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(57) ABSTRACT 

The invention provides feed additive compositions for 
Supplementing the diet of an animal that can reduce the odor 
ofmanure produced by animals consuming the compositions. 
The invention also relates to methods for manufacturing the 
compositions and methods of using the compositions as ani 
mal feed additives. 
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ANIMAL FEED ADDITIVES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation-in-part of Inter 
national Application No. PCT/US 12/46383 filed on Jul. 12, 
2012, which claims priority to U.S. Patent Application Ser. 
No. 13/187,443 filed Jul. 20, 2011. Each of these priority 
documents are incorporated herein by reference in their 
entirety. 

TECHNICAL FIELD 

0002 The invention relates to compositions comprising 
feed additives that can reduce the odor of manure produced by 
animals consuming the compositions. The invention also 
relates to methods for manufacturing the compositions and 
methods of using the compositions as animal feed additives. 

BACKGROUND OF INVENTION 

0003. The U.S. has developed a very efficient and sophis 
ticated System for producing meat, milk, poultry, and egg 
products involving concentrated animal feeding operations 
(CAFOs) in order to insure the sustainability of America’s 
food supply. CAFOs, including dairies and cattle feedlots, 
and the associated animal waste management systems pro 
duce emissions of odor, odorants, and odorous gases, such as 
ammonia, H.S. For instance, in the United States during a 
normal 150 day finishing period, each animal excretes about 
900 kg of collectible manure, or about 1,800 kg/hd of manure 
per head of feedlot capacity per year. Cattle feedlots in the 
U.S. produce an estimated 18 million metric tons/yr of col 
lectable manure containing at least 360,000 metric tons/yr of 
total nitrogen and 135,000 metric tons/yr of total phosphorus. 
0004. Historically, air quality associated with CAFOs has 
received minimal consideration. The Sources of odor emis 
sions from CAFOs may include production facilities (open 
lot and confinement buildings; manure/wastewater storage 
and/or treatment systems) ponds, pits, lagoons, stockpiles, 
composting operations; and land application systems for 
solid or liquid manure, treated effluent, or open lot runoff. 
0005. Many technologies for control of odorand odorants 
from CAFOs have been utilized that generally fall under four 
approaches including (1) ration manipulation, (2) improved 
manure collection and treatment, (3) capture and treatment of 
odorous gases, and (4) enhanced dispersion. 
0006 Reducing the protein content in the manure has been 
attempted in order to reduce manure odor. Additionally, vari 
ous feeding strategies, including reduced nitrogen intake, 
phase feeding, repartitioning agents, improved animal genet 
ics, and various feed additives have been used. Some of the 
feed additives include: Sugar beet pulp, soybean hulls, Jerusa 
lem artichoke, Zeolite, and yucca extracts. 
0007. Manure treatment methods include odor control 
measures, such as maintaining aerobic conditions during Stor 
age, aerobic treatment (aerated lagoons or composting), 
anaerobic digestion or biochemical treatment. 
0008. The capture-and-treatment methods include the use 
of covered storage pits or lagoons, soil incorporation of 
applied liquid or Solid manure, and dry scrubbers for building 
exhaust gases, including soil absorption beds, bio-filter fields, 
or packed beds. Soils and organic materials such as peat or 
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wood chips, have been used as they readily absorb odorous 
gases and provide for aerobic decomposition of captured 
odorants. 
0009. As the location size grows and the proximity of 
CAFOs to urban areas decreases, odor control becomes an 
increasingly urgent concern, and therefore additional options 
for reducing or eliminating animal odors associated with 
CAFOs are needed. Such options are provided by the com 
positions and methods of this invention. Additionally, the 
compositions and method of this invention achieve other 
advantages discussed more fully below. 

SUMMARY OF INVENTION 

0010. The present invention provides feed additives based 
on compositions containing plant extracts, Zeolites and min 
erals, and methods of producing and using the compositions 
to reduce or eliminate odors associated with CAFOs and 
processing, storing and using animal manure as a fertilizer. 
The feed additives of the invention include a plant and/or 
plant extract combined with a mineral clay, and a metal or 
trace mineral. In some embodiments, the metal or trace min 
eral is one of cobalt or iron or both. In specific embodiments, 
the metal or trace mineral is Supplied as one of cobalt Sulfate 
and ferrous sulfate. In related embodiments, the plant mate 
rial may be a processed Yucca or Agave plant material. In 
specific embodiments, a plant extract of the feed additives is 
an extract of Yucca plants or Agave plants, or both. 
0011. In specific embodiments, the mineral clay is a Zeo 

