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Description

Technical Field of the Invention

[0001] The present invention refers to a method for preparing inhibited starch with improved warehouse storage stability,

Background Art

[0002] Starch is an important ingredient for the food industry and is very commonly used in a great multiplicity of food
applications and food production processes. Natural, non-modified starch, known by skilled persons in the art as "native
starch", is sometimes used as such but has several disadvantages.
[0003] The primary function of starch in food applications is as thickening agent with a view to provide the requested
viscosity, texture and mouth feel of food products. The texture and viscosity property are built up by hydration of the
granular starch achieved when the granular starch is heated in an aqueous suspension. The granular starch absorbs
water when the temperature is increased above the gelatinization temperature, i.e. the starch granule is being hydrated
and swollen and its viscosity is considerably increased. In the case of using native starch the hydrated and swollen
starch granules are not stable and, consequently, if the temperature is kept for longer time or is increased to higher
temperatures the viscosity will reach its so called "peak viscosity". Accordingly, the granular shape will be disrupted and
disintegrates. The viscosity will be significantly reduced. Besides the reduced viscosity, another drawback will be an
unpleasant long and cohesive texture.
[0004] As a result of the above-mentioned problem the most important parameters to control or to avoid are high
temperatures, shear forces, and, particularly, acidic conditions. A result when the cook goes beyond the "peak viscosity"
is a breakdown of the granular structure. Instead, it is desirable to change the starch property so that the viscosity is
stable or even increase over time, thus avoiding viscosity decrease and granular breakdown when treated under high
heat, strong shear force, and/or acidic conditions. This maintains hydrated highly swollen but intact, hydrated starch
granules.
[0005] The requested effect is often referred to as increased starch robustness. Thus, the granular starch is more
resistant to high temperatures, longer heating times, strong shear forces, and acidic conditions or combinations of those
parameters.
[0006] The most commonly used method of modification to give starch increased process tolerance is to use the
technique known as chemical cross-linking. Chemical cross-linking inhibits the starch granule, so that when it is heated
in water its swelling is inhibited. If the level of cross-linking is too low a continued heating combined with strong physical
force or not will end up in a total or partial starch solution. Chemical cross-linking prevents granular breakdown under
such treatments. The chemical cross-linking is achieved by substituting the starch with a bi-functional reagent, resulting
in a covalent bond between the starch molecules. This can be done with certain approved methods and chemicals, e.g.
phosphorus oxychloride, STMP (sodium trimetaphosphate), adipic-acetic mixed anhydride, and epichlorohydrin. The
different approved methods for chemical cross-linking are well described in the literature and are commonly used in the
starch industry. In practice, this means that by cross-linking of the starch granule it will be capable of maintaining its
granular integrity when exposed to temperatures and high shear force or at high temperatures without or together with
a low degree of shear. The higher the degree of cross-linking, the more robust the starch will be against high temperature,
shear forces and acidic conditions or combinations of those parameters.
[0007] In practice, these cross-linking techniques for modifying the property of the swelling of the starch granule can
be adapted to the application and the process which the starch is to be used in, so that optimal properties in the form
of viscosity and texture are obtained due to the starch as such.
[0008] In the food industry, there is a great desire to replace chemically modified starches with starches that are not
chemically modified, due to the trend to go "natural" among the food ingredients. The starch shall still have equal
properties as the chemically modified ones.
[0009] Non-chemical inhibition of starch granules can be performed with dry heat inhibition, also called alkaline dry
roasting, similar to the so called British Gums. In this method the starch is subjected to high temperatures in an almost
totally moisture free condition in combination with an alkaline pH, which is reached by addition of e.g. sodium hydroxide
or soda. Temperatures of 120-160°C at a pH of 8-11 and a reaction time of 2-120 hours give different inhibition levels.
This technique is well known and disclosed in the literature (Cross-linking of starch by Alkali Roasting, Journal of Applied
Polymer Science Vol. 11 PP 1283-1288 (1967); IRVIN MARTIN, National Starch & Chemical Corporation) and also in
several patents (US 8,268,989 B2; EP 0 721471; EP 10382 882; US-A-3 977 897; US 4,303,451; Japanese Patent No
61-254602; US 4,303,452; and US-A 3 490 917).
[0010] The problem with heat inhibition of starch is that side reactions give an undesirable taste and color to the starch.
A discoloration of the starch occurs at temperatures above approximately 130°C. To avoid problems with the side
reactions the temperature can be reduced, but this causes the reaction time to be prolonged, thereby increasing the
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production cost significantly. Furthermore, the heat inhibition technology requires high energy costs and high investment
costs.
[0011] It is further known that a weak inhibition can be achieved by subjecting the starch granule to low concentrations
of a bleaching agent, i.e. an oxidant (oxidizing agent) at an alkaline pH together with so called oxidation modifiers, which
are different nitrogen containing compounds. In some cases the residual protein in the starch granule remaining after
extraction can be used as the oxidation modifiers, but it generally needs less pure starches than nowadays commercial
starches has, i.e. above 0.4% protein content of starch dry matter. This inhibition technology is known and is disclosed
in U.S. Patent No. 2,317,752 and in the UK Patent Application GB 2506695. However, the latter two methods of inhibiting
starch can be performed only to a limited inhibition level. If higher levels of oxidants are added the starch will instead
be oxidized, leading to a de-polymerization which results in reduced viscosity and easier disruption of the granular
structure during cooking.
[0012] It is also known that inhibition of granular starch can be achieved by combining an oxidant and the amino acid
glycine. This process is disclosed in U.S. Patent No. 3,463,668. However, this method results in an unstable, temporarily
inhibition and is thereby not capable of replacing chemically cross-linked granular starches in the food industry.
[0013] Accordingly, there is a need to develop a method for inhibiting starch to higher levels, i.e. a method which
results in inhibited starches with improved properties like taste, smell and color, and which is more cost effective than
traditional techniques to produce and overcomes the drawbacks in earlier described techniques.

Summary of the Invention

[0014] The object with the present invention is to fulfill the above-mentioned needs and to provide an inhibited starch
having the desired advantageous properties disclosed.
[0015] This object is achieved with the method according to the present invention as defined in claim 1. Particular and
preferred embodiments are disclosed in the dependent claims.
[0016] The present invention refers to a method for preparing an inhibited starch with improved warehouse stability,
wherein it comprises the steps of

a) providing a slurry containing a native granular starch obtained from a starch containing raw material,
b) inhibiting the native granular starch by adding at least one amino acid, or a combination of two or more of these,
and at least one oxidant, wherein said at least one oxidant is a source of active chlorine, to the slurry,
c) eliminating residual reactant chemicals, off-tastes, and undesired smell by adding at least one organic acid or a
bisulfite in an amount of 0.001-5 % w/w DM starch to the slurry after step b) above, wherein said at least one organic
acid is citric acid, adipic acid, sodium lactate, potassium lactate, calcium lactate, ascorbic acid and succinic acid,
or a combination of two or more thereof, and
d) stabilizing the achieved inhibition of the starch during warehouse storage by adding at least one antioxidant in
an amount of 0.001-10 % w/w DM starch to the slurry after step c) above, wherein said at least one antioxidant is
ascorbic acid, sodium ascorbate, calcium ascorbate, erythorbic acid, sodium erythorbate, sodium lactate, potassium
lactate, calcium lactate, citric acid, mono-sodium citrate, di-sodium citrate, tri-sodium citrate, mono-potassium citrate,
tri-potassium citrate, mono-calcium citrate, di-calcium citrate, tri-calcium citrate, L-tartaric acid, mono-sodium L-
tartrate, di-sodium L-tartrate, mono-potassium L-tartrate, di-potassium L-tartrate, sodium potassium L-tartrate, phos-
phoric acid, mono-sodium phosphate, di-sodium phosphate, tri-sodium phosphate, mono-potassium phosphate, di-
potassium phosphate, tri-potassium phosphate, mono-calcium phosphate, di-calcium phosphate, tri-calcium phos-
phate, mono-magnesium phosphate, di-magnesium phosphate, sodium malate, sodium hydrogen malate, potassium
malate, calcium malate, calcium hydrogen malate, meso-tartaric acid, calcium L-tartrate, adipic acid, sodium adipate,
potassium adipate, succinic acid, tri-ammonium citrate or a combination of two or more thereof.

[0017] An inhibited starch with improved warehouse stability prepared with the method according to the present in-
vention is also disclosed.
[0018] Use of said inhibited starch as an ingredient in food products is also disclosed.
[0019] Further, a food product containing said inhibited starch is disclosed.
[0020] More precisely, the present invention provides a method for inhibiting granular starch to higher inhibition levels
for which the achieved inhibition is stable, wherein the inhibited granular starch also has such beneficial properties such
as viscosity stability against temperature increase, shear forces, and acidic conditions. This means that the inhibited
starch will have increased process robustness, i.e. becomes more resistant in certain food processes, like high pressure
homogenization, performed at processing temperatures above the natural gelatinization temperature of the starch.
Moreover, said inhibited granular starch has an increased gelatinization temperature with a few degrees Celsius, wherein
it is more capable of maintaining its natural structure, i.e. the granular shape, in this kind of food processes.
[0021] A further advantage accompanying the present invention are that the unpleasant off-taste normally expressed
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in conventional inhibited starches made without chemical cross-linking is neutralized or eliminated. Still another advantage
is that the protein, more precisely the naturally occurring amino acids therein and peptides therein with a molecular
weight below 1 kDa, initially separated from the starch raw material, i.e. the raw material source the native starch has
been extracted from, may be used as a source for the amino acid addition involved in the inventive method. This means
that the inhibition may be carried out solely from the same raw material as the starch is extracted from, or that it can be
made by using synthetic amino acids or amino acids from a foreign protein source.

Brief Description of the Drawings

[0022]

Figure 1 shows the Brabender viscosity profile at neutral pH of inhibited starch according to examples 1a) -1f). A
Brabender Amyloviscograph model E was used. Active chlorine: 0.1-0.8 % w/w of DM starch. Glycine: 33.3 % w/w
of active chlorine. Thus, the ratio between active chlorine and glycine was 3:1. Starch concentration: 5 % w/w. 350
cmg torsion spring. Distilled water was used for the preparation of the starch slurry in the measurement.

Figure 2 shows the Brabender viscosity profile at a pH of 3 of inhibited starch according to examples 1a) - 1f). A
Brabender Amyloviscograph model E was used. Active chlorine: 0.1-0.8 % w/w of DM starch. Glycine: 33.3 % w/w
of active chlorine. Thus, the ratio between active chlorine and glycine was 3:1. Starch concentration: 5 % w/w. 350
cmg torsion spring. Distilled water was used for the preparation of the starch slurry in the measurement.

Figure 3 shows the Brabender viscosity profile at neutral pH of inhibited starch according to examples 2a) - 2b). A
Brabender Amyloviscograph model E was used. Active chlorine: 0.4 % w/w of DM starch. Glycine: 33.3 % w/w of
active chlorine. Thus, the ratio between active chlorine and glycine was 3:1. The viscosity profile was compared to
an inhibited starch product without addition of glycine, but with the same addition of active chlorine. Starch concen-
tration: 5 % w/w. 350 cmg torsion spring. Distilled water was used for the preparation of the starch slurry in the
measurement.

Figure 4 shows the Brabender viscosity profile at pH 3 of inhibited starch according to examples 2a) -2b). Active
chlorine: 0.4 % w/w of DM starch. Glycine: 33.3 % w/w of active chlorine. Thus, the ratio between active chlorine
and glycine was 3:1. The viscosity profile was compared to an inhibited starch product without addition of glycine,
but with the same addition of active chlorine. Starch concentration: 5 % w/w. 350 cmg torsion spring. Distilled water
was used for the preparation of the starch slurry in the measurement.

