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Method and Compositions for Preparing and Delivering Lipids,
Other Nutrients and Medicaments

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] Pursuant to 35 U.S.C. § 119, the present application claims the benefit
of and priority to U.S. Application Number 11/017,188, “Method and Compositions
for Preparing and Delivering Protected Lipids, Other Nutrients and Medicaments”, by
Moshe Rosenberg, et al., filed December 17, 2004.

FIELD OF THE INVENTION

[0002] This invention is in the field of livestock feed supplements. The
present invention relates to, e.g., composite gels for enhancing the palatability of feed
supplements and for protecting lipids, proteins, and/or other supplements during
passage through an upper digestive track, and methods to make and use such gels.
Composite gels of the invention can be fed to animals, such as, e.g., chickens, swine
and other non-ruminants, whereby nutrients and/or supplements can be more
effectively received and absorbed in the intestines. The composite gels can lower
feed supplement costs and improve the health promoting quality and general

nutritional of milk, resulting dairy products, animal tissue, and derived meat products.

BACKGROUND OF THE INVENTION

[0003] A large part of the saturated fats consumed by humankind are in the
form of meat and dairy products. These saturated fats are known to be associated
with an increased risk of diseases, such as cancer and heart disease. Lowering the
percentage of saturated fats in meat, eggs, and milk products could provide a

substantial benefit to human health.

[0004] Scientists have had some success in reducing the percentage of
saturated fats in animals, such as pigs and chickens, by including large amounts of
polyunsaturated fats directly into their feed (diet). However, in many cases, the

amount of polyunsaturated fats and other supplements taken in by the animals is
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limited due to poor palatability or unpleasant digestive tract symptoms that can result
from direct supplementation of feed. A sub-optimal uptake of the feed can limit

benefits, or actually decrease the productivity of the animal.

[0005] Strategies have been developed to feed cattle diets high in oils with
reduced toxic effects and reduced biohydrogenation. For example, in U.S. Patent No.
6,229,031, "Method for Manufacturing Rumen Bypass Feed Supplements" to
Strohmaier, fats are saponified in the presence of calcium salts to prepare a less toxic
high fatty acid feed composition that minimizes biohydrogenation in the rumen. The
fatty acid calcium salts, however, are unappetizing to the animals, which may eat less,
thus reducing their milk or meat production. Furthermore, the calcium salts of fatty
acids are known to undergo dissociation in the rumen, significantly compromising the
desired protection against modification or biohydrogenation. The functionality of

calcium salts of fatty acids in the protecting the fatty acids in the rumen is limited.

[0006] Unsaturated oils have been introduced into animals in a more palatable
form, as described in U.S. Patent No. 4,073,960, "Meat and milk Products from
Ruminants”, to Scott. Here, lipids are microencapsulated in a protein aldehyde
reaction product (aldehyde cross-linked) in a spray drying process. A formaldehyde
or gluteraldehyde cross-linked protein coat on the dry lipid filled capsule product is
insoluble in rumen conditions of pH 5, or more. The capsules retain and protect the
lipids until they are passed to the abomasum where the capsule is dissolved at a pH of
4 or less. The capsules do not appear to be toxic to rumen microbes or to adversely
affect appetite when fed to cattle. This system of encapsulation allows
polyunsaturated fats to pass through the rumen without biohydrogenation or gastric
discomfort. The polyunsaturated fats are absorbed in the lower digestive tract for
incorporation into the meat and dairy products of the animal. However, regulations in
the United States, and many other countries, prohibit formaldehyde or gluteraldehyde
treatment of feed for animals meant for human consumption. In addition, preparation
of these microcapsules can be prohibitively expensive for this application. The step of
spray drying at high temperatures can not be avoided because it is necessary for

removal of the toxic aldehydes from the liquid formulation.

2



WO 2006/065675 PCT/US2005/044737

[0007] Another way to make unsaturated oils more palatable in protein
capsules is by cross-linking the proteins with reducing sugars in the Maillard reaction,
as described in U.S. Patent number 5,143,737, "Method to Produce Unsaturated Milk
Fat and Meat From Ruminant Animals", to Richardson. In Richardson, an aqueous
emulsion of vegetable oil in a solution of protein and reducing sugar is freeze dried to
yield a dry powder. The dry powder is then browned in an oven to produce dry rumen
protective granules. The process can fail to promote other useful cross linking
chemistries, such as disulfide bonding. The process can be expensive due to the
requirement of the reducing sugars, and extensive drying steps at high temperatures
for a long period of time. The process involves freeze drying which is an expensive
batch-type operation. In addition, dry baking at temperatures required for effective
Maillard cross-linking rates can oxidize the unsaturated constituents of the oils, and
significantly damage other supplements and nutrients in the composition. The
products of such oxidation are also known to be toxic and pose risks to animal tissue

and physiological activities.

[0008] Current compositions for administration of supplements can
unpalatable, expensive, and/or cause degradation to the supplement. In view of the
above, a need exists for non-toxic and efficient ways to present feed supplements for
ingestion by animals. The present invention provides these and other features that

will be apparent upon review of the following.

SUMMARY OF THE INVENTION

[0009] The present invention provides a composite gel that is highly palatable,
and can deliver effective amounts of feed supplements with reduced degradation in
the stomach of ruminants and non-ruminants. Methods of making the composite gels
are efficient, don't employ toxic chemicals, and minimize degradation of supplements.
The composite gels of the invention can, e.g., protect feed nutrients and/or other
supplements against degradation, modification, or removal, while in the presence of
rumen microbes. The composite gels can be made, e.g., by emulsifying a lipid filler

composition into an aqueous protein matrix solution or suspension, and heating the
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resulting emulsion to provide a gel suitable for ingestion by animals, such as ruminant
or non-ruminant animals. Both the matrix and the filler can contain nutrients and/or
other supplements for rumen protection. Composite gels can be, e.g., blended with
regular animal feed to provide caloric input, administer supplements, and/or to modify

the fatty acid composition of their milk, eggs, and meat.

[0010] In one aspect of the invention, the composite gel is a dispersed phase
of lipid droplets embedded within a continuous phase matrix of cross-linked proteins.
The gel can include supplemental constituents, which, along with the lipid droplets,
can be protected against modification, degradation, and/or removal during passage
through the upper gastrointestinal (GI) tract. The supplemental constituents can
include, e.g., vitamins, polyunsaturated fats, nutrients, amino acids, proteins,
minerals, bioactive materials, pharmaceuticals, and/or the like, which can be protected

in the matrix and/or dispersed phase of the composite gel.

[0011] The lipid droplets of the composite gel can include, e.g., oils, fats,
monoglycerides, diglycerides, triglycerides, and/or free fatty acids. The droplets can
range in size, e.g., from about 0.1 um to about 50 pwm, or from about 0.1 um to about
1 um, or about 0.5 um. The lipid droplets can be supplemented with other desirable
constituents. In one aspect, the lipid includes about 10% to 25% to about 50%, or
more, of conjugated linoleic acid. In one aspect, the lipid includes about 10% to 25%
to about 50%, or more, of conjugated linolenic acid. The lipid droplets of the
invention can include, e.g., free or conjugated oleic acid, linolenic acid, phytanic acid,
omega 3 fatty acids, docosahexaenoic acid (C22:6), eicosapentaenoic acid, and/or the
like. Emulsifiers, gums, starches, and/or hydrocolloids can be included in the
dispersed and/or continuous phase of the composite gel to modulate dispersion
stability of the lipid droplets or to adjust the textural characteristics of the composite
gel. In a preferred embodiment, the emulsion comprises about 15% to 17% protein by

weight and about 30% lipid by weight.

[0012] The cross-linked proteins of the composite gel continuous phase matrix
can include, e.g., whey proteins, bovine blood plasma proteins, gelatin, peanut
proteins, cereal proteins, fish proteins, soy proteins, and/or porcine blood proteins,
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resistant to conditions found in a rumen. Cross-linking of the proteins can result
from, e.g., heat-induced formation of disulfide bonds, hydrophobic interactions, ionic
interactions, and/or hydrogen bonding between the proteins. Reducing sugars, such as
glucose, lactose, fructose, mannose, maltose, ribose and galactose, can be provided in
the matrix to additionally cross-link the proteins, e.g., under certain conditions
.conducive to Maillard reaction chemistries to contribute to formation of composite
gels of an aqueous matrix surrounding dispersed phase lipids. In certain preferred
embodiments, the matrix does not include reducing sugars in amounts effective in
providing a significant contribution to cross-linking of matrix proteins under the
conditions of the methods. In yet other preferred embodiments, although reducing
sugars are present in the composition, heat induced formation of cross-links is carried
out at conditions (e.g., pH, moisture, and/or temperature) that are not conducive to the

occurrence of the Maillard reaction.

[0013] The continuous phase of the composite gel can be about 10% to about
50% total solids by weight. Of these solids, about 10% to about 100% can be protein
by weight. In addition, sugars can be about 0% to about 50% of the total solids by
weight. The continuous phase of the composite gels can include water ranging in

amounts, e.g., from about 10% to about 95% by weight.

[0014] The present invention provides methods of preparing supplemented
composite gels. A matrix suspension can be prepared by dissolving and/or
suspending matrix protein and other constituents in water. A filler composition can
be prepared by mixing lipids and supplemental constituents. The filler composition
can be emulsified into the matrix suspension with a high shear force, and the emulsion
can be heated to produce a protective and/or palatable composite gel, typically,
without significant Maillard reaction browning of the gel. The resultant composite

gel is non-toxic and ingestible by ruminant and non-ruminant animals.

[0015] The matrix suspension can, €.g., include proteins, sugars, and/or
supplemental constituents. The proteins usefully include, e.g., whey proteins, bovine
blood plasma proteins, gelatin, peanut proteins, cereal proteins, fish proteins, soy

proteins, and/or porcine blood proteins. The reducing sugars can include, e.g.,
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glucose, lactose, fructose, mannose, maltose, ribose and galactose. The supplements
can include, e.g., vitamins, antibiotics, nutrients, minerals, amino acids, proteins,
desirable lipids, bioactive materials, pharmaceuticals, and/or the like. The matrix
constituents can also comprise a plasticizer to affect the matrix consistency and,
ultimately, the rheological properties of the composite gel. Water soluble emulsifiers
can be beneficially added to the matrix suspension to aid in the suspension and

emulsification of the filler composition.

[0016] The lipids of the filler composition (and, ultimately, the dispersed
phase droplets or particles) can include oils, fats, monoglycerides, diglycerides, and/or
triglycerides. The lipids of the filler can beneficially include free or conjugated: oleic
acid, linoleic acid, linolenic acid, phytanic acid, omega 3 fatty acids, docosahexaenoic
acid, and/or eicosapentaenoic acid. The dispersed lipid phase can make up from less
than about 5% to about 70%, or from about 10% to about 50% of the gel. In one

aspect, the lipids contain about 25% or more of conjugated linoleic acid.

[0017] Lipid biosynthesis of an animal can be modulated, e.g., by introducing
substrates of biosynthetic pathways in the compositions of the invention. For
example, inclusion of oils with significant amounts of a precursor fatty acid can
stimulate the synthesis of another fatty acid along a biosynthetic pathway. In one
embodiment, inclusion of linseed oil, having a large linolenic acid (C18:3)
component, in a composite gel fed to a dairy cow can increase the amount of
eicosapentaenoic acid (C20:5) present in the cow's milk. The increased amounts of
C20 fatty acids can, in turn, e.g., be utilized in biosynthetic pathways to create
eicosanoids for the synthesis of bioactive molecules, such as, e.g., prostaglandins,

thromboxanes, leukotrienes, and/or lipoxins.

