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STARCH PRODUCTS INVOLVING A STARCH-LIPID COMPLEX,
THEIR PREPARETION AND USES

FIELD

This invention relates to novel products formed by reacting starch with lipids. The
invention also relates to processes for the preparation of such products and uses of the
products. In particular, the invention relates to starch products where the granular
structure of the starch is essentially retained and/or to starch products where the lipids are
protected from decomposition.

BACKGROUND

Starch granules are comprised of two polysaccharides, amylose and amylopectin. Both
polysaccharides are comprised of 4-linked D-glucopyranosyl units. Amylose is a linear
molecule, whereas amylopectin is highly branched since some 5-6 % of the 4-linked units
are also 6-linked. Starch occurs in a wide variety of plants including cereals and tubers
such as potato. Starch granules isolated from cereals contain lipids which are complexed
mainly to the amylose.

Starch is isolated on a commercial scale from tuber and cereal crops including potato,
maize, and wheat. |t is used extensively in processed foods and has many industrial
uses, such as a paper coating. The starch may be modified to alter its chemical or
physical properties before use.

The known methods for modifying starch include chemical derivatisation, gelatinisation
and enzymatic modification. Recently there has been interest in modifying starch by
adding lipids during hydrothermal treatment of the starch. The starch is gelatinised in the
pfesence of the lipid so that a certain amount of the lipid associates with the starch to form
a type of starch-lipid complex. ‘

Starch is used in a multitude of industrial applications. It is prevalent in the processed
foods industry as a food additive, particularly in dairy foods but also many others. Starch
is also an important component of many pharmaceutical formulations.

Starch obtained from natural sources has a granular structure as indicated above.
However, the starch that is used in some industrial applications has undergone
gelatinisation where starch granules alter their structure, usually in response to heating in
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the presence of water. Amylopectin in starch granules is comprised of alternating
amorphous and crystalline regions. These crystalline regions melt during gelatinisation.

In some applications using starch, granular starch is preferred whereas in other
applications pre-gelatinised starch is preferred. Even where there is no preference for the
physical form of the starch used, avoiding gelatinisation of the starch has the processing
advantage that a costly step of removal of water is avoided. Gelatinised starch has a
significant amount of water associated with it, but many applications require the removal
of that water before use. It is therefore desirable to prepare starch products (starch-lipid
complexes) where gelatinisation of the starch is avoided.

In nature, most lipids are oils and fats composed of triglycerides. Triglycerides are fatty
acid esters of glycerol in which all three hydroxyl groups are esterified with fatty acids.
However, lipids that are associated with starch are mainly free fatty acids and
phospholipids containing a single fatty acid residue.

Lipids occur widely in nature and can be isolated from both plants and animals. For
human nutrition there are lipids that are considered essential. These are lipids that the
human animal cannot synthesise in vivo. It is the fatty acid residue of a lipid that is the
essential component for healthy nutrition. There are two classes of these essential fatty
acids which are both polyunsaturated. One class is the omega-6 fatty acids which have
their first double bond from the methyl end of the fatty acid at carbon atom number 6 and
the second class is the omega-3 fatty acids which have their first double bond from the
methyl end of the fatty acid at carbon atom number 3. The average western diet is
considered to be deficient in intake of omega-3 fatty acids.

There are three main dietary sources for omega-3 fatty acids: a-linolenic acid obtained
from plants, and eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) both
present in marine organisms. It is thought that a-linolenic acid can to some extent be
desaturated and elongated during metabolism in humans to form EPA and DHA.

Reduced dietary intake of omega-3 fatty acids is thought to be a risk factor in coronary
heart disease, to predispose one to depression, and to have other adverse health effects.

A problem in providing essential fatty acids for human nutrition is that polyunsaturated
fatty acid residues in oils and fats are less stable than oils and fats containing saturated
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fatty acid residues. Polyunsaturated fatty acids in particular can be readily oxidised by
oxygen in the air. Usually, the more unsaturated the fatty acid, the less stable it will be.
EPA and DHA are especially susceptible to air oxidation and can oxidise up to five times
faster in air than linoleic acid. The incorporation of oils containing EPA and DHA into
processed foods can therefore be problematic. Such foods can quickly become rancid
due to oxidisation. Moreover oxidised polyunsaturated fatty acids are considered to be
toxic. Essential fatty acid residues are no longer avéilable to the human animal once
oxidised.

Polyunsaturated fatty acids in fats and oils have traditionally been stabilised by the
addition of antioxidants. However, once all the antioxidant has been oxidised the
polyunsaturated fatty acids can then undergo a rapid auto-oxidation process. Also, there
is some disadvantage to adding antioxidants since they are often not naturally occurring in
foods.

The applicant has now found a novel starch product which can be prepared without any
significant gelatinisation of the starch and a novel starch product which protects an
otherwise susceptible lipid from air oxidation.

It is therefore an object of the invention to provide a starch product and a process for
preparing it, or to at least provide a useful alternative to known starch products and
processes for forming them.

STATEMENTS OF INVENTION

In one aspect of the invention there is provided a starch product which contains up to
approximately 10 % by weight lipid associated with starch in the starch product and where
less than approximately 50 % by weight of the starch in the starch product has been
gelatinised.

