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Abstract 

Antibiotic residues may be found in food of animal origin, since veterinary drugs are used for 

preventive and curative purposes to treat animals. The control of veterinary drug residues in food is 

necessary to ensure consumer safety. Screening methods are the first step in the control of antibiotic 

residues in food of animal origin. Conventional screening methods are based on different 

technologies, microbiological methods, immunological methods or physico-chemical methods (e.g. 

thin-layer chromatography, HPLC, LC-MS/MS). Screening methods should be simple, quick, 

inexpensive and specific, with low detection limits and high sample throughput. Biosensors can meet 

some of these requirements. Therefore, the development of biosensors for the screening of antibiotic 

residues has been increasing since the 1980s.  

The present review provides extensive and up-to-date findings on biosensors for the screening of 

antibiotic residues in food products of animal origin. Biosensors are constituted of a bioreceptor and a 

transducer. In the detection of antibiotic residues, even though antibodies were the first bioreceptors to 

be used, new kinds of bioreceptors are being developed more and more (enzymes, aptamers, MIPs); 

their advantages and drawbacks are discussed in this review. The different categories of transducers 

(electrochemical, mass-based biosensors, optical and thermal) and their potential applications for the 

screening of antibiotic residues in food are presented. Moreover, the advantages and drawbacks of 

the different types of transducers are discussed. Lastly, outlook and the future development of 

biosensors for the control of antibiotic residues in food are highlighted.  
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1. Introduction 

Veterinary drugs and particularly antibiotics are chemicals authorised for use in food and feed 

products following a pre-marketing approval. Residues of antibiotics may pose a risk to animal and 

human health. For example, the emergence and spread of antimicrobial resistance could result in 

serious problems. This antibiotic resistance may spread to other microbial populations and infectious 

diseases that have become resistant to standard antimicrobial treatments, presenting a threat to 

human and animal health (Pletinckx et al. 2013; Sapkota et al. 2008). In Europe, specific legislation 

protects consumers from exposure to potentially harmful residues of veterinary medicines, pesticides 

and environmental contaminants in food of animal origin (1996). Maximum Residue Limits (MRLs) 

have been set for veterinary medicines, pesticides and environmental contaminants (European 

Regulation (EC) No 470/2009). National surveillance and control plans are implemented in each 

Member State in Europe to monitor residues in food. The first step in control is the screening method. 

Screening methods can be either qualitative or quantitative. A qualitative method is used to detect the 

presence of an analyte. The result is absence or presence. A quantitative method is able to identify 

and quantify the analyte. The result is given as a concentration of analyte. If the screening result is 

positive, a confirmatory step must be implemented by a physico-chemical method. 

Screening methods are defined in Commission Decision EC/2002/657 (2002) as "methods used to 

detect the presence of an analyte or class of analytes at the level of interest. These methods have the 

capability for a high sample throughput and are used to sift large numbers of samples for potential 

noncompliant results. They are specially designed to avoid false compliant results". A screening 

method is the first method that is applied to sample analyses, the purpose being to establish the 

presence or absence of antibiotic residues. This procedure should be simple, as fast as possible, and 

sensitive. Concerning complex matrices, if needed, extraction should be very simple and quick. Lastly, 

screening methods should have a low cost. The “level of interest” to be screened is usually the 

regulatory limit (e.g. MRL for authorised substances, or the Minimum Required Performance Limit 

(MRPL) for banned substances).  

Screening methods can be divided into conventional and innovative methods. Conventional methods 

are the oldest methods that have traditionally been used. Innovative methods are based on new 

technologies, innovative biorecognition elements or detection elements. Three types of conventional 



methods are implemented for the control of antibiotic residues in food of animal origin. Microbiological 

methods were the first methods implemented for the control of antibiotic residues in food (Bogaerts et 

al. 1982; Bogaerts and Wolf 1980; Gillet et al. 1972). These methods, based on the sensitivity of 

bacteria to antibiotics, are simple and inexpensive. Immunological methods have since been 

developed, based on antibody-antigen recognition. These methods are more specific, due to their 

principle. Moreover, analytical techniques based on the physico-chemical properties of antibiotic 

molecules have been developed in parallel (Thin-Layer Chromatography (TLC), High-Performance 

Liquid Chromatography (HPLC)).  

Biosensors are innovative methods in the field of antibiotic screening in food and many other analytical 

fields. Biosensor instruments consist of two main components: a bioreceptor or biorecognition 

element, which recognises the target analyte, and a transducer for converting the recognition event 

into a measurable signal (Velusamy et al. 2010). Technology based on sensors has a very broad 

scope, in major industries, including pharmaceuticals, health products, food, agriculture, and the 

environment. In connection with the disadvantages of conventional methods, there is a growing need 

to develop highly selective and effective biosensors for rapid, simple and inexpensive control of a wide 

range of molecules in many areas such as the food industry. Biosensors can help meet some of these 

needs: they offer speed, reliability, a low cost, and good value for money, and can easily be 

implemented by relatively unskilled personnel.  

The use of biosensors in the field of food control began appearing in the literature around 1980 (Best 

1987; Evans and Briers 1986; Guilbault and Schmid 1991; Rawson et al. 1989). For the detection of 

antibiotic residues in food, the first publications date from 1980 to 1990 (Kingdon 1985; Sternesjo et al. 

1995; Thompson et al. 1979). Regarding major developments in bioreceptors and transducers during 

the past ten years (Reverté et al. 2016; Seok Kim et al. 2016; Xia et al. 2016; Zhang and Liu 2016), it 

is time to present an up-to date-comprehensive review, covering the main recent advances in the 

design and production of biosensors for antibiotic residue detection in many different types of 

foodstuffs (milk, meat, eggs, honey, seafood). The present article provides an overview of the different 

kinds of bioreceptors used to detect veterinary drugs. Even though antibodies were the first 

bioreceptors to be used, new kinds of bioreceptors are being developed more and more and used for 

the development of biosensors. The different categories of transducers and their potential applications 

for the screening of veterinary drugs in food are also presented. The advantages and drawbacks of 



the different types of bioreceptors and transducers are discussed in this review. Lastly, outlook and the 

future development of biosensors for the control of veterinary drugs in food are highlighted.  

2. Biosensors 

2.1. Bioreceptors 

Biosensors can be classified either by type of bioreceptor, or according to the type of transducer 

(Figure 1). Each biosensor element and each step of the method has an influence on the performance 

of the biosensor.  

Insert Figure 1 here 

A bioreceptor is an organic molecular species (e.g. an antibody, enzyme, protein, or nucleic acid) or a 

living biological system (e.g. cells, tissues or whole organisms) using a biochemical recognition 

mechanism (Vo-Dinh and Cullum 2000). The different types of bioreceptors that can be immobilised 

on the surface of biosensors are presented in Figure 2. 

Insert Figure 2 here 

In the Scopus database, the keyword "biosensor" was combined with each type of bioreceptor to 

obtain the number of publications (Figure 3). 

Insert Figure 3 here 

Different kinds of bioreceptors are used to develop biosensors for the screening of veterinary drug 

residues in food. The advantages and drawbacks of the different kinds of bioreceptors are 

summarised in Table 1.  

Insert Table 1 here 



 

Table 1. Advantages and drawbacks of the different kinds of bioreceptors.  