Figure 5 shows the Brabender viscosity profile at neutral pH of inhibited starch according to example 3. Active
chlorine: 0.4 % w/w of DM starch. Glycine: 33.3 % w/w of active chlorine. Thus, the ratio between active chlorine
and glycine was 3:1. Starch concentration: 5 % w/w. 350 cmg torsion spring. Distilled water was used for the
preparation of the starch slurry in the measurement. The figure illustrates how the inhibition level was changed over
time, and, consequently, the inhibition was decreased after storage. Curve 3a) = day 1; Curve 3b) = day 2; Curve
3c) = day 3.

Figure 6 shows the Brabender viscosity profile at neutral pH of inhibited starch according to example 4. Active
chlorine: 0.4 % w/w of DM starch. Glycine: 33.3 % w/w of active chlorine. Thus, the ratio between active chlorine
and glycine was 3:1. 9.5 gram of citric acid as antioxidant was added with a view to get the inhibition stable over
time. Starch concentration: 5 % w/w. 350 cmg torsion spring. Distilled water was used for the preparation of the
starch slurry in the measurement. 4a = day 1; 4d = 300 days storage time.

Figure 7 shows the Brabender viscosity profile at neutral pH of inhibited starch according to example 5. The inhibition
was achieved by combining threonine and sodium hypochlorite. Starch solids level in the Brabender run: 5 % w/w.
Torsion spring: 350 cmg. Distilled water was used for the preparation of the starch slurry in the measurement.

Figure 8 shows the Brabender viscosity profile at pH 3 of inhibited starch according to example 5. The inhibition
was achieved by combining threonine and sodium hypochlorite. Starch solids level in the Brabender run: 5 % w/w.
Torsion spring: 350 cmg. Distilled water was used for the preparation of the starch slurry in the measurement.

Figure 9 shows the Brabender viscosity profile at neutral pH of inhibited starch according to example 6. The inhibition
achieved by combining tryptophan and sodium hypochlorite. Starch solids level in the Brabender run: 5 % w/w.
Torsion spring: 350 cmg. Distilled water was used for the preparation of the starch slurry in the measurement.
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Figure 10 shows the Brabender viscosity profile at pH 3 of inhibited starch according to example 6. The inhibition
was achieved by combining tryptophan and sodium hypochlorite. Starch solids level in the Brabender run: 5 % w/w.
Torsion spring: 350 cmg. Distilled water was used for the preparation of the starch slurry in the measurement.

Figure 11 shows the Brabender viscosity profile at neutral pH of inhibited starch according to example 7. The inhibition
was achieved by combining amino acid mix derived from the potato starch source combined with sodium hypochlorite.
Starch solids level in the Brabender run: 5 % w/w. Torsion spring: 350 cmg. Distilled water was used for the preparation
of the starch slurry in the measurement.

Figure 12 shows the result of the evaluation of the gelatinization temperature using a Brabender viscosity profile at
neutral pH and at 16% DM starch. A 250 cmg torsion spring was used. Inhibited starch according to example 9 was
compared to native waxy maize (corn) starch (reference starch) and with an alkali roasted waxy maize (corn) starch
with similar inhibition level.

Figure 13 shows the Brabender viscosity profile at neutral pH of a starch treated according to example 8. Native
potato starch was treated with 0.8 % w/w active chlorine. Starch concentration: 5 % w/w. A 700 cmg torsion spring
was used. Distilled water was used for the preparation of the starch slurry in the measurement.

Figure 14 shows the Brabender viscosity profile at neutral pH of a starch treated according to example 13a-c). The
inhibition were achieved by combining glycine homologues and sodium hypochlorite. Starch solids level in the
Brabender run: 5 % w/w. Torsion spring: 350 cmg. Distilled water was used for the preparation of the starch slurry
in the measurement.

Detailed Description of the Invention and Preferred Embodiments Thereof

[0023] First, some expressions present in the application text will be defined.
[0024] The expression "native starch" used throughout the application text is intended to mean an extracted and
purified starch, i.e. having a residual protein content of maximum 0.4 % of DM starch, preferably lower than this value,
for which the naturally occurring properties have not been changed, either chemically or physically. Thereby the starch
is still in its native state and has unchanged properties. The term native starch is well-known by a man skilled in the art.
[0025] The expression "amino acid-like compound" used throughout the application text is intended to mean any of a
group of organic compounds having one or more amino group -NH2, and one or more carboxyl group, -COOH, being
substituted or not by any other group. Such an "amino acid like compound" may be used as a complement or an alternative
to the amino acid in the method disclosed here.
[0026] The expression "amino acid homologs" used throughout the application text is intended to mean amino acids
of the same skeleton in which the amino group has been substituted with one or more groups.
[0027] The expression "protein hydrolysate" used throughout the application text is intended to mean a purified protein
concentrate from different origins which has been hydrolyzed either by an acid and high temperature of above 95°C,
and/or by treating such protein with proteolytic enzymes. A result of the hydrolyzation is that the protein cluster is
separated into peptides and free amino acids with different molecular weights, i.e. is built up with different number of
amino acid building blocks and or separated into single amino acids. In order to be possible to penetrate the starch
granule into its amorphous parts of the semi crystalline structure the peptides shall be below 1 kDa in size. Consequently,
the expression "protein hydrolysate" means an undefined mixture of peptides and amino acid monomers below 1 kDa
in size and therefore can be used as the amino-group containing reactant part in the present invention.
[0028] The expression "amino acid derivative" used throughout the application text is intended to mean amino acid
substituted with another chemical group.
[0029] The expression "warehouse storage stability" used throughout the application text is intended to mean that
such an inhibited starch maintains its inhibition level during storage at typical conditions in warehouses and transports.
[0030] The expression "calculated as active chlorine" used throughout the application text is intended to mean the
amount of chlorine in its monomeric form (a molar weight of 35.5) bound with oxygen into ClO-, which is the active oxidant.
[0031] The expression "DM" used throughout the application text is intended to mean "Dry Matter", which is a measure
of total solids obtained from evaporating a solution under vacuum to dryness. DM may also be referred to as "total solids
by drying" or "dry solids". Alternate expressions with an equivalent meaning are "dry substance" and "dry weight".
[0032] The expressions "containing active chlorine (x g/l)" and "% w/w active chlorine of DM starch" used throughout
the application text is intended to mean the quantity of monomeric chlorine as bound into ClO- in the active oxidant in
gram per liter and in weight percentage calculated as gram Cl coming from ClO- per gram DM starch.
[0033] The expression "% w/w DM starch "used throughout the application text is intended to mean the percentage
of a defined substance calculated as gram per gram of DM starch.
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[0034] The expression "protein conversion factor" used throughout the application text is intended to mean the con-
version factor that is used to recalculate the analyzed % amino nitrogen (% N) to protein. A well-known method for
analyzing the protein content is the so called "Kjeldahl method", in which the percentage of amino nitrogen is measured
and subsequently recalculated to the amount of protein by using the conversion factor found in the literature, which
depends on the average nitrogen content in different protein sources.
[0035] The expression "torsion spring of 250, 350 or 700 cmg" used in the examples of the application text is intended
to mean the setting of the Brabender Amylograph torsion spring when evaluating the viscosity profile for such a starch
paste. Different torsion springs give different responses due to the sensitivity of the spring and therefore it is needed to
be defined what torsion spring that have been used to understand the viscosity response level and to be able to compare
different Brabender curves. The expression and meaning of "torsion spring cmg" is well-known by a man skilled in the
art and is often used in the measurement of starch pastes.
[0036] The native starch to be inhibited in the inventive method may be extracted from a large variety of raw material,
such as potato starch, maize (corn) starch, tapioca starch, barley starch, rice starch, wheat starch, rye starch, oat starch,
amaranth starch, quinoa starch, sago starch, bean starches, pea starch, Floridian starch and different varieties thereof,
waxy potato starch, waxy maize (corn) starch, waxy tapioca starch, waxy barley starch, waxy rice starch, waxy sorghum
starch, waxy wheat starch, waxy pea starch and high amylose starches, etc. In the starch production process the starch
is extracted from the raw material, purified and dried into a powder, so called native starch. Starch from all kinds of origin,
such as the above-listed raw materials, may be used in food applications, either in its native state or further modified
with different technologies, to give desirable properties.
[0037] The production of native starch from different sources, the methods of modification of the native starch, and
its accompanying properties are well-known in the art.
[0038] As disclosed above, one of the most commonly used modification method is chemical cross-linking, which is
intended to make the starch more resistant against heat, shear forces, and acidic conditions.
[0039] In one embodiment of the method according to the present invention a waxy starch, i.e. an amylopectin rich
starch with an amylopectin content of the starch DM of more than 90 %, is used. Amylopectin rich starches are considered
to be more stable and do not have the need of stabilization by chemical mono-substitution to hinder retrogradation, such
as acetylation and hydroxypropylation. It is well-known that the so called waxy starches have better stability properties
compared to starches with higher amounts of amylose (non-waxy starches), when it comes to stability of hydrated starch
pastes after gelatinization in water. The stability property is also better for waxy starches when it comes to freeze and
thaw stability. Therefore, by combining the present invention with a waxy starch i.e. waxy maize (corn), waxy tapioca,
waxy barley, etc, it is possible to achieve a starch product with properties that are comparable with chemically modified
non-waxy based starches. In this perspective it is possible to create a starch product that can compete with chemically
modified stabilized starches, i.e. acetylated and or hydroxypropylated starches. This mono-substitution stabilization of
the starch is something else than the stabilization obtained with the present invention during the storage time in the
warehouses. Mono-substitution stabilization of the starch is done in order to improve the solution stability against retro-
gradation and not to stabilize the inhibition.
[0040] In the method according to the present invention the properties of a native starch, or a chemically modified
stabilized mono-substituted starch, are changed by inhibiting the starch granule by adding a combination of amino acids
and an oxidant (oxidizing agent). The inhibited starch is achieved by extracting the native starch and purifying it to a
level where the amount of residual protein is below 0.4 % w/w, wherein said starch is considered as a protein free starch.
The native starch is further mixed with water resulting in starch slurry having a concentration of 5-45 % w/w, more
preferably 20-35 % w/w, even more preferably 25-30 % w/w. The starch slurry is then heated to 5-70 °C, i.e. below the
gelatinization temperature for the particular starch used at the surrounding pH condition, preferably 15-45 °C, more
preferably 25-35 °C, during continuous agitation with a view to avoid sedimentation. The pH value is adjusted with an
acid or alkali to obtain a value of normally 7-12, but this may also lie outside this range as different amino acids require
different pH levels during the treatment. However, an acidic pH is to be avoided as the active chlorine used in the process
will form chlorine gas, which is undesired due to personal health risks, and a too high alkaline pH will cause alkaline
gelatinization to occur.
[0041] At least one kind of amino acid, or combinations of two or more of these, may be added to the starch slurry
during agitation. The amount of added amino acid is 0.01-10 % w/w DM starch, preferably 0.05-3 % w/w DM starch,
more preferably 0.05-2.0 % w/w DM starch. The amino acids used in the reaction may have been obtained from a natural
source or are synthetically prepared, but are preferably naturally occurring amino acids used separately or in any com-
binations of two or more thereof. In one useful embodiment said amino acids are derived from the same starch source,
i.e. the raw material, from which the starch to be inhibited originates. In this embodiment the protein rich fragments are
separated from the starch source and are further fractionated, purified, and hydrolyzed to an amino acid rich concentrate,
which is used as an inhibition reactant. Thus, in such a way an inhibited starch product can be achieved without addition
of any synthetically derived amino acids, or amino acids obtained from other raw materials, to the reaction slurry, which
must be considered as beneficial. The slurry is left under agitation, e.g. for 5-15 minutes before addition of the oxidant
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for migration into the starch granule.
[0042] Examples of natural amino acids to add are alanine, cysteine, aspartic acid, glutamic acid, phenylalanine,
glycine, histidine, iso-leucine, lysine, leucine, methionine, asparagine, proline, glutamine, arginine, serine, threonine,
valine, tryptophan, and tyrosine, or a homolog of these. Examples of homologues are the glycine homologues sarcosine
(metylglycin), dimetylglycine and betaine (trimetylglycine). Examples of amino acid-like compounds are agaritine, ala-
nosine, aspartame, aspartylglucosamine, glutaurine, taurine, tetrazolylglycine, tricine, and thymectacin. Different forms
of optic isomers of the above-listed amino acids and amino acid-like compounds are also included as possible to use.
[0043] An oxidant, which also may be a bleaching agent, is then added to the starch and an amino acid mixture under
agitation. The oxidant is a source of active chlorine, and is in one embodiment a hypochlorite. In a particularly useful
embodiment the oxidant is sodium hypochlorite, or another kind of alkali metal or alkali earth metal hypochlorite, such
as potassium hypochlorite, calcium hypochlorite, and magnesium hypochlorite. Although different kinds of hypochlorite
can be used, the present invention is not limited to such oxidants. Thus, other sources of active chlorine can be used
separately or as a mixture of such different kinds of oxidants providing active chlorine. The effect of the oxidant is not
fully understood but it is clear that the oxidant is required, and it is assumed that it is, in some way, reacting with the
amino acid so that it can be reacted to starch molecules and form cross bonds. In an alternative theory it is assumed
that the oxidant and amino acid is working as a catalyst so that the starch molecules can directly interact with each
other’s to react and form a cross bonding. The added amount of oxidant is in the case of sodium hypochlorite as oxidant,
calculated as the added amount as active chlorine, 0.03-30 % w/w, preferably 0.1-10 % w/w, more preferably 0.15-4 %
w/w. The slurry is then left under stirring so that the inhibition reaction can occur. This reaction is almost instantaneous,
but of practical reasons it is more convenient to let the reaction proceed for a longer time with a view to avoid that
residuals of active chlorine are left in the reaction vessel. The reaction time is therefore 1-1200 minutes, preferably
30-240 minutes, more preferably 30-180 minutes.
[0044] It is well-known by a man skilled in the art that treatment of starch with sodium hypochlorite will oxidize the
starch and thus result in breakdown of the starch molecule, which reduces the molecular weight of the starch with a
consequent reduction of its viscosity. Oxidation with sodium hypochlorite slightly stabilizes the starch against retrogra-
dation. Therefore it is of importance to make clear that according to the inventive method the oxidation incorporation of
carboxylic groups is avoided and, therefore, no oxidation with breakdown of the starch structure occurs. When the
oxidation is made by an oxidation agent, e.g. sodium hypochlorite, it creates carboxyl groups, -COOH, in the starch
molecules. This is well-known by a man skilled in the art, and further specific information can be found in literature about
oxidation of starch. Analysis of the level of carboxyl groups can therefore be used as a method to determine if a starch
product has been oxidized or not, and also as a method of defining the oxidation level.
[0045] The method of analysis of the carboxyl group content is performed according to the official method as described
in the "Purity Criteria for modified food starches" and found in FAO/WHO papers or in the EU legislation, with the method
adoption to carry out the titration on an ambient tempered solution rather than a hot solution and a 0.01 M NaOH solution
instead of 0.1 M NaOH.
[0046] According to International legislation and also in EU legislation the maximum level of carboxyl groups which
can be added to the starch and still be regarded as not being oxidized is 0.1 % w/w DM of starch. As a consequence of
this, it is thereby possible to determine if a starch product has been treated by an oxidation agent and thus have been
oxidized or only bleached. It has been clarified that, according to the present invention, carboxyl groups are not formed
in the starch when the oxidant is combined with amino acids according to the inventive method as it is when it is oxidized
with an oxidant on its own, and thereby it is clear that no oxidation of the starch molecule has occurred, i.e. below 0.1%
added carboxyl-groups of starch DM.
[0047] The amount of carboxyl groups formed is shown in table 1 for the product according to example 7c). Accordingly,
a potato starch is treated with 0.91 % w/w DM PAAC (Potato Amino Acid Concentrate) and 0.73 % w/w active chlorine,
this product is compared with a native potato starch. With potato starch the reading of the titer has to be adjusted for
the level of naturally occurring acidic phosphorous groups in the native starch. It can be seen that the amount of carboxylic
groups in the starch which is treated with 0.73 % w/w active chlorine on its own is increasing from 0.24 % w/w to 0.38%
w/w, i.e. an increase with 0.14 % w/w, and is therefore defined as an oxidized starch. Thereby, it is defined that starch
which has been treated with 0.73 % w/w active chlorine without addition of an amino acid according to the inventive
method is oxidized. The starch which instead has been treated according to example 7c), i.e. with the same amount of
active chlorine, but in combination with an amino acid, PAAC, only has 0.28 % w/w carboxylic groups, i.e. and increased
level of 0.04 % w/w. Thereby it is clear that by combining the active chlorine with an amino acid, an oxidation of the
starch molecule is avoided and instead an inhibition of the starch granule is obtained.
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[0048] The amount of carboxylic groups are shown in table 2 for the product according to example 1d), i.e. a waxy
maize (corn) starch treated with 0.4% w/w active chlorine and 0.133 % w/w glycine. This starch product is compared
with a native waxy maize (corn) starch as the level of carboxylic groups has to be adjusted with the level that occurs
naturally in the native waxy maize (corn) starch. It can be seen that the amount of carboxylic groups in the starch which
is treated according to example 1f), i.e. 0.8% w/w of active chlorine is not increasing. Thus, the level is the same as in
the native waxy maize (corn) starch, i.e. 0.021 % w/w. It can be seen that the amount of carboxylic groups in the starch
which is treated according to example 1f), i.e. with 0.8 % w/w of active chlorine and 0.267 % w/w glycine is only slightly
increasing from 0.021 % w/w to 0.026 % w/w. Thus, the increase of carboxylic groups is only 0.005 % w/w DM of starch.
Thereby, it is clear that by combining the active chlorine with an amino acid, an oxidation of the starch molecule is
avoided and instead an inhibition of the starch granule is obtained.

