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priority benefit of co-pending U S. Patent
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[0007] U.S. Patent No. 6,270,827, discloses a formulation containing
human milk proteins or recombinant host resistance factors, one of which
25 is recombinant human kappa-casein, to supplement synthetic infant
formulas.
[0008] U.S. Patent No. 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
30 organisms.
[0009] international patent application WO 01/60346 A2 discloses a

nutritional formulation containing the oligosaccharides oligofructose and
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[00015] Reference now will be made in detail to the embodiments of the
invention, one or more examples of which are set forth below. Each
30 example is provided by way of explanation of the invention, not limitation
of the invention. In fact, it will be apparent to those skilled in the art that

various modifications and variations can be made in the present invention
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[00019] This invention is directed to a composition and a method of
formulating milk protein-based formuias, both with and without lactose,
non-milk-based formulas, including soy protein-based formulas, amino
30 acid formulas, and rice protein formulas, that contain sialic acid at
concentrations comparable to that found in human milk. The nature and
novelty of the invention involves the appropriate selection of sialic acid-
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[00022] The form of administration of and incorporation of sialic acid in the
method of the present invention is not critical, as long as an effective
30 amount is administered. A convenient form of administration is to add
sialic acid to an infant formula (including those for both term and preterm

infants), follow-on formula, toddler's beverage, milk, yogurt, or fermented
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[00024] The present invention is also directed to a novel method of
producing an infant formula comprising intemmixing a cGMP having an
enhanced concentration of sialic acid with sources of protein, carbohydrate
and lipid sufficient to provide a nutritionally complete formuta. The high-
30 sialic acid cGMP can be any of such products that are discussed herein,

and the sources or protein, carbohydrate and lipid, along with any other
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30 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; and {4) up fo
about 6 gfliter of a cGMP fraction having an enhanced level of sialic acid.



fromcomercial sources such as, for exanple, The
Tatua Co-Qperative Dairy Conpany Limted, Tatuanui,
Morrinsville, New Zeal and, MD Foods |Ingredients anba
of DK-6920 Vi debaek, Denmark or from DW I nternational
of NCB-|aan 80, NL-5460 BA Veghel, The Netherlands. 15
[00028] It has been found that a preferred type of
cGW that is useful for the present conpositions and

et [0d27] Wrﬂam@MPblammblpv@diube chaeunrgiycommmnpwtmdnay be
concentration of sialic sed _herein

t er PEracte Pk H@'”Sr?‘”étﬁm?n@ré’&eﬁ%%e FPF $¥3BRieo 9’9 casein

d f h
o0y B ATV At o e

t r ecxaresntratiom of wbse protein. ellis rody be gione byt deash partially

S oo i, it Horn W06 o Bt e et al3RG et Gty causs,

enh Fﬁﬁiah@ﬁ elfRe @hp&trﬁtam igtheh eslizctiasand deed bepawidenthe

I d . [.00029
AR GlYCamPerPresidgs . nEatari Ne. At 2D aeh sy be
" of REbGordRd @hrérﬁﬁea}g%%f&énwﬁ:% SRR d62Phot

sialic cid h-sialic acid
H| gtenflictwith uafmmacuqudelsaabed beegin oprawidas acmmeeilﬁtaﬁ#d

16 CHFEPRIEh o7 Bun B ESB, AEifhaively, e BOFIF AT b poniot
mor feOmrcm‘naheaﬂbtlsﬁumfwchadm dor éﬁgﬂg[ %Wahtascgzom’rdtive
2 5o G TIRA i EHEE T Al B Morf RSV e GeafRbg, MpyEoges

Pr ofr@rétiEMBtfrba af DKa40RE VRiéHaek Gi@t%nrhﬁrw f&irh cimv a
dry powder product, a sialic aci d cont ent
R

190'”19@3@0'@/0@ N%'@ﬁlaéi 80, Nl-54608 RA Yeghel; 3pe
1530\”&)?5281 i haS HRAABLUAG ‘t)ﬁbo} d frifeiéd glgg%f%@MPM% u%é@l‘i for

I'ycomacr opept i avai from Tat ua
Co- mmrasem@qmpqsytuom@mmequ& ie @ cCMfitkased medyst having
ro t i i
Dot eafestEteibenfitn 87 §iaflgof, A Bicneo B tdtns
appasGMP halvirey & enleanddubtorideatratian iof siatic dcidbnteanta gassin

th h h t hat
of - ShESPagpsPicd (CaMRRPolAg SECBNaE AR Inhitn oo
28- ;@éﬂeﬂ noﬁmeaeétrﬁe lelelrsiwiklic o, GHd in witich am@va of sialic

basis of protein content of th

[d
pr odeid i% hlgrhsr, bycRInPyah thal pefes theshealimenti g groducts
( E%ﬂ%ﬁﬁgﬂ@é@%ﬁle&%@éiﬁ%&@g% deé&%’e@rlﬂ&b fh Eﬁa@lp@sw and

basi s contal ns about nmg of sialic acid/gm1l
proBein, or about 4.3 ngy of sialic acid/ gm of povvder

[ OO@%gf@r%dsYu%ﬂtpa}ggu&f afl %'xg%p?e B# @nlcﬁ':éhbgcrﬁ)%'dqn %pie

25 7, can be referred to herein as “cGMP having an enhanced level of sialic
acid", or “high-sialic acid cGMP". High-sialic acid cGMP has a sialic acid
content of above about 60 mg/gm protein. It is preferred that the sialic
acid content is above about 100 mg/gm protein, more preferred is above
about 150 mg/gm protein, and yet more preferred is a sialic acid content of

