
METHODS OF MAINTAINING OR INCREASING GROWTH OR COGNITIVE DEVELOPMENT
FIELD OF THE INVENTION [0001]The present invention relates to using
one or more complex lipids including gangliosides to 5achieve
particular health benefits including maintaining or increasing
cognitive development or maintaining or increasing growth in a
foetal, infant or child subject. [0002]This application is based on
New Zealand provisional specifications NZ 562706 and NZ 562708, both
incorporated herein by reference in their entirety. BACKGROUND
10[0003]The composition of manuhalian milk is specifically targeted
to support normal growth and development of the infant or child
(International Code of Marketing Breastmilk Substitutes, World Health
Organisation, Geneva, 1981). [0004]Maternal formulas, infant
formulas, follow-on formulas, growing-up formulas, dietetic products
and other dairy containing compositions are typically produced using
non-human milk. 15 However, the nutritional composition of human milk
differs in some respects to that of non-human milk. Non-human whole
milk such as cow, goat or sheep milk, contains a higher proportion of
saturated fatty acids than human milk and has lower levels of
linoleic acid and alpha-linolenic acid, and polyunsaturated fatty
acids that are essential for normal growth and development (Fox &
McSweeney, 2006) 20[0005]Standard maternal formulas, infant formulas,
follow-on formulas and growing-up formulas among other products are
typically produced using low-fat dairy products such as skim milk
Using a reduced-fat dairy product means allegedly undesirable
components in milk fat are not included in the final product, but it
also means that complex lipids such as phospholipid and
(glyco)sphingolipid levels are significantly lower than those in
human milk. (Sanchez-Diaz et al 1997; Pan and Itnuzi 2000)
25[0006]Optimal cognitive development and growth is a key part of
infant and child development. Clearly, impaired cognitive development
will have significant effects on quality of life. Additionally,
restricted growth has been shown to have detrimental effects on
long-term health. Therefore, any agent shown to increase cognitive
development or maintain healthy growth will have wide benefits for
infants and children. (Bryan et al 2004) 30[0007]Complex lipids such
as gangliosides are reported to have a range of potential functions
because ganglioside profiles vary from one tissue to another (Rueda
et al., 1998). The profile of individual ganglioside species is
reported to change profoundly during development (Rosner, 2003) and
gangliosides are reported to have beneficial effects on neural
development (Rahmann, 1995) and are repotted to be essential synaptic
components and elicitors of neuronal migration and neurite outgrowth
(Mendez-Otero & Santiago, 2003). [0008]Ganglioside GMla is reported
to cross the placenta in rats (Hungund et al, 1993) but 5definitive
evidence of ganglioside transfer across the human placenta is
lacking. Variation of gangliosides in human and bovine milk, and
infant formulas is reported to potentially have some biological
significance for neonatal brain development, allergies and infant
growth (Pan et al, 2000; Rueda, 2007; Tram et al 1997).
[0009]Accordingly, it is an object of the present invention to
provide means for maintaining or 10 increasing the cognitive
development or growth of a subject, or to at least provide the public
with a useful choice. SUMMARY OF THE INVENTION [0010]In a first
aspect the invention relates to use of one or more complex lipids in
the 



manufacture of a formulation for maintaining or increasing growth of
a foetal, infant, or child subject, 15 wherein the one or more
complex lipids comprises at least 0.1% gangliosides w/w on a dry
basis. [0011]In another aspect die invention relates to use of one or
more complex lipids in the manufacture of a formulation for
maintaining or increasing cognitive development in a foetal, infant,
or child subject, wherein the one or more complex lipids comprises at
least 0.1% gangliosides w/w on a dry basis. 20[0012]Described is a
method for maintaining or increasing growth or maintaining or
increasing cognitive development of a foetal, infant, or child
subject by administering a composition comprising one or more complex
lipids to a foetal, infant, or child subject in need thereof.
[0013]Described is a method of using one or more complex lipids such
as one or more gangliosides for maintaining or increasing growth or
maintaining or increasing cognitive development 25of a foetal
subject, the method comprising providing a pregnant mother with a
composition comprising one or more complex lipids such as one or more
gangliosides and informing die mother that the composition will
maintain or increase growth or maintain or increase cognitive
development of the foetal subject. [0014]Described is a method of
using one or more complex lipids such as one or more 30 gangliosides
for maintaining or increasing growth or maintaining or increasing
cognitive development in a subject, the method comprising providing a
subject with a composition comprising one or more  complex lipids
such as one or more gangliosides and informing the subject that the
composition will maintain or increase growth or maintain or increase
cognitive development of the subject. [0015]The following embodiments
may relate to any of the above aspects. [0016]In one embodiment, the
one or more complex lipids are administered to a mother during
5gestation and the growth is brain weight of a foetal subject or
brain ganglioside content of a foetal subject [0017]In one
embodiment, the one or more complex lipids are administered to an
infant or child subject and the growth is one or more of body weight,
body length, and bone mineral density. [0018]Preferably the
ganglioside is GM3. Alternatively die ganglioside is GD3. More
preferably 10 the ganglioside comprises GM3 and GD3. In other
embodiments, the composition comprising one or more gangliosides
comprises one or more gangliosides selected from GM1, GM2, GM3, GM4,
GD1, GD2, GD3, GT1, GT2, GT3, GQ1, and GPI, and any one or more of
the "a or "c" derivatives where they exist, and any combination of
any two or more thereof. [0019]Preferably the composition comprising
one or more complex lipids comprises at least 0.2% 15gangliosides
iv/w on a dry basis. [0020]Alternatively, a formulation useful herein
comprises at least about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,
14, 15, 16, 18, 19, 19 or 20 mg, preferably at least about 5 mg or at
least about 10 mg gangliosides /100g formulation, and useful ranges
may be chosen between any of these values (for example, about 1 to
about 20, about 2 to about 20, about 3 to about 20, about 1 to about
10, about 2 to 20 about 10, or about 3 to about 10 mg). Preferably
the formulation comprises about 5 mg to about 20 mg gangliosides /
100g formulation. [0021]Alternatively the formulation is formulated
to provide at least about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,
14, 15, 16, 18, 19, 19 or 20 mg, preferably at least about 7.5 mg
gangliosides per day to 



the mother, and useful ranges may be chosen between any of these
values (for example, about 1 to 25  about 20, about 2 to about 20,
about 3 to about 20, about Ito about 10, about 2 to about 10, or
about 3 to about 10 mg). Preferably dm formulation is formulated to
provide about 7.5 mg to about 10 mg gangliosides per day to the
mother. [0022]In one embodiment, a formulation useful herein may
comprise:  (a)80-99.9% w/w of a milk powder selected from whole milk
powder, skim milk powder, milk protein concentrate (MPG), milk
protein isolate (MPI), and whey protein such as a WPC or WPI (h)0-20%
w/w lipid such as milk fat or one or more vegetable oil 5 (c)0-25%
w/w sugars or carbohydrate ingredient (d) 0.1-0.5% w/w vitamin and
mineral mix (e) 0-5% w/w flavour ingredients, and (f) 0-5% w/w
ganglioside ingredient. [0023]Preferably the complex lipid comprises
one or more phospholipids, or one or more 10 sphingolipids, or one or
more sphingomyelins or derivatives thereof, or .one or more
ceranaides, or one 'or more gangliosides, or a combination of any two
or more thereof. Preferably the ganglioside is GM3. Alternatively the
ganglioside is GD3. Alternatively the ganglioside comprises a mixture
of at least GM3 and GD3. [0024]In preferred embodiments, the
formulation is a liquid (concentrate or ready-to-drink) or 15
powdered maternal formula, infant formula, follow-on formula,
growing-up formula or dietetic product. [0025] In some embodiments
the composition comprising one or more gangliosides (such as a milk
fat extract) comprises at least about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,
0.7, 0.8, 0.9, 1.0, 1 5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.5, 6, 6.5, 7,
7.5 8, 8.5, 9, 9.5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65,
70, 75, 80, 85, 90, 95, 99 or 20 99.5% by weight total lipid, and
useful ranges may be selected between any of these values (for
example, about 5 to about 95%, about 10 to about 95%, about 15 to
about 95%, about 20 to about 95%, about 25 to about 95%, about 30 to
about 95%, about 35 to about 95%, about 40 to about 95%, about 45 to
about 95%, about 50 to about 95%, about 5 to about 99%, about 10 to
about 99%, about 15 to about 99%, about 20 to about 99%, about 25 to
about 99%, about 30 to about 99%, about 35 to 25 about 99%, about 40
to about 99%, about 45 to about 99%, about 50 to about 99%, about 5
to about 70%, about 10 to about 70%, about 15 to about 70%, about 20
to about 70%, about 25 to about 70%, about 30 to about 70%, about 35
to about 70%, about 40 to about 70%, about 45 to about 70%, and about
50 to about 70% by weight total lipid). [0026] In some embodiments
the composition comprising one or more gangliosides (such as a milk
30fat extract) comprises at least about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,
0.7, 0.8, 0.9, 1.0, 1 5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.5, 6, 6.5, 7,
7.5 8, 8.5, 9, 9.5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65,
70, 75, 80, 85, 90, 95, 99 or 99.5% by weight phospholipid, and
useful ranges may be selected between any of these values (for
example, about 5 to about 95%, about 10 to about 95%, about 15 to
about 95%, about 20 to about  95%, about 25 to about 95%, about 30 to
about 95%, about 35 to about 95%, about 40 to about 95%, about 45 to
about 95%, about 50 to about 95%, about 5 to about 99%, about 10 to
about 99%, about 15 to about 99%, about 20 to about 99%, about 25 to
about 99%, about 30 to about 99%, about 35 to about 99%, about 40 to
about 99%, about 45 to about 99%, about 50 to about 99%, about 5 to
about 5 70%, about 10 to about 70%, about 15 to about 70%, about 20
to about 70%, about 25 to about 70%, about 30 to about 70%, about 35
to about 70%, about 40 to about 70%, about 45 to about 70%, and about



