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5 ~ The present invention generally relates to mneral conple MW"’IW@MMM
especi ally cal ci um conpl exes, of |actobionic acid which are especia

useful for mineral fortificati-on of food and beverage products. Thé”@ | ci um

conpl ex of lactobionic acid provided in the present invention delivers a
sol ubl e, stabl eMINERAL COMPLEXES OFUMCTOBIONICIACH) ANDOMETHODUDF -

fortification of gNEFORMNERAL FORTHIGATIONIOF FGOD PRODUCTS |
BACKGROUND OF THE | NVENTI ON Food products manufactured for public

consunption are often nodified ﬁ H’:’l&%l 1; | or other types of
additives, in order to enhance roperties. Nutritional

fortification of -Werreéeﬁuﬁoéntrngembrmﬁelétesadmmereeeommxdseneflt the

" overall state of "health of the, human {E) es of nutritional
W

“fortificati oespeciallyealgian ICDUYOIQXeSviOf lmtcrtyommaﬁ

hich ata @seenigdly sgetul

et anol | om ofSTIEIALORHERLBADY Rodchaho PRTaE BrtaRR il fafBiex

avai | abl e i no$Hdtolsibaietacdprovided In thenwesant inverition2delivers a soiile ystable,

~calciumfortification of foods and beverages has. received_sig i ficant

.0St eopor osi s

enabl e a greater tolerance

attention. . cleanitastng saldymsauressiiiable ferﬁ@ée@a fertification Phaakidevariedhor t ed
to be es ci e ention or noderating the effects of

it %lfw%%ragés%egé% et aroy[l:a{r%t ake of 'cal ci um has -been shown to be
effective in mnimzing bone loss-in adults and, the elderly. Mreover) 2s’
i-ncr eased consunptlon of cac' ay _byil d reserves that
cF o ;4.\1‘ 2% in |ater years.

I ncreased” CO”SU”FFddH‘p@PFE&l rﬁhH ac'hﬁ‘éﬁrfgr ﬁélﬁlcoéorﬁgrgnptloﬂ eﬂ'éRffférﬁﬁrddﬁﬁed

mtigate. or delay the ects of osteoporosis persons, ages

coul d benef i tbyfadding nutr&mﬁocet@itupeswfaﬂdaﬁqeenn amemmwneWBny of
the people in d cal |ncI chi l. and
the el derly, 'H’g |tgenaﬁ1bg$ée[ﬂ§§ trr‘ é@@ﬁ%ﬁﬁ%ﬂ'o@ a/%q%cq%&%yai'\%% For
exanpl e) 1sacchanti\esttﬁaweﬁem tﬁé @Veﬁautaatyémauhcﬁf the hugndri bo8y.s Exdrifiles as
many as nine out of -1 * wonen ‘in the United States do not

consune 't he rqumimﬂ?ééprnﬂw@ lafsluéeﬁddwﬁnq&rvaamuas dniaeraly, #Ad en have

appet tes” angohFABER Al TheRE eNEIRERITRINGRAGU I, Ioh dRRIRTIY,

suggests the human metabohﬁmmlenhance the provisiom of Substancesitedtmhay net bet
managenent, and OE@Q l.th issues., Alar uéldgeurrber of cal ci um-conmpounds or
salts have. 9'%mttam9urf§da 6‘9 Cal ci um.sal ts which have

been sugggst ed f orinUsgeRlydity Scdlgiaim fb‘-rﬁﬁba%nfdf%oéélﬁﬁhfﬁéﬁé?atesﬂ%e'de for

exanpl e, cal ci um pyrophosphat e, cal ci um hexanet aphosphat e, rfonobasi c

cal ci um phosplegeye mmtme@tlybeﬁgiwugpmf@atmam bcleasedaieinme,
cal ci um acet ghe, Galréh 6%&‘&98 hgmaﬁg él%l;:fiﬂ}ﬁ:t Gleentiéh tﬂqo“el)réf@gﬁ the

mal at e, cal cium-car bonat e, calcrum |l ac

| act at e gl ucogffécts otebteopmrm atru:reaeéctdletamntéke of datdiurm Hasbeen dhown
calciumsulfate, cglciumtartrate, dicalciumcitrate Iackti t| cal-ci um
fumarate, an ocggg g«;ﬁv&lpdmrwglzmg bone loss in adults and the elderly. Moreover,

25  increased consumption of calcuum earlier in life may build reserves that .
enable a greater tolerance ofa negatlve calcium balance in later years.
Increased consumption of calmum regardless of age, is expected to mltlgate
or delay the effects of osteoporosus. Thus, persons of all ages could beneﬁt_ ,
from inCreesed calcium consumption. Unfortunately, many of the people in

30  greatest need of calcier, including children, women, and the elderly, do not

_ consume the recommended daily levels of calcium. For example, according
to United States Department of Agriculture surveys, as many as nine out of
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*"15 These cal ci um suppl enents have been used in a w de variety of food
products. For exanple, U S. Patent 4,784,871 (Novenber 15) 1988} provided a
-calciumfortified yogurt. According to the patent, any cal ci um conpound
which is acid soluble could be used. U 'S. Patent 5,449,523 (Septenberl2,
1995) and U.S. Patent 5,820,903 (Cctober 13, 1998) al so provided cal ci unfo -
~enriched yogurts. U S Patent 5,478,587 (Decenber 27, 1995) provided

|
cal o um e VU ST 1B UMD SEIEERD o1 B3Ry 08 MAREHiFEndly IhR3EY
use of a calkaldiums d\nd:theoeidpnly eftey hage cdufﬁomltwnirmmedsungrtdewabluunn

gl ycerophosphate wi.th 25 acidqulant wll resul bever age product
havi ng a naCRBAUMPY B\F@\ertpé’qcr‘??ﬁ'gg apagldesangime O[F'Q a[pad@lﬁtorgt 55, 936

(January 5, I uble
and insol ublbé%gg%?és?{ ?éﬁﬁﬁseé%@ggyﬁ%est%ﬁﬂbéﬁé@c&%@éﬁ&?ﬁ#mcur on| aci d.
Thi s corgosicolamheslth, apsighttmahagement, \dndopthet kedlthissages and ot her

dai ry- based producis. with ut oa uI ation and 30 Sﬁdl mentation, and wth

i mpr oved bpal at atf} 1379 D calciim comroundsionsalts hayebeeaisad® + he
gl ucuronic ﬁy}%ﬁ@dbash%ane@n%m %@@f%@s%@gﬁg@aﬁ?f ncl uded

O her calciume everages are d
Pat ent 4, 6421a2198)€(6?9b$edaa§'fddu sumﬂémedtsamalwdaafm‘ ermmple; caiellmy bal anced
drinks); U S, P 4 70

1987
ool sV Ryrbpndnale caicidd hdxrtaaphadhath RanaBhu a\qiuy areseBate,

cont ai nig il gl?éerﬁﬁhésprmténﬁlcél%ﬁﬁhfﬂh‘ésﬁﬁﬁ!énbélciﬁm%l'céfdté éficidm 5 malic
aci d, and phosphoric acid as determ ned from speC|f| c ternary diagrans ,

provi ded t hé¥sePryate| calciumeitrate, £akiamasivatenpelate, xmicium ebopate; calciums) ;

(Suy 35, 1B, HErRackiE n i st B cnrd el SlataE ity

4,906a482 ( Mxidd) daicid@Iydregidenealkium slifatePedleium farfiaie, dcildidhy citratet) 1995;
mlk); US. PatentcﬁzqGQOyQ?S ( Novenber, 25 1997: fermented mil k); U S.

