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DESCRIPTION OF THE FLAIR PROGRAMME 

The 2nd Framework Programme for Community activities in R&D included an Action 4 : 
"Exploitation and Optimum Use of Biological Resources". Within Action 4 was a sub-action 
4.2 "Agro-Industrial Technologies" which in turn consisted of two programmes supporting 
research. These were : 
a. "European Collaborative Linkage of Agriculture and Industry through Research", 

ECLAIR 
b. "Food-Linked Agro-Industrial Research", FLAIR. 

The FLAIR programme was established by Council Decision 89/411/EEC on 20 June 1989 
and was adopted for a period of 4 years from 1 July 1989 (O.J. no L 200/18, 13.07.1989). 

The overall objectives of the programme were : 
to promote food industry efficiency and competitiveness 
to improve food safety and quality for the consumer 

• to reinforce the scientific and technical infrastructures serving the European food 
industry. 

FLAIR concentrated on the processing - distribution - consumer end of the food chain and 
aimed to encourage R&D along 3 broad sectors, subdivided into 16 sub-sectors as follows: 

SECTOR 1. Assessment and enhancement of food quality and diversity 

1.1 Quantitative measures of "quality". 

1.2 Objective organoleptic and Sensory criteria and their relationship to quality. 

1.3 Quantitative measures of "freshness" of processed foods. 

1.4 The quality aspects of raw materials as they affect processing and end product 
quality. 

1.5 New or improved technologies and processing innovations, including those of a 
biotechnological nature which enhance food quality while also facilitating 
processing and building consumer confidence, or which make possible greater 
diversity in the supply of foodstuffs. 

SECTOR 2. Food hygiene, safety and toxicology 

2.1 Improved rapid screening tests to predict potential toxicity factors. 

2.2 The occurrence of natural plant toxins and their effects on food. 



2.3 Predicting micro-organism growth rates, accelerated methods for specific 
Organisms and total counts. 

2.4 Improved understanding of the relationship between food constituents and food 
intolerances. 

2.5 The application of these tests in food processing and new food product 
development to ensure the safety of both processes and products. 

2.6 New or improved technologies, methodologies or innovations which contribute to 
food safety. 

SECTOR 3. Nutrition and Wholesomeness 

3.1 The evaluation of the effects of new or improved processing technologies and/or 
ingredient substitution on dietary, nutritional values and wholesomeness aspects 
of food methodologies for nutritional evaluation of foods. 

3.2 The bio-availability of the nutritional constituents (e.g. vitamins and minerals) of 
foods and the effects of processing, distribution, catering, storage and domestic 
use. 

3.3 The nutritional and wholesomeness value of foods designed for particular use (e.g. 
slimming or athletics) or important to sub-groups in the population (e.g. infants and 
the elderly). 

3.4 Those new or improved processes and technologies which enhance the nutritional 
value and wholesomeness of foods 

There were two modes of participation in the FLAIR programme : 

• Through Shared-Cost R&D (SC) which referred to research actions, involving groups 
of participating research teams, in which the Commission paid a share of the allowable 
research costs (normally 50%), and 

• Through Concerted Actions where the objectives were to co-ordinate research which 
was taking place in the different countries through the organization of meetings, 
consultation with national experts and diffusion of information on the progress and 
results of the projects, in which the Commission paid 100% of the co-ordination costs. 

The FLAIR budget was 25 MECU, of which 15 MECU were allocated to shared-costs 
projects, 3.5 MECU to Concerted Actions and 5 MECU to studies, support of workshops, 
bursaries and training mobility grants and the management of the Programme. 
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This publication contains information on all the projects selected and funded under the 
FLAIR programme. 

In both the shared-costs projects and Concerted Actions 513 organisations participated 
coming from 12 EC countries and, at the time the projects finished, 10 EFTA or COST 
countries. The number of projects and participants per sector and mode are shown in Table 

TABLE I : Projects by sector and number of participants 

Mode 

N°of 
Projects 

N°of 
Participants 

Food 
Quality 

SC 

11 

63 

CA 

2 

96 

Food 
Safety 

SC 

7 

36 

CA 

4 

146 

Nutrition 

SC 

4 

23 

CA 

4 

139 

Trans-
Sector 

SC 

0 

0 

CA 

1 

10 

TOTAL 

SC 

22 

122 

CA 

11 

391 

Of the 255 proposals submitted as a result of the call for proposals issued in June 1989, 33 
were selected for funding (approval rate 12.9%), of which 22 shared-costs projects and 11 
Concerted Actions. 

Concerning the type of organisations that participated in both the shared-costs projects and 
Concerted Actions, it would be worth mentioning the number of the industrial participants 
which represented the 15.9% of all the participants (82 out of 513). The type of 
organisations participated per mode of participation is shown in TABLE II. 
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TABLE II : Type of organisations by mode 

Large Companies 

SMEs 

Universities/ 
Higher Educations 

Public Research 
Organisations 

Private Research 
Organisations 

Others 

TOTAL 

Shared - Cost Projects 

N° 

10 

20 

32 

40 

14 

6 

122 

% 
8.2 

16.4 

26.2 

32.8 

11.5 

4.9 

100 

Concerted Actions 

N 

22 

30 

123 

187 

13 

16 

391 

% 
5.6 

7.7 

31.5 

47.8 

3.3 

4.1 

100 

Of the 513 organizations, 159 participated in projects concerning Food Quality, 182 ii 
projects concerning Food Safety, 162 in projects concerning Nutrition and 10 in trans sectc 
projects. The EC scientific officers responsible along with the sectors and modes c 
participation are shown in TABLE III. 

Overall around 58% of the FLAIR funds were assigned to the 22 shared-cost projects. Th 
EC contribution was around 0.66 MECU per project, while each project had 5,6 participant 
on average. The 13 concerted actions had 30 participants on average, with an average cos 
of 0,3 MECU. 
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TABLE III : Projects by Sector and EC Scientific Officer 

CONCERTED ACTIONS 

Bruce Traill* / Liam Breslln 

Raymond Colombel* / Philippe Mangé / 
Laurent Bochereau 

Pat Mc Donned* / Xavier Goenaga 

Hendrik Hoestra* / Jos Cométese 

Food Quality 

AGRF 0021/56 
AGRF 0025/57 

Food Safety 

AGRF 0017/58 
AGRF 0037 
AGRF 0042 

AGRF 0030/60 

Nutrition 

AGRF 0022 

AGRF 0026/61 
AGRF 0027/62 

AGRF 0028/63 

Trans Sector 

AGRF 0036/64 

SHARED-COSTS 

Bruce Traill* / Llam Breslln 

Raymond Colombel* / Philippe Mangé / 
Laurent Bochereau 

Pat Mc Donnell* / Xavier Goenaga 

Hendrik Hœstra* / Jos Cornelese 

AGRF 0033 
AGRF 0029 
AGRF 0039 
AGRF 0047 

AGRF 0031 

AGRF 0054 
AGRF 0046 
AGRF 0052 

AGRF 0023 
AGRF 0032 
AGRF 0051 

AGRF 0020 
AGRF 0024 
AGRF 0043 

AGRF 0045 
AGRF 0034 

AGRF 0035 

AGRF 0049 

AGRF 0050 

AGRF 0038 

AGRF 0018 

AGRF 0053 

original FLAIR team Including also Dieter Plrrwltz for Concerted Actions 
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Each of the 33 FLAIR projects is summarized on at most four pages. The projects are 
sorted by sector and sub-sector, as these are listed on the "Description of the FLAIR 
programme" section, and by contract number. 

Almost all of the projects involved more than one sub-sector. The sub-sector mentioned for 
each project is only indicative. In any case the reader is advised to search via the keyword 
index. 

For every project the following information is supplied when available : 

1. Sector and sub-sector on the header 
2. Title 
3. Contract number and proposal number in parenthesis 
4. Type (mode) of project 
5. Name and address of the coordinator 
6. List of the other participants 
7. EC scientific officer 
8. Keywords 
9. General Objectives 
10. Results obtained 
11. Industrial exploitation (actual or potential) 
12. Number of PhD theses derived 
13. Number of laboratory exchanges (where applicable) 
14. Patents 
15. Licensing agreements 
16. Number of publications totally or partly attributable to EC funded contracts 
17. References of most relevant publications 
18. Conferences or workshops organized under the EC funded contracts 
19. Conferences or workshops organized as a result of the EC funded contracts 

To ensure maximum accessibility, six sets of indexes are provided for cross-referencing : 

Index of keywords ordered alphabetically 
List of projects by sector and sub-sector 
Index of participating organisations ordered alphabetically 
Index of projects by contract number 
Index of projects by proposal number 
Index of projects by title ordered alphabetically 
Index of coordinators ordered alphabetically 



The codes used in this book are explained at Tables V and VI below : 

TABLE V : Codes ofCoyntry 

Country Codes 

Austria 

Belgium 

Bulgaria 

Czech 
Republic 

Croatia 

Denmark 

AT 

BE 

BG 

CZ 

CR 

DK 

Finland 

Germany 

Greece 

Iceland 

Italy 

Ireland 

Fl 

DE 

GR 

IS 

IT 

IE 

Luxembourg 

Norway 

Portugal 

Romania 

Slovenia 

Spain 

LU 

NO 

PT 

RO 

SL 

ES 

Sweden 

Switzerland 

The 
Netherlands 

United 
Kingdom 

SE 

CH 

NL 

UK 

TABLE VI : Codes of project type 

Type (mode) of Project Codes 

Shared-Cost SC Concerted Action CA 

The list of projects by sector and type can be seen in Table VII below : 
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TABLE VII : List of projects by sector 

Shared-Cost 
Projects 

Concerted 
Actions 

Food Quality 

AGRF 0023 : Oxidoreductases 
AGRF 0029 : Endogenous 
Enzymes 
AGRF 0031 : Fresh Fruit Mixes 
AGRF 0032 : Starters for Wheat 
Bread 
AGRF 0033 : Microwave & Joule 
Heating 
AGRF 0039 : Transgenic food 
crops 
AGRF 0046 : S02 and red wine 
quality 
AGRF 0047 : Limited Shelf-life 
products 
AGRF 0051 : Dehydration 
technology 
AGRF 0052 : Fruit juice quality 
AGRF 0054 : Virgin Olive Oil 

AGRF 0021/56 : Assessment of 
food quality 
AGRF 0025/57 : Sensory Analysis 

Food Safety 

AGRF 0020 : Food 
intolerance 
AGRF 0024 : MAP of meat 
products 
AGRF 0034 : Raw milk-
cheese safety 
AGRF 0035 : Food plant 
sanitation 
AGRF 0045 : "late blowing" of 
cheese 
AGRF 0048 : Natural 
antimicrobials 
AGRF 0049 : Microbial 
contaminant detection 

AGRF 0017/58: Predictive 
modelling 
AGRF 0030/60 : Controlling 
poultry pathogens 
AGRF 0037 : HACPP 
AGRF 0042 : Toxicology & 
residues 

Nutrition 

AGRF 0018 : In-pack 
Thermal processing 
AGRF 0038 : Functional 
fibres 
AGRF 0050 : Nutritious 
cereal products 
AGRF 0053 : Probiotics 
for nutrition 

AGRF 0022 : Food 
lectins 
AGRF 0026/61 : 
Micronutrient availability 
AGRF 0027/62 : 
Resistant starch 
AGRF 0028/63 : Dietary 
intake, food composition 

Trans 
Sector 

AGRF 
0036/64: 
dissemination 
(FLAIR-
FLOW) 
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SECTOR 1 : "QUALITY' 

1.1 Quantitative measures of food "quality" 
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1.1 - QUANTITATIVE MEASURES OF FOOD -QUALITT 

Spectroscopic techniques NIR, NMR, FTIR for rapid food quality 

WÊÊÊÊË H ü assessment 

Contract number : AGRF 0021 /56 (CA 1 ) 

Coordinator : C.N.G. Scotter 
Campden Food and Drink RA 
Chipping Campden 
Gloucestershire GL 55 6LD 

Type of project : CA 

Fax:+441386842100 Tel:+441386 842000 

Other participants : 

Ministry of Agriculture, Libramont 

Amylum N.V., CST Research Centre, Aalst BE 

U.C.L., Biochemistry and Nutrition, Louvain-La-Neuve 

Bruker Spectrospin, Brussels 

The Canning Research Institute, Plovdiv 

Zux D13, ΕΤΗ-Zentrum, Zürich 

The Institute of Chemical Technology, Prague 

Brukker Analytische Messtechnik GmbH, Rheinstetten 4 

Universität Munchen, Institut fur Physikalische Chemie, Munchen 2 

Bioteknisk Institute, Kolding 

Danish Meat Research Institute, Near Infrared Analysis, Roskilde 

The Royal Veterinary and Agricultural University, Chemical Department, Frederiksberg 

Danish Dairy Board, Chemical and Instrumental Analysis, Brorup 

Ministero de Sanidad y Consumo, C1 CC, Madrid 

University of Cordoba, ETSIA (Animal Production Department), Cordoba 

Ainia, Campus de Γ Universidade Politecnica, CNO-DEVERA s/n. Valencia 

UK 

BE 

BE 

BE 

BG 

CH 

cz 

DE 

DE 

DK 

DK 

DK 

DK 

ES 

ES 

ES 



1.1 - QUANTITATIVE MEASURES OF FOOD "QUALITr 

INRA, Nantes Cedex FR 

INRA, Station de Recherche sur la Viande, Theix FR 

University of Nantes, CEAIS, NMR Laboratory, Nantes Cedex FR 

EUROFINS, Nantes Cedex 03 FR 

CNRS, Laboratoire de Spectrochimie, Infrarouge et Raman, Villeneuve D'Ascq FR 

INRA, Centre de Recherche de Paris Grignon, Paris Cedex 05 FR 

Aliatimi Northem Greece Cereal Co. IC Ltd., Thessaloniki GR 

Istituto Sperimentale Lattiero-Caseario (M.A.F.), Lodi IT 

The National Food Centre (TEAGASC), Dublin 15 IE 

MATFORSK Division Food Technology, AS NO 

TNO-CIVO Institutes, Biochemistry and Biophysics Department, Zeist NL 

Universidade de Aveiro, Dept. de Química, Aveiro PT 

The Costin D. Nenitescu Institute of Organic Chemistry, Bucharest RO 

The Institute for Physics and Nuclear Engineering, Bucharest RO 

TECATOR AB, Höganäs SE 

Technical Research Centre of Finland (VTT), Food Research Laboratory, Espoo Fl 

R.H.M. Research and Engineering, High Wycombe UK 

AFRC Institute of Food Research, Norwich Laboratory, Norwich UK 

Aberdeen University, College of Agriculture, Aberdeen UK 

The Polytechnique of Wales, Mid. Glamorgan UK 

Infrared Engineering, Maidon UK 

EC scientific officer : Liam Breslin 

Keywords ¡instrumental analysis, measurement techniques, spectroscopic techniques, mathematical 
treatment, spectral database, food quality 



1.1 - QUANTITATIVE MEASURES OF FOOD -QUALITT 

Objectives : 

• To study signal interpretation to interpret, define, process and quantify instrumental signals in order 
to understand and justify signal/quality relationships. 

• To study mathematical treatment/interpretation of instrumental data to modify signals and combine 
signal data from different instrument types in order to relate the signal to food quality characteristics. 

• To optimize instrumental and experimental design for measurement of food quality by means of 
instrument and experimental design. 

• To produce a standardised spectral exchange format to enable the exchange and valid comparison 
of instrumental spectra. 

• To establish an information base about available spectra and to construct a spectral database 
containing the actual spectral data. 

Results : 

Small groups with specific work task which fall within the remit of the original objectives were formed, on 
the initiative of any Action participant. 

Each Action Group had a leader who reported progress and results and there was a firm expectation of 
the production of a QUEST document or booklet or other publication or both. The project under that 
scheme seemed to have worked excellently. 

A close network of common approaches in terms of food quality determination can now be found in 
Europe. The scientists have brought about strong achievements in terms of quality control methods. 

A standard spectral exchange format has been published based upon JCAMP.DX format and software 
has been developed to enable a catalogue of spectral sources to be produced (i.e. the source and its 
nature are recorded and it will be up to the "owner" of the spectra to supply them to an enquirer). 

The techniques within the Action used different instrumental, mathematical and analytical approaches. 
NIR was perhaps the technique which was most dependent upon the use of a wide variety of quantitative 
and qualitative mathematical and statistical methods, and it was the area where participants had noted 
the most significant cross fertilization of ideas. Many of the NMR and FTIR scientists recognized the 
value of the mathematical approaches used within NIR spectroscopy. 

Industrial exploitation : 

The Action facilitated the provision of rapid instrumental analytical techniques (particularly NIR, FTIR and 
NMR) for the food and allied industries, both on and off-line, to the benefit of the consumer. 

A patent for microwave thermal barometer was submitted and schemes of Interuniversity Cooperation 
Programmes, scientist exchanges as well as a NIR network involving factories were developed. Plenary 
meetings offered information on all the techniques. Also the development of a photothermal spectrometer 
could result in an instrument patent. 

