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ABSTRACT
[Object]

It is intended to provide a crystalline maltitol powder
less prone to consolidation, which is free from the formation
of a lump during delivery or storage thereof, does not require
pulverization or re-classification in use, is easy to handle
in transfer, package opening, addition or mixing to another
foodmaterial, andsoon, andallows forautomated transportation
and so on.

[Means for solving the object]

Thecrystallinemaltitol powder less prone toconsolidation
is obtained by charging crystalline or powdery maltitol into
ashelf typedryer, atunnel-typedryer, acylindrical container,
or the like and subjecting the equipment or container to a
treatment wherein an air having a temperature of 30 to 33°C
andarelativehumidityof 5%isallowedtoflowintothe equipment
or container from one side thereof and withdrawn out of the
other side thereof at a space velocityof 11 to 12 for consecutive
24 hours. Even when the relative humidity is 45%, the
crystalline maltitol powder less prone to consolidation can
be obtainéd by combining therewith other conditions such as
an appropriate space velocity of the feed of air and an

appropriate treatment duration.
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DESCRIPTION

TITLE OF THE INVENTION
CRYSTALLINE MALTITOL POWDER LESS PRONE TO CONSOLIDATION AND

METHOD FOR PRODUCTION THEREOF

Technical Field

[0001]
The present invention relates to a crystalline maltitol
powder useful as a sweetener, in particular, to a crystalline
maltitol powder less prone to consolidation during delivery

or storage, and a method for production thereof.

Background Art
[0002]

Maltitol is one of sugar alcohols and is a useful substance
widely used in the fields of foods, drugs, cosmetics, and so
on.

[0003]

The existence of powder products of maltitol has been known
since around 1974 (see e.g., Patent Document 1). However,
maltitol powders known at that time were free from crystals
and became sticky inunediately on exposure to air by absorbing
moistures due to their exceedingly strong hygroscopicity.
Therefore, they could not serve as commodities that endure
delivery or storage.

[0004 ]

The existence of crystals among various sugar alcohols

has been known since a long time ago for sorbitol, mannitol,
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and the 1ike. However, the crystals of maltitol have been found
as recently as 1981.
[0005]

Practicable maltitol powder products have been put into
circulation since 1981 after their crystal products having low
hygroscopicity were found. The physical properties thereof
and a method for production thereof have been introduced as
anhydrous maltitol crystals (see e.g., Patent Document 2).
[0006]

As described above, practical crystallinemaltitol powders
have a shorter history of being put into circulation compared
to other sugar alcohols. However, they are currently used in
wider fields than those for other sugar alcohols, including
chewing gum, chocolate, baked goods (e.g., cookies), and other
foods ordrinks, because theirqualityandintensityof sweetness
are exceedingly similar sugar.

[0007]

Powder products of sugar alcohols are generally packaged,
stored, and delivered in a resin (e.g., polyethylene) inner
bag combined with a kraft bag or in a resin inner bag combined
with a corrugated cardboard carton. Currently commercially
available crystalline maltitol powders adopt also the former
or latter packaging form.

[0008]

However, most of sugar alcohol powder products are highly
hygroscopic as compared with other powder products and tend
to cause so-called consolidation, in which powder particles
form a cluster.

{0009 ]



CA 02578015 2007-02-23

In general, consolidation seen in powdery products means
in a broad sense that individual powder particles adhere to
each other for some reason such as natural phenomena Or
artificial manipulation and thereby form a cluster.

[0010]

In this case, the phenomena include moisture absorption
and air drying, and the manipulation includes addition of water,
forced drying, compression, and sintering. 1In a narrow sense,
consolidation refers, in many cases, to a formation of cluster
via moistures caused by repetitive moisture absorption and
drying ,after adherence stage between powder particles by liquid
film bridging or the like resulting form adsorption of water
molecules thereto.

[0011]

Crystalline maltitol powder products are rated as having
low hygroscopicity as compared with other sugar alcohol powder
products. Nevertheless, it is known that crystallinemaltitol
powder products generate consolidation during delivery or
storage, as they have hygroscopicity similarly with other sugar
alcohol powder products.

[0012]

The consolidation state of the crystallinemaltitol powder
products seems to be variously influenced by storage conditions
and so on of the products. The consolidation level thereof
also varies from a low level of consolidation in which a cluster
is easily reduced into powders with a l1light touch of hand and
recovers powder flowability to a high level of consolidation
in which a cluster is not reduced even by a strong impact.

[0013]
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In the present specification, consolidation level refers
to consolidation of powder particles, specifically, to the
presence or absence of consolidated matter and to the strength
of the consolidated matter.

[0014]

Crystalline maltitol powders consolidated during storage
or delivery already lose the feature of powder. Such powders
not only exceedingly hinder handling in works such as transfer,
package opening, pulverization, and dissolution but arise
problems including reducing work efficiency, failure of
automated equipment and thus difficult to use in a variety of
applications. Therefore, their commercial values are
drastically reduced.

[0015]

Various attempts have been made so far in order to solve
objects includinghigh hygroscopicity and ease of consolidation
presented by sugar alcohol powder products.

[0016]

These attempts include, for example, (1) a method wherein
other components such as silicon dioxide, calcium
aluminosilicate, and a surfactant are added and mixéd into a
sugar alcohol powder in order to prevent consolidation, and
(2) a method wherein a desiccating agent such as silica gel
is put into a small bag, which is in turn placed between a outer
packaging material and an inner bag or in the interior of the
inner bag, or a hygroscopic material is confined between a outer
material and inner material of an outef packaging material
designed to take a double structure.

[0017]
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However, when the former method (1) is applied, the
resulting powder presents aproblemof cloudiness whendissolved
in water. Moreover, there were problems including; impurities
mixed intoaproduct largely impair the commercial value thereof;
quality of taste, which is an important factor for crystalline
maltitol powder products, is changed; and use of a product is
limited as additives cannot be used in some fields. Therefore,
crystalline maltitol powders obtained by applying this method
are absent in the market.

