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WELCOME AT RAPID METHODS EUROPE 2008! 
 
 
 
 
 
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 2008 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 2008 offers an excellent way to 
network and to share ideas, providing a reference source for anyone interested in the rapid 
determination of biological and chemical contaminants in food and feed.  
 
You are cordially invited to take part in the discussions with participants from different 
disciplines and to meet business relations in your area. We wish you an active and fruitful 
meeting! 
 
On behalf of the Advisory Committee, 
 
 
 
 
 
Dr. Daniel Barug 
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PROGRAMME AT A GLANCE 
 
Monday 21 January 2008 
 

13.30 - 15.15 
Plenary meeting 
Setting the scene 

Instrument 
& 

manufacturers 
exhibition 

15.45 - 17.45 

 
Parallel session 1 

Microbiological 
contaminants 

 

 
Parallel session 2 

Chemical 
contaminants 

17.45 - 19.00 Rapid Methods’ Lounge Party 

 
 
 
Tuesday 22 January 2008 
 

08.30 - 12.00 

 
Parallel session 3 

Microbiological 
contaminants 

 

 
Parallel session 4 

Chemical 
contaminants 

Instrument 
& 

manufacturers 
exhibition 

12.00 - 13.30 
Poster presentations 

Workshops & demonstrations - Round I 
Matchmaking event - Part I 

13.30 - 17.15 

 
Parallel session 5 

Microbiological 
contaminants 

 

 
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 23 January 2008 
 

08.30 - 10.30 

 
Parallel session 7 

Microbiological 
contaminants 

 

 
Parallel session 8 

Food & feed quality  Instrument 
& 

manufacturers 
exhibition 

11.00 - 12.30 
Plenary meeting 

What does the future hold? 
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CONFERENCE PROGRAMME 
 
 
 
 

 
 
 
 
 
Monday 21 January 2008 
 
 
13.30 Opening of Rapid Methods Europe 2008 
 
Plenary meeting 
Setting the scene 
 
Chair: Dr. Aart van Amerongen 

Wageningen University, Agrotechnology & Food Sciences Group, the Netherlands 
 
13.45 Strategic considerations in choosing a rapid method: an industrial perspective 

Dr. John D. Marugg, Nestlé Research Centre, Quality & Safety Department, 
Switzerland  

 
14.30 Bridging the gap: market research information regarding rapid testing 
 Tom Weschler, Strategic Consulting, Inc., USA  
 
15.15 Networking break & exhibition 
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Monday 21 January 2008 
 
 
Parallel session 1 
Microbiological contaminants 
  
Chair: Dr. Aart van Amerongen, Wageningen University, Agrotechnology & Food Sciences 

Group, the Netherlands 
 
15.45 Sample preparation for rapid microbial analysis  

Prof.dr. Mieke van Uyttendaele, Ghent University, Department of Food Safety and 
Food Quality, Belgium   

 
16.30 Trends in rapid methods and automation in microbiology 

Dr. Chris Baylis, Campden & Chorleywood Food Research Association, 
Microbiological Methods Research Group, UK 

 
Contributed papers 
 
17.15 The application of flow cytometry to the study of Bacillus endospores 

Dr. Ultan P. Cronin, University of Limerick, Department of Life Sciences, Ireland 
 
17.30 Quantitative multiplex detection of plant pathogens using PRI-lock probes and 

universal, ultra-high-throughput real-time PCR on OpenArraysTM 
Dr. Cor D. Schoen, Plant Research International, the Netherlands 

 
 
 
Parallel session 2 
Chemical contaminants 
 
Chair: Dr. Bert Popping, Eurofins Scientific Group, UK 
 
15.45 Sample preparation procedures for rapid laboratory analysis 

Prof.dr. Janusz Pawliszyn, University of Waterloo, Department of Chemistry, Canada 
 
16.30 Rapid detection of multiple chemical contaminants 

Prof.dr. Chris Elliott, Queen’s University, Institute of Agri-Food and Land Use, UK 
 
Contributed papers 
 
17.15  Combined affinity-luciferase inhibition assay for patulin detection in apple juices 

Prof.dr. Christine Wittmann, Neubrandenburg University of Applied Sciences, 
Department of Agriculture and Food Sciences, Germany 

 
17.30 Fast comprehensive screening of organic contaminants in the food chain using UPLC 

with full scan mass spectrometric detection 
Dr. Hans Mol, RIKILT-Institute of Food Safety, the Netherlands 

 
 
 

 17.45 - 19.00 Rapid Methods’ Lounge Party 
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Tuesday 22 January 2008 
 
 
Parallel session 3 
Microbiological contaminants 
 
Chair: Dr. Aart van Amerongen, Wageningen University, Agrotechnology & Food Sciences 

Group, the Netherlands 
 
08.30 How to successfully incorporate new detection technologies into the food industry 

value chain 
Dr. Sigrid Brynestad, Det Norske Veritas, DNV Research and Innovation, Norway  

 
09.00 Pushing lateral flow to the limits: generating rapid, highly sensitive field tests suitable 

for food pathogen detection 
Dr. Brendan O'Farrell, Diagnostic Consulting Network, USA 

 
09.30 Rapid DNA immunoassays on a magneto-resistance biosensor 

Marjo Koets, Philips Research, the Netherlands. 
 
10.00 Networking break & exhibition 
 
10.30 Pathogen detection: a perspective of biosensors vs. traditional methods 

Dr. Francisco Javier Del Campo, National Centre of Microelectronics, Institute of 
Microelectronics of Barcelona, Spain   

 
11.00 Microbiological quality control in infant milk formula by impedance technology 
 Dr. Matthias Fischer, Milupa, Central Laboratories Friedrichsdorf, Germany 
 
11.30 Disposable electrochemical genosensor for the rapid and simultaneous detection of 

foodborne pathogens 
Dr. Marco Mascini, University of Florence, Department of Chemistry, Italy  

 
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 22 January 2008 
 
 
Parallel session 4 
Chemical contaminants 
 
 
Chair: Prof.dr. Sarah De Saeger, Ghent University, Department of Bio-analysis, Belgium 
 
08.30 On-line detection of chemical contaminants  

Dr. Ibtisam E. Tothill, Cranfield University, Cranfield Health, UK 
  
09.00 Rapid methods for determining migration of compounds from packaging materials 

Dr. Barbara Raffael, DG Joint Research Centre, Institute for Health and Consumer 
Protection, Italy  

 
09.30 Bioanalytical platforms for residue analysis based on different transducer principles  

Dr. M.-Pilar Marco, IIQAB-CSIS, Department of Biological Organic Chemistry, Applied 
Molecular Receptors Group, Spain   

  
10.00 Networking break & exhibition 
 
10.30 Detection of the chemical adulterant melamine in pet food and other products 
  Dr. Sonja Schittko, Eurofins Analytik, Germany   
 
11.00 Rapid screening of heavy metals in food and feed 

Prof.dr. Rolandas Meskys, Institute of Biochemistry, Lithuania   
 
11.30 Rapid identification of fungal metabolites using time-of-flight mass spectrometry 

Dr. Hamide Z. Şenyuva, Scientific and Technological Research Council of Turkey, 
Ankara Test and Analysis Laboratory, Turkey 

 
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 22 January 2008 
 
 
Parallel session 5 
Microbiological contaminants  
 
Chair: Dr. Kitty Maassen, Wageningen University, Animal Sciences Group, the Netherlands 
 
13.30 Multiplex detection in the food production chain using xMAP technology 

Dr. Jan H.W. Bergervoet, Plant Research International, the Netherlands  
 
14.00 Rapid molecular detection of food- and waterborne diseases 

Stephan Keller, Technical University of Denmark, Department of Micro- and 
Nanotechnology, Denmark  

 
14.30 Rapid detection of viruses: prospects and limitations  

Prof.dr. Rosa M. Pintó, University of Barcelona, Department of Microbiology, Spain 
 
15.00 Networking break & exhibition 
 
15.30 Use of the piezoelectric-excited millimeter-sized cantilever (PEMC) sensors for 

detecting Escherichia coli O157:H7 
Dr. Raj Mutharasan, Drexel University, Department of Chemical Engineering, USA 

 
16.00 Routine serotyping to pinpoint Salmonella in the food chain 
 Ron van Santen, DSM Food Specialties, the Netherlands 
 
16.30 Calibrated biosensors for the rapid detection of pathogens in milk  
 Dr. Holger Klapproth, University of Freiburg, Institute for Microsystem Technology, 

Germany 
 
Spotlight presentation 
 
17.00 The novel use of bacteriaphage as a selective agent in a pathogen detection system 

Dr. Orla Cloak, SDI Europe Ltd., UK 
 
 

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 22 January 2008 
 
 
Parallel session 6 
Food & feed quality 
 
Chair: Dr. Bert Popping, Eurofins Scientific Group, UK 
 
13.30 Spectroscopic methods (fluorescence, mid-infrared) to address the molecular 

structure of food products 
Prof.dr. Éric Dufour, Enita Clermont-Ferrand, Department of Food Quality and 
Economics, France  

 
14.00 Evaluation of PCR vs. ELISA for detection of various allergens in food 

Elisabeth Burgmaier-Thielert, Chemisches und Veterinäruntersuchungsamt 
Sigmaringen, Germany   

  
14.30 NASBA-based detection: a new tool for high-throughput GMO diagnostics in food and 

feedstuffs. 
Dr. Dany Morisset, National Institute of Biology, Department of Biotechnology and 
Systems Biology, Slovenia 

 
15.00 Networking break & exhibition 
 
15.30 Rapid detection of feed quality: the ‘artificial senses’ 

Dr. Federica Cheli, University of Milan, Department of Veterinary Sciences and 
Technologies for Food Safety, Italy   

 
16.00 Modern approaches for detection and species specific identification of meat and bone 

meal in feeds 
Dr. Christoph von Holst, European Commission, DG Joint Research Centre, Institute 
for Reference Materials and Measurements, Belgium 

 
16.30 Quality improvement of agricultural crops by point of care monitoring 
 Dr. Michel J.M. Ebskamp, Genetwister Technologies, the Netherlands  
 
Spotlight presentation 
 
17.00 Development of colloidal gold-based lateral-flow dipstick immunoassay for rapid 

simultaneous detection of mycotoxins zearalenone and deoxynivalenol 
Dr. Liberty Sibanda, Euro-Diagnostica, 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 23 January 2008 
 
 
Parallel session 7 
Microbiological contaminants 
 
Chair: Dr. Kitty Maassen, Wageningen University, Animal Sciences Group, the Netherlands 
 
08.30 Microarray for Salmonella antibiotic resistance genes based on carbon nanoparticle 

labelling: optimizing assay parameters using flatbed scanning and image analysis 
Dr. Aart van Amerongen, Wageningen University, Agrotechnology & Food Sciences 
Group, the Netherlands 

 
09.00 Rapid detection of the protozoan parasites Cryptosporidium and Giardia in food and 

water 
Prof.dr. Huw V. Smith, Scottish Parasite Diagnostic Laboratory, UK 

 
09.30 Rapid characterisation and identification of pathogens via Raman spectroscopic 

techniques 
Prof.dr. Jürgen Popp, Friedrich Schiller University, Institute of Physical Chemistry, 
Germany 

 
Contributed paper 
 
10.00 Immunochromatographic test using fluorescent immunoliposomes for the detection of 

Staphylococcus enterotoxin B and microcystins in food and water 
Nathalie Khreich, French Atomic Energy Commission, Department of Life Sciences, 
France 

 
Spotlight presentation 
 
10.15 MALDI-TOF mass spectrometry of intact cells – SARAMIS successfully evaluated in 

clinical routine diagnostics 
Dr. Wibke Kallow, Anagnos Tec GmbH, Germany 

 
10.30 Networking break & exhibition 
 
 
 
Plenary meeting 
What does the future hold? 
 
Chair: Dr. Bert Popping, Eurofins Scientific Group, UK 
 
11.00 Vision solutions for the food and beverage industry 
 Dr. Rick H.J. van de Zedde, M.Sc., GreenVision, the Netherlands 
  
11.45 Nanotechnologies for food safety and quality applications 
 Tim Harper, Cientifica, UK   
 
12.30 Closing of Rapid Methods Europe 2008 
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Wednesday 23 January 2008 
 
 
Parallel session 8 
Food & feed quality 
 
Chair: Prof.dr. Sarah De Saeger, Ghent University, Department of Bio-analysis, Belgium 
 
08.30 New screening methods for rapid detection of toxic compounds in food 
 Dr. William D. van Dongen, TNO Quality of Life, the Netherlands  
 
09.00 Recombinant antibodies, their advantages for use in rapid detection systems for food 

analysis 
Dr. Markus Vehniäinen, University of Turku, Department of Biochemistry and Food 
Chemistry, Finland  

 
09.30 Towards living devices: opportunities and challenges for future instrumentation 

Dr. Klaus-Peter Zauner, University of Southampton, School of Electronics and 
Computer Science, Science and Engineering of Natural Systems Group, UK   

 
Contributed paper 
 
10.00 Development of an original DNA extraction protocol for the species specific 

identification of PAPs particles in feeds using NIRM and real-time PCR 
Dr. Olivier Fumière, Walloon Agricultural Research Centre, Department Quality of 
Agricultural Products, Belgium 

 
Spotlight presentation 
 
10.15 Rapid final product release and process control by ultra-sensitive D-Count® and 

BactiFlow® flowcytometers 
Elke Kohler, AES Chemunex, France 

 
10.30 Networking break & exhibition 
 
 
 
Plenary meeting 
What does the future hold? 
 
Chair: Dr. Bert Popping, Eurofins Scientific Group, UK 
 
11.00 Vision solutions for the food and beverage industry 
 Dr. Rick H.J. van de Zedde, M.Sc., GreenVision, the Netherlands 
  
11.45 Nanotechnologies for food safety and quality applications 
 Tim Harper, Cientifica, UK   
 
12.30 Closing of Rapid Methods Europe 2008 
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WORKSHOP PROGRAMME 
 
Tuesday 22 January 2008 
 

 
 
 
 
 
 

Workshop 1 
Rapid tests for vitamin detection 
Sponsored and presented by R-Biopharm AG. 
R-Biopharm offers a wide range of analytical test kits for food and feed analysis and clinical 
diagnostics. 
An increasing number of food products is enriched with vitamins. The vitamin content is 
monitored by manufacturers and control authorities to check compliance with labelling 
regulation. The gold standard in vitamin analytic was and is still the microbiological method. 
R-Biopharm presents a system of water soluble B-vitamin determination which is rapid, easy-
to-use and based on AOAC, EN and DIN reference methods. The VitaFast® test kits are ideal 
for routine analysis since the reagents contained in the kit are ready to use and the kit is very 
user-friendly. We further present you the EASI-EXTRACT® Vitamin B12 immunoaffinity 
column, which allows the determination of both natural vitamin B12 and added 
cyanocobalamin in food. 
Part I: Presentation of analytical methods of vitamin determination 

 Introduction and comparison with microbiological methods 

 Sample preparation and advantages of the VitaFast®  products 
Part II: Practical demonstration 

Demonstration of VitaFast® Vitamin tests and the EASI-EXTRACT® Vitamin B12 
immunoaffinity columns 

 
 
 
 
Workshop 2 
Rapid test production techniques 
Sponsored and presented by Biodot Ltd. 
Biodot is the established world leader in the supply of equipment for the development and 
manufacture of rapid tests and biosensors. 
Part I: Short presentation 

 Presentation of dispensing platforms with details of the different dispenser options 
along with their dispensing characteristics 

 Lamination of the test components and cutting of laminate into sticks 

 An overall view of lateral flow test production and at which stage Biodot equipment is 
used 

Part II: Equipment demonstration 
Equipment demonstration, dispensing, lamination and cutting 
(bring your own reagents and materials for a quick and dirty trial) 

12.00-13.00 and 17.30-18.30 
All workshops will run concurrently. Each workshop will last for one hour 
and will be given twice. 
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Workshop 3 
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 consisting 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 

 Why start Eureka MicroVal 

 MicroVal, a balanced organisation 

 European and international perspective 

 Costs 

 Current activities  
Part II: Certification process 

 MicroVal Certification Body - Introduction Lloyd’s Register QA 

 Certification process 

 Audit scheme  

 Experience with first certifications 
Part III: Validation process 

 MicroVal Expert Laboratory - Introduction RIKILT, one of the MicroVal expert  
 laboratories 

 Validation process 

 EN ISO 16140 validation: what’s involved 

 Experiences with first validations 
 

 
 
 
Workshop 4 
Development of rapid assays for the veterinarian, agricultural and human diagnostic 
fields 
Presented by Wageningen University and Research Centre. 
As an international knowledge-based organisation Wageningen University and Research 
Centre (Wageningen UR) carries out research throughout the knowledge chain in the fields 
of life sciences and natural resources. Research comprises fundamental as well as applied 
research. Within the different specialized research institutes of Wageningen UR a broad 
variety of technologies are used to develop and validate assays for clients. In addition, the 
development of customer-defined applications as well as the development of new innovative 
technologies are also part of the working area. Many diagnostic tools have already been 
developed in close collaboration  with industrial partners. Strategic investments ensure the 
maintenance of strong intellectual property (IP) positions in the veterinarian, agricultural and 
human diagnostic fields. 
In this workshop a brief introduction of some innovative technologies currently under study, 
including some practical demonstrations, will be given.    
Part I: Technologies and their possibilities  

 Wageningen UR is developing assays for, e.g., biosensor technology, xMAP 
technology, electric chips, lateral  flow, DNA and protein microarrays  

Part II: Practical demonstration  

 Several technologies will be demonstrated 
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LECTURES 
 
 

Strategic considerations in choosing a rapid method: 
an industrial perspective 

 
John D. Marugg 

 
Nestlé Research Centre, Quality and Safety Department, 

Microbiological Safety Group, Switzerland 
john.marugg@rdls.nestle.com 

 
 
Food businesses are challenged to optimize speed and efficiency, reduce product inventory, 
and rapidly respond to microbiological and chemical contaminants entering the production 
process via ingredients or environment in order to ensure the release of safe products into 
the market. Currently, most official or reference methods for pathogen or contaminant 
detection are laborious, costly, and often take a long time (3-7 days or longer) to obtain 
results. The application of rapid methods allows for an easy and fast response in the 
monitoring of raw materials and production environments, and reduces the turn-around-time 
along the supply chain. 
 
The development and commercialization of rapid methods has been expanding over recent 
years. As a result, a great number of laboratories within food businesses like Nestlé have 
been faced with increasing pressure from manufacturers and suppliers to accept their 
methods, kits, or systems. This led to an increased number of evaluations, that were more 
often than not, driven by the method supplier, rather than by a real need within the 
businesses or laboratories. Due to time and cost constraints, many of these evaluations were 
limited in scope, and in many cases they were neither systematically performed following 
standardized protocols, nor properly documented.  
 
The application of validated, rapid methods is a requirement in accredited laboratories, and is 
more and more demanded by authorities and customers. The evaluation and validation of 
rapid (and new) microbiological methods requires a standardised and systematic comparison 
to reference and standard methods (e.g., ISO/CEN standards). The technical rules for the 
assessment of microbiological method performance are described in ISO16140 (2003), and 
include comparative and collaborative trials with specific requirements for number of 
samples, matrices, participating laboratories, statistical evaluations, and reporting.  
 
Within Nestlé, the NesVal (Nestlé Validation) system was introduced to provide a common, 
coordinated framework for the internal evaluation and validation of new and rapid 
microbiological methods. Recently, the scope of the system has been expanded to include 
rapid methods for chemical contaminants and allergens. NesVal evaluates the needs for 
specific, rapid methods within the company, and assesses their technical performance 
including work load- and cost considerations. It relies on official validation studies by 
recognized validation bodies like AOAC, AFNOR, and MicroVal, but where necessary the 
studies may be complemented with internal data on specific Nestlé matrices. In this 
presentation the effect of the new EU legislation on end user requirements as well as its 
interpretation will be discussed. 
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Bridging the gap: market research information regarding 
rapid testing 

 
Tom Weschler 

 
Strategic Consulting, Inc., USA 

trw99@sover.net 

 
 
Annually over 600 Million microbiology tests are performed by the global food processing 
industry. A key objective of the food companies is to make products that meet their label 
claims, which ensures the products are safe and wholesome. Microbiological testing is one of 
the key testing parameters to meeting label claims. Recent high profile product recalls 
underline the need for improved safety of products produced. The volume of microbiological 
testing, and the increased use of rapid micro tests, are likely to be driven by increased 
regulations, the economics of hold and release testing, and concerns for recalls and 
associated reputation risk avoidance. In addition, the food companies are being 
encouraged/required by their regulators to establish control over their raw materials and 
control over their production process and environments to guaranteed control over their end 
product. This is known as the HACCP principle. Properly applied, active HACCP plans will go 
a long ways to improving product quality. However, with the length of time to results for 
current micro testing technologies, it is hard to adequately apply HACCP principles. 
 
Current microbiological testing technology does not meet customer requirements in many 
areas and these unmet needs are likely to grow. The great majority of testing utilizes 
traditional culture methods. While considered the ‘gold standard’ in terms of performance, 
culture testing has the disadvantage that the time to result (TTR) just takes too long. Given 
the time delay for micro results from current testing methods, the food microbiology market 
has evolved into a system where there is typically a large physical gap between the site of 
sample collection and that of sample analysis. In most processing plants the micro lab is 
centralized, located either far from the production area or in a separate facility. Also, there is 
heavy use of outside laboratories for analysis, especially for pathogen samples as many 
companies have adopted policies that do not allow pathogen sample enrichment for fear of 
cross contamination. 
 
This presentation will discuss the size of this food microbiology market and provide insights 
by geographic region, by food sub-segment, by organism, and by method used. In addition, it 
will explore the ability of existing and future testing methods to meet market needs and gain 
market acceptance and usage.  
 
Strategic Consulting has published eight market research reports, which provide extensive 
insights into segments of the Industrial Diagnostics Market. Each report is developed after a 
thorough customer interviewing process involving hundreds of companies in the field. These 
reports and Strategic Consulting’s newest report (Food Micro-2008) are used to support the 
information provided during this presentation.   
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Sample preparation for rapid microbial analysis 
 

Mieke Uyttendaele 
 

Ghent University, Faculty of Bioscience Engineering, Department of Food Safety and Food 
Quality, Laboratory of Food Microbiology and Food Preservation, Belgium 

mieke.uyttendaele@ugent.be 
 
 
Recovery of low numbers (1-100 cfu per 25 g) of food borne pathogenic bacteria from food 
and feed samples or the processing environment has traditionally been a challenge. Any 
rapid detection system, while potentially very sensitive, must still confront a number of 
challenges inherent with sampling complex matrices such as food and feed (D’Haese et al., 
2003). Low levels of pathogens are searched for while only small sample sizes are used for 
detection with modern molecular or microscopic methods. Advanced rapid detection 
techniques have a high intrinsic sensitivity, e.g., 5-50 cfu per PCR reaction or 5-10 cells per 
microscopic field or flow cell. However, direct detection of the pathogen in food samples 
presents a number of technical difficulties.  
 
The relative low levels of pathogens are present in a large amount of food (often 1-30 g used 
for food analysis), while only a small sample size can be used in the detection technique (10-
100 µl). The pathogen may also be non-uniformly distributed in the food product. This 
requires an appropriate sample preparation method, which should be carefully optimized and 
evaluated. Various techniques are available to release and concentrate micro-organisms 
from a food matrix including buoyant density centrifugation, immuno- or phage-proteins 
based capture, surface adhesion techniques, etc.  
 
Another interfering factor in food microbiological analysis is related to the nature of foods 
themselves. Methods that work remarkably well with pure cultures of target organisms fail 
sometimes when applied to real food specimens. This results from the presence of many 
inhibitory components in the food (e.g., in milk (calcium ions), soft cheeses (proteins and 
fats), red meat (coagulated blood), spices and herbs (polyphenols)) interfering with in vitro 
enzymatic reactions. The bottle-neck in application of molecular techniques is indeed often 
quality of DNA and RNA. Such can be overcome by previous purification procedures, 
obviously at the expense of simplicity and rapidity. It also stresses the need of appropriate 
controls in the experimental setup.   
 
This ends up that direct (within few hours) detection of micro-organisms in food is restricted 
to numbers exceeding 100-1000 cfu/g (although lower levels might be obtained using in 
liquid samples or using extensive concentration and extraction procedures). Nevertheless, 
recovery of low numbers of food borne pathogens (<100/g) from food or feed is demanded in 
control of food safety by legislation. As such often rapid detection methods still include a prior 
enrichment procedure enabling multiplication of cells to minimum numbers needed for 
detection. However, in food production many types of physical or chemical treatments are 
used to eliminate or inhibit the growth of micro-organisms in foods. Food processing often 
involves the use of acidulants, additives, and refrigeration or heating and/or freezing to 
control microbial proliferation. In contrast to fully viable pathogenic bacteria used for artificial 
contamination, bacterial cells in naturally contaminated foods are frequently impaired by sub-
lethal injury as a result of having been exposed to these adverse conditions In addition, these 
low numbers have sometimes to be isolated amongst high numbers of a competitive flora 
exceeding the target organism by a factor of up to 106. Therefore, enrichment conditions 
(selected culture medium, time and temperature of incubation) need to favour multiplication 
of the pathogen of concern while suppressing the growth of competing flora. 
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From the previous it is clear that overlooking the need for appropriate sample preparation 
may result in a significant risk of false negative results. In the presentation, the advantages 
and limitations of advanced detection techniques (PCR, micro-arrays, flow cytometry, 
biosensors, etc.) in food diagnostics will be discussed and various approaches for sample 
preparation illustrated.  
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A rapid method can be defined as any method or system which reduces the time taken to 
obtain a microbiological test result. There are many different types of method which can be 
considered to be ‘rapid methods’ and have a use within the food industry. However, despite 
advances in microbiology, traditional methods based on conventional culture continue to be 
the most commonly used microbiological methods, especially for routine examination of 
foods. Consequently, the majority of microbiological methods used to test food still rely on 
successful growth of the target organism. Many of the so called ‘rapid methods’ have a 
requirement for growth, which currently limits the speed to result of most test methods. For 
example, for quantitative methods based on the colony count technique it is essential to get 
visible colonies within the time frame of the test. This typically takes 24-48 h for most 
bacteria, but it can take several days for slower growing organisms, particularly some yeasts 
and moulds. Even many of the recent technologies, such as DNA-based methods, still rely 
on there being high numbers of the organism to yield sufficient quantities of the target 
analyte. Depending on the method the target analyte could be a nucleic acid such as DNA or 
RNA, a specific cell antigen expressed by the organism of interest, or a metabolite or toxin 
produced during growth. 
 
Conventional microbiological methods for testing foods, particularly those that have become 
regarded as the ‘gold standard’ or reference methods, have largely remained unchanged for 
over a century. Named after the German bacteriologist Julius Richard Petri (1852–1921) who 
invented it in 1877, the Petri dish is still synonymous with microbiological methods along with 
culture media which has remained largely unchanged for decades. More recently 
chromogenic media, which exploit specific enzyme activities, have become popular for the 
early recognition of some pathogens on primary isolation plates or for the quantification of 
specific groups of organisms such as Enterobacteriaceae, Escherichia coli and other 
coliforms. Even though these media still rely on the use of the Petri dish and they do not 
necessarily speed up the test, they can improve colony recognition and therefore reduce the 
time and effort required to screen suspect colonies and confirm their identity. There are now 
several alternative plating methods commercially available, for example Petrifilm™ (3M™), 
RIDA®COUNT (R-Biopharm Rhône Ltd) and Compact Dry™ (Nissui Pharmaceutical Co. 
Ltd), which are ready-to-use and do not require a Petri dish to enumerate a range of indicator 
organisms and specific bacteria. Alternative approaches to plating methods for the rapid 
enumeration of microorganisms include systems based on impedance, e.g., Bactometer 
(bioMérieux) and RABIT (Don Whitley Scientific). These systems continuously monitor 
changes in the electrical conductivity of the sample during incubation; this will change as the 
microbial population grows and these changes are recorded by the system. More recently 
systems based on automated colorimetry, e.g., Soleris System (Neogen Corp.), have been 
introduced. 
 
