
DESCRIPTION METHODS FOR PRESERVING ENDOGENOUS TGF-BETA [pp/pi:320D ART (1)
Field of the Invention  [0001]The present invention relates generally to
methods of preserving the bioactivity of transforming growth factor-13
(TGF-f3) in liquid nutritional products. SUMMARY[0002]Briefly, the present
disclosure is directed, in an embodiment, to a method of preparing a liquid
nutritional product that retains the bioactivity of TGF-P. The steps
involve selecting one or more protein ingredients that have been subjected
to a heat load comprising medium-heat or less; combining the protein
ingredients with all other components of the liquid nutritional product to
form a slurry; subjecting the slurry to a pressure of from about 2500 per
square inch (psi)(-17237 kPa) to about 3500 psi(-24132 kPa) at a
temperature of from about 55C to about 65C for about 5 to about 20 seconds;
subjecting the slurry to a temperature of from about 135C to about 150C for
about 1.5 to about 15 seconds; and cooling the slurry to a temperature of
less than about 8C over about 30 minutes or less. [0002a]According to one
aspect, there is provided a method of preparing a liquid nutritional
product that retains the bioactivity of TGF-8, the method comprising: a.
selecting one or more protein ingredients that have been subjected to a
heat load comprising medium-heat or less, wherein a heat load comprising
medium-heat is defined as exposure to a temperature of 70C to 78C for 15 to
25 minutes; b. combining the protein ingredients with one or more
additional components of the liquid nutritional product to form a slurry;
c. subjecting the slurry to a pressure of from 2500 per square inch (psi)
(-17247kPa) to 3500 psi(-24132kPa) at a temperature of from 55C to 65C for
5 to 20 seconds; d. subjecting the slurry to a temperature of from 135C to
150C for 1.5 to 15 seconds; and e. cooling the slurry to a temperature of
less than 8C in 30 minutes or less. BRIEF DESCRIPTION OF THE DRAWINGS
[0003]A full and enabling disclosure of the present invention, including
the best mode thereof directed to one of ordinary skill in the art, is set
forth in the specification, which refers to the appended figures; in which:
is [0004]Figure 1 illustrates an embodiment of a method of the present
invention; and [0005]Figure 2 is a bar chart illustrating the bioactivity
of infant formula produced according to the new process versus infant
formula produced according to the standard process 



BEST MODE FOR CARRYING OUT THE INVENTION [0006]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 a 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 used on another embodiment to
yield a still further embodiment.  WO 2010104 74PCT/IIS20091061783
[0007]Thus, it is intended that the present invention covers such
modifications and      ions 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. [0008]As set forth above, the present invention relates
generally to methods of preserving the bicactivity of TGF-6 in liquid
nutritional products. References related to such methods may include U.S.
Patent Nos. 7,057,016 or 6,057,430 to Cerletti. [0009]Transforming growth
factor-beta (TGF-6) is the general name for a family of polypeptides, the
members of which have multifunctional regulatory activities. Three
differentially regulated mammalian isolorms (termed TGF-61, TGF-62, and
TGF-63) play important roles in a multitude of processes in the developing
embryo, infant, child and adult. TGF-6 is a 25-kDa homodimeric cytokine
known to mediate pleitropic functions both within the immune system and
systemically. TGF-6 is expressed in several cell types in the intestinal
mucosal including lymphocytes, epithelial cells, macrophages, and strornal
cells as well as by I-cells, neutrophils, macrophages, epithelial cells,
fibroblasts, platelets, osteoblasts, osteoclasts and others. In addition,
IGF-6 is present in human breast milk and may influence multiple aspects of
infant health and development. [00010] TGF-6s are synthesized as large
precursor proteins which consist of an amino-terminal pro-domain,
comprising a signal sequence and latency-associated complex, and a mature
carboxy-terminal subunit. Biologically active TGF-6s are homodimers which
consist of two identical, disulfide-linked mature subunits. Release of the
TGF-6 hornodimer from the latency-associated complex is necessary for TGF-6
to exert biological activity on target cells. The nature of the
latency-associated complex and the mechanisms responsible for TGF-6 release
are key to understanding TGF-11 biological activity in vivo. In the human
gut, this may be accomplished by the action of proteolytic enzymes, pH
extremes, heat, calcium, and/or mechanical tearing, [00011] Based on the
numerous benefits provided by TGF3 it is often important that the growth
factor is present in, or supplemented into, various liquid nutritional
products. For example, certain protein sources in nutritional products may
provide a source of TGFp. Alternatively, if the nutritional product itself
does not contain Tor-p, the growth factor may be supplemented into the
product. In either case, however, it is difficult to retain the  WO
2010/048474PCIAIS2009i061783 3 biological activity of the TGF-13 through
the manufacturing process for a liquid nutritional product. [00012]Shelf
stable, non-refrigerated liquid nutritional products are typically
processed using a high heat treatment to destroy pathogenic bacterial
spores. A common retort process might heat the product to 130C for 2.5
minutes, depending upon the solids content of the nutritional product.
Alternatively, Ultra High Temperature (UHT) could be used. UHT heats the
product to temperatures in the range of 135-150C for 1.5 to 15 seconds.
TGF-B, a heat-labile hioac,tive compound, often cannot survive the common
retort process required for manufacturing shelf-stable liquid nutritional
products. These processes often significantly denature the native structure
of TGF-(3, thereby rendering it physiologically inert and unable to be
activated in the human gut. (000131 Thus, the technical problem to be
solved by the present invention is to provide methods for preparing liquid
nutritional products such that T3F-13 and other heat-labile components
retain their bioactivity and availability. In an embodiment, the present
invention is directed to a processing method and a selection of ingredients
that will retain TGF-B levels, bioactivity, and/or bioavailability in a
shelf-stable, non-refrigerated, dairy-based liquid nutritional product.
[000141 Prior to arrival at any processing plant, the manufacture of da
-y-based raw materials, such as non-fat dry milk (also known as skim milk
powder), whey protein powders, condensed milk, caseins, and others,
requires some level or heating to ensure safety. According to the
invention, dairy-based raw materials are classified based on the cumulative
heat treatments that they have received, as shown in Tables 1 and 2.
Because it is difficult to determine the type of heat treatment the raw
material has received upon inspection, the undenatured whey protein
nitrogen (WPN) levels of the raw material are measured to convey such
information. Table 1 indicates the generally-accepted treatment parameters
arid WPN levels for non-fat dry milk.  WO 2010/045474PC17132009/061783  4 



[00015] The level of WPN in non-fat dry milk is the amount of undenatured
whey protein present in the non-fat dry milk expressed in milligrams
nitrogen per gram non-fat dry milk. In a particular embodiment, to
determine the WPN level of a non-fat dry milk, the milk powder may be
rehydrated, heated in a saturated sodium chloride solution, and filtered.
The filtrate then contains the undenatured whey proteins and the
non-protein nitrogen fractions. The filtrate may then be diluted in a
saturated salt solution and acidified, and the solution may be measured
spectrophornetrically. The transmittance obtained may then be compared to a
standard curve that plots the Kjeldahl nitrogen values from standards
against transmittance for those standards. This method is often referred to
as the Harland-Ashworth Test. In other embodiments, any method known in the
art for determining SrVPN levels in non-fat dry milk may be used. [00016]
Thus, as used herein, a "low-heat" non-fat dry milk is defined as one that
contains at least about 6 mg/g VVPN upon arrival for processing. Low-heat
non-fat dry milk has likely experienced exposure to a temperature of less
than about 70C for approximately 30 seconds to 5 minutes. [00017] A
"medium-heat" non-fat dry milk is defined as one that contains between
about 1.51 nig/g and about 5.99 mg/g WPN upon arrival for processing.
Medium-heat non-fat dry milk has likely experienced exposure to a
temperature in the range of about 70C to 78C for approximately 15 to 25
minutes. [00018] As used herein, a "high-heat" non-fat dry milk is defined
as one that contains about 1.5 mg/g or less of WPN upon arrival for
processing. High-heat non-fat dry milk has likely experienced exposure to a
temperature of at least 88C for 30 minutes or more. [00019] Table 2
indicates the treatment parameters and WPN levels for whey protein powders,
including whey protein concentrate and whey protein isolate. See Mahmoud,
et at, Factors Affecting Measurement of Undenatured Whey Protein Nitrogen
in Dried Whey by a Modified Harland-Ashworth Test, J. Dairy Sci.
73:1694-1699 (1990).  Table 2. Appi  e temperatures, times and WPN le
Low-Medium-Heat Heat  Cumulative Heat Treatment Temp   Cumulative Heat
Treatment Time  30 mins 120 m  30 mins  Undenatured Whey Protein Nitrogen
Levels  14.55.99 m9-14.4 mg/g or rng/g areater   .0 mglg or less 



