*166166* M NERAL COVPLEXES OF LACTOBI ONI C ACI D AND
© M NERAL FORTI FI CATI ON OF FOOD PRODUCTS FI ELD OF THE I
present invention generally relates to mneral conplexe I’mT ml% |y
cal ci um conpl-exes, of |actobionic acid which are especia use

mneral fortification of food and beverage products. The ca‘l“él"ﬁlm corrpl ex
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| NVENTI ON Food product's manufactured for public consunption are often

modi fi-ed  by. addl ng nutritiondlELD OFh'HﬂEtINLEN'HDNiddl tives in order to
-enhance he|r : I tional, .properties ut ri ti naI fortlflcatlon of faod
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addltlohof vitam ns, mnmnerals, - conparable materi a ese ives . -
are .either :t@lbsmnetaélfqrt@sem p&foddoand bemgeq:tredod:tss hercalcibancer
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increased cal CI um_ intake is reported to be especially use

prevent i18n off ieedand baverage predeelst s of osteoporosis: Increased dietary .
"intake of calci.umhas been shown to be effective in minimnmzing bone |oss -
in adults and. the elderly. ‘Mbrieover,” 25. i ncreased consunption-of cal cium

earlier. in life may build erK(eRomlnn OBl‘ﬁJ]E@NVEN‘ﬁ@NBI’ tol erance of a
‘negative cal ciumpal ance in later years.. -Tncreased consunption of cal cium

regardl ess of agel©op! Pé?ﬁ\éetﬁéﬂa'ﬁ'dfaﬁ’l%rﬁéaf@fepubilc cansunnation arefafters madified
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cal ci um consu ortunate §Fest need
of cal ci um nuttitlodahgropmles eNutnmmahforbﬂnlatbh&)fEfbddlplroldudﬂ@n’m}i include -
15 additives that benef t the overall state of health of the human body. Examples
of nutrltlonal fortifi catlon include addltlonof V|tam|ns minerals, and
' comparable materials. These addrtlves are either: absolutely essential for
R human metabollsm or enhance the provision of substances that may not be

: avarlable in sufficient amounts in a normal diet.

FOR

.20 " In recent years, calcium fortification of foods and beverages has.

' recerved significant attention.  Calcium fortlt" cation and increased calcium -
lntake is reported to be especrally useful in the prevention or moderating the
effects of osteoporosus lncreased dletary mtake of calcuum has been shown
to be effectlve in mrnlmlzmg bone loss in adults and the elderly Moreover

25  increased consumption of calcrum earlier in life may build reserves that .
enable a greater tolerance ofa negatlve calcium balance in later years. |
Increased consumption of calcmm regardless of age, is expected to mltlgate
or delay the effects of osteoporosrs Thus, persons of all ages could beneﬁt _
from |ncreased calcium consumption. Unfortunately, many of the people in

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

_ consume the recommended daily levels of calcium. For example, accordlng
to United States Department of Agriculture surveys, as many as nine out of
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consune the recomended daily |evels of calcium For exanpl e, according to
~ United States Department of Agriculture surveys, as many as nine out of -1
C~lIHH LIHITHITH TTH TTH- H ~I'1 ~ *cooo02* ten wonen in the United States -
do not consune the reconmenced | evels of calcium And the elderly often
have difficulty in increasing their calcium consunption due to decreasing
appetites and netabgolism |In addition to . bone health,. recent research
suggest s t heN MRIBER dhthe WnitedPtatasdonatmensumeghs reocbmme‘riwail lekelsvafi ght

.managenent 4 t nunber . of ,.cal ci.um conpounds or

ggl tg haveC gwougﬁ%tl’ibeé‘lhk ¥Pﬁ%Hq?ac\)’8§j ﬁ?&gﬁg} wCreasing thaisCaledMini ch have

been suggesbesufrptionsduento détﬁegsxhgﬁppeﬁ%% &% frResbaidRR! BIBAifioh R6! ude, for

exanpl e, | ci um B{ro phosphat e, cal ci um hexanet aphosphat.e, .nonobasi c
dspea

cal ci um ph 6ewtdewr@hmg@§ﬁd§phm@name ofEalcium j ssprosig
cal ci urg acedpdeheshh %éﬁggt maf3 8&%% ncggﬁga{g{é‘a %Hﬁ%t&% | gi't ;'t gm citrate

mal at e, cal ci um car bona | um u cal ci um

| act at e gl uconat® Iargalrmnutmrr&floalcﬁum Gb’#hpd)l!llrﬁﬁs ordaiR hAa Béarubydrexi de,
cal ci um sul fﬁ&)ez%q)cgl ciumtartrate,'dicalciumcitrate -‘lactate, calci um

f umar at e, PLaducts: o algiim ssltsmddeh bave beem suggestedifos usaws been
used in a we yas Bidd ab f&g&ggu%ﬂéﬂ%ﬁé oldd GX & e, | ?‘S&HR%SE} N

4,784,871 (Novenber 15, rovided a cdlCi

Accor di ng tryroplospate; calciom tme»tamempoospbmdmmmb.d caliahtlpResptrte, coul d
be use u. elnt 5,449 5 Fﬁ'&ﬁ 1995) and U. S Pat ent

5, 820, 903 (%é‘f'ﬁﬁ‘e? yqesophg P@at%lcalﬁ"m agetatenealojwgurt s.

U S. Patentasioﬂt?&e%ilcﬁﬁ%ﬁr@@rca?@ iumL ﬂéie g{a@%%g@%cm?ﬁkﬁ} a‘fé'rééigﬁgr\

deserts. U.S. Patent 5,834,045 ( Nove cal
fortified 9A@¢@qievealﬁgmIaciaiescgammiamaqeoglumateamalcmm nesatel calgi@hci um
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in lactate, calcium fumarate, and calcium chloride.
15 These calcium supplements have been used in 'a wide variety of food
- products. For example, U.S. Patent 4,784,871 (November 15,-'1 988) pfovided .
a calcium fortified yogurt. According to the patent.,. ahy_caiéiufn e_o'mpeund -
which is acid soluble could be used. U.S. Patent 5,449,523 (September'12
1995) and U.S. Patent 5, 820,903 (October 13,1998) also prowded ca|c1um- '
20  enriched yogurts U.S. Patent 5,478,587 (December 27, 1995) provided
' calcium-enriched deserts. . _
U.S. Patent 5,834.,045-(November 10, 1998) provided calcium fortified
“acid beverages. This pétent reported that the use of a calcium source
comprising calcium hydroxide and calcium glyceropheSphate .with any
25  acidulant will result in a beverage product having a marked 'improve'm"eht in
storage stability. -U.S. Patent 5,855,936 (January 5, 1999) provided a blend
of calcium salts balanced wuth soluble and insoluble salts which are stabilized
~ with a source of glucuronic acid. This composmon is capable of fortifying mllk
beverages and other dairy-based products without coagulatlon and
30 sedimentation, and with improved palatability. The calcium salts must be
- stabilized with the glucuronic acid source. Other calcium sources could

optionally be included.” Other calcium-enriched beverages are disclosed in,
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storage stability. -U S Patent 5,855,936 (January 5, 1999) provided a
~ blend of calciumsalts balanced with sol uble and insoluble salts which are
stabilized with a source of glucuronic acid. This conpositi on is capable
of fortifying nilk beverages and other dai ry-based products without
coagul ation and 30 sedinentation, and with inproved' palatability. The:

| Ci I t. b i1 ith the glucuronic acid source. O her
cal ci um iiufoi_@%‘é%m@-%%%‘?éw'ai‘égz aafabmﬁo,@eaz-rd@?waé? oo e
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(Febr aary 1hoTugheh BRgHctd arinks). B e A 2,701 520 [0kerac 1867 By,

