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Provided are a Bacillus subtilis CJBS303 strain and use thereof. Also, provided are a strain having an effect of reducing livestock
manure-derived odors, a composition and a microbial preparation, each including the strain, and a feed composition including the
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ABSTRACT

Provided are a Bacillus subtilis CJBS303 strain and use thereof. Also,
provided are a strain having an effect of reducing livestock manure-derived odors, a
composition and a microbial preparation, each including the strain, and a feed

composition including the composition.
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BACILLUS SUBTILIS CJBS303 AND COMPOSITION COMPRISING SAME

TECHNICAL FIELD

[0001] The present disclosure relates to Bacillus subtilis CJBS303 having an effect of

reducing livestock manure-derived odors, and a composition including the same.

BACKGROUND ART

[0002] Recently, odors generated in livestock farms have become a major social
problem resulting in an increase in the incidence of complaints in surrounding
villages and the occurrence of diseases, as well as environmental pollution. The
main cause of odors in livestock farms is gases produced by anaerobic fermentation
during production of livestock manure and storage and handling of livestock manure.
Accordingly, the Korea Ministry of Environment and the Korea Pork Producers
Association designated 12 odorous compounds, including ammonia, methyl
mercaptan, hydrogen sulfide, etc., and designated the final 22 odorous compounds
and established emission standards in 2010. In addition, the Korea Pork Producers
Association proposed odor management standards for livestock farms, based on the
results of analyzing 133 farms for two years from 2015 to 2016, and as one of the
standards, a dilution factor of complex odor in the farm is required to be managed at
1000-fold or less. Here, complex odor refers to odor that stimulates a person's sense
of smell and gives discomfort and disgust while two or more odor compounds are
present in combination.

[0003] Ammonia (NHs), which is one of the typical harmful gases and odor

compounds in a pig pen, is a colorless, irritating, circulating gas that is detectable
even at relatively low concentrations. Ammonia is known to be produced during the
process of deamination of amino acids. Another source of ammonia includes urea
and nitric acid. Ammonia gas irritates wet body tissues, causing workers' eyes to
sting and causing congestion of pigs' eyes. According to research data on swine
productivity depending on ammonia concentrations in a pig pen, when ammonia is

over 50 ppm, about 12% of growth retardation occurs in piglets, and when ammonia
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is at 100 ppm to 150 ppm, 30% of pigs show growth inhibition and symptoms of
respiratory diseases.

[0004] Other major odorous gases include volatile sulfur compounds, including
hydrogen sulfide (H2S), methyl mercaptan (CHsSH), etc. These volatile sulfur
compounds are produced by reduction of sulfates and metabolism of amino acids
containing sulfur. Hydrogen sulfide is a toxic gas, and is heavier than air, and thus
settles to the surface of slurry in a pig pen. Hydrogen sulfide causes headaches,
dizziness and nausea in workers, and causes loss of appetite and respiratory
diseases in pigs. In addition, odorous gases of livestock farms include indoles and
phenols such as indole, skatole, p-cresol, etc., and volatile fatty acids (VOCs) such
as propionic acid, butyric acid, acetic acid, etc. There is a need to develop a
technology capable of reducing generation of these odorous gases.

[0005] In view of this technical background, there have been many efforts to reduce
odors generated in livestock farms, and as a result, a strain of the genus Bacillus
capable of remarkably reducing odorous gases such as ammonia, hydrogen sulfide,
etc. derived from livestock manure was isolated and identified. Based on this, the
present disclosure has been completed.

[Prior Art Document]

[Patent Document]

[0006] (Patent Document 1) Korean Patent No. 10-1229865

DESCRIPTION OF EMBODIMENTS
TECHNICAL PROBLEM

[0007] An object of the present disclosure is to provide a Bacillus subtilis CJBS303
strain deposited with the Accession No. KCCM12435P.

[0008] Another object of the present disclosure is to provide a composition including
the Bacillus subtilis CJBS303 strain, a culture of the strain, a concentrate of the
culture, or a dry product of the concentrate.

[0009] Still another object of the present disclosure is to provide a feed composition
including the composition.

[0010] Still another object of the present disclosure is to provide a microbial

preparation for removing livestock odors, the microbial preparation including the
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Bacillus subtilis CJBS303 strain.

[0011] Still another object of the present disclosure is to provide a method of
reducing odors from manure of an individual, the method including administering, to
the individual, the Bacillus subtilis CJBS303 strain, the composition, or the microbial
preparation.

[0012] Still another object of the present disclosure is to provide a method of
preparing the microbial preparation, the method including culturing the Bacillus
subtilis CJBS303 strain deposited with the Accession No. KCCM12435P; and mixing
the recovered strain with an additive.

[0013] Other objects and advantages of the present disclosure will become more
fully apparent from the following detailed description of the embodiments, the
appended claims and the accompanying drawings. Since contents that are not
described in the present specification may be sufficiently recognized and inferred by

those skilled in the art or similar art, a description thereof will be omitted.

SOLUTION TO PROBLEM

[0014] Each description and embodiment disclosed in this disclosure may also be
applied to other descriptions and embodiments. That is, all combinations of various
elements disclosed in this disclosure fall within the scope of the present disclosure.
Further, the scope of the present disclosure is not limited by the specific description
described below.

[0015] An aspect of the present disclosure provides a Bacillus subtilis CJBS303
strain deposited with the Accession No. KCCM12435P.

[0016] The strain may have an effect of reducing livestock manure-derived odors.
For example, the strain may reduce a level of at least one odorous gas selected from
the group consisting of ammonia, hydrogen sulfide, methyl mercaptan, indoles,
phenols, and volatile fatty acids (VOCs).

