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The Food, GI-tract Functionality and Human Health (PROEUHEALTH) Cluster brings together eight complementar y, multicentre
interdisciplinary research projects. All have the common aim of improving the health and quality of life of European comsumers. The
collaborat ion involves 64 different research groups from 16 different European countries and is coordinated by leading scientists. The
research results from the cluster are disseminated through annua l workshops and through the activities of three different platforms: a
science, and industry and a consumer platform. The cluster started in 2001 and will end in 2005.

ORIGINAL ARTICLE

INTRODUCTION

Probiotics, prebiotics, and synbiotics aimed at improving
intestinal health currently represent the largest segment of
the functional foods market in Europe, Japan and Aus-
tralia. Evidence continues to emerge demonstrating that
these ingredients have a potential to improve human
health in speci� c intestinal disorders. The European Com-
mission, through its 5th Framework Programme, is
presently investing a substantial research effort in the
intestinal microbiota, the interaction with its host, and
methods to manipulate its composition and activity for the
improvement of human health. Eight multicentre interdis-
ciplinary research projects currently cover a variety of
research topics believed to be crucial for the development
of ef� cacious probiotic foods, ranging from the under-
standing of probiotic mechanisms at a molecular level to
developing technologies that ensure delivery of stable
products and demonstrating safety and ef� cacy in speci� c
disorders. This concerted research effort promises to
provide an appreciable understanding of the human intes-
tinal microbiota’s role in health and disease, and new
approaches and products to tackle a variety of intestinal
af� ictions.

A number of steps are essential in the development of
ef� cacious probiotic and prebiotic functional foods (Fig.
1). A prerequisite for mechanistic studies of probiotic
action is an understanding of the composition and activity
of the intestinal microbiota as well as interactions with the
host in both healthy and diseased individuals. High
throughpu t molecular methods are required to examine the

intestinal microbiota and to track the location and activity
of probiotic strains in the intestinal tract. An understand-
ing of the mechanisms by which probiotics exert bene� cial
effects on human health allows selection of strains with
appropriate traits for hypothesis-driven clinical studies.
The safety of new strains must be demonstrated before
they are used in human clinical trials. An important area
of research is the establishment of technologies maximizing
the stability of functional traits of probiotics during manu-
facture, formulation, storage and in the intestinal tract.
Additionally, the ef� cacy of products may be enhanced by
exploiting synergistic interactions between functional in-
gredients as is potentially the case with synbiotics. F inally,
an understanding of the most appropriate methods to
communicate the bene� ts of the functional foods to con-
sumers and the in� uence of health messages on consumer
choice is essential to ensure that products are appropri-
ately applied and targeted to bene� t speci� c populations.

The Food, GI-tract Functionality and Human Health
(PROEUHEALTH) Cluster brings together eight comple-
mentary, multicentre interdisciplinary research projects
(Fig. 2). Their common aim is to improve the health and
quality of life of Europeans. The collaboration involves 64
different research groups from 16 different European
countries and is coordinated by leading European scien-
tists (see Appendix). The research results from the cluster
will be disseminated through various publications, annual
workshops and through the activities of three different
platforms: a science, an industry and a consumer platform
(Fig. 3). The cluster started in 2001 and will end in 2005.
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Fig. 1. The cluster projects in consumer s language.

image analysis, � ow cytometry and DNA arrays will be
developed. In situ detection methods for monitoring bacte-
rial gene expression at the cellular level will be developed
to monitor the impact of dietary constituents on the
transcription of bacterial genes. Samples from human pop-
ulations will be analyzed with the developed methods to
identify important factors of microbiota development, com-
position and activity.

Objectives. The project is aimed at developing, re� ning,
validating and automating the most advanced molecular
methods for monitoring the composition of the gut micro-
biota and bacterial gene expression in selected human
populations in response to diet and life style. The speci� c
objectives of the project are (1) to improve and facilitate gut
microbiota monitoring with molecular methods, (2) to
understand antagonistic and synergistic interactions of the
intestinal microbiota in response to nutrition, and (3) to � nd
links between major dysfunctions and the intestinal micro-
biota.

