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2.5:1 and 4:fe first four to six months of life. Infant formulas have been developed to replace or

15  to supplement human milk when breast-feeding is inadequate, unsuccessful, or when
a mother chooses not to breast feed. Attempts of improving infant formula
composition have focused on more closely simulating the composition of breast milk.

Bovine milk has been used in infant formulas for over eighty years. However,
20 the protein systems of human milk and cow's milk differ substantially, both
quantitatively and qualitatively. Prominent quantitative differences include a lower
total protein content of human milk (11 g/L) compared to cow's milk (33 g/L) and a
difference in the ratio of whey proteins to caseins, which is 18:82 in bovine milk and
60:40 in human milk.
25
Attention in this area has focused on the notable qualitative differences
between bovine milk and human milk, in their amounts of individual whey proteins,
specifically alpha-lactalbumin and beta-lactoglobulin. Alpha-lactalbumin, a protein
found in the milk of all mammals, is a major protein in human milk. Beta-lactoglobulin
30 is absent from human milk. The protein content of bovine whey contains about 50%
to 55% of beta-lactoglobulin and about 18% of alpha-lactalbumin. The ratio of beta-
lactoglobulin to alpha-lactalbumin in bovine whey ranges between 2.5:1 and 4:1.

Furthermore, it is known that the elimination or removal of beta-lactoglobulin in
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As noted above, the elimination or reduction of beta-lactoglobulin in cow's

20 milk-based infant formula increases the content of alpha-lactalbumin. Such a change
would subsequently increase the levels of the essential amino acids cystine,
tryptophan, tyrosine and phenylalanine and reduce the level of the essential amino

acid threonine to levels that more closely resemble those in human milk. Therefore,

an improved amino acid composition would permit a reduction in the total protein

25 content of an infant formula.

DeWit, de Wit, J. N., "Nutritional and Functional Characteristics of Whey
Proteins in Food Products”, Journal of Dairy Science 81: 597-608 (1998), describe

research .activities focused on the fine-tuning of both milk protein and amino acid

30 composition and specifically on enriching bovine milk with alpha-lactalbumin, beta-
casein and lactoferrin to achieve the optimal nutritional composition, particularly with
respect to the amino acid composition thereof. A nutritional composition is proposed

which comprises beta-lactoglobulin-depleted whey proteins, beta-casein and



casein and lactoferrin to achieve the optimal nutritional conposition,
particularly with respect to the am no acid conposition thereof. A

nutriti omaibosospBesition i s proposed which conprises PCT/US02/40811
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least 60% of the protein as alpha-lactalbumin and at most 10% of the protein as beta-
lactoglobulin. They describe an alpha-lactalbumin-enriched fraction containing 13%
20 of the protein as beta-lactoglobulin. However, this fraction contained 74% of the
protein as alpha-lactalbumin, with a beta-lactoglobulin to alpha-lactalbumin ratio of
1:6. Other alpha-lactalbumin-enriched fractions had beta-lactoglobulin to alpha-

lactalbumin ratios of 1:4 to 1:7.

25 U.S. Patent No. 5,436,020 describes an infant formula devoid of untreated
cows’ milk protein which is made with a material consisting of delactosed and
deionized whey permeate as a source of non-protein nitrogen combined with a
fractionated whey ultrafiltered to remove casein glycomacropeptides and fat. U.S.
Patent No. 5,169,666 describes treating bovine milk to eliminate or substantially

30 reduce the alpha-s-casein and to reduce the beta-lactoglobulin level to 4% or less as
a percentage of the protein, in order to make a ‘humanized’ bovine milk material for

infant feeding.



fractionated whey ultrafiltered to renove casein gl ycomacropepti des and
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about 8% to about 33% of total protein. Preferably, the whey material has an alpha-
lactalbumin content between about 28% to about 36% and a beta-lactoglobulin

20 content of between about 10% to about 29% of total protein. In the present formulas,
the percentage of alpha-lactalbumin in the whey fraction is greater than the
percentage of beta-lactoglobulin in the whey fraction. Preferably the beta-
lactoglobulin content in the whey fraction is not greater than the percentage of the
alpha-lactalbumin in the whey fraction minus 7%.

25

Preferably, the modified whey with specific amounts of alpha-lactabumin and

beta-lactoglobulin composition of the present invention has a non-protein nitrogen
content of about 15% or less of total nitrogen; a total protein content of between
about 12.5 to about 95%; a fat content of about 15% or less; and an ash content of

30 about 4.5% or less, all percentages on a w/w basis. Preferably, the total protein
content of the modified whey is between about 35% to about 80% and more
preferably about 73% to about 77%.
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20 The present infant formula may be prepared by blending appropriate
guantities of an alpha-lactalbumin-enriched whey protein concentrate with skimmed
milk, lactose, vegetable oils and fat soluble vitamins in deionized water. Preferably,
these materials are blended together in quantities sufficient to provide a final
concentration of approximately 240 grams/liter. Mineral salts may then be added to

25 the mixture prior to a high temperature/short time pasteurization step. Appropriate
mineral salts include calcium chloride, calcium carbonate, sodium citrate, potassium
hydroxide, potassium bicarbonate, magnesium chloride, ferrous sulfate, potassium
citrate, zinc sulfate, calcium hydroxide, copper sulfate, magnesium sulfate, potassium
iodide, sodium selenite, etc. The mixture is then homogenized and cooled. Heat-

30 Ilabile vitamins and micronutrients may then be added to the mixture. The mixture is
then standardized with deionized water to a final total solids concentration of about
120 to about 135 and preferably about 123 grams per litre, which is equivalent to

about 670 kcal per litre. The formula may be sterilized using a conventional ultra-



m neral salts include cal ciumchloride, calciumcarbonate, sodiumcitrate,
pot assi um hydroxi de, potassium bi carbonate, magnesi um chloride, ferrous
sul fate, wotoassizean citrate, zinc sulfate, cal cium hydroxipde/USongser

sul fate, magnesium sul fate, potassium iodide, sodiumselenite, etc. The
m xture i s then honogeni zed and cool ed. Heat 30 |l abile vitam ns and
mcronutrients nmay then be added to the m xture. The m xture is then
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about 120 thighaleBweratws osstangardiretostnrocassodtisisteiligechmatasiat isithen Rlacgghinch i s
equi val ent tBp 0% {4t a@ng,lfé:al per litre. The fornula may be sterilized
using a conventl onal tra- -5 WD 03/055322 PCT/ US02/ 40811 hi gh
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i nfant 1§ maraine Baids tvmesl Hexeerd %W@Pﬁ%féuﬁ'ﬁﬁlﬁwfquf’e 81/SRHYERC) steardidaifer as

found in hunggingidclds M%faﬁt fdﬁhbl'éerSaﬁadMﬁmoa&l&d InPofif pbidhitng réQUchth & tdat
contai ns al pha-|actal bum n as the major whey protein. Yet another advantage
is an protein concentration to 2. 1 grams per 100 available kilocalories, which is closer to
the total protein concentration in human milk.  Another advantage is an infant
formula that exceeds the protein requirements of the U.S. Infant Formula Act. A
20 further advantage is an infant formula that contains the average amount of alpha-
lactalbumin as found in human milk. Yet a further advantage is an infant formula that
contains alpha-lactalbumin as the major whey protein. Yet another advantage is an
infant formula that contains long chain omega-3 and omega-6 polyunsaturated fatty
acids at nutritionally desirable levels.
25
Bovine milk is the basis for most infant formulas. Despite a total protein
concentration three times as high as that of human milk, bovine milk contains less
than half as much alpha-lactalbumin as human milk. Human milk does not contain
any beta-lactoglobulin. In contrast, beta-lactoglobulin is the most abundant whey

30 protein in bovine milk (Table 1).

Most current infant formulas made with unmodified bovine milk as the only

protein source contain about 15-16 g/L of protein, are casein-predominant and
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protei n conuhgsd 'wﬁéhtCi@ﬂh@th coRtaly |L20§

hal f of the
contain 2.2

roteininth

ese infant for

nul as. These i

nfant fornul as

L difreﬂbt%l ActaPRMinespbrbd@etewnaxf seppl i es

asfin ansﬁaah\/amcs@Hmn '%!WF—BR'Pr?ﬁteI y half as 5 nuch as in an

equal volune of human mlk (Table 1). Table 1 Protein, g/L Human m |k
Bovine mlk Standard M | k- based St andarameaﬂrent whey (N * 6.38) Infant
For mul a basegtrfamt—Formila i —protein 1l 3336251615 t‘v"."‘.e)y
protein 6.0 30 2. 9- iﬂ’?a@m'& Tv'nﬁ ”T anfiebun"l nog. 3 siéniar%.%rei.wﬂe
bet a- | act ogl |JNGFP# none |3.1 1.4 |- 1. 6 4.2 1G‘faE‘>fRWM_aE 11038°q\A8) PRI ef n
concentr at e |etoral ‘plaed W t|h r éspegt t3s-3al pha- | actsabbum n but ¢®ntainihg a
si gni ficant r@p(@lprogn betla-1Tggto |0@3u_1;51 S PEEpsped flor usegpm the present
i nfant for nul as-— “g corecentfate s he-foH 0&8'.5.".g pr-gx+-rat-e gnd m-Aer al
15 conpositio FPha gy profdin pro, ortians. Table 2
beta-lactoglobulin none 31 1.4-1.6 4.2
10 EXAMPLE 1

A whey protein concentrate enriched with respect to alpha-lactalbumin but

containing a significant level of beta-lactoglobulin was prepared for use in the present

infant formulas. The concentrate had the following proximate and mineral

15

composition and whey protein proportions.

