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REMOISTENING OF THERMALLY INHIBITED STARCH AND/OR FLOUR

5
The invention relates to a process for the treatment of a raw material
containing thermally inhibited starch and/or thermally inhibited flour as its
largest constituent.
10 Such a process is known from US-A-5,718,770. In this patent, known

to be one of the base patents In the field of thermal inhibition of starches and
flours, the preparation of a thermally inhibited starch is disclosed. Upon
completion of the thermal inhibition, the thermally inhibited starch is
subjected to a washing step (col. 2 line 64). A washing step as meant in US-

15  A-5,718,770 leads to the forming of a slurry; the slurry must then be dried, as
starches and flours are usually provided to the market in powder form. Such
drying is normally done to a moisture level approaching the equilibrium value
of the starch or flour; this equilibrium value is typically between 10 and 15
wt.%.

20 It is a disadvantage of the known process that the washing / slurry
formation and subsequent drying can lead to a partial loss of the properties
that were conferred upon the starch or flour by thermal inhibition. One such
property Is the so-called shear stability, 1.e. the abllity of the thermally
inhibited starch and/or thermally inhibited flour to provide a high viscosity In

25  food products such as sauces where the preparation process entails
exposure to high levels of shear. Further properties that constitute typical
aims of thermal inhibition are acid tolerance and overall viscosity stability.

It is the objective of the present invention to provide a process for the
treatment of a raw material containing thermally inhibited starch and/or

30 thermally inhibited flour which can lead to a reduction or even avoidance of
loss of desirable properties.

The objective is achieved in that the process, whereby the moisture

content of the raw material is at most 8 wt.%, comprises a remoistening step
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wherein between 0.1 and 30 wt.% of an aqueous phase is added to the raw
material to form a product containing remoistened starch and/or remoistened
flour.

It IS an advantage of the process of the invention that an improved

5 control over the properties conferred by thermal inhibition Is achieved.

It is a further advantage of the process of the invention that it is more
economical as compared to the known process: starches and flours are
usually provided to the market in powder form so that the known process
typically requires the drying of the slurry which requires much energy,

10  whereas the process of the invention requires hardly any or even no further

drying at all.

WO-A-2013/173161 discloses that an inhibited non-pregelatinized
granular starch suitable for use as a food ingredient in substitution for a
15  chemically modified starch may be prepared by heating non-pregelatinized
granular starch in an alcoholic medium in the presence of a base and/or a
salt. As noted on page 11 of WO-A-2013/173161, the inhibited starch may be
washed with water and then re-dried.

WO-A-2014/042537 discloses a process for producing thermally
20 Inhibited starch. The process comprises providing an alkaline starch having a
pH between 9.1 and 11.2, adjusting the water content of the starch to
between 2 and 22 wt.%, heating the starch between 130 and 190°C for a
sufficient time and at a sufficient pressure for the inhibition of the starch to be
initiated before the water content has reached a level of 1 wt.% and before
25 the pH has reached a value of 9, continuing heating the starch between 140
and 190°C until viscostability is achieved, and cooling and optionally further
processing the starch. As noted on page 6 of WO-A-2014/042537, the
thermally inhibited starch may be washed, then dried.

US-A-2015/368370 relates to thermally inhibited starch and starchy
30 flours produced by heat treatment of native starch that is pre-dried where
necessary to a dry matter content of more than or equal to 95% by weight,

wherein said starch, pre-dried where necessary, is heat treated in the
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presence of at least 0.1 percent by volume of oxygen at a product
temperature in excess of 100°C in a vibrating spiral conveyor.

EP-A-1 038 882 discloses that thermally inhibited starches and flours
are prepared by a process comprising dehydrating and heat treating a
granular starch or flour.

EP-A-2 674 038 relates to a composition comprising separately by
weight from about 20% to about 70% of non-gelatinized starch, from about
5% to about 40% of rice flour, from about 5% to about 30% of high amylose
corn starch, and from about 5% to about 40% of heat moisture treated or

thermally inhibited flour or starch.

The present invention relates to a process for the treatment of a raw
material, whereby the raw material contains thermally inhibited starch and/or
thermally inhibited flour. Thermally inhibited starch and thermally inhibited
flour are both as such known, as illustrated by the documents cited above;
they have as an advantage that they are generally not regarded as
chemically modified starch or chemically modified flour, do not need to be
labelled with a European Union 'E' number or equivalent, and can thus be
part of a 'clean label' approach to food product ingredients.

As IS known, thermal inhibition of starch comprises a heat treatment at
temperatures lying between 100 and 200°C and at an alkaline pH whereby it
is ensured that the starch has a moisture content below 1 wt.%.
Consequently, upon completion of the thermal inhibition the moisture content
of the thermally inhibited starch is below 1 wt.%.

