INFANT FORMULA COMPOSITIONS COMPRISING INCREASED
AMOUNTS OF ALPHA-LACTALBUMIN FIELD OF THE INVENTION

This invention is directed to infant formula compositions which
demonstrate improved tolerance by infants. Specifically, the present
invention is directed to infant formula compositions comprising a modified
whey protein concentrate comprising specific amounts of
alpha-lactalbuminpdNERCREIOGR GO M ANSHIRIR TCOMRRESTHE PRIOR
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been developed to replace or 15 to supplement human milk when
breBH HBaOMTHE INMIENTION, unsuccessful, or when a mother chooses

shot to breast feed. Attempts of improving infant formula composition have
focused on more closely simulating the composition of breast milk. Bovine
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a lower total protein content of human milk (11 g/L) compared to cow's
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bovine whey contains about 50% to 55% of beta-lactoglobulin and about
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difference remains in infant formulas made with bovine whey in which
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would subsequently increase the levels of the essential amino acids
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in human milk. Therefore, an improved amino acid composition would

permit a reduction in the total protein 25content 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
combnoncitinn thereof A niitritional ecomnocitinn iec nrononcad which




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. SUMMARY OF THE INVENTION

The present invention is directed to an infant formula composition which is

well-tolerated by infants. The infant formula composition of the present

invention 5 comprises a whey fraction wherein 40% or less of the total
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THE INVENTION The present invention is further directed to a
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of between about 28% to about 40% and a beta—lact(%globulin content of
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alpha-lactalbumip in the wh raction minus 7%. 25 Preferably, the
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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
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25nvestidentoheaimtadédranino adds. The present infant formula may
be additionally formulated with other nutritionally beneficial ingredients
known in the art, e.g.,.0ils providing longer chain 10  polyunsaturated fatt
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prepared by blending appropriate quantities of an

alpha-lactalbumin-enriched whey protein concentrate with skimmed milk,
lactose, vegetable oils and fat soluble vitapins 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,
notacecinim citrate 7ine <ciilfate ecaleinim hvdrovide conner ciilfate




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-lactaloumin as human milk. Human

milk does not contain any beta-lactoglobulin. In contrast,

beta-lactoglobulin is the most abundant whey 30protein in bovine milk

(Table 1). Most current infant formulas made with unmodified bovine
milkeasotheiomydetatein soureenitntainaiaeutitlis-p6sgilatetipretiesuchre preparation
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1). Current infant formulas made with whey protein unmodified w
resFEEIRS BrERifPEBHIFbsition contain 15 g/L of protein. Demineralized
whey supplies half of the protein in these infant formulas, These infant
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5much as in an equal volume of human milk (Table 1). Table 1 Protein,
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StardactieG aipentiatialp aisdaiitant SidrstulizTotak prateia' ddi@RoBain, for use in
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undefatted ultrdtiltered whey to produce a material with a high alpha-lactatbumin

10 content and, on a total precipitable protein basis, less than 5% of beta-lactoglobulin.
The process involves heat precipitation of alpha-lactalbumin in undefatted
ultrafiltered cheese whey at a pH of 4.2. The alpha-lactalbumin-rich precipitate is
clarified, washed, neutralized, ultrafiltered and spray dried to yield a whey fraction,
the protein therein being predominantly alpha-lactalbumin, substantially depleted of
15 beta-lactoglobulin and including the lipid-containing components in the whey. U.S.
Patent No. 5,420,249 discloses the use of defatted whey and calcium-binding resin to
prepare whey for separation and a preferred alpha-lactalbumin fraction comprising at
least 60% of the protein as alpha-lactalbumin and at most 10% of the protein as beta-
tactoglobulin. 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.
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14-1.64.2 10EXAMPLE1 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 15composition
and whey protein proportions. Table 2 Ana yte unit Fat % 14.1 Moisture
% 4.2 Protein 0/0 73.7 Ash 0/6 3.44 n-lactalbumin %* 31.6

p-| BHOHARN OATHE INVENTION

The present invention is directed to an infant formula composition which is
well-tolerated by infants. The infant formula composition of the present invention
comprises a whey fraction wherein 40% or less of the total protein in the whey
fraction is alpha-lactalbumin and more than 8% of the total protein in the whey
fraction is beta-lactoglobulin, with the proviso that the percentage of alpha-

lactalbumin is greater than the percentage of beta-lactoglobulin in the whey fraction.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is further directed to a nutritionally complete infant
formula comprising bovine milk in a quantity sufficient to provide about 1.0 to about
1.2 grams of protein per 100 available kilocalories and an amount of bovine whey
material sufficient to provide about 1.0 to about 1.2 grams of protein per 100
available kilocalories, the bovine whey material having an alpha-lactalbumin content
of between about 28% to about 40% and a beta-lactoglobulin content of between
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
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%.

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
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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1.96 Table 2 (continued) Analyte unit Phosphorus mg% 372
Magnesium mg% 5.90 Calcium mg% 40.5 Sodium mg% 138 Potassium
g% 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-Nlercaptoethanol reduction using a
GPC (gel permeation chromatography) method with 6M Guanidine HCL

as the mobile phase anelthersekvantiZHadrc o REHQRARITY S AHYHRMES invention
pa@@dé/vmnﬁﬁggwela}%% Qa%gpgo‘ﬁ}é/n?“m grams per 100 grams of total protein, as
follows: arginine 3.1; cystine 1.4; histidine 1.6; isoleucine 1.0; leucine 5.3; lysine 3.9;
methionine 0.3; phenylalanine 1.2; threonine 3.2; tryptophan 1.5; tyrosine 0.9; and
valine 1.0. Accordingly, it is not necessary that the infant formula of the present

invention contain added amino acids.

