Office de la Proprieté Canadian

Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2583765 C 2011/08/02

(11)(21) 2 583 765

(12 BREVET CANADIEN
CANADIAN PATENT
13) C

(86) Date de déepot PCT/PCT Filing Date: 2004/10/13

(87) Date publication PCT/PCT Publication Date: 2006/04/20
(45) Date de délivrance/lssue Date: 2011/08/02

(85) Entree phase nationale/National Entry: 200//04/10

(86) N° demande PCT/PCT Application No.: JP 2004/015072
(87) N° publication PCT/PCT Publication No.: 2006/040816

(51) Cl.Int./Int.Cl. AZ3K 7/76 (2006.01)

(72) Inventeurs/Inventors:
KADO, YUKIKO, JP;
MOROTOMI, MASAMI, JP

(73) Proprietaire/Owner:
KABUSHIKI KAISHA YAKULT HONSHA, JP

(74) Agent: MARKS & CLERK

(54) Titre : ADDITIF POUR ALIMENTS ANIMAUX ET ALIMENT POUR ANIMAUX CONTENANT LEDIT ADDITIF
(54) Title: ADDITIVE FOR FEEDS AND FEED CONTAINING SAME

(57) Abréegée/Abstract:

An additive for feeds Is provided which Is efficacious In preventing and ameliorating digestive disorders such as diarrhea occurring
as the side effects of the administration of antibiotics and a feed containing same. More specifically, an additive for feeds which
comprises (A) Lactobacillus equi cells and (B) cells of at least one bacterium selected from the group consisting of Lactobacillus

salivarius, Lactobacillus crispatus and Lactbacillus johnsonii.

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~




CA 02583765 2007-04-10

Abstract

An additive for feeds is provided which is efficacious in
preventing and ameliorating digestive disorders such as diarrhea
occurring as the side effects of the administration of antibiotics
and a feed containing same. More specifically, an additive for feeds
which comprises (A) Lactobacillus equi cells and (B) cells of at
least one baéterimn selected from the dgroup consiétincj of

Lactobacillus salivarius, Lactobacillus crispatus and Lactbacillus

johnsonii.
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DESCRIPTION

ADDITIVE FOR FEEDS AND FEED CONTAINING SAME

Technical Field

([0001] The present i1nvention relates to an additive for feeds

to prevent and ameliorate digestive disorders occurring as side
‘effects of the administration of antibiotics in rearing and

management of horses and to a feed containing same.

Background Art

[0002] ~ In general, representative animals which are reared and
managed as livestock 1include cattle, swine, horses, etc., and the
growth processes and physical conditions of such livestock are
susceptible to changes in rearing environments or the like, so the
animals require sufficient attention in rearing and management.
For example, horses are known to have tendencies to develop physical
symptoms such as diarrhea induced by various types of stress due
to changes in re'aring environment such as feed. 1In the intestines
of horses (in particular, foals), there are fewer bacteria compared
to other livestock, and the bacteria suffer extreme decreases due
to changes 1n rearing environment. Therefore, intestinal flora

which create the ecosystem of intestinal bacteria are damaged, and

the ecosystem 1s disturbed, resulting in occurrence of symptoms
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such as diarrhea. Such symptoms have an adverse effect on
physiological functions such as decrease indigestion and absorption
ability, inhibition of growth, and suppression of lmmune system,
so 1t causes great damage to the race horse production field.
[0003] Inrecent years, feedscontailningbacteriasuchaslactic
bacteria and bifidobacteria have been widely used 1n rearing and
management of horses (see, for example, Patent Documents 1 to 4).
Those feeds may amelioraté intestinal flora and provide
physiological effects such as growth promotion and diarrhea
ameliorationby adhesionof thebacteria in the feed to the intestines
of horses.

However, even 1if thosé feeds are used, the administered
bacteria donot adhere toandproliferate in the intestines of horses,
and the effects of ameliorating physiological symptoms such as
diarrhea are not sufficiently exerted 1n many cases. Therefore,
in actuality, various antibiotics are now administered depending

on the symptoms.

[0004] Althoughantibiotics tobe administeredmayeffectively
ameliorate physical symptoms of horses, they may have effects such
- as killing bacteria present in the intestines of horses and cause
side effects such as aggravation of diarrhea symptoms in many cases.
Meanwhile, such antibiotics kill not only bacteria present in the
intestines of horses but also useful bacteria that are separately

administered as feed or the like, so even in the case where a feed
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contailning useful bacteria as living bacteria 1is administered to
horses, effects of the administered bacteria cannot be sufficiently
achieved, and effects of ameliorating physical symptoms that cause
digestive disorders such as diarrhea are low.
[0005] Therefore, for a feed containing bacteria to be used
in the rearing and management of horses, it is necessary not only
to select bacteria such as lactic baciﬁeria and bifidobacteria that
have:the+effect of amellorating intestinal environments but also
to select bacteria that exhibit specific adhesion to the digestive
epithelia of a horse and proliferative activity and have excellent
effectsof improving intestinal environments of horses and to select
bacteria that have excellent resistance to various antibiotics that
may'be administered as needed depending on the physical symptoms
of horses.
[0006]

Patent Document 1: Japanese Patent Laid-open No. 59-46208

Patent Document 2: Japanese Examined Patent application
publication Nof3220699

Patent Document 3: Japanese Patent Laid-open No0.2001-519144

Patent Document 4: Japanese Patent Laid-open No.2002-58432

Disclosure of the Invention
Problems to be solved by the Invention

(0007] Therefore, an object of the present invention is to
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~provide an additive for feeds that exhibits specific adhesion to
the digestive epithelia of horses and proliferative activity, has
excellent resistance to antibiotics, and is efficacious in
preventing and ameliorating digestive disorders such as diarrhea

occurring as the side effects of the administration of antibiotics,

and a feed containing same.

