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WELCOME AT RAPID METHODS EUROPE 2011 
 
7th Conference   
Driving food and feed analysis forward! 
 
 
 
Rapid Methods Europe is a series of events dedicated to the latest developments in 
microbial and chemical analysis for food and feed safety and quality. During the years it has 
strengthened its position as an important meeting point for science and industry. 
 
Rapid Methods Europe presents new and cutting-edge technologies focusing on multitarget 
screening, lower detection limits, wider range of matrices and shorter time, with an eye 
toward coming trends such as looking for unknown compounds and moving tests out of the 
laboratory. The aim of Rapid Methods Europe is to further strengthen the academia-industry 
relations and to further disseminate advanced research towards practical applications in food 
and feed analysis. 
 
Rapid Methods Europe 2011 features: 
 

 Plenary meetings and parallel sessions 

 Invited lectures and contributed papers 

 Poster presentations 

 Interactive workshops and demonstrations 

 Technical presentations 

 Interactive workshops & demonstrations 

 Instrument & manufacturers exhibition 

 Scientific speed dating 
 
As a comprehensive overview Rapid Methods Europe 2011 offers an excellent way to 
network and to share ideas, providing a reference source for anyone wishing to gain insight 
into the latest developments in microbial and chemical analysis for food and feed safety and 
quality. 
 
You are cordially invited to take part in the discussions with participants from different 
disciplines and to meet business relations in your area. We wish you an active and fruitful 
meeting! 
 
On behalf of the Advisory Committee, 
 
 
 
Dr. Daniel Barug 
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PROGRAMME AT A GLANCE 
 
 
Monday 24 January 2011 

13.00 - 14.45 Plenary meeting 
Rapid food analysis – harvesting the potential 
of medical diagnostics 

Instrument 
& 
manufacturers 
exhibition 

15.15 - 17.00 Parallel session 1 
Microbial analysis 

Parallel session 2 
Analysis of natural 
toxins and residues 

17.00 - 18.00 Poster viewing 
Workshops & demonstrations – Round I 

18.00 - 19.30 Rapid Methods‟ Lounge Party 

 
 
Tuesday 25 January 2011 

08.45 - 09.30 Plenary Keynote Lecture 

Instrument 
& 
manufacturers 
exhibition 

09.30 - 12.15 Parallel session 3 
Microbial analysis 

 

Parallel session 4 
Analysis of residues 
and foodborne 
contaminants 

12.15 - 13.30 Poster viewing 
Workshops & demonstrations –  Round II 

13.45 - 16.30 Parallel session 5 
Developments and 
trends  in analytical 
techniques 

Parallel session 6 
Food analysis: 
miscellaneous issues 

16.30 - 17.30 Poster viewing 
Scientific speed dating 

20.00 Conference dinner (reservations only) 

 
 
Wednesday 26 January 2011 

08.45 - 09.30 Plenary Keynote Lecture 

Instrument 
& 
manufacturers 
exhibition 

09.30 - 11.00 Parallel session 7 
Getting out of the lab: 
simple and cost-
effective rapid 
methods 

Parallel session 8 
Microbial analysis: 
promising techniques 

11.30 - 12.30 Plenary meeting 
Coming soon! 
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CONFERENCE PROGRAMME 
 
 
 

 
International conference, marketplace and scientific speed dating 

 
 
 
 

Rapid 
Methods 
   Europe 2011 
7th Conference 
Driving food and feed analysis forward! 
 
 
 

 
Advanced microbial and chemical analysis for food and feed safety and quality 

 
 
 
 
Monday 24 January 2011 
 
 
13.00 Opening of Rapid Methods Europe 2011 
 
Plenary meeting 
Rapid food analysis: harvesting the potential of medical diagnostics 
 
Chair: Dr. Aart van Amerongen 

Wageningen University & Research Centre, Food & Biobased Research, the 
Netherlands 

 
13.15 Surprise Lecture 

On the nose! 
Hotsche Luik, M.Sc. and Mystery Guest, HL&Honden, HL&Katten HL&Animal, Animal 
Behaviour and Cognition, the Netherlands 

 
13.45 Food pathogen diagnostics: can anything be learned from the medical molecular-

based diagnostics sector? 
Dr. Thomas Barry, National University of Ireland, Galway, School of Natural Sciences, 
Molecular Diagnostics Research Group, Ireland 

 
14.15 Diagnostics for developing countries: the key role of rapid testing 

Patrick Beattie, Diagnostics for All, USA 
 
15.15 Networking break & exhibition 
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Monday 24 January 2011 
 
 
Parallel session 1 
Microbial analysis 
 
Chair: Dr. Aart van Amerongen, Wageningen University & Research Centre, Food & 

Biobased Research, the Netherlands 
 
15.15 Selection criteria to support the choice of method for microbial analysis 

Dr. Vicky Jasson, Veterinary and Agrochemical Research Centre, Operational 
Directorate of Bacterial Diseases, Belgium   

  
15.45 Aptamer biosensors for detection of bacterial pathogens in the environment 

Dr. Regina Stoltenburg, Helmholtz Centre for Environmental Research, Centre for 
Environmental Biotechnology, Germany 

  
16.15 Rapid pathotyping of viruses 

Dr. Mikael Leijon, National Veterinary Institute, Department of Virology, Immuno-
biology and Parasitology, Sweden 

 
16.45 Spotlight presentation 

Rapid microbiology using the BactiFlow®ALS flow cytometer: industrial solutions for 
the food and cosmetic industry – from raw material control to end product release 

 Elke Kohler, AES Chemunex, France 
 
 
 
 
 
 

 
17.00 - 18.00 
 

 
Workshops & demonstrations – Round I 
 
Poster viewing 

 

 
 

18.00 - 19.30 Rapid Methods’ Lounge Party 
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Monday 24 January 2011 
 
 
Parallel session 2 
Analysis of natural toxins and residues 
 
Chair: Prof.dr. Sarah De Saeger, Ghent University, Department of Bio-analysis, Belgium 
 
15.15 Multiplex assays for biological toxins: from benchtop applications to on-site detection 

Dr. Brigitte G. Dorner, Robert Koch Institute, Center for Biological Security, Germany 
 
15.45 Rodent use replacement: the need for rapid methods to detect marine toxins 

Prof.dr. Luis M. Botana, University of Santiago de Compostela, Department of 
Pharmacology, Spain 

  
16.15 Rapid detection using low cost bioactive paper sensors: from pesticides to pathogens 

and beyond 
 Prof.dr. John D. Brennan, McMaster University, Department of Chemistry, Canada 
 
16.45 Spotlight presentation 
 The BioDot AD1000 – the handy way to get started in microarray and small drops 
 Dr. John Witton, BioDot, Ltd., UK 
 
 
 
 
 
 
 
 
 

 
17.00 - 18.00 
 

 
Workshops & demonstrations – Round I 
 
Poster viewing 

 

 
 

18.00 - 19.30 Rapid Methods’ Lounge Party 
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Tuesday 25 January 2011 
 
 

08.45 PLENARY KEYNOTE LECTURE 
Contaminants in our food? How to detect untargeted compounds and 

determine their identity 
Dr. Jerry Zweigenbaum, Agilent Technologies, Inc., USA 

 
 
Parallel session 3 
Microbial analysis 
Chair: Dr. Kitty Maassen, Wageningen University & Research Centre, Central Veterinary 

Institute, the Netherlands 
 
09.30 Detection, quantification and study of the virulence behaviour of pathogenic bacteria 

in food by using qPCR and microarrays: a focus on Listeria monocytogenes 
Dr. Luca Cocolin, University of Turin, Department of Protection and Reclamation of 
Agro-forestry Resources, Italy 

 
10.00 Mass spectrometry methods for microbiology and nutrition research 

Dr. Sascha Sauer, Max Planck Institute for Molecular Genetics, Otto Warburg 
Laboratory, Germany 

 
10.30 Networking break & exhibition 
 
11.00 A random-oligonucleotide genome microarray for bacterial diagnostics 

Dr. Jürg E. Frey, Agroscope Changins-Wädenswil Research Station, Department of 
Plant Protection, Switzerland 

 
11.30 Detection of anti-Salmonella antibodies in porcine serum using a suspension array 

Dr. Fimme van der Wal, Wageningen University & Research Centre, Central 
Veterinary Institute, the Netherlands  

 
12.00 Spotlight presentation 

Protein arrays on slides, sensors and membranes: using one manufacturing 
technology from early R&D to production of diagnostic devices 
Dr. Holger Eickhoff, Scienion AG, Germany 

 
 
 
 
 
 
 

Schedule of activities during lunch break: 
 

 Poster viewing 
 

 Workshop & demonstrations – Round II 
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Tuesday 25 January 2011 
 
 

08.45 PLENARY KEYNOTE LECTURE 
Contaminants in our food? How to detect untargeted compounds and 

determine their identity 
Dr. Jerry Zweigenbaum, Agilent Technologies, Inc., USA 

 
 
Parallel session 4 
Analysis of residues and foodborne contaminants 
 
Chair: Prof.dr. Sarah De Saeger, Ghent University, Department of Bio-analysis, Belgium 
 
09.30 The development and validation of a potentiometric biosensor assay for antimicrobial 

growth promoters in feedstuffs applicable for field-test use 
Sara Stead, The Food and Environment Research Agency, UK 

 
10.00 Immunochromatographic techniques for food allergen detection – expect the 

unexpected during development  
Dr. Sabine Baumgartner, University of Natural Resources and Applied Life Sciences, 
Department IFA-Tulln, Austria 

 
10.30 Networking break & exhibition 
 
11.00  GMOs: how to detect unauthorised and unknown variants? 

Prof.dr. Marc De Loose, Institute for Agricultural and Fisheries Research, Technology 
and Food Science Unit, Belgium 

 
11.30 Contributed paper 
 PCB-specific DNA aptamers as novel biosensor recognition elements 

Jaytry Mehta, University of Antwerp, Department of Biology, Belgium / Institute for 
Agricultural and Fisheries Research, Belgium 

 
11.45 Spotlight presentation 
 The new RIDASCREEN®FAST Milk ELISA detects casein and β-lactoglobulin 
 Dr. Ronald Niemeijer, R-Biopharm AG, Germany 
 
12.00 Spotlight presentation 

Rapid multi-analytical screening of residues in different food matrices with Evidence 
biochip arrays 

 Aaron Tohill, Randox Laboratories Ltd., UK  
 
 

 
 
 

Schedule of activities during lunch break: 
 

 Poster viewing 
 

 Workshop & demonstrations – Round II 
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Tuesday 25 January 2011 
 
 
Parallel session 5 
Developments and trends in analytical techniques 
 
Chair: Dr. Aart van Amerongen, Wageningen University & Research Centre, Food & 

Biobased Research, the Netherlands 
 
13.45 Advances in omics-based approaches in food analysis: towards a dedicated array for 

the detection of unknown contaminants 
 Dr. Toine Bovee, RIKILT-Institute of Food Safety, the Netherlands 
 
14.15 Developments in water quality monitoring: looking for target as well as for unknown 

compounds 
Prof.dr. Pim de Voogt, University of Amsterdam, Institute for Biodiversity and 
Ecosystem Dynamics / KWR Watercycle Research Institute, Chemical Water Quality 
& Health, the Netherlands 

 
14.45 Networking break & exhibition 
 
15.15 Developments in the application of green chemistry principles in food analysis 
 Dr. Mihkel Koel, Tallinn University of Technology, Department of Chemistry, Estonia 
 
15.45 Molecularly imprinted polymers: providing selectivity to solid-phase microextraction 

Dr. Antonio Martín-Esteban, National Institute for Agricultural and Food Scientific 
Research and Technology, Department of Environment, Spain 

  
16.15 Contributed paper 

Spin generated fingerprint profiling as combined targeted and non-targeted NMR 
analysis to optimize quality assessment of fruit juice 

 Dr. Peter Rinke, SGF International e.V., Germany  
 
 
 
 
 

 
16.30 - 17.30 
 

 
Poster viewing 
 
Scientific speed dating  
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Tuesday 25 January 2011 
 
 
Parallel session 6 
Food analysis: miscellaneous topics 
 
Chair: Dr. Bert Popping, Eurofins Scientific Group, UK 
 
13.45 The use of mass fingerprinting for fast aroma characterisation of foods  and 

beverages: relation with GC-MS profiling and sensory characterisation 
Prof.dr. Patrick Dirinck, Catholic University College Ghent, Association K.U.Leuven, 
Laboratory for Flavour Research, Belgium 
 

14.15 Capacitive biosensors for ultrasensitive analysis 
Prof.dr. Bo Mattiasson, University of Lund, Department of Biotechnology, Sweden 

 
14.45 Networking break & exhibition 
 
15.15 Raman spectroscopy: a non-destructive and on-site tool for control of food quality? 

Dr. Søren Hassing, University of Southern Denmark, Institute of Sensors, Signals and 
Electrotechnics, Denmark 

 
15.45 Screening of food and general industrial products with THz systems 

Ole Peters, Philipps University of Marburg, Department of Physics, Germany  
 
16.15 Contributed paper 
 Independent review of proprietary methods, including chemical methods? 
 Dr. Mika Tuomola, Nordic Committee on Food Analysis, Norway 
 
 
 
 
 
 
 
 
 

 
16.30 - 17.30 
 

 
Poster viewing 
 
Scientific speed dating  
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Wednesday 26 January 2011 
 
 

08.45 PLENARY KEYNOTE LECTURE 
Biosensors and new ligands in food and feed analysis 

Prof.dr. Marco Mascini, University of Florence, Department of Chemistry, Italy 

 
 
Parallel session 7 
Getting out of the lab: simple and cost-effective rapid methods 
 
Chair: Dr. Kitty Maassen, Wageningen University & Research Centre, Central Veterinary 

Institute, the Netherlands 
 
09.30 If simple does not work then make the complex simple: a mycobacterial compromise 

Dr. Richard Anthony, Royal Tropical Institute, KIT Biomedical Research, the 
Netherlands 

 
10.00 Field application (evaluation) of two optimized flow-through multimycotoxin 

immunoassay formats to screen a variety of food matrices in Cameroon, West Africa 
 Emmanuel Njumbe Ediage, Ghent University, Department of Bio-analysis, Belgium 
  
10.30 Point-of-care malaria diagnostics 

Dr. Aart van Amerongen, Wageningen University & Research Centre, Food & 
Biobased Research, the Netherlands 

 
11.00 Networking break & exhibition 
 
 
 
 
 
 
 
 
Plenary meeting 
Coming soon! 
 
Chair: Dr. Bert Popping, Eurofins Scientific Group, UK 
 
11.30 From TLC to Orbitrap: into the 5th gear!  

Prof.dr. Hubert De Brabander, Ghent University, Department of Veterinary Public 
Health and Food Safety, Belgium 

 
12.00 How to detect evidence of Life in extreme environments – beneath glaciers, in the 

stratosphere and on Mars? 
Prof.dr. David C. Cullen, Cranfield University, Cranfield Health, UK 

 
12.30 Closing of Rapid Methods Europe 2011 
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Wednesday 26 January 2011 
 
 

08.45 PLENARY KEYNOTE LECTURE 
Biosensors and new ligands in food and feed analysis 

Prof.dr. Marco Mascini, University of Florence, Department of Chemistry, Italy 

 
 
Parallel session 8 
Microbial analysis – promising techniques 
 
Chair: Dr. Bert Popping, Eurofins Scientific Group, UK 
 
09.30 A 3D dance of gold – single molecule detection via tethered particle motion 

Dr. Bernd Rieger, Delft University of Technology, Department of Imaging Science & 
Technology, the Netherlands 

  
10.00 Rapid microbial diagnostics: tmRNA to the rescue! 

Dr. Ott Scheler, University of Tartu, Institute of Molecular and Cell Biology / Estonian 
Biocentre, Estonia 

 
10.30 Rapid immunodetection of pathogens on interdigitated transducers by perturbation of 

conduction and displacement currents 
Dr. Antonio Baldi, The National Microelectronics Center, Barcelona Microelectronics 
Institute, Spain 

 
11.00 Networking break & exhibition 
 
 
 
 
 
 
 
 
Plenary meeting 
Coming soon! 
 
Chair: Dr. Bert Popping, Eurofins Scientific Group, UK 
 
11.30 From TLC to Orbitrap: into the 5th gear!  

Prof.dr. Hubert De Brabander, Ghent University, Department of Veterinary Public 
Health and Food Safety, Belgium 

 
12.00 How to detect evidence of Life in extreme environments – beneath glaciers, in the 

stratosphere and on Mars? 
Prof.dr. David C. Cullen, Cranfield University, Cranfield Health, UK 

 
12.30 Closing of Rapid Methods Europe 2011 
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WORKSHOP PROGRAMME 
 
 
Monday 24 January 2011 
17.00 - 18.00 
 
Tuesday 25 January 2011 
12.30 – 13.30 
 
All workshops will run concurrently. Each workshop will last for one hour and will be given 
twice. 
 
Workshop 1 
AES Chemunex rapid micro testing: flow-cytometry and PCR technology 
Sponsored and presented by AES Chemunex. 
 
Part I D-Count and Bactiflow technology: rapid microbiology methods for end 

product control and raw material release for food, cosmetic and non-sterile 
pharmaceutical products. 
The D-Count®, BactiFlow®ALS and the BactiFlow® systems, based on flow-cytometry 
technology, have been specifically designed by AES Chemunex to provide fast 
microbiological results, from raw material to finished product. All systems are 
combining speed of detection with high sensitivity level and therefore significantly 
reduce the time to result for microbiology testing. They can be used to control a wide 
range of different food, cosmetic and non-sterile pharmaceutical products.  

 
This workshop provides a theoretical overview of the labelling and detection 
technology, automation and available applications. A demonstration of the 
BactiFlow®ALS system allows to watch the system in operation and to see for 
yourself the easiness of use. The workshop is also an excellent opportunity to talk to 
the AES Chemunex product experts and discuss your individual needs.  

 
Part II ADIAFOOD pathogens PCR detection system: an easy approach to food safety!  

Pathogenic bacteria cause 90% of reported foodborne illnesses. Salmonella, Listeria 
monocytogenes and E. coli O157H7 have emerged as the most important food 
pathogens, having a „zero tolerance‟ in ready-to eat processed meats and dairy 
foods. Real time PCR technology allows laboratories to quickly and accurately detect 
pathogens in raw ingredients, finished products and environmental samples. But 
identifying low levels of these pathogens in food is a challenge, so industry is required 
to combine better enrichment broths and accurate detection systems. Thanks to its 
experience in food microbiology, AES Chemunex developed the Adiafood® range to 
answer this need. Adiafood® is a complete detection solution including an enrichment 
broth and a real time PCR kit using 2 specificity levels (specific primers and probes) 
for an accurate identification of different pathogens. After 18 h of enrichment, 
Adiafood® PCR system performs a PCR thermocycling process with results available 
in 3 h: it results in an overall TTR of 21 h for pathogens detection. This technology 
has been designed to simplify PCR analysis as it utilises a single amplification 
protocol for all the pathogens and does not need any curves interpretation.  

 
This workshop provides a theoretical overview of the three analysis steps and the 
advantage of a specific and rapid PCR detection system. It is also the opportunity to 
organize an easy demonstration of Adiafood® system with a multipathogenic assay in 
the same run. Moreover the workshop is an excellent opportunity to talk to the AES 
Chemunex product experts and discuss your individual needs. 
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Workshop 2 
The BioDot way to make lateral flow tests 
Sponsored and presented by BioDot Ltd. 
 
BioDot enables, inspires and educates scientists to commercialise their ideas from R&D 
through to manufactured product. Using its core competencies in low volume dispensing, 
cutting and laminating BioDot has developed a range of equipment for the research, 
development and manufacture of diagnostic tests. 
 
Part I BioDot will have the batch set of equipment for the production of diagnostic tests. The 

basic steps will be presented of dispensing antigens/antibodies, conjugates, buffers, 
etc., followed by lamination and cutting. There will also be a USB microscope 
mounted on a platform to examine the effects of the different types dispenser, non-
contact and contact, and the effects of different materials. This will be presented on a 
large screen TV for examination of the group. 

 
Part II A questions and answers section, and the ability to have one-to-one hands-on the 

equipment. 
 
 
 
 
 
 
 
 
Workshop 3 
VantixTM biosensor – portable antibiotics test in animal feed 
Sponsored and presented by Universal Sensors Ltd. 
 
Fast, simple and sensitive tests for antibiotics in animal feeds will soon be possible outside of  
the laboratory setting. VantixTM biosensors used in the Vantix Research portable analyser 
developed by Universal Sensors, offer high sensitivity detection of ten key antibiotics which 
have been banned by the EU as a growth promoter. Any existing ELISA assay can be 
migrated onto the Vantix platform, offering the potential to make a laboratory-based test 
faster, more sensitive and portable.   
 
Part I A demonstration of the Vantix Research System for in-field multiplex testing of 

antibiotics banned in the EU. 
 

During this workshop, we will preview for the first time, the new Vantix Research II 
portable analyser and the rapid detection of antibiotics in animal feed, with high 
sensitivity and minimal sample preparation. Attendees will get the opportunity to learn 
how the Vantix biosensors work, how assays are ported to this novel platform and 
how we have applied it to the multiplexed detection of antibiotics in animal feed and 
aflatoxins in milk. 

 
Part II  A live demonstration of these assays will be performed. 
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Workshop 4 
mericon: A new integrated system that meets your demands for food safety testing 
Sponsored and presented by QIAGEN Ltd. 
 
In a globalized food market with increasing demand for food research and monitoring, there 
is a need for streamlined testing solutions that are sensitive, accurate and easy to use with a 
variety of starting materials. 
 
QIAGEN´s new mericon food safety testing portfolio is a complete system of sample 
preparation and assay kits that meet the demands listed above. Based on detection by real-
time PCR, mericon™ PCR assay and sample preparation kits enable fast and reliable 
detection of a broad range of pathogens, genetically modified organisms, plant and animal 
matter in food and animal feed. A major advantage of the QIAGEN setup is harmonized 
detection protocols across the portfolio, resulting in workflows that differ only in sample 
preparation method.  
 
Complementing the aligned PCR-based detection assays, QIAGEN offers new sample 
preparation solutions specifically designed to process a variety of food materials, providing 
an optimal overall workflow performance. These sample preparation kits efficiently extract 
DNA from microbial enrichment cultures as well as directly from various food matrices, while 
minimizing the carryover of PCR inhibitors inherent to complex food samples. Both sample 
preparation and detection assays can be integrated into a consistent, automated workflow, 
allowing standardization of sample processing. In addition, mericon PCR assays are fully 
licensed for use of PCR, eliminating any additional costs. 
 
Part I This workshop provides a theoretical overview about QIAGEN´s new mericon 

productline and a demonstration of the workflow from sample preparation to result.  
 
Part II Furthermore the workshop offers an opportunity to talk to QIAGEN´s product experts 

and discuss your individual needs. 
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LOOKING FORWARD TO 
 

SEEING YOU AGAIN NEXT YEAR! 
 
 

 
 
 

RAPID METHODS EUROPE 2012 
 

JANUARY 2012 
 

THE NETHERLANDS 
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LECTURES 
 
 

On the nose! 
 
Hotsche Luik and Cliff 
 
HL&Honden HL&Katten HL&Animal, Animal Behaviour and Cognition, the Netherlands; 
info@hotsche-luik.nl 
 
Hotsche Luik, M.Sc., psychologist, animal behaviourist and therapist specialises in canine 
scent detection research. Her company works with scent detection dogs since at least fifteen 
years, specializing in health projects and research. Her last known project has been with the 
scent detection dog Cliff, in the media now known as Dr. Cliff. Worldwide this is the first dog 
that can detect one specific bacterium, Clostridium difficile. This bacterium can cause severe 
colon problems, starting with diarrhoea, colon infection and even death. The strength of this 
type of detection lies in its ability to detect C. difficile in an early stage, so an outbreak can be 
stopped or preferably even be prevented. Especially in hospitals or nursing homes where 
people may have health issues, an outbreak can be a great risk. Where a laboratory may 
take at least one to four days, or even more, Cliff can detect a problem in minutes. 
 
Before starting any research or training it must be assured that there is minimal risk involved 
for the dog as well as for the trainer. In addition to the scent research on the Clostridium 
bacterium Hotsche Luik is at present also involved in research on the possibilities to detect 
several forms of cancer, and to detect mould and oil leakage in outdoor projects.   

 
 

 

 
 
 

mailto:info@hotsche-luik.nl
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Food pathogen diagnostics: can anything be learned from the 
medical molecular-based diagnostics? 
 
Thomas Barry 
 
National University of Ireland, Galway, School of Natural Sciences, Molecular Diagnostics 
Research Group, Ireland; thomas.barry@nuigalway.ie 
 
This presentation will give an overview of the expertise of the Molecular Diagnostics 
Research Group (MDRG) at NUI Galway which is focused on the discovery and development 
of unique molecular diagnostic markers for use primarily in bacterial and fungal infectious 
disease testing, but also for use in food pathogen diagnostics and environmental water 
contamination testing. The strategy adopted by the MDRG in bringing diagnostic markers to 
the clinical sector will be discussed. In the absence of a large clinical sample population, the 
group focussed on the generation of a significant intellectual property (IP) portfolio around 
the diagnostics markers they have discovered (somewhere in the region of 30-40 diagnostics 
markers). This required the group to become industry compliant and to implement good 
laboratory practice in order to validate the diagnostics markers to a level that was acceptable 
to industry. This focus on commercialisation has resulted in the technologies developed 
being associated with three of the top six in vitro diagnostic multinational companies in the 
world. It will be highlighted that one of the significant personal challenges in this approach to 
biomarker discovery and generation of IP was the lack of freedom to publish the MDRG‟s 
research. However, once IP was protected and commercialised the group has published a 
number of peer reviewed publications in the area of molecular diagnostics for infectious 
diseases/pathogens in the last five years. 
 
The presentation will focus on aspects of the following: 

 The importance of appropriate study design and planning for diagnostics marker 
discovery and validation.  

 Technical and economic drivers for molecular based clinical diagnostics  

 For diagnostics markers developed for clinical use, the assay technology needs to be 
simple to perform. 

 Commercial partnerships are the most likely endpoint for clinical diagnostics marker 
development in the academia arena.  

 Independent clinical data and sample monitoring for quality control and quality 
assurance is key.  

 The true measure of the value of a biomarker is that it drives patient management 
and influences clinical practice and decision making thereby adding value to the 
healthcare system. 

 

 

mailto:thomas.barry@nuigalway.ie
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Diagnostics for developing countries: the role of rapid testing 
 
Patrick Beattie 
 
Diagnostics for All, USA; pbeattie@dfa.org 
 
Preventable infectious diseases are killing millions of people each year, disproportionately 
those in developing countries. Deaths from infectious disease account for 40% of deaths in 
developing countries and 70% of deaths of children 5 years or younger. Compounding the 
issue is the reality of health care in most developing countries. While health care in 
developed countries centres around large, centralized health facilities with high-throughput 
and highly automated laboratories, well-staffed and well-stocked hospitals are few and far 
between in developing countries. Even if a patient can make it to a hospital (often a multi-day 
affair), because of their scarcity and small budgets, they are often overburdened and unable 
to deal with the flood of patients. Instead, health care systems in developing countries are 
generally decentralized, with minimally trained health care workers travelling to villages to 
give on-site advice, training, and triage. This reality, coupled with increased attention on 
global health, has created a space for the development of low-cost, point-of-care diagnostics, 
and the lessons learned and technology developed in this area can be effectively used in the 
wider rapid-testing realm. 
 
