STABLE NUTRITIONAL POWDER

TECHNICAL HIELD

The present invention is directed to nutritional powders having improved oxidative

stability and sensory performance.

BACKGROUND OF THE INVENTION

Nutritional powders are well known for use in providing various individuals with sole

or supplemental nuirition. These powdsrs are reconstituted with water, or other
agueous liquid, by the ultimate user to form a nuiritional liquid or beverage. Thase
powders most gften contain varying amounts and types of proteins, carbohydratss,
lipids, vitamins, and minerals, all depending largely upon the nutritional needs of the
infended user,

Among nufritional formulas commercially available today, infant formulas have
become well known and commonly used in providing a supplemental or sole source
of nutrition early in life. Although human milk is generally accepted as a superior
nutriional source for infants, many infant nutriional formulas can still provide a
guality alternative for those mothers who cannot breastieed or choose not to under
their parficular circumstances.  These infant formulas typically contain proteins,

carbohydrates, lipids, vitamins, minerals, and other nutrients.

Nutritional powders, including infant formulas, often coniain a variety of ingradients
that tend 1o be more oxidatively sensilive than other ingredients, such as
polyunsaturated fatty acids. These faity acids require additional care during
processing to ensure that the polyunsaturated fatty acids, such as docosahexasnoic
zoid and arachidonic acid, in the finished powder do not excessively degrade by way

of oxidation during prolonged storage periods of up to about 36 months,

A novel nutritional powder having improved oxidative stability and sensoty
parformance would be useful.



SUMMARY OF THE INVENTION

One embodiment of the invention is directed to nutrilional powders, including powder
~infant formulas, comprising carbohydrate; lipid, comprising from about 0.25% to

about 2.5 % lecithin by weight of total fipid; from about 80% to about 89.5% intact

protein by weight of total protsin; and from about 0.5% fo about 10% of at least ons

hydrotyzed protein selecled from the group consisting of hydrolyzed casein protein

and hydrolyzed whey protein, by weight of total protein; wherein the hydrolyzed

protein has a degree of hydrolysis of batween about 23% and about 90%.

One embodiment of the invention is directed to a composition comprising

(a) carbohydrate;

(b) lipid, comprising from about 0.25% to about 2.5% lecithin by weight of total iipid;

{(c) from about 90% to about 99.5% of intact protein by weight of total protein; and

(d) from about 0.5% to about 10% of hydrolyzed whey protein, by weight of total protein;
wherein the hydrolyzed whey protein has a degree of hydrolysis of between about 23%
and about 90%, and wherein the composition is a nutritional powder.

One embodiment of the invention is directed to a composition comprising

(a) carbohydrate;

(b) lipid, comprising from about 0.25% to about 2.5% lecithin by weight of total lipid;

(c) from about 90% to about 89.5% of intact protein by weight of total protein; and

(d) from about 0.5% to about 10% of hydrolyzed whey protein, by weight of total protein;
wherein the hydrolyzed whey protein has a degree of hydrolysis of between about 23%
and about 80%, and wherein the composition is an infant formula nutritional powder.

One embodiment of the invention is directed to a composition comprising

(a) carbohydrate,

(b) lipid, comprising from about 0.25% to about 1.5% lecithin by weight of total lipid;

(¢) from about 95% to about 99.5% of intact protein by weight of total protein; and

(d) from about 0.5% to about 5% of hydrolyzed whey protein, by weight of total protein;
whierein the hydrolyzed whey protein has a degree of hydrolysis of between about 23%
and about 90%, and wherein the composition-is an infant formula nutritional powder.



It has been found, surprisingly, that the nutriional powder embpdiments of the
prasent invention have improved oxidafive stability and improved sensory
performance. It has been found that select levels of hydrolyzed cassgin proisin, whey
protein, or combinations thereof, and lecithin provide a synergistic antioxidant effect,
and can thersfore be formulated into nuldtional powders to raduce oxidation and o

rovige betler sansory performance over prolonged pericds.
g

DETAILED DESCRIPTION OF THE INVERTION

The various nutritional powder embodiments described herein, including powder

infant formulas and other oxidatively sensitive nufritional powders, comprise
carbohydrate, lipid, protein, and select levals of lecithin and at leasi one hydrolyzed
protein selected from hydrolyzed casein protein and hydrolyzed whey protein. These
and other essential or optional slements of the nuiritional powders are described in
detail hereinatter.

The term “#pid” as used herein, unless otherwise specified, means any slement of
the nutriional powdsr formula soluble in an organic soivent, including fats, oils, and

combinations thereof.

The tarm “tctal lipid" as used herein, uniess otherwise specified, refers to the lipid

component of the nuiriional powder embodimenis herain.

The term “total protein” as used hersin, unless otherwise specified, refers to the

protein componant of the nutritional powder embodiments herein.
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The term "infant” as used herein, unless otherwise specified, refers to children not
maore than about one year of age, and includes infants from 0 to about 4 months of
age, infants from about 4 to about 8 months of age, infants from about 8 to about 12
menths of age, low birth weight infants of less than 2,500 grams at birth, and
premature infants born at iess than about 37 weeks gestational age, typically from
about 286 weeks 1o about 34 weeks gestational age. The {erm “child” and "children”
as used herein refers to children not more than 12 years of age, and includes
children from about 12 months {o about 12 years of age. The term “adult” as used
herain refers {o adults about 12 years and older.

The term “nutritional formula” as used herein, uniess otherwise specified, refers 0 a
nutritional  composition designed for infants, toddiers, children, adults, or
combinations thereof, which may contain sufficient protein, carbohydrate, lipid,
vitamins, minerals, and slectrolytes to potentially serve as the sole source of nutrition
when provided in sufficient quantity,. These "nutritional formulas” can also be
formulated to provide, or otherwise be used as, a sscondary or minor nutritional
supplement providing one or more of protein, carbohydrate, lipid, vitamins and

mingrals.

The term "nutrifional powder” as used herein, unless otherwise specified, refers to
flowable or substantislly flowable particulate nutritional formulas, or at least
particulate nutriional formulas that can be easily scooped with a spoon or similar
other device, wherein the compositions may be reconstituted with a suitable fiuid,
typically water, to form & liquid nutritional composition for use in the desired targeied
group, €.g., adults, pediatrics including infants, children, toddlers, diabefics, critical

care patients, or non-humans such as livestock, pets, and wildlife.

The term “infant formula” as used herein, unless otherwise specified, refers © a
nuiritional formula designed for infants, which may coniain sufficlent protein,
carbohydrate, lipid, vitamins, minerals, and electrolytes 10 potentially serve as the
sole source of nutrition when provided in sufficient quantity.



The lerms “polyunsaturated fatty acid” or “PUFA™ as used hersin, unless otherwise
specified, refer 1o any polyunsaturated fatty acid or source thereof, inciuding short
chain (less than about & carbon atoms per chain}, medium chain (from about! 8 to
about 18 carbon atoms per chain); and long chain (having at least about 20 carbon
atoms per chain} fatty acids having two or more carbonicarbon doubie bonds,
including w-3 and w-6 polyunsaturated falty acide,

The term “total formula solids” as used herein, unless otherwise specified, refers to
fhe sum concentrafion or fotal amount of all ingredients in the nuirifional formuia,

less water.,

All percentages, parts and ratios as used harein, are by weight of the f{otal
composition, unless otherwise specified. All such weights as they perain o listed
ingredignts are based on the active level and, tharefore, do not include solvents or
by-products that may be included in commercially available materials, unless
otherwise specifiad.

