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ALLERGY TREATMENT USING ACID TREATED AQUEOUS WHEY PROTEIN EXTRACT

Field of the invention

The invention relates to manufacture of whey protein extracts, to infant formula and to
reducing or preventing food allergy.

Background of the invention

Infants who are not fed at the breast must rely on infant formula as their source of

nutritients and to help ensure normal growth and developments.

infant formula is commonly based on the milk of cows. However about 2 to 3% of
infants have an allergy to the protein in cow’s milk. While there are a number of factors
that regulate immune responses to allergens, the Th1/Th2 balance in infants is
important in immune development, and formula is deficient in cytokines which promote
immune regulatory mechanisms and drive Th1 and Th2 differentiation. As such, there

is a need for a dietary supplement, foodstuff or infant formula that promotes appropriate

immune responses and development.

Summary of the invention

In one embodiment there is provided a process for the production of a whey protein

extract from a whey protein —containing composition including:

- contacting a whey protein-containing composition with an aqueous solution, thereby
forming a sample including a soluble protein-containing component and an insoluble

component;

- recovering the soluble protein-containing component from the sample;

- acidifying the soluble protein-containing component;

thereby forming the whey protein extract.



10

15

20

25

WO 2011/044628 PCT/AU2010/001355
2

In another embodiment there is provided a process for the production of a whey protein

extract from a whey protein —containing solution including:

- separating soluble whey protein from insoluble whey protein in a whey protein —

containing solution;
- acidifying the soluble whey protein;
thereby forming the whey protein extract.

In another embodiment there is provided a whey protein extract including an acid
treated aqueous soluble whey protein-containing component. In certain embodiments,

the extract is produced according to the above described process.

In other embodiments there is provided a use of a whey protein extract including an acid
treated aqueous soluble whey protein-containing component for the manufacture of an
infant formula, dietary supplement or foodstuff.

In related embodiments there is provided an infant formula, dietary supplement or
foodstuff including a whey protein extract including an acid treated aqueous soluble
whey protein-containing component.

In further embodiments there is provided a use of a whey protein extract including an
acid treated agueous soluble whey protein-containing component for the manufacture of

a medicament for preventing or minimising food allergy.

In another embodiment there is provided a method for preventing or minimising food
allergy including the step of providing a whey protein extract including an acid treated

aqueous soluble whey protein-containing component to an individual.

In further embodiments there is provided a method for reducing the release of TNF or
IL-2 in an individual predisposed to food allergy including the step of providing a whey
protein extract including an acid treated aqueous soluble whey protein-containing
component to the individual.



10

15

20

WO 2011/044628 PCT/AU2010/001355

3

In yet further embodiments there is provided a method for increasing the release of IL-
18 in an individual predisposed to food allergy including the step of providing a whey
protein extract including an acid treated aqueous soluble whey protein-containing

component fo the individual.

In still further embodiments there is provided a method for enhancing the intestinal
epithelial cell barrier function in an individual predisposed to food allergy including the
step of providing a whey protein extract including an acid treated aqueous soluble whey

protein-containing component to the individual.

In still further embodiments there is provided a method for enhancing a Th1 immune
response in an individual predisposed to food allergy including the step of providing a
whey protein extract including an acid treated aqueous soluble whey protein-containing
component to the individual.

In another embodiment there is provided a method for minimising a Th2 immune
response in an individual predisposed to food allergy including the step of providing a
whey protein extract including an acid treated aqueous soluble whey protein-containing
component to the individual.

Brief description of the drawings

Figure 1. Inhibition of TNF alpha release from RAW cells after treatment with extract
(123).

Figure 2. Enhancement of IL-18 release from THP-1 cells after treatment with extract
(123).

Figure 3. Inhibition of IL-2 release from Primary CD4 + T cells after freatment with
extract (123).

Figure 4. Effect of extract (123) on IL-2 release by CD4 T cells



10

15

20

WO 2011/044628 PCT/AU2010/001355

4

Figure 5. Effect of extract (123) (acidified or neutral) on IL-2 release by CD4 T cells after
CD3 and CD28 stimulation.

Figure 6. Tran epithelial resistance of T84 cells after treatment with neutral or acidified
extract (123) or Lactoferrin.

Figure 7. Trans epithelial resistance of T84 celis after treatment with extract either
neutral (123—neutral) or acid activated (123-Acidified).

Figure 8. Serum IgE after extract (123) treatment at a 1/8 or a 1/12 dilution into formula
or as a bolus dose 3 times /day.

Figure 9. BLG specific IgG1concentration after extract (123) treatment at a 1/8 or a 1/12
dilution into formula or as a bolus dose 3 times /day (outliers included; indicated by x).

Figure 10. Serum RMCPII concentration after extract (I123) treatment at a 1/8 or a 1/12
dilution into formula or as a bolus dose 3 times /day.

Figure 11. Mast cell counts/ mm2 lamina propria after extract (123) treatment at a 1/8 or
a 1/12 dilution into formula or as a bolus dose 3 times /day.

Figure 12. IL-10 (A), IFN gamma (B) and IL-4 (C) in the intestine after treatment with
extract (123) at a 1/8 or a 1/12 dilution to formula or as a bolus dose 3 times /day.

Figure 13. Weaning study: Serum BLG specific IgG1(A), IgE (B) and RMCPII (C).
Gavage with extract (123) commenced on day 4 and oral BLG commenced at day 14.

Detailed description of the embodiments

It will be understood that the invention disclosed and defined in this specification
extends to all alternative combinations of two or more of the individual features
mentioned or evident from the text or drawings. All of these different combinations

constitute various alternative aspects of the invention.
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Reference will now be made in detail to certain embodiments of the invention. While the
invention will be described in conjunction with the embodiments, it will be understood
that the intention is not to limit the invention to those embodiments. On the contrary, the
invention is intended to cover all alternatives, modifications, and equivalents, which may

be included within the scope of the present invention as defined by the claims.