[0049] When the inhibition reaction has been completed, an organic acid is added prior to the washing and dewatering
with a view to eliminate chemical residuals giving the starch product an unpleasant off-taste or smell of pool water, i.e.
chlorinated water, which is common for starches that have been treated with hypochlorite. The kind of organic acid may
be chosen from any one of the organic acids that normally are used in food products but preferred are acids which have
the ability to act as a reducing agent, like ascorbic acid, which in the past have been used to reduce the formation of
chloramines in drinking water after treatment of the water with sodium hypochlorite or chlorine gas. Examples of organic
acids are citric acid, adipic acid, erythorbic acid, sodium lactate, potassium lactate, calcium lactate, ascorbic acid,
phosphoric acid, and succinic acid. The organic acid may be added separately or in a combination of two or more of
these. In one embodiment ascorbic acid is used as organic acid, as it has turned out to be particularly effective in reducing
the undesired residual reactant. The added amount of organic acid is 0.001-5 % w/w DM starch, preferably 0.01-3 %
w/w DM starch, more preferably 0.05-1 % w/w DM starch. The slurry is left under stirring, e.g. for 15-60 minutes.
[0050] Alternatively, an inorganic acid, such as phosphoric acid, sulphuric acid, and hydrochloric acid can be used
but the efficiency has been found to be much lower.
[0051] An alternative method of eliminating the taste and smell problem involves adding bisulfite. This is a well-known
procedure for those skilled in the art to use with a view to destroy the excess of hypochlorite ion or chlorine gas, so that
it no longer possesses any oxidation capability. However, using bisulfite is not preferred, as it in International food
legislation is regarded to be a potent allergen, and if there are more than 10 ppm residual levels in the starch it must be

Table 1

Sample
DM 
(% 

w/w)

Weight of 
starch sample 

(g)

Used 0.00985 M NaOH 
in the titration (ml)

Carboxylic groups 
(% W/W)

Recalculated added 
carboxylic groups in 

(% w/w)

Example 7c 70.32 
%

7.1011 g 32.3 ml 0.28 % 0.04 %

0.73 % active 
chlorine

67.84 
%

7.3578 g 44.0 ml 0.38 % 0.14%

Native potato 
starch

81.84 
%

5.8211 g 26.7 ml 0.24 % 0

Table 2

Sample
DM (% 
w/w)

Weight of 
starch sample 

(g)

Used 0.00985 M 
NaOH in the titration 

(ml)

Carboxylic 
groups 
(%w/w)

Recalculated added 
carboxylic groups in 

(%w/w)

Example 1f) 
0.8% active 
chlorine

87.76% 5.7275 g 3.0 ml 0.026 % 0.005 %

Example 1d) 
0.4% active 
chlorine

87.50 % 5.6852 g 2.4 ml 0.021 % 0

Native waxy 
maize (corn) 
starch

86.26 % 5.7929 g 2.4 ml 0.021 % 0
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labeled as an allergen when used in food products. The inhibited starch produced so far according to the inventive
method is unstable and only temporary, which means that it loses its inhibition when being stored over time. When the
inhibited starch is present in slurry or after drying of the starch, the inhibition will break down during storage and lose its
effect on regulating the swelling of the starch granule, ending up in a starch product comparable with a native non-
inhibited starch. It has been found that the inhibition will break down rather rapidly, and after only a few weeks storage
time in the warehouse under normal conditions the inhibition is more or less totally lost. The same applies for the inhibited
starch produced so far according to the inventive method, as well as when using the method disclosed in U.S. Patent
No. 3,463,668.
[0052] However, the present inventors have found that such an unstable inhibition may be stabilized by addition of an
antioxidant. It is not fully understood how the inhibition is stabilized due to the addition of the antioxidant, but experiments
have shown that if the starch is inhibited and not stabilized by addition of an antioxidant, and stored under conditions
where there is no contact with oxygen, the inhibition is stable. Thereby, the conclusion is that the inhibition is lost due
to oxidation, but by adding an antioxidant the inhibition is thereby stabilized also when stored in contact with air. The
antioxidant can be selected from all available antioxidants used in food products. The added amount of antioxidant is
0.001-10 % w/w DM starch, preferably 0.01-5 % w/w DM starch, more preferably 0.1-3 % w/w DM starch. The slurry is
then left under stirring, e.g. for 15-60 minutes.
[0053] Antioxidants used are ascorbic acid, sodium ascorbate, calcium ascorbate, erythorbic acid, sodium erythorbate,
sodium lactate, potassium lactate, calcium lactate, citric acid, mono-sodium citrate, di-sodium citrate, tri-sodium citrate,
mono-potassium citrate, tri-potassium citrate, mono-calcium citrate, di-calcium citrate, tri-calcium citrate, L-tartaric acid,
mono-sodium L-tartrate, di-sodium L-tartrate, mono-potassium L-tartrate, di-potassium L-tartrate, sodium potassium L-
tartrate, phosphoric acid, mono-sodium phosphate, di-sodium phosphate, tri-sodium phosphate, mono-potassium phos-
phate, di-potassium phosphate, tri-potassium phosphate, mono-calcium phosphate, di-calcium phosphate, tri-calcium
phosphate, mono-magnesium phosphate, di-magnesium phosphate, sodium malate, sodium hydrogen malate, potas-
sium malate, calcium malate, calcium hydrogen malate, meso-tartaric acid, calcium L-tartrate, adipic acid, sodium adipate,
potassium adipate, succinic acid, tri-ammonium citrate. The antioxidant used to stabilize the inhibition of the starch may
be added separately or in any combination of two or more thereof after the inhibition reaction have taken place.
[0054] The temperature at which the inhibition reaction takes place is non-thermic, i.e. may be performed at a tem-
perature below 100 °C, e.g. between 5 and 70°C. Such an inhibition is possible for slurry, in contrast to the dry heat
inhibition process in which the inhibition takes place at an almost moisture free condition of the starch. The stabilized
inhibited starch in the slurry may then be further modified by use of any known modification method used in starch
production, e.g. approved food additive chemical modification, and/or physical modification, such as acetylation, hydrox-
ypropylation, chemical cross-linking, OSA modification, enzymatic treatment, dextrinization, gelatinization with a view
to make the starch become cold water soluble, and pre-gelatinization before inhibition with a view to make the starch
cold water swell able, and/or combinations of two or more thereof. Thereafter, it can be recovered and added as an
ingredient in food production. Alternatively, the stabilized inhibited starch may be recovered from the slurry by just further
washing and drying and may then be added as an ingredient to a food product.
[0055] Examples of food products in which the inhibited starch may be used are different kinds of sauces, soups, dairy
products, e.g. fermented Creme Fraiche and yoghurt; batters and breeding; fruit preparations for dairy products and/or
baked products, e.g. bake stable fruit preparations; and milk based desserts, e.g. different puddings, vanilla sauces, ice
cream, and mousse, etc.