Numerical ranges as used herein are intended to include every number and subset
of numbers contained within that range, whether specifically disclosed or not,
Further, these numerical ranges shouid be construed as providing support for a
claim directed to any number or subsel of numbers in that range. For example, a
disclosure of from 1 to 10 should be consirued as supporting a range of from 2 10 8,
from 3 o 7, from S ta B, from 1 fo 9, from 3.6 {0 4.8, from 3.5 {0 8.8, and so forth,

Al references to singular characteristics or limitations of the embodiments described
herein shall include the comesponding plural characteristic or limitation, and vice
versa, uniess otherwise specified or Clearly implied to the contrary by the context in

which the reference is made.

i combinations of method or process steps as used herein may be performed in
any order, unless otherwise specified or clearly implied 1o the contrary by the coniext
in which the referenced combination is made.



The embodiments hersin may also be substantially free of any optional or selected
essential ingredient or feature described herein, provided that the remaining formula
stilt contains all of the required ingredients or features as described herein, In this
context, and uniess otherwise specified, the term “substantially free” meanrs that the
selected composition contains fess than a functional amount of the optional or
selected ingredient, typically iess than 0.1% by weight, and also including zero

percent by weight of such optional or selected ihgredieﬂt

The embodiments described herein may comprise, consist of, or consist essentially
of the essential elements and limitations of the inventiion described herein, as well as
any additional or oplional ingredients, componants, or imitations described hersin ar

otherwise usaful in nutrilions! powder formula applications.

Hvdrolyzed Protein

The various embodiments described herein may comprise from about 0.5% to about
10% of at least one hydrolyzed protein selected from the group consisting of
hydrotyzed casein protein and hydrolyzed whey protein, by weight of total protein,
including from about 0.8% to abaout 5%, and also including from about 0.8% to abowut

3% by weight of total protein.

The terms "hydrolysate” or "hydrolyzad protein” are used interchangeably hersin and
unless otherwise specified, refer to protein that has been hvdrolyzed or broken down
into shorter peptlide fragments and/or amino acids. in the broadest sense, a protein
hias been hydrolyzed when one or more pepiide bonds have been broken, Breaking
of peptide bonds may occur unintentionally or incidentally during manufaciure, for
example, incidentally due to heating or shear. For purposes of the nutritional powder
embodiments herein, the terms “hydrolysate” or "hydrolyzed protein” mean a protein
that hes been processed or freated in & manner intended 1o break peptide bonds.
intentional hydrolysis may be carried out, for example, by trealing an intact protein
with enzymes, acids, bases, or combinations thereof, The hydrolyzed proteins for

use harein are typically preparad by enzyme hydrolysis.



The hydrolyzed proteins for use herein are substantially free of intact protein. [n this
context, the hydrolyzed proteins herain contain less than 1.0% by weight of intact
protein, including less than 0.5%, and also including zero percent by weight of intact
profein.  As such, a single protein ingredientfcommodity is not a source of both
intact protein and hydrotyzed protein; rather, s single protein ingredient/commodity is
gither a hydrolyzed protein or an intact profein,

The hydrolyzed casein proteins, hydrolyzed whey proteins, or combinations thereof,
for use herein have a degree of hydrolysis of from about 23% to about 90%,
including from about 27% fo about 80%, and also including from about 45% 1o about
80%. Degree of hydrotysis ts the extent 1o which peplide bonds are broken by an

intentional hydrolysis method.

For the purposes of this invention, the degree of hydrolysis of a protein source is
determined by the Tri-nifrobenzenesuiphonic acid (TNBS} procedurs. The TNBS
procedure is an accurate and reproducible procedure for dstermining the degree of
hydrolysis of a food protein source. The protein hydrolysate is dissolved/dispersed
in hot 1% sodium dodecy! suiphate to a concentration of 0.25-2.5x10% amino
equivalenis/liter, A sample solution (0.25 milliiters) is mixed with 2 milliliters of
0.2125 M sodium phosphate buffer (pH 8.2} and 2 millifiters of 0.1%
trinfirobenzenesulphonic acid, followed by incubation in the dark for 80 minutes at
5(°C. The reaction is quenched by adding 4 milliliters of 0.100 N HCL  The
absorbance is then read at 340 nanometers. A 1.5 mM L-sucine solution is used as
he standard. Transtormation of the measurad leucing amino equivalents 1o a degres
of hydrolysis is carried out by way of a siandard curve for sach particular protein
substrate (Jens Adler-Nissen, J. Agr. Food Chamn. vol. 27, no. 8, 1978},

For purposes of this invention, degree of protein hydrolysis is not the same as the
amino nitrogen to total nitrogen ratio {AN/TN} of  protein source, in which the amino
nitrogen {AN) component is quantified by USP titralion methods for determining
amino nitrogen content, while the total nitrogen (TN} component is determined by the
Tecator Kjeldahl method. When a peptide bond in a protein is broken by enzymatic
hydrolysis, one amino group Is releasad for each pepiide bond broken, causing an
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increase in the amino nitrogen. Using the AN/TN method, even non-hydrolyzed
protein would contain some exposed amino groups, and thus have an AN/TN ratio of
greater than zero.

Casein protein is derived from milk. Casein protein is the main protein in bovine
milk, making up approximately 80% of the protein in bovine milk. Casein protein is &
highly nutritious protein that contains 21 amino acids,  Non-limiting examples of
hydrolyzed casein protein for use herein include hydrolyzed acid casein, hydrolyzed
calcium caseinate, hydrolyzed magnesium caseinate, hydrotyzed sodium caseinates,
any other salt forms thereof, and combinations therecf. The embodiments described
hersin typically comprise hydrolyzed calclum caseinate and/or hydrolyzed sodium
caseinate.

Whay prolein is derived from whay, which may be 2 by-product of cheese
manufactured from bovine milk. Whey protein is the other primary protein in bovine
milk, making up approximately 20% of the protein in bovine milk.  Non-limiting
examples of hydrolyzed whey protein for use herein include hydrolyzed acid whey
protein isolate, hydrolyzed acid whey protein concentrate, hydrolyzed whey protein
concenirate, hydrolyzed whey protein isolate, and combinations therzofl. The

embodiments described herein typically comprise hydrolyzed whey protein isolate.

Hydrolyzed casein prolein and/or hydrolyzed whey protein suitable for use herein
may be obtained from any known or otherwise suitable nutrition source. Non-limifing
examples include hydrolyzed casein protein and hydrolyzed whey protein from DMV
international, Delhi, New York, USA; and hydrolyzed casein protein and nydrotyzed

whey protein from Arla Food ingradients, Skanderborgvej, Denmark.

intact Protein
The various embodiments described herein may comprise from about 80% o about
89.5% intact protein by weight of total protein, including from about 85% to about
88.5%. and also including from about 87% 1o about 89.2% by weight of total protein.



The term "intact protein” as used herein, uniess otherwise specified, refers {o protein
that has not been intentionally processed or treated in @ manner intended to break
peplide bonds. Intact proteins are non-hydrolyzed proteins that heve not been
subject to intentional hydrolysis, and so have an unaltered primary structure fie. a
complete amino acid sequence). Intact proteins have a degres of hydrolysis of zero.
As such, the intact proteins for use herein are substantially free of hydrolyzed
protein. In this context, the intact proteins for use herein contain less than 1.0% by
weight of hydrolyzed protein, including less than 0.5%, and aiso including zero

percent by weight of hydrolyzed protein.

intact proteins suitable for use herein may be obtained from any known or otherwise
suitable nutrition source. Non-iimiting examples of suitable intact proteins include
soy based, milk based, casain protein, whey protein, rice protein, beef collagen, pea

protein, potato protein, and combirations thereof.

