MD‘03/013283 0 3 MAR 2006 PCT/ US02/ 23872 STABLE AND BI OAVAI LABLE .| RON

FORTI FI ED BEVERAGES FI ELD OF THE W\E The present i MH&R
generally relates to beverages,

owder ed bever
fortifiesomsh3zmsabl e and bi oava| I abt'@'®ron. The present W 5H2al so is
directed to a nethod to prevent or treéat iron- deficiency anema in
i ndi vidual s by adm nistering an iron fortified beverage of the invention

in an ef fecti vgma(BUBtAKD BIDAVAINABLE IRON FSRTIFIEDEBEVERABESKGROUND- OF
THE | NVENTI ON The mneral iron is needed in the diet as it functions

primarily as a carrier of oxygen in the body, both as part of henogl obin
in the blood and nyoglobin i e eficient diets can | ead
or contribute to anema, a fgﬁL‘E}QEﬁ%?@HF&ﬂM si ze and nunber of red
b OOd ells ar E‘Qﬁ%af}{éyﬁ%eﬂtf&r\gﬁgﬁréh réla?é%% Sé\%‘?aél nfﬁ%\@dmg ron contains

a sub anti al fronn ts ser § size

i nstance, ;béwaé'l'%d%\ﬁéﬁégeﬁﬁlﬁé§$fogm Wmlstablabndrbiua\smbabté mm\h'hﬁa at | east
about 10%of the U S. Daily Val ue DV) for iron in Qﬁiel ected serving
si ze. The mwseehmvm@on@lﬁo Bodirects twgmetheﬂltpunjﬁam Pefre@yofor adults. 20
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of °[‘heenl)§éae ieri e T PR A iR B B0 Bt eteimeg or B, "
one fifth @ |H7§ntmﬂrﬂaﬁ SFRBH S Einfsunt ¥ BArindiviines iwResdt tHeredinal i ron

defi ci ency Hurrel |, Nutrition Reviews, 55(6):210-222 (1997). Wnen and

children conprise the majority of iron def|C|ency cases; in devel oping
countries, 25 sonetines a § t St n-r 'Idren are effected.
| ron d@ficiency i ncreaseé@é@ﬂﬁg’faggﬁgtluygw N N | ow birth weight
babi es and prenghalmin Itl?dd fsyné@deRf i?\gxﬂéfﬂveﬂ‘é’érﬁrfunéﬂdh§Erﬁhan lyad &on in
Present Know edge in utrition, ., International Lif Ci ences

| nsti t ut e, civiehiofigkpoen in he t‘h@@ﬁ both as part of hemoglobin in the blood and
myoglobin in the muscles. lron deficient diets can lead or contribute to

anemia, a condition in which the size and number of red blood cells are

45 reduced. In general, a good food source of iron contains a substantial
amount of iron in relation to its serving size. For instance, in the United
States good source of iron should provide at least about 10% of the U.S.

Daily Value (U.S. DV) for iron in a selected serving size. The current U.s. DV
for iron is 18 milligrams per day for aduits.

20 Iron deficiencies in human pdpulations remains a global problem and
is one of the most prevalent nutritional deficiencies worldwide. Approximately
one fifth of the world's population suffer from some nutritional iron deficiency.
Hurrell, Nutrition Reviews, 55(6):210-222 (1997). Women and children
comprise the majority of iron deﬂciahcy cases; in developing countries,

o5  sometimes as many as 50 percent ¢f children are effected. Iron deficiency
inéreases the risk of premature labor, low birth weight babies and prenatal
mortality in pregnant women. Yip et al., "lron in Present Knowledge in
Nutrition," 7 ed., International Life Sciences Institute, Washington, D.C. 1996,
pp. 277-292. It also effects child development, physical performance, and

30  mental development. Even in the developed cbuntries, a high percentage of
adult women have iron intakes below their U.S. DV.
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pp. 277-292. It also effects child devel opnent, physical performance, and
30 nental devel opnent. Even in the devel oped countries, a hi%&@gg@@nt age
of adult wonen have iron intakes belowtheir US DVv. $ 3 WO
03/ 013283W®03N$13382/ 23872 The mmin source of iron in the di RCTASOMRA72peopl e
comes fromhene iron present in neat and nmeat products (e.g., aninmal,
poultry, or fish). Heme iron is readily absorbed by the body. However,
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living in underdevel oped areas. 5 Al'so, nmany consuners are on
meat - r est r iren pgesenhkuinest aad meatproguatsdeds, animalr poultey, ondish). pHatet s are
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bi oavail ability due to poor absorption’ an resence of '1ron 10

absor ptsi onAlsohinbanycensumenoare dbnatatoestricted Absuegitiram dibtytgehaiag. i ron
froma diet in_humans caqube enhanced by the presence of L-ascorbic acid

(i.e., vitaneiefere. MEREPEQCUCts atapitereeelipymnerdiinedentatr levelsdy man¥ost of

a food whegn. | f; L r .and , t_al so may
represent Q‘@'%@?%d}@ngré Ié?%ﬁ?'%*'@ﬂ%ﬁiﬁ%@@%%&'rﬁg‘vé‘shﬁ’gh wat er
activity aslermeitstsouecesof ieon, navthefefifen thhdicedéfved iy ntapdre&gctivity
of conpounds, especially water soluble forns, in the product. Ironis a

|
hi ghl'y r eab¥l it Basdepoeisavailapiliy duatpipogrrahsqration mndiprppoasrice ofikdmg hi gh

for o105 noPeetRytRt Fhisre ) s BouPeds. AERbERIan'of REIAGHE FER. ' e
i ron sour comi@eset indywurhans tan ibeyeriHapitcldbyrthedpredenickof Lddcoihiteacid

devel opnent, of off-flavors and col ors commonly associated with iron
fortificat (ign. Vitgmin Chndlwever: viigmial G supplementatiosdnereases thaisosttaf and

col ubi |1 1y OSethaddr R dnBiints FrestHEiraf it EhuL AR Caliomat  or ocuct s
Pri or attergﬁrgsglﬁt énrudsiam_gg_qg}@dﬁemds and beverages directly with sol uble
iron fornms, such as by addition of

15 Generaﬁy beverages have high water activity and moisture content
which facilitate the movement and reactivity of compounds, especially water
soluble forms, in the product. Iron is a highly reactive compound. As a
result, iron fortified products having high moisture and/or water activity Ievel_s.
have typically used low.reactivity forms, including water insoluble and/or inert.

20  iron compounds as the iron source. ‘These low reactivity iron forms generaliy
limit the development of off-flavors and colors commonly associated with iron
fortification. Unfortunately, they also have limited bioavailability and are not
readily utilizable by the body; further, due to limited solubility, sediments are
likely to form when used in beverage products. Prior attempts of fortifying

25 foods and beverages directly with saluble iron forms, such as by addition of
ferrous sulfate, has proven very problematic, often causing unpleasant color
and taste effects, especially metallic off-tastes, which can renderfood and
beverage products unpalatable,

Iron complexes have been added to solid foods in efforts to fortify

30 those food products with iron. In U.S. Patents 5,667,825 and 5,534,275,

cereal producté are fortified with sodium ferric ethylenediaminetetraacetic
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+ ferrous sulfate, has proven very problematic, often causing_ unpl easant
color and taste effects, especially netallic off-tastes, wWh B AR r ender

food and bever%%re products unpal atable. Iron conpl exes hapgrhggprsggsed to
solid fodHRWH3E ]  orts to fortify 30 those food products with iron. In

U S. Patents 5,667,825 and 5,534, 275, cereal products are fortified with
sodiumferric ethyl enedi anminetetraacetic -2 WO 83/ 013283, 0 3 VAR 2006
PCT/ US02/ 2887 @orapil @Xasihedromsounse. Sush asarlgrodagts hayer W Watduct s have

| ow wat er ctivit nd r,li A r@aq;al GcheiiRsavigi | ability of
the iron iBUVHEAB 45%‘1"?@@3@6‘% E%l%vﬁégﬁgé%n uélégﬁll)sln var?é‘f@ I?oods,
beverages,q/é?.{ég?lg; Menitedli bl e 5 products. U S. Patent 4,299,853 describes

es r

preservati al coholic beverages subject to biol ggé&&lﬂ [ nﬁgbi lity on
st or age i nvol vigpTcAhasi heerDrsed variqusdeodswhiayeragas, 8 QreddP ubl e

and ca of urodketss b SeBRent Y490 Bp dieseriaseiipsiVsieS or Bedic T 575 oavct
for use i gb%?%g,%gvgmaaa tefbiaegﬁa@wnslé;’oitnchﬁfétEﬁégeV\fﬂbslbirﬁgr&ér&é@EDérA
wat er -i ns al crum magneSium- ni ckél, rmanganese, or zinc isohunol one

conpl ex ansyditived kadhichieichidecwateo sotubde atkalirdnelkalinecartin kaetalseltsPf sal t s of

EDTA (e.g., disodium. dipotassium, tetrasodi um .or telrapo i alts of
EDTA) in aERBAasuckl 3% SBHILMPARRIIHM, aﬁé@éfC’%ﬁﬁBﬁH&E Aﬂe@?ﬁt‘% one

compl ex of 8kel.5a5 b alecilf btk £PLBB o ARG 2P IoDGBDTA has been

descri bed In Cco antiseptic agents to enhance

ant i f yngal p@gdrhyieywhithf comprises awatérsinsbluble cataiuemmagoesigdmick@dscr i bes a
food preservati on conposition tocPrevent di scol or a ior{fgf ot at ﬁeés

conpri si ngmangahes&s PHZiNG,ispRumeloNacIPpiex angd;an akal me eCCQHQﬁ?H OLR EDTA.
s Pat et 4, 029 ol bt 30nd 1 £V (S0 Ui, ABoiieyite, et

(i ncl udi ng"\')ft m no acl el at.es radmnistering to humans and ot her
ani mal s astergdoidTy of tetpdpotessiunasalts o EDTA) bma sngiai ratbmtof the alkali

metal compound to the ischumolone complex of at least 0.8 to 1. InU.S.

