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Description

FIELD OF INVENTION

[0001] The present invention relates to satiety of ap-
petite.
[0002] In one embodiment the present invention re-
lates to the use of at least one strain of a microorganism,
preferably a lactic acid bacterium, preferably a probiotic
bacterium, such as Lactobacillus spp. (for example L.
acidophilus and/or L. salivarius) and/or Bifidobacterium
spp. (such as B. lactis), to prepare a support administered
to humans or animals for modulating satiety signalling,
preferably inducing satiety.
[0003] The present invention yet further relates to at
least one strain of a microorganism, preferably a lactic
acid bacterium, preferably a probiotic bacterium, such as
Lactobacillus spp. (for example L. acidophilus and/or L.
salivarius) and/or Bifidobacterium spp. (such as B. lactis),
for use in the treatment or reduction or management of
obesity and/or for use in the treatment of obesity related
diseases.

TECHNICAL BACKGROUND

[0004] Dieting and weight loss for aesthetic (cosmetic)
reasons is practised by individuals throughout the world.
Scientists, drug developers and food developers have
over the past decade introduced a variety of appetite sup-
pressants and/or weight loss drugs and/or "healthy" food
ranges in order to assist dieters in their plight to shed the
weight.
[0005] Dieting is not restricted to humans, but includes
other animals, with diet plans for pets being common.
[0006] From an evolutionary perspective animals (in-
cluding humans) have adapted to gorge food and store
energy in case of famine. Unfortunately, however, al-
though this was useful in times when food was scarce,
now in times where it is possible to constantly eat this
can lead to overweight and, in some cases, obesity.
[0007] Obesity has become a major public health prob-
lem. Health conditions caused or exacerbated by obesity
include hypertension, diabetes mellitus, sleep apnea,
obesity-related hypoventilation, back and joint problems,
cardiovascular disease, non-alcoholic fatty liver disease
and gastroesophageal reflux disease.
[0008] The body mass index (BMI) (calculated as
weight in kilograms divided by the square of height in
meters) is the most commonly accepted measurement
for overweight and/or obesity. A BMI exceeding 25 is
considered overweight, while obesity is defined as a BMI
of 30 or more, with a BMI of 35 or more considered as
serious comorbidity and a BMI of 40 or more considered
morbid obesity.
[0009] Obestatin is a peptide hormone that is produced
in the cells lining the stomach and small intestine of sev-
eral mammals including humans; it drastically reduces
appetite in mice and is expected to do the same in hu-

mans.
[0010] Surprisingly, obestatin is encoded by the same
gene that also encodes ghrelin, a peptide hormone that
increases appetite. Ghrelin and obestatin are both de-
rived from a prohormone produced by the same gene
and are divided by post-translational processing. The
purpose of this mechanism remains unclear, however it
explains earlier findings, namely that removing the ghre-
lin gene from mice did not significantly reduce their ap-
petite.
[0011] Obestatin has been considered for use as a
drug against obesity, however it would have to be deliv-
ered as a nasal spray or by injection, as the peptide is
destroyed by gastric juices.
[0012] There are currently few treatments for obesity.
Of the two drugs approved for use in the US Roche’s
Xenical™ (which blocks the digestion of fat) is relatively
effective at promoting weight loss, but has some unpleas-
ant side-effects. The other drug approved for use in the
US is Abbot Laboratories’ Meridia™, which has allegedly
been proven to be not particularly effective (Schaffer A.
www.slate.com/id/2117332, 26 April 2005).
[0013] One experimental drug currently in trials is Ri-
monabant™ (a cannabinoid receptor antagonist) which
allegedly stems cravings in humans, thus reducing obese
patients’ appetites.
[0014] There therefore is a need for an effective tool
for reducing weight, preventing weight gain, facilitating
weight loss and/or treating obesity.
[0015] Among microorganisms, in particular among
bacteria, some have a positive influence on the immune
system, in particular the lactic acid bacteria and bifido-
bacteria, and are described as "probiotic" bacteria or
strains.
[0016] Generally, by probiotic bacterium or strain it is
meant a non-pathogenic microorganism which, when in-
gested live, exercises a beneficial effect on the host’s
health or physiology. These probiotic strains generally
have the ability to survive the passage through the upper
part of the digestive tract. They are non-pathogenic, non-
toxic and exercise their beneficial effect on health on the
one hand via ecological interactions with the resident flo-
ra in the digestive tract, and on the other hand via their
ability to influence the immune system in a positive man-
ner via the "GALT" (gut-associated lymphoid tissue). De-
pending on the definition of probiotics, these bacteria,
when given in a sufficient number, have the ability to
progress live through the intestine, however they do not
cross the intestinal barrier and their primary effects are
therefore induced in the lumen and/or the wall of the gas-
trointestinal tract. They then form part of the resident flora
during the administration period. This colonization (or
transient colonization) allows the probiotic bacteria to ex-
ercise a beneficial effect, such as the repression of po-
tentially pathogenic micro-organisms present in the flora
and interactions with the immune system of the intestine.
[0017] The probiotic strains most commonly used, in
particular in dairy products, are principally bacteria and
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yeasts of the following genera: Lactobacillus spp., Strep-
tococcus spp., Enterococcus spp., Bifidobacterium spp.
and Saccharomyces spp.
[0018] Among the probiotic effects recorded for these
bacteria, there can be mentioned for example the im-
provement of lactose tolerance, enhancement of immune
function, prevention or treatment of gastrointestinal and
urogenital infections and reduction of the cancer risk.
Some probiotic bacteria are used in the prior art for the
treatment or prevention of obesity and related disorders.
For example, document WO02/38165 discloses the use
of a strain of Lactobacillus plantarum 299 for reducing
the risk factors involved in the metabolic syndrome. In-
ternational publication WO2004/014403 teaches the use
of Lactobacillus reuteri PRD202 and Lactobacillus fer-
mentum NM316 for decreasing body weight and for the
prevention and treatment of obesity and diabetes melli-
tus. Docuement US2005/186189 concerns the use of
Lactobacillus rhamnosus GM-020 for the treatment of
obesity and complication thereof.

SUMMARY ASPECTS

[0019] A seminal finding of the present invention is that
microorganisms, in particular lactic acid bacteria and/or
probiotic microorganisms and/or probiotic lactic acid bac-
teria, and/or a metabolite thereof according to the present
invention induces satiety, in particular postprandial sati-
ety, in a subject.
[0020] In particular, a seminal finding of the present
invention is that lactic acid bacteria (such as Lactobacil-
lus acidophilus, for example strain PTA-4797; Lactoba-
cillus salivarius; and/or Bifidobacterium lactis) and/or a
metabolite thereof induces satiety, in particular postpran-
dial satiety, in a subject.
[0021] In one aspect the present invention provides
the use of a strain of a microorganism and/or a metabolite
thereof in the manufacture of a support for administration
to a subject for the treatment and/or prevention of obesity
and/or for the prevention of a disease caused by obesity;
wherein the strain is Lactobacillus acidophilus PTA-
4797, or Bifidobacterium lactis 420, or Bifidobacterium
lactis HN019, or Lactobacillus salivarius 33, and wherein
the metabolite is a crude extract of a culture medium in
which the microorganism is or was cultured and/or of the
microorganism. In another aspect the present invention
provides a strain of a microorganism and/or a metabolite
thereof for use in a method of treating and/or preventing
obesity and/or for the prevention of a disease caused by
obesity wherein the strain is Lactobacillus acidophilus
PTA-4797, or Bifidobacterium lactis 420, or Bifidobacte-
rium lactis HN019, or Lactobacillus salivarius 33, and
wherein the metabolite is a crude extract of a culture me-
dium in which the microorganism is or was cultured
and/or of the microorganism. In a yet further aspect, the
present invention provides a non-therapeutic method of
reducing excess weight in a non-obese subject compris-
ing administering an effective amount of a strain of a mi-

croorganism and/or a metabolite thereof, wherein the
strain is Lactobacillus acidophilus PTA-4797, or Bifido-
bacterium lactis 420, or Bifidobacterium lactis HN019, or
Lactobacillus salivarius 33, and wherein the metabolite
is a crude extract of a culture medium in which the mi-
croorganism is or was cultured and/or of the microorgan-
ism. In another aspect, the present invention provides
the use of a strain of a microorganism and/or a metabolite
thereof in the manufacture of a support for administration
to a subject for the treatment and/or prevention of obesity
and/or for the prevention of a disease caused by obesity;
wherein the strain is Lactobacillus acidophilus PTA-
4797, or Bifidobacterium lactis 420, or Bifidobacterium
lactis HN019, or Lactobacillus salivarius 33, and wherein
the metabolite is a crude extract of a culture medium in
which the microorganism is or was cultured and/or of the
microorganism. In further aspect, the present invention
provides a strain of a microorganism and/or a metabolite
thereof for use in a method of treating and/or preventing
obesity and/or of preventing a disease caused by obesity
wherein the strain is Lactobacillus acidophilus PTA-
4797, or Bifidobacterium lactis 420, or Bifidobacterium
lactis HN019, or Lactobacillus salivarius 33, and wherein
the metabolite is a crude extract of a culture medium in
which the microorganism is or was cultured and/or of the
microorganism. In a yet further aspect, the present in-
vention provides a non-therapeutic method of reducing
excess weight in a non-obese subject comprising admin-
istering an effective amount of a strain of a microorganism
and/or a metabolite thereof, wherein the strain is Lacto-
bacillus acidophilus PTA-4797, or Bifidobacterium lactis
420, or Bifidobacterium lactis HN019, or Lactobacillus
salivarius 33, and wherein the metabolite is a crude ex-
tract of a culture medium in which the microorganism is
or was cultured and/or of the microorganism.

DETAILED ASPECTS

[0022] The detailed aspects of this invention are de-
tailed below. In part some of the detailed aspects are
discussed in separate sections. This is for ease of refer-
ence and is in no way limiting.
[0023] In one aspect, the present invention provides
the use of at least one strain of a microorganism and/or
a metabolite thereof for administration to a subject for
modulating satiety signalling (for example, in the intes-
tine).
[0024] In one aspect, the present invention provides
the use of at least one strain of a microorganism and/or
a metabolite thereof in the manufacture of a support for
administration to a subject for modulating satiety signal-
ling (for example, in the intestine).
[0025] The term "modulating satiety signalling" as used
herein refers to varying the amplitude and/or frequency
of neural and/or endocrine signalling associated with sa-
tiety.
[0026] In some embodiments, "modulating satiety sig-
nalling" refers to varying the amplitude and/or frequency
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of satiety markers.
[0027] The term "satiety" as used herein means the
state of being satiated or glutted of appetite, i.e. fullness
beyond desire or being fully satisfied.
[0028] In a further aspect, the present invention pro-
vides the use of at least one strain of a microorganism
and/or a metabolite thereof in the manufacture of a sup-
port for administration to a subject for inducing satiety.
[0029] In another aspect, the present invention pro-
vides the use of at least one strain of a microorganism
and/or a metabolite thereof in the manufacture of a med-
icament for the treatment and/or prevention of obesity,
and/or an obesity related disease or disorder.
[0030] In yet another aspect, the present invention pro-
vides a method of modulating satiety signalling (for ex-
ample, in the intestine) in a subject which method com-
prises administering to the subject an effective amount
of at least one strain of a microorganism and/or a metab-
olite thereof
[0031] In a further aspect, the present invention pro-
vides a method of inducing satiety in a subject which
method comprises administering to the subject an effec-
tive amount of at least one strain of a microorganism
and/or a metabolite thereof.
[0032] A method of treating and/or preventing excess
weight, including obesity, and/or a disease or disorder
caused by excess weight, including an obesity related
disease in a subject is disclosed herein, which method
comprises administering to the subject an effective
amount of at least one strain of a microorganism and/or
a metabolite thereof.
[0033] In a further aspect, the present invention pro-
vides a cosmetic method of reducing excess weight in a
non-obese subject, which method comprises administer-
ing to the subject an effective amount of at least one
strain of a microorganism and/or a metabolite thereof.
[0034] In another aspect the present invention pro-
vides a cosmetic use of at least one strain of a microor-
ganism and/or a metabolite thereof in the manufacture
of a support for administration to a non-obese subject for
inducing satiety.
[0035] A method for selecting a microorganism and/or
a metabolite thereof for administration to a subject for
inducing satiety and/or treating excess weight, including
obesity is taught herein, wherein the method comprises
the steps of:

a) bringing a microorganism and/or a metabolite
thereof into contact with at least one epithelial cell,
b) detecting the expression of a satiety marker (such
as protein tyrosine tyrosine (PYY)) in at least one
epithelial cell.

[0036] A method for selecting a microorganism and/or
a metabolite thereof to prepare a support for administra-
tion to a subject for inducing satiety and/or treating ex-
cess weight, including obesity is disclosed herein, where-
in the method comprises the steps of:

a) bringing a microorganism and/or a metabolite
thereof into contact with at least one epithelial cell,
b) detecting the expression of a satiety marker (such
as protein tyrosine tyrosine (PYY)) in at least one
epithelial cell.