In addition to the decentralized nature of the health care system, developing countries pose 
several restrictive design constraints that test the robustness of any diagnostic test. High 
temperatures, lack of cold chain, distribution difficulties, and the minimal education of end-
users are all risks that a successful point-of-care must mitigate. Additionally, because of 
difficulties with patient follow-up in situations where patients lose wages by taking time off to 
visit the clinic and often have to travel long distances, it is very important that an actionable 
result can be achieved in a rapid manner, while the patient is still on site. Finally, the 
economic realities of the situation mean that all of these characteristics need to be delivered 
at a low cost that is still affordable by patients who could be earning literally less than a dollar 
a day. These constraints have led the World Health Organization (WHO) to define an ideal 
point-of-care test as one that is ASSURED, meaning it is: Affordable, Sensitive, Specific, 
User-friendly, Rapid and robust, Equipment free, Deliverable to end users. 
 
The first generation of rapid, point-of-care tests to have a large impact on health in 
developing countries consists of lateral flow and dipstick tests. These testing platforms are 
more commonly known by their lead products, at-home pregnancy tests for lateral flow tests 
(LFTs) and urinalysis dipsticks. Due to their low-cost, ease of use, and clear readout, these 
tests have had considerable impact in global health, especially in the qualitative diagnosis of 
various diseases. However, as treatment options and general health in developing countries 
have increased so has the need for more quantitative and sophisticated diagnostics. This 
has lead to the development of next-generation microfluidic systems designed to increase 
the sophistication of the tests while maintaining the low-cost and ease of use of the first 
generation tests, all from small sample sizes that can be obtained in minimally invasive ways. 
This evolution began first with glass and plastic based microfluidic platforms, and more 
recently with paper-based microfluidics. In addition, these technologies are leveraging the 
computing capabilities and the near ubiquitous existence of mobile phones to enable 
quantification and data monitoring without adding cost. 
 
Health care in developing countries shows both the continued need for rapid test 
development for health care and the potential for rapid tests in other fields. 
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Selection criteria to support the choice of method for microbial 
analysis 
 
Vicky Jasson1, L. Jacxsens2, P. Luning3, A. Rajkovic2 and M. Uyttendaele2 
 
1Veterinary and Agrochemical Research Centre, Operational Directorate Bacterial Diseases, 
Operational Unit Foodborne and High Pathogenic Zoonoses, Belgium, 2Ghent University, 
Department of Food Safety and Food Quality, Laboratory of Food Microbiology and Food 
Preservation, Belgium and 3Wageningen University, Agrotechnology and Food Sciences, 
Product Design and Quality Management Group, the Netherlands; vicky.jasson@var.fgov.be 
 
Classical cultural methods are still considered the golden standards in food microbiology. 
Many international reference methods (e.g. ISO methods) still rely on these classical cultural 
methods. An alternative microbial method, other than the reference method, is only 
acceptable if all parties involved with the results agree with, and accept the methodology 
employed. According to the EU Regulation 2073/2005, the use of alternative methods is 
acceptable when the methods are validated in accordance with the protocol set out in the 
International Organization for Standardization (ISO) standard 16140 for method validation 
[1]. In its widest sense, validation demonstrates the fitness for purpose of a method. In the 
frame of ISO 16140, a validation encompasses a method comparison study especially 
looking for the degree of correspondence between the response obtained by the reference 
method and the response obtained by the alternative method on identical samples. An inter-
laboratory study of the method in question is also part of the full validation study. Inter-
laboratory testing further provides an indication of the precision and the robustness of a 
method. Notwithstanding the external validation of a method, when implementing a method 
in one‟s own lab, a secondary validation (also referred to as verification) to demonstrate that 
the method functions in the user‟s hands with the food types analysed within one‟s own lab is 
recommended. 
 
Nowadays numerous and diverse alternative methods for microbial analysis of foods exist. 
They are currently brought to the market by various suppliers in a variety of formats as a 
result of recent developments, particularly in the field of biotechnology, microelectronics and 
related software development. Many of them have been proven to be equivalent to the 
“golden standard” reference methods with regard to the performance characteristics of the 
method. Due to an overload of alternative methods and/or formats on the market, food 
business operators or competent authority, for which microbial analysis (MA) of food is only a 
supporting tool in the assurance of food safety, have difficulties in deciding which method is 
best fit for their purpose in their particular context. Therefore selection criteria are listed in 
Figure 1, which can aid in the process of decision-making regarding the selection of the most 
appropriate methods for MA in a specific situation. The list of selection criteria can help the 
end user of the method to obtain a systematic insight into all relevant factors, beyond the 
technical performance characteristics of the method (validation certificate) that may affect the 
choice of method to be implemented in the laboratory. The selection criteria are chosen 
based on a techno-managerial point of view (Figure 1) and consists of four main inputs of 
information, I) objective of MA, II) managerial selection criteria, III) technological selection 
criteria and IV) sustainability selection criteria. The selection criteria can be linked with 
certain parameters belonging to the alternative methods. 
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Figure 1. Jasson et al., 2010 [2]. 

 

Objective of microbial analysis

Stakeholder Purpose Type of sample Parameter
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•Food business operator
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Managerial selection criteria
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Technological selection criteria
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Sustainability selection criteria

Communication Credibility Service Logistics

•Routine analysis

•Ad hoc analysis
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Aptamer biosensors for detection of bacterial pathogens in the 
environment 
 
Regina Stoltenburg and B. Strehlitz 
 
Helmholtz Centre for Environmental Research, Centre for Environmental Biotechnology, 
Germany; regina.stoltenburg@ufz.de 
 
The contamination of drinking waters with pathogens is a big problem in particular in arid 
regions of the world and after natural catastrophes. New simply and safely methods to check 
the drinking water quality are needed. Aptamer biosensors could be an alternative tool for 
pathogen detection enabling fast and easy measurements. The aptamers are special nucleic 
acid sequences and serve as biological recognition elements in these affinity biosensors. 
They are developed by a relatively new technology.   
 
Nucleic acids as such are very attractive compounds for combinatorial chemistry. They are 
able to fold into defined secondary and tertiary structures, and they can easily be amplified 
by PCR. Very complex libraries of random sequence oligonucleotides with about 1015 
different molecules can be produced by chemical synthesis and screened in parallel for a 
particular functionality, such as recognition and high affinity binding to a given target or 
catalytic activity. In 1990, three laboratories independently described a method for the 
identification of nucleic acid sequences, exhibiting predetermined properties, within large 
pools of randomised synthetic oligonucleotides [1-3]. This method is known as SELEX 
(Systematic Evolution of Ligands by EXponential enrichment) and is now widely used for the 
selection of aptamers, which bind their target with high affinity and specificity. 
 
The functionality of aptamers is based on their 3D-structure, which is dependent on the 
primary sequence, the length of the nucleic acid molecule (smaller than 100 nt) and the 
ambient conditions. Typical structural motives are stems, internal loops, bulges, hairpin 
structures, tetra loops, pseudoknots, triplicates, kissing complexes, or G-quadruplex 
structures. In presence of the target, the aptamers undergo adaptive conformational changes 
and their three-dimensional folding creates a specific binding site for the target. The 
intermolecular interactions between aptamer and target are characterised by a combination 
of complementarity in shape, stacking interactions between aromatic compounds and the 
nucleobases of the aptamers, electrostatic interactions between charged groups, and 
hydrogen bonds [4-6].    
 
The aptamer selection process (SELEX) is an iterative process (Figure 1). Starting point is a 
chemically synthesised random DNA oligonucleotide library consisting of about 1013 to 1015 
different sequence motifs. Several rounds (typically 6 to 20 rounds) of in vitro selection 
(binding, partitioning) and enzymatic amplification of oligonucleotide variants result in the 
enrichment of relatively few sequence motifs with the highest affinity and specificity for the 
target. This evolution is driven by the selection conditions (target features and concentration, 
buffer, temperature, incubation time, efficiency of the partition method, negative selection 
steps ...). The stringency strongly affects the affinity and specificity of the aptamers to be 
selected, and is typically progressively increased in the course of a SELEX process. 
 
The SELEX technology has been applied to different classes of targets. Inorganic and small 
organic molecules, peptides, proteins, carbohydrates, antibiotics as well as complex targets 
like target mixtures or whole cells and organisms were used for an aptamer selection [7-11]. 
Aptamers can also be selected for toxic or non-immunogenic targets. Once selected, they 
can be produced by chemical synthesis in high amount and with high reproducibility. Multiple 
modifications are possible e.g. to enhance their stability or to permit the quantification and 
immobilisation of the aptamers. Denatured aptamers can be regenerated. Because of these 
properties aptamers represent an alternative to antibodies regarding analytical applications. 
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Figure 1. SELEX process for the selection of target-specific DNA aptamers. The starting randomised 
oligonucleotide library is directly used for binding with the target molecules (in this case immobilised 
on magnetic beads) in the first SELEX round. Unbound oligonucleotides are removed by several 
stringent washing steps of the binding complexes. The target-bound oligonucleotides are eluted and 
subsequently amplified by PCR. A new enriched pool of selected oligonucleotides is generated by 
purification of the relevant ssDNA from the PCR products. This selected new oligonucleotide pool is 
then used for the next selection round. If an enrichment of target-specific oligonucleotides is observed 
the last SELEX round is finished after the amplification step. The enriched aptamer pool is cloned and 
several individual aptamers have to be characterised. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Since the early phase of the SELEX technology utilisation, it often was modified to make the 
selection process more efficient and less time consuming, and to select aptamers with 
particular binding features (affinity, specificity) for different target molecules and for different 
applications. 
 
Aptamers have a great potential for their use in the field of medical and pharmaceutical basic 
research as well as clinical diagnostics and therapy (e.g. inhibition of enzyme activities, 
blocking of receptor binding sites). Moreover aptamers are suitable as molecular recognition 
elements in a wide range of analytical systems with the goal of the separation and 
purification of molecules from complex mixtures or of the detection of molecules in complex 
matrices. In this context, aptamers will play an important role as new receptors in biosensors 
[12, 13]. Different biosensor designs based on aptamers as recognition elements have been 
described as proof-of-principle. Main transducer principles for such aptamer biosensors are  
mass-sensitive detection principles (SPR, QCM, and SAW) and electrochemical sensing
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methods. Other so called aptasensors have been described using colorimetric detection 
methods (e.g. gold nanoparticles) and methods based on fluorescent measurements (FP, 
FRET) or enzymatic reactions (ELONA). 
 
Aptamer application in the environmental analysis, water analysis or food analysis is a 
promising and challenging area of research. A very interesting and important field in this 
connection is the detection and quantification of microbial pathogens. Several aptamers have 
been selected for viral and bacterial proteins as defined target molecules, but also for whole 
cells as complex, non-defined targets [14]. Variable designed aptasensor platforms based on 
these aptamers have been developed and their functionality for the detection of viral or 
bacterial proteins could be shown. But the whole-cell detection of e.g. bacteria using 
aptasensors is a relatively new area. Main challenges are in terms of aptamer development 
the whole-cell SELEX procedures and post-SELEX optimisations of the binding conditions 
between aptamer and target cells. In terms of pathogen detection with aptamers the matrix 
complexity of the samples (environmental and food samples) and the mostly small microbial 
concentrations in the samples are challenging conditions. 
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Rapid pathotyping of viruses 
 
Mikael Leijon 
 
National Veterinary Institute, Department of Virology, Immunobiology and Parasitology, 
Sweden; mikael.leijon@sva.se 
 
Considering the serious epidemiological threat posed by highly pathogenic influenza viruses 
worldwide a novel and fast strategy for avian influenza pathotyping, which avoids the need 
for cleavage site sequencing, is presented. Differentiation of the two large sets of cleavage 
site sequences, signifying high- and low-pathogenic viruses, is achieved by a semi-nested 
three-level PCR system, which decouples the recognition and detection events. By 
monitoring the difference signal from fluorogenic primers, a straightforward positive-or-
negative detection scheme allows swift and simple typing. The avian influenza pathotyping 
assay interrogates the sample for almost 500 different cleavage site sequences. Occurrence 
of cleavage sites characteristic for high- or low-pathogenic viruses is indicated by a positive-
or-negative fluorescence signal, respectively. It is shown that the assay concept is 
extensible, versatile, robust and highly efficient. Proteolytic posttranslational cleavage is a 
common requirement for virus activation and frequently coupled to pathogenicity. Thus, the 
assay technique should find broad application in basic viral research as well and diagnostic 
applications and in general genomic typing applications. This is shown by utilizing the same 
principles for the design of a Newcastle disease virus pathotyping assay. In addition, the 
assay format is implemented on the SmartCycler real-time PCR instrument using two-
compartment PCR tubes which effectively put the semi-nested PCR system in closed-tube 
format suitable for field detection settings. 
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Rapid microbiology using the BactiFlow ALS flow cytometer: 
industrial solutions for the food and cosmetic industry – from raw 
material control to end product release 
Spotlight presentation 
 
Elke Kohler 
 
AES Chemunex, France; e.kohler@aeschemunex.com 
 
Industrial quality control laboratories are facing increasing pressure to reduce the turnaround 
time on microbiological testing. The main driver behind is the desire to reduce production 
cycle times and inventories, to implement just-in-time manufacturing processes  and to 
minimise the risks and costs associated with potential in-process contamination whilst 
continuing to guarantee and enhance the quality of products delivered to customers. To 
achieve these objectives, the ability to detect low levels of target micro-organisms in real time 
is essential. Traditional micro-biological testing is a relatively slow component of the quality 
control process as it relies on traditional plate count methodology, which is labour intense 
and requires organism growth on an agar plate. By using plate count method, obtaining 
results can take several days until colonies on plates can be counted. As a consequence 
final products have to be held in house for several days awaiting microbiology results.  
 
The D-Count®, BactiFlow®ALS and the BactiFlow® systems (Figure 1), both based on flow 
cytometry, have been specifically designed by AES Chemunex to provide fast microbiological 
results, from raw material to finished product. All systems are combining speed of detection 
with high sensitivity level and therefore significantly reduce the time to result for microbiology 
testing. The AES Chemunex flow cytometry range can be easily implemented in routine 
quality control laboratories. They can be used for a wide range of different food, cosmetic 
and non-sterile pharmaceutical products. It is a direct count method with excellent correlation 
to the traditional plate count methods. Results are available in hours instead of days. 
Systems are easy-to-use.  
 
 
Figure 1. AES Chemunex range of flow-cytometers: D-Count

®
 (left), BactiFlow ALS

®
 (middle), 

BactiFlow (right). 
  
 
 

                                
 
 
 
 
 
 
The D-Count® and BactiFlow® systems are based on fluorescent cell labelling technologies, 
which mark individual viable cells, combined with ultra-sensitive laser based analyzers. After 
labelling the sample is injected into the quartz flow-cell and cells are individually counted.  
Results are displayed as number of microorganisms/ml or g. Flow cytometry is a direct count 
method, where cells area individually counted and provides excellent and direct correlation 
with the traditional plate count method. 
  
Three levels of automation are available to meet your laboratory workload: 

 D-Count®: fully automated flow cytometer; easy to use software for routine use; fully 
automated with sample labelling on board; automate capacity 50 (food) - 64  
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(cosmetics) samples; throughput 50 samples per hour (application dependent); single 
sample result in less than 20 minutes. 

 BactiFlow® ALS: fully automated flow cytometer; easy to use software for routine use; 
fully automated with sample labelling on board; automate capacity 25 samples; 
throughput 20 samples per hour (application dependent); single sample result in less 
than 30 minutes. 

 BactiFlow: semi-automated flow cytometer; easy to use software for routine use; 
manual labelling and automated reading; throughput up to 12 samples per hour 
(application dependent); single sample result in less than 30 minutes. 

 
The AES Chemunex range of flow cytometers are designed to provide rapid microbiology 
results with highest sensitivity and reliability to industrial routine quality control laboratories. 
D-Count® and the BactiFlow® systems allow to analyse all kind of samples, from incoming 
raw material to final product release, in real-time. The availability of sensitive microbial 
counts in minutes now provides production personnel with a new level of microbial control.  
D-Count® and the BactiFlow® enable the laboratory to directly support and influence product 
quality and company profitability.  

 
Please visit the AES CHEMUNEX stand in the exhibition area. We will be pleased to 
welcome you and provide you full information on our products and applications. 
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Multiplex assays for biological toxins: from benchtop applications 
to on-site detection 
 
S. Kull1, D. Pauly2, T. Schreiber2, S. Kirchner2, S. Worbs2, B. Störmann2, M. Stämmler1, 
P. Lasch1, D. Naumann1, A. Nitsche3, M.B. Dorner2 and Brigitte G. Dorner2 
 
1Robert Koch Institute, Biomedical Spectroscopy, Germany, 2Robert Koch Institute,  
Center for Biological Security, Microbial Toxins, Germany and 3Robert Koch Institute, Center 
for Biological Security, Highly Pathogenic Viruses, Germany; dornerb@rki.de 
 
Food-born intoxications caused by botulinum neurotoxins (BoNT) or staphylococcal 
enterotoxin B (SEB) are associated with severe and recurrent diseases within Europe. 
Together with the plant toxin ricin these toxins are also considered as potential biological 
warfare agents. From a diagnostic point of view, biological toxins are a challenging group of 
agents as they may act in the absence of the producing organism and its genetic information. 
Therefore, the focus of detection cannot be – as in the case of viruses and bacteria – on 
nucleic acid-based methods. Rather, the toxin itself has to be detected either by 
immunological, spectrometric or functional assays or combinations thereof. For the detection 
of protein toxins antibody-based techniques are useful to enrich and extract the toxins from 
complex matrixes. However, antibodies which recognize the native toxins with high affinity 
and specificity are not readily available. In our studies, a novel immunisation strategy was 
used to generate high-affinity monoclonal and polyclonal antibodies against native ricin, 
BoNT/A, and BoNT/B which were implemented together with antibodies against SEB into a 
highly sensitive magnetic and fluorescent multiplex bead array (Luminex technology, [1]). 
Using this technique, excellent sensitivities between 2 pg/ml and 73 pg/ml from a minimal 
sample volume of 50 µl were reached, and the method proved amenable for enrichment of 
biological toxins from food matrices. 
 
Additionally, a second more precise screening method was established, where we combined 
a multiplex-immunoaffinity purification approach with matrix-assisted laser desorption/ 
ionization (MALDI)-based detection for different toxins. The method was applied to the 
simultaneous identification of ricin, SEB, BoNT/A, and BoNT/B in complex matrixes showing 
a sensitivity of 500 fmol for each toxin. Furthermore, the MALDI-based multiplex assay 
allowed for the discrimination of closely related BoNT sero- and subtypes, including a real 
case of food-born botulism in Germany [2]. 
 
In the context of food-born intoxications it is also important to detect the pathogen itself. To 
this end, we have developed a quantitative multiplex real-time PCR assay for the 
simultaneous detection of the human pathogenic Clostridium botulinum serotypes A, B, E, 
and F. Using spiked food samples we were able to detect between 103 and 105 cfu/ml, 
respectively. This method was validated on a larger number of clostridia and other bacteria 
and proved useful for the analysis of real botulism specimens (clinical and food samples, [3]).  
 
In conclusion, we have developed multiplex technologies for BoNTs, SEB and ricin which are 
useful for the simultaneous detection of the toxins either on a protein or on a DNA-level. 
Independent of the different laboratory-based multiplex approaches we are currently 
developing on-site detection methods for the mentioned toxins based on different microarray-
based platforms. Advantages and limitations of the current technologies will be presented 
and discussed. 
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Rodent use replacement: the need of rapid methods to detect 
marine toxins 
 
Luis M. Botana 
 
University of Santiago de Compostela, Department of Pharmacology, Spain; 
luis.botana@usc.es 
 
Over the past decades, the advance in the detection of marine toxins has been very slow. 
But the progress on the field had a major boost in recent years, due to the combination of 
available funds and technology. This talk will discuss the progress in the advance of 
alternative methods to the current legal method in Europe, the mouse bioassay. The recent 
progress evaluation of the EFSA Working Group on marine toxins, combined with available 
methods developed under the EU funded projects, BIOCOP, CONffIDENCE, DETECTOX 
and ATLANTOX among others, has defined a horizon of alternative options that is more than 
ever becoming clear. The advance in legal modifications being taken by the EU Commission 
is also speeding the path of change of alternative methods. 
 
All available technologies will be discussed: LC-MS/MS, receptor-based methods, antibody-
based methods, and binding-based methods. The problems of toxic equivalent factors, toxin 
standards, and toxin groups included in the legislation, will be also addressed. The use of 
receptor-based approaches opens another possibility: the use of marine toxins as leads to 
new drugs. This keynote will also address this possibility. 
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Rapid detection using low cost bioactive paper sensors: from 
pesticides to pathogens and beyond 
 
John D. Brennan 
 
McMaster University, Department of Chemistry & Chemical Biology, Canada; 
brennanj@mcmaster.ca 
 
Bioactive paper-based diagnostic sensors have recently gained attention as a platform for 
rapid and inexpensive analysis in a field setting. In this presentation, the use of ink-jet 
deposition of reagents onto paper-based lateral flow devices, and the use of such devices for 
toxin and pathogen detection will be described. The first example (Figure 1) will focus on the 
use of a reagentless bioactive paper-based solid-phase biosensor for detection of 
acetylcholinesterase (AChE) inhibitors, including organophosphate pesticides, with detection 
limits in the low to sub-nanomolar range using a 5 minutes analysis time. 
 
 
Figure 1. Reagentless bioactive paper-based solid-phase biosensor for detection of 
acetylcholinesterase inhibitors. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
The second example describes a novel lateral flow colorimetric paper sensor for detection of 
Escherichia coli using the intracellular enzymes, β-glucuronidase (GUS) or β-galactosidase 
(GAL). The chromogenic substrates, 5-bromo-4-chloro-3-inodyl-β-D-glucuronide (X-GLUC) 
or chlorophenol red β-D-galactopyranoside (CRPG), which is printed onto the paper strip, is  
 
 
Figure 2. Novel lateral flow colorimetric paper sensor for detection of Escherichia coli.  
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hydrolyzed by GUS or GAL to form a dark blue indigo or red dye, respectively. The coloured 
product is captured and preconcentrated on the paper using hydrophobic barriers. The assay 
protocol involves selective magnetic preconcentration of specific E. coli strains, including 
H7:O157, followed by lysis of cells and detection of GUS or GAL on paper, and provides 
detection limits in the range of 25 cfu/ml in 5 min, <1 cfu/ml with ~2 h of culturing, and better 
than 1 cfu in 100 ml of water after 8 h of culturing (Figure 2). Both the pesticide and pathogen 
detection strips are shown to be suitable for rapid and quantitative testing of food and 
beverage samples. 
 
Our recent work on extending the bioactive paper sensing platform to multi-analyte detection 
will be described. 
 
 
 
 
 
 
 
 
 



36  Rapid Methods Europe 2011  
  24-26 January 2011, the Netherlands 

The BioDot AD1000 – the handy way to get started in microarray 
and small drops 
Spotlight presentation 
 
John Witton 
 
BioDot Ltd., UK; john.witton@biodot.com 
 
BioDot have worked tirelessly with scientists to convert their ideas from R&D projects to 
working tests and able to manufacture those tests easily, consistently and economically. In 
the course of our contacts with the R&D scientist we have seen the need for a simple entry 
level nanolitre dispenser that is highly precise and accurate. The BioDot AD1000 (Figure 1) 
provides an aspirate and dispense hand held dispenser that enables the scientist to optimize 
dispensing at a very early stage and graduate through tp pilot and production machines 
using exactly the same dispense technology. 
 
The AD1000 enables dispensing of drops and 20nl up to 2μl with a single drop, and larger 
volumes with multiple drops. This configuration uses a solenoid valve that is synchronized 
with a positive displacement of the syringe to dispense drops at frequencies in the range of 
20-1000 Hz and is none contact, on a continuous base. This quantitative none contact 
technology couples the BioDot „drop-on-demand‟ valve with a high resolution syringe pump 
to meter precise amounts of reagent. Incorporating the benefits of none contact dispensing 
and the ability to program exact drop volumes results in Biojet technology being flexible and 
highly accurate. The AD1000 links this with a hand held wand, an umbilical links the wand to 
the syringe pump to enable dispense of drops onto any target, microscope slides, microtitre 
plates, nitrocellulose coated substrates. Using the aspirate mode the AD1000 can aspirate 
using as little as 7μl of source liquid and dispense drops down to 20nl, offering a volume 
precision of CV of 7.5% or better. 
 
 
Figure 1. The BioDot A1000. 

  
 
 
 
Liquids of different viscosity or surface tensions can be accommodated with control of valve 
opening times, syringe speed and tip selection. Dead volumes are not a problem by using 
the aspirate mode and repeated dispensing can be carried out using the reservoir and bulk 
dispense mode. 
 
Please visit the BioDot stand in the exhibition area. We will be pleased to welcome you and 
provide you full information on our products and applications. 
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Contaminants in our food? How to detect untargeted compounds 
and determine their identity 
Plenary Keynote Lecture 
 
Jerry Zweigenbaum 
 
Agilent Technologies, Inc., USA; j_zweigenbaum@agilent.com 
 
Since the intentional adulteration of melamine in gluten bound for pet food and the 
subsequent „event‟ where thousands of pets in Canada and the United States were sickened 
and where some percentage died from renal failure, there has been growing concern about 
how to detect and identify un-targeted or „unknown‟ compounds in food and feed. In the case 
of melamine, it took almost two months for scientists to detect and determine that this small 
molecule, at percent levels, and possibly lower concentrations of its analogue cyanuric acid 
was the culprit. Not only does the analytical community need to have methods to detect and 
identify untargeted contaminants in food and feed, but they need to be „rapid‟ as well. 
 
In addition to an „event‟ requiring intensive investigation, there is also the concern that lower 
levels of an unknown contaminant, whether intentional or unintentional caused by man or 
nature, persisting over an extended period would cause chronic toxicity detrimental to human 
health. 
 
A comprehensive strategy includes the determination of heavy metals, inorganic salts, the 
vast content of organic compounds, and even low levels of radio-active material. This 
presentation will define the boundaries of analyses distinguishing both targeted and 
untargeted contaminants and discuss strategies that could meet the needs of determining 
unknowns. Because untargeted contaminants will never be found if they are not in the 
prepared sample, the issues with sampling and sample preparation will be examined. 
Because I am an analytical chemist focused on the qualitative and quantitative determination 
of organic compounds, examples will be given of the analysis of this category of 
contaminants. Special emphasis will be on the use of LC with hyphenated accurate mass 
MS/MS. Data mining tools will be described to aid the determination of non-targeted 
compounds. Finally, the investigation of a true „unknown‟ will be described and what tools 
may be brought to bear on both the detection and identification of this type of contaminant.      
 