~ Patent 4, 70U,3Rateat 4 3T 37ZD(AIUSI2, 1988k rarbobated &ad eoh-chrdrnatéd> (April .
12, 1988; carbonated and .nen-ecarbonated beverages containing sol ublized

- cal ci um and°SYEEPF? 805{]?(9?1W§° ligp rqaic"é'@i%?d FPailiG amaeings obeitTigaeidphor IUCS
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mlR): U, Heene a0t 0T ona it inkl Bes: quntﬁ-,sﬁ.,éﬁswwgtseng o
5,690, 975 HaaK): 2Pg 1 ' ' ;. : t ené 4 [0 '
(January ZEWE’L%@M)I g&vs'pﬁg%g\ﬁfg?%%%??g%g@é zgt é%?§gn@§0g8 14%9??;582514_, 1998;
mlk); U S (Machh, B982sopmilk)IuULs. BPatenl §887,589 arcnti4, Ul $05; Pailignu.S.

ST PR fben T8N el 28 B M ek T B0 (90
5,215, 769 ( 5587,896 WAy QBPYQMoW%vé%e)ﬁalSECP&bﬁ%S'W?@P(mﬁy.“' ng a
sol ubl e cal ¢i u urce conprising specific nolar rati.os of calciumcitrate

mal ate or cﬁﬂcW£@aPe$- Ratent 92@1591 16y 2739 898 Mayjlky, antbdey. Ratent ded |

Lo avold adueree g P T o e et col . U 5. Patent 5. 840, 354

- (Novenber 24, 190B3. Patent d¢iV3,688i(Jume 46 1 88Bbidvided 4 Ediciuiienfiepd. U. S.
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o salad-dressings containing a soluble calcium source comprising specific

molar ratios of calcium citrate-,malate or calcium acj,efate. US Pa.tent'

' 5,514,387 (May 7, 1996) provided calcium enriched crécker_s ahd other baked

~ goods; an emulsifier vy'as used to avoid adverse effect on texture 'ahd _

20  mouthfeel. U.S. Patent 5,840,354 (November 24, 1998) provided calcium-
enriched dried fruit products. U.S. Patent 5,945,144 (August 31, 1999)
provided a calcium fortiﬁed pasta proddct. ' : -

| US Patent 5,075,499 (December 24, 1991) provides dicalcium citrate- -
lactate for use as a calcium supplerﬁént. Tablets of dicalcium citrate-lactate

25  were préferably taken on -a daily basis. U.S. Patent 6,007,852 (De_cembér 28,
1999)- relates to a calcium enriched natural cheese. The preferred calcium
source is tricalcium phosphaté. The patent indicates that other calcium

~ sources (but does not specifically mention any épeciﬁc sources) can be us_ed '

so long as the calcium source forms a suspension rather than a solution in.
30 water, skim milk, or cheese milk. U.S. Patent 6,106,874 (August 22, 2000)

provides a low pH nutritional beverage which uses pectin-free fruit juice and a



U.S. Patent 5,075,499 (Decenber 24, 1991) provides dicalciumcitrate-

" lactate for use as a cal cium suppl enent. Tablets of dical cium
citrate-lactate 25 were preferably taken on a daily basis. U S. Patent

6, 007,852 (Decenber 28, 1999) relates to a cal ciumenriched natural cheese.
The preferred cal cium source is tricalcium phosphate. The patent indicates

that ot her adigneBure®eekesed fbin ﬁ%oﬂ?tqoﬁﬁ%‘ﬁhbidﬁia'tt){ramkirﬁihe_@ély specific
sources) can be used so long as the calcium source forns a suspension
Tat her t harfoRcgpirate. galdivm lagiategiuspnatekiamdrmidxiurestheiegése ml k. U S
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the group cheirghholgphE prepaties offiddd pioteich to WRIRRANIRIdRd. CBEAERINY| act at e
gl uconate, and m xtures thereof. Calcium sulfate. has been found to
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| evel s. SeeTrigalgium bh&f@éﬁéﬂf%@fﬁﬂ@iewas@d%ﬂ&-B&atﬂbﬁﬁz@-an Hhdesitatigm
" phosphate, although w e_I'fYl used, often contributes. an undesirable
"gritty” tedriyetexturenvhigh, ebepwee, imis the tavels aimhighdtcamben it can be .

"i ncor por ated i .S 11 &S Pat 449,523, 10
Cal ci um enr?‘gﬁtﬁebﬁ%@ggp ngtbﬁ)?%%?l %C%ﬁé&%é%ﬁ?@f%? ‘he organol eptic
proper tibes of t h€afaurd enridhenentagdonificdtion can-adwbrsaly affectithe added.

Ex I f - h ' t gbl ' i nclude of f-flavors,. :
f1 avor - changienoIGRtC RIGPEHES ofdbe pad o ReNgage Riedurkio Whieb It isdedh ci um

conpounds  hg¥gmpley &f s@\%&ﬁnﬁsc@p&wbﬁ)r%éﬁieetmauae o@ﬁwdrg,' fidvarlc 'nga%r
ch of y avail abl"e

| evel s of cal cium 15 addition. Thus, ch of the currentl
t echnol ogy eHtcaiers, texturat ehangsa, anddheilike. Reme calgiupreompleundsehavgh | evel s