Pat ent 5, 59#‘@9@( fumagate; god.calc) %’é@%rage) U.S. Patent 5;780, 081
July 14 1998; d
U's. pafnt 5, o7 $GF G SGEMensy Rave Pep Uil i wipd Wariglofpad
4,673,583 (Mndu@'(s %&k)anmle,vU&ed’atenta#ﬂiBGrWéndNamembertS sl@ﬁ8bpammden!d

U S. Patent 5,215 7 993 ded d dd
contai ning. & CARLN SRRV Baio Aetaraind i s ReteDh AeiaT Grmpaihgs® o °°
cal ci um ci t nghigRas acRl svlulialcoulbeesba! &J.SUPAtetd, 449 5535($ép&$ﬁbém 7,
1996) provi ded .calcium_enrjched crackers and ot her baked goods; an

emul sifier f)and UsS.Raleat 5.826:903 @atober 33, 1988) aiso prayi ealgium-eel

Prﬁ.tpﬁ?oﬁbc?"&*%%%@"em " 5478 SR TR 2 3P40 BRRASES L i?'um

fortified pasdleiupt-edriched desertf2at ent 5, 075, 499 (Decerrber 24, 1991 )

d di | f | Tabl
O e et ert rhS AR Es B NSlartes; 1, (b it Ao TRt ©°°
U S. Patent &@%v%&fgé@emmler%epél&@alhéﬁhét@é dfa é‘al%n'n?béimc%n“ ched

natural cheese. The preferred cal ciumsource is tricalcium phosphate. The
patent i ndi ceeraprisingtcalgiwarhysapxtemnsdoealcium glyceropbesphaietwitpaoyf i cal | y

orms a2 Analant BTz b SR de Braft eV Airked BRicyel R,
cheese mi | k. stdrdge Beibility. 6 8.0BatRnt 5(88 5936 (%ua?@@O)IQQQPptdWﬁdaa |b11=!hd3H

nutritional beverage which uses pectin-free fruit juice and cal ci um
“source sel ectkenl PWBHS@'F&;%'?BG@C’ (%ﬁhb‘i@iﬂb'ﬁgaﬂﬁ insatublexsalts which ar@r%tablhzed

with a source. of glucuronlc acid. This composition is capable of fortifying milk

beverages and other dairy-based products without coagulation and
30 sedimentation, and with improved palatability. The caicium salts must be
- stabilized with the glucuronic acid source. Other calcium sources could
optionally be included. Other calcium-enriched bevérages are disclosed in,

-2-



““concentrate, calciumlactate gluconate, and m xtures thereof. Calcium

sul fate has been found to significantly and adversely affect the

-organol eptic properties of food products to which it is added. Generally,.
added calciumsulfate results in bitterness and undesirable strong flavors
w th added at significant |evels. See, e.g., US. Patents 5,820,9.03 and
.5,84.0,354.. Trical cium phosphate, although w dely used, often contributes
an . undesi r%}'&anﬂslétm Paéhwumeeefmmw@qeaw dietdrytdia | evel s at

WhICh it can be Incorporated in food Bro uct S. U’ S Pat ent :
5, 449, 523, @atntlonaﬂ;ebalamhedmmks)' U.6c atentait?%h%@u(ﬁ)a 26\ 99&7dek)the

cden. EhantSPRRRL Rkt DSt oOF OB BERARB AR b b or . | o

changes; of begetayes contXihingaolehlizedaslcigmchrid Spédificamdants éBtificeig onpounds
have nore adverse effects than others, especially at. higher |evels of

- cal ci ums~5 aalicaqith, anchpkosphesie agid ersletermiaed fipmspecife ternancdiasramy

ol o o o BROBHeERIEL, O JofEnt AaohiY At DB 1BBANIFUTIRIDSS. | 1 g
and, thus, |418771 654 R‘@bfobé‘i’@f ﬂQBQSﬁwtahﬁﬁ) u. S Patete 4l 85’132¢3T(JUIP126VI de
addltl onal cal ci'um conpounds. [or other dietary minerals for use in food

anfj bever agd 9885 milk); sUﬁnP@erdaﬂq%e&MdéuquQ; 4889i 'B&k)ﬁ u. @\/6499 A8 Iet ary
o B, el R s S

influenme altent$5,600976 (Nowember 2S5, |1|9917h{erbmlued Adiii); tU srmdtgnt t he

Gxanr e, SomesEhodb ey, 387 vond hevbraany DosraheRbR. g BBERIGE ™"

"Nondi gest i b | idoab 12,9,
g e RIS i Shoen 0By 80 ikl 5. Yottt oo

I ntemat . Dai&,§92,8924Apdk27 41949; milloisase prasiwcts)e et al ., "Intestinal

. Cal Ab t | at.ed . Q h
Ao um Aosorptge W et a3 (OLR.18S1BH7 FhebAct BRI AR
(4- O =31 D=0 aloyBeaeRao V. s. Patiéito® 215,780 (Jun&AS 1899) pilvidétPsdiiced) and a
wat er sol ubl'e, white crystalline conpound. . It can: be :synthes] zed from

| act ose by salarkdressings eamtaininga solikilg salciyna spuree cempasiBgspecificcar r i ed

I
out catal vt i HuSSAB Bl il i SR e AR Y- P v
Bi of echri ol §y$14,387¢(MaylB, 1995) ptﬁﬁﬂed&ald%?enr‘ﬂhedwackﬂrsIamtmiheobakechc| d

or its salts as,additives. in food oduct s eV|o bee uggest ed
. for several 99%ds;@n @%Uléiﬁr“@ét%ﬁi& w*@e&‘ﬁ? @H@ rnggof .
| 'act obi ggi ¢ r%hfhf@éls lbeerpaté@tssreubew gwovéh%érrzm ﬁ?l‘oﬁd@d’bﬁl&hﬁﬁl ation.

Ri viera et al U S. Patent .

5,851, 578 deermrmhe@lsdreed:f're&prm ag-bSI—Bathﬁ 5a94ﬁ;ﬂ4@éAug@$trﬁhg1999ber and
wat er sol ubI hout water sol uble vitam ns,

wWth or wit h eéisa"i‘ g%cﬁ.gf?g[:ﬁﬁégyatsghﬁodéﬂ& pl ements- and buffered. with food
acids. The food agisl Fbatfeheslo'r@ m(med:émbadms t99‘r)|provnldastd|calc|um citrate-

adi pi ¢, succjnic, ,acetic, etl ¢ gluconic ni.c, .ascqr bi CIacP ruvic,

and phosphoria@aée.ersuseags\ﬁeq ciyg ‘dﬂﬂlﬁﬂ‘ﬂ‘#oi@ [%Pgercalw&mﬂte-

| act obi t :
|24 ob1 0! cwefo pilbraf; EHeh droacal i, 30 patbfibe SNl 98

Al so, the po$99®)| relates tof dwmumbemmhecbmtdral&rmegenérm preferdedicalbilmant has
been proposed, -~ al bei at i Iy l||US tion Ti mer mans
‘Wey: lOPr gceeE¢W§§ I} 5”5” aig’v\ﬂ!@? Rﬂ?ﬁf‘{) df“rﬂteﬁ |°ﬂ9/e realeiig} i on: :
Chi cago, Cct gggiced W dd%s n8t3§pec?ﬁ’c,%llyThéﬁt|@H hh? lsPeifib Soardes) dandsd Geéd

| act obi onic acid as being useful as an antib ics carrier) "an organ 20
transpl ant psedeng/as thesalgiume saurca fasmsraauspension Fatpeothanea sefution in.

