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THICKENER COMPOSITION, THICKENED
NUTRITIVE PRODUCTS, METHODS FOR
PREPARING THICKENED NUTRITIVE

PRODUCTS, AND METHODS FOR
PROVIDING NUTRITION

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

RELATED APPLICATION

This application is a continuation reissue application of

U.S. patent application Ser. No. 15/343,756, filed on Nov. 4,
2016, which is a reissue application of U.S. Pat. No.
9,101,156, which issued on Aug. 11, 2015 from U.S. patent
application Ser. No. 14/204,420, filed on Mar. 11, 2014,
which claims the benefit of U.S. Provisional Application No.
61/793,628, filed on Mar. 15, 2013, all of which are incor-
porated by rveference as if fully set forth herein.

This application claims priority to the prior provisional
application Ser. No. 61/793,628 filed Mar. 15, 2013. The
entire contents of this application are hereby incorporated by
reference 1n their entireties.

FIELD

The field relates in some embodiments to providing
nutrition to patients with dysphasia, and 1n many embodi-
ments, to dysphagic infants.

BACKGROUND

Patients with dysphagia have difliculty in swallowing
food and liquids. Dysphasia management can be provided
by thickeming foods and liquids to assist in swallowing.

Thickened products reduce the likelihood of aspiration of

liquids 1n to the windpipe, and provide for a slower fluid
flow rate to allows for easier control of swallowing. Current

products available for thickening foods and liquids include
powder products such as THICK-IT® (Precision Foods, St.

Louis, Mo. USA), THICKEN UP® (Novartis Nutrition,
Minneapolis, Minn. USA), and THICK & EASY® (Hormel
Healthlabs, Austin, Minn. USA). Pre-thickened liquids are
also available from THICK & EASY® (Hormel Healthlabs,
Austin, Minn. USA), NUTRA/BALANCE™ (Ross Prod-
ucts, Columbus, Ohio USA) and RESOURCE® (Novartis
Nutrition, Minneapolis, Minn. USA), Thickeners are also
available as concentrated thickening solutions.

Certain prior approaches to thickening food products,
including medication and other products for oral ingestion,
have relied on the use of starch based thickener composi-
tions. The use of starch based thickeners can be associated
with undesirable organoleptic properties such as a grainy
texture, susceptibility to enzymatic degradation, and
increased caloric intake. Starch granules which swell and
provide increased viscosity to thicken a food product may
result in a gramny texture in the thickened food product.
Starch based thickeners containing amylose are susceptible
to breakdown by certain enzymes, including amylase, pres-
ent 1n the mouth, and can be less compatible for thickening
tood products such as milk. Milk, including human breast
milk, has a unique composition that includes amylase and
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fat, which can present challenges when using traditional
starch thickening agents. The presence of amylase in milk
tends to break down the starch in starch-based thickeming
agents, thus decreasing the thickening capacity of the starch.
Lipids present 1n milk may coat the starch granules and also
reduce the eflectiveness of starch based thickeners.

Premature infants often are dysphagic because they have
not develop a suckling retlex. Thickened beverages, such as
baby formulas and breast milk, desirably should have a
viscosity of up to 2000 centipoise.

SUMMARY

In some embodiments, a thickener composition 1s pro-
vided. The thickener composition 1s suitable for adding to
food products, in particular baby formula and breast milk.
The thickener composition may comprise Xanthan gum; a
chelating agent, and a dissolution agent. The chelating agent
may be present 1n an amount with respect to the xanthan
such that, when the thickener composition 1s used to thicken
a Tood product, at least one mineral selected from the group
consisting of iron, zinc, and calcium present 1n the food
product 1s relatively more bioavailable than would be 1n the
absence of said chelating agent. The dissolution agent may
be present 1n an amount eflective to enhance dissolution of
the xanthan gum. The chelating agent may be, for example,
ascorbic acid, and the dissolution agent may be, for example,
a malto-oligosaccharide.

In another embodiment, not mutually exclusive with
respect to the above, a thickened breast milk product that
comprises breast milk, xanthan gum, and a chelating agent
1s provided. It 1s contemplated that the thickened breast milk
may be prepared 1n situ by a parent or caregiver (such as a
hospital) after the mother of a dysphagic infant has
expressed the breast milk, by adding a thickener composi-
tion to the breast milk. The xanthan gum 1s present 1n an
amount effective to thicken the breast milk to a viscosity
suitable for ingestion by dysphagic infants. The chelating
agent 1s present i an amount eflective to increase the
bioavailability to a dysphagic infant of at least one mineral
selected from the group consisting of 1ron, zinc, and calcium
relative to the absence of the chelating agent.

In yet another embodiment, not mutually exclusive with
respect to the above, a baby formula that comprises nutritive
components suitable for ingestion by an infant, xanthan, and
a chelating agent 1s provided. It 1s contemplated that the
thickened baby formula may be prepared in advance and
sold 1n prepackaged form to parents of dysphagic infants or
to caretakers. The nutritive components 1n the baby formula
include at least one mineral selected from the group con-
sisting of iron, calcium, and zinc, and may include other
nutritive components as 1s typical. The xanthan gum 1s
present 1n an amount effective to provide to a viscosity of the
baby formula suitable for ingestion by dysphagic infants.
The chelating agent 1s present in an amount eflective to
increase the bioavailability to a dysphagic infant of the
mineral relative to the absence of said chelating agent.

In another aspect, not mutually exclusive with respect to
the above, a method for preparing a thickened breast milk
product 1s provided. The method comprises providing breast
milk, providing a thickener composition, and adding the
thickener composition to said breast milk 1 an amount
ellective to thicken said breast milk to a viscosity suitable
for ingestion by dysphagic infants 1s provided. The thickener
composition comprises xanthan gum and a chelating agent
as described above.
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In yet another embodiment, not mutually exclusive with
respect to the above, a method for preparing a thickened
baby formula product i1s provided. The method comprises
providing a baby formula, providing a thickener composi-
tion, and adding the thickener composition to the baby
formula 1n an amount eflective to thicken said baby formula
to a viscosity suitable for ingestion by dysphagic infants.
The baby formula comprises nutritive components suitable
for ingestion by an infant and thickener composition com-
prises Xanthan gum and a chelating agent as discussed
above.

