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In the present specification, the texture of the gels
is defined by the parameters "conservation modulus" G'
which characterizes the elasticity of the gel and "dissi-
pation modulus" G'' which characterizes its viscosity.

Claim

1. An aqueous gel, which contains a low
concentration of a gelatinized starch having a content
of from 15 to 30% by weight of amylose complexed at a
degree of from 90 to 100% with an emulsifier, and has a
conservation modulds G’ of from 5 to 50 Nrn—2 and a

dissipation modulus G" of from 1 to 1r Nm 2.

5. A process for the production of the gel claimed
in any of claims 1 to 4, in which an aqueous mixture
containing all the ;ﬂgiggigggg,gntering into the
composition of the agueous gel, including the emulsifier

in dispersed form and the starch in gelatinized form, is

/2
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prepared under conditions which enable a useful quantity
of amylose to be released, the amylose produced is
complexed with the emulsifier by heating and the mixture

is set by cooling.
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ELASTIC GEL CONTAINING STARCH COoMPLEXED

The following statement is a full description of this invention,
including the best method of performing it known to us:-
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This invention relates to a process for the production
of a gel, more particularly a food gel, and to the gel
obtained by this process.

There are various Kknown processes for modifying
starches in which the starches are complexed with an
emulsifier, for example to improve their dispersibility or
their thickening power.

Thus, US-PS 4,491,483 (Dudacek et al.) describes a
starch readily dispersible in boiling water which is
obtained by treatment of a native starch at 50 to 120°C in
the presence of 10 to 40% water and at least 0.25%, based
on the weight of the starch, of an emulsifier and drying,
the precise conditions of this treatment by exposure to
moisture and heat being selected to avoid gelatinization of
the starch. The effect of this treatment is to increase
the gelatinization temperature of the starch and thus to
avoid the formation of lumps when the starch is dispersed
in boiling water.

FR-PS 2 629 684 (INRA) relates to a amylaceous product
readily dispersible both in cold and in hot or boiling
water which is obtained by microwave treatment of a medium
containing a native starch, 30 to 50% water and, optional-
ly, at most 3%, based on the weight of the starch, of an
amylose~complexing agent, granulation of the paste thus
obtained and drying. The microwave treatment is carried
out €or 30 s to 15 mins. at 50 to 98°C until at least 50%
of the starch has gelatinized. The amylaceous material
thus obtained may be used for its binding properties in the
preparation of cooked dishes, cold meats and sauces for
example.

EP 011 479 (General Foods) deascribes a process for the
production of a pregelatinized modified starch suitable for
use in the preparation of instant puddings, in which sodium
or calcium stearoyl lactyl-2-lactate and/or a combination
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of a protein and an emulsifier is added to an agqueous
dispersion of native starch and in which either a disper-
sion is heated and directly dried on rollers to a dry
matter content of 20 to 40% or a dispersion is heated in a
scraped-surface heat exchanger to a dry matter content of
less than 10%, for example 7.2%, and is then spray-dried.

In a variant of the process according to EP 011 479 in
which a roller dryer is used, the rollers are heated with
steam under a pressure of 3 to 11 bar and are rotated at a
speed of a few revolutions per minute. In the variant
where a scraped surface heat exchanger is used, the dis-
persion is preferably preheated to just below the gelatin-
ization temperature of the starch, for example to 65-70°C
for tapioca, to increase this gelatinization temperature
and is then heated at 80 to 90°C for a sufficient time to
completely gelatinize the starch.

The embodiment of the process according to EP 011 479,
in which only sodium or calcium stearoyl lactyl-2-lactate
is added, gives a pregelatinized modified starch which has
the same thickening effect as an unmodified pregelatinized
starch. The actual modification provides the reconstituted
pudding with a softer and creamier texture and with a
brighter appearance.

There are also various powders for food gels of the
instant dessert type or the cooked pudding type which
coritain starch as thickener and an emulsifier to smooth the
texture of the reconstituted dessert.

Thus, US-PS 3,917,875 (Gardiner) describes a powder
for an instant dessert of the yoghurt type which contains
sugar, gelatine, a stabilizer, such as a gum, a food acid,
pregelatinized starch and, optionally, an emulsifier and/or
colouring and flavouring agents.

Similarly, US-PS 4,262,031 (Carpenter et al.) de-
scribes a powder for a pudding intended for cooking which
contains sugar, non-gelatinized starch, more particularly
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native cornstarch, highly alkalized cocoa powder, an
acidifier and, optionally, an emulsifier and/or
stabilizexr, such as a gum.

