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●
A huge and diverse number of bacteria exists
inside the human digestive tract. In fact, this
microbiota is thought to comprise about 95%

of all the cells in the body. There are more bacteria in 
the colon than the total number of people who have 
ever lived; we carry about 1 kg of bacteria in the gut; 
there are up to 100,000,000,000 microbes in every 
gram of faeces; human adults excrete their own weight 
in faecal bacteria each year and the gut flora handles 
the equivalent weight of 12 elephants in food volume
during a typical lifetime. Suffice it to say, there are a lot 
of bacteria in the gut, but what are they doing and do
they impact on our health?

This microflora plays an important role in the
digestive process and, without its activities, life would be
extremely uncomfortable, if not impossible. The typical
‘function’ of the large intestine is often thought to be
water absorption and the storage, then excretion, of
waste material. However, because of the metabolic
capacity of the gut flora (which ferments about 100 g of
food each day), the hindgut is probably the most active
organ in the body. It has a significant impact on health
and well-being. Usually, we live in close harmony with
these bacteria, but sometimes the process can go wrong.
For example, chronic gut diseases can arise if pathogens 
in the gut flora begin to grow at high levels. However,
some species are beneficial because they can repress the
activities of the harmful types. This has led to the
development of foods that serve to increase numbers 
of the latter. Probiotics include live micro-organisms 
in the food, while prebiotics are carbohydrates which

have selective effects that enhance the growth of the
‘beneficial’ flora already in the gut.

Most people, if not everyone, suffer from a gut
complaint at some time in their lives. It is estimated 
that at any one time 1 in 5 people are experiencing a
digestive disorder. This may manifest itself in acute
forms such as gastroenteritis. However, if the sufferer is
more unfortunate, gut problems can become chronic
(Fig. 1). Again, micro-organisms are usually the culprits
(Table 1). These disorders are of huge medical and
economic concern. For the patient and his/her physician
there are clinical issues, whilst time away from 
employment and the costs of therapy, if any is available,
can cause a financial burden. Costs are especially relevant
for elderly persons who are more susceptible to
infections.

A lack of good prophylactic strategies, the expense 
of therapy, the ubiquity of gut disease and the fact that 
in many cases diagnosis may be too late for effective
treatment have all led to the application of diet to 
help control or reverse the onset of illness. One key 
to this interaction is the targeting of beneficial micro-
organisms in the gut. These are thought to exert
powerful effects against pathogens.

Everyone probably has probiotic microbes within
their gut flora, mostly in the large intestine. The most
common types are Lactobacillus or Bifidobacterium species,
although other lactic-acid-excreting bacteria are also
thought to be useful. Apart from in the breast-fed infant
(whose gut flora is dominated by bifidobacteria),
indigenous probiotics are probably not present at

sufficiently high levels.
Hence, diet can be used to
boost natural populations.
One good analogy is 
the higher incidence of
infection seen in bottle-
fed compared to breast-fed
infants, the former having
lower probiotic numbers in
the gut.

● Live ‘germs’ in
foods?
The term probiotic was
first coined in the 1960s,
although the earliest
records of probiotic intake
stretch back much further
than this. Several thousand
years ago, nomads ingested
milk that had been
fermented by lactic acid
bacteria. Metchnikoff, who
won the Nobel Prize for his
work on the gut in health
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Table 1.Examples of chronic gut diseases thought to be related to micro-organisms and their
activities

Name of disease Comments

■ Ulcerative colitis (UC) Confined to the colon, where most microbial activity in the body occurs. An example of an inflammatory
bowel disease. UC cannot be induced in animal models lacking a gut flora. Purported aetiological link with sulphate-
reducing bacteria which produce toxic sulfides and have the ability to invade colonocytes.

■ Crohn’s disease (CD) Another form of inflammatory bowel disease. Can affect any area of the gastrointestinal tract from mouth to anus.
Microbial involvement is less convincing than for UC, but mycobacteria have been implicated in CD.

■ Bowel cancer Second most common form of cancer in the West, responsible for 1 in 5 fatalities in the USA. Certain components of
the gut flora can produce known carcinogens, e.g. nitrosamines, heterocyclic amines.

■ Irritable bowel syndrome Estimated to affect 20% of the UK population. Related to stress but also to gut ‘dysfunction’. Often occurs after 
antibiotic intake and has been linked to excessive carriage of Candida spp.

