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Welcome at Rapid Methods Europe 2004! 
 
 
 
 
 
Dear participant, 
 
The detection of biological and chemical contaminants – preferably as rapidly and reliably as 
possible – is extremely important in managing the safety of food, feed and the environment. 
Developments in analytical techniques have led to the emergence of a wide range of rapid 
methods to complement the traditional methods. At the same time, the importance of method 
validation, proficiency testing, quality management and sampling have all become more 
widely recognised. 
 
Rapid Methods Europe 2004 – the international conference and marketplace for biological 
and chemical contaminants in food, feed and the environment – presents a firm base and 
structured framework for considering rapid methods for detecting biological and chemical 
contaminants. After a scene-setting general introduction, the various sessions look at specific 
issues in more detail. The case studies, spotlight presentations, poster sessions and market 
place/commercial exhibition build on this by looking at specific rapid analytical techniques in 
use, in development or becoming commercially available. 
 
As a comprehensive overview Rapid Methods Europe 2004 provides a reference source for 
anyone interested in the rapid detection of biological and chemical contaminants in food, 
feed and the environment. 
 
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 Organising Committee, 
 
 
 
 
 
Dr. Daniel Barug 
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LECTURES 

 
 
 

Why rapid testing? 
 
 

F.P. Scanlan 

 
Nestlé Research Center Lausanne, Quality & Safety Department 

Switzerland 
 
 
 
There are several reasons justifying the importance of rapid testing. The introduction to this 
conference mentioned that rapid and reliable means of contaminant detection are extremely 
important to managing food, feed and environmental safety. Ensuring 'safety' is by far the 
first and foremost 'result' of rapid testing in these industries and takes precedence over any 
economic factors. This talk will focus on the many reasons explaining the importance of rapid 
testing for microbiological and chemical contaminants from an industrial food perspective. 
 
Over the last decades, safety and economical concerns have been the main driving forces 
behind the development of rapid test kits, instruments, screening methods as well as the 
birth of a multitude of companies providing these technologies to industry and government. It 
should also be noted that rapid intervention for managing product tampering, bioterrorism 
and food contamination outbreaks have also led to the development of faster test methods.  
 
Rapid tests help industries in determining the effectiveness of food safety measures, legal 
compliance as well as achieving logistical and operational goals while saving time and 
investments in complex instruments and staff qualifications. In some cases they also reduce 
costs. To illustrate, let’s take an example of potential routes of chemical contamination in the 
food supply chain and how rapid testing can be useful (Figure 1). Two areas where rapid 
tests are widely used in the food industry are for veterinary drug residues in milk, meat and 
eggs and mycotoxins in cereals. 
 
The discovery of penicillin G in 1929 and sulfanilamide in 1935 led to the use of antibiotics in 
veterinary medicine. Antibiotics were then later used as feed additives in 1951. Their use 
gave rise to the development of rapid screening tests, the first being the Microbial Inhibition 
Test (MIT) for milk in 1951. Today, there are many tests on the market and are applicable to 
the entire animal production chain from farmer to food producer. Within our company, fresh 
milk is screened for antibiotics at reception at the factory and spot checks are carried out at 
individual farmers. In China, every 5,000 liter tanker of fresh milk that arrives at our factories 
is checked using the rapid Charm test. When one considers that one factory can receive 80 
tankers per day plus the numerous spot checks at farmers, this means there are about 
50,000 tests per year. If we consider we have about another 50 factories receiving fresh milk 
around the world this would mean an incredible amount of tests are performed every year. 
This approach actually leads to high testing costs but the final result is almost no antibiotic 
residues in the finished products, increased profitability from improved product quality and 
clearly a great safety benefit! 
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Figure 1. Chemical hazards in the food supply chain. 
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A European approach to validation and certification 
of rapid methods 

 
 

R. Betts 
 

Campden & Chorleywood Food Research Association 
UK 

 
 
 
The realisation of the benefits of obtaining results quickly, such as positive release of raw 
materials, faster product release and greater confidence in the safety and quality of product, 
has lead to the development over the past 2 decades of a wide range of diverse ‘rapid test 
methods’. In most cases these are designed to give an equivalent result to an existing 
reference method, but in a faster timescale. For the user laboratory, such methods have 
some very positive potential attributes, not only with respect to speed of result, but with ease 
of use and automation. There is always, however, for the laboratory, the negative aspect of 
proving that the method does give equivalent results to the reference method, and can be 
used with confidence in the users laboratory. 
 
The importance to laboratories and their users, of laboratory accreditation to ISO 17025, has 
increased still further the pressure on those laboratories to prove that their methods work, 
and this leads to an ever increasing interest in rigorous procedures for method validation. 
In the area of food microbiology, laboratories have been involved in method validation for 
many years. There are broadly two distinct but equally important validation types: 

 Internal laboratory validation, which all laboratories must do when adopting any new 
method (rapid or not). This type of validation is done essentially to show that a method 
works within that laboratory, and can be used to give ‘correct’ results. 

 External third party validation, this tends to be a more rigorous examination of a particular 
new method. The validation is organised by a third party, and gives potential users of that 
method confidence that a method operates correctly and gives equivalent results to a 
named reference method. 

 
It must be noted that a method successfully achieving third party validation does not mean 
that user laboratories do not have to do internal validation, the latter must always be done to 
demonstrate to accreditation organisations that a method can be used correctly by a user 
laboratory. 
 
Considering External Third Party validation in more detail, there are a number of validation 
systems operating throughout the world (AOAC, AFNOR, Norval, and MicroVal are probably 
the most widely known), but few that are universally accepted. MicroVal was established as a 
project to develop a European validation system for food microbiology test methods. The 
MicroVal project aimed to produce an operating system describing how to validate a method, 
whilst an organisational structure detailing the certification of methods that had successfully 
been validated was proposed. The validation operating system was made into a European 
and International Standard in 2003 (EN ISO 16140: Microbiology of Food and Animal 
Feedingstuffs – Protocol for the Validation of Alternative Methods) and is now able to be 
used for food microbiological methods. This standard is also being used within European 
Union documents on Microbiological Criteria for foods, to indicate which methods can be 
used for official control purposes, if a European standard method is not used. 
 
However, there is still not a single method validation system in food microbiology that is 
universally accepted throughout the world. The closest to this ideal are the systems operated
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by AOAC, or an EN ISO 16140 validation suitably certified by an internationally recognised 
body (e.g. MicroVal). The ideal of international recognition is hampered not by any major 
arguments on the operation of validation requirements, but much more by the question of 
which reference method to use as the comparitor. Perhaps this question will only finally be 
answered when we have universal internationally recognised reference methods. 
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AOAC Research Institute Performance Tested MethodsSM Program: 
U.S.A. and worldwide 

 
 

V. Pantella 
 

AOAC International 
USA 

 
 
 
The AOAC Research Institute (AOAC RI) was incorporated in December 1991 as a 
subsidiary of AOAC International to meet the growing need for a specialised program where 
rapid test kits could be quickly and rigorously evaluated for their performance. The AOAC RI 
Performance Tested MethodsSM Program provides an independent third-party review of test 
kit performance claims for the global scientific community. The AOAC Research Institute 
strives to lead the world in the validation of fit-for-purpose, performance-based rapid 
methodology. With over 50% of our business originating outside of the U.S.A. and including 
most of mainland Europe, New Zealand, Australia, Canada, and Japan, the AOAC RI is the 
most prominent worldwide verifier of rapid methods. Uniquely positioned in the worldwide 
marketplace, the AOAC RI is acutely aware of the intrinsic value of both domestic and 
international collaboration for the benefit of the communities we serve. To this end, the 
AOAC RI focuses internationally and maintains flexibility within the program by utilising both 
U.S. and non-U.S. reference methods in its evaluations. As the AOAC Research Institute 
continues to expand, it is imperative that our services and programs reflect our vision and 
remain in concert with the needs of our clients, our esteemed constituents, and our valued 
supporters for the advancement of the global scientific community at-large. Thoroughly 
designed, fit-for-purpose validations reassure the manufacturer that an AOAC RI 
Performance Tested MethodSM has been rigorously and efficiently evaluated. The PTM 
certification mark is the worldwide symbol of analytical excellence for the evaluation of rapid 
test kits ensuring the end user that Performance Tested MethodsSM are tests kits you can 
rely on. 
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Sampling and sample preparation: an underestimated issue? 
 
 

M.C. Spanjer 
 

The Food Safety and Consumer Product Safety Authority (VWA) 
the Netherlands 

 
 
 
The EU protects consumer’s health in member states by enforcing EC directives that set 
maximum levels for specific contaminants in foodstuffs. These include obligatory sampling 
guidelines as well. In practice this means that food inspectors, mainly at points of import and 
factories, as well as quality controllers in industrial companies that are subject to the 
requirements of HACCP, have to perform regular checks. To prevent contaminants from 
entering the food chain, this control is preferably made on the raw material, before any 
processing starts. The crucial point is that the analytical result of the sample determinates 
the judgement of the lot from which it originates. For this reason a sampling scheme is based 
on extensive scientific mathematical statistical calculations, based on analysis of a large 
amount of subsamples of a lot, as to investigate chances on false positive (producers risk) or 
negative (consumers risk) results [1]. This lead to a number of sampling plans on different 
contaminant-commodity combinations. Nevertheless these efforts, worldwide sampling is still 
considered to be the largest source of analytical error, especially at heterogeneous 
distribution of contamination in a lot. 
 
To judge about the scope of this item, let us consider the sampling Directive of import control 
on, for example nuts packed in sacks. The container of an incoming ship is put ashore. 
Before inspection this container must be completely unloaded. A 20-ton container may hold 
333 sacks of 60 kg each. All sacks must be removed from the container. Food inspectors 
must take 100 incremental samples of 300 grams each, requiring them to open 3 out of every 
10 sacks. These 100 sacks then must be closed and the container must be reloaded again to 
create a proper truckload. Two food inspectors need half a working day to sample this one 
container, because they have to move all these heavy bags and they must do it together 
because the weight exceeds the maximum one person can lift. The owner of the lot loses 
time waiting for sampling and analysis. Sometimes the result must be delivered within a 
certain period, as regulated by directives (i.e. customs regulations), which puts time 
constraint on all interested parties and also on preparing the affected cargo for further 
trading. And all this work is required to sample only one container of just one ship! 
 
The result of this inspection is a 30 kg sample. Since this is not a portion one can just 
analyse, the next step in the procedure will be to reduce sample size. This can only be done 
under the strict condition that the sample remains unaffected by a comminution step [2]. 
Milling and mixing will therefore be the next step in sample preparation. On the milling 
process and on slurry mixing data on the quality of these processes are available from 
literature. Recently a comparison was made between dry milling and slurry mixing as a 
comminuting step preceding mycotoxin analysis. Cacao, green coffee, almonds and 
pistachio samples of 10 kg were milled by a RAS mill and all three subsamples were 
analysed for aflatoxin B1 or ochratoxin A content. The homogenisation process was 
evaluated in view of the analytical results, coefficients of variation for different mills and 
particle size distributions. CV values were higher for dry milling then for slurry mixing. This 
difference was explained on the basis of measured particle size distributions for both milling 
types. Measurements also showed slight differences in mycotoxin content of samples on the 
basis of milling procedures. This might lead to false positive or negative results in the 
rejection or acceptance of a lot, based on a subsample result. It was concluded that the best
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possible sample homogenisation is obtained by slurry mixing, because it produces smaller 
particles than dry milling and thus generates lowest possible CV values for the determination 
of mycotoxin content of a sample. 
 
At first glance the situation looks much better for pesticide sampling. Pesticides are generally 
considered to be spread more homogeneous. And homogenisation of the sample is also 
obtained more easily for the softer fruit and vegetable matrices. The Directive for sampling 
fruit and vegetables for pesticides control is simple: a sample of 10 units suffices. But ten 
years ago this principle was already questioned by the Swedish, who set their own sampling 
plan: 3 subsamples of 1-2 kg and at least 8-10 units each. Codex requires 15 units to be 
sampled. In a study they compared EC, Codex and Swedish sampling methods, in which 
variability, defined as the variation in concentration of pesticide residues between individual 
units of fruit and vegetables, of up to a factor 600 was reported. These findings were 
confirmed by the responsible FAO officer in this field. FAO/WHO is involved here due to their 
calculations on exposure of humans to contaminants. Recently these views were confirmed 
by determining pesticide residue levels in the individual units taken from large, i.e. ca. 100 
units, samples. As such it is inevitable, partly because it is impossible to achieve uniform 
deposition of pesticides for pest control purposes and partly because, after deposition, crop 
growth, plant and microbial metabolism, microclimates in the field, are inherently non-uniform 
[3]. 
 
Another factor is due to the way of production in intensive agriculture in Southern and 
Eastern European regions, where typically small farm units, e.g. greenhouses of 1-2 
hectares, are cultivated by different farmers. In consequence the treatment in terms of 
pesticide usage and levels can vary greatly between them even in the same region and crop. 
The production mix of all these products results in a very different distribution of the values 
making a critical factor the adequate sampling process. A consequence of the variability in 
residues is that if satisfactory pest control is determined by the lowest levels of pesticide 
present, the majority of a crop must contain higher levels. A second consequence is that 
units containing residues of acutely toxic pesticides at the high extreme of the variability 
distribution will pose a greater risk to consumers than is evident from data on the average 
residue level measured in composite samples. Given that the minimum sample size is 10 
units for monitoring of residues in relevant fruit and vegetables, the maximum possible 
variability factor would be 10 (i.e. 1 unit contains the entire residue in a composite of 10 
units). In this respect it has to be kept in mind that whatever the sampling plans, an individual 
consumer can eat just that unit. 
 
The above paragraph on pesticides shows similarities with the outline of sampling a lot for 
compliance with mycotoxins regulations. Apparently sampling of contaminants that occur or 
are widely spread in nature is more complex than has been thought of on forehand. This 
becomes even more evident when sampling for GMO is considered. In this case sampling is 
complicated by the fact that GMO free material is shipped and handled by the same food 
chain as GMO food. The remaining GMO material after cleaning is therefore contaminating 
the GMO free commodity in a way, which is likely also to be heterogeneous. Just recently 
this has been addressed by Paoletti et al. [4]. 
 
These cases are explained more in detail during the presentation. They are given as an 
example of the practical problems one has to face when applying analytical tests, slow or 
rapid. The scope is limited to these areas, because the author works in the Primary 
Agricultural & Horticultural Products Department of the Dutch Food and Consumer Product 
Safety Authority, where these topics belong to the work program. After the lecture it will be 
clear to the audience that similar problems have to be faced in other fields of food and feed 
control, which will be outlined further in the proceedings. 
 



Rapid Methods Europe 2004, 25-26 March 2004, the Netherlands 17 

References 
 
1. Gilbert, J. and Vargas, E.A., 2003. Advances in sampling and analysis for aflatoxins in 

food and animal feed. J. Toxicology 22: 381-422. 
2. Spanjer, M.C.,  Scholten, J.M., Kastrup, S., Jörissen, U., Schatzki, T.F. and Toyofuku, N. 

Sample comminution for mycotoxin analysis: dry milling or slurry mixing? Journal of the 
AOAC International, submitted for publication. 

3. Hill, A.R.C. and Reynolds, S.L., 2002. Unit-to-unit variability of pesticide residues in fruit 
and vegetables. Food Additives and Contaminants 19: 733-747. 

4. Paoletti, C., Donatelli, M.,  Kay, S. and Van den Eede, G., 2003. Simulating kernel lot 
sampling: the effect of heterogeneity on the detection of GMO contaminants. Seed 
Science and Technology 31: 629-638.  

 



Rapid Methods Europe 2004, 25-26 March 2004, the Netherlands 18 

Advances in biosensors for detection of pathogens 
in food and water 

 
 
R. O’Kennedy1, P. Leonard1, S. Hearty1, J. Brennan1, L. Dunne1, A. Darmaninsheehan1, 

S. Stapleton1, E. Tully1, J. Quinn1,2 and T. Chakraborty3 
 

1Dublin City University, School of Biotechnology and National Centre for Sensor Research, 
Ireland, 2Texas Instruments Inc., USA and 3Justus Liebig University Giessen, 

Institute of Medical Microbiology, Germany 
 
 
 
Micro-organisms play many important roles in nature, but certain potentially harmful 
microbes can contaminate food and water, resulting in infectious and often potentially life-
threatening diseases in animals and humans. Many established procedures for detecting 
such contamination have required pre-enrichment steps prior to biochemical identification 
and this approach may require a considerable time-period. Considerable recent research has 
aimed at the development of sensors for the detection of micro-organisms, with rapid and 
'real-time' identification. Some of the most commonly used biosensor systems, including 
surface plasmon resonance (SPR), amperometric, potentiometric, and acoustic wave 
sensors and their applications for the detection of pathogens in food and water, are 
reviewed. The advantages and limitations of biosensors for the detection of pathogens, 
including specificity, sensitivity, cost, choice of biological component, potential for re-use, 
rapidity of measurement and the need for sample pre-treatment will be discussed. A number 
of case studies related to our research in this area will be described. In addition, new 
approaches and areas for study will be outlined. 
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The limit of simplicity in bacterial diagnostics 
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There is an urgent need for simple and rapid bacterial diagnostic assays. In human and 
veterinary clinical practice a number of very infectious pathogens require immediate 
detection and in the food area several recent cases of pathogenic contamination with a 
world-wide impact have shown that current methodology often lacks required speed and/or 
sensitivity. Environmental safety issues such as contamination of water with Legionella and 
the threat of bio-terrorism further stresses that real-time detection of very low numbers of 
micro-organisms should be possible in the near future. In those cases current methods are 
frequently inadequate and inappropriate since most of them are time consuming, labour 
intensive, give retrospective information and in addition require at least an overnight 
enrichment. 
 
Currently applied methodology involves the traditional culture methods (quantitative, or 
qualitative), (fluorescence) microscopy, ATP bioluminescence and measurement of electrical 
phenomena. Moreover, a broad range of immunochemical assays is available and over 
recent years nucleic acid based methods have been developed and are being applied in, for 
example, human clinical practice. Nevertheless, it appears to be very difficult to design a 
generic approach to detect low numbers of microorganisms in real-time. Some or all stages 
involved in isolating and confirming the presence of a pathogen in food, i.e., sampling 
procedures, resuscitation of injured cells, pre-enrichment, selective enrichment, detection 
and identification, are usually necessary. In recent literature great emphasis has been on 
refinement of current methods, improving one or several stages in the analysis. 
 
An ideal method will be sensitive, accurate, specific and precise. The result will be available 
in an acceptable time frame and preferably real-time. A numerical estimate of the organism 
of concern is desired for a number of applications, as is the discrimination between viable 
and dead micro-organisms. The method should be cost effective (with respect to initial 
investment and also running costs), validated, (internationally) accepted by accreditation 
authorities and suited for routine application and automation. Other more specific 
requirements include features such as portability (increased flexibility) and a non-destructive 
nature (reducing the loss of produce). Especially industrial application would benefit from 
methods that are simple, rapid, sufficiently sensitive and accurate. This is necessary to 
comply with GMP / HACCP (Hazard Analysis Critical Control Point) systems in which the 
results of bacterial diagnostics should enable corrective action to be taken during the 
production process. 
 
Based on the aforementioned, an important question is whether it will be possible to really 
simplify bacterial diagnostics in the near future, thereby meeting the requirements as set out 
above. What kind of limits would we have to deal with? 
 
Of course, it is possible to design simple assay protocols that require low or no skills. This 
approach may be directed to the total procedure, or to (a number of) individual steps. 
Another way of further simplifying methods is maximising automation, i.e., irrespective format 
and technology of the method reducing hands-on time and, in addition, labour costs. A third
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possibility is a shift of the test procedure to earlier stages in the production process, based 
on GMP / HACCP / Tracking & Tracing protocols and often resulting in a reduced number of 
samples to be analysed. 
 
There are, however, some requirements that limit such simplification of a bacterial diagnostic 
method at or due to critical points in a procedure. Limits will, for example, be set by the need 
for a particular assay sensitivity and speed, and by requirements as laid down in legislation 
and regulation, including GMP and HACCP protocols. To deal with these limits new 
approaches are necessary and recently a number of innovative methods / technologies have 
been described that should enable, probably in a complementary effort, simplification of 
assays while maintaining sufficient sensitivity and reaching a substantial reduction of total 
assay time. 
 
These new technologies include, among others, metabolite detecting biosensors, electronic 
noses, FT-IR spectroscopy, biochips, DNA microarrays, Surface Acoustic Wave sensors, 
phage display and MALDI-TOF mass spectrometry. New research areas such as 
nano(bio)technology, genomics, proteomics and metabolomics will result in miniaturised 
methods, lab-on-a-chip solutions, that enables multiple and simultaneous pathogen detection 
in almost real-time. In this respect, it is extremely important to manage the overwhelming 
amount of data that may be produced in these assays, especially relevant for technologies 
that are based on a fingerprinting approach. The software should not only give the correct 
answers, but also identify those variables that optimally describe the microbiological status. 
Furthermore, it should give understandable and practical answers, instructions, or 
suggestions that result in the right measures to be taken. 
 
