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Scientific Concepts of Functional Foods in Europe 
Consensus Document 

PREFACE 

ILSI Europe’s role 

The European Commission Concerted Action on Functional 
Food Science in Europe (FUFOSE), which is co-ordinated 
by The International Life Sciences Institute - ILSI Europe, 
aims to establish a science-based approach for concepts in 
functional food science. The goal of this Concerted Action 
has been to set up a multidisciplinary European network: 

1. to assess critically the science base required to provide 
evidence that specific nutrients and food components 
positively affect target functions in the body; 

2. to examine the available science from a function-driven 
perspective rather than a product-driven one; and 

3. to reach consensus on targeted modifications of food and 
food constituents, and options for their application. 

This approach led to identifying key partners from Europe’s 
food and agricultural industry, governmental and inter- 
governmental bodies and the scientific community. This 
project provided them with an opportunity to exchange 
ideas and to interact on a neutral platform. 

Theme groups for physiological functions 

The First Plenary Meeting on Functional Food Science in 
Europe: State of the Art was held in Nice, France, in April 
1996. Based on the results of this meeting, six major 
areas in human physiology were selected and corresponding 
Individual Theme Groups (ITG) were set up and charged 
with producing theme papers to review critically the science 
base of the concepts in their respective areas: 

Growth, development and differentiation: a functional 
food science approach. 
Functional food science and substrate metabolism. 
Functional food science and defence against reactive 
oxidative species. 

0 Functional food science and the cardiovascular system. 
0 Functional food science and gastrointestinal physiology 

0 Functional food science and behaviour and psychological 

Each ITG reviewed the published literature to: define the 
state of the art with respect to specific body systems; assess 
critically methodologies to characterize and quantify 
specific related functions; identify and review nutritional 
options modulating these functions; evaluate potential 
safety implications related to these nutritional options; 
identify the role of food technology on nutritional and 
safety aspects; assess critically the science-base required 
for providing evidence that specific nutrients positively 

and function. 

functions. 

affect functions; identify areas where further research is 
required. 

The resulting documents were scrutinized in a Second 
Plenary Meeting held in July 1997 in Helsinki, Finland, and 
revised by the ITG chairs to include the comments made 
during that consultation. The final reports of the six ITGs 
were published in the British Journal of Nutrition (Bellisle 
et al. 1998). 

Theme group for technology 

An Expert Group on Food Technology was also established 
to examine the impact and feasibility of food technology 
on functional food development. Bearing in mind that a 
function-driven approach rather than a product-driven 
approach should be adopted, the group considered examples 
of technologies that are applied to raw materials to improve 
their quality, the identification of new materials and new 
processes, and the interactions between processing and 
functionality. 

The group reviewed the impact of food processing on 
themes such as technological processes to optimize anti- 
oxidants, minerals, micro-organisms, carbohydrates and 
peptides. 

The Technology Theme Group was asked to address 
topics such as the state of the art (impact of processing); 
source of materials; processing options modulating func- 
tionality, including post-harvest technology, unit operations 
and storage and distributiodpackaging; safety implications 
of materials and processes; process monitoring for 
functions; and further development and research needs. 

These five technology theme papers have been published 
in Trends in Food Science and Technology (Knorr et at. 
1998). 

Concept of the Consensus Document 

The six ITG reviews and that of the Technology Group 
provided the foundation for this Consensus Document on 
Scientific Concepts of Functional Foods in Europe. The 
outline for the document was reviewed by participants at the 
Second Plenary Meeting in Helsinki, Finland. 

The draft document was reviewed by the Steering 
Committee set up to monitor this project, as well as the 
ILSI Europe Functional Food Task Force, and by the 
participants in the Third Plenary Meeting, which was held 
in Madrid in October 1998. Their comments have all 
been taken into consideration in this final Consensus 
Document. 

The text of the document, which follows, will make 
constant reference to the six ITG papers as well as those 
from the Technology Group. Readers who require further 
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details and full references are advised to consult the original 
documents in the British Journal ofNutrition (Bellisle et al. 
1998) and in Trends in Food Science and Technology (Knorr 
et al. 1998). It should be emphasized that the intention of this 
Consensus Document was to select specific examples to high- 
Light some aspects of the subjects covered. It was not the 
intention for it to be a comprehensive and exhaustive account. 

It also must be borne in mind that the subjects of the 
ITGs were identified on the basis that they represented 
most, but not all, of the important physiological functions 
related to this field. The exclusion of subjects in these 
papers should not be taken to indicate that they are 
unimportant. Because scientific knowledge is continually 
advancing, the Consensus Document cannot pretend to be 
totally up to date. Nevertheless, it has been based on the 
most recent data available at the time of writing (published 
up to the end of 1997). 

Structure of the Consensus Documenl 

After the introductory Section 1 of this Consenm Docu- 
ment, Section 2 will outline the aims of functional food 
science and will introduce some important considerations 
about classification and criteria for markers of target 
functions, which play a major role in health. 

Section 3 will consider each of the areas of physiological 
function reviewed in the six ITG papers and will highlight 
some of the key target functions with examples of relevant 
markers wherever possible. Also included in the considera- 
tion are the options for application (i.e. how the target 

functions could be modulated positively by components 
within functional foods), as well as proposals for research 
opportunities. 

Section 4 of this document will consider how food 
technology can play an important rolle in the development 
of functional foods and will draw on examples of 
key technological challenges from tlhe five areas covered 
in the technology theme papers. Research opportunities that 
could help to meet the challenges will1 be indicated. 

Finally, Section 5 of this Conseinsus Document deals 
with the communication of health benefits to the public and 
the principles, definitions, use and scientific basis of claims. 
Although this area is primarily a regulatory concern and not 
within the mandate of LSI  as a scieintific organization, we 
recognize that communication of health benefits is an essential 
element in improving public health in which science plays a 
vital role. This section offers a brief ovaview, using examples 
of types of claims and of local regulatory philosophies and 
approaches. The aim is to explaidhighlight the differences in 
claims and approaches based on nutritional, physiological or 
pathophysiological scientific knowledge. This EU Concerted 
Action has allowed the development of ideas that suggest an 
innovative way in which to link the science of functional 
foods with the communication about their possible benefits to 
consumers. 

The Executive Summary, which includes the Recommenda- 
tions of the Consensus Document, is found in Section 6, and 
the Key Messages are summarized in Section 7. 
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About ILSI 

The International Life Sciences Institute (ILSI) is a non- 
profit, world-wide foundation established in 11978 to 
advance the understanding of scientific issues related to 
nutrition, food safety, toxicology and the environment. By 
bringing together scientists from academia, government, 
industry and the public sector, ILSI seeks a balanced 
approach to solving problems with broad implicalions for 
the benefit of the general public. ILSI is affilialed with 
the World Health Organization as a non-governmental 
organization and has specialized consultative status with 
the Food and Agriculture Organization of the United 
Nations. Headquartered in Washington, DC, USA, ILSI 
has branches in Argentina, Australasia, Brazil, Europe, 
India, Japan, Korea, Mexico, North Africa and the Gulf 
Region, North America, South Africa, the South Andean 
region, Southeast Asia and Thailand, and a Focal Point in 
China. Today, ILSI enjoys the support of around 300 
companies and a network of scientists throughout the 
world. 

About ILSI Europe 

In 1986, ILSI Europe was created to focus on the specific 
needs defined by the Institute’s European partners. 

The main goals of ILSI Europe are to: 

0 foster scientific advances by promoting collaboration 
among scientific experts in industry, academia, and 
national and international regulatory bodies; 
provide coherent scientific answers to scientific issues 

of common concern for the well-being of the general 
public; 
support an active publication programme for the 
dissemination of scientific information to the broadest 
possible audience including the scientific community, 
international organizations and regulatory agencies. 

To address these issues, ILSI Europe’s members initiate 
projects, which are managed by specific task forces. Task 
forces accomplish their goals through activities such as 
research, workshops, conferences and publications. 

About the European Commission 
FAIR RTD programme 

This concerted action ‘Functional Food Science in Europe’ 
(FUFOSE) has been funded within the FAIR RTD 
programme, which is part of the Commission’s Fourth 
Framework Programme for research and technological 
development. 

This programme aims at promoting trans-European 
research in the primary production sectors of agriculture, 
horticulture, forestry, fisheries and aquaculture, linking 
these with the input and processing industries, particularly 
food processing and renewable biomaierials. 

The food area is important within this programme and is 
covered by the theme ‘Generic Science and Advanced 
Technologies for Nutritious Foods’. 

There is growing interest in Europe in the concept of 
‘Functional Foods’ and this Concerted Action, bringing 
together Europe’s scientists and industry, is fundamental 
to establishing a science-based approach to such foods. 
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1. INTRODUCTION 
1.1 From traditional to new concepts in nutrition 

The primary role of diet is to provide sufficient nutrients to 
meet the metabolic requirements of an individual and to 
give the consumer a feeling of satisfaction and well-being 
through hedonistic attributes such as taste. However, in 
addition to this there is evidence to support the hypothesis 
that, by modulating specific target functions in the body, 
diet can have beneficial physiological and psychological 
effects beyond the widely accepted nutritional effects. In 
fact, diet can not only help to achieve optimal health and 
development, but it might also play an important role in 
reducing the risk of disease. 

We are at a new frontier in nutrition science because, 
at least in the industrialized world, concepts in nutrition 
are changing significantly. We are progressing from a 
concept of ‘adequate nutrition’ to one of ‘optimal nutrition’. 
We have moved from a former emphasis on survival, 
through one of hunger satisfaction and of food safety, 
to our present emphasis on the potential for foods to 
promote health, in terms of both improving well-being 
(mental and physical conditioning) and reducing the risk 
of diseases. 

Although there are still many people who know little 
nutrition science, consumer awareness of the subject and its 
relationship to health is, nevertheless, growing appreciably. 
Almost everyone today is more conscious of and better 
informed about the subject than they were in the past. As a 
result, their expectations of obtaining health benefits from 
the food they consume is increasing. In a recent survey of 
14331 people interviewed in all 15 Member States of the 
European Union, 9 %  chose ‘eating healthily’ as the most 
important influence in selecting food and 32% said that 
this had some influence of their food choice (Institute of 
European Food Studies, 1996). 

1.2 From the importance of improving life expectancy to 
the importance of quality of life 

The changing concepts in nutrition are of particular import- 
ance in view of some significant trends in our present society. 
They are: 

1. The increasing cost of health care and Qf days lost from 

2. The continuing increase in life expectancy. 
3. The increase in the numbers of elderly people. 
4. The desire of people for an improved quality of life. 

The rising cost of health care is of primary concern in many 
parts of the world. The cost of health care in European 
countries in 1995 was estimated to be, on average, around 
8 % of the gross domestic product, approximately one 
percentage point higher than it was a decade ago. 

Life expectancy in virtually every country of the world is 
higher today than it has ever been for all age groups - from 
birth as well as at later ages. Expectation of life from birth 
for both men and women is highest in Japan, but is followed 
closely by a number of European countries. Furthermore, 
the rate of increase in life expectancy appears to show no 
sign of declining. 

work. 

Associated with this increase in life expectancy is 
the growth in the size of the population above the age of 
65 years. In Europe the relative proportion is currently 
between 14-17 % of the total population and several Euro- 
pean countries have the highest population of elderly people 
in the world. This figure is expected to rise to between 20- 
24 % in the next 30 years. 

An improved quality of life must accompany this 
improved life expectancy and increase in the elderly 
population if relative health care costs can ever be better 
controlled and managed. 

1.3 From new concepts in nutrition to functional foods 

The wide range of food products available to today’s 
consumer offers a wide variety of complex food compo- 
nents, both nutritive and non-nutritive. These have the 
potential to improve the health and well-being of indivi- 
duals and, maybe, to reduce the risk from, or delay the 
development of, major diseases such as cardiovascular 
disease (CVD), cancer and osteoporosis. 

Advances in food science and technology are now pro- 
viding the food industry with increasingly sophisticated 
methods to control and alter the physical structure and the 
chemical composition of food products. There is now a 
growing realization of the market potential for functional 
foods, based on the principle of added value linked to health 
benefit. 

1.4 International developments relating to 
functional foods 

The new concepts in nutrition outlined in Section 1.1 have, 
over the last 10-12 years, justified the efforts of health 
authorities in many countries, especially in Japan and in the 
United States of America, to stimulate and support research 
on physiological effects of food components and their health 
benefits. They have also been a major factor in the recon- 
sideration of their regulatory policy on foods and health 
claims. 

In Japan, research on functional foods began in the early 
1980s, when 86 specified programmes on ‘Systematic 
analysis and development of food functions’ were funded 
by the government. Later, the Ministry of Education 
sponsored additional focal point studies on ‘Analysis of 
physiological regulation function of food‘ and ‘Analysis of 
functional foods and molecular design’. Then, in 1991, the 
concept of Foods for Specified Health Use (FOSHU) was 
established. These foods are included as one of the four 
categories of foods, described in the ‘Nutrition Improve- 
ment Law’ as ‘Foods for special dietary use’ (i.e. ‘foods that 
are used to improve people’s health and for which specific 
health effects are allowed to be displayed’). Upon satisfac- 
tory submission of comprehensive data documenting the 
scientific evidence in support of a proposed health claim, the 
Minister of Health and Welfare is able to approve a 
claim, and grant permission, to use a ‘symbol’ on labelling, 
to indicate to the consumer that the health claim has 
government approval. 

Foods identified as FOSHU are required to provide 
evidence that the final food product is expected to exert a 
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health or physiological effect; data on the effects of isolated 
individual components are not sufficient. FOSHU products 
should be in the form of ordinary foods (i.e. not as pills or 
capsules) and are assumed to be consumed as part of an 
ordinary diet (i.e. not as very occasional items linked to 
specific symptoms). Most FOSHU products currently 
approved contain either oligosaccharides or lactic acid 
bacteria for promoting intestinal health. 

