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T
he human gut contains huge numbers of bacteria, 
more than 10,000 times the world’s human popu-
lation, which closely interact with our bodily func-
tions. Some of these interactions are considered 
to be benefi cial and others neutral, while certain 
colon inhabitants are pathogens and can threaten 

our health. In healthy people, the whole of the bacterial gut 
community forms a balanced microbiota of more than 500 
species that actually contributes signifi cantly to the body’s 
resistance to occasional infections, such as gastrointestinal 
diseases caused by food-borne pathogens. Changes in the 
composition of the gut microbiota may disrupt that balance 
and leave the host more vulnerable to infections, or, in some 
cases such as gastrointestinal infections and food allergies, 
even be the cause of diseases.

Probiotics
Nowadays, consumers are aware of the role of the gut micro-
biota in health and disease. They understand the necessity 

to maintain their health through appropriate nutrition. 
The belief that specifi c foods provide protective functions 
has been long held by populations that ate fermented 
foods, such as yoghurt, koumiss and fermented cabbage. 
Such gut protection is determined by living bacteria and 
their metabolic products. This knowledge has opened 
the market for the concept of ‘probiotics’ – the word stems 
from the Greek προ βιος (pro bios (pro bios ( , ‘for life’) – a term 
traditionally used to describe the use of live micro-organisms 
as food supplements that benefi t the host by improving its 
intestinal microbial balance (Table 1). In 2001, a joint FAO/
WHO expert committee proposed defi ning probiotics as ‘live 
micro-organisms that, when consumed in an adequate 
amount as part of the food, confer a health benefi t on the host’, 
an enlarged defi nition that is still commonly used today.
 Certain strains of lactic acid bacteria, such as lactobacilli, 
and bifi dobacteria are the most common micro-organisms 
used as probiotics. As the name suggests, lactic acid bacteria 
produce lactic acid through sugar fermentation. They have 

been used for centuries to produce 
fermented foods. Probiotics are avail-
able as fermented and non-fermented 
foods (probiotic foods), and as food 
supplements. Some probiotics are now 
used as an alternative therapy for 
treatment of infectious gastroenteritis, 
or in the prevention and cure of anti-
biotic-associated diarrhoea. Further ex-
ploitation of the prophylactic potential 
of probiotic micro-organisms is very 
promising with respect to the develop-
ment of new and progressive disease 
control strategies.

A concise history of probiotics
A benefi cial association of micro-
organisms with the human host was 
probably fi rst suggested by Albert 

Döderlein in 1892. He found that 
vaginal bacteria producing lactic acid 
prevented or inhibited the growth of 
pathogenic bacteria. Later, in 1906, 
the Frenchman Henry Tissier reported 
clinical benefi ts from modulating the 
gut microbiota in infants with intestinal 
infections by the displacement of the 
pathogenic bacteria with bifi dobacteria. 
In 1908, in The Prolongation of Life, 
the Russian Nobel prizewinner Elias 
Metchnikoff, who was then working in 
the laboratories of the Institut Pasteur 
in Paris, hypothesized for the fi rst time 
the importance of lactobacilli to human 
health and longevity. Although he 
considered the gut microbiota in total 
as detrimental rather than benefi cial 
to health, he suggested that desirable 

effects might be expected only from 
their substitution by yoghurt bacteria. 
In this context, Metchnikoff actually 
promoted lactobacilli for their major 
metabolite of sugar fermentation, 
namely lactic acid. In the early 1920s 
Rettger and Cheplin documented that 
acidophilus milk displays therapeutic 
effects. They believed that colonization 
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and growth in the gut of the microbes involved were essential 
for effi cacy and, therefore, they advocated the use of intestinal 
isolates. Finally, in 1930, Dr Minoru Shirota in Japan was the 
fi rst to bring a strain of ‘good’ intestinal bacteria into culture 
for manufacturing a dairy drink, named Yakult. Nowadays, 
there are several other probiotics and probiotic foods on the 
market.