lite and in certain embodiments, the mineral clay is an alumi 
num silicate. In specific embodiments, the mineral clay is 
aluminum calcium silicate or hydrated Sodium calcium alu 
minum silicate, or both. 
0012. One embodiment is a feed additive composition 
containing about 15% to about 40%, by weight, of Yucca 
Schidigera extract, about 45% to about 80% by weight, of 
alumina calcium silicate, about 0.1% to about 0.75%, by 
weight, of hydrated Sodium calcium alumina silicate; about 
0.1% to about 0.75%, by weight, of cobalt sulfate; and about 
0.1% to about 0.75%, by weight, of ferrous sulfate. 
0013. In one embodiment, the animal feed additive com 
position includes about 35%, by weight, of Yucca Schidigera 
extract, about 64%, by weight, of alumina calcium silicate, 
about 0.5%, by weight, of hydrated sodium calcium alumina 
silicate; about 0.25%, by weight, of cobalt sulfate, and about 
0.25%, by weight, of ferrous sulfate. 
0014. In another embodiment, the animal feed additive 
composition includes about 45%, by weight, of dried and 
communited Yucca Schidigera plant material, about 54%, by 
weight, of klinoptilolite; about 0.5%, by weight, of cobalt 
sulfate, and about 0.5%, by weight, of ferrous sulfate. 
0015. Another aspect of the invention is a method of 
Supplementing the diet of an animal by feeding a composition 
including a plant material, a mineral clay, and a mineral 
selected from at least one of cobalt and iron, to the animal. In 
Some embodiments, the animal feed composition is fed 
directly to the animal In other embodiments the animal feed 
additive is first mixed with a feed, which mixture is fed to the 
animal. In some embodiments, the plant material in the com 
position fed to the animal contains at least a component of 
Yucca or Agave plants. In some embodiments, the plant 
extract in the composition fed to the animal contains a Zeolite. 
In some embodiments, the plant extract in the composition 
fed to the animal contains an aluminum silicate. In some 
embodiments, the plant extract in the composition fed to the 
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animal contains cobalt or iron. In a specific embodiment, the 
composition is fed to a bovine animal In a specific embodi 
ment, the composition is fed to cattle. 
0016. Another aspect of the invention is a method of mak 
ing an animal feed additive by mixing a plant material with a 
mineral clay and a metal selected from cobalt and iron. In 
preferred embodiments, the plant material in the animal feed 
additive is a Yucca Schidigera material. In some embodi 
ments, a Zeolite is used to mix the animal feed additive. 
0017. This Summary of the Invention is neither intended 
nor should be construed as being representative of the full 
extent and scope of the present invention. Moreover, refer 
ences made herein to “the present invention.” or aspects 
thereof, should be understood to mean certain embodiments 
of the present invention and should not necessarily be con 
Strued as limiting all embodiments to a particular description. 
The present invention is set forth in various levels of detail in 
the Summary of the Invention as well as in the attached 
drawings and the Description of Embodiments and no limi 
tation as to the scope of the present invention is intended by 
either the inclusion or non-inclusion of elements, compo 
nents, etc. in this Summary of the Invention. Additional 
aspects of the present invention will become more readily 
apparent from the Description of Embodiments, particularly 
when taken together with the drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

0018 FIG. 1 shows the six-hour dry matter digestability 
(DMD) for a composition of the invention versus control. 
0019 FIG. 2 shows the volatile fatty acid (VFA) testing 
results for a composition of the invention versus control. 

DESCRIPTION OF EMBODIMENTS 

0020. The present invention is drawn to compositions that 
Supplement the feed of animals and reduce the odor associ 
ated with the animal and the animal's excrement. The inven 
tion provides methods for manufacturing the compositions as 
well as methods for using the compositions as animal feed 
additives. The use of the compositions of the invention can 
lower the cost and regulatory burden of maintaining a CAFO 
where manure is generated, disposed, stored and/or processed 
to be used as a fertilizer. 
0021 While the following terms are believed to have well 
defined meanings in the art, the following are set forth to 
define the terms as used herein, and facilitate explanation of 
the invention. 
0022. As used herein, the term “feed” broadly refers to any 
kind of material, liquid or Solid, that is used for nourishing an 
animal, and for Sustaining normal or accelerated growth of an 
animal including newborns and young developing animals. 
Preferably, the feed is cattle feed. 
0023 The term “animal' as used herein refers to animals 
typically kept in farms, animal operations, CAFOs, Zoos, and 
includes bovine, fowl, porcine, Ovine, and equine species. By 
way of example, the methods and compositions of the inven 
tion can be used for the treatment of cattle, poultry (chickens, 
turkeys, ducks, quail, geese) pigs, goats and sheep. In a spe 
cific embodiment, the methods and compositions of the 
invention can be used for the treatment of ruminants. 
0024. As used herein, reducing the odor of animal waste 
products or manure refers to a process that results in a lower 
concentration of one or more malodorous compounds in ani 
mal waste products. Odorous compounds, such as but not 
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limited to hydrogen Sulfide, ammonia, indole, skatole (i.e. 
3-methyl-1H-indole), p-cresol, and organic acids, are known 
to contribute to the malodorous quality of manure. The con 
centration of Such malodorous compounds in manure or in a 
sample of air in contact with the manure can be determined by 
any method well known in the art, including, but not limited 
to, gas chromatography and mass spectroscopy. 