In the United States of America, ‘reduction of disease 
risk’ claims have been allowed since 1993 on certain foods. 
These contain components where the Food and Drug 
Administration (FDA) has accepted there is objective evi- 
dence for a correlation between nutrients or foods in, the diet 
and certain diseases on the basis of ‘the totality of publicly 
available scientific evidence, and where there is substantial 
agreement amongst qualified experts that the claims were 
supported by the evidence’. By 1998 there were eleven 
FDA-approved correlations between foods, or components, 
and diseases. These are claims for the relationship between 
foods that are high in calcium and the reduced risk of 
osteoporosis; claims for foods that are low in saturated 
fats, low in cholesterol and low in fat and the reduced risk 
of coronary heart disease; and the claim for sugar alcohols 
in relation to reduced risk of dental caries. Thle claim 
relating diets containing soluble fibre with the reduced 
risk of coronary heart disease has been amended twice to 
allow claims for the soluble fibre from whole oats and from 
psyllium seed husk. Very recently, the FDA has announced 
that claims can also be based on ‘authoritative statements’ 
of a Federal Scientific Body, such as the National Institute 
of Health and Center for Disease Control, as well as from 
the National Academy of Sciences, as allowed by [:he FDA 
Modernization Act of 1997. 

In the European Union, there is no harmonized legislation 
on health claims, which means that they are dealt with at a 
national level. However, it is well recognized that the 
competitive position of the European food and drink indus- 
try should be reinforced through a better understanding of 
the scientific basis for the functionality of food. 

A self-regulating programme on health claims was intro- 
duced in Sweden in 1990 and revised in 1996. It permits 
claims with two parts: information on one of eight approved 
diet-health relationships, followed by information on 
the composition of the product (function-based claims). 
The accepted conditions are obesity (energy), blood 
cholesterol (fat quality), blood pressure (sodium), athero- 
sclerosis (blood pressure, serum cholesterol, long-chain n-3 
polyunsaturated fatty acids (PUFA) in fish), constipation 
(dietary fibre), osteoporosis (calcium), dental caries (easily 
fermentable carbohydrates) and iron deficiency (iron). The 
food industry and retail organizations behind the pro- 
gramme have recently suggested an extension ‘to cover 
product-specific physiological claims, characteristic of 
functional foods. 

1.5 From functional foods to functional food science 

Up to now, the approaches used for functional food science, 
both in Japan and to a lesser extent in the USA, It0 match 
these new concepts in nutrition have mostly been ‘product 
or food component-driven’, and they are likely to be very 

much influenced by local, traditional or cultural character- 
istics. A science-based, ‘function-driven’ approach is pre- 
ferable, because the functions and their modulation are 
universal. Functional food science, therefore, refers to the 
new concepts in the science of nutrition that lead to the 
stimulation of research and to the development of functional 
foods. 

1.5.1 Working dejinitions 

No universally accepted definition for functional foods 
exists. In fact, because functional foods are more of a 
concept than a well-defined group of food products, a 
working definition rather than a firm definition is preferred 
for the purposes of this Consensus Document. 

A food can be regarded as ‘functional’ if it is satis- 
factorily demonstrated to affect benelkially one or more 
target functions in the body, beyond adequate nutritional 
effects, in a way that is relevant to either an improved state 
of health and well-being andlor reduction of risk of disease. 
Functional foods must remain foods and they must demon- 
strate their effects in amounts that can normally be expected 
to be consumed in the diet: they are not pills or capsules, but 
part of a nornial food pattern. 

A functional food can be a natural food, a food to which a 
component has been added, or a Sood from which a 
component has been removed by technological or biotech- 
nological means. It can also be a food where the nature of 
one or more components has been modified, or a food in 
which the bioavailability of one or more components has 
been modified, or any combination of these possibilities. A 
functional food might be functional for all members of a 
population or for particular groups of the population, which 
might be defined, for example, by age or by genetic 
constitution. 

1.5.2 The functional food science upprouch for Europe 

The design and development of funciional foods is a key 
issue, as well as a scientific challenge, which should rely on 
basic scientific knowledge relevant to target functions and 
their possible modulation by food Components. Functional 
foods themselves are not universal, and a food-based 
approach would have to be influenced by local considera- 
tions. In contrast, a science-based approach to functional 
food is universal and, because of this, is very suitable for a 
pan-European approach. The function-driven approach has 
the science base as its foundation - in order to gain a 
broader understanding of the interactions between diet and 
health. Emphasis is then put on the importance of the effects 
of food components on well-identified and well-characterized 
target functions in the body that are relevant to health issues, 
rather than solely on reduction of disease risk. 

2. THE SCIENTIFIC BASIS OF 
FUNCTIONAL FOODS 

2.1 The aims of functional food science 

Knowledge of the mechanism(s) by which functional 
food(s) can modulate the target fiinction(s) and their 
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relevance to the state of well-being and health and/or 
reduction of a disease will originate from basic knowledge 
in the biological sciences. It might also be supported by 

the concepts presented above, by selecting from each theme 
paper a few topics based on the identification of key target 
functions: 

epidemiological data that could demonstrate a statisticall; 
validated and relevant relationship between the intake of 
individually specified food components (better still, a 
serum, faecal, urinary or tissue marker of intake of the 
components under study) and the specific benefit. Further- 
more, it will be of particular value to have good prospective 
evidence that links the habitual intake of specified food 

that play a major role in maintaining an improved state of 
health and well-being and/or reduction of risk of disease; 
for which appropriate markers are available and/or 
feasible; 
for which potential opportunities exist for modulation by 
candidate food components. 

components with the reduction of the risk of disease, which 
might develop some time later. 2.3 Markers - a proposal for classification 

The aims of functional food science are, therefore, as One key, but difficult, approach to the development of 
functional foods is the identification and validation of 

follows: 

To identify beneficial interaction(s) between a functional 
component within a food and one or more target func- 
tions in the body and to obtain evidence for the mechan- 
ism(s) of these interactions. (Results from studies carried 
out in vitro, in cells in culture, the use of in vitrolex vivo 
models and animal models, as well as results from human 
studies, should be included.) 
To identify and validate markers relevant to these functions 
and their modulation by food components (see below). 
To assess the safety of the amount of food or its 
component(s) needed for functionality. This will require 
evidence that is equally applicable to all major groups in 
the population, including those who are indulging in 
behaviour that might be expected to compromise the 
anticipated benefits of the functional food. It might 
involve post-marketing monitoring, including the effects 
on the whole diet. 
To formulate hypotheses to be tested in human interven- 
tion trials that aim to show that the relevant intake of 
specified food components is associated with improve- 
ment in one or more target functions, either directly, or in 
terms of a valid marker of an improved state of health and 
well-being and/or a reduced risk of a disease. 

2.2 Target functions for health outcomes 

relevant markers that can predict potential benefits or risks 
relating to a target function in the body. 

If markers represent an event directly (i.e. causally) 
involved in the process they should be considered as 
factors, whereas if they represent correlated events they 
should be considered as indicators. 

Markers relevant to functional foods (see Fig. 1) can also 
be classified according to whether they: 

relate to the exposure to the food component under study, 
such as a serum, faecal, urinary or tissue marker. For 
instance, the increased level of red-blood-cell folate is a 
marker of exposure to folate in food and the increased 
level of blood tryptophan is a marker of exposure to 
tryptophan in food. Markers relating to exposure to the 
functional food component can give some indication, but 
not absolute proof, of the bioavailability of the food 
component. 

0 relate to the target function or biological response, such 
as changes in body fluid levels of a metabolite, protein or 
enzyme (e.g. the reduction in levels of plasma homo- 
cysteine as a possible response to dietary folate, and the 
increased levels of brain serotonin as a possible response 
to dietary tryptophan). 
relate to an appropriate intermediate endpoint of an 
improved state of health and well-being and/or reduction 
of risk of disease, such as the measurement of a bio- 

This Consensus Document on ‘functional food science’ logical process that relates directly to the endpoint 
does not intend to summarize the science and the (e.g. the extent of narrowing of the carotid artery as 
technology theme papers. Rather, its aim is to illustrate evidence of cardiovascular disease, or functional imaging 

Improved 
state of 

Consumption 
of 

functional exposure function/ intermediate 
food biological endpoint 

component component Reduced 

Fig. 1. Classification of markers relevant to the effects of functional foods. This is a 
diagrammatic representation to show how different types of markers would be expected 
to lie within a logical progression from the food component to the health outcome. The 
types of markers are completely independent of each other. Markers can be either 
indicators or, if they can be proven to be causal, factors (see Section 2). 

https://doi.org/10.1079/BJN
19990003  Published online by Cam

bridge U
niversity Press

https://doi.org/10.1079/BJN19990003


SX Consensus Document 

of the brain by magnetic resonance imaging as an 
intermediate endpoint marker for the amelioration of 
depression). 

Markers of exposure and markers of biological response can 
either be factors that are causally related to the endpoint, or 
indicators that are indirectly related. Markers of an inter- 
mediate endpoint are likely to be factors, ralher than 
indicators. 

Markers become less specific and more attenuated and 
subject to confounding variables as they become more 
remote from the endpoint. Conversely, they become more 
specific and quantitatively related the closer they are to the 
endpoint in question. The elucidation of the mechanisms 
leading to health outcomes would refine the identification of 
markers and their appreciation. 
This diflerential classijication is considered to he of real 

importance in the development of new markers for  use in 
human studies. The results,from such studies can ar‘so jorm a 
scienr$c basis for formulating and controlling claims (see 
Seciion 5). 

2.4 Criteria for markers 

In general, all markers, whether they are biochemical, 
physiological or behavioural in nature, should be feasible, 
valid, reproducible, sensitive and spec@. The following 
criteria should apply equally well, for example, to measure- 
ments of particular blood components as they do to 
measurements of subjective experience and behaviour. 

Markers should represent relatively immediate outcomes, 
which can be used to assess interventions in a reasonable 
timescale; they could, therefore, wherever possible, 
replace later and more remote outcomes as have been 
used in some epidemiological studies. 
Markers must be rigorously validated and amenable to 
standard quality-control procedures. 
Markers must be clearly linked to the phenomena 
involved in the biological process being studied. It is 
important to prevent the pursuit of increasingly accurate 
and precise measurements, which have limited biological 
significance. 
Markers should undergo single-centre studies to establish 
their sensitivity (i.e. the frequency of a negative test when 
the process is present) and their specificity (i.e. the fre- 
quency of a positive test when the process is absent). They 
must also be shown to be reproducible in different centres. 
Markers must be measurable in easily accessible 
material, or obtainable using methodology that must be 
both ethical and minimally invasive. 
Dynamic responses might be as useful as, or more useful 

cases a ‘battery’ of markers might be needed in order to 
create a ‘decision tree’ from multiple tests. A new genera- 
tion of human intervention studies using markers that accord 
with these criteria will generate ireadily interpretable, 
valid and reliable data, which can form the basis for 
future development of functional foods in the European 
population. Markers, arising from new techniques such as 
molecular biology, might be expected to identify target 
groups who could benefit from functional foods. 

2.5 Safety considerations 

Functional foods niust be safe according to all standards of 
assessing food risk. However, the concept of risk versus 
benefit cannot be applied in such a straightforward manner 
as it is for drugs; new concepts and new procedures will 
need to be elaborated and validated. 

For example, the safety evaluation of micronutrients 
must take into account potential adlverse effects of low 
intakes (clinical deficiency) as well as effects from intakes 
that are too high (clinical toxicity). Furthermore, a more 
traditional toxicology testing approach might be suitable 
to assess the safe1 y of (phyto)chemicals, the daily intake 
of which remains low, but it is not necessarily ideal for 
new functional food components, which might account for 
a relatively larger percentage of the total food intake. 
The classical ‘dose-effect relationship’ might le,ad to con- 
siderations of physiological/nutritional disturbances that 
are irrelevant to standard safety assessment. If a functional 
food is considered in the framework of novel foods, the 
decision tree leading to a relevant package of toxicity testing 
will be driven by the principle of substantial equivalence 
of the tested food compared with tr.aditiona1 counterparts 
(see Jonas et ul. 1096). 

Protocols for human nutrition studlies need to be devel- 
oped including, in some cases, post-rriarketing surveillance. 
Even though the design of clinical studies as used in drug 
development can serve as a reference. point, specific proto- 
cols and specific criteria relevant to functional foods might 
be needed. It might also be necessary to identify specific 
target groups of individuals who might present highedlower 
susceptibilities to potential adverse effects and to consider 
that the effects of functional foods might be positive in some 
target groups and negative in others. Finally, the long-term 
consequences of the interaction(s1 between functional food 
components and function(s) in the body and the interactions 
between components must be carefully monitored. This EU 
Concerted Action proposes that markers as described in 
Sections 2.3 and 2.4 should, if possible, be used and 
integrated in the safety assessment. 

than, static measurements. For example, changes in 
markers during clearance studies and in postprandial 
situations and studies of enzyme function, induction 
and suppression should be considered. 

3. TARGET FUNCTIONS AND RESEARCH 
OPPORTUNITIES IN RELATION TO HEALTH 

OUTCOMES (see Bellisle et a/. 1998, S5-S45) 
Appropiiate static and dynamic markers might also be 
based on objective assessments of psychological and 

3.1 Growth, development and differentiation 

physical performance and subjective assessments of 3.1.1 Introduction 
quality of life or other similar outcomes. Food supply, and the metabolism of food components, 

during both pregrtancy and lactation have important im- 
plications on intra-uterine and postnatal development of 

These criteria for markers should be taken into account 
before human intervention studies are carried out. In many 
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children. Early nutrition might modulate growth and 
development of the organism, which is thought to affect 
neural function and behaviour. Equally important, the 
effects of early nutrition also appear to influence the overall 
quality of life by exerting life-long programming effects on 
modulating health, disease and mortality risks in adulthood. 

3.1.2 Key target functions 

3.1.2.1 Maternal adaptations during pregnancy and 
lactation. The energy cost of development of the placenta 
and fetus is only about 6 %  of the mother’s normal 
requirements. This value is relatively low and is probably 
due to adaptations during pregnancy, which enable the 
mother to increase the absorption and use of nutrients from 
her diet, and also the mother’s ability to use stored nutrients 
for fetal growth. Some of these adaptations occur very early 
in pregnancy; others, such as those involving the increased 
absorption of iron in the gut, take place in the later stages. 
Some adaptations seem to target specific nutrients such as 
iron, towards the placenta for transfer to the fetus, but these 
transport processes have not been well characterized. 

