
Rapid Methods Europe 2009   1 
26-28 January 2009, the Netherlands   

FINAL PROGRAMME 
& 
ABSTRACTS OF LECTURES AND POSTERS 
 
 
 
 
 
 
 
 
 
 
 
 

Rapid 
Methods 
   Europe 2009  

 
 
 
international conference, marketplace and matchmaking event 
for food and feed safety and quality 
 
 
 
 
 
 
26-28 January 2009 
Noordwijkerhout, the Netherlands 
 
 
 
 
 
 
 
 
 
 
 
 
 



2  Rapid Methods Europe 2009 
26-28 January 2009, the Netherlands 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Rapid Methods Europe 2009 
 
Advisory Committee 
 
Dr. Aart van Amerongen 
Wageningen University, Agrotechnology & Food Sciences Group, the Netherlands 
 
Dr. Daniel Barug 
Ranks Meel, the Netherlands 
 
Helena B. Bastiaanse 
Bastiaanse Communication, the Netherlands 
 
Dr. Kitty Maassen 
Wageningen University, Animal Sciences Group, the Netherlands 
 
Dr. Bert Popping 
Eurofins Scientific Group, UK 
 
Prof.dr. Sarah De Saeger 
Ghent University, Department of Bio-analysis, Belgium 
 
 



Rapid Methods Europe 2009   3 
26-28 January 2009, the Netherlands   

WELCOME AT RAPID METHODS EUROPE 2009! 
 
 
 
 
 
Dear participant, 
 
There is an ever-increasing need for rapid methods and instrumentation in the field of food 
and feed safety and quality. Faster results, higher productivity, lower costs and increased 
sensitivity are key words for all those professionally involved. Continuing developments in 
analytical techniques lead to the emergence of a wide range of new and dedicated rapid 
methods to complement the traditional methods. How to keep up with these developments? 
 
Rapid Methods Europe is a series of events dedicated to the latest developments in rapid 
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 2009 features: 
 

 invited lectures and contributed papers 

 poster presentations  

 interactive workshops & demonstrations  

 spotlight presentations 

 instrument & manufacturers exhibition  

 matchmaking event 
 
As a comprehensive overview Rapid Methods Europe 2009 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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All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or 
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PROGRAMME AT A GLANCE 
 
Monday 26 January 2009 
 

13.30 - 15.15 
Plenary meeting 

Two sides of the rapid methods coin 

Instrument 
& 

manufacturers 
exhibition 

15.45 - 17.30 

 
Parallel session 1 
Microorganisms 

 

 
Parallel session 2 

Chemical contaminants 

18.00 - 19.00 Rapid Methods’ Lounge Party 

 
 
 
Tuesday 27 January 2009 
 

08.30 - 12.00 

 
Parallel session 3 
Microorganisms 

 

 
Parallel session 4 

Chemical contaminants 

Instrument 
& 

manufacturers 
exhibition 

12.15 - 13.30 
Poster presentations 

Workshops & demonstrations - Round I 
Matchmaking event - Part I 

13.30 - 17.00 

 
Parallel session 5 
Microorganisms 

 

 
Parallel session 6 

Food & feed quality 

17.15 - 18.30 
Poster presentations 

Workshops & demonstrations - Round II 
Matchmaking event - Part II 

20.15 Conference dinner (reservations only) 

 
 
 
Wednesday 28 January 2009 
 

09.00 - 10.30 

 
Parallel session 7 
Microorganisms 

 

 
Parallel session 8 

New worlds of 
rapid testing 

Instrument 
& 

manufacturers 
exhibition 

11.00 - 12.30 
Plenary meeting 

What’s next? 
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CONFERENCE PROGRAMME 
 
 
 
 

Rapid 
Methods 
   Europe 2009  

 
 
 
international conference, marketplace and matchmaking event 
for food and feed safety and quality 
 
 
 
 
 
 
Monday 26 January 2009 
 
 
13.30 Opening of Rapid Methods Europe 2009 
 
Plenary meeting 
Two sides of the rapid methods coin 
 
Chair: Dr. Bert Popping, Eurofins Scientific Group, UK 
 
13.45 Rapid methods: at the crossroads of risk assessment and risk management 

Dr. Fabrice Peladan, Danone, Food Safety Centre, France 
 
14.30 Chemical contaminants in food and feed: inexpensive detection for control of 

exposure (CONffIDENCE, a new European research project) 
Dr. Jacob de Jong, RIKILT - Institute of Food Safety, the Netherlands 

 
15.15 Networking break & exhibition 
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Monday 26 January 2009 
 
 
Parallel session 1 
Microorganisms 
  
Chair: Dr. Aart van Amerongen, Wageningen University, Agrotechnology & Food Sciences 

Group, the Netherlands 
 
15.45 Rapid methods for spoilage and indicator organism  

Dr. Rijkelt R. Beumer, Wageningen University, Laboratory of Food Microbiology, the 
Netherlands  

 
16.30 Biosensors and bio-based methods for the separation and detection of foodborne 

pathogens 
Prof.dr. Arun K. Bhunia, Purdue University, Department of Food Science, USA 

 
Contributed paper 
 
17.15 Multiplex real-time RT-PCR for simultaneous detection of GI/GII noroviruses and 

murine norovirus 1 
 Prof.dr. Mieke Uyttendaele, Ghent University, Department of Food Safety and Food 

Quality, Belgium   
 
Spotlight presentations 
 
17.30 New cost saving screening technologies for food safety 

Dr. Paul Overgaauw, RnA, the Netherlands 
 
Real-time PCR solution: rapid methodology for accurate and cost-effective pathogen 
detection  
Geert Nobels, Applied Biosystems, Belgium 

 
The use of fluorescence and reader systems in producing next generation 
performance in lateral flow and flow through assays 
Dr. Brendan O'Farrell, Diagnostic Consulting Network, USA 

 
 
 
 
 
 
 
 
 

 18.00 - 19.00 Rapid Methods’ Lounge Party 
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Monday 26 January 2009 
 
 
Parallel session 2 
Chemical contaminants 
 
Chair: Prof.dr. Sarah de Saeger, Ghent University, Department of Bio-analysis, Belgium 
 
15.45 Detection of known and unknown food contaminants: from days towards seconds  

Prof.dr. Michel W.F. Nielen, Wageningen University, Laboratory of Organic 
Chemistry, the Netherlands 

 
16.30 Application of MIPs as selective recognition elements for antibiotic sensing  

Prof.dr. Maria C. Moreno-Bondi, Complutense University of Madrid, Department of 
Analytical Chemistry, Spain 

 
Contributed paper 
 
17.15  A miniaturized gas-chromatographic system for the evaluation of fish freshness 
 Dr. Alejandro Barranco, AZTI-Tecnalia, Food Research Division, Spain 
 
Spotlight presentations 
 
17.30 A lateral flow assay for the quantitative measurement of progesterone in fresh cow's 

milk 
Dr. Mark Jones, BBInternational, UK 
 
Effective microscopic image analysis system based on aroprot® staining of biological 
particles 
Dr. Georg Meinardus-Hager, a.e.r.o.medi, the Netherlands 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 18.00 - 19.00 Rapid Methods’ Lounge Party 
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Tuesday 27 January 2009 
 
 
Parallel session 3 
Microorganisms 
 
Chair: Dr. Kitty Maassen, Wageningen University, Animal Sciences Group, the Netherlands 
 
08.30 Characterization of highly pathogenic microorganisms by MALDI-ToF mass 

spectrometry and chemometrics 
Dr. Peter Lasch, Robert Koch Institute, Biomedical Spectroscopy, Germany 

 
09.00 Molecular detection of viruses using a novel magnetic bead microarray 

Dr. Neil Leblanc, National Veterinary Institute, Department of Virology, Immunology 
and Parasitology, Sweden 

 
09.30 Sensor systems for rapid detection of post-harvest microbial spoilage in potato tubers 

and cereal grain 
Dr. Peter T.N. Spencer-Phillips, University of the West of England, Department of 
Applied Sciences, UK 

 
10.00 Networking break & exhibition 
 
Subsession 
Sampling and sample preparation 
 
10.30 Sampling of food: useful tool or lucky shot? 

Ida Dijkhoff-Jongenburger, M.Sc., Wageningen University, Laboratory of Food 
Microbiology, the Netherlands 

 
11.00 Challenges in conventional and molecular microbial food testing: how to facilitate the 

extraction of target cells? 
Prof.dr. Martin Wagner, University of Veterinary Medicine, Institute for Milk Hygiene, 
Milk Technology and Food Science, Austria 

 
11.30 Reinventing the Petri dish: miniaturised tools for microbial culture 

Dr. Colin J. Ingham, Wageningen University, Laboratory of Microbiology, the 
Netherlands 

 
Spotlight presentation 
 
12.00 Outsourcing rapid identification of bacteria and fungi with our MicroSEQ® service 

Richard de Winter, BaseClear, the Netherlands 
 
12.15 – 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 27 January 2009 
 
 
Parallel session 4 
Chemical contaminants 
 
Chair: Prof.dr. Sarah De Saeger, Ghent University, Department of Bio-analysis, Belgium 
 
08.30 Smart sensors in the process technological water world 

Dr. Henk Miedema, Wetsus, Centre of Excellence for Sustainable Water Technology, 
the Netherlands  

 
09.00 Quantitative determination of multiple mycotoxins by planar waveguide   
  Dr. Jens Burmeister, Bayer Technology Services, Germany 
 
09.30 Analysis of pentachlorophenol (PCP) in guar gum by GC-MS: a fast and reliable 

alternative method to QuEChERS 
Dr. Katrin Hoenicke, Eurofins | WEJ Contaminants, Germany  

 
10.00 Networking break & exhibition 
 
Subsession 
New rapid technologies for toxicity testing 
 
10.30 A safe meal: the rapid detection of proteinaceous toxins in food 

Dr. Eric A.E. Garber, U.S. Food and Drug Administration, Center for Food Safety and  
Applied Nutrition, USA 

 
11.00 Bacterial gene profiling: a rapid test for evaluation of toxic compounds and toxic

effects in food and feed 
Dr. Johan Robbens, University of Antwerp, Department of Biology, Belgium 

 
11.30 Rapid detection of informer genes that correlate with the presence of marine biotoxins 

Dr. Philomeen R. Nilsson, Wageningen University, Agrotechnology & Food Sciences  
Group, 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 27 January 2009 
 
 
Parallel session 5 
Microorganisms 
 
Chair: Dr. Aart van Amerongen, Wageningen University, Agrotechnology & Food Sciences 

Group, the Netherlands 
 
13.30 Optimized by evolution: bacteriophages as a toolbox for the detection of pathogenic 

bacteria 
Prof.dr. Martin J. Loessner, ETH Zurich, Institute of Food Science and Nutrition, 
Switzerland 

 
14.00 Rapid detection of microorganisms using interferometry and lab-on-a-chip 

nanotechnology 
Dr. Aurel Ymeti, Ostendum, the Netherlands 

 
14.30 Laboratories on chip: application of micro- and nanotechnology for rapid and efficient 

molecular diagnostics 
Dr. Monica Brivio, Technical University of Denmark, Department of Micro- and 
Nanotechnology, Denmark 

 
15.00 Networking break & exhibition 
 
15.30 Microarray based multiplex detection of bacteria and toxins 

Dr. Claudia Gluch, Zenteris, Germany 
 
16.00 Rapid molecular detection of botulinal neurotoxins producing clostridia in food 

samples 
Dr. Patrick Fach, French Food Safety Agency (AFSSA), France 

 
16.30 The molecular characterization of Salmonella enterica strains by LDR-microarray 

analysis 
Dr. Henk J.M. Aarts, RIKILT - Institute of Food Safety, the Netherlands 

 
Spotlight presentation 
 
17.00 Technical and commercial advantages of the AK-Phage technology  

Dr. Hugh Ballantine Dykes, AK Diagnostics Europe, the Netherlands 
 
 

17.15 – 18.30 Schedule of activities: 
 

 Instrument & manufacturers exhibition 

 Poster presentations 

 Workshop & demonstrations – Round II 

 Matchmaking event – Part II 
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Tuesday 27 January 2009 
 
 
Parallel session 6 
Food & feed quality 
 
Chair: Dr. Bert Popping, Eurofins Scientific Group, UK 
 
13.30 On-line quality assessment of heterogeneous foods by rapid spectroscopic 

techniques 
Dr. Jens Petter Wold, Nofima Food, Norway 

 
14.00 Genetic tests for food quality 

Dr. Olena Doran, University of the West of England, Institute of Bio-Sensing 
Technology, UK   

  
14.30 Genetic identification of fishes by DNA-barcodes and microarrays 

Dr. Marc Kochzius, University of Bremen, Centre for Applied Gene Sensor 
Technology, Germany 

 
15.00 Networking break & exhibition 
 
15.30 Direct analysis in real time (DART): an ultrafast tool for food and non-food authenticity 

Prof.dr. Jana Hajšlová, Institute of Chemical Technology, Czech Republic and Dr. 
Bert Popping, Eurofins Scientific Group, UK 

 
16.00 Allergen detection by LC-MS, peanuts or not? 

Dr. Arjon J. van Hengel, DG Joint Research Centre, Institute for Reference Materials 
and Measurements, Belgium 

 
16.30 Assessment of the microstructural quality of food emulsions by NMR in benchtop and 

sensor mode 
Dr. John P.M van Duynhoven, Unilever R&D Vlaardingen, the Netherlands  

 
 
 

17.15 – 18.30 Schedule of activities: 
 

 Instrument & manufacturers exhibition 

 Poster presentations 

 Workshop & demonstrations – Round II 

 Matchmaking event – Part II 
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Wednesday 28 January 2009 
 
 
Parallel session 7 
Microorganisms 
 
Chair: Dr. Kitty Maassen, Wageningen University, Animal Sciences Group, the Netherlands 
 
09.00 Development of the BiosparQ: biological single particle recognition equipment for 

real-time detection of pathogens 
Dr. Jasper Kieboom, TNO Defence, Security and Safety, the Netherlands 

 
09.30 Novel nanorod arrays for high sensitivity photonic sensing of biopathogens 

Prof.dr. Richard A. Dluhy, University of Georgia, Department of Chemistry, USA 
 
10.00 Molecular methods for rapid detection of food and environmental pathogens 

Dr. Brajesh K. Singh, The Macaulay Institute, UK 
 
10.30 Networking break & exhibition 
 
 
 
 
 
 
 
 
 
Parallel session 8 
New worlds of rapid testing 
 
Chair: Dr. Aart van Amerongen, Wageningen University, Agrotechnology & Food Sciences 

Group, the Netherlands 
 
09.00 The potential use of biological sensors based on odorant binding proteins 

Prof.dr. Krishna Persaud, University of Manchester, School of Chemical Engineering 
and Analytical Science, UK  

 
09.30 Resonance of meniscus waves: towards a 'liquid cantilever' rapid assay for 

biomolecules 
Dr. Laurent Davoust, Centre National de la Recherche Scientifique, Laboratoire des 
Ecoulements Géophysiques et Industriels, France 

 
10.00 CD-lab player, the other side of compact disc: rapid detection of multiple chemical 

contaminants  
Dr. Sergi Morais, Valencia Polytechnic University, Department of Chemistry, Spain 

 
10.30 Networking break & exhibition 
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Wednesday 28 January 2009 
 
 
Plenary meeting 
What’s next? 
 
Chair: Dr. Aart van Amerongen, Wageningen University, Agrotechnology & Food Sciences 

Group, the Netherlands 
 
11.00 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  

 
11.30 Making it small: protein microarrays – applications and future challenges 

Dr. Thomas Joos, University of Tübingen, Natural and Medical Sciences Institute, 
Germany 

 
12.00 Speedy, small, sensitive and specific – reality or myth for future analytical methods? 

Prof.dr. Richard O'Kennedy, Dublin City University, Applied Biochemistry Group, 
Ireland 

 
12.30 Closing of Rapid Methods Europe 2009 
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WORKSHOP PROGRAMME 
 
Tuesday 27 January 2009 
 

 
 
 
 
 
 

Workshop 1 
Microbiological and allergen hazards management 
Sponsored and presented by R-Biopharm AG. R-Biopharm offers various solutions for 
microbiological and allergen hazard management. For microbiological hazard management 
the RIDA®COUNT product portfolio offers a versatile tool for convenient hygiene monitoring. 
RIDA®COUNT is a ready to use, stable and flexible product for surface monitoring, air 
sampling and many other applications, including end product control. For evaluation of the 
results a user friendly scanning and data storage device can be used. Complementary to the 
microbiological hygiene monitoring R-Biopharm offers a series of methods for allergen 
hygiene monitoring on surfaces of production, packaging and storage facilities. 
Part I Presentation of hygiene monitoring tools: RIDA®COUNT, the flexible hygiene 

monitoring tool; allergen hazard management with R-Biopharm 
Part II Practical demonstration of RIDA®COUNT and RIDA®QUICK tests for micro- 

biological and allergen hygiene monitoring  
 
Workshop 2 
D-Count and BactiFlow technology: rapid microbiology methods for endproduct 
control and raw material release for food, cosmetic and non-sterile pharmaceutical 
products 
Sponsored and presented by AES-CHEMUNEX. The D-Count®, BactiFlow®ALS and the 
BactiFlow® systems, all 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. The AES-
CHEMUNEX rapid microbiology systems can be easily implemented in routine quality control 
laboratories. 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 I Technology introduction and overview about validated applications for various 

products 
Part II Demonstration of the BactiFlow®ALS system, including real sample testing. Look 

and see! Workshop participants will have the possibility to operate the system 
themselves.  

 
Workshop 3 
The Holy trinity of P-O-C test production 
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 Short presentation: dispensing, contact, none contact; lamination of materials; 

cutting of sticks 
Part II Equipment on display and in operation. New Biodot equipment: cassette closure 

apparatus; mini-autolaminator (LM8000); hand held powder dispensers 

12.50-13.30 and 17.15-18.30 
All workshops will run concurrently. Each workshop will last for one hour 
and will be given twice. 
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Workshop 4 
Beyond the blue lines: molecular detection systems using innovative LFD technology 
Sponsored and presented by Forsite Diagnostics. Forsite specialises in extending the use of 
lateral flow technology across the food and agribusiness industries, creating value and new 
opportunities. Our expertise lies in developing and manufacturing diagnostic and detection 
tools based on appropriate combinations of standard and innovative lateral flow 
technologies. In our key markets, testing is often required away from the laboratory and our 
development programmes reflect this need for tests which combine consistent performance 
with robust, simple methods. The workshop will introduce three areas of particular 
importance for the future usage of LFDs in food and agribusiness settings: disease 
identification using novel molecular methods, improving sensitivity and specificity through 
LFD/PCR approaches, and result quantification.  
Part I Novel disease identification with PDplus™. Forsite has a long track record of 

marketing LFDs for plant diseases, under the Pocket Diagnostic™ brand. PDplus™ 
takes the concept further through using lab based PCR to identify pathogens to 
species level from an LFD which detects at the genus level. Introduced first for 
Phytophthora, this technique offers potential for precise identification for many other 
plant or animal diseases.  

Part II Combining LFD/PCR for on-site pathogen detection. Integration of isothermal PCR 
with novel LFD techniques has led to major advances in on-site pathogen detection. 
Forsite is developing a range of applications, including a licensed rapid NA 
preparation step, for plant and food-borne pathogens. 

Part III Data capture from LFDs in a QC context. Reliable data capture from semi-
quantitative LFDs is an on-going requirement in quality control situations. Forsite's 
new hand-held LFD Reader overcomes the challenges of factory floor data 
collection, with BlueTooth download to a PC for long-term storage and analysis.  

 
Workshop 5 
MicroVal validation and certification of rapid methods 
Presented by MicroVal Secretariat. MicroVal's organisation of validation and certification is 
based on an independent European structure. EN ISO 16140 forms the basis of the MicroVal 
organisation, thus fulfilling EU legislation. The MicroVal  organisation consists of: (i) an 
impartial European Board of Experts: MicroVal General Committee with all stakeholders 
represented, their primary focus being the development and maintenance of the MicroVal 
validation and certification system; (ii) MicroVal Certification Body group, open for 
participation by EU certification bodies; (iii) a neutral MicroVal Secretariat managed by a 
Standardization Institute not involved in certification activities; and (iv) European network of 
expert laboratories, reviewers and auditors. 
Part I The MicroVal organization: MicroVal, a balanced organization; costs; European and 

international perspective; current activities  
Part II Certification process: MicroVal Certification Body; introduction Lloyd's Register QA; 

certification process, audit scheme; experience with certifications  
Part III Validation process: MicroVal Expert Laboratories, experiences from CCFRA and 

RIKILT; validation process; EN ISO 16140 validation, what's involved; experiences 
with validations 

Part IV  Evaluation studies: experience of a method reviewer, ir. H. Stegeman  
Part V  Opportunity for informal questions and answers 
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LECTURES 
 
 

Rapid methods: at the crossroads of risk assessment and risk 
management 
 
Fabrice Peladan 
Danone, Food Safety Centre, France; fabrice.peladan@danone.com 
 
In order to answer market and consumers needs, the food industry developed increasingly 
complex food products resulting from extremely sophisticated formulation and production 
processes. This trend involved an in-depth modification of the food chain from the farm to the 
fork: diversification of ingredients, worldwide supply chain of raw materials, new ways of 
manufacturing products (co-packers, co-manufacturers), organic foods. This deeply changes 
the practices of culture, transformation, storage, production and distribution of food and 
implies new hazards and new risks which it was urgent to be able to identify, characterize 
and assess in order to set up effective, relevant and validated means of control, as well as 
adapted control methods and statistically representative verification plans. 
 
To this end, the Codex Alimentarius defined rules and guidelines to be followed for the 
implementation of a transparent and scientific risk analysis. Risk assessment, the first step of 
this analysis, is based on the identification and the characterization of the hazards, exposure 
assessment, dose/response curve and characterization of the risk. The result of this risk 
assessment is the definition of an acceptable level of protection (ALOP) and a food safety 
objective (FSO), set up by governments, and which allow to define performance objectives 
(PO) at the various steps of the food chain. POs are objectives to be reached through the 
implementation of relevant procedures of risk management mainly based on HACCP with 
definition of performance criteria, control measures, process and product criteria as well as 
target values and critical limits for each criterion. All these procedures for the management of 
the risks have to be validated, controlled and checked. 
 
Through all the steps of this complex process, the development of rapid methods of detection 
in microbiology, chemistry and biochemistry represent an extremely important challenge: that 
is to assess the exposure to a hazard, to define the dose/response curve, to validate HACCP 
processes, to check for the target values and critical limits, and to control microbiological 
criteria. 
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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 
RIKILT-Institute of Food Safety, Wageningen, the Netherlands; coordination@conffidence.eu 
 
The presence of potentially hazardous chemicals in food remains a major concern among 
European consumers. Recent food contamination incidents, e.g. fraudulent addition of toxic 
chemicals to infant milk powders in China, certainly contribute to fears about the safety of 
food. Currently, a variety of analytical test methods are used to help ensure the safety of food 
and feed in Europe both for goods produced in the EU and imported from third countries. 
Many of these methods are tedious, time consuming, and require sophisticated and 
expensive instrumentation. The CONffIDENCE project 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. These methods 
will not only save precious time in ever faster production cycles, but will also permit more 
food/ feed samples to be monitored due to the lower cost per test. In combination with the 
broadened spectrum of detectable residues and contaminants the CONffIDENCE project will 
significantly increase food safety in Europe.  
 