  Advantages Drawbacks 

B 

I 

O 

R 

E 

C 

E 

P 

T 

O 

R 

S 

Antibodies 

Monoclonal 

Broad specificity 

Unlimited quantity and 

reproducibility  

Strong affinities 

High cost 

Strong affinities 

Polyclonal Low cost 

Specificity is too high 

Limited quantity and lack of 

reproducibility 

Enzymes 

Usually more accurate 

Answers faster (shorter diffusion paths) than 

sensors using cells as bioreceptors 

Intrinsic instability 

Production cost > antibody 

Variable performance (e.g. pH, 

temperature, thickness of the 

enzyme layer on the sensor) 

MIPs 

Affinities and specificities equivalent or á / 

antibodies, thermostability 

Sensitivity á 

Reusable 

Production: cost â/antibodies, simple, rapid, 

reproducible  

 

Risk of release of the template 

molecule 

Insolubility 

Few imprinted cavities actually 

correspond to the template molecule 

Not commercialised 

Aptamers 

Strong affinities 

Specificity á, sensitivity á 

Stability (molecule, immobilised surfaces 

(>antibodies>enzymes)) 

Reusable 

Production: cost â/antibodies, simple, 

reproducible, automated 

Strong affinities 

Few are commercialised 

Cells 

Several analytes simultaneously 

Selectivity á 

Ability to metabolise a wide range of 

chemical compounds 

Adaptability (unfavourable conditions) 

Genetic modifications (e.g. mutations) 

Economical source of intracellular enzymes 

Low detection limits 

Potential high throughput of analysis 

Complex selection, culture and 

maintenance 

Sometimes selectivity problem (non-

specific cellular response (e.g. side 

reactions catalysed by other 

enzymes)) 

Specificity â/pure enzymes 

Slow response times/enzymatic 

biosensors (substrate and product 

diffusion across the cell wall) 



2.1.1. Antibodies 

Antibodies are bioreceptors commonly used in the development of biosensors. Antibodies correspond 

to a single antigen in a highly specific manner. In biosensors, they are generally immobilised on a 

substrate, which acts as the detector surface. Antibodies may be polyclonal, monoclonal or 

recombinant, depending on their selective properties and the way they are synthesised. Polyclonal 

antibodies are produced using traditional immunisation procedures, namely in rabbits, goats, sheep 

and pigs.  

Immunosensors based on antibodies are often described in combination with piezoelectric transducing 

elements, whether electrochemical or optical. Antibodies are currently the most commonly used 

bioreceptors for the development of biosensors in many areas of analysis, particularly for the 

screening of antibiotic residues. Various antibodies against antibiotics and other veterinary drugs are 

now commercially available.  

 

2.1.2. Enzymes 

Although enzymes are one biorecognition element, they are mainly used to function as markers rather 

than as biorecognition elements as such. Biosensors based on enzymes are mainly based on two 

mechanisms for detection. The first mechanism involves the catalytic conversion of an analyte by the 

enzyme (generally from a non-detectable form to a detectable form). The second mechanism involves 

the detection of analytes which inhibit or moderate the activity of the enzyme. Enzymatic biosensors 

use specific enzymes for the capture and catalytic production of the product, which is then directly 

determined using a transducer (e.g. electrochemical, optical). The most common enzymatic biosensor 

today is the biosensor for the detection of glucose in blood. Its application for diabetic patients has 

been the trigger and driver for research into this type of sensor. 

In the analysis of contaminants, enzymatic biosensors for the analysis of herbicides are the most 

common, with fewer applications reported for antibiotics. An enzyme biosensor was developed to 

detect penicillin (Kiran and Kale 2002). Penicillinase is produced by transformed bacteria (Escherichia 

coli JM109) that were immobilised on an electrode of a pH meter. This biosensor has not been applied 

in food matrices, which are more complex.  

 



2.1.3. Cells 

A microbial biosensor consists of a transducer in association with viable or non-viable immobilised 

microbial cells. Cellular biosensors use the response of whole cells for the detection of biologically 

active agents. A review of the use of microbial cells as biological sensing elements in biosensors was 

published in 2001 (D'Souza 2001). Currently, different microbial species containing reporter genes 

which are specifically induced by selected promoters are used in the development of cell biosensors. 

In the presence of the target analyte, the inducible gene is activated and activates or represses 

expression of a reporter gene which is responsible for producing a measurable optical signal. 

Therefore, microbial cellular biosensors based on optical detection are particularly useful in high-

throughput screening because they can be used to monitor multiple analytes at the same time. 

Selecting a suitable bacterial culture is essential, as in conventional microbiological methods, since the 

specific bacteria used in biosensors have characteristic spectra which may or may not correspond to 

the spectrum of compounds one wishes to detect. 

A review was published on recent advances in the manufacture and application of microbial 

biosensors based on different types of transducers for detecting a wide range of analytes including 

glucose, herbicides, and antibiotics (Su et al. 2011). Cellular biosensors have been developed for the 

detection of antibiotic residues (tetracyclines (Bahl et al. 2005; Virolainen et al. 2008), beta-lactam 

antibiotics (Ben-Yoav et al. 2009; Ferrini et al. 2008; Kumar et al. 2008; Shapiro and Baneyx 2007; 

Virolainen et al. 2008), quinolones (Ben-Yoav et al. 2009), chloramphenicol and quinolones (Shapiro 

and Baneyx 2007)). Most recently, cellular biosensors for the detection of antibiotic residues have 

allowed for the simultaneous detection of multiple analytes within 30 minutes to three hours.  

A receptor that is designed to mimic a bioreceptor is called a biomimetic receptor. MIPs and aptamers 

are biomimetic receptors. Biomimetic sensors are a promising class of synthetic receptors for the 

detection of antibiotic residues in particular. Though there are several methods for generating 

biomimetic receptors, such as genetically engineered molecules and artificial membrane fabrication, 

the molecular imprinting technique has emerged as an attractive tool for the development of artificial 

recognition agents.  

 



2.1.4. MIPs 

MIPs are produced by forming a polymer around a molecule which can be used as a template. It 

corresponds to the target molecule of the bioreceptor. Several microcavities are formed within MIPs, of 

which some are specific binding sites for the template analyte. MIPs can, in principle, be synthesised 

for any molecule (Bruggemann et al. 2000; Haupt 1999). The recognition site for the target molecule, 

formed in the cavity of the MIP, is released by removing the imprinting molecule. For ten years, MIPs 

have been developed for various food contaminants, particularly antibiotics (He et al. 2005; Quesada-

Molina et al. 2012; Turiel et al. 2007). 

 

2.1.5. Aptamers 

Aptamers are RNA or single-stranded DNA ligands which are selected to recognise different targets 

from an extensive library of molecules containing randomly generated sequences. The production of 

aptamers was described for the first time in the early 1990s. The technology for selecting aptamers 

called SELEX (Systematic Evolution of Ligands by Exponential enrichment) is an integrated 

technology based on combinatorial chemistry, PCR (Polymerase Chain Reaction), and gene 

sequencing (Xu et al. 2011). Repeated cycles are performed so that the specific sequence increases 

exponentially and sequences with low affinity are eliminated. Aptamers are suitable for the recognition 

of small molecules in addition to high-molecular-weight compounds, and even entire cells. Biosensors 

using an aptamer as recognition element are called "aptasensors". Food safety applications are very 

diverse. Some "aptasensors" have been developed for the detection of antibiotic residues in food of 

animal origin (e.g. aminoglycosides (de-los-Santos-Álvarez et al. 2009), chloramphenicol (Mehta et al. 