 
 
 
 
 
 

mailto:j_zweigenbaum@agilent.com


38  Rapid Methods Europe 2011  
  24-26 January 2011, the Netherlands 

Detection, quantification and study of the virulence behaviour of 
pathogenic bacteria in food by using qPCR and microarrays: a 
focus on Listeria monocytogenes 
 
Luca Cocolin, V. Alessandria, P. Dolci and K. Rantsiou 
 
University of Turin, Department of Protection and Reclamation of Agro-forestry Resources, 
Italy; lucasimone.cocolin@unito.it 
 
Listeria monocytogenes is a foodborne pathogen of great concern for the food producing 
companies. Due to its physiological characteristics, such as resistance to acidic and sodium 
chloride stress, ability to grow at low temperature and possibility to form biofims, it can 
persist and/or re-contaminate food products, thereby representing an important risk for the 
safety of the consumers. The lack of decrease in the occurrence of listeriosis, reported in the 
community summary report on foodborne outbreaks in the European Union in 2007, warns 
for the need of special attention to this foodborne pathogen in order to combat its presence in 
foodstuffs. Several reviews have been published focusing on: the epidemiology and 
pathogenesis, the survival in adverse conditions and the adaptation mechanisms and the 
methods for isolation and identification. Moreover, the data reported in a large number of 
research studies in the recent years, suggests that L. monocytogenes is not an „emerging‟ 
pathogen anymore. L. monocytogenes, although less frequent in humans compared to 
campylobacters and salmonellas, shows a high mortality rate of 20 per cent, particularly 
amongst vulnerable groups such as the elderly. Listeriosis is also very dangerous to 
pregnant women as it can cause foetal infections, miscarriages and stillbirths. The foods 
most frequently associated with the outbreaks have been identified as RTE foods, smoked 
fish and other fishery products, followed by meat products and cheese. In the effort of 
combating L. monocytogenes in foodstuffs, several researchers focused on the development 
of new methods, based on molecular biology, which could detect this pathogen more rapidly 
and reliably with respect to traditional microbiological methods.  
 
In this study, in the frame of the 6th EU FP Integrated Project Pathogen Combat, we 
optimized molecular approaches to better understand the prevalence and behaviour of L. 
monocytogenes in food. A quantitative PCR (qPCR) protocol was applied to investigate the 
presence of this pathogen in several traditional fermented products in the North-West of Italy 
and for its monitoring in a dairy company during two subsequent years. Moreover, a 
subarray, including 54 genes involved in virulence and stress response, was exploited in 
order to study the response of L. monocytogenes to different food matrices. The results 
obtained by applying qPCR underlined that traditional fermented products are generally safe 
and only in the case of fresh cheeses made from raw milk, L. monocytogenes could be 
quantified in the order of 103 colony forming units (cfu)/g. More interestingly, the data 
produced from the monitoring program in the dairy company highlighted a general 
underestimation of L. monocytogenes contamination when traditional methods were used. By 
qPCR it was possible to detect this pathogen in brines and on the surfaces of the equipment, 
where most probable the bacterium was present in a viable but not culturable state. Lastly, 
microarray analysis pointed out a big heterogeneity in the response of different strains to 
laboratory conditions (synthetic medium) and to food matrices (meat and fermented 
sausages), pointing out that not all the strains of L. monocytogenes behave the same way, 
thereby new molecular information should be generated for the development of more 
accurate risk assessment.  
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Mass spectrometry methods for microbiology and nutrition 
research 
 
Sascha Sauer 
 
Max Planck Institute for Molecular Genetics, Otto Warburg Laboratory, Germany; 
sauer@molgen.mpg.de 
 
Mass spectrometry is an important analytical tool in biology research and for detection of 
small organic molecules. In principle, mass spectrometry offers high-throughput, sensitive 
and specific analysis for many applications in microbiology including clinical diagnostics and 
environmental research. 
 
In this talk, I will present exemplary mature mass spectrometry based procedures for 
bacterial classification and identification that are based on either the detection of proteins 
and peptides or the analysis of nucleic acids. We will briefly evaluate the application range of 
these mass spectrometry methods and their potential for successful transfer into 
microbiology laboratories. Furthermore, we will discuss the potential of mass spectrometry 
analysis of proteomes to reveal molecular pathways of plant infection. Finally, I will show a 
new mass spectrometry method to efficiently screen large libraries of natural products 
against target proteins such as the sirtuins, which can be exploited for the development of 
functional food and drugs.  
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A random-oligonucleotide genome microarray for bacterial 
diagnostics 
 
Jürg E. Frey, F. Pasquer, C. Pelludat and B. Duffy 
 
Agroscope Changins-Wädenswil Research Station, Department of Plant Protection, 
Switzerland; juerg.frey@acw.admin.ch 
 
Microarrays are a powerful tool for DNA-based molecular diagnostics and identification of 
pathogens. Most target a limited range of organisms and are based on only one or very few 
genes for specific identification. Such microarrays are limited to organisms for which specific 
probes are available, and often have difficulty with discrimination of closely related taxa. An 
alternative strategy developed here employs hybridisation patterns generated by numerous 
anonymous markers distributed over the entire genome for identification based on 
comparison to a reference database. Using high-density microarrays carrying 95,000 and 
130,000 unique probes (13-19 mers), hybridisation patterns enabled clear differentiation at 
deep taxonomic levels, such as bacterial strains (e.g., E. coli), pathovars (e.g., Xanthomonas 
arboricola), and strains with and without a large plasmid (e.g., Pantoea vagans). Despite 
some mismatch hybridisation, our universal microarrays delivered reproducible results as 
demonstrated by high correlation coefficients between replicates. Our results indicate the 
potential of this strategy for reliable identification of any taxon group at the subspecies level 
without laborious prior oligonucleotide selection.  
 
In most diagnostic chip platforms, only a limited number of probes corresponding to few 
target genes (COI, 16S DNA, groEL or rpoB) is sufficient for identification of species. 
However, design of species-specific probes remains a daunting task as it requires 
determination of DNA sequence of one or several target gene(s), validation of the occurrence 
of appropriate polymorphism among the taxa to be identified, the design of multiple probes 
for each of the target gene fragments and, finally, on-chip probe quality assessment. To 
avoid these tedious tasks we developed a strategy to produce taxon-specific genetic 
fingerprints that enable identification of pathogenic and other bacteria below the species 
level.  Hybridisation patterns of test specimen are generated using a generic microarray of 
short oligonucleotide probes and identification is achieved with high confidence based on a 
comparison to a reference database. 
 
Probes for bacterial genomes consisting of short DNA sequences (13mers) were first 
designed as at this length the average match frequency of full match probes approximates 1. 
Our first high-density chip contained 95,000 13mer random sequence probes in 4 replicates 
was synthesized in situ using photolithography by the company Nimblegen®. Fragmented 
DNA of candidate bacteria was hybridized to these chips in order to obtain species-specific 
hybridisation patterns. No DNA sequence information is required throughout the entire 
identification process. However, a pattern database has to be established to enable taxon 
identification. Using this chip we were able to identify all bacteria at all taxonomic levels so 
far tested (Escherichia coli, strains B and K12; Salmonella typhimurium strains DT 204 and 
LT2; Pantoea agglomerans strains ATCC 27155T, C9-1, C9-1 white (variant depleted in a 
530kb plasmid), Pantoea stewartii DC283; Xanthomonas campestris pv. campestris; X. 
translucens pv. translucens, X. arboricola pv. pruni, X. arboricola pv. juglandis; Clavibacter 
michiganensis subsp. sepedonicus, Curtobacter flaccumfaciens subsp. flaccumfaciens, 
Micrococcus luteus). These results demonstrated the proof-of-principle for bacterial 
identification at the species and strain level based on DNA hybridisation patterns.  
 
We then developed a second high-density chip containing 130,000 13- to 19mer probes in 
triplicate to investigate possible improvements of the genome chip strategy. We wanted to 
find the best discriminatory probes, the optimal probe length and the optimal hybridization
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temperature. This chip therefore contained the core 13mer sequence of several thousand full 
match probes for 4 different bacterial species (E. coli K12, S. typhimurium LT2, P. vagans 
C9-1, X. campestris), and the matching bases to make the corresponding 15-, 16-, 17-, and 
19mer probes. Hybridization patterns were established for three different temperatures, 4, 25 
and 42 °C. Taxon-specific probes were found at all hybridisation temperatures and with all 
probe lengths. Our results indicate that 19mer probes hybridized at 25 °C outperform the 
other tested conditions. This result was not expected, as the chance of any 19mer for a full 
match on a short bacterial genome is very small, but it opens up the chance for a combined 
strategy chip with a hierarchically structured „classical‟ part composed of targeted probes, 
and a genome part composed of a set of robust random probes.  
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Detection of anti-Salmonella antibodies in porcine serum using a 
suspension array 
 
Fimme Jan van der Wal, R. Achterberg and K. Maassen 
 
Wageningen University & Research Centre, Central Veterinary Institute, the Netherlands;  
fimme.vanderwal@wur.nl 
 
Together with Campylobacter, Salmonella is one of the major causes of foodborne bacterial 
infections. With more than 40,000 cases of gastroenteritis in the Netherlands Salmonella is 
considered a major public health hazard; about 20% of these cases can be associated with 
the consumption of pork [1]. In countries like Denmark and the Netherlands serology is used 
to monitor the Salmonella status of pig herds in order to reduce the number of infected herds 
and, eventually, the number of human cases of salmonellosis [2]. 
 
For Salmonella serology commonly the major antigenic component lipopolysaccharide (LPS) 
is used. Since the composition of LPS defines the serogroup (combination of O-antigens) of 
a strain, a multiplex approach was designed with LPS of the most important serogroups 
occurring in pigs. For each serogroup LPS from a representative strain was coupled to 
paramagnetic Luminex MagPlex beads (Table 1). The specific coupling of LPS to individual 
bead sets was confirmed by testing the beads against specific agglutination sera (O4, O5, 
O6/7, O8, O9, O12). 
 
 
Table 1. LPS used for coupling to Luminex MagPlex beads. 
 

Serogroup 
Salmonella 
subspecies 

O-antigens [3] 

B S. typhimurium O4, O5, O12 

C1 S. choleraesuis O6, O7 

C1 S. livingstone O6, O7 

C2 S. newport O6, O8 

D S. enteritidis O9, O12 

 
 
The resulting Luminex LPS fiveplex assay was tested against 14 sera of pigs immunized with 
Salmonella strains from different serogroups. For these sera the serological response to the 
used strains is reflected by the assay, with signals ranging from 1,000 to 6,000 MFI. As can 
be expected, within the C serogroups cross-reactivity between the groups is seen. The signal 
of animals immunized with D serogroup strains is highest on beads with D LPS, but the sera 
are also reactive to beads with B and C LPS. These results show that the Luminex LPS 
fiveplex assay has the capability for comprehensive detection of anti-Salmonella antibodies 
in porcine serum. The assay however, is not designed for (indirect) serotyping of the 
infection. Further evaluation of the assay was performed by testing 175 field sera with the 
Luminex LPS fiveplex assay and a commercial ELISA. The results of the two tests showed a 
high overall agreement and suggested that in comparison with the ELISA the Luminex assay 
was superior in detecting a serological response to C LPS. 
 
In summary, the results show that paramagnetic Luminex Magplex beads can be 
functionalized with Salmonella LPS, and that the resulting serological assay performs 
comparable to a commercial ELISA. The flexibility of the platform allows future improvements  
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by addition of beads with other LPS variants. Furthermore, the bead set can be expanded 
with antigens of other pathogens to facilitate serology of additional veterinary and zoonotic 
pathogens. Ultimately, this type of assay can be used for routine screening of serum samples 
for the serological response to multiple pathogens. 
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Protein array on slides, sensors and membranes: using one 
manufacturing technology from early R&D to production of 
diagnostic devices 
Spotlight presentation 
 
Holger Eickhoff, K. Welzel and H. Dijk 
 
Scienion AG, Germany; eickhoff@scienion.de 
 
Most rapid diagnostic tests work by capturing molecules on a solid surface. Surfaces may 
contain discrete binding sites for analytes carrying a specific capture molecule.  
Miniaturization of diagnostic test systems with the intention to increase throughput and 
decrease cost, requires precise handling of picoliter and/or nanoliter volumes. Scienion‟s 
sciFLEXARRAYER ultra-low volume dispensing technology offers the possibility to dispense 
volumes as low as 100 picoliters! Also volumes of up to 100 nanoliters can be dispensed 
very accurately onto any surface. Using sophisticated optical systems online alignment, 
calibration and quality control of produced tests can be achieved.  Mentioned low volumes of 
reagents decrease production costs per test dramatically. In addition, due to the smaller 
feature size of the analytes, introducing multiple other analytes onto the same test area can 
be easily achieved.  
 
Miniaturized test formats for multiplexed testing can look very different. Either landing marks 
or complete areas have to be loaded with biomolecules and the active surfaces can vary 
from silicone and glass to polymers and metals. Non-contact delivery of biomolecules onto 
these substrates keeps the surface coatings intact and is compatible with electronic readout 
systems. 
 
Scienion provides a single picoliter liquid handling technology to address all miniaturization 
aspects of rapid tests from early R&D to full scale production technologies. Scienions 
technology can be used to dispense nearly all kinds of capturing molecules (antibodies, 
antigens, DNA, oligonucleotides, aptamers, etc.) to nearly any substrate such as 
nitrocellulose, glass, silicon, polymers and metals. 
 
Using a miniaturized test production environment, miniaturization of established multi-analyte 
tests or the development of new multiplex assays can be implemented quickly and 
implemented into tests for microbiology and contaminants detection. Scienion has 
established conveyor based production equipment to produce multiparameter tests at a rate 
of one test per second. The sciFLEXARRAYER S100 is a modular system that can be 
tailored to specific production requirements and is particularly useful to move away from 
batch production to an inline and continuous conveyor belt production. The S100 technology 
minimizes array to array variation and facilitates the mass production of an extremely broad 
range of multiplex assays for a variety of applications. 
 
In addition to hardware for multiplexing assays, Scienion has launched the sciPLEXPLATE. It 
is a SBS compatible well plate format for generation of microarrays in wells in a 96-well 
footprint. Adapted to standard sizes of 96-well microtiter plates, 8-well strips can be mounted 
in sets of up to 12 rows in a frame. For even more customized applications, Scienion 
provides 8-well strips that are breakable into single wells! This provides the possible use of 
exactly the number of wells needed for analysis. The polystyrene plates show best results in 
protein and DNA immobilization and are suitable for reproducible readout by fluorescence 
and colorimetric detection. While usually a single well of standard 96-well microtiter plates is 
used as a reaction cavity for the test of a single parameter (e.g., in ELISA), the use of 
sciPLEXPLATES today allow for up to 400 parameter microarrays within a single well. 
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The combination of sciPLEXPLATES and sciFLEXARRAYER technology is ideally suited to 
accompany innovative biochip and biosensor technologies for quantitative rapid tests used in 
diagnostics. Each of the technologies can be applied either alone or together from classical 
development approaches to manufacturing processes without having the need to switch the 
technology, thus saving development time and enabling earlier market access. 
 
Please visit the Scienion stand in the exhibition area. We will be pleased to welcome you and 
provide you full information on our products and applications. 
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The development of a potentiometric biosensor assay for 
antimicrobial growth promoters in feedinstuffs applicable for field-
test use 
 
Sara Stead1, K. Wolodko-Cierniak1, M. Sehnalova1, M. Sharman1, K. Auton2, P. Swarbrick2, 
O. Leonardova2 and D. Purvis2 
 

1The Food and Environment Research Agency, UK and 2Universal Sensors Limited, UK; 
sara.stead@fera.gsi.gov.uk 
 
Antibiotics have been routinely used worldwide in animal production for decades. Various 
antimicrobial compounds have been found to be effective growth promoting agents when 
added in sub-therapeutic doses to the feed of farm animals [1,2]. Previously, the EC banned 
certain antibiotics used in human medicine from being added to animal feeds as antimicrobial 
growth promoters (AGPs) for safeguarding measures. As from 1st January 2006 this was 
extended and an EU-wide ban on the use of antibiotics as growth promoters in animal feed 
became effective [3]. This ban is the final step in the phasing out of antibiotics used for 
prophylactic purposes and is part of the overall European strategy to address the increasing 
emergence of bacteria and other microbes resistant to antibiotics, due to their over-
exploitation or misuse. In order for this ban to be applied effectively, analytical systems are 
required to detect potential abuse. Traditionally, residue analysis has been a laboratory 
based activity however, the possibility of undertaking analysis in situ, e.g. on farm is highly 
attractive and an increased trend in the development of rapid testing without the need for 
laboratory-based equipment has resulted [4]. For example, multiple feed types may be 
present and the collection, labelling and transportation of these samples all have cost 
implications and it is likely that only a limited number would be sampled by inspection 
officials. The ability to carry out a rapid test in situ would allow a more rigorous sampling 
regime to be used. A positive (non-compliant) screening result on farm could also trigger a 
more reactive response than laboratory testing alone allows for example, additional sampling 
of feedingstuffs and livestock to prove the banned substance was indeed being abused. 
Rapid bioassay based approaches, including surface plasmon resonance (SPR) biosensors 
and lateral flow devices (LFD) have been reported in the scientific literature [5,6] for use as 
portable biosensors. These devices have been studied for a number of years but their 
acceptance as the basis for reliable assays has been hampered by a perceived lack of 
reliability and robustness. However, commercial potentiometric biosensor instruments are 
available which claim to provide a reproducible platform on which sensitive and robust 
assays can be developed [7]. In such devices, enzyme labelled antibody/ antigen complexes 
are formed at the surface of a polypyrrole-coated electrode. The analyte detection is 
mediated by a secondary, enzyme-linked reaction resulting in the formation of electrically 
charged products. The charged products of the enzymic reaction can be rapidly and 
accurately measured as a change in potential at the electrode surface [8].  
 
The aim of the research presented here was to carry out a feasibility study to assess the 
applicability of a commercially available potentiometric biosensor (using the VantixTM 
Research system) for the qualitative analysis of multiple AGP compounds in animal 
feedingstuffs applicable for operation as either a rapid laboratory and as a field-based assay. 
A potentiometric biosensor assay for the simultaneous detection of tylosin, spiramycin, 
bacitracin, monesin, virginiamycin and carbadox residues in animal feedstuffs has been 
developed. A generic extraction procedure has been developed, applicable for the recovery 
of water soluble AGP compounds from feedingstuffs, requiring only basic equipment and 
reagents and minimising the use of organic solvents. The multiplex assay can be used as a  
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rapid laboratory based procedure or, as a portable field-test for the simultaneous 
measurement of the six target analytes. The assay employs commercially available 
immunoreagents; polyclonal antibodies and horseradish peroxidise enzyme linked analyte 
conjugates. The assay principle is comparable to a conventional inhibition format enzyme-
linked immunosorbent assay (ELISA). The antibody recognition element is physically 
adsorbed via the carboxyl terminal to the polypyrrole surface (forming a self assembled 
monolayer) at the carbon-working electrode. Sample extract is pre-mixed with an aliquot of 
HRP enzyme-linked analyte conjugate. A competition for antibody binding occurs in a single 
step between the target analyte present in the extract and the HRP conjugate. The HRP 
conjugate catalyses an electrochemical reaction resulting in the transfer of electrons between 
the electrochemically reactive electrode and the substrate molecule mediated via the enzyme 
active site. The potentiometric reader device measures the potential difference between the 
working and reference electrodes. The difference in potential is created by the reaction which 
takes the place on, or near the surface of the working electrode. The measured response 
(mV) is inversely proportional to analyte concentration. 
 
The target detection limit was set at 0.1 mg/kg in feed. A range of non-medicated and 
medicated feed samples has been screened using the assay and the performance compared 
to LC-MS/MS. Results from both techniques were found to be in close agreement. The 
procedure was investigated under a range of ambient conditions and found to be robust.  
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Immunochromatographic techniques for allergen detection – expect 
the unexpected during development 
 
Sabine Baumgartner, J. Rudolf and P. Ansari 
 
University of Natural Resources and Life Sciences, Department IFA-Tulln, Christian Doppler 
Laboratory for Rapid Test Systems for Allergenic Food Contaminants, Austria; 
sabine.baumgartner@boku.ac.at 
 
Immunochromatographic rapid tests – lateral flow devices (LFD) or dipsticks – are 
convenient tools for detection of specific analytes in complex matrices. In the area of food 
allergen determination the application of such assays on site at the production line can help 
to prevent that unintentionally contaminated food products reach the final costumer and 
therefore minimize risks for allergenic persons. While handling of LFDs does not require 
highly trained personnel, development is scientifically challenging and sometimes provides 
unexpected difficulties. The principle of immunochromatographic tests is an antibody-antigen 
reaction combined with the methodology of thin-layer chromatography. In contrast to ELISA, 
dipsticks are homogenous assays, meaning that there are no washing steps included. This 
requires on the one hand careful selection of buffers as they should not interfere with 
antibody activity or negatively influence LFD performance. On the other hand great impact 
has to be laid on the purity of antigen-specific antibodies, as non-binding proteins will not be 
removed during assay procedure and might cause false positive or false negative results. 
Immediate read-out of dipstick assays is achieved by conjugation of detection antibody to 
coloured particles, whereas colloidal gold or surface-modified latex particles might be used. 
Purification of antibodies can be carried out using chromatographic technologies, especially 
affinity chromatography (e.g., Protein A and G) or, alternatively, by ammonium sulphate 
precipitation. The antibody species on one side and the applied purification strategy on the 
other play an important role in conjugation capacity of the particular antibody, which is again 
crucial for successful development of a LFD. From the choice of the suitable membrane, over 
differently purified antibodies and their conjugation, testing of extraction and running buffers 
and last but not least decision about appropriate standards used for calibration, the 
development of lateral flow devices for the detection of potentially allergenic food proteins 
provides several scientific challenges. Expected and unexpected influencing factors will be 
presented within this talk. 
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GMOs: how to detect unauthorised and unknown variants? 
 
Marc De Loose 
 
Institute for Agricultural and Fisheries Research, Technology and Food Science Unit, 
Belgium; marc.deloose@ilvo.vlaanderen.be 
 
Competent laboratories monitor genetically modified organisms (GMOs) and products 
derived thereof in the food and feed chain in the framework of the labelling and traceability 
legislation. In addition, screening is performed to detect the unauthorized presence of GMOs 
including asynchronously authorized GMOs, or GMOs that are not officially registered for 
commercialization (unknown GMOs). Currently, unauthorized or unknown events are 
detected by screening blind samples for commonly used transgenic elements, such as p35S 
or t-nos. If (i) positive detection of such screening elements shows the presence of 
transgenic material, and (ii) all known GMOs are tested by event-specific methods but are 
not detected, then the presence of an unknown GMO is inferred. However, such evidence is 
indirect because it is based on negative observations, and inconclusive because the 
procedure does not identify the causative event per se. In addition, detection of unknown 
events is hampered in products that also contain known, authorized events. 
 
Here, we outline alternative approaches for analytical detection and GMO identification, and 
develop new methods to complement the existing routine screening procedure. We 
developed a fluorescent anchor-PCR method for the identification of the sequences flanking 
the p35S and t-nos screening elements. Thus, anchor-PCR fingerprinting allows the 
detection of unique discriminative signals per event. In addition, we established a collection 
of in silico calculated fingerprints of known events to support interpretation of experimentally 
generated anchor-PCR GM fingerprints of blind samples.  
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PCB-specific DNA aptamers as novel biosensor recognition 
elements 
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Polychlorinated biphenyls (PCBs) are a group of chlorinated compounds that were used 
predominantly as coolants and lubricants in electrical equipment but are now banned 
because of evidence of their environmental and human health effects from the manufacture, 
use and disposal of these chemicals. PCBs are very stable and slow to degrade and thus are 
very persistent in food and environment. The health and environmental concerns of PCBs 
are a result of their chemical properties derived from their chemical structures. To detect 
these chemical structures we have engineered specific DNA aptamers that recognize their 
targets primarily by structure and hence the name, „aptus‟, which means „to fit‟. A new recent 
trend is the usage of aptamers as the recognition element in biosensors. Aptamers offer 
advantages over antibodies due to their small size, chemical stability and cost effectiveness, 
making them very promising for analytical applications. More importantly, aptamers offer 
remarkable flexibility and convenience in the design of their structures, which has led to 
novel biosensors that have exhibited high sensitivity and selectivity.  
 
Our aptamers are single stranded DNA ligands which have been selected for PCBs, starting 
from a huge library of molecules containing randomly created sequences. Fixing the PCB 
onto a solid support was a non-trivial step, as the problem of lack of reactivity of PCBs had to 
be bypassed and the availability of functionalized PCBs is rather limited. Having 
accomplished that, we employed a stringent selection protocol and counterselection steps, in 
order to get highly specific and sensitive aptamers. Aptamers are commonly evolved in vitro 
via a selection procedure known as Systematic Evolution of Ligands by EXponential 
enrichment (SELEX). This iterative process consists of binding and elution steps of ligands in 
contact with the molecule of interest and amplifying (via PCR) the resulting ligands. In this 
application of nucleic acids in biotechnology, the recognition is based on the three-
dimensional structure of the aptamer, more than in its sequence. The isolated aptamers have 
been further characterized for their binding constants and the highest binding aptamer will be 
used to develop a fast detection system to measure PCBs. In view of the unprecedented 
advantages brought by aptamers, we expect aptamer-based PCB biosensors to find broad 
applications in environmental and food monitoring. 
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The new RIDASCREEN®FAST Milk ELISA detects casein and ß-
lactoglobulin 
Spotlight presentation 
 
Ronald Niemeijer, M. Richter, U. Immer and S. Haas-Lauterbach 
 
R-Biopharm AG, Germany; r.niemeijer@r-biopharm.de 
 
Milk is a complex food made of various proteins with allergenic potential. Cow's milk contains 
3.2% total protein, which consists of about 10% ß-lactoglobulin (main protein of whey) and 
about 80% casein. Children mainly show allergic reactions on ß-lactoglobulin and adults 
show allergic reactions more frequently to casein. Milk can occur as an ingredient or a 
contamination in raw and processed foods. The allergen milk has to be labelled in food in 
many countries. Under the EU Directive 2003/89/EC of 10 November 2003 milk and dairy 
ingredients has to be declared on food labels. The declaration of milk on the FDA-regulated 
foods has been prescribed in the United States since 2004 with the Law Supplement 2006. 
The ultimate labelling directive from Health Canada was published in 2008. In Australia and 
New Zealand, the declaration of milk is regulated by the Food Standards Code since 2002. In 
Japan a milk protein content of about 10 ppm (mg/kg) has to be declared. The Food and 
Hygiene Department of the Government of Hong Kong introduced labelling guidelines for 
China in August 2005.  
 
The ELISA-technology (enzyme-linked-immunosorbent-assay) enables the quantification of 
the individual proteins of milk in food products. One of the most important components of an 
ELISA is the calibrator used for quantification of the target substances. For the new 
RIDASCREEN®FAST Milk test the NIST RM 1549 is used as standard material for the 
calibration. Whenever it is available the R-Biopharm ELISAs for allergen detection are 
calibrated on international standards or reference materials. The new RIDASCREEN®FAST 
Milk ELISA detects both the allergenic proteins casein and ß-lactoglobulin in the same ratio. 
The limit of detection is 0.7 mg/kg milk protein. Following matrices can be examined for milk: 
e.g. meat and meat products, wine, juice, beer, chocolate, ice cream, bakery products, 
baking mixes, soups, sauces, sports-protein food, delicatessen products, and dressings. 
 