Animal Feed Additive Compositions 
0025. The compositions of the invention comprise plant 
extracts. In specific embodiments, the plant extracts in the 
compositions are chosen for their ability to reduce the odor of 
wastes produced by animals. Saponins, present in certain 
plants, are surfactants having both lipophilic and hydrophilic 
portions that provide both fat-soluble and water-soluble moi 
eties in the same molecule. The lipophilic region may be a 
steroid, triterpene, oralkaloid, and is termed a sapogenin. The 
hydrophilic portion of the molecule contains one or more 
water-soluble carbohydrate side chains. The structural com 
plexity of saponins is derived largely from the carbohydrate 
portion of the molecule due to the many different types of 
possible side chain carbohydrates, such as glucose, Xylose, 
galactose, pentose or methylpentose, which may have differ 
ent connectivity and/or anomeric configuration. Saponins 
purportedly have antiprotozoal activity attributable to the 
saponin’s ability to interact with cholesterol in protozoal cell 
membranes and cause cell lysis. Plant extracts useful in the 
compositions and methods of the present invention preferably 
include saponins derived from the plant source. As such, plant 
Sources useful in preparation of the compositions of the 
present invention include plants of the family: Lillaecae, 
genus: Yucca, Such as Yucca Schidigera, and the family: Ama 
ryllidaccae, genus: Agave. Additional sources of useful plant 
extracts that may be included in the compositions of the 
present invention include extracts of soybeans, fenugreek, 
peas, tea, yams, Sugar beets, alfalfa, asparagus, aloe, Vanilla, 
Zhimu, Sapindus Saponaria, citrus fruits (limonoid saponins) 
as well as from Ouillaja Saponaria bark. Such extracts, and 
either liquid or powder form, can be prepared from any of the 
foregoing plant sources by techniques well-known to those 
skilled in the art. Additionally, extracts from each of these 
plants sources are commercially available. For example, 
Yucca extracts can be derived by extracting yucca powder 
with an aqueous solution that may or may not contain some 
fraction of an organic solvent, Such as methanol, ethanol, 
propanol, butanol, or the like. Commercially available Yucca 
extracts typically have total Solids content usually in the range 
from 5-50%. The saponin content of a typical 50% solids by 
weight yucca extract is usually in the range of about 1-2% 
saponins by weight as measured by HPLC analysis. 
0026. In a specific embodiment, the composition of the 
invention includes at least one plant extract containing at least 
0.1% by weight saponins as measured by HPLC. 
0027. In a related embodiment, the composition of the 
invention includes at least one plant extract from one or both 
of Yucca and/or Agave plants. In a specific embodiment, the 
composition of the invention includes an extract of Yucca. In 
a related embodiment, the composition of the invention 
includes an extract of Yucca Schidigera. In these embodi 
ments, the composition may contain between 0.1% and 80%, 
by weight, of an extract of Yucca Schidigera. In these embodi 
ments, the composition may contain between 5% and 50%, 
by weight, of an extract of Yucca Schidigera. In these embodi 
ments, the composition may contain between 15% and 40%, 
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by weight, of an extract of Yucca Schidigera. In a specific 
embodiment, the composition may contain about 35%, by 
weight, of an extract of Yucca Schidigera. 
0028. In a related embodiment, the composition of the 
invention includes at least one plant material from Yucca. In 
certain embodiments, the Yucca material is a processed Yucca 
plant material. In specific embodiments, the Yucca is pro 
cessed by first harvesting a quantity of Yucca plants or spe 
cifically harvesting Yucca stems (or trunks). Any remaining 
leaves are removed from the Yucca trunks. The trunks are 
chipped into Substantially square pieces of approximately 
3-inch sides (this can be easily accomplished by sending the 
trunks through a wood chipper). The chippedyucca pieces are 
then dried (preferably in a kiln drier) to reduce the moisture 
content from around 85% to about 10%. After the drying, the 
material is comminuted, which may include pulverizing, cut 
ting, chopping, grinding, crushing, milling, micronizing and 
triturating the dried Yucca plant materials. In a preferred 
embodiment the dried Yucca plant material is comminuted by 
passing through a series of hammer mills. Following commi 
nution, the comminuted Yucca plant material is optionally 
compressed. In one embodiment, the compression is com 
pleted by passing the comminuted Yucca plant material 
through a roller mill. The processed Yucca material may be 
stored in this dried and comminuted state. Additionally, the 
processed Yucca materials are optionally ground before use in 
the feed additive compositions of the present invention. The 
saponin content of the processed Yucca material typically 
falls in the range from about 5% by weight to about 15% by 
weight. In certain embodiments, the Saponin content of the 
processed Yucca material is about 10% by weight. In specific 
embodiments, the Yucca plant materials used for processing 
prior to being included in the feed additive compositions of 
the present invention are Yucca Schidigera plant materials. In 
these embodiments, the composition may contain between 
1% and 80%, by weight, of a processed Yucca schidigera 
plant material. In these embodiments, the composition may 
contain between 25% and 60%, by weight, of a processed 
Yucca Schidigera plant material. In related embodiments, the 
composition may contain between 40% and 50%, by weight, 
of a processed Yucca Schidigera plant material. In a specific 
embodiment, the composition may contain about 45%, by 
weight, of a processed Yucca Schidigera plant material. 
0029. In addition to a plant extract, the compositions of the 
invention contain mineral clays (aluminosilicates) including, 
but not limited to, montmorillonite clay, bentonite and one or 
more zeolites. When present, the mineral clay product is a 
standard commercial grade (examples include, but are not 
limited to, montmorillonite clay, bentonite and zeolite). 
Extractions and productions of diatomaceous earth and min 
eral clays are known in the art and may be obtained from a 
variety of commercial sources. Examples include hydrated 
magnesium and/or aluminum silicates, such as Sepiolite and 
other clay minerals of the sepiolite-palygorskite-family as 
well as Zeolites, such as klinoptilolite (also referenced as 
clinoptilolite; available commercially as RUMAGTM, Zeo 
Tech, Fort Worth Tex., and BIOLITETM, St. Cloud Mining 
Co, Winston, N. Mex.), and certain silicates, such as, but not 
limited to aluminum calcium silicate, or hydrated sodium 
calcium aluminum silicate. These mineral clays can adsorb 
and absorb Substances including toxins or odiferous chemi 
cals in the gastrointestinal tract of an animal. 
0030. In embodiments in which klinoptilolite Zeolite is 
present, the composition may contain between 20% and 80%, 
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by weight, ofklinoptilolite Zeolite. In these embodiments, the 
composition may contain between 40% and 60%, by weight, 
of klinoptilolite Zeolite. In these embodiments, the composi 
tion may contain between 50% and 60%, by weight, of kli 
noptilolite Zeolite. In a specific embodiment, the composition 
may contain about 54%, by weight, of klinoptilolite Zeolite. 
0031. In a specific embodiment, the composition of the 
invention includes at least one mineral clay. In related 
embodiments, the composition of the invention includes a 
Zeolite. In specific embodiments, compositions of the inven 
tion include at least one of aluminum calcium silicate, or 
hydrated sodium calcium aluminum silicate. 
0032. In embodiments in which aluminum calcium sili 
cate is present, the composition may contain between 10% 
and 90%, by weight, of aluminum calcium silicate. In these 
embodiments, the composition may contain between 25% 
and 80%, by weight, of aluminum calcium silicate. In these 
embodiments, the composition may contain between 45% 
and 80%, by weight, of aluminum calcium silicate. In a spe 
cific embodiment, the composition may contain about 64%, 
by weight, of aluminum calcium silicate. 
0033. In embodiments in which hydrated sodium calcium 
aluminum silicate is present, the composition may contain 
between 0.1% and 20%, by weight, of hydrated sodium cal 
cium aluminum silicate. In these embodiments, the compo 
sition may contain between 0.2% and 5%, by weight, of 
hydrated Sodium calcium aluminum silicate. In these 
embodiments, the composition may contain between 0.3% 
and 1%, by weight, of hydrated sodium calcium aluminum 
silicate. In a specific embodiment, the composition may con 
tain about 0.5%, by weight, of hydrated sodium calcium 
aluminum silicate. 

