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WELCOME AT RAPID METHODS EUROPE 2010! 
 
 
 
Dear participant, 
 
Cope with today's big challenges in food and feed analysis.........  
 

 multitarget screening  
 lower detection limits  
 wider range of matrices  
 shorter time  

 
..........by networking at Rapid Methods Europe 2010! 
 
Rapid Methods Europe is a series of events dedicated to the latest developments in 
analytical methods and instrumentation 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, the two main topics being 
microbiology and contaminants detection.  
 
Rapid Methods Europe 2010 features: 
 

 invited lectures and contributed papers 

 poster presentations  

 interactive workshops & demonstrations  

 technical presentations 

 instrument & manufacturers exhibition  

 matchmaking event 
 
Rapid Methods Europe 2010 proudly hosts the CONffIDENCE Open Day. The 
CONffIDENCE research project (Seventh Framework Programme, FP7) aims to further 
improve food safety in Europe by the development of faster and more cost-efficient methods 
for the detection of a wide range of chemical contaminants in different food and feed 
commodities. 
 
As a comprehensive overview Rapid Methods Europe 2010 offers an excellent way to 
network and to share ideas, providing a reference source for anyone interested in the rapid 
determination of biological and chemical contaminants in food and feed.  
 
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 25 January 2010 
 

13.30 - 15.15 
Plenary meeting 

Speed, selectivity and sensitivity 
Instrument 

& 
manufacturers 

exhibition 

15.45 - 17.30 

 
Parallel session 1 
Microorganisms 

 

 
Parallel session 2 

Chemical contaminants 

17.30 - 19.00 Rapid Methods‟ Lounge Party 

 
Tuesday 26 January 2010 
 

08.45 - 09.30 Plenary Keynote Lecture 

Instrument 
& 

manufacturers 
exhibition 

09.30 - 12.00 

 
Parallel session 3 

Advances in microarray 
technology 

 

 
Parallel session 4 

Trends in analytical 
techniques 

12.00 - 13.30 
Poster presentations 

Workshops & demonstrations - Round I 
Matchmaking event - Part I 

13.30 - 17.00 

 
Parallel session 5 
Rapid methods in 
laboratory practice 

 

 
Parallel session 6 

Topical issues 

17.00 - 18.30 
Poster presentations 

Workshops & demonstrations - Round II 
Matchmaking event - Part II 

20.00 Conference dinner (reservations only) 

 
Wednesday 27 January 2010 
 

08.45 -09.30 Plenary Keynote Lecture 

Instrument 
& 

manufacturers 
exhibition 

09.30 - 11.00 

 
Parallel session 7 
Microorganisms 

 

 
Parallel session 8 
The future is near 

11.30 - 12.30 
Plenary meeting 
And what else? 

13.30 - 16.00 CONffIDENCE Open Day 
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CONFERENCE PROGRAMME 
 
 
 
 
International conference, marketplace and matchmaking event 
 
 
 
 

Rapid 
Methods 
   Europe 2010  

 
 
 
 
Analytical methods and instrumentation for food and feed safety and quality 
 
 
 
 
 
Monday 25 January 2010 
 
 
13.30 Opening of Rapid Methods Europe 2010 
 
Plenary meeting 
Speed, selectivity and sensitivity 
 
Chair: Dr. Bert Popping, Eurofins Scientific Group, UK 
 
13.45 SOMAmers provide amazing tools for multiplex protein or pathogen measurements 

Dr. Larry Gold, SomaLogic, Inc., USA 
 
14.30 Rapid and sensitive immunobiosensor based on actuated magnetic nanoparticles 

Dr. André H.J. Immink, Philips Corporate Technologies, the Netherlands 
 
15.15 Networking break & exhibition 
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Monday 25 January 2010 
 
 
Parallel session 1 
Microorganisms 
  
Chair: Dr. Aart van Amerongen, Wageningen University, Agrotechnology & Food Sciences 

Group, the Netherlands 
 
15.45 Genomotyping: a fast and flexible approach for microbial diagnostics 

Dr. Frank H.J. Schuren, TNO Quality of Life, Microbial Genomics Group, the 
Netherlands 

 
16.15 Rapid and simple detection of verotoxigenic Escherichia coli (VTEC) specific genes 

by carbon nanoparticles-based immunoassays 
Prof.dr. Patricia S. Noguera, Polytechnic University of Valencia, Department of 
Chemistry, Spain 

 
16.45 Back on food safety radar screen: rapid methods to spot foodborne bacterial toxins  

Dr. Andreja Rajkovic, Ghent University, Department of Food Safety & Food Quality, 
Belgium 

 
17.15 Contributed paper 

Determination of the cut-off value of a PCR assay on a specific PCR platform can be 
essential for the transferability of a qualitative real-time PCR method  
Dr. Olivier Fumière, Walloon Agricultural Research Centre, Department Quality of 
Agricultural Products, Belgium 

 
 
 
 
 
 
 
 
 
 

 17.30 - 19.00 Rapid Methods’ Lounge Party 
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Monday 25 January 2010 
 
 
Parallel session 2 
Chemical contaminants 
 
Chair: Prof.dr. Sarah De Saeger, Ghent University, Department of Bio-analysis, Belgium 
 
15.45 Experiences with multiplex diagnostic platforms for contaminants 

Willem Haasnoot, RIKILT-Institute of Food Safety, the Netherlands 
 
16.15 Molecularly imprinted clean-up of fumonisins B and T-2 toxin, and promising 

applications in mycotoxin sensing 
David De Smet, M.Sc., Ghent University, Department of Bio-analysis, Belgium 

 
16.45 Aptamer technology as a rival to antibodies in residue diagnostics 

Sara Stead, The Food and Environment Research Agency, UK 
 
17.15  Contributed paper 

Development of a sensor for chemical water quality using sorption to polymer coated 
surfaces and refractive index measurements 
Bram van der Gaag, KWR Watercycle Research Institute, the Netherlands 

 
 
 
 
 
 
 
 
 
 

 17.30 - 19.00 Rapid Methods’ Lounge Party 
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Tuesday 26 January 2010 
 
 

 
08.45 Plenary Keynote Lecture 

Immunoaffinity-based microfluidics: a rapid and flexible tool for the molecular fisherman 
Dr. Terry M. Phillips, National Institutes of Health, National Institute of Biomedical Imaging 

and Bioengineering, USA 
 

 
 
Parallel session 3 
Advances in microarray technology 
 
Chair: Dr. Aart van Amerongen, Wageningen University, Agrotechnology & Food Sciences 

Group, the Netherlands 
 
09.30 Microarray technologies for detection and typing of pathogens 

Dr. Tanja Kostic, AIT Austrian Institute of Technology GmbH, Department of Health 
and Environment, Austria 

 
10.00 The development of protein microarrays: an option for mass screen in serological 

based studies 
Dr. Liljana Petrovska, Veterinary Laboratories Agency-Weybridge, Department for 
Food and Environmental Safety, UK 

 
10.30 Networking break & exhibition 
 
11.00 Flow-through chemiluminescence microarrays for the rapid quantification of 

pathogens and antibiotics in liquid samples 
Dr. Michael Seidel, Technical University Munich, Institute of Hydrochemistry,  
Germany 

 
11.30 Detection and characterisation of foodborne pathogens directly from environmental 

matrices using multi-analyte microarrays 
Clare Aldus, M.Sc., Institute of Food Research, UK 

 
 
12.00 – 13.30 Lunch break 
 
 
 
 

Schedule of activities during lunch break: 
 

 Instrument & manufacturers exhibition 

 Poster presentations 

 Workshop & demonstrations – Round I 

 Matchmaking event – Part I 
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Tuesday 26 January 2010 
 
 

 
08.45 Plenary Keynote Lecture 

Immunoaffinity-based microfluidics: a rapid and flexible tool for the molecular fisherman 
Dr. Terry M. Phillips, National Institutes of Health, National Institute of Biomedical Imaging 

and Bioengineering, USA 
 

 
 
Parallel session 4 
Trends in analytical techniques 
 
Chair: Dr. Bert Popping, Eurofins Scientific Group, UK 
 
09.30 New technologies for the enrichment, separation and identification of small molecules 

in food chemistry 
Prof.dr. Günther Bonn, University of Innsbruck, Department of Analytical Chemistry 
and Radiochemistry, Austria  

 
10.00 Options for detection of food toxicants in instrumental analysis: mass spectrometry or 

mass spectrometry? 
Dr. Hans Mol, RIKILT- Institute of Food Safety, the Netherlands 

 
10.30 Networking break & exhibition 
 
11.00 Extractive electrospray ionization mass spectrometry for rapid on-line analysis of food 

samples and biological specimens 
Prof.dr. Renato Zenobi, ETH Zürich, Department of Chemistry and Applied 
Biosciences, Switzerland 

 
11.30 Hyphenated LC-SPE-NMR-MS, a state-of-the-art system for analysis of unknown: 

applications and challenges in food analysis 
Dr. Frederic Girard, Spinnovation Analytical, the Netherlands 

 
 
12.00 – 13.30 Lunch break 
 
 

Schedule of activities during lunch break: 
 

 Instrument & manufacturers exhibition 

 Poster presentations 

 Workshop & demonstrations – Round I 

 Matchmaking event – Part I 
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Tuesday 26 January 2010 
 
 
Parallel session 5 
Rapid methods in laboratory practice 
 
Chair: Dr. Kitty Maassen, Wageningen University, Animal Sciences Group, the Netherlands 
 
13.30 The ADIAFOOD PCR pathogens detection system – an easy approach to food safety!  

Tony Rouillard, AES Chemunex, France 
 
13.50 Rapid lateral flow tests in a HACCP-based approach for allergen monitoring  

Dr. Sigrid Haas-Lauterbach, R-Biopharm, Germany 
 
14.10 Rapid molecular diagnostics and immunodiagnostics assays performed in portable 

and handheld readers 
Dr. Konrad Faulstich,  ESE GmbH, Germany and Dr. Olaf Piepenburg, TwistDx, UK 

 
14.30 Recent advances in the use of LC/MS/MS for high throughput multi-target pesticide 

screening 
Dr. Stephen Lock, Applied Biosystems, UK 

 
14.50 Quick and automated screening method for priority beta-agonists in urine 

Dr. Michal Godula ,Thermo Fisher Scientific, Czech Republic 
 
15.10 Contributed paper 

Novel fluorescence-based method for real-time detection of viable microorganisms  
Dr. Remco Kort, TNO Quality of Life, the Netherlands  

 
15.30 Networking break & exhibition 
 
16.00 New approaches to classical microbiological methods: rapid sample preparation and 

environmental pathogen monitoring 
Alan Deery, Microgen Bioproducts, UK 

 
16.20 Increasing throughput while decreasing cost: scaling of multiplex diagnostic test 

production using ultra-low liquid volume dispensing 
Holger Eickhoff / Hans Dijk, Scienion AG, Germany 

 
16.40 Pathogenic E. coli O157:H7 and Listeria identification assays demonstrate Pall 

GeneDisc qPCR technology capability to detect multiple target organisms in food 
production 
Bertrand Coissac, Pall GeneSystems S.A., France 

 
 
 

17.00 – 18.30 Schedule of activities: 
 

 Instrument & manufacturers exhibition 

 Poster presentations 

 Workshop & demonstrations – Round II 

 Matchmaking event – Part II 
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Tuesday 26 January 2010 
 
 
Parallel session 6 
Topical issues 
 
Chair: Prof.dr. Sarah De Saeger, Ghent University, Department of Bio-analysis, Belgium 
 
13.30 MCPD-esters in foods: current status and challenges in analysis 

Dr. Richard H. Stadler, Nestlé Product Technology Centre, Quality Management 
Department, Switzerland 

 
14.00 A fluorescence-based sensor to monitor the process impact on food quality and to 

predict neoformed contaminants 
Dr. Inès Birlouez-Aragon, AgroParisTech and Spectralis Innovation, France 

  
14.30 Photoinitiators: from ink to food – what is their way and how to determine them? 

Prof.dr. Perfecto Paseiro Losada, University of Santiago de Compostela, Department 
Analytical Chemistry, Nutrition and Bromatology, Spain 

 
15.00 Trace analysis of per- and polyfluorinated alkyl substances in various matrices. How 

do current methods perform? 
Prof.dr. Bert van Bavel, Örebro University, School of Science and Technology, 
Sweden 

 
15.30 Networking break & exhibition 
 
16.00 Contributed paper 

New highly sensitive, unambiguous positive read-out, rapid quantitative food testing 
system for use at the point of need 
Prof.dr. Colin H. Self, Selective Antibodies Ltd., UK 

 
16.20 Contributed paper 

Detection of the marine phycotoxin 13-desmethyl C spirolide by a chemiluminescent 
receptor-based assay 
Dr. Natalia Vilariño, University of Santiago de Compostela, Department of 
Pharmacology, Spain 

 
 
 

17.00 – 18.30 Schedule of activities: 
 

 Instrument & manufacturers exhibition 

 Poster presentations 

 Workshop & demonstrations – Round II 

 Matchmaking event – Part II 
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Wednesday 27 January 2010 
 
 

 
08.45 Plenary Keynote Lecture 

Exploiting novel chemical and biological labelling systems for the development of 
highly sensitive assays  

Prof.dr. Richard O'Kennedy, Dublin City University, School of Biotechnology, Ireland 
 

 
 
Parallel session 7 
Microorganisms 
 
Chair: Dr. Kitty Maassen, Wageningen University, Animal Sciences Group, the Netherlands 
 
09.30 Yeast forensics: methods for identification and tracking 

Dr. Suzanne Jordan, Campden BRI, Microbiology Department, UK 
 
10.00 Pathogen and virus detection using a lab-on-a-chip with raw sample preparation 

Dr. Jesús M. Ruano-López, IKERLAN Technology Research Centre, Spain 
 
10.30 Rapid detection of virulent Listeria monocytogenes by LAMP 

Dr. Le Quang Hoa, Hanoi University of Technology, School of Biotechnology and 
Food Technology, Vietnam 

 
11.00 Networking break & exhibition 
 
 
 
 
 
 
 
Parallel session 8 
The future is near 
 
Chair: Dr. Aart van Amerongen, Wageningen University, Agrotechnology & Food Sciences 

Group, the Netherlands 
 
09.30 Nanowires and selective capture of microorganisms 

Prof.dr. Cees J.M. van Rijn, Nanosens and Wageningen University, Laboratory of 
Organic Chemistry, the Netherlands 

 
10.00 Making bio-sense of toxicity: environmental application of whole-cell biosensors 

Prof.dr. Søren J. Sørensen, University of Copenhagen, Department of Biology, 
Denmark 

 
10.30 Piezo-optical methods for detection in dirty samples 

Dr. Steve Ross, Vivacta Ltd., UK 
 
11.00 Networking break & exhibition 
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Wednesday 27 January 2010 
 
 
Plenary meeting 
And what else? 
 
Chair: Dr. Aart van Amerongen, Wageningen University, Agrotechnology & Food Sciences 

Group, the Netherlands 
 
11.30 Seeing the wood for the trees: detection and characterisation of engineered 

nanoparticles in complex matrices 
Dr. Karen Tiede, The Food and Environment Research Agency, UK  
 

12.00 Rapid detection using invertebrate organisms – obstacles and opportunities  
Dr. Glen C. Rains, University of Georgia, Biological and Agricultural Engineering 
Department, USA 

 
12.30 Closing of Rapid Methods Europe 2010 
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WORKSHOP PROGRAMME 
 
 
Tuesday 26 January 2010 
 

 
 
 
 
 
 

 
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. 

 
 
 
 

12.00-13.30 and 17.00-18.30 
All workshops will run concurrently. Each workshop will last for one hour 
and will be given twice. 
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Workshop 2: Rapid tests for allergens and mycotoxins 
Sponsored and presented by R-Biopharm AG. R-Biopharm offers a wide range of analytical 
test kits for food and feed analysis, and clinical diagnostics. 
Part I New developments in rapid mycotoxin detection 

 Introduction of technical background of lateral flow based test systems 

 Reading and documentation of results by RIDA QUICK SCAN 

 Hands-on training of the RIDA QUICK DON detection method  

 Discussion with the experts 
Part II Rapid lateral flow tests in a HACCP based approach for allergen monitoring 

 Introduction of technical background  

 Presentation of the product range  

 Hands-on training of the method  

 Discussion with the experts 
 
 
 
 
Workshop 3 
Portable and handheld systems for rapid molecular and immunodiagnostics 
Sponsored and presented by ESE GmbH. 
Molecular Diagnostics for DNA/RNA testing has become rapid since the invention of 
TwistDX‟s revolutionary isothermal nucleic acid amplification technology called RPA and the 
highly sensitive fluorescence readers called ESE-Quant provided by ESE GmbH. We will 
present an overview of the technologies involved and show examples for both molecular and 
immunodiagnostics testing in less than 10 minutes starting from crude samples to the fully 
interpreted result. The stand-alone devices demonstrate operational and physical 
robustness; they can be operated by layman and can be produced affordably. 
Part I Introduction and short presentation 
Part II Practical session and demonstration 
 
 
 
 
Workshop 4 
Development of rapid assays for the veterinarian, agricultural and human diagnostic 
fields 
Presented by Wageningen University and Research Centre. 
As an international knowledge-based organisation Wageningen University and Research 
Centre (Wageningen UR) carries out research throughout the knowledge chain in the fields 
of life sciences and natural resources. Research comprises fundamental as well as applied 
research. Within the different specialized research institutes of Wageningen UR a broad 
variety of technologies are used to develop and validate assays for clients. In addition, the 
development of customer-defined applications as well as the development of new innovative 
technologies are also part of the working area. Many diagnostic tools have already been 
developed in close collaboration with industrial partners. Strategic investments ensure the 
maintenance of strong intellectual property (IP) positions in the veterinarian, agricultural and 
human diagnostic fields. In this workshop a brief introduction of some innovative 
technologies currently under study, including some practical demonstrations, will be given. 
Part I Technologies and their possibilities 

Wageningen UR is developing assays for, e.g., biosensor technology, xMAP 
technology, microfluidic interferometric device, lateral flow, DNA and protein 
microarrays 

Part II Practical demonstration 
Several technologies will be demonstrated. 
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Workshop 5 
Quantitative POC tests – research to manufacture – tools and approaches to speed 
your development and commercialisation of rapid tests 
Sponsored and presented by BioDot Ltd. BioDot is the established world leader in the supply 
of equipment for the development and manufacture of point-of-care rapid tests and 
biosensors.  
Part I Demonstration: dispensing, contact, non-contact, lamination of materials, cutting of 

sticks, and assembly 
Part II Equipment on display and in operation 

New Biodot materials handling equipment, including dispensing, lamination, cutting, 
and assembly 
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   CONffIDENCE Open Day 

 
 
CONffIDENCE: Safer food through rapid and cost-efficient tests for chemical contaminants in 
the food chain 
 
The CONffIDENCE project (funded by the European Commission under Grant Agreement 
number 211326) aims to further improve food safety in Europe by the development of fast 
and cost-efficient methods for the detection of a wide range of chemical contaminants in 
different food and feed commodities (see the project's website: www.conffidence.eu). Since 
the start of this project on 1 May 2008, much effort has been put into the development of 
rapid methods for food and feed safety. The project team would like to share its results so far 
with all interested stakeholders. The programme of the CONffIDENCE Open Day consists of 
introductory talks on the four main WP clusters, followed by posters, demonstrations and 
discussions on each of these four topics. 
 
Wednesday 27 January 2010 
 
Programme 
 
13.30 - 14.40 
Presentations 
 
13.30 Welcome and general introduction 

Dr. Jacob de Jong, RIKILT-Institute of Food Safety, the Netherlands 
13.40 Rapid methods for Organic pollutants 

Prof.dr. Jana Hajslová, Institute of Chemical Technology, Czech Republic 
13.55 Rapid methods for Veterinary pharmaceuticals 

Sara Stead, The Food and Environment Research Agency, UK  
14.10 Rapid methods for Heavy metal speciation 

Dr. Jens Sloth, Technical University of Denmark, National Food Institute, Denmark  
14.25 Rapid methods for Biotoxins 

Dr. Chris Elliott, Queen's University Belfast, UK  
 

14.40 - 16.00 
Networking and demonstrations  
 
Demonstrations 

 Lateral flow devices for antibiotics  

 Flow cytometry for coccidiostats and POPs  

 NIR camera for ergot contamination  

 Surface plasmon resonance for marine biotoxins  

 Simplified sample preparation for perfluorinated compounds  
 
Posters 
The various contaminants and techniques included in CONffIDENCE will be presented.  
 
16.00 - 17.00 
Drinks and informal discussions  
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LOOKING FORWARD TO 
 

SEEING YOU AGAIN NEXT YEAR! 
 
 
 

 

 

 
 

RAPID METHODS EUROPE 2011 
 

JANUARY 2011 
 

THE NETHERLANDS 
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LECTURES 
 
 

SOMAmers provide amazing tools for multiplex protein or pathogen 
measurements 
 
Larry Gold 
SomaLogic, Inc., USA; lgold@somaligic.com 
 
Classic aptamers were invented in 1989 - 1990. In the next twenty years the process of 
identifying aptamers was improved substantially. Today, non-classic aptamers (called 
SOMAmers) make possible some applications, which cannot be achieved with monoclonal 
antibodies (or other antibody mimics).   
  
SomaLogic has established high content proteomics arrays in which the concentrations of 
nearly a thousand human proteins are measured simultaneously, using about 15 microliters 
of plasma or serum. In the near future the content of the arrays will grow to include the entire 
secreted proteome. The limit of detection for most proteins is below 1 pM. The platform takes 
advantage of the fact that SOMAmers are made of nucleic acids and can be quantified 
by sensitive hybridization or QPCR techniques. 
  
Using „large-plex‟ array we have sought biomarkers for important human diseases for which 
diagnosis would be most helpful when patients were without symptoms. This paradigm –  
detection of early disease – promises to improve treatment for many cancers and other 
diseases. Additional work on infectious agents has been started. In this application both 
human and pathogen-encoded biomarkers will comprise the protein signature. 
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Rapid and sensitive immunobiosensor based on actuated magnetic 
nanoparticles 

 
Andre H.J. Immink 
Philips Corporate Technologies, the Netherlands; andre.immink@philips.com 
 
In vitro diagnostics (IVD) is a key element to do fast and efficient determination of analytes in 
biological samples. Applications are in healthcare (clinical diagnostics), biodefense and 
quality control in food and beverage industries. Currently most IVD tests are performed in 
centralized laboratories, using large analytical instruments operated by professional 
technicians. Generally, turn-around times are long, in the order of days due to sample and 
result logistics. Another substantial part of the tests are performed on-site outside the 
laboratory. From a technology point of view these tests are more demanding as they require 
similar analytical performance in terms of sensitivity, specificity and robustness in an 
uncontrolled environment, while the tests should be integrated for high ease of use and need 
to be available at an affordable price. A very successful and well-known example of such an 
on-site IVD test is the measurement of glucose levels by diabetes patients in the home 
environment. 
 