[0018]

Alternatively, the method (2) was applied in some cases
such as crystalline xylitol powder products. However, there
were problems including: a desiccating agent might be mixed
accidentally into a product in large-scale production; and cost
is increased because the method requires adding a hygroscopic
material and carefully taking it out in use of the product.
Therefore, the adoption of the method is confined to a small
number of crystalline xylitol powder products. The method was
not adopted for crystalline maltitol powders and is not
distributed.

[0019]
Furthermore, (3) a method for preventing consolidation

of powdery sorbitol, characterized by mixing powdery sorbitol

in a mixer at a temperature from 50°C up to melting temperature

for 10 or more minutes has been proposed as an attempt to solve
the conventionalobjects (seee.g., PatentDocument3). However,
this method requires an operation of mechanically mixing the
powder and therefore requires new equipment in addition to

conventional production equipment. Moreover, it presents

problems such as crush of powder particles cannot be avoided.
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[0020]

Moreover, the above-mentionedmethodis intended toprevent
a phenomenon specific to sorbitol in which "hair-like crystals
chronologically develop in a vertical direction from surfaces
of sorbitol powder particles and mutually intertwine”. The
phenomenon in which hair-like crystals chronologically develop
in a vertical direction from surfaces of powder particles has
not been observed for crystallinemaltitol powders. There have
been no cases in which the method was adopted for crystalline
maltitol powders based on the premise that such an event would
occur.

[0021]
Patent Document 1: Japanese Laid-Open Patent Application No.
51-113813
Patent Document 2: Japanese Patent Publication No. 63-2439
Patent Document 3: Japanese Laid-Open Patent Application No.
56-133229

Disclosure of the Invention
Object to be solved by the present invention
[0022]

For currently distributed crystalline maltitol powders,
conventional problems of consolidation during delivery or
storage have not been solved, and satisfactory products have
not been obtained yet. An object of the present invention is
to provide a crystalline maltitol powder less prone to
consolidation, which shows excellent powder flowability during
delivery or storage and to provide a method for production
thereof.

Means to solve the object
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[0023]

A general method for producing crystalline maltitol
tyvpically includes a method wherein amaltitol agqueous solution
is crystallized and subjected to a molasses separation step
such as centrifugation to obtain a crystal containing
approximately 3% by weight of moisture, and this crystal is
then adjusted to a moisture content of approximately 0.1% by
weight following a drying step at approximately 70°C and filled
into a packaging material. A crystalline maltitol powder
product thus produced is often consolidated during storage or
delivery.

[0024]

For conventional measures against moisture absorption and
consolidation, it was deemed to be preferred that moistures
should be removed from powder products to the extent possible,
and the powder products should be filled into packages, in a
dried state, as much as possible. Thus, the conventional
measures were carried out in this way while the problems of
moisture absorption and occurrence of consolidation were not
solved even though the powder products were handled with much
care.

[0025]

According to the experiments of the present inventors,
crystalline maltitol powders having small moisture content as
0.3% by weight or less were consolidated in some cases, while
crystalline maltitol powders having slightly larger molsture
content were not consolidated in other cases.

[0026]
From these results, it was deduced that the consolidation

is not always caused by the amount of a moisture in a crystalline
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maltitol powder and is largely influenced by a difference in
moisture content between the surface of a crystalline maltitol
powder and the inside of the powder, and by the state of the
powder surface.

[0027]

Based on these findings, the present inventors have
conducted diligent studies on the physical and chemical
properties and consolidation phenomenon of a crystalline
maltitol powder. As a result, instead of reducing a moisture
content in powder particles as conventionally, the present
inventors treated the powder with wvarious methods such as a
method involving taking into consideration a balance between
a moisture content in the inside of powder particles and a
moisture content in the surface of the powder particles or a
balance between a moisture content in the inside or surface
of powder particles and a moisture content in an atmosphere
and a method involving stabilizing the surface of the powder,
after a production method generally performed, as described
in the above, or during the drying stage of the general production
method. Thus, thepresent inventorshave successfullyobtained
a crystalline maltitol powder showing a consolidation level
of a score of 0.6 or lower in a result of a consolidation level

assay designed by them. Thus, the present invention has been

completed.
[0028]

Specifically, a first aspect of the present invention
relates to a crystalline maltitol powder less prone to
consolidation, wherein the score of the crystalline maltitol
powder of consolidation level measured by a consolidation level

assay shown below is 0.6 or lower.
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[0029]
Consolidation level assay:

50 g of a sample crystalline maltitol powder is charged
into a commercially available sample bottle (hereinafter, also
simplyreferredtoasbottle; commonlycalledamayonnaisebottle
or UM sample bottle; 150 ml in maximum capacity, 4.1 cm in mouth
inside diameter, 5.5 cm in shell diameter, and 9.5 cm in overall
height) under an environment having a relative humidity of 50%
and a temperature of 20°C. The bottle is tightly stoppered with
accompanying polyethylene inner and polypropylene outer lids,
and a vinyl tape is further provided thereon to seal the boundary
between the lids and the bottle. The above-mentioned sample
bottle (see Figure 1) can be purchased from, for example, Uezono
Youki Co., Ltd., and the above-mentioned vinyl tape can be
exemplified preferably by a 19-mm-wide vinyl chloride Eslon
tape manufactured by Sekisui Chemical Co., Ltd.

[0030]

Next, the sealed bottle is charged into a chamber equipped

with a temperature control and evaluated according to the

following judgment criteria (1) to (3) after a lapse of 20 days

of storage at a temperature of 20°C and 40°C alternately repeated
at intervals of 12 hours. Five identical samples are prepared
for the evaluation, and an average value of test results of
these five samples is used as the degree of consolidation in
the present assay method of degree of consolidation.