However the most significant effect has been the fashioning of a network of European spectroscopic 



1.1 - QUANTITATIVE MEASURES OF FOOD 'QUALITY· 

scientists, which continues to be very effective three years after the end of QUEST. Also, several 
successful European research proposals were directly attributable to work carried out in the Action. 

Number of PhD theses: 6 

Laboratory exchanges : 19 

Number of publications : 50 and 14 QUEST newsletters 

Most relevant publications : 

• Progress in spectroscopy food-related databases. Database Action Group (DBAG). A QUEST 
Action Group guideline document. Compiled and edited by G. Downey and C.N.G. Scotter. 

• The State of the Art in Spectroscopic Instrumentation. The State of the Art Action Group (STAG). 
A QUEST Action group guideline document including mid-infrared sampling methods from the 
(MISM) Action Group. Compiled and edited by R. Wilson and C.N.G. Scotter. 

• Spectroscopic calibration transfer and development issues. The Calibration Transfer Action Group 
(CTAG) and the Calibration Development Action Group (CALDO). A QUEST Action Group guideline 
document. Compiled by C. Borggaard, P. Dardenne and C.N.G. Scotter. 

• Contributions to spectroscopic based food research from eastern and central European participants. 
Edited by C.N.G. Scotter. 

• Food authentication and spectroscopic techniques (FAST). A QUEST Action Group guideline 
document. Compiled and edited by M. Lees and C.N.G. Scotter. 

• Bertrand, D., Scotter, C.N.G. (1992). Application of multivariate analyses to NIR spectra of 
gelatinised starch. Applied Spectroscopy 46, (9). 

Conferences or workshops organised under the EC funded contracts : 

• Paris (FR) plenary meeting on calibration challenges 
• Hamburg (DE) plenary meeting on spectroscopic techniques for on-line process control in the food 

industry 
• Rhodes (GR) plenary meeting on spectroscopic and food related databases 

• 9 more plenary meetings 
• 16 management meetings 

Conferences or workshops organised as a result of the EC funded contracts : 

• Using the infrared for food quality analysis. Århus 19th September 1996 FLAIR - FLOW meeting, 
C.N.G. Scotter. 

• Spectroscopy applied to food analysis. EC VALUE meeting 24th June 1994 Dresden, C.N.G. Scotter. 
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1.2 Sensory evaluation and relationships to "quality" 
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1.2 - SENSORY EVALUATION AND RELATIONSHIPS TO 'QUALITY-

ilating sensory, instrumental and consumer choice studies-
SENS 

Contract number :AGRF 0025/57 (CA 2) 

Coordinator : Mr E. Risvik 
MATFORSK 
Norwegian Food Research Institute 
Osloveien 1 
N-1430AS 

Type of project : CA 

Fax:+47 64 97 0333 Tel:+47 64970100 

Other participants : 

• Gent University, Faculty Agricultural Sciences, Gent 

• Federal Dairy Research Institute, Bern 

• Universität Dortmund, Fachbereich Statistik, Dortmund 

• Danish technological Institute, Århus 

• Danske Mejeriers FæHesorg, Århus 

• Consejo Regulador D.O. "Queso Mahon", Manon-Menorca 

• C.S.I.C. Inst. Del frio, Madrid 

• ENITIAA, Nantes Cedex 03 

• INRA, L.R.A., Centre de Recherches de Dijon, LRA, Dijon Cedex 

• C.I.G.C, Poligny 

• Union des Producteurs de Beaufort, Syndicat de Défense du Beaufort, Chambéry 

• INRA, Station de Recherches en Technologie et Analyses Laitières, Poligny 

• INRA, Station de Recherches Laitière, Jouy-en-Josas 

• ADRIANT Consultants, Nantes Cedex 03 

• INRA, Station de Recherches sur la Viande, Ceyrat 

NO 

BE 
CH 
DE 
DK 
DK 
ES 
ES 
FR 
FR 
FR 
FR 
FR 
FR 
FR 
FR 

-8-



1.2 - SENSORY EVALUATION AND RELATIONSHIPS TO 'QUALITY
-

Aristotelian University of Thessaloniki, Dairy Technology, Thessaloniki GR 

Istituto di Industrie Agrarie, Facoltà di Agraria, Portici Naples IT 

Consorzio del Fromaggio Parmigiano Reggiano, Reggio Emilia IT 

University of Milan, Food Science and Technology, Milan IT 

Consorzio Prodduttori Fontina, Quart-Aosta IT 

University College Cork, Dept. of Food Chemistry, Cork IE 

The Agricultural University of Norway, Department of Dairy and Food Industries, As NO 

TNO-CIVO, Food Analysis Institute, Zeist NL 

Wageningen Agricultural University, Marketing and Marketing Research, Wageningen NL 

LNETI-DTIA, Lisboa PT 

The Swedish Meat Research Institute, Kävlinge SE 

SMR Swedish Dairies' Association, R&D Research Department, Lund SE 

S.I.K. - Swedish Institute for Food Research, Göteborg SE 

University of Helsinki, Food Chemistry and Technology, Helsinki Fl 

Technical Research Centre of Finland, VTT, Food Research Laboratory, Espoo Fl 

Campden Food and Drink Research Association, Food Choice, Chipping Campden UK 

Leatherhead Food R. Α., Sensory Analysis and Food Texture, Leatherhead UK 

Campden Food and Drink Research Association, 

Food Quality and Food Acceptability, Chipping Campden UK 

AFRC Institute of Food Research, Reading Laboratory, Reading UK 

The Queen's University of Belfast, Food and Agrie. Chemistry, Belfast UK 

Scottish Agricultural Statistics Service, University of Edinburgh, Edinburgh UK 

Mobile Sensory testing Services Ltd., Oxted UK 

AFRC Institute of Food Research, Material Sciences, Reading UK 

- 9 -



1.2 - SENSORY EVALUATION AND RELATIONSHIPS TO -QUALITY-

EC scientific officer : Liam Breslin 

Keywords : food technology, proteolysis, additives, cheese, biochemistry, sensory evaluation 

Objectives : 

• To characterise relationships between instrumental data and sensory data and between consumer 
choice studies and sensory data. 

• To review and develop functional and applied models for food choice behaviour. 
• To establish a base for state-of-the-art of instrumental methods as relating to sensory perception of 

foods. 
• To improve compatibility of European food industries through fast and efficient transfer of results from 

research to applied product development, control and assurance. 

Results : 

The SENS Action has brought several highly innovative statisticians into contact with sensory and food 
scientists. These contracts have already led to several important developments and others are in 
progress. The partners demonstrated a high level of awareness of the part that statistics and other 
information technologies can play in the conduct of food research. Several laboratories are now acquiring 
special purpose software for Partial Least Squares and Generalised Proctustes Analysis to augment 
powerful general purpose statistical packages. 

A new rheological method, a dynamic compression, has been applied to cheeses. Examination of the 
potential relationships between sensory and instrumental (biochemical and rheological) data has been 
developed through an experimentation shared by several European laboratories. The establishment of 
a guide for sensory analysis of texture, to be used by trained panels (and also to train panels), ended by 
preliminary examination of the potential relationships to rheological data. 

A model for texture measurements of cheese has been developed and is printed in 5 languages. 

The information flow has been organized through the newsletter SENSNEWS and a series of reports and 
papers from meetings and workshops. 

Industrial exploitation : 

The taste panels tests where five different panels evaluated the texture of 20 hard and semi-hard cheeses 
will result in the publication of guidelines for the sensory analysis of hard and semi-hard cheese which 
will be of use to food technologists and the food industry, and will in turn benefit the consumer. Also 
workshop topics included the total food quality concept; consumers' quality demands in the future; cultural 
diversity versus food choice and food product perception versus the European open market. 

The programme of SENS workshops has made a major contribution to the coordination and advancement 
of sensory testing and consumer choice studies in Europe and their application to the food industry. 

Laboratory exchanges : 129 
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Laboratory exchanges : 129 

Number of publications : 97 plus 15 newsletters 

Most relevant publications : 

• "A Guide to the Sensory Evaluation of Texture of Hard and Semi-Hard Cheeses", INRA Editions. 
Published in 5 languages. ISBN 2-7360-0575-5. 

• "SENS-Bringing it all together", Reports from the 6th plenary meeting, Lisbon, April 1994 (in press). 
ISBN82-90394-51-9. 

• "Assessing Food Quality", Reports from the 2nd plenary meeting, England, June 1991. ISBN 82-
90394-38-1. 

• "Practical models for relationships between data sets", Reports from the 3rd plenary meeting, Spain, 
Feb-March 1992. ISBN 82-90394-44-6. 

• "Food Quality - Consumer Relevance", Reports from the 5th plenary meeting, Italy, Sept 1993. ISBN 
82-90394-50-0. 

• "Relating Instrumental, Sensory and Consumer Data", Reports from the 4th plenary meeting, France, 
Sept 1992. ISBN 82-90394-46-2. 

Conferences or workshops organised under the EC funded contracts : 

• 1st plenary meeting, Norway, Dec.1990 
• 2nd plenary meeting, England, June 1991 
• 3rd plenary meeting, Spain, 2-4 Mar. 1992 
• 4th plenary meeting, France, 27-29 Sep. 1992 
• 5th plenary meeting, Italy, 9-11 Sep. 1993 
• 6th plenary meeting, Portugal, April 1994 
• 45 workshops 
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SECTOR 1 : "QUALITY" 

1.3 "Freshness" of processed foods 

No projects in this area 
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SECTOR 1 : "QUALITY" 

1.4 Effects of raw materials on "quality" 



1.4 - EFFECTS OF RAW MATERIALS ON -QUALITY1 

ie influence of endogenous enzymes on the flavour quality 
and shelf-life of vegetables and herbs 

Contract number : AGRF 0029 (SC 3) Type of project : SC 

Coordinator : Dr. P. Dunphy 
Unilever Research Colworth Laboratory 
Colworth House 
Shambrook 
Bedfordshire MK 441 LQ UK 

Tel:+441234 222753 Fax :+441234 222401 

Other participants : 

• Istituto di Industrie Agrarie 
Diparlamento di Scienze e Tecnologie Alimentari e Della Nutrizione 
Universita Degli Studi di Perugia 
Perugia IT 

• Instituto Nacional de Engenharia e Tecnologia Industriai 
Lisboa PT 

• Fraunhofer-Institut fur Lebensmitteltechnologie und Verpackung 

Munchen DE 

EC scientific officer : Liam Breslin 

Keywords : enzymes, oxidoreductases, flavour/colour quality, vegetables/fruit 

Objectives : 

• To identify the major enzyme systems in vegetables and herbs which affect flavour quality. 

• To understand the effect of processing, packaging and storage stress on these enzyme systems. 
• To utilise this understanding to tailor processing, packaging and storage regimes to improve flavour 

quality. 

Results : 

Parsley, green beans and potato were selected as models to study peroxidase (POD), lipoxygenase (LPO) 
and polyphenoloxidase (PPO) respectively. Tomato is the composite system in which the 3 enzyme 
systems are operative. 
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With respect to potato it was found that PPO does not play such an important role in processing since 
the initial heat treatment inactivates this enzyme. This latter may however initiate further chemically based 
colour changes. The successful and promising alternative milder inactivation conditions developed for 
PPO may be more effective in processing other fruits and vegetables. 

For green beans it was found that when stored for 12 months at -18 C° initial blanching at 85 C° for 1.5 
min gave good results in terms of the quality factors of aroma, colour and texture. The intensity of this 
thermal treatment is much lower than the normally applied 100 C°. This has additional benefits in terms 
of energy consumption, waste water disposal and nutritional preservation of the product. 

In parsley herb it was found that the aroma and colour quality loss in frozen unblanced parsley results 
from the degradation of select aroma chemicals and plant pigments via an oxidative sequence involving 
peroxidase. 

In tomato the three endogenous enzymes were characterised to assess their optimum conditions of 
activity for substrate, pH and temperature as well as thermal inactivation using buffer extracts of crude 
acetone powders of whole fruit. The oxidative and cooxidative mechanisms of LPO were confirmed in 
accordance with known literature. The phenolic caffeic acid was shown to have dual functionality acting 
as a substrate for PPO and as an inhibitor of LPO. During the production of puree it was found that the 
treatment employed (30-60 sec at 100 C°) did not destroy the activities of the three endogenous enzymes. 
The application of an exogenous oxidoreductase (glucose oxidase) to the tomato enzymes showed a high 
inhibitory activity. 

Industrial exploitation : 

The work carried out has highlighted opportunities for improving flavour and colour quality in processed 
tomatoes, herbs and potatoes, by generated a better understanding of the role of oxidoreductases in the 
transformation of key colour and flavour molecules. This knowledge base provides potentially milder 
technological processing options for the above plant crops which will need further exploration before 
industrial processes can be instituted. 

Number of PhD theses: 2 

Patents : One for herbs processing is under consideration 

Number of publications: 14 

Most relevant publications : 

• Montedoro, G.F., Begliomini, A.L., Servili, M., Petruccioli, M. and Federici, F. 1995. Possible 
improvement of sensory and nutritional quality of tomato derivatives using glucose oxidase as an 
inhibitor of endogenous oxidoreductases. Proceedings of International Symposium "Bioflavour 95", 
Dijon (France), (February 14-17,1995), pp 195. 

• Begliomini, A.L., Federici, F., Montedoro, G.F., Petruccioli, M. and Servili, M. 1995. Inhibitory effect 
of a fungal glucose oxidase on tomato endogenous oxidoreductase. Proceedings of International 
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Congress "9th World Congress of Food Science and Technology", Budapest (Hungary), (July 30-
August 4,1995), Ρ 385, Vol II, pp 134. 

Begliomini, A.L., Montedoro, G.F., Servili, M., Petruccioli, M., and Federici, F. 1996. Oxidoreductases 
from tornato fruit : inhibitory effect of a fungal glucose oxidase. Journal of Food Biochemistry, 19,161. 
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Study of the characteristics of raw materials 
for the manufacture of ready - to - use fruits 

Contract number : AGRF 0031 (SC 37) Type of project : SC 

Coordinator : J. Mazollier 
Ctifl - Centre de St Rémy de Provence 
Route de Mollégés 
13210 St Rémy de Provence FR 

Tel : +33 490 920582 Fax : +33 490 924387 

Other participants : 

• Centro Sperimentale di patologia per la conservazione degli ortofrutticoli 
Bologna IT 

• Institut de Recherche des Fruits et Agrumes 
Montpellier FR 

• Société Coopérative Agricole COVIAL 

Manduel FR 

EC scientific officer : Philippe Mangé / Laurent Bochereau 

Keywords : minimally processed foods, yeasts, modified atmosphere. 

Objectives : 

To produce a mixture of ready - to - use fruits for : 
the diversification of the range provided by the sector of fruits and vegetables as well as to integrate 
fruits within the range of prepared desserts, 

• to meet consumer's demand for ready to use products, while respecting taste qualities and 
nutritional and safety aspects of the fresh product 

the usage of fruits which have minor blemishes while maintaining satisfactory quality of finished 
products. 

Results : 

Kiwi fruit demands chemical treatment to control mould development. Washing with hydrochloric acid 
or sodium silicate allows a great diminution of residues. 
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It is not possible to stop microorganism growth with modified atmosphere. Yeasts are unaffected by 

carbonic gas. 

The development of yeasts in a closed packaging is correlated with the production of C02 and ethanol. 

For apples packaging without oxygen controls enzymic browning but then self-fermentation of apples 
occurs. Addition of ascorbic acid is requested for total suppression of enzymic browning. 

Mango and grapes seem promising as alternative ingredients in such salads. 

Industrial exploitation : 

Ready to serve refrigerated salads and foods in general are already forming a whole new and fast 
advancing sector of the food industry. This is the so called "minimally processed" food sector. Increase 
of shelf-life or refrigerator life is highly sought for such products and any means towards that direction will 
expand this food sector. 

For traditional trade, the price of applying the results derived appear to be too high. The production has 
to be fully automated in order to diminish the cost. However there is a great exploitation potential for 
catering. This sort of customers are looking for other species, packaging and convenience qualities; but 
the technological solutions do remain the same. 

Number of PhD theses: 1 

Number of publications: 8 

Most relevant publications : 

Marques L et al - Purification of an apple Polyphenoloxydase isoform resistant to SDS - protein K 
digestion. Phytochemistry, Vol 36, No 5, pp 1117 -1131,1994. 

Marques L. - Contribution á Γ étude de la Polyphenoloxydase et du brunissement enzymatique de 
la pomme : relations structurales entre les différentes formes de Γ enzyme. Thèse soutenue le 
5/12/94 à Γ Université de Montpellier II - Sciences et techniques du Languedoc. 

Mazollier J. Raisin égrené en barquettes - Infos Ctifl No 102 - Juin 94. 

Leteinturier, J., Mazollier, J. - Fruits et légumes frais prêts à Γ emploi : 4ème gamme - Industries 
Agricoles et Alimentaires, Juin 91. 