Future results and achievements. The project is expected
to provide methods that allow rapid detection of intestinal
bacteria and their activities. The application of the devel-
oped methods will provide baseline data on the intestinal
microbiota composition in response to origin and lifestyle.
The project will also provide fundamental information on
the biodiversity and phylogeny of the human gut micro-
biota. The obtained data will be used to develop a mecha-
nistic concept for diet-induced microbiota development and
to de� ne the role of the intestinal microbiota in disease
development. The project thereby contributes to investigate
the role and impact of food on physiological function, the
development of foods with particular bene� ts, and links
between diet and chronic diseases.

DESCRIPTION OF PROJECTS

1. Developing research tools

Project 1: Development and application of high throughput
molecular methods for studying the human gut microbiota in
relation to diet and health—MICROBE DIAGNOSTICS

The microbial gut ecosystem has a major impact on the
health and well-being of humans. Since the make-up and
activity of the gut microorganisms, collectively known as the
microbiota, are highly in� uenced by diet, the project is
designed to provide a better understanding of its impact on
human health and easy-to-use methods for monitoring its
composition. Novel methods are being developed to under-
stand and exploit the nutrition-driven impact of the human
gut microbiota on health. Since the presently used methods
for analysing the intestinal microbiota are time consuming
and tedious, high throughput methods for the automated
detection of � uorescently labelled cells based on microscopic

Fig. 2. Food, GI-tract functionality and human health cluster.
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Fig. 3. Three platforms will disseminate the aims and � ndings of the cluster to targeted audiences.

The project will provide technological solutions for the
rapid detection of gut microorganisms with a big potential
for a wide range of applications. The screening of gut
microbiota composition will be applied in relevant
biomedical research areas. It will facilitate the diagnosis of
a disturbed microbiota and the development of rational
therapies based on our knowledge of disease mechanisms.
It will support the development of functional foods aimed
at improved gastrointestinal function and other health
bene� ts.

2. Understanding mechanisms

Project 2: Probiotic strains with designed health properties—
DEPROHEALTH

Lactic acid bacteria (LAB) are well-known for their exten-
sive use in the preparation of fermented food products. In
addition, the potential health bene� ts they may exert in
humans have been intensively investigated during the last
century. However, the mechanisms underlying the health-
promoting traits attributed to LAB, especially lactobacilli,
remain vastly unknown and this has impaired the rational
design of probiotic screening methods with accurate predic-
tive value. This project aims at establishing a correlation
between in vitro tests and mouse models mimicking impor-
tant human intestinal disorders such as in� ammatory bowel
disease, Helicobacter pylori and rotavirus infections. As
these diseases correspond to major public health problems,
a second generation of probiotic strains with enhanced
prophylactic or therapeutic properties will also be designed

during the project. These designed strains and the isogenic
parental ones will be used to unravel mechanisms involved
in the immunomodulation capacity of speci� c Lactobacillus
strains.

Objectives. The general aim of this project is to acquire
knowledge about the molecular factors affecting the im-
munomodulation and:or immunogenicity of selected probi-
otic lactobacilli to allow for developing isolates with
enhanced protective or therapeutic effect. The objectives of
the proposal are, on the one hand, to unravel mechanisms
and identify key components of the immunomodulation
capacity of probiotic lactobacilli, and on the other, to
design a so-called second generation of probiotic strains
with enhanced properties against gastro-intestinal dis-
orders.

Two types of gastro-intestinal diseases are targeted:
in� ammations such as in� ammatory bowel disease (IBD)
and infections such as those caused by H. pylori and
rotavirus. For each of them, atherapeutic or prophylactic
(i.e. vaccine) recombinant probiotic strains will be con-
structed and tested in relevant animal models (i.e. mimick-
ing the human disease) to evaluate their capacity to induce
or modulate the immune response in the proper way. This
data will be correlated to in vitro testing of the immunomod-
ulation capacityin an attempt to identify:develop screening
methods that, in the future, will allow isolation of dif� cient
probiotic strains targeted at speci� c applications. Recombi-
nant DNA technology will also be used to assess the
importance of speci� c bacterial cell wall components and
adhesion factors in immunomodulation.
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Future results and achievements. Two types of modi� ed
probiotic strains will be constructed: mutant strains affected
in their cell wall composition and adhesion proteins as well
as recombinant strains with enhanced therapeutic or protec-
tive properties, focusing on gastrointestinal diseases of
in� ammatory or infectious origin. The � nal goal would be
to prove that designed probiotic strains could be used as
original therapeutic agents as, if successful, they would lead
to novel anti-in� ammatory treatments or oral vaccines
against Helicobacter pylori and rotavirus. It is also expected
that, by the end of the study, major progress will have been
achieved towards the rational design of simpli� ed probiotic
screening methods with accurate predictive value.

