
Metabolically active micro organisms and methods for
their production Field of the invention The invention
relates to a preparation of metabolically active
bacteria, compositions comprising such a preparation,
e.g. probiotic supplements or animal feeds, and to
uses thereof, for example in the treatment of disease.
The invention also relates to a growth substrate for
microorganisms comprising a mixture of complex and
simple sugars and to a process for the manufacture of
preparations of metabolically active microorganisms
using this growth substrate. Background to the
invention Microbiological organisms are frequently
used as food supplements . One example are probiotic
bacteria which are known to have beneficial effects on
the intestinal microflora increasing the resistance to
infectious disease such as diarrhoea. Probiotics have
also been shown to be involved in the modification of
blood chemistry and in immunomodulation (see
references listed under Potential Health Benefits in
the reference section) . Probiotic bacteria can be
found in dairy products such as yoghurt and species
known to have health benefits include those from the
genera Enterococcus and Lactobacillus . However,
probiotic dairy products have a short shelf life.
Probiotics are also available to the consumer in form
of 



powder or tablets. A further application of probiotics
relates to use in animal feed.Current methods for
storing bacterial cultures typically use
lyophilization, also called freeze-drying. In this
process, water is removed from the organism by
sublimation and the organism and can be revived after
the addition of water. However, freeze-dried bacteria
are not metabolically active and it is well known that
freeze-dried products typically lose much of their
resilience after a few weeks of storage at room
temperature (Fonseca et al and Murga et al) .__
Furthermore, many commercial probiotics do not seem to
contain all of the species mentioned on the labels,
and where bacteria are present the numbers of viable
bacteria are often very low (J . Hamilton-Miller; .
The present inventors have now determined that stable
preparations of viable, metabolically active bacteria
can be prepared by use of a particular growth
substrate which contains balanced amounts of complex
and simple carbohydrates. In contrast to prior art
probiotics, the preparations provided according to the
present invention comprise high numbers of stable and
active bacteria which can be maintained during long
term storage. Description of the invention In
accordance with a first aspect of the invention there
is provided a preparation comprising viable,
metabolically active bacteria and a growth substrate 



comprising a mixture of complex and simple
carbohydrates wherein the bacteria exhibit a
equilibrium growth state characterised in that the
population of bacteria is maintained at a constant
level when stored at about 40C and at controlled pH
for a period of at least 5 months.It is an essential
feature of the invention that in this preparation, the
bacterial culture can be maintained in an equilibrium
state for a period of at least 5 months at 4  at
controlled pH. In this state, the bacterial
multiplication rate is maintained close to the death
rate. In a preferred embodiment, the population of
metabolically active bacteria in the near equilibrium
state is maintained in the range of from 108 to 109
viable cells per millilitre. The growth substrate
comprises a mixture of complex and simple
carbohydrates (sugars) . As used herein the terms
"complex carbohydrates" or "complex sugars" include
oligosaccharides and polysaccharides, whereas the
terms "simple carbohydrates" or "simple sugars"
include monosaccharides and disaccharides .
Preferably, the total amount of sugars in the growth
substrates is in the range of from 20 mg/ml to 40
mg/ml and the total amount of reducing sugars is in
the range of from 5 mg/ml to 20 mg/ml. In a preferred
embodiment, the concentration of total sugars is about
30mg/ml and the concentration of reducing sugars is
about 10mg/ml. The growth substrate preferably also
comprises protein and peptide components. Typically
the total amount of 



protein and peptides present in the substrate is in
the range of from 1 mg/ml to 2 mg/ml and the total
amount of high molecular weight peptides (molecular
weight greater than 5000 Daltons) is in the range of
from 100 mg/ml to 300 mg/ml. In a specific embodiment,
the concentration of protein and peptides may be about
2mg/ml and the concentration of high molecular weight
peptides may be about 250mg/ml. The growth substrate
may contain further components such as, for example,
cellulose, starch, b-glucans,pentosans, polyphenols,
ribonucleic acids, lipids, phosphates, flavenoids,
amino acids, vitamins (Bi, B , C and E), silicates and
trace elements. In a preferred embodiment the growth
substrate is derived from malted cereal grains. Most
preferably the growth substrate is prepared using the
process described hereinbelow. The invention presents
an advantage over current probiotic preparations as
metabolically active bacteria can be stored for a
number of months without deterioration or loss of
activity. Preparations of freeze-dried bacteria which
are currently used typically contain few, if any,
metabolically active bacteria. Furthermore,
preparations of freeze-dried bacteria lose some of
their characteristics and activity upon rehydration.
Also, the reactivated bacteria have a short shelf life
and can be kept in storage for a short time only.
Freeze-dried bacteria are often not 



rehydrated before use in a host animal. If they are
rehydrated, then they generally have to be used on the
same day, otherwise there may be rapid loss in
viability and spoilage from contaminating organisms. A
further problem with prior art freeze-dried
preparations is that they are hygroscopic (attract
moisture from the air) and therefore a packet has to
be used within a few days of opening, otherwise the
partial hydration will cause rapid loss of viability.
The preparation according to the invention avoids the
above-listed problems associated with the use of
freezedried bacterial cultures. In addition, it has
also been shown by the inventors that the bacterial
cultures prepared according to the invention are
significantly more robust than bacteria prepared by
methods known in the prior art,which enables the
bacteria to establish more rapidly in host animals and
to tolerate the harsh environment of the mammalian
digestive tract (illustrated in example 5 ) . The
inventors have overcome the problems of conventionally
used preparations by using a growth substrate with
balanced nutrient supply in the form of complex and
simple sugars, proteins and peptides in combination
with controlled pH and cold storage. Under these
conditions there is a continuous slow growth of
bacteria in the preparation. The combination of
temperature, pH, phase growth and substrate imposes a
near equilibrium growth state, whereby high
concentrations of viable, metabolically active
bacteria 



can be maintained for periods of at least 5 months. In
one embodiment, the pH of the preparation when stored
is maintained in the range of from 3 .8 to 4 .5 . In a
specific embodiment the pH of the preparation is
maintained at about 4.0 during storage. The pH of the
preparation can be conveniently controlled by the
addition of a suitable buffer or combination of
buffering agents. Preferred buffers include, for
example, tri-sodium citrate or phosphate buffers. The
use of buffers, such as tri-sodium citrate or
phosphate buffers is described in standard methods in
the art. In a preferred embodiment, the bacteria in
the preparation are lactic acid bacteria. The term
"lactic acid bacteria (LAB) " as used herein described
a group of Gram positive, catalase negative,
non-motile anaerobic bacteria that ferment
carbohydrates to lactic acid. This group includes the
genera Lactobacillus, Lactococcus, Pediococcus,
Bifidobacterium, and Enterococcus. In a preferred
embodiment, the bacteria are of the genus
Lactobacillus or Enterococcus . In the most
preferredembodiment, the lactic acid bacteria are of
at least one of the following species: Enterococcus
faecium, Lactobacillus plantarum, Lactobacillus casei
and Lactobacillus acidophilus . In a preferred
embodiment, a combination of Enterococcus faecium,
Lactobacillus plantarum, Lactobacillus casei is used.
The preparation may additionally comprises an anti 