hi gh-and. ¢ ATLE B EpiR ho olthotpecikifaWabeleviBI GFEM o provi e
addi ti oigal adbition MTHUY ewrstSof m@dmfe_rmywailadieqbahMol@‘?wi‘élal_téd.i&&a!é&ﬁni n
food and beverage products-whi ch can-provide 20 signiricant |evels of
dietary cal 8PdiiCaCassHRet RIP¥IdSDe High layels of eeum addifiengiesired. Further,
- . the cost of some calcium forms is high and, thus, limits their usefulness.
Thus, it is_desirab'ie to provide édditional. calcium co_mpbunds. an.d/or other
dietary minerals for use in food and beverage products -w_hich can.provide
.20 significant levels of diétary calcium or 6ther dietary minerals without adverse |
effects on organoleptic properties and at lower cost. -Additionally, the form of
Cal'ci_qm can influence absorption and use by and in the body. Additionally, the.
absorption of calcium-can be enhanced or inhi'bited..-by other compounds. For
example,' some carbohydrates can improve calcium absorption. Greger,
25 “Nondigestible Ca'rbohyd'rates and Mineral Bioavailability,” J. Nutr., 129, |
.- 1434S-1435S (1999); Weaver, “Calcium in Food Fortification Strategies,”
~Intemat. Dairy J., 8, 443-449(1998); Brommage et al., “Intestinal Calcium
Absorpfion 'in Rats Is Stimulated by Dietary Lactulose and Other Resistant.
Sugars,” J. Nutr.,' 123, 2186-2194 (1993). . _ _
30 : Lactobionic acid (4-O-B-D-galactopyranosyl-D-gluconic acid; CAS Reg.
No. 96-82-2) is a water soluble, white crystalline compound. - 1t can:be

synthesized from lactose by oxidation of the free aldehyde group in lactose as
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ef frects. on organoleptic properties and at |ower cost. Additionally, the

" formof calciumcan influence absorption and use by and in the body.
Additionally, the. absorption of calciumcan be enhanced or inhibited, by
ot her conpounds. For exanple, sone carbohydrates can inprove cal ci um
absorption. Geger, 25 "Nondigestible Carbohydrates and. M neral
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generally | act ob
mineral supplement, growth promoter of bifidobacteria, or as a co-builder in

20 detergents in its potassium salt form. More recently, the use of lactobionic acid in
cheese and other dairy products has been described in copending U.S. Patent
Application Serial Number PCT US02/14337, filed May 7, 2002, (International
Publication WO 02/089592) which is owned by the same assignee as the present
application and which is hereby incorporated by reference.

25 JP 07277991 suggests that lactobionic acid generally acts as a substance for
promoting mineral absorption within the human bodies, after ingestion, when
taken as a tablet or pill, or by blending it in beverages or foods. However, by using
the mineral absorption promoter suggested in JP 07277991, the person ingesting the
mineral absorption promoter has no way of knowing how much mineral their body

30 is absorbing, if any.

The present invention provides mineral complexes of lactobionic acid which
are very effective as mineral fortification agents and which do not significantly
affect the organoleptic or textural properties of the food or beverage to which
they are added. Such mineral complexes can be produced in a cost effective

35 manner from inexpensive starting materials such as lactose or whey.



aci'd as being useful as an antibiotics carrier, an organ transpl ant

. preservative, mneral supplenment, growh pronoter of bifidobacteria, or as
~a co-builder in 20 detérgents inits potassiumsalt form More recently,
the use of lactobionic acid in cheese and other dairy products has been
described in copending US. Patent Application Serial Number PCT

US02/ 14337, filed May 7, ZOMMHMMCM i on WO 02/ 089592)
which is oyvned by the sane application and which
.i's- hereby incor F]We%r‘é@ehb’rnﬁr@ﬁ@drﬁ@éﬁera?@ réBté’J@ﬁﬂ%aﬁétﬂﬁE%x@st hat ’

| act obionic acid genérally acts.as a substance for pronoting m neral
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m neral -their body 30 is-absorbing, if any. The present invention provides
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manner frominexpensive starting materials such as |l actose or whey -5
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- complexes of lactobionic acid provided in the present invention delivers a
soluble, stable, clean tasting mineral source suitable for mineral fortification of
a wide variety of food and beverage products. .The hign solubility of the -
mineral complexes of the present invention in water allows for the preparation
.20 - of mineral-fortiﬁcétion of foods and be’verages which are clean tasting and |
| non- gritty. The: preferred mineral complex of the present invention is the
calcium complex. of lactobionic acid. '
. The mrneral complexes of lactobionic acrd of the present invention are
prepared. by mixing lactobionic acid with a mrneral source such as mineral
25- hydroxrde, mineral carbonate,- mrn.eral oxide, or mixtures thereof with an
. edible acid such as citric-acid, Iacﬁc acid, acetic acid, malic-acid, gluconic
, acid, tartaric acid, fumaric acrd adrprc 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 lactobionic acid
30,  with a calcium source such as calcium hydroxide, calcium carbonete,. calcium
oxide, or mixtures thereof with an edible acid such as citric acid, lactic acid,

acetic acid, malic acid, gluconic acid, tartaric acid, fumeric acid, adipic acid,

H-



| act obi oni ¢ aci d, . zinc conpl exes of |actobionic acid, copper conplexes. of

" lactobionic acid, chrom um conpl exes of | actobionic acid, selenium

conpl exes of |actobionic acid, manganese conpl exes of | actobionic acid, and
15 the like. Mxtures of these m neral conplexes. nay. also. be used. The
m neral conpl exes of |actobionic acid provided in the present invention

delivers asgsetidl 8cid; Sbadrbes a§|be§ﬁo§@$éri&90|m BE Akt tHeReSHiG S ranj or
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W tg anI e@bb&eﬁwt&é&t@b&ﬂﬁb agR @lrhrxieg Vaieh dbolies ttb @baat d5 p%@@éritcoc}‘&ﬁéd mal i c
acl gl uconi ¢ acl artaric aci f umar acl Su CI ni c
a0 Sseoingral3tlce LR B HAAA i dlrge ) Bhd ahoBE e de auf 2Birtresio

preferred @@imetm@lwrmamm dedipad ghn@ral eompled( @i émq@alﬁﬁﬁmeﬂreuent I on is
pr epar Xin ctopjonic acid.30. wt um source sy

P or P ny e Bud bt oF el i B bt g BCHPRE AU M, cof
with an edlcblcﬂumoriyﬂirexidb ael citri¢ acidaci d, lactic acid, acetic acid, malic
acid, gluconic 6 succinic

' aric a aci
acid, ascorbic %ﬁfd"}gﬂvo vk é{ypatlonoqrowﬁ p@ghqfﬁcgrpé%qanng;@r{gmg{qu, an
aqueous  solcoinpiax cﬂwucmldmmgudibmubns’lng lactabionic 42, peninenatl sdurcd, @bt @nieditdei d i S