In a preferred embodiment the starch product contains 0.5 to 2 % by weight lipid in the
starch product.

Preferably less than approximately 10 % by weight of the starch in the starch product has
been gelatinised, more preferably less than approximately 5 %.
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The lipid may be any free fatty acid or any fatty acid derivative such as an ester of a fatty
acid, or may be any combination or mixture thereof. The ester of a fatty acid is preferably

a monoglyceride or a phospholipid.

Preferably, the lipid present within the starch product is stabilised to decomposition. More
preferably, the lipid is stabilised to air oxidation.

In a second aspect of this invention there is provided a process for preparing the starch
product of the first aspect of this invention including the steps:
" a) contacting an aqueous solution or emulsion of the lipid, or a salt of the lipid,
with starch to form a mixture of the starch and the lipid; and
b) where the ratio of water to starch in the mixture is above approximately 50 %
by weight, heating the mixture to form the starch product at a temperature
below the gelatinisation temperature of the starch; of
c) where the ratio or water to starch in the mixture is below approximately 50 %
by weight, heating the mixture to form the starch product at a temperature
either above or below the gelatinisation temperature of the starch.

In a third aspect of the invention there is provided a starch product which contains one or
more polyunsaturated fatty acids and/or polyunsaturated fatty acid derivatives, where the
starch product contains up to approximately 30% by weight of the one or more
polyunsaturated fatty acids and/or polyunsaturated fatty acid derivatives in the starch
product, and where the one or more polyunsaturated fatty acids and/or polyunsaturated
fatty acid derivatives associate with the starch so that the one or more polyunsaturated
fatty acids and/or polyunsaturated fatty acid derivatives are stabilised to decomposition.

In a preferred aspect of the invention the starch product contains up to approximately 10
% by weight of one or more polyunsaturated fatty acids and/or polyunsaturated fatty acid
derivatives.

In another preferred aspect of the invention the starch product contains less than
approximately 5 % by weight of one or more polyunsaturated fatty acids and/or
polyunsaturated fatty acid derivatives.

In one preferred aspect of the invention the starch product contains less than
approximately10 % by weight of a derivative of a polyunsaturated fatty acid.
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Preferably the one or more polyunsaturated fatty acid derivatives mentioned in the third
aspect includes an ester of a polyunsaturated fatty acid, for example a monoglyceride or a
phospholipid.

In a preferred embodimerit of the invention the one or more polyunsaturated fatty acids
includes an omega-3 fatty acid, such as a-linolenic acid, eicosapentaenoic acid (EPA) or

docosahexaenoic acid (DHA).

Preferably the one or more polyunsaturated fatty acids and/or polyunsaturated fatty acid
derivatives are stabilised to air oxidation.

In a fourth aspect, the invention provides a starch product which contains one or fnore
omega-3 fatty acids and/or derivatives of omega-3 fatty acids, where the starch product
contains up to approximately 10 % by weight of the one or more omega-3 fatty acids or
derivatives thereof.

In a fifth aspect, the invention provides a starch product which contains one or more saits
of polyunsaturated fatty acids, where the starch product contains up to approximately 30
% by weight of one or more polyunsaturated fatty acids.

The starch product of the third to fifth aspects of the invention may be prepared in a
similar manner to the method of the second aspect, although it is not necessary to avoid
gelatinisation in the heating step. Preferably, the starch products of the third to fifth
aspects are prepared by a process including at least the steps of:

a) contacting an aqueous solution or emulsion of the polyunsaturated fatty acid,
and/or polyunsaturated fatty acid derivative, with starch to form a mixture of
the starch and the polyunsaturated fatty acid or derivative; and

b) heating the mixture to a temperature above the gelatinisation temperature of

the starch in the presence of water at greater than approximately 50% by
weight of the starch.

Preferably, water is present at greater than approximately 100% by weight of the starch.

The starch used in any aspect of the invention is preferably used in the form in which it
occurs naturally, for example solid potato or cereal grain, including their processed forms
such as flour. In another preferred form, the starch may be in purified form such as
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purified starch isolated from cereal grain, or an enzymatic or chemical derivative of the
starch.

If a starch product of the invention contains free fatty acids the product may be either in its
acidic or basic form.

In a further aspect of the invention there is provided the use of a starch product of this
invention in a food or as a food.

In another aspect, the invention provides a food comprising at least a starch product of the
invention.

The invention also provides a food inco;porating one or more lipids and/or salts thereof
wherein the one or more lipids or salts thereof are present in the form of a starch product
of the invention. Preferably, the food incorporates one or more polyunsaturated fatty
acids or derivatives thereof in the form of a starch product of the invention.

In a further aspect, the invention provides a pharmaceutical comprising at least a starch
product of the invention, optionally in association with one or more pharmaceutically
acceptable carriers, diluents, and/or excipients.

In yet a further aspect of the invention there is provided the use of starch for the
stabilisation of one or more lipids or salts thereof by adding the one or more lipids or salts
thereof to starch. More preferably, the invention provides the use of starch for the
stabilisation of one or more polyunsaturated fatty acids and/or derivatives thereof by
adding the one or more polyunsaturated fatty acids and/or derivatives thereof to starch.