Table 2

Analyte unit

Fat % 141
Moisture % 4.2
Protein % 73.7
Ash % 3.44
a-lactalbumin %* 316
B-lactoglobutin %* 16.1
o/ 1.96




Anal yte unit Fat % 14.1 Misture %4.2 Protein %73.7 Ash % 3.44
a-lactalbumn % 31.6 (3-lactoglobulin % 16.1 a/(3 1.96 -7 WO 03/055322
PCT/ USO2/w08®3/4553Tnbl e 2 (conti nued) Analyte unit PhosphoPrus/usg24i872
Magnesi um ng% 5. 90 Cal ci um ng% 40.5 Sodi um ng% 138 Potassium g% 1.7

Chl ori de ng% 352 grans per 100 grans of protein. The proportions of

al pha-1lactal bumi n and beta-1actoglobulin in the whey 5 protein fraction
was neasured after 2-Mercaptoethanol reduction using a GPC (gel perneation
chr omat ogr aphy) nethod with 6M Guah?lf AoMinteds t he nobil e phase and the
sol vent. The chromat ography ¢elypmn Was packgfd Wi th Prpgel TSK G3000 SW XL.
10 Two columms were arranged|in series with a duard cplum of SWXL. The
nobi | e phase was prepared byPdissiwalsvi ng bAd%l8g &2an| di ne HCl in 600nL of

HPLC grade water. Buffer st¢ck—100—m——mas—added—an{l the solution was
heated and stirred to achi ey&@spprete dj SEH Uyt idW. The pH was adjusted to
pH 7.5 with 50% sodi um hydr oxide. —After—fittern Mo tne sol ution was

alcuflm

diluted to 1 liter. The buffer stock was 15[)"gp°repar'ed by di ssol ving 56. 69g
Na2HPO4, 3.5g NaH2ZPO4 and 2. 9g.&ihy! ene d akgene 138

Potassium a% 1.7

Chloride mg% 352

* grams per 100 grams of protein.

The proportions of alpha-lactalbumin and beta-lactoglobulin in the whey
5 protein fraction was measured after 2-Mercaptoethanol reduction using a GPC (gel
permeation chromatography) method with 6M Guanidine HCL as the mobile phase

and the solvent.

The chromatography column was packed with Progel TSK G3000 SW XL.

10  Two columns were arranged in series with a guard column of SW XL. The mobile

phase was prepared by dissolving 573.18g Guanidine HCI in 600mL of HPLC grade

water. Buffer stock, 100 mL, was added and the solution was heated and stirred to

achieve complete dissolution. The pH was adjusted to pH 7.5 with 50% sodium

hydroxide. After filtering, the solution was diluted to 1 liter. The buffer stock was

15  prepared by dissolving 56.6g Na2HP04, 3.5g NaH2PO4 and 2.9g ethylene diamine

tetraacetic acid in 1000 mL of HPLC grade water and adjusting to pH 7.5 with
hydrochloric acid.

The chromatography conditions included the following: Flow Rate, 0.5
20 mbL/min; Run Time, 60 min; Injection Volume, 50 microliters; Temperature, Ambient;
and Detector, UV 280 nm.

Samples were prepared by weighing an amount equivalent to 10 mg of

protein into a 10 mL volumetric flask. The mobile phase was added to volume and

25 the flask was mixed well. The solution was sonicated for 20 minutes. About one
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tetraacetic acid in 1000 mL of HPLC grade water and adjusting to pH 7.5
with hydrochloric acid. The chronmat ography conditions included the

fol | owi ngwomBoss3Rate, 0.5 20 nL/mn; Run Tinme, 60 mn; | eceatsSopmsybl une,
50 microliters; Tenperature, Anbient; and Detector, UV 280 nm Sanples
were prepared by weighing an anmount equivalent to 10 ng of protein into a
10 nL volunetric flask. The nobil e phase was added to volunme and 25 the
flask was m xed well. The solution was sonicated for 20 mnutes. About one
-8 WO 03/ 055mbitepcf/ theosoiuips1’s transipired tteranfinipptions yiplit G ANIFlitersa@éfr r ed
to an inj ecty@BaptbéthandhCarll sddeldi &Ry %heOEOI@tIoHV%r rdRIdOSH hanehearfixerddedoand
the solution is mxed on a vortex m xer_ for seconds. The sanpl e was

t hen i nj ect 889nsise Tﬂ‘ﬁéameb’@%/gle@Mlefgedsﬂ‘%ﬂ‘ﬁr"ﬂﬂ-@@fséerﬁrepar ed by wei ghi ng
about 25 ng of bovi ne al pha- Lactal bum n and bet a-Lact ogl obulin separately,
and dissolving themwith HPLC grade water in a 10 nL vol urretrl c fl ask.

Cal i brat Pon st ancRieRAafRS eVeie eprePa@dnhy Weighingi aRput. 20 g of! EaViRe s3lBhatar d

into a 10 mv@lddh rdra Bb@a_kac@d@%uém WebB@tdi aP!di¥BIv wgt hebhQvithoRPLE

phase. About one mlliliter of each calibration standard 10 sol uti on was
t r ansf er r ed rafeawatenjiBc i18nmii \glumetrc ﬁ‘?%‘? oFelbeationotandaig waip troRrRaeH Y wer e
added and ”Eﬁpe‘-ﬁm 4 I00MLVBS eSdn 8n¥AkNinf ¥OIC ML TbRRktricOflaskOarkie aMAAG - toThe
standard |l e 'was then injected into the HPLC system EXAMPLE 2~ 15 The
whey pr ot el rY &fithr theemepileephass: eAtouhpnenMilligernpt Bagh califsafian sfendandi m

m | k conpai @oﬂﬁoﬁﬂlag(i#éﬁkfeﬁ@&wbn fHieddbR LRI, A otrRiciRYiRYd 8- merc,%tpto@tr%owm)é
proteins to caseins of 40. Al pha-lactalbumin was found to be the

dom nant whe&ddgd apéithe ?91““‘%"(1‘{"%5 m’@t’éﬂ'?’i‘ HytaxBxentyr fRisgcydst Ehesindedr e was

used to prepahpiciad tHehYeted HidtHe HRIG Ysterd th a protein content | ower
than that in standard whey based infant fornula and closer to

EXAMPLE 2
15
The whey protein concentrate of Example 1 was mixed with an amount of
skim milk containing an equal amount of protein to provide a ratio of whey proteins to
caseins of 60:40. Alpha-lactalbumin was found to be the dominant whey protein in
this protein mixture.
20

This protein mixture was used to prepare an improved infant formula with a
protein content lower than that in standard whey-based infant formula and closer to
that found in human milk. The protein content, whey protein content, alpha-
lactalbumin level and beta-lactoglobulin level of said infant formula are shown in

25 Table 3. The amount of alpha-lactalbumin in said infant formula was greater than the
amount of beta-lactoglobulin. The amount of alpha-lactalbumin in said infant formula

was essentially equal to the amount of alpha-lactalbumin in human milk.



that found in human ml k. The protein content, whey protein content, alpha-
| actal bum n | evel and beta-|actoglobulin Ievel of said infant fornmula are
shown in W6 0Jakd3e2 3. The anount of al pha-|actal bum n in saca/usnd/esii f or mul a
was greater than the anmount of beta-I|actogl obulin. The anount of

al pha-lactalbumin in said infant fornula was essentially equal to the
anount of al pha-lactalbumn in human mlk. -9 WO 03/055322 PCT/ US02/ 40811
Table 3 Protein, g/L Human M | k- based _Standard Current Standard Infant (N
* 6.38) nilk Infant Fornula whey based@fént Fornula of the Formul as

