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Preface 

European Union funded research in food production, food safety, and health 
and nutrition has been a very significant and successful aspect of the framework 
programmes over the past ten years. The AIR programme which ran from 
1991-1994 where food research was covered within areas 3 and 4 has certainly 
been very successful with respect to the calls and the quality of the research 
funded. This has allowed us to fund research which we felt truly reflected the 
original objectives of the programme, namely, to contribute to a better match 
between the production of biological resources and their utilisation by consumers 
and industry, to improve the competitive position of the European food industry 
and to better understand the role of food in improving the general health and 
well-being of the European consumers. 

This programme has generated great interest since its inception. It has made a 
significant contribution to strengthening the food science base in Europe. Above 
all, it has generated a solid network of contacts, through different mechanisms 
such as the FLAIR-FLOW network, which have resulted in the programme 
becoming a term of reference for both the industry and the consumer. 

The research projects presented in this publication provide an overview of the 
issues addressed, the results achieved and last but not least their potential to 
impact on future developments in the European food sector and on research 
priorities related to food. This has been continued in the subsequent FAIR and 
the current Quality of Life and Management of Living Resources programmes 
where further opportunities to stimulate and develop innovation in the European 
food sector are afforded. 

This catalogue almost 9 years after the launching of AIR has been designed to 
disseminate the results of these projects and can be used by both the general 
and specialist reader. We are particularly grateful to the project co-ordinators 
and participants, who helped us to contribute to the successful implementation 
of the AIR programme. 

/ 

Rainer GEROLD Bruno HANSEN 

Director Director 

Life Sciences I Life Sciences-Co-ordination 
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Introduction 

Agriculture and Agro-Industry, including Fisheries (AIR) was a specific Research, 
Technological Development and Demonstration programme concerning 
agriculture, horticulture, forestry, fisheries, aquaculture and the food and non­
food industries. 

The AIR programme was adopted by the European Council on 23 April 1990 as 
part of the Community's Third Framework Programme (1991 to 1994). 

The ultimate objective of the AIR programme was to contribute to a better 
match between production of biological resources and their utilisation by 
consumers and industries. 

The programme was organised into four distinct scientific and technical areas: 

1. Primary production in agriculture, horticulture, forestry, fisheries and aquaculture. 

2. Inputs to agriculture, forestry, fisheries and agriculture. 

3. Processing of biological raw materials from agriculture, horticulture, forestry, 
fisheries and aquaculture. 

4. End use and products. 

Implementation of the programme was carried out through shared cost research 
and development and demonstrat ion projects, concerted actions and 
accompanying measures such as training grants and studies. 

During the lifetime of the programme, three calls for proposals were published, 
details of which are shown in Table 1. 



TABLE 1: HISTORY OF THE AIR PROGRAMME 

Published in Official Journal 

Reference in Official Journal 

Deadline 

Evaluation 

RECO' Opinion 

Commission Approval 

Information to Participants 
and Start of Contract 
Negotiations 

A I R 1 

10.10.1991 

C264 p.9 

31.1.1992 

17-28.2.92 

29-30.4.1992 

May 1992 

May-Dec. 1992 

AIR 2 

30.10.1992 

C165 p.24 

30.10.1992 

23.11-11.12.1992 

25-26.2.1993 

March 1993 

April-July 1993 

AIR 3 

15.9.1993 

C251 P.17 

14.1.1993 

7-18.2.1994 

8.4.1994 

June 1994 

June-Dec. 1994 

SELECTION OF PROPOSALS 

Proposals received 

Proposals selected 

% of Projects selected 

A I R 1 

762 

103 

14% 

AIR 2 

1,014 

203 

20% 

AIR 3 

680 

124 

18% 

'RECO refers to the regulatory committee for the AIR programme, which was made up of delegates 
from the Member States. AIR1/AIR2/AIR3 refers to the respective calls of the programme. 



ABOUT THIS PUBLICATION 
This publication focuses on the results of food projects funded under the AIR 
programme. Food research was concentrated in Areas III and IV of the 
programme, and focused on the following scientific areas: 

AREA III: FOOD PROCESSING 
Food safety 

Food quality 

Nutritional wholesomeness of food product 

Environmental impact of food processing 

Packaging, distribution and preservation 

AREA IV: END USE AND PRODUCTS 
Food quality and consumer aspects 

Consumer safety 

Interaction between diet and health 

Acceptability of food 

Speciality or functional foods 

Understanding of food properties 

Pre-normative research 

In the food sector, a total of 72 projects (19 concerted actions, 53 shared cost 
actions) were selected and funded, following evaluation. These projects are 
described in this book and represent the involvement of 606 participants, at a 
total cost of €91 mill ion, with an EU contribution of €59 mill ion, which 
corresponds to 15% of the total AIR budget. 