WO 2010/048474PCT/US2009/061783 5 [00020] The VVPN levels in whey protein
powders are higher than those of standard non-fat dry milk because the whey
protein composition in whey protein powder, such as whey protein
concentrate, which is about 50% protein, is at least 6 to 7 times higher
than in nonfat dry milk on a dry basis. As the method detects denaturation
in whey protein, results of whey protein powders are expected to be higher
than results obtained with nonfat dry milk. [00021] Thus, as used herein, a
low-hear whey protein powder is defined as one that contains at least about
14,5 mg/g WPN upon arrival for processing. Low-heat whey protein powder has
likely experienced exposure to a temperature of less than about 63'C for
approximately 30 seconds to 30 minutes. [00022] A "medium-heat" whey
protein powder is defined as one that contains between about 5.99 mg/g and
about 14,49 mgig WPN upon arrival for processing. Medium-heat whey protein
powder has likely experienced exposure to a temperature in the range of
about 70C to 78't for approximately 15 to 25 minutes. [00023] As used
herein, a "high-heat" whey protein powder is defined as one that contains
about 6.0 img/g or less of WPN upon arrival for processing. High-heat whey
protein powder has likely experienced exposure to a temperature of at least
91C for 30 minutes or more. [00024] The selection of ingredients according
to the invention is important because the levels of heat treatment impact
the physicochemical properties of a protein source as well as its value in
the processing of foods. The heat-induced denaturation of whey proteins
causes them to interact with the surface of casein micelles. This
denaturation provides higher heat stability to milk casein during liquid
formula manufacture. However, this process also denatures a number of
bioactive components present in milk, such as growth factors like TGF-6.
[00025] in an embodiment of the present invention, the method comprises the
particular selection of the protein material according to the heat load
received during its manufacture and the thermal processes applied to the
nutritional product during processing. [00026] In an embodiment, the
selection of protein materials for the nutritional product includes a
source of non-fat dry milk. In this embodiment, the non-fat dry milk source
may have a VVPN of greater than about 1.5 niglo. In another embodiment, the
non-fat dry milk source may have a WPN of greater than about 2,0 mg/g. In
yet another embodiment, the non-fat dry milk source may have a WPN of
greater than about 3.0 mg/g. in a further embodiment, the non-fat dry milk
source may have a WPN of greater than about 4.0 rriglg.  WO
2010/048474PO711,52009/061 783 6 In a still further embodiment, the non-fat
dry milk source may have a WPN of greater than about 5.0 mg/g. In a
particular embodiment, the non-fat dry milk source may have a WPN of
greater than about 6.0 mg/g. [00027] In some embodiments, the non-fat dry
milk source may have a WPN of from about 3 mg/g to about 10 mg/g. In some
embodiments, the non-fat dry milk contains a WPN level of about 1.5 mg/g to
about 8 mg/g. In still other embodiments, the non-fat dry milk contains a
WPN level of between about 5 mg/g and about 8 mg/p. While the WPN levels
are classified herein according to low-, medium-, and high-heat, it is to
be understood that a medium-heat non-fat dry milk having a WPN level closer
to about 5.99 mgig than to about 1.5 molg may have greater endogenous
quantities of TGF-f3 present therein. [00028]In another embodiment, the
selection of protein materials for the nutritional product includes a
source of whey protein powder. In this embodiment, the whey protein powder
may be selected from the group consisting of sweet whey, dernineralized
whey, whey protein concentrate, whey protein isolate, and combinations
thereof. In each embodiment, the whey protein powder source has received
medium-heat, low-heat, or no heat. Thus, in an embodiment, the whey protein
powder may have a VVPN of greater than about 6.0 mg/g, In another
embodiment, the whey protein powder may have a VVPN of greater than about
8.0 mg/p. In yet another embodiment, the whey protein powder may have a WPN
of greater than about 10.0 mg/g. In a further embodiment, the whey protein
powder may have a VVPN of greater than about 12.0 mg/g. In a still further
embodiment, the whey protein powder may have a WPN of greater than about
14.0 mg/g. In a particular embodiment, the whey protein powder may have a
VVPN of greater than about 14.5 mg/p. [00029] In some embodiments, the whey
protein powder may have a WPN of from about 6 mg/g to about 15 mg/g. In
some embodiments, the whey protein powder contains a WPN level of about 10
mgig to about 20 mg/g. In still other embodiments, whey protein powder
contains a WPN level of between about 12 mg/g and about 15 mg/g. While the
WPN levels are classified herein according to low-, medium-, and high-heat,
it is to be understood that a medium-heat whey protein powder having a WPN
level closer to about 14.5 mg/g than to about 6.0 mg/g may have greater
endogenous quantities of IC:Ell present therein. [00030]In another
embodiment, the selection of protein materials for the nutritional product
includes a source of casein selected from the group consisting of whole
milk  7 powder, milk protein concentrate, milk protein isolate, and
combinations thereof. In each embodiment, the casein source has been
selected based upon a minimal heat treatment history. By minimizing the
amount of heat applied to the protein materials, the TGF43 can be better
protected and can survive the UHT process during the product manufacture.
The TGF-p in whey materials is more sensitive to heat-denaturation than the
TGF-p present in casein-containing ingredients. This is generally
attributed to a protective effect that caseins exert over the bioactive
component. [00031] In some embodiments, both casein and whey protein
sources are utilized in the nutritional product. [00032]Prior to the
present invention, one of ordinary skill in the art would not have 