2011), oxytetracycline (Kim et al. 2009), ampicillin (K.-M. Song et al. 2012a), sulfadimethoxine (K.-M. 

Song et al. 2012b), dyes (malachite green) (Stead et al. 2010)).  

Biomimetic bioreceptors have the advantage of being prepared in vitro, thus avoiding work on animals, 

and of producing tools for the recognition of non-immunogenic molecules. Aptamers and MIPs are 

more stable than antibodies in sometimes drastic environmental conditions. In addition, analytical 

costs are reduced because of the long lifetime of the biosensor. The major drawback of MIPs and 

aptamers is that the commercial development of these bioreceptors is still in its infancy (Baggiani et al. 

2013; Van Dorst et al. 2010; Vasapollo et al. 2011). Columns of sample preparation for solid-phase 

extraction (SPE) are marketed, pre-grafted with MIPs for the detection of antibiotic residues (e.g. 



Sigma-Aldrich (France) for chloramphenicol, quinolones), but MIPs alone are not commercially 

available. 

 

2.1.6. Innovative bioreceptors 

Biroeceptors can be the limiting factor in the development of a new biosensor. Therefore, research in 

this field targets the development of innovative bioreceptors which must be specific or selective, 

stable, inexpensive to manufacture, and reproducible. Future trends will consist in developing new 

bioreceptors and improving existing bioreceptors. Some examples of bioreceptors recently developed 

are given below:  

- The structure of an aptamer developed for the recognition of aminoglycoside residues has 

been modified, so that aptamer-analyte recognition leads to greater conformational changes 

and thus easier detection (Schoukroun-Barnes et al. 2014). By combining improved 

electrochemical transduction and modified aptamers, detection limits have been reduced by 

100. 

- According to a similar principle, an MIP for the detection of metronidazole has been amended 

to be both the analyte recognition tool and the enzyme for the detection of the electrochemical 

signal (Gu et al. 2016).  

- Affibodies are synthetic binding proteins which have attractive characteristics, compared to 

conventional antibodies (Justino et al. 2015) (e.g. small size, robustness, stability, high 

specificity). To date, affibodies have mainly been used in the field of imaging and medical 

diagnosis (e.g. cancer) and for therapeutic applications, and very recently for the development 

of biosensors (Baydemir et al. 2016). 

- Liposomes coupled to a polydiacetylene (PDA) surface have been designed for the detection 

of aminoglycosides. The detection mechanism mimics cell membrane interactions between 

neomycin and phospholipids (Kang et al. 2012). 

- Nanozymes combine the development of new bioreceptors and nanotechnology (Sharma et 

al. 2014; Shin et al. 2015; X. Wang et al. 2016). Nanozymes that mimic the activity of the 

enzyme are stronger, more stable and less expensive to produce than natural enzymes. To 

date, nanozymes have been developed mainly for biomedical (e.g. glucose) and 

environmental (e.g. pesticides (Weerathunge et al. 2014)) applications.  



It should be underlined that, irrespective of the kind of bioreceptor, the drawback of commercial supply 

is that there is no guarantee that these bioreceptors will still be commercially available over a long 

period, with the same quality and in sufficient quantity. Thus, the methods developed with these 

bioreceptors could become obsolete. 

 

2.1.7. Immobilisation of bioreceptors on interaction surfaces 

The specificity, stability, and detection limits reached by a bioreceptor depend on the bioreceptor’s 

immobilisation on the surface. Most importantly, the bioreceptor must be accessible for interaction and 

biologically active (undenatured). All of these bioreceptors are immobilised on the surface in various 

ways (Table 2).  

Insert Table 2 here 



 

Table 2. The different immobilisation techniques for bioreceptors on surfaces.  

 Principle Advantages Drawbacks 

Adsorption 
Van der Waals 

forces 

Simplicity, no 

denaturation of the 

bioreceptor 

Instability (pH, ionic strength, 

temperature, solvent) 

Inclusion 

Physical 

immobilisation in a 

polymer matrix (e.g. 

polyacrylamide)  

Preserved 

enzymatic activity 

(no chemical links) 

Risk of denaturation of 

bioreceptors 

May impede the accessibility of the 

active site of bioreceptor 

Entrapment 

In solution behind a 

selective membrane 

(e.g. dialysis 

membrane)  

Limited 

biodegradation or 

contamination  

Complex to implement  

May impede the accessibility of 

the active site of bioreceptor 

Covalent 

immobilisation  

Covalent coupling 

(pre-activated 

medium) 

High stability 

Reduced 

diffusional 

constraints  

Risk of denaturation of 

bioreceptors 

Laborious technique  

Immobilisation 

by reticulation 

Fabrication of water-

insoluble 

membranes which 

are adsorbed on a 

solid surface  

Stability (difficult 

release of the 

ligand) 

Risk of disruption of enzyme 

kinetics (diffusion problems in the 

membrane) 

Risk of denaturation of 

bioreceptors 

Immobilisation 

by affinity 

Affinity between two 

molecules (e.g. 

streptavidin / biotin 

(Kd ~ 10-15M), 

almost as much as a 

covalent bond)  

Stability 

More drastic 

regeneration 

conditions (as long 

as the bioreceptor 

does not lose its 

activity) 

Same orientation 

for all bioreceptors  

Potential interference between 

the modified bioreceptor (e.g. 

biotinylated) and natural 

components (e.g. biotin naturally 

found in certain tissues (e.g. milk, 

liver, eggs)) 

Potential interference between 

the binding molecule (e.g. avidin 

or streptavidin) and natural 

components (e.g. eggs) 

Dissociation constant: kd.  



 

2.2. Transducers 

Biosensors are classified by their bioreceptor or their transducer type, respectively. The classification 

below is based on the transducer type. A wide variety of transduction methods have been developed 

in the past decade.  

Insert Figure 4 here 

Although there are new types of transducers constantly being developed, optical, electrochemical and 

mass-based transducers are the most popular and common biosensor methods for the detection of 

food contaminants and particularly of antibiotic residues (Figure 4). Each of these three major classes 

contains many different subclasses (Figure 5) and can be further divided into label and label-free 

(non-labelled) methods. Labelled methods depend on the detection of a specific label and label-free 

detection is based on the direct measurement of a phenomenon occurring during biochemical 

reactions on a transducer surface. Label-free detection is highly attractive because there is no need to 

produce a labelled conjugate. Thermal biosensors are the fourth class of biosensors but they are less 

frequently used.  

The advantages and disadvantages of the various types of transducers are discussed below. 

Insert Figure 5 here 

 

2.2.1. Electrochemical transducers 

The basic principle for electrochemical biosensors is that chemical reactions between immobilised 

biomolecules and target analytes produce or consume ions or electrons, which affects the measurable 

electrical properties of the solution, such as electric current or potential (Pohanka and Skládal 2008; 

Thévenot et al. 2001). The biochemical receptor (very often an enzyme, sometimes a membrane or 

sensitive surface) is immobilised on an electrochemical transduction element (i.e. electrode). 