Within CONffIDENCE, multi-methods will be developed for persistent organic pollutants, 
perfluorinated compounds, pesticides, veterinary pharmaceuticals (coccidiostats, antibiotics), 
heavy metals and biotoxins (alkaloids, marine toxins, mycotoxins) in products such as fish 
and fish feed, cereal-based food/feed and vegetables. A balanced mix of novel multiplex 
technologies will be utilized, including dipsticks, flow cytometry with functionalized beads, 
SPR optical and electrochemical biosensors, cytosensors and metabolomics-like 
comprehensive profiling. After validation, the simplified methods will be applied in impact 
demonstrators that contribute to exposure assessment and validation of hazard models.  
 
Dissemination to scientists and to relevant stakeholders, including the food and feed 
industry, regulatory control bodies, DG-SANCO, EFSA, exporting countries, CRLs, routine 
laboratories, CEN and consumers will be assured by e-communication, press releases, 
public workshops, open days, presentations, publications and a science education module. 
The consortium consists of 17 partners from 10 European countries, representing 9 research 
institutes, 5 universities, 2 large food and feed industries and 1 SME. 
 
The CONffIDENCE project is a large collaborative project within the 7th Framework 
Programme of the European Community. It has started 1 May 2008 and it will have a 
duration of 4 years. CONffIDENCE is coordinated by RIKILT- Institute of Food Safety, 
Wageningen, the Netherlands (website www.conffidence.eu). 
 
Acknowledgements 
CONffIDENCE has received funding from the European Community's Seventh Framework 
Programme (FP7/2007-2013) under grant agreement n° 211326.  
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Rapid methods for spoilage and indicator organisms 
 
Rijkelt R. Beumer 
Wageningen University, Food Microbiology Laboratory, the Netherlands; 
rijkelt.beumer@wur.nl 
 
There are three basic protocols for the detection of microorganisms: (i) direct plating on 
(selective) media; (ii) direct (selective) enrichment; and (iii) pre-enrichment, followed by a 
selective enrichment. Depending on the number of cells expected in a sample and/or the 
standards described (by law or otherwise), one or more of these procedures may be used for 
their detection. For the detection of pathogens often an enrichment procedure is required, 
whereas for the detection of indicator and spoilage organisms results may be obtained without 
an enrichment procedure. The success of all three basic protocols depends on: (i) the number 
and the state of the micro-organisms in the sample; (ii) the selectivity of the media (a balance 
between inhibition of competitors and inhibition of the target organism); (iii) conditions of 
incubation (time, temperature, presence of oxygen); and (iv) the electivity of the isolation 
medium (the ease of distinction between the target organism and competitive microflora). 
 
Since traditional enumeration procedures often require rather long incubation times, there is a 
need for rapid methods to detect indicator and spoilage organisms. Therefore some basic 
microbiological knowledge is necessary: which indicator organisms are important for which 
products, and: what is the spoilage flora of these products. In raw materials and food products 
the following (groups of) indicator organisms are used: 

 total plate count: to know the microbiological quality of a product 

 Enterobacteriaceae: process indicator (sufficient heating procedure) or hygiene 
indicator (post process contamination) 

 (fecal) enterococci, (fecal) coliforms, (fecal) Escherichia coli: hygiene indicator for fecal 
contamination 

 lactic acid bacteria: hygiene indicator for vegetables and (cooked) meat products 
The spoilage flora of food products is determined by intrinsic factors (e.g. pH, water activity, 
preservatives), extrinsic factors (storage temperature, gas composition) and processing factors 
(e.g. pasteurising, mixing, irradiation). Important groups are: Pseudomonas, Entero-
bacteriaceae, spore formers, lactic acid bacteria and yeasts. 
 
Many rapid methods for the detection of food borne pathogens, mainly immunological and/or 
DNA-based, are commercially available. However, for the enumeration of indicator and 
spoilage organisms traditional methods are still first choice. Meanwhile, many research 
projects concentrate on the development of so-called electronic noses. With these devices 
volatile compounds, produced by microorganisms during their growth, can rapidly be detected. 
Unfortunately, the sensitivity of the human nose is at the moment still far superior to that of any 
e-nose. 
 
Maybe the techniques used to study microbial communities such as denaturing gradient gel 
electrophoresis (DGGE), until now only infrequently used for microbial characterisation and 
quantification in food matrices, offers good possibilities for the enumeration of a broad scale of 
‘wanted’ (probiotics) and ‘unwanted’ (spoilage) organisms. However, one should realise that an 
easy and rapid detection of microorganisms, may lead to the microbiological investigation of 
large numbers of samples. Whilst we agreed that good manufacturing practices (GMP), hazard 
analysis critical control point (HACCP), hygienic design and zoning would reduce the work load 
for a microbiological laboratory.  
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Biosensors and bio-based methods for the separation and 
detection of foodborne pathogens 
 
Arun K. Bhunia 
Purdue University, Department of Food Science, Center for Food Safety Engineering, USA  
bhunia@purdue.edu 
 
Biosensor-based detection methods continue to attract imagination of researchers for their 
potential applications in rapid diagnosis of diseases at the point-of-care facilities, food safety, 
and homeland security. Our research team is currently developing various multipathogen or 
toxin detection sensors such as microfluidic biochip, fiber optic, cell-based and light 
scattering sensors. Microfluidic biochip utilizes antibody or bioreceptors on the sensor 
platform to capture and detect microbes by monitoring changes in impedance. Cell-based 
sensor determines pathogenic potential and is suitable for rapid detection of pathogens or 
toxins and is viewed as an attractive diagnostic tool in the event of bioterrorism. Fiber optic 
sensor employs fluorophor-labelled specific antibodies or aptamers in a sandwich format, 
while light scattering sensor is a label-free, non-invasive tool for real-time detection and 
identification of bacterial colonies. Limit of detection, specificity, automation and application 
of each sensor with various sample matrices will be discussed. Improved bioseparation of 
analytes from sample matrices is needed to accurately assess performance of a sensor. 
Multiple approaches including filtration and immunomagnetic separation employing 
bioreceptors and bacteriophages are being used as supporting technologies to aid in 
biosensor-based detection methods.  
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Multiplex real-time RT-PCR for simultaneous detection of GI/GII 
noroviruses and murine norovirus 1 (contributed paper) 
 
A. Stals1, H. Werbrouck1, L. Baert2, N. Botteldoorn3, E. Wollants4, L. Herman1, 
Mieke Uyttendaele2 and E. Van Coillie1 
1Institute for Agricultural and Fisheries Research, Unit Technology and Food, Belgium, 
2Ghent University, Department of Food Safety and Food Quality, Belgium, 3Scientific Institute 
of Public Health, Department of Bacteriology, Belgium and 4University of Leuven, Rega 
Institute for Medical Research, Department of Microbiology and Immunology, Belgium; 
mieke.uyttendaele@ugent.be 
 
Noroviruses (NoVs) are a leading cause of human non-bacteriological gastroenteritis 
worldwide and are recognized as one of the most important causes of foodborne illness [1]. 
Despite these facts, a standard assay to detect NoVs in food including a process control is 
still not available. In the current study, we combined existing primers and probes in a 
multiplex real-time RT-PCR format to quantify GI and GII NoVs and murine norovirus 1 
(MNV-1). The latter may serve as a process control during extraction of viral RNA from food 
samples. The use of MNV-1 has the advantage that it is closely related to human noroviruses 
and that it can easily be propagated. Primers and probes for the individual quantification of 
GI and GII NoVs were selected by the CEN/TC/WG6/TAG4 research group, primers and 
probe for the individual quantification of MNV-1 were designed by Baert et al. [2]. TaqMan 
chemistry was applied for detection, using three different fluorescently labelled probes. PCR 
amplification was performed with a lightcycler LC480 real-time PCR instrument and 
amplification data were collected and analysed with the instrument’s software. For GI and GII 
NoVs, plasmids (pGI and pGII) containing the primers-probe binding sites were used as 
positive controls, whereas for MNV-1, a plasmid (p20.3) containing a full-length genome of a 
MNV-1 strain was applied. Ten-fold serial dilutions (107 to 10 copies) of these plasmids were 
used to generate a standard curve. RNeasy Minikit (Qiagen) was used for RNA extraction 
and cDNA synthesis was performed using random hexamers in combination with the 
Multiscribe RT-kit. In order to evaluate the specificity and sensitivity of the multiplex assay, 
15 clinical GI and GII NV samples, a norovirus reference panel containing RNA transcripts 
from the ABC region of 9 GI, 8 GII and 1 GIV noroviruses and finally 7 alternative virus 
strains were subjected to our multiplex real-time RT-PCR assay. Two negative samples and 
1 unknown sample were also included. To detect possible inhibitory substances in the clinical 
samples, 10³ copies of the p20.3 MNV-1 plasmid were spiked in the real-time PCR reaction 
mix of the clinical samples as control. 
 
Analysis of the standard curve parameters  of the individual GI/GII/MNV-1 assays within the 
multiplex assay showed that the multiplex PCR is sensitive, efficient and linear. All tested 
genotypes present in the norovirus RNA reference panel were specifically detected and all 
clinical samples were confirmed by the developed multiplex real-time RT-PCR method. 
Alternative virus types and negative samples tested negative, whereas the unknown sample 
turned out to contain GII NVs. The MNV-1 control was detected in all clinical samples as 
expected, indicating absence of inhibition. Results show that the designed quantitative 
multiplex real-time RT-PCR provides a sensitive and specific diagnostic tool for the 
(simultaneous) detection of GI and GII NVs in clinical samples. Although it is clear that 
further validation of the developed assay on different food matrices remains necessary, the 
assay seems to have perspectives for simultaneous detection of human NoVs in food 
samples by which MNV-1 may serve as a process control for the extraction procedure. 
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New cost saving screening technologies for food safety (spotlight 

presentation) 
 
R. Wolbert and Paul Overgaauw 
RnA, the Netherlands; p.overgaauw@rnassays.com  
 
Past food scares and fear for (bio)terrorism has boosted food safety research.  Furthermore, 
the appeal to give transparency of production circumstances has created an increasing 
request for analyses. Evidently, conventional analysis technologies has more difficulties to 
meet these challenges. Successful implementation of the ‘feed-to-food’ Salmonella serology 
control program in Denmark, Germany, the UK, and the Netherlands has created an 
expectation for other pork producing countries and regions to monitor Salmonella spp. in 
their pig populations and to evaluate the feasibility of potential control options to prevent 
contamination of the human food-chains. 
 
The RnAssays® product plexline is based on a multi-analyte assay that quantify multiple 
microbial and non-microbial contaminations simultaneously in a single sample analyse run. It 
uses minimal animal-derived sample volume, representing a significant advantage in 
effectiveness and  productivity over a standard ELISA assay. The Sal Plex™ kit PS is the 
new multiplex assay for Salmonella serogroup testing and measures anti-Salmonella 
antibodies of different serogroups in matrices like plasma and meat drip. The technology 
consist of a sandwich immunoassay with capturing antigens fixed on distinct sized 
microspheres for binding antibodies. Discrimination of the individual microspheres is 
arranged by different internal fluorescent intensities, which lead to the access of multiple 
analytic results per sample. With flow cytometry not only fluorescent intensities of 
microspheres, but also small size variations can be distinguished. This solution enables to 
detect a Salmonella infection of the serogroups B, C1, C2, and D (at ambient temperature; 
total incubation time 45 min). Captured primary, matrix-derived anti-Salmonella antibodies 
are detected by flow cytometric analysis (reference sera are supplied in the kit and will mark 
the interpretation of Sal Plex™ kit PS analysis). 
 
Benefits of the Sal Plex™ kit PS can be summarized as follows: 

 sensitive: at least 90% of all Salmonella serovars occurring (much more than present 
ELISA assays); 

 fast: less than 1 h for a single sample and at high throughput approx. 100 samples/h, 
equals 400 or more data points/h;  

 specific: Salmonella serogroup-typing (B, C1, C2, and D) possible; and  
 versatile: the combination of the detection of Salmonella with other microbiological 

and non-microbiological contaminants, such as Toxoplasma, Trichinella spiralis, and 
sulphonamides, is expected. 
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Real-time PCR solution: rapid methodology for accurate and cost-
effective pathogen detection (spotlight presentation)  

 
Geert Nobels 
Applied Biosystems, part of Life Technologies, Belgium; 
geert.nobels@eur.appliedbiosystems.com 
 
Detecting threatening pathogens in materials ranging from environmental samples to food 
and finished products requires rapid, reliable solutions. PCR as a rapid microbiological 
solution for pathogen detection has been a topic of discussion for some time. This 
presentation will outline the key benefits of the genetic based Taqman® Pathogen Detection 
System as an accurate, cost effective and fast time to result solution. 
 
Designed especially for testing laboratory's, the Applied Biosystems Food Pathogen 
Detection System combines the ability to perform routine screening of environmental, food or 
finished product samples with the flexibility of an open platform. A streamlined, 3-step 
workflow comprising of enrichment, sample preparation and running of the samples 
minimises hands on time. Samples are analysed using optimised kits that simplify automatic 
detection, identification, and quantitation of multiple bacterial species in one run. After 
preparing the samples, the entire detection process can be performed in as little as 2 h. For  
samples requiring enrichment, qualitative results are available overnight. 
 
Because detection is performed using genetic material unique to each organism, the system 
provides speed, simplicity and accuracy unmatched by other testing methods.  
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The use of fluorescence and reader systems in producing next 
generation performance in lateral flow and flow through assays 

(spotlight presentation) 
 
Brendan O’Farrell 
Diagnostic Consulting Network, USA; bofarrell@dcndx.com 
 
The performance of lateral flow assays can be significantly enhanced by the use of 
fluorescent labels coupled with the application of high performance reader systems and 
custom fluorescent labels. In this presentation, attendees will be introduced to DCN’s 
capabilities in assay development. The focus will be on the use of DCN’s fluorescent labels, 
reader systems and assay formats, all of which are available to our development clients for 
integration into their assay systems. The presentation will focus on a variety of demanding 
assay systems, including assays for anthrax, influenza and tuberculosis proteins, and 
illustrate the value of fluorescence and reader systems in providing enhanced results when 
compared to standard, colloidal gold based assays. 
 
Diagnostic Consulting Network is a provider of services and products to the rapid assay 
industry. Our primary services are: 

 contract assay development  

 contract manufacturing  

 education and training  

 a variety of consulting services  

 a wide range of supporting products, including digital readers, assay materials, and 
critical reagents  

We specialize in lateral flow and flow through formats, working with visual, fluorescent and 
paramagnetic labels. 
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Detection of known and unknown food contaminants: from days 
towards seconds 
 
Michel W.F. Nielen1,2, A.A.M. Stolker1, J.C.W. Rijk1, T.F.H. Bovee1 and H. Hooijerink1, 
1RIKILT - Institute of Food Safety, the Netherlands and 2Wageningen University, Laboratory 
of Organic Chemistry, the Netherlands; michel.nielen@wur.nl  
 
The classical analytical research and development field for the detection of chemical food 
contaminants can be considered as a three-dimensional matrix of information content versus 
measurement frequency versus measurement position in the sample. Within this matrix the 
technologies range from ultrafast continuous sensors to ‘holistic’ comprehensive instrumental 
analysis methods and imaging tools. Specific application needs for the detection of known 
contaminants will fit somewhere within that 3D-matrix. For the early discovery of emerging 
risks in the food chain a fourth dimension is required, represented by a bioactivity axis. 
Different relevances can be distinguished on that axis, ranging from in vivo measurement via 
in vitro assays to molecular recognition in functional binding assays. In this presentation 
these principles will be discussed and rapid screening examples will be shown, such as: 

 advances in food analysis by ultra performance liquid chromatography (UPLC) 
coupled with high resolution accurate time-of-flight (TOF) and Orbitrap mass 
spectrometry; 

 advances in food supplement analysis by bioactivation whole cell bioassays for 
(pro)hormones; 

 advances in pesticide analysis and food forensics using rapid ambient desorption 
mass spectrometry techniques such as DESI and DART; and 

 hyphenation of these and other rapid screening techniques aiming at the chemical 
identification of unknown bioactive components. 
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Application of MIPS as selective recognition elements for antibiotic 
sensing 
 
Maria C. Moreno-Bondi1, E. Benito-Peña1, J.L. Urraca1, F. Navarro-Villoslada1, S.J. 
Zdunek1, G. Orellana2, B. Sellergren3 and K. Haupt4 
1Complutense University, Department of Analytical Chemistry, Spain, 2Complutense 
University, Department of Organic Chemistry, Spain, 3Technische Universität Dortmund, 
Institute of Environmental Research, Germany and 4Compiègne University of Technology, 
Royallieu Research Center, UMR CNRS 6022, France; mcmbondi@quim.ucm.es 
 
Molecularly imprinted polymers (MIPs), human-made polymers capable of recognizing a 
particular molecule in the presence of others due to the selective cavities of the material, as 
they contain specific recognition sites (for binding or catalysis) with a shape and geometry of 
functional groups complementary to those present in the template molecule. For polymer 
preparation the selected print molecule, that can be the analyte or a dummy molecule, 
interacts through covalent or non-covalent bonds with functional monomers that are 
polymerized in the presence of a cross-linker to form a three dimensional structure [1,2]. 
After template removal the polymer will bear specific recognition sites with complementary 
size, geometry and arrangement of functional groups to the target analyte. The recognition 
process will be determined by the amount of functional groups that participate in the 
interaction, the shape of the cavity and the type of interaction (covalent binding, electrostatic 
interactions, van der Waals or metal chelation) between the template and the polymer during 
polymerisation [3].  
 
These materials are robust and resistant to harsh conditions during measurement (high 
temperatures, pressures, etc). In principle they can be used for sensing purposes in organic 
and in aqueous solvents, and the cost of MIPs is lower and their preparation is easier than 
that of antibodies. They have been used as recognition elements for an analyte or a group of 
determinants in affinity chromatography, solid phase extraction (MISPE), in binding assays or 
for sensor development [2,4]. In parallel with the classification of biosensors, MIP-based 
devices can work according to two different detection schemes: (i) affinity sensors (‘plastic-
bodies’);and (ii) catalytic sensors (‘plastic-enzymes’). In the first case we monitor the change 
in a characteristic optical property, most frequently fluorescence, of the analyte or of the 
polymer, upon their mutual interaction. Alternatively, a fluorescent analogue of the target 
analyte can also be used to develop sensors based on competitive assays (MIAs). However, 
there are some limitations that still require further research: (i) non-covalent MIPs are usually 
synthesised in organic solvents and template recognition relies on ionic or hydrogen bonds 
that are less effective in aqueous media; (ii) the development of optical sensors requires the 
synthesis of appropriately labelled derivatives that can compete efficiently with the template 
for the polymer binding sites; (iii) slow rebinding kinetics that compromises the applicability of 
the polymers for sensing purposes; (iv) difficulty of integration with the transducer and 
transforming the binding event into a measurable optical signal.     
 
Optimisation of the polymer composition and, in particular, a proper choice of the nature of 
the functional monomers involved in the polymerization process, is critical to prepare 
materials able to selectively interact with the analyte in aqueous media and with the fast 
kinetics required for analytical applications. The use of designed ‘host’ monomers capable of 
stoichiometrically interacting with the template functionalities may overcome this problem [5-
7] and has proven to be a suitable alternative for antibiotic analysis in aqueous media. 
Moreover, a rational design of fluorescent analogues of non-naturally fluorescent templates 
or of fluorescent monomers able to change its property upon interaction with the analyte is 
also a bottle neck for wide application of these recognition elements in optical sensing. We 
have focused in the past years in the development of analytical methods for the selective 
recognition of penicillin and fluorquinolone antibiotics in aqueous samples. To that aim it has  
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been necessary to address the optimization of MIP composition, the design and synthesis of 
novel fluorophores for the analysis of these antibiotics in real samples and the evaluation of 
new polymerization formats (nano/micro particles and nanofilaments) that allow to broaden 
up the field of application of these materials to the analysis of these compounds in aqueous 
samples of environmental, food or clinical interest.  
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A miniaturized gas-chromatographic system for the evaluation of 
fish freshness (contributed paper) 

 
Alejandro Barranco1, I. Elmi2, S. Zampolli2, L. Francioso2, P. Siciliano2, G.C. Cardinali2, 
M. Uriarte1 and B. Perez-Villareal1 
1AZTI-Tecnalia, Food Research Division, Spain and 2CNR IMM, Institute of Microelectronics 
and Microsystems, Italy; abarranco@azti.es 
 
The objective of this work is the development of a new microsystem for the evaluation of fish 
freshness. The main purposes were the possibility to perform fast, reliable and non-
destructive analyses of fish samples for the quantification of volatile amines. Using a 
simplified gas-chromatographic approach based on metal oxide (MOX) sensors used as 
detectors, a stand-alone GC prototype was fabricated, which can be used for headspace 
analyses of specific fish species without requiring carrier gas cylinders for operation. Due to 
several microbiological and chemical processes the properties of fishes change during their 
storage. This fact results in the emission of different volatile compounds that could be used 
for the quality assessment. Trimethylamine, dimethylamine and ammonia were chosen for 
the development of the new device.  
 
The proposed miniaturized gas chromatographic system is based on two silicon 
micromachined main components, namely a 50 cm long packed GC separation column with 
an integrated heating element and a micro-hotplate based thin film MOX sensor array, 
together with some commercial fluidic components (a mini-valve and a mini-pump) and 
custom made control electronics. The devices are interconnected by a temperature 
controlled stainless steel pneumatic circuit, in order to avoid as much as possible 
condensation and adsorption phenomena of the sample. The carrier gas is generated on-
board by means of an active carbon filter which provides a constant flow of filtered air 
through the separation column. Sampling protocols suitable for the new developed device 
have been optimized and the system has shown good sensitivity and reproducibility in 
laboratory conditions. Preliminary real sample characterizations have shown a good 
agreement between the increase of TMA concentrations measured with the miniaturized GC 
and the results obtained from the sensory evaluation (QIM) and from traditional chemical 
methodologies for the determination of volatile amines. 
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A lateral flow assay for the quantitative measurement of 
progesterone in fresh cow’s milk (spotlight presentation) 

 
Mark Jones 
BBInternational, UK; markjones@britishbiocell.co.uk 
 
BBInternational (BBI) is a leading OEM developer and manufacturer of rapid diagnostic 
assays. The company has extensive experience in the development of a diversified portfolio 
of high quality lateral flow assays. BBI’s expertise in the area of rapid test development lead 
to a partnership with Lattec and the subsequent development of the cow heat cycle tracking 
element of Herd Navigator™. The  Herd Navigator™ is an award winning dairy herd 
management system and the first of its kind to identify possible illness, feed imbalance and 
readiness for reproduction by detecting levels of progesterone, LDH, urea and BHB in cow’s 
milk. 
 
