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wo bMENTS7ON (1) Field of the Invention: [00001PCT/82006/011677
present invention relates to a nmethod of inproving
| earning and/or nmenory behavior in manmmal s by dietary
nmeans, and nore particularly to a nethod of inproving

| METHOD OFIMPROVINGYLEARNING AND MEMBREIN MAMMALS
adm nistration of a dietary source of sialic acid. (2)

Description of the Related Art: [00002] It is

recogni zed thzég%(g{(é@ldmd bFaﬁq qNQ@N-ﬁW| ng is the

preferred nod t he urran In Anong t he
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339: 26 4 (1992). . | i nde
IRRERY; coRnarea i othPE patiates fad 6B DB Piain s four
ﬁ#@@dafgérlrélbﬂ% td B6AY hiadsabliethetHidRam mféhﬁatre@m/é@hed
formula had reduced ~ verbal intelligence guotient " (1Q
mmatyreat Hirdh. Rgekersee]. etaafrigia of E’mgmggnce pp. 313 — 345,
i st urbingl hIfth'ftfd
o8 ER PR LR S ok, i e
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defaassiangthe arpehsoioprecyiser spmpaNads émtujreq forheright

B%B@%@g ’ %&ﬁ? d;:gﬁﬁéi‘ﬂut%r{ Shdia KA YL ey brain

development may have long term effects on cognitive function - a matter
of major public health and clinical concern. Lucas, A. et al., BMJ,
217:1481- 1487 (1998), and Lucas, A. et al., Lancet, 339:261-264 (1992).
In a randomized, blinded, controlled trial in preterm infants, those fed a
standard infant formula rather than nutrient-enriched formula had reduced
verbal intelligence quotient (1Q) at 8 years of age. See, Lucas, /d, (1998).
Disturbingly, almost half of the male infants fed standard formula had a
sub-normal IQ compared with only 13% of those fed enriched milk. Such
studies highlight the potential vulnerability of the increasing numbers of
preterm and low birth weight infants to sub-optimal nutrition.



2 [00004] Specific conponents unique to human m |k

have the potential to support rapid brain growth. In
wpandeiasiiar, sialic acids (a famly of N and @®€T/US2006/011677

substituted derivatives of meuramnic acid; and in

particular N acetylneuraninic acid, or NANA) occur in

| arge anobunts as a conponent of human m |k
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Hbgng@ 9 Il My&& @iﬁéw $ &W@IC s I\%é) inclucil ing

cen hgeatiohpneatite duigieeith %Bthﬁﬁdlh@ C@ér@@flﬁg %gbﬁéﬁhtbh%nd
@lﬁt osonal. fracti on. G

{G Plastigity, d‘ia@y@ﬂ(qglsf? al. ,L\e{'(@/?OW@ér¢fybr1433s41 %426et
N 1 h
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Qe &. if @é i Garoobiatogc 184 1424 (€208)n |nirgdéritscthet degreerof
mﬁl\%op%/ly}sllaslz/%%orﬁ)gégsséchgt%/dolgh6mcreased learning and memory.
Cremer, H. et al., Nature, 367:455-459 (1994).

[00006] Research has shown that the majority of N-acetylneuraminic acid
(NANA) in the brains of rat pups administered NANA by intraperitoneal
injection was incorporated into the synaptosomal fraction. Morgan, B. L.
G. etal, Br. J. Nutr., 46:231-238 (1981). Later, Carlson, S. E., et al,, in J.
Nutr., 116:881-886 (1986) showed that both oral and intraperitoneal

administration of N-acetylneuraminic acid resulted in significantly more



3 cerebral and cerebellar ganglioside and gl ycoprotein

N-acetylneuram c acid than did glucose injections.
wpQo@nd$71dorgan, B. L. G et alL, in J. Nutr., PCI/US2006/011677

110: 416- 424 (1980), had al s® shown that mal nouri shed

rat pups that were injected intraperitoneally with

N-acetylneuramnic acid | earned a maze nore quickly
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ed expected behavioral abnornmalities due to
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benefits. [00009] There are several known sources of
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VIS, o e 8 Kol gy recuces vl

of sghs acithas cdmpgr@dh’gd taw's ositk-basedafdrmute.i Thefdr, ni ng
e pyotein casein, nacropepti
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@Qﬂﬁ IoW‘ﬁQh@Q&l@' d?ﬁﬁ'entf rlﬁ@bﬁ@"(n%ha’ﬂcleg re%@?gdé{‘q%i sll?wn that

gl yconmacropepti de (CGW), or t I ke
dﬁtaWcBLtﬁpkpmeutatlpng/wtt@me acidescwithedsialic Beid:onkainimgt

ﬁgﬁ §| / 2162004002591%# whi ch teaches that the

il 8?’ SfCGEWéIb M P om i | k by coagul ati ng cow s
[0A009) tTheks BRS bevarEPRFoWN SoGiRe8 W YhalicQcid Mitd a&ﬂiousnt 0
a curd as it expresses whey. Casein macropeptide (CVP)

cenjugptad, s okhasedneltdei but@retnsit imiteddor seaN- of t he

a 0, of

REEVRRARAHAE dCRINF Sidl ackANRE GRARRBAARaA3B80
siztlie ramgbnenbam:gg gapghﬁs@ﬁ@taadrthe pnbueﬂhcasmh amaibrabépttdm
%@ﬁl c, var s and gost transl ati o

) elspirstes q@pPNcemIErape w@w?) @Dd whgn&ptained
hohi oWV |k% &
car bo?]ydrrg{ e Ss@ﬁr?gl?l cgmgg:%g)@pgd gormcr dpept [ Ré or GW
{G0Q13 Ar methquhof preducing CGMP is descrlbed inU. S. Patent
Application 20040022918, which teaches that the manufacture of cheese
from milk by coagulating cow’s milk with rennet causes the coagulum to
contract into a curd as it expresses whey. Casein macropeptide (CMP) is
cleaved from the casein protein as a result of the action of the rennet on
kappa casein and about 90% of the CMP is typically removed with the
whey. CMP is a heterogeneous group of proteins, which contain all the
genetic variations and post-translational modifications of kappa casein
(Yvon et al., Reprod. Nutr. Dev., 34:527-537 (1994)). The predominant

carbohydrate is sialic acid. Glycomacropeptide or GMP is the principal (50
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of CWMP. The carbohydrate content of the GW renders
woRomalistabe in a 12%trichl oroacetic acid sol uPComS2086/011677

nunber of anal ytical neasusenent techniques include a

pre-treatnent, which involves a TCA solution, this

may renpove at | east a portion of the non- glycosyl ated

@VP5 Yy coneponeplt ef CIMP .nThb edripeHydrateesbntentldfeh&3MPi al
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Qbuﬁﬁﬂl bf e Eﬁro%e@h'@orﬂﬁidi‘nﬂé% (‘P_QQBPI'U‘AnHé‘;E r\y)t berdk a HPLC
formul as has been di scussed in .

618bed doameasiiingGMR i) deins peoqwis ami: Laes ma GMIP tevel to

BTG R A1 BL SRRl BIeSERTREA S3FRAS. By metnods of

pkmmdu@g @mmp ffam naitknanel ddsciibe@ bytBroB@! ECPL,Sn B J.esfiNgr.,
etonuria. The levels of sialic acid found

|8ﬁ($¥ﬁl?in?y$§91ﬁﬂ6a@0§pé not nentioned. [00012] U.S.
E@G(ﬁnlt] Nfe a6q1d%t7c91 8%?1((95&8'09%%%@9 & %E@ééﬁ @? cgriain

ont ar ni ng NS or T eco nan
nefitenahfoemutad oas beelmellscﬁssdsd thU.S.PatenbNbi 6 806,4R2aNn

| enent synt hetic infant
M@‘F‘ﬂﬂﬂ'ﬁ Oglf*g@ﬂ@f'cwagnutﬁ@f)@ﬁ't OfulasConiainimcagallR| oses
%o%r@éeﬁt‘tdeaé‘rﬁi Yo I.’n@m ‘és@&h I%rml A LShEPThan

H
Contalnlng sialic aCIglnl orrruato protect
phenylalanine farrasimigistnation te patlemtalsutﬂ’esgegsfmnp pbeoylkepnuria.

[ . 0014] . I nt iy I t ent I t WO
ST 3R AR BRs e At g Mo PR S opdtientidied
¢000 8] NiLNG. PhterRING G32XF827 | dlssloséd 8FbHGASS cahthining
sialyllactose as prebl otic substances to pronote the

GrevmMEK pEeteinsolaecembinant hortregistanemitaciers, bee g&which

ﬁ%é g%@@%‘ﬁ'@g@ kgphse oém {Ooéllr'?fjhpro%I gg}?&tﬁh’ﬁm@gat e

farmuddslr essi ng bone or dental disorders. Casein
%3/ 1%’{3?] gpgp enotl?\lo 4,762,822 discloses the use of N-

acetylneuraminic acid or gangliosides containing sialic acid in infant

formula to protect the newborn from gastrointestinal disease-producing
organisms.

[00014] International patent application WO 01/60346 A2 discloses a
nutritional formulation containing the oligosaccharides oligofructose and
sialyllactose as prebiotic substances to promote the growth of
bifidobacteria in the gut that may be used in conjunction with infant
formula.