Electrochemical sensing technology began in the early 1950s. There are different types of 

electrochemical biosensors for converting chemical information into a measurable electrical signal 

(Pohanka and Skládal 2008; Thévenot et al. 2001) (Table 3).  

Insert Table 3 here 



 

Table 3. Principles, advantages and drawbacks of the different types of electrochemical 

transducers.  

 Principle Advantages Drawbacks 

Amperometric 

Enzyme electrodes (Au, 

C, Pt)  

Electrochemical oxidation 

or reduction of an 

electroactive species => 

Measurement of resulting 

current 

Simplicity 

Automation 

Miniaturisation 

Highly sensitive 

Costâ 

More suitable for mass 

production than 

potentiometric 

transducers  

Labelling of the 

analyte to increase the 

electrochemical 

reaction at the working 

electrode  

Potentiometric 

Redox or ion-selective 

electrodes (ISE) or field-

effect transistors (FET) 

Detecting an ion produced 

by an enzymatic reaction 

=> Measurement of a 

difference in potential 

between two electrodes  

No labelling 

Simplicity 

Easy automation 

Miniaturisation of 

instrumentation 

Cost â   

Lack of specificity (e.g. 

other ions in solution) 

Effect of the ionic 

strength at high 

concentrations 

Possible drift of the 

signal 

Less sensitive and 

slower than 

amperometric  

Conductometric 

Pt or Au electrodes 

Biochemical reactions 

producing or consuming 

specific ions => 

Measurement of 

the electrical conductivity 

of a solution at a constant 

voltage  

Simplicity 

Cost â 

Biocompatibility with 

biological samples 

No reference electrode 

Miniaturisation possible 

Lack of specificity 

(potential interference 

of other ions in 

solution) 

Less sensitive / 

amperometric and 

potentiometric  

Impedancemetric 

or impedimetric 

Measurement the 

variation of resistance 

and/or interfacial 

capacitance between the 

electrode surface and a 

solution  

No labelling 

Very sensitive 

Simple, fast 

Cost â 

Poor reproducibility => 

no routine quantitative 

analysis 

Gold: Au; Carbon: C; Platinum: Pt.  
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The most common electrochemical devices are potentiometric pH sensors. The first article on the 

development of an electrochemical biosensor for the detection of antibiotic residues (amphotericin B 

and nystatin) was published in 1979 (Thompson et al. 1979). Since then, many articles have been 

published concerning the production of electrochemical biosensors, among the various types 

presented. The examples provided in Table 4 illustrate some applications of biosensors for the 

detection of antibiotic residues. 

 

Insert Table 4 here 
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2.2.2. Mass-sensitive transducers 

A mass-sensitive detector responds to the mass of solute passing through it per unit time. Mass-

sensitive biosensors are also called gravimetric biosensors. Mechanical transduction methods are 

mainly based on the generation and detection of mechanical or acoustic waves (Figure 6). The most 

common mass-sensitive devices use piezoelectric crystals, quartz crystal microbalances (QCM), and 

surface acoustic waves (SAW). Piezoelectricity is the electric charge which accumulates in certain 

solid materials (notably crystals, ceramics and some organic materials such as bone, DNA and various 

proteins) in response to pressure (mass change to the area). Acoustic wave transducers are classified 

according to the mode of wave propagation through or on the surface of the piezoelectric material. 

Detailed principles for the different types of acoustic-based biosensors and the advantages and 

drawbacks of the different systems are presented and discussed in a recent review (Durmuş et al. 

2014). Quartz Crystal Microbalance or QCM is by far the most popular mass-sensitive biosensor (Vo-

Dinh and Cullum 2000). It is a reference tool for the detection of biomolecules without labelling 

(Janshoff et al. 2000). Mechanical wave transducers are called cantilevers. A cantilever is a beam 

anchored at one end only. The change in mass at the end of the beam is detected by an optical 

phenomenon (oscillation amplitude) (Lin and Datar 2006). Cantilever biosensors are ultra-sensitive 

electromechanical sensors used for the label-free detection of a large number of biological entities.  

Insert Figure 6 here 

Over the last fifteen years, thanks to advances in miniaturisation, biosensors based on 

microcantilevers (MCLs) have become a sensitive tool for chemical and biological detection. 

Three main types of mass-sensitive transducers are most commonly used for the detection of 

antibiotic residues. Their principles, advantages and drawbacks are summarised in Table 5. Overall, 

these biosensors are fast and inexpensive and do not require labelling. 

Insert Table 5 here 
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Table 5. Principles, advantages and drawbacks of different types of mass-sensitive 

transducers.  

 Principle Advantages Drawbacks 

Piezoelectric 

Quartz Crystal 

Microbalance 

(QCM) 

Disturbance of 

propagation of an 

acoustic wave  

No labelling 

Stable materials, chemically inert, 

mechanical and ageing 

characteristics 

Detection of small mass changes 

(small molecules) 

Selective surface films 

Rapid (real-time measurements) 

and simple 

Simple and inexpensive 

fabrication  

Multiple analytes simultaneously 

(microchips) 

Lack of sensitivity and 

specificity 

Sensitivity to external 

disturbances  

Piezoelectric 

Surface Acoustic 

Wave (SAW) 

Cantilever 

Converts a 

chemical signal 

into a mechanical 

movement 

No labelling 

Simple 

Fast 

Low detection limits 

Simple and inexpensive 

fabrication  

Multiple analytes simultaneously 

(microchips) 

Simple sample preparation 

 



19 

 

A review of various types of analytes measurable by QCM biosensors was published (Skládal 2003). 

Piezoelectric biosensors allow for the quick and easy determination of small molecules such as drugs, 

hormones and pesticides. However, there are very few reports in the literature regarding the use of 

piezoelectric biosensors for detecting residues of antibiotics and other food contaminants. Several 

QCM biosensors have been developed for the screening of chloramphenicol (CAP). The first 

biosensor was developed for the detection of CAP, but only in solutions, not in food matrices (Adanyi 

et al. 2006). Later on, another team also worked on a QCM biosensor for the detection of 

chloramphenicol residues in various matrices (milk, meat, eggs, honey) (Karaseva and Ermolaeva 

2012). The announced detection levels of 5 and 10 µg/kg were much higher than the MRPL for CAP 

(0.3 µg/kg). In addition, another team developed a QCM biosensor, based on an MIP as biorecognition 

element for the detection of CAP in pig muscle, milk, honey and shrimp (Ebarvia et al. 2015). The 

biosensor was able to detect CAP in honey and in shrimp at concentrations below the MRPL. 

Surface acoustic wave (SAW) biosensors are available on the market (e.g. SamX®, NanoTemper 

Technologies GmbH (Germany)). SAW biosensors can be used to detect low-molecular-weight 

analytes, such as antibiotic residues. Screening methods for antibiotic residues based on SAW 

biosensors have been developed for instance for penicillin in milk (Gruhl and Länge 2014) and for 

flumequine in water (Ktari et al. 2015). Cantilever biosensors are increasingly being used for the high-

throughput screening of new active principles (Xu and Mutharasan 2009). Some recent applications 

for the detection of antibiotic residues were found in the literature (oxytetracycline in solution (Hou et 

al. 2013), kanamycin in solution (Bai et al. 2014a),vancomycin in serum (Bai et al. 2014b)).  