Detection of Salmonella using conventional culture methods can take a minimum of 3 days 
for a negative result and several days to obtain a confirmed result. Traditional culture 
methods for other foodborne pathogens have similar elapse times, which make them less 
than ideal for food manufacturers, especially those producing short-shelf-life foods. Not only 
are the results retrospective, the food in question has probably been consumed before the
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results are known. Although positive release is common practice for ingredients and raw 
materials, it is more difficult to apply to finished products if the results cannot be obtained 
quickly. Not surprisingly over the past decades there has been considerable research into 
the development of ‘rapid methods’ and ways of reducing the time from sample to result.  
 
Since the mid 1970s immunological methods have become extremely popular and widely 
accepted for the detection of specific pathogens and some toxins in foods. Many of the 
popular kits are microtitre plate based enzyme linked immunosorbent assay (ELISA) tests in 
which the wells of the plate are coated with antibodies specific to the target antigen. Whilst 
tests can be performed manually, the different stages of the assay (plate washing, reagent 
addition, plate reading and interpretation) can now be semi or fully automated with the aid of 
instrumentation. This not only reduces hands-on time but it also ensures consistency and 
accuracy between each assay run. Whilst many ELISA tests rely on chromogenic substrates 
for end-point detection of the target antigen, enzyme-linked fluorescent assays (ELFA) 
employ fluorescence for end point detection. A good example of a commercial ELFA system 
is the Vitek Immuno Diagnostic Assay System (VIDAS) from bioMérieux. This system is fully 
automated and there are tests available for all of the common foodborne pathogens as well 
as some toxins. Tests based on the immunochromatography principle have become popular, 
particularly lateral flow devices (LFD) and dipstick style tests. Unlike microplate ELISA tests, 
these do not require any instrumentation or hands-on time to run the assay or interpret the 
results, which are usually visible 20min after adding a portion of enriched sample to the 
device. 
 
Since the late 1950s and early 1960s, the development and use of molecular biology 
techniques has revolutionized microbiology, leading to a better understanding of 
microorganisms at the cellular and molecular level. One of the most widely used molecular 
techniques today is the polymerase chain reaction (PCR) technique, which was developed in 
1983 by Kary Mullis. This technique is the basis of many commercially available nucleic acid 
based tests for detection of pathogens in foods. Tests based on the detection of nucleic 
acids offer greater specificity and potentially quicker results compared with conventional 
culture and immunological methods. Despite this, their widespread uptake for food testing 
has been slow. The lack of knowledge of molecular biology techniques has partially been 
responsible for this, but other factors include the complexity of some of the techniques used 
and the requirement for skilled staff and additional or specialist laboratory facilities. The high 
cost associated with capital equipment necessary to run some of these tests has also made 
these methods less attractive in the past. However, this is slowly changing as they are now 
becoming cheaper to perform and the formats of many of the commercially available tests 
are now less complex and more user friendly, often achieved using full assay automation and 
computer controlled instrumentation and data analysis.  
 
The future 
 
A wide range of novel and rapid methods are now available to microbiologists in the food 
industry. Methods capable of detecting individual target cells applied to the detection system 
are available, although it is the sample preparation and the continued requirement for growth 
of the target organisms that remains the major factor that currently extends test times, even 
when using rapid methods. Many alternative methods, especially those for the detection of 
pathogens, provide a more convenient and rapid way of screening foods, the vast majority of 
which should be negative for the pathogen in question. Despite the advances in technology, 
the dependence of these new methods on conventional culture, either to increase the level of 
target organisms to detectable levels, or to confirm assay results, will remain a rate-limiting 
step in the move towards more rapid microbiology tests. In busy food testing laboratories, the 
need to generate validation data to demonstrate the performance of a particular test can 
restrict the uptake of new methods. More recently, the introduction of EU regulations
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recommending testing using standard methods unless suitable validation data is available for 
the alternative method, has caused some users to revert back to using conventional 
methods. For rapid methods to be widely adopted they must be easy to use, as automated 
as possible, and cost effective to the user. Simply looking at the cost of a particular test may 
not, however, give the true cost or benefit of introducing a new method into the laboratory. It 
is very common for potential users not to fully analyse the cost benefit of new methods.  
Highly automated methods increase sample through-put and mean a laboratory can handle 
far higher sample numbers. A more rapid result can greatly speed up product release, 
potentially decreasing product storage requirements and possibly increasing shelf life.  All of 
these can arise from the use of rapid methods and should be considered as benefits when 
considering the cost of the method itself. 
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The genus Bacillus includes species of medical (B. anthracis), industrial (B. licheniformis), 
food safety (B. cereus), agricultural (B. thuringiensis) and scientific interest (B. subtilis). The 
most important quality of Bacillus spp. for many researchers is their ability to form 
endospores, which persist in the environment and are highly resistant to many sterilization 
techniques. Owing to endspores’ cryptopbiotic state and complex structure, their study is 
more difficult than that of their vegetative mother cells and there is a need for novel rapid 
methods to facilitate enquiry into such issues as endospore germination, gene expression, 
structure, resistance mechanisms and sporulation. 
 
Rapid flow cytometry (FCM) methodologies were developed by us for the study of B. cereus 
endospores. These methods compared well with conventional microbial enumeration 
techniques and constitute novel assays capable of yielding new insights into aspects of 
endospore structure/physiology. In the first instance, using standard methods to arrest the 
germination of B. cereus endospores at defined stages and subsequently staining with SYTO 
9 alone or carboxyfluorescein diacetate (CFDA) together with Hoechst 33342, FCM analysis 
has been shown to permit rapid quantification of the percentage of germinating or outgrowing 
endospores (Cronin and Wilkinson, 2007). Staining B. cereus endospores with SYTO 9/PI or 
CFDA/Hoechst 33342 followed by FCM analysis allowed the instant discrimination of 
chemically-treated endospores halted at various stages of germination or those with a 
specific structural component removed (coat, cortex, exosporium fructose polymers and core 
minerals; Cronin and Wilkinson, 2008a). Similarly, FCM analyses detected large amounts of 
heterogeneity among populations of heat-treated endospores and uncovered differences in 
the proportions of membrane-damaged endospores and those displaying esterase activity 
pre- and post-treatment (Cronin and Wilkinson, 2008b). 
 
FCM is a rapid method, capable of recording multiparametric data from individual 
endospores at a rate of >1,000 events/s and has the potential to become a key tool in the 
study of endospores. FCM analysis also has the potential to form the basis of an on-line 
monitoring system for industrial processes. It holds clear advantages over conventional 
microbiological techniques, which tend to be slow and yield data based on average values 
for large pools of cells. However, in order to gain credibility among the wider community of 
microbiologists, there is a need to produce well-designed studies in which data from FCM-
based experiments is rigorously compared with data from conventional methods such as 
plate counting or turbidometry. 
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Current technologies for multiplex, quantitative analyses frequently suffer from compromises 
between the level of multiplexing, throughput and accuracy of quantification. In general, for 
the detection of nucleic acids, microarrays provide very high level of multiplexing, but less 
accurate quantification and usually low throughput. At present, real-time, quantitative PCR 
provides the most reliable means of target quantification, and it is suitable for the analysis of 
a relatively high number of samples. The achievable level of multiplexing, however, is low.  

   
Nano-scale technology, provides high-density and low-volume microchambers, which could 
accommodate very high number of reactions, performed under standard conditions. Many of 
these systems are still at the experimental phase, and are not capable of monitoring the 
fluorescent signals in real time for each microwell, which is required for quantification.  
 
Recently, a conceptually new, ultra-high-throughput platform has become available for real-
time PCR, capable of accommodating more than 3,000 reactions per array  The 
OpenArrayTM-s have 48 subarrays, allowing parallel testing of up to 48 samples, and each 
subarray contains 64 microscopic through-holes of 33 nL volume. The primers are pre-
loaded into the holes, while the sample along with the reagents are auto-loaded due to 
surface tension, provided by the hydrophilic coating of the holes and the hydrophobic surface 
of the array.   
 
Plant Research International recently has developed PRI-Lock probes for multiplex detection 
which provide flexibility, and bridge the gap between target-specific recognition and high-
throughput amplification using universal but unique primer pairs and a generic TaqMan 
probe. PRI-lock probes are long oligonucleotides, similar in structure to padlock probes. They 
contain artificially selected primer sites and a TaqMan probe region, flanked by target 
complementary regions.  
 
In this study, we have characterized the quantitation power of circularizable ligation probes, 
and report the development of a high-throughput, quantitative multiplex diagnostic assay 
based on the described principle. 
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Two high throughput analytical systems based on solid phase microextraction (SPME) will be 
discussed. One approach is designed for GC-MS determinations based on SPME syringe 
supplied with coated metal fibres operated by CTC Combi-PAL autosampler and the other for 
LC-MS automation with a extraction phase coated brush operated by 96 well robot. 
 
Full spectral information in the range of m/z 35–450 was collected across the short GC run 
(less than 5 min) utilizing the high-speed time-of-flight (TOF) analyzer without compromising 
in the detection sensitivity, as compared to other scanning mass analyzers operated in 
selected ion monitoring or MSn mode to achieve similar sensitivity. The MS data acquisition 
rate of 50 spectra/s was selected as optimal for the rapid analysis of this relatively complex 
matrix. The optimized analytical method did not exceed 20 min per sample, including both 
the isolation and pre-concentration of the analytes of interest, the final GC–TOF-MS analysis 
and the fiber bake-out. The repeatability of the developed and optimized HS-SPME-GC–
TOF-MS method for ice wine analysis, expressed as relative standard deviation (RSD, %, n 
= 7), ranged from 3.2 to 9.0%. The method was used to characterize and classify a large set 
of ice wines according to their origin, grape variety and oak or stainless steel fermentation/ 
ageing conditions, based on a statistical evaluation (principal component analysis, PCA) of 
the measured data. More than 130 ice wine samples collected directly from Canadian and 
Czech wine producers were analyzed. The SPME step was carried out utilizing the new-
generation super elastic DVB/CAR/PDMS metal fiber assembly to isolate compounds from 
ice wine samples. The identification of analytes was performed by a combination of the linear 
temperature-programmed retention index (LTPRI) approach using C8 - C20 alkanes loaded 
onto the fiber with the comparison of the obtained spectra with three libraries included in the 
ChromaTOF software. A total of 201 peaks were tentatively assigned as ice wine aroma 
components and 58 of those compounds were evaluated in all of the examined samples. The 
results were submitted to critical interpretation by using a self-organizing map (SOM) 
technique and commented in terms of relative characterization of samples according to their 
geographical origin, grape varieties, and vintage years. When clear clustering was obtained, 
the most determinant compounds responsible for the observed differentiations were 
identified. 
 
The automation of SPME coupled to LC-MS/MS has been accomplished using a 96 multi-
well plate format, SPME multi-fibre device and a three arm robotic system  This automated 
configuration is capable of performing all steps necessary to complete the entire SPME 
procedure in parallel for all samples thus drastically increasing sample throughput compared 
to other SPME-LC approaches. Extensive optimization of the proposed set-up was 
performed including (i) selection of the best fibre coating, (ii) optimization of the fibre coating 
procedure, (iii) selection of the best stainless steel support, (iv) examination of the need for 
fibre pre-conditioning and/or rinsing, (v) selection of the optimal calibration method, and (vi) 
confirmation of uniform agitation in all wells. The performance of polydimethylsiloxane and 
C18 bonded silica coatings was compared. The reusability and robustness of both types of 
coatings without loss of extraction efficiency was demonstrated for >50 uses. However, due 
to slow kinetics of mass transfer for polydimethylsiloxane coating, C18 bonded silica fibers 
were selected for further use. The optimized automated SPME-LC-MS/MS platform was 
subsequently fully validated for the high-throughput analysis of diazepam, nordiazepam and 
oxazepam in human plasma. The proposed method allowed the automated analysis of >200  
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samples per day, while achieving excellent accuracy and precision (about 7%). This 
represents the highest throughput of any SPME technique proposed to date. Finally, an 
automated ligand-receptor binding study investigating the binding between diazepam and 
human serum albumin will be reported.  
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There is a clear and well-established need to be able to perform rapid and reliable monitoring 
and identification of potentially hazardous toxic chemical substances present in the food 
supply chain. These toxins originate from many sources such as the natural environment, 
agricultural operations and potentially bioterrorism. The ability to conduct such analyses is 
required to provide early warning of contamination and allow preventative measures to be 
initiated in order to protect public health and support international food industries.  
 
While there have been many improvements in the ability to detect some contaminating 
compounds in agri-food commodities there remain many gaps which must be dealt with. 
Often there are multiple complexities associated with these substances and traditional 
analytical techniques fail to deal with these adequately.  
 
In a large research project funded by the European Commission and entitled ‘Biocop, new 
technologies to screen multiple chemical contaminants in foods’ many of these issues are 
being addressed. Several new bioanalytical platforms based on transcriptomics and 
proteomics couple to array based chip technologies have been developed within the project. 
These platforms have been used to determine the feasibility of detecting multiple 
contaminants such as pesticides, drugs, toxins and heavy metals present in many types of 
biological samples. The project is entering its fourth year and the results generated to date 
and shown much promise in dealing with many serious issues relating to reliable 
contaminant analysis. The presentation will give an overview of the major Biocop targets and 
successes to date. (For more information on Biocop visit www.biocop.org). 
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The mycotoxin patulin is a toxic secondary metabolite of a number of fungal species 
belonging to the genera Penicillium, Aspergillus and Byssochlamys. Patulin has been mainly 
isolated from apples and apple products contaminated with P. expansum, as a common 
storage rot fungus, but it has also been detected in other rotten fruits and moldy feeds. The 
World Health Organization has set a tolerable threshold value for weekly intake of 7 μg/kg 
(ppb) patulin with regard to body weight. Because of its described toxicity (e.g., neuro- and 
immunotoxicity) the maximum content of patulin in food has been restricted to 50 ppb in 
many countries, and set to 10 ppb for dietary food as, e.g., apple products for baby nutrition 
in Germany and many further European countries by EU legislation. To control the maximum 
limit set for patulin in food and feed, classical chromatographic methods, such as HPLC and 
GC are used, and more recently, techniques such as LC/MS and GC/MS but also capillary 
electrophoresis are applied. However, extensive protocols of sample clean-up are required 
prior to the analysis, in addition to expensive analytical instrumentation combined with skilled 
personnel becoming necessary. An immunochemical analytical method, based on highly 
specific patulin-antibody interactions would be desirable offering several advantages 
compared to the chromatographic methods. Former experiments to generate patulin-specific 
antibodies were, however, not successful. Only recently, a competitive fluorescence assay 
has been described on the basis of patulin-specific antibodies (De Champdoré et al., 2007), 
in addition to a method using electronic nose analysis focussing on the detection of P. 
expansum spoilage and predicting a certain patulin contamination as a consequence 
(Karlshoj et al., 2007). 
 
In this paper, the development of a luciferase inhibition assay by patulin presence is 
described with a detection limit of 0.01 mM, i.e., 1.5 mg/L for the luciferase inhibition assay 
alone. The time needed for assay performance is 30 min. As it is required to reach 50 µg/L or 
even lower detection limits as 10 µg/L for patulin, an affinity enrichment of the apple juice 
samples is carried out comparing the quality of patulin-specific antibodies raised in rabbits 
and of patulin molecular imprinted polymers. Another advantage of this affinity enrichment is 
that by this step, a further sample clean-up could be omitted and the luciferase inhibition 
assay becomes highly specific for patulin analysis. The developed affinity-luciferase inhibition 
assay is compared with HPLC measurements taking apple juices as real food samples. 
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Within the EU food safety is an important issue. During production and storage of food, 
organic contaminants like residues of pesticides and veterinary drugs, natural toxins and 
environmental or processing contaminants may enter the food chain. For many of these 
contaminants legal limits in food are established or under evaluation. Throughout the food 
chain, samples are taken to monitor and control the presence of organic contaminants, to 
verify compliance with these limits and to ensure food and feed safety. For monitoring 
purposes selective and sensitive methods are needed and chemical analyses are commonly 
applied. Within the respective fields of analysis, a clear trend towards multi-compound 
methods can be observed. In the field of pesticide residue analysis this has been well 
developed and methods covering many hundreds of target analytes exist (Mol et al., 2007). 
More recently, similar developments are taking place in the field of veterinary drugs 
(Kaufman et al., 2007), mycotoxins (Sulyok et al., 2006) and environmental contaminants 
(Pitarch et al., 2007). In all cases, methods for these contaminants are based on 
chromatography with mass spectrometric detection. An obvious continuation of the current 
trend is to integrate multi-compound methods from different groups of contaminants into 
even more generic and comprehensive (screening) methods. This not only makes screening 
for organic contaminants much faster, it also greatly reduces cost, in terms of €/analyte.  
 
The purpose of the current work was to develop a screening method which, besides covering 
analytes from the various fields of residues and contaminants, should also be applicable to 
different types of food and feed matrices. To achieve this goal, existing sample preparation 
produces from the field of pesticide residue analysis and mycotoxins, and three alternative 
approaches were evaluated for their suitability to cover an even wider range of analytes. 
Aspects evaluated included extraction efficiency, matrix effects, and the (im)possibilities for 
clean up. The final extraction method was basically a dilution of the sample and very 
straightforward. For the determinative measurement, several possibilities were considered. 
From these ultra performance liquid chromatography with time-of-flight mass spectroscopy 
(UPLC-TOF-MS) was selected. This technique enables simultaneous screening of the 
generic extracts for, in principle, thousands of compounds, within 10-15 min. Following the 
non-targeted measurement, a targeted data-analysis is performed.  
 
The applicability of the new screening method was evaluated for over 250 pesticides, 
veterinary drugs, mycotoxins and plant toxins in various matrices (feed, maize, honey, milk, 
meat and whole egg).   
 
The present contribution shows that, through the use of efficient chromatographic separation 
combined with advanced full scan mass spectrometric detection, chemical analysis is a 
feasible option for comprehensive screening and determination of organic contaminants in 
the food chain. 
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Managing a food supply chain means dealing with everything from small local to large global 
suppliers, to developing effective food quality and safety systems. New detection 
technologies promise more accurate, faster and/or cheaper testing of a number of important 
factors in food, including microbiological contaminants. The success of integrating new 
technology depends on the food production and retail industries’ understanding and 
utilization of results in a way that either reduces costs or risk - preferably both. In order to 
determine which of the new available technologies are best for a given participant in the food 
chain, methods that integrate the effect of use of the various aspects related to the food 
industry will be needed. This includes technical detection needs, HACCP and certification 
aspects, legislation as well as financial and biological risks. Evaluation of detection 
technologies must include cost, availability, simplicity, speed, sensitivity, specificity, stability 
and performance in the matrix in question. New detection technologies cannot be 
successfully integrated into the food industry unless they can meet one or more of the 
following criteria: will save money and/or time, reduce holding times of products, reduce 
recalls, can reduce risk levels, can easily be integrated into current systems, can reduce 
paperwork and are approved by the certification and competent authorities.  
 
Microbiological detection technologies need to be evaluated in a food value chain context. 
This can be seen as a ‘fit for purpose validation’ where the total value chain is examined to 
determine the optimal test-regime. What regime is best will be determined by the level of 
integration of the value chain, where in the chain the hazard is introduced, is easiest to test, 
and most cost-efficient to control. Two examples of very different integration levels are 
chains with one major stakeholder with interest in an optimal total value chain, and value 
chains where a number of independent stakeholders with a limited amount of trust to the 
other members of the chain. How the results from the tests will be used, what format the 
information is in, what information needs be made available to other parts of the food chain, 
how the results can be included in documentation and information security needs to be 
considered. The differences in the requirements to detection technology are determined by 
the bacteria in question, infective dose, HACCP plans, regulations and current alternative 
detection methods. The examples used here to illustrate some of the challenges are Yersinia 
spp. in pigs, Listeria monocytogenes in ready-to-eat products and fish, and Campylobacter 
spp. in chicken.  
 
Strains of Y. enterocolitica can be found in meats (pork, beef, lamb, etc.), oysters, fish, and 
raw milk with swine as the primary reservoir, with an estimated 96,000 cases of human 
disease annually in the United States. The infective dose is quite high (106-107 cfu). 
Presence of human pathogenic strains of serotypes O:3 and O:9 in ready-to-eat products 
renders the products unfit for consumption. Currently no specific Yersinia testing is required, 
but producers have to meet the food safety requirements in the EU Food Law. Serological 
testing of pigs after age 100 days or bacteriological examination of faeces from age 85-
135 days can prove a herd free of pathogenic Y. enterocolitica. Herd testing may be the most 
cost-effective method for ensuring Yersinia-free pork products, but will not be performed 
unless there is legislative or market requirement or monetary incentives. This example 
illustrates a supply chain where the responsibility for detection rests on the producer of the  
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final product, where most diagnostic bacteriological tests would be of questionable value, but 
where it is unclear who should pay for the presumably more effective testing in the early part 
of the chain.  
 
L. monocytogenes is a common problem for industries that produce ready-to-eat foods. 
There are EU regulations regulating L. monocytogenes in products. Given that there is a law 
with a reference to an acceptable method, any rapid diagnostic kits will have to be validated 
against the reference method for samples that are utilised to prove regulatory compliance. 
Tests utilised for environmental monitoring by the food producer, however, may be utilised if 
that the method is specific, rapid and easy to use. In contrast to reference samples for official 
control/proof of regulatory compliance, environmental diagnostic tests should preferably be 
specific for Listeria spp. rather than L. monocytogenes, with sensitivity relevant to detection 
of environmental contamination. In international fish trade many important trade partners 
have/state zero tolerance for Listeria in fish products, and given the trade implications, tests 
should not be more sensitive than those currently required by the importers. Today’s fresh 
fish value chain is made up of a number of independent actors. Controls, such as 
microbiological detection, are performed if required by law or by buyers, or to test other parts 
of the food chain. Fresh fish has a very short shelf life, and there is not time to wait days for 
test results. Most testing is performed to evaluate environmental status and to evaluate and 
follow up customer complaints. Better testing methods can be utilised to decrease the risk of 
Listeria spp. exposure that has risen due to the increased popularity of sushi In this case 
there is a need for up to three different types of rapid testing methods within one 
pathogen/food commodity combination.  
 
Chicken has been seen to be one of the major sources of Campylobacter spp. that cause 
human illness. There are continual activities within EU (i.e., Med-Vet-Net) that are using 
models to help evaluate optimal methods for reducing the load and prevalence of bacteria on 
chicken products. Chicken production value chains are often integrated, and it should be 
possible to take action based on information early in the chain. For example, if there was a 
rapid and suitable Campylobacter spp. test that could reduce the lag time between test 
results and transport to slaughter, this would allow for sequential slaughtering. This could 
allow for specified use of meat products from positive flocks in countries with a low 
prevalence. In other areas, with current Campylobacter prevalence levels, there would be a 
shortage of fresh chicken meat if the products of all positive flocks had to be heat treated, 
and this early testing may not be cost-efficient. Although the infective dose of Campylobacter 
spp. is low, and a sensitive presence/absence test would theoretically be sufficient for risk 
management in many cases, the models show that need for quantitative tests is imperative 
for optimal risk management decision support.  
 
In summary, development of rapid methods for microbiological detection in foods is only one 
aspect of optimal integration into a food chain. How the new technology meets legislative 
requirements, ease of integration into quality systems, the added value of results to the 
product, if the results are accepted or required by other stakeholders in the chain and data 
transfer possibilities can be as important as cost and ease of use of the detection method. 
Validation procedures for new detection technologies should include both the technical 
specifications, as determined by the producer of the technology, and a procedure that 
verifies that the detection method is valid for use in the system in question.  
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Lateral flow assays are a well established and very appropriate technology when applied to a 
wide variety of highly demanding point of need and field use applications such as food 
microbiology. Recent advances in lateral flow assay design, including improved sample 
handling techniques, novel labels and readers, improved manufacturing principles and 
practices, and new paradigms for use, such as nucleic acid lateral flow, have made these 
assays applicable to analytes in food and beverages that demand high sensitivity and 
quantification. This talk will outline principles and practices in design and manufacturing of 
lateral flow assays that can  result in highly sensitive, quantitative tests for field testing of 
difficult samples. It will describe the principles of nucleic acid testing in rapid formats, and 
also demonstrate several of the most promising new technological formats in the point of 
need testing area, including novel labels, platforms and fluorescent and visual reader 
technologies It will also describe how appropriate sample handling combined with these 
novel test technologies can provide high performance solutions for food microbiology 
applications.  
 
Lateral flow immunoassays (LFIAs) are a well established technology, with numerous 
advantages for application in portable, field use assays with or without the use of reader 
technologies. The principles of lateral flow technology were developed through the early 
1980s. Since then the technology, applications and industry have all continued to evolve, 
supporting, a wide variety of uses, including clinical, veterinary, food, biowarfare, 
environmental, pharmaceutical and forensic applications, to name a few. The advantages of 
the LFIA are well known. Critical among these are that LFIA is a technology that can be 
brought to market extremely quickly for a relatively small investment, and be applied over a 
very broad range of applications. These are advantages that few other putative point of need 
technologies currently in development can claim to share. By way of comparison, sensor and 
array-based technologies typically require long development cycles, careful market selection, 
market education and large investment in technology and infrastructure in order to make 
significant impacts in most markets. 
 
Architecture of a lateral flow assay 
 
Traditional assays are composed of a variety of materials, each serving one or more 
purposes, overlapping onto one another, mounted on a backing card using a pressure 
sensitive adhesive. When a test is run, sample is added to a sample application pad. Here, 
the sample is treated to make it compatible with the test. The treated sample migrates to the 
conjugate pad, where a particulate conjugate, typically a colloidal gold, or a coloured, 
fluorescent or paramagnetic latex particle, has been immobilized. This particle has been 
conjugated to one of the specific biological components of the assay, either antigen or 
antibody. The sample re-mobilizes the dried conjugate, and analyte in the sample interacts 
with the conjugate as both migrate into the reaction matrix. This reaction matrix is a porous 
membrane, onto which capture reagents have been laid down in lines where they serve to 
capture the analyte and conjugate as they migrate past. Excess reagents move on into the 
wick, where they are held. Results are interpreted as the presence or absence of lines of 
captured conjugate. Assay formats are either sandwich (direct) or competitive, and the assay  
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format can generate qualitative, semi-quantitative, or in limited cases, fully quantitative 
results. 

 
Improving on traditional lateral flow technology: application of lateral flow assays to 
food pathogen detection 
 
Food testing applications represent a particular challenge for a rapid, point of need test, for a 
variety of reasons. These include: varied and difficult sample matrices; often complex 
extraction procedures; strict requirements for standardization; high sensitivity requirements. 
 
The main criteria required of a point of need assay system that can address the demands of 
food testing applications include the following: rapid and easy to use; use small volume of 
sample, appropriately transferred to the assay without contamination; cost effective to 
manufacture and use; be manufacturable in high volume; produce clearly presented and 
easily interpreted results; produce high sensitivity results with low CVs; enable quantification;  
integrate to objective read/record technology with built-in connectivity; enable multiplexing.  
Performance keys relative to existing LFIAs: reduced variation, improved quantification, 
integration with reader and information systems, speed, and relevance to application area. 
 
Generating lateral flow assays that meet these criteria requires careful choices in 
manufacturing process technology, materials, labels, readers and device design.  Many of 
these elements are being addressed by member companies in DCN’s Network of Affiliates. 
Some examples include:  

 Improved control of manufacturing processes. The use of controlled in-line 
manufacturing processes can greatly reduce the variation seen in lateral flow assays.  