The object of the present invention is to provide
a gel, more particularly a food gel, containing a low
concentration of starch complexed with an emulsifier
which would have a particularly short texture, i.e.
would be distinguished by its elasticity as opposed to
its viscosity.

Another object of the invention is to provide a
process for the production of this gel from an aqueous
solution having a low concentration of starch.

To this end, the aqueous gel according to the
present invention contains a low concentration of a
gelatinized starch having a content of from 15 to 30% by
weight of amylose complexed at a degree of from 90 to
100% with an emulsifier, and has a conservation modulus

G’ of from 5 to 50 Nm 2

2

and a dissipation modulus G"
of from 1 to 10 Nm
Similarly, in the process according to the

invention for the production of this gel, an aqueous
mixture containing all the ingredients entering into the
composition of the gel, including the emulsifier in
dispersed form and the starch in gelatinized form, is
prepared under conditions which enable a useful quantity
of amylose to be released, the amylose released is
complexed with the emulsifier by heating and the mixture

is set by cooling.
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It has been found that it is effectively possible
in this way to produce gels which have a low
concentration of starch and a remarkable texture due to
an increase in their elasticity relative to their
viscosity through complexing of the amylose released
with an emulsifier.

More particularly, it has been found that the
formation of these gels is attributable to complexing by
inclusion of emulsifier molecules in amylose molecules
which assume a helical configuration. This type of
complexing is described, for example, by M.A. Rutschmann

in his thesis published in 1987 at L’Ecole Polytechnique

Fedeérale,

- S e e S S e S Gt o T S S e . S = S = G T —— T — - — S S ——
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Zurich, under No. 8413.

In the present specification, the texture of the gels
is defined by the parameters "conservation modulus" G'
which characterizes the elasticity of the gel and "dissi-
pation modulus" G'' which characterizes its viscosity.
These parameters are determined by harmonic analysis. The
sample is subjected to sinusoidal stress or deformation at
a certain frequency as a function of time. The correspond-
ing shear stress is measured; it is also sinusoidal, but
has a phase shift between the extremes of zero (purely
elastic texture) and w/2 (purely viscous texture). An
int:ermediate phase shift has an elastic component, namely
the conservation modulus G!', and a viscous component,
namely the dissipation modulus G''. 1In the context of the
present specification, these moduli are determined with a
rheometer at constant voltage using a measuring instrument
censisting of a cone rotating on a plate, the cone and the
plate both being 6 cm in diameter and the angle between the
cone and the plate being 2°. The measurements are carried
out at 25°C at an oscillation frequency of the cone around
its axis of 2 Hz under a couple situated in a linear visco-
elasticity range of from about 0.01 to 0.1 Nm.

The iodine binding power is determined by amperometric
titration of iodine using the method described by R. Wyler
in his thesis published in 1979 at L'Ecole Polytechnique
Fédérale, Zurich, under No. 6514.

The measurements are carried out at a polarization
voltage and current of 140 mV and 2 mA, respectively, at
ambient temperature on 15 ml samples of 0.01 N iodine/po-
tassium titration solution and at a dropwise addition rate
of 0.4 ml/min. The iodine binding power is defined as the
quotient of the quantity of iodine bound over the total
quantity of starch multiplied by 10C.

The degree of complexing is defined as the quotient of
the difference between the iodine binding power of the
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starch and the iodine binding power of the complex over the
iodine binding power of the starch multiplied by 100.

The expression "low concentration of starch" means
having a low starch content, i.e. a starch content of from
about 1 to a few % by weight. Since a native starch gener-
ally has a certain water content, for example approximate~
ly 7 to 15%, "% by weight starch" is to be understood here
to mean % by weight starch dry matter.

Thus, the gel according to the invention preferably
contains, for example, 1 to 5% by weight starch and 1 to
8%, based on the weight of the starch, of the emulsifier.

The starch should have a significant amylose content.
This means that a starch known to consist almost exclusive-
ly of amylopectin, such as for example the starch Known in
English as "waxy maize" (waxy starch, 1% amylose), would
not be suitable. However, this does not mean that the
starch selected has to be exceptionally rich in amylose,
such as for example the starch known in English "amylo-
maize" (50 to 70% amylose), which might not be suitable
either.

Starches particularly suitable for the purposes of the
present inventiorn are potato starch, tapioca starch,
ordinary cornstarch and/or wheat starch, which have a
"significant" amylose content of from about 15 to 30% by
weight.