In the presentation, an overview will be given in rapid methods for detection of bacteria. 
Various technologies will be covered such as those based on immunochemical, analytical 
and molecular biological principles. In addition to examples from literature and commercial 
information, illustrations will be given from the work in our own group. Our activities focus on 
the development of rapid and simple lateral flow and colloidal particles mini-array 
immunoassays. Based on various formats prototype assays have been developed for 
Salmonella, Escherichia coli (O157), Bacillus cereus and Pseudomonas putida. 
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Rapid methods and fungi: a challenging couple 
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Yeasts and moulds can negatively influence the quality of food products and result in 
significant economic losses. Furthermore, moulds can produce mycotoxins, which threat 
consumer health. Therefore, prevention of outgrowth of yeasts and moulds is a point of 
special concern in the food industry. Every food product has its own specific fungal spoilage 
flora, which is determined by its growth characteristics and the product composition. In order 
to control the quality and spoilage, an effective quality assurance and monitoring system (QC 
system) is essential for the food producer. An important aspect of a QC system is a rapid, 
reliable, robust detection and identification method. The standardised method for detection of 
fungi in foods (ISO 7954: 1987) is time-consuming, insensitive, and only living cellular 
structures are detected. A microscopically identification requires well-trained personnel, and 
in some situations specific isolation media. Recently a few new rapid assays have been 
developed and are now commercially available. This lecture will present an overview of some 
new developed rapid methods for yeasts and moulds.  
 
Types of methods 
 
Besides the traditional method ISO 7954 (1987), new rapid methods have been developed 
and became commercially available. These methods rely on various principles: 

 methods based on growth and physiology, like Microfoss, membrane filtration or Biolog; 

 methods based on detection of specific compounds, like D-count or immunoassys; and 

 DNA based methods, like real time PCR, RFLP fingerprinting, etc. 
 
In this paper the Microfoss system, the Biolog identification system, immunoassays and DNA 
based methods will be described in more detail. 
 
Detection specific compounds: Microfoss 
 
The Microfoss system is based on detection of CO2 production by growing cells. This system 
can detect yeasts and moulds (20 cfu/ml or g) within 72 hours, in both solid and liquid food 
products. The sample or a macerate is titrated in a vial with a sponge surface, growth 
medium and colouring agent thymolphtalein. Fungal growth is monitored via change of 
colour, induced by an increase of concentration CO2. This method is tested for the following 
strains: Penicillium, Aspergillus, Wallemia, Mucor, Fusarium, Rhizopus, Eurotium and 
Alternaria. Validation is performed for milk powder, flour, fruit juices and concentrates, 
yoghurt, grains, cakes and dips, e.g. garlic and onion dip. Detection times vary from 65 hours 
for wheat with 50 colony forming units (cfu)/g product to 9.6 hours for cheese with 100,000 
cfu/g. 
 
Growth based Biolog rapid identification system 
 
This system from the company Biolog is a promising rapid identification method which can 
support very well the microscopically identification of moulds. This system identifies moulds 
and yeasts on basis of their ability to grow and metabolise a broad range of different carbon 
and nitrogen sources. The nearly fully automated Biolog system consists of a microtiterplate 
with 95 carbon sources in combination with the colouring agent tetrazoliumviolet. The moulds
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or yeasts are inoculated in the microtiterplate and the growth of the fungal cells is observed 
via the conversion of colourless tetrazoliumviolet towards its purple reaction product. This 
system is designed for the identification of fungi present in food and air. Five-hundred most 
commonly occurring species are present in the Biolog filamentous fungi database. Via this 
database, the biochemical identification based on the conversion of the carbon source is 
linked to the typical morphology of the fungal species. Result is available within 48 to 72 
hours, but isolation of the fungal species from the food product is still required. Furthermore, 
there is a limited number of media available, which restricts the number of species to be 
identified with the Biolog system.    
 
Detection of specific compounds: immunoassays 
 
During the last decades, immunochemical assays have gained an increasingly important role 
as powerful analytical tools to assess the safety and quality of foods. Many immunoassays 
have been described for the detection of mycotoxins, but detection of moulds is also possible 
via determination of specific immunoreactive extracellular polysaccharides. Basically, two 
types of tests are developed; namely the latex agglutination and the Enzyme Linked 
Immunosorbent Assays (ELISA). The sensitivity of these immunoassays is remarkable; less 
than 1 nanogram antigen/ml can be observed with ELISA. One moulded grain kernel in 1 kg 
flour or one moulded grape in 100 l grape juice equals this amount of antigen. The antigen is 
heat stable so detection of former presence of moulds in heat-treated products is possible. 
However, living and dead cells can not be distinguished. The result is species specific 
(Penicillium, Aspergillus and Monascus). and within hours available. This method is not 
suitable for a total count and also to some extent laborious while an extraction of antigens is 
necessary. Biorad and R-Biopharm market immunoassays for the detection of food borne 
moulds.  
 
DNA based methods: Polymerase Chain Reation 
 
Polymerase Chain reaction (PCR) based methods allows rapid multiplication of specific 
DNA-fragments from a target organisms. PCR allows detection and identification of low 
concentrations of micro-organisms in food products and ingredients. Fungi can also be semi-
quantitatively detected in foods via real time PCR. New developments with quantitative and 
qualitative PCR are being developed for fungi occurring in indoor environments, with a flora 
which is very similar to those occurring on food. 
 
Conclusions 
 
Various different rapid detection and identification methods are commercially available. It is 
difficult to compare in general traditional counting and microscopically identification with new 
rapid methods, while the drawbacks of the traditional methods are accepted. It really 
depends on the product (matrix) and its quality criteria if a new rapid method could be an 
alternative. For identification the Biolog system is good alternative, certainly because it 
supports the microscopically, morphological methods.  
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the case of Listeria monocytogenes 
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Commonly used methodologies for the detection of specific organisms are severely 
compromised by the laborious and time-consuming steps of nucleic acid extraction, 
amplification and amplification product identification. This is why we have developed a rapid 
nucleic acid detection method amenable to automation. The monitoring of our model analyte, 
Listeria monocytogenes, is accomplished by using a novel, rapid sample pre-treatment 
method, fast thermal cycling and homogeneous real-time PCR based on environment 
sensitive lanthanide chelates and time-resolved fluorescence. Listeria cells were monitored 
from spiked milk, cheese and fish samples. The method can detect as little as 2-20 cfu from 
crude sample (confirmed with platings). After enrichment the whole process of sample 
preparation, target sequence amplification and identification can be completed in less than 
60 minutes. 
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The presence of Legionella in tap water systems is a potential risk for human health. 
Inhalation of aerosols with Legionella bacteria may lead to lung infection resulting in 
legionellosis. In 1999 a serious outbreak of legionellosis occurred in the Netherlands and a 
recent outbreak in France in December 2003 again shows that multiplication of Legionella in 
water installations is a serious concern. 
 
A reliable detection method is essential to determine the presence of Legionella in water. 
Shortly after the first discovery of Legionella pneumophila in 1977, a semi-selective agar 
medium was developed for the detection of Legionella. This BCYE-medium still is the 
standard method for the detection of Legionella in water. Major drawbacks of the culture 
method are however the relatively long incubation time of 7-10 days and the uncertainty 
about the ability of Legionella spp. to grow on this medium. BCYE medium contains a 
number of antibiotics to prevent overgrowing of the surface of the agar by bacteria other than 
Legionella. These antibiotics however also have a negative impact on the recovery of 
Legionella.  
 
A number of new methods became available with the introduction of DNA and RNA based 
techniques. Kiwa started in 1999 with the implementation of the fluorescent in situ 
hybridisation technique (FISH). The FISH technique uses a specific fluorescing DNA-probe 
targeted the ribosomal RNA of the cells of the selected microorganisms. Specific bacterial 
cells in a sample are microscopically visualised, identified and enumerated simultaneously. 
Ribosomal RNA is only present in living (active) cells. By targeting this rRNA, the FISH 
technique is in principle able to distinguish between dead and active cells. Another 
advantage of the method is that the results are available within a day. For research purposes 
this technique is commonly used to observe specific bacterial communities in the 
environment. A major drawback of the method became visible after applying this method for 
testing of water samples from a water system shortly after flushing with hot water. The rRNA 
was still detectable after several days resulting in false-positive analysis. The relative high 
detection limit of 2000 cells/l is another drawback of the method.   
 
With the introduction of the PCR technique a rapid and more simple method became 
available. PCR amplifies a specific DNA fragment if the selected bacteria are present in the 
water sample. Although the method cannot distinguish between dead or living cells, the 
simplicity of the technique makes is very useful to monitor the presence of selected bacteria. 
The PCR technique is therefore a useful screening method. A recent development in PCR is 
the introduction of Real-time PCR. In Real-time PCR the amplification of DNA is measured 
on line and the result is available within a few hours. Another advantage of Real-time PCR is 
that it enables quantification of the initial concentration of target DNA. The concentration of 
bacteria is calculated using a reference cell suspension. Inhibition of the PCR amplification 
by metals or humic acids is still a drawback of the method, demanding further research.   
 
DNA and/or RNA targeted detection techniques enable a reliable detection of L. 
pneumophila. The question which method (or combination) has to be used is largely
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depending on the question to be answered and the history of the water sample. Each method 
has its own characteristics (Table 1).  
 
 
Table 1. Aspects of the different detection techniques. 
 

Aspects Culture FISH PCR 

Specificity Legionella L. pneumophila, .. L. pneumophila,.. 

Detection target Culturable cells  rRNA in active cells DNA 

Time of analysis 7-10 days 6-24 hour <3-8 hour 

Detection limit 50 cfu/l 2000 cells/l 10-20 nDNA/l 

Drawbacks Time of analysis Stability of rRNA Stability of DNA 

Use Standard Rapid, viable cells Rapid, screening 
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Norovirus in food and water – isolation and quantification 
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The non-cultivable Noroviruses (NVs) are members of the family Caliciviridae and have 
emerged as the single most common cause of outbreaks of acute non-bacterial gastro-
enteritis throughout the world. The Centre for Disease Control and Prevention (CDC) 
estimates that 23 million cases of acute gastro-enteritis are due to Norovirus infection, and it 
is now thought that at least 50% of all foodborne outbreaks of gastro-enteritis can be 
attributed to Noroviruses. NVs are transmitted primarily through the faecal-oral route, either 
by consumption of faecal contaminated food or water or by direct person-to-person spread. 
These viruses are highly contagious, and as few as 10 viral particles may be sufficient to 
cause infection. Symptoms usually begin 24 to 48 hours after ingestion of the virus. Illness is 
brief and last only 1 or 2 days. However, during that brief period, people can feel very ill and 
vomit, often violently and without warning, many times a day. Furthermore, the virus may be 
present in the stool and vomit of infected persons, from the day they start to feel ill for as long 
as 2 weeks post infection. Asymptomatic carriage periods may therefore increase the risk of 
foodborne contamination by food handlers, especially if hygiene conditions are poor. Food 
produce may be contaminated at source or at any stage during processing, packaging and 
distribution. The risk of foodborne disease has been increased in recent years by the 
increase in consumption of pre-prepared foods, particularly those consumed without further 
cooking.  
 
Noroviruses are diverse have been genetically classified into three major genetic groups 
consisting of 17 genetic subgroups. They cannot be grown in vitro, making their detection 
difficult. Current methods are based on immunoassay or sensitive generic reverse 
transcription polymerase chain reaction (RT-PCR) amplification with short segments of the 
viral genome as target. Fluorescence based real-time RT-PCR assays are widely used for 
the quantification of mRNA levels and represent an essential tool for basic research in 
molecular medicine and biotechnology. 
 
We have established rapid and highly sensitive real-time quantitative PCR methods using the 
iCycler iQ™ detection system (Bio-Rad). This has been coupled with different fluorescence 
techniques for real time PCR including the use of SYBR®Green I and LUXTMprimers 
(Invitrogen). Multicolour fluorescence detection allows the opportunity to analyse two 
different fluorescence dyes simultaneously. In our experiments, Cy3- and Cy5-labeled 
beacons were designed for the detection of NV and NV internal control, respectively. Adding 
internal control RNA during isolation of RNA makes it possible to control for the efficiency of 
both RNA isolation and RT step. Additionally, we can detect false negative samples due to 
amplification inhibitors. The recombinant RNA internal control was constructed by modifying 
the original target sequence to include novel primer and probe-binding sites as described 
previously [1]. The developed template therefore resembles as closely as possible the target 
sequence, so that any changes in the efficiency affect both amplification reactions equally. 
 
The NV real-time RT-PCR developed had a detection limit of 101 RNA copies per reaction 
and showed a dynamic linear detection range between 108 and 102 RNA copies. Negative 
controls showed no specific amplification. The virus detection methods are useful for quality 
management, rapid diagnosis of non-bacterial gastro-enteritis due to NV as well as for 
epidemiological studies. 
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                                      Food Sample
                                            (Lettuce, Fruits etc.)
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of virus
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mRNA DIRECTTM Kit) 
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                      One-step RT-PCR

                          using SYBR® green, LUXTM primer, Molecular Beacons or TaqMan® probes

      Water Sample

     Filtration      Filtration 

  Concentration    Concentration  

 
 
 
Assays to detect virus in food need to be adapted for each food substance i.e. shellfish [2] or 
fruits and vegetables [3]. Water can be tested for NVs by using RT-PCR to detect virus when 
large volumes of water are processed through specially designed filters [4]. 
 

For the complex food samples we have used the BagFilter system (Interscience) to elute 
initially virus particles and to transfer into the buffer. The RT-PCR and concentration systems 
developed in this study have provided an efficient and broadly adaptable method for the 
Norovirus detection in food and water.  
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The prerequisite for the monitoring of the GMOs is the development of sampling schemes 
and testing methods, which can be applied at the different stages of the production chain and 
for instance for seeds, grains and processed food products. The current scientific and 
technological knowledge does not allow the detection of all possible genetically modified 
organisms by using a single method. Thus, multiple tests need to be carried out. There are 
several different testing approaches, which are likely to provide equally satisfactory results. 
These include, for instance, qualitative and/or (semi-)quantitative screening methods or 
methods specific for certain GMO(s). The methods are commonly based on protein or DNA 
detection. Some of the methods are more appropriate for the analysis of seed and grain 
samples (e.g. qualitative methods, ELISA-based methods or strip-tests) than for testing final 
food products (e.g. quantitative PCR methods). Some methods are more 'rapid' than the 
others. Before methods are ready for use they must be validated so that we can have a 
confidence that the methods consistently meet the requirements for their intended 
applications.  
 
Recently, two new European Community Regulations have been published that will affect the 
GMO testing in Europe. These regulations deal with the genetically modified food and feed 
(Regulation EC no. 1829/2003) and traceability and labelling of genetically modified 
organisms (Regulation EC no. 1830/2003). The regulations affect the GM testing and 
monitoring in a number of different ways. Firstly, the established threshold values and 
mandatory labelling call for testing methods with very good performance – and their efficient 
and harmonised use by different parties at different stages of food and feed supply chains. 
Secondly, the applicant wishing to place GM food/feed on the market should submit in the 
application dossier a method for the GM detection. Thirdly, the GM Food and Feed regulation 
establishes the Joint Research Centre (JRC) of the European Commission as the 
Community Reference Laboratory (CRL) with the main task of validating the GM detection 
methods submitted by the applicant. In this task, the CRL shall be assisted by the European 
Network of GMO Laboratories (ENGL).  
 
This presentation reviews results and experiences of recent ring-trials and in-house testing of 
several different GMO detection methods. Furthermore, some developments in the validation 
approaches are described. Questions to be brought up include the definition of what 
constitutes a method to be validated, the outline of the validation scheme and the definition 
of performance requirements for the analytical methods to be accepted as fit for control 
purposes.  
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The human body has developed a system to protect from the attacks of harmful organisms 
and substances: the immune system. Some people’s immune system reacts to certain 
substances which are not actually dangerous to the organisms: this is considered to be an 
allergic reaction. Generally, there are four major groups of allergens: 

 injection allergens (e.g. drugs administered by syringe or insect stings); 

 inhalant allergens (spores, dust, animal hairs, feathers); 

 contact allergens (cosmetics, chrome-containing accessories); and 

 food allergens (nuts, cereals, milk, meat). 
The following presentation is only concerned with the latter category, the food allergens. The 
majority of food allergens are proteins originating from a wide range of common sources of 
food. The US Food and Drug Administration (FDA) has issued a light of eight major allergens 
which are considered to account for more than 90% of all food allergies. The European 
Commission has issues a 12-long list for major food allergens, taking also into account 
sesame, celery, sulphur dioxide and mustard. 
 
All for one: can all types of detection methods be applied to the same matrix? 
 
Whilst it is well known that these substances cause allergies, very few test systems are 
available to provide food manufacturers or retailers with information on the presence of 
possible allergens. 
 
Some people may ask: isn’t it true that a food manufacturer should know what he uses in his 
products? This is certainly true as far as the major components are concerned but the issue 
here is a different one: often food manufacturer buy multi-component products (e.g. mixtures 
of spices or batter mixes etc.) where not every component may be listed. Here, hidden 
allergens present the problem. If the spices have additional flavours added, they might be on 
a soy flour carrier. Unless the finished product also contains larger proportions of soy and is 
therefore listed, a person allergic to soy may inadvertently consume the product containing 
unlisted soy flour as carrier for flavours. Another example is the use of shared equipment in a 
factory which has products containing one or multiple allergens. Here, cleaning procedures 
may be in place but how can the manufacturer assess if the cleaning is efficient? Allergens 
can not be seen by the naked eye! 
 
For the past years, antibodies in animals have been raised to detect various allergic 
compounds, including certain nuts and milk proteins. Several kits using these antibodies 
have been commercialised. However, to date no test is available to detect all allergens. Each 
antibody has it’s (often more or less specific) target, i.e. for 12 allergens you need 12 tests. 
While this is in principle feasible, the available antibodies for some target allergens are very 
limited and the costs are prohibiting. 
 
As an alternative, DNA-based assays have been developed which allow the simultaneous 
screen of up to 8 allergens in a single assay. This methodology requires only a few tests to 
cover the whole range of allergic organisms. On the negative side one could argue that DNA 
is only an indirect assay as it does not directly detect the allergic protein but the DNA of the
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organism producing it. But one must not forget that the commercial, non-human, antibodies 
do neither detect the epitopes recognised by the human immune system (which tend to differ 
from one allergic person to the next), but merely the presence of the allergic protein. Here, 
heat denaturation may destroy the epitope for the commercial antibody while the one for the 
human antibody is still intact. This would result in a false-negative result which may lead to a 
severe reaction by the allergic individual based on the result of the protein test. This has 
been reported for several commercially available peanut ELISA kits (personal 
communication). Other ELISA assays may simply detect proteins of a specific, allergen-
producing organism which is no different to detecting DNA of the same allergen-specific 
organism. Also on the negative side for DNA-based assays stands the fact that if 
components are fractionated, DNA might be separated from the proteins and no longer 
present. However, this is only true in a few cases like refined oil, where proteins may 
potentially be present but not DNA. 
 
On the positive side, DNA-methodology has a lot to offer: It enables the laboratory to offer 
cost efficient, sensitive and highly specific multi-allergen screening systems which can be 
used for a wide range of foods and may be particularly useful for quality assurance testing in 
food-manufacturing plants as well as at the retailer level. DNA-based assays are often more 
specific in recognising the target organisms than some protein based assays which show 
cross-reactivity to similar protein structures which may not cause allergies. Such cross-
reactivities based on the antibody test could lead to false-positive result which may be costly 
for any food manufacturer if he has to destroy his products due to allegedly contained 
allergens. 
 
In summary it has to be said that the knowledge about the matrix and the target analyte are 
the critical factors for making the right choice of the methodology, ELISA, PCR or alternative 
approaches. 
 
One for all: is there one test system for all allergens? 
 
The short answer is ‘no, but…’. Both methodologies, ELISA and PCR, have distinctive 
advantages and disadvantages. One of the most critical one, is the fact that there has been, 
until now, no test to screen for most of the listed allergens. This is relevant for for finished 
products (at the final production stage or at the retailer stage). For ELISA testing, mixing 
several antibodies to detect numerous allergens has so far not been successful at the 
relevant detection levels. Eurofins have developed a modular, highly specific and sensitive 
DNA-based multi-allergen screening system allowing to detect and identify the widest variety 
of allergens. The system is constructed in a manner that allows mixing and matching target 
assays as required. As an example, if a manufacturer uses sesame, hazelnut and celery on 
some lines but wants to assure that other lines are free of these allergens, a single PCR 
assay can test for traces of all of these substances. The system has been extensively 
validated and compared with existing ELISA methods. The results of this study will be 
presented. 
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Rapid detection of BSE 
 
 

F. van Zijderveld 
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The BSE epidemy in the United Kingdom and the subsequent cases in most European 
countries and its association with vCJD in man had great impact on animal husbandry and 
the meat and animal feed industry. In the last two decades a huge amount of European and 
national legislation was established and implemented to take measures aiming to eradicate 
BSE, protect human and animal health, and to restore consumer’s confidence in meat and 
meat products. A reliable monitoring programme in the different Member States was not 
possible before 2001, because the gold standard diagnostic tests (histology and 
immunohistochemistry) were too laborious and impractical to handle a large amount of 
samples. After the introduction of 'so-called' rapid tests in 1999 and their implementation in 
European legislation, a huge and compulsory monitoring programme was started at the end 
of 2000.  After its introduction some Member States became aware that their previous BSE-
free status was based on a failing passive surveillance system.  
 
The main purpose of the monitoring programme is to provide a reliable insight into the 
prevalence of BSE in the Member States. At the same time it ensures that no BSE cases are 
being slaughtered for human consumption. This increases beef safety in combination with 
other measures such as the removal and destruction of specified risk materials. The 
compilation of Member State data is important to enhance our understanding of the 
epidemiology of TSEs and allows us to better identify the future direction policies should take 
to protect animal and human health. 
 
