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BEVERAGES FI ELD OF THE I NVENTION 5 The present invention generally rel ates
to bever ayex3/oisres uding powdered beverage ni xes, fortifi edTwsvtr2zsvabl e and
bi oavail abl e iron. The present invention also is directed to a method to
prevent or treat iron- deficiency anema in individuals by admnistering an

iron fortified STAENIDANTS BIORS/ANNEIE HE(EREREY 1o an

i ndi vidual in need thereof. 10 BACK ﬁgb%?qﬁgﬁ'iﬁ% € mneral iron

is needed in the diet as it functions primarily as a «carrier of oxygen in

t he body, both as part of henp bin in the bl ood and rnyoglobin in the

nuscl es. Iron deficient diet sF O EHEINVENTIONite to anenia, a

condi tigon in wh | ood _cells are 15 reduced.
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In general, a good 'fcod source o I'Fon UG anount of

iron in repaWidered bevérageanikesgfcHified withlstdlls aaddfoal Aildpe irdhi tige St ates
good source of |ron shoul d provide at |east about 10% of the U S. Daily

Val ue (U. SPesentiyenticprilse indieriedite@ meinpdig prevent amigeaturarent U, S. DV

for iron i l.ron enci es i.n human
popul at i on? ?@rerg%éhg gi oba “f)'{rjg%llseb?}{%ﬁg%ﬁtgr'%g@nd'foq f%ﬁ%‘&%‘?@@ﬁl Ahnt
nutriti onathalifvieotiemin e effeictideizteount AP BRANHITRILE] ¥h ne8E& thérkbh of the

worl d's popul ation suffer fromsone nutritional iron deficiency. Hurrell,

Nutrition Reviews, 55(6):210-222 (1997). Wnen and children conprise the

maj orifey of iron def | Ci enﬁﬁ%%uklﬁggwmpmw ries, 25 sonetines as

many as 50 percent of children-are ciency increases the

risk of prematulaelniberal itasohéddedi taBdiday |‘F$u e RARl asPrtality in
pregnant wonen. Yip et al. "I''on in Present Kno edge In Nutrition," 7

ed., |nter R8N !QB@&PHQ?@”’S&%E@% haik eEistpareof hemagiobirom the. idood @06,  pp.

277- 292 h | f d 30
nent al devéq)%l;??ndg)ﬁf F{E]Ceteﬁ"uggf goﬁ%@éﬁo‘gﬁ@(fg %}?E‘F%} {egg ° gﬁ?ﬂtg{w& (f':)gen'ii gge of
adul t woneanbang d comdition M%l&eﬂ'@\s&@%hﬂ rdnsberldf-red blood cells are

15 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 adults.

20 Iron deficiencies in human populations 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 deﬁciency cases; in developing countries,

25  sometimes as many as 50 percent of children are effected. Iron deficiency
increases the risk of premature labor, low birth weight babies and prenatal
mortality in pregnant women. Yip et al., "Iron 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 countries, a high percentage of
adult women have iron intakes below their U.S. DV. |
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-1 WD 03/013283 PCT/ US02/ 23872 The main source of iron in the diet of many
peopl e conmes fromhene iron present in nmeat and neat products (e.g.,

ani mal , pwolosroy3i2sdr fish). Herne iron is readily absorbeacCrusotresshndy.
However, neat and neat products often are not available or affordable to
people living in underdevel oped areas. 5 Al so, many consuners are on

neat -restrict ed Tire meat sburee dfiiRinsinhdie ehicenany’ pesSIEURnedReh Hrgguct s are
of ten consunmed at i nadequate |evels by many individuals to solely neet

t hei r nut r ifNGEFEREBJYERbANGIMARA Rroqducis (.8s andmahincsitiatar fisbyur demeof iron,

non- heme i ran : | | ant,, sour ce but, it _has | ow

bi oavai | abi@iﬂt@?gﬁg&t %Ségr‘ér%ga%}s@?pqoqq&n HRP K fﬂeeaggqlgemgﬁpprngctf(pften
absor pt i on ar@hobavailsblé oridieseatsie e p@@greclﬁﬁng ADEAEBIdeR|RedtBzEEME 110N
froma diet in humans can be enhanced by the presence of L-ascorbic acid

(i.e., %itdH$h rapny FeRBYBers gia anmeatrestppteshenmest-ireeidietsdysawicdhe cost of

food wh ' fective f hat | it al
Fepresent anelsioréundaf BRIRR. A Sl hnfhed 3P insrBRligle A GSHER vat of
activity anetividusistoesdlentmaét thekr iltrificidl Indedsdof hndray RBRNIAs@Rd reactivity

of conpounds, especially water soluble forns, in the product. Iron is a
hi ghly r ead@teinatesapseafiof ingn.anon-emketiron eambe slearivieddommiahispsirdesyi ng hi gh

noi sture a h . Lyi.ty. | evels have typically used |ow. .reactivity
forns, i nc&%ﬁ#&%&?'gg%lﬁm%yﬁ ﬁt&lp&priaﬁgp{gt PRAOT PERFEGREE 118 t he i ron
sour ceqo Thepeotien iBRHiHors iry tHdseTob@sBEr@RNeARddristioh iofhbnHignd f¥g! opment  of
of f-flavors and col ors commonl % associated with 1ron fortification.

ib

Unf or t unat 1o atdiglindiyvang gen ibergrthamncai danthiel pibsencs ofiheasaprinatid readi | y

utilizable ; r Mo limte olubilit sedi nepts are
likely to #Q%(mb@ﬁ@ﬁ*)@ieg‘%é\%gv\g}%@ﬁ %3888@"%‘?&%@?'&#“0&??@ ‘t*?“cﬁstPgPtifyi ng
25 foods afsbdanenaariedlin @ablidtsVafiditioekerthat Fél, EAHTBalsd¥rdy as by
addition of ferrous sulfate, has proven very problematic, often causing

unpl easant eplesent aagnstahle irgrediand, especially netallic off-tastes, which
can repder food @0 Rewelaae R IS WiRal g&t?vtﬂyea'nd 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 levels
have typically used low reactivity forms, including water insoluble and/or inert

20 iron compounds as the iron source. These low reactivity iron forms generally
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 soluble 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 render food 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 products are fortified with sodium ferric ethylenediaminetetraacetic
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| ron conpl exes 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 prwowswss28y¥e fortified with sodiumferric ethyl enedcaniSnytisrr aaceti c
-2 WD 03/013283 PCT/ US02/ 23872 acid conplex as the iron source. Such
cereal products have |low water activity and, accordingly, the reactivity

and bi oavaidiahiohigiex 88 théiRohsdrés SOeRebAdl Yrodubts fave FWAdgs been used
in various foods, beverages, and other edible 5 products. U S. Patent

4,299, 853 ity iands apearsBraint thegeatiivityadrmbbiokyailalhibityerfabhedrasibj ect to
bi ol ogi cal ég?gré@?hl lté& on storage involving certain EDTA additives, which
i ncl ude we¥ BY'&%l kal i or alkaline earth netal salts of EDTA, such

as sodi um pot aEE'TrWﬁasatBé'eﬁﬁbéHW\/éﬁb%fﬁds?&[@erageg% atﬁ%tggﬁ%reoi%l%%”r’m

describes a solid product for use in the flavorin bever ages
whi ch Zonperiosikistsa Wt EatentséR6P|853cdésdribes presgrestives farialgefglic manganese,

2l kal | et SRS SRR ED o Blicdl oftebiof Sl pat Asuing carain ELUA um o1

t et t i | j j ; I ' I
et r apot asgddiiveR itic? Indrlddvatér @olﬂ@lfbaegléél HQFQ@Q%QEB@{J@‘&I‘#]S%EP

conpound to the isohunol one conplex o eas 15 Pat ent

4, 820, 520, ENdRDSKCcInas sbdim destassivey o calsiani saltsoobE DA, od. SvRdtent

antiseptic o enhance antifungal activity in food_and drinks. U S.