The embodiments herein may further comprise free amino acids, Howsver, the
nutritional powder emboediments herein typically comprise iess than 10% free amino
acids by weighl of iolal protein, including from about 0.2% o aboul 7%, aiso
including from about 0.2% ic about 5%, and also including from about §.2% to about
2% by weight of total protein.  The free amino acids may be addad, inhersnt in the
hydrolyzed protein, or combinations thereof For the purpeses of this invention,
added free amino acids that are not inherant in a hydrolyzed protein have a degree
of hydrolysis of 100%. Non-limiting examples of suitable protein free amino acids
include fryptogphan, glutamine, iyresine, methionine, cysieine, arginine, and
combinations thereof. Non-limiting examples of non-protein amino acids suitable for
use herein include camnitine and taurine. In some cases, the D-forms of the amino
acids are considered as nutritionally equivalent to the L-forms, and isamer miktures

may be used to lower cosis,

Lecithin
The various embodiments described herein may comprise from about 0.25% to
about 2.5 % lecithin by welght of total lipid, ncluding from about 0.25% to about
1.5%, and aiso including from about 0.3% to about 0.8% by weight of total lipid.
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Lecithins are predominantly a mixture of giycerol phospholipids (s.g.,
phosphatidyicholine, phosphatidylethanclamine and phosphatidyiinositol),
Phesphotidlyicholine is typically the major gyicersl phospholipid component.
Lecithins may aisc coniain other compounds such as free fatty acids,
monoglycerides, diglycerdes, iriglycerides, glycolipids, and other liptd/fatty acid
containing compounds. Lecithins are sometimes classifed as glycerol phospholipids
or phosphotides. This cless of compounds has ampliphilic properties and thus
emulsifying functionality.

Lecithins are typically added {o liquid food products (including nutritional liquids), as
emulsifiers, sc that the liquid products remain homogeneous and do not separate.
Lecithins are approved by the United States Food and Drug Administration for
human consumption with the status "Generally Recognized As Safe,” Non-limiting
exampies of lecithins suitable for use herein include egg lecithin, wheat lecithin, corn
tecithin, soy lecithin, modified iecithin, and combinations thereof. The ambodiments

described herein typically comprise soy lecithin,

Lecithins suitable for use herein may be obtained from any known or otherwise
suitable nutrition source. Non-fimiting examples include soy lecithin from ADM
Specialty Food Ingradients, Dacatur, lflinois, USA; soy lecithin from Solas, LLC, St
Louis, Missouri, USA; and soy lecithin from American Lecithin Company, Oxford,
Connecticut, USA.

Nutrients
The nutritional powder embodiments described herein may comprise sufficient types
and amounts of nuirients to mest the targeted dietary needs of the intended user.
These powder formulas comprise protein, carbohydrate, and a lipid, as described
herein. The formulas may further comprise vitamins, minerals, or other ingredients

suitable for use in powder nutriional formutas.

The amount of carbohydrate, protein, and lipid in the embodiments herein may vary
considerably depending upon the dietary needs of the intandad user as well a5 many

G
o



other well-known variables. These ingredients, howsver, are maost typically
formutated into nutritional powders described herein within the ranges described in
ihe foliowing fabie.

Nutrient™ First Second Third
ambodimant ambodimant aembodiment
Carbobydrate 20-85 30-60 35.55
. % total calories e
- Lipid
P 4 5.70 ‘s 20-60 25.50
Y% total calories
Protein : 275 5.50 7-40
% iotat calories :

* sach numerical value is preceded by the term "about”

Different sources and iypes of carbohydrates, lipids, proleins {described
herainbafore), minerals, and vitamins are known and may be used in the
embodiments herein, provided that such nutrients are compatible with the added
ingredients in the selected formula, are safe for their intended use, and do not

otherwise unduly impair product performance.

Carbohydrates suitable for use herein may be simple or complex, lactose-containing
or lactose-free, or combinations thereof, non-limiting examples include hydrolyzed,
intact, naturally andfor chemically modified starch, maltodextrin, glucose polymers,
SUCrose, COIm Syrup, corm syrup solids, rice or potato derived carbohydrate, glucese,
fructose, lactose, high fruclose corn syrup, indigestible oligosaccharides such as
fructooligesaccharides (FOS), and combinations thereof.

Non-limiting examples of lipids suitable for use herein include coconut oif, soy off,
com olf, ofive oil, safflower oll, high oleic safflower cil, MCT oll {medium chain
friglycerides), sunflowar ofl, high oleic sunflower off, palm and palm kemszl oils, palm

olein, canola oll, marine olls, colionsesad vils, and combinations thereof,

The fipids for use hersin may comprise long chain polyunsaturated fatly acids, non-

imiting examples of which include decosahexasnoic acid, eicosapentaenoic acid,

arachidonic acid, or combinations thereof. These materials are known 10 provide
10



beneficial effects in infants, such as enhanced brain and vision development. Non-
fimiting sources of arachidonic acid, eicosapeniaenoic acid, and docosahexaenoic
acid include marine oil, egg derived oils, fungal oil, aigal oil, and combinations

theraof,

The embodiments herein may comprise any of a variety of vitemins, non-timiting
examples of which include vitamin A, vilamin D, vitamin E, vilamin K, thiamine,
riboflavin, pyridoxine, vitamin B12, niacin, folic acid, pantothenic acid, biotin, vitamin

C, inosiiol, choling, salts and derivaiives thereof, and combinsations theraof,

The embodiments herein may comprise any of a variety of minerals, non-imiting
examples of which include calcium, phosphorus, magnesium, iron. zinc, manganese,
copper, lodine, sodium, polessium, molybdenum, chioride, selenium, chromium,

chioride, salts and derivatives thereol, and combinations thereof.

Optional Ingredients

The embodimentis described herein may further comprise other optional ingredients
that may modify the physical, chemical, aesthetic, or processing characteristics of
the compositions or serve as addilional nutriional components when used in the
targeted population. Many such oplional ingredients are known or otherwise suitable
for use in nutritional powders, including powder infant formulas, and may also be
used in the nufritional powder emboediments herein, provided that such optional
materials are compatible with the essential malerials described herein, arg safe and
effective for their intended use, and do not otherwise unduly impair product

performance.

Non-limiting examples of such oplional ingredients include preservatives, additional
anti-oxidants, emuisifying agents, buffers, colorants, flavors, vilaming, minerals,
nucleotides and nucieosides, probiolics, prebiotics, lactoferrin and  related

derivatives, thickening aganis and stabilizers, and so forth,



infant Formula Embodiments
The nutritional powder embodiments herein may comprise nutrients in accordance
with the relevant guidelines for the targeted consumer or user population, an

exampie of which would be the Infant Formula Act, 21 U.8.C. Section 350(a).

The infant formulas may include those embodiments comprising the carbohydrate,

ligid, and protein concentrations described in the following table.

infant Formula Macro Nutrignts *

g/L
Hutrient Embodiment | g/ 1060 keal {reconstituted, as

fed)
2" embodiment 8-13 §1-88

Lipid 1% embodiment 3-8 20-54
2™ embodiment | 4-6.6 27-45

Brotein 1% embodiment 1-6 7-41
2™ ambodiment 1.5-3.4 10-24

*all numerical values preceded by the term “about”

The nutritional powders herein include those embodiments that comprise per 100
keal of formula one or more of the following: vitamin A {from about 250 to about
1250 U, vitamin D {from about 40 fo about 150 IU), vitamin K {at least about 4
meg), vitamin £ (at least about 0.3 U}, vitamin C (at least about 8 mg), thiamine (at
teast about 8 meg), vitamin 812 {at least about 0.15 meg), niacin {at least sbout 250
mcg), folic acid {at least about 4 mcy), paniothenic acid (at least about 300 mog),
biotin (at least about 1.5 meg), choline (at least about 7 mg), and inositol (at least

about 4 mg).

