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MATRIX AND LAYER COMPOSITIONS FOR 
PROTECTION OF BOACTIVES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation application of U.S. 
patent application Ser. No. 14/413,540, now U.S. Pat. No. 
9,452,143, filed Jan. 8, 2015, which is a U.S. National Stage 
Application of PCT International Application No. PCT/ 
US2013/0500:51, filed Jul. 11, 2013, which claims the ben 
efit of priority of U.S. Provisional Application Ser. No. 
61/670,817, filed Jul. 12, 2012, the disclosure of each is 
hereby incorporated by reference in its entirety. 

FIELD OF THE INVENTION 

The invention relates to matrix and layer compositions. 
The matrix and layer compositions are useful in the delivery 
and protection of bioactives. 

BACKGROUND OF THE INVENTION 

Supplementing human and animal diets with essential 
amino acids and/or other bioactive agents improves health 
and performance. Bioactives may be sensitive to degrada 
tion, yet need to be provided with a particular release profile. 
Combining the bioactive in a particular matrix composition 
or with a layer coating composition comprising a polymer is 
one way to deliver protected bioactives with a desired 
release profile. Providing amino acids and/or bioactive 
agents to ruminants, in particular, is challenging because 
microbes in the rumen may digest and degrade the bioactive 
agent of interest before it can be absorbed and utilized by the 
animal. Over the years, various protection approaches have 
been taken, but with mixed results. What is needed, there 
fore, is an improved means for protecting bioactive agents. 
In particular, compositions that provide pH-dependent 
release provide advantages in the delivery of bioactives. 

SUMMARY OF THE INVENTION 

In one aspect of the present disclosure, a composition 
comprising a layer formed over a core is provided. The core 
comprises a bioactive agent and the layer comprises a first 
polymer comprising a repeat unit of Formula (I): 

(I) 

wherein, 
R. R. and Rare independently hydrogen, hydrocar 

byl, or substituted hydrocarbyl: 
R is hydrogen, hydrocarbyl, or substituted hydrocar 

byl: 
R’ is optionally present, when present it is hydrogen, 

hydrocarbyl, or substituted hydrocarbyl: 
Z is Sulfur, Sulfone, Sulfoxide, or selenium; 
n is an integer a1; and 
m is an integer >1. 
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2 
In another aspect of the present disclosure, an agglomer 

ated composition comprising a plurality of bioactives 
embedded in a matrix is provided. The matrix comprises a 
first polymer comprising a repeat unit of Formula (I): 

(I) 
R 

( 
R2 

O t 
wherein, 
R. R', and Rare independently hydrogen, hydrocar 

byl, or substituted hydrocarbyl, 
R is hydrogen, hydrocarbyl, or substituted hydrocar 

byl: 
R’ is optionally present, when present it is hydrogen, 

hydrocarbyl, or substituted hydrocarbyl: 
Z is Sulfur, Sulfone, Sulfoxide, or selenium; 
n is an integer a1; and 
m is an integer >1. 

Other iterations of the disclosure are provided in more 
detail below. 

W 
Z 
V 
R7 

BRIEF DESCRIPTION OF THE DRAWINGS 

The patent or application file contains at least one drawing 
executed in color. Copies of this patent or patent application 
with color drawing(s) will be provided by the Office by 
request and payment of the necessary fee. 

FIGS. 1A-E document pH-dependent release of 2-hy 
droxy-4-methylthiobutanoic acid (HMTBa) from various 
preparations of coated particles, which are described in 
Tables 1 and 2. Shown is the release at pH 2.5 or 6.5 as a 
function of time. FIG. 1A shows release from prototype 1. 
FIG. 1B presents release from prototype 2. FIG. 1C shows 
release from prototypes 3 and 4. FIG. 1D presents release 
from prototype 5. FIG. 1E shows release from prototypes 6 
and 7. 

FIGS. 2A-B illustrate in situ degradation of the coated 
particles whose compositions are described in Tables 1 and 
2. FIG. 2A presents the percentage of dry matter remaining 
as a function of time in the rumen. FIG. 2B presents the 
percentage of dry matter remaining at 24 hours for each 
sample. 
FIG.3 shows in vitro release of HMTBaat pH 2.5 and 6.5 

from an agglomerated matrix preparation. 
FIG. 4 presents in vitro release of HMTBa from the 

indicated formulations as a function of pH and time. 
Samples were incubated at pH 6.5 from time 0 to hour 16, 
pH 2.5 from hour 16 to hour 18, and pH 6.5 from hour 18 
to hour 40. 

FIG. 5 documents release from coated particles in a 
simulated in vitro bag test. The composition of the coated 
particles is detailed in Table 6. Shown is the percent of 
HMTBa released as a function of pH. 

FIG. 6 presents the in vitro release kinetics at pH 2.5 of 
the coated particles detailed in Table 6. Shown is the percent 
of HMTBa released over time. 

FIG. 7 shows the physical resilience of the coated par 
ticles detailed in Table 7 and a reference formulation. Plotted 
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is the percent of HMTBa or D.L-methionine released after 
the indicated number of weight impacts. 

FIG. 8 presents release from the coated particles detailed 
in Table 7 and a reference formulation in a simulated in situ 
bag test. Plotted is the percent of HMTBa or D.L-methionine 
released as a function of pH. 

FIG. 9 shows the in vitro release kinetics at pH 2.5 of the 
coated particles detailed in Table 7 and a reference formu 
lation. Shown is the percent of HMTBa or D.L-methionine 
released over time. 

DETAILED DESCRIPTION OF THE 
INVENTION 

I. Composition Comprising a Layer Formed Over a Core 
The present disclosure provides a composition compris 

ing a layer formed over a core. As described in further detail 
herein, the layer comprises a first polymer having a repeat 
unit of Formula (I) and the core comprises a bioactive. 
(a). Layer 
The layer of the composition comprises a first polymer. 

The first polymer comprises a repeat unit of Formula (I): 

(I) 

wherein, 
R. R', and Rare independently chosen from hydro 

gen, hydrocarbyl, and Substituted hydrocarbyl, 
R is chosen from hydrogen, hydrocarbyl, and substi 

tuted hydrocarbyl: 
R’ is optionally present, when present it is chosen from 

hydrogen, hydrocarbyl, and substituted hydrocarbyl, 
Z is chosen from Sulfur, Sulfone, Sulfoxide, and sele 

nium; 
n is an integer a1; and 
m is an integer >1. 

In some embodiments, R may be chosen from hydrocar 
byl, Substituted hydrocarbyl, and hydrogen. In some 
embodiments, R may be a lower chain alkyl groups includ 
ing methyl, ethyl, propyl, butyl, pentyl, and hexyl. In 
another embodiment, R may be phenyl, benzyl, or substi 
tuted phenyl or benzyl. In preferred embodiments, R may 
be hydrogen. 
R" and R are independently chosen from hydrogen, 

hydrocarbyl, and substituted hydrocarbyl. The (CR 
R), may constitute a hydrocarbyl chain which may be 
linear or branched, with n representing the number of linked 
carbon atoms in the chain. In various embodiments, n may 
be equal to or greater than 1. In some embodiments, n may 
range from 1 to 20 and the hydrocarbyl chain comprises 
from 1 to 20 linked carbon atoms. In one embodiment, in 
may range from 1 to 5. In still another embodiment, n may 
be equal to 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 
17, 18, 19, or 20. Rand R may be hydrogen throughout the 
chain, in other aspects select Rand R may be hydrocarbyl 
or substituted hydrocarbyl. 

Formula (I) also contains a heteroatom Z group. In some 
embodiments, the Z may be selenium, sulfur, sulfoxide, or 
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Sulfone groups. The selenium, or Sulfur atoms may be 
charged and/or be present in various oxidation States within 
the molecule. Where the Z carries a charge, the composition 
may further comprise a counterion including, but not limited 
to lithium, Sodium, potassium, calcium, magnesium, and the 
like. 
R’ in Formula (I) may be chosen from hydrogen, hydro 

carbyl, and substituted hydrocarbyl. Where R is a hydro 
carbyl, it may be any alkyl chain but is preferably a lower 
chain alkyl group Such as methyl, ethyl, propyl, butyl, 
pentyl, or hexyl. The lower alkyl groups may additionally be 
branched or cyclic. Non-limiting examples include isopro 
pyl, isobutyl, sec-butyl, t-butyl, cyclopropyl, cyclobutyl, 
cyclopentyl, and the like. In another embodiment, R may be 
phenyl, benzyl, or substituted phenyl or benzyl. In an 
exemplary embodiment, R may be methyl. 

R" may be optionally present in the repeat unit comprising 
Formula (I). When present R", is chosen from hydrocarbyl, 
substituted hydrocarbyl, and hydrogen. Where R is a hydro 
carbyl, it may be any alkyl group but is preferably a lower 
chain alkyl group Such as methyl, ethyl, propyl, butyl, 
pentyl, or hexyl. The lower alkyl groups may additionally be 
branched or cyclic, non-limiting examples include isopro 
pyl, isobutyl, sec-butyl, t-butyl, cyclopropyl, cyclobutyl, 
cyclopentyl, and the like. In another embodiment, R7 may be 
phenyl, benzyl, or substituted phenyl or benzyl. In a further 
embodiment, R7 may be hydrogen. 
The molecular weight of the first polymer can and will 

vary in different embodiments. The variable m represents the 
number of repeat units in the polymer. Generally, m is 
greater than 1. In one embodiment, m is greater than 2, 3, 4, 
5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20. In 
other embodiments, m may be greater than 20. In particular 
embodiments, m ranges from 2 to 10. 

In some embodiments, the molecular weight of the first 
polymer may be at least 500 Da, or at least 600 Da, or at least 
700 Da, or at least 800 Da, or at least 900 Da, or at least 
1,000 Da, or at least 1,100 Da, or at least 1,200 Da, or at least 
1,300 Da, or at least 1,400 Da, or at least 1,500 Da, or at least 
1,600 Da, or at least 1,700 Da, or at least 1,800 Da, or at least 
1,900 Da, or at least 2,000 Da. In another aspect, the 
molecular weight of the polymer may range from 800 Da to 
about 10,000 Da, or from about 2,000 Da to about 5,000 Da, 
or from about 2,000 Da to about 10,000 Da. In a further 
embodiment, the molecular weight of the polymer may be 
greater than about 10,000 Da. The weight of a mixture of 
polymers may be characterized by its weight-average 
molecular weight. In some aspects, the weight-average 
molecular weight of the polymers may be at least 500 Da, or 
at least 600 Da, or at least 700 Da, or at least 800 Da, or at 
least 900 Da, or at least 1,000 Da, or at least 1,100 Da, or 
at least 1,200 Da, or at least 1,300 Da, or at least 1,400 Da, 
or at least 1,500 Da, or at least 1,600 Da, or at least 1,700 
Da, or at least 1,800 Da, or at least 1,900 Da, or at least 2,000 
Da. In other aspects, the weight-average molecular weight 
may be about 2,000 Da, about 3,000 Da, about 4,000 Da, or 
about 5,000 Da. The molecular weight may be determined 
by gel permeation chromatography or other means known in 
the art. 

In certain embodiments, the first polymer may also be 
characterized by a monomer percent. A monomer percent is 
the percent of the polymer composition which is mono 
meric. In some aspects, the monomer percent is less than 
20%. In other aspects, the monomer percent is less than 
15%. More preferably, the monomer percent is less than 
10%. In various aspects, the monomer percent is less than 
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9%, less than 8%, less than 7%, less than 6%, less than 5%, 
less than 4%, less than 3%, less than 2%, or less than 1%. 

In one preferred embodiment, the first polymer comprises 
a repeat unit comprising Formula (II): 

6 (II) 
H. H. R. 

/ 
( Z 

R2 V 
R7 

t O iii. 

wherein, R. R. R. Z. n, and m are as defined for 
Formula (I). 

In another alternative embodiment, the first polymer 
comprises a repeat unit comprising Formula (IIa): 

6 (IIa) 
H. H. R. 

M 
Z 

H Y. 

t O iii. 

wherein, R. R. and mare as defined for Formula (I) and 
Z is selected from sulfur, sulfone, sulfoxide, and sele 
nium. 

In another exemplary embodiment, the first polymer 
comprises a repeat unit comprising Formula (III): 

(III) 

S. 
O 

wherein, m is as defined for Formula (I). 
In some aspects of the invention, the first polymer may 

have chiral centers. In particular, the carbon alpha to the 
carbonyl unit in the compound of Formula (I), (II), or (III) 
may be chiral and may have an R or an S configuration. In 
Some embodiments, the configuration at this position may be 
R. In other embodiments, the configuration at this position 
may be S. In various aspects, the repeat units may be all R. 
all S, or comprise a combination of R and S repeat units, for 
example, the configuration of the repeat units may alternate 
in block or randomly. 
The layer comprising the first polymer may comprise at 

least one additional agent. The additional agent may be 
chosen from polymers, including crystalline and semi-crys 
talline polymers. Examples of suitable polymers, without 
limitation, are polymers of acrylates, aminoacrylates, alky 
lene Succinates, alkylene oxalates, amides, amino acids, 
anhydrides, arylates, carbonates, cellulose (including, but 
not limited to, hydroxymethylcellulose, hydroxyproplycel 
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6 
lulose, methylcellulose, carboxymethyl cellulose and ethyl 
cellulose), caprolactone, cyanoacrylates, dihydropyrans, 
dioxanes, dioxanones, ether ether ketones, ethylene glycol, 
fumarates, hydroxyalkanoates, hydroxyl-esters, imides, ket 
als, lactides, methacrylates, methyl olefins, orthoesters, 
phosphazines, styrenes, terephthalates, trimethylene carbon 
ate, urathanes, vinyl acetates, vinyl ketones, vinyl halides, 
derivatives, isomers, and mixtures thereof. The additional 
agent may also be a wax, including natural and synthetic 
waxes; fatty acids, including C-C so fatty acids, and fatty 
acid esters, including monogylcerides, diglycerides, and 
triglycerides. Non-limiting examples include canola oil, 
coconut oil, corn oil, cottonseed oil, lauric acid, linoleic 
acid, oleic acid, palm oil, palmitic acid, soy oil, Soybean oil, 
Stearic acid, Stearin, Sunflower seed oil, vegetable oil, and 
combinations thereof. The oils may be hydrogenated, non 
hydrogenated, or partially hydrogenated. The additional 
agent may be a flow agent, including carbonates and talcs 
and combinations thereof. Carbonates may be selected from 
copper carbonate, Zinc carbonate, calcium carbonate, mag 
nesium carbonate, potassium carbonate, sodium carbonate, 
and combinations thereof. 

In one embodiment, the additional agent is a pH-sensitive 
polymer and may be chosen from natural and modified 
polymers (e.g. chitosan) including blends with monomers. 
The additional agents may be amino type polymers. Amino 
type polymers include, but are not limited to, pyridine, 
pyridine derivatives, aminoacrylate type monomers, such as 
dialkylamino ethyl acrylate, styrene, styrene derivatives 
(such as poly-2-vinylpyridine-co-styrene), acrylonitrile, 
acrylate type monomers of acrylic acid, vinyl esters, vinyl 
acetate, and vinyl substituted heterocyclic rings that contain 
nitrogen fusions (such as vinyl carbazole, vinyl quinolone 
and N-vinylpyrrole). In one preferred embodiment, the 
additional agent is poly-2-vinylpyridine-co-styrene. 

