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Introduction 

Pesticide residues considered to be of toxicological significance may remain in food, 

agricultural commodities, or animal feeds time after application [1]. In order to ensure 

consumer safety, the European Commission (EC) fixes the maximum residue levels (MRLs) 

as the highest levels of pesticide residues that are legally tolerated in/on food or feed. In the 

EU, Regulation (EC) No 396/2005 lists the MRLs for 315 fresh products [2]. 

Conventional methods for the analysis of pesticides include gas chromatography (GC) and 

high performance liquid chromatography (HPLC). They allow determining the presence of 

several compounds of the same or related families simultaneously. However, specialised 

equipment and personnel are required, which usually leads to outsource these determinations. 

As a consequence, food operators have demanded new technologies and instruments in order 

to reduce the complexity, the cost and the turn-around time of these analyses. In response, 

immunochemical techniques have been developed with remarkable results. The use of 

antibodies has enabled quantitative measurements of small traces of analytes following easy 

and fast procedures which often require simple sample preparation [3]. Moreover, the 

implementation on sensor systems (i.e. biosensors) has resulted in analytical tools which can 

provide fast, reliable, sensitive and on-site measurements with low cost. In this area, surface 

plasmon resonance (SPR) biosensors play an outstanding role due to their ability to determine 

the presence of analytes in a direct configuration, without the use of labelled molecules [4]. 

Considering this situation, the aim of this work was the development of an immunoassay 

based on a commercial SPR biosensor for the detection of Thiabendazole (TBZ). TBZ is a 

fungicide used to control storage diseases of fruits and vegetables, among others. TBZ-treated 

commodities are analysed by HPLC in order to check compliance with MRLs, which are in 
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the 0.05 - 15 ppm range. As aforementioned, the development of the proposed immunoassay 

would provide food operators with a fast, low-cost screening device for the control of TBZ. 

 

Materials and methods 

Immunoreagents and chemicals 

Monoclonal antibody (MAb) LIB-TN3C13 specific for TBZ and hapten-conjugate BSA-

TN3C [5] as well as TBZ standard (Riedel de Häen, Selze, Germany) were kindly provided 

by Dr Ángel Montoya. Common solvents used for the cleaning of the surface, for the 

immobilization protocol and for the preparation of the phosphate buffer PBST 10mM PBS, 

0.002% Tween 20 were provided by Sigma-Aldrich (Steinheim, Germany). 

Instrumentation 

The study was carried out with a β–SPR biosensor (SENSIA, S.L., Spain). It works in the 

Kretschmann configuration of the attenuated total reflection (ATR) method. It incorporates a 

2-channel flow handling system and uses glass slides metallised with a 50-nm gold layer as 

sensor surfaces. Measurements were performed at a fixed angle of incidence so that changes 

of the refractive index were detected as variations of the intensity of the reflected light [6]. 

Immunoassay format 

The immunoassay was based on an indirect competitive format. BSA-TN3C was immobilised 

on the sensor surface. Fixed concentrations of LIB-TN3C13 were incubated with dilutions of 

TBZ at room temperature for 20 min. The mixture was pumped over the sensor surface. Only 

free antibodies, not bound to free TBZ molecules, could bind to the immobilised hapten-

conjugate. Thus, in this format an inversely proportional signal is obtained with maximum 

signal in the absence of analyte. 

Immobilisation 

The gold surface was modified with a self assembled monolayer (SAM) of carboxylated 

thiols (16-mercaptohexadecanoic acid / 11-mercapto-1-undecanol, 1:50). Carboxylic groups 

were activated through the injection of a EDC 0.2M/sulfo-NHS 0.05M solution. BSA-TN3C 

dissolved in PBS 1x was injected and bound covalently via the amino groups. Finally, 

unreacted groups of the SAM were blocked with ethanolamine 1M, pH=8.5. 

Data analysis 

Origin software was used to fit the data collection to the curve described by the following 

logistic equation: y = A2 + (A1 – A2) / (1 + (x/x0)p), where A1 is the maximum signal in the 

absence of analyte, A2 is the minimum signal in the absence of antibody-conjugate bindings, 
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x0 is the analyte concentration that generates a 50% reduction in the output signal and p is the 

curve slope at x0. 

 

Results and discussion 

Initial experiments were aimed at selecting the best working conditions of the immunoassay 

regarding the type of buffer and the concentrations of the immunoreagents, both the antibody 

and the immobilised conjugate. With this purpose, several measurements were carried out 

involving the injection of dilutions of MAb over the sensor surface. The following parameters 

were combined: two concentrations of hapten conjugate (10 and 20 µg/mL), six 

concentrations of MAb (0.5. 1, 2, 5, 10 and 20 µg/mL.) and two different buffers (PBS and 

PBST 0.002% Tween 20). The results of the experiments are summarised in figure 1. 

Firstly, and although no significant differences were seen between the two buffers, PBST 

0.002% was preferred because it is known that the use of the surfactant reduces unspecific 

adsorptions. Secondly, the chosen concentration of immobilised conjugate was 20 µg/mL 

because, during the immobilisation phase, it yielded a greater SPR signal (meaning a higher 

number of binding sites on the sensor surface). Thirdly, the selected concentration of MAb 

was the lowest one (0.5 µg/mL) because it allowed working in the region below the 

saturation and would contribute to improve the limit of detection of the immunoassay. 

Under these conditions, competitive experiments were then performed. The experiments 

involved the injection of pre-incubated mixtures of MAb at the fixed selected concentration 

and different TBZ solutions (with concentrations between 0.1 - 100 nM). After each sample, 

a solution of 0.1 M NaOH was injected in order to remove the bound antibody and regenerate 

the sensor surface. The preliminary calibration curve is represented in figure 2. 

As it can be seen, the concentration of TBZ that causes 50% inhibition of the SPR signal is 

I50 ≈ 0.25 ppb. 

 

Conclusions 

An immunoassay for the detection of TBZ was developed based on the β-SPR biosensor. A 

preliminary calibration curve was obtained with I50 ≈ 0.25 ppb. This value is below the MRLs 

established in Regulation (EC) No. 396/2005, which establishes a range from 0.05 to 15 ppm, 

depending on the commodities. These results show the potential of this technique to be used 

by fruit and vegetable producers and processors as a screening tool for the detection of the 
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fungicide. Further experiments are ongoing to evaluate the reproducibility, specificity and 

sensitivity and hence the viability of the assay to analyse real samples. 
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Figure 1. Optimisation of the immobilisation step: a) Signal obtained after immobilisation of 10 µg/mL of BSA-

TN3C conjugate at different antibody concentrations (in µg/mL); b) Signal obtained after immobilisation of 20 

µg/mL of BSA-TN3C conjugate at different antibody concentrations (in µg/mL). 

 

 
Figure 2. Preliminary calibration curve obtained at the two channels of the instrument with the same following 

assay conditions: PBST 0.002%, [BSA-TN3C] = 20 µg/mL and [MAb] = 0.5 µg/mL. 
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