Marques, L, Mazoffler, J. - Tranches de pommes "prêtes à Γ emptor pour la restauration hors foyer. 
- Infos Ctifl no 92, Juin 93. 
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sensory and nutritional quality of virgin olive oil 
in relation to variety, ripeness and extraction technology 

Contract number :AGRF 0046 (SC 41 ) Type of project : SC 

Coordinator : Dr. G. Esposito 
Biagini Farmacentici SpA 
Località ai Conti 
55020 Lucca - Castelvecchio Pascoli IT 

Tel : +39 583 719597 Fax : +39 583 766343 

Other participants : 

• Eleourgiki 
Central Cooperative Union of Olive Products 
Athens GR 

• Stazione Sperimentale per le Industrie degli Oli e dei Grassi 
Milano IT 

• Università degli Studi di Milano 
Dipartamento di Scienze e Technologie Alimentari e Microbiologiche 
Milano IT 

• Unilever (Nederlandse) BV 
Research Laboratorium Viaardingen 
Viaardingen NL 

• Consejo Supertor de Investigaciones Cientificas 
Instituto de la Grasa y Sus Derivados 
Sevilla ES 

• Campden and Chorieywood Food R.A. 
Chipping Campden UK 

EC scientific officer : Xavier Goenaga 

Keywords : olive oil, oil technology, Mediterranean diet, tocopherols, sensory analysis 

Objectives : 

• To set up a standard methodology to determine the sensory profile of virgin olive oil, including the 
definition of a standard terminology for sensory descriptors. 
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• To evaluate relationships between sensory profiles and technological variables such as olives origin 
and variety, degree of ripeness and extraction methods. 

• To establish a standard methodology to evaluate consumer preferences and their relationship with 
sensory parameters. 

• To evaluate the "in vivo" antioxidant activity of virgin olive oil and its relationship with tocopherols and 
polyphenols content. 

• To establish a Good Manufacturing Practice code for virgin olive oil production. 

Results : 

The main result of this study is a sensory wheel which describes the sensory characteristics of virgin olive 
oil. 

Research has shown that the sensory tests which are actually applied for the legal evaluation of the 
sensory quality of virgin olive oils is unsuitable and unreliable. 

It has also been shown that the sensory quality of the virgin olive oil mostly depends on the origin/variety 
parameter while the degree of ripeness and the method of extraction have a lesser effect. 

Preference studies have shown differences between consumers. Preference mapping is possible to 
identify sub-groups of consumers. 

Nutritional studies have shown that virgin olive oil has antioxidant in vivo effects due to tocopherols content 
whereas phenolic compounds have a synergic effect. 

Tocopherols and phenols content depends on the origin and variety. 

A code of Good Manufacturing Practice has been set up. 

Industrial exploitation : 

The sensory wheel will help in determining virgin olive oil quality. The fact that virgin olive oil has 
antioxidant effect and because of that is a very healthy food will make it more and more popular to the 
consumers. 

The Code of Good Manufacturing Practice that has been set up, will help industries to produce more safer 
and of improved quality olive oil. 

Number of publications: 12 

Most relevant publications : 

• Symposium on the results of the FLAIR project "A Study for Sensor and Nutritional Quality of Virgin 
Olive Oil in Relation to Variety Ripeness and Extraction Technology", special issue of the Journal 
Grasas y Aceitas, Vol 45, Fase 1-2,1994. 
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Conferences or workshops organised as a result of the EC funded contract : 

• Symposium on the results of the FLAIR project AGRF CT 91 0046, Sevilla, Spain, 1994. 
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1.5 "New" technologies which enhance quality 

- 2 2 -



1.5 - 'NEW TECHNOLOGIES WHICH ENHANCE QUALITY 

cidoreductases for food preser 

Contract number : AGRF 0023 (SC 12) Type of project : SC 

Coordinator : Claus Christiansen 
Biotechnological Institute 
Lundtoftevej 100, building 227 
2800 Lyngby DK 

Tel:+45 75 52 04 33 Fax :+45 75 52 99 89 

Other participants : 

• Institute of Food Research 
Dept. of Protein Engineering 
Reading Laboratory 
Reading UK 

• National Technical University of Athens 
Dept. of Chemical Engineering 
Athens GR 

• Technical University of Denmark 
Dept. of Biotechnology 
Lyngby DK 

• Danisco A/S 

Copenhagen DK 

EC scientific officer : Jos Comelese 

Keywords : food preservation, anti-oxidants, enzymes, oxidoreductases, glucose oxidase 

Objectives : 
To analyse the application of oxidoreductases as oxygen scavengers in foods, focusing mainly on the 
prevention of autoxidation of polyunsaturated oils. The overall plans were to : 

• develop and test enzyme systems, 
• analyse their performance and applicability in different lipid food systems, 
• modify the structure of the enzyme in order to optimize their function and targetability for different 

components, and 
• initiate the development of large scale production and purification procedures of the enzymes. 
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Results : 

A test system has been developed and it has been showed that glucose oxidase and catalase functioned 
as antioxidative agents in this test system. The performance and applicability of the glucose oxidase-
catalase system in different food systems has been analysed, and it has been found that this enzyme 
system acted as antioxidative agents in the food systems investigated. The structure of glucose oxidase 
has been modified in order to increase the temperature stability of the enzyme. Large scale production 
and purification procedures of glucose oxidase, catalase and superoxide dismutase have been 
developed. 

New glucose oxidase enzymes from Aspergillus niger have been identified and produced. Enzymes with 
more favourable properties have been constructed using protein engineering technology, and finally 
.application studies have shown that oxidoreductases function as antioxidants in lipid containing foods. 

Industrial exploitation : 

The results of the project have met interest from the food industry. However, no direct industrial 
exploitation of the results has been carried out. Due to the FLAIR project activities, a novel enzyme, 
hexose oxidase, has been identified outside the project. 

Number of PhD theses: 2 

Patents : 2 (The production and application of hexose oxidase has been described in two patent 
applications, PCT DK96/00238 and PCT DK96/0O239). 

Number of publications: 10 

Most relevant publications : 

• Hatzinikolaou, O.C. and B.J. Macris (1995). Factors regulating production of glucose oxidase by 
AspergKus niger. Enzyme and Microbial Technology, Vol. 17, pp 530 534. 

• Hatzinikolaou, O.C. and B.J. Macris (1992). Optimizing Multienzyme Production. Annuals of the 
New York Academy of Sciences, Vol 6/2, Enzyme Engineering XI, (D.S. Clark and D.A. Esteli, eds), 
pp 595-602. 

• Hatzinikolaou, O.C. Hansen, B.J. Macris, A. Tingey, D. Kekos, P. Goodenough and P. Stougaard 
(19Θ6). A new glucose oxidase from Aspergillus niger : Characterization and regulation studies of 
enzyme and gene. Appi. Microbiol. Biotechnol. Vol. 46, pp. 371-381. 

• Isaksen, A. and Adler-Nissen., J. Antioxidative effect of glucose oxidase and catalase in 
mayonnaises of different oxidative susceptibility. I. Product trails. Lebensmittel, Wissenschaft und 
Technologie, in press. 

• Isaksen, A. and Adler-Nissen.,J. Antioxidative effect of glucose oxidase and catalase in mayonnaises 
of different oxidative susceptibility. II. Mathematical Modelling. Levensmittel, Wissenschaft und 
Technologie, in press. 
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• Meyer and A. Isaksen (1995). Applications of enzymes as food antioxidants. Trends in Food and 
Science Technology, Vol. 6, no 9, pp. 300-304. 

Conferences or workshops organised under the EC funded contract : 3 workshops 
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Improvement of quality and shelf-life of wheat brea 
by using bacterial starter cultures 

Contract number : AGRF 0032 (SC 81 ) Type of project : SC 

Coordinator : Mr. P. Vendelbo 
Btotechnological Institute 
Holbergsvej 10 
6000 Kolding DK 

Tel:+45 75 52 04 33 Fax : +45 75 52 99 89 

Other participants : 

• Instituto de Agroquimica y Tecnologia de Alimento 
Valencia ES 

• Chr. Hansen's Laboratorium 
Hørsholm DK 

• Bundesanatalt für Getreide - Kartoffel und Fettforschung 
Detmold DE 

• Danisco A/S 
Brabrand D K 

• Dana Foods A/S 
Glostrup DK 

EC scientific officer : Jos Comelese 

Keywords : wheat bread, starter cultures, sour dough, sensory evaluation, shelf-life 

Objectives : 

To produce wheat bread with high, consistent quality, with improved flavour and taste, prolonged 
freshness and enhanced resistance to mould growth, by the use of pure well-defined acid producing 
bacteria. 

Results : 

Strain specific influences on sourdough properties were evident. Ash content of the flour was most 
efficient in adjusting Trtratable Acidity, lactate and acetate. 

Dough yield had a minor, positive influence on TTA and lactic acid and in the case of heterofermentative 
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strains, acetic acid production was negatively affected by dough yield. 

The effect of temperature depended on the strain. Addition of dried yeast had no remarkable effects. 

Fructose supply was most effective in adjusting fermentation quotient and temperature had no significant 
influence on the quotient. 

Under conditions practised for sour dough preparation, sour doughs do not prevent bread staling. Their 
effect on delaying microbial spoilage depends on the strain of lactobacilli and on the use of yeast. Only 
LactobacHus brevis 25a with yeasted sour dough extended shelf-life of bread more than 30%. Improving 
acetic acid production also extends shelf-life but consumer acceptance decreases. 

Sourdough addition increased bread volume but it was decreased when bran or rye was added. 
Sourdough addition improved bread texture especially when yeast was added in high amount. 

Sensory evaluation : The heterofermentative strain L62 gave an odd flavour, 25a gave higher sensory 
scores. When yeast was added L73 gave a better taste than 25a. 

10% Sourdough addition in the maximum acceptable dose. Higher dosage gives bread with more acid, 
but less bread smell and taste. Higher ash content in sourdough increased acid smell and taste, which 
is not appreciated. Yeast has a positive influence on taste. Toasting the breads decreased the sensorie 
score. 

Industrial exploitation : 

It is possible to develop production methods suitable for the industrial production of bread with longer 
shelf-life, better taste and generally improved sensory value, by adding acid producing bacteria and 
especially Lactobacillus strains. 

There is an opportunity created for the expansion of the starter cultures industry by the development of 
a sector that will provide cultures for sourdough bread-making. 

Number of PhD theses: 1 

Number of publications: 11 

Most relevant publications : 

• Birkebaek, S. : The effect of sourdough addition on baking and sensory properties of wheat bread. 
Presented at Nordic Industrial Fund's Seminar. Oct. 1993, Copenhagen, Denmark. 

• Reinkemeier, M., Rocken, W. and Leftzmann, C. (1994Æ5) A rapid mechanical lysing procedure for 
routine analysis of Plasmids from Lactobacilli, isolated from sourdoughs. Int. J. of Food Microbiology, 
accepted in April, 1994. 

• Röcken, W., Rick.M., and Reinkemeier, M. (1992); Controlled production of acetic acid in wheat 
sourdoughs. Z. Lebensm. Unters. Forsch., 195, 259-263. 
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• Martinez-Anaya, M.A., Pitarch, B., and Benedito de Barber, C. 1993. Chemometrics assess quality 
of breadmata'ng starters. J. Food Sci. 58 :419-425. 

• Barber, B., Ortolá, O, Barber, S., and Fernández, F. 1992. Storage of packaged bread. Effects of 
sour dough and addition of acids on bread characteristics. Z. Lebensm. Unters. Forsch. 194:442-
449. 

• Collar, C, Mascaros, A.F., Brito, MA, and Benedito de Barber, C. 1991. Contribution of the microbial 
mass to the nitrogen profile of wheat bread doughs started with pure and mixed cultures of lactic acid 
bacteria. Z. Lebensm. Unters. Forsch., 193:332-336. 

Conferences or workshops organised as a result of the EC funded contract : 

The project, its theme and its participants were a substantial part of the congress EURO FOOD CHEM 
VII, Valencia (ES), 20-22 Sept., 1993. 
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icrowave and Joule effect heat treatmer 
particulate fruit products which enhance quality 

while maintaining safety 

Contract number : AGRF 0033 (SC 2) Type of project : SC 

Coordinator : Dr. J. Lenges 
CERIA 
Chemical and Biochemical Engineering Dept. 
Avenue Emile Gryzon, 1 
1070 Brussels BE 

Tel:+32 2 526 72 50 Fax :+32 2 526 72 59 

Other participants : 

Fraunhofer Institut fur Lebensmitteltechnologie und Verpackung 
Munchen DE 

Laboratoire de Génie Industriel Alimentaire 
Villeneuve d'Ascq FR 

ACTINI France 
Evian pp 

LEMTA 
Vandoeuvre les Nancy PR 

Catholic University of Portugal, College of Biotechnology 
Porto 

PARMASOLE Società Cooperativa a Responsabilità Limitata 
Martorano 

PT 

SSICA 
Parma U 

IT 

TETRA DEV-CO 
Darmstadt D E 

The Swedish Institute for Food Research 
Göteborg S E 

EC scientific officer : Liam Breslin 
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Keywords : thermal tracer, enzyme, apples, peroxidase, RF-heater, microwave, pasteurization, heating 
uniformity, particulate foods, bioindicator, sensory analysis, flow, transfer, suspensions 

Objectives : 

• To apply HTST processes on particulate fruit products to enhance quality while maintaining safety. 
• To determine kinetic data for inactivation of micro-organisms and for changes in quality factors like 

texture, colour, appearance and taste. 
• To develop the expertise in process engineering in the new heating technologies (microwave heating 

and Joule effect heating) for the optimization of heat treatment to get sterile particulate fruit products 
with high quality. 

Results: 

Safety 
Heat resistance of spoilage microorganisms and heat resistant sporeforming moulds in fresh fruits was 
studied. Bacillus nivea was less thermorésistant than Themius ñavus or T. tischen. Neosartorya. 
tischen was found to be the most heat resistant and could survive even after a few minutes at 90°C. 

Spoilage by Bacillus nivea only occurred in aseptic packs inoculated with preheated spores and patulin 
production was very limited. 

Bacåus species can cause spoilage in aseptically pasteurized pear puree when incubated at 30 C for one 
month. This occurred when the packs contained a high level of oxygen and the pH was fairly high 
(pH=4,6). When oxygen was removed, no spoilage was detected. Pasteurization of aseptically packaged 
pear puree under aerobic conditions had shown that spoilage microorganisms could grow even at low pH 
(3,9-4,5). 

Product stability 
The texture kinetics presented an initial rapid thermal degradation followed by a slow degradation where 
the texture remains practically constant. Because texture degradation after thermal treatment was an 
important parameter to control, the Instron machine and the tenderometer were compared. Sensory 
evaluation of the treated fruits confirmed the two first order kinetic mechanism but was less sensitive than 
the Instron machine. 

Engineering 
Dielectric properties of various fruits were determined at 2.7 GHz using the cavity perturbation technique. 
Fruit tissues began to undergo irreversible changes around 71TC. Before, the dielectric constant showed 
a temperature dependence due to the additional polarization caused by the ions inside the cells. 

Tubular new heaters, tubular radio-frequency heaters and tubular Joule-effect heaters were tested and 
the equipment seemed to be useful and convenient for sensitive food. 

Industrial exploitation : 

Fruit products are susceptible to microbial spoilage and especially to heat-resistant spore-forming moulds 
during thermal processing. Consequently there is a need for a less severe thermal processing design. 
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This can lead to the development of microwave heaters, radio-frequency heaters, Joule-effect heaters for 
a high temperature-short time processing. 

Number of PhD theses: 2 

Patents : 2 (one concerning the Trilobé® tube and one concerning the variable 

geometry of the tubes of the Actijoule system). 

Number of publications: 12 

Most relevant publications : 
• Pietercelie, A. et al. 1993. Glucose oxidase-Concanavalin A complex as thermal tracer in heating 

processes. Cerevisia and Biotechnology. 18 : 49. 

• Lenges, J. et al. Continuous microwave and joule effect heat treatments of particulate fruit products, 
an EEC Shared Cost Project. Paper presented at the IFTEC Congress. The Hague, The 
Netherlands, November 1992. 

• Ohlsson, Th. 1993. In flow microwave heating of pumpable foods. Paper presented at International 
Congress on Food and Engineering. Chiba, Japan, May 1993. 

• Rissman, P.O. and Sundberg, M. 1993. Conditions for microwave heating of the centre of cylindrical 
loads. Proceedings from the Microwave and High Frequency Conference. Swedish Exhibition & 
Congress Centre. 

• Hoareau, F. Etude dynamique et thermique de suspensions "solides-liquides" non Newtoniennes en 
conduite. PhD thesis, Université HENRI POINCARÉ - Nancy 1,1996. 

• Zaboudi, B. Traitement thermique en continu des fluides chargés en grosses particules. PhD thesis. 
Université de Technologie de Compiègne, 1995. 