In other embodiments, not mutually exclusive with
respect to the above, a method for providing nutrition to a
dysphagic infant 1s provided. The method includes admin-
istering a thickened breast milk product or baby formula as
described herein

ERRED

DETAILED DESCRIPTION OF PR
EMBODIMENTS

L1
FT]

The invention contemplates thickeners and products that
include starch. Nonetheless, 1n some embodiments, there 1s
no starch in the thickener composition or in the baby formula
or breast milk. Generally, the use of a xanthan gum 1s
contemplated as a thickener, alone or 1n combination with
other thickeners, and 1n many cases as the sole or primary
thickener. Xanthan gum, also known as xanthan, 1s a high
molecular weight, long chain polysaccharide comprising
side chains of galactomannan with carboxyl groups derived
from the bacteria Xanthomonas campestris.

Any suitable xanthan gum may be employed 1n connec-
tion with the invention. For example, xanthan gum that
meets the specifications of the National Formulary, the Food
Chemicals Codex and the J.E.C.F.A. may be employed. The
xanthan gum may have the following specifications:

GENERAL CHARACTERINTICS

Viscosity (1.0% 1n 1.0% KCI) 1400-1800 cP

Particle Size 98% munimum through USS 16
mesh, 1190u
12% maximum through USS 80
mesh, 1771

Powder Color Not less than 60

pH (1.0% Solution) 5.5 to &.1

STANDARD SPECIFICATIONS

Identification Meets NF/FCC tests
Assay Meets NF/FCC tests
Loss on Drying Not more than 15%
Viscosity Meets NEF/FCC tests
Ash Between 6.5% and 16%
Arsenic Not more than 3 ppm
Lead Not more than 5 ppm
Heavy Metals (as Pb) Not more than 20 ppm
Isopropyl Alcohol Not more than 750 ppm
Pyruvic Acid Not less than 1.5%
Nitrogen Not more than 1.5%

MICROBIOLOGICAL

Total Plate Count
Yeast and Molds
Salmonella
Escherichia coli

Not more than 2000/g

Not more than 100/g

Meets NF test

Meets NF test
SHELEF LIFE

36 months from the certificate of analysis test date

It 1s known that carboxyl groups on the galactomannan
side chains of xanthan tends to bind to positively charged
entities. (“Food Polysaccharides and Their Applications,”
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Second Edition, Ed. Alistair M Stephen, et al.) The posi-
tively charged groups or entities may include cations, diva-
lent molecules, and compounds having positively charged
groups such as an amine or aryl group, and the like.
Positively charged entities can include calcium, iron, and
zinc as may be present 1n milk and 1n baby formulas. Such
minerals may be bound to the carboxyl groups on the
galactomannan side chains of xanthan. It has been found that
the bioavailability of such minerals can be substantially
reduced when a product such as a breast milk product or
baby formula 1s thickened with xanthan gum.

Surprisingly, however, 1t has been found that the use of
certain chelating agents, such as ascorbic acid, can amelio-
rate the eflects of xanthan in reducing the bioavailability of
such minerals. One particularly suitable chelating agent 1s
ascorbic acid. Without wishing to be bound by any particular
theory, 1t 1s believed that the ascorbic acid acts as a chelating
agent to form a chelate complex with the positively charged
entity. The ascorbic acid 1s believed to have a higher aflinity
to the positively charged groups than the carboxyl groups on
the xanthan side chains, and i1s thus effective to minimize the
xanthan binding of these side chains to the positively
charged groups. Upon ingestion, the ascorbic acid then
releases the charged minerals and allows for then to be made
bioavailable.

Bioavailability generally refers to the extent to which
substances reach the bloodstream. In the context of medi-
cations or minerals, bioavailability refers to the extent to
which the medications or minerals reach the systemic cir-
culation. When orally ingested minerals or drug compounds
are bound to xanthan, there 1s a decreased absorption of
these substances from the intestinal lumen into the blood-
stream. Bioavailability may be evaluated by a piglet in vivo
study as described hereinbelow in the Examples. Generally,
the piglets may be brought to homeostasis with a diet of
glucose, then provided with the product to be imngested (for
instance, breast milk or formula thickened with xanthan
gum). From a blood sample, the amount of the medication
or mineral or appropriate metabolite of same may be deter-
mined. Bioavailability may be determined as an average
over a number of piglets as described below.

Any suitable chelating agent may be employed 1n con-
junction with the invention. The use of ascorbic acid 1s
deemed to be particularly advantageous. Ascorbic acid 1s a
strong enhancer of non-heme-1ron absorption. The mecha-
nisms for this absorption enhancement include the reduction
of dietary ferric 1ron to 1ts better-absorbed ferrous form, and
the formation of an iron-ascorbic acid chelate in the acid
milieu of the stomach. Although ascorbic acid does not 1n
many cases enhance 1ron absorption from most ferrous 1ron
supplements 1n the absence of meals, it can increase the
bioavailability of ferrous 1ron added as a fortificant to foods,
especially when those foods contain a large amount of 1ron
absorption inhibitors. This 1s true whether the fortificant 1ron
1s a simple ferrous salt or a chelate such as NaFeEDTA.
Even less-bioavailable 1ron salts, such as ferric orthophos-
phate and ferric pyrophosphate, are reasonably well-ab-
sorbed 1n the presence of ascorbic acid. Breast milk may
contain protein to which 1ron 1s bound. The addition of
ascorbic acid may result in 1rron becoming unbound from the
protein to form a chelate complex with ascorbic acid. Once
bound to the ascorbic acid instead of the protein, the 1rron can
be absorbed into the bloodstream and becomes bioavailable.
Thus, the addition of ascorbic acid may increase the bio-
availability of iron not only as a result of preventing 1ron
from binding to xanthan, but also of iron as a result of
reducing the 1ron to a more bioavailable state.
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Other suitable chelating agents may be employed. For
example, 1t 1s contemplated that any one or combination of
Ethylenediamine, Porphine, Porphyrins-chelates heme,
EDTA (ethylenediametetraacetic acid), Dimercaprol (2,3-
dimercapto-1-propanol), Diethylenetriaminepentaacetic
acid (DTPA), N,N-bis(Carboxymethyl)glycine (NTA),
Deferasirox-iron chelating agent, Succimer, Edetate diso-
dium calctum-CaNa, EDTA, D-penicillamine, Citrate, Pyro-
phosphate, Anthocyamins, Selemmum, EDDS (Ethylene
diamine disuccinic acid), Fosmidomycin, Tridentate,
Sexdentate, Bidentate, Transferrin, Amino acids, Amino
acids derivatives: histamine, adrenaline, Lipids, Albumin,
Nucleic acids, Organic acids, Plant Phenolics: anthocyanins,
tannins, Plant alkaloids, Peptides:protamines, Polypeptides:
Insulin, growth hormone, Enzymes, Nucleoproteins, Car-
bonate, bicarbonate, Cyanides, Phosphates, Poryphyrins,
Sulfates, Sulfonic acids, chondroitin sulfates, Vitamins:

Vitamin B 12, ascorbic acid, BAL or 2,3-dimercaptopropa-
nol-1, CTDA or chef 600, DFOA or Desferrioxamine B,

DHEEDA or Versenediol, DHG (IN,N-bis(2-hydroxyethyl)
glycine, DMPS or Sodium 2,3-dimercaptopropane-1-
sulfonate, DMSA or 2,3-dimercaptosuccinic acid, EDDHA
or EHPG or Chel 138, EGTA or ethyleneglycol-bis-(d-
aminoethyl ether) N,N,N'.N'-tetraacetic acid, EHPG or
((ethylene-bi1s-N,N'-2-0-hydroxyphenyl)glycine), HBEA or
(N,N,N'-tr1s(2-hydroxybenzyl)ethylenediamine-IN,N-di-
acetic acid), HBED or (IN,N'-bis.-(o-hydroxybenzyl)ethyl-
enediamine-N,N-diacetic acid), HEDTA or Versenol,
HMDA or (N-2-hydroxyethyl)iminodiacetic acid)), Iono-
phores (Lasalocid, Valinomycin, Enniatin), (HOOCCH?2)
3N, TEA or (triethanolamine), TETHA or TTHA or (trieth-
ylenetetraminehexaacetic acid), THBE (IN,N,N,N'-tetrakis
(2-hydroxygenyl)ethylenediamine), Unithiole or Sodium-2,
3-dimercaptopropane-1-sulfonate may be employed. If
employed i combination, the chelating agents may be
employed 1n any suitable ratio with respect to one another.
Generally, 1t 1s contemplated that other chelating agents
included 1n the thickener composition may include proteins
or amino acids. It 1s believed that proteins and amino acids
may assist 1n transporting minerals, such as zinc, mto the
bloodstream. Without wishing to be bound by any particular
theory, 1t 1s believed that protein may serve as a carrier for
minerals, including zinc, to be transported from the intestine
into the bloodstream. For minerals for which ascorbic acid
interaction 1s low, supplemental chelating agents to assist 1n
transferring of minerals into the bloodstream may be
included.

The chelating agent may be present in any suitable
amount. Generally, in a when provided in the form of a
thickener composition, the chelating agent should be present
in an amount with respect to xanthan such that, when said
thickener composition 1s used to thicken a food product, at
least one mineral selected from the group consisting of 1ron,
zinc, and calcium present in said food product 1s relatively
more bioavailable than would be in the absence of said
chelating agent. The bioavailability again may be deter-
mined via a piglet study as described herein. When the
chelating agent 1s ascorbic acid, for instance, the chelating
agent may be present with respect to xanthan 1n a ration of
between about or exactly 2000:1.5 to 1000:2.5. In one
embodiment, the ratio 1s about or exactly 1500:2. Generally,
in some embodiments, the amount of chelating agent is
ellective to 1ncrease the bioavailability to a dysphagic infant
of 1ron 1n breast milk by at least 40 percent relative to the
absence of the chelating agent, and 1n other embodiments, at
least 50%. In some embodiments, the chelating agent is
ellective to 1ncrease the bioavailability to a dysphagic infant
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of zinc 1n breast milk by at least 5 percent relative to the
absence of the chelating agent; 1n other embodiments, at
least about 9%. In some embodiments, the chelating agent 1s
cllective to 1increase the bioavailability to a dysphagic infant
of calcium in breast milk by at least 5 percent relative to the
absence of the chelating agent; 1n other embodiments, at
least about 9%.

Food products for which the thickener 1s deemed particu-
larly suitable include baby formulas and breast milk. Breast
milk generally contains calcium, iron, and zinc, and baby
formula may include one, two, or all three of these minerals.
When present 1n a food product, such as breast milk or baby
formula, the chelating agent 1n some embodiments may be
present to an extent such that the bicavailability of calcium
1s at least about 80% of the bioavailability of calcium 1n the
unthickened product (breast milk or baby formula). The
chelating agent in some embodiments may be present to an
extent such that the bioavailability of zinc 1s at least about
80% of the bioavailability of zinc in the unthickened product
(breast milk or baby formula). The chelating agent 1n some
embodiments may be present to an extent such that the
bioavailability of iron 1s at least about 80% of the bioavail-
ability of 1ron 1n the unthickened product (breast milk or
baby formula). In some embodiments, the bioavailability of
two of, or all three of, the minerals iron, calcium, and zinc
1s at least about 80% of the bioavailability of each respective
mineral 1n the unthickened product (breast milk or baby
formula). When expressed as a percentage, the bioavailabil-
ity may be determined as the amount of the analyte 1n
question 1n the bloodstream of the thickened product as a
percentage of the amount of the analyte 1n the bloodstream
of the unthickened product.

It 1s contemplated that the chelating agent may be blended
with the xanthan gum when the product 1s intended for use
as a thickener composition. In some embodiments, it 1s
contemplated that the chelating agent may be bound to
particles of xanthan with a binder. Any suitable binder may
be employed and 1t 1s contemplated that the binder may
comprise, for example, sodium alginate. The binder may be
present 1n an amount effective to cause the chelating agent
to bind to the xanthan. The binder alternatively may be a sallt,
such as potassium chloride, or may be a starch.

When supplied as a thickener composition, the composi-
tion may take any suitable form, such as powder, liquid, or
gelatinous or gelatinoid form. In many embodiments, the
thickener composition takes the form of a powdered com-
position. The powdered composition may have any suitable
particle size.