30 above 200 mg/gm protein. Typically, this product has a protein content of
about 50% - 60% by weight for a dry powder product, a sialic acid content
of about 190 — 230 mg/gm protein, or about 100 — 130 mg/gm powder. In



source in an infant fornula is that the sialic acid
content of the fornmula can be increased w thout

repl aci ng an undue anount of the conventional sources
of protein that are used in the formula. This feature
is useful in 15 that it permts mninmal disruption of
the amno acid profile of the protein of the fornula.
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25 content of above about 60 mg/gm protein and a threonine concentration
that is lower than about 15 gm/16 gm nitrogen. It is preferred that the
sialic acid content is above about 100 mg/gm protein, rhore preferred is
above about 150 mg/gm protein, and yet more preferred is a sialic acid
content of above 200 mg/gm protein Typically, high-sialic acid cGMP with

30 reduced threonine can have a sialic acid content of from about 85 to about
150 mg sialic acid {SA)/ gram of powder, preferably from about S0 to about
140 mg SA/g powder, which is comparable to the sialic acid content of



acid profile disruption, as discussed above, the
threonine level of the protein sources in the infant
formula can be mnimzed. This is desirable in 15 sone
enbodi nents in order to reduce or elimnate the
potential for hyperthreoninuria, or other disorder
caused by, or exacerbated by, high Ievels of

threonine in the diet. [00034] By way of exa
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25 of sialic acid, more preferably, the infant formula has a totai protein content
of between 13 and 15 grams/liter of which no more than 15% by weight is
provided by a cGMP having an enhanced concentration of sialic acid.
[00035] Also as an example, an infant formula of the present invention
invention can be formulated to have a sialic acid content of at least 400

30 mgfiter and have a total protein content of between 13 and 15 grams/liter
of which no more than 15% by weight is provided by a cGMP having an
enhanced concentration of sialic acid.

10



NUTRI ENTS Per 100 Calories (Normal Dilution) (5 fl o0z)
Protein, g 2.1 Fat, g 5.3 Carbohydrate, g 10.9

Water, g 134 Linoleic acid, ng 860 Vitam ns: A 1300
DIUG60 EIU2 K pg 8 Thiamn (Vitamn Bl), pg 80
Ri boflavin (Vitamn B2), pg 140 B6, pg 60 Bl2, pg
0.3 N acin, pg 1000 Folic acid (Folacin), pg 16
Pant ot henic acid, pg 500 Biotin, pg 3 C (Ascorbic

aci [@hOSHPTH@foHGhMg éﬁamﬁ'@slibschb@%uémblamgnﬁaodtments of the
Mnerals: 11 Cal cium, 78 Phosghor us

MVagheention. @thes emtfqgi‘lrneﬂ@ withgn the seope,ef tlj!g%mamégzg will be

PY AharShRDne S8lictin the A ¥omRBndfderatRhit theTspddfication or
practice of the invention as disclosed herein. Itis intended that the

5 specification, together with the examples, be considered to be exemplary
only, with the scope and spirit of the invention being indicated by the
ciaims which follow the examples. In the exampies all percentages are
given on a weight basis unless otherwise indicated.

Example 1
10  [00037] This example illustrates the nutrient components in a commercial

infant formula suitable for sialic acid addition for use in the present

invention.

Table 1: Nutrient Information for Infant Formula (Enfamil® Lipit with Iron)
NUTRIENTS Per 100 Calories
{Normal Dilution) (5 fl 0z)
Protein, g o 2.1
Fat, g 5.3
Carbohydrate, g 10.9
Water, g 134
Linoleic acid, mg 860
Vitamins: -

A, IU 300
D, IU o 160
{E, U 2
K, vg 8
Thiamin (Vitamin B1), yg 80
|Riboflavin (Vitamin B2), ug 140
BS, pg |60
B12, yg 0.3
Niacin, ug 1000
Falic acid (Folacin), g 16
Pantothenic acid, pug 500
[Biotin, pg 3
{C (Ascorbic acid), mg 12
iCholine, mg 12
|Incsitol, mg 6
[Minerals:

1



Sodium ng 27 Potassium ng 108 Chloride, ng 163
[ 00038] The ingredients of this particular fornula
are: reduced mnerals whey, nonfat m |k, vegetable
oil (palmolein, soy, coconut, and high oleic
sunflower oils), lactose, and less than 1 %
nortierella alpina oil, 5 crypthecodi niumcohnii oil,
vitamin A palmtate, vitanmin D3, vitamn E acetate,
vitam n @kc,},ﬁl,ﬁ@ n hydrochl oridefzgvitam n B6

hydr ochlpgr " Bz mac 5 mde,—foftc acid
cal ci um q$ qm%'éti bet+A—sedHHr—aseor-bat-e
| NOSi tol'mw_uﬂn_pm.phmmms

sul fateliromimg sul fate, manganese S8l fate, cupric
sul f at e,[ZinedpigMm chl oride, sodium 0 citrate, potassium
citrate, hydroxide,—sod lsm Seremt e,

tauri ne,wI & ~.g.!u',q,m adenrestne = reRephospheater
cytidin Copp: nhosphat e di sod{iPm guanosi ne
5' - nonoplodénghaige, di sodi um uri di nH05' - nonophosphat e) .