The total spending, by different types of organisation, was as follows: 

• Large companies 6% 

• Small and medium-sized companies 5% 

• Private research institutes 11 % 

• Public research institutes 4 1 % 

• Mixed research institutes* 5% 

• Universities 32% 

' Institutes for which resources come equally from government and private sources 



The projects described in this book are broken into clusters as follows: 

FOOD TECHNOLOGIES 

FOOD SAFETY 

DAIRY TECHNOLOGIES 

NUTRITION 

FRUIT AND VEGETABLE TECHNOLOGIES 

MEAT TECHNOLOGIES 

SOCIO-ECONOMIC AND CONSUMER ASPECTS 

FOOD PACKAGING 

INPUTS FOR FOOD CROPS 

Many of the projects have built on work carried out in the FLAIR programme 
(1988-1993) and, in particular, several FLAIR concerted actions resulted in new 
AIR shared cost projects. 

The FLAIR-FLOW dissemination action, which commenced in FLAIR, continued in 
the AIR and FAIR programmes. It was very effectively disseminating information 
from the Community funded food projects in many countries, via the FLAIR-
FLOW National Networks. This concerted action will continue under Key Action 
1 of the 5th Framework Programme with a main objective to promote innovation 
in the food sector in Europe and Eastern European countries through the 
interactive dissemination of RTD results to three target groups: SMEs, Health 
Professionals and Consumer Groups. 

Further information on projects can be obtained from the FLAIR-FLOW National 
Network leaders or from the projects' co-ordinators. 



To follow AIR, another programme. Agriculture and Fisheries (including agro-
industry, food technologies, forestry, aquaculture and rural development), was 
adopted by the European Council in November, 1994. This programme - FAIR -
formed part of the Fourth Framework Programme and ran until 1998. This 
consolidated the experience and results gained in the AIR Programme, 
strengthening European research in the food area, thereby increasing the 
competitiveness of the European food industry and bringing benefits to the 
consumer. More information about the FAIR programme is available from 
Commission services. 

The EU continues to fund research into food, under its current framework 
programme for research and technological development: the Fifth Framework 
Programme. This research is carried out under the Thematic Programme 
entitled "Quality of Life and Management of Living Resources" and in particular 
the Key Action 1 'Food, Nutrition and Health'. Details of food research under 
the Fifth Framework Programme can be found on the "Quality of Life" web 
service at: http://www.cordis.lu/life/home.html 

For each of the projects described in this book, the following information is 
provided: 

• Title, EC reference number, type of project, funding, duration 

• Project Summary 

• Project work carried out 

• Results 

• Contact details of co-ordinator and a list of participants 

We hope that this book will provide a useful service to those who are interested 
in the food sector and will serve as a comprehensive guide to the results of food 
research funded by the European Union. 
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Test method development for the practical 
assessment of food processing equipment 
cleanability 

The need for hygienic food-processing equipment has been acknowledged in 

Europe by the inclusion of specific requirements in the Machinery Safety 

Directive (89/392/EEC). These requirements are being developed into a set 

of standards by CEN/TC 153. The aim of this prenormative project was to 

develop practical test protocols that can be used to assess the cleanability of 

equipment intended for use in food production. The principles established as 

a result of the research are also valid in other sectors, such as pharmaceuticals 

and cosmetics. 