fungal agent, such as, for example, sterilised
potassium sqrbate and/or and anti oxidant, such as
vitamin C . In a second aspect the invention also
provides a growth substrate for microorganisms
(especially bacteria) comprising a complex mix of
carbohydrates. The growth substrate comprises a
mixture of complex and simple sugars, including sugar
monomers, dimers, oligomers and polymers. The
preferred features of the growth substrate are
substantially as described above in relation to the
first aspect of the invention. Thus, the total amount
of carbohydrate (simple plus complex sugars) present
in the growth substrate is preferably in the range of
from 20 mg/ml to 40 mg/ml, more preferably in the
range of from 25 mg/ml to 35 mg/ml and is most
preferably about 30 mg/ml. Of this total carbohydrate
(sugar) content, the total amount of reducing sugars
(monosaccharides) is preferably in the range of 5
mg/ml to 20 mg/ml, more preferably from 5 mg/ml to 15
mg/ml and most preferably about lOmg/ml. While simple
and complex carbohydrates are the key component of the
growth substrate, it will be appreciated that the
growth substrate may also contain further components,
such as proteins which provide nitrogen for bacterial
growth. Accordingly, the growth substrate preferably
comprises a total amount of protein and peptidesin the
range of from 1 mg/ml to 2 mg/ml, preferably about
2mg/ml. Of this total protein/peptide content the
total amount of high molecular weight peptides
(molecular weight 



greater that 5000 Daltons) may be in the range of from
100 mg/ml to 300 mg/ml, and typically about 250mg/ml.
The precise identity (e.g. amino acid sequence) of the
protein and peptide components in the growth substrate
is generally not material to the invention. The
growt-h substrate may contain further components such
as, for example, cellulose, starch, b-glucans,
pentosans, polyphenols, ribonucleic acids, lipids,
phosphates, flavenoids, amino acids, vitamins (Bi, B ,
C and E), silicates and trace elements. The precise
identity and relative quantities of these additional
components in the substrate is not particularly
limiting. If, as is preferred, the growth substrate is
derived from a natural plant source, for example
malted cereal grains, these further components will
usually be naturally occurring biomolecules . The
growth substrate may contain various additives such as
buffering agents and other substances designed to
improve the performance of the substrate and/or to
extend shelflife. Such additives may include, for
example, anti-fungal agents, anti-oxidants etc. In a
preferred embodiment the growth substrate may contain
particulate matter, for example particles not
exceeding lmm in diameter. The growth substrate may be
prepared starting from malted cereal grains using the
manufacturing process 



described hereinbelow. However, the invention is not
intended to be limited to substrates prepared
according to this process. Growth substrates
exhibiting substantiallysimilar properties may be
prepared synthetically, for example by mixing together
the required mixture of complex and simple
carbohydrates, together with any of the additional
components listed above. According to a further aspect
of the invention, there is provided a method for
preparing a growth substrate for micro organisms
comprising: subjecting malted cereal to a mashing step
in which the malted cereal is mixed with aqueous
liquid and subjected to conditions of time and
temperature which limit the extent of conversion of
complex to simple carbohydrates such that a mixture of
complex and simple carbohydrates, proteins and
peptides is obtained, and separating the mixture of
complex and simple carbohydrates, proteins and
peptides from the spent malted cereal to obtain a
growth substrate. The terms "malted cereal" or "malt"
as used herein refers to the product of a malting
process applied to cereal grains. Malting is a process
well known in the art of brewing. In a typical malting
process cereal grains are germinated to induce the
mobilisation of storage nutrients. Germinating seeds
produce a number of enzymes to mobilise storage
proteins and carbohydrates, including a-amylases 



which hydrolyse starch into maltose. A preferred
embodiment relates to the use of barley, but other
cereals, such as rice, wheat, corn and oats or even
mixtures thereof, may be used within the scope of the
invention. The process ofgermination is generally well
known. It will be appreciated that the method may be
carried out by providing malted grains or a synthetic
substrate comprising a mixture of carbohydrates,
proteins and enzymes. Preferably, the malting grains
are rolled before further processing. Cracking of the
grains by rolling facilitates access of water and
extraction of nutrients during the mashing step,
whilst avoiding shattering of the grains a ssists_.in
the subsequent separation of the growth substrate from
spent malted grains. The prepared malt is subjected to
a mashing step which resembles the mashing-in step
used in methods for brewing (see, for example, Kunze,
W . Technology Brewing and Malting (1996) ). The term
"mashing-in" is well known in the field of brewing and
relates to a process wherein malted grains are
agitated in the presence of water heated to defined
temperatures in order to prepare a wort. During the
mashing in step complex carbohydrates in the malted
grains are broken down into maltose. The method of the
invention also involves a mash step in which malted
cereal grains are mixed with an aqueous liquid
(typically water) and the mixture heated to various
defined temperatures. This mash step does not,
however, 



conform to a typical brewer's mashing-in process.
Brewers aim to convert as much carbohydrate to simple
sugars as possible, for subsequent fermentation to
alcohol. In contrast, the conditions of the mash step
in the process of the invention are specifically
chosen to limit the extent of conversion to simple
(reducing) sugars, leaving significant amounts of
carbohydrates in more complex oligomeric and polymeric
forms.In non-limiting embodiments the extent of
conversion of carbohydrate may be limited such that
the amount of simple (reducing) sugars present in the
resulting growth substrate, expressed as a percentage
(w/w) of total carbohydrate content is in the range of
from 10% (w/w) to 50% (w/w) . The desired limited
conversion of complex to simple sugars may be achieved
by increasing the temperature in the mash step over a
short period of time, typically 30 minutes, without
allowing the mixture of malted grains/water to rest at
intermediate temperatures. Traditional brewing
processes include rests at 60-650C and 70-74 0C , as
this allows enzymes to produce high concentrations of
simple sugars (mainly maltose) . Accordingly, in a
preferred embodiment of the invention, the mashing-in
step does not comprise rests at temperatures in the
range of from 600C to 650C and/or at temperatures in
the range of from 700C to 7 40C . In a specific
embodiment, the mash step comprises mixing the malted
cereal with water at a temperature in the range of
from 300C to 45 C , resting the mixture for 1 to 2 



hours, increasing the temperature to a temperature in
the range of from 75 C to 85 C over a time period in
the range of from 20 to 40 minutes, preferably 30
minutes, and then resting the mixture at a temperature
in the range of from 750C to 85 C for a period of time
in the range of from 60 to 90 minutes. At the higher
temperature, any enzymes present in the mixture are
inactivated and nutrients can be extracted. Higher
temperatures in the range of from 76C to 80 "C and
specifically 78 "C are generally preferred. The
temperature in this step needs to be sufficiently high
for sufficiently long to inactivate all enzymes
present in the preparation. It will be appreciated
that the precisetemperature and times used can vary
somewhat according to the type of cereal used. The
process described here specifically limits the amount
of conversion of complex sugars to simple sugars.
Furthermore, the initial rest at a temperature in the
range of from 30 'C to 45 C provides an additional
advantage in that it maximises the release of amino
acids and peptides. Temperatures towards the higher
end of this range, i.e. from 40 C to 45 'C ojr
specifically about 45 C , are generally preferred. The
purpose of this step is to hydrolyse storage proteins
present in the cereal grains into available amino
acids and peptides. The optimum combination of time
and temperature to achieve the desired hydrolysis may
vary somewhat depending on the type of grains used.
The presence of high concentrations of proteins, 