In brief, the principles of the rapid tests used for TSE monitoring are explained and results 
are discussed. 
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Standardisation of GMO analysis - the need for 
compatible measurement results 
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Monsanto Company 
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Biotechnologically enhanced plants and products derived thereof continue to be the reason 
of much dispute. In order to address concerns raised by the public, several countries 
imposed mandatory labelling schemes for the presence of products derived from modern 
biotechnology, while others rely on voluntary labelling codes. Mandatory labelling triggers the 
need to have methods for detection for the compliance and enforcement of the 
corresponding labelling legislation.  
 
In principle there are three different ways to test for the presence of biotechnologically 
enhanced traits in grain/food/feed: 

 testing for phenotype by Bioassays (e.g., Determination of germination rates of herbicide 
tolerant seeds in selective media); 

 testing for the presence of newly expressed proteins, typically by lateral flow devices; and  

 testing for the presence of the modification within the genome (DNA analysis) 
 
All these methods are applied during seed production, in grain trade and for analysis of food 
products in order to check for compliance with labelling directions, if applicable. Thresholds 
are typically issued for food and little details are given towards the units (%seeds, weight-%, 
etc). The two most commonly used methods are lateral-flow devices, a rapid immuno-
diagnostic method, and PCR (Polymerase Chain Reaction) aiming at the detection of specific 
sequences of DNA. While the lateral flow devices as a rapid test method for grain will provide 
results expressed as %-kernel, PCR will result in %-DNA. Several biological factors influence 
the conversion factor of these two measurement units. 
 
It is important to recognise the impact the different test methods can have on the conversion 
of the measurement results to the units a legal threshold is expressed in. Moreover the 
appropriate choice of reference materials that match the matrix of the materials to be 
investigated appears to be critical in order to have compatible test results. Both factors will 
help to achieve compatible test results. Different test laboratories that employ different test 
methods or utilise different calibrators can easily obtain differing test results on identical 
sample.  
 
Examples will be given to highlight the impact of the appropriate choice of detection method 
and reference material on compatibility of test results.  
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Validation of test kits for peanut allergen detection 
 
 

R.E. Poms, M.-E. Agazzi, A. Bau, M. Brohee, C. Capelletti, 
J. Norgaard and E. Anklam 

 
EC-DG JRC Institute for Reference Materials and Measurements (IRMM) 

Belgium 
 
 
 
The Joint Research Centre (JRC) of the European Commission (EC) co-ordinated an 
international ring trial for the validation of 5 different ELISA test kits for the determination of 
peanut residues in dark chocolate and cookie. The aim of the study was to investigate the 
performance of the currently commercially available ELISA test kits for the determination of 
peanut residues in dark chocolate and cookie at the very low mg/kg range. Investigated 
performance characteristics included the detectability of conventional, contaminated samples 
(not spiked, but experimentally contaminated before/during production) at four different 
concentrations, the feasibility of quantitation in the low mg/kg range, the comparability of 
quantitative results between different assays, and the determination of matrix effects on 
quantitative results. 
 
ELISA kits 
 
Currently there are 5 ELISA test kits for the determination of peanut residues in food 
products commercially available. The test kits either target a specific allergen (Ara h 1, Ara h 
2) or total peanut protein. All of the assays work with crude extracts from the food product. 
Two Elisa kits use the same protocol for any kind of food. Three kits suggest minor 
modifications for the extraction of peanut protein from dark chocolate either by adding skim 
milk powder or fish gelatine to the extraction buffer, in order to avoid the masking of target 
proteins by the tannins contained in dark chocolate. The following kits were included in the 
study: 

 BioSystems from Tepnel, UK targeting Ara h 1; 

 Elisa Systems, Australia, targeting Ara h 2; 

 Prolisa from Pro-Lab, Canada, targeting total soluble peanut protein; 

 Ridascreen from R-Biopharm, Germany, targeting total soluble peanut protein; and 

 Veratox from Neogen, USA, targeting total soluble peanut protein. 
 
Participating laboratories 
 
34 laboratories from 16 European countries (A, B, CH, CZ, D, F, FIN, G, H, N, NL, PL, E, S, 
UK) were invited to participate in the study, of which 31 submitted their results for further 
evaluation. Each laboratory received 2 different kits. For each kit results from 12 laboratories 
were received. 
 
Samples 
 
Each participant received 2 x 8 samples (in blind duplicate) of contaminated cookie at levels 
of 0, 2, 5, and 10 mg/kg and 2 x 8 dark chocolate samples containing 0, 2.5, 5, and 10 
mg/kg, respectively. Thus each laboratory received 32 samples to be extracted and analysed 
by employing the two different ELISA kits provided with the samples. 
 
Peanuts employed to produce the contaminated samples 
Dry roasted peanuts (light) were obtained from Nestle, Lausanne, Switzerland, and used for
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the chocolate samples. Oil roasted peanuts (light) were obtained from Migros, Zurich, 
Switzerland, and used for the cookie samples. Dry roasted and oil roasted peanuts, 
respectively, were ground in liquid nitrogen and sieved to a particle size of 250 - 400 μm. The 
flour was stored at -20oC until mixing with the respective matrices. 
 
Contaminated dark chocolate samples 
Peanut and tree-nut free dark chocolate was obtained from Nestle, Lausanne, Switzerland. 
The chocolate was melted at 60oC and various amounts of fine ground dry roasted peanut 
material (particle size of <125 μm, not defatted) were mixed into the melted chocolate by 
continuous stirring at 60oC for 1 hour. Final concentrations of the “contaminated” samples 
were 2.5, 5, and 10 mg/kg, respectively. The mixtures were spread onto metal sheets and 
quickly chilled and kept at -20oC until distribution to the participating laboratories. For not-
contaminated dark chocolate – used as a blank in the study – the same preparation 
procedures were followed, but without adding peanut flour. Prior to dispatching, the 
chocolate samples were ground in liquid nitrogen and weighed into 50 ml tubes (1.00 g +/- 
0.5%). Tubes were coded and randomly assigned to the various participating laboratories. 
 
Contaminated cookie samples 
Cookie dough was prepared as follows by mixing 50 g wheat flour, 20 g butter, 25 g sugar, 
and 1 egg. The resulting dough was spread evenly into cookie tins (diameter ca. 8 cm and 1 
cm high) and baked at 180oC for 10 min. The baked cookies were ground with liquid nitrogen 
and sieved to obtain a flour with a particle size of <250 μm. This flour was used as blank in 
the study and to prepare different concentrations of 'peanut contaminated' cookie sample by 
mixing with contaminated cookie containing 100 mg/kg peanut flour. 'Contaminated' cookie 
dough was prepared by mixing 50 g wheat flour, 20 g butter, 25 g sugar, 1 egg, and 100 
mg/kg fine ground peanut flour. The '100 mg/kg peanut-dough' was prepared, baked, ground 
in liquid nitrogen and sieved in an identical manner as for the blank cookies. To obtain final 
concentrations of 2, 5, and 10 mg/kg peanut flour in cookie, various amounts of the '100 
mg/kg peanut-cookie' were weighed into blank fine ground cookie. Samples were weighed 
into 50 ml tubes (1.00 g +/- 0.5%) and stored at -20oC prior to dispatching. Tubes were 
coded and randomly assigned to the various participating laboratories. 
 
Homogeneity of samples 
 
Homogeneity of samples was tested at various steps in the production of the sample material 
and in the finally weighed sample. 
Parameters for homogeneity testing were included particle size of ground cookies and 
peanuts, extractable protein content (determined by BCA assay), and specific peanut 
determination by ELISA. 
 
Results 
 
Results were collected from participants by receiving a completed electronic spreadsheet 
and print outs of the original micro-plate reader and the calculated results. Non-compliant 
participants with the provided standard operation procedure protocol were excluded from the 
statistical analysis of the results. Statistical outliers were determined by Cochran’s and single 
and double Grubb’s tests. 
 
None of the kits gave false positives. Three of the five ELISA test kits did not give any false 
negatives, even at the 2 mg/kg level (corresponding to 0.2 - 0.5 mg/kg peanut protein). 
Apparently, the lower concentrations (2 and 5 mg/kg peanut ≈ 0.2/0.5 and 0.5/1.3 mg/kg 
peanut protein) fell below the detection/quantification limits of two of the tested ELISA kits. 
Overall, the recoveries (= mean values of blind duplicates analysed by 13 laboratories) of 
peanut material from cookie were between 0.8 and 3.5 mg/kg for the 2 mg/kg level, 2.3 -
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11.0 mg/kg for the 5 mg/kg level, and 6.2 - 20.4 for the 10 mg/kg level. The recoveries of 
peanut material from dark chocolate were 0.3 - 3.1 mg/kg for the 2.5 mg/kg level, 1.8 - 7.8 
mg/kg for the 5 mg/kg level, and 3.6 - 16.1 mg/kg for the 10 mg/kg level. The average CV% 
of duplicate analysis (per sample) were between 3.7% and 12.7% for the various kits and 
samples. 
 
Conclusion 
 
Although the obtained results and achievable LODs varied significantly between kits, all kits 
were able to reliably determine oil roasted (light) and dry roasted (light) peanut in cookie and 
dark chocolate, respectively, at a level of 10 mg/kg (≈ 1 - 2.5 mg/kg peanut protein). At this 
level no false negatives were generated. 
 
Reference 
 
Poms, R.E., Agazzi, M.-E., Bau, A., Brohee, M., Capelletti, C., Norgaard, J. and Anklam, E. 
Results of a ring trial for the validation of 5 commercial ELISA test kits for the detection of 
peanut residues in cookie and dark chocolate. Food Additives and Contaminants, submitted 
March 2004. 
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Rapid analysis of meat and bone meal in feed* 
 
 

R.J. Margry 
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At present, with a few exceptions the use of animal tissues in animal feeds is forbidden. The 
ban on using processed animal proteins (PAPs) as feed additives for all farmed animals is an 
important measure to prevent the spread of Transmissible Spongiform Encephalopathies 
(TSE). Currently this ban is regulated by Council Decision 2000/766/EC. PAPs include, for 
example, meat-and-bone meal, meat meal, bone meal, blood products. The feed ban is 
already partly lifted for milk and egg products, fishmeal for non-ruminants, gelatine which 
originates from pig and poultry bones and hydrolysed proteins derived from fish, feathers, 
hides and skins. Microscopic examination is the official EC technique for the detection of 
violations of the feed ban. More than a year ago, the animal by-product regulation EC 
1774/2002 was published, imposing a ban on feeding animals with proteins from the same 
species. This Regulation is known as the anti-cannibalism directive.  
 
A prerequisite of this law for coming completely into force is the availability of an analytical 
technique for species identification. Therefore, an inventory has been made of published 
analytical techniques and commercial kits. These are mainly ELISA and PCR kits for food 
analysis. Some of them are also suitable for the analysis of food, processed between 100ºC 
and 120ºC or even higher temperatures. For most of the commercial kits the suppliers 
themselves indicate that the kits are not appropriate for species specification of animal 
tissues which are heated at temperatures higher than 133ºC. 
 
In first instance, the suitability of these ELISA and PCR techniques was tested with samples 
obtained from the various rendering plants. Often false negative and false positive (cross 
reactivity) results were observed. Doubts arose about the suitability of the test samples. 
Especially because the process temperatures had been much higher than expected. 
According to Decision 96/449/EC mammalian by-products have to be pressure cooked, this 
involves heating at temperatures higher than 133ºC, for at least 20 minutes at minimal 3 bar. 
In practice temperatures up till 160ºC are reached. Both the composition (e.g. the fat, bone 
and moisture content) and the processing conditions vary for the different rendering plants.  
 
Therefore, our laboratory has prepared different reference materials in a dedicated 80 litre 
steriliser under strict controls and conditions. The temperature, pressure and the time of the 
process were chosen and monitored. These reference materials, with a known process 
history, and some well defined samples from rendering plants have been used for validation 
of the various commercial kits or assays which are in development. The advantages and 
disadvantages of immunochemical and Polymerase Chain Reaction assays will be 
mentioned. The possibilities and limitations (especially the detection limit and loss of 
sensitivity) of some of the promising assays will be shown. These include two commercial 
ELISA and four commercial PCR assays. Also the preliminary results of an ELISA and a 
PCR assay which are in development will be shown.  
 
Attention will be paid to the consequences of the distinction between non-prohibited and 
prohibited animal proteins in animal feed.  
 
 
------------------------------ 
* Species identification in the framework of the 'anti-cannibalism regulation' (EC 1774/2002). 
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Rapid analysis of mycotoxins: current challenges 
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Method development and improvement for mycotoxins in foods and feeds has a 40-year 
history now. One of the interesting things to observe is the interdependency of regulatory 
limits and analytical methods. In some cases, for example aflatoxin M1 in milk, the regulatory 
levels have been set at the (former) limit of detection of state of the art analytical methods. In 
particular for 'older' tolerance levels, present analytical technology easily enables 
determination at even lower levels, and tolerances do not present a major analytical problem 
anymore. In other cases, analytical methods have to be developed or improved because of 
the requirements arising from new regulations. Furthermore, within an integrated system to 
maintain regulatory levels throughout the food chain, cost-efficiency and testing time is a 
major factor for food industry. In Germany, national tolerance levels have been set for some 
Fusarium toxins (deoxynivalenol, zearalenone, fumonisins) in foods recently. The greatest 
challenge is presented by those levels set for cereals used for production of infant foods, 
which are 100 µg/kg (deoxynivalenol, fumonisins) and 20 µg/kg (zearalenone), respectively. 
To ensure these levels, analytical methods have to have a detection limit of at least 50% of 
the respective tolerance. This means that rapid methods have to detect deoxynivalenol and 
fumonisins at least at 50 µg/kg, and zearalenone at 10 µg/kg. Although such methods 
already exist (most of them using anti-mycotoxin antibodies), further test simplification for on-
site testing will require optimisation efforts. 
 
This presentation describes present techniques used in rapid mycotoxin testing, and a 
strategy to fulfil legal requirements by an integrated detection system for mycotoxins in the 
food production chain. 
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Rapid detection methods for marine toxins: needs and limits 
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Accumulation by shellfish of toxins from phytoplankton represents a threat for human health 
and may lead to economic losses to the shellfish industry through statutory closures of the 
production areas. Several poisoning have been defined according to the symptoms 
developed in humans; diarrhetic shellfish poisoning (DSP), paralytic shellfish poisoning 
(PSP), amnesic shellfish poisoning (ASP), neurologic shellfish poisoning (NSP). The toxins 
induce an acute and reversible toxicity, and lead mostly from moderate to severe cases, 
sometimes lethal. Unfortunately, despite large progress in the knowledge, scientists are still 
unable to predict and prevent the natural blooms of some species of phytoplankton as well 
as to understand the mechanisms of toxins production. Furthermore, the factors that it is not 
visually possible to distinguish contaminated shellfish from non contaminated ones, 
associated to a particularly high stability of the toxins (temperature, acidic gastric conditions), 
induce that the only way to protect consumer health is to control the level of contamination of 
shellfish before harvesting, as prescribed in the EU Directive laying down the health 
conditions for the production and the placing on the market of bivalve molluscs (Directive 
91/492/EEC amended by the Directive 97/61/EC and the Decision 2002/225/EC). 
 
Controlling the level of contamination of shellfish has been a challenge for analysts because 
the contamination is not related to the presence of a unique compound but to the co-
occurrence of several analogues of the same family of toxins (PSP toxins) or of several 
families of toxins (DSP and related toxins), the various analogues showing different degrees 
of toxicity and each family having a different mode of action. For these reasons, the testing of 
shellfish in monitoring programs are based on the assessment of the global toxicity on the 
animal test. Since 1996, the reference methods recommended at the EU level have been the 
mouse bioassays (MBA). Despite the efficiency of these tests, as shown by the decrease of 
outbreaks since the systems are in place, the MBA are of great concern because of the 
scientific and ethical problems they raise. Indeed, the tests do not give any identification of 
the toxins and their concentrations or their temporal or spatial variability and have 
occasionally shown to produce false positive or false negative results.  Because of these 
drawbacks, the EU commission and its network of Community and National Reference 
Laboratories have been considering as a high priority to work in order to replace animal 
assays in accordance with the European legislation relating to animal welfare (Directive 
86/609/EEC). On another side, numerous efforts have been made these last decades by 
biotechnology companies in order to develop alternatives non-animal, rapid and low cost 
methods, particularly to be used as own-checks by the producers or even for official controls. 
A large variety of approaches have been described, based either on the mode of action of 
toxins (functional assays as receptor-ligand binding, receptor-mediated cytotoxicity, protein 
phosphatase inhibition assays) or on the molecular structures of the toxins (immunochemical 
assays). Unfortunately, these past years, some of these promising methods did not succeed 
in the international validation procedures and/or could not be considered as giving an 
equivalent level of protection of public health in comparison to the MBA, stopping their 
potential recognition by the regulatory authorities. The different type of assays will be 
presented with their limits of applicability. The factors of success for a rapid method to be 
recognised as a tool for safety control of shellfish will be discussed and an up-to-date report 
of the different works undertaken at the EU-level will be presented. 
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Rapid detection of bacterial food poisoning toxins 
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Illnesses caused by toxins produced by foodborne bacteria can be divided into two major 
types: those in which the enterotoxin is formed in vitro by growth of the bacterium in the food 
prior to consumption (foodborne intoxications), and those in which the enterotoxin is 
produced in vivo after human consumption of the bacterium (foodborne infections). The latter 
type may or may not also involve invasion of the host cells. 
 
Examples of the first group include toxins formed by Bacillus cereus, Staphylococcus aureus 
and Clostridium botulinum; organisms in the second group include Escherichia coli and 
Clostridium perfringens. Toxin production in vivo may also play a major or minor role in the 
pathogenesis of other foodborne infections, such as those caused by campylobacters and 
salmonellas, although in many cases neither the structure of the toxin nor its mechanism has 
been fully elucidated. 
 
The characteristics of the illness for the two groups are different, and the problems posed for 
the analytical microbiologist also differ. Routine detection of foodborne intoxications, to be 
effective as a control measure, would probably have to take place immediately prior to 
consumption, as in many cases it is during the final stages of the food chain that the toxin is 
formed. Such toxin testing, at point-of-consumption, is not routinely done, as far as the 
author is aware. However, rapid and user-friendly analytical methods might allow this to take 
place, and thus contribute to reducing the incidence of foodborne intoxications. Completion 
of the test in a timescale of minutes would be necessary. Of course, taking into account the 
comments above, this would inevitably include testing being carried out by the consumer in 
their own home - a challenge indeed to the method developer, and probably also for the 
social scientist. More likely is that the test would be applied post-consumption and post-
illness, as a public health measure to trace the source of illness; here, a longer test timescale 
would probably be acceptable, maybe hours rather than minutes. 
 
Classical testing for the presence of toxins involves, depending on the toxin type, the use of 
whole animals, isolated animal organs or cell cultures. In addition to the obvious technical 
difficulties with this type of test, it is also highly desirable to replace the classical tests with 
molecular methods for animal welfare reasons. 
 
In the case of foodborne infections, detection of the organism, perhaps coupled with 
confirmation of the presence of the toxin gene(s), is the usual analytical route. Here, the 
potential for time-saving with a rapid method is enormous, as traditional microbiological 
methods often involve enrichment culture from low initial numbers of the target organism. 
Such techniques are lengthy, often taking several days before the presence of the 
(potentially) toxin-producing organism in the food sample is confirmed. A ‘rapid’ method 
saving perhaps even one day may offer advantages over the traditional technique.  
 
A spin-off might, however, be found in application of such a method to ‘bedside’ diagnostic 
testing. In many cases of gastrointestinal illness the pathogenic bacterium is excreted in high 
numbers in the faeces, for example, rather than the much lower number likely to be found in 
a food sample, and so enrichment of the organism by culture before detection is
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unnecessary. Such testing may allow faster and/or more appropriate antibiotic therapy to be 
given to the patient. In this case, the timescale must again be in the order of minutes to be 
useful. In the same context, ‘cow-side’ testing of milk for the detection of mastitis, for 
example, may be possible with test devices that are portable, thus reducing the possibility of 
infected milk entering the food chain. 
 
In this talk, developments in rapid molecular methods for detection of bacterial toxins and 
potentially toxin-producing bacteria, based both on immunochemistry and nucleic acid 
technology, will be described. Attention will also be paid to the format of testing devices, 
particular those that are seen to be especially user-friendly. The talk will be illustrated with 
examples from our research group, including methods for S. aureus, C. botulinum and 
verotoxigenic E. coli. 
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Enzyme sensor array for the determination of biogenic amines 
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The determination of biogenic amines is of great interest today. Biogenic amines (e.g. 
histamine, tyramine, putrescine) are formed by the decarboxylation of amino acids and are 
degraded during metabolism in animals, plants and microorganisms. They are of particular 
interest since their formation is related to the proteolytical process, which takes place during 
the production of fermented foods (e.g. cheese, sausages, wine and beer). This 
phenomenon is problematic as the absorption of a significant quantity of biogenic amines 
may cause headaches, nausea, hypo- or hypertension and even anaphylactic shock. This is 
why research on their formation and their detection in food is of such importance. In addition, 
as high levels of histamine can lead to scombrotoxicosis while the presence of other biogenic 
amines and of ethanol or the prescription of monoamine oxidase inhibitors is described to 
potentiate the above mentioned effects, in Germany and further countries maximum limits 
are set for histamine. In fish and fish products, the maximum permissible concentration 
(prescribed by the 'Fischhygieneverordnung') for histamine is 200 mg/kg of the food product 
whereas in other countries as Canada, Finland and Switzerland the limit set is only 100 
mg/kg. 
 