selected raw materials having the WPN levels claimed herein. The person of
ordinary skill in the art believed that the heat processing of a liquid
nutritional product would destroy any TGF-p activity of the ingredients.
Accordingly, there was no motivation to select a low- or medium-heat raw
material. In addition, the selection of high-heat raw materials was
actually preferred prior to the present invention due to the fact that
denaturation of the proteins via high-heat manufacturing techniques
provided a final product which had less foaming than one with undenatured
proteins. The inventors have surprisingly discovered that by selecting
ingredients having WPN levels as claimed herein and by administering the
claimed processing steps, the endogenous TGF-p levels and activity can be
retained in the final product. [00033]In an embodiment of the invention,
protein ingredients are selected based upon their manufacturing heat
treatment and combined with all other components of the liquid nutritional
product to form a slurry. In some embodiments, the slurry is first
pasteurized. The pasteurization may be conducted at a temperature of about
70C to about 75C for approximately 5 to 25 seconds. In other embodiments,
the pasteurization may be conducted at a temperature of about 72C for
approximately 10-20 seconds. In still other embodiments, the pasteurization
may be conducted at a temperature of about 72C for approximately 15
seconds. [00034] This slurry is then homogenized. The homogenization step
may be conducted at a pressure of between about 2500 pounds per square inch
(psi)(-17237 kPa) and 3500 psi(-24132 kPa). In other embodiments, the
pressure may be about 3000 psi. The temperature range may be from about 55C
to about 65C for the homogenization step. The homogenization step, in an
embodiment, may take place for about 5 to 20 seconds. In a particular
embodiment, the homogenization step is conducted at a pressure of about
3000 psi(-24132 kPa) and a temperature in  WO 2010104847PCT/US2009/061783
the range of about 55C to about 65C for about 5 to 20 seconds. [00035] The
homogenized emulsion is then UHT-treated. In an embodiment, the UHT
treatment is conducted at a temperature in the range of about 135C to about
150C. In other embodiments, the UHT treatment is conducted at a temperature
in the range of about 141C to about 145C. The UHT treatment may take place
for about 1,5 to 15 seconds. In a particular embodiment, the UHT treatment
is conducted at a temperature in the range of about 141C to about 145C for
approximately 5 seconds. [00036] The process then involves a rapid cooling
step. In this step, the product may be cooled to a temperature of less than
about 8C. The cooling step may occur in less than about 30 minutes. [00037]
After the product is cooled, the product may be aseptically filled in the
desired format to render a shelf-stable, non-refrigerated dairy product
having active levels of TGF[3 therein. [00038] in an alternate embodiment
of the method, the slurry may be processed using high-pressure processing
technology, under a combination of pressure in the range of about 400MPa to
about 600MPa and a temperature in the range of about of 60C to about 80C
for about 1 to 3 minutes. This high-pressure processed material can then be
homogenized and even further UHT treated, if needed, as discussed above.
This high-pressure alternate embodiment allows the nutritional product to
retain its TGF-p bioactivity. The high-pressure treated material can also
be combined with one or all of the above processes to obtain a shelf-stable
product which has active TGF-p and other bioactive compounds. [00039] In a
particular embodiment, shown in Fig. 1, one or more low- or medium-heat
ingredients may be pumped through a cross-flow filtration system, such as a
0.14 micron ceramic filter. These ingredients may comprise liquid whey
ingredients, or reconstituted whey protein concentrates, optionally at low
pH. The retentate may be intermixed with other ingredients necessary for
the nutritional product. The retentate mixture may then be heat processed
and transferred to an aseptic bulk product tank. The permeate from the
cross-flow filtration step above may be pumped again through another
cross-flow filtration system, such as a 0.20 micron spiral-wound membrane
filter. The resulting permeate may then be aseptically dosed into the
heat-treated product and packaged aseptically to render a shelf stable
product. [00040] In some embodiments, the inventive process is used to
produce shelf-stable, non-refrigerated liquid products. The process may
also be used to produce refrigerated  WO 2010/048471PCT1US2009/061783 9
products, however. In an embodiment, the method can be modified in order to
supplement the endogenous levels of TGF-13 present in the selected raw
materials. [00041] In some embodiments, the nutritional product may be an
infant formula. As used herein, the term "infant" means a person not more
than 12 months of age. The term Infant formula" applies to a composition in
liquid or powdered form intended for use, where necessary, as a substitute
for human milk (breast milk substitute) in meeting the normal nutritional
requirements of infants. In a separate embodiment, the nutritional product
may be a human milk fortifier, meaning it is a composition which is added
to human milk in order to enhance the nutritional value of human milk. As a
human milk fortifier, the inventive composition may be in powder or liquid
form. In another embodiment, the inventive nutritional product may be a
follow-up formula. The term "follow-up formula" as used herein refers to
foods intended for use as a liquid part of the weaning diet for the infant
from the 6th month of life on and for young children. As used herein, the
term "young child" or "young children" means persons from the age of more
than 12 months up to the age of three years. In yet another embodiment, the
inventive nutritional product may be a children's nutritional composition.
The term "child" or "children" as used herein means persons over the age of
3 years and prior to adolescence. In still another embodiment, the
inventive nutritional product may be a growing-up milk. The term
"growing-up milk" refers to a broad category of milk-based fortified
beverages intended to be used as a part of a diverse diet in order to
support the normal growth and development of children from the ages of 1 to
6 years. [00042] In some embodiments, the composition is an acidified
product. As used herein, the term "acidified product" refers to a
nutritional composition which has a finished equilibrium pH of 4.6 or below
and a water activity greater than 0.85. In still another embodiment, the
nutritional product may be a medical food, The term "medical food" is
defined as a food which is formulated to be consumed or administered
enterally under the supervision of a physician and which is intended for
the specific dietary management of a disease or condition for which
distinctive nutritional requirements, based on recognized scientific
principles, are established by medical evaluation. In general, to he
considered a medical food, a product must, at a minimum, meet the following
criteria: the product must be a food for oral or tube feeding; the product
must be labeled for the dietary management of a specific medical disorder,
disease or condition for which there are distinctive nutritional
requirements; and the product must be intended to be used under medical
supervision.  WO 2010/048474PCTIUS2009106.1733 l0 [00043]The nutritional
products of the invention may provide minimal, partial, or total
nutritional support.The compositions may be nutritional supplements or meal



replacements. In some embodiments, the compositions may be administered in
conjunction with a food or nutritional composition. In this embodiment, the
compositions can either be intermixed with the food or other nutritional
compositions prior to ingestion by the subject or can be administered to
the subject either before or after ingestion of a food or nutritional
composition. The compositions may be administered to preterm infants
receiving infant formula, breast milk, a human milk fortifier, or
combinations thereof. [00044] The compositions may, but need not, be
nutritionally complete. The skilled artisan will recognize "nutritionally
complete" to vary depending on a number of factors including, but not
limited to, age, clinical condition, and dietary intake of the subject to
whom the term is being applied. In general, "nutritionally complete" means
that the nutritional composition of the present invention provides adequate
amounts of all carbohydrates, lipids, essential fatty acids, proteins,
essential amino acids, conditionally essential amino acids, vitamins,
minerals, and energy required for normal growth. As applied to nutrients,
the term "essential" refers to any nutrient which cannot be synthesized by
the body in amounts sufficient for normal growth and to maintain health and
which therefore must be supplied by the diet. The term "conditionally
essential" as applied to nutrients means that the nutrient must be supplied
by the diet under conditions when adequate amounts of the precursor
compound is unavailable to the body for endogenous synthesis to occur.
[00045] The composition which is "nutritionally complete" for the preterrn
infant wiii, by definition, provide qualitatively and quantitatively
adequate amounts of all carbohydrates, lipids, essential fatty acids,
proteins, essential amino acids, conditionally essential amino acids,
vitamins, minerals, and energy required for growth of the oreterm infant.
The composition which is "nutritionally complete" for the term infant will,
by definition, provide qualitatively and quantitatively adequate amounts of
all carbohydrates, lipids, essential fatty acids, proteins, essential amino
acids, conditionally essential amino acids, vitamins, minerals, and energy
required for growth of the term infant. The composition which is
"nutritionally complete" for a child will, by definition, provide
qualitatively and quantitatively adequate amounts of all carbohydrates,
lipids, essential fatty acids, proteins, essential amino acids,
conditionally essential amino acids, vitamins, minerals, and energy
required for growth of a child.  WO 2010/048474PCTIOS2009/061783 [00046]If
the nutritional product is an infant formula or human milk supplement, it
may be a product for a full-term infant, a preform infant, a
low-birth-weight infant, a very-lowbirth-weight infant, or an extremely low
birth weight infant. As used herein, the term "full-term" refers to
neonatal infants born after about 37 weeks of gestation through 42 weeks
gestation but less than 1 month of age. The term "full-term infant" or
"infant" as used herein refers to an infant less than twelve months of age.
As used herein, the terms "preterm" or "preterm infant" includes infants
born prior to about 37 weeks of gestation. As used herein, the term "low
birth weight' or "low birth weight infant" are those infants are those
weighing from about 3.3 to about 5.5 pounds at birth.
"Very-low-birth-weight infants" are those weighing less than about 3.3 to
about 2.2 pounds at birth, 'Extremely low birth weight" or "extremely low
birth weight infants" are those weighing less than 2.2 pounds at birth.
[00047] In certain embodiments, the nutritional product formed via the
method of the invention may be administered enterally or parenterally. As
used herein, "enteral" means through or within the gastrointestinal, or
digestive, tract, and "enteral administration" includes oral feeding,
intragastric feeding, transpyloric administration, or any other
introduction into the digestive tract. The term "parenterally" means taken
into the body or administered in a manner other than through the digestive
tract, such as by intravenous or intramuscular injection. [00048] in an
embodiment, the amount of lipid or fat in the composition may vary from
about 4 to about 7 9/100 kcal. In another embodiment, the amount of fat may
vary from about 5 to about 6 g/1 00 kcal. In a further embodiment, the
amount of fat may vary from about 5.3 to about 5.6 g/100 kcal. In yet
another embodiment, the amount of fat may vary from about 5.4 to about 5,9
g/100 kcal. In still another embodiment, the amount of fat may vary from
about 5.5 to about 5.7 g/100 kcal. Suitable lipid sources for practicing
the present invention may be any known or used in the art, including but
not limited to, animal sources, e.g., milk fat, butter, butter fat, egg
yolk lipid; marine sources, such as fish oils, marine oils, single cell
oils; vegetable and plant oils, such as corn oil, canola oil, sunflower
soybean oil, palmolein, coconut oil, high oleic sunflower oil, evening
primrose oil, rapeseed oil, olive oil, flaxseed (linseed) oil, cottonseed
oil, high oleic safflower oil, palm stearin, palm kernel oil, wheat germ
oil; medium chain triglyceride oils and emulsions and esters of fatty
acids; and any combinations thereof, [00049] In an embodiment of the
invention, the amount of protein in the composition may vary from about 1
to about 5 gll 00 kcal. In another embodiment, the amount of  WO
2010/048474PC17US2009/061783 12 protein may be from about 1.8 to about 2.5
g/l 00 kcal. In another embodiment, the amount of protein may be from about
2.0 to about 2.2 gt100 kcal. In one embodiment, the amount of protein may
be about 2.1 g/100 kcal. Bovine milk protein sources useful in practicing
the present invention include, but are not limited to, milk protein
powders, milk protein concentrates, milk protein isolates, nonfat milk
solids, nonfat milk, nonfat dry milk, whey protein, whey protein isolates,
whey protein concentrates, sweet whey, acid whey, casein, acid casein,
caseinate (e.g. sodium caseinate, sodium calcium caseinate, calcium
caseinate) and any combinations thereof. [00050]in an embodiment of the
invention, the proteins are provided as intact proteins.  In other
embodiments, the proteins are provided as a combination of both intact
proteins and partially hydrolyzed proteins, with a degree of hydrolysis of
between about 4% and 10%. In yet another embodiment, the protein source may
be supplemented with glutamine-containing peptides. [000511In a particular
embodiment of the invention, the whey:casein ratio is similar to that found
in human breast milk. In an embodiment, the protein source comprises from
about 40% to about 70% whey protein. In another embodiment, the protein
source may comprise from about 30% to about 60% caseins. In one embodiment,
the protein source may comprise from about 40% to about 70% whey protein
and from about 30% to about 60% caseins. [00052] The amount of carbohydrate
in the composition of the invention may, in an embodiment, vary from about
8 to about 12 9/100 kcal. In another embodiment, the amount of carbohydrate
may vary from about 10.5 to 11 g/100 kcal. In a particular embodiment, the
amount of carbohydrate may be about 10.6 g/100 kcal. Carbohydrate sources
may be any known or used in the art, e.g., lactose, fructose, glucose, corn
syrup, corn syrup solids, maltodextrins, sucrose, starch, rice syrup
solids, rice starch, modified corn starch, modified tapioca starch, rice
flour, soy flour, and combinations thereof. [000531 In a particular
embodiment, the carbohydrate component may be comprised of 100% lactose. in
yet another embodiment, the carbohydrate component comprises between about
0% and 60% lactose. In another embodiment, the carbohydrate component
comprises between about 15% and 55% lactose. In yet another embodiment, the
carbohydrate component comprises between 20% and 30% lactose. In these
embodiments, the remaining source of carbohydrate may be provided by one or
more of those known in the art including, but not limited to those
previously disclosed as suitable for practicing the present invention.  WO
2010/048474PCT/U52009/061783 13 