[0031] ‘

(1) A score of 0 is given when the sample powder wholly flows
toward the bottlemouth and therebyexhibits flowabilitywithout
attachingonto the inside bottomof the sample bottleor slightly

attaches onto the inside bottom of the sample bottle but flows
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toward the bottle mouth and thereby exhibits flowability, on
the way of tilting the sample bottle containing the sample at
an angle of 90 degrees (leveling horizontally the sample bottle
kept in an upright position) without giving an impact thereto;
(2) a score of 1 is given when the sample powder neither flows
nor shows flowability by tilting the sample bottle at an angle
of 90 degrees but flows toward 'the bottle mouth on the way of
or within 1 minute after further tilting the bottle at an angle
of 180 degrees; and

(3) a score of 2 is given when the sample powder does not flow
toward the bottle mouth even after a lapse of 1 minute after
tilting the sample bottle at an angle of 180 degrees.
[0032]

A second aspect of the present invention relates to a
crystalline maltitol powder less prone to consolidation
according to the first aspect of the present invention, whereilin
the score of the crystalline maltitol powder of consolidation
level measured by a consolidation level assay shown below is
0.4 or lower.

[0033]

A third aspect of the present invention relates to a
crystalline maltitol powder less prone to consolidation
according to the second aspect of the present invention, wherein
the score of the crystalline maltitol powder of consolidation
level measured by a consolidation level assay shown below is
0.2 or lower.

[0034]

A fourth aspect of the present invention relates to a

crystalline maltitol powder less prone to consolidation

according to any one of the first to third aspects of the present

10
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invention, wherein a moisture content of the crystalline
maltitol is 0.2% or less by weight, and a maltitol content
measured by high-performance liquid chromatography is 98% or
more by weight per solid content.

[0035]

A fifth aspect of the present invention relates to the
crystalline maltitol powder less prone to consolidation
according to any one of the first to fourth aspects of the present
invention, wherein 90% or more of the powder is a powder that
has passed through a JIS sieve with amesh size of 0.50 mm (which
corresponds to a 32-mesh Tyler screen).

[0036]

A sixth aspect of the present invention relates to a method
for producing a crystalline maltitol powder less prone to
consolidation, comprising the step of bringing an air having
a temperature of 20 to 50°C and a relative humidity of 5 to
50% into contact at a space velocity [=SV] of 2 to 15 (h™") for
5 to 50 hours with a crystalline maltitol powder having a score
exceeding 0.6 in degree of consolidation measured by an assay
method of degree of consolidation shown below, and thereby
converting the crystalline maltitol powder to a crystalline
maltitol powder having a score of 0.6 or lower in the degree
of consolidation.

[0037]
Assay method of degree of consolidation:

50 g of a sample crystalline maltitol powder is charged
into a commercially available sample bottle (hereinafter, also
simply referred toasbottle; commonlycalledamayonnaise bottle
or UM sample bottle; 150 ml in maximum capacity, 4.1 cm in mouth

inside diameter, 5.5 cm in shell diameter, and 9.5 cm in overall

11
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height) under an environment having a relative humidity of 50%
and a temperature of 20°C. The bottle is tightly stoppered with
accompanying polyethylene inner and polypropylene outer lids,
and a vinyl tape is further provided thereon to seal the boundary
between the lids and the bottle. The above-mentioned sample
bottle (see Figure 1) can be purchased from, for example, Uezono
Youki Co., Ltd., and the above-mentioned vinyl tape can be
exemplified preferably by a 19-mm-wide vinyl chloride Eslon
tape manufactured by Sekisui Chemical Co., Ltd.

[0038]

Next, the sealed bottle is charged into a chamber equipped
with a temperature control and evaluated according to the
following judgment criteria (1) to (3) after a lapse of 20 days
of storage at a temperature of 20°C and 40°C alternately repeated
at intervals of 12 hours. Five identical samples are prepared
for the evaluation, and an average value of test results of
these five samples is used as the degree of consolidation in
the present assay method of degree of consolidation.

[0039] '

(1) A score of 0 is given when the sample powder wholly flows
toward the bottlemouth and therebyexhibits flowabilitywithout
attachingonto the inside bottomof the sample bottleor slightly
attaches 6nto the inside bottom of the sample bottle but flows
toward the bottle mouth and thereby exhibits flowability, on
the way of tilting the sample bottle containing the sample at
an angle of 90 degrees (leveling horizontally the sample bottle
kept in an upright position) without giving an impact thereto;
(2) a score of 1 is given when the sample powder neither flows
nor shows flowability by tilting the sample bottle at an angle

of 90 degrees but flows toward the bottle mouth on the way of

12
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or within 1 minute after further tilting the bottle at an angle
of 180 degrees; and

(3) a score of 2 is given when the sample powder does not flow
toward the bottle mouth even after a lapse of 1 minute after
tilting the sample bottle at an angle of 180 degrees.
[0040]

A seventh aspect of the present invention relates to a
method for producing a crystalline maltitol powder less prone
to consolidation according to the sixth aspect of the 'present
invention, comprising the step of bringing an air having a
temperature of 25 to 42°C and a relative humidity of 8 to 45%
into contact at a space velocity [=SV] of 3 to 14 (h™') for 8
to 48 hours with a crystalline maltitol powder having a score
exceeding 0.6 in degree of consolidation measured by an assay
method of degree of consolidation, and thereby converting the
crystalline maltitol powder to a crystalline maltitol powder
having a score of 0.6 or lower in the degree of consolidation.
[0041]

An eighth aspect of the present invention relates to a
method for producing a crystalline maltitol powder less prone
to consolidation according to the sixth or seventh aspect of

the present invention, wherein the air brought into contact

has a temperature of 28 to 33°C, and a crystalline maltitol

powder having a score of 0.4 or lower in the degree of
consolidation measured by the assay method of degree of
consolidation is obtained.
[0042] .

A ninth aspect of the present invention relates to a method
for producing a crystalline maltitol powder less prone to

consolidation according to the eighth aspect of the present

13
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invention, whereina crystallinemaltitol powder having a score
of 0.2 or lower in the degree of consolidation measured by the
assay method of degree of consolidation is obtained.