In one alternative embodiment, the layer composition is 
free of ethylcellulose. 

In some embodiments, the first polymer comprises 100% 
of the layer. In other embodiments, the first polymer is about 
5% to about 50% by weight of the layer and the additional 
agent comprises from about 50% to about 95% by weight of 
the layer. In various embodiments, the additional agent 
comprises about 50%, 60%, 70%, 80%, or 90% of the layer. 
In embodiments where two or more additional agents are 
provided in the layer, each agent may be provided in any 
ratio without limitation. 
The total weight percentage of the layer can and will vary. 

In some embodiments, the layer ranges from about 1% to 
about 50% by weight of the total composition. More pref 
erably, the layer ranges from about 5% to about 15% by 
weight, or from about 8% to about 12% by weight. In some 
embodiments, the total weight percentage of the layer less 
than about 1%), less than about 2%, less than about 3%, less 
than about 4%, less than about 5%, less than about 6%, less 
than about 7%, less than about 8%, less than about 9%, less 
than about 10%, less than about 11%, less than about 12%, 
less than about 13%, less than about 14% or less than about 
15% by weight. 
(b). Core 
The composition further comprises a core comprising a 

bioactive. In some embodiments, the core contains one 
bioactive. In other embodiments, the core contains more 
than one bioactive. When more than one bioactive is present 
in the core, they can be provided in any ratio. For example, 
when two bioactives are present they can be present in a 
ratio of about 99:1, 95:5, 90:10, 85:15, 80:20, 75:25, 70:30, 
65:35, 60:40, 55:45, or 50:50 by weight percent, or at any 
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ratio between the listed ratios. When more than two bioac 
tives are present, they may similarly be present in any ratio 
without limitation. 

The bioactive can be present in the core composition in a 
weight of about 20% to about 90% of the total composition. 
In some embodiments the bioactive is about 10%, about 
15%, about 20%, about 25%, about 30%, about 35%, about 
40%, about 45%, about 50%, about 55%, about 60%, about 
65%, about 70%, about 80%, about 90%, or about 99% by 
weight of the total composition. In a preferred embodiment, 
the bioactive is present in an amount of about 80% to about 
90%, or 85% to about 95%, or about 95% to about 99% by 
weight of the total composition. 

i. Bioactive 
The bioactive may be chosen from any biologically 

relevant molecule. Non-limiting examples of bioactives 
include vitamins, minerals (e.g., organic or inorganic), anti 
oxidants, organic acids, poly unsaturated fatty acid 
(“PUFA')s, essential oils, pharmaceutically active agents, 
amino acids or amino acid analogues, enzymes, prebiotics, 
probiotics, herbs, and pigments. 

Suitable vitamins include vitamin C, vitamin A, vitamin 
E, vitamin B12, vitamin K, riboflavin, niacin, vitamin D, 
Vitamin B6, folic acid, pyridoxine, thiamine, pantothenic 
acid, and biotin. The form of the vitamin may include salts 
of the vitamin, derivatives of the vitamin, compounds hav 
ing the same or similar activity of a vitamin, and metabolites 
of a vitamin. 

Suitable organic trace mineral may comprise a metal 
chelate comprising metal ions and an amino acid ligand. 
Alternatively, the organic trace mineral may be a metal salt 
comprising metal ions and an amino acid anion. The metal 
ions may be selected from the group consisting of Zinc ions, 
copper ions, manganese ions, iron ions, chromium ions, 
cobalt ions, magnesium ions, calcium ions, and combina 
tions thereof. The amino acids may be selected from the 
group comprising alanine, arginine, asparagine, aspartic 
acid, cysteine, glutamine, glutamic acid, glycine, histidine, 
isoleucine, leucine, lysine, methionine, phenylalanine, pro 
line, serine, threonine, tryptophan, tyrosine, and valine, or 
their hydroxy analogs. In certain embodiments, the copper 
and Zinc ions are preferably divalent, i.e., each ion carries a 
charge of 2. The molar ratio of amino acids to metal ions 
in the chelate molecule may generally vary from 1:1 to 3:1 
or higher. Typically, a metal chelate may comprise a mixture 
of 1:1, 2:1, and 3:1 species. Preferably, the molar ratio of 
amino acids to metal ion in the chelate molecule may 
generally vary from 1.5:1 to 2.5:1. In an aqueous medium, 
the relative proportions of these species are determined by 
the applicable stability constants. Where the number of 
ligands equates to the charge on the metal ion, the charge is 
typically balanced because the carboxyl moieties of the 
amino acids are in deprotonated form. For example, in the 
chelate species wherein the metal cation carries a charge of 
2+ and the amino acid to metal ratio is 2:1, each of the 
hydroxy or amino groups is understood to be bound by a 
coordinate covalent bond to the metal ion. Where the 
number of ligands exceeds the charge on the metal ion, e.g., 
in a 3:1 chelate of a divalent metal ion, the amino acids in 
excess of the charge typically may remain in a protonated 
state to balance the charge. On the other hand, where the 
positive charge on the metal ion exceeds the number of 
amino acids, the charge may be balanced by the presence of 
another anion Such as, for example, chloride, bromide, 
iodide, bicarbonate, hydrogen Sulfate, dihydrogen phosphate 
and combinations thereof. Divalent anions may also be 
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8 
present. In an exemplary embodiment, the metal chelate 
comprises 2-hydroxy-4-methylthiobutanoic acid (HMTBa). 
The mineral may be an inorganic trace mineral. Suitable 

inorganic trace minerals include, for example, metal Sul 
fates, metal oxides, metal hydroxides, metal oxychlorides, 
metal carbonates, and metal halides. By way of non-limiting 
example, the inorganic trace mineral may be copper Sulfate, 
copper oxide, copper chloride, or copper carbonate. Alter 
natively, the inorganic trace mineral may be manganese 
Sulfate, manganese chloride, or manganous oxide. In another 
embodiment, the inorganic trace mineral may be Zinc sul 
fate, Zinc oxide, Zinc chloride, or Zinc carbonate. In yet an 
additional embodiment, the inorganic trace mineral may be 
Sodium selenite or sodium selenate. 

Suitable antioxidants include, but are not limited to, 
ascorbic acid and its salts, ascorbyl palmitate, ascorbyl 
Stearate, anoXomer, n-acetylcysteine, benzyl isothiocyanate, 
m-aminobenzoic acid, o-aminobenzoic acid, p-aminoben 
Zoic acid (PABA), butylated hydroxyanisole (BHA), buty 
lated hydroxytoluene (BHT), caffeic acid, canthaxantin, 
alpha-carotene, beta-carotene, beta-caraotene, beta-apo 
carotenoic acid, carnosol, carvacrol, catechins, cetylgallate, 
chlorogenic acid, citric acid and its salts, clove extract, 
coffee bean extract, p-coumaric acid, 3,4-dihydroxybenzoic 
acid, N,N'-diphenyl-p-phenylenediamine (DPPD), dilauryl 
thiodipropionate, distearyl thiodipropionate, 2,6-di-tert-bu 
tylphenol, dodecyl gallate, edetic acid, elagic acid, erythor 
bic acid, Sodium erythorbate, esculetin, esculin, 6-ethoxy 
1.2-dihydro-2,2,4-trimethylquinoline (ethoxyquin), ethyl 
gallate, ethyl maltol, ethylenediaminetetraacetic acid 
(EDTA), eucalyptus extract, eugenol, ferulic acid, fla 
vonoids (e.g., catechin, epicatechin, epicatechin gallate, 
epigallocatechin (EGC), epigallocatechin gallate (EGCG), 
polyphenol epigallocatechin-3-gallate, flavones (e.g., api 
genin, chrysin, luteolin), flavonols (e.g., datiscetin, myrice 
tin, daemfero), flavanones, fraxetin, fumaric acid, gallic 
acid, gentian extract, gluconic acid, glycine, gum guaiacum, 
hesperetin, alpha-hydroxybenzyl phosphinic acid, 
hydroxycinammic acid, hydroxyglutaric acid, hydroqui 
none, n-hydroxySuccinic acid, hydroxytryrosol, hydroxyu 
rea, rice bran extract, lactic acid and its salts, lecithin, 
lecithin citrate; R-alpha-lipoic acid, lutein, lycopene, malic 
acid, maltol, 5-methoxy tryptamine, methyl gallate, mono 
glyceride citrate; monoisopropyl citrate; morin, beta-naph 
thoflavone, nordihydroguaiaretic acid (NDGA), octyl gal 
late, oxalic acid, palmityl citrate, phenothiazine, 
phosphatidylcholine, phosphoric acid, phosphates, phytic 
acid, phytylubichromel, pimento extract, propyl gallate, 
polyphosphates, quercetin, trans-resveratrol, rosemary 
extract, roSmarinic acid, sage extract, Sesamol, silymarin, 
Sinapic acid, Succinic acid, Stearyl citrate, Syringic acid, 
tartaric acid, thymol, tocopherols (i.e., alpha-, beta-gamma 
and delta-tocopherol), tocotrienols (i.e., alpha-, beta-, 
gamma- and delta-tocotrienols), tyrosol, Vanilic acid, 2.6- 
di-tert-butyl-4-hydroxymethylphenol (i.e., Ionox 100), 2,4- 
(tris-3',5'-bi-tert-butyl-4-hydroxybenzyl)-mesitylene (i.e., 
Ionox 330), 2,4,5-trihydroxybutyrophenone, ubiquinone, 
tertiary butyl hydroquinone (TBHQ), thiodipropionic acid, 
trihydroxybutyrophenone, tryptamine, tyramine, uric acid, 
Vitamin K and derivates, vitamin Q10, wheat germ oil, 
Zeaxanthin, or combinations thereof. 
A variety of organic acids comprised of carboxylic acids 

are Suitable. In one embodiment, the organic acid may 
contain from about one to about twenty-five carbon atoms. 
In another embodiment, the organic acid may have from 
about three to about twenty-two carbon atoms. In a further 
embodiment, the organic acid may contain from about three 
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to about twelve carbon atoms. In yet another embodiment, 
the organic acid may contain from about eight to about 
twelve carbon atoms. In still another embodiment, the 
organic acid may contain from about two to about six carbon 
atoms. Suitable organic acids, by way of non-limiting 
example, include formic acid, acetic acid, propionic acid, 
butanoic acid, benzoic acid, lactic acid, malic acid, tartaric 
acid, mandelic acid, citric acid, fumaric acid, Sorbic acid, 
boric acid, Succinic acid, adipic acid, glycolic acid, cinna 
maldehyde, and glutaric acid. 

Salts of organic acids comprising carboxylic acids are 
also suitable for certain embodiments. Representative suit 
able salts include the ammonium, magnesium, calcium, 
lithium, Sodium, potassium, selenium, iron, copper, and Zinc 
salts of organic acids. In one embodiment, the organic acid 
is an ammonium, magnesium, calcium, lithium, Sodium, 
potassium, selenium, iron, copper, or Zinc salt of formic 
acid. In another embodiment, the organic acid is an ammo 
nium, magnesium, calcium, lithium, Sodium, potassium, 
Selenium, iron, copper, or Zinc salt of acetic acid. In yet 
another embodiment, the organic acid is an ammonium, 
magnesium, calcium, lithium, Sodium, potassium, selenium, 
iron, copper, or Zinc salt of propionic acid. In an additional 
embodiment, the organic acid is an ammonium, magnesium, 
calcium, lithium, Sodium, potassium, selenium, iron, copper, 
or zinc salt of butanoic acid. In a further embodiment, the 
organic acid is an ammonium, magnesium, calcium, lithium, 
Sodium, potassium, selenium, iron, copper, or Zinc salt of 
benzoic acid. In still another embodiment, the organic acid 
is an ammonium, magnesium, calcium, lithium, Sodium, 
potassium, selenium, iron, copper, or Zinc salt of lactic acid. 
In yet another embodiment, the organic acid is an ammo 
nium, magnesium, calcium, lithium, Sodium, potassium, 
Selenium, iron, copper, or Zinc salt of malic acid. In still 
another embodiment, the organic acid is an ammonium, 
magnesium, calcium, lithium, Sodium, potassium, selenium, 
iron, copper, or Zinc salt of tartaric acid. In a further 
embodiment, the organic acid is an ammonium, magnesium, 
calcium, lithium, Sodium, potassium, selenium, iron, copper, 
or Zinc salt of mandelic acid. In yet another embodiment, the 
organic acid is an ammonium, magnesium, calcium, lithium, 
Sodium, potassium, selenium, iron, copper, or Zinc salt of 
citric acid. In an additional embodiment, the organic acid is 
an ammonium, magnesium, calcium, lithium, Sodium, potas 
sium, selenium, iron, copper, or Zinc salt of fumaric acid. In 
an additional embodiment, the organic acid is an ammo 
nium, magnesium, calcium, lithium, Sodium, potassium, 
Selenium, iron, copper, or Zinc salt of Sorbic acid. In another 
embodiment, the organic acid is an ammonium, magnesium, 
calcium, lithium, Sodium, potassium, selenium, iron, copper, 
or zinc salt of boric acid. In yet another embodiment, the 
organic acid is an ammonium, magnesium, calcium, lithium, 
Sodium, potassium, selenium, iron, copper, or Zinc salt of 
Succinic acid. In another embodiment, the organic acid is an 
ammonium, magnesium, calcium, lithium, Sodium, potas 
sium, selenium, iron, copper, or Zinc salt of adipic acid. In 
yet another embodiment, the organic acid is an ammonium, 
magnesium, calcium, lithium, Sodium, potassium, selenium, 
iron, copper, or Zinc salt of glycolic acid. In an additional 
embodiment, the organic acid is an ammonium, magnesium, 
calcium, lithium, Sodium, potassium, selenium, iron, copper, 
or Zinc salt of glutaric acid. 

Alternatively, the organic acid may be comprised of a 
substituted carboxylic acid. A substituted carboxylic acid 
generally has the same features as those detailed above for 
carboxylic acids, but the hydrocarbyl chain has been modi 
fied Such that it is branched, is part of a ring structure, or 
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10 
contains some other Substitution. In one embodiment, the 
Substituted carboxylic acid may contain one or more addi 
tional carboxyl groups. Saturated dicarboxylic acids include 
malonic acid, Succinic acid, glutaric acid, and adipic acid, 
and unsaturated dicarboxylic acids include maleic acid and 
fumaric acid. In another embodiment, the substituted car 
boxylic acid may contain one or more hydroxy groups. A 
Substituted carboxylic acid with a hydroxy group on the 
alpha carbon, i.e., the carbon adjacent to the carboxyl 
carbon, is generally called a C-hydroxy carboxylic acid. 
Examples of suitable O-hydroxy carboxylic acids include 
glycolic acid, lactic acid, malic acid, and tartaric acid. In an 
alternate embodiment, the substituted carboxylic acid may 
contain one or more carbonyl groups. In yet another embodi 
ment, the Substituted carboxylic acid may contain an amino 
group on the alpha carbon, i.e., is an O-amino acid. In one 
embodiment, the C-amino acid may be one of the twenty 
standard amino acids or derivatives thereof. In another 
embodiment, the C-amino acid may be an essential O-amino 
acid selected from the group consisting of arginine, histi 
dine, isoleucine, leucine, lysine, methionine, phenylalanine, 
threonine, tryptophan, and valine. Salts of organic acids 
comprising Substituted carboxylic acids are also suitable for 
certain embodiments. Representative suitable salts include 
the ammonium, magnesium, calcium, lithium, Sodium, 
potassium, selenium, iron, copper, and Zinc salts of organic 
acids comprising Substituted carboxylic acids. 

