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1
METHOD TO REDUCE MICROBIAL BLOOM
IN POULTRY HATCHERY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a 35 U.S.C. 371 national application of
international application no. PCT/US2017/014888 filed Jan.
25, 2017, which claims priority or the benefit under 35
U.S.C. 119 of U.S. provisional application no. 62/286,759
filed Jan. 25, 2016. The content of each application is fully
incorporated herein by reference.

REFERENCE TO A DEPOSIT OF BIOLOGICAL
MATERIAL

This application contains a reference to a deposit of
biological material, which deposit is incorporated herein by
reference. For complete information see Example 1.

REFERENCE TO SEQUENCE LISTING

This application contains a Sequence Listing in computer
readable form. The computer readable form is incorporated
herein by reference.

Index to Sequence Listing:
SEQ ID NO: 1 is 16S rDNA of Pediococcus acidilactici

FM18 deposited as NRRL B-50964.

SEQ ID NO: 2 is 16S rDNA of Pediococcus acidilactici

TY036 deposited as NRRL B-50959.

SEQ ID NO: 3 is 16S rDNA of FEnterococcus faecium

MFF109 deposited as NRRL B-50960.

SEQ ID NO: 4 is 168 rDNA of Bacillus amyloliquefaciens

AMO0904 deposited as NRRL B-50914.

SEQ ID NO: 5 is 16S rDNA of Bacillus amyloliquefa-
ciens NP122 deposited as NRRL B-50910.

SEQ ID NO: 6 is 168 rDNA of Bacillus amyloliquefaciens

B2 deposited as NRRL B-50908.

FIELD OF THE INVENTION

The invention relates to spore forming bacteria and/or
Lactic Acid Bacteria for application in poultry hatcher
cabinets to alter the microbial bloom towards a more ben-
eficial microbiota, positively affecting performance param-
eters such as mortality, body weight gain and/or Feed
Conversion Ratio throughout poultry production.

BACKGROUND OF THE INVENTION

Modern poultry hatcheries have expanded in size and
scale due to increased consumer demand. An increase in
hatchery output necessitates an increase in related opera-
tions, such as movement of personnel and vehicles and
near-continuous use of hatchery facilities. To ensure the
production of healthy disease-free chicks, maximum sani-
tary standards must be observed, especially with respect to
eggs and any equipment that will come into contact with
eggs. One area of the hatchery that requires special care is
the hatching cabinets, where the chicks will hatch and be
exposed to the first bacteria that colonize the naive gut.

Often the bacteria present in a hatching cabinet may not
be beneficial to the newborn chicks and may even be
harmful, such as Sal/monella, E. coli, Pseudomonas, Strep-
tococcus, Staphylococcus, Enterococcus, among others. The
warm, humid climate of the hatching cabinets is conducive
to the growth of these organisms so reducing contamination
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2

and preventing “microbial blooms™ is of the utmost impor-
tance. Additionally, the Gastro-Intestinal Tract (GIT) of
poultry is dependent on healthy gut bacteria to stimulate
intestinal and immune development. The sooner the neona-
tal poultry are exposed to these “good” bacteria, the less
likely they are to be colonized by pathogenic bacteria and
the sooner their GIT will begin to develop.

Traditionally hatchery sanitation has been accomplished
by the use of antimicrobial chemicals, primarily fumigated
formaldehyde to reduce the pathogens from the hatcher.
Upon arrival at the hatchery, eggs are sometimes sanitized to
remove microbes transferred from the hen and fecal mate-
rial. This does not remove all bacteria, which will continue
to grow in the warm, humid environment of the setters and
may bloom after transfer into the hatching cabinets. This can
also reduce hatchability of the eggs. It is common to
fumigate the hatching cabinets with formaldehyde to prevent
this bloom, though the formaldehyde may cause some ill
effects to the chicks itself, as it is a known irritant, and is a
safety hazard to hatchery personnel. High concentrations of
formaldehyde can cause irritation of the mucous membranes
in both birds and humans and trigger asthma-like symptoms
and is carcinogenic in humans. Numerous countries have
moved to ban or drastically lower the short-term-exposure-
limit for formaldehyde, so various alternatives have been
tested over the past several years. Additionally handling of
formaldehyde requires extensive safety training and special-
ized equipment to safely apply.

Several chemical alternatives to formaldehyde have been
proposed, such as quaternary ammonium and glutaralde-
hyde. Though safer and non-carcinogenic, glutaraldehyde is
still considered an irritant and is toxic and therefore the
maximum exposure limit is set at 0.05 ppm. While safer,
these chemical alternatives have not been as effective at
controlling the bacterial “bloom” within the hatchers.

With growing thought for employee safety and consumer
push for removing chemicals from the food chain, there has
been growing research into biological solutions for sanita-
tion and microbial control in the agricultural industry. Form-
aldehyde and other chemical disinfectants also do not
address the need for exposure to helpful, commensal bac-
teria.

To accomplish this, probiotic bacterial formulations have
been applied post hatch. These have generally been applied
either at the hatchery during processing of the chicks or soon
after placement at the poultry farm.

Promsopone et al. (J. Food Protection 61(2): 176-180
(1998)) describe the use of Lactobacillus acidophilus, Strep-
tococcus faecium, and S. typhimurium-specific antibodies
for reducing S. typhimurium in broiler chicks.

However, the time from hatch to first exposure to these
probiotic bacteria can range up to 48 hours post hatch
depending on actual hatch time of a given chick and when
the probiotic is applied post hatch. Since broiler chickens
only live an average of 42 days, 48 hours is a significant
period of time before they are provided with beneficial
microorganisms. Additionally, as pathogenic bacteria are
relatively more common in the hatcher and hatchery envi-
ronment, chicks are more likely to get exposure to pathogens
before commensals.

There is thus a need for a formulation such as, e.g., a
probiotic formulation, which controls the bacterial bloom in
the hatchery without having the drawbacks of formaldehyde
and other chemical disinfectants.
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SUMMARY OF THE INVENTION

The invention relates to a method for improving one or
more performance parameter(s) of poultry comprising the
step of administering one or more probiotic(s) in the poultry
hatcher cabinet.

The invention further relates to composition capable of
improving one or more performance parameter(s) of poultry
after administering of said composition in the poultry
hatcher cabinet. In one preferred embodiment, the compo-
sition includes at least one lactic acid bacteria (such as
Pediococcus acidilactici FM18 deposited as NRRL Deposit
Number B-50964, Pediococcus acidilactici TY036 depos-
ited as NRRL Deposit Number B-50959, or Enterococcus
faecium MFF109 deposited as NRRL Deposit Number
B-50960) and/or at least one Bacillus (such as Bacillus
amyloliquefaciens AM0904 deposited as NRRL Deposit
Number B-50914, Bacillus amyloliquefaciens NP122
deposited as NRRL Deposit Number B-50910, or Bacillus
amyloliquefaciens B2 deposited as NRRL Deposit Number
B-50908). The bacterial isolates have been deposited with
the Agricultural Research Service Culture Collection
(NRRL), 1815 North University Street, Peoria, I1l. 61604,
U.S.A., under the above-identified accession numbers.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 illustrates amount of general bacteria present in
hatcher post administration of bacterial formulation in
experiment 1.

FIG. 2 illustrates amount of lactic acid bacteria present in
hatcher post administration of bacterial formulation in
experiment 1.

FIG. 3 illustrates amount of gram negative/coliform bac-
teria present in hatcher post administration of bacterial
formulation in experiment 1.

FIG. 4 illustrates evaluation of general bacteria and com-
binations of lactic acid bacteria isolates on poultry pathogen
reduction in an in vitro overlay assay.

FIG. 5 illustrates amount of lactic acid bacteria present in
hatcher post administration of bacterial formulation in
experiment 2.

FIG. 6 illustrates amount of gram negative/coliform bac-
teria present in hatcher post administration of bacterial
formulation in experiment 2.

FIG. 7 illustrates impact of the bacterial formulation on 7
day body weight and mortality on broiler chicks experiment
3

FIG. 8 illustrates impact of the bacterial formulation on
body weight and livability of broiler chickens at sale in a
commercial environment experiment 3.

FIG. 9 illustrates impact of the bacterial formulation on
feed conversion of broiler chickens at sale in a commercial
environment experiment 3.

DEFINITIONS

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by those of ordinary skill in the art to which the
disclosure belongs. Although any methods and materials
similar or equivalent to those described herein can be used
in the practice or testing of the subject matter of the present
disclosure, preferred methods and materials are described.
For the purposes of the present disclosure, the following
terms are defined below.
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The articles “a” and “an” are used herein to refer to one
or to more than one (i.e., to at least one) of the grammatical
object of the article. By way of example, “an element”
means one element or more than one element.

The term “about” means a quantity, level, value, number,
frequency, percentage, dimension, size, amount, weight or
length that varies by as much as 30, 25, 20, 15, 10, 9, 8, 7,
6, 5, 4, 3, 2 or 1% to a reference quantity, level, value,
number, frequency, percentage, dimension, size, amount,
weight or length.

Throughout this disclosure, unless the context requires
otherwise, the words “comprise,” “comprises,” and “com-
prising” will be understood to imply the inclusion of a stated
step or element or group of steps or elements but not the
exclusion of any other step or element or group of steps or
elements.

The term “consisting of” means including, and limited to,
whatever follows the phrase “consisting of.” Thus, the
phrase “consisting of” indicates that the listed elements are
required or mandatory, and that no other elements may be
present. The term “consisting essentially of” means includ-
ing any elements listed after the phrase, and limited to other
elements that do not interfere with or contribute to the
activity or action specified in the disclosure for the listed
elements. Thus, the phrase “consisting essentially of” indi-
cates that the listed elements are required or mandatory, but
that other elements are optional and may or may not be
present depending upon whether or not they materially affect
the activity or action of the listed elements.

The terms “administering,” or “administer” include pro-
viding a probiotic formulation of the disclosure to an animal
preferably by oral administration.

A “decreased” or “reduced” amount is typically a “sta-
tistically significant” amount, and may include a decrease
thatis 1,2,3,4,5,6,7,8,9, 10, 15, 20, 30, 40, 50, 100, 200,
250, 500, 1000 or more times less, including all integers and
decimal points in between and above 1 (e.g., 1.1, 1.2, 1.3,
1.4,1.5,1.6,1.7, 1.8, 1.9), than the amount produced by an
animal in the absence of a probiotic formulation. A decrease
may include a decrease that is at least one log (Log,,) or
more less than the amount produced by an animal in the
absence of a probiotic formulation. A decreased or reduced
amount may include a decrease that is at least about 5 fold,
10 fold, 15 fold, 20 fold, 25 fold or 30 fold less than the
amount produced by an animal in the absence of a probiotic
formulation.

A “decrease” in a response may be “statistically signifi-
cant” as compared to the response produced by an animal in
the absence of a probiotic formulation, and may include a
1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%,
13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 25%, 30%,
35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, or 100% decrease, including all integers in
between.

An “increased” amount is typically a “statistically sig-
nificant” amount, and may include an increase that is 1, 2,
3,4,5,6,7,8,9,10, 15, 20, 30, 40, 50, 100, 200, 250, 500,
1000 or more times more, including all integers and decimal
points in between and above 1 (e.g., 1.1, 1.2, 1.3, 1.4, 1.5,
1.6, 1.7, 1.8, 1.9), than the amount produced by an animal in
the absence of a probiotic formulation. An increase may
include an increase that is at least one log (Log,,) or more
less than the amount produced by an animal in the absence
of a probiotic formulation. An increased amount may
include an increase that is at least about 5 fold, 10 fold, 15
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fold, 20 fold, 25 fold or 30 fold more than the amount
produced by an animal in the absence of a probiotic formu-
lation.

An “increase” in a response may be “statistically signifi-
cant” as compared to the response produced by an animal in
the absence of a probiotic formulation, and may include a
1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%,
13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 25%, 30%,
35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, or 100% increase, including all integers in
between.

The term “isolated” refers to a material that is substan-
tially or essentially free from components that normally
accompany it in its native state. For example, an isolated
bacterial isolate may refer to a bacterial isolate that has been
purified or removed from naturally or non-naturally occur-
ring components that are present in its naturally occurring
environment.

The term “modify” includes to “decrease” one or more
quantifiable parameters or indications, optionally by a
defined and/or statistically significant amount. By
“decrease” or “decreasing,” “reduce” or “reducing,” refers
generally to the ability of a probiotic formulation to produce
a lesser physiological response in an animal relative to the
response caused by a control formulation. Relevant physical
responses will be apparent to persons skilled in the art. A
“decreased” or “reduced” amount is typically a “statistically
significant” amount, and may include a decrease that is 1, 2,
3,4,5,6,7,8,9,10, 15, 20, 30, 40, 50 or more times less
(e.g., 100, 500, 1000 times), including all integers and
decimal points in between and above 1 (e.g., 1.1, 1.2, 1.3,
14, 1.5, 1.6, 1.7, 1.8, 1.9), the amount produced by an
animal in the absence of a probiotic formulation. A decrease
may include a decrease that is at least one log (Log,,) or
more less than the amount produced by an animal in the
absence of a probiotic formulation. A decreased or reduced
amount may include a decrease that is at least about 5 fold,
10 fold, 15 fold, 20 fold, 25 fold or 30 fold less than the
amount produced by an animal in the absence of a probiotic
formulation.

As used herein, the terms “quantifying,” “quantification”
or other related words refer to determining the quantity,
mass, or concentration in a unit volume, of a parameter or
indication.

As used herein, the term “poultry” refers to domesticated
birds. Poultry includes wildfowl, waterfowl, and game birds.
Examples of poultry include, but are not limited to, chicken,
broilers, layers, bantams, turkey, duck, geese, guinea fowl,
peafowl, quail, dove, pigeon (squab), and pheasant, prefer-
ably chickens, broilers, layers and turkeys.

Mortality is defined as the percentage of birds which die
or are culled before harvesting. Decreased mortality is a sign
of good flock health and low incidence of disease.

Body weight/body weight gain means that the growth rate
is increased when the overall health of the animal is
improved (less resources spent on stress or disease), the GIT
is working more optimally, more nutrients are made avail-
able to the animal, and/or feed intake increases.

Feed conversion ratio is the metric for conversion of feed
to body weight (Feed intake/body weight). Improvements in
feed conversion are attributed to improved absorption of
nutrients by the animal. This can mean that the animal is
better able to absorb nutrients because of 1) a change in
absorptive capacity by the animal 2) more available nutri-
ents in the GIT of the animal. With this metric, a lower
number/ration is better than a higher number.
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“Hatch” means the breaking of the egg shell whereby a
chick comes out of the egg. 10% hatch thus means that 10%
of the eggs have broken shells whereby chicken have
emerged, 20% hatch means 20% of the eggs have broken
shells whereby chicken have emerged, etc.

“Pip” means an egg in which the chick has broken the
shell in an attempt to hatch. Sometimes chicks die shortly
after piping the shell. 10% pip thus means that 10% of the
eggs have broken shells from chicks’ piping, 20% pip means
20% of the eggs have broken shells from chicks’ piping, etc.
Hatcher cabinet is a machine used to maintain proper
conditions for setting avian eggs.