Means for solving the Problems
[0008] The 1inventors of the present invention have made
extensive studies, and as a result, they have found out that, among

bacteria belonging to ‘the genus Lactobacillus, five bacterial

strains having excellent adhesion to the digestive epithelia of
horses and proliferative activities have high diarrhea
preventing/ameliorating effects for horses (in particular, foals)
and has excellent resistance to antibiotics compared to other
bacteria.

Meanwhile, they have found that the five bacterial strains
belonging to the genus Lactobacillus exhibit excellent resistance

to antibiotics and have different antibacterial spectrum although

they belong to the same genus, thereby completing the present

invention.
[0009] Thepresent inventionalsoprovidesanadditive for feeds
including (A) Lactobacillus equi cells and (B) cells of at least

one bacterium selected from the group consisting of: Lactobacillus
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salivarius; Lactobacillus reuteri; Lactobacillus crispatus; and
Lactobacillus johnsonii.

The present invention further provides an additive for feeds,
further including (C) at least one antibiotic selected from the
group conslisting of: ceftriaxone sodium; kanamycin sulfate;
dihydrostreptomycin; sulfamonomethoxine; Bactramin; gentamicin,
ofloxacin; cefalotin sodium; ampicillin; oxytetracycline
hydrochloride; and benzylpenicillin.

Thepresent inventionalsoprovides anadditive for feedswhich
1s intended to be added in combination with the antibiotics (C).

According to the present invention, there 1s provided a feed
including the additive for feeds.

In accordance with the present i1nvention, there is provided
at least one bacterial strain belonging to the genus Lactobacillus
selected from the group consisting of the following (1) to (iv):

(1) Lactobacillus salivarius YIT0479 strain (accession

number: FERM BP-10095) ;

(11) Lactobacillus reuteri YIT0480 strain (accession number:

FERM BP-10096) ;
(1ii1) Lactobacillus crispatus YIT0481 strain (accession
number: FERM BP-10097); and

(1v) Lactobacillus johnsonii YIT0482 strain (accession

number: FERM BP-10098).
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Effect of the Invention

[0010] The present invention provides an additive for feeds
that exhibits specific adhesion to the digestive epithellia of horses
andproliferativeactivity, hasexcellentresistancetoantibiotics,
and 1s efficacious in preventing and ameliorating digestive
disorders such as diarrhea occurring as the side effects of the

administration of antibiotic, and a feed containing same.

Brief Description of the Drawings
[0011] [Fig. 1] A graph showing the incidence rates of soft
feces in foals of a group administered with the additive for feeds
and a control group in Example 5.

[Fig. 2] Agraph showing the 1ncidence rates of severe diarrhea
in foals of a group administered with the additive for feeds and

a control group 1n Example 5.

‘Best Mode for Carrying Out the Invention

[ 0012] An additive for feeds of the present 1invention includes:
(A) Lactobacillus equl cells and '(B) cells of at least one bacterium
selected from the group consisting of Lactobacillus salivarius,
Lactobacillus reuteri, Lactobacillus crispatus, and Lactobacillus
7 ohnsonii.

[ 0013] All five bacterial strains to be used in the present

i nvention belong to the genus Lactobacillus and are isolated from
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the feces of horses. The strains are 1solated by culturing at about
37°C under anaerobic conditions using an LBS medium as a selective
medium for Lactobacillusbacteria and an MRS medium as a nonselective
medium. The isolated bacterial strains are characterized by
morphometric properties, <culture properties, physiological
properties, chemotaxonomical properties, etc. Among bacteria
belonging to the genus Lactobacillus, the above-described bacterial
strains exhibit particularly excellent adhesion to the digestive
epithelia of horses and proliferative activities and have excellent
resistance to antibiotics.

[0014] As bacterial strains of (A) Lactobacillus equi, the L.
equl YIT0483 strain (deposited to National Institute of Advanced
Industrial Science and Technology on January 16, 2002, Accession
No. “FERMBP-10094") 1sparticularlypreferablebecause of excellent
adhesion and proliferative activity.

[0015] Meanwhile, the (B) four Lactobacillusbacterial strains

(1) Lactobacillus salivarius YIT0479 strain (deposited to National

Institute of Advanced Industrial Science and Technology on May 6,
2003, Accession No: “FERM BP-10095”); (i11) Lactobacillus reuteri
YIT0480 strain (deposited to National Institute of Advanced
Industrial Science and Technology on May 6, 2003, Accession No:
“FERM BP-10096”); (i1i1) Lactobacillus crispatus YIT0481 strain
(deposited to National Institute of Advanced Industrial Science

and Technology on May 6, 2003, Accession No: “FERM BP-10097"); and
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(1v) Lactobacillus johnsonii YIT0482 strain (deposited to National
Institute of Advanced Industrial Science and Technology on May 6,
2003, Accession No: “FERM BP-10098") are particularly preferable
because all of them have excellent resistance tQ antibiotics.
[0016] The above-described (B) four Lactobacillus bacterial
strains, (1) Lactobacillus salivarius YIT0479 strain, (11)
LactobacillusreuteriYIT0480strain, (iii) Lactobacillus crispatus
YITO481 strain, and (iV) Lactobacillus johnsonii YIT0482 strain
are newly 1isolated bacterial strains, and (a) morphometric
properties, (b) culture properties, and (c) chemotaxonomical
properties, etc. are therefore shown below. Note that the four
bacterial strains (i) to (iv) of the present invention have no
significant differences in the properties (a) to (c) of the strains.
[0017] (a) Morphometric properties

All four bacterial strains (i) to (iv) of the present invention
have the following properties. Meanwhile, Gram stain images of all

the four bacterial strains (i) to (iv) above are positive.