Preferably the starch is present in, or is added to, a food or a pharmaceutical.

In another aspect, the invention provides a starch product produced by a process of the
invention.

In yet a further aspect, the invention provides a process for making a food product
comprising the step of preparing a starch product of the invention.



10

15

20

25

30

35

WO 03/102072 PCT/NZ03/00114

7

In another aspect, the invention provides the use of a starch product of the invention in the
manufacture of a medicament for the prevention and/or amelioration of depression and/or
coronary heart disease.

Further, the invention provides a starch-containing processed food in which starch is
associated with one or more polyunsaturated fatty acids and wherein the one or more
polyunsaturated fatty acids are stabilised to decomposition.

In addition there is provided a process of making a starch-containing processed food the
method comprising at least the step of adding one or more polyunsaturated fatty acids
and/or their derivatives to one or more ingredients of the food during processing. Starch-

. containing processed foods obtained by this process are a further aspect of the invention.

The invention also provides starch-containing processed foods in which starch is
associated with one or more polyunsaturated fatty acids and/or their derivatives,
particularly one or more omega-3 fatty acids and/or their derivatives.

Other aspects of the invention may become apparent from the detailed description and
examples provided herein after.

DETAILED DESCRIPTION

The present invention involves the association between lipids and starch. The applicant
has shown that this association has the effect of protecting the fatty acids, particularly ‘
polyunsaturated fatty acids, from decomposition, including protection from air oxidation.
The applicant has also demonstrated starch products containing lipids and methods of
producing same wherein less than approximately 50% by weight of starch present in the
product has been gelatinised. The benefits associated with stabilising fatty acids and/or
reducing gelatinisation of starch will be readily appreciated by skilled persons.

The following is a description of the invention, including preferred embodiments thereof,
given in general terms. The invention is further elucidated from the “Examples” provided
herein after.

As used herein, “decomposition” refers to any chemical alteration of the lipid and includes
that which may occur via cross-linking or oxidation.
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For the purpose of this invention “lipid” is defined as including long chain (>C-6) carboxylic
acids and their monoesters such as monoglycerides or phospholipids, but not di- or tri-
glycerides or other di- and tri-esters.

“Polyunsaturated fatty acids” as referred to herein are fatty acids having two or more
double bonds and may be considered a subset of the lipids described in the paragraph
above.

It should be appreciated that the invention is applicable to salts of lipids and derivatives of
polyunsaturated fatty acids. Accordingly, it should be appreciated that when used in
relation to the invention the terms “lipid” and “polyunsaturated fatty acid” can be taken to
include reference to their salts and derivatives, respectively. ‘

As used herein, “derivatives of polyunsaturated fatty acids” includes salts, and esters such
as monoglycerides or phospholipids. Skilled persons will readily appreciate salts of fatty
acids of use in the invention. Specific examples are provided herein after in the section
entitled “Examples”. Further examples include potassium salits.

Where referred to herein, the association between a lipid and starch in the starch product
of this invention is intended to mean a molecular association between the lipid and
predominantly the amylose in the starch granules. Strongly associated lipids are not
washed out of the starch product of this invention by a solution of 0.01 M NaOH. Weakly
associated lipids may be washed out, but nevertheless stabilised to air oxidation by
association with the starch.

In one embodiment the invention provides a starch product which contains up to
approximately 10 % by weight lipid, more preferably 0.5 to 2% by wéight lipid, associated
with starch. Less than approximately 50 % by weight of the starch in the product has
been gelatinised. In particularly preferred embodiments less than approximately 10%,
and more preferably less than approximately 5%, by weight of the starch in the product
has been gelatinised.

Starch products of this embodiment of the invention may be made by a process which
includes at least the steps:
a) contacting an aqueous solution or emulsion of the lipid, or a salt of the lipid,
with starch to form a mixture of the starch and the lipid; and
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c) where the ratio of water to starch in the mixture is above approximately 50 %
by weight, heating the mixture to form the starch product at a temperature
below the gelatinisation temperature of the starch; or

d) where the ratio or water to starch in the mixture is below approximately 50 %
by weight, heating the mixture to form the starch product at a temperature
either above or below the gelatinisation temperature of the starch.

Persons of general skill in the art will readily appreciate protocols for conducting the above
process having regard to the nature of the lipid and starch being used. However, by way
of general example, in a typical reaction procedure a lipid is dissolved in water or an
emulsion of the lipid with water is formed. The solution or emulsion is then mixed with
starch. If the water gontent is greater than about 50 % by weight of the starch content, the
reaction temperature should be kept below about 55 °C to avoid starch gelatinisation.
Elevated reaction temperatures (greater than about 60 °C) can be used if the water
content is below about 50 % by weight of the starch. Flour containing starch can be
treated in a similar manner. Specific examples of making a starch product of this
embodiment of the invention are provided herein after under the heading “Examples”; see
Examples 1 to 11.