One skilled in the art will recognize many methods and materials similar or equivalent to
those described herein, which could be used in the practice of the present invention.
The present invention is in no way limited to the methods and materials described.

It will be understood that the invention disclosed and defined in this specification
extends fo all alternative combinations of two or more of the individual features
mentioned or evident from the text or drawings. All of these different combinations

constitute various alternative aspects of the invention.

As used herein, except where the context requires otherwise, the term "comprise" and

variations of the term, such as "comprising”, "comprises" and "comprised", are not
intended to exclude further additives, components, integers or steps.

The inventor has surprisingly found that a whey protein extract in the form of an acid
treated aqueous soluble whey protein-containing component has immuno regulatory
properties. In particular, the in vitro studies described herein show that the extract
(otherwise known as ‘I123’) increases biomarkers that are characteristic of a Th1
response while minimising markers of a Th2 response. Specifically, these in vitro
studies show that the extract decreases IL-2 secretion by CD4* T cells and increases
IL-18 and TNF secretion. Importantly the studies show that the extract enhances

intestinal barrier function.

Further, to the above, the in vivo studies herein show that the extract minimises total
serum IgE, anti BLG IgG1 and mast cell count in formula fed allergy prone individuals.
Still further, the in vivo studies herein show that the extract minimises total serum IgE

during weaning of allergy prone individuals. These findings demonstrate the utility of the
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extract in immune regulation in allergy prone individuals during formula feeding and

. \
weaning.

A whey protein extract comprising an acid treated aqueous soluble whey protein-
containing component may be produced by a process involving solubilisation of whey
protein-containing composition and acidification of the aqueous soluble component of

the composition.

Thus in certain embodiments there is provided a process for the production of a whey

protein extract from a whey protein —containing composition. The process includes the

. following steps:

- contacting a whey protein-containing composition with an aqueous solution, thereby
forming a sample including a soluble protein-containing component and an insoluble

component;

- recovering the soluble protein-containing component from the sample;
- acidifying the soluble protein-containing component;

thereby forming the whey protein extract.

In other embodiments the whey protein extract may be produced by a process in which
an aqueous soluble whey (such as a liquid whey) is acidified. Thus in another
embodiment there is provided a process for the production of a whey protein extract

from a whey protein —containing solution including:

- separating soluble whey protein from insoluble whey protein in a whey protein —

containing solution;
- acidifying the soluble whey protein;

thereby forming the whey protein extract.
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The above described methods may include an additional step of neutralizing the

acidified soluble whey protein.

‘Whey' is generally the serum or watery fraction of milk that forms along with curd
formation when milk coagulates. Whey is typically formed in cheese production when
curd forms. Whey is rich in lactose, minerals, and vitamins and contains lactalbumin and

traces of fat.

Whey may be formed from any mammalian milk, preferably cow, goat or sheep milk,

more preferably cow milk.

‘Whey protein’ is generally the protein that is found in whey. It may be provided in the
form of a solid, liquid or concentrate.

A ‘whey protein —containing composition’ is generally a composition that includes whey
proteins. In some embodiments, the whey protein —containing composition consists of
whey protein. In these embodiments, the composition substantially lacks proteins that
are not found in whey, although the composition may include other non protein
components such as carbohydrate and fat. Examples include whey protein concentrates
(WPC) and whey protein isolates (WPI). WPC and WPI and processes for producing

these compositions are described further herein.

In other embodiments, the whey protein —containing composition includes proteins not
generally found in whey. Examples include casein protein. These other proteins may be
added together with whey protein to form the whey —protein containing composition.
Alternatively these proteins may be comprised in the whey protein —containing
composition as the composition is formed. Examples of the latter formed composition

include milk and milk products.

In one embodiment, the whey protein —containing composition may be enriched for
whey protein. For example, whey prétein may be added to a whey protein-containing
composition to increase the relative abundance of whey protein in the composition. In
other embodiments, non whey protein, or other non protein components may be

removed from a whey protein-containing composition, thereby increasing the relative
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abundance of whey protein in the composition. Examples of processes for enriching for

whey protein including filtration are described further herein.

In one embodiment, the whey protein-containing composition may be enriched for a
particular protein species. Particular protein species of interest are those that have
application in immune regulation and in particular, proteins that are useful for minimising
or preventing allergy. Examples include proteins that tend to mediate a Th1 immune
response in preference to a Th2 response. One example is TGF beta.

In one embodiment the whey protein-containing composition may include a peptide
useful for inducing tolerance to dietary protein that is newly introduced to a mammal at

weaning.

In one embodiment the protein component of the whey protein —containing composition
may be partially or extensively hydrolysed. A ‘partially hydrolysed whey protein —
containing composition’ generally contains oligopeptides that have a molecular weight
of generally less than 5000d. An ‘extensively hydrolysed whey protein —containing
composition’ generally contains peptides that have a molecular weight of less than
3000d.

In one embodiment, the whey protein —containing composition may contain a
physiologically acceptable salt, pH buffering agent, preservative or anti —microbial
agent.

In one embodiment, the whey protein —containing composition includes one or more of

sweet whey, acid whey, reduced lactose whey, demineralised whey, WPC or WPI.

‘Sweet whey may be derived from the manufacture of cheeses such as Cheddar,
Mozzarella and Swiss that has been pasteurized and fo which no preservatives have
been added. Sweet whey powder generally contains all the constituents of fresh whey,
except water in the same relative proportion. Typically, sweet whey powder has about
11-14.5% protein, about 63 to 75% lactose, about 1 to 1.5% fat, about 8.2 to 8.8% ash
and about 3.5 to 5% moisture.
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‘Acid whey’ may be derived from the manufacture of cheeses such as cottage, cream
cheese and ricotta that has been pasteurized and to which no preservatives have been
added. Acid whey powder contains all the constituents of original acid whey, except
water, in the same relative proportion. Typically, acid whey powder has about 11-13.5%
protein, about 61 to 70% lactose, about 0.5 to 1.5 % fat, about 9.8 to 12.3 % ash and
about 3.5 to 5% moisture. Acid whey may be neutralised before use in the invention

described herein.