15 Patent 4,820,520, NaEDTA has been described for use in combination with
antiseptic agents to enhance antifungal activity in food and drinks. U.S.
‘Patent 4,937,085 describes a food preservation composition to prevent
discoloration of potatoes comprising citric acid, cysteine, ascorbic acid, and
trace amounts of EDTA. U.S. Patents 4,020,158, 4,830,716, and §516,925
20  provide metal (including iron) amina acid chelates for administerihg to
humans and other animals as a dietary supplement; an liquid iron supplement
is commercially available from Albion Laboratories, Inc. (Clearfield, Utah)
under the tradename Ferrochel™. U.S. Patent 5,653,987 describes a liquid
pharmaceutical agent formulation suitable for oral or nasal delivery
25  comprising a proteinic pharmaceutig:al agent, water and at least two
absorption enhancing compounds which can include disodium EDTA.

As can be appreciated, there remains a need for approaches for
fortifying beverages with iron to provide enhanced iron bioavailability and
stability. The present invention fulfills this, as well as other needs and

30 objectives, as will be apparent from the following description of embodiments

of the present invention.



Is commercially available from Al bi on Laboratories, Inc. ﬂig@ d Ut ah)
under the tradenane Ferrochelm U. S. Patent 5, 653, 987 desc qui d
phar macengt 03¢EB28&3gent fornul ation suitable for oral or naséﬂCTﬁé‘?zﬂ/{SF? 25
conprising a proteinic pharnaceutical agent, water and at |east two

absof ption enhancing conpounds which can include di sodi um EDTA. As can be

appreci ated, there remai ngUAMMARY OF BRRINYENHONr. fortifying beverages
with iron to provide enhanced iron bioavailability and stability. The

present i nventThis ifveritiohlpovidies, fombeweragessfontiffest witle faigriamDBoasigrRct i ves,
resent TRncITSR, The bosrAges SUURSANBIOBTDEEISbARCSPTERD 8557 Zﬁwfﬁ’ﬂfa\évh&
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to tBis firReatheVeragy dripkeef {15 inveritidh havaiekedlidnt siordds slpiity, the ferric
EDTA 5 fortified beverage drinks of this invention have excell ent st or age

st abi | i t Fhey®iep atedughly @alatgﬁhlleyarpfhaae assentially fae@ofegmqamab;e Pifee of
unaccept abl,e of f f‘ggast es_or o{ avor,s eve relatively high iron

level s. 13StERONPETNS; fYRME Eﬁ{at"ﬁlyﬁlg'ﬂﬂl 5?&5 has been found that the
iron in the fign h'ercp g%ﬁx%ﬁld?mt Eﬂ%ﬁiorP'hfés'l:!éteﬂrfélbﬁ'&gméﬁﬂtﬁd?r@ﬁhﬁr

cations often 10 pre in a bévera mul ation with ad
vi t am n/ thenteraic BEDVAsddes. rpt, appsreciabm lrdarahamge with ekhsinuoationsaften odi ne,
vitamn'C, vitgmn E, and.the conseguence,, nQ S|(gn|f|cant free

iro0i s BERSANIBE pﬁv%régﬁtf‘Pr(ﬂPPllaHo'Bé’V'”&\?QFjPQM”@W miRgra! QH¥es:

off flav C o) forns.
S be%a"ﬁé ?ﬁ'cﬁ’ﬁﬁeﬂdﬁg@&k ch é‘?'e o ﬁr?pbgﬂgélﬁ |%ééﬁﬂhs "55 to render

I t unavaAlsadDbentsequea@e;Inovslgmfncenbﬁneenrmrelagewb;eddnl smh.:tamﬂebes forns

used in non-limting enbodi nents of the inventi ve hi s, .advant age

of ¢ he' | AVIRPIR-AGHRS! HGRIOTEORIPER I Sol6rscrt I Khg-assden G RITD)
cont ai ni Rgute ffor frFR. 118 HRRbvEA tRAPHHE EASTA %\a‘{’éé’tﬂ@"l‘?é’ﬁ Siffn ety

Contgl " to render it unavailable for reactivity, even in relatively dilute aqueous forms
used in non-limiting embodiments of the invéntive beverage. This advantage
of the inventive beverages is applicable to either ready-to-drink (RTD) liquid
forms or forms thereof reconstituted .from dry powdered mixes containing
effective amounts of ferric EDTA. For purposes herein, the terminology

20 '"ferric EDTA" means "sodium ferric ethjylenediaminetetraacetlc acid" or
“sodium iron, ethylenediaminotetracetic acid” (i.e., NaFeEDTA).

In one aspect of the present invention, a beverage composition is
provided as either a fluid product or dry mix product which can be
reconstituted and that generally contains at least about 1 percentofthe U.S.

25 6V for iron per fluid ounce of the beverage. According to a first aspect,
the present provides an iron-fortified beverage comprising ferric EDTA
and a potable liquid in an amount effective to dissolve at least substantially
all of the ferric EDTA, wherein the iron-fortified beverage remains
essentially free of iron-related organoleptic defects for at least about three

30  months under ambient storage conditions. According to a second aspect,



effective anounts of ferric EDTA. For purposes herein, the qtfruggn&ogy 20
"ferric EDTA" neans "sodiumferric ethyl enedi am net et raacet 6 or

"sodi umyd @seBhgy | enedi am notetracetic acid" (i.e., NaFeE@yusodzB8me
aspect of the present invention, a beverage corrp05|t|on s provided as
either a fluid product or dry m x product which can be reconstituted and
that generally contains at |east about 1 percent of the U S. 25 DV for iron
per fluid ounce of the beverage. According to a first aspect, the present
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the ferriEDFRATA amaatint, based bﬂﬁrémbbhferﬂdpwcﬁhgc& |ESSBABSUL ﬁssentia' ly
free of iron- reltated or anole tic defects for at Teast about three 30 :
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content, Pperehitng s%ét@ﬁéﬁlnam?fn&unt%ré@mngr ot en‘tLb‘*’Q'BﬁE%ér"itoﬁBar on per

fluid ounce of the beverage; avorin flavor

concent r frcafable watesin am ambuabofiaboudB0tto abioeto5 ﬁer@éh@%hereﬁn $Heet ener in
5 to about 25 percent; and potable water in an anount

t_of
g? :ggﬂ? '@%’ Mpﬁ%%éﬁvg?%t‘%ﬁms esrantially free of ron-retated iorgandlepticage
L et def f t |east
Lbout "t nostects 1B} oY (e e Bu8ly @B BhMs &t AR SR St md e Saliong: 10 & o
thi rib aspecordingdops tihaspestetiad pfbsrerrﬂ\rmmﬂ.o% BRIV a % tswut?f gred beverage

m xture which can be reconstituted in a pot abl e I|qU| orm an
i r on- f or POWGEIed drverage mixturewhichreancherpetarnstijuteat ini & peEke liguid teavor i ng

SOl s RO AR -Prffied BAVErEGS Al it bSO RO ELEIA 3 or mt | east
about 15ﬂh\f@f|r\(§ag@ﬁt hhd'a deabiRsEY TMerehpiifd oﬁqgﬂtf éﬁ%rg@gﬁg{fﬁt he

sol ubl e powdere béverage m xture is [Fhol eptic
def ect s rgmains essentially free of iron-related organoleptlc defects for at least about

15 twelve months under ambient storage conditions, wherein the soluble
powdered beverage mixture is tested for iron-related organoleptic defects by
reconstituting the soluble powdered beverage mixture in the potable liquid
and then evaluating the iron-fortified beverage’s organoleptic properties.

Preferably, the beverages of this invention provide about

1 to about 30 percent, and more preferably about 1 to

~about § percent, of the U.S. DV for iron per fluid ounce of the beverage. A
typical 8 to 8 ounce liquid serving of the inventive beverage containing iron at
these levels can provide a significant portion of an individual's U.S, DV iron
requirement. For example, in one preferred embodiment, the beverage
composition generally contains about 18 to about 33 percent ofthe U.S. DV

20

for iron, as introduced via ferric EDTA, per six ounce serving of a beverage
according to the invention. To achieve these proportions, the ferricEDTA is
preferably incorporated into the formulations of this invention at a Jeve]
greater than about 0.2 mg Fe or more, preferably at about 0.2 to about 3.0

- mg Fe, and more preferably at about 0.4 to about 1.2 mg Fe, perfluid ounce

25

- of the final beverage.



reéonst Ituting the soluble powdered beverage m xture in the potable liquid
and then evaluating the iron-fortified beverage' s organol eﬁ)BIMARpZNﬁ)eI’tIeS
Preferably, the beverages of this invention provide about pchué923893t
percenWO 8313283 e preferably about 1 to 20 about 5 percent, % E %JJ S. DV
for iron per fluid ounce of the beverage. A typical 6 to 8 ounce liquid
serving of the inventive beverage containing iron at these |levels can

provi de a si g thisimvention, iren isfinkodiiced intduhb keverage DY be\(arager equi renent .