[00015] WO-A-00 49885 describes the use of a milk protein hydrolysate
for addressing bone or dental disorders. Casein glycomacropeptide

(CGMP) is extracted from sweet whey by a combination of electrodialysis,



(CGW) is extracted from sweet whey by a conbi nation
of electrodialysis, W 2006/ 118719 PCT/ US2006/ 011677

wo 20@l1i1®Mm9 exchange resin, ani on exchange resi npCT/US2006/011677
evaporation, spray drying, Sultrafiltration and freeze
drying, and is used to enrich foods or liquid enteral
conpositions. [00016] Although the dietary

wﬁnmeﬁdﬁaa@ecmsmt anlodl éxchangd rbsin, BegporatieP.csprag dhang,
agr al purposes, dietary suppl ementation with sialic

Itration antsk frerzedrvingn@ndds ased de enfieh feagdswhipuid enteral

F) tiggbavi or of a mammal . Because dietary
E enentation is an easy and wi dely accepted net hod

EﬂOoat}]n Altsoegh the dietdrg esindgistration of siali¢ @cldshasibden n

ar gJar to nf ant n@rrmal s, it would be useful to
Esutedton Sewatab asbpsan & ﬁ%@uw&mﬁm@t'orawa alisrapid has
hsmaérpéhcsaxm@o 5#&&% ?Hf’ r r'n'éPrf os'o?tazﬂjé(mn?

means. Such a net ho e par use
Beoameadlempplﬁmh@rdetlen it armeasy aedlvmdelqeatcebted method
in.learnin

of BRI b Ve S Gehs BEeES, a8 it i

Ai=@e@als, itWed Ib@ruse$ulctb R6vigd atrﬁehdépﬂyebvhld%@qgaﬁﬁn
In'prOVI ng | ear ni n and/ or rrermré behavior in a manma
e

aRe merseRdeehayignaTe memmeal eauld beiimproved by dietatyeneans.

D e I AR A

treatwedre ih 0664 8f inip@venese i ganviag tarenmemory ehdiioect ed
to a novel nethaod. of increasi ng\hbral n_protei n-bound

sialic acid in 2 YMMARY Qfd HEINGE rising

n [
D0\ “BREA LSS RAnERTEB R TG ok oyl
bredihod pf improNingdeanhing aadfoc nzemdryi ehdwomnmmammal, the

M The Pres ILnven ?@IS alslo dlrectedtoa
08 Fom BRGSO TEAPAIEA FROPET  rermor y
g%QMa@Fopébt@eﬂﬁ@ﬁBémo&ﬁlesdm&Qmo iRV Riahing and/or

eterm ni ng whet her the manmal 1s one that |s in need
glemenyhebayiasin thexmasamal.ng and/ or nenory; and, if so,

RT3 S Pt TE o, GRATRA M ERRRGIREF bt

mereasind Brein ippsteimbolied BRAITBRALId |h@ﬁ%%méﬁm mdigod
several advantages found to be achieved by t he
comprising administering to the mammal an amount of ¢asein
glycomacropeptide that is sufficient to increase the brain protein-bound
sialic acid in the mammal.

[00019] The present invention is also directed to a novel method of
improving learning and/or memory behavior in a mammal, the method
comprising: determining whether the mammal is one that is in need of
improvement in learning and/or memory; and, if so, administering to the
mammal casein glycomacropeptide in an amount sufficient to improve
learning and/or memory behavior in the mammal.

[00020] Among the several advantages found to be achieved by the
present invention, therefore, may be noted the provision of a method by

which the learning and/or memory behavior of a mammal is improved by



present invention, therefore, may be noted the

provi sion of a nethod by which the |earning and/or
wornmviyshehavi or of a mammal is inproved by WOPCT/US2006/011677

2006/ 118719 PCT/ US2006/ 011647 6 dietary neans, and

al so the provision of such a nethod that is

particularly wuseful for neonatal manmal subjects that

dietary med@es) apltl dlsptreverowidion of slicna Mhétod IEatTe Makicularly
behavj or. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 00021]

wpeiul fpringopatad manampLsHipeistthat arningieashofdmproveraget in
%Qﬁﬁ. %nuqﬁg,woa ggﬁa\;,f,stl ng | earni ng and nenory
ehav ets;

or in 00022] FIG 2 is a schematic
i I lustrati oBRIEFDESCRIPTEONIORE THE DRAWINGS maze

RPN P i sohhol IS o w7 B g e s
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IS a show n e fraction piglets in each of

09022 gFEﬁLp%IS\m schematie dlustretiamof ene of tepamszof thet rarm

|sual cue. | sk 1 as a function of the nunber of
VWnQng Goup 4 piglets (2"d best performance)

[()@@QB]IGHI@ SsldwdsuBpcddLusEd kA ph |ééamm§ta%¢d1d ewdt('B) in

uppl ement ation by casein glycomacropeptide (24
t@@rmggd@%%fmée@tnng:leaaun@peh@v@upf Bigh#tsl et s (3rd best)

RIS o BRIk SR it tour

g@’dpg/wlmlleafmedﬁm tarrextirdsporigenionthd gl etis if bkt 9 as a
ecelve a di et having 250 /L sialic lsd Wi th
%Bpaﬁgmeawraher Pfo%agc-aweﬁggiwaﬁ’a@gtﬁééﬂ I dest 71

gagdhative) iPteited a doftiivilg pa2 ot MRINCELR GG (101 P
alapmle(r@ﬁta’@hw melrmglysom_aocompt[di)e (@40mokkg/day of sialic
SPGB Shigfels k2o reo et Brdiebionte Pob b seAdd
RaA %u@blé‘nﬁéﬁtatl&ﬁ By REsERQY! i/&ﬂhﬁ&%pbpﬂdé Wﬁﬁrg/@ﬁw Bfe

to the visual cue in ta uncti on

pighe aciddf Graupat pigleindbestirengived pidigtarayingase mg/L sialic

B0 AT R e IR cBEPuURR (1 Ploncrcay
of siaumacndgzrmwtcsttmp( %@@@/(W@tmemfmfan@by fecepled) a diet

received a diet having 600

ﬁﬂ?rﬂg@gﬁ @Qélcﬁ'é“%\ﬁﬁ'ﬁ' @émag keeinyeef dalic agidwiline
%l%ﬂgﬁ%ﬁféfﬁ%mdrﬂ%agélzl]gl%rjﬁgé%\épﬂae,s" alic acid),

[00025] FIG. 5 is a graph showing the fraction of piglets in each of four
groups who learned the correct response to the visual cue in task 2 as a
function of the number of trials, where Group 4 piglets (best performance)
received a diet having 842 mg/L of sialic acid with supplementation by
casein glycomacropeptide (240 mg/kg/day of sialic acid), Group 3 piglets
(2" best) received a diet having 600 mg/L sialic acid with supplementation
by casein glycomacropeptide (171 mg/kg/day of sialic acid), Group 2
piglets (3™ best) received a diet having 250 mg/L sialic acid with
supplementation from casein glycomacropeptide (71 mg/kg/day of sialic

acid), and Group 1 piglets (worst performance) received a diet supplying



piglets (3rd best) received a diet having 250 ng/L
sialic acid with supplenentation from casein

wglyaonsmp opept i de (71 ny/ kg/ day of sialic acedrusando1i677
Goup 1 piglets (worst perfornmance) received a diet
suppl yi ng WO 2006/ 118719 PCT/ US2006/ 011677 7 77 ng/L
sialic acid (25 ng/kg/day of sialic acid) with no

guppgrsialieacid (25 Mgky/dag of sialic o asittope BLipglementation
b_OOOZ I@@ 6 is a bar graph showi ng the total nunber
ogynacEeReptisieoup of piglets in tasks 1 and

ﬁooﬁ?ﬂef@ogfﬁe ggb%rppés’é(h éﬁlﬁNH gHS%taf HE"?’IQFE BPH‘FP?%%@J by
gaolmgrcblm/oﬁglgle’nswdﬁaskanyamubpdzr&im}dﬁcmtnntgrﬂt'\iatomhar?g&?tmotal
ALY ERTSF HiSEhes et igh e fas BB NPT PiiDe Srodbbsying
ﬁb@.etér%@wemtm;n \9|WEQ§em%% &fr@?@ pidd, a%Bq}“/étft he
nmean nunber of m stakes nade S 1 n each
sHeplemantaliaguatalf l@welslrlglprcnmcbﬂwp pugf{ts learniag labllity; an::l t

t ets
(00273 ¥ie" 7 RoBRS T8 iR Shahs, idrE SranB TS  shedts Fic'ingah

AunlRP @2 Blistakes nfade oy Biglers ifabcl bﬁﬂ’ﬂasfou\*’@%lﬁ)éfﬁ} the

shows a conparison of the plasma cortisol |evels
praneyeskinHask 1t aad K%h$h<@~%mrr@anmtgnlé@rsoffrmstal@@dﬁade

B 2faigis hikachidite A trbghs RIAHE anBfPas! Piaska; "
amm Fﬁ@s&shbwe tgorhar@r?:ﬁ)lg auferbqA) ghohs\ae@igntpénﬁidwof '
IS a ar ra a
@r%ﬁ@gﬁ%c a?ﬂ%% g&e gaeh PE hecoyr QEQHRSe‘%tQ'Qlﬂ%f@r
eBcRWRidk &‘ftﬁé sfuw ghdg ?@ﬁ@ﬂs%&ﬂ’ﬁﬁ@ﬁéo Qé(]ﬂa

control, whi'ch | cat es er SI
certlsehtevels lnetwebnanonmlmd megtmelst gnoeps Nersn@ thasentrol

co cro i,d r uppl,ement ati on; [00030]
gf Iﬂ/\gftgsg'tv?é(y ‘%h%ﬁ% of the concentration
foqpogt (FIIG gb@a hr GrapH thalhewks &srﬂpanédrpm% éiélfcté‘éid
ti ssue versus the nunmber of trials to learnt