[0037] The epithelial cell or cells used during stages
a) or b) preferably come from Caco-2 cell line. This is a
cancer colon cell line. They can also be isolated and pu-
rified cells from biopsies of items from operations on hu-
mans. Caco-2 cells are publicly available in a number of
cell line catalogues, such as from the ATCC (American
Type Culture Collection) with a number HTB-37, for ex-
ample.
Stage a) is carried out preferably using from 1 to 100
microorganism cells per one epithelial cells to be tested
with at least one epithelial cell.
[0038] The contact period, during stage a), can vary
from 0 hour to 24 hours, and is preferably about 3 hours
or at least 3 hours.
Generally, the bringing into contact with the cells accord-
ing to stage a) is carried out under standard temperature,
modified-atmospheres and sterility conditions well
known to a person skilled in the art, in particular under
in vitro epithelial cell culture conditions.
Stage b) of the selection process according to the inven-
tion is carried out by preferably detecting the expression,
and optionally its level, of the messenger RNA of the
satiety marker (such as PYY), for example by PCR inter
alia by quantitative PCR or by immunohistochemistry or
by radioimmunoassay. Other techniques well known to
a person skilled in the art for the detection of mRNA and
its measurement can be used.
[0039] For some aspects, the microorganism in ac-
cordance with the present invention may be viable.
[0040] For some aspects, the microorganism in ac-
cordance with the present invention may be dead or non-
viable.
Without wishing to be bound by theory, it is believed that
the metabolites, for example the soluble metabolites, as-
sociated with, for example produced by, the microorgan-
ism may be causing the advantageous effect of the mi-
croorganism. For some aspects, it is therefore unneces-
sary for the microorganism cells to be in direct contact
with the target cells.
[0041] For some aspects, it is believed that one or more
metabolites associated with, for example produced by,
the microorganism may be suitable for achieving the ben-
eficial effects taught herein. In such instances, it may be
unnecessary to include the microorganisms themselves.
[0042] The term "metabolite thereof" as used herein
means a crude extract of a culture medium in which a
microorganism according to the present invention is or
was cultured and/or of the microorganism. Suitably, for
some aspects the metabolite may be one or more com-
pounds isolated and/or purified from the culture medium
and/or the microorganism.
[0043] In some aspects suitably the metabolite may be
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a soluble metabolite.
[0044] In some aspects the metabolite may be a water
soluble metabolite.
[0045] In some aspects the metabolite may be a lipid
soluble metabolite. Suitably, the metabolite may be a me-
tabolite which is present in the supernatant phase isolat-
ed from a culture of the microorganism using the meth-
odology as taught in US 5,578,302 and/or in accordance
with the examples taught herein
[0046] In one aspect the metabolite may be obtainable
(preferably obtained) by culturing Lactobacillus acido-
philus PTA-4797, Bifidobacterium lactis 420, Bifidobac-
terium lactis HN019, or Lactobacillus salivarius 33 in a
culture medium until the OD of the culture at λ600 reach-
es at least 0.6, preferably 0.6 to 1.5; removing the bac-
teria by centrifugation and/or filtration (such as, for ex-
ample, centrifugation at 25°C, 5 min, 3000g and/or ster-
ile-filtration) to result in a filtrate comprising said metab-
olite(s).
[0047] Suitably, the metabolite(s) is obtainable (pref-
erably obtained) using an MRS culture medium either
with 1.0% sugar or without sugar. Suitably, the metabo-
lite(s) is obtainable (preferably obtained) by culturing the
bacteria at 37°C. Suitably, the metabolite(s) is obtainable
(preferably obtained) by culturing the bacteria anaerobi-
cally.
[0048] In in vitro assays the metabolite in the form of
the filtrate may optionally be admixed with tissue culture
cells in a tissue culture medium. Preferably, the filtrate
containing the metabolite(s) is admixed with the tissue
culture medium such that the filtrate/tissue culture medi-
um mixture comprises at least 10% v/v filtrate and at most
90% v/v tissue culture medium.
[0049] When the metabolite(s) is loaded onto a sup-
port, preferably filtrate/support mixture ratio is 1:10 or
greater.
[0050] Suitably, the microorganism in accordance with
the present invention may be co-cultured with one or
more target cells thus allowing the transfer of soluble
fractions.
[0051] Suitably, the microorganism may not be in cell
to cell contact with the target cell(s).
[0052] Suitably, the microorganism according to the
present invention or the metabolite thereof may be in the
form of a bacterial suspension, before or after freezing,
in the form or concentrates, either in dry, lyophilized or
frozen form. Whatever the form used, the strain can be
frozen.
[0053] Suitably, the microorganism and/or metabolite
thereof according to the present invention may contain
different additives. Suitably additives may be added dur-
ing its drying and/or during its lyophilization.
[0054] The microorganism used in accordance with the
present invention, (such as a strain of Lactobacillus spp.;
for example a strain of Lactobacillus acidophilus and/or
L. salivarius and/or a strain of Bifidobacterium, for exam-
ple B. lactis), may comprise from 106 to 1012 CFU of
bacteria/g of support, and more particularly from 108 to

1012 CFU of bacteria/g of support, preferably 109 to 1012

CFU/g for the lyophilized form.
Suitably the microorganism used in accordance with the
present invention, (such as a strain of Lactobacillus spp.;
for example a strain of Lactobacillus acidophilus and/or
L. salivarius and/or a strain of Bifidobacterium, for exam-
ple B. lactis), may be administered at a dosage of from
about 106 to about 1012 CFU of microorganism/dose,
preferably about 108 to about 1012 CFU of microorgan-
ism/dose. By the term "per dose" it is meant that this
amount of microorganism is provided to a subject either
per day or per intake, preferably per day. For example,
if the microorganism is to be administered in a food sup-
port (for example in a yoghurt) - then the yoghurt will
preferably contain from about 108 to 1012 CFU of the
microorganism. Alternatively, however, this amount of
microorganism may be split into multiple administrations
each consisting of a smaller amount of microbial loading
- so long as the overall amount of microorganism received
by the subject in any specific time (for instance each 24h
period) is from about 106 to about 1012 CFU of microor-
ganism, preferably 108 to about 1012 CFU of microorgan-
ism.
[0055] In accordance with the present invention an ef-
fective amount of at least one strain of a micoroganism
may be at least 106 CFU of microorganism/dose, prefer-
ably from about 106 to about 1012 CFU of microorgan-
ism/dose, preferably about 108 to about 1012 CFU of mi-
croorganism/dose.
[0056] In one instance, preferably the microorganism
used in accordance with the present invention, (such as
a strain of Lactobacillus spp.; for example a strain of
Lactobacillus acidophilus and/or L. salivarius and/or a
strain of Bifidobacterium, for example B. lactis) may be
administered at a dosage of from about 106 to about 1012

CFU of microorganism/day, preferably about 108 to about
1012 CFU of microorganism/day. Hence, the effective
amount in this embodiment may be from about 106 to
about 1012 CFU of microorganism/day, preferably about
108 to about 1012 CFU of microorganism/day.
[0057] CFU stands for "colony-forming units". By gram
of support is meant preferably the food product or the
pharmaceutically acceptable support.
[0058] Advantageously, the present invention is an ef-
fective tool for reducing weight gain and/or facilitating
weight loss and/or treating or preventing obesity and/or
treating or alleviating disorders or diseases related to or
caused by obesity or being overweight.
[0059] Without wishing to be bound by theory the mi-
croorganism and/or metabolite thereof may mediate
weight loss and/or result in satiety by increasing satiety
signalling in the intestine.
[0060] Without wishing to be bound by theory the mi-
croorganism and/or metabolite may mediate weight loss
and/or result in satiety via its effect on a gut hormone
and/or on one or more receptors found in the gut.
[0061] Some of the peripheral regulators of appetite,
including gut hormones, are discussed in Stanley et al
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Physiol. Review 85: 1131-1158 2005.
[0062] Without wishing to be bound by theory the mi-
croorganism and/or metabolite thereof may mediate
weight loss and/or result in satiety via its effect on a satiety
marker (such as the gut hormone Peptide Tyrosine Ty-
rosine (PYY) for example).

SATIETY

[0063] The term "satiety" as use herein means the state
of being satiated or glutted of appetite, i.e. fullness be-
yond desire or being fully satisfied.
[0064] Suitably, the present invention may be for in-
creasing satiety.
[0065] Preferably the present invention is for inducing
and/or increasing postprandial satiety.
[0066] The person skilled in the art would understand
that satiety and post-prandial satiety may be measured
in a number of ways.
For example, without wishing to be bound by theory there
is a link between the level of satiety marker(s) (such as
the gut hormone PYY either in the blood or in the gut)
and the level of satiety.
Therefore, satiety and/or post-prandial satiety can be
measured by determining the level of one or more satiety
markers (for example PYY either in the blood of the sub-
ject and/or in the gut of the subject). Suitably the samples
may be taken at intervals prior to and at intervals after
the subject consumes a specific meal. For example, in-
creased levels of expression of PYY and/or increased
levels of PYY may indicate satiety. The relationships be-
tween other satiety markers and satiety are known to
those of ordinary skill in the art.
[0067] In addition, or alternatively, satiety and/or post-
prandial satiety may be measured in animal studies by
measuring the food intake of the animal and/or the time
interval between feeding of the animal and/or the weight
of the animal. A reduction in food intake and/or weight of
the animal indicates satiety. In addition, or as an alter-
native, an increase in the time interval between feeding
of the animal indicates satiety.
In addition, or alternatively, satiety and/or post-prandial
satiety may be measured subjectively by a subject by
use of a questionnaire where subjects are asked the fol-
lowing questions: "how hungry are you", "how full are
you", "how much can you eat" and "what is your desire
to eat". Their perception can be rated from 0 (lowest) to
10 (highest) on a 100mm visual analog scale (as taught
in Stock et al J. of Clinical Endocrinology & Metabolism,
first published 18 Jan 2005 as
doi:10.1210/jc.2004.1251). The subject is preferably re-
quested to complete the questionnaire at intervals before
and at intervals after the subject consumes a specific
meal.
[0068] In some aspects satiety may mean one or more
of the following:

a) postprandial satiety;

b) a reduction in pre-meal hunger;
c) a strengthening in within meal satiation to reduce
meal size; and/or
d) an increase in the between mean state of satiety,
which may prevent compensatory increases in meal
numbers and/or may reduce between meal snack-
ing.

[0069] In some aspects satiety may be measured as
one or more of the following:

i) a reduction in food intake by the subject compared
to a comparative test subject and/or compared with
the subject pre-treatment;
ii) a reduction in body weight of the subject compared
with the subject pre-treatment;
iii) a reduction in adiposity compared to a compara-
tive test subject and/or compared with the subject
pre-treatment.

SATIETY MARKER

[0070] The term "satiety marker" as used herein refers
to a compound(s) and/or gut hormone(s) involved in the
regulation of appetite and/or food intake.
[0071] Satiety markers include, but are not limited to,
pancreatic polypeptide (PYY), cholecystokinin (CCK),
Glucagon-like peptide-1 (GLP-1), insulin, leptin, ghrelin,
orexins, orexigenic hypothalamic neuropeptide Y (NPY),
acetic acid, amylin, and oxyntomodulin.
[0072] In one embodiment, the satiety marker is pref-
erably a gut hormone.
[0073] In one embodiment the satiety marker may be
one or more of PYY, CCK, GLP-1, insulin, leptin, ghrelin,
orexins, orexigenic hypothalamic neuropeptide Y (NPY),
amylin or oxyntomodulin.
[0074] Suitably, the satiety marker may be selected
from any one or more of the following: PYY, CCK, GLP-
1 and insulin.
[0075] Without wishing to be bound by theory the mi-
croorganism and/or metabolite thereof of the present in-
vention may induce satiety by increasing the plasma lev-
els of any one or more of: PYY, CCK, GLP-1 and insulin.
The increase is compared with an equivalent control, but
which has not been administered the microorganism
and/or metabolite thereof.
[0076] In one embodiment, the microorganism and/or
metabolite thereof of the present invention may induce
satiety by increasing the levels of any one or more of the
following satiety markers in the gut: PYY, CCK, GLP-1
and insulin. The increase is compared with a control
which has not been administered the microorganism
and/or metabolite thereof.
[0077] Without wishing to be bound by theory the mi-
croorganism and/or metabolite thereof of the present in-
vention may induce satiety by increasing the level of lep-
tin in peripheral blood and/or by decreasing the level of
leptin in the brain. The increase is compared with a con-
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trol which has not been administered the microorganism
and/or metabolite thereof.
[0078] In one embodiment, the microorganism and/or
metabolite thereof of the present invention may increase
the level of PYY. The increase is compared with a control
which has not been administered the microorganism
and/or metabolite thereof.
[0079] In an alternative or additional embodiment, the
microorganism and/or metabolite thereof of the present
invention may increase the level of CCK. The increase
is compared with a control which has not been adminis-
tered the microorganism and/or metabolite thereof.
[0080] In another embodiment, the microorganism
and/or metabolite thereof of the present invention may
induce satiety by decreasing the level of one or more gut
hormone(s) in the gut and/or in the plasma such as any
one or more of the following: ghrelin and orexins. The
decrease is compared with a control which has not been
administered the microorganism and/or metabolite there-
of.
[0081] In another embodiment, the satiety marker may
be acetic acid. In this embodiment, the microorganism
and/or metabolite thereof of the present invention may
induce satiety by increasing the level of acetic acid in the
blood. The increase is compared with a control which
has not been administered the microorganism and/or me-
tabolite thereof.

SUPPORT

[0082] The support employed during the use according
to the present invention is preferably a pharmaceutically
acceptable support or a food product. Further information
with regard to both foods and pharmaceuticals are given
below.
[0083] A pharmaceutically acceptable support may be
for example a support in the form of compressed tablets,
tablets, capsules, ointments, suppositories or drinkable
solutions. Other suitable forms are provided below.
[0084] Preferably, the support employed during the
use according to the invention is a food product such as
a food supplement, a drink or a powder based on milk.
Preferably it is a dairy product of animal or vegetable
origin. As noted further below, here the term "food" is
used in its broadest sense - and covers food for humans
as well as food for animals (i.e. a feed).
[0085] The term "dairy product" as used herein is
meant to include a medium comprising milk of animal
and/or vegetable origin. As milk of animal origin there
can be mentioned cow’s, sheep’s, goat’s or buffalo’s milk.
As milk of vegetable origin there can be mentioned any
fermentable substance of vegetable origin which can be
used according to the invention, in particular originating
from soybeans, rice or cereals.
[0086] Still more preferably the support employed ac-
cording to the invention is a fermented milk or humanized
milk.

OVERWEIGHT/OBESITY

[0087] The body mass index (BMI) (calculated as
weight in kilograms divided by the square of height in
meters) is the most commonly accepted measurement
for overweight and/or obesity.
[0088] A BMI exceeding 25 is considered overweight.
[0089] Obesity is defined as a BMI of 30 or more, with
a BMI of 35 or more considered as serious comorbidity
and a BMI of 40 or more considered morbid obesity.
[0090] The term "obesity" as used herein includes
obesity, comorbidity obesity and morbid obesity. There-
fore, the term "obesity" as used here may be defined as
a subject having a BMI of more than or equal to 30.
[0091] In some aspects suitably an obese subject may
have a BMI of more than or equal to 30, suitably 35,
suitably 40.
[0092] The term "excess weight" as used herein means
the excess weight of the subject. The term "excess
weight" as used herein means that that the subject is
considered overweight. There term "overweight" as used
herein means that the subject has a BMI exceeding 25.
[0093] Excess weight and/or obesity may be measured
using the BMI. Therefore a reduction in excess weight
and/or obesity may be measured using the BMI.
[0094] A reduction in excess weight and/or obesity may
also (or alternatively) be measured simply by measuring
the weight of the subject relative to a control and/or before
and after administration of the microorganisms and/or
metabolite thereof according to the present invention.
[0095] Without wishing to be bound by theory, there
may also be a link between serum or blood inflammatory
markers (such as C-reactive protein and/or interleukin 6
and/or TNF-RII for example) and obesity. In addition,
there may also be a correlation between serum or blood
inflammatory markers and BMI. Hence, in one embodi-
ment one may measure blood inflammatory markers to
determine obesity and/or a reduction in obesity in a sub-
ject.

DISORDERS/DISEASES RELATED TO OR CAUSED 
BY EXCESS WEIGHT AND/OR OBESITY

[0096] Health conditions (i.e. disorders and/or diseas-
es) caused or exacerbated by obesity include hyperten-
sion, diabetes mellitus, for example type-2 diabetes,
sleep apnea, obesity-related hypoventilation, back and
joint problems, cardiovascular disease, non-alcoholic fat-
ty liver disease and gastroesophageal reflux disease.

SUBJECT

[0097] The term "subject", as used herein, means an
animal. Preferably, the subject is a mammal, including
for example livestock (including cattle, horses, pigs,
chickens and sheep), and humans. In some aspects of
the present invention the animal is a companion animal
(including pets), such as a dog or a cat for instance. In
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some aspects of the present invention, the subject may
suitably be a human.

MEDICAMENT

[0098] The term "medicament" as used herein encom-
passes medicaments for both human and animal usage
in human and veterinary medicine. In addition, the term
"medicament" as used herein means any substance
which provides a therapeutic and/or beneficial effect. The
term "medicament" as used herein is not necessarily lim-
ited to substances which need Marketing Approval, but
may include substances which can be used in cosmetics,
nutraceuticals, food (including feeds and beverages for
example), probiotic cultures, and natural remedies. In ad-
dition, the term "medicament" as used herein encom-
passes a product designed for incorporation in animal
feed, for example livestock feed and/or pet food.