Conferences or workshops organised under the EC funded contract : 6 

Conferences or workshops organised as a result of the EC funded contract: 1 
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food crops for the consumer 
and the food industry in the Community 

Contract number : AGRF 0039 (SC 52) 

Coordinator : Dr. A. Reynaerts 
Plant Genetic Systems NV 
J. Plateaustraat 22 
9000 Gent 

Tel:+32 9235 8483 

Type of project : SC 

BE 

Fax:+32 9224 0694 

Other participants : 

• RIKILT 
Wageningen NL 

• SME Ricerche 
Località "La Fagianella" 
Piana di Monte Venia IT 

• Università degli Studi di Genova 

Genova IT 

EC scientific officer : Liam Breslin 

Keywords : transgenic plants, cry 1 Ab, tomato, food safety 

Objectives : 
The project is aimed at providing scientific methodology and data for the safety assessment of food 
products derived from transgenic crops. The major technical objectives are : 
• Molecular and biochemical analysis of the encoded gene products in food stuffs. 
• Toxicological analysis of the transgenic crop. 
• Assessment of the processing characteristics of the transgenic tomatoes. 

Results : 

Two different aspects of transgenic food crops have been analysed : 1 ) Food safety 2) Agronomical and 
processing qualities. 

As an example we have chosen transgenic tomatoes protected against tomato fruitworm through the 
expression of the insecticidal crystal protein (ICP) Cry 1 Ab5 derived from Bacillus thuringiensis. In 
addition to the Cry 1 Ab gene the transgenic plants are also expressing a selectable marker gene, bar or 
neo. 
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An exhaustive analysis of the anatomical and agronomic characteristics of the transgenic tomato lines as 
well as an in depth characterization of the derived products proved their equivalence to the non transgenic 
counterpart. Therefore the safety assessment has been largely focused on the newly produced proteins 
and more specifically on the Cry 1 Ab5 protein as it has known toxic effects against insect larvae. 

Our analysis has shown that the effects of Cry 1 Ab5 observed in insects is very specific. Different "in 
vitro" and "in vivo" assays have shown that Cry 1 Ab5 protein is unstable and that no adverse effects could 
be shown in mammals upon ingestion. 

Industrial exploitation : 

The technology developed for receptor studies in insects has been successfully adapted for analysis of 
mammalian tissues. 

Magnetic resonance has been developed into a promising technology for the non destructive analysis of 
tomato fruits. The technology should be evaluated on its applicability by breeders and food processors. 
Moreover the results delivered may have an impact on the regulations. 

Number of publications: 13 

Most relevant publications : 

• Notebom, H.P.J.M., Bienenmann - Ploum, M.E., Alink, G.M., Zolla, L. and Kuiper, H.A. Safety 
assessment of transgenic tomato fruit expressing the truncated gene Cry 1A(b) of Bacillus 
thuringiensis subsp. berliner 1715. Toxicology letters 74 (Suppl. 1 ), 58 (1994). 

• Notebom, H.P.J.M., Bienenmann-Ploum, M.E., van den Berg, J.H.J., Alink, G.M. and Kuiper, H.A. 
Consuming transgenic food crops : the toxicological and safety aspects of tomato expressing CrylA(b) 
and NPTII. In : Proc. 6th European Congress on Biotechnology (Alberghine, L., Frontali, L., Sensi, 
P. eds.), Elsevier Science B.V., p. 1045-1048 (1994). 

• Kok, E.J., Reynaerts, A. and Kuiper, H.A. Novel food products from genetically modified plants : do 
they need additional food safety regulations. Trends Foods Sci. Technol., 4, 42-48 (1993). 

• Kok, E.J., Notebom, H.P.J.M. and Kuiper, H.A. Food safety assessment of marker genes. Trends 
Foods Sci. Technol., Vol. 5, 294-298 (1994). 

• Notebom, H.P.J.M. Safety assessment of genetically modified plant products. Case study : Bacillus 
thuringiensis-loxin tomato. In : Proc. Basel Forum on Biosafety : Biosafety of Foods derived by 
Modem Biotechnology, Vol. 4*34, BATS, Basel, pp. 17-22 (1994). 

Conferences or workshops organised under the EC funded contract : 

• FLAIR-Workshop "Opportunities of transgenic food crops for the consumer and the food industry in 
the community ", September 13, RIKILT-DLO, Wageningen, the Netherlands, 1995. 

Conferences or workshops organised as a result of the EC funded contract : 
• RIKILT-DLO/LNV-DWT Workshop on "Veiligheid van Genetisch Gemodificeerde Voedselprodukten, 

January 26, Ede, The Netherlands, 1993. 
• WHO Workshop on "Health Aspects of Marker Genes in Genetically Modified Plants". September 
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22, Copenhagen, Denmark, 1993. 
WHO Workshop on "Application of the Principles of Substantial Equivalence to the Safety Evaluation 
of Plants derived by Modem Biotechnology". November 1, Copenhagen, Denmark, 1994. 
OECD-Workshop on Food Safety Evaluation, September 12-15, Oxford, United Kingdom, 1994. 
OECD-Workshop on the Toxicological and Nutritional Testing of Novel Foods, March 5-8, Aussies, 
France, 1997. 
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Development of computer-aided design proceduresto improve the 
quality and safety of products with a limited shelf life 

Contract number : AGRF 0047 (SC 58) 

Coordinator : Prof. J. De Baerdemaeker 
Agricultural Engineering Dept. 
Katholieke Universiteit Leuven 
Kardinaal Mercieriaan 92 
3001 Leuven 

Type of project : SC 

BE 

Tel:+32 16321436 Fax:+32 16321994 

Other participants : 

• ALMA University Restaurants 
Leuven 

• AFRC/IFR 
Reading 

• University College Dublin 
Dublin 

• Optimum Ltd 
Athens 

EC scientific officer : Liam Breslin 

BE 

UK 

IE 

GR 

Keywords : computer-aided design, thermal processing, foods, modelling, predictive microbiology, heat 
transfer, simulation, texture, prepared meals 

Objectives : 

• To combine the existing information on the mathematical models and corresponding parameters for 
heat transfer, microbial growth/inactivation and texture changes. 

• To develop new models in those areas where no suitable models existed and to estimate the required 
model parameters based on experiments. 

> To validate the existing and newly developed models. 

• To embed the models, parameters and expert knowledge in a computer program, called CHEFCAD, 
in such a way that it can easily be used by a food process engineer to design and optimise the 
preparation of cook-chill foods. 
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Results : 

A totally novel prototype software system has been developed to evaluate the effects of changing food 
composition, processing steps and process parameters on the microbiological safety and textural quality 
of foods. This computer - aided system allows the evaluation of different process designs, the pinpointing 
of critical points for safety, and the calculation of product shelf-life margins. It is based on models built 
using product and process-based data including microbiological data, thermophysical properties, textural 
properties, temperature variation during processing and thermal inactivation or growth of micro-organisms. 

Industrial exploitation : 

The software developed will enable food processors to improve the quality and safety of their limited shelf-
life products without resorting to expensive and time-consuming laboratory experimentation. The 
technology incorporates advanced models for heat transfer, microbial growth/inactivation and texture 
changes. 

It provides a computerised integration of expert knowledge in heat transfer, food texture and food 
microbiology and has a wide range of potential applications in the food industry, in catering and in training 
and education; this applies to academia but especially to on-hands training on the factory floor. The 
software relates especially to chilled (and NOT frozen) foods including minimally processed foods, ready-
meals and many heating/cooling applications. It can be used to identify the safety consequences of hot 
spots/cold spots in cooking ovens; to evaluate chilling systems and to indicate the most suitable cooking 
process, e.g. for hams. The software gives a quantitative insight into processing parameters and 
pinpoints the consequences of over or under heating, or of changes in ingredients and the likely impacts 
of food safety. This in rum enables process design for quality shelf-life which is of obvious strategic 
importance to the food processor, retailer caterer and consumer. 

Number of PhD theses: 2 

Licensing agreements : none (under negotiation) 

Number of publications: >50 

Most relevant publications : 

• Baranyi, J., & Roberts, T.A. (1994). Dynamic approach to predicting bacterial growth in food. 
International Journal of Food Microbiology, 23,277-294. 

• Baranyi, J., Robinson, T.P., Kaloti, A. & Mackey, B.M. (1995). Predicting rowth of Brochothrix 
thermosphacta at changing temperature. International Journal of Food Microbiology, 27,61-75. 

• Van Impe, J.F., Nicolai, B.M., Martens, T., De Baerdemaeker, J. & Vandewalle, J. (1992). Dynamic 
mathematical model to predict microbial growth and in-activation during food processing. Appi. 
Environ. Microbiol., 58, 2901-2909. 

• Verlinden, B.E., Nicolai, B.M. and De Baedemaeker., J. (1995). The starch gelatinization in potatoes 
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during cooking in relation to the modelling of texture kinetics. Journal of Food Engineering, 24,165-
179. 

Nicolai, B.M., Van Impre, J.F. and Schellekens, M. (1994). Application of expert systems technology 
on the preparation of minimally processed foods : a case study. Journal A - Benelux Quarterly Journal 
on Automatic Control-Special issue on advanced process control, 35 (1), 50-55. 

Nicolai, B.M., Van den Broeck,P., Schellekens, M., De Roeck, G., Martens, T. and De Baerdemaeker, 
J. (1995); Finite element analysis of heat conduction in lasagna during thermal processing , 
International Journal of Food Science and Technology, 30,347-364. 
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in the quality of dehydrated foods 

Contract number : AGRF 0051 (SC 91 ) 

Coordinator : 

Type of project : SC 

Prof. S. O Oliveira 
College of Biotechnology 
Catholic University of Portugal 
Rua Dr Antonio Bemandino de Almeida 
4200 Porto 

Tel : +351 2 499493 

Other participants : 

• ENSIA 
Massy 

• University of Reading 
Department of Food Science and Technology 
Reading 

• INNO' IA 
Poudres et Additifs 
La Rochelle 

PT 

Fax:+351 2 590351 

FR 

UK 

FR 

• CERIA 
Bruxelles BE 

• University College Cork 
Dept. of Nutrition 
Cork IE 

• ARSOPI 
Industrias Metalúrgicas Arlindo S. Pinho 
Vale de Cambra PT 

EC scientific officer : Jos Comelese 

Keywords : food science, chemistry, nutrition, quality, dried products, dehydration 

Objectives : 

• To develop a methodology for analysing optimum quality of dehydrated products in terms of some key 
factors such as volatiles, nutrients and micro-organisms. 

-38-



1.5 - -NEW TECHNOLOGIES WHICH ENHANCE QUALITY 

• To develop a system composed of a base and of indicators, that could be used for comparing the 
effect of drying technologies in the quality factors mentioned above. 

Results : 

The key components that were chosen were tyrosinase (enzymes), vitamins C and B,, Themius 
¡hemophilus (microorganism) and diacetyl (volatiles). Also analytical methods were developed for 
determining vitamins A, B,, B2, C, D, ß-carotene, available lysine and folic acid. 

Vitamins (C and B,) are not adequate for spray drying, freeze drying and other comparable drying 
technologies but they become adequate indicators for more destructive processes such as drum drying. 
For spray drying technology adequate indicators are proved tyrosinase and diacetyl. 

Freeze drying gives better retentions particularly volatile retention but it is not cost-efficient. Also using 
an adequate procedure, simple spray drying can yield enable quality retention factors regarding nutritional 
and volatile retention. It was also found that with a multi stage drier, combining spray drying and fluidized 
bed drying optimum volatile retention or optimum enzyme activity correspond to different operating 
arrangements. The nutritional quality of spray dried products is very good. 

In many conditions the model systems methodology is representative of the behaviour of real food 
systems in comparative terms and the usefulness for general analysis is quite powerful as well, 
particularly in terms of engineering design. 

Industrial exploitation : 

The use of models and tracers can be applied to earlier stages of process analysis, when one is looking 
at engineering aspects such as optimum range of operating conditions, relevance of variables and 
interactions on the final result, protective or destructive effect of given additives 

Number of PhD theses: 4 

Number of publications: 11 

Most relevant publications : 

• Hendrickx, M., Saraiva, J., Lyssens, J., Oliveira, J.C. and Tobback, P. (1992); "The Influence of 
Water Activity on the Thermal Stability of Horseradish Peroxidase", International Journal of Food 
Science and Technology, 27. 

• Saraiva, J., De Cordt, S., Hendrickx, M., Oliveira, J. And Tobback, P. (1993); "Inactivation of a-
amylase from BacUus amytoKquefaciens at Low Moisture Contents" in "Stability and Stabilization of 
Enzymes", Van den Tweel, W., Harder, A. and Buitelaar, R. (Eds.), Elsevier Science Pub. 

• Saraiva, J., Oliveira, J.C., Hendrickx, M., Oliveira, F.A.R. and Tobback, P. (1995); "Analysis of the 
inactivation kinetics of freeze-dried a - amylase from Bacillus amyloHquefaciens at different moisture 
contents", LWT - Lebensmittel - Wissenschaft und Technologie, accepted for publication. 
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• Senoussi, Α., Dumoulin, E., Lebert, A. And Berk, Ζ. (1994); "Spray drying of food liquids : behaviour 
of sensitive tracers in polysaccharides and milk", in "Drying 94", Rudolph, V. And Keey, R.B. (Eds.), 
vol. B. 

• Senoussi, Α., Bandhari, B., Dumoulin, E. and Berk, Z. (1993); "Flabour retention in different methods 
of spray drying". In "Developments in Food Engineering", Yano, T. Matsuno R. And Nakamura Κ 
(Eds). 

• Update on Food Dehydration. Project book of the FLAIR shared cost action: "The effect of new and 
improved drying technologies in the quality of dehydrated foods". Edited by Jorge C. Oliveira, Escola 
Superior de Biotechnologia, Universidade Católica Portuguesa, 1995. 

Conferences or workshops organised under the EC funded contract : 

• "Process Optimization and Minimal Processing of Foods", workshop partly funded by the AAIR 
programme, Porto, Portugal, September '93. 
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Investigation of thè minimum level of sulphur dioxide 
required for optimum red wine quality 

Contract number : AGRF 0052 (SC 53) Type of project : SC 

Coordinator : Dr. J. Bakker 
Institute of Food Research 
Early Gate 
Reading 
Berkshire RG 6 6 BZ 

Tel:+441734 357000 

UK 

Fax:+441734 267903 

Other participants : 

• Universidade Technica de Lisboa 
Instituto Superior de Agronomia 
Lisboa 

• Cockburn Smithes & CIA LDA 
Vila Nova de Gaia 

• Sandeman & Ca S.A. 
Vila Nova de Gaia 

PT 

PT 

PT 

EC scientific officer : Xavier Goenaga 

Keywords : sulphur dioxide, wine, chemistry, microbiology, sensory 

Objectives : 

• To determine the role of S02 in the polymerisation of anthocyanins with other phenols in model wine 
systems. 

• To detenmine the possible synergistic effects between sulphur dioxide and other potential microbial 
inhibitors occurring in model wine system. 

• To determine the optimum quantity of sulphur dioxide to be used during processing of red wines in 
order to obtain a high quality wine having both chemical and microbiological stability. 

Results : 

This research project studied the influence of S02on colour development, microbial stability and overall 
quality, as defined by the sensory properties, in red wine production. In model wine solutions detailed 
studies were done to determine how S02 affects chemical polymerisation reactions between coloured 
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pigments (anthocyanins) and chemically similar non-coloured compounds, responsible for colour changes 
during red wine maturation. Factors such as pH and acetaldehyde and S02 concentrations affected 
polymerisation, and gave further information about the mechanism. Additional studies in wines determined 
the effects of pH, alcohol, storage temperature and S02, and showed that S02 influenced the vinification 
as well as the maturation during storage. 

Microbiological investigations showed that the minimum inhibitory concentration (MIC) of S02to prevent 
growth of yeasts in media was 115 mg/L at pH 3.4 and 75 mg/L at pH 3.2 for yeasts and <50 mg/L for 
lactic acid bacteria. 

Investigation of the effect of different wine fractions demonstrated that the highest molecular weight 
fraction , containing polymeric phenolic compounds, was the most inhibitory to yeasts and lactic acid 
bacteria. Sensory differences between the wines mainly related to colour attributes, indicating that when 
wines are made using modem hygienic techniques, S02 has a negligible effect on aroma and flavour 
attributes. 

Industrial exploitation : 

The increased knowledge gained from the results of this project confirm that under the conditions tested, 
the use of S02 is very valuable, since it ensures the production or red wines of consistent quality with 
regard to colour, sensory characteristics and microbiological stability. Clear guidelines regarding the levels 
of SO, to be used to avoid the risk of spoilage have also been established. The increased knowledge 
regarding the mechanisms of the polymerisation processes which determine the colour changes during 
wine maturation gave an important insight regarding the changes affecting the overall quality attributes 
of a wine, in particular the effect of S02 on wine quality. 

Number of publications: 19 

Most relevant publications : 

• Bakker, J., Picinelli, A. and Bridle, P. 1993. Model wine solutions : colour and composition changes 
during ageing. Vitis 32,111 -118. 

• Bakker, J., Bridle, P., Bellworthy, Garcia-Viguera, O, reader, H.P. and Watkins, S.J. Effect of sulphur 
dioxide and must extraction on color, phenolic composition and sensory quality of red table wine. Am. 
J. Enol. Vitto. (In press). 