The emulsifier must be capable of forming a complex
with amylose. Thus, lecithin for example is not suitable.
By contrast, glycerol monostearate, calcium stearoyl
lactyl-2-lactate, sodium stearcyl lactyl-2-lactate, poly-
oxyethylene sorbitan monostearate and/or polyethylene
glycol monolaurate, for example, are particularly suitable.

The present invention provides gels intended for the
various branches of industry interested in this type of
product, for example the ford industry, the cosmetic
industry and the paint and varnish industry.
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In one preferred embodiment of the invention, the gel
is a food gel and, in addition to the complexed starch, may
contain in particular the ingredients traditionally used in
desserts of the pudding type, such as for example milk
solids, sucrose and flavouring and/or colouring materials
and/or agents.

The process according to the invention is carried out
by preparing an aqueous solution containing all the ingred-
ients entering into the composition of the gel, namely the
starch, the emulsifier in dispersion and, optionally, other
additional ingredients such as, for example, those men-
tioned above for the particular embodiment of the pudding
type.

The solution may be prepared by adding the starch, for
example, in native pregelatinized form or pretreated by
exposure to heat and moisture. It is pointed out in this
regard that the conditions under which the starch is
gelatinized may be more critical, the lower the starch
concentration of the aqueous mixture.

Below about 2% by weight, for example, it is recom-
mended to gelatinize the starch under conditions which
enable the starch granules to remain intact while allowing
a useful quantity of amylose to be released, i.e. a quan-
tity sufficient to obtain a gel having the required tex-
ture. To this end, the starch may be gelatinized, for
example, for 2 to 30 minutes at 90 to 98°C with gentle
stirring. If the starch is gelatinized below 90°C, there
is a risk that the quantity of amylose released from the
starch granules may be too small. If the starch is gelat-
inized at a temperxature above 98°C, the granules are in
danger of bursting.

If, by contrast, the starch is gelatinized under
conditions where there is a considerable probability of
almost all the granules bursting, it is recommended to
adjust the starch concentration of the aqueous mixture to
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at least approximately 3% by weight. This probability
exists in particular when the starch is gelatinized under
conditions equivalent to a sterilizing treatment, for
example at temperatures as high as 125°cC.

In other words, when the gelatinization temperature
increases beyond 98°C, it is recommended to counteract the
probability of the granules bursting by increasing the
starch concentration of the aqueous mixture beyond 2%, for
example to concentrations of at 1least about 3% under
sterilization conditions.

At all events, the starch is preferably gelatinized
under <onditions which enable amylose to be released in
such a quantity that the starch has an iodine binding power
of approximately 3.3 to 4.7%.

The emulsifier is added to the agueous mixture so that
it is present in dispersed form therein. This is necessary
to ensure that the emulsifier is available to complex th¢
gtarch or, more precisely, the amylose released. The
emulsifier is preferably added to the aqueous mixture to
obtain a degree of complexing of the starch with the
emulsifier of approximately 90 to 100%.

To this end, either the emulsifier may be dispersed
beforehand in a little water and the resulting dispersion
added to the mixture or the emulsifier may be directly
dispersed in the mixture, for example at a suitable pH and
at a suitable temperature. The suitable pH and temperature
conditions for dispersing an emulsifier in water are
characteristic of each emulsifier and are either known to
or may be determined by the expert. For example, calcium
stearoyl lactyl-2-lactate can be dispersed in water at pH
6-12/45-55°C, glycerol monostearate at pH 6.7/66~68°C and
polyoxyethylene sorbitan monostearate at pH 5-12/15-80°C.

The emulsifier may be added to the mixture as de-
scribed above before, during or after gelatinization of the
starch. The emulsifier may even be added to the starch,
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more particularly by coating an optionally pregelatinized
starch, and the whole added to the mixture.

The amylose released from the granules is complexed
with the emulsifier by heating. As mentioned above, the
amylose is preferably complexed with the emulsifier so that
the starch has a degree of complexing of approximately 90
to 100%. To this end, complexing may be carried out, for
example, for 15 s to 30 mins. at 70 to 125°C.

The following Examples are intended to illustrate the
gel according to the invention and the process for its
production. In the Examples, percentages and parts are by
weight unless otherwise indicated.