The term “probiotic” is herein used for live microorgan-
isms for administration to humans or animals for obtaining
associated benefits for humans and animals.

The terms “bacterial bloom” and “microbial bloom™ are
used interchangeably herein and are understood as an
increase in the level of pathogenic bacteria such as a rapid
increase in the level of pathogenic bacteria, e.g., due to a
warm, humid environment.

Coliform bacteria are known to the person skilled in the
art and are rod-shaped Gram-negative non-spore forming
and motile or non-motile bacteria which can ferment lactose
with the production of acid and gas when incubated at
35-37° C. Their presence is used to indicate that other
pathogenic organisms of fecal origin may be present.
Examples of coliform bacteria include but are not limited to
bacteria of the genera: Citrobacter, Enterobacter, Hafnia,
Klebsiella, Salmonella, and Escherichia.

DETAILED DESCRIPTION OF THE
INVENTION

Method for Improving Performance Parameter(s) of Poultry

In one aspect the invention relates to a method for
improving one or more performance parameter(s) of
poultry comprising the step of administering one or more
probiotic(s) in the poultry hatcher cabinet.

The administering is in a preferred embodiment per-
formed by spraying the one or more probiotic(s) into the
poultry hatcher cabinet. The ventilation system will prefer-
ably ensure a good distribution in the poultry hatcher
cabinet. In an even more preferred embodiment the one or
more probiotic(s) is a powder formulation such as a dry
powder formulation. The dry powder formulation will
ensure a good distribution in the poultry hatcher cabinet.
Application of the one or more probiotic(s) is preferably
accomplished by a dry spray directly into the hatcher cabinet
and circulation of the probiotic(s) by the ventilation system
in the cabinet. One embodiment relates to dry spray deliv-
ering, e.g., by a pneumatic system. The probiotic(s) are
preferably on spore form.

In a preferred embodiment of the method the one or more
probiotic(s) comprises one or more Bacillus strains, e.g., in
spore form. In another preferred embodiment the one or
more probiotic(s) comprises one or more lactic acid bacteria
strains, e.g., in spore form. In a specific embodiment the one
or more probiotic(s) comprises one or more Bacillus strains
(e.g., in spore form) and one or more lactic acid bacteria
strains (e.g., in spore form).

The inventor has thus found that one or more Bacillus
strains and/or one or more lactic acid bacteria strains when
provided as a probiotic has a positive effect on the bacterial
bloom towards a more beneficial microbiota and/or perfor-
mance parameters of the poultry. The inventor further sur-
prisingly found that the one or more Bacillus strains may be
combined with the one or more lactic acid bacteria strains in
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one probiotic having a positive effect on the bacterial bloom
towards a more beneficial microbiota and/or performance
parameters of the poultry.

In a specific embodiment of the method the one or more
probiotic(s) comprises one or more lactic acid bacteria
selected from the group consisting of

1) Pediococcus acidilactici FM18 deposited as NRRL
Deposit Number B-50964, a strain having all of the identi-
fying characteristics of Pediococcus acidilactici FM18
deposited as NRRL Deposit Number B-50964 or a mutant
thereof,

i) Pediococcus acidilactici TY036 deposited as NRRL
Deposit Number B-50959, a strain having all of the identi-
fying characteristics of Pediococcus acidilactici TY036
deposited as NRRL Deposit Number B-50959 or a mutant
thereof, and

iii) Enterococcus faecium MFF109 deposited as NRRL
Deposit Number B-50960, a strain having all of the identi-
fying characteristics of Enterococcus faecium MFF109
deposited as NRRL Deposit Number B-50960 or a mutant
thereof.

The method also relates to an embodiment wherein the
one or more probiotic(s) comprises one or more Bacillus
selected from the group consisting of

1) Bacillus amyloliquefaciens AMO0904 deposited as
NRRL Deposit Number B-50914, a strain having all of the
identifying characteristics of Bacillus amyloliquefaciens
AMO0904 deposited as NRRL Deposit Number B-50914 or a
mutant thereof,

i1) Bacillus amyloliquefaciens NP122 deposited as NRRL
Deposit Number B-50910, a strain having all of the identi-
fying characteristics of Bacillus amyloliquefaciens NP122
deposited as NRRL Deposit Number B-50910 or a mutant
thereof, and

iii) Bacillus amyloliquefaciens B2 deposited as NRRL
Deposit Number B-50908, a strain having all of the identi-
fying characteristics of Bacillus amyloliquefaciens B2
deposited as NRRL Deposit Number B-50908 or a mutant
thereof.

Another embodiment of the method relates to one or more
probiotic(s) comprising one or more lactic acid bacteria
selected from the group consisting of

1) Pediococcus acidilactici FM18 deposited as NRRL
Deposit Number B-50964,

i) Pediococcus acidilactici TY036 deposited as NRRL
Deposit Number B-50959, and

iii) Enterococcus faecium MFF109 deposited as NRRL
Deposit Number B-50960.

The method according to the present invention also relates
to an embodiment wherein the one or more probiotic(s)
comprises one or more Bacillus selected from the group
consisting of

1) Bacillus amyloliquefaciens AMO0904 deposited as
NRRL Deposit Number B-50914,

i1) Bacillus amyloliquefaciens NP122 deposited as NRRL
Deposit Number B-50910, and

iii) Bacillus amyloliquefaciens B2 deposited as NRRL
Deposit Number B-50908.

In a specific embodiment the method relates to one or
more probiotic(s) comprising one or more lactic acid bac-
teria selected from the group consisting of

1) Pediococcus acidilactici FM18 deposited as NRRL
Deposit Number B-50964,

i) Pediococcus acidilactici TY036 deposited as NRRL
Deposit Number B-50959, and

iii) Enterococcus faecium MFF109 deposited as NRRL
Deposit Number B-50960; and
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one or more probiotic(s) comprising one or more Bacillus
selected from the group consisting of

1) Bacillus amyloliquefaciens AMO0904 deposited as
NRRL Deposit Number B-50914,

i1) Bacillus amyloliquefaciens NP122 deposited as NRRL
Deposit Number B-50910, and

iii) Bacillus amyloliquefaciens B2 deposited as NRRL
Deposit Number B-50908.

In another specific embodiment the method relates to one
or more probiotic(s) comprising one or more lactic acid
bacteria selected from the group consisting of

1) Pediococcus acidilactici FM18 deposited as NRRL
Deposit Number B-50964, and

i1) Pediococcus acidilactici TY036 deposited as NRRL
Deposit Number B-50959;
and one or more probiotic(s) comprising one or more
Bacillus selected from the group consisting of

1) Bacillus amyloliquefaciens AMO0904 deposited as
NRRL Deposit Number B-50914,

i1) Bacillus amyloliquefaciens NP122 deposited as NRRL
Deposit Number B-50910, and

iii) Bacillus amyloliquefaciens B2 deposited as NRRL
Deposit Number B-50908.

In another embodiment of the method the one or more
probiotic(s) comprises a 16S rDNA sequence selected from
the group consisting of:

(a) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 1;

(b) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 2;

(c) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 3;

(d) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 4;

(e) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 5; and

() 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 6.

In one embodiment the method described above results in
improvement of one or more performance parameter(s)
selected from the group consisting of body weight gain,
growth rate, feed conversion rate and overall health or any
combination thereof. The method can further result in an
increase in healthy gut bacteria that stimulate intestinal
and/or immune development in the poultry. In one embodi-
ment the method results in an increase in the level of lactic
acid bacteria and/or Bacillus. In one embodiment the
method results in an increase in the level of lactic acid
bacteria and/or Bacillus the hatcher. In one embodiment the
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method results in an increase in the level of lactic acid
bacteria and/or Bacillus in the GIT of the chick. In one
embodiment the method results in an increase in the level of
lactic acid bacteria and/or Bacillus in the hatcher and in the
GIT of the chick.

In another embodiment of the method the administration
results in that the bacterial bloom in the poultry hatcher
cabinet is modified or controlled. This can mean that the
level of pathogenic bacteria is decreased. Pathogenic bac-
teria in this connection can in one embodiment be selected
from the group consisting of coliform bacteria, Salmonella,
E. coli, Pseudomonas, Streptococcus, Staphylococcus, and
Enterococcus. Preferably the method results in a shift of the
environmental microbiota of the poultry to one of more
beneficial probiotic bacteria. In one embodiment of the
method the administration results in a decrease in patho-
genic bacteria which are selected from the group consisting
of coliform bacteria, Salmonella, E. coli, Pseudomonas,
Streptococcus, Staphylococcus, and Enterococcus. In one
embodiment of the method the administration results in a
decrease in pathogenic bacteria which are selected from the
group consisting of coliform bacteria, Salmonella and E.
coli.

In a further embodiment of the method the administration
results in that the level of coliform bacteria in the hatchery
is lowered. In a further embodiment of the method the
administration results in that the level of coliform bacteria in
the hatcher cabinet is lowered. In a yet further embodiment
of the method the administration results in that the level of
coliform bacteria in the hatchery is lowered at least 25%,
such as at least 30% or at least 40%. In a yet further
embodiment of the method the administration results in that
the level of coliform bacteria in the hatcher cabinet is
lowered at least 25% such as at least 30% or at least 40%.
In a yet further embodiment of the method the administra-
tion results in that the level of coliform bacteria in the
hatchery is lowered at least 50%. In a yet further embodi-
ment of the method the administration results in that the
level of coliform bacteria in the hatcher cabinet is lowered
at least 50%. In a further embodiment of the method the
administration results in that the level of coliform bacteria in
the hatchery is lowered at least 1 log. In a further embodi-
ment of the method the administration results in that the
level of coliform bacteria in the hatcher cabinet is lowered
at least 1 log. In a further embodiment of the method the
administration results in that the level of coliform bacteria in
the hatchery is lowered at least 2 logs. In a further embodi-
ment of the method the administration results in that the
level of coliform bacteria in the hatcher cabinet is lowered
at least 2 logs.

In a preferred embodiment the method relates to treatment
of chickens and/or turkeys. In one embodiment the method
relates to treatment of broilers and/or layers.

In a preferred embodiment the method relates to admin-
istering one or more probiotic(s) in the poultry hatcher
cabinet before hatching. Alternatively, the method relates to
administering one or more probiotic(s) in the poultry hatcher
cabinet after hatching such as within 24 hours after hatching
such as within 20, 18, 16, 14, 12, 10, 8, 6, 4, 2, 1 hours after
hatching. In one embodiment some eggs are hatched and
some are not hatched. Preferably less than 90% are hatched
such as less than 80%, 70%, 60%, 50%, 40%, 30%, 20%,
10%, 5% or less than 1% are hatched when the one or more
probiotic(s) are administered in the poultry hatcher cabinet.

The administration can be repeated one or more times,
e.g., before and/or after the hatching such as 2, 3,4, 5, 6,7,
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8, 9, or 10 repeats. Alternatively, the administration can be
continuously through the time in the hatcher cabinet.

In a preferred embodiment of the method the one or more
probiotic(s) have one or more properties selected from the
group consisting of

i) robustly form spores of high quality in commercial
scale solid-state fermentation,

ii) robustly grow in submerged fermentation and maintain
stability after lyophilization,

iii) successfully germinate in and colonize the poultry
gastrointestinal tract,

iv) improve poultry performance parameters (such as
mortality, Body Weight Gain (BWG) and/or Feed Conver-
sion Ratio (FCR))

v) improve poultry performance parameters of the young
chicks (such as, e.g., improvement of body weight and/or
uniformity of the chicks as measured at days 7 to 10),

vi) inhibit common poultry pathogens both in vitro and in
vivo studies and

vil) maintain viability in the hatcher cabinet environment.

In another preferred embodiment of the method the one or
more probiotic(s) are able to reduce the incidence of Gram
negative bacteria in the hatcher cabinet environment and/or
decrease end-of-life mortality, and/or improve feed conver-
sion, and/or increase body weight gain in poultry.

The application of probiotic bacteria in the hatcher cabi-
nets preferably provides pioneer colonizers to the gut before
the chick can be exposed to non-beneficial or pathogenic
bacteria, which may have lifelong deleterious effects.

The application method preferably provides uniform
treatment to all chicks in the hatcher cabinet, likely improv-
ing flock uniformity.

Application by dry spray eliminates storage (shelf life)
and application concerns which may accompany a wet spray
application. The isolates and preparation used have been
shown to be stable in the hatcher cabinet environment for the
time period needed.

Compositions

In a preferred aspect the invention relates to a composi-
tion comprising one or more Bacillus strains and one or
more lactic acid bacteria strains.

In a preferred embodiment with respect to the composi-
tion the one or more lactic acid bacteria is selected from the
group consisting of

1) Pediococcus acidilactici FM18 deposited as NRRL
Deposit Number B-50964, a strain having all of the identi-
fying characteristics of Pediococcus acidilactici FM18
deposited as NRRL Deposit Number B-50964 or a mutant
thereof,

i1) Pediococcus acidilactici TY036 deposited as NRRL
Deposit Number B-50959, a strain having all of the identi-
fying characteristics of Pediococcus acidilactici TY036
deposited as NRRL Deposit Number B-50959 or a mutant
thereof, and

iii) Enterococcus faecium MFF109 deposited as NRRL
Deposit Number B-50960, a strain having all of the identi-
fying characteristics of Enterococcus faecium MFF109
deposited as NRRL Deposit Number B-50960 or a mutant
thereof.

In a preferred embodiment with respect to the composi-
tion the one or more Bacillus is selected from the group
consisting of

1) Bacillus amyloliquefaciens AMO0904 deposited as
NRRL Deposit Number B-50914, a strain having all of the
identifying characteristics of Bacillus amyloliquefaciens
AMO0904 deposited as NRRL Deposit Number B-50914 or a
mutant thereof,
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i1) Bacillus amyloliquefaciens NP122 deposited as NRRL
Deposit Number B-50910, a strain having all of the identi-
fying characteristics of Bacillus amyloliquefaciens NP122
deposited as NRRL Deposit Number B-50910 or a mutant
thereof, and

iii) Bacillus amyloliquefaciens B2 deposited as NRRL
Deposit Number B-50908, a strain having all of the identi-
fying characteristics of Bacillus amyloliquefaciens B2
deposited as NRRL Deposit Number B-50908 or a mutant
thereof.

In a specific embodiment with respect to the composition
the one or more lactic acid bacteria is selected from the
group consisting of

1) Pediococcus acidilactici FM18 deposited as NRRL
Deposit Number B-50964,

i) Pediococcus acidilactici TY036 deposited as NRRL
Deposit Number B-50959, and

iii) Enterococcus faecium MFF109 deposited as NRRL
Deposit Number B-50960.

In another specific embodiment with respect to the com-
position the one or more Bacillus is selected from the group
consisting of

1) Bacillus amyloliquefaciens AMO0904 deposited as
NRRL Deposit Number B-50914,

i1) Bacillus amyloliquefaciens NP122 deposited as NRRL
Deposit Number B-50910, and

iii) Bacillus amyloliquefaciens B2 deposited as NRRL
Deposit Number B-50908.