Project 3: Molecular analysis and mechanistic elucidation of
the functionality of probiotics and prebiotics in the inhibition
of pathogenic microorganisms to combat gastrointestinal
disorders and to improve human health—PROPATH

Recently, much attention has been paid to the health-pro-
moting properties of lactobacilli and bi� dobacteria. Probi-
otics and prebiotics are the driving forces of the functional
foods market. However, a major problem is that many of
these health-promoting properties are still questioned. For
instance, the fundamental basis of the inhibition of Gram-
negative pathogenic bacteria, such as the enterovirulent
diarrheagenic Salmonellae, and Helicobacter pylori, causing
gastritis and gastric ulcer disease, by probiotic LAB has not
been elucidated. This project will focus on the identi� cation
of the responsible compounds. In addition, the mechanism
of the inhibition of Gram-negative pathogens by probiotic
lactobacilli and bi� dobacteria will be studied using coculture
models (simulated gut fermentations, human cell lines and
animal models).

Objectives. The aim is to obtain a selection of probiotic
lactobacilli and bi� dobacteria that display a clear inhibition
of diarrheagenic Gram-negative pathogenic bacteria and
Helicobacter pylori. Thereafter the project focuses on iden-
tifying the metabolite(s) that are responsible for the inhibi-
tion and:or killing of Gram-negative pathogenic bacteria at
the same time as they have the conditions and kinetics of
the production of antimicrobials active towards Gram-neg-
ative pathogens and to predict their in vivo action. One of
the aims will be to establish co-culture models (simulated gut
fermentations, human cell lines, animal models) and to study
the interaction between inhibitory strains of LAB and
Gram-negative pathogens causing gastrointestinal disor-
ders. F inally the selected probiotic LAB will be tested in
clinical studies.

Future results and achievements. The results of the molec-
ular analysis and mechanistic elucidation of the functional-
ity of probiotics and prebiotics in the inhibition of
pathogenic microorganisms will result in (1) a project culture
collection of probiotic strains of lactobacilli and bi� dobac-
teria together with data on their characteristic and inhibitory

spectrum; (2) a molecular typing method for selected probi-
otic strains; (3) identi� ed compounds responsible for the
inhibition of Gram-negative pathogenic bacteria; (4) condi-
tions of antimicrobial production in the gut environment
and (5) co-culture models (simulated gut fermentations,
human cell line cultures, animal models) showing the
inhibitory action by the probiotic strains.

Project 4: Functional assessment of interactions between
the human gut microbiota and the host—EU &
MICROFUNCTION

The aim of this project is to identify the effects of dietary
modulation on the human gastrointestinal microbiota. The
in� uence of live microbial food supplements (probiotics),
dietary carbohydrates known to have a selective metabolism
(prebiotics), and a combination of these two approaches
(synbiotics) will be ascertained. The main objectives are to
clarify effects on the normal gut microbiota, and on host
gastrointestinal function, as well as determine mechanisms
involved in pro-, pre- and synbiotic functionality. These
objectives will be achieved through exploitation of model
systems and state-of-the-art technology.

Objectives. The principal objectives are to determine the
ef� cacy and safety of probiotics and prebiotics, determine
effective doses:combinations, identify mechanisms of action
and investigate impacts on host function. An important
aspect will be the development of new synbiotics and their
use in a human trial. The work planned aims to identify the
mechanisms of effect and to produce valuable information
on the in� uence of dietary intervention on the activities of
human gut microbiota. In addition, it will provide essential
means of validating probiotics and prebiotics and give
information on the optimal combinational approach.

There is currently an imperative requirement to identify
the realistic health outcomes associated with probiotic and
prebiotic intake and, importantly, give rigorous attention
towards determining their mechanisms of effect. This project
will aim to do so through investigating probiotic and
prebiotic in� uence on host functionality, including microbi-
ological and physiological aspects.

