Leydig 708171 WO 2011/ 153232PCT/ US2011/ 038750 1 FEED COVPCSI TI ON COVPRI SI NG
A M NERMyYICOMBIEX AND METHODS OF USI NG THE M NERAL COVPLEX CROSS- REFERENCE
TO RELATBROAPHLISE®STI ONS [ 0001] Thi s patent application clrairms2aihe3gyenefit of
U.S. Provisional Patent Application No, 61/350,386, filed June 1, 2010, the
entirety of which is incorporated by rlsf erence. BACKGROUND OF THE | NVENTI ON
[ 0002] The production of organic foods is based on a systemof farm ng that
mai nt ai ns and repl eni shes soil fertility without the use of toxic and
persistent pesticides and fertilizers. Organically produced foods al so nust
be produced w t hBEEDIGE@MPEOSITIONMGIONIPRISIDEG ASMINBRAILCCOMPIdIES, genetic
engi neering and ot her_excl uded practices, su S udge or

i rradiation. OrganiA(NI? YOESHQRS @%V&H&e@@%ﬁh@%@@gigﬁé of the fastest
growi ng segnents in the overall food market. The fastest grow ng food
categories are organic neat, organic dair roducts, and organic fruits and
veget abl es. [0003] \AﬁBICéSSdBFrEEBE%@E EQtR%%TE@ APRICHYYONS neat is growing

at a rate of approximtely 20% per year, the coglgl exities and associ at ed

hi gh co08llof pPrhésceaterit epplieatian Alagubide arsiiof hpduprigienal Ragent A@pleatioBi ot i ¢
freel/ organic,i At 1Lt | & tatj.on I i nel sed to
treat d 89@2%%%%&%&8@ ttla’egh@t élh%ie§§{él yo%ffwglﬁ@gstlgc%lpﬁlg‘rze\%%ye@%é%g 1t the

heal t h and/ or netabol i sm of food producing aninals. The use of antibiotics
al l ows greater productio ial i formof neat, eggs and
mlk) fromthe sanme quan%é@ﬁmlg&égﬁﬁng%&T#gﬁgr eater potential for
profitapility. Antibjotic free livestock producers st .coppete.in the

v ket plOBRE i (THeBBHSEnT 9¢ PEGHEETS o SHal RRFFES eRe T StNS B ooHLtier

under st apdsplchghdsedll Hangenfh&ft ROEJRIresis ah Y& bistcht &R e RN 608!
product s, tﬁe hi gher cost’'s of antibiotic free/organic products deter the
consunmePrsniely pwdiord foeds alkd miust kerprody@dguthont thayse elcaibiofichepnthstigygest ed
I R R R R
or repl d iCS. r, Ay "ava >‘m'ner a Odu€ets contain

hi gh | exelfitieh. Orgekafosdand Bhvermgsd sontinat tidoteoftiaxiastettQraringakgmettor
exanple, many mneral products conprise |evels of heavy netals which have

been i diarthe pyesell fpduneketpAhedfasteparoygng Hadcategoremnatn TSR BPALAIERIC | n

addi ti O%a%@@@&é(,%&&?gﬁﬁ ffﬂiﬁ%@mQLVﬁg%tﬁﬂ&Cts are very expensive and further

drive u € COosUs assocl ate production of antibiotic

free/ organdc arvhibd dgmaduot sntibidteyttdegorg8a tikalVi® growing at a rate of
2011/153232PCT/ US2011/ 038750 2 [0005] I n vi ew.of %h fore?oig%,.there.exists
a need IRPrOXMAtsdY JXRPEEYTAShe sorgRlgKities arhasspdRted ] 126, AgSi5ioF rosUtign remain

anti bi Oédggﬁn{igl%p&ﬁﬂleﬁﬁ t4 %?edaﬁitiﬁidtiic\g%%}o‘i’ga{ﬁié ﬁ‘q@_gstﬁp %ﬁﬁjiéﬂ@%ﬁplﬁﬁféﬁtﬁiﬂﬂ ‘f"sng:c on

descri be erein overcones the probl ens associated with the high cost
ant i bi otoutinély eeddotiogemat diseasesehhapce thed tusilibatiops avd @i atigerariss dkerctiie health

t-effect] i |.ex t hat be added.t.o.aninal feed
composi HBHSH HRIER SRR B FAETT/EN R T S00ES ) SRR #58L, the
i nvent i HRJIMERYIFRS afintiBd 204, ih @i HRURARIATERN ek HDaddNBilk) @Rém Ble Aeaftiaildy dfn need

t hereof conprising admnistering to the aninmal_ a pal atabl e anount of a
n ner al feedriphsesllovwing grspisr phlentia! Aer prplitbiiy eRAnbbift fise bivesieslitpradicgss. % t o

about 60 . 9% $S102,. a t .9 0 w.%to
about 1’?“%0.03%1) é%éﬁ?healﬁgéﬁg@g%%f@véo%/rg ?@Wa%%g‘tlé@gs \i\{%l &:%ﬁg &eael[%g%ﬁlme
i nvent i @hsamsourkeavinde sheaesliippasenitibiaiv lowdls fre@thmoedipr insmalgpraduced ity e

animal feed and a pal at abl e anmount of a m neral conpl ex, rejn e
mi ner al NEBFRAOER of arptipticlcupiganic prductsolets RpsusuBe 98%%}%%%@@5&6 Wt . %

to aboufOOég{J}[M gg/ﬂv\#%%%bl6%98{1§ug§e%@d ot QiRRE WhodhétsWhn ¥ a6 10 aRestaotdtd 2

Ww.%to ab
compositions to reduce or replace antibiotics. However, many available mineral products

contain high levels of minerals and elements that can be toxic to animals. For example, many
mineral products comprise levels of heavy metals which have been identified by the EPA and
FDA as toxic to humans and animals. In addition, highly purified mineral products are very
expensive and further drive up the costs associated with the production of antibiotic

free/organic animal products.



[ 0008] The invention provides a nethod for increasing weight gain in an

ani mal {ediae@®7{ her eof conprising administering to the aninal a

suppl emrerwoedoamnisask feed conprising an edi bl e ani mal f eedTarsdola/opsrb@t abl e
anount of a m neral conplex, wherein the mneral conplex conprises about 40
w.%to about 60 wt.% 5i 02, about 6 wt<%to about 16 w.% Fe203, about 4
w.%to about 12 wt.% CaO, and about 2 wt.%to about 8 w.% MyO [ 0009] The

invention further provides a nethod for increasin .l k. production in dairy
ani mal s [QQ‘?Sheegf‘t"l‘é’\‘ 8g?leg%rﬁ§?lp_%’i t_ﬂﬁre%ﬁfsrﬁ ‘_%etegS‘?rr?g‘f(’%figkfﬁcélvﬁn‘?rﬁ%ﬂw’a{‘(’n‘

suppl engntedy B orlA8HioHAMMA &g Be BALRLS R MefRbmbEGHoRNATHR iR@habab! e
amount of a mneral conplex, wherein the mineral conplex conprises about 40
Wt . % t odedsdbied BemtovetscBB? thegiyoliem6 associgged ovitthidua thigheeoat ofenEbR0O8, about 4
w.%to,.about 12 wt.% ,,..and about w, %t o..about .8 % . 10010] The
Mvent | Gre pregvicaelhl Tred o PR ksl By SbRSR et sotifEtnet 95 1
need t hgg e@fedd® ARIni3 fRe BHFoEtisALring to the poultry a suppl emented ani mal
feed conprising an edible aninmal feed and a pal at abl e anobunt of a m neral
conpl ex, wherein the m neral conplex conprises about 40 wt.% to about 60

W . % Si 02, about 6 wt. %pRIBPOUMMARWM OFTHER2OIVERIOON 4 Wt . % to about 12
w.% CaO and about 2 w.%to about 8 wt.% MyO. [0011] The i nvention al so

provi de ro i I i Fsing: (a)
B ovi di R e R e R L0
the Leyuoihgl #08Ed thond 20l itmg 28 ARG ©1th¢ 061850 palatati drineovmhpfal feed a

pal at abl € anmpunt _of m. neral. conpl ex conpri.sing abaut . %10 gbout 60
e 5 51 ORI WheTt BreaBiBR Sanales spPRies el oty g S B0 F b 12
W % Ca(d)) aBicht BRAUL 1 abbut Yo bR, %8 1rest;, Bhotk 4%HtVE R aBdal A WD, DESCRhPIbGIN OF
THE |1 NVENTT ON [ 0012] The invention provides a m neral conplex that can be
admi ni s2ertdd ta abaahBivl’s Mgdne or in conbination with various other

consuna aswell as t hods ,of  usi 1.har. .| ] The

ni ner al ?dcog’m)l eirh(?fln}/w 1o|n”§s ) ?‘Sﬁesr?a%}lpgfél%g’%{égianme qffgégrﬁ%%isﬁgtaﬁlr%%%ﬁ ner al

sour ce. ahifhal Fded ah@@paktabld@ndinmer amisabidoxplef, wheeein heenie@ncdsplax nat ur al
product which may be used for the productjon of organic foods. In

par t i cuP@npriteR @baHt8rvall o do APIEROGYL % BEOL. AV %%%ﬁgé'?@“dfd‘é{r% Eeriiee €Ul
revt ew LRtk bl ?Wm.ggpd ahl G800 AW ELARABEAS BigANT ¢/ non- synthesi zed

i nputs: nat'ural m neral dsits that are not chemcafly processed/altered.
The m ngo@B] corffileaxvaition ipeoviidusenmethnd &rsocrgasalg Weigbt gasn Bememahblyin Reabgni zed
As Safe (GRAS) status_ for food processjng applications. 014] Desi rably,
the mi n8iesFof COMpIIERS i L R Ak %Wf"v%{; SHIIS SR8 Her al )

deposi t §4ibfcOmiRXaeR] fhd 4 ﬁ’%ﬁatm—)l@ %%hnﬂﬁ%qﬁirkrdmympﬁx,l WE@Lt®dhd Midkeq- por ous
naturally altered volcanic lava, fromhighly porous naturally altered

vol cani complex comptifes avputetlant. Yonpbext oayt. & 1P, abawteddwt. Yoomabow dibvtiat i on of

a1 or earuaroatnih Tauio B yEET N R HeE an BB T RN MER ey e

obt ai negodoopm arme iHEsHRE fhfliadr pRoctid @G 1B ethbd &drahcréRRQSItB phavttieh thiRiry
characteristics described herein. The mneral conplex nmay be obtai ned from

one soupeigabyinfeediihsespé campsing adraiistesig tedhe amrgal esupppmeentadiainglfesd)

conpl ex . . - N L: vin
he cnaranpinfe Pl SRR RR ARhHES, RHACR higfhd Al PRt V! N0
pr epar echifbatalndoxipiek domgaiseenbaevemaly, di dfoat edivt.td SErahbodeposi’t ® dbouathi eve a

m neral conpl ex having the characterjstics described herein, It should be
further “ﬁ-ﬁ(gg?zé%o%‘ﬂﬂ’“f A ERRPORE? Wlt-r(?e_r(gfp’ @Bﬁzﬁ‘i’%& Zd’?&f" ﬁ%al?(méﬁ’_fti /szg(g
obt ai negygyppm armw&ﬁi'ongﬁ 168 a hBGoMENShAEASRNR S MRYioN A Youlfly GoRMegNt

fromsource to source an atch to batch. However, anal yses of the mi neral
conpl ex theagoflsempositg adhynipendpiortbepouitraocopplanceedinimat Echwogpasngaown t o

t hose skilled.i h t to ensure fhat the qualjty of t m. ner,al conpl ex
< mai neGPlreTR bR SR eb el Hrb el whes Be Mg g
708171 W24 LbhpAR2BGY 40520%16 ABSUAHD wh.% Si0,, about 6 wt.% to about 16 wt.%

Fe, 03, about 4 wt.% to about 12 wt.%. CaO, and about 2 wt.% to about 8 wt.% MgO.

[0011] The invention also provides a process for preparing a supplemented animal feed

comprising: (a) providing a prepared or formulated edible animal feed; and (b) adding to the



[ 0016] The m neral conplex of the invention conprises nunerous mnerals and
el ement $ovdis 78€<¢ri bed herein. Unl ess ot herw se indicated by | anguage or
context, weferersssg to wei ght percents of the mnerals aod/ushenm»sirso of
whi ch the mneral conplex is conprised_are based on the total weight of the
m neral conplex. [0017] The conponent havi ng the hi ghest wei ght percent
(W.% in the mneral corrpl ex is silicon dioxide (Si02). For exanple, the
m ner al | ex se about . 40. wt . % t 0. about 6! . %, about 42 wt.%
to S boueTBh Aol o G B e o of St SoRIS g TRBtE a0 W edo about 55
- % ahodtlk 6691 S%D Qb(ﬂg%%t %Qo%ou%m%@}(}tf?e@ Whoues it oR RORouP 2 Wi 086  about
47 wt. % to about % about 47 wt.%to about 54 wt . % about 48 w.%to
about 58a(y al%aholut ab(bt% todabout 8 Wt LoMgdbut 49 wt. % Si 02. Desirably, the
m neral conplex conprises less than 56 wt.% (e.g., about 45 wt.% about 46
w. % about 47 wt.% about 48 wt.% about 49 wt.% about 50 w.% about 51
‘W . % about 52 wt.% BBEOAILER MESCRIPABON OB4HAt INYENTI@QNout 55 wt. % Si 02.
[ 0018] The m neral conplex of the invention also nay conprise an iron oxide
(e.g., D] Fe2l intntioe Pehlideskoninerah ophplex the cmh beddhinoipd @xanimyls conpri se
about 6 wt.%to about 16 wt.% about 8 wt.% to abgut 16 % (.e.q., about 8
W . % aB]@t}f’ oglwmltmaébaatlﬂwrws oshenepnsrmanleyas gellgp spthors ofwsing tighout 13
wt . % /QRH%allc%n% 6 about 15 wt.% or about 16 w%, about 9 wt.%to about
15 wt. % about .%to about 14 wt.% about 9 wt.%to about 14 w.%
about 100048] % tTheabmﬂtal t@mplex U tlabomtiﬂzﬁnﬂyb%dbtaimddmmﬁny mtu% nmoperabout 12
.%to about 1 Fe203 9] T m ner al conp | ex . of the nvent| on
aI so mw%%ﬂﬁ g‘ér }Eﬁﬁn&ﬁr é?of“@lfé)oeftwvgwa)ﬁﬂ natfipal ppadiet Iex may
conpri sge aRQUbr the Wrodtion 8 &gﬁmégod@s Y parBb@bL tIﬁ: ﬁ’ﬂine%l E&nﬁl‘éﬁ@fﬂi& W .
about 6 w.%to about 11 wt. %out % about 7 wt.% about 8
. % aboentien nwets@rmMate@lawR%evabtsututqﬂowl»eemﬁmon s@ndardsss o about 10
. % about aouthvvt 9 wt.% CaO.
[0020) TREiehalt iR RESbs” Pl Hnftts SR8y AR nagnes um
oxi de ( jvafEssed/alereX amm ﬁandril%oﬁ‘lp[tﬁhﬂ“lth@mﬁaitﬁm En@yqtﬁﬁfrwass@eramut 2 wt.%to
about 8 m.% about 4 wt.%to about 8 wt. rq about 4 wt.% about 5
. % aB@ﬁﬂgHGZ%Awﬁaf‘a%%ﬁs7SWS‘§8r f@?dalb@otm@w %tlon%tbout 5 w.%to about 8
4 {c % MyO.
[OOZl]If&ﬁs con]fts\éeSl gl))1 thg%ﬁéﬁalt {o?f;%lg?jﬂ%%%%g&bmo &qufgﬁgg)nent of the
m ner al (mmrmil)edepm;s Fer pxzeslﬁa,tthe mihdrel depma‘rmhy botrmh‘ed 1 norapg'rous)mttunaayl on.

ot % S BBTCABYGIE U B9 B AL O T YRy FE S FOlc ash, O in e Ut ©0
2011/ 15§%§1P%a9%%%éﬁa9§5§§19 aQZO%’ﬁ)ll){gthI'{OOEﬁglg orodd AbtiryWite i tv81@RR YAval 2

.% CaQ " and about 2 wt.%to about o MJO, or the mneral conplex may
corrprl sencalmghkypﬂf)@ouﬁtna%ralbydbmdvcﬂmmwa% Si 02 about 12 vvt %to about 16