A lateral flow assay has been developed in conjunction with an assay strip reader for the 
quantitative measurement of progesterone in fresh cow’s milk. The specified measuring 
range of the assay is 0-20 ng/ml in an inhibition style format. The rationale behind the 
development was to produce an on-farm, real time surveillance system for the determination 
of the reproduction status of the cow. This would prompt insemination, or treatment for 
reproduction related disorders e.g. cysts. The progesterone system has now been evaluated 
on more than 1,100 cows for heat detection, with sensitivity and specificity results of 95% 
and 98% respectively. These numbers surpass any previously commercial methods of 
reproduction status. 
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Effective microscopic image analysis system based on aroprot® 
staining of biological particles (spotlight presentation) 
 
G. Lewandovski1, L. Hildebrand2 and Georg Meinardus-Hager3 

1HistoService GbR, Germany, 2eXScience GmbH, Germany and 3a.e.r.o.medi B.V., the 
Netherlands; georg.hager@aeromedi.nl 
 
In aerobiology the pollen monitoring depends on identification and counting of pollen from 
various taxonomic plants in daily samples of continuous air collection. It is highly desirable to 
support the time and personal demanding microscopic procedure of evaluation by an 
apparative equipment. The technical solutions considered so far, are not related to existing 
standard procedures and quite expensive. We offer a new approach on objective and 
automated identification and counting of biological particles in aerobiolocial standard 
samples. We introduced a new staining solution named ‘aroprot’, which yields differential 
staining of pollen, mould spores, yeast cells from various taxonomic plants as well as of 
pollen within a certain species as seen during the routine pollen counts (2004 to 2007 in 
Münster, Germany). The use of ‘aroprot’ reveals a staining patterns of pollen that enables (i) 
a simple identification and, additionally, (ii) an estimation of the allergenic challenge from 
pollen in samples collected in standard procedures. 
 
Pollen were collected at appropriate time from flowering plants in the vicinity of Münster, 
Germany. Samples were prepared according to aerobiological standards with glycerin-
gelatine mixed with ‘aroprot’, supplied by a.e.r.o.medi B.V., the Netherlands. For 
identification and for measurement of staining intensity of single pollen grains a microscopic 
image analysis was figured out and assembled. Criteria to establish a routine for 
identification and classification of intensity of the staining of each pollen, were generated by 
ocular microscopy. Staining aerobiological standard samples with ‘aroprot’ enables an 
effective analysis of their microscope images using a set of rules in fuzzy logic:  

 Relevant pollen genera (Betulaceae, Oleaceae and Gramineae) are identified with 
good confidence (>80%) besides by size and circularity, by thickness and shape of 
cell wall pattern as deduced from differential cytoplasmatic staining.  

 Identification of pollen genera in relation to time of appearance, taken together with 
the intensity of staining – indicating easily released pollen proteins – is a measure of 
the allergenic charge in the air. 

 
In conclusion, we present the possibility of automated colour analysis of microscope images 
considering pollen of distinct species. This offers several advantages: analysis of pollen (and 
other biogen particles) is objective, rapid and effective, because the differences in staining 
can be precisely discriminated. This simplified monitoring of particles enables studies on the 
influence of origin, environment, climatic conditions, transport etc. on pollen release and on 
pollen physiology. Near to real time monitoring of allergenic particle load in the air and 
medical relevant pollen forecast would be possible. Application of this method to other areas 
of control and monitoring of biological particles are suggested. 
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Characterization of highly pathogenic microorganisms by MALDI-
ToF mass spectrometry and chemometrics 
 
Peter Lasch1, H. Nattermann2, M. Erhard3, M. Stämmler1, R. Grunow2 and D. Naumann1 
1Robert Koch-Institut, P25 ‘Biomedical Spectroscopy’, Germany, 2Robert Koch-Institut, ZBS2, 
Germany and 3AnagnosTec, Gesellschaft für analytische Biochemie und Diagnostik mbH, 
Germany; laschp@rki.de 
 
Identification of microorganisms specifically of vegetative cells and spores by matrix-assisted 
laser desorption/ionization time-of-flight (MALDI-ToF) mass spectrometry is an emerging new 
technology. The technique provides specific biomarker profiles which can be employed for 
bacterial identification at the genus, species, or even at the subspecies level holding the 
potential to serve as a rapid and sensitive identification technique in clinical or food 
microbiology and also for sensitive detection of biosafety level (BSL)-3 microorganisms. 
However, the development of a mass spectrometry based identification technique for BSL-3 
level microorganisms is hampered by the fact, that no MALDI-ToF compatible inactivation 
procedure for microorganisms, and particularly for bacterial endospores, has been evaluated 
so far.  
 
In the presentation we describe a new methodology for effective inactivation of 
microorganisms which is compatible with the analysis of microbial protein patterns by 
MALDI-ToF mass spectrometry. The main challenge of this work was to define the conditions 
that ensure microbial inactivation and permit at the same time comprehensive analysis of 
microbial protein patterns. Among several physical, chemical and mechanical inactivation 
procedures, inactivation by trifluoroacetic acid (TFA) proved to be the best method in terms 
of bactericidal capacity and information content of the mass spectra. Treatment of vegetative 
cells by 80% TFA alone for 30 min assured complete inactivation of microbial cells under all 
conditions tested. For spore inactivation, the ‘TFA inactivation protocol’ was developed which 
is a combination of TFA treatment with basic laboratory routines such as centrifugation and 
filtering. This MALDI-ToF compatible sample preparation protocol is simple and rapid and 
assures reliable inactivation of vegetative cells and spores of highly pathogenic BSL-3 
microorganisms. The TFA inactivation protocol can be applied to reproducibly collect mass 
spectra from microorganisms. The high level of spectral reproducibility and the applicability of 
mass spectrometry for microbial typing will be demonstrated by means of examples from the 
genera Yersinia and Bacillus.  
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Molecular detection of viruses using a novel magnetic bead 
microarray 
 
Neil LeBlanc1,4, J. Gantelius2, J.M. Schwenk3, K. Ståhl1, J. Blomberg4, H. Andersson-Svahn2 

and S. Belák1 
1The National Veterinary Institute (SVA) and The Swedish University of Agricultural Sciences 
(SLU), Departments of Virology, Joint R&D Division, Sweden, 2Royal Institute of Technology 
(KTH), Department of Nanobiotechnology, Sweden, 3Royal Institute of Technology (KTH), 
Department of Proteomics, Sweden and Uppsala University Hospital, Department of Medical 
Sciences, Section of Virology, Sweden; neil.leblanc@sva.se 
 
We have developed a novel method for the rapid detection and identification of viruses and 
other pathogens which can be detected by PCR. In our model study, we used the four 
recognized species in the Pestivirus genus of the Flaviviridae family, i.e. classical swine fever 
virus (CSFV), border disease virus (BDV), bovine viral diarrhoea virus type 1 (BVDV1) and 
type 2 (BVDV2). The analysis of pestivirus PCR products was performed on microarrays by 
means of magnetic bead detection. The method utilizes an oligonucleotide array, onto which 
5´ biotinylated PCR products are hybridized, followed by visualization with streptavidin-
coated magnetic particles by the naked eye, microscope or biochip reader. The assay was 
validated on a collection of pestiviruses that included all four species and allowed a specific 
and sensitive detection. Sensitivity was compared with other post-PCR detection methods, 
such as gel electrophoresis and suspension microarray. The results indicate that due to its 
high sensitivity, specificity and simple detection procedure this assay provides a practical tool 
for detection and identification of viral pathogens. Furthermore, this method is not limited to 
virus detection but can be applied to any target for which conventional microarrays are 
suitable. Considering the simplicity of the assay, the protocols for hybridization and detection, 
the magnetic bead microarray offers an emerging application for molecular diagnoses and 
research that is amenable for use in a modestly equipped laboratory. 
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Sensor systems for rapid detection of post-harvest microbial 
spoilage in potato tubers and cereal grain 
 
Peter T.N. Spencer-Phillips, B.P.J. de Lacy Costello, R.J. Ewen and N.M. Ratcliffe 
University of the West of England, Department of Applied Sciences, UK; 
peter.spencer-phillips@uwe.ac.uk 
 
A sensor system for the early detection of Pectobacterium (previously known as Erwinia) soft 
rot in potato tubers has been developed recently [1], 2002), and assessed in potato store 
trials to provide ‘proof of principle’ evidence for its applicability as a disease detection 
technology. The system operates by the automated collection of air samples from selected 
areas of the store, and passing the air to an electronic nose (e-nose) containing a set of 
ceramic sensors selected for their sensitivity to marker volatile organic compounds (VOCs). 
The resulting data are captured, displayed and recorded by computer. The basic principles of 
the technology are introduced, and some aspects of the in-store trials presented. 
Conclusions are drawn about the potential application of this approach for detecting post-
harvest spoilage of bulk plant produce, where advance warning of early stages of disease 
provides the opportunity either to change store conditions to control the problem, or to advise 
on quality and marketing strategy. 
 
For the in-store detection of Pectobacterium soft rot, the e-nose described by De Lacy 
Costello et al. [1,2] was connected to an automated sampling unit consisting of 16 solenoid 
valves mounted on a manifold, where each valve inlet could be connected to a selected VOC 
source (e.g. a 1 tonne box of potato tubers). One of the valves (purge valve) was used to 
provide a constant flow of clean air through the system whenever samples were not being 
drawn through one of the other valves. The valves were switched using a relay card mounted 
in a personal computer (PC), and flow rate, flow temperature and flow humidity sensors 
within the sampling unit were connected via the parallel (printer) port of the PC. Air was 
drawn through the system continuously using a modified aquarium air pump. The entire 
system was protected from electrical power fluctuations by an Uniterruptible Power Supply 
(UPS, American Power Conversion UK Ltd).  
 
Bespoke software was written to: control the operation of the solenoid valves; gather data 
from the sensors within the e-nose; gather flow rate, temperature and humidity data from 
within the sampling unit; display and log the data. The program was set up to run four 6 h 
data collection periods in each 24 h period, and data were collected continuously for 57 and 
71 days in two trial periods at the Sutton Bridge Experimental Unit, UK. Data files were 
written to disc at regular intervals and sent by e-mail for remote analysis. In order to sample 
air in 1 tonne potato boxes, polyurethane tubes were fitted with Millipore filters (11 µm pore 
size) to prevent particulate and insect ingress. The filtered ends were placed into the boxes 
(one in each of 12 boxes of cv. Maris Piper for trial 1, and two in each of 6 boxes of cv. 
Estima in trial 2 and the other end connected to a valve inlet of the sampling unit. At the end 
of the trial periods, each box was emptied manually and any rotten tubers were collected for 
assessment of the cause and amount of infected tissue. 
 
The in-store trials to detect Pectobacterium infections proved that the system (e-nose, 
sampling unit and tubes, software and PC, UPS) worked continuously throughout the trial 
periods, with 64 samples of air per day taken and analysed remotely with minimal human 
supervision. The sensing system correctly identified the boxes containing the greatest 
amount of soft rot when outward signs (visual appearance and odour) of infection were non-
existent. The amount of soft-rot detected in these boxes was well below the 1% crisis level, 
with the results from the 12-box trial being better defined than those for the 6-box trial, 
implying that the system would work best in large controlled ventilation box stores 
withsensors monitoring sectors of the store rather than individual boxes. Some temporary
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and unusually high sensor outputs were explained by other activities in adjacent stores, such 
as use of the sprouting suppressant chlorpropham (CIPC) in methanol, during the day. Thus 
in future the sampling protocol should be modified to: (i) acquire only one cycle of samples 
per 24 h period, preferably overnight so that interference from human activities would be 
minimised; and (ii) extend the purging (sensor recovery) period between each sampling. 
 
The system has not been tested in a store where tubers are stored in bulk rather than in 
boxes, there is no controlled ventilation and a significant outbreak of soft rot is in progress. 
Such trials are desirable. The prototype device has proved itself to be effective and reliable, 
but more investment is needed if a robust, user-friendly sensor system is required for general 
use in potato stores by unskilled staff. There is also much potential for variants to be used for 
other bulk plant produce, as already demonstrated for wheat grain [3]. Recent work has 
focused on methods for distinguishing the metabolomic profiles of the most abundant VOCs 
generated by brown rot and ring rot infections of potato tubers. This technology would be 
applicable to the detection of other statutory organisms, with a portable device having further 
uses such as detecting organisms causing biodeterioration of construction materials [4] and 
in the diagnosis of human disease [5]. 
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Sampling of food: useful tool or lucky shot?  
 
Ida Dijkhoff-Jongenburger 
Wageningen University, Laboratory of Food Microbiology, the Netherlands; 
ida.dijkhoffjongenburger@wur.nl 
 
Low numbers of Cronobacter sakazakii (Enterobacter sakazakii), an organism that has 
caused serious disease in newborn and premature babies, can contaminate powdered infant 
formula.  Consumers and industry share the same interest to detect such contamination and 
to guarantee a safe product. In the ‘European Regulations on microbiological criteria for 
foodstuffs’, sampling plans have been enshrined to detect C. sakazakii in powdered infant 
formula. In order to discuss these sampling plans, the International Commission on 
Microbiological Specification for Foods has made the following assumption [1]: the 
pathogens in batches of powdered infant formula are log-normally distributed, i.e. the log of 
the concentration is normally distributed, with 0.8 log cfu/g as the  standard deviation (σ). 
The aim of this study is to test the validity of the assumption and to the determine the impact 
on the sampling plans in case the assumption does not match with reality. To begin, the 
assumption of a normal distribution can be countered. In theory the log counts of pathogens 
are normally distributed in the batch of milk powder with a mean concentration and a 
standard deviation. However, local contamination or local microbial growth or survival can 
cause a different spatial distribution. Consequently, it is likely that contaminants show various 
distributions in foods [2]. Furthermore, the chosen standard of  0.8 log cfu/g is based on data 
derived from the meat industry and no evidence exist to suggest that it applies to other 
commodities as well.  
 
We have investigated artificially contaminated powdered infant formula at a small scale. In 
our experiments, we distributed the contamination homogeneously and heterogeneously.  
First, powdered infant formula was inoculated with C. sakazakii ATCC 29544. Then five 
grams of this contaminated powder was added to 1 kilogram of un-inoculated powder in two 
ways:  not mixed or thoroughly mixed. This resulted in a more heterogeneous or 
homogeneous spatial distribution. The spatial distributions were determined by taking 144 
samples of 0.5 gram from each kilogram. C. sakazakii  was plate counted on Trypton Soy 
Agar (TSA). The detection limit was 50 cfu/gram. The resulting distributions were fitted with 
GenStat 9th edition. The numbers detected in the 144 samples are displayed  as the 
cumulative empirical distribution function (EDF). Several statistical distributions were fitted to 
these EDF data. The Anderson-Darling statistic [3] showed that the Weibull and the Normal 
distributions fitted the three homogenous batches (p >0.05). The three heterogeneous 
batches could not be fitted by any distribution. To consider the contaminated part only, the 
Weibull distribution was accepted in two cases (p > 0.05) and the Normal distribution was 
accepted once (p > 0.05). 
 
It can be concluded that: 

 Thoroughly mixed batch, the Normal and the Weibull distributions could describe the 
log counts of C. sakazakii in the milk powder.  

 Not mixed batch, no known statistical distribution could describe the log counts. 
However, in some cases the Weibull and the Normal distributions could describe the 
contaminated part. 
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Challenges in conventional and molecular microbial food testing: 
how to facilitate the extraction of target cells 
 
Martin Wagner 
University for Veterinary Medicine, Department for Farm Animals and Veterinary Public 
Health, Institute for Milk Hygiene, Milk Technology and Food Science, Austria; 
martin.wagner@vu-wien.ac.at 
 
Integrated food safety considers all elements of a food chain, determines probabilities of food 
chain attacks and models the flow of target organisms through the chains. Prevalence data 
as derived from investigations on the presence/absence of pathogens from particular 
elements of the food chain are a pivotal step in hazard identifications but will not suffice to 
holistically understand and model the fate of a pathogen along respective chains. 
In microbiology, the basic principle of sample treatment, enrichment of bugs, isolation of 
bugs and characterization of bugs has been valid since the days of Robert Koch and Louis 
Pasteur, and advancements have brought some improvements but no real changes in the 
sequence of steps. Methods to characterize presumptive colonies range from phenotypes to 
immunological and nucleic-acid based methods, but the concept of enrichment, irrespective 
of the preceding testing steps, remain critical and almost the same for decades.  
 
Relatively few investigators have been trying to improve the concentration of target cells by 
alternative principles and some of their innovations, such as bead technologies, are 
performed on enrichments. The reason for this phenomenon is that enrichments boost the 
reliability of the procedure, by elevating low initial concentrations of pathogens, thus making 
the high detection limit of molecular-biological techniques tolerable. Furthermore, enrichment 
proves that a bug is multipliable, meaning that it constitutes a living and therefore harmful 
organism. Enrichment, however, is a double-edged sword because the chemistry is complex 
and should facilitate the growth of the target organisms but hamper the growth of the 
physiologically related commensal flora. Most critical, enrichment changes the number of 
organisms initially present in foodstuffs, thus making enrichment inappropriate for 
quantification. Trying to circumvent the inherent problem by using techniques based on the 
‘most probable number’ principle are hardly appropriate for mass investigations. 
 
Measuring numbers rather than presence/absence of pathogens in food samples is 
challenging. Currently, it can be done by cultural techniques, or more rapid, by nucleic-acid 
based methodology [1,2]. Promising principles, either based on (i) ELISA, lateral flow 
technology or other immunological formats, (ii) nucleic acids hybridization or (iii) novel 
biosensor technologies such as lab-on-a-chip systems, have shown their potential for 
pathogen detection, but not for quantifying cell numbers or an equivalent in real food 
commodities of a different grade of chemical complexity. It still makes a difference whether 
pathogens should be detected or quantified from simple matrices such as water, swabs or 
rinses, or from chemically complex food matrices such as cheeses or processed meat 
samples, even if enrichments are used. Therefore, direct molecular quantification is largely a 
matter of improving concepts on how low numbers of bugs can be directly extracted from 
food matrices. Three innovative strategies have been developed in recent years: (i) the use 
of beads, either coated with antibodies or other cell-recognizing molecules; (ii) the use of 
physical methods such as floatation; and (iii) the development of concepts heading for the 
lysis of the entire food matrix. 
 
All three methods share advantages and limitations. Antibodies of a certified grade are not 
easy to produce, and batches can differ in specificity. They are susceptible to degradation, 
usually of low recovery and tend to self-agglomerate. Beads that are coated with cell wall 
binding domains (CBDs) of bacteriophages could constitute an alternative because they are 
produced in a highly standardized way and are characterized by a high recovery rate [3].
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These beads do not interfere with subsequent real-time PCR assays and have shown a 
linear quantification along several log-units, however, very low numbers of L. monocytogenes 
cells were not quantifiable. Floatation works by the centrifugation of samples, thus leading to 
the concentration of the target organism along a buoyant gradient [4]. As an advantage, 
viable organisms are harvested by a cheap and easy-to-manage technology. The 
disadvantages are that not all food commodities can be processed with the same efficiency 
and that species-specific properties with regard to optimal densities must be determined for 
all target organisms before use. Matrix lysis is a novel concept that is capable of digesting 
the food matrix of almost all food commodities prior to further analysis [5]. The remnant is a 
pellet of bacteria which can be purified and used for subsequent molecular analysis. The 
proof of concept for matrix lysis was shown for gram-positive and gram-negative micro-
organisms, and it could be found that gram-negative micro-organisms were more resistant to 
the harsh chemical treatments than gram-positive micro-organisms. The major advantage of 
matrix lysis is the simple processing scheme which is comprised of chemicals, a centrifuge 
and a water bath. Furthermore, DNA of dead bacteria is washed out and therefore not 
interfering with the DNA from viable cells. Almost all foodstuffs of animal origin can be 
processed without any amendment of the protocol. Using urea, most bacteria are recovered 
highly stressed or dead, but the bugs remain morphologically intact. We have however 
developed and exploited new generations of fluids increasing the viability of target microbes 
by almost unchanged ‘lytic’ properties of the protocol on the food matrix itself.  
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Reinventing the Petri dish: miniaturized tools for high throughput 
microbial culture 
 
Colin J. Ingham1,2 

1Wageningen University, Laboratory of Microbiology, the Netherlands and 2MicroDish B.V., 
the Netherlands; colin.ingham@wur.nl 
 

A disposable microbial growth format has been created that allows up to a million individual 
samples to be cultured. The base of this culture chip is a thin strip of porous aluminium oxide 
(PAO) which allows microbial cells to grow on the upper surface. PAO is an excellent 
material for culturing microorganisms; it is flat, inert and uniquely porous. The walls of the 
chip which segregate samples are created by laminating the PAO with a acrylic film. The 
acrylic film is selectively removed by reactive ion etching. The result is to create culture areas 
as small as 7x7 µm on the base, with walls 10 µm high. The PAO chips can be scanned by 
microscopy. Individual strains or mutants can be isolated by a micromanipulator. The PAO 
chips are versatile and have been used for viable counting and in various examples of high-
throughput screening. The design is flexible and the chips permit rapid changes in the 
environment of cultures grown on them, and do not desiccate. Modifications in the basic 
format to suit the analysis of complex microbial samples, for example in the isolation of 
previously uncultured microorganisms intended for culture or whole genome sequencing. 
Additional tools for microbial culture, include a ‘velvet pad’ designed to replicate patterns of 
microcolonies grown on PAO, are in development (Top Institute Food and Nutrition, the 
Netherlands and University of Enschede, MESA+, the Netherlands). 
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Figure 1.  Images of materials, growth compartments and microbial culture on chips. (A) Scanning 
electron microscopy of PAO showing pores < 200 nm diameter. (B) Transmission light microscopy of 
hundreds of 20x20 µm compartments in a MDCC viewed from above. (C) SEM of 7x7 µm 
compartments from above at a 30° angle. (D) Culture of bacteria in six compartments of the same 
dimensions as section (C) stained with a fluorescent dye. (E to H) Detection of target organisms on 
MDCC by fluorescence, immediately prior to recovery. In each case the fluorescence indicates a 
desired property of the cells, such as an enzyme activity. Panel (E) shows a high resolution image of 
individual bacterial cells in a single well 20 µm across. 
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Figure 2.  Culture chip holder and growth chamber with footprint of a microscope slide to facilitate 
viewing. The meshed area in the centre supports the culture chip, nutrients are supplied from beneath 
from the rectangular white area to the right of the meshed area. The square area to the left of the 
culture area is for a printing device (see Figure 3). 

 
 
 
Figure 3. Array of 5x5 µm area PDMS pins (viewed from beneath) for printing viable microorganisms 
on PAO (with A. van den Berg, J. Bomer and A. Sprenkels, University of Enschede, MESA+, the 
Netherlands). 
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Outsourcing rapid identification of bacteria and fungi with our 
MicroSEQ® Service (spotlight presentation) 

 
Richard de Winter 
BaseClear B.V., the Netherlands; info@baseclear.com 
 
Microorganisms can cause big problems when contaminating your samples. Identification is 
necessary to reveal their type and origin. BaseClear offers an innovative new service for fast 
and reliable identification of these microorganisms, based on the validated MicroSEQ® 
system from Applied Biosystems. 
 