The present infant formula may be additionally formulated with other
nutritionally beneficial ingredients known in the art, e.g., oils providing longer chain
polyunsaturated fatty acids, such as arachidonic acid and docosahexaenoic acid.
The present infant formula may further be formulated with vitamins, minerals,
selenium, natural carotenoids, nucleotides, taurine and other nutrients.

Thus, in one embodiment, the present invention is directed to a nutritionally
complete infant formula composition containing 2.0 — 2.4 grams of protein per 100
available kilocalories, wherein the protein is comprised of substantially equal
amounts of protein from unmodified bovine milk and from a whey fraction, said whey

fraction being enriched with respect to alpha-lactalbumin.

The present infant formula may be prepared by blending appropriate
quantities 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
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-
labile 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-



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
diskigivirgnhborag a2 kiRtdarBbpMNatd28494 Tid 20iethyleraaiartiae placed in
tetr i mL of HPLC grade water and adjusting to pH 7.5
Wltéa%(jl(sj& cﬁ?gp(a%?gg The chromatography conditions included the
following: Flow Rate, 0.5 20mL/min; Run Time, 60 min; Injection Volume,

50 microlitergydiempertationes, Hnupienikided Detectart, & 38&nkmown methods of
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protein into a 10 mL volumetric flask. The mobile phase was added
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mixed on a vortex mixer for 10 seconds. The sample was then injecte
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disgglying them with HPLC grade water in a 10 mL volumetric flask.

Calibration standard were prepared by pipetting 1.0 mL of each standard

into a 10 mL volumetric flask and diluting to volume with the mobile phase.
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trangferredda %ﬂdﬂ@%%amommcwg@ﬁ&fr%d\d,%cgm%ﬂﬂ@n(yde@aeessenna;
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alpha-lactalbumin in said.in an ula was essentially equal to the
am G YRR SR ?n% an milk. Table 3 Protein, g/L (I\1*
25.38) Human milk Milk-based Infant Formula Standard Current whey

based Infagt FpsmuyiasStaadarsdniankiemitiaotdhaulnyemiapitEoiatotal protein

‘protein’ 11
P 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



5-16 15 14 Whey protein 6.0 2.9- 3.2 9.0 8.4 alpha-lactalbumin 2.3 0.5 1.2

2.2- 2.5 beta-lactoglobulin none 1.4- 1.6 4.21.3-2.1 Four batches of
ready-to-feed liquid infant formulas incorporating this protein mixture were
manufactured in 4000-liter quantities in the following manner. 5 A fat
blend for each batch was prepared by combining 43.54 kg of randomized

palm olein, 35.2 L of a high-oleic sunflower oil or safflower oil, 34.6 L of
cocon@irodnR8) b b/bffejiiednatiburdd Kashesdy ledithin nfaBy frgmfias made with

disfiiied menaglyeeRisieted J«Mgeebaetosbcgra@wr&%ﬁ&?{gmdt&mﬁquw of
as arachldﬁnlc a(:|d J10(ARASCO, l\/lart bia MD? a{%e 0.74

an%ﬁt(%ht %nﬁla%%é;e fv\f Se]eét%l/l rdten s§ mfagt%rmulas
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5 A (ViR A Ralaytate auedetwiahavxamkoasprngids), vitamin D
(cholecalciferol), vitamin E (dl-alpha-tocopherol acetate) and 15vitamin K
(phytonadione) were then dispersed inthe fat blend. To produce a

batch.of the.j improv d fnrmniL:a, %n nmml;(nf of hga%er&inl(nmuri I(SItm gwuldlzcnr —
m ovine and i andard Current whe
powd &P Skim milk SRR ko BrEFiTE 8%( M A ST d

warndéidhized water in a compounding tank WHH Rad bgé??daafd%tcf ormuta

723 ¢ $6thiIm 20|citraté and 404#$otassium blédfbonatel dissolvetfin

hot \Weter pPlei fat blendé@as meteted’ifito the cépédnding tank. THe

majosishysaagredients, lactose jand the whey protemsconcentrate werez

addegtEhreugbraipowdeniennel edgetor. The amountof added wheys.2

proteinconcentrate varied according to its proteir 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
10weEXdisstliZzed or dispersed separately in hot water and added to the

compounding tank with intensive agitation: calcium carbonate, 679 g;

Cﬁ:CiU(;n hwmeﬂ%@nge&%ﬁﬁé%'@W@F@Qdﬁttﬂ%ﬁecﬁﬂ@%tﬂﬁUQ&talbumin but

chloride, 507 g; ca assium chloride

Con AR St T At B AT WP TPt b g rosen
250ndeof afﬂmw%ﬁsol[hﬁ)ncgﬁm @Qlfa‘t@d%"leg illgwinen, Wolimeteofand mineral

15co%®gf@5ﬁ;a@@&&pg%%ﬁ%mpf manganese sulfate, and 12.5

g of a 0.3% sodium selenite triturate in 5potassium bicarbonate. The
mixture was heated to 96 2C, held for 30 seconds and then cooled to 66