It is important to ensure that mothers are adequately 
nourished during lactation and between pregnancies with 
every nutrient, so as to ‘re-stock’ any nutrient storage depots 
that might have been depleted during pregnancy. 

Fetal development is under 
genetic control, which can be disturbed by severe depriva- 
tions or excesses of nutrients. The critical periods of fetal 
organ formation often occur before the fetus has a placental 
supply of nutrients from the mother. The best documented 
example of this is the spectrum of iodine deficiency disease. 
Poor iodine status is associated with an increased risk of 
miscarriage in early gestation and preterm delivery, as well 
as abnormal mental development of the infant. However, the 
mechanisms and regulation of supplying nutrients to the 
early embryo and their susceptibility to diet are not clear. 

Another more recent example is the critical period for the 
effect of additional dietary intakes of folate on the optimal 
development of the neural tube - a very early component of 
the nervous system. Intervention at this critical stage can 
result in a reduction in incidence of a number of neural tube 
defects, one of which is spina bifida. 

Post- 
natal growth and development of the infant is a continuation 
of the in utero events and processes. Although the nature 
and means of delivering nutrients has changed significantly, 
the functional and structural integrity of organs and tissues 
such as the gut, liver, skeleton, brain, adipose tissue, muscle, 
blood cells and the immune system continue to mature and 
remain potentially susceptible to dietary factors. 

The newborn infant has an intermittent nutrient supply 
from breast milk or infant formula, both of which are rich in 
lipids. Absorption of nutrients takes place through the 
intestine, and delivery to the tissues is initially via the 
portal circulation. At the transition between suckling and 
weaning, there is a switch to a more solid diet with a lower 
fat and higher carbohydrate content. 

The adaptation of infants to these changes requires 
important modifications of substrate and energy metabolism 

3.1.2.2 Fetal development. 

3.1.2.3 Infant and child growth and development. 

through the induction of metabolic pathways. The prograni- 
ming of metabolic responses at the cellular level, the 
programming of stem cells and the control of programmed 
cell death are not well understood. Postnatal development 
and differentiation also creates distinctive requirements for 
nutrients such as amino acids and long-chain fatty acids. 
Some of these, although not regarded as essential in adults, 
are considered to be ‘conditionally’ essential in the infant. 

There is now epidemiological evidence that early diet, 
and presumably related metabolic events in utero and in 
infancy, manifest themselves by inappropriate intra-uterine 
and postnatal growth. This is now thought to predispose the 
child to obesity, diabetes mellitus, and risk factors for CVD 
in adult life. These later consequences might arise from 
alterations in critical stages in metabolic programming of 
several nutrients and might be analogous to the early 
consequences of deficiency of iodine and folate. 

Breast milk contains some constituents derived directly 
from the maternal diet that might not only have an obvious 
role to play in determining the baby’s perception of smell 
and taste (which is well developed in utero) but also in the 
development of immunotolerance. Thus it is possible that 
early diet might condition the development of taste prefer- 
ences, which, in turn, could affect the diversification of the 
diet in later infancy. 

3.1.3 Examples of options for modulation 

Human breast milk is an example of a food with functional 
properties. The precise roles and essentiality of many of the 
diverse components of breast milk are not certain and 
further clarification of their role might be informative for 
the development of functional foods. Bioactive components 
in human milk include the specific nature of the protein and 
lipid composition, digestive enzymes, growth factors, 
peptide and steroid hormones, free amino acids (taurine, 
arginine, glutamine), choline, polyamines, nucleotides, non- 
protein nitrogen sources such as urea, immunoglobulins and 
oligosaccharides. 

These components in breast milk might be present 
adventitiously or they might be present for specific pur- 
poses, which have been developed under evolutionary 
pressure. In any case, study of their function can possibly 
inform the development of infant formulae and might have 
wider implications. 

3.1.4 Research opportunities 

3.1.4.1 Basic science 
0 The development of the interaction between food com- 

ponents and gene expression needs to be better elucid- 
ated. Targeting of genes affected by, and the nature of 
interaction with, specific nutrients such as glucose, 
cholesterol, fatty acids and amino acids needs to be 
characterized. 
To what extent is metabolic maturation intrinsically 
controlled? How much is it responsive and determined 
by external stimuli such as the pattern of feeding and 
changes in the nature of the diet? 
The bioactive compounds in breast milk should be char- 
acterized in further detail. There might be opportunities 
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Table 1. Examples of opportunities for modulation of target functions related to growth, development and differentiation by candidate food 
components with possible markers* 

Target functions Possible markers Candidate food components 

Immune function 

maternal weight micronutrients 

infant birth weight energy 
milk volume and quality 

Skeletal development ultrasound measures calcium 
anthropometric measures vitamin D 
bone mineral density (e.g. DEXA) vitamin C 

Neural tube development ultrasound measurements folic acid 
Growth and body composition anthropometry growth factors 

Maternal adaptation during 
pregnancy and lactation body fat n-3 and n-6 PUFA 

body fat mass 
total body water 
procollagen propeptide excretion 
urinary creatinine exc:retion 
cellular and non-cellular immune markers 

essential amino acids 
unsaturated fatty acids 

vitamin A 
vitamin D 
antioxidant vitamins 
n-3 and n-6 PUFA 
trace elements 
arginine 
nucleotides and nucleosides 
prohiotics 
n- and n-6 PUFA 

development (electro-) physiological measurements iron 
zinc 
iodine 

Psychomotor and cognitive tests of development, behaviour, cognitive function and visual acuity 

*The information given in this table IS derived from the Theme Paper (see Bellisle e l  a/. 1998, S5-S45), where, if not given in this Consencus Document, further details 

n-3 PUFA =n-3 series long-chain polyunsaturated fatty acids. 
n-6 PUFA = n-6 series long-chain polyunsaturated fatty acids. 
DEXA = dual-energy X-ray absorptiometry. 

of options for modulations, markers and safety issues can be found. 

to isolate and include them as functional components in 
infant formulae or other foods. 
Research is required on the interactions of different 
dietary components on the development and long-term 
function and integrity of intestinal function (substrate trans- 
porters, mucosal immunity and xenobiotic metabolizing 
systems), intestinal growth and microflora. 

0 Oral irnmunotolerance and dietary factors modulating 
the development of food protein allergy need better 
characterization. 

3.1.4.2 Cross-sectional uizd prospective epidemiological 
evidence 

What is the interaction between the ingestion (of human 
breast milk and the programming and development of 
infant metabolism during the subsequent introduction of 
diversified diet? 

0 Possible mechanisms must be identified to explain the 
epidemiological associations between impaired intra- 
uterine and postnatal growth and the prevalence, in 
adulthood, of obesity, diabetes mellitus, hypertension, 
hypercholesterolaemia, cardiovascular disease, obesity 
and other diseases. Well-structured prospective studies, 
using appropriate markers, are needed. 

3.1.4.3 Markers 
0 There is a general need to apply many of the markers 

developed for the study of intermediary metabolism and 
well-being (see later in this Section) to the prospective 
study of the long-term impact of feeding in early childhood. 

3.1.4.4 Human intervention studies 
The nutritional and metabolic basis of the benefits of breast 
feeding and of human milk need better understanding. 
What are the maternal dietary factors that influence the 
composition of human milk? The early differences in 
substrate metabolism, body composition, the efficiency of 
growth and functional development between breast-fed 
babies and those fed infant formula might be important. 

3.1.4.5 Evidence of safety 
We need the scientific basis to be more specific about 
nutritional needs during weaning and childhood to be able 
to address the potential risks of infants and children being 
given an adult diet too early or too late. Weaning and the 
adaptation to an adult diet is assumed to be a gradual 
process, but this has not been systematically established. 

0 Although all of childhood involves growth and develop- 
ment, the most critical periods are probably those in utero 
and during early infancy, as well as the growth spurts 
during pre-school age and during puberty. The develop- 
ment of functional foods for pregnant women and lactating 
mothers will need special consideration of the possible 
adverse effects of these foods on the fetus and child. 

3.2 Substrate metabolism (Bellisle et (11. 1998, S47-S75) 

3.2.1 Introduction 

A number of chronic diseases such a:< obesity, non-insulin- 
dependent diabetes mellitus (NIDDM) and osteoporosis are 
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partly related to changes in total food intake, levels of 
physical activity and a poorly balanced diet. 

The balance of the diet can determine substrate metabol- 
ism and the optimally balanced diet is usually expressed in 
terms of its macronutrient content. The carbohydrates are 
subdivided chemically into monosaccharides, disacchar- 
ides, oligosaccharides, starches, and non-starch polysac- 
charides, polyols and alcohol. Nutritionally, a most 
important distinction is between carbohydrates that are 
digested and absorbed in the small intestine and those that 
are not. The lipids are defined according to their fatty acid 
composition, particularly the relative contents of saturated 
fatty acids (SFA), monounsaturated fatty acids (MUFA) 
(cis and trans) and the polyunsaturated fatty acids (PUFA), 
which can be further sub-divided into the PUFA of the n-6 
series and the PUFA of the n-3 series. 

A number of adverse metabolic changes and other cardio- 
vascular risk factors tend to ‘cluster’ within individuals. These 
include high blood pressure, high plasma levels of insulin and/ 
or glucose, high plasma levels of triacylglycerols (TAG) in the 
fasting state and after a meal, a preponderance of small, dense 
low-density lipoprotein (LDL) particles and low levels of high- 
density lipoprotein cholesterol (HDL). The terms ’Syndrome 
X’, ‘metabolic syndrome’ or ‘insulin-resistance syndrome’ 
have been used to describe the whole cluster of cardiovas- 
cular risk factors since the underlying change appears to be 
an increase in insulin resistance (or a decrease in insulin 
sensitivity) of the tissues. The characteristic changes in the 
lipid profile have been called the Atherogenic Lipoprotein 
Phenotype (ALP). Each of these factors has been shown 
to relate independently to the risk of CVD, and insulin 
resistance is a strong marker of the risk development of 
NIDDM. 

During physical stress such as exercise, the substrate 
demands are enormous and a balanced diet with a carefully 
planned mix of food components can play a crucial role in 
improving the level of performance. 

3.2.2 Key target functions 

3.2.2.1 Maintenance of appropriate body weight, body 
composition and body fat distribution. Obesity develops 
when the energy intake is consistently greater than energy 
expenditure. The excess energy is stored in the form of 
adipose tissue and results in a body weight and total body fat 
content that is excessive for height. 

Obesity, particularly a tendency to store fat in internal, 
visceral depots (‘central obesity’), is associated with an 
increased risk of developing high blood pressure, insulin 
resistance, diabetes and CVD. Since obesity and relative fat 
distribution are themselves, in part, genetically determined, 
there might be a considerable genetic component to the 
insulin resistance syndrome. Nevertheless, they must also be 
strongly influenced by environmental factors including diet 
and physical activity level. There has been a shift towards 
the consideration of markers that can distinguish ‘central 
obesity’ as well as the more traditional body markers for 
total body fat in the determination of the health risks of obesity. 

3.2.2.2 Control of macronutrient oxidation. Achievement 
of macronutrient balance requires that the net oxidation of 

each macronutrient equals the amount of that nutrient in the 
diet. Oxidation of carbohydrates and proteins tend to vary in 
response to the recent intake of each fuel and thus these two 
fuels appear to regulate their own oxidation. In contrast, 
when carbohydrate content of the diet is constant, fat intake, 
particularly in the short term, does not always directly 
promote its own oxidation. 

3.2.2.3 Regulation of thennogenesis. The increased energy 
expenditure after a meal (diet-induced thermogenesis) is 
mediated by a prolonged activation of the sympathetic 
nervous system leading to an increased catecholamine 
release. 

3.2.2.4 Control of insulin sensitivity and blood glucose 
control. Insulin sensitivity is usually measured as the 
ability of insulin to stiniulate glucose disposal, usually by 
means of the ‘clamp’ technique. The measurement of the 
fasting plasma insulin and glucose concentrations can be 
used as simple markers, suitable for large-scale epidemio- 
logical studies. Fasting blood glucose values in the upper 
part of the normal range, which become mildly elevated 
after a meal (impaired glucose tolerance), might represent 
a cardiovascular risk factor. Values that exceed the upper 
limit of the normal range might become the primary cause 
of the long-term microvascular complications of diabetes 
(such as those that affect the retina, the kidneys and the 
nervous system). 

3.2.2.5 Control qf p l a s m  triacylglycerols. The com- 
bination of elevated plasma TAG concentrations and 
low HDL-cholesterol concentrations is a particularly 
strong risk marker for CVD. This is the characteristic 
disturbed lipid profile associated with insulin resistance. 
The magnitude and duration of elevated TAG concentra- 
tions after a meal (postprandial lipidaemia) is a strong 
marker of CVD risk, even in the presence of normal fasting 
TAG concentrations. 

3.2.2.6 Optimal pe$ormance during physical activity. 
Training and competition will increase the daily energy 
expenditure by between 500 and 1OOOkcal per hour of 
exercise, depending on its intensity. Large sweat losses 
might pose a risk to health by inducing severe dehydration, 
impaired blood circulation and heat transfer. This will 
ultimately lead to heat exhaustion and collapse. Insufficient 
replacement of carbohydrates might lead to low blood 
glucose levels, fatigue and exhaustion. 

The requirements for specific nutrients and water depends 
on the type, intensity and duration of the physical effort. 
Specific nutritional measures and dietary interventions can 
be devised that are particularly appropriate for the distinct 
phases of preparation, competition and recuperation. 

