
LOW-LACTOSE PARTIALLY HYDROLYZED INFANT FORMULA Field
of Invention [0001] The present invention relates to
low-lactose partially hydrolyzed infant formulas.
Background [0002] Food allergy is an immunologically
mediated clinical syndrome that develops after the
ingestion of a dietary product. The adverse reaction
that accompanies a food allergy is often an immediate
immunoglobulin E (IgE) mediated reaction, otherwise
known as food protein allergy. Host, A., et a/.,
Dietary Products Used in Infants for Treatment and
Prevention of Food Allergy, Arch. Dis. Child 8 1:80-84
(1999). Symptoms of food protein allergy include
angioedema, urticaria, eczema, asthma, rhinitis,
conjunctivitis, vomiting, or anaphylaxis. [0003] Cow's
milk allergy is the most common food protein allergy
in young children and occurs in about 2% to 3% of all
infants. Sampson, H.A., Food Allergy. Part 1:
lmmunopathogenesis and Clinical Disorders, J Allergy
Clin Immunol. 103:717-728 (1999). One possible
explanation for the prevalence of cow's milk allergy
among infants is that intact cow's milk protein, which
is found in most conventional infant formulas, is the
earliest and most common food allergen that infants
are exposed to. In addition, infants may be especially
susceptible to cow's milk allergy because their
intestinal mucosa have a greater permeability to
incompletely digested macromolecules than do adults.
Moran R., Effects of Prolonged Exposure to Partially
Hydrolyzed Milk Protein, J. Pediatr. 121:S90-S4
(1992). [0004] While there is no known treatment that
can completely cure cow's milk allergy, it may be
possible to prevent or lessen cow's milk and other
allergies in infants through the consumption of
hydrolyzed protein 



formulas. It has been shown that the consumption of
infant formulas having partially and extensively
hydrolyzed proteins in place of conventional formulas
having only intact proteins may reduce the risk of
future allergies in infants. Id. Thus, if an infant
has a family history of allergies, consumption of
hydrolyzed protein formulas may reduce the riskof that
child developing an allergy in the future. [0005]
Hydrolyzed protein formulas can be characterized as
extensively hydrolyzed or partially hydrolyzed.
Extensively hydrolyzed protein-containing infant
formulas (EHF) are based on cow's milk, but the
proteins have been treated with enzymes to break down
most of the proteins that cause allergy-related
symptoms. One example of a commercially-available EHF
is Enfamil(r) Nutramigen(r). It is a caseinbased
hypoallergenic infant formula for term infants who are
sensitive to intact proteins in cow's milk and soy
formulas. Partially hydrolyzed protein-containing
infant formulas (PHF), on the other hand, have been
treated with enzymes to break down only some of the
milk proteins. [0006] Ideally, any infant formula,
including PHF, should simulate human milk as closely
as possible. In human milk, there are two main
proteins, whey protein and casein. Whey protein
typically composes about 60% of the protein in human
milk, while casein typically composese about 40%.
Lonnerdal, B., Biochemistry and Physiological
Functions of Human Milk Proteins, Am. J. Clin. Nutr.
42:1299-1317 (1985). [0007] In addition to simulating
the protein content of human milk, a PHF should not
cause or exacerbate difficulties in carbohydrate
absorption. The major carbohydrate in cow's milk-based
infant formula is lactose. Lactose is a disaccharide
of glucose and galactose and the enzyme lactase is
required for the body to digest lactose. If lactase,
which is located on the surface membrane of intestinal
epithelial cells, is not 



