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USE OF LACTOBACILLI I NH BI TING GAS PRODUCI NG COLI FORM

BACTERI A | SOLATED FROM | NFANTS AFFECTED BY COLI C

DESCRI PTI ON
The present invention relates to a strain of probiotic
bacteria capable of inhibiting gas producing coliform
bacteria isolated frbm infants affected by colic.
Furthernore, the present invention relates to a food
composition or supplenent or pharmaceutical conposition
conpri si ng said strain of bacteria for use in
preventive and/or curative treatnments of intestinal
di sorders and for colic in infants/babies.
It is well known that infantile colic represents one of
the nost frequent disorders in the first three nonths
of life of an infant. It is l|ikewise known that the
etiology of infantile colic is not yet conpletely clear
and is likely to be nultifactorial.
In the past few years, there has been an increase in
data pointing to an involvenent of intestinal bacterial
flora in the pathogenesis of colic. Recent experinental
studies seem to suggest that an alteration of the
m crobial environment of babies affected by colic could

cause a dysregulation of intestinal notor function and
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an increase in the production of gas, whi ch, by
resulting in excessive flatulence, represents one of
the classic synptonms of the disorder.

Finally, it is known that infants affected by colic are
nore frequently colonised by Cdostridium difficile, a
gas pr oduci ng ni cr oor gani sm conpar ed to healthy
infants .

At present, sinethicone seens to be the nost indicated

treatment for colic. Sinmethicone is recommended in the
treat nent of colic, even though there exist studies
which tend to disprove its real effectiveness in vivo
versus placebo in babies with colic (Metcalf TJ, et al.

Si et hi cone in the Treatnent of I nf ant Colic: A
Random zed, Pl acebo- Control | ed, Mul ticenter Tri al .

1994, Pedi atri cs. 94(1): 29- 34; Sferra TJ, et al.

Gast roi nt esti nal gas formation and infantile colic.

1996, Pediatr din North Am 43(2): 489-510).

Thus there remains a need to have a preventive and/or

curative treatnment for gastrointestinal di sorders and
colic in infants which is effective, free of side
effects and easy to apply.

The Applicant undertook to resolve the problem related
to the preventive and/ or curative t r eat ment for
gast roi nt esti nal di sorders in i nfant s/ babi es. In

particular, the Applicant addressed the problem related
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to the preventive and/or curative treatnent for colic
in infants/babies.

Following intense research activity, the Applicant
sel ected specific probiotic strains of bacteria
bel onging to the species Lactobacillus del brueckii.

The object of the present invention is a probiotic
strain of bacteria selected from the group conprising
the strains of bacteria belonging to the species
Lact obaci | | us del brueckii .

Preferred enbodinments of the present invention are set
forth below in the following detailed description,
without in any way limting the scope of the present
i nvention .

Table no. 1 refers to the antagonistic activity shown
on plates by Lactobacillus del brueckii ©MB386 DSM 22106
vs. the coliforns isolated from infants with colic. The
inhibition of the growh of pathogens is expressed as
the radius of the inhibition halo that devel ops around
the discs inpregnated with whole cells of the selected
| act obaci |l us .

Table no. 2 refers to the quantification of total
colifornms in the faecal sanples of 20 infants affected
by colic during manifestation of the disorder.

(*y the total nunber of coliforms was determ ned by

counting the colonies that had grown on MacConkey agar
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pl at es, wher eas t he speci es concentrations wer e
det er m ned usi ng t he speci es-specific PCR-

fingerprinting nethod and by ribotyping.

The selected probiotic strains of bacteria act as
inhibitors of the proliferation of coliform bacteria.
Pref erably, said coliform bacteria are selected from
the group conprising the coliform bacteria that produce
gas by fernmentation of sugar, preferably |actose.

The selected probiotic strains of bacteria have a

proven anti bacteri al and/ or anti m crobi al activity
(inhibiting activity) agai nst t he speci es of
Escherichia coli, Kl ebsiella pneunoni ae, Kl ebsiell a

oxytoca, Enterobacter aerogenes, Ent er obact er cl oacae
and, finally, Ent er ococcus faecalis i sol at ed from
infants affected by colic and belonging to the genus of
coliform bacteria involved in the fernentation of
| actose and production of intestinal gas, the Ilatter

bei ng consi dered a nmjor concomtant cause in the
di sorder of infantile colic.

In particular, said coliform bacteria are selected from
the group conprising the bacteria Escherichia coli.

In a preferred enbodinent, the probiotic strain of
bacteria is Lactobacillus del brueckii MB386, deposited

with the DSMZ by the conpany Steve Jones Sri, Florence,

Italy, on 10 Decenber 2008 and having the filing nunber
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D31 22106.

The strain Lactobacillus del brueckii MB386 DSM 22106
has an effective antibacterial and/or antimcrobia
activity against the coliform bacteria isolated from
infants affected by colic.

A further object of the present invention is a food
composition or suppl enent conprising at |east one
probiotic strain of bacteria belonging to the species
Lact obaci | lus del brueckii, as specified above.

A further object of the present invention is a
conmposition conmprising at |east one probiotic strain of
bacteri a bel ongi ng to the speci es Lact obaci | | us
del brueckii , as specified above, for use as a

medi cation .

Al  the above-nentioned conpositions of the present
invention have application in the preventive and/or
curative t r eat nent of di sorders or pat hol ogi es
connected to diarrhoea, colic, indigestion and gastric
hyperaci dity, irritable bowel syndr one, fl atul ence,
peptic ulcer, stomach or duodenal ulcer, dyspepsia

Crohn' s di sease, abdom nal | esi ons and biliary
di seases .