Example 1

An aqueous mixture containing the following ingredi-
ents in the proportions indicated in % is prepared:

Whole milk 90.46
Vanilla-flavoured sucrose 6.67
Native potato starch containing

85% dry matter and 23% amylose 3.67
Yellow food colouring 0.13
Calcium stearoyl lactyl-2-lactate 0.07

The emulsifier was dispersed beforehand in part of the
milk at pH 6.0/45°C and was then added to the mixture.

The temperature of the mixture was increased to 95°C
while stirring. The temperature was kept at 95°C for 20 to
30 minutes with stirring.

During this operation, the starch was gelatinized and
the amylose released was complexed at the same time. The
conditions under which this operation is carried out on the
one hand enable amylose to be released in such a quantity
that the starch has an iodine binding power of 3.63% and,
on the other hand, enable the amylose to be complexed with
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the emulsifier so that the starch has a degree of complex-
ing of 100%.

The mikture is set by cooling at 5°C without stirring.
The food gel, in other words the vanilla-flavoured pudding
obtained, has a conservation modulus G' of 22 Nm?*, a
dissipation mcdulus G'' of § Nm? and a pH of 6.5. It is
distinguished by a texture in the mouth which is both
melting and crispy, but in no way sticky, i.e. by a semi-
solid, short texture.

By way of comparison, a vanilla pudding prepared in
the same way, but with no addition of emulsifier, has a
long, fluid texture, a conservation modulus G' of 3.2 Nm?
and a dissipation modulus G'' of 3.4 Nm™2,

Example 2

An aqueous mixture containing the following ingredi-
ents in the proportions indicated in % is prepared:

Water 80.22
Cream containing 35% fats 7.8%
Sucrose 6.67

Potato starch containing 88.5% dry matter
and 23% amylose, treated with steam and

noisture* 2.76
Skimmed milk powder 2.10
Glycerol monostearate 0.05
Calcium stearovl lactyl-2-lactate 0.05
Yellow food colouring 0.13
Vanilla extract 0.13

* The starch was moistened to a 20% water content, treated
for 4 h at 95°C in a sealed container, dried in air and
ground.

The emulsifiers were separately dispersed keforehand
in 1 part of water at pH 6.5/67°C for the glycerol mono-
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stearate and in 1 part water at pH 6.0/45°C for the calcium
stearyl lactyl-2-lactate. They were then added to the
mixture.

The mixture is introduced into lacquered 0.5 litre tin
cans which are then sealed. The cans are placed in an
autoclave rotating at 0.2 r.p.m. and are left therein for
30 minutes at 121°C, the temperature of the solution rising
from 25 to 121°C in the first 10 minutes.

During this operation, the starch is gelatinized and
the amylose released is complexed at the same time. The
conditions under which this operation is carried out ¢n the
one hand enable amylose to be released in such a quantity
that the starch has an iodine binding power of 4.32% and,
on the other hand, enable the amylose to be complexed with
the emulsifier so that the starch has a degree of complex-
ing of 100%.

The mixture is set by cooling with cold water in the
autoclave to a temperature of 25°C. This operation takes
about 30 minutes. The rotation of the autoclave is stopped
10 minutes after the beginning of cooling.

The food gel, i.e. the sterilized vanilla pudding
obtained, has a conservation modulus G' of 20 Nm?, a
dissipation modulus G'' of 5 Nm? and a pH of 6.5. It is
distinguished by a short, semisolid texture.

By way comparison, a vanilla pudding sterilized in the
same way, but with no addition of emulsifier, has a long
and fluid texture, a conservation modulus G' of 1.5 Nm™? and
a dissipation modulus G'' of 1.6 Nm2.

Example 3
An aqueous mixture containing the following ingred-
ients in the proportions indicated in % is prepared:

commercial pregelatinized potato starch
containing 93% dry matter and 23% amylose 2.88

Calcium stearoyl lactyl-2-lactate coating the
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starch#* 0.12
Sucrose 6.0
Vanilla-flavoured sucrose 2.0
Cocoa powder 4.0
Skimmed milk powder 10.0
Water 75.0

* The pregelatinized starch was coated by spraying with an
alcoholic solution of the emulsifier and drying in air at
40°C.

The conditions under which the starch was gelatinized
enabled amylose to be released in such a quantity that the
starch had an iodine binding power of 4.65%.

To prepare the mixture, the dry ingredients are
dispersed gently in water. The mixture is then heated to
98°C while stirring. The temperature is kept at 98°C for
5 minutes with gentle stirring.

During this operation, the amylose is complexed sc
that the starch has a degree of complexing of 100%.