(1) Shape of bacterium: bacillary form
(2) Size of bacterium: 0.6 to 0.8 - 1.3 to 3.5um
(3) Polymorphism of bacterium: none
(4) Mobility: none
(5) Spore: none
Gram-stainimagesreveal that: (i) L. salivariusYIT0479strain

bacteria are bacilli having a uniform size; (ii) L. reuteri YIT0480
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strain bacteria are short bacilli having a uniform size; and {(111)
L. crispatus YITO481 strain bacteria and (iV) L. johnsonii YITO4‘82
strain bacteria are bacilli having uniform sizes (slightly thin).
[0018] _ (b) Culture properties (Growling states)

(1) Growing states of the four bacterial stains (i) to (1iv)
of the present invention in MRS agar plate culture (37°C, 2 days)
will be described below.

(1) L. salivarius YIT0479 strain forms white smooth spherical
colonies with a diameter of about 1 mm. (ii) L. reuteri YIT0480
strain forms white smooth spherical colonies with a diameter of
about 2 mm. (iii) L. crispatus YIT0481 strain forms grayish-white
rough flat colonies with a diameter of about 2mm. (iV) L. johnsonii
YITO482 strain forms grayish-white smooth flat colonies with a
diameter of about 1 mm.

(2) The growing states of all the four bacterial stains (i)
to (1v) of the present invention in MRS agar plate culture (37°C,
2 days) were good, and precipitates were formed when the strains
were allowed to stand.

[0019] (c) Chemotaxonomical properties
(Determination of GC content and DNA-DNA hybridization)

Determination of the GC contents of the four bacterial stra.ins
(1) to (1v) of thepresent invention and DNA-DNAhybridizationbetween
the four strains and standard strains of related bacterial strains

were performed 1n accordance with the following methods.
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The GC contents can be determined by a method by Ezakl et al.
using conventional highperformance liquid chromatography (document
na;me: FEMS Microbiol Lett 55, 127-130, 1990). The determined GC
contents of the four bacterial strains (i) to (1v}) of the present
1nvention are 33 to 41 mol%.

DNA-DNA hybridization can be performed by ordinary methods,
i.e., fluorescence-labeling microplate method (document name: Int
J Syét Bééteriol 39, 224-229, 1989). The following 20 standard
strains (which all belong to the genus Lactobacillus) are used for
comparison to the four bacterial strains (1) to (1v) of the present
invention. The four bacterial strains (1) to (iv) of the present
invention are separately identified by the standard strains having
homologies.

[0020] L. acidophilus YIT 0070 (ATTC 4356 '), L. agilis YIT
0253 (JCM 1187 "), L. amylovorus YIT 0211 (JCM 1126 '), L. animalis
YIT 0256 (JCM 5670 '), L. brevis YIT 0076 (ATTC 14869 '), L. buchneri
YIT 0077 (ATTC 4005"), L. casei YIT 0180 (ATTC 3447), L. coryniformis
subsp. coryniformis YIT 0237 (JCM 1164 '), L. crispatus_ YIT 0212
(JCM 1185 ), L. fermentum YIT 0081 (ATTC 14931 %), L. gasseri YIT
0192 (DSM 20243 "), L. graminis YIT 0260 (NRIC 1775 Y, L. Jjohnsonii
YIT 0219 (JCM 2012 "), L. murinus YIT 0239 (JcM 1717 %), L. plantarum
YIT 0102 (ATTC 14917 "), L. reuteri YIT 0197 (JCM11127), L. rhamnosus
YIT 0105 (ATTC 7469 "), L. ruminis YIT 0221 (JCM 1152 1) , L. salivarius

subsp. salicinius YIT 0089 (ATTC 11742 "), and L. salivarius subsp.

10
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salivarius YIT 0104 (ATTC 11741 %).

[0021] Cells in an additive for feeds of the present invention
have eXcellent resistance to various antibiotics, so they may be
added to feeds as mixtures of the cells and various antibiotics
if necessary for healthcare of horses. Meanwhile, an additive for
feeds i1ncluding only cells may be singly added to feeds or may be
added in combination with various antibiotics. As described above,
the additive for f'eeds isefficacious forhealthcareandamelioration
of physical symptoms of horses because various antibiotics can be
appropriately selected depending on physical symptoms of horses
to be combined for all cases.

[0022] (C) Antibiotics to be used in the present invention may
be ones generally used for healthcare of horses, and examples thereof
include: gentamicin, oxytetracycline hydrochloride, etc. which are
effective fordiarrhea anddiarrheaalba symptoms of foals; kanamycin
sulfate, sulfamonomethoxine, Bactramin, ceftriaxone sodium,

cefalotin sodium, ofloxacin, dihydrostreptomycin, etc. which are

effective for various infectious diseases due to pneumonia and
arthritis; and benzylpenicillin, ampicillin, etc. which are
effective for protection against infectious diseases due to 1njury,
protection against shipping fever, a‘nd protection against hives.
[0023] Among the above-described (C). antibiotics, which one
to use 1is determined depending on the type of selected (B).