As Is known, thermal inhibition of flour comprises a heat treatment at
temperatures lying between 100 and 200°C.

In an alternative embodiment of the invention the raw material
contains heat-moisture treated starch and/or flour instead of thermally
INnhibited starch and/or flour, whereby also in this embodiment the moisture
content of the raw material is at most 8 wt.%, preferably between 2 and 8
wt.%.
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According to the invention, the thermally inhibited starch and/or
thermally inhibited flour is the largest constituent — in weight percentage — In
the raw material. In a preferred embodiment, the raw material contains at
least 40, 50, 60, 70, 75, 80, 85, or even at least 90 wt.% thermally inhibited
starch and/or thermally inhibited flour. More preferably, the raw material
consists essentially of thermally inhibited starch and/or thermally inhibited
flour or even consists of thermally inhibited starch and/or thermally inhibited
flour.

As used herein, the terms ‘essentially’, ‘consist(ing) essentially of’,
‘essentially all' and equivalents have, unless noted otherwise, Iin relation to a
composition or a process step the usual meaning that deviations in the
composition or process step may occur, but only to such an extent that the
essential characteristics and effects of the composition or process step are
not materially affected by such deviations.

In another preferred embodiment, thermally inhibited starch is the
largest constituent — as expressed in weight percentage — in the raw material.
Preferably, the raw material contains at least 40, 50, 60, 70, 75, 80, 85, or
even at least 90 wt.% thermally inhibited starch. More preferably, the raw
material consists essentially of thermally inhibited starch or even consists of
thermally inhibited starch.

In yet another preferred embodiment, thermally inhibited flour is the
largest constituent — as expressed in weight percentage — in the raw material.
Preferably, the raw material contains at least 40, 50, 60, 70, 75, 80, 89, or
even at least 90 wt.% thermally inhibited flour. More preferably, the raw
material consists essentially of thermally inhibited flour or even consists of
thermally inhibited flour.

The thermally inhibited starch or thermally inhibited flour can be
derived from a great number of sources, including but not limited to maize
(corn), wheat, rice, potato, tapioca, sorghum, barley, rye, and any mixtures
thereof. It was found that waxy variants of the starches and/or flours can
provide beneficial properties. In one preferred embodiment the thermally

inhibited starch and/or thermally inhibited flour are from rice, preferably waxy
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rice. In a further preferred embodiment the thermally inhibited starch and/or
thermally inhibited flour are from maize, preferably waxy maize. In a yet
further preferred embodiment the thermally inhibited starch and/or thermally
Inhibited flour are from wheat, preferably waxy wheat. In a yet further
5 preferred embodiment the thermally inhibited starch and/or thermally
Inhibited flour are from potato, preferably waxy potato. In an even further
preferred embodiment the thermally inhibited starch and/or thermally
Inhibited flour are from tapioca, preferably waxy tapioca.
Thus the thermally inhibited starch and/or thermally inhibited flour is

10  preferably chosen from the group consisting of thermally inhibited rice starch
and/or thermally inhibited rice flour, thermally inhibited wheat starch and/or
thermally inhibited wheat flour, thermally inhibited maize starch and/or
thermally inhibited maize flour, thermally inhibited potato starch and/or
thermally inhibited potato flour, any waxy variants of the aforementioned

15  starches and/or flours, and any mixtures of the aforementioned starches
and/or flours. More preferably, the raw material consists essentially of a
starch chosen from the group consisting of thermally inhibited rice starch,
thermally inhibited waxy rice starch, thermally inhibited wheat starch,
thermally inhibited waxy wheat starch, thermally inhibited maize starch,

20 thermally inhibited waxy maize starch, thermally inhibited potato starch,
thermally inhibited waxy potato starch, and any mixtures thereof.

The starch in the thermally inhibited starch and/or flour may be In
native, granular form; alternatively, the starch in the thermally inhibited starch
and/or flour may be In pregelatinised, cold water swellable form. The choice

25  of whether a native or pregelatinised form is chosen will primarily depend on
the intended end application of the product containing remoistened starch
and/or remoistened flour.