Suitable PUFAs include a long chain fatty acid with at 
least 18 carbon atoms and at least two carbon-carbon double 
bonds, generally in the cis-configuration. In an exemplary 
embodiment, the PUFA is an omega fatty acid. The PUFA 
may be an omega-3 fatty acid in which the first double bond 
occurs in the third carbon-carbon bond from the methyl end 
of the carbon chain (i.e., opposite the carboxyl acid group). 
Suitable examples of omega-3 fatty acids include all-cis 
7,10,13-hexadecatrienoic acid; all-cis-9,12,15-octadeca 
trienoic acid (alpha-linolenic acid, ALA); all-cis-6.9,12,15.- 
octadecatetraenoic acid (Stearidonic acid); all-cis-8,11,14. 
17-eicosatetraenoic acid (eicosatetraenoic acid); all-cis-5,8, 
11.14.17-eicosapentaenoic acid (eicosapentaenoic acid, 
EPA); all-cis-7,10,13,16,19-docosapentaenoic acid (clupan 
odonic acid, DPA); all-cis-4,7,10,13,16,19-docosahexaenoic 
acid (docosahexaenoic acid, DHA); all-cis-4,7,10,13,16,19 
docosahexaenoic acid; and all-cis-6,9,12,15, 18.21-tetra 
coSenoic acid (nisinic acid). In an alternative embodiment, 
the PUFA may be an omega-6 fatty acid in which the first 
double bond occurs in the sixth carbon-carbon bond from 
the methyl end of the carbon chain. Examples of omega-6 
fatty acids include all-cis-9,12-octadecadienoic acid (lino 
leic acid); all-cis-6.9,12-octadecatrienoic acid (gamma-lino 
lenic acid, GLA); all-cis-11, 14-eicosadienoic acid (eicosa 
dienoic acid); all-cis-8,11,14-eicosatrienoic acid (dihomo 
gamma-linolenic acid, DGLA): all-cis-5,8,11,14 
eicosatetraenoic acid (arachidonic acid, AA); all-cis-13, 16 
docosadienoic acid (docosadienoic acid); all-cis-7,10,13,16 
docosatetraenoic acid (adrenic acid); and all-cis-4,7,10,13. 
16-docosapentaenoic acid (docosapentaenoic acid). In yet 
another alternative embodiment, the PUFA may be an 
omega-9 fatty acid in which the first double bond occurs in 
the ninth carbon-carbon bond from the methyl end of the 
carbon chain, or a conjugated fatty acid, in which at least one 
pair of double bonds are separated by only one single bond. 
Suitable examples of omega-9 fatty acids include cis-9- 
octadecenoic acid (oleic acid); cis-11-eicosenoic acid (ei 
coSenoic acid); all-cis-5,8,11-eicosatrienoic acid (mead 
acid); cis-13-docosenoic acid (erucic acid), and cis-15 
tetracosenoic acid (nervonic acid). Examples of conjugated 
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fatty acids include 9Z,11E-octadeca-9,11-dienoic acid (ru 
menic acid); 10E,12Z-octadeca-9,11-dienoic acid; 8E,10E, 
12Z-octadecatrienoic acid (C-calendic acid); 8E.10E, 12E 
octadecatrienoic acid (B-Calendic acid); 8E,10Z,12E 
octadecatrienoic acid (jacaric acid); 9E,11E,13Z-octadeca 
9,11,13-trienoic acid (O-eleostearic acid); 9E,11E,13E 
octadeca-9,11,13-trienoic acid (B-eleostearic acid); 9Z,11Z. 
13E-octadeca-9,11,13-trienoic acid (catalpic acid), and 
9E,11Z,13E-octadeca-9,11,13-trienoic acid (punicic acid). 

Suitable essential oils include, but are not limited to, 
peppermint oil, cinnamon leaf oil, lemongrass oil, clove oil, 
castor oil, wintergreen oil, Sweet orange, spearmint oil, 
ceaderwood oil, aldehyde C16, C-terpineol, amyl cinnamic 
aldehyde, amyl salicylate, anisic aldehyde, benzyl alcohol, 
benzyl acetate, camphor, capsaicin, cinnamaldehyde, cin 
namic alcohol, carvacrol, carveol, citral, citronellal, citro 
nellol, p-cymene, diethyl phthalate, dimethyl salicylate, 
dipropylene glycol, eucalyptol (cineole), eugenol, iso-euge 
nol, galaxolide, geraniol, guaiacol, ionone, listea cubea, 
menthol, menthyl salicylate, methyl anthranilate, methyl 
ionone, methyl salicylate, a-phellandrene, pennyroyal oil, 
perillaldehyde, 1- or 2-phenyl ethyl alcohol, 1- or 2-phenyl 
ethyl propionate, piperonal, piperonyl acetate, piperonyl 
alcohol, D-pulegone, terpinen-4-ol, terpinyl acetate, 4-tert 
butylcyclohexyl acetate, thyme oil, thymol, metabolites of 
trans-anethole, Vanillin, ethyl Vanillin, similar compositions, 
and combinations thereof. 

Probiotics and prebiotics may include yeast and bacteria 
that help establish an immune protective rumen or gut 
microflora as well as Small oligosaccharides. By way of 
non-limiting example, yeast-derived probiotics and prebiot 
ics include yeast cell wall derived components such as 
B-glucans, arabinoxylan isomaltose, agarooligosaccharides, 
lactosucrose, cyclodextrins, lactose, fructooligosaccharides, 
laminariheptaose, lactulose, 3-galactooligosaccharides, 
mannanoligosaccharides, raffinose, stachyose, oligofruc 
tose, glucosyl Sucrose. Sucrose thermal oligosaccharide, 
isomaliturose, caramel, inulin, and Xylooligosaccharides. In 
an exemplary embodiment, the yeast-derived agent may be 
B-glucans and/or mannanoligosaccharides. Sources for yeast 
cell wall derived components include Saccharomyces bispo 
rus, Saccharomyces boulardii, Saccharomyces cerevisiae, 
Saccharomyces capsularis, Saccharomyces delbrueckii, 
Saccharomyces fermentati, Saccharomyces lugwigii, Sac 
charomyces microellipsoides, Saccharomyces pastorianus, 
Saccharomyces rosei, Candida albicans, Candida cloaceae, 
Candida tropicalis, Candida utilis, Geotrichum candidum, 
Hansenula americana, Hansenula anomala, Hansenula 
wingei, and Aspergillus Oryzae. 

Probiotics and prebiotics may also include bacteria cell 
wall derived agents such as peptidoglycan and other com 
ponents derived from gram-positive bacteria with a high 
content of peptidoglycan. Exemplary gram-positive bacteria 
include Lactobacillus acidophilus, Bifedobact thermophi 
lum, Bifedobat longhum, Streptococcus faecium, Bacillus 
pumilus, Bacillus subtilis, Bacillus licheniformis, Lactoba 
cillus acidophilus, Lactobacillus casei, Enterococcus 
faecium, Bifidobacterium bifidium, Propionibacterium aci 
dipropionici, Propionibacterium feudenreichii, and Bifido 
bacterium pseudolongum. 
The bioactive may be an amino acid or amino acid 

analogue. Non-limiting Suitable amino acids alanine, argi 
nine, asparagine, aspartic acid, cysteine, glutamine, glutamic 
acid, glycine, histidine, isoleucine, leucine, lysine, methio 
nine, phenylalanine, proline, serine, threonine, tryptophan, 
tyrosine, and valine, or other known amino acids. Amino 
acid analogs include O-hydroxy analogs, as well side chain 
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12 
protected analogs or N-derivatized amino acids including 
2-hydroxy-4-methylthiobutanoic acid or its corresponding 
salt. In one embodiment, the bioactive is the calcium salt of 
2-hydroxy-4-methylthiobutanoic acid. 
The bioactive may also be an enzyme. As used herein, 

variants are understood to be included in the term enzyme. 
Suitable non-limiting examples of enzymes include amy 
lases, carbohydrases, cellulases, esterases, galactonases, 
galactosidases, glucanases, hemicellulases, hydrolases, 
lipases, oxidoreductases, pectinases, peptidases, phos 
phatases, phospholipases, phytases, proteases, transferases, 
Xylanases, and combinations thereof. 

Suitable herbals and herbal derivatives, as used herein, 
refer to herbal extracts, and substances derived from plants 
and plant parts, such as leaves, flowers and roots, without 
limitation. Non-limiting exemplary herbals and herbal 
derivatives include agrimony, alfalfa, aloe Vera, amaranth, 
angelica, anise, barberry, basil, bayberry, bee pollen, birch, 
bistort, blackberry, black cohosh, black walnut, blessed 
thistle, blue cohosh, blue vervain, boneset, borage, buchu, 
buckthorn, bugleweed, burdock, capsicum, cayenne, cara 
way, cascara Sagrada, catnip, celery, centaury, chamomile, 
chaparral, chickweed, chicory, chinchona, cloves, coltsfoot, 
comfrey, cornsilk, couch grass, cramp bark, culver's root, 
cyani, cornflower, damiana, dandelion, devils claw, dong 
quai, echinacea, elecampane, ephedra, eucalyptus, evening 
primrose, eyebright, false unicorn, fennel, fenugreek, fig 
Wort, flaxseed, garlic, gentian, ginger, ginseng, golden Seal, 
gotu kola, gum weed, hawthorn, hops, horehound, horse 
radish, horsetail, hoshouwu, hydrangea, hyssop, iceland 
moss, irish moss, jojoba, juniper, kelp, lady's slipper, lemon 
grass, licorice, lobelia, mandrake, marigold, marjoram, 
marshmallow, mistletoe, mullein, mustard, myrrh, nettle, 
oatstraw, Oregon grape, papaya, parsley, passion flower, 
peach, pennyroyal, peppermint, periwinkle, plantain, pleu 
risy root, pokeweed, prickly ash, psyllium, quassia, queen of 
the meadow, red clover, red raspberry, redmond clay, rhu 
barb, rose hips, rosemary, rue, saflower, Saffron, sage, St. 
John's wort, Sarsaparilla, Sassafras, saw palmetto, Scullcap. 
Senega, Senna, shepherd's purse, slippery elm, spearmint, 
spikenard, squaw Vine, stillingia, Strawberry, taheebo, thyme, 
uva ursi, Valerian, violet, watercress, white oak bark, white 
pine bark, wild cherry, wild lettuce, wild yam, willow, 
wintergreen, witch hazel, wood betony, wormwood, yarrow, 
yellow dock, yerba Santa, yucca and combinations thereof. 

Suitable non-limiting pigments include actinioerythrin, 
alizarin, alloxanthin, B-apo-2'-carotenal, apo-2-lycopenal, 
apo-6'-lycopenal, astacein, astaxanthin, azafrinaldehyde, 
aacterioruberin, aixin, C-carotine, B-carotine, Y-carotine, 
B-carotenone, canthaxanthin, capsanthin, capsorubin, cit 
ranaxanthin, citroxanthin, crocetin, crocetinsemialdehyde, 
crocin, crustaxanthin, cryptocapsin, C-cryptoxanthin, 
B-cryptoxanthin, cryptomonaxanthin, cynthiaxanthin, deca 
prenoxanthin, dehydroadonirubin, diadinoxanthin, 1.4-di 
amino-2,3-dihydroanthraquinone, 1,4-dihydroxyanthraqui 
none, 2,2'-Diketospirilloxanthin, eschscholtZXanthin, 
eschscholtZXanthone, flexixanthin, foliachrome, fucoxan 
thin, gaZaniaxanthin, hexahydrolycopene, hopkinsiaxanthin, 
hydroxyspheriodenone, isofucoxanthin, loroxanthin, lutein, 
luteoxanthin, lycopene, lycopersene, lycoxanthin, morin 
done, mutatoxanthin, neochrome, neoxanthin, nonaprenox 
anthin, OH-Chlorobactene, okenone, oscillaxanthin, para 
centrone, pectenolone, pectenoxanthin, peridinin, 
phleixanthophyll, phoeniconone, phoenicopterone, phoeni 
coxanthin, physalien, phytofluene, pyrrhoxanthininol, qui 
nones, rhodopin, rhodopinal, rhodopinol, rhodovibrin, rho 
doxanthin, rubixanthone, saproxanthin, semi-O-carotenone, 
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semi-f-carotenone, sintaXanthin, siphonaxanthin, siphonein, 
spheroidene, tangeraxanthin, torularhodin, torularhodin 
methyl ester, torularhodinaldehyde, torulene, 1,2,4-trihy 
droxyanthraquinone, triphasiaxanthin, trollichrome, Vauche 
riaxanthin, violaxanthin, waningone, Xanthin, Zeaxanthin, 
C-Zeacarotene and combinations thereof. 

