9242W001 STABLE NUTRITIONAL POWDER TECHNICAL FIELD The present invention is directed
to nutritional powders havrng improved oxidative stability and sensory performance BACKGROUND
OF THE INVERFHRRictfitional powders are well known for use in prm?&%svg‘%‘f JiEfdividuals with
sole or supplemental nutrition. These powders are reconstituted with water or other aqueous liquid by
the ultimate user to form a nutritional liquid or beverage. These powders most often contain varying
amounts and types of proteins, carbohydrates, lipids, vitamins, and minerals, all depending largely
upon the nutritional needs of the intended user. Among nutritional formgtagw@omercially available
today, infant formulas have become well known and commonly used in providing a supplemental or
sole source of nutrition early in life. Sﬂﬁﬁéﬁﬂpﬁﬁrﬁéﬁ’%ﬂf%v&%é@rally accepted as a superior nutritional
source for infants, many infant nutritional formulas can still provide a quality alternative for those
mothers who cannot breastfeed or choos&&idtitdhdaEkbeir particular circumstances. These infant
formulas typicaly sentainpeieinss cashelydratesidipidsswitaminsimingraledansistter nutrients.
Nutritional povgg%rﬁ %q%g%grrrggg&mgmglas often contain a variety of ingred;ents that tend to be
more oxidatively sensrtlve than other ingredients, such as polyunsaturated fatty acids. These fatty
acids require additional care during processrng to ensure that the polyunsaturated fatty acids, such as
docosahexaenoic acid and arachiddit Ly AL Mier do not excessively degrade by way
of oxidation dwingipielesgestsiesags ﬁeﬂ@dﬁnmsiépd@@bﬁuﬁ%mmm;d\r@@\ﬁﬁimmlonm powder

having improvgd ox(daHLe.stabili and ensan, EUUmancs whld RSEIL) SUMMARY OF THE
DISCLOSURE One embadiment of the disclosure is directed to nutrltlonal% owders, including powder

infant -formul RS HBHEIRY L5 HOR7H 4R iDia e ErABHERRE o 8hBEYT58% RFShout 2.5 % lecithin
by weight of totetdigiel nfreheiisotrreBoskIgEb NP UDYEhy drotzdd cigio grotsiyigeweight of total
protein; and frefaakoshPeYade ahertQAbtspiHact peynubyweightwbielalgioteiRe In a first aspect,
there is providegfedgggb%psrtron comprising: (a) carbohydrate; (b) lipid, comprising from 0.25% to 2.5%
lecithin by weight of t lipid; (c) from 0.5% to 10% hydrolyzed casein protein by weight of total
protein; and (d) from 90% to 99.5% intact protein by weight of total protein, whcrein the composition is
a nutritional péwdee. Inaitseeorieratipectotercid previdetiea ledmipddrionfeomptisiaye (a) carbohydrate;
(b) lipid, compsisiagdrean :3a%e:ta 2oadesithist by weighicof totadipishAc-fsam £.6% to 10%
hydrolyzed caseip.raei Ry wSNLahOLA! RIRIGITANG (kDo S%Io, A 36 alast protein by

weight of total protein; whefein the compaosition is an mfant formula nutrrtronal powder. In a third
aspect, there @UHF&ﬂéeﬁoé"%%ﬁ‘?bd@ﬁfB?r 8&%9@% ) S8R oRYBY SR 518) THPi R8%pfising from 0.25%
to 1.5% lecithinupitnaighebifedeallipiel me) from’0.5901te So%shijeirolyzetheatsed Protei by weight of total
protein; and (dhéropnAbieiaRRhieiEsct praten bervetghiebtoiptarpteinwhetedmdhe composition is
an infant form%ebgme&aI BB@’@%H&Q%%‘?&Q foung, surprisingly, that the nutritional powder
embodiments of the present disclosure have improved oxidative stability and sensory performance. It
has been found that select levels of hydrolyzed casein protein in combination with lecithin provide a
synergistic anfibsidlam affecerandctanghnereforerbd=forpialatettane natbtioplanpefigers to reduce
oxidation and pravidedettessenserypreHarmanressaver probged prraps:DELAMLED DESCRIPTION
OF THE 'NVEH:MBL\E}]J Q@&’%QQ;U%EIHQ'“Oﬂ%kgoré/ﬂ?raﬁﬂébqgﬁm%n?ﬁgﬁ&%b@Qé“%'[%'ﬁb including powder

infant formulas and other oxidatively sensitive nutritional powders, comprise carbohydrate, lipid,
protein, and s&/8EETEVEIE Wﬁkj‘ﬁrmi‘/};% ALY BEET aéﬁoa%%tﬁﬁfhﬂﬁéﬁ’éoéﬁaeé?ﬁg? 'essential or
optional elemeatis afdiacephitdtisrrsi bwiefisisrecdeseithdd mtdaesisheheiirafasie Theaerm "lipid" as
used herein, uslegsadeswise spretfircuneansany elemenitelthe nutitional powder formula soluble
in an organic solvent, including fats, oils, and combinations thereof. The term "total lipid' as used
herein, unless othetwise specified, refers to the lipid component of the nutritional powder embodiments
nerein. The teh al BIOVETT 0S8 KRV TRIREoRATAIL SHouHed orErsH e protein
component of ﬂﬁréﬁ?rﬁmﬂfﬁ@ﬁﬁl%wd@ﬁ@hwbodrments herein. The term "infant" as used herein, unless
otherwise specified, refers to children not more 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 months of age, low birth weight infants of less than 2,500 grams at birth, and premature
infants born at less than about 37 weeks gestational age, typically from about 26 weeks to about 34
weeks gestational age. The term "child" and "children" as used herein refers to children not more than
12 years of age, and includes children from about 12 months to about 12 years of age. The term
"adult" as used herein refers to adults about 12 years and older. The term "nutritional formula" as used
herein, unless otherwise specified, refers to a nutritional composition designed for infants, toddlers,
children, adults, or combinations thereof, which may contain sufficient protein, carbohydrate, lipid,
vitamins, minerals, and electrolytes 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 secondary or minor nutritional supplement providing one or more of protein, carbohydrate, lipid,

vitamins and minerals. The term "nutritional powder" as used herein, unless otherwise specified, refers
tn flowable ar crithetantiallvy flowwahble narticiilate niitritinnal formiilae or at laact narticiilate niitritional




3 about 18 carbon atoms per chain); and long chain (having at least about 20 carbon atoms per chain)
fatty acids having two or more carbon:carb8HNEARS HNEE B hdiidieguitB and w-6 polyunsaturated
fatty acids. Thg term  iofalformula selids: asused hergin.Hpiessothamisespecified, refers to the
sum concentration or total amount of all ingredients in the nutritional formula, Ie3§owater. All .
percentages, Putis KA a0 AP IS ‘F?étﬁg?ﬁ?“ﬁF%’ byPlReightgte 16181 &3 dsitidn Unless otherwise
specified. All stekt Weighitsiem!titeppeaain (o listed iingrelifentsiznd BaSédionatimatatiive level and,

therefore, do notincluge salvents-or hysaradustathabmay bentnekideddn commergially available
materials, unle; %gth%

rwise specified. Numerical ranges as used herein are intended to include every
number and stbSét o ﬁhprﬁ%eepﬁseb cont riﬁlg %v%tﬁ% that range, whether specifically disclosed or not.
Further, these numerical ranges should be construed as providing support for a claim directed to any
number or subselrefmertes NPt FhheErPPSieamiens SscrodurEass fPoHR'Y: to 10 should be
construed as sippeiTega tangecaf froreiditd Swiiemes tea7jfidm) Sdo 65 om ®E4o 9, from 3.6 to 4.6,
from 3.5 to 9.9, and, so.forth, Allreferances tr.singulan characiedstics e dimitations of the

embodiments described herein shall 1n_c|uge,t e corres .onding E!%Jrallchagacteristic or limitation, and
vice versa, uliBSEgPhERFISE’ SPEOHET o EIEA MPREd tS the contrary by the context in which the
reference is made. All combinations of method or process steps as used herein may be performed in
any order, unigssthenyise specifiediaccleathrimplied-igithe: contrasyyytthe cgiidext in which the

ref(-?-renced cog&g%ggﬁoig ﬁf‘ﬁgﬁm-ﬁ!@% %&8‘%% Q%plig;@xﬁmnt@g@%q@ptially free of_ any
optional or selected essential ingredient or feature descnﬁ%hegggg,{g&y@ d that the remaining

g s e
formula still cSHENE AT IRE Iy D rsasH G SHERTLEY FBAtHESRL describéd hatein. In this 4 context,
and unless othetvwide spetifitd verrmyrggbdantianyiiest maalp ratthavgsieniedemposition
contains less than a functional amount of the optional or selected ingredient, typically less than 0.1%
by weight, and alg including zerg peicankiyeighbatsyeh apuonalesselgsisd ingredient. The
embodiments described herein may, comprise, consis of, ar Cd(')njlltsrt e%ssgptlggdb/ of the essential
elements and IS BRIV ERTIF SESEHBREhEr &R H%&IMSE Any’ S4dlitional or optional
ingredients, conipbrehiscomirmimbionddiesdrpedfrarairtdf SrreArise BséteMichutritional powder
formula applicatiensykixdiebzed Gasrin¥eisin theovatpuserthodiments.deseribeddaerein may
comprise from about 0.5% to about 10% hydrolyzed casein protein by weight of total protein, including

from about 0.5%.tQ akaut 5% qangd-alsednchiding dromrakeut Q&%:to-abkt-3% byweight of total

protein. The terms "hx}dr?i sate" or, "hygrﬁqgézedgtprot?i '.%rgn SS%% %rggféggg%gglﬁ ﬁua%rein and unless

) il .
otherwise speé]ﬁleé%ftre 1 8r8ro ein that ha eeﬁ]ehsy&l rlollyze or n down Into shorter peptide

fragments and?SEaIRiA® BEids'ar 1E DO AN SENSESH protEi Ra heBAAYArBY2Ed When one or
more peptide honds haveybeaentbrekén:iBreaking.ofpeptide bommddmady occuramtentionally or
incidentally durjpg:manufaciuefaexamplacinsideptaly-dueds heating.on shearekoepurposes of the
nutritional powdeir emgqgipmgnts herein, the terms "hydrolysate” or "hydrolyzed protein” mean a protein
that has been BF%E%%“s”eﬁ”é?‘frseated in a manner intended to break peptide bonds. Intentional
hydrolysis may be carried out, for example, by treating an intact protein with enzymes, acids, bases, or
combinations thereof. The hydelydeBpPERUTRRTOAS S hErH ¢
hydrolysis. The-hydrolyzed prateins.irddsensseinane subsiastiallyfree-of intactaratein. In this
context, the hydgolyzgd catlsein rﬁ)cfotcajins her%j{r&p ongt!g;% EL(\%ES rt}l[lnallj‘l 1.0% bvy weight of intact protein,
including less than 0.595"3fd %i%04 ) &Rt S RESCE proteiiAs such, a single

CHret e ey

S0 MRIUGNG 2610 PErcent by Werght of i
protein ingredieAtebrArAGAItpIEs MEHESOEICSHES Bulfinthdhpretértantffjuralyzauprstein;
rather,asinglepeatein. ingredient/carameadiytis eitheicaytrobrzedipreteinrosen intaat-protein. The
hydrolyzed profeings. foruse herein. baye a. degree of hydrotysis of from 5% to about 90%, including
from about 8% to about 90%, also including from about 23% to about 80%, and also including from
about 45% to about 30%. Degree of hydrolysis is the extent to which peptide bonds are broken by an
intentional hydrBlysismathe deFérethepifpos eSS FiLisiy iy BPRIGIECITES8RY RSE BFERVENGIY SIS of a protein
source is determingdriay-the dutraittobenzenesulphonieact-cINBS) proeedure oThedNBS procedure
is an accurate %Qggiﬁgﬁggsuggl&procedure for determining the degree of hydrolysis of a food protein
source. The protein hydrolysate is dissolved/dispersed in hot 1% sodium dodecyl sulphate to a
concentration of 0.25-2.5x10-2 amino equivalents/liter. A sample solution (0.25 milliliters) is mixed with
2 milliliters of 022%™ $odilimidyresplratbeiffam{pid siXraind pmifliitersot 001%6 lipid
trinitrobenzenesyipheaie aoid follewed by dacuhatiominthedark for 60 minutes at 50 C. The reaction
is quenched by adding 4 milliliters 01 0,100 N HCI. The absorbance is then read at 340 nhanometers. A
1.5 mM L-leucine solution is used as the standard. Transformation of the measured leucine amino
equivalents to a degree of hydrolysis is carried out by way of a standard curve for each particular
protein substrate (Jens Adler-Nissen, J. Agr. Food Chem. vol. 27, no. 6, 1979). For purposes of this
invention, degree of protein hydrolysis is not the same as the amino nitrogen to total nitrogen ratio