Pat ent 4, 9%?9’%%%0‘%%'5@(' f&& 3°|f(£BEFCJS’r"E§¥rL{F§t'PYS'ﬁe %‘@V@B@Q P?S‘PPCPW pr event

di e e Pyt ' : bi i d,
i scoher at h@rerafed MhAHPESMPATPS BSIAEr %Md&eﬁg!%?ﬁ%@%mgﬁegﬂﬁ' ¢ acl

and trace anobunts of EDTA. U S Patents 4,02
5, 516, 925 angeoesel®rmnaisohumdionk ngmpiexranchan mikalicindtal ehptcemdf @ra

dm ni ster| t d ot i,mal s ,.as .a digt | t:
M qui a1 omssseR AT Mot D BRI SR Frdabatiton Labor atori es,
I nc. (O eagetiagbdiunticrietrapd@esiun8aks aEPAMS i 8mhB—PAtlo of tHe aikalfat ent

5,653,987 describes a liquid pharmaceuti cal agentra?or mul at1 on suitable for
oral or navetal@emposing te3he dsghursolegeaompiex phatlegishf @icetit ircHLS.agent ,

vat er 1€ nd Iaételn?ﬁ,sé20t,g5b, 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 5,516,925

20 provide metal (including iron) amino 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 pharmaceutical 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.



absor pti on enhanci ng conpounds whi ch can include disodium EDTA. As can be
appreci ated, there remains a need for approaches for fortifying beverages
wi th irorwO®3pta2es de enhanced iron bioavailability and strabiuso2/9387The

present invention fulfills this, as well as other needs and 30 objectives,
as wll be apparent fromthe follow ng description of enbodi nents of the

present invention. -3 WO O PMRARYRSF/HHE PNPBRAFONSUMVARY OF THE | NVENTI ON
This inventi on rovides for beverages fortified wth ferric EDTA as an

i ron source. hbeveemglﬁsprbmdasffoeb)e\wetagefse‘ortlf@dﬁmmmmcdﬁﬁﬂ' Agstan t hi s

I nvention have su er I ron biqa eover the ferric EDTA 5
fortified PBVEPH The?‘n%v%]ag?ﬁ?g%?ﬁ\th tﬁf}qﬁgﬁ'{ R geepiding OSWJ? age
stability. mv@hﬁé‘n #§e sAperidy 19&11 bldﬁ'aﬂmeltf m&‘%‘eé\fe‘? 1{?1%51“% (? o free of
unacceptable off- tastes or off-flavors, ‘even at atively h| gh iron -

| evel s5 | nfwhfee¢be$@1@ge|dnmatd¢ims |mer$twrplnaa\se ameﬂehastdne@@ sfabilitgt. t hat t he

iron in ferric EDT t appreci abl terc e wWth other
cations offﬁﬁyf& ?r&E@ @y %aggﬁ/@?gﬁ’éefeéﬁ ﬁ(%{{y %Rﬁﬂ’éﬁpeo -

vitam n/ i pakad oFbe—?I%v&n% @ven a%?éibﬂ%lmbﬁ'méW|evagaSS' um zinc, iodine,
vitamn C, vitamn E, and the ke) . a consequence, no significant free

iron is generat trdtherpreeemtlnmnmm bbsurwlamgijohes beendaand #vat thelinon in

ff-fl ft for ath | ubl forms
't 15 bl Bl 5D HaRee hr b ERidely kiSidhengeon rgee#wer?%a%m?t'@é"?o render

it unggail e.l@seni ™ abRI6Ldgw bemuF‘éﬂ??ﬁ Wwith %ehéH'erWn/ﬂi Aéﬁia? forms

used in non-limting enbodi nents the i nventive everag "advant age
of the i nveodiuug dasiemapetassising@ine, dadine, vibamirn Gevitaraadly - si0d dne hke)( RTD)

| d f f her eof d f d
o ey R B Bt SRR Tl TS BT 5

term nol ogyyzfbbié € Fédct %Rﬁ%rrﬁ%?@ﬁavo?@@rl&aér@r b f5 often the case for other

et hyl enedi am netetraacetic aci d” "sodiumi ron.

et hyl enedi aolubta Eon feres. dt wcbel‘i’e\(ed thaf fenaEéHDﬂ‘A)ohelahesmm mepsafficdnttyhe

Pr esqu | n%/oernetﬂd%r it t?nat\)/%\x/lgtr)!% or Foa Sty, even ‘n relatively dilute aqueous forms
used in non-limiting embodiments of the inventive 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 ethylenediaminetetraacetic 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 percent of the U.S.

25 DV foriron per fluid ounce of the beverage. Preferably, the beverages of this
invention provide 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. A
typical 6 to 8 ounce lquId serving of the inventive beverage containing iron at
these levels can provide a significant portion of an individual's U.S. DV iron

30  requirement. For example, in one preferred embodiment, the beverage |

composition generally contains about 18 to about 33 percent of the U.S. DV
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provi ded 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 Dvofoawni1izedn per fluid ounce of the beverage. Prefecalisyz2ashe
beverages of this invention provide about | to about 30 percent, and nore
preferably about 1 to about 5 percent, of the U S DV for iron per fluid

ounce of t ; A0] C | qui d. ser\j of the
i nventive E]g\}éb?ggéesqggﬂ?%erﬁ %g fl&?,gnégﬁﬂ’ ?’ ﬁg§ §< %Avd&%grglgﬁ cﬁ%@%&gage

si gni fi canacqundingto thie iavertioti. Vi ¢laghievelthSse PropdriitnsAhé garvicEDEALis For
exanple, in oneafg)r,ef erred enbodi ment, the beverage conposition generally
cont ai ns aBtRIeratRy incospateBinig tie tanmubatianseofihis inprntiomailey® 013283