present in sufficient amounts, the body may be unable
to completely digest lactose. This condition, which is
commonly known as lactose intolerance, can lead to
symptoms such as abdominal bloating, gas, cramps and
diarrhea. [0008] One way to avoid the unwanted side
effects of lactose intolerance in infants is to
provide a low-lactose infant formula for nutritional
supplementation or human milk replacement. A
low-lactose infant formula typically has a small
percentage of carbohydrates comprising lactose. The
remaining carbohydrate content is derived fromanother
source, such as corn syrup solids. [0009] Various
infant formulas have been disclosed, but none provide
the combined benefits of the present invention. For
example, U.S. Patent No. 5,405,637 to Martinez, et al.
relates to a milk protein partial hydrolysate and
infant formula containing the same. The patent does
not, however, disclose an infant formula having a
lactose content between about 0% and 60%.
Additionally, although the reference discloses a
degree of hydrolysis between about 6 and 9%, the
protein hydrolysate of the Martinez reference does not
disclose having the molecular weight of the protein
hydrolysate employed in the present invention. [00010]
U.S. Patent No. 6,777,931 to Kratky relates to an
infant formula composition having a low threonine
content. While the reference discusses the use of whey
protein and casein, the whey protein used is modified
so that the caseino-glyo-macropeptide (cGMP) has been
removed. Additionally, the reference does not disclose
an infant formula having a partial hydrolysate with
the particular molecular weight profile as in the
present invention. [00011] U.S. Patent No. 6,162,472
to Griffin, et al. relates to an infant formula
comprised of casein and whey protein and having a
lactose 



content of less than 20%, but does not disclose a
partial hydrolysate formula. [00012] U.S. Patent No.
6,171 ,621 to Braun, et al., U.S. Patent No. 6,863,918
to Bindels, et al., and U.S. Patent No. 6,194,009 to
Kamarel all relate to various infant formulas and
nutritional products based on protein hydrolysates.
The patents do not, however, disclose a supplement or
formula having a whey protein:casein ratio between
about 50:50 and 70:30. Additionally, the partial
hydrolysates of the various patents do not disclose
hydrolysates with the molecular weight employed in the
present application. Summary of the Invention [00013]
Briefly, the present invention is directed to a novel
infant formula comprising a carbohydrate component
comprised of betweenabout 0% and 60% lactose, wherein
said percentages are based on the total weight of the
carbohydrates present in the formula; and a protein
component of partially hydrolyzed whey protein and
casein, wherein the ratio of whey protein to casein is
between about 50:50 and 70:30 and wherein the protein
hydrolysate has the peptides spread over the range of
molecular weight distribution, as a function of their
molar mass, that is shown in Table 1. Table 1 [00014]
Among the several advantages found to be achieved by
the present invention, the milk protein partial
hydrolysate has a protein composition similar to that
of human milk, an improved taste, and improved
emulsifying properties. Additionally, the present
invention induces a lesser priming effect for IgG
antibody response than does intact cow's milk. Thus,
the present invention may have a reduced immunogenic
potential. 



Detailed Description of the Preferred Embodiments
[00015] Reference now will be made in detail to the
embodiments of the invention, one or more examples of
which are set forth below. Each example is provided by
way of explanation of the invention, not limitation of
the invention. In fact, it will be apparent to those
skilled in the art that various modifications and
variations can be made in the present invention
without departing from the scope or spirit of the
invention. For instance, features illustrated or
described as part of one embodiment can be usedon
another embodiment to yield a still further
embodiment. [00016] Thus, it is intended that the
present invention cover such modifications and
variations as come within the scope of the appended
claims and their equivalents. Other objects, features
and aspects of the present invention are disclosed in
or are obvious from the following detailed
description. It is to be understood by one of ordinary
skill in the art that the present discussion is a
description of exemplary embodiments only, and is not
intended as limiting the broader aspects of the
present invention. Definitions [00017] As used herein,
the term "low-lactose" means a lactose content that is
less than 100%, including 0% lactose. [00018] The
terms "degree of hydrolysis" mean the extent to which
peptide bonds are broken by an enzymatic hydrolysis
reaction. The measurement shows the number of specific
peptide bonds broken in hydrolysis as a percent of the
total number of specific peptide bonds present in the
intact protein. [00019] The term "probiotic" means a
microorganism that exerts beneficial effects on the
health of the host. [00020] As used herein, the term
"prebiotic" means a non-digestible 