[0017] As used herein, the term "livestock manure-derived odors" may be used
interchangeably with "odors derived from livestock manure" or "odors derived from
domestic animal manure". The odors may be generated from odorous gases derived
from livestock manure, for example, odorous gases by anaerobic fermentation during

treatment of livestock manure.
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[0018] According to one exemplary embodiment, a CJBS303 strain with the highest
ammonia consumption rate was selected from a total of 456 strains which were
isolated from samples such as soybean paste, red pepper paste, blocks of
fermented soybeans, etc., which are traditional Korean sauces. Sequence analysis
of 16s rDNA of the selected strain was performed to identify a nucleotide sequence
of SEQ ID NO: 1, which shows 99% homology with Bacillus subtilis. Therefore, the
strain was named Bacillus subtilis CJBS303, and the Bacillus subtilis CJBS303 strain
was deposited in the Korean Culture Center of Microorganisms on February 13,
2019, with the Accession No. KCCM12435P.

[0019] In one specific embodiment, the Bacillus subtilis CJBS303 strain may reduce
levels of odorous gases derived from livestock manure. The odorous gases may
include ammonia; hydrogen sulfide; methyl mercaptan; indoles and phenols such as
indole, skatole, p-cresol, etc.; and volatile fatty acids (VOCs) such as propionic acid,
butyric acid, acetic acid, etc., and may be, for example, at least one odorous gas
selected from the group consisting of ammonia, hydrogen sulfide, methyl mercaptan,
indoles, phenols, volatile fatty acids.

[0020] According to one exemplary embodiment, it was confirmed that addition of the
Bacillus subtilis CJBS303 strain reduced levels of ammonia derived from a pig fecal
slurry, and feeding of the strain also reduced levels of ammonia and hydrogen
sulfide derived from manure. Therefore, the present disclosure may provide a novel
strain having an effect of reducing odors derived from livestock manure.

[0021] Another aspect of the present disclosure provides a composition including the
Bacillus subtilis CJBS303 strain, a culture of the strain, a concentrate of the culture,
or a dry product of the concentrate.

[0022] The Bacillus subtilis CJBS303 strain is the same as described above.

[0023] In one specific embodiment, the culture of the Bacillus subtilis CJBS303 strain
may be prepared by seeding the strain in a medium for microbial culture according to
a method of culturing a microorganism known in the art (e.g., stationary culture,
agitating culture). Further, the concentrate of the strain culture and the dry product
thereof may also be easily prepared according to a method of treating, concentrating,
or drying a microorganism or a culture, which is known in the art.

[0024] According to one exemplary embodiment, the feeding of the Bacillus subtilis

CJBS303 strain may reduce levels of ammonia and hydrogen sulfide derived from
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manure, thereby contributing to improvement of the livestock environment and
improvement of livestock productivity. Accordingly, the Bacillus subtilis CJBS303
strain, the culture of the strain, the concentrate of the culture, or the dry product of
the concentrate may be included in the composition, thereby being applied as a feed
additive.

[0025] The composition of the present disclosure may be prepared in the form of a
powder or granules, and as needed, the composition may further include any one or
one or more of organic acids such as citric acid, humalic acid, adipic acid, lactic acid,
malic acid, etc., phosphates such as sodium phosphate, potassium phosphate,
acidic pyrophosphates, polyphosphates, etc., and natural antioxidants such as
polyphenols, catechins, alpha-tocopherols, rosemary extracts, vitamin C, green tea
extracts, licorice extracts, chitosan, tannic acid, phytic acid, etc.

[0026] The composition of the present disclosure may further include crops, for
example, crushed or shredded wheat, oats, barley, corn, and rice; vegetable protein
feeds, for example, feeds mainly consisting of rape, soybean, and sunflower; animal
protein feeds, for example, blood meal, meat meal, bone meal, and fish meal; and
sugar and dairy products, for example, various dry ingredients consisting of milk
powder and whey powder, and may further include nutritional supplements,
digestibility- and absorption-promoters, growth promoters, etc.

[0027] The composition of the present disclosure may be administered to animals
individually or in combination with other additives selected from edible carriers.
Further, the composition may be topdressing, may be directly mixed with feeds or
may be easily administered to animals as oral dosage forms separately from animal
feeds. When administered separately from feeds, the composition may be combined
with pharmaceutically acceptable edible carriers and prepared into immediate-
release formulations or sustained-release formulations, as well known in the art. The
edible carriers may be a solid or a liquid, for example, corn starch, lactose, sucrose,
soy flake, peanut oil, olive oil, sesame oil, and propylene glycol. When solid carriers
are used, the composition may be in the form of a tablet, a capsule, a powder, a
troche, or a lozenge, or may be a not-dispersed topdressing. When liquid carriers are
used, the composition may be a formulation of soft gelatin capsule, syrup,
suspension, emulsion, or solution.

[0028] The composition of the present disclosure may include, for example, a
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preservative, a stabilizer, a wetting agent, an emulsifier, a liquefying agent, a
cryoprotectant, an excipient, etc. The cryoprotectant may be one or more selected
from the group consisting of glycerol, trehalose, maltodextrin, skim milk, and starch.
[0029] The preservative, the stabilizer, or the excipient may be included in an
effective amount sufficient to reduce deterioration of the Bacillus subtilis CJBS303
strain which is included in the composition. Further, the cryoprotectant may be
included in the composition in an effective amount sufficient to reduce deterioration
of the Bacillus subtilis CJBS303 strain which is included in the composition, when the
composition is in a dry state.