"bi fidob ter

Form  Noie. r Siste P iR BEaned Bkt Sar 2 b ok A QuBRSR2 PR e
products. has Pagdesiq Sow #ibﬁdulrlﬁoﬂapﬁéﬁbrégelwrﬁchB%belyecﬂﬁmeelﬁtﬂt@tﬂc§ehdéd :
Nunber PCT US02/ 14337, led May 7, -2002) (International Publication WO
021 089' 592) 25 whi ch is owned by the sane assignee as the present
application and which is hereby incorporated by reference. The present
invention provides mneral conpl exes of Lgctoblonlc acid which are very

effective as mneral fortification agents and which do not significantly
affect the organol eptic or textural properties of the food or



“"30 beverage to which they are added. Such mneral conpl exes can be produced

in a cost effective manner frominexpensive starting materials such as
-lactose or whey. -5  SUMMARY OF THE | NVENTI ON The present invention
generally relates to mineral conplexes, especially calcium conplexes) of

| act obi oni ¢ acid which are especially useful for mneral fortification of
food and beverage products. For purposes of this invention, the use of the
term "I act olsadeiumesauree selgctas fram thaasoup sonsistingef patuflimillemingral ur es of

Lict one- Act dosgBpir@fs, BAftyh IEGat udepnrt pld Bines ot .01 obioni ¢
Lact one, " I ndi an Qalcfdn®BulfatétHasbhest?fbutddo(digHifidanty ahd éd@’rgelmafwwl

conpl exes of the present invention include cal cium conpl exe

| actol i i oni cthgdaraan@leph@gmrtﬁﬁ ebipedaxedugts tw&v%ﬁ&aéd%u @%&r@%u um
conpl exe #cgecc{ g%b%m gul?ﬁbges@%dl'n'"mﬁg g%ﬁ}n‘q slrgﬁ%l on&@ g%\f’ogé it " 0”

COﬂp|€X€ Ironr c acl Zl nc COﬂp exes coppe

conpl eXGS Ofadldﬁd abmgmﬁcantdede!sc tsemleugn UO@'pH’&beats 5820:8030dma 5; 84058541, :
sel eni um conpl.exes of | actobi onic aci seconp| exes of I&sgagl?gm c

~acid, and ~5 rtlwécmnkehowhat%-r@&h%!g W §l¥‘|’ﬁ P pn CoRpinutes aRdn
used. The m. ﬁ‘? '\ﬁl’\‘tgﬁ S’chsté?g%qp#l@kfélé%lg A WhiEHRCahhd he present

i nventi on de rs a solu ean tastlng m neral Ssource
sui t abl e f orincorporaledfinifood pwdualm ‘Skepe\g. dd. S Ratenty5,449/5@3d and bever age

: duct The hi | ubi | | t
P:]\C/)eﬁfl 39 i newa!t g&a ?Ll"g\ﬁlé"{F %\emgr E‘?'@ﬁ]‘é? g{r\a?ﬁ‘{‘cggp%gé&%r%’:&i qeolro': ?fsle(r:]atl_on
of foods andg #b%‘éﬁe}ﬂ%i &Eéﬁi&s%f@hé\‘&%‘o? Béldrage preHR o WHidH it-is 288ed.

preferred m ner the present invention iLs the cal cium conpl ex
of | act obi onExampies of suchimagceptabierprepertiesinduds: offiflonots, Havar ehanges,

Durco. such. SHeYhrR B aReiioel ol ha e SR kfur oMbt heler G o

m xtures t hehﬁﬂé ativelseteffests than ettietls sesﬁecmy@thtgharaevds of ealciumaci d,

acetic acid, malic acid, gluconic acid tart %?%g unari.c acid, adi pi c
aci d, sdéci naddiiend Thasse Brushcof EIB?&UTTGHBX}?NQ\I# olegy ralatedtecalgigmeof .
Thus. the prghakihdded rs‘dt;ﬁi‘bﬁamé%h.gﬁ}ebé&tm difdibrPlediied PFERABH
invention is prepa b xI'ng Tactobionic ac a cal ci um source

such as cal cth&mdxstcbfcmnmecalcalnmfarmscnarrbglmand thus| hmﬁsﬁhmr usefulmessi. xt ur es
thereof with

d h iL.ri i.d, |acti d t d,
o1 o nct o | JuEoRITISHIEPIS 16 Prayid adibibhs, Gt cibbhindSinilict e’ %C ¢
succi ni ¢ aci ‘aietéﬁﬂtﬂiﬁérﬁls%f fse Moo and Be@éﬂa@e ;ﬁbdtﬁététwm@ﬁ chh?fr@@iﬂe

General |y, an_ aqueous sol ution containing about 1 to about 95uE)er cent
| act obi-oifi ¢ significant ievedsiobwiietantisalnium arothebdietasy pisewiawitio ﬁéVWisﬁer al

f d bl
o e o Fol et A PRARE AR pBRR ol b R oB, ADaRRRARY e TorRes bl °
aqueous sol utcattriumscalhnﬂtleﬂcé abahphbn&ndl\dweebyoaaﬁm&té bodyarAwautlemlb/ the
Wt h about 5 ABSOIMR oLaRIGiER AN b ennRBcel akabiLes By Sthel GmBGiutds. oFBH <
source) and ;@9@% plé, sf&na%%or%@rmgcmt.niﬁrowéaicuﬁﬂ'al%sr;ﬁtwrﬂ Gﬂeéé?][m the

desired m ne ex. An especially preferred cal cium conpl ex o
| act obi 026 ¢ aNomdigespblqﬁamwgrateaang MineraliBioavailabdity,” vi Mutreal29,um

mner al -1 or 1 EHS 35058 (Aogdl BYERET ReatblVE P FRrfoR SibBiess ) o o

| act obi oni ¢ afﬁté#nafmw 9y44@4u9q1998} mbmmsg@ét 8l. WitBstnall Oglcim sour ce
such as a mneral hydroxide, mneral carbonate,: m neral . oxi de, or m xtures

t her eof wi t h Absasgtion in RetsiissStimulated by Dietasy Lactuless and Qther Resiatant aci d,

mal i ¢ acid, ufrari c acid, adipic acid
succi ni c aci %H@%@ %wtatl %ﬁ‘ %ﬁdc?sgﬁ%?(ggg@. d, or mxtures thereof. -
General | go the m nedctbbioald adit ¢4-C-GoD-ggdctopy@naggl-Digldemiic aeld;ICAS Reg.

invention will contain about .0.2 to about 20 Percent of the calcium
No. 96-82-2) is a water soluble, white crystalline compound. - It can be

synthesized from lactose by oxidation of the free aldehyde group in lactose as
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720 ....conplex of lactobionic acid. Preferably, a single serving of the
mneral fortified food or beverage products of the present invention
-contain sufficient quantities of the mineral in the formof the

correspondi ng m neral conplex of lactobionic to provide 'about 5 to about
200 percent of the recomrended United States Daily Val ue of calcium nore
preferably about 10 to about 35 25 percent of the recommended United States

Dai |y Val uecgie akajtcdqtélgr@alugo rhice féléétkélgtfcéﬁllyoé'r Qﬁzgf afpdHsNer age

products usrng the ex of lacto nic acid of the present.

i nventi on i Bubstjreof thd IPE)E&QEIFTT &, prBR7EE0, DR Satogetat., Bigtechpalpsis Fi gur e

o e el LT U 0B s TSGRt Iap Bt bt bP R SRHERS LT o ot
each panel) 5§ @ives Y tdd pr@aueel ;ﬁ'bUi&ﬁF}"HasofSeérﬁQ@gﬁéété’d forasivérd|Rpeelficd) .

crystalline citric. acid a mxture-of crystalljne calciumsalt of
| act obi &ni capplications. oGaﬁsnum or men chelate;fqmsaof(la’amblomg acidrhasdbeetvent i ve

- TRvENT o 88 T ieBO R e eion b e eL Bl Ak Bl par oo by

m xing | act N&'tP”:BG (B sz-egmgez al).Sapstent 5351 578 @dédbesagtidal n an aqueous
solution. ' Thée m neral conpl exes of the present I nvention include cal cium

conpl exes, bagelmam\amplmsel prmmgsﬂhﬁh audasersnlublegaltsmof saliwRes, iron

s s S GRSESHRRy S bR AMBR, S e P bRt e ©f

| act obi @i ¢ sapprrents HpRICdHdrEd With footestidsSuThelfded m:udebusffermguagmﬁ i ncl ude
m neral hydroxides, mneral carbonates, mneral oxide r m,xtures .

