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cextraction using near critical carbon dioxide or dimethyl ether. These products may be used as ingredients in infant formulas. Infant
formulas containing beta-scrum are also claimed. "Beta-scrum” means an aqueous dairy ingredient scparated from dairy strcams
containing greater than 60% fat which have been through phase inversion from an oil-in- water to a water-in-oil emulsion, such as

the serum produced during the production of burter oil.
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Infant formula comprising beta-serum or low-lactose beta-serum

FIELD OF TIIE INVENTION

‘I'he present invention relates to infant formula comprising beta-serum or low-lactose

beta~scrurn,

BACKGROUND

Commcreially available infant formulas are typically produced using non-human milk.
However the nutritional composition of human milk differs in some respects to that of

non-human milk (such as cow, sheep, buffalo or goat).

Non-human wholc milk such as cow, goat or sheep milk, contains a higher proportion of
saturated fatty acids than human milk and is deficient in linoleic acid and alpha-linolenic
ecid, polyunsaturated fatty acids that are essentia! for normal infant growth and
development. Also, butyric acid which is foend in milk fat may cause putrid vomit in

infants.

Therefore standard infant formulas arc typically produced using low-fat dairy products
such as skim milk. Using a reduced-fat dairy produel means undesirable components in
milk fat are not included in the irfant formula, bul il aiso means that phospholipid and

(glyco)sphingolipid lcvels arc significantly lower than those in hmman milk.

Research over the last 5-10 years has shown that increasing phospholipid and
(glyco)sphingolipid levels in infant formulations to levels found in human milk
(particularly ganglioside GM, ganglioside GD3, ceramides and sphingomyelin) may lead

to:

- enhanced gut maturation, thereby reducing the risk of infection;
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- prevention of infections by modifying gut intestinal flora and competitively
binding antigens;
- prevention of the development of allergies: and

- optimal neural development

It is thercfore desirable to produce an infant formula containing sufficient levels of

desirable lipids while minimising or eliminating undesirsble ingredients.

One means currently used to achieve this is to add lipid-containing extracts and other

individual ingredients to a base formulalion thereby producing an infant formula with the

2005294886 02 Sep 2010

desired nutritional profile. The lipid exracts may be produced using conventional
extraction solvents (for example WO 94/18289 describes a method for extracting
sphingomyelin from a phospholipid-containing fat concentrate using solvent extraction
techniques). Such lipid extracts are expensive to produce. Furthermore, extensive
toxicity and safety studies are required before regulatory approval in some jurisdictions

can be obtained for their use.

Another means used to achieve this goal is to include buttermilk in infant formulas.
Buttermilk is the aqueous by-product stream produced during onc of three processcs:
(1) Traditional buttcr manufacturc using cither the Fritz buttermaking or batch
buttermaking process;
(2) Traditional production of butter-oif (also Lnown as anhydrous milk fat or AMF)
from cream as shown in Figure 1;
(3) Production of butter-oil from cream wsing a two-gera process as shown in Figure 2,
where the buttermilk is produced by blending the secondary skim and beta-serum

streams together.

Infant formulas containing buttermilk contain lesser amounts of undesirable components
of milk fat than npon-human milk, but higher feveis of phospholipids and
(glyco)sphingolipids than reduced-fat dairy products. However, the levels of these

desirable lipids are not high enough for buttermilk tc be used in a whey-dominant infant
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formula in order to achieve phospholipid and (glycolsphingolipid levels similar to those

i human milk.

Supercritical extraction using carbon dioxide as the solvent is known Lo exiract neutral
lipids from buttcrmilk powders. Astaire J. C., Ward R., German J. B., and Jimenez-
Flores R. (2003) Concentration of Polar MFCM  lipids from  Buttermilk by
Microfiltration and Supercritical luid Extraciion ). Dairy Sci. 86, 2297-2307 describes
the supercritical extraction of buttermilk using carbon dioxidz as the solvent to produce a
product rich in protein, and enhanced in levels of polar Kpids. However, the buttermilk
powder so produced stilt has low levels of polar lipids, at a maximum of 2% of the dry

powder mass, and is thus unsuitable for infant formula.

One possible way to provide a suitable product would he to separate the protein

components from the lipid components in a dairy product.

Dimethyl ether (DML) has previously been used in the extraction of Iipids from raw egg
yolk (Yano e al US 4,157,£04) and dried egg powder (Yano ef af US 4,234,619). The
process causes the fractionation of the lipid and protein components into separate streams.
In US 4,157,404, Yano states that while lipids can be extracted from raw egg yolks (75%
moisture content), the proteins are denatured. In US 4,234,619, Yano states that proteins
are not denatured if the egg yolk is dry, but the phospholipids can only be partially

extracted.

WO 2004/066744 describes the extraction of lipids from an aqueous dairy stream using
near critical extraction where dimethyt cther is the solvent, WO 2004/066744 also
discloses that neither supercritical CO-» or suberitical dimethyl ether can extract lipids in
useful yvields from whey protein concentrate {WPC) dairy powders. However, this
document does not disclose the extraction of lipids o sowdars rich in milk fat globule

membrane material.
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Attempts to extract lipids from dairy powder streams with high lactose contents (where
high is at least 30% by mass of the total powder) by extraction using liquefied dimethyl

ether have been unsuccessful.
Itis therefore an object of the presen: nvention to provide improvad or alternative dairy
products that can be used in infant formulations, and/or to at least provide the public with

auseful choice.

DISCLOSURLE OF THE INVENTION

2005294886 05 Oct 2010

The present invention relates to an infant formuia comprising isolated beta-serum or low-

Jactose beta-serum.

