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Probiotics are live microbial feed sup-
plements which beneficially affect the
host by improving its intestinal micro-
bial balance. This activity is also called
support of the balance of the intestinal
microflora (Fuller, 1992). Correspon-
dingly, in feed regulation, probiotics are
included in the group of feed additives
for stabilising the intestinal microflora.
They are also known as bioregulators,
intestinal microflora stabilisers or
direct-fed microbials (DFMs). Ina
narrower sense, the term probiotics is
confined to products for stabilising the
intestinal microflora which consist of
one, or a few, well-defined strains of
microorganisms (WHO, 1994). Mixed
cultures for establishing the intestinal
microflora are not usually regarded as
probiotics.

The microorganisms used in human
nutrition and medicine are also called
probiotics although, in contrast to ani-
mal nutrition, they may comprise both
live and inactivated microorganisms.

Historically, bacteria have served man
very well in agriculture and nutrition.
Well-known examples are the produc-
tion of silage, fermented cabbage (sau-
erkraut) and sour milk products such
as yoghurt, cottage cheese and kefir.
Systematic research into probiotics for
human use began at the start of the 20
century.

Eli Metchnikoff, a Russian biologist
who worked around 1900 at the Institut
Pasteur in Paris, studied the mystery of
the high life expectancy of Cossacks in
Bulgaria. He related their extraordinari-
ly high life expectancy of 115 years and
more to their very high consumption

of fermented milk products. He named
the microorganism relevant for the
fermentation Bacillus bulgaricus, later
classified as Lactobacillus bulgaricus,
which was used against scours and
gastrointestinal diseases in humans as
early as the 1920s.



Introduction

There was little interest in probiotics
during the following decades until

the 1960s and 1970s when they were
rediscovered for human and animal
nutrition. The first potent products for
animal nutrition to fulfil the specific
requirements for feed additives did not
appear on the European market until
the mid-1980s.

Today, modern animal nutrition has at
its disposal a whole range of defined
strains of probiotics belonging to the
groups of lactic acid bacteria, Bacillus
spores and yeasts.



2. What are probiotics used for?

2.1. The digestive tract and its
microflora

Man and animals are born with a
sterile digestive tract but very soon
live organisms, the microflora, begin
to colonise the stomach and, more
abundantly, the intestine. An open and
complex ecosystem is created which

is very important for the organism. On
the one hand, the microflora is involved
in digestion, on the other it has a local
impact on the immune system of the
intestine, thus offering the possibility
to exert a positive and completely
natural effect on health, well-being and
performance of the animal through its
microflora. There has been experience
in this area for a long time and recently
scientific work has been intensified.

Functions, structure and mode
of function of the gastrointesti-
nal tract

To demonstrate clearly the connection
between the intestinal microflora and
digestion, let us take a brief look at
the structure and the functions of the

gastrointestinal tract. The main tasks of
stomach and intestine are to digest the
ingested feed and render the nutrients
contained in it available for metabolism.

The gastrointestinal tract is divided into
stomach, small intestine (duodenum,
jejunum and ileum) and large intestine
(caecum, colon and rectum).

The ingested feed is strongly acidified
in the stomach by the acid excreted

by the mucosa, and pepsin causes
protein digestion to begin. In the small
intestine, various digestive enzymes
separate the nutrients into absorbable
constituents. For efficient absorption,
the gastrointestinal tract possesses

a very large mucous surface which

is about 100 times the surface of the
skin. This extremely large absorp-

tion surface arises mainly from the
finger-shaped protrusions, the villi, of
the small intestine wall (see Figure 1).
The small intestine thus becomes the
main site for the absorption of nutrients
which then pass into the blood stream.
Non-absorbed constituents of the diet
reach the large intestine where they are
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Figure 1
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broken down and digested by the intes-
tinal microflora. Finally, the undigested
remains, together with the bacteria, are
excreted in the faeces.

In contrast to monogastric animals,
ruminants possess a multiple stomach
system. The forestomachs (rumen,
reticulum and omasum) contain large
quantities of living microorganisms
which pre-digest feeds consisting
mainly of vegetable components. These
then pass into the abomasum, the func-
tion of which corresponds to the single
stomach of the monogastric animals.

Besides nutrient absorption, the intesti-
ne plays an important role as the biggest
immune organ of the body. It is hence
part of the body's defence system and
represents an important barrier against
invading pathogens. In addition to ge-
neral defence mechanisms, the immune
system, with its unspecific and specific
reactions, helps to protect against pa-
thogenic microorganisms. The stomach
acid, bile salts and specific antibodies
inhibit the growth of pathogens, potenti-
al pathogens and other microorganisms
and, to a large extent, prevent them from
invading the body, being effectively as-
sisted by the intestinal microflora which
suppresses pathogens.