In a preferred enbodinent, all of the above-nentioned
conmpositions of the present invention have application

for use in the preventive and/or curative treatnent of
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subjects affected by gastrointestinal di sorders, colic
and flatulence, in particular in infants/babies.
In a preferred enbodinent, all of the above-nentioned

conpositions of the present invention further conprise
at | east one ot her strain of bacteria havi ng
ant i oxi dant propert‘i es, sel ect ed from the group
conprising the strains of bacteria belonging to the
speci es Lactobacillus plantarum; preferably said strain
is Lactobacillus plantarum LP1, deposited with the DSMZ
by the conpany Steve Jones Sri, Florence, Italy, on 10
Decenber 2008 and having the filing nunmber DSM 22107.
The strain Lactobacillus plantarum LP1 DSMzZ 22107 has
ant i oxi dant properti es. The strain Lact obaci | | us
pl antarum LP1 DSMZ 22107 is a probiotic strain, as it
shows an antioxidant activity associated wth excellent
vitality, tested in vitro, in gastric juice and bile,
which inplies a tolerance to intestinal transit.

All of the above-described conpositions are effective
in preventi ng bacteri al i nfections and cur bi ng
gastroi nt esti nal synptons and disorders, colic and
flatul ence .

In one enbodi nent of the present i nventi on, the food
conposition or supplenent or pharnmaceuti cal conposi tion
may contain the above-nentioned bacterial strains of

the present invention in nicroencapsul ated form i.e.
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coated with a conposition containing at least one lipid
(lipid conposition), preferably of vegetable origin.
Alternatively, the food conmposition or supplenent or
phar maceuti cal conposition may conprise the above-
mentioned bacterial strains of the present invention as
m cr oencapsul at ed bacteria and non-n croencapsul at ed
bacteria .

Said lipid conposition conprises at least one |lipid,
and said at least one lipid is of vegetable origin.
Advant ageousl y, said lipid of vegetable origin is
selected from the group conprising saturated fats.
Advant ageousl y, sat ur at ed fats are used having a
nelting point Jlower than 75°C, preferably conprised

from 45°C to 65°C.

In a preferred enbodinent, said saturated fats are
selected from the group conprising nono- and di-
gl yceri des of saturated fatty acids, pol ygl ycerol s
esterified wth sat ur at ed fatty acids, and free

saturated fatty acids. Preferably said saturated fats
are selected from anong pol ygl yceryl di stearate,
gl yceryl pal mtostearate and hydrogenat ed veget abl e
fats of non-lauric origin.

In a first enbodinent, the above-nentioned bacterial
strains of the present invention are nobno-coated.

Practically speaking, a single coating with a single
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lipid is realized. Advantageously, the single coating
is based on polyglyceryl di stearate (conmercial nane
Plurol Stearique W. 1009)

The above-nentioned nono-coated strains of bacteria of
t he pr esent i nvention are pl aced in t he f ood
conposition or supplenent or pharmaceutical conposition
of the present invention.

In a second enbodinent, the above-nentioned strains of
bacteria of the present invention are doubl e-coated.
Practically speaking, a double coating is realized, in
succession, wth two lipids different from each other.
Advant ageousl vy, t he t wo lipids sel ect ed are a
hydr ogenat ed palm fat (Tm=60° C) and a glycerol
di pal mi tostearate (Tme57-60 °C); they are sprayed onto
the lyophilate in succession, i.e. a double covering is
applied to the | yophi |l at e: t he first W th t he
hydrogenated palm fat (for exanple with Revel c¢) and
the second wth the glycerol di pal mi tostearate (for
exanple Precirol Ato 5) in a ratio by weight of 3:1 to
each ot her, advant ageousl y 2:1, for exanple 2/3 by
weight of the first and 1/3 by weight of the second.
The aforesaid species of bacteria are present in a
quantity conpri sed from 0.1% to 75% by weight,
preferably from 0.5% to 15% by weight; even nore

preferably from 1% to 10% by weight, relative to the
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total weight of the conposition or supplenment. However,
said percentage relative to the total weight of the
conposi tion depends on the product type of t he
conposition or supplenent.

In a preferred enbodi nent , t he conposi tion or
suppl ement contains coated and/or uncoated bacteria in
a concentration conprised from IxIO® to IxlO't CFU g,
preferably from Ixl 08 to |xlO° CFU g.

In a preferred enbodi nent , t he conposi tion or
suppl enment cont ai ns bacteri a in a concentration
conprised from IxIO% to |xlO! CFU dose, preferably from
I xI 08 to |xlO° CFU dose. The dose nmay be conprised from
0.2 g to 10 g; for exanple it my be 0.25 g, 1 g, 3 g,
59 or 7 g.

The probiotic bacteria used in the present invention
can be in solid form in particular in the form of a

powder, dehydrated, sprayed or Ilyophilized powder,

The bacteria can be coated and/or uncoat ed. The
bacteri a, preferably in m cr oencapsul at ed form
(coat ed), can be mcroencapsul ated using ordinary
techniqgues well known to those skilled in the art and

enpl oying machinery that is known and available in the
phar maceuti cal i ndustry. For exanpl e, a fluid bed
technigue may be used (e.g. top spray or bottom spray),

in which coating materials of a lipid nature are used.
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During mcroencapsul ation, t her mal control of the
production process is inmportant. In particular, it is
inportant to control the tenperature of the lipid used

in order to avoid the nortality of the strains used.

In a preferred enbodi nent , t he conposition or
suppl enent is in the form of an o0ily suspension
conpri si ng

- at least one food oil selected from the group
conprising: olive oil, nmaize oil, soybean oil, I|inseed
oil, peanut oil, sesane oil, fish oil and rice oil,
said at Jleast one oil being present in a quantity

greater than or equal to 70% by weight, relative to the
total weight of the suspension, and

- at least one probiotic strain of bacteria selected

from the group conprising the strains of bacteria

bel ongi ng to the species L. del bruecki i and L.
plantarum, said strain being present in a quantity |ess
than or equal to 30% by weight, relative to the total

wei ght of the suspension.

In a preferred enbodinent, the oil of the suspension is
only olive oil; preferably it is olive oil in a mxture
with nmaize oil and/or soybean oil and/or linseed oil.