 Improvements in material. Many of the materials used in lateral flow assays have not 
been designed specifically for this application. The use of specifically designed 
materials can solve some of the performance issues in LFIAs.  

 Novel labelling and reading technologies. Visually read, gold or coloured latex based 
LFIAs suffer from  sensitivity issues due to the reading instrument, be it the human 
eye, a densitometer or camera based system. Non-visual labels such as fluorescent 
latex particles can generate more sensitive assays. Access to an appropriate reader 
system for this type of assay has been a problem for the majority of LFIA developers. 
DCN works with, and supplies, a variety of  fluorescent and visual lateral flow strip
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readers that have been specifically designed to address the needs of the highly 
sensitive, quantitative lateral flow assay market.  
 
Reader systems are applied in point of need applications for a variety of reasons, 
including, quantification, improved sensitivity, a reduction in user interpretation issues, 
data capture, analysis and storage. Several categories of readers are available. The 
application defines which type is most appropriate. 

 
 

 Novel sample collection and processing technologies. Efficient and reproducible 
sample handling methods are key to generating accurate results in food applications. 
The sampling methods and equipment must be capable of handling an appropriate 
throughput of samples, be able to handle a variety of different sample types, and 
generate reproducible results. Examples of novel collection devices, and 
homogenizers that can handle virtually an food sample at very high efficiency will be 
given and their capabilities discussed.  

 

 Alternative platform approaches. Lateral flow formats are not the only potential 
platform for these types of applications. Modified flow through and microfluidic 
platforms may also be used. These formats may have advantages, particularly in 
assays that demand difficult sample processing, high sensitivity and quantification. In 
flow through systems, a membrane is still used as a reaction matrix, onto which 
capture and control lines of proteins or oligonucleotides are striped. In the flow 
through system, however, the remaining reagents – sample, wash buffers and 
conjugates – pass vertically through the membrane and are captured in an absorbent 
wick beneath the membrane. Flow through assays can be more sensitive and less 
variable than LFIAs, while utilizing the same labelling and reading technologies. This 
format also has a significantly cleaner patent environment, allowing for an easier path 
to market. The drawback has been that traditionally, the user had to perform multiple 
steps to run the assay, rather than a single addition, as in a typical LFIA. This issue 
can, however, be overcome through careful design.  

 
One example of a flow through design that has potential application in NALF is the 
DiagnostIQTM platform, which is offered by DCN for development to third party clients.  
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The assay is a vertical flow system that possesses several novel elements, including 
a proprietary pre-incubation chamber and filtration area, where the conjugate can be  
pre-mixed with the sample and thereafter filtered onto the membrane. There the 
reactants are captured by pre-striped capture and control lines. DCN offers assay 
development services and can arrange development licenses for third parties wishing 
to develop assays on this device. 

 
Modifications of lateral flow principles for nucleic acid lateral flow (NALF) 
 
A variety of strategies are available for the detection of nucleic acids in LFIAs. The capture of 
nucleic acids can be performed in an antibody dependent or antibody independent way. For 
example, an antibody dependent system is possible, where an anti-biotin antibody 
immobilized on the surface of the nitrocellulose is used to capture biotin and 
carboxyfluorescein (FAM) bearing oligonucleotides in RPA amplicons. Binding is detected 
using an anti-FAM – colloidal gold conjugate. An antibody independent alternative would 
utilize streptavidin as the binding agent. Detection on a NALF strip can utilize the same 
methods as traditional lateral flow assays. Labels can include colloidal gold, and coloured 
and fluorescent latex particles.  
 
The basic elements of the lateral flow system can therefore be readily applied to NALF. 
However, simply applying the basics as currently practiced will also mean applying the 
sources of variation which have limited the application of lateral flow technologies in the past. 
Improvements to basic lateral flow technologies will be key to unlocking the full potential of 
NALF. 
 
The detection of nucleic acid product in point of need environments has been made difficult 
by a variety of factors including the technical difficulties associated with the most commonly 
used amplification technology, PCR. The main challenges are in sample preparation and 
control of assay specificity and reproducibility. Recombinase polymerase amplification 
(RPA), developed by ASM Scientific, Cambridge, UK, represents a significant step forward in 
the reduction of the complexity of nucleic acid amplification methods to the point where they 
can be applied in point of need environments. The appropriate application of lateral flow 
technology, with some modifications, can assist in bringing this key application directly to the 
point of need. 
 
Multidisciplinary approaches to platform development 
 
One of the major challenges facing the developer of a highly sensitive or quantitative point of 
need assay for an application such as NALF is that a more multi-disciplinary approach is 
required than with a standard LFIA using traditional technology. Input is required from a 
range of disciplines, including materials science, chemistry, biology, optics, software and 
hardware engineering, process design, equipment design and project management. This 
varied expertise required is often difficult to find, particularly for smaller companies. DCN is 
designed to fulfil the needs of developers in this complex area, by offering a wide range of 
assay development, education, technology transfer and consulting services around LFIA, 
flow through and hybrid fluidic formats.  
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The development of nucleic acid tests for point-of-care applications is a growing field, for the 
diagnosis of viral and bacterial infections and for other areas such as genetic testing, 
biowarfare agents and food safety. Philips is developing a biosensor platform technology 
using magnetic nanoparticles as labels (Prins and Megens, 2007; De Boer et al., 2007). In 
this contribution we will present results demonstrating the rapid, specific and sensitive 
detection of nucleic acids. 
 
The assay system consists of the PCR amplification of the LamB gene of the Escherichia coli 
bacterium. The amplicons are double labelled using end-labelled primers in the PCR. 
Detection of the product takes place by sandwich formation between capture molecules at 
the sensor site and at the magnetic particle respectively, specific for the integrated labels. 
Binding kinetics of the assay is controlled using magnetic actuation: target-bead complexes 
are focussed at the sensor surface by the magnetic field in the cartridge.  
 
With this format we can specifically detect the double-labelled amplicons in a one-step assay 
format: magnetic particles and amplicon are mixed and, without washing, directly applied to 
the sensor; resulting in an assay time of less than 3 min. We achieved biological dose-
response curves detecting 10 pM to 1 nM amplicon concentrations. Multi-analyte detection is 
shown of several antibiotic resistance genes of the food pathogen Salmonella. For this 
purpose various label-antibody combinations are used, each specific for one of the individual 
genes.  
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The timely detection of pathogenic bacteria has been a pressing issue for a long time. 
Governments strive to improve public safety by demanding more controls and pushing more 
stringent regulations forward. The private sector, then, seeks to put measures in place that 
enable them to overcome those controls and improve the value of their produce. This 
situation has had its impact on the scientific community, and huge efforts have been 
launched into the development of better or new ways to detect pathogens, and do it faster, 
more reliably and at lower costs. 
 
Along the traditional methods, which generally lead to plate counting, other methods have 
appeared over the past few years, such as ELISA, PCR and biosensors among others. 
ELISA started in the late seventies and was already an established laboratory technique by 
the time PCR-based methods appeared. However, the power of the PCR made it extremely 
attractive despite the initial difficulties of its implementation. Nowadays, the availability of real 
time PCR and almost affordable equipment has left ELISA behind and turned PCR into a 
serious contender against plate counting. Therefore, it would not be surprising if PCR 
methods became the norm in the not so distant future. 
 
Broadly speaking, biosensors are analytical devices that contain a biological recognition 
element intimately coupled to a physicochemical transducer. Such bio-recognition element 
may be enzymes, antibodies or nucleic acids, to name but the most common. Regarding 
biosensors for pathogen detection, antibodies seem to be the most common biorecognition 
element used, and most of these biosensor applications are inspired in previous ELISA 
assays. This is probably the reason why the detection limits of such biosensors are in the 
same range as ELISA or, at most, slightly better. Usual detection limits for biosensors range 
between 104 and 106 cells per mL of sample. The same detection strategies may be pursued 
on a range of available transduction techniques, including the three main kinds of 
transductors: optical, electrochemical and piezoelectric. Optical detection systems are the 
most frequently reported and are mainly based on surface plasmon resonance, SPR, 
devices. Electrochemical transducers come close second and they are split between 
impedance and amperometric detection. Each of these methods has advantages and 
disadvantages of their own, which implies that one may chose the most adequate detection 
method to suit the final application and available resources. Examples of all of them will be 
given during this presentation. 
 
Biosensors offer a number of potential advantages over established methods. The most 
important are their rapid response, and the fact that they are amenable to both 
miniaturisation and automation. In spite of this and of being around for nearly a decade, it 
could be said that the field of biosensors for bacterial detection is still in its infancy. The slow 
pace of biosensor development can be explained by the fact that biosensors require 
multidisciplinary teams, at the boundary between biology, physical chemistry and technology. 
Indeed, the understanding between researchers from these areas is difficult due to their very 
different backgrounds and points of view, and it accordingly takes a long time before a 
working system can be brought on scene. Recent advances in biosensors include the use of 
magnetic particles for analyte preconcentration and separation, the appearance of
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microsystems integrating several manipulation steps on a chip and the use of phages as new 
recognition elements. 
 
Despite all this, three areas need strengthening in order to consolidate the position of 
biosensors as trustworthy rapid methods for bacterial detection. These are (i) the 
development of instrumentation that enables higher sample throughput, (ii) the development 
of working protocols that permit multiple analysis on the same biosensor, and (iii) the 
development of new fabrication processes that make mass production of biosensors feasible 
and cost effective. 
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The quality standards for powdered infant milk formula (IMF) are very high. This applies 
especially on the microbiological parameter. Powdered IMF are not sterile products, but the 
number microorganisms in the products is very low and the hygiene standards are especially 
strict. This is because infants are especially vulnerable to all kinds of enteritic infection and 
more over there are a number of infection occurring in infants only like infant botulism and 
Enterobacter sakazakii infections. 
 
Therefore, it is not surprising that the microbiological analyses are predominant in the 
release tests for powdered IMF. These analyses are usually based on conventional 
microbiological methods which are cost effective, sensitive and reliable but rather time 
consuming and labour intensive. The current presentation will discuss the advantages and 
disadvantages of the application of different rapid methods to IMF.  
 
The intensive comparison has shown the impedance technology as a method with a number 
of advantages over the other rapid methods included. This is especially because of practical 
reasons. The presentation includes data of the validation study for the full range of release 
parameters of IMF. The systematic comparison to the conventional microbiology has shown 
very good results for the species specific parameters in a detection mode, the impedance 
system gives comparable results. The detection of index parameters which include a broader 
range of species like sulphite reducing Clostridia the detection range is sometimes somewhat 
shifted compared to the microbiological reference method. The method specific range has 
been investigated and a risk assessment performed on the shifted focus. 
 
The validation of impedance technology for enumeration methods has been for parameters 
like Enterococci and Bacillus cereus. The high deviation which has been seen in the 
conventional microbiology is visible in the impedance results as well. This makes it 
necessary to establish the calculation of bacterial count very carefully and with a certain 
safety margin. Samples found exceeding the limit for a certain enumeration parameter are 
recommended to confirm by conventional microbiology. 
 
Enumeration parameters which cover more than one species like total plate count and yeast 
and mould enumeration are depended on the composition of the analysed flora. Approaches 
to establish a house flora specific enumeration method for those parameters have not been 
successful. This approach is applicable only to products with a higher natural flora where the 
occurring deviations in the count are relatively low compared to the count. The situation in 
IMF is different while the vast majority of the samples has plate counts of <100 cfu/g is the 
maximal accepted level < 10,000 cfu/g. Any deviation due to changes in the composition of 
the flora has a huge impact on the method accuracy. The approach presented here is based 
on a yes–no decision with a clear limit of <1,000 cfu/g.  
 
The impedance technology can be seen as a valuable alternative to conventional 
microbiology testing in routine analyses. There are a number of advantages despite the fact 
that impedance does accelerate the analyses only moderately. This is especially due to the 
fact that the technology is differing from other rapid methods based on microbiological growth  
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similar to the conventional methods. The detection rage of the methodology is therefore quite 
similar and all kinds of confirmation and identification procedures known from classical 
microbiology can be applied directly to the bacteria culture from the test vial. Moreover the 
handling is very similar to the handling in classical microbiology. But other than in the 
classical microbiology there is a electronically recording of the analyses results.  



44  Rapid Methods Europe 2008 
21-23 January 2008, the Netherlands 

Disposable electrochemical genosensor for the rapid and 
simultaneous detection of foodborne pathogens 

 
Marco Mascini 

 
University of Florence, Chemistry Department, Italy 

marco.mascini@unifi.it 
 
 
A biosensor is a device where a coupling has been realized between a biological element 
responsible for the molecular recognition and the element responsible for the transduction of 
the signal. A genosensor (or DNA biosensor) is referred to as a coupling between an 
oligonucleotide formed with a known sequence of bases and a transduction device, which 
could be an electrochemical, optical or piezoelectric sensor. In the last years great interest 
has raised for such a coupling and in our laboratory several procedures and applications 
have been worked out to exploit such coupling for analytical purposes. 
 
The most important points are related to the possibility to obtain a rapid, cheap, simple and 
reliable device. This is necessary to solve the increasing analytical problems linked to 
pollution, to the detection of genetic disorders, to the detection of polymorphism, and to the 
detection of pathogen microorganisms by the evaluation of the hybridization reaction. The 
base technique consists, in most of the proposed applications, of the immobilization 
procedure of a base sequence called ‘probe’ on the surface of the sensor. Such probe looks 
for the ‘target’ in the sample solution, which is formed by the complementary sequence of the 
immobilized oligonucleotide. This is called hybridization. The evaluation of the extent of the 
hybridization allows to conclude whether the complementary sequence of the probe is 
present in the sample solution or not. These measurements can be exploited by optical, 
piezoelectrical or electrochemical sensors. 
 
An important parameter is the immobilization procedure of oligonucleotide on the surface of 
the sensor. This defines in most cases the sensitivity, i.e., the minimum concentration of the 
target which can be measured, and moreover the selectivity, i.e., the difference between the 
signals obtained with a complementary sequence and a non-complementary one. Various 
research groups are continuously proposing new strategies to enhance the sensitivity and 
the selectivity. Also very important is the choice of the transduction principle. Optical 
methods are very sensitive, but the apparatus reported up to now are very complex (like 
SPR) and very expensive. Electrochemical sensors seem very elegant, quite cheap and very 
selective. Electrochemical biosensors can also be produced as screen-printed disposable 
devices. This is of additional interest because they completely eliminate  the contamination 
effect from one sample to another, which is an important problem in the genetic laboratory 
where the amplification stage has to be performed. 
 
Recently, we have demonstrated that a simple electrochemical disposable device (screen-
printed) allows the identification of the polymorphism due to the possible presence of 
different isophorms of apolipoprotein E. This is due to two punt mutations in the protein-
coding gene. The substitution of thymine by cytosine in two positions of the gene determines 
6 different types of proteins, which can be completely solved by the electrochemical 
biosensor with specific oligonucleotides immobilized on the surface. For the first time, we 
have evidenced that PCR can be completely compatible with the subsequent use of 
electrochemical DNA biosensors as realized by immobilizing a known sequence of bases on 
a graphite (or gold screen-printed ) based sensor. 
 
We have also described the simultaneous detection of different food pathogenic bacteria
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by realising a disposable electrochemical low density genosensor array (Farabullini et al., 
2007). The analytical method relied on the use of screen-printed arrays of gold electrodes, 
modified using thiol-tethered oligonucleotides probes. The samples identifying the bacteria of 
interest were obtained from the corresponding genomic DNA through PCR amplification. 
These unmodified PCR products were captured at the electrode interface via sandwich 
hybridisation with surface-tethered probes and biotinylated signalling probes. The resulting 
biotinylated hybrids were coupled with a streptavidin-alkaline phosphatase conjugate and 
then exposed to an α-naphthyl phosphate solution. Differential pulse voltammetry was finally 
used to detect the α-naphthol oxidation signal. Mixtures of DNA samples from different 
bacteria were detected at the nanomolar level without any cross-interference. 
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Food analysis methods applied throughout the food chain have to be sensitive, accurate and 
specific to comply with legislations. Contaminant analysis is vital in food quality assurance 
(QA) and consumers to date demand high quality foods free from polluting chemical 
compounds and pathogenic microorganisms. Therefore it is essential to ensure that 
contaminant levels are kept at acceptable levels and steps are taken to eliminate any 
contaminated products from entering the food chain. This will increase food quality and also 
customer confidence in the food that they consume. Recent reported cases such the avian 
flue, the foot and mouth disease and others such as pesticides, mycotoxins and heavy metal 
ions contamination have aroused public concern over the potential health hazards of 
chemical and biological contaminants in foodstuff. This has prompted more stringent 
legislations related to the accepted concentration of contaminants and has set maximum 
residue limits (MRLs) measured in ng/kg (ppt) or μg/kg (ppb) for most food contaminants.  
 
Chemical contaminants analysis in foods is usually carried out using off-site testing where 
the samples are collected and sent to a laboratory for analysis. This testing regime usually 
provides accurate and highly sensitive quantification through the use of   dedicated 
laboratory equipments and skilled personal to conduct the analysis and interpret the data. 
This process is often time consuming and expensive and an on-site analysis is preferred for 
more rapid testing.  Emerging technologies which are robust, portable, rapid, low cost, that 
can make a determination of target analytes at the sampling site, would overcome the 
problems of off-site analysis. Such analysis methods can save valuable time and resources 
especially in food processing. To insure optimum quality is delivered to the consumer rapid 
assessment using cost-effective on-line measurements is therefore required in the food 
industry.  
 
A large number of immunochemical assays such as lateral flow devices and enzyme-linked 
immunosorbent assay (ELISA) have been developed for contaminants analysis in food 
matrices. Assay kits for the sensing of trace contaminants of pesticides, herbicides, industrial 
residues and their degradation products, PCBs, microbial toxins and pathogens are available 
on the market. Although these kits can be carried out on-site they still require experienced 
personnel to carry out the test and are time consuming. In order to speed up the testing 
programme, on-site and on-line analysis is becoming increasingly important. Therefore, the 
demand for high sensitivity, speed and accuracy of all the analytes requiring testing has 
stimulated the interest in on-line diagnostics tools based on immunotechniques. Bio- and 
affinity sensors have the potential to provide rapid and specific sensing tools for food quality 
assurance. To date a range of affinity based sensors have been developed based on 
antibody-antigen binding reactions, cell receptors, single-stranded DNA, lectins and artificial 
receptors. A range of transducers have been employed and these include; electrochemical, 
optical, calorimetric, piezoelectric and magnetic. These types of sensors exhibit the potential 
to complement laboratory-based analytical methods and can be adapted for on-line testing 
using instrumentations such as flow injection analysis systems (FIA).  Sample collection and 
extraction must also be interfaced with the sensor device.   
 
To date a range of innovative new approaches have been introduced in the area of food 
testing. Methods such as (i) electronic nose/tong, (ii) spectrometric food profiling (e.g., NMR),  
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and (iii) hyphenated techniques profiling such as LC/MS and MS/MS, fast GC/TOF MS and 
GC/MS. Many of the above techniques are being miniaturized and adapted for on-line  
analysis. Recent advances in nanotechnology, microfluidics and chip-based methods are 
also creating new materials and products such as lab-on-a chip devices where a muilti-
analyte analysis can take place on a sensor chip (Figure 1). This technology is developing 
rapidly but it is still at its infancy. There are many challenges will have to be resolved such as 
sample matrix diversity and complexity and sample introduction to the sensor device. Many 
other analytical complexities of such devices will also need to be resolved and made simple 
for them to achieve future acceptance by food manufacturers.  
 

 
 
 

                          
                                                                                   36 array 
 
Figure 1. Silicon chip-based microelectrode arrays packaged on a plastic printed circuit board. 

 
 
 
This presentation will focus on advances in rapid analysis methods for contaminant analysis 
and their adaptation for on-line monitoring. On-line monitoring is very important in enabling 
effective process control and also help in preventing low quality products from reaching the 
consumer. Any sample preparation that may be required can also be accommodated using 
on-line methods.  
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Research at the Applied Molecular Receptors Group (AMRg) of the CSIC is at the interface 
defined by the organic chemistry, biochemistry, materials science and bioanalytics and it is 
build over the expertise and knowledge acquired by the group after more than ten years of 
research developing selective natural (i.e., antibodies) and synthetic (i.e., molecular 
imprinted polymers) receptors. All this research has opened up new closely research lines in 
fields such as bioanalytics, surface chemistry and nanobiotechnology. Different biomaterials 
and hybrid nanoparticles have been the base for the construction of biosensor devices with 
potential applicability for clinical diagnostics, environmental monitoring, food safety and 
industrial process control. 
 
In this presentation we will give examples on recent achievements of the group regarding 
biosensing devices based on amperometric (Zacco et al., 2006, 2007), impedimetric (Valera 
et al., 2007) and optical (Kreuzer et al., 2006) transducer principles for the analysis of 
pesticides, antibiotic residues and androgenic anabolic steroids. The biosensing devices 
reported are able to reach detection limits below the MRLs (or MPRLs) established by the 
European regulations, and have proved to be suitable for the analysis of complex matrices 
such as milk, orange juice or urine samples. 
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Following reports of sickness and death of pet animals in the US, an investigation was 
undertaken by the US authorities to trace the source of these animal health problems. It was 
found that the addition of melamine, an industrial chemical found in plastics, to wheat gluten 
used for the production of the pet food was at the origin of the animal health problems. Later, 
also cyanuric acid, a compound structurally related to melamine, was found in rice protein 
concentrate. Besides pet food also pig, shrimp and poultry feed has been found 
contaminated. 
 
Recently published studies showed the carry-over of melamine and its analogues into the 
tissue of animals fed with contaminated material. The European Food Safety Authority 
(EFSA) provisionally recommends to apply a tolerable daily intake (TDI) of 0.5 mg/kg body 
weight per day for the total of melamine and its analogues (ammeline, ammelide, cyanuric 
acid).  
 
Analysis of melamine and its analogues was performed both using GC/MS and LC-MS/MS. 
Results obtained by the different techniques were conform. However, using LC-MS/MS a 
lower LOD of 100 μg/kg (ppb) could be achieved in animal tissue while LOD of the GC-MS 
method was 5 mg/kg (ppm). 
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Mercury is of considerable interest, as it is widely used in industry in the production of: 
chemicals; pesticides; electrical apparatus; paints; amalgam tooth fillings, etc. and, therefore, 
it is found throughout the ecosystem in trace amounts in air, water, soil, and living organisms. 
The most toxic species of mercury found in environmental and biological samples is of 
particular concern as it passes through the food chain (for review, Dopp et al., 2004; Florea 
and Busselberg, 2006). So, there is continuing need for the determination of mercury in 
waters, soils and food. Many methods of liquid chromatography and gas chromatography 
coupled with element-specific detection for mercury speciation have been developed 
including atomic fluorescence spectrometry, cold vapour atomic absorption spectrometry, 
atomic emission spectrometry, inductively coupled plasma mass spectrometry, 
electrochemical detection, capillary electrophoresis, etc (for review, Castillo et al, 2006; 
Hirner, 2006; Hocevar et al., 2007; Kuban et al., 2007). However, most of them are 
sophisticated, require installation of the expensive equipment and are not applicable in field. 
Antibody (Blake et al., 2001; Matsushita et al., 2005) and mercaptopropionic acid-modified 
gold nanoparticles (Huang and Chang, 2007) based assays of mercury have been also 
reported.  
 
A serious problem encountered in the determination of mercury is that the target species are 
usually present in low concentration and the pre-concentration step is obligatory. Methods 
widely used for the extraction and pre-concentration of mercury are based on amalgamation 
on gold silver or alloys, liquid-solid and liquid–liquid extraction, co-precipitation and chelating 
resins (Delgado et al., 2007; Vermillion and Hudson, 2007, and citations herein). 
 
A new analytical methodology was developed to extract and quantify mercury based on 
polymer-coated magnetic microparticles and enzymes modified with mercuric binding 
groups. 5-Amino-N1,N3-bis(2-sulfanylethyl)isophthalamide hydrochloride (M2) a new mercury 
binding compound was synthesised and used for cross-linking to Dynabeads M-270 Amine 
and peroxidase (or glucose dehydrogenase). A model mercury extraction, pre-concentration 
and detection procedures based on M2-modified magnetic beads and peroxidase have been 
developed and tested. A principal detection scheme is shown in Figure. A protocol for 
mercury extraction from buffer solutions using the M2 ligand-containing polymer-coated 
magnetic microparticles consists of the following steps: incubation of sample containing 
mercury with the M2 ligand-containing polymer-coated magnetic microparticles and washing 
with water. It was found that the modified particles are applicable for extraction of mercury 
from neutral or acid solutions if concentration of HCl is not higher than 1 N. Real samples 
(fish, baby food, etc.) contain proteins and mercury might be bound to thiolic groups (for 
example, cysteine). The following procedures have been tested to improve extraction 
procedures: (i) hydrolysis of proteins and breaking of Hg-S bounds in the presence of 
concentrated HCl (mercury solubilisation), and ( ii) oxidation of thiolic groups in the sample 
by hydrogen peroxide treatment to avoid competition with mercury binding groups on 
particles. For detection of the particles bound mercury the prototypes of catalytic signal 
amplification systems based on M2 chelator modified pyrroloquinoline quinone (PQQ)-
dependent dehydrogenases and horse radish peroxidase have been developed. After 
extraction step the beads were incubated with the M2-modified peroxidase or PQQ-
dependent glucose dehydrogenase. After incubation the beads are washed with PBS buffer 
and used for analysis. Peroxidase and glucose dehydrogenase activities were detected
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colorimetrically or electrochemically. For a colorimetric mercury detection assay the treated 
particles were incubated in the peroxidase assay mixture (hydrogen peroxide and 
tetramethylbenzidine). Reaction was stopped by addition of H2SO4 and after dilution with 
water the absorbance was recorded at 450 nm. A detection limit was of 2 ng of mercury per 
sample.  
 
 

 
 
 
Figure. A principal scheme of mercury detection.  

 
 
 
 
 



52  Rapid Methods Europe 2008 
21-23 January 2008, the Netherlands 

Rapid identification of fungal metabolites using time-of-flight 
mass spectrometry 

 
Hamide Z. Şenyuva1 and J. Gilbert2 

 

1Scientific and Technological Research Council of Turkey, Ankara Test and Analysis 
Laboratory, Turkey and 2Central Science Laboratory, UK 

hamide.senyuva@tubitak.gov.tr 

 
 
Traditional approaches to studying production of metabolites by fungi can be slow and time-
consuming involving running several different analytical methods for targeted compounds. A 
radically different approach for fungal profiling has been developed using liquid 
chromatography-time-of-flight mass spectrometry (LC/TOF-MS) which offers significant 
advantages not least in terms of speed of analysis. The performance of the procedure in 
terms of its ability to correctly identify metabolites in crude extracts, its sensitivity and 
repeatability was established by spiking mycotoxins such as aflatoxins, ochratoxins, 
trichothecenes and other metabolites into blank growth media. After extracting, and carrying 
out LC/TOF-MS analysis, the standards were readily found by searching a specially 
constructed database of 465 secondary metabolites. A data analysis method was created  
using a data analysis editor.  The editor allows selection of ion-adducts in the mass spectra 
(e.g., in positive ion H+, NH4, Na, etc.) and neutral losses to be searched automatically as 
well as verifying mass accuracy and retention time tolerances, report options, and other 
search and detection criteria. To demonstrate the viability of this approach in real situations 
of fungal contamination of a matrix, eleven toxigenic and four non-toxigenic fungi from 
reference collections were grown on various growth media, for 7-14 days (Table 1).  
 