The sensitivity of the test methods depends on the extraction efficiency of the target proteins 
from various food matrices. Generally milk proteins in food are able to form aggregates either 
with milk proteins or with other proteins present in the food product. These aggregates and 
chemical bonds must be cut off prior to analysis in order to make the proteins extractable. R-
Biopharm therefore offers special extraction solutions matched on the extraction of the 
respective proteins; some are included in the kit others have to be purchased additionally 
and must be prepared following the instruction for use. The respective procedure is validated 
with extensive spike experiments. Validation data are available in the validation reports. 
 
Beside the general RIDASCREEN®FAST Milk ELISA the RIDASCREEN® milk test portfolio 
includes quantitative test systems for the specific protein detection in various foods. The test 
systems for ß-lactoglobulin detect ß-lactoglobulin and the RIDASCREEN®FAST Casein test 
detects casein. The test systems are highly sensitive and thus able to capture milk and milk 
proteins in food according to legal guidelines. Each ELISA quantifies the corresponding 
protein and allows a high sample throughput. 
 
Please visit the R-Biopharm stand in the exhibition area. We will be pleased to welcome you 
and provide you full information on our products and applications. 
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Rapid multi-analytical screening of residues in different food 
matrices with Evidence biochip arrays 
Spotlight presentation 
 
Aaron Tohill 
 
Randox Laboratories Ltd., Crumlin, UK; info@randox.com 
 
Biochip array technology enables the simultaneous determination of multiple analytes with a 
single sample at a single point in time, leading to the reduction of sample/reagent 
consumption and cost-effectiveness of the tests. The use of this technology is advantageous 
for the rapid and simultaneous screening of multiple residues in different foods. 
 
The biochip (9 mm x 9 mm) is the platform in which the capture ligands are immobilized and 
stabilised defining microarrays of discrete test sites and it is also the vessel where the 
simultaneous immunoreactions are performed. The immunoassays for multi-analyte 
determination of residues in food are competitive and applicable to the semi-automated 
bench top analyser Evidence Investigator. The same sample preparation method can be 
applied across a number of biochip arrays. 
 
The growth promoters(beta-agonists, boldenone, corticosteroids, nandrolone, ractopamine, 
stanozolol, stilbenes, trenbolone and zeranol) can be simultaneously determined in tissue 
and feed using one biochip array (limits of detection (LOD) range: 0.1 (trenbolone) - 1.4 ppb 
(μg/kg) (nandrolone) in tissue).  
 
Three antimicrobial biochip arrays have been developed, antimicrobial biochip array I 
enables the simultaneous screening of 12 sulphonamides (LODs range: 0.8 
(sulphamethazine) - 8.1 ppb (sulphapyridine) in honey; 0.05 (sulphamethoxypyridazine) - 6.2 
ppb (sulphapyridine) in tissue; 10 (sulphamerazine) - 90 ppb (sulphathiazole) in animal feed). 
The antimicrobial biochip array II enables the multiplexed determination of quinolones, 
ceftiofur, thiamphenicol, streptomycin, tylosin, tetracyclines (LODs range: 0.6 (thiamphenicol) 
- 8.6 ppb (tetracycline) in honey; 0.61 (thiamphenicol) - 4.08 ppb (ceftiofur) in milk). The 
antimicrobial biochip array III simultaneously determines nitrofurans (AHD, AMOZ, AOZ, 
SEM), chloramphenicol (LODs range: 0.2 (AHD, AMOZ, chloramphenicol) - 1.0 ppb (SEM) in 
honey). 
 
This multi-analytical approach is applicable to different food matrices and consolidates many 
tests using a single platform, thereby enhancing the scope of tests.  
 
Please visit the Randox Laboratories stand in the exhibition area. We will be pleased to 
welcome you and provide you full information on our products and applications. 

 
 
 
 

mailto:info@randox.com


Rapid Methods Europe 2011   53 
24-26 January 2011, the Netherlands 

Advances in omics-based approaches in food analysis: towards a 
dedicated array for the detection of (unknown) contaminants 
 
Toine F.H. Bovee1, P.J.M. Hendriksen1, A.A.C.M. Peijnenburg1, M.W.F. Nielen1,2 and L.A.P. 
Hoogenboom1 

 
1RIKILT-Institute of Food Safety, Business Unit Bioanalysis & Toxicology, the Netherlands 
and 2Wageningen University, Laboratory of Organic Chemistry, the Netherlands; 
toine.bovee@wur.nl 
 
While initially toxins could only be detected by their biological effects, developments in 
chemical analytical methods allowed the detection of many compounds by their chemical 
properties. The application of biobased methods for food analysis, however, remains 
valuable and many of these assays are routinely used [1,2]. A well known example is the use 
of bacteria to detect antibiotics. Additionally, a large number of receptor-reporter gene 
bioassays have been developed, using both yeast and mammalian cells, and especially 
those in the field of the nuclear receptors are well known. The main advantage of the 
antibiotics screening using bacteria and the receptor-reporter gene bioassays for hormone 
detection is their ability to detect unknown compounds. These tests can thus be used as 
early warning systems for new emerging risks. There are many bioassays that can detect 
antimicrobial, estrogenic or androgenic activity and many of them have found their way in 
specific applications, ranging from drug development to the screening of endocrine disrupting 
chemicals in environmental samples [3]. For instance, the yeast estrogen and androgen 
bioassays expressing a green fluorescent marker protein upon exposure to estrogens and 
androgens, respectively, have been fully validated for the screening of animal feed and calf 
urine [4,5]. These assays are very suited to detect active hormonal compounds including 
unknown designer steroids [6,7]. However, inactive prohormones like dehydro-
epiandrosterone (DHEA) cannot be detected, while DHEA does induce androgenic 
responses in target tissues in vivo due to biotransformation in certain tissues. We therefore 
examined whether bovine liver slices can be used for the in vitro bioactivation of 
prohormones. After such a bioactivation step, these compounds can be detected with the 
bioassays as well. Liver slices exposed to DHEA revealed (i) an increase in androgenic 
activity as observed by the yeast androgen bioassay, and (ii) the formation of 7α-hydroxy-
DHEA, 7-oxo-DHEA, 5-androstene-3,17-diol, 17α-testosterone (17α-T), 4-androstenedione 

(4-AD), and 17-testosterone (17-T) as detected by LC-TOFMS analysis. The same liver 
slices were also subjected to expression microarray analysis. DHEA exerted gene 

expression changes that were very similar to those induced by 17-T. Taken together, this 
demonstrates that DHEA is bioactivated by liver slices, enabling detection of prohormones 
both by the yeast bioassay and by gene expression [8]. This is the edge where whole cell 
biosensors and omics-based methods for the detection of drug residues meet. 
 
The combination of receptor- and omics-based assays can also be of help to quickly 
characterize a compound detected in food, as e.g. in the case of 2-isopropylthioxanthone (2-
ITX). This compound is a photoinitiator widely used in printing ink, also for food packages. It 
was detected in milk and fruit juices, but due to the absence of sufficient toxicological data, 
an adequate risk assessment for 2-ITX was lacking. The yeast estrogen and androgen 
bioassays revealed 2-ITX to exert both anti-estrogenic and anti-androgenic activity. The DR 
CALUX® bioassay demonstrated 2-ITX to activate the Ah-receptor pathway. The latter 
findings were confirmed by expression microarray studies on liver cells exposed to 2-ITX, as 
2-ITX showed gene expression patterns similar to the AhR agonist TCDD. In rats, 2-ITX 
exerted similar effects as TCDD and the androgen receptor antagonist Flutamide that is also 
known to be an AhR agonist [9]. 
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Overall our studies show that chemical-analytical, bioassay, and -omics-based analyses are 
complementary and together with the elucidation of the ADME parameters offer the 
possibility to perform animal friendly risk assessments to detect and identify new unknown 
active compounds and contaminants. 
 
According to the WHO/JECFA, mycotoxins are a serious health concern for man and 
animals. Many different groups of mycotoxins exist and there are a few hundred known 
mycotoxins, but so far legislation has been implemented for only a limited number of 
substances. The usual screening approach for selected individual mycotoxins is an 
immunoassay in dipstick, ELISA or other biosensor format. The approach for multi-detection 
is instrumental analysis by liquid chromatography tandem mass spectrometry (LC-MS/MS), 
including the well known aflatoxins, ochratoxin A, zearalenone and deoxynivalenol (DON). 
However, these techniques are still only applied on a limited number of targets as compared 
to the large number of mycotoxins known at present. The major disadvantages of these 
approaches are that (i) they are essentially blind for the occurrence of unexpected emerging 
mycotoxins and (ii) they are not informative about the type of toxicity of mycotoxins. 
Especially in the case of mycotoxins these disadvantages are a serious issue due to the 
potential consequences of global and regional climate changes on moulds: it is expected that 
the occurrence, patterns and chemistries of mycotoxins will change significantly under these 
influences. From a consumer protection perspective the best approach to early warning 
detection of emerging toxins would be the use of in vivo bioassays with relevant animals. 
However for obvious ethical reasons animal testing is being replaced in toxicology by 
alternatives such as in vitro bioassays and toxico(gen)omics approaches. A relevant cell line, 
preferably from the target species, can be exposed to a sample extract from crops, feed or 
food and be used as the sensing device for detection of changes at one or more „omics‟ 
levels [10]. The benefits are clear: early warning will no longer be dependent on a priori 
knowledge of the type and chemistry of mycotoxin involved, and the output will have 
relevance on the bio-effect level. A transcriptomics-based bioassay for the detection of type 
A trichothecenes was developed in the BioCop project [11]. Human MCF7 breast cancer 
cells subtype BUS were exposed to type A trichothecenes (T-2 and HT-2) or type B 
trichothecenes (DON and nivalenol (NIV)) and 21 marker genes were selected from 
Affymetrix high-density microarrays that were able to detect 47,000 different human 
transcripts. These 21 marker genes were most significantly regulated by either T-2 or HT-2 
and used to develop a dedicated low-density microarray. It was shown that breakfast cereals 
spiked with T-2 or HT-2 at a concentration of 20 ng/g gave a specific type A trichothecene 
expression fingerprint on this dedicated microchip compared with a blank cereal sample [11]. 
However, it also became clear that the developed microchip platform was not able to 
demonstrate up- and down-regulation of all the 21 selected marker genes and was not able 
to detect type B trichothecenes and thus still needs further improvement. 
 
The marine toxin issue is similar to that of the mycotoxins, including possible effects of 
climate changes. The incidence of contaminated shell fish batches is low in the Netherlands 
but high in countries like England, Ireland, Denmark and Portugal (20 to 40%). Presently, the 
detection of marine biotoxins is based on in vivo tests in which mice or rats are either 
injected or orally fed with the suspected sample and lethality or diarrhoea is the selected 
endpoint. These in vivo tests are considered highly unethical and the present animal tests for 
marine biotoxins will be forbidden from 2015 onwards. The development of suitable 
alternative test methods to detect marine biotoxin contaminations is therefore urgently 
needed. RIKILT has recently developed LC-MS/MS methods to detect the most prominent 
lipophilic marine toxins [12]. However, this approach is still expensive, not high-throughput 
and does not detect presently unknown biotoxins that can occur as contaminants in shellfish. 
Several types of shellfish toxins are recognized, including paralytic, neurotoxic, diarrhetic and 
azaspiracid shellfish poisons (PSPs, NSPs, DSPs and ASPs, respectively) and their mode of 
action is still not fully understood. Presently there are no effect-based in vitro bioassays for  
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marine biotoxins. However, just recently we selected genes that were differentially regulated 
in the human intestine Caco-2 cell line upon exposure to several lipophilic diarrhetic shellfish 
poisons, i.e. okadaic acid (OA), dinophysis toxin-1 (DTX) and azaspiracid 1 (AZA). Primers 
and probes for the selected marker genes were constructed and used to develop a dedicated 
low-density microarray. Although only 6 out of the 20 selected marker genes and the 2 
controls gave clear signals on this newly developed dedicated low-density microarray, the 
results were comparable with the whole genome microarray data that were used for the 
selection of these marker genes. Moreover, the promoter region of the DDIT4 gene might be 
used for the development of a marine toxin bioassay, i.e. by transfecting the Caco-2 cell line 
with a reporter construct containing the DDIT4 promoter region in front of the luciferase gene, 
as the DDIT4 gene was clearly up-regulated by all three toxins. 
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Developments in water quality monitoring: looking for target as well 
as unknown compounds 
 
Pim de Voogt 
 
University of Amsterdam, Institute for Biodiversity and Ecosystem Dynamics, the Netherlands 
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Chemical monitoring in the aquatic environment is an important activity in the protection of 
ecosystems against the adverse effects of organic and inorganic contaminants on aquatic 
organisms and humans. Monitoring programmes in the European Union should quantify the 
levels and long-term trends in concentrations of priority pollutants according to the Water 
Framework Directive. While large monitoring efforts are being made to comply with this 
legislation, the European Union‟s Reach legislation will possibly drive producers to develop 
newly designed chemicals that will be less persistent, bioaccumulative or toxic. There are 
indications that this innovation leads to an increased use of more hydrophilic chemicals. This 
development may result in higher mobilities of chemicals in the aqueous environment. As a 
consequence, the drinking water companies may face stronger demands on removal 
processes as the hydrophilic compounds inherently are more difficult to remove. Monitoring 
efforts will also experience a shift in focus to more water-soluble compounds. A strong 
development in new sampling methodologies has become manifest in this respect. Next to 
the application of passive samplers for hydrophobic chemicals, technologies such as the 
polar organics integrative sampler (POCIS) have been described and successfully applied for 
the monitoring of polar organic compounds in water. Also in the detection of chemicals in 
aquatic systems the shift to polar compounds has become evident, as can be seen from the 
many developments in analytical methods described in the literature, and more specifically 
the tremendous achievements made in LC-MS(MS)-based technologies. Finally, the 
combination of biological assays with limited chemical identification as in effect directed 
analysis (EDA) has a high potential for speeding up identification of unknown compounds. 
 
Screening of source waters on the presence of (emerging) contaminants is an essential step 
in the control of the water cycle from source to tap water. In our daily practice we employ a 
two-pronged strategy in mass spectrometric research: (i) exploring effluent, surface, ground- 
and drinking-water samples searching for masses corresponding to target compounds (and 
their product ions) known from, e.g. priority lists or the scientific literature, and (ii) full-scan 
screening of water samples in search of „unknown‟ or unexpected accurate masses, followed 
by MSn experiments to elucidate the structure of the unknowns. Applications of both 
approaches to emerging water contaminants are presented and discussed. Results are 
presented for target analysis of pharmaceuticals, illicit drugs, perfluorinated chemicals and 
for the identification of unknown compounds in several types of aqueous samples (a toxicity 
identification evaluation bioassay sample).  
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Developments in the application of green chemistry principles in 
food analysis 
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Green Chemistry, which is still in its early stages of development, is commonly defined as 
chemical research that aims to optimize chemical processes and products with respect to 
material and energy consumption, waste generation, inherent safety, toxicity, environmental 
degradability, and so on. Much of Green Chemistry is related to renewable resources. The 
chemical and biochemical conversion of renewable resources is rapidly becoming a major 
theme for a science which is emphasizing the need for efficient catalysts and catalytic 
processes, increasing clean energy production from renewable/non-fossil fuel sources, and 
improving energy efficiency.  
 
It is impossible to draw a definitive line between analytical chemistry and other branches of 
chemistry. Analytical chemistry is greatly influenced by developments in other areas of 
chemistry as well as in physics and mathematics. However, the relationship between Green 
Chemistry and analytical chemistry is especially close because analytical chemistry provides 
the means of evaluating and justifying Green Chemistry, and therefore serves as an effective 
tool for determining the „greenness‟ of a chemical product or technology. On the other hand, 
methods of chemical analysis require solvents, reagents and energy, and they generate 
waste. The principles of Green Chemistry also apply to analytical chemistry. The most 
important of these are: 

 using non-hazardous materials and processes, and avoiding the generation of waste; 

 using safer solvents and auxiliaries, and practicing safer chemistry to minimize the 
potential for chemical accidents; 

 designing for mass-, energy-, space- and time-efficiency;  

 limiting the use of underutilized and unnecessary materials and energy, and 
designing for a commercial „afterlife‟.  

 
The development of instrumental methods to replace wet-chemistry in sample preparation 
and treatment is a general trend in analytical chemistry, which has resulted in techniques for 
direct analysis (e.g., various laser-spectroscopic methods) and solventless analytical 
processes. However, samples are usually complex mixtures with interfering matrices, which 
necessitates treatment with solvents prior to analysis and unavoidably generates waste. The 
objective of the search for alternative solvents is not merely replacement, but also the 
acquisition of additional advantages from different properties of the solvents to improve the 
selectivity, sensitivity and reliability of the analysis, and to reduce analysis time. The 
development of instrumental methods generally leads to a more efficient use of energy, 
especially when the method is highly automated and uses a minimal amount of sample. The 
combination of several methods for sample treatment and separation of components, or the 
integration of separation and complex methods of detection enables an efficient use of 
energy. These are common trends in analytical chemistry, and Green Chemistry is often not 
mentioned in the related literature. Analytical procedures provide information about chemical 
substances, their occurrence in organisms and in the environment. The main analytical 
parameters, such as selectivity, sensitivity, reliability and analysis time, must satisfy all the 
requirements at an acceptable price. The requirement for real-time, portable and highly 
sensitive analytical instruments capable of detecting and quantifying biological or chemical 
hazards is creating new challenges for technological advances in the field. Research is 
focused on improving real-time measurement of both chemical and biological phenomena.
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This research is giving rise to an expanding range of techniques including vibrational and 
scattering spectroscopy, chromatography, mass spectrometry, acoustics, chemical imaging,  
light-induced fluorescence, and light scattering. Measurement science continues to build on 
advances in computing and communication technology as well as on sensor-related research 
being conducted in university and research laboratories. These developments in the areas of 
miniaturization, electro-optics, new materials, and information/data handling are revealing the 
potential for measurement advances using emerging nanomaterials, photonics, improved 
bioassay techniques, and the like. 
 
The development of standards and specifications used in agriculture and the food industry is 
strongly based on data obtained through analytical chemistry and monitored by chemical 
evaluation methods. (Bio)analytical chemistry provides the only means of evaluating the 
safety and environmental impact of new methods, processes and products. The results of 
chemical analysis are the strongest evidence for the need to establish new laws and 
administrative directives. Most quality control systems also entail analytical procedures. They 
require a definition of the problem, a method of obtaining representative samples, 
specification of the required level of accuracy and acceptable uncertainty (perhaps as 
dictated by current legislation), and procedures for data treatment and communication of 
results. The main objective is to ensure the attainment of specified levels of product quality; 
however, there are clear „green‟ implications, since quality control is used to measure levels 
of impurity, toxicity, waste, etc.  
 
Considerable changes in analytical chemistry have been driven by automation, 
miniaturization, and system integration with high throughput for multiple tasks.  
Microfluidic analytical devices are highly functionalised microsystems that integrate multiple 
sample-handling steps with the measurement process on a microchip platform – referred to 
as a „lab-on-a-chip‟. Complete assays involving sample pre-treatment (e.g., pre-
concentration/extraction), chemical/biochemical derivatisation reactions, electrophoretic 
separations, and detection, can be performed on a single microchip platform. Most of these 
analytical microsystems rely on electrokinetic fluid „pumping‟, which obviates the need for 
pumps or valves. Highly effective separations combined with short assay times have been 
achieved by combining long separation channels and high electric fields. The enhanced 
performance and advantages of microfluidic devices relative to conventional (bench top) 
analytical systems have been demonstrated theoretically and experimentally.  
 
The Tallinn University of Technology research group has developed a portable capillary 
electrophoresis (CE) analyzer with crest input and a contactless conductivity detector (CCD). 
Considerable thought was dedicated to the design of this digital microfluidics (DMF) based 
programmable sampling device. The electrowetting phenomenon is used to transport the 
sample droplet, which results in a simple and flexible input device. The principal advantage is 
its very low consumption of solvents and chemicals, which makes it attractive as an 
environmentally friendly technique. Capillary electrophoresis (CE) is a new and viable 
analytical alternative to other instrumental methods. In particular, the high resolution capacity 
of capillary zone electrophoresis (CZE) makes it one of the best separation techniques for 
the analysis of charged analytes. The development of micellar electrokinetic chromatography 
(MEKC) is an even more promising method, since it can be used for selective separation of 
both neutral and ionic compounds. Although high performance liquid chromatography 
(HPLC) remains the dominant separation technique for the analysis of food, capillary 
electrophoretic methods are gaining popularity, due to their high efficiency, low cost and 
shorter analysis times. Significant attention has also been devoted to improving the 
separation process in CE, and new buffers have been proposed that use mixtures of organic 
solvents and ionic liquids. These techniques have been widely used for determining the 
composition and antioxidative ability of various plants extracts (wheat, tomato, potato, 
berries, etc.), for detecting sugars in biomass and biomass hydrolyzates, and for the
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qualitative and quantitative analysis of underivatized fatty acids in rapeseed and turnip rape 
extracts.  In the latter case, the control experiment was conducted with surface-assisted laser 
desorption/ionization time-of-flight mass-spectrometry (SALDI-TOF MS) using powdered 
carbon aerogels as the „matrix‟. This resulted in the development of a rapid and simple 
technique for identifying free fatty acids in extracts. The difficulty of combining it with mass 
spectrometry is an obstacle to the wider spread of CE. However, our studies with plant 
extracts demonstrate that these, mostly technical, hurdles can be overcome. We have 
successfully developed the CE off-line ESI-MS approach, and research is now being 
conducted into directly connecting CE to MS.  
 
Active research is being directed toward developing more environmentally friendly and 
economical methods of analysis. Parallel efforts aimed at commercialization, the requirement 
for regulatory compliance, and broader acceptance on the part of plant and environmental 
engineers, should lead to the translation of the above research activity into large-scale 
environmental and industrial applications. 
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Molecularly imprinted polymers: providing selectivity to solid-
phase microextraction 
 
Antonio Martín-Esteban 
 
National Institute for Agricultural and Food Scientific Research and Technology, Department 
of Environment, Spain; amartin@inia.es 
 
Solid-phase microextraction (SPME) is widely used in analytical laboratories for the analysis 
of organic compounds thanks to its simplicity and versatility. However, commercially 
available fibers are based on non-selective sorbents, making difficult in some cases the final 
determination of target compounds by chromatographic techniques. Molecularly imprinted 
polymers (MIPs) are stable polymers with selective molecular recognition abilities, being 
such selectivity dependent of the template used during their synthesis. Accordingly, the 
combination of molecular imprinting and SPME would ideally provide a powerful analytical 
tool with the characteristics of technologies, simplicity, flexibility, and selectivity. 
 
A simple strategy for the preparation of imprinted fibers was proposed some years ago [1]. 
Such a strategy is based on the direct synthesis of molecularly imprinted polymeric fibers 
(monoliths) using silica capillaries as molds, being silica etched away after polymerisation. 
Thus, in this presentation, the preparation and use of several imprinted fibers for the 
extraction of different compounds (i.e., triazines, thiabendazol) will be described as well as its 
advantages and drawbacks. Selected applications dealing with the use of imprinted fibers for 
the extraction of target analytes from both organic and aqueous sample extracts will be 
shown. Besides, attempts carried out for desorption of target analytes directly into the 
injection port of a gas chromatograph will be described. 
 
Besides, the preparation of a MIP film by electrosynthesis will be described. The proposed 
approach aims to combine MIP selectivity with advantages of electropolymerization, 
including the possibility to deposit a uniform layer with a controlled thickness. The imprinted 
film was prepared by deposition of polypyrrole with levofloxacin, a fluoroquinolone antibiotic, 
as template molecule. The electrosynthesized films were characterized by X-ray 
photoelectron spectroscopy (XPS) to verify the template entrapment and its removal after 
washing steps. Rebinding experiments were carried out and preliminary obtained results will 
be described. 
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Spin generated fingerprint profiling as combined targeted and non-
targeted NMR analysis to optimize quality assessment of fruit juice 
Contributed paper 
 
Peter Rinke1, S. Koswig1, M. Link2, M. Spraul2, H. Schäfer2 and B. Schütz2  
 

1SGF International e.V., Germany and 2Bruker Biospin GmbH, Germany; rinke@sgf.org 
 
Analyses on fruit juice focus on multiple quality aspects in parallel. Beside soundness of raw 
material a correct production techniques, adulterations like sugar addition or acidification 
must be controlled. In practice it is nearly impossible to cover all relevant questions with 
conventional analyses for cost reasons. The paper describes a rapid and economic 
screening method which allows a good overall assessment of fruit juices and which is able to 
check various aspects simultaneous. 
 
The method is based on metabonomic approach using authentic samples as reference. 
Statistic allows application of univariate or multivariate test models based on the same 
spectrum of one single NMR experiment. Overall assessment or specific questions like 
addition of cheaper fruits, unexpected and not declared additives as well as non permitted 
juice production techniques are covered. In many cases even the geographic origin of a 
product is predictable with good confidence and can be used to verify labelling and 
traceability. Depending on the fruit type up to 40 molecule quantifications are done with the 
same spectra. These values allow a complementary interpretation of the analyses. The 
method is characterized by a high reproducibility, necessary for any metabonomic analysis. 
The procedure includes a simple sample preparation, juices are centrifuged if necessary and 
buffer is added. The 15 min measurement on a 400 MHz-NMR spectrometer is an automatic 
process. 
 
Experiences and advantages by using the NMR screening in routine since several years are 
presented. Significant improvement of control density and a more effective use of 
conventional analyses after NMR screening can be registered. An outlook where the 
technology can be used for other foodstuffs is given. 
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The use of mass fingerprinting for fast aroma characterisation of 
foods and beverages: relation with GC-MS profiling and sensory 
characterisation 
 
Patrick Dirinck 
 
Catholic University College Ghent, Association K.U. Leuven, Laboratory for Flavour 
Research, Belgium; patrick.dirinck@kahosl.be 
 
Fast and objective aroma analysis for evaluation of process parameters and quality control is 
very important for the food and beverage industry. In this presentation a fast technique for 
aroma characterisation based on mass fingerprinting will be described and indicated as MS-
nose technology. The digital aroma characterisation technique is a combination of fast aroma 
isolation by solid phase micro extraction (SPME), mass fingerprinting and on-line pattern 
recognition with exploratory and classification algorithms. In order to demonstrate the 
suitability of MS-nose technology for aroma characterisation, it has to be validated by 
obtaining good correlations with time-consuming gas chromatography-mass spectrometry 
(GC-MS) profiling and sensory characterisation by trained and expert panels. 
  
This contribution will demonstrate the possibilities of MS-nose technology and describe its 
usefulness for applications in the food and beverage industry, e.g., for selection of basic 
materials, evaluation of process parameters, and evaluation of the effect of packaging 
materials. Several applications of the method, showing good correlations with time-
consuming GC-MS profiling and sensory descriptive analyses, will be discussed, e.g.: 

 coffee: difference between Arabica and Robusta coffees, classification of coffee 
origins in relation to sensory characterisation, fast measurement of processing 
parameters in the coffee industry, benchmarking of commercial coffees. 

 wines: classification of different types of wine, relation between classifications of 
wines from thematic comparisons by GC-MS profiling, MS-nose technology and 
sensory characterisation by oenologists. 

 objective quality assessment and origins of spices (pepper and vanilla).  

 classification of some typical European high quality cheeses. 

 benchmarking of soft drinks. 
 