In a preferred enbodinment, the oily suspension can also
conprise, in a quantity conprised from 0.1 to 15% by

weight, relative to the total weight of the suspension,
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at least one finely subdivided food conpound selected

from the group conprising silica, silicon dioxide,
silica gel, col | oi dal silica, precipitated silica,
talc, nagnesium silicate, magnesi um oxide, nmagnesi um
car bonat e, calcium silicate, | ecithin, nono- or di-
gl ycerides such as glyceryl nonostearate , glyceryl
nonool eat e, Pl ur ol a ei que aci d, starch, nodi fi ed
st arches, konjac gum xanthan gum gellan gum and

carrageenan
In a preferred enbodinent, the oily suspension can also
conpri se, in quantity conprised from 0.5 to 25% by

weight, relative to the total weight of the suspension,

at | east one prebiotic fibre and/ or bi fi dogeni c
car bohydrate sel ect ed from anong i nulin, fructo-
ol i gosacchari des (FOs), gal act o- and transgal act o-
ol i gosacchari des (Gs and TOS), gluco-oligosaccharides

(GOSy) , xyl o- ol i gosacchari des (XCs) , chi t osan
ol i gosacchari des (Cos), soy oligosaccharides (S0s),
i somal t 0- ol i gosacchari des (1 MOS), mal t odextrin,

resi stant starch, pectin, psyllium ar abi nogal act ans,
gl ucomannans , gal actomannans , xylanes, |actosaccharose
| act ul ose, lactitol, acacia fibre, ~carruba fibre, oat
fibre, banboo fibre and citrus fibre.

In a preferred enbodi nent, t he oily suspensi on

conpri ses at | east one fibre and at | east one
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carbohydrate selected from anmong gl uco-oligosaccharides
(Gsa) , fructo-oligosaccharides (FOs), inulin and/or
mal t odext rin.

In a preferred enbodi ment , t he oily suspensi on
conprises Lactobacillus del bruekii M386 DSM 22106 and
Lact obaci | | us pl ant arum LP1 DSMZ 22107 coat ed
(m croencapsulated) wth a single coating (or with two
coatings) with at Ileast one |lipid having a nelting
poi nt below 75°C, preferably conprised from 45 to 65°C,
as stated above.

The oily suspension of the present i nvention is
prepared according to techniques well known to those
skilled in the art and using known machinery.

Practically speaki ng, a given quantity of oil is
introduced into a container provided wth stirring and
heati ng neans. Subsequently the probiotic bacteria in
solid form are gradually added under stirring so as to
avoid the formation of lunps and aggl onerations. Once
the addition of bacteria has ended, the oily substance
is maintained wunder stirring for a time conprised from
1 to 30 nmnutes, if necessary wth slight heating to a
tenperature conprised from 24 to 40°C, preferably from
30 to 35°C

In a preferred enbodinent of the present invention, the

probiotic bacteria can be wused in nicroencapsulated
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form i.e. coated with a conposition containing at
least one lipid, preferably of vegetable origin. The
m cr oencapsul at ed bacteria are then added to the oil

using the sane operating nethods as described above.

In anther enbodi nent of the present i nventi on, t he
bacteria added to the oil can be in the form of
m cr oencapsul at ed bacteri a and "naked", non-

m croencapsul ated bacteri a.

The bacteria, preferably in mcroencapsulated form can
be m croencapsul at ed using the ordinary technigues
known to those skilled in the art. For exanple, a fluid
bed technique nmay be used (e.g. top spray or bottom
spray) , in which coating materials of a lipid nature
are used.

In a preferred enbodinent, saturated vegetable fats are
used having a nelting point below 75°C, preferably
conprised from 45 to 65°C

In a preferred enbodinent, saturated vegetable fats

having a certain degree of hydrophilicity can be used;

these can be selected from anong nono- and di-
gl yceri des of saturated fatty acids, pol ygl ycerol s
esterified W th sat ur at ed fatty aci ds, and free

saturated fatty acids.
For exanpl e, it is possible to wuse polyglyceryl

distearate (comrercial nanme Plurol Stearique WL 1009) ,
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gl yceryl palmnmitostearate (conmercial name Precirol Ato
5), saturated fatty acids (comrercial nanme Revel c) or
hydrogenated vegetable fats of non-lauric origin.

In a preferred enbodinent, the ratio by weight between
| yophilized nm cr oor gani sm and t he lipid coating
material which coats it is 50:50 or 40:60.

In a first enbodinent, two lipids, a hydrogenated palm
fat (Tm=60°C) and a glycerol dipalmtostearate (Tme57-
60°C) are sprayed onto the I|yophilate in succession,
i.e. a double covering is applied to the Iyophilate:
the first with the hydrogenated palm fat and the second
with the glycerol dipalmtostearate in a ratio of 3:1
to each other. A double coating of the cells ensures
better sealing of the bacteria from the environnent,
producing a continuous film wi thout pores conmunicating
with the outside. However, this wapper nust open at
the intestinal level to release the bacteria and allow
them to colonise. The lipids selected are in fact
resistant to acid pHs, so that the coating renains
intact in the stomach, but sensitive to even slightly
basic pHs, so as to allow the formation of holes in
the coating during its passage through the intestine.
The oily suspension contains the bacteria in a quantity
less than or equal to 30% by weight, conprised from 0.5

to 20% by weight, relative to the total weight of the
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suspension; preferably in a quantity conprised from 0.5
to 10% even nore preferably in a quantity conprised
from 1.5 to 5% by weight, relative to the total weight
of the suspension.

The oily suspension has valid application for use as a
medication for the treatnent of intestinal disorders,

such as colic in paediatric subjects.

A study was conducted to evaluate the role of gas
pr oduci ng coliform bacteria in the etiol ogy of
infantile colic.

Practically speaking, a random sed prospective study
was conducted in which 49 infants affected by infantile
colic and 35 healthy infants were recruited; they were
aged between 20 and 90 days, corresponding to the
gest ati onal age, excl usi vel y breastfed and free of
di seases of the gastroenteric system Faecal sanples
were <collected from both groups of infants at pre-
established tinmes and examned wthin the next 48
hours. The study had the aim of establishing whether
there exi st ed si gnifi cant qualitative/quantitative

differences in the tw groups of infants wth respect
to the presence of gas producing coliforns.

