IMPROVED STABILITY IN VITAMIN AND MINERAL SUPPLEMENTS
FIELD OF INVENTION [0001]This invention relates to nutritional

waepsiemerd compositions.More particularly this invention proVd&d/82008/053960

composition and method to reduce the degradation in vitamin and mineral
supplements associated with darkening and/or spotting of

multi-component nutritional supplement tablets over time, BACKGROUND

OF THEMSROVED BTIABAAN YA VONSNIREANIS tRIPHE eI LT PP ERIEN TS
chemical compounds typically referred to as vitamins and minerals

provide significant value to maintaining an individual in a healthy state
aRffeDIBRINY ENFOHiN medical conditions even when supplied in

relatively small amounts. The human body cannot synthesize most of the
vitamins and minerals that are essential to maintaining the health of the

hgroan] bodyTAiBusveitdonnsanes mineradstionsst beppliaiaed doompa@tions.  More
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nutritional Supplements. As most people do hot eat foods that consistently
pESARS e EL ¢H3EH IR FRIGRIRE IS BRHER RS ARG tnivirlarkening and/or
viiaplim@admifiesrarpetiianalsugiriesosplatienthasidie cumeimeecognized
method of meeting accepted medical and health standards. [0003]Vitamin

and mineral preparations may be administered to treat specific medical
CE@ALIBROUNDIBRAHENNVIENTADSLIPPlements. As there are a number of
vitamins and minerals needed and the daily amounts needed are relatively
small, it is convenient to administer mixtures of vitamins and minerals in
tgba2)r capsutadorn@vacge petab icineplenmng Typibal dsilydosagesahpounds
Cﬁ@%},@p@@%@@%LeMy@nmngrmgTﬁf&Jﬁgeg;J IENE B Mintaining
two tablets or capsules per day. It is not unusual for such compositions to
irRuaeidead drernerihureiaatAedier ineadotispeeliiheredicpicrrdiicsgsyan when
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interactions can occur In these complex mixtures. he most common 0
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or develog unsnght@ dark spots. Oxidation reactions are exergg‘la
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components such as ascorbic acid (vitamin C) and alpha tocopheryl
acetate (vitamin E), for example, have been found to be susceptible to
Mele e INdVEShRNSRICAIERI BAIORHEHI HIE - BNRRAS A BHBRIGMERSt specific
compositions, Ascorbic acid oxidation, promoted by the interaction of
aRESHER ST HRRS FUI AT REREFAL LIS h SYORR T Lip Serifisie are @ number of
caitap@nsﬁiamﬁandwéaaiﬁmedéd timed Meswnge?mbwmen_echtamseetaMety small, it is
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impact availability of components for utilization in the . _
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toriegratatiomdsuades isubRcenstite rimesh P Erximatenis eorpesitiginper day. It
(e.0. etnvironm?r?tal wa%erg and/or,wate{ that,is Io%ely associated with the .

T3ale] UﬂUS\tJa Of SUC onmﬂsmons o includ 0 ’dozen % more nudtrients in
surfaCe or interfacial areas of'the compaosition. For éxample, the

canditierdialiyeasstinisiets Dadteddrsupicthrefeaton ioduct, One-A-Day@
Active, includes a storage statement which reads, "If excess moisture
enters the bottle, the iron may cause spotting on the tablet.”
[0007]Accordingly, desiccants have been employed to improve stability.
However, there are several problems with desiccants: First, desiccants
can be physically removed from a package by the consumer negating the
beneficial effect. Secondly, a desiccant may lose efficacy over time and/or
have limitations in its ability to remove bound water. Thirdly, desiccants
add expense to the final product.




[0008]Limiting the contents of tablets to exposure to environmental water
by employing tablet coating has also been used. While this method may

WOrRAsk/ 1wdiBlems from a consumer's view, the polymeric film cBETAGRW8433960

to date do not appreciably reduce spotting and/or darkening problems.
Examination of aged coated tablets often reveals spotting or core

darkening under the coating [0009]Shah et al. in -A Study of the Chemical
a[eb®4lysicahStahility9f if\scosbiAcisiné ahiat Aotk vt & lulseniical interactions can
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that Emcompress Standa rectly compressible dicalcium phosphate

diRaipsietigraragtiens ihauead dechrefuasiiraiensical dg imparierandrients and
physjcal degragasiondwibripeatdio Wistniggration Hevespn asagraic adek spots.

and thiamine hydrochloride tablets. (Shah, D.H. & Aramblo, A.,. 1975, ..
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composition. [0010]Accordingly as moisture promoted degradation

reactions lead to a loss of potency and/or unappealing discoloration of

nmgbs%rlnpqaam Rfdtional SHPQ@EB%N;&@@[M?EB&MQdﬁgﬂﬂéakdi@gsa'ﬁldjcorbic acid
oxidizaple vitamins, a composition a or. mewno re nee to re
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iw&%ﬁpgmﬁéi%ﬁém%&iﬁﬁl S8ARARIUOBCHRPHSIBY By the interaction of

multivitamin and mineral compaosition comprising at least one polyvalent.
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agnesium, zinc, Selenium, copper, cobalt, manganese, molybdenum,

vAHERRLPR, RiEIPAHY and chromium and combinations thereof. In an

exemplarary embodiment the oxidizable vitamin is selected from the group

consisting of Vitamin C, Vitamin E, Vitamin A, Vitamin A precursors, ,

VIRIRH B5, GravsnteaVitdnliAskelioAisueantrebmBiNishd Aerapiributes to
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the, 9?5%%?#%?%;3{5&9%§878P0?a‘?}§ra&%¥q£%%9é?f'8%@c OFNAEHE surface or
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another preferre iment, the composition is in a tablet dosage form.
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iorpatiegotetist lehebxidizable vitamin and anhydrous dicalcium

phosphate to form a composition, wherein the composition is substantially

free of mobile bound water. [0014]A method for reducing oxidation

in@96&l spotierpidiaghiulfFteaiandavmePaPEoRPHLMIEA sifppBrieve stability.

talpidsdpravisied rhesanRtRp dhEURPAISESth desiccants:  First, desiccants can be
physically removed from a package by the consumer negating the beneficial effect.
Secondly, a desiccant may lose efficacy over time and/or have limitations in its ability

to remove bound water. Thirdly, desiccants add expense to the final product.

[0008] Limiting the contents of tablets to exposure to environmental water by

employing tablet coating has also been used. While this method may mask problems
2.



combining at least one polyvalent metal selected from the group
consisting of iron, magnesium, zinc, selenium, copper, cobalt,

WOrapganese, molybdenum. vanadium, nickel, tin and chromiuR€EA$2008/053960

combinations thereof, and at least one oxidizable vitamin selected from
the group consisting of Vitamin C, Vitamin E, Vitamin A, Vitamin A
precursors, Vitamin B6, Vitamin D3, Vitamin K, folic acid and