The advantage of MS-nose technology compared to classical e-nose systems based on gas 
sensors will be demonstrated. A critical evaluation of the technique and the limitations of its 
applicability will be discussed. 
  
Acknowledgements 
This work was supported by the Institute for the Promotion of Innovation by Science and Technology 
in Flanders (IWT-Vlaanderen). 

 
References 
1. Dirinck, I., 2009. Mass spectrometry-based electronic nose technology for aroma analysis of 

coffee and wine. PhD thesis. 
2. Dirinck, I., Van Leuven, I. and Dirinck, P., 2005. Application of a mass spectrometry-based 

electronic nose for aroma characterisation of coffee. In: T. Hofmann, M. Rothe and P. Schieberle 
(eds.) State-of-the-art in flavour chemistry and biology. Proceedings of the 7th Wartburg 
symposium on flavour chemistry & biology, 21-23 April 2004, Eisenach, Germany. Deutsche 
Forschungsanhalt für Lebensmittelchemie, Garching, Germany, pp. 98-106. 

3. Dirinck, I., Van Leuven, I. and Dirinck, P., 2006. ChemSensor classification of red wines. In: 
W.L.P. Bredie, M.A. Petersen (eds.) Flavour science: recent advances and trends (book series 
Developments in Food Science, Vol. 43). Proceedings of the 11th Weurman flavour research 
symposium, 21-24 June 2005, Roskilde, Denmark. Elsevier, Amsterdam, the Netherlands, pp. 
521-524. 

mailto:patrick.dirinck@kahosl.be


Rapid Methods Europe 2011   63 
24-26 January 2011, the Netherlands 

4. Dirinck, P., Dirinck, I. and Van Leuven, I., 2007. The use of mass fingerprinting for classification of 
wines. In: H. This and T. Eklund (eds.) Food quality, an issue of molecule-based science. 
Proceedings of the 14th European conference on food chemistry (Euro Food Chem XIV), 29-31 
August 2007, Paris, France. Société Française de Chimie, Paris, France, pp. 129-138. 

5. Dirinck, I., Van Leuven, I. and Dirinck, P., 2007. Mass spectrometry-based electronic nose (MS-
nose) for aroma analysis of food and beverages. In: H. This, T. Eklund (eds.) Food quality, an 
issue of molecule-based science. Proceedings of the 14th European conference on food 
chemistry (Euro Food Chem XIV), 29-31 August 2007, Paris, France. Société Française de 
Chimie, Paris, France, pp. 160-163. 

6. Dirinck, I., De Winne, A., Van Leuven, I. and Dirinck, P., 2008. MS-based electronic nose 
classification of commercial coffee blends. 12th Weurman flavour research symposium , 1-4 July 
2008, Interlaken, Switzerland. 

 
 
 
 
 
 
 



64  Rapid Methods Europe 2011  
  24-26 January 2011, the Netherlands 

Capacitive biosensors for ultrasensitive analyses 
 
Bo Mattiasson and M. Hedström 
 
Lund University, Department of Biotechnology, Sweden; bo.mattiasson@biotek.lu.se 
 
Affinity binding assays in combination with biosensors offer interesting possibilities. The 
potential to develop automatic assays with few human handling steps is one positive feature 
which helps to increase reproducibility and facilitates use of immunoassays under non-
equilibrium conditions. 
 
We have developed a capacitive biosensor with extremely high sensitivity. The sensor 
element is a gold surface covered with an insulating layer onto which the affinity binder is 
attached. Upon interacting with the target molecules, the layer of counter ions is displaced 
and the capacitance is changed. The measured change in capacitance correlates to the 
amount of target molecule bound. Due to a shift in dissociation rate of the target from the 
immobilized binder, a higher affinity can be obtained as compared to what is expected from 
the kinetic constants measured in free solution. Examples of assays of cholera toxin and the 
p24 coat protein from the HIV virus will be discussed.  
 
Furthermore, when producing transgenic proteins, there is always a risk of contaminating the 
final product by host cell proteins or nucleic acids that have not been removed properly. 
Analysis of such impurities requires highly sensitive assays and here the capacitive 
biosensor has proven very useful 
 
In displacement assays it was shown that a higher sensitivity can be obtained when using a 
weaker binder than when a stronger one is used. 
 
The capacitive biosensor has been used to monitor a range of proteins as well as small 
molecules, in all cases with high sensitivity. 
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Raman spectroscopy: a non-destructive and on-site tool for control 
of food quality? 
 
Søren Hassing 
 
University of Southern Denmark, Institute of Sensors, Signals and Electrotechnics, 
Denmark; sh@sense.sdu.dk 
 
In recent years there has been an increasing focus from the consumers on food quality i.e. 
unwanted substances such as bacteria, pesticides and drug residues, food composition and 
additives. This is also reflected in increasing interest for organic food products. It seems 
therefore appropriate to develop substance specific, non-destructive and fast measuring 
techniques that can be used close to the consumer, for monitoring different properties of 
food products.  
 
Raman spectroscopy involves illuminating the sample with laser radiation with wavelengths 
either in the NIR, Visible or UV regions, which excites the constituent molecules within the 
sample to vibrate.  A vibrational Raman spectrum of the molecule is obtained by collecting 
the in-elastically scattered light. Each molecule present in the sample has a characteristic 
set of nuclear vibrations and thus the sample as a whole has a unique „fingerprint‟ vibrational 
signature. Raman spectroscopy is a well-documented non-destructive, optical technique with 
high spectral resolution. Raman spectra can be obtained as reflectance measurements, 
which means that samples can be investigated with no or very little sample preparation and 
opposed to other widely applied optical techniques such as NIR and FT-IR Raman 
spectroscopy is not sensitive to water and therefore biological samples can be measured in 
their natural environment. Besides due to the non-destructive property the same samples 
can be investigated over time. The spectral information contained in a non-resonance 
Raman spectrum is virtually independent of the excitation wavelength and since a complete 
Raman spectrum, typically 0-3500 cm-1 only covers a wavelength region of approximately 
100 nm it follows that Raman spectra of e.g., food products, can be obtained without 
removing the protective film covering the products, just by choosing an excitation 
wavelength that matches an optical window of the protective film.  
 
 
Figure 1. 3-way Raman data matrix:   
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On the other hand a resonance enhancement of the Raman signal and a sub-molecular 
resolution on large bio-molecular samples such as various food-products can be obtained by 
selecting the laser wavelength close to an electronic absorption of the each chromophore 
present in the sample. Besides enhancing the Raman signal Resonance Raman scattering 
can give detailed information about the molecular structure and minor changes in the 
structure as a result of a bio-physical process, in particular when the polarization state of the 
scattered radiation is analyzed. A special kind of Raman spectroscopy involves comparison 
of Raman spectra obtained with different excitation wavelengths close to an electronic 
resonance of a chromophore. The amount of molecular information that may be obtained 
from the Raman data is thereby increased by using 3-way-multivariate analysis (Figure 1).  
 
When a Raman spectrometer is combined with an optical microscope equipped with a 
motorized XY-stage Raman spectroscopic imaging with sub-cellular spatial resolution can be 
performed.  
 
 
Figure 2. Typical protein and lipid Raman spectra obtained from minced meat products. 

 
 
 
Raman spectroscopy has two serious limitations: first, Raman scattering is inherently a weak 
effect (typically 108 incoming photons only generate 1 Raman photon) and secondly, 
fluorescence is often emitted concurrently with the Raman scattering and since the 

fluorescence signal is typically 4‐8 orders magnitude larger than the Raman signal this will 
be hidden in the fluorescence background. Although these limitations may in most cases be 
overcome, by choosing the laser wavelength properly, by using sensitive CCD-based 
spectrometers (dispersive or FFT instruments) combined with advanced signal processing 
and multivariate analysis, the fluorescence from the molecules under investigation may be a 
serious problem. However, in surfaced enhanced Raman spectroscopy (SERS) and 
surfaced enhanced resonance Raman spectroscopy (SERRS) the Raman signal is 
enhanced relative to the fluorescence signal. The enhancement occurs when the molecules 
are either physio-sorbed or chemi-sorbed to a nanostructured metallic surface (Au or Ag). 
For an on-line detection of molecules in solution a flow-cell with a functionalized SERS-
substrate on the inner surface can be applied. Enhancements of the Raman signal in the 
order of 104-1014 can be obtained, with the result that very low concentrations of unwanted 
substances, such as pesticides, can be detected. However, the introduction of nano-
structured surfaces will in general influence the Raman signal from the native molecules and 
make the scattering process more complex, so that the implementation of SERS requires a 
detailed analysis of the system under investigation. 
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The application of the different kinds of Raman spectroscopy in the area of food-quality 
requires that appropriate multivariate methods are applied to the Raman data.  Multivariate 
analysis applied to Raman data offers the opportunity to elucidate very small differences in 
the chemical composition of different kinds of samples. But, again the system under 
investigation must be properly analyzed in order to choose the optimal multivariate method.  
 
The lecture will give a brief introduction Raman scattering and point to the potential 
inherently present in the Raman effect with respect to obtain detailed molecular information. 
The lecture also focuses on some of the theoretical and experimental challenges that have 
to be overcome in order to make Raman spectroscopy a valuable diagnostic tool in the 
detection of food quality. Some recent results on Raman detection of pesticides on fruits and 
vegetables, process control of the composition of meat products and detection of mixtures of 
anti-oxidants will be presented. 
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Screening food and general industrial products with THz systems 
 
Ole Peters, B. Scherger, C. Jördens, C. Jansen, S. Wietzke and M. Koch 
 
Philipps University of Marburg, Department of Physics, Germany; 
ole.peters@physik.uni-marburg.de 
 
In the past 20 years, terahertz spectroscopy matured from a laboratory tool for 
semiconductor physicists to a tool used in scientific and industrial fields. The application area 
is spreading from polymer testing [1] to art conservation [2]. We present this highly flexible 
technology as a powerful tool for food inspection, capable of detecting unwanted inclusions 
in food products. 
 
Introduction to terahertz measurements 
In industrial production, there is a multitude of technologies for the detection of defects and 
unwanted inclusions. Unfortunately, there is no technology available to detect all failures 
searched. Most technologies used deliver sufficient detection sensitivity for only a few or 
even one single kind of failure. It is a demanding task for industrial producers to find the right 
portfolio of technologies to detect all their specific hazards with as few and as cost efficient 
detectors as possible. In this paper, we want to present terahertz spectroscopy as an 
additional tool capable of several measurements, including some that are hard to solve with 
conventional technology. 
 
Like optical spectroscopy, X-Ray measurements, and microwave detection, terahertz 
spectroscopy is based on the absorption and reflection of electromagnetic waves. While 
others have been in use for several decades, efficient generation and detection schemes for 
terahertz radiation were discovered about 20 years ago [3]. The advent of pulsed 
femtosecond lasers enabled new generation and detection schemes which will be presented 
in this publication. 
 
Generation and detection of the terahertz signal is based on photoconductive switching 
[Smith1988]. The ultra short light pulses from a femtosecond laser hit a semiconducting 
material on which an antenna structure is metalized. In the transmitting antenna the terahertz 
beam is produced by applying a bias voltage to the antenna structure. In the detector 
antenna the terahertz pulse drives a small current proportional to the incoming terahertz field. 
 
For many years, recording a single terahertz pulse took several minutes. Due to many 
improvements in the antenna material, the lasers, and the delay technology, recording 
speeds of several hundred pulses per second had been demonstrated recently. This 
improvement in the data acquisition time enables many new applications in the field of 
imaging and real time production monitoring. Together with robust and low cost laser 
systems, the technology is moving into the focus of industrial users. 
 
Applications 
While metal detectors are an easily implementable and widely spread tool to find metal 
contamination in food products, they are not capable of detecting non-metallic inclusions like 
wood, plastic, or broken glass pieces. Many of these are detectable with an X-Ray scanner. 
But due to the similar footprint of fatty products like chocolate and wood in the X-Ray regime, 
it is very hard for these systems to differentiate between these materials. Additionally, the 
usage of X-Ray scanners demands a high level of safety precautions including safety training 
for the users. 
 
Passive terahertz imaging systems like the ones used in security body scanners do not give 
sufficient image quality for most application in industrial testing. Active THz imaging systems  
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using parallel detectors like microbolometer arrays or electro-optic line detectors demand 
high power terahertz sources. These are bulky and costly. Hence, scanning single sampling 
point detection is the method of choice for most industrial measurements. 
Since scanning the sample or the antennas over 2 dimensions is relatively slow, we propose 
a setup based on a 1-dimensional scanning of the sample (e.g. passing the device on a 
conveyor belt). In our proposed technique two rotating mirrors  move the focal spot in a 
second dimension (see fig 2). The rotating mirrors combined with so called f-Theta lenses 
generate a scanning focal spot along a line. The spot position depends on the angle of the 
mirrors. The rotational movement of the light-weighted mirrors can be performed much faster 
than a linear movement of the sample, it enables for higher imaging speed on the expense of 
a more complicated lense system. 
 
When dealing with the detection of contaminations in food products, one should keep two 
major restrictions in mind. Terahertz waves are strongly absorbed by water, which makes 
them unsuitable for highly moist products. Also, they are not able to penetrate metallic foils 
that might be used in food packaging. Other common materials for food packaging like 
paper, polypropylene, and polyethylene on the other hand are almost transparent for 
terahertz radiation. 
 
The specific attributes of terahertz radiation, namely the high sensitivity to water, specific 
features generated by transmission through different materials and the ability for contact free 
measurements, make it an ideal tool for many applications. Besides the scenarios presented, 
the properties of the terahertz technology allow additional ideas like testing the water content 
of dry powders like flour and coffee. 
 
With fast methods for the terahertz transmission and detection, the data acquisition, and the 
sample scanning process, one can think about several new applications like 100% scanning 
of different industry and food products. Figure 3 shows a setup demonstrating on the fly 
terahertz scanning of a product on a conveyor belt. Measurements of different inclusions in 
chocolate are shown in fig 4 and fig 5. The main difference between these two is the 
measurement speed. While the image in fig 4 was generated in the timescale of hours to 
demonstrate the capability of detecting metal, glass, and stone in chocolate, fig 5 was 
recorded in only 2 minutes. Hence, the image quality is not comparable with the first ones. 
But one can still see all the inclusions, including a ceramic sphere of only 3 mm diameter. 
Though these measurements do not yet show a high speed turnkey system for food testing, 
they demonstrate the roadmap toward a system fast and accurate enough for industrial 
testing. 
 
In conclusion, we have proposed terahertz measurements as a technique for fast and 
accurate measurements in several fields of science and industry. The technology is 
competing with other technologies like X-ray sensors and metal detectors. Due to its unique 
position in the electromagnetic spectrum and the high dielectric contrast, it enables 
measurements that were previously impossible. The technological progress seen in the last 
years and the active research taking place at the moment should soon move the technology 
from the laboratory to the production plant. 
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Figure 1. Principal setup of a fiber coupled terahertz system based on a femtosecond laser, a 
fibrestretcher and lenses guiding the beam. 

 

      
 
 
 
Figure 2. Schematic of a F-Theta-System. The mirrors flip over an angle of approx. 10 degree. 
Together with moving the sample through the setup, a 2-dimensional image is recorded. 

 

      
 
 
 
Figure 3. Demonstration of a terahertz spectrometer assembled in a conveyor belt. 
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Figure 4. Terahertz image of chocolate with metallic and nonmetallic inclusion. This image was 
recorded with conventional methods in the timescale of some hours. 

 

 
 
 
 
 
Figure 5. Terahertz image of a chocolate bar, recorded in approx. 2 minutes. Plastic (1, 3), stone (2), 
metal (4), glass (5), wood (6), and a ceramic sphere with 3 mm diameter (7) are visible in the fast 
scanning image. 
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Independent review of proprietary methods, including chemical 
methods? 
Contributed paper 
 
Mika Tuomola and Hilde Skår Norli 
 
NMKL Nordic Committee on Food Analysis, c/o National Veterinary Institute, Norway: 
nmkl@vetinst.no     
 
For more than a decade, microbiological test kits have been evaluated by an independent 
third party to obtain documentation on the methods‟ performance and the compliance of the 
manufacturers‟ information about the methods‟ applicability and performance.  
 
What is the status of chemical test kits? Are they reviewed by an independent party? Can we 
rely on the validation data and that the validations are carried out in a satisfactory manner? 
Have they been reviewed by an independent third party, or do the laboratories have to make 
extensive validation studies themselves? 
 
Without doubt, it would be extremely resource-efficient and confidence-inspiring for 
laboratories to use test kits that are reviewed by an independent third party. Test kit 
manufacturers using independent evaluation/certification of their products, will seem highly 
professional and thereby achieve favourable market shares. NordVal is about to start a 
program for evaluation/certification of chemical proprietary methods (test kits), and would like 
to introduce the validation process and welcome a discussion thereof. 
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Biosensors and new ligands in food and feed analysis 
Plenary Keynote Lecture 
 
Marco Mascini 
 
University of Florence, Department of Chemistry, Italy; marco.mascini@unifi.it 
 
Biosensors are devices which utilise biological reactions for detecting analytes. Such devices 
intimately couple a biological recognition element, interacting with the analyte, with a physical 
transducer that translate the biorecognition event into a useful electrical signal. Common 
transducing elements, including optical, electrochemical, or mass-sensitive devices generate 
light, current or frequency signals, respectively. 
 
So far, several bio-analytical methods have used nucleic acid probes to detect specific 
sequences in RNA or DNA targets through hybridisation. More recently, specific nucleic 
acids, aptamers, selected from random sequence pools, have been shown to bind non-
nucleic acid targets, such as small molecules or proteins. The development of in vitro 
selection and amplification techniques has allowed the identification of specific aptamers, 
which bind to the target molecules with high affinity. Many small organic molecules with 
molecular weights from 100 to 10,000 Da have been shown to be good targets for 
selection. Moreover, aptamers can be selected against difficult target haptens, such as 
toxins or prions. The selected aptamers can bind to their targets with high affinity and 
even discriminate between closely related targets.  
 
Aptamers can thus be considered as a valid alternative to antibodies or other bio-mimetic 
receptors, for the development of biosensors and other analytical methods. The 
production of aptamers is commonly performed by the SELEX (Systematic Evolution of 
Ligands by EXponential Enrichment) process, which, starting from large libraries of 
oligonucleotides, allows the isolation of large amounts of functional nucleic acids by an 
iterative process of in vitro selection and subsequent amplification through polymerase 
chain reaction. 
 
An aptasensor consists of the immobilisation onto the surface of a sensor of specific nucleic 
acids, selected from random sequence pools. The selected aptamers bind to their targets 
with high affinity and even discriminate between closely related targets. This is due to the 
adaptive recognition: aptamers, unstructured in origin, fold upon associating with their 
ligands into molecular architectures in which the ligand becomes an intrinsic part of the 
nucleic acid structure. 
 
The coupling of reliable electrochemical techniques with a micro - or nanoarray of electrodes 
offers the possibility of monitoring multiple affinity reactions, since on each electrode surface 
a specific probe will be immobilised identifying a microbial species or the expression for a 
particular toxin. A successful strategy for detection of food and/or feed with electrochemical 
detection is shown in Figure 1. 
 
Recently, aptamers from peptides libraries have been realized with similar techniques in 
order to obtain structures with very varied receptor points and higher analytical 
capabilities. 
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If simple does not work then make the complex simple: a 
mycobacterial compromise 
 
Richard Anthony 
 
Royal Tropical Institute, KIT Biomedical Research, the Netherlands; r.anthony@kit.nl 
 
A sensitive specific simple diagnostic does not exist for tuberculosis. This is in large part due 
to the complex interaction of the infecting bacterium and the human host. 
 
Inhaling aerosols, generated by an infected person with active lung disease, is the main 
route of transmission for tuberculosis. Only 10% of otherwise healthy persons infected by 
Mycobacterium tuberculosis containing aerosols develop disease within 24 months.  
Subsequently an unpredictable proportion of the remaining 90% of sub-clinically infected 
persons fail to fully clear the infection and remain infected, potentially for the rest of their life, 
remaining at risk of active disease as they age or become immunosuppressed. 
 
Sub clinical infection along with the antigenic similarity with environmental Mycobacterium 
spp. makes all classical antibody based diagnostics for tuberculosis developed to date of 
little diagnostic use. Likewise cellular immunity can be used to detect exposure to the 
pathogen, which may be useful in low burden settings, but not to diagnose active disease. 
Mycobacterial antigens can be rapidly and simply detected in patient samples, and strongly 
correlate with active disease, but the sensitivity of these assays is very poor, and in most 
situations lower than direct microscopy (the classical method of „rapid near patient‟ 
tuberculosis diagnosis). 
 
The most successful and rapid state of the art methods available for the sensitive diagnosis 
of active tuberculosis are based on DNA amplification. Tuberculosis diagnostic testing was in 
fact one of the first widespread applications for DNA amplification in bacteriological 
diagnostics, as the organism grows slowly and thus there is a huge time (and cost) 
advantage when even complex molecular assays are implemented. Unfortunately, although 
molecular assays approach the sensitivity of culture, the first generations of these assays 
required well staffed and equipped laboratories and were thus virtually impossible to 
implement in high burden settings and impractical to perform near the patient. 
 
Recently integrated fluidic and molecular technologies have been combined into almost fully 
automated simple to use sample processing and DNA amplification assays. These so-called 
cartridge based PCR assays have been adapted for mycobacterial identification and initial 
characterisation and promise to revolutionise the provision of tuberculosis diagnostics if they 
can be widely implemented. Although they have great promises these assays alone do not 
fully address the diagnostic challenge and further development of integrated assays as well 
as the continued search for a truly simple near patient diagnostic continue. 
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Field application of two optimized flow through multi-mycotoxin 
immunoassay formats to screen a variety of food matrices in 
Cameroon, West Africa 
 
Emmanuel Njumbe Ediage1, K. Hell2, C. Van Peteghem1 and S. De Saeger1 
 

1Ghent University, Laboratory of Food Analysis, Belgium and 2International Potato Center, 
Benin; emmanuel.njumbeediage@ugent.be 
 
Global trade has obliged most countries to depend on one another for food and as a result 
exposed them to mycotoxin contaminated imported food products. If no proper control or 
monitoring is done at the port of entry, these contaminated food products would end-up in the 
food chain and would serve as possible hazard to human health. In developing countries in 
particular, high levels of mycotoxins (fumonisins and aflatoxins) in food products are 
frequently being reported. There is thus the need for fast reliable, user-friendly, on-site 
screening assays so as to arrive at a quick decision on the acceptance or rejection of these 
imported food commodities. Furthermore, based on the fact that a large portion of the foods 
consumed in developing countries are home-grown, there is also the need to equip the grass 
root farmers with skills and abilities on how to handle and perform rapid and simple on-site 
mycotoxin screening test before the food products are carried to the local markets. 
 
Two immunochemical flow-through enzyme based assay formats (gel and membrane-based) 
were developed and validated for simultaneous detection of zearalenone (ZEA), aflatoxin B1 
(AFB1), deoxynivalenol (DON), fumonisin B1 (FB1) and ochratoxin A (OTA), in cassava flour, 
maize and peanut samples. Both assays combine simple sample extraction, clean-up, 
dilution of the sample extract, pre-concentration and multi-immunodetection through 
enzymatic reaction with horse radish peroxidase (HRP). The results are obtained rapidly (in 
5-15 min) and a decision about the contamination levels can be taken immediately. The 
visual detection limit for the membrane based assay, which is the lowest mycotoxin 
concentration resulting in no colour development, was 5 µg/kg, 700 µg/kg, 3 µg/kg and 175 
µg/kg for AFB1, DON, OTA and ZEA, respectively. The gel-based column assay format has 
cut-off limits at 1,250 µg/kg, 1000 µg/kg, 3 µg/kg, and 200 µg/kg for FB1, DON, OTA, and 
ZEA, respectively. The percentage false negative rate (within laboratory) was less than 5% 
when naturally contaminated samples were analyzed using both assay formats. Both assay 
formats were field tested under tropical conditions with Cameroon as case study. 
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Point-of-care malaria diagnostics 
 
Aart van Amerongen1, A. Moers1, L. de Bes2, P. Mens2 and H. Schallig2 

 
1Wageningen University and Research Centre, Biomolecular Sensing & Diagnostics, the 
Netherlands and 2Royal Tropical Institute, Biomedical Research, Parasitology Unit, the 
Netherlands, the Netherlands; aart.vanamerongen@wur.nl 
 
Malaria is by far the world‟s most important tropical parasitic disease. An estimated 300-500 
million people become ill each year. Malaria is due to infection with the Plasmodium parasite, 
a small single cell organism. In principle 4 Plasmodium species can cause disease in 
humans, but infections with P. falciparum are the most important. The disease kills an 
estimated two - three million people per year, mainly young children in developing countries. 
Approximately 1 child dies every 30 seconds due to malaria. Other important risk groups are 
pregnant women and non-immune travellers.  
 
Prompt, accurate diagnosis and effective treatment are corner stones of effective malaria 
management. Clinical diagnosis is not always very easy, as primary symptoms may 
resemble those of other diseases like the flu. Therefore, laboratory diagnosis is very 
important and this has up to now relied almost exclusively on microscopy. However, many of 
the diagnostic tools and protocols used in developing countries are too cumbersome, too 
expensive, outdated and not functioning properly in terms of sensitivity, specificity, simplicity 
and rapidity or even not available at all. The application of molecular biology and genomics in 
the development of diagnostic tools are currently making rapid advancement in the 
industrialized countries, but these developments do not translate into useful tools for 
developing countries. However, in molecular diagnostics, the search for increased detection 
sensitivity combined with a simple detection system is an ongoing challenge and would 
ultimately lead to the feasibility of introducing molecular tools in developing countries. 
 
 
Figure 1. Typical sites in Southern Africa where malaria diagnostics are being applied; poorly 
facilitated environments up to reasonably equipped hospitals. 

 
 
 
 
 
 
 
 
 
 
 

 
 
Moreover, conventional available molecular tests for diagnosis of malaria (like PCR) or for 
monitoring the presence of single nucleotide polymorphisms (SNPs) conferring drug 
resistance, i.e. a combination of PCR and restriction fragment length polymorphism analysis, 
are time-consuming and can only be applied in well-equipped laboratories by highly skilled 
research personnel. Furthermore, the technology requires the use of a gel electrophoresis 
system, thus the need for additional equipment like a power supply and a hazardous UV light 
source to visualize the result, and yields chemical waste, such as salt-buffer solutions, 
agarose gels and, most importantly, the toxic substance ethidiumbromide. 
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The European project MALACTRES (2008-2012) aims to develop point-of-care malaria 
diagnostics that circumvent these drawbacks by applying simple and rapid test formats. 
Lateral flow immunoassays (LFIAs) have an acknowledged position, because they are not 
only sensitive, but also allow for rapid on-site testing. In general LFIAs are used to detect 
proteins or small chemicals such as antibiotics. The user-friendliness of its assay format 
especially qualify these assays for application under field conditions. Therefore, these 
methods are very well suited for on-site detection of poverty-related diseases. To simplify 
and speed up analysis of genetic material a one-step assay format has been developed that 
is based on the lateral flow principle and is able to detect amplified DNA or mRNA in 
approximately 15 minutes. This nucleic acid lateral flow immuno-assay (NALFIA) is cheap 
and easy to use. 
 