t her eof . Gemﬁl%ﬂﬁ/cmﬂ%éaﬁi%ﬁ@f'?'édawpi?elsﬂpc@&1386'“‘?sa 12 pondi ng
m ner al hyd}éliliggi%nfc's‘é's%m d@ ﬁéﬁuﬂ&ear?d: %Pﬁlﬁl%d@ég Well ﬁf‘% dé')mﬂlﬁﬁt’iér?s acid,

acet iC acl d IC acCl 'uconi ¢ tartaric aci.d umaric acid
adi pi ¢ aci dthereof. ﬁ:a@cuamrldictobwmtem:saltfmtm phtasmmomlcamd dasdrean xt ur es

th f. Ge |1 h f d edihle o Th |
compl exes o%%?e\'% e Fn S-St 1S oY plauRehielr AEHR Tood or -
bever ag?e ﬁﬂ‘??tﬁd O19YRY Ao, 3he 'p%§§'b|e3‘Q§é'bf fadt)@dléﬁiﬁtamdiés% ¢eheralrfodo

cases ing on the’actual product, muc current United
St at es. reccaud&ﬂaleme[hbegn propasedf athedt mﬁhm:t@ngyah@n ﬁljl"é'stl'étd@n ng size of

t he food or eve E f t| |ngle :
serving si z é%&ﬂﬁ#@ﬁ[gpeg@r@g ?ﬁg?"g’gﬁwe}/w év'ttia)t:'agafai product is
about 240 rﬂFé@ferﬁtn@mrcm&ag&oaJcMepaseB pp. 238, S2491V'E!mslavtlcletgmnemllyr ent

United States 25 recomTended Dai ly Vval ue of t he tﬂl’?‘t@ I s..considered to be

the val ue puisiscehes lasfobippiaRfid ag t&"éﬂ ugeltd 9§ agman ORALRHi A P3N as
of the 56' i Q%ar%?)tlfn\}jz{rewﬁaﬁ%r meral%sﬁpi%hsﬂﬂ(?rgm gmrﬁ@t@ opPhited States

reconmended gde for calciumi per day.. The preferred _
cal ci um corr;ﬂnﬁckobﬂcteaatm‘msaaloo -uilder if detesgentssnits Rdassiversalioierins pr epar ed

by m xi ng 1 ggtabi oni ¢ agi al cium sour,ce such |l oxi de,
cal ci um car 3@95& [eece@g!ycﬁ\?nﬁ' Gl@ctoéjoqﬁ:)gp &chqe&ee%d &ﬁ}eﬁ%a@%ﬁﬂg& i bl e
aci d such ashad béér dastiibed ﬁﬁédpferﬁﬁrh@'U sCPéteﬁmtﬂbpﬁcafmi seriabNdmb@r RO C
acid, tartaric acid, fumaric acid succi.ni ¢ acid, -ascorbic

acid, phosphldﬁpgl"eﬁ'&ﬂ) flﬁd MRy 7 R892; He&eatlor@ﬁ@t&my?n XMOaQﬁ!Qg%g%)ol ution
Sont ! 89 a8k oSyl okl O Bk preSbicR afRrtiGgelo
aS hereby incorporated by reference. _
The present invention provides mineral qomp|exes of lactobionic acid-
" which are very effective as mineral fortification agenté and which do not
sig'niﬁcantly affect the organoleptic or textural properties of the food or
30 beverage to which they are added. Such mineral complexes can be
produced in a cost effective manner from inexpensive starting materials such
as lactose or whey. - | '



““cal cium hydroxide in the preferred enbodi ment) and about 1 to about 50
percent of the edible acid (e.g., citric acid in the preferred enbodi nent).
-to formthe desired m neral conplex generally the pH of the final aqueous
solution is about 2 to about 8. More preferably) an aqueous sol ution

cont ai ni ng about 50 to about 90 percent |actobionic acid is mxed with
about 5 to 'about 25 percent of the mneral source and about 2 to about 20

percent of the edible acid tguMARYOF T¢E INVENTIONal conpl ex. . Generally,
m xing of the conponents aré carrred out at or near roomterrperature An

especial Iy pref errhecpreaermmvardmmm@erauy relaies o srinerahepanplexess epar ed by

5 | act obi d wit I d
Gompl exes. - Eaneaaly SyBirt pPinpiER. Pt HEBIE 455 TR b ERbeeRR beetlt ne o
sources W t fod ARl fBRiflcafiSh éfﬁﬂﬁi amebedérage ;ﬁ@udctsplrbﬁgquosewmm of two
or nore separately prepared nineral conplexes. can al so be used. The mi neral

- conpl exds - ofnvenition; hecirs ofthedarme laQFC@M?'@@Cb'& alsshipchides itsJagtepe @kt obi oni ¢
d, « |
com ex. nay WA MR 'Rl Ao (LY BtarbLar "stigydrrer @

coll ected ash&lagione R@ﬂ?ﬁé’%E@u’llbmnd rri;/drblvsrsa(metnaem lImettiblcmgcany

~ conventional drying technl ue. Ceneral it 1s preferr t hat tre nmineral
conpl exes al@ctane,elrdian J. ’ée'onVlohgf 329%3?%/'%[6"‘ |187(‘E)3)r§— general |y

- be 2 [ 1
e ke A 4 RN bt SR AR b |
freeze fyi ngid &ﬁagnesinml dmnpldkesmﬁtayctdtﬂonlaradnd ipetassliwna:ompjemésaof ed to

Tenove the vvater an btai.n the solid Lact pbi oni.c acid is
general ly a %\ﬁpp@"@r?&' e PFIHED cRIMBlExes EEIﬁCE‘P}?'BH'iC@ "59(5\ ‘EP'HB(/)e X588 %t ai ned

commer ci al | Xaét%ﬁ%nheéélazﬁnb %m |&éed bAdBiobidnic acll 88PpertompRites of MO or

_prepared throug m cal or el zymatlc oxi dation of |actose or a
| act ose- contlactnbmgucsa@dt chromiumheomplexes o inatobkionig anich sedenigm  prepar ed by

hari d h I t t t
et o of 2 COMBRHPLECHe de R EE A PeReE R ofiy acid ' ©
cont ai NkHIY HBYKE AMixiLeed of theaeynvkraltainplexe@fizy)alss bensert, aThé nyneral
mat eri al . Suitable carbohydrate oxi dase enzymes include, for exarrpl e,

lactose 5 oxeamaplexespfilastebionic @gicbpravidessia theirtasent inyentionede!Vess a8as’ wel |
as m xtures

s mxtures LOREolanfUSLA labind iheRs sBYiASak R ShRErSdnicotion of,

Novozymes Alémv?ﬁetsl@fwmd)aldcli bgne%egmtﬁdgﬂéagméﬁ@)‘\ smhulmhtyrcsfthe]r eby -
ncor por at ed ref erence obi 0 ehydr ogen a_use enzyme

:‘or cgnvertl'ﬁ‘{ﬁ/eIB' ¢ofpplsXes o eae'ieéﬁ?' mvéné Hg ég‘?{eﬁl"%\ﬁa{m%& pgﬁsparg jort 'Y

Zei tschppft 6%rde?ar%hﬁmaiubh@ffm§éﬁ@eeve g@%dm'ﬁ@h eeémr&n th@ﬁn? 538 129

(1982). "This enzyne is, however, |l ex and requires the use o

relatively enmﬂﬂﬁVeT@@—mafﬁffﬁd rru;nej complaxeithe pjesrmiayenton lﬁéberr) and

the |ike); fion. AI so) a second enzyne) | accase,
IS required %%Jﬁ“ﬁ’@%é@%’égﬁgbw I?ct or used with. cell obiose
dehydr ogenase. Th?hemnefal@bmpmties‘ ollattobionis Iadiﬂfercthetpreeemtqnvemmbrzare

| actose results. in two produc .sorpjtol and ctoblgnlc acid, and a
fourt her sepaP'éﬁHaé?F’ PVdE'éH\Qr'@C'ﬁ '%%@5 wrthtad'nlnera source such.as mineral