peptides and amino acids is desirable in a growth
substrate to be used to support the growth of
microorganisms as it provides a useful a source of
nitrogen. Typical mashing-in processes used in
traditional brewing would generally not include a rest
at a temperature in this range, since brewers do not
normally seek to achieve high protein or amino acid
content in a wort intended for fermentation to produce
alcohol . When the mash step is complete, e.g. all the
desired nutrients have been extracted from the now
"spent" malted grains, the resulting mixture
comprising complex and simple carbohydrates, proteins
and peptides may be separated from the spent grains to
obtain a growth substrate using any suitable means.
Typically this will involve coarse filtration, for
example using a lmm filter such as a wedgewire basket,
yielding a solution containing coarse particles. It is
a feature of the process of the inventionthat the
growth substrate is not clarified, as would generally
be the case with a wort prepared during standard
brewing. In traditional brewing the wort is generally
clarified to remove all coarse particles, thereby
producing a clear liquid. The presence of some
particulate matter in a growth substrate prepared
according to the process of the invention is
advantageous as regards subsequent use in supporting
the growth of bacteria since it provides both slow
release nutrients and particulate surfaces for the
adhesion of 



bacterial cultures. If required, the growth substrate
prepared according to the invention can be sterilised
prior to further usage. As will be appreciated, this
can be carried out by boiling for about one hour or by
autoclaving at 1200C for about 20 minutes . A buffer,
or several buffering components may be added to the
growth substrate if required, for example if the
growth substrate is to be subsequently used in the
manufacture of a bacterial preparation according to
the first aspect of the invention. Preferred buffers
are as listed in connection with the first aspect of
the invention. If the growth substrate is to be
sterilised, the buffer (s) may be added prior to,
during or after sterilisation as convenient. In a
further aspect the invention also relates to a method
of producing viable, metabolically active and stable
micro organisms comprising:growing micro organisms in
a growth substrate comprising a mixture of complex and
simple sugars, proteins and peptides to obtain a
preparation of microorganisms, and chilling the
resulting preparation to about 40C wherein the micro
organisms adopt a near equilibrium growth state
characterised in that the population of bacteria in
the preparation can be maintained at a constant level
when stored at about 40C and at controlled pH for a
period of at least 5 months, and 



optionally storing the preparation at about 40C . In a
preferred embodiment of this method the microorganisms
are bacteria. In a specific embodiment, the bacteria
are grown in the growth substrate until they reach a
concentration of between 2 x 108 and 1 x 109 colony
forming units per millilitre. At this point the
culture (or fermentation) is cooled down to about 40C
and the combination of temperature, pH, phase of
growth and residual substrate composition provides the
equilibrium conditions which allows for maintenance of
a near equilibrium growth state during long term
storage. In this near equilibrium state, which can be
maintained for a period of at least 5 months, the
population of metabolically active bacteria is
maintained at a substantially constant level in the
range of from 108 to 109 viable cells per millilitre.
It will be appreciated, however, that the precise
number of viable cells at the near equilibrium state
can vary somewhat depending on the species of bacteria
used. The method according to this aspect of the
invention involves a "growing step" in which the
microorganisms (e.g.bacteria) are grown in a growth
substrate until they reach a concentration which
enables the near-equilibrium condition to be achieved
during subsequent storage. It is an important feature
of the method that the growth substrate used provides
a balanced nutrient supply containing a mixture of
complex and simple sugars wherein a high proportion of
carbohydrate content is in the form of complex sugars
that 



may be used as an energy source by the micro organism.
This mix helps to Limit immediately available energy
during the growing step. The composition and preferred
features of the growth substrate is/are preferably as
described above in connection with the first and
second aspects of the invention. The growth substrate
is preferably prepared from malted cereal grains using
the manufacturing method described herein. It will be
appreciated, however, that it is not strictly
necessary to use growth substrate prepared according
to this method. Similar results can be achieved using
growth substrate prepared synthetically by mixing the
required proportions of complex and simple
carbohydrates, proteins and peptides. The growing step
must be carried out in such a way that care is taken
not to grow the micro organisms for too long, to avoid
producing acid conditions which would otherwise
inhibit further growth as well as limiting the period
of storage of the resulting preparation. On the other
hand, if the growing step is terminated prematurely,
this will limit biomass production. The pH of the
preparation during growth of the micro organisms can
be used as an indicator of the near equilibrium state.
In a typical embodiment, cultures of lactic acid
bacteria may be grown until a pH of 4.5 +/- 0.3 units
is reached.It will be appreciated that the pH of the
growth substrate may vary somewhat depends on the
optimal pH range for the micro organism (e.g.
bacteria) used. In a typical 



embodiment (suitable for lactic acid bacteria) pH
should be maintained in the range of from 3.8 to 4.5
during storage. Preferably buffers, such as tri-sodium
citrate or phosphates are added to the growth
substrate to control the pH during growth of the micro
organisms and subsequent storage. It will b.e
appreciated that the exact timing of the step of
growing the micro organisms (e.g. bacteria) to a near
equilibrium state depends on the species used. Growth
of the micro organisms can be carried out in any
suitable culture apparatus. In specific embodiments
the growing step can be carried out by way of
fermentation in a fermentation vessel. In a preferred
embodiment, the micro organisms used are lactic acid
bacteria. Preferred species are of the genera
Enterococcus and Lactobacillus. If such species were
to be grown using "conventional" growth media
consisting largely of simple sugars the excess energy
supply would lead to excess acid production by lactic
acid bacteria, which would limit biomass production
and shelf life of the resulting culture. In contrast,
the complex mix of sugars present in the growth
substrate used in the method of the invention supplies
energy for growth in the initial growing step and also
for maintenance during storage of the product.
According to the invention, the growing step can be
carried out using a single species of bacteria (or
other microorganism) . In a preferred embodiment of
the invention, 



two or more different bacterial (microorganism)
species may be grown independently in separate growth
media. and then blended together before or after the
chilling step. Thegrowth substrates used for
independent culture of two or more different bacterial
species may be the same or of different composition.
Thus, it is possible to optimise the growing
conditions for cultures of individual bacterial
species and then combine the cultures together for
storage under conditions which permit maintenance of
equilibrium growth for each of the individual species
in the culture. In other embodiments of the method two
or more different bacterial species (or other
microorganisms) can be grown together in a single
culture in the same growth substrate, provided that
their growth rates are comparable so that one species
does not dominate the population. Following the
growing step, the preparation can be analysed by
standard methods to determine the microbiological
purity and enumeration of micro organisms. It is also
possible to grow two or more different combinations of
microorganisms (e.g. bacteria) together in separate
growth substrates and then combine the cultures
together in a final product. A combination culture
could similarly be blended with a culture of a single
bacterial species. Starter cultures for the growing
step of the method include, for example, freeze-dried
bacteria or liquid cultures . It will be appreciated
that the preparation of 