Typical genera included in the group of coliforns are:
Citrobacter, Enterobacter , Escherichia coli , Kl ebsiella

and other mnor groups. The identification of the nopst
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representative species isolated from the faecal sanples
was carried out at a nolecular | evel usi ng PCR
(Polymerase Chain Reaction) and automated ribotyping
t echni ques. Finally, the ability of the nicrobial
colonies to produce gas by fernentation of |actose and
ot her sugars was exam ned.

The nol ecul ar and phenotypic identification of the
vari ous speci es of coliforns showed a different
col oni sati on pattern in the two groups, with and
without <colic, and in particular the concentration of
the species Escherichia coli showed to be significantly
higher in the group of infants wth colic [(6.04 Logig
versus 4.47 Logio)CFUg™! of faeces]. It is believed that
precisely the anomalous concentration of this species
of Escherichia <coli may contribute to the devel opnent
of the disorder.

It cannot be ruled out that the abundance of coliform
species observed in our study in the infants affected
by the pathology may be associated wth a decrease in
some other species, not yet identified, of bacteria
benefi ci al for t he host , resulting in possi bl e
consequences on the host" s state of health.

Experinental part

1. Introduction

The Applicant conducted a study ained at selecting
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probiotic strains of bacteria belonging to the genus
Lactobacillus , selected and evaluated in relation to
the effectiveness of its antioxidant, antibacterial and
antim crobi al action agai nst speci es of coliform
bacteria isolated from infants affected by colic.

Tens of strains of coliform bacteria, producers of gas
by fernmentation of sugar, particularly |actose, were
isolated from the faeces of infants affected by colic
in order to evaluate in vitro the inhibition of their
growh by the probiotic strains of bacteria belonging
to the genus Lactobacillus which were taken into
consi deration .

2. Isolation of strains and culture conditions

For the purpose of quantifying and examning the
presence of coliforns, faecal sanples were collected
from 49 exclusively Dbreastfed infants affected by
colic, which had manifested itself 6 £ 1 days prior to
enrolnent. The isolation of strains was carried out on
sel ective pl at es of MacConkey Agar (DIFCO n.
0075.17.1), which is the nmedium generally used to
i sol ate and quantify enteric bacteria (called
"colifornms") after placing them in ideal conditions for
gromh: 37°C in a controlled atnosphere.

After 12 hours of incubation the colonies that appear

on the plate are counted and all the norphol ogical
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differences anmpobng the colonies thenselves are carefully
observed. The nuneri cal results are shown as Logio of
colony formng wunits (CFU per gram of faeces. Each
i sol at ed col ony is then t aken i ndi vidually and
i nocul at ed in a tube of LB (Luria-Bertani ) liquid
medium to obtain pure cultures.

3. ldentification of colonies of coliforns

A total of 20 faecal cultures obtained from faeces of

infants affected by colic were analyzed for the purpose

of i sol ating t he nost representative genera of
coliforns

Speci es-specific recognition of t he col oni es was
achieved wusing two different nolecular i dentification
procedures: primer-specific PCR and aut omat ed

ri botyping. Conmbi ni ng the results obtained by both
nmet hods nmde it possible both to identify the isolated
strains with a high degree of accuracy and define which
species are the nobst representative of the population
of coliforms that colonises the intestines of infants
affected by colic.

Finally, each bacteri al species was quantified by
cal cul ati ng in what per cent age it represent ed t he
entire isolated population of coliforns.

a. Automated ribotyping

Automated strain-specific ribotyping involves the use
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of an extrenely sophisticated instrunent: Ri boPri nter
M cr obi al Char acteri zation Syst em (Qualicon I nc.,
W | mi ngt on, DE, USA) . The bacterial colonies isolated
on the plate are taken individually; after a thernal

step and through the wuse of |Ilytic enzynes there is

obtained the release of DNA, which is cleaved by the

restriction endonucl ease EcoR . Finally, t he DNA
fragnents, separ at ed by gel el ectrophoresi s, are
anal yzed usi ng t he nodi fi ed Sout hern bl otting
t echni que. The hybridization anal ysi s is translated

into an inmage of separate chem | uni nescent bands which
the instrument transfornms into electronic data, or a
Ri boprinter pattern, which it captures and stores in
nmenory. The final i dentification is achieved by
conparing the R boprinter pattern obtained wth the
ones stored in the Dupont database of the instrunent.

The profiles with a sinmlarity at least equal to 93%

as calculated by neans of an appropriate algorithm are
combined to form a dynamic Ribogroup which reflects the
relations or genetic identities anong the isolated
col oni es .

b. Priner-specific PCR

For the purpose of the nolecular identification of the
coliforw bacteria, ribosomal DNA fragnents of the 16S-

23S internal transcribed spacer regions were anplified.
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The pure col oni es i sol ated on t he pl ate wer e
i ndi vidually pi cked and re- suspended in sterile

distilled water and then lysed for 5 min at 95°C so as
to allow the release of DNA. The anplification
reactions were obtained using the universal prinmers:
16S-for (50 - GCTGGATCACCTCCTTTC- 3' ) and 23S-rev (5 -
AGTGCCAAGGCATCCACC-  3').

The anplification reactions were carried out in a
Bionetra TG adient Thermal Cycler (Biometra, Gottingen,
Germany) , setting a specific thernocycling program The
anplificates were separated by gel electrophoresis; t he
fragments of approximately 400 bp were purified using a
Q Aquick Gel Extraction Kit (QAGEN, Hilden, Germany);
finally, the DNA fragnents anplified wth the 16S and
23S  prinmers were subnitted to autommated sequence
anal ysis .

4. Gas production by coliform bacteria

The ability to produce gas nediated by all the isolated
coliform bacteria was evaluated by inoculating each
i ndi vi dual strain in a liquid LB broth and/or Lauryl
sul phate tryptose (LST) broth containing 10 g/L of
| act ose as the sole carbon sour ce. 24- 48 hour s
following the inoculation and after incubation at 35°C
the bacteri al cultures were examned for the presence

of gas bubbles in the liquid nedium according to the
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met hod of Jiang T et al.si. The presence of gas
indicated a positive reaction to the test.