The nutritional powders hareln include those embodiments that comprise per 100
kcal of formula one or mora of the following: calcium {(at lzast aboul 50 mg),
phosphorus (at least abeut 25 mg), magnesium (at lzast about 6 mg), iron (at least
about 0.15 mg}, iodine (at least about 5 meg), zinc (at least about 0.5 mg), copper (at

least about 60 mog), manganese (af least about 5 meg), sodium (from about 20 to



about 80 mg), potassium (from about 80 to about 200 mg}, and chioride (from about
55 to about 150 mg).

Product Form
The embodiments herein are typically in the form of flowabis or substantially fiowable
particulate compositions, ot at least particulate compesitions that may be easily
scooped and measured with a spoon or similar other dévice. wherein  the
compoesitions may be reconstifuted by the intended user with a suitable agueous
fiuid, typically water, to form a liguid nuritional compesition for immediate orat or
enferal use by fthe intended user. In this context, “immediate” use means within
about 48 hours, including within aboul 24 hours, and also including right after,
reconstitution. The embodiments include spray dried, sgglomerated, dry mixed or
other known or otherwise effeciive parficulate form. The quantity of nutritional

powdar required to produce a volume suitable for one serving meay vary.

The embodiments hersin may be packaged and sesaled in single or multi-use
containers, and then stored under ambient conditions for up to about 368 months,
including from about 12 fo about Z4 months, For muiti-use containers, thess
packages may be opened and then covered for repeated use by the ultimate user,
provided that the covered package i3 then stored under ambient conditions (e.q.,

avoid exireme tempearatures) and the contents used within about one month or so.

Method of Manufacture

The nutritional powder embodiments may be prepared by any known or otherwise
effective iechnique suitable for making and {formulating nutritional powders,
variafions of which may depend upon veariables such as the selected ingredient
combination, packaging and container selection, and so forth, Such fechnigues and
varialions are described in the nutritional art or are otherwise well known o those
skilied in the nuiritional art.

The nuiritional powder embaodiments, including the sxemplified formulas described
hersinafter, may therefore bz prepared by any of a variety of known or otherwise
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effective formulation or manufacturing methods. These methods typically involve the
initial formation of an agueous slurry containing carbohydrates, proteins, lipids,
stabilizers or other formulation aids, vitamins, minerals, or combinations thereof.
The slurry s emulsified, pesteurized, homogenized, and cooled. Various other
solutions, mixiures, or other materials may be added fo the resulting emulsion
before, during, or after further processing. The resulting mixture is then heated and
dried into powder form, which may be accomplished by spray drying or other heat-
treating methods of forming solid particulates in a powder matrix. Other essential or
optional materials may also be added to the formulation by dry blending,
agglomerating, or otherwise combining the added material io the forming or just
formed solid particuiates.

Cther suitable methods for making nutritional formulas are described, for example, in
U.5. Patent 6,365,218 (Borschel, et al.), U.S Patent 6,588,576 {Borschel, et al.), and
(.8, Patent 6,306,808 {Carlson, et al.}, which descriptions are incorporated herein
by refarence.

EXAMPLES
The following examples further describe and demonsirate specific embodimeants
within the scope of the present invention. The examples are given solely for the
purpose of ilustration and are not 1o be construed as limitations of the present
invention, as many variations thereof are possible without departing from the spirit
and scope of the invention, All exemplified amounts are weight percentages based

upon the fotal weight of the composition, unless otherwise specified.

Each of the exemplified formulas is fed to humans to provide daily nulbrifion. Each
composition contains hydrolyzed casein protein, hydrolyzed whey protein, and
combinations thereof, and lecithin, as described herein, wherein sach composition

has improved oxidative stability and improved sensory performance,
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Exampies 1-4

These examples ilustrate infart nutriional powder embodiments of the present

invention, including a method of using and making the formula. ingredients for each

batch are listed in the fellowing table.

i Example 1 | Example 2 Example 3 Example 4
_ : . Quantity per | Quantity per | Quantity per ° Quaniity per
ingredients 45358kg | 45359kg | 45358kg | 45358 kg
(100,000 {100,000 (100,000 {100,000
lbs) Ibs) ibs) lbs)
Lactose (g} 20461 20015 19887 12887
Non Fat Dry Milk (kg) 84925 8230 9414 9048
‘High Oleic Saffiower 5285 5295 5303 5258
10il (kg)
Soy Off {kg} 4023 4023 4029 3883
Coconut Ol (kg) 3705 3705 3711 3678
Whey Protein 2387 2333 2188 2220
Concentrate (kg)
Potassium Cirate (Kg) 413 418 422 421
Casain Hydrolysate 286 0 G 118
Di 23 (kg)
Casein Hydrolysale 8 56,2 0 0
DM 80 {kg)
Whay Hydrolysate 0 0 8 144
IDH 45 (kg)
Whey Hydrolysate 0 ¢ 144 O
DM 27 (kg)
Calcium Carbonate 183 184 185 185
(kg)
ARASCC Mortierella 134 134 134 134
talping Ol (kg)
Soy Lecithin (kg) 115 | 115 57.5 258
Nucleotide-Choline 107 } 107 107 167
Premix (kg} ;
Potassium Chioride 5¢.8 58.4 55.1 55.9
(kg)
Ascorbic Acid (kg) 57.8 57.8 57.8 57.8
Vit/Min/Premix (kg) 50.6 50.6 50.6 50.6
DHASCO 50.5 50.5 50.5 50.5
Crypthecodinium
cohnii Ol (kg)
Magnesium Chioride 46.8 471 47.5 47 .4
{kg) '
Citric Acid (kg) 26.1 ‘ 26.1 26.1 261 ]
‘Sodium Chioride (ko) 247 268.0 287 281 :
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‘Ferrous Sulfate (kg) 20.8 20.6 20.8 20.6
Choling Chloride {kg) 19.6 18.6 1.8 16.8
Vitamin A.DE K (kg) 17.7 17.7 17.7 17.6
Ascorbyl Palmitate 5.04 .04 5.05 5.00
tkg)

iixed Tocopherols 4.88 4.88 4.88 4.85
{70%} (kg}

L-Carnitine {kg) 1.19 1.18 1.19 1.18
‘Ribofiavin {g) 144 144 144 144

The axemplified formula may be prepared by making at least two separate slurries
that are later blended together, heat ireated, standardized, heat trested a sscond

time, evaporated to remove water, and then spray dried.

initially, a carbohydrate-mineral siurry is prepared by dissolving the carbohydrate
(i.e., lactose) in waler at about 80 - 71°C, foflowed by the addition of magnesium
chioride, potassium chloride, potessium citrate, choline chioride, and sodium
chioride. The resulting slurry is held under moderate agitation at about 49 - 50°C
untit it is later blended with the other prepared slurries.

A protein-in-oil siurry is prepared by combining high oleic sunflower oll, soybean oil,
and coconut oft at about 48 - 80°C, followed by the addition of ascorby! paimitats,
mixed tocopherols, soy lecithin, oil soluble vitamin premix, whey protein concentrate,
casein hydrolysate and/or whey hydrolysate, and calcium carbonate. The resulting
oft slurry is held under moderate agitation at about 38 - 48°C until i is later blended
with the other prepared slurries.