Despite their potential, mass-sensitive biosensors are not commonly used for the screening of 

residues of veterinary drugs. However, the development of microchips (or "microarrays") could amplify 

their use in the field of bioanalysis in particular. Microchips have been developed to combine a few to 

hundreds of spots on a single surface or chip, thereby undertaking several immunoassays in parallel. 

In general, a chip comprises a network of several biosensors, which can be individually controlled. 

Several mass-sensitive biosensors of the same type can thus be combined in the form of microchips, 

thanks to advances in miniaturisation. This is called multiplexing technology, enabling the 

simultaneous detection of multiple analytes in a single analysis. This technology also enables 

dramatically increased sample throughput and reduced analysis time and costs. In addition, multiplex 

methods provide broad selectivity. Most often, multiplex biosensors require low sample preparation. 
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However, non-specific interactions between the target analytes and other analytes or matrix 

components have to be studied.  

 

2.2.3. Optical transducers 

Optical sensors are based on the change in optical properties when specific analytes bind to molecular 

receptors. The output signal that is measured is light. Optical-based detection offers a large number of 

subclasses based on different optical principles described below (Figure 7).  

Insert Figure 7 here 

Classical fluorescence and Time Resolved FluoroImmunoAssay (TR-FIA) 

Different methods have been developed since 1990 using classical fluorescence for the detection of 

antibiotic residues (aminoglycosides in milk (Chu et al. 2008), in milk and tap water (Ton et al. 2012), 

sulfadimethoxine in milk (K.-M. Song et al. 2012b)). Other screening methods for veterinary drug 

residues (antibiotics, coccidiostats) were developed through a technology called time-resolved 

fluoroimmunoassay (TR-FIA) between 2006 and 2015 (Bacigalupo et al. 2008; Cháfer-Pericás et al. 

2011; Chafer-Pericas et al. 2010; Hagren et al. 2006; Le et al. 2015; Shen et al. 2006; Zhang et al. 

2013; Zhou et al. 2014). These methods could detect a single antibiotic (e.g. chloramphenicol) or a 

group of antibiotics (e.g. fluoroquinolones). Biosensors based on fluorescence detection are 

compatible with multiplexing technology. A multiplex biosensor based on fluorescence was developed 

by Chen et al. for the detection of eight antibiotics in chicken and porcine muscle and liver (Chen et al. 

2009). A microarray of different spots was printed on a modified glass chip. The test lasted three hours 

to screen and quantify the eight antibiotics in six samples, which was slightly lower sample throughput 

compared to conventional ELISA techniques.  

 

Flow cytometric immunoassay (FCIA) 

The first articles demonstrating the potential use of flow cytometry to detect interactions between 

antibody and antigen date back to the 1980s. This technology uses small fluorescent microspheres. 

Each set of beads can be coupled to a different bioreceptor. Several different biomolecular 

interactions in a single microplate well can be measured simultaneously. Flow cytometry falls into the 

category of multiplexed technologies in suspension (or "suspension array technology"), since the 
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interaction between the beads grafted with antibodies, for example, and analytes occurs in suspension 

and not on a chip surface. 

Immunoassay applications coupled with detection by flow cytometry (FCIA) have been published using 

commercial flow cytometers. For example, the Belgian National Reference Laboratory has developed 

a screening method for 64 antibiotics from ten different families in porcine muscle and in milk, based 

on flow cytometry (Suárez-Pantaleón et al. 2-5 June, 2014). As a result of this research project, kits 

called BeadyPlex® have been marketed since 2015 by the company Unisensor (Belgium), in 

partnership with a manufacturer of flow cytometers.  

The second application concerns the Multi-Analyte Profiling system (xMAP®) (Luminex, Texas, United 

States). This open system enables the development of methods. Several applications of flow 

cytometry using this system for the detection of antibiotic residues were found in the literature. The 

first application for the detection of sulphonamides in milk was published in 2008 (de Keizer et al. 

2008). The second application concerned, at first, the screening of three veterinary drugs, including 

chloramphenicol, then the extension of the screening method to five antibiotics in milk, and lastly the 

simultaneous screening of seven pesticides and veterinary drugs in water and in milk (N. Liu et al. 

2013). The latter method is rapid (less than two hours) and the detection limit announced for 

chloramphenicol (0.05 µg/L) is less than the MRPL (0.3 µg/L). 

 

Surface Plasmon Resonance (SPR) 

Biosensors based on Surface Plasmon Resonance (SPR) are optical sensors using special 

electromagnetic waves to detect the interactions that occur at the surface. Mass changes on the 

surface of the sensor chip which occur during the association or dissociation of biomolecular 

complexes cause a shift in the position of the resonance angle. The sensorgram allows for the 

changes in resonance angle as a result of the binding of molecules on the chip to be monitored in real 

time. This technique was introduced in the 1990s. 

The high cost of investment in SPR biosensors such as Biacore® systems (GE Healthcare, Sweden) 

was a hindrance to wider application in food control laboratories. Another less expensive biosensor 

based on SPR was marketed (Spreeta™, Texas Instruments, USA). However, this system proved to 

be less robust and had only one channel available to measure interactions, instead of two to eight 

depending on the different Biacore systems (Biomolecular Interaction Analysis or BIA technology). 
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Then a portable biosensor, SPReeta® SPR3 Kit, including three channels in parallel, was developed 

and evaluated for milk analysis (Fernández et al. 2011). Milk samples were analysed after simple 

sample preparation (centrifugation and dilution of milk). 

Many methods were developed between 1995 and 2008 for the detection of antibiotic residues using 

Biacore® systems (Baxter et al. 2001; Caldow et al. 2005; Crooks et al. 2003; Dumont et al. 2006; 

Gaudin et al. 2001; Gaudin et al. 2007; Huet et al. 2009; McCarney et al. 2003; Sternesjo et al. 1995). 

The Biacore® system with eight channels allows for the simultaneous detection of eight different 

analytes or analyte families.  

Sometimes non-commercial intra-laboratory-developed SPR systems have been applied to the 

screening of antibiotic residues. For example, a multi-antibiotic screening method (fluoroquinolones, 

sulphonamides and chloramphenicol) was developed in milk. The interaction of antibiotics and graft 

polyclonal antibodies is detected by a non-commercial SPR optical sensor with six channels 

(Fernández et al. 2010). 

 

The BIA/MS combination 

SPR biosensors may be used in combination with mass spectrometry (MS). This combination of 

instrumentation allows for the detection and quantitation of molecules of interest by SPR and, in 

addition, their molecular characterisation by MS analysis. The BIA system is used to separate analytes 

from complex samples. Mass spectrometry is used to identify and quantify the analyte. The first 

articles about the combination of biosensors with mass spectrometry were published in 1997 (Krone 

1997; Nedelkov et al. 2000; Sonksen et al. 1998). The technique of matrix-assisted laser 

desorption/ionisation (MALDI) coupled with mass spectrometry (MALDI-MS) is a flexible technique 

which can also be used in combination with bioanalytical methods such as SPR biosensors. This 

combination increases the specificity of the method, because MS allows for the differentiation of 

molecules that are difficult to distinguish by the simple use of an antibody. This combination of 

techniques could result in the development of rapid, automated and robust methods. To our 

knowledge, no application for the detection of antibiotic residues in foods has been published to date 

using these combined technologies. The main drawback is the cost of different hardware investments.  