[0018] The invention provides filler compositions with supplemental
constituents such as vitamins, nutrients, polyunsaturated lipids, amino acids, proteins,
minerals, bioactive materials, and/or pharmaceuticals. The filler composition can

beneficially include emulsifiers.

[0019] The method of preparing a supplemented composite gel provides

flexibility in adjusting process parameters to suit formulations and desired product
6
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outcomes. The pH of the matrix suspension can be adjusted to the range of about pH
4 to about pH 9, or from about pH 5 to about pH 8, using a feed-grade acid or a feed-
grade base. The matrix constituents can be dissolved or suspended at a temperature
from about 10°C to about 60°C, or about 40°C. The filler composition and the matrix
suspension can be emulsified with a high shear homogenizer, a colloidal mill, a high-
speed mixer, a high pressure homogenizer, and/or a sonicator to yield a mean lipid
droplet size ranging, e.g., from about 0.1 um to about 50 pm or 100 pm, or from
about 0.5 um to about 1 um. For example, use of a high pressure homogenizer at a
pressure of about 5 MPa to about 75 MPa, or about 50 MPa, can yield an emulsion
with a mean lipid droplet size ranging from about 0.1 um to about 10 um. The matrix
suspension and/or the emulsion can be heated to a temperature of about 70°C to about
95°C and held for about 10 minutes to about 45 minutes. The emulsion can be held
for about 0.5 hours to about 24 hours at a temperature from about 4°C to about 50°C

before starting the heat treatment.

[0020] After emulsification, and any holding step, the emulsion can be filled
into a heat resistant container for the heat treatment. The invention provides heat
treatment of the emulsion for about 20 minutes to about 180 minutes at a temperature
from about 80°C to about 125°C. In one embodiment, the emulsion is treated for
about 2 hours at a temperature of about 120°C; in another embodiment, the emulsion
is treated for about 0.5 hours at a temperature of about 100°C. Heating can take place
in a heat resistant sealed container, such as a sealed tin can, e.g., to prevent excessive
loss of water from the gel. Continuous process heat treatment modalities are within

the concept of the invention.

[0021] The composite gel can be dried, e.g., to reduce weight, enhance
stability, for blending and handling with dry feed, etc. Drying can be by methods
known in the art such as vacuum drying, baking, drum drying, fluidized bed drying,
and the like. In preferred embodiments, low heat and/or low oxygen pressures are

used to reduce degradation, e.g., of supplements.
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[0022] The composite gel of the invention can be used to feed an animal that
is producing meat, eggs, or milk. The lipids in the composite gel can favorably be
selected, e.g., from among corn oil, poppy seed oil, fish oil, cotton seed oil, soybean
oil, walnut oil, safflower oil, sunflower oil, sesame oil, peanut oil, palm oil, marine
lipids, canola oil, linseed oil, and/or the like. The lipid can include, e.g., free or
conjugated forms of: oleic acid, linoleic acid, linolenic acid, phytanic acid, omega 3
fatty acids, docosahexaenoic acid, and/or eicosapentaenoic acid. The invention
provides for composite lipids having about 25% or more linoleic acid by weight. The
composite gel lipid can beneficially comprise, e.g., from about 10% to about 50% or
from about 20% to about 40% conjugated or unconjugated linoleic acid. Feeding
composite gels of the invention can provide modified lipid characteristics in the milk,
e.g., resulting in milk fat containing about 6% or more linoleic acid by weight. The
milk of the invention can be collected and used to prepare dairy products. Feeding the
composite gels of the inventions can increase the amount of unsaturated fatty acids in

the meat and eggs of animals as well.

[0023] Lipids and/or other supplemental constituents can be administered to a
ruminant by admixing them with a matrix suspension and/or a filler cﬂomposition, then
preparing a supplemented composite gel with the matrix suspension and/or the filler
composition. Resultant composite gels can be fed to the animals for increased
absorption of the supplements and/or reduced degradation in the upper digestive tract.
Supplements can include, e.g., vitamins, minerals, nutrients, amino acids, proteins,
polyunsaturated lipids, hormones, bio-active materials and/or pharmaceuticals. It is
an aspect of the invention that the animal can be fed the supplemented gel to provide,
e.g., more effective amounts of lipids and/or other supplemental constituents for
absorption in the GI tract. Lipids and/or other supplements can be incorporated into

milk, eggs, or meat collected from animals fed the composite gels of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Figure 1 is an exemplary block flow diagram of a method for making a

composite gel.
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[0025] Figure 2 is an exemplary chart of emulsion lipid particle size
distribution.
[0026] Figure 3 is a chart of milk production over time for test cows fed a

composite gel of the invention and for control cows fed equivalent amounts of lipid

and protein not in the form of a composite gel.

[0027] Figure 4 is a chart of C18:2 in milk fat with time for test cows fed a
WPC/soy oil composite gel and for control cows fed equivalent amounts of lipid and

protein not in the form of a composite gel.

[0028] Figure 5 is a chart of C18:3 in milk fat with time for test cows fed a
WPC/soy oil composite gel and for control cows fed equivalent amounts of lipid and

protein not in the form of a composite gel.

[0029] Figure 6 is a chart of C18:2 in milk fat with time for test cows fed a
WPV/soy oil composite gel having no significant reducing sugar and for control cows

fed equivalent amounts of lipid and protein not in the form of a composite gel.

[0030] Figure 7 is a chart of C18:3 in milk fat with time for test cows fed a
WPI/soy oil composite gel having no significant reducing sugar and for control cows

fed equivalent amounts of lipid and protein not in the form of a composite gel.

[0031] Figure 8 is a chart of C18:2 in milk fat with time for test cows fed a
WPI/soy+linseed oil composite gel and for control cows fed equivalent amounts of

the lipids and protein not in the form of a composite gel.

[0032] Figure 9 is a chart of C18:3 in milk fat with time for test cows fed a
WPI/soy-+linseed oil composite gel and for control cows fed equivalent amounts of

the lipids and protein not in the form of a composite gel.

[0033] Figure 10 is a chart of C20:5 in milk fat with time for test cows fed a
WPI/soy+linseed oil composite gel and for control cows fed equivalent amounts of

the lipids and protein not in the form of a composite gel.
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[0034] Figure 11 is a chart of C18:2 in milk fat with time for test cows fed a
WPCHG/soy oil composite gel and for control cows fed equivalent amounts of the

lipids and protein not in the form of a composite gel.

[0035] Figure 12 is a chart of C18:3 in milk fat with time for test cows fed a
WPCHG/soy oil composite gel and for control cows fed equivalent amounts of the

lipids and protein not in the form of a composite gel.

[0036] Figure 13 is a chart of C20:5 in milk fat with time for test cows fed a
WPC/soy+fish oil composite gel and for control cows fed equivalent amounts of the

lipids and protein not in the form of a composite gel.

[0037] Figure 14 is a chart of C22:6 in milk fat with time for test cows fed a
WPC/soy+fish oil composite gel and for control cows fed equivalent amounts of the

lipids and protein not in the form of a composite gel.

[0038] ~ Figure 15 is a chart of C18:2 in milk fat with time for test cows fed a
WPC/corn oil composite gel heat treated at 100°C.

DEFINITIONS

[0039] Unless otherwise defined herein or below in the remainder of the
specification, all technical and scientific terms used herein have meanings commonly

understood by those of ordinary skill in the art to which the present invention belongs.

[0040] Before describing the present invention in detail, it is to be understood
that this invention is not limited to particular methods or compositions. It is also to be
understood that the terminology used often herein to describe particular embodiments
not intended to limit the claimed invention.

[0041] As used in this specification and the appended claims, the singular
forms "a", "an" and "the" can include plural referents unless the content clearly
dictates otherwise. Thus, for example, reference to "a component" can include a

combination of two or more components; a reference to "containers" can include

individual containers, and the like.

10
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[0042] Although many methods and materials similar, modified, or equivalent
to those described herein can be used in the practice of the present invention without
undue experimentation, the preferred materials and methods are described herein. In
describing and claiming the present invention, the following terminology will be used

in accordance with the definitions set out below.

[0043] The term "dispersed phase", as used herein, refers to a dispersion of
lipid droplets or lipid particles protected within the continuous phase protein gel
matrix of a composite gel. The filler composition of an emulsion can be substantially
converted into the dispersed phase of a composite gel by heat treatment of the

emulsion.

[0044] The term "lipid", as used herein, refers, e.g., to any oil, fat, or
substantially hydrophobic organic material. Lipids of the invention should be suitable
for ingestion by animals. Lipid droplets or lipid particles in the filler composition or
dispersed phase can include, e.g., oils, fats, monoglycerides, diglycerides,
triglycerides, free fatty acids; corn oil, poppy seed oil, fish oil, cotton seed oil,
soybean oil, walnut oil, peanut oil, marine lipids, palm oil, safflower oil, sunflower
oil, sesame oil, canola oil, linseed oil; free, esterified, or conjugated: oleic acid,
linoleic acid, linolenic acid, phytanic acid, omega 3 fatty acids, eicosapentaenoic acid,
and/or the like. Lipid-containing materials, (e.g., suitable as dispersed phase
components) can include plant and animal tissues or cells, such as whole or modified
oil seed or beans (such as soybeans), grape seeds, cotton seeds, safflower seeds; algae,

microorganisms, yeasts, protozoa, etc.

[0045] The term "continuous phase", as used herein, refers to the cross-linked
protein gel matrix surrounding dispersed phase droplets or particles in a composite gel
of the invention. The matrix suspension of an emulsion can be substantially

converted into the continuous phase of a composite gel by heat treatment.

[0046] The term "emulsion", as used herein, refers to a mixture of lipid filler
composition emulsified in a protein matrix suspension by the methods of the
invention. Emulsions of the invention can be converted into composite gels of the

invention, e.g., by heat treatment.
11
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[0047] The term "composite gel", as used herein, refers to a continuous phase
matrix of cross-linked proteins forming an aqueous gel surrounding a dispersed phase

of lipid droplets or particles.

[0048] The term "supplemental constituents", as used herein, refers to
constituents of a composite included in the continuous phase and/or dispersed phase
for administration to an animal in the diet in amounts effect to provide intended
benefits. Supplemental constituents can include, e.g., supplements that provide: a
nutrient not provided adequately in the animal's regular feed; medicinal supplements
treat a disease or injury of the animal; supplements that modify the character of meat,
eggs or milk from the ruminant or non-ruminant animal; bioactive supplements such
as hormones or recombinantly engineered molecules; etc. For example, supplemental
constituents can be polyunsaturated fatty acids, monounsaturated fatty acids, free and
esterified fatty acids, amino acids, supplemental proteins, pharmaceuticals, bioactive
agents, nutrients, minerals, essential oils, plant sterols, vitamins, antibiotics, and/or

the like.

[0049] The term "effective amount", as used herein, refers to an amount of
specified material adequate to provide a desired effect. For example, an effective
amount of a supplemental constituent in a composite gel can be an amount adequate
for ingestion by an animal and absorption in the GI tract to provide a desired effect.
Desired effects can include, e.g., improved nutrition and health for the animal,
pharmaceutical effects, detectable effects on the composition of meat, eggs or milk,
effects on the productivity of meat, eggs or milk, and/or the like. "More effectively
delivered" refers to increased absorption of a supplemental constituent in the
intestines after ingestion of a composite gel by an animal as compared to absorption
of the supplemental constituent in the intestines after delivery by ingestion of the
same amount of supplemental constituent not incorporated in a composite gel of the

invention.