Suitable non-limiting pharmaceutically acceptable agents 
include an acid/alkaline-labile drug, a pH dependent drug, or 
a drug that is a weak acid or a weak base. Examples of 
acid-labile drugs include statins (e.g., pravastatin, fluvastatin 
and atorvastatin), antibiotics (e.g., penicillin G. amplicillin, 
streptomycin, erythromycin, clarithromycin and azithromy 
cin), nucleoside analogs e.g., dideoxyinosine (ddI or 
didanosine), dideoxyadenosine (ddA), dideoxycytosine 
(ddC). Salicylates (e.g., aspirin), digoxin, bupropion, pan 
creatin, midazolam, and methadone. Drugs that are only 
soluble at acid pH include nifedipine, emonapride, nicar 
dipine, amoSulalol, noscapine, propafenone, quinine, 
dipyridamole, josamycin, dilevalol, labetalol, enisoprost, 
and metronidazole. Drugs that are weak acids include phe 
nobarbital, phenytoin, Zidovudine (AZT), salicylates (e.g., 
aspirin), propionic acid compounds (e.g., ibuprofen), indole 
derivatives (e.g., indomethacin), fenamate compounds (e.g., 
meclofenamic acid), pyrrolealkanoic acid compounds (e.g., 
tolimetin), cephalosporins (e.g., cephalothin, cephalaxin, 
cefazolin, cephradine, cephapirin, cefamandole, and cefoxi 
tin), 6-fluoroquinolones, and prostaglandins. Drugs that are 
weak bases include adrenergic agents (e.g., ephedrine, des 
oxyephedrine, phenylephrine, epinephrine, Salbutamol, and 
terbutaline), cholinergic agents (e.g., physostigmine and 
neostigmine), antispasmodic agents (e.g., atropine, methan 
theline, and papaverine), curariform agents (e.g., chlorison 
damine), tranquilizers and muscle relaxants (e.g., flu 
phenazine, thioridazine, trifluoperazine, chlorpromazine, 
and triflupromazine), antidepressants (e.g., amitriptyline and 
nortriptyline), antihistamines (e.g., diphenhydramine, chlo 
rpheniramine, dimenhydrinate, tripelennamine, per 
phenazine, chlorprophenazine, and chlorprophen 
pyridamine), cardioactive agents (e.g., Verapamil, diltiazem, 
gallapomil, cinnarizine, propranolol, metoprolol and 
nadolol), antimalarials (e.g., chloroquine), analgesics (e.g., 
propoxyphene and meperidine), antifungal agents (e.g., 
ketoconazole and itraconazole), antimicrobial agents (e.g., 
cefpodoxime, proxetil, and enoxacin), caffeine, theophyl 
line, and morphine. In another embodiment, the drug may be 
a biphosphonate or another drug used to treat osteoporosis. 
Non-limiting examples of a biphosphonate include alendro 
nate, ibandronate, risedronate, Zoledronate, pamidronate, 
neridronate, olpadronate, etidronate, clodronate, and tiludro 
nate. Other Suitable drugs include estrogen, selective estro 
gen receptor modulators (SERMs), and parathyroid hor 
mone (PTH) drugs. In yet another embodiment, the drug 
may be an antibacterial agent. Suitable antibiotics include 
aminoglycosides (e.g., amikacin, gentamicin, kanamycin, 
neomycin, netilmicin, Streptomycin, and tobramycin), car 
becephems (e.g., loracarbef) a carbapenem (e.g., cer 
tapenem, imipenem, and meropenem), cephalosporins (e.g., 
cefadroxil cefazolin, cephalexin, cefaclor, cefamandole, 
cephalexin, cefoxitin, cefprozil, cefuroxime, cefixime, cef 
dinir, cefditoren, cefoperaZone, cefotaxime, cefpodoxime, 
ceftazidime, ceftibuten, ceftizoxime, and ceftriaxone), 
macrollides (e.g., azithromycin, clarithromycin, dirithromy 
cin, erythromycin, and troleandomycin), monobactam, peni 
cillins (e.g., amoxicillin, amplicillin, carbenicillin, cloxacil 
lin, dicloxacillin, nafcillin, oxacillin, penicillin G, penicillin 
V, piperacillin, and ticarcillin), polypeptides (e.g., bacitra 
cin, colistin, and polymyxin B), quinolones (e.g., ciprofloxa 
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cin, enoxacin, gatifloxacin, levofloxacin, lomefloxacin, 
moxifloxacin, norfloxacin, ofloxacin, and trovafloxacin), 
Sulfonamides (e.g., mafenide, Sulfacetamide, Sulfame 
thizole, Sulfasalazine, Sulfisoxazole, and trimethoprim-sul 
famethoxazole), and tetracyclines (e.g., demeclocycline, 
doxycycline, minocycline, and oxytetracycline). In an alter 
nate embodiment, the drug may be an antiviral protease 
inhibitor (e.g., amprenavir, foSamprenavir, indinavir, lopi 
navir/ritonavir, ritonavir, saquinavir, and nelfinavir). In a 
still another embodiment, the drug may be a cardiovascular 
drug. Examples of Suitable cardiovascular agents include 
cardiotonic agents (e.g., digitalis (digoxin), ubidecarenone, 
and dopamine), Vasodilating agents (e.g., nitroglycerin, cap 
topril, dihydralazine, diltiazem, and isosorbide dinitrate), 
antihypertensive agents (e.g., alpha-methyldopa, chlortali 
done, reserpine, Syrosingopine, rescinnamine, prazosin, 
phentolamine, felodipine, propanolol, pindolol, labetalol, 
clonidine, captopril, enalapril, and lisonopril), beta blockers 
(e.g., levobunolol, pindolol, timolol maleate, bisoprolol. 
carvedilol, and butoxamine), alpha blockers (e.g., doxa 
Zosin, prazosin, phenoxybenzamine, phentolamine, tamsu 
losin, alfuzosin, and teraZosin), calcium channel blockers 
(e.g., amlodipine, felodipine, nicardipine, nifedipine, nimo 
dipine, nisoldipine, nitrendipine, lacidipine, lercanidipine, 
Verapamil, gallopamil, and diltiazem), and anticlot agents 
(e.g., dipyrimadole). 
The bioactive can be in any form including in a solid, a 

gel, an emulsion, or any combination thereof. A Solid, as 
used herein, can include a granule, a powder, or a crystal. In 
Such cases, the bioactive core may range in size from about 
0.001 millimeters to 10 millimeters. In some embodiments, 
the bioactives are about 0.1 millimeters to 5 millimeters. In 
a preferred embodiment, the bioactives are about 0.1 milli 
meters to 3 millimeters. 
(c). Composition 
The composition comprising a layer formed over a core 

may be in a variety of configurations. The core may be in 
any shape including rods, spheroids, cylinders, and the like. 
Generally, the layer comprising the first polymer is formed 
over the core such as to completely Surround the core. In 
Some embodiments, the core may be in direct contact with 
the layer comprising the first polymer, and in other embodi 
ments, one or more additional layers are formed between the 
core and the layer comprising the first polymer. In alternate 
embodiments, one or more additional layers are formed over 
the layer comprising the first polymer. 

In Some embodiments, the composition comprises an 
additional layer substantially that is hydrophobic. The 
hydrophobic layer may be comprised of a hydrophobic 
agent. Hydrophobic agents are generally those with a con 
tact angle above 90°. In some embodiments, the hydropho 
bic layer is comprised of a wax, a polymer, or a fatty acid, 
including C-C fatty acids, or a fatty acid ester, including 
monoglycerides, diglycerides, and triglycerides. In some 
embodiments, the hydrophobic layer is chosen from canola 
oil, coconut oil, corn oil, cottonseed oil, lauric acid, linoleic 
acid, oleic acid, palm oil, palmitic acid, soy oil, Soybean oil, 
Stearic acid, Stearin, Sunflower seed oil, vegetable oil, or the 
hydrogenated forms of any of these, and combinations 
thereof. 

In Some embodiments, the composition comprises an 
additional layer that is substantially hydrophilic. The hydro 
philic layer is comprised of water soluble molecules and 
dissolves in water. In preferred embodiments, the hydro 
philic layer is chosen from hydroxymethylcellulose, 
hydroxypropylcellulose, methylcellulose, ethylcellulose, 
carboxymethyl cellulose, and combinations thereof. 
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In one embodiment, the additional layer is a mixture of a 
non-reactive wax and a carbonate as described in section 
(VI). 
The additional layer(s) can be provided in a variety of 

thicknesses around the core or layer. The amount of material 
comprising the additional layer may range from about 1% to 
about 75% of the total weight of the composition (core and 
layer(s)). In other embodiments, the amount of material 
comprising the additional layer may range from about 1% to 
about 50% of the total weight of the composition. In various 
embodiments, the amount of material comprising the layer 
is about 1% to about 10%, about 5% to about 15%, about 
10% to about 20%, about 15% to about 25%, about 20% to 
about 30%, about 25% to about 35%, about 30% to about 
40%, about 35% to about 45%, or about 40% to about 50% 
of the total weight of the composition. In particular embodi 
ments, the additional layer is about 5%, about 10%, about 
15%, or about 20% of the total weight of the composition. 
A variety of commonly used excipients in pharmaceutical 

and nutritive formulations may be utilized with any bioac 
tives described above. Non-limiting examples of suitable 
excipients include an agent selected from the group consist 
ing of non-effervescent disintegrants, a coloring agent, a 
flavor-modifying agent, an oral dispersing agent, a stabilizer, 
a preservative, a diluent, a compaction agent, a lubricant, a 
filler, a binder, taste masking agents, an effervescent disin 
tegration agent, and combinations of any of these agents. In 
Some embodiments, the additional layer may further com 
prise a polymer having a repeat unit of Formula (I). 

In one embodiment, the excipient may be a disintegrant or 
a Superdisintegrant. Suitable disintegrants include, without 
limit, starches (such as corn starch, potato starch, and the 
like), pregelatinized and modified Starches thereof, micro 
crystalline cellulose (including, but not limited to ethyl 
cellulose, methyl cellulose or combinations thereof), alg 
inates, Sodium starch glycolate, and gums (such as agar, 
guar, locust bean, karaya, pectin, and tragacanth). Non 
limiting examples of Suitable Superdisintegrants include 
crospovidine, Sodium carboxymethylcellulose, croScarmel 
lose sodium, Sodium starch glycolate, low Substituted 
hydroxypropyl cellulose, and Sodium bicarbonate. In one 
preferred embodiment, the composition may comprise 
Sodium carboxymethylcellulose as a Superdisintegrant. 
(d). Properties 
The compositions comprising the layer comprising a first 

polymer may have improved physical properties including 
pH switch properties, improved release profiles for the 
bioactive, and improved mechanical properties. 

The layer comprising the first polymer may have a pH 
Switch effect where the compositions are stable in an aque 
ous solution under approximately neutral pH, but hydrolyze 
at a lower pH. For example, the layer comprising the first 
polymer is stable at a pH of about 6.0, about 6.5, about 7.0, 
and about 7.5. The compositions comprising the first poly 
mer hydrolyze in an aqueous Solution having a pH of less 
than about pH 5.0. 

Hydrolysis of the composition results in release of the 
bioactive from the composition comprising the first layer. 
Accordingly, the compositions may be used to achieve a 
particular release profile for the bioactive agent. 

At an approximately neutral pH, the compositions may be 
characterized by minimal release of the bioactive. In one 
embodiment, a minimal release profile may show a release 
profile substantially similar to the pH 6.5 release profiles 
shown in FIG. 1, 2, 3, 4, 6, 8, or 9. In another embodiment, 
at an approximately neutral pH, release is characterized by 
less than 20% of the total bioactive being released from the 
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composition. In still other embodiments, a minimum release 
is characterized by less than 19%, less than 18%, less than 
17%, less than 16%, less than 15%, less than 14%, less than 
13%, less than 12%, less than 11%, less than 10%, less than 
9%, less than 8%, less than 7%, less than 6%, less than 5%, 
less than 4%, less than 3%, less than 2%, or less than 1% of 
the total bioactive in the composition being released. 
At a pH of less than 5.0, the compositions may have a 

release profile for the bioactive which is substantially con 
stant, first-order, sigmoidal, or delayed. Generally, the 
release rate at a pH of less than 5.0 is higher than the release 
rate at approximately neutral conditions. In some embodi 
ments, the compositions have a release profile that is Sub 
stantially similar to the release profiles at pH 2.5 release 
profiles shown in FIG. 1, 2, 3, 6, 8, or 9. In one preferred 
embodiment, release at a pH of less than 5.0 is substantially 
constant. A substantially constant release refers to release of 
a bioactive that is constant over a period of time, for 
example, varying by less than 1%, less than 0.5%, or 0.25% 
in different embodiments. The compositions may show a 
constant release rate at a pH below about 5.0 for a period of 
1 to 24 hours. In some embodiments, the release rate is 
constant over a period of about 1 hour, about 2 hours, about 
3 hours, about 4 hours, about 5 hours, about 6 hours, about 
7 hours, about 8 hours, about 9 hours, about 10 hours, about 
11 hours, about 12 hours, about 13 hours, about 14 hours, 
about 15 hours, about 16 hours, about 17 hours, about 18 
hours, about 19 hours, about 20 hours, about 21 hours, about 
22 hours, about 23 hours, or about 24 hours. Depending on 
the time period and pH, the release of the bioactive may 
range from less than 1% per hour to more than 30% per hour. 
The release profile is tunable based on the amount of the first 
polymer in the layer. Higher percentages of the first polymer 
in the layer correspond to a higher percentage of bioactive 
released per hour, while lower amounts of the first polymer 
correspond to a lower percentage release per hour. 

In still another embodiment, the release profile may show 
an initial high rate of release at a pH of less than 5.0. In such 
embodiments, the release rates at a pH of 5.0 or lower may 
be greater over the first 1 to 5 hours at a pH of 5.0 or lower. 
In some embodiments, this initial period of rapid release of 
bioactive is followed by a period of constant release. 
The compositions of the invention have improved dura 

bility, plasticity, and mechanical properties. Such properties 
are advantageous for compositions that may be subject to 
mastication (i.e. in the context of providing the composition 
to an animal) or in the context of mechanical stresses of 
industrial processing Such as mixing and conveying equip 
ment. Resiliency of the compositions against mechanical 
force can be measured by the impact test described in 
Example 8. In some embodiments, the compositions of the 
invention release less than 10% of the total bioactive when 
Subjected to 25 impacts. In other embodiments, the compo 
sitions of the invention release less than 9%, or less than 8% 
or less than 7%, or less than 6% or less than 5%, or less than 
4%, or less than 3%, or less than 2% or less than 1% of the 
bioactive when subjected to 25 impacts. 
II. Matrix Composition 
The disclosure also provides an agglomerated composi 

tion comprising a plurality of bioactive agents embedded in 
a matrix. The matrix comprises a first polymer comprising a 
repeat unit of Formula (I). 
(a). Agglomerated Composition 
The agglomerated composition comprises a plurality of 

bioactive agents embedded in a matrix. The matrix com 
prises a first polymer comprising a repeat unit of Formula 
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(I). The first polymer is described in section (I)(a). Suitable 
bioactive agents for use in the matrix are described in section 
(I)(b)(i). 
The agglomerated composition comprises a plurality of 

bioactive agents embedded in a matrix. The agglomerated 
composition formed by the matrix and bioactive agents can 
be in any shape including rods, spheroids, cylinders, and the 
like. Additionally, the agglomerated composition can be 
shaped for a particular need. For, example, the agglomerated 
composition can be shaped to cap open ends of a cylinder. 
The bioactive can be present in the agglomerated com 

position in a weight of about 20% to about 90% of the total 
composition. In some embodiments the bioactive is about 
10%, about 15%, about 20%, about 25%, about 30%, about 
35%, about 40%, about 45%, about 50%, about 55%, about 
60%, about 65%, about 70%, about 80%, about 90%, or 
about 99% by weight of the total composition. In a preferred 
embodiment, the bioactive is present in an amount of about 
80% to about 90%, or 85% to about 95%, or about 95% to 
about 99% by weight of the total composition. 
The bioactive agents may be embedded in the matrix in a 

variety of ways depending on the shape and intended use of 
the agglomerated composition. In some embodiments, the 
bioactive agents are homogeneously dispersed in the matrix 
composition, meaning that the bioactive is provided in 
approximately the same concentration throughout the 
matrix. In other embodiments, the bioactive agents may be 
more or less concentrated in certain parts of the matrix. 
When one or more bioactive agents are in the matrix, they 
may either be dispersed approximately homogeneously, or 
ordered within the matrix. For example, in embodiments 
where more than one bioactive is present, the bioactives may 
be laterally separated in the composition. In other embodi 
ments, the bioactives may be more highly concentrated in 
the inner portion of the matrix than at the outer surface of the 
matrix. 
The agglomerated composition may comprise at least one 

additional agent in the matrix. The additional agent may be 
chosen from polymers, including crystalline and semi-crys 
talline polymers. Examples of suitable polymers, without 
limitation, are polymers of acrylates, aminoacrylates, alky 
lene Succinates, alkylene oxalates, amides, amino acids, 
anhydrides, arylates, carbonates, cellulose (including, but 
not limited to ethyl cellulose, methyl cellulose or combina 
tions thereof), caprolactone, cyanoacrylates, dihydropyrians, 
dioxanes, dioxanones, ether ether ketones, ethylene glycol, 
fumarates, hydroxyalkanoates, hydroxyl-esters, imides, ket 
als, lactides, methacrylates, methyl olefins, orthoesters, 
phosphazines, styrenes, terephthalates, trimethylene carbon 
ate, urathanes, vinyl acetates, vinyl ketones, vinyl halides, 
derivatives, isomers, and mixtures thereof. In some embodi 
ments, the additional agent may be chosen from polyacry 
lamide, polystyrene, polyvinylpyrrolidone, polyvinylac 
etate. The additional agent may also be a wax, including 
natural and synthetic waxes, fatty acids, including C-Clso 
fatty acids, and fatty acid esters including monoglycerides, 
diglycerides, and triglycerides and hydrogenated fatty acid 
esters, non-limiting examples include canola oil, coconut 
oil, corn oil, cottonseed oil, lauric acid, linoleic acid, oleic 
acid, palm oil, palmitic acid, Soy oil, soybean oil, Stearic 
acid, Stearin, Sunflower seed oil, vegetable oil, and combi 
nations thereof. The oils may be hydrogenated, non-hydro 
genated or partially hydrogenated. The additional agent may 
also be a flow agent Such as a carbonate, talc, magnesium 
stearate and the like. Carbonates may be selected from 
copper carbonate, Zinc carbonate, calcium carbonate, mag 
nesium carbonate, potassium carbonate, Sodium carbonate, 
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and combinations thereof. The additional agent may also be 
a bicarbonate, including potassium bicarbonate or another 
alkali metal bicarbonate. In a preferred embodiment, the 
additional agent is a cellulose polymer selected from 
hydroxymethylcellulose, hydroxyproplycellulose, methyl 
cellulose, carboxymethyl cellulose and ethylcellulose. The 
additional agent may be a salt of an above listed compound 
including alkali metal salts such as calcium, magnesium, 
potassium, Sodium, lithium and the like. 