 

Localised Surface Plasmon Resonance (LSPR) 
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Localised Surface Plasmon Resonance (LSPR) is generated by noble metal nanostructures, when 

classical SPR is generated by continuous planar films of metal (eg. gold). The physical theory of LSPR 

was well described by Petryayeva et al., illustrated by applications of LSPR to biological and chemical 

sensing (Petryayeva and Krull 2011). Localised SPR means that the optical sensing is “highly 

localized around the nanoparticle” (Olaru et al. 2015). The advantages of LSPR compared to classical 

SPR are simpler and more compact (portable) optical systems, less sensitive to the changes of 

composition of the medium (refractive index); LSPR allows to develop more specific and sensitive 

methods (Chuang et al. 2015; Lin et al. 2016). Moreover, LSPR is compatible with multiplexing 

technology.  

Some applications of LSPR either for the detection of antibiotic substances in pharmaceutical products 

(Chavada et al. 2017; Miranda-Andrades et al. 2017), for therapeutic drug monitoring in human serum 

samples (Cappi et al. 2015; Chavada et al. 2017; McKeating et al. 2016) or for the screening of 

antibiotic residues in food matrices (Anand et al. 2015; Frasconi et al. 2010; Ozhikandathil et al. 2012) 

have been published the recent past years.  

Moreover, the LSPR could be combined to classical ELISA tests, which will be so called plasmonic 

ELISA (Satija et al. 2016; Tokel et al. 2014). One of the main advantages of pELISA is to offer tests 

with a reading with the naked eye. This track is explored to develop easy to use, low cost and 

sensitive Point of Care (POC) tools (Tokel et al. 2014). The application of pELISA to the detection of a 

small molecule (eg. methyltestosterone) by the naked eye is promising and predictive of a potential 

application to cost-effective and sensitive detection of antibiotic residues (Peng et al. 2014).  

 

Surface Plasmon Resonance imaging (SPRi) 

The Flexchip Biacore® system (GE Healthcare, Uppsala, Sweden) was the first commercially 

available SPRi platform. The IBIS SPRi system (IBIS Technology, Netherlands) is the system most 

frequently cited in the literature for the screening of antibiotic residues (Rebe Raz et al. 2008; Rebe 

Raz et al. 2009). This IBIS SPRi platform can analyse a maximum of 56 multiplexed assays. 

The main advantage of combining SPRi and microarrays is that each microarray site is a single 

detection area. Krishnawoorthy et al. presented an application of the SPRi microarray format for the 

detection of five different molecules and the kinetic analysis of antigen/antibody interactions 

(Krishnamoorthy et al. 2010). Of these five molecules, two antibiotics, neomycin and gentamicin, have 
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been tested. In conclusion, this method could be used for the screening of these antibiotics or other 

antibiotics.  

 

Diffractive Optics Technology (DOT) 

Diffractive Optics Technology (DOT) combines the multiplex immunoassay format with real-time 

measurements of protein interactions (Borisenko et al. 2006). A photodiode measures the intensity of 

the diffraction order, which is correlated with the analyte concentration.   

The dotLab® mX system (Axela Biosensors, Canada) is a flexible trading system that allows for the 

development of methods for protein biomarkers and new diagnostic tests (Houle 2009). This system 

could be tailored to the screening of low-molecular-weight compounds such as antibiotics. At this time, 

nothing has been found in the literature on the screening of antibiotic residues with this system.  

 

Chemiluminescence ImmunoAssay (CLIA) 

The bioreceptor (or analyte) is covalently labelled directly with a chemiluminescent compound (e.g. 

luminol). Triggering the luminescent marker, the light-emitting reaction produces a signal with a given 

intensity (photons/sec.). Measuring the light intensity is relatively simple, requiring only a 

photomultiplier or photodiode, and associated electronics for converting and recording the signals. 

Most of the tests are heterogeneous and require separation of unbound label. These tests are simpler 

to develop, but a bit more complicated to achieve. On the contrary, a homogeneous assay requires 

that the reaction of light emission has been affected in any way by the interaction between analyte and 

bioreceptor.  

A review was published on the applications of chemiluminescence and bioluminescence in different 

areas related to contaminants (e.g. bacterial contamination and inorganic environmental contaminants 

(heavy metals)) (Roda and Guardigli 2012).  

Two types of chemiluminescent biosensors have been identified: 

· Intra-laboratory chemiluminescent biosensors: 

CLIA offers several applications in clinical chemistry, environmental analysis, and food analysis. 

Advances in the field of biosensors based on chemiluminescence detection coupled with 

immunoassays are presented and discussed in a literature review (Zhao et al. 2009). These advances 

have been made for example in the development of new luminescent markers and the improvement of 
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existing markers by signal enhancers, as well as in the field of interaction surfaces. Examples of the 

intra-laboratory development of immunoassays based on chemiluminescence for food contaminants 

have been found in the literature (Guo and Gai 2011; Knecht et al. 2004; Thongchai et al. 2010; Yu et 

al. 2014).  

- Commercial chemiluminescent biosensors: 

Only two commercial chemiluminescence biosensors were identified for the screening of antibiotic 

residues.  

· The Microarray Chip Reader System 3 (MCR 3), developed at the University of Munich in 

Germany, is marketed by R-Biopharm AG (Darmstadt, Germany) and used for the analysis of 

milk (Kloth et al. 2009) and honey (Wutz et al. 2011). 

· The Evidence Investigator® system (Randox, UK) is a semi-automated system based on 

biochips, designed for forensic and veterinary applications (O’mahony et al. 2013). 

Evaluations of several kits have been published for the screening of antibiotic residues in 

honey (Gaudin et al. 2014a, b; O’Mahony et al. 2011) and in muscle and aquaculture products 

(Gaudin et al. 2016). 

 

Luminescent bacteria 

Bioluminescence is a form of luminescence, or emission of "cold light". The variation of luminescence 

can be caused by the enzyme luciferase, encoded by the lux gene in response to the presence of the 

target analyte in a dose-dependent relationship. The expression of the lux gene in microorganisms 

can be either controlled constitutively or inducible. Bacterial strains are constructed using 

bioluminescence genes (lux) as reporters of transcriptional responses. Light production increases in 

the presence of specific substances. Conversely, there are naturally bioluminescent bacteria such as 

Vibrio fischeri. In this case, light production decreases in the presence of a contaminant that inhibits 

bacterial growth. Examples of biosensors based on the use of luminescent bacteria developed for the 

screening of different antibiotics have been found in the literature (Valtonen et al. 2002; Virolainen et 

al. 2008). 

 

In conclusion, the different types of optical transducers show advantages and disadvantages, in terms 

of both practicality and performance (Table 6). 
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Insert Table 6 here 
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For some of these techniques, the labelling of the analyte or bioreceptor is necessary. This additional 

step of conjugation is complex and requires special experience. Moreover, conjugation may alter the 

recognition site between the analyte and the bioreceptor. Techniques without labelling should be 

preferred, provided that other features of the method (e.g. cost, performance) also meet our 

expectations.  

