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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

DELIVERY SYSTEM AND PROBIOTIC COMPOSITION FOR
ANIMALS AND PLANTS

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. Provisional Application
Serial No. 61/895,775 filed on October 25, 2013.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] This invention relates to stabilized probiotic compositions,
including synbiotic compositions and compositions used in conjunction with
acidified drinking water, and a system and method for delivering the

compositions to animals and plants.

2. Description of Related Art

[0003] Probiotics have been used in farm and agricultural applications for
many years. A primary use for probiotic formulations is as a feed additive, but
other uses include the treatment of housing, animal wound care, pond
treatments, and water treatment. When used as a feed additive, the probiotic
material is typically added directly to the feed (known as direct-fed microbials or
“DFM”) and consumed by the animal. DFM products are commercially available
in a variety of product forms, including powder, paste, gel, bolus, and capsules,
which may be mixed in feed, top-dressed, ‘given as a paste, or mixed into
drinking water or a milk replacer. Usage doses vary by product, from single dose
applications to continuous feeding application. Most DFM products must be



WO 2015/061789 PCT/US2014/062446

stored in a cool, dry area away from heat, direct sunlight, and high levels of
humidity to avoid damaging the bacteria or rendering the bacteria ineffective as a
probiotic. Some forms of commercially available DFM products contain bacterial
spores, particularly Bacillus species, which are considered more stable and may 4
have long shelf lives even under harsh environmental conditions, such as
elevated temperatures, dryness and pH extremes. These spores will germinate
into vegetative cells and grow when conditions become favorable. Several
Bacillus species are approved by the Food & Drug Administration and the
Association of American Feed Control Officials (AAFCO) for use in DFM products
in the U.8., including B. subtilis, B. licheniformis, B. pumilus, B. coagulans, and
B. lentus. Other countries have approved use of other Bacillus species as

probiotic microorganisms.

[0004] Even relatively stable bacterial species used in DFM products may
be sensitive to certain conditions typically found in application of DFM products to
livestock. For example, the water activity in the feed can reduce the shelf-life of
even the most stable bacterial forms. Various techniques are known to help
increase shelf life of the bacteria in DFM products. Microencapsulation is one
known method to increase shelf life of probiotic formulas to allow use in DFM
products. For example, U.S. Patent No. 6,254,910 discloses a delivery system
for delivering unstable or sensitive ingredients, wherein the unstable or sensitive
ingredient is coextruded with other food ingredients so that it is encapsulated
within an outer layer of food ingredients, with each layer having specific moisture
contents. Several probiotic species, including Bacillus coagulans, preferably in
spore form, are disclosed in the ‘910 patent as unstable or sensitive ingredients
that are suitable for encapsulation to protect the probiotic and increase the
probability of survival during processing and in the environmental conditions of
use. Other encapsulation technologies including spray drying extrusion,
emulsion and phase separation have been used, but with limited success and
added expense. A known encapsulated probiotic product, known as Bac-In-A-
Box, is commercially available from SG Austria

(http.//www.sgaustria.com/probiotics). Newer microencapsulation techniques
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using calcium-alginate gel capsule formation appear promising, but are still in the
development stage and are not yet suitable for large industrial applications.

[0005] Similarly, U.S. Patent No. 5,501,857 discloses a capsule within a
capsule having bacterial species, such as one from the genera Lactobacillus or
Bifidobacterium, in the inner capsule and other beneficial ingredients, such as
vitamins, in the outer capsule, with each capsule being surrounded by a gelatin
shell. The capsule within a capsule structure allows the use of multiple beneficial
ingredients that are not compatible within a single capsule. These capsules have
the drawback of requiring direct oral administration to the animals. Similar direct
oral administration compaositions énd methods are disclosed in WO 2010/079104,
WO 2012/167882, and U.S. Patent Application Publication No. 2013/0017174.
However, these formulas are generally complex and must be administered
directly to each animal, which is time consuming and may be difficult.

[0006] It is also known to add probiotic bacteria to animal drinking water
using a biogenerator to produce the bacteria in a vegetative state. Such a
method is disclosed in U.S. Patent No. 4,910,024, which describes a
biogenerator technology and method for delivering temperature-sensitive
probiotic bacteria in a live, vegetative condition into a potentially large number of
domestic animals as a means of increasing nutrient absorption efficiency and
controlling the proliferation of harmful microorganisms in the digestive tracts of
such animals. There are several drawbacks to the use of an on-site biogenerator
to deliver probiotics. A primary drawback is the difficulty with maintaining sterility
or preventing contamination from external sources of bacteria, yeast, and fungi.
Ideally, the water used in the biogenerator must be pathogen free and the device
must prevent airborne transmission of undesirable microorganisms, which may
grow in the device and be administered to the animals. These devices also
require power and sufficient water pressure. Additionally, the growth of bacteria
in the biogenerator is temperature dependent and the device would need to be
temperature controlled to ensure proper growth of the bacteria. The normal
ambient temperature and environmental variations (such as humidity) at sites

3
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where the device would typically be used, such as a barn, would result in
adverse growth variations and inconsistencies without temperature and
environmental control. DFM products that deliver vegetative state bacteria to the
animals’ feed or drinking water might also be more susceptible to the harsh
stomach environment once ingested by the animals and may not survive to reach
the intestinal tract where the probiotics are generally most effective. Additionally,
the quantity of bacteria must be fed to the animals at the appropriate time and in
a proper concentration to be effective, and this can be difficult to achieve with

existing probiotic delivery technology.

[0007] There are also known systems for delivery of sterile liquids. For
example, U.S. Patent No. 5,320,256 discloses a system for delivering a sterile
liquid comprising a compressible reservoir for storing the sterile liquid, a flexible
delivery element extending from the reservoir with the delivery element having a
hollow interior, and a series of shut off valves to allow delivery and prevent back-
flow of the liquid or air into the system. The ‘256 patent is not specifically related
to delivery of probiotic formulas or delivery of sterile liquids to animals or in
agricultural settings. Another example, which is specifically for delivery of
medicines, vitamins, nutrients, and the like to animals, is found in U.S. Patent No.
6,723,076. The delivery system disclosed in the ‘076 patent comprises a sealed,
collapsible bag with two flexible tubes attached for filling the bag and
administering the solution from the bag to an animal with a syringe gun.
Although these systems address some of the problems associated with probiotic
delivery, they do not address problems related to the environmental stability of
the probiotic composition or automated and controlled dosing of the probiotic

composition to a feed or water supply.

[0008] It is also known to administer probiotics to animals in spore form.
In addition to the '©10 patent discussed above, U.S. Patent No. 4,999,193
discioses adding spores of bacteria, particularly Bacillus cereus (IP 5832 strain),
to animal feed or drinking water. Spores are known to be able to withstand high
temperatures, making them better suited for incorporation into animal feed during

4
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manufacture of the feed, which typically involves heat. Although the use of spore
form bacteria addresses the problems associated with temperature stability, the
prior art does not provide an adequate delivery system that eliminates outside
contamination while achieving controlled delivery in @ manner that is easily used
in existing facilities without requiring any retrofitting or additional power sources.

[0002] in addition to providing probiotics, it also known to provide
prebiotics in combination with probiotics. This combination is generally known as
synbiotics. For example, WO 2012/027214 discloses a synbiotic combination of
spore form Bacillus bacteria with prebiotic carbohydrates, including arabinoxylan,
arabinoxylan oligosaccharides, xylose, soluble fiber dextrin, soluble corn fiber,
and polydextrose. A prebiotic is a non-digestible carbohydrate or soluble fiber
that provides a beneficial physiological effect on the host by selectively
stimulating the favorable growth or activity of gut beneficial bacteria and/or
reducing pathogenic popula{ions. Prebiotics are resistant to digestive gastric
acid and digestive enzymes in the animal's stomach and small intestine and are
able to reach the large intestine substantially intact or only partially degraded
(other than dissolving in water present in the gastrointestinal tract). Once in the
large intestine, the prebiotics provide a carbohydrate food source for beneficial
bacteria and undergo complete or partial fermentation in the colon (part of the
large intestine within which additional nutrient absorption occurs through the
process of fermentation). Fermentation occurs by the action of bacteria within
the colon on the prebiotic food mass, producing gases and short-chain fatty acids
(SCFA). The production of SCFAs, such as butyric acid, acetic acid, propionic
acid, and valeric acids, is increased when prebiotics are added to animal feed.
Scientific studies have indicated that SCFAs have significant health benefits. By
increasing beneficial bacterial populations, prebiotics also suppress the
populations of pathogenic bacteria in the colon, such as Clostridia, E. Coli, and

Salmonella.