‘Reduced lactose whey' may be obtained by the selective removal or hydrolysis of
lactose from whey. The lactose content of the dry product may not exceed 60%.
Reduction of lactose may be accomplished by physical separation techniques such as
precipitation or filtration or enzymatic hydrolysis of lactose to glucose and galactose.
The acidity of reduced lactose whey may be adjusted by the addition of safe and
suitable ingredients. Typically, reduced lactose whey powder has about 18-24.0%
protein, about 52 to 58% lactose, about 1 to 4 % fat, about 11 to 22 % ash and about 3
to 4% moisture.

‘Demineralised whey’ (also called ‘reduced —minerals whey’) is obtained by removing a
portion of the minerals from pasteurized whey. Typical levels of demineralization are
25%, 50% and 90%. The dry product may not exceed 7% ash. Demineralised whey
may be produced by separation techniques such as ion exchange, diafiltration or
electrodialysis. The acidity of demineralised whey may be adjusted by the addition of

safe and suitable ingredients.

WPCs, are concenirates of whey having specified amounts of protein. Generally,
WPC34 specifies a concentrate having not less than 34% protein, WPC50 specifies a
concentrate having not less than 50% protein, WPC60 specifies a concentrate having
not less than 60% protein, WPC75 specifies a concentrate having not less than 75%
protein and WPC80 specifies a concentrate having not less than 80% protein. These
concentrates may be formed by ultrafiltration of pasteurised whey, recovery of the
retentate, followed by concentration and spray drying of the retentate to form WPC34
and WPC50 powder; or diafiltration of the retentate, followed by concentration and
spray drying to form WPC50, WPC60, WPC75 or WPC80.
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WPI is obtained by removing sufficient non protein constituents from whey so that the
finished dry product contains not less than 90% protein. WP is produced by membrane
separation processes or ion exchange. In one example, pasteurized fluid whey is
subjected to microfiltration resulting in removal of lipids, diafiltration is then applied to
form a permeate and whey protein isolate and the latter is then concentrated and spray
dried to form WPI powder. In another example, pasteurized fluid whey is subjected to
ion exchange protein separation leading to deproteinated whey and the adsorbed whey
protein is then desorbed, subjected to ultrafiltration or further ion exchange to remove
minerals. The whey protein isolate so formed is then subjected to concentration and

spray drying to form WPI powder.

In one embodiment, the amount of protein in the whey protein —containing composition

is at least about 10% w/w on a dry weight basis.

In one embodiment, the amount of protein is about 10% to less than about 90% w/w.
In one embodiment, the amount of protein is about 11% to about 25% w/w.

In one embodiment, the amount of protein is about 11% to about 18% w/w.

In one embodiment, the amount of protein is about 18% to about 25%w/w.

in one embodiment, the amount of protein is about 34% to about 80% w/w.

In one embodiment, the amount of protein is about 50% to about 75% w/w.

In one embodiment, the amount of protein is about 50% to about 60% wi/w.

In one embodiment, the amount of protein is about 60% to about 75% w/w.

In one embodiment, the amount of protein is about 90% to about 95% w/w.

In one embodiment, the whey protein —containing composition includes at least one of

carbohydrate (such as lactose) and fat.
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In one embodiment, the amount of lactose in the whey protein —containing composition

is at least about 1% w/w on a dry weight basis.

In one embodiment, the amount of lactose is about 1% to less than about 80%.
In one embodiment, the amount of lactose is about 63% 1o about 75% w/w.
In one embodiment, the amount of lactose is about 61% to about 70% w/w.
in one embodiment, the amount of lactose is about 52% to about 58% w/w.
In one embodiment, the amount of lactose is about 70% to about 80% w/w.
In one embodiment, the amount of lactose is about 48% to about 52% w/w.
In one embodiment, the amount of ‘Iactose is about 33% to about 37% w/w.
In one embodiment, the amopnt of lactose is about 25% to about 30% w/w.
In one embodiment, the amount of lactose is about 10% to about 15% w/w.
In one embodiment, the amount of lactose is about 4% to about 8% w/w.

In one embodiment, the amount of lactose is about 0.5% to about 1.0% w/w.

In one embodiment, amount of fat in the whey protein —containing composition is at
least about 0.5% w/w on a dry weight basis.

In one embodiment, the amount of fat is about 0.5% to less than about 10% wi/w.
in one embodiment, the amount of fat is about 1% to about 5% w/w.

In one embodiment, the amount of fat is about 5% to about 7% w/w.
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In one embodiment, the whey protein —containing composition includes about 80 to 82%

protein, about 4 to 8% lactose and about 4 to 8% fat w/w.

In one embodiment, the whey protein —containing composition is a WPC.

In one embodiment, the WPC is WPC 80. Other WPCs include WPC34, WPC50,
WPC60 and WPC75.

In one embodiment, the whey protein —containing composition is provided in the form of

a powder for contact with the aqueous solution.

An ‘aqueous solution’ also known as ‘aqueous solvenf is a water -based component
that can be used for completely or partially dissolving whey protein. The aqueous
solution may be water, including purified, distilled or sterilised water. The aqueous -
solution may contain physiologically acceptable salts. Examples of these salt containing
solutions include saline. The aqueous solution may contain a pH buffering agent or

preservative or anti —microbial agent.

An ‘aqueous soluble protein-containing componenf or ‘fraction’ is generally a
component or fraction of the sample that contains proteins dissolved completely or
partially in the aqueous solvent. This may also be referred to as an ‘aqueous solubilised
protein —containing component or ‘aqueous solubilised protein —containing fraction'.
Proteins that dissolve completely in an aqueous solvent tend to be ones that adopt a
conformation in solution whereby hydrophobic or non polar side chains and groups are
buried within the protein out of contact with the solution and polar or hydrophilic side
chains are exposed at the protein surface for contact with the solvent. Proteins that
dissolve partially in an aqueous solvent may adopt a conformation in solution whereby
some of the hydrophobic side chains or groups are exposed on the protein surface to

the solvent.