 
Figure 2. A 4-line nucleic acid lateral flow immunoassay (NALFIA) specific for Pan-plasmodium (all 
plasmodium species), Plasmodium vivax, Plasmodium falciparum and a control gene from human 
white blood cells (glyceraldehyde 3-phosphate dehydrogenase; GAPDH). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
The technology has been used to set-up a PCR-NALFIA system for the detection of 
Plasmodium species. This work has been further extended towards the detection of 
amplicons obtained via the nucleic acid sequence based amplification (NASBA) technology. 
This technology is an isothermal and sensitive RNA amplification method that can be 
performed in a simple water bath or heat block (at 41oC) and has several advantages over 
conventional PCR: (i) it does not require a thermal cycler; (ii) it is rapid and highly efficient; 
and (iii) it allows for the amplification of RNA in a background of DNA, hereby circumventing 
the need for the use of a DNAase during the isolation of the nucleic acids. 
 
 
Figure 3. Slides with 16 nitrocellulose pads each with a microarray consisting of antibodies that 
specifically recognise PCR amplicons. The arrays were tainted by carbon nanoparticles having 
neutravidin coated onto the surface. 
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The microarray platform is a powerful tool for performing multiplexed assays for the detection  
and/or the evaluation of the activity of a variety of biomolecules, microorganisms and cells. In 
drug discovery and life sciences research both DNA and, increasingly, protein microarrays 
are crucial tools, whereas the application of microarrays as diagnostics is very promising. 
However, despite its high potential the microarray platform is still not an emerging tool in the 
regular diagnostic field, especially in the case of protein microarrays. To increase the 
applicability and to reduce the costs of protein microarrays we are developing assays in the 
framework of the MALACTRES project, in which carbon nanoparticles are used as signal 
labels, a conventional flatbed scanner to digitize the pixel grey volumes of the spots and 
image analysis software to process the data. 
 
Examples of malaria specific lateral flow and microarray methods will be shown and the 
application of lateral flow tests in field trials in South-Africa will be explained in comparison to 
traditional technologies such as microscopy and gel electrophoresis. 
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A 3D dance of gold – single molecule detection via tethered particle 
motion 
 
Bernd Rieger 
 
Delft University of Technology, Department of Imaging Science & Technology, the 
Netherlands; b.rieger@tudelft.nl 
 
We report on the motion of gold nanoparticles tethered to a substrate using double stranded 
DNA is characterized in 3D as opposed to common 2D measurements. The height 
information of the particle is captured using a cylindrical lens in the emission beam path of 
the dark field microscope. This introduces astigmatism in the optical system, which allows us 
to determine the position of the particle with a precision of 6 nm in the lateral direction and 15 
in the axial direction. We have measured the persistence length of double stranded DNA in 
all 3 dimensions separately by looking at both the statistics and dynamics of the motion of 
the tethered particle. In the lateral direction both statistics and dynamics measurements 
provide a persistence length of less than 30 nm, while the literature value lies around 50 nm. 
In the axial direction we see that the particle is on average further away from the substrate 
than expected from simulations. At the same time, the dynamics in z are much slowed down 
compared to the expected behaviour for a persistence length of 50 nm. This leads us to 
believe the particle is pushed upwards, resulting in a lateral motion reduced by the spring 
potential of the DNA. This would also explain the low measured persistence length in the 
lateral dimensions. We have estimated that this force would be a few fN. A likely candidate 
causing this upwards force is thermal buoyancy of water locally heated by the light source. 
This method has prospects to allow detection of single molecule interaction with tethered 
DNA during the time of measurement. 
 
Persistence length from statistics 
We extend our earlier method [1] to determine the persistence length of a DNA tether by 
comparing the measured position distribution to simulated ones from 2D to 3D. This method 
is expanded here for 3D measurements. Briefly: the position distribution is compared to 
simulations of Tethered Particle Motion using different values for the persistence length of 
the tether. The simulation with the highest statistical agreement to the measured data 
contains the value for the persistence length that best fits the measured data. 
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Persistence length from dynamics 
The persistence length of the DNA can also be determined by looking at the dynamic 
behaviour of the system. For that we look at the mean squared displacement (MSD) of the 
particle as a function of time. For long times the mean squared displacement is dominated by 
the harmonic potential posed by the elasticity of the DNA. From this stiffness the persistence 
length of the DNA can be computed. 
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Rapid microbial diagnostics: tmRNA to the rescue! 
 
Ott Scheler 
 
University of Tartu, Institute of Molecular and Cell Biology / Estonian Biocentre, Estonia; 
ott.scheler@ut.ee 
 
One novel interesting marker molecule that can be used in molecular diagnostics is the RNA 
transcript of bacterial ssrA gene. The term tmRNA, as this molecule is usually called, stands 
for „transfer‟ and „messenger‟ RNA as the molecule has characteristics of both of them. In the 
cell, tmRNA is present with high copy number (around 1000 RNAs per cell) and is 
responsible for releasing ribosome from mRNA in case of the stalled protein synthesis. Small 
proteolysis tag is subsequently added to the nascent faulty protein according to the reading 
frame in the tmRNA. On average, tmRNA molecule is about 300-400 nucleotides long and 
the highly complementary 3‟ and 5‟ ends fold together into tRNA like structure that permits 
the entry to the ribosome when needed. Proteolysis-coding mRNA part and four structural 
domains make up for the rest of the molecule. tmRNA molecules contain regions of 
sequence heterogeneity and, therefore, can successfully be applied for bacterial diagnostics 
as a marker molecule. 
 
We have developed a novel microbial diagnostic method that combines the sensitivity of 
NASBA with the high information content of microarray technology for the detection of 
bacterial tmRNA molecules. NASBA is a sensitive isothermal RNA amplification technology 
that has routinely being used in various fields of microbiology and microbial diagnostics. As 
DNA microarrays have recently shown great potential in investigation of microbial diversity, 
composition and species identification from environmental and medical samples, 
combination of these two powerful methods looks very promising. Developed method was 
sensitive enough to detect and identify tmRNA molecules from common respiratory diseases 
causing pathogen Streptococcus pneumoniae at a concentration of less than one cfu per ml 
of culture. Altogether, we have successfully demonstrated efficient combination of NASBA 
amplification technology with microarray based hybridization detection. Method is applicative 
for many different areas of microbial diagnostics including environmental monitoring and 
clinical microbiology. 
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Rapid immunodetection of pathogens on interdigitated transducers 
by perturbation of conduction and displacement currents 
 
Antonio Baldi 
 
The National Microelectronics Center, Barcelona Microelectronics Institute, Spain; 
antoni.baldi@imb-cnm.csic.es 
 
New methods for shorter, cheaper and simpler pathogen detection are being developed to 
meet the demands of the food industry and governmental legislation. Most of these methods 
are based on cell concentration estimation by polymerase chain reaction [1] and 
immunoassays [2] or phage-based assays [3]. These methods still rely on a pre-enrichment 
step because their limit of detection is not low enough to detect the pathogens at the 
extremely low concentrations required (typically less than 1 cfu/ml). In this sense, lowering 
the limit of detection of the method is key to shorten the overall test time. Another aspect 
important to the success of a detection method is the simplicity of the procedure. Methods 
requiring various steps of sample manipulation and mixing with reagents or requiring 
biochemical laboratory infrastructure may be less attractive to final users. Finally, the 
methods being capable of selectively detect live or viable cells in the presence of dead cells 
are preferred for many applications. Here I will present a new immunodetection approach 
based on impedimetric transducers that holds promise to meet all these requirements.  
 
As shown in Figure 1, a pair of interdigitated electrodes is used as a transducer whose 
surface is functionalized by specific antibodies against a target bacterial strain [4]. When 
cells are captured on the surface, the currents flowing between electrodes upon a.c. voltage 
excitation are perturbed. This perturbation depends on the frequency of the excitation voltage 
and affects differently to the conduction currents (in phase with the voltage signal) and 
displacement currents (in quadrature or 90º out of phase with the voltage signal). 
 
 
Figure 1. Immunocapture of bacterial cells on impedimetric transducers. 

 
 
Figure 2 shows the effect of the captured bacterial cell in conduction currents at 1 kHz. At 
this frequency the currents cannot penetrate through the cell membrane, and therefore, the 
cell behaves as a low-permittivity isolating object obstructing the currents and increasing the 
resistance measured between the electrodes. Changes in measured capacitance at higher 
frequencies can also be used for the detection of cells as shown in Figure 3. Note the 
difference between this approach and other impedimetric detection systems based on 
changes in the electrode-electrolyte interface impedance [5]. Advantages of the present 
detection method include low limit of detection, specificity for live cells, and little effect of 
adsorption of proteins or other contaminants to the surface. Moreover, the test procedure is 
simple: (i) short (<1 h) immersion of the functionalized interdigitated transducer in the 
sample, (ii) washing with deionized water, and (iii) measurement of the impedance in a low-
conductivity buffer. The test has been applied to the detection of Escherichia coli in water
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yielding a limit of detection close to 102 cfu/ml range. This preliminary result shows the 
potential of the technique for shortening, or even avoiding, the pre-enrichment steps required 
in the previously reported detection methods.  
 
 
Figure 2. Simulated current distribution between two „fingers‟ of the interdigitated electrodes at a 
frequency of 1 kHz when there are no cells on the surface (a) and when there is a cell between 
them (b).  Lines represent the a.c. current density, colours represents the instantaneous potential 
distribution (red for positive potential and blue for negative potential). 

 
 
 
Figure 3. Measured changes in capacitance during immersion of the transducer in a 10

5
 cells/ml 

solution of live (circles) and dead (triangles) E. coli cells. 
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From TLC to ORBITRAP: into the 5th gear 
 
Hubert F. De Brabander, J. Vanden Bussche and L. Vanhaecke 
 
Ghent University, Department of Veterinary Public Health and Food Safety, Laboratory of 
Chemical Analysis, Belgium; hubert.debrabander@ugent.be 
 
In the 1960ties and early 70ties, residue analysts did not yet have the possibilities of modern 
hyphenated techniques such as GC-MSn and LC-MSn. Moreover, there was no internet, no 
mobiles, no laptops, no autosamplers, etc. The only affordable techniques were GC (Gas 
Chromatography) with ECD (Electron Capture) detection and TLC (Thin Layer 
Chromatography) with fluorescence detection. However, methods with relative low limits of 
detection (ca. 1 µg/kg) had already been worked out. 
 
These methods were often very time-consuming and had very low rates of sample 
throughput (e.g., 6 samples/analyst/week). During chemistry courses, it is taught that in a 
chemical reaction from substance A to substance E (over B, C and D) one of the steps is the 
RDS (the Rate Determining Step). Also in the SOP (Standard Operating Procedure) of an 
analytical method, the RDS could be determined. When this particular step is improved, the 
RDS will shift to another step. The improvement of the RDS in analytical methods is the 
thread of this presentation. In TLC, the RDS was most definitely „sample application‟. This 
step was improved by constructing faster sample applicators. Moreover, when shifting from 
normal TLC plates (20x20 cm) to HPTLC (High Performance Thin Layer Chromatography) 
plates of 10x10 cm and introducing „4x4‟ HPTLC, the running time of the thin layer could be 
improved considerably. A dedicated „4x4‟ sample applicator was constructed so that „4x4‟ 
could be used as a fast and robust method for residue analysis. 
 
In the mid 1980ties, GC-MS was introduced as an affordable detection technique in residue 
analysis. These apparatus could be equipped with autosamplers so that analyses could run 
around the clock and through weekends. Sample clean-up then became the RDS. In a GS-
MSn method of mid 90ties, ca 65 % of the cost of the analysis was due to sample clean-up. 
50% of the total cost of an analysis was due to personnel.  
 
In the late 90ties, LC-MSn (Ion Trap or triple quadrupole) became readily available and largely 
took over from GC-MSn. Clean-up procedures were automated and adapted to suit the 
continuously improving detection power of these mass spectrometers. So, the RDS was 
shifting more and more to the length of the chromatographic run. In GC, a standard run 
typically lasts 20-40 min. Also in LC a chromatographic run was relatively lengthy (20-30 
min). 
 
In 2005, UPLC (and later U-HPLC) was introduced. Since then, the LC chromatographic run 
could be shortened considerably (5-10 min). Moreover, a larger number of analytes could be 
detected in the same run. In literature, methods for a limited number of analytes (e.g., 12 
sulphonamides, 8 NSAID‟s, 12 coccidiostats, etc.) are still published. However, methods are 
also described for a larger number of analytes (e.g., more than 280 pesticides, more than 
130 veterinary drugs, etc.) in one run. For this larger number of analytes, accurate mass 
instruments based on TOF (Time of Flight) or ORBITRAP technology are better suited. The 
RDS could shift again; this time maybe to the time needed for the interpretation of the 
results. 
 
With ORBITRAP technology, the analytical methodology is going into the 5th gear. Analytical 
chemist could already dream of one (the only one?...) apparatus in the laboratory that 
permits the simultaneous analysis of more than 100,000 analytes in, let‟s say, 5 minutes.  

mailto:hubert.debrabander@ugent.be


86  Rapid Methods Europe 2011  
  24-26 January 2011, the Netherlands 

How to detect evidence of Life in extreme environments – beneath 
glaciers, in the stratosphere and on Mars? 
 
David C. Cullen 
Cranfield University, Cranfield Health, UK; d.cullen@cranfield.ac.uk 
 
A growing interest in understanding Life at the extremes on Earth and the potential for Life 
elsewhere in the Solar System has led to a need for analytical approaches to detect, quantify 
and characterise Life in such situations. The research group of Prof. David Cullen at 
Cranfield University is currently involved in a number of projects that require in situ or „in 
field‟, collection, processing and/or analysis of environmental samples for molecular 
biomarkers of Life. 
 
On-going projects include (i) the development of the multiplexed-immunoassay based Life 
Marker Chip instrument for the European Space Agency‟s ExoMars rover – due to launch to 
Mars in 2018, (ii) the adaptation and use of multiple commercial off-the-shelf biomarker 
detection systems in glacial and especially sub-glacial environments – including ATP 
bioluminescence assays, recombinant Factor C LPS fluorescence assays and real-time 
PCR, and (iii) development of micro-organism collection and detection approaches for use on 
stratospheric balloon platforms to study life in the upper atmosphere. These projects will be 
described and issues relating to broad aspects of in situ rapid diagnostics highlighted. 
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Salmonella is a foodborne pathogen that causes gastro-enteritis in humans. Salmonella is 
considered a major public health hazard with more than 40.000 cases in the Netherlands 
alone (2008) [1]. About 20% of these cases can be associated with the consumption of pork. 
In countries like Denmark and the Netherlands serology is used for monitoring the 
Salmonella status of pig herds in order to reduce the number of infected herds and, 
eventually, human cases of salmonellosis [2]. For Salmonella serology commonly the major 
antigenic component lipopolysaccharide (LPS) is used. Since the composition of LPS defines 
the serogroup of a strain, a multiplex approach was designed in which LPS of the most 
important serogroups (B, C and D) was coupled to individual Luminex xMAP bead sets. This 
set-up enables total control of the coupling conditions of the different LPS‟s, and results in a 
comprehensive detection of anti-Salmonella antibodies in porcine serum. However, the 
assay is not designed for serotyping strains. For each serogroup LPS from a representative 
strain was coupled to paramagnetic Luminex xMAP beads. To demonstrate proper coupling 
of LPS to the individual bead sets, specific agglutination sera (B: O4, O5, O12; C: O6/7; D: 
O9, O12) [3] were used as samples. The resulting B-C-D LPS triplex assay was compared 
with a widely used commercial ELISA by testing experimental sera and field sera. The three 
LPS beads reacted with O-antigen specific agglutination sera as expected. In a multiplex set-
up the LPS beads reacted with experimental porcine sera in agreement with the serogroup of 
the strain used for immunization. Testing of 94 field sera with the Luminex LPS triplex assay 
and a commercial ELISA showed an overall agreement of >90% with Cohen‟s Kappa of > 
0.8. The results show that xMAP beads can be functionalized with Salmonella LPS, and that 
the resulting serological assay performs comparable to a commercial ELISA. The flexibility of 
the platform allows future improvements by addition of beads with other LPS variants. 
Furthermore, the bead set can be expanded with antigens against other pathogens to 
facilitate serology of additional veterinary and zoonotic pathogens. Ultimately, this type of 
assay can be used for routine screening of porcine samples for the presence of multiple 
pathogens. 
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Sera from slaughter pigs are being tested for antibodies against several pathogens using a 
3-step ELISA, and for the presence of antibiotic residues with a microbial inhibition test of 
renal pelvis fluid (pre-urine). The (small) antibiotic residues can also be detected in sera with 
an immunoassay, i.e., a 2-step inhibition test. The purpose of the research described here is 
to combine these different assay principles in one Luminex protocol. A previously developed 
Trichinella Luminex assay [1] was chosen as a representative serological assay, while the 
detection of sulfamethoxazol was chosen as a representative inhibition assay [2]. A panel of 
serologically well-described swine serum samples were spiked with antibiotic residues and 
were used for setting up the protocols. To combine the serological test with the inhibition 
assay the effects of various conditions were investigated. A big difference was the number of 
incubation steps. For the combined assay, the antibiotic inhibition immunoassay was 
adjusted to a 3-step assay. As the standard protocols of the two assays required different 
serum dilutions, an effort was made to reduce the background in the serology assay and 
increase the sensitivity of the inhibition assay by evaluating the effects of sample dilution and 
buffer composition. Using spiked serum samples a protocol in which both assay formats 
were combined was established. The results demonstrate that it is possible to combine a 
serological assay and an inhibition assay in one Luminex protocol. To further enhance the 
sensitivity, optimization of variables like bead production, buffer composition and labelling 
need to be performed. 
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Trichinellosis is a parasitic zoonosis affecting at least 11 million people all over the world [1] 
and is included in the EU white paper on food safety [2]. New EU legislation concerning meat 
inspection for Trichinella spp. allows population monitoring of Trichinella-free herds using 
serological methods [3]. Using Luminex xMAP technology, a bead-based flow cytometric 
platform that allows identification of up to 100 analytes, a proof of principle assay for the 
serological screening of porcine samples for Trichinella was developed and a preliminary 
validation was performed. E/S antigen, isolated from Trichinella spiralis larvae, was coupled 
to Luminex paramagnetic MagPlex beads using a standard EDC/NHS coupling. The 
performance of the Luminex assay was compared with that of two commercially available 
ELISA‟s using porcine serum samples. The Luminex results with longitudinal serum samples 
from experimentally infected pigs were comparable with the results obtained with the two 
ELISA‟s. Based on data of ~240 field sera, an overall agreement of >90% was achieved. The 
results of this preliminary validation show the capabilities of the Luminex xMAP platform for 
detecting antibodies against Trichinella in pig serum. The experiments demonstrate the 
feasibility of the Luminex xMAP platform for veterinary diagnostics and suggest that in a 
veterinary setting serological monitoring of multiple pathogens in one cost reducing multiplex 
assay will be possible on the this platform. 
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The Luminex xMAP platform is very suitable for performing serology in multiplex format [1,2]. 
As with serological ELISA‟s a labelling step with an anti-species antibody is required. As this 
is impractical for diagnostics like serological wildlife monitoring where multiple species are 
tested, detection with a universal immunoglobulin G binding protein has been developed 
[3,4]. Here we report on the use of recombinant protein A/G in a multispecies serological 
Luminex assay. The applicability of recombinant protein A/G was investigated by coating 
serum from a diverse panel of mammalian species in ELISA-plates. Detection of immuno-
globulins was performed with biotinylated protein A/G and a streptavidin-peroxidase 
conjugate. The applicability of recombinant protein A/G for serology on the Luminex platform 
was tested using a previously developed assay for detection of antibodies against Trichinella 
[5]. Using biotinylated protein A/G in conjunction with a streptavidin-phycoerythrin conjugate, 
Trichinella serology was performed on serum from experimentally infected swine and on 
serum from slaughter pigs and other mammalian species. Results from the immunoglobulin-
ELISA indicate that protein A/G reacts with serum from a wide range of mammalian species. 
The results from the Trichinella Luminex assay with pig serum using protein A/G for antibody 
detection were in complete agreement with the results obtained when anti-swine was used. 
Testing of sera from other mammalian species demonstrated the feasibility of using protein 
A/G in a multispecies Luminex assay. In addition, the data suggest that by using protein A/G 
higher P/N ratios can be obtained as the background is reduced. The data demonstrate that 
the use of biotinylated protein A/G in Luminex assays enables serological testing of multiple 
mammalian species without the need for species specific secondary antibodies. This opens 
up possibilities for multispecies multiplex diagnostics in for example wildlife monitoring. 
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Brazil is the world‟s third largest producer and leading exporter of chicken meat and Parana 
State is the second largest Brazilian producer. Salmonella spp. and Campylobacter spp. are 
the most frequent causes of food-borne diseases worldwide. The control of these bacteria in 
chicken meat is essential to prevent sanitary barriers and for human disease control. 
Molecular methods such as polymerase chain reaction (PCR) have been developed for 
detection, identification and quantification of these bacteria in foods due to their rapidity, 
specificity and sensitivity. Although there are several commercial available kits for detection 
of Campylobacter and Salmonella, their high costs make routine use in quality control and 
diagnostic laboratories difficult, especially in developing countries such as Brazil. The 
development of a specific molecular assay and especially the simultaneous detection of both 
bacteria are quite interesting for these laboratories. The aim of this study was to develop a 
multiplex PCR assay (mPCR) for simultaneous detection of Salmonella spp. and 
Campylobacter spp. in raw chicken meat. The mPCR was developed using the specific 
primers for Salmonella spp., Styinva-JHO-Right and Styinva-JHO-Left, that amplified a 119 
bp fragment. The specific primers used for Campylobacter spp. were OT1559 and 18-1, 
which amplified DNA fragments of 287 bp. The assay specificity was 100% after testing with 
different Salmonella serovars, Campylobacter jejuni, C. coli and other bacterial species in 
pure cultures. The mPCR detected 102 cfu/ml of Campylobacter spp. and 100 cfu/ml of 
Salmonella spp. after 24 hours of enrichment. A total of 50 raw chicken meat samples were 
analyzed and two (4%) were contaminated with Salmonella spp. and 28 (56%) with 
Campylobacter spp. The results of mPCR were confirmed by conventional culture methods. 
The developed mPCR is a rapid, inexpensive and eficient alternative for the simultaneous 
detection of Samonella e Campylobacter in chicken meat after 24 h enrichment. 
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Intramammary infections lead to a significant decrease in milk yield and quality, and 
represent a major economical and health problem to the dairy industry world-wide. Reliable 
identification of the bacteria, responsible for the intramammary infections, is important for 
disease management in herds. Identification of mastitis pathogens is commonly done by 
bacterial culturing methods and complex biochemical tests [1]. Molecular methods have been 
published for the detection and characterisation of mastitis pathogens [2]. We developed a 
preliminary test method for some prominent mastitis causing pathogens by combining a rapid 
PCR method with a user-friendly and fast antibody microarray, the nucleic acid microarray 
immunoassay (NAMIA). PCR was performed with tag-labelled primers; the forward primer 
with a discriminating tag and the reverse primer with biotin. Antibodies specific for the various 
discriminating tags were arrayed on nitrocellulose pads and a fusion protein consisting of 
neutravidin and alkaline phosphatase was adsorbed onto carbon nanoparticles. The double-
labelled amplicons were sandwiched in a one-step incubation between these carbon 
nanoparticles conjugates and the immobilised antibodies resulting in black spots. The signal 
could be further enhanced by a short incubation with alkaline phosphatase substrate 
solution. Six different DNA templates for Staphylococcus aureus, Corynebacterium bovis, 
Mycoplasma bovis, and Streptococcus agalactiae, dysgalactiae and uberis were used. The 
PCR protocol was optimised to 30 min using Phire Hot Start polymerase (Finnzymes) and 
the Piko thermal cycler (Finnzymes). Templates for S. agalactiae, dysgalactiae, and uberis 
were amplified using primers SU-F2 and SU-R (2). S. aureus, C. bovis, and M. bovis 
templates were amplified using primers Au-F and Au-R, Cb-F2 and Cb-R3, Mb-F and Mb-R, 
respectively (from 2). Forward primers were labelled at the 5'-end with discriminating tags 
and reverse primers were labelled at the 5'-end with biotin. FAST slides (GE Life Sciences) 
were spotted with antibodies against the discriminating tags and IgG-biotin as a positive 
control by the Scienion S3 microarray spotter (260 pl or 200 µg/ml). The design is given in 
Table 1. Following PCR 1 µl of the solution was added to a microarray well together with 5 µl 
of a 0.2% (w/v) suspension of carbon-neutravidin-AP conjugate and 100 mM borate buffer, 
pH 8.5, 1% (w/v) BSA to a final volume of 75 µl. Following a 1 h incubation the well was 
washed once and alkaline phosphatase solution was added and incubated for 10 min. 
Results were digitized by flatbed scanning. In a preliminary NAMIA set up the feasibility of 
the detection principle was investigated. The carbon-based signalling is shown in Figure 1. 
Following a one-hour incubation the carbon nanoparticles bound to captured amplicons via 
neutravidin-biotin complexes could be seen by the naked eye and digitized by flatbed 
scanning (results not shown). The subsequent alkaline phosphatase signal enhancement 
step (conversion of substrate to precipitating dye on the spot) resulted in much more intense 
spots, thus increasing the dynamic range of the assay. Images were digitized by flatbed 
scanning for data processing. PCR product from the various mastitis-related microorganisms 
was tested in NAMIA. The images shown in Figure 2 reveal positive signals at the spot 
where tag-specific antibodies had been arrayed. These signals confirmed the presence of C. 
bovis and S. uberis, respectively. We have developed a preliminary nucleic acid microarray 
immunoassay to detect mastitis-related microorganisms. The results of this approach can be 
obtained by automated data processing following the digitization of the spots by flatbed 
scanning or digital photography (10 min total processing time). Potentially, the developed
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NAMIA system can be used in the field, near the animal that has to be tested on 
mastitispathogens. The user-friendliness of the procedure can be further improved by 
applying ready-to-use amplification reagents combined with, for example, isothermal and/or 
direct-on-milk amplification protocols; the latter would make DNA isolation superfluous. No 
expensive apparatus is needed to perform the test procedure and the number of specific 
amplicons that can be tested simultaneously is only dependent on the availability of tag-
antibody combinations and on the possibility to develop a multiplex PCR protocol. Moreover, 
the detection system is broadly applicable since any molecular biological diagnostic question 
can be translated in primer sets having biotin on one of the primers and a discriminating tag 
on the other one. In conclusion, we have demonstrated that the use of carbon nanoparticles 
to detect amplified double-strand genetic material by NAMIA results in a screening method 
that is reliable, simple to use, cost-effective, and fast; once DNA is isolated, results are 
achieved within 2 h, including the amplification step. 
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Table 1. Design of the mastitis microarray on FAST. 

 
 
 
 
 
 
 

 
 
 
 

 
 
 
 

Figure 1. Principle of the NAMIA. Each of the PCR 
products has a specific label (DIG, DNP, FITC or 
Texas Red) on one end and biotin on the other end. 
Specific binding is detected by carbon nanoparticles 
conjugated to neutravidin-alkaline phosphatase. 