[0010] A vériety of prebiotics are known, including polysaccharides,
oligosaccharides, fructooligosaccharides (FOS), galactooligosaccharides (GOS),
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soya-oligosaccharides (SOS), xylo-oligosaccharides (XOS), pyrodextrins,
isomalto-oligosaccharides (IMO), and lactulose. Specific water-soluble dietary
fiber prebiotics also include Fructans (inulin), Xanthan Gum (E415), Pectin
(E440), Natriumalginat (E401), Kaliumalginat (E402), Ammoniumalginat (E403),
Calciumalginat (E404), PGA (E405), Agar (E408), and Carrageen (E407).
Ingestion of these prebiotic fibers can change how other nutrients and chemicals
are absorbed through bulking and viscositys and can alsc change the nature of
the contents of the gastrointestinal tract, having been shown to increase
populations of Lactobacilli and Bifidobacteria in the intestine and cecum of
livestock. In poultry studies (particularly studies regarding broilers), providing a
synbiotic combination of probiotic and prebiotic has been shown to increase the
villus/crypt ratio (or ratio of villus height.crypt depth). The villus/crypt ratio is an
indicator of the likely digestive capacity of the small intestine. It is within the
small intestine that the final stages of enzymatic digestion occur, liberating small
molecules capable of being absorbed, such as, sugars, monosaccharides,
disaccharides, amino acids, dipeptides, and lipids. All of this absorption and
much of the enzymatic digestion takes place on the surface of small intestinal
epithelial cells, and to accommodate these processes, a huge mucosal surface
area is required. The villi are minute {finger-like, hair-like, worm-like) projections
from epithelial lining of the small intestine. Villus height is measured from the tip
(top) of the villus to the villus-crypt junction. The villi are filled with blood vessels
where the circulating blood takes picks up the nutrients. The crypt is the area
between villi. Crypt depth is defined as the depth of the invagination, or in folding
of the wall, between adjacent villi. Measurements for crypt depth are measured
from the base upwards to the region of transition between the crypt and villus.
Villus surface area is calculated by using formula, VW/2 times VL, where VW
equals the villous width and VL equals villus length. More surface area provides
more absorption of nutrients. The increase in villus/erypt ratio found in the
poultry symbiotic study indicates an increase in digestion and absorption of

nutrients.
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[0011] Some studies have also shown the importance and benefits of this
kind of synergy between probiotics and prebiotics and the effectiveness in
helping young animals to achieve better growth performance. Studies using B.
subtilis as the probiotic and inulin as the prebiotic have shown that the
combination is more effective in swine and poultry populations than the use of B.
sublilis alone. For example, this synbiotic combination was shown to reduce
(P<0.05) excreta pH, intestinal digesta and cecal content pH compared with a
control group. The combination also modulated the ileal and caecal microflora
composition by decreasing (P<0.05) numbers of Clostridium and Coliforms and
increasing (P<0.05) numbers of Bifidobacteria and Lactobacilli compared with a
control group. In another study, weaned piglets were shown to have increased
levels of butyrate (a SCFA) when fed with a diet containing prebiotics. The
importance of butyrate on gut improvement is well known, as this is crucial to

optimize nutrient absorption.

[0012] Another issue encountered in animal and plant watering systems
is bacteria populations in the drinking water and water transport systems.
Municipal water supplies typically have some levels of bacteria present and local
sources of water (such as an on-site pond) may contain bacteria from
surrounding soil, fish, and run-off. These bacteria are known to result in or
contribute to the formation of biofilms in the drinking water system, Biolfims are
formed when microbial cells attach to surfaces in the water system, such as
pipes and drinking nipples/nozzles, and form a film or slime layer. These biofilms
can build-up, resulting in clogging parts of the system, or portions of the biofilm
may also break-off causing additional clogging in other areas of the system,
which reduce the amount of water available to the animals or plants. One known
method for removing biofilms in these water systems is to flush the film by
increasing the pressure in the water line. This method may cause damage to
parts of the water system and typically leaves behind a mineral deposit from the
biofilm, which will serve as a shelter for micro-organisms and result in the biofilm
being reestablished. Chemical treatment products, such as chlorine and
hydrogen peroxide are also known to be used and have good sanitizing abilities;

7
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however, these products are not beneficial to gut health for the animals or soil
health for plants and may even be harmful.

[0013] It is also know to acidify the water by adding certain orgahic acids
to the water. The use of acidified water is beneficial for several reasons,
including that the acid, in its non-dissociated form, can penetrate through the
bacterial wall and destroy certain microorganisms, which can reduce biofilm
formation in the water system, aid in keeping drinking trough, nipples/nozzles
clean, and can reduce the number of bacteria in the water. Since the bacteria in
the water may be pathogenic and may cause illness when ingested by the
animal, reduction of the bacteria in the water may be particularly helpful in light of
bans on antibiotic use in certain geographic areas, such as Europe. Additionally,
when ingested by animals in sufficient quantities to result in a stomach pH below
about 6, the growth of pathogenic microorganisms (from other sources, such as
food) is inhibited. Typically, weak organic acids, such as acetic acid, butyric acid,
lactic acid, and sorbic acid, are used to acidify drinking water. There are a
number of drawbacks to or difficulties with acidifying drinking water. For
example, it can be difficult to maintain the pH level at a desired range (below 7
and usually below 5.5). Applying single acids in drinking water typically results in
the pH decreasing quickly, which can have negative results, such as less water
intake and decreased performance, including lower feed conversion rate and
lower daily weight gain in the animals. For example, during a period of disease,
pigs will drop their feed intake but maintain their water intake. Thus, palatable
water is important for the GIT health of the animals. The use of acids can also
be corrosive to metal components in the water system, resulting in added repair
and replacement costs. To decrease these effects, a mix of organic acids may
be used to acidify the drinking water, since the mix has a buffering effect that
makes the pH decrease slowly. A synergistic mix of organic acids has also a
greater antibacterial effect, is more tasteful, and is less corrosive when compared
with single acids. Incorrect use of acidified drinking water can also result in
proliferation of bacterial populations and growth of algae (which can result in
further clogging of the water system) and reduction of feed intake {(which can

8
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result in decreased weight gain and inadequate absorption of nutrients).
Additionally, some acids are known to cause fungal growth, which can clog
system parts and be detrimental to the animal.

[0014] Althdugh it is known to use probiotics alone or in combination with
prebiotics and to separately use acidified drinking water to provide health
benefits to animals and to improve cleanliness in plant and animal water
systems, it has not previously been known to combine probiotics, prebiotics, and
acidified drinking water together to provide synergistic health benefits.
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SUMMARY OF THE INVENTION

[0015] This invention relates to stabilized probiotic compositions,
including compositions comprising probiotics and prebiotics, and a system and
method for delivering the compositions to animals and plants, including delivering
the compositions with acidified water to provide additional benefits. The probiotic
compositions comprise suspended probiotic spores that are stable over a wide
range of environmental conditions, including temperature fluctuations that would
typically be encountered in farm and agricultural settings. The compositions are
thermally stable and will not seftle, change composition or activity under the
extreme conditions found in these animal farming and similar settings. The
preferred probiotic compositions according to the invention comprise one or more
species from the Bacillus genus in spore form, which are stable during adverse
conditions.

[0016] According to one preferred embodiment, the composition
comprises bacteria spores, about 0.00005 to 3.0 % by weight surfactant, about
0.002 to 5.0 % by weight thickener, and optionally about 0.01 to 2.0% by weight
of acidifiers, acids, or salts of acids (including those used as a preservative or
stabilizer), with the balance being water. According to another preferred
embodiment, the composition comprises bacterial spores, about 0.1 to 5.0 % by
weight thickener, about 0.05 to 0.5% by weight acids or salts of acids, optionally
about 0.1-20% by weight water activity reducers, and optionally about 0.1% to
20% additional acidifier (acids or salts of acids), with the balance being water.
The optional acidifiers reduce the pH of the composition to beneficial levels and
may be used to acidify smaller quantities of drinking water when the composition
is added to drinking water according to a preferred method of use, as discussed
in more detail below.

[0017] Most preferably, the bacterial spores in both preferred
embodiments are in a dry, powder blend of 40-60% salt (table sait) and 60-40%
bacteria spores that combined make up about 0.1 to 10 % by weight of the
composition. The compositions preferably comprise around 1.0 X 108 to around
3.0 X 10 & cfu/ml of the composition (spore suspension), which when diluted with

10
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drinking water (for animal watering applications) provide around 10* to 10° cfu/ml
bacterial strains in the drinking water. Most preferably, the thickener in both
preferred embodiments is one that also acts as a prebiotic, such as xanthan
gum, to provide additional benefits.