0034. In addition to a plant extract, the compositions of the 
invention contain minerals or metals that Supplement or fur 
ther increase the efficacy of the compositions of the invention. 
In some embodiments, a variety of suitable trace minerals are 
included in the compositions of the invention. In some 
embodiments, the organic trace minerals may include metal 
chelates comprising metal ions and an amino acid ligand. 
Alternatively, the organic trace mineral may be present in the 
compositions of the invention as a metal salt. The metal ions 
may include Zinc ions, copper ions, manganese ions, iron 
ions, chromium ions, cobalt ions, magnesium ions, calcium 
ions, and combinations thereof. In specific embodiments, the 
metal ions are iron, manganese, and/or copper ions. Metals 
may act as Sulfide binding agents that can react with Sulfide 
ions and form insoluble or poorly soluble reaction products. 
In this manner, Sulfide binding agents can react with Sulfide 
ions to form a precipitate product that cannot be absorbed 
well by the host animal, thereby preventing dietary sulfur 
from causing adverse effects. As a specific example, iron (II) 
chloride reacts with sulfide ion forming iron sulfide, which is 
poorly soluble and therefore drops out of solution. Because 
compositions of the invention are to be administered to ani 
mals, the Sulfide binding agent should be substantially non 
toxic. In addition, the sulfide binding agent should be selected 
so that any reaction products that may form in the process of 
binding Sulfide ion are also Substantially non-toxic. 
0035. In a specific embodiment, a mineral additive to the 
composition of the invention includes a source of cobalt. 
When present in the compositions of the present invention, 
the cobalt may be provided as cobalt acetate, cobalt carbon 
ate, cobalt chloride, cobalt oxide, cobalt sulfate or combina 
tions thereof. In one embodiment, the composition of the 
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invention includes cobalt sulfate. In embodiments in which 
cobalt Sulfate is present, the composition may contain 
between 0.1% and 20%, by weight, of cobalt sulfate. In these 
embodiments, the composition may contain between 0.1% 
and 5%, by weight, of cobalt sulfate. In these embodiments, 
the composition may contain between 0.2% and 1%, by 
weight, of cobalt Sulfate. In a specific embodiment, the com 
position may contain about 0.5%, by weight, of cobalt sulfate. 
0036. In a specific embodiment, a mineral additive to the 
composition of the invention includes a source of iron. When 
present in the compositions of the present invention, the iron 
may be provided as ferrous fumarate, iron ammonium citrate, 
iron carbonate iron, chloride iron, gluconate iron, iron phos 
phate, iron pyrophosphate, iron Sulfate, iron magnesium 
acetate, ferric hypophosphite, ferric albuminate, ferric chlo 
ride, ferric citrate, ferric oxide Saccharate, ferric ammonium 
citrate, ferrous chloride, ferrous gluconate, ferrous iodide, 
ferrous sulfate, ferrous lactate, ferrous fumarate, heme, ferric 
tris glycinate, ferrous bisglycinate, ferrous aspartoglycinate, 
ferric nitrate, ferrous hydroxide saccharate, ferric sulfate, 
ferric gluconate, ferric aspartate, ferrous Sulfate heptahy 
drate, ferrous phosphate, ferric ascorbate, ferrous formate, 
ferrous acetate, ferrous malate, ferrous glutamate, ferrous 
cholinisocitrate, ferroglycine Sulfate, ferric oxide hydrate, 
ferric pyrophosphate soluble, ferric hydroxide saccharate, 
ferric manganese saccharate, ferric SubSulfate, ferric ammo 
nium Sulfate, ferrous ammonium Sulfate, ferric sesquichlo 
ride, ferric choline citrate, ferric manganese citrate, ferric 
quinine citrate, ferric sodium citrate, ferric sodium edetate, 
ferric formate, ferric ammonium oxalate, ferric potassium 
oxalate, ferric sodium oxalate, ferric peptonate, ferric man 
ganese peptionate, or combinations thereof. In one embodi 
ment, the composition of the invention includes ferrous Sul 
fate. In embodiments in which ferrous sulfate is present, the 
composition may contain between 0.1% and 20%, by weight, 
of ferrous sulfate. In these embodiments, the composition 
may contain between 0.1% and 5%, by weight, of ferrous 
Sulfate. In these embodiments, the composition may contain 
between 0.2% and 1%, by weight, of ferrous sulfate. In a 
specific embodiment, the composition may contain about 
0.5%, by weight, of ferrous sulfate. 
0037. In one embodiment, the feed additive compositions 
of the invention include a plant extract, a mineral clay, and a 