Traditionally histamine has been measured by derivatisation with fluorescent reagents 
followed by chromatographic separation (e.g. liquid chromatography, LC, in most cases). As 
LC analysis of biogenic amines is tedious with regard to sample clean-up prior to analysis 
and it requires trained personnel in combination with quite expensive equipment other 
analysis methods have also been developed such as capillary electrophoresis [1], 
immunochemical methods as ELISA [2], and gas chromatographic procedures [3]. To reduce 
the time needed for analysis and to offer a rapid screening method for industrial food quality 
testing, some enzymatic methods and several enzyme sensors have been described so far. 
A major drawback of these enzyme sensors is that the majority of amine oxidases used do 
not only react with a single biogenic amine but with different amines to various extents. 
Therefore, an enzyme sensor array for the simultaneous determination of three biogenic 
amines (histamine, tyramine and putrescine) was developed in using pattern recognition by 
an artificial neural network [4]. The application area for the enzyme sensor array was 
evaluated for a variety of foods (e.g. fish, meat products as sausage and ham, dairy 
products, beer, wine, sauerkraut and further fermented foods). Comparing the data with 
results obtained by conventional LC analyses a mean correlation coefficient of 0.854 was 
determined. 
 
Our study focuses on sauerkraut fermentation and different food qualities obtained. In this 
fermentation process biogenic amines are mainly generated via the decarboxylase activities 
of the microorganisms being present in the raw material white cabbage. The occurrence of 
biogenic amines in fermented vegetable products, in general, is influenced by many factors 
(e.g. such if 'starter cultures' are used or a spontaneous fermentation takes place, depending 
further on fermentation temperature and duration, and the storage conditions). Sauerkraut 
was prepared in a small pilot plant by spontaneous fermentation and the use of different 
starter cultures. Samples were collected after certain time periods within 21 days. Five 
biogenic amines (histamine, tyramine, putrescine, ß-phenylethylamine and cadaverine) were 
detected by high performance liquid chromatography. The LC method investigated was
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compared with the enzyme sensor array established. The enzyme sensor array is based on 
the separate immobilisation of three different amine oxidases (a monoamine oxidase, a 
tyramine oxidase, and a diamine oxidase) via glutaraldehyde onto the surface of screen-
printed thick-film electrodes. The following figure shows the electrochemical detection 
scheme and the sensors used.  
 
 
 
 
 
 
 
 
 
 
 

 
To calculate the amount of a specific biogenic amine the raw data from multichannel 
software are transferred to a neural network. The sensor array takes 20 min to complete 
(excluding statistical data analysis) with only one extraction and subsequent neutralisation 
step required prior to sensor measurement. The lower detection limits with the enzyme 
sensor are 10 mg/kg for histamine and tyramine, and 5 mg/kg for putrescine with a linear 
range up to 200 mg/kg for histamine and tyramine and 100 mg/kg for putrescine. 
 
Results have shown that biogenic amine concentrations are higher for spontaneous 
fermentations. During fermentation biogenic amine concentrations are highest in the mid-
period of total time (i.e. after 11 days). This is not in concordance with several data from 
literature where amine concentrations are described to be highest at the end of the 
fermentation process. 
 
Industrially produced sauerkraut (six commercially available sauerkraut samples) was 
analysed in addition for its biogenic amine content for a better comparison. It was 
unexpected that biogenic amine concentrations determined were generally higher as 
compared to the samples produced with the help of the pilot plant. Biogenic amine 
concentrations (with the exception of putrescine where levels were higher in the sauerkraut 
itself) were higher in brine as compared to the sauerkraut itself. 
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Domoic acid (DA) and DA isomers are water-soluble neurotoxins commonly produced by the 
marine micro-algae Pseudo-nitzschia spp. Algal blooms may lead to the accumulation of DA 
in filter feeders like shellfish, which may act as vectors transmitting significant amounts of DA 
to higher species in the marine food web. Ingestion of shellfish contaminated by DA can lead 
to amnesic shellfish poisoning (ASP) syndrome by affecting the central nervous system, and 
has caused the death of marine mammals and human consumers in severe cases. The 
European Commission Decision 2002/226/EC implemented a maximum permitted level at 20 
mg DA equivalents/kg shellfish intended for human consumption, which has been adopted by 
the international community. During the last decade, the preferred method for DA analysis 
has been HPLC with UV detection, and was accepted as the EC reference method for the 
regulatory monitoring of shellfish. Although powerful analytical techniques like HPLC-UV, and 
recently LC-MS, provide accurate information on toxin profiles, these methods are less 
optimal for use as high-throughput routine monitoring tool, as they require elaborate sample 
preparations, and involve costly instrumentation with relatively low daily sample turnover. 
Furthermore, due to these requirements the samples are collected and shipped from the 
'point of problem' to a centralised laboratory, adding a significant delay due to logistics.  
Following the increasing awareness of the impact harmful algal blooms have on public health 
and the economy, an increasing number of marine samples needs to be analysed on a 
routine basis. This is a challenge to the sample capacity of the existing test method regimes, 
and will be faced by the industry, regulatory authorities, and environmental surveillance 
agencies in the near future. 
 
The marine biotoxin programme at Biosense Laboratories AS comprise R&D activities on 
most toxin groups (ASP, DSP, YTX, PTX, PSP, AZA), aimed to introduce reliable rapid 
assays, as cost-effective alternatives to the traditional methodology in the routine monitoring. 
The ASP ELISA for determination of DA is the first commercial kit released from this product 
line, and is based on the competitive binding between free DA in the sample (or standard) 
and DA-conjugated protein coated on plastic wells, to HRP-conjugated anti-DA antibodies 
free in the solution. The assay was originally developed by AgResearch, New Zealand, and 
was further optimised and commercialised by Biosense into a robust and reliable kit (prod. 
no. A31300400-096). Each 96-well plate can analyse 36 individual sample dilutions in 
duplicate, plus calibration solutions, controls and blanks. The assay running time for one 
plate is about 1.5 hours, and there are no requirements for elaborate pre-clean up or 
concentration steps as required for the HPLC-UV reference method. A user-friendly software 
is designed, with an integrated quality assessment of each sample calculation, to simplify the 
data handling based on 4 parameter logistics, and to ensure sample traceability for the end 
user.   
 
In compliance with international requirements for the acceptance of new analytical methods, 
Biosense conducted comprehensive method validation studies and method performance 
comparisons to demonstrate the fitness for purpose prior to the release of the ASP ELISA kit. 
A single laboratory validation (SLV) was performed to demonstrate the within-laboratory 
assay performance parameters according to international validation guidelines. A certified
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reference calibration solution was used to define the assay calibration range (I80 - I20) at 10 - 
260 pg/ml. When using standard 50% MeOH extraction of shellfish homogenate, the 
detection limit is 0.003 mg/kg shellfish and the limit of quantification is 0.011 mg/kg shellfish, 
both well below the MPL at 20 mg/kg. The assay selectivity was investigated with several 
shellfish matrices, and no significant matrix effects were found with shellfish extracts when 
diluted 1:200. The assay is highly specific to DA, and is not interfered by structural 
analogues, like kainic acid and L-glutamine derivatives, nor by tryptophan which tend to 
interfere with DA during LC-MS analysis. Several other matrices relevant for environmental 
monitoring of DA, such as seawater, algal extracts, and mammalian body fluids were also 
investigated. Certified reference material was used to spike various shellfish matrices in the 
range 0.06-25 mg/kg, in order to obtain within-laboratory accuracy (recovery 103%) and 
precision data (RSDr 9.4% and RSDR 9.9%).  
 
The SLV demonstrated the ASP Direct cELISA to be accurate and precise, and was an 
excellent starting point for the collaborative validation study comprising sixteen participating 
laboratories in ten countries, aiming to obtain inter-laboratory validation data for the method 
according to AOAC guidelines. Furthermore, a method comparison study was performed 
between the ELISA and reference instrumental LC analysis (HPLC-UV and LC-MS). The 
sample material was prepared as Youden pairs of the most relevant shellfish species, spiked 
at different levels with certified reference material. Cawthron Institute, New Zealand, 
analysed the full dataset using AOAC statistical software designed for use with collaborative 
studies.  
 
Although most laboratories were relatively inexperienced with ELISA, 14 of 16 laboratories 
were able to establish the method with good calibration curves and reported valid 
concentration data for all study samples. The participating laboratories achieved good inter-
laboratory precision estimates for the 8 Youden pairs of shellfish samples of RSDr 15% and 
RSDR 23%, and the ASP ELISA appeared robust to operator-controlled variables. The 
precision estimates for the ELISA data did not show a strong dependence on the DA 
concentration in the study samples, and the overall precision achieved was within the 
acceptable range of the Horwitz criteria (mean HORRAT 1.7) established by AOAC for 
precision of analytical methods. The analysis of shellfish samples spiked with certified 
reference materials demonstrates very good method accuracy (recovery of 104%). This was 
supported by an excellent correlation slope of 1.015 (R2 0.992) for the determined vs. the 
expected values of DA in the spiked samples. There was also good correlation of the ASP 
ELISA results with those for the instrumental LC analyses of the same samples extracts (R2 
0.984), although the instrumental methods are not able to detect the minor isomeric fraction 
in the reference material. 
 
The inter-laboratory study demonstrated that the ASP ELISA is suitable for the routine 
determination and monitoring of DA in shellfish, and pose as a more cost-effective alternative 
to the reference method HPLC-UV. The simple and reliable ASP ELISA is accessible to 
decentralised, simple laboratories and allows automated set-up for the screening of many 
hundred samples per week. Biosense has approached AOAC obtain method accreditation 
for ASP ELISA, and has recently entered a dialogue with the EU CRL for the acceptance as 
an alternative to HPLC-UV. 
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In the past year two outbreaks of food poisoning due to Staphylococcus aureus enterotoxin 
were investigated in depth. The first case was related to a large-scale outbreak, involving ca 
100 people, due to the consumption of a 'home' prepared meal that was cooled insufficiently 
between preparation and consumption. Based on the symptoms observed the presence of 
enterotoxin was expected. Indeed one of the foods served proved to be positive for 
Staphylococcus aureus enterotoxin. These findings were confirmed by the microbiological 
tests carried out on food samples and patient stools.  
 
In the second case two complaints from consumers lead to the suspicion that pasteurised 
mushrooms were involved. Investigation of the mushrooms sampled at the manufacturer 
showed positive results using the VIDAS SET-2 test. No Staphylococcus aureus could be 
detected in the product. Further tests of pasteurised mushrooms samples from various 
manufacturers showed that samples were frequently positive in the VIDAS test. Comparison 
with other SAE testkits showed varying results for the same samples. 
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Control of residues of veterinary drugs in food of animal origin is of importance for the 
protection of public health. In fact, the consumer is generally convinced that foodstuffs are all 
controlled for this reason. Control of residues is not effective without applying adequate 
detection of these contaminants. However, the detection of the residue unintentionally 
contaminating foodstuffs is a major challenge for the residue analyst. 
 
In the first place, it should be realised that about 3000 veterinary drug preparations have 
been described so far. In all, the preparations contain several hundreds of active 
components. In addition, another several hundreds of non-registered and banned 
substances, including compounds with hormonal activity, are suspected and can be added to 
the total number of potential residues to be expected in foodstuffs. On top of this enormous 
gamma of biologically active molecules and excipients, and their corresponding degradation 
products and metabolites, the use of veterinary drugs in animal production may amount a 
quantity far in excess of what is being used to treat humans. The chance that a certain 
amount of any drug residue thus ends up in any animal product is therefore not negligible 
and this awareness fuels public concerns with respect to this type of contamination of food. 
In the second place, the final residue is occurring at a relatively low concentration ranging 
from subnanograms to a few milligrams per kilogram of product. The residue analyst is 
therefore in general literally looking for a pin in a haystack. As an exception, a meat product 
containing a (fresh) injection site may contain residues at a level of grams per kilogram.  
 
Typically, the residue analyst is asked to give the outcome of his analysis fast as not only 
perishable products are involved, but any temporary storage of the product that cannot be 
released, is an economic loss for the producer.  The time pressure can therefore be relatively 
high. This is in particular the case in outbreak situations, as evidenced by the recent 
scandals with dioxins in poultry products (Belgium), nitrofen in feed (Germany), 
medroxyprogesteron acetate in pork (Netherlands), chloramphenicol and nitrofurans in 
aquacultural and poultry products (third countries). In such situations, a so-called stand-still 
can be ordered and no product is allowed to be traded without a certificate clearing the feed, 
animal and/or food product. These circumstances make the need for rapid assays for residue 
detection very understandable. It is clear that rapid assays with high sample throughput 
capacities are then preferred. This may be very well the case for the abattoir, food processor 
or the private residue analysis laboratory monitoring residues for its clients, including farms. 
It should be realised that high-throughput is not needed for the veterinarian or farmer, who 
wants to check whether for example the milk from a mastitis-treated cow can be combined 
with the tank milk, i.e. whether the aminoglycoside and/or β-lactam antibiotic concentrations 
are below their corresponding regulatory tolerances. 
 
Besides these regulatory aspects of residue analysis, integrated chain management or 
quality assurance systems, HACCP, veterinary control systems or just Good Veterinary 
Practices (GVP) may dictate that the producer, either being feed producer, farmer, 
veterinarian or food processor, is executing a self-control programme with respect to the



Rapid Methods Europe 2004, 25-26 March 2004, the Netherlands 47 

possible occurrence of residues of veterinary drugs. Although this person may not 
experience time pressure and may have access to multiple similar samples to improve the 
precision of the result, he or she is not always a trained chemist. This person therefore 
requests of not only reliable, rapid assays, but also user-friendly procedures. Here, user-
friendliness, although not always the same, can be understood as easy to perform as well. 
 
The user-friendliness of a method generally affects the costs of that method. In addition, 
speed of the method is often reciprocal to the final analysis costs. It is comprehensible that 
the applied analysis method should be cost-effective. In this respect it should be noted that 
not performing any analysis can be very expensive, especially at the moment that the 
presence of foreign compounds is discovered by regulatory authorities (recall and destruction 
of suspected products), customer (retraction of business relationship) or consumer 
(damaged brand image). High-end analytical methods for determination of every possible 
residue in any matrix may be very accurate, sensitive and reliable, but are far too expensive 
and therefore not realistic to perform in relation to the final price of the product. In fact, the 
low return of many food products stimulates the development of sophisticated sampling 
models, selection of a number of target analytes based on risk assessment studies and 
detection of foreign compounds at an early moment in the chain. 
 
Cost-effective measuring frequently enforces the execution of an analysis strategy involving 
screening methods as a first step. Many of these screening methods can be considered as 
rapid assays. Screening methods should detect the presence of an analyte at the level of 
interest. This level of interest is often the regulatory maximum residue level (MRL), but in the 
case of banned substances, the method should detect the analyte at a level as low as 
possible, as in such cases nil residues are accepted. It should be noted, however, that for a 
series of banned veterinary drugs, the European Commission has established so-called 
minimum required performance limits (MRPL), which an analytical method should fulfil. The 
MRPL (a method criterion) should not mistakenly be confused with MRL (a toxicological 
criterion). 
 
An important quality criterion of rapid diagnostic methods that are used to filter suspected 
samples, is its false-negative rate performance. A cleared product that is found non-
compliant is as expensive as not performing analyses at all with respect to lost trust, recall 
actions, and destruction of product (see above). At the other hand, every false positive, 
although probably less severe, may generate unnecessary costs for confirmation analysis or 
for the recall and/or destruction of the product/ carcass when this confirmation is not carried 
out. The use of methods with a poor predictive value can be very expensive and thus not 
cost-effective for the producer in the end as well. 
 
One of the major challenges for any rapid method, is sample preparation. Liquid samples, 
including serum, urine, milk, diluted honey or egg, are generally considered as ideal, but the 
detection of many substances in meat, kidney, liver, hair, retina et cetera, require a liberation 
of the enclosed molecules. Only a few methods, facilitating diffusion of small molecules, 
allow direct direction in the solid matrix. The usual necessary extraction does however delay 
the total detection method considerably, and many (non-conventional) approaches have 
been devised, and include for example the generation of tissue drip. 
 
To overcome matrix interferences present in primary extracts and in non-cleaned liquid 
matrices, the rapid method should introduce high selectivity. Only in this way, a method can 
be made compatible with multiple matrices as well. Frequently, the required selectivity can 
only obtained by introducing a high degree of specificity as well. Many methods are therefore 
based on immunochemical detection of the targeted residues. As a result of the introduced 
specificity, such rapid methods can only detect a single drug residue or a limited number of 
residues showing cross-reactivity with the applied antibody or antibodies. Multi-drug residue 
testing, which is a buzzword in the world of residue analysis for many years, is not easy to
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obtain with these approaches. Some methods therefore attempt to broaden the number of 
targeted analytes by combining a number of capturing (bio)molecules showing affinity for a 
group or groups of residues. These (bio)molecules comprise not only antibodies but 
enzymes and receptors as well. 
 
Having performed the analysis procedure, a signal that can be interpreted as some residue 
content, has to be obtained. Final reading of the result is usually an easily observable 
change in colour, which can sometimes semi-quantified and correlated to a certain 
concentration of the residue. Another tactic is to detect an effect, such as in microbiological 
inhibition methods for the detection of antibiotics, for which different visualisation techniques 
are used. 
 
If one sees through the above-described approaches, than it can perceived that producers of 
the tests have to take some hurdles. Firstly, antibodies may cross-react with degradation 
products or metabolites of the analyte, which are not included in the final MRL. In other 
words, the reading may overestimate the final residue level and thereby wrongly condemn a 
product or carcass. Secondly, the result does not disclose the identity of the residue. Each 
residue has its own MRL and often this MRL is matrix-specific. In other words, the 
established cut-off value or decision level is in many cases based on the greatest common 
denominator for the considered MRLs or based on the lowest MRL of the residues for which 
the assay was developed. As a consequence, this level will determine a certain rate of false 
negative and positive results. It explicates that in the analysis strategy employed, screening 
should be followed by confirmation analysis of the residues in the suspected samples.   
 
Suitable methods for confirmation can in most cases not be considered as rapid. Typically, 
rapid methods thus do not provide molecular structure information. At the other hand, this 
may be beneficial as well, as they may uncover 'novel' banned substances with cross-
reacting antigenic structures in immunochemical methods or with similar biological activities 
in assays detecting effects of residues. 
 
It is clear that international trade regulations, the appeal to give transparency of production 
circumstances and the increasing number of possible analytes demand an ever-growing 
number of analyses. Proportionally, one can expect an ever-increasing demand for rapid and 
user-friendly methods. The presented paper will therefore discuss the items summarised 
above and will give examples of methods available at the moment. The inherent pitfalls of 
these methods when applied to screen or test animal products will be discussed as well. The 
discussed considerations will make clear that rapid analytical residue methods have to be 
applied carefully depending of the purpose for which they are used. 
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The use of immunoassays as the basis for rapid testing for pesticide residues in foods offers 
the laboratory potential benefits in terms of speed, portability and low cost analyses. Set 
against this is the relatively long lead-in time for method development in comparison with 
adaptable chromatographic or other instrumental techniques and the prerequisite for a 
known target, or targets, for a method to be well defined. Thus, it is not generally possible for 
a laboratory to develop a novel immunoassay-based test immediately in response to, for 
example, a specific food scare. But if tests – or at least the appropriate antibodies and a 
suitable platform – are available then validation can be comparable with instrumental 
techniques and their application can generate large amounts of data as a screening tool and 
as an invaluable contribution to any risk assessment.  
 
Lower cost is often cited as a major factor in favour of immunoassays. Again, a strict 
comparison would be not between the immunoassay test, often costing very little on a per-
test basis, and a chromatography based test costing between € 100 - € 500 depending on 
the matrix, levels of determination and turnaround time but between the costs of individual 
data obtained from each method. For example, an immunoassay for up to five organo-
phosphorus pesticides residues may cost € 10 per test. A general purpose, multi-residue 
GC-MS screening method may cost € 200 but can detect at least 100 pesticides. The unit 
cost per data point is € 2 in both cases and MS data is quantitative. 
 
Time taken for the test can vary from a few minutes, typically 30 minutes, for an 
immunoassay test to many hours for a conventional chromatographic analysis. However, 
development in sample preparation techniques and rapid MS techniques such as time of 
flight (TOF) MS can reduce this time considerably, also to a matter of minutes. 
 
Immunoassay methodologies have the great advantages of portability and a reduced 
requirement for very costly equipment and the expertise needed to use it. This makes these 
methods highly suitable for field studies and pre-screening routines where it is necessary to 
test large numbers of samples for a limited range of analytes. However, even in this context, 
the rate of positives expected and the need for quantification/confirmation must be taken in to 
account. For example, if a screening test for the fungicide imazalil was used on oranges it 
might show that 89% of samples [1] were positive. Should these data need confirmation by 
mass spectrometry, and official surveillance data generally do, the tests would have been 
best carried out by MS initially since most samples would have to be re-tested in any event. 
Conversely, if the same orange samples were investigated using a screening test for 
organophosphate insecticides where the number of positives is between 11% (chlorpyriphos) 
and about 1.5% (diazinon) [1], then the low positive rate would make the use of an 
immunoassay based pre-screen a cost-effective option. 
 