[0030] The composition may be added to animal feeds by means of dipping,
spraying or mixing for use.

[0031] The composition of the present disclosure may be applied to a diet for various
animals such as mammals and poultry. The mammals may include pigs, cows,
sheep, goats, laboratory rodents, pets (e.g., dogs, cats), etc., and the poultry may
include chickens, turkeys, ducks, geese, pheasant, quail, etc.

[0032] Still another aspect of the present disclosure provides a feed composition
including the composition.

[0033] The feed composition of the present disclosure may be formulated in a
common feed form, and may include common feed ingredients.

[0034] As used herein, the term "feed composition" refers to a feed that is fed to
animals. The feed composition refers to a material that supplies organic or inorganic
nutrients needed to maintain animals’ life or to produce meat or milk. The feed
composition may further include nutrients needed to maintain animals’ life or to
produce meat or milk.

[0035] The content of the composition including the Bacillus subtilis CJBS303 strain,
the culture of the strain, the concentrate of the culture, or the dry product of the
concentrate included in the feed composition of the present disclosure may be
appropriately adjusted according to the type and age of the livestock, the type of
application, the desired effect, etc., and the composition may be used, for example,
in an amount of 0.01%(w/w) to 1%(w/w), 0.01%(w/w) to 0.5 %(w/w), or 0.15%(w/w)
to 0.5 %(w/w).

[0036] In one specific embodiment, the feed composition of the present disclosure
may include the Bacillus subtilis CJBS303 strain in an amount of 1.0x107 cfu/kg to
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1.0x10" cfu/kg, based on the total weight of the composition. The content of the
strain may be 1.0x107 cfu/kg to 5.0x10'° cfu/kg, 1.0x107 cfu/kg to 1.0x10'° cfu/kg,
1.0x107 cfu/kg to 5.0x10° cfu/kg, 1.0x107 cfu/kg to 1.0x10° cfu/kg, 1.0x107 cfu/kg to
5.0x108 cfu/kg, 1.0x107 cfu/kg to 1.0x108 cfu/kg, 1.0x107 cfu/kg to 5.0x107 cfu/kg,
1.0x108 cfu/kg to 5.0x10"° cfu/kg, 1.0x108 cfu/kg to 1.0x10"° cfu/kg, 1.0x108 cfu/kg
to 5.0x10° cfu/kg, 1.0x108 cfu/kg to 1.0x10° cfu/kg, 1.0x108 cfu/kg to 5.0x108 cfu/kg,
1.0x10° cfu/kg to 5.0x10'° cfu/kg, 1.0x10° cfu/kg to 1.0x10"° cfu/kg, or 1.0x10°
cfu/kg to 5.0x10° cfu/kg, but may be appropriately adjusted according to the type and
age of the livestock, the type of application, the desired effect, etc.

[0037] The feed composition of the present disclosure may be mixed, for
administration, with one or more of organic acids such as citric acid, fumaric acid,
adipic acid, lactic acid, etc.; phosphates such as potassium phosphate, sodium
phosphate, polymerized phosphate, etc.; natural antioxidants such as polyphenols,
catechins, tocopherols, vitamin C, green tea extract, chitosan, tannic acid, etc., and
as needed, other common additives such as an anti-influenza agent, a buffer, a
bacteriostatic agent, etc. may be added. Further, the feed composition of the present
disclosure may also be formulated into injectable formulations such as an aqueous
solution, a suspension, an emulsion,

[0038] etc., capsules, granules, or tablets by additionally adding a diluent, a
dispersant, a surfactant, a binder, or a lubricant thereto. Further, the feed
composition of the present disclosure may include various kinds of auxiliary
substances such as amino acids, inorganic salts, vitamins, antioxidants, antifungal
agents, antimicrobial agents, etc., main ingredients such as plant-based protein
feeds such as pulverized or crushed wheat, barley, corn, etc., animal-based protein
feeds such as blood meal, meat meal, fish meal, etc., animal fat and vegetable oil,
as well as nutritional supplements, growth promoters, digestibility promoters, and a
prophylactic agent.

[0039] The feed composition of the present disclosure may be mixed in an amount of
about 10 g to about 500 g per 1 kg, for example, about 10 g to about 100 g per 1 kg,
based on the dry weight of a feed for livestock. After completely mixing, the feed
composition may be provided to a mesh or may be subjected to a pelletization,
expansion, or extrusion process through additional processes.

[0040] Still another aspect of the present disclosure provides a microbial preparation
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for removing livestock odors, the microbial preparation including the Bacillus subtilis
CJBS303 strain.

[0041] According to one exemplary embodiment, feeding of the Bacillus subtilis
CJBS303 strain may reduce levels of ammonia and hydrogen sulfide derived from
manure, and may significantly reduce levels of ammonia, hydrogen sulfide, methyl
mercaptan, volatile organic compounds, and complex odor in a pen. Therefore, the
strain of the present disclosure may be applied as a microbial preparation for
removing livestock odors.

[0042] In one specific embodiment, the microbial preparation of the present
disclosure may reduce levels of at least one odorous gas selected from the group
consisting of ammonia, hydrogen sulfide, methyl mercaptan, volatile fatty acids, and
combinations thereof.

