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Foreword

A consumer spends more money for nutrition than for any other single
purpose. Materials from agriculture, horticulture or aquaculture are rarely
suitable for direct consumption. In some cases they will be remodelled
completely as is grain to bread; in other cases it is a matter of preserving the
sensitive material, as in freezing of green peas. Preservation is needed
because the raw materials and the consumers are usually far apart, both in
place and in time. As a result, the food industry in its widest sense is of a vast
size and any improvement, however small, on an international scale will
have a potentially large influence leading to higher quality or lower price to
the consumers.

Food availability and food distribution are primarily socio-economic
and political matters. However, many of the associated problems are of a
scientific and technological nature and some are suitable for international
cooperation. Better understanding of such problems, and solutions to
them, will promote trade in industrially processed food products and thus
be beneficial to the food and allied industries and to the consumers.

In July 1974 the Swedish government suggested the idea of COST
projects in the area of food technology. The idea was well received at a
COST Senior Officials meeting and a formal proposal was submitted by
Sweden in a letter to the Secretary General of the Council of the European
Communities dated 4 December, 1974. Three projects were recommended:

1. Physical properties of food.
2. Quality attributes of food.
3. Nutritional properties of food.

Concerning physical properties of food, it was stated in the official letter
that ‘*knowledge of physical properties is needed for process development
and control. The change of rheological properties (i.e. consistency, texture,
etc.) with temperature and flow velocity, and the change of thermal
properties when mixing ingredients, are important examples’.

The following activities were suggested for this project:

a. Coordination and structuring of national efforts to collect data on
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viii Foreword

physical properties of foodstuffs. A European centre should be
appointed to collect, classify and make data readily available.

b. Development and standardisation of methods for measuring
physical properties of foodstuffs. Testing of methods in practical
work.

c.  Experimental studies with the aim of developing simple methods
for measuring physical properties which correlate with quality
properties.

The Committee of Senior Officials decided in April 1975 to set up an ad hoc
Working Party to study, examine in detail and finalise a proposal from the
Swedish delegation for setting up a COST Working Party on Food
Technology with the aim of encouraging research in the food industry
sector.

In such a vast area as food technology with appreciable research
activities going on in the 19 member countries, it has been important to
define certain criteria which would be the basis for project selection and
project priorities. The Working Party agreed on the following criteria in the
course of the preparation of the report:

1. The project shall make an important contribution to research and
development for the food and related industries.

2. The project shall draw specific advantage from the fact that several
nations are involved.

3.  The project shall stimulate industrial development and trade in
Europe.

4.  The project shall lead to improvements for the consumer.

5. The project shall give rapid and practical results for the industry.

The EEC Council of Ministers’ decision to start COST 90— The Effect of
Processing on the Physical Properties of Foodstuffs'—was taken on 20
February, 1978. It is rewarding for all the participants and others to see
how much has been achieved during its three to four years, as the final
seminar in Leuven has proved. The participants, particularly the Project
Leader and the Executive Committee, are to be congratulated on a splendid
result.

The project has been important not only from a scientific and technical
point of view, but has also shown that ‘concerted action’ is a feasible way to
cooperate with a minimum of administration. This is promising for the
other projects, COST 91 and COST 90 bis. I am sure there will be more
food technology projects supported by COST in the future.

ERrIK vON SYDOW



Preface

COST 90, the first food technology project of COST and the first within the
European Economic Community, was eventually initiated by a decision of
the Council of Ministers on 20 February, 1978. Participating in the project
were the 10 Community states (Belgium, Denmark, Eire, Federal German
Republic, France, Greece, Italy, Luxembourg, The Netherlands, United
Kingdom) and three other COST member states (Finland, Sweden and
Switzerland). Towards the end of the project a seminar was held at Leuven,
Belgium, on 9-11 September, 1981. This book is a collection of all the
contributions to that seminar.