For exanple, in _one pref erred enbodi ment, the evera i tion
gener al | gowder waéemcﬁQTAt The fﬂﬁﬂﬁlﬁ@m;ﬁﬁ@ﬁ&%? U§g‘§ 25 for iron,

Rccor di mpaBeaRkeRIBNS B%V%Tré\sepo?w%iaﬁﬁ%?Svcﬁeﬁaﬁkﬁﬁ.h%;@r&mé??. ¢ EDTA
I's prefgsadhnt rﬁ&‘%’t@%@ﬁé&&|h%&nbh%t%wmhﬂhm$orp§ouhcésHd’pf@@‘td@“ at a

| evel greater about O. e or nore, preferably at about 0.2 to
aboy 3. 8uffi oierﬁeamauutsmmm%mm alndaedutl'\emresemc@boﬁotha' 2 ng Fe, per

R, 2
beT Usssurmlemantal irob SpHER SURH 5. /BTaLS SUlE G Rt aHS b e or
beverageuy r@gé(%d‘éb%ﬁﬁrﬁ]ﬁd%'?érétfrJrﬂeoth%rthorﬁ@B‘\hé’ ERfvadfigoss used as the

sol e I ron ever a erage po ferric

EDTA  dostablligy dred palateblility etteitbutes ommmsa aohlaweﬂ rbyomd:arfamfpmg tharces to
provide s sufficient ampunts of bl oavai Igbl e iron. fg[ﬁ“pg)(@vmt he presence of

other SeRyArasenyial errrcoEaDE&ﬁleag angh 1@, d8erelpre ke fedr ous
funural e, fer t can.detract from or conprom se
t helGadvant age® ggardéﬁg#% @@%é@qta%mqsﬁ“é@\ﬁmﬁﬂ ROVIHERHSF Of A hi eved
by iron fariciEDTAGADE pchéb% FRFdIh anf Sm'b'u%t EFEAtR %‘@lﬁ%ﬂ\/@é?leats*ﬂer efore,
preferably avoi ded. 10 According to a fourth aspect, the present 1nvention
provi desSubstaptialiy allfof ithe ferr Wdlmtlmpl:ﬁﬂa%ailoumam inorafortiffrednt ef f ecti ve
to dlssobeat I ast Lhﬁ‘tan} é I_ he ferric EDTA in the
pr epar at %Herage orRreventng of r@atln lron -deficiency anemia in a mammal,
wherein the iron-fortified beverage remains essentially free of iron-related
15 organoleptic defects for at least about three months under ambient storage
conditions. According to a fifth aspect, the present invention provides use of
a soluble powdered beverage mixture comprising ferric EDTA, and a potable
liquid in the preparation of an iron-fortified beverage for preventing or
treating iron-deficiency anemia in a mammal, wherein the soluble powdered
beverage mixture is mixed with the potable liquid in an amount effective to
20 = dissolve at least substantially all of the ferric EDTA, wherein the soluble
powdered beverage mixture remains essentially free of iron-related
organoleptic effects for at least about twelve months under ambient storage
conditions, wherein the soluble powdered beverage mixture is tested for
iron-related organoleptic defects by reconstituting the soluble powdered
beverage mixture in the potable liquid and then evaluating the iron-fortified

25 beverage's organoleptic properties.
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beverage for preventing or treating iron-deficiency anema in a manmal ,
wherein the iron-fortified beverage remains essentially freqpy gR 2006
iron-related 9s organol eptic defects for at |east about three t hs under
anmbi ent WOMBAKE83condi tions. According to a fifth aspect, W@’Sg‘? Sdht
invention provides use of a soluble powdered beverage m xture conprising
ferric EDTA, and a potable liquid in the preparation of an iron-fortified
beverage for preventing or treating iron-deficiency anema in a nanmal ,
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DESCRI PTI Qgrigs dttiecoretiiied avieeagée eontainingndiffexbrhstanecesef ignhe pr esent

invention will becone apparent fromthe follow ng detail description of
preferred enbodi nents of the invention with reference to the draw ng(s),

in which: The FI GURE ISE%TA‘IL% I§E§@ﬁl @N@Ftﬂﬁm\?%ﬁlt-ﬁgghon results for a

series of reconstitut bever ages cont ai ni ng rces of iron.
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rel ates to beverages that_are iron- fortified using ferric EDIA Such
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reconstituted using appropriate liquids. The form of iron used inthe present
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0 3 MAR 2006 WO 03/013283 PCT/ US02/ 23872 invention (i.e., ferric EDTA or
sodiumiron EDTA) is water soluble and thus ostensibly woulgly MRe2pECt ed

to have high reactivity in high noisture and aqueous food/
product s 3943 30ne to devel oping of f-fl avors and off-cﬁ%ﬁgﬁw&t her
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Fortified SURRaNaHE AR BERrIBHia 1S Boblh FIASHEIATR: ETARHR 2L O0%C,

of thempre@goéragggaammmgjtbthsrmbémdrhe soI utes, including the ferric
EDTA, are added to the. liquid nediumof the bevera e at  levels at or

bel ow sat ur ati o\§ élk'él@teds@ the@xasipiaf @eeerrhe%bei%#t@mb%eﬂ id residues

are not for t e 25 aspect,
the iron- fg”ﬁ%%érc?qggsﬁéta%grg\gpwgf%é n&%%}é]gp %&gtﬁ? ilr%gfecgjr]] aﬁg ferric
EDTA gener gfflfiavors ar affroslors h'pelma\reﬁﬂ'létttuﬂedqséwdé@dtbévemm,m preferably
about | to about 30 percent, and nore preferably about | to about 5

percent, &eadyto-d "E‘k rverages.- Mereuers ﬁ%ﬁptﬁb'&t@sﬁ rassHts, WA agfieves
achi evg, s u@g%&g&eqessgf(ﬂlﬁed with rféﬁ\cEE[a:\QAgfé&%F&hb% tRisIAVERALIIN. & bP&1s

i nvent I ons
exceeding comparative beverages that were fortified with other iron forms.

Namely, iron- related organoleptic defects in terms of metallic off-tastss,
flavor oxidation, and/or stale-taste attributes normally associated with iron
- fortificants have not been detected by evaluators sampling beverages fortified
20  with ferric EDTA according to this invention.

In the practice of the present invention, preferably the solutes,
including the ferric EDTA, are added to the liquid medium of the beverage at
levels at or below saturation levels, so that significant sediments or solid
residues are not formed or deposited within the holding container. Inone

25  aspect, the iron-fortified beverages eccording to the invention contain ferric
EDTA generally in an amount to provide at least about 1 percent, preferably
about 1 to about 30 percent, and more preferably about 1 to about 5 percent,
of the U.S. DV for iron per fluid ounce of the beverage. To achieve such iron

 levels, ferric EDTA generally is added into the inventive beverage solutions at

30 arate of about 0.2 mg or more Fe, preferably from about 0.2 to about 3.0 mg
Fe, more preferably from about 0.4 to about 1.2 mg Fe, per fluid ounce of the
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30 a rate of about 0.2 ng or nore Fe, preferably fromabout 0.2 to about
3.0 ng Fe, nore preferably fromabout 0.4 to about 1.2 ng FE3 MMr2008 ui d
ounce of the -s 3 MAR 2006 WD 03/013283 PCTI US02/ 23872 E’}@U%ﬁz 872
reconst i t‘ﬁ?@ﬂmﬂé%r ages of this invention. Ferric EDTA or /g
general ly contains about 12 percent Fe. Thus, the anpunt of ferric EDTA to
be added to achieve the above-indicated iron addition | evels can be readily

cal cul at eqRmdr 'ré&bﬁ@ﬁ@!é%ﬁbe»‘ierEgés of tHieinvaHiop!. Fes/EDTAlS HatuErBaes

according to the invention, theé primary conmon ingredients are ferric EDTA

(in armuntgenefallsccbmtalnbahgub‘\2 pseqent Re. Jtwis, the asapunt e frres ERRHS ¥0 pot abl e
| d wh he ED di bl t
such as. ”fnﬁé&m qv's%re.q%gye u8tathisPn scpltiath e Rtk paiTg g he

i ke can Qstaa qdlurh meMerages 10 and powder ed bever age m xes of
this invention so g %ey do not .result in off-tastes, off-colors, or
ot her ®r ganol enmrcenhelpﬁ'rI'D me@bnsﬁtumdebewageptambedingrtﬂ éhesiieption, t he

RTD or reconstijtuted beverages RTD or . rec if.uted b ver s according to
the i nventthe®rimaRy 5?mmrymgfﬁﬁ+%lats aradedis @ﬁﬁlé QP@WQ#W %%5%@ helRount s

of fecti ve Bel Ry by BiulbientY ?15é?Btﬂg[lﬁiﬁgﬁcg?nWﬁnc%ﬁ%ﬁ@fe&ri&%ﬂiﬂmr' al,

and a pot err l'avoring nateri al
are sol ublig soRi#éer@ptignaltediislingfedientsf suckdds dior exampief dlavorng&DTA.  The
potable liquid in which the ferric

fl | d h
ot e entawesleRPES. oY tRIINE MINSalR, 808 436 e &an bF Mk dddde beypr@aps 20"
f’.t her gui t@fq ég\%ﬁgraatb%%%gié A &%%gmeﬁﬁn %B%h@%*lﬂ%‘ﬁinot}@éﬁﬂ based
| QUI veh ar e genera ef erre Ice O I nven I o_n