B S L R Rt pprecialy
Su antia ree Oor mopile pouna water.
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coftepositioalcoputiiging adteastriorrengalyviaicthernetéihgnd at least one

oxidizable vitamin, with substantially improved resistance to reactions that

lead to darkening and /or spotting and reactions that may reduce the
pREABY of oRidaradla@vitaniirsuthefithve ptiemEisiosint ltoksiaaleBienlbiYorf Ascorbic
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oxidation, |mprovm% the stability of oxidjzable vitamins, and stablllzmg the
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ound water - traditionally believed to be unavailable for participation in
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compositions comprisi lyva etal i nd an, oxidjzable vitamin. .
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afdrepRRAalereaiitarean chtte aeRRABtI’dicalcium phosphate, wherein

the composition is substantially free of mobile bound water. The invention

is directed to solving a problem in conventional commercial multivitamin

afPiQheral £ARINAN S O HRUB SEPTR AP FEaFAdAHRIIEHENRIFEN & loss of

piriaded Ao welbebarmatediees MtaBHNS, rlinesalspan@ relatemional supplements
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dizpeastatioativies Glaisitinge RIAMN o sisaiRt Rl earikemind i aeanepapoititigritional
okthe tahigitover time frames consistent with commercial product shelf

life. [0019]Polyvalent metal cations are believed to serve as catalysts for
oxidation of vitamins and the process appears to be facilitated by the
PEIRIMARY \OFTHEMVENRDN environmental water or loosely

associated surface or interstitial water have been believed to be the

source of water that facilitates the oxidation of vitamins in the presence of
pedgdalent nTetial pesse A mobsesNalioni i op priechiydedacidhalogitamitomprising
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increasing temperature. However, whileéthis source of water Can be a

faitdeaspstingoxitizetiieoziamivhergiese Seucesninsiale iRegigstaatially free of
ameLILel MR dPORDEnasiatnbaRr @WestIg eRv iy A poRepRRIalent metal
su plefm(teﬁgjt#?blet having a pluraljty of vitamins and minerals from being
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staihifity, bodigisneequemthyy insufficientaogutieventrspattingroventhechromium  and
cemmFisiRRheliR Of Mulli vEREiR I Mingak SHARIEMENRIGRIRE vitamin is

make a significant impact on the lengthening of disintegration times over a
tiffeeofRd TFRBNTFFAVR BRI @ thAlaNite oM ition YHaER Qallifiamin A
shugiurssrdradiionaty, believedto beanavaikdle fvideactishali@mbiethereof.
or near ambient conditions, may play a role in the vitamin oxidation

reactions in the presence of polyvalent metal cations that lead to spotting

of multi-vitamin and mineral supplement tablets. The present invention
provides for minimization of internal bound water available for reaction in a
solid dosage form, e.g. mobile bound water. In one exemplary

embodiment the propensity for ascorbic acid (e.g. Vitamin C) to interact

with polyvalent metal cations is minimized by using anhydrous dicalcium
phosphate as a mineral lexcipient (e.g., as a source of calcium and
phosphorus and as a diluent and/or binder) and avoiding using calcium

salts having water of hydration. [0021]As used herein, the term
"daaradationn™ meanc the chanacoe of a Aiven




chemical species to a different chemical species (e.g. chemical change).

Chemical changes which produce spotting and/or decrease the potency of
W@ 20089d9ient or compound or both are of particular interest iP¢(SIARIA0RI053960

this invention. [0022]As used herein, the phrase 'disintegration time"

means the amount of time it takes for a tablet dosage unit of a nutritional

supplement to disintegrate under controlled laboratory conditions. One of

gtdtm]y sltsiItﬂmrb;%ee@mtriﬁdfa?aﬂiﬁtﬁM@h,@@é@g@%@@ﬂ%}{ﬁg@w%@nses anhydrous
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hepsirgetiephrase "chemical stability" means the ability of a compound to
maintain its chemical identity over time. Accordingly, stability implies the

ability of a chemical species to resist oxidation or other degradation, for

el@fhple. Asfusestinstdini, Briepprirgse "Phiisitaindtapiiityminemhsanecabilign of the
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facilitate chemical reactions under ambient or near ambient conditions.
viBsePeERial e YRR WEMRE hydration in the crystalline
structure of dicalcium phosphate dihydrate is exemplary. Although
generally considered to be bound and stable under ambient or near =
aHiBIédt condiffidHEq8. iyl b Rt o SH NP Lt Je Arpulfdpmin and
intinepresengmsifioxidizablervédamtaslandgp alyeabint. meldidaomsetthe dvatemprises
beune AR BHE A I alion can fAiAC bR AXHBlioMECARIANARNIRL of iron,
h eans less than

erein the term "substantially free of mobile bound water '
0BRGP WBIgRINGT FRITUMPoSRRAS P bR tatfiidanasewaAtel B eiydratisanadium,
oniokeer fiarmadlydpesiaiwaied thahibrhecomeravailable forieeretione oxidizable
under. ient o bient conditions. (The amount.of.0.3% or le .
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CHRIRPEBEIA DaSARRIH P AHRAMAR! 3 RIS RLeR M free of mobile
substantially free of mobile bound water recognizes that very small
AARE0AY P vater of hydration associated with nutrients may be used
and/or that trace amounts of hydrated forms may be present in
compositions designated as anhydrous. A maximum value for mobile

; S L] e masses of the water of

hydration for each component having water of hydration and comparing it
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mineral materials. Multivitamin and mineral supplement includes .
ORI B SRE PR UM SAUoMEARBMIRERG at 1688t BHRNfiARERSC includes
ametraptiofallyhdkeiledesurtitritienalageiois andhrasticadetiooicievEiamgver, @slucing

u ein, tivitamin a i p d n .
R e R AL R itng tne
cORPRK FHARILEOR R chetithwiBal e RFE CTiNaFRl /OH EH RIGOSHIRME RN fargeosition.
amounts of hydrophobic material (e.g. greater than 30% highly

hydrophobic material such as, for example, phytosterols) which add

additional complexities to the supplement composition. In other words the
invention is directed to resolving a problem associated with conventional

mass produced nutritional supplements-generally referred to as

multivitamin and mineral supplements that containing a plurality of

vitamins and a plurality of minerals. The terms "multivitamin and mineral”

or "multivitamin and multirnineral” should be interpreted in an equivalent
manner herein when they proceed the terms nutritional supplement”,

“tablet", or "composition”. WO 2008/101076PCT/US2008/053960

[0026]The term "potency” relates to the amount of efficacious component.
Tvnically ac r1iced herain it referce to the efficacioirie amoiint of a anzen



[0029]As discussed above, the invention addresses the undesirable
interaction of oxidizable vitamins with polyvalent metal ions in the

W ree¥ e f mobile bound water. Accordingly, the invention i®EPAIRABES3960

to a solid form composition containing one oxidizable vitamin and one
polyvalent metal ion whether the oxidizable vitamin and the polyvalent
mineral on are the sole active agents or part of a mixture of vitamins and

Miserefs. AsThetaphaheys. feadwventionis Rastisyary slireried (0 GRSy, that
mixtures of vitamins and mln_eral of tt]e %/é,e fo%nd kn commi%:)% L
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United States Pharmacopeia National Formulary Official Compendium o
STRAWARISYPEIYYRET Bl NpRS B GRIGHRARANIAREY Standards) or
European Directive 90/4961EC including amendments which are

incarporated herein by reference. Amounts of vitamins and minerals may
vé‘}%oﬂ spectficeRi BTt ARV CRBYIH 6 FRERG TR WARTARE B 0iggun C© and a
apobyvats rgehioathidn, thed BrSuriroisHiGificial Qasperid)whatBtirdesdposition is
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[0030]Vitamins and related entities which may be included in multivitamin
aRPRIfARIAl PR HABRsSACITEE Ut AHE WERTIR iR o eaRhi RIS it Rifh to the
Eobaminaptamio 82)dnbaitawni{Mitaanprdpajeniacm (Mtaohdr &3 rized vitamins,
pyridoxine (Vitamin Be), folic acid, cobalamins (Vitamin B12), Pantothenic
aﬁ&g?éﬁt%ranﬁ‘ﬁ Eé)@ |%t3|%)0§;%8%%% A (and Vitamin A precursors), Vitamin D.
Vitamin K, other B complex vitamins, B complex related compounds such

agpbeline gnd Jositgl. 13r sx3MDk _%%&?JQ“%?&% _CRS‘S_éHF%Hb&mon of the

lycopene, zeaxanthin, and astaxanthin these vitamins, Vitamin :
VIRABAPE IXRta@In RS VIERAIYEB ECURAINTIDS (RhiahH BeerHI BBRs greer time
kapuvisordestarsceniiiecingxighalions fb timdtivitan a Hedoveneraé frames consistent

preparations, O[ the vit§minl§ l'%sted above, Vitamin C and vitamin E are
WitE cci)m[nerc:la r?%llzc she (lj e. .
particularly suscepiible to oxidation in the presence of polyvalent metal

ions. [0031]Vitamin C is commonly provided as ascorbic acid in

o BRI Bl dARIER e SRR a6 (SR st for cxisaron
susceptible to oxidation, it commonly Is a significant contributor to spotting

aPid \aREIRNA B AN Sa2eBrBls palPRdRSIiasdrbpHoBiREgenes of water.