Future results and achievements. The aim is to identify
mechanistic interrelationships through fundamental scien-
ti� c approaches. The following milestones will be achieved:
ef� cient prebiotics and required dosage; active synbiotics;
effects of functional foods on bacterial translocation; effects
on host gene interactions; safety of functional foods deter-
mined; effects on selected health indices in humans.

3. Investigating effects on health

Project 5: Probiotics and gastrointestinal disorders: Con -
trolled trials of European Union patients—PROGID

This project will assess the ef� cacy of two previously selected
probiotic microorganisms, administered as dried fermented
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milk products, in alleviating the effects of in-
� ammatory bowel disease (IBD)—Crohn’s disease and
ulcerative colitis. Speci� cally, two distinct long-term (12
month), large-scale, multi-center, randomized, double
blind, placebo-controlled feeding trials will be performed
within a subset of the European Union population suffer-
ing from these gastrointestinal disorders.

Background and objectives. In recent years, the Interna-
tional Organization for the Study of In� ammatory Bowel
Disease and others have published prominent articles high-
lighting the necessity for standards in the design of trials
evaluating therapies in gastrointestinal disorders. In the
assessment of probiotic products, however, most studies
have been small, uncontrolled and poorly documented
with imprecise de� nition of the endpoints. In response, the
European Commission has funded the PROGID project
which will evaluate two speci� c probiotic microorganisms
in patients with ulcerative colitis or Crohn’s disease from
diverse geographical locations. The participating centers in
these studies will assess the ef� cacy of Bi� dobacterium
infantis UCC35624 and Lactobacillus salivarius UCC118 in
one year, randomized, double blind, placebo-controlled
trials for maintenance of remission. Both of the selected
probiotic strains have a history of safety and ef� cacy in
healthy adults and relapsed in� ammatory bowel disease
patients.

Future results and achievements. The anticipated results
from the PROGID project include: the provision of quali-
tative and quantitative evidence that the evaluated probi-
otics may (or may not) have a role in maintaining
remission of In� ammatory Bowel Disease (IBD); con� r-
mation, or otherwise, of the involvement of speci� c mem-
bers of the gastrointestinal microbial � ora populations as
causative or contributory agents of in� ammatory bowel
disease; generation of linear physiological and immunolog-
ical data relevant to the disease and remission states of
in� ammatory bowel disease; creation of a greater aware-
ness among the EU population of functional foods and
their potential bene� ts in maintaining healthy lifestyles;
and the establishment of a repository of biological samples
obtained from across the EU.

Project 6: Functional food, gut micro� ora and healthy
ageing—CROWNALIFE

Elderly people represent an increasing fraction of the
European population. Their higher susceptibility to degen-
erative and infectious diseases lead to rising public health
and social concerns. Appropriate preventive nutrition
strategies can be applied to restore and maintain a bal-
anced intestinal microbiota exerting protective functions
against the above disorders. The project is based on the
application of selected biomarkers in hypothesis-driven
human studies. We will identify the structural and func-
tional speci� city of the elderly’s intestinal microbiota

across Europe. Using this baseline information, we will
investigate functional food-based preventive nutrition
strategies aiming to bene� cially affect the functional bal-
ance of the elderly’s intestinal microbiota. Expected out-
comes include nutritional recommendations as well as new
concepts and prototype functional foods, speci� cally
adapted for health bene� ts to the elderly population.

Objectives. The overall objective is to improve the qual-
ity of life of the elderly throughout the third age, with
emphasis on the preservation of the period of indepen-
dence recognized as the crown of life. The focus is on
preventive nutrition and the application of functional food
to derive health bene� ts for the ever-increasing elderly
European population. Based on hypothesis-driven human
studies, the speci� c objectives of the project are (1) to
assess structural and functional alterations of the intestinal
microbiota with ageing and across Europe; and (2) to
validate functional foods-based preventive nutrition strate-
gies to restore and maintain a healthy intestinal microbiota
in the elderly. Implementations include nutritional recom-
mendations as well as new concepts and prototype func-
tional food speci� cally adapted for health bene� ts to the
elderly population.