Many IVD tests are based on immunoassays, where the detection is based on the specific 
binding of antibodies to the antigen. For decades the field of immunobiosensing has been 
dominated by lateral-flow chromatographic strips. More and more on-site test applications 
have requirements that cannot be served by the lateral flow technology. For this reason 
Philips has developed a novel immunoassay technology, named Magnotech, based on the 
use of small magnetic labels that does not require the manipulation or replacement of fluids. 
Instead the small magnetic labels are moved throughout the stationary sample fluid under 
the influence of externally applied magnetic fields. The dynamic control of the magnetic 
labels impacts all key immunoassay process steps, yielding unprecedented speed, assay 
control and seamless integration of all the steps in an integrated disposable micro-fluidic 
cartridge. The magnetic labels that are bound to the sensor as a result of the magnetically 
controlled immunoassay are optically detected. This new optical detection technique enables 
sensitive and multiplexed assays with real-time detection of the binding process in low-cost 
disposables. 
 
The Magnotech technology 
The Magnotech technology is integrated into a disposable biosensor cartridge that is inserted 
into a handheld analyzer. The cartridge consists of two pieces of injection molded plastic 
held together by double-sided adhesive tape. The handheld analyzer includes 
electromagnets under the control of integrated electronics and embedded software in order 
to actively actuate the magnetic labels in the sample fluid. Furthermore, the analyzer 
contains an optical detection system for read-out (see Figure 1). The magnetic labels are 
preloaded into the cartridge when it is manufactured and are dispersed from a thin reagent 
film into the sample as the cartridge is filled with a single drop of blood or saliva. Once the 
cartridge is filled, no other fluid movement is required.  
 
The immunoassay process 
The labels are coated with antibodies and capture the target analyte molecules in the bulk of 
the sample fluid (see Figure 2; phase A). This is a fast and efficient process due to the 
homogeneous dispersion of labels and the relatively large total surface area of the labels. In 
the next step (see Figure 2; phase B) a magnetic field is applied to attract the anti-body 
coated labels with the captured target molecule from the bulk fluid towards the sensor 
surface. In this way the concentration of target molecules is increased significantly locally 
near to the sensor surface in comparison to the bulk concentration. Furthermore, background 
material (other analytes, residual blood cells, contaminations in saliva) are left in solution and 
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do not interfere with the subsequent assay steps. Near the sensor surface, which is coated  
with a second type of antibodies, the labels are magnetically actuated causing multiple 
interactions of the labels with the surface resulting in a fast and specific biological binding of 
the labels to the sensor surface. In a last step (see Figure 2; phase C) the upper magnet is 
switched on and the unbound labels are removed from the sensor surface. Because the 
FTIR-based sensor is very surface sensitive the unbound labels have to be moved only a few 
micrometers away from the surface in order to eliminate their contribution to the sensor 
signal. This makes the bound-free separation step very fast. 
 
 
Figure 1. Configuration of a micro-fluidic cartridge in the analyzer containing electromagnets for 
actuation of the labels in the fluid and an optical read-out system based on frustrated total internal 
reflection (FTIR). 
 

 
 
 
 
 
 
Figure 2. Schematic overview of the three main steps in the magnetic label immunoassay. 
 

 
 
 
 
 
Optical label detection 
The detection of the magnetic labels is done optically. Optical detection has the advantage 
that it is orthogonal to the magnetic actuation. Therefore, read-out can be done 
simultaneously with magnetic actuation without any interaction, allowing kinetic 
measurements and monitoring of the complete binding process. The principle of frustrated 
total internal reflection (FTIR) is applied as is shown in Figure . A collimated beam of light
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from a light-emitting diode (λ=625 nm) illuminates the sensor surface from the plastic side at 
an angle larger than the critical angle for total internal reflection. When the cartridge is filled  
with fluid and no beads are present at the surface the light will be completely reflected and 
imaged onto a 2D detector array. Only a so-called evanescent wave will penetrate into the 
fluid with an exponential decay distance of less than 100 nm. When magnetic labels 
(consisting of a plastic matrix with small grains of magnetite) approach the surface the light 
will interact with the labels and gets partially absorbed or scattered. The amount of light 
imaged onto the detector will decrease depending on the label density at the sensor surface. 
One of the nice properties of this detection method is that it can be combined with a compact 
electromagnet configuration close to the cartridge and the reaction chamber. Furthermore, 
due to the relatively large size of the labels the method is very sensitive allowing the 
detection of a single label per 200 μm2. 
 
Experimental results 
The technology is developed as a platform to make it suitable for many different applications. 
In this section two examples are shown that indicate the potential performance of the 
platform [1]. As a first result a sandwich immunoassay is reported for cardiac troponin I (cTnI) 
in 100% human plasma. cTnI is the gold standard to diagnose of acute myocardial infarction. 
A dose response curve is shown in Figure 3 (left). It is achieved within 5 minutes assay time 
using a fully integrated cartridge. The curve shows a very nice linear relation between 
(optical) signal and analyte concentration over a large dynamic range of more than 3 orders 
of magnitude. Furthermore, coefficients of variation are low and detection is possible down to 
the picomolar level. Potential application fields are emergency rooms and ambulances.  
 
 
 
Figure 3. Experimental results showing the potential performance of the magnetic label assay system. 
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As a second example an inhibition assay to detect drugs in saliva is reported. The dose 
response curve is also shown in Figure 3 (right). Due to the nature of the inhibition assay the 
dynamic range is much smaller. Also here the coefficients of variation are very low and the 
sensitivity meets the market requirements for a road-side drug-testing application (detection 
of drug abuse by drivers similar to alcohol screening). 
 
Prototyping 
Philips is developing prototype handheld analyzers and a disposable microfluidic cartridges. 
Two examples are shown in Figure 4. The left picture shows the analyzer for the saliva 
platform. The right picture shows a cartridge that is suitable for detection in blood. 
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Figure 4. Prototypes of the handheld analyzer (left) and the integrated disposable cartridge (right). 

 

    
 
 
 
Conclusions 
A rapid, sensitive and robust immunobiosensor has been developed based on the use of 
antibody-coated magnetic labels and optical detection of these labels. It has several 
attractive properties that overcome the limitations of present on-site testing methods such as 
lateral flow strips. The technology is developed as a platform allowing many applications in 
multiple domains. Prototyping of the a disposable cartridge and a handheld analyzer resulted 
in a cost effective system that is easy to use and has the potential to be disruptive in the IVD 
market. 
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Genomotyping: a fast and flexible approach for microbial 
diagnostics 
 
Frank H.J. Schuren 
TNO Quality of Life, the Netherlands; frank.schuren@tno.nl 
 
The current unmet needs in the field of microbial diagnostics are limited information and 
speed of analysis. Current diagnostic methods nearly all depend on culturing automatically 
leading to long analysis times. Also the amount of information obtained is usually limited: the 
main focus is on identification of different bacterial species and as a follow-up to some extent 
at serotype or antibiotic resistance. In recent years it has become clear that that an 
enormous variation can exist between different strains within a bacterial species. 
Differentiations between strains up until now only focus on some aspects of this variability 
such as serotype or antibiotic resistance.  In our view many more features could be 
important. Examples of such features are pathogenicity, virulence, invasiveness, heat or acid 
resistance, epidemicity, etc. In all cases these features are determined by interplay of 
multiple genes and therefore are not easily identified by current diagnostics. A number of 
different methods have been developed to obtain more detailed information on bacterial 
strains. Methods currently in use for epidemiological and hygienic purposes are AFLP, 
PFGE, MLST and spa typing which all result in more detailed typing of strains, but which are 
all based on cultured cells and are often technically challenging and time-consuming and are 
therefore only used retrospectively. Also genome sequencing fits in this list of methods with 
the additional disadvantage of enormous data overload which makes it hard to interpret the 
obtained results.  Furthermore none of these methods has the potential to be applied on real-
life samples directly. 
 
We have developed a novel diagnostic platform technology specifically aimed at the 
identification of genes involved in multigenic features. Our technology starts with a simple 
and straightforward whole genome analysis (hence: genomotyping) of different strains within 
a bacterial species and ends with the selection of a minimal set of discriminative DNA 
markers. Subsequently these markers can be used to develop a diagnostic platform uniquely 
enabling the straightforward high resolution diagnosis of microbes of interest. This platform 
can be used without first culturing micro-organisms and therefore allows for a same-day  
Based on our in-house developed genomotyping technology many diagnostic applications 
are foreseen. Our first application is targeted at the detection and identification of Legionella 
pneumophila in water (Legionella chip). This development will be described in more detail 
during the presentation. Also other examples of potential applications of genomotyping 
technology will be shown.  
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Rapid and simple detection of verotoxigenic Escherichia coli 
(VTEC) specific genes by carbon nanoparticles-based immuno-
assays 
 
Patricia S. Noguera1,2, M. van Tuil1, F.J. van der Wal3, A. de Boer3, A.P.H.A. Moers1, G.A. 
Posthuma-Trumpie1 and A. van Amerongen1 

1Polytechnical University of Valencia, Department of Chemistry, Spain, 2Wageningen UR 
Food & Biobased Research, Biomolecular Sensing & Diagnostics, the Netherlands and 
3Wageningen UR Central Veterinary Institute, Department of Bacteriology, the Netherlands; 
pnoguera@qim.upv.es 
 
Escherichia coli, discovered by Theodor Escherich in 1885, is a gram-negative bacterium 
commonly found in the lower intestine of warm blooded organisms. There are many E. coli 
strains; most of them are harmless and they are part of the normal flora of the gut, but others 
can cause illnesses. Some of the pathogenic strains are enteropathogenic E. coli (EPEC), 
enterotoxigenic E. coli (ETEC), enteroinvasive E. coli (EIEC), enteroaggregative E. coli 
(EAEC) and verotoxigenic  E. coli (VTEC).  
 
Verotoxigenic E. coli (also called enterohemorrhagic E. coli), has emerged as a food 
poisoning pathogen that can cause severe and potentially fatal illness with symptoms such 
as diarrhoea, hemorrhagic colitis and the haemolytic uraemic syndrome. Although many 
VTEC serotypes have been associated with human illness, the vast majority of reported 
outbreaks of VTEC-infection in humans have been associated with serotype O157:H7. Some 
of the VTEC virulence factors are: the phage-encoded cytotoxins: verotoxins encoded by 
genes vt1 or vt2; the outer membrane protein intimin (encoded by gene eae, involved in the 
attachment to intestine epithelial cells); and the enterohaemolysin (encoded by ehec). The 
most important reservoirs of VTEC (and causes of human infections) are domestic 
ruminants, especially cattle and sheep. Since VTEC strains are found as part of the normal 
intestinal flora of these animals, transmission occurs through consumption of undercooked 
meat, unpasteurized dairy products and vegetables or water contaminated by faeces of 
carriers. Control and evaluation of the virulence factors of this pathogen can be done by 
different methods that include laboratory culture, typing methods, serological methods, 
detection of DNA sequences and immunospecific methods. The need of rapid responses has 
increased the interest in fast screening methods; most of them relying on the amplification of 
specific genes of the E.coli DNA sequence for its identification. Here we present the use of 
carbon nanoparticles for the detection and identification of different VTEC virulence factors 
based on the use of lateral flow strips (NALFIA, nucleic acid lateral flow immnunoassay) and 
microarrays (NAMIA, nucleic acid microarray immunoassay). The optimized methods were 
applied to 48 real samples originated from cattle faeces and the results were compared with 
those achieved by q-PCR.  
 
Carbon nanoparticles – principle of the detection system 
Four virulence factors (vt1, vt2, eae and ehec) and a 16S control specific for E.coli were 
amplified with tag-labelled primers. Of each primer set, one was labelled with biotin (tag1) 
and the other with a unique and discriminative label (tag2, like DNP or FITC). Following the 
optimized and rapid (30 minutes) PCR reaction, amplicons were detected by means of 
NALFIA or NAMIA. In both cases, the double tagged amplicons were sandwiched between 
neutravidin (bound to carbon nanoparticles) and an antibody against the discriminative tag2 
(immobilized on the nitrocellulose membrane), see Figure 1. The amount of carbon 
nanoparticles formed was evaluated estimating the intensity of the line or spot formed. For 
this, strips or microarrays were scanned (using a flatbed scanner), and image analysis was 
done to obtain pixel gray intensity. 
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Figure 1. Detection of double-labelled amplicons between carbon nanoparticles and specific 
antibodies (left). Examples of NALFIA strips (center)  and NAMIA microarrays (right). 
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NALFIA 
NALFIA strips were optimized for each of the E.coli virulence factors. The following reagents 
were optimized: amount of antibody sprayed on the strip, amount of PCR product and 
amount of carbon nanoparticles-neutravidin conjugate. To evaluate the performance of the 
developed strips, cross-reactivity tests were performed (no cross-reactivity was found). Strips 
were also tested with unknown samples (different E.coli strains and one blank). To this end, 
samples were submitted to the optimized PCR protocol and the optimized NALFIA 
procedure. All genes were correctly identified, indicating that this system could be 
satisfactorily used for real samples. 
 
NAMIA 
NAMIA was optimized for each of the E.coli virulence factors. The following reagents were 
optimized: amount of antibody printed on the nitrocellulose slide, incubation time, amount of 
PCR product and amount of carbon nanoparticles-neutravidin conjugate. This process was 
guided by using surface response models and contour plots. Cross-reactivity was also 
evaluated, and, as for NALFIA, no cross-reactivity was found. NAMIA results were scored by 
flatbed scanning and image analysis. A spot having a pixel grey volume of three times the 
Standard Deviation from 10 control (blank) spots, as defined in the array grid, were judged as 
positives. 
 
Real samples 
Prior to the use of NALFIA and NAMIA to the real samples the sensitivity of the methods, and 
of q-PCR, was assessed by testing samples with known amounts of colony forming units per 
ml. Subsequently, 48 real VTEC samples were analysed (isolated from cattle faeces). The 
samples were subjected to NALFIA and NAMIA following a 30 minute PCR amplification. The 
result achieved for each single sample (and virulence factor) was compared with the result 
achieved by q-PCR (positive if Ct < 35). Results were expressed as true or false 
positives/negatives with respect to the q-PCR data. The numbers of false/true 
positives/negatives were used to evaluate the effectiveness of NALFIA and NAMIA. For this, 
evaluation parameters such as sensitivity, specificity and efficiency were calculated.  
 
Conclusions 
The results achieved in the detection of E.coli virulence factors in real samples by NALFIA 
and NAMIA were in very good agreement with those achieved by q-PCR. This demonstrates 
the reliability and applicability of both screening methods. When comparing the number of 
targets that can be analyzed at the same time (sample throughput), NALFIA is similar to q- 
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PCR, whereas NAMIA allows the detection of much more targets simultaneously. Q-PCR 
systems are manufactured with the possibility of detecting 4 to 6 fluorescent probes and 
NALFIA strips can be manufactured with up to 6 lines. The number of targets that can be 
identified using a NAMIA microarray is much larger, and, in principle, is only limited by the 
number (availability) of antibodies against the labels used in the amplification step (tag2).  
 
As a resume, the use of carbon nanoparticles as signal labels in NALFIA and NAMIA 
systems results in screening methods that are simple to use, cost effective, and fast. 
Including the amplification step results can be obtained within 2 to 3 hours. In addition, both 
methods can be performed at or near the point of care. 
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Back on food safety radar screen: rapid methods to spot foodborne 
bacterial toxins  
 
Andreja Rajkovic 
Ghent University, Department Food Safety & Food Quality, Belgium; 
andreja.rajkovic@ugent.be 
 
Foodborne pathogens can cause a disease through infection, toxico-infection and 
intoxication. In the last two forms of microbial foodborne diseases toxins play a major role in 
disease causing potential. In the case of toxico-infection bacterial outgrowth and toxin 
production occur upon the ingestion, while in the case of intoxication this occurs in the food 
prior to ingestion. It is for the intoxications that detection of toxins in food matrix is of utmost 
importance [1]. For toxico-infectons detection of toxins mainly serves in the characterization 
of the isolates for evaluation of the risk of consuming the food containing these isolates and 
for detection of toxin in faeces and serum in post outbreak studies. Moreover, the detection 
methods are required for research purposes [2].  
 
The rapidness with which bacteria produces toxins depends on different factors and so does 
the rapidness of the assays used to spot these toxins [3-12]. The toxin production will be 
primarily dependent on microorganism inherent characteristics, characteristics of a 
surrounding environment and relationship between these and other factors [13-17].  
 
The development of the detection method will depend on: 

 the objective need; 

 type and characteristics of the toxin; 

 dose/response relationship and required sensitivity; 

 the complexity of the food matrix in which the bacterial growth and toxin production 
occurs; 

 the role and modus-operandi of the toxin in the disease. 
The use of the method in analysis will depend on: 

 availability and acceptability of the methods; 

 complexity of the method and required infrastructure and human capacities; 

 speed with which methods provides required results; 

 financial constrains; 

 purpose of the analysis and the resulting actions; 

 data interpretation complexity; 

 legal and industrial framework. 
 
The current presentation: (i) outlines pros and cons of different techniques in immunological, 
biological, molecular and combined methods for detection of selected bacterial protein 
exotoxins, e.g. Bacillus cereus diarrheal enterotoxins and cereulide [14,18], Staphylococcus 
aureus enterotoxins [19-21], Clostridium botulinum neurotoxins [22-29] and Clostridium 
perfringens enterotoxin [30-35]; (ii) discusses the relevancy of increased speed and 
sensitivity of specific methods in the overall sample analysis and with reflection to risk 
assessment and variability factors; and (iii) discusses laboratory versus field use of detection 
methods. Moreover, some of the latest scientific achievements and their importance are 
taken in a broader perspective under discussion [36-41].  
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Determination of the cut-off value of a PCR assay on a specific PCR 
platform can be essential for the transferability of a qualitative real-
time PCR method 
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In the development of qualitative Real-Time PCR methods by research labs, the 
transferability is often underestimated. In the case of the detection of natural targets (e.g. 
qualitative detection of animal species DNA), the situation is even more complex when late 
signals due to unspecific amplification must be distinguished from significant signals. For that 
reason a cut-off value, defined as the Ct value delimiting positive from negative results, is 
experimentally determined on the thermocycler of the developer and usually described in 
literature as an absolute parameter of the assay. This way of working can be a source of 
false results when used on PCR platform of other users. Different factors, mainly the 
thermocycler heating block, the PCR reagents (master mix, primers and probes) and the 
operator (setting of the threshold level of fluorescence) can influence strongly the calculated 
Ct values.  
 
In the framework of the European SAFEED-PAP project [1] dedicated to the detection of 
presence of species-specific proteins in animal feed, a protocol for the determination of the 
cut-off value of any PCR platform (thermocycler + master mix) using a published qualitative 
Real-Time PCR assay for the detection of bovine DNA [2] has been developed. Using 
plasmids carrying the cloned PCR target, calibration curves between the logarithm of the 
copy number and the Ct values were built according to the inverse regression method 
described by Draper and Smith [3]. The cut-off value of a PCR platform is defined as the 
upper limit of the Ct value confidence interval for a single copy of the target. Different 
variability parameters (number of calibration points, number of replicates and number of 
independent runs) were optimised for an accurate determination of the cut-off value of a 
platform. The reliability and the robustness of the transfer protocol were evaluated through a 
validation study gathering 19 labs from EU, Japan and Australia and 23 thermocyclers from 4 
major companies (Applied Biosystems, Roche Diagnostics, Bio-Rad and Stratagene). The 
cut-off values of the 23 platforms determined using the proposed transfer protocol showed 
important differences from one platform to another one and justify the usefulness to 
determine specifically the cut-off value of each platform while the qualitative results obtained 
with the blind samples showed the accuracy of the calculated cut-off values of each platform 
and its efficiency to identify true positive results. Very low copy numbers of targets (close to 1 
copy/reaction) were used in the blind samples to appropriately check the fitness for purpose 
of the protocol and an original design had to be developed to take into consideration the 
stochastic distribution of copy numbers of the target when pipetting the volumes to be put in 
the assay. As a further step to obtain a fully validated PCR method for the detection of cattle 
MBM in feedingstuffs, a kit using the PCR assay and the transfer method is presently 
submitted to a validation study conducted by the JRC-IRMM.  
 
The strategy based here on statistical rationale for the determination of the cut-off value of 
any PCR platform with this test is transposable to any other qualitative Real-Time PCR test. 
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Experiences with multiplex immunoassay platforms for 
contaminants 
 
Willem Haasnoot 
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The food chain is threatened by various hazards and the presence of contaminants is one of 
the serious risks for consumers. In food and feed analysis, screening technologies are 
powerful tools that provide a rapid screen of a large number of samples when conventional 
analytical methods are too cumbersome. Due to their simplicity and/or high-throughput 
capacity, immunoassays are applicable for screening in the food chain. However, in general, 
they are very specific, and only suitable for the detection of one or two contaminants, which 
seriously limits their application. Multi-analyte antibodies and assay formats with multiplex 
capacity might give new possibilities for control agencies and food industries for increased 
and more efficient controls on contaminants. 
 