The method was also applied to two toxigenic fungi, Aspergillus flavus (200-38) and A. 
parasiticus (2999-465) grown on gamma radiation sterilized dried figs for 7-14 days. The 
fungal hyphae plus a portion of growth media or portions of dried figs were solvent extracted 
and without any further clean-up were directly analysed by LC/TOF-MS using a rapid 
resolution microbore LC column. Data-processing based on cluster analysis, showed that 
electrospray ionization ESI-TOF-MS could be used to unequivocally identify metabolites in 
crude extracts. Using the elemental metabolite database, it was demonstrated that from 
culture collection isolates, the anticipated metabolites could be readily detected. The speed 
and simplicity of the method has meant that levels of these metabolites could be monitored 
daily in sterilized figs and thus time-course studies could be conducted. Over a 14 day 
period, levels of aflatoxins and kojic acid maximised at 5-6 days, whilst levels of 5-
methoxysterigmatocystin remained relatively constant. In addition to the known metabolites 
expected to be produced by these fungi, roquefortine A, fumagillin, fumigaclavine B, 
malformins (peptides), aspergillic acid, nigragillin, terrein, terrestric acid and penicillic acid 
were also tentatively identified. Crude solvent extracts from individual figs were directly 
analyzed by combined LC with time-of-flight mass spectrometry (TOF-MS) to generate 
accurate mass data for all detectable components. Searching these datasets against a 
metabolite database indicated the presence of fumonisins B2, B4, patulin, HT-2 toxin and 
zearalenone amongst a number of detected metabolites. 
 
One of the benefits of having the capability of making simple and rapid direct analysis of 
metabolites is that the relative toxigenicity of different fungal strains can be compared and 
metabolite formation can be easily studied in real time. As an illustration Figure 1 gives the 
extracted ions for the most important secondary metabolites for the dried figs. Aflatoxin B1, 
ochratoxin A, fumonisin B2 and fumonisin B3, which were found manually/automatically gave 
a good match with standards, and both are well-known fungal metabolites but might not
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normally be expected to be found from dried figs. This approach would not be really 
practicable with conventional analysis, as it would be necessary to run three or more different 
analytical methods simultaneously for pre-determined toxins, making recovery correction and 
normalisation of the data.   
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
Table 1. Results of automated mycotoxin database search for Aspergillus strains extracts. Extraction compound 

list is sorted in ascending order of retention time within 5 mg/kg (ppm)  
error. Left, A. niger toxigenic; right, A. flavus non-toxigenic. 

 
 
 

  
 
Figure 1. Analysis of an extract from dried figs  by LC/TOF-MS illustrating: (a) expanded region of the TIC for 

aflatoxin B1; (b) expanded region of the TIC for ochratoxin A and spectrum; (c) expanded region of the TIC for 
fumonisin B2 and spectrum; (d) expanded region of the TIC for fumonisin B4 and spectrum. 
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Mass Value = 222.17 

# Formula Compound Mass Error (mDa) * Error (ppm) 

1 C13H22N2O Nigragillin 222.17 -0.10 -0.4 

Mass Value = 288.06 

# Formula Compound Mass Error (mDa) * Error (ppm) 

1 C15H12O6 Violaceic acid 288.06 0.35 1.2 

Mass Value = 529.24 

# Formula Compound Mass Error (mDa) * Error (ppm) 

1 C23H39N5O5S2 Malformin B2 529.24 -0.07 -0.1 

2 C23H39N5O5S2 Malformin C 529.24 -0.07 -0.1 

3 C23H39N5O5S2 Malformin A1 529.24 -0.07 -0.1 

4 C23H39N5O5S2 Malformin B1 529.24 -0.07 -0.1 

Mass Value = 403.08 

# Formula Compound Mass Error (mDa) * Error (ppm) 

1 C20H18NO6Cl Ochratoxin A 403.08 -0.37 -0.9 

Mass Value = 438.13 

# Formula Compound Mass Error (mDa) * Error (ppm) 

1 C24H22O8 Kotanin 438.13 -0.22 -0.5 

 

 
Mass Value = 181.07 

# Formula Compound Mass Error (mDa) * Error (ppm) 

1 C9H11NO3 L-tyrosin 181.07 0.23 1.3 

Mass Value = 165.08 

# Formula Compound Mass Error (mDa) * Error (ppm) 

1 C9H11NO2 L-Phenylalanin 165.08 -0.59 -3.6 

Mass Value = 170.02 

# Formula Compound Mass Error (mDa) * Error (ppm) 

1 C7H6O5 Gallic acid 170.02 -0.22 -1.3 

Mass Value = 280.13 

# Formula Compound Mass Error (mDa) * Error (ppm) 

1 C15H20O5 Phaseic acid 280.13 0.17 0.6 
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In food production and processing there is a growing demand to perform tests faster and 
more cost-effective. There are a number of possibilities to achieve this and one of it is to 
perform a number of tests simultaneously on the same sample at the same time. This 
multiplexed detection can be accomplished using the Luminex xMAP microsphere 
technology. These microspheres are small polystyrene beads (ø 5.6 µM) which can be used 
to covalently coat antibodies or other molecules. At the moment there are over 100 different 
sets of these microspheres available, and theoretically over 100 tests can be performed at 
the same time in one single sample. As a result, in a 96 well microtiter plate theoretically 
more than 9600 tests can be performed.  
 
The xMAP technology can be used as a platform for a number of different test formats, like 
double antibody sandwich assays and competitive assays. Other applications based on 
nucleotides can be developed as well which will allow the detection of single nucleotide 
polymorphisms (SNP) or screen for differences in microRNA (miRNA) profile. These 
methods, using Luminex xMAP technology, offer a platform for fast and cost-effective high 
throughput screening. 
 
The immunological assays follow approximately the same steps as ELISA. After sample 
extraction, the extracts are transferred to a microtiter plate and the microspheres are added 
to the sample. The microtiter plate is incubated and before the secondary antibodies are 
added, the samples are washed. Subsequently the samples are transferred to the Luminex 
analyzer and the samples are measured. The antibody based assays can be completed 
within 2 h and reduce the use of consumables such as microtiter plates, buffers and 
antibodies. 
 
At Wageningen University and Research Centre tests were developed for the detection of 
plant and animal pathogenic bacteria, viruses, allergens and mycotoxins.  
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Micrometer sized diving boards, also called cantilevers, can be used as highly sensitive 
biochemical sensors. The liquid to be 
analyzed is passed by pairs of two 
small cantilevers (Boisen et al., 2000). 
Each cantilever has an integrated 
resistor which has piezoresistive 
properties. Due to the piezoresistive 
property the resistance changes when 
the cantilever bends. Thus, by a 
simple electrical measurement of a 
resistance change the deflection of the 
cantilever can be determined. The 
measuring principle is shown 
schematically in Figure 1.  
 
One cantilever – the reference 
cantilever – is inert and is used to 
eliminate noise, such as temperature 
changes, in the system. The other 
cantilever is coated with a ‘detector’ 
layer that binds precisely the molecule 
one is interested in detecting. When the molecules land on the surface the cantilever starts to 
bend due to changes in surface stress of the two faces of the cantilever. If the captured 
molecules for example tend to repel each other, the cantilever will bend downwards.  
 
The cantilevers are normally around 200 μm long, 
40 μm wide and 1 μm thick. The tiny size makes 
the cantilevers flexible and at the same time they 
have a high resonant frequency which makes them 
less sensitive to noise. The cantilevers can detect 
deflections below 1 nanometer. The small size of 
the cantilevers makes it possible to realize a 
complete device with liquid handling and 
electronics on a few cm2. Therefore, the measuring 
unit can be very compact and portable and is 
suitable for ‘point of care’ analysis. The cantilevers 
are fabricated by etching 3-dimensionally in a thin 
silicon wafer. The fabrication is relatively 
straightforward and is highly suitable for mass 
production. Therefore it might also be possible to 
fabricate the sensor at such a low prize that it can 
be used as a disposable unit. Figure 2 shows an image of two silicon cantilevers.  
The cantilevers sensitivity relies on the flexibility of the structure. Therefore, we have started 
to realize the cantilevers in polymers which are 40 times softer than silicon. In this way the 
sensitivity is immediately improved and the fabrication cost is at the same time significantly  

Figure 1. Schematic drawing of the cantilever measuring 

principle. When molecules attach to the cantilever, the 
cantilever bends and the bending is detected as a change in 
the resistance of the resistor placed inside the cantilever. 

Figure 2. Image of two silicon cantilevers. One 

cantilever is coated with a thin layer of gold for 
the specific binding of molecules with a sulfur 
group at the end.  
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reduced. The polymer cantilevers are realized by spin-coating the polymer onto a silicon 
carrier wafer. The polymer is structured by UV-lithography and by successive coating and 
structuring steps cantilevers placed in micrometer sized channels can be realized. An 
example of a polymer cantilever with integrated gold resistor (Johansson et al., 2005) is 
shown in Figure 3.  
 
Whole bacteria or segments of bacteria can be caught 
directly on the cantilever. For example, if one coats the 
cantilever with antibodies against Escherichia coli the 
cantilever will specifically bind E.coli. Therefore, the 
cantilever will only bend if E.coli is present in the 
analyzed sample. The sensor can easily be expanded 
to contain several cantilevers each coated with a 
specific ‘detector’ molecule. In this way it is possible to 
detect multiple bacteria simultaneously. We have so far 
detected DNA sequences and the acute phase protein 
CRP using the cantilever technology.  
 
Highly sensitive mass detection can be achieved using 
resonating nanometer-sized cantilevers (Ekinci et al., 
2004). If mass is added to the cantilever the cantilevers resonant frequency drops. So by 
monitoring the change in resonant frequency it is possible to derive the amount of added 
mass. The sensitivity of the mass sensor increases as the dimensions of the cantilever 
decrease. Recently, we have investigated a new read-out method where the resonating 
cantilever is placed close to a needle shaped electrode. The cantilever is allowed to touch 
the electrode once every cycle whereby a small current is running through the cantilever and 
electrode. By tuning the amplitude of the cantilever this ‘hard-contact’ device is nearly 
equivalent to a digital read-out system where a current is only detected when the cantilever is 
exactly at resonance. An efficient measurement quality factor of 80,000 has been achieved 
and particles with a mass of 0.5 ng can easily be detected (Dohn et al., 2006).  
 
A new sensor principle which we call the ‘lid thing’ is illustrated in Figure 4. Coloured marker 
molecules are loaded in a small volume closed by a flexible lid. The lid is coated with specific 

detector molecules which bind the molecules 
under investigation. The binding of molecules 
causes the lid (just like a cantilever) to deflect 
and the marker molecules are released and can 
be detected by the naked eye. The complete 
sensor is approximately 1cm x 1cm in size and 
is fabricated in plastic. The deflection of the lid 
can also be caused by removal of a material on 
the top surface of the lid. An example of the 
removal of a thin metal layer on the top surface 
of the lid and the subsequent colour change is 
shown in Figure 5. The removal of material can 
be done by bacterial activity (the bacteria ‘eat’ 
food on the lid) and the sensor can hereby be 

used for the monitoring of the presence/activity of bacteria.  
 
The lid sensor is based on the release of a colour which can easily be detected by the eye 
upon a specific reaction. This principle could for example be used in food diagnostics where 
there is a great need for cheap, disposable sensors. The sensor could be implemented in 
food packaging since it requires no external energy and is cheap to realise. Hereby the 
quality of the food can be read as a simple colour indicator. When the food is infected, the 
control unit in the plastic wrapping is coloured. 

 

Figure 3. Image of polymer cantilever with 
integrated gold resistors. 

Figure 4. Schematic drawing of the operating 

principle of the ‘lid’ sensor. As molecules bind to 

the orange lid, the lid bends and releases the green 

colour. 
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Figure 5. Proof of principle of the ‘lid’ device. As a thin layer of aluminum is etched away from the lids top surface, 

the lid starts to deflect and a green marker solution is released. 
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Although over one hundred different enteric viruses may be found as food contaminants 
most foodborne viral outbreaks are restricted to norovirus (NoV), and hepatitis A virus (HAV) 
making them the main targets for virus detection in food. However, the lack of sensitive and 
reliable methods for viral detection applicable to food matrices makes difficult the 
confirmation of the virus presence in foods otherwise epidemiologically linked to viral 
outbreaks. 
 
Cell culture propagation of wild-type strains of both HAV and NoV cannot be achieved 
nowadays at least on a routine basis. The immunological techniques employed in clinical 
diagnosis are not sensitive enough to be used in scenarios of low virus concentration such 
as most foodstuffs or are not even applicable, as in the case of HAV where most are aimed 
at the detection of antibodies raised upon virus infection. 
 
In this context, nucleic acid amplification techniques are the obvious choice for the 
development of highly sensitive procedures for virus detection in food. The emergence of 
real-time-PCR techniques, and in the particular case of HAV and NoV with RNA genomes of 
real-time RT-PCR techniques, enables not only qualitative but most important quantitative 
determination assays.  
 
Both HAV and NoV replication depend on error-prone polymerases, which lead to complex 
mutant genome populations or quasispecies. Thus, the selection of highly conserved 
primers-probe sets should be the first step on the design of a real-time RT-PCR equally 
efficient for a broad spectrum of viral strains. RNA regions containing complex multidomain 
structures, mostly involved in both translation and/or replication functions, must be highly 
conserved and this is the reason why the most common reactions involve the amplification of 
fragments belonging to the 5’ Non-coding region (5’NCR) and around the ribosomal frame 
shifting between ORF1  and ORF 2 in HAV and NoV, respectively. Another essential point 
whose optimization makes a difference in terms of sensitivity is the proper selection of the 
cycling conditions including separate denaturation, hybridization and elongation steps. 
Finally, the choice of the best molecule to be used in the standard curve (the actual viral 
genomes, RNA molecules identical in length and ends to the targets or doudble-stranded 
(ds)DNA molecules identical to the final amplimers) is also crucial.  
 
With all these ingredients the recipe might succeed. However, when the real-time techniques 
are directly applied to analyses of authentic food stuffs linked to viral outbreaks the estimated 
attack rates from the titers obtained usually do not fit with the actual attack rates. Something 
should then be missing. The control of the efficiency of those most critical steps of the 
process namely the viral/nucleic acids extraction and the RT reaction are essential for a 
correct quantitation of the viral genome copy numbers. These two steps must be monitored 
through the addition of known concentrations of a structurally similar model virus and a RNA 
molecule amplifiable with the same primers. The comparison between what is added and 
what is recovered allows the determination of the process efficiency and thus an adjustment 
of the raw titer may be done. Applying these kinds of corrections the estimated and the 
actual attack rates almost exactly match, indicating that quality control measures are a must 
for the standardization of quantification molecular techniques.  
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We can then conclude that nowadays it is possible not only to detect but also to quantify 
viruses in food. However, many new and different questions arise with the advent of these 
new technologies: 

 the meaning of a genome copy in terms of infectivity; 

 the need for a statistically significant sampling design as well as a statistically 
significant number of replicas analyzed related with the uncertainty of the 
measurement; 

 the need to build a legal framework; 

 the need to decide what type of food stuffs must be analyzed those suffering pre-
harvest or post-harvest contamination taking into consideration the economic cost; 
and finally 

 who must do the analyses food growers, food distributors or the administration. 
The answer to these questions is crucial before the implementation of control measures of 
viral contamination of food and requires the collaboration of scientists, industry and public 
health managers.      
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The author’s laboratory has been developing the piezoelectric-excited millimeter-sized 
cantilever (PEMC) sensors for detecting pathogens, toxins, biomarker proteins and DNA over 
the past five years. The cantilever sensors are of unique design consisting of a piezoelectric 
material bonded to a base silica piece. The sensor is excited electrically, and the resonance 
frequency of the cantilever is read electrically. The sensor is immobilized with an antibody or 
a single-stranded (ss)DNA for detection purposes. PEMC’s significant advantage is the use 
of label-free reagents and a proposed simple measurement format in a flow loop 
arrangement. PEMC sensors exhibit high sensitivity that femtograms per liter (10-15 g/L; parts 
per quintillion) toxin concentration is measurable directly in food matrix samples. PEMC 
sensors are not the fragile AFM-like microcantilevers, but are mechanically robust millimeter-
sized resonant mode cantilevers that exhibit high-order mode that measures mass changes 
at femtogram (10-15 g) level under liquid immersion and flow conditions.  
 
PEMC sensors are very highly sensitive (detects a few pathogenic bacteria) and selective in 
food matrix. Sample preparation is usually not necessary and the measurement format 
permits direct injection of food matrix samples into a flow system containing the sensor. As 
the target analyte (pathogen or ssDNA) binds to the sensor, the sensor’s resonance 
frequency decreases and is measured with an impedance analyzer.  
 
The presentation will include four main parts. First, we will show that the sensors detect 
changes at femtogram (10-15 g) levels and lower, using various calibration methods. Then 
results from samples of ground beef (2.5 g) in phosphate buffered saline (10 mL) spiked with 
E. coli O157:H7 cells at concentrations ranging from 10 to 10,000 cells/mL will be presented. 
The results show that as few as 10 cells are detectable. Then, sensor response to samples 
prepared from live cells inoculated in ground beef and then stomached will be presented. 
Data show that inoculation of one E. coli O157:H7 per g of ground beef (25 g sample; 
sterilized and raw) is detectable in 2 h after stomaching at 37 °C. Finally, PEMC sensors 
immobilized with a primer sequence for stx2 gene (one copy per cell) is shown to give 
significant response with high level of confidence for 700 cells in beef wash matrix without a 
sample preparation or an amplification step. Finally, the example of detecting staphylococcal 
enterotoxin B (SEB) in milk and apple juice matrix is shown to be detectable at 2.5 fg/mL.   
 
A summary of ongoing work in the author’s laboratory will be included to provide context to 
the results presented. 
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Salmonella is an important cause of food-borne infections. Foods associated with outbreaks 
of Salmonella include eggs, poultry and meat. In the past, serious efforts have been made to 
reduce the incidence of this pathogen in the food chain. Unfortunately, most of these efforts 
have not led to a significant reduction in the number of Salmonella cases. Consequently, 
reduction of the Salmonella incidence in foods is high priority for many legislators nowadays 
and stricter rules are being enforced. As part of this, surveillance programs are initiated to 
monitor the presence of Salmonella throughout the poultry and meat production chain. Both 
in the EU and the USA, these monitoring programs focus on a limited number of Salmonella 
serotypes. 
 
Within the food industry, a number of approaches have been used to fight Salmonella 
contamination. Some of them were more successful than others. In The Netherlands, a 
program based on intensive monitoring proved to be able to reduce the overall Salmonella 
contamination of poultry products from 35% to 6%. Serotyping played a vital role in this 
program, as it enabled to track and trace the sources of contamination throughout the chain. 
In this way, serotyping assisted in the identification of steps critical for the safety of the 
product. Experts are more and more recognizing the importance of serotyping to improve the 
safety of their products and processes. 
 
Serotyping of Salmonella is a highly specialized technique. Antisera are used to determine 
the antigens present on the surface of the bacterium. The combination of the antigens 
present determines the serotype (according to the Kauffman-White scheme). Reliable 
serotyping requires experienced personnel, time and a wide range of high quality sera. As a 
result, not many laboratories are able to serotype presumptive Salmonella isolates 
themselves and make use of external laboratories. In practice, it can take up to three weeks 
before the serotyping results are available. 
 
The Premi®Test Salmonella is a mutiplex PCR test, able to determine the Salmonella 
serotype based on the genome of the bacteria. The test uses the presence or absence of a 
number of key DNA fragments to recognize the serotype. The test comprises DNA 
extraction, recognition and amplification of the DNA fragments (PCR) and subsequent 
detection of the fragments on a micro array. The test is designed for routine use and enables 
the user to determine the serotype within one working day. It has been tested extensively 
and currently identifies 70 of the most commonly found serotypes. Options to obtain external 
validation are being explored. 
 
The Premi®Test Salmonella is an easy to use, rapid and robust method, making Salmonella 
serotyping available to a wide audience. It could play a key role in Salmonella monitoring 
programs, thereby ultimately contributing to a reduction of the Salmonella incidence 
throughout the food chain. 
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Mastitis is the most common infectious disease of dairy cattle and causes economic loss 
estimated at £100M to £400M a year to UK farmers. The disease manifests as a bacterial or 
fungal pathogen infection of the mammary gland udder, resulting in pathogenic changes of 
the milk-secreting epithelial cells due to the inflammatory process. Most infections result in 
relatively mild clinical or subclinical local inflammations. In more severe cases however it can 
lead to agalactia, systemic infections and even the death of the animal.  
 
Almost any bacterial infections that can opportunistically invade tissue and cause 
inflammation can be the cause for mastitis. However, most infections are caused by a rather 
small set of bacteria, the most important being: Staphylococcus aureus, Streptococcus 
agalactiae, Streptococcus disgalactiae, Streptococcus uberis, Escherichia coli and 
Mycoplasma bovis.  
 
The current main method of identifying and controlling  mastitis at a farm level is by 
determination of somatic cell counts (SCC). This is aided by the microbiological analysis of 
microorganisms present, by growing them in petri dishes. These methods are rather time 
consuming and may be confounding as some microorganisms are difficult to culture and 
identify. To improve on the current state of mastitis diagnosis, Safeguard Biosystems is 
introducing the DairyGuardTM, a diagnostic tool for the detection of bacterial causes of 
mastitis that is being developed though a collaborative effort by Safeguard Biosystems, the 
Veterinary Laboratories Agency and the University of Freiburg. Safeguard’s DairyGuard™ 
solution will provide the dairy industry with a rapid, accurate and cost-efficient procedure for 
the diagnosis of mastitis.  
 
The core feature of DairyGuardTM is a sensor chip microarray that will detect a series of 
microorganisms in a powerful multiplex assay. DNA is isolated from a raw milk sample in a 
new, very fast process and then amplified by consensus PCR. A modular detection system 
after PCR allows the identification of the six most relevant species and furthermore gain 
hierarchical information on the presence of other, not currently analysed, bacteria. General 
probes for gram-positive and gram-negative bacteria allow for even a further identification of 
these infections.  
 
In addition to this microarray, Safeguard has developed the portable BioScan reader that 
allows for measurements to be done in a flow cell where the microarray can be easily 
hybridized and measured. After the analysis the microarray can be regenerated and used for 
further assays and calibration steps. This unique reusability feature of the microarrays 
originates from a novel polymer technology wherein the nucleic acid probes are bound within 
a polymer network that guarantees high-quality hybridization signals and allows for thermal 
denaturation of the nucleic acid hybrids after the analysis, thus regenerating the sensor chip. 
The system, consisting of nucleic acid extraction, amplification and microarray analysis, 
allows the analysis of a large number ‘high cell count’ or mastitic milk samples easily within a 
working day.  
 
Further developments will increase the number of microorganisms on the sensor chip array  
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by adding additional probes to the chip. As consensus PCR amplification will generate 
labelled PCR product from any bacteria present in the assay, the number of parallel assays 
is only limited by the dairy industries needs in the identification of these microorganisms. The 
application of the chip could therefore also be extended to the analysis of mastitis in goats, 
ewes, mares and sow. 
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The rapid detection of Salmonella in foods with high levels of background organisms, such 
as poultry carcass rinse and production environmental samples, has always represented a 
technical challenge. Difficulties include overwhelming competing micro flora, stressed 
targets, vast differences in serotypes of target cultures, and the significant similarities in 
antigenic epitope between Salmonella and non-Salmonella strains.  
 
A new patented technology developed by Strategic Diagnostics Inc. and integrated into the 
RapidChek® Select, overcomes each of these challenges. This presentation will introduce 
the use of bacteriaphage as selective agents to inhibit growth competitors and assay cross 
reactors. Combining this with lateral flow strip technology creates a simple to use, cost 
effective method with increased sensitivity and specificity. The performance of this 
technology has been validated by AOAC-Research Institute and National Poultry 
Improvement Plan (NPIP) and is now available in Europe. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
* Spotlight presentation 



Rapid Methods Europe 2008   65 
21-23 January 2008, the Netherlands   

Spectroscopic methods (fluorescence, mid-infrared) to address 
the molecular structure of food products 

 
Éric Dufour 

 
Enita Clermont-Ferrand, Department of Food Quality and Economics, France 

dufour@enitac.fr 
 
 
Spectroscopic techniques have been used more and more in the agricultural and food 
industries in recent decades. These analytical techniques are relatively low-cost and 
can/could be applied in both fundamental research and in the factory as on line sensors for 
monitoring the food products.  
 
Classical spectroscopic methods such as circular dichroism and right angle fluorescence 
widely used for the investigation of proteins in dilute solution are severely limited by the high 
absorbency of colloidal and gelled products as well as by light scattering of particles in 
emulsions. More and more evidence shows that front face fluorescence, attenuated total 
reflection infrared and Raman spectroscopies do not suffer from the above mentioned 
inconveniences. As they investigate the surface of the sample, they may be applied to turbid, 
solid, powdered and liquid products to provide information on the molecular structure of food 
products. Structure conditions both structural and flavour properties of cheeses and dairy 
products. Up to recently, delineating the structure of the food matrices and the interactions 
between components in dairy products has been impaired by the lack of techniques. More 
and more evidence shows that front face fluorescence spectroscopy and attenuated total 
reflection infrared spectroscopies may be valuable techniques. These spectroscopic 
techniques allow the structure at molecular level and the dynamics of ‘real dairy products’ to 
be investigated. 
 
Over the last few years, we gave most of our interest to the delineation of the molecular 
structure of dairy products and to the understanding of the relationships between structure 
and texture in cheese. The analysis of large spectral collections recorded for dairy products 
using multivariate analysis techniques such as PCA, FDA, CCA, CSSWA and PARAFAC 
makes it possible to extract relevant information related to the molecular structure of proteins 
and fats and the interactions between dairy product components, and to the relation between 
structure and texture of cheeses. The presented data show that the texture of a dairy product 
is a reflection of its structure at the molecular level. 
 
Fluorescence probes or fluorophores represent the most important area of fluorescence 
spectroscopy. Fluorophores can be broadly divided into two main classes: intrinsic and 
extrinsic. Intrinsic fluorophores are those which occur naturally. They include the aromatic 
aminoacids tryptophan, tyrosine and phenylalanine in proteins, vitamin A and B2, NADH 
derivatives of pyridoxal and chlorophyll, some nucleotides and numerous other compounds 
that can be found at low or very low concentration in food. Fluorescent compounds are 
extremely sensitive to their environment. For example, tryptophan residues that are buried in 
the hydrophobic interior of a protein have different fluorescent properties than residues that 
are on a hydrophilic surface. The emission maxima of proteins reflect the average exposure 
of their tryptophan residues to the aqueous phase. Spectral shifts have also been observed 
as a result of several phenomena, such as tertiary structure change, binding of ligands and 
protein-protein association. This environmental sensitivity enables to characterize 
conformational changes such as those attributable to the thermal, solvent or surface 
denaturation of proteins, as well as the interactions of proteins with other food components. 
  
Mid-infrared (MIR) represents the spectrum of the absorption of all the chemical bonds
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having an infrared activity between 4000 and 400 cm-1. The acyl-chain is mainly responsible 
for the absorption observed between 3000 and 2800 cm-1, whereas the peptidic bound C-NH 
is mainly responsible of the absorption occurring between 1700 and 1500 cm-1. Most of the 
absorption bands in the mid infrared region, but not in the near infrared region, have been 
identified and attributed to chemical groups. The triacylglycerols ester linkage C-O, C=O 
group and acyl chain C-H stretch wavenumbers are commonly used to determine fat. The 
infrared bands appearing in the 3000-2800 cm-1 region are particularly useful because they 
are sensitive to the conformation and the packing of the phospholipid acyl chains. For 
example, the phase transition of phospholipids (sol to gel state transition) can be followed by 
mid infrared spectroscopy: increasing temperature results in a shift of the bands associated 
with C-H  and carbonyl stretching mode of the phospholipids. The development of Fourier 
transform infrared (FTIR) spectroscopy in recent years also affords the possibility of 
obtaining unique information about protein structure and protein-protein and protein-lipid 
interactions without introducing perturbing probe molecules. The Amide I and II bands (1700-
1500 cm-1) are known to be sensitive to the conformation adopted by the protein backbone. 
The secondary structures of proteins can be deduced from their FTIR spectra since there are 
good correlations between the Amide I band (1700-1600 cm-1) and the levels of α-helix, β-
sheet and unordered structure in proteins. 
  