Coordinator: 
Dr John HOLAH 

Campden Food and Drink Research Association 

Department of Food Hygiene 

Chipping Campden 

GB -GLOUCESTERSHIRE 

GL55 6LD 

Tel n°: +44-386-84.03.19 

Fax n°: +44-386-84.13.06 
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Project Work 
Initially, research concentrated on the standardisation of test conditions among 
participants for materials, micro-organisms and organic soils, soil-application 
methods and cleaning protocols. Stainless steel AISI 316 L was selected as the 
standard surface material. In later trials, comparative work was carried out 
using silicon, two types of material used in conveyor belts and "Polysulfon", but 
differences in cleanability between materials were found to be slight. The 
fol lowing micro-organisms were chosen for the trials: Pseudomonas fragi ATCC 
4973, Photobacterium leiognathi ATCC 33469, Bacillus thuringiensis ATCC 10792 
and Bacillus stearothermophilus NIZO C953. Three organic soils were chosen 
for comparative studies: "Campden" soil (a mixture of milk, starch and oil); a 
margarine-based soil for use in the assessment of moderately-sized closed 
equipment; and a soured-milk based soil for use in the EHEDG Cleanability Test 
Method for small-sized closed equipment. A cleaning protocol, consisting of 
foaming, was followed by spraying. Cleaning protocols for closed surfaces were 
engineered to provide a fixed f low rate (1.5 m/s) and variable detergent 
concentrations, temperature and contact times to allow some residual retention 
of soils as required for comparative analysis. Typically, cleaning of closed surfaces 
was based on a three-stage process: a rinse wi th cold water fol lowed by 
circulation of a mild detergent solution with a final rinse with cold water. In the 
trials, the detection techniques employed were: AMPS (appareil de mesure de 
la proprete des surfaces), ATP (measurement of natura l or induced 
bioluminescence), TVC (traditional microbiological swabbing and counting 



techniques). Image Analysis (a range of staining and visual detection 
techniques), and DEM (automated image analysis using direct epifluorescent 
microscopy). 

Results 
Five methods were developed for the detection of residues of organic or 
microbial soils on food equipment after cleaning. All of these have proved to 
be repeatable and reproducible, and are recommended for fu r ther 
development. Microbiological methods are thus available which allow the 
fundamental assessment of cleanability necessary for the development of 
equipment and compliance testing for legislative purposes (Directive 89/392/ 
EEC). Organic methods, which, whilst not as sensitive, have been developed 
for the assessment of equipment in factory situations or where the use of 
micro-organisms might be prohibited. The test methods developed have 
been reported on small pieces of equipment only and it can only be suggested 
at this stage that they are suitable for larger items. Work is still required to 
understand the kinetics of the removal of soil and micro-organisms and how 
these may be used to predict the efficiency of industrial cleaning methods. 
Following this work, the revised EHEDG Cleanability Test is now commonly 
used by manufacturers of food-processing equipment throughout the EU, as 
a means of demonstrating the cleanability of liquid-handling equipment and 
thus compliance with Directive 98/392/EEC. 
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Contract No 

Total Cost: 

EC con t r i bu t ion : 

Star t ing date: 

Dura t ion : 

AIR1-CT92.0091 
Shared cost project 

1.793.902 EURO 

968.861 EURO 

01.01.1993 

36 mon ths 

P a r t n e r s 

• Unilever Research Laboratorium, 
The Netherlands 

• Biotechnological Institute, 
Denmark 

• Universidade Católica Portuguesa 
Escola Superior de Biotecnologia, 
Portugal 

• J.J. HEINZ &Co. Ltd, UK 

• INRA, Laboratoire de Génie de 
l'Hygiène et des Procédés 
Alimentaires, France 

• INRA, Laboratoire de Génie 
Industriel Alimentaire, France 

• Department of Food Engineering, 
Lund University, Sweden 

• SIK-Swedish Institute for Food 
Research, Sweden 

• Food Research Laboratory, 
Technical Research Centre of 
Finland 

/ 

» . 
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High hydrostatic pressure treatment: its impact 
on spoilage organisms, biopolymer activity, 
functionality and the nutrient composition of 
food systems 

This project was devoted to explore and establish the use and potential of high 

hydrostatic pressure as an emerging non-thermal food processing operation. The 

specific uniqueness of this first EC sponsored high pressure project is based on the 

summary of combined efforts leading to the accomplishment of establishing and 

inducing a strong European scientific basis regarding the impact of high pressure 

on the safety, quality and functionality of model systems and real food systems. 

The project also made it possible to carry out the development activities for pressure 

equipment and processes from small laboratory units to industrial scale high 

pressure vessels and processes. The outreach of this project resulted in to the 

activation of numerous high pressure research and development activities within 

academic and industrial institutions and led to a wide range of dissemination 

activities (120publications, approx. 200presentations, 10 conferences/workshops 

organized) occurred within the framework of the project. Since this was the first 

EC sponsored project dealing with this emerging technology its scope was broad. 