Lactobacillus bacterium. For example, kanamycin sulfate,

11
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sulfamonomethoxine, Bactramin, etc. may be used for all of the (B)
four Lactobacillus bacterial strains. Meanwhile, ofloxacin may be
used for (B) Lactobacillus reuteri, Lactobacillus crispatus, and
Lactobacillus johnsoni1i. Moreover, cefalotin sodium,
oxytetracycline hydrochloride, benzylpenicillin, ampicillin, etc.
may be used for (B) Lactobacillus reuteri.

[0024]) Next, a method of producing an additive for feeds will
be deséribéd.

An additive for feeds isproducedas follows: (A) Lactobacillus

equl strains and (B) strains of at least one bacterium selected
fromthegroupconsistingof Lactobacillussalivarius, Lactobacillus
reuteri, Lactobacillus crispatus, and Lactobacillus johnsonil are
separately cultured, and the cultured cells are collected, followed
by mixing of (A) cells and (B) cells.

The above-described culture and colléction can be performed
by ordinary methods. Examples of a medium to be used include an
MRS broth (manufactured by Difco Laboratories) medium and an GAM
broth (manufactured by Nissul) medium in which Lactobacillus
bacteriacanbeproliferated. All thebacterial strainsarecultured
under conditionsof37°Cforl12to20hours. Thecellscanbecollected
by generally used means such as centrifugation. The resultant
additive for feeds may be formed into an appropriate shape depending
on the purpose of use.

[0025] In the above-described production method, the degree

12
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of proliferation of the respective bacterial strains differ, so

i1tisdesiredtoculturethestrainsusingnotonly theabove-described

mediums but alsomediums optimal for the respective bacterial strains.
For example, for Lactobacillus reuteri YIT0480 strain, PSYL medium
(composition: 20% PSM ' 5%, Myeast P2G (Nihon Pharmaceutical Co.,

Ltd,) 1%, CH3COONa (manufactured by Wako Pure Chemical Industries,

Ltd.) 0.3%, (NH) 2S04 (manufacturedby Wako Pure Chemical Industries,

Ltd.) 0.3%, KH"2P04 .(manufac‘ture.d by Wako Pure Chemical Industries,

Ltd.) 1%, K;HPOs (manufactured by Wako Pure Chemical Industries,

Ltd.) 0.2%, Met sol” ' 0.5%) is preferable.

). skimmilk (Yotsuba Inc.) 200 g, orientase 5N (Hankyu Bioindustry
Co., Ltd.) 4 g/1 L

")y MgS04+7H20 115 g, FeSO4-7H,0 6.8 g, MnSO,-7H,0 (manufactured by
Wako Pure Chemical Industries, Ltd.) 24 g/1 L .

[00206] Meanwhile, to improve proliferation abilities of the
bacterial strains, 1t is desirable to add an assimilating sugar
to the mediums, 1if necessary. For example, 1n the cases of
Lactobacillus equi YIT0483 strain and Lactobacillus crispatus
YITO481 strain, lactose 1s preferably added to a medium as an
assimilating sugar. Meanwhile, 1n the cases of Lactobacillus
salivariusYIT0479 strainand Lactobacillus johnsoniiYIT0482 strain,
glucose is preferably added to a medium as an assimilating sugar.

In the present invention, mediums to be used are not limited

to the above-described mediums, and theremay be used mediums optimal

13
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fo.x_~ the respective bacterial strains, which are prepared by
appropriately combining compositions in generally used mediums.
(0027} The cells to be used for an additive for feeds of the
present invention are desirably living cells, and they may be 1in
any state as long as they are living cells. For example, they may
be cultured collected cells, cultures, freeze—-dried cells, etc.
of the respective bacterial strains. Among them, it 1s desirable
to use freeze-dried c'.ells becausef'living cells have high storage
stabilityf Further, dead cells are not preferable because they have
low physiological effects such as prevention and amelioration of
digestive disorders including diarrhea and promotion of early
intestinal flora formation when administered to horses.

[0028‘] An additive for feeds of the present 1invention exhibits
excellent adhesion to gastric mucosal epithelial cells of horses
and proliferative activity and has excellent resistance to
"antibiotics. The additive for feeds can therefore prevent and

amelioratedigestive (inparticular, intestinal) disordersof horses

such as diarrheabyarising fromearly formation of intestinal flora,
can preferably maintain digestive environments of horses in good
states without effects of the above~-described (C) antibiotics that
sometimes need to be used for the healthcare of horses, and can
effectively improve the physical symptoms of horses 1induced by

various type of stress. Moreover, in the present invention, an

additive for feeds containing (A) Lactobacillus equi cells and (B)

14
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cells of all the four Lactobacillus bacteria is particularly
preferable because it has significant effects in ameliating the
above-described physical symptoms of horses.

[0029] An additive for feeds of the present 1nvention 1s
preferably administered in an amount of 1-10’ cells or more, more
preferably 1-10'Y cells to 5-10'Y cells as the number of total cells
of the above-—described (A) and (B) per horseper day. 1ftheadditive
is administered in an amount of'.'less than1-10° ceils per day, physical
symptoms of horses are not sufficiently 1mproved, which 1s
undesirable. Moreover, the proportion of the cell numbers of the
respective bacterial strains 1in an additive for feeds to be
administered may be arbitrarily adjusted depending on the
combination of bacterial strains to be contained 1n the additive
for feeds, and an additive for feeds containing (A) Lactobacillus
equl at a raté in the range of 5% to 25%, preferably 10% to 20%,
with respect to the total number of cells has significant effect
in ameliorating the physical symptoms of horses.