food ingredient that beneficially affects the host by
selectively stimulating the growth and/or activity of
one or a limited number of bacteria in the colon that
can improve the health of the host. [00021] The term
"subject" means any mammal, preferably a human.
[00022] As used herein, the term "infant" means a
human that is less than about one year old. [00023] As
used herein, the term "infant formula" means a
composition that satisfies the nutrient requirements
of an infant by being a substitute for human milk. In
the United States, the content of an infant formula is
dictated by the federal regulations set forth at 2 1
C.F.R. Sections 100, 106, and 107. These regulations
define macronutrient, vitamin, mineral,and other
ingredient levels in an effort to stimulate the
nutritional and other properties of human breast milk.
Invention [00024] In accordance with the present
invention, a novel infant formula has been discovered.
The infant formula has a low lactose content and
comprises a mixture of partially hydrolyzed casein and
whey protein. The protein partial hydrolysate of the
infant formula has a specific and unique molecular
weight distribution that results in a product that is
distinct from the prior art. [00025] The present
invention provides a whey protein:casein ratio that is
similar to that found in human breast milk. In a
particular embodiment, the ratio of whey protein:
casein is between about 50:50 and 70:30. In another
embodiment, the ratio of casein:whey protein is about
60:40. [00026] The whey protein used in the present
invention may be derived from any source known in the
art. In one embodiment, the whey protein may be
sourced from a raw whey obtained from sweet cheese
manufacturing, from whey protein concentrate (WPC)
which is obtained by 



ultrafiltration (UF whey), by ion exchange and/or
electrophoresis (ED whey) or from whey isolate that
has been treated to reduce the lactose content of the
whey. [00027] The casein used in the present invention
may also be derived from any source known in the art.
For example, the casein can be either acid casein or
non-fat milk solids (NFM). [00028] Both the whey
protein and the casein may be diluted or reconstituted
to solutions containing between about 20% and 25%
total solids, and between about 40% and 50% protein on
a dry basis. [00029] In the present invention, the
carbohydrate component comprises between about 0% and
60% lactose. In another embodiment of the present
invention, the carbohydrate component comprises
between about 15% and 55% lactose. In yet another
embodiment of the present invention, the carbohydrate
component comprises between about 20% and 30% lactose.
In a particular embodiment of the invention,
thecarbohydrate component comprises between about 1
and 25% lactose. In these embodiments, the remaining
source of carbohydrates may be any carbohydrate source
known in the art, such as lactose, glucose, corn syrup
solids, maltodextrins, sucrose, starch, rice syrup
solids, and the like. In a particular embodiment, the
carbohydrate component comprises about 25% lactose and
about 75% corn syrup solids. [00030] The lactose may
be added to the infant formula or may be present
naturally in the components of the infant formula. In
one embodiment of the invention, the lactose in
naturally present in the dried hydrolysate. In this
embodiment, between about 30% and 70% of the dried
hydrolysate may constitute carbohydrates. In a
particular embodiment, about 50% of the dried
hydrolysate constitutes carbohydrate. [00031] In one
embodiment of the invention, the lactose content can
be 



0%. In this embodiment, the hydrolysate can be treated
using any method known in the art to remove its
lactose content. Alternatively, milk protein
ingredients that are lactose-free can be used to
prepare the infant formula. [00032] In the present
invention, the proteins are hydrolyzed using a
proteolytic enzyme, Protease N. Protease N "Amano" is
commercially available from Amano Enzyme U.S.A. Co.,
Ltd., Elgin, IL. Protease N is a proteolytic enzyme
preparation that is derived from the bacterial species
Bacillus subtilis. The protease powder is specified as
"not less than 150,000 units/g", meaning that one unit
of Protease N is the amount of enzyme which produces
an amino acid equivalent to 100 micrograms of tyrosine
for 60 minutes at a pH of 7.0. To produce the infant
formula of the present invention, Protease N can be
used at levels of about 0.5% to about 1.0% by weight
of the total protein being hydrolyzed. [00033] The
protein hydrolysis by Protease N is typically
conducted at a temperature of about 500C to about
600C. The hydrolysis occurs for a period of time so as
to obtain a degree of hydrolysis between about 4% and
10%. In a particular embodiment, hydrolysis occurs for
a period of time so as to obtain a degree of
hydrolysis between about 6% and 9%. In another
embodiment, hydrolysis occurs for a period of time so
as to obtaina degree of hydrolysis of about 7.5%. This
level of hydrolysis may take between about one half
hour to about 3 hours. [00034] A constant pH should be
maintained during hydrolysis. In the method of the
present invention, the pH is adjusted to and
maintained between about 6.5 and 8. In a particular
embodiment, the pH is maintained at about 7.0. [00035]
In order to maintain the optimal pH of the solution of
whey protein, casein, water and Protease N, a caustic
solution of sodium hydroxide and/or potassium
hydroxide can be used to adjust the pH during 