25  hydroxide, mineral carbonate, mineral oxide, or mixtures thereof with an

. edible acid such as citric acid, lactic acid, acetic acid, malic-acid, gluconic
. acrd tartaric acid, fumaric acrd adrplc acid, succinic acid, ascorbic acid,
phosphonc acid, or mixtures thereof. Thus, the preferred calcium complex of
lactobionic acid of the present invention is prepared by mixing Iactpblomc acid
30  with a calcium source such as calcium hydroxide, calcium carbonate, calcium
oxide, or mixtures thereof with an edible acid such as citric acid, lactic acid,
acetic acid, malic acid, gluconic acid, tartaric acid, fumaric acid, adipic acid,

6-



“recover the lactobionic acid product. N detzky et al., Biotechnol ogy and

Bi oengi neering) Vol. 53 (1997). Nonet hel ess, glucose-fructose 20

- oxi doreductase also is a suitable enzyne for the practice of this

enbodi ment of the invention. O course) other nethods can be used to
prepare the |lactobionic acid for use in the present invention. The m neral
.conpl exes of the present invention can be incorporated into various food
and bever agesyeciticiatisl, hecarbitvacié, phospharic facid, iof intiaturesitievedf. 2Geneardligever age
products. Cenerally, the mneral-fortifjed. food and beyerage products of
P e T nvent 1healedis. It CRBIBIING aboyhT 4 ahEI0S REFEBl BPOIPRIS S 21
conpl ex of | 0| \ ' | A6 ' f. dhe

i mer al - or (TFeed D aGoBE1 f aBbR 20 BRtcknt oftrE Mfcfaletitbe e B, calium,

cont ai n suf fgoirea) amdiabbut 1 &s abbutt $Epercent af thenedible dcid to fdrmt the desired

correspondi ng, m neral 3o conpl ex of |actobionjc to proyide.abqut t 0 about
200 per cént rafnqrﬁbcqrael%@wg%aﬁwmq B{*J ofithe figa Ll'%p'-%a?cﬁ‘ét'%' ,;aj:rqgt X(i.e.,
about 50 to %&gﬂt 2 Al ' ' 0 t 35
- percent of the .-180 %?%ggenf%gén e’%ﬁ@&g Sﬁ%@%@?tﬁ/ﬂ%%g&g‘?é g%?gleﬁltm
(i.e., about9Qpercent tutabiodtacid iscmixsidmith abalith terabout 25 peeaentof the f ood
and beverage products using the cal ci um complex | actobionic acikd of the
P esent 1 nucHOR RTEE Je gt Aty U eprLena Bostt 7 te e BEHER PRt S ed (e
enbodi nent s gdibld'8ci@teF6%S the HesitddPiriibralcémpleki BH espésialepleféged®t her -
enbodi nrents, the i.nvention will now be described 'using specific exanples

whi ch f upt heealciunusompiex ofdaciobiprieacidrie prepared dypnbéntlactobjeniciagid but are

.not i ntended (e Of,.: .invention, which is defined in the
appended cl aYvh@:cal.lcrp'ﬂ}‘Iﬁ%?%@%%ﬁgecét"é%&d'her ei'n are by 1o weight, unless
ot herw se i ndi cat FHe phesertdhedtitionds dlsy diescted b neinerapiortified fosdhend herein

are hereby incorporated by reference:  [EXAVPLE 1. Lfact ij oni'c ,aci d crystals.
(58 g; Lonza Peveragemreducts contginingamingral geraplexofdactoblopiciacia piepagpd

dei oni zed wa sl tih e o d.. L8 in S he§ ) St iden :
conpl etely d?’f@f‘@@dé?‘ﬁ’bt ééigé@ﬁ F‘o% ng@? g%%urf?#yﬁ %ﬁ/?d’éwﬁ%' 'f}%?%)l(lg?rh St.
‘Loui s; MB) wasneraéocarbomates treingralioxidis, we dniktures therebfiwitb an &diblef acidisuphl of
t he cal ci um conpl.ex sol ution.was about,4.6. Th ueous ‘sol.utian. m xed

for about 109861 AGEe Gt it AebRAEId Rl 2R, SHEANE ARE daRAME A anout 65

-9 (about 87 panrakdhcid, albic a&idt Scdikiedcid! é@&bﬂﬁc%@ld,%h@ébﬁbﬂiﬁ@éﬂ%f ex -
. contai ning about 8 percent cal ci um was 20 obtai ned. The cal ci um conpl ex was

di ssol ved i nmiduees Werech riseneiady therminesalfodifiegfoad anskbevasage ipspdugts h

about 2000 ' ner .si _ ) Iy ' (de-s£5s out. 240 m

or 8 ‘ounces;.gf&ﬁ%ﬁ:"éﬁé?ﬁM‘@gﬁﬁa@(g%g&n%ﬁg%?&%gﬁﬁrégrﬁt é:fat %i.c E?ﬁcq@%t rate; it

cont ai nexd -nocenmpiéx oliactubloriedclet Preferfdbiy ar singlenserving afthe iminetaict obi '?nafj e
etter suited.in foo

avai |l abl e copgnercially. Thus, the cal.ciuym 25 compl ex b
Tha bover age IBB? fRY B EoTHRRCTRAGCtE.A dhe ArSSATE dNsToD ARV gTgcient | °°¢

avai | abl e CalpaRfitiedi6t Mol Mal in O of thecbrpédidridtiy iferal cBmpeee Was
prepared using the .cal cium conplex of Exanple 1. "The follow ng fornulations
wer e prepar etadigbiohigtioyproviderapaiut & toahmn &00spercget ofktheqecomonended - -
tenperature Un'itle]d States Daily Value of calcium, more preferabiy about 10.to about 35
25  percent of the recommended United States Daily Value of that mineral.
- Calcium fortification of food and béVerage products using the calcium

complex of lactobionic acid of the present invention is especially preferred.

BRIEF DESCRIPTION OIF-THE DRAWING

Figure 1 shows the Differential Scanning Calorimetry.results (top

30  portion of each panel) and the Thermal Gravimetric Analysis results (bottom
portion of each panel) forcrystalline calcium salt of lactobionic acid (Panel A) ,
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"5 10 Inventive %Control Cal ci um Conpl ex . 2. 10\t er 96. 898: 9

~~Fl avor 0. 30.3Citric Acid/ Malic Acid0.50.5Col orant0.00010. 0001

.. Preservative (EDTA, sorbate, benzoate, or potassiumcitrate} 0.17
0.17Artificial Sweetener (sucral ose or acesul fanme K)0.050.05C oudi ng Agent
(G vaudan Fl avors Co0.06 .0.06 The inventive sanple .provided about 300 ng
cal ci um per serving (about 240 m ). The control sarrpl e was prepared in the

same ”Hnnercrﬁ‘,‘-’tamh@ci!ﬁc hBMe('F*dn\é@BWéTmt)&uFé(Se&?stTah% cﬁlcuqhﬁsél g contain an

of the cal ci'um conpl ex |l es of the inv I ve an contro samples (20 n
at .room téaqi@b@nm@qldmde:mtal}maemtnc@cw (Rarieh€), andhan inverttiveraaitiams in a

di scrim nat S t est I ficant differences were detected
bet ween t heéﬁﬁe\@m %é&gﬁmql%hpa Ig:gnt rol sanples. Thus) the inventive
calciumfortified sanple provided a 20 sensory inpression essentially

Identical with the control sa pl e and had no off flavors, objectionable
sensory notes, or textlH TN ons- of calci um
monocal gl umcitrate or

T EAILE CRIP
I b S
e calclum of o K (xﬂf%al;%%aféém tie %Wéeagmﬁuh%aﬁw@pasﬁ Bampl e 1 in
sinilar bevnixigelactobictic deRks &l MRralNduXedTRIR 2n eBBYE acillA dfﬁé%l‘ié@ssm ts and
~the calcium .conplex were added at ‘| evels to. provi-de about 1000 ng cal ci um

per single %tlﬂrhgTthﬁv@rébégmmﬁ@Smfémp&S%m\anﬂpngndhéefcaldww ng

& ongeihibidh kil QHFLANE, B BeREs, s

: Lact obi onicofepleges, nwrxe@mpleke@'ﬁmc umr@l@escéf(léc@%oﬁ@d acid¥dink (i@l % Ca) o
8/ CaConp%.%lve #1Conpar ative 15.8 g~ -_~0.76 g-5.