[0050] The term "significant", as used herein, means making a functionally
significant contribution. For example, a significant amount of reducing sugar or

aldehyde in a dispersion, gel or composition of the invention would be an amount that

12
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provides a majority of cross-linking under conditions of heating in methods of the
invention as, compared to the same composite gel without the presence of the amount
of reducing sugar or aldehyde. Significant amounts of reducing sugars or aldehydes
can be amounts that contribute more than 1%, more that 5%, more than 10%, or more
than 25% to cross-linking of proteins in the composite gel. Significant amounts of
reducing sugars or aldehydes can be amounts that increase protection of lipids or
supplements in a gel composition a through an upper digestive tract my a measurable
amount, by 5%, by 10%, by 25%, or more, compared to the same composition if the
reducing sugars or aldehydes had not been present during the preparation of the

composite.

DETAILED DESCRIPTION

[0051] The present invention provides a palatable composite gel, e.g., for
introduction of supplemental materials into animal feed. The composite gel is well
suited to administration of medicaments or polyunsaturated fats to ruminant and non-
ruminant animals. The invention provides methods of making and using

supplemented composite gels.

[0052] Briefly, the composite gels of the invention include, e.g., dispersed
phase lipid droplets surrounded by a proteinaceous cross-linked continuous phase
aqueous gel matrix. The presence of both lipid and aqueous phase components
provides compartments for incorporation of, e.g., lipophilic, hydrophilic, and/or
amphiphilic supplements into the composite gel. The protective continuous phase
matrix can remain insoluble and substantially immune to attack by, e.g., gastric
conditions, or microbes and proteases of the rumen. Significant portions of the
composite gel of the invention can then be dissolved or disassociated, e.g., on
exposure to the conditions of the abomasum and/or lower digestive tract. The
continuous phase can, e.g., surround unpalatable fats or medicines and protect them
for slow release in the conditions found in the stomach or intestines of a non-ruminant

animal.

13
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[0053] The composite gel can be used to, e.g., increase availability of fatty
acids in the intestinal track of animals. Fats and/or oils can be incorporated into
dispersed phase lipid particles or droplets of the composite gel, so that upset stomachs
and indigestion are reduced in animals compared to direct feeding of the lipids. The
composite gels are also palatable to ruminant animals, and avoid toxic effects to
rumen microbes. Substantial amounts of lipid can be delivered by composite gels to
lower regions of the digestive tract where they can be absorbed into the blood stream
and/or lymph circulation. The high caloric value of the delivered lipids can be
especially beneficial to pregnant or nursing ruminants and non-ruminant animals. The

composite gels of the invention can enhance the productivity of farm animals.

[0054] Polyunsaturated fatty acids protected in dispersed phase lipid droplets
of a composite gel can avoid biohydrogenation by the microbes of the rumen. For
example, when a polyunsaturated fatty acid, e.g., linoleic acid (C18:2), is fed to cattle,
microbes of the rumen normally saturate both of the two carbon-carbon alkene double
bonds by biohydrogenation to form stearic acid (C18:0). This saturation can be
prevented by protecting the polyunsaturated fatty acid, or triglycerides containing the
fatty acid, within the dispersed lipid phase of a composite gel. After passing through
the rumen into the abomasum, the continuous phase matrix can dissolve to release the
dispersed phase lipids for absorption of the unmodified unsaturated fatty acids into the

blood stream of the cow.

[0055] Once polyunsaturated fatty acids are in the blood stream of an animal,
they can be captured by the mammary gland for incorporation into milk fat for use in
dairy products or feeding of young animals. Polyunsaturated fatty acids delivered by
the composite gel of the invention, as described above, can thus provide milk and
meat with a higher proportion of polyunsaturated fats. In addition to the human diet
health benefits, food products with increased polyunsaturated fats can have desirable
taste, texture, and/or rheological qualities. Polyunsaturated fats generally melt at a
lower temperature than saturated fats so can influence the melting temperature of,

€.g., cheese and ice-cream. Butter made with high polyunsaturated fat milk can have
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a smoother texture and can be more spreadable at storage temperatures. Feeding the

composite gels of the invention to birds can modify the lipid content of their eggs.

[0056] In another aspect of the invention, the composite gel can protect
proteins and amino acids as they pass through the upper digestive tract. Up to about
80% of unprotected amino acids or proteins fed to cattle are degraded by rumen
microbes. The present invention includes an aqueous continuous phase matrix with
cross-linked proteins which are largely insoluble and relatively resistant to
degradation compared to uncross-linked proteins. After passing to the abomasum of
ruminants, or intestines of non-ruminants, the cross-linked gel can be completely
dissolved and hydrolyzed to release unmodified amino acids for absorption in the
lower digestive tract. The absorbed amino acids are then available for the production
of meat, eggs, and milk by the animal. The availability of unmodified amino acids is

particularly important in the case of growing, pregnant or nursing animals.

[0057] The continuous phase matrix also provides, e.g., a protected aqueous
environment to carry various hydrophilic and amphiphilic supplements into the GI
tract without degradation, modification or removal. Water soluble vitamins such as,
e.g., B vitamins and vitamin C can be delivered within the aqueous phase of a
composite gel. An animal's diet can be supplemented with essential amino acids, e.g.,
by adding them to the aqueous phase of a composite gel of the invention. Water
soluble hormones, pharmaceuticals, antibiotics and minerals can be delivered
efficiently within the aqueous phase of the composite gel. By protecting supplements
in the gel, significant savings can be realized in the cost of administering nutrients and
drugs to ruminants. The present invention can reduce the required dose and minimize
the incidental exposure of microbes to antibiotics, thus reducing selection of antibiotic

resistant bacterial strains.

[0058] The dispersed phase lipid droplets provide, e.g., protected lipid
compartments to carry various hydrophobic and amphiphilic supplements into the GI
tract without degradation, modification, or removal. Fat soluble vitamins such as
vitamin A, vitamin D and vitamin E can be delivered efficiently within the dispersed

lipid phase of a composite gel. Fat soluble hormones, sterols, pharmaceuticals, and
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antibiotics can be delivered efficiently within the dispersed lipid phase of the
composite gel. By protecting and making palatable supplements, significant savings

can be realized in the cost of administering lipid soluble nutrients and drugs to

animals.
THE COMPOSITE GEL
[0059] The composite gel of the invention can be, e.g., a dispersed phase of

lipid droplets embedded within a continuous aqueous phase matrix of cross-linked
proteins. A wide variety of supplements are compatible with the composite gel due to
the broad range of applicable processing conditions and the availability of lipid and
aqueous compartments within the gel. The composite gels can have a variety of tastes

and textures as preferred by particular animals in their feed.

[0060] The aqueous continuous phase can include, e.g., a protein gel, which
surrounds and embeds the dispersed lipid phase. The proteins of the matrix can be,
e.g., cross-linked by disulfide bonds, hydrophobic interactions, ionic interactions,
hydrogen bonding, linker molecules, and/or the like, to form a three dimensional
network matrix structure containing the lipid phase. The continuous phase cross-
linked proteins can be, e.g., substantially immune to degradation under conditions
found in the stomach of animals. Thus, the matrix and embedded lipid constituents
can be significantly protected from removal, modification, and/or degradation in the
stomach or upper rumen chambers. During the emulsification stage, proteins can
become adsorbed at the surface of the lipid droplets to form a layer of aggregated
proteins that coats each of the droplets. The thickness of this layer can range between
about 50 and about 150 nm (nanometers), or more. The protein layer adsorbed at the
oil/water interface can be, e.g., a monlayer or a multilayer, which can play a
significant role in protection of the dispersed phase from okygen and/or enzymes.
The proportion of proteins engaged at the interface can be adjusted, e.g., during the
emulsification and/or heating stages of the process associated with preparation of the

composite gels. The layer of interfacially adsorbed proteins can become connected to
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a 3D protein matrix network, e.g., via protein-protein interactions and formation of

other bonds.

[0061] The continuous phase of composite gels can include water and various
proportions of constituents in solution, suspension, or integrated in to the cross-linked
protein matrix. Total solids, determined, e.g., by weight on drying, can range from

about 10% to about 50% of a composite gel weight. Proteins can represent, e.g., from
about 10% to about 100% of the total continuous phase solids, by weight. Optionally,
carbohydrates, such as sugars, can represent, e.g., from about 0% to about 50% of the

total solids, by weight.

[0062] Water in composite gels of the invention can play significant roles.
For example, water can enhance the stability of gel constituents by, e.g., excluding
oxygen, providing water of hydration to proteins, and/or reducing peak temperatures
during processing. Water in the composite gel can promote the chemistries, such as
disulfide linking, that cross link proteins. Water in the composite gel can provide a
support for the gel matrix, carry soluble constituents, enhance the palatability of the
gel, and/or provide desirable rheological characteristics to the gel. The continuous
phase of the composite gel can include, e.g., from about 10% to about 95% water by

weight.

[0063] The matrix can be formulated to include various supplemental
constituents, e.g., water soluble or protein associated nutrients, amino acids, proteins,
minerals, pharmaceuticals, bioactive molecules, vitamins, and/or the like. Such
supplements can be beneficially incorporated for efficient administration to ruminant
and non-ruminant animals. Mineral supplements, such as, e.g., sodium, calcium,
magnesium, phosphate, and/or the like, can also influence the physical character of
the composite gel. For example, the presence of divalent cations can alter the tensile
strength, malleability, flexibility, compressive strength, ruggedness, and/or the like, of

the composite gel structure.

[0064] The dispersed phase can be, e.g., lipid droplets surrounded by the
matrix. The lipids of the dispersed phase can be, e.g., oils, fats, sterols,

monoglycerides, diglycerides, triglycerides, phospholipids, and/or free fatty acids.
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The dispersed phase droplets can range in size, e.g., from about 0.1 pm to about 50

um to about 100 um, from about 0.1 um to about 1 pm, or about 0.5 pm.

[0065] The dispersed phase lipids can be, e.g., supplements selected to deliver
a high caloric content through the rumen and/or provide an increased mono-or
polyunsaturated fat content to the milk or meat of the ruminant animal. The dispersed
phase lipid can, e.g., include corn oil, or other oils, with 25% or more conjugated
linoleic acid or linolenic acid for incorporation into ruminant milk and/or meat.
Preferred oils for dispersed phase of the composite gels include, e.g., corn oil, poppy
seed oil, fish oil, cotton seed oil, soybean oil, walnut oil, peanut oil, palm oil, marine
lipids, safflower oil, sunflower oil, sesame oil, canola oil, and linseed oil. The
dispersed phase lipids can represent from less than about 5% to about 70%, from
about 10% to about 50%, from about 20% to about 40%, or about 30 weight percent

of the composite gel.

[0066] The lipids of the dispersed phase can be formulated to include, e.g.,
various other supplemental constituents such as lipid soluble nutrients,
pharmaceuticals, bioactive molecules, polyunsaturated lipids, and/or vitamins. Such
supplements can be beneficially palatable and protected for efficient administration to

ruminant and non-ruminant animals.