Furthermore, multiplexing technology is applied to many of these optical biosensors, which is a major 

advantage for simultaneously detecting several antibiotics or families of antibiotics in food. Saving time 

and reducing the analysis workload are two major benefits of multiplex assays, compared to individual 

tests. A review was published about recent developments in multiplexed technologies, ranging from 

conventional (e.g. strips) to innovative techniques, based on different principles of optical detection 

(e.g. flow cytometry, chemiluminescence) (Rebe Raz and Haasnoot 2011). This review includes a 

synthetic diagram of the different technologies (on chips and in suspension). Their performance has 

been assessed in terms of detection limits and analysis times, based on the molecular weight of the 

analytes. The limits of detection and analysis times are correlated with the technology (planar or 

suspension) and type of application (pathogenic bacteria, small or large molecules). Regarding 

antibiotics which are low-molecular-weight analytes, the diagram shows that the detection limits 

obtained with multiplex techniques are generally of the order of ppb (µg/kg), thus consistent with the 

regulatory limits. In addition, methods based on chemiluminescence and SPR can be fast (a few 

minutes). These observations confirm our conclusions about the potential of multiplexed optical 

biosensors. 

The major drawback of multiplexing is that the risk of observing interference in the detection of 

different analytes increases with the number of multiplexed assays. The optimisation of such methods 

is therefore crucial and labour-intensive to limit interferences. That is why this type of system must be 

automated to reduce the workload during the development and optimisation stages (Marquette et al. 

2012).  

 

2.2.4. Thermal transducers 

Thermal biosensors make it possible to determine the concentration of a substrate by the energy 

change (generation or absorption) associated with a biochemical reaction (e.g. enzyme). The released 

or absorbed energy is proportional to the number of molecules produced by the biochemical reaction. 
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The temperature change is measured by microcalorimetry. In these biosensors, transducers are 

thermocouples, resistance thermometers or thermopiles (series of several thermocouples in 

combination). The most commonly used thermal biosensors are enzymatic biosensors. Such 

biosensors can be developed for the simultaneous detection of multiple analytes (multiplex). Indeed, a 

column may be divided into several distinct regions; each region is immobilised with a specific enzyme 

for the detection of a specific analyte. A combined thermal biosensor immunoassay is called a 

"thermometric ELISA" (TELISA).  

Applications of thermal biosensors vary, from clinical analyses (e.g. glucose, cholesterol) to the 

monitoring of industrial processes (e.g. penicillin V production by fermentation) (Rank et al. 1992), by 

way of environmental analyses (e.g. heavy metals, pesticides) (Ramanathan and Danielsson 2001). A 

thermal biosensor called HEATSENS® (NitBiosensing (Nanoimmunotech), Spain) is marketed for 

various applications, including the detection of analytes in real time, in complex matrices. This portable 

biosensor is being used as part of a project to trace antibiotic residues in live animals (Spanish project 

called INNOSABOR).  

Table 7 shows the advantages and disadvantages of thermal biosensors. 

Insert Table 7 here 

Table 7. Advantages and drawbacks of different types of thermal transducers.  

Transducer Advantages Drawbacks 

Isothermal 

Titration Micro 

Calorimetry  

No labelling 

Stability 

Multiplex 

Easy miniaturisation => sensitivity á á 

No immobilisation of compounds 

Rapid 

Reproducible 

Possible automation  

Continuous measurements 

Not sensitive to light 

In solution 

No molecular-weight limitation 

No electrochemical or optical interferences 

(e.g. coloured , turbid solutions)  

Compatible with organic solvents  

Difficult development of the cell 

sensor 

Difficult to implement 

High cost 

Possible fouling  

Pre-treatment of some samples  
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Whatever the type of transducer, nanotechnology is increasingly being used to improve the 

performance of biosensors.  

 

2.3. Nanotechnologies 

Nanotechnology is a field that is growing very rapidly and attracting many multidisciplinary teams. In 

other areas such as the detection of toxins, nanotechnologies that offer prospects for development 

include nanomaterials, magnetic beads and microfluidics (Reverté et al. 2016). It appears that for the 

detection of antibiotic residues in food, the same paths can be followed for the development of more 

efficient biosensors. The development of nanotechnology, regardless of contaminants, will in the 

coming years be the basis for the miniaturisation of biosensors. This miniaturisation will make it 

possible to develop the multiplexing and portability of biosensors (McGrath et al. 2012). 

Regarding the progress of microfluidics and nanofluidics, screening methods for antibiotic residues 

will, as before, take advantage of advances in the biomedical field, which is always at the forefront of 

new technologies. The following applications in biomedicine can be highlighted, among other 

promising development prospects:  

- A review by Derkus et al. has consolidated the various devices that enable the 

miniaturisation of biosensor systems: micro- and nanopatterning, microfluidics, and Micro-

Electro-Mechanical Systems (MEMS) (Derkus 2016). Bio-MEMS technology is the 

development of biomedical (or biological) MEMS, i.e. microfabrication techniques (e.g. 

microelectrodes, microneedles). The many recent developments in MEMS technology will help 

improve the miniaturisation and portability of biosensors in all fields of application. For 

example, an optical biosensor, associated with MEMS technology, has been developed for the 

detection of a small molecule (a drug) and a large molecule (an antibody). This system is 

potentially applicable to the measurement of contaminants in environmental or medical home 

diagnostics (Kehl et al. 2016). This technology is also applicable to other types of biosensors 

(i.e. electrochemical, mass-sensitive (Lulec et al. 2016) or thermal).  

- Lab-on-a-chip (LOC), Lab-in-a-tube (LIT) and Micro Total Analysis Systems (μTAS) 

technologies: 

Micro Total Analysis Systems (μTAS) are devices that automate and include all necessary steps for a 

chemical analysis of a sample (e.g. sampling, sample transport, chemical reactions, detection). These 
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three systems can work across a chip, reducing the cost and duration of analysis. For example, a 

method based on LIT technology has been developed on the COBAS Liat® system (Roche Molecular 

Diagnostics, USA) for the detection of the influenza virus in sera from patients (Smith et al. 2012). 

Kovarick et al. presented a bibliographical review which shows examples of biosensors developed with 

μTAS technology (Kovarik et al. 2013). The developed methods are fast, automated and produce 

methods with low detection limits. 

Table 8 summarises current and future trends in the field of nanomaterials, for the development of 

new and improved biosensors, especially for the detection of antibiotic residues. The different types of 

nanomaterials generally help improve the signal, thus lowering biosensor detection limits. 

Insert Table 8 here
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3. Summary and conclusions 

The four main classes of transducers are used to develop methods with or without labelling. Labelled 

methods require conjugation to the bioreceptor or to a molecule that enables detection. On the 

contrary, methods without labelling are based on the direct measurement of a phenomenon produced 

by biochemical reactions on a transducer surface. Methods without labelling avoid the long and 

complex preparation of the conjugate. They therefore offer a great advantage over the others, 

especially when a laboratory wants to develop an internal method and when conjugates are not 

commercially available. This is why SPR technology, for example, was strongly developed in the 

1990s for the detection of antibiotic residues, while less expensive electrochemical techniques have 

been somewhat forgotten until now. This conclusion is also in favour of the development of mass-

sensitive biosensors for the screening of antibiotic residues.  