The term "beta-serum"” as used herein means an aqueous dairy ingredient separated from
dairy streams containing greater than 60% fat which have been through phase inversion
from an oil-in-water to a water-in-oil cmulsion. Cream is the preferred starting material
for the production of beta-serum. For example beta-serum is produced during the
production of butter-oil (also known as anhydrous milk fat or AMF) from cream as
shown in Figure 2. The lactose content ol beta-serur may be reduced by ultrafiltration,

Reta-serum and low-factose beta-serum may be powders,
Preferably, the inlunt formula comprises:

(&) 30 — 60 % lactose

(b) 15 — 35% vegetabic ails

(¢) 0—40% skim milk powder

(d) 0 —40% whey protein concentrate

(e) 1 -50% isolated beta-serum or [ow-lactose beta-serum powder,

More preferably, the infant formula comprises:
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(a) 40 - 60 % lactose

(b) 20 - 30% vegctable oils

(c) 10— 15% skim milk powder

(d) 6 — 8% of an 80% protein whey protein concentrate (WPCS0)

(&) 1-10% isolated beta-serum or low-lactose beta-serum powder,
Most preferably, the infant formula comprises:

(a) 40— 60 % lactose

(b) 20 - 30% vegetable oils

(c) 10— 15% skim milk powder

(d) 6 — 8% of an 80% protein whey protein conceatrate (WPC80)

(&) 2 - 5% isolated beta-serum or low-lactose beta-serum powder.
The infant formula may also coraprise 2 —~ 4% of at Jeast one of the following:

(a) vitamin premix
(b) mineral premix
(¢} lecithin

(d) antioxidant

(e) stabiliser

(f) nucleotides.

Tn a prefered embodiment, these infant formules may ke formulated to provide between
2700 and 3000 kJ/L.

The infant formulas of the present invention may be administered to provide health

benefits.

For example, the following health benefits are conterp.ated:
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- enhancing gut maturation

- reducing the risk of infection

- modilying gut intestinal [lora and competitively binding antigens
- preventing infections

- preventing the development of allergics

- oplimizing neural development

- treating a dermatological condition

- optimizing immune system develapment

- maintaining optimal immune finction

- preventing or treating colon cancer.

The inventors have discovered that the levels of phospholipids and gangliosides in beta-

serum make it suitable to be used in the fortification of infant formulas.

In the description in this specification reference may be made to subject matter which is
not within the scope of the claims of the current application. That subject matter should
be readily identifiable by a person skilled in the art and may assist in putting into practice

the invention as defined in the claims of this application.
Described are processes for producing dairy products that have lower levels of neutral
Tipids, or higher levels ol polar lipids, or both, ‘These products may be used as ingredients

in infant formulas.

Described s a process for producing a neuiral lipid-depieted beta-serum dairy product

comprising the following steps:

(1) providing dried beta-serum; and

(2) subjecting the beta-serum to a nesr critical carbon dioxide extraction process.

Preferably the dricd beta-scrum is a powder.

COMS ID No: ARCS-290921  Received by IP Australia: Time (H:m) 15:10 Date (Y-M-d) 2010-09-02
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Preferably the near critical carbon dioxide pressure is at least 732 bar and the
temperature is in the range 304.2 to 373 K (supercitical ragion); or the carhon dioxide
pressure is greater than or equal to the vapour pressurc, and the terperatute is in the
range 273 to 304.1 K (subcritical region). Morc prelierably, the carhon dioxide pressure is

at least 250 bur, and the temperature in the range 313 v 353 K.

Preferably the lactose content of beta-serum is reduced belore the extraction process.
Preferably the lactose content is reduced by ultrafiltration, Preferably the lactose content

is further reduced by diafiltration during ultrafiltration.

Preferably, the lactose content is reduced to less than or equal to 30% (on a dry weight
basis) before the near critical carbon dioxide step. More preferably, the lactose content is
reduced to less than or equal Lo 25% {on a dry weight basis) before the near critical
carbon dioxide step. More preferabiy, the lactose content is reduced to less than or equal
to 20% (on a dry weight basis) befare the near critical carbon dioxide step. Most
preferably, the lactose content is reduced to fess than or equal to 10% (on a dry weight

basis) before the near critical carbon dioxide step.

Preferably the mneutral lipid-depleted beta-serwn  dairy product is enriched in
phospholipids, sphingolipids and glycolipids. Preferably the dairy product comprises
approximately 50-70% protein (TN x 6.28), preferably af least 60% protein (TN x 6.38);
5-25% phospholipids and glycolipid, preferably 15-25% phosphelipids and glycolipid;
and 0-10% neutral lipid, preferubly upproximately 5% neutral lipid, Most preferably the

dairy product comprises less thar about 3% newtral linids.

Also described is a process for producing a peulral lipid-depleted dairy product

comprising the following steps:
(1) providing a dried high-fat low-lactose dairy starting material;

(2) subjecting the starting material to a aear critical carbon dioxide extraction process,

and

COMS ID No: ARCS-290921  Received by IP Australia: Time (H:m) 15:10 Date (Y-M-d) 2010-09-02
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subsequently fractionating the dairy product to produce a lipid enriched fraction and a

lipid depleted fraction comprising the step of

(3) subjecting this lipid-depleted dairy product to a liguid dimethyl ether extraction

process.

Preferably the near critival vabon diogide pressure is at least 73.2 bar and the
temperature is in the range 304.2 to 373 K {supercritical region); or the carbon dioxide
pressurc is greater than or equal to the vapour pressure, and the temperature is in the
range 273 to 304.1 K (subcritical region). Morc preferably, the carbon dioxide pressure is

at least 250 bar, and the temperature in the range 313 to 353 K.

Preferably, the dimethy! cther is liquefied and pressurised to a pressure at least equal to
the vapour pressure at the temperature of the extractien, and more przferably is at least 10
bar greater than the vapour pressure. Preferably the lemnperature is in the range 273 — 373

K. and more preferably in the range 293 — 353 K.

The term “high fat” means containing greater than 10% fat w/w of solids, preferably
greater than 15% fat w/w of solids and most preferably greater than 20% fat w/w of

solids.

The term “low-lactose” means that the lactose content is Jess than or cqual o 30% (on a
dry weight basis). More preferably, the lactose content is less than or equal to 25% (on a
dry weight basis). More preferably, the lactose content is less than or equal to 20% (on a
dry weight basis). Most preferably, the lactose content is less than or equal to 10% (on a

dry weight basis).