A fast and reliable method: MicroSEQ® is a highly accurate phylogenetic approach for 
microbial identification based on the sequencing of the 16s rRNA gene for bacteria or the D2 
region of the large sub-unit for fungi. After sequencing the rRNA gene, the MicroSEQ® 
System automatically compares the results to validated sequences in the MicroSEQ® 
microbial libraries, and provides a lists of closest matches. The results are ranked according 
to genetic distance from the samples and displayed on the system monitor along with a 
phylogenetic tree. This system provides accurate and reproducible results without the need 
for time-consuming growth. MicroSEQ® is suitable for fast screening (<3 days) of even the 
most difficult samples. Using this system, BaseClear offers a service that is far more 
accurate and much faster than any other conventional identification method. Count your 
benefits: 

 Our MicroSEQ® service meets the requirements of regulatory agencies in Europe 
and the US.  

 Identification is based on a validated database containing more than 1800 bacterial 
and over 1000 fungal species.  

 We guarantee sufficient capacity to analyze your samples within the agreed delivery 
time.  

 We guarantee a high quality analysis with a reliable identification of your 
contaminants.  

 If you require more than 2000-2500 MicroSEQ® tests per year, BaseClear can also 
offer you a very convenient service or act as a back-up service for your in-house 
system.  
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Smart sensors in the process technological water world 
 
M. Mayer and Henk Miedema 
Wetsus, Centre of Excellence for Sustainable Water Technology, the Netherlands; 
henk.miedema@wetsus.nl 
 
The sensor demand in the process technological water world roughly comprises two fields of 
attention: (i) sensors ensuring safety and reliability of supply in the drinking water chain, and 
(ii) sensors facilitating process optimization and control in drinking water, waste water and 
process water purification processes. 
 
In order to produce safe drinking water, rapid detection of harmful bacteria in the production 
chain is vital. Ultimate goal would be the detection and characterization of one bacterium in 
one liter of water within one hour. However, it is expected that safety also can be guaranteed 
in a less rigid way, i.e., through smart combination of sample concentration techniques, one 
or more rapid sensors and online data analysis and statistics. In the Wetsus Sensoring 
theme, an electrical detection method for bacteria is under development. The project 
comprises a sample concentration step, followed by feeding the concentrate into a 
microchannel equipped with electrodes and analyzing particles through impedance 
spectroscopy. In a second project, bacteria are immobilized at a predefined spot using laser 
technology and interference of light technology called optical tweezing. Subsequently, the 
immobilized bacteria are individually characterized using Raman spectroscopy. 
 
To ensure the production of safe drinking water, it is also required to detect, besides harmful 
bacteria, any traces of toxic components. Because of the large number of toxic components 
and their usually very low concentration in water, detection of these undesired components in 
surface water or drinking water is very expensive, labour intensive and offline. Only in case 
of an ‘event’ e.g., illegal purge, an accident or heavy rainfall, a sudden change of water 
quality will occur. In such cases, it is not required to quantitatively determine the 
concentrations of a large number of toxic compounds. A fingerprint method to track changes 
of the water quality is in such cases sufficient. Based upon the water fingerprint, quick 
measures can be taken such as stopping the intake of water or, if possible, changing to a 
different water source. The exact concentration and composition of impurities in the drinking 
water can be determined later with the water fingerprint as a guide. Especially water 
fingerprinting methods that provide real time information and that are sensitive to specific 
groups of organic/inorganic compounds, such as pharmaceuticals, will contribute to 
safeguarding the quality of clean water. In the Wetsus Sensoring theme, roughly two types of 
projects are executed on the fingerprinting of water. One approach comprises the 
fingerprinting of water using biological systems, such as electricity producing bacteria in a 
microbial fuel cell or genetically modified bacteria that are immobilized on an optical fiber. 
When a water sample that is fed into such a biological system contains toxic compounds, the 
biological system will produce less electricity or will produce light. A second approach under 
development comprises sensoring techniques based upon physics, i.e., sensoring 
techniques without the use of chemicals and/or living organisms. 
 
To facilitate sustainable water purification there is a demand for sensors enabling process 
operation at a minimum of energy cost, chemical cost, risk and attention. An example of such 
a sensor is a proactive scaling sensor that is currently under development at Wetsus. Scaling 
is the undesired deposition of calcium carbonate or other sparingly soluble inorganic salts 
onto process equipment like heat exchangers or membranes used for water purification. At 
this moment, there are no sensors on the market that can predict the risk for scaling in a 
solution. Major reason for this is that traces of organic compounds at ppm to ppb level may 
seriously influence the crystal nucleation step and thereby the risk for scaling. In the pro-
active scaling sensor, a water sample is exposed to ultrasound resulting in cavitation and  
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large temperature gradients on micron scale. Since the solubility of calcium carbonate 
decreases with increasing temperature, crystal nucleation may occur when a solution 
containing calcium and carbonate ions is fed into the scaling sensor. This nucleation of 
crystals can be detected by a continuous turbidity sensor. The amplitude of the ultrasound 
signal at which the first particles are formed appears to be a relative measure for the risk of 
scaling. Scaling of process equipment does not only result in efficiency losses i.e., higher 
energy consumption, chemical consumption and maintenance but also increases the risk of 
biofouling and undesired deposits of material in water distribution systems. Hence it is 
expected that the scaling sensor may also contribute to increasing safety in the drinking 
water chain. 
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Quantitative determination of multiple mycotoxins by planar 
waveguide 
 
Jens Burmeister1, I. Dorn1, K. Wieczorek2, J. Outram2 and F. Kerz-Möhlendick2 
1Bayer Technology Services GmbH, Germany and 2Bayer CropScience AG, Germany; 
jens.burmeister@bayertechnology.com 
 
Since mycotoxins entering the feed and food chain bear a significant risk to animal and 
human health, legislators in Europe have set maximum levels for a number of mycotoxins in 
grain and grain products, which in turn impacts global trade flows. EU regulation 882/2004 
regulates official controls to ensure the verification of compliance with feed and food law, 
animal health and animal welfare rules. However, to date no suitable test is available that 
allows quantification of multiple mycotoxins directly at the point-of-interest, e.g. at grain 
collection points. Bayer Technology Services and Bayer CropScience have jointly developed 
a mycotoxin test kit based on the proprietary biochip platform planar waveguide technology 
(PWG) with plans for its  market introduction from 2009. The system is based on 
fluorescently labelled antibodies and consists of a reader and an easy-to-use lab-on-a-chip 
cartridge that allows quantification of multiple mycotoxins in one analysis, within 20-30 min. 
including grinding and extraction. The kit can work in outside the laboratory environment in 
humid and dusty conditions associated with harvest time.  
 
First field tests in three sites in Germany have shown the suitability of the test to fit into the 
process at grain collection points. Analytical performance characterization demonstrated 
agreement of the method with EU guideline 401/2006. Performance comparison 
demonstrated superior accuracy of the newly developed test kit with commercially available 
ELISA-kits and performance closer to chromatographic analysis. The unique features of the 
PWG are its multiplexing capability and the  ease of use in combination with quantitative 
results in  a wide range of individual mycotoxin concentrations.  
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Analysis of pentachlorophenol (PCP) in guar gum by GC-MS: a fast 
and reliable alternative method to QuEChERS 
 
Katrin Hoenicke 
Eurofins | WEJ Contaminants GmbH, Germany; katrinhoenicke@eurofins.de 
 
In July 2008, Switzerland reported via the Rapid Alert System for Food and Feed (RASFF) a 
contamination of several batches of guar gum from India, imported by a Swiss company, with 
dioxins and pentachlorophenol (PCP). The contaminated batches were partly already 
processed into food ingredient products disseminated to at least 9 Member States. The 
notification was followed by 127 additional messages regarding the tracing and withdrawal of 
affected products. Subsequent analysis of the dioxin profile indicated that the source of 
dioxins is only PCP and not another environmental or industrial source. The initially found 
high levels of up to 480 pg WHOPCDD/F-TEQ/g product and 4 mg PCP/kg gave reason for 
serious concern. 
 
PCP should be absent in guar gum and other food products. Regulation (EC) No 396/2005 
on maximum residue levels of pesticides in or on food and feed of plant and animal origin 
does not establish a maximum residue limit (MRL) for PCP. A default MRL of 0.01 mg/kg 
(limit of quantification) was therefore applied for all foods and feeds. Any level of PCP in guar 
gum exceeding 0.01 mg/kg, taking into account the measurement uncertainty, is therefore 
considered as unacceptable.  
 
On 29th of April 2008 the Commission Decision 2008/352/EC was issued imposing special 
conditions on guar gum originating from India. The Decision requires that all consignments of 
guar gum or products containing guar gum at significant amounts originating in or consigned 
from India, which left India after 4 May 2008 and imported into the Community intended for 
human or animal consumption, shall be accompanied by an original analytical report 
demonstrating that the product does not contain more than 0.01 mg/kg PCP. The extraction 
before analysis shall be performed with an acidified solvent and the analysis shall be carried 
out according to the modified version of the QuEChERS method as set out on the website of 
the Community Reference Laboratories for Residues of Pesticides, CRL Stuttgart 
(http://www.crlpesticides.eu/library/docs/cvuas/QuechersForGuarGum.pdf) or according to 
an equally reliable method. 
 
Eurofins | WEJ Contaminants has established a fast and reliable alternative method to 
QuEChERS and detection by LC-MS/MS using GC-MS. The method contains the following 
analysis steps:  

 extraction of PCP using acetone / water / phosphoric acid; 

 extraction with hexane; 

 re-extraction with potassium carbonate;  

 addition of acetic anhydride (formation of the acetate derivative)  and extraction with 
hexane; and 

 analysis by GC-MS. 
Using this method about 60 samples can be prepared by one technician per day. The limit of 
quantification (LOQ) using this method is only 0.001 mg/kg. The repeatability (R) of PCP in 
guar gum is 15 % at an average value of 0.165 mg/kg, the expanded measurement 
uncertainty (95%, k=2) for the determination of PCP in guar gum at a level of  0.02 mg/kg is 
50 %. The method fulfils the requirements of Commission Decision 2008/352/EC and can be 
used as a fast and reliable method to control the presence of PCP in guar gum already at a 
level of 0.001 mg/kg using GC-MS. 
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A safe meal: detecting proteinaceous toxins in food 
 
Eric A.E. Garber 
U.S. Food and Drug Administration, Center for food Safety and Applied Nutrition, USA; 
eric.garber@fda.hhs.gov 
 
Detecting a specific protein in food is analogous to searching for a needle in a haystack. 
Antibody and nucleic acid based methods are often employed to achieve the necessary 
sensitivity and specificity. By combining such approaches with the use of multiplex 
technology in a microtiter plate format, it is possible to analyze 30 different food samples for 
the presence of undesirable analytes with an average turn-around time ranging from <1 min 
to 10 min per sample, including sample preparation. The inclusion of built-in confirmatory 
tests, redundancy, and the use of multiple endpoints (i.e., qualtitative response and kinetic 
profiling) provide an effective approach to reducing the likelihood of false positives, false 
negatives, and the unnecessary re-screening of samples. Further, appropriate tailoring of the 
sensitivity of the assays to reflect need makes it possible to develop sample preparation 
protocols that are compatible with many different classes of food and different analytical 
platforms. Recent research using ECL, xMAP Luminex technology, ELISA, LFD, and 
enzymatic activity assays to detect the presence of proteinaceous toxins in food will be 
reviewed.  
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Bacterial gene profiling: a rapid test for evaluation of toxic 
compounds and toxic effects in food and feed 
 
Johan Robbens, I. Nobels, B. Van Dorst, J. Mehta, R. Blust and Wim De Coen  
University of Antwerp, Department of Biology, Lab EBT, Belgium; johan.robbens@ua.ac.be 
 
Risk assessment of chemicals requires two parts: effect measurements and monitoring. In 
the first part the potential toxic effects of a compound is assessed to characterize the 
compound. In the second part and once the effects are known, one needs to monitor for the 
presence of these compounds in the matrix of interest (pollution, food, feed, etc.). We are 
using bacterial gene profiling as a fast in vivo tool for characterization the toxicological 
effects. A battery of different transgenic Escherichia coli cells each contain a  different 
toxicological relevant promoter and an easy to measure reporter. These cells deliver 
information about several toxicological endpoints. 
 
In the second part monitoring has to be done to screen for the presence of the characterized 
compounds. Gene profiling can be done here as well, however there is also a need for novel  
methods. Enzymatic reporters that are used for profiling purposes, are somehow 
cumbersome. Novel reporters with a high throughput potential like those based on 
luminescence or those that are compatible with advanced BioMEMS (MicroElectronical 
Measuring System) can also be used. Additionally some pure monitoring tools can also be 
used. Different aspects of the risk assessment process will be discussed.  
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Rapid detection of informer genes that correlate with the presence 
of marine biotoxins 
 
Philomeen R. Nilsson1, A. Wasim1, P. Hendriksen2, H. Mooibroek1, J. Springer1, R. 
Hoogenboom2, J. Aarts3, L. de Haan3, H. Baykus2, A. Peijnenburg2 and A. van Amerongen1 

1Wageningen University, Agrotechnology & Food Sciences Group, the Netherlands, 2RIKILT-
Institute of Food Safety, the Netherlands and 3Wageningen University, Agrotechnology & 
Food Sciences, Section Toxicology, the Netherlands; philomeen.nilson@wur.nl 
 
Okadaic acid (OA) is a marine polyether toxin that is synthesized by dinoflagellates of the 
genus Prorocentrum and Dinophysis. This toxin accumulates mostly in shellfish such as 
mussels which filter-feed on these microalgae. Consumption of these contaminated mussels 
can lead to diarrhetic shellfish poisoning (DSP). The symptoms of DSP are related to the 
gastrointestinal tract such as nausea, vomiting, abdominal pain and diarrhea. Due to the risk 
for human health many countries monitor the presence of OA in shellfish and seawater. The 
detection of OA in shellfish is currently monitored by a symptom-based mouse morbidity 
bioassay. However the use of this in vivo assay is heavily criticized because of ethical issues 
and low sensitivity. A wide range of alternative tests have been developed to replace the 
mouse assay, however, these are not specific, subjective and time-consuming. 
 
Since low doses of OA can already be a risk for human health, we wondered whether the 
presence of OA at low concentrations would lead to the induction of a characteristic set of 
genes (Informer Genes) in a cell culture. If so, the design of appropriate sets of primers to 
amplify these indicative mRNA sequences would provide a basis for the development of an 
in vitro effect-based and preferably rapid diagnostic test for OA. In the presentation the 
results will be shown of the search for genes that are induced by OA and by two other marine 
biotoxins, i.e., representatives of the dinophysistoxins (DTX1) and the azaspiracid toxins 
(AZA1). Rapid assays were developed for a number of genes induced by OA and were based 
on nucleic acid lateral flow immunoassay (NALFIA) and on antibody microarray formats, both 
with carbon nanoparticles as signal labels. 
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Optimized by evolution: bacteriophages as a toolbox for the 
detection of pathogenic bacteria  
 
Martin J. Loessner  
ETH Zurich, Institute of Food Science and Nutrition, Switzerland; 
martin.loessner@ilw.agrl.ethz.ch 
 
Foodborne pathogens such as Listeria monocytogenes, Bacillus cereus, and Clostridium 
perfringens represent a serious threat to consumers, and new approaches are needed for 
detection and control of these organisms. For these purposes, bacteriophages offer a toolbox 
with many possibilities. It has been convincingly demonstrated that Listeria, Salmonella, 
Enterobacter sakazakii, and other bacteria frequently found in contaminated foods can be 
efficiently controlled by applying phages. However, phages are useful not only for such 
biocontrol purposes, but equally suited well for rapid detection and target cell separation and 
enrichment. With respect to phage-based diagnostics, a range of possibilities exist. Phages 
encode peptidoglycan hydrolases (endolysins), which rapidly lyse and thereby kill the 
bacterial host cells at the end of the multiplication period. When recombinant endolysins are 
added to bacterial cells, the highly active phage enzymes rapidly and very specifically lyse 
the bacterial cells from the outside, thereby releasing ATP or other intracellular components 
which can be used for rapid detection of bacterial contamination.  
 
The endolysins consist of an N-terminal enzymatically active domain (EAD), which harbours 
the peptidoglycan hydrolase activity, and a C-terminal cell wall binding domain (CBD), which 
targets the enzyme to its substrate with high affinity and specificity. Fusion proteins 
consisting of a CBD and a fluorescent protein are very useful for optical detection of Listeria 
and other bacteria. Besides specific labelling of target cells, the CBD domains also enabled 
the development of a novel magnetic separation assay (termed CBD-MS), designed for rapid 
recovery and detection of Listeria and other bacteria. The method is based upon 
paramagnetic beads coated with CBD polypeptides for immobilization of target cells onto the 
bead surface. As an example, Listeria-specific CBD-beads provide recovery rates of more 
than 90% of target cells from mixed bacterial communities, and enable rapid and sensitive 
detection by downstream techniques (plating or PCR). The combination of CBD-based 
enrichment and subsequent detection of the separated cells by a genetically engineered 
luciferase reporter bacteriophage permitted specific and very sensitive detection of viable 
Listeria from foods in less than 24 hours.  
 
Based on crystal structure data, we have further engineered the endolysin enzymes in order 
to enhance lytic activity or to modify the specific recognition and binding properties of the 
CBD domains. Swapping entire functional domains enabled the construction of chimeric 
enzymes with improved specific properties, both with respect to stronger killing activity, as 
well as for use in diagnostic procedures involving genetic fusions to different fluorescent 
proteins.   
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Rapid detection of micro-organisms using interferometry and lab-
on-a-chip nanotechnology 
 
Aurel Ymeti 
Ostendum, the Netherlands; a.ymeti@tnw.utwente.nl 
 
We have developed a rapid, ultrasensitive lab-on-a-chip sensor that could be used in a 
handheld device to detect various viruses and measure their concentration. The sensor could 
be used to quickly screen people at airports, hospitals, and emergency clinics to control 
outbreaks of diseases such as SARS and the bird flu. All it would take is a tiny sample of 
saliva, blood, or other body fluid [1]. The essential innovation in this technique is the 
combination of an integrated optics interferometric sensor with antibody-antigen recognition 
approaches to yield a very sensitive, very rapid test for virus detection. The sensor basically 
consists of a laser, which is shone through four channels in a silicon substrate (Figure 1). 
When the four beams exit the silicon they spread out and overlap to create an interference 
pattern. To spot a particular virus, we immobilize the appropriate antibodies to one of the four 
channels and then flow a sample containing the virus through that channel. If the viruses 
bind to the antibodies, the interference pattern changes, allowing estimation of the 
concentration. The sensor is able to spot the herpes virus at concentrations of just 850 
particles per milliliter under physiological conditions.  
 
The sensitivity of the lab-on-a-chip sensor approaches detection of a single virus particle, 
yielding a sensor of unprecedented sensitivity with wide applications for viral diagnostics. 
This sensitivity is ~ 2 orders of magnitude higher than other non-labelling sensor techniques 
such as surface plasmon resonance (SPR). The sensor’s detection principle can be 
extended to any biological target such as biomarkers, viruses and bacteria for which there 
are specific antibodies. The nature of the sensor enables multiplexed detection of several 
pathogenic species at the same time. This technique is better than traditional methods such 
as polymerase chain reaction because of its speed and ease of use without compromising 
sensitivity. In principle, with a device such as this, minimal pre-processing of samples is 
required, and one could imagine having several different, interchangeable, detection 
modules for rapid detection. Forbes has listed this technology as one of 13 amazing new 
nanotechnologies [2].  
 
Our ultimate goal is a point-of-care device consisting of a portable detector and a disposable 
lab-on-a-chip that can be used in the field to quickly and easily detect micro-organisms from 
either human or animal body fluid samples [3]. The first commercial prototype is currently 
under development and it could be available to the medical community in the next two to 
three years. 
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Figure 1. Schematic representation of the integrated optical lab-on-a-chip sensor. 
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Laboratories on chip: application of micro- and nanotechnology for 
rapid and efficient molecular diagnostics 
 
Monica Brivio 
Technical University of Denmark, Department of Micro- and Nanotechnology, Denmark; 
monica.brivio@nanotech.dtu.dk 
 
Molecular diagnostics offer a means for early disease detection and improved diagnostic 
accuracy as well as the possibility of ensuring an appropriate and qualified follow-up. By 
integrating miniaturized components and automating functionalities lab-on-a-chip 
technologies offer a valuable tool to improve these diagnostic procedures by making them 
faster, cost-efficient, user-friendly and portable. 
 
A case in point is the integrated microfluidic platform for genotyping of single nucleotide 
polymorphisms (SNPs), which is being developed in the EU-funded SMART-BioMEMS 
project. The SMART-BioMEMS system comprises the following sub-units: 

 sample pretreatment; 

 PCR and minisequencing; 

 microarray; 

 active flow control; and 

 biochip detection. 
The Lab-on-a-chip consists of a disposable polymer biochip, with chambers for storage of 
freeze-dried reagents, and a reusable actuator chip. Genotyping is based on PCR 
amplification followed by minisequencing. Three independent enzymatic steps, i.e. PCR, 
PCR clean-up and minisequencing are carried out on the biochip in separate chambers, 
where lyophilized reagents are stored. The reaction sequence is started by introducing a 
liquid sample in the first chamber, which dissolves the dried reagents and initiates the first 
reaction. The sample is then moved stepwise and in a controlled manner to the following 
chambers. This approach significantly reduces sample handling at the point of use as well as 
the microfluidic network complexity. 
 
In this presentation the SMART-BioMEMS point-of-care system will be described. Particular 
attention will be given to the disposable polymer biochip, i.e. device fabrication and testing of 
subunits (i.e. sample pre-treatment, PCR and hybridization). Emphasis will be given to 
freeze-drying as an on-chip storage method for reagents allowing a high level of integration 
yet ensuring a low system complexity in terms of microfluidic network. Similar approaches 
have been utilized in our laboratories for the detection of pathogens in food as well as clinical 
samples. A few examples of the resulting lab-on-a-chip devices will also be given. 
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Microarray based multiplex detection of bacteria and toxins 
 
Claudia Gluch 
Zenteris GmbH, Germany; claudiagluch@zenteris.de 
 
There is a large demand for decentralized and rapid detection methods for biomolecules in 
the markets of biodefense, food testing an environmental monitoring. We developed an 
integrated method for DNA and protein based identification for such applications. This 
APPROVE-B® technology is based on microarrays, protein or DNA type and optical 
fluorescence read-out. The key of this technique is the implementation of a one step 
biochemical reaction within a closed reaction chamber. This consumable, which is an assay 
specific component is processed and analyzed within the instrument device, controlled via 
PC including software for process control, image acquisition, evaluation, display and storage 
of results. 
 