Within our institute, we experienced developments and/or evaluations of multi-drug 
antibodies (against β-agonists, corticosteroids, sulfonamides and (fluoro)quinolones) and 
applications of multi-channel surface plasmon resonance (SPR)-based systems, imaging 
SPR (iSPR) and the suspension microarray system using the MultiAnalyte Profiling (xMAP®) 
technology of Luminex®. These platforms were and are still used for the development of 
assays for the multiplex detection of low molecular weight food contaminants - like antibiotics 
(aminoglycosides, sulfonamides, (fluoro)quinolones and coccidiostats), mycotoxins and 
persistent organic pollutants (POPs; like polycyclic aromatic hydrocarbons (PAHs), 
polychlorinated biphenyls (PCBs) and brominated diphenyl ethers (BDEs)), and high 
molecular weight compounds - like food proteins, allergens and biomarkers for the abuse of 
growth promoters. Examples of our developments and results will be presented. These 
include Luminex results obtained within the large scale integrating collaborative EU project 
with the title „CONtaminants in food and feed: Inexpensive DetectioN for Control of Exposure 
(CONffIDENCE)‟ (2008-2012), which is coordinated by RIKILT-Institute of Food Safety, the 
Netherlands (Dr. Jacob de Jong). Some of our results were obtained with the relatively new 
paramagnetic bead sets (MagPlexTM), which simplifies wash procedures. Based on these 
new beads, a new platform – called MagPixTM – is built which is a low-cost, compact, rugged 
platform moving away from a flow cytometry-based system to an instrument with a 2D 
readout with inexpensive Light Emitting Diodes (LEDs) and a CCD imager. The design of the 
instrument, expected to be launched in 2010, will be shown as it could make future multiplex 
detection faster, cheaper and more robust and therefore even more applicable in food chain 
control systems. 
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Molecularly imprinted clean-up of fumonisins B and T-2 toxin, and 
promising applications in mycotoxin sensing 
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1Ghent University, Faculty of Pharmaceutical Sciences, Laboratory of Food Analysis, 
Belgium and 2Ghent University, Faculty of Sciences, Polymer Chemistry and Biomaterials 
Research Group, Belgium; david.desmet@ugent.be 
 
Mycotoxins are toxic secondary metabolites, produced by fungi on a wide range of 
agricultural commodities. The occurrence of these secondary metabolites in food, beverages 
and feed involves a potential threat to human and animal health. Mycotoxins exhibit 
carcinogenic, neurotoxic, nephrotoxic, immunosuppressive and estrogenic effects [1,2]. 
Among the mycotoxins causing most concerns for human and animal health are the 
fumonisins B and T-2 toxin, which are all produced by different Fusarium species. The 
analysis of mycotoxins in complex food matrices requires selective and sensitive detection. 
 
The technique of molecular imprinting allows the formation of specific recognition sites in 
synthetic polymers through the use of templates. These recognition sites mimic the binding 
sites of antibodies and other biological receptor molecules. The synthesis of a molecularly 
imprinted polymer (MIP) is a straightforward and inexpensive procedure. It is a process in 
which functional and cross-linking monomers are copolymerized in the presence of a 
template (target molecule or structural analogue). First, the template molecule and the 
functional monomers are mixed in a proper solvent, resulting in a pre-polymerization 
complex. After adding initiator and cross-linking monomer the polymerization is initiated 
using ultraviolet light or heat depending on the initiator and stability of the template. During 
the polymerization the presence of the cross-linking monomer results in the stabilization of 
the pre-polymerization complex due to the fixation of the functional monomers. Finally, free 
imprinted binding sites complementary in size and shape specific to the analyte are obtained 
by removing the template molecule [3]. 
 
Similar to immunosorbents MIPs exhibit excellent target selectivity. MIPs can therefore be 
used in applications relying on specific molecular binding events. Besides solid-phase 
extraction, a potential application of this technique is the use of MIPs instead of antibodies 
during rapid screening methods. In the recent years considerable efforts have been made in 
the implementation of MIPs in biosensors. Biosensors for the detection of food contaminants 
have high requirements of sensitivity, limit of detection and stability. The complexicity of the 
food matrices, the need for large sample analysis, the required ruggedness and the need for 
continuous monitoring make these sensors challenging in respect to development and 
application. Biosensors have to be reusable systems in which the recognition element is in 
intimate contact with the transducer element. The use of artificial recognition materials has 
become attractive because these materials have lower costs and higher stability. The 
efficiency of sensors does not only depend on the selectivity and sensitivity of the MIP, but 
also on the approaches of signal output. Many physical measurements such as fluorescence, 
piezoelectricity and surface plasmon resonance can be used for signal detection. Mass 
sensitive transducers have the advantage that they can be universally applied to a broad 
range of molecules [4]. 
 
During the presentation the synthesis and implementation of MIPs as selective sorbents or 
recognition elements in SPR- and QCM-sensors will be outlined. The fumonisin B and T-2 
selective MIP will be presented as examples throughout the presentation. 
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Aptamer technology as a rival to antibodies in residue diagnostics 
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J. Kay4 and C. Elliott5 
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At the present time antibodies are among most popular classes of molecular recognition 
elements and have been studied and utilised for many decades. As a result, antibodies have 
made substantial contributions toward the advancement of diagnostic methods and have 
become an indispensable element in many screening assays in a wide cross-section of 
applications from the medical, military, environmental, food safety and quality sectors. The 
development of the systematic evolution of ligands by exponential enrichment (SELEX) 
process in the late 1990s [1] made possible the isolation of oligonucleotide sequences with 
the capacity to recognize virtually any class of target molecules with high affinity and 
specificity. These oligonucleotide sequences, referred to as „aptamers‟ are emerging as a 
class of molecules that could potentially rival antibody performance in a range of diagnostic 
and therapeutic applications. Aptamers are different from antibodies, yet they mimic their 
properties. The demand for diagnostic assays to detect the presence of pollutants, 
contaminants and residues in the analysis of environmental and food samples is increasing 
and aptamers could potentially fulfil the molecular recognition needs in such assays.  
Compared with antibody technology, aptamer research is still in its infancy. Furthermore, 
traditional immunoassay formats may require modifications to better harness the unique 
properties of aptamers.  
 
This paper presents two novel applications of aptamer technology for the detection of 
residues in food samples and the future potential for aptamer-based diagnostic products:  

 Malachite green (MG) is a triphenylmethane dye that has been used for the control of 
fungal infections in fish.  There are concerns about its safety in human health and MG 
is prohibited for use in food-producing animals within the EU. The on-going 
occurrence of MG and its main metabolite leucomalachite green (LMG) residues in 
farmed fish samples is still being reported. Laboratory procedures for the detection 
and quantification of MG residues are on the whole complicated and time consuming 
requiring specialised laboratory equipment.  The development and validation of a 
rapid and sensitive aptamer-based method with spectrofluorimeteric detection for MG 
in fish tissue is reported along with a comparison of the aptamer based assay to 
conventional LC-MS/MS and ELISA methods. 

 The strobilurins are an important class of pesticides and are commonly used as 
fungicides on a wide range of crops. They are part of the larger group of Qo1 
inhibitors; the mode of action is via inhibition of the respiratory chain at the level of 
complex III. Nuclease resistant, RNA aptamers have been selected with affinity 
towards the common toxophore region of the strobilurin core structure. The best 
performing aptamers have been identified and characterised using SPR-biosensor. 
Possible assay formats based on fluorescence resonance energy transfer (FRET) 
and gold nanoparticles are presented for the application of these novel binding 
reagents. 
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Development of a sensor for chemical water quality using sorption 
to polymer coated surfaces and refractive index measurements 

Contributed paper 
 
Bram van der Gaag, A. Brandt and T.L. ter Laak1 
KWR Watercycle Research Institute, the Netherlands; bram.van.der.gaag@kwrwater.nl 
 
Chemical water quality is generally assessed by batch sampling, extraction, clean-up, and 
chemical analysis using various analytical techniques. This type of assessment is specific 
and accurate. However, the disadvantage is that this procedure generally takes several 
hours, while faster screening of water quality is sometimes required. The current study 
describes the development of a faster, less specific, water quality screening technique. It 
uses various polymer coatings to sorb specific classes of chemicals, and refractive index 
measurements as the detection principle. Refractive index measurement can be done fast 
without any sample pre-treatment, and the analysis is non-invasive. In the current study, 
chemicals with various physicochemical properties were selected. The tested chemicals 
showed variable affinities for the different coatings. The affinity with hydrophobic polymer 
coatings appeared to be related to the hydrophobicity of the chemicals, while the affinity to 
the hydrophilic coatings activated with various groups was not. This study illustrates that 
change in refractive indexes as a result of sorptive interactions shows potential as fast 
sensing technique to screen chemical water quality, thereby complementing slower, more 
specific analytical techniques. 
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Immunoaffinity-based microfluidics: a rapid and flexible tool for the 
molecular fisherman 
Plenary Keynote Lecture 
 
Terry M. Phillips 
National Institutes of Health, National Institute of Biomedical Imaging and Bioengineering, 
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USA; phillipt@mail.nih.gov 
 
The current interest in microanalysis has heightened over the past years with the 
development of capillary electrophoresis (CE) followed by the development of commercially 
available micro-fluidic devices such as micro-mixers, CE chips and micro-reaction vessels or 
plates. Additionally, some companies, i.e. Micronit microfluidics BV, have made microfluidic 
test kits and platforms commercially available. This has made basic micro-fluidic analysis 
more readily accessible and has extended its use to biomedical analysis, especially clinically 
relevant biomarkers and other areas of the analytical sciences. The advantages of such 
devices are their relative speed of analysis, lower reagent costs, and smaller sample 
requirements. These factors become important when special situations arise such as the 
analysis of precious, archival, or field samples, monitoring surgical procedures, assessing 
newborns, analysing specific areas from biopsy materials [1], or measuring the functional 
aspects of single cells isolated from biological fluids [2]. 
 
Today, chip-based analyses are performed on a variety of devices ranging from simple 
micro-sample plates, to micro-mixers, and chip-based CE, many of which are commercially 
available. However, more complicated devices such as the „lab-on-a-chip‟ still require 
intricate design and specialized facilities. These latter devices hold the potential for 
automation and involve procedures that utilise both chromatographic and electrophoretic 
driving mechanisms. Additionally, a lab-on-a-chip can involve the integration of hyphenated 
techniques in order to achieve the desired analysis, including the integration of a highly 
sensitive detection system capable of measurement in the femtogram or attomolar range. 
The need for such sensitivity often arising from the extremely small sample size required for 
the analysis. 
 
The combination of antibody-mediated isolation techniques with micro - and nano-scale 
electrokinetic separations has great potential for analyzing defined analytes in complex 
biological matrices [3, 4]. In chip-based formats, such systems can recover and measure up 
to 25 analytes in a reasonably rapid time frame. Further, such devices require sub-microlitre 
amounts of sample to perform the analyses. Coupling these devices to laser-induced 
fluorescence greatly enhances the sensitivity of the analysis allowing certain analytes such 
as protein, peptides, and toxins to be measured in the sub-picogram/ml range. The 
combination of fast binding, bio-engineered antibodies requiring relatively short reaction time 
with rapid desorption and electrophoretic separation with on-line detection can make the 
analysis almost “real-time”.  
 
Further, other affinity ligands such as single chain receptors and lectins are also useful 
capture ligands for performing either direct biochemical analysis or as pre-analytical 
concentrators or cleanup devices prior to analysis by HPLC, CE, and/or mass spectrometry.  
 
Current work in the laboratory has focused on the development of micro -fluidic devices for 
measuring important biomarkers in a number of bio-medically important areas, namely 
assessment of head trauma patients, assessing the immune status of newborns, especially 
those at risk from intra-uterine infections and inflammation or from exposure to toxic or 
environmental factors [5]. We are also developing receptor affinity microchips capable of 
measuring bioactive rather than total amounts of specific molecules. This becomes important 
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when studying cytokines, enzymes and hormones in biological pathways. The use of solid- 
phase receptors is also useful in the determination of receptor inhibitors and receptor-binding 
drugs.  Additionally, we are developing antibody-based microfluidics systems to detect and 
measure contaminants in water, meats, produce, and herbal extracts.  
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Microarray technologies for detection and typing of pathogens 
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Microarrays consist of an orderly arrangement of probes (oligonucleotides, DNA fragments, 
proteins, sugars or lectins) attached to a solid surface. The main advantages of microarray 
technology are: high-throughput, parallelism, miniaturization, speed and automation. Despite 
the fact that microarray analysis is a relatively novel technology with the publication of the 
first microarray studies in 1995, it is now broadly applied and more than 30,000 microarray 
papers were published so far. 
 
Pathogens pose a significant threat to human, animal, and plant health. In addition there is 
an ever increasing threat of biological weapons. Diagnostic tools for pathogen detection need 
to be capable of rapid, reliable and sensitive detection of a broad spectrum of targeted 
microorganisms from complex environmental matrices. Furthermore they should be able to 
provide relevant data on susceptibility to antimicrobial agents. The feasibility and advantage 
of using microarrays for the diagnostic of pathogens in food and environmental samples has 
been discussed repeatedly. However, some major challenges, primarily those considering, 
detection sensitivity and quantification potential during environmental scale applications, are 
still present. 
 
The development of a new microarray platform requires the consideration of many different 
features, most of them being co-dependent. Diverse approaches have been reported, each 
of them exhibiting certain advantages and limitations. The potentials and limitations of 
microarray-based pathogen diagnostic will be discussed.  
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The development of protein microarrays: an option for mass screen 
in serological based studies 
 
Liljana Petrovska 
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UK; l.petrovska@vla.defra.gsi.gov.uk 
 
In the last decade, high-throughput methods have been developed to optimize the study of 
large numbers of molecules including DNA, proteins and metabolites. Protein microarrays 
and multiplex immunoassays offer an opportunity to develop high-throughput serology.   
 
Veterinary Laboratories Agency (VLA) is a designated international reference laboratory for 
many infections including avian adenovirus, avian reovirus, swine influenza, Brucella, IBV, 
IBVD, Marek‟s disease, anthrax, Babesia, Actinobacillus, Mycobacterium tuberculosis,  
Salmonella and many more. The development and standardisation of diagnostic techniques 
for those diseases comprises a part of the activity within each reference laboratory and 
currently at VLA we are developing a number of rapid systems for multiplex detection. 
Luminex-based assays that allows multiple reactions to be carried out in a single tube by 
attaching probes to beads with different tags are used for „spoligotyping‟ (sub-typing for 
epidemiological tracing) of TB isolates and cytokine detection in infected animals. 
Additionally, the Meso-Scale Discovery multi-array platform, based on electrochemi-
luminescence detection of antigen-antibody interaction, is also used for diagnostics as is 
MALDI-TOF Mass spectrometry for rapid multiple pathogen detection.  
 
Serology adapted to miniaturised and multiplex array format and protein/peptide microarrays 
are being developed at VLA to detect diseases in wild life under the FP7 funded consortium 
(WildTech). These systems can then be applied in the field to epidemiological modelling and 
risk analysis of disease in wild life.  
 
Compared to DNA arrays, designing and producing an antibody or antigen based serology 
array is more challenging and requires careful selection of the antigens and the capture and 
detection antibodies, as well as ensuring functionality and long time stability of the 
antibodies. Challenges associated with multiplex configuration selection and immobilization 
of capture ligands, calibration, interference between antibodies and proteins and assay 
diluents.  
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Flow-through chemiluminescence microarrays for the rapid 
quantification of pathogens and antibiotics in liquid samples 
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Antibody and DNA microarrays provide a powerful analytical tool for the simultaneous 
detection of multiple analytes in a single experiment [1]. This feature is important for routine 
analysis of food and water contaminants. Nucleic acid based analysis is restricted to the 
detection of cells and viruses. Antibodies are more universal biomolecular receptors that 
selectively bind small molecules such as pesticides, small toxins and pharmaceuticals as 
well as biopolymers (e.g. toxins, allergens) and complex biological structures like bacterial 
cells and viruses. Automated flow-through immunoreactions have the advantage that the 
immunoassay does not have to be in equilibrium if the conditions (flow rate and temperature) 
are constant and are the fastest type of immunoassays. Therefore, a novel automated 
chemiluminescence (CL) read-out system for analytical flow-through microarrays has been 
developed which is called Microarray Chip Reader (MCR 3). CL microarrays image the signal 
of each spot by a CCD camera. CL is a very sensitive read-out principle for microarrays 
which images the light emission by a chemical reaction with the assistance of an enzyme 
label. An effective step-by-step chemistry is developed generating a highly uniform PEG 
layer on silanized glass slides. High signal-to-noise ratios of more than 600:1 and low 
standard deviation of <3% were obtained detecting HRP on a microarray which contained 
immobilized anti-HRP antibodies [2]. The MCR 3 is designed as a stand-alone platform, with 
the goal to quantify multiple analytes in complex matrices of food and liquid samples for field 
analysis or for routine analytical laboratories [3]. The CL microarray platform is a self 
contained system for the fully automated multiplexed immuno- or DNA-analysis: the 
microarray chip, the fluidic system and the software module enable automated calibration 
and determination of analyte concentrations during a whole working day. Two applications 
will be presented. A flow-through chemiluminescence microarray is developed and 
characterized for the rapid and simultaneous detection of pathogenic bacteria in water 
samples. For this application, DNA and antibody-microarrays are developed and their 
analytical strategies will be presented and compared. The other microarray is a regenerable 
immunochip for the rapid detection of 13 different antibiotics in raw milk.  
 
Pathogen detection is important for health and safety reasons. Several outbreaks all over the 
world have shown the need for rapid, quantitative, and particularly multi-analyte detection 
systems. Antibody microarrays are developed detecting pathogenic bacteria under flow-
through conditions. In 13 minutes Escherichia coli O157:H7, Salmonella typhimurium and 
Legionella pneumophila are detected applying a sandwich immunoassay format. Detection 
limits down to 3x103 cells/ml were achieved [4]. As especially molecular biological methods 
like PCR-based analysis are accepted for the quantification of pathogens in food or water 
samples, a DNA microarray is developed. The restriction for analytical DNA microarrays is 
that the usually applied end-point PCR results in a high amount of amplicons which is not 
dependent on the pathogen concentration. Therefore, we have developed the stopped-PCR 
method [5]. We terminate the amplification of the target sequence in the logarithmic phase. 
The result is that the amplicon concentration is strongly dependent on the applied target 
DNA. For analyzing the amplified DNA on a flow-through microarray chip we generate single 
stranded DNA labelled with dixogenin which is detected on each spot by flowing with an 
HRP-labelled anti-digoxigenin antibodies. This strategy has increased the sensitivity and 
reduced the assay time. We can simultaneously quantify E. coli O157:H7, S. typhimurium, 
L. pneumophila and Campylobacter jejuni by means of a multiplexed DNA hybridisation 
format in less than 4 hours with a sensitivity between 102 and 105 cfu/ml.  
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A regenerable microarray is developed for the quantification of antibiotics in raw milk under 
high-throughput conditions. The regenerability avoids the replacement of a microarray chips 
after each measurement and allows sequential calibrations steps of each microarray. The 
MCR 3 uses a flow-through microarray chip, which consists of two channels for parallel 
measurement and regeneration. To allow multiple analysis, a regenerable microarray chip is 
developed based on epoxy-activated PEG chip surfaces, onto which microspotted antibiotic 

derivatives like sulfonamides, -lactams, aminoglycosides, fluoroquinolones and polyketides 
are coupled directly without further use of linking agents [6]. Using the chip reader platform 
MCR 3, this antigen solid phase is stable for at least 50 consecutive analysis. Thirteen 
antibiotics are quantified simultaneously in 6 minutes. Detection limits are mainly dependent 
on the antibody analyte affinity and are determined between 0.05 (tetracyclin) and 135 µg/l 
(neomycin).  
 
Figure 1. The Microarray Chip reader MCR 3 – an open platform for analytical microarrays.  
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Detection and characterisation of foodborne pathogens directly 
from environmental matrices using multi-analyte microarrays 
 
Clare F. Aldus1, A.T. Carter1, M. Harrison2, J. Holdstock2, N. Draper2 and M.W. Peck1 
1Institute of Food Research, UK and 2Oxford Gene Technology, UK; 
clare.aldus@bbsrc.ac.uk 
 
In situ-synthesised DNA-based microarrays can reliably provide in-depth characterisation of 
either genotype or phenotype for a given sample and some microarray formats are now well 
established as research tools within the research community. However, their practical 
application in the routine analysis of environmental samples is still in its infancy. In this, the 
post-genomic era, given the quality of meaningful data that can be elicited using these tools, 
developing and parameterising a range of tools specifically for food safety should be a high 
priority. Work, funded by the UK government was carried out at the Institute of Food 
Research to develop a DNA microarray to detect and characterise pathogens directly from 
food matrices. 
 
In situ-synthesised microarrays targeting multiple bacterial human pathogenic species and 
subtypes were designed and developed using literature review and bioinformatic techniques. 
Species and subtypes targeted were VTEC (verotoxin-producing Escherichia coli) of 
serogroups O157, O26, O111, O103, O145 and Clostridium botulinum Groups I-IV and 
strains of C. baratii and C. butyricum producing botulinum neurotoxins types A, B, C, D, E, F 
and G. Resultant probes (~4,000 per pathogen) represented relevant typing, virulence or 
pathogenic traits and were selected based on uniqueness of sequence and their utility at a 
single hybridisation temperature. All oligonucleotide probes were 60-mers printed onto a 
glass support in quadruplicate. Internal control probes were also included for quality 
assurance purposes. Amplification was two-stage using proprietary kits with fluorescent 
nucleotide incorporation during the second amplification. Detection was by standard 
fluorescent reader and data were interpreted using proprietary computer software. 
 
Empirical tests were performed to determine which probes were the most effective in 
detecting the target (having a mean fluorescence value of at least 1000 and more than two-
times that of the background signal) where only the target analyte was present. The best-
performing probes were retained for further testing (~400 probes per species remained). 
Further tests were performed using non-target species. Probes which cross-reacted at this 
stage were removed from the array (leaving ~360 per species). The resultant probe set was 
further tested to determine performance parameters. 

 Where DNA from non-target agricultural species and environmental matrices (~30) 
was tested, there was some non-specific interaction but this was at a level unlikely to 
interfere significantly with target detection. Preliminary tests using unlabelled DNA 
from agricultural species to block non-specific interactions were investigated with 
moderate success. 

 DNA from VTEC was added to the arrays at different concentration to determine the 
limit of detection for target DNA. The limit of detection was determined as 100pg DNA 
per array. This equates to one cell and indicates that in this instance the microarray is 
as sensitive as PCR.  

 VTEC DNA at fixed concentration was mixed with C. botulinum DNA at decreasing 
concentration and applied to the microarray. Results indicated that VTEC could be 
detected and characterised where C. botulinum DNA was present in the mixture in 
1000-fold excess but not in 10,000-fold excess. For appropriate mixtures 
simultaneous detection and characterisation was good. 

 Where live VTEC cells were spiked onto naturally contaminated plant leaf material 
VTEC could be detected and characterised directly from the leaf material at 
concentrations above 10,000 cells per sample.  



Rapid Methods Europe 2010   47 
25-27 January 2010, the Netherlands   

 A blinded, randomised, fully factorial, preliminary validation of the microarray was 
performed. Four VTEC and four C. botulinum pathogenic strains were spiked onto 
four foods (lettuce, tomato, apple, cucumber) at two concentrations in duplicate 
(n=160). No enrichment culture was used. Detection was demonstrated for all strains 
of all species. A high degree of characterisation was demonstrated from all food 
types. Spiking concentration had an important influence on outcome but the type of 
food tested did not influence the outcome. Overall sensitivity and specificity at the 
higher concentration were 94% and 91% and 84% and 93% for VTEC and C. 
botulinum, respectively. This compares very favourably with results for detection of 
VTEC using rapid methods reported in literature.  
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New technologies for the enrichment, separation and identification 
of small molecules in food chemistry 
 
Günther K. Bonn 
University of Innsbruck, Department of Analytical Chemistry and Radiochemistry, Austria; 
guenther.bonn@uibk.ac.at  
 
In fact, a large number of analytical techniques have previously been utilized for food and 
feed analysis. Major focus is placed on the development of novel innovative analytical 
techniques in the field of separation science, using high performance single- and multi-
dimensional separation and enrichment methods, such as solid-phase extraction (SPE), 
liquid chromatography (HPLC) or capillary electrophoresis (CE) coupled to mass 
spectrometry (MS). 
 