In another embodiment, the invention relates to a starch product which contains one or
more polyunsaturated fatty acids or polyunsaturated fatty acid derivatives, where the
starch product contains up to approximately 30% by weight, preferably up to
approximately 10% by weight, of the one or more unsaturated fatty acids or unsaturated
fatty acid derivatives. In a preferred form, the product contains less than approximately
5% by weight of one or more polyunsaturated fatty acids or their derivatives. The one or
more polyunsaturated fatty acids or polyunsaturated fatty acid derivatives in the product
associate with the starch so that they are stabilised to decomposition, particularly air
oxidation.

The inventor has found that for a typical cereal or tuber starch, up to about 30% by weight
of the polyunsaturated fatty acids can associate with the starch to stabilise them to
decomposition. For derivatives of polyunsaturated fatty acids the inventor notes that up to
approximately 10% by weight can generally associate with the starch to be stabilised to
decomposition. However, the inventor contemplates the invention being applicable to

starch products containing in excess of 10% derivatives of polyunsaturated fatty acids.
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This embbdiment of the invention may be applicable to any number of polyunsaturated
fatty acids or their derivatives. However, the inventor has identified it to be particularly
applicable to omega-6 fatty acids and also omega-3 fatty acids, such as, a-linolenic acid,
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA).

In a particularly preferred embodiment of the invention the starch product contains up to
approximately 10% by weight of one or more omega-3 fatty acids or derivatives of omega-
3 fatty acids.

The starch products of this embodiment of the invention may be prepared by any number
of reaction procedures. Generally, they may be prepared in a similar manner to the
method described herein above, although it is not necessary to avoid gelatinisation in fthe
heating step. By way of general examplé, the process may include at least the steps of:

a) contacting an aqueous solution or emulsion of the polyunsaturated fatty acid,
or polyunsaturated fatty acid derivative, with starch to form a mixture of the
starch and the polyunsaturated fatty acid or derivative; and

b) heating the mixture to a temperature above the gelatinisation temperature of

the starch in the presence of water at greater than approximately 50% by
weight of the starch.

Preferably, water is present at greater than approximately 100% by weight of the starch.

For polyunsaturated lipids or other therapeutic agents that are stabilised by association
with starch in accordance with this embodiment of the invention it is preferred that the lipid
be incorporated into a food by cooking or heating and/or gelatinising a starchy material,
such as a cereal flour, in the presence of the lipid. For example, the lipids may be added
to starchy processed foods such as bread during formation of the products. In bread
baking, a polyunsaturated fatty acid or derivative can be added as an ingredient to the
flour or if preferred mixed with water which is then added to the flour during mixing to form
a dough. Skilled persons will readily appreciate other starch-containing processed foods
applicable to the invention.

Alternatively, starch can be pre-treated with a polyunsaturated fatty acid or derivative to
form a starch product, which may then be added to a food product. The starch product
can be formed by gelatinisation of the starch in the presence of a polyunsaturated fatty
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acid or derivative and then dried, or the starch product may be formed as described above
for the first aspect of this invention.

The starch used in the invention may be in a purified form. For example, purified starch
isolated from cereal grain, native corn, maize or wheat flour may be used. In addition the
starch may be an enzymatic or chemical derivative of starch isolated from such sources.
However, the starch used need not be separated and purified from its “source material”
and may be used in the form in which it naturally occurs. The source material itself, for
example a solid potato or other tuber, or cereal grain, can be heated at appropriate
temperatures having regard to the abovementioned starch products and methods of the

invention.

As used herein “source material” is intended to include processed forms of a raw material.
For example, in the case of cereal grain, flour may be used.

The starch gelatinisation temperature, which may be referred to herein, depends to an
extent on the form of starch used and its origin, but is typically in the range 50 to 80 °C.
Skilled persons will readily appreciate gelafinisation temperatures having regard to the
form of starch used and its origin without undue experiment.

It should be appreciated that the starch products of the invention may contain a single
type of lipid or salt thereof (including polyunsaturated fatty acids and their derivatives) or a
combination of two or more different types thereof. In addition, the starch product may
include an emulsion of one or more such lipids or their salts.

In addition, two or more different types of starch or sources of starch may be used in a
single product of the invention.

Where lipids in a starch product of the invention are free fatty acids their carboxylic acid
group may be ionised. Accordingly, in this form the product may be in an acidic form or a
basic form.

The starch products of the invention may héve a variety of uses. For example, they may
be used in a food or as a food. Another embodiment of the invention is a food
incorporating one or more lipids in accordance with the invention. The starch products of
the invention may also be used as or in pharmaceuticals.
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Examples of food products to which this invention is applicable include bread, pasta,
baked goods, or any starch containing processed food. The food product may be
prepared by simply adding a starch product of the invention at an appropriate time during
preparing of the food. Alternatively, the starch product may be formed in the process of
preparing the food product (as mentioned herein before).

The starch products of the invention may be used pharmaceutically, alone or in
combination with suitable active ingredients and/or pharmaceutically acceptable diluents,
carriers and/or excipients as are generally known. Having the starch products of the
invention to hand, appropriate pharmaceuticals may be formulated into standard dosage
iforms (for example capsules and tablets), by combining with various actives and/or
excipients, carriers or diluents, in accordance with standard methodology.