[0067] The composite gels can be formulated and processed to provide feed
supplements palatable (desirable to eat) and with desirable qualities for particular
animals. For example, the gels can generally be made firmer by lowering the water
content, lowering the lipid content, using lipids with higher melting points, increasing
cross linking, using proteins with more cysteine content, addition of divalent cations,
heating longer or at higher temperatures, addition of particulates such as ground
seeds, increasing the percent protein in the matrix, reducing the size of lipid phase
droplets, etc. The flavor of the composite gel can be adjusted, e.g., by addition of
natural or artificial flavor ingrédients known in the art, choice of lipids and proteins,
heating to higher temperatures, selection of free amino acids for incorporation into the
dispersed phase or matrix, addition of salts, adjustment of pH, etc. The texture and
rheological characteristics can be modified by adjusting firmness as described above,
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addition of ingestible particles to the gel, the use of carbohydrates, emulsifiers and
plasticizers in the formulation, etc. Coloring agents can be added to adjust the
composite to a tone appealing to particular animals. The composite can be formed or
fragmented to sizes suitable for eating by the intended animal. These adjustments can
make the composite more palatable to particular animals, such as ruminants, non-

ruminants, birds, and pets.

METHODS OF PREPARING COMPOSITE GELS

[0068] The composite gel of the invention can be prepared, e.g., by dissolving
or dispersing protein and other matrix constituents in water to form a solution or
dispersion of a cross-linkable mixture, preparing a filler composition of lipids and
other filler components, emulsifying the filler composition into the matrix suspension
to yield an emulsion with the filler phase dispersed in the matrix phase, filling the
emulsion into containers, sealing the containers, and heating the emulsion to produce
a composite gel comprising a dispersed phase of lipid droplefs or particles embedded

in a continuous phase matrix of cross-linked proteins (see, Figure 1).

The Matrix Suspension

[0069] Formation of the covalent and/or non-covalent cross-links of the
continuous matrix can be, e.g., a critical event determining the extent to which the
composite gel protects the filler phase, and/or other included supplements, against
digestion, modification, removal, and/or biohydrogenation in the rumen, or in the
stomach of a non-ruminant animal. These natural cross-links can be formed: between
protein molecules adsorbed at the oil/water (O/W) interface (i.e., the interface
between the filler and the matrix phases); between protein molecules adsorbed at the
O/W interface and protein molecules included in the matrix phase; and between
protein molecules that are entirely in the matrix phase. Cross-linking of multiple

protein molecules in 2 and/or 3 dimensions can provide a gel matrix.

[0070] Proteins suitable for use in the matrix of the invention can be, e.g.,

proteins that can be naturally cross-linked by heat treatment, e.g., without the
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significant Maillard cross-linking. For example, proteins that contain at least one
cysteine residue can be cross-linked through the heat-induced unfolding to expose
active sulfhydryl (SH) groups and, thereby promoting formation of covalent disulfide
(S-S) bonds between protein molecules. Such disulfide bond cross-linking can be
promoted, e.g., at alkaline pH or temperatures of 80°C or higher, e.g., yetin
conditions where substantial cross-linking contributions are not made by reducing

sugars or aldehydes which may be present in the matrix suspension.

[0071] Non-covalent attractions such as hydrophobic interactions, hydrogen
bonding, ionic bonds, and/or the like, can provide cross-linking of matrix proteins.
Heat can unfold proteins to induce cross-linking by non-covalent attractions. For
example, heat can expose hydrophobic amino acids that were buried within globular
proteins so they can interact with other hydrophobic amino acids of near-by proteins
to form elements of an aggregate or matrix structure. In another example, heat can
expose ionic amino acids of opposite charges for ionic interactions, or amino acids
with the same charge to coordinate around an oppositely charged ion, such as, e.g., a
divalent cation, to form a complex. In many embodiments of the invention, multiple
types of interactions occur between proteins in the aqueous suspension and/or at the

interface with a lipid droplet to form the gel matrix.

[0072] Proteins can be also cross-linked through the Maillard reaction in the
presence of reducing sugars. Although the temperatures and conditions commonly
used in preparation of the aqueous composite gels of the invention typically do not
result in significant Maillard reaction cross-linking, it can contribute to cross-liking in
some cases. The Maillard reaction can take place between the aldehyde group of a
reducing sugar and the epsilon amino group of a lysine residue in a peptide chain.
Reducing sugars that can act as reactants in the Maillard reaction include, e.g.,
glucose, lactose, fructose, mannose, maltose, ribose and galactose. Other reducing
sugars and/or polysaccharides can be used to cross-link the proteins of the invention.
Conditions of gel formation (e.g., relatively low heat in the presence of water) in the
methods of the invention generally minimize degradation of supplements and do not

significantly promote the Maillard reaction.
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[0073] In an aspect of the invention, the conditions of cross-linking (e.g., pH,
temperature, redox, amount of reducing sugars, types of proteins, etc.) are such that
contributions from Maillard cross-linking are not substantial, not significant, or
essentially non-existent. Substantial Maillard cross-linking of a gel would exist where
more than about 20% of the cross-linking is due to the Maillard reaction with
reducing sugars (e.g., as measured by chemical analyses or measurement of
mechanical properties of the gel versus a control gel without reducing sugars).
Significant Maillard cross-linking would exist where Maillard cross-linking
contributes more than about 10% to the rumen or stomach protective character of the
gel, e.g., as compared to the same gel without Maillard cross-linking. Maillard cross-
linking can be "essentially non-existent" where contributions to cross-linking by the
Maillard reaction are not detectable (e.g., without Maillard browning or without
additional protection in the stomach compared to the same formulation without
reducing sugars), or where conditions are known not to result in significant Maillard
cross-linking (such as, in the absence of reducing sugars, or at temperatures or other

conditions that do not promote Maillard cross-linking).

[0074] Exemplary proteins of the invention matrix include, but are not limited
to, whey proteins, bovine blood plasma proteins, gelatin, peanut proteins, cereal
proteins, fish proteins, soy proteins, and/or porcine blood proteins. Materials
containing proteins that are suitable for utilization in preparing the gels can be in the
form of a solution or dispersion of these proteins, or in the form of dry powders
containing such proteins. The protein-containing materials can include purified
proteins, or can include proteins mixed with, e.g., different minerals, carbohydrates,
and/or lipids. For example, whey protein materials can include, e.g., whey protein
concentrates (WPC) containing between 30 and 90% protein, whey protein isolate
(WPI) containing more than 90% protein, whey powders, demineralized or delactosed
whey powders, fractionated, and modified whey proteins, etc. Such powders can
contain a variety of minerals at different concentrations such as calcium, sodium,
magnesium, potassium, phosphorous, etc. The protein-containing materials can also
contain between 0% and about 70% carbohydrates (on dry basis), or more. Materials

containing whey proteins can originate as solutions or dispersions of proteins obtained
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during the common processing of liquid whey in the cheese industry. These
commonly available materials can contain, e.g., between 10 and 60% protein (on dry
basis) and can be concentrated by, e.g., membrane filtration operations, evaporation,

centrifugation, spray drying, and/or the like.

[0075] To prepare a matrix suspension, a protein can be suspended or
dissolved in water along with desired water soluble supplemental constituents. The
total solids of the suspension can range, e.g., from about 10 percent to about 50
percent of the total weight. The proteins, in turn, can range, e.g., from about 10
percent to about 100 percent of the total matrix suspension solids by weight. Sugars

can be, e.g., about zero percent to about 50 percent of total solids by weight.

[0076] Other matrix constituents, such as supplemental constituents,
plasticizers, emulsifiers, stabilizers, anti-oxidants, redox-potential modifiers, minerals,
texture modifiers, thickening agents, etc., can range, e.g., from about zero percent to
about 20 percent or more of the total matrix suspension solids by weight. Such matrix
components can be, but are not limited to, materials such as natural or modified gums
that are permitted for utilization in feed and food preparations, starches, modified
starches, dextrins, maltodextrins, etc. Supplemental constituents that can be added to
the matrix suspension inplude, e.g., vitamins, nutrients, amino acids, peptides,
minerals, hormones, bioactive materials, plant sterols, essential oils, bioengineered

compounds, pharmaceuticals, and/or the like.

[0077] Different strategies can be required to suspend or dissolve all matrix
suspension components depending on the particular formulation. In some cases, a
matrix mixture can require, e.g., agitation at temperatures ranging from about 10°C to
about 60°C to obtain solution or suspension of ingredients. Depending on the
formulation, a pre-suspension can be prepared with some components, such as
difficult to dissolve components, followed by later addition of other components, such
as less stable supplements. The pre-suspension can be warmed to the range of about
70°C to about 95°C for about 10 minutes to about 45 minutes to obtain a uniform

suspension and/or to activate protein constituents. Then, the suspension can be cooled
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to between about 15°C and 70°C before adding the other, e.g., more soluble or less

heat-stable components.

[0078] The pH of the matrix suspension components can be adjusted during or
following suspension preparation to obtain a pH, e.g., between about pH 4 and about
pH 9, between about pH 5 and pH 8, or between pH 6 and 7. Adept use of pH and
temperature may be required to dissolve some proteins or supplemental constituents
without degradation, as is known in the art. pH values of solutions can be adjusted

with, e.g., feed grade acid or base, as appropriate.

The Filler Composition

[0079] Lipids suitable for use in the filler composition of the invention can be,
e.g., lipids substantially insoluble in the matrix suspension and suitable for ingestion
by the intended animals. The filler composition can be capable of emulsification with
an aqueous matrix suspension for protective entrapment as the dispersed phase of the
composite gel on application of heat. Such entrapment can protect dispersed phase
constituents and/or make them more palatable for animals. The filler composition can
contain, e.g., one or more desirable lipids and/or other supplements for administration

to animals.

[0080] Exemplary lipids of the invention filler include, e.g., plant- or animal-
derived oils, fats, fatty acids, monoglycerides, diglycerides, phospholipids, and/or
triglycerides. Lipids can be in either the liquid state or in the solid state. The filler
composition lipid can include, e.g., blends of the aforementioned suitable lipids in
various proportions, and can be a mixture of solid, semisolid, and/or liquid
constituents. Lipids of the invention can beneficially include, e.g., free, esterified, or
conjugated: oleic acid, linoleic acid, linolenic acid, phytanic acid, omega 3 fatty acids,
eicosapentaenoic acid, and/or the like. Lipids-containing materials that can also be
used in the filler composition include, e.g., whole or modified oil seed or beans (such
as soybeans), grape seeds, cotton seeds, safflower seeds, and/or the like. Such
materials can also include algae, microorganisms, yeasts, protozoa, etc., that contain

desirable lipids or active constituents. Such particulate lipid-containing materials can
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be whole, or modified by, e.g., crashing, grinding, breaking, flaking, heat-treating,
and/or the like.

[0081] The range of other constituents, such as supplemental constituents and
emulsifiers can be, e.g., from about zero percent to about 75 percent or 100 percent, or
from about 10 percent to about 20 percent, of the total filler composition by weight.
The filler lipid itself (e.g., healthful polyunsaturated lipids) can be considered a
desirable supplemental constituent of the composite gel. Supplemental constituents
for inclusion in the filler composition can include, e.g., vitamins, nutrients, amino
acids, peptides, proteins, microorganisms, polyunsaturated lipid constituents,
carbohydrates, hormones, bioactive materials, fatty acids, anti-oxidants, stabilizers,

pharmaceuticals, and/or the like.

[0082] To prepare a filler composition, one or more lipids can be combined
and mixed with desired supplements. Application of heat may be required to dissolve

some lipids or supplements into the filler composition.

[0083] Emulsifiers can be added to either the matrix or the filler phase, or to
both phases, to aid in the formation and stabilization of an emulsion, e.g., during
homogenization with the matrix. Emulsifiers can also aid in blending supplements
into the emulsion. Emulsifiers can be either natural or synthetic surface-active
compounds and materials that are, e.g., permitted to use in fed and food applications,

as is known in the art.