In a specific embodiment with respect to the composition
comprises one or more lactic acid bacteria selected from the
group consisting of

1) Pediococcus acidilactici FM18 deposited as NRRL
Deposit Number B-50964,

i) Pediococcus acidilactici TY036 deposited as NRRL
Deposit Number B-50959, and

iii) Enterococcus faecium MFF109 deposited as NRRL
Deposit Number B-50960;
and one or more Bacillus selected from the group consisting
of

1) Bacillus amyloliquefaciens AMO0904 deposited as
NRRL Deposit Number B-50914,

i1) Bacillus amyloliquefaciens NP122 deposited as NRRL
Deposit Number B-50910, and

iii) Bacillus amyloliquefaciens B2 deposited as NRRL
Deposit Number B-50908.

In a preferred embodiment with respect to the composi-
tion the one or more Bacillus strains and one or more lactic
acid bacteria strains comprises a 16S rDNA sequence
selected from the group consisting of:

(a) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 1;

(b) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 2;

(c) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 3;

(d) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
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at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 4;

(e) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 5; and

() 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 6.

In a preferred embodiment the Bacillus strains and/or the
lactic acid bacteria strains according to the invention or the
composition according to the invention has one or more
properties selected from the group consisting of

i) robustly form spores of high quality in commercial
scale solid-state fermentation,

ii) robustly grow in submerged fermentation and maintain
stability after lyophilization,

iii) successfully germinate in and colonize the poultry
gastrointestinal tract,

iv) improve poultry performance parameters (such as
mortality, BWG, FCR)

v) inhibit common poultry pathogens both in vitro and in
vivo studies and

vi) maintain viability in the hatcher cabinet environment.

In another preferred embodiment the Bacillus strains
and/or the lactic acid bacteria strains according to the
invention or the composition according to the invention is
able to reduce the incidence of Gram negative bacteria in the
hatcher cabinet environment and/or decrease end-of-life
mortality, and/or improve feed conversion, and/or increase
body weight gain in poultry.

In a specific embodiment the composition comprises a
carrier such as a carrier comprising or consisting of: a) wheat
bran flakes and/or b) calcium carbonate and/or ¢) an anti-
caking/flow agent.

The Bacillus isolates (B2, NP122, AM0904) were isolated
from poultry and environmental samples and evaluated for
their ability to grow and sporulate robustly in a solid-state
fermentation system. They were also evaluated for their
ability to germinate within the chicken gastrointestinal tract,
form biofilms, and inhibit common poultry and food-related
pathogens by both in vitro and in vivo experimentation.

The Pedicoccus isolates (PVG-18, TY036) were isolated
from poultry samples and evaluated for their ability to grow
in a submerged fermentation system and maintain stability
after lyophilization. They were also evaluated for their
ability to inhibit common poultry pathogens by both in vitro
and in vivo experimentation. These were selected for sup-
pression of pathogens in neonatal poultry and for early
stimulation of the GIT respectively.

Preferably the probiotic is isolated.

Preferred Embodiments

Preferred embodiments of the invention are given in the
set of items herein below.

1. A method for improving one or more performance param-
eter(s) of poultry comprising the step of administering one
or more probiotic(s) in the poultry hatcher cabinet.

2. The method of item 1, wherein the administering is
performed by spraying the one or more probiotic(s) into
the poultry hatcher cabinet.
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3. The method of item 1 or 2, wherein the one or more
probiotic(s) is a powder formulation such as a dry powder
formulation.

4. The method of any of items 1-3, wherein the one or more
probiotic(s) comprises one or more Bacillus strains.

5. The method of any of items 1-4, wherein the one or more
probiotic(s) comprises one or more lactic acid bacteria
strains.

6. The method of any of items 1-5, wherein the one or more
probiotic(s) comprises one or more Bacillus strains and
one or more lactic acid bacteria strains.

7. The method of any of items 1-6, wherein the one or more
probiotic(s) comprises one or more lactic acid bacteria
selected from the group consisting of
1) Pediococcus acidilactici FM18 deposited as NRRL

Deposit Number B-50964, a strain having all of the identi-

fying characteristics of Pediococcus acidilactici FM18

deposited as NRRL Deposit Number B-50964 or a mutant
thereof,

i) Pediococcus acidilactici TY036 deposited as NRRL
Deposit Number B-50959, a strain having all of the identi-
fying characteristics of Pediococcus acidilactici TY036
deposited as NRRL Deposit Number B-50959 or a mutant
thereof, and

iii) Enterococcus faecium MFF109 deposited as NRRL
Deposit Number B-50960, a strain having all of the identi-
fying characteristics of Enterococcus faecium MFF109
deposited as NRRL Deposit Number B-50960 or a mutant
thereof.

8. The method of any of items 1-7, wherein the one or more
probiotic(s) comprises one or more Bacillus selected from
the group consisting of
1) Bacillus amyloliquefaciens AMO0904 deposited as

NRRL Deposit Number B-50914, a strain having all of the

identifying characteristics of Bacillus amyloliquefaciens

AMO0904 deposited as NRRL Deposit Number B-50914 or a

mutant thereof,

i1) Bacillus amyloliquefaciens NP122 deposited as NRRL
Deposit Number B-50910, a strain having all of the identi-
fying characteristics of Bacillus amyloliquefaciens NP122
deposited as NRRL Deposit Number B-50910 or a mutant
thereof, and

iii) Bacillus amyloliquefaciens B2 deposited as NRRL
Deposit Number B-50908, a strain having all of the identi-
fying characteristics of Bacillus amyloliquefaciens B2
deposited as NRRL Deposit Number B-50908 or a mutant
thereof.

9. The method of any of items 1-8, wherein the one or more
probiotic(s) comprises one or more lactic acid bacteria
selected from the group consisting of
1) Pediococcus acidilactici FM18 deposited as NRRL

Deposit Number B-50964,

i) Pediococcus acidilactici TY036 deposited as NRRL
Deposit Number B-50959, and

iii) Enterococcus faecium MFF109 deposited as NRRL
Deposit Number B-50960.

10. The method of any items 1-9, wherein the one or more
probiotic(s) comprises one or more Bacillus selected from
the group consisting of
1) Bacillus amyloliquefaciens AMO0904 deposited as

NRRL Deposit Number B-50914,
i1) Bacillus amyloliquefaciens NP122 deposited as NRRL

Deposit Number B-50910, and
iii) Bacillus amyloliquefaciens B2 deposited as NRRL

Deposit Number B-50908.
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11. The method of any of items 1-10, wherein the one or
more probiotic(s) comprises a 16S rDNA sequence
selected from the group consisting of:

(a) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 1;

(b) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 2;

(c) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 3;

(d) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 4;

(e) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 5; and

() 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 6.

12. The method of any of items 1-11, wherein the one or
more performance parameter(s) is selected from the group
consisting of body weight gain, growth rate, feed conver-
sion rate and overall health.

13. The method of any of items 1-12, wherein the bacterial
bloom in the poultry hatcher cabinet is modified or
controlled.

14. The method of any of items 1-13, wherein the poultry is
chickens and/or turkeys.

15. The method of any of items 1-14, wherein the one or
more Bacillus strains and one or more lactic acid bacteria
strains are administered simultaneously.

16. The method of any of items 1-15, wherein the one or
more Bacillus strains and one or more lactic acid bacteria
strains are administered subsequently in any order.

17. The method of any of items 1-16, wherein the one or
more Bacillus strains and one or more lactic acid bacteria
strains are administered subsequently and wherein the one
or more Bacillus strains is administered before the one or
more lactic acid bacteria strains.

18. The method of any of items 1-17, wherein the one or
more Bacillus strains and one or more lactic acid bacteria
strains are administered subsequently and wherein the one
or more lactic acid bacteria strains is administered before
the one or more Bacillus strains.

19. The method of any of items 1-18, wherein the one or
more Bacillus strains is administered as a dry formulation.

20. The method of any of items 1-19, wherein the one or
more Bacillus strains is administered as a wet formulation
such as an aqueous formulation.

21. The method of any of items 1-20, wherein the one or
more lactic acid bacteria strains is administered as a dry
formulation.
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22. The method of any of items 1-21, wherein the one or
more lactic acid bacteria strains is administered as a wet
formulation such as an aqueous formulation.

23. The method of any of items 1-22, wherein the one or
more Bacillus strains is administered more than once such
as 2,3,4,5, 6,7 8,9, 10 or more than 10 times.

24. The method of any of items 1-23, wherein the one or
more lactic acid bacteria strains is administered more than
once suchas 2,3,4,5,6,78, 9, 10 or more than 10 times.

25. The method of any of items 1-24, wherein the one or
more Bacillus strains is administered in a dose selected
from the group consisting of 1x10° to 1x10° CFU Bacillus
per bird, 1x10° to 1x107 CFU Bacillus per bird, 1x107 to
1x10® CFU Bacillus per bird, 1x10® to 1x10° CFU Bacil-
lus per bird, 1x10° to 1x10'° CFU Bacillus per bird,
1x10'° to 1x10** CFU Bacillus per bird, 1x10'" to 1x10'?
CFU Bacillus per bird, or any combination thereof.

26. The method of any of items 1-25, wherein the one or
more lactic acid bacteria strains is administered in a dose
selected from the group consisting of 1x10* to 1x10° CFU
lactic acid bacteria per bird, 1x10° to 1x10° CFU lactic
acid bacteria per bird, 1x10° to 1x107 CFU lactic acid
bacteria per bird, 1x107 to 1x10® CFU lactic acid bacteria
per bird, 1x10° to 1x10'® CFU lactic acid bacteria per
bird, 1x10'° to 1x10'* CFU lactic acid bacteria per bird,
1x10"! to 1x10'* CFU lactic acid bacteria per bird, or any
combination thereof.

27. The method of any of items 1-26, wherein the one or
more Bacillus and/or the one or more lactic acid bacteria
strains is administered at the time of transfer to the hatcher
cabinet.

28. The method of any of items 1-27, wherein the one or
more Bacillus and/or the one or more lactic acid bacteria
strains is administered at a time selected from the group
consisting of from 10% pip to 20% pip, from 20% pip to
30% pip, from 30% pip to 40% pip, from 40% pip to 50%
pip, from 50% pip to 60% pip, from 60% pip to 70% pip,
from 70% pip to 80% pip, from 80% pip to 90% pip, from
90% pip to 100% pip, or any combination thereof.

29. The method of any of items 1-28, wherein the one or
more Bacillus and/or the one or more lactic acid bacteria
strains is administered at a time selected from the group
consisting of from 10% hatch to 20% hatch, from 20%
hatch to 30% hatch, from 30% hatch to 40% hatch, from
40% hatch to 50% hatch, from 50% hatch to 60% hatch,
from 60% hatch to 70% hatch, from 70% hatch to 80%
hatch, from 80% hatch to 90% hatch, from 90% hatch to
100% hatch, or any combination thereof.

30. A composition comprising one or more Bacillus strains
and one or more lactic acid bacteria strains.

31. The composition of item 30, wherein the one or more
lactic acid bacteria is selected from the group consisting
of
1) Pediococcus acidilactici FM18 deposited as NRRL

Deposit Number B-50964, a strain having all of the identi-

fying characteristics of Pediococcus acidilactici FM18

deposited as NRRL Deposit Number B-50964 or a mutant
thereof,

i) Pediococcus acidilactici TY036 deposited as NRRL
Deposit Number B-50959, a strain having all of the identi-
fying characteristics of Pediococcus acidilactici TY036
deposited as NRRL Deposit Number B-50959 or a mutant
thereof, and

iii) Enterococcus faecium MFF109 deposited as NRRL
Deposit Number B-50960, a strain having all of the identi-
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fying characteristics of Enterococcus faecium MFF109

deposited as NRRL Deposit Number B-50960 or a mutant

thereof.

32. The composition of item 30 or 31, wherein the one or
more Bacillus is selected from the group consisting of
1) Bacillus amyloliquefaciens AMO0904 deposited as

NRRL Deposit Number B-50914, a strain having all of the

identifying characteristics of Bacillus amyloliquefaciens

AMO0904 deposited as NRRL Deposit Number B-50914 or a

mutant thereof,

i1) Bacillus amyloliquefaciens NP122 deposited as NRRL
Deposit Number B-50910, a strain having all of the identi-
fying characteristics of Bacillus amyloliquefaciens NP122
deposited as NRRL Deposit Number B-50910 or a mutant
thereof, and

iii) Bacillus amyloliquefaciens B2 deposited as NRRL
Deposit Number B-50908, a strain having all of the identi-
fying characteristics of Bacillus amyloliquefaciens B2
deposited as NRRL Deposit Number B-50908 or a mutant
thereof.

33. The composition of any of items 30-32, wherein the one
or more lactic acid bacteria is selected from the group
consisting of
1) Pediococcus acidilactici FM18 deposited as NRRL

Deposit Number B-50964,
i1) Pediococcus acidilactici TY036 deposited as NRRL

Deposit Number B-50959, and
iii) Enterococcus faecium MFF109 deposited as NRRL

Deposit Number B-50960.

34. The composition of any of items 30-33, wherein the one
or more Bacillus is selected from the group consisting of
1) Bacillus amyloliquefaciens AMO0904 deposited as

NRRL Deposit Number B-50914,
i1) Bacillus amyloliquefaciens NP122 deposited as NRRL

Deposit Number B-50910, and
iii) Bacillus amyloliquefaciens B2 deposited as NRRL

Deposit Number B-50908.

35. The composition of any of items 30-34, wherein the one
or more Bacillus strains and one or more lactic acid
bacteria strains comprise a 16S rDNA sequence selected
from the group consisting of:

(a) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 1;

(b) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 2;

(c) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 3;

(d) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 4;

(e) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 5; and
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(f) 16s rDNA having at least 98%, e.g., at least 98.2%, at

least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,

at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,

at least 99.7%, at least 99.8%, at least 99.9% or 100%

sequence identity to SEQ ID NO: 6.

36. The composition of any of items 30-35, wherein the one
or more lactic acid bacteria are on spore form.

37. The composition of any of items 30-36, wherein the one
or more Bacillus are on spore form.

38. The composition of any of items 30-37, wherein the one
or more lactic acid bacteria are isolated.

39. The composition of any of items 30-38, wherein the one
or more Bacillus are isolated.

40. The composition of any of items 30-39, wherein the
composition is a dry formulation.

41. The composition of any of items 30-39, wherein the
composition is a wet formulation.

Further Preferred Embodiments

Further preferred embodiments of the invention are given
in the set of items herein below.

1. A method for improving one or more performance param-
eter(s) of poultry comprising the step of administering one
or more probiotic(s) in the poultry hatcher cabinet.

2. The method of item 1, wherein the administering is
performed by spraying the one or more probiotic(s) into
the poultry hatcher cabinet.

3. The method of item 1 or 2, wherein the one or more
probiotic(s) is a powder formulation such as a dry powder
formulation.

4. The method of any of items 1-3, wherein the one or more

probiotic(s) comprises one or more Bacillus strains.

. The method of any of items 1-4, wherein the one or more
probiotic(s) comprises one or more lactic acid bacteria
strains.

6. The method of any of items 1-5, wherein the one or more
probiotic(s) comprises one or more Bacillus strains and
one or more lactic acid bacteria strains.