0 

3.2.3 Examples of options for modulation 

Foods with reduced energy andlor fat content can help to 
control body weight and to improve glucose tolerance 
and insulin sensitivity. Further developments will include 
the use of new fat replacers and fat substitutes and the 
search for food components that can specifically mod- 
ulate ‘central obesity’. Saturated fatty acids could impair 
insulin sensitivity thus increasing the risk of developing 
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Table 2. Examples of opportunities for modulation of target functions related to substrate metabolism by candidate food components with 
possible markers* 

Target functions Possible markers Candidate food components 

Maintenance of desirable body BMI, body fat content anthropometric indices and imaging 

respiratory quotient 
resting metabolic rate 

weight techniques as indirect and direct measures of ‘central obesity’ 

Control of blood glucose levels fasting glucose 

glucose tolerance test 
glycosylated haemclglobin 
measures of insulin dynamics 
fasting plasma insulin 
fasting plasma TAG 
postprandial plasma TAG 

and insulin sensitivity postprandial glucose 

Control of TAG metabolism 

Optimal performance during 
physical activity 

Fluid homeostasis 

body temperature 
performance testing 
muscle mass 
muscle protein synthesis 

water balance 
electrolyte balance 

energy density (1) 
fat replacers 
carbohydrate :fat ratio 
food with low glycaemic index 
fibre 
as for body weight control, plus: 

food with low glycaemic index 
soluble viscous fibre 
saturated fatty acids (I) 

as for body weight control, plus: 
n-3 PUFA 
n-6 PUIFA 
monounsaturated fatty acids 

water/electrolytes 
energy 
high and low glycaernic index 

ergogenic substances such as 

protein/specific amino acids 
isotonic carbohydrates 
electrolyte fluids 

carbohydrates 

creatine 

‘The inlormation given in this table is derived from the Theme Paper (see Bellisle et a/. 1998, S47-S75), where, if not given in this Consensus Document, further 

(1) = reduced intake of candidate food component. 
TAG = triacylglycerol 
n-3 PUFA = n-3 series long-chain polyunsaturated fatty acids. 
n-6 PUFA = n-6 series long-chain polyunsaturated fatty acids. 

details of options for modulations, markers and safety issues can be found. 

NIDDM. In contrast, n-6 PUFA (but not n-3 PUFA) 
might decrease this risk, but this needs to be confirmed by 
intervention trials. 
The glycaemic index (GI) can be used to categorize foods 
and is defined as the incremental blood glucose airea after 
the test product has been ingested. It is expressed as a 
percentage of the corresponding area after ingl-sting a 
glucose load or a carbohydrate equivalent amount of 
white bread - both of which have high GIs. An increase 
in foods with a lower GI in the diet, such as ]pasta or 
legumes, might improve postprandial blood glucose 
levels and might help to improve insulin sensitivity in 
those prediposed to NIDDM. 
Non-digestible, fermentable carbohydrates in the diet 
(resistant starch, non-starch polysaccharides and oligosac- 
charides and polyols), and, possibly, some of their fer- 
mentation products, could also lower blood glucose levels 
by a decrease in liver glucose production. Cell wid1 poly- 
saccharides are able to ‘encapsulate’ dietary carbohydrates 
and, in so doing, slow their accessibility and thus their 
digestibility. Soluble viscous fibres consumed in large 
amounts have the most effect on postprandial glucose 
and insulin response. The effect is related to viscosity, 
which inhibits mixing and diffusion in the intestinal tract 
and possibly delays gastric emptying. 
Caffeine is a potent thermogenic agent of the group of 
methylxanthines, but other pungent components from 
spices, such as ginger, chilli and mustard, are also 
potential thermogenic agents. 

3.2.4 Research opportunities 

3.2.4.1 Basic science 
Further research is necessary to understand mechanisms 
responsible for insulin resistance, in particular in relation 
to the role of intermediary Carbohydrate and fat metabol- 
ism in the development of ‘central’ obesity. 
What is the effect of different types of carbohydrate in the 
regulation of carbohydrate balance? What are the niech- 
anisms behind the impact of the ratio of PUFA to SFA in 
the diet on fat oxidation? We need to know the impact of 
the different short-chain fatty acids (SCFA), such as 
acetic and propionic acids, on metabolism in generaI. 
Are there mechanisms, apart from the activation of the 

* sympathetic nervous system, that can account for the 
elevation of diet-induced thermogen.esis? 
Nutrient mechanisms that have an impact on genetic 
expression or immunological function should be examined. 
Modem methods of molecular biolo’gy and immunology 
must be used with a focus on post-translational modifica- 
tions related to various proteins, diets or indispensable 
substrates. Interactions between different nutrients are an 
essential focus of future studies because of alterations 
caused by the ageing process. 

3.2.4.2 Cross-sectional and prospective epidemiological 
evidence 
0 Is it possible to make a distinction between the genetic 

and the environmental components of the ALP? ALP 
appears to be a secondary consequence of insulin resistance 

https://doi.org/10.1079/BJN
19990003  Published online by Cam

bridge U
niversity Press

https://doi.org/10.1079/BJN19990003


Scientific Concepts of Functional Foods in Europe S13 

but is often regarded as a genetic condition. How pre- 
valent is ALP in non-obese, non-diabetic subjects? 

0 Is it reasonable to base our understanding of the effects 
of dietary manipulation within individuals on evidence 
from epidemiological studies? An elevated plasma TAG 
concentration, for example, might be a risk factor for 
CHD in epidemiological terms, but does it then follow 
that elevation of plasma TAG by dietary means confers 
an equivalent risk? 

3.2.4.3 Markers 
Achievement of the above goals requires the develop- 
ment of analytical methods (bioassay), the identification 
of markers and a more precise knowledge of nutrient 
requirements. 

3.2.4.4 Human intervention studies 
What are the long-term effects of macronutrient repla- 
cers, in particular fat replacers, on energy and fat balance 
and on body weight control? Is the consumption of fat- 
reduced or energy-reduced foods eventually compensated 
for by an increased total food intake? 
Long-term intervention studies are required to investigate 
whether insulin resistance can be ameliorated by the 
manipulation of the carbohydrate : fat ratio in the diet 
and by the composition of the dietary fatty acids. Shorter- 
term mechanistic studies should also be carried out 
within these long-term studies to investigate the regula- 
tion and rate of adaptation of carbohydrate and fat balance 
within the body. Potential genelnutrient interactions must 
be considered. 
Low GI foods are a useful tool for dietary management of 
people with NIDDM, and some can help to reduce plasma 
cholesterol concentrations and insulin resistance. Their 
further potential should be explored, particularly in relation 
to the prevention of NIDDM and cardiovascular diseases. 
It is critically important that long-term (at least 6 months) 
studies of the effects of low-fat, high-carbohydrate 
diets on plasma lipid constituents are carried out. Is 
the elevation of plasma TAG concentration on a high- 
carbohydrate diet transient or longer lasting? What is the 
nature of the elevation of plasma TAG concentrations, 
i.e. what are the size and density of lipoprotein particles 
containing TAG? What is the impact of the elevation of 
TAG on other lipid constituents (e.g. the density distri- 
bution of LDL particles) and on postprandial lipidaemia? 
It is important to know the effects of different types of 
fatty acids and available carbohydrates, as well as the 
effects of the carbohydrate : fat ratio, on long-term energy 
and substrate balance. 

organism is associated with the generation of reactive 
oxidative species (ROS), referred to as oxidants or pro- 
oxidants. ROS are responsible for oxidative damage to 
biological macromolecules such as DNA, lipids or proteins, 
which might be involved in the initiation or progression of 
diseases, such as some forms of cancer and cataract, 
cardiovascular disease, age-related macular degeneration, 
rheumatoid arthritis and a number of neurodegenerative 
conditions such as Parkinson’s disease or Alzheimer’s 
disease. Gene regulation and the immune system might 
also be affected. It is also possible that ROS are involved 
in intracellular signal transduction. 

ROS can arise endogenously as secondary products from 
normal metabolic reactions, or they can be primarily formed 
as part of the body’s defence against foreign organisms. The 
body is also exposed to ROS from external sources; many 
prooxidants are present in the diet and are inhaled in 
cigarette smoke and in other forms of air pollution. The 
most relevant ROS are peroxyl radicals (ROO.), the nitric 
oxide radical (NO.), the superoxide anion radical (02-), the 
hydroxyl radical (OH.), singlet oxygen ( lo2), peroxynitrite 
(ONOO-), and hydrogen peroxide (H202). 

To counteract the oxidant load, a diversity of defence 
mechanisms operate in biological systems, which include 
both enzymic and non-enzymic antioxidant systems. An 
antioxidant has been defined as ‘any substance that, when 
present in low concentrations compared to that of an 
oxidizable substrate, significantly delays or inhibits the 
oxidation of that substrate’. 

3.3.2 Key target functions 

3.3.2.1 Preservation of structural and functional activity of 
DNA. Oxidative damage to DNA can lead to strand breaks 
andlor the modification of DNA bases, which might result in 
point mutations, deletions, or gene amplification. The 
COMET assay can measure distortion of morphology due 
to damaged DNA. High-performance liquid chromatogra- 
phy (HPLC) and gas chromatography-mass spectrophoto- 
metry (GC-MS) methods can be used to measure damaged 
DNA bases such as 8-hydroxy-deoxyguanine; antibody 
techniques are currently also being developed for this 
purpose. However, measurement of gross damage to DNA 
might give little information about oxidative damage to 
specific genes whose expression has a key cellular function. 

3.3.2.2 Preservation of structural and functional activity 
of circulating lipoproteins and of polyunsaturated fatty 
acids in cell membranes. Oxidation of the PUFAs in LDL 
within the arterial wall plays a major role in the 
pathogenesis of fatty streak formation in arteries, which, 
in turn, leads to atherosclerosis. Oxidative modification of 
both the lipid and protein part of the lipoprotein contribute 
to the atherogenic properties of oxidized LDL (LDLox). 
The Droducts of h i d  oxidation are best measured in dasma 

3.2.4.5 Evidence of safety 
The safety Of substances that energy and 
glucose metabolism should be evaluated in short- and 
long-term studies because of the risk of disturbances in 
the lipid and glucose metabolism. 

as lipid hydroperoxides or their derivatives such as 
3.3 Defence against reactive oxidative species malondialdehyde, or as isoprostanes. Development of 

(Bellisle et al. 1998, S77-Sl12) isoprostane measurement will advance specificity and 
precision and is expected to provide a marker for whole 
body lipid peroxidation. Direct measurements of oxidized 
LDL are also now possible. 

3.3. I Introduction 

The normal development and functioning of any aerobic 
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Table 3. Examples of opportunities for modulation of target function by candidate food components and possible markers related to defence 
against reactive oxidative species* 

Target functions Possible markers Candidate food components 

Preservation of structural and functional measurement of damaged DNA components vitamin E 
activity of DNA vitamin C 

carotenoids 
polyphenols including flavonoids 

Preservation of structural and functional 
activity of polyunsaturated fatty acids 

measurement of lipid hydroperoxides or 
derivatives 

Preservation of structural and functional measurement of lipid hydroperoxides and 
activity of lipoproteins oxidized apoproteins 

vitamin E 
vitamin C 
carotenoids 
polyphenols including flavonoids 
vitamin E 
vitamin C: 
carotenoids 
polyphenols including flavonoids 

Preservation of structural and functional measurement of damaged proteins or components vitamin E: 
activity of proteins vitamin C: 

selenium 
carotenoids 
polyphenols including flavonoids 

*The information given in this table is derived from the Theme Paper (see Bellisle eta/. 1998, S77-SI 12), where, if not given in this Coiisensus Document, further 
details of options for modulations, markers and safety issues call be found. 

Oxidative stress might play a role in the development of 
neuronal degeneration, since ROS can cause peroxidation of 
the PUFA in all cell membranes including nerve cells with 
subsequent membrane disruption. 

3.3.2.3 Preservation of structural and~uncrio~al activiry of 
proreins. Proteins in the lens of the eye are extremely 
long-lived and often show oxidative damage by ROS 
through chronic exposure to light and oxygen. Damaged 
proteins can aggregate and precipitate, giving rise to 
cataracts and to macular degeneration in elderly people. 
The methodology for the measurement of oxidative damage 
to the protein part of lipoproteins and other proteins, has not, 
as yet, been sufficiently developed and evaluated. 

3.3.3 Examples of options for modulation 

The human diet contains an array of different compounds 
that possess either antioxidant activities or the apparent 
ability to scavenge ROS. Epidemiological studies sup- 
port the hypothesis that the major antioxidant nutrients 
vitamin E and vitamin C (as well as &carotene, which 
might or might not be acting as an antioxidant in vivo) 
play a beneficial role in the maintenance of health and 
in the reduction of chronic disorders. LDL oxidation is 
efficiently inhibited by lipophilic antioxidants, of which 
a-tocopherol is the most important in in vitro systems; 
P-carotene is, however, ineffective. Carotenoids and 
polyphenolic compounds such as flavonoids are also 
potent antioxidants in other in vitro systems, but there 
is no evidence that they function this way in vivo. 
Vitamin C has been demonstrated to be the most 
important antioxidant in the human eye. 
The food industry has a long experience in the control 
of oxidative damage in foods and this expertise can be 
used to advantage for the protection of antnoxidants 
specifically used as food components to be beneficial to 
health. 

3.3.4 Research opportunities 

3.3.4.1 Basic science 
More studies are needed on the uptake, distribution, 
metabolism and elimination of vitamin E and vitamin C. 
Can flavonoids and carotenoids be taken up by human 
subjects and distributed to the tissues in quantities suffi- 
cient to confer a biological effect, and what is the nature 
of that effect if it occurs? 
Are there combined effects of synergy or antagonism 
both with respect to the antioxidants themselves or to 
other food components? 
Is it the antioxidant role of the substance that is import- 
ant, or is it some other function, such as some aspects of 
the modulation of gene expression? 
Further work is needed on the chemical analysis of the 
antioxidant content of foods so that more realistic food 
composition tables can be compiled. Ideally this should 
take account of agricultural practices, industrial proces- 
sing and food preparation. 

3.3.4.2 Cross-sectional and prospective epidemiologicul 
evidence 

Better food composition data and better markers of 
disease could enable re-analysis of existing epidemiolo- 
gical data in  some cases and will improve study design in 
further investigations. Further knowledge of basic 
science will also allow consideration of confounding 
influences in epidemiological studies. 

3.3.4.3 Markers 
Because direct measurement in vivo of the prooxidants 
that are detrimental to human health is difficult or 
impossible, it is essential to develop and validate a 
number of markers of oxidative damage to key body 
structures that are non-invasive and can be used ethically 
and acceptably in human volunteers. 
Existing methods for measurement of oxidative damage 
in human subje'cts in a non-invasive manner must be 
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refined and validated. Results obtained in the same 
laboratory on identical material using different, but 
complementary, methodology should be compared. For 
the purposes of quality assurance, results from several 
different participating laboratories of oxidative damage 
in identical samples must be compared. 