I nvention TOpalteinPG/RT €1 N[ Huak] 1RilkBadell [VS@hdaFPEGéht O] Stahddrddinfan?d [0 8. 4
5 al pha- | acink B S 2. 31 0.kl AnfanBrarmudflt @héyasdsealiar | Fonang ofte 1.6 4.2
1.3-2.1 Foyur batches of [ready-to-feed Iiquid gshiulds for rul asehtie®r por ati ng
this protei T7ofH FrHER Wele Fanu) act{y fgl T 4000-KETer quantiti@s in the
following nanner. 5 A faff blend|for each Hatch was prepared by caonhining
43.54 kg of | Wheyaoeteined pal 8ol ¢i R9383.2 | of a RiOgh-ol e| ¢ suff4 ower |oil or
saf fl ower ortmnazL ook, Ai-T CTHgonut oid s 28 (1 Lt of ybean[ ot 515806 Kg of
soy | oci t hi pPpaRrtalburling 28O O gl lvcer Ldad 1. 10| kg ST 58 ai]
cont ai ni ng BBetadéactpglebdlat t poaei s hd4—-drachi doni c4&ci d 10| (ARASBER T Marlt ek,
Col unbi a, MB—and—oO-—"74 kg of—anort—contarnng—38%of +ts—fatty—acrds as
docosahexaenoi ¢ acid (DHASCO Martek, Colunmbia, MD). The fat-sol uble

vi tam ns vitam n Fau(f batches of rkagwniodfiecdtiquid imfantfoumelas mcarpdratiog this eraéids) |

5 uitam n ROH PeRanrsRagera i Ao BT RRANG kg 4, o1

produce & batch of the inproved formula, an anount of heated liquid skim

m |k or powdered Skimyi |k (GUELLCTHERL WRAsPhRYLAR 2§ KSmBhing" 4.8k Nkgas added

to warm

randomized palm olein, 35.2 L of a high-oleic sunflower oil or safflower oil, 34.6 L of
coconut oil, 28.1 L of soybean oil, 1.36 kg of soy lecithin, 1.37 kg of distilled
monoglycerides, 1.19 kg of an oil containing 38% of its fatty acids as arachidonic acid

10  (ARASCO, Martek, Columbia, MD) and 0.74 kg of an oil containing 38% of its fatty
acids as docosahexaenoic acid (DHASCO, Martek, Columbia, MD).

The fat-soluble vitamins vitamin A (vitamin A palmitate and natural mixed
carotenoids), vitamin D (cholecalciferol), vitamin E (dl-alpha-tocopherol acetate) and
15  vitamin K (phytonadione) were then dispersed in the fat blend.

To produce a batch of the improved formula, an amount of heated liquid skim
milk or powdered skim milk sufficient to provide 28 kg of protein was added to warm
deionized water in a compounding tank to which had been added 723 g of sodium

20 citrate and 404g potassium bicarbonate dissolved in hot water. The fat blend was
metered into the compounding tank. The major dry ingredients, lactose and the whey
protein concentrate were added through a powder funnel eductor. The amount of
added whey protein concentrate varied according to -its protein content and was
sufficient to provide 28 kg of protein. Taurine, 221 g was dissolved in hot water and

25 added to the compounding tank. The following minerals were dissolved or dispersed
separately in hot water and added to the compounding tank with intensive agitation:
calcium carbonate, 679 g; calcium hydroxide, 262 g; potassium hydroxide, 143 g;

-10 -



dei oni zed water in a conpounding tank to which had been added 723 g of
sodium 20 citrate and 404g potassi um bi carbonate di ssolved in hot water.
The fat bWendossss2z netered into the conpoundi ng tank. ThepPaajusn2/aisy1
ingredients, |actose and the whey protein concentrate were added through a
powder funnel eductor. The anount of added whey protein concentrate varied
according to -its protein content and was sufficient to provide 28 kg of
protein. Taurine, 221 g was dissolved in hot water and 25 added to the

conpoundi ng "Ea&ﬁ‘ﬁs'uﬂ"h@’@’&q g RRIFEMaFREoNHE: £9di &sBItoeiurp chirdiers’ @
separately 'fé}rJ!BtsuW@tbe’fSﬁ@Cbo@éHé% toa.dbhm sgravawwtrnarateamkadwgehzsmg @ﬂél ve

agi tation: caIOC| um car bonat e Cl u%édrom de, F %cQﬁD ssium
hydr oxi de, 145 /gsolunqbofm%%ﬁfeseséﬁé Gistri o SPho0n o corpghadalin .t 9Pl Be, 507

g; cal ci um ghdpkbidon 8Ratjaneé asirtéAnANRE ¢ 8Fa 0392 s@diumiselehra! Fitsrbilefiat e,
151 g; potassium i odi de, 31 6 gof al %triturate in |actose; 250 g of a

44. 6% soPut iPSRSEHMAIGRIbANA®-at o7 367 g of a 2.5% sol ution of copper sulfate;
5.08 g of a 2.5% solution of rranganese sulfate, and 12.5 g of a 0.3%

sodium selenite triturate in pot assi um bi carbonate. The m xture was
heated to 96 2CThﬁé’I"?$thQ)Wa§Oe§*§€é‘h8§ T & Pﬁ'érioq:%ﬁ%f@n%an@@enzwe@ﬁe

m xture was e%@aoéwﬂ@qgm&é%wh hamogzérﬁz%% .nmea%g?eeﬁ%% 2 Ze 2%%9 in

the first stage and psig I n the se st age m xt ure
10 was t hen psigoihdbe fitst 5tage1a0d !ﬁﬂﬂ PRig 0 meaﬂe@owéatag@xih@hg@pgemz%mmt@eof t he

m xt ur e ;nas i gr!g An appropriate anount
of dei Oﬂp'?ed?a@%é/r?go\%#saofga%? P' tag)é)gaggﬁqgve 80% of total dilution
and the batch was m xed. A sarrpl e was taken for analysis of total solids 15

and pH The quant] Ly, f, YALSr 0N (S0 Jal-La 1l o4l1 bHCLAR BS GRkcuRRLed. A

portion of thi s IoR WAt €1 Was sed nuc es and
wat er - sol ublapprdptiatel arsouri edff cdegonized watad@hamanilded @st tegquingd to Ftheeveo8d%vafng

eotid . g i 5
Tonophosphate 758 HEdeldh K Mxeloh ShnBRAARIRS B ahulfsihiiof e e
nonophodphatamd piH. sﬂuh guarsigy of waer reqgired foo $inaladilRliorbwasroaloplates pAatodiondifsodi um

salt, 13.0 g afdidaRes Wss Dsed O MARSRE A Rieotidls 2L WREA dupid Fitdms
before their addition to the mix. The following nucleotides were dissolved in warm
water and added to the mix: cytidine 5 monophosphate, 63.7 g; adenosine
5’ monophosphate, 18.6 g; uridine 5° monophosphate, disodium salt, 32.4 g; inosine
20 5 monophosphate, disodium salt, 13.0 g; and guanosine 5§ monophosphate,
disodium salt, 11.2 g.

An appropriately formulated water-soluble vitamin premix was dissolved in
warm water and this solution was added to the mix. Choline chloride, 251 g, and
25 myo-inositol, 104 g, were dissolved in water and added to the mix. Ascorbic acid, 812
g, was dissolved in warm water and 462 g of potassium bicarbonate were added
slowly to neutralize the ascorbic acid. The neutral ascorbate solution was then added
to the mix. The mix was agitated for 30 minutes. The mix was standardized to total
solids of about 123 g per litre.
30
Twenty hours after the initial homogenization, the mix was homogenized
again and sterilized through a Stork UHT (ultra high temperature) aseptic
processing system and aseptically filled into 250-mL flexible containers.
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An appropriately fornmul ated water-soluble vitamn prem x was dissolved in
warm water and this solution was added to the m x. Choline chloride, 251 g,
and 25 myo-osmsseiol, 104 g, were dissolved in water and aduasor/esihe m X.
Ascorbic acid, 812 g, was dissolved in warmwater and 462 g of potassium
bi carbonate were added slowly to neutralize the ascorbic acid. The neutral
ascorbate solution was then added to the mx. The mx was agitated for 30
m nutes. The m x was standardi zed to total solids of about 123 g per
litre. 30 Twenty hours after the initial honogenization, the m x was
honogeni zed cAPROLFORMUEAI | | zed through a Stork UHT (ultra high
tenperature) aseptic processing systemand aseptically filled into 250-nL
flexible containers. -11 WD 03/055322 PCT/ US02/ 40811 CONTROL FORMULA