. % Fe % t to about 8

o AR i RSP e et s e ARy Rt 30wt
tO aboutxpftdthinkabdBrositaBOHAg theWdhafeled st @ecribed Werebh. FERRGBineRD0dthplex Wt . % t 0
about 10 w.% CaO_and about 4 w.%to about 7 wt.% MyG about 48 w.%to
about 53aKbeRPSITT, frehone SHuCaRT, vgrn sevend ittaantsoumey X Fxampisuthe guiggrabs t o

about 49 wt.%to
about g%le&%?&f%@%b Cfﬁlé)mv\f’%}mt@lg u?%@%ﬁ%@%@t&yﬂgggﬂ 7 W.%to
about 9chdra&eriaicy dé’sbdbétbl@ftlémSorVﬁle i heraladompt exBeantbeYor dyipead b}fm&hnog,ltogétﬁeww %to
about 49 wt. %éOZ about 12 wt. %to about 15 wt (V% e20 1g@out %to
about 16°%fal dafecaent iRerahbHOEISIOAChiy'e B THBREL COMRIEX Wg“dﬁ °f @Céf%lvgﬁrauy,
the m nﬁé%hb@d)ﬁ@tnﬁx 1CHRRId b%%ﬂ%%ﬁeﬁﬁ)o%ha{%&}fénm&em Whplx Jrde, about 12
.%to out 14 w. % Fe203, about wt.%to about 10 /pCaO, about 5
wt % t oiradontitn 18 otai®dd Ny D) aabowdl stvrcatthsntineralvoutplckGnayt var%IAt@ID@tt fmnd about
1 w.%to about 4 wt.% 0 Pr rably er al X conprises
about 210w Boniteds? PaBBat bud) b ores s SEn R i § BT S8 Pbour 14
. % Fe?&;ﬁne Bﬁ%rrﬁeéfh RBHhnECyitiaRek iR Kb wiHotEHdse Qﬂﬂe(ﬁitﬁQHé arptd énsaRout 7
(about 6) wt. % MgO. I n anot her enbodi msnt t he m neral ex conprises
about Athat &eam@lmw of the bl cBBplantis swBitoed figwbetchzo b@tChbngﬁOMOG%é@t 13)
%Fe203¢ about 8 to about 10 (about 9) w.% CaO and about 5 to about 7
(about é3“rv&'.%|vgo In yet anot her enbodi nent, the mneral conplex
conprises about 52 to about 54 (about 53) wt.% Si 02, about 9 to about 11
(about 10) wt.% Fe203, about 6 to about 8 (about 7) wt.% CaO, and about 4
to about 6 (about 5 wt.% MgO [0023] The mi neral conplex of the invention
al so may further conprise alum num oxide (Al 203). Preferably, the mneral
conpl ex may conprise | ess than about 16 wt. % Al 203, about 12 wt. % or about
10 . % For exanple, the m ner al corrpl ex may corrprl se about Ow.%to

o, A~ a1 ~ 7 I o N7 a1 o A~ 2 ~ 7 I T



6 | UPAC, rare earth elenents (which include for purposes of the invention

t hat whioHznd§/7be referred to as rare earth netals) are a collection of
sevent eerwoheniisais2zel enments in the periodic table, nanmelPgTAS20MdiossTs¢ Sc) ,
yttrium (Y), and the fifteen |anthanoids: |anthanum (La), cerium (Ce),
praseodym um (Pr), neodym um (Nd), pr ofret hi um (Pm, samarium (Sm, europium
(Eu), gadolinium (Gd), terbium (Tb) dysprosium (Dy), holm um (Ho), erbium
(Er), thulium (Tm),. ytterbium and lutetium (Lu). The rare earth

el ement 006L a1 Ehs hisFel peapley 0 Qleumgqﬁltlom 5?18P’é%ﬁsﬁﬁﬂ’€¥%lﬁérﬁﬂ%fal€la§ﬁﬁhat?ﬂ%

ceri um Er’és‘é‘x‘?ﬁéﬁ'ﬂe&’élh DERAY DA is LAY Thn 40Kk SATAILNTLCARCNERAa AT €
earth elenents (europium gadol i nium dysprosi’um Fm um "~ er bi um
t hul i unpergerteobihaminanld ahdtkents)of vBeentdic unmembcontitlex ismoapeisabarsbeieded rar e
earths since tﬂiex)/g&legﬂ to.occur in the same ore deposits as the | anthanoids
and exhPBife tgfa t UHBRIERTA SO i es. [0025]1n this regard, the m neral
conpl ex gy COMe Smpdhént AavinRiR: Kigh&t R_IghhpSLETERE &) $eIe GhiRetaf é&ﬁ@lé}be
group consisting of scandium “yttrium ant%anum ceri um praseodym um
neodyni ismmiliqgomahetidd (hf2)s diva example.ghe mptemhcogmbmil hay eampriserabpwtri0 wdy’$pe osi um

i ner al Ui S0 ol L0 G ey FA N T nl Eo LBl BN AR ) ctaot

one heawy%afaﬁboaaﬁtht% ehRUS Wi, & fut s0hegh, MBaltSI6 WiMe toeb&f 3b vagrpl ex nmay
conpri se on:‘% :g/g rare earth el enents or onI heavy rare earth el enents.

In a préapat oIkt wtchébth&rvat%éoﬁltﬂ\Jé>§4rfﬁ;/ APt 13wt. Yode 4be¥a3 50

ppm of [ Ltk k9

conpri sgﬁa/no{a?g%g'é}&t A’?(Lout p%%“};p/rs %%Sﬁi%lglhtﬁemﬂ%%ﬁmg}g&pé gg%ut 15

ppm abbigs thhl Sppm% &bguabditt pHmL. %,bxbutlt 4 i atatmoat w3. "/QmﬁoutaﬁlSO\mtt%Zab:mm

about 1 ppm  or about nore rare_ear | enent s.

anot her4§ﬁ’bo/ﬂ|aﬁ‘é‘ﬁt50t‘ﬁteﬁ’niﬂh’é‘€§t Wéo/hp"g%‘% eyt éo?ﬁﬁw é%Wé% O‘ﬁsﬁ"btpfﬁt?ro about

49 ppm a@&pgg pp to about 40 ppm about 0.5 ppmto about 30 ppm about
pmto a out 25 ppm about 0.5 ppmto about 20 ppm about 0.5 ppmto

about 1ﬂ)Op§h1 alﬂounlnerascqoppfrﬁx of tisoonention phsmnaatwootpn@e Bn ppmoxide (adng)ufe@, ppm

about 0.5 ppm b m,, or _.abagu mof one, or

ol enent ERCPOTHSTOR” 4% cieRF. b Byt RSB ape S0 B Ao SeRt | oe
one or {REE aBbuttgh®r. $,ab laB¥MtNG verdiodk. gedb&@rgpa%ntb%ut QQ&%%bbhﬁt\l%td% (K20),
chrom um oxi de (Cr203), titaniumoxide (Ti02), nmanganese oxi de (NhO)

phos phorlss 1bxitde abPE0o) wt.%t plst il it S5 eut(19ray %, abmptﬂ)éwttfmomboé 16Ba0) .

For exa 4 o about 3
o6 el 500D T A5hAbo ST EY, JRs F0Thtt RouRBE P Rt So 50 %4

about OaBoutl 4 %t 196, abbexIt0 wit. ¥t to Ubowrl 3alxut adub1 Myt % fombabiolt wilYonwbr: %ol&eo,

Cr 203, T| 02 MO, P205, Sr0, and/or BaO. |In one enbodi nent, the m neral

conpl ex 2 #ipe fosbout Exwt¥nZiOahout 3 wt. % Leydi k 708171 WO

2011/ 15 CT/ 9 t about

1.5 wt. % Eoutﬂl%%\?\}t%{%%&é@gx 88&‘% itbyen 13}991% f‘g? m@ Et% "%%?) Cr 203,

Ti 02, MA@ exlﬁl'a‘@)& t}ﬁrrﬁtnemﬂtdompleBat@y dompam@tﬂbmlt 4e2vtt%cd® afmtli,lZ tvmlé/o miboat al

corrpl ex_conprises one or . nor follow ng: aho % bout 0.9
"B 20 267% BHBHE B B5 Ao o B o060 g Vi et 2830t 6t S0 b 1o
abOUt 2 aKbutR w0l | £8ut @ROYE, 2Bt 1Wtw ol &boaP Oyt 06)3abMut oo %QHIO Qtdp W . %
to about 0.3 wt.0% P205, about 0.01 wt.%to about 0.05 wt.% Sr0, and/or
about Oalﬂ)llt\X/twt%tﬂoa@bloth@“G‘V®3>r\ﬂb01%78amt{>@b12~11]9'mfeﬁ>rﬁa€braI conpl ex of the

i nventi r| S Prefer abI t he m ner al corrpl ex
conpr1 sBR2Pee TRAREADG S E Rt Rinialion HEhEH 2ombrict R 8595 ex may
conpri S@\/IQ‘D?UForloxémMe %elﬁllﬂ@tal oé‘mﬂex\&na%coﬂipﬁbé alQ)u52\Mt ")Z’e/f;to ous wad.9 85 W . %
about O. % about O. % about O. % about 0.03 w.% or | ess
t han abaltﬁut 8 .05 it aloputss wwe (mgnabalpt "c‘@hﬁ’l é'%"’étﬁ Wit AU ER -G AP
conpri sg, sul; | £Xo e than 1%
s o B T o Bt o B A o BB P S our 0. 5
. % abtmmttS@vt%tmﬁbdw6a\b@uMng w . % about 0.05 w.% about 0.04 w.%
about 0. 03 wt. about %, abaut 0.0 or less_than about 0.01
- % S. [{%88bs ¥ 8 cAptqEp tecﬁtaﬁtpttlstorszsmtwnﬂﬁ%%%%ﬁmap%fn f Oyl
Cor’rprl S@orﬁ}%}ek% tbe eﬁ’trm'ﬁ?erl?ur%ialbg ?levx i@tny @tﬁﬁbmﬁt‘ﬁﬁ‘l @’or@?ﬁtﬁpl@fthe at | east
three or re o east four or no or at least five or nore of) the
fol |l ow mgnershdowtex(m@) coniyarse D §tBa) wt. %dbabdzut(écor)t % Si® o abarn6(va: %o,to cb@si um
(Cs), copper (Cu), gallium (&), hafnium (H ), nolybdenum (M), niobium
(Nb), nickel (N), lead (Pb), rubidium (Rb), tin (Sn), strontium (Sr),
tantalum (Ta), thorium (Th), thallium (Ti), uranium (U, ) vanadium (V),
tungsten (W, zinc (Zn), and zirconium (Zr). Wen present, the m neral
corrpl ex pref erably corrprl ses Iess than 1000 ppm each of Ag, Ba, Co Cr Cs

“ A —



about 1 ppmto about 500 ppm Co about 0.01 ppmto about 200 ppm Cr about 1
ppmto &bdrt’0&G0 ppm Cs about 0.0001 ppmto about 50 ppm Cu about 1 ppmto
about 400wppmiGa3mbout 0. 001 ppmto about 200 ppm Hf abecr/U32@003%78M t 0
about 50 ppm Mo about 0.001 ppmto about 25 ppm Nb about 0.001 ppmto about
100 ppm N about 1 ppmto about 400 pp?n Pb about 0.001 ppmto about 25 ppm
Rob about 1 ppmto about 400 ppm Sn about 0.0001 ppmto about 15 ppm Sr

16 wt.% FeyOs, about 4 wt.% to about 12 wt.%. CaO, and about 2 wt.% to about 8 wt.%
MgO, or the mineral complex may comprise about 40 wt.% to about 60 wt.% SiO,, about 12
wt.% to about 16 wt.% Fe;Os, about 7 wt.% to about 11 wt.%. CaO, and about 2 wt.% to
about 8 wt.% MgO. Additional exemplary mineral complexes may comprise about 47 wt.%
to about 54 wt.% SiO,, about 9 wt.% to about 15 wt.% Fe,Os, about 6 wt.% to about 10 wt.%
Ca0, and about 4 wt.% to about 7 wt.% MgO; about 48 wt.% to about 53 wt.% SiO,, about
10 wt.% to about 14 wt.% Fe,O3, about 6 wt.% to about 9 wt.% CaQ, and about 4 wt.% to
about 6 wt.% MgO; about 49 wt.% to about 53 wt.% SiO,, about 9 wt.% to about 12 wt.%

Fe, 03, about 7 wt.% to about 9 wt.% CaO, and about 5 wt.% to about 6 wt.% MgQO; or about
47 wt.% to about 49 wt.% SiO,, about 12 wt.% to about 15 wt.% Fe, 03, about 8 wt.% to
about 10 wt.% CaO, and about 5 wt.% to about 7 wt.% MgO.

[0022] Desirably, the mineral complex comprises about 46 wt.% to about 50 wt.% SiO,,
about 12 wt.% to about 14 wt.% Fe, O3, about 8 wt.% to about 10 wt.% CaO, about 5 wt.% to
about 7 wt.% MgO, about 14 wt.% to about 16 wt. % Al,O3, and about 1 wt.% to about 4
wt.% NayO. Preferably, the mineral complex comprises about 47 to about 49 (about 48)
wt.% SiO,, about 13 to about 15 (about 14) wt.% Fe, O3, about 8 to about 10 (about 9) wt.%
CaO, and about 5 to about 7 (about 6) wt.% MgO. In another embodiment, the mineral
complex comprises about 49 to about 51 (about 50) wt.% SiO,, about 12 to about 14 (about
13) wt.% Fe, O3, about 8 to about 10 (about 9) wt.% CaO, and about 5 to about 7 (about 6)
wt.% MgO. In yet another embodiment, the mineral complex comprises about 52 to about 54
(about 53) wt.% SiO,, about 9 to about 11 (about 10) wt.% Fe,03, about 6 to about 8 (about
7) wt.% Ca0, and about 4 to about 6 (about 5) wt.% MgO.

[0023] The mineral complex of the invention also may further comprise aluminum oxide
(Al,03). Preferably, the mineral complex may comprise less than about 16 wt.% Al,O3,
about 12 wt.% or about 10 wt.%. For example, the mineral complex may comprise about 9
wt.% to about 15 wt. %, about 12 wt.% to about 15 wt. % (e.g., about 12 wt.%, about 13
wt.%, about 14 wt.%, about 15 wt.%) about 13 wt.% to about 15 wt.%, or about 14 wt.% to
about 15 wt.% Al,O;. The mineral complex of the invention also may further comprise
sodium oxide (Na;O). For example, the mineral complex comprises about 1 wt.% to about 4
wt.%, about 2 wt.% to about 3 wt.% (e.g., about 2 wt.%, about 2.5 wt.%, or about 3 wt.%)
Na,O.

[0024] Desirably, the mineral complex also may comprise at least one or more rare earth

elements (e.g., at least two, at least three, at least four, or at least five). As defined by



about 1 ppmto about 600 ppm Ta about 0.0001 ppmto about 10 ppm Th about
0. 001 ppuriedV&Bbut 200 ppm Ti about 0.0001 ppmto about 25 ppm U about

0. 0001 ppwoteotiatssase 25 ppm V about 1 ppmto about 600 ppeTWSate0s8780 0001
ppmto about 25 ppm Zn about 1 ppmto gbout 400 ppm Zr about 1 ppmto about
400 ppm [0029] The m neral conplex of the invention also may conprise one
or nore of (e.g., one, two, three, four, five, or all six of): arsenic

(As), bj h (Bi rcury .((Hg),, antinon Sh), seleniu Se). an

Lor ur t DR Gapte shrBRagt otk Aa Posiingt ekve Shisheb ol BE6heRPes ppm
of As, }&§8%ed DAl rae BRM Aktald) ard £&3 bR otlsePRIRAS chidlhicdl 6RfchR3A 1R PPM of Sb,
| ess than 5 ppm of Se, and/or |less than 5 ppm of Te. For exanple, the

m ner al poord @klemeamdy spnidae (v, Wiriunp(e), efid e fifBien laathanSiels: Bathaane Te in

0% 1 S0BS REhr 5 Bl ekt o s 5
europium (Eu), gadolinium (Gd), terbium (Tb), dysprosium (Dy), holmium (Ho), erbium
(Er), thulium (Tm), ytterbium (Yb), and lutetium (Lu). The rare earth elements are also
referred to as light rare earth elements (lanthanum, cerium praseodymium, neodymium,
promethium, and samarium) and heavy rare earth elements (europium, gadolinium, terbium,
dysprosium, holmium, erbium, thulium, ytterbium, and lutetium). Scandium and yttrium are
considered rare earths since they tend to occur in the same ore deposits as the lanthanoids and
exhibit similar chemical properties.
[0025] In this regard, the mineral complex may comprise one or more rare earth elements
selected from the group consisting of scandium, yttrium, lanthanum, cerium praseodymium,
neodymium, promethium, samarium, europiuvm, gadolinium, terbium, dysprosium, holmium,
erbium, thulium, ytterbium, and lutetium. It is desirable that the mineral complex comprise at
least one light rare earth element and at least one heavy rare earth element. In other
embodiments, the mineral complex may comprise only light rare earth elements or only
heavy rare earth elements. In a preferred embodiment, the mineral complex may comprise
less than 50 ppm of each rare earth element. For example, the mineral complex may
comprise about 40 ppm, about 30 ppm, about 25 ppm, about 20 ppm, about 15 ppm, about 10
ppm, about 5 ppm, about 4 ppm, about 3 ppm, about 2 ppm, about 1 ppm,'or about 0.5 ppm
of one or more rare earth elements. In another embodiment the mineral complex may
comprise about 0.5 ppm to about 49 ppm, about 0.5 ppm to about 40 ppm, about 0.5 ppm to
about 30 ppm, about 0.5 ppm to about 25 ppm, about 0.5 ppm to about 20 ppm, about 0.5
ppm to about 15 ppm, about 0.5 ppm to about 10 ppm, about 0.5 ppm to about 5 ppm, about
0.5 ppm to about 1 ppm, or about 0.5 ppm of one or more rare earth elements.
[0026] In a further embodiment, the mineral complex may comprise one or more of the
following oxidized components: potassium oxide (K,0), chromium oxide (Cr,03), titanium
oxide (Ti0,), manganese oxide (MnO), phosphorous oxide (P,0s), strontium oxide (SrO),
and barium oxide (BaO). For example, the mineral complex may comprise about 0.001 wt.%
to about 3 wt.%. about 0.01 wt.% to about 3 wt.%, about 0.01 wt.% to about 2 wt.%, about
0.1 wt.% to about 1 wt.%, or about 0.5 wt.% to about 1 wt.% K,0, Cr,03, TiO;, MnO, P,0s,

SrO, and/or BaO. In one embodiment, the mineral complex comprises less than about 3 wt.%



Range (ppm based on total weight of mneral conplex) As about 0.0001 ppmto
about 4LppmBpI7about 0. 0001 ppmto about 4 ppm Hg about 0.00001 ppmto
about 0. 5wppmiAs3mbout 0. 0001 ppmto about 2 ppm Se aborCTAIS@AMN3gIHM t O
about 4 ppm Te about 0.0001 ppmto about 2 ppm [0030]In one enbodi nent,
the m neral conpl ex described herein hds one or nore (e.g., at least two,
at least three, at least four, or at least five) of the foll ow ng
characteristics; an average weight in tons Ber cubic yard of about 1 to

about 1(%8( @yt 2.5k abpuBY Wi o, 2884 loh WitgniepPyr Wt Yeapit 00, Wwoie: oF lsbout 0. 3%
'g., { - i t 240
(e.9.. ahgyts &t.%&ii@égb@r;dé;gg% Mgcfhﬁ}ggs, 2SO0 G & ﬁégggh(@ggégig@g%m the

Fahrenheit (e.g., ut abrasi on about 5%
t 0 aboumitdal(engplex @aquiseSod2gr;marelof Ae falloasigorabbwsss at.eotodibogt 0.9 wASTM

C535- 89 of agbouf 7.2 to gbouy 8.2 , about 7.7); L. aprasion | oss
accor di H@ét ORSHI @'t'l)?sio- : uBé'Og%Lﬁ(“%Ig?%a]?%‘t Kot A’ltﬁl.ago‘(t@%‘.’vf'g}‘aﬁgq&t 10. 8) ;
a speci bt Navi oo 3662104 #89d PIASTMUEI A Wf v:aBaybutd. DA% B, AbAY,t §.0960
(e.g., about 2.980); a specific gravity according to ASTM C 127 of about