7. The method of any of items 1-6, wherein the one or more
probiotic(s) comprises one or more lactic acid bacteria
selected from the group consisting of
1) Pediococcus acidilactici FM18 deposited as NRRL

Deposit Number B-50964, a strain having all of the identi-

fying characteristics of Pediococcus acidilactici FM18

deposited as NRRL Deposit Number B-50964 or a mutant
thereof,

i) Pediococcus acidilactici TY036 deposited as NRRL
Deposit Number B-50959, a strain having all of the identi-
fying characteristics of Pediococcus acidilactici TY036
deposited as NRRL Deposit Number B-50959 or a mutant
thereof, and

iii) Enterococcus faecium MFF109 deposited as NRRL
Deposit Number B-50960, a strain having all of the identi-
fying characteristics of Enterococcus faecium MFF109
deposited as NRRL Deposit Number B-50960 or a mutant
thereof.

8. The method of any of items 1-7, wherein the one or more
probiotic(s) comprises one or more lactic acid bacteria
selected from the group consisting of
1) Pediococcus acidilactici FM18 deposited as NRRL

Deposit Number B-50964, a strain having all of the identi-

fying characteristics of Pediococcus acidilactici FM18

deposited as NRRL Deposit Number B-50964 or a mutant
thereof, and

i) Pediococcus acidilactici TY036 deposited as NRRL
Deposit Number B-50959, a strain having all of the identi-
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fying characteristics of Pediococcus acidilactici TY036

deposited as NRRL Deposit Number B-50959 or a mutant

thereof.

9. The method of any of items 1-8, wherein the one or more
probiotic(s) comprises one or more Bacillus selected from
the group consisting of
1) Bacillus amyloliquefaciens AMO0904 deposited as

NRRL Deposit Number B-50914, a strain having all of the

identifying characteristics of Bacillus amyloliquefaciens

AMO0904 deposited as NRRL Deposit Number B-50914 or a

mutant thereof,

i1) Bacillus amyloliquefaciens NP122 deposited as NRRL
Deposit Number B-50910, a strain having all of the identi-
fying characteristics of Bacillus amyloliquefaciens NP122
deposited as NRRL Deposit Number B-50910 or a mutant
thereof, and

iii) Bacillus amyloliquefaciens B2 deposited as NRRL
Deposit Number B-50908, a strain having all of the identi-
fying characteristics of Bacillus amyloliquefaciens B2
deposited as NRRL Deposit Number B-50908 or a mutant
thereof.

10. The method of any of items 1-7 or 9, wherein the one or
more probiotic(s) comprises one or more lactic acid
bacteria selected from the group consisting of
1) Pediococcus acidilactici FM18 deposited as NRRL

Deposit Number B-50964,
i1) Pediococcus acidilactici TY036 deposited as NRRL

Deposit Number B-50959, and
iii) Enterococcus faecium MFF109 deposited as NRRL

Deposit Number B-50960.

11. The method of any of items 1-10, wherein the one or
more probiotic(s) comprises one or more lactic acid
bacteria selected from the group consisting of
1) Pediococcus acidilactici FM18 deposited as NRRL

Deposit Number B-50964, and
i1) Pediococcus acidilactici TY036 deposited as NRRL

Deposit Number B-50959, and

12. The method of any of items 1-11, wherein the one or
more probiotic(s) comprises one or more Bacillus selected
from the group consisting of
1) Bacillus amyloliquefaciens AMO0904 deposited as

NRRL Deposit Number B-50914,
i1) Bacillus amyloliquefaciens NP122 deposited as NRRL

Deposit Number B-50910, and
iii) Bacillus amyloliquefaciens B2 deposited as NRRL

Deposit Number B-50908.

13. The method of any of items 1-7, 9-10 or 12, wherein the
one or more probiotic(s) comprises a 16S rDNA sequence
selected from the group consisting of:

(a) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 1;

(b) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 2;

(c) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 3;

(d) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
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at least 99.7%, at least 99.8%, at least 99.9% or 100%

sequence identity to SEQ ID NO: 4;

(e) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 5; and

(f) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 6.

14. The method of any of items 1-13, wherein the one or
more probiotic(s) comprises a 16S rDNA sequence
selected from the group consisting of:

(a) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 1;

(b) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 2;

(c) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 4;

(d) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 5; and

(e) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 6.

15. The method of any of items 1-14, wherein the one or
more performance parameter(s) is selected from the group
consisting of body weight gain, growth rate, feed conver-
sion rate and overall health.

16. The method of any of items 1-15, wherein the bacterial
bloom in the poultry hatcher cabinet is modified or
controlled.

17. The method of any of items 1-16 to the extent possible,
wherein the bacterial bloom in the poultry hatcher cabinet
is modified, controlled or lowered compared to the bac-
terial bloom in a poultry hatcher cabinet where the
method has not been applied.

18. The method of any of items 1-17, wherein the poultry is
chickens and/or turkeys.

19. The method of any of items 1-18, wherein the one or
more Bacillus strains and one or more lactic acid bacteria
strains are administered simultaneously.

20. The method of any of items 1-18, wherein the one or
more Bacillus strains and one or more lactic acid bacteria
strains are administered subsequently in any order.

21. The method of any of items 1-18, wherein the one or
more Bacillus strains and one or more lactic acid bacteria
strains are administered subsequently and wherein the one
or more Bacillus strains is administered before the one or
more lactic acid bacteria strains.

22. The method of any of items 1-18, wherein the one or
more Bacillus strains and one or more lactic acid bacteria
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strains are administered subsequently and wherein the one
or more lactic acid bacteria strains is administered before
the one or more Bacillus strains.

23. The method of any of items 1-18, wherein the one or
more Bacillus strains and one or more lactic acid bacteria
strains are administered in successive steps and wherein
the one or more Bacillus strains is administered before the
one or more lactic acid bacteria strains.

24. The method of any of items 1-18, wherein the one or
more Bacillus strains and one or more lactic acid bacteria
strains are administered in successive steps and wherein
the one or more lactic acid bacteria strains is administered
before the one or more Bacillus strains.

25. The method of any of items 1-24, wherein the one or
more Bacillus strains is administered as a dry formulation.

26. The method of any of items 1-24, wherein the one or
more Bacillus strains is administered as a wet formulation
such as an aqueous formulation.

27. The method of any of items 1-26, wherein the one or
more lactic acid bacteria strains is administered as a dry
formulation.

28. The method of any of items 1-26, wherein the one or
more lactic acid bacteria strains is administered as a wet
formulation such as an aqueous formulation.

29. The method of any of items 1-28, wherein the one or
more Bacillus strains is administered more than once such
as 2,3,4,5,6,7 8,9, 10 or more than 10 times.

30. The method of any of items 1-28, wherein the one or
more lactic acid bacteria strains is administered more than
once such as 2,3, 4,5, 6,78, 9, 10 or more than 10 times.

31. The method of any of items 1-30, wherein the one or
more Bacillus strains is administered in a dose selected
from the group consisting of 1x10° to 1x10° CFU Bacillus
per bird, 1x10° to 1x107 CFU Bacillus per bird, 1x107 to
1x10® CFU Bacillus per bird, 1x10® to 1x10° CFU Bacil-
lus per bird, 1x10° to 1x10'° CFU Bacillus per bird,
1x10%° to 1x10** CFU Bacillus per bird, 1x10"* to 1x10"?
CFU Bacillus per bird, or any combination thereof.

32. The method of any of items 1-31, wherein the one or
more lactic acid bacteria strains is administered in a dose
selected from the group consisting of 1x10* to 1x10° CFU
lactic acid bacteria per bird, 1x10° to 1x10° CFU lactic
acid bacteria per bird, 1x10° to 1x10” CFU lactic acid
bacteria per bird, 1x10” to 1x10® CFU lactic acid bacteria
per bird, 1x10° to 1x10'° CFU lactic acid bacteria per
bird, 1x10™ to 1x10"* CFU lactic acid bacteria per bird,
1x10" to 1x10"2 CFU lactic acid bacteria per bird, or any
combination thereof.

33. The method of any of items 1-32, wherein the one or
more Bacillus and/or the one or more lactic acid bacteria
strains is administered at the time of transfer to the hatcher
cabinet.

34. The method of any of items 1-33, wherein the one or
more Bacillus and/or the one or more lactic acid bacteria
strains is administered at a time selected from the group
consisting of from 10% pip to 20% pip, from 20% pip to
30% pip, from 30% pip to 40% pip, from 40% pip to 50%
pip, from 50% pip to 60% pip, from 60% pip to 70% pip,
from 70% pip to 80% pip, from 80% pip to 90% pip, from
90% pip to 100% pip, or any combination thereof.

35. The method of any of items 1-34, wherein the one or
more Bacillus and/or the one or more lactic acid bacteria
strains is administered at a time selected from the group
consisting of from 10% hatch to 20% hatch, from 20%
hatch to 30% hatch, from 30% hatch to 40% hatch, from
40% hatch to 50% hatch, from 50% hatch to 60% hatch,
from 60% hatch to 70% hatch, from 70% hatch to 80%
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hatch, from 80% hatch to 90% hatch, from 90% hatch to

100% hatch, or any combination thereof.

36. A composition comprising one or more Bacillus strains
and/or one or more lactic acid bacteria strains.

37. A composition of item 36 which comprises one or more
Bacillus strains and one or more lactic acid bacteria
strains.

38. A composition of item 36 or 37 which further comprises
a silicate flow aid.

39. The composition of any of items 36-38, wherein the one
or more lactic acid bacteria is selected from the group
consisting of
1) Pediococcus acidilactici FM18 deposited as NRRL

Deposit Number B-50964, a strain having all of the identi-

fying characteristics of Pediococcus acidilactici FM18

deposited as NRRL Deposit Number B-50964 or a mutant
thereof,

i) Pediococcus acidilactici TY036 deposited as NRRL
Deposit Number B-50959, a strain having all of the identi-
fying characteristics of Pediococcus acidilactici TY036
deposited as NRRL Deposit Number B-50959 or a mutant
thereof, and

iii) Enterococcus faecium MFF109 deposited as NRRL
Deposit Number B-50960, a strain having all of the identi-
fying characteristics of Enterococcus faecium MFF109
deposited as NRRL Deposit Number B-50960 or a mutant
thereof.

40. The composition of any of items 36-39, wherein the one
or more lactic acid bacteria is selected from the group
consisting of
1) Pediococcus acidilactici FM18 deposited as NRRL

Deposit Number B-50964, a strain having all of the identi-

fying characteristics of Pediococcus acidilactici FM18

deposited as NRRL Deposit Number B-50964 or a mutant
thereof, and

i) Pediococcus acidilactici TY036 deposited as NRRL
Deposit Number B-50959, a strain having all of the identi-
fying characteristics of Pediococcus acidilactici TY036
deposited as NRRL Deposit Number B-50959 or a mutant
thereof.

41. The composition of any of items 36-40, wherein the one
or more Bacillus is selected from the group consisting of
1) Bacillus amyloliquefaciens AMO0904 deposited as

NRRL Deposit Number B-50914, a strain having all of the

identifying characteristics of Bacillus amyloliquefaciens

AMO0904 deposited as NRRL Deposit Number B-50914 or a

mutant thereof,

i1) Bacillus amyloliquefaciens NP122 deposited as NRRL
Deposit Number B-50910, a strain having all of the identi-
fying characteristics of Bacillus amyloliquefaciens NP122
deposited as NRRL Deposit Number B-50910 or a mutant
thereof, and

iii) Bacillus amyloliquefaciens B2 deposited as NRRL
Deposit Number B-50908, a strain having all of the identi-
fying characteristics of Bacillus amyloliquefaciens B2
deposited as NRRL Deposit Number B-50908 or a mutant
thereof.

42. The composition of any of items 36-39 or 41, wherein
the one or more lactic acid bacteria is selected from the
group consisting of
1) Pediococcus acidilactici FM18 deposited as NRRL

Deposit Number B-50964,

i) Pediococcus acidilactici TY036 deposited as NRRL
Deposit Number B-50959, and

iii) Enterococcus faecium MFF109 deposited as NRRL
Deposit Number B-50960.
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43. The composition of any of items 36-42, wherein the one
or more lactic acid bacteria is selected from the group
consisting of
1) Pediococcus acidilactici FM18 deposited as NRRL

Deposit Number B-50964, and
i1) Pediococcus acidilactici TY036 deposited as NRRL

Deposit Number B-50959.

44. The composition of any of items 36-43, wherein the one
or more Bacillus is selected from the group consisting of
1) Bacillus amyloliquefaciens AMO0904 deposited as

NRRL Deposit Number B-50914,
i1) Bacillus amyloliquefaciens NP122 deposited as NRRL

Deposit Number B-50910, and
iii) Bacillus amyloliquefaciens B2 deposited as NRRL

Deposit Number B-50908.

45. The composition of any of items 36-39, 41, 42 or 44,
wherein the one or more Bacillus strains and one or more
lactic acid bacteria strains comprise a 16S rDNA sequence
selected from the group consisting of:

(a) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 1;

(b) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 2;

(c) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 3;

(d) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 4;

(e) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 5; and

() 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 6.

46. The composition of any of items 36-45, wherein the one
or more Bacillus strains and one or more lactic acid
bacteria strains comprise a 16S rDNA sequence selected
from the group consisting of:

(a) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 1;

(b) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 2;

(c) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
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at least 99.7%, at least 99.8%, at least 99.9% or 100%

sequence identity to SEQ ID NO: 4;

(d) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 5; and

(e) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 6.

47. The composition of any of items 36-46, wherein the one
or more lactic acid bacteria are on spore form.

48. The composition of any of items 36-47, wherein the one
or more Bacillus are on spore form.

49. The composition of any of items 36-48, wherein the one
or more lactic acid bacteria are isolated.

50. The composition of any of items 36-49, wherein the one
or more Bacillus are isolated.

51. The composition of any of items 36-50, wherein the
composition is a dry formulation.

52. The composition of any of items 36-51, wherein the
composition is a wet formulation.

53. A probiotic improving one or more performance param-
eter(s) of poultry.

54. The probiotic of item 53, wherein the probiotic com-
prises one or more Bacillus strains.

55. The probiotic of item 53 or 54, wherein the probiotic
comprises one or more lactic acid bacteria strains.

56. The probiotic of any of items 53-55, wherein the
probiotic comprises one or more Bacillus strains or one or
more lactic acid bacteria strains.

57. The probiotic of any of items 53-56, which comprises a
further bacteria strain.

58. The probiotic of any of items 53-57, wherein the
probiotic comprises one or more Bacillus strains and one
or more lactic acid bacteria strains.

59. The probiotic of any of items 53-58, wherein the
probiotic comprises one or more lactic acid bacteria
selected from the group consisting of
1) Pediococcus acidilactici FM18 deposited as NRRL

Deposit Number B-50964, a strain having all of the identi-

fying characteristics of Pediococcus acidilactici FM18

deposited as NRRL Deposit Number B-50964 or a mutant
thereof,

i) Pediococcus acidilactici TY036 deposited as NRRL
Deposit Number B-50959, a strain having all of the identi-
fying characteristics of Pediococcus acidilactici TY036
deposited as NRRL Deposit Number B-50959 or a mutant
thereof, and

iii) Enterococcus faecium MFF109 deposited as NRRL
Deposit Number B-50960, a strain having all of the identi-
fying characteristics of Enterococcus faecium MFF109
deposited as NRRL Deposit Number B-50960 or a mutant
thereof.

