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FIBER SPHERES

CROSS-REFERENCE TO RELATED APPLICATIONS

{001] This application claims benefit of United States Provisional Application Number
61/703,053, filed September 19, 2012, which is hereby incorporated herein by reference in its

entirety.

TECHNICAL FIELD

1002] The disclosure relates generally to microspheres. Tn many embodiments, the
microspheres are suitable for use in such cornmercial applications as coatings. In other
embodiments, the microspheres may be used o connection with pharmaceutical,
nutraceutical, food, personal care and industrial applications as a carrier or as a source of

fiber. Some embodiments pertain to methods for preparing and using such microspheres,

BACKGROUND

1003] Spherical particles, or spheres, are used in many industrics. In the food industry,
for example, spheres are used to decorate cakes, cupeakes, cookics or desserts. They may be
sprinkled on top or added within the matrix of the product. These spheres are typically
colored and can be flavored. In the food industry, spheres are also called nonpareils,
sprinkles, hundreds and thousands, dragées, or pearls. They are typically made from sugar,
but may be made of other ingredients, such as chocolate, Sugar spheres are typically
composed of 90 to 95 percent sucrose using starch as the binder at 5 to 10 percent, They are
high calorie particles that serve a decorative purpose, but, other than calorics from the

carbohydrate content, do not add any nutritfional value to the {inished product.

1004] Spheres also are used in the pharmacceutical industry in applications such as multi-
particuate solid dosage delivery systems. The spheres, generally referred to as peliets or
nonpareils in the pharmaceutical indusiry, can act as the seed for drug layering and
subsequent coating. These coated spheres then may be imcorporated into tablets, capsules,
powders, suspensions ot other dosage forms., When used for this purpose, the surface of the

spheres should be as smooth as possible to allow for a uniform layering of the drug or other
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active ingredient resulting in an accurate dose in the finished product. The spherical cores
should also have good flowability and should provide enough mechanical strength to

withstand the further processing in the coating process as well as in tableting or capsule

filling.

1005] Using spheres in controlled release solid dosage forms allows the tablet, capsule
or powder to release the active mgredient over time at a controlled rate. This dosage form

3

not only insures an accurate dose, but also distributes the dose throughout the gastrointestinal
tract instead of in one location. This is believed to decrease “dose dumping” and related

toxic cffects from the active ingredient,

1006] Beyond the pharmaceutical industry, spheres may be used more broadly with
coatings for controlled release formulas. In the personal care industry, spheres are often used
for acsthetics. They can be made from a wide varicty of ingredients inclhuding waxes, sugars,

sugar alcohol, alginates, microcrystalline cellulose, ete.

1007] Currently available products include the traditional sugar spheres, and more
recently, microcrystaliine cellulose spheres and some starch spheres. Sugar spheres arc cost-
cffective, but processing can present some difficultics, During the coating process, sugar
spheres can become tacky and hinder drug layering. Because the sugar is water soluble and
can dissoive when it comes in contact with agueous coatings, the sugar cores can become

difficult to coat and can stick to cach other and to the surface of the pan.

1008] Microcrystalline cellulose spheres (MCC) provide an inert core for drug laycering
and coating. They arc dense spheres and most have a relatively smooth surface to allow for
uniform dosage of the active ingredient being applied to the core, and are not water soluble.
In many cases, however, the smaller sizes of microcrystalline celhulose spheres are not
uniform in particle size distribution. Also, MCC spheres are commercially cost prohibitive
for cconomical finished formulations in the pharmaceutical industry and especially for the
food industry. They can also absorb moisture from the coating process, decreasing stability

of the fimished product,

009 Some studies have shown the dissointion of a coated sugar core may decrease
o

over time, thus reducing the dosage of the active ingredient being released while the
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dissolution of a coated microcrystalline cellulose core may increase over time, increasing the
amount of active ingredient being released. Sugar spheres are not uniform in particle size,

and can react with active ingredicnts.