Water, the carbohydrate-mineral siurry and the protein-in-oil slurry, are combined
under adequate agitation. The pH of the resuliing blend is adjusted with polassium
nydroxide. This biend Is held under moderate agitation at about 46-80°C. The ARA
and DHA oil is added following the pi{ adjustment and prior to processing.

The resuliing blend is heatsd to about 71-77°C, emulsified through a single stage
homogenizer to & maximum of about 300 psig, and then heated to about 82-88°C,
for about 5 seconds. The heated blend is passed through a flash cooler {o reduce

the temperature io about 77-82°C and then passed through & plate cocler o further
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reduce the temperature to aboul 71-77°C. The cooled blend is then homogenized at
about 2400-2600/400-600 psig, held at about 74-85°C for about 16 seconds and
then cooled to 2-7°C. Sampies are taken for microbiological and analytical testing.
The mixiure is hald under agitation at about 2-7°C.

A water-soluble vitamin (WSV} solution and an ascorbic acid soiution are prepared
separately and added to the processed biend»ed slurry. The vitamin solulion is
prepared by adding the following ingredients to water with agitation: potassium
citrate, ferrous sulfate, WSV premix, L-carnitine, riboflavin, and nucleotide-choling
premix. The ascorbic acid solution is prepared by adding potassium hydroxide and
ascorbic acid to a sufficient amount of water to dissolve the ingredients. The

ascorbic acid sclution pH is then adiusted to about 5-8 with potassium hydroxide.

The blend pH may be adjusted to 2 pH range of about 8.65 — 8.85 with polassium
hydroxide to achieve optimal product stabflity. The standardized blend then recsives
a second heat treatment. The biend is heated to about 86 — 82°C, and then further
heated to about 118 — 124°C for about 5 seconds. The heated biend is then passed
through a flash cooler to reduce the temperature to about 71 ~ 82°C. Foliowing heat
freatment, the blend is evaporaied down fo a density of about 115 - 1.17

grams/milfifiter.

The evaporated blend is passed through & spray drier, targeting a moisturs lavet of
about 2.5% in the finished powder. The finished powder then undergoes
agglomeration with water as the binder solufion. The completed product is then

packaged info suitable containers.

STUDY 1
A study is conducted to evaluate the antioxidant capability of oil blends comprising
lecithin, hydrolyzed casein protein, and combinations thereof. The batch variabies
are described below in the Study 1 resulis table.
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Oxidative Stability index (OS]}

The oxidative stability index (OSl) is a method for determining the ability of an oil io
resist oxidation, Oil samples are exposed 1o heat and a constant flow of air, As the
ability of the oil to resist oxidalion is overcome, a rapid increase in the production of
oxidation products {volatile organic acids) occurs. The organic acids are digsolved in
a collection tube containing deionized water. The organic acids increase the
conductivity of the water, as measured by an electrode. A plot is gensraied and an
08! value calculated for sach sampie, which correiates with the amount of time, in

fours, the sample resisted excessive oxidation.

Five-gram oil samples are analyzed using an OS! instrument (Omnion Inc.,
Rockiand, Mass., U.S.A.) at approximately 130° C with an airflow correspanding to
4.5 psi (40 Kpa). Each sample contains a base oil blend comprising, by weight of
the base oil blend, approximately 40% high oleic safflower ofl, 30% soy oil, 28%
coconiut oil, 0.37% mixed tocopherols, §.026% ascorby! paimitate, 0.13% oil sotuble
vitamin premix, 0.38% DHA ofl, and 1.0% ARA oil. Hydrolyzed casein protein,
lecithin, and combinations theraof, are added {0 the base ol blend. Oil samples are
agitated thoroughly 1o ensure 2 homogenaous sample prior o analysis. Samples
are tested in duplicate. The entire study is repeated on z separate day', so that Day

1 and Day Z results are generated, which are summarized in the following table.
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é | “Hydrolyzed Osi osl Average | Expected
i Sample | Day - Lecithin | Casein Protein | Result Resull 2 081 “* O8]
{ i {DH 573 1 Results Result
iA 1 - ; - . 1.55 3.85 Z2.80 -
LB 1.0% 0.99% i 18.70 12.25 14,48 7.4
i C 0.4% 0.99% © 1180 8.65 10.73 6.4
| D L1 1.0% 0.45% - 10.40 10.4 8.5
LB L 04% . 049% i 6.85 - 5.85 55
CF 11 - 0.99% i 4.0 3.95 403 -
PG b1 1.0% - 315 3.80 3.38 -
bOH 1 - 0.49% 3.10 5 L 343 -
! | 1 0.4% - 2.45 230 1 238 -
A 2 - - 2.30 235 1 233 -
B 2 1.C% 0.88% 23.80 18.00 - 208 10.8
C 2 0.4% 0.89% 2045 2115 . 208 8.7
9] 2 1.0% 0.48% 15.60 1050 1 1305 8.9
= 2 04% C.49% 10.85 13.10 1188 : 78
F 2 1.0% - | 550 6.20 5.85 - |
G 2 - 0.99% 470 5.15 4.83 - !
H 2 - 049% .« 355 4.55 4.05 - ;
| 2 0.4% - i 370 3.85 3.78 - ;

% represents the amount of ingredient as a peccent by weight of the 1otal 08! sample.

The percentage, by weight, of protein in the total OS1 sample is calcuiated to assimitate adding
either 1% or 2% of hydrolyzed protein by weight of total protein in 2 nutritionz! powder 1o the off biend
of the nufriional powdar.
= “Expecied OS! Resull” represents the summation of the "Average OS! Resuits” for sach of the
individual components {l.e., lecithin and hydrolyzed casein protein) in the oil blend sample. For
example, the Expected OS! Resulf for the Day 1 of blend sample (Sample B) comprising 1.0% iecithin
and 0.89% hydrolyzed casein protein is 7.4, which is the sum of the Average CB! Result for: 1) the
Day 1 ofl blend sample (Sample G} comprising 1.0% tecithin {3.38) and 2) the Day 1 oil blend sampie
{Sampie F) comprising 0.99% hydrolyzed casein protein {4.03),

As shown in the above data table, lecithin and hydrolyzed casein protein exhibit a
synargistic antioxidant effect under the asbove-described conditions, Surprisingly,
samples comprising lecithin in combination with hydrolyzed casein protein (Samples
B, C. D, and EY are more effective in protecting against oxigation than expected, as
the combination of lecithin and hydrotyzed casein protein provides greater protection
against oxidation than the sum of the amount of protection provided, individually, by
lecithin and hydrolyzed casein protein. For example, the Day 2 expecied result for
the oif blend comprising 0.40% lecithin and 0.89% hydrolyzed casein protain
(Sample C) is 8.7, however, the actual average OS! result is 20.8. Surprisingly, the
actuzl average OS| result is more than double that of the expected result, which is
the sum of the oil blend comprising 0.40% lecithin (Sample 1} and the oil blend

comprising 0.88% hydrolyzed casein protein (Sample G).
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STUBY 2
A study s conducted to evaluate the antioxidant capability of powdered nutritional
formulations comprising lscithin, hydrolyzed cassin protein, hydrolyzed whey protein,
and combinations thereof.

Formulations are evaluated for oxidative stability in accordance with the methods
described below. These include peroxide value {PV), sensory svaluation, oxidative
stability Index by NMR (OSI-NMR), and volatile organic compound (VOC) evatuation,

The nutritional powder formulas in the study are similar {0 commercially available
SIMILAC® Advance Powder (Abbott Nutrition, a division of Abbott Laboratories,
Columbus, Ohio. USA} except that the sample powders are modified to include
hydrolyzed casein protein, hydrolyzed whey protein, lecithin, and combinations
thergof according to the following table.