[ 00039] {gelenfinljid s particular fopngla to practice the
present [Ty TR, g 1! I5—woutrd D 7necessary U0 a0y,
for exar‘ it ahetH—250——pe et ottt
1500 ng |REESSUMMEt <ialic acid P98 aining

i ngr edi g@hboride, ilge _conposi tion dié3cribed in Table 1
Thi s added amount of sialic acid would be part of the

t ot [oboSBPTRE m@cre(ﬂ]éﬁ!sﬁbfﬂhlétpﬁméulﬂf fofraum #&: reduced minerals
apprOX| mat el y gr ans 100 cal ori es

\@fmmqonmrgﬂke%aaﬁa@'q of (Ratinleis, a%m?)r&tm ar'ﬂvgrﬂooie'c
pf %ﬁfﬂewégkin%e:a%m 5A uégb thfaﬁr1°/§ ﬂheh@relfd éﬂ?lrﬁa @i d

cont ent roxi mat e ng per liter.
5 ngzrmeno@nlurrscemi ail, ?aamm A mi@ltateb@lt@!@w[)ﬁowtamnaﬁ:e

Tad e Y kT g Sholgebid R WS b dRhldtde.
Ny vitamig B 1ARniazinanmide cilie atidy cakceim pﬁnmthmnate rblgtm sodium
pr rcoro s, sl eiat onierde ety pnotebi. fitaySsiate.

Nondigd siifate, manganese sulfate, cupric sulfate, sodium chioride, sodium

10 citrate, potassium citrate, potassiumn hydroxide, sodium selenite, taurine,
nucleotides (adenosine 5’-monophosphate, cytidine 5'-monophosphate,
disodium guanosine 5'-monophosphate, disodium uridine 5'-
monophosphate).

[00039] To use this particular formula to practice the present invention, it

15  would be necessary to add, for example, from about 250 mg per liter to
about 1500 mg per liter of sialic acid-containing ingredients to the
composition described in Table 1. This added amount of sialic acid wouid
be part of the total amount of protein {total protein of approximately 2.1
grams per 100 calories).

20 Example 2
{00040] This example illustrates a particular protein source combination
for a total sialic acid content of approximately 250 mg per liter. The

12
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81.00 1.45 1.17 61.07 Note:

Si
il

for

ng per
repl ace the protein corrponent of the formula

ggﬁggégae%ég Psézam ?ag,

W @mpaient oétite/ fotmglapi&aceubﬂsd lr[n1:1 agleshy L
Pr of 00, 35.00 297 85
‘E{é@ﬁ%ﬁ’ﬁ%&eéﬁr%@*mﬁogﬁ&gﬁpi%‘@ﬁ 61. 07 _Note:

[

l k, 6.37 34.00 15.38 5.23 33.31 Low Heat cGW 52.
"SA" in table neans
alic acid. 5 Exanple 3 [00042] This exanple

| ustrates a particular protein source conbination
a total sialic acid content of approximately 360
liter. The ingredients listed in Table 3

10
@g@ﬂ:ﬁle 39 B repldiethel profdimir C
redi ent SA/ protein protein
i ngr edi ent

00

e

4 15
| apropeindtle
d content

B eans t o
A ET
nat P8 ""fo

11 1 aDI

Qgée‘&i.e.ﬁh' s

ce conb

aci d Exanpl ¢

e§|ngraﬁ$a’rtliLCL
sialic aci

Seapfl C
| prot@inrial
lingrediont|

img SA/ L

of

7600 PE

di
apl e 23 OPepI neh®

! 'P}B%éuﬁ'
onent "of ¢}

&5 niere cr:ésb‘i(ﬁe pro?gq%  com

cony

H 33.08

f d

'Prp,

I 1

FTiDed in [Table 1| |l e 4:

Ce @BPOoSI
otein pro

[00045] Tab
i g0B |nmo SE.38m %|of 5.23
ein in]g ingredienty L g

aes
N gl n gour

05 oSt P

33.31%

pr

[0)
:C¢;

SAL do | NOgeahent WigysProtei n 33700

N7 L
Wb1‘2 Q

61.07

GvP—52700

3 —8- :
g81. Note1*8A5in tableomegns sislic agyd; o

SAintable refers to

sialic acid Exanple 5 [00046] Table 5 illustrates one
possi bl e conplete nutriti OE§| "Iqélgul ation of

[00042] This example illustrates a particular protein source combination
for a total sialic acid content of approximately 360 mg per liter. The
ingredients listed in Table 3 replace the protein component of the formula

10  described in Table 1.
[00043] Table 3: Protein Source Composition B
mg SA/gm % of . in/ L SA/ L
Ingredient . proteinin| gingredient/ L | g protel mg
protein ingredient

Whey Protein 23.00 35.00 37.00 1295 | 207.85
Concentrate
fcGMmP 52.00 81.00 1.45 1.17 61.07

Note: “SA” in table means to sialic acid

Example 4

15

[00044] This exampie illustrates a particular protein source combination
for a total sialic acid content of approximately 600 mg per liter. The
ingredients listed in Table 4 replace the protein component of the formuia

described in Tabie 1.
[00045] Table 4: Protein Source Composition B

' SA/ % of .
Ingredient mg S/ gm protein in| g ingredient/ L | g protein/ L |mg SA/ L
protein ingredient
Whey Protein | 53 99 35.00 13.00 455 | 104.65
Concentrate