2C. The mixture was then homogenize8@Me£two-stage homogenizer, at

2500 psig in the first stage apd, 800 psig in the,gecond stage. The
homogenized mixture
Fat % 14.1
Moisture % 4.2
Protein %o 73.7
Ash % 3.44
g-lactalbumin %* 31.6
B-lactoglobulin % 16.1
o/p 1.96




10was then cooled to 5 - 10C using a plate heat exchanger. A sample
of the mixture was analyzed for fat, pH and total solids. An appropriate
amount of deionized water was added as required to achieve 80% of total
dilution and the batch was mixed. A sample was taken for analysis of total
solids 15 and pH. The quantity of water required for final dilution was
calculated. A portion of this dilution water was used to dilute the
nucleotides and water-soluble vitamimsthafmmﬂwir addition to the mix.
The following nucleotides eI d dissotved WarnT vater and added to the
mix: cytidine 5' monophosphate 63.70; a enosme 5' monophosphate,
18.6 g; uridine 5" monoph )memnalsodlum sall; 32.81 inpsine 20 5'
monophosphate, disodiu bau, 13-0-g-and Uaro ine-5-monophosphate,
disodium salt, 11.29. nIIAn 3ppropr|ately forr%ulate water-soluble
vitamin premix was dissolyeddiarwvarm water agd this godution was added
to the mix. Choline chloride;251-g;-ane-25-mye-iresitol-164 g, were
dissolved in water and ad#S8°8the mix. AscBPBic acidt812 g, was
dissolved in warm water anebé&2.g of potassiyem b carb@nate were added
slowly to neutralize the asgerbic-acid—Fhe-heutral-ascorbate solution was
then added to the mix. The #i¥as agitated 830 mitates. The mix was
standardized to total solids of aboyt:23:0: REs M€ 3Rtein. TWeNty hours
after the initial homogenization, the mix was homogenized again and
sterilized through a Stork UHT (ultra high temperature) aseptic processing

system anthasepifeallyfdled iath2%4:mbflexibigcadaingto gl ROhe whey

FO . : 0 o-feed liquid infant formulas
oo i VA IERTES AHF S RPERR S I TR P (oo

1%98%5%0&’591“6@?1%?@%“\%%@@1%W%)%%Jﬁ%ﬂ%ﬁﬁ&lr@ﬁﬁ“e mobile phase

40Qshtitereqiadrdiies in the following manner. An amount of heated liquid

skim milk sufficient to provide 30 kg of protein was added to warm

deionized water in a compounding tank to which had been added sodium

citrate andTpetassionataiteatieydistoive dvas etchateritil HerdgeistRHIS3000 SW XL.
10VitaRyR; é&ﬂﬁﬂg'%@g fat iW%%ﬁ@@t@fﬁd "?\;tQalilaeoBRmﬂob’fngWg)(t@n{(he mobile

The major dry ingredients, lactose and the demineralized whey,

ad PTG SR CRBRALY HiFFRYIBA RS Canauaniett ldF b il of HPLG grade
demiatnalBgtbndiegky e dracears iadpt it privie sptootemaarie svas and stirred to
suffigigpt Lo cEHH}ﬂQFe ?&?sma owowa J@%&e%ﬁgt@w'\fﬁiﬂ #nsh%tw%@% sodium

and added to the compounding tank. The following minerals were 1

dis<BITEYIER d@b%r@garg'@péﬁ’ﬁtéfiﬂﬂ%o%?af&“tﬁﬂ&%&dﬁ?ﬁe&%ﬁ‘gﬁﬁé&’Ck was
15to tipeepanep dyndissg tamk 36ioiNaisR@4agitatibaHRBRS$ sinth bigadtiopete, diamine

Cal%&raacéyw%dpmaﬁmmnﬁhks?ﬂﬂm&o%aéc\hg%é»d%neagqf}ealﬁgr%em 7.5 with

ferrous sulfate, potassium iodide, zinc sulfate, copper sulfate, manganese

sulf Y8 AHIPEG @tith selenite. 20The control formula was heat treated,

homogenized and supplemented with nucleotides and a water-soluble

vitamin prefhix %ﬁ@ﬁé@&ﬂgpﬂf%@%ﬁ@e,,@ma@ meth?ol&@ﬁ%{“ F!&?v”ﬁ*@?e 0.5

described above. The control formula mix was homogenized again a

20steMM-a8 YA DB BT R MG i 58r%F85‘8%%Jt?€}5’F6€8§§|r@“b‘9“‘

system BettfitediktdE250amL flexible containers. 25 The major ingredients

of the two formulas of this example are as follows: Table 4 Control

Formula Formula of the Present Invention Electrodielyzed whey

Alpha-LactaRish QRMESRRIRE) HadirRiaN e gRapra @%Hma‘gaw%aw mg of

cocomit@mnidthigh 0leic soinftaver farssafllbwerpMegatatdevails{gddh fo volume and
2550y pRaRGGRRUERRA high olgle SURiRWSIR" sHigWanPIM MMl Mbout one

milk Lactose Lactose Emulsifiers (soy lecithin, rnonoglycerides)

Emulsiflers (soy lecithin, monoglycerides) Long chain polyunsaturated oils
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Long chain polyunsaturated oils Taurine Taurine

Cyticiine-5.-monophosphate Cytidine-g-monophosphate Disodium
uridine-5'-monophosphate Disodium uridine-5'-monophosphate
di-Alpha-tocopherol acetate dl-Alpha-tocopherol acetate
Adenosine-51-monophosphate Adenosine-5-monophosphate Disodium
inosine-5'-monophosphate Disodium inosine-5'-monophosphate Disodium
guaniigiine-&-nhenepltisphaterBistdien guanosiesormaapptbsphatiters of 2-