(AN/TN) of a protein source, in which the amino nitrogen (AN) component is quantified by USP titration
maethnde for determinina aminn nitrocoen conteant while the total nitronen (TN comnoneant ic



7 soy based, milk based, casein protein, whey protein, rice protein, beef collagen, pea protein, potato
protein, and combinations thereof. The embodiments herein may further comprise free amino acids.
However, the nutritional powder embodiments herein typically comprise less than 10% free amino
acids by weight of total protein, including from about 0.2% to about 7%, also including from about 0.2%
to about 5%, and also including from about 0.2% to about 2% by weight of total protein. The free
amino acids may be added, inherent in the hydrolyzed casein protein, or combinations thereof. For the
purposes of thig inventien; added frea.aumine-asidsibiat arenaidrnbessst indehydrahezed protein have a
degree of hydiolyats ol 100 NADAIniting sxpmplasalsiablearptein free amino acids include
tryptophan, gPu?amlne, ?yrosme, methionine, cysteine, arginine, and combinations thereof. Non-limiting
examples of non-protein amino acids suitable for use herein include carnitine and taurine. In some
cases, the D-Toemisrof thiedhinoscidsrare copsidénetviss sowtienateeymvaienttdthe L-forms, and
isomer mixturgs M@y -Peuseshtolower apstmd eeithi ithetyadeus enbadiunentsdescribed herein may
comprise from about 0.25% to about 2.5 % lecithin by weight of total lipid, including from about 0.25%
to about 1.5%, and also including from about 0.3D/D to about 0,8% by weight of total lipid. Lecithins
are predominantly a mixture of glycerol phospholipids (e.g., phosphatidylcholine,
phosphatidylethanolamine and phosphatidylinositol). Phosphotidlyicholine is typically the major
gylcerol phospholipid component. Lecithins may also contain other compounds such as free fatty
acids, monoglycerides, diglycerides, tr glycerides, glycolipids, and other lipid/fatty acid containing
compounds. Lecithins are sometimes classifed as glycerol phospholipids or phosphotides. This class
of compounds has ampliphilic properties and thus emulsifying functionality. Lecithins are typically
added to liquid food products (including nutritional liquids), as emulsifiers, so 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 examples of lecithins suitable for use herein include egg lecithin, wheat lecithin, corn
lecithin, soy lecithin, modified lecithin, and combinations thereof. The embodiments described herein
typically comprise soy lecithin. Lecithins suitable for use herein may be obtained from any known or
otherwise suitable nutrition source. Non-limiting examples include soy lecithin from ADM Specialty
Food Ingredients, Decatur, lllinois, USA; soy lecithin from Solae, 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 nutrients to
meet 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 nutritional formulas. The amount of carbohydrate,
protein, and lipid in the embodiments herein may vary considerably depending upon the dietary needs
of the intended user as well as many other well-known variables. These ingredients, however, are
most typically formulated into nutritional powders described herein within the ranges described in the
following table. INutrient* First embodiment Second embodiment Third embodiment Carbohydrate 1 |
Tlc, total calories i 20-85 30-60 35-55 1 Lipid % total calories 5-70 20-60
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25-50, Protein % total calories 2-75 5-50 7-40 | *each numerical value is preceded by the term
"about" Different sources and types of carbohydrates, lipids, proteins (described hereinbefore),
minerals, and VitafHiH¥2#% known and may be used in the embodimentsTR&FETA BB 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 inclade hyalrslyzedtintadticraieraliyranidior eberitally roodified 8tarebounatodextrin, glucose
polymers, sucras@hs@n:g¥rupw COHR Sysigh:Salifss rice-08 palato sierivedheasbahydrate, glucose,

fructose, lactosg,high. frustosecom ?@g@uaam&%ﬁﬁhgp'ﬁe%ligl%%%fa%'aeéidae X;ﬁg@aﬂfz f

fructooligosaccharides (FOS), and combinations thereor. ples oﬁ?f)ids suitable for

on-limitin
use herein incfd8 G5BT 512884 o, ‘8%%5(ﬁ‘f’,s’&ﬁf\‘i@%ﬁ?%’afﬁ%%&%i"I‘%H‘iﬁﬁrﬁ%ﬂ’é‘Fé‘%ﬁFéwer oil, MCT oil
(medium chairkdrigi§eerteris)aiemflewsiain mgh otedctsrmfléwsesil chatye, aand palmidernel oils, palm
olein, canola aitiimerinenoisoeottonseed rilssand Tomkinatigas thereat ‘Ehetdipidsstar use herein may
comprise Iong%g@yw%gg%gtf%tyegggﬁd neR:limiting examples of which include
decosahexaenoic acid, eicosapentaenoic acid, arachidonic acid, or combinations thereof These
materials are known to provide beneficial effects in infants, such as enhanced brain and vision
development. N@ridihitiatisoartes uarachiribmcaciese odmpeintasrtoitedcigiesmd locosahexaenoic
acid include mariiercil, eggdetived @ilsgisngadoilnalgal addale combirationsukeresf. The
embodiments fgrein.may GoRBFISEAMY QLA ¥ariely ofyliaming,aen-limiting,examples of which include

vitamin A, vitarqin 0, vitamin E, vtatmitn E(it iamine, riboflavin, pyridoxine, vitamin B-12, niacin, folic
acid, pantothefit acid, BIo” \a/ﬁé REEiRRSBP THBIN e e s WAFAR VLTSS HENRD, and
combinations t&eefoTR ehisodititenta-aalbin Magpeomiisaaryolieyapetyasonfifierals, non-limiting
examples of whishiinelugepealgiting, pliesplorus, uREgRe LB dFABNZ BICHMaNganese, copper, iodine,
sodium, potasgipm. falyadenim Jshlefde, seleniumchigmil shiRrie;salis.and derivatives thereof,
and combinations tqereo . Optional Ingredients The embodiments described herein may further
comprise othe?”'c:?ﬁf?o%al ingredients that may modify the physical, chemical, aesthetic, or processing
characteristics of the compositions or serve as additional nutritional components when used in the
targeted popufetiorManyissch eptitnakingiedients areikaovw=ariaihpaiae Sulkable for use in
nutritional powgdess,dncluding prwder nfanifosmasn.andimay.plsg-hesed inthe.putritional powder

embodiments he ,eirflétgm\{i ed Fﬁlt sych Rgttiona mate[lals are gor_rtl atible with the,l essential materials
described her&if, are safe and effective for their intended se, and dé BT BtHEMISE unduly impair
product perforAfegicEY R ivfififind e xampleiorstieh Bpirmeasiiredidhts R Pdservatives,
additional antisgpudantsi@mallsityingagenisitbuifersyealosanis ulavons; vitdaminsygatirerals, nucleotides
and nucIeOSIdg%uerg%gtg%@ﬁp,rsg&m&és lﬁ&%ﬁﬁéﬂﬂf@rﬁé{' related desivatvassthickening agents and

stabilizers, and so forth, Infant Formula Erpbo im?nﬁs The n triliicﬂjgal powder embodiments herein
. Carelpati nfs, ar non-hpmans SUfh & IVeslos ,r%ets,a wi ite.
may comprise nutrients 1h-accordance wi e rélevant guidelines Tor the targeted consumer or user

population, an example of which would be the Infant Formula Act, 21 U.S.C. Section 350(a). The infant
formulas may Theluste: thioset dontboidinae nisscompiising dbe casboby diateiidipidsfanddgpeotein

concentrationsiegsribagyi.the.ialiwinadablentfant Gormuadiago Nulrignts kNutrient

Embodiment g:a/t;lb% y (r:g}lel' ii?::?cgoﬂtsa%}rl}t&drhEn%sraﬁg,dc)alnéi %%E?rgmeqsr%epoteﬂﬁal{y serve as the

sole source of nutrition when providsd in sufficient guantity,

The terms “polyunsaturaied fatty acid” or "PUFA” as used herein, unless otherwise
specified, refer to any polyunsaturated fatty acid or source thereof, including short
chain (fess than about 6 carbon atoms per chain); medium chain {from about 6 to
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16( embodiment 8-16 54-108 2nd embodiment 9-13 61-88 Lipid 't embodiment 3-8 20-54 2nd
embodiment 4-6.6 27-45 n-4-:, 151 embodiment 1-6 7-41 11 ‘all numerical values preceded by the
term "about" ThB HtitftA% powders herein include those embodimentspff'ﬂpwfﬁﬁ’ﬁ 4per 100 kcal of
formula one or more of the following: vitamin A (from about 250 to about 1250 1U), vitamin D (from
about 40 to about 150 IU), vitamin K (at least about 4 mcg), vitamin E (at least about 0.3 IU), vitamin C
(at least about 8 mg), thiamine (at least about 8 mcg), vitamin B12 (at least about 0.15 mcg), niacin (at
least about 25¢:3nchHy, dshieraeie@bde abriabent Jontceiparmutitericagtid et s se@sout 300 mcg),
biotin (at leastajarubd-2:-racy) iHuonnftahlonsgt akout mbrg)cabchinasisal fatteasbanout 4 mg). The
nutritional po%ﬁfgﬁr@%@%’&% o?!}‘&%%tﬁ%@@%@%@smat comprise per 100 kcal of formula one or
more of the following: calcium (at Iéast about 50 mg), phosphorus (at least about 25 mg). magnesium
(at least about 6 rag), iron (at least about 0.15 mg), iodine (at least about 5 racy), zinc (at least about
0.5 mg), coppérqArieastabaiuBosaids) amervgdreze. ¢ndeastebybt SPeRS SEHENP (from about 20 to
about 60 mQ) ipotassisiicéfiemeaboutB0 dieabout 200hmglicandcheridei(Bremabaus, 55 to about 150
mg). Product Form..Lhe embodiments herein are typically in the form of flowable or substantially
flowable particulate compositions, or at least particulate compositions that may be easily scooped and
measured with a spoon or similar other device, wherein the compositions may be reconstituted by the
intended userAlitPeEcetinagsie raiisesld fielles topicany Weirr, tarfoltn asiglidohutritidtiall composition for
immediate orakaipesteraluisedytitbeviniendedadses: Isuthis/cgnitext, timmediatad usedneans within
about 48 hourginglyging within aaHL 24hows, and alsedaeludingrighLaftesigeopstitution. The
embodiments m_cluge spr{a dneql,gg%oim Eat,ed, d@/ mix |ol orvoﬁh r knoyvn or oth'grmse effective
particulate forRY. PrHe’ {aﬁan ﬁy%?ynuﬁitlocn% epode? réndeuffraéd t8 6r8 ticd a61Gmé Stitable for one
serving may VaRgrise fesiEtibodiments herein may be packaged and sealed in single or multi-use
containers, and then stored under ambient conditions for up to about 36 months, including from about
12 to about 24,Ronths - ok Iult s eAMNAIReR.ANES S RATKADER DAY RS.LRENSGLaRd then covered for
repeated use b]y the éJ|tImatQ[ user, ﬁ{ﬁv'ng th%t éhe 8%2[[‘39 E&&[{(ﬁge S Egseen sgcr)rgo under ambient
conditions (e.§", AVBRE ExtrErRE S Er s ard tHactSntSRts (sad Within about Otie month or so.
Method of MahtifagtufeeThaumafitr riargrswiier EriBodifieme Atap BaspiesareabiPady known or
otherwise effegtive deehsiguensy tablefar makinglandiier wlatitgangtritiGnakpowders, variations of

which may dle&gagsuﬁog% Nagabﬁ@%oswﬁnﬂe%é%&@@&%@ lngredisnt @9@@&%@@9 ,z_naﬁlsaging_ and |
container selection, and,so forth, Such, techniqu n riati escri in the nutritional art or
are otherwise W@]&tﬁgwfﬁo ogﬁ%géé&nﬁlzet i%?ﬁ%%%ﬁ%%r%ﬁr%r .aﬁ?gaél%tr?ﬁoﬁgl%%%der embodiments,
including the exemplified formulas described hereinafter, may therefore be prepared by any of a
variety of know refeathemiseiefiecttverfatenstasionliontatemuia tte rngodetbadsie3dise methods typically
involve the initiglfarapation.phan-aousRUSHIMIEY SasfainingcatohydraleieRratRing.ipids, stabilizers
or other formulation al‘ds vg%aml,ns, miner Is orc mblpactlpr% ther%of. 'Eh(% slurrrx IS emulsified,

. versa, un £54 erwise spec R?Of c@aoy mpHec D.1Ne Con a!’[\i e comext N .
pasteurized, homogenized, and cooled. Various othe solutions, mixtures, or other materials may be
added to the r&&iitig ERARIESIHETB?e, 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-t_relating mﬁl%@%%%ﬁgémng%ﬁ@gzdewﬁ@é&@%dy a%b%eéﬁqﬁérgﬂﬁ%i%(y @Hﬂr@ﬁﬁ@@ﬂfﬂ or optional
materials may also be adde the formulation ogg/ nding. agalomerating, or. otherwise
combining the DU B o M ORI L R SO o e sied

in which the refaerenced combination is made.