Control batches Qforﬁr@ﬁdb(atblﬁbsfe@fd reb@pioctebd ﬁdillildfﬁﬁfﬁhﬂ afamﬁmﬂ:e adld  whth
dem neral.i zed whey (typica 13. 5% rote in, 183?/% act ose, % and an

ash conPentd emmefré@@dtwaw ityg@&”w»éﬁé RFRIFAC éPqtc??etlé@fOW% taé‘ udshiti es

in the foll Qshf@t offBSBEN 1ﬁs%ﬁmlénﬁamffadw@aerd4d3ooqmedq§dﬂt.frwhltﬂfe ﬁiui)\i/ingl ent
to provide 30 kg of protein dei oni zed

conpoundi ng TRt @”vﬂﬁ‘%t Héﬂe?}@éﬂq‘éﬁéﬁ'ﬂ“ "‘5'6&}‘ iRt pr%[?\ﬂd%ﬁh?‘ﬁé’tf Qé‘g?'ﬂm
citrate di ssgdsvRidiet o WaEm WeloRized Wakerfirdd c§rﬂt®@1dﬁ19\ftlahlaf6 WhidPhadbéerhaietiat

bl end was nmetered into the corrpoundl tan The 0 redi ents,
| act ose and SCHBMHEHRIRANS) PURIFINIR &ifrat 'P%o"éﬁﬂjd'éd“qtl’i‘faé% {ﬁh f%éﬁ)él'g'g Vitaiikel
educt or .qoThexnpibRat tra0 blendd ods dRidtered aihioz ek vdwpo\aaamgdtaaracqhdl Mgjok Odriyt S
protein content and was sufficient to Eﬁrow de 30 k rotein. Taurine was

di ssol ved i POREEN Ralacosgnant fef deTinef 'ée%d\‘ﬁ%umﬁr%@dpﬁ‘ﬁﬁhm%af BOWRN ng
m neral s werfgnrder duser! Medambull seddaddstipaiafial Whey vBAéd Waddiding andts

combi ned and addedtoth co oun tank wt |nten|vea|t tion:
pot assi um bi RFGERoFRaent ae V:’H’I”gﬁ gvide BBtkaég.P{RW'eh G s‘g?ﬁoﬁ’ﬁld
ch: ]g)ritde Cah mdﬂm\/elﬁl?i{ treaa %dd%@rtbolhé &iﬂTﬁf@P@mgﬂ@hl&S$h@%lld\Aﬁ}@| Hnerals %er_?h
sul fate, copper sulfate anese sul fate n 0 el en e
cont rol ¥or néﬁﬁsé""\ﬁﬁsor h@é‘?erﬁ‘?%g?%atWoWoﬁ%tnY@@& %mfjcgmﬁﬁﬁé %%je\gll fopthe

compounding tank with intensive agitation: potassium bicarbonate, calcium chloride,

potassium chloride, sodium chloride, calcium citrate, ferrous sulfate, potassium

iodide, zinc sulfate, copper sulfate, manganese sulfate, and sodium selenite.

20 The control formula was heat treated, homogenized and supplemented with
nucleotides and a water-soluble vitamin premix in the same manner as the formula of
the present invention described above. The control formula mix was homogenized
again and sterilized through a Stork UHT (ultra high temperature) aseptic processing
system and filled into 250-mL flexible containers.

25

The major ingredients of the two formulas of this example are as follows:
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nucl eoti des and a water-soluble vitamn prem x in the same manner as the
formula of the present invention described above. The control fornula m x
was honmogwoioaess32agai n and sterilized through a Stork UHTPCmusoz4dsigh
tenperature) aseptic processing systemand filled into 250-nL flexible
containers. 25 The major ingredients of the two fornmulas of this exanple
are as follows: -12 WO 03/055322 PCT/ US02/ 40811 Table 4 Control Formul a
Forrmul a of the Present Invention Electrodialyzed whey Al pha-Lactal bumi n
enri ched whey fraction Vegetable oils e(blﬁ | m soybean, coconut and

Veget abl e oi Iéon(rglq_lo@ul,asoybean coconut q;gangcgn,eplpésgm,r%mog sunfl ower or

saffl ower) of erc suntlower or safflower)) Skimmlk Sklmmlk Lact osle

Lactose Emufsifiers (SO [ecrthin, m)ro/g cer ||des 904 ers (soy
| eci t hin, n%ﬁ’frgf‘(f,"é’?‘i Long chal n po ﬁgféﬁ%‘[" caih I'_a(‘itr'?gﬂ chain
pol yunsat ur ated—ott S Faurine—Taurine—CQytidime=5—=nonophosphate
Cyti di ne-5' - ntsaeiptrdplhainesoyierns ea¢prvhandr i meWQ'Oﬂmﬁhﬁgﬁh%@uﬁnﬁﬁm um
uri di ne-5' - nowighphespinaiseor safiowdtypha- t oc gphersalfowt etsafiaved| - Al pha-t ocopher ol
acetate Adenosine-5'-nmonophosphate Adenosine-5'-ppnophosphate Di sodi um
i nosi ne-5' - npg@aphasphat e D sodi um i nosi|gmamixk MoNophosphat e  Di sodi un
guanosi ne- 5'  monophosphat e Di sodi um gugnosi ne-5' - nonophosphate 5 -18 WO
03/ 055322 PC# US02/ 40811 The mneral ijngredients in the two formulas were
. 0se

as foll ows: 6PE 5 Control Fornula Forjmifa of the Present |nvention

Emuisifiers (soy lecithin, monoglycerides) Emulsifiers (soy lecithin, monoglycerides)

Long chain polyunsaturated oils Long chain polyunsaturated oils

Taurine Taurine

Cytidine-5'-monophosphate Cytidine-5'-monophosphate

Disodium uridine-5'-monophosphate Disodium uridine-5'-monophosphate

dl-Alpha-tocopherol acetate di-Alpha-tocopherol acetate

Adenosine-5'-monophosphate Adenosine-5'-monophosphate

Disodium inosine-5-monophosphate Disodium inosine-5-monophosphate

Disodium guanosine-5’-monophosphate Disodium guanosine-5-monophosphate
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Cal ci um chl ori de Sodium citrate Potassi um bi carbonate Cal ci um car bonat e

Sodi um chl ori de Pot assi um Hydroxi de Pot assi um hydroxi de Magnesi um chl ori de
Ferrous swbfoaiss3gal ci um chl ori de Potassium citrate Potas®carusohhmsii de

Zinc sulfate Calciumhydroxide Calciumcitrate Ferrous sulfate Copper
sulfate Zinc sulfate Potassium chloride Potassiumiodide Mnganese

sul fate Copper sulfate Potassiumiodide Manganese sulfate Sodium selenite
Sodi um sel enite 5 -14 WD 03/ 055322 PCT/ US02/ 40811 The vitam n ingredients
in the two fornulTas migeral ingredisntsindhe tvpdpenidasonaierasi foklyysiul a Fornul a of the
Present Invention Vitamn C (ascorbic acid) Vitamn C (ascorbic acid)
Vitam n E (dl-Al pha tocopherol acetat ei‘ Choline chloride Ascorbyl
palmtate Inositol N acin (nicotinamd a)b'e’\ﬁ tamin E (dl - Al pha tocopher ol
acetate) Par i cid N acin (nilcgfd i e pal mt atje
Ascor byl pal rn'tc?é{pog%r%ﬁ?am ne hydrochl oﬁ@gggéﬂ%f%gﬁﬁgng%ﬁd Vitamn B-6
Vitamn A pallmtate R boflavin R bof &)\é;urrrl\ Citrbet a- carot ene Thi am ne

hydr ochl ori dd “¥EYPFEei d Vitanin B-6 ate
Potassium bicarbonate Calcium carbonate
Sodium chloride Potassium Hydroxide
Potassium hydroxide Magnesium chloride
Ferrous sulfate Caicium chloride
Potassium citrate Potassium chloride
Zinc sulfate Calcium hydroxide
Calcium citrate Ferrous sulfate
Copper sulfate Zinc sulfate

Potassium chloride

Potassium iodide

Manganese sulfate

Copper sulfate

Potassium iodide

Manganese sulfate

Sodium selenite

Sodium selenite
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Vitam n K (phytonadi one) Natural m xed carotenoids Biotin Folic acid
Vitamn D (cholecalciferol) Vitamn K (phytonadione) Vitamn B-12 Biotin
Vitam n DvOobobsssenl ciferol) Vitamn B-12 -15 WO 03/ 055322CP@RO1/8B21 40811
The nutrient conpositions of the present infant fornula and the Control
Formul a are set forth in Table 7. Table 7 Nutrient (units/L) Formula of the
Present Invention Control Formula Energy (kcal) 672 672 Protein (g) 14 15
Car bohydrate (g) 73 72 Fat (g) 36 36 Vitamin A (11U 2200 2200

Bet a- car ot ene (| Jhespgmingogredientsrin thepwplfeymuigmwerems fgliawsri n E (1U) 11 11
Vitamin K (g) 67 67 Vitamn Bl (g) 1000 1000 Vitanmin B2 (g) 1500 1500
Vitamn B6 (g) 600 600 Vitamn Bl12 (g) 2 2 N acin (g) 5000 5000 Folic
Acid (g) 80 80 Pantothenic Acid (g) 3 83000 Biotin (g) 20 20 Vitamin C