[0043]

A tenth aspect of the present invention relates to a method
for producing a crystalline maltitol powder less prone to
consolidation according to any one of the sixth toninth aspects
of the present invention, wherein a crystallinemaltitol powder
having a score of 0.6 or lower in the degree of consolidation
measured by the assay method of degree of consolidation has
a moisture content of 0.2% or less by weight and a maltitol
content of 98% or more by welight per solid content.

[0044]

An eleventh aspect of the present invention relates to
a method for producing a crystalline maltitol powder less prone
to consolidation according to any one of the sixth to tenth
aspects of the present invention, wherein 90% or more by weight
of the crystalline maltitol powder having a score of 0.6 or
lower in the degree of consolidationmeasured by the assaymethod
of degree of consolidation is a powder that has passed through
a JIS sieve with a mesh size of 0.50 mm.

Effect of the Present Invention
[0045]

The crystalline maltitol powder of the present invention
is less prone to consolidation during storage or delivery and
has stable powder properties for a long period. Therefore,
the crystalline maltitol powder does not require new
pulverization or drying in transfer, package opening, and use,
is applicable to automatic powder transportation by air or the

like, and has advantages such as easy automation and exceedingly

14



CA 02578015 2007-02-23

easy handling because of hardly causing inconvenience such as

clogging of powder.

Brief Description of Drawings

[0046]
[Fig. 1]

Figure 1 is a diagram showing a commercially available
sample bottle used in an assay method of degree of consolidation

according to the present invention.

Best Mode of Carrying Out the Invention
[0047]

A crystalline maltitol powder less prone to consolidation
of the present invention is not particularly limited as long
as it is a crystalline maltitol powder less prone to
consolidation having a score of 0.6 or lower in degree of
consolidation measured by the above-described assay method of
degree of consolidation designed by the present inventors
(hereinafter, referred to as "the present assaymethod of degree
of consolidation”). The crystalline maltitol powder of the
present invention can be exemplified particularly preferably
by a crystalline maltitol powder having a score of 0.4 or lower,
more preferably 0.2 or lower, and particularly preferably 0,
in the degree of consolidation measured by the present assay
method of degree of consolidation.

[0048]

A crystalline maltitol powder that may be adopted as a
raw material as a crystalline maltitol powder less prone to
consolidation of the present invention can be exemplified

specifically by currently distributed commercially available

15
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"crystalline maltitol”™ and "maltitol crystals containing
molasses”. The “"crystalline maltitol”™ is obtained as a
crystalline maltitol powder product by adding or generating
a seed crystal for crystallization to a high-purity maltitol
aqueous solution and achieving separation between crystals and
molasses fromthemaltitol slurry thus formed, followed by drying
and classification according to need. The "maltitol crystal
containing molasses” is obtained as a crystalline maltitol
powder product according to a method comprising spray-drying
a maltitol aqueous solution with high purity and a high
concentration in the presence or absence of a seed crystal,
or by adding or generating a seed crystal to a maltitol aqueous
solution and extruding maltitol magma generated by cooling and
kneading from a nozzle, followed by drying, pulverization, and
classification steps as required. The "crystalline maltitol”
is often differentiated more clearly in "property of less prone
toconsolidation” fromconventional products than the "maltitol
crystal containing molasses”™ and is therefore preferable as
a crystalline maltitol powder less prone to consolidation of
the present invention.

[0049]

Thecrystallinemaltitol powder less prone toconsolidation
of the present invention is characterized by enduring
environments during delivery or storage for a longer period
than ever before and maintaining powder flowability, and by
being less prone to consolidation even in a torture test under
severe conditions such as the present assay method of degree
of consolidatiohd The crystalline maltitol powder of the
present invention does not require new pulverization or drying

step 1n transfer, packaging opening, and use, and it is

16
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applicable to automatic powder transportation by air or the
like. Further, it has advantages such as easy handling because
of hardly causing inconvenience such as the clogging of the
powder.
[0050]

Various modified methods are possible as a method for
producing the crystalline maltitol powder less prone to
consolidation of the present invention. Examples thereof
include a method comprising the step of charging a crystalline
maltitol powder into a shelf type dryer, a tunnel-type dryer,
a cylindrical container (column), or the like and subjecting

the equipment or container to a contact treatment wherein an

air having a temperature of 20 to 50°C, preferably 25 to 42°C,

more preferably 28 to 33°C, and a relative humidity of 5 to

50%, preferably 8 to 48%, is allowed to flow into the equipment
or container from one side thereof and withdrawn out of the
other side thereof at a space velocity [=SV] of 2 to 15 (h™'),
preferably 3 to 14 (h™"), for consecutive 5 to 50 hours, and
preferably for consecutive 8 to 48 hours. It has been found
that a crystalline maltitol powder less prone to consolidation
can be obtained not only when the relative humidity is low but
also when the relative humidity is high by combining therewith
other conditions such as an appropriate space velocity of the
feed of air and an appropriate treatment duration.

[0051]

A totally unexpected finding was that even the treatment
using an air particularly having a high relative humidity such
as 45% gave a crystalline maltitol powder having previously
unknown properties and showing a score of 0.6 or lower,

preferably 0.4 or lower, more preferably 0.2 or lower,

17
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particularly preferably 0, in a result of the present assay
method of degree of consolidation.
[0052]

If a crystalline maltitol powder less prone to
consolidation of the present invention has a moisture content
of approximately 0.3% orlessbyweight, thecrystallinemaltitol
powder can become an excellent product further less prone to
consolidationduringnormal storageordelivery. Inapreferred
embodiment of the present invention, a crystalline maltitol
powder that has a moisture content of 0.2% or less by weight
and 98% or higher maltitol purity per solid content measured
by high-performance liquid chromatography has an excellent
propertystill further less prone toconsolidationforadelivery
or storage period.