 
 
Figure 2. NAMIA pads after labelling with carbon-
neutravidin-alkaline phosphatase conjugate on FAST slide. 
Images show IgG-bt spots and positive reactions of αFITC 
with PCR product from C. bovis (left) and αDNP from S. 
uberis (right). 
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Microscopy is frequently used for malaria diagnosis, but at low parasitaemia it becomes less 
sensitive and time-consuming. Molecular tools allow for specific/sensitive diagnosis, but 
current formats, like PCR combined with gel-electrophoresis, are difficult to implement in 
resource poor settings. Therefore, we developed a simple, fast, sensitive and specific 
detection system, Nucleic Acid Lateral Flow Immunoassay (NALFIA), to detect amplified 
PCR products of Pan-Plasmodium and of Human GAPDH that served as internal control. 
The analytical sensitivity and specificity of the PCR-NALFIA system in the laboratory was 
both over 95%. Therefore, this device was further tested in a ring trial of 5 independent 
laboratories in order to determine the sensitivity, specificity and inter-lab variability. All 
laboratories reported the easiness of use of the technique and all were able to successfully 
perform the protocol. One laboratory had, however, difficulties with visualizing the internal 
control on the NALFIA stick. When the results of the detection of Pan-Plasmodium are 
considered, then the overall laboratory intervariability was low and the agreement of reported 
results was high. The overall kappa value was 0.89 (95% CI 0.83 to 0.94) (P<0.001). When 
the results of the individual laboratories are compared with the results of the reference 
laboratory, it is noted that all laboratories performed well, although laboratory 4 returned 
results that were the least in agreement with the reference laboratory (Table 1). The 
sensitivity and specificity of the different laboratories were as shown in Table 2. In these 
calculations the invalid or indeterminate results were scored as wrong results. Omitting the 
invalid test results resulted in an improved performance of laboratory 4 with also a sensitivity 
and specificity of over 95%. Laboratory 5 had a few real false positive and negative results 
and thus no difference in sensitivity and specificity occurred when the invalids were left out of 
the analysis. The overall sensitivity and specificity of the tests in the different laboratories 
was over 95% with very small confidence intervals. In conclusion, the PCR-NALFIA test for 
the diagnosis of malaria was conducted well in all laboratories and further evaluation of this 
test under real conditions in disease endemic countries is justified. For further information on 
the tests see oral presentation „Point-of-care malaria diagnostics‟. 
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  Table 1.        Table 2.  

  Sensitivity 95%CI Specificity 95%CI 
  

Kappa 95% LL 95% UL 

Lab. 1 1.00 0.88 to 1.00 0.98 0.92 to 1.00 
 Lab. 1 vs. 

ref 0.974 0.924 1.000 

Lab. 2 1.00 0.88 to 1.00 0.97 0.89 to 0.99 
 Lab. 2 vs. 

ref 0.948 0.877 1.000 

Lab. 3  1.00 0.88 to 1.00 0.98 0.92 to 1.00 
 Lab. 3 vs. 

ref 0.974 0.924 1.000 

Lab. 4 0.93 0.77 to 0.98 0.92 0.83 to 0.97 
 Lab. 4 vs. 

ref 0.830 0.717 0.944 

Lab. 5 0.96 0.82 to 0.99 0.97 0.89 to 0.99 
 Lab. 5 vs. 

ref 0.921 0.834 1.000 
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Quantum: a validated fluorescence-based platform for the rapid 
detection of contaminants in filterable samples 
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renaud_chollet@millipore.com 
 
Many rapid detection methods are available on the market today. However, none of them 
combines ease of use, short time to result, low price and viability of the microorganisms after 
the analysis for identification means. The Quantum platform was designed to meet these 
criteria. It combines both sensitivity and ease of use for the rapid, universal detection and 
enumeration of contaminants in filterable samples. This detection method is based on a 
universal enzymatic fluorescent staining of viable microorganisms. The read out is performed 
through a LED illumination system to visually count fluorescent microcolonies on a 
membrane. The protocol is divided in 3 main steps: (i) sample filtration and incubation of the 
membrane on culture media, (ii) membrane transfer onto a cellulose pad soaked with the 
staining solution and incubation for 30 min at the same temperature as for the previous 
incubation step, (iii) visual or software-associated fluorescent microcolonies counting through 
the illumination LED system. The major advantage of the Quantum system is the non-
destructiveness of the detection principle. After the read out, membranes can be reincubated 
to allow further microcolonies growth and identification of contaminants. Based on this 
protocol, a Universal detection kit was developed to detect bacteria, yeasts, moulds and 
environmental stressed bugs. The Quantum system was challenged to detect natural 
contaminants in different types of drinking waters. Matrices compatibility and time to 
detection compared to traditional growth-based method were assessed. Results showed that 
all the matrices tested exhibited no background interference and were fully compatible with 
the Quantum technology. Optimal detection for water monitoring was reached within a time 
slot of 24 to 40 hours, with a high fluorescence signal, leading to a 3 to 7 times reduction of 
the time-to-results compared to traditional method. Results proved that the Quantum platform 
reduced simply and significantly time-to-detection and could replace current microbiological 
method, giving equivalent results faster and allowing microbial identification after detection. 
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the sum of T-2/HT-2 and zearalenone in maize 
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Mycotoxins are toxic natural secondary metabolites produced by several species of fungi on 
agricultural commodities in the field or during storage. Because of the ubiquitous occurrence 
of mycotoxins in cereals it is very important having easy and rapid tests for the toxin 
determination besides standard analytical methods. The so called lateral flow devices (LFDs) 
are based on an immunochemical test principle and are simple strip tests which can be used 
on-site. Maize samples were extracted in a ratio of 1:2 for 3 min with methanol:water (70:30, 
v/v) and further diluted in a ratio of 1:2 with PBS buffer (phosphate buffered saline). The 
same extract was used for semi-quantitative determination of the sum of T-2/HT-2 toxin and 
zearalenone (ZEA) in maize. Strip tests were produced by immobilizing test lines of toxin-
protein conjugates onto nitrocellulose membranes. As colour reagent for labelling mycotoxin-
specific antibodies gold colloid particles with 40 nm in diameter were used. To perform the 
test the sample extract was mixed with the gold colloid labelled antibodies in a microtiter well, 
a strip test was then inserted and the solution was allowed to migrate onto the membrane of 
the strip test for 3 minutes. The immobilized mycotoxin-protein conjugates (test zones) for T-
2/HT-2 and ZEA, respectively, captured free mycotoxin-antibody/colloidal gold particles, 
allowing a concentration of these in the test zone, and lead to the formation of coloured lines. 
After drying the strip under a hot air stream the intensities of the test lines were measured by 
relative reflectance reading. By comparison of the results with an external calibration curve, a 
semi-quantitative result was obtained. Within this work the development of a rapid strip test 
for the simultaneous determination of the 2 toxins T-2 and HT-2 toxin and ZEA in maize will 
be presented. 
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Alternative method for airborne contamination control in food 
industry 
 
Quitterie Desjonquères 
Bertin Technologies, France 
 
To minimize food contamination and to extend shelf life, microbial contamination control in 
the air surrounding vulnerable production processes plays an increasingly important part of 
hygienic food manufacturing. Microbiological monitoring methods in pharmaceutical and 
medical industries are well established, and can be adapted by food industry. Bertin 
Technologies (France) has developed a system dedicated to the contamination monitoring of 
airborne bio-particles. The goal is to propose a sampling method compatible with Rapid 
Microbiological Methods (RMM) in order to get reliable and specific data and reduce the 
current time-to-results which is critical for sensitive products production. With the cyclonic 
technology, airborne particles are separated from the air and collected into a sterile liquid 
media which is compatible with immunoassay, PCR assay, cytometry, standard culture 
methods. The qualification test according to ISO 14698 has been successfully conducted by 
HPA (Health Protection Agency, Porton Down, UK), and the physical and biological 
efficiencies of Coriolis® have been proved to be equivalent or better than the traditional 
sampling method (impaction). With the Coriolis® technology, numerous studies have been 
conducted for the sampling of pathogenic bacteria, fungi or non-cultivable microorganisms. 
Applications using Coriolis® associated with RMM to detect airborne microorganisms in 
hospital environment, cleanrooms or composting facilities could be presented. Another study 
carried out by Canadian researchers to detect airborne virulent bacteriophage of dairy starter 
culture in a cheese factory will also be presented. Coriolis® has been adopted by major 
pharmaceutical manufacturers, and is suitable for contamination control in food industry.
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detection 
 
Sergei A. Eremin1, K.A. Maksimova1, A.P. Bondarenko1 and F.-Y. Yu2 

1M.V. Lomonosov Moscow State University, Faculty of Chemistry, Department of Chemical 
Enzymology, Russia and 2Chung Shan Medical University, Department of Biomedical 
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Microcystins are a group of cyclic heptapeptides produced by common cyanobacteria. They 
have been found to be harmful to humans, acting as inhibitors of protein phosphatases, and 
as tumour promoters for the acute hepatotoxicity. Although not toxic for fish, microcystins can 
become enriched to level that might lead to consumption by humans of amounts above the 
maximum concentration recommended for drinking water. A considerable number of different 
techniques are currently proposed for measurement of microcystins. Among them are HPLC, 
HPLC-UV, MS/tandem MS etc. But these methods are extremely expensive, time-consuming 
and require bulky equipment, which prevents the adoption of portable detection procedures. 
Another way of microcystins‟ detection is immunoassay. The most frequently used technique 
is enzyme linked immunosorbent assay (ELISA). It offers highly specific detection of 
microcystins at very low concentrations (below 1 μg/kg (ppb)). But still the procedure of 
ELISA includes steps of incubation and washing, that increases the time of assay to several 
hours. It this research we developed the fluorescence polarization immunoassay (FPIA) for 
microcystins monitoring. This method possesses a number of advantages such as rather 
high sensitivity and specificity. Also it demands few minutes for entire quantitative and 
precise analyses and doesn‟t need complicated sample preparation. It gives the possibility to 
develop the rapid technique for the detection of pollutants of various chemical natures in one 
sample, because of common sample pretreatment protocol for the detection of all 
substances. For performing FPIA a fluorescein-labelled microcystin-LR (tracer) was 
synthesized. Polyclonal antibodies against conjugate of microcystin-LR with γ-globulin as a 
carrier protein were raised and then the optimal combination if immunoreagents (antibodies 
and tracer), which is the key factor for any kind of immunoassay, was selected. Using 
obtained tracer and antibodies a FPIA was developed with limit of detection for microcystin-
LR 7.5 ng/ml in 50 μl sample. Total time for assay is not more than 1 min. Cross reactivity 
coefficients for microcystin-YR, microcystin-RR and nodularin were 76, 27 and 102%, 
respectively. 
 
Acknowledgements 
The research was supported by Grant of Russian Foundation for Basic Research 09-03-92008 „Novel 
immunochemical and molecular imprinting technology for rapid detection of natural carcinogenic 
toxins‟. 

 
 
 
 
 
 

mailto:eremin_sergei@hotmail.com


Rapid Methods Europe 2011   103 
24-26 January 2011, the Netherlands 

P12 

Validation of immunochromatographic strip-test for rapid multi-
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Abused drugs are a serious and growing problem for world. The level of abused drugs like 
morphine, cannabinol, barbiturate, methamphetamine and other narcotics in urine samples 
could be varied „zero‟ level up to very high concentration up to µg/ml and the number of 
abused drugs and their metabolites presented in urine samples may range from none to 
dozen. It is clear, that the abused drugs must be control in global scale with high-throughput 
screening (HTS). The method of detection could as rapid as possible. The immuno-
chromatographic strip-test could be the optimal rapid preliminary screening method for 
abused drugs. Strip-test „NarcoStop‟ (Osiris, Russia) for single and for 5 tests were used in 
research. The immunochromatographic strip-test is a rapid detector method for non-
professional staff detecting abused drugs in urine samples without any additional reagents 
and instruments. The total time for assay is about 10 min. The sensitivity of colloidal gold 
immunochromatographic strip-test „NarcoStop‟: cut-off levels were 50 ng/ml for cannabinol 
and 300 ng/ml for other tested abused drugs. The cross-reactivity with drugs was negligible. 
No false-positive and no false-negative results in compare with HPLC methods were 
detected. Strip-test „NarcoStop‟ with high sensitivity, as a screening tool, may effectively 
contribute to detect narcotics in urine samples. 
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Development of a lateral flow immunoassay for the determination of 
histamine in fish (HistaSure™) 
 
E. Booltink, Martijn van Faassen and B. Manz 
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A lateral flow immunoassay using a colloidal gold-labelled antibody for the determination of 
histamine in fish was developed. Histamine is a member of a group of compounds known as 
biogenic amines. Biogenic amines are biologically active compounds normally produced by 
decarboxylation of free amino acids and are present in a variety of foods, e.g., fish, fish 
products, meat, wine, cheese and fermented foods. Histamine is produced in certain fish 
(e.g., Tuna, Mahi Mahi and Bluefish) by the decarboxylation of free histidine by bacteria 
which produce the enzyme histidine decarboxylase. Histamine formation is more often the 
result of high temperature spoilage than of long term relatively low temperature spoilage. 
Once histamine is formed it cannot be eliminated by heat or freezing, so it is a useful HACCP 
verification tool. The EU states that fish belonging to families known to contain large amounts 
of histidine (e.g. Scrombidae, Clupeidae) in their tissues should be tested for the presence of 
histamine. Nine samples should be tested from each lot and the mean value should be below 
or equal to 100 ppm (mg/kg). The FDA has issued guidelines for tuna and related fish that a 
level of 50 ppm histamine in any sample is indicative of spoilage. To meet the demands of 
the fish industry, namely to have a fast and accurate screening test, this lateral flow 
immunoassay was developed. It uses a proprietary gold labelling technology from BioAssay 
Works. Together with the expertise of Labor Diagnostika Nord the first lateral flow 
immunoassay for histamine using the gold label was developed. The fish assay is performed 
as following: the fish is homogenized with distilled water and 100 μl is withdrawn for the 5 
min acylation step. After the acylation, the sample is diluted in the running buffer for the 
lateral flow test and 100 μl is withdrawn and applied to the sample pad of the lateral flow 
cassette and after 5 min of incubation the result can be read visually or with a reader. By 
varying the homogenization step of the fish, the cut-off for the histamine concentration is 
adjustable (10-200 ppm). Using various pre-treatment schemes the HistaSure™ may be 
used for measuring histamine in different foods, e.g. fresh fish, canned fish, fish meal and 
wine. To our knowledge this is the first commercially available rapid lateral flow 
immunoassay test based on a colloidal gold-labelled antibody with sufficient sensitivity to 
measure histamine in real fish samples. 
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During the past decades food safety concerns have steadily increased and are presently one 
of the most important challenges for food authorities. Growing emergence of food safety 
scares on one side and increased consumer preferences for minimally processed foods on 
the other side pose major challenges to food companies in controlling supply chain safety. 
With the requirement for highly sensitive detection of pathogens, e.g., one viable pathogen in 
25 g of food, most food testing laboratories still rely on well-established but time-consuming 
culturing methods to verify and visualize bacterial growth. However, this may result in 
microbiological product approval processes in the range of several days. On the other hand, 
food factory realities show an urgent need for short, flexible and easy to use testing methods 
to speed up the release of raw and perishable materials, reducing storage/production costs. 
Application of molecular biology methods has gained considerable momentum in routine 
pathogen testing due to high specificity and time-effectiveness. Real-time polymerase chain 
reaction (real-time PCR) represents a powerful tool for specific detection of food-borne 
pathogens. It covers a broad range of important process safety criteria such as detection 
rapidity, full automation and minimal contamination risks due to sealed reaction set-ups. 
QIAGEN has recently introduced the mericon Food Safety Testing product line, covering 
reagent kits and instruments from DNA extraction to PCR detection. Two new systems for 
efficient DNA extraction from enrichment cultures of gram negative or gram positive bacteria 
based on thermal and mechanical lysis protocols are introduced. The introduced portfolio of 
16 real-time PCR assays includes all major food-borne pathogens including Salmonella, 
Listeria, Cronobacter and Campylobacter, but also assays for GMO, animal, plant and 
allergen detection. The assays are based on unique QIAGEN PCR technology using 
Multiplex PCR Master Mix chemistry with fast cycling HotStarTaq Plus Polymerase, which is 
optimized for complex food matrices and highly tolerant toward residual PCR inhibitors. All 
PCR systems contain an Internal Amplification Control to indicate possible PCR inhibition. 
The mericon real-time PCR assays all use the same PCR cycling protocol, allowing the 
combination of different assays in the same experiment, streaming the utilisation of the real-
time PCR instruments. The assays are optimized for use on the QIAGEN Rotor-Gene Q real-
time PCR instrument, but are also compatible with any real-time block cycler. Here we 
present main features as well as technical performance of the new mericon DNA extraction 
and real-time PCR assays, as well as the corresponding instruments. Reproducibility and 
Sensitivity of the assay systems is shown by serial dilution experiments down to low copy 
numbers (< 10 copies). The tolerance of the assay Master Mix is tested against a panel of 
relevant PCR inhibitors. Representative data of pathogen DNA extractions from enrichment 
cultures from food matrices and subsequent detection with the mericon PCR assays is 
shown for the most important food-borne pathogens Salmonella enterica and Listeria 
monocytogenes. Efficiency of the two new DNA extraction systems  was compared for 
cultured samples with and without food matrices. Furthermore, we also present the 
QIASymphony Rotor-Gene Q, a fully automated solution allowing fully automated DNA 
extraction directly from the enrichment cultures followed by automated reaction set-up, 
followed by a fast PCR protocol on the Rotor-Gene Q instrument. Protocol set-up as well as 
results of QIAsymphony extraction runs and assays set-up are illustrated for undiluted and 
diluted food enrichment cultures for both pathogens. 

 
Please visit the QIAGEN stand in the exhibition area. We will be pleased to welcome you and 
provide you full information on our products and applications. 
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The development of a RealTime coliform PCR confirmation method 
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The quality of drinking water is monitored by measuring over 200 parameters and 
compounds. One of these parameters are the coliform bacteria enumerated by selective 
culturing as prescribed in ISO 9308-1. When presumptive coliform colonies are observed 
after culturing, an additional laboratory test is necessary to confirm that these are coliforms. 
The confirmation test prescribed in ISO 9308-1 is the oxidase test. The oxidase test adds a 
minimum additional 19 hours of test time and therefore a longer uncertainty for the drinking 
water supply company. One of the many challenges that drinking water supply companies 
have to work with is that they are obligated to take immediate action after presumptive 
coliform colonies are detected. In order to shorten the period of uncertainty and to be able to 
confirm coliform species faster and more accurately and therefore reduce costs, we have 
developed a RealTime coliform confirmation PCR method. This method was developed 
starting with the creation of a collection of coliform strains collected from drinking water after 
culturing. The collection of strains contains 30 different coliform species which were found to 
be oxidase negative. Species identification was done by the API20E test. Knowing the 
species groups, the 16S rRNA sequences were obtained from the NCBI database. With 
these sequences a ClustalW alignment was performed also including non-coliform species 
like Aeromonas and Pseudomonas. From the alignment analysis, specific PCR primer 
sequences were identified. Using these primers, a RealTime coliform confirmation PCR has 
been developed into an internally validated working method that takes up to two hours to 
confirm the presence of coliforms. The RealTime coliform confirmation PCR is currently 
being used by the Vitens laboratory, replacing the conventional methods of coliform 
confirmation.  
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In situ, non-destructive control of food quality using near-infrared 
Raman spectroscopy and multivariate analysis 
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In recent years there has been an increasing focus from the consumers on food quality, i.e., 
unwanted substances such as bacteria, pesticides and drug residues, food composition and 
additives [1]. This is also reflected in increasing interest for organic food products. It seems 
therefore appropriate to develop substance specific, non-destructive and fast measuring 
techniques that can be used close to the consumer, for monitoring different properties of food 
products. In the present abstract a step is taken towards the development of an in situ 
measuring technique for discriminating between different components in commercial, animal 
flesh products. Multivariate analysis applied to Raman data offers the opportunity to analyze 
very small differences in the chemical composition of different kinds of samples [2]. In this 
abstract Partial Least Squares Discriminant Analysis (PLS-DA) [3] is used for discrimination 
analysis. Furthermore the data analysis can be improved by programming a flowchart 
containing multiple PLS-DA steps, where each step has a narrower task. By specifying what 
each new PLS-DA step has to investigate, one prevents the model from calculating what is 
already obvious and as a consequence the accuracy of the results is greatly improved. In the 
specific example considered below it has to be investigated whether or not it is possible to 
discover the presence of minced pork in a packet of minced lamb by applying PLS-DA to the 
Raman data obtained from the meat. The Raman spectra were measured directly of the 
surface of the meat, which was obtained from a local butcher. The Raman spectra can also 
be obtained by measuring through the protective film usually covering flesh products. Raman 
spectra were measured using mapping, using a homebuilt system with 633 nm excitation 
laser. The meat first investigated whether the data should be characterized as fat, meat or 
unknown. Secondly, it is investigated what kind of animal the fat, the meat and the unknown 
spectrum comes from. A number of repeated measurements on packages containing pure 
lamb, pure pork or a mixture of lamb and pork have been performed. The spectra was 
analyzed and validated with an independent validation set. 
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Sustainable agriculture involves soil and crop managements, which can minimize soil erosion 
and consequently improved grain productivity and nutrient rich high-quality products. The low 
cost fertilizer based on organic waste as pig slurry (PS) has been a renewable alternative. In 
this organic agriculture a rapid method would be an essential tool for monitoring of the 
gradual changes of both the soil biodiversity and food quality products. Thus, this study was 
carried out with the aim to set-up a method of gel electrophoresis denaturing gradient 
(DGGE) as a rapid screening to distinguish eukaryotic and prokaryotic microorganisms in soil 
with pig slurry (PS) and chemical fertilizers for crop maize. Soil samples were collected from 
5 cm depth of an experimental field, and total fungal (Martin medium) and bacterial count 
(glucose-peptone) were carried out. The pattern of the rapid molecular technique consisted 
of adjusting the extraction of total DNA and PCR procedure for the DGGE methodology. 
Total DNA was extracted from fresh soil samples (Soil DNA Isolation Kit®), and submitted to 
polymerase chain reaction (PCR) analysis using 18S rDNA primer pair for universal fungal 
(NS31GC and ITS4), and 16S for bacteria (FD1 and RD1); the amplicons derived from 
reaction was submitted to Nested PCR using corresponding primers (ITS4 and NS31GC) 
and (F and R), respectively. After PCR reaction the amplicons were run in gel of 
polyacrylamide with gradient denaturant of 8% and 6% for 16S and 18S, respectively. The 
standardization of PCR reaction focused mainly on the amount of DNA and the concentration 
of dNTP, resulting in better amplification with 30 ng of DNA and 1.5 mM dNTP. The DNA 
from soil with chemical fertilizer did not amplified with the 18S primers, while the DNA 
extracted from PS and control treatments showed two distinct pair of bands of approximately 
of 250 and 600 bp. In parallel, fumonisins produced by Fusarium verticillioides, a primary 
pathogen of maize, was measured in maize grain produced in soil under control, chemical 
fertilizer and organic PS conditions. The total fungal count average of soil samples fertilized 
with PS was 4.7x105 cfu/g, whereas the average of total bacterial count was 1.8x108 cfu/g. 
The maize grain cultivated in soil with treatment control presented a mean of 0.5 µg/g of total 
fumonisins. The organic fertilization with PS tended to decrease the total fumonisin level, 
which was at an average 0.6 µg/g of corn grain as compared with the treatment of chemical 
fertilizer (1.4 µg/g). The higher concentration of fumonisins in the grain of maize produced 
with chemical fertilizer corresponded to the bacterial count of 7.0x107 cfu/g of soil. In 
summary, although the sensitivity of the methodology must still be improved, the technique of 
DGGE has shown to be a promising tool for rapid screening of soil microbes in view of the 
recommendation of organic fertilizer in sustainable agriculture. 
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ochratoxin for OTA monitoring in wine 
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Immunoaffinity column (IAC) based on highly specific monoclonal antibody (mAb) has been 
an essential tool in the clean-up step of ochratoxin A (OTA) from complex food matrices. IAC 
based on activated Affi-Gel 10 support was developed with IgG mAb produced by hybridoma 
OTA.1, which was gradually adapted from RPMI with 10% foetal bovine serum to 100% of H-
SFM (hybridoma serum-free medium). This anti-OTA mAb cross-reacted with OTC (63.1%), 