[6010] Copending application serial no. 13/623,591 {(Freers ¢t al. assignors to Grain
Processing Corporation of Muscatine, lowa), published as U.S. Publication no.
2013/6071479, discloses microspheres made in many embodiments from starch and
maltodextrin, These microspheres may be manufactured by a combination of rotor
granulation and powder layering in the rotor granulator, The spheres are small and spherical
with a uniform particie size. The spheres are used as cores for coating an active ingredient

with an additional coating of controlled release polymer and other carrving applications.

10011] These spheres provide exeellent propertios for many applications. These spheres
in many cmbodiments constitute digestible carbohydrates and nutritionally provide 4 calories
per gram. In some cases it is desirable to provide spheres that are not digestible or that arc

digestible to a lesser extent,
SUMMARY

[6012] Spheres may be made from bran and a binder, such as corn bran in combination
with maltodextrin, The corn bran used to make the spheres described in this disclosure is not
water soluble and is not digestible, so the spheres made from the corn bran are less soluble
than sugar spheres. This allows for drug layering with an insoluble outer layer, and provides
a fiber source for the body. They may be used as-is in a tablet or capsule to provide a fiber

source, or they can be used to carry flavors, colors, sweeteners, or active ingredients.

[0013] Also contemplated s a method for preparing spheres, The spheres may be formed

in a centrifugal tumbling-granulating-coating apparatus.

10014] In some embodiments, not mutually exclusive with regard to the heretofore
described ernbodiments, the invention contemplates coated spheres, and in other

embodiments, the invention contemplates methods for preparing coated spheres.
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BRIEF DESCRIPTION OF DRAWINGS

[0015] Figs. 1-4 are scanning electron micrographs of spheres produced in Example 1
below.
[0016] Fig. 5 is a scanning clectron micrographs of a cross-section of one of the spheres

shown in Figs. 1-4,

DETAILED DESCRIPTION

10017] Spheres may be created from fiber and a binder. Any suitable binder may be
used, but the binder is preferably a carbohydrate binder, such as an oligosaccharide binder,
and preferably is a malto-oligosaccharide, such as a maltodextrin,  Other binders inclnding
but not limited to, polyvinvipyrrolidone, gums, starch, hydroxypropyl methvicellutose
(HPMC) may be used, as well as combinations of any of the foregoing. The fiber and

maltodextrin each may be derived from corn, wheat, rice, pea, potato, or other sources.

{0018] Any suitable fiber may be used to prepare the spheres. Dictary fiber plays a
critical role in the promotion of health and prevention of disease. General health concerns
including obesity, heart health, and other dict issues.  Consumers continue to look for
healthy options in their diets; however, they caunnot always get the recommended amount of
dictary fiber from the foods they cat. Nutritional supplements, beverages, and nutritional
bars filled with fiber can fortify the dict. Often the fiber is incorporated into the tablet,

capsule, bar, ctc. as a powder or a granule.

100197 There are two basic kinds of fiber: sohuble and insoluble. Solubic fiber is defined
as fiber that is readily fermented in the colon into gases and physiologically active
byproducts. Insoluble fiber is metabolically inert. 1t absorbs water throughout the digestive
system, increases bulk, softens stools, cases defecation and shortens transit time through the

intestinal tract. In addition, consuming fibers that add bulk to the dict may increase satiety.

10020 One line of fiber products available commercially is TRUBRAN" corn bran, sold

. . ) . ~ . Y ¥ e ® .
by Grain Processing Corporation of Muscatine, lowa. TRUBRAN” is sold as a powder.
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These fibers have a clean flavor profile and light color making them easy to incorporate into
a variety of products. The fibers can promote the passage of foods through the digestive

system, increase bulk, and soften the stool, alieviating constipation. TRUBRAN” fibers are
ideal for nutritional beverages, nutritional bars, and supplements such as soft chews, tablets,

capsules, and powders to achicve an excelient source of fiber.