T ved WL B0 ey B WA CGpPEL Rl b S T BORERR o2V
desi reds5 maebiedic acidpl x50 ganmtaalylwelgrhef thlel rmhertaheomd:mad\quw@qmscembw i on
ocr 2l P98kt U fpR e Thale SuPEHRE N AR RR R ACBURLEET S
about 25 perroieatal bf/drbklée aﬁnharalcaetmuateea (réneral oxi® arirointusesutherepf amtl about 2
to about Zth%%iﬁﬂ@mmerél ngplex can be incorporated in a food or beverage product to
provide 5 to 200 percent of the current recommended United States Daily Value of the
20  mineral per single serving size of the food or beverage product.
The present invention is also directed to mineral-fortified food and
beverage products containing a mineral complex of lactobionic acid prepared
by mixing lactobionic acid with a mineral source such as a mineral hydroxide,
mineral carbonate, mineral oxide, or mixtures thereof with an edible acid such
25  as citric acid, lactic acid, acetic acid, malic acid, gluconic acid, tartaric acid,
fumaric acid, adipic acid, succinic acid, ascorbic acid, phosphoric acid, or
mixtures thereof. Generally, the mineral-fortified food and beverage products
of this invention will contain about.0.2 to about 20 percent of the calcium
complex of lactobionic acid. Preferably, a single serving of the mineral-
30 fortified food or beverage products of the present invention contain sufficient
quantities of the mineral in the form of the corresponding mineral complex of
lactobionic to provide about 5 to about 200 percent of the recommended



edi'ble acid to formthe desired m neral conplex. An especially preferred 10
" cal cium conpl ex of lactobionic acid is prepared by m xing | actobionic acid
with cal cium hydroxide and citric acid. Accordingly, the present invention
provi des a nmethod of preparing a mneral conplex of |actobionic acid
conprising lactobionic acid, a mneral source, and an edible acid, wherein
the mneral conplex is prepared by mxing 5 to 95 percent by weight 15

| act obi oni ci,d, .1 to.5 ercent. by wei ght, of , the m neral rce andl to
50° por cont Usgie Satgn D3y ValtE < FRuf e Bebrably deubn 0 So g 3p et and
wher ei n t hef therecamnsdided &nited SAates DailaVahyedsfakatdainesal nCaleiual foetifidacoat e, a
m neral oxi of _mxtures thereof an wherein the mneral conplex, can be
hoor por ar ShTach g BT RIS ysPaina rRENFh ohP By Bl BelBios SRR Fhréant o
t he cur r enpreseabimrentibaeds apdciallyfrefeeredDai | y Val ue of the 20 m neral per
single gerving size of the food or beverage product. The present invention
is also"directed to mneral-fortified food and beverage products

contai ning a m neral conpBRIERODESGRIBHION OF HIE DRAWNGed by m xing

| act obi onic aci ¢.w i . r : . 1M.n | ..hydroxi.de,

m neral car bonairt é(m r%ﬁqn%rogﬂsqgé?ﬂélfée,srgﬁtgaqﬁcéﬁ ﬁ'E g?ﬂl%{a"r‘néet%e 're\%uﬁytg% PEHIOR C’et acid
such 25 as each paselaend thd dlgrmal &cadmeticoAnalysis ressultsrghatiormaporntion of eacni ¢
acid, tartarj [ f I ' oIl . inic acid, ascorbic
aci d. phosprneh B siyempii B ks R 6iclpaltiah ™ {g

m neral'@fortified food and beverage products of this invention wll
contain about.0.2 to about 20 percent of the calcium conplex of

| act obi onic acid. Preferably, a single serving of the mneral 30 fortified
food or beverage products of the present invention contain sufficient
quantities of the mneral in the formof the corresponding m neral conplex
of lactobionic to provide about 5 to about 200 percent of the recommended
-7 United States Daily Value of calcium nore preferably about 10 to about
35 percent of the recommended United States Daily Value of that m neral.
Calciumfortification of food and beverage products using the cal cium
conpl ex of |actobionic acid of the present invention is especially
preferred. 5
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- of lactobionic acid i

'.soluble |ﬁ'F”c5’$

BRI'EF DESCRI PTI ON OF- THE DRAW NG Figure 1 shows the Differential Scanning
" Calorinetry results (top portion of each panel) and the Thernal
" Gravinetric Anal ysis results (bottom portion of each panel ) for . _
crystal line calciumsalt. of |actobionic acid- (Panel A), 10 -7a crystalline
citric acid.(Panel B), a mixture of crystalline calciumsalt of
| act obi oni c a%’dd and crystalline citric acid.(Panel C), and an inventive

cal cium | S§98 t"&ﬁtF'&”Ca%rlé (Bangl Bk g maxere Qﬁcryﬂaﬂweuamm eI ON OF TgEb
-1 NVENTI ON ent.ion are ared by
mxing | ac? ggdt(i;%ﬁ?g”ag:?gnﬁ‘&%tﬁfgﬁglcﬂégt&:&;ﬁefﬁﬁﬁg&; a%%?ﬂr'av%[},fl"& ‘?#C'Hﬁ" agueous
- sol ution. 1acchtﬁomcruﬂrcabomlmd @mmﬁ) the present invention include calcium
- conpl exes, magnesi um conpl exes, potassi um conpl exes, sodi um conpl exes,
“iron. conplexes zi nc. conplexes of lactobionic acid and the like. 10

- Mxtures of these m nBEE}‘IAIEE NFE! .ET' “yr::: crsglmrcggrrpl ex

i ncl udé ni ner al ﬂmyednmvemlemmpﬂlleﬂes @lf ttfe’slpfé%léﬁt ﬁﬁ/entuﬂﬂr BeE prefarkd®s,  OF

m xt ures thereo Generally, the preferred mneral source is the,

- cor r espond"™Y" ﬁ‘étPQ|°"'%§/%l¢o§|rH‘@er%tﬁ°|tUa@ﬂ eaf‘é’oﬁfbedlbl%tacds!nramatmﬁ?l:sat Ir l:c

aci oo séluﬁﬁhdJ r@@ld&a%rﬂ e&ésr@thé ace?%"%ﬁ@ﬁr'%?'t!g%&?!f‘u%osphor. c

acid, fumaric acli pl C aC| SUucci n|

‘acid, or nigmplexes; htamrefsrurﬁ;e:man;ﬂékqs pdtassmmfwnﬁ;ﬂéxe§0ktdd|@na<3| dis citric
acid. The m.neral exepj of the gres I nvention_ are sufficiently
es an 3

e EPR Q%%erv?‘a@b'é?ﬁlq asidtanshihe: like. percent
and | mosorrMIxt&Ge%ﬁﬁfésedﬁm%%t'd&ﬂn&@xébgréadf%%we @e{%ﬁ ?cghﬁg*}nh' gher,

‘of -the' current United States, recomen m neral per
single ser¢PAWplex ebtlagtobionic acishis Qf;pd@mtb']rm’g&armmgsmttabﬁonmlrs%n&ﬁ; dt ng

" invention, size for afo roduct, i s, abou

a beverage Fﬂ%l?%%ﬂ*&ﬁelﬁgﬁg%@%{deﬁgunﬁ{al&ar%orlﬂiﬁgégmeﬁ%lro ‘i’r‘?ﬁ)&rég'x&frgﬁhl s

i nventi on, thdreof.uGeaetallntHeeprefembanineral source is the correspondlng mmeral

hydroxide: Suitable edible acids include citric acrd, lactic acid, acstic acid, -