PCT/ US02/ 2381 I L r d_vi rej T, S| unce

cer vi ng.of g, i 2688 0. Zihg I PITEClefaill Bl Sofi dipabetl Hall

propor i ong Féeaf@ridre pRE¥E et at BHELIED albloyabdif ar PATEEE oarThid Difice
formulations of this invention at a |level greater than about 0.2 ng Fe or

nore, pref &l s nabeysmae.0. 2 to about 3.0 5 ng Fe, and nore preferably at

about 0.4 to ab P e r. f1 ui f the final beverage. In
this invention, ﬂﬂhc')%"ﬁ/se 'ﬁlg%lb:,rlg%ﬁ%ela]{rpﬁpgeﬁE@%ﬁgggﬁé{al@g@ror& Y6488  powder
via ferricp&ldér vithierdeEDTA. EfAfdirie BRI prefepablyesludsd biahsebfe source of
iron in the beverage or beverage powder m x. The ferric EDTA 10 does not

have to beSodEg ¢fireibinghadevereas enbeveregeinawdesduikc dhetferno BT

suffi ¢gpent ' I l: Lraqn. | nde 1t he presence of. other
uppl ddent 37T Fioh el o bg BBl if 8oyt wRE P oI s 8BRS Brtie: o
ferrous ciuffislent aamsliraoof biohbailaisie ikdel I rlecll! §18 Bes6REPbPAIHEe t he

advant ageous stability and palatability attri butes otherw se achi eved by

i ron forti BypRigMendalimneuscaysuahay arrous sulfete deoous dnauate, farheusef or e,

preferably 'd&{h r | i | SO | ilrected to a nethod to
pr event or?@%g%’t ,?%_E‘:&Hgﬁ% @%&%%P%’%@%OEQP%@%@}%@SQ IBPAERShi st eri ng
the fortifsetilipeedagdatabliity Beribmeerdtheiwis saRicvetiast iroref the the
I ndi vidual s in need thereof. BRIEF DESCRI PTI ON OF THE DRAW NG
15 beverage via ferric EDTA alone and are, therefore, preferably avoided.
The present invention also is directed to a method to prevent or treat
iron-deficiency anemia in individuals by administering the fortified beverage

of the invention in an effective amount to the individuals in need thereof.

BRIEF DESCRIPTION OF THE DRAWING
20 Other features and advantages of the present invention will become
apparent from the following detail description of preferred embodiments of the
invention with reference to the drawing(s), in which:
The FIGURE is a bar graph showing taste evaluation results for a

series of reconstituted beverages containing different sources of iron.

25 DETAILED DESCRIPTION OF THE INVENTION
The present invention generally relates to beverages that are iron-
fortified using ferric EDTA. Such iron-fortified beverage include ready-to-
drink (RTD) beverages and powdered beverage mixes which can be

reconstituted using appropriate liquids. The form of iron used in the present
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20 Ot her features and advantages of the present invention will becone
apparent fromthe followi ng detail description of preferred enbodi nents of
the i nvewDioo13283 h reference to the drawi ng(s), in whi chPCTHSIFRBURE is a
bar graph showing taste evaluation results for a series of reconstituted
beverages containing different sources of iron. 25 DETAI LED DESCRI PTI ON OF

THE | NVENTh{Dhtid1e(i . eRehé EDTEBE 56duleiRek EUTYA) iSh@tessdiOplensd #ags that are
iron- fortified using ferric EDTA. Such iron-fortified beverage include

ready-t o- ahtendblyRTOyIddes expemed tmbaye hiliit kedckivite inbighmeisturetsinch can be
bresent - N5 B99BEYeRege Bsiol BeiRioRALs SRvpiorkid SFBRVPES BHA or
sodi um i r Qi EEIBA, t@on@r%ragl With theedréiery hxaﬁtv&‘éiéf Qbr%(teﬁpéh@ alfvigxpect ed

to have high reactivity in high noisture and ~aqueous food/beverage
producss dndeayveragesoneowdelatapially expeef thavioorsicansdn tloé ferciolEDFA ton ot her

o e TR B B ook 5 RS it G >
i nt er Changé%f'q@ur% df"éé?cn%vefhe?@lf)* Qpéwﬁ@rﬂ@é"irbfn RS R be bOar‘i’é’Mé"t@Gféct( e.
Cc he a |

sodi um or I um owmng free i1ron 1ons to be ava bleto
react andarid)fom“ocbﬁf-ﬂfawaxmosoi&rcom‘rs {aDlsoofter te mase)fotresnlub’nelroaéerms)r sol ubl e

et e o et e BEPalRindite b SBek R BB T euRriL
i 11 ustpat qgie\}c??agg a@é@,rgp,l, %o s fHvepggnbel ow, it has been denonstrated that

ferric EDTA not eve op undesirable netallic off-flavors or
of f-col ors i n efs Hustraded itstha examplpsdescebed betvggebasbeen ready-to-dri nk

Do A R e PSE R LS TA RS b B o FhenghleetS, o Doveraoes
Rarery, ", SETBISR BRI REHSIBA LA B ISDEDBY 1 00 12T,
flavor " oxi rbadiyen;drintdbeversgab.e Maisoeeratceceplabstaste nedullp vesrecadhaewet wi t h
'O s in beverages fortified with ferric EDTA according to this invention, at levels
exceeding comparative beverages that were fortified with other iron forms.
Namely, iron- related organoleptic defects in terms of metallic off-tastes,
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. In one
25  aspect, the iron-fortified beverages according 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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fortificants have not been detected by eval uators sanpling beverages
fortified 20 with ferric EDTA according to this invention. In the practice
of the prweanwiizeyention, preferably the solutes, includipag/ushp2iserric
EDTA, are added to the. liquid nediumof the beverage at |evels at or

bel ow saturation levels, so that significant sedinents or solid residues

are not f d or depgsjted within e hol dj.n nt.ai I n aspect,
the | ron- (o1 BioreaoBRTaiesgereieaer of s YerHEN: KAt Ean 4 oh NaFREFAA | o
EDTA genergdietalylcdaaiut @ BERENIPeatAARe ARt bt fRFHIE ERTA ] F erabl y
about 1 to about percent, and nore preferably about to about 5

percent, id atitied tb SchibVe e above-ipdicatedurah additiendévélbeahdeareagdy To
achi eve such iron 'II%(gVeI s, ferric EDTA generally is added into the

i nvent i ve GRGWRIGHEARGITRIEBINIEY. 30 a rate of about 0.2 ng or nore Fe,

preferably fro t ; m about

b % tolabout 1 Bongtier RED I rpodtitiched tBlerades BBSTANELARR Iyyertcht

PCT/ US02/ 288 fim&tTizammba dogredidnts ede fevie EEA (vf atbuats effetive ao heferri c
EDTA or NaFeEDTA eneral ly contains about 12 percent Fe, Thus, the anount
of ferric Eeghthed)-HdVaeridramenishrad@ peiabigolindiinwhieh Be ferdmERdA ti on

| evel s ca did Vi | r g8l RTD or
reconstitﬁ?%?l%tg%ep ggg%ﬁ%@?}%?%e?%ﬂ%éngﬁ#ﬁ%?@gﬁfaﬁn@%éﬂ%\ﬁr Sy conmon

i ngr edi ent sy@stenéry, vitami3] Anitieralgnanthtte kg ean bedntiadedlip thetbeverngesU. S. DV
requi renents) and acgotabl e liquid in which the ferric EDTA is soluble.