Examples:

[0056] Below some examples of inhibition methods are disclosed, and Examples 10-12 refer to the method according
to the present invention.

Example 1

[0057] Example 1a) -f) discloses a method for inhibiting a native granular starch to different levels using glycine in
combination with sodium hypochlorite. The native granular starch raw material used was waxy maize (corn) starch with
a residual protein content of less than 0.4 % as analyzed with the Kjeldahl method and calculated with a protein conversion
factor of 6.25.

1a) 0.1 % active chlorine

[0058] 869.1 g DM waxy maize (corn) starch was mixed with 1600 g cold tap water in a reaction vessel. The pH was
adjusted to 9.0 with a sodium hydroxide solution. The temperature was adjusted to 30°C. 0.29 g (0.033 % w/w) glycine
was added during agitation. 9.7 g sodium hypochlorite with active chlorine (107 g/l, density: 1.19 g/cm3) was added
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during agitation. This corresponds to an addition of 0.1 % w/w active chlorine of DM starch. The vessel was left under
agitation for 180 min, and the temperature was kept at 30°C. The starch was neutralized to a pH of 6 with sulfuric acid
and was further dewatered and dried to a dry powder with a moisture content of approximately 15%.

1b) 0.2 % active chlorine

[0059] 869.1 g DM waxy maize (corn) starch was mixed with 1600 g cold tap water in a reaction vessel. The pH was
adjusted to 9.0 with a sodium hydroxide solution. The temperature was adjusted to 30°C. 0.58 g (0.067 % w/w) glycine
was added during agitation. 19.3 g sodium hypochlorite with active chlorine (107 g/l, density: 1.19 g/cm3) was added
during agitation. This corresponds to an addition of 0.2 % w/w active chlorine of DM starch. The vessel was left under
agitation for 180 min, and the temperature was kept at 30°C. The starch was neutralized to a pH of 6 with sulfuric acid
and was further dewatered and dried to a dry powder with a moisture content of approximately 15%.

1c) 0.3 % active chlorine

[0060] 869.1 g DM waxy maize (corn) starch was mixed with 1600 g cold tap water in a reaction vessel. The pH was
adjusted to 9.0 with a sodium hydroxide solution. The temperature was adjusted to 30°C. 0.87 g (0.1 % w/w) glycine
was added during agitation. 29 g sodium hypochlorite with active chlorine (107 g/l, density: 1.19 g/cm3) was added during
agitation. This corresponds to an addition of 0.3 % w/w active chlorine of DM starch. The vessel was left under agitation
for 180 min, and the temperature was kept at 30°C. The starch was neutralized to a pH of 6 with sulfuric acid and was
further dewatered and dried to a dry powder with a moisture content of approximately 15%.

1d) 0.4 % active chlorine

[0061] 869.1 g DM waxy maize (corn) starch was mixed with 1600 g cold tap water in a reaction vessel. The pH was
adjusted to 9.0 with a sodium hydroxide solution. The temperature was adjusted to 30°C. 1.16 g (0.133 % w/w) glycine
was added during agitation. 38.7 g sodium hypochlorite with active chlorine (107 g/l, density: 1.19 g/cm3) was added
during agitation. This corresponds to an addition of 0.4 % w/w active chlorine of DM starch. The vessel was left under
agitation for 180 min, and the temperature was kept at 30°C. The starch was neutralized to a pH of 6 with sulfuric acid
and was further dewatered and dried to a dry powder with a moisture content of approximately 15%.

1e) 0.6 % active chlorine

[0062] 869.1 g DM waxy maize (corn) starch was mixed with 1600 g cold tap water in a reaction vessel. The pH was
adjusted to 9.0 with a sodium hydroxide solution. The temperature was adjusted to 30°C. 1.74 g (0.20 % w/w) glycine
was added during agitation. 57.9 g sodium hypochlorite with active chlorine (107 g/l, density: 1.19 g/cm3) was added
during agitation. This corresponds to an addition of 0.6 % w/w active chlorine of DM starch. The vessel was left under
agitation for 180 min, and the temperature was kept at 30°C. The starch was neutralized to a pH of 6 with sulfuric acid
and was further dewatered and dried to a dry powder with a moisture content of approximately 15%.

1f) 0.8 % active chlorine

[0063] 869.1 g DM waxy maize (corn) starch was mixed with 1600 g cold tap water in a reaction vessel. The pH was
adjusted to 9.0 with a sodium hydroxide solution. The temperature was adjusted to 30°C. 2.32 g (0.267 % w/w) glycine
was added during agitation. 77.3 g sodium hypochlorite with active chlorine (107 g/l, density: 1.19 g/cm3) was added
during agitation. This corresponds to an addition of 0.8 % w/w active chlorine of DM starch. The vessel was left under
agitation for 180 min, and the temperature was kept at 30°C. The starch was neutralized to a pH of 6 with sulfuric acid
and was further dewatered and dried to a dry powder with a moisture content of approximately 15%.
[0064] The products achieved in examples 1a)-1f) were evaluated with a Brabender Amyloviscograph model E at a
dry solids content of 5% w/w using distilled water and a torsion spring of 350 cmg. The evaluation was made at a neutral
pH and at a pH of 3.
[0065] It can be seen in Figs. 1 and 2 that an increased inhibition is reached when higher levels of active chlorine are
added. Thus, the inhibition level is proportional to the concentration of active chlorine. It can also be seen that the
inhibition level reached at 0.6-0.8 % w/w active chlorine together with glycine is much higher than possible to reach by
only adding active chlorine to the same starch in its native state. Thus, the combination of amino acid and active chlorine
gives a higher inhibition level.
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Example 2

[0066] Example 2a) and 2b) discloses a method for inhibition of granular starch with glycine in combination with sodium
hypochlorite and the inhibition levels that are reached in comparison with inhibition of the same native granular starch
without addition of glycine but the same added amount of active chlorine. The granular starch raw material was waxy
maize (corn) starch with a residual protein content of less than 0.4 % as analyzed with the Kjeldahl method and calculated
with a protein conversion factor of 6.25.

2a) 0.4% active chlorine + glycine

[0067] 869.1 g of DM waxy corn starch was mixed with 1600 g cold tap water in a reaction vessel. The pH was adjusted
to 9.0 with a sodium hydroxide solution. The temperature was adjusted to 30°C. 1.16 g (0.133 % w/w) glycine was added
during agitation. 38.7 g sodium hypochlorite with active chlorine (107 g/l, density: 1.19 g/cm3) was added during agitation.
This corresponds to an addition of 0.4 % w/w active chlorine of DM starch. The vessel was left under agitation for 180
min, and the temperature was kept at 30°C. The starch was neutralized to a pH of 6 with sulfuric acid and was further
dewatered and dried to a dry powder with a moisture content of approximately 15%.

2b) 0.4 % active chlorine

[0068] 869.1 g DM waxy maize (corn) starch was mixed with 1600 gram cold tap water in a reaction vessel. The pH
was adjusted to 9.0 with a sodium hydroxide solution. The temperature was adjusted to 30°C. 38.7 g sodium hypochlorite
with active chlorine (107 g/l, density: 1.19 g/cm3) was added during agitation. This corresponds to an addition of 0.4 %
w/w active chlorine of DM starch. The vessel was left under agitation for 180 min, and the temperature was kept at 30°C.
The starch was neutralized to a pH of 6 with sulfuric acid and was further dewatered and dried to a dry powder with a
moisture content of approximately 15%.This example is actually made according to what is disclosed in U.S. Patent No.
2,317,752 to show what differs in behavior compared to the present invention.
[0069] The products achieved in example 2a) and 2b) were evaluated with a Brabender Amyloviscograph model E at
a dry solids level of 5 %w/w using distilled water and a torsion spring of 350 cmg. The evaluation was made at a neutral
pH, wherein the results are shown in Fig. 3, and at a pH of 3, wherein the results are shown in Fig. 4.
[0070] The results in Fig. 3 and 4 illustrates that a much higher inhibition level is achieved by adding the amino acid
glycine to the reaction compared to the inhibition achieved only by adding sodium hypochlorite to the starch with its
naturally occurring residual protein content. This demonstrates that a much higher inhibition level is reached by combining
an amino acid (in this example glycine) with active chlorine compared to the inhibition reached with active chlorine alone.

Example 3

[0071] Example 3 discloses a method for inhibition of granular starch with glycine in combination with sodium hy-
pochlorite to different inhibition levels. Example 3 further illustrates the problem with the unstable temporary inhibition
of the starch granule obtained when the inhibition is achieved by combining an amino acid and an oxidation agent as in
the method according to the previous invention disclosed in U.S. Patent No. 3,463,668.
[0072] The native granular starch used in Example 3 was waxy maize (corn) starch with a residual protein content of
less than 0.4% as analyzed with the Kjeldahl method and calculated with a protein conversion factor of 6.25.

3) 0.4 % active chlorine + glycine

[0073] 869.1 g DM of waxy maize (corn) starch was mixed with 1600 g cold tap water in a reaction vessel. The pH
was adjusted to 9.0 with a sodium hydroxide solution. The temperature was adjusted to 30°C. 1.16 g (0.133 % w/w) and
glycine was added during agitation. 38.7 g sodium hypochlorite with active chlorine (107 g/l, density: 1.19 g/cm3) was
added during agitation. This corresponds to an addition of 0.4 % w/w active chlorine of DM starch. The vessel was left
under agitation for 180 min, and the temperature was kept at 30°C. The starch was neutralized to a pH of 6 with sulfuric
acid and was further dewatered and dried to a dry powder with a moisture content of approximately 15%.
[0074] The products achieved in Example 3 were stored in ambient conditions and were evaluated with a Brabender
Amyloviscograph model E after different storage times at a starch content of 5% DM and using distilled water. A torsion
spring of 350 cmg was used. The evaluation was made at neutral pH.
[0075] The results from Example 3, illustrated in Fig. 5, demonstrate that the inhibition achieved by combining an
amino acid with an oxidation agent, as used in the previous invention disclosed in U.S. Patent No. 3,463,668, is unstable
and that the inhibition level is decreased during storage. In Fig. 5 the curve titled as 3a) represents the viscosity profile
at day 1, the curve titled as 3b) represents storage for 30 days, and the curve titled as 3c) represents storage for 200 days.
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Example 4

[0076] Example 4 discloses a method for inhibition of granular starch with glycine in combination with sodium hy-
pochlorite to different inhibition levels. It further illustrates how the problem with the unstable temporarily inhibition,
illustrated in example 3, can be controlled by adding an anti-oxidation agent which stabilizes the achieved inhibition.
The native granular starch used in Example 4 was waxy maize (corn) starch with a residual protein content of less than
0.4% as analyzed with the Kjeldahl method and calculated with a protein conversion factor of 6.25.