The embodiments herein may also be substantially free of any optional or selected
essential ingredient or feature described herein, provided that the remaining formula
still containg ali of the required ingredients or features as described herein. In this
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Other suitable methods for making nutritional formulas are described, for example, in U.S. Patent
6,365,218 (Borschel, et al,), U.S Patent 6,589,576 (Borschel, et al.), and 13 U.S. Patent 6,306,908
(Carlson, et al'yOitfitPE&&criptions are incorporated herein by referenc& EXRMBIES The following
examples further describe and demonstrate specific embodiments within the scope of the present
invention. The examples are given solely for the purpose of illustration and are not to be construed as
limitations of the present invention, as many variations thereof are possible without departing from the
spirit and scopertdtheritveirtionthalivdermplifiet GmbintsdrdavéEihirperoeatagost Based upon the total
weight of the @éfﬁﬂ&ﬁiﬁ@lﬂpmleﬁ&@ﬁkﬁrfwi%ssp%ﬁif?@durﬁmDEM:?X&T&HW@@@%WW&S is gefl to )
humans to prayi i itjo ition, cantaj y ed casein protein and lecithin, as
described he%\igr%%v%ae%‘l%%%%hEg%%n%g)ésl%t%?l%jstﬁﬁ/alrg\ge%ggé%%iagtﬁ\?e%i%gﬂﬁ% %P\% Fr%rgroved sensory
performance. BSHIEL 90 PhELE RATADISSSGERAleHFift nutritional powder embodiments of the
present invention, including a method of using and making the formula. Ingredients for each batch are
hated in the folipndngdablestd 4esirgerdienis kagtesedid-Cxanmplefl dxamplesdsexample 3 Example 4

Quantity per 45,339.kq (100,000 05, 20461 Quaniify Rer.45.359.kg,(100.000 105) 40015 Quantity per
45,359 kg 100,000 Ibs) 19887 Quantity per 45,359 kg 100,000 1bs) , _
any additional or optional ingfedients, componeénts, or limitatiohs described herein or

otherwise useful in nutritional powder formula applications.

Hydrolyzed Casein Protein

The various embodiments describad herein may comprise from about 0.8% to about
10% hydrolyzed casein protsin by weight of total protein, including from about 0.5%
o gbout 5%, and also including from about 0.8% to about 3% by weight of {otal
profein.

The terms "hydrotysate” or “hydrolyzed protein” are used interchangeably herein and
untess otherwise specified, refer to protein that has been hydrolyzed or broken down
into shorier peplide fragments and/or amino acids. In the broadest sense, a protein
has been hydroiyzed when one or more peptide bonds have been broken. Breaking
of peptide bonds may oceur uninientionally or incidentally during manufacture, 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 has been processed or freated in & manner intended to break peptide bonds,
Intentional hydrolysis may be camied oul, for example, by treating an intact protein
with enzymes, acids, bases, or combinations thersof. The hydrolyzed proteins for

use herein are typically prepared by enzyme hydrolysis.

The hydrolyzed proteing for use herein are substantially free of intact protein. 1n this
context, the hydrolyzed cassin proteins herein contain less than 1.0% by weight of
intact protein, including less than 0.5%, and also including zero percent by weight of

infact protein.  As such, a single protein Ingredient/commiodity is not a source of



19987 Non Fat DMilk k 84959230 9414 904 Nigh Oleic Safflower Oil (k 5303 5256 SoOil k 40234023
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both intact protein  and  hydrolyzed proteing  rather, a  single  protein

ingredientcommaodity is either a hydrolyzed protein or an intact protein.

The hydroiyzed proteins for use hersin have a degree of hydrofysis of from 5% fo
about 90%, inciuding from about 8% {o about 80%, also including from about 23% to
about 80%, and alsa including from about 45% io about 80%. Daegres of hydrolysis

is the extent to which psptide 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-nitrobenzenesulphonic acid (TNBS) procedure. The TNRS
procedure is an accurate and reproducible procedure for detenmining the degree of
hydrolysis of a food protein source. The profein hydrolysate is dissolved/dispersed
in hot 1% sodium dodecy! sulphate to a concentration of 0.25-2.5%10” amino
equivaientsfiter. A sample solution (0.25 milliliters) iz mixed with 2 mitliliters of
02125 M sodium phosphate buffer (pH 8.2) ang 2 mililiters of 0.1%
frinitrobenzenesulphonic acid, followed by incubation in the dark for 80 minutes at 50
°C. The reaction Is quanched by adding 4 milliliters of 0.100 N HCIL. The absorbance
is then rgad at 340 nanometers. A 1.5 mM L-leucine solution is used as the
standard. Transformation of the measured leucine amino equivalents to a degree of
nydrolysis is carried ouf by way of & standard curve for each particular protein
substrate (Jens Adler-Nissen, J. Agr. Food Chem, vol. 27, no. §, 1978).

For purposes of this invention, degree of protein hydrolysis is not the same as the
amine nitragen to tofal nitrogen ratic {AN/TN) of a protein scurce, in which the amino
nitrogan (AN} component is quantified by USP titration methods for determining
amino nitragen content, while the total nitrogen (TN) component is determined by the
Tecator Kjeldah! method. When a paplide bond in a protein is broken by enzymatic
hydrolysis, ohe amine group is released for each peptide bond broken, causing an
increase in the amino nitregen.  Using the AN/TN method, even non-nydroiyred
protein would contain some exposad amino groups, and thus have an AN/TN ratic of

greater than zero.



00 144 ;Casein Hydrolysate OH 180 (kg 00 0 262 Calcium Carbonate ke 183184 185 185 IARASCO
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Casein protein is derived from milk. Casain protein is the main protein in bovine
milk, making up approximately 80% of the protein in boving mitk. Casein protein is a
highly nutriticus protein that containg 21 amino acids.  Non-limiting examples of
nydrolyzed casein protein for use herein include hydrolyzed acid casein, hydrolyzed
calcium caseinate, hydrolyzed magnesium caseinate, hydrolyzed sodium caseinate,
any ofher saft forms thereof, and combinations thereof. The embodiments described
hersin typically comprize hydrolyzed caicium caseinate and/or hydrolyzed sodium

caseinate,

Hydrolyzed casein protein suitable for use herein may be obtained from any known
or otherwise suitable nulrition source., Non-imiting examples inchuide hydrolyzed
casein proftein from DMV International, Delhi, New York, USA; and hydrolyzed

casein protein from Arla Food Ingredients, Skanderborgvej, Denmark,

Intact Protein
The vartous embodiments described herein may comprise from about 90% fo about
89.5% intact protain by weight of fotal protein, including from about 85% to about
99.5%, and also inciuding from about 87% to about 98.2% by weight of total pretein.

The term “intact protein” as used herein, unless otherwise specified, refers to protein
that has not been intentionally processed or freated in a manner intended 10 break
peplide bonds. Intact proteins are non-hydrolyzed proteins that have not been
subject to intentional hydrolysis, and so have an unaltered primary structure (i.e. a
complete amino acid sequence). Infact proteins have a degree of hydrolysis of zero.
As such, the intact proteins for use herein are substantially free of hydrolvzed
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 alsc including zero
percent by weight of hydrolyzed protein,

Intact proteins sultable for use herein may be obtained from any known or otherwise
suitable nutrition scurce. Non-iimiting examplas of suitable intact proteins include
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soy based, milk based, casein protein, whey protein, rice protein, beef collagen, pea

protein, potato protein, and combinations thereof.

The embodiments herein may further comprise free amino acids. However, the
nutritional powder embodiments herein typically comprise less than 10% free amino
acids by weight of total protein, including from about 0.2% to about 7%, also
including fram about 0.2% to about 5%, and also including from about 0.2% to about
2% by weight of total protein.  The free amino acids may be added, inherent in the
hydrolyzed casein proiein, or combinations thereof. For the purposes of this
invention, added free amino acids that are not inherent in a hydrolyzed protein have
a degree of hydrolysis of 160%. Nen-limiting examples of suitable protein free amino
acids inciude tryplophan, glutamine, tyrosing, methionine, cysteine, arginine, and
combinations thereof. Non-limiting examples of non-protein amino acids suitable for
Use hergin include carnitine and taurine. In some cases, the D-forms of the amino
acids areg considered as nutritionally equivalent to the L-forms, and isomer mixtures

may be used to lower costs,

Lecithin
The various embodiments described herein may comprise from about 0.25% fo
gbout 2.5 % lecithin by weight of total lipid, including from about 3.25% to about
1.5%, and also including from about 0.3% to about 0.8% by weight of total lipid.

Lecithing are predcmina.ntiy a mixture of glycercl phospholipids {e.g.,
phosghetidylcholine, phosphatidylethanolamine and phosphatidylinositol),
Phosphotidlyicholine is typically the major gylcerol phospholipid component.
Lecithins may also contain other compounds such as free fatly acids,
monoglycerides, diglycerides, triglycerides, glycolipids, and other lipidffatty acid
containing compounds. Lecithins are sometimes classifed as glycerol phospholipids
or phosphotides. This class of compounds has ampliphilic properties and thus
emulsifying functionality.

Lecithing are typically added to liquid food products (including nutritionat liquids), as
emulsifiers, so that the fiquid products remain homogeneous and do not separate.

8



17.6 Ascot | Palmitate kg) 5.04 5.04 5.05 5.00 Mixed Tocopherols 70%) k 4.88 4.85 L-Camitine (kJ%)
1.191.191.19 1.19 15 Riboflavin (g)144144144144 The exemplified formula maly be prepared by
making at leadt Q48 ¥&53ate slurries that are later blended together, heBt Tr82t¥l*8tatdardized, heat
treated a second time, evaporated to remove water, and then spray dried. Initially, a ‘
carbohydrate-mineral slurry is prepared by dissolving the carbohydrate (i.e., lactose) in water at about
60 - 71C, followed by the addition of magnesium chloride, potassium chloride, potassium citrate,
choline chloridecitnes sodidvrahiotide. Fheréstlfitrdes|ineydsahelPwadédmiosistte Agitation at about 49
- 60C until it is:later bierdegusith thenetbergrepared:s reios-feprasesasin-oil slurrig prepared by
combining h'9&9#.%&un@ews%tgaxbmgue@mn%%@r}%@q&c%ﬁmwéa‘%%&m%ém'Owed by the

addition of ascorbyl paimitate, mixed tocopherols, soy lecithin, oil soluble vitamin premix, whey protein
concentrate, c58 W’W&HSWQ&@%%ESA%%FH’ @ﬁfjbcc%’étf@?ﬁgﬁ‘é ??eegﬁﬂfi'ng BIHGRY TS W1 under
moderate agitétRsi ARt 38ical9ooiier s¥aetBlended with the other prepared slurries. Water, the
carbohydrate-mineral slurry and the protein-in-oil slurry, are combined under adequate agitation. The

pH of the resulting flendiizadibisied withpotassiumdhysexide. ThishlgndJs held ynder moderate
agitation at about 49-60C. The ARA ﬁ]d DHA oil is added followin theﬁplﬁH adjustment and prior to

processing. TRE FESuRnY Ble A IS hedts 1S U G712 7 LIRS R FHIBUER & Sitdle stage
homogenizer ®RPECIHEFRINEAISOH: S802B45id!eridl ek Featedil ApBuEE2:8BCE, Bk about 5 seconds.
The heated blendsishpassed tioughl aflash coolertonedies theitaimperagare, toabaut 77-82C and
then passed throiigh;a plate cooler to further reduce the temperature to about 71-77C. The cooled
blend is then homogenized at about 2400-26001400-600 psig, held at about 74-85C for about 16
seconds and then cooled to about 2-7C. Samples are taken for microbiological and analytical testing.
The mixture is held under agitation at about 2¥gizietdswater-soluble vitamin (WSV) solution and an
ascorbic acid Iotutionianel preparechseparatelyambaddedionthecprocessedidtendedssiurry. The vitamin

solution is preparedihy.adsfing:thsdalovdgriagredicnts; te.yalelwith Agitationepotassium citrate,
ferrous sulfaterhV\éSV cpvggmclj%,r L- arnltlner, rlbofltavm, a chn r(:Iteotldéa-cklloléne premix, The ascorbic acid
solution is prepaereedgby ad iiﬁg’ Lﬁ)g asgiim %Vé‘?éa%dgaér? BEESI5IaticFto & suﬁ“f’gfier?f‘ amount of water
to dissolve thé'#Rjfedi8ptS THasBEy fBie HctasaieticiP P Ss THeeHd RistEwt § aiseigh 5-9 with potassium
hydroxide. Theubterd@idsmaypbedadiustachtoiaplizeange of about 6.65 - 6.85 with potassium hydroxide
to achieve optimal product stability. The standardized blend then receives a second heat treatment.
The blend is hﬁhated to ?bpu&g 6h- (?gt%, antd.then dfﬁgtger tpeategl té) about 118 - %24%: for about 5
seconds. The h&ated plend s t(hé’nrpa‘sggof3 ’t{ﬁr%'bgg 4 fladh E0GfET TS Ted e e '\fevmrﬁerature to about
71 - 82C. Foll6WiFigcreat (rpstifan el ificns evagsordted dwetisa genstyeereasvut 1,15 - 1.17
grams/millilitentfieneveigporatedebldid.is passedithratigisa spraydrierstargetingsaamoisture level of
about 2.5% indthe finished pewesls Thadinished pewderhenindergaes agelemesation with water as
the binder soh{giofnﬁ m}e qumepleted product is then packaged into suitable containers. STUDY 1 A
study is conducte fo evaluate the antioxidant capability of several oil blends containing varying
amounts/combi&mté@mtof conventional @:g., ascrbic astdneitric acid) anthma@n-conyentional nutritional
powder antioxidants (e.g., lecithin, hygiolyzedcasein pratgirnhydrolyzadmhesprotein). The batch
variables are d%&q&g@@&@w in the Study 1 results table. Oxidative Stability Index {051) The
oxidative stability, index (051) is amethé&¥dr determinifgthe ability of atofi%o resist oxidation. Oil
samples are e Qsed 1o heat and a constant flow of air. As the anility of the oiltorésist oxidation is
overcome, a rapjd increase in the produition of axidatian-products (volatiegirganic acids) occurs. The
organic acids a 5‘;@%?;%3%‘%