Opt i oABI e?fi P@Wﬂﬁbﬁ Bewarege naxes %&'waer@ﬁarﬁﬂ t@ngf%tr@m%@?t ekt eners,
vitam ns, mine. 1 [ el ' erages 10 and
powder ed b@vde}fg%gésﬁidjggo%&t&ﬁéﬁ?ﬁv ﬁpﬁgﬁﬁgﬁﬁgggiéa%s\wﬁg%‘?éo not result in
of f - t ast esynaddeptaidler Prefarablytfer ther BaDodraetonstitutsxk beveragekiRTD ar e

unaccept abl e. Pref ecg blé/ for the RTD or reconstituted. beverages RTD or
reconst i t UiES@NBEES §§§ TROE8 AFCRLIING 1@ Hie MYEBHEN oS RIB2RY $3BMON conmon

i ngr edi ent rxd TANTIAN an% us DV
15 requi reﬁg?\‘%@?ﬁ&aé%ﬁg\%&r '.é'r?g An%'?erl a ,S gﬁ%&g&éptgfg% e'ﬂ%gtﬁugg??nmmﬁu ch the
ferrias requirements), a flavoring material, and a potable liquid in which the ferric

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, flavoring 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/dilution of
the flavoring agents to be achieved. Generally, the proportion of water used

25 in fruit drink beverages encompassed 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 fruit-flavored
beverage, water-soluble and water-dispersible flavoring agents, both natural
and synthetic, can be used, including, for example, commercially available

30  fruit drink'flavoring agents for. Common fruit flavoring materials useful in this

invention include, for exarmple, orange oil, lime oil, lemon ail, and the like.
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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,
flavori ngwoaBeii2zas , and any other ingredients is di ssol vedTasaz/basr2
aqueous- based, al cohol -based, or any 20 other suitable and potable liquid
solvent for the ingredients. Water-based liquid vehicles are generally

f d tice.of th tion. The,. t f d
Gener al | y Qe TBSHRE =G FF &lenE=f Seonarin BUPUas Bar o eclrsd "
i ngredi enttsr ROR dRhRS. AW, Irfeteill it A@l@érﬂohcéﬁl?at‘égsdarrﬁ% abtieass Meli | ution of
the flavoring agents to be achieve General ly, the proportion of water

used 25 i rovenagesito mbvm/erraqm'lteai@dhpé&sfdelngmwnadenTh@e whet her RTD
or reconstituted faorns, wll E_ qt g}ﬁqo about 9 per&f VWhen a
Cort! 11 ed drtgiesdulety wit P8 ocd: molhad of 27t Rrvs (A Rl ybeq

bever age, Wi AEPH nts, both
natur:ffJ and g’;ﬁtg%l ?’?%@ragrg‘%op‘gélﬁégﬁleﬁéﬁgﬁg@t:%ﬁéfOr gi(hgr{%% commercially
avai | abl e 30 f rloianedembkdimentpthenfievying agdndin ey heveragedistanf orangei ng

ot | S Carimbridiy RSP SBr eSS SRR Sn il '
flavori ngﬂ@ﬁ&hl@ r%'gfsﬁl;ﬁﬁé%ft%? éﬁw@nmom&h.gﬁwéc%ﬁslea{d&adém pes for

fruit dri rult juice concentrates can be added to the
bever ages an, pblmmsnteled to dauel@ptcnf&ﬂevmnse Insmﬁlmehtlwsmmh@die'snmekﬂ oxitiess e

trat t I | | ' f A f t
Pl ceTs cohesnbrata Rvareamponane st atia EIA S mstu e e e pai ¢
juice. In ém\tﬁapﬁwmt,amwé %Vféra'cf‘ﬁltﬁgﬁé'bréﬁgé Nav&raKes BEReragean or ange

flavor. Commercially obtainable or ange | avor concentrates are avail able
that contain tkogdoeloringhesich asgonexameled U.8. bertifiethFpod ialers:, iatdce t o

tabi |1 2631 8% SHEPR MM o B G s PP SHp GRARES%S 1 o EpTA
successt ul fohnglidintiveaseidr8ges; Wkaniles lﬁcfi‘@cﬁe éédl%‘ﬁb@ﬁioa%aéécﬂ?b% to react
with the orange flavor in a beverage. Food colorings, such as, for
exanphe, WBdd, Ghia adideldhcHo@did ohalicacid| twtaric acid, propylene glycol, 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
atkalinity present in the reconstituting liquid used. For RTD beverages of the
25 invention, it also optionally is possible 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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can be added to the inventive beverages. Preservatives al so can be added
to the inventive beverages; exanples include sodium benzoate, ascorbic 15
acid, citwobosacid3 |actic acid, nmalic acid, tartaric acidpcpruspybmne
glycol, and the like. Also, in the case of the dry powlered beverage m xes
of the invention, wusers often can be expected to use tap water to

reconstitute the.b ) i t t f | |y al kal i ne due
to the prE@éﬂﬁ%ﬁagﬁﬁégo%%v%o&§s&ﬁﬁperfgfcté\@fqed;sa?ﬁlﬁ@q%é ai@ll(ggf ants, such as
citric ack@echhsBhand midoteh thefedml SGtatle attifitialawestené inbludal & can be
included to neutralize the alkalinity of tap water, or for other purposes.

Pr ef er abl gxanwleraspariame, wecraloss safichegnaceyriamatas, asesyliiamexanpl e,

bi piagiabas ] y : . . ) 4 and
o xtures PRI BOEIREIRY, LR Getiibolibd Pl BEbdidda il "
al kal igni t \n\pErRRRNthe @wlb@@nbegeﬁéﬁewumn% bﬂe@ehgim?@%ulaﬁéa ¥ Pirbgeer ages of

the 25 invention, it also optionally is possible to carbonate the beverage

prior to imix priggdeageanstituting thewtrinke dT e waraugé ofrswestester @nsvaryieyit i on
optionally can be. reconstituted in carhonat ed JJ qui r they optionally
chn be- calORLRIA I MIRSER 1 nENeR R T Crtsny SRS HFEeant | on

al so can ?ﬁéie&éﬁly%b‘iﬂ?%ﬁé%out 289 erébnts WERHERTD SareddnstRhed beverager
exanple, fromoné or nore of sucrose, glucose, fructose, hydrolyzed corn

ist ar ch, mra]ll t odfdmttha’alrﬁmbodimanw apthsoinvestion ;@_nvm@a,se TePE8 ryerago2/ _23|872
sweet Bher Srognenie druEHimptiiterlial Sinde bARARE PR EiRerdel T ool ude,

for exanipieSha haftad KdIBFAARSE by PRRCIRREIIMizePY CdLMRAE Dut agesul f ane
potassium and the like. In the case of powdered dry m xes according to the