Novel monolithic stationary phases such as poly(p-methylstyrene-co-1,2-bis-p-
(vinylphenyl)ethane (MSt/BVPE), are applied to achieve separations at high speed and high 
resolution. Due to the possibility to adjust the meso- and macroporosity of these monolithic 
stationary phases also small molecules such as carbohydrates, phenolic compounds and 
amino acids can be separated. Especially carbohydrates play an important role in many 
different research and industrial domains such as biochemistry, clinical chemistry, biology, 
pharmacy, biotechnology and food chemistry. The multitude of different carbohydrate 
monomers and stereo isomers, the immense combination possibilities of monomers and the 
lack of chromophores make sugar analysis a challenge. Recently a newly emerged 
technology, termed as matrix-free material-enhanced laser desorption/ionization (MELDI) 
was developed which allows the mass spectrometric analysis of carbohydrates, even from 
complex samples. In this methodology, a thin layer of derivatized silica gel particles is 
positioned on a stainless steel target followed by the addition of the analyte. This layer 
provides the basis for analysis of low molecular weight analytes employing MALDI-MS. 
 
To investigate probable health benefits of flavonoids and stilbenes in red wine a reversed-
phase-HPLC method with enhanced separation efficiency, improved selectivity, sensitivity, 
and speed was established for the determination of the flavonoids quercetin, myricetin and 
kaempferol and the stilbenes cis- and trans-resveratrol, in a single run. In parallel near 
infrared reflectance spectroscopy (NIR) measurements were carried out in order to 
distinguish between different varieties of wine groups and to find out their geographical 
origin. NIR offers the benefits of improved sample handling, reduced costs, short analysis 
times and the possibility to measure also chemical and physical properties. Moreover NIR 
could be successfully applied for classifying different groups of coffee beans as well as olive 
oils. 
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Options for detection of food toxicants in instrumental analysis:  
mass spectrometry or mass spectrometry? 
 
Hans Mol, P. Zomer, M. van der Lee, W. Traag and M. Nielen 
RIKILT-Institute of Food Safety, the Netherlands; hans.mol@wur.nl 
 
Over the past decade tremendous improvements have been made in the capabilities and 
performance of instrumental analysis for the determination of residues and contaminants in 
food and feed. To a large extend this has been enabled by developments in mass 
spectrometry. Mass spectrometers have evolved from academic research tools into 
mainstream detection devices which have found their way to routine laboratories all over the 
world. Mass spectrometers are both universal and highly selective detectors. The high 
selectivity has allowed sample preparation to be simplified and, consequently, to become 
less laborious. The combination of universality, selectivity and sensitivity has also resulted in 
an extension of the application of instrumental analysis from the traditional quantitative/ 
confirmatory methods toward qualitative screening methods covering multiple classes of food 
toxicants. The flexibility and the wide applicability of mass spectrometry has made this type 
of detectors a very attractive option for residue and contaminant analysis.  
 
In this contribution an overview will be presented of recent developments in instrumental 
methods based on chromatography with mass spectrometric detection. Various options will 
be discussed with their pros and cons. Examples of typical approaches and applications will 
be presented, ranging from ultra-sensitive quantitative analysis to fast generic qualitative 
screening of toxicants in food and feed commodities.        
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Extractive electrospray ionization mass spectrometry for rapid on-
line analysis of biological specimens and food samples 
 
Renato Zenobi 
ETH Zürich, Department of Chemistry and Applied Biosciences, Switzerland; 
zenobi@org.chem.ethz.ch 
 
Extractive electrospray ionization (EESI) mass spectrometry is a novel, powerful analytical 
method for rapid fingerprinting of a large variety of biological and food samples. In EESI, 
neutral material, in the form of a gas or aerosol flow is directed into a plume of charged 
droplets generated by ESI of a pure solvent. Alternatively, analyte can be liberated form a 
hanging droplet or from a surface using desorption by a nitrogen jet. Neutral analyte 
molecules are charged by protonation or cationizatioin from charged species in the 
electrospray, and are then sampled in a standard fashion by an atmospheric pressure 
interface.  EESI can be easily implemented on any mass spectrometer with an atmospheric 
pressure ion source. 
 
EESI-MS has been shown to be extremely useful for rapid, non-invasive, and real-time 
chemical analysis of compounds in breath, for metabolomics, for doping analysis, and for 
detecting compounds linked to the ripening of fruit. EESI has also been extended to the rapid 
analysis of volatile and semivolatile compounds sampled from various surfaces of biological 
matter, including human skin and food. Latest results in several different areas of application 
will be presented: 

 Non-invasive medical diagnosis via analysis of exhaled breath.  We have 
demonstrated the direct detection of metabolites of valproic acid in the breath of a 
volunteer under treatment with this antiepileptic drug. 

 Detection of spoiled food using neutral desorption EESI.  In this case, metabolites 
released by bacteria growing on the infested food, e.g. spinach leaves, the surface of 
spoiled fish or meat, are deteced. 

 Real-time monitoring of organic chemical reactions. 

 Rapid fingerprinting of perfumes for quality classification. Unique EESI-MS 
fingerprints of ten famous brands were obtained. A possibly harmful contaminant, 
diethyl phthalate (DEP), was also detected in some perfume samples, using the 
„hanging droplet‟ sample delivery. 

 Analysis of compounds in very complex matrices by EESI-MS, including detection of 
trace levels of melamine in milk, fragrances in olive oil, and marker compounds in 
honey. 

 
Finally, some new insight into the EESI mechanism and an outlook on doing EESI-MS with 
field-portable instrumentation will be presented. 
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Hyphenated LC-SPE-NMR-MS, a state-of-the-art system for the 
analysis of unknowns: application and challenges in food analysis 
 
Frederic Girard 
Spinnovation Analytical, the Netherlands; f.girard@spinnovation-analytical.com 
 
The concept of LC-NMR is known from the late 70s, however, it took many more years 
before it maturated into a practical analytical application. The hyphenated LC-NMR 
application was indeed really developed further in the 90s, pushed forward by the needs of 
the pharmaceutical industry to increase the throughput for compound analysis and to allow 
for instance for the structure identification of new potent compounds from natural products. 
Although NMR is recognized as being a universal detector with unmatched structural 
resolution power, it suffers from its reputation of being rather insensitive, requirement of lots 
of expertise to operate, and it remains quite expensive as compared to other analytical 
applications.  
 
Over the past 10 years, implementation of technological breakthroughs (e.g. cryo-cooled 
NMR probe), improvement of automation routines (e.g. automatic tuning-matching/shimming, 
sample transfer), and on-line coupling to preparative application (LC-SPE) have –all 
together- brought back NMR at the forefront of high-end as well as routine analysis. 
Advanced analytical workflows involving LC separation of complex mixtures, isolation and 
enrichment of components at trace level, and parallel MS/NMR analysis are now possible in 
a routine or semi-routine mode. Detection limits are less of a problem as compounds 
available at µg-scale can now be detected and analysed. And although the cost of such 
instrument remains high, the structural information made available and the improved 
analytical throughput justify the investment. 
 
With the growing demand for new and innovative products, the importance of health claims in 
marketing of these products, and the continuous reinforcement of regulation in the domain of 
safety, the Food industry is forced to apply always more advanced analytical techniques to 
develop, control and release its products. To some extend this industry is facing the same 
challenges as the pharmaceutical industry. 
 
Hyphenated LC-SPE-NMR-MS is certainly one of the most advanced analytical tools 
currently available. Several scientific articles report the use of such system for different 
application in relation to food products or components, either for the identification of 
unknowns or for the establishment of the basis for a profiling method. 

 Natural products. Identification of mixture components (food matrix, beverages, plant 
extracts); identification and quantification of compounds such as phenols, flavonoids, 
lignans, etc.  

 Ingredients. Development of flavouring agents: isolation of new compound from 
natural source, development of synthetic routes, investigation of impurities / 
contaminants. 

 Finished products. NMR Profiling of health related components: e.g. melamine 
contamination, NMR profiling of fruit juice to detect adulteration. 

 
The intend of this presentation is first of all, to give a brief overview of what LC-SPE-NMR-
MS method(s) can deliver when applied to „food‟ analysis, exemplify to what problems it can 
be applied and define the limits. We will give in a second part a more detailed description of 
the possible operating modes of such a system and compare it to the former LC-NMR 
application (on-flow / stop-flow / loop-collection-transfer) to clearly highlight the advantages. 
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The ADIAFOOD pathogens PCR detection system – an easy 
approach to food safety!  
 
Tony Rouillard 
AES Chemunex, France; t.rouillard@aeschemunex.com 
 
Pathogenic bacteria cause 90% of reported foodborne illnesses. Salmonella, Listeria 
monocytogenes and Escherichia coli O157H7 have emerged as the most important food 
pathogens, having a „zero tolerance‟ in ready-to eat processed meats and dairy foods. In 
food microbiology there has been much in the development of rapid methods and automation 
for the detection of pathogens. Nowadays, 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 problematic.  
 
Adiafood® is a complete solution 
Adiafood® is a complete detection solution including enrichment broths (BPW and 
Listerboost), DNA extraction kit, MX3005p Agilent Real Time Thermocycler pilots with 
SENTINEL software and real time PCR kits for detection of Salmonella, Listeria spp., Listeria 
monocytogenes, E. coli 0157, E. coli O157H7 and Campylobacter.  
 
History of Adiafood® 
Adiafood is the result of the increasing need in fast and reliable pathogens detection 
methods in the food industry and a „savoir faire‟ in PCR (polymerase chain reaction) from 
AES Chemunex. AES Chemunex acquired experience in PCR for several years through 
Adiagene, member of the AES Laboratoire Group since 2004 and AES Chemunex Canada 
(formerly Warnex), member of AES Laboratoire Group since 2007. Adiagene, specialized in 
R&D, produces a large range of Adiavet PCR kits for veterinary diagnosis and Adiacontrol 
kits for environmental diagnosis. The food PCR activity starts in AES Laboratoire Group via 
Warnex, a Canadian company created in 1997 involved in medical diagnostics and food 
pathogen detection using PCR . AES Laboratoire Group bought the PCR food division in 
June 2007 and decided to rename Warnex PCR in Adiafood. Kits are produced in Laval 
(Canada) by AES Chemunex Canada with 8 people in charge of production, QC, technical 
support and R/D. Using expertise from Adiagene and AES Chemunex Canada, we propose 
up to date PCR methods for veterinary, environment and food sectors. 
 
Adiafood® PCR kits 
In addition to positive and negative controls, all Adiafood® PCR kits include also an Internal 
Control (IC) in the same well for all samples. The control allows verifying there is no PCR 
inhibition for all samples. Adiafood kits use 2 specificity levels (specific primers and probes) 
for an accurate identification of different pathogens. They are Duplex PCR kits : target is read 
in FAM channel and IC is read in VIC channel. Beacon probes used for detection are much 
more specific than other technology like SybrGreen. Each pathogen kit is available in 2 
different formats depending on the number of samples to test on the same run : a plate 
format and a strip format. With plates it is possible to analyse up to 88 samples on the same 
run. Laboratories will use strips to exactly fit the number of samples to test. Another 
advantage of strip format is the possibility to combine and analyse several pathogens in the 
same run. Indeed both extraction and amplification protocols are exactly the same for all 
pathogens, so all of them can run together. Strip format allows adapting the plate layout to 
the exact number of each pathogen tests. Plate kits present 5 plates of 88 tests with the first 
one column dedicated to negative and positive controls. Strip kits present 12 strips of 8 tests 
for detection and 8 control strips. If there is not enough control strip (less than 12 samples



54  Rapid Methods Europe 2010 
25-27 January 2010, the Netherlands 

per run), it is possible to order additional control kits for each pathogen to use all detection 
strips. In each kit, extraction solution and PCR mix are ready to use. No mix solutions are 
necessary minimising mistakes and reducing handling time. 96 wells plate format used from 
extraction to detection allows the use of multichannel pipettes and diminish plastic cost and 
risk of mistakes with pipetting. 
 
MX3005p Thermocycler and SENTINEL software 
As PCR instrument is a fast dry incubator, the MX3005p is first used for extraction step. This 
last one is very simple with only a single incubation directly on the instrument, and the same 
incubation is used for all pathogens. Sentinel software is monitoring incubation, no timers are 
required: technician does not need to stay around controlling bath changes with timers. By 
facilitating the whole protocol, Sentinel software is a very important part of the Adiafood 
technology. Even if few steps are required to go from enrichment to PCR results, Sentinel 
software is helping technician during all the experiment. On the main page, user will find a 
reminder of the protocol with the 5 steps to go to the final result. Also on this first page, all 
buttons are visible for easy management. In few clicks, the plate layout is prepared and 
extraction can begin. Of course, Sentinel main goal is to simplify PCR curve interpretation. 
An algorithm was developed to automatically analyse results. With Sentinel no more time 
consuming training is required for technicians and no discrepancy results are obtained due to 
person input. Name samples and some facultative information can be load in the Sentinel 
database preparing plate setup. All information on samples and analysis are saved and a 
multi-parametric research can be made to find any result. Communication is possible 
between LIMS of the laboratory and Sentinel software. It allows automatic input for sample, 
eliminates a double entering of sample names and information. At the end of the PCR run, 
results can be automatically sent to LIMS without technician manipulation. 
 
Validations and conclusion 
With more than 10 years of experience especially on the American and Canadian market, 
Adiafood® technology is well recognized as most kits are AOAC validated. Moreover 
AFNOR–ISO16140 validation is also in process. Listeria monocytogenes (21 hours protocol) 
kit has obtained the AFNOR validation in last December and Salmonella validation will start 
in the beginning of 2010. Today, Adiafood® Listeria monocytogenes kit is the shortest 
validated protocol on the market for all human food samples and environmental samples. 
PCR is a well established and straightforward technology, but need to be simplified to enter 
in industrial laboratories. Adiafood® 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. The Adiafood® solution doesn‟t require high skilled PCR people and 
provide fast results for industrial laboratories. Not only protocol was simplified but a software, 
Sentinel, was also developed in order to interpret PCR curves. After 18 hours of enrichment, 
Adiafood® PCR system performs a PCR amplification process with results available in 3 
hours: it results in an overall TTR of 21 hours for pathogens detection. The aim of Adiafood® 
was to propose a non painful protocol that could be used by all laboratories.  
 
 
 
 
 
 
 



Rapid Methods Europe 2010   55 
25-27 January 2010, the Netherlands   

Rapid lateral flow tests in a HACCP-based approach for allergen 
monitoring 
 
Ronald Niemeijer1, S.Haas-Lauterbach1, M. Richter1 and K. Schmitt2 
1R-Biopharm AG, Germany and 2bioavid Diagnostics GmbH, Germany; 
r.niemeijer@r-biopharm.de 
 
Allergen management in food companies is now becoming increasingly important. Under 
Article 5 of the EC Hygiene Code 852/2004, food companies are required to introduce, carry 
out and maintain regular hygiene controls based on HACCP principles. Several 
interpretations have now been derived from the original HACCP concept of 1973 via Codex 
Alimentarius which contains a general description of the HACCP principles. Thus, HACCP is 
defined as a system which is designed to identify the health risks from food and to implement 
preventive measures for their control. 
 
With sensitive people, even slight traces of allergens can trigger an allergic reaction which 
may result in anaphylactic shock in the severest cases, and this can be lethal if untreated. 
The priority of risk and hazard analysis is now even higher in order to prevent foods 
becoming contaminated with allergens. The safety of food raw materials, end products and 
production lines is more important than ever. To ensure food safety for consumer protection, 
the products must be correctly labelled and cross contamination by contaminated raw 
materials, in production processes, during storage or  transportation must be prevented. R-
Biopharm supports food companies when optimising the allergen management system by 
offering rapid allergen tests for analysing processes and adapting the HACCP concept. Food 
manufacturers should use fast and reliable processes to check for allergen contamination in 
food production. The increased importance of these detection methods is indicated by the 
current debate and the fact that some of these methods have been officially validated and 
approved. 
 
Immunochemical test methods have become established due to the ease of preparation and 
their increased efficiency. These methods of determination are based on the reaction of the 
analyte with an antibody. Since the biochemical detection reaction is specific, determinations 
can also be carried out in complex matrices. Lateral flow tests are qualitative 
immunochemical methods for the rapid and specific detection of analytes using test strips. 
Because they are fast and sensitive, lateral flow tests can be applied for allergen screening 
and hygiene controls in food companies. They are an inexpensive way to use an 
immunochemical method for the detection of food allergens and are therefore suitable for 
ensuring that food production is allergen-free.  
 
R-Biopharm offers a series of different rapid lateral flow tests for differentiating between 
various food allergens such as milk, egg, peanuts, mustard, almonds, hazelnuts and 
sesame. Other rapid tests for the detection of allergens such as soy, wheat and celery will 
follow. Allergen residues can be detected in surface samples (e.g. industrial plants for food 
preparation) or rinsing waters (CIP), food end products and raw materials. The tests are 
quick to carry out, taking approximately 15 minutes without laboratory equipment. The 
extracted sample is pipetted into a reaction vessel which contains the specific antibodies 
ready for use. If the sample contains the antigen in question, an antigen-antibody complex is 
formed in the reaction vessel which is detected on the test strips. The qualitative evaluation 
is carried out visually. The presence of two coloured lines on the test strip, the control line 
and the test line, indicates a positive result whereas the presence of one coloured line 
indicates a negative result. The sensitivity of the specific lateral flow tests is comparable to 
that of commercial ELISAs (enzyme-linked immunosorbent assay) for the matrices under 
investigation. Health risks due to contaminated food can be detected and prevented in time. 
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Rapid molecular diagnostics and immunodiagnostics assays 
performed in portable and handheld readers 
 
Konrad Faulstich1 and Olaf Piepenburg2 

1ESE GmbH, Germany and 2TwistDx, UK; konrad.faulstich@ese-gmbh.de; 
olaf@twistdx.co.uk 
 
Molecular Diagnostics for DNA/RNA testing has become rapid since the invention of 
TwistDX‟ revolutionary isothermal nucleic acid amplification technology called RPA and the 
highly sensitive fluorescence readers called ESE-Quant provided by ESE GmbH. We will 
present an overview of the technologies involved and show examples for both molecular and 
immunodiagnostics testing in less than 10 minutes starting from crude samples to the fully 
interpreted result. The stand-alone readers demonstrate operational and physical 
robustness. This novel approach offers the advantages of simplicity of operation using 
lyophilised reagents and drastic reduction of equipment burden. The biochemistry of 
TwistDX‟s proprietary isothermal nucleic acid amplification/detection technology is based on 
a combination of polymerases and DNA recombination/repair proteins (including 
recombinases). The resulting enzyme cocktail is active at low temperature (from room 
temperature to 45°C) and enables the sequence-specific recognition of marker sites within 
the template nucleic acid by synthetic oligonucleotide primers followed by strand-displacing 
DNA synthesis. Exponential amplification of the target region can be detected by a variety of 
means, including by a compatible probe based detection method. This read-out format 
typically results in the generation of a fluorescence signal that requires only minimal 
instrumentation for detection and allows the real-time monitoring of the reaction. The process 
is highly specific, sensitive (single molecule), fast (time to detection in under 10 minutes) and 
robust, making it an ideal platform for the development of POC diagnostic applications. 
 
 
Figure 1. Left: Semiquantitative MRSA assay using TwistDX‟s recombinase polymerase amplification 
(RPA). Purified DNA was used for titration. Detection of a few (ten) template molecules is achieved 
within ca. 6 minutes. Right: SRY gene assay amplified directly from crude sample (buccal swap) 
without sample preparation. Intersection of cut-off level with real-time curve: 9.75 minutes. 
Experiments run on Twista

TM
 TubeScanner. 

 
 
For human IVD applications patient samples can be tested for the presence of nucleic acid 
targets (for instance from pathogens, such as MRSA) „on the spot‟, thus obviating the time 
consuming process of sending samples to centralised laboratories. The drastically reduced 
overall sample turn-around time will allow the implementation of effective near-patient 
screening procedures.  
 
Besides molecular diagnostics, we will show data on immunodiagnostics testing directly from 
whole blood in less than seven minutes, e.g. for allergy testing/total IgE using tests from
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Milenia Biotec, Germany and lateral flow readers built by ESE for Milenia Biotec 
(www.milenia-biotec.de). Amplicons generated by TwistDX‟s method can also be read out 
using Milenia‟s lateral flow test strips for certain tests. 
 
 
Figure 2. The Twista

TM
 reader built by ESE GmbH for TwistDX. Dimensions ca. 20 cm x 15 cm x 7 cm. 

It holds eight regular 200 µl tubes and employs ESE‟s proprietary miniaturized and highly sensitive 
confocal sensor technology. Weight ca. 600 g. 
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About TwistDx. TwistDx‟s mission is to become the world leader in the development and sale of 
mobile and point-of-use diagnostics. Its growing range of innovative, market-leading products includes 
the fields of medical diagnostics, food testing, animal health, agriculture, environmental testing, 
biodefence, and scientific research. TwistDx, Inc. was founded in 1999 by molecular biologist and 
protein biochemist, Dr. Niall Armes, together with Dr. Derek Stemple and Dr. Nagesh Mahanthappa 
has its headquarters in Cambridge, MA, USA and TwistDx Limited, formed in 2002, has its operational 
facilities in Cambridge, UK.  
About ESE GmbH. ESE GmbH is the preferred OEM partner specialized in portable / handheld 
fluorescence and optical test systems, sensors and readers with small footprint. ESE‟s customers are 
established test manufacturers in the Point-Of-Care (POC) testing, Food & Agricultural and Water & 
Environmental analysis industries. The company customizes and master tailors its readers to the 
specific needs of test manufacturers within a short time frame. ESE GmbH is based in Stockach, 
Germany.  
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Recent advances in the use of LC/MS/MS for high throughput multi-
target pesticide screening 
 
Stephen Lock1, A. Schreiber2 and N. Pace3 

1Applied Biosystems, UK, 2Applied Biosystems, Canada and 3MDS Analytical Technologies, 
Canada ; stephen.lock@lifetech.com 
 
Hundreds and hundreds of pesticides are used around the world on crops. For this reason, 
there is a need to develop methods to accommodate for the analysis of such high numbers 
of compounds. For such methods, a targeted approach is ideal which includes all known 
pesticides in a single and fast run. Here we present a high-throughput LC/MS/MS method 
that combines the high sensitivity MRM screening with fast EPI identification and allows 
detection of low concentration pesticides, with LOD below 0.1µg/L. 
 
