
 
2.1. Materials 

 
All reagents were prepared from analytical reagent 

grade chemicals. Methacrylic acid (MAA), 
trimethylolpropane methacrylate (TRIM) and  
2,2-azobis (isobutyronitrile) (AIBN), tetracycline 
HCL were purchased from Sigma Chemicals Co.  
(St. Louis, MO, USA). Polyvinyl Chloride (PVC) was 
obtained from Fluka Analytical. Tetrahydrofuran 
(THF) from J.T. Baker was used as received. For the 

preparation of universal buffer solutions, 0.040 M 
acetic acid, 0.040 M phosphoric acid, and 0.040 M 
boric acid were used. The piezoelectric quartz crystal 
(PQC) used with gold electrode (AT cut, 10 MHz, 
5 mm dia.) was purchased from International Crystal 
Manufacturing, Oklahoma, USA.  

 
 

2.2. MIP for Tetracycline Synthesis 
 

The molecularly imprinted polymer (MIP) was 
synthesized by precipitation polymerization described 
elsewhere [13]. The tetracycline template molecule 
was dissolved in dichloromethane in a 500 mL screw-
capped erlenmeyer flask. The mixture together with 
methacrylic acid, TRIM and AIBN was sonicated for 
about 5 minutes followed by purging with nitrogen. 
The said polymerization was carried out by placing the 
flasks in a 60 °C water bath with agitation at 120 
cycles per minute for 24 hours. After polymerization, 
dichloromethane was removed by filtration. A non-
imprinted polymer (NIP) was prepared in the same 
way but without the addition of template. The template 
was then removed from the resulting polymer by 
Soxhlet extraction with methanol containing 10 % 
acetic acid (v/v) for 24 h or until no template could be 
detected. Polymer particles was finally washed with 
acetone and dried in an air-oven at 60 °C. 

 
 

2.3. Tetracycline Sensor Assembly 
and Measurement  

 
The extracted MIP was mixed with the polyvinyl 

chloride and THF in a 6:2:1 ratio in a small vial. A 
small amount of this mixture was dropped onto the 
center of the gold electrode on one side of the quartz 
crystal, spin-coated for 5 seconds, and allowed to dry, 
and kept at 25°C. A reference sensor was also prepared 
by coating one electrode of a quartz crystal with the 
NIP, using similar method. 

The instrumentation set-up consists of an ICM 
Lever Oscillator (35366-10, 10000 MHz), and a 
digital frequency counter (Agilent Technologies 
53181A, 225 MHz) interfaced to a computer. The 
MIP-coated quartz was encased in a Teflon flow cell 
such that only the coated electrode was exposed to the 
measurand solution. A Masterflex C/L (Cole Parmer) 
pump, was used to deliver the solution to the flow cell.  

A stopped-flow technique was adopted in the 
measurements. The blank solution was run through the 
flow cell at a constant flow rate of 1.2 mL per minute. 
The flow is stopped, and the oscillation frequency of 
the quartz crystal was monitored until a steady 
frequency reading (Fa) was achieved. Then, the 
tetracycline standard solution was allowed to flow 
through the cell for about 1 to 2 minutes. After the flow 
is stopped, the frequency was read until it remains 
constant as the (Fb) and this value was recorded. The 
frequency shift (Eq. 1) for each concentration was 
calculated as the sensor response: 
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ΔF = Fb - Fa (1) 
 
 
3. Results and Discussion 

 
3.1. Sensor Response  
 

The sensor response was optimized by using 
different parameters such as thickness of coating as 
sensing layer of the sensor and pH of tetracycline 
solution. Curing time of about two 2 hours was used 
in all sensor preparation as this does not affect the 
sensor performance [13]. The amount of MIP as a 
function of volume of the coating deposited onto the 
transducer’s surface affects the sensor performance. 
Two volumes (10 µL and 20 µL) of the MIP 
suspension in PVC-THF (1:6:2 v/v) were tried as 
sensing layer (Fig. 1). Sensor response for 10 µL MIP 
coating exhibited a sensitivity of about 15 Hz/ln 
[conc]. Very good linearity for the sensor (r= 0.9965) 
and a dynamic linear range of 1 × 10-6 to 1 µg/mL 
tetracycline were observed. 

 
 

 
 

Fig. 1. Effect of amount of MIP coating 
on sensor response. 

 
 

On the other hand, for the 20 µL MIP coating  
(Fig. 2) the dynamic range observed for the sensor was 
from 1 × 10-6 to 1 × 10-3 µg/mL tetracycline. When the 
range of the concentration was increased up to 
1 µg/mL the response of the sensor appeared to be 
constant. This could be due to the saturation of the 
available binding sites in the sensing layer of the 
sensor when exposed to > 1 × 10-3 µg/mL tetracycline 
and thus additional analyte in the solution resulted to 
damping of sensor response and could no longer be 
recognized. More than twice sensitivity, (m = 41 Hz/ln 
[conc] was achieved. Very good linearity, (r = 0.9921) 
of the sensor response was observed (1 × 10-6 to  
1 × 10-3 µg/mL tetracycline) using this quartz crystal 
microbalance transducer. The optimized coating with 
higher sensitivity and better linearity was using the 
20 µL coating. The response time of the tetracycline 
sensor using 20 µL coating of MIP was t95=2.4 min as 
presented in Fig. 3. 