[0028] In some embodiments the composition comprising one or more
gangliosides (such as a milk 25 99.5% by weight ganglioside, and
useful ranges may be selected between any of these values (for
example, about 5 to about 95%, about 10 to about 95%, about 15 to
about 95%, about 20 to about 95%, about 25 to about 95%, about 30 to
about 95%, about 35 to about 95%, about 40 to about 95%, about 45 to
about 95%, about 50 to about 95%, about 10 to about 70%, about 15 to
about 70%, about 30 20 to about 70%, about 25 to about 70%, about 30
to about 70%, about 35 to about 70%, about 40 to about 70%, about 45
to 'about 70%, and about 50 to about 70% by weight phospholipid). In
one embodiment the composition comprising one or more gangliosides
comprises GD3 or GM3 or a combination thereof. In one embodiment, the
composition comprising one or more gangliosides comprises one or more
gangliosides selected from GM1, GM2, GM3, GM4, GD1, GD2, GD3, GT1,
GT2, GT3, GQ1, and GPI, and any one or more of die "a", "b", or "e
derivatives where they exist, and any combination of any two or more
thereof. [0029] In some embodiments the composition comprising one or
more gangliosides (such as a milk 5 29 or 30% by weight of one or
more gangliosides selected independently from GD3 and GM3, and useful
ranges may be selected between any of these values (for example,
about 0.1 to about 30%, about 0.5 to about 30%, about 1 to about 30%,
about 2 to about 30%, about 3 to about 30%, about 4 to about 30%,
about 5 to about 30%, about 10 to about 30%, about 15 to about 30%,
about 20 to about 10 30%, about 0.1 to about 5%, about 0.5 to about
5%, about 1 to about 5%, about 2 to about 5%, about 3 to about 5%,
about 0.1 to about 10%, about 0.5 to about 10%, about Ito about 10%,
about 2 to about 10%, about 3 to about 10%, about 4 to about 10%,
about 5 to about 10%, about 6 to about 10%, about 0.1 to about 20%,
about 0.5 to about 20%, about 1 to about 20%, about 2 to about 20%,
about 3 to about 20%, about 4 to about 20%, about 5 to about 20%,
about 10 to about 20%, about 15 to about 15 20% by weight of one or
more gangliosides selected independently from GD3 and GM3.  [0030] In
one embodiment, the composition comprising one or more gangliosides
comprises about 15% to about 99% by weight total lipid, about 1% to
about 80% by weight phospholipid, about 1% to about 25% by weight
phosphatidylcholine, about 0.1% to about 15% by weight
phosphaddylinositol, about 0.1% to about 15% by weight
phosphatidylsedne, about 1% to about 30% by weight 90
phosphatidylethanolamine, about 0.5% to about 25% by weight
sphingomyelin, and about 0.1 to about 10% by weight ganglioside. In
some embodiments the composition comprising one or more gangliosides
comprises about 1% to about 60% by weight lactose, about 1% to about
15 % by weight lactose or about 50% to about 65% by weight lactose.
[0031] In alternative embodiments, the composition comprising one or
more gangliosides comprises 25 about 20% to about 40 % by weight
total lipid, about 5% to about 25% by weight phospholipid, and
amounts of one or more phospholipids as described above. In other
alternative embodiments, the composition comprising one or more
gangliosides comprises about 70% to about 99 % by weight total lipid,
about 25% to about 80% by weight phospholipid, and amounts of one or
more phospholipids as described above. 30[0032] In still further
alternative embodiments, the composition comprising one or more
gangliosides comprises about 0.1% to about 10%, about 0.1% to about
2.5%, or about 3% to about 10% by weight of one or more gangliosides,
preferably independently selected from GD3 and GM3.   [0033] In



(b) about 15 to about 25% w/w lipid, about 5 to about 15% w/w
phospholipid, about 1 to about 5% w/w phosphatidylcholine, about 0.1
to 2% w/w phosphatidylinositol, about 0.5 to about 2% w/w
phosphatidylserine, about 1.5 to about 6% w/xv
phosphaddylethanolarnine, about I to about 5% 25 w/w sphingoinyelin,
and about 0.1 to about 1% w/w ganglioside, or  (c) about 25 to about
45% w/w lipid, about 10 to about 25% w/w phospholipid, and about 0.1
to about 2.0% w/w ganglioside, or  (d) about 25 to about 45% witv
lipid, about 10 to about 25% w/w phospholipid, about Ito about 5% w/w
phosphatidylcholine, about 0.1 to 2% w/w phosphatidylinositol, about
0.5 to about 2% 30 w/w phosphatidylserine, about 1.5 to about 6% w/w
phosphatidylethanolamine, about 1 to about 5% w/w sphingomyelin, and
about 0.1 to about 2.0% w/w ganglioside, or  (e)about 12 to about 32%
w/w lipid, about 5 to about 25% w/w phospholipid, and about 0.1 to
about 2.0% w/w ganglioside, or (1)about 12 to about 32% w/w lipid,
about 5 to about 25% w/w phospholipid, about 2 to   about 8 % w/w
phosphatidylcholine, about 0.5 to 3% w/w phosphatidylinositol, about
1 to about 3.5% 5 w/w phosphatidylserine, about 1 to about 10% why
phosphatidylethanolamine, about 1 to about 8% w/w sphingomyelin, and
about 0.5 to about 2.5% w/w ganglioside, or (.0about 80 to about 99%
w/w lipid, about 20 to about 75% w/w phospholipid, and about 0.5 to
about 5% why ganglioside, or 01)about 80 to about 99% w/w lipid,
about 20 to about 75% why phospholipid, about 2 to 10 about 22 % w/w
lphosphatidylcholine, about 1 to about 10% w/w phosphatidylinositol,
about 1,to about 10% why phosphatidylsedne, about 5 to about 30% w/w
phosphatidylethanolamine, about 1 to about 20% why sphingoinyelin,
and about 0.5 to about 5% w/w ganglioside, or          about 90 to
about 99% w/w lipid, about 20 to about 40% w/w phospholipid, and
about 0.5 to about 5% w/w ganglioside, or 15 0)about 80 to about 99%
w/w lipid, about 60 to about 80% w/w phospholipid, and about 0.5 to
about 5% w/w ganglioside, or (k)about 15 to about 45% w/w lipid,
about 8 to about 25% w/w phospholipid, and about 0.1 to about 5 % w/w
ganglioside, or about 15 to about 45% w/w lipid, about 8 to about 25%
w/w phospholipid, about I to 20 about 5% w/w phosphatidylcholine,
about 1 to about 5% w/w phosphatidylinositol, about 2 to about 8% w/w
phosphatidylserine, about 2 to about 8% w/w phosphatidylethanolamine,
about 0.5 to about 5% why sphingomyelin, and about 0.1 to about 5%
w/w ganglioside, or (m)about 50 to about 99% w/w lipid, about 15 to
about 60% why phospholipicl, and about 1 to about 10% why
ganglioside, or 25 (n)about 50 to about 99% w/w lipid, about 15 to
about 60% why phospholipid, about 1 to about 10% w/w
phosphatidylcholine, about 1 to about 15% w/w phosphatidylinositol,
about 1 to about 20% w/w phosphatidylsetine, about 1 to about 20% w/w
phosphatidylethanolamine, about 1 to about 10% w/w sphingomyelin, and
about 0.1 to about 10% why ganglioside.      [0036] In one
embodiment, a formulation useful herein comprises at least about 0.1,
0.2, 0.5, 1, 5, 3010,15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70,
75, 80, 85, 90, 95, 99, 99.5, 99.8 or 99.9% by weight of  