4) 0.4% active chlorine + glycine

[0077] 869.1 g DM waxy maize (corn) starch was mixed with 1600 g cold tap water in a reaction vessel. The pH was
adjusted to 9.0 with a sodium hydroxide solution. The temperature was adjusted to 30°C. 1.16 gram (0.133 % w/w)
glycine was added during agitation. 38.7 gram sodium hypochlorite with active chlorine (107 g/l, density: 1.19 g/cm3)
was added during agitation. This corresponds to an addition of 0.4 % w/w active chlorine of DM starch. The vessel was
left under agitation for 180 min, and the temperature was kept at 30°C. 9.5 g of the antioxidant, citric acid, was added
during agitation. The starch slurry was left under agitation for 30 min. The starch slurry was adjusted to a pH of 6 and
was further dewatered and dried to a dry powder with a moisture content of approximately 15%.
[0078] The products achieved in Example 4 were stored at ambient conditions in contact with surrounding air oxygen
and were evaluated with a Brabender Amyloviscograph model E at a solids level of 5% using distilled water after different
storage times. A torsion spring of 350 cmg was used. The evaluation was made at neutral pH.
[0079] The results from Example 4, illustrated in Fig. 6, demonstrate that the inhibition achieved by a combination
between an amino acid and an oxidation agent, which was shown to be unstable in Example 3, is stabilized during
storage by addition of an antioxidant after the inhibition reaction, in this example citric acid. In Fig. 6 the curve titled as
"4a-d" represents the viscosity profile at day 1-300. It is obvious that there is no change of the viscosity during this
extended storage time. Therefore, it has been demonstrated that the unstable inhibition obtained by combining amino
acids with an oxidant can be stabilized with an antioxidant added after the inhibition reaction have been taken place.

Example 5

[0080] Example 5 discloses a method for inhibiting a native granular starch to different inhibition levels using threonine
in combination with sodium hypochlorite. In the example the addition of threonine is fixed to 0.067 % w/w, and the addition
of sodium hypochlorite is made at different levels resulting in different ratios between active chlorine and threonine. The
native granular starch used in Example 3 was waxy maize (corn) starch with a residual protein content of less than 0.4%
as analyzed with the Kjeldahl method and calculated with a protein conversion factor of 6.25.

5a) 0.067 % active chlorine + 0.067 % w/w threonine (ratio 1:1)

[0081] 869.1 g DM waxy maize (corn) starch was mixed with 1600 g cold tap water in a reaction vessel. The pH was
adjusted to 9.0 with a sodium hydroxide solution. The temperature was adjusted to 30°C. 0.58 g (0.067 % w/w) threonine
was added during agitation. 6.48 gram sodium hypochlorite with active chlorine (107 g/l, density: 1.19 g/cm3) was added
during agitation. This corresponds to an addition of 0.067 % w/w active chlorine of DM starch. The vessel was left under
agitation for 180 min, and the temperature was kept at 30°C. The starch was neutralized to a pH of 6 with sulfuric acid
and was further dewatered and dried to a dry powder with a moisture content of approximately 15%

5b) 0.133 % active chlorine + 0.067 % w/w threonine (ratio 2:1)

[0082] 869.1 g DM waxy maize (corn) starch was mixed with 1600 g cold tap water in a reaction vessel. The pH was
adjusted to 9.0 with a sodium hydroxide solution. The temperature was adjusted to 30°C. 0.58 g (0.067 % w/w) threonine
was added during agitation. 12.96 g sodium hypochlorite with active chlorine (107 g/l, density: 1.19 g/cm3) was added
during agitation. This corresponds to an addition of 0.133 % w/w active chlorine of DM starch. The vessel was left under
agitation for 180 min, and the temperature was kept at 30°C. The starch was neutralized to a pH of 6 with sulfuric acid
and was further dewatered and dried to a dry powder with a moisture content of approximately 15%.

5c) 0.2 % active chlorine + 0.067 % w/w threonine (ratio 3:1)

[0083] 869.1 g DM waxy maize (corn) starch was mixed with 1600 g cold tap water in a reaction vessel. The pH was
adjusted to 9.0 with a sodium hydroxide solution. The temperature was adjusted to 30°C. 0.58 g (0.067 % w/w) threonine
was added during agitation. 19.49 g sodium hypochlorite with active chlorine (107 g/l, density: 1.19 g/cm3) was added
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during agitation. This corresponds to an addition of 0.2 % w/w active chlorine of DM starch. The vessel was left under
agitation for 180 min, and the temperature was kept at 30°C. The starch was neutralized to a pH of 6 with sulfuric acid
and was further dewatered and dried to a dry powder with a moisture content of approximately 15%.

5d) 0.268 % active chlorine + 0.067 % w/w threonine (ratio 4:1)

[0084] 869.1 g DM waxy maize (corn) starch was mixed with 1600 g cold tap water in a reaction vessel. The pH was
adjusted to 9.0 with a sodium hydroxide solution. The temperature was adjusted to 30°C. 0.58 g (0.067 % w/w) threonine
was added during agitation. 26.12 g sodium hypochlorite with active chlorine (107 g/l, density: 1.19 g/cm3) was added
during agitation. This corresponds to an addition of 0.268 % w/w active chlorine of DM starch. The vessel was left under
agitation for 180 min, and the temperature was controlled at 30°C. The starch was neutralized to a pH of 6 with sulfuric
acid and was further dewatered and dried to a dry powder with a moisture content of approximately 15%.

5e) 0.335% active chlorine + 0.067 % w/w threonine (ratio 5:1)

[0085] 869.1 g DM waxy maize (corn) starch was mixed with 1600 g cold tap water in a reaction vessel. The pH was
adjusted to 9.0 with a sodium hydroxide solution. The temperature was adjusted to 30°C. 0.58 g (0.067 % w/w) threonine
was added during agitation. 32.65 g sodium hypochlorite with active chlorine (107 g/l, density: 1.19 g/cm3) was added
during agitation. This corresponds to an addition of 0.335 % w/w active chlorine of DM starch. The vessel was left under
agitation for 180 min, and the temperature was kept at 30°C. The starch was neutralized to a pH of 6 with sulfuric acid
and was further dewatered and dried to a dry powder with a moisture content of approximately 15%.

5f) 0.4 % active chlorine + 0.067 % w/w threonine (ratio 6:1)

[0086] 869.1 g DM waxy maize (corn) starch was mixed with 1600 g cold tap water in a reaction vessel. The pH was
adjusted to 9.0 with a sodium hydroxide solution. The temperature was adjusted to 30°C. 0.58 g (0.067 % w/w) threonine
was added during agitation. 38.99 g sodium hypochlorite with active chlorine (107 g/l, density: 1.19 g/cm3) was added
during agitation. This corresponds to an addition of 0.335 % w/w active chlorine of DM starch. The vessel was left under
agitation for 180 min, and the temperature was kept at 30°C. The starch was neutralized to a pH of 6 with sulfuric acid
and was further dewatered and dried to a dry powder with a moisture content of approximately 15%.
[0087] The products achieved in Example 5a)-5e) were evaluated with a Brabender Amyloviscograph model E at a
dry solids content of 5% using distilled water and a torsion spring of 350 cmg. The evaluation was made at a neutral pH
and at a pH of 3.
[0088] It can be seen in Fig. 7 and 8 that different inhibition levels are reached at different addition levels of active
chlorine. Thus, the inhibition levels are dependent on the ratio of active chlorine and threonine, and the optimal condition
is a ratio of 1:5 (threonine : active chlorine). This is different compared to the amino acid glycine which has its optimal
inhibition level at a ratio of 1:3 (glycine : active chlorine). It can also be seen that the inhibition level reached at 0.335 %
w/w active chlorine and 0.067 % w/w threonine is much higher than what is possible to reach by only adding active
chlorine to the same starch in its native state. Thus, the combination of the amino acid threonine and active chlorine
gives a higher inhibition level. Example 5 illustrates that threonine in combination with active chlorine can be used to
inhibit starch to a higher inhibition level than what is possible with only active chlorine.

Example 6

[0089] Example 6 discloses a method for inhibiting a native granular starch to different inhibition levels using tryptophan
in combination with sodium hypochlorite. In the examples the addition of tryptophan is fixed to 0.067 % w/w, and the
addition of sodium hypochlorite is made at different levels resulting in different ratios between active chlorine and tryp-
tophan. The native granular starch raw material was waxy maize (corn) starch with a residual protein content of less
than 0.4 % as analyzed with the Kjeldahl method and calculated with a protein conversion factor 6.25.

a) 0.067 % active chlorine + 0.067 % w/w tryptophan (ratio 1:1)

[0090] 869.1 g of DM waxy maize (corn) starch was mixed with 1600 g cold tap water in a reaction vessel. The pH
was adjusted to 9.0 with a sodium hydroxide solution. The temperature was adjusted to 30°C. 0.58 g (0.067 % w/w)
tryptophan was added during agitation. 6.48 g sodium hypochlorite with active chlorine (107 g/l, density: 1.19 g/cm3)
was added during agitation. This corresponds to an addition of 0.067 % w/w active chlorine of DM starch. The vessel
was left under agitation for 180 min, and the temperature was kept at 30°C. The starch was neutralized to a pH of 6 with
sulfuric acid and was further dewatered and dried to a dry powder with a moisture content of approximately 15%.
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6b) 0.133 % active chlorine + 0.067 % w/w tryptophan (ratio 2:1)

[0091] 869.1 g of DM waxy maize (corn) starch was mixed with 1600 g cold tap water in a reaction vessel. The pH
was adjusted to 9.0 with a sodium hydroxide solution. The temperature was adjusted to 30°C. 0.58 g (0.067 % w/w)
tryptophan was added during agitation. 12.96 g sodium hypochlorite with active chlorine (107 g/l, density: 1.19 g/cm3)
was added during agitation. This corresponds to an addition of 0.133 % w/w active chlorine of DM starch. The vessel
was left under agitation for 180 min, and the temperature was kept at 30°C. The starch was neutralized to a pH of 6 with
sulfuric acid and was further dewatered and dried to a dry powder with a moisture content of approximately 15%.

6c) 0.168% active chlorine + 0.067 % w/w tryptophan (ratio 2.5:1)

[0092] 869.1 g of DM waxy maize (corn) starch was mixed with 1600 g cold tap water in a reaction vessel. The pH
was adjusted to 9.0 with a sodium hydroxide solution. The temperature was adjusted to 30°C. 0.58 g (0.067 % w/w)
tryptophan was added during agitation. 16.23 g sodium hypochlorite with active chlorine (107 g/l, density: 1.19 g/cm3)
was added during agitation. This corresponds to an addition of 0.168 % w/w active chlorine of DM starch. The vessel
was left under agitation for 180 min, and the temperature was kept at 30°C. The starch was neutralized to a pH of 6 with
sulfuric acid and was further dewatered and dried to a dry powder with a moisture content of approximately 15%.