hydrolysis. If sodium hydroxide is used to adjust the
pH, the amount of sodium hydroxide added to the
solution should be controlled to the level that it
comprises less than about 0.3% of the total solid in
the finished protein hydrolysate. A 10% potassium
hydroxide solution can also be used to adjust the pH
of the solution to the desired value, either before
the enzyme is added or during the hydrolysis process
in order to maintain the optimal pH. [00036] The
amount of caustic solution added to the solution
during the protein hydrolysis can be controlled by a
pH-stat or by adding the caustic solution continuously
and proportionally. The hydrolysate can be
manufactured by standard batch processes or by
continuous processes. [00037] To better ensure the
consistent quality of the protein partial hydrolysate,
the hydrolysate is subjected to enzyme deactivation to
end the hydrolysis process. The enzyme deactivation
step may consist include at heat treatment at a
temperature of about 82C for about 10 minutes.
Alternatively, the enzyme can be deactivated by
heating the solution to a temperature of about 92C for
about 5 seconds. After enzyme deactivation is
complete, the hydrolysate can be stored in a liquid
state at a temperature lower than 1O0C. [00038] In an
embodiment of the present invention, the liquid
partial protein hydrolysate made according to the
methods described herein can be used as is and blended
with other ingredients to make an infant formula.
Alternatively, the partial hydrolysate can be produced
in powderform by spray drying the liquid hydrolysate.
The spray-dried hydrolysate can then be incorporated
into an infant formula. In another embodiment, the
liquid partial hydrolysate can be concentrated by
evaporation and then spray dried. Again, the
spray-dried hydrolysate can be incorporated into an
infant formula. An infant formula having the described
partially 



hydrolyzed proteins can be formulated using any of the
methods of infant formula formulation known in the
art. [00039] The infant formula of the present
invention may be nutritionally complete and typically
contains suitable types and amounts of lipid,
carbohydrate, protein, vitamins and minerals. The
amount of lipid or fat typically can vary from about 3
to about 7 g/100 kcal. Lipid sources can be any known
in the art, including vegetable oils such as palm oil,
soybean oil, palmolein, coconut oil, medium chain
triglyceride oil, high oleic sunflower oil, high oleic
safflower oil, and the like. The amount of protein
typically can vary from about 1 to about 5 g/100 kcal.
The amount of carbohydrate typically can vary from
about 8 to about 12 g/100 kcal. [00040] The infant
formula may include a probiotic. Any probiotic known
in the art will be acceptable in this embodiment. In a
particular embodiment, the probiotic is chosen from
the group consisting of Lactobacillus and
Bifidobacterium. [00041] In another embodiment of the
invention, the infant formula may contain one or more
prebiotics. Any prebiotic known in the art will be
acceptable in this embodiment. Prebiotics of the
present invention may include lactulose,
galacto-oligosaccharide, fructo-oligosaccharide,
isomalto-oligosaccharide, soybean oligosaccharides,
lactosucrose, xylooligosacchairde, and
gentio-oligosaccharides. [00042] In other embodiments
of the present invention, the infant formula may
contain other components such as long chain
polyunsaturated fatty acids (LCPUFA). Suitable LCPUFAs
include, but are not limited to, a-linoleic acid,
g-linoleic acid, linoleic acid, linolenic acid,
eicosapentaenoic acid (EPA), arachidonic acid (ARA)
and docosahexaenoic acid (DHA). In an embodiment, the
infant formulacontains DHA. In another embodiment, the
infant formula contains ARA. 