Preferably the lactose content of beta-serum is reduced before the extraction process.
Preferably the lactose content is reduced by ulirafiltration. Preferably the lactose content

is further reduced by diafiltration during ultrafiltrat’on.

COMS ID No: ARCS-290921  Received by IP Australia: Time (H:m) 15:10 Date (Y-M-d) 2010-09-02
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Preferably the high-fat low-lactose dairy starting matetial is lactose-reduced heta-serum.

Alternatively the high-fat low-lactose dairy starting material is lactose-reduced buttermitk.

Preferably the high-fal fow-lactose dairy starting material is spray dried before the near
critical carbon dioxide step. Alternatively high-fat low-lactose dairy starting material is

[reeze-dried or vacuum dried before the near critical carbon dioxide step.

The lipid entiched fraction preferably contains at ‘east 50% phosphalipids and glycolipids
and is substantially reduced in neutral lipids. More preferably, the lipid enriched fraction
contains at least 80% phospholipids and glycolipids, und is substantially [ree of neutral

lipids.

In a preferred embodiment the lipid depleted fraction is enriched in milk fat globule
membrane proteins and contains, on a powder basis 65-79% (TN x 6.38) protein, 8-12%
lactose, 5-11% fat including phospholipids (4-9% of fraction), more preferably about
72% protein (TN x 6.38), 9% lactose, 8% fat including phospholipids (6% of fraction),

5% ash and 4% moisture.

Also deseribed is a process for producing a lipid enriched fraction and a lipid depleted

fraction comprising the following steps:

(1) providing a high-lat low-lactose dairy starting material; and

(2) subjecting the starting material 1o 1 hiquid dimethy! ether extraction process.
The lipid dopleted (raction contaias all of the milk fat globule membrane proteins and
therefore could be used in infant formulas to deliver heafih benefits that are more strongly

associated with milk fat globule membrane protein components.

Preferably, the dimethyl ether is liquefied and pressurised to a pressure at least equal to

the vapour pressure at the temperature of the extraction, and more preferably is at least 10

COMS ID No: ARCS-290921  Received by IP Australia: Time (H:m) 15:10 Date (Y-M-d) 2010-09-02
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bar greater than the vapour pressuse. Preferably the ‘emperature is in -he range 273 — 373

K, and more preferably in the range 293 — 353 K.

The term “high fat” means containing greater than 10% fat w/w of solids, preferably
greater than 15% fat w/w of solids and :rost preferably greater than 20% fat wiw of

solids.

The term “low-lactose” means that the lactose content is less than or equal to 30% (on a
dry weight basis). More preferabty, the lactose content is less than or equal to 25% (on a
dry weight basis). More preferably, the lactase cantent is less than ar equal to 20% (on a
dry weight basis). Most preferably, the lactose content is less than or equal to 10% {(on a

dry weight basis).

Preferably the lactose content of beta-serum is reduced belure the extraclion process.
Preferably the lactose content is reduced in beta-serum or the starting material by
ultrafiltration. Preferably the lactose content is further reduced by diafiltration during

ultrafiltration.

Prefcrably the high-fat low-lactosc dairy starting material is lactose-reduced beta~serum.

Alternatively the high-fat low-lactose dairy starting material i lactose-reduced buttermilk.

Preferably the high-fal Tow-lactuse dairy starting material is spray dried before the liguid
dimethyl ether extraction step. Alternatively high-fat low-lactose dairy starting material

is freeze-dricd or vacuum dried before the Hguid dimethy] ether extraction step.

In one embodiment, the lipid cnriched fraction contains al least 40% phospholipids and
glycolipids. This process does not take out the neutral lipids first with CO, and because
DME extracts both polar and neutrel lipids, the DMF. lipic extract will contain about the
same ratio of neutral lipid-to-phospholipid as in the feed. For example, for a feed

containing a neutral lipid to phospholipid ratio of about 1.2, the composition of the DME

COMS ID No: ARCS-290921  Received by IP Australia: Time (H:m) 15:10 Date (Y-M-d) 2010-09-02
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lipid extract on a 3% moisture basis Is 80-90% [at including phospholipids (35-45% of

fraction), 5-9% ash, 2-5% lactose and 2-3% maotsture.

The lipid depleted fraction is enriched i milk fat globule membrane proteins and
contains, on a powder basis, aboul 60-80% protein (TN x 6.38), 6-12% laclose, 3-11% [al
including phospholipids (5-9% of fraction), preferably 73% protein (TN x 6.38), 9%

tactose, 8% fat including phosphotipids {7% of fraction), 3% ash and 3% moisture,

The level of protein in the products described in this specification is calculated from the

total nitrogen (TN) in a sample muliplied by a tactor of £.38.

Also described are products produced by the described processes, and compositions and

infant formulas containing such products.

The term “infant formula” as used herein includes formulas designed for infants 0-12
months old, formulas designed for infants 6-12 months old {follow-on-formula) and
formulas designed for toddlers and young children (1-7 years, growing-up milks / mitk

powders).
A preferred infant formula comprises:
(@) 30— 60 % laclose
(b) 15— 35% vegetable oils
(c) 0--40% skim milk powder
(d) 0 40% whey protein concentrate
(e) 1-50% aproduct produced by a process deseribed herein,

A maore preferred infant formula comprises:

(a) 40 - 60 % lactose
(b) 20 - 30% vegetable oi’s

COMS ID No: ARCS-290921  Received by IP Australia: Time (H:m) 15:10 Date (Y-M-d) 2010-09-02
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(c) 10— 15% skim milk powder
(d) 6-8% 80% protein whey protein concentrate { WPCB0)

(&) 1 5% a product produccd by a pracess of the present invention.

‘The infant formula may also comprise 2 — 4% of at least one of the following:

(a) vitamin premix
(b) mineral premix
(c) lecithin

(d) antioxidant

2005294886 02 Sep 2010

(e) stabiliser

(f) nucleotides.