In case the raw material contains, but does not fully consist of
thermally inhibited starch and/or thermally inhibited flour, other materials are

30 included in the raw material. Examples of such other materials are: starch
that has not been thermally inhibited, flour that has not been thermally

iInhibited, other carbohydrates, proteins, and lipids.
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The moisture content of the raw material can vary within a range,
whereby it should be at most 8 wt.% (expressed as percentage of total
mass). For example, if the raw material consists of thermally inhibited starch
and/or thermally inhibited flour which has not been allowed to pick up
moisture via addition of an aqueous phase or from ambient air after being
prepared, the moisture content of the raw material will be below 1 wt.%
(expressed as percentage of total mass). The moisture content can be
somewhat higher in case the raw material contains other materials besides
thermally inhibited starch and/or thermally inhibited flour or in case some
moisture has been picked up from ambient. It is preferred that the moisture
content of the raw material as a whole and also of the thermally inhibited
starch and/or flour in the raw material is at most 8.0 wt.% and has not been
above 8.0 wt.% since preparation of the thermally inhibited starch and/or
flour, that Is to say since the thermal inhibition process was completed. More
preferably the moisture content of the raw material as a whole and also of the
thermally inhibited starch and/or flour in the raw material is at most — and has
not been above since the thermally inhibited starch and/or flour were
prepared — 7.0, 6.0, 5.0, 4.0, 3.0, 2.0, 1.5, or even at most 1.0 wt.% as

percentage of total mass.

In the process of the invention, the raw material is subjected to a
remoistening step. In the remoistening step, an aqueous phases Is added to
the raw material. In doing so, the moisture content of the raw material as a
whole Is brought closer to — or even at or above — its equilibrium value.

As meant herein and unless specified otherwise, moisture content is
determined in an infrared- or halogen moisture analyser, using a sample of 2
g and at a temperature of 130°C. As meant herein, the equilibrium value of
moisture content is the value at 23°C and 50% relative humidity.

When the aqueous phase is combined with the raw material, a product
Is formed which is defined herein as a product containing remoistened starch

and/or remoistened flour.
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In the context of the present invention, the remoistening step is
different from a situation where the raw material is essentially left passive
and merely allowed to pick up ambient moisture, in that the remoistening step
IS a step wherein water is actively introduced into the raw material.

Remoistening according to the invention includes the embodiment that
the aqueous phase is included as part of the airflow into a conditioned room.

The agueous phase has water as Its continuous phase and main
constituent. Other compounds besides water may be present, and indeed will
be In case of for example an industrial application of the invention where use
IS made of process water or other on-site available water streams. It is
however preferred that the aqueous phase Is essentially free of other
solvents such as ethanol. The agqueous phase preferably contains at least 80,
89, 90, or even at least 95, 96, 97, or 98 wt.% water. In an embodiment of the
iInvention, the agueous phase consists essentially of, or even consists of
water. The aqueous phase is preferably in liquid or vapour form, more
preferably in liquid form.

It was found beneficial in case the pH of the aqueous phase Is at most
8.9; It was found that avoiding a strong alkaline nature of the agueous phase
or even ensuring an acidic nature into the agueous phase can contribute to
the preservation of the properties of the thermally inhibited starch and/or
flour. Thus, more preferably the pH of the aqueous phase is at most 8.0, 7.5,
7.0,06.5, 6.0, 5.5, or even at most, 5.0, 4.5, 4.0, 3.5, 3.0, 2.5, or 2.0.
Preferably, the pH of the aqueous phase is at least 1.0, 1.1, 1.2, 1.3, 1.4, or
1.5. The choice of pH of the agueous phase primarily depends on the desired
pH of the product containing remoistened starch and/or remoistened flour as
formed In the remoistening step. It was found that the properties of the
thermally inhibited starch and/or thermally inhibited flour are especially well
preserved in case the pH of the product containing remoistened starch and/or
remoistened flour has a value lying between 4.0 or 4.5 and 9.0, more
preferably between 5.0 and 8.9, 8.8, 8.7, 8.6, 8.5, 8.4, 8.3, 8.2, 8.1, 8.0, 7.9,
78,76,75,74,73,7.2,71,7.0,6.9,6.8,6.7,6.6,6.5,6.4,6.3,6.2,6.1, or

even 6.0.
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As used herein, the pH of solid materials like thermally inhibited starch
and/or thermally inhibited flour or the product containing remoistened starch
and/or remoistened flour i1s determined at room temperature and as follows:
10g of test material to be measured is added to a beaker containing 100 mi
of demineralised water, followed by stirring. The pH of the suspension is then
measured by using a standard pH measuring device which has been
calibrated. The pH as measured Is deemed to be the pH of the test material.

The choice of pH of the aqueous phase depends on the pH of the raw
material, the percentage of agueous phase added and the desired pH of the
product containing remoistened starch and/or remoistened flour and can thus
be readily determined by routine experimentation using the mentioned
parameters.

The amount of aqueous phase added to the raw material can vary
within wide limits. According to the invention, at least 0.1 wt.% should be
added; preferably, at least 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, or even at
least 5.0 wt.% is added. The weight percentage of aqueous phase as added
In the remoistening step is expressed herein as percentage of the weight of
the raw material introduced into the remoistening step. In a preferred
embodiment, the amount of aqueous phase added is such that the resulting
moisture content of the product containing remoistened starch and/or
remoistened flour is brought to a value lying between 6 and 22 wt.%,
preferably between 8 or 10 and 14 or 18 wt.%, most preferably to within 4

wt.% of its equilibrium value or even to within 2 wt.% of its equilibrium value.