Vit _isb@awgiéh\)n@ﬁraqm@uw%aflﬁniwo@rwai@bamobf&mbﬁaﬂwl ttial water
spotting is gbserved, using acor mitate use of ascor almitate
B R ey e 8 B PR I A e P o amins
palthicapeeiserelativfatplgxpentive tebioparetintoesruabionagic rotb s hedse fact that
PAtsAiANGNRIERrNC RCE dAleelb Y IiRBIR B ABREY I ESESSEALNARIGNEktent by
use levels and Ig\:\%ar tablets for consumers to swallow. Ascorbyl palmitate
a0 FA 5B Gt WP BRYGEEY VRIS RHSEP BT HRIEE SR G proIEs SPotting
peaticatilhdyodurig Tt peessicresupcobypecadlyligibld s tatilets tiatatee. subject
io substantial increases of disintegration times over product shelf life time
frames [0032]Coating or encapsulating ascorbic acid with various barrier
pmﬂﬁ)@;s is d:pdssrible_mﬂmnmw@wtbvéaeﬁmiagcbrr}swwimyp&idmm tabtegs having
nrargyRIRER D S sARG PHL IR LR CXRRI LS IS RARdHE 16 E‘%Wﬁwamtam

inv
p?(l)lﬁmerlc film coating to have an undesirable negative impact on tablet '

ROEGRINGR! 20LBRYFIER) SIRBH LIS disauGatY ihsitiRieat it PiRYERIGROtIng
cavefaniditadenowictadiosh off Viigaohim Qiand thatsadoidimganslugirgnents and/or make

fﬁ@&%ﬁ%@ﬁ A ﬁ& @9%%9%%%@6@?&9&1@ ?é‘i%%ﬂsa%’ PG, time.  The
itamin C, provides a practical, cost effective means for reducing
deypatRifionFeacHsns tREdedtpto Hakerfihg ot Qofting Worystalline structure,
2008/101076PCT/US2008/053960 [0G83]Vitamin E is typically provided

as Dl-alpha tocopheryl acetate in multivitamin-and mineral tablets. Like

Vitamin C, Vitamin E has been found to be particularly susceptible to

moisture induced chemical degradation in the presence of polyvalent

metal ions. Typically, Vitamin E oxidation does not contribute significantly

to spotting, but the oxidation of Vitamin E leads to marked decreases in its

potency over time. Accordingly, the oxidation of Vitamin E can impact the
Aarnalitny of the niitritional cirinnlement over time | ikewice avonidance nf



WO 2008/101076PCT/US2008/053960 [0036]Many minerals salts
comprise polyvalent metal ions. For example, typically iron, magnesium,

WwQgsdelmum, copper, cobalt, manganese, molybdenum, vaRaditif2008/053960

nickel, tin and chromium are provided in a salt form in which the metal is
in a polyvalent state. Any polyvalent metal ion may catalyze oxidation
reactions; however, iron and copper ions are known to be particularly
pttzlaimm&ii@ iBgneNtvitamineandavangsal compesitionsat{GOBTRNNite Water ambient
QXQ {%%%n %Séi/ Bigf cﬁh arj;'XhSeaIC[f: asn(?% 9,843, ml vaaa m and r?,k:)%erbaflesence of
y potentia

composmon may po y be a Soufce of mobile botnd wa er
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merC|aI multivitamin %nd m|n ral pr é)aratla s because it is a
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dicalcium phosphate often comprises a significant amount of a
caﬁmﬁf’éfﬁf’a{FM‘a’ﬂ‘Rﬁtﬁmﬁ? %&m%%?aiﬁﬁtﬂfe‘fa[%%i‘,&éé&aﬁﬁ’&@f UDHPRE % 8rdiluent
trndéasondel panduanvoitieg uelimioaitngnthelts Sedhtheatenuhioydhytirated
form of dicalcium phosphate can reduce a significant amount of the mobile
bound water available to facilitate the undesirable oxidation reactions. In
off®¥2hhbodimentsedinmgration'tf tleemalsizdsatind’ watenadbeciztedowithf a given
dicRlcig) BROSRBAE 4% ARGAMPIRDAR D HSG ?Q?Qfﬁ’éﬁx@é?%ﬁ . Chemical

phosphate. Anhydrous dicalcium phosphate provides the calcium and
pRRMHS Yl rRIRE HEm Sttng @@ﬁﬁé?ﬁ%%?’?&lt@%ﬁﬁ(ﬁﬁ%ﬂ?frﬁoﬁﬂ@ponem or
bostngdanatestoaarirdote daituaundasisainl ecxtidatiothieactonwn\While
use of anhydrous dicalciurn phosphate is generally beneficial, it is
particularly beneficial in compositions comprising large amounts of
cE0Reh (e.gAsampodikosis, ctmamisasy s thgnats0timg ofrelensetitalamount of
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as the sole source of elemental calcium in the multi-vitamin and minera
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saigibedsHeb pedar exaroplsteattiimopasbeBrtiegrifion times.
2008/101076PCT/US2008/053960 [0039]The multi-vitamin and mineral
nutritional compositions in accordance with the present invention are
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aids known to those skilled in the art are suitable for use in multivitamin

and mineral compositions of the invention so long as they do not include
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compositions of the present invention is a Solid. However, solid dosage
FSHHTHE DntiaAOR aqlesRReHRUTNSHGeNi! %oﬁﬁe@éﬂ?&nerﬁgmug generally
Exemplary solid dosage forms included; but are not limited to, tablets,

caplets, capsules, chewable dosage forms, powder, sachet and the like.

The daily dosage may be included in a single delivery unit or may

comprise multiple delivery units. Dividing the daily dosage among multiple
delivery units may be desirable if a tablet is used, for example, to provide

a tablet size that is convenient to swallow. If multiple delivery units are

used, they may be administered one at a time or administered at intervals
diirina the do<cane neriod (e a tvnicallvy 2 dav) if decired Accordinalys it



tablet prepared by a direct compression method avoiding exposing the
composition to liquid water in the manufacturing process. The ingredients

WQRP¥18dvAPosition can be preblended, sequentially combined@¥/US2008/053960

combined through other dry granulation methods. Alternatively, wet
granulation may be used. However, if wet granulation and/or aqueous
based coating is used processing steps should be designed to limit

eé@ﬂ%@é@ YWalRr ho A CaRSInaRad RieViIgR S ERCHY S\ 8EYIRgHRAN conditions (e.g.
Ietlo%}({‘ﬁ?ranul tlon and/or coatlng EXAMPLE 1 [0043]Three

Sfeg R SEIRBI St éﬁﬁﬁﬂaﬂ?%rﬁ%blﬁ%ﬁ oP R rRioRxidizable
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invention and are provided for illustrative purposes. The multi-vitarnin and
miRERS WaRT JRGR B iR hERE- 2% MpNRiER iR AR IeAMResiiRnsihhe g fgbuted to
bevatetaiy tosegeand typicalyrmalyddoe et mitistered imaneetoneravailable for

d?&?&%r‘:‘ BIF%Q? 9P LML aliefE): LoNAiRIS do it t#ﬂ&ﬁrﬁrﬁfﬁg%@c or less

hey may be taken at one time or sp aced intervals du e day

afﬁ?ﬁﬂﬁﬁ% friorcatiealesot the %Bééfléﬂ'?ﬁﬁt?f@ﬁt%&?ﬁp@n@m 5150 8d 6t or less than
inchede shepaassrod@ny” ):our)&ebdmsg&maédir@lmftfaecﬁpﬁw&%t that has mobile
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acht) 68 nagladitatedn Byl S(tlmmﬂg) the mgseianaintBe (ridleflavinhydration for each
component having water of hydration and comparing it to the total mass of the

composition to arrive at a percentage.