TREATMENT

[0099] It is to be appreciated that all references herein
to treatment include curative, palliative and prophylactic
treatment.

SUBSTANTIALLY PURE FORM AND/OR ISOLATED 
FORM

[0100] For some aspects the microorganism and/or
metabolite according to the present invention may be in
a substantially pure form or may be in an isolated form.
[0101] The term "substantially pure form" is used to
indicate that the microorganism and/or metabolite ac-
cording to the present invention is present at a high level.
When the microorganism and/or metabolite is in a sub-
stantially pure form, the microorganism and/or metabolite
is desirably the predominant component present in a
composition. Preferably it is present at a level of more
than 30%, of more than 50%, of more than 75%, of more
than 90%, or even of more than 95%, said level being
determined on a dry weight / dry weight basis with respect
to the total composition under consideration.
[0102] At very high levels (e.g. at levels of more than
90 %, of more than 95% or of more than 99%) the com-
ponent may be regarded as being "isolated". Biologically
active substances of the present invention (including
polypeptides, nucleic acid molecules, carbohydrates
identified/identifiable via screening, lipids identified/iden-
tifiable via screening, moieties identified/identifiable via
screening, etc.) may be provided in a form that is sub-
stantially free of one or more contaminants with which
the substance might otherwise be associated. Thus, for
example, they may be substantially free of one or more
potentially contaminating polypeptides and/or nucleic ac-
id molecules.
[0103] They may be provided in a form that is substan-
tially free of other cell components (e.g. of cell mem-
branes, of cytoplasm, etc.). When a composition is sub-

stantially free of a given contaminant, the contaminant
will be at a low level (e.g. at a level of less than 10%, less
than 5% or less than 1% on the dry weight/dry weight
basis set out above).

MICROORGANISM

[0104] Suitable viable microorganisms for use in the
present invention include bacteria. Preferably, the viable
microorganisms for use in the present invention are via-
ble bacteria.
[0105] The term "viable micro-organism" means a mi-
croorganism which is metabolically active.
[0106] The microorganism may be a naturally occur-
ring microorganism or it may be a transformed microor-
ganism. The microorganism may also be a combination
of suitable microorganisms.
[0107] The microorganism according to the present in-
vention is Lactobacillus acidophilus PTA-4797, or Bifido-
bacterium lactis 420, or Bifidobacterium lactis HN019, or
Lactobacillus salivarius 33. Preferably the microorgan-
ism to be used in accordance with the present invention
is a microorganism which is generally recognised as safe
and, which is preferably GRAS approved.
[0108] Preferably, the microorganism used in accord-
ance with the present invention is one which is suitable
for human and/or animal consumption.
[0109] Suitably, the microorganism may be a strain
from the species B. lactis selected from B. lactis 420 or
B. lactis HN019.
[0110] For some embodiments the microorganism
may be a mixture of more than one probiotic microorgan-
isms (preferably more than one probiotic bacteria); a mix-
ture of more than more lactic acid bacteria; or a mixture
of one or more probiotic microorganisms (preferably pro-
biotic bacteria) and one or more lactic acid bacteria. Pref-
erably, the mixture may comprise one or more stains from
Lactobacillus spp, and/or Bifidobacterium spp.
[0111] In one embodiment preferably the microorgan-
ism is at least one strain of Lactobacillus spp selected
from Lactobacillus acidophilus PTA-4797 and Lactoba-
cillus salivarius 33. The Lactobacillus acidophilus ac-
cording to the present invention is Lactobacillus acido-
philus PTA-4797. This strain of Lactobacillus acidophilus
has been registered by Rhodia Chimie, 26, quai Al-
phonse Le Gallo, 92 512 BOULOGNE-BILLANCOURT
Cedex France, in accordance with the Budapest Treaty
at the American Type Culture Collection (ATCC), where
it is recorded under registration number PTA-4797.
[0112] The strain of Lactobacillus acidophilus for use
in accordance with the present invention may be in the
form of a mixture with other lactic acid bacteria. The lactic
acid bacteria likely to be suitable according to the inven-
tion include any lactic acid bacteria usually employed in
the agricultural, food or pharmaceutical industries.
[0113] Advantageously, where the product is a food-
stuff, the viable micro-organism and/or soluble metabo-
lites produced by said micro-organism should remain ef-
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fective through the normal "sell-by" or "expiration" date
during which the food product is offered for sale by the
retailer. Preferably, the effective time should extend past
such dates until the end of the normal freshness period
when food spoilage becomes apparent. The desired
lengths of time and normal shelf life will vary from food-
stuff to foodstuff and those of ordinary skill in the art will
recognise that shelf-life times will vary upon the type of
foodstuff, the size of the foodstuff, storage temperatures,
processing conditions, packaging material and packag-
ing equipment.

CACO-2 CELL-BASED EXPOSURE ASSAY

[0114] The human colorectal carcinoma cell line Caco-
2 is maintained at 37 °C and 5 % CO2 in Dulbecco’s MEM
(Biochrom AG) supplemented with 20 % fetal bovine se-
rum (FBS, Gibco) 2 mM stable glutamine (Biochrom AG)
and 1 X non-essential amino acids (Biochrom AG)) 20
Uml-1 penicillin (Gibco), 20 mgml-1 streptomycin (Gibco)
and 0.5 mgml-1 amphotericin (Gibco). When subcultured
the cells are washed with 1x PBS (Gibco) and detached
with Tryple Select (Gibco).
[0115] To determine the effects of various microorgan-
isms and/or metabolite thereof on the gut hormone, such
as PYY, 6.6x105/cm2 Caco-2 cells are seeded and dif-
ferentiated in collagen-coated Transwell cell culture in-
serts (Corning) according to a 5 day protocol (Yamashita
et al. 2001, J. Pharm. Sci. 91(3): 669-679). After seeding
into Transwell inserts the Caco-2 cells are maintained
for 48h in medium consisting of Dulbecco’s MEM (Bio-
chrom AG), 10 % fetal bovine serum (FBS, Gibco), 2 mM
stable glutamine (Biochrom AG), and 1 X non-essential
amino acids but no antibiotics. After 48 h the medium is
changed with Enterostim medium (BD Biosciences) sup-
plemented with MITO+ serum extender (BD Biosciences)
added to the medium according to protocol provided by
the manufacturer. The cells are used in experiments at
fourth day after seeding into Transwell inserts or after
the transepithelial electrical resistance has increased in-
to a level indicating cell differentiation. Neither antibiotics
nor serum are used in all the experiments. The metabo-
lites and/or various microorganisms are added on the
apical side of the insert.
[0116] After 24 hour exposure, media is discarded,
cells inside the inserts are lysed and RNA is extracted
using Qiagen’s (Germany) RNeasy Mini Kit. DNA is di-
gested using the same manufacturer’s RNase free
DNase. Reverse transcription is performed using Super-
script III reverse transcriptase (Invitrogen) according to
the instructions provided by the manufacturer. The hor-
mone (e.g. PYY) expression pattern is determined by
real-time quantitative TaqMan PCR (i.e. a relative quan-
tification method - see Holland et al., 1991 Proc. Natl.
Acad. Sci. USA Aug 15; 88(16): 7276-80; and Livak and
Scmittgen, 2001 Methods Dec;25(4):402-8) using the de-
fault settings of an ABI Prism 7000 Sequence Detection
instrument (Applied Biosystems)) or by an absolute

quantification method such as TaqMan PCR (Applied Bi-
osystems) with ABI Prism 7000 Genetic Analyzer using
a oligonucleotide set and a standard oligonucleotide rec-
ognizing the hormone (e.g. homo sapiens PYY) specifi-
cally.
[0117] The microbial suspension for use in the above
assay may be prepared by culturing the microorganism
on a suitable medium. The culture may be centrifuged to
form a cell pellet which may be subsequently suspended
in a suitable medium, e.g. DMEM.
The metabolite suspension for use in the above assay
may be prepared by culturing the microorganism on a
suitable culture medium. The culture may be centrifuged
and/or the culture broth filtered (suitably sterile-filtered)
to provide the metabolite suspension.
[0118] Microorganisms which cause a modification in
hormone (e.g. an increase in PYY) expression level com-
pared with an untreated control, may be microorganisms
according to the present invention and/or which can be
used in accordance with the present invention.
[0119] A skilled person would readily be able to screen
probiotic and non-probiotic microorganisms using the
"Caco-2 cell-based exposure assay" to identify specific
microorganisms, additional to the ones specifically
taught herein, capable of producing the claimed effect.

COMBINATION WITH OTHER COMPONENTS

[0120] The microorganism and/or metabolite thereof
for use in the present invention may be used in combi-
nation with other components. Thus, the present inven-
tion also relates to combinations. The microorganism
and/or metabolite thereof may be referred to herein as
"the composition of the present invention".
[0121] The combination of the present invention com-
prises the composition of the present invention and an-
other component which is suitable for animal or human
consumption and is capable of providing a medical or
physiological benefit to the consumer.
[0122] Other components of the combinations of the
present invention include polydextrose, such as
Litesse®, and/or a maltodextrin and/or lactitol. These oth-
er components may be optionally added to the compo-
sition to assist the drying process and help the survival
of the microorganisms.
[0123] Further examples of other suitable components
include one or more of: thickeners, gelling agents, emul-
sifiers, binders, crystal modifiers, sweeteners (including
artificial sweeteners), rheology modifiers, stabilisers, an-
ti-oxidants, dyes, enzymes, carriers, vehicles, excipients,
diluents, lubricating agents, flavouring agents, colouring
matter, suspending agents, disintegrants, granulation
binders etc. These other components may be natural.
These other components may be prepared by use of
chemical and/or enzymatic techniques. The microorgan-
ism and/or metabolite thereof may be encapsulated. The
microorganism and/or metabolite thereof for use in the
present invention may be used in combination with one
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or more lipids.
[0124] For example, the microorganism and/or metab-
olite thereof for use in the present invention may be used
in combination with one or more lipid micelles. The lipid
micelle may be a simple lipid micelle or a complex lipid
micelle.
[0125] The lipid micelle may be an aggregate of orien-
tated molecules of amphipathic substances.
[0126] The lipid micelles may be an aggregate, of col-
loidal dimensions, of orientated molecules of amphipath-
ic substances existing in equilibrium in solution with the
chemical species from which it is formed. Micelles are
generally electrically charged. In aqueous solution the
individual molecules of the micellar aggregate are orient-
ed with their polar groups pointing towards the aqueous
medium and their hydrophobic moiety directed into the
centre of the micelle.
[0127] The lipid micelles may comprise a lipid and/or
an oil.
[0128] Therefore in one instance the present invention
provides the use of a combination of at least one strain
of a microorganism and/or a metabolite thereof and a
lipid micelle for modulating satiety signalling and/or for
use in treating and/or for use in preventing obesity and/or
a disease caused by obesity.
As used herein the term "thickener or gelling agent" refers
to a product that prevents separation by slowing or pre-
venting the movement of particles, either droplets of im-
miscible liquids, air or insoluble solids. Thickening occurs
when individual hydrated molecules cause an increase
in viscosity, slowing the separation. Gelation occurs
when the hydrated molecules link to form a three-dimen-
sional network that traps the particles, thereby immobi-
lising them.
[0129] The term "stabiliser" as used here is defined as
an ingredient or combination of ingredients that keeps a
product (e.g. a food product) from changing over time.
[0130] The term "emulsifier" as used herein refers to
an ingredient (e.g. a food product ingredient) that pre-
vents the separation of emulsions. Emulsions are two
immiscible substances, one present in droplet form, con-
tained within the other. Emulsions can consist of oil-in-
water, where the droplet or dispersed phase is oil and
the continuous phase is water; or water-in-oil, where the
water becomes the dispersed phase and the continuous
phase is oil. Foams, which are gas-in-liquid, and suspen-
sions, which are solid-in-liquid, can also be stabilised
through the use of emulsifiers. Aeration can occur in a
three-phase system where air is entrapped by liquid oil
then stabilised by agglomerated fat crystals stabilised
with an emulsifier. Emulsifiers have a polar group with
an affinity for water (hydrophilic) and a non-polar group
which is attracted to oil (lipophilic). They are absorbed at
the interfaces of the two substances, providing an inter-
facial film acting to stabilise the emulsion. The hy-
drophilic/lipophilic properties of emulsifiers are affected
by the structure of the molecule. These properties are
identified by the hydrophilic/lipophilic balance (HLB) val-

ue. Low HLB values indicate greater lipophilic tendencies
which are used to stabilise water-in-oil emulsions. High
HLB values are assigned to hydrophilic emulsifiers, typ-
ically used in oil-in-water emulsions. These values are
derived from simple systems. Because foods often con-
tain other ingredients that affect the emulsification prop-
erties, the HLB values may not always be a reliable guide
for emulsifier selection.
[0131] As used herein the term "binder" refers to an
ingredient (e.g. a food ingredient) that binds the product
together through a physical or chemical reaction. During
"gelation" for instance, water is absorbed, providing a
binding effect. However, binders can absorb other liq-
uids, such as oils, holding them within the product. In the
context of the present invention binders would typically
be used in solid or low-moisture products for instance
baking products: pastries, doughnuts, bread and others.
[0132] The term "crystal modifier" as used herein refers
to an ingredient (e.g. a food ingredient) that affects the
crystallisation of either fat or water. Stabilisation of ice
crystals is important for two reasons. The first is directly
related to the product stability from a separation stand-
point. The more freeze/thaw cycles a product encoun-
ters, the larger the ice crystals become. These large crys-
tals can break down product structure, either naturally
occurring, as in the case of cell walls, or that which is
created by "elation". Because the water is no longer held
in place, the product may exhibit syneresis, or weeping,
after thawing. Secondly, in the case of a product which
is consumed frozen, these large crystals result in an un-
desirable, gritty mouth feel.
[0133] "Carriers" or "vehicles" mean materials suitable
for compound administration and include any such ma-
terial known in the art such as, for example, any liquid,
gel, solvent, liquid diluent, solubilizer, or the like, which
is non-toxic and which does not interact with any com-
ponents of the composition in a deleterious manner.
[0134] Examples of nutritionally acceptable carriers in-
clude, for example, water, salt solutions, alcohol, silicone,
waxes, petroleum jelly, vegetable oils, polyethylene gly-
cols, propylene glycol, liposomes, sugars, gelatin, lac-
tose, amylose, magnesium stearate, talc, surfactants, sil-
icic acid, viscous paraffin, perfume oil, fatty acid
monoglycerides and diglycerides, petroethral fatty acid
esters, hydroxymethyl-cellulose, polyvinylpyrrolidone,
and the like.
[0135] Examples of excipients include one or more of:
microcrystalline cellulose and other celluloses, lactose,
sodium citrate, calcium carbonate, dibasic calcium phos-
phate, glycine, starch, milk sugar and high molecular
weight polyethylene glycols.
[0136] Examples of disintegrants include one or more
of: starch (preferably corn, potato or tapioca starch), so-
dium starch glycollate, croscarmellose sodium and cer-
tain complex silicates.
[0137] Examples of granulation binders include one or
more of: polyvinylpyrrolidone, hydroxypropylmethylcel-
lulose (HPMC), hydroxypropylcellulose (HPC), sucrose,
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maltose, gelatin and acacia.
[0138] Examples of lubricating agents include one or
more of: magnesium stearate, stearic acid, glyceryl be-
henate and talc.
[0139] Examples of diluents include one or more of:
water, ethanol, propylene glycol and glycerin, and com-
binations thereof.
[0140] The other components may be used simultane-
ously (e.g. when they are in admixture together or even
when they are delivered by different routes) or sequen-
tially (e.g. they may be delivered by different routes).
[0141] Preferably, when the composition of the present
invention when admixed with any other components, the
microorganisms remain viable.
[0142] As used herein the term "component suitable
for animal or human consumption" means a compound
which is or can be added to the composition of the present
invention as a supplement which may be of nutritional
benefit, a fibre substitute or have a generally beneficial
effect to the consumer. The ingredients can be used in
a wide variety of products that require gelling, texturising,
stabilising, suspending, film-forming and structuring, re-
tention of juiciness, without adding unnecessary viscos-
ity. Preferably, the ingredients will be able to improve the
shelf life and stability of the viable culture.
[0143] The components may be prebiotics such as al-
ginate, xanthan, pectin, locust bean gum (LBG), inulin,
guar gum, galacto-oligosaccharide (GOS), fructo-oli-
gosaccharide (FOS), polydextrose (i.e. Litesse®), lacti-
tol, lactosucrose, soybean oligosaccharides, palatinose,
isomalto-oligosaccharides, gluco-oligosaccharides and
xylo-oligosaccharides.
[0144] The optimum amount of the composition to be
used in the combination of the present invention will de-
pend on the product to be treated and/or the method of
contacting the product with the composition and/or the
intended use for the same. The amount of viable micro-
organism used in the compositions should be a sufficient
amount to be effective and to remain sufficiently effective
in improving the aroma, flavour, mildness, consistency,
texture, body, mouth feel, viscosity, structure and/or or-
ganoleptic properties, nutrition and/or health benefits of
food products containing said composition. This length
of time for effectiveness should extend up to at least the
time of utilisation of the product.