State of the art for nucleic acid based analysis are the well-known methods like PCR or RT-
PCR, mostly in a real-time measurement format, including the respective assay kits or fluidic 
lab-on-a-chip systems using optical or electrochemical detection. For protein-based analysis 
state of the art methods are mainly ELISA-related. Most of the systems require an 
intermediate number of manual steps and/or different instruments to cover the full process. 
Concerning microarray-based systems recent developments of new detection methods and 
simplified methodologies have facilitated the transition from expensive high-density arrays to 
cost-effective, low-to-medium-density systems. There are, however, only very few platform 
systems which are performing both kinds of assays, nucleic acid and protein-based. 
 
Different from state-of-the-art-systems as mentioned above, our innovative APPROVE-B® 
technology does not use any exchange of fluids during or after processing and successive 
evaluation of samples. In particular any intermediate washing steps are avoided at present 
and we strongly aim to keep this important feature. Thus, the reaction chamber of the 
cartridge contains all reagents and the sample from start to end of the respective reaction, 
hybridization, and detection process. At the same time it houses the respective biochip and 
can be heated and cooled under individual control. These features can be applied to both 
methods and kinds of cartridge whether based on nucleic acids or on proteins. Moreover, in 
case of RNA being the analyte also reverse transcription of RNA into cDNA as the first step 
of the analytical process shall be integrated into the process chain. The proof-of-principle has 
been successfully carried out.  
 
Based upon the above described APPROVE-B® technology, two multiplex assays have been 
developed. The bacterial assay enables the identification of Yersinia pestis, Bacillus 
anthracis and Francisella tularensis and is based on DNA detection. The assay includes a 7-
plex endpoint PCR followed by hybridization to a DNA microarray. In order to increase the 
reliability of the detection two genetic markers are used for each bacterium including positive 
and negative process controls for DNA amplification. The detection limit of the assay is an 
agent concentration of 102 DNA copies of the respective agent, which is comparable with the 
sensitivity of real-time PCR detection methods. These results were reproduced in inter-
laboratory tests with external partners. For biodefense applications experiments with 
samples from air sampling devices as well as soil samples have been carried out and 
revealed similar results than with the Standard real-time PCR method. 
 
The toxin assay enables the identification of botulinum neurotoxin type A and B, ricin and 
staphylococcal enterotoxin B and is based on protein detection. The assay combines the 
classic 5-plex sandwich ELISA on the protein microarray. The reliable detection is 
guaranteed by the use of two capture antibodies for each toxin type including positive and 
negative process controls for the sandwich ELISA method. The individual detection of toxins  
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can occur in a selective and highly sensitive manner, without creating any form of cross-
reactivity. The detection limits of the assays are dependent on the quality of the antibodies 
used. For studies with mineral water toxin concentrations of up to a few ng/ml could be 
detected. These detection limits are within the range of the established ELISA system with 
used antibodies. 
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Rapid molecular detection of botulinal neurotoxins producing 
clostridia in food samples 
 
Patrick Fach 
French Food Safety agency (AFSSA), France; p.fach@afssa.fr 
 
Botulinum neurotoxins (BoNT) are produced by phenotypically and genetically different 
Clostridium species including Clostridium botulinum, and some strains of C. baratii and C. 
butyricum. BoNTs are the most potent biological and chemical substances known and are 
responsible for botulism, which is characterized by severe flaccid paralysis. BoNTs are 
divided into seven toxin types (A to G) according to their antigenic properties. Toxin types A, 
B, E and more rarely F cause human botulism, whereas toxin types C and D are mainly 
responsible for animal botulism. Although less common, bivalent strains that express two 
different BoNT types exist and are designated by the predominant toxin produced (Ab, Ba, 
Af, Bf). Other bivalent strain variants such as the A1(B) strains contain both BoNT/A and 
BoNT/B genes, but express only BoNT/A. Sequencing of the BoNT genes from multiple 
strains of serotypes A, B, E and F showed significant sequence variation within each 
serotype. While serotypes differ by about 35-70%, subtype differences range from 
approximately 2-32%. Four distinct lineages within each of the BoNT A and B serotypes and 
five distinct lineages of serotype E strains were identified. The nucleotide sequences of the 
seven toxin genes of the serotypes were compared and showed various degrees of 
interrelatedness and recombination, as was previously noted for the non-toxic non-
hemagglutinin gene, which is linked to the BoNT gene. The non-toxin/non-hemagglutinin 
(NTNH) protein that is closely associated with the BoNT protein is present in all toxin clusters 
but its function is not fully understood. It is thought that this protein assists in stability of the 
neurotoxin within the acidic and protease-rich environment of the stomach and assists in 
transport of the toxin from the intestinal area to the bloodstream. 
 
Laboratory detection and identification of BoNT-producing clostridia on the basis of 
bacteriological characteristics are difficult. Currently, the most sensitive standard method of 
BoNT detection is the mouse bioassay. The identification of C. botulinum (and other BoNT 
producing clostridia) requires the production of toxin in culture and testing by mouse 
bioassay with neutralization of the toxin with type-specific antitoxin. This technique is time 
consuming and requires handling of laboratory animals. A rapid and specific test for BoNT-
producing Clostridium detection is needed for food quality control and investigations of 
suspected food-borne outbreaks. We sought to develop rapid nucleic acid based assays to 
presumptively identify BoNT producing clostridia. The nucleotide diversity (identity ranges 
from 56-76%) among the BoNT genes present significant challenges in designing universal 
primers and/or probes that enable detection of these genes by real-time PCR. Nonetheless, 
BoNTs are generated as part of a progenitor toxin complex and a conserved component 
among serotypes is the non-toxic non-hemagglutinin (NTNH). East and Collins (1994) 
demonstrated that the gene encoding NTNH is present in all strains that produce BoNTs and 
absent from strains that are nontoxic. Nucleotide sequence analysis of the cluster of genes 
associated with the BoNT gene demonstrates the presence of the NTNH gene directly 
upstream of the BoNT gene in all toxin types tested. Comparisons of the NTNH amino acid 
sequence from toxic strains of C. botulinum reveal a high level of similarity (amino acid 
identity ranges from 70-99%). Moreover, the BoNT and NTNH genes are likely co-
transcribed as demonstrated by the identification of a transcript with a size that is 
approximately the sum of both genes. 
 
For tracking botulinum neurotoxin producing clostridia we designed two real-time PCR 
assays that target respectively the highly conserved regions of the BoNT and NTNH genes. 
Each test use a single fluorescently-labelled probe to detect bacterial strains harbouring the 
botulinum neurotoxin gene cluster. Owing to the very low G+C content of C. botulinum and
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due to the high genetic diversity within the BoNT and NTNH genes we used some 
degenerate and locked nucleic acid oligonucleotides. These PCR tests based on 
identification of the most conserved region of the BoNT and NTNH genes permit the 
simultaneous detection of C. botulinum A, B, E or F (and other BoNT producing clostridia). In 
addition, for tracing BoNT/A to BoNT/F producing clostridia, we developed four different real-
time PCR assays, each being specific for C. botulinum types A, B, E, and F, and enables a 
toxin type-specific identification. The specificity of the assay for C. botulinum types A-G, C. 
butyricum type E and C. baratii type F was demonstrated using a panel of BoNT producing 
clostridia representing all seven toxin serotypes. In addition, exclusivity of the assay was 
demonstrated using non-botulinum toxin producing clostridia (21 strains) and various other 
bacterial strains. Using purified DNA, the toxin type-specific assays had a sensitivity of 100 fg 
- 1,000fg of total DNA in the PCR tube (25-250 genome equivalents). The limit of detection of 
the assays ranged from 103 to 104 cells/ml by using calibrated clostridial suspension. After a 
4 8h enrichment in anaerobic conditions, C. botulinum type A has been detected in a 
naturally contaminated sample of ‘foie gras’ suspected in a C. botulinum outbreak. Further 
development of the methods on the GeneSystems® PCR based technology which relies on 
the multiplex real-time PCR amplification of several DNA targets within a unique GeneDisc 
represents an improvement of the methods. Some preliminary results with a first GeneDisc 
are presented. This multi-parametric PCR device, which combined the detection of genes 
BoNT/A, BoNT/B, BoNT/E and BoNT/F, represent an innovative and efficient approach for 
the development of a rapid and optimal screening/typing method for testing botulinum 
neurotoxin producing clostridia. Such method should be helpful for the routine monitoring of 
botulinum neurotoxin producing clostridia contamination into food or water and for the risk 
evaluation of these clostridia pollution along the food chain.  
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The molecular characterization of Salmonella enterica strains by 
LDR-microarray analysis 
 
Henk J.M. Aarts 
RIKILT-Institute of Food Safety, the Netherlands; henk.aarts@wur.nl 
 
Food-producing animals and related products contribute to human exposure to pathogenic 
microorganisms like Salmonella. To ensure food safety it is very important to control the 
microbial hazards at the various stages of the food and feed chain. An important tool in this is 
subtyping. Furthermore subtyping also facilitates the epidemiological investigation of 
outbreaks of gastrointestinal disease and the identification of the source of entry into the food 
chain. For this purpose several molecular based tools have been developed, among which 
pulsed-field gel electrophoresis (PFGE). However, these approaches do not reveal data on 
the gene pool and biological properties of the strains investigated and that information is 
required for a proper risk assessment. Within the EU FP6 project Biotracer-IP a microarray 
platform was developed that does provide the relevant molecular knowledge. The microarray 
is based on a multiplex ligation detection reaction (LDR) targeting various Salmonella genetic 
markers comprising flagellar and somatic antigen encoding genes, important virulence 
determinants, phage-associated genes and antibiotic resistance (AR) determinants followed 
by customized ArrayTube® microarray (Clonediag, Jena, Germany) detection. The LDR 
probes carry ZIP codes complementary to cZIP probes immobilized on the ArrayTube® 
microarrays. The principle of this approach has been previously described for Salmonella 
serotyping by Wattiau et al. [1].  
 
As mentioned above Salmonella is still an important food-borne infective agent and the 
intensive use of antimicrobial agents in both animal husbandry and public health has resulted 
in the drastic increase in antibiotic-resistance also among this pathogen. In a previous study, 
143 Salmonella isolates belonging to 26 different serovars were screened for the presence of 
antibiotic resistance determinants by microarray analysis using a platform that contained 223 
oligonucleotides representing genes for resistance to the following antibiotic classes: 
aminoglycoside, β-lactam, chloramphenicol, MLS, sulfonamide, tetracycline, trimethoprim, 
and vancomycin. The microarray data were to a large extent consistent to the general 
findings concerning antibiotic resistance in Salmonella. The screening revealed that most of 
the analyzed isolates, harboured three or more antibiotic resistance genes with the highest 
numbers found in isolates belonging to the Salmonella serovars typhimurium, paratyphi B 
var. Java, Bredeney, Saint Paul and Heidelberg and the only Give isolate investigated [2]. 
Based on these data 42 LDR probes were developed targeting the most relevant AR 
determinants for Salmonella and some of the relevant genetic elements.  
 
Both the Biotracer-IP array as the antibiotic resistance gene array were validated by the use 
of reference strains.  
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Technical and commercial advantages of the AK-Phage technology 

(spotlight presentation) 
 
Hugh Ballantine Dykes 
AK Diagnostics Europe BV, the Netherlands; hbd@afduk.com 
 
Food poisoning resulting from pathogens in food products is a major problem in the 
developed world where food manufacturing is growing rapidly. Symptoms of food poisoning 
include fever, diarrhoea, painful abdominal cramps, headache, muscle pain and occasionally 
death. In the USA in 2003, the Centers for Disease Control and Prevention estimated that 
there were approximately 76 million cases of illness from pathogens in food, resulting in 
5,000 deaths and direct economic costs of up to £46 billion. This US government agency 
also believes that its statistics under-reported the magnitude of the occurrences of food 
poisoning. In Europe, the problem is believed to be of a comparable size.  
 
The pathogens relevant to AK Diagnostics Europe BV (AKD) are Salmonella, Listeria, 
Escherichia coli O157 and Campylobacter. Their symptoms can range from mild illness and 
diarrhoea (in the case of Campylobacter) to severe abdominal cramps and, in severe cases, 
can be life threatening (e.g., haemolytic uremic syndrome in case of E. coli O157). In addition 
to the human consequences, whenever a recall of food products is necessary, the 
announcement can seriously damage the reputation of the manufacturer, distributor and 
retailer even where there is no illness or loss of life.  
 
Market studies project a total market for pathogen testing of €830 million by 2010 with a 
growth rate of 7.5% per year. Using military-derived AK-Phage™ technology licensed from 
Alaska Food Diagnostics in the UK, AKD is in the business of R&D and marketing of 
technology for testing for pathogens in various food, beverage, water and other matrices. 
Together with Alaska and RnA Assays BV, AKD is collaborating in a EUREKA approved 
project for the testing of blood, meatdrip and eggs of animals (principally pigs, cattle and 
poultry) at farm level or during slaughter.  
 
The novelty and advantage of the AK-Phage technology lies in the unique combination of 
three steps, which deliver both very high specificity and exquisite sensitivity: 

 immunomagnetic separation and capture of the target pathogen (IMS); 

 destruction of the target cells (lysis) by specific bacteriophages (phages); and 

 conversion of adenosine diphosphate by the expressed enzyme adenylate kinase 
(AK) to adenosine triphosphate (ATP), resulting in a 200-fold increase in signal 
strength compared to traditional bioluminescent end-point detection.  

This spotlight presentation focuses on the technical and commercial advantages of the AK-
Phage technology and also the synergy with RnA’s Plex™ assays.   
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On-line quality assessment of heterogeneous foods by rapid 
spectroscopic techniques  
 
Jens Petter Wold 
Nofima Food, Norway; jens.petter.wold@nofima.no 
 
Spectroscopic techniques such as near-infrared (NIR), FT-IR, and fluorescence 
spectroscopy are established methods for rapid determination of various types of food 
quality. The techniques are mostly lab-based, but more and more used in at-line and on-line 
situations. In the lab, the samples are usually homogenized to obtain representative spectral 
readings and accurate quantitative results. In on-line situations, this is not an option, and 
poses several challenges. 
 
Foods are in general heterogeneous and it can therefore be difficult to measure desired 
quality parameters in an adequate way with spectroscopic techniques. Constituents of 
interest can be unevenly distributed, for instance located in the interior of the samples. 
Sample properties and measurement situation therefore dictate what kind of sensor 
techniques and sampling, that are required for given applications. Representative sampling is 
the key to a successful at-line or on-line food quality screening method. A way to handle 
sample heterogeneity is to measure a large amount of the sample. This can be done for a 
bulk material, which makes up larger batches; a stream/large surface of the material can be 
measured, and a quite accurate mean estimate of the accumulated batch can be estimated. 
A greater challenge is when an accurate estimate is needed for single objects. 
 
We have addressed this challenge the recent years, focussing on rather difficult samples 
such as whole fish, single fish fillets, intact meat trimmings, live crabs, etc.  We have 
concentrated the work in two main directions:  

 Increasing sampling depth in order to obtain signals from the interior of the samples, 
not only from the surface. The main technique for this approach has been visible and 
near-infrared (NIR) spectroscopy.  

 We have applied multispectral imaging, which enables detailed sampling of a large 
part of the sample. This kind of imaging also gives valuable information about 
distribution of the constituents of interest.  

The work has resulted in two new industrial on-line systems, one suitable for fat, water, 
protein and colour in fish fillets, meat trimmings etc. The other system is designed for fat and 
pigment determination in whole fish, such as live salmon and mackerel.  
 
Considerations around spectroscopic sampling, reference measurements, and calibration 
approaches will be presented for a number of practical applications. Examples will also be 
given for rapid screening and imaging of lipid oxidation in foods. 
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Genetic tests for food quality 
 
Olena Doran 
University of the West of England, Institute of Bio-Sensing Technology, UK; 
olena.doran@uwe.ac.uk 
 
During the last decades there has been increasing interest in rapid and effective 
methods for evaluation of food quality and food safety. One of the promising approaches 
is the development of genetic tests and genetic markers for selective breeding towards 
genotypes with desirable food quality characteristics. This presentation will give an 
overview of research on the development of genetic markers for meat quality in pigs and 
cattle. There are two major directions in the development of genetic markers: (i) DNA 
sequencing and identification of trait-related polymorphisms and (ii) identification of 
quantitative trait loci (QTL). The latest investigates the association between a trait and a 
particular region of a chromosome which includes a number of genes.   
 
Single nucleotide polymorphisms (SNPs) have been detected in a number of porcine 
and bovine genes and have been linked to carcass composition, meat palatability, fat 
content and other meat quality traits. For example polymorphisms in the coding region 
and the promoter of bovine leptin gene have been shown to be associated with carcass 
fatness and intramuscular fat content [1,2]. SNPs in cattle myostatin gene have been 
associated with fat depth, total carcass fat weight and intramuscular fat content [3]. 
There is association between SNPs in calpain/calpastatin genes and meat tenderness 
[4]. It has to be taken into account that majority of the SNPs have been identified and 
tested only in one or two breeds. The challenge now is to validate the SNPs on various 
breeds and to evaluate them on large pig or cattle populations.  
 
In parallel with SNPs identification QTL have been detected for almost every important 
pork or beef quality traits. This includes QTL for carcass composition, meat palatability, 
pH, marbling, boar taint and many other [4-6,7,8]. However only a few QTL have been 
transferred to the industry, which is partially related to a high cost of the assays. 
Moreover, some of the QTLs are breed-specific and further evaluation on various 
breeds is requires. In addition some of the QTLs cover quite large areas of chromosome 
and this need to be narrowed down prior giving recommendations for their application 
for selective breeding. Although a large number of genes controlling meat quality traits 
have been discovered, there is a lack of information on multigene interactions. Research 
towards understanding of the impact of the selective breeding on other aspects of 
animal performance and health are required. 
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Genetic identification of fishes by DNA-barcodes and microarrays 
 
Marc Kochzius 
University of Bremen, Centre for Applied Gene Sensor Technology (CAG), Germany; 
kochzius@uni-bremen.de 
 
Imports of fishery products to the EU have almost doubled from 12.5 million Euros in 1990 to 
23.8 million Euros in 2004 [1]. In 2003, 85% of fishery products on the German market were 
imports and about two thirds of these imports were from non-EU countries [2]. These figures 
show that imported fishery products play a major role on the European market. Due to that 
development, the number of ‘exotic’ seafood is increasing, with a growing number of species 
coming from tropical countries, mainly Asia and Africa. The identification by authorities and 
industry of this growing number of species is rather difficult and for virtually all processed 
fishery products impossible. However, EU laws regulate that all fishery products need to be 
labelled with trade name or scientific name of the species (Council Regulation (EU) No 
104/2000; Commission Regulation (EC) No 2065/2001). The current list of trade names for 
seafood in Germany for instance contains 645 species or groups of species (i.e. genera or 
families). About 420 are fishes (65%) and 225 are invertebrates (35%). Similar lists are 
implemented in other member states of the EU. The proper identification of these species by 
the authorities and the industry in order to follow the regulations and to prevent fraud 
requires taxonomic expertise for animal groups ranging from fish, crustaceans, clams and 
mussels to cephalopods from all over the world. Since species designation is a major 
problem, the only possibility is the identification by DNA-based methods. 
 
The ‘gold standard’ in molecular genetic identification are DNA sequences, even though 
other methods are available (e.g. restriction fragment length polymorphism). International 
sequence data bases are filled with millions of DNA sequences, accumulating in an ever 
increasing pace. However, these sequences are obtained from many different regions of the 
genome, making it difficult to use this information for a sound identification system of 
organisms. Additionally, there is a rather high error rate in the species identity assigned to 
these sequences [3]. In order to overcome these problems, the consortium for the barcoding 
of life (CBOL) established a fragment of the mitochondrial cytochrome c oxidase subunit I 
gene (COI) as the standard for the identification of metazoans, which are deposited in the 
barcoding of life data base (www.barcodinglife.org) [4] and GeneBank. Identification can be 
done by sequencing the required marker with universal primers and re-constructing a 
phylogenetic tree. However, identification by sequencing is only feasible for single 
specimens, not for mixed samples containing several species. 
 
Another possibility for identification is the design of species specific DNA probes based on 
sequence data sets of a certain marker that can be immobilised in a systematic arrangement 
on a DNA microarray. This technology enables the simultaneous detection of several species 
in mixed samples. Such a microarray can contain thousands and even up to many hundred 
thousands of spots with different oligonucleotide probes, enabling a high redundancy [5]. 
Different detection systems are available, using electrochemistry [6] or fluorescent dyes [7]. 
2002). Currently glass microscope slides with a chemically modified surface on which 
oligonucleotide probes are spotted, are very common. Usually, the DNA target is labelled 
during PCR amplification with a fluorophore (e.g. Cy5) and its hybridisation to the probe on 
the microarray can be detected with a fluorescence scanner (Figure 1). 
 
Here, the application of three mitochondrial markers (COI, cyt b, 16S) for the barcoding of 
European marine fishes and the development of a DNA microarray [8] are presented. This 
research was conducted in the framework of the EU-funded FP6 project ‘Fish & Chips’ 
(www.fish-and-chips.uni-bremen.de) [9]. Phylogenetic analysis of several hundred COI, cyt b, 
and 16S sequences of 50 European marine fishes shows that COI as well as cyt b fragments  
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can differentiate even very closely related species. In contrast, 16S sequences seem to be 
too conserved and cannot distinguish closely related species. Based on the three markers, a 
prototype ‘Fish Chip’ with 65 oligonucleotide probes for the identification of 31 fish species 
was developed. These probes showed no false-positive signals and identified unambiguously 
all target species. Design of oligonucleotide probes and hybridisation experiments revealed 
that the three compared markers show a different suitability for this task: cyt b sequences 
yielded the highest number of probes, followed by the 16S and COI fragments. These results 
show, that a single marker system is not sufficient to design oligonucleotide probes for DNA 
microarrays. Therefore, it is recommended to utilise several markers for the genetic 
identification of fishes with DNA microarrays. 
 
References 
1. EU, 2005. Fishery statistics – data 1990-2004, Brussels, Belgium. 
2. BLE, 2004. Der Markt für Fischereierzeugnisse in der Bundesrepublik Deutschland im Jahre 2004. 

Bundesanstalt für Landwirtschaft und Ernährung, Referat-521-Fischwirtschaft, Hamburg, Germany. 
3. Harris, D.J. , 2003. Can you bank on GenBank? Trends in Ecology and Evolution 18:317-319. 
4. Hebert, P.D.N., Cywinska, A., Ball, S.L. and DeWaard, J.R., 2003. Biological identifications through 

DNA barcodes. Proceedings of the Royal Society of London B 270:313-321. 
5. Dufva, M., 2005. Fabrication of high quality microarrays. Biomolecular Engineer 22:173-184. 
6. Metfies, K., Huljic, S., Lange, M. and Medlin, L.K., 2005. Electrochemical detection of the toxic 

dinoflagellate Alexandrium ostenfeldii with a DNA-biosensor. Biosensors Bioelectronics 20:1349-
1357. 

7. Relógio, A., Schwager, C., Richter, A., Ansorge, W. and Valcárcel, J., 2002. Optimization of 
oligonucleotide-based DNA microarrays. Nucleic Acids Research 30:e51. 