In yet another embodiment, the infant formula of the
invention contains both DHA and ARA. [00043] In one
embodiment, both DHA and ARA are incorporated into the
infant formula of the present invention. In this
embodiment, the weight ratio of ARA:DHA is typically
from about 1:3 to about 9:1 . Alternatively, this
ratio can be from about 1:2 to about 4:1 . In yet
another alternative, the ratio can be from about 2:3
to about 2:1. In one particular embodiment, the ratio
is about 2:1 . [00044] The effective amount of DHA in
an embodiment of the present invention is typically
from about 3 mg per kg of body weight per day to about
150 mg per kg of body weight per day. In one
embodiment of the invention, the amount of DHA is from
about 6 mg per kg of body weight per day to about 100
mg per kg of body weight per day. In another
embodiment, the amount is from about 10 mg per kg of
body weight per day to about 60 mg per kg of body
weight per day. In yet another embodiment, the amount
is from about 15 mg per kg of body weight per day to
about 30 mg per kg of body weight per day. [00045] The
amount of DHA in infant formulas for use with the
present invention typically varies from about 5 mg/1
00 kcal to about 80 mg/1 00 kcal. In one embodiment of
the present invention the amount of DHA varies from
about 10 mg/1 00 kcal to about 50 mg/1 00 kcal; and in
another embodiment it varies from about 15 mg/1 00
kcal to about 20 mg/1 00 kcal. In a particular
embodiment of the present invention, the amount of DHA
is about 17 mg/1 00 kcal. [00046] The effective amount
of ARA in an embodiment of the present invention is
typically from about 5 mg per kg of body weight per
day to about 150 mg per kg of body weight per day. In
one embodiment of this 



invention, the amount of ARA varies from about 10 mg
per kg of body weight per day to about 120 mg per kg
of body weight per day. In another embodiment, the
amount varies from about 15 mg per kg of body weight
per day to about 90 mg per kg of body weight per day.
In yet anotherembodiment, the amount varies from about
20 mg per kg of body weight per day to about 60 mg per
kg of body weight per day. [00047] The amount of ARA
in infant formulas for use with the present invention
typically varies from about 10 mg/100 kcal to about
100 mg/100 kcal. In one embodiment of the present
invention, the amount of ARA varies from about 15
mg/100 kcal to about 70 mg/100 kcal. In another
embodiment the amount of ARA varies from about 20
mg/100 kcal to about 40 mg/1 00 kcal. In a particular
embodiment of the present invention, the amount of ARA
is about 34 mg/100 kcal. [00048] DHA and ARA can be
supplemented into the present invention using standard
techniques known in the art. For example, DHA and ARA
can be added to the supplement or formula by replacing
an equivalent amount of an oil, such as high oleic
sunflower oil, normally present in the formula. As
another example, the oils containing DHA and ARA can
be added to the supplement or formula by replacing an
equivalent amount of the rest of the overall fat blend
normally present in the formula without DHA and ARA.
[00049] The source of DHA and ARA can be any source
known in the art. In an embodiment of the present
invention, sources of DHA and ARA are single cell oils
as taught in U.S. Pat. Nos. 5,374,567; 5,550,156; and
5,397,591 , the disclosures of which are incorporated
herein in their entirety by reference. However, the
present invention is not limited to only such oils.
DHA and ARA can be in natural or refined form. [00050]
In one embodiment, the source of DHA and ARA is 



substantially free of eicosapentaenoic acid (EPA). For
example, in one embodiment of the present invention
the infant formula contains less than about 16 mg
EPA/100 kcal; in another embodiment less than about 10
mg EPA/100 kcal; and in yet another embodiment less
than about 5 mg EPA/100 kcal. One particular
embodiment contains substantially no EPA. Another
embodiment is free of EPA in that even trace amounts
of EPA are absent from the formula. [00051] The infant
formula of the present invention has a
particularmolecular weight distribution. This
molecular weight distribution has demonstrated
acceptable emulsification and taste qualities as
compared to other partial hydrolysates found in the
prior art. In addition, the particular molecular
weight distribution has been shown to induce a lesser
serum IgG antibody effect than intact milk protein.
[00052] In an embodiment of the present invention, the
partial protein hydrolysate made according to the
methods described herein can be incorporated into a
nutritional supplement. The partial protein
hydrolysate can be used in liquid form and blended
with other ingredients to make a liquid nutritional
supplement. Alternatively, the partial protein
hydrolysate can be spray-dried and incorporated into a
powdered nutritional supplement. A nutritional
supplement having the described partially hydrolyzed
proteins can be formulated using any of the methods of
nutritional supplement formulation known in the art.
[00053] Size exclusion chromatography (SEC) was used
to determine the molecular weight distribution of the
hydrolysate peptides created by the
presently-described hydrolysis process. Specifically,
a sufficient amount of the powdered infant formula was
weighed out to provide 0.5 grams of protein into a
50ml conical centrifuge tube. Water was added to bring
the tube to a volume of 45ml. The mixture was placed
in a Sarstedt 