CONCENTRATES

[0145] The compositions for use in the present inven-
tion may be in the form of concentrates. Typically these
concentrates comprise a substantially high concentration
of a viable microorganism and/or a metabolite thereof.
The microorganism and/or metabolite thereof may be re-
ferred to herein as "the composition of the present inven-
tion" or "compositions".
[0146] Powders, granules and liquid compositions in
the form of concentrates may be diluted with water or
resuspended in water or other suitable diluents, for ex-

ample, an appropriate growth medium such as milk or
mineral or vegetable oils, to give compositions ready for
use.
[0147] The combinations of the present invention in
the form of concentrates may be prepared according to
methods known in the art.
[0148] In one aspect of the present invention the prod-
uct is contacted by a composition in a concentrated form.
Preferably, the product is contacted by a spray-dried
and/or resuspended composition.
[0149] The compositions of the present invention may
be spray-dried or freeze-dried by methods known in the
art.
[0150] Typical processes for making particles using a
spray drying process involve a solid material which is
dissolved in an appropriate solvent (e.g. a culture of a
micro-organism in a fermentation medium). Alternatively,
the material can be suspended or emulsified in a non-
solvent to form a suspension or emulsion. Other ingre-
dients (as discussed above) or components such as anti-
microbial agents, stabilising agents, dyes and agents as-
sisting with the drying process may optionally be added
at this stage.
[0151] The solution then is atomised to form a fine mist
of droplets. The droplets immediately enter a drying
chamber where they contact a drying gas. The solvent
is evaporated from the droplets into the drying gas to
solidify the droplets, thereby forming particles. The par-
ticles are then separated from the drying gas and collect-
ed.

PRODUCTS

[0152] Any product which can benefit from the compo-
sition may be used in the present invention. These in-
clude but are not limited to fruit conserves and dairy foods
and dairy food-derived products, cosmetic and pharma-
ceutical products. The microorganism and/or metabolite
thereof may be referred to herein as "the composition of
the present invention" or "the composition".
[0153] By way of example, the composition of the
present invention can be used as an ingredient to soft
drinks, a fruit juice or a beverage comprising whey pro-
tein, health teas, cocoa drinks, milk drinks and lactic acid
bacteria drinks, yoghurt and drinking yoghurt, cheese,
ice cream, water ices and desserts, confectionery, bis-
cuits cakes and cake mixes, snack foods, balanced foods
and drinks, fruit fillings, care glaze, chocolate bakery fill-
ing, cheese cake flavoured filling, fruit flavoured cake fill-
ing, cake and doughnut icing, instant bakery filling
creams, fillings for cookies, ready-to-use bakery filling,
reduced calorie filling, adult nutritional beverage, acidi-
fied soy/juice beverage, aseptic/retorted chocolate drink,
bar mixes, beverage powders, calcium fortified soy/plain
and chocolate milk, calcium fortified coffee beverage.
[0154] The composition can further be used as an in-
gredient in food products such as American cheese
sauce, anti-caking agent for grated & shredded cheese,
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chip dip, cream cheese, dry blended whip topping fat free
sour cream, freeze/thaw dairy whipping cream,
freeze/thaw stable whipped tipping, low fat and light nat-
ural cheddar cheese, low fat Swiss style yoghurt, aerated
frozen desserts, hard pack ice cream, label friendly, im-
proved economics & indulgence of hard pack ice cream,
low fat ice cream: soft serve, barbecue sauce, cheese
dip sauce, cottage cheese dressing, dry mix Alfredo
sauce, mix cheese sauce, dry mix tomato sauce and oth-
ers.
[0155] For certain aspects, preferably the present in-
vention may be used in connection with yoghurt produc-
tion, such as fermented yoghurt drink, yoghurt, drinking
yoghurt, cheese, fermented cream, milk based desserts
and others.
[0156] Suitably, the composition can be further used
as an ingredient in one or more of cheese applications,
meat applications, or applications comprising protective
cultures.
[0157] The present invention also provides a method
of preparing a food or a food ingredient, the method com-
prising admixing the composition according to the
present invention with another food ingredient.
[0158] Advantageously, the present invention relates
to products that have been contacted with the composi-
tion of the present invention (and optionally with other
components/ingredients), wherein the composition is
used in an amount to be capable of improving the nutrition
and/or health benefits of the product.
[0159] As used herein the term "contacted" refers to
the indirect or direct application of the composition of the
present invention to the product. Examples of the appli-
cation methods which may be used, include, but are not
limited to, treating the product in a material comprising
the composition, direct application by mixing the compo-
sition with the product, spraying the composition onto the
product surface or dipping the product into a preparation
of the composition.
[0160] Where the product of the invention is a foodstuff,
the composition of the present invention is preferably ad-
mixed with the product. Alternatively, the composition
may be included in the emulsion or raw ingredients of a
foodstuff. In a further alternative, the composition may
be applied as a seasoning, glaze, colorant mixture, and
the like.
[0161] For some applications, it is important that the
composition is made available on or to the surface of a
product to be affected/treated. This allows the composi-
tion to impart one or more of the following favourable
characteristics: nutrition and/or health benefits.
[0162] The compositions of the present invention may
be applied to intersperse, coat and/or impregnate a prod-
uct with a controlled amount of a viable microorganism.

FOOD

[0163] The composition of the present invention may
be used as - or in the preparation of - a food. Here, the

term "food" is used in a broad sense - and covers food
for humans as well as food for animals (i.e. a feed). In a
preferred aspect, the food is for human consumption.
[0164] The food may be in the form of a solution or as
a solid - depending on the use and/or the mode of appli-
cation and/or the mode of administration.
[0165] When used as - or in the preparation of - a food
- such as functional food - the composition of the present
invention may be used in conjunction with one or more
of: a nutritionally acceptable carrier, a nutritionally ac-
ceptable diluent, a nutritionally acceptable excipient, a
nutritionally acceptable adjuvant, a nutritionally active in-
gredient.
[0166] Preferably, the composition is used to ferment
milk or sucrose fortified milk or lactic media with sucrose
and/or maltose where the resulting media containing all
components of the composition - i.e. said microorganism
according to the present invention - can be added as an
ingredient to yoghurt milk in suitable concentrations -
such as for example in concentrations in the final product
which offer a daily dose of 106-1010 cfu. The microorgan-
ism according to the present invention may be used be-
fore or after fermentation of the yoghurt.
[0167] For some aspects the microorganisms accord-
ing to the present invention are used as - or in the prep-
aration of - animal feeds, such as livestock feeds, in par-
ticular poultry (such as chicken) feed, or pet food.

FOOD INGREDIENT

[0168] The composition of the present invention may
be used as a food ingredient and/or feed ingredient.
[0169] As used herein the term "food ingredient" or
"feed ingredient" includes a formulation which is or can
be added to functional foods or foodstuffs as a nutritional
supplement.
[0170] The food ingredient may be in the form of a so-
lution or as a solid - depending on the use and/or the
mode of application and/or the mode of administration.

FOOD SUPPLEMENTS

[0171] The composition of the present invention may
be - or may be added to - food supplements.

FUNCTIONAL FOODS

[0172] The composition of the present invention may
be - or may be added to - functional foods.
[0173] As used herein, the term "functional food"
means food which is capable of providing not only a nu-
tritional effect, but is also capable of delivering a further
beneficial effect to consumer.
[0174] Accordingly, functional foods are ordinary foods
that have components or ingredients (such as those de-
scribed herein) incorporated into them that impart to the
food a specific functional - e.g. medical or physiological
benefit - other than a purely nutritional effect.
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[0175] Although there is no legal definition of a func-
tional food, most of the parties with an interest in this area
agree that they are foods marketed as having specific
health effects beyond basic nutritional effects.
[0176] Some functional foods are nutraceuticals. Here,
the term "nutraceutical" means a food which is capable
of providing not only a nutritional effect and/or a taste
satisfaction, but is also capable of delivering a therapeu-
tic (or other beneficial) effect to the consumer. Nutraceu-
ticals cross the traditional dividing lines between foods
and medicine.
[0177] Surveys have suggested that consumers place
the most emphasis on functional food claims relating to
heart disease. Preventing cancer is another aspect of
nutrition which interests consumers a great deal, but in-
terestingly this is the area that consumers feel they can
exert least control over. In fact, according to the World
Health Organization, at least 35% of cancer cases are
diet-related. Furthermore claims relating to osteoporosis,
gut health and obesity effects are also key factors that
are likely to incite functional food purchase and drive mar-
ket development.

PROBIOTIC

[0178] For some applications, it is believed that the vi-
able lactic acid microorganisms in the composition of the
present invention can exert a probiotic culture effect. It
is also within the scope of the present invention to add
to the composition of the present invention further probi-
otic and/or prebiotics.
[0179] Here, a prebiotic is:
"a non-digestible food ingredient that beneficially affects
the host by selectively stimulating the growth and/or the
activity of one or a limited number of beneficial bacteria".
[0180] The term "probiotic culture" as used herein de-
fines live microorganisms (including bacteria or yeasts
for example) which, when for example ingested or locally
applied in sufficient numbers, beneficially affects the host
organism, i.e. by conferring one or more demonstrable
health benefits on the host organism. Probiotics may im-
prove the microbial balance in one or more mucosal sur-
faces. For example, the mucosal surface may be the in-
testine, the urinary tract, the respiratory tract or the skin.
The term "probiotic" as used herein also encompasses
live microorganisms that can stimulate the beneficial
branches of the immune system and at the same time
decrease the inflammatory reactions in a mucosal sur-
face, for example the gut.
[0181] Whilst there are no lower or upper limits for pro-
biotic intake, it has been suggested that at least 106-1012,
preferably at least 106-1010, preferably 108-109, cfu as a
daily dose will be effective to achieve the beneficial health
effects in a host organism, such as a human.
[0182] In addition to the probiotic effect the microor-
ganism according to the present invention may have, it
is also within the scope of the present invention to provide
prebiotics as other compounds which can be included in

a combination along with the composition. The microor-
ganism according to the present invention and/or a me-
tabolite thereof may be herein referred to as "the com-
position". The prebiotic component of the combination
comprising the composition of the present invention are
characterised with slow fermentation in the large bowel.
Such prebiotics can exert a positive effect on the gut flora,
specifically in the left side of the colon, an area of the gut
which is especially prone to disorders in particular bowel
cancer and ulcerative colitis.
[0183] Prebiotics are typically non-digestible carbohy-
drate (oligo- or polysaccharides) or a sugar alcohol which
is not degraded or absorbed in the upper digestive tract.
Known prebiotics used in commercial products and use-
ful in accordance with the present invention include inulin
(fructo-oligosaccharide, or FOS) and transgalacto-oli-
gosaccharides (GOS or TOS). Other suitable, prebiotics
include palatinoseoligosaccharide, soybean oligosac-
charide, gentiooligosaccharide, xylooligomers, non-de-
gradable starch, lactosaccharose, lactulose, lactitol,
maltitol, polydextrose (i.e. Litesse®) or the like.
[0184] In one embodiment the present invention re-
lates to the combination of a microorganism and/or me-
tabolite thereof according to the present invention with a
prebiotic.
[0185] The prebiotic for use in this combination may
be one or more of the following: inulin (fructo-oligosac-
charide, or FOS) and transgalacto-oligosaccharides
(GOS or TOS). Other suitable, prebiotics include palati-
noseoligosaccharide, soybean oligosaccharide, gentioo-
ligosaccharide, xylooligomers, non-degradable starch,
lactosaccharose, lactulose, lactitol, maltitol, polydex-
trose (i.e. Litesse®), or lactitol.
[0186] The prebiotic may be administered simultane-
ously with (e.g. in admixture together with or delivered
simultaneously by the same or different routes) or se-
quentially to (e.g. by the same or different routes) the
microorganism according to the present invention and/or
a metabolite thereof.
[0187] The present invention contemplates the use of
a microorganism and/and/or a metabolite thereof in com-
bination with a prebiotic in the manufacture of a medica-
ment for use in inducing satiety and/or treating or pre-
venting excess weight or obesity.

SYNBIOTICS

[0188] The present invention also contemplates using
both pre- and probiotics as ingredients in a combination
along with the composition of the present invention which
when combined, become synbiotics. The microorganism
according the present invention and/or a metabolite
thereof may be referred to herein as "the composition".
The purpose of this is to combine the effects of new ben-
eficial bacteria and the stimulation of the body-own ben-
eficial bacteria. There is a high potential in the develop-
ment and the consumption of such mixtures, since some
of these may well show powerful synergistic nutritional
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and/or health effects.
[0189] Thus the composition of the present invention
may be specifically designed to contain different compo-
nents which can provide a synbiotic effect to the consum-
er.