99@@1%(1"“’%?!%”@ nisain(gsey prajiesthetvaen érﬁatmentagr@ups)arm qgingnod,

i g ABE BRI SoheE GG O

cmremng msemmlymmatmpepuﬂié metanyrwp@bmenteﬂong

Vi or [ 0003 FIG 11 shows t
Rt Fiao ShmsSitne scaenaharis phipegronceniration of protein-
tﬁlégg{jj 'g?e:?}i’g‘rjé;cllj(g H’Plﬁ%lrﬁfréllwﬂa? cOte s uPU&s s th&Rlifibef BF trfs to
learn the visual clue for (A) piglets in task 1, and (B) piglets in task 2,
where both charts indicate that higher levels of protein-bound sialic acid in
brain frontal cortex tissue correlate with improved learning behavior in
piglets;
[00031] FIG. 11 shows two scatter charts of the concentration of
ganglioside-bound sialic acid in brain frontal cortex tissue versus the
number of trials to learn the visual clue for (A) piglets in task 1, and (B)
piglets in task 2, where both charts indicate that higher levels of
ganglioside-bound sialic acid in brain frontal cortex tissue correlate with

improved learning behavior in piglets;



nunber of trials to learn the visual clue for (A

piglets in task 1, and (B) piglets in task 2, where
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and the memory behavior were improved in piglets receiving the diets
supplemented with casein glycomacropeptide, relative to the piglets
receiving the non-supplemented, but otherwise nutritionally sufficient diets.
[00036] This improvement was unexpected, because the inventors were
aware of no previous findings of improvement in learning and memory due
to dietary supplementation of an otherwise nutritionally sufficient diet with
casein glycomacropeptide. Also, prior studies had shown a correlation
between reduced food intake and CGMP inclusion in the diet. See, e.g.,
U. S. Patent Publication Nos. 20040077530, and 20030059495, for

example. Because reduced food intake is associated more often with
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is nmeant to describe the ages between birth and about
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taihe dbautrend yeameed of inprovenent in |earning and/or
nor élJlg,ehaw or" are used herein, they are neant to
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g aseRidnetnes! is particularbnesefyl wh@n e mammals
RER A% b R LR e B
dYhémtha teyms “in need of improvement in Iearnlng and/or memory
behavior” are used herein, they are meant to describe a subject who could
benefit, no matter how greatly or slightly, from an improvement in learning
behavior and/or memory behavior. The present method optionally
includes the step of determining whether the mammal is one that is in
need of an improvement is learning and/or memory; and, if so
administering to the mammal a formula comprising casein
glycomacropeptide in an effective amount.
[00040] The terms, “improvement in learning behavior”, are meant to

include any improvement, no matter how slight, in the learning ability of the
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% | ear, d/or nmenory
bentihe Mesafiss: HSbon-Saleit i nd i n"a hunen i n
l[md41qullta§ ,behavémha@fa edtldliRipreverndpt inrsafiteg ardr
known'in the art. By way _of exanple, malnutrition,

menpw&@@@rcﬁanebﬁ/ cadsekiit amamnmebrand inguwmas in
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and S|a I C een shown t one o
as discussed above, the prior art has inferred some relationship between

the cognitive ability of some neonatal mammals and the dietary level of
certain nutrients — and sialic acid has been shown to be one of these
nutrients. Accordingly, it is believed that in the present invention the need
of improvement in learning and/or memory behavior is shown, or the
determination can be made that the mammal is one that is in need of
improvement in learning and/or memory, where at least a portion of the
mammal’s nutritional requirement has been supplied by a formula having
less than about 100 mg/L of sialic acid, and in particular, where

substantially all of the mammal’s nutritional requirement has been supplied
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[00044] Infact, it is believed that the need of improvement in learning

and/or memory behavior in a mammal is shown where the mammal’s
nutritional requirement has been supplied by a diet providing sialic acid in
an amount that is lower than would normally be obtained from
breastfeeding. When it is said that “the mammal’s nutritional requirement
has been supplied”, it is meant that the mammal’s nutritional requirement
has been supplied for at least a majority of the period from birth to the
present age of the mammal. The terms “a diet providing sialic acid in an
amount that is lower than would normally be obtained from breastfeeding”,

means a diet comprising a liquid formula having a sialic acid content that is



nutritional requirenment has been supplied by a diet

providing sialic acid in an anpunt that is |ower than
wowekismapmal | y be obtained from breastfeedi ngCTAB2W6/011677

it is said that "the mammal12s nutritional requirenent

has been supplied”, it is nmeant that the mammal's

nutritional requirenent has been supplied for at

belast alboute] 0D irigyl.ofn dther medddném@[rahd Frﬁ bontn@ déribBodiments,
prese ]; %gaof the mapmal . The te " i et providi I?
BilighicCfosaia having a %ﬁ%ﬁ@ldmatentéhqﬂdwlqmahoubzmm mg/
g iorrprl S?@%@h?ﬁ@eﬁﬁcﬁﬂt WJIﬁ%t%m risstiseth

avin S|aI|c aci d
gtynbmacrd) m’entld&ecamb@ @Gﬁ‘f Hisrd® tdtep msaﬁﬁav Bl aly Fypelaf

St A sERe A ined NPt oL SHAVN Biation el jdes
aerrﬁhlgf?aﬁ&ﬁlbf b hémuilg t@‘éh%foﬁﬁ%‘ih@@@tr%&( b thel AR, ARd

resent 1 nvention formul a t hat conpri ses
as \gltly@ldr’rmta:tp@poraj @dozinistretianirand enteraldubulat he

%@Egﬁﬁtrg%?{?ny type of enteral adm nistration. As used

‘'eral admi nistration includes

FO0U46] S NIthbUgH teé casém gg?doméc@ogémdé%én bé 'édh’ﬂﬁls@red to a

tract of the manmal includes without [imtation,
graMmaRtias ist apd M@ihoubmv am@nmnylu@@pmounds or materials,

ﬂcig'hgéﬁﬁ &bl fe HROCERIP 25 NRUAR GG S nyla, The.

croetd anbea

&srmuia tlm*tcbompri‘smstcmm glgcormparypentide @andaasy Attritional
terials it i use# ti%éprowdethe CGW _as one
?H LE%I’ tlsafefsr% AliRfantiosmulg. iy e gmbastipentse dhe

[
ﬁﬁ?ﬁtﬁrﬂ“ R ALRERAN CorRBRIO IR cdrifing e
eathndiydeateslipid hand prcftanmt The imfard fosnalardot use inotha! present

t t b t
ARG £ s Bt R T PG O AR pS S IPPIESHR! ¢ e
FARfAl TybiReanttheFosiiak@nibihg sh.&éfdléltw'escmbﬁ{o%nt%f
it can be a suppl enental fornula. Typicall

f'@'ﬂﬁuﬁ%\rb@bmj @atﬂ% psoteing viamjeandmineraitinTee 7@fnount of

t it
bR T o A3 Py PO i o b 4R 7oy B ke, T,
\amqurft Mmcabmttyﬁlcany e varyframdbduk dab.abboe 5gﬂmu{val
protei ns tygl cal]ly can vary fromabout 1 to ab
%Plar@@urm.ﬂ carbaiiralies dwrically ean wamfmratabeut §ip @&oup 16
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used herein, the term"fornula" means a man- made
[00047] As used herein, the term “formula” means a man-made

composition, and is not to be interpreted to include breast milk, for
example. '

[00048] Protein sources can be any used in the art, and may include, for
example, nonfat milk, whey protein, casein, soy protein, hydrolyzed
protein, and amino acids. Lipid sources can be any used in the art such
as, for example, vegetable oils such as palm oil, soybean oil, palm olein
oil, corn oil, canola oil, coconut oil, medium chain triglyceride oils, high

oleic sunflower oil, and high oleic safflower oil. Carbohydrate sources can
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between about 194 and about 1458 mg sialic acid per liter of formula, but
typically between about 194 and 290 mg SA/liter of formula; or up to about
6 glliter of a CGMP fraction having an enhanced level of sialic acid.
[00051] The casein glycomacropeptide that is useful in the present
invention, in general, can be from any source and of any purity or grade
that is suitable for nutritional use, or for inclusion in an infant formula.
Casein glycomacropeptide may be extracted from milk using suitable
processing. For example, the casein glycomacropeptide may be extracted
from the retentate obtained from the concentration of whey protein. This
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is more preferred that the formula comprises a total proteln content of

between 13 and 15 grams/liter of which no more than 30% by weight is
provided by casein glycomacropeptide. In one embodiment, the protein
_.content of the formula is provided by casein glycomacropeptide and soy
protein.

[00054] Some embodiments of the present invention involve the use of
novel CGMP products that contain levels of sialic acid that are higher than
normally found in standard CGMP products that are commercially
available. These novel products can be used alone or in combination to

achieve sialic acid levels that mimic those found in breast milk, based on
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been enhanced over that of the regular glycomacropeptide powder by
about 3-fold on the basis of powder weight, and about 4-fold on the basis
of protein content of the products. For comparison purposes,
electrodialyzed (ED) whey powder contains about 14% protein on a dry
basis, and contains about 30 mg of sialic acid/gm protein, or about 4.3 mg
of sialic acid/gm of powder.