(0021 Similarty, any suitable binder may be employed. The binder is preferably a
carbohydrate and more preferably an oligosaccharide, by which is contemplated any species
comprised of plural saccharide units, whether linked by 1-4 linkages, 1-6 linkages, or
otherwise. For example, malto-oligosaccharides and mixtures thereof, as well as other
oligosaccharides, may be employed as binders, By "malto-oligosaccharides” is contemplated
any species comprising two or more saccharide units linked predominately via -4 hinkages,
and including maltodextring and syrup solids. In preferred embodiments, at least 50 percent
of the saccharide units in the malto-oligosaccharide are hinked via 1-4 linkages. More
preferably, at least about 60 percent of the saccharide units are linked via 1-4 linkages; even
more preferably, at least about 80 percent of the saccharide wmits are so hinked. The malio-
oligosaccharides may inchude saccharide species having an odd DP value, and the profile
may be partially defined by a saccharide species having a DP value of |, for example,

dextrose or sorbitol. Reduced malto-oligosaccharides may be emploved as binders.

10022] While the invention finds applicability with respect to any malto-oligosaccharide
mixture, the mvention is particularly apphcable to malio-oligosaccharide species in which at
least a portion of the malto-oligosaccharides in the mixture have a DP value greater than S,
Preferably, at least one of the malto-oligosaccharide species in the mixture has a DP value of
& or more. More preferably, at least one species has a DP valoe of at least [0, For example, in
preferred embodiments of the invention, at least 80 percent of the malto-oligosaccharide
species in the mixture have a PP greater than §, and at least 60 percent may have a DP
greater than 8. In another embodiment, at least 80 percent of the malto-oligosaccharides
species have a DP greater than 10, In some embodiments of the invention, the DP profile of
the starting mixftire is such that at least 75 percent of the malto-oligosaccharides species in
the mixture have a DP greater than 5 and at least 40 percent of the species n the mixture

have a BP greater than 10. Such starting materials may be obtained conventionally, for
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example, by the partial hydrolysis of starch, Further teachings concerning maitodextrins and
malto-oligosaccharides more generally can be found in U.S. Patent Nos. 7,728,125
{(“Reduced malto-oligosaccharides™); 7,595,393 (“Reduced malto-oligosaccharides™);
7,405,293 (*Reduced mahio-oligosaccharides™); 7,091,335 (“Derivatized reduced malto-
oligosaccharides™); 6,919,446 (“Reduced malto-oligosaccharides™); and 6,613,898
{*Reduced malto-oligosaccharides™), all assigned to Grain Processing Corporation of

Muscatine, Iowa.

100237 Suttable malto-oligosaccharides are sold as maltodextring under the trademark
MALTRIN® by Grain Processing Corporation of Muscating, {owa. The MALTRIN®
maltodextrins are malto-oligosaccharide products, cach product having a known typical DP
profile, MALTRIN® maltodextrins suitable as binders inchude, for example, MALTRIN®
MO40, MALTRIN® MI00, MALTRIN® M150, and MALTRIN® M180. The low dextrose
eqguivalence of maltodextrin is believed to enhance the stability of the spheres when active

mgredients are applied to the surface,

10024] The fiber and maltodextrin may be present in any suitable amounts relative to one
another. Preferably, the fiber is present in an amount of at least 50%, more preferably, at
least 55%, more preferably, at least 60%, more preferably, at least 65%, more preferably, at
least 709, more preferably, at least 75%, and more preferably, at least 80%, by dry weight of
the total of fiber and maltodexivin. In one form, stronger binders may be used at lower levels
such that the percent of fiber may be increased relative to the binder. Further, other

components may be included i the microspheres,

{0025] Any suitable process may be employed to prepare the spheres.  In one process,
spheres are produced by rotor granulation, using a centrifugal tumbling-granulating-coating
apparatus, such as the GRANUREX® GXR Rotor Granulator (commercially available from
Freund-Vector Corporation). In this process, the mgredients are introduced mito the rotor
gramuating apparatus and granulated to produce spheres. In many embodiments, this process
is followed by a powder layering step, in which the sphere created by rotor granulation is
used as the seed for the powder-layering process and larger spheres are created. The powder
layering process may be begun in the same rotor granulation bowl when the rotor granulation

is concluded. Alternatively, if desired, the spheres can be screened before the powder