13




5 an infant fornmula with a total sialic acid content
of approximately 250 ng per liter. [00047] Table 5:
Exenplary infant fornmulation with sialic acid. Anobunt
per Ingredient Weight 10000 liters Lactose (95%
Solids 573.000 kg Fat Blend 332.500 kg Whey Protein
Concentrate (36% Protein, 5.8% Ash) 202.578 kg Nonfat
MIlk Solid (36%Prot.. 52% 153.844 k Caselno

AlycmpMacr o Pepspdes (c@®Poo8l. 18%Powt ) 14. 50F2kg | 505.44

\Voriacy=ip:e e s Si 3 Kg Cal crum Pnosphat e,
Tr i 2 .*%%F‘E%“‘% 'ﬁg‘fé‘ﬁ@H Ar achi donic Acid Q|

6.485 kg Dry Vitamin Prem x for Enfam| AR U quid

5.250 kg Ascorbic Acid 2 ositol 834.750 Corn

Syrup Solid 654.938g Tau?ﬁ%&%.sww Ni aci nam de

(1)151{06&96] LE: ﬁi ilustidtes ohd possibledcbrmigiete nifritianalfodidation of
.1%in Starch 29,400 Biotin, 1% Trifuration  25..095

S ThiaminTRST FoTT it BRal eI 12e0 pprisn ol Ahprograigly 250 hg

Py:*jé;lq{grne Hydrochl oride 8.138g Folic Add 2. Lecithin

Co

centrate 3.694 kg PotassiumCtrate 3.350 kg
Single Cell Docosahexaenoic Acid OR 3.243 k

Vel ORCE Pl ST EkesePlack B3R oriRglengh viu ldic o, o

frep acid 202.71 Uridine 5-nono hos] hat e, di Jo#émeunt per
salt 59.740 Adeinggedients’ os ate, frice Weight 47. 38000 liters

Lactose (95% Solids) 573.000 kg
Fat Blend 332.500 kg ;
Whey Protein Concentrate (36% Protein, 5.8% Ash) 202.578 kg |
Nonfat Mitk Solid {36% Prot., 52% CHO) 153.844 kg |
Caseing Glyvco Macro Peptides (cGMP, 81.18% Prot.) 14.500 kg |
Mongc-and Diglycerides 7.233 kg |
Calcium Phosphate, Tribasic 6.520 kg |
Single Cell Arachidonic Acid Oil 6.485 ko
Dry Vitamin Premix for Enfamil AR Liquid 5.250 kg

Ascorbic Acid 2924.2509

Ingsitol ' 834,7509

Corn Syrup Solid 654.938g

Taurine 582.7509

Niacinamide 119.438g

Caicium Paniothenate 44.7309

Vitamin B12, 0.1% in Starch 29.400g

Biotin, 1% Trituralion 25.0959g

Thiamine Hydroxhloride 13.913g

Riboflavin 10.238g

Pyridoxine Hydrochloride 8.138g

Folic Acid 2.363g
Lecithin Concentrate 3.694 kg |
Potassium Citrate 3.350 kg |
Single Cell Docosahexaencic Acid Oil 3.243 kg |
Nucleotide Premix for Enfamil Powder 2.800 kg |

Maltodextrin, 15 DE 2552.2909

Cytidine 5'-monophesphate, fiee acid 202.710g

Uridine 5'-monophosphate, disodium salt 59.740q

Adenosine 5'-monophosphate, free acid 47,357

Guanosine 5'-monophosphale, disodium salt 37.903g
Carrageenan 2.826 kg |
Magnesium Chioride 1,657 kg |
Calcium Chloride, Dihydrate 1.200 kg |
Choline Chioride ' 0.700 kg |
Ferrous Sulfate Heptahydrate ) 0.682 kg |
Sodium Citrate, Dihydrate, Granular 0.455 kg |
Trace Mineral Premix w/Selenite Trituration 0.392 kg |

Zinc Sulfate, Monohydate 276.238g

Sodium Selenite Trituration, 0.5% 65.907

Cupric Sulfate, powder 29.510g

Lactose, Grind A 16.323g

14



Guanosi ne 5' -nono hos hate disodiumsalt 37.903
Carrageenan 2.826 kg Magnesium Chloride 1.657 k

Cal cium Chl oride, D hydrate 1.200 kg Choline Chloride
0. 700 kg Ferrous Sul fate Heptahydrate 0.682 kg
SodiumCitrate, D hydrate, Ganular 0.455 kg Trace

M neral Prenmix w Selenite Trituration 0.392 kg Zinc

Sul fate, Mnoh date 276.238 Sodium Selenite

Trifuration 0.5% 65.907 Cupric Sulfhte, powlej Arsount@er
Lactose, Gind Alridredignt 14 Amount pel Waghtedi pri0000 liters
Wei ght ™ TO®akgahdst Butfste, rmotgdimtese Sul fafe nr#didPa drat e

4. 02ityhin Al EK PremixpEnfampildquid,  Enf o | ui-d-—0l 324 ?;524"9_
Toc Vocgpherobdcgtalecg 905 Sovbean—oH—3 >
\/‘ A . S an. m + 4—1;'\1— O L - +3§‘1:l

(I ¥ ditates { 20 _Chol ecal CI | €T Oy ENtTat €

5. 7TVt ZHhidtaSitrol d irdle U. D38 AScCOrbi c_Acmsh Of 150 Kk
L- Cam 11 nemdhid®Ouides  Water, Defl| uori dateddd3® o