In one embodiment, the additional agent is a pH-sensitive 
polymer and may be chosen from natural and modified 
polymers (e.g. chitosan) including blends with monomers. 
The additional agents may be amino type polymers. Amino 
type polymers include, but are not limited to, pyridine, 
pyridine derivatives, aminoacrylate type monomers, such as 
dialkylamino ethyl acrylate, styrene, styrene derivatives 
(such as poly-2-vinylpyridine-co-styrene), acrylonitrile, 
acrylate type monomers of acrylic acid, vinyl esters, vinyl 
acetate, and vinyl Substituted heterocyclic rings that contain 
nitrogen fusions (such as vinyl carbazole, vinyl quinolone 
and N-vinylpyrrole). In one preferred embodiment, the 
additional agent is poly-2-vinylpyridine-co-styrene. 

In one alternative embodiment, the agglomerated compo 
sition is free from ethylcellulose. 

In some embodiments, the first polymer is about 5% to 
about 50% by weight of the matrix and the additional agent 
comprises from about 50% to about 95% by weight of the 
matrix. In various embodiments, the additional agent(s) 
comprise about 50%, about 60%, about 70%, about 80%, or 
about 90% of the matrix. In various embodiments, where 
two or more additional agents are present with the first 
polymer in the matrix, the additional agents can be present 
in any ratio without limitation. 
(b). Optional Layers 

In some embodiments, the matrix composition may be 
coated by at least one layer. The layer may be as described 
in section (I), or substantially hydrophilic or substantially 
hydrophobic. As will be understood by the skilled artisan, 
different layers can be combined and layered on the agglom 
erated composition. 

In some embodiments, the layer is substantially hydro 
phobic. The hydrophobic layer may be comprised of a 
hydrophobic agent. Hydrophobic agents are generally those 
with a contact angle above 90°. In some embodiments, the 
hydrophobic layer is comprised of a wax, a polymer, a fatty 
acid including C-C fatty acids, or fatty acid esters, 
including monoglycerides, diglycerides, and triglycerides. 
Non-limiting examples include canola oil, coconut oil, corn 
oil, cottonseed oil, lauric acid, linoleic acid, oleic acid, palm 
oil, palmitic acid, Soy oil, Stearic acid, Stearin, Sunflower 
seed oil, vegetable oil, and combinations thereof. The oils 
may be hydrogenated, non-hydrogenated, or partially hydro 
genated. 

In various embodiments, the layer is substantially hydro 
philic. A hydrophilic layer, in contrast to a hydrophobic 
layer, comprises hydrophilic components. In preferred 
embodiments, the hydrophilic layer is chosen from 
hydroxymethylcellulose, hydroxyproplycellulose, methyl 
cellulose, ethylcellulose, carboxymethyl cellulose, and com 
binations thereof. 
A variety of commonly used excipients in pharmaceutical 

and nutritive formulations may be utilized with any such 
agents described above. Non-limiting examples of Suitable 
excipients include an agent selected from the group consist 
ing of non-effervescent disintegrants, a coloring agent, a 
flavor-modifying agent, an oral dispersing agent, a stabilizer, 
a preservative, a diluent, a compaction agent, a lubricant, a 
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filler, a binder, taste masking agents, an effervescent disin 
tegration agent, and combinations of any of these agents. 

The matrix comprising the first polymer may also have a 
pH switch effect where the compositions are stable in an 
aqueous solution under approximately neutral pH, but 
hydrolyze at a lower pH. For example, the matrix compris 
ing the first polymer is stable at a pH level of about 6.0, 
about 6.5, about 7.0, and about 7.5, but the matrix compris 
ing the first polymer hydrolyzes in an aqueous solution 
having a pH of less than about pH 5.0. 

Hydrolysis of the composition results in release of the 
bioactive from the composition comprising the first layer. 
Accordingly, the compositions may be used to achieve a 
particular release profile for the bioactive agent. 

At an approximately neutral pH, the compositions may be 
characterized by minimal release of the bioactive. In one 
embodiment, a minimal release may show a release profile 
substantially similar to the pH 6.5 release profiles shown in 
FIG. 1, 2, 3, 4, 5, 6, 8, or 9. In another embodiment, at an 
approximately neutral pH, release is characterized by less 
than 20% of the total bioactive being released from the 
composition. In still other embodiments, a minimum release 
is characterized by less than 19%, less than 18%, less than 
17%, less than 16%, less than 15%, less than 14%, less than 
13%, less than 12%, less than 11%, less than 10%, less than 
9%, less than 8%, less than 7%, less than 6%, less than 5%, 
less than 4%, less than 3%, less than 2%, or less than 1% of 
the total bioactive in the composition. 

At a pH of less than 5.0, the compositions may have a 
release profile which is substantially constant, first-order, 
sigmoidal, or delayed. Generally, the release rate at a pH of 
less than 5.0 is higher than the release rate at approximately 
neutral conditions. In some embodiments, the compositions 
have a release profile that is substantially similar to the 
release profiles at pH 2.5 release profiles shown in FIG. 1, 
2, 3, 5, 6, 8, or 9. In one preferred embodiment, release at 
a pH of less than 5.0 is substantially constant. A substantially 
constant release refers to release of a bioactive that is 
constant over a period of time. The compositions may show 
a constant release rate at a pH below 5.0 for a period of 1 to 
24 hours. In some embodiments, the release rate is constant 
over a period of about 1 hour, about 2 hours, about 3 hours, 
about 4 hours, about 5 hours, about 6 hours, about 7 hours, 
about 8 hours, about 9 hours, about 10 hours, about 11 hours, 
about 12 hours, about 13 hours, about 14 hours, about 15 
hours, about 16 hours, about 17 hours, about 18 hours, about 
19 hours, about 20 hours, about 21 hours, about 22 hours, 
about 23 hours, or about 24 hours. Depending on the time 
period and pH, the release of the bioactive may range from 
less than 1% per hour to more than 30% per hour. In one 
embodiment, the composition has a constant release rate of 
about 10% of the bioactive per hour at a pH of 2.5. 

In still another embodiment, the release profile may show 
an initial high rate of release at a pH of less than 5.0. In such 
embodiments, the release rates at a pH of 5.0 or lower may 
be greater over the first 1 to 5 hours at a pH of 5.0 or lower. 
In some embodiments, this initial period of rapid release of 
bioactive is followed by a period of constant release. 

The compositions of the invention have improved dura 
bility, plasticity, and mechanical properties. Such properties 
are advantageous for compositions that may be subject to 
mastication (i.e. in the context of providing the composition 
to an animal) or in the context of mechanical stresses of 
industrial processing Such as mixing and conveying equip 
ment. Resiliency of the compositions against mechanical 
force can be measured by the impact test described in 
Example 8. In some embodiments, the compositions of the 
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invention release less than 10% of the total bioactive when 
subjected to 25 weight impacts. In other embodiments, the 
compositions of the invention release less than 9%, or less 
than 8% or less than 7%, or less than 6% or less than 5%, 
or less than 4%, or less than 3%, or less than 2% or less than 
1% of the bioactive when subjected to 25 weight impacts. 
III. Food Composition 
A further aspect of the disclosure provides a food com 

position comprising (i) a nutritive source and (ii) a compo 
sition comprising at least one bioactive agent and a polymer 
having a repeat unity of Formula (I) as detailed above in 
sections (I) and (II). The nutritive source may be a carbo 
hydrate Source, a protein source, a fat source, or combina 
tions thereof. In some aspects, the nutritive source is pro 
vided by the layer or matrix composition. The food 
composition may be formulated as a liquid, dry pellet, 
powder, or emulsion. 
A variety of carbohydrate sources may be included as the 

nutritive source in the food composition. The carbohydrate 
Source may be of plant, microbial, or animal origin. 
Examples of suitable plant sources of carbohydrates include, 
without limit, grains such as wheat, oats, rice, rye, and so 
forth; legumes such as Soy, peas, beans, and the like; corn; 
grasses; potatoes; vegetable plants; and plant fruits. The 
carbohydrate may be a monosaccharide Such as pentose, 
glucose, galactose, and so forth; a disaccharide such as 
Sucrose, lactose, maltose, and the like; an oligosaccharide 
Such as a fructo-oligosaccaride, galactose-oligosaccaride, 
mannan-oligosaccharide, etc.; or a polysaccharide Such as 
starch, glycogen, cellulose, arabinoxylan, pectin, gum, chi 
tins, and so forth. 
Numerous protein sources may be included in the food 

composition. The protein source may be derived from a 
plant. Non-limiting examples of Suitable plants that provide 
a good source of protein include amaranth, arrowroot, 
barley, buckwheat, canola, cassava, channa (garbanzo), 
legumes, lentils, lupin, maize, millet, oat, pea, potato, rice, 
rye, Sorghum, soybean, Sunflower, tapioca, triticale, wheat, 
seagrasses, and algae. Alternatively, the protein source 
maybe derived from an animal. For example, the animal 
protein source may be derived from a dairy product, bird 
eggs, or from the muscles, organs, connective tissues, or 
skeletons of land-based or aquatic animals. 
A variety offat sources are suitable for use as the nutritive 

source in the food composition. The fat source may be of 
plant, animal, or microbial origin. Non-limiting examples of 
plant derived fats include vegetable oils (e.g., canola oil, 
corn oil, cottonseed oil, palm oil, peanut oil, saflower oil, 
Soybean oil, and Sunflower oil) and oilseeds (e.g., canola 
seeds, cottonseeds, flax seeds, linseeds, Niger seeds, Sesame 
seeds, soybeans, and Sunflower seeds), distillers grains, or 
algae. Animal derived fats include, without limit, fish oils 
(e.g., menhaden oil, anchovy oil, albacore tuna oil, cod liver 
oil, herring oil, lake trout oil, mackerel oil, salmon oil, and 
Sardine oil), high fat fish meal (e.g., menhaden meal, 
anchovy meal, herring meal, pollack meal, salmon meal, 
tuna meal, and whitefish meal), and animal fats (e.g., poultry 
fat, beef tallow, butter, pork lard, and whale blubber). 
The amount of nutritive agent present in the food com 

position can and will vary depending upon the ingredients 
present in the food composition and its intended use. In 
general, the amount of nutritive source present in the food 
composition may range from about 1% to about 99% by 
weight of the food composition. In various embodiments, 
the amount of nutritive source present in the food compo 
sition may range from about 1% to about 3%, from about 3% 
to about 10%, from about 10% to about 30%, or from about 
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30% to about 99% by weight of the food composition. 
Similarly, the amount of the composition detailed in sections 
(I) or (II) present in the food composition can and will vary. 
In certain embodiments, the amount of a composition com 
prising at least one bioactive agent and a polymer having a 
repeat unity of Formula (I) present in the food composition 
may range from about 1% to about 3%, from about 3% to 
about 10%, from about 10% to about 30%, or from about 
30% to about 99% by weight of the food composition. 

In some aspects, a nutritive is provided by the hydrolysis 
product of the first polymer comprising Formula (I). In some 
embodiments the polymer is not available as a nutritive 
agent until it is hydrolyzed from the first polymer. In one 
preferred embodiment, the nutritive agent is a methionine 
source, preferably 2-hydroxy-4-methylthiobutanoic acid 
IV. Method for Providing a Bioactive Agent to a Subject 

Still another aspect of the present disclosure encompasses 
a method from providing at least one bioactive agent to a 
Subject. The method comprises administering to the Subject 
a composition comprising the bioactive agent, wherein the 
composition comprising the bioactive agent is detailed 
above in sections (I)-(III). 
The composition comprising the bioactive agent may be 

administered by variety of routes Such as, e.g., oral, trans 
mucosal, topical, or parenteral. A preferred route of admin 
istration is oral. The composition may be administered to the 
Subject as a particulate, as Solid dosage form (e.g., tablet, 
caplet, capsule, etc.), as a liquid, or as a powder or granulate. 
The composition may be administered once a week, several 
times a week, once a day, or two or more times a day. 

The composition may be administered to a variety of 
subjects. Suitable subjects include humans, food animals, 
companion animals, research animals, and Zoo animals. 
Non-limiting examples of food animals include ruminants 
(e.g., beef cattle, dairy cows, sheep, goats, and bison) and 
monogastrics (e.g., pigs and avian Such as chickens, ducks, 
emu, game hens, geese, guinea fowl/hens, quail, ostriches, 
and turkeys). Additional monogastric species include 
aquatic species (e.g., fish and crustaceans including, but not 
limited to, Salmon, shrimp, carp, tilapia and shell fish). 
Suitable companion animals include, but are not limited to, 
cats, dogs, horses, rabbits, rodents (e.g., mice, rats, hamsters, 
gerbils, and guinea pigs), hedgehogs, and ferrets. Examples 
of research animals include rodents, cats, dogs, rabbits, pigs, 
and non-human primates. Non-limiting examples of Suitable 
Zoo animals include non-human primates, lions, tigers, 
bears, elephants, giraffes, and the like. In a preferred 
embodiment the Subject is a ruminant. Non-limiting 
examples of ruminants include cattle, sheep, goats, bison, 
deer, moose, elk, reindeer, caribou, camels, giraffes, ante 
lope, and llama. 
The layer or matrix composition having a repeat unit 

comprising Formula (I) is stable in an aqueous solution 
under approximately neutral pH. For example, the compo 
sition is stable at a pH level of about 6.0, about 6.5, about 
7.0, and about 7.5. The composition comprising the bioac 
tive agent hydrolyzes in an aqueous solution having a pH of 
less than about pH 5.0. Hydrolysis of the layer or matrix 
composition releases the bioactive agent. Thus, at pH levels 
less than about 5.0, the composition undergoes hydrolysis 
and releases the bioactive agent. 