% total calories
* gach numerical value is preceded by the term “about’

275 - 5-50 7-40




17 a collection tube containing deionized water. The organic acids increase the conductivity of the
water, as measured by an electrode. A plot is generated and an OSI value calculated for each sample,
which correlat8& it ¥e*amount of time, in hours, the sample resisted E&EESE S Hidtation. Five-gram
oil samples are analyzed using an OSI instrument (Omnion inc., Rockland, Mass., U.S.A.) at
approximately 130 C with an air-flow corresponding 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 oil, 30%
soy oil, 28% co¢tmit oitp0r&E% amixegrcopheralsy 90269 dipdibyirpeinsitatds<0:1896 oil soluble
vitamin premix £:38%RHAILaRd 1:0% ARALIL-ASIRIC asid HASCle Citticiagid §EA), lecithin,

tryptophan (TRP), hydralyzed whey protein, hydrolyzed casein protein, angd combjnations thereof, are
added to the b%rg}éogﬁngi%%ﬁér uia, r%\,pcfeé tlna}t %CE %é”t his are CIE)E/)H} a%mé Wlﬁil %ﬂe ac!geé

Gl
) il blend. Oil'samples are agitate orough ensure a homogeneous sample
prior to analysi¥"&&FASIdS ik BERRAINCHTNRCATE, TRE fas iR o FRTEA 478 sBFInYarRRd in the following
table. L gi ASGCi@Avlsecithiry FRF2* Bhpdrot fydedn¥ibey Protein (OH 28) *Hydrolyzed Casein Protein
(OH57) 0.98% 031 Result 1 12.80 031 Result 2 10.80 Average 031 Results 11.80 - 0.40%

Carbohydrates suitable for use harein may be simple or complex, lactose-containing

or factose-free, or combinations thereof, non-iimiting examples include hydrolyzed,

intact, naturally and/or chemically modified starch, maltodexttin, glucose poiymers,

sucrose, corn syrup, corn syrup solids, rice or potate derived carbohydrate, glucose,

fructose, laclose, high fructose corn syrup, indigestible cligosaccharides such as

fructooligosaccharides (FOS), and combinations thereoct.

MNon-iimiting examgples of lipids suifable for use herein include cocenut oil, soy oil,
corn oil, olive oil, safflower oil, high oleic safflower cil, MCT oil {medium chain
triglycerides), sunflower oil, high oleic sunflower oil, palm and palm kernel cils, palm

olein, canaia oll, marine cils, cottonseed oils, and combinations thergof,

The lipids for use herein may comprise long chain polyunsaturated fatly acids, non-
dmiting examples of which include decosahexaenoic acid, eicosapentaenoic acid,
arachidonic acid, or combinations thereof. These materials are known to provide
beneficial effects in infanis, such as enhanced brain and vision developmeni. Non-
imiting sources of arachidonic acid, eicosapentaenocic agid, and docosahexasnoic
acid include marine oll, egg derved oils, fungal oll, algal oil, and combinations

thereof.

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

C, inositot, cheline, salts and derivatives theraof, and combinations thereof,

The embodiments herein may comprise any of a vadety of minerals, non-limiting
examples of which include calcium, phosphorus, magnesium, iron, zinc, manganese,

16
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copper, ioding, sodium, potassium, molybdenum, chloride, selenium, chromium,
chloride, salis and derivatives thereof, and combinations therecf,

Optional ingredients

The embodiments described hersin may further comprise other optional ingradiants
that may modify the physical, chemical, aesthetic, or processing characteristics of
the compoesitions or serve as addifional nutritional components when used in the
targeted popuiation. Many such opficnal ingredients are known ar otherwise suitable
for use in nutritional powders, including powder infant formulas, and may also be
used in the nutrtional powder embodimenis herein, provided that such optional
materials are compatible with the essential materials described herein, are safe and
effective for their intended use, and do not otherwise unduly impair product

performance,

Non-fimiting examples of such oplional ingredients include preservatives, additional
anti-oxidants, emulsifying agents, buffers, colorants, flavors, vitamins, minerals,
nucleofides and nuclgosides, probiotics, prebiotics, lactoferrin and  reiated

dertvalives, thickening agents and stabilizers, and so forth.

infant Formula Embodiments

The nutritional powder ambodiments herein may comprise nutrients in accordance
with the relevant guidelings for the targeted consumer or user population, an
example of which would be the Infant Formula Act, 21 U.5.C. Section 350(z).

The infant formulas may include those embodiments comprising the carbohydrate,

lipid, and protein concentrations described in the following table,

nfant Formula Macro Nutrients *

iL
Mutrient Embodiment g {100 keal g
{reconstituted, as fed)

Carbohydrate 1 embodiment 8-16 54-108
2™ embodiment 9-13 61-88

Lipid ™ embodiment 3-8 20-54

2™ embodiment 4-8.6 27-45

Mentnin 1 embodiment 1-8 741

11
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The nutitional powders herein include those embodiments that comprise per 100
keat of formulz one or more of the following: vitamin A {from about 250 1o about
1250 Ih, vitamin D (from about 40 to about 150 1U), vitamin K (gt least about 4
rcg), vitamin E (at least about 0.3 IU), vitamin C (at least about & mg), thiamine (at
least about 8 meg), vitamin B12 (at least about 6.15 mcg), nlacin (at least about 250
rmey). folic acid {at least about 4 mog), pantothenic acid (at least about 300 meg),
biotin {(at ieast about 1.5 meg), chofine (al least about 7 myg), and inositol {af least

shout 4 mg).

The nutritional powders herein include those embodiments that comprise per 100
keal of formula cne or more of the following: caelcium {at least about 50 mg),
phosphorus {at least about 25 mg), magnasium {at least about 8 my), iron (&t least
sbout 0.15 mg), lodine {at least about 5 meg), zinc (at lsast about 0.5 mg), copper (at
least about 80 mcg), manganese {at least about 5 mcg), sodium {from about 20 to
about 60 mg), potassium {from about 80 to about 200 mg), and chicride {from about
55 to about 150 mg).

Product Form
The embodiments herein are typically in the form of flowable or substantially flowable
pariculate composilions, or at least particulate compositions that may be easily
scocped and measured with a spoon or similar other device, wherein the
compaositions may be reconstiuted by the intended user with a suitable aquecus
fiuid, typically water, to form a liquid nuiritional composition for immediate oral or
enteral use by the intended user, In this context, “Immediate” use means within
about 48 hours, including within about 24 hours, and alsc including right after,
reconstitution. The embodiments include spray dried, agglomerated, dry mixed or
ofher known or otherwise sffective particulate form, The quaniity of nutritional

powder required to produce a volume suitable for ane serving may vary.

12
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The embodiments herein may be packaged and sesled in single or multi-use
containers, and then stored under ambient conditions for up io about 38 months,
meluding from about 12 fo about 24 months, For multi-use containers, these
packages may be opsned and then covered for repealed use by the ullimale user,
provided that the covered package is then storad under ambient conditions (e.g.,

avoid extreme temperatures} and the contents used within about ong month or so.

Method of Manufacture
The nutritional powder embodiments may be prebered by any known or otherwise
effective technigue suitable for making and formulaling nutriiional  powders,
variations of which may depend upon variables such as the selected ingredient
combination, packaging and container selection, and so forth. Such technigues and
vanations are described in the nuiritional art or are ctherwise well known to those

skilled in the nutritional art.

The nutritional powder smpodiments, including the exemplified formulas described
nersinafier, may therefore be prepared by any of a varlety of known or otherwise
effective formulation or manufacturing methods. These methods typically involve the
inittal formation of an aqueous slurry containing carbohydrates, profeins, lipids,
stabilizers or other formulation aids, vitarmins, minerals, or combinations thereof.
The slurry is emulsified, pasteurized, homogenized, and cooled. Various other
soiutions, mixtures, or other materials may be added to the resulling emulsion
before, during, or after further processing. The resulting mixiure 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 zlso be added to the formulation by dry blending,
agglomerating, or ctherwise combining the added material to the forming or jusi

formed solid particulates,

Other suitable methods for making nuintional formulas are described, for example, in
U.S. Patent 6,365,218 (Borschel, et al), U.8 Patent 6,588,576 (Borschel, et al.}, and

13



0.05% - 1,11% 5.205.70 5.45 M 0.05% 0.05% -4.755.955.35N-0.05% - 1.11% 5.455.155.30

0 -0.05% 0.40%
WO 2009/085386 PCT/US2608/081534

U.S Patent 6,306,508 (Carlson, et al.), which dascriptions are incorporated herein

by reference.

EXAMPLES
The following exampies further describe and demonsirate specific embodiments
within the scope of the present invention. The examples are given solely for the
purpese of Hlystration and are not to be construed as limitations of the present
invenition, as many varigtions thersof are possible without departing from the spirit
and scops of the invention. All exempiified amounts are weight percentages based

upon the total weight of the composition, uniess ctherwise specified.

Each of the exempiified formulas is fed to humans to provide daily nutrition. Each
composition contains hydrolyzed casein proteln and leclthin, as described herein,
wherein each composition has improved oxidative stability and improved sensory

performance.

Examples 1-4
These examples illustrate infant nuiritional powder embeodiments of the present

invention, including a mathod of using and making the formula. ingredients for sach
batch are listed in the following table.

14



4.95 4.80 4.88

according to the 051 method described in Study 1. The enti

- 4.05 3.85 3,95 % represents the amount of ingredient as a percent by weight of
the total 031 sample. The percentage, by welght, of protein in the total OSI sample is calcu ated to
assimilate addifig 224443 folyzed protein by weight of total protein in a nEtHIGHAIFHEES to the oil
blend of the nutritional powder, As shown in the above data table, the oil blend comprising 0.40%
lecithin and 0.98% hydrolyzed casein protein (Sample A) was most effective, with an average 051
value of 11.80, in protecting against oxidation under the study conditions. Surprisingly, the 18
combination of 0.40% lecithin and 0.98% hydrolyzed casein protein was more effective in protecting
against oxidation than the oil blends comprising various combinations of more conventional
antioxidants (i.e. ascorbic acid, citric acid). STUDY 2 A study is conducted to evaluate the antioxidant
capability of oil blends comprising lecithin, hydrolyzed casein protein, and combinations thereof. The
batch variables are described below in the Study 2 results table. The batch variables are tested

re study is repeated on a separate day, so

that Day 1 and

Lecithin *Hydrolyzed{gageHisProte

Day 2 results are g}ertemﬁexdﬁwhichxamasm Mmarizeadrs the following table. Sample Day
inCilaidith fgrOQShitesulict OSluantity per | Quantity per
45,359 ky 45,359 kg 45,359 kg 45,358 ky
{100,000 bs} | {100,000 lbs} | (100,000 is) | (100,000 ibs)
Laciose (ko) 20461 20015 18887 19687
Non Fat Dry Milk (kg] 8495 8230 9414 9046
E!{S;w Oleic Seffiower Qil 5005 5005 5303 5056
Sov Qil (kg) 4023 4023 4029 36883
Coconut Of (kg) 3705 3705 3711 3678
Whey Protein
Concentrate (kq) 2397 2333 2188 2220
Potassium Citrate (kg) 413 418 422 421
Casein Hydrolysate DH
6 (ko). 296 G 0 G
Casein Hydroiysats DH
23 (kg), 0 58.2 0 {
Casein Hydrolysate DH
45 (ka), 0 Q3 144 5}
{asain Mydrolysate OH
80 (kg). 0 o 0 262
Calcium Carbonate {kg} 183 184 185 185
ARASCO Mortierella
alpina O (kg) 134 134 134 134
Soy Lecithin (kg) 115 115 57.5 259
Nugclectide-Choline
Premix tkg) 107 167 107 107
Potassium Chiloride (kg) 58.8 584 55.1 55.9
Ascorbic Acid (k) 57.8 57.8 57.8 57.8
VitiMin/Premix {kg) 50.6 50.5 50.6 50.8
DHASCO
Crypthecodinium cohnii 505 5G.5 50.5 50.5
Ol (kg
?;:)gnes’um Chioride 46.9 47.1 475 47.4
Citric Acid {kg) 28.1 261 28,1 26.1
Sodium Chioride {kg) 247 28.0 287 28.1
Ferrous Suifate (kg) 206 208 206 20.8
Choline Chioride (kg} 18.6 188 18.6 19.6
Vitamin AD,E K {kg) 17.7 17.7 17.7 17.8
Ascorbyl Palmitate (Kg) 5.04 5.04 5.08 5.00
Mixed Tocopherols
(70%) (kg) 4.88 4.88 4.88 4.85
L-Carniting (kg) 1.18 1.19 1.18 1.18
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Result 2 Average i Expected OSII** 051 ResultsiResult .. - 1.55 365 2,60- B 1 1.0% 0.99% 16.70
12.25 14.487.4 C 10.4% 0.99% 11.80 9.65 10.736.4 11.0% 0.49% 10.40 10.46.5 0,4% 0.49% 6.85

iRiboflavin (g} 1 144 | 144 | 144 E 144 |

The axempiified formuia may be prepared by making at ieast two separate sturries
that are later blended together, heal treated, standardized, heat frealed a second

time, evaporated ic remeove water, and then spray dried.