[0018] The system and method for delivering probiotic compositions, and
preferably those compositions according to the invention and including prebiotics,
or other treatment compositions or sterile liquids comprises packaging the
compositions or liquids in a container and delivering them directly to a planter or
a water or feed station using gravity feed or a battery powered non-contact
pump. The compositions or liquids are preferably packaged in a container, most
preferably a collapsible pouch or bag with an attached or attachable tube (similar
to an [V-bag or a Mylar bag with an integrated dispensing port attachable to
tubing). Depending on the type of container used, the container and tubing may
be sterilized or may be used without sterilization. By using the systems of the
invention, the probiotic composition is protected from contamination by other,
outside bacterial species or fungi or the like, while it is being stored at the site of
consumption prior to being dispensed to the animal or plant. The composition or
liquid is delivered from the container through the delivery tube to animal feed
stations, animal water supply troughs, pressurized drinking water lines, ponds,
planters, and the like. The delivery through the tube is controlled by a non-
contact pump or gravity feed with a valve to control the flow of the composition.
The pump or valve are controlled so that the flow of the composition can be
selectively started and stopped for certain durations as needed to achieve a
proper dosage or volume of discharge, depending on the particular composition
or liquid involved and the animal or plant species to which the composition or
liquid are being delivered, or to time the dosage to match a particular feeding and
drinking schedule. The pump or valve may also be controlled in response to
external stimuli, such as motion or light. It is not necessary to vent the
collapsible bag, so airborne contaminates and undesirable bacteria are not
introduced into the feed container. According to one preferred embodiment, a
duck-bill type valve or similar mechanism is attached to the end of the delivery

11
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tube to prevent any contaminants or undesirable bacteria from growing in the end
of the tube. Whether used with a non-contact pump or gravity feed, the feed
container is preferably hung at a sufficient height above the pump or discharge
point to provide sufficient hydrostatic pressure to feed the pump or discharge the
composition, and to protect it from the animals. To aid in securing the container
and protecting it from possible puncturing, it may optionally be placed or hung
inside a protective cabinet or housing. The system and method for delivering
compositions and liquids according to the invention is simple and low-cost and
does not require an on-site source of sterile water or electric power supply to

operate.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0019] The system and method of the invention are further described and

explained in relation to the following drawings wherein:

FIG. 1 is a side elevation view of one embodiment of a delivery system
according to the invention:

FIG. 2 is a side elevation view of another embodiment of a delivery system
according to the invention;

FIG. 3 is a side elevation view of an alternative container and tubing for
use with the delivery systems according to the invention;

FIG. 4 is a front perspective view of another preferred embodiment of a
delivery system according to the invention:

FIG. 5 is a rear perspective view of the embodiment of the delivery system
of FIG. 4;

FIG. 6 is a partial front perspective view of the delivery system of FIG. 4
within a support housing; and

FIG. 7 is a side elevation cross-sectional view of the delivery system of
FIG. 4.

13
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0020] A probiotic composition according to one preferred embodiment of
the invention comprises one or more bacterial species, a surfactant, and a
thickener, and optionally one or more acid‘ifiers, acids or salts or acids to act as a
preservative. A probiotic composition according to another preferred
embodiment of the invention comprises one or more bacterial species, a
thickener, one or more acidifiers, acids or salts of acids, and optionally a
surfactant. Either embodiment may also optionally include prebiotics, to the
extent the thickener is not also a prebiotic or in addition to any thickener that is a
prebiotic. Either embodiment may also optionally include one or more water
activity reducers. Most preferably, the compositions according to the invention
comprise various species of suspended probiotic spores, as described in more
detail below. The use of these species in spore form increases the stability of the
probiotics in the harsh environmental conditions, particularly temperature
fluctuations that occur in stables, barns, and other farm and agricuitural settings.

[0021] A suitable thickener is included in the composition according to
both preferred embodiments. The thickener is preferably one that does not
separate or degrade at varying temperatures typically found in non-climate
controlled environments, such as barns, farms, and nurseries. The thickener
aids in stabilizing the suspension so the bacterial mixture remains homogenous
and dispersed through a volume of the composition and does not settle out of the
suspension. When used with the system and method of delivery described
below, this ensures that the concentration of probiotic materials is evenly
distributed throughout the container so that the dosage of probiotic material |
delivered remains consistent or relatively consistent (depending on the specific
delivery method and control mechanism used) throughout a treatment cycle.

[0022] The most preferred thickener in either embodiment is xanthan
gum, which is a polysaccharide composed of pentasaccharide repeat units of
glucose, mannose, and glurcuronic acid and a known prebiotic. Unlike some
other gums, xanthan gum is very stable under a wide range of temperatures and

14
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pH. Xanthan gum, like all soluble fibers, helps balance intestinal pH and tends to
slow the movement of food and extends the mouth to cecum transition time. This
slowing may allow more time for the spores to germinate in the stomach before
reaching the intestines, which allows for use of the more stable spore form
bacteria rather than the use of vegetative bacteria that may not survive the harsh
environmental conditions of use or may not survive the animal's stomach.
Another preferred thickener is acacia gum, which is also a known prebiotic. Other
preferred thickeners include locust bean gum, guar gum and gum arabic, which
are also believed to be prebiotics. In addition to prebiotic benefits, these fibers
do not bind to minerals and vitamins, and therefore, do not restrict or interfere
with their absorption and may even improve absorption of certain minerals, such
as calcium. Other thickeners that are not considered prebiotics may also be
used.

[0023] Either embodiment may optionally include one or more
prebiotics, which are preferably used if the thickener used is not a prebiotic but
may also be used in addition to a prebiotic thickener. Prebiotics are classified as
disaccharides, oligosaccharides and polysaccharides, and can include Inulin,
Oligofructose, Fructo-oligosaccharides (FOS), Galacto-oligosaccharide (GOS),
trans-Glacto-Oligosaccharides (TOS) and Short-Chain Fructo-oligosaccharides
(scFOS), soy Fructo-oligosaccharide (soyFOS), Gluco-oligosaccharides, Glyco-
oligosaccharides, Lactitol, Malto-oligosaccharides, Xylo-oligosaccharides,
Stachyose, Lactulose, Raffinose. Mannan-oligosaccharide (MOS) are
prebiotics may not enrich probiotic bacterial populations, but will bind with and
remove pathogens from the intestinal tract and are believed to stimulate the
immune system.

[0024] Both embodiments preferably include one or more acidifiers,
acids, or salts of acids to act as a preservative or to acidify the composition.
Preferred preservatives are acetic acid, citric acid, fumaric acid, propionic acid,
sodium propionate, calcium propionate, formic acid, sodium formate, benzoic
acid, sodium benzoate, sorbic acid, potassium sorbate, and calcium sorbate.

Other known preservatives, preferably generally regarded as safe (GRAS) food
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preservatives, may also be used. One or more of these same acids or salts or
acids may also be optionally added as an acidifier, in addition to any amount
used as a preservative. Depending on the dosing mechanism and environment,
the optional acidifier may be used to acidify a smaller amount of drinking water,
such as the water at a single, smaller scale trough. For larger water systems and
multiple troughs or drinking stations, it is preferred to use a separate acidification
system since larger quantities of acid or sélts or acids will be need to reduce the
pH of the larger volume of water. Even if not used to fully acidify the drinking
water, these acids and salts of acids aid in reducing the pH of the composition.
Preferably, the pH of the composition is between about 4.0 and 7.0. More
preferably it is between about 4.0 and 5.5 and most preferably around 4.5.
Reducing the pH of the composition may have antimicrobial activity with respect
to yeast, molds, and pathogenic bacteria.

[0025] One or more water activity reducers, such as sodium chloride,
potassium chloride, or corn syrup (a 70% solution of corn syrup), are optionally
included in the composition according either preferred embodiment. The water
activity reducer aids in inhibiting microorganism growth, so that the bacterial
spores do not prematurely germinate while the composition is being stored prior
to the time it is discharged to the point of consumption by the animals or plants to
be treated. They also aid in inhibiting growth of contamination microorganisms

[0026] The first embodiment preferably includes a surfactant, but it is
optional in the second embodiment. The surfactant is preferably one that is safe
for ingestion by animals, although other surfactants may be used with other
applications, such as delivery to plants. Most preferably, the surfactant is
Polysorbate 80. Although any GRAS or AAFCO approved surfactants or
emulsifiers may be used with either embodiment, there are concerns that some
animals may not tolerate all approved surfactants well. Because the benefits of
the surfactant in stabilizing the suspension so the bacterial mixture remains
homogenous and does not settle out may also be échieved by the use of the
thickener, it is not necessary to add the surfactant. If a surfactant is used in the
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composition according to this second embodiment, it is preferably used in about
the same weight percentage range as in the first embodiment.

[0027] Most preferably, the bacterial species used in both embodiments
are one or more species from the Bacillus genus. The most preferred species for
the probiotic bacteria include the following: Bacillus pumilus, Bacillus
licheniformis, Bacillus amylophilus, Bacillus subtilis, Bacillus amyloliquefaciens,
Bacillus clausii Bacillus firmus, Bacillus megaterium, Bacillus mesentericus,
Bacillus subtilis var. natfo, or Bacillus toyonensis, but any Bacillus species
approved as a probiotic in the country of use may also be used. It is preferred
that the bacteria are in spore form, as the spore form is more stable to
environmental fluctuations, such as ambient temperature changes. Additionally,
as compared to vegetative state DFM, spores are believed to be better able to
survive through the stomach once ingested by an animal to germinate in the
intestines, where they are beneficial. Most preferably, the spores used in the
compositions according to the invention are a dry powder blend that comprises
around 40-60% salt (table salt) and 60-40% bacterial spores. The spores are
spray-dried from a liquid fermentation concentrate. Salt is used to dilute the pure
spray-dried spore powder to a standérd spore count in the final spore powder
blend. During production fermentation, different Bacillus strains will grow at
different rates, resulting in varying final count numbers for the fermentation batch
liguor. The fermentation liquor is centrifuged to concentrate the spores in the
liquor. Then, the concentrated liquor is spray-dried which results in a powder
containing only Bacillus spores. The addition of salt to the spray-dried Bacillus
spore powder aids in standardizing the spore blend count per gram from batch to
batch. Other forms of bacterial spores or spore blends may also be used. Most
preferably, the dry spore blend is pre-mixed with a portion of the water used in
the composition, around 3-30% of the total water, and the resulting bacteria
spore solution is added to the other ingredients, including the remaining water.
This aids in dispersing the bacteria spores throughout the composition.