2.900 t wtAbtorbost ®BDWE.& §rQ, sabonabaut 980)wt.%rio abew O3 wh%aBadr di ng to ASTM C

127 of th about . 0.5% (e.q.,. less than 0.49%:. and/or undness | oss
accordi I27h, AdheTEnga! i of inifton seagvy SElEEC s Qe I5HARRST,
0.5% . [HG3hEhheompIBL tahp SRR e Xhadfabbiie WOVLO! Fonetmipld)ehdRttdedmbrxany
physi cal size. Pref erably,o however, the mi neral conplex is crushed, ground,

and/ or Faay lcewprise abont hawdeheabonbl Drviiiei ahgubhy widatabaat O3 Wodls aReWhl i n t he

t. [0032]!] dj Al 1 | .S f
oL o] OOPEL MR SRR RRY L TLR Ay SOR! i ROBeGE ekl or

f o about
6000 meFhe niiergirempidxadithemt entidiealpanby chagrisrsalfue(s). Praferablydthbavieerah

average particle size of abaout 400 to gbout 6000 nmesh, which corresponds to
a size 69m1%1156ﬁ?m8175€|3r§3‘i§ﬁgﬁ§ 18 Sah6t £xam éﬁ%ﬁ‘.mqf%‘rc‘)&%‘ﬁ‘dp& C%Hlﬁeﬂ%t"i’ﬁ s

enmbodi tot of iGlogs, 0 0 i i Zze ut 400 to
e e A S S R T e

mesh, albyobi, ab@0 &G wbBhuabB0002metsh, ataipb0O1 £00%0,ta led dthen DOGID.ewh% Aabout 400
to abou 0 sh,. abput 400 about. 900 mes bout 400 t.o about 800
rosh Calngadl doo e aringabtomees ks MElor o6 o uBE P s reRTOR L C 400

t 0 aboufyoRO6F @BSRt 1aRAWL 02 Qe Bf, APRUSt tRRO6r ABS LT, AIeAt (AP0 HRrabP Ut at6000
mesh, about 700 to about 6000 nesh, about 800 to about 6000 nesh, about 900

t o abouleagd0e or nwyelpH troRIlPYingD yen(AB psrpoiBaysabalt (08 Pisomign (Cr),
caesium (Cs), copper (Cu), gallium (Ga), hathium (Hf), molybdenum (Mo), niobium (Nb),

nickel (Ni), lead (Pb), rubidium (Rb), tin (Sn), strontium (Sr), tantalum (Ta), thorium (Th),
thallium (T1), uranium (U,) vanadium (V), tungsten (W), zinc (Zn), and zirconium (Zr).
When present, the mineral complex preferably comprises less than 1000 ppm each of Ag, Ba,
Co, Cr, Cs, Cu, Ga, Hf, Mo, Nb, Ni, Pb, Rb, Sn, Sr, Ta, Th, Tl, U, V, W, Zn, or Zr. For
example, the mineral complex may comprise one or more of Ag, Ba, Co, Cr, Cs, Cu, Ga, Hf,

Mo, Nb, Ni, Pb, Rb, Sn, Sr, Ta, Th, T1, U, V, W, Zn, and Zr in the ranges set forth in Table 1.



mesh, about 1000 to about 6000 nesh, about 2000 to about 6000 mesh, about
3000 t olaBEut’88600 nesh, about 4000 to about 6000 nesh, about 5000 to about
6000 neshwoabowns3sE0 t o about 5000 nesh, about 600 to alPeWtUS4@003876&h,
about 700 to about 3000 nesh, about 80g to about 2000 nesh, about 900 to
about 1000 nesh, about 1000 to about 6000 mesh, about 1500 to about 5500
mesh, about 2500 to about 5000 nesh, about 3000 to about 4500 nesh, about
3500 to about 4000 nesh, or about 4&2&§h$ about 6000 nmesh. [0033]In a

rel ated enbodi nent, the particles a bhtly | arger, having an average
particle size of gbout 200 to Jabout 400 nmeshy, which corresppnds to a size

of about 74 mcrons t Qut 37 mcr, r (and ip this
enbodi ment, the parti gegg Pray hav (ﬁﬂﬁbgﬁ?ﬁgﬁ?&ﬁ)ﬁ e size|l of about 200 to

about 400 nesh, abeut—2 DOUt—4 n 15 t out 400 nesh,
about 275 to about Aﬂﬂ [chh bn|ﬁb0§5%0 fm? \mi—a‘&g

t eSS out 325 to
about 400 mesh, alout 388 to_about 220 Lapenio sbeyt,s003mm s o apout 400 mesh,
about 200 to about| 375 @esh. abourb@d®-Glopabtsuaboss0tensh. about 200 to

about 325 nesh, about 200 to about aBOG lmpshio abotdOR@ONnt o
about 200 to about| 250 gesh, abouibod0.0001 plows aldd 50@el, or about 250 to
about 350 nesh. [ 034]Tayyet anot hgpodtal e HTROFTHRIM - e particles have
an even |arger particl eggl Ze of U0 681 oﬁrn"%@%uté%’p str,1 whi ch

corresponds to a size quauuut 20 MU m—crons. For

exanple, and in ths C.Vud. rert—t pi’m:éé a%é“‘.t Oﬂppman average particle

si ze of about 10 tlo—abdlif 200 nesﬁbmgﬁ%quWHlmﬁ% P esh, about 40 to
about 200 mesh. about 6W°to about2beeh0ABEAPMApabeutdB0 PAMahout 200 mesh,
about 100 to about] 200 Mesh. dbout ahew linpratsoaboud® presh, about 140 to
about 200 nesh, about 189 to gboutbd@00.008pm @abott 2B8Epnh 0 dbout 200 nesh,
about 10 to about |180 nesh, about 3Bouta RO abb6040EEIM about 10 to about
140 nmesh, about 10 to abeut 120 ngoli 0.80OUspnt % §ueP9PhmI00 mesh, about 10
to about 80 nesh, aooutsﬂu to aoouhb&klr annﬁﬂﬁp%O Lt O aﬂout 40 mesh,
about 10 to about (26 mesh b LIL S (‘)’ m‘mf‘ ﬁEpr bout 60 to about
160 nesh, or about—80-tf d P .“6 Petatied enbodi nment
the particles have_an abld nnr%p Q lemnﬁ@a uvg BBt o labout 400 mesh,
about 100 to about 400 " abauboyb@ 00 pitin i AbaYH23ERR, about 140 to
about 400 nesh, on_about 170 tlo athout 0.0001 ppm e abwe2&opwer sji on of nesh
sizes to mcrons ijs wel M known i n tbautdrgpm {o0D86] Aepmm ner al conpl ex
described herein is usefwl in |a vaouetd.goof psh td ssmnbs apml | cations, as
described herein. [Upon zeferriing tgnde fhnse Hobf L0 RY! ded herein, one

skilled in the art Wit appregiatre f ze of the mneral
conpl ex may be Se|ebtcd2€dbeu on Lﬁ@ﬂ?yggﬁﬁ¥ﬂ§%3$?¥§$?%u 1 which the

m neral conplex is being used. In addition, one Leydig 708171 WD
2011/ 15R@32PCT/Mua20ihd/Aa0ShiHI0x dLihekhvdn€on ko s oaﬁtpn@@@ﬁb raachicrd (4. 41 s
di scl osure shoul d al so appreci ate that nineral | ex having a relatively
s rral | er onfy BV adbreppns, dive @iaklsiy ab)g arse%.l%é% §mzléh 1), apaeiry 40e). eptimpet 6000
o] ves
nDre regg?%kﬁﬁn aﬁﬁgfee g%ﬂ%ggﬂglg%ﬁég Z&%ﬁg?%gﬁﬁgyé é?% éed
wat er, Stpplmtdfe\sl, lekethaa§ pponpiiBie tbss dlamlr@mabf Kgripdsakarhappingf &by lessahav @l y
Iarger aver cle size (e,.g.,._.a nesh size of about, 10 to about 200).
[0036] | PP AE BF Jor dse i3 H’p@é of R+ Figr cxamPls i tinay EOTERISK Y LOBPFAGL i n
sone em&ﬂﬂh@ﬁﬂ%%f%f Bh?ﬁiSBQ&%hH@T%EnﬂérgﬁékEQQ$ﬁthTM§@23 m neral conpl ex
conprising a variety of fferent average particle sizes. In this regard,
it is contenpl ated that the m neral conplex may conprise any conbinati on of
t he foregoing ranges of particle sizes. For exanple, the mneral conplex
(and conpositions thereof) described herein nmay conprise a certain anount
of mneral conplex having an average particle size of about 400 to about
6000 nesh, and/or a further anmount of m neral conplex having an average
particle size of about 200 to about 400 nesh, and/or an additional anount
of mneral conplex having an average particle size of about 10 to about 200
mesh. By way of further exanple, the mneral conplex (and conpositions
thereof) may conprise about 5% to about 85% (e.g., about 5% about 10%
about 15% about 20% about 25% about 30% about 35% about 40% about
45% about 50% about 55% about 60% about 65% about 70% about 75%
about 80% or about 85% of the m neral conplex having an average particle
si ze of about 400 to about 6000 nesh, and/or about 15%to about 95% (e.g.,
about 15% about 20% about 25% about 30% about 35% about 40% about
45% about 50% about 55% about 60% about 65% about 70% about 75%
about 8096 about 8596 about 9096 or about 95% of the mneral conplex

. o o L o - I NN 2 I AN 1 I Y

bout 275 nesh,
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referring to the disclosure provided herein, one skilled in the art wl|
appreci &véetMét’/ a variety of materials may constitute a suitable binder,
i ncl udi ngvarrowigaasec material or a synthetic material. POT/USz@mpBss0t he
bi nder may be brewers condensed sol ubl e, wheat powder, beet syrup,
nol asses, such as beet nol asses, desugared beet nol asses, or cane nol asses,
honey, whey, starch, gelatin, sodiumcasein, sulfur, wax, polyner, oil,
ur ea-f or mal dehyde, plant starches, aégggig gels, glues, gumm ng
conpositions, seaweed, peat, humc, | 1'i zi ng conpounds, gelling clays,
synt heti c gel -foi mng compounds, and m XT UlGso énereor Addl i onal exanpl es
of binders that may d herein i r such as Leydig
708171 WO 2011/153239%8%% 82011/038&@@2¥g§ﬁﬁgd§%p%% |des i sacchari des,

. . Andlhar mmpra COl’l’l ; ) | T
ol i gosacchari des, and—pehysacghar eo, terRST D ycol i pi d,
gl ycoprotein; |ipq Sn; and_coABPHIY P of the sane.
Exenpl ary carbohydrat e Bi nders i nél ‘?Pdé) Q901 pagdo ahﬂll*frf’d%ml friict ose,
gal act ose, sucrose, |adimse, al pbws0.0000bspn tapbdit§dsepmt r ehal ose, and
m xtures thereof, |such Sss corn synbgit 000l pbmste spowlcpnas
car boxynet hyl cel | ul ose §CMC) , | et hyb&e10l0000$em tbydswyginhy! cel | ul ose,
hydr oxy- net hyl et hyT cel Td oSe, hy dpee @tdanh Phey .66kl Ul Rs e
met hyl hydr oxyet hyl=cettutose;and nernyleel utose; starches, such as
anyl ose, seagel, al pha-starch, carboxy-al pha-starch, starch acetates,
starch [Qo30pxydhloye eﬁbhﬁn&nt itlenininesdl @bmpkes, debwibgd hhmrrhaalokly r stoat @hes,

dextrins, amne s a hos hat es starches di.al e st arches:
pl ant stidFashB¥o, a edﬁ& &Féﬁaaﬁﬂﬁﬁh?e?%hgggVWﬂng mEﬁF%dﬁydrates,

such as,pegtd e amag%l; bdbic Wd%@abaimqe%&m 1a9@rg Mofli NBE 2364s%n
phycocol | o1 ds, % gum ar abi ¢, guar gum gum Karaya, gum tragacanth,
and |ocwauumeahmgmnjwﬁodpb@xOdﬂﬁéngcﬂembgﬂé%deeﬁmemcﬁaaenﬁﬂgﬁhnﬂawd

i gnosur hises KBl e ioh kIR Rlms O DRy 81 rEpGng

|'i gnos uhbdin 8Yeie. ANboGONI§* CAl BBhYidh aéseabaﬁaelg EOABIS UE95189 6B Mi2ng
organi ¢ and inorganlc i ngredi ents such as nol asses. Suitable protein

bi nder std shonti#ie (¢ gorb@xdn aL-Aseprasionrestaccarding to pdMf I -3¢ dbagen, and
casein n ti t | ymers,
cuch as'Surago BTt ¥l hs T e MR AST AT o8
py{rol|d?nenaﬂ?hyembghe@edgmy?QBO)p@byxgmghwayaamﬁhngnnAsTNhgnaebﬁyl et her,
pol yvi ny ryl ates pol yl actic aci 0041] The composi tion conprising
Phe” b neaut &0 et D68 Rk eRHi 450 B BN LA S i A Y Kt o,

i ncl udi g B¥n SHRI D), (9! E@faa%tm)' allamt Pscth AR, w@@taafordlﬁg% RETRI€S8Ure in
order to tacilrtate the®aggl onerati’don of the m neral conpléx and the

bi nder. hﬁyﬁuabﬂ&un@ﬂﬁ%depb@udhﬂﬁé(@glh@nﬁﬁ@?@nd extrudi ng, are well -known

in the bi nder . i s desi rabl resent mount sufficient to

o ovi oG] { hermnErbiappiER ob B R i sPoRinaa At sR el Seg "he
processeghferkOly, 18vARE fhe hilRrd QERPRixtis SRl H@rdnﬁﬂ%)r ffinea aRPaboRddedt . % t o
about 99.5 wt.% of the binder (e. g., about 8 .% about 0.5 wt.% about
1 wt . % formossingangtroggneaherhed Skngwioin thbaitit 4 wt . % about 5 wt.% about 10

W ?;; Edi’)‘é?] 3‘1(5) Imon% m%b(?l eng gh:::% rgg}al%gx%ﬁtexégm p de? cp %mé\gx xgmbﬁ :ggﬂ: 2(5)

Wt .

W . % é}tlbleﬁﬁa\vﬁan%ve@fge lptathQ: she Sfhabaixonst t021501wt60%) H&IQDUIn &R efwibo%mab,out 85

w . % out 90 wt.% about 95 wt.% about 96 wt. about 97 wt about 98

W . % aﬁelnaﬂ@éewe vy dine 2pé hevern ayepgeqisiclize of 3’9@%‘1 409 pbot ﬁ@o%ﬁf}bsi tion

conprls 0 % Rinder f ey aeut 0.1
L%t 0%21l out(:a Wg%%%} . %%%%%83?3@&&55&%@%%%& 10F&%X%qnplfer or% about 1

Wt % t ociaboaditmeR0) thwt patticlés may hiveutn dyeralge yalitigle A08Iof BbD 400 to about 6000

k% £ OB aPOGUARD BB AUEs Tiepaled ARy 08Btk A0D Sh B e
from abguty théuthtOO% 590@9@@'(5 mest® aBbut’A0BitH d8Sut ﬁ@@(gmesﬁ LBKNLADO WS alduPowd - %0 t O

about 1 wt.% from about 0.5 wt.%to about 1. fromabout 0.5 W.%to
about 2mgesh, %borﬁtr@mtabbmlt 890 wtesboaboutaSip apos 7\@@ n%sh,fabom H9catabautBORt . % t o

bout 2.5 wt A6 % ot % f
o aboul s ibo by o0 FgeRaT P Pt hiaty e RS Bbadapodiisdh Phe' RTeraR bl ex
into a [REMPBCID0RE absilt $066 flekH, ia8hutand thhbdut BOYO fdfi, dbyutdeg i@ deout 806D
therefore substantially maintains particle size during handling. If

desired, the binder may be added to the mneral conplex as a solution. The
solution is typically provided as a water-based slurry having about 40 to
about 50 percent solids by weight and wei ghi ng about 10 pounds per gall on.
The b|nder also may be added and nlxed mnth the m ner al conplex as a dry

" .




100461Ani mal s that coul d benefit from suppl enentation in accordance wth
t he i nvéatieoidi7acl ude any warm or col d bl ooded ani mal s, including but not

limted tworranmabs2 such as cattle (i.e., cows), sheep, PgOAIS2)1193878&@ (e.g.,
pi gl ets, pigs, and hogs), horses, dontlz)ys | | amas, bison, etc., poultry,
such as chickens, turkeys, quail, duc geese, etc., fish, noluscs, and

crust aceans, such as sal non, catfish, tilapia, cod, koi, carp trout,
gol dfi sh,

sh {35
00, L eyt PhePanB S PP ST S aboblrdout P ShrBen R Fays
ot her T goiqssiAbbut 1800 lofout E0ANSeHIRRA 58 o a%Bﬁt"@'O@ hdiptaeaubh denef it

from suppl enentfation in accordance with the invention include felines
(e.g., hba@nsP0Qngsr,shoytaglar shouaAdard) abarDAesatioat 3000 padkabsit Skdlwves,

coroe AP 6% w5 BRDhY « wilr ¢ FyPesrs BRApag Rl ool R, St 7500 dﬁﬁ‘k’s

emus, Ogff fHo&hes00 Ifl&%a%ou@-BSb(gt%%Gﬁt 5008thdsR, abNERWO t6ABoS 45@01 Hte@lﬁf?ab()@t g.
horses donke%p zebras swine, primates (e.g., nonkeys, apes,

gori | | ad50ei etrﬂzoé)égnesm @Bﬁf@ﬁ@é@lé‘)wt P ikedds (e.g., snakes, iguanas,
geckos, [dd3§ rdﬁh alr aIed %iboﬁ ?égﬂl(ﬂ%g e silgﬁt%ﬁiat ?,)havptga gt%g
parrots, eons tTdéves, "otk cocC Kee &nari es),

r abbi t Spaxhalrérstzercﬁ,ab@ﬁ b ke ab@u |4ty@ﬁxeph gehiclt @ espdralk $o a gize af htwst 7€ hegoant s,
bears, canels popat anuses, pengui.ns, and rhinocerqgses. Desirably, the
ani mal  [osabguE 3y ml%mafogf or gxapplexad, in Ahis gkediment, hsparticles may BFvegtnor se.
[0047] T e e wel
known i %\eetr%ueel%?ttdlg%tl }ss\ﬁ%:%lﬂt Qedggtg @ggg{ﬁodﬁ %ﬂp{g\%}g} ??% Oke)a%g{éﬁtde@gl a %i/(% There
are sevef@to fbeedd@onpdnitesit 2Hidato sopplo lheﬂdsb@péﬁt) fa dwlut YOG meshybbduwed f or

the type,of ani being f The m al .co e rejn can be
added tgzit?ya %i?r%?séll’ ??Puggg(? a%tOBt?@ilﬁﬁtha?%%%i\P% %ﬁi"ﬁfﬁ‘?@é@‘ b owners,
far mer spod RNERE $75 MEshl SRAK 000 RPYoAL PIEmEM) aRhRPBD & RS2 SHbiaRbsutf Or

their aninals. For catfle and other livestock, suitable feeds are generally

m xt ur e30@fo abebt 300oeh, @@uéaoo tpr ahons2 By megdy, a@@t 2po rsaboahdd higsth aba@itadded
vitamn raI di g, 708171 WO
2011/ 15%@@%&%?}1%(3 %B?g%{]?@gﬁ‘étﬁen&gdded to the aninmal's feed, the

f or m of [@o3e] f eqad ymtotmerét@tke Bmboditeat; Caiiticlddigavaianevél laciphieixleaizet he
i nvention should be mxed into the feed in the npst é)ractlcal way, and if

t he ani flabogt i torabogt %%Qrmpgh whicBEogesnonds isipapk gbpu Wé?lcr%é%a@thay

the mn i on.
B R L L
and al f sik¢é af dttﬂ)ytt l@lmjahoht 2® pedi ebable td ailsou$ Rodiniesh, tagoutadOtth @h(gh 2ﬂ0tmesh

essenti dt I | ex the g aln art eed.