The developed LC/MS/MS method was used to monitor pesticides in various fruit and 
vegetable samples after simple QuEChERS (quick, easy, cheap, effective, rugged, and safe) 
extraction. A reversed phase UHPLC system using a polar modified column, a gradient of 
water/methanol with ammonium acetate buffer, and a QTRAP® 5500 LC/MS/MS system with 
electrospray ionization (ESI), multiple reaction monitoring (MRM) and enhanced product ion 
(EPI) scan were used to detect pesticides. This set-up allows the simultaneous screening, 
quantitation and identification of hundreds of pesticides in food and water samples. The use 
of the Scheduled MRM™ algorithm greatly enhances accuracy and reproducibility of 
LC/MS/MS detection of a large set of targeted analytes while increasing sample throughput 
using fast a UHPLC gradient on small particle size columns. In the same experiment fast 
confirmatory EPI scans were triggered by intelligent software and reported automatically and 
quickly after data acquisition. 
 
In addition the new MPX™-2 High Throughput system allows for faster sample turnaround 
times by multiplexing. This multiplexing system is designed to support to parallel UHPLC 
streams into a single MS/MS detector. Thus LC/MS/MS throughput is increased by 
minimizing the MS/MS idle time during LC column equilibration.  
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Quick and automated screening method for priority beta-agonists 
in urine 
 
Michal Godula1, P. Fürst2 and T. Bernsmann2  
 1Thermo Fisher Scientific, Czech Republic and 2Chemisches Landes- und Staatliches 
Veterinäruntersuchungsamt Münster (CVUA-MEL), Germany; 
michal.godula@thermofisher.com 
 
β-Agonists are synthetically produced compounds that, in addition to their bronchodilatory 
and tocolytic effects, can promote live weight gain in the food producing animals. There have 
been documented cases when consumption of liver and meat from animals illegally treated 
with clenbuterol has resulted in serious human intoxication [1]. Due to their adverse effects, 
the use of clenbuterol and its analogues from the beta-agonists group has been banned by 
the European Union [2] and other regulatory agencies worldwide.  
 
The paper will present a newly developed quick method for screening of priority β -agonists 
in urine based on the fully automated online sample preparation procedure using the 
TurboflowTM chromatography clean-up step and a detection with the new Exactive MS 
system based on the proven OrbitrapTM technology. Method performance parameters and the 
applicability for fast  and simple screening of veterinary drug residues will be thoroughly 
discussed. 
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Novel fluorescence-based method for real-time detection of viable 
microorganisms  
Contributed paper 
 
Remco Kort 
TNO Quality of Life, Microbial Genomics Group, the Netherlands; remco.kort@tno.nl 
 
To date, the detection of live microorganisms present in the environment or involved in 
infections is carried out by enumeration of colony forming units on agar plates, which is 
timely, laborious and limited to readily cultivable microorganisms. Although cultivation-
independent methods are available, they involve multiple incubation steps and do mostly not 
discriminate between dead or live microorganisms. We present a novel generic method that 
is able to specifically monitor living microorganisms in a real-time manner.  
  
The developed method includes exposure of cells to a weak acid probe at low pH. The 
neutral probe rapidly permeates the membrane and enters the cytosol. In dead cells no 
signal is obtained, as the cytosolic pH reflects that of the acidic extracellular environment. In 
live cells with a neutral internal pH, the probe dissociates into a fluorescent phototautomeric 
anion. After reaching peak fluorescence, the population of live cells decays. This decay can 
be followed real-time as cell death coincides with intracellular acidification and return of the 
probe to its uncharged non-fluorescent state. The rise and decay of the fluorescence signal 
depends on the probe structure and appear discriminative for bacteria, fungi, and spores. We 
identified a number phototautomeric probes with a variety of photochemical properties (pKf, 
excitation maximum), which can be applied in the real-time viability method described here.  
  
We present a novel fluorescence-based method for viability assessment, which is applicable 
to all bacteria and eukaryotic cell types tested so far. This method is likely to have a 
significant impact in many areas of biology including research on biocidal activity, 
improvement of preservation strategies and membrane permeation and stability. The assay 
allows for high-throughput applications and has great potential for rapid monitoring of 
microbial content in air, liquids or on surfaces. 
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New approaches to classical microbiological methods: rapid 
sample preparation and environmental pathogen monitoring 

 
Alan Deery 
Microgen Bioproducts, UK; adeery@microgenbioproducts.com  
 
The key to successful pathogen isolation, detection and enumeration is sample preparation 
and whilst almost all aspects of microbiological pathogen testing has evolved to improve 
speed, sensitivity and specificity, but sample preparation has remained the same for 20 to 30 
years. This presentation will discuss the revolutionary Pulsifier and how the patented 
technology for sample preparation provides a rapid result, method recommended by ISO 
7218 for hard and sharp foods as well as a cleaner sample which is more suitable for 
molecular methods such as RT-PCR in comparison to classical methods. 
 
The presentation will also discuss a new cost-effective approach to environmental pathogen 
monitoring which allows food manufacturers to test in-house for the detection of important 
pathogens (Listeria spp., Salmonella spp. and coliforms), eliminating the need to send 
environmental samples for testing at a commercial laboratory and provides a result in 24-48 
hours. The pathogen detection system meets the requirements of ISO:18395:2004(E) and is 
compliant with the requirements of USDA, FSIS and BAM but unlike similar methods does 
not require a pre-enrichment step. The use of the Path-Chek Hygiene Pathogen Swab 
provides a rapid, easy-to-use and cost-effective method of pathogen and hygiene monitoring, 
which should be part of any comprehensive HACCP plan. 
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Increasing throughput while decreasing cost: scaling of multiplex 
diagnostic test production using ultra-low liquid volume dispensing 
 
Holger Eickhoff and Hans Dijk 
Scienion AG, Germany; eickhoff@scienion; dijk@scienion.com  
 
Most rapid diagnostic tests work with capturing molecules on a solid surface. Typically the 
capturing molecules of a diagnostic test are one of the main cost drivers in producing these 
tests. Using ultra-low volume liquid handling in test production allows for a decrease in 
production costs. In addition and due to the smaller feature sizes of the analytes, introducing 
multiple other analytes into the same test area can be achieved easily. 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. Scienion‟s technology can be used to 
dispense nearly all kinds of capturing molecules (antibodies, antigens, DNA, oligo-
nucleotides, aptamers, etc.) to nearly all substrates including 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. 
 
Scienion addresses these challenges with its proprietary sciSWIFT technology – an 
impressively simple innovative solution for lab automation and test production. It is based on 
a proprietary cartridge which serves as an integrated liquid storage and dispensing device. 
The whole technology is extremely accurate and can be implemented under sterile and 
contamination-free conditions. sciSWIFT provides an elegant solution to most challenges 
inherent to sample or analyte storage and low-volume liquid handling. 
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Pathogenic E. coli O157:H7 and Listeria identification assays 
demonstrate Pall GeneDisc® qPCR technology capability to detect 
multiple target organisms in food production  
 
Bertrand Coissac 
Pall GeneSystems S.A., France; bertrand_coissac@europe.pall.com 
 
Detection of food pathogens requires techniques identifying specific organisms, reliably, 
accurately and in the shortest possible time. Some pathogens require multiple assays to 
obtain a definitive result, due to the complexity of identifying them as pathogenic strains. 
Implementation of protocols to achieve this must be compatible with the logistical 
requirements of a typical production environment.  
 
Pall‟s GeneDisc technology is a qPCR-based platform using pre-prepared consumables 
detecting the critical parameters which ensure accurate detection of undesired pathogens in 
samples analysed. Because of its ability to simultaneously detect multiple targets, controlled 
consumables, seamless data transfer and automated traceability of analysis parameters, 
Pall‟s GeneDisc technology can be simply and immediately implemented in any production 
environment to provide rapid, reproducible reliable results. 
 
Following a presentation on the capabilities of the technology, we will consider the example 
of the pathogenic Escherichia coli O157:H7 assay, characterized by the presence of the 
gene stx and eae according to the EFSA publication, and the example of Listeria 
identification which may now be carried out in minutes with a single equipment.  
 
About Pall Corporation. Pall Corporation (NYSE:PLL) is a filtration, separation and purification 
leader providing Total Fluid Management

SM 
solutions to meet the critical needs of customers in 

biopharmaceutical, hospital and transfusion medicine, energy and alternative energy, electronics, 
municipal and industrial water, aerospace, transportation and broad industrial markets. Together with 
our customers, we foster health, safety and environmentally responsible technologies. The Company‟s 
engineered solutions enable process and product innovation and minimize emissions and waste. Pall 
Corporation, with total revenues of $2.3 billion for fiscal 2009, is an S&P 500 company with more than 
10,000 employees servicing customers worldwide. Pall has been named a top „green company‟ by 
Newsweek magazine. To see how Pall is helping enable a greener and more sustainable future, visit 
www.pall.com. 
About Pall GeneSystems. Now part of Pall Life Sciences, GeneSystems was founded in 2000 in 
Bruz, France, and has developed a unique, easy-to-use and cost-effective molecular diagnostics 
platform. It quickly gained market recognition for its quantitative Legionella diagnostic platform. Since 
its first product arrived on the market in 2004, GeneSystems has developed systems for the rapid and 
precise diagnosis of a range of pathogens, including food safety testing focused on E. coli. These 
proven systems employ advanced sample preparation methods and real-time polymerase chain 
reaction (PCR) technology to enable fast and high throughput along with high reproducibility analysis 
of multiple DNA targets. 
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MCPD esters in foods: current status and challenges in analysis 
 
Richard H. Stadler 
Nestlé Product Technology Centre Orbe, Switzerland; richard.stadler@rdor.nestle.com 
 
3-MCPD and its fatty acid esters are contaminants that are formed during processing and 
manufacture of certain foods and food ingredients. MCPD esters have been reported in 
several different foods, such as pickled olives, coffee, crisp bread, salty crackers, potato 
crisps, French fries, salami, certain types of ham, as well as some cheeses. Relatively high 
amounts of bound 3-MCPD are present in edible vegetable oils, notably the refined palm and 
olive oils.    
 
Fatty acid esters of 3-MCPD are stable intermediates or by-products on the pathway leading 
from fats to 3-MCPD. Generally, the amount of 3-MCPD in any food or food ingredient 
released from 3-MCPD esters by hydrolysis (bound 3-MCPD) exceeds that of free 3-MCPD. 
It was demonstrated that 3-MCPD monoesters and 3-MCPD diesters are accepted by 
intestinal lipase as substrates in vitro.   
 
Only few analytical methods, based mainly on GC-MS, have been published to determine 
MCPD esters. The isolation and measurement of all chloroesters is a lengthy process due to 
the many species arising from the different fatty acid combinations associated with each 
chloropropanol moiety. Typically, free and esterified 3-MCPD are isolated from samples as 
fat using for example diethyl ether as the extraction solvent. The solvent-free fat extract is 
then subjected to hydrolysis using either acid (H2SO4 in methanol) or alkaline (NaOCH3) 
conditions. However, concern when employing certain method variants have been raised due 
to the fact that alkaline hydrolysis  and PBA derivatization in sodium chloride overestimates 
3-MCPD esters. This is apparently due to the transformation of glycidol into 3-MCPD. 
Glycidol nearly quantitatively reacts to 3-MCPD under certain conditions of analysis and 
there are strong indications that a significant amount (10-60%) of measured bound 3-MCPD 
results from fatty acid esters of glycidol, another undesired processing contaminant.  
 
Glycidol has been classified by the International Agency for Research on Cancer (IARC) as 
„probably carcinogenic to humans‟ (IARC Group 2A), and today the methods available to 
determine glycidol esters in refined oils and fats are indirect. Moreover, there are no 
toxicological studies on the esters nor knowledge on possible hydrolysis of the esters in vivo. 
A summary of the existing methodologies and challenges in reliably determining MCPD 
esters and glycidol esters in foods and food ingredients will be presented. 
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A fluorescence-based sensor to monitor the process impact on 
food quality and to predict neoformed contaminants 

 
Dr. Inès Birlouez-Aragon 
AgroParisTech and Spectralys Innovation, France; ines.birlouez@spectralys.fr 
 
The discovery in 2002 of high levels of acrylamide, a carcinogenic compound, in commonly 
consumed heat-treated food such as potato crisps, biscuits, snacks, coffee, etc., raised 
serious concerns over the deleterious impact of severe thermal processes on human health. 
Since then, other neoformed (or process) contaminants (NFC) have also been identified and 
studied. The European Commission recommended a survey to evaluate the NFC content in 
a range of food products. The food industry is therefore exposed to a new challenge to better 
control their process through continuous assessment of the NFC levels in their products. 
NFC quantification is traditionally based on chromatography coupled to mass spectrometry. 
Unfortunately,  such analyses are expensive, tedious and polluting. The need for alternative 
rapid and cost effective analytical techniques is therefore urgent, especially in the 
perspective of possible future regulations controlling NFC levels in food.  
 
Fluorescence spectroscopy is a sensitive analytical technique particularly suitable for 
monitoring the impact of processing on food quality parameters. Many natural food nutrients 
such as vitamin E, B6 and B2 are fluorescent and heat- or oxidation-sensitive; therefore, their 
fluorescence is expected to decrease with heat process or storage[1-4]. In addition, some 
neoformed molecules during the Maillard reaction between natural food components, namely 
sugars or lipids with proteins or amino acids [5,6] are also fluorescent. This is the case of 
heterocyclic amines formed during meat and fish grilling at high temperatures [7], aromatic 
polycyclic hydrocarbons [8] produced by incomplete carbonisation of food during barbecuing, 
and more generally advanced Maillard products (MP), including lipid [9] and sugar-derived 
MP. Finally, interaction of lamp excitation beam and emission photons recovered at the 
surface of the food matrix with chromophores and scattering particles present in the sample 
[10] add new information on the global physicochemical composition of the food sample. 
Browning melanoidins as well as protein-protein and lipid-protein crosslinks are formed 
during heat treatment and distort the fluorescence signal recovered at the sample surface 
[11]. Consequently, the fluorescence fingerprint obtained from the excitation-emission matrix 
(EEM) is highly specific of the food product and its physical state. In turn, thermal treatment 
of food deeply modifies the fluorescence fingerprint of the food sample;  hence, EEM data 
analysis provides a very sensitive approach for characterization of the food physicochemical 
changes upon processing [12].  
 
Multiway decomposition models, such as PARAFAC can be used, to extract the systematic 
fluorescence excitation and emission profiles  forming the fluorescence fingerprint of the 
EEMs and their relative intensities.  Subsequently, a multivariate regression is applied to 
calibrate the concentration of any heat-derived contaminant, such as acrylamide, furan or 
glycotoxin over the fluorescence profiles intensities [9,12,13]. Regression models are 
evaluated using conventional chemometric tools such as cross validation and external 
validation. This technique is very well adapted to the needs of the food industry given that it 
is rapid, simple, and non destructive; thus enabling an online implementation. A simplified 
prototype fluorimeter was constructed in the frame of the Icare European project. The 
prototype is equipped with selected light sources, a measurement cell for signal acquisition 
from the sample non destructively, a fluorescence signal acquisition device and a software to 
implement the algorithms allowing NFC prediction. Multiple prediction models can be 
included in the software to simultaneously quantify several NFC. In addition to NFC 
estimation, key molecules such as melanoidins and their antioxidant effects can also be 
assessed. 
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The presentation of this work includes examples of  acrylamide estimation in cookies with 
various sugar compositions, multi-compound assessment in roasted malt and simultaneous 
monitoring of negative compounds such as NFC and positive ones such as melanoidins or 
the colour, both influenced by the heat process. The information obtained by the rapid 
fluorescence analysis and the high reproducibility of the measurement allow accurate 
modelling of the process impact on several quality parameters and process optimization. 
This approach is highly promising for improving process control and final food quality and 
safety.  
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Photoinitiators: from ink to food – what is their way and how to 
determine them? 
 
Perfecto Paseiro Losada 
University of Santiago de Compostela, Department of Analytical Chemistry, Nutrition and 
Bromatology, Spain; perfecto.paseiro@usc.es 
 
Photoinitiators are chemicals that absorb light energy, UV or visible light, to become in free 
radicals or ions, which are reactive species that transfer the absorbed energy to other 
compounds and are capable to start polymerization reactions. Photoinitiators are compounds 
added in concentration ranges from less than 1 to 20% to UV curing inks and coatings 
formulations, which are cured when exposed to UV light. UV curing inks are widely used for 
printing the external face of food packaging; it means the non-food contact surface of the 
food packaging. Printed surfaces of packaging can transfer their components to foodstuffs 
during processing and storage, that process is named migration. 
 
Currently printing inks are not yet specifically regulated at European Union level and 
therefore should comply with general requirement of Regulation (EC) No 1935/2004 [1] and 
the corresponding national legislations. Printings inks shall be manufactured in compliance 
with good manufacturing practices (GMP) and, under normal conditions of use they should 
not transfer their constituents to food in quantities which could endanger human health or 
bring about an unacceptable change in the composition or the organoleptic characteristics of 
the foods. Detailed rules on GMP of printing inks and printed materials and articles for food 
contact materials are set up in Regulation (EC) No 2023/2006 [2]. The Council of Europe 
adopted a Framework Resolution ResAP(2005)2 on packaging inks applied to the non-food 
contact surface of food packaging . Although the Resolution of the Council of Europe is not of 
legal enforcement, it can be considered as a reference text while European Union does not 
regulate specifically printing inks. 
 
Because there are no specific tests to verify the migration of components from printed non-
food surface of packaging materials to foods, list of simulants and basic rules for testing 
migration of constituents of plastic materials established in EU Directives  could be used for 
guidance. Photoinitiators can migrate from printed non-food surface of packaging materials 
to foods by three possible ways: (i) through the material; (ii) after contamination of food 
surface of packaging material by set-off in the stack or reel; and (iii) through the vapour 
phase. The first two ways are easily controllable and predictable, parameters that affect the 
mass transfer can be established and actions can be taken to avoid the migration. Only two 
actors are involved, the food and its own packaging. The third way is not so easy to broach 
and has more deep implications, because it can involve other actors (other foods and other 
packaging materials) and raise new migration problems, which currently are not well known 
or well studied. 
 
Determination of photoinitiators in both foods and packaging can be carried out by 
developing simple, dedicated and rapid methods. Uncomplicated procedures for extraction 
followed by HPLC-DAD analysis are used to determine: residual levels of substance on the 
packaging, migration levels in food and key parameters of migration. HPLC-MS or GC-MS 
techniques can be used to positive identification of photoinitiators. 
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Trace analysis of per- and polyfluorinated alkyl substances in 
various matrices. How do current methods perform? 
 
Bert van Bavel 
Örebro University, School of Science and Technology, MTM Research Center, Sweden; 
bert.vanbavel@oru.se 
 
Since 2000 an increasing number of reports have confirmed the world-wide occurrence of 
perfluorinated chemicals (PFCs) in human blood and the environment. The growing demand 
for monitoring and exposure assessment to humans and regulation of this group of 
omnipresent environmental pollutants has led to the rapid development and refinement of the 
analytical chemical procedures. 
 
The first analyses of organic fluor compounds by NMR were already presented in the 
international literature in the 1970s using NMR. The first more specific method, for PFOA, 
was presented in the middle of the 1980s using ion pair extraction with TBA and with GC-MS 
detection achieving detection limits of around 5 μg/ml. The most common method used in the 
beginning of 2000 is the so called Hansen method, using again ion pair extraction but now 
LC-MS detection. After this a large number of methods have been introduced including SPE 
and LL based methodology. This caused some discussion on the quality and compatibility of 
„PFC‟ data. This issue was extensively discussed at a workshop in Hamburg in 2003. This 
workshop resulted in a future paper in ES&T where the several short comings of PFC 
analysis were indentified which could hamper further development including purity of 
standards, contamination in the laboratory environment and instrumentation, problems in the 
quantification of different isomers and the lack of QA/QC studies and reference material. The 
organization of two rounds of QA/QC studies has improved this situation or at least given the 
possibility to quantify the uncertainty in the data. 
 
The preliminary results of the 3rd round of the Fluoros 2009 QA/QC study on human plasma 
and a standard solution showed substantial progress when two identical human plasma 
samples and a standard solution were analyzed for 13 fluor carboxylate acids and 4 fluor 
organic sulphonates . The results from 21 laboratories which were submitted before the set 
deadline were validated. Most labs could reported data for PFHpA, PFOA, PFNA, PFDA and 
PFHxS and PFOS. The variation between the laboratories was surprisingly good showing 
RSDs between all labs ranging from 19% and 21% for PFOA and 29% and 33% for PFOS. 
This is illustrated in Figure 1 where the results of all participating laboratories for PFOA in 
human blood are given and in Figure 2 where the results for the 20 out of the total of 21 
participants are given after omitting one outlier. 
 
Although these results are preliminary, they still gave a good indication of the „state of the art‟ 
of PFC analysis. Problem areas including the quantification of branched and linear isomers 
and the quantification of the anion or the salt (sulphontes) were identified. 
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Figure 1. Results for the PFOA in human blood 3
rd

 round Fluoros intercalibration study. 
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Figure 2. Results for the PFOA for the standard solution 3

rd
 round Fluoros intercalibration study. 
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New highly sensitive, unambiguous positive read-out, rapid 
quantitative food testing system for use at the point of need 
Contributed paper 
 
Colin H. Self 
Selective Antibodies Ltd., UK; colinself@selectiveantibodies.com 
 
Dipstick technology has long offered the promise of simple to use, very fast, high 
performance testing devices for substances of low molecular weight such as natural and 
unnatural toxins and pollutants, tainting substances etc of direct importance in food analysis. 
There have however been very real challenges to bringing the full power of this technology to 
bear in this area. 
 