Hydrolyzed | Hydrolyzed
. Lecithin Cassin Protein | Whey Protein
Sample Run Number (DH 38) (DH 28)
% by wt. oftotal | % by wt. of fotal | % by wi. of tofaf

lipid protain protein
A 4 0.4 0 : g
B 2 1.2 4 0
C 3 1.2 g 4
D 3 0.4 O 0

The base formula used to prepare each test sample contains approximately (per 100
keal): 2.07 grams protein (non fat dry milk, whey protein concentrate), 5.4 grams fat
(high-oleic safflower, soy, coconut oils, arachidonic acid, docosahexaenocic acid),
10.8 grams carbohydrate {lactose), minerals {calcium 78 mg, phosphorus 42 mg,
magnesium 8 myg, sodium 24 mg, potassivm 105 mg, chioride 65 mg, iron 1.8 mg,
zinc (.75 mg, copper §.09 mgq, iodine 0.006 mg, manganese 5 g, selenium 1.8 ug),
and vitamins {vitamin A 300 1U, vitamin D 60 iU, vitamin E 1.5 1U, vitamin K, 8 pg,
vitamin C 8 mg, thiamine 0.100 my, riboflavin 0,150 mg, pyridoxine 0.080 mg, niacin
1050 mg, vitamnin By 0.25 pg, folic acid 15 pg, pantcthenic acid 0.450 mg, bictn 4.4
ug, choling 16 myg, inositel 4.7 mg},
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Preparation

Each nutritional powder study formula is batched, processed, and spray dried in a
pilot plant facility. To prepare the study formuias, a bese oil blend is prepared by
combining high oleic sunflower ofl, soybsan oll, and coconut ol at about 49 - 80°C,
foltowsd by the addition of oll soluble vitamins, ascorbyl palmitate (374 ppm) and
mixed tocopherols {375 ppm). The base oil blend is split intc portions, and select
levels of lecithin are added to each portion {o make up distinct variabies. The ol
blend is added, under agitation at a temperature of about 48-60°C, to a slurry
containing water, lactose, non-fat dry mik, and intact whey protein concentrate under
agitation. Based on the study formuia, hydrolyzed casein protein, hydrolyzed whey
protein, and combinations thereof, are added to the resulting slurry, The resulting
biend is high temperature shont ime (HTST) processed and homogenized at about
33% solids. The blends are standardized with vitamins and minerals, and
svaporated o about 52% sclids. The resulting product is then ultra high temperaiure
(UHT) processed before feeding to the spray dryer. The powdars are dried {o &
moisture content of about 2-3% by weight of the powder.

The spray-dried powders are packaged in cans with about 2 0.5 inch {1.27
centimeter) headspace, with fili weights ranging from about 350 to about 380 grams.
Lids are sealed onto the cans under normal atmospheric conditions, without
modification to the headspace.

One week following manufacture, closed cans of the formulated samples are placed
in elevated temperature storage, at about 37°C and about 43°C. Following 2 weeks
of incubation, the cans are opened and samples are pulled for testing. Betwesn
sampling, the cans are sealed with plastic commercial can overcaps and returned to
slevated temperature storage. Following 5 weeks of elevated temperature siorage,

samples are pulled for testing.

Peroxide Value

Peroxides ars primary products of lipid oxidation, and the measurement of their
formation may be used to essess ithe abillty of & nuiritional powder io resist
oxidation. The peroxide value method is based on the Intemational Dairy
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Foundation {IDF) method for the determination of peroxide value (IDF Standard
74M/:1891, International Dairy Foundation, June 1881), which measures peroxide
tavels by utilizing the oxidation of Fe I{ o Fe il by lipid/fatty acid hydroperoxides. Fe
Hi complaxes with reagent thiccyanate to form a red colored complex that is
measured spectrophotometrically at 500 nanometers. The conceniration of Fe i is

then determinad using a series of Fe Ifl standard solutions and linear regression.

Each nutritional powder formula is evaluated following 5 weeks of slevated
temperature storage. The formulas are first reconstituted in water. The lipid system
of the reconstituted product is extracted, after the addition of methanol, by isooctane
and then water for phase separation. Afler centrifugation, a2 cuantiiative aliguot of
the clear isooctane extract is dried and then mixed with & 70% chioroform/30% by
volume methano! solvent mixture, ammonium thiocyanate, and ferrous chioride
under acidic conditions. The exiracted tlipid is than analvzed via the aforementioned

IDF test method, the results of which are summarized in the following table.

N ¢ - i
Run Hvdrolyzed @ Hydrolyzed Peroxide \/zgi%e (m&q /kg !
Nurober | Lecithin | Casein Protein ;  Whey Protein |
. ; (DH39)  © (DH28) !
ample ;,
: Number . %fby*wz‘. i % by wi. of | % by wi. of tofal : ALt
|’ o}i;?;ai . total protein | protein . 37%C 43°C
T/A 0.4 { 0 i 147 17.3
218 1.2 4 0 4.83 16.5
i 3iC 1.2 ! ¢ 4 282 1.1
i 3/D 0.4 0 0 111 25

As shown in above date table, the nutritional powders comprising lecithin and
hydrolyzed casein protein {Sample B) or lecithin and hydrolyzed whey protein
(Sample C} are much more effective in resisting peroxide formation and thus
oxidation than the nuiritional powders comprising lecithin and no hydrolyzed proteins
{Samples A and B} under the sludy conditions. The nulritiona!l powder comprising
lecithin and hydrolyzed whey protein (Sample C) was most effective in resisting
peroxide formation.
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Sensory Evaiuation

The sensory evaluation method provides an evaluation of oxidative stability by
sensory detection of off-flavors and odors from compounds generated during the
oxidation of oits. The sensory evaluation also provides an evaluation of the overall
sensary performance of nutritional powders., Each nutritional powder formula is
evaluated following 2 and 5 weeks of elevated temperature storage by a trained
sensoty panel. The nutritional powders are evaluated and then assigned a rating in

ascordance with the S-point scale described in the foliowing two tables,

|Rating | Oxidation | Sensory Oxidation Evaluation Ratings

0 { None No oxidized flavor notes detected
1 ' Very Product has tnreshold to very slight intensity of
' slight oxidized flavor notes i
2 | Shight Product has slight oxidized flavor notes ;
3 : Moderate | Product has moderate to above intensity of oxidized
flavor notes, but no ‘painty” notes detected :
4 i Mugh Product has threshold or above intensity of “painty”
{rancid) notes; may also have oxidized fiavor riotes at any
intensity
5 | Extreme | Product has & moderate or above intensity of "painty”
{rancid) notes; may also have oxidized flavor notes at any
' intensity.
| Rating Sensory Fishiness Evaluation Ratings
‘0 ¢ Ng fishy
i : Very slight fishy (no degraded)
12 * Slight fishy (no degraded)
3 : Moderate or above intense slight fishy (no degraded)
‘4 | Very slight to slight degraded fish
‘5 ! Moderate or above slight degradad fish

The verbal descriptors assigned o each sensory evaluation have not been directly

correlated to lipid oxidation, but are closely related {0 consumer acoeptance.