Overall, the advantages of immunoassay technology can be summarised as the possibilities 
[2] for: 

 low detection limits; 

 high analyte selectivity and targeting; 

 high throughput of samples and cost effectiveness; 

 reduced sample preparation and handling allowing possible use in the field; 
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….. and taking into account the limitations: 

 matrix interferences;  

 cross reactivity to structural analogues and other chemicals; 

 current unsuitability for multi-analyte methods; 

 long method development lead in time necessitating a known ‘problem’ and a (relatively) 
large number of samples. 

 
It is not within the scope of a short presentation to describe the details of immunoassay 
method development. Key stages [2] are: 

 design and synthesis of the haptan; 

 conjugation of the haptan to antigenic macromolecular carriers; 

 immunisation of a host animal and subsequent generation of antibodies; 

 characterisation of antibodies; 

 assay optimisation; 

 assay validation. 
 
Immunoassays fall into two types, direct and indirect competitive formats. The means by 
which these are applied can also vary between an immobilised antigen ELISA format, and 
immobilised antibody ELISA or a ‘sandwich’ immunoassay. Such methods have been 
successfully applied to the determination over 50 pesticides including selective, targeted 
methods for widely used [3] herbicides such as isoproturon and the triazines (e.g. atrazine), 
fungicides such as imazalil and procymidone and insecticides. In the case of the latter much 
effort has been put into generic immunoassays for groups of insecticides such as the 
organophosphates and the synthetic pyrethroids. 
 
Commercial test-kits based on a 96-well microtitre plate have been available for many years. 
It is, however, more recent advances in the formats available for assays that offer 
opportunities for wider use. 

 Lateral flow devices based on the technology behind the home pregnancy test kit, are 
finding use in field-testing for plant diseases and it is planned to deploy the same, highly 
portable technology to the determination of pesticide residues. 

 Surface plasma resonance (SPR) based systems such as the Biacore® instrument 
employ a method of monitoring the progress of bio-molecular interactions in real time. 

 Gyrolab® is a system based on the CD-ROM format. Within a 'Gyrolab micro-laboratory', 
applications such as immunoassays and derivatisations may in the future be miniaturised 
and integrated into single, streamlined procedures. 

 
Finally, the future of sensors may not lie exclusively with the direct measurement of 
chemicals but with the measurement of effect. The inhibition of acetylcholine esterase has 
long been used to determine the presence of organophosphate residues. The ability to test a 
sample for, for example, estrogenic, anti-androgenic or some other relatively broad, 
biological effect and then to correlate this to a general but unequivocal chemical 
characterisation such as mass spectrometry must represent a step-change in food and 
environmental testing. 
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In the past few years several dioxins/PCBs crises in food and feed have been occurred and 
brought about a sudden drop in consumer confidence in the food/feed safety. At the same 
time most of European countries agreed to accept the Stockholm Convention of Persistent 
Organic Pollutants (POPs), therefore also reducing dioxins and other POPs for both 
consumer and environment protection will be one of the major goals of this international 
agreement in the next few years. 
 
Dioxin contamination occurrences are not always clear. However, there are some basic facts 
about dioxins that should be understood to examine the ways to protect consumer products 
and consumers from incidents by feed/food. In the last few years the list of dioxin crisis 
situations in feed/food has been steadily increased. The reasons for dioxins crisis situations 
have shown a wide variety from sources in different countries, such as ball clay (USA, 1996); 
illegal disposal of capacitor fluid (Belgium, 1999); improper drying of feed leads to 
contamination via dioxin-containing fumes (e.g. citrus pellets from Brazil, 1999 and green 
feed from two feed producers, Germany 1999); large fire accidents involving higher amounts 
of chlorine-containing materials (e.g. PVC) leading to local dioxin contaminations; sewage 
sludge in feed (France, 1999); zinc oxide, copper oxide in feed premixes (several countries 
2000-2002); PCP contaminated saw dust/choline chloride case (Spain, 2000), Carbosan 
(France, USA 2002); farm-raised fish/fish feed (several countries, 2003/4) or eggs from free-
ranging chicken (the Netherlands, France, 2003/4). 
 
Therefore the European Union developed a set of maximum allowed dioxin limits for feed, 
food and ingredients and made it effective July 1, 2002. At the moment only Korea also 
adopted maximum levels for dioxins in food/feed. It is planned to revise these levels in 2004 
to integrate some dioxin-like PCBs.  Furthermore, it is foreseen that by the end of 2006 the 
maximum levels will be revised, aiming for a significant reduction. It is planned to reduce the 
human exposure to dioxins by at least 25% until end of Year 2006. 
 
For the analysis of dioxins in food and feed ultra trace concentrations in the sub pg/g range 
have to be safely quantified (pg = 10-12 g). Separate laboratories are needed for sample 
matrices with different dioxin or PCB levels to avoid cross contamination (a range of fg/m3  
(10-15 g) in outdoor air up to µg/g (10-6) in chemical waste, e.g. separation of ultra trace, 
trace, medium/high laboratories or laboratory parts). The traditional method is very sensitive 
using very expensive equipment and instruments (e.g. high-resolution gas chromatography/ 
mass spectrometry, HRGC/HRMS, sensitivity below 100 fg TCDD absolute). With this 
technology high maintenance costs are connected with the HRMS instruments. High efforts 
in the clean-up of the sample extracts to separate the matrix and interfering compounds are 
necessary (3 - 4 steps). Therefore highly experienced and qualified personnel is needed and 
high demand for internal and external quality assurance. 
 
In the last few years faster extraction and clean-up procedures have been established and 
evaluated to speed up the sample pre-treatment. Sample extraction times can be reduced 
from about 12 - 24 hours by Soxhlet to about 20 - 30 min by using Accelerated Solvent 
Extraction (ASE) and the traditional sample clean-up can be speed up from about 6 hours to
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about 1.5 hours by using an automated clean-up system called Power Prep. 
 
Monitoring activities in the industry and of governmental bodies concerning the levels of 
dioxins and PCBs in food/feed started now and revealed a strong need to establish also 
rapid detection methods for screening purpose. There is a need for such technologies for 
safer decision-making with regard to complex food and feed crisis situations. Considering the 
relatively high price and long delivery time of the results of traditional dioxin analysis as well 
as the low laboratory capacities in many of the countries in the European Union, the 
development and validation of rapid screening methods for dioxins in food and feed was 
given a high priority by the EU and WHO commissions.  
 
Quality and performance criteria for these new screening technologies are now described in 
the EU Commission Directives 2002/69 and 70/EC from 26 July 2002 for testing of foodstuffs 
and feed. Aim is to perform a strategy involving a screening method in order to select those 
samples with levels of dioxins and dioxin-like PCBs that are less than 30 - 40% below or 
exceed the level of interest. False positive results should be low enough to make use of a 
screening tool advantageous. Positive results have always to be confirmed by HRGC/HRMS. 
In addition samples from a wide TEQ-range should be confirmed by HRGC/HRMS (2 - 10%). 
These methods are specially designed to avoid false negatives (below 1%). The precision of 
the method should be below 30%. Continuous participation in interlaboratory studies for 
dioxins and dioxin-like PCBs in the relevant feed/food matrices is mandatory (matrix 
dependant once/year). 
 
Many of these new technologies are based on well-known mechanisms of action and utilise 
well-defined end points. These new methods are based on several approaches such as: (i) 
bioassays which measure a cellular response produced by protein or enzyme activation, (ii)) 
the binding of specific antibodies followed by indirect measurement of bound material, (iii) 
DNA binding measured by PCR technology or (iv) other proteomic endpoints.  
 
At the moment the only method which demonstrated already that it fulfils the quality criteria 
set by the EU for bioanalytical methods measuring dioxins in food/feed are reporter gene 
assays such as the so called CALUX  systems. In this case liver cells from mouse/rat receive 
through a gene modification the enzyme luciferase, which exists also in fireflies and leads 
after adding luciferin to a light emission which is measurable with an luminometer on 96 well 
plate. With such a fast screening method negative samples can be sorted out and visible 
higher contaminated samples can be tested by the confirmatory method afterwards.  
  
With regard to kit-based bioassays, PCR technology or other proteomic tools, it was 
recognised that no evidence has yet been submitted of commercially available assays having 
sufficient sensitivity and reliability for screening for the presence of dioxins at the required 
levels in samples of foodstuffs.  
 
In the last couple of years several international round robin studies have been established to 
compare the results between individual methods, technologies and laboratories for HRMS 
analysis. Especially, the round robin studies of FAPAS, Folkehelsa and Umea University 
have demonstrated that most of the chemical analysis laboratories using the traditional 
method with HRGC/HRMS are able to measure most kinds of samples with a measurement 
uncertainty of around 20%. In case of international round robin studies for biotechnologies 
measuring dioxins, so far the finished round robin studies from Örebro University and from 
the EU did show significant higher measurement uncertainties. Therefore at the moment it 
seems that these biotechnologies would be routinely mostly used for making yes or no 
decisions and the traditional chemical analysis is used as the confirmatory method of choice.  
 
In another approach these technologies are currently compared to each other in an 
international project called Difference (www.dioxins.nl). In a first round robin study measuring



Rapid Methods Europe 2004, 25-26 March 2004, the Netherlands 53 

vegetable oils by HRMS, GCxMSxMS and CALUX the z-score has been below 2 for all 3 
technologies demonstrating the possibilities of promising alternative methods.  
 
Several publications compared already the results from traditional HRMS analysis with these 
new biotechnologies and in most case they respond to several classes of POPs and 
therefore the results are usually higher than the results from HRMS analysis (CALUX about 
double, kit-based bioassays are usually about one magnitude higher). Therefore such an 
approach gives a risk assessment not only for the regulated polychlorinated dioxins, it is  
also possible to cover the whole range of dioxin-like compounds such as dioxin-like PCBs or 
polybrominated dioxins. Additionally it’s possible to evaluate the persistency of compounds 
and therefore not persistent compounds such as PAHs can be also measured with the 
CALUX bioassay. 
 
Several of these technologies did already help to manage crisis situations in several 
feed/food crises in Europe in the last few years. In case of the Belgian dioxin crisis in 1999 
more than 2000 samples have been tested with the CALUX and 87% has shown negative 
results. The CALUX showed in 11% of the samples positive results from which 53% could be 
confirmed by HRMS and from 141 negative samples only one was actually positive (less 
than 1% false negatives). 
 
In case of the CCP crisis from Brazil in 1998, the CALUX had to be used because of the low 
capacity of HRMS labs and the therefore too long delivery times. In this case most of the 
samples have been actually positive and therefore had to be confirmed by the HRMS 
method. Therefore the advantage of using the CALUX has been limited. 
 
The outcome of the ongoing research and studying will show us in the near future which new 
rapid methods will be able to fulfil the EU requirements. Therefore it seems to be at the 
moment the best way to select the best technology and laboratory for dioxin testing 
concerning the quality and delivery time in crisis situation by continuously asking the 
suppliers about their current state of the art and performance; such as the lower limits of 
detection (which are set by the EU quality criteria to 1/5 of the level of interest) and the 
quality/number of the equipment to evaluate the turn around time in crisis situations. 
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For drug residue detection, one of the rapid technologies for performing 'real-time' analysis is 
based on commercially available surface plasmon resonance (SPR) biosensors (Biacore) in 
which analysis can be performed within a few minutes. Due to the availability of several flow-
channels (4 or 8), different assays can be performed simultaneously in these automated 
instruments.  
 
Sulfonamides are used as model to evaluate the potential of such 'real-time' analysis in food 
control. Hereto different antibodies (from specific to generic) were tested using biosensor 
chips with different coatings and chicken serum as model sample material. Chicken serum 
was chosen because of the possibility to combine drug residue testing with tests for the 
detection of antibodies against pathogens (like Salmonella). The antibodies used in this 
study were: 

 specific polyclonal antibodies raised against sulfadimidine; 

 a multi-sulfonamide monoclonal antibody raised against sulfadimidine; 

 multi-sulfonamide monoclonal antibodies raised against the generic structure of 
sulfonamides; 

 mutant antibodies, selected after protein engineering of one of the multi-sulfonamide 
monoclonal antibody raised against the generic structure of sulfonamides; and 

 the sulfonamide binding protein (SBP) present in the new Qflex Kit Sulfonamides. 
 
Biosensor chips were coated with sulfonamide-protein conjugates and with sulfonamide 
derivatives. In combination with the different antibodies, the assays were tested for cross-
reactivity towards a range of sulfonamides and for the detection limits in chicken serum. 
 
A comparison of the assay performances will be presented and the overall conclusion is that 
there are some promising assays for the multi-sulfonamide detection in food. 
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The central aim of FOODSAFE project has been the development and application of both 
conventional immunoassay procedures and also the use of a miniaturised liquid handling 
system compatible with immunosensor devices as tools for the rapid determination of 
chlorophenol fungicide residues, in liquid food samples, mainly within the wine sector. 
Appropriate sample methods have also been developed for analysing packaging materials, 
cardboard, paper, bottle washings and corks to allow the trace level detection of 
chlorophenols. Combination of an optimised sample preparation method with enzyme linked 
immunosorbent assay (ELISA) procedures has allowed determination of chlorophenols within 
the pg/ml (part per trillion) range. 
 
The measurement tools developments are low cost, simple to perform and do not require 
highly trained personnel and expensive equipment. Results from the comparative 
measurement of chlorophenols in liquid food samples by the combined sample preparation-
ELISA method, GC/MS and immunosensor devices will be presented.  
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Rapid assays for illegal hormones in meat: a dream 
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To protect the health of the consumer and to support fair trade of food originating from 
animals which could be treated inside the European Union with banned substances with 
hormonal activities, so-called 'hormones' or are treated outside the European Union with one 
or more of the six legal substances with hormonal activities such foodstuffs must not contain 
residues which might constitute a health hazard for the consumer or could cause trade 
problems.  
 
For this purpose rapid test method for 'hormone' residues in edible products of animal origin 
(muscle, fat, kidney, liver, milk, etc.) would be ideal. However, as already indicated in the 
subtitle of this presentation such methods hardly exist because the reliability of the test result 
of such methods is too weak for legal purposes. 
 
Treatment of food producing animals with hormones is within the EU a serious criminal 
offence. Test methods dedicated to disclose such offence are in general developed to test 
animal sample material at the time the animal is still on the farm. 
 
A short overview will be presented of the system and the laboratory network that has been 
created within the EU for regulatory and forensic residue analyses of food of animal origin. 
Such a network is globally unique for this purpose and resulted in the past decade from the 
extreme high demands for reliability of the results created by the over one hundred involved 
EU laboratories. Unreliable results are not affordable as such results have created in the past 
major international diplomatic and trade problems. This in particular applies for residues of 
banned substances with a regulatory zero tolerance, not always 'hormones'. Recent 
examples are high impact problems with chloramphenicol, nitrofuranes and medroxy-
progesterone (MPA), a hormonal active steroid.  
 
A further global and long lasting example is the dispute between the European Union and 
(amongst others) the United States of America about the use of hormonal active growth 
promoters ('hormones') in the production of meat and the means to control the situation. This 
dispute was and most likely will be again under arbitration of the World Trade Organization, 
the outcome of which is closely watched by worldwide international bodies like the standard 
setting Codex Alimentarius of the World Health Organization (WHO) and the Food and 
Agriculture Organization (FAO). 
 
As a consequence of the total ban in the EU of all 'hormones' in live stock production, in 
contrast to the legal use in the USA of 5 of such hormones (17beta-estradiol, testosterone, 
progesterone, trenbolone and zeranol) as solid ear implants and one hormone as a feed 
additive for feedlot heifers (melengestrol acetate, MGA), also the regulatory control differs 
sharply between the EU and the USA. 
 
In the EU the treatment of slaughter animals is the regulatory offence that has to be 
controlled in inspection programs. In the USA testing for compliance of a regulatory 
maximum residue level in the edible product (muscle, liver, kidney or fat) is the purpose of 
the inspection program. In the EU inspection, especially if the animals are still on the farm, 
programs focus on sample materials that are more suitable to test for banned substances
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such as urine and faeces or on hair. In case the animals are slaughtered the more favoured 
sample materials are bile, blood, eyes and sometimes liver. Only in rare occasions muscle 
meat is sampled. This happens only in the case of import controls or in monitoring programs 
of meat sampled at butcher shops or supermarkets. 
 
As a result data on hormone concentrations in muscle meat samples from the EU market are 
very rare and are obtained in most cases from small programs on an ad hoc basis. EU data 
for natural hormones in meat are even more scarce because of the absence of 'legal natural 
levels' for these hormones preventing in compliance testing. With the exception of samples 
from the application sites, the hormone concentrations observed in meat samples of illegally 
treated animals are typically in the range of a few microgram per kilogram (ppb) down to a 
few tenths of a microgram per kilogram. To put the 'hormones in meat' dispute into a proper 
food safety perspective some data will be presented on the concentration of estradiol in 
bovine meat from animals treated and not treated with hormone implants. These data are 
compared with the recent findings for estradiol concentrations in hen's eggs. From this 
comparison the preliminary conclusion is that hens eggs are the major source of 17alpha- 
and 17beta-estradiol in the daily 'normal' diet, whether legally or illegally. 
 
From legal procedures and Court Cases it becomes more and more evident that in particular 
qualitative analytical results in the field of food inspection have to be labelled with reliability 
estimates as is already common use in the field of DNA identifying analyses. Target values 
for such estimates will be briefly discussed for the various categories of results like false 
positive and false negative results and for the various levels of application of the results like 
for screening purposes, confirmatory purposes or for arbitration (reference) purposes. This 
will be placed in the context of the new Commission Decision 2002/657/EC regarding quality 
criteria for residue test methods and the interpretations of the test results.  
 
It is an unavoidable challenge for all involved chemists, regulators, administrators, lawyers, 
producers, and not to forget consumer representatives to create as fast as possible an 
economically affordable 'food safety' and 'fair trade' related global food inspection system in 
which from in beforehand it is fully transparent what reliability is required for the results of 
food analyses and for what purpose the results are intended. 
 
In this process the fitness-for-purpose of a laboratory test result should be the communicable 
and leading factor and not so much the uncertainty of such a result. 
 
To achieve all this not only 'pure' science, statistics and quality assurance should be 
considered but also common sense and experience from the past of all involved and 
responsible parties.  
 
For rapid assays for (il)legal hormones for consumer protection or for regulatory casu quo 
forensic testing this process is still in its infancy. 
 
 
 
 
 
 
 
 
 
------------------------------ 
Disclaimer. Any opinions, conclusions and recommendations expressed in this abstract are those of the author 
and do not necessarily reflect the official views of the European Commission, the RIVM, the Utrecht University or 
any other Authority referred to. 
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Wanted: effective and efficient at- and on-line tools 
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Quality control is essential in the food industry and efficient quality assurance is becoming 
increasingly important. Consumers expect adequate quality at a given price, good shelf-life 
and high safety while food inspections require good manufacturing practices, safety, labelling 
and compliance with the regulations. Further, food producers are increasingly asking for 
efficient control methods, in particular through on-line or at-line quality sensors, firstly to 
satisfy the consumer and regulatory requirements and secondly to improve the production 
feasibility, quality sorting, automation and reduction of production cost and production time 
(increased throughputs).  
 
Thus, all three drivers of on-line quality control, consumers, authorities and food producers, 
have great interest in the development of new sensing systems which are beyond the 
existing on-line technologies, like control of weight, volume, temperature, pH, viscosity, 
colour and appearance.  
 
Additionally, many new food safety concepts and key quality parameters have arisen during 
the last decade: Hazard Analysis Critical Control Points (HACCP), Total Quality Management 
(TQM), ISO 9000 Certifications, traceability from 2005, and authentication all require 
improved control methods. Besides, pathogenic microorganisms, BSE, GMO and many 
pollutants are specific safety problems which require intensive control, data logging and data 
treatments. And they all call for in-time and on-line sensors for control, new data systems, 
warning systems, tight feedback loops for automation of the production, etc.  
 
The great challenge is indeed to focus on the real-time and on-line sensors and data 
systems surveying processes and products, controlling the automated process and the raw 
material stream, sensing the final product quality and typing the product labels, nutritional 
and health information and much more. 
 
Today, the most important quality parameters and concepts in production control are: 

 sensory quality (appearance, flavour, taste, texture, stability, etc.); 

 nutritional quality, including health implications, such as 'high in fibre',  'lower your 
cholesterol', 'GMO free', food allergens; 

 composition and labelling, including additives, quality claims, ethical claims (like 
ecological information);  

 pollutants, including environmental pollutants, veterinary drugs, agricultural chemicals, 
BSE-prions and mycotoxins; 

 foreign body detection, such as stones, glass or metal; 

 microbial safety, in particular Listeria, Salmonella, Campylobacter, E. coli and Yersinia 

 shelf-life (microbial, sensory, chemical, sterility testing, F0 -values); 

 production hygiene, cleaning, contamination; 

 HACCP, traceability and authentication; 

 process parameters: machine settings, temperature, pressure, flow, aseptic conditions 
and many physical parameters; 

 package control: integrity, pin holes, gas permeability, migration control. 
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Because of the great social and scientific challenges, the EU Commission, Directorate 
Science, has for several years focused on very fast and real time technologies and more 
than 20 EU projects have been executed within the 4th and the 5th Framework Programmes, 
mostly working on electromagnetic sensors, electronic noses/tongues, biosensors and cheap 
non-specific sensor arrays. Among the most frequent quality factors included in the EU 
research are: 

 quality of fruits and vegetables: eating quality, rot, maturity, internal faults; 

 measurement of trace amounts of veterinary drugs, pesticides and growth promoters; 

 measurement of mycotoxins; 

 quality sorting of vegetables, fruits, and berries; 

 freshness of raw materials like fish and meat; 

 classification of vegetable oils; 

 detection of early microbial growth;  

 quality of fermented foods. 
 