the composition comprising one or more gangliosides and useful ranges
may be selected between any of these foregoing values (for example,
from about 0.1 to about 50%, from about 0.2 to about 50%, from about
0.5 to about 50%, from about 1 to about 50%, from about 5 to about
50%, from about 10 to about 50%, from about 15 to about 50%, from
about 20 to about 50%, from about 25 to about 5 50%, from about 30 to
about 50%, from about 35 to about 50%, from about 40 to about 50%,
from about 45 to about 50%, from about 0.1 to about 60%, from about
0.2 to about 60%, from about 0.5 to about 60%, from about 1 to about
60%, from about 5 to about 60%, from about 10 to about 60%, from
about 15 to about 60%, from about 20 to about 60%, from about 25 to
about 60%, from about 30 to about 60%, from about 35 to about 60%,
from about 40 to about 60%, from about 45 to about 10 60%, from about
51 to about 60%, from about 51 to about 60%, from about 0.1 to about
70%, from about 0.2 to about 70%, from about 0.5 to about 70%, from
about 1 to about 70%, from about 5 to about 70%, from about 10 to
about 70%, from about 15 to about 70%, from about 20 to about 70%,
from about 25 to about 70%, from about 30 to about 70%, from about 35
to about 70%, from about 40 to about 70%, from about 45 to about 70%,
from about 51 to about 70%, from about 0.1 to about 15 80%, from
about 0.2 to about 80%, from about 0.5 to about 80%, from about 1 to
about 80%, from about 5 to about 80%, from about 10 to about 80%,
from about 15 to about 80%, from about 20 to about 80%, from about 25
to about 80%, from about 30 to about 80%, from about 35 to about 80%,
from about 40 to about 80%, from about 45 to about 80%, from about 51
to about 80%, from about 0.1 to about 90%, from about 0.2 to about
90%, from about 0.5 to about 90%, from about 1 to about 20 90%, from
about 5 to about 90%, from about 10 to about 90%, from about 15 to
about 90%, from about 20 to about 90%, from about 25 to about 90%,
from about 30 to about 90%, from about 35 to about90%, from about 40
to about 90%, from about 45 to about 90%, from about 51 to about 90%,
from about 0.1 to about 99%, from about 0.2 to about 99%, from about
0.5 to about 99%, from about Ito about 99%, from about 5 to about
99%, from about 10 to about 99%, from about 15 to about 25 99%, from
about 20 to about 99%, from about 25 to about 99%, from about 30 to
about 99%, from about 35 to about 99%, from about 40 to about 99%,
from about 45 to about 99%, and from about 51 to about 99%).
Hydrolysed forms of the composition comprising one or more
gangliosides may be used, where hydrolysis is performed using known
methods to a desired degree of hydrolysis. [0037] In one embodiment a
formulation useful herein comprises at least about 0.001, 0.01, 0.05,
300.1, 0.15, 0.2, 0.3, 0.4, 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18 or 19 grams of the composition comprising
one or more gangliosides as described above and useful ranges may be
selected between any of these foregoing values (for example, from
about 0.01 to about 1 grams, about 0.01 to about 10 grams, about 0.01
to about 19 grams, from about 0.1 to about 1 grams, about 0.1 to
about 10 grams, about 0.1 to about 19 grams, from about 1 to about 5
grams, about 1 to about 10 35 grams, about Ito about 19 grams, about
5 to about 10 grams, and about 5 to about 19 grams).  [0038]It is
intended that reference to a range of numbers disclosed herein (for
example, 1 to 10) also incorporates reference to all rational numbers
within that range (for example, 1, 1.1, 2, 3, 3.9, 4, 5, 6, 6.5, 7,
8, 9 and 10) and also any range of rational numbers within that range
(for example, 2 to 8, 1.5 to 5.5 and 3.1 to 4.7) and, therefore, all



25 4. Gangliosides GM1a, GD1a, GD1b and GT1b were significantly
increased (p<0.05). DETAILED DESCRIPTION OF THE INVENTION
1.Definitions [0045]The term "beta-serum" means an aqueous daily
ingredient separated from daily streams containing greater than 60%
fat that have been through phase inversion from an oil-in-water to a
30water-in-oil emulsion, as described below. Cream is die preferred
starting material for die production of beta-serum. For example,
beta-serum is produced dating die production of butter-oil (also
known  as anhydrous milk fat or AMF) from cream as shown in Figure 2
of WO 2006/041316, incorporated herein by reference. Preferably the
beta serum is dried; preferably dried beta-serum is a powder.
100461The tam "comprising" as used in this specification and claims
means "consisting at least in part of". When interpreting statements
in this specification and claims which include that term, the
5features, prefaced by that tenn in each statement, all need to be
present but other features can also be present. Related terms such as
"comprise" and "comprised" are to be interpreted in the same manner.
[0047]The term "levels in foetal circulation" as used herein means
foetal blood levels and/or foetal lymph levels and/or foetal tissue
levels. [0048]The term "complex lipid" as used in this specification
means a lipid selected from the  10 group consisting of phospholipids
and sphingolipids including glycosphingolipids (both cerebrosides and
gangliosides), ceramides and sphingomyelins. Different types of
complex lipids are discussed in more detail below. Complex lipids may
be found in milk and other daily sources. Other sources of some
complex lipids include any animal tissue but especially brain and
nervous tissue, eggs, fish, deer velvet and plant lipids. Preferably
the complex lipids used in the present invention are derived from a
15 dairy ingredient. Suitable dairy ingredients include colostrum,
milk, fractions of colostrum or fractions of milk. Preferably the
daisy ingredient is derived from cows, buffalos, goats, sheep or
human. Most preferably die dairy ingredient is cow-derived.
Preferably the complex lipid is in the form of a milk fat extract
[0049]An "effective amount" is the amount required to confer
therapeutic effect. The 20 interrelationship of dosages for animals
and humans (based on milligrams per meter squared of body surface) is
described by Freireich, et al. (1966). Body surface area can be
approximately determined from height and weight of the subject. See,
e.g., Scientific Tables, Geigy Pharmaceuticals, Ardley, New York,
1970, 537. Effective doses also vary, as recognized by those skilled
in the art, dependent on route of administration, carrier usage, and
the like. 25[0050]The terms "increasing cognitive development" or "to
increase cognitive development" are used interchangeably herein and
refer to increasing the rate, ability, interest, willingness, or
openess to learn, remember or apply knowledge. In some embodiments,
"cognitive development" refers to brain weight and brain ganglioside
content. [0051]The terms "increasing or maintaining growth" or "to
increase or maintain growth" are used 30 interchangeably herein and
refer to increasing or maintaining healthy growth which may refer to
increasing or maintaining the absolute growth or rate of growth with
reference to weight, length, or height, while not increasing
adiposity or decreasing bone density.  [0052]The term "maternal
formula" as used in this specification means a composition for
pregnant woman to take during pregnancy. The term "infant formula" as
used in this specification 



means a composition for infants aged between 0 days and 6 months old.
The term "follow-on formula" as used in this specification means a
composition for infants aged 6 months to 1 year. The 5term "growing
up formula" as used in this specification means a compositions
directed to infants and children aged 1 year upwards. Growing-up
formula includes growing-up milk powders or GUMPs. [0053]It will be
appreciated by those skilled in the art that the age ranges for the
different compositions: "infant formula", "follow-on formula" and
"growing-up formula" can yaw from child to child depending on the
individual's development. These products may be in liquid form as
10concentrates or ready-to-drink liquids or provided as powder
concentrates. [0054]The term "dietetic product" means a product
specially processed or formulated to satisfy particular dietary
requirements which exist because of a particular physical or
physiological condition and/or specific diseases and disorders and
which are presented as such. [0055]The term "milk fat extract" means
an isolated extract of non-human mammalian milk fat  15 where the
phospholipid and ganglioside concentration of the extract is higher
than the phospholipid and ganglioside concentration of naturally
occurring non-human mammalian milk fat Preferably the concentration
of at least one phospholipid and at least one ganglioside in an
extract useful herein is at least about 0.5, 1, 5, 10, 15, 20, 25,
30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or 100%
higher than the concentration in naturally occurring non-human
mammalian milk fat, and useful ranges may  20 be selected between
these values. In alternative embodiments the concentration in the
extract is higher than the concentration in whole milk, or in whole
colostrum, or in cream from milk, or in cream from colostrum, or in
anhydrous milk fat (AMP) from milk, or AMP from colostrum. [0056]In a
formulation useful herein, the formulation may comprise, consist
essentially of; or consist of about 0.1, 0.5, 1, 5, 10, 15, 20, 25,
30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 99, or 25
100% by weight of fresh, recombined or powdered whole milk or a milk
derivative and useful ranges may be selected between any of these
foregoing values (for example, from about 0.1 to about 50%, from
about 0.2 to about 50%, from about 0.5 to about 50%, from about 1 to
about 50%, from about 5 to about 50%, from about 10 to about 50%,
from about 15 to about 50%, from about 20 to about 50%, from about 25
to about 50%, from about 30 to about 50%, from about 35 to about 50%,
from 30 about 40 to about 50%, and from about 45 to about 50%). The
milk derivative is preferably selected from recombined, powdered or
fresh skim milk, reconstituted whole or skim milk powder, skim milk
concentrate, skim milk retentate, concentrated milk, ultraftltered
milk retentate, milk protein concentrate (MPG), milk protein isolate
(MPI), calcium depleted milk protein concentrate (MPC), low  fat
milk, low fat milk protein concentrate (NIPC), casein, caseinate,
milk fat, cream, butter, ghee, anhydrous milk fat (AMF), buttermilk,
butter serum, hard milk fat fractions, soft milk fat fractions,
sphingolipid fractions, milk fat globule membrane fractions,
phospholipid fractions, complex lipid fractions, colostrum, a
colostrum fraction, colostrum protein concentrate (CPC), colostrum
whey, an 5 Mununoglobulin fraction from colostrum, whey, whey protein
isolate (WPI), whey protein concentrate (WPC), sweet whey, lactic
acid whey, mineral acid whey, reconstituted whey powder, a
composition derived from any milk or colostrum processing stream, a