Initially, a carbohydrate-mineral slurry is prepared by dissolving the carbohydrale
(i.e., laciose) in water at about 606 - 71°C, followed by the addition of magnssium
chioride, potassium chloride, polassium citrate, choline chioride, and sodium
shioride. The resulting slurry is heid undar moderate agifation at about 49 - 80°C

until it is tater biended with the other prepared slurries.

A protein-in-cii slurry is prepared by combining high oleic sunflower olt, soybean ol
and coconut off at about 42 - 80°C, followed by the addition of ascorbyl palmitate,
mixed locopherols, soy lecithin, oil soluble vitamin premix, whey proiein concentrate,
casein hydrolysate, and calcium carbonate. The resulling oil siurry is held under
moderate agitation at about 38 - 48°C until ji is later biended with the other preparaed

slurries.

Water, the carbohydrate-mineral slurry and the protein-in-off slurry, are combined
under adeguate agitation. The pH of the resulting biend is adjusted with potassium
hydroxide. This blend is held under moderate agitation at about 48-80°C. The ARA
and OHA oit is added following the pH adjustrment and prior to processing.

The resuliing blend is heated to about 71-77°C, emulsified through a single stage
homogenizer to a maximum of about 300 psig, and then heated to about 82-88°C, for

about 5 seconds; The heated biend is passed through & flash cooler to reduce ihe

termperature to about 77-82°C and then passed through a plate cooler to further

reduce the tempetature to about 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 cocled to about 2-7°C. Samples are taken for microbiclogical and analviical

testing. The mixture is heid under agitation at about 2-7°C.
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855.5 - 0.99% 4.10 3,954,03 i.0% 153.603.1511111 0.49% 3,10 10.4% 2.45 2,30 2.38 A 2-

2.302.352.33
WO 2009/085386 PCT/US2008/081534

A water-soluble vitamin (WSV) sclution and an ascorpic acid solution are prepared
separately and added to the processed blended slurry. The vitarmin solution is
prepared by adding the following ingredients to water with agitation: potassium
gitrate, ferrous sulfate, WSV premix, L-caritine, riboflavin, and nucleotide-choline
premix. The ascorbic acid solufion is prepared by adding potassium hydroxide and
ascorbic acid io a sufficient amount of water to dissolve the ingrediants., The
ascorbic acid solution pH is then adjusted to about 5-0 with potassium hydroxide.

The blend pH may be adjusted o a pH range of about 6.65 — 6.85 with polassium
hydroxide to achieve oplimal product stability. The standardized blend then receives
a second heat freatment. The biend is heatfed fo about 86 — 82°C, and then further
heated to about 118 — 124°C for about 5 seconds. The heated blend is then passed
through a flash cooler to reduce the temperature to about 71 — 82°C. Following heat
treatment, the biend is evaporated down to a density of about 115 — 117

grams/milliliter.

The evaporated blend is passed through a spray drier, targeting a maisture level of
about 2.58% in the finished powder. The finished powder ihen undergoses
agglomeration with water as the binder solution. The completed product is then

packaged into suitable containers.

STUDY 1
A study is conducted o evaluate the antioxidant capability of several ol blends
containing varving amounts/combinations of conventional {e.g., ascorbic acid, citric
acid) and non-conventional nuiritional powder antioxidants {e.g., lecithin, hydrolyzed
casein protein, hydrolyzed whey protein). The bhatch variables are describad below
in the Study 1 results table.

Oxidative Stability Index (GSH
The oxidaiive stability index (OSI) is & method for determining the ability of an il {0

resist oxidation. Oif samples are exposed to heat and a consiant flow of air. As the
ability of the ol to resist oxidation is overcome, a rapid increase in the production of
oxidation products (volalile organic acids) ccours, The organic acids are dissolved in
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21.0% 0.99% 23.80 18.00 20.9 10.8 C 20.4% 0.99% 20.45 21.15 20.8 8.7 1,0% 0A9% 15.60 10.50

13.059.9 F 0.4% 2.094 0.49% 10.85 5.50 13,10 6.20 11.9817.8 5.85 G 2 - 0.99% 4.70 5.15
WO 2009/085386 PCT/US2008/081534

a coliection tube containing deicnized water. The organic acids increase the
conductivity of the water, as measured by an electrode. A plot is genersied and an
CSi value caleuiated Tor each sample, which corralates with the amount of time, in
hours, the sample resisted sxcessive oxidation.

Five-gram oil samples are analyzed using an QS| instrument (Omnion ing.,
Roclkland, Mass., U.S.A.) at approximately 130° C with an air-flow corresponding to
4.5 psi {40 Kpa}. Each sampie contains a base ofl blend comptising, by weight of
the base oil biend, approximately 40% high oleic safflower oil, 30% sov ofl, 28%
coconut oil, 0.37% mixed tocopherols, 0.026% ascorbyl paimitate, 0.13% oil scluble
vitamin premix, 6.38% DHA oil, and 1.0% ARA oll. Ascorbic acid (ASC), citric acid
(CA}, lecithin, tryptophan {TRP), hydrolyzed whey protein, hydrotyzed casein protein,
and combinations thereof, are added to the base ol blend. Oil samgples are agitated
thoroughiy io ensure a homogenecus sample prior to analysis. Samples are tested

in duplicate, the results of which are summarized in the following table,

*Hydro- *Hydro-
tyzad Iyzed 03! 08l | Average
D | ASC CA Lecithin TRP Whay Casein Result | Result O3l
Protein Protein 1 b2 Results
: (0H 28) {DH 57) )
A - - 0.40% - - 0.88% 12.80 | 10.80 11.80
B - N 0.4G% 0.20% - - 13.25 5.90 10.08
C - 0.05% - - - 0.98% 7.45 7.58 7.50
O 0.05% - 0.40% - - - 6.80 8.05 743
E | 8.05% - - 0.20% - - 7.45 7.20 7.33
F - - - - 1% 0.88% 7.20 7.15 748
G - 0.05% - 0.20% - - 5.20 §.35 8.78
H - - - 0.20% - 0.98% 6.00 7.30 8.65
| - - 0.40% - 1.11% - 6.75 5.40 8.58
J 1 0.08% - - - - (.98% 8.40 65.60 &.50
K - - - 0.20% 1.11%, - 5.80 $.40 6.15
L | 0.05% - - - 1,11% - 5.20 5.70 5.45
Mo 0.05% | 0.05% - - - - 4.75 5.95 5.35
N - 0.05% - - 1.11% - 5.45 5.15 5.30
Q - 0.05% 0.40% - - . 4.95 4.80 4.88
P " - - - - - 4.05 3.85 3.95

% reprasents the amount of ingredient as & percent by weight of the total OS] sample.

* The parcentage, by weight, of protein in the total OS! sample is calculated o assimiate adding 2%
hydratyzed protein by weight of {otal profein in a nutritional powdar to the oif bland of the nutriticnal
powder.

As shown in the above data table, the oil blend comprising 0.40% lecithin and 0.98%
hydrolyzed casein protein (Sample A) was most effective, with an avarage 0S| value

of 11.80, in protecting against oxidation under the study conditions. Surprisingly, the
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493 2..0.49% 3.554.554.05 0.4% 3.70 3.85 3.78 % represen s the amount of ingredient as a
percent by weight of the total 051 sample. " The percentage, by weight, of protein in the total 051
sample is calcifAfEE*a¥8imilate adding either 1% o 2% of hydrolyzed protéiretfiFieidht of the total
protein in a nutri lonal powder to the oil blend of the nutritional powder. - "Expected OS] Result"
represents the summation of the "Average OS] Results" for each of the individual components (i.e.,
lecithin and hydrolyzed casein protein) in the oil blend sample. For example, the Expected 031 Result
for the Day 1 citblerd sanipley(SanapleiB rodnifisingydr0Ysde cithisirandhi® 9%shydrelyzed casein
gr)mein is 7.4, whighds; ﬁhﬁr%gﬂé@ Hg%lﬁefze&%]ga&)@s{h%esﬁ m(; ulérme Davikal b%%r&qssample (gegggle
comprising it : e Da en am comprising 0.99%
hydrolyzed cagjgﬁ%régtg&%o?ﬁ&?g%wqm% o%%"’?‘ﬁ tms Bove oz ata agl %em%& and hydrolyzed casein
protein exhibit a synergistic antioxidant effect under the above-described conditions. Surprisingly,
samples comprising lecithin in combination wiiT##@lyzed casein protein (Samples B, C, D, and E)

are more effective,iy me@agﬁ&g@gaémﬁh%i%ﬁ%m@am@@m@ Ffhapambinatianpof lecithin and

hydrolyzed ca§%19u9r%§11 1¥|gla 23, greater pro ectlon aggr%n% %Qau%n ‘{‘ %t{}%rgé{m of the amount of
protection provided, in eC|t in"an yzeo? casein protein. For example the Day 2

expected resuﬁr%??ﬁ‘f@b(?ﬁ B?épr‘l‘él (v Ei‘%’iﬁ@ (CR-) %ﬁ@%nthm and 0.99% hydrolyzed casein protein

(Sample C) is 8.7; however, the actual average OSI result is 20.8. Surprisingly, the actual average OSI
result is more fhamnsterbipidbat ahthesxpeciedingsultwvbiohisihe swnetihe gildlend comprising

0.40% lecithin h len rlsn % oI sein. protein (Sample G).
appied), ‘41;86%5’%95% dg %99 éd{ A’&ﬁa RN

STUDY 3 Astu yls con cte 10 evaluate the antiokidant ca bility of pow: wdered nutritional
formulations c8HPHSHGEETATR SHYGHEIGZE O S BiP BrstéRiehy drolyzed whey protein, and

combinations thereof. Formulations are evaluated for oxidative stability in accordance with the

o . -
methods descried be l}:g/ Th %se ﬁnC|LL@ 6]:A)é’igm,me véi %(PV)}ssen SO ﬁﬁ?alﬁﬁg"ge%xldgtlve stability
index by NMR {( §1 NM ? volatile ofigaBie compqund ReCYev, Q@QOH A0e, putrltlonal powder
formulas in the study are similar to cammereially available] SIMEEAC Adatance Powder (Abbott
Nutrition, a divisioA-of Abbott L dB%ratorie8. 3 6lumbiis. Ohia 1BIBA) lexideidt that fife sample powders are
modified to inc%ud%..y 4"0%/""0‘ %%éeir prq?%%@’, ..ydm?}zﬁgd w.%%sdd te‘;g%ﬁsecithirg,gand combinations
thereof according o the fottowingdable. Sarppie RungNgmbetrCecithirgigyd UIngjy Casein Protein (DH
39) Hydrolyzeg Wﬁev Protein (DH 28)  6.99% 410 3,95 4.03

G 1 1.0% - 3.14 360 3.38 -

H 1 0.45% 3.10 3.15 313 -

i 1 0.4% - 245 2,30 2.38 -

A 2 - - 230 | 235 2.33 -

B 2 1.0% 0.99% 23,80 18.00 20.9 10.8

C 2 0.4% 0.99% 2045 | 21.15 20.8 8.7

D 2 1.0% 0.45% 15.60 | 10.50 13.05 9.9

E 2 0.4% 0.48% 1085 | 13.10 | 1198 7.8

F 2 1.0% - 550 6.20 585 -

G 2 - 0.98% 4.70 515 4.93 -

H P 0.48% 3.55 455 1405 -

] p) 0. 4 3.70 385 | 378 -

% represents the amount of mgremeni a5 a percent by weight of the total C8! sample.