[00057] An advantage of using a high-sialic acid CGMP as a protein
source in an infant formula is that the sialic acid content of the formula can

be increased without replacing an undue amount of the conventional



content of about 52 ng/gm protein, or 42 ng/gm powder.
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commercial CGMP product. Preferably, the threonine content is below
about 10 g/16 g nitrogen, more preferably below about 7 gm/16 gm
nitrogen, even more preferably below about 5 g/16 g nitrogen, and yet
more preferably below about 4 g/16 g nitrogen. Expressed in an
alternative manner, the threonine content is below about 8% by weight of
the total weight of amino acids of the protein, preferably below about 6%,
more preferably below about 4%, and yet more preferably below about
3%.

[00060] An advantage provided by this type of enhanced sialic acid
product is that in addition to the increase in sialic acid with reduced amino
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useful in the present invention can be used in the same manner as any
other commercial infant formula. It can be produced in powder form, for
later reconstitution with a liquid, or it can be prepared in liquid form. The
formula should be packaged, stored, handled, and distributed in the same
manner as any other similar product, and should, in general, be used in
the same fashion.

[00064] The following examples describe exemplary embodiments of the
invention. Other embodiments within the scope of the claims herein will be
apparent to one skilled in the art from consideration of the specification or
practice of the invention as disclosed herein. It is intended that the
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[ 00065] Thi's

exanpINUTRIENTSat es the nutri enPegqUp@ABHssi N a
commercial infant fornula suitiable for sialic acid
addi t (RAmMak DU n t he present|(5fl®&@ntion. Table 1:
Nutri; Fof ormation-for-tnfanttsBormut-a—¢Enf-ant-t-¢
Li pi | @\?mbtte;lwﬁ]’ ron) NUTRIENTS. ... 21“ e .
..... Fat,g... _... ... .. ... ... ..B3.. ...
T ... [Carbohydrate,g per...1.00..10&lories.............
Ce ST P -V (-Not-mad
Di | ut il.lxé?ﬁer,(% fl oz) Protein g 2@4
..... Linaleic.acid,mg.............860.
CLLoMitamins:
A,IU ...................... 300 .........
..... DIU....... .. B0
BN T T 2. Fat, g A
5.3 w%hydrat ;g 109

Thiamin (Vitamin B1), ug 80

Riboflavin (Vitamin B2), ug 140

B6, ug 60

B12, ug 0.3

Niacin, ug 1000

Folic acid (Folacin), ug 16

Pantothenic acid, ug 500

Biotin, ug 3




WO2006/L187T19 - o o oo PCT/US2006/011677
........................ 19
:. L C (Ascorbic-acid), mg - - - - - - - - - 12 .
~....|Chaling;mg ... .. ... . ... 2
— - finositol, mg - - - Vi-t-am-nss—rrrr +tJ
..... Minerals: - - - - - -« o o o
.. 300/Calgium,mg. ... ... .. 78 ...
.. -_- . P.ho:s:p.h:oruﬁn’ :rf.]%: : : : : : : i . -LJ- .. 5-3- . -_- TR -_-_ --------
..... Magnesium, mg----- 8
oo onmg. T 1.8, ... T
""" Zinc, g
L Manganese, ug- - - - - - - - - o - 15_ ....... ; 60
E1U L2 ke B Thiamn (Vitahin Bl). pg 80
Ri bof |Gapper(NMgtanin B2), pg 14075
""" loding, pg """ A T
e Se]enium_’.ug. ........ B6 2.8
.....Sodium,mg .. . 27 LT
..... S 1~9-60
B. 1, Fotasgum,mg — """ T8 T
----- Chleride, mg 63
1000667 Theingredierits of thiis particular formuta aré: reduced minerals

.........................

................................ _ I Pant ot heni ¢
acid, fag .500 ......... .. ... ... o .
BioOtin, Pg 3 ..oovrs i -
D



----- Table 2:'Protein Source Composition A — — — """~
S % of

. |MSALGM . . . PP ST DR A
Ingrédient rotein? protein in (g ingredient/ L |g protein/ L |mg SA/ L

..... — darotaing - [P ok

.......... PO ingredient RESTITERRRS [ERPRTRTI SUO
Wiy Protein].. mg ... .......1. _ ........ -

» y ...... 23 039 .. ..|356.00 20.26 7.09 163.08
Concentrate | -~ o o o
NonfatDry- - {- - Prosphorus| g 153
Milk, ......|6.37.....[3400 |1538 523 | 33.31
LowMeat' 1"
CGMP? - . . .| 5200 - - - 81.00 - - 145 _ 17 - 61-07

MBS Sk Mhable moBAd ¥l 88a.

.- - - b, CGMP-means casein-glycomacropeptide.- - - - - -+ -+ - - - - '

Flron, ng i1.8 ... ... .. .. . . . . . . . .. ..

.......................................... Copper, pg
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PLE 4.
[00071] Table 5 illustrates an example of a complete nutritional

formulation of an infant formula with a total sialic acid content of

approximately 250 mg per liter.

% of




protein ingredient Wey Protein 23.00 35.00 20. 26

7.09 163.08 Concentrate Nonfat Dry 'MIk, 6.37 34.00
wo20®3187123 33.31 "~ Low Heat CGW _ PCT/US2006/011677

........................... 22.... 52.00 81.00 1.17 _

| RO R _.. .. .| Amount per
1 Iﬁgfé’élient Weight 10000 liters
| Lactose (95% Solids) - .. .. ... ..~ | ... ..|573.000 kg
[FatBend T T ore @ oA [WAEENEG
ey T Bl CReEns e, (RH ETO8NT 0gooo) Thi s RSB E <0
ifl5 8% Aahes a particular protein sjource comnbj Q?E/i g(nm
ngf@g i\;/iil{(éOlidj(ﬁ@% Plﬁr’&%‘)/e@io) isted in Tabl 53844 kg
Lescrlﬁgﬁﬁwgﬁﬁﬁowg 06/ 1|18723 L’&;“LJJISZOBAGPBQ@W
2B1TadVeP&it.)Prot ei n Source Conmposiftion B % |of

| .Mono-and Diglycerides - .. _..~ 7. 7.._ |7.233kg.

: CalcrumPhosgr:;t; Tribasic: — - -~ = "6.520 kg

. Smgle Cell Arachldonlc Ac:d Oll. L 6.485 kg
1.Dry Vitamin Premix for EnfaniifAR Liquid | ._..|5:250kg
o SAT ‘P e ent proteins protararereg ]

ngredllan!;utoIL g protein/ L ng SA |L834.mgogdi ent Wey
Protein23-00 35 00 37.00 12 95 297 .85 (Conclentrate

.|ccos5 Lo %31“903%%5 1.17 61.07 No?4938g “|sa" in

E?vcgna%&salti de. EXAI\/PLE 3. 582.730g" "

Niacinamide 119.438¢g

Calcium Pantothenate 44.730g

Vitamin B12, 0.1% in Starch 29.400g

Biotin, 1% Trituration 25.095¢

Thiamine Hydroxhloride 13.913¢g

Riboflavin 10.2389g

Pyridoxine Hydrochloride 8.138g

Folic Acid 2.363¢g
Lecithin Concentrate 3.694 kg _
Potassium Citrate 3.350 kg
Single Cell Docosahexaenoic Acid Oil 3.243 kg
Nucleotide Premix for Enfamil Powder 2.900 kg

Maltodextrin, 15 DE 2552.290g




[00070] This exanple illustrates a particul ar
source conbi nation
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i ngr edi

protein

sialic acid content of
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listed in Table 4 repl ace t23e protein conponent of the
formula described in Table 1. Table 4: Protein Source

Conposition B

.............. [ T Amountper
| ngredient L TTIITI T Weight | 10000 liters
T+ Cytidine 5-monophosphiate, free 202.710g

] acid . . . . e IR A

|. . ... Uridin& 5-moriophosphate, 59.740g

T P P % of ngy

S SOdIu nsgarledl ent proteinin gindredient/ L g

pr ot el m(ddndmeSNmbnoplﬁ@émalt‘@ fraxgrieqlf 88¥g Wiey Protein

23.00 35.00 13.00 4.55 104.65 Concentrate GGWpb 52. 00

gA 12.00 9.72 505.44 ......