ThW@@E{HQH%Q'SQSd%% 1we fREMudagNere ARQNIQNS, -FARIE Rixer for 10

Control

ormula Formula of the Present Invention Calcium chloride

SodRANdtrald PRTRWRBIbEMBIRte CaiR it lBHSOREE S odium chloride

Potassium Hydroxide Potassium hydroxide Magnesium chloride Ferrous

5sulfate Ca&%p@owg %P%E%Pé@ BW%@M@S%@LP%”% of bovine alpha-

15

20

25

Lactalbumin and beta-Lactoglobulin separately, and dissolving them with HPLC
grade water in a 10 mbL volumetric flask. Calibration standard were prepared by
pipetting 1.0 mL of each standard into a 10 mL volumetric flask and diluting to
volume with the mobile phase. About one milliliter of each calibration standard
solution was transferred to an injection vial, 10 microliters of 2-Mercaptoethano! were
added and the solution was mixed with a vortex mixer for 10 seconds. The standard

sample was then injected into the HPLC system.

EXAMPLE 2

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,

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 {o
that found in human milk. The protein content, whey protein content, alpha-
lactalbumin level and beta-factoglobulin level of said infant formula are shown in
Table 3. The amount of alpha-factalbumin 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 aipha-lactalbumin in human milk.
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Zinc sulfate Calcium hydroxide Calcium citrate Ferrous sulfate Copper

sul
sul
sel
as

fate Zinc sulfate Potassium chloride Potassium iodide Manganese

fate Copper sulfate Potassium iodide Manganese sulfate Sodium

enite Sodium selenite The vitamin ingredients in the two formulas were
follows: Table 6 Control Formula Formula of the Present Invention

Vitamin C (ascorbic acid) Vitamin C (ascorbic acid) Vitamin E (dI-Alpha
tocopherol acetate) Choline chloride Alsgoel®/| palmitate Inositol Niacin

(ni
Nia
hy

CRNRRHICR) Vit g AR BRI SIER IR & ARt e BRI Tnfant
\gia (migginamide) Vitamrin AnpainrtaiguAscRiy PalBdtatanl Niamiitia of the

lrochloride Formulas Invention

Total ‘protein’ 11 15-16 15 14

Whey protein 6.0 29-32 9.0 8.4

alpha-lactalbumin 2.3 0.5 1.2 2.2—-25

beta-lactoglobulin] none 14— 16 4.2 1.3-2.1

Four batches of ready-to-feed liquid infant formulas incorporating this protein
mixture were manufactured in 4000-liter quantities in the following manner.

A fat blend for eaéh batch was prepared by combining 43.54 kg of
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
(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
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
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
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 -
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Pantothenic acid Vitamin B-6 Vitamin A palmitate Riboflavin Riboflavin
beta-carotene Thiamine hydrochloride Folic acid Vitamin 8-6 Vitamin K
(phytonadione) Natural mixed carotenoids Biotin Foiic acid Vitamin D
(cholecalciterol) Vitamin K (phytonadione) Vitamin 8-12 Biotin Vitamin D
(cholecalciferol) Vitamin 8-12 The nutrient compositions of the

present infant formula and the Control Formula are set forth in Table 7.
TalhaghMuineaheits/ BpFarmidriohthenBresersdpvg ntieassomirehloride, 552 g;

Formula Engray (eepl) 8LadlaPiteln @dd of 2 1% triturate in lactose; 250 g of a
44.6% solution of zinc sulfate; 367 g of a 2.5% solution of copper sulfate; 5.08 g of a
2.5% solution of manganese sulfate, and 12.5 g of a 0.3% sodium selenite triturate in

potassium bicarbonate.

The mixture was heated to 96 + 2°C, held for 30 seconds and then cooled to
66 x 2°C. The mixture was then homogenized in a two-stage homogenizer, at 2500
psig in the first stage and 500 psig in the second stage. The homogenized mixture

was then cooled to 5 - 10°C using a plate heat exchanger.

A sample of the mixture was analyzed for fat, pH and total solids. An
appropriate amount of deionized water was added as required to achieve 80% of
total dilution and the batch was mixed. A sample was taken for analysis of total solids
and pH. The quantity of water required for final dilution was calculated. A portion of
this dilution water was used to dilute the nucleotides and water-soluble vitamins
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
5" monophosphate, disodium salt, 13.0 g; and guanosine 5 monophosphate,
disodium salt, 11.2g.

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
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.

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 info 250-mL flexible containers.
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15 Carbohydrate (g) 73 72 Fat (g) 36 36 Vitamin A (IU) 2200 2200
Beta-caroteneU 400 400 Vitamin 0 (IU) 425 425 Vitamin E (IU) 11 11

Vitamin K (jig) 67 67 Vitamin Bit (hg) 1000 1000 Vitamin 62 (jig) 1500

10
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25

1500 Vitamin BS (jig) 600 600 Vitamin 612 (40)

CONTROL FORMULA

Control batches of ready-to-feed liquid infant formulas made with
demineralized whey (typically 13.5% protein, 85% lactose, fat 1%, and an ash
content of less than 1.5%) were manufactured in 4000-liter quantities in the following
manner. An amount of heated liquid skim milk sufficient to provide 30 kg of protein
was added to warm deionized water in a compounding tank to which had been added
sodium citrate and potassium citrate dissolved in hot water. The fat-soluble vitamin-
enriched fat blend was metered into the compounding tank. The major dry
ingredients, lactose and the demineralized whey, were added through a powder
funnel eductor. The amount of added demineralized whey varied according to its
protein content and was sufficient to provide 30 kg of protein. Taurine was dissolved
in hot water and added to the compounding tank. The following '\r’ninerals were
dissolved or dispersed separately in hot water, and combined and added to the
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.