• Garcia-Viguera, C, Bridle, P. and Bakker, J. 1994. The effect of pH on the formation of coloured 
compounds in model solutions containing anthocyanins, catechin and acetaldehyde. Vrtis 33,37-40. 

• Picinelli, Α., Bakker, J. and bridle, P. 1994. Model wine solutions : effect of sulphur dioxide on colour 
and composition during ageing. Vrtis 33,31-35. 

• Kalathenos, P., Baranyi, J., Sutherland, J.P. and Roberts, T.A. 1995. A response surface study on 
the role of some environmental factors affecting the growth of Saccharomyces cerevisiae. Int. J. Food 
Microbiol. 25, 63-74. 

-42-



1.5 - 'NEW TECHNOLOGIES WHICH ENHANCE QUALITY 

Dallas, C. and Laureano, 0.19Θ4. Effect of S02 on the extraction of individual anthocyanins and 
colored matter from three Portuguese grape varieties during wine making. Vrtis 33,41-47. 
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Research on new technology and laboratory methodology 
for better authenticity and quality determination of fruit juices 

Contract number : AGRF 0054 (SC 29) Type of project : SC 

Coordinator : A. Wiesenberger 
Schutzgemeinschaft der Fruchstaft - Industrie e.V. 
Am Hahnenbusch 14 b 
55268 Nieder-Olm DE 

Tel: +49 61 36925240 Fax : +49 61 36 92 52 44 

Other participants : 

• Campden Food & Drink RA 
Gloucestershire UK 

• Statistical Institute 
University Dortmund 
Dortumund DE 

• University of Louvain 
Louvain - La Neuve BE 

EC scientific officer : Xavier Goenaga 

Keywords :fruit juice authenticity, sampling programme, NIR/FTIR techniques, multivariate statistical 
methods, quality control of fruit juices 

Objectives : 

To conduct research on development of advanced and progressive analysis methods, to set-up a data 
bank, and to develop statistical and intelligent evaluation methods, which should then be used as an 
expert system for practical work to guarantee even more the quality, authenticity and identity of fruit juice 
beverages. 

Results : 

900 authentic samples have been taken and afterwards analysed from specialized laboratories selected 
by an international expert panel after a ringtest. 

The so-called RSK-, resp. CoP-vakies have been transferred - after controlling - for multivariate statistical 
evaluation. 

NIR has been shown to be a fast and accurate method for sugar, proteins, fat and moisture 
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determinations in the food industry. However, unless complemented by other techniques, such as 
chromatographic column or other concentrating or separative techniques, NIR will not provide a means 
of detecting all forms of adulteration. Even so NIR has been shown to be sensitive to adulterations by 
sugar and pulpwash under ideal conditions. The FTIR, NIR technique offers advantages over NIR for 
juice concentrates but it is not yet established if the scanning, of dilute or single strength juices can be 
analysed by FTIR, NIR with the same rapidity and accuracy. 

Finally, multivariate statistical methods for the authenticity control of fruit juices were worked out and 
applied. 

Industrial exploitation : 

The European data bank, which was created within the scope of the project using analytical results of 
authentic samples, supports the SGF within the scope of its task as defined in the Statutes to supervise 
the quality of the fruit drinks. With regard to the International Raw Material Assurance (IRMA), the results 
of the project play an important role in supporting the preventive quality control for securing the quality of 
fruit juices. 

The access to these results and to the SGF data bank will also be opened to the SGF-member 
companies, all other interested parties and especially to all National Quality Control Systems who are 
organized in the European Quality Control System. 

Number of PhD theses: none (one still under preparation) 

Number of publications : 10 

Most relevant publications : 

• Report on SGF - Symposium "Progress in the Authenticity - Assurance fro Fruit Juices", Parma 
(Italy) September 06-09,1994. 

• Scotter, C.W.G. and Legrand, A. (1994);NIR qualitative analysis, a new philosophy with special 
reference to rapid NIR screening for fruit juice authenticity. Food Science and Technology Today, 
8(3), 167-171. 

• Evans, D.G., Scotter, C.W.G., Day, L.Z. (1993); Determination of the authenticity of orange juice 
by near discriminant analysis of near infrared spectra. Journal of Near Infrared Spectroscopy, 
1 ,33-44. 

Conferences or workshops organised under the EC funded contract : 2 workshops 

Conferences or workshops organised as a result of the EC funded contract : 

• Oct. 27,93, NIR Seminar, Campden IFST NIR applications group, Chipping Campden. 
• Nov. 30,93, Sonochemistry presented by Tim Mason, Chipping Campden. 
• Jan. 19-21,94, Food Technology for Non-Food Technologists, Chipping Campden. 
• Mar. 21, 24, Food and Drink Authenticity Testing, Chipping Campden. 
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April 15,94, Power Point Training, Chipping Campden 
May 18-19,94 Birmingham & Campden Statistical Seminar, Chipping Campden. 
April 17,94, NIR-94, International Pre-Conference courses, Lomes, Australia. 
April, 18-22, 94, NIR-94, International Conference, Lomes, Australia. Won the first NIR-94 
International Poster prize. 
June 03,94 word 1 1 training, Chipping Campden. 
Sept. 14-15,94, Cometí Seminar, Catholic University of Louvain, Belgium. 
August 15,94, MID training in IFR, Norwich. 
Sept. 94 - July 95, one day a week, Diploma in advanced Statistics. Oxford Brookes University, 
Oxford. 
May 31 and June 01,95, Comett Seminar, Catholic University of Louvain, Belgium. 
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2.1 Rapid screening tests for toxicity factors 

2.2 Natural plant toxins 

2.3 Tests for specific organisms 

2.4 Food intolerances 

2.5 Applications in commercial plants 

2.6 "New" technologies and "safety" 
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2.1 Rapid screening tests for toxicity factors 
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In vitro toxicological studies and real time analysis 
of residues in food 

Contract number :AGRF 0042 (CA 8) Type of project : CA 

Coordinator : Dr H.A. Kuiper 
RIKILT-DLO 
P.O. Box 230 
6700 AE Wageningen NL 

Tel : +31 317475463 Fax : +31 317417717 

Other participants : 

• University of Gent, Laboratory of Food Analysis, Faculty of Pharmaceutical Sciences, 

Gent BE 

• Division of Janssen Pharmaceuttoa NV (JPH), Afd. Pharmacokinetica, Beerse BE 

• University of Liège, Faculty of Veterinary Medicine, Liege BE 

• Freie Universität Berlin (FUB), Fachbereich Veterinärmedizin, Berlin 33 DE 

• Bundesgesundheitsamt (BGA), Institut fur Veterinär Medizin, 
Robert von Ostertag-Institut, Berlin 33 DE 

• Federal Centre for Meat Research (CMR), Institute of Microbiology, 
Toxicology and Histology, Kulmbach DE 

• University of Odense, Institute of Molecular Biologies, Department of Chemistry, 
Odense M DK 

• Danish Meat Rsearch Institute (D.M.I.), Analytical Part, Roskilde DK 

• Hospital "La Fe", Unidad de Hepatologia Experimental (HVA), Centro de Investigación, 
Valencia ES 

• INRA, Laboratoire de Pharmacologie-Toxicologie (INT), Toulouse FR 

• Ecole nationale vétérinaire de Nantes (ENV), Service de Biochimie, Nantes Cedex 03 FR 

• Aristotelian University of Thessaloniki, School of Veterinary Medicine, 
Department of Food Hygiene and Technology, Laboratory of Food Hygiene, Thessaloniki GR 

• Università di Milano (UMI), Istituto di Farmacologia, 
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Tossicologia e Terapia Sperimentale Veterinaria, Milan IT 

Istituto Superiore di Sanita, Laboratorio di Tossicologia Comparata ed Ecotossicologia, 
Roma IT 

The National Food Centre (TEAGASC), Food Analysis Dept., Dublin 15 IE 

University of Utrecht (UUT), Dept. Of Veterinary Pharmacology, 
Pharmacy and Toxicology, Utrecht NL 

State Institute for Quality Control of Agricultural Products (RIK), Analytical Part, 
Wageningen NL 

State Institute for Quality Control of Agricultural Products (RIK), Toxicological Part, 
Wageningen NL 

The National Food Administration (FAU), Uppsala SE 

Swedish Food Research Institute (SIK), Gothenburg SE 

Technical Research Centre of Finalnd, Food Research Laboratory, Espoo Fl 

Leatherhead Food Research Association, Leatherhead UK 

CEC, DG XIII-C-2, VALUE programme, Luxembourg LU 

LUXINNOVATION, Luxembourg LU 

MATFORSK Norwegian Food Research Institute, As NO 

Agricultural University Wageningen, Dept. of Human Nutrition, Wageningen NL 

Catholic University of Portugal, College of Biotechnology, PORTO PT 

University College of Swansea (UCS), Dept. of Mass Spectrometry Research Unit, 
Swansea UK 

EC scientific officer : Liam Breslin 

Keywords : cell cultures, immunology, xenobiotics, residues, ß-agonists, pharmacology, food 
contaminants 

Objectives : 

To provide rapid food quality measurement techniques for detection and safety assessment of xenobiotics 
in food in order to satisfy consumer and/or industrial needs within the European Community, through : 
a. The development of chromatographic/mass spectrometric methods for trace analysis such that real-
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time monitoring for a variety of food contaminants at the required specificity and sensitivity becomes 
possible. 

b. The development and validation of a set of rapid, low cost in vitro test systems for screening of the 
biological and toxicological properties of food contaminants and naturally occurring substances. 

c. The integration of the above mentioned developments to provide robust, versatile monitoring systems 
for the food industry. 

d. The evaluation and harmonization of analytical and toxicological test methodologies for food safety 
evaluation procedures at the European level. 

Results : 

The main objective of this project was to develop rapid, low cost in-vitro toxicological and analytical test 
methods for the screening of food contaminants, without the need for extensive pretreatment procedures. 
In a series of workshops scientific papers were presented and the subjects ranged from instrumental 
approaches to residue analysis to detailed analytical procedures for defined classes of compounds or 
individual xenobiotics. These papers present methods for real-time analysis of a number of veterinary 
drugs. It has also been shown that a number of toxicological in vitro methods can be used to study 
specific aspects of biotransformation, bioavailability and cytotoxicity of foreign compounds. A special 
coordinated action has been developed concerning the detection and toxicological screening of ß-
agonists. Moreover new strategies have been proposed regarding the application of toxicological in-vitro 
methods for registration requirements for veterinary drugs. It may be concluded that studies in food 
producing animals with radiolabelled material can substantially be reduced and replaced by in-vitro 
studies. 

Finally one of the most significant accomplishments of this Action is that during its course an organic 
network has been formed between the analytical and toxicological participating laboratories, which has 
already resulted in further joint research activities. 

Industrial exploitation : 

The construction of a permanent network of European expert laboratories for food safety testing and 
assessment will strengthen the competitiveness of the European food industry and is of great benefit for 
regulatory control bodies and the consumer. 

Real-time analysis could allow for a much better picture of the residue status of food, allowing both 
regulatory and industry responses to be more directed and thereby increase consumer confidence in the 
safety of the food supply. The considerable advances made during the Action in. developing real-time 
methods places European laboratories poised for achieving the goal of providing robust, versatile 
monitoring systems for the food industry. 

Laboratory exchanges : 72 

Number of publications : 96 
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Most relevant publications : 

• Final Report, in Vitro Toxicological Studies and Real Time Analysis of Residues in Food, (1995). 
Editors H.A. Kuiper and J.R. Andersen, State Institute for Quality Control of Agricultural Products 
(RIKILT-DLO), Wageningen, the Netherlands, Danish Meat Research Institute (DMRI), Roskilde, 
Denmark, ISBN 90-5601 - 008-5. 

• Proceedings of the Workshops held in Berlin, March 8-9,1991 and Swansea, March 21-22,1991. 
Editors L.A.P. Hoogenboom and N.J.G. Broex, State Institute for Quality Control of Agricultural 
Products (RIKILT-DLO), Wageningen, The Netherlands, ISBN 90-5601 -002-6. 

• Proceedings of the EAVPT-satellite Workshop of the FLAIR Concerted Action No. 8 held in 
Copenhagen, Denmark, August 18-22,1991. Acta Veterinaria Scandinavtoa, suppl. 87 : 437-472 
(1991). Edited by C. Friis, N. Gyrd-Hansen, P. Nielsen and F. Rasmussen, ISBN 87-983841-0-4. 

• Proceedings of the Workshops held in Gent, May 22-24, 1992 and Thessaloniki, October 30-31, 
1992. Editors HA. Kuiper and L.A.P. Hoogenboom, State Institute for Quality Control of Agricultural 
Products (RIKILT-DLO), Wageningen, The Netherlands, ISBN 90-5601-003-4. 

• Proceedings of the Workshops held in Liege, April 30 - May 1,1993 and Nantes, October 22-23, 
1993. Editors H.A. Kuiper and J.R. Andersen, State Institute for Quality Control of Agricultural 
Products (RIKILT-DLO), Wageningen, The Netherlands, Danish Meat Research Institute (DMRI), 
Roskilde, Denmark, ISBN 90-5601-006-9. 

• Proceedings of the Workshop held in Porto, April 7-9,1994. Editor : H.A. Kuiper, State Institute for 
Quality Control of Agricultural Products (RIKILT-DLO), Wageningen, The Netherlands, ISBN 90-
5601-007-7. 

Conferences or workshops organised under the EC funded contracts : 

Toxicology workshop, Berlin (DE), March 1991 
Analytical workshop, Swansea (UK), March 1991 
Analytical workshop, Copenhagen (DK), August 1991 
Analytical workshop, Gent (BE), May 1992 
Analytical workshop, Thessaloniki (GR), October 1992 
Analytical workshop, Liège (BE), April-May 1993 
Analytical workshop, Nantes (FR), October 1993 
Analytical workshop, Porto (PT), April 1994 
Teleconference on Internet : "Residues of Veterinary Drugs and Mycotoxins in Animal Products : New 
Methods for Risk Assessment and Quality Control", April, 15- August, 31,1994. 
2 Short Courses 
9 Management Committee Meetings 
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2.2 Natural plant toxins 

No projects in this area 
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2.3 Tests for specific organisms 
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Predictive modelling of microbial growth and survival in foods 

Contract number : AGRF 0017/58 (CA 5) Type of project : CA 

Coordinator : Dr. T. A. Roberts 
Institute of Food Research 
Reading Laboratory 
Early Gate 
Whiteknights Road 
Reading RG 6 2EF UK 

Tel:+441734 357000 Fax :+441734 267917 

Other participants : 

Alma Universiteits Restaurants VZX, Leuven BE 

Federal Centre for Meat Research, Institute for Microbiology, Kulmbach DE 

Kraft General Foods Europe R&D, Munchen 83 DE 

Bundesforschungsanstalt fur Ernährung 
Institute fur Hygiene und Toxikologie, Karlsruhe 1 DE 

Ministry of Fisheries, Technical University 

Technological Laboratory, Lyngby DK 

Alfred Jorgensen Laboratory for Fermentation Ltd, Frederiksberg C DK 

Danish Technological Institute, Department of Food Technology, Århus. DK 

University of Cordoba, 

Department of Food Hygiene and Technology, Cordoba ES 

CNEVA, Laboratoire Central d' Hygiène Alimentaire, Paris FR 

INRA, Massy FR 

INRA, Montfavet FR 

Université de Bourgogne, ENSBANA, Dijon FR 

CTSCCV, Meat Technology Centre, Maisons-Alfort FR 

Institut Pasteur, Dept. Of Microbiology and Food Hygiene, Lille Cedex FR 
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ADRIA, Quimper, Cedex FR 

Università degli Studi di Bologna, Dip. de Protezione e Valorizzazione Agro-Alimentare, 

Sezione Microbiologia, Bologna IT 

Sfattone Sperimentale Conserve, Parma IT 

Università degli Studi di Udine, Istituto de Technologie Alimentari, Udine IT 

Plasmon Dietici Alimentaria SpA, Ozzano Taro (PR) IT 

Icelandic Fisheries Laboratories R.F., Reykjavik IS 

TEAGASC, Agriculture and Food Development Authority 

Moorepark Research Centre, Cork IE 

TEAGASC - The National Food Centre, Dublin 15 IE 

MATFORSK Norwegian Food Research Institute, As NO 

Unilever Research Laboratory, Vlaardingen NL 

TN-CIVO, Food Analysis Unit, Zeist NL 

Agricultural University, Department of Food Science, Wageningen NL 

The Swedish Meat Research Institute, Kavlinge SE 

S.I.K - The Swedish Institute of Food Research, Göteborg SE 

Campden Food & Drink Research Association, Chipping Campden UK 

Leatherhead Food R.A., Leatherhead UK 

The Nestlé Co. Ltd, Croydon UK 

Unilever Research Colworth Laboratory, Bedford UK 

Van den Berghs & Jürgens, Essex UK 

The Queen's University of Belfast, 

Department of Food and Agricultural Microbiology, Belfast UK 

Malthus Instruments Ltd, Crawley UK 

AFRC, Institute of Food Research, 
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Norwich Laboratory, Norwich U K 

• Ministry of Agriculture, Fisheries and Food, Aberdeen UK 

• AFRC, Institute of Food Research, Reading Laboratory, Reading UK 

• Flour Milling and Baking R.A., Microbiology Department, Chorleywood UK 

EC scientific officer : Liam Breslin 

Keywords : predictive microbiology, mathematical modelling, database, food safety, microbial spoilage 

Objectives : 

• To introduce young scientists to the concept of predictive microbiology. 
• To develop databases of the responses of key pathogenic and spoilage microorganisms to the 

processing and storage conditions in terms of growth and death. 
• To develop user-friendly software which can predict microbial behaviour. 
• As a long term objective the database to cover the most important food categories, the most important 

preservation processes, the main food poisoning organisms, the main food spoilage organisms, to 
extend the concept to non-microbiological loss of quality where relevant, and, after acquiring data in 
forms suitable for modelling, to develop user-friendly models that can be validated using data from the 
food industry. 