In one embodiment, the whey protein-containing composition is contacted with the
aqueous solution in conditions for enhancing the formation of the solubilised protein-
containing component. For example, the mixture of the solution and the composition

may be agitated or stirred using known methods. Temperature may be adjusted to
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enhance complete or partial solubilisation. One or more agents for assisting with

solubilisation may be added to the mixture.

In one embodiment, the whey protein —containing composition is provided for contact
with the aqueous solution in an amount of at least about 0.5% whey protein —containing

composition w/w.

In one embodiment, the whey protein —containing composition is provided in an amount
of about 0.5% to 10% w/w.

In one embodiment, the whey protein —containing composition is provided in an amount
of about 0.5% to 7% wiw.

In one embodiment, the whey protein —containing composition is provided in an amount
of about 5% to 6% wiw.

Typically the completely or partially solubilised proteins in the component are whey
proteins, although there may also be other milk derived proteins in the component,
depending on the whey protein —containing composition forming the starting or feed
material for the process.

An ‘insoluble component’ component formed in the process generally contains protein,
fat or ash. Generally, the insoluble component is not dissolved when the aqueous

solution is agitated, stirred or temperature adjusted.

Generally, a larger amount of insoluble component forms where the whey protein —
containing composition is provided in larger amounts of composition per amount of

solution.

Generally the insoluble component has a paste like texture and a white or whitish

colour.
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Generally the insoluble component settles to the bottom of a vessel in which the whey
protein-containing component is contacted with the aqueous solvent. The settling may

occur with or without centrifugation.

The solubilised protein-containing component may be recovered by separating the
solubilised protein-containing component from the insoluble solid. Generally,
substantially all of the solubilised protein-containing component is recovered. In some
embodiments, substantially all of the solubilised protein-containing component is
separated from the insoluble solid. While not wanting to be bound by hypothesis, it is
believed that the separation of the insoluble component from the aqueous soluble
component is important as the former might contain molecules that suppress a Th1

immune response or that disrupt barrier function.

The separation process may be a single step of multi —step process.

Any number of techniques known in dairy processing for separating a complete or
partially soluble fraction such as a supernatant from a solid may be used to separate the
solubilised protein-containing component from the insoluble solid. Examples include
decanting, centrifugation, chromatography (ion exchange, gel! filtration, HPLC, RP-
HPLC, affinity), electrodialysis, filtration or adsorption.

Typically the solubilised protein-containing component is acidified by providing a pH of
at least about 2.5, preferably about 3 to 6.0, more preferably about 3.0 to 5.5, 3.5 to 5.0,

to the solubilised protein-containing component.

While not wanting to be bound by hypothesis, it is believed that the acidification step
activates TGF beta in the aqueous soluble component by removing the LAP peptide.

It will be understood that the acidification step may be carried out before recovery of the
solubilised protein—containing component from the sample, although typically it is
carried out after recovery, in which case an acid is provided to the solubilised protein —

containing component.
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Accordingly, there is provided a process for the production of a whey protein extract

from a whey protein-containing composition including the following steps in order:

- contacting a whey protein—containing composition with an aqueous solution, thereby
forming a sample including a soluble protein—containing component and an insoluble

component;

- recovering the soluble protein—containing component from the sample;
- acidifying the soluble protein—containing component

thereby producing the whey protein extract.

Typically the solubilised protein-containing component is neutralised by providing a pH
of about 6.5 to 7.5 preferably about 7 to the solubilised protein-containing component.

The neutralisation step may be carried out before recovery of the solubilised protein—
containing component from the sample although generally it is carried out after the
solubilised protein—containing component has been recovered from the sample and

acidified.

The whey protein extract described above may be provided in liquid or solid form.
Typically it is provided in solid form, such as a powder. Thus in certain embodiments,
the above described process includes the further step of drying the solubilised protein—
containing component, thereby obtaining a powder. Suitable drying methods are well
known to the skilled worker. Evaporation, including vacuum concentration, spray drying,

roller and drum drying are examples.

The whey protein extract comprising an acid treated aqueous soluble whey protein-
containing component, including one formed by a method as described above, may be
further processed or modified before use. Any one of the following processes or
modifications may be applied:
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. enrichment, concentration or fractionation of whey protein, for example using

membrane filtration technology discussed further herein;

. enzymatic hydrolysis to partially or extensively hydrolyse protein contained in the
extract;
. mineral or ash removal, for example using electrodialysis technology further

discussed herein;

. removal of non protein components using chromatography or crystallisation

technologies further described herein;
. addition of immunoregulatory molecules such as TGF beta;

. addition of peptide antigen useful for inducing tolerance to newly received dietary
protein during weaning;

. further drying
. sizing of granules.

Membrane technologies including reverse osmosis, nanofiltration, ultrafiltration and
microfiltration may involve a pressure —driven separation using a semi —permeable
membrane whereby a combination of pumps and valves creates a pressure gradient
across the membrane which drives the smaller molecules in the whey across the
membrane, thereby concentrating the larger molecules and particles that cannot cross
the membrane. Selective separation or concentration can be achieved by using
membranes with different pore sizes or molecular weigh cut —off. Examples of
membranes include those used in reverse osmosis (RO), nanofiltration (NF),
ultrafiltration (UF) and microfiltration (MF). FR membranes have the smallest pores and
allow only water to cross the membrane while all other components of the whey are
retained. A common use of RO membranes is water desalination. These membranes
are generally rated according to their ability to reject salt. Like vacuum concentration,

RO systems do not change the ratios of the solid components of the whey but rather
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concentrate the solid components by removing only water. The extent of whey
concentration by RO is limited by the increase in viscosity and osmotic pressure of the

whey as water is removed.