In any case, the composition may include a dissolution
agent. The dissolution agent may be any component that
assists 1 mixing of xanthan with a food product, such as
breast milk or baby formula. Dissolution agents can include
carbohydrates and gums, such as hemicellulose, but 1n many
embodiments the dissolution agent 1s a malto-oligosaccha-
ride. The malto-oligosaccharide may be derived from any
starch-bearing grains, such as corn, wheat, rice, potato, and
tapioca. Malto-oligosaccharides, or mixtures ol predomi-
nantly 1-4 linked glucosyl units. In many embodiments, at
least 50% of the saccharide units 1n the malto-oligosaccha-
ride prepared in accordance with the present teachings are
linked via 1-4 linkages; 1n many embodiments, at least 55%;
in many embodiments at least 60%; 1n many embodiments
at least 65%; 1n many embodiments at least 70%; in many
embodiments at least 75%; in many embodiments at least
80%; 1n many embodiments at least 85%; in many embodi-
ments at least 90%; and 1n many embodiments at least 95%
of the saccharide units 1n the malto-oligosaccharide are
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linked via 1-4 linkages. Malto-oligosaccharides are contem-
plated to include saccharide species that have an odd DP
value and 1n many cases the mixture of malto-oligosaccha-
rides will include some dextrose (DP 1).

The malto-oligosaccharides may have a dextrose equlva-
lent value, or DE, of any conventional value, and thus, for
instance, the DE of the mixture of malto- ohgosacchanc es

may be 3,4, 5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 30, 31, 32, 33, 34,
35, 36, 37,, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50,
51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66,
67, 68, 69, or 70. In some embodiments the DE of the
mixture ol malto-oligosaccharides may range from 3-25 and
in some embodiments from 5-25. In some embodiments the
mixture 1s a maltodextrin and 1n other embodiments the
mixture 1s a syrup or syrup solid. In other embodiments the
mixture 1s less than 50. For instance, the mixture of malto-

oligosaccharides may have a DE of less than 49, less than
48, less than 47, less than 46, less than 45, less than 44, less

than 43, less than 42, less than 41, less than 40, less than 39,
less than 38, less than 37, less than 36, less than 35, less than
34, less than 33, less than 32, less than 31, less than 30, less
than 29, less than 28, less than 27, less than 26, less than 25,
less than 24, less than 23, less than 22, less than 21, less than
20, less than 19, less than 18, less than 17, less than 16, less
than 15, less than 14, less than 13, less than 12, less than 11,
less than 10, less than 9, less than 8, less than 7, less than 6,
less than 5, less than 4, or less than 3.

Further details concerning maltodextrins and applications
for maltodextrins can be found in U.S. Pat. No. 7,728,125

“Reduced malto-oligosaccharides™; U.S. Pat. No. 7,595,393
“Reduced malto-oligosaccharides™; U.S. Pat. No. 7,405,293
“Reduced malto-oligosaccharides™; U.S. Pat. No. 7,265,078
“Dnlling flmd apparatus and method”; U.S. Pat. No. 7,091,
335 “Denivatized reduced malto-oligosaccharides™; U.S.
Pat. No. 6,946,148 “Method for absorbing flmd”; U.S. Pat.
No. 6,919,446 “Reduced malto-oligosaccharides™; U.S. Pat.
No. 6,828,310 “Compositions including reduced malto-

oligosaccharide preserving agents, and methods for preserv-
ing a matenial”; U.S. Pat. No. 6,806,231 “Dnlling fluid,

apparatus, and method™; U.S. Pat. No. 6,720,418 “Deriva-
tized reduced malto-oligosaccharides™; U.S. Pat. No. 6,613,
898 “Reduced malto-oligosaccharides™; U.S. Pat. No. 6,610,
672  “Compositions including  reduced  malto-
oligosaccharide preserving agents, and methods {for
preserving a material”; U.S. Pat. No. 6,593,469 “Composi-
tions including reduced malto-oligosaccharide preserving
agents”; U.S. Pat. No. 6,528,629 “Malto-oligosaccharide
derived glucosides™; U.S. Pat. No. 6,518,223 “Drilling tluid,
apparatus, and method”; U.S. Pat. No. 6,475,979 “Reduced
malto-oligosaccharide cleansing, compositions”; U.S. Pat.
No. 6,436,678 “High purity maltose process and products”;
U.S. Pat. No. 6,391,293 “Lanthionizing compositions, sys-
tems, and methods™; U.S. Pat. No. 6,380,379 “Derivatized
reduced malto-oligosaccharides™; and U.S. Pat. No. 6,375,
798 “Denvatized malto-oligosaccharides, methods for trash
scavenging, and process for preparing a paper web”; all
assigned to Grain Processing Corporation of Muscatine,
Iowa. Grain Processing Corporation 1s a commercial sup-
plier of many food-grade malto-oligosaccharides sold under
the MALTRIN® trademark. MALTRIN® malto-oligosac-
charides are filtered, carbon-treated, and spray-dried prod-
ucts. The commercially available MALTRIN® product line
covers a range ol DE values from 5-25. Exemplary MAL-
TRIN® products include MALTRIN® M040; MALTRIN®
M100; MALTRIN® M150; MALTRIN® M180, and MAL-
TRIN® QD grades M500, M310, M350, and M580.
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The dissolution agent may be included in the thickener
composition 1n any amount effective to assist in mixing of
the xanthan and ascorbic acid with the food product. The
dissolution agent may be not present, or may be present 1n
amounts up to about 75% by weight. If the dissolution agent
1s not present, 1t may become necessary or desirable to shake
or agitate the xanthan mixture when added to a food product.
In such case, this may disrupt fats or other components of the
food product, which can be undesirable. Under one
approach, a powdered thickener composition may comprise
between 40 percent to about 60 percent xanthan, such as
about 55 percent xanthan, and between 40 percent to 60
percent of a dissolution agent, such as 45 percent, by weight,
with small amounts of chelating agent and any binder. These
weight percentages are on a typical as-supplied basis, 1t
being assumed that the malto-oligosaccharide and xanthan
will each include some moisture.

No other functional component are generally contem-
plated to be necessary 1n the thickener composition. In some
embodiments, the thickener composition may be provided
with components such as additional nutritive components,
vitamins, minerals, or the like, or flavorants or colorants.