The excitation spectra of vitamin A recorded between 250 and 350 nm with the emission 
wavelength set at 410 nm (Dufour and Riaublanc, 1997) provide information on development 
of protein-fat globule interactions during milk coagulation (Herbert et al, 1999). In addition, it 
has been shown that the shape of the vitamin A excitation spectrum is correlated with the 
physical state of the triglycerides in the fat globule (Dufour et al., 1998). Indeed, the shape of 

vitamin A excitation spectra of a milk fat-in-water emulsion stabilized by -lactoglobulin 
showed a change when the temperature varies between 4 and 45°C. The F322nm/F295nm 
ratio is modified with the temperature increase, allowing the melting point (28 °C) of the 
triglycerides to be derived. 
 
In order to investigate the cheese structural changes during ripening, sixteen semi-hard 
cheeses varying by their protein (20.2 to 241%), fat (23.7 to 31.1%) and dry matter (50.2 to 
57.9%) contents were manufactured and ripened in controlled conditions. Fluorescence 
(vitamin A) and mid-infrared (2780-3000 cm-1 region) spectra were collected on the 16 
different cheeses at 1, 21, 51 and 81 days of ripening (Dufour et al., 2000). The data tables 
containing the mid-infrared and fluorescence spectra of the different cheeses were analyzed 
by principal component analysis and canonical correlation analysis methods. The obtained 
similarity maps showed that it was possible to discriminate the cheeses at the 4 different 
ripening times from the infrared and fluorescence spectra. In addition, the interest to combine 
the 2 spectroscopies was demonstrated since a better discrimination of the 4 stages was 
obtained using canonical correlation analysis. The examination of the spectral patterns 
associated with the principal components and the canonical variates showed that the 
structure of triglycerides acyl chains in fat globules was modified during cheeses ripening. 
The shift of the methylene bands in the infrared region and the changes of the shape of 
vitamin A fluorescence spectra agree with partial crystallization of triglycerides from 21 to 81 
days of storage. 
 
Considering the 16 cheeses described above, fluorescence (tryptophan) and mid-infrared 
(Amide I and II region) spectra were collected at 1, 21, 51 and 81 days of ripening in order to 
test the ability of spectroscopy to highlight the molecular changes that occur during this 
process (Mazerolles et al., 2001). These analyses showed that each spectroscopic technique 
provided relevant information related to the cheese protein structure, which was used to 
discriminate each ripening stage. In addition, some spectral characteristics of ripened 
cheeses, linked to the initial chemical composition and the initial protein network structure, 
were detected at the early stage of ripening. Finally, a canonical correlation analysis between  
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the two sets of spectroscopic data was performed and allowed to clearly discriminate each 
stage of ripening and each cheese at the 4 ripening stages. A molecular interpretation of 
these results involving the modifications of proteins, minerals and water interactions during 
ripening was attempted. This result demonstrated the interest of coupling two complementary 
spectroscopic techniques. Such coupling allowed to describe global characteristics of the 
investigated samples, which can be used for their characterisation. 
 
We were also interested in the study of the trends in the texture and structure as a function of 
temperature for 2 hard cheeses (Comté, Emmental) and 1 semi-hard cheese (Raclette) using 
dynamic testing rheology and front face fluorescence spectroscopy (Karoui and Dufour, 
2003). The storage modulus (G’), the loss modulus (G”) and the complex viscosity (n*) 

decreased while strain and tan () increased as the temperature increased from 5 °C to 60 
°C. Protein tryptophan emission spectra and vitamin A excitation spectra were recorded on 
cheese samples at 5, 10, 15, 20, 25, 30, 35, 40, 50 and 60 °C. For each cheese, the data 
sets containing fluorescence spectra and rheological data were evaluated using principal 
components analysis. It was shown that the maps defined by principal components 1 and 2 
discriminated cheese samples as a function of temperature whatever the data (dynamic 
testing rheology data or fluorescence spectra). In addition, the melting temperature of fats for 
the three cheeses determined from the dynamic rheological data and the vitamin A 
fluorescence spectra gave similar results, i.e., 30, 32, and 31 °C for Emmental, Comté and 
Raclette cheeses, respectively. Canonical correlation analysis was applied to cheese 
dynamic rheological measurements and tryptophan and vitamin A fluorescence spectral 
collections in order to measure the link between the 2 groups of variables measured on the 
same samples. The two groups of variables were found highly correlated since the squared 
canonical coefficients for canonical variables 1 and 2 were higher than 0.94 and 0.49, 
respectively.  
 
Cheeses are developed on the basis of macroscopically heterogeneous structures of 
potential importance for their texture and properties. Applying chemometric methods to the 
rheological data and fluorescence and infrared spectra recorded directly on cheeses can 
provide different information related to the physical state of the fats, the structure of proteins, 
the structure of the cheese matrix and the evolution of cheese structure and texture during 
the increase of the temperature or ripening (Karoui and Dufour, 2006). 
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The detection of allergens in food is of great importance for allergic persons because allergic 
reactions can be triggered by very small amounts of an allergen (sometimes less than 1 
mg/kg). They can cause severe anaphylactic and potentially fatal reactions in sensitive 
persons. To achieve a high level of health protection for consumers and to promote the use 
of detailed labelling, in particular giving the exact nature and characteristics of the product, 
which enables the consumer to make his choice in full knowledge of the facts, the European 
Commission issued directives (EC, 2000, 2003, 2005, 2006, 2007). The regulations include 
the requirement to label all the ingredients, additives, processing aids and other substances 
that may cause allergic or intolerance reactions in consumers. Not all common food allergens 
have to be labelled but the important and hazardous allergenic substances that must be 
indicated in the list of ingredients were listed in Annex III a. 
 
Therefore allergen testing methods play an important part in the validation and ongoing 
verification of allergen control. So a careful consideration is needed. Currently available 
allergen testing methods are based on the detection of species-specific proteins by enzyme-
linked immunosorbent assay (ELISA). But the detection of species-specific DNA molecules 
by polymerase chain reaction (PCR) for the identification of allergenic foods at trace levels 
are gaining in significance (Koppelman and Hefle, 2006).  
 
In order to get highly reliable and sensitive detection methods several ELISA- based and 
real-time PCR methods for the allergen peanut have been subjected to a cross-validation. 
PCR-methods were further optimized to obtain higher sensitivity in the range of ELISA 
methods. It will be shown that an increase of the sensitivity of the PCR can be reached by 
optimization of the DNA-extraction in order to receive DNA of high quality. Selection of 
suitable PCR-systems as well as an appropriate DNA-isolation procedure is therefore of 
particular importance for the applicability [7]. Additional applications demonstrate that 
detection of trace amounts of various allergens is feasible (Engler-Blum et al., 2007; Hupfer 
et al., 2006). 
 
Recently presented data indicate that both - DNA based and protein based assays - are 
applicable for the detection of hidden allergens, and there is a good correlation of the results 
from both methods. Furthermore, it will be shown that certain allergens and some matrices 
may be more suitable for the detection with ELISA than with PCR methods and vice versa. In 
addition to specificity, sensitivity, stability, degree of degradation, handling and costs the 
potential for multiplexing and optimization of the technical process should be taken into 
account. 
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In the last years, many methods based on real-time PCR have been implemented in GMO 
detection laboratories which allow for specific identification and quantification of single GM 
organisms (Hernandez et al., 2005). In the future however, such testing will become 
economically difficult to cope with increasing numbers of approved GM lines. Several 
multiplexing approaches are therefore in development to provide a cost-efficient solution  
(Co-Extra, EU research programme on GM and non-GM supply chains: their co-existence 
and traceability; www.coextra.eu).  
 
Despite its high sensitivity and specificity, PCR technology has some limitations, including 
the need for a reproducible high precision temperature cycling (Csako, 2006), an 
amplification efficiency depending on the length and composition of target sequences 
(Hernandez et al., 2005), sensitivity to amplification inhibitors (Lipp et al., 2005) and the lack 
of true multiplexing solutions (Hernandez et al., 2005). Furthermore, the accuracy of 
quantitative PCR has its limits due to its exponential amplification nature. In order to alleviate 
some of these inconveniences associated with PCR technology, we have investigated the 
ability of NASBA technology (Guatelli et al., 1990) to be used for GMO diagnostics. 
Therefore, we have developed a novel multiplex semi-quantitative DNA-based method 
suitable with detection on microarray (MA). This new method named NASBA Integrated 
Multiplex Amplification (NAIMA) was applied to GMO detection in food and feed but its 
application could be extended to all fields of biology requiring simultaneous detection of DNA 
targets on solid support. 
 
This original method is based on a two-step procedure. In the first step, the use of tailed 
primers allows the synthesis of a template DNA in a single extension reaction. These tailed 
primers are composed of a 3’ region specific to the target sequence and of a 5’ region 
harbouring universal sequences. The second step of the procedure consists in a NASBA 
amplification using primers annealing only on the universal sequences created by the tailed 
primers. After this amplification step, the synthesized cRNA are directly ligated with 3DNA 
dendrimers labelled with fluorescent dyes. The cRNA-dendrimer complexes are then 
hybridized without further purification on an oligonucleotide microarray harbouring specific 
probes complementary to internal segments of the NAIMA products.  
 
The procedure has been applied to test maize samples containing Mon863 and Mon810 
transgenic lines, and it has shown to provide quantitative data on the transgenic contents in a 
range of 0.1 to 5%. Results from NAIMA analyses were compared with results from 5’ 
nuclease simplex PCR reactions on the same samples. No significant differences were found 
using both NAIMA and PCR systems for qualitative and semi-quantitative detection of 
transgenic targets. Short NAIMA amplification was required to get linear signal (15 to 60 min 
according to the desired sensitivity). Detection on microarray has shown high sensitivity and 
linearity of the method since the signal was directly proportional down to 2 copies of the of 
DNA target. 
 
NAIMA method allows fast amplification of target DNA in a multiplex fashion. In combination 
with microarray detection, this new method allows identification and semi-quantification of
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GMOs in food and feed has been demonstrated. The concept could easily be extended to 
domains where diagnostics rely on DNA based sequence detection.  
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A recent review on global manufactured feed estimated that about 626 million tonnes of 
feedstuffs are produced worldwide (Gill, 2005). Clearly, ensuring these products conform to 
adequate quality standards is a major task and the EU as well as other major feed producing 
countries have made significant progress in defining standards and promoting legislation in 
this area. As a consequence, the explicit and detailed formulation of the concept of feed/food 
safety and quality has given rise worldwide to legislation on traceability, control and labelling 
of both feed and food. The result is that feedstuffs are now required to be equivalent to foods 
in terms of nutritional quality, technical aspects, safety and so forth. The quality of a product, 
as the totality of its characteristics that bear on its ability to satisfy stated and implied needs 
(ISO definition) is closely related to its physical and organoleptic properties. In the field of 
feedstuff production and supply, feed quality has been spliced in  nutritional quality,  
technical quality,  safety, and emotional quality (Den Hartog, 2003). In this connection, the 
general pressure in the feed sector in favour of company policies for enhancing internal 
quality assurance programme have accelerated the need in rapid analytical control of 
product quality and in standardized testing methods. Moreover, today’s increasing market 
volume, rate of production and competitive marketplace need fast and reliable information to 
make sound business decisions. 
 
In recent years, electronic systems that mimic human and animal senses have been 
developed. The ‘artificial senses’ include several technologies such as machine vision, 
electronic nose, electronic tongue, artificial mouth and even artificial head. They may 
represent an evolution of sensorial analyses traditionally entrusted to human senses and can 
provide quantisation of quality and safety in real time with instrumental capability of data 
analysis and objectivity. Moreover, these technologies are typically non intrusive, non 
invasive and require an easy sample preparation. Electronic nose and image analysis are the 
most successful methods and more advanced in food industry. Most of these applications 
are concerned with quality control in term of composition, safety (search for contaminants, 
evaluation of spoilage), control of food bioprocesses, effects of treatments, shelf-life 
evaluation, packaging and more recently food authenticity and traceability (Panigrahi et al., 
2006; Hansen et al., 2005; Deisingh et al., 2004).  
 
Aim of this contribution is to present individual sensing systems and to discuss the main 
applications of the artificial sensing technology in the feed sector not only as tools for rapid 
screening and quality control, but also as a support for process control. What quality 
problems face the feed industry and which answers can come from artificial senses? Specific 
applications of electronic nose and image analysis in contaminant detection (mycotoxins and 
animal by-products in row materials as well as completed feedstuffs)  will be presented 
(Tognon et al., 2005; Campagnoli et al., 2004; Pinotti et al., 2004; Cheli et al., 2007; Dell’Orto 
et al., 2007; Pinotti, 2007). Furthermore, other potential application of artificial senses in  raw 
material and compound feed evaluation will be presented. Potential of electronic senses and 
prediction properties both for qualitative and quantitative feed analysis will be discussed.  
 
To conclude, the ‘artificial senses’ can be considered a great example of how science and 
engineering can work together to produce something of real utility. Evidences suggest that  
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these ‘fit-to-purpose’ analytical methods are rapid, user-friendly, adaptable and useful for 
decision-making in the area of product quality, although limitations still exist. In the near 
future, technological advances, such as faster responding sensors, automated sampling 
systems and unsupervised data analysis, will make it possible to use these technologies on-
site (out of laboratory) for real time monitoring and control of feedstuffs and industrial 
processes also giving answers coherent with the precision and the accuracy of the regulatory 
purposes. The new future challenge of the artificial senses is to develop an holistic approach 
in order to consider all different measured artificial senses collectively. Multi sensor data 
fusion is an emerging technology to fuse data from multiple sensors in order to create so-
called ‘sensing technology’ designed to mimic human or animal sensing behaviour for the 
purposes of gathering information, increasing the amount of information extracted from a 
sample and enhancing accurate estimation of feed/food quality. An artificial head that mimic 
all five human senses to make a complete sensory evaluation of feed and food is under 
research. 
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The availability of both sensitive and specific methods for the detection of meat and bone 
meal (MBM) in feedingstuffs is of pivotal importance to enforce the current ban of MBM in 
feed. In addition, the development and validation of such methods would be an important 
prerequisite to consider possible lifting the feed ban provisions for non-ruminants as foreseen 
in the Commission's TSE road map (EC, 2006). Quite different techniques are currently 
applied to the detection of MBM in feed, namely (i) classical microscopy, (ii) microscopy 
coupled to near infrared spectroscopy, (iii) immunoassays and (iv) polymerase chain reaction 
(PCR). A particular characteristic of MBM detection is the fact that none of the above 
mentioned methods is measuring MBM as such, but only specific ‘markers’ for MBM. For 
instance, classical microscopy is focusing on the detection of bones, whereas immunoassays 
detect proteins and PCR measure DNA. This aspect has a strong impact on the 
corresponding method performance characteristics, especially in terms of the achievable limit 
of detection, sensitivity, specificity and the potential of quantifying MBM in feed. As an 
example, the unknown temperature treatment of the MBM influences the content of the 
‘marker’ proteins or DNA, thus making it impossible to extrapolate from a measured DNA or 
protein content on the content of MBM.  
 
For several years the IRMM has been conducted in close cooperation with national expert 
laboratories various interlaboratory study to evaluate the state of the art of the above 
mentioned methods. Comparing the results form a study conducted in 2003 (Gizzi et al., 
2004) with the results from more recent studies in 2005 (Von Holst et al., 2006) and 2006 
(Prado et al., 2007) revealed a distinct improvement of all methods involved. This especially 
applies to PCR which nowadays shows the required sensitivity and specificity to detect 
traces of highly heat treated MBM in feed. Also the capability of this method to detect MBM 
at various taxonomic levels has been significantly improved. A similar improvement has also 
been shown for the only EU official method, which is classical microscopy. A very promising 
approach is also the use of microscopy coupled to NIR spectroscopy, due to its ability to 
evaluate objectively the IR spectrum of individual particles in feed. It is the task of the FP6 
European project SAFEED-PAP (Detection of presence of species-specific processed animal 
proteins in animal feed; http://safeedpap. feedsafety.org/) to further improve the performance 
profile of all methods. The lecture will elaborate on the pros and cons of some of the 
analytical methods currently employed for the detection of MBM in feed. 
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The Genetwister Group is a group of companies with strong focus on horti- and agricultural 
biotechnology. In recent years the demand for independent ‘objective criteria’ in these fields 
has been increasing. For example, as fruits and vegetables are important parts of our diets it 
is crucial that these fresh products are safe and of high quality when they reach the 
consumer. Ensuring overall good quality is not only more and more required by retailers and 
consumers but also demanded by legislative requirements. This results in a need for testing 
and certifying fresh produce in the whole production chain. When these tests are performed 
on site in the production chain, we call it point of care monitoring. Genetwister develops such 
tests based on expression profiling. Many physiological and developmental processes can 
be monitored through expression of genes and changes in protein content, representing 
possible biomarkers. Biomarkers that correlate with all aspects of a process are then 
selected for further diagnostic test development. Since quality in most cases is not 
associated with a single trait, we are looking at many markers simultaneously. Our expertise 
lays in identification and isolation of these biomarkers for the development of diagnostics. A 
number of examples of already identified biomarkers will be shown for a diverse set of 
processes in a wide range of plants, like vase life of flowers; optimal harvest time of fruits 
such as apple, pear, mango and avocado; optimal harvest time for bulbs, harvest time of 
grapes; (long term) storage potential of harvested fruit crops; and shelf life prediction in 
vegetables. 
 
The first step in developing a diagnostic test is proper sampling of the correct tissues as well 
as appropriate time ranges. This is a crucial step when establishing a biomarkers collection 
suitable for diagnostics. 
 
The next step is identification of biomarkers. Biomarkers are identified through extensive 
profiling at both RNA and protein levels. Depending on the project the most suitable 
technique will be selected. Several examples will be shown during the presentation like 
GeneChip® for mRNA or ProteinChip® for protein analyses. 
 
The final step is transferring these biomarkers into a diagnostic test. As mentioned before 
quality is not a single trait but the sum of many traits. This makes monitoring of quality more 
complex. Single traits are much easier because an assay gives a black or white result, a 
pathogenic bacteria strain is present or not. For quality determination not only more markers 
need to be identified, but in most cases they also need to be quantified. For quantification of 
mRNA, quantitative PCR is the method of choice. However there are a number of points that 
need to be taken into account when performing quantitative PCR. Good quality RNA is 
required and especially in plants this can be time consuming; and a small application lab is 
needed. Although we have successfully adapted the whole procedure for high throughput, it 
still takes between 12 to 24 h before results are available. This type of detection is applied 
successfully in a number of tests, for example determining optimal harvest time of fruits like 
apples and pears. This can also be done for quality determination after harvest and storage 
of agricultural products. 
 
Because we want to apply our test in other markets where more rapid testing is required, like  
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for example tests for vase-life prediction at auctions, we are also working on assays for 
protein detection. For rapid detection of proteins antibodies are used in different detection 
platforms. In most of these platforms only limited quantification is possible. Additional 
complications for plant material are the isolation of the proteins due to the presence of cell 
wall and fluorescent components like chlorophyll and chromophores. Together with 
technological partners we are working on developing a new platform for detection of protein 
markers. 
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Multi-analyte lateral-flow technique with the use of colloidal gold-labelled monoclonal 
antibodies was developed for the rapid simultaneous detection of deoxynivalenol (DON) and 
zearalenone (ZEA). The results of this qualitative one-step test were interpreted visually. A 
very simple and fast sample preparation was used, and the assay procedure could be 
accomplished within 10 min. The technique applied to the spiked wheat samples 
demonstrated accurate and reproducible results. The cut-off levels of 1,500 and 100 µg kg-1 
for DON and ZEA, respectively, were observed. The described multi-analyte format can be 
used as a reliable, rapid and cost-effective on-site screening tool for simultaneous 
determination of mycotoxins in grain samples. 
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78  Rapid Methods Europe 2008 
21-23 January 2008, the Netherlands 

Microarray for Salmonella antibiotic resistance genes based on 
carbon nanoparticle labelling: optimizing assay parameters 

using flatbed scanning and image analysis 
 

Aart van Amerongen1, B. Beelen1, G. Besselink2,3, M.1,4 and J. Wichers1 
 

1Wageningen University and Research Centre, Agrotechnology & Food Sciences Group, 
Biomolecular Sensing & Diagnostics, the Netherlands and 2University of Twente, 

MESA+, the Netherlands  (3present address: LioniX, the Netherlands; 
4present address: Philips Research, the Netherlands) 

aart.vanamerongen@wur.nl 
 
 
Biosensor analysis set-ups usually comprise components such as a sampling device, an 
interface with interactive layer, a detector to record signals and a processing unit to analyse 
data. The signal is often based on optical or electrochemical principles and in many cases 
this requires a rather sophisticated module that often makes the apparatus and/or the 
running costs quite expensive. We aimed to develop an antibody microarray system that is 
rapid, simple to perform and cheap. Several targets were used to assess the applicability of 
the method such as the detection of several antibiotic resistance genes of Salmonella. 
 
Antibody microarrays were based on a previously developed assay format, the nucleic acid 
lateral flow immunoassay, in which differently tagged primers are used, one labelled with 
biotin and the other one with a distinguishing tag such as digoxigenin or fluorescein. 
Microarrays were prepared by spotting serial dilutions of different antibodies (TopSpot/E 
apparatus, 1 nL per spot; diameter ± 200 µm) onto 6x6 mm pieces of nitrocellulose 
(Whatman FASTslides). Following PCR the double-labelled amplicon-antigens were 
sandwiched between the specific antibodies immobilised onto the nitrocellulose membrane 
and neutravidin that had been physically adsorbed onto colloidal carbon nanoparticles. The 
microarrays were analysed by conventional flatbed scanning and image analysis (TotalLab, 
nonlinear dynamics) and the pixel grey volumes were used for quantifying the binding yield of 
amplicon-antigen conjugated colloidal carbon. The following assay parameters were studied: 
(i) amount of antibody (30 - 1000 µg/mL); (ii) amount of amplicon-antigen (0.5 - 4 µL); and (iii) 
amount of carbon nanoparticles-neutravidin conjugate (0.2% (w/v); 1, 2, and 5 µL). 
 
Multiparameter analyses of the experiments will be shown. One of the most interesting 
results appeared to be the fact that 30 min of incubation is sufficient to obtain statistically 
reliable pixel grey volumes. As compared to conventional performance and quantification of 
microarrays, for example based on fluorescence, the present approach is rapid and does not 
require expensive apparatus. 
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Cryptosporidium and Giardia are major causes of diarrhoeal disease in humans, worldwide 
and are major causes of protozoan waterborne diseases. Both Cryptosporidium and Giardia 
have life cycles which are suited to waterborne and foodborne transmission. Human 
cryptosporidiosis is caused by seven of the 16 Cryptosporidium species and two of the 40+ 
genotypes described, while human giardiasis is caused by two of the seven the G. 
duodenalis assemblages recognized. C. parvum and C. hominis are the major disease 
causing species in humans, with C. parvum being the major zoonotic Cryptosporidium 
species. G. duodenalis assemblages A and B have been found in humans and most 
mammalian orders, but the zoonotic potential of these assemblages remains unknown.  
 
The transmissive stages of Cryptosporidium and Giardia (oocysts and cysts (oo)cysts) are 
environmentally robust and disinfection insensitive, and can survive in moist, cool, dark 
environments for up to 18 months, which enhances the likelihood of their survival in globally 
sourced foodstuffs and raw water used for the abstraction of drinking water. Standardised 
methods for detecting the transmissive stages of Cryptosporidium and Giardia (oo)cysts in 
water are available, as are optimised, validated methods for detecting Cryptosporidium in 
soft fruit and Cryptosporidium and Giardia in salad vegetables. These will be described. 
These provide valuable data on (oo)cyst occurrence, and can be used for species and 
subspecies typing using appropriate molecular tools. Effective molecular methods for 
investigating environmental transmission, source and disease tracking have been developed 
for Cryptosporidium, but not Giardia, as yet. These methods have been used to address 
public health issues by (i) identifying species that occur in the environment that are likely to 
contaminate potable water and food, (ii) determining human disease-causing genotypes and 
subtypes and their zoonotic association, and (iii) identifying the importance of parasite 
population biology and genetics in the distribution of human disease-causing genotypes and 
subtypes. Examples of how sub-genotyping increases our understanding of waterborne 
outbreaks will be provided. Currently, there are no national or international guidelines for 
determining (oo)cyst contamination in or on foodstuffs, but the development and validation of 
the above methods are steps which will be considered towards the formulation of 
international standards. 
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Conventional microbial identification methods are normally based on pure cultures thus 
requiring always cultivation times of several hours. In order to minimize the identification time 
the analysis of microcolonies or even a single cell would be preferable. Here, Raman 
spectroscopy has proven to be a valuable tool. One focus of our work lies in a rapid 
identification of microorganisms by means of different Raman spectroscopic techniques in 
combination with statistical data evaluation methods.  
 
UV-resonance Raman spectroscopy (UVRR) allows for a selective analysis of macro 
molecules such as proteins or DNA/RNA. With UVRR a genotypical identification of bacterial 
bulk material such as microcolonies can be performed (Gaus et al., 2006). This method 
allows identification rates of over 98 % on a strain level. 
 
On the other hand, micro-Raman spectroscopy with a laser excitation at 532 nm yields a 
spatial resolution of approximately 1 μm enabling the investigation of single bacterial cells. 
Using laser excitation non-resonant to any electronic excitations of the molecules the 
obtained Raman spectra from the bacterial cells reveal information of all molecules inside the 
cells. Combining this analysis method with a chemometric identification routine like e.g. a 
support vector machine allows for the identification of single microorganisms with recognition 
rates of over 85 % on strain level and over 94 % on species level (Rösch et al., 2005).  
 
For the localization of microorganisms in both abiotic and biotic samples the bacterial cells 
have to be distinguished from particles which may have the same size and form. One 
possibility is the use of fluorescence labels. Since fluorescence is several orders of 
magnitude stronger than Raman scattering, not all fluorescence dyes can be used for this 
purpose. Here the absorption characteristic of the dye has to be in a spectral range away 
from the Raman excitation (Krause et al., 2007). 
 
In order to improve the characterization of bacteria the cellular compounds, which are highly 
connected with strain and species differentiation, need to be identified. For this purpose tip 
enhanced Raman spectroscopy (TERS) was applied to single bacterial cells. This enables 
the molecular characterization of the cell surface with a spatial resolution of approximately 15 
nm (Neugebauer et al., 2006). 
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Foodborne diseases are a worldwide major concern. Among the predominant toxins involved 
in these diseases, Staphylococcus enterotoxin B (SEB) and microcystins (MCs) are a major 
cause of food and water poisoning. SEB is one of the several toxins produced by the Gram-
positive bacterium S. aureus. SEB is commonly related to food poisoning (gastroenteritis), 
especially for foods requiring handling during processing such as milk, cheese, canned meat, 
ham or cooked meals since, even after sterilization process killing the bacteria, the biological 
activity of the toxins remains unchanged. On the other hand, MCs are produced in water by 
different cyanobacteria mainly from planktonic origin. They exhibit various effects ranging 
from liver damage to neurotoxicity. Therefore these toxins cause problems in the production 
of safe drinking water and consumption of contaminated aquatic organisms threatens human 
health. 
 