1.
#2. I nvéht i ures ogtlbesgg W?ﬂ%?' GRITE X§§Hi'ﬁ)é§|59&ﬁ k’!ﬁQﬂ nghe W@'C&Hﬁve amount's of
cal ¢l um <aldomiex R ddtoToRRIRIE s ISRy RIRRR! StitaliBTniRrd sithcadm! e

. dissolved easily in eit rage’f or water to provide a
cl ean t ast iingydadningra hydraxiges) evieeeal carkimgtes aninesalsaigés; orixturds #2,

h t t bl ther ‘the b f | at
b " bt R, it By TRl sdfe OO BB o
2 was i ncr epieskide. SutdbReediBRUGCIAS LIGEE SRS hbt@a%tep%eﬁ@Qciaercent of

the DV of cal ciun) per 240 m single serving si ze. The calcium 15 conpl ex
corrpl ef®l y malisacideglucanicracididadntig acidriiemads acid, mginie asida guceinic acid,

- ascorbic acid, phosphoric acid, or mixtures thereof. Generally, the preferred
~ edible acid is citric acid.

The mmeral complexes of the present invention are sufficiently soluble
in food or beverage products to provide at least about 5 percent, and in some
. .20 case_s, depending on the actual product, much higher, of the ‘current United -
~ States recommended Daily Value of the minerel_per'single serving siZe.' of the
food or beverage preduct.. For purpeses of this invention, a single serving -
size for a food product is about 28'g-and for a beverage product is about 240
ml or 8 ounces. For purposes of this invention, the current United States
25  recommended Daily Value of the mineral | is considered to be the value
publlshed by the United States Food and Drug Adm|n|stratlon as of the filing
date of the current apphcatlon The current United States recommended
Daily Value for calcium is 1000 mg per day.
The preferred calcium complex of lactobionic acid of the present
30 invention is prepared by mixing lactobionic acid with a calcium source such as
calcium hydroxide, calcium carbonate, calcium oxide, or mixtures thereof with

8-



““acceptabl e flavor and appearance. EXAMPLE 5. Beverages as prepared in
Exanpl es 2 and 3 containing the inventive cal cium conplex of Exanple 1 as
-wel | as aqueous solutions containing sinlar anmounts of the cal ci um conpl ex
of Exanple 1 were stored 20 under refrigerated conditions. Simlar |evels
of conventional calciumsources (e.g.,. nmonocalciumcitrate, trical cium
citrate, and calcium funmarate) were prepared in aqueous sol utions, or

sim'l ar bevearngdiblé acideiichats dintdaid dacticracid saeeticacid analid adidyvgkiconiwler
such storage conditi.ons. sedi nents,. or precipi.tates, were qbserved in the
sanpl es cont&{! ﬁ#&af'ﬁ@%&l@maﬂ?éa Iagip'@gg'gf SFE?'@'Ci%rﬁsFBFP'ﬁ\aP@ﬁ 7 nont hs
of 1efr1 ger teskpHofeai, dekiftees fherdbf. SGRIAIENY 8n blbstd bfocveral -
met hods- of preparing the cal ci um conpl ex other than the one described ~in
Exanpl e 1. (<ontainingabouti &teeahalit@H0percentiactibienic aed is miks0 with adiert t o

Cont i nuch 1 o SRROORFER Lo Sane Bbpfig (4.6 BRI saties 3uaS nas added

Wthin a fewditiop Bydrozlde intfe préfatrederEs@EineParsd 8byutd] ?osabgfﬁdso The final:
pH of the resulting calciumconplex solution was about 6.0 (2) Lactobionic

acid (29 g). Regent ofthe edible aci (g.gwwitdc aciskiolthe preferedtambedistent).fo.  Cal ci um

“hydroxi de (5 the I | v, in.,the, er, 5 salution. to
provi de the @%ctﬁ%%e%@%lrg@gp#%éﬁ#‘ﬁﬁglgs%%r%@%’ﬁeplﬁ 8@&%'}@ FUECHEmM conpl ex
sol ution wassolufion is(@out-2 RAAIULB. CIBFS Breferibly RPadRbLRSsdIitigibpart- (1 )

.above except that .the anbunt of | actobionic acid was increased to 35a5 g

‘The findP preeftaiing abeut 30 inakautd0Reisiblasiobioniomcishismixed \eith aboutid The
manner a1 nOBAEREREd SOng R Sdutde apd Aol o SUBLER et gtE o™
same as the thel edible acidid éornathepdexicedeniineralleampler. GenerafyhRidg of. the zi nc
~conpl ex 'was _prepared by m xi wat er (250 88 |'act obionic acid (55 g);
STTe ear bonoeamphaeEts ark aisd PurSLet nedr7908) tempRatiTRan espasially t b
sol ution waspgdfenéd %al‘bliurﬁ'd%ﬁiﬁléﬁﬁ RictdtiSnié dfd %Oﬁﬁﬁbﬁ?éd’Wn'fiiiﬁgze dried. The

freeze dried zinc conplex was sufficiently soluble I-n water stch that a

cl ean -t 46t i nlgciabienig@sid with (caloium drydisexidel andritsicracidy Md@Edeoroplexesicanhe

"t obi onr e s bt Hesfkd by FKED & wOrS BBLUT BRI, ¢ aci o
was' used acchictbbignit@acidiand the edibieatidl TRHRida? Mmixtures 6ftwWaNbFmoYEi ght | a)

Wat er 400 Lact obionic Acid 60 25 Cal cirum Hydroxide 10 Lactic Acid (85% 9
The resul ti n§eRafately PreRarsr srinetl pomplexesiCan Alsebe ysedf about 4.7. A

ti f th N - - i i.Ri - -
Col ubi 11ty i n et are rSRIEFIpIEE of A FuEhlds pah beiebrld By Bafbining
Ther mal 280 Ghevlactahiomic Acid, ysinerH spAjcs; apsdtediblerscid il an agqusels sofution.
| act obi oni id. (B talli | t.r] id, (C | Xt f talli
cal o um sal t 1P MIREFRISERINER ey o Riaiblandl of Jaind e ddistud sclionng (o)
an inventi veofaidy hencbiedted a8 SolRCtsmpRYXbyererdsviig SRawatkr MedXasmgl
above. The results are shown in Figure 1 wherei.n for each Panel the

Di f f erent i al 2B¥&0RVeRtianal 6ryingteshniguenGeneraliyit isrrrefareedrthat the minealnet ri ¢
Analysis s eBniikeidreUBiedt2 ihEPYoIPTM, Bd'E8id complexes will generally be

25 easier to store and use. Convéntional methods can be used to collect the

" - solid mineral complex. Gene_rally,"however, gentle methods such as freeze
drying, spray drying, drum drying, and the like are preferred to remove the
water and obtain the solid mineral complex. -

Lactobionic acid is generally a white crystalline powder. Lactobionic

30  acid may be obtained commercially (e.g., Lonza Inc., Fairlawn, N.J.; Sigma,
St. Louis, MO) or prepared through chemical or enzymatic oxidation of
lactose or a lactose-containing substrate. The lactobionic acid can be
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"5 shown that the inventive, calciumlactobionic acid conplex (Panel D) is
very different fromthe calciumsalt of |actobionic:acid (Panel A), citric