15 malic acid, gluconic acid, tartaric acid, fumaric acid, adipic acid, succinic acid,
| ~ ascorbic acid, phosphoric acid,'or mixtures thereof. Gener'allv, the preferred
- edible acid is citric acid.
The mlneral complexes- of the present invention are suffi crently soluble
in food or beverage products to provide at least about 5 percent, and in some
20 cases depending on the actual product much higher, of the current Unrted -
States recommended Daily Value of the mineral persingle serving size ofthe’
food or beverage product For purposes of this invention, a single serving -
size for a food product is about 28°g-and for a beverage product is about 240
mlor 8 ounces For purposes of thrs invention, the current United States
25 recommended Daily Value of the mmeral is considered to be the value
publrshed by the United States Food and Drug Admrnrstratron as of the filing
date of the current applrcatlon 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-



25 recomended Daily Value of the mneral is considered to be the value
" publ i shed by the United States Food and Drug Admi nistration as of the
" filing date of the current application. The current United States
recommended -Daily Value for calciumis 1000 ng per.day. The preferred
cal ci um conpl ex of I act obi onic acid of the present 30. invention is

db X on| .aci d th a.calciums urce such as cal C.I um
Pyar ot de. ARSI Ack bAoA ctudRerd, et dhid S tiadd maalis Aroacanic . 5

“an edi bl e ‘agici, $éwé‘nca§0|§' ﬁurrrhé‘n@ﬁd:ld ad@?& é&da§u ini8&Rid Cag%fﬁc affl i ¢ acid,
gluconic acid, tartaric acid, fumaric acid, adipic aci succinfc acid,

- ascorbic acmospw@p@drotmums TdmeremfxtGerwatlheﬂrFaﬁuecE)Iﬂ\solahd)ty an aqueogs
I t5t t t | act.obi.onic IS mxe
L PR ARy R PSR T

~ source wcht@ebouasop@mém@r% Afindal EB@roBr(%fg?réﬁléru%"QBQr ﬁé‘d about 1
to about 50 ercent of the edible acid (e citric acid 1n the preferred

enmbodi.ment ) caldumihydrexide injths p@(ﬁerﬁetﬂneﬂmodmmt)eand aleowetr htd gbouteSH of the

final b More prefera n aqueous
solution toPesaidting Cablk 2880e . GG The EEBrPAGBRI AR 4T
mxed with mwthédetrﬁecﬂhﬁrhéral?éowe‘a@@en@fal?"tﬁerﬁméfﬁHe ﬁr%léﬁﬁe%[lg about 2
to about 20 percent of the edible acid to formthe desire ner al

conpl ex. Ger®OfUionys about Ado gbouh8. Mererseterablyara aguedusdsabutiorat or near
Lord 1 oy ettt 80'D Aok oB Rk ER GEIcRial: RO ST eRPuE and
citric aci d.tolboati2 peptentes theminatal sobecerampabedt 2 to 48T ngggﬁ%ﬁt@fng two
SRR ST TR AL MA TR N S
o g STRASTIO SIS AR et GHEUORS 90 S UBEr o Y,
aqueous sol wretamred galeium Q@malem@fnlpb@blomy abid isgirapaiedenly adxihgr med in the
et er mE LR8P aBBX R CSBNT Ry Bfbrde 8nd Y€ a8 B d domiEies B
' -"also be prepared if desired: by mixing two or more mineral sources with
lactobionic acid and the edible acid. Physrca_l-mlxtures of two or more -
eeparately prepared mineral cpmp.lexes can also be used.
The mineral complexes of this invention can be prepared by combining
20 - the Iactoblomc acid, minerai source, and edrble acid in an aqueous solution.:
The mineral complex may be maintained as formed in the aqueous solution
of rney be collected as a solid complex by removing the water medium using
any cpnventional drying ..techni_que. Generally it is preferred that the mineral
' complexee are collected in-a solid form; the solid complexe's will Qenera‘lly_ be
25 . easier to store and use. Conventional methods can be used to collect the
- solid mineral complex. Generally,hhowever gentle methods such as freeze
drying, spray-drying, drum drylng, and the like are preferred to remove the
water and obtain the solid mineral complex
Lactobionic acid is generally a white crystallme 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

-0-



any conventional. drying.technique. Generally it is preferred that the

" mneral conplexes are collected in a solid form the solid conplexes wll
" generally be 25 easier to store and use. .Conventional methods can be used
to collect the solid mneral . conplex. Generally, however, gentle nethods
such as ‘freeze dryi ng, spray drying, drumdrying, and the like are
preferred to re

er .and. obtai,n.the solid m peral
Lact obi oni c pégparngoyggar%q@qd; @%‘P?EOEP%Q%PT 5}9&0%%% prchéggﬁi%gr, 30
aci d may be pAIpio eGP BIBI@IBONYErER &ldaségﬂﬂﬁnwﬁsmg'ﬁﬁbsé‘m’a Blcths:

Sigma, -St. Louis, MD . or prepared through em ca enzynatic oxl dation
of | actose (ﬂonéalnm%mml(@.gn|wt@)sulbwhealperm?élate)lascthetstantlm raatatiatan be

(ot ,epaLS?a%Y/ R SRR e R R Pide, dor Sa Rl Iafd °f2if§§e or
a | act osg- coidaddlig 'ﬂﬂ:o%'éb&hdiééee He&oSe oxXMHRE, ShdWhE YikResRRIIS ﬁ?ﬂ&%

starting material.~ Suitable car bohydrat e oxi dase enzynes i nc
exanpl e, I adheraofs Genaraliy, la@oaewma@e ld@eferM%@mmmsurmet he |ike,

| h f | | | act o i dase is ferred. A
par 1 cul ar 1y T B LG @86 PRt bR iasceed a5 umen s Mavenss RS ahisa by
Novozyrnes Addsciibediis Palestonded3i poFakakh ¥RePERLPRBrpitbicel by Fefd

it
i ncor porated.by reference. Cell obiose dehydr ogenase is al so a use enzyne

“for converting 10eleiesrdehydiogenspe inaisoar Leefutenzyme doncomeerting,

(1082) . i <=EiobEEMRbbIoiG ac CHNH ARG, 2eleeilihnl SReasite”

‘relatively eupmsmoiwngoumeommmg a75: qaano%ssagyt TR sHEynfe |sFe(| Ll), and
the like); it -also re&@wes i'mmobi |4 zat i on ‘second- enz '

| accase, ‘i s PONEY§TeBOTPISXFRA LPGHIEES e ige @tnaralétwlymenwem Clt@'bl ose
dehydr ogenas t Taﬁ|nﬁﬁ§soé¥@§H&9ﬁ§C fHtfi [ ?ﬁd%ﬁ?@gﬁ |on rcé oxi di ze

| act ose resu In two products aC|d and a

further sepalnunoblhzahmteAlsoealsaomdeesrwryetlaccasazds/mqmﬂeel tbaegehermec aci d
pr oduct