In a further embodiment, starch products as herein described may be used in the
manufacture of medicaments for the prevention and/or amelioration of depression and/or
coronary heart disease. This is_particularly applicable where omega-3 fatty acids are
contained within the starch product.

EXAMPLES
The invention is described with reference to the following examples. However, it is to be
appreciated that the invention is not be limited to any of the examples.

Example 1

Sodium oleate (300 pL, 10 wt % in water) was mixed with maize starch (1.0 g) at 80 °C for
64 h. The annealed starch was then washed with NaOH (40 ml, 0.01 M) to remove lipid
that was not strongly associated with the starch, followed by three lots of ultrapure water
to wash out NaOH, followed by drying. The starch was recovered between washings by
centrifugation. The amount of strongly associated lipid was determined to be 1.7 % by
weight of starch using a pH titration with HCI (0.001 M).

Example 2

An emuision (300 pL) of sodium oleate (10 wt %) and oleic acid (5 wt %) in water was
mixed with maize starch (1.0 g) at 80 °C for 64 h. The annealed starch was then washed
with NaOH (40 ml, 0.01 M) to remove lipid that was not strongly associated with the
starch, followed by three lots of ultrapure water to wash out the NaOH, followed by drying.
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The starch was recovered between washings by centrifugation. The amount of strongly
associated lipid was determined to be about 1.9 % by weight of starch using a pH titration
with HCI (0.001 M).

Example 3 '

Sodium oleate (300 pL, 10 wt % in water) was mixed with maize starch (1.0 g) and water
(700 pL) at 65 °C for 64 h. The annealed starch was then washed with NaOH (40 mi, 0.01
M) to remove lipid that was not strongly associated with the starch, followed by three lots
of ultrapure water to wash out the base. The starch was recovered between washings by
centrifugation. The amount of strongly associated lipid was determined to be about 1.6 %
by weight of starch using a pH titration with HCI (0.001 M). Similar results were obtained
for reaction of an emulsion of sodium oleate (300 uL, 10 wt %) and oleic acid (5 wt %) in
water with starch at 65 °C.

Example 4

Samples of maize and potato starch (1.0 g) were separately reacted with a lipid mixture
containing 70 % sodium linoleate (200 pL, 10 wt % in water) and water (100 L) at 80 °C
for 17 h. The annealed starch was then washed with NaOH (40 ml, 0.01 M) o remove
lipid that was not strongly associated with the starch, followed by three lots of ultrapure
water to wash out NaOH. The starch was recovered between washings by centrifugation.
The amount of strongly associated lipid was determined to be about 1.3 % by weight of
starch in both starch products using a pH titration with HCI (0.001 M).

Example 5

Samples of maize and potato starch (1.0 g) were separately mixed with an aqueous
solution containing 70 % sodium linoleate (300 pL, 10 wt % in water) and water (100 L)
at 30 °C for 16 h. The treated starches were then washed with NaOH (40 mi, 0.01 M) to
remove lipid that was not strongly associated with the starch, followed by three lots of
ultrapure water to wash out NaOH, followed by drying. The starch was recovered
between washings by centrifugation. The amount of strongly associated lipid was
determined to be 1.0 % by weight for the maize starch and 0.7 % by weight for the potato
starch using a pH titration with HCI (0.001 M).

Example 6
Samples of maize and potato starch (1.0 g) were separately reacted with sodium oleate
(300 L, 10 wt % in water) at 95 °C for 0.5 h. The treated starch was then washed with
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NaOH (40 mi, 0.01 M) to remove lipid that was not strongly associated with the starch,
followed' by three lots of ultrapure water to wash out NaOH, followed by drying. The
starch was recovered between washings by centrifugation. The amount of strongly
associated lipid was determined using a pH titration with HCI (0.001 M). It was found that
about 1.1 % by weight of oleate was associated with the corn starch and 1.4 % by weight

with the potato starch.

Example 7

Samples of maize and potato starch (1.0 g) were separately reacted with sodium oleate
(200 pL, 10 wt % in water) and water (200 pL) at 50 °C and also at 30 °C for 92 h. The
treated starch was then washed with NaOH (40 mi, 0.01 M) to remove lipid that was not
strongly associated with the starch, followed by three lots of ultrapure water to wash out
NaOH, followed by drying. = The amount of strongly associated lipid was determined
using a pH titration with HCI (0.001 M). For treatment at 30 °C it was found that 0.90 %
and 1.3 % by weight of oleate was associated with the maize and potato starch
respectively and for treatment at 50 °C the values were 1.1 and 1.4 % by weight

respectively.

Example 8

Samples of sodium oleate (200 pL, 10 wt % in water) were reacted with maize starch
samples (1.0 g) and water (100 yL) at 95 °C for 1, 2, 4, and 24 h. The annealed starch
was then washed with NaOH (40 ml, 0.01 M) to remove lipid that was not strongly
associated with the starch, followed by three lots of ultrapure water to wash out NaOH.
The starch was recovered between washings by centrifugation. The amount of
associated lipid was determined by a pH titration with HCI (0.001 M). The amount of lipid
strongly associated with the starch for each reaction time is shown in Table 1. This shows
that the lipid association with starch occurs over a period of a few hours.