60. The probiotic of any of items 53-59, wherein the
probiotic comprises one or more lactic acid bacteria
selected from the group consisting of
1) Pediococcus acidilactici FM18 deposited as NRRL

Deposit Number B-50964, a strain having all of the identi-

fying characteristics of Pediococcus acidilactici FM18

deposited as NRRL Deposit Number B-50964 or a mutant
thereof, and

i) Pediococcus acidilactici TY036 deposited as NRRL
Deposit Number B-50959, a strain having all of the identi-
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fying characteristics of Pediococcus acidilactici TY036

deposited as NRRL Deposit Number B-50959 or a mutant

thereof.

61. The probiotic of any of items 53-60, wherein the
probiotic comprises one or more Bacillus selected from
the group consisting of
1) Bacillus amyloliquefaciens AMO0904 deposited as

NRRL Deposit Number B-50914, a strain having all of the

identifying characteristics of Bacillus amyloliquefaciens

AMO0904 deposited as NRRL Deposit Number B-50914 or a

mutant thereof,

i1) Bacillus amyloliquefaciens NP122 deposited as NRRL
Deposit Number B-50910, a strain having all of the identi-
fying characteristics of Bacillus amyloliquefaciens NP122
deposited as NRRL Deposit Number B-50910 or a mutant
thereof, and

iii) Bacillus amyloliquefaciens B2 deposited as NRRL
Deposit Number B-50908, a strain having all of the identi-
fying characteristics of Bacillus amyloliquefaciens B2
deposited as NRRL Deposit Number B-50908 or a mutant
thereof.

62. The probiotic of any of items 53-59 or 61, wherein the
probiotic comprises one or more lactic acid bacteria
selected from the group consisting of
1) Pediococcus acidilactici FM18 deposited as NRRL

Deposit Number B-50964,
i1) Pediococcus acidilactici TY036 deposited as NRRL

Deposit Number B-50959, and
iii) Enterococcus faecium MFF109 deposited as NRRL

Deposit Number B-50960.

63. The probiotic of any of items 53-62, wherein the
probiotic comprises one or more lactic acid bacteria
selected from the group consisting of
1) Pediococcus acidilactici FM18 deposited as NRRL

Deposit Number B-50964, and
i1) Pediococcus acidilactici TY036 deposited as NRRL

Deposit Number B-50959, and

64. The probiotic of any of items 53-63, wherein the
probiotic comprises one or more Bacillus selected from
the group consisting of
1) Bacillus amyloliquefaciens AMO0904 deposited as

NRRL Deposit Number B-50914,
i1) Bacillus amyloliquefaciens NP122 deposited as NRRL

Deposit Number B-50910, and
iii) Bacillus amyloliquefaciens B2 deposited as NRRL

Deposit Number B-50908.

65. The probiotic of any of items 53-59, 61, 62 or 64,
wherein the probiotic comprises a 16S rDNA sequence
selected from the group consisting of:

(a) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 1;

(b) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 2;

(c) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 3;

(d) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
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at least 99.7%, at least 99.8%, at least 99.9% or 100%

sequence identity to SEQ ID NO: 4;

(e) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 5; and

(f) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 6.

66. The probiotic of any of items 53-65, wherein the
probiotic comprises a 16S rDNA sequence selected from
the group consisting of:

(a) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 1;

(b) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 2;

(c) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 4;

(d) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 5; and

(e) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 6.

67. A probiotic for use in the treatment of poultry for
improving one or more performance parameter(s),
wherein the probiotic is administered in the poultry
hatcher cabinet.

68. The probiotic of item 67, wherein the administration is
performed by spraying the one or more probiotic(s) into
the poultry hatcher cabinet.

69. The probiotic of item 67 or 68, wherein the probiotic is
a powder formulation such as a dry powder formulation.

70. The probiotic of any of items 67-69, wherein the
probiotic comprises one or more Bacillus strains.

71. The probiotic of any of items 67-70, wherein the
probiotic comprises one or more lactic acid bacteria
strains.

72. The probiotic of any of items 67-71, wherein the
probiotic comprises one or more Bacillus strains and one
or more lactic acid bacteria strains.

73. The probiotic of any of items 67-72, wherein the
probiotic comprises one or more lactic acid bacteria
selected from the group consisting of
1) Pediococcus acidilactici FM18 deposited as NRRL

Deposit Number B-50964, a strain having all of the identi-

fying characteristics of Pediococcus acidilactici FM18

deposited as NRRL Deposit Number B-50964 or a mutant
thereof,

i) Pediococcus acidilactici TY036 deposited as NRRL
Deposit Number B-50959, a strain having all of the identi-
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fying characteristics of Pediococcus acidilactici TY036

deposited as NRRL Deposit Number B-50959 or a mutant

thereof, and
iii) Enterococcus faecium MFF109 deposited as NRRL

Deposit Number B-50960, a strain having all of the identi-

fying characteristics of Enterococcus faecium MFF109

deposited as NRRL Deposit Number B-50960 or a mutant
thereof.

74. The probiotic of any of items 67-73, wherein the
probiotic comprises one or more lactic acid bacteria
selected from the group consisting of
1) Pediococcus acidilactici FM18 deposited as NRRL

Deposit Number B-50964, a strain having all of the identi-

fying characteristics of Pediococcus acidilactici FM18

deposited as NRRL Deposit Number B-50964 or a mutant
thereof, and
i1) Pediococcus acidilactici TY036 deposited as NRRL

Deposit Number B-50959, a strain having all of the identi-

fying characteristics of Pediococcus acidilactici TY036

deposited as NRRL Deposit Number B-50959 or a mutant
thereof.

75. The probiotic of any of items 67-74, wherein the
probiotic comprises one or more Bacillus selected from
the group consisting of
1) Bacillus amyloliquefaciens AMO0904 deposited as

NRRL Deposit Number B-50914, a strain having all of the

identifying characteristics of Bacillus amyloliquefaciens

AMO0904 deposited as NRRL Deposit Number B-50914 or a

mutant thereof,
i1) Bacillus amyloliquefaciens NP122 deposited as NRRL

Deposit Number B-50910, a strain having all of the identi-

fying characteristics of Bacillus amyloliquefaciens NP122

deposited as NRRL Deposit Number B-50910 or a mutant
thereof, and
iii) Bacillus amyloliquefaciens B2 deposited as NRRL

Deposit Number B-50908, a strain having all of the identi-

fying characteristics of Bacillus amyloliquefaciens B2

deposited as NRRL Deposit Number B-50908 or a mutant
thereof.

76. The probiotic of any of items 67-73 or 75, wherein the
probiotic comprises one or more lactic acid bacteria
selected from the group consisting of
1) Pediococcus acidilactici FM18 deposited as NRRL

Deposit Number B-50964,
i1) Pediococcus acidilactici TY036 deposited as NRRL

Deposit Number B-50959, and
iii) Enterococcus faecium MFF109 deposited as NRRL

Deposit Number B-50960.

77. The probiotic of any of items 67-76, wherein the
probiotic comprises one or more lactic acid bacteria
selected from the group consisting of
1) Pediococcus acidilactici FM18 deposited as NRRL

Deposit Number B-50964, and
i1) Pediococcus acidilactici TY036 deposited as NRRL

Deposit Number B-50959, and

78. The probiotic of any of items 67-77, wherein the
probiotic comprises one or more Bacillus selected from
the group consisting of
1) Bacillus amyloliquefaciens AMO0904 deposited as

NRRL Deposit Number B-50914,
i1) Bacillus amyloliquefaciens NP122 deposited as NRRL

Deposit Number B-50910, and
iii) Bacillus amyloliquefaciens B2 deposited as NRRL

Deposit Number B-50908.

79. The probiotic of any of items 67-73, 75, 76 or 78,
wherein the probiotic comprises a 16S rDNA sequence
selected from the group consisting of:
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(a) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 1;

(b) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 2;

(c) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 3;

(d) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 4;

(e) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 5; and

(f) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 6.

80. The probiotic of any of items 67-79, wherein the
probiotic comprises a 16S rDNA sequence selected from
the group consisting of:

(a) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 1;

(b) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 2;

(c) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 4;

(d) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 5; and

(e) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 6.

81. The probiotic of any of items 67-80, wherein the one or
more performance parameter(s) is selected from the group
consisting of body weight gain, growth rate, feed conver-
sion rate and overall health.

82. The probiotic of any of items 67-81, wherein the
bacterial bloom in the poultry hatcher cabinet is modified
or controlled.

83. The probiotic of any of items 67-82, wherein the
bacterial bloom in the poultry hatcher cabinet is modified,
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controlled or lowered compared to the bacterial bloom in
a poultry hatcher cabinet where the probiotic has not been
applied.

84. The probiotic of any of items 67-83, wherein the poultry
is chickens and/or turkeys.

85. The probiotic of any of items 67-84, wherein the one or
more Bacillus strains and one or more lactic acid bacteria
strains are administered simultaneously.

86. The probiotic of any of items 67-84, wherein the one or
more Bacillus strains and one or more lactic acid bacteria
strains are administered subsequently in any order.

87. The probiotic of any of items 67-84, wherein the one or
more Bacillus strains and one or more lactic acid bacteria
strains are administered subsequently and wherein the one
or more Bacillus strains is administered before the one or
more lactic acid bacteria strains.

88. The probiotic of any of items 67-84, wherein the one or
more Bacillus strains and one or more lactic acid bacteria
strains are administered subsequently and wherein the one
or more lactic acid bacteria strains is administered before
the one or more Bacillus strains.

89. The probiotic of any of items 67-84, wherein the one or
more Bacillus strains and one or more lactic acid bacteria
strains are administered in successive steps and wherein
the one or more Bacillus strains is administered before the
one or more lactic acid bacteria strains.

90. The probiotic of any of items 67-84, wherein the one or
more Bacillus strains and one or more lactic acid bacteria
strains are administered in successive steps and wherein
the one or more lactic acid bacteria strains is administered
before the one or more Bacillus strains.

91. The probiotic of any of items 67-90, wherein the one or
more Bacillus strains is administered as a dry formulation.

92. The probiotic of any of items 67-91, wherein the one or
more Bacillus strains is administered as a wet formulation
such as an aqueous formulation.

93. The probiotic of any of items 67-92, wherein the one or
more lactic acid bacteria strains is administered as a dry
formulation.

94. The probiotic of any of items 67-93, wherein the one or
more lactic acid bacteria strains is administered as a wet
formulation such as an aqueous formulation.

95. The probiotic of any of items 67-94, wherein the one or
more Bacillus strains is administered more than once such
as 2,3,4,5,6,7 8,9, 10 or more than 10 times.

96. The probiotic of any of items 67-94, wherein the one or
more lactic acid bacteria strains is administered more than
once such as 2,3, 4,5, 6,78, 9, 10 or more than 10 times.

97. The probiotic of any of items 67-96, wherein the one or
more Bacillus strains is administered in a dose selected
from the group consisting of 1x10° to 1x10° CFU Bacillus
per bird, 1x10° to 1x107 CFU Bacillus per bird, 1x107 to
1x10® CFU Bacillus per bird, 1x10® to 1x10° CFU Bacil-
lus per bird, 1x10° to 1x10'° CFU Bacillus per bird,
1x10'° to 1x10'* CFU Bacillus per bird, 1x10' to 1x10*2
CFU Bacillus per bird, or any combination thereof.

98. The probiotic of any of items 67-97, wherein the one or
more lactic acid bacteria strains is administered in a dose
selected from the group consisting of 1x10* to 1x10° CFU
lactic acid bacteria per bird, 1x10° to 1x10° CFU lactic
acid bacteria per bird, 1x10° to 1x10” CFU lactic acid
bacteria per bird, 1x107 to 1x10® CFU lactic acid bacteria
per bird, 1x10° to 1x10'® CFU lactic acid bacteria per
bird, 1x10™ to 1x10"* CFU lactic acid bacteria per bird,
1x10" to 1x10"2 CFU lactic acid bacteria per bird, or any
combination thereof.
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99. The probiotic of any of items 67-98, wherein the one or
more Bacillus and/or the one or more lactic acid bacteria
strains is administered at the time of transfer to the hatcher
cabinet.

100. The probiotic of any of items 67-99, wherein the one or
more Bacillus and/or the one or more lactic acid bacteria
strains is administered at a time selected from the group
consisting of from 10% pip to 20% pip, from 20% pip to
30% pip, from 30% pip to 40% pip, from 40% pip to 50%
pip, from 50% pip to 60% pip, from 60% pip to 70% pip,
from 70% pip to 80% pip, from 80% pip to 90% pip, from
90% pip to 100% pip, or any combination thereof.

101. The probiotic of any of items 67-100, wherein the one
or more Bacillus and/or the one or more lactic acid
bacteria strains is administered at a time selected from the
group consisting of from 10% hatch to 20% hatch, from
20% hatch to 30% hatch, from 30% hatch to 40% hatch,
from 40% hatch to 50% hatch, from 50% hatch to 60%
hatch, from 60% hatch to 70% hatch, from 70% hatch to
80% hatch, from 80% hatch to 90% hatch, from 90%
hatch to 100% hatch, or any combination thereof.

102. Use of one or more probiotic(s) in the manufacture of
a medicament for improving one or more performance
parameter(s) of poultry wherein the one or more pro-
biotic(s) is administered to the poultry in the poultry
hatcher cabinet.

103. Use of one or more probiotic(s) for improving one or
more performance parameter(s) of poultry comprising the
step of administering the one or more probiotic(s) to the
poultry in the poultry hatcher cabinet.

104. The use of item 102 or 103, wherein the administering
is performed by spraying the one or more probiotic(s) into
the poultry hatcher cabinet.

105. The use of any of items 102-104, wherein the one or
more probiotic(s) is a powder formulation such as a dry
powder formulation.

106. The use of any of items 102-105, wherein the one or
more probiotic(s) comprises one or more Bacillus strains.

107. The use of any of items 102-106, wherein the one or
more probiotic(s) comprises one or more lactic acid
bacteria strains.

108. The use of any of items 102-107, wherein the one or
more probiotic(s) comprises one or more Bacillus strains
and one or more lactic acid bacteria strains.

109. The use of any of items 102-108, wherein the one or
more probiotic(s) comprises one or more lactic acid
bacteria selected from the group consisting of
1) Pediococcus acidilactici FM18 deposited as NRRL

Deposit Number B-50964, a strain having all of the identi-

fying characteristics of Pediococcus acidilactici FM18

deposited as NRRL Deposit Number B-50964 or a mutant
thereof,

i) Pediococcus acidilactici TY036 deposited as NRRL
Deposit Number B-50959, a strain having all of the identi-
fying characteristics of Pediococcus acidilactici TY036
deposited as NRRL Deposit Number B-50959 or a mutant
thereof, and

iii) Enterococcus faecium MFF109 deposited as NRRL
Deposit Number B-50960, a strain having all of the identi-
fying characteristics of Enterococcus faecium MFF109
deposited as NRRL Deposit Number B-50960 or a mutant
thereof.