0 In the case of reduction of disease risk, it is important to 
show that markers are clearly linked to those phenomena 
that give rise to a specific human disease since its 
development is the ultimate paradigm by which the 
relevance of a marker is judged. For example, which of 
the multiple oxidative modifications of DNA are those 
that lead to carcinogenesis? What is the comparative 
relevance of modification of the protein and lipid in 
LDL particles or of changes in thickening of the carotid 
artery wall, all of which contribute to the process of 
atherogenesis? 

3.3.4.4 Human intervention studies 
A new generation of intervention trials using validated 
and accepted markers as intermediate endpoints might be 
used to test the efficacy of antioxidants; these will 
provide results in a shorter time than old-style interven- 
tion studies where development of disease was the only 
marker. Bioavailability studies and dose-response stu- 
dies, in combination with the development and applica- 
tion of biomarkers, are required for a successful research 
strategy. 
These new studies will enable quantitation of the optimal 
levels of intake of antioxidants. Care must be taken to 
ensure that the importance of the antioxidant contribution 
of the whole diet, as distinct from that of each individual 
antioxidant, is evaluated. 

3.3.4.5 Evidence of safety 
The mechanism for the apparent exacerbation of the 
incidence of lung cancer in heavy smokers given supple- 
ments of /3-carotene needs urgent clarification. Further 
work is also needed on the safety of other carotenoids, 
flavonoids and other phenolic compounds that have been 
shown to have bioactivity in human subjects. 
Developments in food technology will include the pre- 
servation, enhancement, and perhaps addition de nova to 
foods, of the particular forms of antioxidants that have 
been shown to have functional capacity. 

3.4 Cardiovascular system (Bellisle et al. 1998, 
S113-Sl46) 

3.4. I Introduction 

CVD is essentially caused by the narrowing of the arteries, 
which can lead to a reduced supply of oxygen to organs such 
as the heart, skeletal muscle, brain, intestine and kidneys. 
Key elements involve changes in the constituents of the 
blood and in the walls of the blood vessels. The main target 
functions in this process are those involved with the integ- 
rity of the blood vessels (e.g. control of cellular immuno- 
logy and hypertension); in lipoprotein homeostasis (e.g. 
insulin resistance) and the control of the thrombogenic 
balance (the likelihood of blood clot formation). The inter- 
dependence of these factors has not been fully character- 
ized, and since only 50% of the incidence of CVD can be 

explained by the known risk factors, there are possibly other 
unexplored contributory and interactive factors, such as 
genetic polymorphisms. 

3.4.2 Key target functions 

3.4.2.1 Lipoprotein homeostasis. A raised plasma con- 
centration of LDL cholesterol is a risk factor for CVD. High 
levels of lipoprotein(a), very low-density lipoprotein 
(VLDL), TAG concentrations and low levels of HDL 
cholesterol are strong risk indicators, rather than risk 
factors, for CVD. 

It is important to consider the lipoprotein profile after a 
meal (the postprandial response), as well as under fasting 
conditions, in relation to CVD. For example, the athero- 
genicity of lipoprotein remnants is more pronounced on 
high-fat diets, which induce higher postprandial TAG levels, 
even if fasting TAG levels are low. Long-chain n-3 PUFA 
from fish oil might reduce the postprandial TAG response. 

The efficacy of dietary manipulations to alter lipoprotein 
profiles depends on an individual's genetic constitution. For 
example, there is a genetic polymorphism for one of the 
apolipoproteins, apolipoprotein E (apoE). People with the 
apoE2 isoform have a delayed clearance of lipid-rich 
particles after a meal that is rich in fat, because this type 
of apolipoprotein has a lower affinity for the receptors on 
liver cells, resulting in slower removal from the plasma. 

3.4.2.2 Endothelial and arterial integrity. Damage to, or 
activation of, the endothelial cells that line the arteries, as 
well as more general structural damage at susceptible points 
in the arteries (such as bifurcations), might increase the risk 
of atheromatous plaque formation. Endothelial activation 
increases production, release or exposure of various reactive 
molecules such as cytokines, adhesion molecules and 
markers of platelet activation and it causes decreased 
synthesis of some prostaglandins and transforming growth 
factors. The consequences might be inflammatory changes 
and fibrosis of the vascular wall with an increased risk of 
small blood clot formation. These consequences are all 
thought to be involved in fibrous plaque formation. 

3.4.2.3 Control of thrombogenic potential. The control of 
thrombogenic potential is likely to be an important element 
in the reduction of CVD. However, available measures of 
platelet function in vitro and plasma concentration of factors 
involved in coagulation and in fibrinolysis are not reliable 
indicators of any pro-thrombotic state or risk in humans. 
Similarly, the particular influence of endothelial cells on this 
process, as indicated by relevant markers, has not been 
sufficiently elucidated. 

3.4.2.4 Control of homocysteine levels. Epidemiological 
data suggest that high plasma levels of homocysteine are 
associated with increased risk of CVD and several proposed 
mechanisms for the effects of homocysteine on atherogenesis 
and thrombosis have been suggested. 

3.4.2.5 Control ofhypertension. CVD is directly related to 
systolic and diastolic blood pressure, and antihypertensive 
measures reduce the risk of coronary disease. Evidence 
suggests that, in addition to certain food components 
(e.g. sodium, calcium, certain fatty acids), many other factors 
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Table 4. Examples of opportunities for modulation of target functions related to the cardiovascular system by c:andidate food 
components with possible markers' 

Target functions Possible markers Candidate food components 

Lipoprotein homeostasis lipoprotein profile, including: 
plasma LDL-cholesterol 
plasma HDL-cholesterol 
plasma1 TAG (fasting and postprandial response) 
lipoprotein particle size 

Arterial integrity #growth iactors 
adhesion molecules 
cytokines 
platelet function 
activated clotting factors and activation peptides 

Control of thrombogenic potential 

Control of hypertension systolic and diastolic blood pressure 

Control of homocysteine levels plasma homocysteine levels 

#SFA (1) 
MUFA 
PUFA 
certain phytosterols 
certain phytostanols 
soluble fibre 
trans-fatty acids (I) 
soy proteins 
tocotrienols 
fat replacers 
certain antioxidants 
17-3 PUFA from fish 

n-PUFA from fish 
certain antioxidants 
linoleic acid 
total energy (I) 
sodium chloride (1) 
n-3 PUFA from fish 
foiic acid 
vitamin B6 
vitamin 812 

'The information given in this table IS derived from the Theme Paper (see Bellisle eta/. 1998, S113-S146), where, if not given in this Consensus 

(I) = reduced intake of candidate food component. 
# =see text. 
n-3 PUFA = n-3 series long-chain polyunsaturated fatty acids. 
SFA = saturated fatty acids. 
MUFA =monounsaturated fatty acids. 
TAG = triacylglycerol. 
LDL = low-density lipoprotein. 
HDL = high-density lipoprotein. 

Document, further details of options for modulations, markers and safety issues can be found. 

are involved in the aetiology of hypertension (e.g. genetic 
predisposition, obesity, etc.). 

0 Diets rich in antioxidants can influence the activities of 
immune-competent cells and can inhibit the expression 

3.4.3 Examples of options for modularion 

Dietary SFA (chain length up to 16 carbon atoms) 
increase plasma LDL cholesterol concentrations more 
than they increase plasma HDL concentrations. Stearic 
acid (C18 : 0) has less effect on plasma LDL and HDL. 
Dietary trans-unsaturated fatty acids increase plasma 
LDL and reduce HDL cholesterol concentrations. More- 
over, they increase the plasma lipoprotein(a) concentra- 
tion. Foods low in SFA and trans fatty acids could, 
therefore, reduce the risk of CVD. 
The cis-unsaturated fatty acids oleic, linoleic and alpha 
linolenic acids reduce plasma concentrations of LDL 
cholesterol without significantly affecting plasma HDL 
cholesterol and lipoprotein(a) concentrations. Foods 
enriched in these unsaturated fatty acids, therefore, 
could also be used to reduce the risk of CVD. 
Soluble fibre, certain phytosterols and phytostanols and 
other food components can reduce LDL cholesterol 
concentrations, particularly in hyperlipidaemic subjects. 
Similar effects have been shown for ethanol and for garlic. 
The long-chain n-3 PUFA found in fish oils can promote 
mechanisms that improve endothelial and arterial integrity, 
particularly those dependent on the balance of prosta- 
glandins. They also reduce plasma TAG and may also 
have suppressive effects on the cellular immune system. 

of genes coding for the cell-cell adhesion factors. 
0 There is scope for the modulation of factors such as high 

plasma homocysteine concentrations and high blood 
pressure to protect vascular integrity. 

3.4.4 Research opportunities 

3.4.4. I Basic sciencg? 
0 Modifications to certain fatty acids, cholesterol and other 

lipids should be developed in order to influence their 
absorption andor systemic handling. 

0 What is the mechanism of LDL uptake by monocytes and 
macrophages andl what are the factors influencing the 
access of these cells to the vascular sub-endothelial 
space? 

0 The underlying short- and long-term mechanisms, fast- 
cell signalling-pathway factors involved in cell-cell 
interactions, thrombogenic and inflammatory reactions 
should be studied in detail at the level of gene activation 
and transcription. These could help to explain the links 
between certain food components and the development 
and possible regression of vascular lesions. 

3.4.4.2 Cross-sectional and prospective epidemiological 
evidence 
0 Because cardiovascular disease is a multifactorial condi- 

tion, we need to know, in the context of nutrition and 
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0 

public health policy, who is likely to benefit from 

There is also a need to characterize prospectively, and 
establish relationships between, population groups and 
possible risk indicators/factors, such as high blood The gut is an obvious target for the development of functional 
pressure, high levels of homocysteine in the blood, foods since it acts as an interface between the diet and the 
abnormal lipid profiles, and CVD. events that sustain life. The target functions relating to the 

physiology of the gut can be subdivided according to those 

3.5 Intestinal physiology (Bellisle et al. 1998, 

3.5.1 Introduction 

particular dietaryhngredient modifications. S 147-S 1 70) 

3.4.4.3 Markers ihat determine transit time and stool characteristics,those that 
Prospective validation studies should be performed to 
establish to what extent the presently available indicators 
actually reflect the risk of arterial thrombosis. The cui-rent 
available indicators of arterial thrombosis tendency 
include pIatelet aggregation in vitro, urinary excretion 
of thromboxane- and prostacyclin metabolites and of 
specific platelet proteins, plasma concentrations of 
soluble forms of cell adhesion molecules, activation 
fragments of clotting factors, and fibrin degradation 
products. 
It might be necessary to develop and validate new 
methods to measure in vivo arterial thrombosis tendency 
in humans and to look for, and prospectively validate, 
more specific in vivo activation markers for platelets, 
endothelial cells, leukocytes, clotting factors and the 
fibrinolytic process. 
Markers of cellular and immune activation are needed. 
Measurements of soluble adhesion molecules in plasma 
and, possibly, of cleavage products in urine, might 
improve the diagnosis of CVD and the evaluation of its 
prognosis. In addition these markers may help to estab- 
lish and monitor the impact of nutrient supplementation. 

3.4.4.4 Human intervention studies 
Interactions and relative amounts of fatty acids (e.g. the 
n-3 PUFA : n-6 PUFA ratio, palmitate) and the effect of 
dietary cholesterol on lipid metabolism (particularly on 
postprandial hyperlipidaemia), should be studied in well- 
controlled dietary trials. These investigations should 
examine systemic trafficking of the fatty acids and the 
lipoproteins. Effects on other lipid parameters, such as 
the key enzyme activities in TAG metabolism and 
lipoprotein particle sizes, should also be studied in 
order to understand the dietary effects on lipoprotein 
metabolism. 
The effect of selected dietary components (e.g. individual 
n-3 and n-6 fatty acids and combinations of them, 
antioxidants, fibre) on the processes involved in arterial 
thrombus formation should also be established and 
characterized. 
The effect of dietary constituents, e.g. fatty acids and 
bioactive amines, on nitric oxide (NO) metabolism, free 
radicals and other local endothelial mediators of vascular 
tone should be explored. 
Particular attention ought to be paid to study design and 
to characterization of experimental subjects. Genetic 
polymorphisms and diet-gene interactions, life-style 
effects and endocrine factors must all be considered. 

3.4.4.5 Evidence of safety 
The potential toxicity of very high intakes of long-chain 
PUFA and antioxidants should be investigated. 

involve the colonic microflora, those that are associated with 
the gut-associated lymphoid tissue (GALT), and those that 
depend on the products of nutrient fennentation. 

The development of intestinal and mucosal microflora 
provides the basis for the gut barrier that prevents patho- 
genic bacteria from invading the gastrointestinal tract. The 
balance of intestinal microflora together with the gut 
immune system allows the resident bacteria to have a 
protective function. 

The principal role of the intestinal flora, apart from their 
barrier function against infection, is to salvage energy from 
carbohydrates not digested in the upper gut, through fer- 
mentation. The main substrates for fermentation are endo- 
genous (e.g. mucus) and dietary carbohydrates that have 
escaped digestion in the upper gastrointestinal tract. These 
include starch that enters the colon (resistant starch), as well 
as non-starch polysaccharides, e.g. celluloses, hemi- 
celluloses, pectins and gums. Other carbohydrate sources 
available for fermentation include non-digestible oligo- 
saccharides, and sugar alcohols. In addition, proteins and 
amino acids can be effective as growth substrates for 
colonic bacteria. Total substrate availability in the human 
adult colon is 20-60g of carbohydrate and 5-20g of 
protein per day. 

3.5.2 Key target functions 

3.5.2.1 Optimal intestinal function and stool formation. 
Both large bowel integrity and the colonic microflora are 
important in determining the characteristics of the stool. 
Such characteristics include stool weight and consistency, 
stool frequency and total intestinal transit time. These 
are possibly the most reliable markers of general colonic 
function. 