[0053]

Under the same conditions other than particle diameters,
powders having a large particle diameter are generally
relatively less prone to consolidation, while powders having
fine particles are prone to consolidation. Moreover, powders
having a wide range of particle diameter distribution are prone
toconsolidation, while powders havinganarrowrange of particle
diameter distribution are less prone to consolidation.
[0054]

In a preferred embodiment of the present invention, 90%
or more of the crystalline maltitol powder is a powder that
has passed through a JIS standard sieve with a mesh size of
0.50mm (JIS Z8801, which corresponds toa 32-mesh Tyler screen),
in light of such tendency. Even when powder particles having
such small particle diameters are gathered, the crystalline

maltitol powder less prone to consolidation shows excellent

18
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physical properties having a score of 0.6 or lower, preferably
0.4 or lower, more preferably 0.2 or lower, particularly

preferably 0, in the degree of consolidation. Therefore, it
has a low degree of consolidation in which it endures normal
delivery or storage conditions more highly than conventional

products.
[0055]

Hereinafter, the crystalline maltitol powder less prone
to consolidation of the present invention and the production
thereof will be described in detail with reference to Examples.
However, the technical scope of the present invention is not

limited to the scope described in the Examples.

Examples
[0056 ]
(Preparation Example 1) Preparation Example of crystalline
maltitol powder less prone to consolidation of the present
invention

A crystalline maltitol powder less prone to consolidation
(Sample 1) of the present invention was obtained by charging
2.0 kg of commercially available crystalline maltitol powder
(manufactured by Towa Chemical Industry Co., Ltd., trade name
LESYS (registered trademark), lot no. 304127) (moisture
content: 0.09% by weight, maltitol purity': 99.7%, 99.5% of the
powder has passed through a JIS sieve with a mesh size of 0.50
mm) into a cylindrical container of 65 mm in inside diameter
and 1000 mm in height having a capacity of approximately 3 1liters
and subjecting the container to a treatment wherein an air

adjusted to a temperature of 30 to 33°C and a relative humidity

of 5% was allowed to pass through the container at SV (space

19
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velocity)=11.1 for 24 hours. The obtained product (Sample 1)
of the present invention had a score of 0 in a consolidation
test result by the present assay method of degree of
consolidation and was therefore a crystalline maltitol powder
having a property less prone to consolidation.
[0057]
(Preparation Example 2) Preparation Example of crystalline
maltitol powder less prone to consolidation of the present
invention

A crystalline maltitol powder less prone to consolidation
(Sample 2) of the present invention was obtained by charging
2.0 kg of commercially available crystalline maltitol powder
(manufactured by Towa Chemical Industry Co., Ltd., trade name
LESYS (registered trademark), lot no. 304167) (moisture
content: 0.10% by weight, maltitol purity: 99.7%, 99.82% of
the powder has passed through a JIS sieve with a mesh size of
0.50 mm) into the same container as in Preparation Example 1
and subjecting the container to a treatment wherein an air
adjusted to a temperature of 30 to 33°C and a relative humidity
of 45% was allowed to pass through the container at SV (space
velocity)=11.1 for 10 hours. The obtained product (Sample 2)
of the present invention had a score of 0.2 in a consolidation
test result by the present assay method of degree of
consolidation and was therefore a crystalline maltitol powder
having a property less prone to consolidation.
[0058] ’
(Preparation Example 3) Preparation Example of crystalline
maltitol powder less prone to consolidation of the present

invention
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A crystalline maltitol powder less prone to consolidation
(Sample 3) of the present invention was obtained by charging
2.0 kg of commercially available crystalline maltitol powder
(manufactured by Towa Chemical Industry Co., Ltd., trade name
LESYS (registered trademark), lot no. 304127) (moisture
content: 0.09% by weight, maltitol purity: 99.7%, 99.5% of the
powder has passed through a JIS sieve with a mesh size of 0.50
mm) into the same container as in Preparation Example 1 and
subjecting the container to a treatment wherein an air adjusted
to a temperature of 25 to 28°C and a relative humidity of 15%
was allowed to pass through the container at SV (space
velocity)=10.5 for 20 hours. The obtained product (Sample 3)
of the present invention had a score of 0.2 in a consolidation
test result by the present assay method of degree of
consolidation and was therefore a crystalline maltitol powder
having a property less prone to consolidation.

[0059]

(Preparation Example 4) Preparation Example of crystalline
maltitol powder less prone to consolidation of the present
invention

A crystalline maltitol powder less prone to consolidation
(Sample 4) of the present invention was obtained by charging
2.0 kg of commercially available crystalline maltitol powder
(manufactured by Towa Chemical Industry Co., Ltd., trade name
LESYS (registered trademark), lot no. 304167) (moisture
content: 0.10% by weight, maltitol purity: 99.7%, 99.82% of
the powder has passed through a JIS sieve with a mesh size of
0.50 mm) into the same container as in Preparation Example 1

and subjecting the container to a treatment wherein an air

adjusted to a temperature of 40 to 42°C and a relative humidity
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of 35% was allowed to pass through the container at SV (space
velocity)=14.1 for 15 hours. The obtained product (Sample 4)
of the present invention had a score of 0.2 in a consolidation
test result by the present assay method of degree of
consolidation and was therefore a crystalline maltitol powder
having a property less prone to consolidation.
[0060]
(Preparation Example 5) Preparation Example of crystalline
maltitol powder less prone to consolidation of the present
invention