According to the invention, the amount of agueous phase added should be

such that the forming of a slurry of the product containing remoistened starch

and/or remoistened flour is avoided; in any case, however, at most 30 wt.%

of the agueous phase should be added. Thus in a highly preferred

embodiment the amount of aqueous phase added is such that the product

containing remoistened starch and/or remoistened flour remains in powder

form and is not in paste form, nor in slurry form. Preferably, at most 25 wt.%

of the aqueous phase is added, more preferably 24, 22, 20, 18, 10, 15, 14,
13, or even at most 12 wt.% is added.
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It was found that the addition of the agueous phase to the raw material
can lead to an increase In temperature. Without wishing to be bound to
theory, It Is assumed that the increase In temperature may be the result of
hydration energy, released when water molecules associate with starch
molecules. Moreover, and in case the pH of the aqueous phase differs from
the pH of the raw material, an increase of temperature may be the result of
an energy release originating from a base-acid neutralisation.

In the context of the present invention it was found to be beneficial for
maximum preservation of the properties of the thermally inhibited starch
and/or thermally inhibited flour to ensure that the temperature does not rise
too much and thus remains within certain limits during the remoistening step.
In this preferred embodiment of the invention, the temperature of the raw
material is or Is brought to a value between 0°C and at most 40°C, more
preferably at most 35, 30, 25, or even at most 20°C. Overall, including In
case there Is a temperature increase during the remoistening step, it is
preferred that during the remoistening step the temperature of the raw
material and of the product containing remoistened starch and/or
remoistened flour upon its formation is brought to a value within a range from
0°C to 65°C and is made to remain within the range from 0°C and 65°C, if
necessary via the use of cooling of other suitable means.

If the raw material contains starch or flour in native, granular form anad
the temperature approaches the starting gel point of the raw material, and If it
IS not desired that gelatinisation takes place, then the moisture content of the
raw material and of the product containing remoistened starch and/or
remoistened flour should be kept sufficiently low such that gelatinisation does
not occur to a significant extent.

It may be necessary to implement cooling or other suitable means in
order to ensure that the temperature of the product containing remoistened
starch and/or remoistened flour remains within the desired range. Preferably,
the temperature of the raw material and of the product containing

remoistened starch and/or remoistened flour upon its formation is brought to
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within a range from 0°C to at most 60, 55, 50, 45, 40, or even at most 35°C,
and is made to remain within a range from 0°C to at most 60, 55, 50, 45, 40,

or even at most 35°C for the duration of the process of the invention.

In order to ensure an even distribution of the aqueous phase over the
raw material and in order to have a good control over any temperature
effects, it Is preferred to ensure that homogenization is taking place during
the remoistening step. An advantage of homogenization is that it helps to
ensure consistent quality of the product containing remoistened starch and/or

remoistened flour.

The addition of the aqueous phase to the raw material can be done In
any suitable apparatus, such as for example a mixer. One suitable type of
mixer Is a ringlayer mixer equipped with one or more nozzles to introduce the
aqueous phase Into the raw material being transported through the ringlayer
mixer. Ringlayer mixers are as such known, from suppliers such as for
example Amixon™, Lodige™, or AVA-Huep™. Another suitable type of
apparatus Is a plough shear mixer; such mixers are as such known, from

suppliers such as for example Lodige™.

As Indicated above, the raw material preferably has a rather low
moisture content. It is however known that keeping a low-moisture starch or
flour in stock brings safety risks with it, as these products are very
susceptible to dust explosion. It is thus preferred that the remoistening step is
done not later than three months after the thermal inhibition of the starch
and/or flour in the raw material has been done. More preferably, the
remoistening step Is done not later than two months, one month, two weeks,
one week, or even not later than six, five, four, three, two, or even not later
than one day after the thermal inhibition of the starch and/or flour in the raw
material has been done. In a preferred embodiment, the remoistening step is
done within one hour or even immediately after the thermal inhibition of the

starch and/or flour in the raw material has been done.
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One characteristic of the process of the invention is that it does not
comprise a washing or slurrying step, wherein a slurry is formed that must be
dried subsequently. As is known, a slurry is a suspension of solid particles In
a liguid phase whereby the liquid phase is the continuous phase. As a
consequence, the process of the invention does not include an action to
remove compounds from the raw material or from the product formed in any
significant manner. This in turn means that it is not possible to rely on the
process of the invention to remove certain undesired compounds such as
compounds causing an undesired colour from the thermally inhibited starch
and/or flour in the raw material. Care should thus be taken that such
undesired compound are not formed during thermal inhibition in the first
place. In a preferred embodiment of the invention, the thermal inhibition of
the starch and/or the flour in the raw material was done in a vibrating spiral
conveyor. Such a vibrating spiral conveyor is as such known, from for
example US-A-2015/368370. One known supplier of such equipment is

Revtech Process Systems.