Emulsification/Homogenization

[0084] The physical character of the final composite gel, and the extent to
which gel constituents are protected against digestion, modification, or
biohydrogenation in the stomach or rumen, can be significantly influenced by the
particle size distribution of the filler phase. These properties can be determined, e.g.,
by the emulsion and/or homogenization conditions used to combine the matrix
suspension and filler composition. Those skilled in the art know to adjust, e.g.,

conditions of temperature, time, shear, pressure, matrix/filler proportions, additives,
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and/or the number of passes, to obtain a desired dispersed phase droplet size without

unreasonable experimentation.

[0085] The first step in preparing an emulsion of the filler phase in the matrix
phase can be, e.g., to prepare a coarse emulsion of the matrix phase in the filler phase.
Such an emulsion can be made by using a high shear homogenizer equipped with an
emulsification device. The emulsification can be carried out at temperatures ranging,
e.g., between about 5°C and about 65°C for a period of time ranging from about 1 min
to about 15 min. The mean particle size in this coarse emulsion can range, e.g., from
about 5 pm to about 100 um. The formation of the coarse emulsion can be facilitated
by the presence of emulsifiers and/or feed grade surfactants in the formulation. The
course emulsion can be processed directly into a composite gel of the invention or
further homogenized. The course emulsion can provide, e.g., a uniform preparation
for introduction into a homogenizers typically used for form fine emulsions in

methods of the invention.

[0086] A fine emulsion can be prepared, e.g., from a course emulsion of the
filler phase in the matrix phase. The coarse emulsion can be processed with a high
pressure homogenizer, fluidizer, sonicator, and/or the like to prepare a fine emulsion.
Common high volume equipment of this nature can achieve useful lipid droplet
particles in sizes ranging from about 0.1 to um to about 100 um. Treatment of the
coarse emulsion with a high pressure homogenizer at pressures ranging from about 5
MPa to about 75 MPa, or about 50 MPa, can yield lipid droplet particle sizes in the
range from about 0.1 um to about 10 pm. By passing the emulsion through the
homogenizer two or more times, smaller and/or more uniform (unimodular) lipid

droplet particle sizes can be achieved.

[0087] In one aspect of the invention, the lipid droplets or particles have an
average diameter of about 0.5 pm or less. Such a dispersed phase can have a specific
surface area of more than about 10 m*ml of filler phase, or about 15 m?/ml of filler
phase. Without being held to a particular theory, significantly enhanced protection of
the lipid phase from molecular oxygen and enzymes can be obtained by exclusionary

effects of this large encapsulating surface area by highly cross-linked proteins.
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[0088] Emulsions can be held at about 4°C to about 50°C for times ranging
from about 0.5 hours to about 24 hours before proceeding to the heat treatment.
Without being bound to a particular theory, it is believed that a hold time can allow
proteins to become adsorbed at the lipid/aqueous interface, and allow time for some
initial cross-linking interactions to begin. In some cases, the emulsion can be heat

treated immediately after homogenization with desired results.

[0089] In another aspect of the invention, emulsions of the lipids can be
prepared and pre-heat treated, e.g., with less than all the continuous phase
constituents. For example, an emulsion with less than all constituents can be heat
treated, at 70 to 90°C for 10 to 45 minutes, e.g., to precondition the emulsion.
Emulsions prepared in this way can then be used, e.g., to prepare the final emulsion
for a final heat treatment to form a composite gel of the invention. After pre-heat
treatment of emulsions, remaining continuous phase constituents can be added to the
emulsion for dissolution and/or dispersion. In other embodiments, protein solutions
containing between 1% and 20%, or about 10% protein can be prepared, as described
above, and heat treated at about 70 to 90°C for 10 to 45 min. The so treated solutions
can be cooled, e.g., to a temperature of 10 to 50°C and used to prepare the emulsion

from which the composite gels can be prepared.

Heat Treatment

[0090] Heat treatment can be used to cross-link proteins of the matrix
suspension through the formation of cross-links consisting of covalent and/or non-
covalent bonds, as described above in the Matrix Suspension section. These bonds
can be formed as a result of protein-protein interactions, e.g., at the O/W interface, in
the matrix phase, and/or between protein molecules adsorbed at the O/W interface and
those protein molecules included in the matrix phase. Heat treatment can be used to
cross-link proteins in the matrix phase through disulfide bonding, hydrophobic
interactions, and the like. Those skilled in the art can appreciate there are other ways

to cross-link the proteins, e.g., pH treatments, introduction of reactive molecules (such
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as, e.g., radicals), addition of divalent linker molecules. However, heat treatment has

certain advantages, such as, e.g., low cost and the absence of regulatory issues.

[0091] For heat treatment, the emulsion can be, e.g., filled into containers
compatible with the heat, pressure, and chemistry of the treatment. For batch
processes, the emulsion can be filled, e.g., into metal cans, process chambers, glass
bottles, or plastic containers of any suitable size. Containers can be sealed at
atmospheric pressure, or at reduced pressure (vacuum sealing), to increase storage
life, to prevent microbial contamination, and/or to reduce oxidative deterioration after
the heat treatment. Those skilled in the art will appreciate that continuous processing
schemes can be devised to provide conditions for heat treatment of emulsions, e.g., in

a continuously flowing system of pipes or belts.

[0092] Heat treatment schedules can be established for compatibility with
individual formulations and/or process efficiencies. Generally, a heat treatment to
convert an emulsion of the invention into a composite gel requires holding the
emulsion at, e.g., a temperature ranging from about 80°C to about 125°C for a time
ranging from about 20 minutes to about 180 minutes. Times and temperatures at the
high end of these ranges can have the desirable effect of pasteurizing or sterilizing the
composite gel, as is known in the art. Shorter times and temperatures can be used
beneficially, e.g., with formulations containing easily cross-linked proteins or less

stable supplements.

[0093] Heat treatment can provide cross-linking of matrix proteins through
several mechanisms. Quaternary structure, tertiary structure and secondary structure
of proteins can be disrupted by heat to expose chemical groups, such as amino acid
side chains, that can interact to transform soluble proteins of the matrix suspension
into the interconnected network of the continuous matrix gel. The proteins of the
matrix can be, e.g., cross-linked by disulfide bonds, hydrophobic interactions, ionic
interactions, hydrogen bonding, and/or the like, to form a three dimensional network

matrix structure containing the lipid phase.

[0094] Although Maillard reaction protein cross-linking by reducing sugars

can play a role in methods of the invention, in many embodiments, it can be
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insignificant or nonexistent. In some embodiments (see Example 1), the presence of
reducing sugars has been shown to actually reduce the protective effects of composite
gels as compared to similar gels without reducing sugars (see Example 2). In other
embodiments, although reducing sugars are present in some amount, they do not
contribute significantly to cross-linking of the proteins due to, e.g., the overwhelming
contributions of other bonds and interactions, the small amount of reducing sugars,
and/or the reaction conditions of the methods fail to significantly promote the reaction
(See Example 6). As the Maillard reaction releases water as a reaction product, the
reaction can be inhibited by the aqueous conditions of gel formation in the method. In
addition, the times and temperatures required to provide the other bonds or
interactions described above are often inadequate to promote the Maillard reaction.
Optionally, reducing sugars, and suitable heat treatment times and temperatures, can
be provided to result in significant Maillard reaction protein cross-linking in

composite gels of the invention.

[0095] Following heat treatment, the composite gels of the invention can be
cooled to ambient temperatures, or colder, and held in storage until use. Storage life
will depend on, e.g., the storage temperature, heat treatment time and temperatures,
the storage container, the pfesencc of antioxidant constituents, the presence of

antimicrobial constituents, and the stability of the composite protein or lipid.

USING THE COMPOSITE GEL

[0096] The composite gel of the invention can be fed to non-ruminants (such
as fowl, swine, cats, dogs, reptiles, or horses), or to ruminants (such as cattle, goats
and sheep). The composite can be fed directly to the animals or mixed into their
regular feed. Grazing animals and wild animals can be fed the invented composition,
e.g., by including these supplements in feeding blocks or fodder distributed for free
access in grazing areas. The composite gel can be formulated with particular proteins,

lipids, and supplements suitable to provide a desired benefit to the animals.

[0097] The composite gel can be, e.g., cut or broken into granules sized from

about 2 inches in diameter, or less, for uniform mixing into animal feed, such as, but
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not limited to, feed pellets, kibble, canned pet food, seeds, hay, silage, cereal grain or

concentrate ingredients, alfalfa, etc.

[0098] In the case of a growing, pregnant, lactating, sick, or malnourished
animal, a composite gel high in amino acids or peptides can be formulated for
feeding. Amino acids, particularly essential amino acids or peptides containing
essential amino acids, can be dissolved into the matrix suspension for incorporation
and protection within the continuous phase of the composite gel. The filler
composition can receive certain amino acids, such as phenylalanine and tryptophan,
or peptides containing them, for incorporation and protection within the droplets or
particles of the dispersed phase. The cross-linked proteins of the continuous phase
matrix, and peptides included in this phase, can be incorporated to provide significant

supplements of amino acids and peptides when hydrolyzed in the digestive tract.

[0099] Lipid in the dispersed phase of the composite gel can be formulated to
supply high caloric value to feed and/or to provide desirable lipids that are
polyunsaturated. The proportion of polyunsaturated fats in milk or meat can be
increased and/or modulated in ruminant animals by feeding a composite gel
formulated with lipids containing unsaturated (mono- and poly-) fatty acid
constituents. A ruminant can be fed composite gel in amounts wherein lipids
represent, e.g., about 1% to about 25% of the total feed by weight. Rendered,
recycled, or inexpensive low grade fats and oils can be formulated into the composite
gel lipid for cost effective delivery of caloric value. Oils of plant or animal origin,
such as, e.g., corn oil, poppy seed oil, cotton seed oil, soybean oil, walnut oil, canola
oil, linseed oil, safflower oil, sunflower sesame oil, fish oil, and/or the like, can be
used. Lipids in the dispersed phase can include, e.g., mono- di- or triglycerides
containing desirable unsaturated fatfy acids, free fatty acids, cholesterol esters,
phospholipids, etc. Lipids-containing particulate materials that can also be used as
lipids in the filler composition include, e.g., whole or modified oil seed or beans (such
as soybeans), grape seeds, cotton seeds, safflower seeds, and/or the like. Such
materials can also include algae, microorganisms, yeasts, protozoa, etc., that contain

desirable lipids or active constituents. Such lipid-containing materials can be whole,
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or modified by, e.g., crashing, grinding, breaking, flaking, heat-treating, and/or the
like.

[0100] Composite gels can be used to efficiently deliver supplements to
ruminants and non-ruminant animals. As discussed above in the Method of Preparing
the Composite Gel section, supplements are a diverse group requiring consideration of
issues, such as solubilities and stability of the supplement, for each formulation. In
any case, supplements can be introduced into the gel preparation process, e.g., at or
before the final heat treatment step whereby the emulsion is converted into a
composite gel. If a supplement is particularly unstable, suitably mild time,
temperature, and/or pH conditions can be established to minimize degradation of the
supplement. Formulations with unstable ingredients can also require cold storage or

reduced storage times before feeding to an animal.