There is need for a rapid method of monitoring food and water. Monoclonal antibodies 
directed against SEB and MCs were produced in the laboratory. Using these antibodies, we 
developed an improved immunochromatographic test using immunoliposomes as label, for 
the detection of SEB (immunometric format) and MCs (competitive format). For the first time 
in an immunochromatographic test, the signal generated by the sulforhodamine B 
encapsulated into immunoliposomes was measured by fluorescence. This allowing a 15 and 
10-fold increase in sensitivity in the case of SEB and MCs respectively, as compared with 
visual detection obtained with coloured labels (colloidal gold). The test was completed within 
30 minutes, providing a limit of detection in buffer close to 20 pg/ml and 90 pg/ml for SEB 
and MCs, respectively. This sensitivity was almost retained when analyzing these toxins 
spiked in various alimentary matrices, tap and surface water, mimicking contaminated foods. 
Due to the use of fluorescent immunoliposomes as label, the present assay offers the 
inherent simplicity and speed of a dipstick assay while providing detection of low levels of 
SEB and MCs in real samples. 
 
 
 
 
 
 
 
 
 
 
 
 
 
* Contributed paper 
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Automated identification systems are widely-used in medium-to-high-throughput clinical 
microbiology laboratories. However, such systems are relatively slow because they depend 
on bacterial growth and metabolic activity. Bacterial identification by mass spectrometry 
provides a promising way to accelerate pathogen identification, since it can be performed in 
a few minutes from small samples. In this study we compared the performance of MALDI-
TOF MS coupled to SARAMIS (Spectral ARchiving And Microbial Identification System, 
AnagnosTec) with established methods (VITEK2®/API, BioMérieux) in the clinical 
microbiology routine diagnostics.  
 
We achieved the following results: 

 Overall 96% of 1344 samples were correctly identified.  

 At 16 samples both method got different results and in 14 cases the SARAMIS results 
were confirmed. In 2 cases genus correct species not correct . 

 Enterobacteriaceae and staphylococci attained 97% resp. 98% correct identifications.  

 Streptococci were identified with API and 91% correct identification with SARAMIS . 

 Non-fermenter, yeasts, Candida can also be identified with SARAMIS.  
 
MALDI-TOF MS / SARAMIS is a straightforward, rapid, robust, and, in the long run, 
inexpensive method for the routine identification of bacteria and fungi in clinical microbiology 
laboratories. The method is proofed for identification and classification of any micro-organism 
without pre-selection within 2 min; 1 min sample preparation (colony from agar-plate), 1 min 
spectrum acquisition. With one AXIMA-SARAMIS identification system (Shimadzu, 
AnagnosTec) it is possible to analyse up to 1,000 samples per day. The differentiation level 
goes down to species level depending on the genus often to subspecies level and 
sometimes even strain level. 
 
MALDI-TOF SARAMIS can also be used for water quality control, analysis of grain and 
seeds, meat and fish etc.  
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Food safety assessment is currently based on known individual food components. More and 
more questions concern the assessment of complex chemical mixtures or matrices with a 
high percentage of unknown compounds. For these complex food products it is unrealistic to 
identify and quantify the complete forest of peaks and perform a safety assessment for all 
peaks observed. A pragmatic protocol for safety assessment of complex food products is 
currently under development, based on an integrated assessment of exposure, toxicology 
and chemical analysis.  
 
A cost-effective analytical strategy is being developed aiming to assign substances with 
structural alerts for genotoxicity in complex mixtures present at toxicological relevant 
concentrations, rather than time consuming peak-by-peak identification and quantification.  
The first step is to determine the numbers and amounts of substances present in samples. 
The next challenging step is to exclude the presence of substances with structural alerts for 
genotoxicity. For this purpose the threshold of toxicological concern (TTC) principle (is used. 
The TTC principle was defined assuming threshold values for classes of chemicals based on 
their chemical structures and known toxicity of chemicals that share similar structural 
characteristics. The lowest threshold (0.15 microgram/person/day) is applicable for genotoxic 
substances. TNO is setting up analytical strategies that screen for specific functional groups 
(with structural alerts) using mass spectrometric data and/or after selective derivatisation. 
The feasibility of the analytical strategy will be demonstrated. 
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and improved kinetics 
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Smaller antibody fragments are not generally used in commercial immunoassays despite 
their potential benefits. Improvements in binding capacity, assay kinetics and surface stability 
have been reported when antibody fragments are used in immunoassays. It is also known 
that the use of site-specifically oriented antibody fragments improve the coating density and 
capturing activity. Immunoassay interference, frequently mediated by the Fc-portion of an 
intact antibody, is generally considered to decrease if antibody fragments, such as Fab or 
single chain Fv fragments (scFv), are used. 
 
We have studied these potential benefits using cloned antibody fragments. The model 
antibodies recognized diagnostically interesting targets PSA and TSH. Three different anti-
PSA monoclonal antibodies (155 kDa) and two anti-TSH Mabs were cloned as Fab fragment 
(49 kDa) and TSH antibodies also as still smaller scFv fragment (29 kDa). An unpaired 
cysteine for site-specific coupling was genetically added together with six histidines for 
purification purposes. Fab fragments were expressed in Escherichia coli and purified in one 
day using osmotic shock, cation exchange expanded bed adsorption chromatography and 
immobilized metal affinity chromatography. For site specific coupling we used iodoacetamide 
derivative of Europium and Terbium chelate (Wallac, Finland) or maleimide PEO Biotin 
(Pierce, USA). 
 
Binding capacities of streptavidin coated microtiter wells were evaluated. The binding 
capacities (indicated as bound antigen levels) were improved four-fold, compared to Mab, 
when the rFab fragment was used and up to six-fold increase in bound TSH levels was 
achieved with the rScFv fragment. This means that antibody fragments pack denser on 
surfaces and thus offer potential for future miniaturized immunoassays, like chips or 
multiplexed assays. 
 
The effect of these dense surfaces on immunoassay kinetics was evaluated. After 5 min 
assay time the specific signal obtained with the rFab fragment was up to 15-fold higher 
compared to intact Mab. The immunoassay reached 94% saturation level at 15 min 
incubation time with Fab fragment while for Mab more than 30 min was needed. 
 
These results show that future immunoassay types potentially benefit from genetically 
engineered antibodies even when the actual antigen binding site is untouched. Our current 
research is focused on modification of antibodies recognizing unwanted food components 
like fluoroquinolones in meat, strobilurins in baby foods and paralytic shellfish poisons in 
clamps in part of EU 6th framework project Biocop (www.biocop.org). 
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The clear separation of our world into living and non-living, so familiar to us, is a relatively 
modern achievement of science. A confluence of biotechnology, microelectronics, and 
microfluidics brings us now to the verge of bluring this separation again with new types of 
apparatus in which living cells are tightly integrated components essential to the function of 
the device. Cells, the most sophisticated nanosystems known, can act as sensors, actuators, 
or information processors. Over the past decade prototypes in the laboratory have 
demonstrated, for instance, broad-band indicators of toxic contaminants, microfluidic pumps 
driven by cells, and the use of cells in robot control. 
 
The integration of living components into devices offers a unique opportunity to complement 
man-made systems with characteristics which are not attainable by conventional technology.  
The most fundamental property of cells – their ability to reproduce – confers also the most 
immediate benefit for using them in devices: self-reproduction provides for cheap and fast 
nanoscale fabrication. The innate quality control of cells with their testing of individual 
molecules at the point of assembly opens up a potential route to employing intricate 
molecular sensing and amplification mechanisms in expendable mass-produced devices. 
Moreover, the fact that the facilities for producing the functional molecules are available 
within the cell offers the possibility of replenishing components. This of course is a strategy 
used by living organisms, but it would also be desirable in devices. Conceivably sensors 
suffering from irreversible contamination could recover through the synthesis of fresh 
receptor molecules within the cell. Closely related to self-reproduction and component 
replenishment is the potential for self-repair. Poly-nucleated cells such plasmodia of moulds, 
for instance, can sustain and recover from considerable mechanical or radiation damage. 
Eventually it might even be possible to recruit the self-reconfiguration capabilities of, possibly 
customised, cells for technical applications. 
 
The magnitude of the opportunities offered by integrating living cells into devices is matched 
by the challenges that need to be overcome to develop such animate-inanimate hybrid 
technology. Two issues are crucial. Firstly, the cells need to be maintained over extended 
periods within a device setting. Microfluidic technology is capable of maintaining the 
environment required by the cells resident in hybrid devices and in combination with frugal 
microbes currently allows for operation time scales of up to several days. Microbial cells that 
can be stored in a dormant state and activated on demand are of particular interest in this 
context. Secondly, the requisite interface technology to integrate the cells with conventional 
electronic systems needs to be developed. Both optical and electronic (impedance) methods 
have been used with success and both are suitable for integration into small devices. 
 
This presentation will provide an overview of the state of the art in ‘living devices’ and 
speculate about some future applications that potentially will be enabled by this direction of 
current research. 
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Development of an original DNA extraction protocol for the species 
specific identification of PAPs particles in feeds using NIRM 

and real-time PCR* 
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The total ban on the use of animal proteins in feed for all farmed animals is the most 
important measure against the spread of bovine spongiform encephalopathy (BSE). 
European Commission Regulation No 999/2001 (EC, 2001) prohibits explicitly feeding 
ruminants with mammalian processed animal proteins (PAPs). The main principles described 
in Commission Regulation No1774/2002 (EC, 2002) laying down health rules concerning 
animal by-products not intended for human consumption are (i) no PAPs from any origin in 
ruminant feed, (ii) no PAPs from ruminant origin in any feed, and (iii) no intra-species 
recycling. The development of reliable analytical methods for the species-specific detection 
of animal proteins in animal feed is the main condition to reappraise the temporary total ban 
on PAPs for all farmed animals established in 2001 and amended into a permanent ban on 
PAPs by European Commission Regulation No 1234/2003 (EC, 2003). Methods based on 
Polymerase Chain Reaction (PCR) seem to be a promising solution for enforcement but, as 
they detect any source of DNA, positive results can be due to authorised ingredients such as 
fats or whey powder. Near Infrared Reflectance Microscopy (NIRM) is an alternative 
technology proposed for the detection of meat and bone meal particles. However, like the 
classical microscopy, the reference method, NIRM showed a lack of specificity as far as 
species level is concerned.  
 
CRA-W developed real-time PCR methods using short mitochondrial targets (~70 bp) able to 
detect MBM treated according to the severe sterilisation condition mandatory within the 
European Union (steam pressure sterilisation at least at 133 °C, 3 bar and 20 min) at 0.1%, 
either alone or in mixtures with different materials such as fishmeal. These methods were 
successfully applied and assessed to determined the species origin of animal MBM particles 
but also of animal fats commonly used in feed (Bellorini et al., 2005; Fumière et al., 2006; 
Prado et al., 2007).  In order to eliminate the main drawback of the PCR concerning the 
positive results due to authorised ingredients, CRA-W develops a strategy combining the 
NIRM which detects and isolates the particles of MBM origin, a DNA extraction protocol 
adapted to a single particle and its speciation by real time PCR. 
 
The main challenge was to extract enough DNA able to be amplified by PCR from so little 
amount of material. Using a special buffer able to extract a DNA ready to be used in a PCR, 
CRA-W developed a rapid protocol (less than 1 h) that allows the analysis of the DNA 
coming from a single PAPs particle with five different targets. Moreover, the NIRM spectra 
collected from single particle and authenticated by PCR results were used to built species 
specific spectral databases (Fumière et al., 2007a,b). The databases are now used to find 
species specific spectral markers. The first results obtained show that the strategy used 
improved also the specificity potential of the NIRM models and allows to give indications 
about the species origin of the animal particles previously to its PCR analysis. 
 
 
 
 
* Contributed paper  
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The availability of sensitive microbial counts in minutes provides production personnel with a 
new level of microbial control. D-Count® and the BactiFlow® enable the laboratory to directly 
support and influence product quality and company profitability.  

 
The D-Count® (Figure1), BactiFlow®ALS (Figure 2) and the BactiFlow®(Figure 3) systems, all 
based on flow cytometry, have been specifically designed by AES Chemunex to provide fast 
microbiological results, from incoming raw material control to finished product release. All 
systems are combining speed of detection with high sensitivity level and therefore 
significantly reduce the time to result for microbiology testing. The availability of rapid 
microbial counts provides production personnel with a new level of microbial control. D-
Count® and BactiFlow® systems enable the laboratory to directly support and influence 
product quality and company profitability. 
 
The AES Chemunex flow cytometry range can be easily implemented in routine quality 
control laboratories. Applications are available for a wide range of different food, cosmetic 
and non-sterile pharmaceutical products. It is a direct count method with excellent correlation 
to the traditional plate count methods. Results are available in hours instead of days. 
Systems are easy-to-use. Three levels of automation are available to meet your laboratory 
workload. 
 
The spotlight presentation at RME 2008 comprises an introduction to:  

 labelling and detection technology; 

 applications for the food, cosmetic and pharmaceutical industry; and 

 benefits of rapid microbiology implementation. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. D-Count

®
.            Figure 2. BactiFlow

®
ALS.       Figure 3. BactiFlow

®
.   

 
 
 
 
 
 
 
* Spotlight presentation 
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Vision solutions for the food and beverage industry 
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GreenVision is Wageningen UR’s centre of expertise for image analysis. Its mission is to 
offer concrete image analysis solutions concerning products with a large natural variation in 
the agrifood industry. 
 
Image analysis, also known as computer vision, is a technology to determine the inner- and 
outer qualities of a product objectively with use of camera systems and software. To this end, 
a product is recorded using one or more cameras. Quality aspects such as colour, size, 
shape, defects, firmness, ripeness and sickness indicators are determined with our software. 
Based on the outcome, a (classification) decision is made. GreenVision cooperates with 
machine manufacturers to handle the inspected products in a fully automated, robotized way. 
 
GreenVision has integrated a multitude of computer vision modules in both existing and new 
systems. A few examples of successfully concluded projects are: 
 

 high-speed sorting systems for pot plants, vegetables, flowers and eggs; 

 quality inspection of grasses, cucumbers, bell peppers, fruit, cheese, bread and 
seedlings; 

 microscopic analyses for bacteria colonies and fiber distribution; 

 near infrared characterization of drip in pork, humidity in French fries and seed 
quality; 

 multispectral analysis for ripeness of tomatoes and for detection of plastic in meat; 
and 

 vision-guided robots for harvesting roses and cucumbers. 
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The BeviStat system is a rapid microbiology device based on ATP bioluminescence 
technology. It has been designed to detect yeast and mould contamination in beverages in 
10 minutes, and gives a pass/fail result depending on a threshold fixed for each matrix. It is 
mainly dedicated to the food and beverage industry, but could also be of interest for 
pharmaceutical industry in order to qualitatively determine the total contamination of a 
sample. Indeed, ATP is the energy storage form presents in all living cells. The BeviStat 
rapid detection system is therefore able to detect bacteria as well as yeast and mould. Since 
bacteria contain approximately 100 times less ATP than yeasts, an incubation step would be 
necessary in order to detect small amounts of germs in a liquid sample. The sensitivity of the 
system has been determined on 4 bacteria of the Pharmacopoeia (Bacillus subtilis, 
Escherichia coli, Staphylococcus aureus and Pseudomonas aeruginosa) and one lactic strain 
specific of the food and beverage industry, Lactobacillus acidophilus. For each bacteria, 
immediate sensitivity and the time of incubation to detect 1 cfu (colony forming unit) were 
determined. The linearity of the response was also defined. Water samples were artificially 
contaminated with ATCC microorganisms and were filtered on 47 mm membranes using 
Beviflex HV funnel. Two different tests were performed to determine the immediate sensitivity 
of BeviStat system for bacteria and to define incubation time needed to detect 1 cfu for each 
bacteria. The detection of the presence of B. subtilis was also tested in a complex matrix 
(black tea) using a specific rinsing protocol. Traditional methods were performed in parallel to 
control the number of cfu per sample. BeviStat enables the immediate detection of 
approximately 25 cfu of B. subtilis and around 50-100 cfu for E. coli, L. acidophilus and P. 
aeruginosa. The system can detect immediately around 175 cfu of S. aureus. After 4 h of 
incubation BeviStat is able to detect 1 cfu of B. subtilis and E. coli, and 1 cfu of S. aureus is 
detected after 5 h. For P. aeruginosa, 8 h of incubation are needed to detect 1 cfu and 17 h 
for L. acidophilus. In a complex matrix like black tea, 1 cfu of B. subtilis is seen after 8 h of 
incubation. In all these cases, the system gave a linear response between the rlu (relative 
light unit) level and the cfu number, enabling the user to define thresholds regarding their 
specifications. The BeviStat rapid detection system allows the detection of 5 different strains 
of bacteria of interest for pharmaceutical, and food and beverage industries. When tests are 
performed immediately, BeviStat can detect approximately 25 to175 cfu. In 4 to 8 h the 
system allows the detection of 1 cfu of fast grower in water samples. An overnight incubation 
is needed to detect 1 cfu of slow grower like lactobacilli. For complex matrices, a specific 
rinsing protocol has to be established and the detection of 1 cfu of B. subtilis could be 
achieved in 8 h. 
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Colloidal nanoparticles are widely used as coloured labels in lateral flow immunoassays 
(LFIA). The use of carbon nanoparticles, proprietary technology to the Agrotechnology & 
Food Sciences Group of Wageningen UR, yields lines that have a high signal-to-noise ratio, 
i.e., black/grey on a white membrane. The pixel grey volumes of the lines can be obtained by 
conventional flatbed scanning followed by image analysis. This enables the quantification of 
the simple and rapid LFIAs. The lateral flow format can be used to detect proteins, small 
chemicals (haptens such as toxins and antibiotics) and DNA/RNA amplicons (nucleic acid 
LFIA, NALFIA). The last targets can be measured, e.g., by hybridisation with oligonucleotide 
probes that specifically hybridise with the target DNA/RNA, or by using tag-labelled primers 
or probes that are bound by tag-specific binding proteins. Example assays of the different 
target classes will be shown such as LFIAs for the aero-allergen Aspergillus α-amylase by 
specific antibodies and the antibiotic sulphamethazine, and NALFIAs for Bacillus cereus and 
Salmonella (multi-analyte assay detecting three antibiotic resistance genes). Generally, 
signals in DNA or protein microarrays are based on optical (particularly fluorescent dyes) or 
electrochemical compounds. In many cases this requires a rather sophisticated module that 
often makes the apparatus and/or the running costs quite expensive. We aimed to develop 
an antibody microarray system that is rapid, simple to perform and cheap. Hereto, carbon 
nanoparticles were applied and the results were expressed as pixel grey volumes. Examples 
of protein (the aero-allergen mouse urinary protein) and of amplicon detection (Salmonella 
example) will be shown. One of the most interesting results appeared to be the fact that 30 
minutes of incubation is sufficient to obtain statistically reliable pixel grey volumes. As 
compared to conventional performance and quantification of microarrays, for example based 
on fluorescence, the present approach is rapid and does not require expensive apparatus. 
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Listeria spp. can be found in soil, water sources, sewage, plants and food. The bacterial 
genus Listeria contains six species, however only one, L. monocytogenes, is a human 
pathogen causing listeriosis, a rare but lethal food-borne infection that has a devastating 
mortality rate. Here, we present three different methods for the rapid detection of Listeria 
contamination. At first, enzyme linked immunosorbent assays were developed using specific 
polyclonal rabbit antibodies raised against listerial cells and cell wall protein internalin B 
(specific for L. monocytogenes). Two sandwich formats were set up, one being specific for 
the Listeria genus and the other for L. monocytogenes. Secondly, the same antibodies were 
used to develop lateral flow immunoassays (LFIAs) that only require the addition of culture 
supernatant to perform the assay. The sample runs through a nitrocellulose membrane in the 
presence of colloidal carbon particles coated with specific antibodies. These antibodies are 
also immobilised on the membrane forming the capture line. If the sandwich immunocomplex 
is formed the signal will appear as a visible black line. The third method is a nucleic acid 
lateral flow immunoassay (NALFIA) for the simultaneous detection of L. monocytogenes in 
particular and the genus Listeria in general. The method is using the combination of nucleic 
acid amplification and an immunochemical detection principle. Following isolation of DNA a 
duplex PCR with two primer sets, of which one was labelled with biotin and the other with 
digoxigenin or fluorescein, respectively, was performed. The PCR solution and carbon 
particles conjugated with avidin are directly added to the nitrocellulose membrane with two 
test lines of immobilised antibodies specific for digoxigenin and fluorescein. The appearance 
of a black line indicates the presence of specific amplicon. Strains from 12 bacterial genera 
were analyzed to assess the specificity of the developed methods. The best specificity 
(100%) was shown with the NALFIA. ELISA and LFIA showed false positive signals with 
Staphylococcus aureus. The LFIA did not recognize two out of the forty three listerial strains. 
The detection limit was assigned to 105 cells/ml of Listeria spp. and was very similar for all 
methods. The NALFIA provided the best detection limit  for L. monocytogenes, 105 cells/m. 
We were able to detect 107 cells/ml of L. monocytogenes with both the ELISA and LFIA. 
Comparable results were obtained for 50 different food and food-related samples using 
ELISA, LFIA, NALFIA and a culture method (based on ISO). The overall agreement rate was 
94%. 
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Genetic variation gives rise to different haplotypes associated to specific characteristics. By 
typing these polymorphisms, for example SNPs, one can predict phenotypes and 
discriminate between individuals or organisms. SNP detection can be performed in different 
ways, starting from monoplex up to highly multiplexed levels. SNPWave is an easy and 
robust SNP genotyping technology targeting the medium muliplex SNP detection level. It is 
based on multiplexed ligation reaction, followed by amplification of 10 to 90 SNPs in a single 
run. Each allele-specific probe has a unique length that can be detected on many different 
detection platforms, like gel-based systems. SNPWave™ assays are being developed for the 
plant and animal breeding as well as for the human diagnostic field. A recent SNPWave™ 
assay was developed for the human Y chromosome. Being able to score all existing major 
haplogroups this assay can be used in population studies and in forensic cases. We describe 
a PCR-based genotyping kit to analyze 24 Y-SNPs and a female control which covers all of 
these haplogroups and is applicable for limited (>100 pg) and fragmented template DNA. 
Because of a lack of recombination, the human Y chromosome is a powerful tool for 
reconstructing geographic origin of an unknown (or known) person. Using a fylogenetic tree 
of Y chromosome SNPs we are able to divide human Y chromosomes in major haplogroups 
which have a clear geographic distribution. SNPWave™ is an easy, robust and cost effective 
multiplex SNP genotyping technology. The applications include plant and animal breeding, 
human diagnostics and pathogen screening of food, etc. 
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Rapid detection of microbial contamination in food and beverage environments requires 
highly sensitive and reliable technologies. During wine and beer manufacturing processes, 
spoilage microorganisms could develop affecting the beverage quality: flavour, smell or 
turbidity. Yeasts, lactic and acetic acid bacteria which are the major contaminants observed, 
require a long incubation period to form colonies in traditional microbiology methods. 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. The 2 wine-
related microorganisms, Acetobacter aceti and Oenococcus oeni, which require up to 7 days 
to form colonies on Wallerstein medium were detected respectively in 28 h and 72 h with 
RMDS. Saccharomyces cerevisiae contamination was detected in beer after 48 h growth on 
Wallerstein in traditional microbiology. Time to detection was reduced to 8 h with RMDS. 
Lactobacilli spp. and Pediococci spp. were detected in beer under anaerobic condition after 
only 28 h on Raka-Ray with RMDS instead of 5 to 7 days using traditional methods. Results 
show that microbial contamination in beverage can be easily detected and enumerated by 
means of RMDS. RMDS is an important tool to enable a simple and reliable monitoring of 
contamination at any stage of the brewing and wine production process.  
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FTA Elute (formerly IsoCode) is a chemically coated cellulose matrix used for the rapid 
preparation of DNA for molecular characterization studies. The chemical coating lyses cells 
and renders the organisms inactive. Both gram positive and gram negative elements are 
lysed on the FTA Elute device. DNA is reversibly bound to the matrix and while PCR 
inhibitors are irreversibly bound. DNA is recovered in water after a simple heat elution step. 
Ninety reference bacterial reference strains and 35 clinical isolates were applied to FTA Elute 
matrix.  Molecular characterization was conducted by PCR amplification of various molecular 
markers, e.g.,16S rRNA, esp, Bft and por and for DNA fingerprinting typing by RAPD. FTA 
Elute was also tested for the ability to inactivate a wide range of bacterial species including 
spore-forming organisms Bacillus and Clostridium spp. One strain from each representative 
species from the reference strains was tested and was found to be inactivated at high cell 
concentrations (108-109 cells/ml) except the species of the spore formers Bacillus and 

Clostridium which were found to be completely inactivated at cell concentration below  104 
cfu/ml. The average concentration of DNA from a single 3.0mm punch ranged between 