-acid (Panel B), or mxtures thereof (Panel C). ' Wile the invention has
been particularly described with specific reference to particul ar process
and product enbodinents, it will be 1o appreciated that various alterations’
and nodifications may be based on the present disclosure, and are intended
to be withi nptéparéalbyl§ao@ndna§@n@n@éaltd&ﬁjauoarcﬁwmdvemaﬁ pPocersedgbigred by
the follow ng clajins. -15 CLAIMS Wiat is claimed is: 1. A mneral conplex
of | act obi onpataémc@a@wfu%pa@qhadtasguoma@emzumea usinglaglosedqnralactesdt an

aci d. the m SEREITE sBGE L) WhENRrhey R TRRRErEs e, Solt el ana ©
wher ei n the Suitabkl carbohyérats akidabe enlzgm eBAhelLed, fof eRaimplisl 18¢tobgver age
product to provide about 5 to about 20 ercent of the current recommended

United Stéat e§Xid@seygligpae oxidasrehaxora gwdpae;. andiihredikec sivell as mixtyres he -

f ood b d

(0P dh DeveiidiRoR edhetanZiadkie BBBtat GRmher Alpdftustl liipact o,

m neral car be(lj\ayme for. Iadtmse;bmdatlfiehasbegnﬁe:vle&ﬁaddwdﬂalflo@ﬂﬁeé MS@éidblbe acid
is citric aci acC c_acl cetl C Cl mal | C acCl uconi ¢ acl

tartaric aci al)esmh%é feratﬁrtﬁW 09%1993)@ chw&qrﬁbt lm%aoramemf@r%m
phosphori c acid org idéree&e \kﬁﬁ @éﬁnas is-aldd'§ ﬂﬁre?'Jzyﬁ'l%”fB'r%n%rtltht obi oni ¢

acid as defined in c alm e mneral conplfex is prepar
m xi ng atbut lactose bmlaﬂotﬂénlpamxhnCahevasﬂ)nmtlai ZevtdchrdbmrtLebemmwut 50

percent of t mne ou QH%I 1 ercent , of the

edi bl e acid. Qf’?f HGGMS}Q%FEV"QJ 12%!’1 Ll paYme s,

| act obi oni c %\,@ | ec,&ggg ris
prepared by m xi r\}lgﬁaﬁﬁ?léﬁéﬁr{c{)‘reghgﬁg‘tﬁe u‘gg?ggnrglétfggl %\n?h, acid, . about 5

to about 25 fegeequinones,aytoghiemel Csbefitk andithedilse)iit azlsomeqﬂumﬁ 20 percent -

act obi oni ¢ ERiplElohy 786, § Spaid v iR inlrase e ol é%ﬁocr%@%e*%r%t?um

magnesi urg pehessifaotor s:edd wyith. cellobioss ﬂehydrcﬁéﬁase .cThe msamf ghedowe-um -
manganese, or. m xture reof. -16 m ner al gﬁl ex of.

I'act obi oni ¢ ACIGOSE0H PT tasre*a@fwga%ﬁémwlt% Mmme ets; §o@atpl;. um
magnesi um p%"i‘ﬁlébﬁdﬂorﬁ@%er éopurgfhrtmér%% a%@e@rgﬁgpex > c eS64

_manganese, or mxtures f nera acto |on| c acid
as defined i mecovernthé Ia@bbbmnmad:ld@radmtr dﬂlde&kyedtuluByotaelgmdegwand

Pnof(f 3? ggrr% heﬁggr%meenng \%IH%B (%889) No%reJ hoerlgs%mglusc%sgr}ruc%s rnganese, - or
20  oxidoreductase also is a suitable enzyme for the practice of this embodiment
of the invention.- Of course, other methods can be used to prepare the

- lactobionic acid for use in the present invention, - ,
' The mineral complexes of the present invention can be mcorporated
into various food and beverage products to prowde.mlneral-fortlﬂcatlon food
25 and be\)erage products. Generally, the mineral-fortified food and .bevefage
products of this invention will contain about 0.2 to about 20 percent of the
mineral complex of lactobionic acid. Preferably,-a single serving of the
mineral-fortified food or beverage products of the présen_t invention contain |
sufficient quantities of the mineral in the form of the corresponding mineral
30 complex of lactobionic to provide about 5 to-about 200 percent of the
recommended United States Dally Value of calcium (i.e., about 50 to about
2000 mg calcium), more preferably about 10 to about 35 percent of the
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""8. The mineral. conplex of |actobionic acid as defined in claim4, wherein

the mneral is calcium nmagnesium potassiun) sodium iron, zinc,. copper,

- chrom um sel enium nanganese, or mxtures thereof. 9. The m neral conpl ex

of lactobionic acid as defined in claim1; wherein the mneral is calcium

. 10., The mneral conplex of |actobionic acid as defined in claim2, wherein
the mneral is calcium 11. .The mneral conplex of |actobionic acid as.

defined in ¢ ' 2 onpl ex
of . | act obi onljl‘egb{zﬁﬂ4 %Pagbegﬁq‘té'd %Eﬁi lj}ﬁlg(vahléé °3Eé'?‘éhm't% atr)n(-ﬁ#ler {aﬁém&aﬁcm um
13. - A mi ner &850 ntg ¢cdlciach)f @xdciom foetifigatign of fockliand bewprage mdabtmﬂsuﬁgz to
about 20 percent qf conp | ex ct opi onic_gacid co r i Si lactobl S
acid, a m neﬁhﬁlc%ﬁﬂ%@m@ﬁa Og,lﬁtgg ignic agid gf reé?ﬂ 'f'MEn Er&gP ex i's
prepar ed by Fgrrleyé | actobionic acid, the m neral sour ce, and the ‘edible
acid in an agueous 'sol ution and wherein the m neral conpl ex can be
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-the mneral source is a ne a a mneral carbonate; ~a m neral
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acetic acid, t t bd, f d
2ot d. succi rMBedR deTngd dh Hikc Ao e iatho Al erdiitoes YRR hErdE Whddeor . -
15. The qgi neWélgHtQJrﬁléés BtherRe ma:&wmmpawmsiuﬁa oftferdfibliieation® claim 14,
wher ei n'the m ner al conpl ex i's prepared i/emxm about 5 to about 95 -

percent | act tafewncedharein %rachﬁreby trwomra &by friEEan®e. of the ni neral

oo e on e The ERAMPEECY ) PAPBELF R veul B Wb LBnRg il PaRRATINED

CLal {n ég wheveee G?Mpﬂetglyrtﬂssdlvwgpswbgldbmmwdm?@brbmtﬁmaad (ety)lsfugﬁﬁ to
abou pergent Lacobionic acid, about 5.to a '- ercent of the
mi-neral sour S&, L% M% o wasthep GQB%RIFte%OdEE?'(‘!ﬁﬁt'“ ‘%H“E@M‘Eﬁ%‘uﬁbl din the

.aqueous 5ol u YZhY P'H%e I t as
defi ned 1|%n crl | m 1%% (10€%I ﬁ %;Lﬂ%rﬂgp)?gas{: Ci u t%%ggﬁgﬁ{e‘aggﬁggm um
sodi um ‘i r onsoletion; Thediral pHeof thei calciumetamplexsolutiopanas apout 4.6. xThees
thereof. 18. The mineral-fortified fopd ]iqé ver age g oduci as defined in.
ol ai m 16,  wha@ALPAUs Relufipn was mixed dor aPany 1 AR Blis Stman terdiReralute i
iron, zinc, @hdith&h Weege dietdeXbout®s d t@bdﬂtrwr@ércéﬁwnefd)wtﬁ@aés@éd bever age
product as defined. in claim17; wherein the mneral 1s calcium 20. The

m neral - f or t whitecsolidealeiuminarepley soptaiaing:akeut §areraent ¢alckimwas 18, wher ei n
R A a5y RO, e g somales Wi Rsolind I VAR RNATEED bt

to prowde a clear solution with about 2000 mg calcium per single beverage

serving size (i.e., about 240 ml or 8 ounces). The calcuum complex was more

soluble than calciufn citrate; it contained more calcium and had better flavor

than puré calcium lactobionate available commercially. Thus, the calcium

25 compléx better suited in food and beverage applications than other calcium
: salts or commercially available calcium lactobionate.
EXAMPLE 2. A fortified liquid beverage was prepared using the
calcium complex of Example 1. The following formulations were prepared by
simply mixing the components together at .room temperéture':
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.20 sensory‘lmpresslon essentially identical with the control sample and had no

off-flavors, ob]ectionable_sensory nofes, or textural defects. .

