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ABSTRACT OF THE DISCLOSURE

ABSTRACT

The present application relates to novel isomaltooligosaccharide (IMO) compositions
containing isomaltulose, methods for preparing the same and uses thereof. Specifically, the
IMO compositions according to the present application containing isomaltulose, which 1s a sugar
component not contained in currently available isomaltooligosaccharide products, have a quality
of sweetness and degree of sweetness differentiated from the existing isomaltooligosaccharide

products and thus can be used as sweeteners for more various applications.

REPRESENTATIVE DRAWING

Fig. 3
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ISOMALTOOLIGOSACCHARIDE COMPOSITIONS CONTAINING
ISOMALTULOSE, METHODS FOR PREPARING THE SAME AND USES THEREOF

FIELD OF THE INVENTION

The present application relates to novel isomaltooligosaccharide (IMO) compositions
containing isomaltulose, methods for preparing the same and uses thereof.  Specitically, the
IMO compositions according to the present application containing isomaltulose, which 1s a sugar
component not contained in currently available isomaltooligosaccharide products, have a quality
of sweetness and degree of sweetness differentiated from the existing isomaltooligosaccharide

products and thus can be used as sweeteners for more vartous applications.

BACKGROUND OF THE INVENTION

Currently available isomaltooligosaccharide (IMO) products contain i1somaltose, panose,
isomaltotriose, isomaltotetraose, isomaltopentaose, 1somaltohexaose, etc., but do not contain
isomaltulose.

[somaltooligosaccharides are oligosaccharides that exhibit excellent physiological
activity in the human body, e.g., they help intestinal regulation (causes the proliferation of
beneficial enteric bacteria) and aid in the improvement of constipation, etc.
[somaltooligosaccharides are mainly used to impart health functionality to dairy products and are
functional saccharide substances that dominate the oligosaccharide markets in Japan and Korea.

Currently, i.somaltooligosaccharides are produced by using starch as a raw material
through liquefaction and saccharification, followed by purification including filtration,

decolorization, ion-exchange, evaporation and the like. The conventional processes of
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preparing IMO comprise the saccharification of an liquefaction solution obtained by liquetying

starch, where the saccharification may be performed by carrying out maltose saccharification (1™

saccharification) and isomaltooligosaccharide saccharification (2™ saccharification) separately
and sequentially as shown in Fig. | or by carrying out maltose saccharification and

isomaltooligosaccharide saccharification simultaneously as shown in Fig. 2.

In addition, , alpha-amylase may be used as a liquefaction enzyme, beta-amylase and
pullulanase are used as a maltose saccharification enzyme, and transglucosidase may be used as
an isomaltooligosaccharide saccharification enzyme.

Further, isomaltulose, which is also called palatinose, 1s a disaccharide in which dextrose
and fructose are linked by an alpha-1,6 bond and is a sweetener ingredient that 1s non-cariogenic

and slowly digested and absorbed.

DESCRIPTION OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

It is an object of the present application to provide novel 1somaltulose-containing
isomaltooligosaccharide (IMO) compositions that have a quality of sweetness and degree of
sweetness differentiated from the existing IMO products and thus can be used as a sweetener for
a wide variety of applications.

[t is another object of the present application to provide methods for preparing the above
novel isomaltulose-containing IMO compositions.

[t is yet another object of the present application to provide sweeteners comprising the

above 1somaltulose-containing IMO compositions.

It is still another object of the present application to provide food stuft comprising the

2
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above isomaltulose-containing IMO compositions.

MEANS TO SOLVE PROBLEMS

In order to achieve the above objects, the present application provides
isomaltooligosaccharide compositions comprising from 29 to 40% by weight of fructose, from
29 to 36% by weight of dextrose, from 15 to 18% by weight of isomaltooligosaccharide, from 2
to 9% by weight of isomaltulose, from 1 to 10% by weight of maltose, and from 0 to 12% by
weight of maltotriose and higher polysaccharides, based on the total weight ot solids.