The propoptdfprastés| bﬂwotbrseaemthbwrgﬂddlepm pl'tim»eme‘smmctnaret 0 permit
solubilization of the_ingredients an&a so sufficient to Fg,)t t he

desired sturarseptabla: Pesfersbly fordhe RAIR pr iecantituied bpvsar |
et AR R gls s ian o BEa0eS |
about 5b tmga@muhté)%r@ﬁerrneiﬁDTA (in amounts effective to help meet the US. DV _
15  requirements), a flavoring material, and a potable liquid in which theferric
EDTA and the flavoring material are soluble. Preferably the only form of
added iron is ferric EDTA. '
The potable liquid in which the ferric EDTA, ﬂavorlng material, and any
other ingredients is dissolved can be aqueous-based, alcohol-based, or any =’
20 other suitable and potable liquid solvent for the ingredients. Water-based
liquid vehicles are generally preferred in the practice of the invention. The
proportion of liquid generally will be that sufficient to permit solubilization of |
the ingredients and also sufficient to permit the desired strength/diluton of
the flavoring agents to be achieved. Generally, the proportion of water used
25 in fruit drink beverages encgmpasséd by the invention, whether RTD or
reconstituted forms, will be about 50 to about 99 percent.
When a fortified beverage according to this invention is a fitflavored
beverage, water-soluble and water-dispersible flavoring agents, both natural
and synthetic, can be used, including, for exan'iple, commercially available
30 fruit drink' flavoring agents for. Common fruit flavoring materials useful i this
invention include, for exarmple, orange oil, lime oil, lemon oil, and the like.

-



Wien a fortified beverage according to this invention is a fruit-flavored
beverage, water-soluble and water-dispersible flavoring agerﬁ§m

natural and synthetic, can be used, including, for exanpl ep com‘re!_r c! i| ally
avai | abl eWS003013283 drink flavoring agents for. Comnon frui tPETEYBRBRE
materials useful in this invention include, for exanple, orange oil, line

oil, lemon oil, and the like. -7 0 3 MAR 2006 WD 03/013283 PCT/ US02/ 23872

Q her fl avgp | ir | ioH I &k
Cect pes raig eirid Reforfeff 216 Barpe kUM PulHegTORNIBNIN dipes
added to tfoe frulterdnkgehlso) natural freitjuicaconoenicatescan e added totbei ng

desired. These concentrates typically wll Jbe i,n |jquid | ped, or syrup
forms. A fb@YQragﬁﬁc@@%m@&ﬁr@“@% &qwtjge/eﬁﬂai irgd. Babout 45

percent fryit Juige ' , f ' enta bever age
is an orangdé'%%ﬂq%%‘%rs.w@%%ﬁi}@rg?ﬁ?“ﬁ@?af’%@&%bgg’gﬁyﬁ Fﬁ%\?o% fcrgwc‘:'lg%t rates
are avgi | abbsedriirite garrally cortahesasleadhalseutt4s percest freidjuiosbe hi ghly
susceptible to oxidation and, thus, tend to devel ogv of f flavors.

Insufficiently ¥ @peenbedimeast, the avering agent i thrBeveragR ds enalange

conponent s, Ferrxi : SHC ful bl L& Q) : ik Was
not avai | afR¥Om oéﬁgﬁﬁ)%@ﬁﬁ&hgﬁﬁ@%ﬂgﬁﬁaﬁ%bg%\)&? %T%Htcgﬁ%é{fggaéml%mog thiak

col orings, cSHelh BSrpdnee. EPtusel terpbhes. teRdrtbibll ighyosubceptibe, todkatioan be
added to the I nventive beverages. Preservatives al so can he added (o the
i nventi ve badethagedendiadpvelopiaftflawassdosifficisatly stabilized dpepwil ddizs q,

The ' 110ke. thessSrariod fiaftr Bngndtiie ol ERTA adiessnftys BtasftesthbPhn "
i nvention, gyHR &t RV hdtavaiabRxaeberwith the erdrige i@ il @ beemge) t ute

the beverage. Since tap water often is slightly alkaline due to the
presence of di s§@akeaolofings,suchsasifer examplen U.8c Centifiad EoadOsloss, alsa i ¢

o neutral 28 teradarh e Mie Mesfivehsieighies FishristhisR lfbrSafiBE slBed ! vae
mscor bi o acr e B e al s o ey o o oaed. and
m xturts t lesideitricsadd, lestie esid enalis 2dld, tasierisanid.ropiane) glyel and the
like. Also, in the case of the dry powdered beverage mixes of the invention,
users often can be expected to use tap water to reconstitute the beverage.
Since tap water often is slightly alkaline due to the presence of dissolved
mineral salts therein, acidulants, such as citric acid, phosphoric acid, or malic
20  acid, and so forth, also can be included to neutralize the alkalinity of tap
water, or for other purposes. Preferably the preservative is an edible acid
such as, for example, ascorbic acid, citric acid, lactic acid, malic acid, tartaric
" acid, and mixtures thereof; such edible acids can, of course, neutralize any
alkalinity present in the reconstituting liquid used. For RTD beverages of the
25 invention, it also optionally is possifﬁle to carbonate the beverage prior to its
packaging. The powdered beverage mixes of this invention optionally can be
reconstituted in a carbonated liquid, or they optionally can be carbonated
after reconstitution. |
The beverages of this invention also can contain a sweetener. The
30  sweetener can be selected, for example, from one or more of sucrose,

glucose, fruc{ose, hydrolyzed corn starch, maltodextrin, corn syrup solids,
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al kalinity present in the reconstituting |liquid used. For RTD beverages of
the 25 invention, it also optionally is possible to carborgad MARNGever age
prior to its packaging. The powdered beverage m xes of til'b%m'di)é%tz% on

opti onaMW@o0x®A283e reconstituted in a carbonated liquid, or they optionally
can be carbonated after reconstitution. The beverages of this invention

al so can contain a sweetener. The 30 sweetener can be sel ﬁCt ed, for

exanmpl e, f 2 toothosasoharitiescantificiahydr ol yzed corn
starch, 'ﬁ&h%o@dg@wﬁf&@%f%&@y%mpﬁggﬁ_8s99-s WO 03/ 013283 0 3 a/AE 2006
PCT1US023Ra8iEadrec endanixhirgterect cSwéitablerarifieiahsweelen@ss) NgHe&.dar i des,

tificial t , d mixt t h ' pEicial
bt enexamRl, RRPSTET, SREDEe, SSRehar e, oyclHEs Rdestifahp ® =

| t | £ gt i i dgshaccosdt t d
cycl ama e%tqus%ﬁ-ﬁﬁf I?aﬁtri\éetuﬁg. ?r?ﬁié*&éséﬂﬂpb{wel‘édmrymm cosdingb th@wder e

dry m xeB Invention, the sweetener generally will "be
present iy cHiiBRUkAEEdetenrigenehally wilkbemresentdn grandated fom ghene dri nk.

I o e ke i SRy a8 . 34 "
L oot ' imeret s of th
D et O,Q%é}%%\ﬁbgggr%%ﬁ,qgﬂ@fdﬁ% gﬁfrgﬁi’érté‘%oui 850 peaterstyast meret s of the

pbever roducts, the desirable nouthfeel that

woul d no??ﬁt;a‘réib@eaﬁbawb ttedbdut 25aperceotyt efitheddTDiargeeonstilaIted bevalaody
non-fat stabilizZers, such as,

1 but not limted to I ch as
car boxynet hyl lodhialessedineats ahtogimEsnin ﬁWo'EB?ﬁjﬁgét# Iﬁége?a ynet hyl
cel | ul ose, dro r I T ahose pragidedbydat ant han gum
carr ageer%fﬁ’g,k/‘c’{sgﬁg %ﬁﬁ%b%&g‘bﬁ‘?éb%ﬁ@%ﬁ?ﬁke’? ag 5 well as m xtures
t her eof . édhtéﬁﬁc&q\{ﬁétégﬁbeqfroﬁﬂedi byveonifahstablizessrsueh &%, Bulgwt st abi 1 i zers
generally can be fromO to about 30 and Hoie E@eferalah‘ﬁn %gll%g%ynze{rg,labout
15 perceﬂimitEdﬂoacelﬁlengM@%Cémxﬁ@eﬁ vieRl %ﬁf'ff? i i'ent ~of the
bever ageSée‘fulfgge,%yc'ir%ﬁﬂ%th@%éﬂ&Es@,%ﬁ&fo&%vop??bhe(ﬁ'\)hce'l'l!ﬂb@,Qiétktllﬁhe:oy oil,
gel, and zanthan gum, carrageenans, guar gum, gum arabic, and the like, as
well as mixtures thereof. In the beverages of the invention, the amount of
such stabilizers generally can be from O to about 30 and more preferably

N

about 5 to about 15 percent.