Table 1

Reaction time/h Lipid wt% associated

i 712
> 133
4 37

24 1.3
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Example 9

Solutions of sodium oleate (200 L, 10 wt % in water) together various amounts of
additional water according to Table 2 were mixed with samples of maize starch (1.0 g) at
95 °C for 2 h. The annealed starch was then washed with NaOH (40 ml, 0.01 M) to
remove lipid that was not strongly associated with the starch, followed by three lots of
ultrapure water to wash out NaOH, followed by drying. The starch was recovered
between washings by centrifugation. With the addition of 500 uL of water it was noted
that the starch was partially gelatinised. The amount of strongly associated lipid was
determined using a pH titration with HCI (0.001 M), and the variation for different amounts
of water used in the reaction is shown in Table 2. Thus water content appears to have
little effect on lipid association.

Table 2
Water/juL Lipid %w associated
200 1.2
300 1.3
400 1.3
500 1.3
Example 10

Maize starch in water was gelatinised at 95 °C for 10 min. The solution was cooled and a
pullulanase (10 uL, Novo Nordisk) was added and the mixture allowed to react for 12 h.
The starch was then heated with sodium linoleate solution (357 uL, 0.5 M) at 95 °C for 10
min. A soft gel formed on cooling.

Example 11

Oleic acid (100 mg) was dissolved in NaOH solution (3.56 ml, 0.1 M) at 50 "C. Starch was
added to the solution and dispersed by shaking. The solution was then heated on a
boiling water bath for 10 min to gelatinise the starch. The gelatinised starch was washed
with ultrapure water three times and the gelatinised starch recovered between washings

by centrifugation. Water was removed from the gelatinised starch by washing with
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ethanol. The starch was recovered by filtration and dried. The amount of strongly
associated lipid was determined to be 1.4 % by weight of starch using a pH titration with
HCI (0.001 M).

Example 12

Free fatty acids containing approximately 62 % linolenic acid were prepared by stirring
rapidly pure cold-pressed linseed oil (37 g), with sodium hydroxide (5.1 g) in water (16 ml)
and ethanol (42 ml). After 3 h reactions the ethanol was removed from the solution on a
rotary evaporator. The oily solution was neutralised with HCI and washed several times
with water to yield the free fatty acids.

Sodium Linolenate (62 % purity) was formed py neutralising the free fatty acids with 1 mol
equivalent of sodium hydroxide in ethanol.

The following examples may involve measuring oxidation of lipids. Unless otherwise
indicated, measurement of oxidation was conducted as follows:

Oxidation of lipids was followed by measuring pressure changes in a sealed tube as
oxygen was consumed during oxidation of the lipid. The tube having a volume of
approximately 8.5 ml was placed in a water bath which was heated on a hotplate stirrer at
50 °C. Temperature regulation of the water bath was +£0.3 °C. Contents in the tube were
stirred by means of a teflon-coated magnetic stirring bar. The water bath was wrapped in
aluminium foil to exclude light falling on the tube. Absolute pressure changes in the tube
was followed by measuring changes in the voltage of a pressure transducer (PX137-
015AV, Omega Engineering) placed above the water bath and attached to the tube by a
silicone sealing glue. Correction to the pressure of 2 hPa/°C were made to account for
changes in room temperature, which effects the voltage of the transducer.

Pressure changes as small as = 2 hPa could be followed. Since oxygen comprises about
21 % of gases in the atmosphere changes of about 200 hPa indicate complete

consumption of the oxygen in the oxidation reaction.

Example 13
A lipid mixture containing 70 % by weight linoleic acid (50 mg) dissolved in NaOH (1.8 ml,
0.1 M) was mixed with maize starch (5 g) and reacted at 95 °C for 2 h. The annealed
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starch was then washed with NaOH (40 ml, 0.01 M) to remove unassociated lipid followed
by three lots of ultrapure water to wash out NaOH, followed by drying. The annealed
starch (4 g) was stirred with water (5 ml) in a Warburg apparatus at 50 "C. Over the
course of the experiment (46 h) no oxygen uptake occurred. In comparison, with the lipid
mixture containing 70 % by weight linoleic acid (40 mg) in NaOH (1.8 ml, 0.1 M) and water
(3.2 ml), oxidation was rapid and off-scale within 10 h.

Example 14

A lipid mixture containing 70 % by weight sodium linoleate solution (600 pL, 0.5 M) was
mixed with maize starch (5 g) in a mortal and pestle. The lipid level was calculated to be
4.2 wt % of the starch. The mixture was placed in a Warburg apparatus at 50 °C. Over
the course of the experiment (120 h) there was no significant oxygen uptake within the
first 60 h and only a small amount of oxygen uptake in the following 60 h. Previous
experiments suggest that not more than about 1.5 % by weight of the lipid was strongly
associated with the starch, but in this experiment 4.2 w% of the lipid appears to be
stabilised to air oxidation by association with the starch polysaccharides.

With the lipid mixture containing 70 % by weight linoleic acid (40 mg) in NaOH (1.8 ml, 0.1
M) and water (3.2 ml) with no starch, oxidation in the Warburg apparatus at 50 "C was
rapid and off-scale within 10 h.