The regeneration of the sensing layer of the senor 
for about 2 - 3 times was executed. This was done by 

allowing the flow of diluted acetic acid (10 %) to 
release the bounded tetracycline on the surface of the 
MIP layer. An increase in the frequency reading of the 
sensor could be observed indicating the release of the 
tetracycline from the MIP layer. The process was 
followed with washing with water until a stable 
response was attained. Furthermore, the used quartz 
crystal could be cleaned using piranha solution for 
several times. The cleaned quartz crystal can then be 
coated again. The lifetime of the quartz crystal can be 
estimated to be good up to three times usage or until 
the frequency response for the said crystal is still 
stable. Checking of the frequency response of the bare 
quartz crystal is always done before deposition of the 
sensing layer by spin coating was performed. 

 
 

 
 

Fig. 2. Calibration graph for the sensor using 20 µL 
of MIP coating. 

 
 

 
 

Fig. 3. Response time of the tetracycline sensor  
using 1 × 10-4 µg/mL tetracycline standard solution. 
 
 

3.2. Effect of pH of Solution in Sensor 
Response 

 

The effect of pH on the response of the sensor was 
also undertaken in this study. A universal buffer was 
prepared by dissolving about 2.30 mL acetic acid, 
2.4732 g boric acid and 3.92 g phosphoric acid in one 
liter of water. This solution was adjusted to different 
pH (4-12) by adding diluted NaOH. Then different pH 
solutions of 1 × 10-3 µg/mL tetracycline were prepared 
and measured. A low response was observed from pH 
4 - pH 5 (Fig. 4) and it gradually increase and seem to 
slightly flatten in alkaline solution up to pH 11. Result 
of measurements of the sensor response to these 
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different solutions revealed a high response from pH 
7-9. Adjustment to this condition could be required in 
measurement of samples. Too basic solution (pH 12) 
could damage the quartz crystal and not recommended 
for sample measurement.  

 
 

 
 

Fig. 4. Effect of pH on sensor response. 
 
 

3.3. Selectivity Study 
 
The selectivity of the sensor was investigated using 

test solutions of pure compounds of other antibiotics 
that are structurally related to tetracycline like oxy-
tetracycline and chlortetracycline as shown in Table 1.  

 
 

Table 1. Comparison of Structures of compounds tested 
for the selectivity study using the developed sensor. 

 

 
 

 
Different concentrations of these compounds were 

tested using the developed sensor. A decrease in 
sensitivity index or the selectivity ratio 
(mtetracycline/mintererence) was observed for these 
compounds as compared to the sensitivity using 
tetracycline standard solutions. Likewise, the linearity, 
r of the sensor also decreased when exposed to oxy-
tetracycline and chlortetracycline standard solutions. 
A plot of the sensitivities of the sensor to these 
compounds is presented in Fig. 5. This observation 
also support the preference of the MIP synthesized 

with the same template to tetracycline and have better 
selectivity. 

 
 

 
 

Fig. 5. Selectivity study for the tetracycline sensor. 
 
 

The molecular recognition capability of the MIP 
sensing layer in combination with high sensitivity of 
the quartz crystal transducer contributes to the high 
selectivity of the sensor to tetracycline. The proposed 
rebinding of tetracycline to the binding sites of the 
MIP sensing layer is shown in Fig. 6. The rebinding of 
the tetracycline can be facilitated in a similar way the 
imprinting was carried out through non-covalent 
hydrogen-bonding interactions [14] between carboxyl 
(-COOH) group of MAA and oxygen (=O) and 
hydroxyl (-OH) group of tetracycline. Electrostatic 
interactions are also likely taking place between the 
amine groups (-NH2 and -N(CH3)2) of tetracycline and 
carboxyl group of MAA. 

 
 

 
 

Fig. 6. Highly selective rebinding of tetracycline with MIP 
modified quartz crystal transducer. 

 
 

3.4. Performance Characteristics of the 
Tetracycline Sensor 

 

The average limit of detection for three replicates 
is calculated as 3 × 10-8 µg/mL based on 3x standard 
deviation of the blank. The limit of quantitation  
(10 × LOD) was 3 × 10-7 µg/mL. The repeatability  
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(rsd = 12, n=3) and dynamic range 1 × 10-6 to  
1 × 10-3 µg/mL were achieved for the sensor. 
 
 

3.5. Application of the Sensor to Real Sample 
 

The performance of the sensor was validated using 
different sample matrix by standard addition 
technique. This technique was often recommended to 
correct the matrix effect on the measurements. The 
sensor was applied to quantitatively determine spiked 
tetracycline (1 × 10-4 μg/mL tetracycline) food 
matrices like milk and honey. A diluted 1 mL of milk 
sample was used. The recovery obtained for milk and 
honey spiked samples were 106.5 % and 83.5 % 
respectively. These recovery rates are acceptable 
according to the guidelines for recoveries as set by the 
Association of Official Analytical Chemists [15]. 
 
 

4. Conclusions 
 

The study demonstrated the feasibility of 
integrating molecularly imprinted polymer for 
tetracycline prepared by precipitation polymerization 
and the quartz crystal microbalance transducer. The 
sensor response attributed to the molecular recognition 
capability to tetracycline of the prepared MIP was 
observed using the highly sensitive quartz crystal 
sensor. As sensing layer to the said transducer, the 
sensor response was affected by the amount of MIP 
coating and pH change. The observed performance 
characteristics of the sensor are very good linearity, 
high sensitivity and selectivity and wide dynamic 
range. Acceptable % recovery was achieved using this 
sensor for food matrices like milk and honey. The 
sensor for tetracycline with MIP coating is a promising 
alternative inexpensive approach possibly for 
screening and quantitation of low levels of tetracycline 
in foods.  
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