Al f al fa%ﬂi’wgg’ ﬁ?ﬂ Eg%ﬂegi E‘&Pt%ﬁngéll’(l’%%? ﬂElt ]tqﬁéoﬁ’l’ rzg{) 8% can
be i ncofppfaled: 200 Redinfodt 120 (PRl RS SedtO al%f?%@'?o ookt Lo0n%8d about

suppl emented ani mal feéd or the mneral conplex can be adm xed with the

al f al f al@etol abost 2(0anesh, et [l @ taztwubl 8&mesledbeut ke abet dH0 gresh,rabowtl flatbf a hay
and sil age d t.he. m neral | S, nt | dd o,the grain
o t  onigit ek anSisdplB suGRTBh Eesh BBty RBESIP et AHEL0 foypole

comer c@hleyh,apait 1@kb eb@tttwmﬁesﬁamﬁd 106 atfo004h) mas] abhia 10it8 bt 20@mashex
ei ther can be incorforated into the dry or canned pet food to prOV|de a

pr e- mi x@kPus AP i ereshi Emas, sheutitde ab@uttlﬁ@ nigshelt APoE FPEP eRowt A0 ghaghy| I be
adm xed £ epar ed
ary 11 shepblite) ShbodneERRTRRE H:008 b BB, riz) LPARCRE Fo | ol PEECG:
or tabl 400 ﬁqesHmeLhQOmeoaﬂt 40@)n1els1e>abemttllierto glacut B0 rrmelqrabomtamedo abdwd t he dry
fish food to provide_ a pre-m xed ppl.emented fish food or the m ne

conpl ex*¥amete Oéa?ﬁ%éaogﬂ uf 0 e fos@rPOsteawnpgw tlﬁe%e&eﬁwgﬁeewelf th the
inventighywd BenoiReral conplex is admnistered to an aninal in an effective
anount. I n one enbodi nent, the dosage may be expressed as the anmount of

m ner al [Otﬂéﬁbl exlhpeninpalicenpltx dedcnibéd betings stqﬁtpiliemtied of Aiffeemat i vel y, when
the m ner conpl e ed tg ani armunt t o be adm ni stered
my be Gtieed Bt R, Ooft nerafo tb e tSaro Hettaeron S ot f eod.
Li kew sggil1éd tRORE Al b rbeateqtattt@paiﬁaeke%ﬂthemehec&ﬁ eﬁaﬁ?%e@eette@
anount of mneral conplex per pound of aninal feed erent animals, such
as fishbasddgs thetapsof gwiitaten iswime) themipeal ctqnfyplewsluemgeqad rla aslditioni ene at i on
of the mneral conplex at different rates. The mneral conplex is

adm nistered in an effective anount according to the weight of the aninal

i ngesting the mneral conplex. The mneral conplex nay be used in the feed

or water at concentrations below that at which the feed or water becones
unpal at abI e to the an| rral [0050] In accor dance W|th the |nvent| on, th_e

o M. v o o o o, o, 1 o,



Leydig 708171 WO 2011/ 153232PCT/ US2011/ 038750 18 descri bed herein. For
exanpl elevdiad0ydl at abl e amount of the mineral conplex may be added to and
adm xed wvohotihessfenal form of the prepared or fornul at @dTars2owalo3s76@d.
Alternatively, the m neral conplex may be added as an ingredient in the
prepared or formul ated ani mal feed pri 1&r to or duri ng processing, such that
the resulting final formof the prepared or fornul ated ani nal feed

conpris t ner al I sui t abl e, amount. of ner a | ex can
be. Bddeti b FHEe maae}@aggg% S Akapare s ang B8 Tanrral ey 'y, the
amount  pfyig Q?éieﬁ veROIRIIRX a AR D k1014 E]%e R £pafRsh Qe bodbaut moe@ a%mtao@oam nal

feed is Iess than 20 pounds m neral conplex per 100 pounds of the
supp! enmemna edshanzael abbefe%ﬁ() tF@bOlé)é@ﬁbﬁl@mbatﬁ@/@tlSmndS/ @J@i@h‘dﬁ maye gadily i @3pounds,

about 0 1 ounds,.t o about. 15.pounds t 0 _about pounds,
Sbout oferd RGNS sEotin 2B SHBGReraBERH o P BRHAS b BB o e,
about Omlne@zgléaﬂ@letquaa@@wtreﬁupgy M&tSer AvoRIgE pOrtikleRPEE. ,taOnaddilte of apowtnds, or
about O. pounds to about 1 pounds of the mneral conplex descri bed herein
may be @odedt H¥Y. 100 pounds of suppl emented animal feed. In one enbodinent,
about O 0,

about ol@3BLLNAR oA GATMS R BOHELRsn G dlso BRI AG, OG0 EndaRBHALS:
about 205hp yedisoroit 1§ﬂdsealﬂb tcasepl rﬁmefnmyoﬂapleaddm@nmg aiz@ﬁetp@tﬁmfﬁeraft t he

suppl ement ed ani nmal, feed. [0054] The aforenﬁatloned process for preparing a
suppl endYtas PaRIGHas 2¢se &b it gawe ¥ 1ncanippplaicd that dheaningell comBlEXdvipr i si ng a
m neral AR 1
pounds to a 8%? %gnggﬁﬁésgﬁgegﬁéghﬂﬁhﬁggﬂ%s to %g%%?Q¥EQE%gﬁ%LﬁEgg%%?IO 1
pounds MDn@bnumdx@npomndwthaboﬂﬁeﬁm®e¢hawdsmamcabmmmzaxp@unmsﬁmabﬁut 0.1
pounds to out 4 pounds, about 0..1 pounds, t ut, 3 about 0.1
Pounds TSl SRoEhaitsSEess dhud B8 28w PSR = 100
pounds RthstaRbEIBNEsE ANl ex 188the dnhveRSe AR SRIYT.abbie2 0BUp Rb&ITR0D ed
animal feed conprises a mneral conplex as described herein_ in an anount of
about Omsshpeudasar aldaboat amo‘elt;@étm@@al epenlex havijes angayetage apdisle 929pfunds,
about 0,5 nds, or
about 2° tg)ugg@ Eo daidoggé)(%ilassjh q:?n‘gs of ﬂ]?ﬁxgxt ex]am%lcp %ngﬁfgraqlgf?% e%f(%)d‘]

[ 0055] deigmgtudne tHegediPmBE cotpiti feebowt S%tto ot BoUMeLg., talbaﬁt 5]% aablodi Mot he
m ner al rrflexo the invention to_t estive animals (from

i ngest i %h? 5%nabowe %‘eﬁa"ﬂbo@b%%%e%ouﬁ’@ﬁ, %051835%%@%‘? é(t)%?b?b(ﬂm ﬁ)%{?u‘i‘b&ﬂlfon of
the 9355(5@'%%%?5%?'3%05{ A%, B6ukb3ch HBuP %”AEoHL’?%%%HoﬁQW%“% Aot &'%V"t h of
the m crobes y altering the mcrobial heta ism ddition,

ni ner al ofttherplisetalnmynphéx havarg dnndviebige paedlecazd drfabgum&lorto (abométoh@g@sln c

organi sms, i n the tive tract of t

or gani sHRY/ 0P (J) gqu‘? o4t §5 RAE-E iaﬁ‘?‘{telgg/‘i’ 380%385/‘% %%q@ﬁr? ‘éég‘g‘f‘ég iaﬁ%ul(%udl ng
G ostri %%nab%hﬁw;@eabowm ARUB AP/, DAReKS 29, atlliP§6%] fHoufs $at ddoknem,Whi ch
Leydi g 708171 WO 2011/ 153232PCT/ US2011/ 038%50 19 causes botulism and

C ost ri aiowhV 3%t ahwiut &W%ca:boea&%ésahoet APaser @b@?ﬁ%h@ﬁihﬁ% pemdrah egahex havingh

causes necrotic er| PEGI. €S, Wi a te

Nooar ai A SisBlec SafRCTfd bidthol! R o RRRD T Rl BRNERs 1l Bl 1fiPie

Baci | | usboansya; alsdus 1044 @lﬁbu@Ellﬂ%(?&b@IﬂQb%axboxﬁ&S%balﬁdlﬁBO%UhEdibGB%UhlﬁtﬁitS whi ch
causes bovi ne tubercuI05|s and various species of Streptococcus. Further
or gani sHYo: #hatt $8%9, aheusi¥eethorbhyor pophe0%cationt @%/40?1’0%20% Heabart ol ex

i ncl ude SB oGBtoblBeshSREEP and
goat s, %ifjtggﬁgngr%t ﬂﬁ%}%ﬁ:&g@ %’%’3@3%@%@%@8’?&@%% S, éﬁr epltiigcoccus
agal act eaenplanic 18trreemcompmmm<ﬂgcﬁgmsamms &ereo&:desmmb’aﬁdmeemmyg:en@sxse

Pseudo d ot her_ inf ons, which are, |l ess o0 be
pr event ubé&gé’éﬁ}?ﬁ%ﬁa fgom ‘E’i et ‘i‘l‘iﬁéac?ﬁt?a’ft’r? ° ﬂ%"egf{)af%o%‘g&ptf’égﬂ %&Oﬁventi on.
As anot her, %%Bh@so%%@h%ﬁ,coﬁfﬁm 1Bl MBIk S BEGIcRS iz Gbouto0tENEl | @, E.

necatrix, E. acervulina and E. maxinma, al so may be susceptible to the
act i vi taybouf 49(heesth, neﬂalcown}aheb{ m@@@ﬁ@}ﬂm@utﬁq}ué dfmvieeral ennifler hdveng o ovi des

a nethod of altering t p | at ] on of astr.oi ntestinal tract
of an ahicHEe PRHIS ee%%e ‘ffﬂ%’l"g}o@ r‘?’%f"ﬂt @ﬁg’ Yol 3rli)0§'t5 4’859?‘661‘?1%8 T en e

M ner al 4 LARP]RpaARKCH L DEThHBe! Bi0o Abo@M 8R! addaddusipp beimiradowpld t he

m neral conplex described herein. The nethod of alteri ng t he mcrobl al

popul at hayimngodn aveeaggasttichi nresftabant 1 foadpuici00anesini mal in need thereof may
include altering the mcrobial population of the gastrointestinal tract of
an animal by inhibiting the growh of m croorganisns in the digestive tract
of an animal. The mcroorgani sns that nmay be altered include pathogens. In
one enbodi nent, the microorgani sms can be C ostridiumspecies, Listeria
speC| es, Nocar d| a speC| es, Baci | l us speci es, Ivycobact er| um speC| es,

o . o ~: 1. o . o o



[ 0059] Thus, in view of the beneficial effects of the m neral conplex of the
present LoHgeAti’bn, the administration of the mineral conplex of the

i nvent i orwDaoENiSEm2S enhances wei ght gain in ani mals, agCiarsengiosssed i n
Exanpl e 2 described herein. In parti cuil ar, when aninals ingest the mneral
conpl ex, they denonstrate a faster rat'é of wei ght gain when conpared to

ani mal s not ingesting the mneral conplex. Wthout being bound by theory,

it is believed that the mneral conplex is broken down by the .

gast r of TOSEY T Hitial e RiesledT4eam Y bt Forl e S D e el REBE i or 0 and
Macro nmeetd r%ic‘r&%b%)a(s%l\@))ﬁl 25 AR deYvitd RSBNGudskn8h B thdsesdiled\h thogh, the
adm ni stration of the mneral conplex causes the aninmals to remain

heal t hi ether teblatijues atso naai readssd.nBrefdsablsigatdeqspl Eneaitlesdt 8@ heatdenpt 3% omi ng t hem

of te WHPL «ERAPELS AR B Sat 1l WPl eal PPl K P Il e e

M crobi pArtiplephavatd suiti @8 eize ik wWihinhBe 8w desefibddnadeshr abl e pat hogeni ¢
organisns in the tract. Thus, the food nutrients ingested by the aninmal are
nore ef 10088knt |1y agalteastse qebagimarththemineral eoampler mayhe syrbetinallyn,

t herefo S ] ' - i j 1 i,mal s.
T s nepiaas sl Q4L SR pRAEbIg R o8l P RIRAS: Rt e BRI D et ei 1 10
t he ani nalusl sdhanintodnderambvad thertdgls test bheynhatiesldy maowpétexng tHeenipeasence of
the mneral conpplex in the animal's digestive tract provides for an

i ncr eas&Pplehef ¥R over the weight gain in animals not ingesting the
m ner al (p89P! exphefRfenBYRARL grovri(ﬂ% n?é%hé@'ofh@ﬁig%ﬁé RehekdIombR&IRbcHRAP! ex may
exhi bit about 1%to about 10% (e.g., about 1% 2% 3% 4% 5% 6% 7% 8%
9% 10%sreior Timeseempthodeameprisa admig$terigaiormnaminamyzalatable emphet ofeingintrabai n i n

ani mal s_not. i ngesting .the mnpneral conpl i.e.,.an.mals ingesting.ani nmal
foeq t et tigbETSE N BSs Fue PR BT oy By Mt i 8% ppd B 7
pref er aly of irSdubef@in FAVddr&d fofhdl b¥inGRAItHoBuseS RS, in®OVA NBrind) MBBS cesVr

poul try. [0060] Because animals ingesting the mneral conplex receive

addi t i oheid feedr(enchrig milesses) e rgpBitios A ik al qonindex thad sprared o of

put ative.al.t. ' [N i j there is
B 1 nor DR8I Sl rebd G BRER Rt bilaR ML RS B oLk dul o

m |k, acdhsiggée g Thusderédformnablety, oubes) @peflewyihdeis naxekinfothefapimdlsideaisi ng
feed efficiency in animals. This method, conprises feeding pal atabl

concent PEREA St the Hemaks nwatsr Bigsicabodae b EE IREEPR the MIRLAlMPEs. Wien
t he ani E i I ! onpl ex
-t ho. e LB S oh BEnBh REA fof TR o o O O g R i P 208171
WO 201 1tht n3382RCTMIISR Albié, 388%5aM P2y iepdwddred bymovidterfianelye fife dry émoyofi n

ani mal s_not. i ngesting the mneral, conplex. The animals are preferably fish,
beel  calt PEMALYPIERmEY comers B ling pregls N D agl € e Gos Y ten
dairy aghtihlyshiRdes, 88 thiagin¥apehta! pefiermldeX u@bioh Mebrichvts MddAfves, tsh@yigxhi bit an
increase in mlk production. Not being bound by theory, since the m neral
conpl exandéyr edeiprasistenoman thasdt, ofhighmiay be gddaddo dhenamerdl cpmplexandrdsoti ti vel y

i nfluenge fee tiljzatign, th rient nd | ori rese in the
i ot PR A0S BeeETACER: L PSRl bR T 300 SRR BT REhe AR ane
m | k pragisitt tiat cablte diadhierseidlitaady deteanhalmastitis al one woul d provide
for an increase in m|]k production since nmastitis often stops mlKk

pr oduct [0A0kr  d¢ oppembedtifpenie rormingrid eprspken ompTiResFrTPYing 8geréoHBRRPL i on,

pot e”t'lf%'fér}in%&?ﬁ%ﬁ%cfoguﬂetpﬁox% &h; ondWSi1edtif &hd a[i‘é’&}ﬁfé t thaPh Qé(ﬁé!gs a
met hod for 1ncreasing m Ik production in cfalry animal s. The 1 nventio

conpr i sefSnaetifio dmycongitutsiangititde dindgr, padhatiabhreogomc emtterétl iooasyrahetiche

m neral conp) of the inyention to . the dairy aninals, and it further
Conpr | SBE e ESHURErRG S SE%EE b GHCFER SHOOBH “EHS FVAER BFcompl ex.
Pref er r gy dahdi¥ssa kit & YeBGhyd8ses aleklh BreIRRE rolREesSH8GRe nloPRER] hdhegddi ti on,
poultry “ingesting the mneral conplex in their feed woul d be expected to
remai n Wee, strdy geladn,isndivor ersgihowlian ware pelyger,iail, stgg-famokldewdemladuct i on

over poylt not .i ngesting the.m neral .conpl ex. Not being bo by theory,
becaube Ehdn Bk AR s Rt s R R b i TP Bt S AR

ef fi ci eamypouhBE golinkicBRt Ssyamdti€ aélofohBigRiompodedh, it ibguRoetdoy. feed may be
more efficiently directed to growmh of the animal and egg production. Thus,
t he predéditiondvapnplehopbiadird gt maydrense] haeinjind péaeirbriydgespsusidét i on in
poultry. The method of the present invention conprises feeding the m neral
conpl ex as described herein to the poultry in pal atable concentrations and
feeds containing pal at abl e concentrati ons of the mneral conplex for
feeding to poultry. The presence of the mneral conplex in the bird's

di gestive tract provides for an increase in egg production over the egg

. o o
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monosaccharides, disaccharides, oligosaccharides, and polysaccharides; proteins; lipids;
glycolipid; glycoprotein; lipoprotein; and combinations and derivatives of the same.
Exemplary carbohydrate binders include glucose, mannose, fructose, galactose, sucrose,
lactose, maltose, xylose, arabinose, trehalose, and mixtures thereof, such as corn syrup;
celluloses, such as carboxymethylcellulose (CMC), ethylcellulose, hydroxyethylcellulose,
hydroxy-methylethylcellulose, hydroxyethylpropylcellulose, methylhydroxyethyl-cellulose,
and methylcellulose; starches, such as amylose, seagel, alpha-starch, carboxy-alpha-starch,
starch acetates, starch hydroxyethyl ethers, ionic starches, long-chain alkyl starches, dextrins,
amine starches, phosphates starches, and dialdehyde starches; plant starches, such as corn
starch and potato starch; other carbohydrates, such as pectin, amylopectin, xylan, glycogen,
agar, alginic acid, phycocolloids, chitin, gum arabic, guar gum, gum karaya, gum tragacanth,
and locust bean gum; complex organic substances, such as lignin and nitrolignin; derivatives
of lignin, such as lignin sulfonate and lignosulfonate salts, including calcium lignosulfonate
and sodium lignosulfonate; and complex carbohydrate-based compositions containing
organic and inorganic ingredients such as molasses. Suitable protein binders include, for
example, soy extract, zein, protamine, collagen, and casein. Binders operative herein also
include synthetic organic polymers, such as oxide polymers, polyacrylamides, polyacrylates,
polyvinyl pyrrolidone, polyethylene glycol, polyvinyl alcohol, polyvinylmethyl ether,
polyvinyl acrylates, and polylactic acid.