[0028] A probiotic composition according to a first preferred embodiment

of the invention preferably comprises bacterial spores that provide 102 cfu/ml of
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the spore suspension (most preferably around 1.0 X 10% to around 3.0 X 108
cfu/ml of composition, which, when diluted in drinking water provides
approximately 10% to 10° cfu/ml drinking water), 0.00005 to 3.0 % surfactant, and
0.002 to 5.0% thickener, and optionally the about 0.01 to 2.0 % of one or more
acids or salts of acids as a preservative. A probiotic composition according to a
second preferred embodiment of the invention comprises bacterial spores that
provide 10% cfu/ml of the spore suspension (which, when diluted in drinking water
provides approximately 10* to 10° cfu/mi drinking water), about 0.1 to 5.0%
thickener (preferably one that also acts as a prebiotic), about 0.05-0.5% of one or
more preservatives, optionally about 0.1-20% of one or more water activity
reducers, and optionally 0.1-20% of one or more acidifiers. The balance of the
composition in both preferred embodiments is water and the percentages herein
are by weight. It is preferred to use deionized or distilled water, to remove salts
or outside bacteria, but tap water or other sources of water may also be used. .
[0029] Several examples of probiotic compositions according preferred
embodiments of the invention were made and tested for different parameters.

These compositions are set forth in Table 1 below.
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[0030] TABLE 1

Ingredient/ 1 2 3 4 5 6 7 8
Formula No.

Potassium 0.33% | 0.33% ] 0.1% | 0.1% [ 0.1% |0.1% |0.1% |0.1%
Sorbate

Citric Acid 0.34% 1 0.34% | 0.1% [ 0.1% [5.0% [0.1% |0.1% |0.1%
Sodium 0.33% | 0.33% | 0.1% [ 0.1% |0.1% |0.1% |0.1% |0.1%
Benzoate

Benzoic Acid - - - 0.1% |- 01% [0.1% | --
Sorbic Acid - - - 01% |- - 0.1% | --
Sodium - - - - 10.0% ! 0.1% | - -
Propionate

Xanthan Gum 0.2% |0.2% [02% [0.3% |04% |04% |0.5% |0.5%
Sodium Chioride | 0.2% |0.2% |- 0.2% |- 0.2% | 0.1% | 0.2%
Potassium - - - - - - 0.1% | 0.1%
Chloride

Spore Blend 01% [0.1% [0.1% [0.1% [0.1% [0.1% [0.1% |0.1%

[0031] The balance of each composition is water (around 1 L in these
samples). Deionized water was used in each composition, except composition
No. 1, which used tap water. The percentages indicated are by weight. Each
formula was targeted to have a pH between about 4.0 and 5.5, but some
formulas were found to have actual pH values far less than expected. Formula
No. 1 was targeted to have a pH between 5.0 and 5.5, but its actual pH was
around 2.1-2.3, which is too low and may be harmful to the spores, create
stability issues with packaging, and be subject to more restrictive transportation
regulations. Formula No. 1 also exhibited weak thickening. Formula No. 2 is the
same as No. 1, except the source of water is different. Formula No. 2 had an
actual pH of around 2.2-2.3 and also exhibited weak thickening. The amount of
acids and salts of acids in Formula No. 3 was decreased to raise the pH and to
determine if the thickness improved while using the same amount of thickener as
in Nos. 1 and 2. While Formula No. 3 was an improvement over Nos. 1 and 2, it
still exhibited weak thickening and its actual pH was 6.8, over the target value
range. Additional acids were added to Formula No. 4 to lower the pH and
additional thickener was added. Formula No. 4 had improved thickening, but
further improvements in thickening would be beneficial. The amount of acid in
Formula No. 5 was substantially increased, which resulted in an actual pH of

19



WO 2015/061789 PCT/US2014/062446

around 1.0. The amount of acid in Formula No. 6 was decreased and the
thickener increased, which resulted in a composition that was too thick to drop.
Formula No. 7 increased the thickener and amount of water activity reducers, but
exhibited issues with mixing of benzoic acid and sorbic acid. The benzoic acid
and sorbic acid were removed in Formula No. 8. Formula Nos. 1-7 provided 2 X
10"" cfu/gm and No. 8 provided 1 X 10" cfu/gm bacteria spores. Of these
sample formulas, No. 8 is the most preferred as it exhibited adequate thickening
and had an actual pH of around 4.5 +/- 0.2, and used less spore blend.

[0032] It is preferred that the compositions according the embodiments of
the invention use around 0.01% to around 0.3% bacteria spore blend and more
preferably between about 0.03% to 0.1% bacteria spore blend. A reduction in
the amount of spore blend used substantially reduces the costs of the
composition. Depending on the end use application, differing amounts of spore
blend may be used in the compositions according to the invention. For example,
smaller percentages of spore blend may be used in the compositions for use with
chickens, whereas larger percentages would be used in composition for use with
pigs.

[0033] A composition according to formula No. 8 was tested for shelf-life
at various temperatures. Samples of Formula No. 8 were sealed in a plastic bag,
such as one used in a preferred delivery system as described below, and stored
for two months at temperatures around 4-8° C (39-46° F), 30° C (86° F), and 35°
C (95° F) to simulate typical temperature ranges in which the probiotic
composition may be stored and used in agricultural settings. At the end of the
first month of the storage period, each sample was observed and tested. All
three samples had a pH of around 4.5 and there was no settling, layering or
change of appearance in any of the three samples, indicating that the bacteria
spores remained suspended and dispersed throughout the composition during
the storage period. None of the samples contained any fungal contamination or
gram-negative bacteria contamination. At time count zero (when the samples
were initially stored), each sample contained bacteria spores of around 2.12 X
108 cfu/mL. At the end of the one month storage period, the samples contained
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bacteria spores of around 2.09 X 10® cfu/mL spore suspension (lowest
temperature sample), 1.99 X 108 cfu/mL (middle temperature sample), and 2.15
10% cfu/mL (high temperature sample). The bacteria counts are somewhat
variable in different samples, especially thickened samples; however, these are
considered to be comparable counts. Each sample was tested again after two
months in storage. The samples contained bacteria spores of around 2.08 X 10°
cfu/ml (lowest temperafure sample); 2.01 X 10% cfu/ml (middle temperature
sample); and 2.0 X 108 cfu/ml (high temperature sample). The target shelf life is
around 2 X 108 cfu/ml spore suspension, so the samples are within the targeted
shelf life after two months of storage. These test results demonstrate that
probiotic compositions according to a preferred embodiment of the invention are
stable over a range of temperatures, with the bacteria spores remaining viable,
suspended, and dispersed throughout the composition. The spore blend (40-
80% spore powder and 60-40% salt) used in each sample formula was the same,
providing at least around 2 X 10" spores/gram. The spore species in the blend
were multiple Bacillus subtilis and Bacillus licheniformis strains. The spore
blend powder was premixed with 100 mL of water with stirring for 30 minutes
prior to adding to the other ingredients. Premixing with water aids in mixing the
spore blend with the other ingredients and dispersing the spores throughout the
compaosition.

[0034] Another aspect of the invention is a system and method for
delivering probiotic compositions, énd preferably probiotic compositions
according to the invention as described herein, directly into animal feed or
drinking water at the point of consumption. Aithough it is preferred to use
probiotic compositions comprising one or more Bacillus species as according to
the compositions of the invention, the system of the invention may be used with
compositions comprising other bacteria genera and other species. For example,
one or more species from the following genera: Bacillus, Bacteriodes,
Bifidobacterium, Pediococcus, Enterococcus, Lactobacillus, and
Propionibacterium (including Bacillus pumilus, Bacillus licheniformis, Bacillus
amylophilus, Baciflus subtilis, Bacillus amyloliquefaciens, Bacillus clausii, Bacillus
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firmus, Bacillus megaterium, Bacillus mesentericus, Bacillus subtilis var. natto, or
Bacillus  toyonensis  Bacteriodes ruminocola, Bacteriodes ruminocola,
Bacterioides suis, Bifidobacterium adolescentis, Bifidobacterium animalis,
Bifidobacterium  bifidum, Bifidobacterium infantis, Bifidobacterium longum,
Bifidobacterium thermophilum, Pediococcus acidilacticii, Pediococcus cerevisiae,
Pediococecus pentosaceus, Enterococcus cremoris, Enterococcus diacetylactis,
Enterococcus faecium, Enterococcus intermedius, Enterococcus lactis,
Enterococcus thermophilus, Lactobaciflus delbruekii, Lactobacillus fermentum,
Lactobacillus  helveticus, Lactobacillus lactis, Lactobacillus plantarum,
Lactobacillus reuteri, Lacfobacillus brevis, Lactobacillus buchneri, Lactobacillus
bulgaricus, Lactobacillus casei, Lactobacillus farciminis, Lactobacillus
cellobiosus,  Lactobacillus  curvatus,  Propionibacterium acidipropionici,
Propionibacterium freudenreichii, Propionibacterium shermanii) and/or one or
more of the following species: Leuconostoc mesenteroides, Megasphaera
elsdennii may be used with the system and method of the invention.