[n addition, the present application provides isomaltooligosaccharide compositions
containing isomaltulose obtained by methods comprising the steps of:

a) liquefying a starch slurry by contacting with a liquefaction enzyme to obtain a

liquefaction solution;

b) saccharifying the obtained liquefaction solution to dextrose by contacting with a first
saccharification enzyme;

¢) isomerizing the obtained dextrose-containing product to fructose by contacting with
an isomerization enzyme; and

d) saccharifying an isomaltooligosaccharide saccharification solution to
iIsomaltooligosaccharide by contacting with a mixture of a second saccharitication enzyme and a
third saccharification enzyme, where the 1somaltooligosaccharide saccharification solution is
obtained by adding the liquefaction solution obtained in step a) to the fructose-containing
product obtained in step ¢).

Further, the present application provides isomaltooligosaccharide compositions

containing isomaltulose obtained by methods comprising saccharifying a slurry of at least one

3
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raw material for saccharification selected from fructose and sucrose to 1somaltooligosaccharide
by contacting with a first saccharification enzyme.

In addition, the present application provides methods for preparing
isomaltooligosaccharide compositions containing isomaltulose, comprising the steps of:

a) liquefying a starch slurry by contacting with a liquefaction enzyme to obtain a

liquefaction solution;

b) saccharifying the obtained liquefaction solution to dextrose by contacting with a first

saccharification enzyme;

¢) isomerizing the obtained dextrose-containing product to fructose by contacting with
an isomerization enzyme; and

d) saccharifying an isomaltooligosaccharide saccharification solution to
isomaltooligosaccharide by contacting with a mixture of a second saccharification enzyme and a
third saccharification enzyme, wherein the isomaltooligosaccharide saccharification solution is
obtained by adding the liquefaction solution obtained in step a) to the fructose-containing
product obtained in step ).

Further, the present application provides methods for preparing isomaltooligosaccharide
compositions containing isomaltulose, comprising saccharifying a slurry of at least one raw
material for saccharification selected from fructose and sucrose to isomaltooligosaccharide by
contacting with a first saccharification enzyme.

In addition, the present application provides sweeteners comprising the above
isomaltulose-containing IMO composition.

In addition, the present application provides food stuff comprising the above

isomaltulose-containing IMO composition.
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EFFECTS OF THE INVENTION

The novel isomaltulose-containing IMO compositions according to the present
application, unlike the existing IMO products where dextrose makes up the majority of the
monosaccharide, contain fructose as well as dextrose, and isomaltulose which is a disaccharide,
and thus have an improved quality of sweetness and degree of sweetness, such that they can be

used as sweeteners for a wide variety of applications.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1 and 2 schematically show exemplary processes for preparing conventional IMO

products.

Fig. 3 schematically shows a process for preparing the IMO composition according to
Example 1.

Fig. 4 schematically shows a process for preparing the IMO composition according to
Example 2.

Fig. 5 is a graph comparing the sensory evaluations of the IMO composition according

to Example 1 and a conventional IMO product.

Fig. 6 1s a graph comparing the sensory evaluations of the IMO composition according

to Example 2 and a conventional IMO product.

DETAILED DESCRIPTION FOR PRACTICING THE INVENTION

The novel 1somaltulose-containing IMO compositions according to the present
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application comprise from 29 to 40 DB% of fructose, from 29 to 36 DB% of dextrose, from 15
to 18 DB% of isomaltooligosaccharide, tfrom 2 to 9 DB% of isomaltulose, from 1 to 10 DB% of
maltose, and from 0 to 12 DB% of maltotriose and higher polysaccharides (e.g., maltotetraose,
maltopentaose, maltohexaose, etc.), where the DB% represents the percentage on a dry basis.
The 1somaltulose-containing IMO compositions according to the present application

have sugar compositions differentiated from those of the existing IMO compositions as shown in

Table 1 below.