[0030] Meanwhile, the method of administering an additive for
feeds of the present invention to horses isnotparticularly limited,
and the additive may be administered directly to the intestines
of horses using an 1njection or may be administered orally as a
preparation such as powders, tablets, granulés, or pellets produced
by conventional methods together with various sugars, proteins,

lipids, fibers, vitamins, minerals, etc.

15
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[0031] The present invention provides a feed containing such
an additive for feeds and another component such as 1lipids or fibers.
The lipids and fibers are not particularly limited as long as they
can be generally used as components for feeds, and examples thereof
include soybean cake, alfalfa meal, and bran. Administration of
a feed of the present invention can prevent and ameliorate digestive
disorders and can improve feed efficiency, so the feed 1s preferable
from the viewpolnt of race horse.mahagement.

Examples

[0032] Hereinafter, the present invention will be described
in more detail by way of examples, but it is not limited thereto.
[0033] <Production Example 1>

(Production of cells of respective bacterial strains)

Mediums (4.5 L each) having compositions shown i1n Table 1 below
were prepared in 5 L-flasks and adjusted to pH 6.8, followed by
high-pressure heat sterilization. Subsequently, the Klett values
of precultured cells of five Lactobacillus strains (A) and (B) shown
in Table 1 below were determined, and 450 ml of bacterial solutions
diluted toKlett 300were inoculated into the above-described mediums,
followed by static culture at 37°C for 16 hours, i:o thereby yield
culture solutions. The culture solutions were centrifuged at
1,500-G, and the cells of the five bacterial strains were separately
collected. The amounts (wet weights) of the collected cells per

4.5 L of the cells of the bacterial strains are shown in Table 1.

16
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(0034] [Table 1]

Table 1

Composition of medium

20% PSM'’

Myeast P2G (Nihon Pharmaceutical
Co., Ltd,) |

CH3COONa

(NHy4) 2S04

KH2P04

K>,HPO,

Met sol !

Glucose

—r

it —ui— Nl -l

Inoculated
strain

Amouﬂi of
collected
ceLls

-

= N
o\@

)\

O©

o\©

(B)
L. reuteri
YITO480 strain

e . Ao o g

9349

Proteose pepfone No. 3 (Difco)
Yeast extract D-3 (Difco)
Ammonium citrate

CH3COONa

K,HPO,

Met sol

Tween 80 (TokyoChemical Industry
Co., Ltd.)

Lactosel

O O O O O O

= OO N O DN OEEIN O W W

o 0P [oC o0 o oP

o® oP

00 oC oo

N —

(A)
L. equi YITO0483
stralin

949

(B)
L. crispatus
YIT0481 strain

94qg

Proteose peptone No. 3 (Diféa)
Yeast extract D-3 (Difco)
Ammonium citrate

CH3COON8

Ko,HPQOy

Met sol

Tween 80 (TokyoChemical Industry
Co., Ltd.)
Glucose

*)..

Co., Ltd.) 4 g)/1 L

**)

(MgSO,* TH,0) 115 g,

[0035] <Example 1>

—A

O O O O O O

OO DN O DN DN

O oP

oL | 00

oe

oO° 00 o®

N
e

(B)
L. salivarius
YIT0479 strain

(B)
L. johnsonii
YIT0482 straln

84q

949

(skim milk (Yotsuba Inc.) 200 g, orientase (Hankyu Bioindustry

FeSO,*7H,0 6.8 g, MnSO,*7H,0 24 qg)/1 L

(Proliferative activity test and cell adhesion test to horse gastric

17
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mucosal epithelial Cell)

FOur mediums, i.e., 10% skim milk (SM), 0.1% yeast extract
(manufactured by Difco) + 10% skim milk (YE), O0.1% peptone
(manufactured by Difco) + 10% skimmilk (P), and 0.1% yeast extract‘
(manufactured by Difco) + 0.1% peptone (manufactured by Difco)"+
10% skimmilk (YP) were subjected tohigh-pressure heat sterilization
at 115°C for 15 minutes, and then cell culture solutions of the
five bacterial stains (A) and (B) obtained 1n Prodﬁction Exampl'e
1 above (30nl each) were separately inoculated into 3 ml of the
respective mediums (the cell number of each bacterial strain: about
3-10% cells/ml), followed by culture at 37°C for 24 hours and 48
hoﬁrs . Forproliferativeactivitytests, theculture solutionswere
evaluated based on the following criteria: completely solidified
culture solution due to proliferated cells: “0”; sémifluid culture
solution with slightly proliferated cells: “A”; and liquid culture
solution with unproliferated cells: “x”.

[0036] Meanwhile, gastric mucosal epithelial tissue pieces (1

cm?) taken from a horse were added to 3 ml (the cell number of each
bacterial strain: about 3:10° cells/ml) of cell culture solutions
of the five bacterial stains (A) and (B) obtained in Production
Example 1 above, followed by culture with shaking at 37°C. Then,
the gastric mucosal epithelial tissue pieces were washed with a
buffer (composition: 0.83%3 NaCl; 0.121% K,HPO,s; 0.034% KHZPQ4; pH 7.2)

several times, and the gastricmucosal epithelial cells were scraped

18



CA 02583765 2007-04-10

off from the gastric mucosal epithelial tissue pleces under a
stereomicroscope, followed by Giemsa stain. The_resultant cells
were used to count the number of cells of each bacterial strain
that adheredtoonegastricmucosal epithelial cell under amicroscope,
and the adhesion was evaluated. The results are shown 1n Table 2.
[0037] [Table 2]