110. The use of any of items 102-109, wherein the one or
more probiotic(s) comprises one or more lactic acid
bacteria selected from the group consisting of
1) Pediococcus acidilactici FM18 deposited as NRRL

Deposit Number B-50964, a strain having all of the identi-
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fying characteristics of Pediococcus acidilactici FM18

deposited as NRRL Deposit Number B-50964 or a mutant

thereof, and

i1) Pediococcus acidilactici TY036 deposited as NRRL
Deposit Number B-50959, a strain having all of the identi-
fying characteristics of Pediococcus acidilactici TY036
deposited as NRRL Deposit Number B-50959 or a mutant
thereof.

111. The use of any of items 102-110, wherein the one or
more probiotic(s) comprises one or more Bacillus selected
from the group consisting of
1) Bacillus amyloliquefaciens AMO0904 deposited as

NRRL Deposit Number B-50914, a strain having all of the

identifying characteristics of Bacillus amyloliquefaciens

AMO0904 deposited as NRRL Deposit Number B-50914 or a

mutant thereof,

i1) Bacillus amyloliquefaciens NP122 deposited as NRRL
Deposit Number B-50910, a strain having all of the identi-
fying characteristics of Bacillus amyloliquefaciens NP122
deposited as NRRL Deposit Number B-50910 or a mutant
thereof, and

iii) Bacillus amyloliquefaciens B2 deposited as NRRL
Deposit Number B-50908, a strain having all of the identi-
fying characteristics of Bacillus amyloliquefaciens B2
deposited as NRRL Deposit Number B-50908 or a mutant
thereof.

112. The use of any of items 102-109 or 111, wherein the one
or more probiotic(s) comprises one or more lactic acid
bacteria selected from the group consisting of
1) Pediococcus acidilactici FM18 deposited as NRRL

Deposit Number B-50964,
i1) Pediococcus acidilactici TY036 deposited as NRRL

Deposit Number B-50959, and
iii) Enterococcus faecium MFF109 deposited as NRRL

Deposit Number B-50960.

113. The use of any of items 102-112, wherein the one or
more probiotic(s) comprises one or more lactic acid
bacteria selected from the group consisting of
1) Pediococcus acidilactici FM18 deposited as NRRL

Deposit Number B-50964, and
i1) Pediococcus acidilactici TY036 deposited as NRRL

Deposit Number B-50959, and

114. The use of any of items 102-113, wherein the one or
more probiotic(s) comprises one or more Bacillus selected
from the group consisting of
1) Bacillus amyloliquefaciens AMO0904 deposited as

NRRL Deposit Number B-50914,
i1) Bacillus amyloliquefaciens NP122 deposited as NRRL

Deposit Number B-50910, and
iii) Bacillus amyloliquefaciens B2 deposited as NRRL

Deposit Number B-50908.

115. The use of any of items 102-109, 110-112 or 114,
wherein the one or more probiotic(s) comprises a 16S
rDNA sequence selected from the group consisting of:
(a) 16s rDNA having at least 98%, e.g., at least 98.2%, at

least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,

at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,

at least 99.7%, at least 99.8%, at least 99.9% or 100%

sequence identity to SEQ ID NO: 1;

(b) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 2;

(c) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
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at least 99.7%, at least 99.8%, at least 99.9% or 100%

sequence identity to SEQ ID NO: 3;

(d) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 4;

(e) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 5; and

(f) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 6.

116. The use of any of items 102-115, wherein the one or
more probiotic(s) comprises a 16S rDNA sequence
selected from the group consisting of:

(a) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 1;

(b) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 2;

(c) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 4;

(d) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 5; and

(e) 16s rDNA having at least 98%, e.g., at least 98.2%, at
least 98.4%, at least 98.6%, at least 98.8%, at least 99.0%,
at least 99.2%, at least 99.4%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9% or 100%
sequence identity to SEQ ID NO: 6.

117. The use of any of items 102-116, wherein the one or
more performance parameter(s) is selected from the group
consisting of body weight gain, growth rate, feed conver-
sion rate and overall health.

118. The use of any of items 102-117, wherein the bacterial
bloom in the poultry hatcher cabinet is modified or
controlled.

119. The use of any of items 102-118, to the extent possible,
wherein the bacterial bloom in the poultry hatcher cabinet
is modified, controlled or lowered compared to the bac-
terial bloom in a poultry hatcher cabinet where the
method has not been applied.

120. The use of any of items 102-119, wherein the poultry
is chickens and/or turkeys.

121. The use of any of items 102-120, wherein the one or
more Bacillus strains and one or more lactic acid bacteria
strains are administered simultaneously.

122. The use of any of items 102-120, wherein the one or
more Bacillus strains and one or more lactic acid bacteria
strains are administered subsequently in any order.

123. The use of any of items 102-120, wherein the one or
more Bacillus strains and one or more lactic acid bacteria
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strains are administered subsequently and wherein the one
or more Bacillus strains is administered before the one or
more lactic acid bacteria strains.

124. The use of any of items 102-120, wherein the one or
more Bacillus strains and one or more lactic acid bacteria
strains are administered subsequently and wherein the one
or more lactic acid bacteria strains is administered before
the one or more Bacillus strains.

125. The use of any of items 102-120, wherein the one or
more Bacillus strains and one or more lactic acid bacteria
strains are administered in successive steps and wherein
the one or more Bacillus strains is administered before the
one or more lactic acid bacteria strains.

126. The use of any of items 102-120, wherein the one or
more Bacillus strains and one or more lactic acid bacteria
strains are administered in successive steps and wherein
the one or more lactic acid bacteria strains is administered
before the one or more Bacillus strains.

127. The use of any of items 102-126, wherein the one or
more Bacillus strains is administered as a dry formulation.

128. The use of any of items 102-127, wherein the one or
more Bacillus strains is administered as a wet formulation
such as an aqueous formulation.

129. The use of any of items 102-127, wherein the one or
more lactic acid bacteria strains is administered as a dry
formulation.

130. The use of any of items 102-129, wherein the one or
more lactic acid bacteria strains is administered as a wet
formulation such as an aqueous formulation.

131. The use of any of items 102-129, wherein the one or
more Bacillus strains is administered more than once such
as 2,3,4,5,6,7 8,9, 10 or more than 10 times.

132. The use of any of items 102-130, wherein the one or
more lactic acid bacteria strains is administered more than
once such as 2,3, 4,5, 6,78, 9, 10 or more than 10 times.

133. The use of any of items 102-132, wherein the one or
more Bacillus strains is administered in a dose selected
from the group consisting of 1x10° to 1x10° CFU Bacillus
per bird, 1x10° to 1x107 CFU Bacillus per bird, 1x107 to
1x10® CFU Bacillus per bird, 1x10® to 1x10° CFU Bacil-
lus per bird, 1x10° to 1x10'° CFU Bacillus per bird,
1x10'° to 1x10'* CFU Bacillus per bird, 1x10' to 1x10*2
CFU Bacillus per bird, or any combination thereof.

134. The use of any of items 102-133, wherein the one or
more lactic acid bacteria strains is administered in a dose
selected from the group consisting of 1x10* to 1x10° CFU
lactic acid bacteria per bird, 1x10° to 1x10° CFU lactic
acid bacteria per bird, 1x10° to 1x10” CFU lactic acid
bacteria per bird, 1x107 to 1x10® CFU lactic acid bacteria
per bird, 1x10° to 1x10'® CFU lactic acid bacteria per
bird, 1x10™ to 1x10"* CFU lactic acid bacteria per bird,
1x10" to 1x10"2 CFU lactic acid bacteria per bird, or any
combination thereof.

135. The use of any of items 102-134, wherein the one or
more Bacillus and/or the one or more lactic acid bacteria
strains is administered at the time of transfer to the hatcher
cabinet.

136. The use of any of items 102-135, wherein the one or
more Bacillus and/or the one or more lactic acid bacteria
strains is administered at a time selected from the group
consisting of from 10% pip to 20% pip, from 20% pip to
30% pip, from 30% pip to 40% pip, from 40% pip to 50%
pip, from 50% pip to 60% pip, from 60% pip to 70% pip,
from 70% pip to 80% pip, from 80% pip to 90% pip, from
90% pip to 100% pip, or any combination thereof.

137. The use of any of items 102-136, wherein the one or
more Bacillus and/or the one or more lactic acid bacteria
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strains is administered at a time selected from the group
consisting of from 10% hatch to 20% hatch, from 20%
hatch to 30% hatch, from 30% hatch to 40% hatch, from
40% hatch to 50% hatch, from 50% hatch to 60% hatch,
from 60% hatch to 70% hatch, from 70% hatch to 80%
hatch, from 80% hatch to 90% hatch, from 90% hatch to
100% hatch, or any combination thereof.

EXAMPLES

Identification, Characterization and Deposit of the Biologi-
cal Material

The following biological materials were deposited under
the terms of the Budapest Treaty at Agricultural Research
Service Culture Collection (NRRL), 1815 North University
Street, Peoria, Ill. 61604, U.S.A., and given the following
accession numbers:

Accession
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Example 1

Probiotic Bacterial Isolate Screening

Candidate bacterial isolates were previously screened for
probiotic potential. The Bacillus had previously been shown
to be able to grow rabidly and robustly on minimal media.
These strains have also shown the ability to inhibit patho-
gens both in vitro and in vivo. The lactic acid bacterial
isolate FM18 has previously been shown to inhibit Salmo-
nella and Clostridium perfringens both in vitro and in vivo.
Lactic acid bacteria strains TY036 and MFF109 had previ-
ously been shown to stimulate early gut development in
neonatal poultry.

In vitro Test Against Common Poultry Pathogens.

Bacillus isolates (AM0904, NP122, and B2) were incu-
bated on agar plates with Salmonella enteritidis, Salmonella

20 . . .
Identification Number Date of Deposit typhimurium, Salmonella heidelberg, Salmonella kentucky,
Clostridium perfringens and Escherichia coli and the zone
Pediococcus acidilactici TY036 NRRL B-50959  Apr. 1, 2014 FRIE I :
Pediococcus acidilactici FM18 NRRL B-50964  Apr. 1, 2014 of inhibition was determined.
Enterococcus faecium MFF109 NRRL B-50960  Apr. 1, 2014 Lactic acid bacteria isolates (FM18 and TY036) were
Bacillus amyloliquefaciens AM0904  NRRL B-30914 - Mar. 7, 2014 jncybated on agar plates with Salmonella Enteritidis, Sal-
Bacillus amyloliquefaciens NP122 NRRL B-50910  Mar. 7, 2014 ) . N
Bacillus amyloliquefuciens B2 NRRL B-50908 ~ Mar. 7, 2014 monella Typhimurium, Salmonella Heidelberg, Salmonella
Kentucky, Clostridium perfringens and Escherichia coli and
the zone of inhibition was determined Table 1.
TABLE 1
In vitro Overlay Test Against Common Pathogens
Salmonella Salmonella Salmonella  Salmonella  E. coli  Closridium
Enteriditis ~ Typhimurium  Heidelberg Kentucky F18 perfringens
AMO0904 +++ ++ +++ +++ ++ ++
B2 ++ ++ +++ +++ + ++
NP122 + + - + ++ ++
FM18 ++++ ++++ +++ ++++ ++++ ++++
TYO036 ++++ +++ +++ ++++ +++ +++
MFF109 ++++ +++ +++ ++++ +++ +++

The strains have been deposited under conditions that
assure that access to the culture will be available during the
pendency of this patent application to one determined by
foreign patent laws to be entitled thereto. The deposits
represent a substantially pure culture of the deposited strain.
The deposits are available as required by foreign patent laws
in countries wherein counterparts of the subject application
or its progeny are filed. However, it should be understood
that the availability of a deposit does not constitute a license
to practice the subject invention in derogation of patent
rights granted by governmental action.

Description of the Biological Material

Pediococcus acidilactici TY036 was isolated from poul-
try in the US by Pacific Vet Group USA Inc. in 2013.
Pediococcus acidilactici FM18 was isolated from poultry in
the US by the University of Arkansas in 2003. Enterococcus
faecium MFF109 was isolated from poultry in the US by
Pacific Vet Group USA Inc. in 2013. Bacillus amylolique-
faciens AM0904 was isolated from poultry in the US by the
University of Arkansas in 2009. Bacillus amyloliquefaciens
NP122 was isolated from poultry in the US by the University
of Arkansas in 2008. Bacillus amyloliquefaciens B2 was
isolated from poultry in the US by the University of Arkan-
sas in 2009.
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Briefly, the LAB isolates were grown in de Man, Rogosa
and Sharpe (MRS) broth overnight while being incubated at
37° C. The Bacillus were grown in tryptic soy broth over-
night while being incubated at 37° C. A sterile loop was used
to transfer the LAB onto an MRS plate or the Bacillus onto
a tryptic soy agar plate so that a single dense colony will
grow on the center of a plate or bi-plate. This plate was
incubated for 48 hours at 37° C. for the LAB or 24 hours for
the Bacillus. During incubation an overnight culture of the
pathogen of interest was incubated in appropriate media at
37° C. 100 microliters of the pathogen culture was added to
10 ml of tryptic soy soft agar held at 45° C. The tryptic soy
soft agar was poured over the MRS/tryptic soy agar plate
containing the [LAB/Bacillus isolate and incubated overnight
at 37° C.