<Table 1>
Sugar Compositions Conventional IMOs IMOs of Present
<DB%> Application
<DB%>

fructose . 0 29-40

dextrose | 18-22 29-36
iIsomaltooligosaccharide 50-53 15-18

1Isomaltulose L 0 2-9
maltose 12-18 1-10
| maltotriose and higher polysaccharides | 10-15 0-12

The novel 1somaltulose-containing IMOs of the present application contain fructose and
1somaltulose which are not contained in the conventional IMO products and thus have a quality

of sweetness and degree of sweetness differentiated from the existing IMOs, and thus can be
used as sweeteners for a wide variety of applications.

The 1somaltulose-containing IMO compositions of the present application can be

prepared by, for example, the following two methods.

First, an isomaltulose-containing IMO composition can be prepared by a method
comprising the steps of: a) liquetying a starch slurry by contacting with a liquefaction enzyme to

obtain a liquefaction solution; b) saccharifying the obtained liquefaction solution to dextrose by

¢
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contacting with a first saccharification enzyme; ¢) isomerizing the obtained dextrose-containing
product to fructose by contacting with an 1somerization enzyme; and d) saccharifying an
isomaltooligosaccharide saccharification solution to isomaltooligosaccharide by contacting with
a mixture of a second saccharification enzyme and a third saccharification enzyme, where the
1Isomaltooligosaccharide saccharification solution is obtained by adding the liquefaction solution
obtained in step a) to the fructose-containing product obtained in step ¢).

This method may additionally include, for example, purification steps including
filtration, decolorization, 1on-exchange, etc., as described in Korean Laid-Open Patent
Publication No. 2012-0019391, following at least one step selected from the group consisting of
the above liquefaction step a), dextrose saccharification step b), isomerization step ¢) and
isomaltooligosaccharide saccharitication step d), and the above purification step may include an
evaporation step for removing moisture to enhance the storability of the product.

In the present application, starch may be any substance consisting of polysaccharide
carbohydrates. Examples of starch that may be used include, but are not limited to, corn starch,
rice starch, wheat starch, potato starch, sweet potato starch, barley starch, sorghum starch, and
mixtures thereotf.

The starch slurry may be a starch suspension in which starch is dispersed in an aqueous

solvent such as water, at concentrations of 10 to 50% (w/w), specifically 5 to 40% (w/w), more
specitically 30 to 40% (w/w), or most specifically 34 to 38% (w/w) based on solids.

As used herein, the term “liquefaction enzyme" means one of many alpha-amylases or
other amylases. Liquefaction enzymes affect the fluidity or viscosity of starch, i.e., starch
fluidization. In the method of the present application, the liquefaction enzyme may be, for

example, alpha-amylase; the first saccharification enzyme may be, for example, glucoamylase;
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and the 1somerization enzyme may be, for example, dextrose-isomerase. As used herein, the
term *‘saccharification enzyme” means one or more enzymes that are capable of hydrolyzing
polysaccharides and/or oligosaccharides, for example, alpha-1,4-glucosidic bonds of starch. As
used herein, the term "saccharification” means the acid- or enzymic-hydrolysis of starch or
liquefied starch or maltodextrins or maltooligosaccharides that ultimately results in the
production of D-glucose, maltose, small maltooligosaccharides, or any mixtures thereof.

In the present application, the process for obtaining a liquid fructose using starch as a
raw material via the steps of liquefaction, dextrose saccharification, and isomerization, i.e., the
above steps a), b), and ¢), can be carried out similar to the process for preparing the existing
liquid fructose product (HFCS-535, Ingredion Korea) commercially available in the market (see
[Fred W. Schenck and Ronald E. Hdbeda, Starch Hydrolysis Products, 1992], [Harry M.
Pancoast and W. Ray Junk, Handbook of Sugars, 1980], [Lyn O'Brien Nabors, Alternative
Sweeteners, 20011, etc.).