(1997). 1&5?‘?‘&&%?&‘“9‘#%&%&’8 oEopRes Yerlrogenase! Hie e ggglu\écgs% =
: fructose oxidoreductase to oxidize lactose results in two products, sorbitol
and lactobionic acid, and a further separation procedore is necesSary to
| recover the lactobionic acid product. Nidetzky et al., Btotechnology and
Bloenglneenng, Vol. 53 (1997). Nonetheless glucose-fructose
.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 provide mineral-fortification food
25 and beverage products. Generally, the mlneral—fortlﬁed food and beverage
products of this invention will contain about O.2lto about 20 percent of the
mineral complex of lactobionic acid. Preferably, a single serving of the
_mineral-fortiﬂed food or beverage products of the present 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 caICIum) more preferably about 10 to about 35 percent of the

-10-



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

_ enbodiment of the invention.- O course, other nmethods can be used to
prepare the |actobionic acid for use.in the present invention. The m neral
conpl exes of. the present- i nvention can be incorporated 'into various

f ood. and beverage products to provide mineral-fortification food 25 and
beverage products. Cenerally, the mineral-fortified. food and beverage

products of rqursmleﬂdéﬂturtbﬁedvmalte%Bﬁtlﬁvﬁl%@ﬁ@algwm {ie. akout 109 teeabeutt of

ihe e st 3pleAh o SEI A8l Eoage ot B A Bhveral® BRKE BERY 10T
~contain suftd calelim @umpuex belactibishie atidef e prasértententiorfs dédprecially N

correspondi ng-m neral 30 conpl'ex of |actobionic to provide about.5 to about
200 per cent PEfef’8d. reconmended United Stat. es Dai'ly. Val ue of caI cium (i.

ot Yot % oY Mg LEL o I Enf B REGRIAl (ROPHGAE fiflR 3
about . 100 t in tHeofigures=3 wa! aalounerrﬁmbﬁain@emtm ﬂh@rmvéntmtwmrncm‘/ bfeood -and

beverage products using the cal ci.um conplex of |actobionic acid of the
present i nvEREFEPEY yswgspeciq %P(aFBP'SfSéW'@H Turtherdlysicpte ¥aapus foatyeae Pf bed -

the enbodi mgy régerﬁt}?ve‘?ﬁ@ﬁ%iﬁ ard lnB?Lr{téﬁggd td [ Prtr)\g fe fsbg & OF the Pﬂfénltloﬁs ot her

enbodi rrents e.lnvention w Cri using specitic exahples
whi ch furt hwhm:rh Isugefirmdeintheiappentedtalaiass. oAl peluentagescused heesihiaze byut are

not i ntended t.o, J t the sco t venti on, ich.is defined in the
_appelndeH) cl ¥feight, 'UEQSSFFBP%@H?%&&@ "L’f?gd "NEPE eRts;aRd giherpublica th‘s unl-ess
~otherw.se i pgffah&sd hétdin Bk ﬁ@Fé’oyaiﬂéofﬁd?ﬁfeﬂéP}éfE@dc%ns referenced herein -

~are hereby incorporated by refereénce: 1. Lactobionic acid crystals
(58 g; Lonza | nc.EXAMRUEAN Lanﬂqblomm@ld@mtdséf)& gdleszé Vrel; Fairkeo,dNJ)

Compl et oly e sarabieldly BRstush fiag § Bionizid vt ik het g Hmaye,
St. Louis; gD Lvas, MBywaometehylsteRsdkysided i tHeesolaabittéAGum hef i nal pH

of the cal cium corrpl ex solution was_about 4.6. .The aqueous sol ution was
" nmixed f& aMGfO&Qeéﬂ)Oﬂ) igrea, gt Losisn MOiwasdhensompletely dissolved in-the

‘solution. The final pH of the calcium complex solution was about 4.6. The
aqueous solution was mixed for about 10-30 minutes at room temperature
and then freeze dried. About 65 g (about 87 percent yield) of the desired
~ white solid calpium complex containing_-'abo'ut 8 percent calcium was |
~.20  obtained. The calcium cc‘im'plex was dissplyed in water at room temperaturé-
to provide a clear solution with about 2000 mg calcium per single beVéraé'e '

" serving size (i.e., about 240 mior 8 ounces). The calcium complex was:more
soluble than calciu-m citrate; it confain_ed more calcium and had bétter flavor
than puré calcium lactobionate available.commercially. Thus, thé calcium

25 compléx better suited in food and beverage applications than other calcium

: salts or commermally 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 tempe'rature*.

T



and theh freeze dried. About 6.5 g (about 87 percent vyi el d)_of the desired
" white solid calciumconpl ex containing about 8 percent cal ciumwas .20
obt ai ned. The cal ci um conpl ex was dissolved in water at roomtenperature

to provide

a clear solution with about 2000 rrg cal cium per' single beverage.

-serving- size (i. ., about 240 m or 8 ounces). The cal cium conpl ex was nore
sol ubl e t hgFr—cate u...\,.‘ﬁahe r

flavor thdn

calcium.?2
ot her cal ci
.EXAVPLE 2.
.conmpl ex of
m xi ng the
Control -

al ci um | act bbi ondbentivaihjabl e donmer W@atltdoy (%) Thus, |t he
hetter suifed In food and beverage appllcatlons. r‘han
iim Comp

D S PES e r ~i ally ay i abl e. callci um | act Bbi onat e.

A fort i fuwetdr | i qU| d peverage gaas ptepar gd using phe. calci
anpte _1—The—fottpwng—fornttations y—sHpl y
ormonerﬁ'%‘m[ oget her| at room @&nperaturg: -11 1 lo@/entive %
2.1 1 0 Water ,96.8 98. 9| FHavor 0. 3 0.3 ric
: skant 00082 0 0001 | Preservdive (EDT

. sorbate? be zoate Cmoraﬁt 17 0.1y potassoson citrate) . Artigfgogial Sweef ener
050705 —Croutdinyg

10 (sucral
0.06 Flav
.serving (

manner as tfhre "“’C‘”

the calciu
10

15

20

25

T_acesulranme Ky{o:

t“’ ventive sanpl e provided about 300 ng cal cifum per -

oate . | 700 "
uum‘ Iaté[;ﬁ chntrol . Shlple was gdrepared Pri7the s

apple except that it idid not:contain anvj of
Ccmq)ﬂcnakSweetener , , , - . :
(sucralose or acesulfame K) 0.05 o _ 0.-05
Clouding Agent (Givaudan . , oo ' ' o
Fiavors Corp.) 1 .o 006 0.06

- The inventive sample provided about 300 mg calcium per serving:

(about 240-ml). The control sample was prepared in the same manner as the

inventive sample except"that it.did not contain any of the caicium'compiex.
.Samples of the inventive and'control samples (20 mi at rodm'tempera’ture). '
were provided to a frained panel of 17 members in a dlscnmlnatlon sensory

test. No significant differences were detected between the inventive and:-the . - -
control samples Thus, the inventive calcium fortified sample provideda
sensory lmpressmn essentially identical with the control sample and had no

off flavors, objectlonable ‘sensory notes or textural defects _

_ Example 3. Combinations of calcium lactobionic acid (Sigma, St.
Louis, MO) with either mo.nocalcium. citrate or tricalcium citrate were
compate_d with the calciuﬁj complex of Example 1 in similar beverages as
described in Example 2 above. The various salts and the calcium complex

were added at levels to prowde about 1000 mg calcium per single serving.