In one embodiment of the invention the raw material consists of
thermally inhibited waxy rice starch having a moisture content of at most 4
wt.% or even at most 2 wt.%, no slurrying step is done, the agueous phase
consists essentially of liquid water, the pH of the aqueous phase Is below 8.0,
the remoistening step Is done within one week of the preparation of the raw
material, the temperature of the raw material and of the product containing
remoistened starch are below 50°C during the entire process of the
Invention, the moisture content of the product containing remoistened starch
s below 14 wt.%, and the pH of the product containing remoistened starch is
below 8.0. Preferred variations within the scope of this embodiment can be

based on preferred ranges as described hereinabove.

In one embodiment of the invention the raw material contains at least

40 wt.% of thermally inhibited waxy rice starch; the raw material has a
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moisture content of at most 6 wt.% or even at most 2 wt.%, no slurrying step
IS done, the aqueous phase consists of liquid water, the pH of the agueous
phase Is below 8.0, the remoistening step is done within one week of the
preparation of the raw material, the temperature of the raw material and of
the product containing remoistened starch are below 50°C during the entire
process of the invention, the moisture content of the product containing
remoistened starch is below 14 wt.%, and the pH of the product containing
remoistened starch is below 8.0. Preferred variations within the scope of this

embodiment can be based on preferred ranges as described hereinabove.

In another embodiment of the invention the raw material consists of
thermally inhibited waxy corn starch having a moisture content of at most 2
wt.%, no slurrying step is done, the aqueous phase consists of liquid water,
the pH of the agueous phase is below 8.0, the remoistening step Is done
within one week of the preparation of the raw material, the temperature of the
raw material and of the product containing remoistened starch are below
50°C during the entire process of the invention, the moisture content of the
product containing remoistened starch is below 14 wt.%, and the pH of the
product containing remoistened starch is below 8.0. Preferred variations
within the scope of this embodiment can be based on preferred ranges as

described hereinabove.

In yet a further embodiment of the invention the raw material consists
of thermally inhibited waxy rice flour having a moisture content of at most ©
wt.%, no slurrying step is done, the aqueous phase consists of liquid water,
the pH of the aqueous phase is below 8.0, the remoistening step is done
within one week of the preparation of the raw material, the temperature of the
raw material and of the product containing remoistened flour are below 50°C
during the entire process of the invention, the moisture content of the product
containing remoistened flour is below 14 wt.%, and the pH of the product

containing remoistened flour is below 8.0. Preferred variations within the
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scope of this embodiment can be based on preferred ranges as described

hereinabove.

In yet a further embodiment of the invention the raw material contains
or consists of thermally inhibited waxy wheat starch; the raw material has a
moisture content of at most 2 wt.%, no slurrying step is done, the aqueous
phase consists of liquid water, the pH of the aqueous phase Is below 8.0 or
even below 6.0, the remoistening step is done within one week of the
preparation of the raw material, the temperature of the raw material and of
the product containing remoistened flour are below 50°C during the entire
process of the invention, the moisture content of the product containing
remoistened flour is below 14 wt.%, and the pH of the product containing
remoistened flour is below 8.0. Preferred variations within the scope of this

embodiment can be based on preferred ranges as described hereinabove.

In yet a further embodiment of the invention the raw material consists
of thermally inhibited waxy rice starch; the raw material has a moisture
content of at most 2 wt.%, no slurrying step is done, the aqueous phase
consists of liquid water, the pH of the aqueous phase Is below 7.0 or even
below 4.0, the remoistening step is done within one week of the preparation
of the raw material, the temperature of the raw material and of the product
containing remoistened flour are below 50°C during the entire process of the
iInvention, the moisture content of the product containing remoistened flour is
below 14 wt.%, and the pH of the product containing remoistened flour is
below 7.5. Preferred variations within the scope of this embodiment can be

based on preferred ranges as described hereinabove.

In the figures:

Figure 1 shows a Brabender curve of the remoistened starch of Example 1.