D-5223 Mixer and mixed for one hour. After mixing, a
1% protein solution was created by adding another 5ml
of water to the tube. A stock standard was prepared
and mixed for one hour as well. [00054] Separately,
14.91 grams potassium chloride (KCl) was added to a
1000 ml beaker. The KCI was dissolved by adding 700 ml
of water to the beaker. 250ml acetonitrile and 1.0ml
trifloroacetic acid were then added to the KCI
solution (eluent). The pH was adjusted to 3.0 using a
0.2M K2HPO4 solution. [00055] An HPCL reagent bottle
was filled and the bottle was washed with eluent,
reserving about 50ml for dilution of samples and
standards. The Hitachi L-6200 A Intelligent Pump lines
were purged with eluent and the columns were
equilibrated with eluent for one hour.[00056] After
the samples were mixed for one hour, 5.0ml of each
sample was pipetted into glass screw-cap tubes. 5.0ml
Dichloromethane was also pipetted into each tube. The
tubes were capped and mixed by inversion four times.
The samples were then centrifuged for five minutes at
200 X g. [00057] While the samples were in the
centrifuge, the stock standards 1-5 were diluted with
eluent (80OuI + 320OuI). Approximately 1ml of each
standard was pipetted into each of two autosampler
vials and capped. [00058] The upper (aqueous) layer of
the centrifuged samples 1-10 were diluted with eluent
( 1OOul + 90OuI). The vials were loaded into the
autosampler tray as follows: blank, standard, samples
and second standard. The tray was placed in the
Hitachi autosampler. The total number of vials to be
run were entered into the autosampler program using
the keys on the front of the autosampler and the
samples were run. The results indicated the molecular
weight profile of the protein. [00059] In an
embodiment, the partial hydrolysate of the invention
has 



an average molecular weight of 2,000 with the range of
molecular weight distribution shown in Table 1, above.
[00060] In another embodiment, the partial hydrolysate
of the invention has the molecular weight distribution
shown in Table 2. Table 2 [00061] The following
examples describe various embodiments of the present
invention. Other embodiments within the scope of the
claimsherein will be apparent to one skilled in the
art from consideration of the specification or
practice of the invention as disclosed herein. It is
intended that the specification, together with the
examples, be considered to be exemplary only, with the
scope and spirit of the invention being indicated by
the claims which follow the examples. In the examples,
all percentages are given on a weight basis unless
otherwise indicated. Example 1 [00062] This example
illustrates a method for producing a protein partial
hydrolysate. Initially, 60.3 kg non-milk solids (milk
powder) and 37.4 kg whey protein concentrate (60%)
were intermixed in a tank containing water at 54C. The
slurry had a total solids content of between 20% and
23%. The pH of the slurry was then measured. Sodium
and potassium hydroxide were added to the slurry to
adjust the pH of the slurry to 7.0. After adjusting
the pH, 0.5 kg of Amano N enzyme was added to the
slurry. Following the addition of Amano N to the
slurry, the pH was continuously adjusted to a pH of
7.0 using sodium hydroxide and potassium hydroxide.
The total amount of sodium hydroxide added to the
slurry was 0.3 kg. The total amount of potassium
hydroxide added to the slurry was 1.5 kg. [00063] The
hydrolysis was permitted to occur for 90 minutes, the
time starting with the addition of Amano N enzyme to
the slurry. At the end of 90 minutes, the slurry was
heat treated to inactivate the enzyme. The heat 