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.

The major ingredients of the two formulas of this example are as follows:
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2 2 Niacin (jig) 5000 5000 Folic Acid (jig) 80 80 Pantothenic Acid (jig)
3000 3000 Biotin (jig) 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

Table 4
Control Formula Formula of the Present Invention
Electrodialyzed whey Alpha-Lactalbumin enriched whey fraction
Vegetable oils {palm, soybean, coconut and Vegetable oils (palm, soybean, coconut and high
high oleic sunflower or safflower) oleic sunflower or safflower)
Skim milk Skim milk
Lactose Lactose
Emuisifiers {soy lecithin, monoglycerides) Emulsifiers (soy lecithin, monoglycerides)
Long chain polyunsaturated olls Long chain polyunsaturated oils
Taurine Taurine
Cytidine-5'-monophaosphate Cytidine-5'-monophosphate
Disodium uridine-5'-monophosphate Disodium uridine-5'-monophosphate
di-Alpha-tocopherol acetate di-Alpha-tocopherol acetate
Adenosine-5'-monophosphate Adenosine-5'-monophosphate
Disodium inosine-5'-monophosphate Disodium inosine-5'-monophosphate
Disodium guanasine-5'-monophosphate Disodium guanosine-5'-monophosphate
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Table 7 (continued) Nutrient (units/L) Formula of the Present Invention
Control Formuia Magnesium (mg) 45 64 Iron (mg) 8 8 Zinc (mg) 6 6
Manganese (i.tg) 50 50 Copper 04 560 333 iodine(g) 100 1D0 Sodium
(mg) 160 150 Potassium (mg) 650 700 Chloride (mg) 433 433

The mineral ingredients in the two formulas were as follows:

Table 5

Control Formula

Formuia of the Present Invention

Calcium chloride

Sodium citrate

Potassium bicarbonate

Calcium carbonate

Sodium chloride

Potassium Hydroxide

Potassium hydroxide

Magnesium chloride

Ferrous sulfate

Calcium 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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Selenium (up) 14 14 Nucleotides CMP (mg) 16.5 16.5 UMP (mg) 5.0 5.0

AMP (nip) I-- 4.0 4.0 GMP (mg) 2.0 ZO IMP (mg) 2.0 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 5average 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 1Q jVRRHOR WG

acid composition by standard high p

Rreduced.

tBGORRIGE WS abalyggd. for amino

erformance liquid chromatography

methods. The average levels of amino acids essential for the human
infant in the protein in the improved forhabia®are shown in Table 8. The

pre

e formyla has an amino acid
tha

standard \A/hpy formulas (Tahlp

r?ﬁ'ﬁ%&k’é‘?ﬁ 19, lat afvBrgaan milk

he nrntpln sourc

formulesisnitigiestimn togptophan, lysin

=\aadnmysmrmw3 lower in

threonine than sra}]ngardhwr}e%-tbtase TorrInUIarﬁ 5 e European Union
(EU) BB b e SRR F iR AN IntilR"SRTHE Tomposition to which

form

Aapmanaciirarn—oai4 0/

M@&rmtb%t,h@t@ompared [Dlrectn

af i

enga.{c;%Zl/EEC]. EU requires amino

acid €OMpPosStton mustbe-106%of

basisNiFhEGaGeRER]. The factor use

g el e 2ol s =Y PPN PR
U TurTaAIT TR vaiac s Ul a vVOTUT i

i P EBRAEHRIG/ L ODNEEAPES'FHTY/L was

1067 7@3&9@[ Inic'ggple 8. Essentlal ami
for ir

Ccurre

=mtwhre¢ypbfaseei formula

nQ; &Q%EQM@}'O” ona mg/L basis

Ascorbyi paimitate

Thiamine hydrochloride

Pantothenic acid

Vitamin B-6

Vitamin A palmitate

Riboflavin

Riboflavin

heta-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 (chotecaiciferol)

Vitamin B-12
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Amino acid European Union Annex V Human Milk infant Formula of the
Present Invention Standard whey based infant Formula Arginine 466 490
560 Cystine 162 250 230 Histidine 304 360 380 Isoleucine 487 750 870
Leucine 1055 1340 1410

The nutrient compositions of the present infant formula and the Control
Formula 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
Carbohydrate (g) 73 72
Fat (g) 36 36
Vitamin A (IU) 2200 2200
Beta-carotene (1U) 400 400
Vitamin D {IU) 425 425
Vitamin E (IU) 11 11
Vitamin K (ug) 67 67
Vitamin By (1g) 1000 1000
Vitamin Bz (ug) 1500 1500
Vitamin Bs (ug) 600 600
Vitamin B1z (1g) 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
tnositol (mg) 45 45
Taurine {mg) 47 47
Calcium {mg} 420 460
Phosphorus {(mg) 240 333
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Lysine 825 1140 1130 Methionine 196 290 360 Phenylalanine 419 610
620 Threonine 541 710 810 Tryptophan 203 290 230 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