In the present application, the 1somaltooligosaccharide saccharification step d) can be
carried out by contacting an isomaltooligosaccharide saccharification solution with a mixture of
a second saccharification enzyme and a third saccharification enzyme, where the
1Isomaltooligosaccharide saccharification solution can be obtained by adding the liquefaction
solution obtained in step a) to the fructose-containing product obtained in step c).

For the fructose-containing products that are used in the above step d), the crude fructose
product obtained 1n step c¢) or the high purity fructose concentrates that are obtained by carrying

out the purification process including filtration, decolorization, ion-exchange and evaporation,

etc. or mixtures thereof may be used. The fructose-containing products specifically contain at

least 42% (w/w) of fructose.



CA 02852561 2014-05-16

In addition, in the above step d), the amount of the liquetaction solution added in the
fructose-containing product may be in the range of 30 to 60% (w/w) based on the total weight of
the tsomaltooligosaccharide saccharification solution.

Further, in the above step d), the concentration of raw material for
isomaltooligosaccharide saccharification in the 1somaltooligosaccharide saccharitication solution
may be in the range of from 10 to 70% (w/w), specifically from 20 to 60% (w/w), more &
specifically from 30 to 50% (w/w), or most specifically from 35 to 40% (w/w).

In step d) of the present application, the second saccharification enzyme may be, for
example, fungal-alpha-amylase or beta-amylase, and the amount of the second saccharification
enzyme added may be in the range of 0.001 to 5.0% (w/w) based on the total weight of solids 1n
the 1somaltooligosaccharide saccharification solution.  Additionally, the second saccharification
enzyme may further include from 0.001 to 3.0% (w/w) of pullulanase based on the total weight
of solids in the 1somaltooligosaccharide saccharification solution.

In addition, the third saccharification enzyme may be, for example, transglucosidase,
and the amount of the third saccharification enzyme added may be in the range of 0.001 to 5.0%

(w/w) based on the total weight of solids in the 1somaltooligosaccharide saccharification solution.

Further, the mixture of the second saccharification enzyme and third saccharification

enzyme may be added in the range of 0.001 to 5.0% (w/w) based on the total weight of solids in

the isomaltooligosaccharide saccharification solution.
The isomaltooligosaccharide saccharification step d) may be carried out at a temperature

In the range ot 40 to 70°C and at a pH in the range of 4.5 to 6.5 for 10 to 120 hours.
According to the above methods of the present application, isomaltulose-containing

IMO compositions which contain from 1 to 20% by weight of isomaltulose based on the total
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weight of solids and from 10 to 30% by weight of 1somaltooligosaccharide based on the total
welght of hydrates can be prepared.

In addition, the second method of the present application tor preparing 1somaltulose-
containing IMO compositions comprises saccharifying a solution of at least one raw material for
saccharification selected from fructose and sucrose to isomaltooligosaccharide by contacting
with a first saccharification enzyme.

In this method, the fructose that is used as a raw material for saccharification may be a
liquid fructose having a fructose content of equal to or greater than 35% on a dry basis and the
sucrose may be raw sugar before purification, sugar after purification (e.g., white sugar, brown
sugar, and black sugar), or mixtures thereof.

In addition, the solution of the above raw material for saccharification may be an
aqueous solution obtained by dissolving the raw material for saccharification in an aqueous
solvent such as water at a concentration of 30 to 90% (w/w).

In this method, the above raw material for saccharification may be a mixture of fructose
and dextrose or taffies, a mixture of sucrose and dextrose or taffies, or mixtures thereof, besides
fructose and sucrose.

In this method, the first saccharification enzyme may be a glucoamylase that is a
dextrose saccharification enzyme explained above.

The amount of the first saccharification enzyme added may be in the range of 0.1 to 10%
(w/w) based on the total weight of solids in the saccharification solution.