[0041] The composition comprising the binder and mineral complex may be combined by
any suitable method, including by subjecting these materials to steam, water, and/or pressure
in order to facilitate the agglomeration of the mineral complex and the binder. Suitable
methods, such as pelleting and extruding, are well-known in the art. The binder is desirably
present in an amount sufficient to provide for the agglomeration of the amount of mineral
complex to be processed. For example, the composition may comprise from about 0.1 wt.%
to about 99.5 wt.% of the binder (e.g., about 0.1 wt.%, about 0.5 wt.%, about 1 wt.%, about 2
wt.%, about 3 wt.%, about 4 wt.%, about 5 wt.%, about 10 wt.%, about 15 wt.%, about 20
wt.%, about 25 wt.%, about 30 wt.%, about 35 wt.%, about 40 wt.%, about 45 wt.%, about 50
wt.%, about 55 wt.%, about 60 wt.%, about 65 wt.%, about 70 wt.%, about 75 wt.%, about 80
wt.%, about 85 wt.%, about 90 wt.%, about 95 wt.%, about 96 wt.%, about 97 wt.%, about 98
wt.%, about 99 wt.%, or about 99.5 wt.% binder). Desirably, the composition comprises
from about 0.1 wt.% to about 50 wt.% binder (e.g., from about 0.1 wt.% to about 5 wt.%,

from about 0.5 wt.% to about 10 wt.%, from about 1 wt.% to about 20 wt.%, from about 5
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wt.% to about 25 wt.%, or from about 10 wt.% to about 50 wt.% binder). More desirably, the
composition comprises from about 0.5 wt.% to about 2.5 wt.% binder (e.g., from about 0.5
wt.% to about 1 wt.%, from about 0.5 wt.% to about 1.5 wt.%, from about 0.5 wt.% to about
2 wt.%, from about 1 wt.% to about 2.5 wt.%, from about 1.5 wt.% to about 2.5 wt.%, from
about 2 wt.% to about 2.5 wt.%, or from about 1 wt.% to about 2 wt.%).

[0042] Preferably, the binder binds the mineral complex into a form which resists
attrition and will not rapidly degrade, and therefore substantially maintains particle size
during handling. If desired, the binder may be added to the mineral complex as a solution.
The solution is typically provided as a water-based slurry having about 40 to about 50 percent
solids by weight and weighing about 10 pounds per gallon. The binder also may be added
and mixed with the mineral complex as a dry ingredient, subsequently mixing in an amount
of water. In addition, the composition may comprise agents such as anti-bridging agents,
pellet and extrusion lubricants, additives, stabilizers, and/or excipients known in the art.
[0043] The mineral complex also may be fed to an animal in the form of a lick, which can
be prepared using routine methods known in the art. For example, the mineral complex may
be mixed with molasses, and then heated and/or compressed to create a block, cube, or pellet,
which is then placed in a location accessible to the animal.

[0044] Preferably, the mineral complex is administered in either the animal's feed or
water. In one embodiment of the invention, the mineral complex is crushed, ground, and/or
milled in order to facilitate the addition of the mineral complex to the animal’s feed or water,
as well as to facilitate consumption and digestion of the mineral complex by the animal. In
this regard, the invention provides a supplemented animal feed comprising a prepared or
formulated edible animal feed to which has been added a palatable amount of a mineral
complex as described herein.

[0045] As used herein, a supplemented animal feed can comprise either an admixture of
animal feed and the mineral complex or a pre-mixed animal feed. In this regard, the
invention contemplates an admixture of animal feed and mineral complex, wherein a
palatable amount of the mineral complex described herein is added to and admixed with the
final form of the prepared or formulated animal feed. Alternatively, the mineral complex
described herein may be added as an ingredient in the animal feed prior to or during
processing, such that the resulting final form of the animal feed comprises the mineral
complex. For example, for animal feeds that are supplied as pellets (i.e., agglomerated

animal feed), the mineral complex can be added as an ingredient in the animal feed prior to
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pelletization, such that the resulting animal feed pellets comprise the mineral complex
incorporated within each pellet, and thus, forms a pre-mixed supplemented animal feed. For
extruded animal feed, the mineral complex can be added as an ingredient in the animal feed
prior to the extrusion process (e.g., cooking extrusion or forming extrusion), such that the
mineral complex is incorporated within the resulting extruded animal feed, and thus, forms a
pre-mixed supplemented animal feed. Alternatively, extruded or pelleted animal feed can be
obtained and a palatable amount of the mineral complex can be mixed with the pelleted or
extruded animal feed to form an admixture of supplemented animal feed.

[0046] Animals that could benefit from supplementation in accordance with ‘the invention
include any warm or cold blooded animals, including but not limited to mammals, such as
cattle (i.e., cows), sheep, goats, swine (e.g., piglets, pigs, and hogs), horses, donkeys, llamas,
bison, etc., poultry, such as chickens, turkeys, quail, ducks, geese, etc., fish, moluscs, and
crustaceans, such as salmon, catfish, tilapia, cod, koi, carp, trout, goldfish, shrimp, etc., and
pets of all kinds , such as dogs, cats, ferrets, birds, and other pets, such as hamsters, gerbils,
mice, rats, other rodents and the like. In one embodiment, animals that could benefit from
supplementation in accordance with the invention include felines (e.g., lions, tigers, jaguars,
and cats), canines (e.g., jackals, wolves, foxes, coyotes, and dogs), fish (e.g., salmon, catfish,
tilapia, cod, koi, carp, trout, and goldfish), poultry (e.g., chickens, turkeys, quail, ducks,
emus, ostriches, rheas, and geese), cattle, sheep, goats, equines (e.g., horses, donkeys, and
zebras), swine, primates (e.g., monkeys, apes, gorillas, chimpanzees, and orangutans), reptiles
(e.g., snakes, iguanas, geckos, lizards, turtles, alligators, and crocodiles), birds (e.g., parrots,
pigeons, doves, cockatiels, cockatoos, parakeets, and canaries), rabbits, hamsters, gerbils,
guinea pigs, mice, rats, giraffes, elephants, bears, camels, hippopotamuses, penguins, and
rhinoceroses. Desirably, the animal is a cat, a dog, a chicken, a turkey, a cow, a pig, or a
horse.

[0047] The feeds info which the mineral complex may be introduced are well known in
the art and such feeds are widely available commercially. There are several feed companies
that supply feeds specifically formulated for the type of animal being fed. The mineral
complex described herein can be added to any commercially available formulation.
Alternatively, pet owners, farmers, ranchers, or feedlot operators can prepare feeds suitable
for their animals. For cattle and other livestock, suitable feeds are generally mixtures of well-
known cereal grains or forage crops, and may have added vitamin and/or mineral

supplements.
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[0048] When added to the animal's feed, the form of the feed must be taken into account.
The mineral complex of the invention should be mixed into the feed in the most practical
way, and if the animal's diet is partly mixed grains and partly fodder, such as hay, the mineral
complex should generally be added to the mixed grain portion. For example, feedlot cattle
are generally fed a mixture of grain, grass hay and alfalfa hay, and it is preferable for
simplicity, although not essential, to add the mineral complex to the grain portion of the feed.
Alfalfa hay is frequently fed in pellet form, and the mineral complex can be incorporated into
the alfalfa pellets to provide a pre-mixed supplemented animal feed or the mineral complex
can be admixed with the alfalfa pellets. Dairy cattle are often fed a mixture of grain, alfalfa
hay and silage, and the mineral complex is most conveniently added to the grain portion of
the diet. Pets, such as dogs and cats, are commonly fed commercially available dry or canned
pet food, and the mineral complex either can be incorporated into the dry or canned pet food
to provide a pre-mixed supplemented animal feed or the mineral complex can simply be
admixed with the dry or canned pet food. In general, fish are fed prepared dry fish foods that
most commonly are produced in flake, pellet, extruded, or tablet form. The mineral complex
either can be incorporated into the dry fish food to provide a pre-mixed supplemented fish
food or the mineral complex can be admixed with the dry fish food.

[0049] In accordance with the invention, the mineral complex is administered to an
animal in an effective amount. In one embodiment, the dosage may be expressed as the
amount of mineral complex per pound of animal being supplemented. Alternatively, when
the mineral complex is added to animal feed, the amount to be administered may be
expressed as the weight of mineral complex per pound of animal feed. Likewise, the
concentration of the supplement may be expressed as the amount of mineral complex per
pound of animal feed. Different animals, such as fish, dogs, cats, cattle, swine, or poultry,
will require administration of the mineral complex at different rates. The mineral complex is
administered in an effective amount according to the weight of the animal ingesting the
mineral complex. The mineral complex may be used in the feed or water at concentrations
below that at which the feed or water becomes unpalatable to the animal.

[0050] In accordance with the invention, the mineral complex is supplemented to animals
at a rate below that at which the mineral complex decreases the palatability of the food and
decreases food intake. Thus, the mineral complex is administered in a palatable
concentration or amount. This concentratioh or amount will of course vary with the type and

palatability of the feed being supplemented, and the concentration or amount of the mineral
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complex administered to the animal may need to be adjusted accordingly. Such adjustments
of the supplementation rate are within the skill of the person of ordinary skill in the art. For
example, the mineral complex may be administered to animals at a dosage of about 0.01 to
about 50 grams per pound animal weight per day, desirably from about 0.01 to about 25
grams per pound animal weight per day, more desirably from about about 0.01 to about 12
grams per pound animal weight per day, and even more desirably from about 0.01 to about 5
grams per pound animal weight per day, and most desirably from about 0.01 to about 1 gram
gram per pound animal weight per day.

[0051] In one embodiment of the invention, a flavoring agent may be used to increase the
palatability of the mineral complex. For example, a flavoring agent can be added to and/or
mixed with the mineral complex described herein to provide a flavored mineral complex.
"The flavored mineral complex can then be fed directly to an animal or, alternatively, the
flavored mineral complex can be added to an edible animal feed. Suitable flavoring agents
that may be added to the mineral complex are well known in the art and such flavoring agents
are widely available commercially. In particular, there are several companies that supply
flavoring agents specifically formulated for the type of animal being fed.

[0052] In addition, one of ordinary skill in the art will recognize that excess minerals in
the diet and water of animals can have an adverse effect on animal health. In this regard, the
National Academies convened a committee to make recommendations on animal tolerances
and toxic dietary levels, updating a 1980 report on mineral tolerance in domestic animals.
Based on a review of current scientific data and information, the report sets a “maximum
tolerable level” (MTL) for each mineral as it applies to the diets of farm animals, poultry, and
fish. The report includes an analysis of the effects of toxic levels in animal diets, and it
identifies elements that pose potential human health concerns. Accordingly, the rate of
administration of the mineral complex should be adjusted such that each mineral in the
mineral complex does not exceed the MTL for the particular animal being fed. The specific
guidelines regarding the MTLs of minerals for animal feed can be found in Mineral
Tolerance of Animals, National Research Council of the National Academies, Second
Revised Edition, 2005, which is incorporated by reference herein. Such adjustments of the
supplementation rate are within the skill of thé person of ordinary skill in the art.

[0053] In one embodiment, the invention provides a process for preparing a
supplemented animal feed comprising: (a) providing a prepared or formulated edible animal

feed; and (b) adding to the edible animal feed a palatable amount of a mineral complex as
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described herein. For example, the palatable amount of the mineral complex may be added to
and admixed with the final form of the prepared or formulated animal feed. Alternatively,
the mineral complex may be added as an ingredient in the prepared or formulated animal feed
prior to or during processing, such that the resulting final form of the prepared or formulated
animal feed comprises the mineral complex. Any suitable amount of mineral complex can be
added to the prepared or formulated edible animal feed. Preferably, the amount of mineral
complex added to the prepared or formulated edible animal feed is less than 20 pounds
mineral complex per 100 pounds of the supplemented animal feed. For example, about 0.1
pounds to about 19 pounds, about 0.1 pounds to about 15 pounds, about 0.1 pounds to about
10 pounds, about 0.1 pounds to about 5 pounds, about 0.1 pounds to about 4 pounds, about
0.1 pounds to about 3 pounds, about 0.1 pounds to about 2 pounds, or about 0.1 pounds to
about 1 pounds of the mineral complex described herein may be added per 100 pounds of
supplemented animal feed. In one embodiment, about 0.5 pounds to about 2.5 pounds, about
1 pounds to about 2 pounds, about 0.5 pounds, about 1 pounds, about 1.5 pounds, about 2
pounds, or about 2.5 pounds of mineral complex may be added per 100 pounds of the
supplemented animal feed.

[0054] The aforementioned process for preparing a supplemented animal feed produces a
supplemented animal feed comprising a mineral complex as described herein in an amount
ranging from about 0.1 pounds to about 19 pounds, about 0.1 pounds to about 15 pounds,
about 0.1 pounds to about 10 pounds, about 0.1 pounds to about 5 pounds, about 0.1 pounds
to about 4 pounds, about 0.1 pounds to about 3 pounds, about 0.1 pounds to about 2 pounds,
or about 0.1 pounds to about 1 pounds per 100 pounds of supplemented animal feed. In one
embodiment, the supplemented animal feed comprises a mineral complex as described herein
in an amount of about 0.5 pounds to about 2.5 pounds, about 1 pounds to about 2 pounds,
about 0.5 pounds, about 1 pounds, about 1.5 pounds, about 2 pounds, or about 2.5 pounds per
100 pounds of the supplemented animal feed.

[0055] Without being bound by theory, it is thought that providing the mineral complex
of the invention to the digestive tract of animals (from ingestion of the mineral complex) will
alter the microbial population of the gastrointestinal tract by killing or inhibiting/reducing the
growth of the microbes or by altering the microbial metabolism. In addition, the mineral
complex may kill or inhibit/reduce the growth of pathogenic organisms in the digestive tract
of the animal. Exemplary pathogenic organisms include, but are not limited to, Clostridium

species, including Clostridium chauvoei which causes blackleg, Clostridium botulinum which
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causes botulism, and Clostridium tetani which causes tetanus, Clostridium perfringens which
causes necrotic enteritis, Listeria species which cause listeriosis, Nocardia species which
cause nocardiosis, Bacillus species, including Bacillus anthracis which causes anthrax,
Mycobacterium tuberculosis, which causes bovine tuberculosis, and various species of
Streptococcus. Further organisms that may be susceptible to the activity of the mineral
complex include those responsible for causing mastitis in dairy cattle, sheep and goats, such
as Staphylococcus aureus, Streptococcus uberis, Streptococcus agalactiae, and Streptococcus
dysgalactiae. Actinomyces pyogenes, Pseudomonas and other infections, which are less
prevalent, may also be prevented or reduced in incidence through the use of the present
invention. As another example, protozoa, such as Eimeria species, e.g., E. tenella, E.
necatrix, E. acervulina and E. maxima, also may be susceptible to the activity of the mineral
complex.

[0056] Thus, the invention further provides a method of altering the microbial population
of the gastrointestinal tract of an animal in need thereof comprising administering to the
animal the mineral complex described herein or an animal feed supplemented with the
mineral complex described herein. The method of altering the microbial population of the
gastrointestinal tract of an animal in need thereof may include altering the microbial
population of the gastrointestinal tract of an animal by inhibiting the growth of
microorganisms in the digestive tract of an animal. The microorganisms that may be altered
include pathogens. In one embodiment, the microorganisms can be Clostridium species,
Listeria species, Nocardia species, Bacillus species, Mycobacterium species, Streptococcus
species, Staphylococcus species, Actinomyces species, Pseudomonas species, and Eimeris
species.

[0057] Because of the activity of the mineral complex, when animals, such as fish, cats,
dogs, swine, and cattle, are fed the mineral complex, the animals should show better health,
vigor, weight gain, and freedom from diseases. The administration of the mineral complex
should also decrease the incidence of conditions such as mastitis and bovine tuberculosis in
dairy cattle, and anthrax in beef cattle. These results are similar to the goals achieved by the
traditional practice of adding antibiotics to animal feed.

[0058] In addition, beef cattle that have ingested the mineral complex should have an
altered digestive pattern. Cattle having been fed the mineral complex should be able to ingest
a much higher level of molasses before they begin to pass undigested grain. Livestock

feeders like to include a high level of molasses in animal feed because it is a cheap source of
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carbohydrate. However, it has been observed that high amounts of molasses cause the cattle
to pass undigested grain. The administration of the mineral complex would be expected to
ameliorate or alleviate this type of problem.