administration. 5[0059] The term "pharmaceutically acceptable carder"
is intended to refer to a carrier including but not limited to an
excipient, diluent, auxiliary or combination thereof that can be
administered to a subject as a component of a composition of the
invention that does not reduce die activity of the composition and is
not toxic when administered in doses sufficient to deliver an
effective amount of the active ingredient. The formulations can be
administered orally or nasally. 10[0060]A "subject" is an animal,
preferably a mammal, more preferably a mammalian companion animal or
human. Preferred companion animals include cats, dogs and horses. 2.
Complex lipids [0061]Phospholipids are a class of lipids and a major
component of cell membranes Sphingolipids are also a class of lipids
the most structurally diverse class of membrane lipids.
15Sphingolipids are lipids mostly comprising the 18-carbon base
sphingosine (some other base lengths are found), which has an acyl
group attached by an amide linkage to form a cerarnide (Newburg,
1996). There are three main types of sphingolipids:
(1)Glycosphingolipids (sugar-containing sphingolipids), which may be
further subdivided into cerebrosides and gangliosides. 20(2)Ceramides
(consist simply of a fatty acid chain attached through an amide
linkage to sphingosine). (3)Sphingomyelins (phosphoiylcholine or
phosphoroethanolatnine molecule estedfied to the 1- hydroxy group of
a ceramide). Sphingomyelins are also phospholipids.
[0062]Dairy-derived complex lipids are discussed comprehensively by
Fox and McSweeney, 25incorporated herein by reference. 3. Ganglioside
structure [0063]What distinguishes the gangliosides from the other
glycosphingolipids is that they contain the sugar sialic acid, which
is negatively charged at physiological pH. [0064]A wide variety of
ganglioside glycans can be formed by the combination of glucose
(Glc), 30galactose (Gal), N-acetyl galactosamine (GalNAc) and sialic
acid together As the glycan size increases,   so does the
hydrophilicity of the glycan portion. The ceramide portion is
hydrophobic, making the whole molecule amphiphilic. [0065]The
nomenclature most commonly employed, because of its simplicity
compared with the     IUPAC nomenclature is that of Svennerholm
(Svennerholm, 1963), which relates to the glycan portion 5of the
gnglioside. All gangliosides start with G, and the next letter
describes the number of sialic acid residues present in the molecule
(M = mono, D = di, T =Q = quad etc.). The next part of the
nomenclature is a number, which describes the number of
non-sialic-acid sugars in the molecule (1 indicates four sugars other
than the sialic acid/s linked, Gal-GaINAc-Gal-Glc-ceramide; 2
indicates three sugars, GaINAc-Gal-Glc-ceramide; and 3 indicates two
sugars, Gal-Glc-ceramide). Sometimes, 10there is a lower case letter
attached at the end to designate where the sialic acids are attached,
which is 



usually to galactose or another sialic acid. To add 'to the already
complex glycan, further complexity is derived by the possible
addition of fucose or modification of the sialic acid hydroxyl groups
with additions of acetate (or other groups). Acetylation (4-, 7- or
9-0-acetylation) has major effects on bioactivity or recognition by
other molecules such as proteins Even further complexity is realised
with 15 the sialic acids because, although the most common sialic
acids are N-acetyl neuraminic acid (NANA) and N-glycolyl neuxaminic
acid (NGNA), more than 30 have been shown to exist in nature
(Schauer, 2004). [0066]Small structural changes in gangliosides can
elucidate markedly different biological activities. An example of
this is the binding of cholera toxin to gangliosides, the toxin is
specific for one 20 ganglioside, ganglioside GM1. The addition of a
further NANA molecule (GD1a) or the loss of a galactose (GM2) leads
to negligible binding. As Mentioned above the 0-acetylation effects
the biological activity, for example the difference in effect between
GD3 and 9-0-acetyl GD3 on neuronal out growth where the later
promotes but the former does not. The former examples are changes in
the glycan structure, recent work suggests that even changes in the
fatty acid bound to the sphingosine  25 influences activity. Thus one
skilled in the art would not assume that biological activity
attributed to one ganglioside would be attributed to another given
the specificity of activity to specific ganglioside structures.
[0067JGangliosides can be measured by a number of techniques.
Ganglioside measurement may be done by measuring Lipid Bound Sialic
Acid (LBSA) or individual species quantified by Thin Layer 30
Chromatography (1LC), High Performance Liquid Chromatography with UV
detection (HPLC-UV) or by liquid chromatography linked to mass
spectrometry. A number of techniques can be employed to extract
gangliosides from a variety of materials and these are well known to
those skilled in the art  [0068]Gangliosides useful herein include
any one or more of G1\11, G1\12, GI\13, GM4, GD1, GD2, GD3, GT1, GT2,
GT3, GQ1, and GP1, and any of the "a", "b", or "c" derivatives where
they exist, and any combination of any two or more thereof. Structure
and synthesis of gangliosides is reviewed by Rosner, 2003,
incorporated herein by reference. 5 4.Increasing cognitive
development [0069]Optimal cognitive development is a key part of
infant and child development. Therefore any agent shown to increase
cognitive development will have wide benefits for infants and
children. [0070]As outlined earlier, the terms "increasing cognitive
development" or "to increase cognitive     development" are used
interchangeably herein and refer to increasing the rate, ability,
interest, 10 willingness, or openess to learn, remember or apply
knowledge. [0071]A wide variety of methods to assess cognitive
development are well known to those skilled in the art. It will be
apparent that particular methods may be preferred depending on the
nature of the cognition to be assessed, the characteristics or
identity (such as but not limited to the species, age, health or
wellbeing) of the subject, or other factors as may be applicable. For
example, methodology 15 useful for the assessment of cognitive
development in non-human subjects includes the Mortis Water Maze Test
and the Novel Object Recognition Task Test, as described in Example
1. Methodology useful for the assessment of cognitive development in
human subjects includes the tools summarised in Table 1. Tablet-
Methods for assessment of human development  ParameterTool usedAge



Version 2,language (receptive and expressive), and cognitive
development    Reference The Essentials of Bayley Scales of Infant
Development II Assessment, Maureen M. Black, Kathleen Manila. New
York: John Wily, 1999. ISBN. 978-0-471-32651-9
IntelligenceWeschler2.6-7.3Verbal comprehensionWPPSI (Wechsler
Preschool and QuotientPreschool &yearsPrimary Scale of Intelligence -
Third primary scaleEdition, 2002) published: Harcourt Assessment,
David Wechsler MemoryChildren's Memory Scale 5- 8 years  1. Attention
and working memory 2. Verbal and Visual memory 3. Short Delay and
long delay 4. Recall and recognition 5. Learning Characteristics
Children's Memory Scale (CMS) 1997, Morris Cohen Development
Denver0-6 yearsGeneral childhood development Anw.denverii.com
Developmental Materials ExecutiveWisconsin card 5+ years1.
Preservative thinkingWisconsin Card Sorting Test: functioningsorting
test2. Assess abstract reasoningComputer Version 4 (WCST: CV4),
Robert K. Heaton. AcademicSchool Report 4-7 yearsSchool
PerformanceReport Cards (Academic AchievementCardsPerformance in
School Setting), Young Children Achievement 16 