Fat also optionally can be introduced as an ingredient of the

beverages, such as in the form of butterfat, soy oil, hydrogenated soy ail,

0 fractionated coconut oil, high oleic safflower oil, corn oil, canola oil, cocoa
butter, and the like, as well as mixtures thereof. Proteins also optionally can
be introduced as an ingredient of the beverages, such as in the form of dairy
protein, vegetable protein (e.g., soy, wheat), and the like as well as mixtures
thereof. For example, soy drinks can be prepared as RTD beverages or as

25  beverages reconstituted from powde}ed dry mixes according to embodiments
of the invention.

The powdered beverage mixes of the present invention can be formed
from a dried flavor base containing the ferric EDTA. Such flavorbases can
be dried by conventional means known to the art, such as spray drying,

30  evaporative drying, vacuum drying, freeze drying, and the like, orcan be

prepared by drying blending the various ingredients. Preferably, the drying
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0 fractionated coconut oil, high oleic safflower oil, corn oil, _capola
oil, cocoa butter, and the like, as well as m xtures thereofn.3 M‘Bt s al so

optional lywo@d13483 | ntroduced as an ingredient of the bevermuessoz/2sgiz as in
the formof dairy protein, vegetable protein (e.g., soy, wheat), and the
li ke as well as m xtures thereof. For exanple, soy drinks can be prepared
as RTD beverages or as 25 beverages reconstituted from powdered dry m xes
accor di ngpjethddrpRrevitRRrapidy disbelvablespartictes Aadng andarceaigeediameder of xes of
the present invention can be forned froma dried. flavor base containing
the ferrieb@HTHO towrhrut1800mMistRRSs SugRr aRA/GF ﬁ@%“ﬂ;ﬁf%ém:ﬁqrb%\‘s ans
known to the art uc . i I ve drying, vacuum
drying, fPREERF 1%(;53,?9{90%%@83Fé@gll‘lﬁ%f,tﬂgrdrl%;ﬁnﬁ%@?%asgbar ed by drying bl endi ng

the various inw&ﬁaer&cﬁbeﬂrs%emhéymdm fruitiflyoréld PodderBAIkS, deiry
03/013283 PCT/ US02/ 23872 net hod provides rapidly dissol vg%e par_tI cl es
havi ng an baverages,dvegeiakie based rveragas (egalseytmilgoandrt Wee. RLBar and/ or

i ed 11 abeveraaes e o MadRd BMBLERL RIS SRV BT B0 YiadlBblcle e
drinks, dryﬁr%d tge\li&égéé‘géiﬁhcél%gh@‘?bﬁdllﬁt%EtMebeF’rféB@ﬁraéésgfortiﬁay mlk), and

the Iike. ever age ruit flavored powdered drinks, dairy
bever ages aceegtihatiocthisinsentidreakscecpasbe frogen todgrmrppr)sickies,sawet RBI The

pop. 51 cki dbs ke BECINGETVERE: IREDS 1oF SURIAGR Yo GO PEL Bt or storage
ke T A B0 e B T i xtur e actordi ng Lo one
il lustrative, narpreferred sglubleiogipoaiered bENeragwmhwr@rﬁ,LC@@ﬁ?iﬂ@ eonNeyn a
70" per cerllusireiive aoimisgn absdineBE AL EvBRibE, foRiissR M elin: . “about
Soben 3 Bl BGLO 0B 2 et RO TR amar a0
" powder ed"percent citric acid, about 5 to about 25 percent flavoring agent, about 5 to
15  about 30 percent stabilizer, about 0 to 15 percent colorant, and about 5 to
about 15 percent of a vitamin/mineral blend. The terms "dry** or "powdered"
used herein generally mean relatively free-flowable materials having less
than about 3 percent water content.
The ingredients of the inventive beverage compositions canbe mixed
20 using conventional techniques. For example, the dry components can be
mixed with the liquid vehicle with stirring and agitation to the extent needed to
dissolve the ingredients and ensure a substantially uniform dispersion of the
ingredients. |
As discussed above, the iron-fortified beverages of this invention
25 include powdered beverage mixes and ready-to-drink (RTD) beverages.
Whether prepared as RTD or reconstituted beverages, the ferric EDTA used
in fortifying in beverages according to this invention is highly bioavailable.
Indeed, it is comparabie to ferrous sulfate, normally considered the universal
standard for iron bioavailability. Indeed, in the presence of dietary inhibitors
30  such as phytate or phytic acid, the iron associated with ferric EDTA{s even

more available than the iron in ferrous sulfate. Moreover, ferricEDTA does
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used herein generally nmean relatively free-flowable materials having | ess
t han about 3 percent water content. The ingredients of the Y, [

bever age w@haskés ons can be m xed. 20 using conventi onal PCewtni238es. For
exanple, the dry conponents can be mnmxed with the liquid vehicle with
stirring and agitation to the extent needed to dissolve the ingredients

and ensure a substantially uniformdispersion of the i edi,en As

di scussechaiiesult in tee Lnpieasant eraanglapticcrtiiidegnarmally |‘ﬁ3b?[dlr|§nb§/2§°rl ncl ude
powder ed .bever age. m x r =1 0-dL] te, Whet her

pr epar ed ' W%q‘dﬁdnf"érg‘%%gfﬁ\eﬁég%%é%gg%sg@ s he ffgﬁ}slﬁéa%%%\eused in
fortifying in -peyeangsleadnatdilow dre ihfdirtiedtodhbsteate] ankli ot i limithdlnai | abl e.
I ndeed, it is conparable to ferrous sulfate, naorpally considered the

uni ver sal invehtioniaAdl percentagestises/bereimare by waighk snlessothe™Mixeesence of
dietary inhi_bitgrs 30 such as phytate:or phytic acid, the Iron associated
with ferring Is even nore available than the iron in ferrous sulfate.
Moreover, ferrg eSRadie pwdehéRbeA8fage/ ArARi&iciis 2a®aslalis® 1Hh 23872
not result in ”ﬁwg P'saBrlt orpganol eptic atgtr_i butes nornml ly of the U S
DV for i TeplePErwéteipreparedesifg difieréntformgef irosocTha stahilinoftee r ous

sul fate. The Exanples that follqw,are [ntended.to, ill.us not to
limit, thyariows/BFRGRS ware %L@iﬁ#&@;@g*maﬁﬁ@#ﬁq Ry&rt@'ﬁ?‘@v@?’ﬁf& unl ess
ot herw se [ el XAMPLE 1. Basic powdered. beverage fornmnul ations, as
detail ed anéé}gédfaﬂrﬁcfén\e,\gre prepared using different fornms of iron. The

stability of the various products were evaluated over their shelf life by
a trained panel for  sensorial attribut o, Table 1. Basic Powdered

S,
Bever #&ge A@bleiatBasic EQW%P@@%Yﬁrﬁﬂﬁfn?"f'%atW%n fortification agent' 0.2

Ingredient Amount (%)
iron fortification agent' . 0.2
citric acid - ' §8.5
orange flavoring? 14.9
15 . orange coloring 5.1
carboxymethy! cellulose 10.1
vitamins & mineral blend® 10.2
titanium oxlge 1.0

* Amount based on iron (Fe) content only; provides about 5 mg Fe per22g serving

20 (dry mix). .
2 commercially available orange concentrate containing terpenes

3 Vitamin C, vitamin E, zinc, iocdine, and calcium

The various iron fortification agents psed are shown in Table 2.
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citric acid58.5 orange flavoring214.9 orange coloring5.1 caﬁgww
cellulosel0.1 vitamns & mneral blends10.2 titani um oxi del* based

on iron (epseasent only; provides about 5 ng Fe per 22 gPEEUNN2AQP8TR0 (dry
m x). 2 Commercially avail abl e orange concentrate containing terpenes s
Vitanin C, vitanin E, - zinc, lodine, and cal cium The various .iron _
fortificatd e Le . S |n Table 2. -11 WD 03/013283 Tabl e 2:
Iron Fortifﬁmgﬁoﬂ%i‘gﬁéiﬁ&&éﬁibﬂé\éﬂﬁiR 2006 PCT/ US02/ 23872 Sanpl el ron
Fortification Agent 1no 21 e e (positive
control) 3sodiumIron PR ent i ve) IMRBECH}fcation 8genter r oud sul fate
SFerrochel T"" 6ferrous gl ucqgnate {ferri g 33coa@fd @Gftrey €rroug citrate

Of errous fumarate 10fer ate The
encapsul ated ferrous suffate& was pbt termoesisuifatenpédtivelcentrér p.|| (Sl ate .