During the presentation, an overview of the EU research results will be given and discussed. 
This work is due to the Flair-Flow Europe activities, disseminating the results from the 
Framework Programmes to food industries, scientists, health professionals, etc. and financed 
by EU Directorate Science. 
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Data management: a bottleneck or the ultimate success factor? 
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Rapid detection of biological and chemical contaminants in food, feed and environments can 
be done efficiently and effectively by deploying automated (computerised) systems. Assuring 
structural integrity of data, which is processed by such systems, is a pivotal task and requires 
proper management. EC legislation and International Standards require risk management of 
processes and structural integrity of data. An appropriate way to meet those requirements is 
by validating automated (computerised) systems. 
 
Over the last decades, computerised systems have become an integral part of laboratory 
processes. The ever-increasing volume of assays being processed by laboratories result in 
magnitudes of data. Therefore deployment of computerised systems such as 
Chromatography Data Systems (CDS) and LIMS (Laboratory Information Management 
Systems) has become a necessity to manage that data. Laboratories are now dependent on 
these computerised systems.  
 
At the same time, ISO/IEC standards such as ISO 17025 for accredited laboratories and ISO 
17799 Information Security Management require structural data integrity, data management 
and risk management on all laboratory processes. These requirements can only be met by 
validating the computerised systems that are involved in processing laboratory data. 
 
ISO 17025 § 5.4.5.1 definition of validation: “Validation is the confirmation by examination 
and the provision of objective evidence that the particular requirements for a specific 
intended use are fulfilled”. 
 
Validating a computer system as early as possible in the life cycle of the system will enable 
control of the system and the produced data throughout its lifecycle, thus ensuring 
compliance. In contrast, validating a computer system at a later stage - or validating a 
system retrospectively - is not only more difficult and more expensive but also denies the 
possibility of being in control of the data and the structural integrity of the outcome. 
   
Due to the ever-increasing volumes of data, laboratories will be increasingly dependent on 
automated systems to manage their data. Proper data management is now one of the critical 
success factors of a laboratory.  
 
This presentation will discuss the principles and benefits of Computerised Systems 
Validation (CSV). 
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Nanotechnology is the creation of functional materials, devices and systems through control 
of matter on the nanometer length scale (1 to 100 nanometers). It involves the exploitation of 
novel phenomena and properties (physical, chemical, biological, mechanical, electrical...) of 
materials at that length scale. 
 
How can nanotechnology help in food analysis for purposes of identity testing 
(characterisation), contamination monitoring and to ensure salubrity (NACBO)? 
 
Nanotechnology is actually already involved in the ‘food business’ in a variety of ways. These 
can be summarised as production and ‘maintenance’. Maintenance can be considered as 
any issue to do with testing of raw materials and/or finished food products for identity and 
identity preservation (at any stage in the production, distribution and sales chain), for 
contamination with either harmful microorganisms and/or toxic or prohibited substances and 
finally, but in a related way, for their salubrity.   
 
To achieve all these objectives one requires relevant and effective materials and chemistries 
and in the latter case methods, as well as ways to automate them, to allow their application 
in a practical context. 
 
NACBO is an EU FP6 integrated project funded from the NMP (nanotechnology) thematic 
priority and concerns the innovation and development of novel nanomaterials, materials 
chemistries, synthetic organic chemistries and associated integrated hardware systems for 
their application in nanobiotechnology.    
 
It combines key European small and large industries, service providers and academic 
researchers from the fields of nanoparticle manufacture, characterisation and application, 
modification chemistries, synthetic nucleic acid chemistries, molecular diagnostics methods 
development, diagnostic kit manufacture and integrated hardware systems. It will deliver 
platform technologies, composed of component parts drawn from each area indicated.    
 
The specific objectives of NACBO (many of which are coincident with those involved in food 
analysis) are: 
a) To make, characterise and compare nanocomposite materials, based upon carbon, 

magnetite and silica and their combinations. These will represent multi-walled carbon 
nanotubes and self assembling macro molecular constructs of their activated forms, 
nanoporous flat surface materials, nanoparticulate silica-magnetite composites, meso-
porous molecular sieves based upon silica and nanorods formed from functional organic 
polymers. 

b) To innovate and improve chemistries associated with the immobilisation, activation and 
marking of surfaces. Specific chemistries to be considered will be based upon chiral 
pyrrole and carbazole polymers, perfluorbutadien, polyanilin and dendrimerisation.  
Additionally, ‘materials contrasting’ with quantum dots and modified fluorescent nucleic 
acids will be investigated. Finally chemical vapour deposition of surface films on to 
carbon nanotubes as mediators in their subsequent activation for applications or 
assembly into macro-molecular structures will be investigated and optimised. 
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c) To design and fabricate biological/nonbiological composites with potential for use in drug 
delivery and medicine. 

d) To innovate and improve chemistries associated with synthesis of nucleic acids and 
novel classes of monomer synthons.  

e) To design and select ligands (protein, nucleic acids and other molecular species) for 
immobilisation to nanomaterials derived from (a) and (b) above and demonstrate their 
utility in diagnostic monitoring strategies in health (infectious and genetic disease), 
forensics and public health (food quality and environmental monitoring).   

f) To innovate, improve, produce and test integrated hardware platforms utilising 
combinations of the above materials and chemistries in: in vitro, whole live organism and 
environmental diagnostic procedures based upon biosensors, biochips, bioarrays and 
imaging platforms such as CT, MRI, PET, OMI and EPR. 

g) To evaluate in a toxicological context all materials and chemistries, and combinations 
thereof, arising from the project for their bio/environmental compatibility. 

 
Deliverables and breakthroughs associated with NACBO are: 
a) New well characterised, smart nanomaterials for use in molecular diagnostic procedures 

(and others). 
b) New and better surface/matrix modification chemistries (materials chemistries).     
c) Novel oligonucleotide assembly chemistries, novel fluorescent nucleic acid probe designs 

and modified monomers. 
d) Novel, improved protein and nucleic acid, highly parallel flat surface microarrays.  
e) Novel particle/suspension arrays.  
f) Novel drugs delivery systems for the effective treatment of disease and new concepts for 

health/disease management.  
g) New and improved hardware for multi tasking in molecular diagnostics. 
h) Safeguarding public safety and security by the construction of a nanomaterials 

toxicological database. 
 
Why bother with nanotechnology and testing (molecular diagnostics)? 
 
The ability to discriminate and define things in a quicker, more sensitive, easier, cheaper and 
more reliable and reproducible way depends in turn upon our ability to apply materials 
separately and together in diagnostic (test) processes. This necessarily means that the better 
our understanding of their structural and chemical characteristics so that we can formulate 
them into effective products, then the more successful they will be in their applications. It also 
means we can better tailor the materials and their properties to specific applications. This is 
also coupled with a process of miniaturisation. Nanotechnology addresses all these issues. 
 
Separately the benefits to the organisations and individuals involved in the nanotechnology 
industrial sector are potentially enormous. When coupled to the benefits likely to accrue to 
the population as a whole in terms of health and well being it appears that nanotechnology 
represents a truly win-win situation (see below). 
 
Economic (from the nanotechnology industry and service provider prospective)  
 
If one considers the least speculative areas of NACBO and nanotechnology, the 
development of nano-support materials with enhanced properties, improved surface 
activation chemistries and incremental improvement to existing thermal cyclers and nucleic 
acid modification chemistries then it is possible to make reasonable estimates as to the likely 
future scope for growth and size of impact on the market. These can be said to address large 
market areas of the world economy, viz. ‘in vitro diagnostics’ and ‘health care’. In the former 
case an analysis of current and future market potential is indicated in Figure 1. 
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Figure 1. Global in-vitro diagnostics market now and in the future (F&S, 2000 AT Kearney, 2003). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The total world market for molecular diagnostics MDx was approximately 1.5 Beuro in 2000 
and is projected to grow to 4.7 Beuro by 2005 and 16,800 Beuro by 2010. The ‘In-vitro 
Diagnostics’ market segment of the total health care market can be sectioned into major sub-
groups and one of them DNA testing, includes forensics, infectious disease, tissue typing, 
food testing, paternity and prenatal screening, plus veterinary and agricultural application 
(Table 1). 
 
Table 1. Worldwide market for DNA testing by segment. 
 

Type of test Revenues 2000 ($ m) % 

Infectious disease 956 65 

Genetic/Predisposition 279 19 

Oncology 44 3 

Tissue typing 44 3 
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Other 118 8 
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In the second area noted above, health care, the total world market is currently estimated as 
a total of 3,000 Beuro 45% of which in located in the US. The medical equipment, services 
and supplies section of this market encompass a total of approximately 250 Beuro and 
Figure 2 illustrates the most relevant segments of this part to the global health care market. 
 
Figure 2. Important segments of the global 250 B € 'medical equipment, services and 
supplies' market. (Frost & Sullivan, 2001). 
 

 
 
 
 

  
 
Separately, the world market revenue for nucleic acid analytical instrumentation was 
estimated at $ 1b million in 2001 of which thermal cycler based instrumentation accounted 
for 23% (Frost and Sullivan). The laboratory instrument market is also widely reported to be 
growing at 17% per annum. DNA sequencers accounted for 51% of this market, a significant 
proportion of which are used in DNA based molecular diagnostics. 
 
Finally, the provision of reagents for the synthesis of oligonucleotides is a highly competitive 
market. One major and several smaller players are likely to share an estimated market 
volume of approximately $ 180M in 2003 with an expected growth rate of 10 to 12% per 
annum. It is an objective of the project to improve oligonucleotide synthesis technology 
through research and development on the next generation monomers with advanced 
features over the state of the art, and on novel solid supports modifiers with competitive 
advantages.  
 
Further longer-term commercial benefits are envisaged in the biochip array area, which 
includes protein chips and lab-on-a-chip devices. The entire biochip market was $ 42m in 
1998, but is predicted to rise to some $ 632m by 2005 (Frontline Management Consulting, 
Inc.). DNA chips form the major part of this market (94%). The radical technological 
breakthroughs predicted in preparation of novel magnetisable suspension, nanoporous and 
flat surface arrays will have application in the entire biochip sector, offering the same 
improvements as are expected for the oligonucleotide arrays: automation, high sample 
throughput, reduced handling, lower cost, improved detection sensitivity/accuracy and 
enhanced range of applications. These commercial benefits will most likely be realised 
through continued collaboration between the academic and industrial partners beyond the 
end of the project, possibly using EU SME-specific measures to commercialise any new 
methods and materials that result.  
 
Health 
 
Nanotechnology outputs address health via disease and disease causing agents detection, 
characterisation and management, preservation of food quality and animal welfare. This will 
lead to better access to and improved methods for health care, maintenance monitoring and 
treatment and consequently will benefit and improve the quality of life of the population as a
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whole. Lower costs and better efficiency will also be an important contribution. The 
processes and materials that will be developed via nanotechnology will also lead to indirect 
health benefits associated with environmental gains in terms of reduction of harmful 
emissions and requirements for processing wastes (e.g. organic solvents) or long term 
storage of hazardous materials. 
 
The same technologies will also contribute indirectly to the healthcare of citizens through 
development of improved and more cost-effective methodologies for identification of inherited 
genetic diseases and tissue typing for organ transplant operations, using the platform 
technologies that will be developed. The use of DNA-based tests in particular will also 
demonstrate clear advantages of genetic technologies to the wider population, some 
quarters of which are either antipathetic or hostile to the development of genetic 
technologies. Finally, it will also improve public access to new drug treatments through 
reduction in time to market, and cost, by the improvements envisaged in microarray 
technology and combinatorial chemistry which all major pharmaceutical companies are either 
now considering or already using to streamline their drug discovery and development 
processes (Frontline Management Consultants, 1998). 
 
Public acceptance of new science and technology 
 
Any new technology needs to be fully validated and determined to be safe and efficient from 
the public point of view so as to aid in its general acceptance and uptake. This is particularly 
so in the case of a ‘new science’ such as nanotechnology. However in the context of food 
testing its application in a diagnostic fashion rather than as a component of a finished 
product, and the psychological benefit of ‘better’ testing regimes, means that its uptake 
should actually be promoted. 
 
It is also important to note that nanotechnology may be a new subject to the general public 
but in reality represents a synthesis of disciplines already existent i.e. materials science, 
chemistry, surface chemistry and biology. It is particularly important that potential resistance 
to the uptake of the benefits of nanotechnology on the basis of misinformation concerning its 
novelty and potential hazards is set within that context. 
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in immunochemical methods 
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The purpose of the document is to provide a policy on antibody characterisation for 
conducting AOAC International® (AOACI) immunochemical method Collaborative Studies for 
those methods submitted for AOACI® Official MethodsSM  Program (OMA) status. The policy 
defines recommended information and characteristics to be provided by the Study Director 
(SD), in the protocol of the Collaborative Study, for approval by AOACI®. The document 
specifies parameters for characterisation of antibodies used as biological reagent in the 
protocol of validation of immunochemical methods for the determination of mycotoxins and 
phycotoxins. These parameters consider the type of antibodies, avidity-affinity, and 
specificity (cross reactivity). For each of these parameters: 

 the definition or general principle is indicated; 

 the procedure for providing information and/or specification is indicated or suggested –
measurement of the concentration of immunoglobulin G, calculation of affinity constant, 
calculation of the percentages of relative cross-reactivity; 

 recommendation for requested information. 
 
The document considers not only immuno-assays but also immuno-affinity chromatography 
(IAC). Regarding this technique based on the used of IAC columns mainly for clean up 
purpose, particular parameters such as selectivity and capacity are described and indicated. 
A table presented as a 'Checklist for the description of- and information on- antibodies used 
in immunochemical methods' is included in the document as annex. 
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D-Count® and BactiFlow® - rapid microbiology results 
by using flow-cytometry 

 
 

E. Kohler 
 

Chemunex 
France 

 
 
 
Industrial quality control laboratories are facing increasing pressure to reduce the turnaround 
time on microbiological testing. The main driver behind this is the desire within many 
companies to reduce production cycle times and inventories, to implement just-in-time 
manufacturing processes, and to minimise the risks and costs associated with potential in-
process contamination whilst continuing to guarantee and enhance the quality of products 
delivered to customers. 
 
To achieve these objectives, the ability to detect low levels of target microorganisms in real 
time is essential. However, micro-biological testing is a relatively slow component of the 
quality control process due to the reliance on traditional plate count methodology, which is 
labour intense and requires organism growth as a pre-requisite for accurate detection and 
counting. Currently by using plate count method, obtaining results can take several days until 
colonies on plates can be counted. As a consequence final products have to be held in 
house for up to 5 days awaiting microbiology results.  
 
The D-Count® (Figure1) and the BactiFlow® (Figure 2) systems, both based on flow-
cytometry, have been specifically designed by Chemunex to provide fast microbiological 
results, from raw material to finished product. Both systems are combining speed of 
detection with high sensitivity level and therefore significantly reduce the time to result for 
microbiology testing. Flow-cytometry has already been used extensively to detect fluorescent 
labelled cells in research and clinical laboratories. With the D-Count® and the BactiFlow® 
flow-cytometry now can be used also in routine quality control laboratories, as both systems 
can be used for a wide range of different food and cosmetic products and combine speed 
with sensitivity. Results are available in hours instead of days.  
 
  

                                
        
Figure 1. D-Count

®
     Figure 2. BactiFlow

®
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The benefits associated with improved control of microbiological contaminations by D-Count® 

and BactiFlow® are clear:  

 increase of profitability; 

 improvement of raw material and final product quality; 

 decrease in storage area volumes and associated costs; 

 reduce of inventory holding cost; 

 faster release of end product; 

 extend shelf live of products;  

 ensure positive release of material to production; 

 ensure immediate response to contamination incidents; 

 confirm corrective actions fast; and 

 minimise product losses and down time. 
 
The D-Count® and the BactiFlow® systems uniquely provide the capability to achieve fast 
results with high sensitivity for a wide range of applications and product types, such as dairy 
products, cosmetics and non-sterile pharmaceutical products. The systems are based on 
fluorescent cell labelling technologies, which mark individual viable cells, combined with 
ultra-sensitive laser based analysers. Samples are treated with Fluorassure® reagents. 
These labels are based of a non-fluorescent substrate that enters the cells and is cleaved 
within the cytoplasm of viable cells to liberate fluorochrome. Only viable cells with membrane 
integrity have the ability to perform this cleavage and to retain the fluorescent label inside the 
cell. No cell growth or multiplication step is required. Only viable cells are labelled. Following 
labelling the sample is injected into the quartz flow-cell (Figure 3). During the sample passes 
the laser beam (488nm) the emitted fluorescent signals are collected by the ultra-sensitive 
photomultipliers and the signals are discriminated by the systems software. Results are 
displayed in counts/ml or g of product on the computer screen and, as flow-cytometry is a 
direct count method, are directly comparable with colony counts on plate. 
 
   

 
 
Figure 3. Schematic of flow cell. 
 
 

 D-Count®  specifications, sensitivity and throughput; 

 fully automated flow-cytometer; 

 easy to use software for routine use; 

 software running on Win XP; 

 filterable and non filterable products applicable; 

 total viable count or yeast/mould count possible; 

 presence/absence test after 24 hours pre-enrichment; 

 fully automated system; 

 automate capacity 50 (food) - 64 (cosmetics) samples; 

 throughput 50 samples per hour; 

PMT2  

Sample in 

 Laser 
 

Sample out 

 

PMT1 
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 single sample result in less than 20 minutes; 

 sensitivity for presence/absence test, 1 µ-organism per incubated volume; 

 sensitivity for direct count method: down to 5x102 µ-organisms/ml sample; 

 linearity for direct count method: 5x102 to 5x105µ-organisms/ml.  
 
BactiFlow®  specifications, sensitivity and throughput: 

 manual table top flow-cytometer; 

 easy to use software for routine use; 

 software running on Win XP; 

 filterable and non filterable products applicable; 

 total viable count or yeast/mould count possible; 

 presence/absence test after 24 hours pre-enrichment; 

 throughput depending on application and user, ~15 samples per hour; 

 single sample result in less than 15 minutes; 

 sensitivity for presence/absence test, 1 µ-organism per incubated volume; 

 Sensitivity for direct count method, down to 5x102 µ-organisms/ml sample; 

 Linearity for direct count method, 5x102 to 5x105µ-organisms/ml.  
 
Rapid microbiology has seen tremendous progress with the introduction of Chemunex´s 
innovative products. The D-Count® and the BactiFlow® systems are designed to provide rapid 
microbiology results with highest sensitivity and reliability to industrial routine quality control 
laboratories. D-Count® and the BactiFlow® systems allow to analyse all kind of samples, from 
incoming raw material to final product release, in real-time. The availability of sensitive 
microbial counts in minutes now provides production personnel with a new level of microbial 
control.  D-Count® and the BactiFlow® enable the laboratory to directly support and influence 
product quality and company profitability.  

     
 
 
 
 
 

Figure 4. Selection of applicable products.  
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Speeding-up sample preparation by fully automated HTE (High 
Throughput Experimentation) on Chemspeed instrumentation 

 
 

J. Schröer 
 

Chemspeed 
Switzerland 

 

 
The use of automated equipment for HTE in recent years has evolved from its origin in 
biotech (High Throughput Screening) over the chemical industry (CombiChem, Parallel 
Synthesis) to analytical and diagnostic laboratories in the food and environmental industry 
worldwide. The equipment, originally designed to accelerate the process of drug discovery, 
now also is found in laboratories that need to automate the preparation of samples in a 
parallel manner. Although this business in many cases employs relative 'simple' techniques 
such as extraction and filtration, the complete automation of these procedures remain a 
challenge for any instrument manufacturer, since customers expect reliable, modular, flexible 
and scalable equipment. More demanding processes sometimes require even highly 
sophisticated chemical conditions (such as the exclusion of air and moisture) in multistep or 
branched pathways.   
 
The diversity in the needs of potential applications in sample preparation has boosted the 
development of automated workstations in this business. Only highly modular systems, those 
that can easily be configured to meet the changing needs of the operator, have a chance of 
covering a broad range of complex applications. 
 
We will describe a system that will not only integrate the process of sample preparation into 
an automated workflow, but also preceding and subsequent steps like the preparation of 
reagents, work-up and analysis. 
 
Using selected examples from different industries, this presentation will show how a variety 
of processes in the sample preparation business fully have been automised on Chemspeed 
instrumentation.  
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The core competence of Schleicher & Schuell BioScience 
in the rapid methods market 

 
 

H. Dijk 
 

Schleicher & Schuell BioScience 
Germany 

 
 
 
Schleicher & Schuell BioScience is one of the world’s leading manufacturers of critical 
components used in biomedical research. The company’s core competences are in 
immunodiagnostics, population screening, and arraying. 
 
Schleicher & Schuell BioScience is the supplier of papers and nitrocellulose membranes to 
some of the world’s largest diagnostic lateral flow and flow through immunoassay 
manufacturers. These products are used in a wide variety of over-the-counter tests and 
physician office rapid tests, from pregnancy and fertility tests to tests for determining 
H. pylori, PSA and streptococcus infections, as well as cardiac marker tests used in 
emergency rooms and critical care units. Schleicher & Schuell BioScience works with 
customers to design custom media to meet their exact requirements regarding specificity and 
sensitivity. The company stays in close contact with the market to monitor and discover the 
market’s needs. In all cases the aim is to develop optimal solutions. 
 