[0059] Thus, in view of the beneficial effects of the mineral complex of the present
invention, the administration of the mineral complex of the invention to animals enhances
weight gain in animals, as demonstrated in Example 2 described herein. In particular, when
animals ingest the mineral complex, they demonstrate a faster rate of weight gain when
compared to animals not ingesting the mineral complex. Without being bound by theory, it 1s
believed that the mineral complex is broken down by the gastrointestinal tract of animals to
provide a complete suite of micro and macro minerals that are not normally present in animal
feed. As such, the administration of the mineral complex causes the animals to remain
healthier relative to animals not being supplemented, thereby allowing them to gain weight
easier and quicker. Also, it is believed that the presence of the mineral complex in the
gastrointestinal tract of animals alters the microbial population and inhibits the growth of
undesirable pathogenic organisms in the tract. Thus, the food nutrients ingested by the
animal are more efficiently directed to growth of the animal. The invention, therefore, also
provides a method for increasing weight gain in animals. This method comprises
administering the mineral complex described herein to the animals. When the animal ingests
the mineral complex, the presence of the mineral complex in the animal's digestive tract
provides for an increase in weight gain over the weight gain in animals not ingesting the
mineral complex. For example, the animal ingesting the mineral complex may exhibit about
1% to about 10% (e.g., about 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%), or more
increase in weight gain as compared to the weight gain in animals not ingesting the mineral
complex (i.e., animals ingesting animal feed that does not comprise the mineral complex).
The animals are preferably fish, beef cattle, dairy cattle, sheep, swine, horses, or poultry.
[0060] Because animals ingesting the mineral complex receive additional macro and
micro minerals, stay healthier, and because of putative alterations in the makeup of the
gastrointestinal flora, there is an increase in the efficiency with which animals convert food to
meat, milk, and eggs. Thus, the invention also provides a method for increasing feed
efficiency in animals. This method comprises feeding palatable concentrations of the mineral
complex described herein to the animals. When the animal ingests the mineral complex, the

presence of the mineral complex in the animal's digestive tract provides an increase in feed
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efficiency over feed efficiency in animals not ingesting the mineral complex. The animals
are preferably fish, beef cattle, dairy cattle, sheep, swine, horses or poultry.

[0061] When dairy animals are fed the mineral complex of the invention, they exhibit an
increase in milk production. Not being bound by theory, since the mineral complex may
decrease the risk of mastitis and other illness and positively influence feed utilization, the
nutrients and calories present in the animal feed can be more efficiently directed to growth of
the animal and milk production. The decreased incidence of mastitis alone would provide for
an increase in milk production since mastitis often stops milk production or at the very least
renders the milk unfit for consumption, potentially leading to its disposal. Thus, the
invention also provides a method for increasing milk production in dairy animals. The
invention comprises methods comprising feeding palatable concentrations of the mineral
complex of the invention to the dairy animals, and it further comprises feeds containing
palatable concentrations of the mineral complex. Preferred dairy animals include cattle,
goats, or sheep.

[0062] In addition, poultry ingesting the mineral complex in their feed would be expected
to remain healthier and in turn show an increase in egg and meat production over poultry not
ingesting the mineral complex. Not being bound by theory, because of the decreased
incidence of infection and increase in feed efficiency, the nutrients and calories provided in
the poultry feed may be more efficiently directed to growth of the animal and egg production.
Thus, the present invention provides a method for increasing egg production in poultry. The
method of the present invention comprises feeding the mineral complex as described herein
to the poultry in palatable concentrations and feeds containing palatable concentrations of the
mineral complex for feeding to poultry. The presence of the mineral complex in the bird's
digestive tract provides for an increase in egg production over the egg production in poultry
not ingesting the mineral complex. In addition, the mineral complex may be effective against
Listeria organisms, which can be a significant cause of contamination in poultry production.
By inhibiting the growth of Listeria sp. in the digestive tracts of poultry, the mineral complex
of the invention would help to decrease or prevent the contamination of poultry carcasses
during processing.

[0063] The following examples further illustrate the invention but, of course, should not

be construed as in any way limiting its scope.
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EXAMPLE 1

[0064] This example demonstrates the chemical analysis of several different mineral
complexes.

[0065] Two mineral complexes (complex 1 and complex 2) were obtained from a natural
mineral source and crushed/milled to a particle size of 200 to 400 mesh (a fine dust). A
chemical analysis was used to determine the components of each mineral complex, as set
forth in Table 3. A third mineral complex (complex 3) was prepared by mixing 95 wt.% of
complex 1 with 5 wt.% of complex 2. A fourth mineral complex (complex 4) was prepared

by mixing 85 wt.% of complex 1 with 15 wt.% of complex 2.

TABLE 3

Complex 1 Complex 2 Complex 3 Complex 4
S10, 47.6% 65.9% 48.52% 50.35%
AL O3 14.75% 11.5% 14.59% 14.26%
Fe,0;3 13.6% 1.41% 12.99% 11.77%
CaO 9.01% 3.75% 8.75% 8.22%
MgO 6.36% 0.81% 6.08% 5.53%
NayO 2.6% 2.11% 2.58% 2.53%
K,0 0.72% 5.25% 0.95% 1.40%
Cr03 0.02% <0.01% 0.02% 0.02%
Ti10, 1.59% 0.2% 1.52% 1.38%
MnO 0.19% 0.02% 0.18% 0.16%
P,05 0.2% 0.15% 0.20% 0.19%
SrO 0.03% 0.03% 0.03% 0.03%
BaO 0.02% 0.09% 0.02% 0.03%
C 0.04% 0.62% 0.07% 0.13%
S <0.01% 0.025% <0.01% <0.01%
Ag <1 ppm <1 ppm <1 ppm <1 ppm
Ba 199 ppm 450 ppm 211.55 ppm 236.65 ppm
Ce 32 ppm 220 ppm 41.4 ppm 60.20 ppm
Co 58 ppm 21 ppm 56.15 ppm 52.45 ppm
Cr 170 ppm 6 ppm 161.80 ppm 145.40 ppm
Cs 0.72 ppm 22 ppm 1.78 ppm 3.91 ppm
Cu 190 ppm 12 ppm 181.10 ppm 163.30 ppm
Dy 5.63 ppm 2.5 ppm 5.47 ppm 5.16 ppm
Er 3.21 ppm 1.7 ppm 3.13 ppm 2.98 ppm
Eu 1.79 ppm 3.7 ppm 1.89 ppm 2.08 ppm
Ga 24.2 ppm 15 ppm 23.74 ppm 22.82 ppm
Gd 5.56 ppm 3.7 ppm 5.47 ppm 5.28 ppm
Hf 3.9 ppm 21 ppm 4.76 ppm 6.47 ppm
Ho 1.06 ppm 0.6 ppm 1.04 ppm 0.99 ppm
La 14.6 ppm 220 ppm 24.87 ppm 45.41 ppm
Lu 0.43 ppm 0.5 ppm 0.43 ppm 0.44 ppm
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Complex 1 Complex 2 Complex 3 Complex 4
Mo 3 ppm 12.5 ppm 3.48 ppm 4.43 ppm
Nb 8.6 ppm 40 ppm 10.17 ppm 13.31 ppm
Nd 20.6 ppm 5 ppm 19.82 ppm 18.26 ppm
Ni 105 ppm 2.5 ppm 99.88 ppm 89.63 ppm
Pb 5 ppm 6 ppm 5.05 ppm 5.15 ppm
Pr 4.71 ppm 27 ppm 5.82 ppm 8.05 ppm
Rb 17.2 ppm 325 ppm 32.59 ppm 63.37 ppm
Sm 4.9 ppm 6.2 ppm 4.97 ppm 5.10 ppm
Sn 1 ppm 3 ppm 1.10 ppm 1.30 ppm
St 244 ppm 380 ppm 250.80 ppm 264.40 ppm
Ta 0.6 ppm 2.8 ppm 0.71 ppm 0.93 ppm
Tb 0.89 ppm 0.8 ppm 0.89 ppm 0.88 ppm
Th 1.73 ppm 180 ppm 10.64 ppm 28.47 ppm
Tl <0.5 ppm 6 ppm <0.78 ppm <1.33 ppm
Tm 0.45 ppm 0.6 ppm 0.46 ppm 0.47 ppm
U 0.48 ppm 6 ppm 0.76 ppm 1.31 ppm
\Y 271 ppm 7.8 ppm 257.84 ppm 231.52 ppm
\\% 1 ppm 26 ppm 2.25 ppm 4.75 ppm
Y 29.2 ppm 23 ppm 28.89 ppm 28.27 ppm
Yb 2.93 ppm 1.4 ppm 2.85 ppm 2.70 ppm
Zn 135 ppm 64 ppm 131.45 ppm 124.35 ppm
Zr 138 ppm 63 ppm 134.25 ppm 126.75 ppm
As 0.8 ppm 1.1 ppm 0.82 ppm 0.85 ppm
Bi 0.01 ppm 3.5 ppm 0.18 ppm 0.53 ppm
Hg <0.005 ppm 0.01 ppm <0.005 ppm <0.006 ppm
Sb 0.06 ppm 0.4 ppm 0.08 ppm 0.11 ppm
Se 0.6 ppm 0.7 ppm 0.61 ppm 0.62 ppm
Te <0.01 ppm 0.022 ppm <0.01 ppm <0.01 ppm
LOI 2.76% 6.45% 2.94% 3.31%

[0066] The silicon dioxide content of mineral complex 2 falls outside of the scope of the
mineral complex described herein. However, mineral complex 2 was successfully combined
with mineral complex 1 to prepare mineral complexes 3 and 4. Mineral complexes 1, 3, and
4 fall within the scope of the invention described herein. Additional mineral complexes
falling within the scope of the invention described herein can be prepared using mineral
complexes 1 and 2. This example demonstrates the specific components of three exemplary
mineral complexes of the invention that may be administered to animals or used to

supplement any prepared or formulated animal feed.
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EXAMPLE 2

[0067] This example demonstrates that an animal feed supplemented with the mineral
complexes described herein increased weight gain of pigs as compared to the same animal
feed without the mineral complex.

[0068] A large-scale trial with 9000 pigs from wean to nursery exit was designed to test
the weight gain of pigs fed an animal feed supplemented with three different mineral
complexes as compared to the weight gain of pigs fed the same animal feed without the
mineral complex. The nursery phase was 8 weeks. 4 groups each of 2250 pigs cycled
through, with staggered arrival and departure of 1 group per week (2 truckloads) as is normal
practice. The trial schedule was 12 weeks total.

[0069] Prior to arrival at the facility each truck was weighed via DOT scales. At arrival
to the facility each group was randomly split to preclude genetic predisposition or exposure to
sow-related pathogens. Each truck carried approximately 1150 pigs. The pigs were
antibiotic-free at the time of arrival. However, a small number of pigs had been medicated at
the sow unit prior to shipping, and were identified with ear tags as per federal regulation.
Medicated pigs were evenly distributed in control and test groups at the time of arrival
sorting. Starting weights were determined by an even split of the truck load weight. Due to
the large number of pigs in the study this method was necessitated.

[0070] The groups of arriving pigs were randomly split between paired control and test
rooms into a total of 8 rooms (e.g., test room 1 and control room 2, test room 3, and control
room 4, etc.). Of the 8 rooms (barns) within the facility - 4 control rooms and 4 test rooms -
the split weight method was accurate with the exception of room 1 (test) and room 2
(control). In this instance there was a recognizable size/weight difference of 10% (1.32 lbs)
favoring room 2 (control).

[0071] Nursery pigs are typically fed a 4 phase diet, wherein each phase consists of
differing nutritional content. The animal feed used in this study for each phase of the diet is

shown in Table 4.
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[0072]

Approximately 4500 antibiotic-free nursery pigs received standard animal feed, as

set forth in Table 4, at each of the 4 phases of the diet (control diet). These pigs were

designated as control rooms 2,

[0073]

4,6, and 8.

Approximately 1125 antibiotic-free nursery pigs received standard animal feed, as

described in Table 4, supplemented with 1 wt.% of mineral complex 1 as described in

Example 1 (see Table 3). In order to supplement the animal feed described in Table 4 with 1

wt.% of mineral complex 1, 20 1bs of mineral complex 1 was added to 1980 lbs of the

prepared animal feed. The supplemented animal feed was then mixed to ensure an even

distribution of the mineral complex. These pigs were designated as test room 1.

[0074]

Approximately 1125 antibiotic-free nursery pigs received standard animal feed, as

described in Table 4, supplemented with 1 wt.% of mineral complex 3 as described in

Example 1 (see Table 3). In order to supplement the animal feed described in Table 4 with 1
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wt.% of mineral complex 3, 20 Ibs of mineral complex 3 was added to 1980 1bs of the
prepared animal feed. The supplemented animal feed was then mixed to ensure an even
distribution of the mineral complex. These pigs were designated as test room 3.

[0075] Approximately 1125 antibiotic-free nursery pigs received standard animal feed, as
described in Table 4, supplemented with 1 wt.% of mineral complex 4 as described in
Example 1 (see Table 3). In order to supplement the animal feed described in Table 4 with 1
wt.% of mineral complex 4, 20 1bs of mineral complex 4 was added to 1980 lbs of the
prepared animal feed. The supplemented animal feed was then mixed to ensure an even
distribution of the mineral complex. These pigs were designated as test room 5.

[0076] Approximately 1125 antibiotic-free nursery pigs received standard animal feed, as
described in Table 4, supplemented with 2 wt.% of mineral complex 1 as described in
Example 1 (see Table 3). In order to supplement the animal feed described in Table 4 with 2
wt.% of mineral complex 1, 40 Ibs of mineral complex 1 was added to 1960 lbs of the
prepared animal feed. The supplemented animal feed was then mixed to ensure an even
distribution of the mineral complex. These pigs were designated as test room 7.

[0077] Samples of the control and test groups (4 pens from each of the 4 control groups
and 4 pens from each of the 4 test groups) were weighed at each diet phase transition to assist
in identifying growth/health characteristics per diet phase. Each phase was timed and
monitored via total volume of feed consumed per group (per room) such that the rate of
consumption could be compared between all control and test groups.

[0078] The average weight at exits of the pigs in each of the paired control and test rooms

is shown in Table 5.
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TABLE 5
Average Total Gain | Average Daily Gain | Average Daily Feed
per Pig (1bs) per Pig (Ibs) Consumption (lbs)
Test Room 1 41.61 0.832 1.37
Control Room 2 3941 0.821 1.37
Test Room 3 41.05 0.838 1.29
Control Room 4 39.43 0.813 1.25
Test Room 5 43.25 0.874 1.34
Control Room 6 39.02 0.765 1.34
Test Room 7 40.35 0.858 1.36
Control Room 8 37.54 0.743 1.39

[0079] The data presented in Table 5 demonstrate that the pigs in each of the test rooms,
wherein the pigs received animal feed supplemented with mineral complex, consistently
gained more weight as compared to the pigs in the paired control room. The data presented
in Table 5 also demonstrate that this difference in weight gain was not a result of increased
feed consumption because the average daily feed consumption was the same for each of the
paired control and test rooms. The combined data for all of the control rooms demonstrates
that the average weight gain at exit per pig receiving the control diet was 38.85 1bs. In
comparison, the combined data for all of test rooms demonstrates that the average weight
gain at exit of each pig receiving the test diet comprising the mineral complex was 41.57 Ibs.
These results demonstrate that pigs receiving animal feed supplemented with either 1 wt.% or
2 wt.% of mineral complex gained an average of 2.72 lbs more than pigs receiving standard
animal feed without mineral complex.

[0080] The results of this trial demonstrate that the supplemented animal feed, which
included either 1 wt.% or 2 wt.% pound for pound replacement of the animal feed mix with
mineral complexes of the invention, increased the average weight gain per test nursery pig as
compared to the average weight gain per control nursery pig. Therefore, the results of the
trial presented in this example demonstrate that the supplemented animal feed of the
invention effectively increases the weight gain of animals as compared to the weight gain of
animals receiving standard animal feed.

[0081] All references, including publications, patent applications, and patents, cited

herein are hereby incorporated by reference to the same extent as if each reference were
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individually and specifically indicated to be incorporated by reference and were set forth in
its entirety herein.

[0082] The use of the terms “a” and “an” and “the” and similar referents in the context of
describing the invention (especially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. The terms “comprising,” “having,” “including,” and
“containing” are to be construed as open-ended terms (i.e., meaning “including, but not
limited to,”) unless otherwise noted. Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring individually to each separate value
falling within the range, unless otherwise indicated herein, and each separate value is
incorporated into the specification as if it were individually recited herein. All methods
described herein can be performed in any suitable order unless otherwise indicated herein or
otherwise clearly contradicted by context. The use of any and all examples, or exemplary
language (e.g., “such as”) provided herein, is intended merely to better illuminate the
invention and does not pose a limitation on the scope of the invention unless otherwise
claimed. No language in the specification should be construed as indicating any non-claimed
element as essential to the practice of the invention.

[0083] Preferred embodiments of this invention are described herein, including the best
mode known to the inventors for carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventor expects skilled artisans to employ such variations as
appropriate, and the inventor intends for the invention to be practiced otherwise than as
specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless otherwise indicated herein or

otherwise clearly contradicted by context.
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2. The supplemented animal feed of claim 1, wherein the mineral complex

further comprises Al,Os, wherein the Al,Os3 is present at less than 16 wt.%.

3. The supplemented animal feed of claim 1 or 2, wherein the mineral complex

further comprises about 12 wt.% to about 15 wt.% Al,Os.

4. The supplemented animal feed of any of claims 1-3, wherein the mineral

complex further comprises about 1 wt.% to about 4 wt.% Na,O.

5. The supplemented animal feed of any of claims 1-4, wherein the mineral
complex further comprises at least one rare earth element selected from the group consisting
of scandium, yttrium, lanthanum, cerium praseodymium, neodymium, promethium,
samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium,

ytterbium, and lutetium.

6. The supplemented animal feed of any of claims 1-5, wherein the mineral
complex further comprises at least one of the following: K,0O, Cr,03, TiO;, MnO, P,0s, StO,
or BaO.

7. The supplemented animal feed of any of claims 1-6, wherein mineral complex

is milled prior to addition to the animal feed.

8. The supplemented animal feed of any of claims 1-7, wherein the supplemented
animal feed is pelletized, said pellets comprising the edible animal feed and the mineral

complex.