PHARMACEUTICAL

[0190] The composition of the present invention may
be used as - or in the preparation of - a pharmaceutical.
Here, the term "pharmaceutical" is used in a broad sense
- and covers pharmaceuticals for humans as well as phar-
maceuticals for animals (i.e. veterinary applications). In
a preferred aspect, the pharmaceutical is for human use
and/or for animal husbandry.
[0191] The pharmaceutical can be for therapeutic pur-
poses - which may be curative or palliative or preventative
in nature. The pharmaceutical may even be for diagnostic
purposes.
[0192] When used as - or in the preparation of - a phar-
maceutical, the composition of the present invention may
be used in conjunction with one or more of: a pharma-
ceutically acceptable carrier, a pharmaceutically accept-
able diluent, a pharmaceutically acceptable excipient, a
pharmaceutically acceptable adjuvant, a pharmaceuti-
cally active ingredient.
[0193] The pharmaceutical may be in the form of a so-
lution or as a solid - depending on the use and/or the
mode of application and/or the mode of administration.

PHARMACEUTICAL INGREDIENT

[0194] The microorganisms of the present invention
may be used as pharmaceutical ingredients. Here, the
composition may be the sole active component or it may
be at least one of a number (i.e. 2 or more) of active
components.
[0195] The pharmaceutical ingredient may be in the
form of a solution or as a solid - depending on the use
and/or the mode of application and/or the mode of ad-
ministration.

FORMS

[0196] The microorganism of the present invention
and/or a metabolite thereof may be used in any suitable
form - whether when alone or when present in a combi-
nation with other components or ingredients. The micro-
organism of the present invention and/or a metabolite
thereof may be referred to herein as "the composition".
Likewise, combinations comprising the composition of
the present invention and other components and/or in-
gredients (i.e. ingredients - such as food ingredients,
functional food ingredients or pharmaceutical ingredi-
ents) may be used in any suitable form.
[0197] The microorganism of the present invention
may be used in the form of solid or liquid preparations or
alternatives thereof. Examples of solid preparations in-

clude, but are not limited to tablets, capsules, dusts, gran-
ules and powders which may be wettable, spray-dried or
freeze-dried. Examples of liquid preparations include, but
are not limited to, aqueous, organic or aqueous-organic
solutions, suspensions and emulsions.
[0198] Suitable examples of forms include one or more
of: tablets, pills, capsules, ovules, solutions or suspen-
sions, which may contain flavouring or colouring agents,
for immediate-, delayed-, modified-, sustained-, pulsed-
or controlled-release applications.
[0199] By way of example, if the composition of the
present invention is used in a tablet form - such for use
as a functional ingredient - the tablets may also contain
one or more of: excipients such as microcrystalline cel-
lulose, lactose, sodium citrate, calcium carbonate, diba-
sic calcium phosphate and glycine; disintegrants such
as starch (preferably corn, potato or tapioca starch), so-
dium starch glycollate, croscarmellose sodium and cer-
tain complex silicates; granulation binders such as poly-
vinylpyrrolidone, hydroxypropylmethylcellulose (HP-
MC), hydroxypropylcellulose (HPC), sucrose, gelatin and
acacia; lubricating agents such as magnesium stearate,
stearic acid, glyceryl behenate and talc may be included.
[0200] Examples of nutritionally acceptable carriers for
use in preparing the forms include, for example, water,
salt solutions, alcohol, silicone, waxes, petroleum jelly,
vegetable oils, polyethylene glycols, propylene glycol, li-
posomes, sugars, gelatin, lactose, amylose, magnesium
stearate, talc, surfactants, silicic acid, viscous paraffin,
perfume oil, fatty acid monoglycerides and diglycerides,
petroethral fatty acid esters, hydroxymethyl-cellulose,
polyvinylpyrrolidone, and the like.
[0201] Preferred excipients for the forms include lac-
tose, starch, a cellulose, milk sugar or high molecular
weight polyethylene glycols.
[0202] For aqueous suspensions and/or elixirs, the
composition of the present invention may be combined
with various sweetening or flavouring agents, colouring
matter or dyes, with emulsifying and/or suspending
agents and with diluents such as water, propylene glycol
and glycerin, and combinations thereof.
[0203] The forms may also include gelatin capsules;
fibre capsules, fibre tablets etc.; or even fibre beverages.
[0204] Further examples of form is in the form of a
cream for example. For some aspects the microorganism
and/or a metabolite thereof may be included in pharma-
ceutical and/or cosmetic creams such as sun creams
and/or after-sun creams for example.
[0205] In one aspect, the composition according to the
present invention may be administered in an aerosol, for
example by way of a nasal spray, for instance for admin-
istration to the respiratory tract.

EXAMPLES

[0206] The present invention will now be described, by
way of example only, in which reference may be made
to the following figures:
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Figure 1 shows the gene expression pattern of Pep-
tide YY (PYY) in Caco-2 cells treated with L. acido-
philus. The data was normalized against the RNA
amount. The fold difference was calculated as in Li-
vak and Schmittgen, 2001;

Figure 2 shows the effect of L. acidophilus condi-
tioned culture medium on PYY expression in Caco-
2 cells;

Figure 3 shows the gene expression of PYY after
exposure to different microorganisms having probi-
otic properties;

Figure 4 shows the effect of L. acidophilus NCFM
bacterial cells; simple lipid micelles and a combina-
tion thereof on PYY expression in differentiated Ca-
co-2 cells;

Figure 5 shows the effects of L. acidophilus metab-
olites; complex lipid micelles and a combination
thereof on PYY expression in differentiated caco-2
cells; and

Figure 6 shows the effect L. acidophilus NCFM cell-
free supernatant and bacteria on PYY expression;
and

Figure 7 shows the effect of L. curvatus 853 on PYY
expression.

EXAMPLE 1

To analyze the gene expression pattern of peptide YY 
(PYY) in Caco-2 treated with L. acidophilus.

Method:

[0207] The human colonic carcinoma cell line Caco-2
were cultivated on semiporous cell culture inserts and
differentiated according to a 5-day differentiation protocol
using differentiation media (DM) composed of Entero-
STIM medium supplemented with MITO+ serum extend-
er and containing no antibiotics. The differentiation was
monitored using TER-measurements and alkaline phos-
phatase activity measurement.
[0208] The Lactobacillus acidophilus (strain PTA-
4797) bacteria were cultivated on MRS broth supple-
mented with 1 % (weight/vol) glucose until the OD600
reached 0.6-0.7. The L. acidophilus treatment was added
into apical side of the cell culture insert and incubated
for 24 hours. The RNA was isolated from the cells ac-
cording to the protocol provided by RNeasy mini kit (Qia-
gen), and the cDNA synthesized using Superscript III re-
verse transcriptase (Invitrogen). The gene expression
pattern was monitored either using the SYBR Green (Ap-
plied Biosystems) with ABI Prism 7000 Genetic Analyzer
with primers specific for homo sapiens peptide YY. The

forward primer was: 5’ GGA GGC CTC AGC TTG ACC
3’and reverse primer: 5’TGC GCA CGA ACA CCA TAG
3’. The obtained threshold cycle (Ct), which is the PCR-
cycle at which the fluorescence intensity crosses a back-
ground threshold value, was transformed into relative ex-
pression value using the method of Livak et al. (2001).
[0209] As a control, Caco-2 cells grown similarly on
cell culture inserts without treatment with L. acidophilus.

Results:

[0210] The results from alkaline phosphatase activity
as well as TER measurements indicate that the cells were
well differentiated (data not shown).
[0211] The gene expression analysis shows that the
expression of satiety marker peptide YY (PYY). The pep-
tide YY (PYY) expression increased with 255 % when
compared to control when the CaCo-2 cells were treated
with L. acidophilus (p<0.05, ANOVA) (Figure 1).
[0212] The L. acidophilus - treatment of Caco-2 cells
increased the expression of a satiety marker, peptide YY.
The result indicates that consumption of Lactobacillus
acidophilus can increase postprandial satiety by increas-
ing satiety signalling in the intestine.

EXAMPLE 2

In vitro experiment mimicking the meal with glucose

Experiment with differentiated Caco-2 cells. Effect of L. 
acidophilus conditioned culture broth in cells treated with 
various amounts of glucose

[0213] The Caco-2 were cultivated on semiporous cell
culture inserts and differentiated according to a 5-day
differentiation protocol using differentiation media (DM)
composed of Entero-STIM medium supplemented with
MITO+ serum extender and containing no antibiotics.
The differentiation was monitored using TER-measure-
ments and alkaline phosphatase activity measurement.
On the fourth day of the experiment, the medium was
changed with a medium containing no glucose on both
sides of the insert and the cells were starved from glucose
for 24h.
[0214] The treatments of the Caco2-cells consisted of
control cells, which were treated on the apical side with
0.5 mM, and 5 mM glucose containing medium, and test
cells, which were treated on the apical side with 0.5 mM
and 5 mM glucose containing medium with concomitant
addition of L acidophilus treatment. In addition, control
Caco2-cells without any addition of glucose containing
medium on the apical side was included. In all wells 5
mM glucose on the basal side was added. The cells were
incubated for 24h at 37 °C, 5 % CO2.
[0215] The L. acidophilus bacteria were cultivated on
MRS broth containing no sugar until the OD600 reached
0.6-0.7. The cells were centrifuged and the culture broth
was sterile-filtered and used in the test mediums.
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[0216] The RNA was isolated from the Caco2-cells ac-
cording to the protocol provided by RNeasy mini kit (Qia-
gen), and the cDNA synthesized using Superscript III re-
verse transcriptase (Invitrogen). The gene expression
pattern of PYY was monitored using the TaqMan probe
chemistry (Applied Biosystems) with ABI Prism 7000 Ge-
netic Analyzer using a oligonucleotide set recognizing
the homo sapiens PYY specifically.
[0217] The oligonucleotides included: forward primer:
5’ GGA GGC CTC AGC TTG ACC 3’, reverse primer:
5’TGC GCA CGA ACA CCA TAG 3’, and a probe: Uni-
versal ProbeLibrary probe #10 (Roche). The obtained
threshold cycle (Ct), which is the PCR-cycle at which the
fluorescence intensity crosses a background threshold
value, was transformed into absolute quantitative value
using a standard curve from quantified synthetic oligo-
nucleotides representing the antisense sequence of the
target transcript showing inverse log-linear relationship
between the copy number and the PCR cycle (Nurmi et
al., 2005 Nutrition & Cancer 51 (1): 83-92.) The sequence
of this standard oligonucleotide is: 5’ TGC GCA CGA
ACA CCA TAG CGA TAG CTT GTG AAG CAG ACG
AGC AGG AGG TGG AAG GCG AGG GAA GTC CCA
AGG GCT GCA CTG CCG CAG GTC AAG CTG AGG
CCT CC 3’.

Results

[0218] The results from alkaline phosphatase activity
as well as TER measurements indicate that the cells were
well differentiated (data not shown).
[0219] The results are shown in Figure 2.
[0220] The addition of L. acidophilus culture broth in-
creased the expression of PYY by 1.3-fold in samples
containing 0.5 mM glucose (p<0.05, ANOVA) and 2-fold
in samples containing 5 mM glucose (p<0.05) compared
to the respective control with similar glucose amount).
The co-cultivation of L. acidophilus together with Caco2
cells increased the expression of PYY by 1.7-fold in sam-
ples containing 0.5 mM glucose, and by 2-fold in samples
containing 5 mM glucose compared to the respective
control cells with similar glucose values.

EXAMPLE 3

In vitro experiments with other probiotics

[0221] The Caco-2 were cultivated on semiporous cell
culture inserts and differentiated according to a 5-day
differentiation protocol using differentiation media (DM)
composed of Entero-STIM medium supplemented with
MITO+ serum extender and containing no antibiotics.
The differentiation was monitored using TER-measure-
ments and alkaline phosphatase activity measurement.
[0222] The treatments of the Caco2-cells consisted of
control cells, which were treated with Caco-2 culture me-
dium, and test cells, which were treated with probiotic
culture broth in Caco-2 culture medium. In addition, con-

trol Caco2-cells with addition of MRS broth diluted in Ca-
co-2 culture medium was included. Cells were incubated
for 24 hours at 37 °C, 5 % CO2,
[0223] The probiotic bacteria were cultivated on MRS
broth supplemented with 1 % (weight/vol) glucose until
the OD600 reached 0.6-0.7. The cells were centrifuged
and culture broth was sterile-filtered and used in the test
medium. The probiotic strains tested included following
commercialized strains: B. lactis 420 (from Danisco), B.
lactis HN019 (Trade name Howaru™ Bifido - Danisco
A/S) and L. salivarius Ls-33 (from Danisco).
[0224] The RNA was isolated from the Caco2-cells ac-
cording to the protocol provided by RNeasy mini kit (Qia-
gen), and the cDNA synthesized using Superscript III re-
verse transcriptase (Invitrogen). The gene expression
pattern of PYY was monitored using the TaqMan probe
chemistry (Applied Biosystems) with ABI Prism 7000 Ge-
netic Analyzer using a oligonucleotide set recognizing
the Homo sapiens PYY specifically.
[0225] The oligonucleotides included: forward primer:
5’ GGA GGC CTC AGC TTG ACC 3’, reverse primer:
5’TGC GCA CGA ACA CCA TAG 3’, and a probe: Uni-
versal ProbeLibrary probe #10 (Roche). The obtained
threshold cycle (Ct), which is the PCR-cycle at which the
fluorescence intensity crosses a background threshold
value, was transformed into absolute quantitative value
using a standard curve from quantified synthetic oligo-
nucleotides representing the antisense sequence of the
target transcript showing inverse log-linear relationship
between the copy number and the PCR cycle (Nurmi et
al., 2005 Nutrition & Cancer 51 (1): 83-92.). The se-
quence of this standard oligonucleotide is: 5’ TGC GCA
CGA ACA CCA TAG CGA TAG CTT GTG AAG CAG
ACG AGC AGG AGG TGG AAG GCG AGG GAA GTC
CCA AGG GCT GCA CTG CCG CAG GTC AAG CTG
AGG CCT CC 3’.

Results:

[0226] The results are shown in Figure 3.
[0227] The addition of B. lactis 420 and B. Lactis
HN019 increased the expression PYY by 76 % and 68
%, respectively, compared to the control. The treatment
of L. salivarius 33 increased the expression of PYY by
67 % compared to the control. Therefore, other bacteria
than L. acidophilus may have the same satiety inducing
effect.