Gastrointestinal infections: hurdles to cross
As the human gut is an open system, it is continuously 
exposed to the threat of being colonized by potentially 
pathogenic micro-organisms. It has therefore developed an 
effi cient host defence system, promoted by the proper and/
or synergistic functioning of the gastrointestinal epithelium 
and the resident gut microbiota. These two partners form a 
physical, chemical and microbial barrier in our gut against 
microbial pathogens. To cause disease, a possible pathogen 
has to overcome a series of hurdles. The fi rst hurdle consists 
of adhesion of the pathogenic cells to the host’s intestinal 
epithelium. This fi rst step is essential; otherwise the patho-
gen is fl ushed out by the fl uid fl ow in the gut lumen and 
by peristalsis. Once bound, the pathogen can start to 
colonize the epithelial surface. Therefore, it must resist the 
environmental conditions in the gut, created both by the 
host that will counterattack via the immune system, and by 
the other microbes present in the intestine, an interaction 
also referred to as colonization resistance (barrier effect). 
This is the phenomenon by which microbes already present 
in the gut display properties (competitive and antagonistic) 
that prevent or minimize the growth of newly introduced 
strains reaching the colon in the fl ow of partially digested 
food ingredients. Only after crossing these hurdles can a 

pathogen start to induce harmful effects in the intestines, 
such as disruption of the tight junctions of the epithelial cells 
by production of enterotoxins and by inciting infl ammation 
of the gastrointestinal mucosa.

Probiotic actions against pathogens: 
mobilizing defences
Probiotics are thought to be able to strengthen every line of 
our colonic defences against invasion by pathogens, thus 
contributing to human health. First, pathogens and pro-
biotics have to compete against each other for the nutrients 
available in the gut lumen. Given the complex, nutrient-
rich environment of the gut ecosystem, this might not be 
the limiting factor for pathogen proliferation. Additionally, 
however, pathogens and probiotics compete for colonization 
sites. Some probiotics may gain an advantage in this compe-
tition for host binding sites by secreting anti-adhesive 
molecules, or by inciting the host to enhance mucus 
production.
 On a second level, probiotics can directly interfere with 
growth and even kill pathogens by producing antimicro-
bial compounds. Weak organic acids, such as lactic acid 
and acetic acid, the main metabolic end-products of the 
carbohydrate metabolism of probiotic lactic acid bacteria 
and bifi dobacteria, have strong antibacterial activity. These 
acids can permeate into bacterial cells and disturb key 
biochemical processes by lowering intracellular pH. Further-
more, they can make bacteria more vulnerable to the actions 
of other specifi c substances, such as antibacterial peptides. 
This may explain why a large number of Lactobacillus
strains inhibit the growth of bacterial pathogens, such as 
the gastric pathogen Helicobacter pylori, and food-borne 

pathogens, such as Campylobacter, 
Salmonella, Escherichia coli and Listeria 
monocytogenes.
 Third, probiotics may have an 
infl uence on the immune system of the 
host. They can stimulate the innate (e.g. 
enhanced production of defensins) as 
well as the adaptive immune response. 
Concerning the latter, some probiotics 
seem to direct host responses to an 
infl ammatory, cellular reaction, where 
others enhance the antigen-mediated 
response. This should be taken into 
account when selecting a probiotic to 
treat a particular infection. Moreover, 
the effect of probiotics on the human 
immune system stretches beyond the 
gut and can have an infl uence on the 
body’s defence towards a large variety 
of infections.

Specialized forces
Besides these specifi c targets of action, 
probiotic strains differ with respect to 
their health-promoting effects. There-
fore, the consumer should be aware of 
two very important issues. First, health-
promoting effects are strain-dependent. 
This means that not all strains of a given 
species possess the health-promoting 
properties of a probiotic strain of that 
species. One can compare this with the 