Table 2: Proliferative activity and adhesion

aa il

e — - T

_Proliferative activity Adhesion of
24 hours later 48 hours later |bacteria to horse
- gastric mucosal
epithelial cell

Bacterial strain
SM | YE P YP | SM | YE P YP

(A) L. equi YIT0483

rai O O O O O O O O
strain
(B) L. salivarius . - o o o 5 5 5
YITO479 strain = , ] )
(B) L. reuteri . o 5 o o o o -
YIT0480 strailn
(B) L. crispatus

, O O 0 O O O O
YITO481 strain =
(B) L. johnsonii

X O O O X O O O

YIT0482 strgip_

wiy—— - P ull-reru—irl

++: 10-99 cells adhered to one gastric mucosal epithelial cell

+: 1-9 cells adhered to one gastric mucosal epithelial cell

[0038] As 1s clear from the results shown in Table 2, the cells
of the respective five Lactobacillus bacterial stains (A) and (B)
used in the present invention were found to exhib‘it excellent
proliferative activities under the respective medium conditions
and exhibit good adhesion to horse gastricmucosal epithelial cells.
Meanwhile, among the five bacterial strains, (A) L. equli YIT0483

strain was found to have excellent proliferative activity and
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adhesion to horse gastric mucosal epithelial cells compared to the
other four bacterial strains (B). Note that, in the proliferative
activity test, there was no semifluid culture solutionwith slightly
proliferated cells (evaluation: A).

[0039] <Example 2$

(Antibiotic resistance test)

The ‘11 antibiotics shown in Table 3 were separately added at
concentrations of 100, 10, 1, 0.1, and Oug/ml, to thereby prepare
MRS agar mediums (manufactured by Difco). Subsequently, cell
culture solutions of the five bacterial stains (A) and (B) obtailned
in Production Example 1 (10ul each) were separately inoculated into
the r‘espective antibiotic-containing MRS mediums (the cell number
of each bacterial strain: about 1-10° cells/ml), followed by smear
culture at 37°C for 48 hours under anaerobic conditions. The
proliferated bacteria were evaluated with the naked eye, and the
minimum growth rates for each antibiotic (ng/ml) were calculated.

The results are shown in Table 3.
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[Table 3]

Table 3: Antibiotic resistance test

i e e

| Minimum growth rate (pg/ml) __ .
pacteria 1002 100 | 10 1
(A) | Ceftriaxone sodium | Gentamicin Cefalotin sodium Benzylpenicillin
L. equi YIT0483 | Kanamycin sulfate Ofloxacin Ampicilliin
strain Dihydrostreptomycin Oxytetracycline
hydrochloride
Sul famonomethoxine
l . Bactramin - 1 |
(B) Kanamycin sulfate Gentamicin Ceftriaxone sodium | Benzylpenicillin
L. salivarius Sulfamonomethoxine |Ofloxacin Cefalotin sodium
YIT0479 strain | Dihydrostreptomycin Ampicillin
Bactramin Oxytetracycline
- hydrochloride _ B
(B) Kanéaycin sulfate Ceftriaxone | Benzylpenicillin
L. reuteri | sodium
YIT0480 strain | Sulfamonomethoxine |Ampicillin
Ofloxacin Gentamicln
Bactramin Cefalotin
sodium
Dihydrostreptomycin | Oxytetracyc
line
hydrochlori
—— de R — —— N— - -
(B) Kanamycin sulfate Gentamicin Ceftriaxone sodium | Benzylpenicillin
L. crispatus Sulfamonomethoxine Cefalotin sodium
YIT0481 strain | Ofloxacin Ampicillin
Bactramin Oxytetracycline
hydrochloride
Dihydrostreptomycin o L _
(B) Kanamycin sulfate Dihydrostre | Ceftriaxone sodium | Benzylpenicillin
L. johnsonii ptomycin |
YIT0482 strain | Sulfamonomethoxine | Cefalotin sodium
Gentamicin Ampicillin
Ofloxacin Oxytetracycline
hydrochloride
B B | Bactramin - o
[0041] As is clear from the results shown 1n Table 3,

the

respective five Lactobacillus bacterial stains (A) and (B) were

found to exhibit excellent resistance to various antibiotics,

particular,

kanamycin

sulfate,

dihydrostreptomycin, Bactramin, etc.
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exhibited excellent specific resistance to ceftriaxone sodium; L.
johnsonii strain exhibited excellent specific resistance to
gentamicin; and L. reuteri strain, L. crispatus strain, and L.
johnsonii strain exhibited excellent specific resistance to
ofloxacin. Thus, the used five bacterial strains exhibited
different antibacterial spectra although they belong to the same
genus. Among the five bacterial strains, L. reuteri strain has
particularlyexcellent resistanceparticularlytocefalotin sodilum,
oxytetr'acycline hydrochloride, and ampicillin. Such L. reuteri
strain has stronger resistance to benzylpenicillin compared to the
other four bacterial strains, so it is particularly useful 1in the
case of using benzylpenicillin.

[0042] Meanwhile, the proliferative activity test 1in the
presence of an antibiotic was performedusing cell culture solutions
containing (A) L. equi YIT0483 strain and (B) at least one selected
from the four Lactobacillus strains in combination.