9. The supplemented animal feed of any of claims 1-7, wherein the supplemented
animal feed is extruded, said extruded animal feed comprising the edible animal feed and the

mineral complex.
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m ner al Lggnpb&x! 3 was added to 1980 | bs of the prepared aninmal feed. The
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[ 0075] Approxi mately 1125 anti biotic-frfe nursery pigs received standard
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The suppl enmented ani mal feed was then mxed to ensure an even distribution
of the m ner#l. cohip¢ syppletipatad gnimgel feed of deigi Yhatheteia thetpigerat egpplex is

0077] Sanpl f th . : 4 4
cont 1 o PRvst s s REN Pl Eal 17 FpRURtchl ORI PGl g a
each di gt mpRaseompRAPet | @Npduddassihstsupplemnaasd hhiyiangedr owt h/ heal t h

characteristics per diet phase. Each phase was tinmed and nonitored via
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[ 0078] The average weight at exits of the pigs in each of the paired control
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Average Daily Gain per Pig (I bs) Average Daily Feed Consunption (|bs) Test
Room 1 41. 61(b0 2édng 1o e edjgxlﬂ sromaREedn 2uggrahgomplex comprising about 40 wt.% to

about 60 wt.% SiO,, about 6 wt.% to about 16 wt.% Fe,O3, about 4 wt.% to about 12 wt.%.
Ca0, and about 2 wt.% to about 8 wt.% MgO.

14.  The process of claim 13, wherein about 0.1 1bs to about 5 Ibs of the mineral

complex is added per 100 pounds of supplemented animal feed.

15.  The process of claim 14, wherein about 1 1bs to about 2 Ibs of mineral

complex is added per 100 pounds of the supplemented animal feed.
16. A process for preparing a supplemented animal feed comprising:
(a) providing the ingredients for an animal feed;

(b) adding to the animal feed ingredients a mineral complex comprising about 40
wt.% to about 60 wt.% SiO,, about 6 wt.% to about 16 wt.% Fe,Os, about 4 wt.% to about 12
wt.%. Ca0, and about 2 wt.% to about 8 wt.% MgO; and

(c) processing the animal feed,

wherein the resulting final form of the animal feed after processing comprises the

mineral complex.
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17.  The process of claim 16, wherein about 0.1 lbs to about 5 lbs of the mineral

complex is added per 100 pounds of animal feed ingredients.

18.  The process of claim 17, wherein about 1 lbs to about 2 1bs of mineral

complex is added per 100 pounds of of animal feed ingredients.

19. An animal feed composition comprising a mineral complex and a binder,
wherein the mineral complex comprises about 40 wt.% to about 60 wt.% S10,, about 6 wt.%
to about 16 wt.% Fe,O3, about 4 wt.% to about 12 wt.%. CaO, and about 2 wt.% to about 8
wt.% MgO.

20.  The animal feed composition of claim 19, wherein the binder is selected from
the group consisting of molasses, gelatin, urea formaldehyde, humic, carboxymethylcellulose,

gum arabic, guar gum, and lignin sulfonate.

21.  The animal feed composition of claim 19 or 20, wherein the composition

comprises from about 0.1 wt.% to about 50 wt.% binder.

22.  The animal feed composition of claim 21, wherein the composition comprises

from about 0.5 wt.% to about 2.5 wt.% binder.

23. A method for supplementing the diet of an animal comprising administering to
an animal in need thereof an effective amount of a mineral complex comprising about 40
wt.% to about 60 wt.% Si0,, about 6 wt.% to about 16 wt.% Fe, O3, about 4 wt.% to about 12
wt.%. CaO, and about 2 wt.% to about 8 wt.% MgO.

24. A method for increasing the feed efficiency in an animal in need thereof
comprising administering to the animal a mineral complex, wherein the mineral complex
comprises about 40 wt.% to about 60 wt.% SiO,, about 6 wt.% to about 16 wt.% Fe,Os, about
4 wt.% to about 12 wt.%. CaO, and about 2 wt.% to about 8 wt.% MgO.

25. The method of claim 24, wherein the animal is feline.

26.  The method of claim 25, wherein the feline is selected from the group

consisting of lions, tigers, jaguars, and cats.

27. The method of claim 24, wherein the animal is a cat.
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6. The suppl emented animal feed of any of clains 1-5, wherein the m neral
conpl ex’edEt e/ conpri ses at | east one of the follow ng: K20, Cr203, TiO02,

MO, P205yv0S3n101/158232Ba0. 7. The suppl enrent ed ani malpCirasdoiofo3siny of
clainms 1-6, wherein mneral conplex i§3m'lled prior to addition to the
ani mal feed. 8. The suppl enented~ani nal feed of any of clainms 1-7,

wherein the supplenented animal feed is pelletized, said pellets conprising
the edible anpmal feed, ,and .the mineral. c | ex.. . _The suppl enment ed
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10. The suppl enented ani mal feed of any of clains 1-7, wherein the
suppl enment ed4&ni nhe method b slsim 24swherciadhe snimabisgrbithe edi bl e ani mal f eed
and the m neral conplex. 11.The suppl enented animal feed of any of clains

1- 10, wherei et herm I i k i al
fead in an ansunt sy o Pon 2t g iAr B el Siea R IR S Lhrtlf
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animal feed of claim1ll, wherein the mneral conplex is present in the
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about 60 wt . 98-Si 0Zhe misthed of clatm 9st wherpiwthe agmat 159 g08R03, about 4 wt. % to
about 12 wt.% CaO, and about 2 wt.%to about 8 wt.% MyO. 14. The process of

claim 13, ‘1"88{.“ ”ng&g o of claBif 2&%@981‘1‘&}1??& il %Tsel&egt'%q_@?oﬂ?{h@llgr&%npl ex 1s

added per poun suppl enent ed ani na he procCess of claim
14, whecaisistiapofitabbitd, hambstersapebils, Zuines pafs, miceesal rasonpl ex is added per 100
pounds of the suppl enmented aninmal feed. 16. A process for preparing a

suppl enment ed_ani feed.c risi.ng: a). provi di nhlée i.ngredi ents
for an ani rra??f egﬁi,‘en?eﬁlf)d O?B y%ﬁ‘dfﬂﬂ?ﬁ 2t465]t’l‘i"41%5€%1‘? ﬁjﬁlmlpgré”‘gg‘? F’égfrg‘r‘?fs a

m ner al cGRAPIEALLRMhESINEe APRLs AR WMt albckOthaR 08wt 8) Wt . % Si 02, about 6
w.%to about 16 wt.% Fe203, about 4 wt.%to about 12 w.% CaO, and about

2 W.%to about 8 wt.% processi ng the ani mal feed,

O, and
wherein the $2sul Ih%glem%/g@rf agﬁg@mlﬁmsmg}amh@min theauningal eamplen st ng
conpri sgg, iR WA 8 wtGoTRht 15 wt.% ALO;.

54.  The method of any of claims 24-53, wherein the mineral complex further

comprises about 1 wt.% to about 4 wt.% Na,O.

55.  The method of any of claims 24-54, wherein the mineral complex further
comprises at least one rare earth element selected from the group consisting of scandium,
~ yttrium, lanthanum, cerium praseodymium, neodymium, promethium, samarium, europium,

gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, and lutetium.

56. The method of any of claims 24-55, wherein the mineral complex further
comprises at least one of the following: K,O, Cr,03, TiO,, MnO, P,0s, SrO, or BaO.

57.  The method of any of claims 24-56, wherein the mineral complex is

administered as a supplemented animal feed.

58.  The method of claim 57, wherein the supplemented animal feed is pelletized,

said pellets comprising edible animal feed and the mineral complex.



Leydig 708171 WO 2011/ 153232PCT/ US2011/ 038750 31 17. The process of
cl ai m 1eydinkiéd/éi n about 0.1 | bs to about 5 | bs of the mneral conplex is

added perw0QO1pssasds of ani mal feed ingredients. P8T/UBh@ 1/08876@Ss of
claim17, wherein about 1 |Ibs to about 2 | bs of mineral conplex is added
per 100 pounds of of animal feed ingréﬂi ents. 19. An aninmal feed
composi tion conprising a n1 neral conpl ex and a bi nder, V\/nerei n the m ner al
conpl ex corrprl ses_about %to about 60 % Si 02, %to
about 16 wt. /%Fezﬁlsems@eépfalaw 5%‘?’6“%156]%&3‘{1?\3}%3“@% al S&BWE@ 2 wt. %

t o abou H@i?élh aim 19,

wher ei ngatl(ﬁ %(%%%Q}aé feseg Cglé]?)gdl ngr omt g% }g‘,‘r“gaﬁg&éigdﬁa st %dgpigfcel%gfelé'sses,
gelatin, urea formal dehyde, hum c, carboxynethyl cellul ose, gum arabic, guar
gum and |igfd.n sThd matibe of claim 57,2\&heraihe§hea$1ipmwmem@iohndoaiﬁ©@i tangprise$ al ai m
19 or 20 where C 0 n rises fromabout 0.1 wt.%to about 50
Wt . % bi PRxtuTe Gt fhe gg’legfﬁ;gl gtlﬁfx:lrg? t?lg NIBHESEMIEon of claim 21, wherein the
conposition conprises fromabout 0.5 w.%to about 2.5 wt. % bi nder.

23. A nethodsfor shPRLREEBE hitgot dEintdisgtomivharti@ibeBihe@boqiplex figpresent in
admnistering to an animal in need thereof an effective anmount of a m neral
conpl exthesnpiremenied amat feed inen ameent apnsing Bomabouk &l &3 o abstido 1B 0k . % t o
about 1 %, % CaO and about 2 w.%
to abou?’ %&al 5?%8‘%“%)&8&1 i‘é’?%\u@%&%& L%lrn;llgn%%eam ng the feed efficiency
in an animal in need thereof conprising admnistering to the animal a

m neral conpbzx, T\ln@meihndtolﬁelahilﬁé,r\ahercimtmMGmairvpnipmsatt@mtimchewt %to

about 60 % Si 02, ou %to abot 1 0 .%to
about 1% e%/%?meéa?@mggae‘%‘ﬁ&ﬁ}tm@“h ra%‘tné O"é'lﬁ’ f‘b/‘%%%bz R O%mm%‘ T%e

met hod gfm@kbaben i, poﬂﬂ@sr(ﬁ‘tﬂe L] ikt an'irﬁalff@éd ne. 26. The nethod of
claim25, wherein the feline i's selected fromthe group consisting of
lions, tigers, jaguars, and cats. 27. The nmethod of claim 24, wherein

the ani mal i 63.2 cAtmethodipdiinerEyBEMCi gD oMY/ MS3 S PITF SIS FEo7 0 152
28. The [mlger %&Ap%M%re%("ﬂu R Gindral Q&n@i@a om h?es%g&;lt% wt.% to abdrt 60 TN

nmet hod o(% arm e canine | Pect e rom t'he group

consi st ivag SI0,] @okad sit. ol abest 16 ox BsEFe,0ymdbess walitodbgst 12 wt.%. C30, atkhe

met hod of claim 24, wherein the animal is a dog. 31. The nethod of
cl ai m 28bovhRA &P Fo Aot AMitivaMeQ a fish. 32. The nethod of claim 31,
wher ei n the fish is selected fromthe group consisting of salnon, catfish,

tilapia, codgkoi Th@ﬁi’é@lodtorfellﬁm 6@”\@11&91'11@1& ﬁltiheral compl&Furti@&ofpiRed of claim
24, wherein the animal i's poultry. . The met hod of cl aim 33,

wher ei nAtfe, wherkinrte AROs ¢ presad af lessrtharh 6 gﬁ up consi sting of chickens,
turkeys, quail, ducks, enus, ostriches, rheas, and geese.

65.  The method of claim 63 or 64, wherein the mineral complex further comprises

about 12 wt.% to about 15 wt.% Al,Os.

66.  The method of any of claims 63-65, wherein the mineral complex further

comprises about 1 wt.% to about 4 wt.% NayO.

67.  The method of any of claims 63-66, wherein the mineral complex further
comprises at least one rare earth element selected from the group consisting of scandium,
yttrium, lanthanum, cerium praseodymium, neodymium, promethium, samarium, europium,

gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, and lutetium.

68.  The method of any of claims 63-67, wherein the mineral complex further
comprises at least one of the following: K,0O, Cr,03, Ti0O,, MnO, P,0s, SrO, or BaO.



35. The nethod of claim?24, wherein the animal is a chi cken. 36. The

met hod &P9g1741/M 24, wherein the animal is a turkey. 37. The nethod of
cl ai m 24, wetrerwgissesehe animal is cattle. 38. The meCha$2@fi/oz87aé m 24,
wherein the animal is sheep. 39.,.The nethod of claim 24, wherein the
ani mal is equine. 40. The method of claim 39, wherein t he equine is

selected fromt he group consi sti ng of horses, donkeys and zebr as.
41. The neth Ial n ni, mal. hs & 42. The
net hod of cl%'m 2£ @Péoﬁa‘% Fﬁeﬁg qga whgit b il ﬁ?%nplﬁes met hod of

claim Zéldmm%r@dgggﬁe RReiRd a'nﬁnzﬂ fagd. mat e. 44. The nethod of claim
43, wherein the pri maFe is selected fromthe group consisting of nonkeys,

apes, gorillas, chinpanzees, and orangutans. 45. The nethod of claim

24, wherein The ahhewethod ofclaim6p) ‘éherelﬂéWi;@PmB‘lll@ aynal feed is pelletized,
2011/ 155202 CT LSRR ATOTS i et 48 0TI TR GY claim 45, wherci

the repti 'S Se Consi st |ng of snakes, iguanas,
geckos, lizards, turtles, alllgators and crocodi |l es. 47. The net hod
of claim 24, 7Nmer"é]hdflm'etﬂned afitlamh 6D swherbinrnbk supplementdl. anftha foewt hedtrodedg| ai m
47, wherein the bird is selected fro the sistin arrots,

of GeonsiBYEScd ABERA{ERSIPUYER doBLble g S drer st el O 4o

The net hod of claim 24, wherein the animal is selected fromthe group

consi sting o gi rafd @8tho8beBRANES, wheahIhe SdPRInfontdll ARANALASBSisepBNIUI NS,
and rhi nocer oses. 50. The nethod of claim 24, wherein the animal is a
goat. admixtusd of thinedibie idmalofeed pr the prineraheanenlex.t he ani mal i s sel ected from
the group consisting of rabbits, hamsters, gerbils, guinea pigs, mce, and

(r:g;;i ex furt er com&?@gggﬁ%ﬁm{al eréglflé t%\lege% %gn%%f@dn@%%{%ﬁ{%@é@' t han

16 wt . %he supplemb&ied Jmmahﬁehudamimm rmfgmtg frommbadt (521bs\/tbab(mtr5 Ibhef m ner al

conpl ex further conprises abou% % to. about 15 wt. % Al 203. 54.
The netlﬁgk?r%ﬁo@ﬁiﬁxd’@ L0%4pennds ot S‘B’plfWFé‘Feéllar‘imP °%i-neral conpl ex further
conprises about 1 wt.%to about 4 wt.% Na20. 55. The nethod of any of

claims 24- 5474 whetgl RefhbE oPLIARK 85, RSB QNe M ROnPRANE Pl’%@&lt%tﬂeeas'[ one
rare earth el enent selected fromthe group consisting of scandi um yttrium

| ant hanwppleoentedrnpna dewbiprmnamounedgimg drom pbane tihiuahousawrdfamperalir opi um
gadollnlu ol el m. dys Siu um thulium ytterbium and
| uteti u?ﬂ perblé)é po’ﬁ‘n%g ‘ﬁéﬁ%“&’nkfm&k??%@“%%?% 24-55, wherein the m neral
conpl ex further conprises at | east one of the follow ng: K20, Cr203, Ti02,
MO, P205, Sr9), OA nlB@Kdd for increasing milk production in a dairy cow comprising

administering to the dairy cow a mineral complex, wherein the mineral complex comprises
about 40 wt.% to about 60 wt.% SiO,, about 6 wt.% to about 16 wt.% Fe,O3, about 4 wt.% to
about 12 wt.%. CaO, and about 2 wt.% to about 8§ wt.% MgO.

76.  The method of claim 75, wherein the mineral complex further comprises

AL O;, wherein the Al,O; is present at less than 16 wt.%.

77.  The method of claim 75 or 76, wherein the mineral complex further comprises

about 12 wt.% to about 15 wt.% Al,Os;.

78.  The method of any of claims 75-77, wherein the mineral complex further

comprises about 1 wt.% to about 4 wt.% NayO.

79.  The method of any of claims 75-78, wherein the mineral complex further

comprises at least one rare earth element selected from the group consisting of scandium,



57. The nethod of any of clains 24-56, wherein the mneral conplex is

adni ni stediedi¥<! a suppl enented ani mal feed. 58. The nmethod of claim
57, wher ewo 20h1ie15323ppl enent ed ani nal feed is pelletized, PSRIUS2@eloBRTSE
conprising edible aninmal feed and the nineral conplex. Leycll1l@ 708171 WO
2011/ 153232PCT/ US2011/ 038750 34 39. The nethod of claim57, wherein
the suppl enented aninal feed is extruded, said extruded aninal feed
conprising the edible animal feed. and the mneral conplex.. 60. T
met hod IStF“‘EP’alP’ﬁ‘SS‘?‘,mWﬁEP@i ARy BIFh NSRS RGN Ui SHNY BT SUERLIY Y
admi xt u%%ioﬂhiurrﬁ]?erﬁﬁlhgld s4IR héIREGmAA i &h il RS yRder fMutetium,  61. The
nmet hod any of clal 57-60, wherein the mneral conplex is present in
the suppl enmented animal feed in an anount ranging fromabout 0.1 Ibs to
about 5 | bs 8. ni ks mkethod wprex obhdains0l-Hb wigscin fhesnippta pempled feflicnal  f eed.

62. The nethod of cl ai 1, er ej h ] neral | X r nt in the
suppl en’é?{?%raseéﬁtiolﬁ%ﬁ? O?%g%t%ler@lg@mgﬁbgﬁ{)’ &’é?g}éinﬁégf M%%b@htsrq’ (FrbE? at%g about 2

| bs of m neral conplex per 100 pounds of the supplenented ani mal feed.