* The percentage, by weight, of protein in the {otal OS1 sample is calculated to assimilate adding
either 1% or 2% of hydrolyzed protein by weight of the total protein in & nutritional powder to the oit
bHlend of the nutritional powdar.

* "Expected 08| Resull” represents the summation of the “Average O8I Resulis” for each of the
individuat components {i.e., lecithin and hydrolyzed casein protein} in the oif blend sampie. For
example, the Expected O3] Result for the Day 1 ol blend sampie (Sample B) comprising 1.0% lecithin
and (.88% hydroiyzed casein protein Is 7.4, which s the sum of the Average O8I Result for; 1) the
Day 1 ol blend sample (Sampde G) comprising 1.0% lacithin {3.38); and 2} the Day 1 oif blend sample
{Sample F) comprising 0.99% hydrolyzed casein proiein {4.03).

19



% by wt. of iota lipid % by wt. of total protein % by wt. of total protein A10.40 B21.240C31.204
D 30.40 20 The base formula used to prepare each test sample contains approximately (per 100
kcal): 2.07 grattfs 3Pt non fat dry milk, whey protein concentrate), 5 ZgfaHE448 (@igh-oleic
safflower, soy, coconut oils, arachidonic acid, docosahexaenoic acid), 10.8 grams carbohydrate
(lactose), minerals (calcium 78 mg, phosphorus 42 mg, magnesium 6 mg, sodium 24 mg, potassium
105 mg, chloride 65 mg, iron 1.8 mg, zinc 0.75 mg, copper 0.09 mg, iodine 0.006 mg, manganese 5
Jig, selenium 148 pywand Wikeabens (e minte A0 BhovitaiminzBictadbn vitatminelbib&LU, vitamin Ki 8
jig, vit_arréi QZCO%WQH?@EH%@%QQWB& Jitaefl@\énagoyéfaéilgabew@g&mg- gggrmﬁmi@'g@ci 1n61050 mg, |
vitamin : ic aci ., pantathenic acid 0. mg, biotin 4.4 jig,.choline 16 mg, inosito
a7 o). Prepa s B e B B I pray dried i
a pilot plant faEility. Br @ Hrépare fneestiesf 16 mblaeciPn a8a s BrsiicR BrEFARsa!EY édmbining high
oleic sunflowetheitostyizdan dils@tnch eod tndio ot @beintpd@sir6QCy el @nettbyrthetaddition of ol
soluble vitamingepscorbylfairitate B3idppnl:ancthimixediosopheraisd3karpmly, the base oil blend
s spiit into poftions, and saisctlevels.of leqihin ateadded ta.2agh poionda make yp distinct
variables. The oll blend is adde I, under agitation at a ter%p’eratur of about _55-85 , to a slurry
containing watéf, ficfyees r?@ﬁ‘ﬁﬁ?‘ﬂﬁéy%ﬂ’lo(? afd ttaBtWASY ProveiiPi¥triterifidite RIRBEY agitation. Based
on the study fdfauiée By drdliyzeneesethaprdteineyairo2ectwhdy Irdtefivaistgpntisinations thereof,
artzI z?]dded to t@&@%ﬂ@hages@sryeimasr&@p@tmaglnbd@ngmam tenpeEAtdie-shartiipe a(ﬁdTST) prclmessgd
and homogeni a 33%,soli are standardized with vitamins_and minerals, an
evaporated to%a%%t%% 55%%0 %S& g‘i’%ue% ?g}}l.tl}l ﬁﬁﬁ%%né%%ﬁu&cﬁ‘ﬁ] nu Fr%eex ﬂ}i\g,]%b%eﬁgpg%%zepeg(u HT) processed
before feeding t5 & ¥hraly Gyl YR S507dere 5iR ‘GAH T A moisture content of about 2-3% by
weight of the powder, The spray-dried powders are packaged in cans with about a 0.5 inch (1.27
centimeter) headspace, with fill weights rangigq&gysabout 350 to about 390 grams. Lids are sealed
onto the cans under normal atmospheric conditiors;without modification to the headspace. 21

A study is conducted fo evaluaite the antioxidani capability of powdered nutritional

formulations comprising lecithin, hvdrolyzed casein 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 evaiuation, oxidative
stabflity index by NMR (OSI-NMRY}, and volatile ocrganic compound (VOC) evaluation.

The nuiritional powder formuias in the study are similar fo commercially available
SIMILAC® Advance Powder (Abboit Nutrition, a division of Abbott Laboratories,
Columbus, Chig, USA) except that the sample powders are modified to include
hydrolyzed casein protein, hydrolyzed whey protein, lecithin, and combinations

thereof agcording to the following table.
!

i Hydrolyzad Hydrolyzed |
2un Number Lecithin Casein Protein Whey Protein
E Sample (DH 39) (OH 28)
‘ % by wi of fofal | % Dy wi, of total | % by wi of {ofal
fipid protein protein
A 1 0.4 0 0
B 2 1.2 4 8
< 3 1.2 0 4
D 3 0.4 0 0
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One week following manufacture, closed cans of the formulated samples are placed in elevated
temperature storage, at about 37C and about 43C. Following 2 weeks of incubation, the cans are
opened and s¥RFESEEE8Hulled for testing. Between sampling, the cansF4rE'E@ate#Bivith plastic
commercial can overcaps and returned to elevated temperature storage. Following 5 weeks of
elevated temperature storage, samples are pulled for testing. Peroxide Value Peroxides are primary
products of lipid oxidation, and the measurement of their formation may be used to assess the ability
of a nutritional powder to resist oxidation. The peroxide value method is based on the International
Dairy Foundatign 0QR)nethad fndhedetemmination of nergxidevalue (k.Standasd 74A:1991,
International airy F%yngatlon;l Jun%\19?1{){,j Whl,(ht] rl‘easures peroneJe}vglgﬁz utll%z%ng the oxidation
of Fellto Fe %3//' 1A ARy e Ry S Er SRS PET ESRBIS e Wit eageit thictyanate to form a
red colored cofMpleX¥RaAFEMRasTre FSPELTr8lfh EMERIdalRCE SopPRalsRRERiPs?THe concentration of
Fe Il is then determiaed using arserigscakbe thirstandantsalutbng apcblipeausegression. Each
nutritional poW@n@EW@&%%’q%MﬁF% FQHPM!&_Qs@rW%K%{%‘: @iﬁa@&@éeﬁ@p%@wr@ﬁg@rage- The
formulas are flrist r ggnstltuted |rb\{>v§1ter. The Ilgl&}gystem of the regonstltyted 0 uct is extracted, after
the addition of Me 'an{gﬁ’ﬁ:ﬁ Boctanesand tien wafré%l’fgra%%agseé@seﬁ r3h6h . After E%)htrifugation, a
quantitative alffidof'8fife ElEardbetatve EmiR CiS A iéd dtitten iiited @itk &70%6:chloroform/30%
by volume methanol Selventmaixter e, Bimmanibfidhiiotyadate, @nddaenrousathiaridé@cinder acidic

conditions. Thesextractadinid isdbenanalyzed via he aersmentiansddpPR desbmethod, the results of

which are summarized i;p the f.olloyvirl table.22 2/B1.24014.93116513/C1.20429211.13/D
chajing 16 mag, [fosiiol 4

0400111 25978 "Shown In“above data tat le, the nutritional powders comprising lecithin and
hydrolyzed casein protein (Sample B) or lecithin and hydrolyzed whey protein (Sample C) are much
more effectivefirepesigibng peroxide formation and thus oxidation than the nutritional powders

comprising leqithin angiB:hyslialyzagiproteine Sampies AaeskRiundesths siudyicanditions. Sensory

Evaluation Theﬁ sensary g%alu%iogerggmgg rovides an ey |UsatI8£] tgi 0 Egatgvea§gg ility by sensory
detection of off-falors and tdors Trom ‘éompoun\fds gener‘aatecffl dufing the SxXidation of oils. The sensory

evaluation als&°PreiVitRes ghasiariafiicoCihe WheraIPseHsbYPR Gt hfARER b FRuthtidnal powders. Each
nutritional powdemfat oy tad saevisdnate difchiowingiRrane Bavetkspafraleiatdtiitenperature storage by a

trained sensorypangkopheastrtionahnowders-ase-g valuated anchibenassionged Rikating in accordance
with the 5-point seale: deseribed In fhe following two tables, Bating, xdation.Sepsopy Oxidation
Evaluation Ratings 0 None

blend is added, under agitation at a temperature of about 48-60°C, to a siurry

centaining water, lactose, non-fat dry milk, and intact whey protein concentrate under

agitation. Based on the study formuis, hydrolyzed casein protein, hydrolyzed whey

protein, and combinations thereof, are added to the resulting slurry. The resulting

blend is high temperature short time {(HTST) precessed and homogenized at about

33% solids. The blends are siandardized with vitamins and minerals, and

evaporated io about 52% solids. The resulting product is then uitra high temperature

{UHT) processed before feading to the spray dryer. The powders are dried to a

moisture contant of about 2-3% by waight of the powder,

The spray-dried powders are packaged in cans with about a G5 inch {1.27
cenfimeter} headspace, with fill weights ranging from about 350 to about 390 grams.
Lids are sealed ontc the cazns under normal atmospheric condifions, without
modification to the headspace,
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No oxidized flavor notes detected 1 Very slight Product has threshold to very slight intensity of
oxidized flavor notes Slight Moderate Product has slight oxidized flavor notes Product has moderate
to above inter%ﬂf%%?ﬁé%ed flavor notes, but no 'oainty” notes detecte(ﬁ’%ﬁ%ﬁé’ﬁ%fgﬁ%‘fd) Product has
threshold or above intensity of "painty" notes; may also have oxidized flavor notes at any intensity
Extreme (rancid) Product has a moderate or above intensity of "dainty” notes; may also have oxidized
flavor notes at any intensity. Ratingi Sensory Fishiness Evaluation Ratings No fishy 1 Very slight fishy
(no degraded) Slight fishy (no degraded) Moderate or above intense slight fishy (no
degraded) 4 ety skbn toslighttegraded fistt< ogleratenarabovesslighittegsaded-tsh The verbal
descriptors asgigned o fAchSRRSARLRMALIANAN: have Nt besp directy rarrelataddalipid oxidation,

but are closely related to consumer acceéatance. The siensory r sul};s are summarized in the following
table of incubation, the cans are opened and samples are’pulied jor testing. Between

sampling, the cans are sealed with plastic commercial can overcaps end returned to
elevaled temperature slorage. Foliowing 5 weeks of glevated temperature storage,

samples are pulled for testing.

Peroxide Value

Peroxides are primary products of fipid oxidation, and the measurement of their
formation may be used fo assess the ability of a nutritional powder to resist
oxidation. The peroxide value method is based on the Internalional Dairy
Foundation {IDF) methed for the determination of peroxide value (IDF Standard
74A:1981, International Dairy Foundation, June 1831), which measures peroxide
levels by utilizing the oxidation of Fe Il to Fe Il by linpidiatly acid hydroperoxides, Fe
I complexes with reagent thiocyanate to form a red colored complex that is
measured spectrophotometrically at 500 nanometers. Ths concentration of Fe Hll is

then determined using a series of Fe |li standard solutions and linear regression.

Each nutritional powder formula is evalusted following & weeks of elevated
temperature storage. The formulas are first reconstituted in water, The lipid system
of the reconstituied product is extracted, after the addition of methanoi, by isooctane
and then water for phase separation. Afier centrifugation, a quantitative aliguot of
the clear isocctane extract is dried and then mixed with a 70% chloroform/30% by
volume methanol solvent mixture, ammonium thiccyanate, and ferrous chloride
under acidic conditions. The exiractad Hipid is then analyzed via the aforementionad

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

Hydrolyzed Hydrolyzed Peroxide Val{ue (mEa/ kg
Run - . . ; oif}
Legithin | Caseln Protein | Whay Protein
Nurnber/ (DH 39) {DH 28)
Sample
Number } % f%y Kf‘ % by wl of | % by wi of total 5 weeks
of toia total protein protein KYio 43°C
Hpid
11A 0.4 0 0 14.7 17.3
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Run Number/ Sample Number Lecithin Hydrolyzed Casein Protein (DH 39) Hydrolyzed Whey Protein
DH 28) % by wi, of total Sensory Oxidation 2 weeks Rating Off-Flavor 5 weeks , .0 by wt. of total %
by wt, of lipid total protein protein 7C 43C 37C

2/8 1.2 4 0 4.43 16.5
3/C 1.2 0 4 2.82 11.1
3/D G4 4] 0 i 111 25 i

As shown in above data table, the nutritional powders comprising lecithin and
hydrolyzed casein protein {Sampie B} or lecithin and hydrolyzed whey protein
{Sampie C} are much more effective in resisting peroxide formation and thus
oxidation than the nutriional powders comprising lecithin and ne hydrolyzed proteins
Samples A and D} under the study conditions.