Schleicher & Schuell BioScience, in co-operation with leading instrument manufacturer 
Biodot, offers assistance in the design and manufacture of rapid tests and bringing them to 
the market in a relatively short period of time, via a product called OSOS (One Step…One 
Solution). This customisable program gives companies the opportunity to get started with the 
production of their designed tests as soon as possible. Three fully equipped laboratories in 
Dassel (near Hannover), Germany, in Irvine (CA), USA and in Shanghai, China with highly 
qualified staff, are at the disposal of our customers for fulfilling their needs. 
 
Population Screening can be managed with Schleicher & Schuell’s IsoCode paper, which 
facilitates DNA-management – from sample collection to DNA-analysis. Collection, transport, 
analysis and archiving of DNA derived from human body fluids, bacterial cultures, plant 
extracts, samples from animals, can easily be handled with just one device. IsoCode papers 
are already in use in a wide variety of applications like DNA-based human identity testing for 
forensic analysis and military identification, detection of GMOs in plants, food or foodstuffs 
and in DNA-banks. 
 
Rapid advances in the understanding of disease and its treatment have emerged from the 
study of proteins, the building blocks of life. To facilitate that research, Schleicher & Schuell 
BioScience developed the first commercial quantitative multiplex cytokine microspot ELISA 
kit. The platform of this kit is the Schleicher & Schuell BioScience FAST® Slide, which is 
rapidly becoming the worldwide standard for protein microarrays. 
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Rapid detection kits for mycotoxin screening 
in food processing chains 

 
 

L. Sibanda1, S. De Saeger2, C. Paepens2 and C. Van Peteghem2 
 

1Toxi-Test, Belgium and 2Ghent University, Department of Food Analysis, Belgium 
 
 

 
This paper summarises formats of diagnostic products currently being used in the food and 
feed industries for rapid mycotoxin detection. The primary aim in rapid detection of 
mycotoxins is to test and screen in-coming raw materials. A secondary aim is testing along 
the food processing chain. Rapid methods in mycotoxin detection are almost exclusively 
comprised of immunological assay platforms notably Enzyme-Linked Immuno-Sorbent Assay 
(ELISA). Immunological assays usually require minimum sample preparation, therefore, 
setting them aside as a foundation for developing rapid methods for mycotoxin detection. 
 
The immunological format for sample preparation is used in the form of an immunoaffinity 
column (IAC). However, these are used for quantitative analysis in a laboratory environment. 
However, the reception and eventually processing of food raw material usually needs to be 
done on-site or within a few minutes. The immunological assay principle has provided the 
possibility for the availability of field assay formats that can be performed in a range of 
situations. Several simple rapid diagnostic formats are commercially available to address 
different needs and applications in the food industry. These include microtitre well ELISA 
(Veratox, Neogen), membrane-based flow-through (Flow-Through Card Test, Toxi-Test; 

Aflacup,Romer Labs; Aflacard, R-Biopharm), Lateral-Flow Dipstick (QuickTox, 

Envirologix) and a tube test (QuickTube, Envirologix). 
 
Sample preparation and handling for these test formats is very simple involving only a few 
steps. The immunological assay itself is simple requiring a couple of steps to finally obtain 
the results. This is true for the microtitre well ELISA which also requires the use of 
micropipettes. The flow-through formats also require a couple of steps to obtain the results. 
The Toxi-Test Flow-Through Card Tests do not require additional equipment or a laboratory 
environment. The results are obtained within 10 minutes. These products are already in 
application for screening in-coming raw materials by food processing companies including 
coffee companies, cereal processors as well as a few analytical laboratories. They are 
programmed to work in concert with mycotoxin regulations, and can also be adjusted to 
different cut-offs for other screening specifications. 
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Rapid methods in perspective: the R-Biopharm solution 
for rapid quality control 

 
 

R. Niemeijer 
 

R-Biopharm 
Germany 

 
 
 
Just-in-time deliveries, higher production efficiency and lower raw material stock volumes 
have increased the time pressure on the quality control laboratory. Simultaneously the 
efficiency in the quality control laboratory has also improved as the result of automation.  
Nevertheless there is a strong need for more rapid analytical methods both to fulfil the 
demands from production for more rapid results and to further improve efficiency in the 
laboratory. R-Biopharm not only offers several analytical tools to meet these needs but also 
has developed several formats to meet the various demands. 
 
Examples to improve the efficiency in the lab are immunoaffinity columns to save time and 
labour on the sample extraction for mycotoxin analysis. The introduction of the ready-to-use 
RIDA®-COUNT agar slides is yet another example of options to improve efficiency in the 
microbiology lab. 
 
To decrease the analysis time R-Biopharm introduced the RIDASCREEN®FAST assays. E.g. 
a quantitative gliadin analysis according to the RIDASCREEN®FAST Gliadin takes only 30 
minutes, a quantitative DON analysis according to the RIDASCREEN®FAST DON even 
takes only 8 minutes. These tests are ideal analytical tools in the laboratory. To meet the 
demand for on-site testing in production areas R-Biopharm has developed lateral flow tests: 
The RIDA®QUICK tests. Both the RIDA®QUICK Gliadin and RIDA®QUICK DON test enable a 
qualitative analysis within 5 minutes without further equipment. 
 
The R-Biopharm solution therefore is to offer the optimal rapid method for the right testing 
environment. 
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Bio- and chemiluminescence measurement - tailored solutions 
for rapid methods 

 
 

C. Doessereck 
 

Berthold Detection Systems 
Germany 

 
 
 
Bio- and chemiluminescence methods offer several important advantages which are greatly 
beneficial in the detection of biological and chemical contaminants in food, animal, feed  
and in the environment: 

 no technological risk, proven for decades, e.g. in clinical diagnosis; 

 unsurpassed sensitivity; 

 easy to quantify, thresholds for clean / contaminated; 

 suitable for field use / small sample numbers; 

 suitable for screening / large sample numbers / automation-friendly; 

 tests have long shelf life, no biological hazards. 
 
Thus, methods have been developed, and in most cases, are available as commercial 
applications, such as: 

 toxicity testing; 

 BSE testing; 

 pathogen testing in humans and animals, as well as foodstuff; 

 identification and quantification of proteins via immunoassay; 

 identification and quantification of nucleic acid via probe assay; 

 dioxin bioassay; 

 antioxidant agents; 

 bioterrorism threat; 

 .... and many more. 
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DSM Premi®Test: trust is good, control is better 
 
 

F. de Goeijen 
 

DSM Premitest 
the Netherlands 

 
 
 
It’s now known that the medication given to farm animals, whether by injection or through 
their feed, can lead to residues in the muscle, kidney or liver tissue. Concerns about the 
consumption of these residues have fuelled demand for a test to ensure that only the best 
meat enters the food chain. That’s why DSM has developed the Premi®Test, an antibiotic 
residue-screening test that detects antimicrobial substances in fresh meat as well as in fish, 
eggs and urine – fast.  
 
Premi®Test is based on inhibition of growth of Bacillus stearothermophilus, a thermophilic 
bacterium sensitive to many antibiotics and sulpha compounds. When Premi®Test is heated 
at 64°C, the spores in the agar medium will germinate. The germinated spores will multiply 
with the production of acid in case no inhibitory substances are present. This is visible by a 
colour change of the indicator from purple to yellow. When antibacterial compounds are 
present above the detection level of the test no growth will occur and the colour remains 
purple.  
 
To help the user to judge the results of the Premi®Test, DSM developed the Premi®Scan: 
This is an automated system for objectively determining the colour of the Premi®Test. The 
Premi®Scan program is available on a CD-rom. The results are recorded automatically. 
 
Premi®Test is a lot faster than existing testing methods: conventional antibiotic residue tests 
require overnight incubation, but Premi®Test gives you a reliable result in less than four 
hours. Premi®Test and Premi®Scan can be used on-site, integrated in quality assurance-
systems. They both need no investment beyond the test and CD-rom. Premi®Test and 
Premi®Scan are simple to use: no specialised training is necessary, and the results are clear 
and easy to read. 
 
Premi®Test has been validated by several laboratories and industry for application in their 
surveillance programs:  

 Central Science Laboratory, Executive Agency of the UK Government Department Defra 
(United Kingdom) – Premi®Test is used in the UK-surveillance programme. 

 The workgroup 'Pharmakologisch Wirksame Stoffe' der Lebensmittelchemischen 
Gesellschaft, Fachgruppe in der GDCh (Germany) – Premi®Test can be used for self-
monitoring in Germany. 

 TNO Nutrition and Food research (the Netherlands) – the Dutch poultry-industry is 
screening each batch on antibiotics with the Premi®Test. 

 AFSSA Fougères (France), the community reference laboratory for anti microbial 
residues in food.  

 
All results demonstrate that the Premi®Test detects a broad spectrum of most relevant 
antimicrobial compounds in meat at or below the EU maximum residue level.  
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Rapid and reliable biosensor technology for characterisation of 
additives and contaminants in food products 

 
 

R. Wolbert 
 

Biacore 
the Netherlands 

                               
 
 
Biacore offers analytical systems that help to ensure the quality and safety of food products. 
In food analysis, Biacore Q system provides rapid and reliable determination of vitamin 
concentration in fortified foods, to meet both regulatory and customers demands for 
nutritional labelling. For example, Biacore technology has more than halved the analysis time 
for folic acid, an important B vitamin, while offering considerably greater precision in the 
analysis results. The affinity-based biosensor technology pioneered by Biacore began in 
1984 (www.biacore.com/food) and has now obtained fundamental importance in life science 
and pharmaceutical research. 
  
Food scientists have already shown that it is feasible to detect food B-vitamins, residues, 
allergens, pathogens and mycotoxins with Biacore technology. The range of potential 
applications is almost limitless. During the presentation an introduction of  Biacore 
International SA, an introduction of the SPR technology, an overview on present users and 
available kits, some applications of interest, and conclusions of customers will be presented. 
 
Today Biacore has two ready-to-use kits, Biotin Kit and Folic Acid Kits. With a fixed protocol 
the user performs a simple aqueous extraction of the foodstuff, e.g. cereals, infant formula, 
vitamin tablets and vitamin pre-mixtures. Qflex™ Kit Vitamin B12, B-2 and B-5 (pantothenic 
acid) offers a rapid and reliable quantification of the vitamin B12, B2 and B5 content. The 
Qflex™ Kit is a new kit format, which is designed to provide the flexibility required during 
method development together with the reliability essential for routine assays; within 12 hours 
after starting the analysis the results are ready.  
 
Qflex™ Kits for sulphadiazine, sulphamethazine and a (generic) sulfonamide kit are intended 
for screening of veterinary drug residues, e.g. in meat, honey and milk. Qflex™ Kits for 
ractopamine a growth promoter allowed in the US, but not in Europe. Qflex™ Kits for 
streptomycin or chloramphenicol for measurements in meat, shrimps, honey or (dry) milk. 
Qflex™ Kit for clenbuterol (a multi β-agonist test) is intended for screening of ß-agonist 
residues in e.g. bovine urine or meat. 
 
Biacore® Q System is a new biosensor based system for determination of analyte 
concentration in a label free measurements on coloured, turbid or opaque solutions and fully 
automated. Designed to overcome time-consuming procedures and re-analysis with a high 
reproducibility and reliability of results by eliminating the variabilities of manual procedures. 
GLP/GMP registration, LIMS for routine measurements with an easy to use software. 
 
Accurate food analysis is needed in order to ensure that the products marketed as so called 
‘organic’ ecologically correct products meet the high standards demanded by producers and 
consumers. This has led to the evaluation of this technology in a demonstration project, 
FoodSENSE (www.slv.se/FoodSENSE), sponsored by the EC. This requires fast, robust 
analytical instruments that can be used directly in the production process. Biacore 
technology has proved to be suitable for this type of monitoring, such as for detecting 
antibiotic residues in meat and milk automatically without any sample preparation work. 
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A. van Amerongen1, R. Ariëns1, C. Aldus2, G.M. Wyatt2 and J. Wichers1 

 
1Wageningen University and Research Centre, Agrotechnology & Food Innovations, 

the Netherlands and 2Institute of Food Research, UK 
 
 
 
Within the institute Agrotechnology & Food Innovations lateral flow immunoassays (LFIAs) 
have been developed for over 15 years. The LFIAs are applied to detect ligands such as 
antibiotics, toxins, allergens and microorganisms in raw materials and in feed and food 
products. The assays are simple and straightforward and the results are easily interpretable 
and visible in a few minutes. Neither expensive equipment nor special skills are necessary 
and, therefore, the assays are especially suited for low-facility laboratory and field settings. 
Colloidal carbon particles, the immuno-labels applied, show an excellent signal-to-noise ratio 
(black on a white membrane). 
 
LFIAs have been developed for the detection of antibiotics such as cephalexin and 
sulphamethazine. Both LFIAs were validated for compliance with maximum residue limits in 
milk and pig urine, respectively. 
 
A multi-analyte LFIA for the detection of E.coli O157 and verotoxins 1 and 2 has been 
developed and tested for performance in food products such as apple juice, beef and milk. 
The assay was validated in a 14-laboratory food trial and the detection of the pathogen 
appeared to be similar or much better as compared to the official ISO reference method for 
detection of this food pathogen. 
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A multiplex PCR (m-PCR) assay with an internal amplification control (IAC) was developed 
for the simultaneous detection of Salmonella spp. and Listeria monocytogenes through invA 
and prfA genes, respectively. The assay proved to be a robust and rapid methodology for 
simultaneous confirmation of presumptive colonies of L. monocytogenes and Salmonella 
from agar plates thus improving classical methods. Moreover, combined to enrichment 
broths and the most probable number technique, the assay may be considered an 
alternative, useful and ready-to-go method for detection and enumeration of L. 
monocytogenes and Salmonella in low inoculum challenge tests and naturally contaminated 
cooked and fermented meat products. Three different non-selective enrichment broths were 
checked for simultaneous confirmation of both pathogens. Separately enrichment broths 
were needed to assure a robust multiplex PCR since differential growth was observed.  
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Biotechnology & GMOs Unit 

Italy 
 
 
 
Commercialisation on European markets of GMOs and products derived from GMOs in food 
or feed undergoes strict legislation that requires labelling of the product if the GMO content is 
higher than the current threshold of 1.0% which will be lowered after April 18th to 0.9% under 
legislation 1829/03. 
 
At the moment and with respect to immunological assays, only some commercial ELISA kits 
may be used for detection and quantification of only one GMO target protein in food samples. 
We focused our attention on the setting up of an innovative GMO protein quantification 
system. As an alternative to the ELISA method, we propose the use of a high throughput 
system that allows the detection of GMO protein at very broad range of concentrations.  
Luminex Laboratory MultiAnalite Profiling (LABMAP3) assay system is a liquid array able to 
identify and quantify up to 100 different antigens in each sample this can be a very useful 
tool for multiple detections. 
 
We describe here the first application of this technique to GMO analysis specifically using 
standard materials containing 0% 0.5% and 2% GMO contamination of MON810 maize flour, 
as well as serial dilutions of maize samples obtained from a 100% GMO crop for MON810 
and Bt11 and purified Cry1Ab recombinant protein kindly provided by Monsanto.  
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Chloramphenicol is a broad-spectrum antibiotic that exhibits excellent antibacterial and 
pharmacokinetic properties. However, in human medicine its use is associated with the 
development of aplastic anaemia, a rare but serious blood disorder, resulting in the 
'unexplained' failure of bone marrow to produce blood cells. For this reason it is prohibited for 
use in food-producing animals by the Food and Drug Administration in the United States, the 
Canadian Health Protection Branch, the European Union and many other countries. 
 
Sensitive and accurate immuno-biosensor inhibition assays with minimal sample preparation 
have been developed for the determination of chloramphenicol residues in chicken, shellfish, 
honey and milk using a sheep polyclonal antibody and a chloramphenicol sensor chip. The 
antibody displayed specificity for chloramphenicol and chloramphenicol glucuronide. There 
was no cross-reaction with florphenicol, thiamphenicol or with other common antibiotics, e.g. 
penicillin G or tetracycline. Each assay protocol was validated with respect to limit of 
detection (LOD), recovery and precision, expressed as coefficient of variation (%CV) for both 
within-run (intra-assay) and between runs (inter-assay). Limit of detection for each assay was 
calculated as: 0.02 ppb (chicken and milk) and 0.07 ppb (honey). Intra-assay precision 
(n=10) for samples spiked at 0.1 ppb were determined as 10.5% (chicken), 5% (honey) and 
4.6% (milk) while inter-assay CVs (n=3) gave values of 5% (chicken), 4.7% (honey) and 

7.5% (milk). The assays have been optimised and resulted in the development of the Qflex 

Kit Chloramphenicol for use with the BiacoreQ.  
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Meat speciation based on a specific antibody-antigen reaction has been applied for many 
years but was generally restricted to raw or moderately cooked meat analysis in food. The 
major problem of immunoassays was the sensitivity of their response to the heat-treatment of 
the sample. That property of immunochemical methods is used to develop method to control 
the respect to European legislation of the rendering process conditions [1]. Recently, new 
taxon-specific thermostable epitopes were identified and antibodies against them were 
produced.  
 
In spring 2002, Neogen® Corporation (Lansing, MI-USA) marketed two versions of a lateral 
flow immunochromatographic assay targeting a heat-stable muscle protein (Troponin I): 
AgriScreen® for Ruminant (recently renamed ReVeal® Ruminant). These two tests allow to 
detect the presence of ruminant material in meat and bone meals (MBM) or in compound 
feed. The kits proposed are easy to handle (no highly trained staff required), convenient (no 
specific material required) and rapid method (result in less than 30 minutes). 
 
The performances of the assays (specificity and sensitivity) were tested by CRA-W on well-
documented samples produced by the European STRATFEED project (http://stratfeed.cra. 
wallonie.be). AgriScreen® for Ruminant in MBM (or ReVeal®Ruminant MBM) kit was tested 
on (i) pure species animal meals from UE (cattle, pig, sheep and chicken) heat-treated up to 
145°C under saturated pressure, (ii) pure cattle meals from USA and Australia, (iii) mixed 
animal meals (50% of cattle), and (iv) pure and spiked fishmeals. AgriScreen® for Ruminant 
in Feed (or ReVeal® Ruminant Feed ) kit was tested on a wide range of raw feed materials 
and compound feeds. 
 
No cross-reactivity was observed with pig, chicken or fish meals. All the ruminant sample 
meals heat-treated up to 133°C were positively detected. In the case of higher temperatures 
(up to 145°C), most of the samples were positively detected. The sensitivity appeared to be 
higher with sheep material than with cattle one. Moreover, the test did not run on fresh meat 
and the heating stage in the sample preparation protocol is essential for a good reaction. 
Fish, pig and chicken meals were spiked with ruminant meals at the limit of detection 
announced by the manufacturer (respectively 5%, 2% and 2%). Samples spiked with 
ruminant meals heat-treated at 133°C were detected. The detection of ruminant proteins in 
spiked pig meals was less efficient as some masking effect of pig proteins seems to occur. 
Several feed ingredients from vegetal and animal origin were also tested. The test was 
invalid (no control band) for a few feed ingredients of vegetal origin (wafle meal, wheat and 
tapioca). On the contrary to Ansfield’s test [2], locust bean powder did not react. Only one 
interaction was observed with sugar beet pulp from at least two different origins. 
Nevertheless, it can not be reproduced with fresh sugar beet and with feeds containing up to 
15 % of beet pulp. On the other hand, no interaction with milk powder was picked up. This 
shows the potential complementarity of the method with PCR [1]. Only two raw materials
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(locust bean powder and alfalfa) spiked with sheep meal at 2% level were not detected as 
positive. 
 
Based on these results, ReVeal® Ruminant strip tests can be considered as a good 
screening method for the detection of ruminant materials in MBM and compound feed. 
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Listeria monocytogenes is well recognised as a serious food-borne pathogen in humans. 
However, the normalised ISO11290-2 method for the enumeration of L. monocytogenes in 
food has a low sensitivity (100 cfu/g) and a low accuracy around the detection limit. For the 
enumeration of L. monocytogenes in food a sensitive enumeration method, based on 
membrane filtration followed by transfer of the filter to a selective medium has been 
developed. This study was carried out with cold-smoked salmon, a product likely to be 
contaminated with L. monocytogenes. The operating protocol utilises three filtrations run in 
parallel (5, 15 and 30 ml) of a 1 in 10 dilution of the salmon suspension through 0.45 µm 
pore-size cellulose ester membranes, and then culture of the filters on Aloa agar (AES 
Laboratoires, Combourg, France). The results obtained with the technique were compared 
with those from the reference EN ISO 11290-2 method, and found to provide more precise 
results in the enumeration of L. monocytogenes from both artificially and naturally 
contaminated cold-smoked salmon. The method that we have developed is relatively rapid, 
easy to implement and cheap: to achieve the same sensitivity without filtration, up to 150 
Petri dishes of selective agar would be necessary per sample (spreading 1 ml on 3 plates). In 
most cases, the optimised operating protocol enabled 5.1 g of salmon to be examined, 
instead of 0.01 to 0.1 g with the reference EN ISO 11290-2 method, thus greatly improving 
the sensitivity of the method.  
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Since Listeria species are generally present in low rates in food, both conventional and new 
rapid methods for detection of Listeria in food generally require one enrichment step of 
samples in one ore more selective broths for 24 to 48 hours. The enrichment can allow the 
overgrowth of Listeria innocua in samples where both species are present. In fact, it has 
been shown experimentally that some L. innocua strains grow faster than L. monocytogenes 
strains in these selective broths, which may be due to a higher sensitivity of L. 
monocytogenes to the acriflavin contained in the broths. A second inhibition mechanism can 
occur through the production of bacteriocins or phage particles. From a practical perspective, 
the overgrowth of L. innocua in the enrichment broth can result in false negatives by hiding 
low numbers of L. monocytogenes colonies on the isolation media. Conversely, similar 
interactions have also been demonstrated within L. monocytogenes strains, where the 
selective advantage is in favour of L. monocytogenes and not L. innocua. The end result 
using this enrichment method, is that it may lead either to the non-detection of L. 
monocytogenes or to a significantly decrease of the Listeria strain biodiversity initially present 
in the sample. 
 