[0043] In one specific embodiment, the microbial preparation of the present
disclosure may be in the form of a solid or a liquid prepared according to a method
known in the art. When the microbial preparation of the present disclosure is, for
example, in the form of a solid, the strain is attached to a carrier, and then dried to
the water content of 0.1% by weight to 10% by weight, based on the total weight of
the microbial preparation, and commercialized in the form of beads or in the form of
powder by pulverization. As the carrier, one or more selected from the group
consisting of powdered clays, activated carbon, coke, volcanic ashes, and
combustion ashes may be used, and the clays may be one or more selected from
the group consisting of zeolite, vermiculite, diatomite, kaolin, potter's clay, feldspar,
and talc, but is not limited thereto. Further, an excipient may be added to a solid form
of the microbial preparation. As the excipient, amino acids, vitamin C, vitamin E,
chitosan, and glucose may be used alone or in combination of two or more thereof,
but is not limited thereto.

[0044] When the microbial preparation of the present disclosure is, for example, a
liquid form, it may be prepared by mixing the culture of the strain and mixing glucose
or glycerin to stabilize the microorganism. The microbial preparation may be
prepared by using the culture at a final concentration of 5% by weight to 40% by
weight, for example, at a final concentration of 10% by weight to 20% by weight,
based on the total weight of the microbial preparation, but is not limited thereto.

[0045] Still another aspect of the present disclosure provides a method of reducing
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odors from manure of an individual, the method including administering, to the
individual, the Bacillus subtilis CJBS303 strain, the composition, or the microbial
preparation.

[0046] As used herein, the term "individual" refers to a subject, of which manure
odors are intended to reduce, and more specifically, a non-human animal. For
example, the non-human animal may include mammals and poultry, and the
mammals may include pigs, cows, sheep, goats, dogs, cats, etc., and may include
laboratory rodents, pets, etc., and the poultry may include chickens, turkeys, ducks,
geese, pheasant, quail, etc., but is not limited thereto.

[0047] Still another aspect of the present disclosure provides a method of preparing
the microbial preparation, the method including culturing the Bacillus subtilis
CJBS303 strain deposited with the Accession No. KCCM12435P; and mixing the
recovered strain with an additive.

[0048] Culturing of the strain may be performed according to a method known in the
art, and the culturing method may include one or more selected from the group
consisting of batch, continuous, and fed-batch cultures.

[0049] A medium used for the culturing may be a medium that may satisfy the
requirements of a specific microorganism. The medium may be a medium selected
from the group consisting of carbon sources, nitrogen sources, trace elements, and
combinations thereof.

[0050] The carbon source may be a carbon source selected from the group
consisting of carbohydrates, fats, fatty acids, alcohols, organic acids, and
combinations thereof. The carbohydrate may be glucose, sucrose, lactose, fructose,
maltose, starch, cellulose, or a combination thereof. The fat may be soybean oil,
sunflower oil, castor oil, coconut oil, or a combination thereof. The fatty acid may be
palmitic acid, stearic acid, linoleic acid, or a combination thereof. The alcohol may be
glycerol or ethanol. The organic acid may include acetic acid.

[0051] The nitrogen source may include an organic nitrogen source, an inorganic
nitrogen source, or a combination thereof. The organic nitrogen source may be
selected from the group consisting of peptone, yeast extract, beef stock, malt extract,
corn steep liquor (CSL), soybean wheat, and combinations thereof. The inorganic
nitrogen source may be selected from the group consisting of urea, ammonium

sulfate, ammonium chloride, ammonium phosphate, ammonium carbonate,
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ammonium nitrate and combinations thereof.

[0052] The medium may include those selected from the group consisting of
phosphorus, metal salts, amino acids, vitamins, precursors, and combinations
thereof. The source of phosphorus may include potassium dihydrogen phosphate,
dipotassium hydrogen phosphate, or a sodium-containing salt corresponding thereto.
The metal salt may be magnesium sulfate or iron sulfate.

[0053] The medium or individual components constituting the medium may be added
in a batch, continuous, or fed-batch mode.

[0054] The method of preparing the microbial preparation may further include
recovering the strain from the culture in which the strain has been cultured, after
culturing the strain. The recovering of the strain may be performed by a method
known in the art, for example, by a method of recovering precipitates generated after
centrifuging the culture.

[0055] In the method of preparing the microbial preparation, the additive may be a
cryoprotectant, and the method may further include freeze-drying the obtained
mixture, after mixing the recovered strain with the additive. The freeze-drying may be
performed by a method known in the art.

[0056] The strain in the freeze-dried microbial preparation which is obtained in
freeze-drying may be in a viable state. In addition, the freeze-dried microbial
preparation may include the cryoprotectant in an effective amount sufficient to
reduce deterioration of the strain in the agent, and thus deterioration of the strain in
the viable state may be reduced.

[0057] In the method of preparing the microbial preparation, the microbial
preparation may include, based on the total weight of the microbial preparation, the
Bacillus subtilis CJBS303 strain of 1.0x107 cfu/kg to 1.0x10" cfu/kg, for example,
the Bacillus subtilis CJBS303 strain of 1.0x107 cfu/kg to 5.0x10'° cfu/kg, 1.0x10’
cfu/kg to 1.0x10'° cfu/kg, 1.0x107 cfu/kg to 5.0x10° cfu/kg, 1.0x107 cfu/kg to 1.0x10°
cfu/kg, 1.0x107 cfu/kg to 5.0x108 cfu/kg, 1.0x107 cfu/kg to 1.0x108 cfu/kg, 1.0x107
cfulkg to 5.0x107 cfu/kg, 1.0x108 cfu/kg to 5.0x10% cfu/kg, 1.0x10® cfu/kg to
1.0x10'° cfu/kg, 1.0x10® cfu/kg to 5.0x10° cfu/kg, 1.0x108 cfu/kg to 1.0x10° cfu/kg,
1.0x108 cfu/kg to 5.0x108 cfu/kg, 1.0x10° cfu/kg to 5.0x10"° cfu/kg, 1.0x10° cfu/kg to
1.0x10"0 cfu/kg, or 1.0x10° cfu/kg to 5.0x10° cfu/kg, which may be appropriately
adjusted according to the type and age of the livestock to be applied, the type of

10
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application, the desired effect, etc.