Sensorv Evaluation

The sensory evaluation method provides an evalustion of oxidative stablliity by
sensory detection of off-flavors and odors from compounds generated during the
oxidation of oils. The sensory evaluaticn also provides an evaluation of the overall
sensory performance of nuiritional powders. Each nutritiona! powder formulg is
avaluated following 2 and 5 waeks of elevated temperature storage by a trained
senscry panel. The nutriional powders are evatualed and then assigned & rating in

accordance with the 5-point scaie described in the foliowing two tables,

Rating Oxidation | Sensory Oxidation Evaiuation Ratings
0 None No oxidized flavor notes detecied
1 Very Product has threshold to very slight intensity of
slight oxidized flavor notes
2 Slight Froduct has slight oxidized flavor notes
3 iModerate | Product has moderate to above intensity of oxidized
fiavor notes, but no "painty” notes detecied
4 Much Product has threshold or above intensity of “painty”
{rancid) notes; may also have oxidized flavor notes at any
intensity
5 Extreme | Product has a moderale or above intensity of “painty”
{rancid) notes; may also have oxidized flavor notes at any
intensity,
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43C1/ADAO0000052/B124000043/C1.20400053/D04000405 Run

WO 2009/085386 PCT/OS2008/081534
Rating : Sensory Fishiness Evaluation Ratings
4] NofsbY oo -
1 Very slight fishy (no degraded)
2 Slight fishy (no degraded)
3 Moderaie or above intense slight fishy (no degraded)
4 Very slight to slight degraded fish
5 Moderate or above slight degraded fish

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

correlated o lipid oxidation, but are closely related o consumer accepiance.

The sensory results are summarized in the following table.

2un _ Hydrolyzed Hydralyzed | Sensory Oxidation Off-Flavor
Number/ Lecithin | Casein Protein | Whey Protein Rating
{DH 38} DH 28)
Sample % by wi 2 weeks 5 wegks
Number of ;é fal' % by wi. qf % by wi. of tofal :
lipid total protein protein 37°C 1 43°C | 37°C | 43°C
1/A 0.4 0 0 0 4 0 5
2/B 1.2 4 0 Q g 0 4
3/C 1.2 0 4 0 0 ) 5
3/B 04 0 0 0 4 ) 5
{ Hydrolyzed Hydrolyzed - )
Run | Lecithin Casyein Fgrotein Wgay Pratain Sensory Fishiness Rating
Number/ {DH 38} {DH 28)
Sample | H DYWL g by of | % by wt. of total [—2EEkS 3 weeks
fioid tofal protein profein | 37°C [ 43°C | 37°C | 43°C
171 A 0.4 0 0 1 4 4 5
2/B 1.2 4 0 0 0 0 0
3/C 1.2 0 4 0 G 0 0
3/8 0.4 0 0 1 2 2 1

As shown in the above data tables, the nutritional powders comprising lecithin and
no hydrolyzed profeins (Samples A and D) displayed fishy notes and acceisrated
oxidation off-flavor development over the five-wesk test period. In contrast, the
nutritional powders comprising lecithin and hydrolyzed casein protein (Sample B) or

lecithin and hydrolyzed whey protein (Sample C) displayed no fishy notes or

24



Lecithin Hydrolyzed Casein Protein Hydrolyzed Sensory Fishiness Rating Whey Protein Number/ (DH
39) (DH 28) Sample Number % by wt. of total % by wt. of % by wt. of total 2 weeks 5 weeks lipid
total protein protatf%¥&EH3c 7Cc 143C 1/ A0.4 0 PCT/US2008/081534

oxidation off-flavors at an elevated temperature of 37°C, ne fishy notes at 43°C, and
delayed oxidation off-flavors at 43°C.

The sensory data are censistent with the above-described peroxide value data, and
show that a mixiure of lacithin and hydrolyzed casein protein or & mixture of lecithin
and hydrolyzed whey protein, as described herein, is able o protect powdered

nutriional products better than lecithin alone under the above-described conditicns.

Oxidative Stability Index (OS] as determined by Nuclear Magnetic Resonance
(NMRE) (OSI-NMR)

The oxidative stability index ({CSI-NMR) is & method for determining the ability of a
nutritional powder to resist oxidation. The OS8I-NMR iest method is similar to the

published work of Hircaki Saito and Kunisuke Nakamura (Nippeon Suisan Gakkaishi,
Vol B5(8), 1663, {1888)) except that the Faolch extracon method is modified to
extract the lipids and fsity acid containing structures from the nutritional formula
matrix.

LIPID EXTRACTION: To extract the lipid, each powder sample is mixed to minknize
sample heterogeneity. Approximately 100 milligrams, within a varlance of 2%, of
gach sample is weighed into glass screw-top cenirifuge tubes. A 1 milliliter aliquot of
methanol-dy is pipetted into each twbe and then vortexed for one minute. Next, 2
mililiters of chioroform-d are added. The vials are then vortexed for 30 seconds.
The solutions are maintained at room iemperature for approximately 890 minutes and
then are cold-centrifuged at 3,000 G for 10 minutes. The supernatant is then filered
through 0.2 millimeter PTFE syringe filters.

The extracted lipids are then anaiyzed via the aforementioned OSI-NMR test
method. The regions of the NMR spectra used for integrslion are 1.1-2.6 ppm

{aliphatic) and 2.7-2.9 ppm (dizilyl) io produce an aliphatic/diallyl ratin,

Each nufriticnal powder formula is evaiusied following 5 weeks of elevated

temperature storage, the resuits of which are summarized in the following table.
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0144152/B1.240000i0310 1.20400003/00.4001221 Asshown 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 five-week test period.
In contrast, the nutritional powders comprising lecithin and hydrolyzed casein protein (Sample B) or
lecithin and hydrolyzed whey protein (Sample C) displayed no fishy notes or 24 oxidation off-flavors at
an elevated temperature of 37C, no fishy notes at 43C, and delayed oxidation off-flavors at 43C. The
sensory data arg consistent with theiabeye-descrihediaesoxide v ?%@Ranq Show that a mixture of
lecithin and hydfol?ﬁ@d cassifipr erﬁiwbrpaﬁﬁﬁﬂf‘i‘xtu?@%'fﬂ@éﬁthln aqg ){Q{Q/IM%% @,y protein, as
described herein Sﬁ le @@rcﬁ*‘c Et-p pgﬁﬁeﬁbd AL prcz.u'cw better L.év\é. teeithin-alone under the
above-described jtlorg;‘sgc@xldatlﬁé’ﬂs‘(éﬁﬂlt) S@S B as GEIermlnep by Nuctear Magnetic
Resonance (NMR) (OSI-NNHR) The Cxidative stabfiy index (OSI-NMR{i<’a method for determining
the ability of a nuLﬁﬂénaLpg@\fdeLm_Les%LoxtdaLm;ﬁhe_Os_NMRieswﬁémgd_@m ilar to the
published work iof Hifoaki-Sao-and-Kunisuke-Nakamura-(Nippon-Stisafigakkaishi-\/ol. 55(9), 1663,
(1989)) except thaf the Folahextractionsmethod iS medified 1o extract thezlipids and fatty acid
containing structures from the nutritional formula matrix. LIPID EXTRACTION: To extract the lipid,
each powde; S@j@@lﬁvﬁ ngix@%@»@i&gm%%Ii@amepk@a!?@&%@g@w@%x &:@Hﬂ%@@éﬁ!g@%ﬁqmigm?s VIVithint
a variance of 2% ch_sample is weighe 0 glass screws; ntri ubes milliliter aliquo
of methanol-d4i SF ted inte l213(: g an% t e{r)?vfilgcrzsteh)}(ne(5J ?or (? g ‘?nﬁjtg’%ﬁ?/ext IZ“lelllhters of
chloroform-d af@@aged! Tﬁé%l&g%r@’tﬁr@ﬁ%?ﬂé&é@’f@r BtPsdsn A TRESARTNE ate maintained at
room temperatupefonapproximetalio® thantutes @it dheovarescal dyoeintgifegedhatnd, 600 G for 10
minutes. The WQ@%@%@F@QQQMB[@Q@%@W chdamilimetes, RoR&isynge filters. The extracted
lipids are then analyzed via the aforementioned OS1-NMR test method. The regions of the NMR
spectra used for mtegratlon are 1.1-2.6 ppm allphatlc) and 2,7-2.9 ppm (diallyl) to produce an
aliphaticidially ¥-2¥es-BEE B HAERRNNE s W e S evaluated following 5 weeks of elevated
temperature st‘magle ct:rgemeswlmssoﬁwmm sumﬁmnm@l mctihesto oV nigetédalin 2 Bnd

the measurement of their formation may be used 1o assess lipid oxidation. The VOC

method involves the sampling of volatite organic compounds (VOCs), specifically
hexanal, by heated headspace (H8) and the analysis of collected components by
gas chromatography-mass specirometry (GC-MS)

Each nutritional powder formula is evaluated following 2 and 5 weeks of elevated
temperature siorage. The formulas are reconstituted in watler and stired under
voriex for § minutes. Then using a glass pipetie, 1 gram of the reconsiituted sampie
is placed into & 20 milititer amber headspace vial that coniains 4 milliliters of
laboratory water and 2 grams of sodium chioride. The sample is then spiked with 2
{otal of 250 nanograms cof internal standard {chicrobanzene-ds), sealed with a
polytetrafiuorosthyiene (PTFEZ) fined silicon septum, and vortexed for 30 seconds.
Samples are then analyzed via HS GC-MS analysis. The HS GO-MS analysis is
congucted using the foliowing equipment and parameters.
EQUIPMENT
Headspace: EST Markelov H38000, £8T Analytical

503 Commercial Drive, Fairfield, Ohio 45014

Trap: Supelco Vocarh 3000, Supelco
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Run Number/ Sample Number Lecithin Hydrolyzed Casein Protein (DR 39) Hydrolyzed Whey Protein
(DH 28) OSI-NMR Results (Aliphatic/Diallyl Ratio) % by wt of total lipid % by wt. of total protein % by
wt. of total proféif@* %8 1/ A 0.4002.332/B1.2401.30 PCTAUS2008/081534

595 North Harrison Road, Bellefonte, Pennsyivania 16823

interfacs: Agilent Volgtites Interface with EPC, Agiient Technelogies
2850 Centerville Road, Wilmington, Delawars 18808

GC-M3: Agilent 8890N GC — Agilent 53750 MSD, Agilent Technologies
2850 Centerville Read, Wilmington, Delaware 15808

Software:  ChemS8tation Revision E, NISTOS Mass Spectral Database
Agilant Technologies, 2850 Centerville Road, Wilmington, DE, 19808

Colums: HP-VOC 30 mx 0.20 mm x 1,12 pm, Agilent Technologies
2850 Centervilie Road, Wilmington, Delaware 18808

CONDITIONS

M3 Conditions: Gas: helium

WMode: absorbent trap {2N)

Sample equilibration: 80°C for 30 minules

Mixing: rotation on high

Sampling: sweep vial contents onte trap at 40 milliliters/iminute for 1 minute
Dry purge: 40 milliliters/minute for 3 minutes at 30°C

Desorb: 260°C for 1 minute

Valve aven. 130°C

Transfer iine: 150°C

3 & & @& ® @ © @

GC Caonditions:; Gas: hefium

Interface: 150°C

Maode: spiit

Split ratio: 40;1

Spiit flow: 40 milliliters/minute

Column flow: 1.0 miliiliters/minute

Linear velocity: 36 centimeters/second

Oven: 30°C (10 minutes) - 200°C at 6°C/minute (7 minuie hold)

& L] L] ® L] 2 F

MS Conditions: Transfer line: 200°C
o Source: 230°C

e« Mode: full scan

+ Scan range; 35400 u.