■ Pseudomembranous colitis Caused by the proliferation of Clostridium difficile within the flora. Invariably occurs after exposure to antibiotics,
■ intestinalis (PCI) whereby the normal suppressant effect of gut bacteria against C. difficile is compromised.
■ Pneumatosis cystoides Characterized by gas-filled cysts in the bowel lining. PCI is thought to be due to a flaw in the metabolism of gas 
■ intestinalis produced during the normal fermentation process.
■ Type B gastritis; Peptic ulcer; All believed to be linked with the carriage of Helicobacter pylori, a common gastric isolate.
■ Stomach carcinoma
■ Food allergy/intolerance The gut is the first point of contact for all foods. Microbes can form a ‘barrier-like’ effect through the metabolism 

of xenobiotic compounds.
■ Translocation Most often occurs in relation to trauma, such as intensive surgery. The gut can become ‘leaky’, with bacteria migrating

to systemic regions like the liver. Therein, they may produce toxins.
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and disease, was probably responsible for the first
scientific drive. One of the earliest definitions was that 
of Parker who worked on probiotics for animal feeds:
‘organisms and substances which contribute to intestinal
microbial balance’. Then, in the 1980s, Fuller proposed
the removal of any reference to substances in probiotic
definitions. His is one of the most popular versions used
and emphasizes the need for living organisms in
probiotic products: ‘a live microbial feed supplement which
beneficially affects the host animal by improving its intestinal
microbial balance’. Clearly, this has had an impact when
the reported intakes of probiotics are assessed, i.e. over 20
million people in Asia throughout the 1990s and over 10
million people in Europe in the year 2000 ate probiotics
each day. The market value of probiotics in Europe is
surging and is now estimated to be over 1 billion Euro
per annum (Fig. 2).

Three important research findings have helped to
propel the scientific basis of probiotics:
● germ-free animals appear to be more susceptible to

infection than conventional counterparts;
● oral antibiotics reduce resistance to infection;
● administration of faecal enemas controls antibiotic-

associated colitis which would otherwise be induced
by the pathogen Clostridium difficile.
Each of these observations showed that protective

components were present in the gut flora which were
subsequently found to be probiotics. Selection criteria
for their isolation and use are as follows. They should:
● exert a proven beneficial effect on the consumer;
● be non-pathogenic and non-toxic;
● contain a large number of viable cells;
● survive well in the gastrointestinal tract (the best

products should be resistant to gastric acid, small gut
secretions and compete well with bacteria already in
the gut);

● have good sensory, mouth-feel properties;
● preferably be isolated from the same species as the

intended user.
The product range for probiotics is expanding. Whilst

there are no formal lower or upper limits for probiotic
intake, it seems that at least 10,000 viable cells per ml of
product will give the strain(s) a competitive chance
within the gut flora.

● Prebiotics: dietary culturing of the existing
gut flora
Conventional microbiology would target an inoculum
with a substrate favourable for growth of the microflora.
This is the premise of the prebiotic concept where
selective dietary additions are used to enhance natural
levels of gut bifidobacteria and/or lactobacilli.

A prebiotic is formally defined as a non-digestible 
food ingredient that beneficially affects the host by 
selectively stimulating the growth and/or activity of one or 
a limited number of bacteria in the colon that can improve 
the host’s health. Thus the prebiotic approach advocates
the administration of non-viable dietary components.
Most prebiotics are selected on the basis of their ability 
to promote the growth of lactic acid micro-organisms
that are already in the gut. Popular prebiotics in current
use include oligosaccharides of fructose and galactose as
well as lactulose. Other candidate materials include
lactosucrose, soybean oligosaccharides, palatinose,

isomalto-oligosaccharides, gluco-oligosaccharides and
xylo-oligosaccharides.