The mixture is set by cooling to 5°C without stirring.
“"he food gel, in other words the chocolate pudding ob-
tained, has a conservation modulus G' of 30 Nm'?, a dissipa-
tion modulus G'' of 8 Nm? and a pH value of 6.6. It is
distinguished by a particularly short, semisolid texture.

For comparison, a chocolate pudding obtained in the
same way, but with no addition of emulsifier, has a long
and less firm texture, a conservation modulus G' of 1.4
Nm2? and a dissipation modulus G'' of 3.1 Nm™2.

Example 4
An aqueous mixture containing the following ingred-

ients in the proportions indicated in % is prepared:

Tapioca starch containing 88.7% dry matter
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and 18% amylose 3.38
Polyoxyethylene sorbitan monostearate 0.21
Cyclamate 0.082
Saccharin 0.008
Citric acid 0.30
Yellow food colouring 0.15
Water 95.72

To prepare this mixture, the starch is suspended in
water and gelatinized for 30 mins. at 95°C with careful
stirring. A starch solution is obtained in which the
guantity of amylose released from the granules is such it
has an iodine binding power of 4.15%.

The remaining ingredients of the mixture are added to
the starch solution at 95°C and the mixture is vigorously
stirred for 15 s. The amylose released is thus complexed
with the emulsifier so that the starch has a degree of
complexing of 100%.

The mixture is set by cooling to 25°C without stir-
ring. The lemon-flavoured gel obtained has a conservation
modulus G' of 12 Nm'?, a dissipation modulus G'' of 3 Nm?
and a pH of 2.5. It is distinguished by a characteristic
short gel texture.

By way of comparison, a product prepared in the same
way, but with no addition of emulsifier, does not set,
remains liquid and does not have thu texture of a gel. Its
conservation modulus G' is 0.8 Nm? for a dissipation
modulus G'' of 1.2 Nm'2,
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. An aqueous gel, which contains a low
concentration of a gelatinized starch having a content
of from 15 to 30% by weight of amylose complexed at a
degree of from 90 to 100% with an emulsifier, and has a
conservation modulus G’ of from 5 to 50 Nrn'-2 and a
dissipation modulus G" of from 1 to 10 Nm—z.

2. A gel as claimed in claim 1, in which the starch
is a potato starch, tapioca starch, corn starch and/or
wheat starch and the emulsifier is a glycerol
monostearate, calcium stearoyl lactyl-2-lactate, sodium
stearoyl lactyl-2-lactate, polyoxyethylene sorbitan
monostearate and/or polyethylene glycol monolaurate.

3. A gel as claimed in claim 1, containing 1 to 5%
by weight starch and 1 to 8%, based on the weight of the
starch, of emulsifier.

4, A food gel as claimed in claim 1 which, in
addition to the complexed starch, contains milk solids,
sucrose and/or flavouring and/or colouring materials
and/or agents.

5. 7. process for the production of the gel claimed
in any of claims 1 to 4, in which an agueous mixture
containing all the ingredients entering into the
composition of the aqueous gel, including the emulsifier
in dispersed form and the starch in gelatinized form, is
prepared under conditions which enable a useful quantity
of amylose to be released, the amylose produced 1is
complexed with the emulsifier by heating and the mixture

is set by cooling.
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6. A process as claimed in claim 5, in which the
mixture is prepared by adding the starch in
pregelatinized native form or pretreated by exposure to
heat and moisture.
7. A process as claimed in claim 5, in which the
starch is gelatinized under conditions which enable
amylose to be released in such a quantity that the
starch has an iodine binding power of 3.3 to 4.7%.
8. A process as claimed in claim 5, in which the
starch is gelatinized for 2 to 30 minutes at 90 to 125°C.
03 9. A process as claimed in claim 5, in which the
. amylose is complexed with the emulsifier for 15 s to 30
mins. at 70 to 125°C.
10. An aqueous gel, which gel is substantially as

herein described with reference to any one of the

oee Examples but excluding any comparative example.
A 11. A process for the production of an agueous gel,
* e which process is substantially as herein described with

reference to any one of the Examples but excluding any

coee comparative example.
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ABSTRACT

A gel, more particularly a food gel, haviné a low
concentration of starch and a remarkable texture, more
particularly a short semisolid texture, due to an '
increase in its elasticity relative to its viscosity
through complexing by inclusion of emulsifier molecules
in amylose molecules released from the starch. The gel
has a conservation modulus G' of 5 to 50 Nm"2 and a

dissipation modulus G" of 1 to 10 Nm~ 2.