Example 156

Sodium linolenate (35 mg) was mixed with various quantities of corn starch and water (4.5
ml) and the oxidation of the lipid recorded in the apparatus described above. With no
starch present oxidation is rapid with most of the oxygen being consumed within 25 h.
With starch (0.75 g) present no oxidation of the lipid occurs within 25 h. Even with just a
small amount of starch (0.095 g) in the oxidation apparatus, only 7.5 % of the oxygen in
the vessel has been consumed after 40 h reactions. For the last case the weight percent
of lipid to starch is 37 %. Thus it appears that only relatively small amounts of starch are
required to give stability to the linolenate.

Example 16

The oxidation of sodium linolenate was determined in the presence of equivalent weights
of one of the following: corn starch, maltose or a maltooligosaccharide. The starch was
found to completely inhibit the oxidation of the linolenate. With the maltooligosaccharides

20% of the oxygen was consumed after 20 h, whereas for the maltose 40 % of the oxygen
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was consumed. Thus starch shows the greatest efficacy for inhibiting oxidation of sodium
linolenate. |

Example 17

Starch (0.3 g) was mixed with a solution of sodium linolenate (1 ml, 0.1 M) and then dried
in a vacuum desiccator. The oxidation of the dried starch/sodium linolenate mixture was
compared to a solution of sodium linolenate (1 ml, 0.1 M). For the solution oxidation was
rapid. Most of the oxygen had been consumed within 30 h. However, for the dried

starch/sodium linolenate mixture only a small amount of oxidation had occurred after 30 h.

Example 18
Sodium linolenate (34 mg) was mixed with starch (0.2 g) in water (4.5 ml) and the
oxidation of the sodium linolenate was determined in the apparatus described above. For
both waxy and high amylose starches no significant amount of oxidation occurred after 45
h of reaction.

Example 19

An emulsion (37 mg) of sodium linolenate (66 %) and linolenic acid (33 %)

was mixed with starch in water (4.6 mi). Oxidation was determined in the apparatus
described above. With no starch present in the reaction medium most of the oxygen had
been consumed after 60 h. With starch (0.1 g) present only 20 % of the oxygen had been
consumed after 60 h.

Example 20

Starch (1 g) was gelatinised with a mixture of lipids containing 80 % monoglycerides of
linseed oil (20 mg) and water (0.66 g) for 1 h at 95 °C for 1 h. The starch product was
dried under vacuum and ground to a powder in a mortar and pestle. In the oxidation
apparatus described above a mixture of this starch product in water (2.6 ml) showed little
or no reaction with oxygen after 30 h. For comparison, the 80 % monoglyceride mixture of
linseed oil (20 mg) in water (3.6 ml) consumed most of the oxygen in the reaction vessel
after 30 h.

Example 21

Starch (1.7 g) was gelatinised with a lipid mixture containing 80 % monoglycerides of
linseed oil (25 mg) and water (0.85 ml). The starch product was dried under vacuum and
ground to a powder in a mortar and pestle. The dried powder was placed in the oxidation
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apparatus described above. Some oxygen absorption was observed after 24 h. After 100
h no further oxygen absorption was observed. In total 100 hPa of oxygen had been
absorbed. The amount absorbed is consistent with the presence of diglycerides present
in the lipids, which were not expected to react with the starch and therefore not to be
stabilised. In contrast for the lipid mixture (25 mg) in the apparatus without any starch
most of the oxygen (200 hPa) was consumed after 25 h reaction.

Although the invention has been described by way of example, it should be appreciated
that variations and modifications may be made without departing from the scope of the
invention.  Furthermore, where known equivalents exist to specific features, such
equivalents are incorporated as if specifically referred to in this specification.

The reference to any prior art in this specification is not, and should not be taken as, an
acknowledgment or any form of-suggestion that that prior art forms part of the common
general knowledge in New Zealand or any other country.

Throughout this specification, and the claims which follow, unless the context requires
otherwise, the words “comprise’, “comprising” and the like, are to construed in an
inclusive sense as opposed to an exclusive sense, that is to say, in the sense of
“including, but not limited to”.
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CLAIMS

1.

A starch product which contains up to approximately 10 % by weight lipid
associated with starch in the starch product and where less than approximately 50
% by weight of the starch in the starch product has been gelatinised.

2. The starch product of claim 1 wherein it contains 0.5 to 2 % by weight lipid.

3. The starch product as claimed in claims 1 or 2 wherein less than approximately 10

% by weight of the starch in the starch product has been gelatinised, more
preferably less than approximately 5 %.
The starch product as claimed in any one of claims 1 to 3 wherein the lipid may be
any free fatty acid or any fatty acid derivative such as an ester of a fatty acid, or
any combination or mixture thereof.
The starch product as claimed in claim 4 wherein the ester of a fatty acid is
preferably a monoglyceride or a phospholipid.
The starch product as claimed in any one of claims 1 to 5 wherein the lipid present
within the starch product is stabilised to decomposition.
The starch product as claimed in claim 6 wherein the lipid is stabilised to air
oxidation.
A process for preparing the starch product of the first aspect of this invention
including the steps:
a) contacting an aqueous solution or emulsion of the lipid, or a salt of
the lipid, with starch to form a mixture of the starch and the lipid; and
b) where the ratio of water to starch in the mixture is above
approximately 50 % by weight, heating the mixture to form the
starch product at a temperature below the gelatinisation temperature
of the stérch; or
c) where the ratio or water to starch in the mixture is below
approximately 50 % by weight, heating the mixture to form the
- starch product at a temperature either above or below the
gelatinisation temperature of the starch.