In a preferred embodiment, these infant formulus may be formulated to provide between
2700 and 3000 kJ/L.

Also described is an infant formula comprising as an ingredient a fracticn obtained from

beta-serum enriched in polar lipids or depleted in neutral lipids or both,
Preferably the infant formula comprises:
(a) 30 - 60 % lactose
(b) 13 - 35% vegetable oils
() 0—40% skim milk powder
(dy 0 40% whey protein concentrate
{€) 1 —50% a fraction obtaincd from beta-scrum erriched in polar lipids or depleted
in neutral fipids or both.

More preferably, the infant formula comprises:

(a) 40 - 60 % lactose

COMS ID No: ARCS-290921  Received by IP Australia: Time (H:m) 15:10 Date (Y-M-d) 2010-09-02
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(b) 20 — 30% vegetable oils

() 10 - 15% skim milk powder

(d) 6 — 8% 80% protein whey prolein concentrate { WPCS0)

() 1 = 5% a fraction obtained from beta-serum enriched in pofar lipids or depleted in

neutral lipids or both.

‘IT'he infant formula may also comprise 2 — 4% of at Jeast one of the following:

() vitamin premix
(b) mineral premix
(¢) fecithin

(d) antioxidant

2005294886 02 Sep 2010

(e) stabiliser

(f) nucleotides.

In a preferred embodiment, these infant formulas may be formulated to provide between

2700 and 3000 kJ/L.

The inventors have also discovered that dairy products which are high in fat but low in
factose (including low-lactose bele-setum) inay be processed to reduce the levels of
neutral lipids, or increase the levels of polar tipids, or botk, thus creating products which

arc even more sititable in the fortification of inZimt formualas.

The processes described herein utilise processing and extraction techniques which do not

leave toxic residucs, therefore further processing of the final dairy product is not required.
Additionally, the use of vltrafiltration and near entical extraction with carbon dioxide as
the solvent means it shculd be easier to obtain regulatory approval for the use of this

product as there is minimal or no solvent residuz in the sroduct compared with the use of

conventional solvents such as acetone and etharcl. Additionally conventional solvents

COMS ID No: ARCS-290921  Received by IP Australia: Time (H:m) 15:10 Date (Y-M-d) 2010-09-02
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extensively denature proteins, making the use of these solvents unsuitable for producing

dairy products for infant formula applications.

The term “dairy”™ as used herein means of, comtaining, or corcerning milk and its
products, Tt includes milk produced by humans, cows, buffalo and goats but is not

limited to these animals,

Every substance has its own “ctitical” point at which the liquid and vapour state of the
substance become identical. Above hut close to the eritical point of a substance, the
substance is in a fluid state that has properties of both liquids and gases. The fluid has a
density similar to a liquid, and viscosily and diffusivity similar (0 @ gas. The term
“supercritical” as used herein refers to the pressure-temperature region above the critical
point of a substance. The term “subcritical” as used herein refers to the pressure-
temperature region equal to or above the vepour pressure for the liquid, but below the
critical temperature. The term “near critical” as used herein encompasses both
“supercritical” and “subcritical” regions, and refers to pressures and temperatures near

the critical point.

BRIEF DESCRIPTTION OF THE DRAWING

Figure 1 shows a schematic drawing of the ‘radilional process for producing butter-oil

from cream and the production of buttarmill: during this process.

Tigure 2 shows a schematic drawing of he process tor producing butter-oil from cream

and the production of beta-serum during this precess.

EXAMPLES

COMS ID No: ARCS-290921  Received by IP Australia: Time (H:m) 15:10 Date (Y-M-d) 2010-09-02

-16-




A J Park

2005294886 02 Sep 2010

2/09/2010 4:32:19 p.m. PAGE 80/085 Fax Server

n

The following Cxamples further illustrate the products and processes described herein.

Examples 6, 7 and 8 illustrate the iavention.

Example 1: Extraction of whey protein concentrate powder

This cxample shows that the extraction of Tipids from powder with high concentrations of
whey proteins results in very low yields ol lipid. Whey prolein concentrale powders
containing 80.26 % by mass prolcin, 6.83 % by mass lipid, and 3.57% moisture wers
extracted with the near critical solvents carbon dioxide, propene, and dimethyl ether
(DME). The solvent, pressure, temperature, mass of sclids used, mass of solvent uscd,

and extract solids and lipid yields are given in table .

Table 1: Lipid yields for the extraction of WPC solids with various solvents

Solvent | Pressure | lemperature | Mass of | Mass of Massof | Yield, | Yield,
bar K solids sovent  Dxtract, | % %

g used, kg g solids | lipids
CO; 300 3171 3600.0 189 2.69 0.07 1.05
Propane | 32 314.1 3600.0 11.8 397 0.11 1.56
DME |32 314.1 3600.0 109 458 0.13 1.80
DME 55 3239 1292 0.4 .34 0.26 3.60
DME |35 3330 129.1 .42 0.56 043 5.95

The lipid yields are very low and an increase in extraction temperature docs not increase

the extraction yield to desired levels.

Txample 2: Extraction of standard lactese beta serum powders with supcereritical

CO,
This example shows that extraction of neutral lipids is possible from beta serum powder
with standard lactose content, but that the yield is significantly less than with powders

where the lactose content has been reduced. The protein and total phospholipid content of

the final powder are low. Beta serum powders with the following compositions were
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extracted with supercritical CO» at 300 bar and 313 K: batch 1 total protein 29.4 %,
lactose 42.5 %, total fat 19.7 %, moisture 3.1 % ail ash 6 %; batch 2 total protein 31.7 %,
lactose 44.6 %, total fat 20.6 %, moisture 2.3 % and ash 6.1 %. The total fat is made up of
neutral lipids, phospholipids, gangliosides, ceramides and cerebrosides, such as
lactosyleeramide. The fat extraction results. and mass of phospholipids in the extract are
shown in table 2. Only neutral lipids are exiracied by supercritical CO, as the other types

of fat, and especially phospholipids, are no soluble m this solveni.