This saccharification may be carried out at a temperature in the range of 50 to 80°C and

at a pH 1n the range of 4.0 to 6.0 for 12 to 120 hours.

By such saccharification, IMO compositions containing from 1 to 20% by weight of

10
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Isomaltulose based on the total weight of solids and from 10 to 30% by weight of

isomaltooligosaccharide based on the total weight of hydrates can be prepared.

EMBODIMENTS

The following embodiments are presented to further illustrate and explain the present invention

and should not be taken as limiting in any regard.

l. An isomaltooligosaccharide composition comprising from about 27% to about 42% by
weight of fructose, from about 27% to about 38% by weight of dextrose, from about 10% to
about 30% by weight of isomaltooligosaccharide, from about 1% to about 20% by weight of
isomaltulose, from about 1% to about 12% by weight of maltose, from about 0% to 14% by
weight of maltotriose and higher polysaccharides, based on the total weight of solids.

2. The 1somaltooligosaccharide composition of embodiment 1 comprising from about 29%
to about 40% by weight of fructose, tfrom about 29 to about 36% by weight of dextrose, from
about 15 to about 18% by weight of isomaltooligosaccharide, from about 2% to about 9% by

weight of isomaltulose, from about 1% to about 10% by weight of maltose, from about 0% to
12% by weight of maltotriose and higher polysaccharides, based on the total weight of solids.

3. The 1somaltooligosaccharide composition of embodiment 2 comprising from about 29%

to about 33% by weight of fructose, from about 29% to about 33% by weight of dextrose, from

about 15% to about 18% by weight of isomaltooligosaccharide, from about 2% to about 5% by
weight of 1somaltulose, from about 6% to about 10% by weight of maltose, from about 1% to
12% by weight of maltotriose and higher polysaccharides, based on the total weight of solids.

4. The 1somaltooligosaccharide composition of embodiment 2 comprising from about 36%

11
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to about 40% by weight of fructose, from about 32% to about 36% by weight of dextrose, from
about 15% to about 18% by weight of isomaltooligosaccharide, from about 5% to about 9% by
weight of 1somaltulose, from about 1% to about 3% by weight of maltose, from about 0% to 2%
by weight of maltotriose and higher polysaccharides, based on the total weight of solids.
J. A method for preparing the isomaltooligosaccharide composition of embodiment 1
containing 1somaltulose, comprising the steps of:
a) liquefying a starch slurry by contacting with a liquefaction enzyme to obtain a
liquetaction solution;
b) saccharitying the obtained liquefaction solution to dextrose by contacting with a first
saccharification enzyme;
¢) 1somerizing the obtained dextrose-containing product to fructose by contacting with
an 1somerization enzyme; and
d) saccharifying an isomaltooligosaccharide saccharification solution to
isomaltooligosaccharide by contacting with a mixture of a second saccharification
enzyme and a third saccharification enzyme, where the isomaltooligosaccharide
saccharification solution 1s obtained by adding the liquefaction solution obtained in step

a) to the fructose-containing product obtained in step c¢).

6. The method according to embodiment 5, wherein a purification step is additionally
carried out after at least one step selected from the group consisting of step a), step b), step ¢),

and step d).

7. The method according to embodiment 6, wherein the purification step includes filtration,
decolorization, 1on-exchange, and evaporation.

8. The method according to embodiment 5, wherein the starch is at least one selected from

12
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the group consisting of corn starch, rice starch, wheat starch, potato starch, sweet potato starch,

barley starch and sorghum starch.

9. The method according to embodiment 5, wherein the starch slurry is obtained by
suspending a starch in water at a concentration from about 10% to about 50% by weight based
on solids.

10. The method according to embodiment 5, wherein the liquetaction enzyme is alpha-
amylase.

11. The method according to embodiment 5, wherein the first saccharification enzyme is

glucoamylase.