63. A nethodgf.or Themeast g aiebOtlhingdisAs0, WirrdOwita@aonlddis adimimstetedr i ng
to the cow a mneral conplex, wherein the mneral conplex conprises about
40 wt . %8t dSuwBbIeny apimobistd2, about 6 wt.%to about 16 wt.% Fe203, about 4
w.%to about 12 wt.% CaO, and about 2 wt.%to about 8 w. % MyO. 64.
The met hod o, cl ai [ ] - i-S8S
A'205. wher ol s t hor oA SpgA E Ca ShT L ATE LRI b e RYMEGRAS,
met hod sfid péllitneddBroimgdhe edibbr aimaltfhed aidibe alingehgingptes. ur t her conpri ses
about 12 wt.%to about 15 wt. % Al 203. 66. The nmethod of any of clains

63-65, wherejn the ni | | t ' b W, % t0 about
TR AT S T e e T

m ner al s&@eRNENd faﬁiﬁﬁdll%ed%ﬂ?&ﬂsﬁ@&h@édibleaﬁtmﬂ Heed Adehemitdial bt sel ect ed
fromthe group consisting of scandium yttrium |anthanum cerium

praseodym u neodym um _pr.omet hi u sanari u eur opi um _gadol i ni um
t er bi um dyrs%‘?'osi s metoiofy flaira Sp; %TCWEEW e@%ﬂﬁ%f%}iﬂﬂﬁ%f%%ﬂepmmw Aim

68. The,i1E; 185 himk Rk 1 fninReLEhNet he m neral conplex further
conprisae(gﬁgpﬂgggﬂ;hte%g%e@or}l tﬁgﬁgﬁ@‘?om%: (e 203 Ti02, MO, P205. Sr0.

or BaO. Leydig 708171 WD 2011/ 153232PCT/ US2011/ 038750 35 69. The
met hod of an§5.0f Thainktho8df 68y oflemsi & -84 evherere thel mimerab b@nrples isptasent st er ed

I t i. f eed, 70. T t h f .clai [
he- suppRCENTRE s Har fed ruopartiattubiouton i fevE BolfsrPaeho t he
edi bl e aidBlcol®RS RAU0G PSurlds BEERpl R EXrimal feed. 71. The nmethod of claim
69, wherein the supplenmented animal feed is extruded, said extruded ani nal

feed conprising the edible animl feed and the m neral conpl ex. 72.
The nethod o86-cl at hs wethogied £8im 3p nwhaginghe meptrelrormlsrap Presedf 18 Hifpri ses an
adm xtu i, bl i 118"8ko GPh € of mineral 73-  The
met hod % pgeﬁl@etn%? agl g?nfge@é@-ag%mﬁg%g?ﬁ%t%gg%ganlg?aﬁlt%orrpl eEB%l Os r%lrn grsjaent in

t he supgireptenpead tAnionads éfebe supplancnadoammak @ed)i ng from about 0.1 Ibs to
about 5 | bs of mneral conplex per 100 pounds of suppl enmented ani nal feed.

74. The neth of . claj 3. Wherein.the mneral conplex is, present in the
ctppl oment ed® it nAIMRE . iR RLFER L PoTRBOTE PR Ekbu; 2
I bs of HeRBLRly LAMRIEXoRBlex 1ARcieRURE fifdrall denpisRIngiTRES Ssbuand Wak, feed.
about 60 wt.% S10,, about 6 wt.% to about 16 wt.% Fe,;Os, about 4 wt.% to about 12 wt.%.
CaO, and about 2 wt.% to about 8 wt.% MgO.

he

88.  The method of claim 87, wherein the mineral complex further comprises

Al,Os, wherein the Al, O3 is present at less than 16 wt.%.

89.  The method of claim 87 or 88, wherein the mineral complex further comprises

about 12 wt.% to about 15 wt.% Al,Os.



75. A nmethod for increasing mlk production in a dairy cow conprising

adm ni sterikngst’é the dairy cow a mneral conplex, wherein the m neral

conpl ex cwoppiiges23about 40 wt. % to about 60 w. % Si 02, &bDAIS2@ 1088756 t O
about 16 wt.% Fe203, about 4 w.%to about 12 wt.% CaO, and about 2 wt.%
to about 8 w. % MyO. 76. The metXod of claim 75, wherein the nineral
conpl ex further conprises Al 203, wherein the Al203 is present at |ess than
16 wt. % 77. The matogod o} claim75 aor 76, wherein the mineral

conpl ex furtR@r cAhphicdid cAgByet Aomyys oh% ovheranthepsingyal spmplspRurther - 7g
The net f I A rein the mneral conplex further
conpri sg‘gg%‘g%ﬁt%‘%{“m%?%gg u(z)gft‘;til/ﬁv{)tm?o@/d Na20. 79. The nethod of any of

clains 75-78, wherein the mineral conplex further conprises at |east one
rare earth ePenenfThselctwded ahy ofielhing &0 pvheosis thsthingrabtomplandirtier  Leydi g

708171 WO 2011/ 153232PCT/ US2011/ 0387150 ﬁg%&\rl urq | ant .anufg ccﬁri um

pr aseod MRS A SPEFre B OhE PR PSRRI HE U o e ATS TR m

t er bi UMy 6ys PlaRShME, RebLM pieo8yRivaMnebdithiutNproth i, Yiharae dubdpihum
80. Thgytrret_hgld of any of clﬁai rrs@§75-79, %r% t he m neral conpl epsﬁfurther
conpr i seadodiniumpdebivandlysirosine, helntivw ergiunkaulivop,20Erbiqnomd Ipetimp205,  Sr 0,
or BaO 81. The nethod of any of clains 75-80, wherein m neral

conpl ex is ag ni g i f he met hod
o ol ai m 81 Tgner oy gt anf UPBLAIEN. 60 wBpkaTRlng i pomplox Rpunel 17

pel | et scaopgies ai legst bhe o Ethicliblboveinp mil, Of €ed;ATid,t MaOyPp@y, kO carfdCex.

83. The nethod of claim8l, wherein the supplenented animal feed is

extruded, sajd extrude ni_.mal ed c isin he edi bl e ani mal feed and
The i nor al - Lo Shemethod Bghy ok SEar A Sierde bt B el SuRB i t ne

suppl engphgi@Rl iR sfpetGRPHiSgSea) adm xture of the edible aninal feed
and the m neral conplex. 85. The nethod of any of clains 81-84,

wherein the mneral conplex is present in the supplenented aninmal feed in
an anount rafyi ngThe eeihed@iclagm P3| wherem the surplanensed afmpl feed wipcBefislex per
100 pou Ten | Rl f . The met hod of cl aim 85,
wher ei ngﬁiggktim&?&%ﬁgg%ﬂgﬁ%rfeéaggaﬁtg ﬂ?enm%r}?éalgg%‘ﬂeghem ed animal feed in
an amount ranging fromabout 1 Ib to about 2 | bs of m neral conplex per 100
pounds of t hes.supphemetifodafakimé, Whadin the suppl@ientdl aremhlofded Brexirndedgasi ng
wei ght gain in poultry conprising, adnj ni steri t he.poyltry a m neral
conpl ex?alwweﬁ apipal %W&%P%&#b%@%@ﬁﬁ@@ég%ﬁe W@Pe\ﬂéic@ EXabout 60

W . % Si 02, about 6 wt.%to about 16 wt.% Pe203, about 4 wt.%to about 12
w. % CaO aogl abop nRthk-otetadm @oWherBinthe Yapfliéhented anim8Bfeed BenprRdchagl of
claim87, wherein the m neral cor’r&It ex further conprises Al 203, wherein the
Al 203 i sdmprégent thetedibdsanimiahfeed ngitheogineral complgx. The net hod of c¢l ai m 87 or
88, wherein the mneral conplex further conprises about 12 wt.%to about 15
heihod of any ol RaIEL kP HEY e o SR Py prgpemt A T
conpri ség sapsletedtedvanitoal Gocd ot avhowtit. réh dila@ Gom about 0.91bs tdabourstlhodf of any of
clainms 87-90, wherein the m'cgeral onpl?e)cﬁ f_urf]ger conprises at |east one
rare eaPiralcompinx rea B peyndsof srrmhengielyi®ghSedt i ng of scandium yttrium
| ant hanum cerium praseodyn um neodynmi um pronethium sanarium europium
lgaflolt! nium ber bi 4y MR @i 7Th@h&etithe liRMINBontplY is Prasettih BlDi um and
utetium

supplemented animal feed in an amount ranging from about 1 1b to about 2 lbs of mineral

complex per 100 pounds of the supplemented animal feed.

99. The method of any of claims 87-98, wherein the poultry is selected from the

group consisting of chickens, turkeys, quail, ducks, geese.
100.  The method of claim 99, wherein the poultry is chickens.

101.  The method of claim 99, wherein the poultry is turkey.



92. The nethod of any of clains 87-91, wherein the m neral conplex further
conpri sésdigt70igast one of the follow ng: K20, Cr203, Ti 02, MO P205, Sro0,
or BaO WwoO0201123323The net hod of any of clains 87-92, whecgius2athm3srsner al

conplex is adm nistered as a suppl enented ani nal feed. 94. The net hod
of claim 93, wherein the suppl enented Bnimal feed is pell etized, said
pellets conprising edible aninal feed and the mneral conpl ex. 95.

The nmet hod of claim9 wherein. the su){g}l enented ani mal feed. is.extruded,

sai d extrudedOhni Aehet g@‘éé‘”éﬁ%ﬁ%ﬁ“&%%‘?@ﬁr CHAR Bt ROURY AAPPHERYAUREISHE i ner al

Pl TR £ B T b i S

conpl exabout 60 wt97 quﬁebwmwhmd%(w alaony 16fwtéh derts, 9u98 wikhér ghaut { hevt.frv.ner al

conpl ex | resent su animal feed in an anount ranging

from ab6:6€)’ 8‘“‘? 0852% B)o%hougg“ﬁé@e@#%g] neral conpl ex per 100 pounds of

suppl ement ed ani mal feed. 98. The nethod of claim97, wherein the

m neral conplex I$h@ﬁ@&ﬁ>@toflcmﬁlh©2swmhlﬂm@mramomhexf@ﬁﬂeﬂd@ is@rount

ranging fromabout 1 |b to about 2 I bs of mneral conplex per 100 pounds of
0

t he suppiléhewhedinghe AdOsfigpresent at less than 1TMé."wet hod of any of clains 87-98,

wherein the poultry is selected fromthe group consisting of chickens,

the poul try 1 &+ cnil Bk LR Blaim 1 gp or 105wk pis BRUIRE TR Lok Rty 1< e

poul trycomptises kbyut 12lveypditgab@B813 Wt\WOA20%1/ 153232PCT/ US2011/ 038750 38

102. A nethod for increasing egg production in poultry conprising

adm ni sterin ultry ner X erein conpl ex

corrpri ses abgiﬁ EHW’P Ofid’fé‘B%Bqu ﬁozﬂ/ﬁg’pﬁge&% tml%er\’i\i"q{/“H g’ﬁ%‘ﬁ’i 16
%Fe@&ﬁpn@pgy@uﬂ W o % bBowhopt oo e, it . % CaO, and about 2 wt.%to about 8

wt. % My . The method of cl'aim 102, wherein the mineral conpl ex

further corrprl ses AI 203, wherein the Al 203 |s present at |less than 16 w. %
104. The met hedl ofhe methedxdanyef damns RIS wheteen Wi mipahl wormpelurigr t her
conpris % %5 hod of
any of g‘ﬁn?'%égtfb%gsf% {m%g?@?%g#ﬁé@s%%t&{a@lg%%ﬁm% ?OnSIJSﬁIZ% Oi%ﬁpdr]%és about
1 wt. % yeriabplahthdnwh, SriNairaseodymiund, God yihientygtdmodhiofn, aayardfm,clugd pism,

102- 105, wherein the neral c Iex further conprises at |east one rare
carth ePwIRbRIISPERIRAYEPIORITH BOHHBEp® té?li% YT REAUHCIY r i um

| ant hanum ceri um praseodym um neodym um pronethium samarium europi um

gadol i ni um g7 bi th& némr&%hymcla%ﬂomoaemb&m thtel;mhérumonygl&{eﬁ%exm and

lutetium 07. The nethod of any of clains 102-106, wherein the
m ner al coopydeext lfeaﬁtt()hepf torfplowing: Ol €aéh, bitk, MinQ, KeOf, SkPomiBry. K20,
Cr203, Ti02, MO P205, Sr0, or BaO 108. The nethod of any of clains

102207, ceheRL" SRl SOTRLSY 1  AFTVRGBL RS AR ATTBL ST, o

ani mal h@emhiitaepead 4 suppledentsdidinpeldedt s conprising the edible animal feed
and the m neral conpl ex. 110. The nethod of claim 108, V\/nerei n the

suppl emented_ani nal feed i xtr sai d extruded ani mal ISI ng
the edible ahitml TL%@@t}md)ftCﬁ@%%gewh@e% pigplementod aﬂirgal feqfﬁlé % o
claim 1084 mmrﬂ?mgg&%e b%%@ﬂfe@@hﬂ@ﬂheﬁqﬁﬁ&aﬁ&m’ﬂléées an adm Xture of

t he edi bl e" ani nal and the m neral corrp ex 112. The net hod of

any of clainms 108-111, wherein the m neral lex is present in the
suppl enent ed 1 &hi n&he frsgdiaf Cbmd@ﬁuwhermﬁm qnommieslroumalead ﬂsﬁstrtl@dabout 5

I bs of ge]ll(rll %)Et%deﬁonpmﬁ)%eé%ie comlp%%mogqﬁ d(%bpe anlsnl{zﬁqje %%ttﬁe mmerarl’racompia

111.  The method of claim 108, wherein the supplemented animal feed comprises an

admixture of the edible animal feed and the mineral complex.

112.  The method of any of claims 108-111, wherein the mineral complex is present
in the supplemented animal feed in an amount ranging from about 0.1 1bs to about 5 lbs of

mineral complex per 100 pounds of supplemented animal feed.
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cl ai m 112diewlél’éin the mineral conplex is present in the suppl emented

ani mal f e®020n/@3anount rangi ng fromabout 1 |b to aboecTaAiskdéag/osd75em ner al
conpl ex per 100 pounds of the suppl erre@t ed ani mal feed. 114. The
met hod of any of clains 102-113, wher e°n t he poultry is chickens.

115. The nethod of any of clainms 102-113, wherein the poultry is quail.

116. A netho or ncr ain nsvvl e co r|S|n ni stering
Lot he ou ne ki AL GeTRBD T 1S Re B hEm i A oB i PSR Shilel so5 about
40 wt . %01 aRQIEd éﬁx@lnﬁ‘ﬂfee/ﬁ@aqpam(ﬁ}ﬁ@% %VP%O]T{OdB&thqg% aﬂfﬁlt%bs%fﬁ@l%@l%l about 4
w.%to about 12 wt.% CaO, and abou{g w.%to about 8 w.

117. Theomplehodr B0 mivailswiithé supphenaitel aniwahfcedr al conpl ex further conpri ses
Al 203, wherein the Al 203 is present at less than 16 wt.% 118. The

AR L A R R R R e e

clainms 116-118, vvherel n the m neral corrpl ex further conprises about 1 wt.%
to about 4 wWi1% NaBOmethod of adlP0f cldine 10t adwhtreanie pbultlyds guaill 16- 119,
wherein the mneral conplex further conprises at |east one rare earth

el enent sel e dfro consi sting. of .scandi um tr| um la thanum
cerium prase i)§ gth%‘gg%?g‘i‘(iﬁ Sl%%ﬁ%‘ﬂfrﬁau?ﬁn SPARGEQIRRS! PSIRING A8 ni um
terbi Un};w%%ﬁﬁﬂ@ﬂa}’%mﬂ@i rﬂ/ﬁﬁ?&m %&hﬁﬁ}al tcbx%bleﬂ%nﬁf)ws&ré%bHMO wd, b lét)@l;ﬂ@@m

121. The nethod of any of clains 116- wherein the m neral conplex
further W@%’rﬁk@zsé@uaﬁ wtdast atpne 1 @vt. %Eezﬂ@,l dbowi hyt- “KRObo@r P01 %TICRY, avh O,

P205, Sr0 he met hod of any of clains 116-121, wherein
the ni n%l?d:kllt8 r{g ?(bouégévc}rﬁzﬁ?%(}-r ed as a suppl emented ani mal feed.

123. The nethod of claim 122, wherein the supplenented animal feed is
pelletized, sui.d Pht meth®doddhih i egviedeinltie: aiicid|compra fankertcomprikdaer al

conpl ex. Leydl g. 708171 WD 2011/ 153232PCT/ US2011/ 038750 40 124. The
met hod 842Qst whereingbe AlgQsdepicsenbat lesifhrehe & ani mal feed is extruded, said

extruded animal feed conprising the edible aninmal feed and the m ner aI

conpl ex. 118. 1¥§e mER AR 196 of | ?7 W hkfedn tH@ﬁﬁfn@fa'Pc&rﬁ@e;? Me?”ent ed

animal feed conprises an adm xture of the edible ani mal d and the
m ner al coopeerbout 12 wt.% 1@houThe widt Ab®:of any of clains 122-125, wherein
the mneral conplex is present in the supplenented aninmal feed in an anount

ranging fro géjou 0.1 Igs to a m ne | e 00 pounds
of suppl errem d ajﬁ]i‘er@lethro é)é.any Opaalmsslﬂ?bﬁ%‘e’h éang?erélcé}%l%nﬁvﬁnerel n
the mi nedraprised ARIEA WiS/RE B5RAY WY, NweOosuppl emented ani mal feed in an anount
ranging fromabout 1 Ib to about 2 | bs of mneral conplex per 100 pounds of
t he suppl enent ed ani nal feed.
120.  The method of any of claims 116-119, wherein the mineral complex further
comprises at least one rare earth element selected from the group consisting of scandium,
yttrium, lanthanum, cerium praseodymium, neodymium, promethium, samarium, europium,

gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, and lutetium.

121.  The method of any of claims 116-120, wherein the mineral complex further
comprises at least one of the following: K,O, Cr,O3, TiO;, MnO, P,0s, SrO, or BaO.

122.  The method of any of claims 116-121, wherein the mineral complex is

administred as a supplemented animal feed.

123.  The method of claim 122, wherein the supplemented animal feed is pelletized,

said pellets comprising edible animal feed and the mineral complex.
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124.  The method of claim 122, wherein the supplemented animal feed is extruded,

said extruded animal feed comprising the edible animal feed and the mineral complex.

125.  The method of claim 122, wherein the supplemented animal feed comprises an

admixture of the edible animal feed and the mineral complex.

126.  The method of any of claims 122-125, wherein the mineral complex is present
in the supplemented animal feed in an amount ranging from about 0.1 lbs to about 5 Ibs of

mineral complex per 100 pounds of supplemented animal feed.

127.  The method of claim 126, wherein the mineral complex is present in the
supplemented animal feed in an amount ranging from about 1 1b to about 2 Ibs of mineral

complex per 100 pounds of the supplemented animal feed.