Table 2: Lipid yields for the extraction of standard lactose beta serum powders
with CO,
Batch | Mass of | CO; Mass Mass of i % Yield, % Yield,

solids | used of phosphaotiptd  total lipids | neutral

extract lipids

g kg g g
1 11108.3|73.305 | 9441 |0 £3.14 72.3
2 9618.4 |69.894 | 7143 |0 36.05 62.6

The powder compositions after extraction were: batch 1 total protein 32.0 %, lactose
47.9 %, lotal Jal 13.6 %, moisture 3.8 %, und ash 3 %; batch 2 (otal protein 34.2 %,

lactose 44.2 %, total fat 11.3 %, moisturc 3.5 %, and ash 6.3 %.

The powder from batch 2 was tested for whey protein denaturation. Tt was assumed that
the caseln proleins were not denatured, A representative sample of powder was laken, and
mixed with water to give approximately 3 % whey proteins in soiution. The caseins were
precipitated at pH 4.6 with hydrachioric acid, and removed from solution by centrifuging.
The composition of the remaining soluble whey proteins was determined by reverse
phase chromatography. The soluble whey proteins decreased from 13.43 g/100 g of
protein in the feed to 8.39 g/100 g of protein in the extracted powder. There was a very

large decrease in native (undenatured) beta-lactoglobulin. Denaturation of the protein
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makes the powder less suitable for infant formula than those products described in

Lixample 3.

Example 3: Extraction of low lactose beta serum powders with supereritical CO,

This example shows that exiraction of neutral Ipids with greater than 90 % yield is
possible from low lactose beta serum powders. The reduction in laclose conlent of the
beta serum was carried out by ultraliliration 0 a volume concentration factor of 8. The
protein and total phospholipid contents of the final powder are high, Low lactose beta
serum powders with the following compositions were extracted with supercritical CO, at
300 bar and 313 K: batch 3 low lactose total protein 483 %, lactose 14.4 %, total fat
30.1 %, moisture 3.0 % and ash 4.8 %; beich 4 total protcin 52.0 %, lactosc 7.8 %, total
fat 31.9 %, moisture 2.7 % and ash 4.8 %. The fat exiracticn results, and mass of
phospholipids in the extract are shown in table 3. Oaly neutral lipids are extracted by

supercritical CO; as the other types of fat, and especially phospholipids, are not soluble in

this solvent.
Table 3 Lipid yields for the extraction of low lactose beta serum powders with
CO,
Uatch | Mass of | CO» Mass of | Mass ol | % yield, | % yield,
solids | used extract | phospholipid | total neu(ral
] in exLraet lipids lipids
g ke g g
3 69812 | 80399 10857 |0 500 90.2
4 63752 | 79.601 | 10854 |0 534 94.0
I .

The powder compositions after extraction were: bawch 3 total protein 57.3 %, lactose
15.1 %, total fat 18.7 %, total phospholipids 14.4 %, moisture 4.1 %, and ash 5.7 %;
batch 4 total protein 61.6 %, lactose 10.1 %, total fat 2§.9 %, total phospholipids 16.8 %,

moisture 4.5 %, and ash 5.6 %. Batches 3 and 4 extracted with supercritical CO, also had
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enhanced levels of gangliosides at ~ 0.7 % by mass. The remaining difference between
the total fat in the residual powder, and the phesphelipid ard ganglioside content, is made

up of mostly ceramides and cerebrosides, especiatly factosylceramide.

The powder from batches 3 (low lactose) and 4 (vary low lactose) were tested for protein
denaturation to ensure that it was suitable foe use in infant formula as per example 2. The
soluble whey proteins increased from 12,20 g/100 g of protein in the feed to 13.57 g/100
g of protein in the extracted powder for batch 3; and from 12.44 g/100 g of protein in the
feed to 12.94 g/100 g of protein in the extracted powder for batch 4. The lack of
denaturation of the protein, and the high protein and phosphclipid contents of the

extracted low lactose powders make them very suitable for infant formula.

Example 4: Extraction of standard and low lactose beta sernm powders with

supereritical CO; followed by near critical dimethyl ether

This example shows that the extraction of phospholipids in high yield from beta serum
powder that has been pre-extracted with supercritical CO; is only possible when the
lactose content of the powder has teen reduced; and that dimethyl ether extraction
temperature influences the extraction yield. The example also shows that it is possible to
control the final phospholipids content in the powder afller exiraction by controlling the
extraction temperature. Partially defatted powder batches 2 (standard lactose comtent,
feed mass 4318.7 g}, 3 (low laclose, feed mass 2952.6 g) and 4 (very low lactose, feed
mass 2668.2 g) produced in examples 2 and 3 were re-extracted with dimethyl ether at 40
bar and 293 K using 12.236, 13.828 and 5.117 kg respectively; and then re-extracted with
dimethyl ether at 40 bar and 323 K using 13.037, 10,962 and 6.965 kg respectively. The

extraction yield results are shown in table 4

Table 4 Phospholipid and total lipid vields from standard and low lactose

powders using dimethyl ether after supercritical CO; extraction

| Batch | Lactose ) DME extraction | DME extraction | Overall lipid yields, %
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content | yields at 293 K yizlds at 323 K T
Total | % Tolal :% Phospholi | Total lipid
lipid, g | Phospholi | lipid. ¢ ' Phosphali - pid
pid pid :
2 479 56.1 64.3 145 @7 14.2 61.0
3 i5.1 386 | 768 |38 73 691 826
4 104 3i88 | 778 322 773 6.3 82.1

‘The total lipid extract also contained significant levels of ganglioside, at 2.5 % by mass
for batch 4 at 293 K; and 1 % by mass for batch 4 at 323 K. The protein contents of ali
powders increased relative to the feed afier dimethyl ether extraction. The powder
compositions after CO, and dimethyl ether extractions were: batch 2 total protein 34.6 %,
lactose 47.1 %, total fat 8.9 %, total phospholipids 6.3 %, moisture 2.7 %, and ash 6.7 %;
batch 3 total protein 64.4 %, lectose 17.9 %, total fat 8.4 %, total phospholipids 5.7 %,
moisture 3.6 %, and ash 5.4 %; batch 4 total protein 73.2 %, lactose 8.7 %, total fat 7.6 %,
moisture 4.3 %, and ash 5.1 %. Both powders had significant levels of gangliosides, at
approximately 0.4 % by mass. The remaining difference between the total fat in the
residual powder, and the phospholipid and ganglioside content, is made up of mostly

ceramides and cerebrosides, especially lactasyleeramide.