[0025] The term “multivitamin and mineral” or “multivitamin and multimineral”
supplement(s) should be interpreted to mean conventional commercial type vitamin
and mineral supplements prepared from specific vitamin and mineral materials.
Multivitamin and mineral supplement includes compositions comprising, at least one
vitamin and at least one mineral and, optionally, related nutritional agents such as
carotinoids. However, as used herein the term multivitamin and mineral supplement
does not include supplements with complex plant extracts such as for example
complex multi-component herbal extracts and/or compositions with large amounts of
hydrophobic material (e.g. greater than 30% highly hydrophobic material such as, for
example, phytosterols) which add additional complexities to the supplement
composition. In other words the invention is directed to resolving a problem
associated with conventional mass produced nutritional supplements generally
referred to as multivitamin and mineral supplements that containing a plurality of
vitamins and a plurality of minerals. The terms “multivitamin and mineral” or
“multivitamin and multimineral” should be interpreted in an equivalent manner herein

when they proceed the terms "nutritional supplement”, “tablet”, or “composition
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1.7 mg Niacin 20 mq Vitamin B6 (pyridoxine) 2 mg Folic Acid 400 mcg
Vitamin B12 (cyanocobalamin) 6 mcg Pathothenic Acid 10 mg Calcium
W20 g 1PTHosphorus 110 mg Magnesium 50 mg Copper 1 m@CT/US2008/053960

[0026] The term “potency” relates to the amount of efficacious component.

Typically, as used herein, it refers to the efficacious amount of a given component at

a given time in comparison to the efficacious amount of the same component at a

second time. Typically, potency is expressed as a percentage. For example, a 20%

reduction in potency of component A after three months means that the efficacious

amount of component A present after a three month period is 80% of the original

efficacious amount of component A.

[0027] As used herein, the term “polyvalent metal” means a metal ion having a

valence of 2 or higher.

[0028] As used herein, the term “oxidizable vitamin” may apply to either a fat or

water soluble vitamin that is subject to oxidative degradation, and whose oxidation

may be facilitated by the presence of water and a polyvalent metal. Oxidizable

vitamins include, but are not limited to, Vitamin C, Vitamin E, Vitamin A, Vitamin A

precursors, Vitamin Bg, Vitamin D3, Vitamin K, and folic acid.

[0029] As discussed above, the invention addresses the undesirable interaction

of oxidizable vitamins with polyvalent metal ions in the presence of mobile bound

water. Accordingly, the invention is applicable to a solid form composition containing

one oxidizable vitamin and one polyvalent metal ion whether the oxidizable vitamin

and the polyvalent mineral ion are the sole active agents or part of a mixture of

vitamins and minerals. As noted above, the invention is particularly directed to

complex mixtures of vitamins and minerals of the type found in commercial multi-

vitamin and mineral supplements. A listing of vitamins and minerals and related

agents that may be included in nutritional supplements and dosage amounts are set

forth in established reference guides such as the United States Pharmacopeia

National Formulary Official Compendium of Standards (i.e., the U.S.P.-N.F. Official

Compendium of Standards) or European Directive 90/496/EC including amendments

which are incorporated herein by reference. Amounts of vitamins and minerals may

vary in specific embodiments but should typically fall within the dosage amounts set

forth in the U.S.P.- N.F. Official Compendium of Standards or European Union

Directive.
-8-



Iron 18 mg Manganese 2 mg Zinc 15 mg TABLE 2 Ingredient
AmountDaily Dosage Vitamin A (and precursors) 3000 IU Vitamin D 400
WOUNsamiicE 45 [U Vitamin K 50 mcq Vitamin C (ascorbic aci#iyT/US2008/053960

[0030] Vitamins and related entities which may be included in multivitamin and
mineral preparations include but are not limited to Vitamin C, Vitamin E, thiamin
(Vitamin B1), riboflavin (Vitamin B.), niacin (Vitamin Bg;), pyridoxine (Vitamin Bg), folic
acid, cobalamins (Vitamin B;;), Pantothenic acid (Vitamin Bs), Biotin, Vitamin A (and
Vitamin A precursors), Vitamin D, Vitamin K, other B complex vitamins, B complex
related compounds such as Choline and Inositol, for example, and carotinoids such
as lutein, lycopene, zeaxanthin, and astaxanthin . Of these vitamins, Vitamin C,
Vitamin E, Vitamin A, Vitamin B, Vitamin D;, Vitamin K and folic acid are know to be
susceptible to oxidation in multivitamin and mineral preparations. Of the vitamins
listed above, Vitamin C and vitamin E are particularly susceptible to oxidation in the

presence of polyvalent metal ions.

[0031] Vitamin C is commonly provided as ascorbic acid in multivitamin-
multimineral tablets. As ascorbic acid is particularly susceptible to oxidation, it
commonly is a significant contributor to spotting and darkening. Alternatively,
ascorbyl palmitate, a hydrophobic ester of Vitamin C which has a reduced affinity for
water may be used. Reduced spotting is observed using acorbyl palmitate, but use
of ascorbyl palmitate has disadvantages which need to be carefully considered.
Ascorbyl palmitate is relatively expensive compared to ascorbic acid and is less
potent than ascorbic acid (42.5% vitamin C potency) necessitating higher use levels
and larger tablets for consumers to swallow. Ascorbyl palmitate also has poor
powder flow properties which lead to processing problems particularly during
compression and typically yields tablets that are subject to substantial increases of

disintegration times over product shelf life time frames.

[0032] Coating or encapsulating ascorbic acid with various barrier coatings is a
possible alternative to preventing or slowing oxidation. The inventors explored this
strategy, but for the experiments conducted found polymeric film coating to have an
undesirable negative impact on tablet disintegration. Accordingly, the inventors’
discovery that water of hydration can facilitate oxidation of Vitamin C and that
avoiding including components having mobile bound water in compositions
comprising Vitamin C, provides a practical, cost effective means for reducing
degradation reactions that lead to darkening or spotting.

-9-



90 mg Vitamin B1 (thiamin) 1.5 mg Vitamin B2 (riboflavin) 1.7 mqg Niacin

20 mg Vitamin B6 (pyridoxine) 2 mq Folic Acid 400 mcg Vitamin B12
W@asidesialamin) 6 mcq Pathothenic Acid 10 mg ' Biotin 30 MGII2e08/153960

200 mg

[0033] Vitamin E is typically provided as Di-alpha tocopheryl acetate in

multivitamin-and mineral tablets. Like Vitamin C, Vitamin E has been found to be

particularly susceptible to moisture induced chemical degradation in the presence of

polyvalent metal ions. Typically, Vitamin E oxidation does not contribute significantly

to spotting, but the oxidation of Vitamin E leads to marked decreases in its potency

over time. Accordingly, the oxidation of Vitamin E can impact the quality of the

nutritional supplement over time. Likewise, avoidance of including components

having mobile bound water in compositions comprising Vitamin E reduces oxidation

of Vitamin E.

[0034] Minerals which may be included in multivitamin and mineral supplements

include, but are not limited to, iron, iodine, magnesium, zinc, selenium, copper,

calcium, manganese, silicon, molybdenum, vanadium, boron, nickel, tin, phosphorus,

chromium, cobalt, chloride, and potassium. Mineral components of multivitamin-

multimineral tablets are typically provided in salt form. The salt form used should be

a pharmaceutically acceptable salt form.