6d) 0.2 % active chlorine + 0.067 % w/w tryptophan (ratio 3:1)

[0093] 869.1 g of DM waxy corn starch was mixed with 1600 g cold tap water in a reaction vessel. The pH was adjusted
to 9.0 with a sodium hydroxide solution. The temperature was adjusted to 30°C. 0.58 g (0.067 % w/w) tryptophan was
added during agitation. 19.49 g sodium hypochlorite with active chlorine (107 g/l, density: 1.19 g/cm3) was added during
agitation. This corresponds to an addition of 0.2 % w/w active chlorine of DM starch. The vessel was left under agitation
for 180 min, and the temperature was kept at 30°C. The starch was neutralized to a pH of 6 with sulfuric acid and was
further dewatered and dried to a dry powder with a moisture content of approximately 15%.

6e) 0.23 % active chlorine + 0.067 % w/w tryptophan (ratio 3.5:1)

[0094] 869.1 g DM waxy maize (corn) starch was mixed with 1600 g cold tap water in a reaction vessel. The pH was
adjusted to 9.0 with a sodium hydroxide solution. The temperature was adjusted to 30°C. 0.58 g (0.067 % w/w) tryptophan
was added during agitation. 22.23 g sodium hypochlorite with active chlorine (107 g/l, density: 1.19 g/cm3) was added
during agitation. This corresponds to an addition of 0.23 % w/w active chlorine of DM starch. The vessel was left under
agitation for 180 min, and the temperature was kept at 30°C. The starch was neutralized to a pH of 6 with sulfuric acid
and was further dewatered and dried to a dry powder with a moisture content of approximately 15%.

6f) 0.268 % active chlorine + 0.067 % w/w tryptophan (ratio 4:1)

[0095] 869.1 g DM waxy maize (corn) starch was mixed with 1600 g cold tap water in a reaction vessel. The pH was
adjusted to 9.0 with a sodium hydroxide solution. The temperature was adjusted to 30°C. 0.58 g (0.067 % w/w) tryptophan
was added during agitation. 26.12 g sodium hypochlorite with active chlorine (107 g/l, density: 1.19 g/cm3) was added
during agitation. This corresponds to an addition of 0.268 % w/w active chlorine of DM starch. The vessel was left under
agitation for 180 min, and the temperature was kept at 30°C. The starch was neutralized to a pH of 6 with sulfuric acid
and was further dewatered and dried to a dry powder with a moisture content of approximately 15%.
[0096] The products achieved in Example 6a) - 6f) were evaluated with a Brabender Amyloviscograph model E at a
dry solids content of 5% using distilled water and a torsion spring of 350 cmg. The evaluation was made at a neutral pH
and at a pH of 3.
[0097] It can be seen in Fig. 9 and 10 that different inhibition levels are reached at different addition levels of active
chlorine. Thus, the inhibition levels are dependent on the ratio of active chlorine and tryptophan, and the optimal condition
is a ratio of 1:2.5 (tryptophan : active chlorine). This is different compared to the amino acid glycine, which has its optimal
inhibition level at a ratio of 1:3 (glycine : active chlorine). It can also be seen that the inhibition level obtained at 0.168
% w/w active chlorine and 0.067 % w/w of tryptophan on DM starch is much higher than what is possible to reach by
only adding active chlorine to the same starch in its native state. Thus, the combination of the amino acid tryptophan
and active chlorine gives a higher inhibition level. To conclude, Example 6 illustrates that tryptophan in combination with
active chlorine can be used to inhibit starch to a higher inhibition level than what is possible with active chlorine alone.
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Example 7

[0098] Example 7 illustrates that an amino acid or a combination of amino acids can be derived from the starch raw
material source and also that it is possible to achieve the improved inhibition level without using a synthetically produced
amino acid or an amino acid combination.
[0099] Fruit juice from potatoes from which the starch has been separated, and which is rich of proteins and protein
related compounds, i.e. amino acids and peptides, was filtered on a 63 mm screen to separate the remaining fibers. The
protein was coagulated with a pH adjustment to 5.1 and a temperature increase to 135 °C for 15 s. The heat coagulated
protein was separated using centrifugation at 3000 x G during 3 minutes and decantation. The supernatant was con-
centrated with evaporation to dry matter content (DM) of more than 35%. As a consequence, salts were crystallized and
further separated with decantation.
[0100] The remaining concentrated solution had a dry matter content of 35 % and was filtrated by use of microfiltration
using a 0.45 mm filter. The filtrated, amino acid rich solution, hereinafter called PAAC (Potato Amino Acid Concentrate),
was used as an amino acid compound in the present example, and the dry matter of PAAC was determined to be 33.3
% w/w.
[0101] 1000 g DM of native granular potato starch with a content of protein residuals below 0.1 % was analyzed with
the Kjeldahl method and calculated with a protein conversion factor of 6.25. Then it was mixed with 1500 g cold tap
water and equilibrated to a temperature of 30°C. The pH was adjusted to 11.0 with a sodium hydroxide solution, and
thereafter different amounts of PAAC were added as disclosed below.

7a)

[0102] 2.3 g DM (0.23 % w/w) PAAC was added during agitation. The slurry was left for 60 min during agitation, and
the pH was adjusted to 11.0. 20.4 g sodium hypochlorite containing active chlorine (107 g/l, density: 1.19 g/cm3) was
added during agitation. This corresponds to an addition of 0.18 % w/w active chlorine of DM starch. The vessel was left
under agitation for 180 min, and the temperature was kept at 30°C. The starch was neutralized to a pH of 6 with sulfuric
acid and was further dewatered and dried to a dry powder with a moisture content of approximately 19%.

7b)

[0103] 4.55 g DM (0.46 % w/w) PAAC was added during agitation. The slurry was left for 60 min with continued
agitation, and the pH was adjusted to 11.0. 40.8 g sodium hypochlorite containing active chlorine (107 g/l, density: 1.19
g/cm3) was added during agitation. This corresponds to an addition of 0.37 % w/w active chlorine of DM starch. The
vessel was left under agitation for 180 min, and the temperature was kept at 30°C. The starch was neutralized to a pH
of 6 with sulfuric acid and was further dewatered and dried to a dry powder with a moisture content of approximately 19%.

7c)

[0104] 9.1 g DM (0.91 % w/w) PAAC was added during agitation. The slurry was left for 60 min continued agitation,
and the pH was adjusted to 11.0. 81.6 g sodium hypochlorite containing active chlorine (107 g/l, density: 1.19 g/cm3)
was added during agitation. This corresponds to an addition of 0.73 % w/w active chlorine of DM starch. The vessel was
left under agitation for 180 min, and the temperature was kept at 30°C. The starch was neutralized to a pH of 6 with
sulfuric acid and was further dewatered and dried to a dry powder with a moisture content of approximately 19%.
[0105] The products obtained in Example 7a) - 7c) were evaluated with a Brabender Amyloviscograph model E at 5%
DM starch using distilled water and a torsion spring of 700 cmg. The evaluation was made at a neutral pH. As appears
from Fig. 11 an inhibition is achieved in the examples, and the inhibition is stronger at higher additions of PAAC and
active chlorine. The examples and the results should be compared with the results from example 8, wherein a native
potato starch is treated with the same amount of active chlorine but without the addition of PAAC. Without the addition
of PAAC there is no inhibition. Thereby, it is clear that an inhibition is reached by combining an addition of PAAC with
active chlorine.

Example 8

[0106] Example 8 illustrates that a potato starch having a protein content of 0.01-0.1% cannot be inhibited without
adding an amino acid.
[0107] 1000 g DM of native granular potato starch with a content of protein residuals below 0.1 %, as analyzed with
the Kjeldahl method and calculated with a protein conversion factor of 6.25, was then mixed with 1500 g cold tap water
and equilibrated to a temperature of 30°C. The pH was adjusted to 11.0 with a sodium hydroxide solution, and thereafter
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0.8 % w/w of active chlorine was added. The product obtained in Example 8 was evaluated with a Brabender Amylovis-
cograph model E at 5% DM starch using distilled water and a torsion spring of 700 cmg. The evaluation was made at a
neutral pH. As appears from Fig. 13, there has been no inhibition of the starch. Thus, its viscosity profile disclosed in
figure 13 is comparable to that of a native starch. The example illustrates that an inhibition cannot be achieved by adding
an oxidation agent, i.e. active chlorine itself. Thus, it must be combined with an addition of an amino acid, amino acid-
like compound, etc according to the inventive method.

Example 9

[0108] Example 9 discloses a method for inhibiting a native granular starch using glycine in combination with sodium
hypochlorite. The example also illustrates how the gelatinization temperature of the granular starch is changed as a
result of the achieved inhibition. The native granular starch raw material was waxy maize (corn) starch with a residual
protein content of less than 0.4% as analyzed with the Kjeldahl method and calculated with a protein conversion factor
of 6.25.

9) 0.2% active chlorine + 0.067% glycine (ratio 3:1)

[0109] 869.1 g DM waxy maize (corn) starch was mixed with 1600 g cold tap water in a reaction vessel. The pH was
adjusted to 9.0 with a sodium hydroxide solution. The temperature was adjusted to 30°C. 0.58 g (0.067 % w/w) glycine
was added during agitation. 19.3 g sodium hypochlorite with active chlorine (107 g/l, density: 1.19 g/cm3) was added
during agitation. This corresponds to an addition of 0.2 % w/w active chlorine of DM starch. The vessel was left under
agitation for 180 min, and the temperature was kept at 30°C. The starch was neutralized to a pH of 6 with sulfuric acid
and was further dewatered and dried to a dry powder with a moisture content of approximately 15%.
[0110] The products obtained in Example 9 were evaluated with a Brabender Amyloviscograph model E at a DM
content of 16% using distilled water and a torsion spring of 250 cmg. The higher concentration used is to give an instant
reading when the starch gelatinizes and a better illustration of the changed gelatinization temperature which clearly has
increased to a higher value. The evaluation was made at a neutral pH. The results were compared to those for the native
waxy maize (corn) starch and an alkali roasted waxy maize (corn) starch with a similar inhibition level.
[0111] The results, shown in Fig. 12, clearly illustrates that the amino acid inhibited granular starch has a higher
gelatinization temperature. According to the Brabender evaluation it was found that the gelatinization temperature for
the novel starch is 67 °C, for the native waxy maize (corn) starch 64 °C, and for the alkali roasted starch 60°C. From
these results it can be concluded that the novel inhibited starch has a 3 °C higher gelatinization temperature compared
to that for the native starch and a 7°C higher gelatinization temperature compared to that for the alkali roasted starch
with a similar inhibition level. Thus, a starch inhibited to the same inhibition level with amino acid-oxidant inhibition with
the method according the present invention has a much higher gelatinization temperature.

Example 10

[0112] Example 10 discloses a method for inhibition of granular starch with glycine in combination with sodium hy-
pochlorite. It further illustrates a method to eliminate residuals giving the starch product an unpleasant off-taste or smell
of pool water. The native granular starch used in Example 10 was waxy maize (corn) starch with a residual protein
content of less than 0.4% as analyzed with the Kjeldahl method and calculated with a protein conversion factor of 6.25.