OTB (0.63%), OT (0.06%) and 4-hydroxy-OTA (1.19%). The IAC was prepared by mixing 
mAb produced in 75 and 100% H-SFM (1:1), and named IAC 5 (5 mg of IgG per ml gel) and 
IAC 10 (10 mg per ml IgG). The OTA-retention of developed IAC was evaluated at OTA 
concentration range from 0.5 to 15 ng in PBS-1% sodium bicarbonate, and analyzed by 
HPLC. Taking into account that both IACs showed similar retention rates (p<0.05), the IAC 5 
was chosen to follow-up with intralaboratory validation, column reuse test, as well as its 
comparison with commercial IAC. The recovery rate of OTA in artificially contaminated red 
wine (RE) was carried out at OTA range of 0.5 to 5 ng/ml. The IAC 5 recovered 80.5, 76.87 
and 76.75% of OTA in RE spiked with 0.5, 2 and 5 ng/ml OTA, whereas commercial IAC 
recovered 76.85, 86.14 and 84.97%, with non-significant difference between columns 
(p<0.05). The performance of IAC 5 was tested in 14 naturally contaminated wine samples 
(10 RE and 4 white wine (WH)), and it showed correlation with commercial IAC of 0.954. 
After clean-up of RE by IAC 5, OTA was detected at a range of 0.12 to 0.91 ng/ml (mean, 
0.35 ng/ml), while corresponding analysis by commercial IAC was 0.14 to 0.99 ng/ml (mean, 
0.34 ng/ml). Concerning WH clean-up with IAC 5, OTA was detected at a range of 0.33 to 
0.90 ng/ml (mean, 0.58 ng/ml), while corresponding analysis by commercial IAC was 0.37 to 
1.12 ng/ml (mean, 0.62 ng/ml). The IAC 5 could be reused for three sequential analysis in RE 
spiked with 0.5 ng/ml OTA (recovery of 80.50, 78.97 and 78.30% for three sequential use); 2 
ng/ml OTA (recovery of 76.87, 74.45 and 70.75%); 5 ng/ml OTA (6.75, 74.37 and 68.55%). 
This IAC based on Affi-Gel support could be a suitable tool to establish an adequate 
monitoring system in the quality control of wine. 
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performed with anti-aflatoxin and anti-fumonisin monoclonal 
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Aflatoxin (AF) and fumonisin (FB) are secondary fungal metabolites of relevant importance in 
food and feed safety. Their frequent occurrence in commodities has been a throughout 
concern in Brazilian agribusiness. Mycotoxin monitoring should be performed by sensitive, 
specific, reliable, precise, robust and rapid analytical methods. Anti-AF monoclonal antibody 
(mAb) producing hybridoma AF.2 was expanded in vitro in RPMI with 10% foetal bovine 
serum to 100% of H-SFM (hybridoma serum-free medium). This mAb cross-reacted with 
AFB1 (100%), AFB2 (133%), AFG1 (13.4 %) and AFG2 (14.7 %), but it showed very low 
cross-reactivity against AFL1, AFL2, AFM1, AFQ1 and AFB2a. The pattern of AFB1 
detecting ic-ELISA consisted in adjustment of AFB1-BSA concentration (100 ng/ml), and 
anti-AF mAb titre (1:2,000, corresponding to 920 ng/ml of protein concentration). The AFB1 
standard curve showed adequate linearity (y=-19.57ln(x) + 96.406, R2= 0.97). The profile of 
food matix interference in developing aflatoxin ic-ELISA was evaluated on extract prepared 
from naturally contaminated paprika, peanut derived products named „paçoca‟ and „pé de 
moleque‟, and corn, whose positivity were previously confirmed through routine analysis by 
an official control quality institute (IAC-HPLC), and a partner university (IAC-HPLC and 
multicolumn-HPLC). The mAb produced by hybridoma AF.2 was unadequate in the analysis 
of paprika and highly sweet peanut products, if a conventional simple extraction protocol was 
carried out. Nevertheless, promising data were reached concerning analysis of corn, when 
data obtained by ic-ELISA (310.66 ng/g) were compared with IAC-HPLC (333.04 ng/g) and 
multicolumn-HPLC data (296.45 ng/g). Regarding fumonisin detection, anti-FB mAb 
produced by hybridoma FB1.2 cross-reacted with FB1 (100%), FB2 (224%) and FB3 (72%). 
The pattern of fumosisin ic-ELISA consisted in adjusting FB1-OVA concentration (2.12 
µg/ml), and anti-FB mAb titre (1:60). The matrix interference on ic-ELISA was evaluated in 
corn grain, six corn-derived products, silage, corn residue and corn cultured with F. 
verticillioides and yeast. High sugar content in corn derived products made the extraction 
step more difficult. The efficacy of this mAb reached an ic-ELISA/HPLC correlation coefficient 
of 0.99 (corn), 0.84 (ground corn), 0.52 („polenta‟), 0.30 („farofa‟), 0.98 (cake) and 0.68 
(snacks). Further improvement should be enabled to set-up this immunochemical screening 
technique as a reliable simultaneous aflatoxin and fumosisin detection analysis of different 
matrixes of food and derived products. 
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Ochratoxin A (OTA) contamination in wine food chain is mainly caused by ochratoxigenic 
Aspergillus sp. infection in the field, which can persist during winemaking process. The 
widespread exposure of such a toxin of concern has conducted the establishment of very low 
maximum permitted limits for OTA demanding high-performing analytical methods. Reliable 
highly sensitive rapid techniques are essential for detection of trace residues, where the 
immunoassays point out as a practical screening tool. The indirect competitive ELISA (ic-
ELISA) was developed for OTA detection using monoclonal antibody (mAb) produced by 
hybridoma OTA.1 in H-SFM (hybridoma serum-free medium), and it was validated for 
analysis in red (RE), rose (RO) and white (WH) wine. The ic-ELISA was standardized for 
mAb at a titer of 1:10,000, coupled with OTA-BSA conjugate diluted at 1:30,000 (77 ng/ml), 
indicating high-grade of such main reagent. The validation of ic-ELISA was carried out by 
comparing with HPLC, based on the parameters as detection limit (0.17, 0.15 and 0.14 ng/ml 
for RE, RO and WH, respectively); quantification limit (1.29, 0.91 and 0.64 ng/ml for RE, RO 
and WH); accuracy (recovery rate of 90.6, 89.2 and 89.6% for RE, RO and WH), precision 
assessed by repeatability (RSD of 9.41, 8.01 and 9.29% to RE, RO and WH) and 
intermediate precision (RSD of 15.81, 12,66 and 12.65% to RE, RO and WH). The values of 
accuracy and precision were lower than established by the European Commission. The OTA 
standard curve showed adequate linearity ( y= -15.31 ln(x) + 58.506, R2= 0.9934). The matrix 
interference (specificity) was tested in residue of dried extract of non-contaminated wine 
(corresponding to 5 ml of wine). No matrix interference was observed if the residue 
suspended in 1 ml of methanol:PBST, was diluted at 1:10 for all the wines. The global 
uncertainty was 26, 25 and 24% for RE, RO and WH, respectively, when it was tested at 0.5 
ng/ml OTA; the three wine types showed uncertainly of 20%, when tested at 2.0 and 5.0 
ng/ml OTA. Concerning the OTA analysis of 70 commercial wine samples (47 RE and 23 
WH), natural contamination was detected in 14 samples (10 RE and 4 WH) by HPLC, with an 
ic-ELISA and HPLC correlation coefficient of 0.975. OTA was detected in 12 samples (8 RE 
and 4WH) (17.1%) by both methods. The ic-ELISA values for RE ranged from 0.26 to 0.86 
ng/ml and HPLC detection ranged from 0.24 to 0.99 ng/ml. The ic-ELISA/HPLC ratio ranged 
of 0.87 to 1.37. Two samples (2.9%) were OTA positive (0.14 and 0.16 ng/ml) only by HPLC 
assay; these concentrations were below the detection limit of ic-ELISA (0.17 ng/ml). The ic-
ELISA values for four WH samples ranged from 0.29 to 1.12 ng/ml, whereas HPLC detection 
ranged from 0.33 to 0.90 ng/ml, with ic-ELISA/HPLC ratio of 0.88 to 1.24. OTA was non-
detectable in 37 RE (53%) samples and 19 WH (27%). Therefore, high specificity of mAb 
produced by hybridoma OTA.1 reaching titre of 1:10,000 fulfils the essential condition 
requested by the development of biosensor. Coupled with the stable OTA-BSA conjugate at 
a working-dilution factor of 1:30,000 by ic -ELISA, this would be a promising reagent to 
engage into a sensitive biotool. Further improvement on the production of this technology 
concerning immunoreagents should be continued, taking into account its strategic status 
within the background of nanobiotechnology. 
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ic-ELISA compared with LC-MS in Parana state, Brazil 
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Deoxynivalenol (DON) is formed mainly in wheat and corn grains contaminated with 
Fusarium graminearum worldwide; it is also known as vomitoxin, which causes digestive 
disorder with loss of weight gain. An indirect competitive enzyme-linked immunosorbent 
assay (ic-ELISA) was developed using anti-DON monoclonal antibody (mAb) produced by 
hybridoma DON.3 in vitro, and data concerning DON detection in wheat were correlated with 
liquid chromatography coupled to mass spectrometry (LC-MS). The ic-ELISA was carried out 
on microplate coated with 2 µg/ml of DON-BSA, and mAb was added at 0.3 µg per well. The 
calibration curve was performed with DON at a concentration range of 10 to 1000 ng/ml in 
methanol:PBST (1:9, v/v). This ic-ELISA assay showed a detection limit of 177.1 µg/kg; DON 
recovery was 108.4% in wheat grain, and 103.0% in wheat flour. The reliability and efficiency 
of the ic-ELISA could be demonstrated by the correlation coefficient of 0.93, when a 
comparative study of natural contamination was carried out in 38 wheat samples by LC-MS. 
DON was detected in 29 samples (76.3%) with mean level of 2227.0 µg/kg by ic-ELISA, 
whereas 22 samples (57.9%) were positive by HPLC-MS (mean, 1384.6 µg/kg). Thus, this 
assay could be sensitive and rapid for application in DON screening during continuous 
monitoring of wheat contamination. Natural occurrence of DON was monitored in 133 freshly 
harvested wheat samples along 2006 to 2009 crop in Northern and Central-Southwestern 
regions of Paraná state, which is ranked as the first in wheat production of Brazil. Samples 
were collected at the experimental station of Federal Research and at intake of milling 
industry as well as cooperatives. The overall data indicated DON contamination in 60.9 % 
samples at a mean level of 1,329.8 µg/kg. Natural DON contamination in wheat was 
unequally distributed throughout different crops. DON was non-detectable in all samples 
analyzed in 2006 crop; only one sample (14.3 %) with 222.6 µg/kg of DON was detected in 
2007 crop. In 2008 crop, DON was detected in 61.9 % samples, with a mean level of 1,083.8 

µg/kg; the 2009 crop showed higher level with 74.5 % of positivity, with a mean level of 
1,970.1 µg/kg. Higher DON levels could be related with heavy rainfall affecting the crops at 
critical stage in the field, particularly in the 2009 crop, which also could be related with 
Fusarium Head Blight (FBH) outbreak caused by persistent rainfall in the wheat-producing 
regions. Therefore, continuous monitoring through rapid tools would be essential to assure 
the safety concerning this most appreciated cereal.  
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Comparison of different pre-PCR treatments for the detection of 
Listeria monocytogenes and Salmonella in cooked ham 
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The present study compared the performance of different pre-PCR treatments (PrepMan® 
Ultra Sample Preparation Reagent, DNA purification using DNeasy Tissue Kit and QIAcube 
automated sample preparation system and BAX® system) for the detection of L. 
monocytogenes and Salmonella spp. by real-time PCR in spiked contaminated samples of 
cooked ham. For PrepMan® and DNA purification 3 different volumes were processed: 2, 4 
and 10 ml of enrichment culture. The analysis range was 2 to 2x106 cfu/ml. PCR was done in 
quintuplicate and the experiment was repeated five times, resulting in 25 PCRs for each cell 
concentration. The best pre-PCR treatment was DNA purification using DNeasy Tissue kit 
and QIAcube; with this treatment a detection probability of 100% was obtained for a cell 
suspension of 2x101 cfu/ml for both pathogens. PrepMan® treatment obtained a detection 
probability of 100% with 3x103 for Salmonella spp. and 2x104 cfu/ml for L. monocytogenes. 
The BAX® system showed a detection probability of 100% with 3x104 cfu/ml for Salmonella 
and a detection probability of 96% with 2x105 cfu/ml for L. monocytogenes. 
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Quantitative allergen detection in food as a requirement for 
harmonised ‘action levels’ in the EU 
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According to annex III of the EU food declaration legislation (2007/68/EC and 2000/13/EC) 
certain potentially allergenic food ingredients have to be declared mandatorily without any 
thresholds. In contrast, labelling of unintentionally added food allergens during production or 
via contaminated raw materials is not required. With respect to product liability food 
producers often use the term “May contain traces of...”. This term is used very often and 
does not state whether and how much allergen is in the product. This situation is not helpful 
for the consumer. From the practical viewpoint the current situation of „zero tolerance‟ is very 
difficult to manage since the zero is technically defined by the limit of detection of the method 
used for analysis. Additionally most methods are currently not harmonized due to the lack of 
widely accepted certified reference materials. As a consequence „action levels‟ are often 
defined randomly by test kit specifications and/or internal specifications of food producers or 
between producers and retailers. These circumstances often lead to difficulties in 
communication between producers, consumers and governmental authorities. To offer food 
producers as well as allergic consumers the possibility of qualified selection of products, the 
introduction of harmonized thresholds/action levels for labelling of food allergens is 
intensively debated by scientific experts and governmental authorities in order to improve 
declaration of food allergens and define harmonized levels for the declaration. EU-VITAL is a 
supporting initiative focussing only on the harmonisation of these action levels which are 
based on scientific studies on clinical thresholds. A requirement for harmonized action levels 
are validated methods for quantitative analysis of food allergens. These methods have to be 
sensitive (limits of detection and quantitation at a low ppm (mg/kg) range) and highly specific 
for the potential allergenic substances. Currently two technologies fulfil these requirements 
and offer validated quantitative assessment of allergenic food ingredients: The 
immunological based ELISA tests and the quantitative real-time PCR based systems. This 
presentation will give information about quantitative allergen detection focusing on real time 
PCR and will also cover the situation on „reference materials‟ and future action levels for 
declaration of food allergens. 
 

 

 

 

mailto:mkuhn@congen.de


Rapid Methods Europe 2011   115 
24-26 January 2011, the Netherlands 

P24 

Microcystin biodegradation potential of probiotic bacteria, water 
kefir and Sphingosinicella microcystinivorans strain B9 by rapid 
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Cyanobacteria can produce potent hepato-and neurotoxins commonly named cyanotoxins. 
One example are microcystins (MCs), cyclic hepatotoxic heptapeptides synthesized by 
several genera of cyanobacteria freshwater, such as Microcystis, Anabaena, Nostoc and 
Planktothrix, occurring in eutrophic water resources. The treatment by a complete cycle 
technique usually applied in water treatment plants (WTPs) for human consumption has 
limited efficiency regarding the removal of microcystins. Furthermore, the use of 
prechlorination in WTPs, aiming at the inactivation of cyanobacteria, can generate 
organohalogen byproducts, which are potentially carcinogenic. On the other hand, specific 
strains of probiotic bacteria have been shown effective in the degradation of MCs, heavy 
metals and cyanotoxins such as MC-LR. Therefore this study was carried out to evaluate the 
potential degradation of MCs by different strains of probiotic bacteria, water kefir, and 
Sphingosinicella microcystinivorans strain B9.  MC extract was obtained from Microcystis sp. 
strain grown in ASM-1 medium at 25±1°C, light intensity of 35 E.m-2.s-1, photoperiod of 12 

h/d and continuous aeration. After 20-30 days, the cultures were centrifuged, lyophilized and 
resuspended in ultrapure water followed by 3 series of freezing / thawing to release the MCs, 
and maintained at -20°C until use. The bacterium B9 was grown in Sakurai liquid medium at 
25 °C for 72 h; the probiotic bacteria were activated three times in MRS broth at 37°C for 18 
h, and kefir was activated in 5% brown sugar solution for 24 h. For each treatment was used 
8 ml of MCs extract,  with addition of 1 ml of test microorganism inoculum, or 1 ml of 
centrifuged biomass of probiotic bacteria or B9, or 1 g of kefir grain, followed by addition of 1 
ml of specific medium to each microorganism. The treatments were maintained at 27°C 
under agitation of 100 rpm. The sampling for immunoassay ELISA was carried out at 0 and 
96 h. Independent of the conditions, bacterium B9 showed, after 96 h, the highest 
percentage of MCs degradation with 95 and 98%, when added as inoculum and centrifuged 
biomass, respectively. Among probiotic bacteria, the highest percentage of MCs degradation 
(27%) was reached by La-5 strain. The MC degradation percentage of kefir grains was 29%. 
In addition, S. microcystinivorans strain B9 showed potential MC degradation activity; it could 
be a promising biological tool in alternative to conventional water treatment technique. This 
ELISA assay showed adequate sensitivity as a practical rapid method, which can follow-up 
the MC monitoring in experimental protocols that requires massive sample numbers 
concerning evaluation/screening of microorganisms even at low concentrations due to 
degradation activity. 
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Kitchen immunochemistry: detection of unwanted food 
constituents by rapid immunoassays 
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The control of infectious, toxic and mutagenic substances in foods is an important and 
natural task of governmental institutions which can afford to use well equipped laboratories. 
However, some substances being not harmful for human health, at least in general 
population, are still unwanted in foods and kitchen facilities, and the task of controlling them 
is to be accomplished literally in the kitchen. This fact leaves the only option for the methods 
of control: rapid tests. We took three food constituents as the model targets for three possible 
causes of control. 

 Food allergy 
Fish proteins are among the eight major food allergens. Due to increased use of 
seafood in food industry, consumers with fish allergies are at growing risk of serious 
reactions or even death due to mislabelled or undeclared fish derived products. We 
have obtained monoclonal antibodies against the common antigen of all bone fish; 
this target antigen resists high temperature cooking, repeated freeze-thaw cycles and 
its determination can indicate the potential presence of clinically relevant fish 
allergens in the food specimen. The lateral flow immunochromatographic test is 
based on this monoclonal antibody (XEMAtest FISH). Further rapid tests of this group 
(XEMAtests EGG/POULTRY, TOTAL MILK, CRUSTACEAE) are also designed for 
food allergen monitoring. 

 Religious restrictions 
Pork is the most obvious example of this group. A first version of XEMAtest PORK 
detects an extremely heat-resistant antigen of swine meat (striated muscles). The 
detection of ppm (mg/kg) quantities of pork in the mixed homogenates of minced 
meats by this rapid test is possible even after deep cooking at temperatures as high 
as 250 °C. Further XEMAtests are in development for this target group (pork fat, pork 
serum, non-Kosher fish varieties, Crustaceae, insects, beef, total meat). 

 Adulterations (faking) of foods  
Soybean derivatives are frequently used to adulterate processed meats, dried milk, 
powdered egg and even wheat flour. Soy may also be allergenic and is a very 
probable source of genetically modified material and plant derived steroids. XEMAtest 
SOY was designed to detect the admixture of soybean derivatives with a sensitivity of 
at least 1% (w/w), independent of the starting soybean material and the degree of 
heating during production. Further rapid tests for this target group will include the 
detection of cow‟s milk (adulteration of goat milk) and dry milk (reconstituted from 
powder). 
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Rapid mtDNA-RFLP molecular screening tool for characterization of 
yeasts intended for degradation of microcystin  
 
Tatiana de Ávila Miguel1, D.D. Lopes1, G.M.A. Nóbrega1, F. Kuriama1, E.K. Kuroda1, 
D.A. Souza2, K. Tsuji3, K.-I. Harada4 and E.Y. Hirooka1 
1State University of Londrina, 2Agronomic Institute of Paraná (IAPAR), Brazil, 3Kanagawa 
Prefectural Institute of Public Health, Japan and 4 Meijo University, Laboratory of 
Environmental Sciences, Japan; tavilamiguel@yahoo.com.br 
 
Microcystins (MC) are hepatotoxins produced by toxic cyanobacteria, such as Microcystis 
aeruginosa, which occur in eutrophic water environment, and cause undesirable economy 
loss, as well as human and animal health hazards. Conventional water treatment has been 
ineffective in MC removal and the application of chemical agents has caused negative 
environment impact. Therefore biocontrol would be a promising strategy to avoid MC hazard 
in water supply, where yeasts, one of the most important safe microorganisms in 
fermentative processes nowadays, would play an important role, with emphasis on non-
pathogenic Saccharomyces cerevisiae. Yeasts isolated from sugar and bioethanol plants 
were identified, based on rapid screening tools. Then yeasts were characterized by a 
molecular technique based on PCR-ITS region of ribosomal DNA (rDNA PCR-ITS, 850 bp – 
S. cerevisiae), and restriction fragment length polymorphism of mitochondrial DNA (mtDNA-
RFLP) for further use as engineered yeast, i.e., recombinant yeast with MC degrading genes 
as MlrA, MlrB, MlrC from Sphingosinicella microcystinivorans strain B9. S. cerevisiae 
identified by the molecular tool (strain VI08R, VI07L, PI06R1, PI07R1 and PI07R2), as well 
as the commercial probiotic yeast S. boulardii, were analyzed for MC degradation potencial 
by a commercial enzyme-linked immunosorbent assay (ELISA) kit. Yeast cell suspension 
(107 cells/ml) was added to 8 ml of solution containing 1mg/l of MC (lyophilized crude extract 
prepared with cell mass of Microcystis spp. strain TAC 95). After 96 h of incubation at 30ºC 
by shaking at 150 rpm, MC levels were evaluated by ELISA. Negative control was crude cell 
extract of strain TAC 95 without yeast cells. Positive control was carried out by adding S. 
microcystinivorans strain B9 to the crude cell extract suspension prepared with strain TAC 
95, characterized as having a potent MC degrading activity, showing 97% of MC 
degradation. The degradation rate of six test yeasts was 70% (strain VI08R), 53% (S. 
boulardii), 44% (strain VI07L) and 19% (strain PI07R1), whereas two strains were negative 
regarding MC degradation activity (strains PI06R1 and PI07R2). The data indicated that 
yeast isolates from sugar and bioethanol plants as well as commercial S. boulardii can be 
promising hosts concerning reception of Sphingomonas spp. MC degrading genes. In 
addition, molecular identified yeast can assure the application of non-pathogenic strains 
intended for further engineering of highly effective recombinant yeast with assured safety. 
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RIDA®COUNT Yeast & Mold Rapid – modern technology of 
cultivation and detection for rapid and easy enumeration of yeasts 
and moulds in food 
 
R. Witzenberger, T. Weiss, C. Döffinger and Ronald Niemeijer 
R-Biopharm AG, Germany; r.niemeijer@r-biopharm.de 
 
Detection and enumeration of yeasts and moulds in food and feed products have become 
more and more important during the last years. Fungal micro organisms are able to spoil 
products and therefore to reduce their shelf life. They can also contaminate food and feed 
stuff with toxins which may be harmful for humans and animals as well as to release 
substances which may change taste and consistency of finished products. Since the 
beginning of scientific microbiological studies it is obvious that fungi need a longer time 
period to grow as other micro organisms as bacteria. On common nutrient media mainly 
moulds need 3 to 5 days to grow until they are detectable. It seemed to be impossible to 
develop a more rapid detection system on cultural basis up to now. A substantial progress 
was the development of the RIDA®COUNT Yeast & Mold Rapid test cards which are 
commercially available from R-Biopharm, Germany. This detection system for micro 
organisms is based upon dried nutrient media contained in a flexible pad on a flexible plastic 
foil. Once activated by the liquid from the applied sample the pad will take up the liquid and 
nutrients will be reconstituted. Additionally to an appropriate nutrient medium for yeasts and 
moulds the RIDA®COUNT Yeast & Mold Rapid contains chromogenic substances which can 
be converted by metabolic enzymes of yeasts and moulds during their growth leading to a 
colorimetric detection after only 48 h. Although this method is really one of the fastest 
methods for detection of yeasts and moulds the first product version had the disadvantage 
that colorimetric reactions could occur with enzymes contained in a broad variety of food or 
feed stuffs (e.g. cereals, vegetables, fruits, meat, etc.). Heavy background colorations 
appearing only a few minutes after application of samples made it difficult – or even 
impossible – to detect yeasts and moulds on the test cards. With the development of a new 
generation of RIDA®COUNT Yeast & Mold Rapid this problem could be largely solved now. 
The improved chromogenic detection system uses different metabolic enzymes of fungi as 
before. They are also present in other eukaryotic cells but matrix effects are widely reduced 
even if they are present in the sample. In this study we present data from our in-house 
validation were we compared the old RIDA®COUNT Yeast & Mold Rapid version with the 
new generation of the product as well as with a common commercially available yeast and 
mould medium. It could be proved that the new RIDA®COUNT Yeast & Mold Rapid is 
suitable for detection of yeasts and moulds after 48 h in all tested food and feed. An official 
validation study performed by MicroVal in combination with AOAC-RI is planned to be done 
in 2011.  
 

Please visit the R-Biopharm stand in the exhibition area. We will be pleased to welcome you 
and provide you full information on our products and applications. 
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Multiplex PCR for the simultaneous detection of Salmonella spp. 
and Salmonella Enteritidis in food  
 
D.S.P. Silva, T. Canato, M. Magnani, J. Alves, L.J. Ludwig, E.Y. Hirooka and 
Tereza C.R.M. de Oliveira 
State University of Londrina, Department of Food Science and Technology, Brazil; 
terezaoliveira@yahoo.com 
 
Multiplex PCR assay (mPCR) for the detection of Salmonella spp. and S. Enteritidis was 
developed using artificially contaminated chicken carcasses. The assay showed 100% 
specificity to detect approximately 1 cfu of Salmonella in 10 g of chicken skin after non-
selective enrichment. The mPCR was evaluated in Minas cheese, fresh pork sausage and 
chicken carcasses commercially available. Salmonella spp. was detected in nine out of sixty-
six chicken carcasses, five out of fifty-two cheese samples and five out of fifty-two sausage 
samples. The serovar Enteritidis was detected in two samples of contaminated sausage. The 
mPCR results were confirmed by conventional culture and biochemical identification of the 
isolates. Serotyping confirmed the presence of S. Enteritidis in sausage samples and 
showed contamination by serovars Schwarzengrund and Montevideo in chicken carcasses. 
This study was conducted using a small number of samples; however, it involved three food 
matrices of varying complexity and the results suggested that the developed mPCR has the 
sensitivity and specificity for detecting the genus Salmonella and simultaneously 
differentiating serovar Enteritidis in 24 h of analysis. Moreover, mPCR would speed up the 
identification of suspected Salmonella colonies on selective media used in conventional 
culture methods. The simultaneous identification of serovar Enteritidis is also of great 
importance due to its extensive involvement in human salmonellosis outbreaks in Brazil. 
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Production of IgY antibodies for Fusarium verticillioides exoantigen 
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Fusarium verticillioides is a primary maize pathogen and the main producer of fumonisins, a 
group of mycotoxins that can cause significant economic losses for grain producers and 
processers, livestock breeders, and pose serious risks to human and animal health. 
Conventional fungal identification methods have low specificity and reproducibility, and are 
time-consuming. Immunological methods provide an attractive alternative due to their high 
sensitivity, specificity, and use in rapid quality control under field conditions. Exoantigens are 
widely used for the detection and identification of pathogenic fungi, and resolution of 
taxonomic problems. The aim of this study was to produce polyclonal IgY antibodies against 
F. verticillioides exoantigen. Laying hens were immunized with three doses of F. 
verticillioides exoantigen (isolate 97 K) in Freund Incomplete Adjuvant and the IgY production 
was evaluated by indirect ELISA. IgY antibodies anti-97 K exoantigen were extracted from 
egg yolks by precipitation with ammonium sulphate, and the reactivity with exoantigens from 
other F. verticilioides isolates and other fungal species were evaluated by ELISA and 
western-blot. Although anti-97 K IgY showed cross-reactivity with exoantigens from other 
fungal species, two antigens were detected in all F. verticillioides isolates evaluated in this 
study, suggesting species-specificity. Consequently, they could be used for immunodetection 
of F. verticilioides.  
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Multiplex screening of antibiotics and growth promoters in feed 
matrices with evidence biochip arrays using a rapid sample 
preparation method.  
 
M.E. Benchikh, R.I. McConnell, Aaron Tohill and S.P. Fitzgerald 
Randox Laboratories Ltd., UK; info@randox.com 
 
Antibiotics and growth promoters are widely used with beneficial effects in the animal 
industry, but their misuse poses a potential health risk for consumers. Evidence biochip array 
technology enables the simultaneous screening of multiple analytes from a single sample 
which leads to an increase in the results output. This is of value for monitoring purposes. 
Screening for traces of these analytes in feeding stuff can be a challenging task due to the 
complexity of the matrix and the scarcity of efficient multi-residue extraction procedures. We 
report the multiplex screening of antibiotics and growth promoters in feed with biochip arrays 
using a simple and rapid simultaneous extraction method. From 1 g of feed sample 
grounded, following 2 subsequent liquid-solid phase extractions, the detection of the 
simultaneously extracted analytes was achieved using the biochip array technology on the 
semi-automated analyser Evidence InvestigatorTM. Eighty five veterinary drugs and cross 
reactants, from different classes of antibiotics and growth promoters were efficiently 
extracted. The decision limit (CCα) of the analytes ranged from 10 to 90 ppb (μg/kg) for 
sulfonamides, 10 to 140 ppb for antibiotics and 2 to 170 ppb for growth promoters. Analysis 
of 5 positive samples showed favourably comparison with confirmatory methods. In 
summary, data show applicability of biochip array technology to the multiplex screening of 85 
antimicrobial and growth promoter analytes extracted from feed samples using a single 
sample preparation. This multi-analytical approach is of value for monitoring purposes. 
 
Please visit the Randox Laboratories stand in the exhibition area. We will be pleased to 
welcome you and provide you full information on our products and applications. 
 

mailto:info@randox.com