10310s@R6ic hgd Pot assi um Hydroxi de [0D048] Tablip 6-afdSkd.
TabIA-CP"Né!Ea,i L the_content—et—speciiec—ecomponent qogg's,:g%
t he mﬁfﬁt;" esctibed—mTableSTasa percem age

of Iy—wergnt to wer ght,—2) Wweight to volune, and 3)
calories. The specific gravity of this 5 particular

f or [000A8] Tablest and TabiEs® defaiitba Epntesth iof specifi¢ camponents of
for Il ALL0MuE RIS Tat O B'S BrclMali 8t 4 wélbht €
weight, 2) weight to volume, and 3) calories. The specific gravity of this
5 particutar formulation is 1.0310986.
[00048] 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

[00050] Table 7: Infant formuia caloric distribution

Component %
Protein 8.38
Fat 47.83
Carbohydrate 43.79

10 Example 6
[00051] Table 8 illustrates the nutritional content of the formulation

presented in Example 5 per 100 calories, as well as per 100 milliliters of

formula.

15 [00052] Table 8: Nutritional content of infant formulation.
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Car bohydrate 7.20 7.43 Ash 0.37 0.38 Total Solids
12.45 12.84 [00050] Table 7: Infant formula caloric

di stribution Conponent % Protein 8.38 Fat 47.83

Car bohydrate 43.79 10 Exanple 6 [00051] Table 8
illustrates the nutritional content of the formulation
presented in Exanple 5 per 100 calories, as well as

per 100 mlliliters of fornula. 15 [00052] Table 8:

Nut i ti onal content of infantpé&ofooutati onl 15rdrenoiriO
Cal |[RElnesOgh M Calories,[ Cal _10{hgo8  Profeln, g e L
1. 43 pedat g 5.3 3.6 Carbdhydrate2110.9 /. Li nohez c
Aci d.Fapg 860 580 linolenic Acid53m 80 54 Arachidfanic
Aci d,Cadahydnte. iyycgsghexaedoic Acit®® 17 11.5  Vitadih A
| U 3 —H—2—%35
Vitg Rbof tavwsn
140 i 2, mO0. 589 3
Ni adln, npg 1200 812 Follic Acid, m16 10,8
Pant imfdU Acid e o500 340 300 200
itarnin D_|U ' - 60 41
Vitamin E, U 2 1.35
Vitamin K1, mcg 12 81
Thiamin, mcg 120 81
Riboflavin, mcg 140 85
Vitamin B6, mog 80 41
Vitamin 812, meg 0.5 0.3
Niacin, mcg 1200 812
Folic Acid, meg 16 108
Pantothenic Acid, meg 500 340
Biotin, mcg 3 2
Vitamin C, mg ' 14 9.5
Choline, mg_ 12 8.1
Inositol, mg 6 4.1
Taurine, mg 6 4.1
L-Carniting, mg 2 1.35
Calcium, mg 78 53
Phosphorus, mg 53 38
Magnesium, mg 8 ) 5.4
Iron, mg 1.8 1.2
Zinc, mg 1 0.68
Manganese mcg - 26 176
Copper, mcg 85 57
lodine, mcg 15 10
Sodium, mg 27 ' 18.3
Potassium, mg 108 73
Chioride, mg 63 43
Seientum, mcg 2.8 1.89
Sialic acid, ma 37 25
CalciumiPhosphorus 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
Mucleotide Equivalents, mg (a) 4.2 2.84
TPAN-AMP, mg - -
TPAN-CMP, mg - - -
TPAN-GMP, mg - - —
TPAN-UMP, mg - -
Total TPAN, mg - -
TPAN-CMP/TPAN-GMP Ratio - -

Note; Sum of the nucleotide and corresponding nucleoside expressed as the nucleotide weights.
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Biotin, m3 2 Vitanin C m14 9.5 Choline, m12 8.1
Inositol ma 6 4.1 Taurine, m6 4.1 L-Carnitine, ng 2
1.35 Calcium m78 53 Phosphorus, ng 53 36
Magnesium ng 8 5.4 Iron m1.8 1.2 Zinc, m1l 0.68
Manganese, neg 26 17.6 Copper, 85 57 lodine, m15 10
Sodi um 27 18.3 Potassium m 108 73 Chloride, m 63
43 Selenium nc_q 2.8 1.89 Static acid, m37 25

_Cal ci unf Phos horns Ratio ANkaraple T.al ents, m(a) 0.5

0.34 CMP Equival ents, .
Eq gmoaszelnws iljusfrateshe. PZG<g %51615 %@?3@\ ebtoducthaving g o
ol A S sshenL e (o) 22 b
Tot DOBEYAfrationn BAbhER! WReNIGS %leFfl?d\lﬁtQMQu'ﬁwf@Ct’Pﬂ%ted
4 ﬁ&ﬁﬁéhg&?ﬁﬂcq}gmﬁqﬁ%ﬁi gcgylg‘ﬂcé RARASIF At A ERR& LS sialic
acid. This product exhibits an amino acid profile simitar to that of currently
commercially available GMP (available from Tatua Co-Operative Dairy
Company Limited, Tatuanui, Morrinsvilie, New Zealand), but contains from
1.5 — 3 times the sialic acid content of currently available GMP products.
10 [00055) 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
15 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.
[00056] Table 9: Amino acid profile and sialic acid content of four
examples of high-sialic acid cGMP products.