The sensory resulfs are summarized in the following table.
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ydrolyze yarolyzed Sensory Oxidation Off-Favor
Fn Hydrolyzed Hydrolyz S ry Oxid Off-F

‘N ub .t Lecithin | Casein Protein | Whey Pratein Rating

; umoerd (DH 35) DH 28)

| Sample by wi 2 weeks 5 weeks

! Number G’z’fofaih % by wt. of | % by wt of tofal = —

ioid {ota protein profein 37°C {43°C | 37°C | 43°C

TiA 04 5 0 6 176 "0 3

2/8B 1.2 , 4 G 0 0 0 4

3G 12 i : 4 0 ) ) 5 ]

3/D 04 | 0 : 0 0 4 0 5

Hydrolyzed Hydrolyzed o Ciehi .

Run | Lecithin | Casein Protein | Whey Protein | Sonoory Fishiness Rating |
Number/ (DH 398) (DH 28) 5
§§$§§ o/; rﬁ;y ;’“’;"' % by wi. of | % by wi. of fotaf 2 we;eks S Woeks

‘ii;; da total protein protein 37°C } 43°C | 37°C | 43°C

1/A 0.4 0 0 i) 4 4 5

2B T2 4 0 o 7ol 010
3/C 1.2 0 4 0 {0 G ]
3D 0.4 | 0 0 © 2 2 i

As shown in the above data tables, the nutritional powders comprising lecithin and
no hydrolyzed proteins (Samples A and D) displayed fishy notes and accelerated
oxidation off-flavor development over the Tive-wsek iest period. In contrast, the
nutritional powders comprising lecithin and hydrolyzed cassin protein [Sample B} or
tectthin and hydrolyzed whey profein (Sample C) dispiayed no fishy notes or
oxidation off-flavors at an elevated temperature of 37°C, no fishy notes at 43°C, and
delayad oxidation off-flavars at 43°C.

The sensory data are consisisnt with the above-desaribed peroxide value data, and
show that a mixture of lecithin and hydrolyzed casein protein or 2 mixture of lecithin
and hydrolyzed whey protein. as described herein, is able to protect powdered

nutritional products better than lecithin alone under the above-described conditions.

Oxidative Stability index (OSD as defermined by Nuclear Maonetic Resonance
{NMR) (OSI-NMRY
The oxidative stability index (OSLENMR) is a method for determining the ability of 2

nutritional powder to resist oxidation. The OSLNMR test method is similar o the
published work of Hiroaki Saito and Kunisuke Nakamura (Nippon Suisan Gakkaishi,

Vol 55(9), 1663, (1883)) except that the Folch extraction method is modified o
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exiract the lpids and fatty acld containing structures from the nufrifional formula
matrix.

LIPID EXTRACTION: To extract the lipid, each powder sample is mixed to minimize
sample heterogeneily, Approximately 100 milligrams, within a variance of 2%, of
each sample is weighed info glass screw-lop centrifuge tubes. A 1 milliliter aliquot of
methanol-ds is pipstied into each tube and then vortexed for one minute. Nex{ 2
milliliters of chloroform-d are added. The visls are then vorfexed for 30 seconds.
The solutions are maintained at room temperature for approximately 80 minutes and
then are cold-centrifuged at 3,000 G for 10 minutes. The supernaiant is then filtered

through 0.2 millimeter PTFE syringe filters.

The sxiracted lipids are then analyzed via the aforementioned OSL-NMR test
method. The regions of the NMR spectra used for integration are 1.1-2.6 ppm
(aliphatic) and 2.7-2.9 pprm {diatlyl} to produce an aliphatic/dialiyi ratio,

Each nutritional powder formula is evaluated following 5 weeks of elevated

temperature storage, the results of which are summarized in the following table.

Hydrolyzed | Hydrolyzed B ot
Run | Lecithin | Casein Protein | Whey Protein , OSI-NMR Resuits
Nopie [ I s bywt of % by we. of total S wesks .
A O}fp?' da iotal protein protein 43°C
1A T 04| i 0 .33
2/8 iz 4 i 130
3/C 1.2 ' 0 4 1.08
3/D 0.4 0 0 1.72

As shown in the above data table, the nulritional powders comprising lecithin and
hydrolyzed casein profein (Sample B) or lecithin and hydrolyzed whey protein
(Sample C) have lower aliphatic/giallyl ratios and thus are more effective in
protecting against oxidation than the nutritional powders comprising Iscithin and no
hydrolyzed proteins (Samples A and B} undar the study conditions. Consistent with
the peroxide value resulis above, the nutritional powder comprising lecithin and
hydrolyzed whey protein {Sample C) was most effective in resisting oxidation.
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Volatile Organic Compounds {(VOC) Evaluation

Volatile organic compounds (VOCs) are secondary products of fipid oxidation, and
the measurement of their formation may be used to assess lipid oxidation. The VOC
method involves the sampling of volatile organic compounds (VOCs), specifically
hexanal, by healed headspace (HS) and the analysis of collscisd components by
gas chromatography-mass spectrometry (GC-MS),

Each nutritional powder formula is evaluated following 2 and 5 weeks of eisvated
temperature storage. The formulas are reconstituted in water and stirred under
vortex for 5 minutes. Then using a glass pipette, 1 gram of the reconstituled sample
is placed into 2 20 milliliter amber headspace vial that contains 4 miliililers of
jaboratory water and 2 grams of sodium chioride. The sample is then spiked with a
total of 250 nanograms of internal standard (chicrobenzene-ds), seated with a
polytetraflucroethylene (PTFE) fined silicon sepium, and vortexed for 30 seconds.
Samples are then analyzed via HS GC-MS analysis. The HS GC-MS analysis is
gonducted using the following equipment and parameters.
EQUIPMENT
Headspace: EST Markelov H89000, EST Analytical

503 Commercial Drive, Fairfisld, Ohioc 45014

Trap: Supelco Vocarb 3000, Supeico
585 North Harrison Road, Bellefonte, Pennsyivania 16823

Interface:  Agllent Volatiles Interface with EPC, Agilent Technologies
2850 Centerville Road, Wilmington, Delaware 18808

GC-MS: Agilent 680N GC — Agilent 5875C MS8D, Agilent Technologies
2850 Centervilie Road, Witmington, Delawars 18808

Software: ChemStation Revision E, NISTC05 Mass Spectiral Database
Agllent Technologies, 2850 Centerville Road, Wilmington, DE, 19808

Columr: HP-VOC 30 m x 0.20 mm x 1.12 pm, Agilent Technologies
2850 Centerville Road, Wilmington, Delaware 19808

CONDITIONS

HS Conditions: Gas: helium

« Mode: absorbent frap (2N}

s Sample equilibration: 80°C for 30 minutes
« Mixing: rotation on high
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s Sampling: sweep vial contents onto trap at 40 milliliters/minutz for 1 minute
« Dry purge: 40 milliliters/minute for 3 minutes at 30°C

« Desorb: 280°C for 1 minute

= Valve overt: 130°C

s Transfer ling: 150°C

GC Congltions: Gas: helium

s Interface: 150°C

s« Mode: split

Split ratic: 4011

Split flow: 40 mifiiliters/minute

Column fiow: 1.0 miliilifers/minute
Linear velocity: 36 centimetersisecond

Oven: 30°C (10 minutes) - 200°C at §°Clminute (7 minute hold)

» & & 8

1S Conditions: Transfer line: 200°C
e Source: 230°C

¢ Mode: full scan

e Scanrange: 35400 u.