[0035] In some cases the salts may be hydrated forms having bound water of

crystallization. For some hydrated salts such as, for example, dicalcium phosphate

dihydrate, the bound water of crystallization is mobile bound water that can become

available 1o facilitate oxidation reactions at ambient or near ambient conditions.

Accordingly, avoiding use of salt forms that contain mobile bound water removes a

significant source of water and reduces the propensity for moisture facilitated

oxidation reactions to occur. Using anhydrous dicalcium phosphate as a caicium

source/excipient instead of the commonly used dicalcium phosphate dihydrate is

exemplary. Salts with water of hydration may be generally avoided, or as water of

hydration in crystalline structures has traditionally been considered to be unavailable

under ambient conditions, testing to determine if a hydrated salt can contribute to the

oxidation process may be done. Such testing could be accomplished in any of

several ways. For example, a test composition comprising the hydrated salt, an

oxidizable vitamin and a polyvalent metal ion could be prepared and subjected to

stability testing.
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Phosphorus 100 mg Magnesium 100 mq Potassium 40 mg Boron 150
mcqg Chromium 120 mcq Copper 2 mg lodine 150 mcq Iron 18mg
WOLA08 H83e PCT/US2008/053960

[0036] Many minerals salts comprise polyvalent metal ions. For example,
typically iron, magnesium, zinc, selenium, copper, cobalt, manganese, molybdenum,
vanadium, nickel, tin and chromium are provided in a salt form in which the metal is
in a polyvalent state.  Any polyvalent metal ion may catalyze oxidation reactions;
however, iron and copper ions are known to be particularly problematic in

multivitamin and mineral compositions.

[0037] While water of hydration associated with any salt used in a multivitamin
and mineral composition may potentially be a source of mobile bound water, the
inventors have identified commonly used hydrated calcium salts to be particularly
problematic. Dicalcium phosphate, dihydrate is commonly used in commercial
multivitamin and mineral preparations because it is a low cost ingredient that
provides several benefits. In addition to providing calcium and phosphorus nutrients,
it is a useful excipient for preparing tablets serving as a binder and/or diluent. Due to
its excipent/nutrient role, dicalcium phosphate often comprises a significant amount

of a commercial multivitamin and mineral tablet.

[0038] Accordingly, for at least the reason of amount used, eliminating the use
of the common hydrated form of dicalcium phosphate can reduce a significant
amount of the mobile bound water available to facilitate the undesirable oxidation
reactions. In one embodiment, elimination of the mobile bound water associated with
dicalcium phosphate is accomplished by using anhydrous dicalcium phosphate.
Anhydrous dicalcium phosphate provides the calcium and phosphorus nutrient
benefits and excipient benefits without any mobile bound water to contribute to the
undesirable oxidation reactions. While use of anhydrous dicalcium phosphate is
generally beneficial, it is particularly beneficial in compositions comprising large
amounts of calcium (e.g. compositions comprising more than 150 mg of elemental
calcium per tablet). Further, anhydrous dicalcium phosphate may be used as the
sole source of elemental caicium in the multi-vitamin and mineral composition or,
alternatively, used in combination with other calcium sources such as, for example,

calcium carbonate.
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2 mg Molybdenum 25 mcqg Selenium 25 mat Silicon 2 mg Tin 10 ma)
Vanadium 10 mcg Zinc 15 mqg Nickel 5 mcg Chloride 36 mg Lutein 300
WOrRH§8/101076 PCT/US2008/053960

[0039] The multi-vitamin and mineral nutritional compositions in accordance with
the present invention are intended for oral administration in a solid form.
Accordingly, in order to form a solid dosage form, the composition may further
comprise excipients and/or processing aides in addition to vitamins and minerais.
Exemplary excipients and processing aids, include but are not limited to, absorbents,
diluents, flavorants, colorants, stabilizers, fillers, binders, disintegrants, lubricants,
wetting agents, glidants, antiadherents, sugar or film coating agents, preservatives,
buffers, artificial sweeteners, natural sweeteners, dispersants, thickeners, solubilizing

agents and the like or some combination thereof.

[0040] Generally, excipients and processing aids known to those skilled in the
art are suitable for use in multivitamin and mineral compositions of the invention so
long as they do not include water that can facilitate oxidation reactions.  For
example, in some embodiments containing ascorbic acid it may be desirable to avoid
using starch as an excipient for granulating ascorbic acid as starch is hygroscopic.
An exemplary suitable granulating agent for ascorbic acid is HPMC
(hydroxypropylmethylcellulose)

[0041] The dosage form of the compositions of the present invention is a solid.
However, solid dosage form may contain non-aqueous liquid or semi-solid
components. Exemplary solid dosage forms includes, but are not limited to, tablets,
caplets, capsules, chewable dosage forms, powder, sachet and the like. The daily
dosage may be included in a single delivery unit or may comprise multiple delivery
units. Dividing the daily dosage among multiple delivery units may be desirable if a
tablet is used, for example, to provide a tablet size that is convenient to swallow. If
multiple delivery units are used, they may be administered one at a time or
administered at intervals during the dosage period (e.g. typically a day) if desired.
Accordingly, it should be understood that any amounts of the vitamins, minerals or
other related nutritional agent disclosed herein are for a daily dosage and that
dosage may be delivered in a single delivery unit or multiple delivery units. Further,
dosages are for the amount of the specified species of nutrient and the mass of any
counter ion and/or ligand associated with the specified species is not included in the
specified amount.
12



Lycopene 600 mcg Astaxanthin 100 mcq Zeaxanthin 300 mcg Inositol 50
mg Choline 55 mg TABLE 3 Ingredient Amount/Daily Dosage Vitamin A
w@2008fdetFsors) 5000 U Vitamin D 200 IU Vitamin E PCT/US2008/053960

[0042] In a preferred embodiment, the multivitamin and mineral supplement is a
tablet prepared by a direct compression method avoiding exposing the composition
to liquid water in the manufacturing process. The ingredients of the composition can
be preblended, sequentially combined, or combined through other dry granulation
methods. Alternatively, wet granulation may be used. However, if wet granulation
and/or aqueous based coating is used processing steps should be designed to limit
exposure to water in processing and provide effective drying upon completion of

granulation and/or coating.

EXAMPLE 1

[0043] Three examples of the composition of exemplary embodiments of the
invention are provided in Tables 1, 2, and 3. These compositions are representative
and examples of the many compositions that are within the scope of the invention
and are provided for illustrative purposes. The multi-vitamin and mineral nutritional
supplements exemplified in Tables 1-3 are intended to be a daily dosage and
typically would be administered in one or more dosage units (e.g. one or more
tablets). If multiple dosage units are used they may be taken at one time or spaced
intervals during the day. The amounts indicated are of the specified nutrient
component and do not include the mass of any counter ions. Accordingly, the
specified component may be derived from any pharmaceutically acceptable
compound or salt. Further the examples give amounts of nutrients (e.g. vitamins or
minerals) and it should be understood that the specified nutrients may be combined

with one or more excipients to prepare a final dosage form.
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60 IU Vitamin K 25 mcq Vitamin C (ascorbic acid) 120 mg Vitamin B1
(thiamin) 4.5 mg Vitamin 82 (riboflavin) 5A mg Niacin 40 mg Vitamin B6

WQ@aRItNan®) 6 mq Folic Acid 800 mcg Vitamin B12 (cyanocobR4aittisg0e&053960
mcq Pathothenic Acid 20 mq