5 3 sbdium iron EDTA (inventive)

4 éncapsula?ed ferrous sulfate

(i 5 Ferrochel™

'} 6 ferrous gluconate
7 ferric saccharide

10 IL 8 ferrous citrate

" 9 ferrous fumarate

" 10 ferrous tartarate

IL 11 ferric glzceroghosghate

The encapsulated ferrous sulfate was obtained from Balchem Corp. (Slate
15 | Hill, NY). Ferrochei™is a nutritionally functional mineral amino abid chelate
containing iron for use in food fortification from Albion Laboratories, Inc.
(Clearfield, Utah). -
_ The fortified powdered beverage samples were sealed in aluminum
bags (ten bags per sample with each-bag containing 22 g of beverage
20  mixture) and then stored for sixteen weeks in controlled environment (i.e.,
about 85 pércent relative humidity and about 90°F). One week storage under
these storage conditions is equivalent to about 1.25 to about 1.5 months
under normal storage conditions.
A single bag of each of the elaven types of stored samples was
25  organoleptically evaluated initially (i.é., week zero) and every two weeks
thereafter as needed. For evaluation purposes, the 22 g serving portion
contained in the sample bag was dissolved in 180 mL tap water ina beaker at
room temperature with mixing to provide the respective beverage sample.
Sensory attributes were assessed by panelists trained to qualitatively
30 differentiate between slight, moderate, and strong metallic tastesand to
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15 Hll, NY). FerrochelTmis a nutritionally functional m neral am no acid
chelate containing iron for use In food fortification fromBA WAR2006

Laboratories, Inc. (Cearfield, Wah). The fortified powjgirthBe3nage
sanpl es w83 ed i n al um num bags (ten bags per sanple wth each bag

containing 22 g of beverage 20 m xture) and then stored for sixteen weeks
in controlled environnent (i.e., about 85 percent relative humdity and
about 90F). One week sporage upder the r LN ORSdidey €qui val ent
to about recogniee %G‘Fhﬂqtﬁrﬁfﬁﬁﬁ‘ém W{H@R'n%%s%&fang @5@‘8%“ OnC Pl%lons. A
single bag of e P ahebedrage daniiles averapreséted

or ganol eﬁgr%%ﬂ% \pgﬁhuéa eé‘%lbﬁ?é'??glhpyq?} .e., vvgek zero) and every two weeks

t her eaf t g A8 ests aFroore terhpatstore ipiapdsay coded bealsersr(e.Afindr ti on
contained in the sanple bag was, dissolved in 180 I.[L a beaker
at room testipg). af\Iy g\%ﬁgﬂ qgﬁappr?Pzalbq'm,PB&#ﬁﬁ%%@}?&@@?’é@ﬁéﬁ}%&age sanpl e.
Sensory attri but i ' alstoicsateyel y 30
di ffe?ZntYV§§é’sﬁg%\é%rcglrlsgﬁgﬁﬁgggér{rgﬁ g,g@én-gwgts%gﬁgmrgn%{eglgl iC t':ast es ané to
-12 0 3 MR @MPSunmAaHESiw sndiiatedranpless st foscurjallicctasie s onpnten ve

off-flavor normally associated with any oxjdized .t enes f or ange

f1 avor i ngovatat sooresdiye. samplirad ﬁép%arﬁy'@%h?\é% apd ﬁ@at{?ﬁeﬂ"?@%@é@? room

tenmperature in randpni i ihbt i 0inficatey age of

about 10 @&ﬁéc’WnSﬁﬁPe(?acﬁgclI%g@g'eF{gﬁsgﬁ\?g)m%glr‘l’gﬁbg%vé lﬁggbﬁdlfor each

round of ﬁ%’]ﬁ@{a)’lié 5t ffavol eRdEsighiflcanb aistaltit offlaves; farr@verdled to summari ze
ate

the evalu sanples: one for netallic taste and one for overall scores
(i.e.10 comvahmtioms)&indisatas vernesor aadP excellefor eval uation). Sensory

I f Ot . : ' | rrAdic at
metal 1ic of 11 e sensyEvalidfor TeRls e sffifataed e Hrepbtont e P 10
eval uat i ofge FIGURIEC atrRSinventivelveverage éhmpdeel(Samp.le IhenasiewihsosivMiat i on

results are sumarized in_bar graph formin ,
iron EDTA (ferric EDTA) wegre s%able anna comparable to the negative control

-
)

sample (i.e., No iron) through the duration of the sixteen week testwith
15  minimal off-flavor and no off colors. Further, the inventive beverage samples
rated nearly the same in organoleptic attributes as the "no iron" control
without requiring any additional preservatives or flavor maskants.
Moreover, the inventive ferric EDTA-fortified beverage samples
provided clearly superior results relative to all iron forms tested. Ofthe iron
20 fortified samples, only the inventive ferric EDTA-fortified beverage sample
(Sample 3) gave acceptable results for the entire sixteen week testing period.
In contrast, the comparison samples fortified ferrous sulfate, ferrous |
gluconate, ferrous fumurate, and ferrous tartarate (Samples 2, 6, 9, 10,
respec{ively), had a noticeable metallic off-taste immediately upon
25  formulation which became stronger and was combined with oXidized flavor as
the sixteen week trial continued. The comparison samples fortified with
encapsulated ferrous sulfate, Ferrochel™, ferrous saccharide, and ferrous
citrate (Samples 4, 5, 7, §, respectively) did not have a noticeable metallic
taste at the beginning of the trial; however, all samples developed moderate
30 to strong metallic off-taste combined with oxidized flavor before the end of the
sixteen week trial and were considered unacceptable. The negalive control
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the FIGURE. The inventive beverage sanples (Sanple 3) nade with sodium
iron EDTA (ferric EDTA) were stable and conparable to the gipqaRi 206 contr ol
sanple (i no iron) through the duration of the sixtee kte W th
15 m ni &ﬂ?“%‘h? 283 avor and no off colors. Further, the |nv€ﬁﬁ§)é’zﬁé rage
sanples rated nearly the same In organoleptic attri butes as the "no iron"
control - without requiring any additional preservatives or flavor maskants.
Mbr eover(Sanisie! m:@ntamg h@r‘rd PG, fay éxﬁectéd b@é«@]@ﬂenémk%ﬁ-taat@w ded

clearly 'superior results relative to all iron forns tested. O the iron 20
fortifi et axiddlien offsitaver deng Hmmxte&n mhtuaEEBqu‘rwmgl’y ethebmema@a sanpl e

Lo fomd BERTATSTREd Bum el also empastimeeatisratahibly TRaeiengs ot o,
ferrous ahgl%ctlv |y§tsam§%néd1gprem reiitive§ rﬂyéu§¢é§6féilr gué Sanpl es 2, 6,

9, 10, res I ceabl’e rreta IC O taste rmedlately upon

25 f®rmfupidrate Wmddbrrmegiwmomhm bate (Bamphs zenulmedspeﬁtmlygdl zed flavor
as the sixteen V\B? conti nued The c%arl son sanples fortified with

encapsul 3tosage stablly @ﬁﬁsf‘-!ﬁd@r regylabeierege  conditions (& 8s e Raarererated) f er r ous
citrate ﬁm{:ﬁﬁrrﬁeg cce‘l)’erafé‘éQt%féé%%%}uéﬁo%snm have a noticeabl e

netallic egrnning o ria however, all sanples

devel oped nodED@AMsz OThi@remmm@bal‘rlpareeftheH’@é\%ll@bﬂﬁynﬁﬂaMVI th oxidized
fl avor before the end of the sixteen week trial and were consi dered

unaccept inavestive Revesage: sar@pl@datttﬂ@d wills feui coBD T Awids accentnaksaople

PCT/ 7 i d d, d I
CTANT R LRGP sl " Byl Soa WY R RBAE
Sur pri si S mahaer aﬁ@nkmgqne fséh‘fd fénﬁBTétlérﬁ’J b Gaﬂﬂ:lé@@bﬁ@b%@ deronstrat ed
better Stabl|lt%t an bevera anpl es fornmul at wi'th i nsol uble/l ow

react i vedesgriped in Examsplect.r § e l@nfhlﬁavatld)lélt}doﬁ@m thegie preparpdiosphat e
(Sanpl es, 7 and 9 ecti St ora I|t tests under.. r ul ar
Stor hoe. ROYEIRGesRmBRESES deikihined Usibddfie TRnsobntR 2 SHEnuREl er oo
storage gugtritdd ANEL.S. Patent 6,017,713, which is hereby incorporated by

15 reference. Briefly a 0.9 mL of a beverage sample was introduced, along with

{6

a standard meal, into a simulated digestion, peptic, and intestinal system
(Glahn et al., J. Nutrition, 128, 1555 (1998)). The resulting digestion sdlution
was placed in wells on top of dialysis membrane inserts over a monolayer of
human intestinal cancer cells (i.e., Caco-2 cells). Available iron fromthe

20 sample was absorbed by the Caco-2 cells and stored in the form of fenitin (a
storage protein). Ferritin levels were then measured as described in U.S.
Patent 6,017,713. The bioavailability of iron from the inventive ferric-EDTA
fortified beverage sample was comparable to that of the ferrous sulfate
fortified sample. |

25 EXAMPLE 3. This example compares the stability of inventive ferric
EDTA beverage to both negative (i.e., no iron) and positive (i.e., ferrous
sulfate) controls ready-to-drink products. Twenty five pound batches of the
ready-to-drink (RTD) beverages were made in a pilot plant using the basic
formulations described in Table 3 below: Batch 1 — negative control; batch 2

30 = - inventive product; and batch 3 -- positive control. Batch 2 and 3 beverages
provided about 3.6 mg Fe per 200 ml serving. The formulated RTD