Amino Acid High-Sialic Acid cGMP Product Samples
ED
cGMP Whey
Xx4738 | 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 B.42 11.28 11.51 10.39 11.6
leucine 4 3.36 3.19 3.21 3.44 46
lysine 7.48 7.91 6.89 7.08 7.34 8.3
methionine 2 2.04 1.63 1.63 1.83 1.5
cystine 0.21 0.47 0.13 0.09 0.23 0.2
phenylalanine 1.54 5.88. 1.96 2.08 2.87 1.8
tyrosine 0.35 0.17 0.1 0.09 0.18 0.4
threcnine 13.13 15.16 17.18 17.57 15.76 15.9
trypiophan 0 0 0 0 0.00 0
valine 8.69 7.55 038 | 9.51 8.78 9.7
alanine 6.8 §.58 6.41. 6.53 65.58 6.6
aspartic acid 10.61 12.12 9.93 10 10.67 11.1
| glutamic acid 22.91 24.23 23.28 23.14 23.39 26.2
glycine 1.37 1.46 1.31 1.34 1.37 1.5
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Exanple 7. [00053] This illustrates the production of
a c@w product having enhanced |levels of sialic acid.
(00054] A fraction of cheese whey that is enriched in

GW is fractionated 5 by using anion chromatography

to yield a fraction that
Thi's product exhibits an amno acid profile sim'Iar to
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z h s of

HSrafi—T
X4739
ar |n|ne 1.22 0.96

0.69 0.7 0.89 1.4 histidine 0.76 0.7 0.59 0.50 0.66 1
i sol eucine 10.36 8.42 11.28 11.51_.10.39 11.6 | eucine
4 3.36 3.19 3.21 3.44 4.6 —#—gui%§¥ 48 7.91 6.89 7.08
7. 3{00D53) ThEt |hu$1ﬂ=ité§ the Brdalﬂlcﬂo;ﬁaf éc@'Mli pPaduct having

cystlne 0.13 henyl ai ani ne

Al a'%ﬁ?d%ews o1 gialip ag'ﬂ a"%'o“t VWS@I q‘féﬁ'@ogﬁl% 17 0.1
59 Og)dbsﬁfAOfréctioher%ﬂBéQ@ uﬂ%gjtﬁat]ié ehfichdd HGMP &/subjectéd to

a partial proteolyuc 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
10 is reduced to about one-fourth that of the starting GMP material.

[00059] The sialic acid-enhanced, low threonine fraction can be desalted,
if desired, by electrodialysis, for example, and can be dried to vield a dry
powder product, which is then useable for introduction into a liquid 6r a dry
infant formula mix. This product is a high-sialic acid cGMP with reduced
15 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.
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valine 8.69 7.55 9.38 9.51 8.78 9.7 alanine 6.8 6.58
6.41 6.53 6.58 6.6 as artic acid 10.61 12.12 9.93 10
10.67 11.1 glutarnic acid 22.91 24.23 23.28 23.14

23.39 26.2 | cine 1.37 1.46 1.31 1.34 1.37 1.5 17
proline 11.13 10.19 10.78 9.57 10.42 14.2 serine 8.14
9.66 8.74 9.06 8.90 8.1 TOTAL 110.7 116.86 113.47

113.7 113.68 124.1 % protein 51.88 49.92 57.87 60.05

34. Qﬁoé?éb} IrabRel 10RO aRIdDbefile dRBsidlc 32id. cint@bfdigh-sialic
215.68 214.05 52 29.92 ngSNgm powder 97.76 113. 44
130.2¢id g@WPoyith 1edueedqbrepping. 28 Aver age: Ani no aci d

| evets—are expre:squégggk|P;&Emﬂyﬁ\anino—acid per— 16
grafrs %ﬂin%lt{choge, - M uc éonims-.- comer CLa!
gl yeomactropepttde—fromtat ta Co- OperatTye DAl £0 Whe
Conpany Ltd. ED|Wey Pomdﬁm7i§ con’mercials_.,ow,‘__@r Pmmmf
el e,f:". :ﬁ%igqi yzed—fheypowder—Sanptes K438~ 44T are
samer-igu%. of —ht-gh=$tatrcacrd—c@WP—avarjabtefrogmTatua
Co- £pet |iie‘vc Bat-y—Conpanytinrted; le anui—; 11
Nor b —NefiZeat-and—Exanpte—8- 2§ 90057 FRiTS
i || pStfFates—the—productron—of—a—<GvwW f geet hgg}ﬁg
enhafieH+t-evels—bi—si-al-e—aci-d—and Hoyit frevets—o
h \mﬁjtﬁu Ne - r "AMCOL A front i nn ~f R -1 P
t hr pefHEc—>5 roovosT—A-t+tattt+ot—otr—€tn J'e_V\‘)h'C}l Tat—+sS
enr OB -n—OVP—{s—subjected—to—a—pariial pro% ayt+e
hyd henylplaniae,| | b oo by racti-eRrat-eA—b Y- usi-Re—aai e R
I o1 I LI A NI 4 A lJy I ac T rormtactT Ull |9) Uol’llu KIUII
h -\‘mmgr anbyw t & v ol d oA frant oo+ b PP - O A | n
C rJIuLU IU.VI’I Ty _yICIU A T acttT UIll [ ] o CIll gCTyu LILAL
SI a hmgﬁe¢gni hac A Ao + he oo nn4§_‘ H P
A>3 Ao T U aurru LULL% =] L&Y rovv— 11T CUITIT 11e . 1o
pr o¢HNRoPRAN: o ns Lt + om-1—5—3—tHes—thetsi-aHe—deid
Eali‘pe-nf crrvromtlar Aaviar |l Aahl A CAND njé‘ +t o ‘Insr + ho
Con CTTe, U1 coTToretTy AV AT T ooT ©7 vl P I J LA~
| eveBBYUEE ¢ hr aoni he 10 -5—reduced—t-o—abbit—ene 5. -t
t hat2PReRed ot o i na CVP—rRt-er--al BECSNRENELE 4 A
: I\.ll E LILAZRENE™ A e = 1 | jly NAVE :IML o1 1 CAT . . Liél \IJ IIIEQ?' ATl o
aci ¢aBRMICACHY | b t-hreoni-ne—fractioblban—be uigzlted,
i f ‘ é@ . —ee%%ed#a#ys%sr—#e+—§%- p-e; s eah
rio \li 4 2 r\L a¥alll or. nr.o L1 AY [ aY - fa on
be jlplr_\z\'l te_ _yl eJI \j CA d.' rJUVV\'I\zI PE Ud.\J\J1 [] V‘“ol_f :I 8"1‘ t h\,ll
use; F—a—eH-y
TOTAL 125.4 124.1
% protein 81 “14.34
mgSA/gm protein : 52 29.92
mgSA/gm powder 138.03 42.12 - 4.28
{Repeat analysis) 117.02
Average 127.525
Amino acid levels are expressed as grams of the amino acid per 16 grams of nitrogen
c¢GMP Powder is commercial glycomacropeptide from Tatua Co-Operative Dairy
Company Ltd.
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 Zeaiand.