TABLE 1
ingredient Amount/Daily Dosage
Vitamin A (and precursors) 3500 1U
Vitamin D 400 1U
Vitamin E 301U
Vitamin C (ascorbic acid) 60 mg
Vitamin B1 (thiamin) 1.5 mg
Vitamin B2 (riboflavin) 1.7 mg
Niacin 20 mg
Vitamin B6 (pyridoxine) 2mg
Folic Acid 400 mcg
Vitamin B12 (cyanocobalamin) | 6 mcg
Pathothenic Acid 10 mg
Calcium 220 mg
Phosphorus 110 mg
Magnesium . 150 mg
Copper 1 mg
fron 18 mg
Manganese 2mg
Zinc 15 mg

TABLE 2
Ingredient Amount/Daily Dosage
Vitamin A (and precursors) 3000 1U
Vitamin D 400 1U
Vitamin E 451U
Vitamin K 50 mcg
Vitamin C (ascorbic acid) 90 mg
Vitamin B1 (thiamin) 1.5 mg
Vitamin B2 (riboflavin) 1.7 mg
Niacin 20 mg
Vitamin B6 (pyridoxine) 2mg
Folic Acid 400 mcg
Vitamin B12 (cyanocobalamin) | 6 mcg
Pathothenic Acid 10 mg
Biotin 30 mg
Calcium 200 mg
Phosphorus 100 mg
Magnesium 100 mg
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Biotin 45 mcg Calcium 250 mg Phosphorus 160 mg Magnesium 40 mg
Potassium 80 mg Boron 60 rico Chromium 120 mcg Copper 0,5 mg

WORH3101076 PCT/US2008/053960
Potassium 40 mg
Boron 150 meg
Chromium 120 mcg
Copper 2mg
lodine 150 mcg
fron 18 mg
Manganese 2mg
Molybdenum 25 mcg
Selenium 25 mcg
Silicon 2 mg
Tin 10 mcg
Vanadium 10 mcg
zZinc 15 mg
Nickel 5 mcg
Chloride 36 mg
Lutein 300 mcg
Lycopene 600 mcg
Astaxanthin 100 mcg
Zeaxanthin 300 mcg
Inositol 50 mg
Choline 55 mg

TABLE 3
Ingredient Amount/Daily Dosage
Vitamin A (and precursors) 5000 1U
Vitamin D 200 11U
Vitamin E 60 IU
Vitamin K 25 mcg
Vitamin C (ascorbic acid) 120 mg
Vitamin B1 (thiamin) 4.5 mg
Vitamin B2 (riboflavin) 5.1 mg
Niacin 40 mg
Vitamin B6 (pyridoxine) 6 mg
Folic Acid 800 mcg
Vitamin B12 (cyanocobalamin) | 18 mcg
Pathothenic Acid 20 mg
Biotin 45 meg
Calcium 250 mg
Phosphorus 160 mg
Magnesium 40 mg
Potassium 80 mg
Boron 60 mcg




150 mcg Iron 9 mg Manganese 4 mg Molybdenum 75 mcqg Selenium 70
mon Silicon 4 mg Zinc 7.5 mg Chloride 72 mg EXAMPLE 2 [0044]Table 4
WQRAKE &eisility data for tablets of an exemplary embodiment 8CHES2008/053960
invention prepared with anhydrous dicalcium phosphate as compared to
the same combination of ingredients prepared in the same manner with
the exception that dicalcium phosphate dihydrate was used instead of
anhydrous dicalgktighpiiesphate. Both sets of tahjefrgomprised 60
mg/tablet Ascarpgppetd (Vitamin C) and 30 TUgahief Vitamin E andthe
polyvalent metajeegions of 18 mg/tablet Iron |(asderigys fumarate),|100
mg/tablet Magpgsium (as magnesium oxide)| 8 mg/tablet copper (as
cupric oxide), 1 Mmgfsalled zinc (as zinc oxide} &y mg/tablet manganese
(as manganesgMualfatrhimncg/tab Nickel (as nigketgulfate)and 25
mcgitablet ChroBsilemyas chromium chloride). Zsnmdicated above, the
only distinction Béiweeen the two sets of tablets was that one batch was
prepared using dicalcium phosphate dihydrate/ anghghe other batch was
prepared using ghiydi®us dicalcium phosphaf thdboth batches th
amount of calcium per tablet was 162 mg and the amount of phosphorus
per tablet was 125 mg. The tablets were stored under the stressed
conditions of 1 week at 55C/95% Relative Humidity ("RH") plus 3 months
at 40C / 75% RH. The tablets werefeS@Mitéd%and tested initially and at
the end of the test period.

D

[0044] Table 4 shows stability data for tablets of an exemplary embodiment of
the invention prepared with anhydrous dicalcium phosphate as compared to the
same combination of ingredients prepared in the same manner with the exception
that dicalcium phosphate dihydrate was used instead of anhydrous dicalcium
phosphate. Both sets of tablets comprised 60 mg/tablet Ascorbic Acid (Vitamin C)
and 30 IU/tablet Vitamin E and the polyvalent metal cations of 18 mg/tablet lron (as
ferrous fumarate), 100 mg/tablet Magnesium (as magnesium oxide), 2 mg/tablet
copper (as cupric oxide), 15 mg/tablet zinc (as zinc oxide), 2.5 mg/tablet manganese
(as manganese sulfate) 5 mcg/tab Nickel (as nickel sulfate)and 25 mcg/tablet
Chromium (as chromium chloride). As indicated above, the only distinction between
the two sets of tablets was that one batch was prepared using dicalcium phosphate
dihydrate and the other batch was prepared using anhydrous dicalcium phosphate.
In both batches the amount of calcium per tablet was 162 mg and the amount of
phosphorus per tablet was 125 mg. The tablets were stored under the stressed
conditions of 1 week at 55C/95% Relative Humidity (“RH”) plus 3 months at 40C /
75% RH. The tablets were examined and tested initially and at the end of the test

period.
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WO 2008/101076PCT/US2008/053960 TABLE 4 Vitamin C Stability % of
initial amount Vitamin E Stability % of initial amount Disintegration Time

WQIzitigMomigentegrationi Time (After) dicalcium phosphate dihydETEUS7048/053960
62.5 2.9 -3.9 mins More than 1 hr anthydrous dicalcium phosphate

TABLE 4
Vitamin C Vitamin E Disintegration Disintegration
Stability % Stability % | Time (Initial) Time (After)
of initial of initial
amount amount
dicalcium | 574 62.5 2.9~ 3.9 mins More than 1 hr
phosphate
dihydrate
anthydrous | 90.8 94.2 2.9 - 3.4 mins 8.5—- 10.2 mins
dicalcium
phosphate
[0045] As Table 4 shows, under the specified stress conditions, tablets prepared

with anhydrous dicalcium phosphate showed a substantially higher potency of

Vitamins C and E at the end of the time period than those prepared with dicalcium

phosphate dihydrate (e.g. for Vitamin C 90.8% as compared to 57.4% and for

Vitamin E 94.2% as compared to 62.5%). Also the disintegration times for the tablets

prepared with the anhydrous dicalcium phosphate showed substantially less change

over time than the disintegration times for the tablets prepared using dicalcium

phosphate dihydrate.

[0046] Upon visual examination at the end of three month period, the tablets

prepared with anhydrous dicalcium phosphate showed no evidence of spotting and

the tablets prepared with dicalcium phosphate dihydrate had substantial internal and

external spotting.