10) 0.4% active chlorine + glycine

[0113] 869.1 g DM waxy maize (corn) starch was mixed with 1600 g cold tap water in a reaction vessel. The pH was
adjusted to 9.0 with a sodium hydroxide solution. The temperature was adjusted to 30°C. 1.16 gram (0.133 % w/w)
glycine was added during agitation. 38.7 gram sodium hypochlorite with active chlorine (107 g/l, density: 1.19 g/cm3)
was added during agitation. This corresponds to an addition of 0.4 % w/w active chlorine of DM starch. The vessel was
left under agitation for 180 min, and the temperature was kept at 30°C. The starch slurry was dewatered to 55% DM
and further mixed with 890 gram cold tap water. 3 g of the antioxidant, ascorbic acid, was added during agitation. The
starch slurry was left under agitation for 30 minutes. The starch slurry was adjusted to a pH of 6 with sulfuric acid. 10
gram citric acid was added during agitation. The starch slurry was left under agitation 30 minutes and was further adjusted
to pH 6 with sodium hydroxide. The starch product was further dewatered and dried to a dry powder with a moisture
content of approximately 15%. The achieved starch product according to example 10 was further evaluated in example
11 and 12.
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Example 11

[0114] The starch made according to example 3 and 10 was suspended in distilled water at 5 % DM and cooked. The
starch pastes were given to a trained panel including 10 people and the starch pastes were tested for off-flavors and
smell. All 10 people could feel a chemical off-taste in the starch from example 3, but only 1 from the starch made according
to example 10. All 10 felt a "swimming pool" flavor from the starch from example 3, but no one could detect any off-
flavors from the starch made according to example 10.

Example 12

[0115] Fruit preparations were made with the starches produced according to example 3 and 10 using the following
basic formulation:

[0116] The starch was suspended in the water and the raspberries were mixed in. The mix was heated to boiling under
agitation on a stove. When the mix started to boil the sugar was added and dissolved. The fruit preparation was cooled
down and given to the same trained panel as in example 11 for taste and flavor evaluation.
[0117] All 10 people rejected the preparation made with the starch according to example 3 with comments as awful
off-taste and chemical flavor. The smell was also commented in view of off-smell. With the preparation made with starch
from example 10, there was no one commenting on any chemical off-flavors or smell. 3 persons had comments on taste
from maize and masked fruit flavor, which is understandable as it was made from a maize starch.
[0118] While the invention has been described with reference to a number of embodiments, it will be understood by
those skilled in the art that various changes may be made and equivalents may be substituted for elements thereof
without departing from the scope of the present invention. In addition, many modifications may be made to adapt a
particular situation or material to the teachings of the invention without departing from the essential scope thereof.
Therefore, it is intended that the invention not be limited to the particular embodiments disclosed as the best mode
contemplated for carrying out this invention, but that the invention will include all embodiments falling within the scope
of the appended claims.

Example 13

[0119] The following amino acid homologues of glycine were used in example 13; sarcosine (metylglycin), dimetylglycin,
betain (trimetylglycin).

13a) 0.2 % active chlorine + 0.067 % w/w sarcosine (metylglycine) (ratio 3:1)

[0120] 869.1 g of DM waxy corn starch was mixed with 1600 g cold tap water in a reaction vessel. The pH was adjusted
to 9.0 with a sodium hydroxide solution. The temperature was adjusted to 30°C. 0.58 g (0.067 % w/w) sarcosine (metylg-
lycine) was added during agitation. 19.49 g sodium hypochlorite with active chlorine (107 g/l, density: 1.19 g/cm3) was
added during agitation. This corresponds to an addition of 0.2 % w/w active chlorine of DM starch. The vessel was left
under agitation for 180 min, and the temperature was kept at 30°C. The starch was neutralized to a pH of 6 with sulfuric
acid and was further dewatered and dried to a dry powder with a moisture content of approximately 15%.

13b) 0.2 % active chlorine + 0.067 % w/w dimetylglycine (ratio 3:1)

[0121] 869.1 g of DM waxy corn starch was mixed with 1600 g cold tap water in a reaction vessel. The pH was adjusted
to 9.0 with a sodium hydroxide solution. The temperature was adjusted to 30°C. 0.58 g (0.067 % w/w) dimetylglycine
was added during agitation. 19.49 g sodium hypochlorite with active chlorine (107 g/l, density: 1.19 g/cm3) was added
during agitation. This corresponds to an addition of 0.2 % w/w active chlorine of DM starch. The vessel was left under
agitation for 180 min, and the temperature was kept at 30°C. The starch was neutralized to a pH of 6 with sulfuric acid
and was further dewatered and dried to a dry powder with a moisture content of approximately 15%.

• Raspberry 30%
• Sugar 30%
• Starch 5%
• Water 35%
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13c) 0.2 % active chlorine + 0.067 % w/w betaine (trimetylglycine) (ratio 3:1)

[0122] 869.1 g of DM waxy corn starch was mixed with 1600 g cold tap water in a reaction vessel. The pH was adjusted
to 9.0 with a sodium hydroxide solution. The temperature was adjusted to 30°C. 0.58 g (0.067 % w/w) betaine (trimetylg-
lycine) was added during agitation. 19.49 g sodium hypochlorite with active chlorine (107 g/l, density: 1.19 g/cm3) was
added during agitation. This corresponds to an addition of 0.2 % w/w active chlorine of DM starch. The vessel was left
under agitation for 180 min, and the temperature was kept at 30°C. The starch was neutralized to a pH of 6 with sulfuric
acid and was further dewatered and dried to a dry powder with a moisture content of approximately 15%.
[0123] The products achieved in Example 13a)-13c) were evaluated with a Brabender Amyloviscograph model E at
a dry solids content of 5% using distilled water and a torsion spring of 350 cmg. The evaluation was made at a neutral pH.
[0124] In figure 14 it appears clearly that an inhibition of the starch is achieved by all of the glycine homologues. The
inhibition is higher for betaine and sarcosine compared to dimetylglycine but all of them gives a significant inhibition of
the starch granule. The example illustrates that homologues of amino acids is useful for achieving inhibition of the starch
granule in combination with sodium hypochlorite.

Claims

1. A method for preparing an inhibited starch, wherein it comprises the steps of

a) providing a slurry containing a native granular starch obtained from a starch containing raw material,
b) inhibiting the native granular starch by adding at least one amino acid, or a combination of two or more of
these, and at least one oxidant, wherein said at least one oxidant is a source of active chlorine, to the slurry,
c) eliminating residual reactant chemicals, off-tastes, and undesired smell by adding at least one organic acid
or a bisulfite in an amount of 0.001-5 % w/w DM starch to the slurry after step b) above, wherein said at least
one organic acid is citric acid, adipic acid, sodium lactate, potassium lactate, calcium lactate, ascorbic acid and
succinic acid, or a combination of two or more thereof, and
d) stabilizing the achieved inhibition of the starch during warehouse storage by adding at least one antioxidant
in an amount of 0.001-10 % w/w DM starch to the slurry after step c) above, wherein said at least one antioxidant
is ascorbic acid, sodium ascorbate, calcium ascorbate, erythorbic acid, sodium erythorbate, sodium lactate,
potassium lactate, calcium lactate, citric acid, mono-sodium citrate, di-sodium citrate, tri-sodium citrate, mono-
potassium citrate, tri-potassium citrate, mono-calcium citrate, di-calcium citrate, tri-calcium citrate, L-tartaric
acid, mono-sodium L-tartrate, di-sodium L-tartrate, mono-potassium L-tartrate, di-potassium L-tartrate, sodium
potassium L-tartrate, phosphoric acid, mono-sodium phosphate, di-sodium phosphate, tri-sodium phosphate,
mono-potassium phosphate, di-potassium phosphate, tri-potassium phosphate, mono-calcium phosphate, di-
calcium phosphate, tri-calcium phosphate, mono-magnesium phosphate, di-magnesium phosphate, sodium
malate, sodium hydrogen malate, potassium malate, calcium malate, calcium hydrogen malate, meso-tartaric
acid, calcium L-tartrate, adipic acid, sodium adipate, potassium adipate, succinic acid, tri-ammonium citrate or
a combination of two or more thereof.

2. The method according to claim 1, wherein said at least one amino acid is glycine, alanine, cysteine, aspartic acid,
glutamic acid, phenylalanine, histidine, iso-leucine, lysine, leucine, methionine, asparagine, proline, glutamine, ar-
ginine, serine, threonine, valine, tryptophan, and tyrosine, or a homolog or optic isomer thereof.

3. The method according to claim 1 or 2, wherein said at least one amino acid, or the combination of two or more of
these, is present in a protein hydrolysate.

4. The method according to any one of the preceding claims, wherein said at least one amino acid, or the combination
of two or more of these, is extracted from said starch containing raw material from which the starch to be inhibited
originates from or another natural starch source.

5. The method according to any one of the preceding claims, wherein said at least one amino acid, or the combination
of two or more of these, is/are synthetically produced.

6. The method according to any one of the previous claims, wherein said at least one amino acid, or the combination
of two or more of these, is/are added in an amount of 0.01-10 % w/w DM starch, preferably 0.05-3 % w/w DM starch,
more preferably 0.05-2.0 % w/w DM starch.
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7. The method according to any one of the preceding claims, wherein the starch to be inhibited is potato starch, maize
(corn) starch, tapioca starch, barley starch, rice starch, wheat starch, rye starch, oat starch, amaranth starch, quinoa
starch, sago starch, bean starches, pea starch, Floridian starch, waxy potato starch, waxy corn starch, waxy tapioca
starch, waxy barley starch, waxy rice starch, waxy sorghum, waxy wheat starch, waxy pea starch, and high amylose
starches, or a combination of two or more of these.

8. The method according to any one of the preceding claims, wherein the oxidant is a source of active chlorine,
preferably a hypochlorite.

9. The method according to claim 8, wherein the hypochlorite is sodium, calcium, magnesium, or potassium hypochlo-
rite.

10. The method according to any one of the previous claims, wherein the oxidant is added in an amount of 0.03-30 %
w/w DM starch, preferably 0.1-10 % w/w DM starch, more preferably 0.15 - 4 % w/w DM starch.

11. The method according to any one of the previous claims, wherein at least one organic acid or bisulfite is added in
an amount of 0.01-3 % w/w DM starch, preferably 0.05-1 % w/w DM starch.

12. The method according to any one of the previous claims, wherein the antioxidant is added in an amount of 0.01-5
% w/w DM starch, preferably 0.1-3 % w/w DM starch.

13. The method according to any one of the preceding claims, wherein the starch also may be modified by acetylation,
hydroxypropylation, chemical cross-linking, OSA modification, enzymatic treatment, dextrinization, gelatinization,
pre-gelatinization before inhibition, and a combination of two or more thereof.

Patentansprüche

1. Verfahren zur Herstellung einer inhibierten Stärke, umfassend die Schritte

a) Bereitstellen einer Aufschlämmung, die eine native körnige Stärke enthält, die aus einem stärkehaltigen
Rohmaterial erhalten ist,
b) Inhibieren der nativen körnigen Stärke durch Zugeben wenigstens einer Aminosäure oder einer Kombination
von zwei oder mehr davon und wenigstens eines Oxidationsmittels, wobei das wenigstens eine Oxidationsmittel
eine Quelle von aktivem Chlor ist, zu der Aufschlämmung,
c) Entfernen verbliebener Reaktionsmittelchemikalien, Nebengeschmäcker und unerwünschter Gerüche durch
Zugeben wenigstens einer organischen Säure oder eines Bisulfits in einer Menge von 0,001-5 % Gew./Gew.
TM Stärke zu der Aufschlämmung nach dem vorstehenden Schritt b), wobei die wenigstens eine organische
Säure Citronensäure, Adipinsäure, Natriumlactat, Kaliumlactat, Calciumlactat, Ascorbinsäure oder Bernstein-
säure oder eine Kombination von zwei oder mehr davon ist, und
d) Stabilisieren der erzielten Inhibition der Stärke bei der Lagerung durch Zugeben wenigstens eines Antioxi-
dationsmittels in einer Menge von 0,001-10 % Gew./Gew. TM Stärke zu der Aufschlämmung nach dem vorste-
henden Schritt c), wobei das wenigstens eine Antioxidationsmittel Ascorbinsäure, Natriumascorbat, Calcium-
ascorbat, Erythorbinsäure, Natriumerythorbat, Natriumlactat, Kaliumlactat, Calciumlactat, Citronensäure, Mo-
nonatriumcitrat, Dinatriumcitrat, Trinatriumcitrat, Monokaliumcitrat, Trikaliumcitrat, Monocalciumcitrat, Dicalci-
umcitrat, Tricalciumcitrat, L-Weinsäure, Mononatrium-L-tartrat, Dinatrium-L-tartrat, Monokalium-L-tartrat, Dika-
lium-L-tartrat, Natriumkalium-L-tartrat, Phosphorsäure, Monokaliumphosphat, Dikaliumphosphat, Trinatrium-
phosphat, Monokaliumphosphat, Dikaliumphosphat, Trikaliumphosphat, Monocalciumphosphat, Dicalcium-
phosphat, Tricalciumphosphat, Monomagnesiumphosphat, Dimagnesiumphosphat, Natriummalat, Natriumhy-
drogenmalat, Kaliummalat, Calciummalat, Calciumhydrogenmalat, Mesoweinsäure, Calcium-L-tartrat,
Adipinsäure, Natriumadipat, Kaliumadipat, Bernsteinsäure, Triammoniumcitrat oder eine Kombination von zwei
oder mehr davon ist.