microorganisms prepared using the method of the
invention may be used immediately after the chilling
step but more typically the preparation will be stored
before use. The optimum temperature for storage in
order to maintain the near equilibrium growth state in
the culture is about 4C but it will be appreciated by
the skilled reader that the storage temperature could
vary somewhat. For convenience, aliquots of the
near-equilibrium culture produced by themethod may be
dispensed into suitable sterile packaging prior to
long term storage. It is a key advantage of the method
of the invention that the near-equilibrium cultures
produced maintain viability and integrity when stored
for extended periods, typically for at least 5 months.
However, it will be appreciated that it is not
essential to the method that the cultures must
actually be stored for at least 5 months prior to use.
To avoid the growth of fungi or yeast, an anti fungal
agent, such as sterile potassium sorbate, may be added
prior to storage. The anti fungal agents are primarily
to prevent spoilage by yeast or fungi during use by
end-users, once a container of the product has been
opened. Furthermore, an anti oxidant, for example,
vitamin C can be added to help to prevent spoilage of
the product during storage. It will be appreciated
that other agents well known in the art can also be
used as anti fungal agents or anti oxidants. In a
further aspect the invention also relates to an 



alternative method of producing a preparation of
viable, metabolically active and stable micro
organisms which does not require an active growing
step. This method comprises the following steps:
adding microorganisms to a growth substrate comprising
a mixture of complex and simple sugars, proteins and
peptides to form a preparation of microorganisms,
wherein the microorganisms are added to the growth
substrate at a concentration providing a near
equilibrium growth state characterised in that the
population of microorganisms in the preparation can be
maintained at a constant level whenstored at about 40C
and at controlled pH for a period of at least 5
months, and optionally storing the preparation at
about 4C. In a preferred embodiment of this method the
microorganisms are bacteria. Preferred bacterial
species are as listed above in connection with the
method requiring an active growing step. This method
does not require the microorganisms (e.g. bacteria) to
be grown in the growth substrate before the conditions
for near-equilibrium growth are imposed. Rather, the
growth substrate is inoculated with starter culture
(s) of microorganisms (e.g. bacteria) at a
concentration that will allow for the maintenance of
the equilibrium state when the resulting preparation
is stored at 40C and at controlled pH for a period of
at least 5 months. Starter cultures for the method
include, for example, freeze-dried bacteria or 



liquid cultures . The growth substrate may be
inoculated with more than one bacterial species.
Preferably, the concentration of the viable cells in
the starter culture is in excess of 108 viable cells
per millilitre. The near equilibrium state is again
achieved by the combination of nutrients in the growth
substrate, temperature, pH and phase growth. In the
near equilibrium state, which can be maintained for a
period of at least 5 months, the population of
metabolically active bacteria is preferably maintained
at a constant level in the range of 108 to 109 viable
cells per millilitre. Again it will be appreciated
that the precise number of viable cells at the near
equilibrium state can vary somewhat depending on the
species of bacteria used. It will also be appreciated
thatthe exact concentration of the starter culture and
pH of the growth substrate may vary depending on the
species of bacteria used. Features described as
preferred in relation to the near-equilibrium cultures
produced using the method requiring a growing step
apply mutatis mutandis to the near-equilibrium
cultures achieved using this method. Thus, in a
preferred embodiment, the pH of the near-equilibrium
culture is maintained in the range of from 3.8 to 4.5
during storage. Preferably buffers, such as tri-sodium
citrate or phosphates, are used to control the pH
during storage. In a preferred embodiment, the micro
organisms used are lactic acid bacteria. Preferred
species are of the genera 



Enterococcus and Lactobacillus. Preferred features of
the growth substrate used in this method are as
described above in relation to the second aspect of
the invention. Again, it is preferred but not
essential that the growth substrate be prepared from
malted cereal grains using the process described
herein. Uses of the preparation of metabolically
active bacteria The health benefits of probiotics are
well known (see, for examplew, Marteau, P . and
Rambaud, J-C, (1996) 'Therapeutic applications of
probiotics in humans' in Leeds, A . R . and Rowland, I
. R . (eds.) Gut flora and health - past, present and
future, Royal Society of Medicine Press Limited,
London; Stark, B . A . and Wilkinson, (eds.) (1989)
Probiotics. Theory and Applications) . Probiotics have
shown to be useful in the treatment of diarrhoea and
constipation, irritable bowel syndrome, cancer
treatment and prevention and other diseases affecting
the intestinal microflora.The bacterial preparations
provided by the invention therefore find particular
utility in the treatment or prevention of diseases
that affect the microbial intestinal flora, and more
general utility in helping to maintain a healthy
microbial flora. Thus, in a further aspect the
invention provides a method of treating or preventing
a disorder affecting the intestinal microbial balance
in a human or animal patient comprising administering
to a patient in need thereof an effective amount of a
metabolically active and stable 



preparation of bacteria according to the invention. In
particular, the invention relates to the treatment or
prevention of chronic inflammatory bowel disease,
ulcerative colitis or Crohn's disease. Furthermore,
the bacterial cultures according to the invention can
be administered to human or animal (e.g. mammalian or
avian) patients for general maintenance of a healthy
microbial flora, rather than for treatment of a
specific disease. In a further embodiment the
invention also relates to the use of a metabolically
active and stable preparation of bacteria according to
the invention in the manufacture of a medicament for
the treatment of diseases that affect the microbial
intestinal flora. The bacterial preparations may be
used as they are, for example as probiotic
supplements, or they may be admixed with further
components prior to administration to a human or
animal subject, or even administered together with
further components without admixture. For veterinary
use it may be convenient to add the bacterial
preparation to normal animal feed. In the veterinary
field the preparations find particular utility in the
treatment of avian species,especially commercial
poultry (as illustrated in the accompanying examples),
as well as mammalian species, e.g. cows, sheep,
horses, cats, dogs etc. For human use the bacterial
preparations may be administered as they are or may
again be admixed or formulated with additional
components prior to 



administration to a human subject. The invention thus
encompasses compositions comprising a bacterial
preparation according to the invention plus one or
more further components. By way of example, additional
components may be added to improve the palatability of
the composition for human consumption. If convenient,
the preparations according to the invention may be
incorporated into foodstuffs or beverages for human
consumption, provided that this does not affect the
viability of the bacteria in the preparation. For
human and/or veterinary use it may be convenient to
formulate the preparations according to the invention
into unit dosage forms, either alone or in combination
with one or more pharmaceutically acceptable diluents,
excipients or carriers. Again such formulation should
not adversely affect the viability of the bacteria in
the preparation. The invention will be further
understood with reference to the following
non-limiting experimental examples, together with the
accompanying drawings in which: Figures la-Id show the
robustness of a liquid culture of Lactobacillus
plantarum prepared by the method described herein
("wet") compared to a lyophilised preparation of the
bacterium ("dry") . The first two growth curves
(Figure Ia and Ib) indicate that in a non-hostile
environment, thebacteria prepared according to the
invention grow faster than the lyophilised
preparation. The growth curve in Figure Ic shows the
growth of Lactobacillus plantarum prepared by 