treatment consisted of raising the temperature of the
slurry to 82C for 10 minutes. The degree of hydrolysis
obtained in this example was between 6% and 9%. The
slurry was then cooled and spray dried to obtain a
powdered hydrolysate. Example 2 [00064] This example
illustrates one embodiment of ingredients that can be
used to prepare the infant formula of the present
invention.Table 3: Recipe of an Embodiment of the
Hvdrolvsate [00065] Vitamins may be added to the
ingredients in Table 3. Examples of vitamins that can
be added to the formula include vitamin A, vitamin D3,
vitamin E1vitamin K-t, thiamin, riboflavin, vitamin B6
hydrochloride, vitamin B -12 , niacinamide, folic
acid, calcium pantothenate, biotin and ascorbic acid.
[00066] Minerals may also be added to the ingredients
in Table 3 . Examples of minerals that can be added to
the formula include calcium phosphate, calcium
glycerophosphate, calcium gluconate, sodium citrate,
potassium chloride, potassium citrate, potassium
phosphate, magnesium phosphate, ferrous sulfate, zinc
sulfate and cupric sulfate. Example 3 [00067] This
example illustrates the priming effect for IgG
antibody response of the protein partial hydrolysate
obtained in Example 1. Three hundred twenty-three
infants were studied in seven pediatric practices
located throughout the United States. Subjects were
healthy term infants enrolled shortly after birth.
[00068] Infants whose mother indicated her intention
to breastfeed were assigned to group A. Those infants
whose mothers elected not to breastfeed were randomly
assigned in double-blind fashion to either group B or
C. Infants in group B received an infant formula
comprising the protein partial hydrolysate obtained in
Example 1. Infants in group C 



received a commercially available, whey-protein
dominant milk-based formula (Enfamil, available from
Mead Johnson Co., Evansville, IN). Both formulas
contained the same amounts of protein, carbohydrate
and fat. [00069] Infants were evaluated at monthly
intervals up to 4 months ofage at all sites, and at 6
and 8 months of age at three of the seven sites. Blood
was drawn on admission and at 3, 6 and 8 months of age
for detection of serum antibodies to milk. IgE
anti-milk protein antibodies were quantified by a
biotin-avidin enzyme-linked immunosorbent assay; IgG
anti-milk protein antibodies were determined by use of
enzyme-linked immunosorbent assay described in Burks,
et al. Burks, A.W., et a/., Antibody Response to Milk
Protein in Patients with Milk Protein Intolerance
Documented by Challenge, J. Allergy Clin. Immunol.
85:921-927 (1990). Additional blood was drawn to
measure serum levels of ferritin and hemoglobin and
determine hematocrit in the infants who were examined
at 8 months of age. [00070] The mean serum
concentration of IgG antibodies to milk was comparable
in all groups at the time of admission to the study.
However, increases in serum IgG antibodies to milk
were significantly larger in the group of infants fed
formula C than those fed breast milk (group A) or
formula B. This lower concentration of IgG antibodies
to milk in group B indicates a greater priming effect
of intact cow milk protein for IgG antibody responses
(group C). Thus, there may be a reduced immunogenic
potential of the partially hydrolyzed milk proteins of
group B. [00071] At the time of enrollment, no
significant differences among the three groups were
found in the mean serum concentrations of IgE
antibodies to milk. Further there were no significant
differences in the IgE levels among the feeding
regimens throughout the study. The mean serum
ferritin, heatocrit and hemoglobin values were within
the normal 