5. Random sel ection of lactic bacteria and cul ture

condi ti ons

The strains of lactic bacteria whose antimcrobial
activity vs. the <coliform bacteria of infants was
tested were 30 randomy selected strains representative
of di fferent speci es of | actic bacteri a. The
| act obacil i used in this study canme from the ATCC and
DSMZ col |l ections (Anerican Type Culture Collection,
Rockvi |l | e, M., and Deut sche Samm ung von
M kr oor gani smem und Zel | kul turen, Braunschwei g,
Germany, respectively)

The taxonony of the strain of Lactobacillus plantarum
LP1 DSM 22107 was confirmed at the species Ilevel by
automated ribotyping. The strain selected by screening,
Lact obaci | | us! del brueckii  MB386, comes from the GCerman
DSMZ collection (DSM 20074 or ATCC 9649)

Al of the lactobacilli used in the study in question
were cultivated for 24 hours at 37°C in Lactobacilli
MRS broth - Difco Laboratories, Sparks, Maryland, USA-
(MRS) containing 0.5 g/L of cysteine as the reducing
agent .

6. Assay to evaluate antinicrobial properties

The anti ni crobi al properties were evaluated wusing two
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strategies: inhibition of bacterial growh on plates,
or the Kirby-Bauer disc diffusion nethod (1940), and
pr epar ati on of co-cultures of the selected lactic
bacteria with one or nore coliform bacteria originating
frominfants affected by colic.

a) Antimcrobial activity on plates

The purpose of this nethod is to examne the inhibiting
effect of the strains of lactobacilli considered on the
in vitro growmh of <coliform bacteria isolated from
infants. The strains of lactobacilli were made to grow
in an anaerobic «culture in MRS liquid nmedium for 48

hours at 37°C. The cells, collected from the culture by

centrifugation, were re-suspended in saline solution
unti | obt ai ni ng a concentration of 10* and 106
cells/m, as determn ned by neasuring the optical

density at 600 nm. The supernatant, separated from the
bi onass, was neutralized to pH 7.0. The cellul ar
suspension containing the coliform bacteria considered
in a concentration of 103 and 106 cells/ni was
distributed over a solid nedium of LB (Luria Bertani)
agar (0.7%; subsequently, two discs (6 mm in dianeter)
were placed on the nedium one inpregnated wth the
cellular suspension of the |actobacillus considered and
the other with the associated supernatant. The control

was prepared in the sane nmanner, but by placing two
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non-i npregnated sterile discs on the madi um

After 18 hours' incubation at 37°C, the inhibition area
of the pseudopathogen which appeared around the discs
was neasured.

b) Antimcrobial activity in liquid co-cultures

The antagonism exerted by the lactobacilli considered

in the present study against the growh of coliform

bacteria was confirnmed by co-incubating, in a liquid
medium  each potenti al probiotic inhibitor ~with the
nost representative coliforms i sol at ed from the

infants. The inoculum of the co-culture was obtained by
separately cultivating the probiotic and colifornms in
optimal conditions. The bacterial cells from each of
the two cultures were collected by centrif ugation and
re-suspended in a fresh equivalent nmedium to avoid any
conditioning of growh that mght occur in co-culture
due to unwanted variations in pH or to a reduction in
nutrilites. A liquid medium of nodified LB broth (Luria

Bertani with the addition of 3% yeast extract, pH 7)

was i nocul at ed with a total of 10° CFU of
| act obacilli and the sane concentration of a known
bacteri al suspension of coliforns. The control was

prepared in the same mnner, replacing the probiotic
i noculum with the fresh nedium alone, wi t hout any

cells.
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The co-cultures and controls t hus pr epar ed wer e
i ncubated at 37°C in controlled nicroaerophilia and
after 8-10 hours the antagonistic activity performed by
the probiotics was eval uat ed by deternining t he
inhibition of growh of the coliform bacteria. This was
cal cul at ed by subtracting the nunber of coliform
bacteria found in the co-incubation tube from the
nunmber of coliform bacteria from the control t ube,

i nocul at ed with coliform bacteria only. The CFUmM of
the vital bacteri al popul ati on that had grown was
nmeasured by distributing known aliquots of the co-
cultures and controls on nedia selective both for
| act obaci | Ii (Lactobacilli MRS agar) and coliforns

(MacConkey agar) (Annuk 2003); finally, the change in

pH after 24 hours of co-incubation was determined. The

results as regards the bacterial concentrations of
| act obaci | |i and <colifornse were expressed in Logio
CFU m

The exanples that follow are provided for illustrative

purposes and are not intended to linit the scope of the
invention in any way.

Example 1
The selected strain Lactobacillus del bruekii M386 DSM
22106 was cultured anaerobically in a liquid nmedium for

48 hours at 37°C. An overnight culture of the coliform
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bacteria Escherichia <coli sp. strain a isolated from
i nfant 15 (see table no. 2), who presented wth
clinically diagnosed synptons of infantile «colic, was
treated as in the previously descri bed assay for
analyzing the antim crobial activity on plates. A
suspension having a concentration of 103-106 cells/ni

of coliform bacteria was distributed over solid LB
medi um subsequent | y, two discs were placed on the
medi um one (disc B, figure no. 1) inpregnated wth the
suspensi on of col l ected cells of Lact obaci | | us

del bruekii MB386 DSM 22106 and the other wth the
respective neutralized supernatant (disc A, figure no.

1) -

The plate thus prepared was allowed to rest at 4°C for
at least one hour. After 18 hours' incubation at 37°C

a neasurenent was mnade of the area of inhibition of
gromth of the Escherichia <coli sp. strain a that had
devel oped around the two discs.

Result: a halo of inhibition of growmh of the exam ned
Escheri chi a col i strain i sol ated from infant 15
affected by infantile colic was visible only around the
disc that had been inpregnated wth the suspension of
cells of Lactobacillus del bruekii MB386 DSM 22106,

whereas no inhibition area appeared around the disc

i npregnated with the corresponding supernatant of the
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| actobacillus. The halo of inhibition of growth of the
coliform bacteria was neasured and showed to have a
radius of 13 nm (figure no. 1).