3.5.2.2 Colonic Jlora cornposition. Bacterial numbers and 
composition vary considerably along the human gastro- 
intestinal tract but the large intestine is by far the most 
intensively populated microbial ecosystem with several 
hundred species accounting for a total of between 10"-10'* 
bacteria per gram of contents. Quantitatively, the most 
important genera of intestinal bacteria in man are 
the bacteroides and the bifidobacteria, which can account 
for 35 % and 25 % of the known species, respectively. The 
microflora of the large intestine is acquired at birth and 
reflects the breast-milk-based diet of infants. Subsequently, 
however, differences in the species composition develop, 
largely as a result of differences in adult-type diets. 

The colonic microflora is a complex interactive commu- 
nity of organisms and its functions are a consequence of the 
combined activities of the microbial components. The group 
of potentially health-promoting bacteria are thought to 
indude principally the bifidobacteria and lactobacilli. The 
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major diseases in which changes in the composition of the 
gastrointestinal microflora might possibly play a role are 
gastrointestinal infections, constipation, irritable bowel syn- 
drome, inflammatory bowel diseases and colorectal cancer. 

The composition and activities of the colonic microflora 
have to be considered both as a risk indicator and a risk 
factor for large bowel functions (see Section 2). The 
composition and activity of the faecal flora, when analysed 
correctly, are also good indicators of the residual colonic 
flora. Traditional gut microbiological methodologies are 
based on morphological and biochemical properties of the 
organisms. However, recent advances in molecular genetics 
for quantitative and qualitative monitoring of the nucleic 
acids of human colonic microflora have revolutionized their 
characterization and their identification. This approach also 
allows extensive (including multiple centre) bacteriological 
investigations. 

3.5.2.3 Control of gut-associated lymphoid tissue (GALT) 
function. The human intestine GALT represents the largest 
mass of lymphoid tissue in the body, and about 60 46 of the 
total immunoglobulin produced daily is secreted into the 
gastrointestinal tract. The colonic microflora is the major 
antigenic stimulus for specific immune responses at local 
and systemic levels. Abnormal intestinal response to a foreign 
antigen, as well as local immunoinflammatory reactions, 
might, as a secondary event, induce impairment of the 
intestine’s function because of breakdown of the intestinal 
barrier. 

3.5.2.4 Control of fermentation products. The importance 
of fermentation products in the form of SCFA l(name1y 
butyrate, acetate and propionate) for colonic health has been 
increasingly documented. Butyrate is the most interesting of 
the SCFA since, in addition to its trophic effect on the 
mucosa, it is an important energy source for the colonic 
epithelium and regulates cell growth and differentiation, 

3.5.3 Exumples of options for modulation 

Probiotics, prebiotics and possibly synbiotics are inter- 
esting concepts to support the development of functional 

foods that are targeted towards gut functions. A probiotic 
is defined as ‘A live microbial food ingredient that is 
beneficial to health’. Prebiotics, in contrast, are ‘non- 
digestible food components that beneficially affect the 
host by selectively stimulating the growth and/or activity 
of one or a limited number of bacteria in the colon, that 
have the potential to improve host health’. Synbiotics are 
best described as ‘a mixture of probiotics and prebiotics 
that beneficially affects the host by improving the 
survival and implantation of live microbial dietary 
supplements in the gastrointestinal tract’. 
Probiotics have been shown to stimulate the activity of 
some compounds of the GALT, e.g. immunoglobulin A 
(IgA) antibody response, production of cytokines and 
reduction of the risk of rotavirus infections. 
Prebiotics (as well as probiotics) help the colonic micro- 
flora to reach/maintain a composition in which bifido- 
bacteria and/or lactobacilli become predominant in 
number. This is considered optimal for health promotion. 
Non-digesti ble carbohydrates increase faecal mass both 
directly by increasing non-fermented material and/or 
indirectly by increasing bacterial biomass; they also 
improve stool consistency and stool frequency. 
Promising food components for functional foods will be 
those, such as specific non-digestible carbohydrates. that 
can provide optimial amounts and proportions of fermenta- 
tion products at relevant sites in the colon, particularly 
the distal colon, ifthey are to help reduce the risk of colon 
cancer. 

3.5.4 Research opportunities 

.,.5.4. I Basic science 
More methods need to be developed to characterize 
intestinal microflora, including the non-culturdble spe- 
cies. Molecular approaches based on the separation and 
identification of genetic material, such as 16s ribosomal 
RNA, are promising. 
We need to understand the role of the human diet in  the 
general modulation of immune functions, particularly the 
exact role of GALT. 

Table 5. Examples of opportunities for modulation of target functions related to intestinal physiology 
by candidate food components with possible markers‘ 

Target functions Possible markers Candidate food components 

Optimal intestinal function stool consistency 
and stool formation stool weight 

stool frequency 
transit time 

non-digestible carbohydrates 
probiostics 
prebiostics 
syn biotics 

Colonic flora composition corn position probiotics 
enzyme/metabolic activities prebiotics 

syn biotics 
Control of GALT function lgA secretion 

cytokines 
probiotics 
prebiotics 
synbiotics 

Control of fermentation short-chain fatty acids prebiotics 
products syn biotics 

*The information given in this table is derived from the Theme Paper (see Bellisle et a/. 1998, S147-5171), 
where, if not given in this Consensus Document, further details of options for modulations, markers and safely 
issues can be found. 

GALT = gut-associated lyphoid tissue. 
IgA = immunoglobin A. 
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3.5.4.2 Cross-sectional and prospective epidemiological 
evidence 
0 Further work is needed to characterize the composition 

and activities of human colonic microflora to investigate 
the effects of age and race, and to explore the influence of 
different dietary habits. Of particular interest would be 
large-scale studies of different European populations, 
using molecular approaches. 

3.5.4.3 Markers 
Markers related to immune functions associated specific- 
ally with GALT need to be developed and validated. 

0 Improved characterization and validation are needed of 
the composition of bacterial genera and strains and the 
activities of the colonic microflora (e .g .  specific enzymes, 
carcinogen formation). Only then can these be regarded 
as markers of important target functions. 
Early markers of carcinogenesis (e.g. recurrence of large 
adenomas or gut mucosal changes such as DNA damage, 
DNA repair and apoptosis) need to be validated as a 
prerequisite to investigating the effect of functional foods 
on the risk of colon cancer. 

3.5.4.4 Human intervention studies 
0 What factors determine the intra-individual variation in 

response to probiotics and prebiotics? 
Well-designed placebo controlled human studies are 
required to examine the effects of different probiotic 
and prebiotic components. 

3.5.4.5 Evidence of safety 
0 The long-term effects of permanent changes in the 

composition of the colonic microflora need to be 
monitored. 

3.6 Behavioural and psychological functions 
(Bellisle et al. 1998, S1734193) 

3.6.1 Introduction 

Functional foods might lead to an improved state of health 
and well-being and/or reduction of risk of disease. However, 
there are some foods or food components that are not directly 
related to disease or to health in the traditional sense but, 
nevertheless, provide an important function in terms of chan- 
ging mood or mental state. These foods, therefore, are 
involved in creating more a sense of ‘feeling well’ than of 
‘being well’. Effects on behaviour, on emotional state, and on 
cognitive performance fall within this category. 

Behaviour is probably the most varied and complex of all 
human responses. The complexity and variability arises 
from the fact that behaviour is the cumulative outcome of 
two distinct influences - biological factors (encompassing 
genetics, gender, age, body mass, etc.) and socio-cultural 
aspects (including tradition, education, religion, economic 
status). 

3.6.2 Key target functions 

The effects of foods on behavioural and psychological 
functions are conspicuously varied, typically subtle and 
frequently interdependent. For the purpose of simplicity, 
however, they can be grouped into four areas of target 
functions. 
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3.6.2.1 Appetite, satiation and satiety. Food intake can be 
affected by sensory, gastrointestinal and metabolic factors, 
as well as by social cues, all of which influence appetite, 
either in terms of meal size (satiation) or eating frequency 
(satiety) or in changes in food preferences and dietary 
selection. 

The most widely used markers for assessing parameters 
of appetite and satiety are visual analogue scales. These are 
subjective measurements of sensations such as hunger, 
desire to eat and fullness. 

Objective assessment of energy and/or nutrient intake 
of individuals is made either directly, by duplicate meal 
analyses, or indirectly, with diaries of dietary consumption. 

Modulation of food intake is most often considered in 
terms of reducing food intake (to normalize body weight of 
overweight and obese individuals), but it is also important to 
consider it in terms of increasing food intake to increase 
body weight in persons at risk of malnutrition (such as 
elderly people, people suffering from eating disorders or 
those recovering from illness). See Section 3 for considera- 
tion of markers for body weight control. 

3.6.2.2 Cognitive petjGormance. There are several perfor- 
mance markers that are used to assess cognitive function. 
These range from reactions to single stimulus tests to those 
involving complex interactive inputs. They can be based on 
recognition of either numbers (to test vigilance, rapid 
information processing and/or continuous performance) or 
words (to monitor immediate recall, word recognition and/ 
or memory span). They can also be based on visual or 
auditory stimuli (to examine ‘simple’ or ‘choice’ reaction 
times) and on reactions to dynamic stimuli (to analyse 
psycho-motor performance). 

3.6.2.3 Mood and vitality. Target functions relating to 
mood and vitality have focused generally on behaviours 
such as sleep and activity (including hyperactivity), as well 
as feelings of tension, calmness, drowsiness and alertness. 
These psychological or behavioural states can be assessed 
either subjectively (with questionnaires and visual analogue 
scales) or objectively (with electrophysiological, heart rate 
or blood pressure monitoring systems). Because of the 
expense and sophistication of electrophysiological instru- 
ments, the data gathered on these markers are inevitably 
restricted to laboratory investigations. Portable continuous 
monitoring systems for heart rate and blood pressure are 
ideal for field work. 

Changes in moodand vitality as a result of shifts in circadian 
rhythm (jet lag) are also an important target function. 

3.6.2.4 Stress (distress) management. Certain foods or 
individual nutrients have been implicated in causing or 
alleviating behavioural stress (or distress). The most 
appropriate markers for stress states are heart rate, blood 
pressure, blood catecholamines and skin electrical imped- 
ance. With regard to pain, data on blood opioid levels can 
provide additional useful information. 

3.6.3 Examples of options for  modulation 

Fat, protein and carbohydrates have independent and 
differing effects on appetite and satiety; protein has 
been shown to be the most effective, and fat the least 
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Table 6. Examples of opportunities for mcidulation of target functions related to behaviour and psychological 
functions by candidate food components with possible markers* 

Target function Possible markers 

Appetite, satiety and satiation reliable direct measure of food intake 
indirect measures of food intake 
subjective ratings of appetite and hunger 

Cognitive performance objective performance tests 
standardized mental function tests 
interactive games 
multifunction tests 
quality and length of sleep 
attitudes (questionnaires) 
standardized mental function tests 
ratings of subjective states 

blood catecholamines 
blood opioids 
skin electrical impedance 
heart rate continuous monitoring 

Mood and vitality 

Stress (distress) management blood pressure 

Candidate food components 

protein 
fat replacers 
fat substitutes 
sugar substitutes 
structured fats 
specific fatty acids 
glucose 
caffeine 
B vitamins 
choline 
alcohol 
carbohydrates 
carbohydrate : protein ratio 
tyrosine and tryptophan 
alcohol 
carbohydrates 
sucrose 

'The information given in this table is derived frorn the Theme Paper (see Bellisle eta/. 1998, S173-S193), where, if not given in 
this Consensus DocUment, further details of options for modulations, markers and safety issues can be found. 

effective, at suppressing energy intake. Macronutrient 
substitutes (e.g. fat substitutes and high-intensity sweet- 
eners), because they improve palatability of diets, might, 
in certain circumstances, also help to control body weight 
through a reduction in total energy intake. 
There are general beneficial effects of glucose on various 
aspects of mental performance, including an improve- 
ment in working memory, improved decision time, faster 
information processing and better word recall. Caffeine 
can also lead to an improvement in most measures of 
cognitive performance (reaction time, vigilance, memory 
and psychomotor performance), particularly during the 
morning. 
High carbohydrate meals help to produce feelings of 
drowsiness, sleepiness and calmness. In addition, the 
amino acid tryptophan reduces sleep latency and promotes 
feelings of drowsiness and fatigue in both adults and 
children. Tyrosine and tryptophan might help with jet lag 
but there is only scant scientific evidence for this effect. 
Alcohol, whose intake is both traditional and widespread 
in Europe, is one of the very few substances to affect all 
major areas of psychological and behavioural function 
(appetite, cognitive performance, mood and stress) and 
the effects are conspicuously dependent on the dose. 
Sweet foods, such as sucrose, might relieve distress in 
young infants, as might activation of endogenous opioids 
(b-endorphins) reduce pain perception in the general 
population. 

3.6.4 Research opportunities 

inexpensive and user/operator friendly but also can be used 
for large field trials. The use of digital cameras, and the 
associated computer technology needed for image analysis, 
might make it possible to measure food intake more 
reliably under realistic free-living conditions. Patterns of 
dietary intakes of food components throughout Europe can 
then be obtained to reflect the cultural diversity. 

0 Is the ability of alcohol to correct depressive episodes 
linked, qualitatively and quantitatively, to central neuro- 
chemical activity, such as that of serotonin? 

3.6.4.2 Cross-sectional and prospective epiderniologicul 
evidence 

The large population of Europe, and the ethnic and 
cultural diversity within it, offer important opportunities 
to test the valid-ity of laboratory investigations and to 
study regional differences in psychotropic effects of 
foods. 

3.6.4.3 Markers 
8 Better measures of cognitive function (memory, reaction 

time, alertness) are needed. Testing of multiple, rather 
than independent, responses to riutritional stimuli is 
necessary to understand the interaction between cogni- 
tive processes. This requires development, elaboration 
and evaluation of methods that can assess operational 
performance in complex conditions. Driving or flying 
simulators, and interactive electronic games, are exam- 
ples of such methods. 
It cannot be assumed that identical foods will exert 
similar effects in every individual. Methods are needed 
to identify vulnerable or sensitive individuals. Is it 

3.6.4.1 Basic science 
It is crucial to improve the reliability of food intake data. 

possible to develop genetic markers? 