The powder from batches 2 (standard lactose content), 3 (Jow lactose) and 4 (very low
lactose) after supercritical CO; and dimethyl ether extraction were tested for protein
denaturation as per example 2. The soluble whey proteins decreased from 13.43 /100 ¢
of protein for batch 2 to 8.00 /100 g of protein in the DME extracted powder. The
soluble whey proteins increased trom 12.20 g/1060 g of protein in the feed to 15.23 g/100
g of protein in the extracted powder for baich 3; and from 1244 g/100 g of protein in the
feed to 16.98 g/100 g of protein in the extractad powder for hatch 4. The lack of protein
denaturation, and the high protein and phospholipid cortents of the extracted low lactose
powders make them very suitable for infant formula. Extraction with dimethyl ether has
had the unexpected effect of increasing the apparent whey protein solubility, which is

initially diminished by the removal of lactose from the feed.
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Example 5: Extraction of standard and low lactose powders with dimethyl ether

This example shows that the extraction o hach neutral fipids and phospholipids in high
yield from beta serum powder is only possible when the lactose content of the powder has
been reduced when using dimathyt cther 25 the solvent without previously cxtracting the
powder with supercritical CO;; and that dimethyl ether extraction temperature influences
the extraction yicld. The cxamplic also shows that it s passible to control the final
phospholipids content in the powder after extraction by centroliing the extraction
temperature. Batch 2 (standard lactose content, feed mass 4245.6 g) with composition as
given in example 2; and batches 3 (low lactosz, feed mass 3407.5 g) and 4 (very low
lactose, feed mass 3204.4 g) with compositions as given in example 3 were extracted
with dimethyl ether at 40 bar and 273293 K using 13.426, 12.666 and 13.938 kg
respectively; and then re-extracied with dimethyl ether at 40 bar and 323 K using 15.727,

11.673 and 11.123 kg respectively. The extraction vield results are shown in table 5

Table 5 Phospholipid and total lipid yields frem standard and low lactose
powders using dimethyl ether at 293 K and 323 K

BRatch | Tactose | DMFE  extraction | DME  extraction | Overall lipid yields, %

content | yields at 203 K viclds g 323 K,

Y% Total | % Tota. . % Phospholi | Total
tipid, g | Phospholi | lipid, & [hesoheli | pid, %

pid f pid
2 446 1894 |218 50.7 ;2?.3 14.9 269
3 144 7529 |275 101.9 266.3 1629 2.3
4 7.8 869.1 [316 727 g69.9 674 1853

The protein contents of all powders increased relative to the feed after dimethyl ether
extraction. The powder compositions after dimethy! ether extractions were: batch 2 total

protein 34.8 %, lactose 44.2 %, total fat 16.3 %, phospholipids 8.3 %, moisture 2.3 %,
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and ash 6.2 %; batch 3 total protein 63.1 %, lactose 15.3 %, towa! fat 8.3 %, phospholipids
6.7 %, moisture 2.2 %, and ash 5.3 %; batch 4 total protein 73.3 %, lactose 8.8 %, total
fat 8.3 %, total phospholipids 6.8 %, moisre 2.6 %, and ash 5.2 %. For batches 3 and 4,
the difference between the total fat and phospholipids content is made up of gangliosides,

ceramides and ccrcbrosides.

The powder {rom batches 2 (standard lacwose centent), 3 (low lactose) and 4 (very low
lactose) after dimethyl ether extraction were tested for protein denaturation as per
example 2. The soluble whey proteins inercased from 13.43 /100 g of protein to 14.38
/100 g for bateh 1; from 12.20 g/100 g of protein in the feed 1o 15.47 g/100 g of protein
in the extracted powder for batch 3; and frem 12.44 g/100 g of protein in the feed to
15.55 g/100 g of protein in the extracted powder for batch 4. The lack of protein
denaturation and the high protein content of the DME extracted low lactose powders
make them suitable for a wide range of food applications, especially sports nutrition.
Extraction with dimethyl cther has had the uncxpected effect of increasing the apparent
whey protein solubility, which is initially diminished by the removal o7 lactose from the
feed. The extraction yield of total lipids and phospholipids is very low for powder with
high lactose contents (batch 2) when using dimethyl ether alone as the extraction solvent.

The high content of neutral lipids makes this powder less suitable for intant formula .
Examplc 6: Levels of phospholipids and ganghiosides in selected dairy products

The phospholipid content of human milk typically ranges from 200-4C0 mg/T. (Jensen
RG (1989) Textbouk of Gastrventerology and Nutrition in Infancy, 2* Edition, E.
Lebenthal (Ed), Raven Press Ltd, New York, 157-208).

According to Harzer G, Haug M, Dieterich { & Geniner PR {1983) Changing patterns of
human milk lipids in the course of the lactatior: and duzing the day. dimerican Journal of

Clinical Nutrition, 37, 612-621, the phospholipid composition of human milk 36 days
postpartum is phosphatidyicholine (PC) 24.9%, phosphatidylethanolamine (PE) 27.7%,
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phosphatidylserine (PS) 9.3%, phospkatidyiinositol (PI) 5.4% and sphingomyelin (SM)
32.4%.

Table 6 shows the phospholipid contents of:
= beta-serum powder (product A),
- low lactose beta-serum powder (product 13,
- neutral lipid-depleted beta serum powder (product C), and
- the lipid extract (product 1) and residnal powder (sroduct T) of product C after

DME extraction.

2005294886 02 Sep 2010

These products are derived from bovine milk.