[0047] Although the foregoing invention has been described in some detail by

way of illustration and examples for purposes of clarity of understanding it will be

obvious that certain changes and modifications may be practiced within the scope of

the appended claims. Modification of the above-described modes of practicing the

invention that are obvious to persons of skill in the art are intended to be included

within the scope of the following claims.
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90.8 94.2 2.9 - 3.4 mins 8.5- 10.2 mins [0045]As Table 4 shows, under
the specified stress conditions, tablets prepared with anhydrousvdi€alcium
phosphate showed a substantially higher potency of Vitamins C and E at
e sndoidhe time period than those prepared with dicalciurtpluesplaizoso
dihydrate (e.g. for Vitamin C 90.8% as compared to 57.4% and for Vitamin
E 94.2% as compared to 62.5%). Also the disintegration times for the
tablets prepared with the anhydrous dicalcium phosphate showed

sub¥HA(THS,GbANER MSe over time than the disintegration times for the

tablets prepared using dicalcium phosphate dihydrate. 100461Upon visual
examination at the end of three month period, the tablets prepared with

anhydrous dicalgium phosphate howed oeV|de ce of ottln d the
§ dicalgy Jg‘% R r@] ‘1t

tablets prepared with dicalcium. osp ae%loﬁ]fc?r Pt t| |lsast one

intePRYMAIRA! eRESrh AN pdittipRs [emm%ﬁ@ej@hﬂfﬁ@mw@@rﬁ@ |Fﬁﬁeﬁﬂmﬁ>cﬁé§n is
beesublesciitbigdréa sOmebttetaildnywaay . of illustration and examples for
purposes of clarity of understanding it will be obvious that certain changes

and modifications mayvhenprasiicedwithisribesseeps didheanrpeased. wherein
Cla'mg' pM)%y é%‘rfl%) (I) t@@x&%’a’ ?roqgﬁ%liﬁo%;mco gls’[l o p(gf’:l E)Clnr%agzri\eesubm zine,

invention that are obvious to persons of In the ar are mtén

incRRIBY4MSRPRFE SeBplk Wﬂ%'fﬁﬁ%ﬁ&?ﬂﬁﬂ?@ WIS P!, tin, chromium
2008/4 0007BRECTAIB2898/053960 WHAT IS CLAIMED IS: 1.A
multivitamin and mineral composition comprising at least one polyvalent
metal and3at least reniéviiaidiz abtenvitaraigpmhesiesn tectompoBittemist or claim

SUbé;tWHE?’éW freeotimeniehaund %é%[ed fromzthé‘ éFBUHVdB%Q?ér\ NS Vitamin .

mi sition laimed in claim 1, whereinthe yvalent metal is
el R e B i FES B G, Ao o ST, G TR . ol
copid, aslrsimiingtiermeseeaolybdenum, vanadium, nickel, tin, chromium
and combinations thereof. 3. A multivitamin and mineral composition
as claimed.in cldinmulivitefaimand mineral composition as claimed in any one of

claims 1 to 3, further comprising a calcium salt.

5. A multivitamin and mineral composition as claimed in any one of
claims 1 to 4, comprising anhydrous dicalcium phosphate.

B. A multivitamin and mineral composition as claimed in any one of
claims 1 to 5, further comprising a carotinoid.

7. A multivitamin and mineral composition as claimed in any one of
claims 1 to 6, comprising at least one of Vitamin C and Vitamin E.

8. A multivitamin and mineral composition as claimed in claim 7,
comprising Vitamin C.

9. A multivitamin and mineral composition as claimed in any one of
claims 1 to 8, comprising a polyvalent metal selected from iron and copper.

10. A multivitamin and mineral composition as claimed in any one of the
preceding claims, wherein the composition is in a solid dosage form.
.18 -



2, wherein the oxidizable vitamin is selected from the group consisting of
Vitamin C, Vitamin E, Vitamin A, Vitamin A precursors. Vitamin B | | p
Vitamin D3, Vitamin K, folic Acid and combinations thereof. 4. A
molbsisamirand mineral composition as claimed in any onepafrolgbos/dsioso
3, further comprising a calcium salt. 5. A multivitamin and mineral
composition as claimed in any one of claims 1 to 4, comprising anhydrous
dicalcium phosphate. 6. A multivitamin and mineral composition as
claimed inany onevaiitclams latai Smibethe rcoomaising & caetia®ith claim 10,

7 ﬁzﬂ%%%"'?ﬁéné'%l%”go’é%@@rf’drﬁ{)@p@é%% %rﬁlaiﬂéegr%é‘%ﬁ’é?& 95 aimets,

1 to 6, comprising at least one of Vitamin C and Vitamin E

muRRAE RS R S B ApaS S B%ﬁ?éfﬁfﬁ?éﬁﬂ%c%mgm@er%f
Vitamin C. 9. A multivitamin and mineral composition as claimed in

any one of<lainfs Tt§ 8! a0imASinG ReFbIRPAeREHE A S tEeREd font'fieh 11
andvoegethe solid HdsAgmialtivitaartabiand mineral composition as claimed in
any one of the preceding claims, wherein the composition is in a solid
dosage forgn. -18- MGSEARNKLRO0E 10 106 RGHRI S0 3M0=BR600mposition

comprising: providing at least one oxidizable vitamin, at least one polyvalent metal
ion and anhydrous dicalcium phosphate; and combining the at least one polyvalent
mineral ion, the at least one oxidizable vitamin and anhydrous dicalcium phosphate
to form a composition wherein the composition is substantially free of mobile bound

water.

14. A method as claimed in claim 13, wherein the polyvalent metal is
selected from the group consisting of iron, magnesium, zinc, selenium, copper,
cobalt, manganese, molybdenum, vanadium, nickel, tin, chromium and combinations

thereof.

15. A method as claimed in claim 13 or claim 14, wherein the oxidizable
vitamin is selected from the group consisting of Vitamin C, Vitamin E, Vitamin A,
Vitamin A precursors, Vitamin Bs, Vitamin D3, Vitamin K, folic acid and combinations

thereof.

16. A method as claimed in any one of claims 13 to 15, further comprising

forming the multivitamin and mineral composition into a tablet.

17. A method as claimed in claim 16, where in the tablet is formed by a

direct compression method.

18. A method for reducing oxidation induced spotting in a in a multivitamin
and mineral tablet comprising: combining at least one polyvalent metal selected from
the group consisting of iron, magnesium, zinc, selenium, copper, cobalt, manganese,
molybdenum, vanadium, nickel, tin, chromium and combinations thereof, and at least
one oxidizable vitamin selected from the group consisting of Vitamin C, Vitamin E,
Vitamin A, Vitamin A precursors, Vitamin Bs, Vitamin Ds, folic acid and combinations
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11. A multivitamin and mineral composition as claimed in claim 10,

wherein the solid dosage form is selected form the group consw,;hrgg)pf P
tablets, caplets, capsules, chewable dosage forms, powder, sachet and
vondsiatiors thereof. 12. A multivitamin and mineral carapasiti0s&aso6o
claimed in claim 11, wherein the solid dosage form is a tablet. 13. A
method for preparing a multivitamin and mineral composition comprising:
providing at least one oxidizable vitamin, at least one polyvalent metal ion
andrenttydedosrdecadoinnsifihro spteatet hndaopobifitngstisebstdedly dree of mobile

polyyalantdrRerRl oMl deakons-axidizaile vitamin and anhydrous
dicalcium phosphate to form a composition wherein the composition is

substantiglly freg of IQRIIE,L0YRH WAET ciaim 14; %%W%Qrﬁp%&'ﬁ’d”};%%ﬁ‘nmg

claim 13, wherein the polyvalent metal is selected from the tp
corﬁé]@i’f?{&”éf sHerchE §Rﬂ’?{‘e ARE, 08 8hiGRR! 885p°é?y}€%16%\% 3l and at least
mangamedieapioledemum, vanadium, nickel, tin, chromium and
combinations thereof. 15. A method as claimed in claim 13 or claim

14, whereif. the dxidézadae ofitantitosas eleptedhiotatitine fgroaphoomasistimgpobing

Vitamiiing \WIRIRIRE Y IREUR A MEBRRIB: A PRERNISRIR é(ritﬁmiﬁbﬁag composition
Vitamin Dg