8. Kochzius, M., Kappel, K., Döbitz, L., Silkenbeumer, N., Nölte, M., Weber, H., Hjörleifsdottir, S., 
Marteinsson, V., Hreggvidsson, G., Planes, S., Tinti, F., Magoulas, A., Garcia Vazquez, E., Turan, 
C., Medlin, L., Metfies, K., Gescher, C., Cariani, A., Landi, M., Hervet, C., Campo Falgueras, D., 
Antoniou, A., Bertasi, F., Chitipothu, S. and Blohm, D., 2007. The ‘Fish & Chips’ project: 
microarrays as a tool for the identification of marine organisms in biodiversity and ecosystem 
research. Oceans ’07 IEEE Aberdeen, 18-21 June 2007, Aberdeen, Conference Proceedings, 
ISBN: 1-4244-0635-8, pp. 4. 

9. Kochzius, M., Nölte, M., Weber, H., Silkenbeumer, N., Hjöleifsdottir, S., Marteinsson, V.P., Kappel, 
K., Planes, S., Tinti, F., Magoulas, A., Garcia Vazquez, E., Turan, C., Hervet, C., Campo 
Falgueras, D., Antoniou, A. and Blohm, D., 2008. DNA-microarrays for identifying fishes. Marine 
Biotechnology 10:207-217. 

 
 
Figure 1. Schematic illustration of a DNA microarray. 
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Direct analysis in real time and related new ionization techniques as 
a tool for rapid analysis 
 
Jana Hajšlová1and Bert Popping2 

1Institute of Chemical Technology, Department of Food Chemistry and Analysis, Czech 
Republic and 2Eurofins Scientific Group, UK; jana.hajslova@vscht.cz; 
bertpopping@eurofins.com  
 
Direct analysis in real time (DART) technology has been commercialised only recently, 
nevertheless, it is very well suited to revolutionise the analytical world as it delivers results for 
a number of scientific questions in real time and without prior/with minimal sample 
preparation. DART represents atmospheric pressure chemical ionization (APCI) related 
technique employing a corona discharge for this purpose. Metastable helium atoms, 
originated in the plasma, react with ambient water, oxygen, or other atmospheric molecules 
to produce the reactive ionizing species. DART ion source has been shown to be efficient for 
soft ionization of a wide range of both polar and non-polar compounds. In this presentation 
the case studies based on the application of DART technology hyphenated with high 
resolution time-of-flight mass spectrometry (HR TOFMS) will be demonstrated in following 
areas:  

 authentication of olive oil brands; 

 traceability in beer production chain; 

 analysis of melamine in milk and dairy products; 

 detection of pesticides in fruit and cereals; 

 analysis of soft drinks composition; and 

 identification of fraud of brand-name herb liquors and perfumes. 
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Allergen detection by LC-MS, peanuts or not? 
 
Arjon J. van Hengel 
European Commission, Joint Research Centre, Institute for Reference Materials and 
Measurements, Belgium; adrianus.van-hengel@ec.europa.eu 
 
Food allergy severely impacts the life and health of many people. The ingestion of food 
allergens by allergic individuals can trigger different types of reactions that, in some cases, 
can be lethal. It is therefore of prime importance to prevent allergic reactions from occurring. 
Unfortunately, there is no cure for food allergy and therefore allergic people have to resort to 
elimination diets that exclude the food commodities that can trigger allergic reactions. In 
order to effectively implement such an avoidance strategy people with a food allergy rely on 
a correct identification of the ingredients of food products they intend to consume. In recent 
years in several parts of the world legislation has been introduced that aims to protect the 
allergic consumer by demanding a mandatory declaration of allergenic ingredients on the 
label of food products. Within the European Union 14 allergenic ingredients or groups of such 
ingredients require such a mandatory declaration. This concerns: cereals containing gluten, 
crustaceans, eggs, fish, peanuts, soybeans, milk, nuts, celery, mustard, sesame seeds, 
sulphur dioxide and sulphites, lupin and molluscs, as well as almost all products derived from 
those foods.  
 
The availability of accurate, sensitive and rapid detection methods for food allergens is 
crucial for the food industry to inspect and control their production processes, for regulatory 
agencies to enforce legislation, and for the allergic consumer whose health is at risk. Multiple 
technical approaches have been followed to detect the presence of allergenic ingredients. 
The developed methods either target an allergenic protein, or any other component that is 
specific for the offending food and can serve as a marker to detect its presence. In practise, 
either proteins or DNA are targeted for this purpose. DNA-based methods rely on the 
amplification of specific DNA fragments originating from the offending food. The detection of 
food allergen specific DNA can serve as a marker for the presence of an allergenic 
ingredient, but such methods do not detect the proteins that can trigger allergic reactions. 
The detection of allergenic proteins can be achieved by methods based on immunological 
techniques. However, cross reactivity of the antibodies used for the immunological detection 
can potentially give rise to false positive test results. It is therefore prudent to develop 
methods that are capable of delivering an unambiguous identification of allergenic 
ingredients. Such methods can be used to confirm analytical results obtained with the 
methodologies mentioned above.  
 
Mass spectrometric (MS) detection has successfully been employed for the unambiguous 
detection of allergen traces in foods. Methods employing MS detection either detect the 
intact allergens, or they detect biomarker peptides that are indicative for the presence of 
allergens in food matrices. The first approach has been used to develop a method capable of 
detecting and quantifying whey proteins in fruit juices, whereby the identification of the whey 
proteins is based upon the retention time and the protein specific envelope of multi-charged 
ions.  Peptide biomarkers have been identified and successfully used for the detection of 
peanut allergens. Such biomarker peptides should be selected with care, since they need to 
full fill requirements like the abundance of their ions as detected by MS, and specificity to the 
allergen of interest. While another selection criterion for biomarker peptides should be their 
abundance in processed foods. We have developed an LC-MS method to study the effect of 
peanut roasting on the detection of biomarker peptides and identified 5 biomarkers that are 
specific for the three major peanut allergens. The continued efforts in developing MS-based 
methods for the detection of allergenic ingredients, in combination with the potential of this 
type of methodology are likely to increase their importance in the near future. Thus, MS-
based methods will contribute to the correct declaration of allergenic ingredients on the label 
of food products, and thereby improve the protection of allergic consumers. 
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Assessment of the microstructural quality of food emulsions by 
NMR in benchtop and sensor mode 
 
John P.M van Duynhoven 
Unilever R&D Vlaardingen, the Netherlands; john-van.duynhoven@unilever.com 
 
Within the foods industry, Time-Domain (TD) NMR methods have acquired a strong position 
as tools for microstructural assessment, with applications ranging from research to 
manufacturing. Within food research, TDNMR is typically used within the context of 
‘deductive’ strategies to derive structure-property relationships. Such approaches operate on 
time-scales which do not match with the currently required pace of research and 
development. Hence, we explored an ‘inductive’ approach, which relies on a joint deployment 
of TDNMR and MV analysis in order to generate explorative models that relate 
microstructure and functional parameters.  
 
Within manufacturing, TDNMR is now typically deployed to measure microstructural features 
that can be used to predict or define product quality. Although such methods are fast, precise 
and accurate, they are invasive in the sense a product still needs to be sampled into NMR 
tubes. Thus hand-held NMR sensors have gained interest due to their promise for non-
invasive product inspection. In a recent feasibility study, joint deployment of a NMR sensor 
and MV calibration proved to be able to assess the microstructural quality of a food emulsion 
in a non-invasive (‘through package’) manner.   
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Development of the BiosparQ: biological single particle recognition 
equipment for real-time detection of pathogens 
 
Jasper Kieboom, A.L. van Wuijckhuijse, C.E.A.M. Degenhardt and Ch.E. Kientz  
TNO Defence, Security and Safety, the Netherlands; jasper.kieboom@tno.nl  
 
Rapid and sensitive detection of pathogens is needed for many applications such as human 
diagnostics, food and feed microbiology and bio warfare applications. Unfortunately, all 
current technologies do not meet the standards of the ultimate goal in pathogen detection 
such as real-time detection of single-cells. The BiosparQ (Biological Single Particle 
Recognition Equipment) technology developed at TNO for the real-time detection of 
pathogens in air or liquid samples seems promising as a rapid, single-particle based 
detection method for pathogens. 
 
The BiosparQ technology is based on Matrix Assisted Laser Desorption Ionization Time-of-
Flight Mass Spectrometry (MALDI-TOF MS) and Aerosol Time-of-Flight Mass Spectrometry. 
Classical MALDI-TOF MS has emerged as a reliable generic laboratory technology 
applicable to whole cell analysis, and suitable for the identification of toxins, viruses, bacteria 
and spores. MALDI-TOF MS requires large amounts of pure culture pathogens that are 
measured in a batch-wise fashion. The BiosparQ technology developed at TNO relies on the 
direct in-flight MALDI-TOF MS measurement of aerosolized particles [1]. This unique feature 
makes it possible to obtain real-time MALDI-TOF MS spectra of single-particle pathogens 
directly from complex biological samples.  
  
In this presentation, an overview will be given of the BiosparQ technology and its unique 
properties. We will show that the real-time detection of pathogens using the TNO MALDI-
TOF MS is a rapid and reproducible method that discriminates among several pathogenic 
species and even between vegetative cells and spores. The system is ready for further 
development to the first real-time detector for bio warfare agents in air but has unlimited 
potential for the detection of pathogens in liquids, swaps or other complex biological 
matrices. 
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Novel nanorod arrays for high sensitivity photonic sensing of 
biopathogens  
 
Richard A. Dluhy 

University of Georgia, Department of Chemistry, USA; dluhy@uga.edu 
 
Development of diagnostic methods for rapid and sensitive identification of viruses and other 
biomedical pathogens is essential for the advancement of therapeutic and intervention 
strategies necessary to protect public health. Current diagnostic methods for viruses in 
particular, e.g. isolation, PCR, antigen detection and serology, are time-consuming, 
cumbersome, or lack sensitivity. We have investigated the use of aligned Ag nanorod arrays, 
prepared by oblique angle vapour deposition (OAD), as surface-enhanced Raman scattering 
(SERS) substrates for the identification and classification of viral pathogens. The OAD 
method of substrate preparation facilitates the selection of nanorod size, shape, density, 
alignment, orientation, and composition, while the procedure is reproducible and simple to 
implement. The current talk will address aspects of the fundamental nanostructural design of 
metallic nanorod arrays and their influence on SERS enhancement, as well as the 
development of a spectroscopic assay for virus and bacteria detection based on these 
unique nanostructured SERS probes.  We will also present results of multivariate statistical 
analyses on the SERS spectra of different pathogenic species that indicate that it is possible 
to identify, differentiate, classify and quantify pathogenic microorganisms based on their 
intrinsic SERS spectra, even at the strain level. 
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Molecular methods for rapid detection of food and environmental 
pathogens 
 
Brajesh K. Singh 
The Macaulay Institute, UK; b.singh@macaulay.ac.uk 

 
Development and use of rapid and simple detection methods for food-borne pathogens is 
essential for food safety, in the identification of the pathogen and in analysing the distribution 
and source of contamination. The more widely used classical methods for pathogen 
detection are labour intensive, time consuming and expensive. In recent years, several 
molecular methods which offer speed, specificity and sensitivity have been developed and 
evaluated to address these problems. However, these newly developed molecular methods 
have been considered technically too demanding and expensive for routine testing within 
industry. In this presentation I will critically evaluate the recent advancements in molecular 
methods and their utility for pathogen detection in the food and environmental industries. I 
shall also discuss a newly developed method SimPAth which allows the simultaneous 
detection of multiple pathogens within 5-8 h, an approach with the potential to revolutionise 
the microbial diagnostic industry.  
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The potential use of chemical sensors based on odorant binding 
proteins 
 
Krishna C. Persaud 
University of Manchester, School of Chemical Engineering and Analytical Science, UK; 
krishna.persaud@manchester.ac.uk 
 
A major issue in detecting airborne chemicals is the low sensitivity, and poor selectivity of 
state-of-the-art sensors, compared to biological chemical senses. Existing sensor 
technologies such as metal oxides, conducting polymers, or antigen-based biosensors are 
limited in terms of sensitivity and selectivity, and are often subject to drift and poisoning. In 
contrast, biological systems show high selectivity to individual compounds even against 
complex and dominating backgrounds, rapid response and recovery rates and a large 
dynamic range. Suitable candidates for the active sites of biosensors for volatile chemicals 
are odorant binding proteins that are soluble proteins of the lipocalin family. Major urinary 
proteins excreted in the urine of mice, also belong to the same family. The calyx-like 
structure of these proteins lends themselves great conformational stability. We have 
succeeded in immobilising a selection of these proteins on to quartz crystal microbalances 
that are mass transducers. We observe that it is possible to detect and quantify extremely 
low concentrations of volatile chemicals (ppb-ppm) such as isobutyl methoxy pyrazine,  
octen-3-ol and others, and that the sensitivity, selectivity and stability of these systems 
promise that they can be used for real world chemical sensing. Potential uses for 
environmental monitoring are discussed.  
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Resonance of meniscus waves: towards a ‘liquid Cantilever’ rapid 
assay for biomolecules 

 
Laurent Davoust and C. Picard 
Centre National de la Recherche Scientifique, Laboratoire des Ecoulements Géophysiques 
et Industriels, France (CNRS-LEGI), Microfluidics team, France; 
laurent.davoust@hmg.inpg.fr 
 
Label free techniques are now identified as relevant to detect biological material which 
cannot be grafted by a fluorescent tag (DNA strands, proteins, etc). In this growing context, a 
new sensor methodology is addressed which is based on the mechanical resonance of a 
functionalized liquid surface to which biomolecules come to adsorb. Our experimental 
technique exploits the dynamical resonance of capillary (quasi-standing) harmonic waves 
sustained along a chemically-functionalised air-water meniscus. 
 
In a first experiment [1, 2], the cylindrical capillary waves are excited from an outer sharp 
wedge managed at the top of a vibrated glass cell (diameter: 5 cm) filled with water (Figure 
1). In this way, it is possible to set accurately the mean curvature of the excited meniscus, 
and consequently, to monitor the micrometric amplitude of the capillary meniscus waves. 
Unlike Faraday waves, such meniscus waves exhibit a linear behaviour even at frequencies 
where damped resonance is observed. These resonance frequencies are found to be mainly 
controlled by the dynamical surface tension which reveals to be quite sensitive to the 
biological content of the liquid surface. In particular, one finds that the radial wavenumber of 
one resonance mode is imposed by the outer boundary of the agitated cell. As a 
consequence, it is possible to follow the time-dependent surface tension from the shift of the 
resonance frequencies. To this purpose, a dispersion relation, valid for the linear regime, is 
jointly used with laser interferometry. This optical technique is especially developed in order 
to characterize the surface elevation at the centre of the liquid surface, which allows us to 
follow in real time the resonance frequencies and therefore to follow the dynamical surface 
tension. The sensitivity of capillary resonance is made evident by using an air/water interface 
covered by a monolayer of cationic (DOGS) lipids whose hydrophilic termination is able to 
link with solubilised DNA strands (linking achieved from a spermine group). A dedicated data 
processing of the transient surface aging during the course of DNA capture is presented. The 
resonance technique is found to discriminate between single- and double-stranded DNA, 
initially solubilised within water subphase. 
 
A second experiment, under current development, is also briefly presented in this paper. Our 
aim is to show how previous methodology can be downscaled to one single drop. This 
experimental step is somewhat decisive since it turns out as a way to investigate the full 
integration of a label free technique within a digital lab on a chip, see e.g. pending patent [3]. 
This time, a network of (spherical) meniscus waves is sustained along the surface of a liquid 
drop deposited on one hydrophobic solid substrate. This substrate is made from two co-
planar half-circular electrodes (typical size: 500 μm), separated each other by a narrow gap 
(10 μm) and buried under a thin dielectric film topped with a hydrophobic layer (Figure 2). 
Such a system allows us to generate EWOD effect (ElectroWetting On Dielectric) [4]) upon 
the deposited drop. Without electric actuation, the drop is similar to a spherical cap in non 

wetting conditions due to hydrophobic coating (contact angle: c 115°). An AC electrical 

signal applied between half-circular electrodes is able to generate an electric field normal to 
the drop contact line all around the wetting area (typical size: 1mm). Doing so, the apparent 
contact angle increases (Lippmann-Berge law) and the drop deforms in order to fulfil 

electrically-induced wetting conditions (contact angle: c  80°). As a consequence, by 

applying a low-frequency electric actuation (angular frequency: Ω  100 Hz), it is possible to 
switch from wetting to non-wetting conditions at a frequency twice that of the AC actuation.  
By switching between these two states, meniscus waves are therefore generated from the  
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electrically-induced oscillations of the moving contact line. 
 
Some first EWOD experiments carried out on drops have been imaged under a CCD 
camera. A movie will be shown which demonstrates the electrically-induced deformation of a 
pure water drop and the electrically-induced deformation of a drop made from water and 
solubilised ovalbumin (OVA, bulk concentration: 65 mg/l). For an AC frequency ranging 
between 99 Hz and 110 Hz, the magnitude of drop deformation is observed to be 
significantly damped when adding OVA. This result seems to demonstrate a significant 
sensitivity of the capillary resonance along an ageing liquid drop; a point which warrants 
further investigation to state about the ability of a drop-based label free technique. 
 
Figure 1. Capillary resonance along a liquid surface. 

 

 
 
 
Figure 2. Drop resting on two half-circular electrodes. 
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CD-labplayer, the other side of compact disk: rapid detection of 
multiple chemical contaminants 

 
Á. Maquieira and Sergi Morais 
Valencia Polytechnic University, Department of Chemistry, Spain; smorais@qim.upv.es; 
amaquieira@qim.upv.es 
 
Nowadays, there is an increasing need for effective screening in the field of life sciences. 
High-throughput analysis, operationally easy protocols, robust instrumentation, good 
sensitivity and faster results are key requirements for developing such methods. Within novel 
approaches, compact disk technology, as analytical tool, matches these demands by 
integrating compact disks as working platforms and disk drives as detector. In this 
presentation, the progresses and achievements performed by our group on this 
methodology, will be discussed. First, compact disks were employed as platforms for scoring 
single nucleotide polymorphisms (SNPs) in vegetable virus. Next, immunoanalysis on 
standard compact disks to determine low abundant compounds in an indirect format was 
demonstrated. In this approach, gold-labelled antibodies were used as tracers, forming a 
precipitate on disk surface that is sensed by using a CD/DVD drive as detector. Following 
this strategy, different applications in microarray format, developed on both top and bottom 
side of modified disk surfaces, were performed. On one hand, mild chemical modification of 
polycarbonate disk surface based on nitration, reduction, and chloromethylation reactions 
have been developed. Derivatized surfaces as amino and thiol were obtained, keeping the 
mechanical and optical properties of the disk. These approaches were assessed by covalent 
attachment of oligomers to develop microarraying assays based on hybridization and SNPs 
discrimination. Another studied application of CD technology was based on spin coating 
polystyrene and polymethylmethacrylate over low reflectivity disks for the development of 
microarray immunoassays. Also, the use of standard unmodified disk drive allowed the 
quantification of tumour markers in sandwich format on different type of disks (low reflectivity, 
CD-R and DVD-R).  
 
The most recent approach dealt with rapid determination of multi-chemical residues in 
parallel in a single assay directly without sample pre-treatment in a total time of 30 min. This 
type of multiplexed analysis is able to analyze compounds belonging to very different 
chemical families with high sensitivity and specificity, goal that is difficult to be reached by 
other methods. In addition, the methodology includes controls and internal standard for 
calibration, achieving reliable analyte quantification. In comparison to the reference methods, 
the instrumentation and assay protocols are by far cheaper and simpler. It allows for rapid 
biosensing in a multiplex format, offering high sensitivity and reproducibility assays. Disks 
were directly read by standard drives what dramatically increased analytical performances 
and assaying rapidity. Disk drive works as high sensitivity microarray scanner keeping its 
original function of reading the whole surface of the disk and controlling the reading velocity. 
The portability of detector, short assay times and simple protocols allow for analyzing 
samples out of laboratory.  
 
In summary, disk technology will facilitate high throughput screening and parallel multi-
analysis. Disk approach is versatile in that it is readily adaptable to facile detection at very 
low levels of specific biochemical interactions (nucleic acids, proteins, carbohydrates, etc.) of 
any kind, with minimum reagent consumption, high sensitivity, rapidity and portability. The 
system suits well with home monitoring or in situ analysis demands, in relation to the 
development of screening methodologies and cost-effective compact instrumentation that it 
is especially interesting for agro-food applications. 
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Immunoaffinity-based microfluidics: a rapid and flexible tool for the 
molecular fisherman 
 
Terry M. Phillips 
National Institutes of Health, National Institute of Biomedical Imaging and Bioengineering, 
Laboratory of Bioengineering & Physical Science, Nanoscale Immunodiagnostics Section, 
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. This has made basic micro-fluidic analysis more readily available and has extended 
their use to biomedical analysis, especially clinically relevant biomarkers. Here 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 nanoscale 
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’. 
 