R Guanosine 5-monophosphate, " — *1"37.903g" " [ * """ " -
disadium.salt . .. ........ O
Carrageenan L. ... . .[2826kg
MagneS|um Ch'Orlde ............................ 1 657 kg

: Calcmm Chlaride, DihydrateNot e:  a. "SA" in tabl e M280%g

EXAMine Ghlorigeo7y) Table 5 illustrjates an exa¥gPekef a

q | ot atT o [of —an |n|‘onr6—‘§?1ggm'l‘z:r

v%ﬁ+ﬁsﬁ)@§té Hésfﬁgc da{gfeg content df approxi ma'tee y ¥250

r@qm:bmml Citrate, Mby@@0E/Gidakd PCT/ US2006/ 011670.458%g

Tt tionwith slialic

aci'gee re@iX WiSRleRits ent Wei dht 10000 1] €.8P2 kg

LaGiQs@ioq95% Sol i ds) 573.000 kg HRat Bl end 332.500 kg

\Wey Protein Concentrate (36% Protlein, 202.578 kg

5. 8% Ashiic Sou‘ffatet Mdmdhyﬂate d (36% Rra16.238¢% |CHO)
53844 ko cropentilde (Cl VR, 14500 kg

41 18<y_$5fcgltlm)\§elen|te ‘frltyuraflon 05% |65.907g

Cupric Sulfate, powder 29.5109g
Lactose, Grind A 16.323¢g
Manganese Sulfate, monohydrate 4.022¢g
Vitamin A,D,E,K Premix, Enfamil Liquid 0.324 kg
Tocopherol Acetate 160.882¢g
Soybean Oil 139.612¢g
Vitamin A Palmitate 17.253¢g
Cholecalciferol Concentrate 5.715¢g
Vitamin K1, Liquid 0.538¢g
Ascorbic Acid 0.150 kg
L-Carnitine 0.150 kg




Mono-and Di gl ycerides 7.233 kg Cal ci um Phosphat e,

Tribasic 6.520 kg Single Cell Arachidonic Acid O
w6.2d@H1&g9 Dry Vitamn Prem x for Enfam | AR Lpquiu$2006/011677

5.250 kg Ascorbic Acid 2924. 250g I nositol 834. 750¢g

Corn Syrup Solid 654.938g Taurine 582. 7509

Ni aci nam de 119.438g Cal ci um Pant ot henate 44. 730g

itamn B12, 0.1 %in Starch 29.400g Bi ot i nf Afd(t per

rituration 25.095g Thiam ne Hydrpxhl oride (13.913g
i lpgradientn 10. 2389~ Pyri doxi ne HydyB&ighr i de| 80Q@Bkters

Y AL 23830 Lecit i Concentrate—3-6%4kg
ot gsf%ﬁg%ﬂ&éﬁ.g’é}gg, g%sg% kg Singlel Cell 16/310.986
jocosahexaenoi c Acid G| 3.243 kg | Nucl eot i dek%rEem' X
j r 2.900 kg Maltodextrin, 15

or Enfam | Powde
geotaseigy ety 118719 PCT/ US2006/ 011677  P3- Anount
er i ngredient Weirght—10000—++ters—Cyti+din
5' - nonophosphate, free 202.71 Oy acid Uridine
f060T2hopbbkpband, Tafe 74w thessutiténn sfapeciideidpepdifents of
g%-{%no osphate, free 47.357g acid Guanosine

e ipsmuiaoaARscabed in Jeble 5 as sorrreantagietof 1) weight to

weight, 2) weight to volume, and 3) calories. The specific gravity of this
particular formulation is 1.0310986.

[N ol e s s m s w B P g

Table 6: Infant formulation composition.

Component % wiw % wiv
Protein 1.38 1.42
Fat 3.50 3.61
Carbohydrate 7.20 7.43
Ash 0.37 0.38
Total Solids 12.45 12.84

Table 7: Infant formula caloric distribution

Component %

Protein 8.38

Fat 47.83 ‘
Carbohydrate 43.79

EXAMPLE 5.
[00073] Table 8 illustrates the nutritional content of the formulation

presented in Example 4 per 100 calories, as well as per 100 milliliters of
formula.



Carrageenan 2.826 kg Magnesium Chloride 1.657 kg

Cal ci um Chl ori de,

Sodium Citrat e,
M ner al
Sul f at e,

Di hydrate 1.200 kg Choline Chloride
wO.2001&g9 Ferrous Sul fate Heptahydrate 0.682 RQT/US2006/011677
Di hydrate, 2%&ranul ar 0.455 kg Trace
Premi x w Selenite 0.392 kg Trituration Zinc
Monohydat e 276.238g Sodi um Sel enite

Triturati oMable &YNGEritRMay cofient bEinfantfeirtulatender

2 d A 16 323g  Manganese Sulfate,
Tpnohydrat e 4.022g Vi te{?ﬁrnmﬂ Gak K PrepPgr 180mini |

n L0 R3¢4 kg —Tocopt —Acetate—16 82g—Soybean
ag%%lr%gs.’gﬁg Vitamin|A Palmtate 17. 25%%

CPodtefrglgci ferol Concentaate 5.7159 Vifaapn KI, Liquid
D 538g Ascorbic Acid Q. 150 kg |-Carnitine Q 150 kg WO
bbeb/d 18719 PCT/ Uszooelfz)?ms?? 24 Anoupn3.6per

ght—1664 ters—Vater——rDeftuvori-dated;

wrﬁ?“ﬂ%@lg 986 kg \Fﬁcg %ssn um Hydr ox]| Jég -- [00072]
Tamoqaaép@mj m@bl e 7 sh@ed he content ofsgpecific
conpponents of  the forlmilation described in Table 5 as
a'—ﬁl@ﬂ%ﬁf@{j’er@ﬁ 1) wei it to wei ght 2§4wei ght to

7 QA1 IUIIC |||c leCL.IIIL. Vll_y U| LIIIO
oM AR, 8 hr | ol 3% 1 0300686 TobFe 6 1 nf ant
| DorukahéeenomRel! t 1 dnt7 11.5

mg

Vitamin A, 1U 300 200

Vitamin D, IU 60 41

Vitamin E, 1U 2 1.35

Vitamin K1, mcg 12 8.1

Thiamin, mcg 120 81

Riboflavin, mcg 140 95

Vitamin B6, mcg 60 41

Vitamin B12, mcg 0.5 0.3

Niacin, mcg 1200 812

Folic Acid, mcg 16 10.8

Pantothenic Acid, mcg 500 340

Biotin, mcg 3 2

Vitamin C, mg 14 9.5

Choline, mg 12 8.1

Inositol, mg 4.1

Taurine, mg 4.1

L-Carnitine, mg 2 1.35

Calcium, mg 78 53




Conmponent %ww %wv Protein 1.38 1.42 Fat 3.50
3.61 Carbohydrate 7.20 7.43 Ash 0.37 0.38 Total
weabietkas7h2. 45 12.84 Table 7: Infant fornul a calkorius2006/011677
di stribution Conponent % Psotein 8.38 Fat 47.83
Car bohydrate 43.79 EXAMPLE 5. [00073] Table 8
illustrates the nutritional content of the fornulation
bresented i n Exanpl e 4 per13PCatal or i espepsoavehl as
er 100 mlliliters ofl farmula W 2006/118719

_DBhpgshgw; OW677 25 |Tble 8 Nutritipd@l content of

ngl-atton—FR 160—Cat—FPer—1pP—m—Calort+es;
éjdiLt?&'i‘gJ@ @Sota n, 171,42 Fat, g 3% 3.6
%hoh@rate g 10. 9 1. 148 Li nol eic Aci{d4 oy 860 580
inolenic Acid, g 80|54 Arachidonic Acid, ng 34 23

DES A X aenoi c Acid, |17 11.5 my VitarrO:ﬁi8A U 300

aVaV¥al 4.4 \ i+ A ] ] 1

PEnRTRE. Febly 1o 6.1 Zorni amn, mog 15681

Copper, mcg 85 57
lodine, mcg 15 10
Sodium, mg 27 18.3
Potassium, mg 108 73
Chloride, mg 63 43
Selenium, mcg 2.8 1.89
Sialic acid, mg 37 25

Calcium/Phosphorus Ratio | --- ===

AMP Equivalents, mg (a) | 0.5 0.34
CMP Equivalents, mg (a) | 2.5 1.69
GMP Equivalents, mg (a) | 0.3 0.20
UMP Equivalents, mg (a) | 0.9 0.61
Nucleotide Equivalents, 4.2 2.84
mg (a)

TPAN-AMP, mg - -
TPAN-CMP, mg - -
TPAN-GMP, mg - --
TPAN-UMP, mg - --

Total TPAN, mg - -
TPAN-CMP/TPAN-GMP - --
Ratio




Ri bofl avin, ntg 140 95 Vitamn B6, ncg 60 41 Vitamn
B12, ncg 0.5 0.3 Niacin, ncg 1200 812 Folic Acid,
worgehGs7h®. 8 Pant ot henic Acid, ntg 500 340 BPomrius2006/011677
ncg 3 2 Vitamin C, ng 14 275 Choline, ng 12 8.1
Inositol, ng 6 4.1 Taurine, ng 6 4.1 L-Carnitine, ny
2 1.35 Calcium ng 78 53 WD 2006/118719

NGTE. USRAD6T thelfitleotide drel cdrbdspealdirtdenudiedsitie expressed as
hosphor us, m? 53 36 Magnesium ng 8 5.4 Iron, ng 1.8
1eNUG gtécfew&gpt@_ 68 Manganese, ntg 26 17.6 Copper,
ncg 85 57 lodine, ncg 15 10 Sodium ng 27 18.3

Pot assium ng 108 73 Chloride, ng 63 43 Sel enium
ncg 2.8 1.89 Si alREFBRENCE®XZWIPEE 2.

[ hosphorus Ratio --- --- ui val ents, ng
(0745 THRIIEEES i pirRiLciion of g WP Brosiust Bavinan
BANANG RIS dSidiR)add.3 0. 20 UWP Equivalents, ng (a)
0.9 0.61
[00075] A fraction of cheese whey that is enriched in GMP is fractionated

by using anion chromatography to yield a fraction that is enhanced in sialic
acid. This product exhibits an amino acid profile similar to that of currently
commercially available GMP (available from Tatua Co-Operative Dairy
Company Limited, Tatuanui, Morrinsville, New Zealand), but contains from
1.5 — 3 times the sialic acid content of currently available GMP products.
[00076] The sialic acid-enhanced fraction can be desalted, if desired, by
electrodialysis, for example, and can be dried to yield a dry powder
product, which is then useable for introduction into a liquid or a dry infant
formula mix. This product is a high-sialic acid CGMP and is available as of
the filing date of the present application from Tatua Co-Operative Dairy
Company Limited, as products designated as X4738, X4739, X4740, and
X4741. The protein content, sialic acid content, and amino acid profile of
those materials is described in Table 9.