6
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layering step to select a narrow range of particle size, and subseguently built up to much
larger, more uniform spheres using a powder layering process. The powder layering process

may be repeated if desired,

10026] Spheres produced by rotor granulation can be made not to agglomerate, with high
processing cfficioncies resulting in excellent process yields. Other granulation, extrusion, or

spheronization techniques may be used to produce these fiber spheres.

{0027] The spheres thus prepared are roughly spherical. The shape, diameter and size are
preferably nniform and the surface is preferably as smooth as cconomically feasible,

Surface smoothness is advantageous if the spheres are used for layering an active ingredient
to attain a more uniform dosage. The spheres in many embodiments do not have the same
reactive propertics that sugar spheres have, so they improve the stability of the finished
dosage form as compared with sugar spheres. The spheres can be made to have low friability
and good flow properties. They are also a good source of fiber for the diet, In some
cmbodiments it is belicved that the spheres allow for sustained release of fiber in the stomach

and intestine.

[0028] The spheres may be formed in various sizes and can be made to have a small
uniform particle size with narrow particle size distribution. The methods described herein
can be used to provide substantially uniform microspheres. As used herein, the term
“substantially aniform” means that the microspheres produced according to the methods
described herein have a narrow particle size disiribution and have a high sphericity without
the need for screening to adjust particle size (¢.g., by fhuidized bed separation or screen
filteting), although such techniques can be used if destred. Sphericity () is a measure of the
roundness of an object. Sphericity s the ratio of the surface arca of a sphere (which has the
sarne volume as the particle being compared) to the surface of the particle bemg tested.

Sphericity can be caleulated according to the following formula;

arae
pa5 [

¥

ﬂp

W=
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100297 where Vp is the volume of the sphere and Ap is the surface arca of the sphere. By
some approaches, the spheres may have a sphericity value of at least about 0.6, in another
aspect at least about 0.7, in another aspect at least about 0.8, and in yet another aspect at least
about 0.9, Sphericity may be determined by aspect ratio using a Sympatec, Inc. GMBH
QICPIC with RODOS/L Dry Dispersing Module. The population of spheres produced may
include some microspheres having a lower sphericity value while providing the desired high

sphericity value for the overall population of spheres.

[0030] When initially formed, the initial spheres can have, for example, a size of 100 to
200 microns in size. In other forms, the initial spheres have a mean particle size of about 100
microns, 110 microns, 120 microns, 130 microns, 140 microns, 150 microns, 160 microns,
170 microns, 80 microns, 190 microns, and 200 microns and up. This can be the final
product if desired. These spheres can then be built to a larger desired size by using a powder
layering process. Spheres as large as 2 millimeters can be prepared using such a process.
Generally, coating the spherical cores will increase the sphericity value. In one aspect, a
population of coated spheres has a mean sphericity value of at least about 0.6, in another
aspect at least about 0.7, 10 another aspect at least about 0.8, and in yet another aspect at least

about 0.9,

{00317 The spheres can also be used o transport and/or deliver matenials such as
pharmaceuticals. For example, the spheres can be used to deliver pharmaceuticals after the
spheres are ingested. In one form, the spheres can be coated with pharmaceuticals such as
ibuprofen and the like. The spheres may optionally be incorporated into a capsule or other

form for mgestion.

10032] The following Examples are intended to illustrate an embodiment of the present

fmvention, but should not be construed more generally as limiting the invention in scope.