[00061] It is noted that the threonine level of the novel product are about
5 one-fourth that of commercial cGMP. Accordingly, it is believed that use of
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infant formula mx. This product is a high-sialic acid
cGW with reduced 15 threonine and is avail able as of
the filing date of the present application from Tatua
Co- Operative Dairy Conpany Limted, Tatuanui,
Morrisnville, New Zeal and, as product designated as
WI733. The protein content, sialic acid content, and
amno acid profile of that nmaterial is described in
Tald kighGial2GacikBcGMR 66h rédbted tgeoninerio andhfanpfasulacan
nd si.glic. acid conten f he si |IC ac id c
e dicue AfPEBuRE g Bindk IVeEST Sl ot Rl HrsfapS
Aciiofealiever oT@b%QUW? (SrabdinEilde MV é%?cﬁﬁdé’@%ia%irable amino

Powder argini ne 2. hi sti di ne O 1 isoleucine
13.apid prodile areqjlgvnl@vsl%of4haeonl%| ne 3.2 8.3 nethionine

0.7 1.5 Stine 0.1 0.2 ph@{i,ﬁb@ﬁg%OlS tyrosine 0O
t

0.4 threonine 3.8 15.9 val ine' 16.3
9 100062y Thie illLStrates. the e afrd cGMitfractiorchaving enhanced levels

oL U AR SRSl e 10,25, 2, Froli e 6.9
14-[@@063] 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.

[00064] Table 11: Sialic acid content of infant formula with protein

provided by conventional sources:

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

Whey protein 23 35% 6.82 156.77

concentrate

Nonfat dry milk, {6.37 34% 6.25 39.8

low heat

¢GMP Powder |52 81% 1.11 57.62

Total 14.17 254.18

[00065] The cGMP powder that is used in this formulation can be replaced
by novel cGMP product having an enhanced level of sialic acid, as is
described above in Example 7. Table 12 shows that when this is done,
the sialic acid content of the formulation is more than doubled with nc
further disruption of the amino acid profile of the protein.
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068] Table 13: Sialic acid content of infant formula with protein
provided by conventionatl sources ptus a cGMP product with an enhanced

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

Whey protein 23 35% 6.82 156.77

concentrate

Nonfat dry milk, {6.37 34% 5.14 32.74

low heat

cGMP Product | 214 54.93% 222 475.08

with enhanced

sialic acid

Total 14.18 664.59
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concentrate Nonfat dry mlk, 6.37 34%6.25 39.8 |ow
heat cGw Powder 52 81% 1.11 57.62 Total 14.17 254.18
[ 00065] The cGW powder that is used in this
formul ati on can be replaced 20 by novel cGW product
havi ng an enhanced | evel of sialic acid, as is

descri bed above in Exanple 7. Table 12 shows that when
this is done, the sialic acid content of the

f or [RN0ES] d rhle'ss andrathemandificatidnsdand véviationsftorthé eresent

di S{"&%ﬁ‘é@’? btieesrffpcﬁg?‘ﬁggsf% r'ggﬁxpgﬁlflh trf)er]glgn\ymout

f or ny;batmg tfhmmrfet §pift and svdstesk thig p@@mnﬁwmwn %iﬂ]ﬁgfinore
oduct havin enhanced | eve

2 | S PAEiCSr . Sofun AN e aRPEadeR, CONTE] i aedPnEE Abewld be
ot asBLOOHE VrRLS b BhfS gt 1!
conlo&mhamged\bmhan whoje and ln part 3 FuBihesteo s tixeseBof drdimary

Pr t 214. 549 1. 11 237.54
oo f R e AP Wi dprraciatk Rt e oreading #scupliditis oy way of
t heexdavPlensiig eind s ol ihtendadecling tad inveBon sb Byt

mer to_be wused at double the_] evel s descri bed abov

ereribed dn sch prpended claims. Whewforteh thesspirit ema&c@pe of the
0
‘@sh?ﬁ“ﬁaﬁ‘@‘i@*’“{%%‘é%‘f i BETPER ot e bifGired
con'tQ!ﬁ!OﬂéfCOntﬁlmd theoeinul a W|th prote| n 10 provi ded by