The invention will be illustrated with the following examples, without

being limited thereto.
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Examples 1 - 3

A thermally inhibited waxy rice starch was, 13 days after its inhibition
(during which time the thermally inhibited waxy rice starch was stored under
ambient conditions in closed big bags having an inner liner), subjected to a
remoistening step. The remoistening was executed in a Lodige ring layer
mixer CM 20. 10 kg of raw material was used per example. The temperature,
pH, and moisture content of the raw material are given in Table 1. Also given
In Table 1 are temperature and pH of the aqueous phase, which consisted of
liquid water, and certain properties of the product consisting of remoistened
starch upon its formation (moisture content, temperature, viscosity, tan 0, and
pH). In Example 3, the low pH of the aqueous phase was achieved via the
addition of sulfuric acid, starting from the same water as used in Examples 1
and 2. Additionally, a Brabender curve of the remoistened starch of Example
1 is given in Figure 1. The Brabender curve was determined at 6 wt.% dry
matter in de-ionised water; the total sample weight was 500 g, the measuring
speed was 75/min. Figure 1 shows, as Is customary, two curves: both the
measured temperature profile — this Is the curve starting at 50°C, going up to
about 95°C, staying at about 95°C during 15 minutes, followed by cooling to
20°C — as well as the viscosity curve expressed in Brabender units (BU).

The gel was prepared at 94°C in a Stephan UMSK 5 cooker, using
135 g (dry matter) starch, citric acid and trisodium citrate to acidify and buffer
to pH 3.6, and sufficient water to obtain a total weight of 2,500 g, whereby the
citric acid and trisodium citrate were combined with the water before the
starch was added. After cooling to 25°C, an intensive shearing action on the
gel was done by means of a Silverson L4RT mixer using a square hole (2.4
mm) high shear screen mixer head at 5,000 rom during 1 minute. The
selection of rom is done based a.o. on the nature of the gel; thus, in further
examples hereinbelow it may be that another rom Is chosen in order to obtain

the most meaningful insight into material behaviour. The rom as used will be
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reflected in the notation of viscosity parameter V'by means of a subscript,
whereby V3indicates an rpm of 3,000, Vs indicates an rpm of 5,000, eftc..

The viscosity and tan 0 of a gel, made from the starch concerned, that
had first been subjected to an intensive shear action, were determined at a
temperature of 20°C by means of an Anton Paar Rheometer (parallel plate-
plate configuration; the plate diameter was 40 mm). As meant herein, the
term tan O is used In its common meaning of being a loss tangent in the
linear viscoelastic region. It gives a ratio between viscous and elastic
properties of a system, showing which one Is the dominant one. With a tan 0
value of 1, the elastic and viscous properties of the material are equal. The
smaller the loss tangent is, the more elastic is the material.

The viscosity at 0.88 s was determined in a viscosity curve
measurement wherein the shear rate varied from 0.1 to 100 s™.

The tan d was determined from the results of an amplitude sweep
measurement having the following characteristics: deformation from 0.01 to
1000%, frequency 1 Hz.

In the Examples and Comparative Experiments herein, the tan 0 Is
always determined on a gel that has first been subjected to shear forces as
described above, at the rom as given per Example or Comparative

Experiment.
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Comparative Experiment A

A sample of the same raw material as used in Examples 1 — 3 was
used to form a slurry, using the same aqueous phase as used in Examples 1
— 2. The slurry contained 30 wt.% of the raw material. The slurry was
subsequently dried to a moisture content of 12 wt.% to form a slurried-dried
starch by means of centrifugation followed by oven-drying at 40°C. The
properties of the slurried-dried starch were determined to be:
Vs 2590 mPa.s

tan O 0.88

As Is clear from the results of the Examples and the Comparative
Experiment A, the slurried-dried starch has suffered a significant worsening
INn properties as compared to the remoistened starch of the invention as the
slurried-dried starch had a much lower viscosity after shearing and had less
elastic properties as seen in the higher tan 6 (as is known, the smaller the

loss tangent tan 0 Is, the more elastic is the material).

Comparative Experiment B

The properties of the thermally inhibited waxy rice starch as such, I.e.
the raw material as used in Examples 1 — 3 without having been subjected to
any subsequent process step such as remoistening or slurrying, were
measured. The properties were determined to be:

Vs 5940 mPa.s

tan o 0.46
The results of Comparative Experiment B show that the step of
remoistening according to the invention does not lead to a significant loss of
properties, as can be seen by comparing the results with those of Examples
1 - 3; this In contrast to a known treatment such as the slurrying step of
Comparative Experiment A.
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Example 4

A raw material consisting of a thermally inhibited waxy rice starch, was
subjected to a remoistening step. Compared to the thermally inhibited waxy
rice starch of examples 1 — 3, the thermally inhibited waxy rice starch as
used in this Example 4 is characterised by a higher degree of thermal
Inhibition. The raw material was, seven days after its inhibition (during which
time the thermally inhibited waxy rice starch was stored under ambient
conditions In closed PE containers), subjected to a remoistening step. The
remoistening was executed by means of a lab scale hand sprayer. The pH of
the aqueous phase was 7.7. The pH of the remoistened starch was 6.5. The

determination of viscosity and tan 6 of a gel, made from the remoistened

starch, that had first been subjected to an intensive shear action was
determined as described in Examples 1 — 3 with the exception of the rom In
the Silverson mixer. The mixer was set at 9,000 rpm, indicated below with

subscript 'Q" at viscosity parameter V. The results were as follows:
Vo 17,500 mPa.s
tan o 0.13