EXAMPLE 4

Measure of satiety signalling in blood in rats:

[0228] In this study rat was used as a human model
although some physiological differences exist. Unlike in
human stomach proximal part of rat stomach is almost
free of gastric juice that enables bacteria to survive and
ferment the food there. That may cause differences in
the satiety between human and rat. Thus the rat plasma
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obtained using the protocol below will be analysed for
neuroendocrinological signals arising from stomach (gh-
relin, leptin), intestine (CCK, GLP-1, PYY, orexins) or me-
tabolites in blood circulation (acetic acid, glucose) and
their hormonal responses (insulin).
[0229] The gastrointestinal tract is rich in endocrine
and neuronal cells that synthesize and secrete satiety
increasing peptides, cholecystokinin (CCK) and peptide
YY (PYY), in the response to the intraluminal stimuli as-
sociated with ingestion of a meal. CCK inhibits food intake
rapidly, and the duration of inhibition is relatively brief. It
is also known that short chain fatty acid produced by gut
microbes induce satiety inducing gut hormone PYY. Pro-
biotics may cause also decrease in appetite stimulating
peptides ghrelin and orexin. Plasma concentration of
those peak before meal and decrease rapidly after that.
[0230] Accordingly, attention will be focused on the
plasma levels of satiety increasing peptides CCK and
PYY and also appetite stimulating peptides ghrelin or
orexin as an indicator of the control of short-term food
intake after probiotics supplementation. Moreover the
plasma concentration of acetic acid will be analysed to
see the level of fermentation products in plasma.
[0231] Male Wistar rats (HsdRddHan:WIST) weighing
248g (STDEV 12,1 g) at the start of the experiments were
housed at 21 °C in a 12-h light/dark cycle with free access
to tap water ad libitum. During the acclimatization period
(14 days) the normal cycle was reversed and rats were
trained to consume all their food (20g/day,) within 5 h
from the start of the dark cycle at 8 AM. The Formulab
Diet 5008 used was a high-energy, high protein diet and
it contained Digestible carbohydrates 49,5 5 and fiber.
Rats were randomly allocated to two treatment groups
of 20 animals each, and one group of 5 rats. The latter
group was anesthetized at 8 AM before receiving food
to provide fasting blood samples. The remaining groups
were: Bifido 420 (1010), NCFM (1010), NCFM(1010) + lac-
titol (2g), lactitol (2g) alone and control group. Lactitol
was included as it is known to increase postprandially
circulating PYY concentration. All the test items were ad-
ministered by tube feeding in a volume of 2,5 ml sterile
water/animal. Control group was given sterile water with-
out any supplement, in the same conditions. Animals
were given standard food after dosing. Each test group
was divided into five subgroups and each subgroup was
on turn anesthetized for blood sampling at 1, 5, 10 and
24 h after the start of the dark cycle. Rats were anesthe-
tized with carbon dioxide for blood sampling by cardiac
puncture.
[0232] PYY concentrations will be analysed from plas-
ma according to Gee and Johnson (2005). Other hor-
mones may be analysed including: GLP-1 with radioim-
munoassay (RIAs) according to Deacon et al (2002) Am.
J. Physiol. Endocrinol. Metab. 282:E873-E879, ghrelin
with RIA, CCK according to Paloheimo & Rehfeld (1995),
orexin according to Heinonen et al (2005), and acetic
acid by HPLC. All blood samples will be taken by cardiac
puncture into EDTA tubes. The samples were centrifuged

by 1,600 x g at 4°C for 15 minutes. Plasma fraction will
be removed and transferred into fresh tubes and stored
at -70°C until analysis.

Trials to monitor the food intake in a meal :

[0233] Male Wistar rats as described above are used.
Ten rats are used in each group (control and test diet fed
groups of rats).
[0234] The rats first have ten days acclimatization to
the test, after which the test starts and lasts for ten days.
The rats are divided into five groups, one control and four
test groups. In all groups the rats are fed ad libitum with
control diet. The control group receives saline in gavage
once per day and the test groups receive L. acidophilus
at amount of 108 and 1010 in gavage once per day. The
rats are preferably fed during dark cycle.
[0235] The food intake and the weight gain are moni-
tored after each dark cycle on each rat.
[0236] Preliminary investigations suggest that the ad-
dition of microorganisms, and particularly probiotic
strains, in the food of rats decreases food intake by these
rats.

Clinical trial: postprandial satiety signalling study on hu-
mans

[0237] A pilot study could be conducted with 15-20 vol-
unteers (human subjects). The subjects are their own
controls (two separate tests with either control or test
drink).
[0238] The subjects are preferably an equal number
of middle-aged healthy men and women (body mass in-
dex BMI approximately 25).
[0239] The subjects undergo an overnight-fasting.
[0240] Afterwards, they are given test drink (compris-
ing one or more of the strains of interest disclosed in the
present specification), and control drink (without the
strains of interest).
[0241] After, venous blood samples are taken at 0, 2
and 5 hours.
[0242] A questionnaire has to be filled by the subjects,
to relate the hunger and satiety sensations they had after
having had either test or control drink.
[0243] In parallel, concentrations of PYY are measured
from plasma (Peninsula Laboratories, San Carlos, CA,
USA).

EXAMPLE 5

Experiment with differentiated Caco-2 cells. Effect of L. 
acidophilus conditioned culture broth in cells treated with 
lipids

[0244] This experiment is performed to mimic a meal
with fatty acids:
The experiment was done with Caco-2 cells which were
differentiated according a 5-day protocol (Yamashita, S.,
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Konishi, K., Yamazaki, Y., Taki, Y., Sakane, T., Sezaki,
H. & Furuyama, Y. (2002) JPharm Sci 91, 669-79). The
cells were differentiated until the transepithelial electrical
resistance (TEER) was over 200 ohm3cm2. The com-
plex lipid micelles were prepared according to (Chateau,
D., Pauquai, T., Delers, F., Rousset, M., Chambaz, J. &
Demignot, S. (2005) J. Cell Physiol 202, 767-776) with
or without 10 % L. acidophilus NCFM metabolites. The
Caco-2 cells were treated with the lipid micelles for 3
hours after which the PYY expression was measured
from the cells.

Materials & Methods

[0245] Caco-2 cells (HTB-37, American Type Culture
Collection, ATCC) were maintained at 37 °C in humidified
5 % CO2 atmosphere in basal culture medium consisting
of Dulbecco’s Modified Eagle’s Medium (DMEM, Invitro-
gen Carlsbad, CA, US) supplemented with 20% FBS (In-
vitrogen), 2 mM stable glutamine (Invitrogen), 1 x non-
essential amino acids (Invitrogen), 20 U/ml penicillin (In-
vitrogen), 20 mg/ml streptomycin (Invitrogen), and 0.5
mg/ml amphotericin (Invitrogen).
[0246] The Caco-2 cells were used at passage 26 and
plated as 6.6x105 cells/cm2 on 12-well cell culture inserts
(BIOCOAT HTS, BD Biosciences, Le Pont de Claix,
France) and differentiated according to a 5-day protocol
(Yamashita, S., Konishi, K., Yamazaki, Y., Taki, Y.,
Sakane, T., Sezaki, H. & Furuyama, Y. (2002) JPharm
Sci 91, 669-79). Briefly, after plating, the cells were in-
cubated o/n at 37 °C at humidified 5 % CO2 atmosphere
in basal cell culture medium without antibiotics after
which the medium was aspirated and replaced with dif-
ferentiation medium (Entero-STIM, BD Biosciences),
supplemented with MITO+ serum extender (BD Bio-
sciences) 250 ml/250 ml medium. At 4th day of culture,
the medium was replaced, and at 5th day the experiment
with lipid micelles was conducted.
[0247] L. acidophilus NCFM (from Danisco Cultures,
Paris, France) was cultivated at 37°C anaerobically in
Man, Rogosa and Sharpe (MRS) broth supplemented
with 1.0 % glucose until the OD600 reached 0.6-0.7. The
bacterial cell density was determined with flow cytometry
(FACSCalibur, Becton Dickinson, San Jose, CA, US) as
previously described (Apajalahti, J. H., Kettunen, H., Ket-
tunen, A., Holben, W. E., Nurminen, P. H., Rautonen, N.
& Mutanen, M. (2002) Appl. Environ. Microbiol. 68,
4986-4995). The cell-free supernatants were collected
by centrifugation (25°C, 5 min, 3000 g) and supernatant
was removed. The L. acidophilus NCFM cell-free super-
natant (referred later as L. acidophilus NCFM metabo-
lites) as well as the MRS control were diluted 10 % (v/v)
in differentiation medium and complex lipid micelles were
prepared into the resulting media (see below).
[0248] The complex lipid micelles were prepared into
24 mM taurocholate (Sigma, St Louis, MO, USA) in dif-
ferentiation medium. The composition of complex mi-
celles used was: 0.6 mM oleic acid - 2 mM taurocholate

- 0.2 mM 2-mono-oleylglycerol - 0.05 mM cholesterol -
0.2 mM phosphatidylcholine. One millilitre of micelles
was prepared by mixing oleic acid (6 ml of 100 mM stock)
with other lipids (2 ml) in a sterile glass tube. The lipids
were dried under nitrogen gas at ambient temperature
and the residue was dissolved in 83 ml of 24 mM tauro-
cholate in differentiation medium and the volume was
brought up to 1 ml either by bare differentiation medium,
by differentiation medium consisting of 10 % (v/v) MRS,
or by differentiation medium consisting of 10 % (v/v) L.
acidophilus NCFM metabolites.
[0249] The lipid micelles were applied at fifth day of
Caco-2 differentiation on the apical side of the cells, and
were left to react with the cells for 3 hours. As controls
10 % (v/v) MRS and complex lipid micelles without L.
acidophilus NCFM metabolites were used. They were
prepared into differentiation medium.
[0250] After the treatments the cell culture media were
aspirated and the cells were lysed with 150 ml of RA1
(Macherey-Nagel, Düren, Germany) supplemented with
1 % β-mercaptoethanol (Sigma). The RNA from the cell
lysates was collected with Nucleospin 96 RNA isolation
kit according to instruction provided by the manufacturer
(Macherey-Nagel). The first-strand cDNA synthesis was
done with random primers using Superscript III according
to the instructions provided by the manufacturer (Invitro-
gen). The PYY expression pattern in the samples was
analyzed using ABI PRISM Sequence Detection System
(Applied Biosystems, Foster City, CA, USA) using oligo-
nucleotides specifically detecting homo sapiens PYY.
The oligonucleotides included: forward primer: 5’ GGA
GGC CTC AGC TTG ACC 3’; reverse primer: 5’ TGC
GCA CGA ACA CCA TAG 3’; and the probe: Universal
ProbeLibrary probe #10 (Roche). The obtained threshold
cycle (Ct), which is the PCR-cycle at which the fluores-
cence intensity crosses a background threshold value,
was transformed into absolute quantitative value by using
a standard curve from quantified synthetic oligonucle-
otides representing the antisense sequence of the target
transcript showing inverse log-linear relationship be-
tween the copy number and the PCR-cycle (Nurmi, J. T.,
Puolakkainen, P. A. & Rautonen, N. E. (2005) Nutr Can-
cer 51, 83-92). The sequence of this standard oligonu-
cleotide is: 5’ TGC GCA CGA ACA CCA TAG CGA TAG
CTT GTG AAG CAG ACG AGC AGG AGG TGG AAG
GCG AGG GAA GTC CCA AGG GCT GCA CTG CCG
CAG GTC AAG CTG AGG CCT CC 3’.
[0251] The statistical analysis was done with Student’s
t-test.

Results

[0252] The results are shown in Figure 5.
[0253] The expression of satiety marker peptide YY
(PYY) increased when Caco-2 cells were treated either
with L. acidophilus NCFM metabolites alone or combined
with the complex lipid micelles.
[0254] In the experiment with complex lipid micelles
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(composed of 0.6 mM oleic acid, 2 mM 2-mono-oleylg-
lycerol, 0.2 mM cholesterol and 0.05 mM L-α-phosphati-
dylcholine), the MRS broth combined with the complex
lipid micelle mixture did not induce the PYY expression
when compared with the treatment with complex lipid mi-
celles alone. The L. acidophilus NCFM metabolites in-
creased the expression of PYY compared to the controls
(p<0.05 when compared to complex lipid micelles alone,
and p=0.05 when compared to 10 % MRS alone). When
the complex lipid micelles were combined with the 10 %
L. acidophilus NCFM metabolites it further increased the
PYY expression (p<0.05 when compared either to com-
plex lipid micelle treatment, or to 10 % MRS treatment).

EXAMPLE 6

Effect of L. acidophilus NCFM bacterial cells on differen-
tiated Caco-2 cells treated with lipids

[0255] The experiment was done with Caco-2 cells
which were differentiated according a 5-day protocol (Ya-
mashita, S., Konishi, K., Yamazaki, Y., Taki, Y., Sakane,
T., Sezaki, H. & Furuyama, Y. (2002) J Pharm Sci 91,
669-79). The cells were differentiated until the transepi-
thelial electrical resistance (TEER) was over 200
ohm3cm2. The complex lipid micelles were prepared ac-
cording to (Chateau, D., Pauquai, T., Delers, F., Rousset,
M., Chambaz, J. & Demignot, S. (2005) J. Cell Physiol
202, 767-776), with or without L. acidophilus NCFM bac-
terial cells in a ratio of 50 bacterial cells to one Caco-2
cell. The Caco-2 cells were treated with the lipid micelles
for 3 hours after which the PYY expression was meas-
ured from the cells.

Materials & Methods

[0256] Caco-2 cells (HTB-37, American Type Culture
Collection, ATCC) were maintained at 37 °C in humidified
5 % CO2 atmosphere in basal culture medium consisting
of Dulbecco’s Modified Eagle’s Medium (DMEM, Invitro-
gen Carlsbad, CA, US) supplemented with 20% FBS (In-
vitrogen), 2 mM stable glutamine (Invitrogen), 1 x non-
essential amino acids (Invitrogen), 20 U/ml penicillin (In-
vitrogen), 20 mg/ml streptomycin (Invitrogen), and 0.5
mg/ml amphotericin (Invitrogen).
[0257] The Caco-2 cells were used at passage 26 and
plated as 6.6x105 cells/cm2 on 12-well cell culture inserts
(BIOCOAT HTS, BD Biosciences, Le Pont de Claix,
France) and differentiated according to a 5-day protocol
(Yamashita, S., Konishi, K., Yamazaki, Y., Taki, Y.,
Sakane, T., Sezaki, H. & Furuyama, Y. (2002) JPharm
Sci 91, 669-79). Briefly, after plating, the cells were in-
cubated o/n at 37 °C at humidified 5 % CO2 atmosphere
in basal cell culture medium without antibiotics after
which the medium was aspirated and replaced with dif-
ferentiation medium (Entero-STIM, BD Biosciences),
supplemented with MITO+ serum extender (BD Bio-
sciences) 250 ml/250 ml medium. At 4th day of culture,