the method described herein ("wet") compared to a
lyophilised preparation of the bacterium ("dry") in a
medium supplemented with bile salts. Figure Id shows
the growth of Lactobacillus plantarum prepared by the
method described herein ("wet") compared to a
lyophilised preparation of the bacterium ("dry") at a
low pH and in the presence of bile salts simulating an
environment as found in the digestive tract of
mammals. The results show that the bacteria prepared
according to the method of the invention are more
resistant to a hostile environment. Figures 2a and 2b
show that the shelf life of bacteria prepared
according to the invention is increased. Figure 3
shows the colonisation of bacteria in chick small
intestine. Example 1 : Production of a growth
substrate, using a barleybased medium. (A) Germination
(malting) Day 1 Barley was steeped in water for 2 to 2
4 hours, depending on the batch of grain. 0.1% (w/v)
sodium hypochlorite (bleach) can be included in the
water to inhibit growth of contaminants during the
germination phase. After 4 hours, the water was
drained from the grains and the grains left tostand at
room temperature from 10 to 300C for approximately 1
day. Day 2 The grains were steeped in clean water for
another 4-hour 



period. Hydrogen peroxide (0.1% w/v) may be added to
the water for this and subsequent soaks. Hydrogen
peroxide providse oxygen for the germinating grains,
and act as a disinfectant .-Alternatively, sodium
hypochlorite may be used. After 4 hours, water was
drained from the grains and the grains left to stand
for approximately 1 day. Occasional (e.g. every 4
hours) agitation of the grains may improve germination
by increasing gaseous exchange, providing oxygen and
removing carbon dioxide. Day 3 onwards The cycle of
steeping, draining and standing was continued until
the emerging rootlets on the germinating grains were 2
to 4 mm long. This state of growth indicated that the
grains had produced enzymes for the mobilisation of
stored nutrients. These enzymes are central to the
subsequent production of the growth medium, during
mashing-in. ' More extensive modification of the
grains could be allowed, leaving the germination phase
until the rootlets are several millimetres long.
However, too much growth will merely convert nutrients
into plant roots and shoots, which cannot be used in
the fermentation. (B) Rolling When the grains had
germinated sufficiently, they were then milled with a
roller mill. The mill was adjusted such thatthe grains
were cracked open but not shattered or completely
flattened. Cracking of the grains allows access of
water and extraction of nutrients during mashing in,
whilst avoiding 



shattering of the grains assists in filtration steps.
(C) Preparation of a growth substrate. The germinated,
milled, grains were mixed with sufficient water to
cover them, at 450C , and the mixture held at 450C for
1 hour. After 1 hour at 450C , the temperature was
increased to 78 C over a period of 30 minutes. The
mixture was allowed to stand at 780C for 1 hour. After
the 780C stand, the spent grains were separated out by
filtration. A relatively coarse filter (e.g. lmm gap
wedgewire basket) was used yielding a solution
containing significant amounts of suspended solids.
The spent grains were discarded and the liquid then
heat-treated to pasteurise or sterilise it. In this
particular experiment the liquid was boiled for 45
minutes. A buffer (0.5% (w/v) tri-sodium citrate) was
then added and the mixture boiled for a further 15
minutes to yield the final growth substrate. Example 2
: Analysis of the growth substrate (a) Carbohydrate
Analyses: Total carbohydrate content was determined
using the phenolsulphuric acid assay, with glucose as
reference standard.(Dubois, M., Gilles, K . A.,
Hamilton, J . K., Rebers, P . A . and Smith, F .
(1956) Analytical Chemistry, vol. 28., p . 350) .
Reducing sugars were determined using the
Nelson-Somogyi method, again with glucose as the
reference standard. 



(Somogyi, M . (1952) Journal of Biological Chemistry.,
vol. 195., p . 19) . Results: Total sugars in
substrate are in the range 20 to 40 mg/ml (milligrams
per millilitre) Reducing sugars are in the range 5 to
20 mg/ml. (b) Protein and Peptide Analyses: Total
protein was determined using two assays, with bovine
serum albumin as reference standard: (i) The Biuret
Reagent (Itzhaki, R . F & Gill, D . M . (1964)
Analytical Biochemistry, Vol. 9., p . 401-410. (ii)
The Lowry Method, as modified by Ohnishi and Barr.
(Ohnishi, S . T . & Barr, J . K . (1978) Journal of
Biological Chemistry, Vol. 193, p . 265). Peptides of
molecular weight above 5000 daltons were determined
using the Bradford Reagent (Bradford, M . M . (1976)
Analytical Biochemistry, Vol. 72, p . 248-254).
Results :Total protein and peptides are in the range 1
to 2 milligrams per millilitre. High molecular weight
peptides (greater than 5000 daltons) are in the range
100 to 300 micrograms per millilitre. Example 3 :
Production of a metabolically active bacterial culture
(A) Fermentation The growth substrate prepared
according to example 1 was cooled to 370C and the
bacterial cultures added. Examples of 



a suitable inoculum are freeze-dried bacteria or
liquid starter cultures (typically 1% (v/v) of an
overnight culture in nutrient broth) . In this example
the following bacteria were grown in two vessels : (i)
Enterococcus faecium, Lactobacillus plantarum; (H)
Lactobacillus casei Fermentation was carried out for
16-20 hours, until the pH reached 4.5 +/- 0.3 units.
The fermentation mixture was then cooled to 40C and
subjected standard techniques to assess quality (to
determine microbiological purity and enumeration of
bacteria) . At this point, sterile potassium sorbate
(0.005% w/v final concentration) may be added to the
fermented broth. This acts to inhibit the growth of
any fungi or yeast that may arise due to contamination
during handling by the end-user.Vitamin C may also be
added (0.01% w/v final concentration) as an
anti-oxidant . Following quality assurance tests,
different batches can be blended to give products with
complex mixtures of bacterial species, if required. In
the example presented here, blending of the two
batches of bacteria yi-elded a final product
containing the bacteria Enterococcus faecium,
Lactobacillus plantarum and Lactobacillus casei.
Example 4 : Shelf life of the metabolically active
bacterial culture 



To assess the shelf life of the metabolically active
bacterial culture, batches of the bacterial culture
comprising the species Enterococcus faecium,
Lactobacillus plantarum and Lactobacillus casei, as
obtained in example 2 were stored at 40C (+/- I0C ) .
Samples were taken at weekly intervals, and lOOul
aliquots of serial dilutions in 0.1% (w/v) peptone
water were spread on agar plates. The plates were
incubated for about 48 hours at about 370C and the
bacterial colonies counted. Results The results below
show the shelf life for bacteria prepared by the
method of the invention as number of colony forming
units per millilitre per week (also see Figure 2 ) .
Batch A and B have been prepared according to the same
method as described herein but on different days.E.f =
Enterococcus faecium L.p = Lactobacillus plantarum L c
= Lactobacillus casei LAB = Lactic Acid Bacteria cfu
per ml = colony forming units per rnillilitre Table 1
Batch A (8059) Total Week E.f L.p L.c LAB 0 2.7E+08
1.2E+08 9.0E+07 4.8E+08 1 2.0E+08 2.4E+08 1.9E+08
6.3E+08 