ADVANTAGEOUS EFFECTS OF DISCLOSURE

[0058] A Bacillus subtilis CJBS303 strain according to the present disclosure may
effectively reduce generation of odorous gases from livestock manure or livestock
housing.

[0059] Accordingly, a composition and a microbial preparation, each including the
strain, may contribute to improvement of the livestock environment and improvement

of livestock productivity through reduction of odors.

BRIEF DESCRIPTION OF DRAWINGS

[0060] FIG. 1 shows results of evaluating ammonia consumption capacity according
to one exemplary embodiment, wherein color development of culture media
according to ammonia consumption was visually examined,

[0061] FIG. 2 shows results of quantitatively comparing ammonia consumption rates
of CJ109, CJ251, CJ268, and CJBS303 strains which were cultured in ammonia-
containing media;

[0062] FIG. 3 shows electron microscopy results of examining morphological
characteristics of the CJBS303 strain;

[0063] FIG. 4 shows results of visually examining hemolysis of the CJBS303 strain;
[0064] FIG. 5 shows results of examining changes of ammonia generation from pig
fecal slurries according to addition of the CJBS303 strain;

[0065] FIG. 6 shows results of examining changes in ammonia and hydrogen sulfide
generation from manure according to feeding of the CJBS303 strain;

[0066] FIGS. 7A to 7E show effects of reducing odorous gases in a pig pen
according to feeding of the CJBS303 strain, wherein FIGS. 7A, 7B, 7C, 7D, and 7E
show results of examining complex odor levels in a pig pen, ammonia levels in the
pig pen, hydrogen sulfide levels in the pig pen, volatile fatty acid (VOCs) levels in the
pig pen, and methyl mercaptan levels in the pig pen over time, respectively; and
[0067] FIGS. 8A to 8D show effects of reducing odorous gases in a pig pen
according to feeding of the CJBS303 strain, wherein FIGS. 8A, 8B, 8C, and 8D show

11
Date Regue/Date Received 2020-09-25



CA 03095265 2020-09-25

results of comparing ammonia levels in a pig pen, hydrogen sulfide levels in the pig
pen, methyl mercaptan levels in the pig pen, and complex odor levels in the pig pen,

respectively.

MODE OF DISCLOSURE

[0068] Hereinafter, the present disclosure will be described in more detail with
reference to exemplary embodiments. However, these exemplary embodiments are
only for illustrating the present disclosure, and the scope of the present disclosure is
not limited to these exemplary embodiments.

[0069] Example 1. Isolation and Identification of Strain Having Effect of Reducing
Livestock Manure-Derived Odors

[0070] (1) Acquisition of samples and Isolation of strain

[0071] Samples such as soybean paste, red pepper paste, blocks of fermented
soybeans, etc., which are traditional Korean sauces, were obtained, and the samples
were serially diluted and then plated on a Brain Heart Infusion (BHI, Difco) solid
medium containing 3% sodium chioride, followed by incubation at 37°C for 24 hr.
Strains isolated from each sample were grouped and separated according to
colonies. The selected colonies were purified by transferring the colonies to a new
medium over three times, and a total of 465 strains purified and cultured were stored
in @ medium, to which 20% glycerol was added, at a temperature below -70°C.
[0072] (2) Selection of strain by evaluation of ammonia consumption capacity

[0073] To select strains that consume ammonia which is a main cause of odors,
ammonia consumption capacity of the strains was evaluated. The ammonia
consumption capacity was examined by a qualitative method of using a reagent
(sulfanilic acid, N, N-Dimethyl-1-naphthylamine) that develops a color by reacting
with nitrite resulting from oxidation of ammonia. In detail, ammonia-added broths
(containing 4.95 g/L of (NH4)2SO0s, 8.82 g/L of KaHPO4, 1.1 ml/L of 1 M MgSOa4
solution, 0.3 ml/L of 1 M CaClz solution, 0.5 ml/L of 30 mM FeSOas solution, 0.04 ml/L
of 50 mM CuSO:s solution, 0.7 g/L of NaH2POQO4, and 12 ml/L of 5%(W/V) Na2COs
anhydrous) were prepared, and then each of the strains was seeded at a
concentration of 0.01% in 10 ml of the prepared broth, followed by incubation at

30°C for 14 days. Thereafter, each of the culture broths was centrifuged, and 1 ml of

12
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each supernatant was collected. 100 pl of the reagent that develops a color by
reacting with nitrite was added thereto. Each culture supernatant, to which the
reagent was added, was allowed to react at 25°C for 10 min to induce color
development, and then color development of the culture broth was observed.
Meanwhile, in the following exemplary embodiments, Bacillus subtilis KCCM11143P
disclosed in Korean Patent Publication No. 10-2012-0088436 was used as a
standard strain.

[0074] As shown in FIG. 1, when nitrite is produced by consumption or oxidation of
ammonia, the culture broth developed dark purple, and strains having ammonia
consumption capacity were primarily selected, based on the color development. As a
result, of 456 kinds of strains isolated from the samples, 4 kinds of strains having
significant ammonia consumption capacity, specifically, CJ109, CJ251, CJ268, and
CJBS303 were selected.