Results : 

The concept and practice of predictive microbiology has been introduced to a wide range of 
microbiologists across Member States and other interested parties. The gathering and sharing of 
knowledge and skills has particularly benefitted those who previously had no experience of mathematical 
modelling in the context of food microbiology. 

The benefits of modelling in determining the growth and death responses of microbes to the prevailing 
chemical and physical conditions have been acknowledged. Concern that the error of predictions would 
be unacceptably large has been replaced with confidence that those errors are of the same order of 
magnitude as microbiological experimentation. 

The relevance of mathematical modelling to food microbiology to improve control of food safety and quality 
has been demonstrated. Progress in establishing a consolidated European Database has been 
disappointing. This is largely because participants were funded by a variety of sources, each with their 
particular requirement for research. The objective to cover the most important food commodities, has 
proved largely unnecessary because models developed in laboratory media have proved adequate to apply 
to many foods. 

Industrial exploitation : 

Predictive Microbiology is a powerful tool that can underpin improved control in food processing and 
distribution. Approaches to modelling microbial responses have developed so much that a unified 
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database for the food industries is conceivable. Predictive Microbiology reduces the cost of product 
development, improves control of product shelf-life, stability and safety for manufacturers and distributors. 
It minimizes spoilage losses. Predictive Microbiology is an emerging area and can revolutionize food 
safety and spoilage control with serious impact on regulations and trade, for example with respect to 
temperatures designed to limit growth of pathogenic bacteria in chill stored foods, makes QC of foodstuffs 
more efficient and less costly especially for new products, replaces microbial challenge testing and costly 
inoculation studies for safety. 

Number of publications: 44 

Most relevant publications : 

• Carlin, F., Nguyen-The, C. and Abreu da Silva, A. Factors affecting growth of Listeria 
monocytogenes on minimally processed endive. J. Of App. Bacteriology (1995), 78, 636-646. 

• Lund B.M., Graham, A.F., George, S.M. & Brown, D. The combined effect of incubation temperature, 
pH and sorbic acid on the probability of growth of non-proteolytic, type Β Clostridium botulinum. 
Journal of Applied Bacteriology (1990) 69 481 -492. 

• Brocktehurst, T.F. & Lund, B.M. The influence of pH, temperature and organic acids on the initiation 
of growth of Yersinia enterocditica. Journal of Applied Bacteriology (1990) 69 390-397. 

• Sutherland, J.P., Bayliss, A.J. & Roberts, T.A. Predtettve modelling of growth of Staphylococcus 
aureus : the effects of temperature, pH and sodium chloride. International Journal of Food 
Microbiology (1994) 21 217-236. 

• Wijtzes, T., McClure, P.J., Zwietering, M.H. & Roberts, T.A. Modelling bacterial growth of Listeria 
monocytogenes as a function of water activity, pH and temperature. International Journal of Food 
Microbiology (1993) 18 139-149. 

• Guerzoni, M.E., Torriani, S., Sinigaglia, M. And Gardini, F. Modelling the growth of Lactobacillus 
plantarum and Leuconostoc oenos in relation to the modulation of some chemico physical factors. 
In "Biotechnology and molecular biology of lactic acid bacteria for the improvement of foods and feeds 
quality" .Zamorani, Α., Manachini, P.L., Botazzi, V. And Coppola, S. (Eds); (1993) pp. 280-288. 
Roma, Istituto Poligrafico e Zecca dello Stato. 

Conferences or workshops organised under the EC funded contract : 

• 1 st Information Exchange Meeting 27-28 September 1990 Paris (FR) 
• 2nd Information Exchange Meeting 18-20 September 1991 Botogna (IT) 
• 3rd Information Exchange Meeting 14-16 September 1992 Quimper (FR) 
• 4th Information Exchange Meeting 20-23 September 1993 Beaune (FR) 
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ïd on the application of combined 
processes 

and hazard analysis critical control point (HACCP) systems 

Contract number : AGRF 0037 (CA 7) Type of project : CA 

Coordinator : Dr J.G. Banks 
Campden Food and Drink RA 
Chipping Campden 
Glos. GL 55 6 LD 

Fax:+441386842100 Tel:+441386842000 

Other participants : 

EUROGENTEC, Liege 

VILARO, Bruxelles 

Bureau européen des Unions de Consommateurs (BEUC), Bruxelles 

Catholic University of Leuven, Laboratory of Food Preservation, Leuven 

Bundesforschungsanstalt fur Fleischforschung, Institute of Technology, Kulmbach 

Bundesforschungsanstalt fur Ernährung, Karlsruhe 

Institute for Federal Research Centre of Nutrition, Chemie and Biotechnology, Stuttgart 

Federal Centre for Meat Research, Institute for Microbiology, Toxicology and Histology, 
Kulmbach 

Danish Meat Products Laboratory, Ministry of Agriculture, Frederiksberg, 

Technical University of Denmark, Inst, for Biotechnology, Lyngby 

Bioteknisk Institute, Kolding 

Danish Institute of Food and Biotechnology (DIFB), Ahrus C 

Danish Veterinary Service, Food Control Laboratory, Frederiksberg 

Universidad de Zaragoza, Fac. de Veterinaria, Dept. Producción animal y Ciencia de los 
Alimentos,Tecnologia de los Alimentos, Zaragoza 

UK 

BE 
BE 
BE 
BE 
DE 
DE 
DE 

DE 
DK 
DK 
DK 
DK 
DK 

ES 
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Federación Española de Industrias de la Alimentación y Bebidas, Madrid ES 

Fac.de Veterinaria, Dept. Hygiene & Technico de Alimentos, Universidad de Leon, Leon ES 

GAPAVE CETEN, Sequal Agro-alimentaire, Paris FR 

CETE APAVE LYONNAISE, Sequal Agro-alimentaire, Tassin Cedex FR 

A.I.D. Développement, Lyon FR 

Université des Sciences et Techniques du Languedoc, Montpellier Cedex FR 

Centre d' Etudes et d' Expérimentation du Machinisme Agricole Tropical, 

Domaine de Lavalette, Avenue de Val de Montferrand, Montpellier FR 

Ecole Nationale Vétérinaire, Nantes Cedex 3 FR 

Fédération Grecque des Industries agro-alimentaires, Chalandri GR 

The National Food Centre, TEAGASC, Dublin 15 IE 

University College Cork, Meat Section, Dept. of Food Technology, Cork IE 

University College Dublin, Centre for Food Science, Dublin 4 IE 

ATO AGROTECHNOLOGIE, Agrotechnotogical Research Institute, Wageningen NL 

Associação portuguesa para a Qualidade, Lisboa PT 

The Swedish Food Institute (S.I.K), Göteborg, SE 

Marks & Spencer PLC, London UK 

UNILEVER Research, Colworth Laboratory, Bedford UK 

The Polytechnic of Huddersfield, Department of Catering Studies, Huddersfield UK 

Unfverza Edvarda Kardelja ν Ljubljani, Biotehniska Fakulteta VTOZD za zivilste 

Technologijo, Lubljana SL 

EC scientific officer : Liam Breslin 

Keywords : quality, HACCP, novel processing, novel preservation systems, food technology, modified 
atmosphere, hypobaric preservation, low frequency microwaves, competitive bacteria, 
irradiation, water activity, ultrasound, hydrostatic pressure, proton inactivation 
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Objectives : 

• To encourage cooperation between scientists and industrialists so that a more systematic and unified 
approach to the application of combined processes for preservation and to the implementation of 
Hazard Analysis/Risk Assessment systems is achieved. 

• To gain a better insight and understanding of combined methods of food preservation, with particular 
emphasis on critical points for the widespread application of HACCP systems and combined 
processes technology in Europe. 

Results : 

A HACCP users guide has been drafted. There was the production of a glossary of terms commonly 
used in HACCP and a bibliographic data base of >450 references on HACCP documents. 

A 100-page book on preservation by combined processes (hurdle technology ) has been published. 

Additionally a matrix inventory of products combined by multiple parameters with particular emphasis on 
regional and national foods was devised. There was extensive discussion and research on novel 
processing and preservation systems, e.g. modified atmosphere and hypobaric preservation of fruits and 
vegetables, low frequency microwave studies, barrier coating of perishables, competitive bacteria, low 
dose irradiation, combination of ethanol and low water activity, ultrasound, high hydrostatic pressure and 
photon induced microbial inactivation. 

Industrial exploitation : 

The HACCP guide will aid food industries who are establishing a HACCP programme. The data base 
will also become a very helpful tool. 

Hurdle technology will be used in food design whereas HACCP in food control. Thus both concepts 
supplement each other. 

Number of publications : 34 

Most relevant publications : 

FLAIR Concerted Action No 7, Final Report Subgroup A : HACCP Users Guide, 1994. 

FLAIR Concerted Action No 7, Final Report Subgroup Β : Food Preservation by Combined Processes, 
EUR 15766 EN, ISBN 90-900-73CX3-5, 1994. 
Alzamora, S.M., M.S. Tapia, A. Argaiz and J. Welti (1993) : "Application of combined methods 
technology in minimally processed fruits", Food. Res. Internat. 26 (pp 125-130). 
Lopez Malo, Α., E., Patou, J. Welt, P. Corte and A. Argaiz (1994) : "Shelf-stable high moisture papaya 
minimally processed by combined methods", Food. Res. Internat (in print). 
Leistner L (1994) : "Further developments in the utilization of hurdle technology for food preservation". 
J. Food Engineering 22, (pp 421-432). 
Rodel, W., R. Schenuer and H. Wagner (1989) : "Neuses Verfahren zur Bestimmung der 
Wasseraktivität bei Fleischerzeugnissen", Fleischwirtschaft 69, (pp1396-1399). 
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Conferences or workshops organised under the EC funded contracts : 

1st plenary meeting, Zaragoza (ES) 23 Oct. 1991 
2nd plenary meeting, Paris (FR) 23-24 Nov. 1992 
Final plenary meeting, Leuven (BE) 28-29 Oct 1993 
Editorial plenary meeting, Brussels (BE) 9 Jan. 1994 
7 subgroup meetings 
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2.4 Food intolerances 
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Mechanisms of food intolerance : relationship between 
gut mucosal integrity, allergy and adverse reactions 

Contract number : AGRF 0020 (SC 54) Type of project : SC 

Coordinator : Dr. K Miller 
BIBRA Toxicology International 
Woodmansterne Road 
Carshalton 
Surrey SM5 4DS UK 

Tel :+44181 652 1000 Fax : +44181 661 7029 

Other participants : 

• Institute of Food Research 
Norwich Laboratory 
Norwich UK 

• TNO - Toxicology and Nutrition Institute 
AJ Zeist NL 

• INRA-CEA 
Service de Pharmacologie et d'Immunologie 
Gif-sur-Yvette FR 

EC scientific officer : Liam Breslin 

Keywords : food science, immunology, toxicology, cell biology, agriculture 

Objectives : 

• To undertake experimental animal studies to elucidate the relationship between substances in foods 
capable of increasing the permeability of the gastrointestinal mucosa and the development of allergic 
reactions to milk proteins and other food antigens. 

• To validate the experimental findings and to identify the main allergenic proteins present in milk 
through clinical studies on cow's milk allergic patients. 

• To develop in vitro biological assays for measuring membranolytic activity (permeability) of specific 
food constituents. 

Results : 

A whole animal model for food allergy (B.N. rat) has been used to carry out an investigation about the 
relationship between bioactive substances (e.g. saponins, glykoalkaloids) in foods capable of increasing 
the permeability of the gastrointestinal mucosa and the development of allergin reactions to milk proteins 
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and other food antigens. The results showed that both intestinal anaphylaxis due to challenge by (i-
lactoglobulin in sensitised rats and administration of saponin provoke an increase in gut mucosal 
permeability. Oral exposure to saponin (1 -5mg/ml) and milk proteins increases the severity of an allergic 
reaction. 

Furthermore sensitisation of the BN rat to ovalbumin given by the oral route was shown to be dose - and 
saponin - dependent in that saponin administered together with ovalbumin could induce sensitisation at 
levels which normally did not result in sensitisation. Clinical studies on cow's milk allergin patients (over 
200) shows that most human patients are sensitive to a range of milk proteins (ß-lactoglobulin, a-
lactalbumin, bovine serum albumin, lactoferin, k-casein, b-casein, aS, and aS2-casein). 

Industrial exploitation : 

An important part of the project has been the clinical studies performed on cow's milk allergic patients. 
The establishment of data on the distribution and intensity of specific IgE responses in over 200 patients, 
as well as data on non-or-multi - sensitivity distributions, provided an invaluable basis for clinical and 
epidemiological studies on cow's milk allergy. 

A Brown Norway strain rat model for food allergy which was developed, has been exploited by two 
participants for contract studies to industry and by one participant for further research studies into food 
allergies. 

Number of publications: 23 

Most relevant publications : 

• Atkinson, H AC. and Miller K. (1994). Assessment of Brown Norway rat as a suitable model for the 
investigations of food allergy. Toxicology, 91, 281 -288. 

• Atkinson, H A O , Johnson, I.T., Gee, J.H., Grigoriadou, F. and Miller, K. (1996). Brown Norway rat 
model of food allergy: effect of plant components on the development of oral sensitization. Food 
Chem. Toxicol. 34, 27-32. 

• Wal, J-M., Bernard, H., Yvon, M., Peltre, G., David, B., Creminon, O, Frobert, Y. and Grassi, J. 
(19Θ5). Enzyme immunoassay of specific human IgE to purified cow's milk allergens. Food & Agri. 
Imm., 7,175-187. 

• Gee, J.M., Wortley, G.M.Johnson, I.T., Price, R.R., Rutter, A.A., Hüben, J.F. and Pennininks, A.H. 
(1996). Effects of saponins and glycoalkaloids on the permeability and viability of mammalian 
intestinal cells and on the integrity of tissue preparation in vitro. Tox. In Vitro, 10,117-128. 

• Gee, J.M., Wal, J-M., Atkinson, H., Grigoriadou, F., Wortley, G.M., Johnson, IT. Wijnands, M.V.W. 
and Penninkis, A.H. Effect of saponins on the transmucosal passage of ß-lactoglobulin across the 
rat proximal small intestine. Toxicology (In press). 
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Conferences or workshops organised under the EC funded contract : 

6 (2 at BIBRA< Carshalton, U K; 1 at TNO, Zeist; 1 at Institute of Food Research, Norwich, UK and 2 at 
INRA, Paris, France). 

Conferences or workshops organised as a result of the EC funded contract : 

1 (INRA, Paris, France) 
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Natural antimicrobial systems : hew technologies for food safety, 
quality and environmental protection 

Contract number : AGRF 0048 (SC 57) Type of project : SC 

Coordinator : Prof. S. Roller 
South Bank University 
103 Borough Road 
London SE1 OAA 

Tel:+44171 815 7961 

UK 

Fax:+44171 815 6280 

Other participants : 

Leatherhead Food R.A. 
Leatherhead UK 

School of Biological Sciences 
University of Bath 
Bath UK 

Institute of Technology of Agricultural Products 
Athens GR 

National Food Biotechnology Centre 
University College Cork 
Cork IE 

ADRIA 
Quimper FR 

Institute Technique du Gruyère 

Rennes FR 

EC scientific officer : Liam Breslin 

Keywords : natural antimicrobials, food preservatives, microbiology 

Objectives : 
To identify and assess natural antimicrobial systems as novel means of extending the safety and quality 
of food. Natural antimicrobial compounds in plant, animal and microbial starting materials have been 
tested individually as well as in combination with selected traditional preservation techniques against a 
range of food spoilage and poisoning organisms in laboratory media, model foods and real food products. 
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Results : 

The results have shown that several of the natural antimicrobial compounds tested, including a range of 
lytic enzymes, chitosan, cinnamic acid, plant essential oils, phenoltos and bacteriocins, have potential for 
use as alternative preservatives in specific food applications. However, it has also been shown that no 
single compound was likely to be effective against all food spoilage and food poisoning organisms in all 
food matrices. The future lies in the rational selection of a combination of food preservation methods and 
compounds based on their known antimicrobial properties and on their interaction with other food 
components in the presence of a mixed microbial flora and a dynamic physical environment. 