Comparative experiment C

A sample of the same raw material as used in Example 4 was used to
form a slurry using a the same aqueous phase as in Example 4. The slurry
contained 30 wt.% of the raw material. The pH of the slurry was 7.3. The
slurry was subsequently dried to a moisture content of 12 wt.% to form a
slurried-dried starch by means of centrifugation followed by oven-drying at

40°C. The properties of the slurried-dried starch were then determined to be:
Vo 13,500 mPa.s

tan 0 0.15
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Comparative Experiment D

The properties of the thermally inhibited waxy rice starch as such, I.e.
the raw material as used in Example 4 without having been subjected to any
subsequent process step such as remoistening or slurrying, were measured.
The properties were determined to be:

Vo 18,900 mPa.s

tan o 0.12

Example 5

A thermally inhibited waxy maize starch was, three months after its
Inhibition, used as raw material for a remoistening step. The pH of the
aqueous phase was 7.7. The remoistening step and subsequent
measurements were executed as described in Examples 1 — 3, with the
exception of the rom in the Silverson mixer. The mixer was set at 9,000 rpm.

The pH of the remoistened starch was 7.2. The results were as follows:
Vo 12,200 mPa.s

tan o 0.23

Comparative experiment E

The properties of the thermally inhibited waxy maize starch that was
used as raw material in Example 5 as such, i.e. without having been

subjected to remoistening or slurrying, were measured. The properties were

determined to be:
Vo 13,800 mPa.s

tan o 0.21
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Comparative Experiment F

A sample of the same raw material as used in Example 5 was used to
form a slurry, using the same aqueous phase as used In Example 5. The
5 slurry was subsequently dried to a moisture content of 12 wt.% by means of
filtration under vacuum and further drying in a rapid dryer (TG 200, Retsch) to
form a slurried-dried starch. The properties of the slurried-dried starch were

determined to be:

Vo 8,570 mPa.s
10 tan O 0.31
Examples 6, 7

A thermally inhibited waxy wheat starch was, 14 days after its
15  Inhibition, used as raw material for a remoistening step. The remoistening
step and subsequent measurements were executed as described in
Examples 1 — 3, with the exception of the rom In the Silverson mixer - the
mixer was set at 7,000 rom — and the execution of the remoistening which

was done by means of a lab scale hand sprayer. The results were as follows:

20
Example 0 I4
pH of aqueous phase 7.7 5.8
pH of remoistened starch | 7.2 6.7
V7 (mPa.s) 7,450 | 9,870
tan o 0.42 | 0.34
Comparative experiment G
29 The properties of the thermally inhibited waxy wheat starch that was

used as raw material in Examples 6 and 7 as such, i.e. without having been
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subjected to remoistening or slurrying, were measured. The properties were
determined to be:
V7 10,000 mPa.s

tan O 0.34

Comparative Experiment H

A sample of the same raw material as used in Examples 6 and 7 was
used to form a slurry, using the same aqueous phase as used in Example ©.
The slurry was subsequently dried to a moisture content of 12 wt.% by
means of filtration under vacuum and further drying in a rapid dryer (TG 200,
Retsch) to form a slurried-dried starch. The properties of the slurried-dried
starch were determined to be:

V7 5,440 mPa.s

tan O 0.51

Example 8

A thermally inhibited waxy rice flour was, 21 days after its inhibition,
used as raw material for a remoistening step. The remoistening step and
subsequent measurements were executed as described In Examples 1 — 3,
with the exception of the following points:

e [he gel preparation in the Stephan cooker was done with 225 g (dry

matter) of flour, still on a total weight of 2,500 g;

e The rpm in the Silverson mixer. The mixer was set at 3,000 rpom; and
e T[he remoistening was done by means of a lab scale hand sprayer.
The results were as follows:
V3 22,500 mPa.s

tan o 0.57
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Comparative experiment |

The properties of the thermally inhibited waxy rice flour that was used
as raw material in Example 8 as such, I1.e. without having been subjected to
remoistening or slurrying, were measured. The properties were determined to
be:

Vs 20,900 mPa.s
tan o 0.58

Comparative Experiment J

A sample of the same raw material as used in Example 8 was used to
form a slurry, using the same aqueous phase as used In Example 8. The
slurry was subsequently dried to a moisture content of 12 wt.% by means of
filtration under vacuum and further drying in a rapid dryer (TG 200, Retsch) to
form a slurried-dried starch. The properties of the slurried-dried starch were

determined to be:
Vs 18,700 mPa.s

tan o 0.65

The above Examples and Comparative Experiments show that the
properties of a raw material containing thermally inhibited starch of flour are
preserved better in the process of the invention as compared to the known

process of slurrying followed by drying.