[0075] In addition, the ammonia consumption was quantitatively compared between
4 kinds of the strains primarily selected. Specifically, after seeding each of the strains
at a concentration of 0.1% in a BHI liquid medium, the strain was incubated at 200
rpom and 37°C for 15 hr to activate the strain. Each of the activated strains was

seeded at a concentration of 1% in an ammonia-containing medium (containing 0.5

g/L of (NH4)2S0O4, 13.5 g/L of NaH2PQOa4, 0.7 g/L of K2HPQO4, 0.1 g/L of MgSOs4 - 7H20,

0.18 g/L of CaClz - 2H20, 0.5 g/L of NaHCOs, 0.014 g/L of FeCls + 6H20, 0.5 g/L of

glucose), followed by incubation at 200 rpm and 37°C for 6 hr. After the culture was
completed, the culture broth was centrifuged, from which only the culture
supernatant was recovered. The ammonia content in the initial medium and the
residual amount of ammonia in the recovered culture supernatant were quantified,
and ammonia consumption rates were calculated according to Equation 1.

[0076] [Equation 1]

[0077] Ammonia consumption rate (%) = (A-B/A) X 100

[0078] (A: initial ammonia content, B: ammonia content after completing culture)
[0079] As a result, as shown in FIG. 2, among 4 kinds of the strains primarily
selected, the CJBS303 strain showed the highest ammonia consumption rate of
74.3%. Therefore, CJBS303, which has the highest ammonia consumption rate, was

finally selected as a strain having an effect of reducing odors derived from livestock

13
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[0080] (3) Morphological and biochemical characterization

[0081] Morphological and biochemical characteristics of the CJBS303 strain were

analyzed. Specifically, morphological characteristics of the strain were analyzed by

Gram staining and electron microscopy, and the biochemical characteristics of the

strain were analyzed by examining sugar fermentation patterns of the strain through

an APl 50 CHB system (biomerieux Vitek, Inc., France).

[0082] As a result, it was confirmed that the CJBS303 strain is a Gram-positive, rod-

shaped bacterium, as shown in FIG. 3. As shown in Table 1, the CJBS303 strain

was confirmed to exhibit sugar fermentation patterns similar to Bacillus subtilis.

[0083] [Table 1]

Sample Fermentation Sample Fermentation
Control - Esculine +
Glycerol + Salicine +
Erythritol - Cellobiose +
D-Arabinose - Maltose +
L-Arabinose - Lactose +
Ribose + Melibiose -
D-Xylose + Saccharose +
L-Xylose - Trehalose +
Adonitol - Inuline -
3 Methyl-xyloside - Melezitose -
Galactose - D-Raffinose +
D-Glucose + Amidon -
D-Fructose + Glycogene -
D-Mannose + Xylitol -
L-Sorbose - 3 Gentiobiose -
Rhamnose - D-Turanose -
Dulcitol - D-Lyxose -
Inositol + D-Tagatose -
Mannitol + D-Fucose -
Sorbitol + L-Fucose -
a Methyl-D-mannoside - D-Arabitol -
a Methyl-glucoside + L-Arabitol -
N Acetyl glucosamine - Gluconate -
Amygdaline + 2 keto-gluconate -
Arbutine + 5 keto-gluconate -

[0084] (4) Identification of Strain
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[0085] For identification of the strain, molecular phylogenetic analysis of a DNA
sequence was performed. To this end, the gene of 16s rDNA was amplified using
PCR premix (Bioneer, Korea) and universal primers of 27F (%'
AGAGTTTGATCMTGGCTCAG 3", and 1492R (5" GGTTACCTTGTTACGACTT 3").
When the gene was amplified, the total reaction solution was set to 20 pl, and
repeated 30 times in total under conditions of at 94°C for 1 min, at 56°C for 1 min,
and at 72°C for 1 min. The 16s rDNA sequence of CJBS303 strain was the same as
SEQ ID NO: 1, which showed 99% homology with Bacillus subtilis. In the following
exemplary embodiments, the isolated strain was named 'Bacillus subtilis CJBS303'
or 'CJBS303 strain' (Accession No. KCCM12435P).

[0086] Example 2. Evaluation of Safety of CJBS303 Strain

[0087] To confirm safety of the CJBS303 strain, hemolysis of the strain was
evaluated. In detail, the CJBS303 strain was streaked on a blood agar plate (5%
sheep blood, Hanil-KOMED, Korea), and then incubated at 37°C for 24 hr.
Thereafter, hemolysis on the cultured medium was visually observed.

[0088] As a result, as shown in FIG. 4, the CJBS303 strain showed no hemolysis,
indicating safety of Bacillus subtilis CJBS303 strain.

[0089] Example 3. Evaluation of Effect of Reducing Livestock Manure Odor of
CJBS303 Strain

[0090] (1) Effect of reducing odorous gases in fecal slurry

[0091] The effect of reducing odorous gases in a pig fecal slurry of the CJBS303
strain was compared with that of the standard strain. In detail, after culturing the
CJBS303 strain in a trypticase soy broth (TSB), 4 ml of a solution containing 1X108
cfu/kg of the CJBS303 strain was added to 400 ml of pig manure slurry, which was
incubated under shaking at 120 rpm and 39°C under facultative aerobic conditions
for a total of 48 hr. 24 hr and 48 hr from the time of incubation, the amount of
ammonia gas was measured for a total of twice using a portable odorous gas
monitor (MultiRAE). The total amount of ammonia was compared by summing the
amount of gas measured twice for each treatment group.