metal selected from at least one of cobalt and iron. In another 
embodiment, the feed additive compositions of the invention 
include a plant extract, a mineral clay, and a metal selected 
from cobalt and iron. In another embodiment, the feed addi 
tive compositions of the invention include a plant extract 
selected from a yucca extract and an agave extract, a mineral 
clay, and a trace mineral. In another embodiment, the feed 
additive compositions of the invention include an extract of 
yucca, a mineral clay, and a metal selected from cobalt and 
iron. In another embodiment, the feed additive compositions 
of the invention include an extract of agave, a mineral clay, 
and a metal selected from cobalt and iron. In another embodi 
ment, the feed additive compositions of the invention include 
an extract of yucca, a Zeolite, and a metal selected from cobalt 
and iron. In another embodiment, the feed additive composi 
tions of the invention include an extract of yucca, an alumi 
num silicate, and a metal selected from cobalt and iron. In 
another embodiment, the feed additive compositions of the 
invention include an extract of yucca, an aluminum silicate, 
and a metal selected from cobalt and iron. In each of these 
embodiments, a preferred plant extract is a yucca extract. 
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0038. In each of these embodiments, a preferred mineral 
clay is one or both of aluminum calcium silicate, and hydrated 
Sodium calcium aluminum silicate. 
0039. In each of these embodiments, a preferred metal is 
one or both of cobalt and iron. 
0040. In each of these embodiments, a particularly pre 
ferred plant extract is Yucca Schidigera. In each of these 
embodiments, a particularly preferred mineral clay is both 
aluminum calcium silicate and hydrated Sodium calcium alu 
minum silicate. 
0041. In each of these embodiments, a particularly pre 
ferred metal is both cobalt sulfate and ferrous sulfate. 
0042. In a specific embodiment, the animal feed additive 
composition comprises about 15% to about 40%, by weight, 
of a Yucca Schidigera extract, about 45% to about 80% by 
weight, of alumina calcium silicate, about 0.1% to about 
0.75%, by weight, of hydrated sodium calcium alumina sili 
cate; about 0.1% to about 0.75%, by weight, of cobalt sulfate: 
and about 0.1% to about 0.75%, by weight, offerrous sulfate. 
In a related embodiment, the animal feed additive composi 
tion comprises about 35%, by weight, of a Yucca Schidigera 
extract, about 64%, by weight, of alumina calcium silicate, 
about 0.5%, by weight, of hydrated sodium calcium alumina 
silicate; about 0.25%, by weight, of cobalt sulfate; and about 
0.25%, by weight, of ferrous sulfate. 
0043. In another embodiment, the feed additive composi 
tions of the invention include a processed plant material, a 
Zeolite, and a metal selected from at least one of cobalt and 
iron. In another embodiment, the feed additive compositions 
of the invention include aa processed plant material, a Zeolite, 
and a metal selected from cobalt and iron. In another embodi 
ment, the feed additive compositions of the invention include 
a processed Yucca plant material, a Zeolite, and a trace min 
eral. In another embodiment, the feed additive compositions 
of the invention include a processed Yucca plant material, a 
Zeolite, and a metal selected from cobalt and iron. In another 
embodiment, the feed additive compositions of the invention 
include a processed Yucca plant material, a Zeolite, and a 
metal selected from cobalt and iron. In another embodiment, 
the feed additive compositions of the invention include a 
processed Yucca plant material, a Zeolite, and a metal selected 
from cobalt and iron. In another embodiment, the feed addi 
tive compositions of the invention include a processed Yucca 
plant material, a Zeolite, and a metal selected from cobalt and 
iron. In another embodiment, the feed additive compositions 
of the invention include a processed Yucca plant material, a 
Zeolite, and a metal selected from cobalt and iron. In each of 
these embodiments, the processed Yucca plant material is 
prepared by a combination of communiting and drying, and 
preferably is prepared by the processing methods described 
above. In each of these embodiments, a particularly preferred 
Yucca plant material is Yucca Schidigera. 
0044. In each of these embodiments, a preferred Zeolite is 
klinoptilolite. 
0045. In each of these embodiments, a preferred metal is 
one or both of cobalt and iron. 
0046. In each of these embodiments, a particularly pre 
ferred metal is both cobalt sulfate and ferrous sulfate. 