[0043] (Proliferative activity test 1)

MRS agar mediums (manufactured by Difco) to which
oxytetracycline hydrochloride was added as an antibiotic at
concentrationsof 10, 5, 2, and Opg/ml were prepared. Subsequently,
a cell culture solution of only (A) L. equi strain and a mixed cell
culture solution of (A) L. equi strain and (B) L. reuteri strain
(10ul each) were separately inoculated into the respective

antibiotic-containing MRS mediums (the cell number of eachbacterial
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strain: about 1:10° cells/ml), followed by smear culture at 37°C
for 48 hours under anaerobic conditions. Then, the proliferative
activities of the bacteria were evaluated with the naked evye.
(0044} (Proliferative activity test 2)

MRS agar mediums (manufactured by Difco) to which gentamicin
was added as an antibiotic at concentrations of 100, 50, 20, and
Oug/ml were prepared. Subsequently, acell culture solutionof only
(A) L. equi strain and a mixed cell culture solution of (A) L. equi
strain and (B) L. johnsonii strain (10ul each) were separately
1noculated into the respective antibiotic-containing MRS mediums
(the cell number of each bacterial strain: about 1:10° cells/ml),
followed by smear culture at 37°C for 48 hours under anaerobic

conditions. Then, theproliferativeactivitiesof thebacteriawere

evaluated with the naked eye.
[0045] (Proliferative activity test 3)

MRS agar mediums (manufactured by Difco) to which ofloxacin
was added as an antibiotic at concentrations of 100, 50, 20, and
Ong/ml were prepared. Subsequently, acell culture solutionofonly
(A) L. equi strain-and a mixed cell culture solution of (A) L. equi
strain and (B) L. johnsonii strain or L. equi strain and L. crispatus
strain (10ul each) were separately inoculated into the respective
antibiotic-containingMRS mediums (the cell number of eachbacterial
strain: about 1-10° cells/ml), followed by smear culture at 37°C

for 48 hours under anaerobic conditions. Then, the proliferative
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activities of the bacteria were evaluated with the naked eye. The
results of proliferation activity tests 1 to 3 as described above

are shown in Tables 4-1 to 4-3.

[0046] [Table 4]
Table 4-1
Oxytetracycline ;ug/mi3

0 2 S . 10
Only (A) L. equl strain O X X X
Combination of (A) L.
equl strain and (B) L. O O O O
reuteri strain )
Table 4-2

) Gentamicln

_ 0 20

Only (A) L. equistrain| O
Combination of (A) L.
equl strain and (B) L. O
johnsonili strain
Table 4-3

Al ——— oPp— e =

Ofloxacin (pg/ml)
0 20 50 100

Only (A) L. :egui strain

X X X
Combination of (A) L. |
equl strain and (B) L. o O o A
johnsonil strain - "
Combination of (A) L.
equl strain and (B) L O ® O ®

crispatus strain

Fvaluation criteria of results:
o: fully proliferated

A: slightly proliferated
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N

x: unproliferated
[00477] As is clear from the results shown i1n Tables 4-1 to 3,
use of a cell culture solution containing (A) Lactobacillus equi
YIT0483 strain and (B) at least one selected from the four
Lactobacillus strains having different antibacterial spectra 1n
combination results in excellent proliferative activity even 1n
the presence of an antibiotic.
[0048] <Production Example 2>
(Production of freeze-dried cells)

Cell culture solutions of the five bacterial stains (A) and
(B) obtained in Production Example 1 were separately adjusted to
pH6.8to7.0with 10N sodiumhydroxide. Subsequently, the solutions
werecentrifugedat 5,000rpmfor 10minutes toremove the supernatants,
and a dispersion medium (composition: an aqueous solution of skim
milk 20% and trehalose 20%) was added to the resultant cells at
a rate of 8%, followed by homogenization. Thereafter, the cells

were subjected to prior freezing at -30°C for 3 hours and then to

a freeze-drying treatment in accordance with conventional methods.
After freeze-drying, the cells were weighed, and equal amounts of
dried starch was added thereto, followed by storing at 4°C.
[0049] <Example 3>
(Early intestinal flora formation promoting effect)

A solution preparedbydissolving 5gof the freeze-driedcells

obtained in Production Example 2 (containing living cells of the
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)

five Lactobacillus bacterial strains (A) and (B) in an amount of

3.8-10'° cells/5 g in total) in 50 ml of 5% glucose was orally
administered to six newborn thoroughbred foals everyday a total
of seven times. Rectal feces were collected 1, 2, 3, 5-, 7, and 14

days after birth, and a diluent was added thereto, followed by

homogenization. The resultant homogenates were further
appropriately diluted and 1inoculated 1into LBS agar mediums .
(manufactured by Becton, Dickinson and Company), followedby culture
uﬁder anaerobic conditions at 37°C for 4 days, and the numbers of
Lactobacillus bacteria in the rectal feces were calculated from
thenumbersofproliferatedcoloniesanddilutionrates. Asacontrol
group, the numbers of Lactobacillus bacteria in the rectal feces
from six foals to which the freeze-dried cells had not been
administered were calculated in the same way as above. Note that
Table 5 shows the detection rates (%) calculated from the following
expression: (the number of foals where Lactobacillus bacterilia were

" detected) / (the number of all tested foals) -100.
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0050} [Table 5]
Table 5
After birth Detection rate of Detection rate 6f
Lactobacillus Lactobacillus
bacteria of control bacteria of
group administered group
1 day 0% 16.7%
2 days 25% 66.7%
3 days 00% 83.3%
5 days 66.7% 100%
7 days 100% 100%
14 days 100% 1005
[0051] As is clear from the results shown 1n Table 5,

Lactobacillus bacteria were found to adhere in the intestines of
all the foals of the administered group after five days of
administration, and the intestinal flora formation promoting effect
was seen two days early compared to the control group.
[0052] <Example 4>
(Diarrhea ameliorating effect: Examination 1)

Tests similar to those in Example 3 above were performed for
54 newborn foals (control group: 27 foals, administered group: 27
foals), and the occurrence of diarrhea was observed up to 30 days
after birth. The diarrhea symptoms were grossly classified into
three levels: soft feces, mild diarrhea (a foal which eliminates
diarrhea stool less frequently and has slight adhesion of feces
in the vicinity to the anus), and severe diarrhea (a foal which
eliminates malodorous watery diarrhea stool on many occasions and

has adhesion of a large volume of diarrhea stool in the region from
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the anus to the rump), and the incidence rates (%) of the respective

symptoms are shown 1n Table 6.