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]. Additionally, we are developing antibody-based microfluidics 
systems to detect and measure contaminants in water, meats, produce, and herbal extracts.  
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Making it small: protein microarray – applications and future 
challenges 
 
Thomas O. Joos 
University of Tübingen, Natural and Medical Sciences Institute (NMI), Germany; 
joos@nmi.de  
 
Array-based assay systems allow the determination of hundreds of molecular parameters in 
a single experiment. Within the last years, microarray technology has been adapted to 
analyze proteins and different analytical systems are under development that are likely to 
evolve into key technologies for the characterization of complex samples. The use of 
miniaturized and multiplexed immunoassays allows the measurement of several dozens of 
different analytes from limiting amount of sample material like fine needle biopsies. Examples 
will be given for focused protein expression analysis of tumour samples using reverse phase 
protein microarrays and for serum profiling using miniaturized and parallelized sandwich 
immunoassays. 
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Speedy, small, sensitive and specific – reality or myth for future 
analytical methods  
 
Richard O'Kennedy 
Dublin City University, National Centre for Sensors, Biomedical Diagnostics Institute and 
School of Biotechnology, Ireland; richard.okennedy@dcu.ie 
 
Recent trends in the development of analytical procedures are directed towards platforms 
and devices that are speedy, small, sensitive and specific. However, these aims may require 
new reagents and approaches that are tailor-made for the application envisaged, or, re-
tooling of existing systems. Whichever approach is taken the problems and demands remain 
similar. They include non-specific binding and its elimination, oriented immobilisation of 
ligands and other molecules, matrix effects, the need for sample ‘clean-up’, single or multiple 
use, miniaturisation, microfluidic needs, ease-of-use, user, legislator and consumer 
appreciation, acceptance and requirements and cost considerations. These and other issues 
will be critically analysed in the light of recent achievements and the potential to overcome 
current obstacles will be discussed. 
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Microorganisms 
P1 – P13 
 
P1 Biacore HerdSense assays – rapid and reliable high throughput serological screening 

for pathogens 
René Achterberg1, K. Maassen1, S. Haughey2, L. Wahlstrom3 and D. Areskoug3 
1Wageningen University, Central Veterinary Institute, the Netherlands, 2XenoSense 
Ltd., UK and 3GE Healthcare Bio-Sciences, Sweden 

 
P2 Rapid methods to detect virulence factors of verotoxinogenic Escherichia coli in cattle 

M. van Tuil1, F.J. van der Wal2, A. de Boer2, A. Moers1 and Aart van Amerongen1 

1Wageningen University and Research Centre, Agrotechnology & Food Sciences 
Group, Biomolecular Sensing & Diagnostics, the Netherlands and 2Wageningen 
University and Research Centre, Animal Sciences Group, Central Veterinary Institute, 
Division Bacteriology and TSEs, the Netherlands 

 
P3 A multiplex molecular test using a DNA microarray system as an alternative 

Salmonella serotyping method 
Anne Brisabois1, S.Fremy1, F. Moury1, R. van Santen2, P.Vos3, J.M Fabre4 and 
F. de Goeijen2 
1
AFSSA, LERQAP, Unité Caractérisation et Epidémiologie Bactérienne, France, 

2DSM Food Specialties, the Netherlands, 3Check-Points, the Netherlands and 
4Phylum, France 

 
P4 Alternative method for airborne contamination sampling 
  Quitterie Desjonquères 

Bertin technologies, France 
 
P5 Comparison of three pillars for detection of Listeria monocytogenes, Escherichia coli 

O157 and Campylobacter jejuni within 24 hours time frame 
Vicky Jasson, A. Rajkovic and M. Uyttendaele  

  Ghent University, Department of Food Safety and Food Quality, Belgium 
 
P6 Rapid detection of Enterobacteriaceae including identification of Enterobacter 

sakazakii (Cronobacter) 
Matthias Kiehne, C. Grönewald and K. Berghof-Jäger 
BIOTECON Diagnostics GmbH, Germany 

 
P7 Sensitive microarray-based detection of pathogenic bacteria 

Tanja Kostić1, S. Beatrix2, M. Wagner2, A. Sessitsch1 and L. Bodrossy1 

1Austrian Research Centers (ARC), Department of Bioresources, Austria and 
2University of Veterinary Medicine, Institute for Milk Hygiene, Milk Technology and 
Food Science, Austria 

 
P8 Rapid detection of microorganisms including spores in beverage products using the 

Milliflex Rapid Microbiology Detection and Enumeration System 
R. Chollet, M. Hohnadel, Hervé Meder, N. Halter, M. Romieux and S. Ribault 
Millipore, European Development & Industrialization, Bioprocess Division, France 

 
P9 Direct Vision System: rapid detection of biological contaminations and control of  
 hygiene 

Georg Meinardus-Hager and N. Sinclair La Rosa 
a.e.r.o.medi, the Netherlands 
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P10 Antimicrobial resistance of Campylobacter jejuni/coli isolates and its mechanisms 
Sabina Purkrtová, K. Demnerova and J. Pazlarova 
Institute of Chemical Technology Prague, Faculty of Food and Biochemical 
Technology,  
Department of Biochemistry and Microbiology, Czech Republic 

 
P11 Development of an immunochromatographic rapid test for detection of pathogenic 

Vibrio parahaemolyticus  
H. Wulff, J. Kredel, J. Kreyenschmidt, B. Petersen and Jörg Slaghuis 
Merck KGaA, Analytics & Microbiology, Germany 

 
P12 Pathogen detection using proximity dependent DNA ligation  

Fimme Jan van der Wal1, R. Nong2, U. Landegren2 and C. Schoen3 
1Wageningen University and Research Centre, Central Veterinary Institute, the 
Netherlands, 2Uppsala University, Department of Genetics and Pathology/Molecular 
Medicine, Sweden and 3Wageningen University and Research Centre, Plant 
Research International, the Netherlands 

 
P13 Application of different rapid methods in routine analysis of Cronobacter spp. 

Sha Zhu 
Central Laboratories Friedrichsdorf, Microbiology Division, Germany 

 
 
 
Chemical contaminants 
P14 – P23 
 
P14 Development of an immunosensor for progesterone in lateral flow format 

G.A. Posthuma-Trumpie1, J. Korf1 and Aart van Amerongen2 
1University of Groningen, University Medical Center Groningen, the Netherlands and  
2Wageningen University and Research Centre, Institute of the Agrotechnology and 
Food Sciences Group, Biomolecular Sensing & Diagnostics, the Netherlands 

 
P15 An impedimetric immunosensor based on interdigitated microelectrodes (IDµE) for 

the determination of pesticide residues in food samples 
Alejandro Barranco1, N. Argarate1, J. Ramón-Azcón2, E. Valera3, A. Rodriguez3, B. 
Alfaro1, M.-P. Marco2 and F. Sanchez-Baeza2 
1AZTI-Tecnalia, Food Research Division, Spain 2CIBER of Bioengineering, 
Biomaterials and Nanomedicine, Applied Molecular Receptors Group, CSIC, Spain 
and 3Universitat Politècnica de Catalunya, Departament d’Enginyeria Electrònica, 
Micro and Nano Technologies group (MNTg), Spain 

 
P16 The evaluation of lateral flow immunoassay for the direct detection of pesticide 

methiocarb  
Martina Blažková, Z. Šmídová, P. Rauch and L. Fukal 
Institute of Chemical Technology, Department of Biochemistry and Microbiology, 
Czech Republic 

 
P17 Application of immunoassay on thiabendazole detection in food 

Z. Šmídová1, Martina Blažková1, A. van Amerongen2, L. Fukal1 and P. Rauch1 
1Institute of Chemical Technology, Department of Biochemistry and Microbiology, 
Czech Republic and 2Wageningen University and Research Centre, Agrotechnology 
& Food Sciences Group, Biomolecular Sensing & Diagnostics, the Netherlands 
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P18 NMR-based multi-parametric quality control of fruit juices and HR-MAS NMR of 
melamin in Chinese candies  
M. Spraul1, P. Rinke2, S. Koswig2, Eberhard Humpfer1, H. Schäfer1 and B. Schütz1 

1Bruker BioSpin GmbH, Germany and 2SGF International, Germany 
 
P19 Rapid immunoassay for the simultaneous determination of eight anabolic steroids in 

meat 
E.M. Brun, A. Torres, R. Puchades and Ángel Maquieira 
Valencia Polytechnic University, Department of Chemistry, Spain 

 
P20 Development of ELISA for the determination of sulfonamide residues in fish 

C. Cháfer, Ángel Maquieira and R. Puchades 
Valencia Polytechnic University, Department of Chemistry, Spain 

 
P21 A rapid strip test for the quantitative determination of total B fumonisins in agricultural  
 commodities 

Alexandra Molinelli, K. Grossalber, S. Baumgartner and R. Krska 
University of Natural Resources and Applied Life Sciences, Department for 
Agrobiotechnology (IFA-Tulln), Center for Analytical Chemistry, Christian Doppler 
Laboratory for Mycotoxin Research, Austria 

 
P22 Validation of a new test kit for aflatoxin detection – FluoroQuant Afla IAC 

G. Mitterer1, G. Kichler1, Alexandra Molinelli1, D. Houchins2, C. Brewe2, M. Prinster2, 
J. Leroy2, T. Brinker2, S. Nenonen2 and C. Fanelli2 

1Romer Labs Division Holding GmbH, Austria and 2Romer Labs, Inc., USA 
 
P23 Compact disc technology for multiplexed micro-analysis for food quality control 

Sergi Morais, L.A. Tortajada-Genaro, T. Arnandis-Chover, J. Tamarit-López, R. 
Puchades and Á. Maquieira 
Valencia Polytechnic University, Department of Chemistry, Spain 
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P1 

Biacore HerdSense assays – rapid and reliable high throughput 
serological screening for pathogens 
 
René Achterberg1, K. Maassen1, S. Haughey2, L. Wahlstrom3 and D. Areskoug3 
1Wageningen University, Central Veterinary Institute, the Netherlands, 2XenoSense Ltd., UK 
and 3GE Healthcare Bio-Sciences, Sweden; rene.achterberg@wur.nl 
 
In collaboration with the Central Veterinary Institute of Wageningen University and Research 
Centre, GE Healthcare has developed a new system for rapid and reliable high throughput 
serological screening for pathogens. The system is based on the surface plasmon resonance 
phenomenon, a label free detection system allowing the user to run serum samples with 
minimal sample preparation. The new Biacore Q100 system has 8 parallel needles and 
processes a 96-well plate within the hour. The Biacore HerdSense Swine Salmonella assay 
is developed for the monitoring of the prevalence of Salmonella infections in pig herds. The 
assay detects antibodies against Salmonella serogroups B, C and D. The Biacore 
HerdSense Swine Trichinella assay, together with the Biacore HerdSense Swine Trichinella 
Plus assay is developed for the risk-based population monitoring of certified Trichinella-free 
herds of slaughter pigs. Both assays are fully validated and suitable for population monitoring 
of pig herds. 
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P2 

Rapid methods to detect virulence factors of verotoxinogenic 
Escherichia coli in cattle 
 
M. van Tuil1, F.J. van der Wal2, A. de Boer2, A. Moers1 and Aart van Amerongen1 

1Wageningen University and Research Centre, Agrotechnology & Food Sciences Group, 
Biomolecular Sensing & Diagnostics, the Netherlands and 2Wageningen University and 
Research Centre, Animal Sciences Group, Central Veterinary Institute, Division Bacteriology 
and TSEs, the Netherlands; aart.vanamerongen@wur.nl 
 
Cattle are a known reservoir of Escherichia coli, of which certain types are (lethal) human 
pathogens, e.g. verotoxinogenic E. coli (VTEC) like O157:H7 that can cause the ‘hamburger 
disease’. It has been observed that E. coli with certain genes are shed over longer periods of 
time, but it is not clear if particular combinations of virulence factors play a role in this. The 
aim of the project is to investigate the dynamics of VTEC virulence factors with longitudinal 
data sets on VTEC virulence factors by developing methods for epidemiological analysis. To 
this end various VTEC detection assays were developed and investigated for their 
usefulness for the epidemiological analysis method. Here, we present an overview of the 
development of rapid molecular biological methods to detect the presence of the five 
'classical' virulence factors (Vt1, Vt2, eae, Ehx, Saa) 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, DNP and texas red. During lateral flow, amplicons are sandwiched between 
neutravidin, that has been bound to carbon nanoparticles, and nitrocellulose membrane 
immobilised anti-tag 2 antibodies, that each represent one of the virulence genes or the 
control. In a second format this detection principle is used to develop an antibody microarray 
on nitrocellulose membranes to detect the five 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 
sufficient to reliably determine the pixel grey volumes of sandwiched nanoparticles by flatbed 
scanning and image analysis. The test procedures can be done in the vicinity of cattle and, 
therefore, the methods are suited to timely decide on intervention measures. The overall 
output of the project will be knowledge of the dynamics of virulence factors of VTEC in cattle, 
and new methods of analysis and detection of virulence genes in isolates and cattle faeces. 
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Salmonella serotyping is an important tool for classification, identification of contamination 
sources and epidemiological purposes. In addition, European and US regulation require 
monitoring of some serotypes most frequently prevalent. Traditional serotyping is based on 
the Kauffmann-White antigen-antibody scheme and requires a lot of different polyvalent and 
monovalent antisera allowing the detection of somatic and flagellar antigens. Application of 
this method is limited by the high costs of the sera, possible deviation in quality of them, time 
consumption and presence of non-typable isolates. Therefore, Check-Points BV and DSM 
have developed a general fast functional bacterial typing system based on DNA chips from 
ClonDiag, for the molecular serotyping of Salmonella. A set of genetic markers has been 
selected with the purpose of yielding unique microarray hybridization profiles to recognize the 
Salmonella genus and to identify S. enterica subsp. enterica serovars This new procedure 
Premi®Test Salmonella (PTS) can be performed directly on animal, food or environmental 
samples after the enrichment and isolation steps on various culture media. The aim of this 
study was to evaluate the performance of the PTS on a large diversity of serotypes mainly 
detected in animals and foods and to define the specificity of the test on a variety of 
Salmonella and non Salmonella isolates. As a first step, 97 strains belonging to 62 different 
serotypes known to be detected by the PTS were tested. The series included the 9 European 
and US regulation serotypes (Typhimurium, Enteritidis, Hadar, Virchow, Infantis, Heidelberg, 
Montevideo, Newport and monophasic Typhimurium S.I 4,12:i:-). Then, an additional set of 
38 other strains representing 11 other serotypes (not recognized by PTS), incomplete 
antigenic formulae and rough strains routinely identified at the AFSSA serotyping center of 
non-human isolates were also tested. Moreover, 12 strains belonging to other Salmonella 
subspecies of S. enterica and S. bongori and a variety of non Salmonella isolates were 
analysed with this system. From the strains tested, about 90% gave an molecular serotype or 
genovar code identical with the slide agglutination results. No wrong serotype assignment 
was observed. We observed a total agreement for the top 20 most prevalent serotypes, 
although the monophasic Typhimurium strains could not always be differentiated from 
Typhimurium. The isolates belonging to 11 other serotypes gave a PTS result either in 
concordance with the serotype or were detected as ‘Salmonella spp’. Most of the strains with 
incomplete antigenic formulae were assigned to a genovar corresponding to a serotype very 
close to the antigenic formulae. Moreover, the genovars detected for the non agglutinable 
strains (rough) correspond perfectly to the expected serotype deduced by the PFGE pattern 
after XbaI macro-restriction. The PTS method was able to recognize all the subspecies of S. 
enterica except subspecies salamae for which one strain was identified as Abony serotype. 
Moreover, the species bongori was also well detected. Finally, 36 strains belonging to 27 
non-Salmonella species were tested. The PTS correctly identified 34 strains as non 
Salmonella. Two strains were defined as ‘suspected’ in first instance. When repeated, they 
yielded the expected results. The results of this first part of the evaluation study of the PTS 
method clearly show good agreement with the classical slide agglutination method for 
Salmonella serotyping. Hence, it should be regarded as a valuable alternative method for the 
laboratories performing routine identification of Salmonella strains belonging to commonly 
encountered serotypes. 
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Alternative method for airborne contamination sampling 
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In the context of environmental contamination control and especially of air control in food 
production sites (cleanrooms, meat industry and dairy industry), 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 to 
get reliable and specific data and tackle the impact on pharmaceutical production of time-to 
results within impaction method. With the cyclonic technology, airborne particles are 
separated from the air and collected into a sterile liquid media. This patented solution 
Coriolis® allows rapid analysis such as immunoassay, PCR assay, phase cytometry, and 
standard culture methods. To validate the samplers according ISO14698-1, a study has been 
conducted by the Health Protection Agency (HPA, Porton Down, UK) to measure the 
physical efficiency of the Coriolis® technology. It has been compared to membrane filter 
samplers. Physical sampling efficiency was measured at least at 62% for little particles 
diameter and from 99% for 3µm and higher diameter particles (with Bacillus atrophaeus 
NCTC 10073), which is comparable to most air samplers and corresponds to an efficiency of 
99% for most common microorganisms in such environments. The biological efficiency has 
been revealed at 78% for Staphylococcus epidermidis ATCC14990. Biological efficiency of 
the Coriolis® has also been compared with the standard method of impaction: the tests have 
shown comparable efficiency with impactors to collect bacteria (Escherichia coli), moulds 
(Aspergillus) and pollen (Alternaria). With the Coriolis® technology, some other studies have 
been done for the sampling of pollens, allergens or non-culturable particles and to identify 
them with RMM (e.g. Pneumocystis, Legionella). 
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monocytogenes, Escherichia coli O157 and Campylobacter jejuni 
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The first pillar is sampling. When a food sample is very low contaminated the chance of 
detecting a certain pathogen increased with the amount of food sample taken for enrichment. 
For Listeria monocytogenes and Escherichia coli O157 it counts that absent in 10 g but 
presence in 25 g can occur in the same food sample. On the contrary for Campylobacter 
jejuni it is shown that detection in chicken meat preparations increased when the sample size 
is reduced from 10 g to 0.1 g [1]. The second pillar is the resuscitation and enrichment. 
Appropriate enrichment conditions need to favour resuscitation of target cells, implying no or 
low content of selective agents but the target cells may not be overgrown by accompanying 
flora, thus certain amounts of selective agents are required. In case of E. coli O157, a very 
competitive microorganism and fast grower only requiring few nutrients, a non-selective 
broth, such as BPW can be used to allow resuscitation and growth of injured E. coli O157 
cells before detection [2]. L. monocytogenes, an intermediate grower and being more 
fastidious, is to be enriched in a selective broth with limited additions of selective 
components [3]. In case of C. jejuni it can be claimed that overgrowth by other bacteria is as 
important as the resuscitation of the injured cells. C. jejuni is a non-competing microorganism 
and very fastidious, easily overgrown by accompanying flora resulting in the need for a 
selective medium. The fact that Bolton broth is less selective and allows faster growth of C. 
jejuni compared to Preston broth does not provide any advantage if competing flora is 
present in particularly the antibiotic resistant E. coli. The competing E. coli flora present in 
poultry meat preparations will suppress the C. jejuni in Bolton broth and even on the mCCDA 
plates leading up to false negative results. The last important pillar is the detection method. 
With regard to C. jejuni, classical detection method using enrichment in Bolton broth and 
subsequent plating on mCCDA plates does not fit into the defined strategy anymore. The use 
of a PCR technique after enrichment in Bolton broth may partially give a solution to the 
problem in providing more specificity in the actual detection. But even then, for frozen 
(injured) cells Bolton does not provide enough selectivity for these cells always to reach the 
numbers needed to be detected by PCR as still the antibiotic resistant E. coli can growth in 
the intermediate selective Bolton. Detection by PCR after 24 h enrichment in Preston broth 
may enable rapid detection of C. jejuni. As such, all three pathogens may be detected within 

a 24 h  2 h time frame if using the appropriate enrichment broth. For E. coli a non-selective 
broth (BPW 6 h or 24 h) can be used followed by capture and plating or real-time PCR [2], for 
L. monocytogenes an intermediate selective broth (LX or LSB for 18 h) followed by real-time 
PCR or FISH [3] and a selective broth (Preston broth 24 h) for C. jejuni combined with real-
time PCR.  
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Enterobacter sakazakii (Cronobacter) 
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BIOTECON Diagnostics has developed a real-time PCR system for the detection of all 
Enterobacteriaceae with a simultaneous identification of Enterobacter sakazakii by parallel 
detection with differently labelled probes. The test is designed to run on all relevant real-time 
PCR instruments and comprises all necessary reagents. The method is thoroughly validated 
for the use in infant formulae with and without probiotic bacteria as well as raw materials and 
environmental samples. During the validation of the method it was recognized, that most 
infant formula products contain a background of inactive or non-cultivable 
Enterobacteriaceae, which leads to positive results in the PCR but cannot be confirmed by 
cultural methods. To overcome this discrepancy, reagent D is applied in advance to the DNA 
extraction, a reagent which inactivates DNA from dead cells for PCR. The kit also includes all 
necessary controls such as positive and negative, and an internal positive control to 
eliminate false negative results due to inhibition or failures. UNG is used to prevent false 
positive results by carry-over contamination with ‘old’ amplificates.  
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Diagnostic assays should enable parallel detection and identification of low abundance 
pathogens (high sensitivity) within a complex microbial community. In addition robust, reliable 
identification at least at the species level (high specificity) is required. A microbial diagnostic 
microarray targeting 25 of the most relevant bacterial water pathogens and indicator 
organisms was developed and validated. The microarray method is based on the 
combination of the unique labelling method (sequence specific end labelling of the 
oligonucleotides; SSELO), novel concept of competitive oligonucleotides and housekeeping 
marker gene with a robust resolution at the species level (gyrB). High specificity and 
sensitivity (< 0.1% relative abundance of the targeted pathogen in the total microbial 
community) as well as potential for reliable parallel detection were demonstrated. Reliability 
of the results was confirmed using microarray-independent approaches. The applicability of 
the microarray for the food testing was validated using artificially contaminated food samples. 
Performance study included four pathogens (Listeria monocytogenes, Campylobacter jejuni, 
Salmonella enterica and Yersinia enterocolitica). A range of spike concentrations (1-10, 10-
100 and 100-1000 cfu/25 g food) in combination with different enrichment strategies were 
used to assess sensitivity of the assay.  
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The Milliflex Rapid Microbiology Detection and Enumeration System (RMDS) is an 
automated platform developed for the rapid detection of microbial contaminants in filterable 
samples. Based on membrane filtration, Adenosine triphosphate bioluminescence and image 
analysis, RMDS gives an accurate enumeration of microorganisms with a detection time 
reduced by a factor 4 compared to traditional microbiology. The procedure is divided in 4 
steps: sample filtration, membrane incubation, automated spraying of lysis solution and 

bioluminescence reagent by means of the Milliflex Rapid Autospray Station, and finally 
analysis of the membrane in a detection tower where light emission is captured by a high 
sensitivity charged coupled device camera. Data collected are treated by the Milliflex Rapid 
Image Analysis software and the contamination result is directly given in colony forming 
units. Rapid detection of microorganisms and spores in beverage environments requires 
highly sensitive and reliable technologies to avoid spoilage of the product. Rapid detection of 
spores and spore forming bacteria were determined in sterile water samples spiked with both 
Bacillus subtilis and calibrated spore suspension of B. subtilis. and B. atropheus. After 
filtration of the contaminated sample, B. atropheus spores were detected after 10h growth on 
TSA at 32.5°C with a recovery of 86% and B. subtilis spores required 4h incubation on R2A 
exhibiting a recovery of 119%. Incubation of B. subtilis spores on R2A led to decrease the 
incubation time by a factor of 2 compared with incubation on TSA. Fresh cultures of B. 
subtilis and B. atropheus were respectively detected in 4 h to 5 h and 9 h. With complex 
matrices such as wine and tea, the optimal incubation time of contaminants e.g. 
Saccharomyces cerevisiae for both matrices and Acetobacter aceti for wine was defined. 
Following a filtration of contaminated wine or tea samples and a membrane rinsing filtration 
protocol developed internally, S. cerevisiae and A aceti were detected respectively after 8h 
and 28h on Wallerstein medium in wine compared to 2 and 3 days in traditional method and 
S. cerevisiae was detected after 20h incubation in tea samples. Results show that microbial 
contamination in beverage can be easily detected and enumerated by means of RMDS. 
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Direct Vision System: rapid detection of biological contaminations 
and control of hygiene 
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Direct Vision System is a rapid in vitro assay for visualisation and assessment of biological 
organisms and structures. Biological material containing proteins and microorganisms, like 
mites, small worms and insects, pollen, mould spores, yeast cells, and bacteria are coloured 

by the staining solution redprot. Staining of organisms relates to a certain physiological 
state of the particles and intense colour indicates its biological activity, e.g. growth, viability, 
maturation and in consequence may be pathogenic capacity. Direct Vision System is based 

on the interaction of the dye of redprot with certain residues of amino acids, thus selectively 
staining proteins, and protein containing structures - preferentially in the cytoplasmatic 
compartment. The intensity of colour formation depends on the amount of protein and its 
current charge status. The highly specific affinity of the dye to the biological structures results 
in background-free staining in colour ranges from blue to violet and pink within few minutes. 