Table 9: Amino acid profile and sialic acid content of four examples
of high-sialic acid CGMP products.

High-Sialic Acid CGMP Product
Amino Acid Samples
ED
CGMP | Whey
X4738 | X4739 | X4740 | X4741 | Average | Powder | Powder
Arginine 1.22 0.96 0.69 0.7 0.89 1.4
Histidine 0.76 0.7 0.59 0.59 0.66 1
Isoleucine 10.36 | 8.42 11.28 | 11.51 | 10.39 11.6




Nucl eotide Equivalents, 4.2 2.84 ng (a) TPAN-AMP, ng
-- -- TPANNCWP, ng -- -- TPAN-GWP, ng -- -- TPAN UMWP,
wOoR006/118719 Tot al  TPAN, -- -- TPAN CVP/ TPAN- GRBTAFS2006/011677
Rati o WO 2006/ 118719 PCT/ U8006/ 011677 27 Note: Sum
of the nucl eotide and correspondi ng nucl eosi de
expressed as the nucl eotide wei ghts. REFERENCE
LetfA®PLE 2. 4[ 000743.38hi $ 3,19 ust gaties [t hd4apr odueel on [of
a CAVP product Having lenhanced levels of silalic acdid
Lyif'O@O?S] A TABcti|oh9%f ¢ReRRe WAAB t Nafl-34s err8.8hed i n
fragtion b Ny /PN chiggnatagraphy—to
Me‘tﬂﬁpln% ‘rj%ctl on ?qg’\t [ 1Ubh‘$1 1ge6(i§)i n li8§| iC ufa id.
Cyzﬂ*n@ produ(o.mexhlo).th a0 a8 npoa® d pooBile [gpiTar| to
that of currentlly compercially available /P
ph@raxlalianm e1.6dom [TaB8a CJ-Wer aRil0ke Da2-|8)7 Carib8ny
ed; tgati Yo rians v New Hane)— bt
TV’LdS“iéal ns ?‘33 1_.(’514-7 3 tOrTnes 1 ﬁeogsn al Q'j%aci d Q:gnt ent
Thedorfing rent 13.13vai1mp6 e | GyP pr pdugrs. | 15.98076]1518e
sialic acid-enhanced fractionlcan bel desalted, |if
T"Wé@ﬁ)h%’d, b9 el i rodi dl0y3|s for exia@Ple, arfH can be
eato caduct—swhieh t+het
Vah"geabl e fo$%!9ntrodu§t )Mto gLﬁ"II qui%‘lygr cgz I nflant
Aldriigrul @ N 3.8 Thi|ss B8ody@t41 s aplBh-s6&ei ¢ da@.d COYP
and is available as of | the filing date of tlhe present
aspgpriasit | ph0Blom Ml 2a @o%qoe éﬁi ve [DHD.6Y Co1ﬂp3my
1. t ! o) + dtf H c 2 D A/I_I")O 7920
gl%@‘foi;a%naiz 9274%4'?%e 33?% 28 ﬁlt en?g?’gl al |%Bf%ci d
Glyomg ent, ang7amnpgaeci d1p3pfile nf [haye matesrars s
described in Tahle 9  Table 91 Am nal acid prlofile and
Prefing i ¢ acj #1.d8nt|eH.19f | FIOF8 ek AFF es| 1@#2hi gHi4bRal ilc
HER I o V" \ | + L L ] ~ + Al A Delad i~ 4
SeffRb Y SV Uty seH I o g g o &g gt
TOTAL 110.7 | 116.86 | 113.47 | 113.7 | 113.68 | 1241
% protein 51.88 |49.92 |57.87 |60.05 |54.93 81 14.31
mgSA/gm
protein 188.43 | 227.25 | 224.83 | 215.68 | 214.05 | 52 29.92
mgSA/gm
powder 97.76 | 113.44 | 130.11 | 129.52 | 117.71 | 4212 | 4.28
Average

Amino acid levels are expressed as grams of the amino acid per 16 grams of

nitrogen.

CGMP Powder is commercial glycomacropeptide from Tatua Co-Operative

Dairy Company Ltd.




Anmino Acid Sanples ED CGAGW Whey X4738 X4739 X4740

X4741 Average Powder Powder Arginine 1.22 0.96 0.69
wO0.2006018891. 4 Histidine 0.76 0.7 0.59 0.59 0. 86TAIS2006/011677

I sol eucine 10.36 8.42 11. 8% 11.51 10.39 11.6 WO

2006/ 118719 PCT/ US2006/ 011677 28 Leucine 4 3.36 3.19

3.21 3.44 4.6 Lysine 7.48 7.91 6.89 7.08 7.34 8.3

EDWatHeydPoviaderds 2offndrcid eledirbdlalPzed wheyCystine 0. 21
0. 47 0.13 0.09 0.23 0.2 pheny alanlne 1.54|5.88 1.(96

powde 2.87 1.8 Tyr03|ne03501701009C 18 0. 4

Sa‘;dr %’5{423813(48?%1@968%5@@0 HomEEle et "2 1o 35 o b1
C(B\/IP&\&Jlable/ﬂcan Matud Cd-OpbhatveDaify éarrgx#? 16 _
Lmag?e?cﬁr ic acid 10.61 12.12_9.93 10 10 1.1 glutam c

spuanuiMoprinsyifle; leysZealapd. 309 26.2 G Ilyci ne

I 37 1T 46 1. 31 132 137 5 Protime1t1t—1316-1%
10.78 9.57 10.42 14.2 Serine 8.14 9.66 8.74 9.06 8.90
8.1 TOTAL 110.7 RBEFBERENCE £XAMBLE 3,13.68 124.1 %

g7y T Bisollastiates hepiosmntion O3 s o e pEdst havings 52
8ﬁh§r?cem$é(s%-‘l§?§n&dé‘éxd And 16w Idvii€ 6t ihng?%elm 52

117.71 42.12 4.28 Average Am no acl evel s are
B)Qﬁﬂ@i;sécfra}ilogrcﬁrmeefsemyaﬂmms arriatieddén GMPds aubjeofed to

Q'ptarrﬁ)aq proteolytic hydrolysis followed by fractionation by using anion

chromatography to yield a fraction that is enhanced in sialic acid and has a
low threonine content. This product contains from 1.5 — 3 times the sialic
acid content of currently available GMP products, but the level of threonine
is reduced to about one-fourth that of the starting GMP material.

[00079] The sialic acid-enhanced, low threonine fraction can be desalted,
if desired, by electrodialysis, for example, and can be dried to yield a dry
powder product, which is then useable for introduction into a liquid or a dry
infant formula mix. This product is a high-sialic acid CGMP with reduced
threonine and is available as of the filing date of the present application
from Tatua Co-Operative Dairy Company Limited, Tatuanui, Morrisnville,
New Zealand, as product designated as W4733. The protein content,
sialic acid content, and amino acid profile of that material is described in
Table 10.

Table 10: Amino acid profile and sialic acid content of high-sialic
acid CGMP with reduced threonine.

High-Sialic Acid CGMP with
Amino Acid Reduced Threonine

CGMP ED Whey
W4733 Powder Powder
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WD 2006/ 118719 PCT/ US2006/ 011677 30 arginine 2.3 1.4
histidine 0 1 isoleucine 13.1 11.6 leucine 5.3 4.6
woysionas392 8.3 nmethionine 0.7 1.5 cystine OPET@S2006/011677

phenyl alanine 0 1.8 tyrosixe 0 0.4 threonine 3.8
15.9 tryptophan O O valine 16.3 9.7 alanine 15.9
6.6 aspartic acid 6.3 11.1 glutamc acid 38.9 26.2
Amitiongci@ levels are exprebsed 26 gParhd of the amineabidbek 16
TOTAL 125.4 124.1 %protein 81 14.31 ngSA/gm protein
gpams GNItragen gm powder 138.03 42.12 4.28 (Repeat

ST BRE Byl comAcripaplie oMl TRt 65 s
Bpeative DAiryt Gempahpbtdici d per 16 grams of nitrogen
ED Whey Powder is commercial electrodialyzed whey powder
Samples W4731, W4733, and W4735 are samples of enhanced sialic
acid CGMP with reduced threonine available from Tatua Co-Operative

Dairy Company Limited, Tatuanui, Morrinsville, New Zealand.

[00080] It is noted that the threonine level of the novel product are about
one-fourth that of commercial CGMP. Accordingly, it is believed that use
of a high-sialic acid CGMP with reduced threonine in an infant formula can
provide a formula having a high level of sialic acid at normal, desirable
protein levels of about 14 g protein/ liter, and yet provide a desirable amino

acid profile and low levels of threonine.

EXAMPLE 6.
[00081] This illustrates the use of a CGMP fraction having enhanced
levels of sialic acid in an infant formula.
[00082] The CGMP product having enhanced levels of sialic acid can be
used as a protein source in an infant formula in the same manner as a
whey powder or normal CGMP powder. By way of example, Table 11
shows the sialic acid content that could be expected for an infant formula
in which the protein content is supplied by conventional sources. The
amount of CGMP powder that is used is limited in order to avoid undue
deviation of the amino acid profile of the protein that is provided from a
desirable infant standard profile.