Exanmple 2
An evaluation was nade of the antimcrobial activity
mani fested by the probiotic |actobacillus Lactobacillus
del bruekii WMB386 DSM 22106 vs. Klebsiella pneunoniae
strain b isolated from infant 12 affected by infantile
colic (table no. 2). For the purposes of the test, the
two bacterial strains were treated as described in
exanple 1.
Resul t: a measurenent was nmade of the area of
inhibition of growh of the Kl ebsiella pneunoniae
strain b, isolated from infant 12 with infantile colic,
whi ch appear ed ar ound t he di sc t hat had been
i mpr egnat ed Wi th t he suspensi on of cells of
Lact obaci |l us del bruekii MB386 DSM 22106. 1In this case
as well, no antagonistic activity resulted from the
disc inpregnated only wth the supernatant devoid of
cells originating from t he cul ture of t he
| actobacillus. The inhibition halo was nmeasured to have
a radius of 12.5 mm as may be seen from figure no. 2.

Exanmple 3
An evaluation was made of the antim crobial activity

mani fested by the probiotic |actobacillus Lactobacillus
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del bruecki i MB386 DSM 22106 vs. all the strains of
Escherichia coli, Kl ebsiella pneunoni ae, Kl ebsiella
oxytoca, Enterobacter aerogenes, Enterobacter cloacae
and, finally, Enterococcus faecalis isolated from the
infants affected by infantile colic and from the
healthy controls.
For the purposes of the test, the probiotic strain of
| actic bacteria and the coliform bacteria isolated from
the infants were treated as described in exanple 1.
Resul t: in general , t he exam ned strain of
Lactobacil l us del brueckii M386 DSM 22106 al ways showed
an inhibiting activity against all of the coliforns
tested. A control plate was prepared by placing on the
LB agar nedium two analogous sterile discs inpregnated
neither with the cell suspension nor with the culture
broth alone. The control never showed any inhibitory
effect on the growth of the coliform strains exam ned.
All the results obtained from the tests perforned to
evaluate the antagonistic activity manifested on plates
by the |lactobacillus considered and expressed as the
mean radius of the inhibition areas are reported in
table no. 1.

Exanple 4
An eval uation was also made of the antimcrobial

activity mani f est ed by t he sel ect ed probiotic
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| actobacillus Lactobacillus plantarum LPI DSM 22107 vs.
al | the strains of Escherichi a coli, Kl ebsiella
pneunoni ae, Klebsiella oxytoca, Enterobacter aerogenes,
Ent er obact er cl oacae and, finally, Ent er ococcus
faecalis i sol ated from the i nfants af fect ed by
infantile colic and from the healthy controls. For the
purposes of the test, the probiotic strain of lactic
bacteria and the cqliform bacteria isolated from the
infants were treated as described in exanple 1.

Resul t: in general , t he exam ned strain of
Lactobacillus plantarum LPI DSM 22107 never showed any
inhibitory effects on the coliforns exam ned.

Exanple 5

An evaluation was nmde of the antinicrobial activity
mani fested together by the two probiotic strains of
lactic bacteria of t he i nvention, Lact obaci |l | us
del bruekii ©MB386 DSM 22106 and Lactobacillus plantarum

LPI DSM 22107, vs. all the isolated strains of coliform

bacteri a: Escherichi a coli, Kl ebsiella pneunoni ae,
Kl ebsiella oxytoca, Ent er obact er aer ogenes,
Ent er obact er cl oacae and, finally, Ent er ococcus
faecalis i sol ated from the i nfants af fect ed by

infantile colic. For the purposes of the test, the two
probiotic strains of lactic bacteria were cultivated

separately as described in exanple 1 and, sinmilarly,
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each coliform bacterium was treated as described in
exanple 1. A suspension having a concentration of 10°-
106 cells/m of coliform bacterium was distributed over
solid LB nedium Subsequently, two discs were placed on
the nedium one inpregnated wth a suspension of
collected cells of Lactobacillus delbruekii M386 DSM
22106 of known concentration plus a suspension having
an anal ogous concentration of cells collected from the
culture of L. plantarum DSM 22107, and the other with a
m xture formed from the two neutralized supernatants ,
devoid of cells, originating from the cultures of the
two lactic  Dbacteria. The plate thus prepared was
allonwed to rest at 4°C for at |east one hour. After 18
hours' incubation at 37°C, a neasurenment was made of
the area of inhibition of growh of the coliform
considered which had developed around the two discs,
where present.

Results: the tests on antibacterial activity perforned
in synergy revealed that the area of inhibition of the
growh of each coliform strain isolated from infants
with colic always appeared only around the disc that
had been inpregnated with the two suspensions of cells
of L. delbruekii DSM 22106 and L. plantarum DSM 22107,
whereas no inhibition halo appeared around the disc

i mpr egnat ed with t he respective super nat ant s,
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origi nating from the cultures of the tw lactic
bacteria. Finally, the inhibition halo originating from
the whole cells was neasured and showed to have a nean
radius conparable to that resulting from the sole
antagonistic activity nmanifested by L. delbruekii DSM
22106 (table no. 1).
Exanple 6

The antagonistic activity of Lactobacillus del bruekii
MB386 DSM 22106 in vitro was evaluated by inoculating a
nmodi fied LB medium already described in the paragraph

regarding the nethod of evaluating the antim crobial

activity in liquid co-culture, wth a total of 10°
CFU mM of lactobacilli and an equal concentration of
cells of Escherichia coli strain a, isolated from
infant 15 affected by colic (table no. 3). A second

tube containing nodified LB was inoculated only wth
cells of coliform bacteria. The co-culture and control
were incubated at 37°C in mcroaerophilia and after 8-
10 hours the antagonistic activity mnifested by the
lactic bacteria against the Escherichia coli strain was
eval uat ed .