The concentration of dye in the non toxic redprot-solution is standardised to give reliable 
stains, which permit rapid identification and classification of the biological contamination. 
Direct Vision System can be performed in two rapid and easy ways: 

 If a plane surface is to be analysed, material is sprayed with redprot-solution, and 
(on a suitable background) the rapid in situ. Complex surfaces can be sprayed with 

redprot-solution and appropriate material is removed with a membrane or a glasfiber 
filter. Material with probably dark blue colour development attaches to the fabrics, and 

washing it with tap water to remove surplus redprot-solution increases the sensitivity 
dramatically. 

 For extreme sensitivity a sample is mixed with an appropriate amount of redprot-
solution (5 to 20% of total volume) and after about 15 minutes the colour change is 
read in a spectrophotometer. 

This method combines high sensitivity with easy handling, and a broad range of measurable 
protein concentration. Direct Vision System enables the detection of particles in a broad 
spectrum of applications, like monitoring and control of hygiene and biological processes.  
Samples from air, liquids or surfaces can be scanned easily for biogenic material according 
to their protein moiety. Additionally to a ‘rough’ quantitative estimation of biological 
contamination, a detailed discrimination of samples for kind and physiological state of the 
particles, e.g. pollen, spores, yeast cells, bacteria or others by microscopy is possible. 
The development of automated analysis of differential staining of organisms at microscopic 
level is in progress. 
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Thermophilic Campylobacter spp., which spread from primary natural sources into the food 
chain, are the etiologic agents of the acute diarrheal disease campylobacteriosis, which 
occurs in humans worldwide. Its occurrence in the developed countries is comparable to that 
of salmonellosis. The most common species occurring in food, especially in poultry meat, are 
C. jejuni and C. coli. The other thermophilic species, C. lari and C. upsaliensis, are very 
rarely detected in food. Due to the application of antimicrobials in poultry breeding and ATB 
treatment of humans a recent increase in antibiotic resistance, particularly to quinolones, has 
been recorded in many countries. Two sets of clinical strains obtained from patients treated 
for campylobacteriosis in the central part of the Czech Republic in 2002 (84 strains) and 
2008 (55 strains) were examined for their resistance to ATB. Antimicrobials (including 
nalidixic acid, ciprofloxacin, tetracycline, gentamicin, erythromycin, azithromycin, ampicillin, 
streptomycin, clindamycin, kanamycin and chloramphenicol) were tested by using the disc-
diffusion plate method. Resistance to nalidixic acid, ciprofloxacine, ampicillin, streptomycin 
and tetracycline was found. Resistance to nalidixic acid and ciprofloxacin has stayed almost 
on the same level (around 30% in both years), as well resistance to streptomycin (5% in both 
years). However, resistance to ampicillin has increased twofold (from 20% in 2002 to 40% in 
2008) and to tetracycline fivefold (from 6% to 30%). The number of clinical strains resistant to 
at least one antibiotic increased from 30% in 2002 to 70% in 2008. The one-point mutation in 
gyrA causing ciprofloxacin resistance was proved in all ciprofloxacin resistant strains by 
mismatch PCR. The presence of tet(O) encoding a protein releasing tetracycline from its 
binding to a ribosome was confirmed in all tetracycline resistant strains, but also in some 
sensitive strains. So the ways of action and transfer of tet(O) were explored. The mechanism 
of resistance to streptomycin (modification by nucleotidyl transferases) and to ampicillin 
(destruction by β-lactamases) were also studied. The efficiency of PCR for detection of 
ciprofloxacin and tetracycline resistance were tested in the type collection culture strains C. 
lari (ATCC 35221) and C. upsaliensis (ATCC 43954). To improve the possibility of isolation 
of these two infrequently detected species different kinds of cultivation media and 
atmospheres were examined. 

 

 

 

 

 



Rapid Methods Europe 2009   91 
26-28 January 2009, the Netherlands   

P11 

Development of an immunochromatographic rapid test for detection 
of pathogenic Vibrio parahaemolyticus  
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Vibrio parahaemolyticus is a gram-negative, non-spore forming, rod shaped, halophilic 
bacterium with a natural habitat in marine waters. It has been regarded as an important 
seafood-borne pathogen around the globe. In Japan 50 to 70% of enteritis are caused by  
V. parahaemolyticus. Infections are mostly associated with the consumption of contaminated 
raw or undercooked seafood, like crustacean, fish and mussels. The haemolysin TDH 
(thermostable direct haemolysin), which is produced by the majority of pathogenic  
V. parahaemolyticus is an important virulence factor. The standard methods for detection of 
V. parahaemolyticus are based on a cultural enrichment and the ensuing confirmation by 
biochemical tests. These reference methods are labour-intensive and results are not 
obtained until four to seven days. Due to the fast deterioration of raw seafood in particular, 
the methods are suitable in the food industry to only a limited extent. Therefore a fast 
detection is needed. Immunochromatographic tests as lateral flow assays represent a 
suitable alternative by their easy handling, cost-saving and fast results. Aim of this work was 
the development of a lateral flow assay for detection of TDH-positive V. parahaemolyticus. 
For this it was necessary to ascertain the optimal test composition by variation of single test 
components (e.g. antibodies, membrane, pads and buffers) and of the applied 
concentrations (antibodies, gold colloid, blocking reagents). First experiments with artificial 
contaminated food samples showed that it is possible to detect TDH-positive V. 
parahaemolyticus in food with the developed lateral flow assay. Compared to the standard 
methods the test benefits in a shorter detection time and an easier handling. The test allows 
statements about the presence or absence of toxicogenic bacteria within two working days. 
The detection limit is 5 pg/ml TDH.  
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At present, many diagnostic assays are based on ELISA or real time PCR. Whereas the 
latter is very sensitive and suitable for high throughput, many assays rely on detection of 
proteins. In the case of plant viruses, more than 95% of the genome is ssRNA coded, as a 
result of which those viruses show more variability than pathogens with dsDNA. 
Consequently, using molecular detection for viruses is not always reliable, and antigen 
detection is required. For detection of bacterial pathogens many existing assays rely on the 
detection of surface antigens, rather than DNA, or on detection of the humoral antibody 
response. A new technique that provides the specificity of an immunoassay with the 
sensitivity and manageability of PCR is proximity ligation. Proximity ligation uses antibodies 
or other binding reagents, coupled to oligonucleotides for proximity-dependent ligation 
reactions that depend on dual recognition of target molecules. The two oligonucleotide 
extensions hybridize with a free oligonucleotide, followed by ligation after which the new 
chimeric DNA strand can be amplified by PCR. It is expected that the sensitivity of such 
assays exceeds that of ELISAs. The improbability of ligation in the absence of the specific 
target ensures a low background and thus high assay specificity. This combination of high 
sensitivity and specificity offers opportunities for designing multiplex assays that target 
antigens and/or antibodies in a wide variety of samples. Two proximity ligation assays for the 
detection of extracellular proteins from a zoonotic pathogen (Campylobacter) and a plant 
virus (Pepino mosaic virus) will be presented. 
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Application of different rapid methods in routine analysis of 
Cronobacter spp. 
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Cronobacter spp. is an important opportunistic pathogen which has been isolated from a 
variety of foods and is thought to be common in the environment. Occasionally found as 
contaminant of powdered infant formula (PIF), this organism is associated in neonatal and 
infant cases of meningitis, septicaemia and necrotizing enterocolitis. This has brought the 
organism into the focus of food microbiology over the recent years and a number of rapid 
methods have been developed. Enterobacteriaceae have been found as an important 
indicator for risks linked to Cronobacter spp. The topic of the current investigations was to 
apply different rapid methods in routine analysis approaches. Therefore the sensitivity and 
specificity of these methods were checked against possible matrix effects and influences of 
background flora, e.g. Bacillus cereus. 
 

 

 

 

 



94  Rapid Methods Europe 2009 
26-28 January 2009, the Netherlands 

P14 

Development of an immunosensor for progesterone in lateral flow 
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We present the development of a lateral flow immunoassay (LFIA) for the measurement of 
progesterone, and its performance with both buffer and milk as a matrix. The format is based 
on a one-step competitive immunoassay in a porous membrane containing immobilized 
antibodies and ligands at various locations. Through the action of capillary forces, a mixture 
of sample, primary antibodies and secondary antibodies conjugated to reporter particles is 
transported to the capture site. Carbon nanoparticles as reporter provide a visible detection 
and the signal can be quantified by using a conventional flatbed scanner and dedicated 
software [1]. To be a useful fertility diagnostic in dairy cattle the LFIA has to detect 
progesterone concentrations below 5 and above 10 ng/ml. A number of coating conjugates, 
anti-progesterone antibodies and clean-up procedures were tested. Although the detection of 
progesterone in buffer was highly sensitive (± 1 ng/ml) the performance with milk was at least 
20-times worse. In conclusion, the progesterone specific LFIA appeared not to be applicable 
with milk as a matrix. 
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The objective of this work is the development of an immunosensor device for pesticide 
residue analysis in food products. In this sense the potential of the impedance spectroscopy 
as transducing principle has been assessed using immunoreagents. This technique is based 
on the variation of the electric properties of a circuit when a change in the surface occurs (i.e. 
when a biomolecule is attached to the surface). Different strategies of biomolecule 
immobilisation onto interdigitated microelectrodes (IDμE) have been evaluated. The covalent 
union of the hapten conjugate has been found to be the most reliable procedure avoiding to a 
large extent non-specific absorption phenomena on the electrode gold surface. The 
technology presented does not use any redox mediator or labels (fluorescent compounds, 
enzymes) and relies on the direct detection of the immunochemical competitive reaction 
between the pesticide and a haptenized-protein covalent attached on IDμEs for the specific 
antibody. This technology has been used for the direct detection and quantitation of 
pesticides residues in food matrices. Suitable protocols for the biofunctionalization of the 
surface have been optimized and the new IDμEs fabricated have been used for the 
determination of pesticides (herbicides, organophosphorous insecticides and acaricides). 
The proposed procedure reaches or is near to the sensitivity required for the pesticides in 
drinking water (maximum admissible concentration set by the Directive EEC 80/778 at 0.1 
μg/l). The performance of these devices has been evaluated in different beverages (wine and 
fruit juices) as well, where in most cases a sample clean-up step was needed. The results 
obtained show that these new devices are capable to detect the pesticides in an easy and 
selective way, with a sensitivity near to or below the maximum residue limit set by the EU 
(2006/61/EC, 2004/59/EC and 82/528/EEC). 
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of pesticide methiocarb  
 
Martina Blažková, Z. Šmídová, P. Rauch and L. Fukal 
Institute of Chemical Technology, Department of Biochemistry and Microbiology, Czech 
Republic; martina.blazkova@vscht.cz 
 
Methiocarb is a carbamate pesticide that is registered for use as an insecticide, molluscicide, 
and bird repellent. Due to its toxic nature and harmful effect on human organism much 
attention is given to the monitoring of carbamates in the environment. In this study we 
present data from the evaluation of a simple, user-friendly and portable competitive lateral 
flow immunoassay for rapid detection of methiocarb. Nitrocellulose membrane strips were 
separately coated with rabbit anti-swine IgG (control line) and methiocarb hapten-OVA 
conjugate (test line). Anti-methiocarb monoclonal antibody, swine anti-mouse IgG conjugated 
with colloidal carbon particles and sample of pesticide were mixed and directly applied to the 
membrane. The assay signal was visualized by means of colloidal carbon particles of the 
specific swine anti-mouse conjugate. For the assessment of the method, samples of drinking 
water and river water were tested. The visually obvious detection limit was 1 μg/l. Series of 
dilution were analyzed using scanning followed by evaluation with the analysis software tool 
TotalLab. The calibration curves were set up and the calculated detection limit was 0.1 μg/l. 
The immunoassay proved to be very specific for methiocarb, because none of the wide 
range of tested compounds similar to target analyte assayed was significantly recognized 
(cross reactivity <0.1%). 
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Pesticides have been widely used in agriculture to control various diseases. In particular 
thiabendazole, a benzimidazole fungicide, is used to control diseases such as rot and mould 
in fruits and vegetables and also for the post-harvest treatment of fruits. The maximum 
residue limit (MRL) of thiabendazole depends on the given crop and country and is in the 
0.05-15 mg/kg range. As for baby food, the MRL is 10 μg/kg. For pesticide detection, 
immunochemical techniques are very convenient for rapid screening. They are specific, 
sensitive and easy. Among them, we chose the lateral flow immunoassay (LFIA) in the 
indirect competitive format,  where the secondary antibodies (control line) and the conjugate 
of ovalbumine-pesticide (test line) are immobilized on the nitrocellulose membrane. As a 
label colloidal carbon was used. In the first step we chose the optimal conditions for the LFIA 
as for concentration of particular immunoreactants. The detection limit for thiabendazole was 
in tenths of μg/l. The selected conditions were afterwards applied to the detection of this 
pesticide in fruits (fresh mixed) – orange and banana, and fruit juices: apple, pear, orange 
and banana. Firstly, the influence of sample fruit matrix was set. The negative effect of 
sample matrix was stronger for fresh fruit than for fruit juice. It was found out that the most 
optimal dilution for fruit juices is 5-times and for fresh fruit 20-times. Following that, the 
calibration curve of thiabendazole in the optimal sample dilution was prepared and the 
detection limit was determined. The detection limit was within the MRL given by the 
legislative for the examined food (5 mg/kg). 
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The quality control of fruit juices is based on many parameters, that so far have to be 
assessed in multiple analytical and chemical tests. Here we introduce a high resolution NMR 
based method, allowing to quantify multiple relevant compounds and to draw statistical 
conclusions on a single NMR measurement. Preparation, measurement, evaluation and final 
reporting needs less than 15 min a sample. This includes more than 24 quantitative 
parameters and the statistical evaluation. Authentic juices of the most important fruit types on 
a worldwide basis have been measured by 400 MHz NMR to build a reference database, that 
is used for statistical evaluation of new juices. A knowledge base has been built to allow 
quantification of relevant compounds out of complex NMR juice spectra. It is shown, that an 
authentic fruit juice spectral database can be used reliably to assess the following juice 
properties by statistical means:  

 type of fruit like orange, tangerine, blood orange; 

 direct juice versus rediluted concentrate; 

 geographical origin; 

 producer of semi-manufactured products; 

 mixing of different fruit types; and 

 fruit content 
In addition relevant molecules for quality of the juices are quantified by the NMR-method 
using optimized 1-dimensional and a fast 2-dimensional experiment. Due to the statistical 
analysis done, also frauds and problems can be detected, that the system is not trained for 
like the addition of whole fruit to the juice. It is explained how the statistics is used to guide to 
signals indicating outliers and how to establish the analysis of so far unknown signals using a 
reference compound database for biological fluids and food material. NMR within one 
measurement can generate many quality control parameters that so far were not available or 
required multiple conventional tests. Such more efficient screening can be applied. Newest 
results on NMR based melamin determination in milk powder and in final products like 
Chinese candies using HR-MAS methods will be shown as well. The overall procedure from 
preparation to NMR-experiment and quantification takes less than 20 min. 
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anabolic steroids in meat 
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Natural and synthetic hormones have been extensively used for decades in animal 
husbandry with effects such as growth promotion and improvements in feed conversion 
efficiency. Their use in food-producing animals has been prohibited by the EU Council 
Directive 96/22/EC [1], because of the possible toxic effects on public health [2]. Therefore, 
monitoring for illicit use of hormones is carried out under the terms the Directive 96/23/EC, 
which is implemented through surveillance according to the individual member states’ 
legislation [3]. For controls at retail level, as well as for products imported into the EU, 
efficient methodologies applicable to meat samples are required. In this sense, 
immunoassays are rapid, sensitive, high-throughput and low-cost analytical methods, 
suitable for the screening of a high number of samples. In this work, a generic enzyme-linked 
immunosorbent assay has been developed to determine a set of steroids traditionally used 
as hormone growth promoters in livestock, or their metabolites: trenbolone, testosterone, 
testosterone glucuronide, dihydrotestosterone, nandrolone, 19-norandrosterone, 16β-
hydroxystanozolol and progesterone. With this aim, a collection of haptens have been 
synthesized for the anabolic steroid family. The immunization of rabbits with these 
conjugates has led to the production of polyclonal antibodies, which properties have been 
studied by titration and competition assays. Trenbolone was selected as competitor analite 
as it is one of the synthetic steroids more used in livestock. Once optimized the experimental 
conditions of the best developed ELISA, it showed a limit of detection of 1.30 µg/l, an IC50 of 
24.55 µg/l and a dynamic range from 3.99 to 118.91 µg/l for trenbolone. Moreover, the assay 
was able to detect seven more steroidal compounds, with cross-reactivities of 182% for 
testosterone, 108% for testosterone glucuronide, 56% for dihydrotestosterone, 128% for 
nandrolone, 16% for 19-norandrosterone, 24% for 16β-hydroxystanozolol and 295% for 
progesterone. The assessed immunoassay will be applied to the detection of these 
substances in pork, bovine and poultry muscle tissues. 
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The sulfonamides are a group of synthetic antibiotics applied in veterinary for the treatment 
or prevention of bacterial infections. In order to ensure food safety and prevent health 
problems, it has been established a maximum residue level (MRL) of 100 ng/g of total 
sulfonamides in edible animal tissue [1]. Liquid chromatography is the reference analytical 
method [2, 3]. However, the development of sensitive, rapid and cost effective screening 
methods is highly demanded. In this communication we describe a method based on indirect 
competitive ELISA plate format to determine three sulfonamide residues (sulfamerazine, 
sulfadimetoxine and sulfadiazine) in sea bass fish (Sparus aurata) samples, since the 
aquaculture production of this specimen in the European market is 1315000 ton/year. 
Starting from previously developed reagents [4] it was developed an immunoassay able to 
detect the three sulfonamides. Due to the complexity of matrix, cleanup steps were required. 
Sample preparation procedures studied included solvent extraction, defatting with hexane 
and liquid-liquid extraction (LLE), or solid phase extraction (SPE) [5, 6]. Methanol:water (1:1) 
(0.5%EDTA), acetonitrile, phosphate-buffered saline (PBS) buffer 10 mM at pH 7 and 
acetate buffer 100 mM at pH 5 were evaluated. When necessary, the organic solvents were 
removed by evaporation under a stream of nitrogen or using a rotary evaporator. After that, 
extracts were redissolved in PBS 100mM-Tween 20 (0.1%). It was observed the existence of 
unspecific interferences that are supposed to be lipids and proteins, since they are the 
majority compounds in the studied samples. SPE using different types of sorbents (C18, 
SCX, Si) was carried out. Moreover, it was assayed a LLE with hexane, as well as, the 
extract filtration using nylon discs and cellulose membranes of 0.2 µm and the filtration of 
liquid extracts after 30 min at -20ºC using filter paper in order to eliminate the frozen lipids. 
The best results were obtained for the cleanup of the methanol:water extracts using C18 or 
weak cation exchange (SCX) cartridges. Also, good results were obtained by LLE with 
acetonitrile, extract drying, residue reconstitution in PBS-T and filtration with nylon filter. This 
procedure has the advantages of the minimum sample manipulation and saving time.  The 
extraction recoveries were higher than 50% and the detection limits for the target compounds 
were less than 100 ng/g for fish samples, they were lower than the detection limits reached 
by the chromatographic reference method. 
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Fumonisins are mycotoxins produced by several Fusarium spp. Of the group B fumonisins, 
FB1, FB2 and FB3 are the most relevant found in naturally contaminated food and feed such 
as corn. These secondary metabolites are known to be the causative agents of equine 
leucoencephalomalacia and porcine pulmonary edema, and FB1 is a group 2B carcinogen. A 
one-step lateral flow test was developed for the quantitative determination of total B 
fumonisins in the range of 500-5000 µg/kg (LOQ 338 µg/kg), covered through selection of a 
respective further dilution step after sample extraction. The presented test gives a result 
within 4 min including 1 min strip drying and does not require any sample clean-up steps 
after a 3 min extraction with water. Quantitative read-out with a compact photometric strip 
reader will also indicate the best suited measurement range when needed. The test is based 
on a competitive immunoassay format where a ready-to-use antibody-colloidal gold particle 
complex is mixed with 50 µl sample extract in a microwell and used as signal reagent. The 
strip test is inserted into a well and the mixed content migrates onto the strip, which contains 
a test zone and a control zone. Mycotoxin-protein conjugate coated on the test zone 
captures free signal reagent, and colour particles concentrate forming a visible line. The 
intensity of the test line is dependent on the total fumonisin concentration in the sample. 
Naturally contaminated quality control corn material was used for matrix-matched calibration 
of photometric read-out. The presented test is both quantitative and rapid with no cross-
reactivity to other mycotoxins. 
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The FluoroQuant Afla IAC assay is a new quantitative fluorometric test for the detection of 
total aflatoxins (B1, B2, G1 and G2). The method is appropriate for testing a wide range of 
commodities for aflatoxin.  Samples are extracted with methanol:water (80:20) with added 
salt. The extracted samples are then passed through immunoaffinity columns, which bind the 
aflatoxins from the sample extract. After washing steps to clean impurities from the column, 
the aflatoxins are subsequently eluted from the columns using methanol. Purified extracts 
are derivatized with a bromine developer and results are read on a Romer Labs®, Inc. 
fluorometer which is calibrated using quinine sulfate dihydrate standards. Validation studies 
show that the method shows good accuracy, precision, ruggedness, and results are 
comparable to an HPLC reference method. 
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The standard methods for multi-analyte determinations are mainly based on 
chromatographic separations coupled with different detection techniques. These methods 
have limitations in determining compounds of different chemical nature at one time. Our 
research group has applied the compact disc technology as rapid screening tool [1,2]. 
Multiplex microassays for different analytes on DVDs were carried out simultaneously using 
protein or oligonucleotide probes as molecular bioreceptors. Protein-based methods involved 
an indirect competitive format. For that, coating conjugates were spotted in array layout and 
passively adsorbed on the polycarbonate side of disks; a mixed antibody solution and gold 
labelled secondary antibody with silver amplification were used. The nanoparticle reaction 
product modifies the optical properties of the disc varying the signal intensity of the laser that 
reaches the photodiode of the pickup, correlating well with the analyte concentration. The 
technique has been used for the detection of pesticides – atrazine, chlorpyrifos, metolachlor 
– and antibiotic residues – sulfathiazole tetracycline – at ppb levels. Recovery intervals 
ranged from 79% to116%. DNA-based methods involved the detection of event-specific 
regions. For that, oligonucleotide probes were immobilized in array. Subsequent 
hybridization shows uniform and strong signals for complementary target DNA. This strategy 
has been used for the detection of genetically modified events. The results obtained in terms 
of sensitivity, signal-to-noise ratio and reproducibility are excellent and similar to those 
obtained by reference methods, allowing the determination of a broad spectrum of analytes. 
These analytical performances are especially interesting for food quality and safety control 
purposes.  
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