In preparing the thickener composition, the xanthan and
ascorbic acid may be solid (but containing moisture) which
are combined to provide a thickener composition, such as a
powder, which 1s ready to use. For example, about 15 g of
xanthan gum may be combined with about 2 mg of ascorbic
acid to form a thickener combination 1 powdered form
which 1s added to about 1000 mL of hquid product to
provide a thickened liquid product:

Exemplary embodiment
(wt %)

Exemplary range
(wt %)

xanthan gum 1 to 2% 1.5%
ascorbic acid 0.001% to 0.005% 0.003%
Liquid 98% to 99% 98.5%
product

It 1s contemplated that the thickener composition may be
added to a food product, such as breast milk or baby
formula, 1n an amount suflicient to thicken the food product
to a viscosity suitable for ingestion by dysphagic infants or
other dysphagic patients. The viscosity suitable for ingestion
will depend on the patient, but 1t 1s contemplated that the
viscosity may be to about 2000 centipoise. In some cases,
the viscosity may be about 275 centipoise (nectar viscosity)
and 1n other cases about 975 centipoise (honey viscosity). In
some cases, the viscosity may be about 1350 centipoise, or
400 centipoise, or 900 centipoise. Unless otherwise speci-
fied, viscosities stated herein are as measured using a
Brookfield Cone/Plate Viscometer DV-II*. The thickener
may be added 1n any amount by total weight relative to the
food product to provide the desired viscosity. For example,
the thickener composition may be added in an amount such
that the xanthan gum is present 1n an amount of between
about 1 weight percent to about 3 weight percent of the
thickened breast milk by total weight.

Breast milk may be but typically is not available 1n
prepackaged form, whereas baby formula typically 1s sup-
plied in prepackaged form. In either case, as indicated
hereimnabove, 1n some embodiments 1t 1s contemplated that
the thickener composition will be added to the breast milk as
naturally expressed or to conventional baby formula. The
mixing may take place in a hospital or other facility or the
home of the infant, or at any other suitable location, and may
be performed by a parent or by a medical provider or other
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caretaker. When added to a baby formula, any conventional
baby formula or baby formula otherwise found to be suitable
may be employved. The baby formula generally includes
nutritive components suitable for ingestion by an infant, the
nutritive components including at least one mineral selected
from the group consisting of 1ron, calcium, and zinc. The
formula may be, for example, a dairy-based formula or a
soy-based formula, and may include, for example, water,
milk solids (such as demineralised whey, skim milk, lactose,
and/or whey), vegetable oils (such as soy o1l), maltodextrin
and/or lactose, other carbohydrates, and vitamins and min-
crals. In other embodiments the formula may include veg-
ctable oils, corn syrup solids and maltodextrin, soy protein
isolate, and an emulsifier such as soy lecithin. The baby
formula may be a dry-mix formula or may be supplied 1n
liquid form. When used with breast milk, the breast milk
product may be provided by the dysphagic infant’s mother,
or may be from a donated source of breast milk.

In some aspects, a method for preparing a thickened baby
formula or breast milk 1s provided. The method comprises
providing a baby formula, providing a thickener composi-
tion, and adding the thickener composition to the baby
formula or breast milk 1n an amount effective to thicken said
breast milk to a viscosity suitable for ingestion by dysphagic
infants. To prepare the thickened breast milk product or the
baby formula product of the present disclosure, the thickener
composition can be added to the breast milk or baby formula
in vessels or containers such as infant feeding bottles,
glasses, collee cups, bowls, and other household containers,
without or without a lid, as well as any suitably sized
container which can accommodate amount of materials to be
combined. The thickener composition may be 1n powdered
form, and added to and combined with the breast milk or
baby formula to prepare the thickened breast milk product or
the thickened baby formula product by using utensils such as
torks, spoons, knives, chopsticks, hand mixers, kitchen
blenders, kitchen top mixers, whisks, and any other suitable

agitation devices. Suitable mixing containers may have a Iid
or cover that can be attached to the container to allow the
breast milk or baby formula and thickener composition to be
shaken together. Mixing time for preparing the thickened
breast milk product or the baby formula may be as needed
to achieve the desired thickness of the product for oral
ingestion. Mixing time may be up to about 5 minutes, such
as between about 2 seconds to about 1.5 minutes.

In another approach, a method for providing nutrition to
a dysphagic infant comprising administering a thickened
breast milk or baby formula i1s provided. The thickened
breast milk product comprises breast milk, xanthan gum,
and a chelating agent as described herein.

In other aspects, a baby formula 1s provided. The baby
formula may be a prepackaged formula or may be prepared
in situ. In either case, the baby formula may contain nutritive
components, xXanthan gum, and a chelating agent as
described hereinabove, and may contain a dissolution agent.
A sealed package that contains baby formula also 1s encom-
passed by some aspects of the invention. The package may
include a dry-mix formula or may include a ready-to-drink
formula. If a dry-mix formula, the formula may include
xanthan and a chelating agent, or the package may include

discrete areas for the thickener composition and for the
formula 11 1t 1s desired to allow the consumer or caretaker to
blend the formula 1n situ to the desired thickness. When
preparing a formula from water, the formula, and the thick-
ener composition, these mgredients may be blended 1n any
suitable order.
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While much of the above described with respect to breast
milk and baby formula, 1t should be understood that the
invention 1s not limited thereto unless otherwise expressly
claimed. For example, the thickener composition 1s deemed
to be usetul in conjunction with thickening cow’s milk for
consumption by dysphagic adults.

EXAMPLES

The following examples and comparative examples are
provided to illustrate certain embodiments of the invention,
but should not be construed as limiting the invention in
scope.

Baseline Determination of Calcium, Zinc, and Iron

Milk samples from infant formula (SIMILAC® NEO-
SURE®, Abbott Laboratories, Abbott Park, Ill.) and human
breast milk were prepared. Six piglets were fed with a 5%
glucose solution 1n deionized water ad libitum for 36 hours
prior to the administration of the milk samples to the test
subjects to flush minerals from the blood stream and achieve
homeostasis. At the end of the 36 hours of glucose feeding,
three of the six piglets were provided with non-thickened
infant formula, and the remaining three were provided with
non-thickened human breast milk. The samples were pro-
vided to each test subject ad libitum for about 48 hours. At
the end of 48 hours, approximately 2 ml of blood was drawn
from the test subjects and analyzed for calcium, 1ron, and
zinc levels 1n accordance with the methods described 1n
Miller-Thli, “Trace element determinations in foods and
biological samples using inductively coupled plasma atomic
emission spectrometry and flame atomic absorption spec-
trometry,” J. Agr & Food Chem. 44:9 (1996). The average

values were calculated and are shown in the table below.