The compounds {e.g., hexanal) detected during the HS GC-MS analysis are
identified using the National Institute of Standards Mass Spectral Dalabase. The
areas (total ion counts) of the compounds detected and the area (total ion count) of
the internal standard {(ISTD) are used to caloulate concentration according to the
following equation:

Ares of Compound » Total Amount ISTD (nancgrams)} = Concentration (parts per billion)

Arga of 1ISTD Sample Weaigh! (grams)
i Hydrolyzed | Hydrolyzed
. Run Lecithin Casein Whey VGG Results
i Numbet/ v Protein {DH | Protein (DM Hexanal Concentration (ppb)
Sample ; 38} 283
. 9 / =
Number jifb?;igf | 9% by wt. of | % by wt. of 2 w?eks 5 weeks
fipic ~ total profein | tolal protein 37°C 1 43°C 37°C | 43°C
1A 0.4 G g 500 . 1486 3087 | 728t
218 1.2 ; 4 0 173 : 808 3121 6038
3/C 1.2 0 4 138 1 699 2499 | 6762
3/0 0.4 0 0 548 {3000 8097 | 6721

As shown in the above data table, less hexanal (i.e., a VOC compound) is released
from the nulritional powders comprising lecithin and hydrolyzed casein protein
{Sample B} or lecithin and hydrolyzed whey proiein (Sample C) as compared 10 the
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nutritional powders comprising lecithin and no hydrolyzed protein {(Samples A and D)
under the study conditions. Once again, the nutritional powder comprising lecithin

and hydrolyzed whey profein (Sample C) was most affective in resisting oxidation.

The VOC data are consistent with the above-described peroxide value, sensory, and
OSI-NMR data and show that a mixture of lecithin and hydrolyzed casein protein and
aven more so a mixture of lecithin and hydrolyzed whey protein, as described herein,
are able to protect powderad nutritional products better than lecithin alone under the

abave-described conditions.

As shown in the above data tables for Study 2, lecithin in combination with
hydrolyzed casein protein or hydrolyzed whey protein provides a greater than
expected antioxidant effect in a2 nutritional powder matrix, which is consistent with the
tudy 1 OS8l results that demonstrate the synergism of lecithin and hydrolyzed
casein protein in an oil blend matrix as described hereinbefore,

SUMMARY
The coliective data from the studies show that lecithin in combinstion with hydrolyzed
casein protein or hydrolyzed whey protein, as described herein, provide a synergistic
antioxidant effect in a nutritional powder matrix. The combination of hydrolyzaed
casein protein and lecithin, or hydrolyzed whey protein and lecithin, as described
herein, I8 highly effective for protecting nutritional powders from oxidation and for

providging betier sensory performance over prolonged periods.

The results are surprising bscause lecithin, hydrolyzed casein protein, and
hydrolyzed whey protein are not conventional nutritional powder antioxidants.
Lecithin, afthough generally known o have antioxidant properiiss, is not typically
added to nuiritional powders as an anfioxidant. Lecithin is more typically added to
nutritional Hquids, however, lecithin is added to nutritional fiquids for its functionality
as an emuisifier, rather than as an antioxidant, Furthermors, hydrolyzed casein
protein and/or hydrolyzed whey protein are typically added o nuiritional powdars {o
improve protein tolerance, not as an antioxidant. The data is especially surprising
because not only are lecithin, hydrolyzed casein protein, and hydrolyzed whey
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protein nan-conventional nutritional powder antioxidants; remarkably, lecithin in
combination with hydrolyzed whey protein or hydrolyzed casein protein provides &

synergistic antioxidant in nutritional powder matrices.



WHAT IS CLAIMED IS:

1. A composition comprising

(a) carbohydrate;

(b} lipid, comprising from about 0.25% to about 2.5% lecithin by weight of total lipid;

(c) from about 90% to about 99.5% of intact protein by weight of total protein; and

(d) from about 0.5% to about 10% of hydrolyzed whey protein, by weight of total protein;
wherein the hydrolyzed whey protein has a degree of hydrolysis of between about 23%
and about 80%, and wherein the composition is a nutritional powder.

2. The composition of claim 1, wherein the hydrolyzed whey protein has a degree of
hydrolysis of between about 27% and about 80%.

3. The composition of claim 1, wherein the hydrolyzed whey protein has a degree of
hydrolysis of between about 45% and about 80%.

4. The composition of claim 1, wherein the composition comprises from about 0.25% {o
about 1.0% of the lecithin by weight of total lipid.

5. The composition of claim 1, wherein the composition comprises from about 0.5% to
about 5% of the hydrolyzed whey protein by weight of total protein.

6. The composition of claim 1, wherein the composition further comprises hydrolyzed
casein protein.

7. A composition comprising

(a) carbohydrate;

(b) lipid, comprising from about 0.25% to about 2.5% lecithin by weight of total lipid;

(c) from about 90% to about 99.5% of intact protein by weight of fotal protein; and

(d) from about 0.5% to about 10% of hydrolyzed whey protein, by weight of total protein;
wherein the hydrolyzed whey protein has a degree of hydrolysis of between about 23%
and about 90%, and wherein the compaosition is an infant formula nutritional powder.

8. The composition of claim 7, wherein the hydrolyzed whey protein has a degree of
hydrolysis of between about 27% and about 80%.

9. The composition of claim 7, wherein the hydrolyzed whey protein has a degree of
hydrolysis of between about 45% and about 80%.
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10. The composition of claim 7, wherein the composition comprises per 100 kcal from
about 3 to about 8 grams of the lipid, from about 1 to about 6 grams of the protein, and
from about 8 to about 16 grams of the carbohydrate.

11. The composition of claim 7, wherein the lipid comprises a long chain polyunsaturated
fatty acid.

12. The composition of claim 11, wherein the polyunsaturated fatty acid comprises
docosahexaenoic acid, eicosapentaenoic acid, arachidonic acid, or combinations
thereof.

13. The composition of claim 7, wherein the composition further comprises hydrolyzed
casein protein.

14. A composition comprising

(a) carbohydrate;

(b) lipid, comprising from about 0.25% to about 1.5% lecithin by weight of total lipid;

(c) from about 95% to about 99.5% of intact protein by weight of total protein; and

(d) from about 0.5% to about 5% of hydrolyzed whey protein, by weight of total protein;
wherein the hydrolyzed whey protein has a degree of hydrolysis of between about 23%
and about 90%, and wherein the composition is an infant formula nutritional powder.

15. The composition of claim 14, wherein the hydrolyzed whey protein has a degree of
hydrolysis of between about 27% and about 80%.
16. The composition of claim 14, wherein the hydrolyzed whey protein has a degree of
hydrolysis of between about 45% and about 80%.

17. The composition of claim 14, wherein the composition comprises per 100 kcal from
about 3 to about 8 grams of the lipid, from about 1 to about 6 grams of the protein, and

from about 8 to about 16 grams of the carbohydrate.

18. The composition of claim 14, wherein the lipid comprises a long chain
polyunsaturated fatty acid.

19. The composition of claim 18, wherein the polyunsaturated fatty acid comprises
docosahexaenoic acid, eicosapentaenoic acid, arachidonic acid or combinations thereof.

20. The composition of claim 14, wherein the composition further comprises hydrolyzed
casein protein.
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STABLE NUTRITIONAL POWDER

ABSTRACT

Disclosed are compositions comprising carbohydrate; lipid, comprising from about
0.25% to about 2.5 % lecithin by weight of total lipid; from about 90% to about 99.5% of
intact protein by weight of total protein; and from about 0.5% to about 10% of at least
one hydrolyzed protein selected from the group consisting of hydrolyzed casein protein
and hydrolyzed whey protein; wherein the hydrolyzed protein has a degree of hydrolysis
of between about 23% and about 80%, and wherein the compositions are nutritional
powders. The nutritional powders provide improved oxidative stability and sensory
performance.

No suitable figure
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