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a b s t r a c t

The gut microbiota is a highly diverse and relative stabile
ecosystem increasingly recognized for its impact on human health.
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Microbiota
Mechanisms of action
Clinical evidence

The homeostasis of microbes and the host is also referred to as
eubiosis. In contrast, deviation fromthenormal composition, defined
as dysbiosis, is often associated with localized diseases such as in-
flammatory bowel disease or colonic cancer, but also with systemic
diseases likemetabolic syndromeandallergic diseases.Modulating a
gutmicrobiota dysbiosiswith nutritional conceptsmay contribute to
improving health status, reducing diseases or disease symptoms or
supporting already established treatments. The gut microbiota can
bemodulated by different nutritional concepts, varying from specific
food ingredients to complexdiets orby the ingestionof particular live
microorganisms. To underpin the importance of bacteria in the gut,
we describe molecular mechanisms involved in the crosstalk be-
tween gut bacteria and the human host, and review the impact of
different nutritional concepts such as pre-, pro- and synbiotics on the
gastrointestinal ecosystem and their potential health benefits. The
aim of this review is to provide examples of potential nutritional
concepts that target the gutmicrobiota to support humanphysiology
and potentially health outcomes.

� 2013 Elsevier Ltd. All rights reserved.

Introduction

Gut microbiota changes in health and disease

The human body hosts roughly ten times moremicroorganisms than eukaryotic human cells. These
organisms are part of a complex ecosystem comprisingmore than 3.3 million genes and corresponding
to a large spectrum of enzymatic activities leading to molecular signals and metabolites that may
directly influence our health andwell-being. It is clear that our diet can have a significant impact on the
composition and functionality of the gut microbiota and in this way can influence our health status [1–
3]. As long as recorded human history goes, a strong relationwas recognized between diet and our state
of health [4,5].

During the last decade thehuman intestinalmicrobiotahasgained increased interest for itspostulated
impactonhumanhealth. Its potential implication indiseaseswithin thegastrointestinal tract andbeyond
has been widely reported [6–10]. Among these, especially the immune related diseases such as allergy,
inflammatory bowel disease, but also metabolic and degenerative diseases, typically increasing in
industrialized societies, have been associated with altered patterns in the gut microbiota [11,12].

Even though it is difficult to demonstrate causative relationships for specific commensal bacterial
species in health and disease, there is emerging evidence for certain gut microbial species being
involved in disease aetiology [13–17]. In addition, in many cases, reduced microbiota diversity can be
correlated to compromised health, implicating this more generic microbiota-related parameter in
health and disease [18–20]. The diversity, defined as the observed number of types of species and or
genes in the gut ecosystem, is generally reduced in obese individuals and IBD patients when compared
to healthy controls, for example [21].

Interestingly, several microbiota transplantation studies in animals have shown that the trans-
mission of a dysbiosed gut microbiota to their healthy counterparts is sufficient to induce the disease
outcome, indicating indeed a causative relationship [22]. More recently, transplantation of a human
microbiota from a lean donor to obese subjects induced an improvement of insulin-resistance con-
firming that microbial imbalance is not solely a secondary consequence, but can contribute to the
aetiology of certain diseases [23].

In-depth genetic characterization of the microbiota has recently demonstrated that human beings
can be divided in three different clusters based on their microbiota composition [24]. If distinct
microbiota patterns, also referred to as enterotypes, can be recognized, one can hypothesize that
based on the microbiota composition different concepts can be developed to target health benefits
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