Industrial exploitation : 

Results that concern issues of public safety are being disseminated to as wide an audience as possible 
by publications in peer-reviewed journals and presentations at conferences. Some of the results have 
been identified as having potential commercial value to the food industry. Some of the partners have 
selected to delay publication while pursuing patenting and commercialization possibilities for their 
bacteriocin-producing strains of lactic acid bacteria, while two of them are currently in negotiations with 
several starter culture companies regarding industrialization of the strains. Since the work of most of the 
remaining partners is still at a pre-competitive stage and is not sufficiently near-market to attract 
immediate industrial investment, a follow-up project has recently been started under the FAIR programme. 

Number of PhD theses: 2 

Number of publications: 20 

Most relevant publications : 

• Lock, J. & Board, R.G. (1994). The fate of Salmonella enteritidis PT4 in deliberately infected 
commercial mayonnaise. Food Microbiology 11, 499-504. 

• Lock, J. & Board, R.G. (1995). The fate of Salmonella enteritidis PT4 in home-made mayonnaise 
prepared from artificially inoculated eggs. Food Microbiology 12,181 -186. 

• Roller, S. (1996). The quest for natural antimicrobials as novel means of food preservation : Status 
report on a European research project. International Biodeterioratton and Biodegradation 36 (3/4), 
33S345. 

• Tassou C.C. & Nychas G.J.E. (1994). Inhibition of Staphylococcus aureus by olive phenoltos in broth 
and in food model system. Journal of Food Protection 57,120-124. 

• Tassou C.C, Drosinos, E.H. & Nychas, G.J.E. (1995). Effects of essential oil from mint {Mentha 
piperita) on Salmonela enteritkSs and Listeria monocytogenes in model food systems at 4 and 10°C. 
Journal of Applied Bacteriology 78, 593-600. 

• Vaughan, E.E., Caplice, E., Looney, R., O'Rourke, N., Coveney, H., Daly, C. and Fitzgerald, G.F. 
(1994). Isolation from food sources, of lactic acid bacteria that produced antimicrobials. Journal of 
Applied Bacteriology 76,118-123. 
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2.5 - APPLICATIONS IN COMMERCIAL PLANTS 

in poultry and poultry meat processine 

Contract number : AGRF 0030/60 (CA 6) 

Coordinator : 

Type of project : CA 

Dr R.W.A.W. Mulder 
Spelderholt Centre for Poultry Research and Information Services 
Spelderholt 9 
7361 DABEEKBERGEN 

Tel : +31 5766 6111 Fax:+31 5766 3250 

Other participants : 

Rijksuniversiteit Gent, Faculteit van Dierengeneeskunde, Gent 

Federal Centre for Meat Research, Institute for Microbiology, Toxicology and Histology, 
Kulmbach 

Animal Health Service of Bavaria, Department Poultry Hearth Service, Grub 

Chr. Hansens's Laboratory, Hørsholm 

Centre National d' Etudes Vétérinaires et Alimentaires, 
Laboratoire central de Recherches avicole et porcine, Ploufragan 

The National Food Centre (TEAGASC), Dublin 15 

University College Dublin, Faculty of Veterinary Medicine, Dublin 4 

MATFORSK, Norwegian Food Research Institute, As 

PLUKON B.V., Dept. of Product Development/Quality, Wezer 

TNO-CIVO, Dept. of the Science of the Food of Animal Origin, Zeist 

VELL, National Veterinary Institute, Helsinki 

University of Bristol, Dept. of Veterinary Medicine, Langford 

NL 

BE 

DE 
DE 
DK 

FR 
IE 

IE 
NO 
NL 
NL 
Fl 
UK 

EC scientific officer : Philippe Mangé / Laurent Bochereau 

Keywords : poultry, poultry pathogens, salmonella, hygiene control, food safety, colonization control 
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Objectives : 

To transfer results of research in the prevention and control of potentially pathogenic microorganisms in 
poultry and poultry meat processing filed which should result in : 

• implementation of knowledge and technology to reduce risks of human foodbome illness, 

• a better knowing and understanding of research and researchers in several European countries, and 

• a more efficient spending of research funds by description of and cooperation in future research 
programmes. 

Results : 

An extensive network of researchers, producers and manufacturers was created. There was an 
impressive record of information transfer through workshops, publications, newsletters and personnel 
exchanges opening new communication channels between researchers and industry. In many countries 
that resulted in changes in national research priorities and introduction of realistic approaches to poultry 
health and poultry products. The project promoted improved safety in the poultry food chain through 
improvements in poultry hearth control, detection methods and processing hygiene leading to better 
consumer protection. 

Industrial exploitation : 

Information transfer of research results is going to lead to a more sophisticated product quality, safety and 
to a minimal cost. 

The project achieved to minimize industrial resistance to new things and increased the awareness of the 
industry to the potential risks and their control. 

New consulting channels between academia and industry were opened and established a uniform 
member country approach to food legislation. 

There were no patents but further development in colonization control and processing hygiene is 
anticipated. Some effective cleaning methods developed with impact on better water use and energy 
conservation need legislative approval. 

Laboratory exchanges : 25 

Number of publications : 15 volumes of the proceedings 

Most relevant publications : 

• Proceedings of the overall programme (in press, autumn 1994) 
• Hygiene in the poultry Production Chain (editors J.D. Collins, M.H. Hinton and R.W.A.W. Mulder) 

ISBN 90-71463-71-0, ISSN 0925-7217,1994 
• Colonization Control (edited by R.W.A.W. Mulder), ISBN 90-71463-39-7, ISSN 0925-7217,1991 
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• Salmonella Colonization in Poultry (edited by R. Ducatene, F. Haesebrouck and R.W.A.W. Mulder), 
ISBN 90-71463-45-1, ISSN 0925-7217,1991 

• Other Pathogens of Concern (No Salmonella and Campylobacteή (edited by E. Nurmi, P. Colin and 
R.W.A.W. Mulder), ISBN 90-71463-61-3, ISSN 0925-7217,1992 

• Contamination with Pathogens in Relation to Processing and Marketing of Products (editors J. Löpfe, 

C A . Kan and R.W.A.W. Mulder), ISBN 9 0 - 7 1 4 6 3 ^ 6 , ISSN 0925-7217,1992 

Conferences or workshops organised under the EC funded contract s: 

• 6 Working Group 1 and 2 (Colonization Control and Production and Operational Hygiene) meetings 

• 3 Working Group 3 (Processed Poultry Meat Production) meetings 

• 3 information exchange meetings of all participants 

• 5 Project Management Group meetings 

• 12workshops 
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iving the safety and quality of meat and meat products by 
modified atmospheres and assessment by novel methods 

Contract number: AGRF 0024 (SC 55) Type of project : SC 

Coordinator : Dr G.J. Nychas 
National Agricultural Research Foundation 
Institute of Technology of Agricultural Products (ITAP) 
S. Venizelou 1 
14123Lycovrisi GR 

Tel:+301 28 45940 Fax :+301 28 40 740 

Other participants : 

• University of Bath 
School of Biological Sciences 
Bath UK 

• Teagasc, Agriculture and Food Development Authority 
The National Food Centre 
Dublin IE 

• Leatherhead Food R.A. 
Surrey UK 

EC scientific officer : Liam Breslin 

Keywords : modified atmospheres, poisoning organisms, detection systems, organoleptic 
properties/acceptability, food safety, meat/meat properties 

Objectives : 

• To determine the effect of νΡΛΛΑΡ on the selection of a spoilage association from the initial microflora. 
As the spoilage flora developed, the changes in the physico-chemical attributes of meat and meat 
products were also quantified. 

• To determine the influence of VP/MAP on the members of the microbial association, particularly lactic 
acid bacteria, on the following food poisoning organisms: Listeria monocytogenes, Staphylococcus 
aureus Salmonella spp, Yersinia ente neolitica, Aeromonas spp. and verotoxigenic Escherichia col. 

• To analyse the physico-chemical characteristics of MAP/VP meats during storage to identify changes 
that might be used to monitor safety and freshness. The monitored physico-chemical characteristics 
included: volatile compounds such as sulphur compounds, acetoin, diacetyl, and changes in protein 
patterns as shown by gel electrophoresis. 

-74-



2.6 - -NEW TECHNOLOGIES AND SAFETY 

• To examine changes in the organoleptic properties of the products. 

• To correlate time-temperature integrals as assessed by various electronic, enzymic or chemical 
devices, with changes in organoleptic properties and organoleptic acceptability. 

Results : 

For nearly all of the pathogens studied, growth in the modified atmospheres was suppressed or retarded 
in comparison to the vacuum-pack control. Only in the case of verotoxigenic Esc. coli, on beef packaged 
in an atmosphere of 20% 00,180% 02, was this not the case. 

For the 20% COj/80% 02 atmosphere, however, a more realistic control would be aerobic packaging; in 
this comparison even this modified atmosphere demonstrated an improvement. 

The findings of this programme suggest that fears concerning pathogen growth in meat and meat 
products packaged in MAP have been exaggerated. 

As well as this outcome, the programme has added to the body of scientific knowledge concerning the 
physicochemical changes that occur in meat, during storage, when packed in MAP, and the relationship 
of these changes to the developing microflora. Production of lactic acid, including its isomers D- and 
L-lactic acid, has been monitored. Changes in gas composition, which may relate directly to microbial 
growth, may provide the means for the development of a non-invasive sensor of in-pack quality. A 
chemfet hydrogen sensor has shown promise as an indicator of the numbers of Enterobacteriaceae 
present within a pack and, through the deliberate inclusion of a trace of hydrogen in the initial atmosphere, 
for the detection of leaking packs. 

Industrial exploitation : 

All of the participants maintain close links with industrial concerns, both within and outside their respective 
Member States. For example, the Leatherhead Food Research Association is funded by its Members 
(some 750 Companies involved worldwide in the production and sale of food, food packaging and 
processing equipment). The findings from this programme will, in due course, be publicised to the 
Members of the Research Association and they will be able to apply the information. Mechanisms in place 
for such technology transfer include the Association's own publications (Research Reports, etc.) and a 
system of "Panel Meetings" and Symposia to which industry representatives are invited, as well as 
publication in the open literature. A similar, though less formal, relationship exists between the Greek, Irish 
and other UK partners and their own food industry. 

The chemfet hydrogen sensor property modified could be used for the detection of leaking packs. This 
is an area of great concern at a practical level; if leaking packs could be detected at the point of 
production, their contents could be re-packaged, eliminating much wastage. 

Number of PhD theses: 2 

Number of publications: 20 

-75-



2.6 - "NEW TECHNOLOGIES AND SAFETY 

Most relevant publications : 

• Kakouri, A. and Nychas, G.J.E. (1994) Storage of poultry meat under modified atmospheres or 
vacuum packs; possible role of microbial metabolites as indicators of spoilage, Journal of Applied 
Bacteriology, (76,163-172). 

• Nychas, G.J. E. and Tassou, Ch. (1997) Spoilage processes and proteolysis in chicken as detected 
by HPLC. Journal of the Science of Food and Agriculture, 74. 

• Nychas G.J.E. & Tassou Ch. Ch. (1996) Growttvsurvival of Salmonella enteritidis on fresh poultry and 
fish stored with vp/map. Letters in Applied Microbiology, 23,115-119. 

• Doherty, Α., Sheridan, J.J., Allen, P., McDowell, D.A., Blair, I.S. and Harrington, D. (1995). 
Growth of Yersinia Enterocolitis 0:3 on modified atmosphere packaged lamb. Food Microbiology, 
12,251-258. 

• Sheridan, J.J., Doherty, Α., Allen, P., McDowell, D.A., Blair, I.S. and Harrington, D. (1995) 
Investigations on the growth of Listeria monocytogenes on lamb packaged under modified 
atmospheres. Food Microbiology, 12, 259-266. 

• Stanbridge, LH.and Board, R.G. (1994). A modification of the Pseudomonas selective medium CFC 
that allows differentiation between meat pseudomonads and Emterobacteriaceae. Letters in Applied 
Microbiology, 18, 327-328. 
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Prevention of "late blowing" of cheese. 
Specific detection of Clostridium tyrobutyricum in the dairy 

industry 

Contract number :AGRF 0034 (SC 50) Type of project : SC 

Coordinator : Dr. J. Dommes 
EUROGENTEC S.A. 
Parc Scientifique de la Cense Rouge 
14 rue Bois Saint Jean 
4102Seraing BE 

Tel:+32 43 660 150 Fax :+32 43655103 

Other participants : 

• N IZO 
Ede NL 

• ADRIA 
Quimper FR 

• Latterie Regionale de Herve S.C. 

Herve BE 

EC scientific officer : Philippe Mangé / Laurent Bochereau 

Keywords : Clostridium tyrobutyricum, cheese late blowing, milk quality, DNA probe, enumeration 

Objectives : 
To develop a highly specific DNA probe method for the rapid enumeration of C. tyrobutyricum. 

• To optimize a non radioactive labelling method for the probes. 
• To optimize the pretreatment and filtration of the samples. 

To optimize spore germination. 
To set up a bank of contaminated samples. 

Results : 

A DNA probe method for the detection of C. tyrobutyricum (which is responsible for the "late Wowing" of 
cheese) in milk was developed and optimised. The experimental scheme involved heat treatment and 
filtration of the sample, germination of spores on specific medium, cell lysis and DNA fixation to the fitter 
and hybridisation with a non-radtoactfvely labelled DNA probe directed to the 165 rRNA. 

Two DNA probes specific for C. tyrobutyricum were developed and the probe labelling system of biotin-
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avidin was selected. Milk samples before filtration were heat treated and trypsinised in the presence of 
non ionic detergent. PVDF membranes proved to be able to filtrate rather large volumes of milk and 
showed a good capacity for binding DNA. Better results of spore germination were obtained with 
combination of calcium lactate and sodium tthtosulphate DNA fixation and lysis of bacteria involved 
treatment by lytic enzymes and microwave irradiation in alkaline conditions. With this method very low 
contamination levels (10 spores/It) can be evaluated in less than 36 hs. 

Industrial exploitation : 

• A highly specific and rapid method for the detection of CI. Tyrobutyricum which causes problems in 
the cheese-makers. 

• Prevention and/or avoidance of the "late blowing" in cheese and so production of high quality and 
safety products. 

Number of publications: 20 

Most relevant publications : 

• KJijn N., Bovie C, Dommes J., Hoolwerf JD, Vanderwaals CB, Weerkamp AH and Nieuwenhof FFJ, 
1994. Identification of Clostridium tyrobutyricum and related species using sugar fermentation, 
organic acid formation and DNA probes based on specific 16S rRNA sequences. Syst. Appi. 
Microbiol. 17.249-256. 

Van der Meer JR, Ludwig W and de Vos WM, 1993. Characterization of a ribosomal RNA gene 
cluster from Clostridium tyrobutyricum : Phylogenetic positioning based on the 16S and 23S 
nucleotide sequences. Syst. Appi. Microbiol. 16, 201-207. 

Weerkamp AH, Wijn N and de Vos WM, 1993. Detection and identification of food-borne bacteria 
by means of molecular probes. In : Developing Agricultural Biotechnology in the Netherlands. Vuijk 
DH, Dekkers JJ and van der Plas HC, eds. Pudoc, Wageningen, pp. 245-253. 

Klijn N., Nieuwenhof FFJ., Hoolwerf JD, van der Waals CB and Weerkamp AH. Detection of 
Clostridium tyrobutyricum, the causative agent of late blowing, in cheese by specific PCR 
amplification. Appi. Environm. Microbiol., submitted. 

Zecchini V, Lemaitre M., Dommes J., 1995. Influence of the position and number of biotin moitiés 
per oligonucleotide on the detection threshold and the stability of the probe/target DNA hybrids. 
Núcleos. Nucleot., submitted. 

Zecchini V., Caucheteux D., Grétry J., Lemaitre M., Dommes J., 1994. Detection of nucleic acids 
in the atomole range using polybiotinylated oligonucleotide probes. Biotechniques. In press. 
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mitation of food processing plants 

Contract number :AGRF 0035 (SC 82) Type of project : SC 

Coordinator : Mr. H. O. Mikkelsen 
Biotechnological Institute 
Dept. Of Technology 
Holbergsvej 10 
6000 Kolding 
DK 

Tel:+45 75 52 04 33 Fax :+45 75 52 99 89 

Other participants : 

• Fraunhofer Institut fur Lebensmitteltechnologie und Verpackung 

Munchen DE 

• Danish Technological Institute 
Dept. of Acoustics 
Archus DK 

■ Campden Food and Drink R.A. 
Dept. of Food Hygiene 
Chipping Campden UK 

• APV Pasilac A/S 
Silkeborg Division 
Videbaek DK 

• Technical University of Denmark 
Industrial Acoustics Laboratory 

Lyngby DK 

• Reson System A/S 

Slangerup DK 

EC scientific officer : Xavier Goenaga 

Keywords : remote sensing, inspection, testing, material removal, process control, quality 
assurance/control 

Objectives : 

• To develop sensors which can detect deposits on internal surfaces of processing equipment, primarily 
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tubes and plate heat exchangers, in processing plants. 