Product A (beta-serum powder) was produced using the method illustrated in Figure 2.
Product B (low lactose beta-serum powder) was produced by ultrafiltration of product A.
Product C was produced using the process as described in Example 3. Products D and E
were produced using the process as described for batch 4 ‘n Example 4, except that a

single stage DME extraction was catrizd out at 55°C.

The total lipid content was measured by a modified Rése-Gottiich method where the lipid
extracts were vacuum evaporated anc [reeze-dried cf. oven drying (low temperature
drying minimises the phospholipid hydrolysis that occurs during oven drying due to the
presence of ammonia in the lipid extracts}. The total phospholipid content was calculated
by multiplying the phosphorus content of the medified Rose-Golllieb [al extract by 25,3
(refer McDowell AKR (1958) Phospholipids in New Zealand dairy preducts. Journal of
Dairy Research, 25, 192-202.)

Individual phospholipids were measured by *'P NMR.
Pan XL & Izumi T (2000) Variation of the ganglioside compositions of human milk,

cow's milk and infant formulas. Early Human Deveiopment, 57, 25-31 show that

ganglioside GD3 and ganglioside GM3 account for about 60% of the total gangliosides in
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human milk and that the total ganglioside content of infant formula, as measured by the
lipid-bound sialic acid (LBSA) cuntent, iy signilicantly ‘ower thaa that of human milk.
The content of ganglioside GD3 plus ganglivside GM3 in human milk ranges from 10-16
mg/I. depending on the stage of lactation (Nakano et af., 2001 Sialic acid in human milk:
Composition and (unctions. Acta Paediatrica Taiwanica, 42, |[-17). Table ¢ shows the
ganglioside GD3 and ganglioside GM3 conterts of product A, product B, product C,
product 13 and product E. The ganglioside CD3 and ganglioside GM3 levels were
calculated as follows: samples were dissolved in  choloroform/methanol/water
6:3:0.45 and {iltered. The gangliosides were then separated into GM3 and GD3 fractions
by strong anion exchange solid phase exiraction ind sialic acid guantified by the
Resorcinol method of Svennerholm (Svennerhol, L. 1957. Quantitative estimation of
sialic acids. II. A colorimetric resorcinol-hydrochloric acid method. Biochim. Biophys.
Acta. 24:604-611). The sialic acid levels were then used to calculate the concentrations of
GM3 and GD3.
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Table 6 - Polar lipid compositions of products A-L

Component (% w/w) A B C D E
Total lipid 20.6 35.9 209 86.1 6.3
Total phospholipid 9.7 15.1 17.5 66.6 52
Phosphatidylcholine 267 |41 4.9 133 |17
Phosphatidylethanolamine | 2.7' ) 42 4.8 1220 10
Phosphatidylscrine 0.8 13 1.7 8.2 0.36
Phosphatidylinositol 0.6' 1.0 12 6.1 0.35
Sphingomyelin 270 (42 44 151 |18
Ganglioside GD3 036 |0.58° |066° |209 |028
Ganglioside GM3 0.04 006" [005° [034 0.0

Example 7: Infant formulas containing selected dairy product

Table 7 shows the percentage of each product (A, B, C, D and E) hat needs to be added
to infant formula on a powder basis in order to increase the “total” ganglioside
(ganglioside GD3 plus ganglioside GM3) conten: of ready-to-feed (RTF) infant formula
(IF) by 16 mg/L.

The assumptions are that the baseline levels of these components in standard infant
formula are 0%, that the infant formula powder is reconstitured to 3% total solids, and

that the density of the RTF IF is 1,0 kg/T..

The beta serum product addition rates shown In Tabie 7 alse increase the individual
phospholipid contents of the infant formula to levels greater than those found in human
milk, the only exception being product E, where the added PE and PS levels are slightly
lower than those found in human milk (base levels of these components in standard infant

formula would probably compensate for these shortfalis). Notc that product D could be

! Estimated from measured values for LLBSP.
? Estimated from mean values for standard bela serur powder.
® Estimated. These are the results of another BPC6C sample.
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used instead of soy lecithin, which is commonly used (o instaniise infant formalas,

thereby making them easier to reconstitute.

Table 7 Added levels of polar lipid componeris in RTF IF at 13% (otal solids

["Added Component (mg/L) [ Human | A B C b E
Milk

“Addition . sate (% of [NA- 308 | ] 173 0.51 4.40
powdered infant formula) ¥ LR IR

Total phospholipid 3007 388 | 377 394 442 297
Phosphatidylcholine 75 105 | 102 110 88 97
Phosphatidylethanolamine | 83 109 | 105 108 146 57
Phosphatidylserine 28 3 32 38 54 21
Phosphatidylinositol 16 26 |25 27 40 20
Sphingomyelin 97 108 | 105 99 100 103
Ganglioside GD3-1GM3 16 16 |16 16 16 16
Added neutral lipid® NA 436 | 468 76 129 63

Example 8: Infant formulas

Ready-to-feed total solids = 13.0%

Whey-to-casein ralio — 60:40 (whey protein at least 00.0% of total protein)
Protcin targe(® = 14 g/L

Fat target™ = 35.4-37.6 /L

* Mean of range reported by Jensen (1988). Individual phospholipids are calculated based on this
mean value and the percentages reparted hy Harzer at af. (1983},

° Neutral lipid is estimated as the differer ce between the total lip'd and phospholipid. This s,
however, an over-estimate as it includes the glycolipids {e.g. ceramides, ganglicsides). To put the
added amount of neutral lip'd into perspective, the ANZFA range for fat in RTF IF is 21600-45000
mglkg i.e. the impact of added neutral fipic on the kalanced fatty acid profile of IF is small,
gam‘culerly with products C, D and E.

Based on Similac Advance with iron and Enfamil LIPIL with Iron levels, noting that the Enfamil
LIPIL with Iron levels were reported as g per 100 cal (of g/130 g} so that a RTF energy content of
2800 kJ/L for this product has been assumed.