ParameterTool usedAge group Components of toolReference TcstAVayne P.
Hresko 5. Enhancing growth [0072]Optimal growth is a key part of
infant and child development Restricted growth has been     shown to
have denirnental effects on long-term health and cognitive
development Therefore any 5agent shown to increase or maintain
healthy growth will have wide benefits for infants and children.
[0073]As outlined earlier, the terms "increasing or maintaining
growth" or "to increase or  maintain growth" are used interchangeably
herein and refer to increasing or maintaining healthy growth which
may refer to increasing or maintaining the absolute growth or rate of
growth with reference to weight, length, or height, while not
increasing adiposity or decreasing bone density. These terms also 10
refer to increasing bone mineral density and/or brain weight. 6.
Isolation of complex lipids [0074]Extracts or fractions containing
higher levels of complex lipids than natural milk may be prepared in
a number of ways. These include the extraction of milk or milk powder
with chloroform/methanol mixtures (for an example see Martin et al.,
2001) or Tetrahydrofuran (Neeser et 15al., 1991) or sub critical
extraction with Dimethyl ether (WO 2006/041316A). Extraction of
complex lipids from other tissues such as mammalian, marine and plant
sources, including brain, neural tissue, liver, fish blood, egg, and
plant materials has been achieved by a wide range of methodologies
known to those skilled in the art (one such example is given in
Svennerholrn et al., 1994). Gangliosides may also be produced
synthetically or semi-synthetically. Gangliosides useful herein
include any one or more of 20 GM1, GM2, GM3, GM4, GD1, GD2, GD3, GT1,
GT2, GT3, GQ1, and GP1, and any of the "a",     or "c" derivatives
where they exist, and any combination of any two or more thereof.
Structure and synthesis of gangliosides is reviewed by Rosner, 2003,
incorporated herein by reference. [0075]Examples of extracts useful
according to the invention include any "high fat" milk fraction   for
example: cream, butter, ghee, anhydrous milk fat (AMP), buttermilk,
butter serum, beta serum, hard 25milk fat fractions, soft milk fat
fractions, milk fat globule membrane fractions, and combinations
thereof, and hydrolysates thereof. [0076] Milk fat is discussed
comprehensively by Fox and McSweeney (2006), hereby incorporated by
reference. In addition to lipids, milk fat includes vitamins,
sterols, and minor components. See Chapter 1, Composition and
Structure of Bovine Milk Lipids, Fox and McSweeney, for a description
of 30naturally occurring bovine milk fat. Fractionation of milk fat
is discussed in by Bylund, 1995, Illingworth, 2002, and Rornbaut et
al, 2006(b), all hereby incorporated by reference. Seasonal variation
of milk fat is discussed by Fox and McSweeney (2006).   [0077]
Examples of sources of complex lipids useful herein include cream
(typically about 20 to about 40% fat by weight, preferably about 40%
fat by weight), butter, ghee, anhydrous milk fat (AMF) (typically
produced by phase inversion of cream or dehydration of butter),
buttermilk, butter serum, beta serum, hard milk fat extracts, soft
milk fat extracts, sphingolipid extracts, milk fat globule 5membrane
extracts, milk fat globule membrane lipid extracts, phospholipid
extracts, and complex lipid (lipids that yield 3 or more types of
hydrolysis product per molecule) extracts, and combinations thereof,
and hydrolysates thereof. [0078] Buttermilk, butter serum, and beta
serum are discussed by Bylund, 1995, Rombaut et al, 2005, Rombaut et
al, 2006(a), Ronabaut et al, 2006(b), and published international



15of cream to produce oil that is further concentrated and polished
to produce AMF. Finally, buttermilk is also a term used to describe a
combination of the secondary skim and beta serum by-products of a
two-serum process for AMF production - see for example, Bylund (1995)
and published international application WO 2006/041316 (see Figure 2)
that describe this process in detail. In that two-serum process, the
by-product from the cream concentration step is further separated to
produce secondary 20skim and the by-product from the oil
concentration step is further separated to produce beta-serum. In the
first two instances, the buttermilk is produced before any phase
inversion has occurred. In the third instance, the buttermilk is a
combination of secondary skim produced before phase inversion and
beta serum produced after phase inversion. Concentration and
polishing in these processes is typically achieved by centrifugation.
Phase inversion is typically achieved by homogenisation. It should be
25 understood that the source of these dairy lipid extracts may be
milk or colostrum or a combination thereof. Useful starting materials
for fractionation include cream, AMF, butter milk, butter serum, or
beta serum, from milk or colostrum or a combination thereof. [0079]
Multistage fractionation of milk fat may be carried out by
differential crystallisation. Milk fat extracts are heated to a set
temperature and the crystallised or solid ("stearin" - bard fraction)
and 30liquid ("olein" - soft fraction) fractions are separated.
Multi-step fractionation refers to re-fractionation in a subsequent
step of a product of a previous fractionation step. Successive soft
fractions may be produced by fractionating parent soft fractions into
soft and hard sub-fractions. [0080] Other fractionation methods
include phase inversion, interestedfication, glycerolysis, solvent
fractionation (such as with ethanol, water, or acetone, used alone or
sequentially), supercritical  fractionation (see Astaire, et al,
2003, for example), near critical fractionation (see WO 2004/066744,
for example), distillation, centrifugal fractionation, suspension
crystallisation, thy crystallisation, fractionation with a modifier
(e.g. soaps or emulsifiers), ultra-filtration, micro-filtration, and
any process for fractionation of lipid known in tile art, and
combinations of these methods, all as known in the art 5 In one
embodiment, the fractionation method is selected from solvent
fractionation of cream, AMF, butter milk, butter serum, or beta
serum, using ethanol, water, or acetone, alone or sequentially.
[00811 Lipids present in the compositions of the invention may be
fully or partially modified, whether naturally, chemically,
enzymatically, or by any other methods known in tile art, including,
for example, glycosylated, sialylated, estetified, phosphorylated or
hydrolysed. Lipid hydrolysates may be 10prepared using known
techniques, including but not limited to acid hydrolysis, base
hydrolysis, enzymatic hydrolysis using a lipase, for example as
described in Fox hnd McSweeney ((2006),, Chapter 15 by HC Deeth and
CH Fitz-Gerald), and microbial fennentation. One method of base
hydrolysis includes adding 1% KOH (in ethanol) and heating for 10
minutes. Hydrolysed material may be neutralised with acetic acid or
hydrochloric acid. 15[0082] Milk fat globule membrane material may be
isolated according to the acidification method of Kanno & Dong-Hyun,
1990, and further fractionated into lipid and protein fractions by
the addition of methanol, as described by Kanno et al, 1975. A
phospholipid extract may be isolated by extracting the lipid mixture



methods described in published international patent application WO
2006/041316 (see examples 3 to 6). Fraction 11 may be produced by
supercritical carbon dioxide extraction of Fraction 9. Table 2a -
Milk fat extracts useful herein  Fraction  1 2 3 4 5 6 Component
(%w/w) Beta serum G600T1 precursor (Batch 1) G600Tm precursor (Batch
2) G600Tm precursor (Batch 3) G500T" extract G600Tm extract Protein
30.2 ND 



10 7.3 <2% 10.2 MFGM 7.5 ND ND ND ND ND Fat 20.6 ND 73 80 35.5 27.9
Phospholipid 9.7 27.6 44 46 17.6 15.1 PC 2.5 3.2 5.8 5.9 3.1 



2.0 PI 0.8 6.0 8.4 8.6 9,8 9,9 PS 1.1 7.3 11.6 12.4 ,3.5 4.0 PE 19,8
6.4 12.7 12.4 4.9 4.4 SM 2.4 3.5 4.6 6,3 9,8 1.6 Gangliosides 0.4 



4.5 5.8 5.8 1.3 2.0 GD3 0.4 4.0 5.2 5.2 0.6 1.8 Lactose ND 8.3 14 3
54.9 58.0 Ash ND 7.0 10 7.7 5.0 8.3 Moisture 1.9 3.7 3 9 



3.2 2.8      ND = not determined; % w/w = % by weight. 5 Table 213 -
Milk fat extracts useful herein  Fraction Component (%w/w) 7 8 9 10
11 Protein 49.7 60.2 <0.01 <0.01 12.4 MFGM 11.9 14.4 0.2 ND ND Fat
35.6 23.1 94.2 86.8 90.2 'Phospholipid 



14.9 16.0 31.0 65.7 66.8 PC 3.8 4.9 8.1 16.8 15.0 PI 1.1 1.5 2.8 5.8
6.0 PS 1.6 2.1 4.3 8.7 7.6 PE 4.3 5.4 11.3 23.6 21.8 SM 3.6 



4.5 7.5 16.5 13.6 Gangliosides 0.7 1.0 1.2 2.0 2.0 GD3 0.6 0.9 1.1
1.8 1.8 Lactose 7.8 11.7 2.6 6.4 4.0 Ash 5.2 5.9 3.1 12.1 9.1
Moisture 2.7 2.9 