[0101] After feeding the composite gel to an animal, the amino acids, lipids,
and/or other supplements can appear in the lower digestive tract, for absorption into
the blood stream, and/or the lymph system within minutes or hours. Polyunsaturated
fats from dispersed phase lipid droplets can be observed in the milk fat of composite
gel fed animals within hours (see, Examples, below). From the blood circulation and
the lymph system, lipids or lipid constituents from dispersed phase lipid droplets and
particles can, e.g., be absorbed unmodified by fat cells in the animal's body for storage
in lipid vacuoles associated with adipose tissue. Ultimately, lipids of the composite
gel can appear in the fat cell marbling of the animal's meat (intramascular lipid) as
well as lipid covering the muscle. From the blood circulation and the lymph system,
the delivered protected lipids or their constituents can become incorporated in the
eggs or milk fat. From the blood circulation and from the lymph system, the
delivered lipids or their constituents can be utilized by the natural mechanisms
associated with animal physiology, disease regulation, immune system modulation,

reproductive system aspects, etc.

[0102] It is an aspect of the invention that supplemental constituents are more
effectively delivered to ruminant or non-ruminant animals, when incorporated into the

composite gel and ingested by the animal, than if the same amount of the
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supplemental constituent were offered as feed to the animal not in the composite gel
(e.g., by simple addition of the supplement to the animal's regular feed). This
effective delivery benefit can result, e.g., from the supplement being more palatable
when incorporated into the gel, the supplement not causing as much discomfort in the
digestive tract when incorporated into the gel (thus reducing the avoidance of future
feedings by the animal), and/or because the composite gel protects the supplemental
constituent from degradation before absorbance in an appropriate section of the

digestive tract.

[0103] In one embodiment of the invention, lipid biosynthesis can be
modulated by provision of synthetic pathway constituents. For example, biosynthetic
pathway reaction substrate molecules can be provided in the diet of a ruminant,
protected through the rumen in composite gels of the invention and enter cells of the
ruminant to stimulate synthesis of reaction pathway products. In a particular
embodiment, composite gels having oils rich in linolenic acid (C18:3) can be fed to
cattle to stimulate a biosynthetic pathway providing increased production of fatty
acids in the eicosanoic acid family. Increased amounts of eicosanoids can in turn
support or stimulate production of certain bioactive molecules, such as, e.g.,

prostaglandins, thromboxanes, leukotrienes, lipoxins, and/or the like.

[0104] Other supplemental constituents in the composite gel continuous phase
and/or dispersed phase can be carried in effective amounts through the stomach to
provide benefits, e.g., in health, nutrition and productivity. For example, composite
gels can be fed to ruminants and non-ruminants to beneficially administer vitamins,
nutrients, amino acids, peptides, proteins, microorganisms, polyunsaturated lipid
constituents, carbohydrates, hormones, bioactive materials, fatty acids, anti-oxidants,
pharmaceuticals, and/or the like. In one embodiment, vitamins can be economically
administered to lactating cows without substantial losses in the rumen. In another
embodiment, antibiotics can be administered, e.g., to fight a respiratory infection in
lower doses or without application of selective pressures on rumen microbes that

could increase resistance.
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EXAMPLES

[0105] The following examples are offered to illustrate, but not to limit the
claimed invention. One of skill will recognize a variety of parameters that can be

altered while obtaining substantially similar results.

Example 1 - Soybean Oil in WPC

[0106] A composite gel with a whey protein and lactose based matrix, and a
soy oil based dispersed phase was prepared and added to cattle feed. Holstein dairy
cows fed with the soy oil based composite gel produced milk fat with increased
linoleic acid (C18:2) content and increased linolenic acid (C18:3) content after

supplementation of their feed.

[0107] The composite gel was prepared as follows:

1. 4.33 kg of whey protein concentrate (WPC) was dissolved in 18.77 kg of water at
40°C. The WPC contained about 82.3% whey protein, 5.65 mg/g calcium, 0.55 mg/g
magnesium, 2.25 mg/g sodium, and about 4.4% lactose.

2. Soy oil was added to 30% w/w in the WPC solution.

3. An emulsion was prepared from the soy 0il/WPC mixture by a two-step process of
high speed mixer blending for 2 minutes followed by three passes through a two stage
high pressure homogenizer at 50 and 5 MPa for the first and second homogenization
stages, respectively. The emulsification produced an average oil (filler composition
lipid droplet) particle size of 0.395 um and specific surface area of 15.173 m?/ml of
filler phase. The particle size distribution is shown in Figure 2.

4., The emulsion was sealed in tin cans and heated to 120°C for 138 minutes before

cooling to 25°C by immersion into cool water.

[0108] The composite gel was fed to three test cows twice per day as 550g
mixed into the basal diet feed of each cow at each feeding. A similar group of control
cows were fed equivalent amounts of soy oil and WPC, but not in the form of a
composite gel. The cows were milked twice daily and the fatty acid composition of

the milk was monitored by standard gas chromatography methods known in the art.
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[0109] The total milk production and milk fat content did not differ
significantly between test and control cows. Furthermore, the total milk production
did not change significantly when the when the composite gel supplement was added
or withdrawn from the diet of test cows. The milk production of control cows 30 and
test cows 31 did not change significantly at beginning of supplementation time point

32 or at end of supplementation time point 33, as shown in Figure 3.

[0110] The fatty acid content in test cow milk fat was significantly affected by
the composite gel feed supplement. As shown in Figure 4, the proportion of C18:2
fatty acids in test cow milk 41 leveled to an average of 5.92% of total fatty acids,
while the control cow milk 40 remained at an average level of 3.33% in the time
period between beginning of supplementation time point 42 and end of
supplementation time point 43. This represents an increase of about 77% in C18:2
fatty acids associated with supplementation of feed with the WPC/soy oil composite
gel. As shown in Figure 5, the proportion of C18:3 fatty acids in test cow milk 50
leveled to an average of 0.84% of total fatty acids, while the control cow milk 51
remained at an average level of 0.50% in the time period between beginning of
supplementation time point 52 and end of supplementation time point 53. This
represents an increase of about 68% in C18:3 fatty acids associated with

supplementation of feed with the WPC/soy oil composite gel.

Example 2 - Soybean il in WPI (No Lactose)

[0111] A composite gel with a whey protein based matrix and a soy oil based
dispersed phase was prepared and added to cattle feed. Holstein dairy cows fed with
the soy oil based composite gel produced milk fat with increased linoleic acid (C18:2)
content and increased linolenic acid (C18:3) content after supplementation of their
feed. This composite gel, vs)ithout any reducing sugar for Maillard cross-linking,
provided higher amounts of polyunsaturated fatty acids in the milk than for feeding

with composite gels having lactose, as discussed above in Example 1.

[0112] The composite gel was prepared as follows:
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1. 3.62 kg of whey protein isolate (WPI) was dissolved in 19.47 kg of water at 40°C.
The WPI contained about 95% whey protein and 0% lactose.

2. Soy oil was added to 30% w/w in the WPC solution.

3. An emulsion was prepared from the soy oil/WPI mixture by a two step process of
blending in a high speed mixer for 2 minutes followed by three passes through a two
stage high pressure homogenizer at 50 and 5 MPa for the first and second
homogenization stages, respectively. The emulsification produced an average oil
particle size of 0.44 pum and specific surface area of 13.594 m*/ml of filler phase. The
particle size distribution was similar to that of Example 1.

4. The emulsion was sealed in tin cans and heated to 120°C for 138 minutes before

cooling to 25°C by immersion into cool water.

[0113] The composite gel was fed to test and control cows, as in Example 1,

and the milk fatty acid content monitored by gas chromatography.

[0114] As in Example 1, the total milk production and milk fat content did not
differ significantly between test and control cows. However, the fatty acid content in
test cow milk fat was significantly affected by the composite gel feed supplement. As
shown in Figure 6, the proportion of C18:2 fatty acids in test cow milk 60 leveled to
an average of 7.12% of total fatty acids, while the control cow milk 61 remained at an
average level of 2.81% in the time period between beginning of supplementation time
point 62 and end of supplementation time point 63. This represents an increase of
about 153% in C18:2 fatty acids associated with supplementation of feed with the
WPL/soy oil composite gel. As shown in Figure 7, the proportion of C18:3 fatty acids
in test cow milk 70 leveled to an average of 1.17% of total fatty acids, while the
control cow milk 71 remained at an average level of 0.52% in the time period between
beginning of supplementation time point 72 and end of supplementation time point
73. This represents an increase of about 125% in C18:3 fatty acids associated with

supplementation of feed with the WPI/soy oil composite gel.

[0115] The data for test cows in this example showed a marked increase in
soy oil fatty acid incorporation into milk over test cow data for Example 1, wherein

the matrix included the reducing sugar lactose. Milk fatty acid composition data for
34



WO 2006/065675 PCT/US2005/044737

control cows are similar between this example and Example 1. These data suggest
that protein cross-linking by hydrophobic interactions, hydrogen bonding, disulfide
bond formation, and/or ionic interactions can provide the benefits of the methods with

or without cross-linking by the browning Maillard reaction.

Example 3 - Soy Qil + Linseed Oil in WPI

[0116] A composite gel with a whey protein based matrix and a 50:50 soy
oil:linseed oil based dispersed phase was prepared and added to cattle feed. Holstein
dairy cows fed with the soy/linseed oil based composite gel produced milk fat with
increased linoleic acid (C18:2) content, increased linolenic acid (C18:3), and
increased eicosapentaenoic acid (C20:5) content after supplementation of their feed.
The additional proportion of C18:3 fatty acids of the linseed oil can provide an
enhanced increase of C18:3 fatty acid incorporation in milk, and can provide a

substrate to stimulate biosynthesis of C20:5 which can be detected in the milk.

[0117] The composite gel was prepared as follows:

1. 3.88 kg of whey protein isolate (WPI) was dissolved in 21.12 'kg of water at 40°C.
The WPI contained about 95% whey protein and 0% lactose.

2. Linseed oil and soy oil were added to 15% w/w each in the WPI solution.

3. An emulsion was prepared from the soy+linseed oil/WPI mixture by a two step
process of blending in a high speed mixer for 2 minutes followed by three passes
through a two stage high pressure homogenizer at 50 and 5 MPa for the first and
second homogenization stages, respectively. The emulsification produced an average
oil particle size of 0.417 um and specific surface area of 14.34 m?/ml of filler phase.
The particle size distribution was similar to that of Example 1.

4. The emulsion was sealed in tin cans and heated to 120°C for 138 minutes before

cooling to 25°C by immersion into cool water.

[0118] The composite gel was fed to test and control cows, as in Example 1,

and the milk fatty acid content monitored by gas chromatography.

[0119] As in Example 1, the total milk production and milk fat content did not

differ significantly between test and control cows. However, the fatty acid content in
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test cow milk fat was significantly affected by the composite gel feed supplement. As
shown in Figure 8, the proportion of C18:2 fatty acids in test cow milk 80 leveled to
an average of 5.47% of total fatty acids, while the control cow milk 81 remained at an
average level of 3.54% in the time period between beginning of supplementation time
point 82 and end of supplementation time point 83. This represents an increase of
about 55% in C18:2 fatty acids associated with supplementation of feed with the
WPC/soy-+linseed oil composite gel. As shown in Figure 9, the proportion of C18:3
fatty acids in test cow milk 90 leveled to an average of 2.7% of total fatty acids, while
the control cow milk 91 remained at an average level of 0.70% in the time period
between beginning of supplementation time point 92 and end of supplementation time
point 93. This represents an increase of about 253% in C18:3 fatty acids associated
with supplementation of feed with the WPI/soy-+linseed oil composite gel. The
greater relative increase in C18:3 in test cows of this example compared to the
examples with only soy oil in the composite gels demonstrates how incorporation of
fatty acids into milk can be adjusted by selection of oils for the gel dispersed phase.
Again, these results have been obtained without the presence or reducing sugars in the

matrix.