Example 2

Testing of Bacterial Formulation in the Hatcher for
Environmental Control of Pathogenic Bacteria

Experiment 1

Several test formulations were evaluated for effect within
commercial hatchers and measured against a control hatcher.
Commercial breeder flocks were stratified so that incoming
bacterial load was a controlled factor. All hatchers were in
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a common hatcher hall. Control hatcher was not treated with
probiotic or chemicals. The treatment groups were as fol-
lows: 1) negative control 2) single dose of dry bacillus
spores (DBS) plus aqueous lactic acid bacteria solution
(LAB) 3) single application of aqueous bacillus spores
(WBS) plus LAB 4) 3 applications of WBS and LAB. All
applications were performed using a hand held pneumatic
sprayer. The single treatments were given at transfer. The
three application groups were treated at transfer, 20% hatch,
and 50% hatch. Each dose of DBS was approximately 3x10®
spores per bird per application. Each dose of WBS was
approximately 3x10® spores per bird per application. Each
dose of LAB was approximately 3x10° cfu per bird per
application. The dry Bacillus spores were produced sepa-
rately in a solid state media, dried, ground, then enumerated.
The wet Bacillus spores were grown separately in a broth
fermentation, centrifuged, lyophilized, ground, and then
enumerated. The spores were given in a 5:5:1 ratio of
NP122:B2: AM0904 respectively. The lactic acid bacteria
(TY036, MFF109, and FM18) were grown separately in a
broth fermentation, centrifuged, lyophilized, ground, and
then enumerated. Each strain was included in equal
amounts. To measure non-selective recovery, 6 plates of
tryptic soy agar were placed into the hatchers for a period of
5 minutes at each of the following points: transfer, 50% pip,
20% hatch, 50% hatch, and 75% hatch. To measure gram
negative bacteria, 6 plates of MacConkey agar were placed
into the hatchers for a period of 5 minutes at each of the
following points: transfer, 50% pip, 20% hatch, 50% hatch,
and 75% hatch. To measure lactic acid bacteria, 6 plates of
Regosa agar were placed into the hatchers for a period of 5
minutes at each of the following points: transfer, 50% pip,
20% hatch, 50% hatch, and 75% hatch. For all plate types,
the plates were incubated for 24 hours at 37° C. The single
dose of dry bacillus proved to give a higher aerobic bacteria
count at all time points FIG. 1. Visually, the predominant
colony morphology on these plates were Bacillus. Lactic
acid bacteria counts were low at all time points for control
and single dose. LAB groups at all time points FIG. 2. LAB
was increased at the 50% hatch and 75% hatch time points.
Gram negative recovery was lower in the treatment groups
at three of the four time points measured FIG. 3. These
results indicate that dry Bacillus spores persist longer than
aqueous Bacillus in the hatcher. These results also indicate
that LAB do not persist in the hatcher for a long period of
time. Because of this multiple doses of LAB are needed. All
treatments significantly reduced gram negatives. This indi-
cates that these formulations are potential candidates to
reduce the pathogenic bloom of bacteria (i.e. bacterial
bloom) within the hatcher cabinet.
Experiment 2

A test formulation was evaluated for effect within hatch-
ers and measured against control hatchers. Breeder flocks
were stratified so that incoming bacterial load was a con-
trolled factor. All hatchers were in a common hatcher hall
and were of the same type. Control hatcher was not treated
with probiotic but was treated with formaldehyde. The
treatment group was three applications of dry bacillus spores
(DBS) plus three doses of aqueous lactic acid bacteria
solution and was compared to control (formaldehyde
treated) hatchers. The Bacillus spores were produced sepa-
rately in a solid state media, dried, ground, then enumerated.
The spores were given in a 5:5:1 ratio of NP122:B2:
AMO0904 respectively. The lactic acid bacteria (TYO036,
MFF109, and FM18) were grown separately in a broth
fermentation, centrifuged, lyophilized, ground, and then
enumerated. Each strain was included in equal amounts. The
three doses supplied 1x10° spores per bird and 1x10” cfu of
lactic acid bacteria per bird over the treatment period. To
measure non-selective recovery, 6 plates of tryptic soy agar
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were placed into the hatchers for a period of 5 minutes at
each of the following points: transfer, 50% pip, 20% hatch,
50% hatch, and 75% hatch. To measure gram negative
bacteria, 6 plates of MacConkey agar were placed into the
hatchers for a period of 5 minutes at each of the following
points: transfer, 50% pip, 20% hatch, 50% hatch, and 75%
hatch. To measure lactic acid bacteria, 6 plates of MRS agar
were placed into the hatchers for a period of 5 minutes at
each of the following points: transfer, 50% pip, 20% hatch,
50% hatch, and 75% hatch. For all plate types, the plates
were incubated for 24 hours at 37° C.The treatments were
given at transfer, 20% hatch, and 50% hatch. Total aerobic
plate counts were higher at all time points FIG. 4. The
predominant colony morphology of the treated group was
Bacillus. Lactic acid bacteria counts were also higher at all
time points FIG. 5. Gram negative bacteria were also higher
at all time points in the treated hatchers FIG. 6. These results
indicate that the beneficial bacteria supplied by the formu-
lation were present and in higher amounts in the treated as
compared to the control groups. While the amount of gram
negative bacteria was also higher in the treatment groups,
the increase was less than 0.5 log10 cfu. This was compared
to a harsh chemical, formaldehyde. This indicates that this
formulation may be an effective alternative to formaldehyde
at reducing the bacterial bloom within the hatcher cabinet.

Example 3

Testing of Bacterial Formulation for Performance
Improvements in Broiler Chickens

The bacterial formulation, comprised of three Bacillius
isolates (AM0904,N P122), in a dry powder formulation
were combined with three strains of lactic acid bacteria
(FM18, TY036, and MFF109) also in a dry powder form.
The formulation was administered at transfer, 20% hatch,
and 50% hatch, and 75% hatch via a mechanical pneumatic
dispenser. The four doses supplied 1x10° spores per bird and
1x107 cfun of lactic acid bacteria per bird over the treatment
period. The Bacillus spores were produced separately in a
solid state media, dried, ground, then enumerated. The
spores were given in a 5:5:1 ratio of NP122:B2:AM0904
respectively. The lactic acid bacteria (Y036, MFF109, and
FM18) were grown separately in a broth fermentation,
centrifuged, lyophilized, ground, and them enumerated.
Each strain was included in equal amounts. The powder was
applied into the ventilation system of the hatcher and the stir
fans were used to distribute the beneficial bacteria from the
formulation around the hatcher cabinet. Breeder flocks were
randomized between the treated and control groups to con-
trol for incoming bacterial load and egg size. A single
hatcher hallway was divided between control and treated
groups to control for hatcher environment. Further contract
commercial farms were divided between control and treated
groups to control for growout house(barn) environment and
management. A total 16 houses (400,000 broilers) were
evaluated (8 treated and 8 control houses). Seven day body
weights and mortality were measured. In each house, treated
or control, at least 400 chicks were weighed in 10 bird lots.
Chicks were taken from different points within the house to
reduce sampling error. Seven day mortality was taken from
records maintained for wach barn by the flock manager.
Treated groups had improved 7 day body weight and
improved 7 day mortality FIG. 7. Body weight and livability
at sale of the flocks were also improved in the treatment
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groups FIG. 8. Feed conversion of the treated flocks was 7
points higher FIG. 9. End of flocks data was reported by the
broiler integrator using their methods of data collection.
These results indicate that the bacterial formulation
improved performance at both 7 days at the end of the flock.
Body weight and livability showed continued divergence
from 7 days to the end of the flock. The 7 points of feed
conversion improvement showed a 3.5% improvement uti-
lization of feed, the major cost of growing broilers and an
indicator of flock health and performance.

Example 4

Testing of Bacterial Formulation Treated Chicks for
Thermotolerant Spores, Presumptive Lactic Acid
Bacteria (LAB) and Gram-Negative Bacteria

Guts from chicks treated with either the bacterial formu-
lation of example 3 or formaldehyde were tested for ther-
motolerant spores, presumptive Lactic Acid Bacteria (LAB)
and Gram-negative bacteria.

Materials and Methods

Directly prior to chick removal from the hatchers twelve

birds per treatment group were removed from the hatcher.
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Birds were transported (~1 h) to an appropriate research
facility and humanely euthanized by CO, asphyxiation. Gut
packs containing duodenum, ileum, and ceca were asepti-
cally removed and separately homogenized. Gut samples
were diluted in sterile saline at a 1:4 wt/vol rate. Ten-fold
dilutions were made by placing 200 pl of the sample (N) into
the first row of a sterile 96-well plate and sequentially
diluting by transferring 20 pl to 180 pl sterile saline to the
1077 dilution. The dilutions (N to 10~7) were plated by 10 ul
drop onto both MRS agar and MacConkey’s agar. For
Trypticase soy agar (TSA) plating, the gut samples were
Pasteurized at 80° C. for 10 min before transferring 200 pl
into a 96 well plate. The rest of the dilutions and plating
methods were the same as the MRS and MacConkey’s agar.
Agar plates were counted after 24 h of incubation at 37° C.

Results and Discussion

A marked increase in thermotolerant spores was found in
the GIT of chicks treated with the bacterial formulation as
shown in table 2. The abnormally high counts in Exp 1 were
due to the samples not being pasteurized prior to dilution and
plating. Subsequent experiments included a pasteurization
step.

TABLE 2

Average enumeration (Log,, CFU/g) of thermotolerant spore counts in day of hatch
(DOH) commercial broiler chicks. Averages are based on n = 12 and shown with = Std Err.

Tryptic Soy Agar (TSA) (Pasteurized; Spore count)

Treatment Group Exp 1 Exp 2 Exp 3 Exp 4 Exp 5
Formaldehyde 895 +£0.2 134+048 0.69+036 04403 0=x0
Bacterial 8.22£04 5.3 £0.15% 5.83 £0.18% 5.01 £0.17* 537 £ 0.17*
formulation

*denotes significant difference (p < 0.05) between formaldehyde and bacterial formulation groups
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The number of presumptive Lactic Acid Bacteria (LAB)
isolated from the GIT of chicks treated with either formal-
dehyde or the bacterial formulation were counted and are
shown in table 3. With the exception of Exp 5, all experi-
ments showed a decrease in the number of LABs recovered
from the chick GIT compared to formaldehyde treated
chicks. One hypothesis for this observation is that the two
Pedicoccus acidilactici strains in the bacterial formulation
product were selected to outcompete other LAB isolates and
may be inhibiting the growth and colonization of other

o wild-type LABs, reducing the overall number of LABs

present. This trend was not seen in Exp 5, though the
unusually low number of LABs seen in the formaldehyde
group likely contributed to this result.

TABLE 3

Average enumeration (Log;, CFU/g) of presumptive Lactic Acid bacteria counts in

DOH commercial broiler chicks. Averages are based on n = 12 and shown with = Std Err.

Mann-Rogosa-Sharp (MRS) Agar (Presumptive LAB count)

Treatment Group Exp 1 Exp 2 Exp 3 Exp 4 Exp 5
Formaldehyde 779 £ 0.17 7.26 £+ 0.34  6.26 + 0.83 51099 2.85=x0.96
Bacterial 6.77 £ 0.56 2.88 £0.79* 4.64 £0.78 3.86 093 4.82 =0.77
formulation

*denotes significant difference (p < 0.05) between formaldehyde and bacterial formulation groups
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The number of Gram-negative bacteria, which are con-
sidered to be either pathogenic or non-beneficial to the host,
were isolated is shown in Table 4. In all but Exp 5, the
number of Gram-negative bacteria was shown to be lower in
the bacterial formulation-treated birds than the formalde-
hyde treated chicks. All of the probiotic isolates in the
bacterial formulation have been shown to have an inhibitory
effect against common Gram-negative isolates. In Exp 5 the
Gram-negative bacteria counts were the same between the

40

formaldehyde and the bacterial formulation groups, though
the overall numbers for both groups were very low. It is
likely that the bacterial formulation is only capable of
reducing Gram-negative bacteria numbers down to a certain
level, as very low levels result in low bacterial densities in
the gut, making it less likely that the bacterial formulation
isolates and Gram-negative bacteria will be in direct com-
petition.

TABLE 4

Average enumeration (Log,;, CFU/g) of presumptive Gram-negative bacteria counts
in DOH commercial broiler chicks. Averages are based on n = 12 and shown with = Std Err.

MacConkey’s agar (Gram-negative count)

Treatment Group Exp 1 Exp 2 Exp 3 Exp 4 Exp 5
Formaldehyde 8.39 £ 0.19 6.56 + 0.83 39093 495099 2.84 092
Bacterial 5.79 £ 0.91* 2.6 £0.83% 1.32£0.7* 3.14+1.02 295=1.1
formulation

*denotes significant difference (p < 0.05) between formaldehyde and bacterial formulation groups

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 6

<210> SEQ ID NO 1

<211> LENGTH: 1447

<212> TYPE: DNA

<213> ORGANISM: Pediococcus acidilactici

<400> SEQUENCE: 1

agacggctag ctectaaaag gttaccccac cggetttggg tgttacaaac tctcatggtyg 60
tgacgggegy tgtgtacaag gecegggaac gtattcaceg cggcatgetg atccgegatt 120
actagcgatt ccgacttegt gtaggegagt tgcagectac agtccgaact gagaatggtt 180
ttaagagatt agctaaacct cgeggttteg cgactegttg taccatccat tgtagcacgt 240
gtgtagccca ggtcataagg ggcatgatga tttgacgteg tececcacctt ccteeggttt 300
gtcaccggca gtctcactag agtgcccaac tgaatgetgg caactagtaa taagggttge 360
getegttgeg ggacttaacce caacatctca cgacacgage tgacgacaac catgcaccac 420
ctgtcattet gtecccgaag ggaacgcecta atctettagg ttggcagaag atgtcaagac 480
ctggtaaggt tcttegegta gettcgaatt aaaccacatg ctccaccget tgtgegggece 540
ccegteaatt cttttgagtt tcaaccttge ggtegtacte cccaggcgga ttacttaatg 600
cgttagetge agcactgaag ggcggaaace ctecaacact tagtaatcat cgtttacgge 660
atggactacc agggtatcta atcetgtteg ctacccatge tttegagect cagegtcagt 720
tacagaccag acagccgect tegecactgg tgttettceca tatatctacg catttcaccg 780
ctacacatgg agttccactg tectcettetyg cactcaagte tceccagttte caatgcactt 840
ctteggttga gecgaagget ttcacattag acttaaaaga cegectgege tegetttacyg 900
cccaataaat cecggataacg cttgccacct acgtattacce geggetgetg gcacgtagtt 960

agccgtgget ttctggttaa ataccgtcac tgggtgaaca gttactctca cccacgttcet 1020

tctttaacaa cagagcttta cgagccgaaa cecttcettca ctcacgcgge gttgctcecat 1080

cagacttgcg tccattgtgg aagattccct actgctgect cccgtaggag tectgggecgt 1140

gtctcagtece caatgtggcce gattaccctce tcaggtcecgge tacgcatcat cgeccttggtg 1200

agccgttacce tcaccaacta gctaatgcge cgcegggtcecca tccagaagtg atagcagagce 1260



41

US 11,395,479 B2

-continued

42

catcttttaa aagaaaacca ggcggtttte tctgttatac ggtattagca tctgttteca

ggtgttatce cctgettetg ggcaggttac ccacgtgtta ctcaccegte cgecactcac

ttcgtgttaa aatctcatte agtgcaagca cgtcataatc aattaacgga agttegtteg

acttgca

<210> SEQ ID NO 2
<211> LENGTH: 1437

<212> TYPE:

DNA

<213> ORGANISM: Pediococcus acidilactici
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(18) ..