The primary objective of the seminar was to present the results of the
three years’ work of the project. The main part of this book therefore
consists of contributions by members of the three project subgroups—
Water Activity, Rheology and Thermal Properties, compiled and edited by
the subgroup Chairmen. Further, at the seminar, invited external
specialists gave their valuable views on the subject matter of the project and
on the results. These contributions are also included in the book. Papers for
the seminar were preprinted so that thorough and detailed discussion could
take place and this, compiled and edited by the Project Leader, is also
reported in this volume.

Since the Leuven seminar took place work has continued in the
laboratories involved and the first year of a new project, COST 90 bis, is
being devoted to finishing off the work on the three physical properties
mentioned above. Further reporting will therefore be necessary and part of
this will be published in well-known international journals.

This subsequent project, COST 90 bis, will deal with three further groups
of physical properties (electrical/optical, mechanical and diffusion) and
with data collection. The need for more permanent arrangements for
physical property data will also be considered.

1X



X Preface

The editing of this book has been a joint task of the Executive Committee
of the project. The main task has, however, been carried out by the Project
Leader. I would like to take this opportunity to thank everybody who
contributed to the seminar and to this book. I am especially indebted to my
friends and colleagues in the Executive Committee, Felix Escher, Ronald
Jowitt, Hans Meffert, Walter Spiess and Gilbert Vos.

BENGT HALLSTROM
Chairman, COST 90 CCCC and Executive
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History and Ovrientation

B. HALLSTROM
Lund University, Sweden

and R. JowItT*
Formerly, National College of Food Technology, Weybridge, UK

HISTORY

Introduction

There has for some years been widespread and varied interest in the
physical properties of foodstuffs and in particular numerical values for
particular properties of specific foodstuffs, fresh and processed. This
information is required by the food professions for various purposes such
as quality evaluation and the design, installation, operation and control of
processes, plant and equipment concerned with food. Indeed, it is worth
remembering that of all the wide variety of operations which are performed
on foods, by far the greatest majority are concerned with subjecting the
food to controlled physical or mechanical conditions even when the
ultimate aim is to achieve or to minimise changes which are themselves
chemical, biochemical, biological, microbiological or organoleptic. A
knowledge of the physical properties of foodstuffs and their response to
process conditions is necessary not only because they are of importance in
their own right and because they affect the physical treatment received
during processing, but also because they are the commonest indicator of
other properties and qualities.

In this respect foodstuffs are, of course, not unique, in that many
materials which are industrially processed have physical properties of great
importance, and product specification in modern trade and industry is often
in terms of a range of physical characteristics. However, food differs from
most other industrial commodities in several important ways. In the first
place, food being a biological material its composition, structure and hence

* Present address: c/o Department of Applied Biology and Food Science,
Polytechnic of the South Bank, Borough Road, London SE1 0AA, UK.
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2 B. Hallstrom and R. Jowitt

its physical characteristics vary within a group of ostensibly identical
products due to season, soil, climate, post-harvest handling differences.
varietal differences, etc. One effect of this is that it is never possible to
specify precisely the processing conditions for a particular foodstuff once
and for all. It is desirable to be able to adapt the process continually in
order to achieve optimum product quality. Another way in which food
differs from other industrial materials is that it invariably completes its
journey as individual portions on the consumer’s plate or in the consumer’s
mouth. It must achieve consistently high levels of acceptability if it is not to
be rejected at the final stage and it must of course consistently achieve levels
of wholesomeness, purity and safety of the highest order. A third
characteristic of foods is that organoleptic properties are assessed by the
consumer with a degree of sensitivity and discrimination which still has no
equal in instrumentation or analysis for many of its manifestations. For
example, although food texture is essentially a physical characteristic, it is
extremely difficult still to assess the texture of a foodstuff by instrumental
means with the accuracy, consistency, sensitivity and discrimination of
which even the most ‘ordinary’ consumer is capable.

It is for such reasons that design and operation of food processes are still
much less advanced than is the case with other industrial processes. Many
food operations are empirical, involving subjective judgement which
cannot cope with unfamiliar eventualities and it has not yet become
possible to relate changes in such food processes or products to physical
conditions and properties which can be measured instrumentally. There is a
great need, therefore, for greater information, data and understanding on
the physical properties of foodstuffs in order that products and processes
can be amenable to the rapidly increasing range of new technologies serving
the process industries in general.