Future results and achievements. The results will establish
six steps: (1) the assessment of the gut microbiota diversity
and composition in the European elderly population, and
identi� cation of its alterations with ageing (baseline human
study); (2) the assessment of modulation of the intestinal
microbiota (intervention human study with functional
food), and potential health bene� ts towards degenerative
pathologies and infectious diseases; (3) the improved
health status of the ageing population via speci� c nutri-
tional recommendations; (4) the nutritional guidelines
based on the complete assessment of a synbiotic product;
(5) the design and provision of adapted food supplements
directed towards intestinal microbial function, and (6) the
validation of processes and rationale for the design of a
new generation of functional foods to satisfy health
bene� ts for the elderly, based on innovative technologies.

Project 7: Biosafety evaluation of probiotic lactic acid bac-
teria used for human consumption—PROSAFE

Safety assessment is an essential phase in the development
of any new pro- or prebiotic functional foods. The safety
record of probiotics is good, and lactobacilli and
bi� dobacteria have a long history of safe use. However, all
probiotic strains must be evaluated for their safety before
being used in human clinical studies and in functional food
products. Conventional toxicology and safety evaluation
alone is of limited value in the safety evaluation of probi-
otic bacteria. Instead, a multidisciplinary approach is
necessary involving contributions from pathologists, ge-
neticists, toxicologists, immunologists, gastroenterologists
and microbiologists.
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Objectives. The safe use for human consumption of
probiotic strains, selected LAB including lactococci, lacto-
bacilli, pediococci and bi� dobacteria, and other food-asso-
ciated microorganisms such as enterococci will be assured
by proposing criteria, standards, guidelines and regula-
tions. Furthermore, procedures and standardized method-
ologies of pre-marketing biosafety testing and post-mar-
keting surveillance will be provided. The speci� c objectives
of the project will include � ve stages: (1) the taxonomic
description of probiotics, LAB and other food-related
microorganisms; (2) the detection of resistance and hori-
zontal transfer of antibiotic resistance genes; (3) the careful
analysis and de� nition of the nonpathogenic status of
probiotic LAB; (4) the immunological adverse effects of
the studied bacteria in the EAE model and (5) the survival,
colonization, and genetic stability of probiotic strains in
the human gut.

Future results and achievements. Future results will � nal-
ize important goals relating to probiotic strains, selected
LAB and other food-associated microorganisms and con-
sists of (1) establishing a culture collection and database;
(2) providing standardized methodologies to detect antibi-
otic resistance; (3) investigating the (potential) virulence
properties and their association with clinical disease and
results obtained in rat endocarditis models; (4) studying
potential immunological adverse effects; (5) analyzing the
genetic stability and colonization of probiotic strains in the
human gastro-intestinal tract, and (6) providing recom-
mendations for biosafety evaluation of probiotic strains.

4. Probiotic and prebiotic technologies

Project 8: Nutritional enhancement of probiotics and prebi-
otics: Technology aspects on microbial viability, stability,
functionality, and on prebiotic function—PROTECH

Maintaining the functional properties of probiotics during
manufacture, formulation and storage, are essential steps
in delivering health bene� ts to consumers from these prod-
ucts. The overall objective of this project is to address and
overcome speci� c scienti� c and technological hurdles that
impact on the performance of functional foods based on
probiotic-prebiotic interactions. Such hurdles include the
lack of a strong knowledge on the primary factors respon-
sible for probiotic viability, stability, and performance.
Limited information is available on the impact of process-
ing, storage and food matrices or food constituents on
probiotic viability, stability and functionality. Further-
more, suf� cient data are missing about the interactions
between probiotics and prebiotics in functional foods prior
to consumption.

Objectives. This project has three general objectives: (1)
to explore the effects of processing on the stability and
functionality of probiotics and on the performance of
prebiotics; (2) to apply selected processing techniques for
prebiotic modi� cation to identify and optimize probiotic-

prebiotic combinations; and (3) to use the information
generated as the basis for new process and product
options.

As a result of achieving these objectives, selected prebi-
otics in combination with tailored manufacturing processes
will not only contribute to probiotic functionality but also
improve viability and stability of probiotic cultures within
food matrices during processing and storage.