range at 8 months of age, and no significant
differences were found among the three groups. Example
4 [00072] This example illustrates a particular
embodiment of an infant formula supplemented with the
protein partial hydrolysate prepared according to the
process of the present invention. In this example,
lactose comprises about 23.5% of the carbohydrate
component.Table 4: Nutrient Information for Infant
formula [00073] In this example, lactose is naturally
present in the partially hydrolyzed NFM and WPC
solids. More specifically, about 50% of the partially
hydrolyzed NFM and WPC solids constitutes lactose.
Thus, the amount of lactose present in those NFM and
WPC solids is approximately 13.433 kg. There are an
additional 138.017 g lactose present in
thecomposition. This totals approximately 13.571 kg
lactose in the infant formula. [00074] There are
44.256 kg of corn syrup solids present in the infant
formula. The total carbohydrate content is 57.827 kg,
lactose comprising only 13.571 kg of that total.
Therefore, lactose comprises approximately 23.5% of
the total carbohydrate content in the infant formula.
[00075] All references cited in this specification,
including without limitation, all papers,
publications, patents, patent applications,
presentations, texts, reports, manuscripts, brochures,
books, internet postings, journal articles,
periodicals, and the like, are hereby incorporated by
reference into this specification in their entireties.
The discussion of the references herein is intended
merely to summarize the assertions made by their
authors and no admission is made that any reference
constitutes prior art. Applicants reserve the right to
challenge the accuracy and pertinence of the cited
references [00076] Although preferred embodiments of
the invention have been 



described using specific terms, devices, and methods,
such description is for illustrative purposes only.
The words used are words of description rather than of
limitation. It is to be understood that changes and
variations may be made by those of ordinary skill in
the art without departing from the spirit or the scope
of the present invention, which is set forth in the
following claims. In addition, it should be understood
that aspects of the various embodiments may be
interchanged both in whole or in part. For example,
while methods for the production of a sterile liquid
infant formula made according to those methods have
been exemplified, other uses are contemplated.
Therefore, the spirit and scope of the appended claims
should not be limited to the description of the
preferred versions contained therein.What is claimed
is: 1. An infant formula comprising: a carbohydrate
component which is comprised of between about 0% and
60% lactose, based on the total weight of the
carbohydrates present in the infant formula; and a
protein component which is comprised of partially
hydrolyzed whey protein and casein, wherein the ratio
of whey protein to casein is between about 50:50 and
70:30 and wherein the protein hydrolysate has the
peptides spread over the following range of molecular
weight distribution as a function of their molar mass:
2. The infant formula according to claim 1, wherein
the protein hydrolysate has the peptides spread over
the following molecular weight distribution as a
function of their molar mass:3. The infant formula
according to claim 1, wherein the ratio of whey
protein:casein is about 60:40. 4. The infant formula
according to claim 1, wherein the carbohydrate
component comprises between about 15% and 55% lactose.



5. The infant formula according to claim 1, wherein
the carbohydrate component comprises between about 20%
and 30% lactose. 6. The infant formula according to
claim 1, wherein the carbohydrate component comprises
about 25% weight percent lactose and about 75% weight
percent corn syrup solids. 7. The infant formula
according to claim 1, wherein the degree of hydrolysis
of the protein component is between about 4% and 10%.
8. The infant formula according to claim 6, wherein
the degree of hydrolysis of the protein component is
between about 6% and 9%. 9. The infant formula
according to claim 1, wherein the infant formula
additionally comprises at least one probiotic. 10. The
infant formula according to claim 1, wherein the
infant formula additionally comprises at least one
prebiotic. 11. The infant formula according to claim
1, wherein the infant formula additionally comprises a
LCPUFA. 12. The infant formula according to claim 11,
wherein the LCPUFA comprises DHA or ARA. 13. The
infant formula according to claim 11, wherein the
LCPUFA comprises DHA in an amount of between about 3
mg per kg of body weight per day to about 150 mg per
kg of body weight per day. 14. The infant formula
according to claim 11, wherein the LCPUFA comprises
ARA in an amount of between about 5 mg per kg of body
weight per day to about 150 mg per kg of body weight
per day. 15. The infant formula according to claim 10,
wherein the LCPUFA comprises DHA and ARA. 16. The
infant formula according to claim 14, wherein the
ratio of ARA:DHA is from about 1:3 to about 9:1 . 



17. The infant formula according to claim 14, wherein
the ratio ofARA:DHA is from about 1:2 to about 4:1 .
18. The infant formula according to claim 14, wherein
the ratio of ARA:DHA is from about 2:3 to about 2:1
19. The infant formula according to claim 1, wherein
the infant formula is in powdered form. 20. The infant
formula according to claim 1, wherein the infant
formula is in liquid form. 2 1. A method for
preventing the onset of allergies in a subject, the
method comprising administering to the subject an
infant formula according to claim 1. 