Animal Feed Methods and Materials 

0047. In one embodiment, the invention includes a method 
of processing animal feed including contacting an animal 
feed material with at least one of the compositions of the 
invention. By adding the composition to the animal feed, the 
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components of the composition will reach the rumen of a feed 
animal along with the consumed feed. In one embodiment, 
the sulfur content of an animal feed is tested and if the animal 
feed material turns out to have a relatively high sulfur content, 
a composition of the invention can be added to the animal 
feed. 
0048. The animal feed materials, to which compositions 
of the invention can be added, may include many different 
components such as, but not limited to, alfalfa hay, alfalfa 
haylage, almond hulls, apple components, rolled barley, bar 
ley malt sprouts, barley silage, bermuda grass, blood meal, 
bluegrass, brome, canary grass, canola seed, canola meal, 
chocolate byproduct, dried citrus pulp, clover, Sudangrass 
hay, dry-rolled corn, tempered-rolled corn, Steam-flaked 
corn, ground shelled corn, cracked corn, hominy feed, corn 
gluten feed, corn Silage, wet brewer's grain, dry brewers 
grain, distillers grains (dried and wet), stillage, soybean meal, 
Soybean seeds, soybean hulls, Sunflower meal, Sunflower oil, 
Sunflower seeds, tomato products, wheat bran, rolled wheat, 
wheat hay, wheat middlings, wheat Silage, whey, fescue, fish 
byproducts, hay, legumes, linseed, meat meal, meat and bone 
meal, rolled oats, oat hay, oat Silage, orchard grass, peanut 
meal, potato byproduct meal, rice bran, rye, safflower, dry 
rolled Sorghum, Steam-flaked Sorghum, Sorghum silage, Soy 
bean hulls, whole cottonseed, cottonseed hulls, cottonseed 
meal, Sugar beet pulp, dehydrated beet pulp, bakery waste, 
cottonseed meal, yellow grease, white grease, vegetable oil, 
tallow, water, hydrolyzed feather meal, cane molasses, Sugar 
beat molasses, and the like, and combinations thereof. 
0049. In another embodiment, compositions of the inven 
tion can be fed directly to an animal. In another embodiment, 
the compositions are added to an animal feed that is fed to an 
animal. Any methods and appliances may be used to mix the 
compositions of the invention with an animal feed. In one 
embodiment, a composition of the invention is added directly 
to the feed just prior to feeding the animal The compositions 
may be applied to and/or mixed with an animal feed by any 
mechanized means, which may be automated. 
0050. The amount of the animal feed compositions of the 
invention fed to an animal depends in part on the feeding 
regimen and the type offeed, and can be determined empiri 
cally. For example, the useful ratio of a composition to animal 
feed typically ranges from 0.1% to 1% by dry weight, pref 
erably, 0.3 to 0.8%, and most preferably at about 0.5%. For 
cattle, the compositions of the invention are typically fed at 
the rate of about one-half to two grams per head, per day, 
when mixed in a complete feed ration. The compositions of 
the invention can also be used in conjunction, or in rotation 
with other types of deodorants and nutrient Supplements. 