To date, there have been few studies dealing with techniques which could be useful to limit 
the over growth among strains in naturally contaminated food samples. The effect of factors 
to minimise interactions between strains (enrichment media solidification) or phage inhibitory 
effects (addition of protease) has been evaluated using artificially contaminated samples with 
strains previously characterised for their inhibitory properties or their growth parameters in 
selective medium. The use of filtration to concentrate bacteria rather than growth in 
enrichment broths, has been investigated as a means to reduce enrichment time and thus 
interactions between strains.  
 
Results showed that at low initial contamination levels, as is normally found in food samples, 
growth rates had greater impact than strain inhibitory activities on culture evolution during 
enrichment. None of our modifications to the enrichment protocol maintained initial strain 
diversity. Further investigations are required to determine the impact of individual 
components found within selective broths on the growth of Listeria spp. and L. 
monocytogenes, in order to design strategies to reduce the overgrowth phenomenon. 
Examination of culture diversity in naturally contaminated samples has indicated that Half 
Fraser broth after 24 hours incubation demonstrated optimal preservation of relative sample 
diversity.  
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The isolation of Listeria monocytogenes from food samples is generally carried out using two 
enrichment steps in Fraser and Half Fraser selective broths. The double enrichment can 
allow the overgrowth of Listeria innocua in samples where both species are present. In fact, it 
has been shown experimentally that some L. innocua strains grow faster than L. 
monocytogenes strains in these selective broths, which may be due to a higher sensitivity of 
L. monocytogenes to the acriflavin contained in the broths. A second inhibition mechanism 
can occur through the production of bacteriocins or phage particles. From a practical 
perspective, the overgrowth of Listeria innocua in the enrichment broth can result in false 
negatives by hiding low numbers of L. monocytogenes colonies on the isolation media. 
Conversely, similar interactions have also been demonstrated within L. monocytogenes 
strains, where the selective advantage is in favour of L. monocytogenes and not L. innocua. 
The end result using this enrichment method, is that it may lead either to the non-detection of 
L. monocytogenes or to a significantly decrease of the Listeria strain biodiversity initially 
present in the sample. 
 
To date, there have been few studies dealing with the evolution of the Listeria strains from a 
naturally contaminated sample undergoing enrichment culturing. Previous studies concerning 
Listeria population evolution during enrichment have been carried out using samples 
artificially contaminated with strains previously characterised for their inhibitory properties or 
their growth parameters in selective media.  
 
Naturally contaminated food samples containing L. monocytogenes have been analysed 
according to the ISO 11290-1 standard method, and the population structure in the samples 
has been studied. Strains of Listeria isolated after the two enrichment steps and where 
possible, the initial enumeration of the sample, have been identified at the species level and 
differentiated by pulse field gel electrophoresis (PFGE). In case of an overgrowth of the 
enrichment culture by a single strain, these strains have been examined concerning their 
inhibitory activities (phage or bacteriocin production) or their growth properties in the 
enrichment medium. In this study we have evaluated the impact of overgrowth between 
Listeria strains during each step of the enrichment process. 
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Nowadays, endocrine disrupting chemicals (EDCs) present in the environment are attracting 
a lot of research attention. Although it is known that sediment can act as a sink for EDC and 
as a source of exposure to aquatic organisms, compounds responsible for e.g. estrogenic 
activity in sediments are still mainly unknown. In order to investigate EDC in sediment we 
performed a survey of endocrine disrupting activities in sediment samples from 15 locations 
in the Netherlands. In some locations, e.g. Zierikzee harbour, high estrogenic and dioxin-like 
activities were observed. To identify compounds responsible for these activities, a bioassay 
directed fractionation procedure was developed in our laboratories. In this approach, 
Estrogen Responsive (ER-) and Dioxin Responsive (DR-) CALUX®-assays (Chemical 
Activated Luciferase Gene Expression) were applied to assess total estrogenic and dioxin-
like activity in the sample and to direct HPLC-fractionation according to log Kow and 
chemical analysis (with GC-MS) of active compounds. The method was applied to sediment 
from Zierikzee harbour. Fractionation of sediment extract resulted in almost complete 
separation of estrogenic and dioxin-like activities. Most estrogenic activity was found in 
fractions of low log Kow (~3), suggesting the presence of relatively polar estrogenic 
compounds in sediment. Natural estrogenic hormones possess log Kow values in the same 
range and would, if present in sediment, elute in the same fraction. Therefore, GC-MS 
techniques were used to assess the contribution of natural estrogens in the estrogenic 
activity observed. The natural hormones 17β-estradiol and estrone accounted for the majority 
of this activity. Nevertheless, more than 60% of the total estrogenic activity remained of 
unknown identity. In accordance with chemical properties of known stable dioxin-like 
(arylhydrocarbon receptor agonistic) substances, dioxin-like activity in this sample was 
mainly found in the non-polar fractions. GC-MSD spectra of these fractions were 
deconvoluted using the automated mass spectral deconvolution and identification system 
AMDIS and compared to reference spectra in the NIST mass spectral database for tentative 
identification. Thousands of compounds were tentatively identified (e.g. alkanes, organic 
acids, alcohols, PAHs, PHAHs, furans, alkylated PAHs and benzenes). PAHs, PHAHs etc. 
are proven or suspected dioxin-like substances. Future research will focus on the use of 
multidimensional GC for the analysis of these complex sediment fractions. 
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When quantifying GMO content by real time PCR, there are presently two main calibration 
systems. The first one is based on use of flours made of ground kernels and having a known 
percent of mass fraction of genetically modified (GM) material in flour. In this system 
quantitative results on samples are to be expressed as a mass ratio supposed to represent 
the amount of GM material within the all mass of the considered ingredient. In the second 
system, calibration is based on copy numbers of the targets, now generally obtained through 
use of plasmids in known amounts. With this latter reference system, the GM content of a 
sample is to be expressed as a ratio (in %) between the measured copy number of the GM 
marker target in the sample and the measured amount of haploid genome equivalents in the 
sample. Due to biological reasons linked to zygosity and ploidy of the several plant tissues 
(especially in kernels), both calibration systems will not necessarily come up with identical 
figures but are supposed to be linked (let say per event to keep it easy) through a conversion 
factor (Cf) also named Cv for coefficient value by Japanese teams [1, 2]. 
 
The main objective of this work is to compare the figures obtained with two different types of 
calibration system for the quantitation of the GM maize MON810 by real time PCR. The 
comparison will establish what is the conversion factor between the expression of GMO 
content in % of mass fractions (IRMM MON810 standards) and the % of GM copies obtained 
through plasmids (Nippon gene Multi Target Plasmid) as reference material. Two samples 
(called comparison samples CS1 and CS2 with known contents of respectively 1.3% and 
0.7% in mass fraction obtained in ring trials) completely unrelated to the standards were 
quantified within the two different reference systems and then compared. The conversion 
factors were determined with the help of figures obtained in the two reference systems for 
the comparison samples but also on each calibration point of the IRMM standard. Each of 
the reference flours and also the comparison samples were submitted to DNA extraction with 
the CTAB method. Real-time PCR was performed on an ABI Prism® 7000 according to 
conditions that had been optimised [1] and validated [2]. 
 
The derived conversion factors were respectively of 0.60 and 0.62 for CS1 and CS2. Similar 
values ranging between 0.55 and 0.74 were obtained for each calibration point of the IRMM 
standards. Although results in this experiment are consistent they don’t met the figures 
published by Japanese teams [1, 2] for single kernels (Cf of about 0.38 and 0.42). However 
the Japanese teams never determined the Cf on the IRMM standards. The origin of this 
discrepancy might be that grinding conditions of the IRMM material may have affected 
extractability of the different tissues of the maize kernels in a different way as the one 
performed in Japan. Noteworthy too is the fact that a technical document joined to IRMM 
standards [3] gives a measure of the number of MON810 DNA relative to total maize DNA in 
haploid genome equivalents for each IRMM MON810 standard. Conversion factors 
calculated from these data are grossly comparable to our results.  
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Considering the several different conversion factors obtained with MON810 maize, we here 
give evidence that at least on maize, the concept of conversion factor should be handled with 
great caution if the aim is to convert copy number ratios in mass fractions. For the sake of 
harmonisation of results between laboratories, it seems much more appropriate to express 
results in terms of copy number of a well selected GM marker per haploid genome equivalent 
as this is basically what real time PCR is able to measure. 
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Lateral flow immunoassays (LFIAs) have been developed for over 15 years. The LFIAs are 
applied to detect ligands such as antibiotics, toxins, allergens and microorganisms in raw 
materials and in feed and food products. The assays are simple and straightforward, easily 
interpretable and visible in a few minutes. Neither expensive equipment nor special skills are 
necessary and, therefore, the assays are especially suited for low-facility laboratory and field 
settings. Colloidal carbon particles, the immuno-labels applied, show an excellent signal-to-
noise ratio (black on a white membrane), making it for example an ideal label for the blood 
matrix. 
 
A new development is the combination of mRNA/DNA amplification and LFIA technology. In 
this Nucleic Acid LFIA (NALFIA) amplified genetic material (PCR, NASBA) is directly 
transferred to a one-step LFIA device and the result, i.e. the presence of one or more 
amplicon(s), is indicated by black lines at particular locations in the reading window in 15 
minutes. 
 
Recently, a (semi-)quantitative colloidal particles mini-array assay (QCMA) was developed. 
In this method specifically bound target molecules (DNA and/or proteins) on a nitrocellulose 
surface are detected by ligand labelled colloidal carbon particles. The signals in LFIA and 
QCMA can be analysed and, if required, quantified using a flatbed scanner and image 
analysis software. As compared to conventional quantification of DNA micro-array results this 
approach is rapid and inexpensive. Examples of NALFIAs (Salmonella; E. coli and B. cereus; 
genetically modified soy) and QCMA (Pseudomonas putida gene) will be shown. 
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The study was conducted to evaluate the efficiency of the immunofluorescent mini VIDAS 
LMO system (BioMérieux, France) for detection of Listeria monocytogenes from chicken 
meat samples (breast fillets) and implementation of modified ISO-11290-1 traditional protocol 
by use of rapid culturing chromogenic agar plates (Rapid L'mono, Sanofi Pasteur and ALOA, 
AES). 
 
During one month period 80 samples of chicken breast from the abattoir were collected to 
evaluate the contamination level of broiler carcasses. The L. monocytogenes contamination 
rate was 3.75% (3/80) according to the traditional ISO 11290-1 protocol and 3.75 (3/80) by 
use of reduced, modified method with chromogenic agar plates. 80 Samples were tested in 
mini VIDAS LMO in parallel and 3 out of 80 were detected as positive, with respect to 1 false 
positive and 1 false negative result. The specificity of the mini VIDAS LMO found in this 
experiment was 0.98, and the sensitivity 0.75. The implementation of modified rapid culturing 
method seems to be better solution in routine food diagnostics with respect to one day longer 
procedure as mini VIDAS offers.  
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Detection of species adulteration in ground meat products is important for consumer 
protection and food labelling law enforcement. Consumers want to be protected from falsely 
labelled meat products that contain unknown meat species. For the identification of horse 
meat in meat products several methods have been reported: SDS PAGE technique, agar gel 
immunodiffusion, indirect ELISA technique, PCR-restriction fragment length polymorphism 
technique (RFLP) and hybridisation using satellite DNA probes. 
 
The ELISA and the Real-Time (RT) PCR methods for the detection of horse meat in retail 
meat products has been developed with the detection limit of 5% and 0.1% horse meat in 
meat mixture, respectively. The primer pairs and probe for RT-PCR were designed for the 
region of horse mitochondrial ATPase subunits 6 and the size of the amplification product 
was 151 bp (forward primer F8010: 5-GGC CTC CCT ATT GTA ATT CTG-3; reverse primer 
R8139: 5-GTC CTT TGC TGT TAT GGA TAG C-3 and dual labelled probe P8036: 5-CAT 
ATT TCC CAG CAT CCT ATT CCC-3). The specificity of the designed primers and probe 
were tested using samples of DNA of eleven animal species that may be present in meat 
samples. The designed primers and probe yielded only horse specific amplification product. 
The calibration curve with series of reference meat samples containing various amounts of 
dried horsemeat in mixture (100%, 10%, 1%, 0.1% and 0.01%) was prepared. Ten meat 
product samples from the market of the Czech Republic have been tested both by RT-PCR 
and by competitive ELISA developed previously. The results were compared. Horsemeat 
was detected in one case – horse sausage – both by ELISA and RT-PCR methods. In one 
salami the horsemeat was detected by RT-PCR only. Using ELISA this sample was negative. 
In three other meat products the trace amounts of horse DNA was found by RT-PCR method 
only. In spite of the horse meat declaration in three products, horsemeat was detected in one 
case only. 
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The members of genus Campylobacter are gram-negative, microaerofilic thermotolerant 
organisms. They spread from their primary natural sources into food chain and induce the 
strong diarrhoeic illness in human. Campylobacter jejuni and Campylobacter coli are the 
commonest species occurring in food. Model samples of C. jejuni for polymerase chain 
reaction (PCR) were prepared by rapid and simple procedures consisting of centrifugation, 
proteinase K treatment, Chelex 100 treatment, and boiling lyses. A PCR based on specific 
amplification of the variable sequence of 16S rRNA gene was performed using Tth DNA 
polymerase and the PCR products were visualised by agarose gel electrophoresis. The 
assay allowed detecting 10 cfu/ml C. jejuni in the physiologic solution and 102 cfu/ml C. jejuni 
in the basic Park and Sanders broth. Real samples (chicken wings) were tested according 
this protocol. 
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Detecting the presence of harmful organisms in food, feed, water, soil, air or any other 
substrate is important for health and safety management. Many different molecular 
techniques for the detection of pathogens have been described, each with their own protocol, 
as well as equipment, chemical reagents and, above all, expertise. If different pathogens 
need to be detected simultaneously, this approach is costly. The multiplicity of assays 
available for a specific pathogen leads to a lack of consistency among the various testing 
agencies and hampers standardisation. 
 
The newest development in analysis of nucleic acids is the micro-array technology, in which 
different oligos can be spotted on little more than one square mm. Micro-array technology 
provides the next generation of DNA diagnostics to measure different pathogens on a single 
chip. For each pathogen many different targets can be detected in parallel. This will improve 
specificity, allows detection of pathogenic variants of the target and avoids laborious 
confirmation procedures. Several micro-array systems are available. PamGene has 
developed a revolutionary porous capillary solid phase micro-array. The capacity of this 
three-dimensional array to bind oligonucleotides is higher than that of a two-dimensional 
glass array resulting in a higher sensitivity. Moreover, the porous solid phase allows flow 
through measurements, resulting in fast hybridisation times of only 15 minutes instead of 
hours as on glass. 
 
For sensitive detection requirements, amplification of the target DNA of the pathogen to be 
detected is a prerequisite. PCR is a common method of creating copies of specific fragments 
of DNA. In a simplex PCR assay where one set of PCR primers is used, small samples of 
DNA can produce sufficient copies to be visualised on micro-arrays. In order to amplify 
multiple targets in one PCR assay, multiple primer sets can be used. However, the 
drawbacks of such multiplex PCR assays are that the sensitivity is decreased enormously 
and the number of different targets to be amplified in one assay is limited. Moreover, the 
dynamic range of the targets present in the sample to be tested is not always reflected in the 
outcome of the test: those targets that are present in very low amounts will most of the time 
not be amplified in contrast to those that are abundantly present. 
 
To overcome such problems the pUMA technique was developed. pUMA stands for 'padlock 
based Universal Multiplex detection Array'. DNA extracted from a sample to be investigated 
is mixed with specific padlock-probes that bind to the targets to be detected. These specific 
padlock-probes are subsequently ligated, amplified and detected on a micro-array. 
Amplification occurs using one generic PCR primer set. Results with our prototype pUMA 
that enables simultaneous detection of eight pathogens look very promising. Combination of 
micro-arrays with 96 wells plates will enable the analysis of 96 samples at the same time. 
Application of the pUMA technique is universal and opens possibilities to monitor health 
hazard problems in such a way that in a single test numerous harmful organisms can be 
detected in a sensitive, reliable and fast manner. 
 
------------------------------ 
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Salmonella and Listeria are two important organisms for both food producers and 
consumers. Salmonella is a major cause of food poisoning and results in a number of serious 
outbreaks annually. The low infective dose of Salmonella means that it is essential that small 
numbers can be detected in food samples. Conventional culture methods can take up to four 
days before a negative or positive result is obtained. Listeria is widely distributed in nature 
and can contaminate food before, during or after processing. Listeria monocytogenes can 
cause serious illness in susceptible individuals and has been responsible for a number of 
well-publicised foodborne outbreaks. Conventional culture methods for Listeria are also time 
consuming and can take up to seven days before a final result.  
 
The development of rapid polymerase chain reaction (PCR) based commercial systems such 
as the ABAX system (Qualicon, Europe) gives the potential for rapid and accurate detection 
of these two important food pathogens. This system is an automated version of the earlier 
Bax system which used an agar gel detection system. It utilises PCR technology to provide a 
rapid, highly specific amplification of a conserved region of the Salmonella or Listeria 
genome that is then detected by a fluorescent signal which is automatically analysed to 
determine results. This amplification, which replicates the target DNA fragment to over 1010 

copies in 2.5 hours, takes place even in the presence of DNA from other species. The 
process requires a standard overnight enrichment for Salmonella and a 2-step enrichment for 
Listeria. The system uses a 1-tube assay in which all of the amplification reagents are 
provided as standardised reaction pellets. The assay also includes control reactions, which 
detects any food-mediated PCR inhibition. 
 
To allow this system to be introduced as an accredited test procedure, the Food Microbiology 
Laboratory, St. Finbarr’s Hospital, Cork, Ireland and the Public Health Laboratory, Waterford 
Regional Hospital, Waterford, Ireland undertook a collaborative project* to validate the 
system and present this data for the purpose of achieving ISO 17025 accreditation for it’s 
use in detecting Salmonella and Listeria in food. 
 
This validation work was carried out in the two laboratories using identical instruments and 
protocols. The range of testing was agreed in advance and the combined efforts of the two 
sites permitted the sharing of the work involved in validating the system and achieving 
accreditation from the Irish National Accreditation Board for these rapid detection methods. 
Validation covered comparative testing with conventional culture to establish sensitivity, 
specificity, accuracy and limits of detection. Both laboratories now have an accredited rapid 
test method for the detection of Salmonella in 24 hours and for Listeria in 48 hours. 
 
 
 
------------------------------ 
*The Waterford Public Health Laboratory and Cork Food Microbiology Laboratory gratefully acknowledge the 
financial sponsorship of The Food Safety Promotion Board –  safefood – in carrying out this work. 
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Commonly used methodologies for the detection of specific organisms are severely 
compromised by the laborious and time-consuming steps of nucleic acid extraction, 
amplification and amplification product identification. This is why we have developed a rapid 
nucleic acid detection method amenable to automation. The monitoring of our model analyte, 
Listeria monocytogenes, is accomplished by using a novel, rapid sample pre-treatment 
method, fast thermal cycling and homogeneous real-time PCR based on environment 
sensitive lanthanide chelates and time-resolved fluorescence. Listeria cells were monitored 
from spiked milk, cheese and fish samples. The method can detect as little as 1-10 cfu from 
crude sample (confirmed with platings). Using a fast thermocycler, the whole process of 
sample preparation, target sequence amplification and identification can be completed in less 
than 60 minutes. 
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An ELISA microtiter plate deoxynivalenol (DON) test called AgraQuant® was validated to 
measure DON in a range from 0.25-5.0ppm. The test is performed as a solid phase direct 
competitive ELISA using a horseradish peroxidase conjugate as the competing, measurable 
entity. For the test method, DON is extracted from ground samples with distilled water and 
sample extracts plus conjugate are mixed and then added to the antibody-coated microwells.  
After 15 minutes incubation at room temperature, the plate is washed and enzyme substrate 
is added and allowed to incubate for an additional 5 minutes. Stop solution is then added and 
the intensity of the resulting yellow colour is measured optically with a microplate reader at 
450 nm. Validation studies assessed accelerated stability, accuracy, precision and limit of 
detection in wheat and other grains such as barley, malted barley, corn, corn meal, oats, 
popcorn and milo, comparison of method to HPLC, and ruggedness of the test kits. The 
study took into account different test kits production batches, analyst variances and ELISA 
readers. Results indicated this test is a rugged, sensitive, accurate, precise and effective test 
comparable to HPLC for measuring DON ranging from 0.25-5.0ppm in several commodities. 