Coordinator: 
Prof Dietrich KNORR 

Berlin University of Technology 

Dept. of Food Technology 

Königin-Luise Straße 22 

DE - 14195 BERLIN 

Tel n°: +49-30-31.47.12.50 

Fax n°: +44-30-832.76.63 

17 



Project Work and results 
Activity 1: Development of a standard pressure regime 

Recommendations were developed for time-pressure, time-temperature and 
pressure-temperature profile monitoring for individual pressure treatments 
and for the establishment of standardized operating procedures within each 
partner laboratory. 

Activity 2: Data collection, strategy development and establishment of models 
regarding pressure inactivation of microorganisms 

Substantial progress has been made regarding the collection of data on the 
inactivation kinetics of micro-organisms and considerable achievements were 
accomplished in increasing the understanding of pressure inactivation of 
vegetative microorganisms as well as bacterial spores. Pressure/temperature/ 
t ime inactivation kinetics of specific microorganisms were obtained and 
inactivation models developed. These data were made available to a subsequent 
project (Combined high pressure thermal treatment of foods: A kinetic approach 
to safety and quality evaluation, Project FAIR-CT96-1175) for comparison with 
other data and for further prediction model developments. 

Activity 3: Studies on the structure/function relationship of isolated food 
components and model food systems 

The main emphasis within this task was on pressure induced protein gels and on 
inactivation characteristics of food enzymes. Pressure induced unfolding, 
aggregation and gelation of food proteins(i.e. b-lactoglobulin, whey protein, 
egg white proteins, soy protein, hemoglobin protein) and comparative studies 
between funct ional properties of heat and pressure induced gels were 
performed. It was concluded from rheological studies (storage modulus, loss 
modulus, relaxation, deformality modulus), that heat induced gels contain a 
higher density of long term bondings, while high-pressure-induced gel networks 
are predominantly composed of weaker, short term bondings which easily disrupt 
under deformation. Enzyme inactivation studies (especially polyphenol oxidase) 
revealed significant differences in barosensitivity within the various fruit or 
vegetable species. Combined pressure and temperature effects were studied 
using ßsubt/7/sa-amylaseasa model enzyme. Kinetics for pressure-temperature 
were determined and could be described by a first order model. When 
performing isothermal/isobaric experiments, again the enzyme inactivation 
followed first order kinetics. 

18 



Activity 4: Pressure related effects on the microscopic structure and 
macroscopic appearance of model foods and real food systems 

Scanning electron micrographs of pressure or temperature-induced proteins 
have a high number of links and lower sample deformations and force decay. 
The porosity of these gels was found to be higher, suggesting weaker 
interactions in pressure formed gels in contrast to temperature induced ones. 
Pasteurized liquid dairy cream (to be utilized with raw, microfiltered skim 
milk for cheese processing) was not significantly modified by high pressure 
treatment from the physical standpoint of fat globule size distribution of 
f low behavior. Physical stability and viscosity were also unchanged upon 
pressure treatment. Pressure treatment of raw goats and ewe's milk 
revealed a temperature dependence (2-25°C) of the effectiveness of 
microbial inactivation. High pressure treatment of various fruits and 
vegetables was performed and quality criteria monitored. Sensory evaluation 
of packaged apple juices indicated that sensory quality was rated higher for 
polypropylene packaged products as compared to those packaged in 
polyethylene. Texture profile analyses of pressure treated vegetables 
(especially potatoes and carrots) showed that the only significant difference 
between untreated and pressure treated samples before and after cooking, 
was in hardness. This hardening effect was determined in fruits, leafy 
vegetables as well as in starchy and non starchy vegetables. 

Activity 5: Application of high pressure for food processing and development 
of new pressurizing units 

Work has been carried on utilizing the benefits of high pressure technology 
for process development including high pressure blanching, of high pressure 
blanching in connection wi th subsequent freezing, drying or f ry ing. 
Additionally, work on high pressure shift freezing and pressure thawing has 
been initiated. These process developments also emphasize the fact that 
high pressure comprises basically a waste-free technology. 

Development of a semi-continuous unit (4.0 I, 400 MPa, 20-80°C) has been 
completed and tested in over 2,000 cycles. In addition, cleaning abilities and 
sanitary aspects (critical control points) have been examined. This unit has 
also been tested by partners within the project with real food systems (e.g. 
milk). 