[0035] Referring to FIG. 1, one preferred embodiment of a delivery
system 10 is depicted. Delivery system 10 preferably comprises a container 12,
tubing 15, non-contact pump 20, and controller 22. Container 12 is preferably a
collapsible bag, similar to an IV bag, containing the probiotic composition. An
upper end 14 of container 12 is preferably a sealed-off section of the collapsible
bag through which one or more holes 26 are provided to facilitate hanging
container 12 from hooks or a nail at the site of consumption. Alternatively,
container 12 may be hung from clips or similar mechanisms and upper end 14
may include externally protruding ridges to aid in securing container 12 to such
clips. Container 12 may be sterilized, preferably by UV sterilization, prior to
container 12 being filled with a probiotic composition to ensure there is no
contamination. Optionally, air may be removed from the head space in the
container, but it is not necessary. Aftached at or attachable to a lower end of
container 12 is a tube 15 having a first portion 16 disposed near container 12 and
a second portion 18 disposed near the point of consumption where the probiotic
formula will be dispensed. Tube 15 may be integrally formed with container 12 or
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pre-attached to container 12, as will be understood by those of ordinary skill in
the art, prior to shipping to the site of use. Tube 15 may also be sterilized,
preferably by UV sterilization, prior to shipping. When integrally formed with or
pre-attached to container 12, the distal end of tube portion 18 is preferably
sealed with a removable seal or covering, or may include a valve, to seal-off
container 12 once filled with a probiotic composition. The seal or covering would
be removed or the valve opened when the probiotic composition is ready to be
dispensed at the point of use.

[0036] Tube 15 passes through a non-contact pump 20, such as a
peristaltic pump, which allows the probiotic composition to be pumped from
container 12 through tubing 15 to be dispensed at the point of consumption
without any potentially contaminating contact with the pump or the exterior
environment in which system 10 is being used. Container 12 preferably
collapses as it is emptied by the pumping action without the need for an air vent.
Pump 20 is preferably battery operated so that an external power source is not
needed, making it easy to add system 10 to existing animal feed or drinking
locations, but may also be adapted to connect to an outlet or other external
power source.

[0037] Container 12 is preferably hung above pump 20 at a sufficient
height to provide the head pressure needed to deliver the probiotic composition
to an inlet on pump 20. Most preferably, the lower end of container 12 will be
hung at least 6 inches above the iniet to pump 20. The distal! end of tube portion
18 preferably includes a “duck bill” valve or similar mechanism to prevent any
contamination by backflow into the tubing. The distal end of tube portion 18 may
also include spray or dispersion structures designed to dispense the probiotic
composition in a wider pattern. A wider dispersion pattern is particularly
preferred if the probiotic composition is dispensed into stagnant drinking water, a
large water or feed trough, dry animal feed, or animal housing or bedding
material in order to spread the composition over more surface area. A wider
dispersion pattern may also avoid saturating dry feed with moisture. The distal
end of tube portion 18 may also be split into multiple tubes or attached to a
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manifold to facilitate delivery of the probiotic composition to multiple iocations,
such as multiple drinking troughs within a barn.

[0038] A controller 22 is preferably connected to pump 20 to periodically
activate the pumping action. Controller 22 may comprise one or more control
mechanisms for activating pump 20, such as a simple timer that activates pump
20 for a given duration or cycle at specified time intervals. For example,
controller 22 may be a timer programmed to activate pump 20 for a 60 second
cycle every six hours. Other control mechanisms may also be used in addition to
-or in place of a timer. For example, a motion detector may be used in
conjunction with a timer to activate pump 20 for a 60 second cycle when motidn
is detected for a specified period of time. Such a mechanism would allow the
probiotic composition to be delivered to the animal's drinking water or feed when
the presence of animals is detected by motion. This has the advantage over a
timer only control mechanism, which may dispense the probiotic composition
when no animals are present and may result in wasting the probiotic. The
bacteria in the probiotic compositions according to the invention may survive for
hours after being dispensed, so that they are likely to still be viable when an
animal arrives to feed or drink even if it was dispensed when no animals are
- present, so dispensing when animals are present is not critical. The controller 22
may also be configured to sense ambient light conditions (such as daylight or
simulated daylight, when animals are more likely to be eating or drinking) or
temperatures, or other variables that may be encountered at the point of
consumption. Sensing these conditions may result in the probiotic composition
being dispensed at times when the animals are more likely to be active and
feeding or drinking to avoid wasting the probiotic composition.

[0039] The controller 22 may also be configured to sense RFID tags, or
similar technology, aftached to the animals. The controller 22 would read the
signal from the RFID tag, determine which animal is present, and selectively
trigger the pump to dispense the probiotic composition if the animal is to receive
the probiotics. This may be particularly useful if it is desired to provide probiotics
to certain animals, but is not considered necessary for other animals, without
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requiring individual administration of a capsule or injection. The use of RFID tags
may also allow the system to monitor how long an animal is present at the water
or feeding station, which may be used to correlate how much probiotic was
actually ingested. Other control mechanisms may be used with the invention, as
will be understood by those of ordinary skill in the art. Controller 22 is preferably
battery operated so that an external power source is not needed, making it easy
fo add system 10 to existing animal feed or drinking locations, but may also be
adapted to connect to an outlet or other external power source. Controller 22
may be incorporated into pump 20 and need not be a separate component of
system 10.

[0040] Referring to FIG. 2, a preferred embodiment of a delivery system
110 is depicted. Delivery system 110 relies on gravity to dispense the probiotic
compositions, rather than a pumping system. Delivery system 110 preferably
comprises a container 112, tubing 115, valve 124, and controller 122. Container
112 is preferably a collapsible bag, similar to container 12. Tubing 115
preferably comprises a first portion 116 disposed near container 112 and a
second portion 118 disposed near the point of consumption where the probiotic
composition will be dispensed. Rather than passing through a non-contact
pump, as in system 10, a valve 124 is disposed along the length of tubing 115
(separating portion 116 from 118). The features previously described for
container 12 and tubing 15 are also applicable to container 112 and tubing 115.
Valve 124 is preferably a pinch valve, but other types of valves may also be
used. Actuation of valve 124 from an open to closed position is controlled by
controller 122. The various control mechanisms for controller 122 are the same
as for controller 22. As the probiotic composition in container 112 is dispensed,
the head pressure will change and the amount of probiotic dispensed will vary
over time unless the controller 122 is programmed to keep the valve open longer
or to open with greater frequency as the volume of probiotic composition within
container 112 decreases. For simplicity, controller 122 may be programmed for
the lowest expected head pressure. Variations in the programming may be set
according to the height at which container 112 is hung. Most preferably, the
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lower end of container 112 will be hung at least 6 inches above the level of
dispensing at the end of tubing portion 118. Controller 122 is preferably battery
operated so that an external power source is not needed, making it easy to add
system 110 to existing animal feed or drinking locations, but may also be
adapted to connect to an outlet or other external power source.

[0041] As shown in FIG. 3, an alternate configuration for a container and
tubing suitable for use with system 10, 110, or 210 (as discussed below) is
shown. Container 212 comprises an integrally formed or pre-attached spout 228.
Spout 228 is preferably sealed with a removable cap during shipping and
storage. Spout 228 preferably has threads that mate with threads inside the cap
so that it is easily removed when the probiotic compossition inside container 212
is ready to be dispensed. Alternatively, spout 228 may have a removable seal or
covering to seal-off container 212, without requiring the use of a cap. Tubing 215
preferably comprises an upper end 216 that comprises a connector 232 designed
to mate with spout 228 to allow fluid communication between container 212 and
tubing 215 through spout 228. Preferably, connector 232 comprises threads that
mate with threads on spout 228. Prior to shipping, it is preferred that tubing 215
be sterilized, preferably by UV sterilization, and that both ends of tubing 215 be
sealed to prevent contamination during shipping and storage. The seals would
be removed when tubing 215 is attached to container 212 and ready to dispense
the probiotic composition. Container 212 and tubing 215 may be used with the
other parts of delivery systems 10, 110, or 210, depending on whether a pump-
fed application or gravity-fed application is desired. The features previously
described for tubing 15, such as a duck bill valve or spray nozzle, may also be
used with tubing 215. Container 212 also preferably comprises an upper end
214 thét forms a sealed-off section through which one or more holes 226 are
provided to facilitate hanging container 212 from hooks or a nail at the site of
consumption. Alternatively, container 212 may be hung from clips or similar
mechanisms and upper end 214 may include externally protruding ridges to aid

in securing container 212 to such clips.
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[0042] As shown in FIGS. 4-7, another preferred embodiment of a
delivery system 210 according to the invention is shown. Delivery system 210 is
similar to delivery system 110 in that it relies on gravity to dispense the probiotic
compositions or other fluids, rather than a pumping system. Delivery system 210
has the added benefit of allowing adjustment in the dosage volume using a
piston-type valve actuated by a simple motor to vary the volume of dosing based
on how long the motor is operated. Delivery system 210 preferably comprises a
container 212, a metering valve 234, a valve mounting structure 240, a motor
252, a cam 254, and a motor mounting structure 264. Container 212 is similar to
that shown in FIG. 3, but other containers and mechanisms for attaching the

.container used with system 210 to metering valve 234 and delivery tubing
(similar to tubing 216) may be used. Container 212 is preferably hung at an
elevated location, as discussed with respect to container 112 of system 110.
Container 212 comprises a spout 228 that is connectable in fluid communication
with metering valve 234. Metering valve 234 is preferably a capacity dosage
piston system comprising an upper portion 236, a lower portion 235, and a piston
224. Upper portion 236 attaches to spout 228 to form a fluid tight seal. Upper
portion 236 may comprise threads to mate with threads on spout 228 to connect
the two parts together. The flow of fluid from container 212 is regulated by the
piston 224, which is actuated by motor 252 and cam 254, as described below.
Each pump stroke of piston 224 causes an amount of fiuid from container 212 to
be dispensed. Lower portion 235 is preferably configured to allow piston 224 to
be inserted into the body of lower portion 235 and for sliding motion of piston 224
in and out of lower portion 235 as piston 224 is actuated by cam 254 to dispense
an amount of fluid.