A crystalline maltitol powder less prone to consolidation
(Sample 5) of the present invention was obtained by charging
2.0 kg of commercially available crystalline maltitol powder
(manufactured by Towa Chemical Industry Co., Ltd., trade name
LESYS (registered trademark), lot no. 304127) (moisture
content: 0.09% by weight, maltitol purity: 99.7%, 99.5% of the
powder has passed through a JIS sieve with a mesh size of 0.50
mm) into the same container as in Preparation Example 1 and
subjecting the container to a treatment wherein an air adjusted
to a temperature of 28 to 30°C and a relative humidity of 25%
was allowed to pass through the container at SV (space
velocity)=10.7 for 8 hours. The obtained product (Sample 5)
of the present invention had a score of 0.4 in a consolidation
test result by the present assay method of degree of
consolidation and was therefore a crystalline maltitol powder
having a property less prone to consolidation.
[0061 ] .
(Preparation Example 6) Preparation Example of crystalline
maltitol powder less prone to consolidation of the present

invention
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A crystalline maltitol powder less prone to consolidation
(Sample 6) of the present invention was obtained by charging
2.0 kg of commercially available crystalline maltitol powder
(manufactured by Towa Chemical Industry Co., Ltd., trade name
LESYS (registered trademark), lot no. 304167)‘(moisture
content: 0.10% by weight, maltitol purity: 99.7%, 99.82% of
the powder has passed through a JIS sieve with a mesh size of
0.50 mm) into the same container as in Preparation Example 1
and subjecting the container to a treatment wherein an air
adjusted to a temperature of 30 to 33°C and a relative humidity
of 8% was allowed to pass through the container at SV (space
velocity)=3 for 48 hours. The obtained product (Sample 6) of
the present invention had a score of 0.2 in a consolidation
test result by the present assay method of degree of
consolidation and was therefore a crystalline maltitol powder
having a property less prone to consolidation.

[0062]
(Comparative Test 1) Test for measuring degree of consolidation

The Samples 1 and 2 obtained in Preparation Examples 1
and 2 and commercially available crystalline maltitol powders
shown in Table 1 were used as a sample (the number of each sample
n=5). 50 g of each sample crystalline maltitol powder was
charged into a sample bottle manufactured by Uezono Youki Co.,
Ltd. (150 ml inmaximumcapacity, 4.1 cminmouthinside diameter,
5.5 cm in shell diameter, and 9.5 cm in overall height) under

an environment having a relative humidity of 50% and a

temperature of 20°C, and the bottle was tightly stoppered with
accompanying polyethylene inner and polypropylene outer lids

and a vinyl tape (19-mm-wide vinyl chloride Eslon tape
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manufactured by Sekisui Chemical Co., Ltd.) is further provided
thereon to seal the boundary between the lids and the bottle.
[0063]

Next, the sealed bottle was charged into a chamber equipped
with a temperature control (manufactured by TOKYO RIKAGAKU CO.,
LTD., EYELA Low Temp Incubator, LTI-1001ED), the degree of
consolidation was measured by a test of degree of consolidation

described in the present assay method of degree of consolidation

after a lapse of 20 days of storage at a temperature of 20°C

and at a temperature of 40°C alternately repeated at intervals

of 12 hours.
[0064]

The name of each sample used in the test, maltitol purity
(%), lot no., moisture content (% by weight), and the proportion
of a powder that has passed through the JIS sieve with a mesh
size of 0.50 mm are shown in Table 1. The results of the test

for evaluating degree of consolidation are shown in Table 2.

[0065]
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[ Table 1]
Proportion
Sample of powder
that has
passed
Grou through a
P Maltitol Moisture| JIS sieve
Name : Lot :
*1 purity no content | with mesh
* 2 ' *3 sizeof 0.50
mm
| x4
Product of Sam les].ﬂ
the present § - | 99.7 [304127| 0.09 99.50%
Invention invention ’ ]
group Production of
the present Samfleg 2.1 99.7 |304167| 0.10 99.82%
| invention ’
Conventional| ooy 99.7 |{306117| 0.10 98.95%
product 1 |
Conventional| ,.qvg 99.7 |304248| 0.13 97.59%
product 2 |
Conventional
LESY . 2 : .
Control product 3 SYS 99.6 305278 0.13 i 98.60%
group | Conventlonal| ., ;mroorp| 99.8 | E2755 | 0.09 99.66%
product 4 |
Conventional | \,rnrgorg| 99.8 | E3535 | 0.12 97.30%
product 5 | | ,
Conventional
MALTISORB 99 .8 E363S 0.09 98.80%
| product 6 | | |
Note) *1: LESYS is a registered trademark of crystalline

maltitol manufactured by Towa Chemical Industry Co., Ltd., and

MALTISORB is a registered trademark of crystalline maltitol

manufactured by Roquette Freres.

*2:

In a maltitol purity measurement, high-performance

liquid chromatography with an MCI-GEL CKO8EC column was used,

under conditions of temperature: 85°C, eluent: water, elution

rate:

(RI).

0.5 ml/min.,

and detector:

differential refractometer

*3: In a moisture content measurement, computrac MAX2000

Molisture Analyzer manufactured by Arizona Instrument was used.

The measurement was terminated with respect to the point in
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time when the change of 0 008%/min. at the ratiowas not observed
for 5 g +1 g of the sample at a temperature of 80°C.

*4 The proportion of a powder that has passed through the
JIS sieve with a mesh size of 0.50 mm was measured by charging
5 to 7 g of the sample into SEISHIN ROBOT SIFTER RPS-85
manufactured by SEISHIN ENTERPRISE CO., LTD., to which a 32-,
60-, 80-, 100-, 150-, and 200- mesh sieve was attached, and
adoptingmeasurement conditions of oscillationtime: 5minutes,

vibration level: 2, and pulse 1interval: 1 second.