Examples 9 - 11

A thermally inhibited waxy rice starch was, 14 days after its inhibition,
used as raw material for a remoistening step. The remoistening step and
subsequent measurements were executed as described in Examples 1 — 3.

The results were as follows:
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Example 9 10 11

pH of aqueous phase 3.0 2.5 1.5

pH of remoistened starch | 7.6 7.3 0.5

Vs (mPa.s) 7,260 | 9,530 | 9,770

tan O 0.36 [0.30 |0.35

Comparative experiment K

The properties of the thermally inhibited waxy rice flour that was used
5 as raw material in Examples 9 - 11 as such, i.e. without having been

subjected to remoistening, were measured. The properties were determined

to be:
Vs 11,800 mPa.s

tan o 0.30
10
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CLAIMS

Process for the treatment of a raw material containing thermally
inhibited starch and/or thermally inhibited flour as its largest
constituent, whereby the moisture content of the raw material is at
most 8 wt.%, comprising a remoistening step wherein between 0.1 and
30 wt.% of an aqueous phase is added to the raw material to form a

product containing remoistened starch and/or remoistened flour.

Process according to claim 1, wherein the raw material contains at

least 40 wt.% thermally inhibited starch and/or thermally inhibited flour.

Process according to claim 1 or 2, wherein the raw material contains
at least 75 wt.% thermally inhibited starch or at least 75 wt.% thermally
iInhibited flour.

Process according to any one of claims 1 — 3, wherein the raw
material consists essentially of thermally inhibited starch, thermally

inhibited flour, or mixtures thereof.

Process according to any one of claims 1 - 4, wherein the moisture
content of the raw material is at most 5 wt.%, and has not been above
5 wt.% since the thermally inhibited starch and/or thermally inhibited

flour in the raw material were prepared.

Process according to any one of claims 1 — 5, wherein the moisture
content of the raw material is at most 2 wt.%, and has not been above
2 wt.% since the thermally inhibited starch and/or thermally inhibited

flour in the raw material were prepared.

Process according to any one of claims 1 — 6, wherein during the

remoistening step the temperature of the raw material and of the
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product upon its formation is brought to, and made to remain within, a

range from 0°C to 65°C, via cooling or via other suitable means.

3. Process according to any one of claims 1 — 7, wherein the temperature
5 of the raw material is at most 40°C.
9. Process according to any one of claims 1 — 8, wherein the pH of the

aqueous phase Is at most 8.5 or at most 8.0.

10 10. Process according to any one of claims 1 — 9, wherein the pH of the
product upon its formation in the remoistening step Is brought to a
value lying between 4.0 and 9.0 or to a value lying between 4.5 and

8.0, via control of the pH of the aqueous phase or via other suitable

means.
15
11.  Process according to any one of claims 1 — 10, whereby the
remoistening step is done such that the moisture content of the
product is brought to a value lying between 6 and 16 wt.% or to within
4 wt.% of its equilibrium value.
20

12.  Process according to any one of claims 1 — 11, wherein the
remoistening step is done not later than three months after the thermal

INhibition of the starch and/or flour has been done.

250 13. Process according to any one of claims 1 — 12, wherein the thermally
iInhibited starch and/or thermally inhibited flour is chosen from the
group consisting of thermally inhibited rice starch and/or thermally
inhibited rice flour, thermally inhibited wheat starch and/or thermally
inhibited wheat flour, thermally inhibited maize starch and/or thermally

30 Inhibited maize flour, thermally inhibited potato starch and/or thermally

iInhibited potato flour, any waxy variants of the aforementioned
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15

20

starches and/or flours, and any mixtures of the aforementioned

starches and/or flours.

Process according to any one of claims 1 — 13, wherein the raw
material consists essentially of a starch chosen from the group
consisting of thermally inhibited rice starch, thermally inhibited waxy
rice starch, thermally inhibited wheat starch, thermally inhibited waxy
wheat starch, thermally inhibited maize starch, thermally inhibited
waxy maize starch, thermally inhibited potato starch, thermally

iInhibited waxy potato starch, and any mixtures thereof.

Process according to any one of claims 1 — 14, whereby the process
does not comprise a slurrying step, wherein a slurry of the raw
material or of the product containing remoistened starch and/or

remoistened flour would be formed.
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