[00054] The nutritional composition of the present invention may optionally
include one or more of the following vitamins or derivatives thereof,
including, but not limited to, biotin, biotin trituration, vitamin B1
(e.g., thiamin, thiamin pyrophosphate, thiamin hydrochloride, thiamin
triphosphate, thiamin rnononitrate), vitamin 62 (e.g., riboflavin, flavin
mononucleotide, flavin adenine dinucleotide, lactollavin, ovoflavin, sodium
riboflavin, riboflavin-S.-phosphate), vitamin 83 (e.g., niacin, nicotinic
acid, nicotinamide, niacinarnide, nicotinarnide adenine dinucleotide,
nicotinamide mononucleotide, nicotinamide adenine dinucleotide phosphate,
pyridine-3-carboxylic acid, vitamin B3 precursor tryptophan), folic acid
(e.g., folate, folacin, pteroylgiutarnic acid, pteroylmonoglutamic acid,
pteroylpolyglutarnates), pantothenic acid (e.g., pantothenate, panthenol,
calcium pantothenate), vitamin BE (e.g., pyridoxine hydrochloride,
pyridoxine, pyridoxine-5'- phosphate, pyridoxal, pyridoxal-5.phosphate,
pyridoxamine, pyridoxamine-5.-phosphate, pyridoxine glucoside), vitamin B12
(e.g., cobalamin, rnethylcobalamin, deoxyadenosylcobalamin, cyanocobalamin,
hydroxycobalamin, adenosylcobalamin, 5.- deoxyadenosylcobalamin), vitamin C
(e.g., ascorbic acid, dehydroascorbic acid, L-ascorbic acid, sodium
L-ascorbate, calcium L-asc,orbate, ascorbyl palmitate), vitamin A (e.g.,
retinal, retinal, retinoic acid, vitamin A palimitate, retinyl acetate,
retinyl paimitate, retinyl palmitate esters, retinyl esters, retincl
esters), 13-carotene, a-carotene, vitamin D (e.g., vitamin D3, calciferol,
cholecalciferol, dihydroxyvitamin El, 1,25- dihydroxycholecalciferoi,
7-dehyrdocholesterol, ergocalciferol), choline (c.. g., choline chloride,
choline bitartrate, lysophosphatidylcholine), vitamin E (e.g., vitamin E
acetate, vitamin E tocopheryl acetate, o-tocopherol, ei-toc,opherol
acetate, u-tocopherol succinate, a-tocopherol nicotinate, a-tocopherol
esters, RRR-o-tocopherol, RRR-o-tocopherol acetate, RRR-o-t000pherol
succinate, dL-a-tocopheryl acetate, dL-o-tocopheryl succinate,
dLe-tocopherol, dL-a-tocopherol acetate, dL-a-tocopherol succinate,
ytocophe,rol), vitamin K (e.g., vitamin K1 phytonadione, vitamin K2,
vitamin K3, menadione, menaguinone, menaguinone-7, menaquinone-4,
menaguinone-S, menaguinone-8H, menaguinone-9, menaguinone-9H,
menaguinone-10, menaguinone-11, menaguinone-12, menaguinone-13,
phylloguinone, naphthoguinone, 2.,3.-dihydrophylloguinone), carnitine,
L-carnitine, inositol, taurine, and any combinations thereof. [00055] The
nutritional composition of the present invention may optionally include one
or more of the following minerals or derivatives thereof, including, but
not limited to, boron, calcium, calcium acetate, calcium aspartate, calcium
carbonate, calcium chloride, calcium citrate, calcium citrate rralate,
calcium D-saccharate, calcium gluccnate, calcium  WO
2010/045474PCT/US2009/061783 14 gluconate monohydrate, calcium glycerol
phosphate, calcium lactate, calcium phosphate, calcium propionate, calcium
sulfate, chloride, chromium, chromium chloride, chromium picolinate,
trivalent chromium, copper, copper gluconate, cupric sulfate, fluoride,
iodide, iodine, calcium iodate, cuprous iodide, potassium iodate, potassium
iodide, iron, iron trituration, elemental iron, ferrous sulfate
heptahydrate, carbonyl iron, ferric iron, ferrous gluconate., ferrous
glycine sulfonate, ferrous iron, ferrous fumarate, ferric orthophosphate,
polysaccharide iron, magnesium, magnesium carbonate, magnesium hydroxide,
magnesium oxide, magnesium phosphate, magnesium stearate, magnesium
sulfate, manganese, manganese acetate, manganese chloride, manganese
sulfate monohydrate, molybdenum, sodium molybdate, anyhydrous molybdenum,
phosphorus, potassium, potassium acetate, potassium bicarbonate, potassium
chloride, potassium citrate, potassium hydroxide, potassium phosphate,
selenium, selenate, selenite trituration, sodium docusate, sulfur, sodium,
sodium chloride, sodium citrate, sodium selenite, sodium sulfate, inorganic
sulfate, zinc, zinc gluconate, zinc oxide, zinc sulfate, zinc sulfate
monohydrate, and any combinations thereof. Non-limiting exemplary
derivatives of mineral compounds include salts, alkaline salts,
polysaccharides, esters, elemental minerals, and chelates of any mineral
compound. (000561 In some embodiments of the invention, the supplemental
calcium source in the nutritional composition comprises calcium gluconate
alone or in combination with a calcium source selected from the group
consisting of calcium lactate, calcium sulfate, caicium chloride, calcium
citrate, calcium phosphate, calcium D-saccharate, calcium aspartate,
calcium propionate, and combinations thereof. In a particular embodiment of
the invention, the sole supplemental calcium source in the nutritional
composition comprises calcium gluconate. [00057] In a separate embodiment,
the composition of the invention may comprise a children's nutritional
composition provided as a growing-up milk. Such invention may have a
standard serving size of 200 ml, providing from about 60 to 75 kcal/100 mi
of energy, with a recommended intake of two to three servings per day. In
such an embodiment, the amounts and types of proteins, lipids and
carbohydrates may vary. Protein may comprise from about 2.5 to 3,75 g/100
kcal, with carbohydrate providing from about 11 to about 16.5 g/100 kcal
and lipids comprising from about 2.2 to about 4,4 g/100 kcal. Carbohydrate
sources may be any known or used in the art as suitable for nutritional
compositions, including but not limited to those disclosed herein. In an
embodiment, sources of carbohydrate for use in the growing-up milk may
include, but are not limited to,  WO 2010/048474PCT/US20091061783 15
maitodextrins, fructose, lactose, prebiotics, resistant starch, starch,
arid any combinations thereof. In an embodiment, less than 10% of energy
per serving of the growing-up milk may be contributed from sugars selected
from the group consisting of: white sugar (glucose), brown sugar, corn
syrup, corn syrup solids, high fructose corn syrup, malt syrup, maple
syrup, liquid fructose, molasses, honey, anhydrous dextrose, and any
combinations thereof. [00058] When vitamin A is present in the growing-up
milk, it may be present in a range of about Ito about 150 mcg/serving. In
another embodiment vitamin A may be present in amounts ranging from about
57 to about 65 mcg/serving. Any source of vitamin A known in the art to
have nutritional uses, including, but not limited to those previously
disciosed for practicing the invention, may be suitable for use in the
present composition. In an embodiment, sources of vitamin A for use in the
growing-up milk may include preformed sources of vitamin A, such as retinyl
acetate, retinyl palmitate, retinol and any combinations thereof. [00059]
When Vitamin C is present in the growing-up milk, it may be present in the
range of about 0.1 to about 10 mg/serving. in another embodiment, vitamin C
may be present at the level of 5 mg/serving. Any source of vitamin C known
in the art to have nutritional uses, including, but not limited to those
previously disclosed for practicing the invention, may be suitable for use
in the present composition, in an embodiment, sources of vitamin C for use
in the growing-up milk include L-ascorbic acid, sodium L-ascorbate, calcium
L-ascorbate, ascorbyl palmitate, and any combinations thereof. [00060] When
thiamin is present in the growing-up milk, it may be present in the range
of about 0.01 to about 0.5 mg/serving. In another embodiment, thiamin may
be present in the range of 0.05 to about 0.15 mg/serving. In yet another
embodiment, thiamin may be in the range of 0.08 to 0.10 mg/serving. Any
source of thiamin known in the art to have nutritional uses, including, but
not limited to those previously disclosed for practicing the invention, may
be suitable for use in the present composition. In an embodiment, sources
of thiamin for use in the growing-up milk include thiamin hydrochloride,
thiamin rnononitrate and any combinations thereof. [00061] When riboflavin
is present in the growing-up milk, it may be present in the range of about
0.01 to about 0.5 mg/serving. In another embodiment, riboflavin may be
present in the range of 0.05 to about 0.15 mg/serving. In yet another
embodiment, riboflavin may be in the range of 0,08 to 0.10 mg/ serving. Any
source of riboflavin known in the art to have nutritional uses, including,
but not limited to those previously disclosed  WO
2010/048474PCT/US2009/061783 for practicing the invention, may be suitable
for use in the present 'omposition. In an embodiment, sources of riboflavin
for use in the growing-up milk include free riboflavin, sodium riboflavin,
ribollavin-5'phosphate, and any combinations thereof, [00062] When vitamin
B6 is present in the growing-up milk, it may be present in the range of
about 0.01 to about 0.5 mg/serving. In another embodiment, vitamin Bs may
be present in the range of 0.05 to about 0.15 mg/serving. In yet another
embodiment, the level of vitamin B6 may be in the range of 0.08 to 0.10
mg/serving. Any source of vitamin B6 known in the art to have nutritional
uses, including, but not limited to those previously disclosed for
practicing the invention, may be suitable for use in the present
composition. In an embodiment, sources of vitamin B6 for use in the
growing-up milk include pyridoxine hydrochloride, pyridoxine-5'-phosphate
and any combinations thereof. [00063] When folate is present in the
growing-up milk, it may be present in the range of 5 to 50 mcg/serving. In
another embodiment, the folate content may be 10 to 40 mcg/serving. In yet
another embodiment, the folate content may be within the range of 20 to 35
mcg/serving. Any source of falai known in the art lo have nutritional uses,
including, but not limited to those previously disclosed for practicing the
invention, may be suitable for use in the present composition. In an
embodiment, the source of folate for use in the growing-up milk is folic
acid. [00064] When vitamin D is present in the growing-up milk, it may be
present in the range of 0.1 to about 2 mcg/serving. In yet another
embodiment, the vitamin D content of the growing-up milk may be 0.5 to 1
mcgiservina. Any source of vitamin D known in the art to have nutritional
uses, including, but not limited to those previously disclosed for
practicing the present invention, may be suitable for use in the present
composition. In an embodiment, sources of vitamin D for use in the
growing-up milk include cholecalciferol, ergocalciferol and any
combinations thereof. [00065] When calcium is present in the growing-up
milk, total calcium may be present in the range of about 165 to about 300
mg/ serving, In another embodiment, the level of total calcium in the
growing-up milk may be provided in the range of about 180 to 250
mg/serving, Any source of calcium known in the art to have nutritional
uses, including, but not limited to those previously disclosed for
practicing the present invention, may be suitable for use in the present
composition. [00066] When iron is provided in the growing-up milk, it may
be present in the range of 0.1 to 2,2 mg/serving. In another embodiment,
iron may be present in the range of 0.5 to 