The project is divided in � ve speci� c objectives which
are:
(1) Effects on probiotic viability : The aim is to consolidate
quantitative data of processing effects on the physiology
and viability of probiotic organisms. This will include
effects during different fermentation processes, and freez-
ing and drying strategies and also during passage through
the GI-tract. Effects on cell composition including stress
responses, cell membrane composition and leakage, and
cell viability will be measured. A viability model for probi-
otic cultures will be developed and validated.
(2) Effects on probiotic stability : Experiments will be per-
formed to investigate the in� uence of media composition
and processing conditions on probiotic stability. This in-
cludes cryotolerance, resistance to dehydration, storage
and genetic stability. Stability of the important probiotic
characteristics of strains will also be investigated including
acid and bile tolerance and adhesion to intestinal cells.
New formulation techniques including micro-encapsula-
tion will be assessed in real food matrices including dairy
and cereal based foods.
(3) Probiotic -prebiotic interaction : The ultimate objective
is to optimize probiotic-prebiotic interaction for maximum
probiotic performance in culture, in food systems, and in
the GI-tract. Special attention will be given to indigestible
oligo- and polysaccharides with respect to fermentability
and to production of short chain fatty acids in animal
models and in vitro.
(4) Prebiotic function: New prebiotics will be developed
that are tailor-made for the stabilization and optimal
performance of probiotics. These will be examined for
their physiological properties and their organoleptic, and
physicochemical properties will be technologically evalu-
ated in real foods.
(5) Probiotic functionality : The effect of growth conditions
and stress environments on the functionality of probiotic
bacteria will be examined. Stresses tested will include high
acid, bile, temperature, oxygen and osmotic tension. In
addition, high hydrostatic pressure and controlled perme-
abilization technologies will be evaluated stress precondi-
tioning of LAB, including bi� dobacteria. Cross protection
against other stresses will be examined.

Future results and achievements. Expected achievements
include the establishment of unique data sets that include
the identi� cation of critical process parameters for probi-
otics and prebiotics and results from systematic studies
suggesting means to overcome existing process and
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product limitations. The compilation of protocols for pro-
biotic performance, prebiotic function and probiotic-prebi-
otic interactions will also be provided. Further, it is
expected to establish probiotic viability models and func-
tionality biomarkers. In addition, it is attempted to achieve
optimization of probiotic viability, stability in culture and
real food systems at pilot plant scale, generation and
modi� cation of unique prebiotics, of probiotic interactions
and of environmentally and processing induced functional-
ity of probiotics. Application of the expected results will
lead to new process concepts for probiotics, for prebiotics
and for probiotic-prebiotic combinations. Special emphasis
of the development of product concepts will be on cereal
and dairy-based products and on the development and
incorporation of unique plant based prebiotics for optimal
interaction between prebiotics performance and probiotics
function.

5. Consumers and perceived health bene� ts of probiotics

Science-based knowledge on how probiotic bacteria can
promote our well-being has increased in recent years. The
success of probiotic products will be determined by con-
sumers’ willingness to buy and eat them. The perceived
bene� ts of these new products are key factors for con-
sumer acceptance. Some of the bene� ts are relevant to a
large group of people, but others bene� t only well-de� ned
target groups. For ordinary consumers, preventing trav-
eller’s diarrhea or helping with temporary gut disorders is
a clear advantage, but still the motivation to use probiotics
for patients suffering from irritable bowel syndrome or
in� ammatory bowel disease is likely to be higher if the
probiotics can, at least partly, replace medication and
reduce or even prevent symptoms.

Functional foods, i.e. products promising speci� ed ef-
fects on physiological functions, represent a new kind of
health message for the consumers. In traditional nutri-
tional messages the emphasis is on diet and on avoiding or
favouring certain types of foods rather than giving recom-
mendations on particular products. Probiotic and other
products containing the new kind of health message ap-
pear to better respond to the needs of different people than
the idea of a nutritionally balanced diet.

Although the most enthusiastic users of functional foods
are believed to be middle aged women who already follow
healthy diets, in previous studies in F inland the general
health interest, which measure people’s willingness to com-
ply with nutritional recommendations, has not been
strongly linked with the willingness to use functional
foods. The well-de� ned bene� ts promised by probiotic
foods contain a positive message to consumers. The idea
of gaining a bene� t by using a product rather than avoid-
ing a slow development of chronic diseases forms a differ-
ent message. For Irish consumers the most interesting
claims were related to heart diseases, cancer and bone
health. Surprisingly, probiotics were not well recognized,

even though yoghur t was among the most frequently used
functional foods.