The current methods of measurement, both indirect and 
direct, are either inaccurate (both under- and over- Behavioural animal studies are no substitute for human 
estimations), tedious or expensive. A more accurate and investigations. Data derived from animal studies give, at 
precise method is required, which is not only relatively best, only an insight into the possibility that similar 

3.6.4.4 Human intervention studies 
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phenomena occur in man. Even when a potential effect 
has been demonstrated in man in the laboratory, it is very 
important to proceed with appropriate human trials in a 
free-living situation. 

0 Most research into behaviour and psychological func- 
tions is short term. Extended observations, beyond the 
immediate effect, are required to see if there is long-term 
adaptation to the intake of specific food components. In 
studies on satiety, for example, there are indications that 
short-term effects of food might weaken with repeated 
administration. 

The three key areas for technological challenges that 
have been identified are: 

1. The creation of new functional food components in 
traditional and new raw materials and by de novo 
synthesis. 

2. The optimization of functional food components in raw 
materials and in foods (e.g. maximal preservation or 
retention of components, modification of their function 
and their increased bioavailability). 

3 .  The effective monitoring of the amount and efficacy of 
functional food components in raw materials and in 

3.6.4.5 Evidence of safety foods. 
0 Evidence of safeti o i  food components is particularly 

important in the study of behaviour since this encom- 
passes intrinsic and extrinsic aspects - the classical 
biochemical and histopathological changes related to 
ingestion of specific food components and the changes 
arising from modification of the person’s behaviour or 
mood. The safety issue of alcohol is a good example of 
these two aspects. 
In some cases the influence of dietary substances on 
behaviour and psychological functions involves either 
doses above those normally consumed in food, or doses 
causing some degree of nutritional imbalance. The effect 
of melatonin on circadian rhythms, or of L-tryptophan on 
sleep, fall within this area. 
Long-term consequences are as important as those 
observed in the short or medium term. For example, the 
modulation of eating behaviour through the modification 
of appetite or satiety should never lead to a deterioration 
in the general nutrition status of individuals. 

4. TECHNOLOGY ASPECTS OF FUNCTIONAL 
FOOD SCIENCE (Knorr et al. 1998) 

4.1 Introduction 

The traditional aim of food processing is to convert raw 
materials into edible, safe, wholesome, nutritious food 
products with desirable physico-chemical properties, 
extended shelf life and optimal features for palatability 
and convenience of eating. The development of functional 
foods, however, requires an additional aim - namely, that 
the functional component (as defined in this document) is 
either created or optimized (see below). This will require an 
increased level of complexity and monitoring of food 
processing. 

New raw materials will have to be considered, including 
those produced by genetic modification and emerging 
thermal and non-thermal technologies. Safety issues then 
become increasingly important (e.g. inhibiting transfer of 
secondary genetic material in genetic modification and 
effective inactivation of specific components such as 
toxins, anti-nutrients, micro-organisms, allergens or 
enzymes by gentle processing techniques). 

Integration throughout the entire food chain will also be 
required to ensure product safety and quality, as well as 
preservation and/or enhancement of functional components. 
Sharing of knowledge with scientists in related areas, such 
as nutrition, is essential to change the traditional pattern of 
thinking in food science and technology. 

Examples will be drawn from the five technology areas 
covered in the Technology Theme Group papers (i.e. anti- 
oxidants, minerals, micro-organisms, carbohydrates and 
proteins). Some examples of research opportunities (posed 
as questions in italics) to meet the technological challenges 
will also be selected from these areas. 

4.2 Examples of technological challenges and research 
opportunities for the creation of new functional food 

components 

0 To identify viable technologies for the use of new raw 

- Can genetic modijcation be used to increase the 
antioxidant content of plant foods? 
- Can under-utitized and unconventional sources, 
such as algae and seaweeds, be used as raw materials 
for the extraction of carbohydrates? 

0 To produce new classes of functional food components, 
which can be incorporated into foods and used as sub- 
strates for beneficial micro-organisms. 

- Can we jind a wider spectrum of sources for 
production of non-digestible otigosaccharides or other 
carbohydrates? Can we use ‘tailored’ degradation and 
transglycolysation of suitable oligosaccharides? 

To generate new functional carbohydrates (e.g. resistant 
starches and non-digestible carbohydrates) by upgrading 
raw materials and by-products, which are rich in carbo- 
hydrates, using extraction, fractionation and chemical or 
physical treatments. 

- Can the cell wall matrix of the raw plant materials 
be modiJied to alter the binding of water, cations and 
bile salts to polysaccharides? Can new fat  replacers 
be produced in this way? 

To develop the large-scale isolation and enrichment 
of bioactive peptides and proteins from various raw 
materials, such as milk and plants, using enzymatic and 
bacterial hydrolysis using separation and chromato- 
graphic techniques. 

- Can bioreactors based on immobilized proteolytic 
enzymes or live micro-organisms be developed? 

materials as sources. 

4.3 Examples of technological challenges and research 
opportunities to optimize the amount and efficacy of 

functional food components 

To develop economic membrane-processing techniques 
and to overcome problems of membrane fouling and 
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efficiency to obtain maximum recovery of functional 
food components, 

- Is it possible to develop membrane-processing 
techniques, such as membrane purijication for fats 
and oils to reduce energy consumption, minimize 
degradation and to maximize stability and antioxidant 
potential? 
- Can we use membrane technologies on food process 
wastes to recover absorbable mineral complexes with 
food grade ligands? 

0 To understand the relationships between packaging 
environments and antioxidant retention to maximize the 
functionality of antioxidants in psocessed foods. 

- Can we obtain better data on the antioxidant content 
of raw materials and of minimally processed’ foods to 
ensure their maximal retention? 
- What is the impact of controlled and mod$ed atmos- 
phere packaging environments on antioxidant retention? 

0 To use separation technology to provide specific frac- 
tions from saw materials, each with predetermined 
mineral content and bioavailability. 

- Can the controlled separation of skimmed milk from 
butter preferentially retain important mineruls in the 
skimmed milk? 

0 To ensure that new minimal processing technologies not 
only improve the stability of the product, but also retain 
or improve, mineral availability and allow the release of 
‘absorbable’ minerals. 

- Can mineral content, yield, speciation, solubility and 
bioavuilability be improved using gentle physical pro- 
cesses, such as high hydrostatic pressure treatment, 
ultrasound treatment, high-intensity electric jield pulse 
technology, membrane techniques, fractionation tech- 
nologies (such as liquid-liquid phase separation ,for 
partitioned foods) and enzymic processes (such as 
malting, fermentation and enzyme addition) ? 

0 To modify fermentation processes for micro-organisms 
to retain their viability during food processing, storage or 
preparation and thus provide optimal probiotic function. 

- Can non-thermal technologies (e.g. high hydrostatic 
pressure, supercritical carbon dioxide treatment or 
high-intensity electric jield pulses) be developed to 
achieve adequate safety, quality, retention and 
functionality of products containing probiotics ? 

To develop probiotics with increased resistance to the 

- Is it possible to control fermentution rate in the colon 
by selecting and developing suitable non-digestible 
oligosaccharides? Is the fermentability rate due to their 
degree of polymerization, the type of sugar and glyco- 
sidic linkage, the degree of branching or other factors? 
- Can genetic nzodijication be used to develop highly 
selective and specijic probiotic-s in terms of their 
binding properties to intestinal receptors? Can 
strain selection, fermentation techniques or ‘protec- 
tion ’ techniques (e.g. by acid-resistant, encapsulated 
immobilization systems) be used to retain high initial 
microbial viability and productivity in the intestine? 
- Can emerging technologies, such as pressure- 
assisted freezing in conjunction with antifreeze pro- 
teins and crvo-protectants, be used as alternatives 
to conventional freeze-drying of microbial starter 
cultures for increased viability? 

0 To optimize the beneficial effects of new carbohydrates 
(e.g. non-digestible carbohydrates, Fat replacers, resistant 
starch, soluble/iinsoluble fibre). 

- How can the glycaenzic index and the resistant starch 
content be optimized by the careful selection of raw 
materials anal processing conditions? 

0 To optimize the processing conditions for retaining the 
activity of bioactive proteins and peptides so that inter- 
actions with other food components do not affect the 
structural/textural quality of food products during 
processing and subsequent storage. 

- What are the effects of conventional versus emerg- 
ing processing technologies on the bioactivity/ 
reactivity of proteins and peptides? Can different 
delivery systems such as liposoms, microencapsulation 

environment within the human intestinal tract. 

Table 7. Examples of technological challenges, with possible solutions and examples of applications, to optimize functional food comDonents* 

Technological challenges Possible technological solutions Examples of applications 

Creation of functional components from raw materials and immobilized enzyme systems 
membrane processes antioxidants 

fermentation, enzyme technologies 
non-thermal processes (e.9. high pressure) 
tailored enzymatic processes 

bioactive peptides 

minerals 
minerals 
antioxidants 
oligosaccharides (fat replacers) 

from de novo synthesis 

Optimization of functional food components by increasing 

Optimization of functional food components through 

Optimization of functional food components through fermentation technologies micro-organisms 

their concentrations in raw materials 

their modification 

increased bioavailability membrane permeabilization processes minerals 
(e.g. enzymes, electric field pullses) 

encapsulation processes micro-organisms 
sphere packaging technologies bioactive peptides 

Optimization of functional components in raw materials 
and in foods through maximal retention 

’ antioxidants 
minerals 

functional components minerals 
Monitoring the production of functional foods and sensorsharkers micro-organisms 

carbohydrates 

’The information gjven in this table is derived from the Technology Theme papers (see Knorr eta/. 1998), where, if not given in this Consensus Document, further 
details of technological challenges, possible technological solutions and examples of applications can be found. 
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systems and emulsion systems optimize their physio- 
logical functions? 

0 To develop alternative production methods for bioactive 
peptides and proteins from raw materials to avoid prob- 
lems such as non-availability, which can occur with 
conventional processing technology. 

- What are the functional properties and interactions 
of bioactive proteins and peptides in different food 
systems, e.g. liquid or solid products (i.e. products 
with high or low water activity)? 

4.4 Examples of technological challenges and research 
opportunities to monitor the effective production of 

functional food components 

0 To develop efficient technologies to monitor specific 
functional effects of foods and food components through- 
out the food chain. 

- I s  it possible to monitor microbial viability and 
productivity for optimal probiotic function? 

0 To improve analytical assays to monitor the availability 
of functional food components at all stages of processing. 

- Can encapsulated minerals and vitamins retain 
stability in foods during processing as well as 
being available for  absorption in the intestinal 
tract? 
- Can highly specific and sensitive markers be devel- 
oped that record speciation changes and interactions 
with food components during processing? 

To develop methods to monitor controlled release and to 

- Is it possible to monitor the extent of conversion of 
individual oligosaccharides and the relevant aspects 
of the fermentation process? 

control bioconversion processes. 

5. COMMUNICATION OF THE HEALTH BENEFITS 
OF FUNCTIONAL FOODS 

5.1 Introduction 

As the relationship between nutrition and health gains 
public acceptance and as the market for functional foods 
grows, the question of how to communicate the specific 
advantages of such foods becomes increasingly important. 
Communication of health benefits to the public, through 
intermediaries such as health professionals, educators, the 
media and the food industry, is an essential element in 
improving public health and in the development of func- 
tional foods. Its importance also lies in avoiding problems 
associated with consumer confusion about health messages. 
Of all the different forms of communication, those concern- 
ing the use of ‘claims’ - made either directly as a statement 
on the label or package of food products, or indirectly 
through secondary supporting information - remain an 
area of extensive discussion. It is therefore essential that 
claims, which are an inherent part of functional foods, must 
be based on, and driven by, scientific information. 

5.2 General principles of claims 

The fundamental principle that any claim must be true and 
not misleading should apply equally to those related to 

health benefits. All such claims, therefore, should be scien- 
tifically valid, unambiguous, and be clear to the consumer. 
The key issue, however, is how this basic principle should 
be safeguarded without becoming a disincentive either for 
the industrial development and production of functional 
foods (an important determinant in trying to achieve the 
goal of improved public health) or the acceptance of these 
foods by consumers (the ultimate target for the functional 
benefit). 

5.3 Current definitions of ciaims 

One of the difficulties in the communication of the benefits 
of functional foods is that the term ‘health claim’ is defined 
differently in different countries. The meaning of the word 
‘claim’ itself (as opposed to ‘health claim’) is, however, 
generally well understood. A widely accepted definition of a 
‘claim’ is that of Codex Alimentarius (1991). It is defined as 
‘Any representation, which states, suggests or implies that 
a food has certain characteristics relating to its origin, 
nutritional properties, nature, production, processing, 
composition, or any other quality.’ 

With the term ‘health claim’, however, there are some 
appreciable differences in interpretation. The Food Advisory 
Committee (of the UK Ministry of Agriculture, Fisheries 
and Food - MAFF), for example, has defined health claim 
as ‘any statement, suggestion or implication in food labelling 
and advertising (including brand names and pictures) that a 
food is in some way beneficial to health, and lying in the 
spectrum between, but not including, nutrient claims and 
medicinal claims’. In contrast, in the USA, a health claim 
refers to any statement ‘that expressly or by implication 
characterizes the relationship of any substance to a disease 
or health-related condition’. In the UK, therefore, a claim 
related to a disease would be considered as a medicinal claim 
whereas in the USA it would be regarded as a ‘health claim’. 

5.4 Current classification of types of claims 

The principal difficulty (implied in the above UK definition) 
in dealing with statements about health benefits is that 
there are a number of distinct types of claims concerning 
the association between nutrition and health, and that the 
definition of them is not the same in all countries. 

Codex Alimentarius (1 997) has very recently classified 
and defined some of the different forms of claims. For 
ease of reference we have called these Types 1-4 and 
they are: 

Type 1. Claims related to dietary guidelines or healthy diets 
These relate to the pattern of eating in dietary guidelines 
officially recognized by the appropriate national authority. 

Examples: Diets low in saturated fats are recommended 
by ... ; The advice of ... is to choose a diet 
high in fibre. 