1.8 mg/serving. In yet another embodiment, the level of iron provided in
the growing-up  WO 2010/048474PCT/U52009/061783 17 milk may be in the range
of 1.0 to 1.4 mg/serving. Any source of iron known in the art to have
nutritional uses, including, but not limited to those previously disclosed
for practicing the present invention, may be suitable for use in the
present composition. In an embodiment, sources of iron for use in the
growing-up milk include ferrous sulfate, ferrous fumarate, and any
combinations thereof. (000671 When zinc is provided in the growing-up milk,
it may be present in the range of 0.2 to 1.5 mg/serving. In another
embodiment, zinc may be present in the range of 0.5 to 1.0 mg/serving. Any
source of zinc known in the art to have nutritional uses, including, but
not limited to those previously disclosed for practicing the present
invention, may be suitable for use in the present composition. In an
embodiment, zinc is provided as zinc sulfate. [000681 When iodine is
present in the growing-up milk, it may be present in the range of 0.2 to 41
mcg/serving. In another embodiment, iodine may be present in the range of 5
to 15 mg/serving. Any source of iodine known in the art to have nutritional
uses, including, but not limited to those previously disclosed for
practicing the present invention, may be suitable for use in the present
composition. In an embodiment, sources of iodine for use with the
growing-up milk include sodium iodide, potassium iodide and any
combinations thereof. (00069] In another embodiment wherein the inventive
composition is a growing-up milk formulated for children between the ages
of 1 to 6 years, vitamins and minerals may be added in varying amounts and
ranges based on a per-serving basis. in an embodiment, one serving of the
growing-up milk may contain from about 15% to about 50% of the Estimated
Average Requirement (EAR) for children between the ages of 1 and 6 years
for the following nutrients: vitamin E, vitamin K, niacin, pantothenic
acid, vitamin 812, biotin, choline, potassium, magnesium, phosphorus,
chloride, copper, selenium, fluoride, and any combinations thereof. In an
embodiment, one serving of the growing-up milk may contain From about 20%
to about 30% of the EAR for children between the ages of 1 and 6 years for
the following nutrients: vitamin E, vitamin K, niacin, pantothenic acid,
vitamin 812, biotin, choline, potassium, magnesium, phosphorus, chloride,
copper, selenium, fluoride, and any combinations thereof. Any known sources
of these nutrients having nutritional uses, including, but not limited to
those disclosed herein may be suitable for use in the composition. [00070]
The composition of the invention may optionally contain other substances
that may have a beneficial effect on the host such as lactolerrin,
nucleotides, nucleosides,  WO 2010/048474PCT/US2009/ 61783 IS
irnmunoglobulins, CMP equivalents (cytidine 5'-monophosphate, free acid),
UMP equivalents (uridine 5'-monophosphate, disodiurn salt), AMP equivalents
(adenosine 5'- monophosphate, free acid), GMP equivalents (guanosine
5'-rnonophosphate, disodium salt), and combinations thereof. [00071] In one
embodiment of the invention, the nutritional composition may contain one or
more probiotics. The term "probiotic" means a microorganism that exerts
beneficial effects on the health of the host. Any probiotio known in the
art may be acceptable in this embodiment provided it achieves the intended
result. In a particular embodiment, the probiotic may be selected from
Lactobacillus species, Lactobacillus rharnnosus GG, Bifidobacterium
species, Bifidobactedurn longum, and Bifidobacteriurn anirnalls subsp.
lactis BB-12. [00072] If included in if e composition, the amount of the
probiotic may vary from about 104 to about 10.10 colony forming units (cfu)
per kg body weight per day. In another embodiment, the amount of the
probiotic may vary from about 10610 about 109 cfu per kg body weight per
day. In yet another embodiment, the amount of the probiotic may be at least
about 106 cfu per kg body weight per day. [00073] In an embodiment, the
probiotic(s) may be viable or non-viable.As used herein, the term "viable",
refers to live microorganisms. The term "non-viable" or "nonviable
probiotic" means non-living probiotic microorganisms, their cellular
components and metabolites thereof. Such non-viable probiotics may have
been heat-killed or otherwise inactivated but retain the ability to
favorably influence the health of the host. The probiolics useful in the
present invention may be naturally-occurring, synthetic or developed
through the genetic manipulation of organisms, whether such new source is
now known or later developed. [00074]in another embodiment of the
invention, the nutritional composition may contain one or more prebiotics.
The term gprebiotic" as used herein refers to indigestible food ingredients
which exert health benefits upon the host. Such health benefits may
include, but are not limited to, selective stimulation of the growth and/or
activity of one or a limited number of beneficial gut bacteria, stimulation
of the growth and/or activity of ingested probiotic microorganisms,
selective reduction in gut pathogens, and favorable influence on gut short
chain fatty add profile. Any prebiotic known in the art will be acceptable
in this embodiment provided it achieves the desired result. Such prebiotics
may be naturally-occurring, synthetic, or developed through the genetic
manipulation of organisms and/or plants, whether such new source is now
known or developed later. Prebiotics useful in  WO
20101048474PCT/0S2009/061783 19 the present invention may include
oligosaccharides, polysaccharides, and other prebiotics that contain
fructose, xylose, soya, galactose, glucose and mannose. More specifically,
preblotics useful in the present invention may include lactulose,
lactosucrose, raffinose, gluco-oligosaccharide, inulin, polydextrose,
polydextrose powder, galacto-oligosaccharide, galacto-oliaosaccharide
syrup, fructo-oligosaccharide, isomalto-oligosaccharide, soybean
oligosaccharides, lactosucrose, xylo-oligosacchairde,
chito-oligosaccharide, mannaoligosaccharide, aribino-oligosaccharide,
siallykoligosaccharide, fuco-oligosaccharide, and gentio-oligosaccharides.
[000751 In an embodiment, the total amount of prebiotics present in the
nutritional composition may be from about 1.0 g/L to about 10.0 g/L of the
composition. In another embodiment, the total amount of prebiotics present
in the nutritional composition may be from about 2.0 g/L and about 8.0 Wt.
of the composition. In yet another embodiment, the total amount of
prebiotics present in the nutritional composition may be about 4.0 g/L of
the composition, 