( rrg) 90 90 Control Formula Formula of the Present Invention
Vitamin C (ascorbic acid) Vitamin C (ascorbic acid)
Vitamin E (dl-Alpha tocopherol acetate) Choline chloride
Ascorbyl palimitate Inositol
Niacin (nicotinamide) Vitamin E (dI-Alpha tocopherol acetate)
Pantothenic acid Niacin (nicotinamide)
Vitamin A paimitate Ascorbyl palmitate
Thiamine hydrochloride Pantothenic acid
Vitamin B-6 Vitamin A palmitate
Riboflavin Riboflavin
beta-carotene Thiamine hydrochloride
Folic acid Vitamin B-6
Vitamin K (phytonadione) Natural mixed carotenoids
Biotin Folic acid
Vitamin D (cholecalciferol) Vitamin K (phytonadione)
Vitamin B-12 Biotin
Vitamin D (cholecalciferol)
Vitamin B-12

-15-



Choline (ng) 100 100 Inositol (nmg) 45 45 Taurine (ng) 47 47 Cal cium ()
420 460 Phosphorus (ng) 240 333 -16 WD 03/055322 PCT/ US02/ 40811 Table 7
(conti nuewp oBloss3eent (units/L) Forrmula of the Present | nveatriusa2/@snt rol
Forrmula WMagnesium (ng) 45 64 lron (ng) 8 8 Zinc (ng) 6 6 Manganese (Q)
50 50 Copper (pg) 560 333 lodine (g) 100 100 Sodium (ng) 160 160

Pot assium (ng) 650 700 Chloride (ng) 433 433 Sel enium (g) 14 14

Nucl eoti des CNPM(:F 16.5 16.5 _UWP ( 0. AWP (

(ng) 2.0 2.0 hEnﬁﬂtr'%tOCOZ“RPSTF'ﬁéscoén%Puﬂﬁeaﬁd 'm?a&rﬁwa?% anév@rascpqu'he
present for pahAudare §3t9s8 intTadk 7.standard fornmulas to the levels found in
human m | k. Human m |k contains an 5 average of 254 ng/L of cal cium and
139 ng/L of phosphorus. EXAMPLE 3 Four individual batches of the infant

formul a according to the present Table 7

Nutrient (units/L) Formula of the Present invention Control Formula
Energy (kcal) 672 672
Protein (g) 14 15
Carbohydrate (g) 73 72
Fat (g) 36 36
Vitamin A (1U) 2200 2200
Beta-carotene (1U) 400 400
Vitamin D (IU) 425 425
Vitamin E (IU) 11 1
Vitamin K (ng) 67 67
Vitamin B4 (ng) 1000 1000
Vitamin Bz (ug) 1500 1500
Vitamin Bs (ug) 600 600
Vitamin B2 (ug) 2 2
Niacin (ug) 5000 5000
Folic Acid (ug) 80 80
Pantothenic Acid (ug) 3000 3000
Biotin (ng) 20 20
Vitamin C (mg) 90 90
Choline (mg) 100 100
Inositol (mg) 45 45
Taurine (mg) 47 47
Calcium (mg) 420 460
Phosphorus (mg) 240 333
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10 invention were produced. Each batch was anal yzed for am no acid
conposition by standard high performance |iquid chromatography nethods.
The aver ayo oB@sBkxs of am no acids essential for the humarcirnfsantosin t he
protein in the inproved fornula are -17 WO 03/055322 PCT/US02/40811 shown
in Table 8. The present fornula has an am no acid profile closer to that of
human m | k than standard whey fornulas (Table 8). The protein source of the
present formula is higher in tryptophan, |lysine and cystine and is lower in
threonine than standard whey-based formulas. 5 The European Union (EU) has

provi ded a specific human m |k am nlgmee@mg@éd;l on to which formul as nust be
conpar ed [D rective-91/321/ l:l:("l EU reguitres a-n aci-d r\nnrpr\C| tioen nust

be 100% of EUNhwemniiL) kK val uesF@mulaofthecFlresemmbasans i n Cgdtd0Omkueal . The
factor used to—convert—ng/i00—kecat—to g/ t—was—10 676 kcal7t—Tabte 8.
Essenti al ami| aongeitrd(esdnposi tipn on a ngPL basis flor inprofed fornula,
human m | k per turopean Union ANnex V, and current| whey- based formulla.
Am no acid Em'8r Uni on | nfant Standard whey 15| Annex V 8uman Fornul a of
based | nf ant E@ the Present| Formul a |avention Arginine 466 490 %60
Cystine 162 ’gﬁ' 6 H stidinel 304 360 380 |soleucine 487 750 870 20
Leuci ne 1055 Lysi ne| 825 114053130 Methjonine 186 290 36(
Phenyl al ani ne A1C) 61 ﬁ?ﬂ Thrleonine 541 710 810
Copper (ug) 560 333
lodine (ug) 100 100
Sodium (mg) 160 160
Potassium (mg) 650 700
Chioride (mg) 433 433
Selenium (ug) 14 14
Nucleotides
CMP (mg) 16.5 16.5
UMP (mg) 5.0 5.0
AMP (mg) 4.0 4.0
GMP (mg) 2.0 2.0
IMP (mg) 20 2.0

The calcium and phosphorus levels in the present formula are closer than
standard formulas to the levels found in human milk. Human milk contains an

5 average of 254 mg/L of calcium and 139 mg/L of phosphorus.

EXAMPLE 3

Four individual batches of the infant formula according to the present
10  invention were produced. Each batch was analyzed for amino acid composition by
standard high performance liquid chromatography methods. The average levels of

amino acids essential for the human infant in the protein in the improved formula are
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Trypt ophan 203 290 230 25 Tyrosine 399 590 540 Valine 541 840 870 The
formula of the present invention contains a higher |evel of tryptophan, an
30 essentwalozassanti ¢ am no acid, than does human m | k or pcurusen#osii
whey-based infant fornula. Infants fed current infant fornula often have
pl asma am no acid |l evels that exceed the levels found in breast-fed
infants with the exception of tryptophan. Plasma tryptophan |evels of

formula-fed infants often_are significantly | ower t%cfl -18 WO 03/ 055322
PCT/ US02/ 40809wnimJgbieqt. Biepispentdamulp e sn smippAct proieselpsesitgthat of

" Trypt ophan Hugidnl fﬁ.u%ahérorsta?fdaﬁmmbsedorrﬁméwirabué g qagi protel @siree Tofypleophan
Concentrations to Levels Not Different from Those Foucpd in Breast-Fed

Infants,” JdieseRt fgsmuledy hiahes in ByRiprhatuiysine apdeystingsand is1199ey in tepRiNgphan
i s the precupsPstahdart mep@ggé&foaﬁgmtter serotonin, Fernstromet 5 al,

"Bral n Serotonin Content: Physiol ogical Regulation by Plasnma Neutr al Ami no
Acids," S8cience, 178: 414-415 (1972) . Elevated serotonin |levels are

associ ated W th fHEPEQMREas! QﬁiBn| ?Quanﬁys (ANigdLa @p&&fic Hunfneafk - amino
Trypt ophan suppl ement ati on of nts shortens the tinme taq onsgt}' of sl eep,

Yognman et alcompositipnto gvkigh fP’é‘?Ltl%?r mrust pe remBder IDeshes 91/3REERhgl BHd
Journal  of W@n@sn&nlngoﬁﬁd—%bmpééﬂgn %dsl%%3)oo%%fTEmeﬂmhamnz%m@tsaﬁm kor the

same transport system as ﬂ@a eutral am no r$1 %(

relatively MO&E“Q:B%%HWQFOQ bﬂ%@ﬂ}é%ﬁ%gwﬂ enop eﬂﬁaﬁm/g waéss
efficienply dzeaeaported across cells. In order to ensure optinmal transport
of tryptophan across the intestine and also into the brain, a relatively

hi gh 15 tryptophan/ LNAA ratio is desirable. Conpared to current infant

formul a, thel'éb'k,fseE%senilQIréNIné RS SEHPEStich BEt @b/Lt bag ephaprdvibidiomaliao, ie,
closer to that of human ml @/qSél ne is a conp e@:(')nent of gl ut th| one, a

tripeptide ViiUmRN ?%rzﬁﬁ'lroﬂ?@f‘ NRENGt FRFhQUTERt WhRUPRsESHeMYa-essent i al  as

an anti oxi dant and | so in ensuring optinn 20 i mmjne funr‘ﬂ n. The
present fsor mul a conf APl evat E‘in@? VA" | eyl compeRI LMY |current whey-
and caséPn- doni nant | f or mul as. Milk the Present Formula
Invention
Arginine 466 490 560
Cystine 162 250 230
Histidine 304 360 380
Isoleucine 487 750 870
20 Leucine 1055 1340 1410
Lysine 825 1140 1130
Methionine 196 290 360
Phenylalanine 419 610 620
Threonine 541 710 810
Tryptophan 203 290 230
25 Tyrosine 399 590 540
Valine 541 840 870

The formula of the present invention contains a higher level of tryptophan, an

30 essential aromatic amino acid, than does human milk or current whey-based infant
formula. Infants fed current infant formula often have plasma amino acid levels that
exceed the levels found in breast-fed infants with the exception of tryptophan.