Economic analyses of high pressure process as well as feasibility studies on 
industrial pressure systems for food in packages were conducted. Automated 
handling systems were designed and a comparison of estimated operation 
costs for food in bulk and food in containers were made. 
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Contract No 

Total Cost: 
EC contribution: 
Starting date: 
Duration: 

AIR1-CT92.0296 
Shared cost project 

1.767.372 EURO 
1.312.856 EURO 

01.12.1992 
36 months 

Par tners 

• Institut Français des Boissons de la 
Brasserie Malterie, France 

• University of Ghent, Belgium 

• Katholieke Universiteit Leuven, 
Belgium 

• Universität Autonoma de 
Barcelona, Spain 

• Université des Sciences et 
Techniques du Languedoc, France 

• University of Reading, United 
Kingdom 

• Unilever Research Laboratorium, 
The Netherlands 

• FMC Europe NV, Belgium 
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QUERCUS - Qualitative experiments to 
determine the components responsible for, and 
eliminate the causes of, undesirable sensory 
characteristics in drinks stoppered with cork 

To attempt to solve the problem of the tainting of drinks by the cork used to 

seal the bottle, a multidisciplinary research team worked with the cork 

industry to produce recommendations in the form of a set of good practice 

guidelines for cork harvesters and producers of stoppers. Research focused 

on gaining a better understanding of the tainted flavours and the mechanism 

by which they are formed. 

Coordinator: 
Mr. M. N. HALL 

Campden Food and Drink Research 
Association 

Chipping Campden 

GB-GLOUCESTERSHIRE 

GL55 6LD 

Tel n°: +44-1386-84.03.19 

Fax n°: +44-1386-84.13.06 
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Project Work 
For Project QUERCUS, a multidisciplinary research team of microbiologists, 
chemists, sensory scientists, oenologists and process engineers worked together 
with the cork industry in a concerted effort to understand and solve the problem 
of tainting of drinks by corks ("corking"). Research expertise was provided by 
the major European cork manufacturers and eight groups of researchers from 
six countries (France, Germany, Italy, Portugal, Spain and the United Kingdom) 
contributed to the study. Project work comprised six main elements: 

• A review of current knowledge; 

• characterisation of current industrial processes and practices; 

• characterisation and identification of agents that cause cork " ta int" ; 

• development, validation and standardisation of methods for testing wine 
and cork material; 

• systematic trials using pilot-scale production facilities in Italy; 

• preparation of protocols for improvements and controls in cork-stopper 
production and guidelines for their use. 
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Results 
The major undesirable flavour found was exhibited as a must or mouldy 
ta in t . Analysis of t a in ted commercial wines indicated tha t 2,4,6-
trichloroanisole (TCA) was present in about 80% of musty samples, although 
these findings do not, in their own right, implicate cork as the origin of the 
TCA. "Yellow stain", a specific, although rare, cork defect was found to be 
important in the generation of the causative agent and associated sensory 
effects in wines stoppered with corks made from affected material. The 
significance of the geographical origin and location on the tree from which 
the cork is taken were examined and it was found that material at the base 
of the tree sometimes contained higher concentrations of TCA. There was 
no evidence that geographical origin had any significance. The influence of 
the various key stages in the manufacture of corks was also investigated 
through an extensive programme of systematic studies using pilot-scale 
faci l i t ies. These studies were supported by the characterisation of 
intermediate and finished products taken from industry and studies on the 
key stages of cork manufacture. The importance of contamination of the 
cork stopper, the bottle itself and the wine during transportation, storage 
and use was also considered and demonstrated to be potentially very 
significant. 

The results of the research were used to produce a series of recommendations 
that were used to prepare a Code of Manufacturing Practice for Cork. The 
Code include guidelines for the selection and treatment of raw bark (seasoning 
time, storage and first boiling), its preparation (sorting, storage and second 
boiling) manufacture and treatment of stoppers (cutting, washing, colouring 
and coating), transportation and disposal of cork wastes. Recommendations 
for agglomerated stoppers for still wines are included. 
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Contract No 

Total Cost: 
EC contribution: 
Starting date: 
Duration: 

AIR1-CT92.0372 
Shared cost project 

1.446.100 ECU 
810.550 ECU 

01.01.1993 
36 months 

Partners 

• Comité Interprofessionnel du Vin 
de Champagne, France 

• ADRIAC, France 

• Laboratori General D'Assaings i 
Investigacions, Spain 

• Forschungsanstalt Geisenheim, 
Germany 

• Stazione Sperimentale del 
Sughero, Italy 

• Laboratorio Agrario de 
Extremadura, Spain 

• Centro Tecnológico da Cortiça, 
Portugal 
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