In order to neasure the growh of Lactobacillus
del bruekii MB386 DSM 22106 and the Escherichia coli
strain resulting both from the co-incubation tests and

from the control, the CFU m of the two bacterial
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strains wer e eval uat ed bot h at the tine 0 of
i noculation and at 24 hours by distributing aliquots of
broth from the co-culture and from the control over
both MRS agar containing 0.2% vanconycin (selective for
lactic bacteria) and MacConkey agar (selective for
Escherichia coli) ; finally the change in pH in the co-
incubated tube and in the control after 24 h was
det er m ned
Results: at tO (time of inoculation) 2.7xI05 cells of
Lact obacillus del bruekii DSM 22106 were co-inocul ated
with 5.0%*10°5 cells of Escherichia <coli. The initial pH
was 6.8. After 24 hours (t24), the count on selective
pl at es reveal ed 7.0x10° CFU ni of Lact obaci | | us
del bruekii DSM 22106 and 5.0*10° CFUm of Escherichia
coli, while the pH had decreased to 4.3. In the control
tube only 4.5xI0°5 CFU ni of Escherichia coli were
inoculated at tQ the inoculum of lactic bacteria was
replaced by adding an .equal volunme of fresh nmedium
alone, without any cells. After 24 hours of incubation,
the count reveal ed 1.0x10s CFRU M of i nocul at ed
Escherichia «coli. The pH of the medium equal to 6.8,
remai ned unchanged after 24 hours.

Exanple 7
Like in exanple 5, but an evaluation was nade of the

anti m crobi al activity expressed by a conbination of
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the two strains of Lactobacillus delbruekii MB386 DM
22106 and Lactobacillus plantarum LP1 DSM 22107 when
co-i ncubat ed with t he coliform strains nost

representative of each identified species isolated from
the infants.

The antagonistic activity perforned in "synergy" by the
two lactic bacteria was evaluated by inoculating the
nmodified LB medium with a total of 102 CFUmM of L.
del bruekii DSMz 22106 and 102 cells of L. plantarum
DSMz 22107 and, finally, an equal concentration (10%)
of cells of the coliform bacteria considered. A second
tube containing nodified LB was inoculated only wth
the cells of both lactic bacteria. The co-culture and
control thus prepared were incubated at 37°C in
m croaerophilia and after 8-10 hours the resulting

antagonistic activity, if any, was eval uated.

In order to neasure the growh of the lactic bacteria
and coliforns resulting both from the co-incubation

tests and from the ~control, the CFU ni of each
bacterium was eval uated both at the time 0 of
i noculation and after 24 hours, as described in exanple
5.

The total CFUmM of lactic bacteria was calculated

together with the CFUmM of the coliform considered;

finally, the change in pH in the co-incubated tube and
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in the control after 24 hours was determ ned.

Results: irrespective of the species and of the infant
from whom they were isolated, the concentration of
coliform bacteria in co-culture wth the two probiotic
| act obaci | I'i was reduced by at | east 4  deci nal

logarithmic wunits (from E10° to E10%5) conpared to the
control tube. The pH always neasured before and after
the 24 hours of incubation, varied by a value of at
|east 3.3+0.4 when the tubes were co-incubated wth
both lactic bacteria and the strain of coliform
bacteria, whereas the pH in the control tubes always
remai ned unchanged.

From the foregoing it energes that the strain of L.
del bruekii MB386 DSM 22106 has a clear antibacterial

activity wvs. the species Escherichia coli, Kl ebsiella
pneunoni ae , Klebsiella oxytoca, Enterobacter aerogenes,
Ent er obact er cl oacae and, finally, Ent er ococcus
faecalis isolated from infants affected by colic and
belonging to the genus of coliform bacteria involved in
t he fermentation of | act ose and producti on of
intestinal gas, considered a major concomtant cause in
the disorder of infantile colic.

Reduci ng the concentration of i ntestinal coliform
bacteria is considered essential in order to maintain a

stable equilibrium in the human intestinal m crobiota,
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thus benefiting man' s state of health .

Table no. 1

Ant agoni stic activity shown by Lactobacillus del bruekii
DSMzZ 22106 on plates and expressed as the mean radius of

the inhibition area

inhibition halo

isolated coliform bacteria (mean radius of the area % SD)
Escherichia coli 10.23 = 1.29
Kl ebsi el | a pneunoni ae ' 9.83 + 1.04
Kl ebsi el l a oxytoca 9.75 + 1.06
Ent er obact er aerogenes 10.25 + 0.35
Ent ei obacter cl oacae 10.25 % 0.35
Ent erococcus faecalis 10.16 * 0.76

Table no. 2

Subj ect's Total coliforns No. of colonies | Dilution Species identified
no . (CFU g-, faeces)* rmrphol ogically factor
different on plate on plate
2 5.0 x 10° 2 a. 1076 a. E. coli
b. 107° b. E. coli
3 1.0 x 106 2 a. 107° a. K. pneunoni ae
b. 107* b. E. coli
A 1.0 x 107 2 a. 107° a. E. coli
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10 b. ~. o0xytoca
6 3.0 x 10° 107" a. £. coli
1077 b. E. coli
7 2.0 x 107 1077 a. E. faecalis
9 7.0 x 103 10-3 a. E. coli
12 4.0 x 107 1077 a. E. coli
1077 b. K. pneunpni ae
13 3.7 x 10’ 1077 a. E. coli
10-° b. E. coli
15 3.4 x 10° 107" a. £. coli
1077 b. £. coli
1€ 4.3 x 108 10°° a. £. coli
10°° b. x. oxytoca
17 1.1 x 10° 107¢ a. £. coli
1075 b. Enterobacter
cl oacae
18 8.1 x 106 1076 a. K. oxytoca
1077 b. £. faecalis
22 1.1 x 108 1077 a. £. coli
23 9.5 x 10° 107° a. ». oxytoca
107¢ b. £. aerogenes
1076 a. £. coli
107° b. £. coli
24 1.0 x 108 1073 a. £. coli
29 5.8 x 106 107" a. £. coli
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b. 10~7 b. E. coli
32 2.7 x 10°% 4 a. 1076 a. E. coli

b. 1075 b. K. oxytoca

c. 10°° ¢. K. pneunoni ae

d. 10'5 d. a, oxytoca
36 1.0 x 10* 1 a. 1074 a. K. oxvtoca
39 1.0 x 10* 1 ‘ a. 10~4 a. K. pneunoni ae
48 2.6 x 106 1 a. 107 a. K. oxytoca

(y the total nunber of colifornse was determ ned by
counting the colonies that had grown on MacConkey agar
pl at es, wher eas t he speci es concentrations wer e
det erm ned usi ng t he speci es-specific PCR

fingerprinting nethod and by ribotyping.
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CLAI M5

1. A probiotic strain of bacteria selected from the
group conprising strains of bacteria belonging to the
species Lactobacillus delbruekii , as an inhibitor of

coliform bacteri a.