7 Estimated lavels for Similac and Enfamil products raspectively
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Carbohydrate targel® = 72.1-72.9 giL

These target levels meet the ANZIA energy requirements of infant formula (2700-3000
kJ/L). The dilference between the sut of the protein, carbobydrate and fat levels and the
13% total solids target was assumed 1o be the vilamin and mineral premixes, antioxidants,
Tecithin (used Lo instantise the fical infant fortula), and possibly nucleotides/nucleosides.

These components typically amounted w about 3% of he powdered infant formula,

The oil mix used in preparing mfanl formulas Lypica.ly comprises a blend of vegetable

oils in order to achieve a fatty acid profile close to that of human milk. Vegelable oils that

2005294886 02 Sep 2010

are commonly used in infant formula are high oleic paim olein, high ofcic sunflower oil,
high oleic safflower oil, coconut oil and soy vil. Furthermore, many of the premium
brands also contain fish/microalgal and fungal oils as sources of docosahexaenoic acid

and arachidonic acid respectively.

Infant formula 1 (Using beta serum powder — product A):
A nutritional formula comprising:

a. About 46.54% lactose
b

About 26.92% oil mix (comprising 45% high oleic palm olein, 20% soy
oil, 20% coconut oil and 5% of cither high oleic safflower il or high
olcic sunflower oil}

. About 13.85% skim milk powder (SMP)

. About 6.54% ALACEN 392 (80% protoin whey protein concentrate)

. About 3.15% beta scrum powder (product A)

[T

o

f. About 3.00%  vimin  und  mineral  premixes,  lecithin,

antioxidants/stabilisers, optional componerts e.g. nucleotides
Infant formula 2 (Using Jow lactose beta serum powder — product B):
A nutritional formula comprising:

a. About 47.69% lactose
b. About 26.92% oil mix
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a.
b.
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About 13.85% SMP

. Aboul 6.54% ALACEN 392

About 1.92% low lactose beta serum powder (product B)
About  3,08%  vitamin  and  mineral  premixes,

antioxidants/stabilisers, optional componerts €., nucleotides

Infant formula 3 (Using -~ product C):

A nutritional formula comprising:

About 47.69% lactose
About 26.92% oil mix
About 13.85% SMP

. About 6.54% ALACEN 392

About 1.73% product C
About  327%  vitamin  and  mineral  premixes,

antioxidants/stabilisers, optional components e.g. rucleotides

Infant formula 4 (Using product D}:

A nutritional formula comprising:

a.
b.
C.

d.

About 46.54% lactose

About 26.92% oil mix

About [6.15% SMP

About 6.77% ALACEN 392

About 0.51% product I

About  3.11%  wvitamin  and  mineral  premixes,

antioxidants/stabilisers, optional components ¢.g. nucleotides

Infant formula 5 (Using product E):

A nutritional formula comprising:

a
b.

C.

COMS ID No: ARCS-290921

About 50.77% Jactose
About 26.92% oil mix
About 8.23% SMP

-29-

Fax Server

lecithin,

lecithin,

lecithin,
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d. About 6.00% ALACEN 392
c. About 4.40% product E
[ About  3.68%  viamin mnd  mincral  premixes,  lceithin,

antioxidants/stabilisers, optional componenis ey, nucleotides

The above examples are illustrations of practica of the iavention. Tt will be appreciated
by thuse skilled in the arl that the invention may be camied out with numerous variations
and modifications. ['or example (emperaiurcs and pressures for the extractions may be

varicd as can the protein and lactosc contents of the starting meterials.

2005294886 02 Sep 2010

Also, it will be appreciated that the dairy products of the present invention may also be
used in products for dermatological or general nutritional benefit in the consumer,

including sports nutrition and food for the siderly.

The term “comprising” as used in this specification means ‘consisting at least in part of’,
that is to say when interpretirg statements in this specification which include that term,
the features, prefaced by that term in each statement, alf need to be present but other

features can also be present.

In this specification where reference has been made to patent specifications, other
external documents, or other sources of informution, 1his is pencraily for the purpose of
providing a context for discussing the features of the invention. Unless specifically stated
otherwise, reference 1o such exlernal documents is nol Lo be construed as an admission
that such documents, or such sources of information, in any jurisdiction, arc prior art, or

form part of the common general knowledge in the arl,
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WHAT WE CLAIM IS:
1. Aninfant formula comprising isolated beta-seram or low-lactose beta-serum.
2. The infant formula of claim [ comprising:
()  30-060 % luclose
{by 15-35% vegetable oils

(¢) 0—40% skim milk powder

(d) 0-40% whey protein concentrate

20052948.8.6 05 Oct 2010

(e) 1-50% isolated beta-scrum cr low-lactcse beta-serum powder.

3. The infant formula of claim 2 comprising:

(a) 40— 60 % lactose

(b) 20-30% vegetable oils

(c) 10-15% skim miik powder

(d) 6-8% of an 8G% protein whey protein concentrate (WPC80)

(&) 1-10% isolated beta-serum or low-lactose beta-serum powder.
4. The infant formula o7 claim 3 comprising:
(a) 40 — 60 % lactose
(b) 20 — 30% vegetable ails
(¢) 10— 15% skim milk powder
(d) 6— 8% of an 80% protein whey protein canceatrate (WPC80)

{e) 2— 5% isolated beta-serum or low-tactose heta-serum powder.

5. The infant formula of any one of claims 1 to 4 further comprising 2 ~ 4% of at

least one of the following:

COMS ID No: ARCS-294522  Received by IP Australia: Time (H:m) 13:50 Date (Y-M-d) 2010-10-05

-31-




A J Park

2005294886 05 Oct 2010

5/10/2010 3:46:00 p.m. PAGE 7/011 Fax Server

30

(a) vitamin premix
(b) mineral premix
(c) lecithin

(d) antioxidant

(e) stabiliser

(N nueteotides.

The infant formula of any one of claims | to 5 wherein the infant formula
provides between 2700 and 3000 kJ/L.

An infant formula comprising isclated beta-serum or low-lactose beta-serum

substantially as herein described with reference to any example thereof.
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