[000761 If galacto-oligosaccharide is used as a prebiotic, the amount of
galactooligosaccharide in the nutritional composition may, in an
embodiment, be within the range of from about 1.0 g/L to about 4.0 g/L. in
another embodiment, the amount of galactooligosaccharide in the nutritional
composition may be about 2.0 gIL, In yet another embodiment, the amount of
galacto-oligosaccharide in the nutritional composition may be about 4.0
polydextrose is used as a prebiotic, the amount of polydextrose in the
nutritional composition may, in an embodiment, be within the range of from
about 1.0 g/L to about 4.0 g/L. in another embodiment, the amount of
polydextrose in the nutritional composition may be about 2.0 g/L. In a
particular embodiment, galacto-oligosaccharide and polydextrose are
supplemented into the nutritional composition in a total amount of about
4.0 g/L. In this embodiment, the amount of galacto-oligosaccharide may be
about 2.0 WI_ and the amount of polydextrose may be about 2.0 g/L. [000771
If galacto-olioosaccharide is used as a prebiotic, the amount of
galactooligosaccharide in the nutritional composition may, in an
embodiment, be from about 0,1 mg/100 Kcal to about 1.0 mg/100 Kcal. In
another embodiment, the amount of galactooligosaccharide in the nutritional
composition may be from about 0.1 mg/100 Kcal to about 0.5 mg/100 Kcal. In
yet another embodiment, the amount of gelacto-olidosaccharide in the
nutritional composition may be about 0.6 mg/100 Kcal. If polydextrose is
used as a prebiotic, the amount of polydextrose in the nutritional
composition may, in an embodiment, be within the range of from about 0.1
mg/ 100 Kcal to about 0.5 mg/100 Kcal.  WO 2010/048474vcrfUS2009/061783 20
In another embodiment, the amount of polydextrose may be about 0,3 mg/100
Kcal. In a particular embodiment, galac.to-oligosaccharide and polydextrose
are supplemented into the nutritional composition in a total amount of
about 0.6 mg/100 Kcal. In this embodiment, the amount of
galacto-oligosaccharide may be about 0,3 mg/100 Kcal and the amount of
polydextrose may be about 0,3 mg/100 Kcal. [000781 In yet another
embodiment of the present invention, the formulation may contain other
active agents such as long chain polyunsaturated fatty acids (LCPUFAs).
Suitable LCPUFAs include, but are not limited to, olinoleic acid,
y-linoleic add, linoleic acid, linolenic acid, eicosapentanoic acid (EPA),
arachidonic acid (ARA) and/or docosahexaenoic acid (DHA).In an embodiment,
the nutronal composition is supplemented with DHA.in another embodiment,
the nutritional composition is supplemented with ARA, In yet another
embodiment, the nutritional composition is supplemented with both DHA and
ARA. [00079] In one embodiment, the nutritional composition is supplemented
with both DHA and ARA. In this embodiment, the weight ratio of ARA:DHA may
be from about 1:3 to about 9:1. In one embodiment of the present invention,
this ratio is from about 1:2 to about 4:1. In yet another embodiment, the
ratio is from about 2:3 to about 2:1. In one particular embodiment the
ratio is about 2:1. In another particular embodiment of the invention, the
ratio is about 1:1.5. In other embodiments, the ratio is about 1:1.3. In
still other embodiments, the ratio is about 1:1.9. In a particular
embodiment, the ratio is about 1.5:1. In a further embodiment, the ratio is
about 1.47:1. [00080] In certain embodiments of the invention, the level of
DHA is in the range of about 0.0% and 1.00% chatty acids, by weight. The
level of DHA may be about 0.32% by weight. In some embodiments, the level
of DHA may be about 0.33% by weight. In another embodiment, the level of
DHA may be about 0.64% by weight. In another embodiment, the level of DHA
may be about 0.67% by weight. In yet another embodiment, the level of DHA
may be about 0.96% by weight. In a further embodiment, the level of DHA may
be about 1.00% by weight. [00081] If included, the 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 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  WO 20101048474Pam 52009/061783 21 rug 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. [00082]
If included, the amount of DHA in the nutritional composition may vary from
about 5 mg/100 kcal to about E10 rng/100 kcal. In one embodiment of the
present invention, DHA varies from about 10 mg/100 kcal to about 50 mg/100
kcal; and in another embodiment, from about 15 mg/100 kcal to about 20
mg/100 kcal, In a particular embodiment of the present invention, the
amount of DHA is about 17 mg/100 kcal. [00083] In embodiments of the
invention, the level of ARA is in the range of 0.0% and 0.67% of fatty
acids, by weight. In another embodiment, the level of ARA may be about
0.67% by weight. In another embodiment, the level of ARA may be about 0.5%
by weight. In yet another embodiment, the level of DHA may be in the range
of about 0.47% and 0.48% by weight. [00084] If included, the 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 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 another
embodiment, 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. [00085] If included, the
amount of ARA in the nutritional composition may vary 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/100 kcal. In a particular embodiment of the present
invention, the amount of ARA is about 25 mg/100 kcal. [00086]If included,
the nutritional composition may be supplemented with oils containing DHA
and ARA using standard techniques known in the art. For example, DHA and
ARA may be added to the 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 may be added to the
formula by replacing an equivalent amount of the rest of the overall fat
blend normally present in the formula without DI-IA and ARA. [00087j If
utilized, the source of DHA and ARA may be any source known in the art such
as marine oil, fish oil, single cell oil, egg yolk lipid, and brain lipid.
In some embodiments, the DHA and ARA are sourced from the single cell
Marte,k oil, DHASCO(r),  WO 2010/048474PC1711820091061783 2'2 or variations
thereof. The DHA and ARA can be in natural form, provided that the
remainder of the LCPUFA source does not result in any substantial
deleterious effect on the infant. Alternatively, the DHA and ARA can be
used in refined form, 