Table 7 (continued)

Nutrient (units/L) Formula of the Present Invention Control Formula
Magnesium {mg) 45 64
lron (mg) 8 8
Zinc (mg) 6 6
Manganese (ug) 50 50
Copper (ug) 560 333
lodine (ug) 100 100
Sodium (mg) 160 160
Potassium (mg) 650 700
Chloride (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) 2.0 2.0

The calcium and phosphorus levels in the present formula are closer than
standard formulas to the levels found in human mik. 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 formuta are
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those of breast-fed infants, Fazzolari-Nesci etal, "Tryptophan Fortification
of Adapted Formula Increasing Plasma Tryptophan Concentrations to
Levels Not Different from Those Found in Breast-Fed Infants," Journal of
Ped. Gastro and Nut., 14:456-459 (1992). Tryptophan is the precursor to
the neurotransmitter serotonin, Fernstrom et 5 al, "Brain Serotonin
Content: Physiological Regulation by Plasma Neutral Amino Acids:'

Sii%ﬁ6ﬁn$3&éﬂéﬂ41|‘ﬁ1@8?e%;)enﬁﬂk&¥&@ %@ﬁ@&iﬁ%@f&ﬁ%@@@é@% that of
with improved slee enc icker onset o ryptophan
TR oo B8 4 RS e e U Ve Do of e B g, of e
al, "Iferlt Sheap P ttighe NN ERIse? M eI NdvEinfand Jolpwar of threonine
Mediginea0(d Rk 16d:04488ANsL0  Tryptophan competes for the

ame transport system as large neutral amino acids (LNAA). Thus, if

relatively high concentrations of LNAA are present, tryptophan is less

efficiently framsheieedaicrdsieelVin orelepievisiedure eptirial framgpormf amino
tryp&@ﬁ’@)@ﬁit&%’m@sﬁhﬁcmtﬁﬁfgmﬂaang}@ﬁm@t@om%éaéail’[D&é@@é:cV@iY?QiQEIEIC}. EU
15tryptophan/LNAA ratio is desirable. Comp to current infant formula,

the SR T 2 ARt K O e I s on -
to thathbasiEn e/ 100 kegktihBadacksmprshéncen\gititang(idieken! to mg/L was
1@ripgpadeavith important metabolic functions. Gluthathione is essential as

an antioxidant and also in ensuring optimal 20immune function. The

present formula contains elevated cystine levels compared to current

whelpn @ chsethidbmimiaptaeithfameosition orha afhdasil fepiipusiRshformula,
of thenpeesent feRtfoseutaenabiessredustiguirihaielad predatierel ‘

to a level closer to human milk while complying with EU 25amino acid
requirements) EXMERLE 4 Thebempeeveddormulafartd the Seradivonmula

1f Example 2|were evaluated i A@W%ﬂ?&@ﬁ’é :tiﬁ%&‘jj&ﬁi—c erﬂ%ﬁjﬁ’nfgf:m
randomized, ¢ontrolled, color-coded, parallel-grougyieutpatient study i
healthy, term jififaints: Infants were ref@omized to t&keive| one 6fthe two
formulas and wesértollowed for 12 weeks. Infants were healthy
full-term infanfSdiRaweights and Terggns approprigie for gestaggnal age.
Weight-for-lengitaiies were ietweggsthe 10T hraygd 90itT pergagtitesfor

ianal

ge accordingfo growth-chartsproviged-by-the-Natighat-Centerfpr-Health

Statistics NCW. Imentinfantslwere no-more-than-14-days
of age. W(eig t %n"r]flengfh were still %%’w«apn the ?2)%?’11 ang Q()'rﬁ%grce >illes
for age accordiig &' #fe NCHS growtfcharts. Infdiits wete excltively fed
study infant farRiEN4210%eeding of sfiidy formula 5&Yan the da§?8f the
baseline visit.|Ofrtheirt93 infants whd®ntered the stldy, 98 infénés
received the infaystdgrmula of the present inventioeeand 95 infazds
2%eceived the qontsehiormula. An infapgecould oe widrawn fromsdge study
for formula into{grsgTce; for receEving J3gn-stu ﬁy fegeings formgw; tham5
consecutive days-erore-than7cumutative-taysfor-recetving-human
milk, baby 15 food, or other solid foods, or for noncompliance with the

study protocol. The physician or the parent could withdraw an infant

voluntarily ' 0 the 98.infant ' ﬁ ét;
experiment ol o By EaE e A L B Ry ¥Brophan, an
Sthfarfes 8RR AEIR thareBRtRIfo i £ 58Iy 8B 5 86 cofiipétetardased infant
studfsrinight imtanEsi£8. 20meit thizedparneted gienp prRdfaUEMfRNESId levels that
(4'205920 &h%go%@%g@&p d!ﬁcgg%gﬂ?gjfrﬁ@n@eﬁ ¥Hd’¥1g eé%%(%?%oonf. of tryptophan.
protocol violations. Five mFants in the experlmentaf group and four mgan?’sp

in thBlRIARNGrenpARidesEntietP BRitaied IR Rk todenaNEirafly 'ower than
remaining infants, 72, or 85%, of 25 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 studyglue to adverse events (20195

or 21%) than did those infants in the improved formula group (15/98 or

15.3%). TABLE 9:Infant Enrolment and Discontinuation Experimental

Formula Control Formula Total Status (N = 98)