2.9ng/l to 5ng/l. The average yield ranged from 145ng to 250ng. The 16S rRNA gene was 
amplified across a wide range of bacterial species while the esp gene was amplified in 
Enterococcus spp. The results of this study demonstrates that FTA Elute cards provide a 
reliable means of archiving DNA from a diverse range of microbial species. 
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An innovative application of the ELISA Reverse m&d for the simultaneous quantification of 
enzootic bovine leukosis (EBL), brucellosis (B), paratuberculosis (PTBC) in bulk milk 
samples was established. The present study shows the versatility of the approach originally 
designed and applied for GMO detection and its possible transferability to other fields. The 
assay was designed in support to Directive 2003/99/EC (EC, 2003) concerning the 
monitoring of zoonoses and zoonotic agents in livestock farming and to Directive 
90/422/EEC (EC, 1990) concerning the monitoring and eradication study of enzootic bovine 
leukosis. Emerging zoonoses not enrolled in livestock control programs constitute a high risk 
for consumers, even more when transmission of heat resistant zoonotic agents occurs by 
food as hypothesized for Mycobacterium avium subspecies paratuberculosis (MAP). MAP is 
the etiological agent of paratuberculosis in ruminants and the suspected agent of chronic 
Crohn’s disease in man.  
The ER m&d prototypes is proposed as an innovative versatile analytical tool for food safety 
control. Multi-target analysis allows us to include several different targets in the control plans 
in support to HACCP programs. The method, the experimental design and the preliminary 
results are here reported and discussed. 
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A major limitation of traditional microbiological test is the time to results. Indeed, 2 to 7 days 
are usually necessary to determine the contamination level of the sample tested. A rapid 
microbiology test that could immediately detect contamination in the final product would 
significantly improve the product quality management. A rapid detection method would give 
the ability to act in the production line as soon as a contamination is detected (reduce scrap 
rate) but would also allow the release of the product sooner in the market (reduce storage 
area and costs). The BeviStat rapid detection system is a convenient, fully automated and 
highly sensitive system based on ATP bioluminescence that detects the presence/ absence 
of yeast and mould in filterable beverages in about 10 min. The BeviStat system is designed 
to distinguish between ATP from micro-organisms and free ATP from the matrix. The system 
converts ATP detected in the sample into Relative Light Units (RLU) and gives a Fail 
response when the result exceeds a positivity threshold determined specifically for each 
matrix and depending on specifications. The system is also able to give semi-quantitative 
information, allowing determination of the level of contamination in the sample. The 
sensitivity of BeviStat is down to 1 cell per sample; the only limitation being the matrix 
filterability. Representative matrices were tested in order to verify their compatibility with the 
BeviStat technology. First, sample filterability was evaluated. Then, the presence of 
interferences with bioluminescent reaction, due to complex matrix composition, was tested. 
As a consequence for some matrices a rinsing protocol was established to improve 
filterability, reduce background and remove bioluminescence inhibition. After integration of 
the rinsing protocol, the sensitivity of the system was evaluated. Liquid samples were 
artificially contaminated with either environmental strains or ATCC micro-organisms and 
were filtered on 47 mm Beviflex funnel membranes. Two different methods were used, (i) 
standard methods (agar plates) were used to control the number of cfu per sample, (ii) the 
rapid method, based on the use of BeviStat detection system, was used to determine the 
presence or absence of contaminants. Around 10 different matrices like water, milk, soft 
drinks, ice tea, wine and other alcoholic beverages were tested on BeviStat. For all these 
matrices, the rinsing step allowed to reduce dramatically background and inhibition. In most 
cases the system is able to go down to 1 to 3 cfu without any incubation step. Sensitivity 
down to 1 cell per 100 ml was obtained immediately in white wine, water, flavoured water 
and spirits. From sampling to results, only 15 min were required. For other complex matrices 
like milk or soft drinks, the same sensitivity was obtained after few hours of incubation. 
Despite the complex composition of the matrices tested, BeviStat is able to give a pass/fail 
response in only few minutes. No manipulation was required as the protocol is fully 
automated. 
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Bacteriophages are viruses infecting bacteria and extremely host-specific. They are able to 
infect only specific species or even strains. The majority of phages belong to the order of 
Caudovirales. The specificity of these phages is partly mediated by tail associated proteins 
that distinctively recognize surface molecules of susceptible bacteria. These tail associated 
proteins can be attached to paramagnetic beads to capture bacteria in suspension. 
Paramagnetic beads coated with phage proteins were shown to perform much better than 
commercially available antibody-based beads, both with respect to sensitivity and percent 
recovery (Kretzer et al., 2007). Profos (Regensburg, Germany) was able to develop a 
commercially available capture kit for Listeria monocytogenes. This capture kit using phage 
proteins in combination with various enrichment broths and incubation times was evaluated 
in various foods. Food samples (10 g) were artificially contaminated with L. monocytogenes 
(5-12 cells). Different enrichment broths were compared for their capacity to recover cells in 
combination with the Listeria capture kit. Detection was achieved in 1 ml aliquots after 6 and 
24 h incubation at 30°C for Demi-Fraser (BioMérieux) and 37°C for Listeria Xpress broth (LX; 
BioMérieux), Listeria special broth (LSB; Bio-Rad) and TSB (Oxoid). Food samples were 
priory screened with a widely accepted rapid (60h) ELISA method (VidasLMO, BioMérieux). 
Positive samples (10 g) were distributed in filter stomacher bags and diluted with respectively 
Demi-Fraser, LX and LSB. Samples were incubated for 17 h at 30°C, 37°C and 37°C, 
respectively, and aliquots of 1 ml were taken for analyses with Listeria capture kit. An 
additional 1 ml was taken of the sample enriched in Demi-Fraser and transferred to 10 ml of 
Fraser (BioMérieux), incubated for 24 h at 37°C for analysis with VIDAS in order to confirm 
prior positive result. The selective enrichment broths LX and LSB enabled detection of low 
numbers of L. monocytogenes in 4/5 artificially contaminated food matrices after 6 h, if 
combined with capture and plating. As expected TSB, the non-selective broth did not support 
detection of L. monocytogenes very well, probably due to suppression of the pathogen by 
competitive flora. Detection of low numbers of L. monocytogenes after 24 h is comparable for 
Demi-Fraser, LX and LSB. As such it was accomplished to detect low numbers of L. 
monocytogenes after 6 (4/5 food matrices, if combined with capture) to 24h (all food 
matrices), whereas the conventional ISO method describes a 48 h enrichment procedure. In 
comparing the three selective broths for naturally contaminated samples, a preference was 
observed for LX as overall more L. monocytogenes cells were recovered in ALOA after 17 h 
of enrichment showing better potential for this broth to serve as the best resuscitating and 
growth supporting enrichment and may serve as an appropriate sample enrichment 
procedure prior to the application of capture. This enrichment procedure considerable 
reduces the conventional 48 h enrichment protocol included in ISO procedures or ELISA 
based rapid testing methods. The combination of 17 h enrichment with capture and any rapid 
molecular detection method (e.g, FISH, PCR) enables a within 24 h detection of low numbers 
of (sublethal) injured L. monocoytogenes in foods. 
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The penicillia are ubiquitous within the environment and have been isolated from a diverse 
range of food types leading to product spoilage. Spoilage is one of the key issues faced by 
the food industry in terms of product wastage and its associated financial losses. To date, the 
most of the molecular analysis of moulds has been performed with clinically relevant 
organisms. This study will evaluate the use of a molecular-based typing method for food and 
environmental isolates of Penicillium spp. DNA extracted from a selection of phenotypically 
related and unrelated isolates of Penicillium spp. was amplified using a mould specific primer 
set. The resulting products were resolved using chip-based electrophoresis. The fragment 
patterns generated were analysed to determine the relatedness of isolates using Pearson 
correlation. Data from this study demonstrated that molecular typing can be used to cluster 
isolates with similar phenotypic characteristics giving similarity scores of 97.2-99.3%. The 
profiles showed a wide diversity amongst the penicillia with significant differences in the 
fragment patterns, which was also reflected in the similarity scores that were as low as 
50.2%. The results indicate that molecular typing has the potential to be used for Penicillium 
spp. isolated from foods and the processing environment.  
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Rapid bacterial identification and characterisation play a major role in developing intervention 
strategies in the food industry to control both food spoilage and maintain food safety of 
products. The advent of molecular based techniques such as ribotyping and DNA 
sequencing has reduced the time to result and of these, microbial DNA sequencing is 
considered to be the gold standard for microbial identification. Molecular techniques have 
several benefits including the independence on microbial growth or protein expression for 
successful test completion, and a reduction in subjectivity when interpreting results. There 
are a broad range of commercially available techniques. This study will focus on sequence 
analysis (Microseq®, Applied Biosystems) and repeat based PCR for microbial analysis 
(Diversilab) using specific examples isolated from a range of food products. Selected case 
studies using the Microseq® system revealed the potential for both sequence to provide 
same day (6 h turnaround) answers to bacterial and yeast contamination issues. Analysis of 
the data from the repeat PCR (characterisation) work demonstrated the potential of the 
technology to rapidly discriminate between isolates. The case studies presented demonstrate 
the power and flexibility of molecular techniques to provide rapid answers to bacterial, yeast 
and mould contamination issues. 
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The foodborne pathogen Salmonella enterica has been isolated from a wide range of food 
types, and has been associated with a number of outbreaks worldwide (CDC, 2007; 
Ethelberg et al., 2007; Hess et al., 2007). Rapid confirmation and characterization of the 
Salmonellae is critical in the effective and timely management of contamination issues, to 
minimise the impact on consumer safety and the loos of brand confidence. Recent 
developments in technology such as PCR and RNA probes have reduced the time to result 
for confirmation and characterization. The aim of the current study was to evaluate the use of 
commercially available assays to rapidly confirm and characterize Salmonellae. A selection 
of four assays (molecular and biochemical bawd) for Salmonella confirmation using a panel 
of 50 Salmonella isolates and 20 non Salmonella isolates. In addition to the confirmation 
work, a selection of the panel were also characterized using the repeat based PCR 
Diversilab Salmonella kit. Data from the confirmation study showed that all four methods 
were able to confirm over 98% of the Salmonella isolates. Characterization of the Salmonella 
isolated revealed that the technique is able to discriminate between serotypes of 
Salmonellae. The results from the two studies revealed the potential for rapid technologies to 
provide timely answers to assist key commercial decisions. 
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Non-tuberculosis mycobacteria are saprophytic, gram-positive bacteria with natural habitats 
in soil and stagnant water. Several examinations revealed their presence in drinking water 
and bio-films of water distribution systems. Due to their slow growth-rate the diagnosis on 
their presence with conventional culture based methods is time-consuming and laborious. 
Today routine testing in a water microbiology laboratory is rarely performed, although tap-
water was shown to be the source of mycobacteria infections in aged and immune-
compromised persons. Here we report the development and optimisation of a rapid test-
procedure to detect the presence of mycobacteria in water-samples. The test is based on the 
concentration of the mycobacteria present associated with a direct quantitative PCR-analysis 
(qPCR). In detail, we worked on four different components of the test: (i) the non-specific 
concentration of the total bacteria content through filtration of 1,000 ml water samples and 
their detachment into buffer; (ii) the immunomagnetic concentration of mycobacteria; (iii) the 
genomic-DNA preparation; and (iv) a genus-specific qPCR to detect the presence of 
captured mycobacteria with high sensitivity. To ensure a specific and efficient 
immunomagnetic bead-capture, we raised polyclonal antisera against outer cell-wall 
preparations of environmental mycobacteria. For the capture assays we used an antiserum 
which showed a high sensitivity against five mycobacterial species most frequently found in 
samples of tap-water (Mycobacterium kansasii, M. abscessus, M. xenopi, M. avium and M. 
gordonae). Using purified IgG-fractions fixed on magnetic beads, we were able to capture 
over 90% of the mycobacteria present in the sample even at very low concentrations. After 
an evaluation of several methods for the efficient isolation of genomic DNA from the low 
numbers of bead-captured mycobacteria we choose a physical disruption procedure as the 
most efficient method. For the final revelation and quantification of the complete 
mycobacterial charge in the sample, we established a genus-specific, quantitative PCR 
assay targeting mycobacterial housekeeping genes. The complete test procedure which 
includes a non-specific sample pre-concentration through filtration, a mycobacteria-specific 
immunomagnetic bead capture, an adapted genomic DNA preparation and a genus specific 
qPCR reaction can be performed in a time-span of one day. A validation of the test on 
artificially spiked water samples showed the limit of detection to be as low as 10 
mycobacteria, with a quantification limit of 50 mycobacteria per sample (1,000 ml). We 
present results from the test validation on tap water samples in comparison to culture based 
methods. Currently we are working on the development of a molecular viability assay for the 
captured mycobacteria and on molecular tools to allow the direct identification of 
mycobacteria from sanitary interest like M. avium in a parallel QPR assay.  
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The use of an immunomagnetic separation method (IMS) in combination with ALOA Listeria 
chromogenic agar was investigated for the isolation and identification of Listeria 
monocytogenes from a variety of foods. Raw meat, processed meat, fish and seafood, 
cultured and non cultured dairy, egg and egg products, and produce, were inoculated at a 
level of 1, 10, and 100 cfu/25 g with L. monocytogenes ATCC 19115 and stressed at 4ºC for 
24 h prior to testing. IMS was performed as described by Dynal Biotech (Oslo, Norway) using 
a BeadRetriever Automated IMS system (Dynal Biotech) followed by spread plating of 25 μL 
each onto ALOA Listeria chromogenic agar (AES Chemunex) and modified Oxford agar, a 
conventional selective agar. As a comparison method, the same sample enrichments were 
tested as described by the BAX Q7 L. monocytogenes PCR Assay (Dupont). Results showed 
that at the 10 and 100 cfu/25 g inoculum level, both methods showed a 100% correlation. 
However, at the 1 cfu/25 g inoculum level were fractional recovery was observed, 70 positive 
samples of 110 were reported by the BAX L. monocytogenes PCR Assay compared to 75 
positive samples by the IMS-ALOA Listeria chromogenic agar combination. Analysis of the 
BAX secondary enrichment by standard culture methods confirmed the presence of L. 
monocytogenes indicating that these BAX PCR results were false negatives. The IMS-ALOA 
Listeria chromogenic agar combination was used successfully in isolating and identifying L. 
monocytogenes from seeded samples in the same time frame (48 h) and in some cases 
faster (in selected food matrices) that a screening result is obtained by use of the BAX PCR 
Listeria assay. Further work including the selection of a single enrichment medium, 
optimization of incubation conditions, alternate IMS protocols, further evaluation of 
chromogenic agars, as well testing of naturally contaminated samples are being pursued.  
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The reliable identification of microorganisms is an essential requirement in food control. 
Currently, most routine methods are based on morphological investigation and tests 
regarding biochemical capabilities. These phenotypical methods have limitations in 
resolution, applicability and reliability and frequently end up in genus determination. Most 
modern molecular methods which give results of higher confidence and resolution power are 
too laborious and expensive for high-throughput routine usage. On the other hand, MALDI-
TOF mass spectrometry has been shown to be well suitable for the identification of 
microorganisms. Here, the utilisation of this technology in combination with a dedicated 
bioinformatic solution for the secure identification of food-relevant pathogens, i.e., species of 
Campylobacter and Listeria, is being described. Bacteria were cultured on solid media. A 
colony was applied to a MALDI sample target, directly, or after a short inactivation/extraction 
protocol. After addition of matrix, linear fingerprint spectra in the range of 2,000 to 20,000 
Dalton were acquired using a microflex MALDI-TOF instrument (Bruker Daltonik, Germany). 
Based on the acquired profile spectra according reference data (main spectra) were created 
using the MALDI BioTyper software, extracting species- and subspecies-related information. 
The main spectra were included into the reference database of the BioTyper software and 
could be used for analysis through different dedicated software algorithms. Independent 
isolates were identified by matching their mass spectral pattern against the established 
database. Listeria, Campylobacter and closely related bacteria from strain collections as well 
as field isolates were analysed with the MALDI-TOF based method .For each species 
investigated from the genera Campylobacter and Listeria characteristic mass spectra could 
be obtained. MALDI-TOF fingerprinting combined with the standard pattern matching 
algorithm was found to be a very robust method for identification of Campylobacter on the 
species level without any fine-adjustment. For the very closely related Listeria a weighted 
pattern matching approach which applied selective analysis of differentiating features in the 
spectra was able to correctly identify the different species. Furthermore, for several 
Campylobacter and Listeria species specific peaks could be found which can be applied to 
determination of subtypes. The results indicate that MALDI-TOF MS fingerprinting in 
combination with the MALDI BioTyper software is a highly suitable method for secure 
species and subspecies detection of food-relevant microorganisms in routine, high-
throughput environments. 
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The BeviStat system is a convenient, fully automated and highly sensitive system that 
detects the presence or absence of yeasts and moulds in filterable beverages. This rapid 
microbiology detection method is based on ATP bioluminescence technology. The BeviStat 
system converts ATP detected in the sample into relative light units (rlu) and displays a 
‘pass’ or ‘fail’ result by comparison with a positivity threshold fixed for each tested beverage. 
The BeviStat system delivers faster yeast and mould test results than traditional growth-
based detection methods, including membrane filtration and pour plates. Performances of 
the BeviStat system were evaluated and compared with the microbiological compendial 
method. Limit test were also performed to determine the use conditions range of the system. 
Method. Three different beverages (waters, energetic drinks, spirits) were artificially 
contaminated with ATCC or environmental yeasts and moulds and were filtered on 
hydrophilic polyvinylidene fluoride (PVDF) membranes using Beviflex funnels. An incubation 
step of the membranes can be performed, depending on the level of contamination that is 
required to be detected. Finally, having been dried, membranes are analysed with the 
BeviStat system during a cycle that lasts about 10 min. The compendial filtration method with 
incubation was performed in parallel to control the results concordance between both 
methods. Results. The BeviStat system was proved to be specific with each microorganism 
tested in the different beverages. The limit of detection of the BeviStat system was evaluated 
on the 3 matrices. The method allowed immediate detection of down to 2 cfu of 
Saccharomyces cerevisiae in spirits and down to 1 cfu of Candida pelliculosa incubated 24 h 
in energetic drinks. The results obtained with the BeviStat system are accurate as the false 
positive rate is between 0.7 and 4% and the false negative rate is between 0 and 1.3 %, 
depending on the tested matrix. The BeviStat system was tested at limit conditions of 
temperatures and at limit conditions of system time running. The BeviStat system is robust 
for temperature variations of ± 1°C of the recommended operating temperature (20 to 25°C) 
and results still conform after 16 h of non-stop running. Finally, the BeviStat system is not 
affected by changes of test conditions as reagents, membranes or spraying devices batches. 
The BeviStat system was demonstrated to be a high performance equipment for the rapid 
detection of yeasts and moulds in filterable beverages. Results of presence or absence of 
the tested micro-organisms showed a significant concordance with the compendial method. 
The study proved that the BeviStat system can replace a traditional microbiological method, 
giving the same results in a few minutes or hours instead of days for a traditional growth-
based detection method. 
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Microscopy is frequently used for malaria diagnosis, but at low parasitaemia it becomes less 
sensitive and time consuming. Molecular tools allow for specific/sensitive diagnosis but 
current formats, like PCR combined with gel-electrophoresis, are difficult to implement in 
resource poor settings. Development of a simple, fast, sensitive and specific detection 
system, nucleic acid lateral flow immunoassay (NALFIA) for amplified Pan-Plasmodium PCR 
products is described. NALFIA lower detection limit is 0.3 - 3 parasites/µl, ten-fold more 
sensitive than gel-electrophoresis analysis. Evaluating 650 clinically suspected malaria cases 
with the Pan-Plasmodium assay under field conditions (rural Kenya), revealed that NALFIA 
detected more positives than microscopy (agreement: 95%; κ-value 0.85) and there was an 
excellent agreement between gel-electrophoresis and NALFIA (98.5%; κ -value: 0.96). In 
conclusion, NALFIA is more sensitive than microscopy and a good alternative to detect PCR 
products whilst circumventing using electricity or expensive equipment, making NALFIA the 
first step towards molecular field diagnosis. 
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Samples collected from food, environmental and clinical sources may contain agents at very 
low concentrations in large volumes.  Directly using these dilute samples in molecular biology 
assays such as the polymerase chain reaction (PCR) would not reliably indicate the 
presence of pathogens, due to assay limits of detection. Enrichment of these samples by 
growth of the organism often lengthens the detection process. We report the development of 
a method that concentrates the agent of interest from larger volumes typical of enrichment 
fluids, and removes potential PCR or immunoassay inhibitors and non-target organisms. By 
utilizing this method, enrichment times before PCR detection can be shortened to 4 h. 
Immunomagnetic separation (IMS) has been used successfully as a method to isolate certain 
organisms from complex biological matrices. However, attempts to scale-up this process to 
volumes of 50-200 mL have been limited. We have designed and tested the feasibility of 
scale-up and automation for purification of various potential food pathogens and biothreat 
agents from 50 mL volume samples. The model test system employed Escherichia coli O157 
and antibody-coated Dynal MyOne (Invitrogen) beads (1 μm diameter) for magnetic capture.  
A 25 gram sample (raw ground beef) was inoculated with between 1-5 cfu of E.coli O157:H7. 
The sample was incubated for 4 h in generic enrichment media. Post enrichment, a 50 mL 
sample was removed, combined with capture beads, a proprietary sample buffer and mixed 
for 1 h. The bead-organism complexes were recovered, washed, and eluted in a small 
volume of buffer. This elution was then either plated on selective media or processed for 
nucleic acid using ChargeSwitch Technology (Invitrogen) and further analyzed by LUX™ 
(Invitrogen) quantitative PCR.  After only 4 h samples were positive by PCR and culture. The 
increase surface area afforded by the optimized MyOne beads and the use of CST improved 
overall capture and detection compared to standard methods, while reducing cost. This 
method increases the limit of detection of assays for microorganisms by concentrating 
organisms from a large volume, and by removing potentially inhibitory components and non-
target microorganisms which could limit assay effectiveness. 
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Sensitivity and specificity of the immunochromatographic assay Duopath® Cereus 
Enterotoxins (Merck, Germany) for the rapid detection of enterotoxigenic Bacillus cereus in 
food was evaluated. The test is based on lateral flow technology and detects, within one 
assay, both the enterotoxin complex haemolysin BL (HBL) and the non-haemolytic 
enterotoxin (Nhe). In this study artificially (n = 45) and naturally (n = 32) contaminated 
samples from three groups of food were analyzed: (i) baby formula, (ii) rice, and pasta and 
(iii) vegetables and convenience food. For the contamination of the food B. cereus strains 
were used which were isolated during routine screening of food or were identified as cause 
of food poisoning. To verify the results obtained with Duopath® Cereus Enterotoxins the 
naturally contaminated samples were analyzed using the most probable number technique 
according to ISO 21871:2006 for the presumptive presence of B. cereus. Results show that 
the Duopath® Cereus Enterotoxins detects 100% of enterotoxigenic B. cereus at artificial 
contamination levels of 100 cfu/g for group (i) and 1,000 cfu/g for food of groups (ii) and (iii), 
after 24 h enrichment in CGY broth at 37°C. Fifteen out of the 32 analyzed naturally 
contaminated samples showed a level of >= 1 cfu/g. Thirteen of those samples (86.6 %) 
were positive with the Duopath® assay either directly after 24 h enrichment (rapid screen) or 
after an additional enrichment step of 6 h (sensitive screen). Further investigations showed 
that the test has a high sensitivity of 6 ng/ml for the Nhe component and 20 ng/ml for the 
HBL component. This study shows that the Duopath® Cereus Enterotoxins reliably detects 
enterotoxigenic B. cereus after 24 h, with a detection limit of 100 cfu/g. With an additional 
enrichment step (6 h) contamination of 1-10 cfu/g could be detected. Further food studies 
with baby milk powder, fresh un-cooked pasta, frozen mixed vegetables and boiled rice are 
ongoing. 
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The present study examined the usefulness of matrix-assisted laser desorption ionisation-
time-of-flight mass spectrometry (MALDI-TOF MS) for a rapid identification of intact 
Burkholderia cepacia complex (Bcc) bacteria using an Applied Biosystems 4700 Proteomics 
Analyser. Two software packages were used to analyse mass profiles based on curves and 
peaks. The 75 strains examined represented the nine established Bcc species and some 
commonly misidentified species, closely related or biochemically similar to Bcc and relevant 
in the context of cystic fibrosis microbiology. All Bcc strains clustered together, separated 
from non-Bcc strains. Within Bcc, most Bcc strains grouped in species specific clusters, 
except for Burkholderia anthina and B. pyrrocinia strains which constituted a single cluster. 
The present data demonstrate that MALDI-TOF MS is a powerful approach for the rapid 
identification of Bcc bacteria strains. The present results demonstrate that MALDI-TOF MS 
spectra of intact Bcc bacteria can be used for a rapid and accurate species level 
identification if appropriate software is available. Both software packages showed satisfying 
results and demonstrated that a different numerical approach may give slightly different 
results. In the present study, the numerical analysis of peaks using SARAMIS software 
package revealed better results than the numerical analysis based on densitometric curves 
using BioNumerics software package. Furthermore, the SARAMIS software package allowed 
enhancing the discriminatory power of the analysis by excluding peaks shared between 
closely related species. Using this approach all but one of the Bcc strains clustered in their 
respective species specific clusters. The one strain (B. pyrrocinia R-22918) which did not 
group with the rest of the species, continued to occupy a unique position in the dendrogram, 
thus leading to ‘no identification’, rather than a misidentification. Nevertheless, this strain was 
closely related to B. pyrrocinia and B. anthina strains. 
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This work describes a lab on chip microdevice for rapid detection of Salmonella spp. based 
on qPCR technology. The qPCR chip made of SU-8 (Guonason et al., 2005; Schulze et al., 
2006; Tsai and Sue, 2006) is able to perform all the required steps: concentration and lysis of 
the target bacteria, amplification of the extracted DNA by real time-PCR (qPCR) and 
fluorescence signal detection, all in a single microchamber (see Figure 1). Salmonella spp. is 
the infectious pathogen that presents the highest level of incidence in EU-15 population 
(Eurostat Health Status Statistics). The gravity of this situation resides on the fact that its 
epidemiological aspects is growing dramatically due to the ongoing increase in worldwide 
trade in livestock, food, and food products in combination with increase in human mobility. 
The selected molecular marker for the qPCR biochemistry has been a 158 bp DNA fragment 
of S. typhimurium histone H1-like (hns) gene (Harrison et al., 1994) specific for Salmonella 
genus. The micro chip, described in (Aguirregabiria et al., 2007), consists of a single 
microchamber of 3 mm wide and 5.4 mm long for a qPCR reaction volume of 2.5 μL. The 
time required for the complete analysis, including bacteria concentration, DNA isolation and 
qPCR, is up to 50 min. The qPCR Ct is very similar in assays carry out on chip to 
experiments performance in top bench thermocycler. The experimental procedure is based 
on the immunomagnetic capture of bacteria from injected sample using magnetically charged 
polystyrene beads with Salmonella specific antibodies immobilized on their surfaces 
(Dynabeads® anti-Salmonella; Invitrogen, Carlsbad, CA, USA) (see Figure 1). The magnetic 
field created by magnets placed under and above the chip is able to capture the bacteria 
linked to superparamagnetic beads while the waste liquid is displaced. Subsequently, qPCR 
mastermix is inserted, magnets are removed and then amplification is performed. The initial 
10 min-denaturation step at 94ºC is enough for cell thermal lysis. Real Time amplification is 
achieved in 25 minutes. The emitted fluorescence signal is captured in real time by a 
photomultiplier tube through the microchip cover (See figure 1). The real time method shows 
a high specificity and accuracy. This work proves that a simple syringe, a qPCR microdevice 
and a photomultiplier are enough to carry out a Salmonella spp. rapid detection from 
complex samples.  
  
 
 
 
 
(a)                    (b)      (c) 
Figure 1. (a) sample injection on the chip; (b) detail of the qPCR microchip; (c) fluorescence signal of Salmonella 

qPCR measured as photomultiplier voltage. 
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The Dutch government wants to limit contaminations of poultry meat by zoonotic pathogens 
like Salmonella and Campylobacter. For Campylobacter this may be achieved by separating 
contaminated from clean flocks, facilitated by using a rapid test at the farm. A lateral flow 
immunoassay was developed that can be performed on site and is able to distinguish 
between clean chicken faeces and chicken faeces containing Campylobacter. 
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NeoColumn™ Deoxynivalenol (DON), a new immunoaffinity column (IAC) for the detection of 
DON, was developed and evaluated at Neogen Europe Ltd. An extensive evaluation 
programme has demonstrated that NeoColumn DON is a highly effective IAC, which can 
recover DON from a broad range of matrices. The performance of NeoColumn DON exceeds 
current EU regulatory requirements. Finely ground sample was extracted in distilled water, 
then subjected to a two-step filtration process. DON capture was achieved by passing the 
extract through a NeoColumn. Non-specific sample was washed from the column, then 
antibody-bound DON was recovered by a single methanol elution. An alternative competitor 
column was tested alongside for comparison. Analysis was performed using HPLC or 
Veratox® ELISA. NeoColumn DON performance exceeds current EU regulations. Extensive 
evaluation work showed that NeoColumn DON recovered DON from both low and highly 
contaminated reference maize with high accuracy and precision. NeoColumn DON has been 
tested on spiked or other naturally contaminated matrices including wheat, durum wheat, 
corn flour, ground maize, maize kernels and beer. NeoColumn DON showed equivalent or 
better DON recovery, compared to the competitor column. NeoColumn DON is a robust IAC 
that is highly effective for use in the detection of DON in a broad range of foodstuffs and in 
animal feed. Data obtained from an extensive testing programme demonstrates a highly 
effective IAC and that the performance of NeoColumn DON exceeds current EU regulatory 
requirements. 
 
 
 
 
 
 



118  Rapid Methods Europe 2008 
21-23 January 2008, the Netherlands 

P24 

Malachite Green/Leuco-Malachite Green ELISA: a competitive 
enzyme immunoassay for quantitative analysis of 

MG/LMG in shrimps and fish 
 

C.J.M. Arts, N. Sajic, L.M. Streppel and P.J.M. van Wichen 
 

Euro-Diagnostica BV, the Netherlands 
c.arts@eurodiagnostica.nl 

 
 
Malachite Green (MG) is an N-methylated diaminotriphenylmethane used extensively for 
dyeing materials like silk, wool, cotton, paper, leather, and ceramics. It is also applied as a 
cytochemical staining agent. MG is highly soluble in water and has long been used in the 
aquaculture industry as an effective fungicide. However, MG is mutagenic and potentially 
carcinogenic. As it may cause significant health risk for humans who consume contaminated 
fish, its use is not authorized in the European Union. On uptake, MG is rapidly reduced into 
Leuco Malachite Green (LMG) and deposited in edible fish tissues for extended periods of 
time with little MG remaining. In trout and catfish, e.g., 80% or more of the absorbed MG is 
converted to LMG, having a half-life in trout muscle of as long as 40 days. It is, therefore, 
likely that the majority of violative residues present in fish will be in the form of LMG. 
Malachite Green is not listed as a veterinary medicine under Annexes I, II or III of Council 
Regulation 2377/90/EC (EC, 1990), and its administration for that purpose is therefore not 
permitted in aquaculture. On 22/12/2003, the Commission set a Minimum Required 
Performance Limit (MRPL) for the analysis of residues of MG and LMG of 2 μg/kg (ppb) (EC, 
2003). Euro-Diagnostica BV has developed a reliable and sensitive ELISA for the 
simultaneous screening for the presence of MG and LMG in aqua culture products. 
The limit of detection of the test is 0.5 ppb. 
     