In embodiments in which the Subject is a ruminant, 
therefore, the composition remains stable and is not 
degraded during the time in which the composition is in the 
rumen of the Subject. Upon entry into abomasum, in which 
the pH is low, the composition hydrolyzes and releases the 
bioactive agent. Accordingly, the compositions may be used 
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for rumen bypass as the bioactives are protected by the 
unhydrolyzed matrix composition and are selectively 
released in the low pH environment of the abomasum. 
V. Methods of Making Matrix and Layer Compositions 
The processes used to form the layer and matrix compo 

sitions can and preferably will vary. By way of non-limiting 
example, the desired amount of the first polymer, the bio 
active, and any additional agents are combined. In various 
aspects the agents may be combined in the presence of water 
or an organic solvent, Such as methanol or ethanol. The 
mixture may be further processed before shaping into a 
suitable delivery form as described in sections (I) and (II). 
In some embodiments, ingredients are extruded, granulated, 
blended, or processed through a hot melt process prior to 
shaping. 
The matrix compositions may be shaped in any way 

including manually or by a press or die. The layers of the 
invention may be formed over a core by methods generally 
known in the art, Such as by dry powder layering, hand 
applying, by or by a fluid bed process, for example using a 
Solvent or a hot melt. Detailed information concerning 
materials, equipment and processes for preparing and apply 
ing an outer layer over in inner core may be found in 
Pharmaceutical Dosage Forms: Tablets, eds. Lieberman et 
al. (New York: Marcel Dekker, Inc., 1989), and in Ansel et 
al., Pharmaceutical Dosage Forms and Drug Delivery Sys 
tems, 6" Ed. (Media, Pa.; Williams & Wilkins, 1995). 
VI. Layer Compositions Comprising a Compound of For 
mula (V) 

In still another aspect, the present disclosure provides a 
layer composition comprising the compound of Formula 
(V). The composition comprising the layer is formed over a 
core, the core comprising a bioactive agent and the layer 
comprising non-reactive fatty acid ester and a carbonate. 
The core may be any core as described in section (I)(b). 
Suitable bioactive agents include those described in section 
(I)(b)(i). 
The layer comprises a polymer having a repeat unit of 

Formula (V): 

(V) 
R2 R3 

* O iii. 

wherein, 
R’ is CH: 
R is chosen from hydrogen, hydrocarbyl, and substi 

tuted hydrocarbyl: 
n is Zero; and 
m is an integer >1. 

R can be chosen from hydrogen, hydrocarbyl and sub 
stituted hydrocarbyl. In one embodiment, R is an alkyl 
having 1 to 6 hydrocarbons. In a preferred embodiment, R 
is hydrogen. 
The molecular weight can and will vary in different 

embodiments. The molecular weight can range between 
1,000 Da and about 200,000 Da. In various embodiments, 
the molecular weight of the polymer is about 2,000, 10,000, 
20,000 Da, 30,000 Da, 40,000 Da, 50,000 Da, 60,000 Da, 
70,000 Da, 80,000 Da, 90,000 KDa, 100,000 Da, or a 
number between any two of these values. The weight of a 
mixture of polymers may be characterized by its mass 
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average molecular weight. In some aspects, the mass-aver 
age molecular weight of the polymers may be at least 500 
KDa. In other aspects, the mass average molecular weight 
ranges from about 1,000 Da to about 100,000 Da. 

In some aspects of the invention, Formula (V) may have 
chiral centers. In particular, the carbon alpha to the carbonyl 
unit in the compound of Formula (I), (II), or (III) may be 
chiral and may have an R or an S configuration. In some 
embodiments, the configuration at this position may be R. In 
other embodiments, the configuration at this position may be 
S. In various aspects, the repeat units may be all R, all S, or 
comprise a combination of R and S repeat units, for 
example, the configuration of the repeat units may alternate 
in block or randomly. 
The layer may further comprise another polymer. Suitable 

polymers may include crystalline and semi-crystalline poly 
mers. Examples of Suitable polymers, without limitation, are 
polymers of acrylates, aminoacrylates, alkylene Succinates, 
alkylene oxalates, amides, amino acids, anhydrides, arylates, 
carbonates, cellulose (including, but not limited to, 
hydroxymethylcellulose, hydroxyproplycellulose, methyl 
cellulose, carboxymethyl cellulose and ethylcellulose), 
caprolactone, cyanoacrylates, dihydropyrians, dioxanes, 
dioxanones, ether ether ketones, ethylene glycol, fumarates, 
hydroxyalkanoates, hydroxyl-esters, imides, ketals, lactides, 
methacrylates, methyl olefins, orthoesters, phosphazines, 
styrenes, terephthalates, trimethylene carbonate, urathanes, 
vinyl acetates, vinyl ketones, vinyl halides, derivatives, 
isomers, and mixtures thereof. 

In one preferred embodiment, the additional agent is the 
polymer comprising the repeat unit of Formula (I) as 
described in section (I)(a). In a particularly preferred 
embodiment, the polymer is the compound of Formula (III). 
The layer comprising the polymer having the repeat unit 

of Formula (V) is stable in an aqueous solution under 
approximately neutral pH. For example, the layer is stable at 
a pH level of about 6.0, about 6.5, about 7.0, and about 7.5. 
The layer hydrolyzes in an aqueous solution having a pH of 
less than about pH 5.0. Hydrolysis of the layer releases the 
bioactive agent. Thus, at pH levels from about pH 1.0 to 
about pH 4.5, the layer undergoes hydrolysis and releases 
the bioactive agent. 

In embodiments in which the Subject is a ruminant, 
therefore, the layer remains stable and is not degraded 
during the time in which the composition is in the rumen of 
the subject. Upon entry into abomasum, in which the pH is 
low, the layer hydrolyzes and releases the bioactive agent. In 
a preferred embodiment, the bioactive agent is 2-hydroxy 
4-methylthiobutanoic acid (HMTBa). 
VII. Agglomerated Compositions Comprising a Compound 
of Formula (V) 

In another aspect, the present disclosure provides an 
agglomerated composition comprising a plurality of bioac 
tive agents embedded in a matrix. The matrix comprises the 
compound of Formula (V) with the bioactive agents. Suit 
able bioactive agents for use in the matrix are described in 
section (I)(a)(i). The composition comprising Formula (V) is 
described in section (VI). 
The agglomerated composition comprises a plurality of 

bioactive agents embedded in a matrix. The agglomerated 
composition formed by the matrix and bioactive agents can 
be in any shape including rods, spheroids, cylinders, and the 
like. Additionally, the agglomerated composition can be 
shaped for a particular need. For, example, the agglomerated 
composition can be shaped to cap open ends of a cylinder. 
The bioactive can be present in the agglomerated com 

position in a weight of about 20% to 80% of the total 
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composition. In some embodiments the bioactive is about 
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 
60%. 65%, 70%, or 80% of the total composition. In a 
preferred embodiment, the bioactive is present in an amount 
of about 50 to about 66% of the total agglomerated com 
position. 
The agglomerated composition may further comprise 

another polymer. Suitable polymers may include crystalline 
and semi-crystalline polymers. Examples of Suitable poly 
mers, without limitation, are polymers of acrylates, amino 
acrylates, alkylene Succinates, alkylene oxalates, amides, 
amino acids, anhydrides, arylates, carbonates, cellulose (in 
cluding, but not limited to, hydroxymethylcellulose, 
hydroxyproplycellulose, methylcellulose, carboxymethyl 
cellulose and ethylcellulose), caprolactone, cyanoacrylates, 
dihydropyrians, dioxanes, dioxanones, ether ether ketones, 
ethylene glycol, fumarates, hydroxyalkanoates, hydroxyl 
esters, imides, ketals, lactides, methacrylates, methyl ole 
fins, orthoesters, phosphazines, styrenes, terephthalates, 
trimethylene carbonate, urathanes, vinyl acetates, vinyl 
ketones, vinyl halides, derivatives, isomers, and mixtures 
thereof. 

In one preferred embodiment, the polymer is the com 
pound of comprising the repeat unit of Formula (I) as 
described in section (I)(a). In a particularly preferred 
embodiment, the polymer is comprises the repeat unit of 
Formula (III). 
The matrix is stable in an aqueous solution under approxi 

mately neutral pH. For example, the matrix is stable at a pH 
level of about 6.0, about 6.5, about 7.0, and about 7.5. The 
matrix hydrolyzes in an aqueous solution having a pH of less 
than about pH 5.0. Hydrolysis of the matrix releases the 
bioactive agent. 

In embodiments in which the Subject is a ruminant, 
therefore, the agglomerated composition remains stable and 
is not degraded during the time in which the composition is 
in the rumen of the Subject. Upon entry into abomasum, in 
which the pH is low, the matrix hydrolyzes and releases the 
bioactive agent. In a preferred embodiment, the bioactive 
agent is 2-hydroxy-4-methylthiobutanoic acid (HMTBa). 
VIII. Layer Compositions Comprising a Non-Reactive Wax 
and a Carbonate 

In another aspect, the invention provides a composition 
comprising a layer formed over a core, the core comprising 
a bioactive agent and the layer comprising non-reactive fatty 
acid ester and a carbonate. The core may be any core as 
described in section (I)(b). Suitable bioactive agents include 
those described in section (I)(b)(i). 
The layer composition may be a mixture of a non-reactive 

wax and a carbonate. A non-reactive wax is a wax which 
does not interact appreciably with a carbonate and does not 
form carboxylate or fatty acid salts. In some embodiments, 
the non-reactive fat does not have a free carboxylic acid 
group. The non-reactive wax can be chosen fatty acid esters 
including fatty acid glycerol esters including monoglycer 
ides, diglycerides, and triglycerides. In one preferred 
embodiment, the non-reactive wax is Stearin. In another 
embodiment, the wax is hydrogenated Soy or vegetable oil 
or a paraffin. 

Carbonates may be selected from copper carbonate, Zinc 
carbonate, calcium carbonate, magnesium carbonate, potas 
sium carbonate, sodium carbonate, and combinations 
thereof. The amount of carbonate in the layer can and will 
vary. The amount of carbonate may range from about 1% to 
about 60%, or more preferably from about 15% to about 
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50% of the total weight of the layer. In another embodiment, 
the non-reactive wax is Stearin and the carbonate is Zinc 
carbonate. 

Without being bound to any theory, it is thought that the 
non-reactive wax preserves the solubility of the carbonate so 
the carbonate can dissolve out of the wax matrix in some 
embodiments and form pores in the structure. The presence 
of a non-reactive wax also preserves the carbonate so that it 
may react with an acid external to the layer to produce CO, 
which promotes further fracturing of the layer. The result is 
a porous composition. In some embodiments, the carbonate 
is present in the wax in a weight to weight ratio of about 
20%, 30%, 40%, 50%, or 60% or higher. In some preferred 
embodiments, the carbonate comprises from about 20% to 
about 50% of the total weight of the layer. 
The layer may additionally comprise a bicarbonate. Suit 

able bicarbonates include alkali metal carbonates including 
Sodium bicarbonate, potassium carbonate, calcium carbon 
ate, magnesium carbonate, lithium carbonate and the like. 
When bicarbonate is present, it may be present in a ratio of 
about 1% to about 10% of the layer. In some preferred 
embodiments, potassium bicarbonate is about 2% of the 
total weight of the layer. 

The layer may additional comprise a disintegrant or a 
Super disintegrant. Suitable disintegrants include, without 
limit, starches (such as corn starch, potato starch, and the 
like), pregelatinized and modified Starches thereof, micro 
crystalline cellulose, alginates, sodium starch glycolate, and 
gums (such as agar, guar, locust bean, karaya, pectin, and 
tragacanth). Non-limiting examples of Suitable Superdisin 
tegrants include crospovidine, Sodium carboxymethylcellu 
lose, croscarmellose sodium, sodium starch glycolate, low 
substituted hydroxypropyl cellulose, and sodium bicarbon 
ate. In one preferred embodiment, the composition may 
comprise Sodium carboxymethylcellulose as a Superdisinte 
grant. The disintegrant, when present, may be provided in a 
range of about 2% to about 20% of the total weight of the 
layer. 

In some embodiments, the composition further comprises 
a reactive wax or a mixture of non-reactive and reactive 
waxes such as Vegetable oil, cottonseed oil, or canola oil. 

The layer comprising the non-reactive wax and carbonate 
is stable in an aqueous solution under approximately neutral 
pH. For example, the layer is stable at a pH level of about 
6.0, about 6.5, about 7.0, and about 7.5. The layer hydro 
lyzes in an aqueous Solution having a pH of less than about 
pH 5.0. Hydrolysis of the layer facilitates release of the 
bioactive agent. 

In embodiments in which the Subject is a ruminant, 
therefore, the layer remains stable and is not degraded 
during the time in which the composition is in the rumen of 
the subject. Upon entry into abomasum, in which the pH is 
low, the layer hydrolyzes and releases the bioactive agent. 

In addition to a layer composition, the carbonate and wax 
may be formed into an agglomerated composition as 
described in section (II). The carbonate and wax described 
herein may comprise the matrix to which a plurality of 
bioactives are embedded. 

DEFINITIONS 

When introducing elements of the embodiments 
described herein, the articles “a”, “an', “the' and “said are 
intended to mean that there are one or more of the elements. 
The terms “comprising”, “including and “having are 
intended to be inclusive and mean that there may be addi 
tional elements other than the listed elements. 
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The compounds described herein have asymmetric cen 

ters. Compounds of the present invention containing an 
asymmetrically substituted atom may be isolated in optically 
active or racemic form. All chiral, diastereomeric, racemic 
forms and all geometric isomeric forms of a structure are 
intended, unless the specific stereochemistry or isomeric 
form is specifically indicated. 
The term “acyl, as used herein alone or as part of another 

group, denotes the moiety formed by removal of the 
hydroxyl group from the group COOH of an organic car 
boxylic acid, e.g., RC(O)—, wherein R is R', R'O , 
R'R''N , or R'S R' is hydrocarbyl, heterosubstituted 
hydrocarbyl, or heterocyclo, and R is hydrogen, hydrocar 
byl, or substituted hydrocarbyl. 
The term “acyloxy, as used herein alone or as part of 

another group, denotes an acyl group as described above 
bonded through an oxygen linkage (O), e.g., RC(O)O— 
wherein R is as defined in connection with the term “acyl.” 
The term “allyl, as used herein not only refers to com 

pound containing the simple allyl group (CH=CH 
CH2—), but also to compounds that contain Substituted allyl 
groups or allyl groups forming part of a ring system. 
The term “alkyl as used herein describes groups which 

are preferably lower alkyl containing from one to eight 
carbon atoms in the principal chain and up to 20 carbon 
atoms. They may be straight or branched chain or cyclic and 
include methyl, ethyl, propyl, isopropyl, butyl, hexyl and the 
like. 

The term “alkenyl' as used herein describes groups which 
are preferably lower alkenyl containing from two to eight 
carbon atoms in the principal chain and up to 20 carbon 
atoms. They may be straight or branched chain or cyclic and 
include ethenyl, propenyl, isopropenyl, butenyl, isobutenyl, 
hexenyl, and the like. 
The term “alkoxide' or “alkoxy” as used herein is the 

conjugate base of an alcohol. The alcohol may be straight 
chain, branched, cyclic, and includes aryloxy compounds. 
The term “alkynyl as used herein describes groups which 

are preferably lower alkynyl containing from two to eight 
carbon atoms in the principal chain and up to 20 carbon 
atoms. They may be straight or branched chain and include 
ethynyl, propynyl, butynyl, isobutynyl, hexynyl, and the 
like. 

The term “aromatic' as used herein alone or as part of 
another group denotes optionally substituted homo- or het 
erocyclic conjugated planar ring or ring system comprising 
delocalized electrons. These aromatic groups are preferably 
monocyclic (e.g., furan or benzene), bicyclic, or tricyclic 
groups containing from 5 to 14 atoms in the ring portion. 
The term “aromatic' encompasses “aryl groups defined 
below. 