The full power of immunodiagnostics is clear to see with respect to the determination of high 
molecular weight analytes; the home pregnancy-test, shows clearly what can be achieved. 
The performance of classical immunoassay is, however, often found to be sadly lacking 
when applied to small molecular weight analytes. The problem is simply size. Large analytes 
can support the simultaneous binding of both capture and detector antibodies, allowing 
typical excess-reagent sandwich immunoassays to be formatted in which increasing analyte 
concentration provides an increase of observable signal over a very low zero background. 
Small molecules are simply not large enough to support such simultaneous binding. This has 
necessitated the use of „competitive-format‟ systems in which analyte is caste into a 
competitive role with analyte-analogue for capture antibody sites. In effect the system 
measures how much analyte is not present. This consequently causes major problems in 
terms of precision, sensitivity and also read-out where, classically, increasing concentration 
of analyte reduces the signal produced by the system, which makes point-of-need devices 
often difficult to read and assess. For example, on dipsticks, zero analyte provides a line of 
maximal intensity against which determinations for analyte, providing possibly less intense 
lines, have to be gauged.  What is required is a robust generic system in which there is no 
observable signal in the absence of analyte (i.e. a clear strip) with even low level samples 
giving an obvious, observable line over this zero background. Devising such systems has 
been our goal and has now led to the successful development of simple to use dipstick-
based detection systems that can rapidly achieve detection at sub ppb levels by eye. We 
believe these new systems should find widespread use in food analysis where remarkable 
results have already been forthcoming for mycotoxin analysis and other small molecules of 
real concern. 
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Detection of the marine phycotoxin 13-desmethyl C spirolide by a 
chemiluminescent, receptor-based assay 
Contributed paper 
 
Natalia Vilariño1, L. Pérez1, J. Molgó2, R. Araoz2 and L.M. Botana1 
1University of Santiago de Compostela1, Department of Pharmacology, Spain and 2Institut 
de Neurobiologie Alfred Fessard, France; natalia.vilarino@usc.es 
 
The spirolides are marine phycotoxins included in the group of cyclic imines. The threat, 
which these toxins pose to human health is not clear yet. However, they display a high 
toxicity by intraperitoneal injection in rodents, being a source of false positives during marine 
toxin detection by the mouse bioassay. 
 
A new method for the detection of these toxins by chemiluminiscence has been developed. 
The method is based on the competition of the 13-desmethyl C spirolide with biotin-labelled 
α-bungarotoxin for binding to nicotinic acetylcholine receptors from membranes of the electric 
organ of Torpedo marmorata. The method consists of an inhibition assay where receptor 
binding takes place in solution. Subsequently, the receptors bound to the biotin-labelled α-
bungarotoxin are immobilized on a streptavidin-coated surface in a microplate and detected 
by specific antibodies and a highly sensitive chemiluminescent substrate of horseradish 
peroxidase. The sensitivity of the assay is in the range of 1-200nM. 
 
The detection of spirolides with microplate assays is an alternative to the mouse bioassay for 
sample screening purposes. The detection of spirolides by chemiluminescence displays an 
increased sensitivity versus the existing fluorescence polarization assays. 
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Exploiting novel chemical and biological labelling systems for the 
development of highly sensitive assays 
Plenary Keynote Lecture 
 
Richard O’Kennedy 
Dublin City University, School of Biotechnology, Ireland; richard.okennedy@dcu.ie 
 
The development and use of labelled antibodies is historically a key factor in enabling their 
application in a variety of analytical formats. Initially radioactively-labelled antibodies were 
used. This was superseded by the incorporation of enzyme and fluorescence-based labels, 
due mainly to the need for less restrictive measures associated with their use and disposal. 
However, implementation of amplification strategies also eventually allowed greater 
sensitivity to be achieved compared to radiolabels. 
 
Currently there are many labels available. These include enzymes, a huge variety of 
fluorescent tags (e.g. fluorescein, Cy5, rhodamine, AMCA) and nanoparticles (e.g. labelled 
liposomes, quantum dots and coded nanospheres). In addition, there is significant number of 
fusion labels that can be inherently designed to be part of the antibody or binder structure 
e.g. green fluorescent protein and its derivatives and enzymes. 
 
In any labelling system it is necessary to achieve the following performance characteristics:  

 lack of interference of label with binding of cognate ligand;  

 stability; 

 high sensitivity; 

 reproducibility in the labelling process; 

 mild labelling procedure that does not reduce antibody binding capacity; 

 low cost; 

 ease of generation; 

 capacity to manipulate; 

 clearly defined sites of attachment; 

 good expression (where fused biological label entities are used); and  

 ease of isolation 
The labels and labelling strategies that can be used will be critically assessed and strategies 
for the selection of the best labels and procedures will be described. 
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Yeast forensics: methods for identification and tracking 
 
Suzanne Jordan 
Campden BRI, Microbiology Department, UK; s.jordan@campden.co.uk 
 
Yeasts are widespread in nature, and have been isolated from a diverse selection of food 
groups, including fruit, dairy, beverages, meat and fish. Some strains are beneficial to the 
food and beverage industry in fermentation and flavour development. There are also strains 
that spoil products, resulting in either blowing packs, or off odours and flavours. In addition, 
there are a number of yeasts of clinical significance such as Candida spp. and Cryptococcus 
spp. although many of these are opportunistic pathogens, and such strains are rarely if ever 
an issue in food and drink products. 
 
The identification and characterisation of yeasts can be used in a range of fields including 
troubleshooting sources of product spoilage and contamination of production environments, 
authentication of starter cultures, as well as diagnosing and monitoring infection in the clinical 
setting. Identification will provide a name for an organism at the genus and/or species level, 
which can be used to search for information such as the resistance of that organism to 
processes or preservatives e.g. heat treatments, low pH environments or chemical 
preservatives. Characterisation on the other hand, enables groups of organisms that share 
similar characteristics, to be matched together to assess strain similarity. This can be used to 
assist in tracking sources of contamination or strain culture authentication.   
 
There are many techniques available for yeast identification, which have evolved over time.  
Early traditional schemes relied on the physiology and fermentation test to identify unknown 
isolates [1,2]. These were relatively labour intensive and were open to subjective 
interpretation. Over recent years improvements have been introduced to biochemical 
identification including the automation of sample preparation and reading of test results, 
which reduces both hands-on time and the subjectivity when interpreting results. An 
additional advantage of the automated systems is the shorter time to result through assay 
optimisation. One of the most significant developments in yeast identification has been the 
application of DNA based methods, especially DNA sequence based identification. There is 
an increasing recognition of the benefits of such techniques by leaders in the field of 
microbiology as well as regulatory bodies [3]. The availability of „off the shelf‟ systems has 
provided further benefits including standardisation (of reagents and protocols) in-built quality 
thresholds (for automated data analysis) and the availability of validated databases and 
software which adds to the confidence of the results generated. 
 
Initially yeast characterisation methods relied on differences in metabolic and protein profiles 
such as killer toxin profiles and multi locus enzyme electrophoresis (MLEE) [4,5]. These 
methods have been superseded by molecular techniques, which have the potential to deliver 
a higher power of discrimination. Many of these methods were initially used for bacterial 
isolates and have been adapted for the analysis of yeast isolates (usually at the DNA 
extraction stage). Examples of the methods reported in the published literature include 
karyotyping, multi locus sequence typing (MLST), microsatellites and repetitive sequence 
based PCR (rep-PCR). Some characterisation techniques are labour intensive, and may also 
require a relatively high level of skill for the generation of reproducible results. The 
introduction of standardised automated systems (such as rep-PCR which uses the lab on a 
chip technology) will assist in the adoption of tracking techniques in industry, particularly 
where high throughput and rapid time to results is required. 
 
The field of microbial identification and characterisation has evolved dramatically and now 
has the potential to provide same day answers for industry. This is often key in the effective 
management of contamination and spoilage issues. Additional advantages of the new
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methods include the potential for high throughput and reduced subjectivity during the 
interpretation of results. This presentation will consider the benefits and drawbacks of the 
techniques available for yeast forensics with a focus on the application of identification and 
characterisation methods in the food industry. 
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Pathogen and virus detection using a lab-on-a-chip with raw sample 
preparation 
 
Jesus M. Ruano-López1, L.J. Fernández1, M. Agirregabiria1, F. Laouenan1, J. Berganzo1, 
G. Olabarria2, D. Verdoy2, Z. Barrenetxea2, J.M. Marimón3, M. Montes3, S.Hammoumi4, 
E. Albina4, D.D. Bang5, R. Walczak6 and K. Mayora1 
1Ikerlan-IK4, Spain, 2Gaiker-IK4, Centro Tecnológico, 3Hospital Donostia ,Servicio de 
Microbiología, Spain, 4CIRAD - Biological Systems Department Control of Exotic and 
Emerging Animal Diseases (UMR15), France, 4Technical University of Denmark, National 
Veterinary Institute, Laboratory of Applied Micro-Nanotechnology (LAMINATE), Denmark and 
5Politechnika Wrocławska-WEMiF, Poland; jmruano@ikerlan.es 
 
There is an urgent need to provide portable diagnostic tools to ensure rapid, affordable and 
simple analysis in many scenarios of our society (hospitals, airports, doctor‟s practice, 
roadside police controls, natural environment). The advance of micro-electronic mechanical 
system (MEMS) delivered some progress in this field. The 90s was a decade of incredible 
microfabrication process developments and transducing mechanism characterisation. 
However, few of these processes have been transferred successfully into portable biological 
applications, mainly because of the lack of sample preparation integration and the difficulty to 
mass-produce the devices reliably. Currently, portable devices are based on low sensitive 
immunochromatographic strips or low sensitive electrochemical detection systems, whereas 
desktop systems are sensitive and automatic but bulky, heavy and expensive. Hence, owing  
to the new advances in dry film lamination and its synergy with information communication 
technologies, it is now possible to prioritise and combine automatic sample preparation with 
low cost manufacture. This combination will create an intelligent and portable system across 
many sectors for efficient health treatment, high productivity food processing and secure 
environment monitoring. This paper describes a Lab on a Chip (LOC) that allow us to 
perform the biological sample preparation and detection in the same chip chamber. The 
sample preparation technique uses magnetic beads to concentrate and purify the nucleic 
acids. Then, the PCR reagents are injected and the chip is closed to carry out the 
amplification. This chip is made of a photoresist called SU-8 and consists of a chamber with 
an inlet and outlet. The chamber lies on top of a glass substrate where the heater is 
patterned. This chip is compatible with a hand-held reader used in the fluorescence detection 
of Campylobacter guarantying full portability. 
 
Experimental design 
Sample extraction technique. In order to create a meaningful LOC, the integration of crude 
biological sample preparation is needed [1]. Sample (a swab from stool samples or virus 
transport medium from nasopharyngeal samples) was transferred to lysis buffer and left to 
lyse the bacteria or virus. Next, resuspended magnetic beads were added to capture 
extracted nucleic acids. Sample containing beads was inserted in the packaged SU-8 
microdevice using a syringe. The magnetic field, created by magnets placed under and 
above the device, captured the complex beads-(nucleic acid) while the liquid flowed away 
along the chamber. Subsequently, qPCR or RT-qPCR mastermix was inserted, the 
inlet/outlet were sealed, magnets were carried off and amplification was performed. The 
whole protocol takes about 30 and 75 minutes for stool and nasopharyngeal samples, 
respectively, including sample purification and amplification. 
Lab on a Chip description. The SU-8 fabrication is based on the bonding and releasing of 
photopatterned SU-8 layers [2]. These devices were based on a 200 μm high, 3 mm wide 
and 5.4 mm long SU-8 microchamber (2.5 μl). The substrate was Pyrex, where a resistive 
Ti/Pt sensor and two parallel heaters were fabricated. This microfluidic fabrication process 
allows a time and money reduction in comparison with silicon based devices [3,4].  
Methodology to detect fluorescence biosignals. A simple, cheap and sensitive optical 
fluorescence detection system was developed to measure Real Time PCR. It was based on
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the application of a semiconductor low-cost laser and an array of CCDs to excitate and 
collect the fluorescence. This reader instrument was used for the Campylobacter spp. 
detection. The assays with clinical sample were carried out using a epifluorescence 
microscope coupled to a photomultiplier. 
 
Figure 1. Picture of the fluorescence reader with the capsule and the chip place for measurement and 
thermocycler. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Prevalidation method for Salmonella spp. and Campylobacter spp. detection. To characterize 
in terms of specificity, sensitivity and accuracy, the performance of the whole system for the 
diagnosis of Salmonella spp. and Campylobacter spp. detection the results were evaluated 
under EN ISO 16140:2003 standard against the „reference‟ methods. According to this 
standard some parameters were defined: relative accuracy, relative sensitivity, and relative 
specificity. The parameters named as „relative‟ refer to the performance of the system to 
identify properly samples from the total assayed samples. The sensitivity refers to the 
fraction of total number of positive samples diagnosed correctly by the new method. The 
specificity refers to the fraction of total number of negative samples diagnosed appropriately 
by the new method. And finally the relative accuracy refers to the level of concordance 
between the developed device and the reference method. All these parameters are 
expressed in percentage (%). 
 
Results 
The PCR products from the assays were confirmed on agarose gel electrophoresis or with 
the Bioanayzer (Agilent). The sensitivity achieved for pathogen detection was 3.6-36 fg or 2-
10 cfu [5]. 
Salmonella spp. detection in faeces. Twenty seven human clinical samples were successfully 
analysed using the microdevice under procedure described previously, with the aim of 
identifying Salmonella spp. The stool samples were previously diagnosed as having 
Salmonella by standard stool culture at Hospital Donostia, and the Salmonella load was 
quantified to compare the results to those obtained with the microdevice. Our data confirmed 
the good performance of the microdevice when real samples were assayed, comparing to 
the reference procedures achieving more than 95% of the reference method in terms of 
accuracy, sensitivity and specificity. 
Campylobacter spp. detection in faeces. Of 48 samples tested, 36 were cloacal swabs 
samples collected from chickens at slaughter; 4 were socks samples and 8 were packed 
chicken from supermarkets. For more details see [6]. All the 4 sock samples were positive in 
both methods, while all 8 packed chickens were negative in both methods. In this case, 
samples were analysed using the detection system mentioned previously achieving more 
than 95% of the reference method in terms of accuracy, sensitivity and specificity. 
Influenza virus detection. The samples used for this work consisted in quantified viral 
cultures and nasopharyngeal samples from human patients prepared and supplied by 
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Hospital Donostia. The on chip extraction yield was checked with on bench top RT-qPCR 
equipment. Ct values were compared (see Table 1) with those obtained by the Microbiology 
Department of Hospital Donostia. Results confirmed the proper performance of on chip RNA 
extraction and capture protocol. For more details see [7]. 
 
Table 1. On tube and on chip viral RNA extraction from human nasopharingeal samples. Data show Ct 
values of RT-qPCR assays on tube. 
 

Sample identification 
code 

RNA viral extraction on 
tube 

RNA viral extraction on 
chip 

1105-247967 28.08 25.40 

125-246752 32.09 32.45 

111-246333 33.22 34.46 

204-246963 Negative (M gene) negative 

 

Among 5 different tested kits for RNA extraction, on chip adapted protocol from Chemagic-
chemagen showed the best sensitivity results for viral detection from both cultured and 
clinical samples. Hence, further experimentation was performed with this nucleic acid 
extraction procedure. The integrated flu detection protocol that consists in viral RNA isolation 
and capture, and RT-qPCR in one-single-chamber chip was successfully achieved in the 
new microdevice. Viral RNA was extracted from human samples, retrotranscripted and 
amplified on one-single-chamber chip. The emitted fluorescence signal was captured in real 
time by a photomultiplier tube through the microchip cover and fluorescence signal was 
analysed with a data acquisition unit. All the end point PCR results were confirmed. This 
work is a recent result. Therefore, there is not full prevalidation with dozens of samples. In 
this case, it is shown that the results were done in duplicates and repeated up to 4 times. 
 
Conclusions 
This work demonstrated a total integrated LOC system for detection of pathogen directly 
from clinical and food samples together with influenza virus. Several improvements are 
achieved in comparison to other q-PCR devices based on silicon PDMS and SU8 that 
includes: (i) all the components were integrated; (ii) the system was evaluated with raw 
faeces samples; (iii) all the steps: from sample preparation to final result were performed in a 
single chip with small volume of reagents; (iv) shorter time; (v) high sensitivity; and (vi) using 
a hand-held optical/thermal reader.  
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Rapid detection of virulent Listeria monocytogenes by LAMP 
 
Le Quang Hoa1, L.T. Cong1, M. Blažková2, A. Moers3, J. Wichers3 and A. van Amerongen3 

1Hanoi University of Technology, School of Biotechnology and Food Technology, Vietnam 
2Institute of Chemical Technology, Czech Republic and 3Wageningen University and 
Research Centre Agrotechnology & Food Sciences Group, the Netherlands; 
leqhoa2004@yahoo.fr 
 
Loop mediated isothermal amplification (LAMP) is a powerful innovative amplification 
technology that has been used by many researchers during the last decade for rapid 
detection and identification of microbial diseases. However, there were only few reports 
using multiplex Lamp (mLAMP) for the simultaneous detection of different gene targets. In 
this study, we presented the development of mLAMP for the rapid detection of inlJ and inlC 
genes, which have been used as markers for virulent strains of Listeria monocytogenes. 
Comparing to the previous mLAMP assays, the procedure for the detection of LAMP 
amplicons in our study relying on the hybridization of labelled probe to the loop segment is 
more rapid and convenient to perform. After the optimization of betaine concentration, 
incubation temperature and primer concentrations, the sensitivity of our mLAMP assay is 
around 102 cfu/reaction. The specificity of the assay has been also validated using a set of L. 
monocytogenes and non-monocytogenes strains. A preliminary study of in-house validation 
demonstrated that the correlation between the results of our mLAMP assay after 24 h of 
enrichment in half-Fraser broth and those obtained by conventional culture method and 
colony PCR was 100%. 
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Nanowires and selective capture of microorganisms 
 
Cees J.M. van Rijn 
Nanosens and Wageningen University, Laboratory of Organic Chemistry, the Netherlands; 
cees.vanrijn@wur.nl 
 
Nanotechnology enables the reduction of feature sizes in nano electro mechanical systems 
down to the scale of biomolecules (1-100 nm), such as DNA, viruses and proteins.  
 
Nanowires with such small feature size  will make it possible to monitor small species with a 
good selectivity and a sensitivity, up to the level of just one biomolecule (e.g. detection of a 
microorganisms, viruses and  biomolecule). Another attractive feature of nanowire sensing is 
that the detection is carried out by a direct electrical measurement without the use of 
laborious fluorescent or magnetic labelling techniques. Multiplex detection is achievable 
through combination of planar semiconductor (chip) technology and a variety of biomolecular 
assay spotting techniques. 
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Making bio-sense of toxicity: environmental application of whole-
cell biosensors 
 
Søren J. Sørensen, M. Burmølle, A. Norman and L.H. Hansen 
University of Copenhagen, Department of Biology, Section of Microbiology, Dept of Biology 
University of Copenhagen; sjs@bio.ku.dk 
  
Bacterial whole-cell biosensors are very useful for toxicity measurements of various samples. 
Semi-specific biosensors, containing fusions of stress-regulated promoters and reporter 
genes, have several advantages over the traditional, general biosensors that are based on 
constitutively expressed reporter genes. Furthermore, semi-specific biosensors are 
constantly being refined to lower their sensitivity and, in combination, are able to detect a 
wide range of toxic agents. I will give some examples of application of in situ inoculation of 
whole cell biosensors in combination with single-cell detection, illustrating the huge potential 
for using this technology for various industrial and environmental applications.  
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Piezo-optical methods for detection in dirty samples 
 
Steve Ross 
Vivacta Ltd., UK; sar@vivacta.com 
 
Vivacta are commercialising a novel diagnostic technology which uses a pyroelectric polymer 
film to detect micro-heating events when a sample is irradiated with visible light. Antibody-
coated carbon particles are used to detect the presence of analyte by binding to the surface 
of the polymer sensor. Diffusion and binding of the carbon particles to the surface is 
monitored by the sensor system and used to calculate the concentration of analyte in the 
sample. Since the sensor response depends on the distance of the carbon particles from the 
surface, it is possible to make measurements in complex media (including whole blood) 
without the need for separation or washing steps, reducing the need for onboard liquid 
reagents on a disposable cartridge. Only 30 µl of whole blood is required for the test, which 
has an analytical sensitivity of 20 pg/ml and a dynamic range of greater than 3 orders of 
magnitude. The initial analyte of interest is thyroid stimulating hormone (TSH), which is a 
good demonstrator for performance and an analyte which does not currently have a good 
point-of-care solution. Preliminary method comparison data is shown below of whole blood 
TSH measurements in the Vivacta system versus results obtained on a lab analyser 
(Siemens Centaur) 
 
Recent data will be presented on the performance of the system, in particular on the 
validation of the performance as the system moves towards to manufacture. Other potential 
applications of the system relating to detection in other „dirty samples‟ will also be discussed. 
 
 

 

 
  

Chemical contaminants in 
food and feed: inexpensive 
detection for control of 
exposure (CONffIDENCE, a 
new European research 
project) 
 
Jacob de Jong, S. Weigel and M.W.F. 
Nielen 
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Seeing the wood for the trees: detection and characterization of 
engineered nanoparticles in complex matrices 
 
Karen Tiede1, A.B.A. Boxall1, S. Tear2 and J. Lewis3  
 
1University of York, EcoChemistry Team / The Food and Environment Research Agency, UK, 
2University of York, Department of Physics , UK and 3The Food and Environment Research 
Agency, Trace elements, UK; karen.tiede@fera.gsi.gov.uk 
 
Nanotechnology is a fast growing market and engineered nanoparticles (ENPs) are finding 
widespread applications. These applications include use in a variety of consumer products 
from cosmetics, medical application to packaging materials, processing technologies and 
novel or functional foods. During their manufacture and use, human exposure and the 
releases of ENPs to the environment are inevitable. The proliferation of nanotechnology has 
therefore prompted concerns over the risks of adverse effects of ENPs on organisms in the 
environment and on the potential direct and indirect exposure of humans. However, research 
to address these concerns is still in the fledgling stages and the development and application 
of adequate analytical techniques for the detection and characterization of ENPs in e.g. food 
and natural samples is challenging. This presentation will give an overview of available 
analytical methods for the measurement, characterization, detection and chemical analysis of 
engineered nanoparticles in food, biological material and a range of environmental matrices. 
The presentation will cover separation technologies (e.g. HDC, FFF), chemical analysis 
methods (including ICP-MS) and microscopy approaches (AFM, SEM, WetSEMTM and 
TEM). The application of the approaches will be illustrated using real world examples. The 
advantages and limitations of different approaches will be discussed and priorities for future 
research will be highlighted.  
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Rapid detection using invertebrate organisms – obstacles and 
opportunities 
 
Glen C. Rains 
University of Georgia, Biological and Agricultural Engineering Department, USA; 
grains@uga.edu 
 
Insects, and invertebrates in general, have a long history of use for medicinal, economic and 
forensic applications. Even today, medicinal maggots and leaches can be purchased to treat 
injuries. Silk worms are still used for silk production and time of death in forensic 
investigations can be estimated knowing the developmental progression of invertebrate 
species that colonizes dead bodies. However, current research into the uses of invertebrate 
organisms pushed beyond these traditional approaches and asks the question “What else 
can we do we these simple organisms?” We have studied the use of invertebrates, and in 
particular a parasitic wasp, to detect chemicals they learned through classical conditioning.  
 