One area of research interest is the development of
‘designer’ forms that offer multiple biological activities.
In Reading we are applying food biotechnology to this
area and developing various novel molecules for food 
use. For example, forms that possess both prebiotic and
anti-adhesive (against pathogens and their toxins)
activities exist. Recent trials have shown that such
molecules can be added to the diet and confer powerful
resistance to a challenge with enteropathogenic
Escherichia coli. We are also developing prebiotics that
have a slow fermentation in the large bowel and therefore
exert positive effects on the gut flora in the left side of 
the colon, an area of the gut which is especially prone to
disorders like bowel cancer and ulcerative colitis. These
are being tested in models that simulate various
anatomically distinct regions of the gut. Prebiotics are

LEFT:
Fig. 1. When gut microbiology
goes wrong. An example of severe
chronic inflammation of the large
intestine (ulcerative colitis, for
which the evidence of bacterial
involvement is strong). Trials are
on-going to help manage this
condition, and other gut disorders,
through prebiotics.
COURTESY M. PITCHER, NORTHWICK
PARK HOSPITAL, HARROW

BELOW:
Fig. 2. Examples of probiotic
products. Do they contain the
strains they are meant to? Do 
they have them at high enough
numbers? Is persistence in the
gastrointestinal tract likely?
COURTESY R. YOUNG, READING 
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also being investigated that act at the species level.
Current available forms tend to stimulate bifidobacteria
and/or lactobacilli as genera. A more tailored approach
may be necessary and has been developed through 
use of reverse enzyme technology (β-galactosidase) in
probiotics. The product is a prebiotic that is selective 
for the original producing strain. The probiotic and
prebiotic may then be combined (to form a synbiotic),
whereby the live micro-organism is given a very 
selective substrate for its growth. This would enhance
survival in the competitive gut ecosystem.

● The health issues
What are the health benefits of dietary intervention for
the gut flora? A survey of the literature shows the
publication of over 50 human trials in peer-reviewed
journals. Many of the techniques are variable; some lack
good control, but nevertheless the evidence for success
seems positive. Not surprisingly, the main benefits are
said to occur within the gastrointestinal tract and
specifically with resistance to intestinal infections 
such as those caused by food-borne pathogens like
campylobacters, salmonellae, certain strains of E. coli
and viruses. Perhaps farm to fork or plough to plate is 
not far enough along the food chain to address food 
safety issues?

Encouraging results have been obtained from
probiotic and prebiotic intake in other conditions that
are pathogen-related. In the gut these have included
ulcerative colitis, bowel cancer and irritable bowel
syndrome. Systemically, genito-urinary disorders, like
recurrent thrush (notable if the probiotic is able to
inhibit Candida yeasts) and recurrent urinary infection,
have been investigated. Miscellaneous conditions like
food allergies, atophy, eczema, lactose malabsorption 
and coronary heart disease (some gut bacteria can
metabolize dietary cholesterol and therefore reduce the
systemic load into the bloodstream) have also been
addressed. The most plausible interactions are between
microbial pathogens responsible for disorder and the use
of ‘germ warfare’ with probiotics and/or prebiotics to
overcome this.

● What next?
The evidence therefore seems positive. However, it is
appropriate to sound some notes of caution at this stage.
For example:
● on-going studies estimate that about 50% of pro-

biotic products on the UK market do not contain their
reported strains and at the numbers given in the
product label (if this is even claimed);

● positive results from one product are not applicable 
to all and mechanisms of effect should be better
explained;

● gut flora modulation studies have mainly been carried
out in healthy persons and there is a need to move
towards clinical relevance.
A limited range of prebiotics is available in Europe,

but fructo-oligosaccharides, galacto-oligosaccharides
and lactulose all seem effective in that they stimulate
bifidobacteria in different volunteer studies. In Japan, a
long list of prebiotics exists and these are now being
developed for use in the EU, as are designer forms.

The way forward may be for interested microbiologists
to produce, in collaboration with other relevant
disciplines, good reliable data that stands up to scrutiny
and exploits the best technologies available. For the
complex microbial ecosystem of the human gut this no
doubt includes a post-genomic approach, applying
effective molecular-based tools, on a high-throughput
basis, to well controlled dietary intervention studies
(Fig. 3). As microbiologists, our test organisms have a
manageable genome size and therefore gene expression
studies are becoming more routine. Perhaps we are more
fortunate than colleagues tackling the enormity of
information derived from human genome sequencing?
Moreover, the interactions between the gut flora and its
host have promising (perhaps many unrecognized) but
identifiable health aspects that can now be unravelled at
the molecular level and applied in the clinical context.
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ABOVE:
Fig. 3. Genetic techniques that
are now being applied to studies of
the human gut flora. Most are based
around diagnostic regions of 16S
rRNA.
COURTESY DR K.M. TUOHY,
UNIVERSITY OF READING
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