2 2.4E+08 2.2E+08 1.5E+08 6.1E+08 3 3.0E+08 1.9E+08
9.0E+07 5.8E+08 4 3.0E+08 1.8E+08 8.0E+07 5.6E+08 5
3.5E+08 1.7E+08 6.0E+07 5.8E+08 6 3.0E+08 1.9E+08
5.0E+07 5.4E+08 7 3.1E+08 1.5E+08 3.0E+07 4.9E+08 8
2.8E+08 1.7E+08 3.0E+07 4.8E+08 9 2.5E+08 1.7E+08
3.0E+07 4.5E+08 10 2.5E+08 1.6E+08 2.0E+07 4.3E+08 11
2.2E+08 1.5E+08 3.0E+07 4.0E+08 12 2.0E+08 1.4E+08
3.0E+07 3.7E+08 13 1.6E+08 1.5E+08 2.0E+07 3.3E+08 14
1.5E+08 1.5E+08 2.0E+07 3.2E+08 15 1.5E+08 1.3E+08
2.0E+07 3.0E+08 16 1.4E+08 1.3E+08 2.0E+07 2.9E+08 17
1.2E+08 1.4E+08 2.0E+07 2.8E+08 18 6.0E+07 1.4E+08
1.0E+07 2.1E+08 19 4.0E+07 1.3E+08 2.0E+07 1.9E+08 20
3.0E+07 1.1E+08 2.0E+07 1.6E+08 2 1 4.0E+07 1.1E+08
2.0E+07 1.7E+08 22 1.0E+07 1.0E+08 1.0E+07 1.2E+08
Table 2 Batch B (8060) Total Week E.f L p L c LAB 0
3.0E+08 1.3E+08 1.5E+08 5.8E+08 



1 3.6E+08 1.6E+08 2.5E+08 7.7E+08 2 3.0E+08 1.5E+08
1.4E+08 5.9E+08 3 1.8E+08 2.2E+08 1.2E+08 5.2E+08 4
2.1E+08 1.0E+08 8.0E+07 3.9E+08 5 1.7E+08 1.0E+08
7.0E+07 3.4E+08 6 1.6E+08 2.0E+08 8.0E+07 4.4E+087
1.5E+08 1.4E+08 7.0E+07 3.6E+08 8 1.2E+08 1.5E+08
5.0E+07 3.2E+08 9 1.5E+08 1.1E+08 6.0E+07 3.2E+08 10
2.3E+08 1.0E+08 5.0E+07 3.8E+08 1 1 1.8E+08 1.0E+08
2.0E+07 3.0E+08 12 1.6E+08 1.0E+08 3.0E+07 2.9E+08 13
1.2E+08 1.1E+08 3.0E+07 2.6E+08 14 1.0E+08 1.1E+08
2.0E+07 2.3E+08 15 1.0E+08 1.0E+08 2.0E+07 2.2E+08 16
1.0E+08 1.0E+08 2.0E+07 2.2E+08 17 8.00E+07 9.00E+07
1.00E+07 1.8E+08 18 9.00E+07 9.00E+07 1.00E+07 1.9E+08
19 8.00E+07 8.00E+07 2.00E+07 1.8E+08 20 6.00E+07-
8.00E+07 1.00E+07 1.5E+08 2 1 5.00E+07 7.00E+07
1.00E+07 1.3E+08 22 4.00E+07 8.00E+07 1.00E+07 1.3E+08
Example 5 : Assessment o f the robustness o f the
metabolically active culture and o f freeze -dried
bacteria In this series of experiments a single strain
of lactobacillus plantarum was used to inoculate
growth media Subsequent growth at about 370C was
measured by monitoring 



absorbance at 600nm (and also checked by plating out
dilutions on agar media) . 'Wet' refers to a liquid
culture of the bacterium (produced by the method
described in this patent application) . Dry' refers to
a lyophilised preparation of the bacterium, suspended
in MRS broth (De Man, Rogosa and Sharpe Broth) just
prior to incubation in the specified media. Identical
numbers of viable w et ' and 'dry' bacteria were used
in each pair of incubations . (1) Growth in a rich and
'friendly' mediumBacteria were inoculated into MRS
broth and their growth monitored (xl = inoculum of Ix
107 cfu/ml final concentration; x2 = 2 x 107 cfu/ml) .
The results are shown in Figure Ia. This first growth
curve indicates that in a non-hostile environment, the
liquid culture grows away faster than the lyophilised
preparation. Presumably, the dormant bacteria in the
lyophilised preparation need time to rehydrate and get
their metabolism up and running. (2) The effect of
acid shock 1% (v/v) of either a liquid culture, or a
suspension of lyophilised bacteria, was added to MRS
broth, which had been adjusted to various pH values
with HCl. The bacteria were incubated in the acid
broths for 1 hour and then samples were counted on
MRS-agar plates. pH 6 5 4 3 2 1 Wet 106cfu/ml
106cfu/ml 106cfu/ml 106cfu/ml 6 X 105cfu/ml 0 Dry
106cfu/ml 106cfu/ml 106cfu/ml 2 x 104cfu/ml 1 X 10
cfu/ml 0 



Cfu= colony forming units per millilitre This result
indicates that the Lwet' bacteria are better able to
survive the acidic environment than are the dry'
bacteria. As the stomach may reach pH levels as low as
2 , this is obviously relevant to survival and fitness
of the bacteria during and following gastric transit.
(3) Combining the effects of pH and bile saltsTaking
the level of challenge a step further, the growth of
'wet' and Ldry' bacterial preparations was compared in
the following conditions: (a) MRS broth only (Figure
Ib) b ) MRS broth supplemented with 0.5% (w/v) bile
salts (Oxoid L55) (Figure Ic) (c) Incubation in MRS at
pH 3.0 for 1 hour, followed by growth in MRS-broth
with bile salts (.Figure Id). The combined results
from the experiments indicate the following points:
Wet' bacteria grow faster than Mry' bacteria.  Acid
shock has a more detrimental effect on dry' bacteria
than it does on wet.'  Bile salts inhibit both types,
with possibly a more adverse effect on dry' than
Lwet.'  The combined sequential effects of an acid
shock followed by exposure to bile salts significantly
slows the growth of wet' bacteria, but kills the Ldry'
bacteria (judged by lack of colonies on agar plates) .
However, whilst pH and bile tolerance are obviously 