the medium was replaced, and at 5th day the experiment
with lipid micelles was conducted.
[0258] L. acidophilus NCFM (from Danisco Cultures,
Paris, France) was cultivated at 37°C. anaerobically in
Man, Rogosa and Sharpe (MRS) broth supplemented
with 1.0% (weight/volume) glucose until the OD600
reached 0.6-0.7. The bacterial cell density was deter-
mined with flow cytometry (FACSCalibur, Becton Dick-
inson, San Jose, CA, US) as previously described (Apa-
jalahti, J. H., Kettunen, H., Kettunen, A., Holben, W. E.,
Nurminen, P. H., Rautonen, N. & Mutanen, M. (2002)
Appl. Environ. Microbiol. 68, 4986-4995). The bacterial
cells were collected by centrifugation (25°C, 5 min, 3000
g) and supernatant was removed. The L. acidophilus
NCFM bacterial cells were washed once with differenti-
ation medium and simple lipid micelles were prepared
with the bacteria (see below).
[0259] The simple lipid micelles were prepared into 24
mM taurocholate (Sigma, St Louis, MO, USA) in differ-
entiation medium. The composition of simple micelles
was: 0.6 mM oleic acid - 2 mM taurocholate. One millilitre
of micelles was prepared from oleic acid (6 ml of 100 mM
stock) in a sterile glass tube. The oleic acid was dried
under nitrogen gas at ambient temperature and the res-
idue was dissolved in 83 ml of 24 mM taurocholate in
differentiation medium and the volume was brought up
to 1 ml either by bare differentiation medium, by differ-
entiation medium consisting of 10 % (v/v) MRS, or by
differentiation medium consisting of L. acidophilus NCFM
bacterial cells in a ratio of 50 bacterial cells to one Caco-
2 cell.
[0260] The lipid micelles were applied at fifth day of
Caco-2 differentiation on the apical side of the cells, and
were left to react with the cells for 3 hours. As controls
10 % (v/v) MRS medium and simple lipid micelles without
L. acidophilus NCFM bacterial cells were used. They
were prepared into differentiation medium.
[0261] After the treatments the cell culture media were
aspirated and the cells were lysed with 150 ml of RA1
(Macherey-Nagel, Düren, Germany) supplemented with
1 % β-mercaptoethanol (Sigma). The RNA from the cell
lysates was collected with Nucleospin 96 RNA isolation
kit according to instruction provided by the manufacturer
(Macherey-Nagel). The first-strand cDNA synthesis was
done with random primers using Superscript III according
to the instructions provided by the manufacturer (Invitro-
gen). The PYY expression pattern in the samples was
analyzed using ABI PRISM Sequence Detection System
(Applied Biosystems, Foster City, CA, USA) using oligo-
nucleotides specifically detecting homo sapiens PYY.
The oligonucleotides included: forward primer: 5’ GGA
GGC CTC AGC TTG ACC 3’; reverse primer: 5’ TGC
GCA CGA ACA CCA TAG 3’; and the probe: Universal
ProbeLibrary probe #10 (Roche). The obtained threshold
cycle (Ct), which is the PCR-cycle at which the fluores-
cence intensity crosses a background threshold value,
was transformed into absolute quantitative value by using
a standard curve from quantified synthetic oligonucle-
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otides representing the antisense sequence of the target
transcript showing inverse log-linear relationship be-
tween the copy number and the PCR-cycle (Nurmi, J. T.,
Puolakkainen, P. A. & Rautonen, N. E. (2005) Nutr Can-
cer 51, 83-92).
[0262] The sequence of this standard oligonucleotide
is: 5’ TGC GCA CGA ACA CCA TAG CGA TAG CTT
GTG AAG CAG ACG AGC AGG AGG TGG AAG GCG
AGG GAA GTC CCA AGG GCT GCA CTG CCG CAG
GTC AAG CTG AGG CCT CC 3’.
[0263] The statistical analysis was done with Student’s
t-test.

Results

[0264] The results are shown in Figure 4.
[0265] The expression of satiety marker peptide YY
(PYY) increased when Caco-2 cells were treated either
with L. acidophilus NCFM bacterial cells alone or com-
bined with the simple lipid micelles.
[0266] In the experiment with simple lipid micelles com-
posed of 0.6 mM oleic acid in 2 mM taurocholate, the
MRS broth combined with the simple lipid micelle mixture
did not induce the PYY expression when compared with
the treatment with lipid micelles alone. The L. acidophilus
NCFM bacterial cells increased the expression of PYY
compared to the controls (p<0.05 when compared to lipid
micelles alone, and when compared to 10 % MRS alone).
When the lipid micelles were combined with the L. aci-
dophilus NCFM bacterial cells in a ratio of 50 bacterial
cells to one caco-2 cell the PYY expression was similarly
induced although the high variation caused a decrease
in the statistical significance (p=0.08 when compared to
complex lipid micelle treatment).

EXAMPLE 7

Effect of L. acidophilus NCFM on PYY expression (Time-
series)

Trial outline

[0267] The experiment was done with Caco-2 cells
which were differentiated according a 5-day protocol (Ya-
mashita, S., Konishi, K., Yamazaki, Y., Taki, Y., Sakane,
T., Sezaki, H. & Furuyama, Y. (2002) JPharm Sci 91,
669-79). The cells were differentiated until the transepi-
thelial electrical resistance (TEER) was over 200
ohm3cm2. The cells were treated with bacterial cells (50
microbes: One Caco-2 cell) or with 0.1 % (v/v), 1 % (v/v),
and 10 % (v/v) cell-free supernatant diluted in caco-2
culture medium. The samples for PYY expression studies
were collected at two different time points 3 h and 24 h
after administering the test substances.

Materials & Methods

[0268] Caco-2 cells (HTB-37, American Type Culture

Collection, ATCC) were maintained at 37 °C in humidified
5 % CO2 atmosphere in basal culture medium consisting
of Dulbecco’s Modified Eagle’s Medium (DMEM, Invitro-
gen Carlsbad, CA, US) supplemented with 20% FBS (In-
vitrogen), 2 mM stable glutamine (Invitrogen), 1 x non-
essential amino acids (Invitrogen), 20 U/ml penicillin (In-
vitrogen), 20 mg/ml streptomycin (Invitrogen), and 0.5
mg/ml amphotericin (Invitrogen).
[0269] The Caco-2 cells were used at passage 58 and
plated as 6.6x105 cells/cm2 on 12-well cell culture inserts
(BIOCOAT HTS, BD Biosciences, Le Pont de Claix,
France) and differentiated according to a 5-day protocol
(Yamashita, S., Konishi, K., Yamazaki, Y., Taki, Y.,
Sakane, T., Sezaki, H. & Furuyama, Y. (2002) J Pharm
Sci 91, 669-79). Briefly, after plating, the cells were in-
cubated o/n at 37 °C at humidified 5 % CO2 atmosphere
in basal cell culture medium without antibiotics after
which the medium was aspirated and replaced with dif-
ferentiation medium (Entero-STIM [BD Biosciences] sup-
plemented with MITO+ serum extender [BD Bioscienc-
es], 250 ml/250 ml medium.) At 4th day of culture, the
medium was replaced, and at 5th day the experiment with
bacteria as well as cell-free supernatant was conducted.
[0270] L. acidophilus NCFM (Danisco Cultures, Paris,
France) was cultivated fresh in anaerobic conditions at
37°C in Man, Rogosa and Sharpe (MRS) broth supple-
mented with 1.0 % glucose (w/v) until the OD600 reached
1.0-1.5. The cell-free supernatant was collected by cen-
trifugation (25°C, 5 min, 3000 g) and removed, and dilut-
ed 0.1 % (v/v), 1 % (v/v) and 10 % (v/v) in differentiation
medium, and filtered through 0.2 mm sterile syringe filter
units (Sartorius, Goettingen, Germany). The bacterial
cell density was estimated based on the OD-value, and
they were washed once with EnteroStim and resuspend-
ed into EnteroStim in a ratio 50 bacterial cells to one
Caco-2 cell. The test substances were applied onto the
apical side of the Caco-2 cells.
[0271] After the treatments the cell culture media were
aspirated and the cells were lysed with 150 ml of RA1
(Macherey-Nagel, Düren, Germany) supplemented with
1 % β-mercaptoethanol (Sigma). The samples for PYY
expression analysis from L. acidophilus NCFM samples
were taken after 3 h and 24 h incubation. The RNA from
the cell lysates was collected with Nucleospin 96 RNA
isolation kit according to instruction provided by the man-
ufacturer (Macherey-Nagel). The first-strand cDNA syn-
thesis was done with random primers using Superscript
III according to the instructions provided by the manu-
facturer (Invitrogen). The PYY expression pattern in the
samples was analyzed using ABI PRISM Sequence De-
tection System (Applied Biosystems, Foster City, CA,
USA) using oligonucleotides specifically detecting homo
sapiens PYY. The oligonucleotides included: forward
primer: 5’ GGA GGC CTC AGC TTG ACC 3’; reverse
primer: 5’ TGC GCA CGA ACA CCA TAG 3’; and the
probe: Universal ProbeLibrary probe #10 (Roche). The
obtained threshold cycle (Ct), which is the PCR-cycle at
which the fluorescence intensity crosses a background
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threshold value, was transformed into absolute quantita-
tive value by using a standard curve from quantified syn-
thetic oligonucleotides representing the antisense se-
quence of the target transcript showing inverse log-linear
relationship between the copy number and the PCR-cy-
cle (Nurmi, J. T., Puolakkainen, P. A. & Rautonen, N. E.
(2005) Nutr Cancer 51, 83-92). The sequence of this
standard oligonucleotide is: 5’ TGC GCA CGA ACA CCA
TAG CGA TAG CTT GTG AAG CAG ACG AGC AGG
AGG TGG AAG GCG AGG GAA GTC CCA AGG GCT
GCA CTG CCG CAG GTC AAG CTG AGG CCT CC 3’.
[0272] The statistical analysis was done with ANOVA.

Results

[0273] Figure 6 shows the effect L. acidophilus NCFM
cell-free supernatant and bacteria on PYY expression.
Three different dilutions of cell-free supernatant 0.1 (v/v),
1 % (v/v), and 10 % (v/v) were used. The samples for
PYY expression study were collected 3 and 24 hours
after test substance application. * p<0.05 compared to
Enterostim (medium) control; LA NCFM bact = L. acido-
philus NCFM bacteria
[0274] L. acidophilus NCFM bacterial cells increased
the PYY expression at both time points, 3 h and 24 h
after application of the bacteria
[0275] Cell-free supernatant increased the PYY ex-
pression as 10 % dilution after 3 h incubation.
[0276] The dose as well as the time of the treatment
affects the PYY expression. The bacterial cells, particu-
larly viable bacterial cells, may have a more sustainable
effect on PYY expression than the metabolites.

EXAMPLE 8

Effect of L. curvatus 853 bacterial cells on PYY expres-
sion

[0277] The experiment was done with Caco-2 cells
which were differentiated according a 5-day protocol (Ya-
mashita, S., Konishi, K., Yamazaki, Y., Taki, Y., Sakane,
T., Sezaki, H. & Furuyama, Y. (2002) JPharm Sci 91,
669-79). The cells were differentiated until the transepi-
thelial electrical resistance (TEER) was over 200
ohm3cm2. The cells were treated with L. curvatus 853
bacterial cells (50 microbes: One Caco-2 cell. The sam-
ples for gene expression analysis were collected after 4
hours of treatment.

Materials & Methods

[0278] Caco-2 cells (HTB-37, American Type Culture
Collection, ATCC) were maintained at 37 °C in humidified
5 % CO2 atmosphere in basal culture medium consisting
of Dulbecco’s Modified Eagle’s Medium (DMEM, Invitro-
gen Carlsbad, CA, US) supplemented with 20% FBS (In-
vitrogen), 2 mM stable glutamine (Invitrogen), 1 x non-
essential amino acids (Invitrogen), 20 U/ml penicillin (In-

vitrogen), 20 mg/ml streptomycin (Invitrogen), and 0.5
mg/ml amphotericin (Invitrogen).
[0279] The Caco-2 cells were used at passage 58 and
plated as 6.6x105 cells/cm2 on 12-well cell culture inserts
(BIOCOAT HTS, BD Biosciences, Le Pont de Claix,
France) and differentiated according to a 5-day protocol
(Yamashita, S., Konishi, K., Yamazaki, Y., Taki, Y.,
Sakane, T., Sezaki, H. & Furuyama, Y. (2002) J Pharm
Sci 91, 669-79). Briefly, after plating, the cells were in-
cubated o/n at 37 °C at humidified 5 % CO2 atmosphere
in basal cell culture medium without antibiotics after
which the medium was aspirated and replaced with dif-
ferentiation medium (Entero-STIM [BD Biosciences] sup-
plemented with MITO+ serum extender [BD Bioscienc-
es], 250 ml/250 ml medium.) At 4th day of culture, the
medium was replaced, and at 5th day the experiment with
bacterial cells was conducted.
[0280] L. curvatus 853 was cultivated fresh in anaero-
bic conditions at 37°C in Man, Rogosa and Sharpe (MRS)
broth supplemented with 1.0 % glucose until the OD600
reached 1.0-1.5. The cell-free supernatant was collected
by centrifugation (25°C, 5 min, 3000 g) and removed.
The bacterial cell density was estimated based on the
OD-value, and they were washed once with EnteroStim,
diluted and applied onto the apical side of the Caco-2
cells.
[0281] After the 4-hour treatment the cell culture media
were aspirated and the cells were lysed with 150 ml of
RA1 (Macherey-Nagel, Düren, Germany) supplemented
with 1 % β-mercaptoethanol (Sigma). The RNA from the
cell lysates was collected with Nucleospin 96 RNA iso-
lation kit according to instruction provided by the manu-
facturer (Macherey-Nagel). The first-strand cDNA syn-
thesis was done with random primers using Superscript
III according to the instructions provided by the manu-
facturer (Invitrogen). The PYY expression pattern in the
samples was analyzed using ABI PRISM Sequence De-
tection System (Applied Biosystems, Foster City, CA,
USA) using oligonucleotides specifically detecting homo
sapiens PYY. The oligonucleotides included: forward
primer: 5’ GGA GGC CTC AGC TTG ACC 3’; reverse
primer: 5’ TGC GCA CGA ACA CCA TAG 3’; and the
probe: Universal ProbeLibrary probe #10 (Roche). The
obtained threshold cycle (Ct), which is the PCR-cycle at
which the fluorescence intensity crosses a background
threshold value, was transformed into absolute quantita-
tive value by using a standard curve from quantified syn-
thetic oligonucleotides representing the antisense se-
quence of the target transcript showing inverse log-linear
relationship between the copy number and the PCR-cy-
cle (Nurmi, J. T., Puolakkainen, P. A. & Rautonen, N. E.
(2005) Nutr Cancer 51, 83-92). The sequence of this
standard oligonucleotide is: 5’ TGC GCA CGA ACA CCA
TAG CGA TAG CTT GTG AAG CAG ACG AGC AGG
AGG TGG AAG GCG AGG GAA GTC CCA AGG GCT
GCA CTG CCG CAG GTC AAG CTG AGG CCT CC 3’.
[0282] The statistical analysis was done with ANOVA.
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Results

[0283] Figure 7 shows the effect of L. curvatus 853 on
PYY expression. The samples for PYY expression study
were collected 4 hours after test substance application.
* p<0.05 compared to medium only control.
[0284] L. curvatus 853 bacterial cells increased the
PYY expression after 4 hours of incubation.
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Claims

1. Use of a strain of a microorganism and/or a metab-
olite thereof in the manufacture of a support for ad-
ministration to a subject for the treatment and/or pre-
vention of obesity and/or for the prevention of a dis-
ease caused by obesity; wherein the strain is Lacto-
bacillus acidophilus PTA-4797, or Bifidobacterium
lactis 420, or Bifidobacterium lactis HN019, or Lacto-
bacillus salivarius 33, and wherein the metabolite is
a crude extract of a culture medium in which the mi-
croorganism is or was cultred and/or of the microor-
ganism.

2. Use according to claim 1 wherein the microorganism
and/or a metabolite thereof modulates one or more
satiety markers.

3. Use according to claim 2 wherein the modulation oc-
curs post-prandially.

4. Use according to any one of claims 1 to 3 wherein
the microorganism and/or a metabolite thereof mod-
ulates one or more of the satiety markers selected
from the group consisting of: PYY, CCK, Ghrelin,
Leptin, GLP-1, orexins, orexigenic hypothalamic
neuropeptide Y, acetic acid, amylin and oxyntomod-
ulin.