[0120] A surprising aspect of this example was the increase in C20:5
(eicosapentaenoic acid; EPA) fatty acids detected in the milk fat of test cows by the
gas chromatography. This, even though neither soy oil or linseed oil contains C20:5.
As shown in Figure 10, the proportion of C20:5 fatty acids in test cow milk 100
leveled to an average of 0.08% of total fatty acids, while the control cow milk 101
remained at an average level of 0.04% in the time period between beginning of
supplementation time point 102 and end of supplementation time point 103. This
represents an increase of about 100% in C20:5 fatty acids associated with
supplementation of feed with the WPI/soy-+linseed oil composite gel. Without being
bound to any particular theory, the enhanced levels of C18:3 fatty acids from
introducing the linseed oil can be providing a stimulatory substrate for biosynthetic
reactions with the enzymes delta 6 desaturase, enlongase, and delta 5 desaturase,
which can convert C18:3 to C20:5. C20:5, an omega 3 fatty acid, is commonly found

in certain fish oils and can provide health benefits known in the art.
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Example 4 - Soy oil in WPC80HG

[0121] A composite gel with a heat stable/gelling whey protein concentrate
based matrix and a soy oil based dispersed phase was prepared and added to cattle
feed. The protein concentrate contained 4% lactose and significantly different
mineral content than for other examples described herein. It is known to those
familiar with gelation properties of whey proteins that the composition of minerals
can affect the formation, structure and physical properties of heat induced gels. For

example, the presence of fewer divalent cations can make the gels softer or less tough.

[0122] The composite gel was prepared as follows:

1. 5.33 kg of whey protein concentrate (WPC80HG) was dissolved in 19.7 kg of
water at 40°C. The WPC80HG contained about 82.3% whey protein, 5.08 mg/g
calcium, 10.26 mg/g sodium, 0.36 mg/g magnesium, and 4% lactose.

2. Soy oil were added to 30% w/w in the WPC80HG solution.

3. An emulsion was prepared from the soy/WPC80HG mixture by a two step process
of blending in a high speed mixer for 2 minutes followed by three passes through a
two stage high pressure homogenizer at 50 and 5 MPa for the first and second
homogenization stages, respectively. The emulsification produced an average oil
particle size of 0.41 um and specific surface area of 14.639 m?/ml of filler phase. The
particle size distribution was similar to that of Example 1.

4. The emulsion was sealed in tin cans and heated to 120°C for 138 minutes before

cooling to 25°C by immersion into cool water.

[0123] The composite gel was fed to test and control cows, as in Example 1,

and the milk fatty acid content monitored by gas chromatography.

[0124] Results for this soy/WPC80HG composite gel were not significantly
different than for the soy/WPC composite gel of Example 1 wherein the divalent
cation content was higher and the sodium levels lower. As in Example 1, the total
milk production and milk fat content did not differ significantly between test and
control cows. As shown in Figure 11, the proportion of C18:2 fatty acids in test cow

milk 110 leveled to an average of 6.58% of total fatty acids, while the control cow
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milk 111 remained at an average level of 3.6% in the time period between beginning
of supplementation time point 112 and end of supplementation time point 113. This
represents an increase of about 83% in C18:2 fatty acids associated with
supplementation of feed with the soy/WPC80HG oil composite gel. As shown in
Figure 12, the proportion of C18:3 fatty acids in test cow milk 120 leveled to an
average of 0.96% of total fatty acids, while the control cow milk 121 remained at an
average level of 0.52% in the time period between beginning of supplementation time
point 122 and end of supplementation time point 123. This represents an increase of
about 85% in C18:3 fatty acids associated with supplementation of feed with the
soy/WPC80HG composite gel.

[0125] The results obtained in this example indicate that the mineral content
of the composite gel did not significantly affect the functionality of the gels in
protection of oils against ruminal biohydrogenation. The texture and mechanical
properties of composite gels can be modified with adjustments in mineral salts while

retaining the protective barrier against ruminal modification.

Example 5 - Sovy oil + fish oil in WPC

[0126] A composite gel with a whey protein concentrate based matrix and a
soy oil plus fish oil based dispersed phase was prepared and added to cattle feed. This
example is similar to Example 1 but with fish oil (high in C22:6 and C20:5) replacing
part of the soy oil.

[0127] The composite gel was prepared as follows:

1. 5.3 kg of whey protein concentrate (WPC) was dissolved in 19.7 kg of water at
40°C. The WPC80 contained about 82.3% whey. protein and 4.4% lactose.

2. Soy oil was added to 22.5% and fish oil to 7.5% w/w in the WPC solution.

3. An emulsion was prepared from the soy -+ fish 0il/WPC mixture by a two step
process of blending in a high speed mixer for 2 minutes followed by three passes
through a two stage high pressure homogenizer at 50 and 5 MPa for the first and

second homogenization stages, respectively. The emulsification produced an average
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oil particle size of 0.382 um and specific surface area of 15.818 m*/ml of filler phase.
The particle size distribution was similar to that of Example 1.
4. The emulsion was sealed in tin cans and heated to 120°C for 138 minutes before

cooling to 25°C by immersion into cool water.

[0128] The composite gel was fed to test and control cows, as in Example 1,

and the milk fatty acid content monitored by gas chromatography.

[0129] As in Example 1, the total milk production and milk fat content for this
example did not differ significantly between test and control cows. As in Example 1,
the amount of C18:2 increased significantly in milk fat of test cows over that of

control cows.

[0130] In an interesting aspect of this example, as shown in Figure 13, the
proportion of C20:5 fatty acids in test cow milk 130 leveled to an average of 0.055%
in the time period between beginning of supplementation time point 131 and end of
supplementation time point 132. As shown in Figure 14, the proportion of C22:6 fatty
acids in test cow milk 140 leveled to an average of 0.075% of total fatty acids in the
time period between beginning of supplementation time point 141 and end of

supplementation time point 142.

[0131] These results indicate the milk fat incorporation response to C20:5 and
C22:6 supplementation is smaller than for C18:2 and C18:3 supplementation. These
data do not reflect poor functionality of the WPC/soy-+fish oil gel, but are in
agreement with reports that a large proportion of C20:5 and C22:6 fatty acids
absorbed in the diet are used in catabolic reactions or converted to other fatty acids
(Opstvedt, J. 1985. "Fish Lipids in Animal Nutrition". International Association of
Fish Meal Manufacturers. Technical Bulletin No. 22, October). Furthermore, this
result is in agreement with reports that the efficiency of mammary gland uptake and
utilization of C20:5 and C22:6 fatty acids is low (Lacasse, P., Kennelly, J.J.,
Delbecchi, L., and Ahnadi, C.E. 2002. "Addition of Fish Oil to Diets for Dairy Dows.
1. Effects on the Yield, Composition and Taste of Milk", J. Dairy Sci. 69: 511-520).
Lacasse indicated that C20:5 and C22:6 fatty acids content is highest in the
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phospholipid fraction of plasma, which does not provide much fatty acids to the
mammary gland because phospholipids are poor substrate for lipoprotein lipase.
Therefore, a lower response in content of fatty acids C20:5 and C22:6 in milk fat,
compared with that associated with rumen-protected fatty acid C18:2 or fatty acid
C18:3 would be in agreement with current science. Results of this experiment do not

indicate the composite gel failed to rumen protect the C20:5 and C22:6 fatty acids.

[0132] Whether the C20:5 and C22:6 fatty acids are routed to the mammary
gland, into plasma, or tissues, protection through the rumen can have significant
benefits. Such fatty acids in the plasma can have significant health benefits. C20:5
and C22:6 fatty acids can play useful roles as substrates in important biosynthetic

pathways to produce bioactive molecules in the ruminant.

Example 6 - Corn oil in WPC with Brief 100°C Heating

[0133] A composite gel with a whey protein concentrate based matrix and a

corn oil based dispersed phase was prepared at 100°C and added to cattle feed.

[0134] The composite gel was prepared as follows:

1. 2.0 kg of whey protein concentrate (WPC) was dissolved in 8 kg of water at 40°C.
The WPC80 contained about 82.3% whey protein and 4.4% lactose.

2. Corn oil was added to 30% w/w in the WPC solution.

3. An emulsion was prepared from the corn 0il/WPC mixture by a two step process of
blending in a high speed mixer for 2 minutes followed by four passes through a high
pressure homogenizer at 50 MPa. The emulsification produced an average oil particle
size of 0.364 wm and specific surface area of 15.638 m*/ml of filler phase.

4. The emulsion was vacuum sealed in tin cans and placed in a 100°C water bath.

The cans were removed from the water bath 30 minutes after the can contents reached

85°C and transferred to a cooled to 25°C by immersion into cool water.

[0135] The composite gel was fed to test and control cows, as in Example 1,

and the milk fatty acid content monitored by gas chromatography.
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[0136] As shown in Figure 15, the C18:2 fatty acid content of milk fat for the
test cow increased from about 3.3% to about 6.6% between beginning of
supplementation time point 150 and end of supplementation time point 151. This
represents a 100% increase in C18:2. The results of feeding cow with the
WPC80/corn oil gel indicate that the lipids included in the filler phase of the gel were

rumen-protected.

[0137] The protection against rumen biohydrogenation that was provided to
the filler phase can be attributed to the formation of heat-induced natural cross-linked
between the protein constituents of the gel, during the heat-induced gelation stage of
the process used to the prepare the gel. It is notable that the WPC80/corn oil was
prepared at relatively mild heat treatment conditions (30 min at 100°C or less). These
conditions are known to induce the formation of natural cross-linking of the included
proteins by virtue of heat-induced formation of covalent, disulfide bonds (S-S bonds),
as well as non-covalent interactions, such as hydrophobic, ionic, and hydrogen
bonding, between proteins molecules adsorbed at the oil/water (O/W) interface;
between protein molecules adsorbed at the O/W interface and protein molecules
included in the matrix phase of the gel; and, between protein molecules included in
the matrix phase of the gel. It is known to those familiar with the Maillard reaction
that the relatively mild heat treatment conditions used in preparing the gel of this
example do not allow this reaction to be manifested to the extent that could result in
formation of significant cross-links. The protection against rumen modification
obtained with the WPC80/corn oil gel can thus be attributed to results of the heat-
induced formation of covalent and non-covalent bonds between the protein
constituents of the composition. Results thus further substantiated our
aforementioned conclusions (for example, Example 2) that the rumen protective
properties of the gels are to be attributed to results of the cascade of physico-chemical
reactions associated with heat-induced gelation of proteins. Results obtained with the
gel of this example, along with those obtained for gels of Examples 1-5, indicated that
the presence of reducing sugar in the composition, although generally not neutralizing

the functionality of the devices, is not necessary to the rumen protective properties.
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[0138] It is understood that the examples and embodiments described herein
are for illustrative purposes only and that various modifications or changes in light
thereof will be suggested to persons skilled in the art and are to be included within the

spirit and purview of this application and scope of the appended claims.

[0139] All publications, patents, and patent applications cited herein are

hereby incorporated by reference in their entirety for all purposes.
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CLAIMS

WHAT IS CLAIMED IS:

1. A composite gel comprising:

a) a dispersed phase comprising lipid droplets or particles;

b) a continuous phase aqueous matrix comprising one or more cross-linked
proteins; and,

c¢) supplemental constituents;

wherein the dispersed phase is embedded within the continuous phase matrix;

and, wherein the gel is suitable for ingestion by a non-ruminant animal.