10033] This Example ilustrates the preparation of 70% fiber spheres using the

combination rotor granulation and powder lavering process.
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10034] Fiber spheres were manufactured on a GRANUREX® GXR Rotor Granulator
equipped with an ATU Mini air atomized spray system. The process used a two-phase
approach, with the first step creating small fiber cores and the second phase powder layering

the fiber onto the cores to create larger, uniform spheres.

10035] The Granurex® bowl was initially charged with a powder blend of 70%
TRUBRAN® F75M Corn Bran and 30% MALTRIN® M100 Maltodextrin. Both
ingredients are fine particle size products manufactured by Grain Processing Corporation.
Using water as the granulating medium, the powder blend was spherically granulated and
very small and uniform spheres were manufactured. Phase I involved using these spheres as
secds for the powder layering process to create larger uniform spheres. The spherical cores
were removed from the bowl and a screen cut was taken through a US Standard 25 mesh
screcn and on a US Standard 70 mesh screen to capture the spheres between 200 and 300
microns. These spheres were returned to the GXR bowl. Using the precision powder feeder
and powder delivery system onthe GXR, TRUBRAN® F75M Corn Bran was layered onto
the seeds. A 30% MALTRIN® M100 Maltodextrin m water solution was used to adhere the
fiber onto the spheres to approximately double their size. Again the spheres were screened to
select the product remaining on a US Standard 50 mesh screen and the above 300 micron
spheres were returned to the GXR bowl, The 30% MALTRIN® M100 Maltodexirin in water
solution was used to continue to bind fiber onto the spheres increasing their size while
maintaining a very uniform, spherical shape. A third screen cut was made to retain the
spheres above a US Standard 35 mesh screen (500 microns} and the spheres were returned to
the GXR bow! and increased in size to 1000 microns using the 30% MALTRIN® M100

Maltodextrin in water solution and TRUBRAN® F75M Corn Bran.

{0036] The resulting spheres were extremely umiform in size and had a very smooth
surface. They exhibited excelent flow properties. They had a bland flavor. Exemplary
spheres are shown in Figs. 1-4, with a cross-sectional view of one of the spheres shown in

Fig. 5.

Example 2
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{00371 The spheres produced in accordance with Example 1 are coated with ibuprofen

and are dosed into capsules.

{0038] The spheres may be used in a variety of products and applications. For example,
the spheres may also be used in nutritional applications to provide a source of fiber, such as
in granola bars, high fiber/protein bars, cereals and the like. In some embodiments, a method
for providing nutrition to an animal is provided. The animal may be, for example, a human,
or may be swine, bovine, or other animal. The method comprises ingesting or making
available for ingestion an amount of the fiber spheres suitable for providing nutrition to the
animal. The fiber spheres may be provided in a food product and may comprise any desired
proportion of that food product, for example, 10%, 20%, 30%, 40%, 50%., 60%, 70%, 80%,

or 90% of the food product, or the fiber spheres may be ingested as is.

{0039] It is thus scen that spheres can be prepared from fiber and a binder, They may be
used for their functional propertics or they be used because they can deliver a source of fiber
for the diet, Also, spheres can be made to have an cconomical advantage over
microcrystaliine cellulose spheres, and to have a dietary fiber and stability advantage over

traditional sugar spheres.

by mcorporated by reference in their entiretics,

100401 Al references cited herein are here

LI TSN

0041 Uses of singular terms such as “a,” “an,” are mtended to cover both the singular
. s 5 =

and the pharal, unless otherwise indicated herein or clearly contradicted by context. The

9 9

terms “comprising,” “having,” “including,” and “containing” are to be construed as open-

9

ended terms. Any description of certain embodiments as “preferred” embodiments, and other
recitation of embodiments, features, or ranges as being preferred, or suggestion that such are
preferred, is not deemed to be limiting., The invention is deemed to cncompass embodiments
that are presently deemed to be less preferred and that may be described herein as such. All
methods deseribed herein can be performed i any suitable order unless otherwise indicated
herein ot otherwise clearly contradicted by context. The use of any and all examples, or
exemplary language {¢.g., “such as”) provided herein, is intended to iltamunate the invention
and does not pose a limitation on the scope of the invention. Any statement herein as o the

nature or benefits of the invention or of the preferred erbodiments s not intended to be