Plasma tryptophan levels of formula-fed infants often are significantly lower than
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The am no acid conposition of the present infant fornula enables a
reduction in the total protein level to a level closer to human mlk while
conpl yi ngweioslsf8kk 25 ami no acid requirements. EXAMPLE 4 Phae/tisopsmsved
formula and the control formula of Exanple 2 were evaluated in 30 a
prospective, multi-center, random zed, controlled, color-coded,

paral | el -group, outpatient study in healthy, terminfants. Infants were
random zed to receive one of the two fornmulas and we | owed for

weeks. -19 W96 dreasbiedopianigshazaptasiiesy piehn YPigehan k%’é’f’?ﬂ?“i"uﬁpafc"éfim
infants wi t lFowRiighhé&readifly PRR&aNEyBIBBRAP CoAdtetrbfidnULledbls QU Difigent from
Weight-for-length ratios were between the 10th and 90th percentiles _for
age accor di ng°8® FeHad™ Bearsi-Fed hfaltsd M@Mﬂ@m&‘m@ﬁ “428al th
Statistics (g )Tryétoﬁ&arersrtﬁbIm@a.trsorltaftﬁ@héumé@sﬂﬂ@errrggr@tohﬂnanerhétr&aya of
age. Weight and | en were stil beﬁween he 10th t@ﬁpercentl | es

for age acc o 15Nt erPT?é"W\I@H@eQFoPV\W?'OQQ‘%It%egumP'&rﬂysP\ﬂé’r“@ W ADBPy fed

st udy i nf antaddqaredighcelP7d-aesiang (pd725t Wivatay sBibRnipaGRE ér’@%sg@dfat@a withe
baseline visit. & the 193 infants who enter dtheqp?) i nfants

t ud
recei ved thémP'i?P’%ﬁ‘lts'efe@r [atAngy dRuicker prsed &aiislesmly EvPt aar%mg@"lema&ﬂ?sof
recei ved t henfametshehedPthBlUinge toABndel b Blees Ovddindteetit rmétameleeb IFRittefrizanst udy

for formula intol erance for receiving non- tudy f re than
consecut i ve Nfpompint eNe quing} ofMedicine, '3 op@féﬁj G%Zl%?ﬁ%gﬁurmn m | k

baby 151bpood, or other sol id foods or for noncorrpl iance with the study
protocol. The pg‘ym cian or the gﬁrent could withdraw aq?l nf ant vol untarily

at any time for dMPORNEROMPEgS 1oRdhey8ame AgRBROTLISIYRES 'PrgetratrakyBINPent al
Iﬁr mul at 7|2 dfcﬂ% ﬁ.‘.’@AN)OWDTrﬂI'sedf réltivdne 15§ NCbbntcéﬁdtrattlEﬁs B LNMEbfe Ep‘i&lef@BEd to
e control for ete y. Ei i nfants
(825 it HEPIIRER IR T O T AIRROREH PEioRF Gt | 17 SR 01 pstituobial o
group di sconfanBp@elof nidbHaA Hrekdthbaftastme Lid NSOINGE e brain, a relatively high
15  tryptophan/LLNAA ratio is desirable. Compared to current infant formula, the present

Lsl

formula possesses a better tryptophan/LNAA ratio, ie, closer to that of human milk.

Cystine is a component of glutathione, a tripeptide with important metabolic
functions. Gluthathione is essential as an antioxidant and also in ensuring optimal
20 immune function. The present formula contains elevated cystine levels compared to

current whey- and casein-dominant formulas.

The amino acid composition of the present infant formula enables a reduction
in the total protein level to a level closer to human milk while complying with EU

25 amino acid requirements.
EXAMPLE 4
The improved formula and the control formula of Example 2 were evaluated in
30 a prospective, multi-center, randomized, controlled, color-coded, parallel-group,

outpatient study in healthy, term infants. Infants were randomized to receive one of

the two formulas and were followed for 12 weeks.
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vi ol ati ons.

control group discontinued because they failed to return.

Five infants in the experinental group and four infants in

i nfants, wW®,03065385% of 25 the experinmental group and 62, pom/Usdg0sof t
control formula group conpleted the study. Mdre of the infants in the
control group discontinued the study due to adverse events (20/95 or

than did those infants in the inproved formula group (15/98 or 15.3%.
WD 03/ 055322 PCT/ US02/ 40811 TABLE 9:

t he

O the remaining

he

219
- 20

| nfant Enrol ment and Di scontinuation

Experi ment al Contlifantsperediealthyduitermpniants withoveighis and lengdiay apmperiadg for( N =
193) Reaso@efs%'iloﬁjél%@@ nwagﬂtfblqenﬁfhl\r‘a%s ﬁ&b%&ﬁbe‘?&h&ﬁ Om%%drgi)’“' dnflles€t urn

549 Protocol violation

Rel evant nunber 100% (1000

(100% Conpblefae argord@moso growtty jeharts proyidgd by %OH@W@é&W*fOAd*v@'

event 15 20

RistiBuetigspn/ fam |y request 19 23 42 Qther reasons 2 3 5

Mul tiple reasons for di'scontinuation were allowed in this study. The
primary &f fi cacy nmeasurenents were infant weight (g), length (cm, and

head circunferengg e@FdﬂneanﬁﬁsWr@ nb&sRedRsh # dBASE dgee \gBaghednde
and 5 12. Assessnents were

gne up to t hree days before enrol T ne

and within 3verqasubb%we@m@eoﬁandﬁon@ewnh@g f°fla§@|CF<Pf€'“9:iq> thesNEdP gsgpeh

| ength, and
At basel i ne,
51.5 cm and

10

15

20

25

drgas ﬁﬂférﬁéjmr%réﬁﬁﬁuv@?ﬁ@d §uy Infint idi@leen the two study groups.

mean ages were days and 10.5 10 days, nean | engths
51.3 cm and nean head circunferences were

Feeding of study formula began the day of the baseline visit. Of the 193
infants who entered the study, 98 infants received the infant formula of the present
invention and 95 infants received the control formula. An infant could be withdrawn
from the study for formula intolerance, for receiving non-study feedings for more than
5 consecutive days or more than 7 cumulative days, for receiving human milk, baby
food, or other solid foods, or for noncompliance with the study protocol. The
physician or the parent could withdraw an infant voluntarily at any time for any

reason.

Of the 98 infants assigned to the experimental formula, 72 (73.5%) completed
the study. Of the 95 infants assigned to the control formula, only 62 (65.3%)
completed the study. Eight infants (8.2%) in the experimental group and four infants
(4.2%) in the control group discontinued from the study because of protocol
violations. Five infants in the experimental group and four infants in the control group
discontinued because they failed to return. Of the remaining infants, 72, or 85%, of
the experimental group and 62, or 71%, of the control formula group completed the
study. More of the infants in the control group discontinued the study due to adverse
events (20/95 or 21%) than did those infants in the improved formula group (15/98 or
15.3%).

-20-

172

5 4, 8,

nt,

wer e



35.4 cmand 35.5 cmfor the experinental and control groups, respectively.

There was a statistically significant difference in weight between the two
study growpasass3zbaseline (p=0.04). Infants in the experi memusbh2/goup were

slightly heavier, on average, than infants in the control group (3536.4 g

vs. 3458.5 g). 15 Both fornulas were effective at pronoting growh. Infants
fed either study formula grewto a simlar extent during the study. After

baseline, therewere no -21 WD 03/055322 PCT/US02/40811 statistically

significant di|fferences be\Bheeén thén@mﬁmlhantgnmvsnt'mt'%y of the growth

neasur es (V\BiChL, Icllgt h—or—head bl IbuIIICI r{ t-hro UIIc:LIIC dat a
showed signiflicant growth on all %ﬁ; v8? trgf Fi@”\ﬂeek pé F v th the
aver age i nf antt—gai-ning—approxi-Hately of —boedy—wet-ght— 1u emi n body
| ength, and 5 &alysn 5 head ci rcynf er®A8®. Ther e Na®no stat’?sﬁ%ally

significant dijffferen eI the—groups fjed L[lﬁ‘ eEXperTmentat—amy cont rol
fornul as at Wjeks Q" O@j'scon'"uftf" Z-scores for | mean wei ght gain from baseline
to week 12 wer|gRigher 1n the i pprovedgformila ggpup (0. 49)93as conpared
to the control_group (+0.183). The inproved formula grpup also had fewer
non- st udy feedi Rgd hannt he control gsoup (35. 7% versus| 42% 9 10

respecti vel y) .[-Adverse—events—aitd—aceceptabit-Hty—and—tol rance of—s{ udy
formula were |rBESEASEREE visits at Weeks 4, 8 afid 12 and by? t el ‘ephone
contacts at W and 107 nts days before
or after the t%ﬁwaﬁt"umber 15 Tol ér anc?@g}?a wer e ooﬁ(?gct %nf)or?/)er)lew. An
adverse event V@ﬁ,p@@gﬁl ned as any upi gaasd rqedl@ag71c@pcurren@£(%p an i nfant
to whoma test| article was admnistered 1in_ja clinical |nvestigation; the
event did not |Mecesis@diol'y have a causal relationship tojthe test fornula.
An adver se event—coul-d—be—any—uiptaverable—ang—untntendeg—s+gi—(+n¢l udi ng

an abnor mal | gb8FEFEFY™ i nding) | synpidm or| di se¥se tepporafty 20
associ ated w tjh study fo a, whetn or (1ot 1, Was
consi dered rel aPB%'%'aH'%% y%qugstt udy forrrﬁj a. Less th%:il hal f of t%e infants in
t he experi mentfalyyandae@ntrol grups had 3 5

* Multiple reasons for discontinuation were allowed in this study.