important factors, there are a number of other
challenges, both chemical and microbial, which
probiotic bacteria must face. Thus the viability and
total number of bacteria, as judged simply by the
number of colony forming units per gram or ml, is only
one indicator of the fitness of a preparation to
function as a probiotic. If bacteria are not in an
active state when entering the host, there is a
significant possibility that they will either be
killed, or pass too far along the digestive tract,
before they have a chance tocolonise. Therefore,
probiotics are advantageous for use in a host if they
are in a metabolically active state when entering the
host. According to the invention, the bacteria are in
a live and metabolically active form, such that they
are able to withstand the hostile environment of the
GI tract. The metabolically active nature of the
product is designed to increase the chances of
survival and colonisation within the host. Example 6 :
Affects on the Gut Microflora of Poultry Chicks
Introduction and Methods : A probiotic containing the
lactic acid bacteria E .faecium, L . plantarum,
L.casei and L .acidophilus was prepared according to
the method described herein. The probiotic was tested
for its ability to alter the gut microflora of poultry
chicks on a commercial poultry (broiler) unit.
Treatment of Chicks: Poultry chicks were given the
antibiotic Lincospectin from 



day 1 (day old) to day 3 . On day 4 the birds received
no treatment. On day 5 , half of the broiler houses
received the preparation at a rate of 1 litre per 5000
chicks The remaining houses were used as controls. On
day 6 , six birds were randomly selected from each
group, sacrificed, and the intestinal microflora
examined. (Tissue samples from pairs of birds in each
group were pooled, giving three samples from each
group) .Microbiological Analysis: The areas of the
digestive system chosen for analysis is the upper
intestinal tract, taken from the beginning of the
small intestine down to the point of attachment of the
yolk sac. Gut tissues and contents from pairs of birds
were macerated in sterile peptone water, diluted, and
samples spread on a variety of semi-selective agars.
Following incubation of Jbhe plates, colony
characteristics and numbers were noted, together with
microscopic analysis of the bacteria. Identity of
lactic acid bacteria species was performed by
examination of colony characteristic, cell morphology
and carbohydrate fermentation profiles (the latter
using the api 50 CH' test kit from BioMerieux) .
Results : The results are shown in Figure 3 . Ll to L3
= probiotic treated birds (pairs 1 to 3 ) Cl to C3 =
Control birds (pairs 1 to 3 ) 



SI = small intestine cfu = colony forming units A s
expected, there were many different microbes present
in the gastrointestinal tracts of both control and
probiotic-treated birds. Overall, there were similar
numbers and types of bacteria in both groups of birds,
but with some significant differences in the
distribution and quantity of particular species.
Lactic Acid Bacteria T here was a very noticeable
difference in the lactic acid bacteria (LAB) content
between the preparation-treatedand the control birds.
Whilst both groups had comparable total numbers of
LAB, the flora of the control birds was dominated by a
single species, whereas the probiotic-treated birds
had a broader mixture of species present. Example 7
Effect of probiotic preparation on ostrich chicks A
trial was carried out to evaluate the effects of a
preparation according to the invention on ostrich
chicks. The trial was carried out for a period of 4
weeks with chicks which suffer from diarrhoea from day
4 . One group of chicks was treated with the
preparation according to the invention, a second with
an wide spectrum antibiotic and a third with a vitamin
amino acid supplement. The trial results show that the
group treated with the preparation according to the
invention had a 67% decrease in mortality compared to
the antibiotic treated group and that administration
of the preparation could relive symptoms of 



constipation, diarrhoea, gut stases, deviant behaviour
and prolapses. Furthermore, a weight increase of 27%
compared to the control groups was observed in the
group treated with the probiotic preparation. In a
second trial, wherein 100ml of the preparation
according to the invention was administered to breeder
birds, it was observed that administration resulted in
increased fertility compared to the control group.
Accordingly, these results show that the growth rate,
morbidity and mortality is influenced by the
administration of the probiotic preparation according
to the invention.Example 8 Beneficial Effects of the
probiotic preparation on mammals In a small
independent trial, the effect of the preparation
according to the invention on cats and dogs suffering
from chronic enteritis was evaluated and it was found
that it is useful in restoring a normal bowel flora.
In a tria_l in humans, volunteers have observed
beneficial effects of the preparation to help with
acute cases of diarrhoea and to correct chronic bowel
irregularity. This pattern of benefits suggests that a
product based on the method reported here could have
significant benefits for humans in the control of both
acute and chronic gastrointestinal dysfunction
(including irritable bowel syndrome and inflammatory
bowel disease, food poisoning, infectious diarrhoea
and constipation) . A full clinical 
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Publications, Bucks, UK. 21Claims 1 . A preparation
comprising viable, metabolically active bacteria and a
growth substrate comprising a mixture of complex and
simple sugars, proteins and peptides, wherein the
bacteria in the preparation exhibit a near equilibrium
growth state characterised in that the population of
bacteria is maintained at a constant level when stored
at about 40C and -at controlled pH for a period of at_
least 5 months. 2 . The preparation according to claim
1 wherein the population of bacteria is maintained in
the range of 108 to 109 viable cells per millilitre
when stored at about 40C and at controlled pH for a
period of at least 5 months. 3 . The preparation
according to claim 1 or claim 2 wherein the total
amount of sugars is in the range of from 20 mg/ml to
40 mg/ml and wherein the total amount of reducing
sugars is in the range of from 5 mg/ml to 20 mg/ml. 4.
The preparation according to claim 3 wherein the total
amount of sugars is 30mg/ml. 5 . The preparation
according to claim 3 or claim 4 wherein the total
amount of reducing sugars is lOmg/ml. 6 . The
preparation according to any of claims 1 to 5 wherein
the total amount of protein and peptides is in the
range of from 1 mg/ml to 2 mg/ml and wherein the total



amount of high molecular weight peptides is in the
range of from 100 mg/ml to 300 mg/ml.7. The
preparation according to claim 6 wherein the total
amount of protein and peptides is 2mg/ml. 8. The
preparation according to claim 6 or claim 7 wherein
the total amount of high molecular weight peptides is
250 mg/ml . 9 . The preparation of any of claims 1 to
8 wherein the pH is maintained in the range of from
3.8 to 4.5. 10. The preparation according to claim 9
wherein the pH is maintained at about 4.0. 11. The
preparation of any of claims 1 to 10 wherein the pH is
controlled by a buffer. 12. The preparation of any of
claims 1 to 11 wherein the bacteria are lactic acid
bacteria. 13. The preparation of claim 12 wherein the
bacteria are of the genus Lactobacillus . 14. The
preparation of claim 12 wherein the bacteria are of
the genus Enterococcus . 15. The preparation of claim
12 which comprises at least one of Enterococcus
faecium, Lactobacillus plantarum, Lactobacillus casei
or Lactobacillus acidophilus .- AA - 16. The
preparation of claim 15 which comprises Enterococcus
faecium, Lactobacillus plantarum and Lactobacillus
casei. 17. The preparation of any one of claims 1 to
16 which further comprises an anti-fungal agent. 