human capacity to speak more than 
fi ve languages, to play sports in a high 
level competition, to climb a mountain, 
etc., which is individual-dependent, 
although we all belong to the same 
human species. Moreover, it is obvious 
that not all probiotic strains possess all
health-promoting properties mention-
ed above. Unfortunately, food manu-
facturers sometimes misuse the pro-
biotic concept by not specifying the 
probiotic strain used and extrapolate 
the health-promoting properties of cer-
tain probiotic strains to all strains of 
that species. As a result strain identi-
fi cation and scientifi c validation of 
the health-promoting effects of the 
strains used are absolutely necessary 
and should be communicated to the 
consumer through clear food labelling 
and freely accessible, easy-to-under-
stand documentation.
 Second, health-promoting properties 
of valid probiotic strains are matrix-
dependent. Effi cacy of a probiotic strain 
in a certain food matrix, for instance 
milk, is not necessarily the same in 
a cereal or meat matrix. Even within a 
milk matrix, effi cacy will be dependent 
on the texture of the matrix, which is 
different in, for instance, milk, yoghurt 
and fresh cheese. Moreover, the quantity 

of cells to be added to the product 
by the food manufacturer and the 
amount of food product to be taken 
up by the consumer are dependent on 
the food matrix. It is clear that appro-
priate and well designed, well con-
ducted, experiments in vitro (labora-
tory) and in vivo (mice and human 
intervention trials) studies are neces-
sary to relate certain factors to the 
effectiveness of probiotic strains and 
probiotic foods.
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Table 1. A few examples of the changing defi nitions of probiotics

Year Author Defi nition
1970s Sperti Tissue extracts that stimulate microbial growth
1974 Parker First use of the term ‘probiotic’. Animal feed supplements 

(organisms and substances) that have a benefi cial effect on 
First use of the term ‘probiotic’. Animal feed supplements 
(organisms and substances) that have a benefi cial effect on 
First use of the term ‘probiotic’. Animal feed supplements 

the animal host by contributing to its intestinal microbial 
(organisms and substances) that have a benefi cial effect on 
the animal host by contributing to its intestinal microbial 
(organisms and substances) that have a benefi cial effect on 

balance
the animal host by contributing to its intestinal microbial 
balance
the animal host by contributing to its intestinal microbial 

1989 Fuller Live, microbial feed supplements that benefi cially affect the 
host animal by improving its intestinal microbial balancehost animal by improving its intestinal microbial balance
Live, microbial feed supplements that benefi cially affect the 
host animal by improving its intestinal microbial balance
Live, microbial feed supplements that benefi cially affect the 

1990s Several 
authors

Defi nitions that focus on viable micro-organisms (lactic acid 
bacteria and other bacteria and yeasts), animal and human 
Defi nitions that focus on viable micro-organisms (lactic acid 
bacteria and other bacteria and yeasts), animal and human 
Defi nitions that focus on viable micro-organisms (lactic acid 

hosts, living cells applied in a fermented product or as 
bacteria and other bacteria and yeasts), animal and human 
hosts, living cells applied in a fermented product or as 
bacteria and other bacteria and yeasts), animal and human 

dried cells, mixtures of cultures, and health benefi ts beyond 
hosts, living cells applied in a fermented product or as 
dried cells, mixtures of cultures, and health benefi ts beyond 
hosts, living cells applied in a fermented product or as 

equilibration of the indigenous microbiota.equilibration of the indigenous microbiota.
dried cells, mixtures of cultures, and health benefi ts beyond 
equilibration of the indigenous microbiota.
dried cells, mixtures of cultures, and health benefi ts beyond 

2001 FAO/
WHO

Live micro-organisms that, when consumed in an adequate 
amount as part of the food, confer a health benefi t on the 
Live micro-organisms that, when consumed in an adequate 
amount as part of the food, confer a health benefi t on the 
Live micro-organisms that, when consumed in an adequate 

host.
2002 ILSI Live, microbial food ingredient that, when taken up 

in adequate amounts, confers health benefi ts on the 
Live, microbial food ingredient that, when taken up 
in adequate amounts, confers health benefi ts on the 
Live, microbial food ingredient that, when taken up 

consumer.
2003 EFFCA Live micro-organisms, which, when ingested or locally 

applied in suffi cient numbers, provide the consumer with 
Live micro-organisms, which, when ingested or locally 
applied in suffi cient numbers, provide the consumer with 
Live micro-organisms, which, when ingested or locally 

one or more proven health benefi ts.one or more proven health benefi ts.
applied in suffi cient numbers, provide the consumer with 
one or more proven health benefi ts.
applied in suffi cient numbers, provide the consumer with 
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