5 i nvent i dimitechto, oabulosae suge mercarbgxymethybeeliidess rodium qagberyar@iyF or m i n
e T Pl RS o e R Ml B GpeE "
percent, 35{19, HRE 2antipf Rimbéaradtark, bgaﬁ@QM]E gém 8RItieHnd Wik likee aBTD or
reconstituted beverage. In that enbodinents of the invention enconpass
nonf at5 beweelhge mixtures thereof. In the beverages of the invention, the amount of
such stabilizers generally can be from 0 to about 30 and more preferably
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 oil,
20 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 powdered 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 flavor bases can
be dried by conventional means known to the art, such as spray drying,
30  evaporative drying, vacuum drying, freeze drying, and the like, or can be

prepared by drying blending the various ingredients. Preferably, the drying
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10 products, the desirable nmouthfeel that would normally be provided by fat
content can instead be provided by non-fat stabilizers, such as, but not
limted twposmiid2es oses such as carboxynet hyl cell ul ose, s®dirarsn2/23872

car boxymet hyl cel |l ul ose, hydroxynet hyl cellul ose, hydroxypropyl mnethyl
cellul ose, cellulose gel, and zanthan gum carrageenans, guar gum gum
arabic, and the like, as 15 well as m xtures thereof. In the beverages of
t he mvennethqd pmlcm)mdlwdlm\rebée@@rmql@szhgvglgrmawr@g@emaﬂ@twr@m 0to

ot onal 1 QT B RGN orBR, Sular BB S fediE AEdban WD | ¢ 1
the form cgﬁtérsﬁf&aétheﬁgsgfr@uﬂentwﬂmmﬁdvéroyas@I 20 fractionated

coconut oi oleic |ower oil, corn oil, canola oil, cocoa butter,
and the |ike, ngd@red aevenageuﬂmesm@udeﬁruwme@@owd%e@sflnbﬁ.aqialw can be

ntroduced as an i of , the bevera f f d

pr ot P, 9%%@9&?19 " ebR e peVardiee Ao iR, Bhe euBe, T 1 ™ Y
m xtures B R infl0be PXRTRIVOred Prwdieh&d 8iritRE) d@!?ry%é\ﬁb’#égés aﬁeg‘aéblaeverages
or as 25 everages reconstituted from powdered d m xes accor di ng to

enmbodi menbasedbevarmgeasverg.i sy ik qmmm bﬂwbag@ageﬁégmilfedt he present
i nvention_can

avo se caont. ric
e SucRCEEeR e bvenfioh sl ReFRaiodRT 608 SRk EReSREGATED ¢ he
art, suchy l|l§é’r&yotﬁéb/d:&wen%t%ﬁﬁgf&tétﬁﬁa Mhd‘%néﬂﬂﬁ‘dﬁ@h‘(’é yi,ng, freeze
drylng, an l'i ke, or can be prepare endi ng the various
i ngr eldi enbeveﬁm‘mmi@mratem@onqutlmgs algdm%@)O13283 PCT/ USOZ/ 23872 et hod

0T o' about” 100EPRIER g S0kl HY e By B ng 12>
carriers flRfstr%ttlk}érnbﬁlﬂihﬁﬁHg?@rﬁb@cmnféﬁﬁo‘flihe?mvfehﬁ&@rcdiﬁgﬁseé’@ﬁﬂérd@ﬂ beverage

m xes include fruit flavored powdered drinks, dair bever ages, vegetable

based bev@aagaeabpet 9.01 L@(gbqut 03 pemtﬁereuq ERTA, am;m 42terbges/Oncl ude
fruit flavored

percent ltnc acugfI u? %Stb a 5b ;?evreccraﬁgﬁamrm%g%&%! &bout 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 can be 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 comparable 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 is even

more available than the iron in ferrous sulfate. Moreover, ferric EDTA does
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based beverages (e.g., soy mlk), and the |ike. The beverages fortified

according to this invention also can be frozen to form pop sickles, sorbet,
and the wpla/013283 ot her conveni ent forns for storage and ecmgisop2ison (e.q.,
10 beverage concentrates, confections, and the like). A preferred sol uble,
dry powdered beverage m xture according to one illustrative, non-limting,

enbodi nent _of the inventjon onprise La dr basi s b . to
about 0. anpigiestitin MR Fiblegant Stnarentis e forgany B 1808 VY aci o
about 5 tRoﬁ?%\"?lui%ﬁo&%é;@%eftl)é\yé?égé%s@g@iafed WwRRYérréus suffgteabout 30 percent
stabilizer, about 0 to 15 percent colorant, and about 5 to about 15
percent of a virharxampleethdt follewdre Thiended ie illustiate,cand potbddinet,'theused
herei n general.l an rel ativel ree-flowabl e. materj al s having | ess than
about 3 pE}V@é‘hmegt?‘eQer%H‘t%@ﬁﬁu heTsy B W?‘Qr}fq' H‘H‘&Sﬁﬂ}‘aﬁw‘%@ bever age
conposi ti gRfcfay. be mxed 20 using conventional techniques. For exanple,
the dry conponents can be mixed with the liquid vehicle with stirring and
agitation to t EXAMPEE!1.ndRakid powdeded belerageformulptiodseas detai@ddnsure a

substantially uniformdispersjon of the ingyedieqts. .di scussed above,
the iron-flgpla 1 wereRhebasgd yskio difeeentiouns gﬁﬁon-zaﬁwerﬁiéﬁwgy chc) er ed

bever age i =4 Qs dn g8ared as RTD
or recons&? ﬁ§§se§thdeL{/c§é:‘%éé%,%v?wé&ﬂ %%&%B%@ggﬁyna %ﬁ%ﬁ}?ﬁ% i n beverages
accor di ng seasoralsatiribueed.i on is highly bioavailable. Indeed, it is

conparable to ferrous sulfate, normally considered the universal standard
for iron bioavailability. Indeed, in the presence of dietary inhibitors 30

such 5 PRI 9 BadBboidRFed BAVKTabE FbATAGADAL ©d W th ferric EDTA 1s

even nore avail e than thé iron IH ferrous sulfate. Moreover, ferric

EDTA does -10 WD 03/0 YA *he3872 N fodhi 40 fthe unpl easant
organol eptic attribute b{% LSO\ g\m F ) er fluid ounce
of the beverage associ gt ed wdrifortifieatiooagens’ul f aje. The.2Exanplljes that fol | ow
are intended to illustrate,—and ot 1o Ti.mt, [the
citric acid 58.5
orange flavoring? 14.9
15 orange coloring 5.1
carboxymethyl cellulose 10.1
vitamins & mineral blend® 10.2
titanium oxide 1.0

' Amount based on iron (Fe) content only; provides about 5 mg Fe per 22 g serving
20 (dry mix).