‘ -14-



EXAMPLE 2. This exanpl e conpares the bioavailability of an i nventi ve
beverage sanple fortified with ferric EDTA with a control

fortified with ferrous sulfate. The beverage sanpl es were ar e |n t he
same maMOBORRE3usi ng the same fornul ati ons as Sanples 2 SE 53”&?
described in Exanple 1. The iron bioavailability of each these prepared
beverage sanples was determ ned using the ferritin technique as essentially

descri bed S. Patent 6,017,7 i s here r at ed by 15

refer eng%eveﬁﬁg%$ IMyerg Q?sée étaﬂ@e\g\{’}ﬁgg) seqRnds, aé’shﬁ]ﬁ% 'g‘ Suiong with

a standag %B? into a sinulated digestion, peptic, and int estl nal system
a

(d ahn et Nutrition, 128, 1555 (1998)) The resulting digestion
solution was placed in wel I's on top of dialysis nenbrane inserts over a

nmonol ayer of _ hupman stinal r cel co-2 cells). Available
i ron frohekles32d33 M%m 939"? h@'@%&l@agﬁ?ns and stored in the

formof ferritin (a grorogepretermyrorrrerrrevers—wel e then neasured
as described in U S. L The Apayat&)| abi | [ty of iron from
the [nventive ferric- g verag W € wasjjconparable to that
of the ferrous sulfatg _é.d_sampl.& 25 AMRLE 3 hIS exanpl e
corrpar es the stabilit ri c EDl'E‘ﬁB beverag to both negative
(i.e., noiron) and pq ]trols

ready-to-drink product]s. T\A@WP\P“M ve Dcund bat @Pﬁes of th#f ready-to-drink
(RTD) beverages were hﬂﬁlt!ui&e%oﬁégh@étepl ant using the basllc fornul ations

described in Table 3 ljelew—EBatech—t Reget-ve—eont+et-—batch 2 30 --

i nventive product; ang viiahmr&mlneralplemu ve conPPBl . Batcll 2 and 3 beverages
provided about 3.6 ngy Fe pe'['o serjvi ng. §%§4$‘or mulalled RTD 0 3 MAR
2008% WD 03/ 013283 P 9989 overlages B Pastewrifized at 205F for 30

seconds, hot filled il pom-b@vauva!nd sdal ed. TatMse 3. Bagli c RTD Conposition

before Iron Forti fi catffom—5—t0
. orange flavorin 0.03

1 Sodium benzoate, potassium sorbate, calclum disodium EDTA.

The beverages were subjected to accelerated shelf life tests as
15  essentially described in Example 1 except that 200 ml aliquots of each
~sample were in lined aluminum pouchas and evaluated immediately and once
a week over the storage period under the same storage conditions as in
Example 1. Sensory evaluations were carried out as describbed in Example 1.
The sensory evaluation results are summarized in Table 4 below using the
20 same O to 8 scale as in Example 1.
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| ngr edi ent Amount (% water81.8 corn syrupl5.9 citric acid0.4 fruit juice
concentratel. 8 vitamn & mineral blend0.08 coloring agentO. g@4@AR 2006

preservative' 0.043 orange flavoring0.03 '- Sodi um benzoate &Hﬁ}s
sor bat e, WIS sodi um EDTA. The beverages were subj ect ed 6 accé%?]er at ed
shelf life tests as 15 essentially described in Exanple | except that 200
m aliquots of each sanple were in |lined al um num pouches and eval uat ed

i mredi at ey p gk @%S@Ymmgm ReBaltst or age period under the same storage
condi tions as In

Sensory evaluations were rarru,a[d out as
described in Exqnpl eggen T valpddiicon . [ es@vbrayar e jsummari zed in
Tabl e 4 bel ow u$ing the 20 sofitastas |n Exanple 1. -15 WO
03/ 013283 Tabl e == [0 g3VARZU |PCT/ US02/ 23872
Bat chWeeknet al | ilc o\Ratell | hat i v& 105.9 control)

(negative
5 control) 1 0 55
2 0.1 87
3 0 56
Batch 2 0 0.6 8.7
(inventive
sample) 1 0.2 525
2 0.4 5.4
3 0 56
Batch 3 0 21 44
10 (positive
control) 1 2.7 36
' 2 1.5 7
3 2.5 ‘ 2.6

Under the accelerated storage conditions employed, three weeks is

equivalent to about three months in regular storage. Atthree weeks, the

15  sodium ferric EDTA fortified sample (inventive sample; Batch 2) was stable
and was comparable to the no-iron control sample (Batch 1). The ferrous
sulfate fortified sample (Batch 3) developed noticeable ofi-flavors and
received unacceptable scores. The stability of inventive sodium ferric EDTA
sample is especially notable dus to the heat treatment during procsssing and

20  stability in the ready-to-drink form with no additions made to the formula to
enhance stability or mask any off-flavors.

While the inventioh has been:particularly described with specific
reference to particular process and product embodiments, it will be
appreciated that various alterations, modifications and adaptions may be

25  based on the present disclosure, and are intended to be within the spirit and
scope of the present invention as defined by the following claims.

[
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20.15.7 305.6 Batch 200.65.7 (inventive 10.25.25 sanple) 20.45.4 305.6
Batch 302.14.4 (positive 12.73.6 control) 21.53.7 32.52.6 Under the

accel erated storage conditions enployed, three weeks is equiggl

about three nonths in regular storage. At three weeks, the 15 Sodiumferric
EDTA fortified sanple (inventive sanple; Batch 2) was stable and was
conparable to the no-iron control sanpl ch 1). The ferrous sulfate
fortified sanple (Batch 3) devel oped noticéable of f-flavors and received
unaccept abl e scores. The stability of inventive sodiumferric EDTA sanple

|s especial |y yotabl e dUEAhq_rértlfoﬂ?ﬂﬁuBé\@%g@e&mﬁ#{sh@f&ﬁem‘kwwd 20
stability in the ready-to-drink formwth no additions made to the formula

to enhyputebletiiiliinh pnamonnskeffaryiveftd-dissotve at ledst substardiallyalhof the feric been
particul arly described with specific reference to p?lrt | cul ar process and
product driherein thedran-fortified beygrage remeaing igssenfiallyduee af iren-selated

difi ' d | based h discl e, d
are i ni CREGIOIEBBRSRIgErTH ot AL phout PuRa R inder B ERLABHER nvent | on as
defined Bydidund ol lowing clains. -16 0 3 MAR 2006 CLAI M5

2, ' Theiron-fortified beverage according to claim 1 further

comprising a flavoring agent.

3. ' The irdn-fortified beverage according to claim 2, wherein the
ferric EDTA is present in an amount to supply about 1 to about 30 percent of the U.S.,

DV for iron per fluid ounce of the beverage.

4, The iron-fortified beverage according to claim 2, wherein the
ferric EDTA is present in an amount to supply about 1 to about 5 percent of the U.S.

DV for iron per fluid ounce of the beverage.

5. ' The iron-fortified beverage according to claim 2, wherein the

potable liquid is water.

6. The iron-fortified beverage according to claim 2, further

comprising protein.

7. The iron-fortified beverage according to claim 2, wherein the

beverage is a liquid.

8. The iron-fortified beverage according to claim 2, wherein the

beverage is frozen.
-17-



1. Aniron-fortified beverage conprising ferric EDTA and a potable |iquid
I n an anmount effective to dissolve at |east substantially all of the ferric
EDTA, wherein the iron-fortified beverage remai ns essential |y §8edAR02008
iron-rel ated organoleptic defects for at |east about three nonths under
anbient storage conditions. 2. The iron-fortified beverage according to
claim1 further conprising a flavoring agent. 3. The iron-fortified
beverage accor@ling to cl aThe fonwoetified beveragesracordingta daimp2esbareinthenn
amount to supply about 1 to about 30 percent of the U S. DV for iron ?er
fluid oufasorisig agentisomaprises.a fruitjuiseicoprentzate; 2 flayopeoneeniratack swastsnet o
claim2, wherein the ferric EDTA is present in an anount to supply about 1
to aboutorg"Hé'P"E@nt&"eEﬁOft he U.S. DV for iron per fluid ounce of the
beverage. 5. The iron-fortified beverage according to claim2, wherein the
potable liquid is water. 6. The iron-fortified beverage according to claim

2, further camrising prorké itonfortified beveragenctdriding be daimdkfiather di ng to
claim?2, wherein the beverage is a liquid. 8. The iron-fortified beverage
accor di rgmprisihgivitagnindBer ei n the beverage is frozen. -17 0 3 MAR 2006 9.
The iron-fortified beverage according to claim2, wherein the flavoring
agent conprises a fruit juice concentrate, a flavor concentrate, a

sweet ener, or,mxtures th . . ' - +fd : ordi ng
toclaim2 f u'rltl_her conpr |@§%&7{°}§%€§W%VH%% JO%HI%%%%F%?%E% ugg_ger age
conpri SiangolrY baseddl ﬁohrbo%@enté‘gpék‘lain%éﬁl@_ﬁsl%{bddtqrpé-‘r@éﬁleéﬁ thel. VDV fog at
| east about 1 percent of the US. DV for iron per fluid ounce of the
bever agdrorepérd fhwiak ouneee ofghe dieeatageparflaverimg ihgeedient comprising flavor

concentrate in an amount of about 0.02 to about 1 percent; a sweetener in an amount

of about 5 to about 25 percent; and potable water in an amount of about 50 to about

95 percent, wherein the iron-fortified beverage remains essentially free of iron-

related organoleptic defects for at least about three months under ambient storage

conditions.

12, The iron-fortified beverage according to claim 11, wherein
the ferric EDTA is in an amount to provide about 1 to about 5 percent of the U.S. DV

for iron per fluid ounce of the beverage. |

13. The iron-fortified beverage according to claim 11 further

comprising vitamin C.