Milk Type Iron (mg/L) Calcium (mg/L) Zn (mg/L)
Formula 0.071 30.50 1.05
Breast Milk 0.065 28.45 1.14

The above results 1n were obtained from calculations
based on test subject data show in the table below.

Piglet I.D Fe (mg/L) Ca (mg/L) Zn (mg/L)
Baseline Group  B-007 0.075 30.21 1.02
Formula B-010 0.071 31.02 1.05
B-011 0.068 30.27 1.07
Average 0.071 30.50 1.05
Baseline Group  B-014 0.068 28.1 1.12
Breast Milk B-028 0.063 29.07 1.09
B-032 0.064 28.19 1.21
Average 0.065 28.45 1.14

Example 1 and Comparative Example 1

Test subjects provided with xanthan only thickened for-
mula or breast milk, and test subject provided with xanthan
and ascorbic acid thickened formula or breast milk. Prior to
providing test subject with xanthan only thickened formula
or breast milk, and with xanthan and ascorbic acid thickened
formula or breast milk, test subjects were fed with a 3%
glucose solution as described 1n Comparative Example 1,
and provided with the milk samples ad libitum for about 48
hours.
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Samples of xanthan only thickened formula or breast
milk, and xanthan and ascorbic acid thickened formula or
breast milk were prepared 1n amounts as shown 1n the table

below:

Example 1

Xanthan and Ascorbic
Acid Thickened Milk

Comparative Example 1
Xanthan Thickened Milk

Xanthan 1.5% Xanthan
Ascorbic Acid —  Ascorbic Aci
Milk 08.5% Milk

(Formula or Breast Milk)

Of twelve test subjects, six test subjects were provided
with xanthan thickened formula, and the remaining six were
provided with xanthan thickened breast milk. Blood levels
of 1ron, calcium, and zinc for tests subjects provided with
xanthan thickened milk were obtained as described above.

The same tests subjects administered xanthan thickened
formulas were administered xanthan and ascorbic acid thick-
ened formula on a separate occasion. The same tests subjects
given xanthan thickened breast milk were administered
xanthan and ascorbic acid thickened breast milk on a sepa-
rate occasion. Blood levels of 1ron, calcium, and zinc for
tests subjects provided with xanthan and ascorbic acid
thickened milk were obtained as described 1n Comparative

Example 1 above.

Average blood levels of 1ron, calcium, and zinc were
calculated for the thickened formula with results as shown 1n

the table below:

Thickened Formula

Comparison of Blood Mineral Levels (mg/L)
Between Xanthan Thickened Formula and Xanthan

d

(Formula or Breast Milk)

and Ascorbic Acid Thickened Formula

US RE48,607 E

1.5%
0.002%
~98.5%

Xanthan
Mineral Thickened Formula
Type (Comparative Example 1)
[ron 0.043
Calcium 23.53
Zinc 0.95

The above results were obtained from calculations based

Xant
Ascor

han and
hic Acid
Thickened Formula

(Example 1)

1.04

0.066

on test subject data show 1n the table below:

Piglet 1.D Fe (mg/LL) Ca (mg/L) Zn (mg/L)
Test Subjects B-072 0.046 26.28 0.96
Fed Xanthan B-021 0.051 2'7.89 0.96
Thickened B-061 0.039 27.27 0.93
Formula B-111 0.041 2'7.32 0.89
B-098 0.038 28.09 1.01
B-025 0.042 26.32 0.93
Average 0.043 27.53 0.95
Test Subjects B-072 0.071 29.07 0.98
Fed Xanthan and B-021 0.068 30.08 1
Ascorbic Acid B-061 0.065 29.45 0.99
Thickened B-111 0.062 29.9 1.01
Formula B-098 0.07 30.8 1.1
B-025 0.059 30.71 1.14
Average 0.066 30.00 1.04

Similar results were obtained for the thickened breast

milk as shown in the table below:

Percent
Increase

53.5
9.0
9.5
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Comparison of Blood Mineral Levels (mg/L.) Between
Xanthan Thickened Breast Milk and Xanthan and
Ascorbic Acid Thickened Breast Milk

Xanthan Xanthan and

Thickened Ascorbic Acid
Mineral Breast Milk Thickened Breast Percent
Type (Example I) Milk (Example I) Increase
[ron 0.049 0.071 44 .9
Calcium 25.63 28.37 10.7
Zinc 0.85 0.96 12.9

The above results were obtained from calculations based
on test subject data show in the table below.

Piglet I.D Fe (mg/LL) Ca (mg/L) Zn (mg/L)
Test Subjects B-017 0.049 22.8 0.92
Fed Xanthan B-029 0.045 25.34 0.95
Thickened B-053 0.051 26.79 0.82
Formula B-042 0.053 25.67 0.85
B-050 0.04% 26.05 0.83
B-038 0.04% 27.14 0.75
Average 0.049 25.63 0.85
Test Subjects B-017 0.066 28.22 0.9%
Fed Xanthan and B-029 0.069 28.95 0.94
Ascorbic Acid B-053 0.076 29.82 0.96
Thickened B-042 0.073 28.09 1.04
Formula B-050 0.062 27.22 0.92
B-038 0.078 27.80 0.89
Average 0.071 28.37 0.96

The above results demonstrate that, in comparison to
baseline levels of minerals 1n the bloodstream from admin-
1stering un-thickened infant formula and un-thickened breast
milk in Comparative Example 1, bloodstream mineral levels
of infant formula and breast milk thickened with xanthan are
less than baseline levels, indicating that the minerals and
likely binding to xanthan, resulting in decreased levels 1n the
bloodstream. The use of ascorbic acid results 1n improved
bioavailability of calctum, 1ron, and zinc over infant formula
and breast milk thickened only with xanthan.

A comparison between average baseline mineral levels
from Comparative Example 1 and average mineral levels
resulting from milk thickened with xanthan only 1s presented
in the table below.