[0066 ]
[ Table 2]
Test results Average score
Group Sample (degree of
lst 2nd 3rd 4th 5th Consolidation)
| Sample 1 o | o o | o 0 0.0
Sample 2 1, 0 1 | 0 0 0.2
Invention Sample 3 0 | © 1 0 0 0.2
group Sample 4 0 | O 0 1 0 0.2
Sample 5 0 | 1 ﬁ 0 | O | 1 | 0.4
Sample 6 0 0 [ 1 0 0 0.2
Conventional 1 1 1 1 1 1.0
product 1
Conventional 1 1 1 1 1 1.0
product 2 | i )
Conventional 1
1 1
Control product 3 ° 1 ‘ i 1.4
. T I
group Conventional 1 1 1 1 , 1.9
product 4 | | o
Conventional
broduct 5 1 1 2 1 1 1.2
. a F 1
Conventional 1 1 1 1 1 1.0
product 6 |

[0067]

These test results showed that the products of the present
invention show degree of consolidation having a score of 0.2
or lower even in a severe test by the present assay method of
degree of consolidation, are less prone to consolidation even
during storage or delivery, and have stable powder properties

for a long period. Thus, the products of the present invention
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have an excellent property less prone to consolidation, as
compared with commercially available conventional products
that show a score of 1.0 or higher in the test results.
[0068]
(Comparative Test 2) Test for measuring degree of consolidation
The Samples 1 to 6 obtained in Preparation Examples 1 to
6, commercially available crystalline sorbitol powders and
crystalline xylitol powders shown in ‘Table 3, were treated in
the same way as 1n Preparation Example 2, and used as a sample.
Each sample (n=5) charged into a sample bottle manufactured
by Uezono Youki Co., Ltd. was charged into a chamber equipped
with a temperature control in the same way as in Comparative
Test 1. The degree of consolidation was measured by the same
test of degree of consolidation as in Comparative Test 1 after

a lapse of 20 days of storage at a temperature of 20°C and 40°C

alternately repeated at intervals of 12 hours.
[0069]

The name of each sample used in the test, purity (%), lot
no., moisture content (% by weight), and the proportion of a
powder that has passed through the JIS sieve with a mesh size
of 0.50 mm are shown in Table 3. The same moisture content
measurement method as that for maltitol was adopted for xylitol
and sorbitol, and a quantification method described in Japan's
Specifications and Standards for Food Additives (1999) was
adopted as a purity measurement method for each of xylitol and
sorbitol. The results of the test for evaluating degree of
consolidation for the samples described in Table 3 are shown
in Table 4.

[0070]
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[Table 3]
Proportion
Sample of powder
that has
Group passed
: through JIS
Name : Moilisture : :
Purity | Lot no. sieve with
*] content :
mesh size of
_ 0.50 mm
Product of |
the Samples 1, 3,
present 5 99.7 304127 0.09 99.50%
Invention| invention
group Product of
the Samples 2, 4,
nresent 6 99.7 304167 0.10 99.82%
invention
Xylit (product
Sample 7 of Japanese 99.9 404068 0.09
Pharmacopoeia)
+ - 1 } .1
Sample 8 Xylit i 99.9 404196 0.11
Control | Sample 9 |Sorbit LTS-P20| 98.9 | 1703421 0.26 |
group Sample 10 [Sorbit LTS-PSOL 99.0 1703451 0.28
| Sample 11 Xylitol 99.7 |(H125T3B15 0.10
Sample 12 | Xylitol 99.8 0307110 0.09 |
Sample 13 Neosorb 98.9 E23B 0.41
Sample 14 Neosorb 99.1 E8737Z 0.42

Note) *1: in the description of the name section of each sample
in the table, the Samples 1 and 2 are the same as in Table 1:
Xylit (Samples 7 and 8) is a commercially available crystalline
xylitol powder (all particles of 1.99 mm or less in particle
diameter) manufactured by Towa Chemical Industry Co., Ltd.:
Sorbit (Samples8and10) isacommerciallyavailablecrystalline
sorbitol powder (Sorbit LTS-P20: 1.18mmto 0.406 mm in particle
diameter, Sorbit LTS-P50: all particles of 0.406 mm or less
in particle diameter) manufactured by Towa Chemical Industry
Co., Ltd.; xylitol (Sample 11) is a crystalline xylitol powder

manufactured by Danisco Cultor America; xylitol (Sample 12)

is a crystalline xylitol powder manufactured by Yucheng Futian
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Pharmacy Co., Ltd.; and Neosorb (Samples 13 and 14) is a

crystalline sorbitol powder manufactured by Roquette Freres.

[0071]
[Table 4]
Test results Average score
Group Sample | (degree of
1st 2nd 3rd 4th 5th consolidation)
Sample lI 0 0 0 0, 0 0.0
Sample 2 0 0 1 0 0 0.2
Invention*sample 31_ 0 0 1 0 0 0.2
group Sample 4' 0 0 0 1 0‘ 0.2
Sample 5' 0 1 0 0 1 0.4
Sample 6ﬂ O 0 1 O 0 0.2
Sample 7 2 2 2 2 2 2.0
Sample 8 2 2 2 2 2 2.0
Sample 9 2 2 2 2 2 2.0
Control Sample:U). 2 2 | 2 2 2 2.0
group |sample 11 2 2 2 2 2 2.0
Sample 124 2 2 2 2 2 2.0
Sample 13 2 2 1 2 2 1.8
jSample 14 2 2 | 2 | 2 1 1.8
[0072]

These test results showed that sorbitol and xylitol, which

are also sugar alcohols as with the products of the present

invention, do not produce an effect as shown by the product

of the present invention and are consolidated when treated in

the same way.
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CLAIMS:.