Vlt?mlrg K, fO|IF ?Id an rf@a ?tlort\st ereg bl t16 A h
metHBE R8I rEa" R SR D! BRI EPIorS! RtSRT ESRIprEg ™ wherein
forﬁﬁ‘m@tti*@%lﬂ'ﬂmmw'ﬁﬁarﬁﬂﬁbi@v @lﬂ#]ﬁ%%lﬁbh?ﬂ%ooéQﬂ@t?—ab'e vigmiR are
methatiasdlaisatdtalassiis, whekehindhenablehinfoionedshystaditegtiree of
co%ﬁg%ggngl@m&d 18. A method for reducing oxidation induced
spotting in a in a multivitamin and mineral tablet comprising: combining at

east one ol oot A EIEE S OIS HIONR SRR AR ccage o

magnesium, zinc, selenium, copper, CO

va %%ﬁhﬁﬁ‘en‘féﬂél‘”tlﬁe'%ﬁﬁ%ﬁﬁ% tﬁﬁ@@&ﬁ]ﬁ%‘éﬁﬁﬁ@ ﬂﬁeﬁ‘%‘&ift é%éoa%tr@&*s?oo mg
oneitxithz&bladitarsass electgebitozn thietgrayutansistingitemiAt&man I€3st one

V'tWa%nVH@Qlﬂdﬁ’s\élk%'femférﬁrtﬁﬁlﬁr%%scéﬂéﬁ’ém@ Boabb@@e Brdufdlih mg

acid and combipatio

SRR OCH S L R ORE 115 hPEh Pl U 12 T8 ROl s oout
theCclorapdificroisansstahtialy iR eboyt AYSBNedsBiPAIWard abeHtérninkput 18
therap mpositbabisio tadletsbout 15084 shedhndras/etadmed lkasiaipodiBn of the
furthergo @W@eeqmmglmehmw%&'%@églymrpy%%a fe wifh mgr@fn ihe

least 0 valent metal and at least one oxidizable vitamin.
meﬁ’fB@'%&?‘lflﬁﬁHﬁa oAb &R At ASHE 8P Y RURSH comprising prowdlng a
human an effective amount of a multivitamin and mineral composition
comprisingf-at 1eAsT B4 BBIN AT iRl YRBIUT Y Ao HBIBR D™ 21. in a
vitaahile| ddsegeifotite at least one polyvalent metal ion and the at least one
oxidizable vitamin are combined to form a composition, and wherein the
compositiem is sabstantiallyifremof mobie bopnehwatess clain2l. A& claim 22,
mulhIBmIRAAE R IDeAhSUBPIBRATLARRRLSING In 3 daily dosage at least

one vitamin selected from thé group consisting of about 15 to about 600

mg vitamip),  a dmulhv"’}%trp?rﬁ‘gn%br%né ?roontﬁ’ 8#%8%9&8@'5?%”5

least one polyva ent metal lon selectec roup consisting o

0 t&'ap60Ph 68 HE MagARRIEMUEb Rt EPEd Al5obe 57(?}%} il a"Eﬂ?u?b'%St one
abauiidt2reguvitaniganesesialibetdtpationt § mgpsapfialy deeutfOnotdbdutund
30Q,7a¢9 chromium and about 0 to about 18 mg iron; and about 100 to
about 1500mg of calcium, wherein at least a portion of the calcium is
provided in the form of anhydrous dicalcium phosphate, and wherein the
supplement is substantially free of mobile bound water. 22. A
multivitamin and mineral supplemen’t%@s‘claimed in claim 21, in a tablet
dosage form. 23. A multivitamin and mineral supplement as claimed

in claim 22, wherein the tablet is formed by direct compression. 24. A
multivitamin and mineral composition comprising at least 150 mg of
elemental calcium per dosage unit, at least one polyvalent metal, and at
least one oxidizable vitamin, wherein the composition is substantially free

of mobile bound water.



S 25.A multivitamin and mineral composition as claimed in claim 24,
wherein the polyvalent metal is selected from the group consisting of iron,
magnesium, zinc, selenium, copper, cobalt, manganese, molybdenum, MCSLLP
vanadium nickel, tin, chromium and combinations thereof. 26.A
multivitamin and mineral composition as claimed in claim 24 or 25,
whet8in thé eXitfiy Baraivigachnine s eeferPaisanthe ¢ronpbneriihgbrwherein the
polWiRsRiMetaY i8R Eey HBMIthA gMSLRRBhAIJIRE BFSRSS, MEGRYSIRS. zinc, selenium,
Vitamin Vitamin K, folic acid and combinations thereof 27.A
coRp R PRSP oo MBALRERVEL AR arckRl of MaifhEcsgium  and
conbistiankdheiedhie oxidizable vitamin is Vitamin C. 28.A multivitamin and
mineral composition as claimed in any one of claims 24 to 27, wherein the

congmsition immtaimﬁmdeeiMrm Mmmﬂﬁmi@mbtmddninewim 24 or 25,
whg% Rt %rom %ab'?‘&ﬂrﬁ‘ g'ggg&gd Iets% Ié%n%?& efWEa}%mb(féVﬂamm

e group con5|st|ng ets caps ewa
E. yé#aade ﬁarM%@W&eP@%ﬁéﬁan\ﬁ@ﬁhﬁbﬁmMW&é@f Ypannulfivieligiacid and
corAbiddtbnerakeenpposition as claimed in claim 29, wherein the solid dosage
form is a tablet. 31.A multivitamin and mineral composition as claimed in

any pne of £la|g, Ranith Shd RG] EaenpumIBRTEL CakGHER 15 BFR/VB?%dchlanms 24

the form of anhydrous dicalcium phosphate. 32.A multivitamin and mineral

to Z&mpesinihasritizaa viamp sy @I“Eféﬁns 24 to 30, wherein at least a
portion of the elemental calcium is provided in the form of anhydrous '
dicat@um phoyphdtams BIRYE 6P IRASIHANPEISIABE oA Y eI R Gpims 24

to ANURHEIRIAIthaRAMPBSIRN is in a solid dosage form.

29. A multivitamin and mineral composition as claimed in claim 28, wherein the
solid dosage form is selected from the group consisting of tablets, caplets, capsules,

chewable dosage forms, powder, sachet and combination thereof.

30. A multivitamin and mineral composition as claimed in claim 29, wherein the

solid dosage form is a tablet.

31. A multivitamin and mineral composition as claimed in any one of claims 24
to 30, wherein the elemental calcium is provided in the form of anhydrous dicalcium

phosphate.

32. A multivitamin and mineral composition as claimed in any one of claims 24
to 30, wherein at least a portion of the elemental calcium is provided in the form of

anhydrous dicalcium phosphate.

33. A method for stabilizing disintegration behavior of multivitamin and mineral
tablets over time comprising combining at least one polyvalent metal selected from the
group consisting of iron, magnesium, zinc, selenium, copper cobalt, manganese,
molybdenum, vanadium nickel, tin, chromium and combinations thereof, and at least one

oxidizable vitamin selected from the group
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tablets over time comprising combining at least one polyvalent metal
selected from the group consisting of iron, magnesium, zinc, seIemMn,i o
copper cobalt, manganese, molybdenum, vanadium nickel, tin, chromium
wochegmdieations thereof, and at least one oxidizable vitampa seleniBds3960
from the group MCSLLP WO 2008/101076PCT/US2008/053960

consisting of Vitamin C, Vitamin E, Vitamin A, Vitamin A precursors,

Vitamin BE, Vitamin D3, folic Acid and combinations thereof to form a
compagitisistnvghereitathe CovpositibN\vigasuibstantiathyrfre eret onobie \Biaumd B,
water; \angl forpling the GemRPsHanIR8alletsof to form a composition, wherein

the composition is substantially free of mobile bound water; and forming the

composition into tablets.
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