14. The iron-fortified beverage according to claim 11, further

comprising about 0.01 to about 1.0 percent of a preservative.

15. The iron-fortified beverage according to claim 14, wherein
the preservative is ascorbic acid, citric acid, lactic acid, malic acid, tartaric acid, or

mixtures thereof.
-18-



concentrate in an anmount of about 0.02 to about 1 percent; a sweetener in
an anount of about 5 to about 25 percent; and potable water in an anount
of about 50 to about 95 percent, wherein the iron-fortified tsbeq\tlg‘rpﬁﬁs
remai ns essentially free of iron- related organol eptic defect | east
about three nonths under anbient storage conditions. 12. The iron-fortified
beverage according to claim1ll, wherein the ferric EDTAis in an anpunt to
provi de about 1b.t 0 about %A pelubdepowiderbd beveragbmixtuwe whith qaarbef | ui d ounce
of the beverage., 13. The iron-fortjfied beverage according to claim1l1l
further reww&%md}aa apetahialiqguidite formean iron-fostified beverpge.saidmixiyer di ng to
claim1l, further. cC IS about 0.01 tp a t 1.0,percent of a :

pr eser v&PFRSISING .fefﬁﬁwﬁ'én -alf}%ry Pflﬂg&ﬁeb"g«/aé}‘g@ épagﬁ&ﬁr dWﬁ‘@rer‘B?ﬁ‘F ai m 14,

wher ei n; | [ | | 1G] b d Gf G | 4., malic
aci a1 BBRrBtRa VRl it AR Aah S eaRurtally it O R ol QugrRiuic o e
powder edefeyeforgs 1eask hboet tWélod ni@ithb eindee aenlsibht stbeikel conditiesaerbingui d
to forman iron-fortified beverage, said mxture conprising ferric EDTA, a
f1 avori the sejuble pawderedsbestrirage erixturkds tested for irororelatediargandlepticer age

m xture remains essentially free of irqQn-related organol eptic defects for
at IeasFleg?SEﬁjl?y f%@WBW&ﬁ?ﬁ?ﬁ‘d}é‘P engd haveragamaxtee in depotablerein  the

sol ubl ey; ' | S, b for,iron-related organol eptic
def ect < T BAEAFYEIRAAN LN U foPuhBT kadrladein BRa0EPRE PROFEYRR" e
potable |iquid and then evaluating the iron-fortified beverage's

organol eptic properties. 17. The sol ubl e powdered beverage m xture
according to 12l ai m 16, wiikesolublé\powtdebed beeeraige mixaelelactorting 18. The

sol ubl e .powder eqd beverage m xture according to claim16, further
corrpris‘Flﬁ’(jnclﬁtN rejpithe atabilizeyiis aselhnlesper al bl end. 19. The sol ubl e
powder ed beverage m xture according to claim 18, wherein, on a dry weight
basis, the ferric EDTA is present at about 0.01 to about . 4

18. The soluble powdered beverage mixture according to

claim 16, further comprising citric acid and a vitamin/mineral blend.

19. . The soluble powdered beverage mixture according to claim
18, wherein, on a dry weight basis, the ferric EDTA is present at about 0.01 to about
0.1 percent, the citric acid is present at about 40 to about 70 percent, the flavoring
agent is present at about 5 to about 25 percent, the stabilizer is present at about 5 to
about 15 percent, and the vitamin/mineral blend is present at about 5 to about 15

weight percent.

20. . The soluble powdered beverage mixture according to
claim 19, wherein the ferric EDTA is presént at about 0.02 to about 0.04 percent.

21, The soluble powdered beverage mixture according to
claim 19, further comprising a sweetener selected from the group consisting of
sucrose, glucose, fructose, hydrolyzed corn starch, maltodextrin, corn syrup solids,
lactose, high fructose corn syrup, fructoolfgosaccharides, artificial sweeteners, and

mixtures thereof.
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0.1 percent, the citric acid is present at about 40 to about 70 percent,
the flavoring agent is present at about 5 to about 25 percent, the
stabilizer is present at about 5 to about 15 percent, and the
vitam n/m neral blend is present at about 5 to about 15 meig 98i%@ﬁ

20. . The sol ubl e powdered beverage m xture according to clalé erein
the ferric EDTA is present at about 0.02 to about 0.04 percent. 21. The

sol ubl e powder,ed beverage m ture agcor ¢laim 19, further
conprising a etenera@'@@é{ﬁé‘ﬂ ﬂiﬂ%&&?%i‘%??% ding tos éFBse

gl ucoseqgfy, ri ol i ds,
| act oselg'h gﬁ;‘?r Gct gégﬁ@%{ﬁﬁ%?f%@na C@i&&(ﬁ@déagg@ﬁéf Q%@RQ tvf%frﬁﬁﬁ
smetengfr&,lajjﬂe,dﬁd(@dr;ﬁs thereof. -19 0 3 I\/AR 2006 22. The sol uble

powder ed beverage m xt'ure according to claim 19, wherein the

vi tam n/ m ner al blend corrprlses vitam n A, V|tamn C, vitamn E, zinc,

I odi ne, and cogper of an ferric EDTA a a pot abl e I|qU| din an
amount ef fec2Bve to d| 5’§6I Qfea’&tfe'lr@aEDTﬁJBQ@eﬁwppéﬁm? |'S!Jld 8 aph@mpept i ¢ EDTA

't” the prenRlk gbo&s%lv%” a'tr@Qs{ %rutbb dn?% n)?m%(lf"r@fg?hé OferH%eEB"r&\' i 9{
reating Iron- anenta 1 n na , whe the rron-fortified
bever ageprepapaticn @fssmntlrcad fo;tnﬂerdeebevferag@nfarebaémnnggwnotreatmg efects for

at | east ,abqut three, nonths und %nbi,en s_torgg_t ditions. 24, The use
accor di ngeicensy,apepua A Neamny 'eW EEHD £ OPt PN~ VEEROY iemains

conpri se agsAL t 4,

wher ei n ? ér{t{améé‘% humtgenla%?G OT@ﬁﬁlgggo qur p)ag\/\%ere?bégsgf‘%%e

m xt ur e omths gnder ameient stoEaJe\conditions.pot abl e liquid in the preparation of
an iron-fortified beverage for preventing or treating iron-deficiency
anema in a manmal , wherein the soluble powlered beverage m xture is m xed
with the potaphe |iquidThe @& a288Mdig ¢ fchaiki 28, twheteRs Me/ Srontfohfrst

substantially all of the ferric EDTA wherein
beverage further comprises a fIavorlng agent.

25. The use according to claim 23 or 24, wherein the mammal
is human.
26. Use of a soluble powdered beverage mixture comprising

ferric EDTA, and a potable liquid in the preparation of an iron-fortified beverage
for preventing or treating iron-deficiency anemia in a mammal, wherein the
soluble powdered beverage mixture is mixed with the potable liquid in an
amount effective to dissolve at least substantially all of the ferric EDTA, wherein
the soluble powdered beverage mixture remains essentially free of iron-related
organoleptic effects for at least about twelve months under ambient storage
conditions, wherein the soluble powderéd beverage mixture is tested for iron-
related organoleptic defects by reconstituting the soluble powdered beverage
mixture in the potable liquid and then evaluating the iron-fortified beverage's
organoleptic properties. '

27, The use according to claim 26, wherein the soluble
powdered beverage mixture further comprises a flavoring agent.
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A

t he sol ubl e powdered beverage m xture renmai ns essentially free of
iron-related organoleptic effects for at | east about twelve nonths under
anbi ent storage conditions, wherein the sol ubl e powdered beverage m xture
is tested for iron- related organol eptic defects by reconstituggngr bms
sol ubl e powdered beverage mxture in the potable liquid and then
evaluating the iron-fortified beverage's organoleptic properties. 27. The
use according to claim 26, wherein the soluble powdered beverage m xture
further conpBses a fl| dheriseaagending ta2blaim 26VBR27 20berglf,thd meamssal

accor di % to claim?26 or 27, wherein the mammal is human. 29. The beverage
of clai MAYM@Rerein the ferric EDTA conprises substantially all of the

bi oavail able iron in the beverage. 30. The beverage of claim 11, wherein
the ferric EDTA conprises substantially .all of the bioavailable iron in
the beverage2931. The Jbkelieveragewafalaich bewherse the fertic DA cbApHskS
wherein the ferric EDTA conprises substantially all of the bioavailable

i ron i nsthgtantally el gf the bioamadlabledron imthi beveragel ai m 23, wherein the
ferric EDTA conprises substantially all of the bioavailable iron in the
beverage. 33. The use according to claim 26, wherein the ferric EDTA

conpri ses suébs.t antiall h%lﬂevg;ageho C a'ilor{i).{fl,lvlv gl.!e?n h{eol%rrlicr:]EHJIeA bever age.

comprises substantially all of the bioavailable iron in the beverage.

31. The soluble powdered beverage mixture of claim 16,
wherein the ferric EDTA comprises substantially all of the bioavailable iron in the

beverage.

32. The use according to claim 23, wherein the ferric EDTA
- comprises substantially all of the bioavailable iron in the beverage.

33. The use according to claim 26, wherein the ferric EDTA
comprises substantially all of the bioavailable iron in the beverage.
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