9. A starch product which contains one or more polyunsaturated fatty acids and/or

polyunsaturated faity acid derivatives, where the starch product contains up to
approximately 30% by weight of the one or more polyunsaturated fatty acids
and/or polyunsaturated fatty acid derivatives in the starch product, and where the
one or more polyunsaturated fatty acids and/or polyunsaturated fatty acid
derivatives associate with the starch so that the one or more polyunsaturated fatty

acids and/or polyunsaturated fatty acid derivatives are stabilised to decomposition.
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10. A starch product as claimed in claim 9 wherein it contains up to approximately 10
% by weight of one or more polyunsaturated fatty acids and/or polyunsaturated
fatty acid derivatives. ,

11. A starch product as claimed in claim 9 or 10 wherein it contains less than
approximately 5 % by weight of one or more polyunsaturated fatty acids and/or
polyunsaturated fatty acid derivatives.

12. A starch product as claimed in claims 9 or 10 wherein it contains less than
approximately10 % by weight of a derivative of a polyunsaturated fatty acid.

13. A starch product as claimed in any one of claims 9 to 12 wherein the one or more
polynsaturated fatty acid derivatives includes an ester of a polyunsaturated fatty
acid.

14. A starch product as claimed in any one of claims 9 to 13 wherein the one or more
polyunsaturated fatty acids includes an omega-3 fatty acid.

15. A starch product as claimed in claim 14 wherein the omega-3 fatty acid is one or
more of a-linolenic acid, eicosapentaenoic acid (EPA) or docosahexaenoic acid
(DHA).

16. A starch product as claimed in any one of claims 9 to 15 wherein the one or more
polyunsaturated fatty acids and/or polyunsaturated fatty acid derivatives are
stabilised to air oxidation.

17. A starch product which contains one or more omega-3 fatty acids or derivatives of
omega-3 fatty acids, where the starch product contains up to approximately 10 %
by weight of the one or more omega-3 fatty acids or derivatives thereof.

18. A process of making the starch products of any one of claims 9 to 17 the process
comprising at least the steps of

a) contacting an aqueous solution or emulsion of the polyunsaturated
fatty acid and/or polyunsaturated fatty acid derivative, with starch to
form a mixture of the starch and the polyunsaturated fatty acid or
derivative; and

b) heating the mixture to a temperature above the gelatinisation
temperature of the starch in the presence of water at greater than
approximately 50% by weight of the starch.

19.A process as claimed in claim 18 wherein the heating of the mixture to a
temperature above the gelatinisation temperature of the starch occurs in the
presence of water at greater than approximately 100% by weight of the starch.

20. A process of making the starch products of any one of claims 9 to 17 the process
comprising at least the steps of the method of claim 8.
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21. A starch product as claimed in any one of claims 1 to 7 and 9 to17 wherein the
starch is used in the form in which it occurs naturally.

22. A starch product as claimed in any one of claims 1 to 7, 9 to 17 and 21, wherein
the starch product is either in its acidic or basic form.

23. The use of a starch product of any one of claims 1 to 7, 9 to 17, 21 and 22 in a
food or as a food.

24. A food comprising at least a starch product of any one of claims 110 7, 9to 17, 21
and 22.

25. A pharmaceutical comprising at least a starch product of any one of claims 1 to 7,
9 to 17, 21 and 22 optionally in association with one or more pharmaceutically
acceptable carriers, diluents, and/or excipients.

26. The use of starch for the stabilisation of one or more lipids or salts thereof by
adding the one or more unsaturated fatty acids and/or unsaturated fatty acid
derivatives to starch.

27. The use of starch for the stabilisation of one or more polyunsaturated fatty acids or
derivatives thereof by adding the one and/or more unsaturated fatty acids or
unsaturated fatty acid derivatives to starch. ‘

28. A starch product produced by a process of any of claims 8 or 18 to 20.

29. A process for making a food product comprising at least the step of preparing a
starch product of any one of claims 1to 7, 9 to 17, 21 and 22.

30. Use of a starch product of any one of claims 1 to 7, 9 to 17, 21 and 22 in the
manufacture of a medicament for the prevention and/or amelioration of depression
and/or coronary heart disease.

31. A starch-containing processed food in which starch is associated with one or more
polyunsaturated fatty acids and/or their derivatives and wherein the one or more
polyunsaturated fatty acids and/or their derivatives are stabilised to decompossition.

32. A starch-containing processed food in which starch is associated with one or more
omega-3 fatty acids and/or their derivatives.

33. A process of making a starch-containing processed food the method comprising at
least the step of adding one or more polyunsaturated fatty acids and/or their
derivatives to one or more ingredients of the food during processing.

34. A starch-containing processed food obtained by a process as claimed in claim 32.
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