(18)

<223> OTHER INFORMATION: n is a,
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(1433)..(1433)

<223> OTHER INFORMATION: n is a,

<400> SEQUENCE: 2

ggctagcetee

gggeggtgtyg

gegattccga

gagattagcet

agcccaggte

ceggeagtet

gttgcgggac

cattctgtee

taaggttett

tcaattcttt

agctgcagea

actaccaggg

gaccagacag

acatggagtt

ggttgagccg

ataaatccgg

gtggetttet

taacaacaga

cttgegteca

cagtcccaat

gttacctcac

ttttaaaaga

ttatcceetyg

tgttaaaatc

taaaaggnta

tacaaggccc

cttegtgtag

aaacctegeg

ataaggggca

cactagagtg

ttaacccaac

ccgaagggaa

cgcegtagett

tgagtttcaa

ctgaagggcg

tatctaatcc

cegecttege

ccactgtect

aaggctttca

ataacgcttyg

ggttaaatac

getttacgag

ttgtggaaga

gtggccgatt

caactagcta

aaaccaggcg

cttetgggea

tcattcagtyg

<210> SEQ ID NO 3
<211> LENGTH: 708

<212> TYPE:

DNA

ccccacegge

gggaacgtat

gegagttgca

gtttcgegac

tgatgatttg

cccaactgaa

atctcacgac

cgcctaatcet

cgaattaaac

cecttgeggte

gaaaccctee

tgttcgctac

cactggtgtt

cttetgeact

cattagactt

ccacctacgt

cgtcactggyg

ccgaaaccct

ttcectactyg

acccteteag

atgcgeegeg

gttttetetyg

ggttacccac

caagcacgtce

tttgggtgtt

tcaccgegge

gectacagte

tcgttgtace

acgtcgtece

tgctggcaac

acgagctgac

cttaggttgyg

cacatgctee

gtactcccca

aacacttagt

ccatgettte

cttccatata

caagtctece

aaaagaccgc

attaccgegyg

tgaacagtta

tcttcactca

ctgecteceyg

gtceggetacy

ggtccatcca

ttatacggta

gtgttactca

ataatcaatt

<213> ORGANISM: Enterococcus faecium

acaaactctce

atgctgatce

cgaactgaga

atccattgta

caccttecte

tagtaataag

gacaaccatg

cagaagatgt

accgettgty

ggcggattac

aatcatcgtt

gagcctcage

tctacgcatt

agtttccaat

ctgegetege

ctgetggeac

ctctcaccca

cgcggegttyg

taggagtctyg

catcatcgee

gaagtgatag

ttagcatctyg

ccegtecgee

aacggaagtt

atggtgtgac

gcgattacta

atggttttaa

gcacgtgtgt

cggtttgtca

ggttgegete

caccacctgt

caagacctygg

cgggeececyg

ttaatgegtt

tacggcatgyg

gtcagttaca

tcaccgctac

gecacttette

tttacgceca

gtagttagce

cgttettett

ctccatcaga

ggcegtgtet

ttggtgagee

cagagccatce

tttccaggty

actcacttcg

cgntcga

1320

1380

1440

1447

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1437
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<400> SEQUENCE: 3
tccatatate tacgcatttc accgtgaget cgecattccac tctectette tgcactcaag 60
tcteecaget ccaatgacce tccceggttyg ageceggggge tttcacatca gacttaagaa 120
accgectgeg ctegetttac geccaatema tecggacaac gettgccace tacgtattac 180
cgeggetget ggcacgtagt tagccgtgge tttetggtta gataccgtca agggatgaac 240
agttactcte atccttgttce ttctctaaca acagagtttt acgatccgaa aaccttette 300
actcacgcegg ygttgetegg tcagacttte gtecattgec gaagattcece tactgetgece 360
tcecegtagga gtttgggeceg tgtctcagty ccaatgttky cgatcacccet ctcaggtcegg 420
ctatkttwtt ktggecttgg tgagcegtta cctcaccaac tagctaatge accgegggte 480
catccatcag cgacacccga aagcgecttt caaatcaaaa ccatgeggtt tcgattgtta 540
tacggtatta gcacctgttt ccaagtgtta tccccttetyg atgggcaggt tacccacgtg 600
ttactcacce gttegecact cctettttte cggtggagea agetccegrtyg gaaaaagaag 660
cgttcgactt gcatgtatta ggcacgccge cagecgttegt cctgagcece 708
<210> SEQ ID NO 4
<211> LENGTH: 1422
<212> TYPE: DNA
<213> ORGANISM: Bacillus amyloliquefaciens
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (17)..(17)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<400> SEQUENCE: 4
tteggegget ggcteentaa aggttaccte accgactteg ggtgttacaa actctegtgg 60
tgtgacgggce ggtgtgtaca aggcccggga acgtattcac cgeggcatge tgatccgcga 120
ttactagcga ttccagettce acgcagtcga gttgcagact gegatccgaa ctgagaacag 180
atttgtggga ttggcttaac ctcgecggttt cgetgcectt tgttectgtee attgtagcac 240
gtgtgtagece caggtcataa ggggcatgat gatttgacgt catccccacc ttectceggt 300
ttgtcaccgg cagtcacctt agagtgecca actgaatget ggcaactaag atcaagggtt 360
gegetegttyg cgggacttaa cccaacatct cacgacacga gctgacgaca accatgcacce 420
acctgtcact ctgcccccga aggggacgte ctatctctag gattgtcaga ggatgtcaag 480
acctggtaag gttcettegeg ttgcttegaa ttaaaccaca tgctccacceyg cttgtgeggg 540
ccecegtcaa ttectttgag tttcagtett gegaccgtac tecccaggeyg gagtgcettaa 600
tgegttaget gcagcactaa ggggcggaaa ccccctaaca cttagcactce atcgtttacg 660
gegtggacta ccagggtatce taatcctgtt cgctceccac getttegete ctcagegtca 720
gttacagacc agagagtcgce cttegecact ggtgttecte cacatctcta cgecatttcac 780
cgctacacgt ggaattccac tctectette tgecactcaag ttececcagtt tccaatgace 840
cteceeggtt gageeggggg ctttcacatce agacttaaga aaccgectge gageccttta 900
cgcccaataa ttccggacaa cgcttgecac ctacgtatta cegeggetge tggcacgtag 960
ttagcegtgg ctttetggtt aggtaccgte aaggtgccge cctatttgaa cggcacttgt 1020
tcttecectaa caacagagcect ttacgatccg aaaaccttca tcactcacge ggcgttgetce 1080
cgtcagactt tcgtccattg cggaagattc cctactgcetg cctcecccgtag gagtcectgggce 1140
cgtgtctcag tcccagtgtyg gecgatcace ctcectcaggte ggctacgcat cgtcecgecttg 1200
gtgagccgtt acctcaccaa ctagctaatg cgccgegggt ccatctgtaa gtggtagecyg 1260
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aagccacctt ttatgtctga accatgeggt tcagacaacc atceggtatt agecceggtt

tcceggagtt atcccagtet tacaggcagg ttacccacgt gttactcace cgtcegecge

taacatcagg gagcaagcte ccatctgtec getcgacttg ca

<210> SEQ ID NO 5
<211> LENGTH: 1421

<212> TYPE:

DNA

<213> ORGANISM: Bacillus amyloliquefaciens
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(1405) .. (1405)

<223> OTHER INFORMATION: n is a,

<400> SEQUENCE: 5

tgcagtcgag

cacgtgggta

tggttgttty

gaccegegge

cgacctgaga

gcagcagtag

atgaaggttt

ggcggcacct

gtaatacgta

ttettaagte

acttgagtge

ggaggaacac

cgtggggage

gtgttagggg

agtacggtcg

atgtggttta

cctagagata

ctegtgtegt

cagcattcag

gacgtcaaat

aaagggcagce

cagtctgcaa

ggtgaatacyg

ccgaagtegyg

cggacagatg
acctgectgt
aaccgcatgg
gcattagcta
gggtgatcgg
ggaatcttee
tcggategta
tgacggtacc
ggtggcaage
tgatgtgaaa
agaagaggag
cagtggcgaa
gaacaggatt
gtttcegece
caagactgaa
attcgaagca
ggacgtccce
gagatgttgg
ttgggcactce
catcatgeee
gaaaccgcga
ctcgactgeg
ttcecegggec

tgaggtaacc

<210> SEQ ID NO 6
<211> LENGTH: 1421

<212> TYPE:

DNA

ggagcttget

aagactggga

ttcagacata

gttggtgagg

ccacactggyg

gcaatggacyg

aagctetgtt

taaccagaaa

gttgtcegga

gececegget

agtggaattc

ggcgactete

agataccctyg

cttagtgetyg

actcaaagga

acgcgaagaa

ttcgggggca

gttaagtcce

taaggtgact

cttatgacct

ggttaagcca

tgaagctgga

ttgtacacac

tttanggagc

ccctgatgtt ageggeggac

taactccggyg aaaccggggce

aaaggtggct tcggctacca

taacggctca ccaaggcgac

actgagacac ggcccagact

aaagtctgac ggagcaacgce

gttagggaag aacaagtgcc

gccacggeta actacgtgece

attattgggc gtaaagggct

caaccgggga gggtcattgg

cacgtgtage ggtgaaatge

tggtctgtaa ctgacgctga

gtagtccacg ccgtaaacga

cagctaacge attaagcact

attgacgggyg gcccgcacaa

ccttaccagyg tcttgacatce

gagtgacagg tggtgcatgg

gcaacgagceg caacccttga

gecggtgaca aaccggagga

gggctacaca cgtgctacaa

atcccacaaa tctgttctca

atcgctagta atcgcggatce

cgcecegteac accacgagag

cagccgecga a

<213> ORGANISM: Bacillus amyloliquefaciens
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(le) ..

(16)

<223> OTHER INFORMATION: n is a,
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(1417) .. (1417)

<223> OTHER INFORMATION: n is a,

¢, g, or t

¢, g, or t

gggtgagtaa
taataccgga
cttacagatg
gatgcgtage
cctacgggayg
cgegtgagty
gttcaaatag
agcagccgeg
cgcaggeggt
aaactgggga
gtagagatgt
ggagcgaaag
tgagtgctaa
cegectggygy
geggtggage
ctctgacaat
ttgtcgtcag
tettagttge
aggtggggat
tggacagaac
gtteggateg
agcatgcege

tttgtaacac

1320

1380

1422

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1421
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-continued

<400> SEQUENCE: 6

tecggeggetyg gceteentaaa ggttacctca cegacttegg gtgttacaaa ctcetegtggt 60
gtgacgggeyg gtgtgtacaa ggcccgggaa cgtattcacce geggcatget gatccgcegat 120
tactagcgat tccagcttca cgcagtcgag ttgcagactyg cgatccgaac tgagaacaga 180
tttgtgggat tggcttaacc tcgcggtttce gctgeccettt gttcectgtcca ttgtagcacg 240
tgtgtagcce aggtcataag gggcatgatg atttgacgte atccccacct tccteeggtt 300
tgtcaccgge agtcacctta gagtgcccaa ctgaatgetyg gcaactaaga tcaagggttg 360
cgetegttge gggacttaac ccaacatctce acgacacgag ctgacgacaa ccatgcacca 420
cctgtecacte tgccecccgaa ggggacgtece tatctctagg attgtcagag gatgtcaaga 480
cctggtaagg ttcettegegt tgcttcgaat taaaccacat getcecaccge ttgtgeggge 540
cceegtcaat tectttgagt ttcagtettg cgaccgtact ccececcaggegyg agtgcettaat 600
gegttagetyg cagcactaag gggcggaaac cccctaacac ttagcactca tegtttacgg 660
cgtggactac cagggtatct aatcctgtte getccccacyg ctttegetece tcagegtcag 720
ttacagacca gagagtcgcce ttcgccactg gtgttcectece acatctctac gcatttcace 780
gctacacgtyg gaattccact ctcctettet gecactcaagt tecccagttt ccaatgaccce 840
tceceggttyg ageeggggge tttcacatca gacttaagaa accgectgeg agcecctttac 900
geecaataat tccggacaac gcttgecace tacgtattac cgeggetget ggcacgtagt 960
tagcecgtgge tttcetggtta ggtaccgtca aggtgccgece ctatttgaac ggcacttgtt 1020
cttcectaac aacagagcett tacgatccga aaaccttcecat cactcacgeg gegttgctcece 1080
gtcagacttt cgtccattgc ggaagattcc ctactgctge ctecccecgtagg agtetgggece 1140
gtgtctcagt cccagtgtgg ccgatcaccce tctcaggteg gectacgcatce gtegecttgg 1200
tgagccgtta cctcaccaac tagctaatgce gccgcgggte catctgtaag tggtagccga 1260
agccaccttt tatgtctgaa ccatgcggtt cagacaacca tccggtatta gecccecggttt 1320
cceggagtta tcccagtett acaggcaggt tacccacgtg ttactcacce gteccgecget 1380
aacatcaggg agcaagctcc catctgtccg ctcgacntge a 1421

The invention claimed is:

1. A composition comprising a silicate flow aid, one or
more Bacillus strains and one or more lactic acid bacteria
strains, wherein:

the one or more Bacillus strains comprise one or more of

Bacillus  amyloliquefaciens ~ AMO0904,  Bacillus
amyloliquefaciens NP122 and Bacillus amyloliquefa-
ciens B2, and/or

the one or more lactic acid bacteria strains comprise one

or more of Pediococcus acidilactici FM18, Pediococ-
cus acidilactici 'TY036 and Enterococcus faecium
MFF109.

2. The composition of claim 1, comprising one or more of
Bacillus amyloliquefaciens AM0904, Bacillus amylolique-
faciens NP122 and Bacillus amyloliquefaciens B2.

3. The composition of claim 1, comprising one or more of
Pediococcus acidilactici FM18, Pediococcus acidilactici
TYO036 and Enterococcus faecium MFF109.

4. The composition of claim 1, comprising:

one or more of Bacillus amyloliquefaciens AM0904,
Bacillus  amyloliquefaciens NP122 and Bacillus
amyloliquefaciens B2, and
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one or more of Pediococcus acidilactici FM18, Pedio-
coccus acidilactici TY036 and Enterococcus faecium
MFF109.

5. The composition of claim 1, comprising at least two of
Bacillus amyloliquefaciens AM0904, Bacillus amylolique-
faciens NP122 and Bacillus amyloliquefaciens B2.

6. The composition of claim 1, comprising at least two of
Pediococcus acidilactici FM18, Pediococcus acidilactici
TYO036 and Enterococcus faecium MFF109.

7. The composition of claim 1, comprising:

at least two of Bacillus amyloliquefaciens AMO0904,

Bacillus  amyloliquefaciens NP122 and Bacillus
amyloliquefaciens B2, and

at least two of Pediococcus acidilactici FM18, Pediococ-

cus acidilactici 'TY036 and Enterococcus faecium
MFF109.

8. The composition of claim 1, comprising Bacillus
amyloliquefaciens AMO0904, Bacillus amyloliquefaciens
NP122 and Bacillus amyloliquefaciens B2.

9. The composition of claim 1, comprising Pediococcus
acidilactici FM18, Pediococcus acidilactici TY036 and
Enterococcus faecium MFF109.

10. The composition of claim 1, comprising Bacillus
amyloliquefaciens AM0904, Bacillus amyloliquefaciens NP
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122, Bacillus amyloliquefaciens B2, Pediococcus acidilac-
tici FM18, Pediococcus acidilactici TY036 and Enterococ-
cus faecium MFF109.

11. The composition of claim 1, wherein said composition
is a powder formulation.

12. A method comprising contacting a poultry egg with
the composition of claim 1.

13. A method comprising contacting a poultry egg with
the composition of claim 4.

14. A method comprising contacting a poultry egg with
the composition of claim 7.

15. A method comprising contacting a poultry egg with
the composition of claim 10.

16. A method comprising introducing the composition of
claim 1 into a poultry hatcher cabinet.

17. A method comprising introducing the composition of
claim 4 into a poultry hatcher cabinet.

18. A method comprising introducing the composition of
claim 7 into a poultry hatcher cabinet.

19. A method comprising introducing the composition of
claim 10 into a poultry hatcher cabinet.

20. A method comprising contacting a poultry egg and/or
a poultry hatcher cabinet with a powder formulation com-
prising a silicate flow aid, Bacillus amyloliquefaciens
AMO904, Bacillus amyloliquefaciens NP122, Bacillus
amyloliquefaciens B2, Pediococcus acidilactici FM18,
Pediococcus acidilactici TY036 and Enterococcus faecium
MFF109.
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