16
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limiting. This invention includes all modifications and equivalents of the subject matter
recited herein as permitted by applicable law. Moreover, any combination of the above-
described elements in all possible variations thereof is encompassed by the invention unless
otherwise indicated herein or otherwise clearly contradicted by context. The description
herein of any reference or patent, cven if wdentified as “prior,” 15 not intended to constitute &
concession that such reference or patent is available as prior art against the present invention.
No wsnclaimed language should be deemed to Himit the invention in scope, Any statements or
suggestions herein that certain features constitite a component of the claimed invention are
not intended to be limiting unless reflected in the appended claims, MNeither the marking of
the patent number on any product nor the identification of the patent number 1n connection
with any service should be deemed a representation that all embodiments described herein

are incorporated into such product or service,

11
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CLAIMS
What is claimed is:

i A microsphere composition comprising a plurality of microspheres cach
comprising a spherical core comprising fiber and a binder, the fiber being present in an amount

of at least about 50% by dry weight of the total fiber and binder.

2. The microsphere composition of claim 1, wherein the fiber is an insoluble fiber,
3. The microsphere composition of claim 2, wherein the fiber is corn bran.
4, The microsphere composition of claim |, wherein the binder is an

oligosaccharide.

5. The microsphere composition of claim 4, wherein the binder is a makto-

oligosaccharide.
6. The microsphere composition of claim 5, wherein the binder s maltodextrin,
7. The microsphere composition of claim 1, wherein the fiber is com bran and the
binder is maltodestnin and the corn bran is present in an amount of at least about 60% by dry

weight of the total corn bran and maltodextrin,

8. The microsphere composition of claim 7, wherein the corn bran is present in an

amount of at least about 70% by dry weight of the total corn bran and maltodextrin.

Q. The microsphere composttion of claim 1, wherein the microspheres have a mean

sphericity of at least about 0.6,

1 The microsphere composition of claim 1, wherein the microspheres have a mean

sphericity of at least about (1.9,

1z
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1. The microsphere composition of claim 1, wherein the microspheres have a mean

particle size of at least about 100 microns.

2, The microsphere composition of claim 1, further comprising a coating on the

spherical cores.

3. A process for preparing microspheres, the process comprising granulating a
powder mixture of fiber and a binder using an agueous liguid as a granulating medium to provide
microspheres each having a spherical core comprising fiber and a binder, the fiber being present

in an amount of at least about 50% by dry weight of the total fiber and binder.

i4, The process of claim 13, further comprising applving a coating to the spherical

cores using a powder lavering process.

tS. The process of claim |3, wherein the fiber is corn bran and the binder 1s
maltodextrin and the corn bran is present in an amount of at least about 60% by dry weight of the

total com bran and maltodexirin,

6, The process of claim 15, wherein the corn bran is present in an amount of at least

about 70% by dry weight of the total corn bran and maltodextrin,

17. The process of claim 13, wherein the microspheres have a mean sphericity of at

ieast about 0.9,

I8, The process of claim 13, wherein the microspheres have a mean particle size of at

feast about 100 microns.

9. A method of providing fiber to an animal, the method comprising the step of
mngesting or making available for ingestion an amount of microspheres suitable for providing

nutrition to the animal, the microspheres cach comprising a spherical core comprising fiberand a

13
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binder, the fiber being present in an amount of at least about 50% by dry weight of the total fiber
and binder.

20, A microsphere composition comprising a plurality of microspheres cach
comprising a spherical core and a pharmaceutical coating, the spherical core coraprising fiber
and a binder, the fiber being present in an amount of at least about 50% by dry weight of the total

fiber and binder.

14
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