[0092] As a result, as shown in FIG. 5, the total generation of ammonia gas was
reduced by 41%, as compared with a non-CJBS303 strain-added control, indicating
that the reducing effect was 4 times or higher, as compared with the standard strain.

[0093] (2) Effect of reducing manure-derived odorous gases

15
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[0094] A probiotic containing the CJBS303 strain was fed to pigs, and its effect on
generation of manure-derived odorous gas was examined. A total of 32 heads of
finishing pigs were divided into two groups, and a feeding experiment was performed.
A group fed with an additive-free feed was set as a control, and the control feed was
fed to finishing pigs of a total of 4 pens, four heads of finishing pigs each pen, for 5
weeks. Meanwhile, a group that fed with a feed containing 1x10° cfu/kg of the
CJBS303 strain in the feed was set as a treatment group, and the feed was fed to
finishing pigs of a total of 4 pens, four heads of finishing pigs each pen, for 5 weeks.
Manures derived from the control and treatment groups were sampled every week
from week 2 after feeding, and the odorous gases generated therefrom were
measured. The manures sampled from the control and treatment groups were mixed
at a constant ratio (600 g of feces + 1.2 L of 12.5% diluted urine), and then
subdivided into 300 ml in a bottle, followed by stationary incubation at 39°C under
facultative aerobic conditions for a total of 42 hr. 12 hr, 18 hr, 36 hr, and 42 hr from
the time of incubation, the amounts of generated gases, i.e., hydrogen sulfide and
ammonia gas, were measured for a total of four times using a portable odorous gas
monitor (MultiRAE). The manure culture experiment was conducted every week
when sampling of manure was performed, and a reduction rate relative to the control
was calculated by averaging the data until week 5.

[0095] As a result, as shown in Table 2 and FIG. 6, the treatment group was
observed to have lower concentrations of ammonia and hydrogen sulfide gases than
the control from week 2 after feeding, and it was confirmed that when the
concentrations of the gases generated until week 5 were averaged and compared,
the reduction rate of odorous gases according to feeding of the CJBS303 strain was
38.3% for ammonia and 88.9% for hydrogen sulfide.

[0096] [Table 2]

Date Regue/Date Received 2020-09-25

Ammonia (ppm) Hydrogen sulfide (ppm)
Control CJBS303 0.1% Control CJBS303 0.1%
Week 2 207 140 286 14
Week 3 278 152 166 22
Week 4 212 135 52 20
Week 5 180 113 N 10
Average 219 135 149 16
Reduction 38.30% 88.90%
16
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rate relative
to control

[0097] (3) Effect of reducing odorous gases in pig pen

[0098] A probiotic containing the CJBS303 strain was fed to pigs, and its effect on
generation of odorous gases in a pig pen was examined. A total of 96 heads of 74-
day-old finishing pigs were divided into two groups, and a feeding experiment was
performed. A group fed with an additive-free feed was set as a control, and the
control feed was fed to growing pigs of a total of 12 pens, four heads of growing pigs
each pen, for 4 weeks. Meanwhile, a group that fed with a feed containing 1x10°
cfu/kg of the CJBS303 strain in the feed was set as a treatment group, and the feed
was fed to growing pigs of a total of 12 pens, four heads of growing pigs each pen,
for 4 weeks. The control and treatment groups were respectively bred in independent
pig pens, and to exclude the effects of the existing slurries in the pig pens, the
slurries of the pig pens for the control and treatment groups were removed at the
same time, before start of the experiment. From 4 days before start of the
experiment, gases in the pig pens were measured with respect to the pig pens of the
control and treatment groups at 9 am and 4 pm daily. Ammonia, hydrogen sulfide,
complex odor, and volatile fatty acids (VOCs) were measured using a precision odor
measurement device (Odor Catch, SLC-OP-1350, Scientec Lab Center Co., LTD),
and methyl mercaptan was measured using a portable odorous gas monitor
(MultiRAE). The daily measured data were used to calculate average values thereof
for each week.

[0099] As a result, as shown in Table 3 and FIGS. 7A to 7E, the effect of reducing
the odorous gases according to feeding of the CJBS303 strain was observed in all
measurement items, and this effect was more pronounced at week 4 after each
feeding. In particular, in the treatment group, hydrogen sulfide and methyl mercaptan
which are sulfur-based odorous gases showed a reduction rate of 50% or more
(Duncan, p>0.01), a complex odor showed a reduction rate of 20% or more (Duncan,
p>0.05), and ammonia and volatile fatty acids showed a reduction rate of 17% and

20%, respectively.

[00100] [Table 3]

Complex Ammonia Hydrogen VOCs Methyl
odor (ppm) sulfide (ppm) mercaptan
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(OU) (ppm) (ppm)
Control 5912 77 0.88° 213 162
CJBS303 4560 6.4 0410 17 06°
Reduction | o a0, 17.40% 53.70% 20.10% 60.30%
rate (%)

[00101] Example 4. Evaluation of Pig Productivity according to Feeding of CJBS303
strain

[00102] A probiotic containing the CJBS303 strain was fed to pigs, and its effect on
pig productivity was examined. Under the same conditions as in (3) of Example 3, a
total of 96 heads of 74-day-old finishing pigs were divided into two groups, and a
feeding experiment was performed. The average daily gain (ADG) was calculated by
measuring the body weight of the individual before start of the feeding experiment
and 4 week after the end of the experiment, and the average daily feed intake (ADFI)
and feed conversion ratio (FCR) were calculated by measuring the daily feeding
amount and balance.