2. Verfahren gemäß Anspruch 1, wobei die wenigstens eine Aminosäure Glycin, Alanin, Cystein, Asparaginsäure,
Glutaminsäure, Phenylalanin, Histidin, Isoleucin, Lysin, Leucin, Methionin, Asparagin, Prolin, Glutamin, Arginin,
Serin, Threonin, Valin, Tryptophan oder Tyrosin oder ein Homolog oder ein optisches Isomer davon ist.

3. Verfahren gemäß Anspruch 1 oder 2, wobei die wenigstens eine Aminosäure oder die Kombination von zwei oder
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mehr davon in einem Proteinhydrolysat vorhanden ist.

4. Verfahren gemäß einem der vorstehenden Ansprüche, wobei die wenigstens eine Aminosäure oder die Kombination
von zwei oder mehr davon aus dem stärkehaltigen Rohmaterial, aus dem die zu inhibierende Stärke stammt, oder
aus einer anderen natürlichen Stärkequelle extrahiert ist.

5. Verfahren gemäß einem der vorstehenden Ansprüche, wobei die wenigstens eine Aminosäure oder die Kombination
von zwei oder mehr davon synthetisch hergestellt ist/sind.

6. Verfahren gemäß einem der vorstehenden Ansprüche, wobei die wenigstens eine Aminosäure oder die Kombination
von zwei oder mehr davon in einer Menge von 0,01-10 % Gew./Gew. TM Stärke, vorzugsweise 0,05-3 % Gew./Gew.
TM Stärke, bevorzugter 0,05-2,0 % Gew./Gew. TM Stärke, zugegeben werden.

7. Verfahren gemäß einem der vorstehenden Ansprüche, wobei die zu inhibierende Stärke Kartoffelstärke, Maisstärke,
Tapiokastärke, Gerstenstärke, Reisstärke, Weizenstärke, Roggenstärke, Haferstärke, Amaranthstärke, Quinoastär-
ke, Sagostärke, Bohnenstärke, Erbsenstärke, Floridastärke, Wachskartoffelstärke, Wachsmaisstärke, Wachstapi-
okastärke, Wachsgerstenstärke, Wachsreisstärke, Wachssorghum, Wachsweizenstärke, Wachserbsenstärke oder
amylosereiche Stärke oder eine Kombination von zwei oder mehr davon ist.

8. Verfahren gemäß einem der vorstehenden Ansprüche, wobei das Oxidationsmittel eine Quelle von aktivem Chlor,
vorzugsweise ein Hypochlorit, ist.

9. Verfahren gemäß Anspruch 8, wobei das Hypochlorit Natrium-, Calcium-, Magnesium- oder Kaliumhypochlorit ist.

10. Verfahren gemäß einem der vorstehenden Ansprüche, wobei das Oxidationsmittel in einer Menge von 0,03-30 %
Gew./Gew. TM Stärke, vorzugsweise 0,1-10 % Gew./Gew. TM Stärke, bevorzugter 0,15-4 % Gew./Gew. TM Stärke,
zugegeben wird.

11. Verfahren gemäß einem der vorstehenden Ansprüche, wobei wenigstens ein(e) organische Säure oder Bisulfit in
einer Menge von 0,01-3 % Gew./Gew. TM Stärke, vorzugsweise 0,05-1 % Gew./Gew. TM Stärke, zugegeben wird.

12. Verfahren gemäß einem der vorstehenden Ansprüche, wobei das Antioxidationsmittel in einer Menge von 0,01-5
% Gew./Gew. TM Stärke, vorzugsweise 0,1-3 % Gew./Gew. TM Stärke, zugegeben wird.

13. Verfahren gemäß einem der vorstehenden Ansprüche, wobei die Stärke ferner durch Acetylierung, Hydroxypropy-
lierung, chemische Vernetzung, OSA-Modifikation, enzymatische Behandlung, Dextrinisierung, Gelierung, Vorge-
lierung vor dem Inhibieren oder eine Kombination von zwei oder mehr davon modifiziert sein kann.

Revendications

1. Méthode de préparation d’un amidon inhibé, comprenant les étapes

a) de mise à disposition d’une suspension contenant un amidon granulaire natif obtenu à partir d’une matière
brute contenant de l’amidon ;
b) d’inhibition de l’amidon granulaire natif par l’addition d’au moins un acide aminé, ou d’une combinaison de
deux, ou plus, parmi ceux-ci, et d’au moins un oxydant, où ledit au moins un oxydant est une source de chlore
actif, à la suspension ;
c) d’élimination des substances chimiques réactives résiduelles, des mauvais goûts et de l’odeur indésirable,
par l’addition d’au moins un acide organique ou d’un bisulfite selon une quantité de 0,001-5% p/p de MS d’amidon
à la suspension après l’étape b) ci-dessus, où ledit au moins un acide organique est l’acide citrique, l’acide
adipique, le lactate de sodium, le lactate de potassium, le lactate de calcium, l’acide ascorbique et l’acide
succinique, ou une combinaison de deux, ou plus, parmi ceux-ci ; et
d) de stabilisation de l’inhibition réalisée de l’amidon lors d’un stockage en entrepôt, par l’addition d’au moins
un antioxydant selon une quantité de 0,001-10% p/p de MS d’amidon à la suspension après l’étape c) ci-dessus,
où ledit au moins un antioxydant est l’acide ascorbique, l’ascorbate de sodium, l’ascorbate de calcium, l’acide
érythorbique, l’érythorbate de sodium, le lactate de sodium, le lactate de potassium, le lactate de calcium, l’acide
citrique, le citrate de monosodium, le citrate de disodium, le citrate de trisodium, le citrate de monopotassium,
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le citrate de tripotassium, le citrate de monocalcium, le citrate de dicalcium, le citrate de tricalcium, l’acide L-
tartrique, le L-tartrate de monosodium, le L-tartrate de disodium, le L-tartrate de monopotassium, le L-tartrate
de dipotassium, le L-tartrate de sodium et de potassium, l’acide phosphorique, le phosphate de monosodium,
le phosphate de disodium, le phosphate de trisodium, le phosphate de monopotassium, le phosphate de dipo-
tassium, le phosphate de tripotassium, le phosphate de monocalcium, le phosphate de dicalcium, le phosphate
de tricalcium, le phosphate de mono-magnésium, le phosphate de dimagnésium, le malate de sodium, l’hydro-
génomalate de sodium, le malate de potassium, le malate de calcium, l’hydrogénomalate de calcium, l’acide
méso-tartrique, le L-tartrate de calcium, l’acide adipique, l’adipate de sodium, l’adipate de potassium, l’acide
succinique, le citrate de triammonium, ou une combinaison de deux, ou plus, parmi ceux-ci.

2. Méthode selon la revendication 1, dans laquelle ledit au moins un acide aminé est la glycine, l’alanine, la cystéine,
l’acide aspartique, l’acide glutamique, la phénylalanine, l’histidine, l’isoleucine, la lysine, la leucine, la méthionine,
l’asparagine, la proline, la glutamine, l’arginine, la sérine, la thréonine, la valine, le tryptophane, et la tyrosine, ou
un homologue ou isomère optique de celui-ci.

3. Méthode selon la revendication 1 ou 2, dans laquelle ledit au moins un acide aminé, ou la combinaison de deux,
ou plus, parmi ceux-ci, est présent(e) dans un hydrolysat protéique.

4. Méthode selon l’une quelconque des revendications précédentes, dans laquelle ledit au moins un acide aminé, ou
la combinaison de deux, ou plus, parmi ceux-ci, est extrait(e) à partir de ladite matière brute contenant de l’amidon,
à partir de laquelle l’amidon devant être inhibé trouve son origine, ou d’une autre source d’amidon naturelle.

5. Méthode selon l’une quelconque des revendications précédentes, dans laquelle ledit au moins un acide aminé, ou
la combinaison de deux, ou plus, parmi ceux-ci, est/sont produits par voie synthétique.

6. Méthode selon l’une quelconque des revendications précédentes, dans laquelle ledit au moins un acide aminé, ou
la combinaison de deux, ou plus, parmi ceux-ci, est/sont ajoutés selon une quantité de 0,01-10% p/p de MS d’amidon,
préférablement de 0,05-3% p/p de MS d’amidon, plus préférablement de 0,05-2,0% p/p de MS d’amidon.

7. Méthode selon l’une quelconque des revendications précédentes, dans laquelle l’amidon devant être inhibé est
constitué d’amidon de pomme de terre, d’amidon de maïs, d’amidon de tapioca, d’amidon d’orge, d’amidon de riz,
d’amidon de blé, d’amidon de seigle, d’amidon d’avoine, d’amidon d’amarante, d’amidon de quinoa, d’amidon de
sagou, d’amidon de fève, d’amidon de pois, d’amidon floridéen, d’amidon de pomme de terre cireux, d’amidon de
maïs cireux, d’amidon de tapioca cireux, d’amidon d’orge cireux, d’amidon de riz cireux, de sorgho cireux, d’amidon
de blé cireux, d’amidon de pois cireux, et d’amidons à haute teneur en amylose, ou d’une combinaison de deux,
ou plus, parmi ceux-ci.

8. Méthode selon l’une quelconque des revendications précédentes, dans laquelle l’oxydant est constitué d’une source
de chlore actif, préférablement d’un hypochlorite.

9. Méthode selon la revendication 8, dans laquelle l’hypochlorite est l’hypochlorite de sodium, de calcium, de magné-
sium, ou de potassium.

10. Méthode selon l’une quelconque des revendications précédentes, dans laquelle l’oxydant est ajouté selon une
quantité de 0,03-30% p/p de MS d’amidon, préférablement de 0,1-10% p/p de MS d’amidon, plus préférablement
de 0,15-4% p/p de MS d’amidon.

11. Méthode selon l’une quelconque des revendications précédentes, dans laquelle au moins un acide organique ou
bisulfite est ajouté selon une quantité de 0,01-3% p/p de MS d’amidon, préférablement de 0,05-1% p/p de MS
d’amidon.

12. Méthode selon l’une quelconque des revendications précédentes, dans laquelle l’antioxydant est ajouté selon une
quantité de 0,01-5% p/p de MS d’amidon, préférablement de 0,1-3% p/p de MS d’amidon.

13. Méthode selon l’une quelconque des revendications précédentes, dans laquelle l’amidon peut également être modifié
par acétylation, hydroxypropylation, réticulation chimique, modification par OSA, traitement enzymatique, dextrini-
sation, gélatinisation, pré-gélatinisation avant l’inhibition, et une combinaison de deux, ou plus, parmi ceux-ci.
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