[0043] Valve mounting structure 240 preferably comprises a valve
mounting base 242, a valve slider 24'6, and a piston bracket 248. Base 242
preferably comprises one or more slots 244 into which one or more
corresponding protrusions 247 on valve slider 246 are inserted to attach valve
slider 246 to base 244 in a slidable configuration. Piston bracket 248 is
preferably connected to valve sider 246 and configured to mate with a portion of
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the body of piston 224, such that when valve slider 246 slides up or down
relative to base 242, piston 224 correspondingly slides up or down relative to
lower portion 235. The sliding motion of valve slider 246 is actuated by cam 254.
Cam 254 preferably comprises a rotational body 256 and a shaft 258 disposed
between and connected to rotational body 256 and first shaft connector 262 at
one end and to a second shaft connector 260 at the other end. First shaft
connector 262 allows shaft 258 to pivot as rotational body 256 rotates. Second
shaft connector 260 connects cam shaft 258 to valve slider 246 through an
elongated aperture 250 in valve mounting base 242. Cam 254 is connected to
motor 252 by drive shaft 253. Motor 252 and drive shaft 253 drive rotational
body 256 to rotate, which is translated into linear movement of valve slider 246
along the length of aperture 250 through cam shaft 258 and second shaft
connector 260. As valve slider 246 moves up and down relative to mounting
base 242, valve bracket 248 and consequently piston 224 are also moved up
and down, which actuates opening or closing valve 234 to start or stop the flow of
probiotic composition or other fluid from container 212. Tubing (similar to tubing
215, which may include all the features previously described for tubing 15) to
carry the probiotic composition or other fluid from container 212 to the point of
delivery, such as a water trough, is disposed through opening 249 in bracket 248,
to allow fluid communication through valve 234 when valve 234 is in an open
position.

[0044] Motor 252 is preferably a simple DC gear motor with an internal
timing mechanism, but other types of motors may also be used. The timing
mechanism activates the motor 252 to move piston 224 to open valve 234 for a
predetermined amount of time and then activates the motor 252 again to close
valve 234. Alternatively, the motor may run continuously for a period of time,
repeatedly opening and closing the valve 234 until the desired dosage of fluid

“from container 212 is dispensed, then shut-off until the next predetermined cycle
time. The cycle of opening and closing valve 234 would be periodically repeated,
such as once every 24 hours, once every 8 hours, or any other selected cycle
interval needed to dose the desired amount of probiotics or other fluid from
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container 212. Most preferably, the timing mechanism may be adjustable by a
user or include multiple cycle timing options that may be selected by a user to
achieve the desired activation and dosing schedule. Motor 252 may also be
separately connected to a controller, similar to controller 122, and the various
control mechanisms are the same as for controller 22 or 122. Other types of
valves, such as a solenoid valve controiled by a programmable timer, may also
be used with systems according to the invention to meter a dosage of fluid at
given cycles to achieve a desired dosing rate.

[0045] Motor mounting structure 264 supports motor 252 and allows it to
be securely attached to any suitable structure in the area where the fluid is to be
discharged. One or more apertures 266 are preferably disposed through
mounting structure 264 to allow it to be secured by screws or any conventional
attachment mechanism. Most preferably, system 210 is disposed in a housing
270 and mounting structure 264 would be secured to an interior bottom wall of
housing 270. Housing 270 is partially shown in FIG. 6. Housing 270 preferably
comprises walls 272 on the sides, front, back, top and bottom surfaces, but the
front, bottom and top walls are not shown in FIG. 6. Preferably either the front or
top wall is a removable or openable door or cover to allow access to the interior
of housing 270 to allow replacement of container 212 and other parts of the
system 210 as needed. Housing 270 preferably comprises a plurality of support
tabs 274 that extend inwardly from one or more walls 272, preferably from side
walls 272, to aid in supporting and securing container 212 within housing 270. A
spout retainer 276 is also preferably provided to allow insertion of spout 228 and
to aid in supporting container 212 within housing. Hooks or clips may also be
disposed on a top wall or near an upper end of a back wall of housing 270 to
hang container 212 within housing 270 using holes 226 or by clipping onto upper
end 214 of container 212. Housing 270 protects container 212 from inadvertent
puncturing and could provide some protection for the motor 252 (or other type of
controller) from the environmental conditions in the place of use. Most
preferably, the containers and controllers used with system 10 and 110 are also

preferably located within a cabinet or housing, such as housing 270 shown in
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FIG. 6, to provide additional protection for these components. Housing 270 or
such other cabinet would preferably be located in an elevated position
(particularly for systems 110 and 210, which rely on gravity feed) and securely
attached to a wall or similar structure. Other parts of the systems 10, 110, or 210
may also be placed within housing 270 or such other cabinet.

[0046] Containers 12, 112, and 212 are designed to be discarded and
replaced with new containers 12, 112, or 212 when the probiotic contents are all
or substantially all consumed over the course of repeated dosing cycles.
Preferably tubing 15 and 115 are pre-attached to the containers or integrally
formed with the containers and are similarly discarded at the end of a container
cycle. Tubing 215 is also preferably discarded and new tubing 215 used with
each new container 212, but tubing 215 may be reused with a new container if
desired. The size and volume of the feed container containing the probiotic
composition, treatment composition or other sterile liquid may be scaled
according to the use environment. Typically, containers 12, 112, or 212 will be
sized to hold 1 liter to 25 liters of probiotic composition, treatment composition or
other sterile liquid.  Although dosing amounts may vary, depending on
environmental conditions, type of feed mechanism used, and the type and
number of animals involved, a one liter supply of probiotic composition according
to the invention added to drinking water will be sufficient to provide an average
pig wit-h 5.4 X 10° spores per day for 30 days or could supply 2,000 chickens at a
rate of 10° spores per day per chicken for 50 days. This allows the use of
smaller sized containers in most applications, which are easier to handle by a
single person, but may require more frequent replacement with new containers to
replenish the supply of probiotic composition. Larger sized containers may also
be used and containers 12, 112, or 212 may be placed within a cabinet or other
housing (such as housing 270 shown in FIG. 6) to help support the size and
weight of the container or may be replaced within larger bottles or barrels as
needed.

[0047] Systems 10, 110, and 210 may be used to dispense probiotic

and/or synbiotic compositions to animal feed, drinking water, bedding or housing
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areas. When dispensed to bedding and housing areas, the probiotic composition
spores might compete with pathogenic bacteria, and should degrade organic
matter, thus reducing odors. Most preferably, systems 10, 110, and 210 are
used to dispense probiotic and/or synbiotic compositions to animal drinking
water. Frequently, the drinking water is dispensed in a trough with flowing water.
The dispensing point at the end of tubing portion 18 or 118 or similar end of
tubing 215 may be located at the head of the trough so that the probiotic
compositi'on may flow downstream to reach multiple animal drinking locations.
Other components may be added to these systems which enhance the ability to
control the feed of the probiotics. For example, a flow meter to proportion the
probiotic feed rate to the water flow rate or a venturi to puil the probiotic
composition proportional to the water flow rate may be used. When used with an
individual, non-flowing water station, a water level sensor could be incorporated
into the system. In combination with the controller, the water sensor could track
the animal’'s water intake in order to determine the amount of probiotic ingested.
This information could be used as part of an optimization program for animal
husbandry. This type of system is also useful with household pets, which
typically have individual water bowls. Those of ordinary skill in the art will
understand the modifications need to incorporate such features.