It might be that a complete description of food products and process
conditions in purely physical terms will never be achieved, but equally it is
certain that better physical property data will permit better control of both
process and product for the benefit of producer, processor and consumer.

Recent History

One of the landmarks in this history was a paper presented at the European
Food Symposium in Bristol in 1968 by Jason and Jowitt! on the
importance of physical properties of foodstuffs in engineering design.
Examples were given, along with a classification of foodstuffs and physical
properties” and a comprehensive selection of references to published data.
In addition, it was suggested that the task of data acquisition for the great
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range of foodstuffs which are normally processed was so prodigious as to
require international collaboration. The latter (Jowitt) offered to provide,
at the National College of Food Technology, an initial ‘clearing house’ for
this collaboration, which led to the setting up of a PPFS (Physical
Properties of Foodstuffs) nucleus there and to the formation of a PPFS
working group within the Food Working Party of the European
Federation of Chemical Engineering. This was enlarged in 1973 as a PPFS
working group of the International Union of Food Science and
Technology—IUFoST, in order to include interests in other parts of the
world. Its work was, however, hampered due to lack of funds, despite
support from certain quarters such as the Sainsbury Memorial Trust. The
Classification of Foodstuffs and Physical Properties was later revised and
published in English and German,® and a French version was produced
within the period of this project.

Other Centres of Activity
For many years the Food Engineering Section of the Institute for Food
Industry in Prague, under the leadership of Ing. Miloslav Adam, has
conducted pioneering work in both the measurement of physical properties
of foods and in the publication of two well-known bibliographies. The
book by Tschubek and Maslow on ‘Thermophysical Constants for
Foodstuffs and Intermediates’ was translated from the original Russian
and published in German in Leipzig in 1973.* Kostaropoulos’s book on
‘Thermal Conductivity of Foodstuffs and Methods of Determination’ was
published also in German from Karlsruhe in 1971.° A number of books on
the rheological properties of foodstuffs have appeared in recent years, as
have Mohsenin’s well-known volumes, Thermal Properties of Foods and
Agricultural Materials.® Publications on food texture and its relation to
physical properties of foodstuffs have appeared in North America, Europe
and Japan, and a compendium of chapters under the title of Theory,
Determination and Control of Physical Properties of Food Materials by a
number of authors and edited by ChoKyun Rha was published in North
America and Europe in 1975.7 A more recent volume published in English,
Polish and Russian in Warsaw in 1978 entitled Physical Properties of Plant
Materials and Their Influence on Technological Processes recorded the
transactions of an international conference organised by the Polish
Academy of Sciences in Lublin in September 1976.%

Increasingly, data have been published in journals, conferences and
symposia and several individuals and centres have become identified with
property measurement—Heiss in Munich, Riedel ez al., and Spiess et al. in
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Karlsruhe, Clayton and Rha in Massachusetts, Jason et al. in Aberdeen,
Meffert in Wageningen, Mellor in Sydney, Chirife in Buenos Aires, etc.

The COST Approach
Despite the widespread interest in collaboration in this field and support for
the IUFoST Working Party, there was clearly a need for financial support
and it was at the initiative of Erik von Sydow of Sweden, who at the time
was General Secretary of [UFoST, that an approach was made to COST in
December 1974. With support from other European colleagues a proposal
was constructed which, after some three or so years, was adopted by a
decision of the Council of Ministers on the 20th February 1978 *adopting a
concerted action project of the European Economic Community on the
effect of processing on the physical properties of foodstuffs’.? This project
became known as "COST 90" and by means of agreements between the
Community and Finland, Sweden and Switzerland, these three countries
became full participants in the project. The project bears the number ‘90’
because it was the first (O) project in the food field which bears the generic
initial digit *9’. A sister project on the ‘effect of thermal processing and
distribution on the quality and nutritive value of food” was the subject of a
Council decision in October 1979. This project is designated *COST 91".
Any further COST projects in the food field will presumably be
numbered serially—COST 92, 93, etc. However, the work of COST 90 is
being extended under project ‘“COST 90 bis’.