5. Use according to claim 4 wherein the level of one or
more of the following satiety markers is increased in
plasma and/or the gut: PYY, CCK, GLP-1, leptin (in
peripheral blood), insulin and acetic acid.

6. Use according to claim 4 wherein the level of one or
more of the following satiety markers is decreased:
ghrelin, orexins and leptin (in brain).

7. Use according to any one of the preceding claims
wherein the support is a pharmaceutically accepta-
ble support or a food product.

8. Use according to any one of the preceding claims
wherein the support is a medicament.

9. Use according to any preceding claim wherein the
microorganism is Lactobacillus acidophilus strain
PTA-4797.

10. Use according to any one of the preceding claims
wherein the microorganism and/or a metabolite
thereof is used in combination with one or more lipids
and/or one or more lipid micelles.

11. Use according to any one of the preceding claims
wherein the microorganism and/or metabolite there-
of is used in combination with a prebiotic.

12. Use according to claim 11 wherein the prebiotic is
one or more of the following: inulin, a transgalacto-
oligosaccharide, palantinoseoligosaccharide, soy-
bean oligosaccharide, gentiooligosaccharide, oxy-
looligomers, non-degradable starch, lactosaccha-
rose, lactulose, lactitol, maltitol, or polydextrose.

13. A strain of a microorganism and/or a metabolite
thereof for use in a method of treating and/or pre-
venting obesity and/or preventing a disease caused
by obesity wherein the strain is Lactobacillus acido-
philus PTA-4797, or Bifidobacterium lactis 420, or
Bifidobacterium lactis HN019, or Lactobacillus sali-
varius 33, and wherein the metabolite is a crude ex-
tract of a culture medium in which the microorganism
is or was cultured and/or of the microorganism.

14. A strain of a microorganism or a metabolite thereof
for use according to claim 13 wherein the strain is
incorporated into a support.

15. A strain of a microorganism or a metabolite thereof
for use according to any one of claims 13 or 14
wherein the support is a pharmaceutically accepta-
ble support or a food product.

16. A strain of a microorganism or a metabolite thereof
for use according to claim 15 wherein the support is
a medicament.

17. A strain of a microorganism and/or a metabolite
thereof for use according to any one of claims 13 to
16 wherein the microorganism and/or metabolite
thereof is administered in combination with a prebi-
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otic.

18. A strain of a microorganism and/or a metabolite
thereof for use according to claim 17 wherein the
prebiotic is one or more of the following: inulin, a
transgalacto-oligosaccharide, palantinoseoligosac-
charide, soybean oligosaccharide, gentiooligosac-
charide, oxylooligomers, non-degradable starch,
lactosaccharose, lactulose, lactitol, maltitol, or poly-
dextrose.

19. A non-therapeutic method of reducing excess weight
in a non-obese subject comprising administering an
effective amount of a strain of a microorganism
and/or a metabolite thereof, wherein the strain is
Lactobacillus acidophilus PTA-4797, or Bifidobacte-
rium lactis 420, or Bifidobacterium lactis HN019, or
Lactobacillus salivarius 33, and wherein the metab-
olite is a crude extract of a culture medium in which
the microorganism is or was cultured and/or of the
microorganism.

Patentansprüche

1. Verwendung eines Stamms eines Mikroorganismus
und/oder eines Stoffwechselprodukts davon bei der
Herstellung eines Trägers zur Verabreichung an ein
Individuum für die Behandlung und/oder Vorbeu-
gung von Fettleibigkeit und/oder für die Vorbeugung
einer durch Fettleibigkeit verursachten Krankheit,
wobei es sich bei dem Stamm um Lactobacillus aci-
dophilus PTA-4797 oder Bifidobacterium lactis 420
oder Bifidobacterium lactis HN019 oder Lactobacil-
lus salivarius 33 handelt und wobei es sich bei dem
Stoffwechselprodukt um einen Rohextrakt eines Kul-
turmediums, in dem der Mikroorganismus kultiviert
wird oder wurde, und/oder des Mikroorganismus
handelt.

2. Verwendung nach Anspruch 1, wobei der Mikroor-
ganismus und/oder ein Stoffwechselprodukt davon
einen oder mehrere Sättigungsmarker moduliert.

3. Verwendung nach Anspruch 2, wobei die Modulation
nach einer Mahlzeit erfolgt.

4. Verwendung nach einem der Ansprüche 1 bis 3, wo-
bei der Mikroorganismus und/oder ein Stoffwechsel-
produkt davon einen oder mehrere der aus der Grup-
pe bestehend aus PYY, CCK, Ghrelin, Leptin, GLP-
1, Orexinen, orexigenem Hypothalamus-Neuropep-
tid Y, Essigsäure, Amylin und Oxyntomodulin aus-
gewählten Sättigungsmarker moduliert.

5. Verwendung nach Anspruch 4, wobei der Spiegel
eines oder mehrerer der folgenden Sättigungsmar-
ker in Plasma und/oder im Darm erhöht ist: PYY,

CCK, GLP-1, Leptin (in peripherem Blut), Insulin und
Essigsäure.

6. Verwendung nach Anspruch 4, wobei der Spiegel
eines oder mehrerer der folgenden Sättigungsmar-
ker gesenkt ist: Ghrelin, Orexine und Leptin (in Ge-
hirn).

7. Verwendung nach einem der vorhergehenden An-
sprüche, wobei es sich bei dem Träger um einen
pharmazeutisch unbedenklichen Träger oder ein Le-
bensmittelprodukt handelt.

8. Verwendung nach einem der vorhergehenden An-
sprüche, wobei es sich bei dem Träger um ein Arz-
neimittel handelt.

9. Verwendung nach einem vorhergehenden An-
spruch, wobei es sich bei dem Mikroorganismus um
Lactobacillus acidophilus-Stamm PTA-4797 han-
delt.

10. Verwendung nach einem der vorhergehenden An-
sprüche, wobei der Mikroorganismus und/oder ein
Stoffwechselprodukt davon in Kombination mit ei-
nem oder mehreren Lipiden und/oder einer oder
mehreren Lipidmizellen verwendet wird.

11. Verwendung nach einem der vorhergehenden An-
sprüche, wobei der Mikroorganismus und/oder das
Stoffwechselprodukt davon in Kombination mit ei-
nem Präbiotikum verwendet wird.

12. Verwendung nach Anspruch 11, wobei es sich bei
dem Präbiotikum um eines oder mehrere der folgen-
den handelt: Inulin, ein Transgalacto-Oligosaccha-
rid, Palantinoseoligosaccharid, Sojabohne-Oligo-
saccharid, Gentiooligosaccharid, Oxylooligomere,
nicht abbaubare Stärke, Lactosaccharose, Lactulo-
se, Lactitol, Maltitol oder Polydextrose.

13. Stamm eines Mikroorganismus und/oder ein Stoff-
wechselprodukt davon zur Verwendung bei einem
Verfahren zur Behandlung und/oder Vorbeugung
von Fettleibigkeit und/oder Vorbeugung einer durch
Fettleibigkeit verursachten Krankheit, wobei es sich
bei dem Stamm um Lactobacillus acidophilus PTA-
4797 oder Bifidobacterium lactis 420 oder Bifidobac-
terium lactis HN019 oder Lactobacillus salivarius 33
handelt und wobei es sich bei dem Stoffwechselpro-
dukt um einen Rohextrakt eines Kulturmediums, in
dem der Mikroorganismus kultiviert wird oder wurde,
und/oder des Mikroorganismus handelt.

14. Stamm eines Mikroorganismus oder ein Stoffwech-
selprodukt davon zur Verwendung nach Anspruch
13, wobei der Stamm in einen Träger eingebaut ist.
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15. Stamm eines Mikroorganismus oder ein Stoffwech-
selprodukt davon zur Verwendung nach einem der
Ansprüche 13 oder 14, wobei es sich bei dem Träger
um einen pharmazeutisch unbedenklichen Träger
oder ein Lebensmittelprodukt handelt.

16. Stamm eines Mikroorganismus oder ein Stoffwech-
selprodukt davon zur Verwendung nach Anspruch
15, wobei es sich bei dem Träger um ein Arzneimittel
handelt.

17. Stamm eines Mikroorganismus und/oder ein Stoff-
wechselprodukt davon zur Verwendung nach einem
der Ansprüche 13 bis 16, wobei der Mikroorganis-
mus und/oder das Stoffwechselprodukt davon in
Kombination mit einem Präbiotikum verabreicht
wird.

18. Stamm eines Mikroorganismus und/oder ein Stoff-
wechselprodukt davon zur Verwendung nach An-
spruch 17, wobei es sich bei dem Präbiotikum um
eines oder mehrere der folgenden handelt: Inulin,
ein Transgalacto-Oligosaccharid, Palantinoseoligo-
saccharid, Sojabohne-Oligosaccharid, Gentiooligo-
saccharid, Oxylooligomere, nicht abbaubare Stärke,
Lactosaccharose, Lactulose, Lactitol, Maltitol oder
Polydextrose.

19. Nichttherapeutisches Verfahren zur Reduzierung
von Übergewicht bei einem nicht fettleibigen Indivi-
duum, umfassend Verabreichen einer wirksamen
Menge eines Stamms eines Mikroorganismus
und/oder eines Stoffwechselprodukts davon, wobei
es sich bei dem Stamm um Lactobacillus acidophilus
PTA-4797 oder Bifidobacterium lactis 420 oder Bifi-
dobacterium lactis HN019 oder Lactobacillus saliva-
rius 33 handelt und wobei es sich bei dem Stoffwech-
selprodukt um einen Rohextrakt eines Kulturmedi-
ums, in dem der Mikroorganismus kultiviert wird oder
wurde, und/oder des Mikroorganismus handelt.

Revendications

1. Utilisation d’une souche d’un micro-organisme et/ou
d’un métabolite de celle-ci dans la fabrication d’un
support pour administration à un sujet pour le traite-
ment et/ou la prévention de l’obésité et/ou pour la
prévention d’une maladie causée par l’obésité ; dans
laquelle la souche est Lactobacillus acidophilus
PTA-4797, ou Bifidobacterium lactis 420, ou Bifido-
bacterium lactis HN019, ou Lactobacillus salivarius
33, et dans laquelle le métabolite est un extrait brut
d’un milieu de culture dans lequel le micro-organis-
me est ou a été cultivé et/ou du micro-organisme.

2. Utilisation selon la revendication 1 dans laquelle le
micro-organisme et/ou un métabolite de celui-ci mo-

dule un ou plusieurs marqueurs de satiété.

3. Utilisation selon la revendication 2 dans laquelle la
modulation se produit de façon postprandiale.

4. Utilisation selon l’une quelconque des revendica-
tions 1 à 3 dans laquelle le micro-organisme et/ou
un métabolite de celui-ci module un ou plusieurs des
marqueurs de satiété choisis dans le groupe cons-
titué de : PYY, CCK, ghréline, leptine, GLP-1, orexi-
nes, neuropeptide hypothalamique orexigène Y, aci-
de acétique, amyline et oxyntomoduline.

5. Utilisation selon la revendication 4 dans laquelle le
taux d’un ou plusieurs des marqueurs de satiété sui-
vants est augmenté dans le plasma et/ou l’intestin :
PYY, CCK, GLP-1, leptine (dans le sang périphéri-
que), insuline et acide acétique.

6. Utilisation selon la revendication 4 dans laquelle le
taux d’un ou plusieurs des marqueurs de satiété sui-
vants est diminué : ghréline, orexines et leptine
(dans le cerveau).

7. Utilisation selon l’une quelconque des revendica-
tions précédentes dans laquelle le support est un
support pharmaceutiquement acceptable ou un pro-
duit alimentaire.

8. Utilisation selon l’une quelconque des revendica-
tions précédentes dans laquelle le support est un
médicament.

9. Utilisation selon l’une quelconque des revendica-
tions précédentes dans laquelle le micro-organisme
est Lactobacillus acidophilus souche PTA-4797.

10. Utilisation selon l’une quelconque des revendica-
tions précédentes dans laquelle le micro-organisme
et/ou un métabolite de celui-ci est utilisé en combi-
naison avec un ou plusieurs lipides et/ou un ou plu-
sieurs micelles lipidiques.

11. Utilisation selon l’une quelconque des revendica-
tions précédentes dans laquelle le micro-organisme
et/ou métabolite de celui-ci est utilisé en combinai-
son avec un prébiotique.

12. Utilisation selon la revendication 11 dans laquelle le
prébiotique est l’un ou plusieurs des suivants : l’inu-
line, un transgalacto-oligosaccharide, un oligosac-
charide de palantinose, un oligosaccharide de soja,
un gentio-oligosaccharide, des oxylo-oligomères,
l’amidon non dégradable, le lactosaccharose, le lac-
tulose, le lactitol, le maltitol ou le polydextrose.

13. Souche d’un micro-organisme et/ou métabolite de
celle-ci pour utilisation dans un procédé de traite-
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ment et/ou prévention de l’obésité et/ou prévention
d’une maladie causée par l’obésité, la souche étant
Lactobacillus acidophilus PTA-4797, ou Bifidobac-
terium lactis 420, ou Bifidobacterium lactis HN019,
ou Lactobacillus salivarius 33, et dans laquelle le
métabolite est un extrait brut d’un milieu de culture
dans lequel le micro-organisme est ou a été cultivé
et/ou du micro-organisme.

14. Souche d’un micro-organisme ou métabolite de cel-
le-ci pour utilisation selon la revendication 13, la sou-
che étant incorporée dans un support.

15. Souche d’un micro-organisme ou métabolite de cel-
le-ci pour utilisation selon l’une quelconque des re-
vendications 13 ou 14, le support étant un support
pharmaceutiquement acceptable ou un produit ali-
mentaire.

16. Souche d’un micro-organisme ou métabolite de cel-
le-ci pour utilisation selon la revendication 15, le sup-
port étant un médicament.

17. Souche d’un micro-organisme et/ou métabolite de
celle-ci pour utilisation selon l’une quelconque des
revendications 13 à 16, le micro-organisme et/ou
métabolite de celui-ci étant administré en combinai-
son avec un prébiotique.

18. Souche d’un micro-organisme et/ou métabolite de
celle-ci pour utilisation selon la revendication 17, le
prébiotique étant l’un ou plusieurs des suivants :
l’inuline, un transgalacto-oligosaccharide, un oligo-
saccharide de palantinose, un oligosaccharide de
soja, un gentio-oligosaccharide, des oxylo-oligomè-
res, l’amidon non dégradable, le lactosaccharose, le
lactulose, le lactitol, le maltitol ou le polydextrose

19. Procédé non thérapeutique de réduction de l’excès
de poids chez un sujet non obèse comprenant l’ad-
ministration d’une quantité efficace d’une souche
d’un micro-organisme et/ou un métabolite de celle-
ci, dans lequel la souche est Lactobacillus acidophi-
lus PTA-4797, ou Bifidobacterium lactis 420, ou Bi-
fidobacterium lactis HN019, ou Lactobacillus saliva-
rius 33, et dans lequel le métabolite est un extrait
brut d’un milieu de culture dans lequel le micro-or-
ganisme est ou a été cultivé et/ou du micro-organis-
me.
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