Comparison of Baseline Blood Mineral
Levels and Xanthan Thickened Milk

Xanthan Thickened Formula Xantlan Thickened Breast Milk

Fe Ca /n Fe Ca Z1a
Baseline 0.071 30.50 1.05 Baseline 0.065 2845 1.14
Level level
(mg/L) (mg/L)
Xanthan 0.043 27.53 0.95 Xanthan 0.049 25.63 0.85
Thickened Thickened
Formula Breast Milk
Level Level
(mg/L) (mg/L)
Difference 0.028 2.97 0.1 Difference 0.016 2.82 0.29
(mg/L) (mg/L)
Percent 394 9.7 9.5 Percent 24.6 9.9 251
Difference Difference

In comparison to baseline levels of minerals 1n the blood-
stream from administering un-thickened infant formula and
un-thickened breast milk 1n Comparative Example 1, blood-
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stream mineral levels of infant formula and breast milk
thickened with xanthan and ascorbic acid are closer to
baseline levels.

A comparison between average baseline mineral levels
from Comparative Example 1 and average mineral levels
resulting from milk thickened with xanthan and ascorbic
acid 1s presented 1n the table below.

Comparison of Baseline Blood Mineral Levels
and Xanthan and Ascorbic Acid Thickened Milk

Xanthan and Ascorbic Acid
Thickened Breast Milk

Xanthan and Ascorbic Acid
Thickened Formula

Ie Ca /n Fe Ca /n
Baseline 0.071 30.5 1.05 Baseline 0.065 2845 1.14
Level Level
(mg/L) (mg/L)
Xanthan + 0.066 30.0 1.04 Xanthan + 0.071 28.37 0.96
Ascorbic Ascorbic
Acid Acid
Thickened Thickened
Formula Breast Milk
Level Level
(mg/L) (mg/L)
Difference 0.005 0.5 0.01 Difference -0.006 0.09 0.19
(mg/L) (mg/L)
Percent 7.71 1.63 0.96 Percent —R.7 0.31 16.23
Difference Difference

Compared to baseline levels, xanthan-only thickened milk
resulted 1n a decreased availability of Fe, Ca, and Zn, which
1s believed to be indicative of binding of Fe, Ca, and Zn to
xanthan. Xanthan- and ascorbic-acid-thickened milk
resulted 1n availability levels much closer to baseline levels,
which 1s believed to be indicative of ascorbic acid interven-
ing with binding of Fe, Ca, and Zn to xanthan. The -8.7
value for iron indicates that more iron was bioavailable 1n
the thickened milk than in the unthickened milk, and this 1s
believed to be due to a reduction of Fe>* or other iron in the

milk.

Example 2

A powdered thickener composition 1s prepared by com-
bining xanthan gum, ascorbic acid, and maltodextrin in the
amounts listed 1n the table below:

Thickener Composition

Ingredient Wt %
Xanthan Gum 559%
Ascorbic Acid 0.07%
Maltodextrin 459%

These ingredients are combined mm a mixer and mixed
until the components are evenly distributed.

Example 3

A thickened breast milk product 1s prepared by combining
3.5 g of the thickener composition of Example 2 with 200
mL of breast milk. The thickened breast milk product has a

composition as shown in the table below.
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Thickened Breast Milk Product
Component Wt %
Xanthan Gum 1.5%
Ascorbic Acid 0.002%
Maltodextrin 1.2%
Breast Milk 97.3%

The thickener composition 1s added to a feeding bottle
containing 200 ml of breast milk. The contents of the feeding
bottle are then agitated by shaking for about 10 seconds until
the thickener composition has dispersed and the contents are
thickened.

Example 4

A baby formula product 1s prepared by combining 35.2
grams of ENFAMIL PREMIUM® Infant (Mead Johnson &
Company, LLC) and 250 mL of water according to label
instructions, and 8 g of the thickener composition of
Example 2. The thickened baby formula product has a
composition as shown in the table below.

Thickened Babv Formula Product

Component Wt %
Xanthan Gum 1.5%
Ascorbic Acid 0.002%
Maltodextrin 1.2%
ENFAMIL PREMIUM ® Infant 12.0%
Water 85.3%

Baby formula and the thickener composition are com-
bined mto an empty feeding bottle. Water 1s added to the
teeding bottle. The contents of the feeding bottle are then
agitated by stirring with a spoon for about 20 seconds until
the powdered components are evenly dispersed and the baby
formula 1s thickened.

Example 5

To provide breast milk or baby formula to an infant with
dysphagia, the thickened breast milk product of Example 3
or baby formula of Example 4 1s administered to an infant
with dysphagia. The thickened breast milk 1s thickened to
have a viscosity of between 100 to 1000 centipoise.

Except as otherwise clearly indicated by context, all
welght percentages expressed herein are on a dry solids
basis.

All references cited herein are hereby incorporated by
reference in their entireties.

Uses of singular terms such as ““a,” “an,” are intended to
cover both the singular and the plural, unless otherwise
indicated herein or clearly contradicted by context. The
terms “‘comprising,” “having,” “including,” and “contain-
ing”” are to be construed as open-ended terms. Any descrip-
tion of certain embodiments as “preferred” embodiments,
and other recitation of embodiments, features, or ranges as
being preferred, or suggestion that such are preferred, 1s not
deemed to be limiting. The invention 1s deemed to encom-
pass embodiments that are presently deemed to be less
preferred and that may be described herein as such. All
methods described herein can be performed 1n any suitable
order unless otherwise indicated herein or otherwise clearly

contradicted by context. The use of any and all examples, or

2 L

22
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exemplary language (e.g., “such as”) provided herein, 1s
intended to illuminate the invention and does not pose a
limitation on the scope of the invention. Any statement
herein as to the nature or benefits of the invention or of the
preferred embodiments 1s not intended to be 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 1s encompassed by the
invention unless otherwise indicated herein or otherwise
clearly contradicted by context. The description herein of
any reference or patent, even 1f 1identified as “prior,” 1s not
intended to constitute a concession that such reference or
patent 1s available as prior art against the present invention.
No unclaimed language should be deemed to limit the
invention 1 scope. Any statements or suggestions herein
that certain features constitute a component of the claimed
invention are not intended to be limiting unless reflected 1n
the appended claims. Neither the marking of the patent
number on any product nor the identification of the patent
number in connection with any service should be deemed a
representation that all embodiments described herein are
incorporated nto such product or service.