[0048] With respect to system 10, the amount or rate of probiotic
composition dispensed or fed will be a function of the rate of pumping, the
duration of the pumping cycle, and the size of tubing used. With respect to
system 110, the amount or rate of probiotic dispensed or fed will be a function of
the duration the valve is opened, the head pressure, and the size of tubing used.
With respect to system 210, the amount or rate of probiotic dispensed or fed will
be a function of the number of pump strokes or the duration the valve is opened,
the head pressure, and size of tubing used. The viscosity of the probiotic
composition may also impact the amount or rate with which the composition is
dispensed. The desirable doses of the probiotic compositions will vary
depending on the probiotic used and the particular animal or plant species
involved. For example, larger size or “finishing” pigs are generally regarded as
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requiring some of the highest doses of probiotics to be beneficial. A typical pig
weighing between 145 and about 224 pounds will drink an average of 9 liters of
water per day. A suggested dose of DFM Bacillus is around 5 X 10°
cfu/pig/day/9 liters of water. A probiotic composition, such as one according to
the invention, may provide around 5.5 X 10° cfu/mL to around 6.0 X 10° cfu/mL.
Dosed out over a month, a one liter probiotic compaosition will provide around 32
mL/day and provide a spore count of around 6.0 X 10° cfu/mL or a total of 5.4 X
10° spores/day — the amount needed per pig. Therefore, a one liter supply will
last around one month for al single pig in this weight range. Smaller pigs or
chickens or other types of animals would typically require smaller doses of
probiotics, which would make a one liter supply last longer or be sufficient to-
dose a larger number of animals. Various factors may alter these numbers,
which are intended to be exemplary and not limiting. For example, when
dispensed into a water trough with flowing water, the water flow-rate may also
impact the dose that reaches each animal drinking from the trough. As animals
grow, the desirable dose of probiotics will increase. Those of ordinary skill in the
art will understand how to determine the desirable dose, and how to adjust the
parameters of the systems of the invention in order to achieve those doses, so as
to deliver an effective amount of probiotic composition to the animal or plant
consuming the probiotic.

[0049] Although primarily described herein with respect to animal
watering and feeding stations, the systems of the invention may also be used to
deliver probiotics to plants by delivery to a planter or the soil around a plant,
water tank or cistern, or to aquatic species, such as in a pond or fish tank. The
systems of the invention are designed to be easily programmed and re-
programmed at the point of consumption to adjust the amount of probiotic
dispensed to achieve the desired doses of probictics based on the variables
present.

[0050] Generally, overdosing is not problematic for the animal or plant
involved, but may result in wasting the probiotic composition, which increases the

costs involved. Additionally, when used with the probiotic compositions of the
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invention, the bacteria should be able to survive for several hours once
dispensed from the system, and may even germinate in the drinking water or
pond or fish tank, if that is the point of consumption to which the probiotic is
dispensed. While it is an object of the invention to provide a system and method
that will efficiently maximize delivery of the probiotic composition to the intended
animals or plants, rather than the compositions being wasted because they are
not consumed before the bacteria are no longer viable, the timing of delivery and
dosage amounts need not be precise.

[0051] Most preferably, systems 10, 110, and 210 are used to dispense
probiotic and/or synbiotic compositions fo animal drinking water in conjunction
with acidified drinking water. As mentioned above, probiotic compositions
according to the invention may include additional acidifiers that may be used to
acidify water delivered to animals. Because the size of the probiotic containers
are typically relatively small, using the container of probiotic composition to
acidify the drinking water is feasible only in small scale situations involving a
single, smaller sized trough or drinking station. When a larger scale watering
system is used, it is preferred to have a separate acidification system to be used
in conjunction with system 10, 110, or 210. Various acidizing products are
commercially available, such as Vevo Vital, Acid LAC, Selko-pH, Lupro-COD NA,
and Amasil NA. Generally, they are used with a dosing/injection system, such as
one commercially available from Dosatron.

[0052] Although commercially available acidifiers (which may contain a
single acid or blend of acids or salts of acids) may be used in conjunction with
system 10, 110, or 210, certain acids or salts of acids are preferred to be used to
acidify the drinking water based on their antimicrobial activity. For example,
acetic acid inhibits growth of E. coli and Salmonella; propionic acid and sorbic
acid are antifungal (yeasts, molds) and have anti-bacterial activity with respect to
E. coli (including ETEC), Coliforms, and Salmonella; lactic acid also has high
anti-bacterial activity with respect to E. coli (including ETEC), Coliforms, and
Salmonella, however it can be metabolized by many yeasts and molds; fumaric
acid has anti-bacterial activity for E. coli (including ETEC), Coliforms, and
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Clostridia; citric and benzoic acids have anti-bacterial activity for E. coli (including
ETEC) and Coliforms. Many common salts of these acids, such as calcium
formate, calcium propionate, potassium diformate, potassium sorbate, sodium
butyrate, sodium benzoate, and sodium formate, similarly have antimicrobial
activity. Most preferably, the acids selected to acidify the drinking water have a
pH value lower than the pKa value so that the undissociated form will be
dominate. The undissociated form is desirable because it is able to penetrate the
cell wall of the pathogenic bacteria, without negatively impacting the beneficial
bacteria in the probiotic composition. Many of these acidifiers are included in the
preferred list of preservatives or acidifiers used with probiotic compositions
according to the invention. As will be understood by those of ordinary skill in the
art, different dosing rates for acidifiers will be used, depending on the number,
type, age, and size of animals, seasonal and environmental conditions (as
animals will usually consume more water during periods of elevated
temperatures and during daylight or simulated daylight hours). Most preferably,
the water in the water system is tested to determine its pH before adding any
acidifier and the amount of acidifier added is adjusted based on that base
measurement. This avoids adding too much (which may be harmful to the
animals and water system equipment) or too little acidifier (which eliminates the
benefits to either or both the water system and animals). It is preferred that
sufficient acids or salts of acids be added to the drinking water to achieve a pH in
the range of about 4.5 to 6.5, most preferably between about 4.5 to 5.0.

[0053] An additional benefit of DFM using compositions according to the
invention is that many of the Bacillus species, will survive through the intestinal
tract and remain viable in feces as either spores or vegetative forms. Having
these beneficial bacteria in the feces aids in reducing odors associated with the
animal waste products. Although treatment compositions containing bacteria may
be directly applied to animal waste, such as manure piles, housing and bedding
to reduce odors, a problem frequently encountered is that it may be difficult to
adequately and evenly distribute the bacterial freatment over the surfaces having
substances that produce the odors, énd particularly to distribute the bacterial
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treatment through a pile of manure. Having the treatment bacteria in the feces of
the animal through a DFM application aids in evenly distributing the beneficial
bacteria throughout the feces and throughout manure piles or storage facilities.

[0054] Those of ordinary skill in the art will also appreciate upon reading
this specification, that modifications and alterations to the probiotic compositions
and methodology and system for delivery of probiotic compositions may be made
within the scope of the invention and it is intended that the scope of the invention
disclosed herein be limited only by the broadest interpretation of the appended
claims to which the inventors are legally entitled.
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[0055] We claim:

1. A probiotic composition for treating animals, plants, or animal bedding, the
composition comprising:

one or more Bacillus species in spore form;

one or more acids or salts of acids; and

a thickener.
2. The probiotic composition according to claim 1 wherein the bacterial species
comprises one or more of: Bacillus pumilus, Bacillus licheniformis, Bacillus
amylophilus, Bacillus subtilis, Bacillus amyloliquefaciens, Bacillus clausii, Bacillus
firmus, Bacillus megaterium, Bacillus mesentericus, Bacillus subtilis var. natto, or

Bacillus toyonensis.

3. The probiotic compasition according to claim 2 wherein the composition has a

pH less than or equal to 6.5.

4. The probiotic composition of claim 3 wherein the acids or salts of acids are
one or more of acetic acid, citric acid, fumaric acid, propionic acid, sodium
propionate, calcium propionate, formic acid, sodium formate, benzoic acid,
sodium benzoate, sorbic acid, potassium sorbate, or calcium sorbate.

5. The probiotic composition of claim 4 wherein the thickener is one or more of

xanthan gum, acacia gum, locust bean gum, guar gum or gum arabic.

6. The probiotic composition of claim 1 comprising bacteria spore counts of
around 1.0 X 10% to 3.0 X 10% cfu/mL of composition, about 0.1 to 5.0% by
weight thickener, and 0.05 to 0.5% by weight total of one or more acids or salts

of acids.
7. The probiotic composition of claim 6 further comprising water.
8. The probiotic composition of claim 7 wherein the bacteria spores are mixed

with salt to form a dry powder blend prior to being added to the other ingredients
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of the composition to form an aqueous composition and wherein the composition
comprises around 0.05 to 0.3% by weight of the dry powder blend.

9. The probiotic composition of claim 8 wherein the bacteria spores are

suspended and evenly distributed in the aqueous composition.

10.  The probiotic composition of claim 6 further comprising an additional 0.1 to
20% by weight total of one or more additional acids or salts of acids to acidify the

composition.
11.  The probiotic composition of claim 1 further comprising a surfactant.

12. The probiotic composition of claim 11 wherein the surfactant is

polysorbate 80.

13. The probiotic composition of claim 6 further comprising a water activity

reducer.

14.  The probiotic composition of claim 13 wherein the water activity reducer is
one or more of sodium chloride, potassium chloride, or a 70% com syrup

solution.

15. The probiotic composition of claim 14 comprising around 0.1-20% by

weight total of one or more water activity reducers.