2. The composite gel of claim 1, wherein the supplemental constituents are
selected from the group consisting of vitamins, nutrients, proteins, amino acids,
polyunsaturated lipids, essential oils, plant sterols, minerals, bioactive materials, and

pharmaceuticals.

3. The composite gel of claim 1, wherein the supplemental constituents are in

the dispersed phase.

4. The composite gel of claim 1, wherein the supplemental constituents are in

the continuous phase matrix.

5. The composite gel of claim 1, wherein the dispersed phase comprises from

about 5 weight percent to about 70 weight percent of the gel.

6. The composite gel of claim 5, wherein the dispersed phase comprises from

about 10 weight percent to about 50 weight percent of the gel.

7. The composite gel of claim 6, wherein the dispersed phase comprises

about 30 weight percent.

8. The composite gel of claim 1, wherein the lipid droplets range in size from

about 0.1 wm to about 50 um.
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9. The composite gel of claim 8, wherein the lipid droplets range in size from

about 0.1 pm to about 1 um.

10. The composite gel of claim 8, wherein the lipid droplets comprise a

specific surface area of more than about 10 m?/ml of filler phase.

11. The composite gel of claim 1, wherein the lipid droplets comprise one or

more oils, fats, monoglycerides, diglycerides, triglycerides, or free fatty acids.

12. The composite gel of claim 1, wherein the lipid comprises about 10% to

about 50%, or more, conjugated linoleic acid.

13. The composite gel of claim 12, wherein the lipid comprises about 25%, or

more, conjugated linoleic acid.

14. The composite gel of claim 1, wherein the dispersed phase lipid comprises
oil selected from the group consisting of: corn oil, poppy seed oil, fish oil, cotton seed
oil, soybean oil, peanut oil, palm oil, marine lipids, walnut oil, safflower oil,

sunflower oil, sesame oil, canola oil, and linseed oil.

15. The composite gel of claim 1, wherein the dispersed phase comprises
whole or modified oil seed, whole or modified beans, grape seeds, cotton seeds,

safflower seeds, algae, microorganisms, yeasts, or protozoa.

16. The composite gel of claim 1, wherein the lipid comprises fatty acids
selected from the group consisting of oleic acid, conjugated linoleic acid, linolenic
acid, phytanic acid, omega 3 fatty acids, docosahexaenoic acid, and eicosapentaenoic

acid.

17. The composite gel of claim 1, further comprising one or more: gums,

starches or emulsifiers.

18. The composite gel of claim 1, further comprising one or more
hydrocolloids.

19. The composite gel of claim 1, wherein the proteins are selected from the
group consisting of: whey proteins, bovine blood plasma proteins, gelatin, peanut
proteins, cereal proteins, fish proteins, soy proteins, and porcine blood proteins.
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20. The composite gel of claim 1, wherein the continuous phase matrix is

resistant to conditions found in a stomach of a non-ruminant animal.

21. The composite gel of claim 1, wherein the proteins are cross-linked by

heat induced formation of disulfide bonds between the proteins.

22. The composite gel of claim 1, wherein the proteins are predominantly
cross-linked by disulfide bonds, hydrophobic interactions, ionic interactions, or

hydrogen bonding.

23. The composite gel of claim 1, wherein the continuous phase comprises

about 10% to about 50% total solids by weight.

24. The composite gel of claim 23, wherein the continuous phase total solids

comprise about 10% to about 100% protein by weight.

25. The composite gel of claim 1, wherein the continuous phase comprises

about 10% to about 95% water.

26. The composite gel of claim 1, wherein the continuous phase aqueous

matrix is not significantly cross-linked by reducing sugars or aldehydes.

27. The composite gel of claim 1, wherein the continuous phase comprises

salts of calcium, magnesium, sodium, or phosphate.

28. A method of preparing an animal ingestible composite gel, the method
comprising:

a) preparing a matrix suspension by dissolving or suspending matrix
constituents in water, which constituents comprise one or more proteins;

b) preparing a filler composition by mixing filler components, which
components comprise one or more lipids;

¢) emulsifying the filler composition into the matrix suspension; and,

d) heating the emulsion under conditions to produce a composite gel;

wherein the composite gel is ingestible by a non-ruminant animal.
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29. The method of claim 28, wherein the proteins are selected from the group
consisting of a whey protein, a bovine blood plasma protein, gelatin, a peanut protein,

a cereal protein, a fish protein, a soy protein, and a porcine blood protein.

30. The method of claim 28, wherein the matrix suspension constituents do
not comprise reducing sugars or aldehydes in an amount effective to significantly

cross-link matrix proteins under conditions of the method.

31. The method of claim 28, wherein the matrix constituents further comprise
supplemental constituents selected from the group comprising vitamins, antibiotics,
antihelmetics, minerals, hormones, nutrients, amino acids, proteins, bio-active

materials, and pharmaceuticals.

32. The method of claim 28, wherein the filler components further comprise
supplemental constituents selected from the group comprising vitamins, antibiotics,
antihelmetics, minerals, hormones, nutrients, amino acids, proteins, polyunsaturated

lipids, bio-active materials, and pharmaceuticals.

33. The method of claim 28, wherein the filler components or matrix

constituents further comprise one or more emulsifier or one or more plasticizer.

34. The method of claim 28, further comprising adjusting a pH of the matrix
suspension to a range of about pH 4 to about pH 9 using a feed-grade acid or a feed-

grade base.
35. The method of claim 28, further comprising drying the gel.

36. The method of claim 28, wherein dissolving or suspending the matrix

constituents takes place at a temperature from about 10°C to about 60°C.

37. The method of claim 28, wherein the lipids comprise one or more oils,

fats, monoglycerides, diglycerides, free fatty acids, phospholipids, or triglycerides.

38. The method of claim 28, wherein the lipids comprise from about 10

weight percent to about 50 weight percent of the emulsion.

39. The method of claim 28, wherein the lipids in the filler composition
comprise about 25% or more of conjugated linoleic acid.
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40. The method of claim 28, wherein the lipids comprise fatty acids selected
from the group consisting of oleic acid, conjugated linoleic acid, conjugated linolenic
acid, phytanic acid, omega 3 fatty acids, docosahexaenoic acid, and eicosapentaenoic

acid.

41. The method of claim 28, wherein the emulsion comprises about 30% lipid

and about 15% protein by weight.

42. The method of claim 28, further comprising modulating lipid biosynthesis

of the animal by introducing substrates in the composite gel.

43. The method of claim 42, wherein the substrate comprises a C18:3 fatty
acid and the lipid biosynthesis produces a C20:5 fatty acid.

44. The method of claim 43, further comprising creating eicosanoids from the
C20:5 fatty acid, which eicosanoids are selected from the group consisting of: a

prostaglandin, a thromboxane, a leukotriene, and a lipoxin.

45. The method of claim 28, wherein emulsifying comprises mixing the filler
composition and the matrix suspension with a high shear homogenizer, a colloidal

mill, a high-speed mixer, a high pressure homogenizer, or a sonicator.

46. The method of claim 28, wherein the emulsifying yields an emulsion with

a mean lipid droplet size ranging from about 1 um to about 100 um.

47. The method of claim 28, wherein the emulsifying yields an emulsion with

a lipid droplet specific surface area of greater than about 10 m?/ml of filler phase.

48. The method of claim 28, further comprising treating the emulsion with a
high pressure homogenizer, at a pressure ranging from about 5 MPa to about 75 MPa
to yield an emulsion with a mean lipid droplet size ranging from about 0.1 pm to

about 10 um.

49. The method of claim 28, further comprising adding additional constituents

after emulsifying the filler composition into the matrix suspension.
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50. The method of claim 28, further comprising heating the matrix suspension
or the emulsion to a temperature of about 70°C to about 95°C and holding at the

temperature for about 10 minutes to about 45 minutes.

51. The method of claim 28, further comprising holding the emulsion for

about 0.5 hours to about 24 hours at a temperature from about 4°C to about 50°C.

52. The method of claim 28, further comprising filling the emulsion into a

heat resistant container.

53. The method of claim 28, wherein said heating comprises holding the
emulsion for about 20 minutes to about 180 minutes at a temperature of about 80°C to

about 125°C.

54. The method of claim 28, wherein said heating comprises holding the

emulsion for about 2 hours at a temperature of about 120°C.

55. The method of claim 28, wherein the conditions to produce the composite

gel do not produce significant Maillard browning.

56. The method of claim 28, wherein heating comprises heating the emulsion

in a sealed container.

57. The method of claim 28, further comprising:

feeding the composite gel to the animal; and,

collecting milk, eggs, or meat from the animal;

wherein the milk, eggs or meat comprise lipids or supplements from the

composite gel.

58. The method of claim 57, wherein the filler lipid comprises about 25% or

more linoleic acid by weight.

59. The method of claim 57, wherein the filler lipid comprises oil selected
from the group consisting of: corn oil, poppy seed oil, fish oil, cotton seed oil,
soybean oil, walnut oil, safflower oil, sunflower oil, sesame oil, canola oil, linseed oil,
whole or modified oil seed, whole or modified beans, grape seeds, cotton seeds,
safflower seeds, algae, microorganisms, yeasts, and protozoa.
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60. The method of claim 57, wherein the filler lipid comprises fatty acids
selected from the group consisting of: oleic acid, conjugated linoleic acid, phytanic

acid, omega 3 fatty acids, docosahexaenoic acid, and eicosapentaenoic acid.

61. The method of claim 57, further comprising processing the milk to

prepare a dairy product.

62. The method of claim 57, further comprising mixing the composite gel

with the ordinary feed before said feeding.

63. The method of claim 62, wherein the ordinary feed comprises: hay, silage,
cereal grain, cereal concentrate, pellets, pet food, kibble, seeds, plant by-product
feedstuffs, animal by-product feedstuffs, alfalfa, feeding blocks, and particulate
fodder.

64. A method of administering one or more supplemental constituents or one
or more lipids to a non-ruminant animal, the method comprising:

admixing the supplemental constituents with a matrix suspension or a filler
composition;

preparing a composite gel comprising the matrix suspension or the filler
composition with the supplemental constituents incorporated; and,

feeding the composite gel to the animal;

wherein more of the supplemental constituents are more effectively delivered
to the non-ruminant animal in the gel than if they were fed to the animal not

incorporated in the composite gel.

65. The method of claim 64, wherein the supplemental constituents are
selected from the group consisting of: vitamins, antibiotics, antihelmetics, minerals,
hormones, nutrients, amino acids, proteins, polyunsaturated lipids, bio-active

materials, and pharmaceuticals.

66. The method of claim 64, wherein the matrix constituents do not comprise
reducing sugars or aldehydes in an amount effective to significantly cross-link matrix

proteins under the conditions of the method.
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67. The method of claim 64, wherein said admixing comprises emulsifying
the filler composition into the matrix suspension, thereby producing filler composition

droplets comprising an average size between about 0.1 um and 1 um.

68. The method of claim 67, wherein said admixing comprises emulsifying
the filler composition into the matrix suspension, thereby producing filler composition

droplets comprising a specific surface area greater than about 10 m*/ml of filler.

69. The method of claim 64, wherein preparing comprises heating the

mixture under conditions that do not cause significant Maillard browning.

70. The method of claim 64, wherein said preparing comprises heating the

matrix suspension or the filler composition in a sealed container.
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