[00088] 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. [00089] In one embodiment, a LCPUFA source which contains
EPA is used in the nutritional composition. In another embodiment, a LCPUFA
source which is substantially free of EPA is used in the nutritional
composition. For example, in one embodiment of the present invention, the
nutritional composition contains less than about 16 mg EPAl100 kcal. In
another embodiment, the nutritional composition contains less than about 10
mg EPA/100 kcal. In yet another embodiment, the nutritional composition
contains less than about 5 mg EPA/100 kcal. Another embodiment of the
invention includes a nutritional composition that is free of even trace
amounts of EPA, [00090] The nutritional composition of the invention also
may contain emulsifiers. Examples of suitable emulsifiers include, but are
not limited to, lecithin (e.g., from egg or soy), and/or mono- and
di-glycerides and mixtures thereof. Other emulsifiers are readily apparent
to the skilled artisan and selection of suitable emulsifier(s) will depend,
in part, upon the formulation and final product. [00091] The nutritional
composition of the invention may optionally contain one or more
stabilizers. Suitable stabilizers for use in the nutritional composition of
the present invention, include, but are not limited to, gum Arabic, gum
ghatti, gum karaya, gum tragacanth, agar, furcellaran, guar gum, gellan
gum, locust bean gum, pectin, low methoxyl pectin, gelatin,
microcrystalline cellulose, CMC (sodium carboxymethylcellulose),
methylcellulose hydroxypropyl methylcellulose, hydroxypropyl cellulose,
DATEM (diactyl tartaric acid esters of mono- and di-glycerides), dextran,
carrageenans, and mixtures thereof. [00092] The nutritional composition of
the present invention may optionally include one or more preservatives that
may also be added to extend product shelf life. Suitable preservatives
include, but are not limited to, potassium sorbate, sodium sorbate,
potassium benzoate, sodium benzoate, calcium disodiurn EDTA, and mixtures
thereof. [00093] The nutritional composition of the present invention may
optionally include one or more of the following flavoring agents, including
but not limited to, flavored extracts,  V70 2010/048474PC1711820091061783
Li volatile oils, cocoa or chocolate flavorings, vanilla or vanilla
extract, peanut butter flavoring, honey, cookie crumbs or any commercially
available flavoring. Further non-limiting examples of flavoring agents
useful in the nutritional composition of the present invention include, but
are not limited to, pure anise extract, imitation banan extract, imitation
cherry extract, chocolate extract, pure lemon extract, pure orange extract,
pure peppermint extract, imitation pineapple extract, imitation rum
extract, imitation strawberry extract; or volatile oils, such as balm oil,
bay oil, bergarnot oil, cedarwood oil, cherry oil, cinnamon oil, clove oil,
or peppermint oil; butterscotch, toffee, and mixtures thereof. The amounts
of flavoring agent can vary greatly depending upon the flavoring agent
used. The type and amount of flavoring agent used can be selected as is
known in the art. [00094]In a particular embodiment of the invention, the
level of TGF-13 in the inventive composition is from about 0.0150 (pgipg)
ppm to about 0.1000 (pg/pg) porn. In another embodiment, the level of
TGF-li in the inventive composition is from about 0.0225 (pg/pg) ppm to
about 0.0750 (pg/pg) ppm. In yet another embodiment, the level of TGF-13 in
the inventive composition is from about 0.0300 (pg/pg) ppm to about 0.0600
(pg/pg) ppm. In a particular embodiment, the level of 1GF43 in the
inventive composition is about 0.0340 (pg/pg) ppm, [00095]In a particular
embodiment of the invention, the level of TGF-13 in the inventive
composition is from about 2500 pg/mL to about 10,000 pg/rni. composition.
In another embodiment, the level of TGF-I3 in the inventive composition is
from about 3000 pg/mL to about 8000 pg/mL. In yet another embodiment, the
level of TGF-I3 in the inventive composition is from about 4000 pg/mL to
about 6000 pg/mL. In a particular embodiment, the level of TGF-I3 in the
inventive composition is about 5000 pgirnL. [00096] In an embodiment, the
level of TGF-01 in the inventive composition is from about 0.0001 (pg/pg)
ppm to about 0.0075 (pg/pg) ppm. In another embodiment, the level of
TGF-131 in the inventive composition is from about 0.0010 (pg/pg) ppm to
about 0.0050 (pgipg) ppm. In yet another embodiment, the level of TGF431 in
the inventive composition is from about 0.0020 (pg/pg) pprn to about 0.0035
(pgipg) ppm. In still another embodiment, the level of TGF-131 in the
inventive composition is about 0.0030 (pg/pg) ppm. [00097] In an
embodiment, the level of TGF-132 in the inventive composition is from about
0.0150 (pg/pg) ppm to about 0.0750 (pg/pg) ppm. In another embodiment, the
level of TGF-11,2 in the inventive composition is from about 0.0250 (pg/pg)
ppm to about 0.0500 (pg/pg) ppm. In yet another embodiment, the level of
TGF-14:2 in the inventive composition  W() 2010/048474PCDUS2009/061783 24
is from about 0.0300 (pg/pg) pprn to about 0.0400 (pg/pg) ppm. In still
another embodiment, the level of TGF-132 in the inventive composition is
about 0.0320 (pg/pg) ppm, [00098] In an embodiment, the ratio of
TGF-131:TGF-132 in the inventive composition is in the range of about 1:1
to about 1:20. In another embodiment, the ratio of TGE-131:TGF132 in the
inventive composition is in the range of about 1:5 to about 1,15. in still
another embodiment, the ratio of TGF-131:TGE-02 in the inventive
composition is in the range of about 1:8 to about 1:13, In a particular
embodiment, the ratio of TGF-pl iTGF-132 in the inventive composition is
about 1:11. [00099] In an embodiment, the bioactivity of TGF-p within the
inventive composition is from about 500 ng Eq/100 kcal to about 5000 rig
Eq/100 kcal. In another embodiment, the bioactivity of TGF-I3 within the
inventive composition is from about 750 ng Eq1100 kcal to about 3000 ng
Eq/100 kcal. In yet another embodiment, the bioactivity of TOE-0 within the
inventive composition is from about 800 ng Eg/100 kcal to about 2500 ng
Eq/100 kcal. In one embodiment, the bioactivity is about 860 ng Eq/100
kcal. In another embodiment, the bioactivity is about 1700 ng Eq/100 kcal.
In another embodiment, the bloactivity is about 1200 ng Eq/100 kcal.
[000100] Alternatively, the bioactivity of TGF-p in the inventive
composition can be defined in terms of IC50 in a HT-2 cell growth
inhibition assay. In an embodiment, the bioactivity of the composition
comprises an lOsofrom about 1.1 mg/m1 to about 5.0 mg/ml. In another
embodiment, the bioactivity of the composition comprises an 1050 from about
1.2 rrigiml to about 3.0 mg/ml. In yet another embodiment, the bioactivity
of the composition comprises an IC50 from about 1.3 mg/ml to about 3.0
mg/ml, In still another embodiment, the bioactivity of the composition
comprises an IC50 from about 1.3 mg/m1 to about 2.0 mg/ml. In an
embodiment, the bioactivity of the composition comprises an IC50 of about
1.5 rrighil, [000101] The following examples describe various embodiments
of the present invention. Other embodiments within the scope of the claims
herein will be apparent to one skilled in the art from consideration of the
specification or practice of the invention as disclosed herein. It is
intended that the specification, together vitith 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.  



WO 2010/048474PC1/US2009/061783 25 Example 1  [000102] This example
illustrates an embodiment of the method of the invention. In this example,
the ingredients set forth in Table 3 were intermixed. Table 3. Nutritional
Product Ingredients  Ingredient Whey Protein Concentrate, 35% Protein,
Super Sack Fat Blend, Bulk (palm oiein oil, coconut oil, soy oil, and high
oleic sunflower oil)  Non-Fat Dry__Milk,  Medium-Heat, Spray Dried  Lactose
Single Cell Arachidonic Acid Oil and Decosahexanoic Oil Blend  Potassium
Citrate Calcium Carbonate Carraqeenan  Calcium Chloride, Dihydrate Sodium
Chloride  Chcriine Chloride Calcium Phosphate, Tribasic, Ultrafine
Nucleotide Premix Ferrous Sulfate, Heptahydrate Sodium Citrate Dihydrate
Granular Premix of Vitamins A, D, E, & K Trace/Ultratrace Mineral Premix
Water, Defluoridated  [000103] The mixture was then subjected to direct
steam injection at 73C for 15 to 30 seconds. Afterward, the mixture was
homogenized at 55C to 65C for 5 to 15 seconds. Finally, the mixture was
retorted at 141C to 145C for 3 to 5 seconds. The mixture was then
aseptically packaged and sealed. Example 2  [000104] This example
illustrates an embodiment of a powdered infant formula of the present
invention.  26 Table 4. Ingredients 