Table 11: Sialic acid content of infant formula with protein provided

by conventional sources:



CGWP Powder i

woanwangiial
WL733,

s conmmer ci al

gl ycomacr opepti de from Tat ua
Co- Qperative Dairy Conpany Ltd. ED Whey Powder is

el ectrodi al yzed whey powder
and WI735 are sanpl e® of enhanced sialic

Sanpl ee TNBZ®4/011677

aci d

CGW with reduced threoni ne avail able from Tat ua

Co- Qperative Dairy Conpany Limted, Tatuanui,
FestelmSouidcee, | INgveidikahaon. | PORRAP] | | gramsot ed tthtSIallc
the threonine | evel of the novel product are abou
one-fourth tha¥MdrotdRmer cj BIoteitVP.  AdERteH/ligr aql‘ﬂ/“’(GsE
Sat g —of a 5 a1 T aG g5 COvP—W
y@(ﬁ}g‘g@i’?'hreom ne in an inf%n formulla“can prov1506675
tomeantetédavi ng a high level of siali¢ acid at normal,
Ldesirable pr j of about 14 g protein/
Nopggt drymailky et 697ovi de a dedfteabl e ani aci d |p?dBil e
Rﬁjhéé’f’v | evels of threoning. %WLEIG. [ 00081]| This
I1lustrates the use of a AW fracti on havi ng gnhanced
CeMPPafdexi al 52 acid in ah81%f ant forintd a. [ 0008262
The CG\VP pF oduct—hawvi ng—en |s of siallic acid
Iaklbe used as a protein source in %ﬁ‘ﬁ-ﬁ ant flot9fl@
M the same nMMer_as a  Wiey powder or Tormat — CGwW
powder. By way of exanple, Table 11 shows the sialic

f00083¢ ofher@GMRapowdeat thab s esqukinttaid foanukmionrdaartie

gt by naveleEMR arodicd

la§ id!g86kribed éﬁweeiﬂ Rére%rﬁ:%rei

of the am no

SR Syl
d
acid profil é}ﬂg%g‘% o}l’é?l%ﬁ}gl?&}f%ﬁ’idt%hen
ﬂusna dene, fthe sialic aﬂrbcmatbhtaof thiefatmslatiod és thope tfian doubled
cont ent o(g Qgl‘an for l. a Wi th
05RRNe adPrafils PEe Pr

BB fittsepoRsuiictibf e

2006/ 118719 PCT/ US2006/ 011677 32 Protein Source ngy
siali c aC| d/ Percent grans

prot eilA b?r'b% epifliciacid Canrten

By SEmig g

t g? lnan?lfolwiwa pyi
388 %'Blué‘ta‘t@'ﬂ’ﬁf Blodde nlihl anfertantedievel

r ot ei

Rfiotei

n
pPpragaed

of sialic acid:

Protein Source | mg sialic acid/ | Percent grams mg sialic
gm protein protein protein/liter | acid/liter

Whey protein 23 35% 6.82 156.77

concentrate

Nonfat dry milk, | 6.37 34% 6.25 39.8

low heat

CGMP Product | 214 54.93% 1.11 237.54

with enhanced

sialic acid

Total 14.17 434.12

[00084] If the CGMP powder having enhanced sialic acid levels were to

be used at double the levels described above at the expense of nonfat dry
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EXAMPLE 7.

[00085] This example illustrates the efficacy of a diet containing casein

glycomacropeptide on the learning behavior and memory behavior of

piglets.

Animals

Methods

[00086] Over a period of 20 months, 3-day-old male domestic piglets

(Sus scrofa) weighing 1.5 to 2.4 kg from 14 different litters were purchased

~from a commercial piggery. They were stratified according to weight and

randomly allocated to 1 of 4 treatments. Piglets were housed in pairs

according to treatment in wire pens with concrete flooring in a

temperature-controlled room. The home pens contained a ‘nest’ (a rubber

tire covered with a towel), a heat lamp and an identical plastic toy. The

piglets were encouraged to use the far end of the pen as a toilet and the
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tlmes were at 8:00, 13:00, 18:00 and 22.30, with an extra 50 m| milk
supplied at night. Body weight, milk intake and medication were recorded
daily.

[00088] Learning ability and memory performance assessment

[00089] Formal learning tests began at 23 days of age using an 8-arm
radial maze (FIG. 1 and FIG.2). The maze was a purpose-built wooden
structure situated in a learning area (4.2 m x 4.4 m) adjacent to the home
pens. A video camera was installed overhead to record the learning and
memory tests. In order to reduce stress, piglet pairs were allowed to
explore the maze one day before the start of formal testing. Two learning
tests were performed: task 1 and task 2. Both tests had accessible milk in
one arm, and inaccessible milk in the remaining 7 arms, such that all 8-
arms of the maze gave the same olfactory signals. In both tests, a visual
cue consisting of 3 black dots was placed randomly on a door with
accessible milk in the arm (FIG. 3). Intask 1 (the easy task), one black
dot was placed on the remaining 7 doors. In task 2 (the more difficult
one), two black dots were placed on the remaining 7 doors.
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pentothal injection (50 mg/kg). Braln tissues from the cerebral frontal

cortex were collected and stored at —80° until analyzed. Ganglioside-
bound and protein-bound sialic acids were determined separately using
published methods (See, Mahal, /d.). All samples were analyzed in
duplicate and the final concentration of sialic acid in each fraction
expressed in pg/g wet tissue.

Statistical analysis

[00093] Differences in learning speed (number of trials to learn the visual
cue) were compared using Kaplan-Meier survival analysis with Cox

regression to examine potential covariates that may influence learning



of the task |I trials and task 2 trials, the same task

was presented as a "nenory test' for one trial only.
wélbosthgribest s were conducted by 2 trai ned st ati/usbme/ 11677

were not blinded to the |lewsl of sialic acid intake,

but the results were |ater corroborated by

i ndependent anal ysis of the video material.

fpeas Sésmpaﬁfsoﬁé 'b%ﬁﬁeér@ﬁ%%]s (RA 2 Sk 25 SarBRs) were

ence | ear ni ng and mam)ry nmor ni ng | ood corti sol
perfcrned asmgﬁh&@ena&léluealdmdehéémvwatﬁwwm Pearson's

begi ,npi n on. d 7 _usi ' ki t

PSRN Aol i d BRI D Beylidn gumoer o
FPIERES, Huccssds, %U?Melgﬁttaﬁfd REPRIy Padformahae 2AB @batlstlcal
variation were 9% and 12%  respectively. Anal }/13 s of

gaalgseweﬁ%cgmmtedmm%PSSrfObM‘{mdowsém lacaehigago. A

phiEaherTo T Gehestehy Ton 050 nyikg). Brarn

ti ssues fromthe cerebral Resoitg al cortex were
col | ect ed and stored at -80 until anal yzed.

bound ?nd protei n-bound sialic acids were

%Efnm” AR, oo (oS e BRI ot e
fa?g%I:arrmmem gkoups*iearrtechhbomsua‘l caedadster tttar?themsoﬁu?h group
Uk anaadeier. 7 Gbaa1 i oA etk T AT nTheK epesiiFe. 4

GREHIET 55’f Irf fdsRHS o‘hﬁ/ h@%rcﬂ thé %oMtré@bupQéQéhé@bﬁtenon
conpar éd’ usi ng Kapl an- Mei er survival analysis with Cox

mt@rreé@ trials wdhilestheibest leereing iperfospanes aassntgiaup 2 00%

g IR %%ﬁﬁ%?l?ﬁf@!%@%%@%é‘%@%ﬁaon%%%ﬁ%ﬁo%-

GO YRk zttﬁér)e Was @ ddxerie’porse @amm(@mowﬂ iwigwall

nodel (Un| vari ate ANOVA)., Pearson' correl ati on was
pigiefstin s tHigaehieg rCé'FQﬂqndN%'Nr' @Oo’félﬁlﬁeeTmarﬁ%@nQﬁS
R et W ST Ditrenges i bogy

N\tﬂlgig SRS tifray oMlhectnab(Pli OIOﬁ) Ch| cago. A

signific | evel of 0.05 was used. Results Learning
@é&—@&@%—a—rﬂ%oth the easy and nore difficult
166do5]t esdikaly thaffiethiglets used the information they obtained in
task 1 to help them to learn the visual cue in task 2. We therefore used

the total number of mistakes and successes in task 1 as covariates for the
analysis of the learning speed in task 2. The difference between groups
after adjustment remained highly significant (P = 0.002 mistakes as
covariates & 0.004 successes as covariates) and the dose-response order
in the learning speed of task 2 was not changed. The findings were similar
if all 40 trials in task 1 were considered or just the last 20 trials. The
number of mistakes in trials 21 - 40 of task 1 also varied significantly
among the groups. This was the case with or without the use of mistakes
in trials 1-10 as a covariate (P = 0.016). The control group made
significantly more mistakes than group 2 (P = 0.005) and group 4 (P=
0.006), but only marginally more than group 3 (P = 0.06). In a similar
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W|th a Iower number of mistakes in the memory test in task 1(P = 0.007),
but not task 2 (P = 0.20). Body weight, rate of weight gain and learning
speed did not significantly affect performance in the memory test (P>
0.05).