Nanofiliration membranes are sometimes referred to as “loose” RO membranes. NF
membranes allow some monovalent ions to cross the membrane along with the water
resulting in a partial “desalting” of the whey. Because only minerals with a single
charge are removed, NF membranes only slightly reduce the mineral content of whey.
NF membranes may be used to reduce the sodium chloride content of some types of

whey.

Ultrafiltration membranes have larger pores than RO or NF membranes. UF
membranes permeate lactose and ash while retaining the proteins in whey thereby
making UF membranes the standard tool for production of WPCs. The greater the
amount of lactose and ash removed, the higher the protein content of the WPC.
Because the viscosity of the whey increases as protein concentrate increases, addition
of water to the retentate to wash out additional amounts of lactose and minerals, in a
process known as diafiltration, is necessary when producing WPCs with more than 50%
protein.

Microfiltration membranes have the largest pores of the membrane separation
processes. Smaller soluble proteins, peptides, lactose, minerals, non-protein nitrogen
components, and water readily permeate MF membranes. Fat globules are retained by
MF membranes therefore these membranes can be used to remove the small amounts
of fat that are not recovered by centrifugation. Trace amounts of fat must be removed

to produce WPIs.

Electrodialysis also uses semi-permeable membranes, however, an electrical current
replaces pressure as the driving force for separating whey components. Electrodialysis
membranes allow only minerals to permeate while retaining lactose and proteins. An
electrical current draws the charged mineral ions through the membranes and into a

brine stream. Lactose is not affected by the current and proteins cannot cross the
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membranes. Electrodialysis does not denature whey proteins while removing up to

75% of the minerals in whey.

lon exchange is a type of chromatography. For example, when producing
demineralized whey, whey passes through a column containing absorbent beads that
bind the ions (charged minerals) in the whey. The remainder of the whey components
such as protein and lactose pass through the column unhindered. The resulting whey
therefore will have reduced amounts of minerals as compared to untreated whey. lon
exchange does not denature proteins and can remove up to 98% of the minerals in
whey.

Chromatography processes use charged resins to separate proteins in whey from other
components. The proteins bind to oppositely charged resin while components like
lactose do not bind and therefore pass directly through the system. After the whey has
passed through the column or tank containing the resin, a buffer is sent through the
system to release the bound proteins. The proteins can be purified further by UF and
then spray dried.

Chromatography can also be used to separate specific proteins from.other proteins in
whey. Lactoferrin and lactoperoxidase are positively charged at a pH typical for sweet
whey. The major proteins of whey, Alpha-lactalbumin, Beta-lactoglobulin and bovine
serum albumin are negatively charged at the same pH. When whey passes through a
tank containing negatively charged resin, the positively charged lactoferrin and
lactoperoxidase bind to the resin while the other proteins and whey constituents pass
through the column. An alkaline solution is then sent through the column to release the
bound proteins from the resin. The recovered proteins can thén be washed and spray
dried.

Crystallization is used to produce either lactose or non-hygroscopic whey/permeate
powder. Whey or permeate is concentrated to at least 50% total solids by evaporation
where lactose is supersaturated such that the lactose will readily crystallize as the
concentrated Whey/permeate is cooled. After the whey/permeate has cooled

sufficiently, the lactose crystals can be removed for further processing into high quality
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lactose, or the whey/permeate solution with crystallized lactose can be dried to produce

non-hygroscopic whey/permeate powder.

Beta-galactosidase, an enzyme, can be added to whey to hydrolyze the disaccharide
lactose into its component monosaccharides, glucose and galactose. Time and

temperature are used to control the degree of lactose hydrolysis.

Proteases are enzymes added to whey to hydrolyze the proteins. The type of protease
added, time and temperature are used to control the type and degree of protein
hydrolysis.

In principle, protein modification by hydrolysis is the opposite of polymerization.
Proteases are the most common group of enzymes used to cleave the peptide bonds of
a protein molecule, resulting in smaller peptides and polypeptides. The degree of
hydrolysis, i.e., the degree to which the whey proteins are hydrolyzed, will affect the
functional properties of the hydrolysates as food ingredients.

Whey proteins can be denatured by heat to alter their functional properties. A
combination of time and temperature is used to control the amount of whey protein
denaturation. Controlled denaturation often is done during the preheating treatment.
The amount of undenatured whey protein can be measured by the whey protein
nitrogen index.

In one embodiment there is provided a use of an extract described above for the
manufacture of an infant formula, follow on formuia, dietary supplement or foodstuff.

An infant formula is generally a nutritional composition given to newly born individuals in

place of breast milk. An infant formula may be given to about 4 to 6 months of age.

A follow on formula is generally a nutritional composition given to individuals from about
6 months of age or older.

The formula may be prepared in any suitable manner. For example, it may be prepared
by blending together the whey protein extract described herein, together with other
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nutritional components such as a carbohydrate source, or fat source in appropriate
proportions. If used, the emuisifiers may be included at this point. Other components
such as immune regulatory molecules, vitamins and minerals may be added at this
point but are usually added later to avoid thermal degradation. Any lipophilic vitamins,
emulsifiers and the like may be dissolved into the fat source prior to blending. Water,
preferably water which has been subjected to reverse osmosis, may then be mixed in to
form a liquid mixture. The temperature of the water is conveniently about 50°C to about
80°C to aid dispersal of the ingredients. Commercially available liquefiers may be used
to form the liquid mixture. The liquid mixture is then homogenised; for example in two

stages.

The liquid mixture may then be thermally treated to reduce bacterial loads, by rapidly
heating the liquid mixture to a temperature in the range of about 80°C to about 150°C
for about 5 seconds to about 5 minutes, for example. This may be carried out by steam

injection, autoclave or by heat exchanger; for example a plate heat exchanger.

Then, the liquid mixture may be cooled to about 60°C to about 85°C; for example by
flash cooling. The liquid mixture may then be again homogenised; for example in two
stages at about 10 MPa to about 30 MPa in the first stage and about 2 MPa to about 10
MPa in the second stage. The homogenised mixture may then be further cooled to add
any heat sensitive components; such as vitamins and minerals. The pH and solids
content of the homogenised mixture are conveniently adjusted at this point.