Ingredient Lactose, Grind A Palm Olein Oil Coconut Oil Soy Oil High Oleic
Sunflower Oil Non-Fat Dry Milk, Medium-Heat. Spray Dried  Whey Protein
Concentrate, 35% Protein, Super Sack  Galacto-Oligosaccharide Syrup (77%
solids, 44% fiber)  Polydextrose Power (96% total solids, 96% carbohydrate,
86% fiber)  Calcium Gluconate,Monohydrate Single Cell Arachidonic Acid Oil
Single Cell Docosahexaenoic Acid Oil  0.347 kg 0.238 kg    Corn Syrup
Solids Taurine  Dry vitamin E Tocopheryl Acetate. 50% Vitamin A Palmitate,
Dry Beadlets, CW Dispersible, 250   Niacinamide Biotin Trituration, 1%
Vitamin D3 Powder  Riboflavin 



, Thiamine Hydrochloride  35.478 a. 33.875  25.279 a_ 7.871 g 6.475 g_
5.454  9. 3.299 g 2.122 g 1.6089   0.969  g. 0.755 la  0.601  tg, 0.518
0.122 g 192.187  49,600 g  6.2139  146.0969 11.604 g 3.419  g. 2.711g 2.170
138.017 16.422q  WO 2010/048474PC1711820091061783 27  3.616 al 0.018 qI
1.688 di 0.239  ad    Table 5, Proximate Analysis  Grams per 100 mt. at
Normal 



Dilution  Caloric Distribution  Protein   10.84  1.47 8.50 Fat   28.57 3.89
50.67 Carbohydrate     54.87 1.46 40.83 Ash     2.70  0.37   



Moisture  I 302  89.9  Calories  508  69,1   Table 6. Nutrients  Nutrient I
Calories  Quantities per 100 Calories 100  Protein. Fat,  Carbohydrates, a
Ash,  g  Water, rnL (normal dilution) Linoleic Acid, ma  



2.1 5.6 10.6 0.6 133 900  o-Linclenic Acid, mg  Arachidonic Acid, mg
Docosahexaenoic Acid, mg Vitamin A. IU  85 25 17 300  Vitamin D, IU
Vitamin E, IU  Vitamin K, meg  -Ibiamin, moo Riboflavin, mad Vitamin B6t
meg Vitamin B[2, mcg  Niacin, mcg Folic Acid, rnca16 Pantothenic Acid, mcg



mcg Vitamin C. MCI  Choline, mci 6 6 Calcium. ma Phosphorus, mg  WO
2010/048474PCT/15S2009/061783 28                



Magnesi n Iron. mg                 8  



1.8  1                        



Zinc, Mg         







Manganese. mcg Copper, mcg  Iodine, meg Sodium mg         75             



27 108 63 2.8 0.3 0,3 0 2.5 0.3 0.9 4.2                



Potassium, mg Chloride,  mg Selenium, Mcg Polydextrose
Galacto-oligosacchar de .  AMP Equivalents, mg, CMP Equivalents. mg Gly1P
Eouivalents, mg  UMP Equivalents. ma            











Nucleotide Equivalents mg               





[000105] To prepare 1 liter of product at standard dilution (20 kcal/ .
oz.), 136 grams of powder was mixed with 895.2 grams of water. To prepare 1
quart of product at standard dilution, 128.7 grams of powder was mixed with
847.2 grams water. [000106] Upon reconstitution, the infant formula
described in this example contains approximately 2 al of
galacto-oligosaccharide and 2 gl of polydextrose. The infant formula has an
ARA level of 25 mg/100 kcal. The formula contains 5.6 9 fat/100 kcal, to
achieve a fat content which is similar to human milk. The formula
additionally has a low buffer strength. [000107] All pH adjustments with
regard to this infant formula were made with solutions of potassium
hydroxide. The specific gravity of the formula is 1.03117. Example 3
[000108] This example iflustrates another embodiment of a powdered infant
formula of the present invention. Table 7. Ingredients  WO 2010/048474
PCT/US2009/061783 



29 44% fiber)  Calcium Gluconate, Monohydrate I Single Cell Arachidonic
Acid Oil Single Cell Docosahexaenoic Acid Oil Choline Bitartrate Potassium
Chloride Sodium Chloride Magnesium Oxide, Light L-Carnitine   Corn Syrup
Solids Taurine  Dry vitamin E Tocopheryl Acetate 50% Vitamin A PaImitate,
Dry Beadlets, CW Dispersible, 250  Niemand    Table 8. Proximate Analysis
Grams per 100g Grams per 100 mL at Normal Dilution  Protein  10.84  1.47 



Fat 28.57 3.89  Carbohydrate54.87  7.46    WO 20101048474PCT/US2009f061783
31 [000109] To prepare 1 liter of product at standard dilution (20 kcal/fl.
oz.), 136 grams of powder was mixed with 8952 grams of water. To prepare 1
quart of product at standard dilution, 128.7 grams of powder was mixed with
847.2 grams water. [000110] Upon reconstitution, the infant formula
described in this example contains approximately 4 git. of
galacto-oligosaccharide and has an ARA level of 25 nig/100 Real. The
formula contains 5.6 g fat! 100 kcal, to achieve a fat content which is
similar to human milk. The formula additionally has a low buffer strength.
[000111] All pH adjustments with regard to this infant formula were made
with solutions of potassium hydroxide. The specific gravity of the formula
is 1.03117. Example 4  [000112] Figure 2 illustrates a comparison of
standard processing to the inventive process and its affect on TGF43
bioactivity. The inventive process is indicated in the figure by the term
NP, meaning new process. The standard process is indicated in the figure by
the term "OP", meaning old process. The relative bioactivity of the sample
using standard processing techniques was about 7000. The relative
bioactivity of the sample using the inventive method was about 36,000. As
can be seen, this is an increase in bioactivity of TGF-13 of about 414%. In
addition, the bioactivity of the sample using the inventive process was
almost equivalent to the bioactivity elicited by 100 pg/ml of recombinant
human TGF-p. [000113] The method of the experiment illustrated in Figure 2
was a bioassay of alkaline: phosphatase. TGF-f3 is known to induce immune
signaling pathways in cells which can be measured by secretory Alkaline
phosphatase. Suppresion of TOE-13 activity using an inhibitor thereby
reduces the secretory alkaline phophatase and its activity. This shows that
the activity observed is specific to TGF3 As shown in Figure 2, the ""
symbol represents the inhibitor. The use of inhibitor in all the active
samples show that the activity is TGF-6-specific. [000114] 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  WO
2010/048474PCDUS2009/061783 32 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. [000115] 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 commercially sterile liquid nutritional supplement
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.  33 CLAIMS 



WHATIS_CLAIMEQIS: 1.A method of preparing a liquid nutritional product that
retains the bioactivity of TGF-I3, the method comprising: a. selecting one
or more protein ingredients that have been subjected to a heat load
comprising medium-heat or less, wherein a heat load comprising medium-heat
is defined as exposure to a temperature of 70C to 78C for 15 to 25 minutes;
b. combining the protein ingredients with one or more additional components
of the liquid nutritional product to form a slurry; c. subjecting the
slurry to a pressure of from 2500 per square inch (psi) (-17247kPa) to 3500
psi(-24132kPa) at a temperature of from 55C to 65C for 5 to 20 seconds; d.
subjecting the slurry to a temperature of from 135C to 150C for 1.5 to 15
seconds; and e. cooling the slurry to a temperature of less than 8C in 30
minutes or less. 2. The method according to claim 1, wherein the heat load
comprises low-heat, wherein the heat load comprising low-heat is defined as
exposure to a temperature of less than 70C for 30 seconds to 5 minutes. 3.
The method according to claim 1, wherein the protein ingredient comprises
non-fat dry milk. 4. The method according to claim 3, wherein the non-fat
dry milk has an undenatured whey protein nitrogen level of at least 1.5
mg/g. 5. The method according to claim 1, wherein the protein ingredient
comprises a source of whey protein powder. 6. The method according to claim
5, wherein the source of whey protein powder is selected from the group
consisting of sweet whey, demineralized whey, whey protein concentrate,
whey protein isolate, and combinations thereof. 7. The method according to
claim 5, wherein the whey protein powder has an undenatured whey protein
nitrogen level of at least 6.0 mg/g. 8. The method according to claim 1,
wherein the protein ingredient comprises a casein source and a whey protein
source. 9. The method according to claim 1, wherein step (c) is conducted
at a pressure of3000 psi(-24132 kPa) and a temperature in the range of 55C
to 65C for 5 to 20 seconds.  34 10. The method according to claim 1,
wherein step (d) is conducted at a temperature in the range of 141C to 145C
for 1.5 to15 seconds, 11. The method according to claim 1, additionally
comprising aseptically filling the cooled slurry into the desired
container.   