Developing probiotic foods also introduces the novelty
aspect into the product. In general, consumers tend to be
suspicious towards novelty in foods because it means
uncertainty and thus threat. Therefore, the bene� ts
promised by these new food products will be weighed
against the perception of possible risks. Highly developed
technologies are often involved in manufacturing the new
probiotic foods. In several European countries healthiness
has been associated with naturalness. The need for highly
advanced technology in the production of probiotic foods
may lower the perceived naturalness, which may create
distrust towards functional foods among consumers. Con-
sumers seem to � nd functions that enforce the natural
properties of a product more acceptable than those func-
tions that are arti� cially added and in disaccordance with
the earlier image of the product. Therefore, in addition to
technological considerations, adding probiotics into food
products require understanding of the existing beliefs con-
sumers have about these products.

Consumer responses to functional foods and their
health-related messages require more research. Communi-
cating the gut health messages effectively to consumers
with varying age and cultural background remains one of
the key issues. Besides this we need tremendous efforts
towards communication and cooperation between medical
doctors, nutritionists, pharmaceutics. As the information is
a vital factor, trust between all sides is required, so that
messages will be given attention. The differences between
functional properties of various strains are dif� cult to
explain to consumers and tools for doing this should be
created. For some consumers, food products working al-
most like medicines may be hard to approve of. Further-
more, food products need to have a place in the daily food
system, whereas medicines are taken upon instructions,
and using food as a replacement for medicines requires
adjustments in eating habits as well. Probiotic products
can improve human health only if they are eaten fre-
quently. To ensure this the above issues must be addressed
so that an appropriate set of products which will be
accepted and consumed can be developed.

CONCLUSIONS

Health is one of the main reasons behind food choices, but
still other factors are taken into consideration by the
consumer. As pleasantness and sensory quality can be
experienced directly, they are known to be the essential
factors in repeated choices. Even with foods aimed for
health, the taste has to be good for securing repeated
choices. Probiotics modifying the gut microbiota have
physiological effects that cannot be experienced directly.
The credibility of the health-related messages is therefore
the critical goal in aim to guarantee that the product has a
reward value for the consumer. Consumers are selective in
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their attention so that messages that are relevant to us and
which are congruent with our earlier beliefs are easily
accepted. Therefore, food-related messages have to corre-
spond with our existing beliefs and motivation to use a
product. Preventing a possible stomach upset has little
relevance to a healthy person, but can make a vast differ-
ence for someone suffering from IBD or someone who
easily catches traveller’s diarrhea.

Keeping this in mind the microbes with health impact
are and will remain an important functional ingredient for
years to come. New strains will be identi� ed and foods will
be developed to ful� ll the needs of speci� c consumer
groups. Increased understanding of interactions between
the gut microbiota, diet and the host will open up possibil-
ities of producing novel ingredients for nutritionally opti-
mized foods promoting consumer health through
microbial activities in the gut.

The future research on food and microbes with health
impact will continue to develop speci� cally aimed at (1)
exploring the mechanisms of action of microbes and their
health effects in the GI-tract, especially in healthy individ-
uals; (2) developing sophisticated diagnostic tools for the
gut microbiota and biomarkers for assessing their func-
tionality; (3) examining the effects of food-derived bioac-
tive compounds on GI-diseases, GI-infections, and
allergies; (4) developing new therapeutic and prophylactic
treatments for different patient and population groups; (5)
realizing molecular understanding of immune modulation
by bacteria with health-effects; (6) elucidating the role of
colon microbiota in the conversion of bioactive com-
pounds; (7) analyzing the effects of the metabolites to the
colon epithelium or the effects after absorption; (8) ensur-
ing the stability of microbes with health effects and their
bioactive compounds also in new types of food applica-
tions by developing feasible technologies; and � nally (9)
providing the safety of the functional ingredients.

The acceptance of probiotic, prebiotic, symbiotic prod-
ucts in the future will depend on the solid proof of the
health bene� ts they promise at the moment. Therefore,
research that provides the scienti� cally sound evidence to
back up the health claims is needed. How to make the
knowledge produced by science comprehensible to the
consumer is the major challenge, as the laymen thinking is
based on approximation and black-and-white views
whereas scienti� c thinking deals with probabilities and
degrees of uncertainty. Consumers’ trust in the informa-
tion depends on the source and content of message. The
critical point for the producers of probiotic foods is to
gradually build and ensure consumer trust.
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