2 Commercially available orange concentrate containing terpenes

% Vitamin C, vitamin E, zing, iodine, and calcium

The various iron fortification agents used are shown in Table 2.
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i nvention. All percentages used herein are by weight, unless otherw se 5

I ndi cat ed. EXAMPLE 1. Basic powdered beverage formul ations, as detailed in
Tabl e 1, woros/op2epared using different fornms of iron. Thepsratsot/238y2 of the
various products were evaluated over their shelf life by a trained panel
for sensorial attributes. 10 Table 1: Basic Powdered Beverage Fornul ation.
I ngredi enty t lcation agent' 0.2 citric acid 58.5

or ange fIav%?@%Z'r%ﬁFOR@}'oroﬁé e@ﬁ?orl ng 5.1 carboxynethyl cellul ose
10.1 vitamns & m ner Ip. 2 t g1 OXi nt based on
iron (Fe) content only;|Lpr SATIRE. bout '8N F§rtiHgatipn Agent ing 20 (dry
mx). 2 Comrercially avpil abl e or ange Cﬁﬂ@%bét%%oﬁ@d?} aini terpenes 3
Vitamin C, vitam n E, zfmnc—Toding—and—catett—he—var+oeus i ron
fortification agents usgd ar®e sho ferﬁrotl%w\fétBZPOSItWQ_torWDI)OBI 13283

PCT/ USH2/ 23872 Table 2f Ir Forfiti t e|lron
Forti;sig)cation Agent 1 494:\-33{.%9,& o HEO(Q% "A’P'?ﬂ, QIJ fate (positive
control) 5 3 sodiumirjpn EQTA (i hvenbnméulatéﬁ Rreasnhiat ed ferrous sulfate
5 Ferrochel TM 6 ferrouf 0t u5conat

Ferrochel™

6 ferrous gluconate
7 ferric saccharide
10 8 ferrous citrate
9 ferrous fumarate
10 ferrous tartarate
11 ferric glycerophosphate

The encapsulated ferrous sulfate was obtaine'd from Balchem Corp. (Slate
15 Hill, NY). Ferrochel™ is a nutritionally functional mineral amino acid chelate
containing iron for use in foad 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 controlied environment (i.e.,
about 85 percent 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 eleven types of stored samples was
25  organoleptically evaluated initially (i.e., 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 in a 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 tastes and to
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7 ferric saccharide 10 8 ferrous citrate 9 ferrous fumarate 10 ferrous
tartarate 11 ferric glycerophosphate The encapsul ated ferrous sulfate was
obt ai ned WoagioBa2sxhem Corp. (Slate 15 Hill, NY). Ferroch®CTNMSI%2372
nutritionally functional mneral amno acid chelate containing iron for
use in food fortification from Al bion Laboratories, Inc. (Cearfield,
Uah). The fortified powdered beverage sanples were sealed in alum num
bags (ten r@éggmgerthed:ﬁﬂhetw off-feavcin noayatip associategl \Rith angfoxidized age 20

t th d f t K troll ed t .e.,
about 65 JBRATRE TP 208 DEerm o b R BBETS5FEls WEEPrERONEG under

these st OrtQQﬁefb‘éﬂﬂllét‘s%"t‘%d)ﬁ: t@ﬁ?e\‘%ﬂu‘?é‘ﬁn f%c%tﬂwtc]péeaaeta?ﬁe?fﬁ et%lg\?/d mont hs

under normal storage conditio en types
of stored teaimw)esb\maserags mfragmubné)p@andah Ino ceasel leas tean fivé) panalistd . ., week

zero) nd ever reafter as eded. For eval uation purposes
t he 2 g SV&?%P%%é\g\%r %CEHOUBQ Y SeReany WSE%QTQ\&Q@&P@%@%@)‘ gFyeswale i n 180

L tap wat@ed o surfifakss tﬁ"é ev@ﬁ%@d Eémﬁ[e%t ‘Hr% M%tmh)élt %rbfp éﬁggge the

respective beverage sanp ensory attributes were ass el i st's

trained tovgoal scenesx(eey cambuinéd aeppaaiarice, ﬂawdveandsﬂfﬁ-ﬂﬁi\tor amilestdry, and

strong netallic tastes @(r;tpé] -12 WO 03/ 016283 PCT/ US02/ 23872 recogni ze
af e '

the di sti mREISALY SFRIEH| R sedaios metalicdasipiavaliygtions, iindigatesr penes
fromthe qgipR@ealfié 6¥fﬁffa'v89anﬁ@sngﬁﬁﬁaggme?éﬂ@gﬁjl%ﬂrefopr?/??é] fed to the

panel ists at roomtenperature I ran Ker s I nd
testitl). enaluatiansgl indicateswery @opamaddi hexmelieate | ess t han flve) panel i sts
5 was used for .gach round o&.ensoréﬁt ests. Two, separate sets of scores

were used to s PSALY Eyaluglion esklis amsramarzes ‘f‘é}a"rﬁﬁﬁh‘mr@‘tmste and

one for  the FIGURE. The inventive beverage samples (Sample 3) made with sodium

iron EDTA (ferric EDTA) were stable and comparable to the negative control
sample (i.e., no iron) through the duration of the sixteen week test with

15 minimal off-flavor and no off colors. Further, the inventive beverage samples
rated nearly the same in organoleptic attributes as the "no iron" contro!
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. Of the iron

20  fortified samples, dnly the inventive ferric EDTA-fortified beverage sample
(Sample 3) gave acceptable resuits 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,
respectively), had a noticeable metallic off-taste immediately upon

25  formulation which became stronger and was combined with oxidized fiavor as
the sixteen week trial continued. The comparison samples fortified with
encapsulated ferrous sulfate, Ferrochel™, ferrous saccharide, and ferrous
citrate (Samples 4, 5, 7, 8, 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 negative control
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overall scores (i.e., conbined appearance, flavor, and off-flavor

eval uation). Sensory scales of 0 to 8 were used; for netallic taste

eval uat i owe,03013288li cates no netallic off-flavor and 8 si guairfusoaess7netal |ic
off-flavor; for overall 10 evaluations, O indicates very poor and 8

excel lent. The sensory eval uation results are sunmari zed in bar graph form

[ h F d i th di
Ton Eoratapls 1 epiaiRdeiet For e tad BshndRdb e alos rmstelB R cont rof
sanpl e (i o?oxud@a@iohr&ﬂﬂa\ﬁdﬂcﬁ}#% tha%lﬂééﬁw&,‘k t‘ﬁfal t BArSisih@onineealehRd W th

15 minimal off-flavor and no off colors. Further, the inventive bever age
sanpl es femeoE[aTEArfD;tlﬂeH@aﬂmie allso de@anelretﬁd betb&nstabmt)eﬂwmdoe\Aeeagelo i ron"

control wt h | r| n @g%( ona servatiyves .or flavor naskants.
Vor cover , SPETH IRCRR/EY PaT PéoRBialovd aqReionns ahed @S 8phas pr ovi ded
cl ear gy Sﬂﬂﬁéreﬂé dr%sf'éméctﬁz&éﬁ‘}loh’c?s té‘¥$aﬂnp%%%k_f drt@;é;ge&l 3’9 the iron 20

fortified sanples, only e I nven err e 9 verage sanpl e
(Sanpl e 3Ptoage stebiift @btmm@ubgsla‘r(srtoralge aomditienss(iet ,a@n-acedletaded) ng

peri od. n contrast, . .the c n _sa s fortified ferrous sulfate,
ferrous b?ﬁ‘é&?&‘?'@me@@?? ﬁﬁgqg@ﬁ gfcgagg{%af@ Y9%5§s tartarate (Sanples 2, 6,
9, 10, respec a | di ately upon
25 fornmul at Pont%w%%a%%s%ﬁg%?&anﬁ%%gh%(?qn%ﬂlée”gbﬂﬁ% %f gm. zed f%/avgr