12. The method according to embodiment 5, wherein the isomerization enzyme is dextrose-
Isomerase.
13. The method according to embodiment 5, wherein the fructose-containing product

contains at least 42% (w/w) of fructose based on sohids.

14, The method according to embodiment 5, wherein, in step d), the amount of the
liquetaction solution added to the fructose-containing product is in the range tfrom about 30% to
about 60% (w/w) based on the total weight of the isomaltooligosaccharide saccharification

solution.

15. The method according to embodiment 5, wherein the concentration of raw material for
isomaltooligosaccharide saccharification in the isomaltooligosaccharide saccharification solution
1s from about 10% to about 70% (w/w).

16. The method according to embodiment 5, wherein the second saccharification enzyme is

a fungal alpha-amylase or beta-amylase.

17. The method according to embodiment 5, wherein the amount of the second

13
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saccharification enzyme added is in the range from about 0.001% to about 5% (w/w) based on
the total weight of solids in the 1somaltooligosaccharide saccharification solution.

18. The method according to embodiment 16 or 17, wherein the second saccharification
enzyme further comprises pullulanase in an amount from about 0.001% to about 3% (w/w) based
on the total weight of solids in the 1somaltooligosaccharide saccharification solution.

19. The method according to embodiment 5, wherein the third saccharification enzyme is
transglucosidase.

20. The method according to embodiment 19, wherein the amount of the third
saccharification enzyme added is in the range of 0.001 to 5% (w/w) based on the total weight of
solids in the isomaltooligosaccharide saccharification solution.

21. The method according to embodiment 5, wherein the mixture of the second
saccharification enzyme and the third saccharification enzyme is added at a concentration from
about 0.001% to about 5% (w/w) based on the total weight of solids in the
isomaltooligosaccharide saccharification solution.

22. The method according to embodiment 5, wherein the 1somaltooligosaccharide
saccharification step d) 1s carried out at a temperature in the range from about 40°C to about

70°C and at a pH in the range trom about4.5 to about 6.5 for about 10 hours to about 120 hours.

23. The method according to embodiment 5, wherein the obtained IMO composition
contains from about 1% to about 20% by weight of isomaltulose based on the total weight of

solids and from about 10% to about 30% by weight of isomaltooligosaccharide based on the

hydrates.

24, A method for preparing the 1somaltooligosaccharide composition containing

i1somaltulose of embodiment 1, comprising saccharifying a solution of at least one raw material

14
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for saccharification selected from fructose and sucrose to 1somaltooligosaccharide by contacting

with a first saccharification enzyme.

23. The method according to embodiment 24, wherein the fructose is liquid fructose.

26. The method according to embodiment 24, wherein the sucrose is selected from raw
sugar before purification, sugar after purification, or any mixtures thereof.

27. The method according to embodiment 24, wherein the solution of raw material for
saccharification is obtained by dissolving the raw material for saccharification in water at a
concentration from about 30% to about 90% (w/w).

28. The method according to embodiment 24, wherein the raw material for saccharification
comprises a mixture of fructose and dextrose or taffies, a mixture of sucrose and dextrose or
taffies, or mixtures thereof.

29. The method according to embodiment 24, wherein the first saccharification enzyme is
glucoamylase.

30. The method according to embodiment 24, wherein the first saccharification enzyme is
added at a concentration from about 0.1% to about 10% (w/w) based on the total weight of solids
in the saccharification solution.

31. The method according to embodiment 24, wherein the saccharification is carried out in a

temperature range from about 50° to 80°C and at a pH in the range from about 4 to about 6 for
about 12 hours to about 120 hours.
32. The method according to embodiment 24, wherein the obtained IMO composition

contains from 1 to 20% by weight of isomaltulose based on the total weight of solids and from
10 to 30% by weight of isomaltooligosaccharide based on the hydrates.

33. The isomaltooligosaccharide composition containing isomaltulose obtained by the

15
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method according to embodiment 5.