• To develop an ultrasonic cleaning device for a tube heat exchanger. 

Results : 

There are two general results of this project : 
• Three sensors which can detect deposits on internal surfaces of processing equipment, primarily 

tubes and plate heat exchangers in processing plants. 

• One ultrasonic cleaning transducer for pipes and tube heat exchangers. 

The ultrasonic sensor provides a means to non-invasively monitor the plant in terms of fouling on-line. 
Both reflectance (pulse - echo) and transmission systems were developed. The transmission system was 
found to offerthe most promising results in terms of thickness measurement while the pulse echo system 
was found to offer a yes/no indication of the presence of a film. 

The optical sensor is capable of estimating the thickness of fouling inside a heat exchanger, warning if 
major parts of fouling drops into the product upstream of the sensor, distinguishing between porous and 
non-porous fouling, controlling and documentation of the CIP procedure and warning if foam or air is 
present in the system. 

The vibration sensor is developed as an integral part of a plate in a plate heat exchanger to detect when 
the fouling of critical points in the heat exchanger has reached a degree of fouling so that cleaning 
processes are necessary. 

Investigations showed that it is possible to remarkably reduce the cleaning procedure time during the 
removal of deposit from the internal side of pipes by use of the ultrasonic cleaning transducer as well as 
to minimize the use of polluting chemicals. 

Regarding the innovative aspects of the four devices, all are developed using known basic technologies, 
but these have been improved and the applications are all new and represent a major step in the ability 
to detect and clean fouling. 

Industrial exploitation : 

The new sensors will result in optimization of food quality. They will make it possible to indicate when 
fouling has reached a level where expense of cleaning is out-weighed by the loss of efficiency or product 
quality. Further efficient processing and cleaning procedures will minimize energy consumption and use 
of detergents and have additional environmental benefits. Potential use of new technology by thousands 
of companies in Europe and worldwide. Commercial products of this nature are not on the market today. 
So, both producers of the equipment and users in the industry will get a leading position globally. 

The project summary report has been distributed to 37 private companies and 26 R&D organisations 
from, totally 19 different countries. 
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Number of publications: 15 

Most relevant publications : 

• Bjørnø, L and Arnfred Nielsen, S., "A novel broadband, high-frequency ultrasonic transduces". Proc. 
11th Intern. FASE Symp., Valencia, 81,1994. 

• The Use of ATP Bioluminescence for the Assessment of Bacterial Cell Numbers in Biofilms, J.H. 
Taylor and J.T. Holah. SAB Summer Conference 1992. 

• Ultrasonics for Fouling Detection. P.M. Withers. Food Technology International Europe, Autumn 1994. 

• An Ultrasonic Sensor for the Detection of Fouling in UHT Processing Plants. P.M. Withers. Food 
Control, Accepted October 1993. 
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Contract number : AGRF 0045 (SC 25) 

Coordinator : Mr D. Lambert 
BESNIER SA 
10-20 rue Adolphe Beck 
530 89 Laval Cedex 9 

Tei:+33 243 594259 

Other participants : 

• Station Laitière de l'Etat à Melle 
Melle 

• Institut National de ta Recherche Agronomique (INRA) 
Paris 

• Istituto Sperimentale Lattiero Caseario 
Lodi 

Type of project : SC 

FR 

Fax:+33 243 594263 

• Instituto Nacional de I 
Madrid 

i (INIA) 

FR 

FR 

IT 

ES 

EC scientific officer : Philippe Mangé / Laurent Bochereau 

Keywords : cheese, raw milk. Listeria, bacteriocins, cheese dairy technology, contamination 

Objectives: 

• To reduce the level of contaminants at the very origin (from the animal, in slurry) and study the actual 
sources of contamination of the milk itself on the farm in order to eliminate them. 

• To develop new technology to improve the safety of raw milk while maintaining its quality for cheese 
manufacture. This implies studying the possibility of decontaminating the mlk by means of physical 
techniques (microfittrabon. centrifugatton). 

• To make use of the potential of lactic starter microorganisms and aiso of the fungi, yeast of bacteria 
produced during the maturing process to inhibit harmful flora (in particular, the pathogenic Listeria 
monocytogenes). 
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Results : 

It has been shown that the contamination of milk on-farm by Listeria monocytogenes is small with good 
hygiene during milking and cluster/teat cleaning an essential. 

It has been confirmed that of several thousand bacteria tested, only Lactococcus, Pedococcus and 
Enterococcus inhibit Listeria with bacteriocins the likely agents. 

It has been shown that the pH and the temperature are the main factors that determine the action of these 
bacteriocins. More specifically the Nisine and the bacteriocins of Enterococcus have properties that are 
complementary and favourable for their use in cheese dairy. 

It has been shown that 1 is possible to select levain that resists to these bacteriocins. Besides, a synergy 
has been observed between the inhibiting bacteriocins and of the acidification due to the utilization of 
lactic enzymes to cheese dairy technology. That has been verified at the production of Taleggio, 
Manchego and Saint Paulin kinds of cheese, where the addition of bacterials that produce these 
bacteriocins permit the significant reduction of Listeria population, during the cheese production and 
maturing phases. 

Industrial exploitation : 

Due to the renforcement of the hygiene measures on farms, that permit the decrease of the contamination 
level of the milk by Listeria monocytogenes and the addition of a small quantity of bacteriocins in the milk 
before the phase of fabrication and the utilization of a levain that produce the suitable bacteriocin, it is 
possible to produce cheese from raw milk that obtain an improved sanitary quality. 

Significant progress could be achieved, concerning the previously mentioned system and particularly 
concerning its durability, if the following two complementary plans are simultaneously continued to be 
realized: that concerning the cheese dairy technology, and that concerning the bacterial physiology. 

Number of publications: 22 

Most relevant publications : 

• Rodrigez J.L, Gaya P., Medina M., Nunez M. (1993). A comparative study of the Gene-Trak Listeria 
assay, the Listeria-Tek ELISA test and the FDA method for the detection of Listeria species in raw 
milk. Letters in Applied Microbiology, 17,178-181. 

• Rodrigez J.L, Gaya P., Medina M., Nunez M. (1994). Incidence of Listeria monocytogenes and other 
Listeria spp. in ewes' raw milk. Journal of Food Protection, 57. 

• Ryser E.T., Maisnier-Patin S., Gratadoux J.J. & Richard J. (1994). Isolation and identification of 
cheese-smear bacteria inhibitory to Listeria spp. Int. J. Food Microbiol, 21, 237-246. 

• Vlaemynck, G., Coudijzer, K., Taelman, L. and Hennan L. Study of bacteriocins produced by 
Enterococcus faedum sp. and inhibiting Listeria monocytogenes. FEMS Microbiology Reviews, 12, 
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1993, p. 145. Fourth Symposium on lactic acid bacteria, 5-9/9/93, Noordwijkerhout, Nederland. 

• Tom Tarelli, G., Germinati, D., Giraffa, G. Production of bacteriocins from dairy enterococci active 
against Listeria innocua et Listeria monocytogenes. Food Microbiol. 11, (1994). 

• Giraffa, G., Neviani, E., Tom Tarelli, G. Antilisterial activity by enterococci in a model predicting the 
temperature evolution of Taleggio, an Italian cheese. J. Dairy Sci. 77,1176-1180 (1994). 
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îvel monitoring devices to detect microbial 
contaminants in foods during processing and storage 

Contract number :AGRF 0049 (SC 71) 

Coordinator : Prof. F. O' Gara 
Dept of Microbiology 
University College Cork 

Tel : +353 21 902861 

Type of project : SC 

IE 

Fax:+353 21 257934 

Other participants : 

• National Microelectronics Centre 
University College Cork 
Cork IE 

Institute of Biotechnology 
Cambridge University 
Cambridge 

AN Bord Bainne co-operative Ltd 
Cork 

UK 

IE 

EC scientific officer : Jos Cornelese 

Keywords : biosensor, food pathogens, acoustic wave transducer, antibodies, interfacial layer 
chemistries 

Objectives : 

To develop key technologies and processes, central to the requirements necessary for the development 
of an acoustic transducer based biosensor, specifically designed for the detection of spoilage/pathogenic 
microorganisms that may occur in food. Attention was focused on the following three key work tasks 
underpinning the design of a biosensor : 

• Development and testing of novel strain/species specific surface antibodies to detect bacteria. 
• Design, fabrication and evaluation of acoustic wave transducers for biosensor applications. 
• Development of interfacial layer chemistries for biosensor design. 

Results : 

The requirement of these biosensors was to have antibodies that could detect food pathogenic and 
spoilage bacteria in a specific and sensitive manner. This project has succeeded in demonstrating that 
antibodies to siderophore receptor proteins of bacteria can be used for the biorecognttion component. 
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These antibodies raised against a receptor protein for Pseudomonas sp MH4. Such antibodies were 
shown to react with whole cell preparations of this bacterium. The question that must be answered is how 
the antibodies attach to the sensor surface. This has involved studies of antibody immobilisation on 
sensor surface materials by physical absorption and attachment through chemical modification of the 
antibodies. The procedure chosen for the immobilisation of IgG to silver surfaces involved the 
porythidatton of the protein with Traut's reagent. The polythidated goat (anti-human) IgG was found to 
bind the silver surfaces with similar monolayer coverages as native IgG but that the proportion of active 
sites retaining binding activity for antigen is up to 2-fold higher. Sensors based upon acoustic wave 
transduction operate by sensing the mass of the analyte bound to the sensor surface through an 
interaction with an elastic wave probe. Acoustic transducers do not require that the analyte possess any 
special property such as optical, electrochemical or enzymatic activity. 

Industrial exploitation : 

Special interest is being shown by the food and drinks industry, the environmental, bioremediation and 
water industries and the fermentation/btoreactor industries as potential end-users of the technology. 
Device, instrumentation and systems industries could benefit from assimilation of this type of technology. 

The development of antibodies using peptide epitopes from sequenced proteins is not in itself new, but 
its application in this project to siderophore receptors as a new generation of recognition biomarkers is 
novel. The antibodies produced in this manner have potential for strain/species identification outside the 
scope of a biosensor. For example the receptor proteins can now be used as "tags" for monitoring strains 
of interest Development work earned out on device fabrication, testing and packaging has increased the 
expertise and technology available in Europe for sensor development and production. Acoustic sensors 
have the advantage of requiring no specific property of the analyte material other than a mass and the 
ability to bind to the appropriate interfacial chemistry. This means that the technology which has been 
developed within the FLAIR project for pathogen detection can be rapidly adapted to other sensor markets 
with only the development of the appropriate interfacial chemistry for gas or liquid sensing in the fields of 
biology, chemistry, environment, pollution monitoring and food safety. The work performed on interfacial 
layer chemistry was an underpinning study aimed at developing new immobilisation protocols for the 
antibodies onto immunosensor devices. As such, it is not expected to be exploited per se but may well 
find sufficient applications in the project generally and elsewhere. 

Experience has shown that exploitation and commercialisation of biosensor technology is time consuming 
and difficult, with many unforeseen manufacturing hurdles to be circumvented. Ideally, the piezoelectric 
devices, antibody and coupling chemistries developed during the present FLAIR project should be 
appropriate for exploitation by multinational companies with experience of multidisciplinary programmers 
or a consortium of smaller companies with the appropriate expertise. Despite the difficulties with 
piezoelectric devices they offer one advantage over all other biosensor devices, they are equally potentially 
amenable to use as direct monitors for proteinaceous, low molecular weight or cellular analytes. Thus, 
the potential market for such sensors is substantial. 

Number of PhD theses: 1 

Number of publications: 10 
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Most relevant publications : 

• Grean, G.M., Lynch S., Donnelly, D., O' Gara, F. and Fitzgerald, R. 1993. Analysis of Silane and 
Covalentty immobilised immunoglobulin G (IgG) Layers on Lithium niobate. International Conference 
on Spectroscopic Ellipsometry (ICSE). Paris, France. 

• Morris, J., O' Sullivan, D.J., Koster, M. Leong, J., Weisbeek, P.J. and O' Gara, E. (1992). 
Characterisation of fluorescent siderophore - mediated iron uptake in Pseudomonas sp. Strain M114 
: evidence for the existence of an additional receptor. Appi. Eny. Micro, 58 : 630-635. 

• Morris, J., Donnelly, D.F., O' Neill, E., McConnell, F., and O'Gara, F. (1994). Nucleotide sequence 
analysis and potential environmental distribution of a feme pseudobactin receptor gene of 
Pseudomonas sp. strain M114. Mol. Gen. Genet. 242: 9-16. 

• Zhang, D., Crean, G.M., Flaherty, T., Shallow, Α., Donnelly, D.F., O'Gara, F. and Fitzgerald, R. 
(1993). Orientation of immunoglobulin G (IgG) and the reversibility of its interaction with antigen on 
the surface of an immunospecific piezoelectric biosensor. ICAM Biosensor Symposium, Tokyo, 
Japan. 

• Zhang, D., Shallow, Α., Flaherty, T. and Crean, G.M. A longitudinal wave mode waveguide sensor 
with high liquid dielectric constant sensitivity. ICAM Biosensor Symposium, Tokyo, Japan. 

Conferences or workshops organised under the EC funded contract : 

• Recent Advances in Sensor Technology, University College Cork, September 26,1991. 
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3.1 - EFFECTS OF
 -
NEW TECHNOLOGIES ON NUTRITION/HEALTH 

jdy of production and utilization of fibres with enhanced 

functional qualities and beneficial nutritional properties 

Contract number : AGRE 0038 (SC 72) Type of project : SC 

Coordinator : Dr. C. Bourgeois 
ADRIA - Quimper 
6 rue de Γ Université 
29334 Quimper FR 

Tel: +33 298 90 62 32 Fax : +33 298 90 73 28 

Other participants : 

• Institute of Food Research 

Norwich UK 

• National Food Biotechnology Centre 

University College Cork IE 

• National Food Biotechnology Centre 
University College Cork IE 

• Sofalia 
Puteaux FR 

• Institut National de la Recherche Agronomique 
Centre de Recherche de Nantes FR 

EC scientific officer : Philippe Mangé / Laurent Bochereau 

Keywords : dietary fibres, foods, nutrition, modification procedures, agricultural by-products, 
dephytinisation, extrusion cooking 

Objectives : 

• To upgrade by-products arising from the processing of raw materials from the agricultural and food 
industries 

• To provide the food industry with a range of ingredients or additives with good physicochemical 
properties to meet both industry's technological requirements and the consumer's nutritional 
requirements 

• To contribute to the extension of the ingredient industry through the development of a dietary fibre 
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manufacturing sector 

Results : 

Fibres from pea, apple, orange, wheat, barley, sugarbeet, endive, potato, carrot, cauliflower, artichoke 
show different structures and compositions according to their origin. For example, pea fibres are rich in 
insoluble fibres especially cellulose; apple, orange and sugarbeet have higher levels of hemicellulose and 
pectins; wheat is composed mainly of arabinoxylases and cellulose; barley is rich in arabinoxylases and 
ß-glucans. 

These products could be used as fibre supplements in foods. They have bile acid binding capacity (which 
has a positive effect on the metabolism of cholesterol). Certain fruit and vegetable fibres improve the 
bioavailability of minerals while wheatbran, which is high in phytates, reduces the bioavailability of iron and 
zinc. 

Some of these products can be used as bulk agents because of the low hydration while some have high 
hydration properties or fat absorption capacity and can be used as technological agents. Some give 
particular flavour. 

Chemical treatments are the most promising in improving the functional properties of fibres, such as 
improved hydration. Modification also improves the effects on the intestine and has a positive effect on 
bile acid binding. Chemical modification did not affect the bioavailability of minerals nor the fermentabiltty. 
Extrusion applied to apple, wheat and pea fibres slightly improved their solubility. A dephytinisation 
process has also been developed on wheat bran in order to improve their nutritional benefit. 

Industrial exploitation : 

Production of fibre from the above materials could upgrade by-products from the processing of raw 
materials. 

The food industry can be provided with a whole new range of ingredients or additives that will improve the 
technological properties of food products as well as add nutritional value to its products. 

Development of the fibre manufacturing sector. 

Number of PhD theses: 2 

Number of publications: 20 

Most relevant publications : 

• Femenia, Α., Lefebvre, A.C., Thebaudin, J.Y., Robertson, J.A., Bourgeois, CM. (1997). Physical and 
organoleptic properties of model foods supplemented with defined vegetable fibres from cauliflower 
(In press). 

• Harrington, M., Flynn, Α., (1993). The effect of dietary fibres on iron and zinc absorption in suckling 
rats. Proceedings of the Nutrition Society, 52, 23A. 

• Jayarajah, C.N., Tang, H.G., Robertson, J.A., Selvendran, R.R. (1997). Dephytinisation of wheat bran 
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and the consequences for fibre matrix non starch polysaccharides. Food Chemistry (In press). 
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