The terms “aryl or 'Ar' as used herein alone or as part 
of another group denote optionally substituted homocyclic 
aromatic groups, preferably monocyclic or bicyclic groups 
containing from 6 to 10 carbons in the ring portion, such as 
phenyl, biphenyl, naphthyl, substituted phenyl, substituted 
biphenyl, or substituted naphthyl. 
The term “crystalline polymer as used herein refers to a 

polymer having the characteristic or regular three-dimen 
Sional packing. 
The term "enrichment’ means an amount above the 

statistical distribution if all chiral centers had an equal 
probability of being alpha or beta. 
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The terms “carbocyclo” or “carbocyclic” as used herein 
alone or as part of another group denote optionally Substi 
tuted, aromatic or non-aromatic, homocyclic ring or ring 
system in which all of the atoms in the ring are carbon, with 
preferably 5 or 6 carbon atoms in each ring. Exemplary 
Substituents include one or more of the following groups: 
hydrocarbyl, Substituted hydrocarbyl, alkyl, alkoxy, acyl, 
acyloxy, alkenyl, alkenoxy, aryl, aryloxy, amino, amido, 
acetal, carbamyl, carbocyclo, cyano, ester, ether, halogen, 
heterocyclo, hydroxyl, keto, ketal, phospho, nitro, and thio. 

The terms “epoxy” or “epoxide' as used herein means a 
cyclic ether. The ring structure generally comprises from 2 
to 5 carbon atoms in the ring. 

The terms “halogen' or “halo' as used herein alone or as 
part of another group refer to chlorine, bromine, fluorine, 
and iodine. 
The term "heteroatom' refers to atoms other than carbon 

and hydrogen. 
The term "heteroaromatic' as used herein alone or as part 

of another group denotes optionally Substituted aromatic 
groups having at least one heteroatom in at least one ring, 
and preferably 5 or 6 atoms in each ring. The heteroaromatic 
group preferably has 1 or 2 oxygen atoms and/or 1 to 4 
nitrogen atoms in the ring, and is bonded to the remainder 
of the molecule through a carbon. Exemplary groups include 
furyl, benzofuryl, oxazolyl, isoxazolyl, oxadiazolyl, benzo 
Xazolyl, benzoxadiazolyl pyrrolyl pyrazolyl, imidazolyl, 
triazolyl, tetrazolyl pyridyl, pyrimidyl, pyrazinyl, pyridazi 
nyl, indolyl, isolindolyl, indolizinyl, benzimidazolyl, inda 
Zolyl, benzotriazolyl, tetraZolopyridazinyl, carbazolyl, puri 
nyl, quinolinyl, isoquinolinyl, imidazopyridyl, and the like. 
Exemplary substituents include one or more of the following 
groups: hydrocarbyl, Substituted hydrocarbyl, alkyl, alkoxy, 
acyl, acyloxy, alkenyl, alkenoxy, aryl, aryloxy, amino, 
amido, acetal, carbamyl, carbocyclo, cyano, ester, ether, 
halogen, heterocyclo, hydroxyl, keto, ketal, phospho, nitro, 
and thio. 
The terms "heterocyclo” or "heterocyclic” as used herein 

alone or as part of another group denote optionally Substi 
tuted, fully saturated or unsaturated, monocyclic or bicyclic, 
aromatic or non-aromatic groups having at least one het 
eroatom in at least one ring, and preferably 5 or 6 atoms in 
each ring. The heterocyclo group preferably has 1 or 2 
oxygen atoms and/or 1 to 4 nitrogen atoms in the ring, and 
is bonded to the remainder of the molecule through a carbon 
or heteroatom. Exemplary heterocyclo groups include het 
eroaromatics as described above. Exemplary Substituents 
include one or more of the following groups: hydrocarbyl, 
Substituted hydrocarbyl, alkyl, alkoxy, acyl, acyloxy, alk 
enyl, alkenoxy, aryl, aryloxy, amino, amido, acetal, car 
bamyl, carbocyclo, cyano, ester, ether, halogen, heterocyclo, 
hydroxyl, keto, ketal, phospho, nitro, and thio. 

The terms “hydrocarbon and “hydrocarbyl as used 
herein describe organic compounds or radicals consisting 
exclusively of the elements carbon and hydrogen. These 
moieties include alkyl, alkenyl, alkynyl, and aryl moieties. 
These moieties also include alkyl, alkenyl, alkynyl, and aryl 
moieties substituted with other aliphatic or cyclic hydrocar 
bon groups, such as alkaryl, alkenaryland alkynary1. Unless 
otherwise indicated, these moieties preferably comprise 1 to 
20 carbon atoms. 
The term “polymer as used herein, means a molecule 

composed of repeating units. Polymer may refer to a 
homopolymer, i.e., a molecule comprising single repeat unit, 
or a copolymer, i.e., containing more than one repeat unit. 
Copolymers may be random or block. Polymer is used 
interchangeably with oligomer. 
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The term “protecting group' as used herein denotes a 

group capable of protecting a particular moiety, wherein the 
protecting group may be removed, Subsequent to the reac 
tion for which the protection is employed, without disturb 
ing the remainder of the molecule. A variety of protecting 
groups and the synthesis thereof may be found in “Protective 
Groups in Organic Synthesis” by T. W. Greene and P. G. M. 
Wuts, John Wiley & Sons, 1999. 
The term “semi-crystalline polymeras used herein refers 

to a polymer with regions that are “crystalline” as describe 
above, and regions that are amorphous, having no regular 
packing to the three-dimensional structure. 
The “substituted hydrocarbyl moieties described herein 

are hydrocarbyl moieties which are substituted with at least 
one atom other than carbon, including moieties in which a 
carbon chain atom is substituted with a heteroatom such as 
nitrogen, oxygen, silicon, phosphorous, boron, or a halogen 
atom, and moieties in which the carbon chain comprises 
additional substituents. These substituents include alkyl, 
alkoxy, acyl, acyloxy, alkenyl, alkenoxy, aryl, aryloxy, 
amino, amido, acetal, carbamyl, carbocyclo, cyano, ester, 
ether, halogen, heterocyclo, hydroxyl, keto, ketal, phospho, 
nitro, and thio. 
The term “wax' as used herein can identify an oil, fatty 

acid, or a fatty acid ester without limitation. The term “wax” 
as used herein refers to both compositions that are solid at 
room temperature and those that are liquid at room tem 
perature. 

Having described the invention in detail, it will be appar 
ent that modifications and variations are possible without 
departing from the scope of the invention defined in the 
appended claims. 

EXAMPLES 

The following examples are included to illustrate, but not 
to limit the claimed compositions and processes for deliv 
ering bioactive agents. 

Example 1 

Preparation of Coated Particles and In Vitro 
Release 

A source of methionine was coated to protect it from 
degradation by bacteria but allow full absorption in the 
abomasum. For this, particles of the calcium salt HMTBa 
(MHAR); Novus International) were coated with a first coat 
comprising the HMTBa oligomer and a second coat com 
prising a hydrophobic material. 
The first coat was either applied manually using a blender 

(neat material) or via a fluid bed coating process (i.e., 
Wurster coating). For the manual method, the HMTBa 
oligomer (O) was mixed with a polymer, such as ethyl 
cellulose (EC), and blended with the methionine source. For 
the Wurster method, the HMTBa oligomer was mixed with 
the polymer or dissolved in a polar organic solvent, and 
sprayed on the methionine source. In either method, a flow 
agent, such as talc (T), calcium Stearate (CaSt), or CaCO 
can be added to reduce tackiness. Typically, the HMTBa 
oligomer had a low content of monomer (e.g., 4% mono 
mer). Table 1 details the parameters of the first coat of each 
particle prototype. 
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TABLE 1. 

Composition of Prototype Coated Particles - First Coat 

Ethyl Calcium Coat 
Prototype # Oligomer Cellulose Talc Stearate CaCO Level 

1 1796 11% manual 
2 30% 70% 22% 
3 30% 70% 59% 
4 30% 70% 10% 
5 12.3% 17.5% manual 
6 12.3 11% manual 
7 12.3 11% manual 

*components presented as % of total 

The second coat was applied to the oligomer-coated 
particles via a hot melt or a fluid bed coating process. The 
hydrophobic material of the second coat comprised Stearic 
acid (SA) and hydrogenated Soybean oil (e.g., DriteX S 
(DS)). In some cases, the second coat also contained the 
HMTBa oligomer, EC, and/or CaCO. Table 2 details the 
parameters of the second coat of each particle prototype. 

TABLE 2 

Composition of Prototype Coated Particles - Second Coat 

Total 
HMTBal 

Coat Load 
Prototype Stearic Dritex Olig- Level (core & 

i Acid S* omer EC* CaCO (%) coat) 

1 1 1 25 57% 
2 4. 4. 1 1 2O 54% 
3 1 2 25 61% 
4 1 2 25 59% 
5 1 2 - 10% of 25 SO% 

coat 
6 1 2 - 10% of 10 68% 

coat 
7 1 2 - 10% of 25 55% 

components presented as a ratio 

The in vitro release of HMTBa was measured at different 
pH levels after the coated particles were incubated in pH 6.5 
buffer solution for 16 hours (to mimic the typical ruminal 
transit time). For the release studies, the coated particles 
were added to pH 2.5 or pH 6.5 buffer solutions. The 
solutions were shaken at for 24 hours. Samples were 
removed at 0, 2, 4, 6, 8, and 24 hours and analyzed by 
HPLC. 

Prototype 1. MHAR particles were manually coated with 
a first coat comprising HMTBa oligomer (17% of total) and 
talc (11% of total). The oligomer-coated particles were fluid 
bed coated with a 1:1 mixture of stearic acid and hydroge 
nated soybean oil to a coat level of 25%. The final load of 
HMTBa and HMTBa oligomer was 57%. The differential 
release profile is shown in FIG. 1A. There was substantially 
more release at pH 2.5 than at pH 6.5. At 24 hours, about 
75% of the total HMTBa was released at pH 2.5, but less 
than 20% of the HMTBa was released at pH 6.5. 

Prototype 2. MHAR) particles were coated with a first coat 
comprising a thin film of ethyl cellulose and oligomer. The 
thin film was applied by fluid bed coating; i.e., 30% oli 
gomer (6.7% monomer) and 70% EC were dissolved in 1:1 
acetone:ethanol and sprayed onto the MHAR particles. The 
coating step comprised spraying 12.2% solids (i.e., O+EC) 
to a coat level of 22%. For the second coat, a hot melt 
coating of stearic acid, hydrogenated soybean oil, HMTBa 
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oligomer, and ethyl cellulose (4:4:1:1) was used to coat the 
oligomer-coated particles to a 20% wax coat level. The final 
load of HMTBa (core and coat) was 54%. The release profile 
is presented in FIG. 1B: the particles displayed pH depen 
dent release (i.e., release at pH 2.5, but not at pH 6.5). The 
amount released was low because these particles had a high 
degree of protection at low pH. 

Prototypes 3 and 4. MHAR particles were coated with a 
first coat comprising a thin film of oligomer and ethyl 
cellulose. The coating was applied by fluid bed coating; i.e., 
30% O and 70% EC were dissolved in 1:1 acetone:ethanol 
and the particles were coated to a level of 5% for prototype 
3 or a coat level of 10% for prototype 4. Each population of 
oligomer-coated particles was then coated with a second 
coat comprising a 2:1 mixture of hydrogenated Soybean oil 
and stearic acid to a coat level of 25%. The final load of 
HMTBa (core and coat) was 61% and 59% for prototypes 3 
and 4, respectively. As shown in FIG. 1C, prototype 3 had 
better release at pH 2.5 than prototype 4 (i.e., 85% vs. about 
45%, respectively). Neither prototype had significant release 
at pH 6.5. 

Prototype 5. Core MHAR) particles were manually coated 
with a first coat comprising oligomer (12.3% of total) and 
CaCO, (17.5% of total). For the second coat, the oligomer 
coated particles were fluid bed coated with a 2:1 mixture of 
hydrogenated soybean oil and stearic acid containing CaCO 
(10% of coat) to a coat level of 15%. The total load of 
HMTBa (core and coat) was 50%. As shown in FIG. 1D, 
release was greater at pH 2.5 than pH 6.5 (e.g., 85% vs. 15% 
at 24 hours, respectively). Additionally, there was a high rate 
of release at pH 2.5 during the first 6 hours, which then 
decreased to a lower rate. 

Prototypes 6 and 7. MHAR) particles were manually 
coated with a first coat comprising HMTBa oligomer 
(12.3% of total) and 11% Castearate (11% of total). For the 
second coat, the oligomer-coated particles were fluid bed 
coated with a 2:1 mixture of hydrogenated Soybean oil and 
stearic acid containing CaCO (10% of coating) to a level of 
10% for prototype 6 or a coat level of 25% for prototype 7. 
The total load of HMTBa (core and coat) for each of these 
was 68% and 55%, respectively. Prototypes 6 and 7 had 
similar release profiles at pH 2.5 (and both had very limited 
release at pH 6.5) (see FIG. 1E). 

Example 2 

In Situ Degradability of Coated Particles 

Rumen stability is a necessary requirement for products to 
provide methionine activity to the tissues for protein Syn 
thesis. Escape values of >90% are considered sufficient for 
a rumen protected methionine source to provide Substantial 
methionine activity when the methionine source is protected 
by physical means. 
The seven prototype coated MHAR) particles prepared in 

Example 1 were evaluated for their in situ degradability 
characteristics. Rumen cannulated Steers were used to evalu 
ate the rate and extent of rumen degradation of the proto 
types as well as a reference formulation (i.e., methionine 
granules coated with an amino-type polymer). 

Three rumen cannulated steers BW=606+4 kg were fed 
a common diet based on chopped alfalfa hay and ground 
corn for ad libitum consumption with an additional allot 
ment of wheat straw for the 7 days of the experiment. Steers 
were weighed on day 2 and 5 of the experiment and feed 
offered and refused was recorded daily. Realized dry matter 
intake for the experimental period was 9.53 kg or 1.57% of 
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body weight. Eight treatments (i.e., prototypes 1-7 and 
reference formulation control) were incubated in triplicate in 
each of the 3 steers for 48, 24, 6, and 0 (15 minutes in the 
rumen to estimate solubility) hours. In situ bags (pore size 
~50 um; 5 cmx10 cm) were preweighed and 1 g of sample 
was added to each bag and sealed with a Zip-tie yielding 
approximately the recommended 10 mg ingredient/cm of 
bag Surface area. Bags were suspended in a mesh laundry 
bag, inserted in reverse order, withdrawn simultaneously, 
hand washed in cold water until the wash water was clear, 
and dried at 55° C. Dried bags with treatment were weighed 
and % dry matter lost was calculated. 

Data were analyzed using the mixed procedure of SAS 
wherein sources of variation associated with steer, time of 
incubation, treatment and the interaction between treatment 
and time were included. Differences considered significant 
were P-30.05. 