2. The probiotic strain of bacteria according to claim
1, wherein said coliform bacteria are selected fromthe
group conprising coliform bacteria that produce gas by-

fermentation of sugar, preferably |actose.

3. The probiotic strain of bacteria according to claim
1 or 2, wherein said coliform bacteria are selected
from the group conprising bacteria belonging to the
speci es Escheri chi a. coli, Kl ebsi el | a. pneunoni ae,

Kl ebsiel |l a oxyt oca , Ent er obact er aer ogenes |,

Ent erobacter cl oacae and Enterococcus faecalis .

«. The probiotic strain of bacteria according to any
one of claims 1-3, wherein said probiotic strain is
Lact obacillus del bruekii MB38S, deposited with the DSwZ

on 10. 12,2008 and having the filing nunber DSv 22106.

5. The probiotic strain of bacteria according to claim

SUBSTITUTE SHEET (RULE 26)
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4, wherein the strain of L. delbruekii MB38¢ DSM 22106
has an anti bacteri al activity agai nst bacteria
bel onging to the species Escherichia coli, Kl ebsiella
pneunoni ae, Klebsiella oxytoca, Enterobacter aerogenee,

Ent erobacter cloacae and Enterococcus faecalis.

6. A food conposition or supplenment or pharnaceutical
conmposition conprising at |least one strain of bacteria

according to any one of clainms 1-5.

7. The food composition or supplenent or pharmaceuti cal

conposition according to claim 6, wherein there is also
present at |least one other strain of bacteria having
ant i oxi dant : properties; preferably said strain is
Lact obacillus pl &tarum LP1, deposited with the DSMzZ on

10.12. 2008 and having the filing nunber DSM 22107.

8. The conposition according to claim 6 or 7, for use
in the preventive and/or curative treatnent of subjects

affected by colic.

9. The food conposition or supplenent or pharnmaceuti cal
conposition according to any one of clainms 6-8 wherein
said Lactobacillus delbruekii M336, DSM 2210s, and

said Lactobacillus plantarum LPL, DSM 22107 are coated

SUBSTITUTE SHEET (RULE 26)
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with a composition containing at |ease one lipid,
preferably of vegetable origin, sai d lipid bei ng
sel ect ed from the group conpri sing sat urat ed fats

having a nelting point below 75°C, preferably conpri sed

from 45 to 65°C.

10. The f ood conposi tion or suppl enment or
phar maceuti cal conposition accordi ng to claim 9,
wherein said saturated fats are selected from anmpbng the
nono- and di - gl yceri des of sat urat ed fatty aci ds,
pol ygl ycerol s esterified with sat urat ed fatty acids,

and free saturated fatty acids.

11. The f ood conposition or suppl enment or
phar maceuti cal conposition accordi ng to claim 10,
wher ei n said saturated fats are selected from anong
pol ygl yceryl di st earat e, gl yceryl pal m t ost earate ,

sat urat ed fatty acids or hydrogenated veget abl e fats of

non-| auric origin.

12. The f ood conposition or suppl enment or
phar maceuti cal conposition accordi ng to any one of
claims 6-11, wherein the probiotic strains of bacteria

Lact obaci | | us del brueki i VB38S, DSM 22106, and

Lactobacillus plentarum LPI, DSM 22107 are coaced wirh

SUBSTITUTE SHEET (RULE 26)
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a first and second coating, said first coating being a
hydrogenated palm fat having a nelting point of around
60°C and said second coating bei ng a glycerol

di palraitostearate fat having a nelting point conprised

from 57 to 60°C.

13. The food conposi tion or suppl enent or
phar maceut i cal conposition according to any one of
clainms 6-12, in the form of an oily susp’ensi on
conpri sing :

- at least one food oil selected from the group
conprising: olive oil, mize oil, soybean oil, Ilinseed
oil, peanut oil, sesane oil, fish oil and rice oil,
said at |east one oil being present in a quantity

greater than or equal ro 70% by weight, relative to the
total weight of the suspension, and

- at least one probiotic strain of bacteria selected
from the group conprising the strains of bacteria
bel ongi ng to the species L. delbrueckii and L.
plaxtarum, said strain being present in a quantity |ess
than or equal to 30% by weight, relative to the total

wei ght of the suspension.

14 . The f ood conposition or suppl enent or

phar maceut i cal conposi tion accordi ng to claim 13,

SUBSTITUTE SHEET (RULE 26)
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wherein the oil of the suspension is olive oil,
preferably olive oil in a mxture with maize oil and/or
soybean oil and/or |linseed oil.
15. The f ood composi tion or suppl enent ; or

pharmmaceutical conposition according to claim 13 or 14,
wherein the strains of bacteria are the probiotics
Lact obaci | | us del brueki i VB386, DSM 22106, and
Lactobacillus plancazum LP1, DSM 22107, said bacteria

bei ng coated according to one of clains 9-12.

SUBSTITUTE SHEET (RULE 26)
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Figure no. 1

Figure no. 1:

disc A = impregnated with
supernatant;

disc B = impregnated with a
suspension comprising from1x10’
to 1x10° whole cells.

Lactobacillus delbrueckii DSMZ
22106 vs. Escherichia Coli sp.
strain a isolated from infant 15

Figure no. 2

Figure 2:
disc A = impregnated with
supernatant;

disc B = impregnated with a
suspension comprising from
1x10' to 1x10° whole cells.

Lactobacillus delbrueckii DSMZ
22106 vs. Klebsiella pneumoniae
sp. strain a isolated from infant
12
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