186. The probiotic composition of claim 3 wherein the composition has a pH
between about 3.5 and 5.5.
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17. A system for delivering a treatment composition to a point of consumption
for a plant or animat or to animal housing or bedding, the system comprising:

a container having an initial volume of treatment composition;

a tube in fluid communication with the container to deliver an amount: of
treatment composition from the container to a point of consumption by the plant
or animal;

a controller for controlling the flow of treatment composition through the
tube; |

wherein the container is sealed to prevent contamination of the treatment

composition within the container.

18.  The system of claim 17 further comprising a non-contact pump to pump
the treatment composition from the container through the tube.

19.  The system of claim 17 further comprising a valve to start and stop the

flow of treatment composition through the tube.

20. The system of claim 19 wherein the treatment composition is delivered by

gravity feed.

21. The system of claim 17 wherein the tube is integrally formed with the

container or attachable to the container at one end.

22. The system of claim 17 further comprising a housing to protect the

container.

23.  The system of claim 17 wherein the treatment composition comprises:
one or more Bacillus bacterial species in spore form;
one or more acids or salts of acids; and
a thickener.
24. The system of claim 23 wherein the bacterial species comprises one or

more of: Bacillus pumilus, Bacillus licheniformis, Bacillus amylophilus, Bacillus

38



WO 2015/061789 PCT/US2014/062446

subtilis, Bacillus amyloliquefaciens, Bacillus clausii Bacillus firmus, Bacillus
megaterium, Bacillus mesentericus, Bacillus subtilis var. natto, or Bacillus

foyonensis.

25. The system of claim 24 wherein the treatment composition has a pH less
than or equal to 6.5.

26.  The system of claim 25 wherein the acids or salts of acids are one or more
of acetic acid, citric acid, fumaric acid, propionic acid, sodium propionate, calcium
propionate, formic acid, sodium formate, benzoic acid, sodium benzoate, sorbic

acid, potassium sorbate, or calcium sorbate.

27. The system of claim 26 wherein the thickener is one or more of xanthan

gum, acacia gum, locust bean gum, guar gum or gum arabic.

28. The system of claim 23 wherein the treatment composition comprises
Bacillus species spore counts of around 1.0 X 10° to 3.0 X 10% cfu/mL of
composition, about 0.1 to 5.0% by weight thickener, and 0.05 to 0.5% by weight

total of one or more acids or salts of acids, and water.

29. The system of claim 17 wherein the point of consumption is animal

drinking water and further comprising:

a second container having an initial volume of one or more acids or salts

of acids; and
a dosing mechanism for delivering an amount of the acids or salts of acids
from the second container to the drinking water to acidify the drinking water.

30. The system of claim 29 wherein the acidified drinking water has a pH of
between about 4.5 and 6.5.

31. The system of claim 29 wherein acids or salts of acids in the second
container are one or more of acetic acid, propionic acid, sorbic acid, lactic acid,
citric acid, benzoic acid, fumaric acid, calcium formate, calcium propionate,
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potassium diformate, potassium sorbate, sodium butyrate, sodium benzoate, or

sodium formate.

32. The system of claim 29 wherein the treatment composition comprises:
one or more bacterial species in spore form;
one or more acids or salts of acids; and
a thickener.

33. The system of claim 19 wherein the valve is a metering valve comprising a
piston actuator and wherein the controller is a motor connected to a timer that
actuates the piston to open and close the valve for a predetermined amount of
time to achieve a desired dosage of treatment composition and cycles opening

and closing the valve at predetermined intervals.
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34. A method for increasing beneficial bacterial populations in the
gastrointestinal tracts of animals, the method comprising:

providing drinking water;

adding an amount of a probiotic composition comprising one or more
bacteria species to the drinking water:

acidifying the drinking water by adding an amount of one or more acids or
salts of acids to the drinking water; and

wherein the probiotic composition and acids or salts or acids are added
prior to or during a time when an animal will drink the drinking water.
35. The method of claim 34 wherein the probiotic composition is added
continuously or periodically and wherein the acids or salts of acids are added

continuously or periodically.

36. The method of claim 34 wherein the acidified drinking water has a pH of
between about 4.5 and 6.5.

37. The method of claim 36 further comprising measuring the pH of the
drinking water prior to the acidifying step and altering the amount of acids of salts

of acids added based on the pH measurement.

38. The method of claim 34 wherein the acids or salts of acids are one or
more of acetic acid, propionic acid, sorbic acid, lactic acid, citric acid, benzoic
acid, fumaric acid, calcium formate, calcium propionate, potassium diformate,
potassium sorbate, sodium butyrate, sodium benzoate, or sodium formate.

39.  The method of claim 34 wherein the probiotic composition comprises:

one or more bacterial species;

one or more acids or salts of acids; and

a thickener.
40. The method of claim 39 wherein the bacterial species comprises one or
more of : Bacillus genus, Bacteriodes genus, Bifidobacterium genus,

Pediococcus genus, Enterococcus  genus, Lactobacillus  genus,
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Propionibacterium genus, Leuconostoc mesenteroides, or Megasphaera

elsdennii

41.  The method of claim 40 wherein the bacterial species comprises one or
more of Bacillus pumilus, Bacillus licheniformis, Bacillus amylophilus, Bacillus
subtilis, Bacillus amyloliquefaciens, Bacillus clausii Bacillus firmus, Baciflus
megaterium, Bacillus mesentericus, Bacillus subtilis var. natto, or Bacillus
foyonensis Bacteriodes ruminocola, Bacteriodes ruminocola, Baclerioides suis,
Bifidobacterium adolescentis, Bifidobacterium animalis, Bifidobacterium bifidum,
Bifidobacterium infantis, Bifidobacterium longum, Bifidobacterium thermophilum,
Pediococcus acidilacticii, Pediococcus cerevisiae, Pediococcus pentosaceus,
Enferococcus cremoris, Enterococcus diacetylactis, Enterococcus faecium,
Enterococcus intermedius, Enterococcus lactis, Enterococcus thermophilus,
Lactobacillus delbruekii, Lactobacillus fermentum, Lactobacillus helveticus,
Lactobacillus lactis, Lactobacillus plantarum, Lactobacillus reuteri, Lactobacillus
brevis, Lactobacillus buchneri, Lactobacillus bulgaricus, Lactobacillus casei,
Lactobacillus farciminis, Lactobacillus cellobiosus, Lactobacillus curvatus,
Propionibacterium  acidipropionici, or  Propionibacterium  freudenreichii,

Propionibacterium shermanii

42. The method of claim 39 wherein the bacterial species are one or more of

the Bacillus genus in spore form,

43. The method of claim 42 wherein the Bacillus species is one or more of
Bacillus pumilus, Bacillus licheniformis, Bacillus amylophilus, Bacillus subtilis,
Bacillus amyloliquefaciens, Bacillus clausii, Bacillus firmus, Bacillus megaterium,
Bacillus mesentericus, Bacillus subtilis var. natto, or Bacillus toyonensis.

44.  The method of claim 42 wherein the probiotic composition has a pH less

than or equal to 6.5.

45.  The method of claim 44 wherein the acids or salts of acids in the probiotic

composition are one or more of acetic acid, citric acid, fumaric acid, propionic
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acid, sodium propionate, calcium propionate, formic acid, sodium formate,
benzoic acid, sodium benzoate, sorbic acid, potassium sorbate, or calcium

sorbate.

48. The method of claim 45 wherein the thickener is one or more of xanthan

gum, acacia gum, locust bean gum, guar gum or gum arabic.

47. The method of claim 46 wherein the probiotic composition comprises
bacteria spore counts of around 1.0 X 10% to 3.0 X 10° cfu/mL of composition,
about 0.1 to 5.0% by weight thickener, and 0.05 to 0.5% by weight total of one or

more acids or salts of acids.

48. The method of claim 47 wherein the probiotic composition further
comprises around 0.1 to 20% by weight total of one or more water activity

reducers.

49.  The method of claim 48 wherein the water activity reducer is one or more

of sodium chloride, potassium chloride, or a 70% corn syrup solution.

50.  The method of claim 34 wherein the probiotic composition is added to the
drinking water using a dosing and delivery system comprising:

a container having an initial volume of probiotic composition;

a tube in fluid communication with the container to deliver an amount of
the probiotic composition from the container to the drinking water;

a controller for controlling the flow of the probiotic composition through the
tube; and

wherein the container is sealed to prevent contamination of the probiotic

composition within the container.
51. The method of claim 50 wherein the controller comprises a motor,

wherein the valve comprises a piston, and wherein the motor comprises an

internal timer that actuates the piston to open and close the valve for a
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predetermined amount of time to achieve a desired dosage of probiotic

composition and cycles opening and closing the valve at predetermined intervals.
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92. A method for controlling odors associated with animal waste products, the
method comprising:

providing drinking water for an animal;

acidifying the drinking water by adding an amount of one or more acids or
salts of acids to the drinking water; and |

adding an amount of a probiotic composition comprising one or more
bacteria species in spore form to the drinking water such that at ieast some of the
bacteria species survive through the animal's gastrointestinal tract and are
present in spore or vegetative form in the animal's feces: and
| wherein the probiotic composition and acids or salts or acids are added
prior to or during a time when an animal will drink the drinking water and the
bacteria in the feces reduce odor causing compounds.
53. The method of claim 52 wherein the bacteria species is one or more

Bacillus species.
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