ORIENTATION

The early history and background to the COST 90 project have been dealt
with in the first part of this paper. This section will deal with the more recent
history of the project since its creation by the decision of the Council of
Ministers on 20th February 1978 and with the general organisation and
activities of the project. A dry account of organisational details can be
tedious but in the process of understanding the possibilities and limitations
of a project such as this it is important to appreciate how the project as a
whole as well as its constituent parts is organised and works. A booklet on
COST in general was published in 1981.1°

Concerted Action
There are three types of European project:

Direct Action, in which the whole of the project is funded by the
Community;
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Indirect Action, in which only a proportion of the funds is provided by
the Community; and

Concerted Action, in which the funding by the Community is limited
to the payment of the costs involved in coordinating the work of
participating States.

COST 90 is a Concerted Action project in which work carried out in the
participating states’ institutions, paid for by national or local funds, is
coordinated with that of other participating states’ institutions by the
European Commission using funds allocated by the Community and by
non-Community participating states. It will be noted that in such a project
there are no funds available for supporting research work direct. Such
funds as are available are used to meet the cost of meetings between
participating workers and their travel to the various locations where such
meetings are held. The administrative costs of the coordination work by the
Commission are also met from the project budget.

The Council Decision

The authority to implement any project involving the Community is
provided by a Decision of the Council of Ministers. This Decision is drafted
by the Commission following consultation with representatives of Member
States (and, where appropriate, non-Member States) and also with
appropriate Standing Committees in the Community such as the
Committee for Research in Science and Technology (CREST), on which
the Community States are represented. The Council Decision embodies the
terms of reference for the project and provides for such things as Steering
Committees, the exchange of information, specialist work groups and
arrangements for the management and funding of the project.

The Concerted Action Committee (CAC)

The Council Decision authorising COST 90 provided for the setting up of a
Committee to be known as the Concerted Action Committee with the
following terms of reference:

‘1 The Committee shall:
1.1 contribute to the optimum execution of the project by giving its
opinion on all aspects of its progress;
1.2 evaluate the results and draw conclusions regarding their
application;
1.3 be responsible for the exchange of information provided for in
Article 5(1);
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1.4 keep abreast of national research work being done in the fields
covered by the project, in particular by keeping abreast of scientific
and technical developments likely to affect the execution of the
project;

1.5 suggest guidelines to the project leader;

1.6 have the right to set up, in respect of each of the three physical
properties defined in Annex 1, a subcommittee to ensure that the
programme is properly implemented.

‘2 The reports and the opinions of the Committee shall be communicated
to the Commission and the Member States participating. The
Commission shall forward these opinions to CREST and to the
Standing Committee on Agricultural Research (SCAR).

‘3 The Committee shall consist of the project leader and the persons
responsible for the co-ordination of the national programmes
appointed by the Member States participating. Members may for the
duration of the project be accompanied by experts, subject to a
maximum of two experts per Member State participating. A Member’s
term of office may be terminated prematurely by his death or
resignation or if the Government of the participating Member State
which appointed him requests that he be replaced. His successor shall
be appointed for the unexpired period of the original term.’

It is clear from the above that the CAC is in fact the Management
Committee of the project. After the formal accession of non-Community
States the CAC is known as the CCCC—the Cost-Community
Coordination Committee.

The Role of the Commission

In addition to preparing the details and drawing up the proposals for the
project, the Commission is given the responsibility for coordination of
the work of the Member States forming the programme of the project. The
Commission is also responsible for authorising the expenditure under the
project budget, for progress reports to the Member States and, at the end of
the coordination period, a succinct report on the performance and results
of the project.

Project Leader

Article 4 of the Council Decision provided that ‘a Project Leader shall be
appointed by the Commission in agreement with the Committee (CAC). He
shall, in particular, assist the Commission in its task of coordination’.