' Beverages were prepared containing the following amounts of calcium. salts

or mventlve calcnum complex:
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Sampl es of

the inventive and control sanples (20 m at -roomtenperature)

were provided to a trained panel of 17 nmenbers in a discrimnation sensory

" test. No si

gnificant differences were detected between the inventive

and:.the control sanples. Thus,.the inventive calciumfortified sanple

prOV|ded a
sanpl e and
def ects..
Loui s, N(»
conpared w
~descri bed
wer e added

20 sensory inpression essentially |dent|cal with the control
had no off _flavors n'egtlggable S

([ notes or textural:

Exanpl e 3. |Co tj one al ci umll act Bvepiegra) St
i th g ;gher BAn o S t?ﬁg%ﬁ;éjllf ?fl‘aa?(;umi‘gl'i
h tﬁ of E%apR-e ] be\mmageae a 25

cal'g i
n_Exanpl e abover@lhe various saltls jr}%_?%?ﬁ 2 fh ednpl X
At € \é%l|§e o provi de alout 1000 ng |cal ci um per |single se ng.

Beverages were ad col‘rﬁ&gnl ng t he1féd | owijng anvunt s q@f caI eium sl ts

or | nvent | VI Cal r-n i ﬂnwpl ax: (":x! Cl IWTaa] !\'Ibr\rr-:\l t"l - Trl 438

'_ Cal ci um'SarT)ICe:nl,cacatmdal oni c C| tirate Gtrat e napl,&
. nmpa

(21 % C& (
'0.76 g - 5

> 3% Ca) (94
B%Cai#2Conparati\ie 15.84 9 1.8 g - ative-15.8 q -
2 Inventivie - - - 12.9°'g SImTar water sanpr s cont ai ni ng t he

above anounjfls '8Yen8¥d cijum salts-or | cal cium conpl ex were allso pt¥dared)] The
cal ci um corrpTex dissolved easilTy 1n erther the beverage Tornmulation or

water to pr.

ovide a clean-tastin non 10 gritty beverage. Conparative.

sanpl es#1 afdmiiar wataisasplessos aiaing ’tberqbloeeanyoerdstmlcelolumeaallsmr t-he

.inventive b

bever a5 1oL e Wl IR, Snel B ED R IAST bl

~calcium (i.

.10

et ertherbmetbelve@age formulation or water to provide a clean tasting, non-

grltty beverage Comparatlve samples #1 and #2, however were not

“completely soluble in either the beverage formulation or water

15

20

25 -

30

EXAMPLE 4. The calcium content of the mventlve beverage of
Example 2 was increased to provrde about. 1000 mg calcrum (i.e., about 100
percent of the DV of calcrum) per 240 ml single serving size. The calcium
complex completely dissolved in: the be'verage. The resulting beverage had
acceptable flavor and ‘appearance. |

EXAMPLE 5. Beverages as prepared in Examples 2 and 3 contalnlng_
the inventive calcium complex of Example 1 as well as aqueous solutlons '
containing similar amounts of the calcrum complex of Example 1 were stored
under refrlgerated condltlons Similar levels of conventional calcium sources
(e.g., monocalcrum Citrate, trrcalcnum crtrate and calcium fumarate) were
prepared i in agueous solutlons or similar beverages formed noticeable
sedrments within about 1 week under such storage conditions. No sediments
or precnprtates were observed in the samples contamlng the ca|C|um complex:
~of this invention after 7 months of refrigerated storage.

EXAMPLE 6. This examples illustrates several methods of prepanng N
the calcium complex other than the one described in Example 1.

(1) Lactobionic acid (29 g) was dissolved in 250 ml water to vvhic'h 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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percent of the DV of calciun) per 240 ml single serving size. The cal ci um
15 copnpl ex conpletely dissolved in the beverage. The resulting beverage had
" 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 similar anounts .of the cal cium
conpl ex of Exanple 1 were stored 20 under refru&grated conditions.. Simlar

‘| evel s of c%ﬂmtﬁ%ﬁépwtéwﬁﬁ%@m%eghe(r@abPH he cesWiingreaiciumat e,
trical cium 8661?’}&??0% n Gl é%n féjﬁrar ate) were prepared in aqueous
I'm

sol uti ons. everages for med noticeable sediments within.about 1

week under such s(Q)JLaqebmmiattrdc(ﬁS g) Bodsetdicraid 63 gpwers diispiviedtinsvaere |
.observed in the ss;m&aja o‘g/'{dal ni ng ge cal ci um conpl ex 25 of this invention
after 7 mont4RO &) sexide &y gy washhanmompietely digselved dnphe water -

: LL”2E2%52§C§?E§’BT‘B§°$@'B@qﬁeQ:% R B Ty P 5 Y8R e Yt v

in 250 nl waberplen sahitioh m? Oadded caI cium hydroxide (5 g) with stirring.
Stirring was conth? ed for about 30 10 minytes, after which citric acid (3
g) was added. W t(fi i G219 GAMBIEXsVasprepared asdn sHEPak( &) abpys exeent

~di ssol ved. ' f '
Shont! 656, T thhobht @labBigrRs bl RS, ol 1o Bl RO ) @P'dﬁ“asor ved
in water (ﬂ@reﬁgltmg:aalclumbymlmsdah()ﬁ wgs 4as then corrpl etely dissol ved

inth t | ut provi de th I The f | pH of
the restiting cal MRCLENEPERSHS A EBAEE SURPArEdD ACDVEUSYEBAIRLx as

~prepared asijq fhéﬁbﬁ@rﬁnagﬁ%r a@waxam%&z 3 r@ﬁd a%oaavwrrc%alr%@wsbom c

acid was increased to 35. The final pH of the resulting calcrum
conpl ex sol esseRtialsthe sama asthe C@mlwmmm@wa@mgppreabmEmamplesmbparts (1)

Perfbr nance v EXAMRLET| KeREBrieR Ve iebdref MG et 2B aar ed i n
Exanpl e 1., Iactoblonlc acid (55 g) zZine 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 sufﬁmently soluble in water such
that a clean tasting beverage could be prepared contamrng 200 _percent of the
United States Daily Value of zinc. _ | |
EXAMPLE 8. A calcnum comp|ex of Iactob|on|c acid was prepared as