as the surx\lm’mevtherage szhmpmmrhmm:dwnfﬁﬁerrccoﬁbim with asconttad safpie¢ i fied with

encapsul a us sulfate hel TM ferrous saccharide, and ferrous
ci trafe ( 1 vilh fegtous stifats. efbe&%@qs SANRlasoVeIRReP2redii theabl e

metal | ic ﬁla%heggﬁdl&%m "] fc}:faﬁ.ég ¢¢é s SANRNEE o Ahd 33RP! es

devel oped rro erate to st ong ne aste conbi ned wth oxidized
fl avor befdeseribéd i Edamplet the Thei nmrebmawadabmty ofl eamidithesegrepassdder ed
unaccept abl e. The neg%l ontro -13 V\ﬁ) 03/ 013283 PCT/ US02/ 23872
(Sanpl e | PEYRIAFHPAGPIRS Wad §eamw%98|ns§ eipEtindgchaiavel aspesraniielly c

gL]; pﬁ ?:lt ﬁ e%EnBﬁg%ﬁ‘yvgzltDIé’t%@t é#@ﬁf%éj%gﬁf%h@ ﬁct? eﬁdﬁsgbdll\? *r Ioalzlermnst rat ed
bettets st abidrenget Baieflpev®® agle of a beverage sample was mtroduced along with

a standard meal, into a simulated digestion, peptic, and intestinal system

(Glahn et al., J. Nutrition, 128, 1555 (1998)). The resulting digestion solution

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 from the

20  sample was absorbed by the Caco-2 cells and stored in the form of ferritin (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
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sanples formul ated with insoluble/lowreactive fornms such as ferrous 5
fumarate and ferric glyceroi phosphate (Sanples 7 and 9, respectively).

St orage swalsloiizgs t est s under regul ar storage conditions @PCTAISP2/23872

non- accel erated) have confirmed the accel erated storage eval uati ons.
EXAMPLE 2. This exanpl e conpares the bioavailability of an inventive
beverage sample fortified with ferric EDTAwith a control sanple 10
fortifi edbeverages weipspasietiized atrRed teler3ysecands| beot likedinppepeiesd in t he
sane nanneqrr}qa%(iaé ing the same fornulations as Sanples 2 and 3 as

descri bed #%‘I e 1. The iron bioavailability of each these prepared
beverage sanples was determ ned using the ferritin technique as essentially
described in U S. Patent 6,017,713, which is hereby incorporated by 15

r ef er ence.Tahleek:| BagicoORIDCovipasitiondvefgre deanpFertifigation.r oduced, al ong with
a standard neal, into i i =oR——pent e i ntestinal system
(dahn et al., J. Nutriftion,ing@8jent555 ( ting digestion
solution was placed i @ inserts over a
nmonol afyer of human int # cells). Available
iron fromthe 20 sanpl g was ahssylagd by and stored in the
formof ferritin (a st 1) wir e then neasured
as described in U S. t ent SWicqEE 713. [The bi odvhi |l abil ity of iron from
the inventive ferric-EQTA .tortitled pevierage sanpl e was |conparable to that
of the ferrous sulfate ' —Jjhi s exanpl e
conpares the stability [ofitaminv&ntinera bfeadrj ¢ EDTAOBeveragq to both negative
(i.e., noiron) and poqiTiVve (J.¢€.
readyJ-"E o-drink productg EARDO PR 1oy}
(RTD) beverages were ngde i pregdeativet P!
described in Table 3 bgfow—Batch—+——
i nventive product; and |hatetenge flavoRpgi ;e ) 2 and 3 beverages
provi ded about 3.6 ng Fe per 200 ml serving. The fornulated RTD -14 WD

03/ 013283 PCT/ US02/ 23&édium benzoate, potassium sorbate, calcium disodium EDTA.

Wi

gl ready-to-drink
c formnul ati ons

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 pouches 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 described 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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beverages were pasteurized at 205F for 30 seconds, hot filled in pouches,

and seal ed. Table 3: Basic RTD Conposition before Iron Fortification.

| ngredi emvOAdDWB3 (%9 5 water 81.8 corn syrup 15.9 citripcTasoz 28728 fruit

juice concentrate 1.8 vitamn & mneral blend 0.08 10 col oring agent

0. 0043 preservative' 0.043 _  orange flavoring 0.03 Sodi um benzoat e,

pot assi u %ébgte calci€n1di pdi§n1 TA. The beverages were subjected to
ablp 1S Iyagion

accel er at eRFV e\d 8SWdSential ly described in Exanple |
except that 200 pr—atiguootyof —eactr dn&ie werg T _tined—gl um num pouches
and eval uated i fmedPacBly and VBi§ee a |wee ffeg‘ﬁr tlhe SQYYrhge|period under the
sane storage conditions aslin FExanpl. L1t LoONns were carried
out as described i ngggnpl ¢ 1. gThe spnsoryg evalfuati of restlts are
sumari zed in Tgbl gedathel ow—tustrg—ther26—same—6-to—8—secalefas in Exanple 1.
-15 W8 03/ 013283 PGbhid®p2/ 238721 Tabl ¢ 4: 8ensorly Ev&lSuati ¢n Results Batch
Week Metallic Oferall O‘faTast@2 Batgh 0 0, 6 (neganj|7ve Sjcontrol) 1 0 5.5
2 0.157 3084§.6 . .
3 0 5.6
Batch 2 0 0.6 57
(inventive
2 0.4 5.4
3 0 5.6
Batch 3 0 21 44
10 (positive
control) 1 2.7 - 3.6
' 2 1.5 3.7
3 2.5 : 26

Under the accelerated storage conditions employed, three weeks is

equivalent to about three months in regular storage. At three 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 off-flavors and
received unacceptable scores. The stability of inventive sodium ferric EDTA
sample is especially notable due to the heat treatment during processing 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 invention 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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Batch 2 0 0.6 5.7 (inventive sanple) 1 0.2 5.25 2 0.4 5.4 3 0 5.6 Batch
302.14.4 10 (positive control) 1 2.7 3.6 2 1.53.7 3 2.5 2.6 Under
t he accelwpaBmu28t or age conditi ons enpl oyed, three weeks IPETApOZ/¥BWIENt tO
about three nonths in regular storage. At three weeks, the 15 sodium
ferric EDTA fortified sanple (inventive sanple; Batch 2) was stable and
was conparable to the no-iron control sanple (Batch 1). The ferrous -
sulfate fortified sanple (Batch 3) devel oped noticeable off-flavors and
recei ved unacceptable scores. The sigiaigy of inventive sodiumferric EDTA
sanple is especially notable due to the heat treatnent during processing
and 20 stability in the ready-to-drink formw th no additions made to the
formula t enha ce stability or mask any off-flavors. Wile the invention
has been &XF‘?F BWescribed with specific reference to particular
process and product enbodi nents, it will be appreciated that various
alterations, nodifications and adapti ons nmay be 25 based on the present