34, The 1somaltooligosaccharide composition containing isomaltulose obtained by the
method according to embodiment 24.

335. A sweetener comprising an 1somaltooligosaccharide composition according to any one
of embodiments 1, 33, and 34.

36.  Food stuff comprising the isomaltooligosaccharide composition according to any one of

embodiments 1, 33, and 34.

EMBODIMENTS
The tfollowing embodiments are presented to further illustrate and explain the present

invention and should not be taken as limiting in any regard.

1. An 1somaltooligosaccharide composition comprising from about 27% to about 42% by
weight of fructose, from about 27% to about 38% by weight of dextrose, from about 10% to
about 30% by weight of 1somaltooligosaccharide, from about 1% to about 20% by weight of
1Isomaltulose, from about 1% to about 12% by weight of maltose, from about 0% to 14% by
weight of maltotriose and higher polysaccharides, based on the total weight of solids.

2. The isomaltooligosaccharide composition of embodiment 1 comprising from about 29%
to about 40% by weight of fructose, from about 29 to about 36% by weight of dextrose, from
about 15 to about 18% by weight of isomaltooligosaccharide, from about 2% to about 9% by

welght of isomaltulose, from about 1% to about 10% by weight of maltose, from about 0% to

12% by weight of maltotriose and higher polysaccharides, based on the total weight of solids.

16
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3. The 1somaltooligosaccharide composition of embodiment 2 comprising from about 29%
to about 33% by weight of fructose, from about 29% to about 33% by weight of dextrose, from
about 15% to about 18% by weight of isomaltooligosaccharide, from about 2% to about 5% by
weilght of 1somaltulose, from about 6% to about 10% by weight of maltose, from about 1% to

12% by weight of maltotriose and higher polysaccharides, based on the total weight of solids.

4, The 1somaltooligosaccharide composition of embodiment 2 comprising from about 36%
to about 40% by weight of fructose, from about 32% to about 36% by weight of dextrose, from
about 15% to about 18% by weight ot 1Isomaltooligosaccharide, from about 5% to about 9% by
weight of 1somaltulose, from about 1% to about 3% by weight of maltose, from about 0% to 2%

by weight of maltotriose and higher polysaccharides, based on the total weight of solids.

5. A method for preparing the isomaltooligosaccharide composition of embodiment 1
containing isomaltulose, comprising the steps of:
a) liquetying a starch slurry by contacting with a liquefaction enzyme to obtain a

liquefaction solution;

b) saccharifying the obtained liquefaction solution to dextrose by contacting with a first
saccharification enzyme;

¢) 1Isomerizing the obtained dextrose-containing product to fructose by contacting with
an isomerization enzyme; and

d) saccharifying an isomaltooligosaccharide saccharification solution to

1Isomaltooligosaccharide by contacting with a mixture of a second saccharification

17
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enzyme and a third saccharification enzyme, where the 1somaltooligosaccharide
saccharification solution is obtained by adding the liquefaction solution obtained in step

a) to the fructose-containing product obtained in step c¢).

6. The method according to embodiment 5, wherein a purification step 1s additionally
carried out after at least one step selected from the group consisting of step a), step b), step ¢),

and step d).

7. The method according to embodiment 6, wherein the purification step includes filtration,

decolorization, ion-exchange, and evaporation.

8. The method according to embodiment 5, wherein the starch is at least one selected from
the group consisting of corn starch, rice starch, wheat starch, potato starch, sweet potato starch,

barley starch and sorghum starch.

9. The method according to embodiment 5, wherein the starch slurry is obtained by

suspending a starch in water at a concentration from about 10% to about 50% by weight based

on solids.

10. The method according to embodiment 5, wherein the liquefaction enzyme is alpha-

amylase.

1. The method according to embodiment 5, wherein the first saccharification enzyme is
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glucoamylase.

12. The method according to embodiment 5, wherein the iIsomerization enzyme is dextrose-
Isomerase.
13. The method according to embodiment 5, wherein the fructose-containing product

contains at least 42% (w/w) of fructose based on solids.