2.6 4.6 9,3  ND = not determined; <0.01 = trace amounts. 10085] The
G500TM milk fat extract is a spray tithed milk ganglioside
concentrate to which lactose has been added to improve powder
flowability. The GSOOTM milk fat extract has a typical fatty add
composition of myristic acid (14:0) 5.6%, paltnidc acid (16:0) 18.4%,
pahnitoleic add (16:1) 1.2%, 10 margaric acid (17:0) 0.5%, stearic
acid (18:0) 14.9%, oleic acid (18:1) 31.0%, linoleic acid (18:2)
3.8%, linolenic acid (18:3) 1.5%, and arachidonic acid (20:4) 0.5%.
The G600TM milk fat extract is a spray dried milk ganglioside
concentrate to which lactose has been added to improve powder
flowability.  The G600TM milk fat extract has a typical fatty acid
composition of myristic acid (14:0) 4.7%, pahnitic acid (16:0) 16.4%,
pahnitoleic acid (16:1) 1.2%, margaric acid (17:0) 0.5%, stearic acid
(18:0) 17.0%, oleic acid (184) 33.4%, linoleic acid (18:2) 4.2%,
linolenic acid (18:3) 1.4%, and arachidonic add (20:4) 0.6%. Before
addition of lactose, the G500TM milk fat extract and the G600TM milk
fat extract are 5 useable as precursors, with or without drying such
as freeze-drying or spray-drying and without added lactose.  [0086]
In the fractions described above, protein levels were determined by
total nitrogen multiplied by 6.38. Phospholipid levels were
determined by 'IP NMR. Ganglioside levels were determined as follows.
In triplicate, approximately 0.1g of powder was weighed into a 16 ml
Icirnax tube and the 10 weight recorded. 6m1 of methanol was added
and mixed by vortexing for 1 min. The solution was incubated at 50C
for 10 min then 6 ml water was added and mixed by vortexing. The
solution was allowed to stand for 2 hts at 4C to settle and a sample
was taken and passed through a 0.45).trn filter. The sample was
analysed by HPLC. A Cosmosilim 5NH2-MS waters column (Nacalai Tesque
Inc, USA) was used with a NH2 security guard (PhenomenexTm AJO-4302
in a PhenomenexTm KJO-4282 15holder). The guard cartridge was changed
every day of analysis. Injections of sample were injected onto the
column and eluted at a flow rate of 2m1/min using solvent A ( 90%
acetonitrile, 5% water and 5% 5mM phosphate buffer pH5.6) and solvent
B (50% acetonitrile, 45% water and 5% 200mM phosphate buffer pH5.6).
The following Gradient was used: 100% A for 3.5 min, then 100% A to
55% A over 26.5 min, then 55% A to 100% A over 1 min and then 100% A
for 5 min (Wagener et al. (1996), 20 Journal of Lipid Research 37,
1823-1829). An external standard curve of 0-2 ug GD3 was generated
using buttermilk GD3 (Matreya #1504). Elution was monitored at 203nm.
7.Compositions useful according to the invention [0087]A composition
useful herein may be formulated as a food, drink, food additive,
drink   additive, dietary supplement, nutritional product, medical
food, enteral or parenteral feeding product, 25meal replacement,
cosmeceutical or pharmaceutical. Appropriate formulations may be
prepared by an art skilled worker with regard to that skill and the
teaching of this specification. [0088]As will be appreciated, the
dose of the composition administered, the period of administration,
and the general administration regime may differ between subjects
depending on such variables as die mode of administration chosen, and
the age, sex and/or general health of a subject. 30[0089]In one
embodiment, compositions useful herein include maternal formulas,
infant formulas, follow-on formulas and growing up formulas, in
liquid (concentrate or ready-to-drink) or powder form. Such products
are formulated to target nutrients to die foetus, infant and child.
It is appreciated by the first life-stages (foetus, infant and



15 - 35% vegetable oils 0 - 40% skim milk powder 0 - 40% whey
protein, such as a WPC or WPI, preferably an 80% WPC (\X/PC80), and 1
- 50% of one ol more complex lipids useful herein.  [0092]Another
example of an infant formula, follow-on formula or growing-up formula
useful herein comprises (w/w) (a)40 - 60 % lactose 15(b)20 - 30%
vegetable oils (c) 10 - 15% skim milk powder (d) 6 - 8% whey protein,
preferably WPC80, and (e) 1 - 10% of one or more complex lipids
useful herein. [0093]One example of a maternal formula useful herein
comprises (w/w) 20(a)80-99.9% of a milk powder selected from whole
milk powder, skim milk powder, milk protein concentrate (MPC), milk
protein isolate (IMPI), and whey protein such as a WPC or WPI
(b)0-20% lipid such as milk fat or one or more vegetable oil (c)0-25%
sugars or carbohydrate ingredient 25(d)0.1-0.5% vitamin and mineral
mix (e)0-5% flavour ingredients, and 0-5% one or more complex lipids
useful herein. [0094]Any of these formulas may also comprise 0.1 to
4% w/w, preferably 2 to 4% w/w/ of one      or more of a vitamin
premix, a mineral premix, lecithin, one or more antioxidants, one or
more 30 stabilisers, or one or more nucleotides, or a combination of
any two or more thereof. In some embodiments, these formulas may be
formulated to provide from about 2700 to about 3000 kJ/L.  [0095]In
alternative embodiments, the compositions useful herein may be
formulated to allow for administration to a subject by any chosen
route, including but not limited to oral administration. [0096]The
following non-limiting examples axe provided to illustrate die
present invention and in no way limits the scope thereof. 5 EXAMPLES
Test Material [0097]G600TM precursor (Fontein Co-operative Group
Limited) is a dairy derived complex lipid ingredient having the
composition shown in the following table (energy 2730 kJ/100 g). 



Table 3 - GGOOnt urecursor composition Component % w/w Protein 7.3
Fat 80 Phospholipid 46 PC 5.9 PI 8.6 PS 12.4 PE 12.4 SM 6.3
Gangliosides 5.8 GD3 5.9 Docosahexaenoic acid (DHA) 0.034 Choline
0.45 Lactose 3 Ash 7.7 



Moisture 2  10 [0098]The measurement of gangliosides in the G600TM
precursor was conducted by dissolving 0.1 gin 125 triL of methanol
followed by incubation at 50C for 10 minutes followed by the addition
of 12.5 mL of water and incubation at 4C for 2 hours then analysis by
HPLC-UV (Wagner et al., 1996). 15 EXAMPLE 1- Effect on cognition and
learning 1.1Timed-matings [0099jTimed mating of Wistar rats was
performed at 100 days of age using estrous cycle monitor    (EC-40,
Fine Science Tools, San Francisco, USA). Confirmation of mating was
via a vaginal lavage with sterile saline and visualisadon of
spermatozoa under a microscope. Pregnancy success rate was 20 100%
with 28 dams mated. 1.2Nutritional supplementation  [00100]Dams were
fed a standard rat chow piet 2018, Harlan Teklad, Oxon, UK)
throughout  pregnancy and lactation that contained no complex milk
lipids. Dams were supplemented with gangliosides using the gel
described below. [00101]Neonates were supplemented with gangliosides
from postnatal day 10 until day 22 (early 5 post-weaning) at a
concentration of 0.02% (low) to 1% (high) weight/bodyweight (w/w)
relative to measured food intake. [00102]Gels for dams and pups were
prepared using a gel formulation comprising 10% w/v   gelatin, 10%
w/v sucrose, 5% v/v flavouring concentrate (HansellsTM Raspberry
flavouring) and 0 (Blank), 0.384% w/v (Low) or 1.92% w/v (High) of
G600TM precursor. Equivalent to 0, 48 and 240 10 mg per 12.5m1 gel
per day. 1.3Pre-weaning supplementation 100103]The supplement was
administered by oral gavage using feeding tubes specifically designed
for use in rat pups/weanlings (Instech Laboratories, product number H
P 20-30, 20 gauge, (9 mm OD x 0.5 nun ID) x 30 mm)) Dose was 0.1 ml
in sterile water. Control animals were administered a sham 15gavage
containing sterile water. 1.4Post-weaning gel supplementation
[00104]At weaning (postnatal day 22), animals were weight-matched
within treatment group and housed two per cage under standard
conditions. The chow diet (described above) was fed to pups and was
supplemented with a ganglioside-containing gel described above at
the, doses stated above. 20[00105]The chow diet was supplemented with
the gels at the doses defined above based on food intake and adjusted
according to changes in dietary consumption. The gels were placed at
either end of the feeding platform in each cage and the gels were
preferentially consumed over the chow. There were no significant gel
remnants from any of the animals using this technique. 1.5Morris
Water Maze Testing 25[00106]The Morris Water Maze is widely used in
the Wistar rat. The Morris Water Maze is based upon the premise that
animals have evolved an optimal strategy to explore their environment
and escape from the water with a minimum amount of effort The
protocol was taken from Current Protocols in Neuroscience (Vol 3,
Section 8.5A.5) and was perfonned over a 5 day period. In its most
basic form, die water maze assesses spatial learning and memory
(Brandeis et al, 1989). All data was 30collected automatically via
computer using an automated tracking system (AnyMaze, Stoelting,
USA). 