The compounds {e.g.. hexanal} detected during the HS GC-MS anaiysis are
identified using the Nationhal Institute of Standards Mass Spectral Database. The
aregs {iotal ion counts) of the compounds detected and the area (iotal ion count) of
the internal standard (ISTD) are used fo calcuiate concentration according fo the
following equation:

Area of Compound x Total Amount ISTD (nanograms) = Concentration {parts per billion}
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3/C12041.093/D0.4001.72 As shown in the above data table, the nutritional powders
comprising lecithin and h%/drolyzed casein protein (Sample B) or lecithin and hydr%é/zed whey protein
(Sample C) haVe 1oWers fbhatludlallyl ratios and thus are more effectlvpecllrf%f'@’ hg*against

oxidation than the nutritional powders comprising lecithin and no hydrolyzed proteins (Samples A and
D) under the study conditions. Volatile Oroanic Compounds (VOC) Evaluation Volatile organic
compounds (VOCs) are secondary products of lipid oxidation, and the measurement of their formation
may be used t&s¥esElipid oxidEiore Whe @€ method involves the sampling of volatile organic
compounds (VOCs), specifically hexanal, by heated headspace (HS) and the analysis of collected

components by:gas.GREQMALIgSaRAY AR SRECY OMRIDY 463G M)oloaet usgtional powder formula is
ure-storage--Fhe-formulas-are

evaluated follov
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ENPMERET Headspace: EST

Markelov H590 ”%%T ,%\né.'z'tia et 503 C%mm r"'gg"“ = gﬁgwf' %g? “jﬁ{}?’f":’)m Trap:Supelco
Vocarb 3000, Supgfgo-26 NorthrtgarrsomRoad; Bettefonte] Penpgsylvagiar 1 Interface:Agilent
Volatiles Interfacé with EPC, Agiént Technologies 2850 Centerville Road, Wllmlngton Delaware

19808 GC-MSiagle0, QEA0N G - Aoiens SETSAMR AolensTechnglpgies A Gentenvile Road

Wilmington, Delaware 19808 Software:ChemStation Revision E 5 Mass Spectral Database

Agilent Techngﬁfﬁlége SHEHE RN RSNAS REAE iR

. BE VEEHEL AR HEPBC 30 m x 0.20
mm X 1,12 pm{SAGHENE Teechtitio gies 'REBOyGeBaYiloRBHG 20 o o Prsler ¢ et9808

CONDITIONShitdranditiens ceas:idelivarnhMecehabsadent tiaps(2 araampleequjlibration: 60C for
30 minutes Mjixing: tgg@g&pcggdﬁg{g Sampling: sweep vial contents onto trap at 40 milliliters/minute for

1 minute

The VOC data are consistent with the above-described peroxide value, sensory, and
OSI-NMR data and show that a mixture of fecithin and hydrolyzed casein protein or a
mixture of lecithin and hydrolyzed whey profein, as described herein, are able to
protect powdered nutritional products befter than lecithin alone under the above-
described conditions.

As shown in the above data tables for Study 3, lecithin in combination with
hydrolyzed casein profein provides a greater than expected antioxidant effect in a
nutriticnal powder matrix, which is consistent with the Study 1 and 2 OS5l results that
demonstrate the synergism of lecithin and hydrolyzed casein profein in an oil bleng

matrix as described hereinbafore.

SUMMARY
The collective data from the studies show that hydrolyzed casein protein in
combination with lecithin, as described herein, provide a synergistic antioxidant

affect in both an oil blend and nutritional powder matrix. The combination of
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Dry purge: 40 milliliters/minute for 3 minutes at 30C Desorb: 260C for 1 minute Valve oven: 130C
Transfer line: 150C GC Conditions: Gas: helium Interface: 150C Mode: split Split ratio: 40:1 Split
flow: 40 millilitBEANHKERL* Column flow: 1.0 milliliters/minute Linear velott %g’@é‘ﬁﬁ?ﬁ‘bters/second
Oven: 30C (10 minutes) - 200C at 6C/minute (7 minute hold) MS Conditions: Transfer line: 200C
Source: 230C Mode: full scan Scan range: 35-400 u. The compounds (e.g., hexane!) detected during
the HS GC-MS analysis are identified using the National Institute of Standards Mass Spectral
Database. Thé&yvareszsttaridontedeintshodiatidiconsptrmdsedeteciediandithresiipstivétdtal ion count) of the
internal standarettBiDhar@oiseddaraiciate cARsRAtratipTACERNG tadie fedlewing equation: Area

of Compound &I&%&@M%Fﬁgﬁé@a&%&@m@ = Concentration (parts per billion) 27 Area of
ISTDSample Weight (grams) The results of the HIS GC-MS analysis are summarized in the following

table. Run Number," Sample Number | 1Lecithin | Hydrolyzed Casein Protein (DH 39) Hydrolyzed
Whey Protein {Hg8)is are surprising because lecithin and hydrolyzed casein protein are not

cenventional nuiritional powder antioxidants. Lecithin, although generally known to
have anfioxidant properties, is not typically added te nutritional powders as an
antioxidant. Lecithin is more typically added to nutritional liquids; however, lecithin is
added to nutritional liquids for its functionality as an emulsifier, rather than as an
antioxidant, Furthermoere, hydrolyzed casein profein is typlcally added io nutritional
powders to improve protein tolerance, not as an antioxidant, The data are especizlly
surprising because not onty are lacithin and hydrolyzed casein protein both non-
conventional nuintional powder antioxidants; remarkably, the combinaiion of the two
ingredients provide a synergistic antioxidant effect in both oil blend and nutritional
powder matrices,
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VOC Results Hexanal Concentration (ppb) ;1----% by wt. of total ; lipid % by wt. of iota/ protein % by
wt, of total protein 2 weeks 5 weeks 37C 43C 37C43C1(A0.400500 1486 3087 7281 2/B 1.2
40173608

WHAT IS CLAIMED IS:

1. A composition comprising:

{(a)} carbohydrate;

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

(c) from 0.5% to 10% hydrolyzed casein protein by weight of total protein; and
(d) from 90% fc 99.5% intact protein by weight of totai protein;

wherein the composition is a nutritional powder.

2. The composition of claim 1, wherein the hydrolyzed casein protein has a degree of

hydrolysis of between 8% and 90%.

3. The composition of claim 1, wherein the hydrolyzed casein protein has a degree of
hydrolysis of between 23% and 80%.

4. The composition of claim 1, wherein the hydrolyzed casein protein has a degree of
hydrolysis of between 45% and 80%. »

5. The composition of claim 1, wherein the composition comprises from 0.25% to 1.0

% of the iecithin by weight of total lipid.

8. The composition of claim 1, wherein the composition comprises from 0.5% to 5%

of the hydrolyzed casein protein by weight of total protein.

7. A composition comprising:

{(a) carbohydrate;

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

(c) from 0.5% to 10% hydrolyzed casein protein by weight of total protein; and
(d) from 90% to 99.5% intact protein by weight of total protein; wherein the

composition is an infant formula nutritional powder.
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) 312116038 3/C 11.2 04 138 699 ; 249916762 3 1 D 10.4 10 0 548 3000 i ; 8097;9721 As shown in
the above data table, less hexane( (i.e., a VOC compound) is released from the nutritional powders
comprising lecithin and hydrolyzed casein protein (Sample B) or lecithin and hydrolyzed whey protein
(Sample C) as compared to the nutritional powders comprising lecithin and no hydrolyzed protein

(Samples A anehf)pdersthe-stedi condiflansinihe Matgala aEeSrpsiRientydth Hé%@ecafe-descnbed
peroxide value, sensory, and OSI-NMR data and show that a mixture of lecithin and hydrolyzed casein
protein or a rAYKYGRESET . ERRIYEERE ByABIY2Ed whey protein, as described herein, are able to protect
powdered nutritional products better than lecithin alone under the above-described conditions. As
shown in thegalipye:datpotiiasofal fiudywhdesitie inveesikiratesewitrdiydraby edegzeiniprotein
provides a gj)e tr%{ tsharg) @ﬁ%%tee c}io>§8|%61;,/§1‘|‘ect in a nutritional powder matrix, which is consistent
with the Stu 37 and 2 results that demonstrate the synergism of lecithin and hydrolyzed casein
protein in an oil blend matrix as described hereinbefore. SUMMARY The collective data from the
studies show! thdiheyefrsiyesitictasennpioteiRI0 fhtg A EnYRth tasriin eisindssrbeadedein, provide
a synergisticanfjaxslan sffestiadoipaned siend and nutritional powder matrix. The combination of
28 hydrolyzed casein protein and lecithin, as described herein, is highly effective for protecting

nutritional powders from oxidation and far providing better sensory performance, gver prolonged
periods. The résfté SRTEGRRIY B'@EBJSS" RECRA n@W@%‘Wéﬁggﬁgﬁﬁsﬁ%&é&%@hot conventional
nutritional pdvede 8 anoyisiaustst theciithich frith dugle gesreratilytka entetio, renigrantiBxmant properties, is

not typically gpgﬁg &PtﬂéﬂéHFBBﬁm%\ﬂédefs as an antioxidant. Lecithin is more typically added to
nutritional liquids; however, lecithin is added to nutritional liquids for its functionality as an emulsifier,

rather than as an antioxidant. Furthermore, hydrolyzed casein protein is typically added to nutritional
powders to irprole pRotens SR RirtaMot WS MHI IR RE MR tRaA 28 @¥ecially surprising
because not gnreatigsittinzandbydrolyzed casein protein both non-conventional nutritional powder
antioxidants; remarkably, the combination of the two ingredients provide a synergistic antioxidant

ggric;rligigg_thﬁl.l'H"I»%nc%r%ggsi %Htlcgr‘]:?alliﬁxowc,j(\?\{h@r%;[ﬁlcfﬁg 'p% quSg u-ll-a{gd(%t@fl 'é/ICEE cclx%p}"iséscomposmon

decosahexaenoic acid, eicosapentaenocic acid, arachidonic acid, or combinations

thereof.

14. A composition comprising:

(a) carbohydrate;

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

{c) from 0.5% to 5% hydrolyzed casein protein by weight of total protein; and
(d) from 95% to 99.5% intact protein by weight of total protein; wherein the

composition is an infant formula nutritional powder.

15. The composition of claim 14, wherein the hydrolyzed casein protein has a degree

of hydrolysis of between 8% and 90%.
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(a) carbohydrate; (b) lipid, comprising from 0.25% to 2.5 % lecithin by weight of total lipid; (c) from
0.5% to 10% hydrolyzed casein protein by weight of total protein; and (d) from 90% to 99.5% intact
protein by weight of total protein; wherein the composition is a nutritional powder. 2. The composition
of claim 1, wherein the hydrolyzed casein protein has a degree of hydrolysis of between 8% and 90%.
3. The composititie abslausitiynwdietein the Wydrely fed paselyzproteseinas ale dveesofdryeeolysis of
between 23% 9 ampe it laim 1, wherein the hydrolyzed casein protein has a
degree of hyﬁfr%?ﬁsrigsgo{fsbéﬁv%é}e%ng 45% é%n%ﬂg()%ﬁS. The composition of claim 1, wherein the
composition comprises from 0.25% to 1 .0 % of the lecithin by weight of total lipid. 6. The composition
of claim 1, whéréliethrmuspiiesigbAaitndrivde REnNG. B8 596 SRR AIBIN 28 e&Gf Brotein by
weight of totaf preteipsi of amposiion seagatsing: (a) carbohydrate; (b) lipid, comprising from 0.25%
to 2.5 % lecithin by weight of total lipid; (c) from 0.5% to 10% hydrolyzed casein protein by weight of

total protein; and, (d) from 90% tq 99.5% intact protein by weight of total protein; rejn the
composition @adﬁh%#é’rw%%ﬁ[hoﬁﬁﬁ%rfgl \[’)‘%\?vr 'epr.%ﬁgcf’heo 88rr'10pnog| 0 n(% IRy @Qgﬁglrein the
hydrolyzed daseid prétemamasbtoegpise behyliol§siofsueitibean@etantidoys. &1 he composition of
claim 7, whe&ag%@gflayg@lm@&%@gin protein has a degree of hydrolysis of between 23% and 80%.
10. The composition of claim 7, wherein the hydrolyzed casein protein has a degree of hydrolysis of
between 45% and 80%. 11. The composition of claim 7, wherein the composition comprises per 100
kcal from 3 t0B GParrRBrPeREIdHI, HRIM T EYRIMEOFRIEBBRIFCSAPRBME o 16 grams of the
carbohydratexcluntbencnsapagifiasiaf claim 7 wherein the lipid comprises a long chain polyunsaturated
fatty acid. 13. The composition of ciaim 12, wherein the polyunsaturated fatty acid comprises
decosahexagnoic acid, eicosapentaenoi | l[doni id, inati f.14. A
composition%cr(‘é)'rrlﬁp’)’ﬁs(iHghgq:p?%%\i 8§r%?oﬁ§§?a%%éf%%?%ﬁaﬁﬁsﬁ%qw%ﬁﬁ%g%%cg %850 q(?lgg%hin by weight
of total lipid; ¢€FaBMVBHE 80/ hydRSRRHASPBIbtRTABYCRRIRREIST B5t2P'PRYIEHP ENd (d) from
95% to 99.5% dntaet protein by weight of total protein; wherein the composition is an infant formula
nutritional powder. 15. The composition of claim 14, wherein the hydrolyzed casein protein has a
degree of hydrolysis of between 8% and 90%. 16. The composition of claim 14, wherein the
hydrolyzed casein protein has a degree of hydrolysis of between 23% and 80%. 17. The composition
of claim 14, wherein the hydrolyzed casein-protein has a degree of hydrolysis of between 45% and
80%. 18. The composition of claim 14, wherein the composition comprises per 100 kcal from 3 to 8
grams of the lipid, from 1 to 6 grams of the protein, and from 8 to 16 grams of the carbohydrate. 19.
The composition of claim 14, wherein the lipid comprises a long chain polyunsaturated fatty acid. 20.
The composition of claim 19, wherein the polyunsaturated fatty acid comprises decosahexaenoic acid,
eicosapentaenoic acid, arachidonic acid, or combinations thereof.
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