The primary efficacy measurements were infant weight (g), length (cm), and
head circumference (cm), which were recorded at baseline and at Weeks 4, 8, and
5 12. Assessments were to be done up to three days before enroliment, and within £3

days of the other time points.

Baseline values for age, length, and head circumference were similar
between the two study groups. At baseline, mean ages were 10.1 days and 10.5
10  days, mean lengths were 51.5 cm and 51.3 cm, and mean head circumferences were
35.4 cm and 35.5 cm for the experimental and control groups, respectively. There
was a statistically significant difference in weight between the two study groups at
baseline (p=0.04). Infants in the experimental group were slightly heavier, on
average, than infants in the control group (3536.4 g vs. 3458.5 g).
15
Both formulas were effective at promoting growth. Infants fed either study
formula grew to a similar extent during the study. After baseline, there were no
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adverse events considered to be fornmula-related (42 [42.9% and 44 [46. 3%,
25 respectively). The nost comon fornul a-rel ated adverse events for all
i nfant s weoashsatal ence (34 infants), constipation (30 i nfPamtsp/4@nd
vomting (26 infants). In both groups, 17 infants had fornul a-rel at ed
flatul ence. Fornul a-related constipation occurred nore often in infants in
the experinental group (19) than in infants in the control group (11).
Formul a-rel ated vomting occurred in 12 infafnts in the 30 exge i ment al

ft%@m

formul a gr oPlistenlly siopiicans difgrences petweem e iBIMyI3 GRRHPE Yt BHOT MRS
nmany i nf ant snéddutdsqwert, 1éHgti) o hRa@ Sirduinfe RS cEX Plel artitb pbmetrie dataestipdedenced
fornula- rel ated di arrr]_?a (fI’, VS. 4%}1.) -22 03/ 055322 PCI US02/ 40811 . No
infants in HOTGABRSAAWY 8P Al Ut OYRIP f 6MRGK LEraf oty DRioYeTage MMt s of
the respi r atginings ¥preimatid 2760 geofl Bdgniight3 18 %m iim bbdhe Iebgth, radl ewLip had
such events. gweraltq, theﬁdverse evenﬁ.ﬁt&rﬁﬁfi | e§. of éjpe two . S Udﬁ f or mul as
ver e si Pl ar'€@8 GHCHNISreNcs: JNgee wag nfysif Y S'9pllGaY HFRENAT P?EY&‘& BuN) |
a{ld chr Ea¥L ;nig_?_ﬁ\)ps feg ke @?@?nﬁafalyaﬁ@t@itw Qiﬁﬁhp?b aatt Welnakasw Be6r fz._ baseres ltftgt and
a e . e resent fornula group was_fe lower protein an
(1.4 grams PRGAEMRISROEAMIOM DRSNS Weslk 15 Weds Hiel I &' mArRvast BYErA 100
Té)' Bﬁt h Ztgifbpt grm?%ﬁﬁa&n@aéé?nﬁltgé coﬂﬁtﬂcgﬁ&i;ﬁl(?miﬁj rllgrsd mﬁmlﬁveﬁt Z)hhela Ll
-week end o e as defipe serum a n S )
Lo hoth o ouayp des R el BofRimiicatioSBhn MR Folb 45 ersye o
adequat gopr gesieetiven)r i tion fromthe al pha-lactal bumin rich fornula despite

| ower total protein content. At study conpletion, the experinental group
had | ower BUN | evels than the control group (8.2nmg/dl vs. 9.3 ng/dl),

indicating a h: gdyersei éVent@re?HdEiaﬂcé?;gab’llﬂjiB & tdledree dbf ne@dy fformex cvere
protein renoval . 15 Acceptability_an eran ata ar u ized in
Tabl o 22 Baproried 2t USeR eRkh. Brticc b e b Far B R bRl & and
wel | tol erated by msesghenthaverendarat witiiih Rldays tbetbte tarnsftgpothattime Hoindl |
time points after ek 2, acceptability. an t ol erance were slightl
o oat or By 1 THEANeE Gai6 viese SoleRed Rl bl in eeS et dvas P Bpd A e of
i nfants whosgtev£a ahddicat 66duirehte it an Midht toWRsARCRsDArtislewhs ddwiinelefedins

a clinical investigation; the event did not necessarily have a causal relationship to the

test formula. An adverse event could be any unfavorable and unintended sign

(including an abnormal laboratory finding), symptom, or disease temporally

20 associated with the use of a study formula, whether or not it was considered related
to the study formula.

Less than half of the infants in the experimental and control groups had

adverse events considered to be formula-related (42 [42.9%] and 44 [46.3%],

25 respectively). The most common formula-related adverse events for all infants were
flatulence (34 infants), constipation (30 infants), and vomiting (26 infants). In both
groups, 17 infants had formula-related flatulence. Formula-related constipation
occurred more often in infants in the experimental group (19) than in infants in the
control group (11). Formula-related vomiting occurred in 12 infants in the

30  experimental formula group and in 14 infants in the control formula group. Twice as
many infants in the control group as in the experimental group experienced formula-

related diarrhea (8 vs. 4).
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satisfactory ranged from 90% at Wek 2 to 100% at Weks 10 and 12 for

I nfants who received the inproved fornula and ranged from 85. 9% at Wek 4
to 98. 4%w0D 0¥sds22 10 for infants who received the control pCarusod/asii
Unaccept abl e ratings ranged fromO0- 10%in the inproved fornula group
(average 4.1 %9 and from1.6-14.1 %in the control 25 group (average 7.0%.
The data indicates that the i nproved formula provides enhanced protein

nutrition and for acceptabilit 03/ 055 22 PCT/ S02/ 40811 TABLE
10. Summary of A B&éﬂtﬁ %{) r&ﬁﬂ‘twaa%@ép@? {3 Vergeevents of

Exper i ment althéapirstbry sl§@trem,l laﬁd ﬁ'ﬁé@lﬂféﬁnts ZEa 2%) iﬂQhélbor(ti‘dl gro%)hae Nueh 8%ants.
Overal |l Acce ta |I|t tn Satllfjsfact oa}z 81 (90.0) 82
(95.3) Uns o%{Ye@e(etemd)r eia%tvv%taﬂmr@a P eI B ‘9f81 (91.0) 73
(85.9) Unsatisfactory 8 (9.0) 12 (14 1) Week 6 Satisfactory 77 (97. 5) 61

(o2 8 Bt Aok 2B bl e SHoast PO et o)
61 (98.4) W&@tseﬁi)rﬁﬁrprs}éfe@ €eBdeints fibad)red \é&e&@sémquahd st awedk Y1272 Th&00. 0)
61 (96.8) present formula group was fed a lower protein quantity (1.4 grams Protein/100 mL)
than the control group (1.5 grams Protein/100 mL). Both study groups had a similar
adequate protein status at the 12-week end of the study as defined by serum albumin
10 levels (4.1 mg/dl in both groups). Comparable growth and serum albumin status
indicate adequate protein nutrition from the alpha-lactalbumin rich formula despite
lower total protein content. At study completion, the experimental group had lower
BUN levels than the control group (8.2mg/dl vs. 9.3 mg/dl), indicating a high quality
protein source and reduced need for excess protein removal.
15
Acceptability and tolerance data are summarized in Table 22. Both the
experimental and control formulas were acceptable and well tolerated by most of the
infants at all study time points. At all time points after Week 2, acceptability and
tolerance were slightly greater in infants who received the present formula. The
20 percentage of infants whose overall acceptability and tolerance of study formula was
satisfactory ranged from 90% at Week 2 to 100% at Weeks 10 and 12 for infants who
received the improved formula and ranged from 85.9% at Week 4 to 98.4% at Week
10 for infants who received the control formula. Unacceptable ratings ranged from 0-
10% in the improved formula group (average 4.1%) and from 1.6-14.1% in the control
25 group (average 7.0%). The data indicates that the improved formula provides