Plasma cortisol

[00099] The mean cortisol concentration in each group over the five-
week study period is shown in FIG. 8(A). Across all groups, the difference
between the first week and all other weeks was significantly different
(week 1 vs weeks 2, 3, 4 and 5; P =0.031, 0.015, 0.001, and 0.001
respectively). From week 2 onwards, the cortisol concentrations for all
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Table 14: The mean level of ganglioside-bound, protein-bound and
free sialic acid in brain frontal cortex according to level of level of CGMP

supplementation.
Group n® Ganglioside- Protein-bound (pg/g)  Free (ug/g) Total (ug/g)
bound (ug/g)
Mean SE Mean SE Mean SD Mean SE
Group1 14 162 9 114 2 3.0 02 279 10
Group2 13 176 9 121 2 3.1 0.2 300 10
Group3 14 182 9 126 2 3.0 0.2 311 10

Group4 12 185 10 127 2 3.2 0.2 315 10
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Correlation of brain sialic acid with learning performance

[00103] A higher concentration of protein-bound, ganglioside-bound and
total sialic acid in brain frontal cortex was associated with faster learning in
both task 1 and task 2 (see FIG. 10(A), FIG. 10(B), FIG. 11(A), and FIG.
11(B)).

[00104] None of the correlations, whether parametric or non-parametric,
reached statistical significance (see all FIGS. 10 and FIGS. 11). Ina
similar analysis for the memory task, a negative correlation (high sialic
acid content, fewer mistakes) was found in both task 1 and task 2, but
again the results did not reach statistical significance (P > 0.05), except for
the protein-bound form in group 4 for task 1 (P= 0.045, FIG. 12). There
was a significant positive correlation between total number of successes
and ganglioside-bound sialic acid in task 1 (P = 0.045), but not in task 2 (P
< 0.05).
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7. The method according to claim 6, wherein at least about
75% by weight of the protein contained in the formula is soy protein or
cow’s milk protein.

8. The method according to claim 6, wherein substantially all of
the protein contained in the formula is soy protein or cow’s milk protein.

9. The method according to claim 1, wherein the need of
improvement in learning and/or memory behavior is shown where the
mammal’s nutritional requirement has been supplied by a diet providing
sialic acid in an amount that is lower than would normally be obtained from

breastfeeding.
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isrhstow ipbert 20@&/hg. WO 2006/ 118719 PCT/ US2006/ 011677

42 10,,The i: i ; '

et Hovi Hegetof SREpRANDIS falh 3, Mrbreh2Ehih et the

fopriuth comnmpESey eheralddrmimstradtioam  br east f eedi ng

conprises aliquid formul a havin q sialic  acid content
;cL_clagnl

that 19s péhewmehedacesring) 1 Wherginiae fagein
g@&gﬁqﬁg%ﬁgdgpéh{a edfw'aeégjrwmaq'i gnmﬁfeﬁtfé)lrmla.a

sitalic aci an wou normal |y be
obt ai néd f Thenmdthedsictertingitp clainpriids eheseinith@fermula is a

afsierdboCoihic s aimi BB ER st e dhe
g@i N adm nistering the 10 fornmula conprises

enteral admi nistration. 13. The nmethod according to
cl ai 3, whbeenethodaceasding to glajmdfawheseipttha®rotein

incl u in_a.f L [ e | :
ABRHLER e R e b Ak O Py A
bAdanixtutes tidreofl |y conpl ete infant fornula conprising
carbohydrate, lipid, and 15 protejn. . )

16. The method according to claim 1, wherein the casein
glycomacropeptide is administered in an amount sufficient to provide at
least about 100 mg/kg/day of sialic acid to the mammal.

17.  The method according to claim 1, wherein the casein
glycomacropeptide is administered in an amount sufficient to provide at
least about 200 mg/kg/day of sialic acid to the mammal.

18.  The method according to claim 13, wherein the formula

comprises a liquid having a sialic acid concentration of at least about 200

mg/liter.
19. The method according to claim 18, wherein the formula
comprises a liquid having a sialic acid level of at least about 300 mg/liter.
20. The method according to claim 18, wherein the formula

comprises a liquid having a sialic acid level of at least about 600 mg/liter.
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15. The nmethod according to claim 14, wherein the
protein conprises a material that is selected from

woawesi1giibk protein, soy protein, and m xturegCcr/US2006/011677

thereof. 16. The nethod acc@rding to claim1l, wherein
the casein 20 gl ycomacropeptide is adm nistered in an
anount sufficient to provide at |east about 100

o/ kggflay Pphe ?ﬁéﬁub& aé&cbr‘éllﬂgototélélnﬁmn'&@hprlélﬁg alfyemiet hod

according to claim1, wherein the casein
kg aetotad pezpteurdgan@n@mﬁheﬁweeeﬁ&%dﬂ @gramsflitar of which no
suf fi

Pkt AR i ReRt RonRlideadi baditd v RRRIp SRR, O

to clzpm 1Phe M‘eﬁh@d @c&mlﬁgafdmbm 24 ownéremwfdmﬂm d
having a sialic acid concentration_ of | east about

coprises Aitelet protein cpméentaf W@M@%’&éﬁcﬁﬂﬁ@ § grams(iiter o8,

WPERTIS ol o] Fchy SRR IEPrRuRI BRRelR) | 10er 20
@S)coﬁibercﬂﬁdtndé according to claim18, wherein the

of ' at 2Beast NABBINOAGECHEING Ko, wserintag casein”
@EEAH@%@%@Q aé@?)?nr{)rfs%szalca & SNRORRLrESSRILE RSVt an

npri si a fornula”"having a total protein
enlmarmud mndmtmdaenolglaan@ciﬂs grans/liter of which no

% Db h d b j .
oy cosfler ofBp eS8 Ecorido L SR L BheiRIN sosein
aljycowfé%ff@fbébt?dﬁ%d‘vﬂ{d@h @nhﬁn@@@éh@eﬁﬁra%oh%f%hali@falﬁ@l n

content of between 13 and 15 grans/liter of which no

nomprisas highosialiy acidi agisein glypemarmngptide ytheieguced

%rgcomacropeptl de. 23. The nethod according to claim
fEPei n the casein gl yconmacr opepti de conprises a

casei p5g! y Jpeansbparidcdrdihg o ogirare4, Wheesihahe edsein
concentration of sialic acid. 24. The rretglod accordj n

glycemacrepentidgris inglvdedin 2 ygule hgvipgchisdalqseisin genten
BRAYEAEE M ﬁBhﬁ”l%?ggrﬁﬁ%'ﬁﬁ@%f\%icﬂ%d)ﬁo?é Mdrf36% % weight is
I 'gh-si

CONnpri ses aci d casein glyconmacropept |
p’rd\hldededwaemhseimglqoomeropwtlﬂé having amehbaneedtor di ng
concer?tramon of swac e(?curi1 atng%a%?nsgeé rt1hreonine content of not over 10
grams/16 grams nitrogen.

26. The method according to claim 1, wherein the casein
glycomacropeptide is inciuded in a formula having a total protein content
of about 14 grams/liter of which not over 4% by weight is threonine and
having a sialic acid content of at least 400 mg/liter.

27. The method according to claim 1, further comprising
measuring the learning and/or the memory behavior of the mammal
following the administration of the casein glycomacropeptide.

28. A method of increasing brain protein-bound sialic acid in a
mammal, the method comprising administering to the mammal an amount
of casein glycomacropeptide that is sufficient to increase the brain protein-

bound sialic acid in the mammal.



gl ycomacropeptide is included in a fornmula having a
total protein content of between 13 and 15
wgnreaswsigitber of which no nore than 30% by wei gRCTIUS2006/011677
provi ded by a casein gl ycomacropepti de havi ng an
enhanced concentration of sialic acid and having a
t hreoni ne content of not over 10 20 grans/16 grans
nitrogen. [ mEhfodEARdin %%‘I{ﬂh{‘% Wehére !Helbrawohﬁrlb@élﬁ-
t he caseln gl ycomacropepfide is included in a fornula
boavdrsiplc acid & |mren@|drby:armaemunt of atleast abaut 5%.
gra lite h not. over 4% .
Phr ool ne A Atptheor RePRvinedpreiing Aol idhphGengvior in a
?ﬁ‘\%al‘ﬂ@\% rﬂg{Hddt&j'm pAsing.”- The method according to

aim1, further conpr|3|n measur i t he Iearnlng
and/ mteMnmhgth@Hm/mnmal ltsmentﬁ\ﬁgrﬁ fwi ng

he adm stratlon e onacropeptlde.

ng@ro%rp[%@ Bde%ﬁ”"?%%ﬁ@gwﬁéﬁ@&a?ﬁd%k é§e| n-bound sialic
aci d hAmnistERARGERD thé hsammahoab@nrgwoommopepude istas i ng
to the mammal an anmount 30 of case
anourautficipelto impreyalearaing @nd/er; BRmONs beheyighikthene
@ ggﬁlproteln- bound sialic acid in the mamual . WO

8087418719 PCT/ US2006/ 011677 44 29. The net hod
according to claim 28, wherein the brain protein-
bound sialic acid is increased by an anount of at
| east about 5% 30. A nmethod of inproving |earning
and/ or menory behavior in a mammal, the nethod
conprising: 5 determ ning whether the manmal is one
that is in need of inprovenent in |earning and/or
menory; and, if so admnistering to the manmal casein
gl ycomacropeptide in an anount sufficient to inprove
| earni ng and/ or nenory behavior in the mnmal.