Most insect species rely on their ability to detect minute amounts of chemicals in the air to 
find mates, food, hosts and prey. In addition to this ability to detect small amounts of 
chemicals, insects can associatively learn odours to improve foraging and searching 
behaviour. The extremely sensitive nature of insect olfaction, coupled with their ability to 
learn and associate novel odours to food, mates, hosts and other resources, are a few of the 
reasons they make them useful as a component of chemical sensing devices. Invertebrates 
are also cheap to rear in large numbers, and have a quick generation time. The time to train 
a parasitic wasp to an odour is only minutes and they can be trained to recognize a large 
number of different chemicals. In our studies, we focus on the use of the parasitic wasp 
Microplitis croceipes. M. croceipes has two hosts, both pests of many important crops, such 
as corn, cotton, and tobacco. Consequently, they are one of many types of parasitic insects 
studied as beneficial organisms in organic and sustainable farming. They are extremely 
sensitive to odours produced by plants that serve as a signal that the wasps host is feeding 
on their leaves. Several labs are studying this interaction between many species of parasitic 
wasps and their hosts and plants.  
 
M. croceipes are approximately 10 mm long stingless wasps that are easy to handle and 
extremely sensitive to chemical compounds. Although the exact sensitivity of the wasp to 
chemicals depends somewhat on the chemical, we have found them to be approximately 100 
times more sensitive than current electronic nose technology. We have also developed a 
device called the Wasp Hound that samples air and has 5 wasps inside that are watched 
using a webcam. Changes in behaviour are monitored and a computer program determines 
when a chemical has been detected. The Wasp Hound has been tested to chemicals 
associated with mycotoxins in corn, cotton and milk. The Wasp Hound can detect 3-octanone 
in the ppb levels when mixed with corn and the response time is 20-30 seconds. The ability 
to detect chemicals within a background of non-target odours, such as corn in this case, is 
another advantage of using animal olfaction.   
 
The primary obstacles to development of such a chemical sensor revolve around a proper 
infrastructure for production and distribution of the biological sensors (invertebrates) for used 
inside the detection device. There are also additional studies needed to better understand 
the chemical detection limits and effects of odour masking, complex blends, latent inhibition, 
environmental conditions and odour generalization on the reliability of chemical detection 
using invertebrate organisms. 
 
Future research will focus on these obstacles as well as advancing the technology to include 
a quantitative odour assessment using improved analysis of changes in behaviour. 
Quantitative assessment will aid in the detection of toxins, such as aflatoxin at federally
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regulated levels. We are also comparing wasp detection limits to that of canines, the most 
used animal olfaction system in the world. There are also literally millions of insect species 
and the choice of certain species for specific applications may provide unique solutions. For 
example, fungi-eating invertebrates may be more adapt at being used to detect toxin 
producing fungi in foods and feedstuff. Finally, there are many adaptations from the insect 
olfactory system that may be useful when developing enhanced electronic nose devices.   
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Carbon nanoparticles as signal labels in protein microarrays 
 
Aart van Amerongen1, P. Noguera1,2 and T. Posthuma1 

1Wageningen University and Research Centre, Institute of the Agrotechnology & Food 
Sciences Group, Biomolecular Sensing & Diagnostics, the Netherlands and 2Polytechnical 
University of Valencia, Department of Chemistry, Spain ; aart.vanamerongen@wur.nl 
 
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 due to the lack of 
sufficient biological recognition elements (e.g., antibodies) and/or their sensitivity and 
specificity, the absence of integrated systems that include fluid handling, sample preparation 
and signal processing and inacceptable background signals. Upon increasing the number of 
analytes per array, background signals are increasing as well. Fortunately, in most regular 
diagnostic applications the detection of 3 to 10 target compounds would be sufficient to meet 
requirements. Another drawback of microarrays is the high cost of reagents, disposables 
and/or detection equipment. This also hampers the application of these tools, particularly in 
low-facility laboratory settings and under field conditions. To increase the applicability and to 
reduce the costs of protein microarrays we investigated the use of carbon nanoparticles as 
signal labels, a conventional flatbed scanner to digitize the pixel grey volumes of the spots 
and image analysis software to process the data. As an alternative label to gold and latex, 
carbon nanoparticles have been used to develop lateral flow immunoassays for over 15 
years. To get proof of concept for the use of carbon nanoparticles as signal labels in antibody 
microarrays we studied a range of aspects such as critical parameters in sensitivity and 
reproducibility. In addition several antibody microarray applications were developed in which 
the antigens consisted of double-tag-labelled DNA amplicons to detect Listeria 
monocytogenes, Plasmodium species and three antibiotic resistance genes from Salmonella. 
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Biomolecule substrate topography of inkjet printed structures 
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The aim of the project is to study spot formation and appearance after deposition of 
biomolecules by inkjet printing on various substrates (nitrocellulose, polystyrene, glass, 
epoxy, carboxyl, amine, hydrogel). The surface properties of the substrate play an important 
role in the orientation and conformation of the biomolecule on printed microarray. This 
orientation is of crucial importance for the functional properties of the biomolecule and, hence 
on the quality of the applications developed. Therefore we studied the analytical data of the 
bound biomolecules(antibodies) and we also tested the functional characteristics of the 
biomolecules. Experiments were performed with two different antibodies / biomolecules: (i) 
αHis6 (150kD) and (ii) Llama antibody fragments (15kD) specific for 12S part of Foot and 
Mouth Disease Virus. These biomolecules were printed on FAST slides (having nitrocellulose 
pads of 11µm thickness) and on HTA polystyrene slides using the S3 Scienion microarrayer.  
Influence of the substrate properties on the distribution of the biomolecules was studied by 
measuring the contact angle of the droplet spotted on the surface and antibody binding was 
investigated by reflectometry measurement. Following incubation with corresponding antigen 
and second-antibody-biotin conjugate, the spots were detected and compared using various 
carbon conjugates (carbon-neutravidin , carbon-alkaline phosphatase-neutravidin, carbon-
horse radish- peroxidase-neutravidin). Slides were scanned using an Epson scanner and the 
intensity of various spots was analysed using TotalLab and SigmaPlot software. 
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Cattle are a known reservoir of Escherichia coli, of which certain types are (lethal) human 
pathogens, e.g. verotoxigenic E. coli (VTEC) such as O157:H7 that can cause the 
„hamburger disease‟. Here, we present an overview of the development of two rapid 
molecular biological methods with carbon nanoparticles as signal labels to detect the 
presence of four 'classical' virulence factors (vt1, vt2, eae, ehx) and a 16S control specific for 
E. coli. The first assay format is a rapid one-step nucleic acid lateral flow immunoassay 
(NALFIA) in which genes are amplified with tag-labelled primers. Of each primer set the 
reverse primer is labelled with biotin (tag 1) and the forward primer with a discriminating tag 
(tag 2) such as digoxigenin, dinitrophenol and texas red. In lateral flow, amplicons are 
sandwiched between neutravidin, that has been bound to carbon nanoparticles, and anti-tag 
2 antibodies immobilised on nitrocellulose membranes. Each amplicon represents one of the 
virulence genes or the control. In a second format this detection principle is used to develop 
a simple antibody microarray on nitrocellulose membranes to detect the four virulence factors 
and the control in one assay. Following PCR (30 minutes), amplicons are incubated on an 
antibody microarray in the presence of carbon nanoparticles-neutravidin conjugate. An 
incubation time of 30 minutes is already sufficient to reliably determine the pixel grey 
volumes of sandwiched nanoparticles by flatbed scanning and image analysis. Both tests 
can be done in the vicinity of cattle and, therefore, the methods are suited to timely decide on 
intervention measures. 
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Microcontact printing of protein microarrays for multi-analyte 
diagnostic assays  
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Protein microarrays have gained great interest recently as they are highly suited for 
applications such as in vitro diagnostics, proteomics research, antibody characterization, 
drug screening etc. Miniaturized microarrays allow rapid, highly sensitive, and direct 
determination of analyte concentration [1]. Moreover, they allow screening of multiple 
analytes in a small amount of sample. Several techniques such as ink-jet printing, dip-pen 
nanolithography, microcontact printing have been used for microarraying proteins on solid 
substrates. Microcontact printing utilizes an elastomeric stamp for replication instead of 
fabrication of features on a large surface area. It is a low cost, simple and reproducible 
method. However, there are some drawbacks of this method: Inking of the stamp is required 
in each replication step and creating a multiplexed array is still a challenge. To address the 
inking issue, porous stamps recently developed in our group have been shown to act as ink 
reservoirs. This allowed multiple transferring of protein patterns without the need of re-inking 
[2]. In this project, we aim at developing stamps that can be used to create multiplexed 
protein microarrays. Stamps with tapered wells will be prepared by wet etching of silicon 
wafer (Figure 1). Silicon wafers as well as elastomeric stamps prepared using silicon wafers 
as masters will be used for stamping. The wells that are filled with porous hydrophilic 
polymer will act as ink reservoir and prevent the need for re-inking. Multiplexing will be 
achieved by addressing different protein solutions to separate wells.  
 
Figure 1. Schematic representation of the stamp to be used for preparing multiplexed protein arrays. 

Each well has a diameter of 750 m at the top and 5 m at the bottom. The wells are separated from 

each other by 750 m in both directions. 
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Synchronous front-face fluorescence spectroscopy is rapid, non-invasive technique with 
considerable potential for application in the food and related industries. In this work, we 
showed that this technique can be used directly on the surface of food to produce 
biochemically interpretable fingerprints. The synchronous front-face fluorescence 
spectroscopy along with chemometric methods was used for the determination of microbial 
load on minced beef stored aerobically and under vacuum at 0 (0 to 27 days), 5 (0 to 17 
days), 10 (0 to 14 days) and 15°C (0 to 9 days). Total viable count (TVC), Pseudomonas, 
Enterobacteriaceae, lactic acid bacteria, yeast and moulds and Brochothrix thermosphacta 
were determined on meat samples using culture dependent methods. In parallel, 
synchronous fluorescence spectra were recorded in an excitation wavelength range of 250-
500 nm using offsets of 20, 40, 60, 80,100, 120, 140, 160 and 180 nm between excitation 
and emission monochromators. PLS regression was used to predict the microbial counts for 
TVC, Pseudomonas, Enterobacteriaceae and B. thermosphacta from the spectral data. Good 
predictions, excellent correlations (R2 = 0.98) and very small root mean squares of prediction 
were obtained from the spectral data sets recorded on samples stored at 0, 5, 10 and 15 °C 
for TVC, Pseudomonas, Enterobacteriaceae, lactic acid bacteria, yeast and moulds and B. 
thermosphacta. 
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Sulfamides (or sulfonamides) constitute a large family of synthetic antimicrobial drugs largely 
used to prevent and treat animal and bee diseases. These drugs may cause a variety of 
human harmful reactions, including strong allergy reaction, urinary tract and haemopoietic 
disorders. Due to their extensive use, there is a need to verify the potential presence of their 
undesired residue in different food products including honey. Unfortunately, there is a lack of 
generic rapid tests able to detect all sulfamides compounds at the same time. Moreover, due 
to chemical binding between honey sugars and sulfamides, most of existing sulfamides 
screening tests require a long procedure of honey hydrolysis step before analysis. We have 
therefore developed a new rapid test based on dipstick format. We have also checked the 
necessity to apply an acidic hydrolysis step before the sample analysis. This indirect 
competitive Lateral Flow (LF) assay uses specific generic monoclonal antibodies and the 
result of the test is directly visualized on specific capture lines by the use of colloidal gold-
conjugates. Our results show that the hydrolysis step is mandatory to detect sulfamides in 
honey with our system. We have thus developed a new short and easy „on field‟ hydrolysis 
protocol. Our final test detects more than 10 sulfamides in honey at low concentration level 
(< 25 ppb for most of sulfamides). It only requires a very easy sample hydrolysis procedure. 
The adapted hydrolysis protocol takes only a 5 minutes incubation in boiling water and the 
overall dipstick analysis takes 20 minutes. Accurate results can be obtained either by visual 
observation of the test line intensity, or automatically using an optical reader. In conclusion, 
we have developed a rapid, easy and generic screening test able to detect, in one single 
analysis, more than 10 sulfamides in honey.    
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β-Lactams, sulfamides and tetracyclines are the 3 main families of antibiotics widely used by 
farmers to control or prevent animal bacterial diseases. Due to their human harmfulness and 
in respect to EU regulations, efficient controls of these antibiotics residues in food and 
especially in milk are needed. We have therefore recently developed the first rapid and easy 
screening test able to detect simultaneously all compounds of the main 3 families of 
antibiotics in milk. This multiplex dipstick test is a Lateral Flow (LF) assay using specific 
receptors and generic monoclonal antibodies. The results are visualized at the 3 specific 
capture lines by the use of colloidal gold-conjugates. In this final version of the test, a fourth 
reagent line has been added to the dipstick as a „dynamic control‟ line. The intensity signal of 
this control line will proportionally increase to the sample/reagent flow migration. It therefore 
reflects the correct use of the test and excludes potential invalid results. This control line 
serves also as a threshold limit value for each of the test line result interpretation. For milk, 
the test takes 6 minutes to run and does not require any cleaning or sample preparation. It is 
able to detect (LoD) the 3 families of antibiotics at concentrations near their respective 
maximum residue limit (MRL) values. The results can be interpreted by direct visual 
observation of the test and control lines. A more accurate interpretation can also be given by 
an optical reader that suppresses any subjectivity from the users. In conclusion, we are 
presenting the first rapid test based on dipstick format able to detect more than 30 antibiotics 
in one analysis.       
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Melamine (2,4,6-triamino-1,3,5-triazine ; C3H6N6) is a small synthetic organic molecule 
composed of 66% nitrogen. This molecule is mainly used in the production of plastics, paint 
and adhesives. In food, melamine can occasionally be found after contamination from plastic 
packages. But unfortunately, because of the high level of nitrogen, it has also become 
common to adulterate diluted milks with melamine in order to increase the apparent level of 
protein. In China, the country where this practice was more frequent and where higher 
concentration in milk has been found, the presence of melamine lead to kidney stones and 
other urinary tract problems. At least four babies died and more than 50,000 children have 
been ill after being fed with milk tainted with melamine. We have therefore developed the first 
rapid screening test for melamine detection in milk. It is an indirect competitive lateral flow 
assay that does not require any sample cleaning or preparation. When the sample is free of 
melamine, a colour appears at the „test‟ line, indicating the absence of melamine in the milk 
sample. On the contrary, the presence of melamine in the sample will not cause the coloured 
signal to appear at the „test‟ capture line but will increase the intensity of the „control‟ line. 
The dipstick test requires 5 minutes of incubation to get the result. The sensitivity is 250 ppb 
(ng/ml) for visual reading but it can be improved to 150 ppb by extending the dipstick 
incubation to 9 minutes and by using an optical reader for interpretation. The product was 
already tested with success in China dairy plans and no important variations have been 
found with milk from different origins. 
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feed, urine and thermally processed meat matrices   
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1Unisensor S.A., Belgium and 2The Food and Environment Research Agency (FERA), UK; 
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Tetrasensor is a competitive receptor-based lateral flow dipstick assay developed by 
Unisensor and detecting many tetracycline compounds at least at MRL values in different 
matrices such as milk, honey and raw animal tissues. Within WP2b (T2b4-D2b3) of the 
CONffIDENCE EU-project, detection of tetracycline family residues with Tetrasensor was 
improved and extended to 3 additional matrices: urine, feed and heat processed meat. In 
order to fit with these matrices, new sample processing was developed and reagents were 
adapted to improve the test line signal. This dipstick-based assay allows the detection of 
tetracycline compounds at very low levels of detection (< 50 ppb (µg/kg)) in each matrices in 
less than 20 minutes. For those who need less sensitive results, it is possible to further dilute 
the sample preparation to proportionally turn up the limit of detection. Accurate performances 
of this Tetracycline screening assay will soon be confirmed by in lab validation studies within 
D.2b.7 by the FERA partner. In conclusion, we have improved our generic tetracycline-
dipstick assay. This updated format allows detection of the most tetracyclines in a large 
range of matrices including raw animal tissues, processed meat, feed, urine, honey, egg, 
water and seafood. 
 
 
 
 
 
 
 



Rapid Methods Europe 2010   97 
25-27 January 2010, the Netherlands   

P10 

Alternative method for viruses airborne contamination control 
 
Quitterie Desjonquères 
Bertin Technologies, CNIM Group, France ; desjonqueres@bertin.fr 
 
In the context of environmental bio contamination control and especially of air control in clean 
rooms and hospitals for all kind of airborne microorganisms, Bertin Technologies (France) 
has developed a technology dedicated to the monitoring of airborne bio-particles. The goal is 
to propose a sampling method compatible with rapid microbiological methods in order to get 
reliable and specific data about the airborne biocontamination in any environment, including 
viruses. The airborne particles are separated from the air and collected into a sterile liquid 
media. This liquid sample is directly compatible with rapid analysis such as PCR assay. This 
sampler is qualified according ISO14698-1 (Health Protection Agency, Porton Down, UK) 
and a specific study has been hold with the Centre de Recherche, Hopital Laval - Quebec 
(Canada) to evaluate the concentration of the lactococcal 936-species bacteriophages in 
aerosols collected in a cheese factory with different sampling techniques: either filters 
(polycarbonate and Teflon) or liquid sampling (Coriolis®) with a real time PCR analysis. 
Coriolis air sampler has been validated according ISO14698-1 with a physical sampling 
efficiency measured at 62% for the particles sizes up to 1.0 micron and 100% from 5 micron 
particles diameter. The biological efficiency has been revealed at 80% for Staphylococcus 
epidermidis. The specific study in the cheese factory has shown conclusive results with 
Coriolis with the lowest limit of detection compared with others samplers. The Coriolis® is an 
efficient air sampler to detect low concentration of airborne virulent bacteriophage in the air. 
Furthermore thanks to its ergonomic design, the use is easy in industrial area such as 
cheese factories. In both industrial and epidemiological context, short time sampling (high air 
flow rate), efficiency and its ergonomic design are important assets to detect airborne 
contaminants and to react as soon as possible. 
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SimPath: simultaneous detection and identification of Salmonella 
and six Listeria species in one test 
 
Geoffrey N. Elliott. 
The Macaulay Land Use Research Institute, UK; g.elliott@macaulay.ac.uk 
 
Current rapid methods continue to be costly and largely only allow for pathogens to be tested 
individually. SimPath (M-TRFLP) technology reduces time and costs by simultaneously and 
within a single test identifying multiple pathogens without the need for extensive culture. 
SimPath utilises genetic differences between target pathogenic and non-pathogenic bacterial 
species to detect the presence of multiple pathogens in a complex food-based or 
environmental sample simultaneously and within one test. SimPath technology identifies 
PCR-amplified sequences by using enzymes that recognise highly specific sites within those 
sequences. The known presence of a signature site in an amplified sequence from a 
pathogenic organism leads to a single defining sequence fragment of a specific size.  These 
fragments can be sized to an extremely high accuracy and thus the presence of a certain 
size of fragment indicates the presence of a pathogen in the original sample. Pathogens are 
identified by the presence of several independent markers within each test, and with internal 
controls also engineered within the test, SimPath is reliable and fully inclusive/exclusive, a 
true „all-in-one‟ solution. We have focused on detection and identification of Salmonella and 
six species of Listeria in milk samples and are in the final stages of developing a combined 
analysis protocol taking an individual sample through combined enrichment and analysis to 
result in 20 hours using one test for all seven species without the need to split the sample at 
any point during the procedure. While the technology will initially focus on simultaneous 
pathogen detection in food and the environment, its flexibility allows for wider application in 
the healthcare, forensic and remediation industries. We are looking for feedback from end-
users and potential beta-testing partners in the milk pathogen testing environment and in the 
food testing arena in general for validation prior to us submitting SimPath for European 
accreditation. 
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Development and implementation of new methods for on-site 
detection of bacterial and viral pathogens 
 
Jana Erjavec1, I. Gutiérrez-Aguirre1, P. Kramberger3, T. Dreo1, G. Seljak2 and M. Ravnikar1 
1National Institute of Biology, Slovenia, 2Kmetijsko gozdarski zavod Nova Gorica, Slovenia 
and 3BIA Separations d.o.o., Slovenia; jana.erjavec@nib.si 
 
Real-time PCR techniques enable reliable, sensitive and rapid detection of microorganisms. 
In recent years the need for fast, and preferably onsite, diagnostic results, has led to the 
development of improved PCR protocols in combination with portable real-time detection 
systems, such as the Smart Cycler (Cepheid). In the following abstract we present real-time 
PCR detection of two different organisms, rotavirus in environmental water samples and 
plant pathogenic bacterium Xyllela fastidiosa in samples from vineyards, using Smart Cycler 
system. Rotaviruses are the major cause of diarrhoea in infants and children under 5 years 
old. Low but still infective concentrations of rotaviruses can be present in water supplies 
constituting a risk for the population. A combination of a robust concentration step with a 
sensitive detection, which could preferably be implemented for onsite detection, is called for 
to perform proper diagnosis of such samples. In this study we used the novel monolithic CIM 
chromatographic supports for concentration of rotaviruses from water samples (Gutierrez-
Aguirre et al., 2009). For virus detection we designed a qPCR approach targeted to the 
rotaviral VP2 gene (Gutierrez-Aguirre et al., 2008). The assay, which includes multiple 
forward and reverse primers in addition to a degenerated probe, is able to detect most 
common rotavirus genotypes from both human and animal origin. The combination of CIM 
QA 8ml tube concentration and qPCR efficiently detected as low as 9.68 x 101 part/ml of 
rotavirus spiked in 1 l of river water. Combination of both methods allowed detection of 
rotavirus in different environmental and tap water samples (3 to 5 l) from Slovenia, where 
otherwise, due to low virus titer, would not have been detected. The system has been 
adapted to direct on-site detection, using a Smart Cycler real time PCR portable 
thermocycler. X. fastidiosa ( Wells et al. 1987) is a causal agent of Pierce's disease on grape 
(PD) and many other economically important diseases. The disease is spread by sap-feeding 
insect vectors and in many areas in the United States the disease is endemic, however it is 
not yet present in Europe. Pathogen is therefore placed on EPPO I.A.I quarantine list. Since 
the culture isolation of the pathogen is difficult even from symptomatic samples, a reliable 
detection method is essential for monitoring the presence and spread of the disease. Our 
objective was to implement a highly sensitive real-time PCR assay using a 20 min protocol 
(Schaad et al., 2002) and other detection methods to screen grapevine samples from 
Slovenian vineyards. DNA was isolated using magnetic beads and real-time PCR Smart 
Cycler (Cepheid) apparatus was used for detection. According to the results obtained using 
positive control samples, real-time PCR seems highly sensitive for detecting X. fastidiosa, 
however, preliminary results show that the pathogen is not present in samples from 
Slovenian vineyards.  
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Development of a sensor for chemical water quality using sorption 
to polymer coated surfaces and refractive index measurements  
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Presented as contributed paper; for abstract see page 39. 
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The detection of veterinary residues in meat using on line SPE in 
combination with LC-MS/MS analysis  
 