Example 3. ‘Combinations of calcium lactobionic acid (Sigma, St.
Louis, MO) with either mo_nocalcium citrate or tricalcium citrate were
o compafed with the calcium complex of Example 1 in similar beverages as
25 described in Example 2 above. The various salts and the calcium complex
were added at levels to provid'e about 1000 mg calcium per single serving.

' Beverages were prepared containing the following amounts of calcium salts
or mventlve calcium complex:
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‘Similar water samples containing the above amounts of calcium salts-or -

calcmm complex were also prepared The calcium complex dissolved easily
in elther the beverage formulation or water to provrde a clean tasting, non-
gntty beyerage. Comparatrve samples #1 and #2, however, were not
completely soluble in either the beverage formulation or water.

EXAMPLE 4. The calcium content of the i.'nver"\ti've'beverage of
Example 2 was increased to provide about 1000 mg e'alci'um' (i.e., about 100
percent of the DV.ef calei'um) per 240 ml single servlng size. The calcium
complex'c'ompletely dissolved in the be’Verage. The resulting beverage had
acceptable flavor and appearance. |

EXAMPLE 5. Beverages as prepared in Examples 2 and 3 contalnmg
the inventive calcium complex of Example 1 as well as aqueous solutions |
containing similar amounts of the calcium complex of Example 1 were stored
under refrrgerated condltrons Similar levels of conventional calcium sources’
(e.g., monocalcrum citrate, trrcalcrum citrate, and calcium fumarate) were
prepared in aqueous so|ut|ons or similar beverages formed noticeable
sedrments within about 1 week under such storage conditions. No sediments

or precrprtates were observed in the samples contalnrng the calcrum complex

-of this invention after 7 months of refrigerated storage.

" 0L 0%WE () -

)-3z

0-8

EXAMPLE 6. This examples illustrates several m‘ethods of -preparing-' '

the calcium complex other than the one described in Example 1.

(1) Lactobionic acid (29 g) was dissolved in 250 ml water to which was
added calcium hydroxide (5 g) with stirring. Stirring was continued for about
10 minutes, after which citric acid (3 g) was added. Within a few minutes, all
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(3) A calcium complex was prepared as in subpart (1) above except
that the amount of lactobionic acid was increased to 35. 5 g. The ﬂnal pH of
the resulting calcium complex solution was 4.2.

10 ~ The calcium complexes prepared in subparts (1) - (3) were evaluated
in the same manner as in Examples 2 3, and 4 above. Performance was
essentlally the same as the calcmm complex as prepared in Example 1.

EXAMPLE 7. A zinc complex was prepared by mixing water (250 g),
~ lactobionic acid (55 g), zinc carbonate (10 g), and citric acid (10 g). The final

15 pH of the solution was about '3 4. A portion of the zinc: complex was freeze
dried. The freeze dried zinc complex was suffi crently soluble in water such
that a clean tasting beverage could be prepared contalnmg 200 percent of the
United States Daily Value of zinc. ,

EXAMPLE 8. A calcium complex of lactoblonlc acid was prepared as

20 in Example 1 except that lactic acid was used according to the following

formulation. ‘ .
_Ingredient ~ © °  _ Weightig)
Water 400
Lactobionic Acid 60..
25 -  Calcium Hydroxide 10
| Lactic Acid (85%) - - 9

~ The resulting calcium complex solution had a final pH of about 4.7. A portion
of the calcium complex was freeze dried. It exhibited good solubility in water.
- Example 9. Differential Scanning Calorimeter and Thermal -
30  Gravimetric Analyst of (A) crystalline calcium salt of lactobionic acid, (B)
crystalline citric acid, (C) a mixture of crystalline calcium salt of lactobion.ic .
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2. The mineral complex of lactobionic acid as defined in claim 1,
wherein the mlneral source is a mineral hydroxnde mlneral carbonate, a
mineral oxide, or mixtures thereof and the edible acid i is citric acid, lactic amd
. acetic acid, malic a0|d, gluconic acid, tartaric acid, fumaric acid, adipic acid,
succinic acid, ascorbic acid, phosphoric acid, or mixtures thereof.

3. The mineral complex of lactobionic acid as defined in claim 2,
wherein the mineral complex is prepare.d by mixing about 5 to about 95
percent lactobionic acid, about 1 to about 50 percent of the mineral source,
and about 1 to about 50 percent of the edible acid. in the aqueous solution.
 4. ‘The mineral cohwplex of laétobionic acid as defined in claim 2,
wherein the mineral complex ié prepared by mixjng about 50 to about 90
. percent lactobionic acid, about 5 to about 25 percent of the mineral source,
and about 2 to about 20 pérégént of the edible acid in the aqueous solution.

5. The mineral complex of lactobionic acid as defined in claim 1,

wherein the mineral is calcium, magnesium, potassium, sodium, iron, zinc,

copper, chromium, selenium, manganese, or mixtures thereof.
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6. The mlnera| complex of lactobionic aC|d as defined in claim 2,

wherenn the mineral is calcium, magnesmm potassium, sodium, iron, zinc, -

copper, chromium, selenium, manganese, or mixtures thereof.
7. The mineral complex of lactobionic acid as defined inclaim 3,
wherein the mineral is calcium, magnesium, potassium, sodium, iron, zinc,

copper, chromium, selenium, manganese, or mixtures thereof.

8. The mineral_-eomplex of lactobionic acid as defined in claim 4,

" wherein the mineral is calcium, magnesium, potassium, sodium, iron, zinc,

copper, chromium, selenium, mangahese,' or mixtures thereof.

9. The mineral complex of Iactoblomc acid as def' ned inclaim 1,
wherein the mineral is calcium.

10. The mineral complex of lactobionic acid as defined in claim 2,

wherein the mineral is calcium.

11, The mineral complex of |a'cfobiohic acid as defined in cleim 4,
wherein the mineral is calcium.

12. The miheral complex of lactobionic acid as defined in claim 6,
wherein the mineral is calcium.

13. A mlneral-fortlﬁed food or beverage product compnsmg about 0. 2

to about 20 percent of complex of lactobionic acid comprising lactobionic .

acid, a mineral source, and an edible acid, wherein the mineral complex is -

~ prepared by mixing lactobionic acid, the mineral source, and the edible acid in
an aqueous solution and wherein the mineral complex can be in_corpo'rated in
a food or beverage product to provide about 5 to about 200 percent of the ..

current recommended United States Daily Value of the mineral per smgle
serving size of the food or beverage product.
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15. The mrneral-fortrfred food or beverage product as defined in claim.
14, wherein the mlneral complex is prepared by mixing about 5 to about 95
~percent lactobionic acid, about 1 to about 50 percent of the mrneral source,
and about 1 to about 50 percent of the edible acid in the agqueous solution.

16. The mineral-fortified food or beverage product as defined in claim
14, where’in the mineral complex is prepared by mixing about 50 to about 90
percenf lactobionic acid, about 5 to about 25 perc_ent bf the mineral source,
and about 2 to about 20 percent of the edible acid in fh_e agueous solutiorr.

‘ 17. The mineral-fortified food or beverage product as defined in claim
15, wherein the mineral is calcium, magnesium, potassium, sodium, iron,

zinc; copper, chromium, selenium, manganese, or mixtures thereof.

18. The mineral-fortified food or beverage product as defined in claim
'16 wherein the mineral is calcrum magnesrum potassrum sodium, iron,
zinc, or mrxtures thereof

19. The mineral- fortrfred food or beverage product as defined in claim
17 wherern the mrneral is calcrum

20. The mineral-fortified food or beverage produ'c'r as defined in claim
18, wherein the mineral is calcium. | '