Manufacture of the Compositions of the Invention 
0051. The present invention further provides a method for 
manufacturing compositions of the invention. To produce the 
compositions of the invention, a stock solution or powder of 
a plant extract, or processed plant material, is mixed with one 
or more mineral clay(s), and one or more minerals or metals. 
The individual ingredients may be mixed in any order to 
achieve a homogenous mixture for use as a feed or feed 
additive. The resulting dry compositions are preferably stored 
at a temperature between about 5° C. and about 40°C. If the 
composition is formulated as a liquid, it is preferably stored at 
a temperature between about 10° C. and about 30°C., and if 
not used immediately, dried for storage within 24 hours. The 
dried compositions are stored at room temperature and the 
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dried compositions may be screened in a separator so that 
particles of a preferred size are selected. The dried composi 
tions can be sent to a bulk bag filler for packing. 
0.052 The invention now being generally described will be 
more readily understood by reference to the following 
examples, which are included merely for the purposes of 
illustration of certain aspects of the embodiments of the 
present invention. The examples are not intended to limit the 
invention, as one of skill in the art would recognize from the 
above teachings and the following examples that other tech 
niques and methods can satisfy the claims and can be 
employed without departing from the scope of the claimed 
invention. 

EXAMPLES 

0053. This example demonstrates efficacy testing of a 
composition of the invention versus control with respect to 
effects on rumen pH, digestability of feed and volatile fatty 
acid (VFA) production. 
0054 High producing cows generally need to be fed a diet 
with low forage to concentrate ratio and high levels offer 
mentable carbohydrates in order to meet their tremendous 
energy demand. This type of ration can be detrimental to 
ruminal health because it leads to increased volatile fatty acid 
(VFA) production, decreased pH, and acidosis. When the pH 
of the rumen drops too low (approximately 5.5) VFA will 
become the primary buffering system in the rumen. Chronic 
acidosis, which often occurs in adaptation to concentrate-rich 
diets in feed yards, may continue during the feeding period, 
and with acute acidosis, ruminal acidity and osmolality 
increase markedly as acids and glucose accumulate. This can 
damage the ruminal and intestinal wall, decrease blood pH, 
and cause dehydration that proves fatal. Additionally, lamini 
tis, polioencephalomalacia, and liver abscesses often accom 
pany acidosis. With chronic acidosis, feed intake typically is 
reduced but variable, and performance is depressed, probably 
due to hypertonicity of digesta. Acidosis control measures 
typically include feed additives that inhibit microbial strains 
that produce lactate, that stimulate activity of lactate-using 
bacteria or starch-engulfing ruminal protozoa, and that 
reduce meal size. A feed additive that increases buffering 
capacity in the rumen may help to stabilize rumen pH, 
increasing digestability and VFA production and absorption. 

Procedure 

0055. The total mixed ration (TMR) was run through a 
grinder for 5 minutes in order to homogenize and simulate 
mastication. Then triplicate Sub-samples of the homogenized 
TMR were weighed into flasks for each treatment. A compo 
sition of the invention including 45%, by weight Yucca Schi 
digera plant material: 54% by weight klinoptilolite: 0.5% by 
weight cobalt sulfate; and 0.5% by weightferrous sulfate, was 
added to the TMR immediately prior to the addition of stan 
dardized rumen fluid. The composition was added at the rate 
of 0.5 grams per 25 pounds of dry matter (DM) to form the test 
feed. Incubation conditions were 102.5F with orbital shaking 
(150 rpm). 6-hour digestibility, pH, and VFA production was 
determined for both the control (the TMR with no additions) 
and the test feed (the TMR with the added animal feed com 
position of the invention). 