[0053] [Table 6]
Table ©
Symptom Control group Administered group
First | second | Third | Fourth| First |Second | Third | Fourth
week week week week week week
Soft feces 23.1% 57.7% 472 .3% 15.4% 33.3% 59.3%

18.5% | 59.3%

o)\

" Mild diarrhea 19.2% 53.8% 23.1% .

o\O

7.4% 7.4%

Curative

1.7
Severe diarrhea | 3.8% 11.5% | 11.5% 3.8
treatment rate’ | ° 3.1

0
o

11.5% | 11.5% 7.4% 7.4%

oONe

Antibiotic usage

* % 3.8
rate

o\°

3.8% 3.8% 7.7

o\©
~)

.43 7.4%

*

- Curative treatment rate = (Number of treated foals)/ (Number of

all tested foals) x 100

* *

Antibiotic usage rate = (Number of antibiotic-administered
foals)/ (Number of all tested foals) x 100
[0054] - As is clear from the results shown in Table 6, the
incidence rates of soft feces of the administered group were found
todecreasetoasignificantlylowlevel inthethirdweek. Meanwhile,
the incidence rates of mild diarrhea and severe diarrhea tend to
be significantly lower in the third week or later. In particular,
the foals of the administered group did not develop severe diarrhea,
and in the fourth week, the ameliorating effect was seen, resulting
in no need for curative treatment or administration of antibiotics.

[0055] <Example 5>

(Diarrhea ameliorating effect: Examination 2)
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Asolutionpreparedbydissolving 5qg of the freeze-driedcells
obtained in Production Example 2 (containing living cells of the
five Lactobacillus bacterial strains (A) and (B) in an amount of
1.4-10'° cells/s g 1n total) in 50 ml of 5% glucose was orally
administered to 22 thoroughbred foals in the administration period
from day 1 to day 7 seven times in total per day. From day 0 (no
administration) to day 14, the occurrence of diarrhea was observed.
As a cdntrol group, for six foals to which the freeze-dried cells
were not administered, the occurrence of diarrhea was observed.
The diarrhea symptoms were grossly classified into two levels: soft
feces and severe diarrhea (a foal whicheliminates malodorous watery
diarrhea stool on many occasions and has adhesion of a large volume
of diarrhea stool in the region from the anus to the rump) . The
incidenc‘e rates of soft feces (%) and the incidence rates of severe
diarrhea (%) are shown in Fig. 1 and Fig. 2, respectively.
[0056] As 1s clear from the results shown in Figs. 1 and 2,

the incidence rate of soft feces of the administered group tends
tosignificantlydecreaseonthe sixthdayof administration compared
to the control group. Meanwhile, the control group developed
diarrhea symptoms, but the administration group was found not to

develop diarrhea symptoms five days or later after 'administration.

Industrial Applicability

[0057] The present invention can provide an additive for feeds

29



CA 02583765 2007-04-10

that exhibits specific adhesion to the digestive epithelia of horses
andproliferativeactivity, hasexcellentresistancetoantibiotics,
and is efficacious in preventing and ameliorating digestive
disorders such as diarrhea occurring as side effects of the
administrationof antibiotics, anda feedcontaining same. Moreover,
the present invention is useful in the rearing of livestock, in

particular, in rearing and management of horses.
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The embodiments of the invention 1n which an exclusive

property or privilege 1s claimed are defined as follows:

1. An additive for feeds comprising:

(A) Lactobacillus eqgul cells; and

ﬁ

(B) cells of Lactobacillus salivarius, Lactobacillus

reuteri, Lactobacillus crispatus or Lactobacillus

johnsonili, or any combination thereof.

2. An additive for feeds according to claim 1, further

comprising (C) ceftriaxone sodilum, kanamycin sulfate,

dihydrostreptomycin, sulfamonomethoxine, Bactramin,

gentamicin, ofloxacin, cefalotin sodium, ampicillin,

oxytetracycline hydrochloride or benzylpenicillin, or any

y—
pr—

comblnation thereof.

3. An additive for feeds according to claim 1, which 1is

formulated to be administered in combination with (C)

ceftriaxone sodium, kanamycin sulfate, dihydrostreptomycin,

sul famonomethoxine, Bactramin, gentamicin, ofloxacin,

cefalotin sodium, ampicillin, oxytetracycline hydrochloride

or benzylpenicillin, or any combination thereof.

4. A feed comprising the additive for feeds as defined in

any one of claims 1 to 3.

5. An additive for feeds according to any one of claims 1

to 3, wherein said (B) cells are:

(1) Lactobacillus salivarius YIT0479 strain (Accession

Number: FERM BP-10095);

(11) Lactobacillus reuteri YIT0480 strain (Accession

Number: FERM BP-100906) ;

(111) Lactobacillus crispatus YIT0481 strain

|

L*d

RM BP-10097),; or
33
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(iv) Lactobacillus johnsonii YIT0482 strain (Accession

Number: FERM BP-10088), or

any combination of (1) to (1v).
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