References 

EC (European Commission), 1990. Council Regulation No 2377/90/EC of 26 July 1990 laying down a Community 
procedure for the establishment of maximum residue limits of veterinary medical products in foodstuffs of 
animal origin. Official Journal of the European Communities L224:1-8. 

EC (European Commission), 2003. Commission Decision of 22 December 2003 amending Decision 2002/657/EC 
as regards the setting of minimum required performance limits (MRPLs) for certain residues in food of 
animal origin (2004/25/EC). Official Journal of the European Union L6:38-39. 

 
 
 
 
 
 



Rapid Methods Europe 2008   119 
21-23 January 2008, the Netherlands   

P25 

Immunodetection of macrolide antibiotics in food 
 

C. Elliott and M. Oplatowska 
 

Queen’s University Belfast, Institute of Agri-Food and Land Use, UK 
chris.elliott@qub.ac.uk 

 
 
Macrolides are a class of antibiotics characterized by the presence of macrocyclic lactone 
ring and sugar units liked via glycosidic bonds. In general, they are bacteriostatic in action 
and inhibit protein synthesis by binding to the 50S unit of the ribosome. They are effective 
mainly against gram-positive and mycoplasma bacteria. Macrolides are used in veterinary 
and human medicine for the treatment of broad spectrum of infections. These antibiotics (i.e., 
erythromycin, spiramycin, tilmicosin, tulathromycin, tylosin) have found application in animal 
stock farming as therapeutics, but also as growth promoting agents. Tylosin is used in some 
countries for the treatment of foulbrood disease in apicultures. In EU all antibiotics are 
prohibited from use as feed additives since 1 January 2006 according to Regulation No 
1831/2003 (EC, 2003). The withdrawal of AGPs has been justified by the development of 
resistant strains of bacteria that may cause serious infections in humans. The aim of a 
project is to develop the rapid, cost-effective and sensitive method for the detection of the 
macrolide antibiotics in foodstuffs such as poultry or honey. Different immunodiagnostics 
techniques based on specific antigen-antibody interactions will be used in this study. 
Preliminary results from the research will be presented. 
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Several veterinary drugs of human use are employed in the aquaculture sector. The most 
relevant ones are chemotherapeutic agents such as sulfonamides or antibiotics. Tetracycline 
(TC) is a broad-spectrum antibiotic of wide use in food fish production. To ensure food and 
environmental safety in aquaculture environments, these must be subject of rigorous and 
frequent controls. Analytical procedures suggested in literature for antimicrobials regard 
microbiological methods (Cabello, 2004) or chromatographic techniques (Dimenna et al., 
1987; Blanchflower et al., 1994; Fontaine and Haustraete, 1994; Scott et al., 1999). These 
methods are accurate, precise and robust, but they are not as expeditious as required for 
routine control purposes. They are also contributing to the emission of effluents of high 
toxicity. Advantageous alternative methods should rely on expeditious and efficient 
procedures with regard to sample pre-treating steps and detection approach. In this work, 
selective readings of TC are proposed by means of suitable ion-selective electrodes. New 
polymeric TC selective membranes are prepared and compared in terms of analytical 
features. In order to avoid sample contamination, as well as to reduce the human effort and 
exposure to highly toxic compounds, adaptation of the potentiometric device with a suitable 
polymeric membrane to flow injection analysis (FIA) systems was carried out. Its simplicity, 
low cost, rapidity and versatility are attractive features for routine determinations. A novel 
construction is described for this purpose, rendering quick analytical responses and high 
sensitivity. Main analytical features of the potentiometric devices are evaluated with solutions 
of adjusted ionic strength and/or pH. Selectivity is estimated by the separated solutions and 
matched potential methods. The flow set-up experimental conditions are optimized by 
univariant mode and the optimized system is applied to the analysis of food and biological 
samples. 
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A lateral-flow immunoassay using a colloidal gold-labelled monoclonal antibody was 
developed for the rapid detection of deoxynivalenol (DON). Different parameters, such as the 
amount of immunoreagents, type of the materials, composition of the blocking solution and of 
the detector reagent mixture, were investigated to provide the optimum assay performance. 
The experimental results demonstrated that such a visual test had an indicator range rather 
than a cut-off value. Thus, tests for DON determination with two different indicator ranges of 
250-500 and 1000-2000 µg kg-1 were designed. The method allowed detection of DON at low 
and high concentration levels, which could be useful for research and practical purposes. 
The assay applied to spiked wheat and pig feed samples demonstrated accurate and 
reproducible results. The applicability of the developed lateral-flow test was also confirmed 
under real field conditions. The test strips prepared in Belgium were sent to Mexico, where 
they were used for the screening of DON contamination in different bread wheat entries from 
Fusarium Head Blight inoculated plots. The results were compared with those obtained by 
ELISA and LC-MS/MS. A poor correlation between ELISA and LC-MS/MS was observed. 
Visual results of the dipstick tests were in a good agreement with the results of the LC-
MS/MS method. Coupled with a simple and fast sample preparation, this qualitative one-step 
test based on the visual evaluation of results did not require any equipment. Results could be 
obtained within 10 min. The described assay format can be used as a simple, rapid, cost-
effective and robust on-site screening tool for mycotoxin contamination in different 
agricultural commodities. 
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The presence of endocrine disrupting compounds (EDC) in the environment and effects on 
wildlife and humans has been the subject of extensive research in the last decades, with a 
focus on (anti)estrogenic activity affecting reproduction in vertebrates. It has been shown 
that, in addition to estrogenicity, contaminants may also exhibit androgenic, progestagenic, 
thyroidal and glycocorticoidal activities. In view of earlier results and the substantial health 
effects of compounds with thyroidal activity, including metabolic effects and those on the 
developing brain of foetuses and newborns, the assessment of thyroidal activity of 
compounds being present in the environment and food was an object of our research into the 
development of an bioassay, i.e., a TTR-binding assay. Using transthyretin (TTR) as binding 
protein and T4 as binding partner, RIKILT-Institute of Food Safety, the Netherlands, 
developed a TTR-binding assay on the Biacore. Based on their results, we transferred this 
SPR assay into a fluorescent binding assay in microtiter plate format. Using FITC-labelled T4 
as a tracer, we determined the relative affinity of various compounds for TTR and herewith 
the potential thyroidal activity of these compounds. Included were industrial waste products, 
plasticizers, pesticides, pharmaceuticals. It was found that in particular T4, T3, 
pentabromophenol, pentachlorophenol and tetrachlorobisphenol A showed a high affinity for 
TTR with a decrease in tracer binding of more than 50%. Results of several others 
compounds will be presented. 
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Mycotoxins are toxic natural secondary metabolites produced by several species of fungi on 
agricultural commodities in the field or during storage. Among these, deoxynivalenol (DON) 
is a prevalent representative of the B-type trichothecenes produced by Fusarium spp. whose 
maximum levels are regulated worldwide. Besides established instrumental analytical 
methods, rapid screening tests are rapidly emerging. Furthermore, the broad concentration 
range of maximum levels of DON depending on both the type of commodity and use such as 
defined in the European Commission regulation EC 1881/2006 (EC, 2006) point out the 
importance of quantitative screening. A one-step lateral flow immunochromatographic strip 
test was developed for the quantitative determination of DON in wheat in the range of 50-
1,300 µg/kg. The presented rapid test is based on a competitive immunoassay format where 
an 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 the well and the mixed content then 
migrates onto a membrane, which contains a test zone and a control zone. Mycotoxin-protein 
conjugate coated on the test zone captures free antibody-colloidal gold particle complex, 
allowing colour particles to concentrate and form a visible line. The intensity of the test line is 
dependent on the sample DON concentration and is measured with a compact photometric 
strip reader. Highly naturally contaminated wheat samples were extracted in a ratio of 1:8 
with water and the extract blended with wheat blank extract at different levels for matrix-
matched calibration of photometric read-out. One line will always be visible in the control 
zone regardless of the presence of DON confirming correct test development. The presented 
test is both quantitative and rapid delivering assay results within 5 min. The accuracy of the 
strip tests was determined using naturally contaminated wheat samples. Results indicated 
that the tests are accurate and effective for quantitative measurement of DON in wheat. 
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Fumonisins are mycotoxins produced by Fusarium moulds, primarily F. verticillioides and F. 
proliferatum. Fumonisin B1 (FB1) is the main representative of the fumonisins and occurs 
mainly in corn and corn products. Due to their toxicity maximum tolerable levels and 
guideline levels for fumonisins have been established world-wide. Many efforts have been 
made to analyse fumonisins in complex food matrices. The technique of molecular imprinting 
allows the formation of specific recognition sites in synthetic polymers through the use of 
templates. These recognition sites mimic the binding sites of antibodies and other biological 
receptor molecules. Molecularly imprinted polymers (MIPs) can therefore be used in 
applications relying on specific molecular binding events. A potential application of this 
technique is the use of MIPs instead of antibodies during rapid screening methods. MIPs are 
not only much cheaper; they are also more stable than antibodies. The aim of the present 
work was the preparation of a MIP for the recognition of FB1 using 2-(diethylamino) ethyl 
methacrylate (DEAEM) as functional monomer and trimethylolpropane trimethacrylate 
(TRIM) as cross-linker by bulk polymerization in acetonitrile. A molecularly imprinted solid-
phase extraction (MISPE) procedure was developed. Therefore each step of the procedure 
(conditioning, loading, washing and eluting) was optimized through testing several solvents. 
Cross-reactivity from analogue structures (FB2 and FB3) and non-analogue mycotoxins was 
also evaluated, as well as the influence of the presence of an acid in the loading solvent. A 
significant difference in binding was observed between MIP and non-imprinted polymer 
(NIP): respectively 80% ± 5,0% and 18% ± 4,7%. Our results indicate that the synthesized 
MIP can be an excellent alternative for clean-up and preconcentration of FB1 in food 
samples. The application of the developed MIPs in rapid screening will be further 
investigated. This is the first report on the successful synthesis and application of a FB1 
imprinted polymer. 
 
 
 



Rapid Methods Europe 2008   125 
21-23 January 2008, the Netherlands   

P31 

Immunochemical detection of thiabendazole 
 

Z. Šmídová1, M. Blažková1, B. Holubová1, O. Cehlár1, A. Montoya2, 
A. van Amerongen3, L. Fukal1 and P. Rauch1 

 

1Institute of Chemical Technology, Department of Biochemistry and Microbiology, 
Czech Republic, 2Polytechnical University Valencia, Centro de Investigación 

e Innovación en Bioingenieria, Spain and 3Wageningen University 
and Research Centre, Agrotechnology & Food Sciences Group, 

Biomolecular Sensing & Diagnostics, the Netherlands 
martina.blazkova@vscht.cz 

 
 
Thiabendazole, one of the benzimidazole pesticides, is used as fungicide in the treatment of 
citrus fruits, bananas, apples or pears after their harvest. It also has anthelminthic properties. 
Due to inadequate application it`s often found in food. For the rapid and easy detection of 
thiabendazole immunochemical techniques have been developed. Thiabendazole is used in 
human medicine as well but it`s not registered in the Czech Republic. At first, we tested the 
monoclonal antibody raised against this pesticide and determined the detection limit of 
thiabendazole using the method ELISA (enzyme linked immunosorbent assay). The aim of 
the work was to set up the LFIA (lateral flow immunoassay) method, which is easy, rapid and 
user-friendly. We focused on determination of the optimal conditions for this method, 
including concentration of coating hapten-conjugate, antibodies and free hapten (pesticide), 
with colloidal carbon used for detection. Both used methods belong to the immunochemical 
methods, based on the bond between analyte (pesticide) with antibody. The ELISA method 
is a fully quantitative method whereas the LFIA method is a semiquantitative one and less 
sensitive. As for the ELISA method, we used the indirect competitive format with the 
pesticide-conjugate bound on the walls of microtiter wells. The LFIA method is based on the 
principles of paper immunochromatography, where on the nitrocellulose membrane two lines 
are applied: testing line containing the pesticide-conjugate and control line with the 
secondary antibody. In both methods, the pesticide from the sample competes with the 
immobilized pesticide for the limited number of binding sites on the antibody molecule. 
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Bread is consumed worldwide by man, thus contributing to the regular ingestion of certain 
inorganic species such as chloride and sodium. These ions influence the blood pressure and 
may contribute to an increasing incidence of stomach ulcer (Simpson, 1995; AICR, 1997). 
Thus, their routine control should be established by means of quick and low cost procedures. 
This work reports a double-channel flow injection analysis (FIA) system with potentiometric 
detection for the determination of chloride in bread samples of several sources. All solutions 
were prepared in water and necessary ionic strength adjustments were achieved by 
confluenting sample plug with sodium sulphate solution. The indicating electrode was a 
needle of silver (Ag) of 0.8 mm i.d. covered by silver chloride (AgCl). Devices of 1.0 cm 
presented the best analytical features, regarding mainly analytical frequency. Other 
optimized parameters were ionic strength adjuster concentration, flow rate and injection 
volume. The calibration curves under optimum condition had average slopes of 56.5 ± 0.4 
mV/decade, with sampling rates of 60 samples/h. The method was applied to the analysis of 
250 samples of bread, providing from the North region of Portugal, including Coimbra. 
Samples were pão de trigo, pão integral, pão de centeio, pão de mistura, broa de milho, pão 
sem sal, pão meio sal, pão-de-leite, and pão de água. These samples were collected from 
national supermarket groups (three different cities were selected for each group), and from 
traditional bread/bakery stores. The same samples were evaluated by an independent 
method and their levels of sodium were estimated be means of a commercial sodium 
selective electrode.  
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Human noroviruses (NoV) together with hepatitis A virus are the most important causes of 
foodborne outbreaks in the western world. Despite numerous efforts, no cell line is yet 
available for cultivation of human NoV hampering studies regarding the stability and 
inactivation techniques. In 2003, murine norovirus 1 (MNV-1) was discovered and is currently 
the most related cultivable virus available for human NoV. Therefore, MNV-1 was chosen as 
a surrogate in the current study. Thermal inactivation of MNV-1 virus lysate at 80°C was 
followed by plaque assay using RAW 264.7 murine macrophage cells (Wobus et al., 2004). 
In this way the inactivation and consequent loss of infectivity of MNV-1 by heating could be 
assessed. Moreover the correlation between the detection of MNV-1 RNA by real-time RT-
PCR and infectivity by plaque assay before and after heat exposure (80°C) was examined. 
Furthermore the effect of heat on the integrity of the viral genome was tested through a 
transfection assay. Besides the effect of heat exposure on MNV-1 virus lysate, the 
inactivation rate by blanching spinach leaves inoculated with MNV-1 was investigated. The 
artificially contaminated spinach was blanched for 60 s at 80°C and 90°C to check the 
survival and thus efficiency of these heat treatments. The extraction of MNV-1 was done as 
previously described (Baert et al., 2007a) and directly followed the blanching procedure. 
MNV-1 was titrated by the MNV-1 plaque assay. The effect of peracetic acid in potable and 
demineralised water upon the inactivation of MNV-1 was measured. The reaction was 
stopped with cysteine hydrochloride. After treatment, MNV-1 was titrated as described 
above. After 150 s exposure of MNV-1 virus lysate at 80°C, 6.5 log reductions of plaque 
forming units (pfu)/ml were observed with plaque assay. A real-time RT-PCR assay was 
developed and demonstrated the presence of around 100 times more genomic copies than 
pfu before heat treatment. After exposure at 80°C as long as 1 h high numbers of genomic 
copies were still observed with real-time RT-PCR. Treatment with proteinase K and RNase A 
was included before cDNA synthesis in an attempt to establish a correlation between real-
time RT-PCR and plaque assay. Neither the proteinase K / RNase A nor the heat treatment 
at 80°C were sufficient to eliminate detection of viral genome by real-time RT-PCR. Exposure 
of MNV-1 to 80°C for 150 s was sufficient to render the viral RNA genome non-infectious in a 
transfection assay regardless the inclusion of a proteinase K / RNase A treatment (Baert et 
al., 2007b). Spinach leaves containing 3.74± 0.39 log pfu/ml which were blanched at 80°C for 
1 min, did not show infective MNV-1 anymore (<1.3 log PFU/ml). However, real-time RT-
PCR resulted in the detection of 3.13 ± 0.39 log genomic copies/ml. Peracetic acid at a 
concentration of 150 mg/kg enabled 3.37 log reductions in potable water (pH = 6.0) after 2 
min while the number of MNV-1 was reduced with 3.69 log in demineralised water (pH = 
3.58). No decline in genomic copies was observed with real-time RT-PCR even when longer 
contact times with peracetic acid were applied. In the current study no correlation between 
the molecular detection technique real-time RT-PCR and plaque assay which resembles 
infectivity was found. Moreover heat inactivation had a much stronger detrimental effect on 
virus infectivity than on the integrity of the viral genome. Whether peracetic acid affected the 
viral genome or the capsid protein is not yet elucidated. 
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Water is at the top of the ranking of the most consumed drinks all over the world. In search of 
consumer’s preferences industries have applied several technical modifications to plain 
water. Today, a significant part of marketed water is flavoured. It is added of flavours and 
aromas that provide water singular tastes and smells appreciated by men. The flavour 
addition also increases the levels of other chemical species such as metals in drinking 
waters. Metals have an impact on human health in many ways. Some elements, such as Cu, 
Mn and Zn, are essential micronutrients with a human requirement of no more than a few 
milligrams per day. Other elements have no proven essential functions in humans and are 
likely to have adverse physiological effects (e.g., Al). In contrast, trace elements such as Cd 
and Pb are well known as toxic if their intake through ingestion is excessive. Also, 
deficiencies, excesses, or imbalances in the supply of inorganic elements from dietary 
sources can have an important deleterious influence on human health (Santos et al., 2004). 
Various analytical methods have been developed for measuring the content of trace 
elements in biological and environmental samples. The most commonly employed 
techniques are: atomic absorption spectrophotometry (AAS), atomic emission spectroscopy 
(AES), inductively coupled plasma mass spectrometry (ICP-MS) and fluorometry (Silvera and 
Rohan, 2007). The aim of this work was to determine the levels of trace metals in forty 
different mineral waters, such us: Al, As, Pb, Ca, Cd, Co, Cr, Cu, Fe, Hg, K, Mg, Mn, Na, Ni, 
Se, Sn and Zn. Ca, K, Na and Mg, were quantified by flame atomic absorption spectrometry 
(FAS). Al, As, Pb, Cd, Co, Cr, Cu, Fe, Mn, Ni and Zn were analysed by electrothermal atomic 
absorption with graphite furnace. To quantify the other elements (Se, Hg and Sn) it was used 
a hydride generation associated to an electrothermal atomic absorption. 
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Image analysis is becoming a wide adopted approach in food industry but it can also be 
adopted in feed manufacture as rapid and high automated approach e.g. to quality control. 
The aim of this study was to propose a image analysis approach based on digital holography 
for rapid feed particle size evaluation, comparing, within each particle size classes, the 
results to those obtained by a traditional laboratory sieve shaker. For this purpose a floury 
preparation feed mixture were analysed by both a sieve shaker and by a large collimated 
laser beam. One-hundred grams of the batch preparation feed mixtures were analyzed by a 
sieve shaker Retsch VS 1000 (Retch GmbH, Haan, Germany) equipped by a set of eight 
sieves (Ø mm 4.0, 2.0, 1.0, 0.8, 0.63, 0.4, 0.25 and 0.125, respectively). Particles fractioned 
into nine different classes by sieving were analyzed through digital holography approach. A 
large collimated laser beam was sent through the region of space where the sample (feed 
particles) was let dropping. Since a few particles were present in the beam at a time, the 
main fraction of the light passes undisturbed while the smaller fraction was diffracted along 
the direction of the impinging light. The diffracted light mixed with the main undisturbed 
beam, and the interference pattern formed onto the plane of a multipixel sensor (CCD) was 
recorded. By devising the principles of optical holography, the image of each particle was 
reconstructed irrespectively of its position. The reconstructed images were then treated with 
ordinary image analysis software (Image pro Plus 4.5.1. Media Cybernetics Inc., Silver 
Spring, MD, USA). Particle size distributions were measured by digital holography for each of 
size classes. Mean particle size of feed sample resulted 0.31 vs. 0.33 mm for digital 
holography and sieve shaker method respectively. Digital holography gave more detailed 
particle size distribution than sieving technique. As consequence the two approaches could 
be considered comparable. Digital holography results suitable for particle size evaluation. 
Besides, this technique results a faster method than sieving.  
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Cereal quality and organoleptic features are the result of different factors such as variety, 
soil, pedoclimate, environment and cultural practices. The specific combination of these 
factors in a geographic area for instance, can affect the uniqueness of a product; from this 
point of view an important issue is the food traceability and authenticity that can be achieved 
by the study of chemical and sensorial properties of the product (e.g., cereal kernels) and 
their related interactions. In this field the electronic nose (EN) represents a widespread 
analytical approach in food authentication. The aim of this study was to verify the capability 
of EN in (i) distinguishing durum wheat (Triticum durum) of same variety cultivated in 
different Italian geographical areas and (ii) in distinguishing different variety of durum wheat 
independently of their geographic origin. For this purpose four different variety  of durum 
wheat (Anco Marzio, Ariosto, Asdrubal, Canyon), coming from two different Italian 
geographic areas (Foggia and Matera provinces) and harvested in 2007, were selected. After 
harvest,  4 kernel samples for each wheat variety coming from the two different geographic 
areas (Foggia and Matera provinces) were collected and stored at -20°C pending EN 
analysis. For this latter kernel samples have been  placed in glass vials and the head space 
was submitted to the 10 MOS (metal oxide semiconductor) sensors of the PEN2 EN 
(Airsense Analytics GmbH, Schwerin, Germany). Data were analysed by principal 
component analysis (PCA) as explorative approach. Analysis was performed by SAS 
software (Version 8, SAS Institute, Cary, NC, USA). PCA results showed that 99.44% of data 
set variance was explained by the first four components (75.47; 15.27; 7.66; 1.04%, 
respectively). Based on present results EN was able to distinguish between the two groups 
of samples according to geographic origin (Foggia vs. Matera provinces). By contrast the 
identification of variety (independently of the area of origin) was possible only for Anco 
Marzio and Asdrubal. In conclusion our results indicate that EN can be use for traceability 
purpose in agri-food chain, even if its potential in the identification of geographic origin 
seems to be higher than in variety recognition. However, present results are based on a 
limited number of samples, thus EN application in this field deserve further investigation. 
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An accurate DNA extraction method is prerequisite for the sensitive and reliable detection of 
pathogens, allergens and for species identification in food and feed using PCR or real-time 
PCR (Rt-PCR) . The currently available PCR or Rt-PCR kits exhibit a good sensitivity for 
minute detection of target DNA. However, insufficient DNA extraction processes can hamper 
optimal results of detection. DNA extraction using spin columns, phenol-chloroform or 
magnetic beads are known for its sensitivity. Nevertheless they have their specific 
disadvantages. Magnetic beads might show agglutination in sugar and fat containing 
matrices. Phenol-chloroform extraction uses toxic agents which require a special disposal 
and last spin columns loose to much DNA within the process. The new ‘spherical nanobeads’ 
offered by Q-Bioanalytic GmbH are modified magnetic beads. The surface optimisation 
inhibits the agglutination of the beads so that sugar and fat containing matrices like tuna or 
chocolate are easy to handle. Without pre-enrichment a sensitivity of 4 cells is reached in 
PCR or Rt-PCR assays even in the difficult food matrices mentioned. Following that, a direct 
quantification out of the sample will be possible. The validation of the extraction method 
showed reproducible sensitive results in different matrices like tuna, pet food, chocolate, jam, 
herbs and spices and meat. Positive results were found already when at least 4 cells were 
present in the sample. In addition the extraction method removes all inhibitors coming from 
the matrix due to the magnetic separation and washing process. The new ‘spherical 
nanobeads’ are the perfect addition to the already available QuickBlue PCR and Rt-PCR kits 
leading to a fast, sensitive and reliable detection of pathogens, allergens and species 
identification in food and feed. 
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A great number of studies were performed to research adequate methods for the determination of 
freshness of food and in particular fish (Olafsdóttir

 
et al., 1997). Rapid methods for the 

identification of food quality are very useful. Up to now only time consuming methods are 
available. Especially chemical analysis of different metabolites and sensory testing are the most 
appropriate methods and are very sensitive to determine the quality of fish. However, these 
methods need at least 20 min and longer to determine the quality of one food sample. The 
chemical parameters like TVBN often show a non-linear relationship with the freshness of fish, as 
they occur in later stages of the shelf life and cannot be used as early indicators of freshness. 
The SEQUID dielectric spectrometer uses a broadband high frequency impulse and is detecting 
the reflected signal, which is modified by the dielectric properties of the measured tissue (Kent et 
al., 2004a,b). The data are processed by multivariate statistics and can be correlated with 
different quality states with high accuracy. The instrument was used to determine whether Alaska 
pollack (Theragra chalcogramma) samples has been frozen ones or twice and could discriminate 
these qualities very clearly. Discrimination could be demonstrated in parallel by measurements of 
formaldehyde (Baumann and Koch unpublished results). Dielectric spectroscopy has also been 
applied to determine the freshness of fish in a study performed on the German Walther Herwig III 
fishery research vessel in September 2007 where several fish species have been studied (Table 
1 ). The accuracy of estimation of the storage time by dielectric spectroscopy was about 1 day for 
fresh fish filets without skin and for plaice on the skin. The dielectric measurements exhibit a 
linear correlation to the storage time even in the early freshness estimation. The measurement 
time of the SEQUID dielectric spectrometer is less than one second. Therefore the instrument is 
perfectly suited for the use in modern quality control of raw materials in the food and feed 
industry. 
 
Table 1. Accuracy of estimation of storage time on     Figure 1. Principal components of once and twice  

flaked ice using the SEQUID dielectric spectrometer    frozen Alaska pollack samples. Both qualities are  
         clearly discriminated within 2 different clusters. 
Species Standard error of validation 

(RMSEV) 

 
 

Gadus morhua (cod) +/- 1.05 (days on ice) 
Melanogrammus aeglefinus  
(haddock) 

+/- 0.84 (days on ice) 

Pleuronectes platessa (plaice) +/- 1.10 (days on ice) 
Pollachius virens (saithe ) 
 

+/- 1.10 (days on ice) 
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The polymerase chain reaction (PCR) is an extremely sensitive method to detect natural 
pathogens, biothreat agents or harmful DNA in feed. However, PCR assays of feed and food 
are susceptible to interference from the many common PCR inhibitors found in these 
matrices. Thus, purification of the nucleic acid from the matrix is a vital step in the PCR 
assay workflow. Unfortunately, many of the current methods for DNA purification are not 
optimal for feed, and often are lengthy and/or have complicated steps using hazardous 
chemicals. We report the development and optimization of a magnetic bead based system 
that rapidly and efficiently purifies DNA from feed using safe techniques. We developed a 
new nucleic acid isolation kit based on the ChargeSwitch (Invitrogen) DNA purification 
technology to optimize yield of DNA from rendered meat and bone meal (MBM). The MBM 
used for spiking was created by methods similar to those common in the US and Europe. 
Data will be presented showing excellent recovery of bovine DNA from feed spiked with as 
little as 0.1% MBM. This recovered DNA was of very high quality, free from the many 
inhibitors found in feed, and was easily amplified using simple quantitative PCR techniques. 
The product has been commercialized in kit form and is being evaluated by several US and 
Canadian testing laboratories. 
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