(N =95) (N = 193) Reason for discontinuation N N N Entered 98 95 193
Failed to return 5 4 9 Protocol violation 8 4 12 Relevant number 85(100%)
87(100%) 172(109%) Completed 72 (85%) 62 (71%) 134 (%)
Discontinued for* Adverse event 15
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those of breast-fed infants, Fazzolari-Nesci etal, "Tryptophan Fortification of Adapted
Formula Increasing Plasma Tryptophan Concentrations to Levels Not Different from

Those Found in Breast-Fed Infants," Journal of Ped. Gastro and Nut., 14:456-459

(1992). Tryptophan is the precursor to the neurotransmitter serotonin, Fernstrom et
al, "Brain Serotonin Content: Physiological Regulation by Plasma Neutral Amino
Acids," Science, 178: 414-415 (1972) . Elevated serotonin levels are associated with
improved sleep latency (quicker onset of sleep). Tryptophan supplementation of
infants shortens the time to onset of sleep, Yogman et al, "Dietal Sleep Patterns In
Newborn Infants,” New England Journal of Medicine, 309(19): 1147-9 (1983).

Tryptophan competes for the same transport system as large neutral amino
acids (LNAA). Thus, if relatively high concentrations of LNAA are present,
tryptophan is less efficiently transported across cells. In order to ensure optimal
transport of tryptophan across the intestine and also into the brain, a relatively high
tryptophan/LNAA ratio is desirable. Compared to current infant formula, the present

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
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
amino acid reguirements.

EXAMPLE 4

The improved formula and the control formula of Example 2 were evaluated in
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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20 35 Physicianifamily request 19 23 42 Other reasons 2 3 * Multiple
reasons for discontinuation were allowed in this study. The primary
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enrollment, and within -3 days of the other time points. Baseline
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formdgyslated 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). No infants in the
present formula group had formula-related adverse events of the
respiratory system, and three infants (3.2%) in the control group had such
events. Overall, the adverse event profiles of the two study formulas were
similar. Protein status (serum albumin, blood urea nitrogen (BUN), and
creatinine) were secondary safety endpqipgs. measured at baseline and at
Week 12. The 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/di in both
groups). Comparable growth and serum albumin status indicate adequate

protein nutrition from the alpha-lactalbumin rich formula despite lower total
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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 satlsfactory ranged from
90% atWeek2to 1008 At Week i.n L2 10 whoreceived-the

| ntj
improved formula ang randed from 85. 45% ) 9874 at Week 10
for infants who received the contrékjetnmula. Unaceeptadtesratings ranged
from 0-10% in the improved formul5°gF8fp (average 4.1%) and from
1.6-14. 8%in the control 25grqup (alerdge 7.0¢ /0). Thes B2lta indicatss: thax
the imprayed formuia proyides entranced protem numNun andrformut
acceptability. TABLE 10. Summary of Acceptability and Tolerance of the
Study Foremda Tlme Point Experlmenml Formdla N = @8) Control Foreula
(N ,.-- B9y Qveralt Acceptabitity and-Toterance-n{%)—1 Week 2
Satisfactc?r’v 83? 58 0) 82 ( 95/3) Unsatisfactory 9 ( 10.0) 9
Protocol viclation 8 4 12
Relevant number 85 (100%) ' 87 (100%) 172 (100%)
Completed 72 (85%) 62 (71%) 134 (%)
Discontinued for*
Adverse event 15 20 35
Physician/family request 19 23 42
Other reasons 2 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
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
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).

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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44.7) Week4 Satisfactory 8 91.0 7 ( 85.9) Unsatisfactory 8 ( 9.0) 12
14.1) Week 6

statistically significant differences between the formula groups on any of the growth
measures (weight, length, or head circumference). The anthropometric data showed
significant growth on all measures over a 12-week period, with the average infant
gaining approximately 2700 g of body weight, 10 cm in body length, and 5 cm in
head circumference. There was no statistically significant difference between the
groups fed the experimental and control formulas at Weeks 4, 8, or 12. Z-scores for
mean weight gain from baseline to week 12 were higher in the improved formula
group (+0.49) as compared to the control group (+0.183). The improved formula
group also had fewer non-study feedings than the control group (35.7% versus 42%,
respectively).

Adverse events and acceptability and tolerance of study formula were
recorded at visits at Weeks 4, 8, and 12 and by telephone confacts at Weeks 2, 6,
and 10. Assessments were done within 3 days before or after the time point.
Tolerance data were collected by interview. An adverse event was defined as any
untoward medical occurrence in an infant to whom a test article was administered in
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
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%],
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
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 77 (97.5) Cl (92.4) Unsatisfactory 2 2.5)5(7.6) Week 6
Satisfactory 75 (97.4) 64 ( 88.9) Unsatisfactory 2 ( 2.6) 8 (11.1)

No infants in the present formula group had formula-related adverse events of
the respiratory system, and three infants (3.2%) in the control group had such events.
Overall, the adverse event profiles of the two study formulas were similar.

Protein status (serum albumin, blood’ urea nitrogen (BUN), and creatinine)
were secondary safety endpoints measured at baseline and at Week 12. The
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
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. 8.3 mg/dl), indicating a high quality
protein source and reduced need for excess protein removal.