The "ideal" biosensor for the screening of antibiotic residues in food of animal origin should be 

inexpensive, fast, easy to use, and specific, with detection limits in line with the regulatory limits, and 

having high sample throughput (low sample preparation). Table 9 shows the 

characteristics/performance of different types of transducers to develop screening methods fit for 

purpose. Biosensors represent the future of screening methods for antibiotic residues in food of animal 

origin.  

Insert Table 9 here 
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4. Future perspectives 

Biological screening methods have undergone major changes in the last 40 years. The principles and 

performance of these methods, including conventional microbiological and immunological methods 

and biosensors, are different.  

In 1986, the future of biological screening methods for veterinary drug residues was ELISA for rapid, 

sensitive, specific and automated screening (Clark and Crosby 1986). Many technological advances 

have since occurred mainly in the areas of biology, chemistry, physics and electronics. However, the 

"ideal" method has not yet been developed. Therefore, research needs to continue into the 

development of more efficient and more economical biosensors (offering sensitivity, specificity, speed 

and portability (miniaturisation)). New advances in biosensors related to technology should strengthen 

the role of biosensors in food safety for the detection of various contaminants (e.g. environmental 

pollutants, pathogens), especially for the screening of antibiotic residues in food. 

Three main factors have been identified that need to be worked on to develop more efficient 

biosensors: biorecognition elements, transducers and nanotechnology. Progress made in relation to 

each of these factors independently is crucial for developing new biosensors. In addition, it is the 

combination of simultaneous progress in these three areas that will lead to the future development of 

cheaper and more efficient biosensors. 

Many of these developments began in the early 2000s and are growing steadily. The bibliography 

clearly shows that work for the improvement of these three factors represents different volumes. 

The development of new tools such as transducers and bioreceptors improves the intensity of the 

signal to be detected and/or improves signal detection (Figure 8). Therefore, biosensor detection 

limits are lowered and can better meet the expectations of users. Efforts must also be made to 

develop biosensors with more automation, which could reduce analysis times, improve sample 

throughput, and reduce cost per analysis. 

Insert Figure 8 

Work is also being done for the development of new transducers. For example, advances in chemical 

luminescence biosensors consist in increasing the ability to collect light, working on light detection 

systems (e.g. photomultiplier tubes, charge-coupled device (CCD) cameras) and working on 

luminescent markers and signal amplification (Roda et al. 2016). 
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However, it appears that existing transduction methods have already benefited from all current 

knowledge and opportunities. In addition, current transducers already have developed potential, but 

this can be improved with alternative tools, such as bioreceptors and nanotechnology.  

This improvement relates to the development of new types of bioreceptors and the improvement of 

bioreceptors for which there is already technology. The development of a third generation of 

amperometric enzymatic biosensors is also promising. There is direct electron transfer between 

enzyme and electrode. Unlike previous generations, there is no need for a mediator for transfer (Das 

et al. 2016). This third generation of biosensors allows for the development of more selective and 

sensitive methods. One of the enzymes that can be used in the third generation of biosensors is 

horseradish peroxidase (HRP), used most often in enzymatic biosensors for the detection of antibiotic 

residues. This type of biosensor can potentially be developed for antibiotic residues. However, for the 

moment, these biosensors have problems of enzyme stability, reproducibility and high cost of 

manufacture. 

The most significant breakthrough in terms of the volume of publications and performance 

improvement has been nanotechnology. Nanotechnology is moving towards the miniaturisation of 

systems and therefore portability and cost reduction. It also helps in reducing microfluidic circuits for 

example, to reduce analysis times. In addition, by increasing interaction surfaces, nanomaterials can 

contribute to reducing detection limits.  

Nanotechnology would also enable these methods to be used for self-monitoring, such as dairy self-

monitoring, for which sample throughput must be very high (e.g. many thousands of samples per day). 

In the area of biomedical analysis, new biosensors are being developed for home testing. The test is 

easy to perform; reading and analysis of results are on the patient's smartphone (Cho et al. 2015; 

Giavazzi et al. 2014; Vashist et al. 2015; Zangheri et al. 2015). This type of test points to a possible 

application for the screening of antibiotic residues in the field, such as at the tanker on milk collection, 

at the slaughterhouse or on the farm. The identified needs are the same: inexpensive methods, 

extremely rapid (a few minutes, using dipsticks for example), no sample preparation, the simplest 

possible handling (whether for a patient, tanker driver or farmer), and with as few steps as possible. 

This type of biosensor would essentially improve the detection range and detection limits of tests at 

the tanker or on the farm. Currently, the tests used at the tanker are dipsticks that give a result within 

minutes and are specific for one or two families of antibiotics only (beta-lactam antibiotics in general 
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and/or tetracyclines). In addition, the use of smartphones as reading tools does not require the 

development and production of a specific dedicated reading device. 
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Figure captions 

Figure captions 

Figure 1. The different types of biosensors. Biosensors can be classified either by type of 

bioreceptor, or according to the type of transducer.  

Figure 2. The different types of bioreceptors immobilised on the surfaces of biosensors 

(Perumal and Hashim 2014). Five major types of bioreceptors are used to develop biosensors, 

especially for the detection of antibiotic residues in food of animal origin. This figure was extracted 

from the article of Perumal and Hashim 2014.  

Figure 3. Evolution of the annual number of articles (Scopus) concerning bioreceptors from 

2000 to 2015. This graph represents the evolution of the number of articles published from 2000 to 

2015 on the different kinds of bioreceptors. The number of annual articles is represented in the y-axis. 

Years are represented in the x-axis. The combination “biosensor and enzym*” is clearly the most 

frequently found combination, followed by “biosensor and antibod*”.  

Figure 4. Evolution of the annual number of articles (Scopus) concerning biosensors from 2000 

to 2015. This graph represents the evolution of the number of articles published from 2000 to 2015 on 

the different kinds of biosensors. The number of annual articles is represented in the y-axis. Years are 

represented in the x-axis. The electrochemical biosensors are clearly the most frequently found 

biosensors, followed by optical biosensors.  

Figure 5. Different classes and sub-classes of biosensors, in relation to the type of transducer. 

The four categories of transducers (optical, electrochemical, mass-based and thermal transducers) 

can be divided into several sub-classes.  

Figure 6. Classification of mass-sensitive biosensors. Mechanical transduction methods are 

mainly based on the generation and detection of mechanical or acoustic waves. Mass-sensitive 

biosensors can be divided into several subclasses.  

Figure 7. Principles of measurement of the different types of optical transducers. Optical 

transducers can be divided into a large number of subclasses based on different optical principles.  
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Figure 8. Combination of three factors for improving the performance of biosensors: current 

trends. Future developments in the field of biosensors in general and especially for the screening of 

antibiotic residues are based on several tools (microfluidic, nanomaterials, transducers, bioreceptors). 

These tools could result in the system miniaturisation and in the improvement of the performance 

characteristics of the biosensors.  

 

Highlights:  

 

· Biosensors represent the future of screening methods for antibiotic residues.  

· Optical biosensors despite of their cost are attractive screening tools.  

· Inexpensive and sensitive electrochemical biosensors are very promising tools.  

· Nanotechnologies result to portable and inexpensive systems for self-monitoring.  

 