The homogenised mixture is transferred to a suitable drying apparatus such as a spray
drier or freeze drier and converted fo powder. The powder should have a moisture

content of less than about 5% by weight.

If a liquid product is preferred, the homogenised mixture may be sterilised then
aseptically filled into suitable containers. In other embodiments the product may be
treated in a way to extend shelf life such as through heat treatment.

In one embodiment there is provided an infant formula, dietary supplement or foodstuff

including an extract described above.
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A formula may contain a carbohydrate source. Any carbohydrate source conventionally
found in infant formulae such as lactose, saccharose, maltodextrin, starch and mixtures
thereof may be used although the preferred source of carbohydrates is lactose.
Preferably the carbohydrate source contributes between 35 and 65% of the total energy
of the formula.

A follow-on formula according to the present invention may contain a source of lipids.
The lipid source may be any lipid or fat which is suitable for use in infant formulas.
Preferred fat sources include palm olein, high oleic sunflower oil and high oleic safflower
oil. The essential fatty acids linoleic and a-linolenic acid may also be added as may
small amounts of oils containing high quantities of preformed arachidonic acid and
docosahexaenoic acid such as fish oils or microbial oils. In total, the fat content is
preferably such as to contribute between 30 to 55% of the total energy of the formula.
The fat source preferably has a ratio of n-6 to n-3 fatty acids of about 5:1 to about 15:1;
for example about 8:1 to about 10:1.

The follow-on formula may also contain all vitamins and minerals understood to be
essential in the daily diet and in nutritionally significant amounts. Minimum requirements
have been established for certain vitamins and minerals. Examples of minerals,
vitamins and other nutrients optionally present in the infant formula include vitamin A,
vitamin B1, vitamin B2, vitamin B6, vitamin B12, vitamin E, vitamin K, vitamin C, vitamin
D, folic acid, inositol, niacin, biotin, pantothenic acid, choline, calcium, phosphorous,
iodine, iron, magnesium, copper, zinc, manganese, chloride, potassium, sodium,
selenium, chromium, molybdenum, taurine, and L-carnitine. Minerals are usually added
in salt form. The presence and amounts of specific minerals and other vitamins will vary

depending on the intended infant population.

If necessary, the formula may contain emulsifiers and stabilisers such as soy lecithin,
citric acid esters of mono- and di-glycerides, and the like.

The formula may optionally contain other substances which may have a beneficial effect

such as lactoferrin, nucleotides, nucleosides, and the like.
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Finally, the formula may contain indigestible oligosaccharides such as galacto-

oligosaccharides for example in an amount of from 0.3 to 7%.

Examples of formula are discussed in_Koletzko B ef al. 2005 J. Pediatric Gastroenterol
Med. 41:584-599.

In certain embodiments, the extract is provided to an individual in an amount of 2.3g/kg
body weight of the individual.

In one embodiment there is provided a use of an acid whey for the manufacture of an
infant formula, follow on formula, dietary supplement or foodstuff, and a formula,
supplement or food stuff containing an acid whey. In these embodiments, the acid whey
effectively substitutes for the whey protein extract including an acid treated aqueous
soluble whey protein containing —component described herein. In these embodiments,

the acid whey may be neutralized before use.

In one embodiment there is provided a use of an extract described herein for the
manufacture of a medicament for preventing or minimising food allergy.

In one embodiment there is provided a method for preventing or minimising food allergy
including the step of providing an extract described herein to an individual. Typically the
individual is a human. Typically the human is pre-disposed to allergy. Typically the

human is a neonate. Typically the neonate is less than about 2 years old.

In one embodiment there is provided a method for reducing the release of TNF or [L-2
in an individual predisposed to food allergy including the step of providing an extract of
claim 48 to the individual.

In one embodiment there is provided a method for increaéing the release of IL-18 in an
individual predisposed to food allergy including the step of providing an extract of claim
48 to the individual.
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In one embodiment there is provided a method for enhancing the intestinal epithelial cell
barrier function in an individual predisposed to food allergy including the step of
providing an extract described herein to the individual.

In one embodiment there is provided a method for enhancing a Th1 immune response
in an individual predisposed to food allergy including the step of providing an extract
described herein to the individual.

In one embodiment there is provided a method for minimising a Th2 immune response
in an individual predisposed to food allergy including the step of providing extract
described herein to the individual.

In the above described methods, acid whey may effectively substitute for the whey
protein extract including an acid treated aqueous soluble whey protein containing —
component described herein.

The examples that follow are intended to illustrate but in no way limit the present

invention.

Examples

Example 1 Production of a whey protein extract including an acid treated aqueous

soluble whey protein-containing component

200ml H,O was added to 12g of WPC 80 and incubated for 30mins at room
temperature until dissolved. The solution was centrifuged at 16000g for 10mins to
remove undissolved solids. Supernatant was removed and acidified by adding 1.335ml
10N HCL for 30mins. The acidified solution was neutralised by adding 1.555m} 10M
NaOH and the pH measured, pH~7.0. The final solution was filtered through a 0.45um
filter and then through a 0.2um filter to sterilise. A 6% solution was used as the stock
solution for the trial (i.e. stock solution was diluted 1/8 or 1/12 into formula).

Example 2 in vitro immuno-requlatory activity of acid treated agueous soluble whey

protein-containing component
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The extract (123) formed in Example 1 was tested for in vitro immuno-reguiatory activity
in a number of cell based assays. The extract was aliquoted into 96 well plates and then

screened in rapid cell based screening assays.

Data in Figure 1, shows TNF alpha (a Th1 cytokine) release in vitro by RAW cells which
are a macrophage cell line. 123 stimulated TNF alpha production in RAW cells (see
fraction number 3 in Figure 1).