1.5.1Morris Water Maze Testing Results  [00107]Figure 1 shows the
time each group of rats spent to reach the submerged platform during
4 days of acquisition testing. All groups were similar at the start
of acquisition testing. The effect of learning over time wasp<0.0001
for all groups. On day 2, die High dose gel treated animals learnt
significantly (p<0.05) quicker than the Blank gel and Low dose gel
treatment groups. However, by day 54, all groups were similar in
their ability to locate die platform. [00108]Figure 2 shows die
average swim speed over the 4 days of acquisition testing in the
water maze and Figure 3 shows the average swim distance. There were
no significant differences in swim  speed between any of the
treatment groups. The trend for change in swim speed over time was
p<0.0001 for all treatment groups. There was a trend towards
decreased swim speed in High dose gel 10treated animals (p=0.09).
With swim distance, there was a significant difference in overall
swim length in High dose gel treated animals versus Blank gel
(controls) on day 2 of testing which parallels the shortened time to
platform in this group (p<0.05). The trend for change in swim
distance over time wasp<0.0001 for all treatment groups. 1.5.2 Morris
Water Maze Summary 15 [00109]There was an improved rate of learning
and swim parameters of distance and speed on day 2 of the acquisition
phase in High dose gel treated animals. But by day four there where
no significant differences between the groups. The results indicated
die High dose animals learnt the task faster than the control
animals. The analysis indicates die animals did this by shorter swim
distance and without swimming faster. Conversely no detrimental
effects of GGOOTM precursor were observed on the 20parameters tested.
Overall therefore the data indicate that G600TM precursor is
supportive of learning. 1.6Novel Object Recognition Task Testing
[00110]The Novel Object Recognition task if also widely used in the
Wistar rat. Exploration is a typical learning behaviour for rats when
they have been placed into a novel environment. nnaceur and Delacour,
1988) 25 1.6.1 Novel Object Recognition Task Results [00111]Total
exploratory activity, measured by the time spent on exploring 4
different objects, gradually reduced from approximately 120 second to
80 seconds consistent with the inventors  experience with this model.
The learning slopes were similar between die groups (data not shown).
Notably, increases in exploring activity were more prominent in the
groups treated with Low dose gel 30 or High dose gel compared to the
Blank gel treated group when a novel object was introduced during the
second trial of testing day 4. [00112]Following 1 of 4 familiar
objects being replaced with a novel object, there was an approximate
3-4 fold increase in exploratory activity in die groups treated with
Low dose gel or High  dose gel, particularly the High dose group
(31.14  934) compared to die Blank (control) treated group (8.28
10.22, p=0.011, two tailed t-test). These data may suggest that the
treatment with complex lipids improved the awareness of an altered
environment (Figure 4). 1.6.2 Novel Object Recognition Task Summary
5[001131The introduction of a novel object did result in a
significant (p=0.011) 3-4 fold increase in  exploring activity in the
groups treated with GGOOTM precursor. These data may suggest more
awareness of changing environment by complex lipid supplementation.
Conversely no detrimental effects of supplementation were observed in
this system. EXAMPLE 2- Effect on growth 10 2.1Timed-matings and
nutritional supplementation 



[00114]Timed mating of Wistar rats and nutritional supplementation
was performed as described for Example 1. 2.2DEXA scanning
[001151Body composition was assessed using dual energy X-ray
absorptiomeny (DEXA) The 15DEXA instrument differentiates body weight
into the components of lean soft tissue, fat soft tissue and bone,
based on the differential attenuation by tissues of two levels of
x-rays. This technique allows determination of whether growth
includes or is independent of an increase in body fat composition or
bone mineral/density. 2.3Results 20[001161Twenty eight dams were time
mated using and estrous cycle monitor and all 28 pregnancies were
successful. The litter from one dam was excluded from the
experimental study due to small litter size and macrosomic pups.
Litter size, pup weight and male:female sex ratios were all well
within the normal range (mean litter size 14  2, mean pup weight 6.2
0.2 g). Litters were adjusted to 8 pups to standardise nutrition
until weaning. Males were used with the balance made up with females
where 25necessary. [00117]At neonatal day 10, animals were randomly
assigned within litter to receive a Blank, Low dose or High dose by
gavage as detailed in Example 1 above. For example in a litter
containing 6 males and 2 females, 2 males were treated per treatment
group and females left untreated. All treated pups were handled
identically. No mortalities or adverse events were observed in any of
the animals (n=156 30 pups dosed). Neonatal dosing by gavage ceased
at weaning (day 22) and replaced with oral supplementation with gels
as described above.  [00118]Weaning weights were in the normal range
although there was a small but significant  increase (p<0.05) in
weaning weight in the High dose gel treated animals compared to
controls: Blank gel 61.49  0.43 g, Low dose gel 62.33  0.42 g, High
dose gel 63.22  0.48 g. 2.3.1Postnatal Growth 5[00119]Postnatal
growth was significantly increased in offspring supplemented with
G600TM precursor (either LOW dose gel or High dose gel). This is
shown in Figure 5. This effect was not dose dependent and is also
independent of the marginal calorific effects of the gel supplement.
By weaning (day 22) there was a small but significant increase in
body weight in the High dose group compared to control. By postnatal
day 80 there was a significant increase in body weight in both
treatment groups 10(p<0.05). 2.3.2 Body composition [00120]There were
no significant differences in body fat composition or bone
mineral/density markers between any of the treatment groups. Thus,
the increased weight gain observed in animals supplemented with
G600TM precursor (either Low dose gel or High dose gel) did not
reflect increased 15adiposity. There was a slight trend towards an
increased fat:lean ratio in Low dose gel treated animals compared to
controls (p=0.1). High dose gel treated animals were slightly but
significantly longer (p<0.05, nose-anus length) than control animals.
These results are shown in Table 4 below. There was a small but
significant increase in BIVID in High dose treated animals compared
to controls (p<0.05).      Table 4 - Total body fat, fat:lean ratios,
bone mineral density and body lengths. Data are mean 20  SEM, n=16
per group. Group % Fat Fatlean ratio BMD Length (mm) 



Control 20.9  0.7 0.266 + 0.01 0.147  0.001 245.3  1.5 Low dose gel
22.2  0.8 0.297  0.02** 0.148  0.001 247.5  1.56 High dose gel 21.1
0.8 0.270  0.01 0.150  0.001* 249.7  1.38* *: p<0.05 compared to
control; **: p<0.1 compared to control 2.4Finding [00121]The
inventors therefore discovered that complex lipid supplementation led
to an 25 unexpected but significant increase in body weight gain
(both Low dose and High dose gel groups) and length (High dose
group). This growth was not due to increased adiposity as assessed by
DEXA scanning. EXAMPLE 3 - Placental transfer trial [00122]Dual
perfused human lobules were taken from six placentae of uncomplicated
term 30pregnancies (normal elective Caesarean patients). Maternal and
fetal arterial and venous supplies were isolated, catheterised and
the placenta maintained by perfusion of sterile lu:ebs buffer (that
also contains  serum albumin to aid transport of lipophilic
substances) at room temperature in a sterile air perfusion chamber at
constant flow rate and pressure. The perfusion technique used was
modified from Glance et al (1984) according to Collier et al (2004).
[00123]Equilibration was petformed for 60 min to assess physical
integrity of tissue and circuits 5(fetal arterial pressure < 40 mmHg
and leakage of perfusate from fetal to maternal circuit < 2 ml/h)
then the maternal and fetal reservoirs replaced with fresh media
containing doses of test substances. Time zero and then hourly
samples are collected from all circuits and stored frozen for
analysis. Metabolic viability of the preparation is assessed with
samples collected hourly from maternal and fetal arteries and
analysed for oxygen and carbon dioxide saturation, electrolytes and
glucose consumption 10 (Bayer 865 Blood Gas Analyzer, Bayer
Diagnostics and lactate production (Hitachi 917, Roche Diagnostics).
10 1.tg/mL of milk-derived ganglioside mixture (GM3 + GD3 - isolated
from G600TM precursor described above) was added to the maternal
reservoir. Perfusion was conducted for up to 3 hours using a closed
loop system. Samples were taken from both reservoirs at that point
(t=0) and at regular time-points, snap frozen in liquid nitrogen, and
subsequently assayed for GM3, GD3, and 