enhanced protein nutrition and formula acceptability.
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Unsatisfactory 0 (0.0) 2 (3.2)
fromthe nunber

pr esent

reference s

f oregoi ng specification,
WO 03/ 055322

Percentages at each visit are cal cul ated

of infants who contributed data at that tine point. The

iwoanhssm may be enbodi ed on ot her specific fornspartusoutosii
departing for the spirit and essenti al

attributes thereof and accordingly,
houl d be nade to the appended clains, rather than to the

as 5 indicating the scope of the invention. -24

conposi ti on |conpri si NP5 19\/@@9‘"‘??QWFe(B’ﬁb'b%@dgf"?fa'lfﬁ%t?)ergmdlyE%@U%f the tof al
protein in sard—whey—fraectiron—+s—atpha—tactal E’)hf)la'r'irﬁénﬁf'u more—thay 8% pH of
the total prjotein in said whey fraction is betg actogl obuI :e'p LIleth the
provi so that| the percentage of al pha-lactalb saild M4$%ction is
greater than TheePoser cent age of beta-| act ogl obtﬁﬂ‘rﬁa)l n said vOHe3?5)f ractj on.
2. An infant (Fv@ﬂ'aﬂmﬂcé’ptébm@"ﬁﬁlﬂlotel'aﬁfb corrprl sing an antmnt df bovihe @)1k
providing 1lfydoto—i—2—granmsof—protern—per—100 d.Vd.i Habte—ki+ocatori es
and an anount 1&( a_bovine whey material pioviding 1 to 1.2 grans of
protein per |[108°599Y abl e kilocalories, saiyd HoviRY whev 8fmt lor i g‘rTsjhaw ng
an al pha- | act aMbatsfagtoyont ent of 28% to 40% afd |a (1981 a-|| ack og|] oW n
content of 8% to 33% of total protein. 1I5 3. The infant| 1ornmufa conmposition
of claim 2, W—ﬁ—ﬁ_d_beﬁ‘e_\ﬁhcy rat-efiral—rhas—an—at-pha-tpactat-bum n
content of 89813 36% and a _heta-lact ogl obul i content lof  10P4t @ 29% of
total proteiln. S#sfPe jnfant formul a corrpo<,|§1| gn 6¥' %1 ai m’3, whéPRPn kaid
bovi ne whey |mavesatistdctory20 i1 s further charactesi 2ed(B9: (ja) 12 npn{p+-Otej n
nitrogen content of 15% or tess of total nijtrogen; (D) a total protejn
content of 12 SY-t-6—95% e)—aFat—eontentrof 5% or—t-ess—an eh—an ash
content of 4 %8 less. 25
Satisfactory 77 (97.5) 61 (92.4)
Unsatisfactory 2 (2.5) 5 (7.6)
Week 8
Satisfactory 75 (974) 64 (88.9)
Unsatisfactory 2 (2.6) 8 (11.1)
Week 10
Satisfactory 69 (100.0) 61 (98.4)
Unsatisfactory 0 (0.0) 1 (1.6)
Week 12
Satisfactory 72 (100.0) 61 (96.8)
Unsatisfactory 0 (0.0) 2 (3.2)

5

*

time point.

Percentages at each visit are calculated from the number of infants who contributed data at that

The present invention may be embodied on other specific forms without

departing for the spirit and essential attributes thereof and accordingly, reference

should be made to the appended claims, rather than to the foregoing specification, as

indicating the scope of the invention.
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5. The infant fornmula conposition of claim4, wherein said bovine whey
material has a total protein content of 35%to 80% 6. The infant formul a
conposi t iwo eh53kAi m 5, wherein said bovine whey nateri al pc3Wshassa t ot al
protein content of 73%to 77% -25 WD 03/055322 PCT/ US02/ 40811 7. The

I nfant formula conposition of claim?2, said bovine whey material being
further characterized by am no acid contents of no |less than the foll ow ng,
in grans per 100 grams_of total protein: (a) Arginine, 3.1, 5 (b)

Cysti ne, 1.XV—HA—T-&§—%-H&M-.E-B4'—§%, 1.6; (d) Isoleucine, 1.0; (e) Leucine, 5.3;
(f) Lysine 5 3 9; 10 (g) Methionine, 0.3; (h) Phenylalanine, 1.2 (i)

Thr eoni ne, | t ophan 15 Val i
, 1.0. 8. Aﬁ |nf t'“faﬁilp p'%S?fﬁB%ﬂi"!qnoigO’aHfW Pé"’q‘\ﬁéﬂ f?a%'BPé’Vqﬂ%'a %%) "

accept abl e teystdiene tolfa‘l PFStSin i s ivHeyifiaction fs%ipt@lﬁ@t@lb‘ﬁxm’kg afd Yo tHahagski on
wherein 40% or | ess of .the total rotein in sakgblY\/n actlon

al pha- | aét alof)m‘ﬁtﬂtabﬂr@teﬂﬁ)ﬁnesatqw‘éme%ﬁ ‘P”t‘sh%et? Y ﬁ wa'sgaﬁ‘at%ey

fraction is Bﬁttearabevom@heh&dtalmmwmbaﬁhﬁd@rwlémstgraétet fian thepecahiage of
al pha-1 act al bumn in said % fraction is greater than the percentage of

bet a- | act ogIOBBﬁﬁl'?Ft?ﬂo%Pd{‘% WheY Heei%¥n. 9. The infant formul a conposition
of claim2, wherein the dom nant whey protein 25 is al pha-I|act aI bum' n. 10.

The i nfant forrrul a conposition of claim?2, wherein the anpunt, Rha-
2. An infant formula composifion comprising an amount of bovine m|Ik provndl

10 1.0 to 1.2 grams of protein per 100 available kilocalories and an amount of a bovine
whey material providing 1.0 to 1.2 grams of protein per 100 available kilocalories,
said bovine whey material having an alpha-lactalbumin content of 28% to 40% and a

beta-lactoglobulin content of 8% to 33% of total protein.

15 3. The infant formula composition of claim 2, wherein said bovine whey material
has an alpha-lactalbumin content of 28% to 36% and a beta-lactoglobulin content of
10% to 29% of total protein.

4. The infant formula composition of claim 2, wherein said bovine whey material
20 s further characterized by:
(a) a non-protein nitrogen content of 15% or less of total nitrogen;,
(b) a total protein content of 12.5% to 95%;
(c) a fat content of 15% or less; and
(d) an ash content of 4.5% or less.
25
5. The infant formula composition of claim 4, wherein said bovine whey material

has a total protein content of 35% to 80%.

6. The infant formula composition of claim 5, wherein said bovine whey material
30 has a total protein content of 73% to 77%.
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| actal bumn is no less than 2.2 grans per 670 avail abl e kil ocal ories
(0.33g/100 kcal). 30 11. A nethod of feeding an infant, conprising feeding
a nutritiwoaBhbys3sufficient anount of the infant fornul a eCralsat/sii to an
infant | ess than one year of age. 12. The infant formnula conposition of
claim11, which also conprises bovine mlk protein in an anount such that
the ratio of whey proteins to caseins is 60 to 40 by 35 weight. -26

7. The infant formula composition of claim 2, said bovine whey material being
further characterized by amino acid contents of no less than the following, in grams
per 100 grams of total protein:
(a) Arginine, 3.1;
5 (b) Cystine, 1.4,
(c) Hisf(idine, 1.6;
(d) Isoleucine, 1.0;
(e) Leucine, 5.3;
(f) Lysine , 3.9;
10 (g) Methionine, 0.3;
(h) Phenylalanine, 1.2
(i) Threonine, 3.2;
(i) Tryptophan, 1.5;
(k) Tyrosine, 0.9; and
15 () Valine , 1.0.

8. An infant formula composition which is well tolerated and acceptable to the
infants to which it is fed comprising a whey fraction wherein 40% or less of the total
protein in said whey fraction is alpha-lactalbumin and more than 8% of the total
20 protein in said whey fraction is beta-lactoglobulin, with the proviso that the
percentage of alpha-lactalbumin in said whey fraction is greater than the percentage

of beta-lactoglobulin in said whey fraction.

9. The infant formula composition of claim 2, wherein the dominant whey protein

25 s alpha-lactalbumin.

10. The infant formula composition of claim 2, wherein the amount of alpha-

lactalbumin is no less than 2.2 grams per 670 available kilocalories (0.33g/100 kcal).

30 11. A method of feeding an infant, comprising feeding a nutritionally sufficient

amount of the infant formula of claim 1 to an infant less than one year of age.

12. The infant formula composition of claim 1, which also comprises bovine milk
protein in an amount such that the ratio of whey proteins to caseins is 60 to 40 by
35 weight.
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