[00103] As a result, as shown in Table 4, in the treatment group fed with the
CJBS303 strain, ADFlI was improved by 7.3% (Duncan, p<0.1), and ADG was
improved by 9.0% (Duncan, p<0.03). FCR was also improved by about 0.03. These
experimental results indicate that feeding of the CJBS303 strain not only reduces the

amount of odorous gases, but also exhibits a positive effect on pig productivity.

[00104] [Table 4]

Control CJBS303
BW Start 38.69 38.66
(kg) | Week 4 63.77 66.01
ADG(kg) 0.90° 0.982
ADFIl(kg) 2.35b 2.522
FCR 2.62 2.59

[00105] Example 5. Verification of Effect of Reducing Odorous Gases in Pig Pen
according to Feeding of CJBS303 strain

[00106] To confirm reproducibility of the effect of reducing odorous gases in a pig
pen according to feeding of the CJBS303 strain, a feeding test was conducted on
two pig farms. A first farmhouse (A) was selected as a growing pig pen (A-1) and a
finishing pig pen (A-2), and a second farmhouse (B) was selected as a finishing pig
pen, and the test subjects and the number of individuals for each farm are as in
Table 5.

18
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[00107] [Table 5]

A-1 A-2 B
Test subject Growing pig Finishing pig Finishing pig
Number of 650 heads 800 heads 944 heads
individuals

[00108] Growing pigs or finishing pigs in both farms were fed with a test feed
containing 2x10° cfu/kg of the CJBS303 strain for 3 weeks, and the reduction rate
was calculated by measuring the concentrations of odorous gases in the pig pens
before feeding of the test feed and week 3 after feeding. Ammonia, hydrogen sulfide,
and methyl mercaptan were measured using a portable odorous gas monitor
(MultiRAE), and complex odor was measured using a precision odor measurement
device (Odor Catch, SLC-OP-1350, Scientec Lab Center Co., LTD) at 9 am.

[00109] As a result, as shown in FIGS. 8A to 8D, in the treatment group fed with the
CJBS303 strain, ammonia showed a reduction rate of 39% or more, hydrogen sulfide
showed a reduction rate of 26% or more, methyl mercaptan showed a reduction rate
of 24% or more, and complex odor showed a reduction rate of 21% or more. In
addition, the effect of reducing the odorous gases was observed from week 3 after
feeding, regardless of the growing stage or the finishing stage which are pig growth
stages.

[00110] Although the above description of the present disclosure has been described
for illustrative purposes, those skilled in the art will appreciate that the present
disclosure may be implemented in a different specific form without changing the
technical spirit or essential characteristics thereof. Therefore, it should be
understood that the above embodiments are not limitative, but illustrative in all
aspects.

[00111] International Depositary Authority: Korean Culture Center of Microorganisms
(foreign)

[00112] Accession No.: KCCM12435P

[00113] Date of deposit: 20190213
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Claim

1. A Bacillus subtilis CJBS303 strain deposited with the Accession No.
KCCM12435P.

2. The Bacillus subtilis CJBS303 strain of claim 1, wherein the strain has an

effect of reducing livestock manure-derived odors.

3. The Bacillus subtilis CJBS303 strain of claim 1, wherein the strain reduces
levels of one or more odorous gases selected from the group consisting of ammonia,

hydrogen sulfide, methyl mercaptan, indoles, phenols, and volatile fatty acids (VOCs).

4. A composition comprising the Bacillus subtilis CJBS303 strain of claim 1, a
culture of the strain, a concentrate of the culture, or a dry product of the concentrate,
wherein the composition further comprises a preservative, a stabilizer, an wetting agent,

an emulsifier, a liquefying agent, a cryoprotectant, or an excipient.

5. The composition of claim 4, wherein the cryoprotectant is one or more
selected from the group consisting of glycerol, trehalose, maltodextrin, skimmed milk, and

starch.

6. A feed composition comprising the composition of claim 4.

7. The feed composition of claim 6, comprising 1.0x107 cfu/kg to 1.0x10"
cfu/lkg of the Bacillus subtilis CJBS303 strain, based on the total weight of the

composition.

8. A microbial preparation for removing livestock odors, comprising the
Bacillus subtilis CJBS303 strain of claim 1.

9. The microbial preparation of claim 8, wherein the microbial preparation

reduces levels of one or more odorous gases selected from the group consisting of

21
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ammonia, hydrogen sulfide, methyl mercaptan, indoles, phenols, and volatile fatty acids
(VOCs).

10. A method of reducing odors from manure of an individual, comprising
administering, to the individual, the strain, the composition, or the microbial preparation
of any one of claims 1, 2, 3, 4, 5, 6, 7, 8, and 9, wherein the individual is a non-human

animal.

11. A method of preparing a microbial preparation, comprising:
culturing a Bacillus subtilis CJBS303 strain deposited with the Accession No.
KCCM12435P; and

mixing the recovered strain with an additive.

12.  The method of claim 11, wherein the additive is a cryoprotectant, and the

method further comprises freeze-drying the obtained mixture, after the mixing.

13.  The method of claim 12, wherein the strain in a freeze-dried microbial

preparation obtained by the freeze-drying is in a viable state.
14. The method of claim 11, wherein the microbial preparation comprises

1.0x107 cfu/kg to 1.0x10"" cfu/kg of the Bacillus subtilis CJBS303 strain, based on the

total weight of the microbial preparation.
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FIG. 1
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FIG. 3
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FIG. 4
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FIG. 5
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FIG. 6
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FIG. 7A
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FIG. 7B
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FIG. 7C
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FIG. 7D
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FIG. 7E
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FIG. 8A
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FIG. 8B
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FIG. 8C
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FIG. 8D
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