1. A crystalline maltitol powder less prone to consolidation, having
a score of 0.6 or lower in degree of consolidation measured by an assay
method of degree of consolidation wherein the assay method of degree of

consolidation comprises

charging 50 g of a sample crystalline maltitol powder into a
commercially available sample bottle (150 ml in maximum capacity, 4.1 cm in
mouth inside diameter, 5.5 cm in shell diameter, and 9.5 cm in overall
height) under an environment having a relative humidity of 50% and a
temperature of 20°C, wherein the bottle is tightly stoppered with
accompanying polyethylene inner and polypropylene outer lids, and a vinyl
tape is further provided thereon to seal the boundary between the lids and
the bottle,

charging the sealed bottle into a chamber equipped with a
temperature control and evaluating according to the judgment criteria (1) to
(3) after a lapse of 20 days of storage at a temperature of 20°C and 40°C
alternately repeated at intervals of 12 hours, wherein five identical samples
are prepared for the evaluation, and an average value of test results of these
five samples is used as the degree of consolidation in the present assay
method of degree of consolidation, wherein (1) a score of 0 is given when
the sample powder wholly flows toward the bottle mouth and thereby exhibits
flowability without attaching onto the inside bottom of the sample bottle or
slightly attaches onto the inside bottom of the sample bottle but flows toward
the bottle mouth and thereby exhibits flowability, on the way of tilting the
sample bottle containing the sample at an angle of 90 degrees (leveling
horizontally the sample bottle kept in an upright position) without giving an
impact thereto; (2) a score of 1 is given when the sample powder neither
flows nor shows flowability by tilting the sample bottle at an angle of

90 degrees but flows toward the bottle mouth on the way of or within
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1 minute after further tilting the bottle at an angle of 180 degrees; and (3) a
score of 2 is given when the sample powder does not flow toward the bottle
mouth even after a lapse of 1 minute after tilting the sample bottle at an

angle of 180 degrees.

2. The crystalline maltitol powder less prone to consolidation
according to claim 1, wherein the score in the degree of consolidation

measured by the assay method of degree of consolidation is 0.4 or lower.

3. The crystalline maltitol powder less prone to consolidation
according to claim 2, wherein the score in the degree of consolidation

measured by the assay method of degree of consolidation is 0.2 or lower.

4. The crystalline maltitol powder less prone to consolidation
according to any one of claims 1 to 3, wherein the crystalline maltitol powder
has a moisture content of 0.2% or less by weight and a maltitol content of

98% or more by weight per solid content.

5. The crystalline maltitol powder less prone to consolidation
according to any one of claims 1 to 4, wherein 90% or more by weight of the

powder that has passed through a JIS sieve with a mesh size of 0.50 mm.

6. A method for producing a crystalline maltitol powder less prone

to consolidation, comprising the steps of bringing an air having a
temperature of 20 to 50°C and a relative humidity of 5 to 50% into contact at
a space velocity [=SV] of 2 to 15 (h™") for 5 to 50 hours with a crystalline
maltitol powder having a score exceeding 0.6 in degree of consolidation
measured by an assay method of degree of consolidation, and thereby
converting the crystalline maltitol powder to a crystalline maltito! powder
having a score of 0.6 or lower in the degree of consolidation, wherein the

assay method of degree of consolidation comprises
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charging 50 g of a sample crystalline maltitol powder into a
commercially available sample bottle (150 ml in maximum capacity, 4.1 cm in
mouth inside diameter, 5.5 cm in shell diameter, and 9.5 cm in overall
height) under an environment having a relative humidity of 50% and a
temperature of 20°C, wherein the bottle is tightly stoppered with
accompanying polyethylene inner and polypropylene outer lids, and a vinyl
tape i1s further provided thereon to seal the boundary between the lids and
the bottle,

charging the sealed bottle into a chamber equipped with a
temperature control and evaluating according to the judgment criteria (1) to
(3) after a lapse of 20 days of storage at a temperature of 20°C and 40°C
alternately repeated at intervals of 12 hours, wherein five identical samples
are prepared for the evaluation, and an average value of test results of these
five samples is used as the degree of consolidation in the present assay
method of degree of consolidation, wherein (1) a score of 0 is given when
the sample powder wholly flows toward the bottle mouth and thereby exhibits
flowability without attaching onto the inside bottom of the sample bottle or
slightly attaches onto the inside bottom of the sample bottle but flows toward
the bottle mouth and thereby exhibits flowability, on the way of tilting the
sample bottle containing the sample at an angle of 90 degrees (leveling
horizontally the sample bottle kept in an upright position) without giving an
iImpact thereto; (2) a score of 1 is given when the sample powder neither
flows nor shows flowability by tilting the sample bottle at an angle of 90
degrees but flows toward the bottle mouth on the way of or within 1 minute
after further tilting the bottle at an angle of 180 degrees:; and (3) a score of 2
IS given when the sample powder does not flow toward the bottle mouth even

after a lapse of 1 minute after tilting the sample bottle at an angle of

180 degrees.
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/. The method for producing a crystalline maltitol powder less
prone to consolidation according to claim 6, comprising the steps of bringing
an air having a temperature of 25 to 42°C and a relative humidity of 8 to 45%
into contact at a space velocity [=SV] of 3 to 14 (h™") for 8 to 48 hours with a
crystalline maltitol powder having a score exceeding 0.6 in degree of
consolidation measured by an assay method of degree of consolidation, and
thereby converting the crystalline maltitol powder to a crystalline maltitol

powder having a score of 0.6 or lower in the degree of consolidation.

8. The method for producing a crystalline maltitol powder less
prone to consolidation according to claim 6 or 7, wherein the air brought into
contact has a temperature of 28 to 33°C, and thereby converting the
crystalline maltitol powder to a crystalline maltitol powder having a score of
0.4 or lower in the degree of consolidation measured by the assay method of

degree of consolidation.

9. The method for producing a crystalline maltitol powder less
prone to consolidation according to claim 8, converting the crystalline maltitol
powder to a crystalline maltitol powder having a score of 0.2 or lower In the

degree of consolidation measured by the assay method of degree of

consolidation.

10. The method for producing a crystalline maltito! powder less
prone to consolidation according to any one of claims 6 to 9, wherein the

crystalline maltitol powder having a score of 0.6 or lower in the degree of

consolidation measured by the assay method of degree of consolidation has
a moisture content of 0.2% or less by weight and a maltitol content of 98% or

more by weight per solid content.

11. The method for producing a crystalline maltitol powder less
prone to consolidation according to any one of claims 6 to 10, wherein 90%

or more by weight of the crystalline maltitol powder having a score of 0.6 or
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lower in the degree of consolidation measured by the assay method of

degree of consolidation is a powder that has passed through of a JIS sieve

with a mesh size of 0.50 mm.
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