Stephen J. Lock1, D. Potts1, A. Martinez2, L. Bonetto2 and F. Mocholí2   
1Applied Biosystems, UK and 2SAILab, Spain; stephen.lock@lifetech.com 
 
Penicillins, tetracyclines and sulphonamides are veterinary medicines, which are used to 
improve the health of live stock and as such are found as residues in meat but also in other 
food ingredients, e.g. honey, which are used across the European Union. New legislation for 
these compounds has recently come into effect in Spain for the export of meat to Russia 
which necessitates the use of new techniques such as LC-MS/MS over existing techniques 
such as UV-VIS detection. This poster presents data on an analysis method using an API 
3200™ LCMSMS System where these detection limits for these residues are below current 
EU legislation of 100 parts per billion. On-line SPE was used in combination with large 
volume injection in order to detect antibiotics in a more automated approach. Meat extracts 
(1 ml) were injected using a PICO system from Spark Holland. The PICO system performed 
automated SPE followed by a gradient reverse phase elution of the antibiotics into the LC-
MS/MS system. Results presented show that this on line analysis of meat extracts seem to 
be applicable to the detection of antibiotics in meat at the required EU legislation limits.  The 
on-line approach seems to have several benefits including simplicity of the extraction 
process as well as a time saving over more traditional forms of sample preparation. 
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The use of the scheduled MRM™ algorithm to extend the scope and 
increase the throughput of pesticide screening by LC-MS/MS 
  
A. Schreiber1, Stephen Lock1, H. Moeller1, R. Poodt1 and N. Pace2 
1Applied Biosystems, UK and 2MDS Analytical Technologies, Canada; 
stephen.lock@lifetech.com  
 
Pesticide application on our food is a typical process used to prevent the destruction of crops 
by pests in order to increase crop yield. Unfortunately, however, after application of 
pesticides on food, pesticide residues can remain on food, soil and water which can, in turn, 
have harmful effects on the consumer. As a result, maximum residue levels have been 
established as a means to determine foods allowable for import and export. Testing these 
food products has become an important necessity. Hundreds and hundreds of pesticides are 
used around the world on crops. For this reason, there is a need to develop methods to 
accommodate for the analysis of such high numbers of compounds. For such methods, a 
targeted approach is ideal which includes all known pesticides in a single run. Here we 
present a high-throughput LC-MS/MS method that combines the high sensitivity MRM 
screening with fast EPI identification and allows detection of low concentration pesticides, 
with LOD below 0.1µg/l. The developed LC-MS/MS method was used to monitor pesticides 
in various fruit and vegetable samples after simple QuEChERS (quick, easy, cheap, 
effective, rugged, and safe) extraction. Additionally, water samples were injected directly into 
LC-MS/MS. A reversed phase LC system using a polar modified column (Restek Ultra 
Aqueous C18), a gradient of water/methanol with 10mM ammonium acetate buffer, and a 
QTRAP® mass spectrometer with electrospray ionization (ESI), multiple reaction monitoring 
(MRM) and enhanced product ion (EPI) scan were used to detect pesticides. This set-up 
allows the simultaneous screening, quantitation and identification of hundreds of pesticides in 
food and water samples. In one single experiment more than 600 MRM transitions were 
monitored without cross talk using traditional MRM and Scheduled MRM™ functionality. The 
use of the Scheduled MRM™ algorithm greatly enhances accuracy and reproducibility of LC-
MS/MS detection of a large set of targeted analytes at low concentration levels. In the same 
experiment fast confirmatory EPI scans were triggered by intelligent software using Collision 
Energy Spread (CES) settings. In comparison to fixed Collision Energies CES was found to 
give more reproducible and richer MS/MS spectra and thus greatly enhancing the quality of 
library searching. Library searchable EPI spectra were generated at concentrations as low as 
0.1µg/l. 
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LC-MS/MS analysis of biogenic amines in foods and beverages 
  
B. Lefebvre1, T. Sakuma1, A. Schreiber2, S. Lock2, Harald Moeller2, R. Poodt2 and 
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1MDS Analytical Technologies, Canada, 2Applied Biosystems, UK and 3National Research 
Council, Canada; harald.moeller@lifetech.com 
 
Biogenic amines are a group of biologically active organic compounds produced by 
decarboxylation of free amino acids. They are found in bacterially contaminated food, 
particularly in fish and are therefore potential quality indicators. They can, in sufficient 
concentrations, pose a threat to human health. Histamine is the main causative agent in 
Scombroid fish poisoning. The other biogenic amines such as putrescine, cadaverine and 
tyramine are also of great interest as their presence enhances the toxicity of histamine. 
Biogenic amines can also react with nitrites to form potentially carcinogenic nitrosamines. 
Analysis of these amines is usually carried out by ELISA at a detection limit of low-medium 
ppm. Analysis by traditional RP-HPLC is difficult because of poor retention. Derivatization 
methods are time consuming, ion-pairing agents can inhibit LC-MS analyses, and both can 
adversely affect method reproducibility. In 2006 we investigated the use of cation-exchange 
column coupled with tandem mass spectrometry detection to analyze biogenic amines in 
seafood. Although the method worked well, it requires column regeneration, ion suppressor, 
etc., and is not suited for high throughput analysis. With the introduction of new LC phases, 
we wanted to see if HILIC or fluorinated packing material can handle the direct analysis of 
these polar biogenic amines: cadaverine, histamine, 2-phenylethylamine, putrescine, 
serotonin, spermidine, spermine, tryptophan, tryptamine, tyramine and urocanic acid. We 
examined several LC columns and found that Pinnacle® DB PFPP works fine with 0.05% 
trifluoroacetic acid for all of these amines with detection limits (based on S/N=10) of low ppb. 
The current Food Standards Code indicates the permitted level for histamines to be 200 
mg/kg or 200 ppm. Therefore, our new method meets the requirement for routine screening 
for these compounds. The analysis time including column regeneration is 6 minutes using a 
1.9 μm, 50x2.1 mm PFPP column. Over 200 various foods and beverages have been tested 
in triplicate injections for reproducibility and robustness of this new method. This method was 
also applied to a study of time, storage condition and concentration of these biogenic 
amines. 
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crude extracts of grains by LC-MS/MS 
 
J. Kunze1, A. Giger1, A. Schreiber2, Harald Moeller3, K. von Czapiewski3 and S. Lock4 

1SGS Germany GmbH, Germany, 2Applied Biosystems/MDS Analytical Technologies, 
Canada, 3Applied Biosystems, Germany and 4Applied Biosystems, UK; 
harald.moeller@lifetech.com 
 
Multicomponent methods for the detection of different compound groups as mycotoxins or 
pesticides have been established and are widely used to analyze a broad range of food or 
feed. However, there is a continuing demand to test for a larger number of compounds in 
shorter times. To develop a combined method for different compound classes can help to 
meet those new challenges. Since typically mycotoxins and pesticides require different 
sample preparation a simplified sample preparation had to be established to analyze the two 
compound classes simultaneously in one sample. No additional clean up steps by SPE or 
immuno-affinity columns are possible anymore. However, this simplified sample preparation 
results in saving time and money. The sample preparation procedure is based on a simple 
extraction with a mix of acetonitrile and water. Before injection the extracts were simply 
diluted. The data was acquired using a Shimadzu Prominence LC system coupled to an API 
4000™ LC-MS/MS system and the method were developed for over 130 compounds. Two 
separate injections, each with a different polarity, where used to match high throughput 
requirements with the run time of each injection kept short (20 minutes). This poster presents 
data from this fast robust and reliable method, which has been validated for the detection of 
15 mycotoxins and around 120 pesticides in the matrix grain. The LC-MS/MS method in 
multiple reaction monitoring (MRM) detects all mycotoxins with limits of quantitation (LOQ) 
between 0.3 μg/kg and 10 μg/kg. The LOQ for pesticides was found to be 10 μg/kg and less. 
All LOQs meet the requirements of the EU. 
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mycotoxins  
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1Unisensor S.A., Belgium, 2Institute of Sciences of Food Production (CNR-ISPA), Italy and 
3Centre d‟Economie Rurale (CER), Belgium; info@unisensor.be 
 
Mycotoxins are toxic secondary metabolites produced by naturally occurring fungi in food 
and feed commodities. Production of mycotoxins can occur in agricultural lands before 
harvesting or during the storage of cereals when environmental conditions are favourable. 
Mycotoxins induce a wide range of toxic effects in animals in addition to being hazardous for 
the human health. Human exposure can occur from direct consumption of contaminated 
commodities or from the consumption of food from animals previously exposed to 
mycotoxins through feed. Depending on the mycotoxin, the adverse effects can be 
hepatotoxicity, nephrotoxicity, teratogenicity, and carcinogenicity. Unfortunately, it is very 
difficult to remove the contamination when it has occurred. Therefore, in order to reduce the 
risk of exposure, the European Commission has decided to reinforce the monitoring of these 
toxins in foods and feeds by establishing new regulations. Nowadays, there are more than 
400 different mycotoxins reported. Amongst them, the most important groups of mycotoxins 
which occur quite often in food are aflatoxins and ochratoxins, tricothecenes (T-2/HT-2, 
DON), zearalenone and fumonisins (FB1, FB2). The mycotoxins concern is not a dream, but 
is a growing reality, a heavy problem to solve since more than 25% of the world‟s crop 
production is affected. In this work, we will describe the recent advances in the preparation of 
four lateral flow devices to detect 4 mycotoxins in less than 10 minutes. The principle of the 
measurement is based on an indirect competitive test with a red colour development 
inversely proportional to the amount of mycotoxins. The targeted mycotoxins are T-2/HT-2, 
DON, zearalenone and fumonisins in maize, wheat and oat raw cereals and food, and in 
maize feed, with a simple and unique extraction method allowing a mycotoxin recovery 
higher than 70%. Due to the dilution factor of the extraction procedure, the limit of detection 
of our strip tests in cereals has to be in the ppb range. 
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of strawberry pathogens 
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Detection of plant pathogens is often done by culturing and/or immunochemical techniques 
like ELISA. However, other techniques already widely used in clinical and also food 
diagnostics, like point of care testing (POCT) and microarrays, are being introduced in the 
agricultural field as well. POCT assays have the advantage that they can be performed at the 
place where information is needed (greenhouses or cultivated fields). They facilitate decision 
making (especially for quarantine pathogens), and they also allow a wiser use of 
phytosanitary products (applying them where and when they are really needed). Most POCT 
tests use antibodies for analyte detection and coloured nanoparticles to visualize the results. 
In the test format lateral flow immunoassays (LFIA) latex, gold and carbon are being applied 
as signal labels. LFIA tests have several advantages: they are rapid, very easy to use and 
they can generate quantitative or semiquantitative responses (visually or by means of 
instruments). In this work the simultaneous detection of Xanthomonas fragarie (Xf) and 
strawberry latent ringspot virus (SLRSV) is presented using a lateral flow immunoassay 
(LFIA) with carbon nanoparticles as signal labels. In strawberry plants both plant pathogens 
cause a reduction in the amount and the quality of fruits produced. Since this plant is mostly 
replicated by plant propagation, their detection (and confirmation) by rapid methods such as 
LFIA is of great interest, especially to avoid the replication of affected plant material. Both 
pathogens were detected (and quantified) in LFIA by using specific antibodies coated onto 
carbon nanoparticles and nitrocellulose membranes. The intensity of the line achieved on the 
strip was measured by means of a flatbed scanner and image analysis of the pixel grey 
levels. The amount of pathogen antibody printed on the nitrocellulose strips was selected by 
using serial dilutions of control samples containing pathogens. The best results (lowest 
detection limit and widest dynamic range) were achieved with a printing dose of 500 μg/ml. 
The optimized strips were used with field samples and the results were compared with those 
achieved by DAS-ELISA. All LFIA results for Xf were identical to those obtained in DAS-
ELISA. In the case of SLRSV, some false negative results were observed, probably due to a 
lower sensibility. Results improved when 10 μl of sample was used. In this work, it has been 
demonstrated that with little sample treatment (dilution with buffer) two strawberry pathogens, 
Xf and SLRSV, can be detected simultaneously by using a LFIA with carbon nanoparticles as 
signal labels. The LFIA detection system showed to be reliable and time- plus cost effective 
at the same time. 
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L.A. Tortajada-Genaro, S. Morais, T. Arnandis-Chover, M. García, Patricia Noguera, 
R. Puchades and Á. Maquieira 
Universidad Politécnica de Valencia, Instituto de Reconocimiento Molecular y Desarrollo 
Tecnológico, Spain; pnoguera@qim.upv.es 
 
The present communication assesses different strategies for oligonucleotide immobilization 
on a digital versatile disk (DVD) to further detect and quantify the presence of soy resistant to 
roundup ready herbicide for food quality and safety control purposes. The target sequences 
were selected including the 35S promoter, a region of cp4-EPSPS gen and NOS terminator 
(GenBank AY596948). The probes were designed using bioinformatics tools to check 
specificity while avoiding cross reactivity, inappropriate folds or auto-hybridization. For 
immobilization of probes, indirect adsorption of oligonucleotides required the use of 
bioreceptors passively adsorbed onto the polycarbonate side of the disk. To develop assays 
under this immobilization strategy, affinity receptors in combination with 5´-functionalized 
probes were used. The efficiency of the immobilization was determined using labelled 
probes. As the result of the receptor-probe interaction and after incubating with the 
appropriate developer, a solid deposit was formed. The reaction product modified the optical 
properties of the disk, varying the signal intensity of the laser that reached the photodiode of 
the pickup of the DVD drive used as detector, correlating well with the amount of receptor-
probe adduct. In comparison to the reference methods, the instrumentation and assay 
protocols were by far cheaper and simpler. Furthermore, the sensitivity was in the picomolar 
range and the assay reproducibility (RSD <8%) was suitable for the threshold values of DNA 
microarray for the detection of transgenic food.  
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and tandem mass spectrometry 
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1Applied Biosystems, UK and 2MDS Analytical Technologies, Canada; 
roddy.poodt@lifetech.com 
  
Collagen is the main protein of connective tissue in animals and the most abundant protein in 
mammals, including humans. In fact, it makes up about 25% to 35% of the total amount of 
protein in the body. Hydroxyproline is a major component of the protein collagen playing a 
key role for collagen‟s stability. Creatinine is a break-down product of creatine phosphate in 
muscle. These compounds determine how juicy and tender meat is. Traditionally, 
colorimetric methods are used routinely in the meat and leather industries. Here we present 
a method using liquid chromatography coupled to tandem mass spectrometry (LC-MS/MS) 
for the analysis of hydroxyproline and creatinine from collagen extracts. The samples were 
simply diluted and injected onto a hydrophilic interaction LC column (HILIC) coupled to an 
API 3200™ LC-MS/MS system operated in positive polarity. Multiple reaction monitoring 
(MRM) was used for detection because of its high selectivity and sensitivity. The developed 
method had excellent limits of detection, linear range and reproducibility and was 
successfully applied to the analysis of meat extracts. The high sensitivity of the developed 
LC-MS/MS method allowed dilution of meat extracts greatly increasing robustness and 
reducing the risk of possible matrix effects. This analytical procedure can speed up the 
sample analysis for hydroxyproline and creatinine, which in turn, improves the whole 
processing of collagen products. 
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Several publications describe the analysis of water-soluble B (WSB) vitamins, as standards 
or in clean matrices such as beverages, analyzed in a single LC-MS/MS injection. There is 
much interest in quantifying the WSB vitamins in more complex matrices, like food products. 
However, a major difficulty with a single WSB vitamin assay is that sample preparation 
depends both on the vitamin and the sample matrix. There is considerable interest in a 
generalized sample preparation method for all WSB vitamins, but each vitamin‟s chemistry 
differs and a single extraction may not appropriate. Another consideration is that the B 
vitamins also have differing optimal electrospray ionization voltages. We present a method 
for identifying and quantifying the WSB vitamins in fortified foods and beverages. The 
method for all WSB vitamins and methods for individual vitamins utilize a C18 column, water/ 
methanol gradient and positive ion ESI with differences in spray voltage and gradient. The 
experiment for analysis of all WSB vitamins is under 10 minutes. Two MRM transitions per 
analyte were used for analyte quantification and confirmation. The MRM transitions can also 
trigger a full-scan analyte product ion spectrum for library matching validation. Samples of 
vitamin-enriched water, a fortified energy beverage, a low-fat white milk, chocolate diet 
„shake‟, and multigrain cereal flakes were extracted with 0.1 N HCl (pH 1), 0.1% formic acid 
(pH 3), 0.1% formic acid/5 mM ammonium formate (pH 5), or 5 mM ammonium bicarbonate 
(pH 9) as appropriate. Comparison of MS/MS results with microbiological methods shows 
that each extraction solution has its own efficiency, and extraction solution recovery of a 
spiked sample matrix varies with each vitamin, matrix, and pH. Major interferences are 
carbohydrates, various polymeric additives, and mineral content. In some cases, the MS/MS 
results are significantly higher than the microbiological result and in some cases lower. 
However, the confirmatory ion ratios suggest the MS/MS results are valid. Lower results from 
the mass spectrometric analysis may be due to ionization suppression or increased 
specificity for the analyte over the microbiological assay. The low cost, routine MS/MS 
system gives linear standard curves for the WSB vitamins from 0.5 to 1000 ng/ml. LODs of 
less than 1 ng/ml were obtained for each analyte. The fortified liquid samples were diluted 
between 10- and 50-fold and the cereal extract was diluted 1,000-fold to bring the 
concentration range of the analytes within the range of the standard curve. Additional 
sensitivity might be gained by increasing the sample dilution factors as this will also dilute 
away the suppression effects of the matrix. Dilution should simplify the sample preparation 
and make the analysis more reproducible. The current method is designed for the analysis of 
fortified food products, but the potential sensitivity gain suggests that the analysis of WSB 
vitamins at natural levels may be possible. Faster scanning, more sensitive instruments may 
provide a means to do faster chromatography and therefore improve sample throughput. The 
potential of additional sensitivity suggests that analysis of WSB vitamins at natural levels 
may be possible. 
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Evaluation of six different commercially available real-time PCR 
methods for the detection of Salmonella spp. in foodstuffs 
 
A. Abdulmawjood1, Holger Schönenbrücher2, J. Slaghuis2, S. Rosa1 and M. Bülte1 
1Justus Liebig University Giessen, Institute of Veterinary Food Science, Germany and 2Merck 
KGaA, Germany; holger.schoenenbruecher@merck.de 
 
Salmonellae are amongst the most common pathogens causing foodstuff-related infections 
in humans. Respectively there were 152,000 proved human infections in the year 2007 - only 
in the European Union. At this minced meat (pork, poultry) as well as raw egg containing 
foodstuffs are seen as „risk products‟. Besides that Salmonella infections connected with 
peanut butter and hot chilli peppers became more frequent in the USA during the last years. 
On account of this reliable and modern test systems for the specific and sensitive Salmonella 
detection are needed. The real-time PCR technology is the preferred method in the routine 
diagnostic. The up to now existing real time PCR tests for the detection of Salmonella enable 
a result within 24 hours (in contrast to the reference method according to ISO 6579:2002/ 
Cor1:2004). In the work presented here as a first part of the study, the specifity and 
configuration of the following six commercially available test kits were being investigated: (i) 
foodproof® Salmonella Detection Kit 5´Nuclease (Merck KGaA); (ii) iQCheckTM Salmonella 
II (BioRad Laboratories); (iii) TaqMan® Salmonella enterica Detection Kit (Applied 
Biosystems); (iv) BAX® Salmonella System (Oxoid); (v) SureFood® PATHOGEN Samonella 
Plus (Congen); and (vi) QuickBlue Real Quick Salmonella PCR-Kit (Q-Bioanalytic). Besides 
different specificities the existing testkits differ in the configuration of the testkits, the 
fluorescent dies and probes, the usage of internal amplification controls, the procedure of the 
probe preparation and the usage of different thermocyclers. 
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Nanoparticles in food: analytical methods for detection and 
characterisation 
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“The Scientific Committee makes a series of recommendations; in particular, actions should 
be taken to develop methods to detect and measure ENMs [engineered nanomaterials] in 
food/feed and biological tissues, to survey the use of ENMs in the food/feed area, to assess 
the exposure in consumers and livestock, and to generate information on the toxicity of 
different ENMs” [1]. The above citation illustrates well the current situation with view to the 
analysis of engineered nanoparticles (ENP) in food. At the moment, nanotechnology 
applications for the food sector are intensively investigated and developed. A number of 
nanomaterials are already in use as food additives or in food contact materials. At the same 
time, very limited knowledge is available on the potential impact of ENP on consumers‟ 
health. Exposure of the consumer to ENP cannot be determined due to the lack of 
appropriate analytical methods. This gap is addressed by the FP7 project NanoLyse which 
will start in early 2010. The NanoLyse project will focus on the development of validated 
methods and reference materials for the analysis of engineered nano-particles (ENP) in food 
and beverages. The developed methods will cover relevant classes of ENP with reported or 
expected food and food contact material applications, i.e. metal, metal oxide/silicate, surface 
functionalised and encapsulate ENP. Priority ENPs have been selected out of each class as 
model particles to demonstrate the applicability of the developed approaches, e.g. nano-
silver for the metal NPs. Priority will be given to methods which can be implemented in 
existing food analysis laboratories. A dual approach will be followed. Rapid imaging and 
screening methods will allow the distinction between samples which contain ENP and those 
that do not. These methods will be characterised by minimal sample preparation, cost-
efficiency and high throughput. More sophisticated, hyphenated methods will allow the 
unambiguous characterisation and quantification of ENP. These will include elaborate 
sample preparation, separation by field flow fractionation and chromatographic techniques as 
well as mass spectrometric and electron microscopic characterisation techniques. The 
developed methods will be validated using the well characterised food matrix reference 
materials that will be produced within the project. Small-scale interlaboratory method 
performance studies and the analysis of a few commercially available products claiming or 
suspect to contain ENP will demonstrate the applicability and soundness of the developed 
methods. 
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