The microflora

The intestinal microflora compri-

ses all bacteria, protozoa and fungi
contained in the gastro-intestinal tract
and consists of approximately 400 to
500 different species. The number of
microorganisms to be found in an adult
human is approximately 10* which

is 22,000 times the current human
world population. Humans have in their
intestinal tract 10 times more microbial
cells than body cells.

Soon after birth, the initially sterile
digestive tract is colonised by microor-
ganisms, the concentrations of which
vary widely along its entire length.

The microflora in the stomach contents
of monogastric animals (e.g. pigs and
poultry) is relatively small in numbers
(10%-108 bacteria per millilitre) and

is, according to our current know-
ledge, less important for the digestive
processes.

In the forestomachs of ruminants,
however, the microflora is numerous
and indispensable for rendering the
nutrients available to the host. The
flora of the forestomachs consists
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of approximately 10%° bacteria per
millilitre, 10°-10° protozoa per millilitre
and a smaller amount of fungi (yeasts).
These allow ruminants, in contrast

to monogastric animals, to use feed
components which cannot be digested
by the endogenous enzymes of the
body. In addition, the dietary protein

is almost entirely broken down by the
ruminal microbes and transformed into
microbial protein which in most cases
means an upgrading of protein quality.
These microbes are subsequently
digested in the small intestine and
thereby improve the protein supply of
the ruminants. Moreover, microbes are
capable of transforming fibre rich feeds
into short-chain fatty acids, and hence
into bioavailable energy.

In contrast to the microflora of the sto-
mach, the function and composition of
the intestinal microflora of monogastric
animals and ruminants hardly differs.
Both the total number and the diversity
of the microorganisms increase from
the small intestine to the caecum
(Figure 2). Living conditions for the
microorganisms (oxygen content, pH,
and nutrient and water content of the
digesta) change considerably from the
duodenum to the colon and with them
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Figure 2
Colonisation of
various intestinal
segments by
microorganisms
(modified from
Gedek 1991)

the volume and the composition of the
intestinal microflora. Since oxygen is
already becoming scarce in the middle
segments of the small intestine, the
proportion of anaerobic species, i.e.
those which live in the absence of
oxygen, grows from the duodenum

to the large intestine at the expense

of the aerobic species (which require

oxygen). Besides those bacteria which
inhabit the gastrointestinal tract perma-
nently (resident flora), there are species
which occur there only temporarily
(transient flora). Many representatives
of the resident flora (e.g. the lactic
acid-producing species) are capable of
colonising the mucous membrane or
the mucous layer of the intestine.

Feed microorganisms

Lactobacilli

1.103
Streptococci } 107-10
Enterobacteria } 0-102
Bacteroides

The same microorganisms as

in the stomach

Small intestine 1
Bacteroides 104-107
Streptococci

Lactobecill } 103 - 108
Enterobacteria

Large intestine 10° - 1072/ g
Bifidus 9_4n10
Bacteroides 10°-10
Enterobacteria 10°-107
Enterococci 102-10°
Lactobacilli

Clostridia } 103-10%
Fusobacteria

Veillornella

Staphylococci } 103
Yeasts

Proteus } >103
Pseudomonas



The transient flora does not colonise
the intestine but is constantly moved
forward with the digesta along the
intestinal tract, and is finally excreted
with the faeces. Protozoa and fungi play
only a subordinate role in the intestine.

The dynamic equilibrium of the
microflora (eubiosis)

Ideally, the coexistence of the various
bacterial species in the open ecosys-
tem of the gastrointestinal tract is finely
regulated. Depending on the conditi-
ons in the digestive tract, a dynamic
equilibrium among the various species
is established.

The composition of the intestinal
microflora changes with the ambient
conditions in the intestine. The typical
microflora of each intestinal segment
only varies within well-defined ranges
(Table 1) and, under physiological con-
ditions, always constitutes a dynamic
equilibrium.
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We distinguish between the main, the
satellite and the residual flora. How-
ever, only those microorganisms capab-
le of being cultured can be examined in
scientific studies. When the microflora
is in equilibrium, the proportion of the
main flora is over 90%. It is composed
mainly of anaerobic species (Bifido-
bacteria, Lactobacillae, Bacteroides,
Eubacteria) which produce lactic acid
and other short-chain fatty acids. The
satellite flora represents approximately
1% and consists mainly of Enterococci
and E. coli. The residual flora is below
0.01% and is composed mainly of harm-
ful microorganisms such as Proteus,
Staphylococci and Pseudomonas.

The state when the main, the satellite
and the residual flora form a ratio of
>90:1:0.01 is called °eubiosis¥ which,
freely translated from Greek, means
°good coexistence¥ of the microor-
ganisms amongst themselves as well
as with the host organism. In this
situation, the host and the microflora