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

fonnulatlon. .
__Ingredient : - Weight (q)
Water | 400
-Lactobionic Acid 60'
25 - - Calcium Hydroxide 10
' Lactic Acid (85%) e .9

~ The resultjng calcium complex solution had a final pH of_aboot 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 Iactoblonlc .
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EXAMPLE 7. A zinc conplex was prepared by m xing water (250 g),
" lactagbionic acid (55 g), zinc carbonate (10 g), and citric acid (10 Qg).
" The. final 15 pH of the solution was about 3.4. A portion- of the zinc
. conplex was freeze dried. The freeze dried zinc conplex was sufficiently
soluble.in water such that a clean tasting beverage. coul d be prepared
“cont ai ni ng 200, percent fal?if t he .a(LSJ:II[Hted'St ates Daily Value of zinc. EXAMPLE

8. A cal ci urAddRpdeysalling gtgsiasil. @il amevppiyseaaiugs laciobiopioseidpl e 1

except that Jagbi j S | t t ' I @ i on.
| ngr edi ent v‘éﬁ%’?ﬁ(ﬁ%éﬁét er M4%ga[ﬁﬁfaegﬁ %bl[))}ag%i ?hﬁcr?guléﬁé%w&lﬂﬁ%%%m de
]iL‘O . :_acti cf Aait;elre(lmﬁ?t()each@é'rhm theﬂjff:caienﬁiatst:la_hmmg(!andirieoetrs'db ldn}tha tbpdda g
inal pHof a t 7. ortion. the .cal cj um conplex was freeze dried.
It exhibit ed?’@fggt?. %E%'m%i (Igfac"y“?ﬁ'cv&‘%'y?‘s' IER8 P@°§9"Di Theresylispbiemathi ng
Cal ori meger gwusly i ; et kic f )1.Cr, : AE | ci um
salt of 'I‘E}act obi or?]-it}gdtgﬁ% cq% (‘ %@Wgﬁg@éﬁfﬁ%@rﬁ?%g@gé@lgﬁ (g%g.'g!ab%&i‘{%&e of
crystal |l i ne diffecentficsmaithe oblcium tsalti affactobiohic aciddPanel A, \citrial ddidéPamneir i c

acid, and ( an inventive c i u act obionic-acid conplex as prepared in’

Exanpl e 1 al[))@f&p,rn:f4 r?%é‘ﬁ?rﬁg?hﬁ%ﬂ té)\zvn in Figure 1 wherein for each Panel

~ the Differential AARNhBINGEHHRI HES bich Darftuidi®y 4% mal
Gavinetric Analysis is Q?] t he bott ome ?ﬁe reigstf}i tg&éﬁﬁgﬁxgﬂggggﬁ%m t hat

‘t he i nvent i vegfersniceitamariailabpoeess andoprodupt embediamesits Dt wit beer y

different fr i,umsalt of lactobionig.acid (Panel A), cit i'c acid
(:Danel qE), g&%&%tg&g@étgﬂpggfah(eﬁ%%qs @(‘1 rﬂfé‘fﬁfl-'%a%toﬂé -ﬂY/g’ﬁtti’%ﬁ?drcl‘lé% wlﬁaen |

particul ar | ypeizent dizetbstré harfD8fd inténdédiche Witirl thePsifit SHY tope @F epe and
product enbodi.nents, it will be 10 .appreciated that various al er a_tl ons and _

~ nodi fi cati onBreR@pt Bveptige @sgiefined by the following claims.
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present disclosure, and are intended to be within the spirit and scope of

" the present invention as defined by the following clainms. . -15 LLOYD W SE

CLAIMS 1. A nethod of preparing a mneral conplex of |actobionic acid
conprising lactobionic acid, a mneral source, and an edibl%L@?bgﬂ gherein
the mneral conplex is prepared b¥3ﬂlﬁm g 5 to 95 percent by wei ?

| act obionic acid, 1 to 50 percent ht of the mneral source and 1 to
50 percent by weight of the edible acid in an aqueous solution and wherein

the mneral source_is a mneral hydroxide, a mneral _carbonate, a nneral
oxi de. orl- A MalRed of REIRASMTA ARG EPAIPIgcOhagtabignic a&jd eampeisingactobionic

i ncor por atefy immdraPshite bé’rY@éﬁ%‘aditﬂé%@IbCM ’ c\a/iﬂrtﬂléinqif-eﬁtcBnﬁﬁgx %%r%grﬁf'edjf

the current 'recomended United States Da alue o e mnera

si ngl e sebyi mixingiSzte 9% peneerftdydweighb dactobigaicpacidut tto 50 paitventrbly heeight of
defined in claiml, wherein the.m neral source is ., a mueral. .hydroxide,
mneral car oAt selfnand ! Bxed it HHRERL of 1 BUBR. A AT Arupdis
acid is cigblitonaGind. wWHteinC tR6i fhindtaPtddurésiid, anmhiheralChyldrofidec 0Ri midéraf.
tartaric acid, fumaric acid, adipic acid, succinic acid, ascorbic acid,
phosphor i cagkengteop minerak exidetgrembduressthererf ard mdierain thef mireral oopiéxn 1

or 2, whergl 1 |, coapl i 1,% 5 0 cent
act obi onicand BEoB gl SRUTF dehePdPRicRiioblo aiflHe91oPgb BereyfBf b

per cent ofcutieat edidrmendied Wnitdd Statgs ddaily Yaluet ofothe minefakepertingie 8érving
defined in_ an ne of clains 1 to 3, wherein the mneral is calcium

magnesi umSiZso?Hbei ARy oL bEVErAge R'BAYCY i nc, copper, chromium sel eni um
manganese, or mxtures thereof. 5. The method as defined in any one of
claims 1 to 3, wherein the mneral is calcium 6. The method as defined in
any one2ofThel anethod as defingseiiriclaim fhowhereinecther mjperabrsalrce issapmépenaéd

conpri si ngll\yg'ro%(i&g, l%?ne[}Sf Egllﬂ)tongte,te?%i%%?ro%de(fooqprln&)t(me-s]tﬁereof and the edible
acid is citric acid, lactic acid, acetic acid, malic acid, gluconic acid, tartaric acid,
fumaric acid, adipic acid, succinic acid, ascorbic acid, phosphoric acid, or mixtures

thereof.

3. The method as defined in claim 1 or 2, wherein the mineral complex is prepared by
mixing 50 to 90 percent lactobionic acid, 5 to 25 percent of the mineral source, and
2 to 20 percent of the edible acid in the aqueous solution.

4. The method as defined in any one of claims 1 to 3, wherein the mineral is calcium,
magnesium, potassium, sodium, iron, zinc, copper, chromium, selenium,
manganese, or mixtures thereof.

5. The method as defined in any one of claims 1 to 3, wherein the mineral is calcium.

6. The method as defined in any one of claims 1 to 5, wherein a food or beverage
product is prepared comprising 0.2 to 20 percent of the mineral complex.
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