Degradation profiles for the prototype protected MHAR 
particles and reference formulation are shown in FIG. 2A. 
All treatments tested had >90% of dry matter remaining 
after 48 hours in the rumen. The products differed in the 
degree to which they were protected, i.e., some of the 
prototypes had relatively constant rates of release (e.g., 
prototype #6) and some of the prototypes had extremely low 
levels of release within the rumen (e.g., prototypes #4 and 
#7). Typical retention time within the rumen is between 12 
and 20 hours for the particle phase of rumen digesta. FIG. 
2B shows the percent of dry matter remaining for the 
different prototypes and the reference formulation after 
incubation in the rumen for 24 h. Retention time within the 
rumen is determined by a number of factors including: 
specific gravity, particle size, Susceptibility to degradation, 
and the intake of the cow. Results of this experiment are 
relevant to the susceptibility to degradation, and by this 
metric all of the prototypes are considered to be quite 
resistant to rumen degradation. The order of resistance is 
presented in Table 3 (based on 24 hour data where 1 is most 
resistant). 

TABLE 3 

In Situ Resistance to Degradation. 

Sample 1 coat 2 coat Rank 

Prototype 1 OT - manual SADS - 25% 8 
Prototype 2 OEC - thin film 22% SADAOEC - 30% 6 
Prototype 3 OEC - thin film 5% SADS - 25% 3 
Prototype 4 OEC - thin film 10% SADS - 25% 2 
Prototype 5 O?CaCO - manual SA/DS/CaCO - 25% 5 
Prototype 6 Of CaSt - manual SA/DS/CaCO - 10% 7 
Prototype 7 Of CaSt - manual SA/DS/CaCO - 25% 1 
Reference Amino-type polymer coating 4 
Formulation 

Example 3 

Preparation of Agglomerated Composition 

The following example was designed to determine 
whether agglomerated matrix compositions would provide 
pH dependent release. MHAR) powder was granulated with 
ethyl cellulose and HMTBaoligomer at 30% oligomer using 
15% solids. The powder was coated to 23% to a total load 
of HMTBa of 50%. The granulated mixture was fluid bed 
coated with a 1:1 mixture of hydrogenated Soybean oil and 
Stearic acid to a coat level of 25%. The release of HMTBa 
was measured at pH 2.5 or pH 6.5 after 16 hours at pH 6.5 
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essentially as detailed above in Example 1. As shown in FIG. 
3, the agglomerated composition displayed release in pH 2.5 
buffer. 

Example 4 

Coated Particles Comprising Metal Carbonate 

To determine whether a hydrophobic coating comprising 
a metal carbonate would provide pH dependent release, the 
following coated particles were prepared. “Blender O/Zn 
wax' particles were prepared by blender coating MHAR 
particles with HMTBa oligomer (i.e., 7.5% or 12.4% oli 
gomer, with a total HMTBa load of 60-70%) and then 
over-coating the particles with a 1:1 mixture of Stearic acid 
and hydrogenated soybean oil containing 30-40% Zn or Ca 
carbonate and 2-10% croscarmellose to a coat level of 15, 
20, or 25%. “Blender O/Oligo wax' particles were prepared 
by blender coating MHAR particles with HMTBa oligomer 
(i.e., 7.5% or 12.4% oligomer, with a total HMTBa load of 
60-70%) and then over-coating them with a 1:1 mixture of 
Stearic acid and hydrogenated Soybean oil containing 
10-60% oligomer (and optionally, methyl cellulose or cros 
carmellose) to a coat level of 15, 20, or 25%. “MHAR/Zn 
wax' particles were prepared by coating MHAR particles 
with 1:1 mixture of Stearic acid and hydrogenated Soybean 
oil containing 30-40% Zn or Ca carbonate and 2-10% 
croscarmellose to a coat level of 15, 20, or 25%. 
To measure in vitro release, samples were incubated at pH 

6.5 from time 0 to hour 16 (i.e., rumen phase), pH 2.5 from 
hour 16 to hour 18 (i.e., abomasum phase), and pH 6.5 from 
hour 18 to hour 40 (i.e., intestine phase). Aliquots were 
removed from each sample at predetermined times and 
analyzed by HPLC. The release of the amino acid from all 
preparations increased dramatically when the pH was low 
ered (see FIG. 4). Some preparations (e.g., Blender O/Zn 
wax and Blender O/Oligo wax) exhibited slow rates of 
release at pH 6.5. 

Example 5 

Coated Particles Comprising Wax Overcoat 

MHAR) particles were coated with oligomer (as detailed 
above in Examples 1 and 3) and over-coated with either of 
two “wax' coatings. The two coatings were a “Zn wax' coat 
or an "oligomer wax' coat, which are detailed below in 
Tables 4 and 5, respectively. The coatings were applied by 
fluid bed coating to coat levels of 15-25%. The wax of the 
Zn wax coating comprised Stearin (i.e., an ester of glycerol 
and Stearic acid; Stearin may be derived from palm oil and 
other oils), a hydrogenated vegetable oil (e.g., Soy, canola, 
cotton seed, corn, etc.), or combinations thereof. The wax of 
the Oligomer wax coated comprised Stearin, hydrogenated 
vegetable oil, Stearic acid, or combinations thereof. 

TABLE 4 

Zn wax formulations. 

Proto 
type Hydrogenated Zn Bicar 
i Stearin Veg Oil Carbonate Croscarmellose bonate 

8 20 g 20 g 40 g 10 g O 
9 53 g O 40 g 5g 2 g 
10 O 55 g 35 g 10 g O 
11 32 g 32 g 31 g 5g O 
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TABLE 5 

Oligomer wax formulations. 

Proto- Hydrogenated Stearic Ethyl 
type Stearin Veg Oil Acid Cellulose Oligomer 

12 18 g 18 g 10 g 2 g 35 g 
13 O 15 g 15g 5g 30 g 

Example 6 

Simulated In Situ Release from Coated Particles 

A series of coated MHAR) particles were prepared in 
which the coating comprised HMTBaoligomer, stearic acid, 
poly-2-vinylpyridine-co-styrene (PVPS; MW-130-220K), 
and, optionally, ethyl cellulose and the coating level varies 
from 10-15%. Table 6 presents the various formulations. 

TABLE 6 

Coat Level and Composition of Coated Particles 

Formulation Coat Level Stearic Ethyl 
i (%) Acid* PVPS* Cellulose Oligomer 

70418 15 77.35 1483 O 4.74 
70430 10 84.49 7.14 O 4.74 
70431 15 84.49 7.14 O 4.74 
70432 10 77.35 1483 3.07 4.74 
70433 12 77.35 1483 3.07 4.74 
70434 15 81.2 15.56 O O 
70435 1O 84.49 7.14 3.07 4.74 
70437 12 84.49 7.14 O 4.74 
70438 12 77.35 1483 O 4.74 
70439 10 77.35 1483 O 4.74 
40740 10 84.49 7.14 O 4.74 

component presented as % of coating 

The amount of HMTBa released from some of the for 
mulations listed in Table 6 was tested using a gravimetric in 
vitro bag test. This test is a simulation of the rumen bag test 
described above in Example 2. For the in vitro bag test, 
coated particles were placed in a nylon bag which was then 
sealed with a Zip-tie. Four separate bags were prepared for 
each formulation to be tested. The initial weight of each bag 
containing coated particles was measured. Each bag was 
place in a container filed with a simulated rumen fluid that 
was buffered to a different pH level. The containers (with the 
bags) were closed and placed inside a 40°C. incubator oven, 
with constant shaking, for a period of 18 hours. 

After 18 hours, samples were removed from each con 
tainer and the amount of HMTBa was measured using an 
HPLC method. FIG. 5 shows the percent of HMTBa 
released at the various pH levels during this 18 hour period. 
All formulations showed limited release of HMTBa at pH 
6.5 and 5.5, but good release at pH 2.5. 

Example 7 

Time Course of In Vitro Release 

The release of HMTBa from the formulations listed in 
Table 6 was examined at pH 2.5. Formulations were placed 
in a pH 2.5 solution, incubated at 40°C. (i.e., ruminant body 
temperature) and samples were removed at regular intervals 
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over a 3 hour time period. The amount of HMTBa was 
determined using an HPLC assay. FIG. 6 presents the 
kinetics of release. All formulations had a low release rate 
during the initial 15 minutes and then the rates of release 
increased. 

Example 8 

Physical Resilience of the Coated Particles 

The ability the coated particles to withstand mastication 
or mechanical manipulations was tested using an impact 
test. For this, a 24" carbon steel pipe was fitted with end caps 
and a cylindrical 95 gram stainless steel weight having an 
outer diameter that is about the same as the inner diameter 
of the pipe. The bottom of the pipe was capped, a sample of 
the test formulation was placed in the bottom of the capped 
pipe, the weight was placed on top of the formulation, and 
the top end of the pipe was capped. The pipe was inverted 
so that the weight returned to what was the top of the pipe. 
The pipe was then brought back to starting position and the 
weight fell to the bottom and hit the test formulation. This 
was counted as 1 impact. The process was repeated a certain 
number of times (or weight impacts). After the pre-deter 
mined number of weight impacts was completed, the end 
cap was removed and the test formulation was collected, 
including all of the fines or powder. The recovered test 
formulation was mixed with a pH 5.5 solution and incubated 
for 2 hours at 40° C. Samples were removed and analyzed 
by HPLC to determine the amount of active that was 
released into the solution. 
The compositions of the coated particles that were tested 

are detailed in Table 7. The reference formulation was 
methionine granules coated with an amino-type polymer. 

TABLE 7 

Coated Particle Formulations 

Formulation Coat Level Stearic Ethyl 
i (%) Acid* PVPS* Cellulose Oligomer 

75903 15.5 77.35 1483 3.07 4.74 
75904 17 77.35 1483 3.07 4.74 
75905 15.25 77.35 1483 3.07 4.74 

presented as % of coating 

The results are presented in FIG. 7. The three test formu 
lations retained more than 50% of the active (i.e., HMTBa) 
even after 25 weight impacts, whereas the reference formu 
lation lost about 50% of the active (i.e., D.L-methionine) 
after 10 weight impacts. 

Example 9 

Comparative Simulated In Situ Release and 
Kinetics of Release 

The three test formulations described above in Example 8 
and the reference formulation were subjected to the in vitro 
bag test essentially as described above in Example 6. FIG. 
8 shows that all formulations displayed release at pH 2.5. 
The kinetics of release was examined in the three test 

formulations described above in Example 8 and the refer 
ence formulation essentially as described above in Example 
7. The results are shown in FIG. 9. The three test formula 
tions had higher rates of release at the earlier time points 
(i.e., 30 min, 1 hr., and 2 hr) than the reference formulation. 
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What is claimed is: 
1. A composition comprising a layer formed over a core, 

the core comprising a bioactive agent, the layer comprising 
a first polymer comprising a repeat unit of Formula (I) and 
at least one additional agent, the repeat unit of Formula (I) 
having the following structure: 

(I) 

wherein: 
R. R. and Rare independently hydrogen, hydrocar 

byl, or substituted hydrocarbyl: 
R is hydrogen, hydrocarbyl, or substituted hydrocar 

byl: 
R’ is optionally present, when present it is hydrogen, 

hydrocarbyl, or substituted hydrocarbyl: 
Z is Sulfur, Sulfone, Sulfoxide, or selenium; 
n is an integer a1; and 
m is an integer >1; and 

wherein the at least one additional agent is chosen from 
polymers, waxes, fatty acids, fatty acid esters, or flow 
agents. 

2. The composition of claim 1, wherein the repeat unit of 
the first polymer comprises Formula (II): 

(II) 

wherein R. R. R. Z. n, and mare as defined in claim 1. 
3. The composition of claim 1, wherein Z is sulfur. 
4. The composition of claim 1, wherein R is methyl or 

ethyl. 
5. The composition of claim 1, wherein R is not present. 
6. The composition of claim 1, wherein n is an integer 

from 1 to 5. 
7. The composition of claim 1, wherein the repeat unit of 

the first polymer comprises Formula (III): 

(III) 

O 

wherein m is an integer >1. 
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8. The composition of claim 1, wherein the first polymer 

has an average molecular weight of at least 500 Da. 
9. The composition of claim 1, wherein the bioactive 

agent is an essential oil, an amino acid, an analogue of an 
amino acid, a vitamin, a mineral, an antioxidant, a pigment, 
an enzyme, an organic acid, a poly unsaturated fatty acid, a 
prebiotic, a probiotic, a herb, a pharmaceutically active 
agent, or a combination thereof. 

10. The composition of claim 1, wherein the layer com 
prises 10% by weight of the composition. 

11. The composition of claim 1, wherein the at least one 
additional agent is a second polymer. 

12. The composition of claim 11, wherein the second 
polymer is a pH-sensitive polymer. 

13. The composition of claim 1, wherein the bioactive is 
a calcium salt of 2-hydroxy-4-methylthiobutanoic acid. 

14. The composition of claim 1, wherein the composition 
hydrolyzes in aqueous solution at a pH below about 5.0. 

15. The composition of claim 1, wherein the composition 
has a substantially constant release profile at a pH below 
about 5.0. 

16. An agglomerated composition comprising a plurality 
of bioactive active agents embedded in a matrix, the matrix 
comprising a first polymer having a repeat unit of Formula 
(I) and at least one additional agent, the repeat unit of 
Formula (I) having the following structure: 

(I) 

t 
wherein: 
R. R. and Rare independently hydrogen, hydrocar 

byl, or substituted hydrocarbyl, 
R is hydrogen, hydrocarbyl, or substituted hydrocar 

byl: 
R’ is optionally present, when present it is hydrogen, 

hydrocarbyl, or substituted hydrocarbyl: 
Z is Sulfur, Sulfone, Sulfoxide, or selenium; 
n is an integer a1; and 
m is an integer >1; and 

wherein the at least one additional agent is chosen from 
polymers, waxes, fatty acids, fatty acid esters, or flow 
agents. 

17. The composition of claim 16, wherein the repeat unit 
of the first polymer comprises Formula (II): 

R 
? 
Z 
V 
R7 

O 
iii. 

(II) 

wherein R. R. R. Z. n, and mare as defined in claim 16. 
18. The composition of claim 16, wherein Z is sulfur. 
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19. The composition of claim 16, wherein R is methyl or 
ethyl. 

20. The composition of claim 16, wherein R is not 
present. 

21. The composition of claim 16, wherein the repeat unit 
of the first polymer comprises Formula (III): 

(III) 

O 

wherein m is an integer >1. 
22. The composition of claim 16, wherein the bioactive 

agent is an essential oil, an amino acid, an analogue of an 
amino acid, a vitamin, a mineral, an antioxidant, a pigment, 
an enzyme, an organic acid, a poly unsaturated fatty acid, a 
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prebiotic, a probiotic, a herb, a pharmaceutically active 
agent, or a combination thereof. 

23. The composition of claim 16, wherein the at least one 
additional agent is a second polymer. 

24. The composition of claim 16, wherein the composi 
tion further comprises at least one layer formed over the 
matrix. 

25. The composition of claim 16, wherein the bioactive is 
a calcium salt of 2-hydroxy-4-methylthiobutanoic acid. 

26. The composition of claim 16, wherein the composi 
tion hydrolyzes in aqueous solution at a pH below about 5.0. 

27. The composition of claim 16, wherein the composi 
tion has a substantially constant release profile at a pH below 
about 5.0. 

28. A food source comprising a nutritive source and the 
composition recited in claim 1. 

29. A method for providing a bioactive agent to a subject, 
the method comprising administering the composition as 
recited in claim 1 to the subject. 

30. The method of claim 29, wherein the subject is a 
ruminant and the bioactive agent is released after passage of 
the composition through the rumen. 

k k k k k 