Rumen pH 
0056. Following feeding, rumen fluid was obtained using 
a collection tube, and ruminal pH was measured immediately 
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after sampling using a pH meter. Rumen pH was tested and 
was found to be constant at pH 6.76 for both test and control 
feeds. 

Digestibility (6 hr) 
0057 The six-hour dry matter digestability (DMD) was 
measured for each animal. Control and Test Feed DMD 
results are shown in FIG.1. Control DMD average was 30.36 
and Test Feed DMD average was 32.77. 
Total VFA Production (umol/ml) 
0058 Ruminal VFA were determined using a Varian 3800 
GLC fitted with a capillary column (CP-WAX 58 FFAP 25 
mx0.53 mmx1 um, Varian CP7614) against known standards 
and corrected using 2-methylvaleric acid (69643, Sigma Ald 
rich, St. Louis, Mo.) as an internal standard. All analyses were 
performed in duplicate. Control and Test Feed VFA results are 
shown in FIG. 2. Control VFA average was 70.41 and Test 
Feed VFA average was 71.06. 
0059. The foregoing examples of the present invention 
have been presented for purposes of illustration and descrip 
tion. Furthermore, these examples are not intended to limit 
the invention to the form disclosed herein. Consequently, 
variations and modifications commensurate with the teach 
ings of the description of the invention, and the skill or knowl 
edge of the relevant art, are within the scope of the present 
invention. The specific embodiments described in the 
examples provided herein are intended to further explain the 
best mode known for practicing the invention and to enable 
others skilled in the art to utilize the invention in such, or 
other, embodiments and with various modifications required 
by the particular applications or uses of the present invention. 
It is intended that the appended claims be construed to include 
alternative embodiments to the extent permitted by the prior 
art. 

What is claimed is: 
1. An animal feed additive comprising: 
a plant material, 
a mineral clay, 
and a mineral selected from at least one of cobalt and iron. 

2. The animal feed additive of claim 1 wherein the plant 
material is at least one of Yucca and Agave plants. 

3. The animal feed additive of claim 1 wherein the mineral 
clay is a Zeolite. 

4. The animal feed additive of claim 3 wherein the Zeolite 
is klinoptilolite. 

5. The animal feed additive of claim 1 wherein the mineral 
clay is at least one of aluminum calcium silicate and hydrated 
Sodium calcium aluminum silicate. 
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6. The animal feed additive of claim 1 wherein the mineral 
is both cobalt and iron. 

7. The animal feed additive of claim 1 wherein the mineral 
is at least one of cobalt sulfate and ferrous sulfate. 

8. The animal feed additive of claim 1 wherein the mineral 
is both cobalt sulfate and ferrous sulfate. 

9. The animal feed additive of claim 1 comprising: 
about 25% to about 60%, by weight, of Yucca schidigera 

eXtract, 
about 40% to about 60% by weight, of klinoptilolite, 
about 0.2% to about 1%, by weight, of cobalt sulfate; and 
about 0.2% to about 1%, by weight, of ferrous sulfate. 
10. The animal feed additive of claim 1 comprising: 
about 35%, by weight, of Yucca schidigera, 
about 64%, by weight, of alumina calcium silicate, 
about 0.5%, by weight, of hydrated sodium calcium alu 

mina silicate; 
about 0.25%, by weight, of cobalt sulfate; and 
about 0.25%, by weight, of ferrous sulfate. 
11. The animal feed additive of claim 1 comprising: 
about 45%, by weight, of Yucca plant material, 
about 54%, by weight, of klinoptilolite, 
about 0.5%, by weight, of cobalt sulfate; and 
about 0.5%, by weight, of ferrous sulfate. 
12. The animal feed additive of claim 11, wherein the 

Yucca plant material is a Yucca Schidigera plant material. 
13. The animal feed additive of claim 11, wherein the 

Yucca plant material is comminuted and dried plant material. 
14. A method of Supplementing the diet of an animal com 

prising: administering a composition comprising a plant 
material, a mineral clay, and a mineral selected from at least 
one of cobalt and iron, to the animal. 

15. The method of claim 14, wherein the composition is 
mixed into an animal feed that is fed to the animal. 

16. The method of claim 14, wherein the plant material in 
the composition comprises at least one of Yucca and Agave 
plants. 

17. The method of claim 14, wherein the mineral clay in the 
composition is a Zeolite. 

18. The method of claim 14, wherein the mineral in the 
composition is at least one of cobalt and iron. 

19. The method of claim 14, wherein the animal is bovine. 
20. A method of making an animal feed additive compris 

ing: mixing a plant material with a mineral clay and a metal 
selected from at least one of cobalt and iron. 

21. The method of claim 20, wherein the plant material is a 
Yucca Schidigera material. 

22. The method of claim 20, wherein the mineral clay is a 
Zeolite. 