15lobule viability. [00124]GM3 and GD3 contents of the perfusates
were measured by LC-MS using a Hypersil ATS2 column, normal phase
acetonittile gradient and detected in the LTQ orbitrap in negative
ion fall scan, as described below. Perfusate samples were "protein
crashed" by addition into methanol, allowed to stand for 60 min at 4C
before centrifugation (20,000 x g). An aliquot (10-50 pi) was loaded
onto an 20 online CI8 trap, washed (50% Me0H), before eluted onto a
Hypersil APS2 column (Thermo Finnigan, MA, USA). Gangliosides were
separated on a normal phase gradient, and detected in the LTQ
Orbitrap Mass spectrometer (ThermoFinnigan, Ma, USA) in negative ion
mode. The LC-MS system was calibrated using GD3 and GM3 standards
purchased from Matreya (Pa, USA). Lobule viability was assessed by
Glucose uptake and lactate production, measured with an Autoanalyzer.
25[00125]The inventors discovered that in all experiments there was
evidence of transfer of GM3. GM3 foetal perfusate concentrations
increased approximately 6-fold over time and by a significant amount
over background. Maternal perfusate GM3 concentrations were reduced
on average by half from approximately 300 ng/naL The inventors also
discovered that there was evidence in all cases of a significant
reduction in maternal GD3 concentrations averaging 25-30% but the
concentrations in 30foetal perfusate were below assay sensitivity.
[00126]The inventors therefore conclude that gangliosides can
transfer across the human placenta. Although uptake of both GD3 and
GM3 from the maternal perfusate occurs, there appears to be a
preference for GM3 uptake and release into the foetal side.  EXAMPLE
4-Assessment of brain gangliosides [00127]An HPLC-MS method was used
to measure changes in the relative concentration of 8   classes of
brain gangliosides (GM1, GM2, GM3, GD3, GD1a, GD1b, GT1b, and GQ1b).
The acquired mass spectra were filtered post analysis for die known
masses of each ganglioside species. The 5 method was then used to
compare the ganglioside levels in the brains of 2 day old rat pups.
[00128]Pregnant rats were fed a diet supplemented with either a dairy
derived complex lipid  (G600TM precursor, described above) or a
calorific equivalent control. Two days after birth the pups were
sacrificed and the brain lipids extracted using the extraction
protocol reported by Svennerhohn and Redman (1980). The Svennerholrn
& Fredman method was scaled down for rat brain extraction 10 using
initial solvent proportions of 2 mL water (including 0.25g sample),
5.4 mL CH3OH, and 2.7 mL dHC13. The final upper phase extract
containing gangliosides were made up to a final volume of 20 niL in
CH301-I: water (50:50). Chloroform containing ethanol as a stabiliser
was used. 1001291The upper phase was used for ganglioside LC-MS
analysis. HPLC analysis was performed on an Agilent 1100 series HPLC
system consisting of a quaternary pump, binary pump, degasser,
15column heater (60C) and refrigerated auto-sampler (5C). Samples or
standards (10uL) were initially loaded (0.5 II-IL/min; 50% Me0H) onto
a wide pore, reversed-phase trap (C18, 4 x 2.0 mm, 5 u, Phenomenex,
CA, USA) for preconcentration/desalting. After 2 min, the trap was
switched in-line with an APS-2 Hypersil hydrophilic column (150 mm x
2.1 mm, 3 p.m, Thermo) coupled to an APS-2 guard column (10 mm x 2.1
mm id) The gangliosides were separated with an acetonittile (ACN)/
ammonium 20 acetate buffer gradient described in Table 5 where
Solvent A comprised 95% Acetonitrile, 5% 50 inM Ammonium Acetate
Buffer, pH 5.6, Solvent B comprised 50:50 acetonitaile : 50mM
Ammonium Acetate buffer, pH 5.6, and Solvent C comprised. 50:50 MeOH:
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0 0 100 19 Divert to waste 95 5 0 25  95 5 0  [00130]Negative
polarity electrospray ionisation, in full scan mode (700-1650 in/z),
at a resolution of 30000 was used for the analysis of the 8
ganglioside classes named above. The acquired spectra were filtered
post analysis for the known masses of each ganglioside species.
Analysis time was 25 minutes. [00131]Ganglioside standards (Matreya,
Pleasant Gap, PA, USA), were prepared at 1 mg/mL or  5 0.5mg/mL in
methanol: water (50:50), and serially diluted to give an 7 point
standard curve for each ganglioside class that was used for
comparison of the similarities and differences in composition and
relative amount of these ganglioside classes found in the extracts of
the control and treatment groups (Brugger et al, 1997; Koivusalo M et
al, 2001). [00132]Total ganglioside was significantly increased in
the treatment group (p=0.013 compared to  10 control). While the
distribution of the major brain gangliosides was not significantly
different, amounts of GM1, GD1a, GD1b, and GT1b were significantly
increased (Figure 6; p<0.0.5). Brain {veight for the treatment group
was also significantly higher (p=0.003). INDUSTRIAL APPLICATION
[00133]The present invention has utility in achieving particular
health benefits including 15 maintaining or increasing cognitive
development and maintaining or increasing growth. The described
formulations and compositions may be employed in a number of
different ways including maternal formulas, infant formulas,
follow-on formulas, growing-up formulas or dietetic products.
[00134]Those persons skilled in the art will understand that the
above description is provided by way of illustration only and that
the invention is not limited thereto. 20 REFERENCES Astairel C., Ward
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Health Organisation, Geneva.  WHAT WE CLAIM IS: 1.Use of one or more
complex lipids in the manufacture of a formulation for maintaining or
increasing growth of a foetal, infant, or child subject, wherein the
one or more complex lipids comprises at least 0.1% gangliosides w/w
on a dry basis. 5 2.The use of claim 1, wherein the formulation is
administered to a mother during gestation and the growth is brain
weight of a foetal subject or brain ganglioside content of a foetal
subject. 3. , The use of claim 1, wherein the formulation is
administered to an infant or child subject and the growth is one or
more of body weight, body length, and bone mineral density.    4. Use
of one or more complex lipids in the manufacture of a formulation for
maintaining or 10 increasing cognitive development in a foetal,
infant, or child subject, wherein the one or more complex lipids
comprises at least 0.1% gangliosides w/w on a dry basis.  5. The use
of claim 4, wherein the formulation is administered to a mother
during gestation and the cognitive development is brain weight of a
foetal subject or brain ganglioside content of a foetal subject.
156.The use of any one of claims 1 to 5, wherein the one or more
complex lipids comprises one or more phospholipids, one or more
sphingolipids, one or more sphingomyelins or derivatives thereof, one
or more ceramides, one or more cerebrosides, one or more
gangliosides, or any combination of any two or more thereof.       7.
The use of claim 6, wherein the one or more gangliosides comprises
GM3, GD3, or a mixture 20 of at least GM3 and GD3.  8. The use of any
one of claims 1 to 7, wherein the formulation comprises at least 2 mg
gangliosides per 100g.       9. The use of claim 8, wherein the
formulation comprises 5 mg to 20 mg gangliosides per 100g.       10.
The use of any one of claims 1 to 9, wherein the one or more complex
lipids comprises a milk 



25fat extract.  11. The use of claim 10, wherein the milk fat extract
comprises 15% to 99% by weight total lipid, 1% to 80% by weight
phospholipid, 1% to 25% by weight phosphaddylcholine, 0.1% to 15% by
weight phosphatidylinositol, 0.1% to 15% by weight phosphatidylserme,
1% to 30% by weight  phosphatidylethanolamine, 0.5% to 25% by weight
sphingomyelin, and 0.1 to 10% by weight ganglioside. 12. The use of
claim 11, wherein the formulation comprises at least 2 mg milk fat
extract per 100g. 13. The use of claim 11, wherein the formulation
comprises at least 5 mg milk fat extract per 100g. 514.The use of
claim 11, wherein the formulation comprises at least 7.5 mg milk fat
extract per 100g. 15.The use of any one of claims 1 to 14, wherein
die formulation comprises (a) 80-99.9% w/w of a milk powder, (b) 0-
20% w/w lipid ingredient, 10(c)0-25% w/w sugars or carbohydrate
ingredient (d)0.1-0.5% w/w vitamin and mineral mix (a)0-5% w/w
flavour ingredients, and ()0.1-5% w/w ganglioside. 16.The use of any
one of claims 1 to 14, wherein the formulation comprises 15(a)30 - 60
(Y0 w/w lactose (b) 15 - 35% w/w vegetable oils (c) 0 - 40% w/w skim
milk powder (d) 0 - 40% w/w whey protein, and (e) 1 - 50% w/w of one
or more complex lipids. 