IL-18 is a major early immuno-regulatory cytokine which drives T cell development into
either a Th1 (inflammation) or Th2 (allergy) direction depending on the surrounding
cytokine milieu. We also assessed [.-18 secretion after phorbol 12-myristate 13-acetate
(PMA) with or without lippopolysaccharide (LPS) stimulation of THP1 celis (a monocyte
cell line). Control cells were in Phosphate buffered saline (PBS). Fraction 123 stimulated

IL-18 production from THP1 cells (see fraction humber 3 in Figure 2).

IL-2 is a cytokine which is essential for T cell activation and is critical in immune
response induction. We assessed 123 for ability to influence IL-2 release in TGR
Biosciences primary T cell assay. T cells were purified from peripheral blood (Buffy coat
containing leukocytes were obtained from the Red Cross Blood Bank, Adelaide) using
MACS magnetic bead technology (Miltenyi Pty. Ltd). An indirect purification of CD4"™ T
cells was carried out. Unwanted cells (i.e. CD 8" lymphocytes, macrophages, B cells
etc) were first labelled with magnetic bead conjugated antibodies to the relevant cell
surface markers. Labelled cells were then run down a MACS magnetic column,
unwanted cells bind to the column leaving CD4" T cells in the column effluent. These
CD4" T cells were washed and incubated with PMA to stimulate the cells for cytokine
production as well as the milk fractions in the library. IL-2 release was assessed by
ELISA (see Figure 3).

123 (Fraction 3 in Figure 3) suppresses IL-2 cytokine release in vitro as demonstrated by
mitogenic activation of human CD4" T cells. IL-2 release was dose dependent after
PMA stimulation. Short and long term suppression of the production of IL-2 by 123 was
assessed by using an overnight (O/N) incubation or a pulse for 1 hour (see Figure 4).
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We identified 4 potential fractions with in vitro immuno-regulatory activity. The 123
fraction in Figure 4 induced a dose responsive inhibition of T-cell activation as
measured by IL-2 release. Inhibition of IL-2 occurs in T cells incubated with the fractions
for 24 hour as well as after a short thour pulse.

Purified human CD4" T cells were stimulated overnight with PHA and PMA, in the
presence of 123. 123 clearly inhibits IL-2 secretion as evident in a dose ranging study, as
a reduction in 123 concentration leads to increased IL-2 secretion. The maximal level of
suppression is comparable to that of unstimulated cells and a known
immunosuppressant, Dexamethasone. (DEX). For T cells, to be activated in vivo
antigen is presented to the T cell receptor and co-stimulatory molecules are activated
leading to T cell activation and cytokine release. To further confirm the immuno-
regulatory activity we assessed inhibition of IL-2 release after stimulation of the CD4™ T
cells via the T cell receptor cell using anti-CD3 antibody, and anti-CD28 (antibody
against a co-stimulatory molecule). This activation protocol was set up to mimic what
occurs naturally in vivo as a comparison to the non specific mitogenic stimulation of the
CD4" T cells with PHA /PMA. 123 suppresses IL-2 secretion by CD4" T cells which have
been activated with anti-CD3 and anti-CD28 antibodies (see Figure 5).

We assessed the effect of milk fractions 123 in vitro using the T84 cell epithelial barrier
function assay (TGR Biosciences). 123 showed immuno-inhibitory activity in vitro, we
included acid activated and neutral 123 and 129 in the barrier function assay.
Transepithelial resistance (TER) was measured in T84 intestinal epithelial cells in
culture with and without acid activated and neutral 123 (see Figure 6). A more detail
graph of 123 and its affect on TER is shown in Figure 7. A decrease in TER represents a

decrease in barrier function of the cells

The data in Figure 6 shows that 123 either in a neutral form or in an acidified form had
no detrimental effect on the epithelial cell barrier integrity after 1 or 2 days of culture
(see Figure 6 and Figure 7). However, it did significantly increase the barrier function of
the cells in the TER assay.
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Resolution of allergy occurs in infants with cow’s milk allergy when there is a shift from
Th2 to a Th1 type of immune response. 123 also promoted production of the Th1
cytokine IL-18 from THP1 celis (see Figure 2, fraction 3). Therefore we went onto carry
out an in vivo trial with 123 in Brown Norway rat pups.

Example 3 in vivo immuno-regulatory activity of acid treated agueous soluble whey

protein-containing component

An in vivo trial using Brown Norway allergy prone rat pups was carried out. Acid
activated 123 was given as a continuous infusion mixed into the formula or as a 0.1 ml
bolus into the stomach three times a day. The trial was completed with an n= 8/group

and serum analysis carried out.

123 has immuno-regulatory activity when used as a supplement into formula (1/8 of a
6% starting solution) or when given as a bolus 3 times/day to formula fed rat pups. A
significant decrease in IgE was obtained when compared to IgE levels in rat pups
receiving formula alone. One Way ANOVA with a Tukey’'s post—hoc test was used to
assess significance between groups * = P< 0.05 treatment group compared to formula
fed group.

123 suppiementation of formula at a 1/8 dilution or as a gavage given 3 times a day
reduced serum IgE levels compared to formula fed rat pups (see Figure 8). BLG specific
IgG1 was not significantly different from the formula fed group after 123 supplementation
at 1/8 or as a bolus dose 3 times a day. However at a 1/12 dilution a decreased IgG1
titre was obtained in 6 out of 8 rat pups, there were two rats in the 1/12 trial with
abnormally high serum fitres, if the outliers are removed the titre is significantly reduced.
Data in Figure 9 is presented with the outliers serum data included, outliers are
identified on the graph with an (x). RMCPII levels were not reduced by 123 treatment
(see Figure 10).