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
percentage of infants whose overall acceptability and tolerance of study formula was
satisfactory ranged from 80% 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 O-
10% in the improved formula group (average 4.1%) and from 1.6-14.1% in the control

group (average 7.0%). The data indicates that the improved formula provides
enhanced protein nutrition and formula acceptability.
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Week 10  Satisfactory 69 (100.0) 6 ( 98.4) Unsatisfactory 0 ( 0.0) 1 ( 1.6)
Week 12  Satisfactory 72 (100.0) 61

TABLE 10. Summary of Acceptability and Tolerance of the Study Formula
Experimental Control
Formula Formula
Time Point (N = 98) (N = 95)
Overall Acceptability and Tolerance n (%) n (%)
Week 2
Satisfactory 81 (90.0) 82 (95.3)
Unsatisfactory 9 {10.0) 4 (4.7)
Week 4
Satisfactory 81 (81.0) 73 (85.9)
Unsatisfactory 8 (9.0) 12 (14.1)
Week 6
Satisfactory 77 (97.5) 61 (92.4)
Unsatisfactory 2 (2.5} 5 (7.8)
Week 8
Satisfactory 75 (97.4) 64 (88.9)
Unsatisfactory 2 (2.8) 8
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)
*  Percentages at each visit are calculated from the number of infants who contributed data at that
time point.

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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(96.8) Unsatisfactory 0 ( 0.0) 2 ( 3.2) *Percentages at each visit are
calculated om the numbe of infants who contributed data at that time

point. The present invention may be embodied on other specific forms  pogiLp

without departing for the spirit and essential attributes thereof and

FEAAFIRIY, MeiRER e should be made to the appended claims, rather
fhian o the Toregoing specification, as 5indicating the scope of the

invention. MCSLLP WHAT IS CLAIMED IS: 1. An infant formula
domposﬁﬁo'rmmitnmisipg bmnﬂmghiﬂoand@v‘td@eg' tracimen rwihemi_u 40%hety fraction
GRSef iRt pratein, ZB‘ESH ‘M&ﬁ’éﬁrﬁrﬁFEQ@ @@9?@&%@\9%&%@%bumm and

more tﬂtan 8% of the totﬂﬁ rotein in said whey fraction is o
FeRERI A8 fob it GitPiah BT BISIIdD BRi Meepdregtitage Beta-lactoglobulin, with the
pipivadatial hbenpe ibepead evbiey fractataib wreater dhianitheypescaotagegedater than

PRI AClaRlaR L _ald JBLIFARTON fn Avialghlormula composiion

prising an amount of bovine milk providing to 1.2 grams of
protein per 100 available kilocalories and an amount of a bovine whey

rmateriah priovaming it cod greins idprptRing e 18 availsibiRvine milk providing
ilpcalqries, said bovine whe terial having an alpha-lactalbumin :

B & A R R R g R B R SR ar gt o @ bovine

tebeypiAtERa TR VTHBd Hf&ntofdrinalared Pigysiedh Rl ARzl difp salieries, said

lb@viﬁebwk@wl m&el réghlaam@@ramaalm@mmiﬁ eontent &f 28401804389 and a beta-
nd a beta-lacto in content of 10% to 29% of total protein. 4.The

?ﬁgﬁg%grlrﬁﬂlgo&t)%nq%#sg%ér% o# céli(r)rﬁ é?avlvﬁlgrtgm'said bovine whey material

is 20further characterized by: (a) a non-protein nitrogen content of 15% or

|§.55t Ofttmf@ligf/gﬂg\%%@ %gﬁ?&ﬂf@?eig‘f%?tﬁﬁ@, Q?AH}&S&EIQ( %%?0953/921@@1@ material
ontent o % or €ss,; an an_asnhn content o %4 or less. .lhe

R R SO R B B Nt B o MR e U gontent of
HaSa st @Vpodtetal gootint of 35% to 80%. 6.The infant formula

composition of claim 5, wherein said bovine whey material 30has a total
protein content of 73% to 77%. 7. The infant formula composition of claim

ﬁ’, said Eggi%%fma&qmwﬁan of claim 2, wherein said bovine whey material is

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%j;
(c) a fat content of 15% or less; and
(d) an ash content of 4.5% or less.
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

has a total protein content of 73% to 77%.

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,

(b) Cystine, 1.4;
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further characterized by amino acid contents of no less than the following,
in grams per 100 grams of total protein: 35(a) Arginine. 3.1; (b) Cystine,

1.4; MCSLLP (c) Histidine, 1.6; (d) Isoleucine, 1.0; (e) Leucine, 5.3; (f) MCSLLP
Lysine, 3.9; 5(g) Methionine, 0.3; (h) Phenylalanine, 1.2; (O Threonine,
_3.2; (‘égﬂ'igimg’hﬁg, _1.5; (k) T_yrosme, 0.9_; and 10(1) Valine, 1.0. 8.The
infant formula comiposition of claim 2, wherein the amount of alpha-
lactalbufhitsBe6INEsS than 2.2 grams per 670 available kilocalories
(0.3391(00keshe, 08 The infant formula composition of claim 1, which
also cor&q_rissclans bg\gne milk protein in an amount such that the ratio of
whey p# telns fo caseins is 60 to 40 by weight. 10.The infant formula
compodRidriadhienring. £, dvherein the amount of alpha- 20lactalbumin is
2.2-2.5 gharRs s frfiRkitpgalories.

(i) Threonine, 3.2;

(i) Tryptophan, 1.5;

(k) Tyrosine, 0.9; and

(1) Valine, 1.0.
8. 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).

9. 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

weight.

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

lactalbumin is 2.2-2.5 grams per 670 kilocalories.
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