Type 2. Nutrient content claims (subsection of nutrition 
claims) 
These are nutrition claims that refer to the level of a nutrient 
contained in a food. 

Examples: Source of calcium; High in fibre; Low in 
fat. 
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Type 3. Comparative claims (subsection of nutrition claims) 
These make a comparison of the nutrient level of two or 
more foods. 

Examples: Reduced; Less than; Fewer; Increased; More 

Type 4. Nutrient function claims (subsection of nutrition 
claims) 
This is a form of claim that refers to the physiological role of 
a nutrient in its relationship to growth, development and 
normal functions of the body. Claims in this category 
are similar to ‘structure/function’ claims in the USA. 
They make no reference whatsoever to a specific disease, 
pathological state or abnormal condition. 

Examples: Calcium might help the development of strong 
bones and teeth; Contains folk acid; folic acid 
contributes to the normal development of the 
fetus. 

The above four categories of claims refer to known nutrients 
and their role in growth development and normal functions 
of the body. They are, therefore, factual in that they are 
based on established knowledge that is widely accepted 
within the scientific nutrition community and make no 
reference to a particular consequence over and above that 
expected from the consumption of a balanced diet. Although 
there is need for research to continue in the areas covered 
by these claims (to enlarge on the detail of the processes) 
there is little further necessity to substantiate the concepts 
themselves. 

than. 

5.5 Claims relevant to functional foods 

This EU Concerted Action supports the development of two 
further types of claims, which are not covered by the above 
Codex classification and which differ significantly from 
them. They embrace. but are not restricted to, claims for 
functional foods. They are based on the scientific classifica- 
tion of markers for target functions that have been devel- 
oped in this Consensus Document (see Fig. 1 in Section 2). 
Claims must always be valid in the context of the whole diet 
and must relate to the amounts of foods normally consumed. 
This applies to specific effects of foods and food compo- 
nents, both nutrients and non-nutrients. 

Type A. ‘Enhanced function’ claims 
These claims concern specific beneficial effects of nutrients 
and non-nutrients on physiological, psychological functions 
or biological activities beyond their established role in 
growth, development and other normal functions of the 
body. 

This type of claim is also similar to a ‘structure/function’ 
claim in the USA and, again, makes no reference to a 
particular disease or pathological state. However, reference 
to a mild abnormal condition, as for example indigestion or 
insomnia, could possibly be permitted. 

Examples: Certain non-digestible oligosaccharides 
improve the growth of a specific bacterial 
flora in the gut. 
Caffeine can improve cognitive performance. 
Folate can help reduce plasma homocysteine 
levels. 

Type B. ‘Reduction (of disease-risk’ claims 
Claims for reduction of disease risk relate to the consump- 
tion of a food or food component that might help reduce the 
risk of a specific disease or condition because of specific 
nutrients or non-nutrients contained within it. These claims 
correspond to those referred to as ‘health claims’ in the 
USA. 

Examples: Folate can reduce a women’s risk of having a 
child with neural tube defects. 
Sufficient calcium intake may help to reduce 
the risk of osteoporosis in later life. 

It is frequently suggested that there should be an additional 
and specific claim for an improved state of health and 
well-being. However, since an improved state of health 
and well-being resiilts from either an enhanced function 
(physiological or psychological j or from the reduction of 
risk of disease, it is sufficiently covered by the above two 
categories. 

Satisfactory control procedures are required to ensure 
that claims are used to their best effect, both for the 
promotion of public health and protection of the consumer 
against false and misleading information. Currently Type I ,  
2 and 3 claims are generally allowed i n  most countries. To 
a much lesser extent, this is also true for Type 4 and 
Type A claims whilst, in contrast, Type B claims are 
currently almost universally disallowed (see Section 1). 

5.6 Scientific basis For claims relevant to functional foods 

Perhaps the most pertinent aspect in communication of 
health benefits is that any claim, or statement, must be 
based on sound scientific evidence that is both objective and 
appropriate. However, it is not always clear what constitutes 
objective and appropriate evidence. One of the major issues 
to be resolved, therefore, concerns the biological level at 
which evidence can be accepted as demonstrating functional 
efficacy. 

Data, obtained at several levels of biological organization 
(molecular, sub-celllular, cellular, tissue, organ, whole body 
and population levd) can be grouped into three types of 
experimental evidence - biological (biochemical) observa- 
tions, epidemiological data and intervention trials. All three 
types of evidence are based on markers. For any given 
specific food or food component, supporting evidence for 
functional efficacy might not be available from all three 
areas. The effectiveness of certain antioxidants in the 
reduction of risk for cancer, for example, is adequately 
supported by biological data (at the molecular, sub-cellular 
and cellular levels). less well supported by epidemiological 
evidence (at the population level) and hardly at all by 
clinical intervention trials (whole-body level). In contrast, 
the effects of dietary fibre are better documented and 
understood in terms of epidemiology and intervention than 
they are at the biochemical level. 

Whatever judgement or decision is made for establishing 
proof of functional efficacy, it is important that the required 
supporting evidencle should: 

be consistent in itself; 
be able to meet accepted scientific standards of statistical 
and biological significance; 
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To establish 

Fig. 2. From scientific evidence based on markers for functional foods to types of 
claims relevant to them. 

ENHANCED FU NCTl ONS 

0 be plausible in terms of the relationship between inter- 

be provided from a number of sources, including human 

Clearly, the use of different types of markers can play a very 
important role in justifying claims. This EU Concerted 
Action proposes that the classification of markers on the 
basis of their relationship to the target function or disease 
endpoint (see Section 2) now offers a scientific approach for 
the basis of Type A and Type B claims: 

If evidence for the effects of a functional food or a 
functional food component is based on a marker of target 
function or biological response (functional markers), then a 
Type A claim (enhanced function claim) might be justified. 

A Type B claim (reduced risk of disease claim), however, 
would only be justified if the evidence for the effect of a 

vention and results; 

studies. 

REDUCED RISK OF DISEASE 

functional food or a functional food component is based on 
an intermediate endpoint marker of disease. This marker 
would have to be shown to be significantly and consistently 
modulated by the functional food component for the 
evidence to be acceptable. 

To justify 

5.7 Linking the scientific basis of functional foods with 
the communication about their benefits to the public 

The development of functional foods, with their accom- 
panying claims, will proceed hand in hand with progress in 
food regulation which is the means to guarantee the validity of 
the claims as well as the safety of the food. Science in itself 
cannot be regulated and functional food science provides only 
the scientific basis for these regulations. At the present time, in 
several European countries, different initiatives have been 
taken, based on the dialogue between the food industry, 

To justify 

SCIENTIFIC BASIS L 

TYPE A CLAIMS 

4 For determining b 

p q  1 TYPE B CLAIMS 

I 

MODULATION OF DISEASE 
PROCESS 

MODULATION OF 
TARGET FUNCTIONS 
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retailers, regulatory authorities with consumer organizations. 
A self-regulating programme for ‘health claims’, which is not 
independent of existing legislation or the requirements of 
relevant authorities but would complement both, has been 
introduced in Sweden and more recently in The Netherlands. 
It is also being actively considered in the UK and Belgium. 

This EU Concerted Action has proposed a scheme 
whereby the scientific basis of functional food development 
can be linked to the communication of the benefits of 
functional foods to the public. This scheme is summarized 
in Fig. 3. Improved communication with consumers should 
follow if the principles in this scheme are adopted. 

1. 

2. 

3. 

6. EXECUTIVE SUMMARY 
The Functional Food Science in Europe (FIJFOSE) 
project was introduced, evaluated and accepted by the 
EU DG XI1 FAIR Programme as a Concerted Action. 
Its aim was to develop and establish a science-based 
approach for the emerging concepts in functional food 
development. Over the last three years of this EU 
Concerted Action co-ordinated by ILSI Europe, 
scientific data have been evaluated and new concepts 
have been elaborated. This Consensus Document is the 
culmination of the EU Concerted Action and its key 
points and recommendations are summarized here. It 
is by no means the end of the process, but, rather, an 
important starting point and the stimulus for functional 
food development. 
Considerable progress bas been made in scientific 
knowledge leading to the identification of functional 
food components which might eventually lead to an 
improved state of health and well-being and/or reduc- 
tion of risk of disease. Consumers are becoming more 
aware of this development as they seek a better- 
quality, as well as a longer, life. The food industry 
has an opportunity to provide products that are not 
only safe and tasty, but also functional. The originality 
of the approach in this ELI Concerted Action is  that 
it is function-bused, rather than product-based. The 
latter approach would have to be influenced by local 
considerations of different cultural as well as dietary 
traditions, whereas the function-based approach starts 
from the biologically based science that is universal. 
Furthermore, and most importantly, the function- 
based approach in this EU Concerted Action has 
allowed the development of ideas that suggest a 
unique way in which to link this scientific basis of 
functional foods with the communication about their 
possible benefits to consumers. 
This EU Concerted Action has adopted the following 
working definition, rather than a firm definition, for 
functional foods: 

4. Functional foods must remain j h d s  and they must 
demonstrate their effects in amounts that can normally 
be expected to be consumed in the diet. They are not 
pills or capsulm, but part of a normal food pattern. A 
functional food can be a natural food, a food to which 
a component has been added, or a food from which a 
component has been removed by technological or 
biotechnological means. It can also be a food where 
the nature of one or more components has been modi- 
fied, or a food in which the bioavailability of one or 
more components has been modified; or any combina- 
tion of these possibilities. A functional food might be 
functional for all members of a population or for parti- 
cular groups of the population, which might be defined, 
for example, b y  age or by genetic constitution. 

5. The development of functional foods must rely on 
basic scientific knowledge of target functions in the 
body that are relevant to an improved state of health 
and well-being and/or the reduction of risk of diseases, 
the identification of validated markers for these target 
functions and the evaluation of sound scientific data 
from human studies for their possible modulation by 
foods and food components. This EU Concerted Action 
has proposed ihat markers can be class$ed according 
to whether they are markers of exposure to thefunc- 
tioizal food component, whether they are markers that 
relate to target function or biological response or 
whether they lare intermediate markers of the actual 
disease endpoint or health outcome (see Fig. I ) .  

6. Consumers must be made aware of the scientific 
benefits of functional foods and this requires clear 
and informative communication through messages 
(claims) on products and in accompanying matenals. 
This EU Concerted Action has identijied two types of 
claims that are vital to functional food development 
and has provided a scientiJic basis for them to help 
those who have to formulate and regulate the claims 
(see Fig. 2).  

Claims for ‘Enhanced Function Claims’ (Type A) 
should require that evidence for the effects of the 
functional food is based on establishment and accept- 
ance of validated markers of Improved Target 
Function or 13iological Response, while claims for 
the Reduced Risk Of A Disease (Type B) should 
require that evidence is based on the establishment 
and acceptance of Markers of Intermediate Endpoints 
of Disease. These markers must be shown to be 
significantly and consistently modulated by the func- 
tional food or the functional food component for either 
type of claim to be made. This EU Concerted Action 
has therefore proposed a scheme whereby the scien- 
tific basis of functional food development can be linked 
to the communication of their benefits to the public 
(Fig. 3). I f  tAe principles of .such a scheme cun be 

A food can be regurded as [functional ’ $it universally odopted, then this should ultinuitely 
is satisfactorily demonstrated to affect improve Communication to consumers and minimize 
beneficially one or more target functions their confusion. 
in the body, beyond adequate nutritional 7 .  Functional foods must be safe according to all 
effects in a way that is relevant to either an standards of assessing food risk and new approaches 
improved state of health and well-being to safety might need to be established. This EU Con- 
and/or reduction of risk of disease. certed Action proposes that the development of validated 
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markers as described above should, if possible, be used 
and integrated in the safety assessment with particular 
attention being paid to long-term consequences and 
interactions between components. 

8. The development of functional foods, with their 
accompanying claims, will proceed hand in hand 
with progress in  food regulation, which is the means 
to guarantee the validity of the claims as well as 
the safety of the food. Science in itself cannot be 
regulated and functional food science provides only 
the scientific basis for these regulations. 
The Individual Theme Group papers, which are the 
science base for this Concerted Action, represent the 
critical assessment of the literature by European 
experts (see Bellisle et al. 1998 and Knorr et al. 
1998). The health outcomes that have been covered 
are those related to growth, development and differen- 
tiation, substrate metabolism, defence against reactive 
species, cardiovascular system, intestinal physiology 
and behavioural and psychological functions. 
This Consensus Document has selected some examples 
from each theme paper to illustrate the key target 
functions for each health outcome with their possible 
markers and candidate functional food components and 
has also indicated some research opportunities, tech- 
nological challenges and safety considerations. Among 
the technological challenges are issues relating to the 
creation of new functional food components, their 
optimization within foods and the continual monitor- 
ing of their eficacy throughout food processing. 

1 1. The collaboration between the many disciplines 
involved in food and nutrition science, such as that 
which has existed throughout this EU Concerted 
Action, is essential for successful innovation in func- 
tional food development leading to an improved state 
of health and well-being andor reduction of risk of 
disease for consumers. 
The European Union must play a leading role in the 
development of, and communication about, functional 
food science and the European Food industry should 
share the lead and work in partnership with the 

9. 

10. 

12. 

and they must achieve their effects in amounts that could 
normally be expected to be consumed in a diet. They are 
not pills. 

0 A function-based, rather than a product-based, approach 
has been proposed whereby the scientific basis of func- 
tional foods can be linked to the communication of their 
benefits to the public. The ability to communicate these 
benefits is essential for the successful development of 
functional foods and their role in improving public 
health. 

0 Scientific understanding of the way in which components 
affect body processes involved in health and well-being 
enables the development of markers that could register 
the impact of the new food products and could also be 
used in their safety assessment. 
Evidence from human studies based on markers 
relating to biological response or on intermediate end- 
point markers of disease could thus provide a sound 
scientific basis for messages and claims about the func- 
tional food products. Two types of claims are proposed 
that would relate directly to these two categories of 
markers: enhanced function claims, and reduced risk of 
disease claims. 
Support is needed for integrated research programmes, 
with interdisciplinary activity, to solve the key scientific 
and technological challenges and to exploit the scientific 
concepts in functional food science. 
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