18. The preparation of claim 17 wherein the
anti-fungal agent is sterilised potassium sorbate. 19.
The preparation of any one of claims 1 to 13 which
further comprises an anti oxidant. 20. The preparation
of claim 14 wherein the anti oxidant is vitamin C .
21. A growth substrate for micro organisms comprising
a mixture of complex and simple sugars wherein total
amount of sugars is in the range of from 20 mg/ml to
40 mg/ml, and the total amount of reducing sugars is
in the range of from 5 mg/ml to 20 mg/ml. 22. The
growth substrate of claim 21 wherein total amount of
sugars is in the range of from 25 mg/ml to 35 mg/ml.
23. The growth substrate of claim 22 wherein total
amount of sugars is about 30 mg/ml. 24. The growth
substrate of any one of claims 21 to 23 wherein the
total amount of reducing sugars is in the range of
from 5 mg/ml to 15 mg/ml.25. The growth substrate of
claim 24 wherein the total amount of reducing sugars
is about 10 mg/ml. 26. The growth substrate of any one
of claims 21 to 25 which additionally comprises
proteins and peptides, wherein the total amount of
proteins and peptides in the range of from 1 mg/ml to
2 mg/ml and the total amount of high molecular weight
peptides is in the range of from 100 mg/ml to 300
mg/ml. 27. The growth substrate of claim 26 wherein
the total 



amount of protein and peptides is about 2 mg/ml. 28.
The growth substrate of claim 26 or claim 27 wherein
the total amount of high molecular weight peptides is
about 250 mg/ml. 29. A method of preparing a growth
substrate for micro organisms comprising: subjecting
malted cereal to a mashing step in which the malted
cereal is mixed with agueous liquid and subjected to
conditions of time and temperature which limit the
extent of conversion of complex to simple
carbohydrates such that a mixture of complex and
simple carbohydrates, proteins and peptides is
obtained, and separating the mixture of complex and
simple carbohydrates, proteins and peptides from the
spent malted cereal to obtain a growth substrate.30.
The method according to claim 29 wherein the mashing
step does not include a rest at a temperature in the
range of from 60 C to 65 C and/or at a temperature in
the range of from 7O C to 74'C. 31. The method
according to claim 29 or claim 30 wherein the mashing
step comprises mixing the malted cereal with water at
a temperature in the range of from 30 C to '45C,
resting the mixture for 1 to 2 hours, increasing the
temperature to a temperature in the range of from 75
"C to 85 "C, within a period of time in the range of
from 20 to 40 minutes, and then resting the mixture at
a temperature in the range of from 75 "C to 85 C for
period of time in the 



range of from 60 to 90 minutes. 32. The method
according to any one of claims 29 to 31 wherein the
mixture of complex and simple carbohydrates, proteins
and peptides is separated from the spent malted cereal
by coarse filtration. 33. The method according to any
one of claims 29 to 32 wherein the growth substrate is
not clarified. 34. The method according to any one of
claims 29 to 33 wherein the cereal is barley, wheat,
rice, oat or corn. 35. The method according to any one
of claims 29 to 3 4 wherein the growth substrate is
sterilised. 36. The method according to any one of
claims 29 to 35 wherein a buffer is added to the
growth substrate.37. A growth substrate obtainable by
the method of any one of claims 29 to 36. 38. A method
for preparing a metabolically active and stable
preparation of micro organisms comprising: growing
micro organisms in a growth substrate comprising a
mixture of complex and simple sugars, proteins and
peptides to obtain a pr-eparation of microorganisms,
and chilling the resulting preparation to about 40C
wherein the micro organisms adopt a near equilibrium
growth state characterised in that the population of
micro organisms in the preparation can be maintained
at a constant level when stored at about 40C and at
controlled pH for a period of at least 5 months, and
optionally storing the preparation at about 40C . 



39. The method of claim 38 wherein two species of
micro organisms are grown together in a single growth
substrate. 40. The method of claim 38 or claim 39
wherein two or more species of micro organisms are
grown in separate growth substrates and blended
together prior to storage at about 4C. 41. A method of
preparing a metabolically active and stable
preparation of micro organisms comprising: adding
micro organisms to a growth substrate comprising a
mixture of complex and simple sugars, proteins and
peptidesto form a preparation of micro organisms,
wherein the micro organisms are added to the growth
substrate at a concentration providing a near
equilibrium growth state characterised in that the
population of micro organisms in the preparation can
be maintained at a constant level when stored at about
40C and at controlled pH for a period of at least 5
months, and optionally storing the preparation at.
about 40C . 42. The method of any one of claims 38 to
41 wherein the micro organisms are bacteria. 43. The
method of claim 42 wherein the bacteria are lactic
acid bacteria. 44. The method of claim 43 wherein the
bacteria are of the genus Lactobacillus . 45. The
method of claim 43 wherein the bacteria are of the
genus Enterococcus . 46. The method of any one of
claims 43 to 45 wherein the 



concentration of bacteria in the preparation is in the
range of from 108 to 109 viable cells per millilitre.
47. The method of any one of claims 3 8 to 46 wherein
the growth substrate is as defined in any one of
claims 21 to 28 or 37.48. The method according to any
one of claims 38 to 47 wherein the growth substrate is
prepared according to the method of any one of claims
29 to 36. 49. The method of any one of claims 38 to 48
wherein an anti-fungal agent is added prior to storage
of the preparation. 50. The method of claim 49 wherein
the anti-fungal agent is sterilised potassium sorbate.
51. The method of any one of claims 38 to 50 wherein
an anti oxidant is added prior to storage of the
preparation. 52. The method of claim 51 wherein the
anti oxidant is vitamin C . 53. The method of any one
of claims 38 to 52 wherein the pH of the preparation
is maintained in the range of from 3.8 to 4.5. 54. The
method of claim 53 wherein the pH is controlled by a
buffer. 55. A metabolically active and stable
preparation of bacteria obtainable by the process of
any one of claims 42 to 54 . 56. Animal feed
comprising a metabolically active and stable
preparation of bacteria according to any one of 



claims 1 to 20 or 55.57. A foodstuff or beverage
suitable for human consumption comprising a
metabolically active and stable preparation of
bacteria according to any one of claims 1 to 20 or 55.
58. A pharmaceutical composition comprising a
metabolically active and stable preparation of
bacteria according to any one of claims 1 to 20 or 55
admixed with one or more pharmaceutically acceptable
diluents, carriers or excipients . 59. A metabolically
active and stable preparation of bacteria according to
any one of claims 1 to 20 or 55 for use as a
medicament. 60. Use of a metabolically active and
stable preparation of bacteria according to any one of
claims 1 to 20 or 55 in the manufacture of a
medicament for use in the treatment of a disorder
affecting the intestinal microbial balance in a
mammalian subject. 61. Use according to claim 60
wherein the disorder affecting the intestinal
microbial balance is chronic inflammatory bowel
disease, ulcerative colitis or Chrohn's disease. 62.
Use of a metabolically active and stable preparation
of bacteria according to any one of claims 1 to 20 or
55 in the manufacture of a medicament for use in
maintaining the intestinal microbial balance in a
mammalian subject. 63. A method of treating or
preventing a disorder affecting the intestinal
microbial balance in a human or animalpatient
comprising administering to a patient in need 



thereof an effective amount of a metabolically active
and stable preparation of bacteria according to any
one of claims 1 to 20 or 55 or a pharmaceutical
composition according to claim 58 . 64. A method
according to claim 63 wherein the disorder affecting
the intestinal microbial balance is chronic
inflammatory bowel disease, ulcerative colitis or
Chrohn's disease. 