Mast cell numbers were also counted in the lamina propria after 123 supplementation of
formula (see Figure 11). Mast cell numbers in the lamina propria were reduced in rat
pups given 123 after supplementation of the formula at a 1/12 dilution.
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Cytokines IL-10, interfferon gamma and IL-4 were also assayed in intestinal
homogenates after 123 supplementation of the diet (see Figure 12 (A), (B) and (C)
respectively). No significant differences were detected in [L-10 and [L-4 levels between
the groups. 123 supplementation of formula at a 1/8 or 1/12 dilution enhanced IFN
gamma concentrations in the intestine. Infants who go onto resolve their cow’s milk
allergies have increased IFN gamma levels compared to infants who go onto have
persistent allergy. 123 appears to promote a shift away from a Th2 response and

increasing the Th1 response needed for a balance immune system.

We have identified a milk bioactive with immuno-regulatory activity. 123 when used as a
supplement into formula (1/8 dilution of a 6% starting solution) or when given as a bolus
dose 3 times/day to formula fed rat pups resulted in a significant decrease in IgE
(antibody associated with allergy development) compared to the rat pups receiving

formula alone.

We have also carried out a weaning trial and assessed the serum antibody response of
rat pups gavaged with 123, acid activated and non acid activated 123. The trial was done
to determine if 123 can also regulate the immune response to food antigens at weaning.
We commenced gavage with 123 at day 14 in the trial. Our recent data from the
ontogeny study suggested that supplementation of the infant diet needs to occur at an
earlier age. To determine if pre-treatment with 123 influenced the immune response to
food antigens at weaning we carried out a second trial where we commenced feeding
123 at day 4 and started BLG at day 14 (see Figure 13 A, B and C). 123 in the absence
of a BLG challenge reduced the overall concentration of total IgE in serum. Immuno-
modulation by dietary supplements as determined by our ontogeny study appears to be
more effective if commenced in early life along with specific antigen challenge i.e. in the
suckling period.
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CLAIMS
1. A process for the production of a whey protein extract from a whey protein —

containing composition including:

- contacting a whey protein-containing composition with an aqueous solution, thereby
forming a sample including a soluble protein-containing component and an insoluble

component;

- recovering the soluble protein-containing component from the sample;

- acidifying the soluble protein-containing component;

thereby forming the whey protein extract.

2. The process of claim 1 wherein the whey protein —containing composition
includes one or more of sweet whey, acid whey, reduced lactose whey, demineralised

whey, whey protein concentrate (WPC) or whey protein isolate (WPI).

3. The process of claim 2 wherein the amount of protein in the whey protein —
containing composition is at least about 10% to about 95% w/w on a dry weight basis.

4. The process of any one of the preceding claims wherein the whey protein —
containing composition includes at least one of carbohydrate and fat.

5. The process of claim 4 wherein the amount of carbohydrate in the whey protein —
containing composition is at least about 1% to less than about 80% w/w on a dry weight

basis.

6. The process of claim 4 wherein the amount of fat in the whey protein —containing
composition is at least about 0.5% to less than about 10% w/w on a dry weight basis.
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7. The process of any one of the preceding claims wherein the whey protein —
containing composition includes about 80 to 82% protein, about 4 to 8% lactose and

about 4 to 8% fat w/w on a dry weight basis.

8. The process of any one of the preceding claims wherein the whey protein —
containing composition is a WPC.

9. The process of claim 8 wherein the WPC is WPC 80.

10. The process of any one of the preceding claims wherein the whey protein —
containing composition is provided in the form of a powder for contact with the aqueous

solution.

11. The process of any one of the preceding claims wherein the aqueous solution is

water.

12. The process of any one of the preceding claims wherein the whey protein —
containing composition is provided for contact with the aqueous solution in an amount of

at least about 0.5% to 10% whey protein —containing composition w/w.

13. The process of any one of the preceding claims wherein the soluble protein-
containing component is recovered by separating the soluble protein-containing
component from the insoluble solid.

14. The process of claim 13 wherein the soluble protein-containing component is
separated from the insoluble solid by subjecting the sample to one or more of

centrifugation, chromatography, ion exchange, electrodialysis, filtration or adsorption.

15. The process of any one of the preceding claims wherein the soluble protein-
containing component is acidified by providing a pH of at least about 2.5 to the soluble

protein-containing component.
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16. The process of any one of the preceding claims wherein the soluble protein-
containing component is recovered from the sample after the soluble protein-containing

component has been acidified.
17.  The process of any one of the preceding claims including the further step of:
- neutralizing the acidified soluble protein-containing component.

18. The process of any one of the preceding claims wherein the soluble protein-
containing component is neutralised by providing a pH of about 7 fo the soluble protein-

containing component.

19. The process of any one of the preceding claims wherein the soluble protein-
containing component is recovered from the sample after the soluble protein-containing

component has been neutralised.

20. The process of any one of the preceding claims including the step of drying the

soluble protein —containing component to form a powder.

21. A whey protein extract including an acid treated aqueous soluble whey protein-

containing component.

22. The extract of claim 21 wherein the extract is produced by a process of any one

of the preceding claims.

23. The extract of claim 21 wherein the protein forming the acid treated aqueous
soluble whey protein-containing component is not substantially hydrolysed.

24. Use of an extract of claim 21 for the manufacture of an infant formula, dietary
supplement or foodstuff.

25. An infant formula, dietary supplement or foodstuff including an extract of claim
21.
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26. Use of an extract of claim 21 for the manufacture of a medicament for preventing
or minimising food allergy.

27. A method for preventing or minimising food allergy including the step of providing
an extract of claim 21 to an individual.

5 28. A method for reducing the release of IL-2 in an individual predisposed to food
allergy including the step of providing an extract of claim 21 to the individual.

29. A method for increasing the release of TNF or IL-18 in an individual predisposed

to food allergy including the step of providing an extract of claim 21 to the individual.

30. A method for enhancing the intestinal epithelial cell barrier function in an
10 individual predisposed to food allergy including the step of providing an extract of claim
21 to the individual.

31. A method for enhancing a Th1 immune response in an individual predisposed to
food allergy including the step of providing an extract of claim 21 to the individual.

32. A method for minimising a Th2 immune response in an individual predisposed to
15 food allergy including the step of providing an extract of claim 21 to the individual.