What 1s claimed 1s:

[1. A thickened breast milk product comprising:

breast milk;

xanthan gum, said xanthan gum being present 1 an
amount from 1 to 2% by weight and

a chelating agent comprising ascorbic acid from 0.001%
to 0.005% by weight, to increase the bioavailability of
at least one mineral selected from the group consisting
of 1ron, zinc, and calcium relative to the absence of the
chelating agent;

wherein the ratio by dry weight of xanthan gum to
ascorbic acid 1s between about 2000:1.5 to about 1000:

2.5]

[2. The thickened breast milk product of claim 1, wherein
the xanthan 1s present in an amount suflicient to thicken the
breast milk to a wviscosity of between about 100-1000
centipoise.]

[3. The thickened breast milk product of claim 1, wherein
the bioavailability of calcium 1n said thickened breast milk
product 1s at least about 80 percent of the bioavailability of
calcium of unthickened breast milk.]

[4. The thickened breast milk product of claim 1, wherein
the bioavailability of iron in said thickened breast milk
product 1s at least about 80 percent of the bioavailability of
iron of unthickened breast milk.]

[S. The thickened breast milk product of claim 1, wherein
the bioavailability of zinc 1n said thickened breast milk
product 1s at least about 80 percent of the bioavailability of
the zinc of unthickened breast milk.]

[6. The thickened breast milk product of claim 1, wherein
the chelating agent 1s ascorbic acid; wherein the xanthan 1s
present 1n an amount suflicient to thicken the breast milk to
a viscosity of between about 100-1000 centipoise; wherein
the bioavailability of calcium 1n said thickened breast milk
product 1s at least about 80 percent of the bioavailability of
calcium of unthickened breast milk; wherein the bioavail-
ability of 1ron 1n said thickened breast milk product 1s at least
about 80 percent of the bioavailability of iron of unthickened
breast milk; and wherein the bioavailability of zinc in said
thickened breast milk product 1s at least about 80 percent of
the bioavailability of the zinc of unthickened breast milk.}

16
7. A thickened food product made by a method compris-

ing.
mixing a food product and a thickener composition in a
ratio effective to thicken said food product;
d said food product comprising at least one of calcium, zinc,
oV 1Yon;
said thickener composition comprising xanthan gum, said
xanthan gum being present in an amount from I to 2%
by weight, blended with a chelating agent, said chelat-

ing agent comprising ascorbic acid from 0.001% to
0.005% by weight;

wherein the ratio by dry weight of xanthan gum to
ascorbic acid is between about 2000:1.5 to about

1000:2.5;

said thickener added in an amount to provide an amount
of chelating agent effective to increase the bioavail-
ability to a dysphagic consumer of at least one of
calcium, zinc, or ivon relative to the absence of the
chelating agent.

8. The thickened food product of claim 7, wherein the
amount of thickener added thickens the food product to a
viscosity of about 150 centipoise to about 2000 centipoise.

9. The thickened food product of claim 7, whervein the
thickened food product has a viscosity of between about 100
to about 1000 centipoise.

10. The thickened food product of claim 7, wherein the
bioavailability of calcium in said thickened food product is
at least about 80 percent of the bioavailability of calcium in
the food product without the xanthan gum and the chelating
agent.

11. The thickened food product of claim 7, wherein the
bioavailability of iron in said thickened food product is at
least about 80 percent of the bioavailability of ivon in the
35 food product without the xanthan gum and the chelating

agent.

12. The thickened food product of claim 7, wherein the
bioavailability of zinc in said thickened food product is at
least about 80 percent of the bioavailability of zinc in the

40 food product without the xanthan gum and the chelating
agent.

13. The thickened food product of claim 7, wherein the
food product comprises water.

14. The thickened food product of claim 7, wherein the

45 food product comprises vegetable oil.

15. The thickened food product of claim 7, wherein the

food product comprises milk.

16. The thickened food product of claim 7, wherein the

thickener composition further includes a dissolution agent.
17. The thickened food product of claim 7, wherein the
thickening composition comprises 40-60 wt. % xanthan gum
and 40-60% dissolution agent.
18. The thickened food product of claim 17, wherein the
dissolution agent is maltodextrin.
19. A method comprising:
mixing a food product and a thickener composition in a
ratio effective to thicken said food product;
said food product comprising at least one of calcium, zinc,
oV 1Yon;
said thickener composition comprising xanthan gum, said
xanthan gum being present in an amount from 1 to 2%
by weight, blended with a chelating agent, said chelat-
ing agent comprising ascorbic acid from 0.001% to
0.005% by weight;
wherein the ratio by dry weight of xanthan gum to
ascorbic acid is between about 2000:1.5 to about

1000:2.5;
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said thickener added in an amount to provide an amount
of chelating agent effective to increase the bioavail-
ability to a dysphagic consumer of at least one of
calcium, zinc, or irvon relative to the absence of the
chelating agent. 5

20. The method of claim 19, wherein the amount of
thickener added thickens the food product to a viscosity of
about 150 centipoise to about 2000 centipoise.

21. The method of claim 19, wherein the thickened food
product has a viscosity of between about 100 to about 1000 10
centipoise.

22. The method of claim 19, wherein the bioavailability of
calcium in said thickened food product is at least about 50
percent of the bioavailability of calcium in the food product
without the xanthan gum and the chelating agent. 15

23. The method of claim 19, wherein the bioavailability of
iron in said thickened food product is at least about 80
percent of the bioavailability of iron in the food product
without the xanthan gum and the chelating agent.

18
24. The method of claim 19, wherein the bioavailability of

zinc in said thickened food product is at least about 80
percent of the bioavailability of zinc in the food product

without the xanthan gum and the chelating agent.
25. The method of claim 19, wherein the food product

comprises water.

26. The method of claim 19, wherein the food product

comprises vegetable oil.
27. The method of claim 19, wherein the food product

comprises milk.
28. The method of claim 19, wherein the thickener com-

position further includes a dissolution agent.

29. The method of claim 19, wherein the thickening
composition comprises 40-60 wt. % xanthan gum and
40-60% dissolution agent.

30. The method of claim 29, wherein the dissolution agent
is maltodextrin.
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