di scl osure, andl.aAn ifom-fertifedi beveragaicohiprisifgferric HDTARMI spordlof the
present inventjon as defined by the followi ng clains. -16 WD 03/013283
PCT/ US02/ 3SHIIN@mPenat eNgeiive;te dégfsé?l\ﬁ%ét least sUbstantialinall of ihe fasdc bever age
conpri si n@rj-r Aric EDTA and a potable liquid in amunt effective to

di ssolve at |east substantially all of the ferric

2. The iron-fortified beve.rage according to claim 1 further comprising
a flavoring agent.

3. The iron-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 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.
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EDTA. 2. The iron-fortified beverage according to claim1 further
conprising a flavoring agent. 3. The iron-fortified beverage according to
claim2, woesmeinssihe ferric EDTA is present in an anmount PCo/GSappidsy2 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 claim2, wherein the

ferric EDTA I nt . n.an,amunt to suppl bout. 1 to .about 5 of the
U'S DVfor i ?"pﬁ'ﬁ%&’fgfﬂ?'ﬂe%ﬁd&r%ﬁ? pReoE . Jaim .:Whﬁ_éem?gﬁ-forti fied
bever age ﬁﬁ?@ﬁﬁ%@@eﬁ%&hpﬁé@@a_fr‘Milerﬁierbddt‘éntr@%, |&/0r iiclntrstavaf er - 6. The
iron-fortified beverage accordingto claim2, further conmprisinig protein.
7. The ir éweetgnerf pemitienasrthgeeaiccording to claim 2, wherein the beverage

is aliquid. 8. The iron-fortified beverage according to claim2, wherein
the beverage is frozen. -17 WD 03/013283 PCT/US02/ 23872 9. The

i ron-fortified foevRiaen ARt foé bibdidihg WahEh B fg[{g?? Lo RSty agent

conprises a fruit juice concentrate, avor- concentr ner, or
m xt ures vhemdof. 10. The iron-fortified beverage according to claim 2
further conprising vitamn C. 11. An iron-fortified beverage conprising
ferric EDTA in an anount, based on iron content, providing at |east about

1 percent of thg, \SiroRMoftBied Be,r\ﬁaagshomggisﬂq GEERITA eahanidde; 2

flavoring ingredient conprising avor ncentrate 1 n an anount of about

0.02 to abesedprpicoreantent praricirenat leiast aboutahperdend bf #eoUtS.DVdoabout 25

percent; and otﬂabl e wat e{; i n_an anmount, of . about 50 .to about 95 ger cent.
Ifon per fluid dunce or the beverage; a flavoring ingredient 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.

12. The iron-fortified beverage according to claim 11, wherein the
ferric EDTA is in 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 cléim 11, further

comprising abcut 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.

16. A soluble powdered beverage mixture which can be reconstituted
in a potable liquid to form an iron-fortified beverage, said mixture comprising

ferric EDTA, a flavoring agent, and a stabilizer.
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12. The iron-fortified beverage according to claim21l, wherein the ferric
EDTA is in anpbunt to provide about 1 to about 5 percent of the U S. DV for
iron per wWouwsdixzance of the beverage. 13. The iron-fortifiped/useyessaye
according to claim11l further conprising vitamn C. 14. The iron-fortified
beverage according to claim 11, further conprising about 0.01 to about 1.0
percent of a pres iwve. 15  The iron-fort.ified beverage according to
clai m 14, wher é?he{%e:%lﬂﬁ S%QW/%?ﬁegebquerﬁg%m%ﬁuEe EEF‘EEd?’EQ ?‘? P%”Hc"i , lactic
aci d, mal whepsindhetstsbifFdrGs addliulog, M xtures thereof. 16. A soluble

powder ed beverage m xture which can be reconstituted in a potable liquid

to forman iron-fortified beverage, said m xture conprising ferric EDTA a

fl i bili 418 WO 03/013283 PCT/ US02/ 23872 17. Th
Sotubl e ponder 48 pik SalfRR o e Revhrion B kTS AaroRoE0 1O Grndt the |
st abi | i Zefudf%r%d?ﬁbﬂiélh@%]ﬁric a8id dheaSAlarihiniPeysl ¢iesh beverage m xture

according to claim 16, urther conprising citric acid and a
vitam n/m neral blend. 19. A soluble powdered beverage m xture according to

claim 18, wherg n, 0 dry wei ght basis,.the ferric EDTA.i resent at
abolut 0.01 to 1§bdﬁts°&bﬁe B%\&ggqﬁofgb?\(&raélpfrplixh‘lrach&o@ngE@g@‘%ns ; agout 40 to
about 70 pREEIRL on 4 B WiBHPBAES, et EDT/eRAesght ﬁfs%ut%.b? tgbout 25

percent, the stabilizer is present at a 5%to0 abo percent, and the
vi t ami n/ neheuk. Thpeitent, dhe pitric anid iatprabenit atsakiout 40dotakicut i@ mirceper cent .

The 1 orrs Dol BEREs Prasertis abobt 530 ek sotacont. fos sizer A The.
sol bl e PprelfRet iupYeal 845 aBbi 15 BeRSHR! dhathd Gitah/Mirdrel bIIET comprising

a sweetener selected fromthe %roup consi sting sucrose, gl ucose,
fruct ose, PrgsRrYyIa 2bout bite about th waight jperernt.i n, corn syrup solids,

20. The soluble powdered beverage mixture according to claim 19,
wherein the ferric EDTA is present 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, fructooligosaccharides, artificial
sweeteners, and mixtures thereof.

22. The soluble powdered beverage mixture according to claim 19,
wherein the vitamin/mineral blend comprising vitamin A, vitamin C, vitamin E,

zinc, iodine, and copper,

23. A method for preventing or treating iron-deficiency anemia in a
mammal by administering an iron-fortified beverage to the mammal in an
effective amount, wherein the iron-fortified beverage comprises ferric EDTA
and a potable liquid in amount effective to dissolve at least substantially all of
the ferric EDTA.
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| act ose, high fructose corn syrup, fructooligosaccharides, artificial

sweet eners, and m xtures thereof. 22. The sol ubl e powdered beverage m xture
accordi ngwoe3olasin 19, wherein the vitam n/ m neral bl endPcansoz/sisny
vitamin A vitamn C, vitamn E, zinc, iodine, and copper, 23. A nethod
for preventing or treating iron-deficiency anema in a nmamal by

adm ni stering i -fortified beverage to.the ma |.in_an_ effective
anount, wher ei ﬂfﬁi-hgﬂgrf‘éﬁth}ogﬁq@(cggggg %23' Vgr’ﬁfﬂrgga@ Ffertifiethra  and a
pot abl e | issiatags famBsidoridiRsd & Yiavban gg?@ﬁ fve at |east substantially all

of the ferric EDTA. -19 03/ 013283 /'US02/ 23872 24. The net hod

according to claim23, wherein the i ron fortl fied beverage further
conprises a fl r 25. Th accordl to claim 23, wherein
the mamal is aﬁghmr{%&g‘gd aﬁﬁigfﬁi,lgp g?’d‘?"?ﬂelrb Hemal 1S\ther ei n t he

manmal i s jymBAgman. - 20

26. The method according to claim 24, wherein the mammal is a
human.
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