C M8 BPAR Lo APUNES B3 s SEREGPARAY ullbl sfhgut imitton
SI aali pagers dpulitieations, patemts, Meai a;h;iulﬁ;atzgm [presenmtations, texts,
protelg proteinlliter CId/L %X groteln 23 35%
Wnuscnpts brochures ooks internet postings, journal artlcles.
15 periodicais, and the like, are hereby incorporated by reference into this
specification to the extent that they do not conflict with the disclosure of
this specification. The discussion of the references herein is intended
merely to summarize the assertions made by their authors and no
admission is made that any reference constitutes prior art. Applicants
20 reserve the right to challenge the accuracy and pertinency of the cited

references.
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concentrate Nonfat dry mlk, 6.37 34%5.14 32.74 |ow
heat cGWP Product 214 54.93% 2.22 475.08 with
enhanced sialic acid Total 14.18 664.59 21 [00069]
These and ot her nodifications and variations to the
present invention may be practiced by those of
ordinary.skill in the art, without departing fromthe
SWP? Isglaimeddde of the present invention, which is

more parti i Rtnt féﬁﬁuls%hkpﬁsﬁhq Eftot%%tﬁ‘cﬂéﬁxdcé‘r{téﬁf@f-
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t hetween 32 andnifbdrarestiter of whictbro moeredhan #09e by vegighti ia

oBR i By (a8 1 opelcdsiteloRadrORERdY Pl BaYing 2
desacemiatioh ofssidic 26 of froneuBEDl B0 AY/Y prétéfh iccatsiit
intended to limt the invention so further described

i R09Ma/9 RppleiiBRAGIONEt toTRiVisiena sialiciasids lgive| to said infant
f i houl d not be limted
: SO ot BBt pBBRCISEOMBLTE, 200" Vereione |

contained therein. [00070] All references cited in
this s%ecifLr%gt,i on, including without limtation all
paper s 2 publTinednfant formta aseardingicelaim Jp haviag asiglic acid

g[@%ﬁﬂf at Ileggtsai&ﬁ’gtﬁ) mgﬂ@%’:‘.’”s’ manuscripts,

rochures, books, 1nte postings, journal articles,
15 periodicals, and the Iike, are hereby incorporated

b f [ ' i fi I gn. he. Nt ,
hat “t Rey. 4 MROUTASh MITIULE SReeR s HAEe lobavipas Saliped

SRR/l bf 4AkhSNabdtacd mgygsl. on of the references herein
is intended nerely to“sumrari ze the assertions nade

by their authors and no admi ssion is nmade that any

f t.i i £ i 20 X
e elne MR Rl GooBtdne 00k T bva S5 o
t et bf 8deasLl®s @ BOSMgAkerthat is clained is: 1. An
infant fornmula conprising a total protein content of

between 12 and 16 grans/liter of which no nore than

40% by zwei g I ' e ne... .. .

casei ncs)gl ycghnﬁéﬁfgﬂgéwégggEW%@ﬂ%fé“ g' ﬁavmg a total protein
content of between 13 and 15 grams/liter of which no more than 30% by
weight is provided by at least one cGMP having a concentration of sialic
acid of from about 60 mg/g protein to about 200mg/g protein.

6. The infant formula according to claim 1, having a total protein
content of between 13 and 15 grams/liter of which no more than 15% by
weight is provided by at least one cGMP having a concentration of sialic
acid of from about 60 mg/g protein to about 200mg/g protein.

7. The infant formula according to claim 1, having a total protein
content of between 13 and 15 grams/liter of which no more than 30% by
weight is provided by at least one cGMP having a concentration of sialic
acid of from about 60 mg/g protein to about 200mg/g protein and having a
threonine content of not over 7 grams/16 grams nitrogen.
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5 concentration of sialic acid of from about 60 ng/g
protein to about 200ng/g protein in an anount to
provide a sialic acid level to said infant formula of
at | east about 250 ng/liter. 2. The infant formula
according to clain11 havi ng a sialic acid 10 |evel
of at | east /liter e infant fo
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having a concentration of sialic acid from about
60 ng/g protein to about 200nmg/ g protein. 6. The

i nfant 4 or r ' t ' j t .
oroter & o HRER e scbtMdle ciit ¥, Béviha 2l protein
wiebater of aboat Merﬂ:EHﬁénOf wiHiclnabbbver 4% Byoweided ishrédnine
| east one cQ@W. h V|ng a concentration of sialic acid

ofNEheingha ialiscagdy conienbetahleast 481 mo/itedny/ g
protein. 7. The infant formula according to claim1,
having a total protein content of between 13 and 15
grans/liter of which no nore than 30% by 30 weight is
provi ded by at | east one cGW having a concentration
of sialic acid of fromabout 60 ng/g protein to about
200ng/ g protein and having a threonine content of not
over 7 grans/ 16 grams nitrogen. 23 8. The i nfant
fornmula according to claim1, having a total protein
content of between 13 and 15 grans/liter of which no
nore than 30% by weight is provided by at | east one
cGW having a concentration of sialic acid of from
about 60 ng/g protein to about 200ny/g protein and
having a 5 threoni ne content of not over 4 grans/16
granms nitrogen. 9. The infant fornula according to
claim8, having a total protein content of about 14
granms/liter of which not over 4% by weight is
threonine and having a sialic acid content of at

| east 400 ny/liter. 24
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