14. The method according to embodiment 5, wherein, in step d), the amount of the
liquefaction solution added to the fructose-containing product is in the range from about 30% to

about 60% (w/w) based on the total weight of the 1somaltooligosaccharide saccharification

solution.

15. The method according to embodiment 5, wherein the concentration of raw material for

isomaltooligosaccharide saccharification in the 1somaltooligosaccharide saccharification solution

Is from about 10% to about 70% (w/w).

16. The method according to embodiment 5, wherein the second saccharification enzyme is

a fungal alpha-amylase or beta-amylase.

17. The method according to embodiment 5, wherein the amount of the second
saccharification enzyme added is in the range from about 0.001% to about 5% (w/w) based on

the total weight of solids in the 1somaltooligosaccharide saccharification solution.
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18. The method according to embodiment 16 or 17, wherein the second saccharification
enzyme further comprises pullulanase in an amount from about 0.001% to about 3% (w/w) based

on the total weight of solids 1n the 1somaltooligosaccharide saccharification solution.

19. The method according to embodiment 5, wherein the third saccharification enzyme is

transglucosidase.

20. The method according to embodiment 19, wherein the amount of the third
saccharification enzyme added is in the range of 0.001 to 5% (w/w) based on the total weight of

solids in the 1somaltooligosaccharide saccharification solution.

21. The method according to embodiment 5, wherein the mixture of the second
saccharification enzyme and the third saccharification enzyme is added at a concentration from
about 0.001% to about 5% (w/w) based on the total weight of solids in the

isomaltooligosaccharide saccharification solution.

22. The method according to embodiment 5, wherein the isomaltooligosaccharide
saccharification step d) is carried out at a temperature in the range from about 40°C to about

70°C and at a pH 1n the range from about4.5 to about 6.5 for about 10 hours to about 120 hours.

23. The method according to embodiment 5, wherein the obtained IMO composition

contains from about 1% to about 20% by weight of isomaltulose based on the total weight of
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solids and from about 10% to about 30% by weight of 1somaltooligosaccharide based on the

hydrates.

24, A method for preparing the isomaltooligosaccharide composition containing
iIsomaltulose of embodiment 1, comprising saccharifying a solution of at least one raw material
for saccharification selected from fructose and sucrose to i1somaltooligosaccharide by contacting

with a first saccharification enzyme.

23. The method according to embodiment 24, wherein the fructose is liquid fructose.

26. The method according to embodiment 24, wherein the sucrose is selected from raw

sugar before purification, sugar after purification, or any mixtures thereof.

27. The method according to embodiment 24, wherein the solution of raw material for
saccharification is obtained by dissolving the raw material for saccharification in water at a

concentration from about 30% to about 90% (w/w).

28. The method according to embodiment 24, wherein the raw material for saccharification

comprises a mixture of fructose and dextrose or taffies, a mixture of sucrose and dextrose or

taffies, or mixtures thereof.

29. The method according to embodiment 24, wherein the first saccharification enzyme is

glucoamylase.
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30. The method according to embodiment 24, wherein the first saccharification enzyme is

added at a concentration from about 0.1% to about 10% (w/w) based on the total weight of solids

in the saccharification solution.

31. The method according to embodiment 24, wherein the saccharification is carried out in a
temperature range from about 50° to 80°C and at a pH in the range from about 4 to about 6 for

about 12 hours to about 120 hours.

32. The method according to embodiment 24, wherein the obtained IMO composition
contains from 1 to 20% by weight of isomaltulose based on the total weight of solids and from

10 to 30% by weight of 1somaltooligosaccharide based on the hydrates.

33. The 1somaltooligosaccharide composition containing isomaltulose obtained by the

method according to embodiment 3.

34. The 1somaltooligosaccharide composition containing isomaltulose obtained by the

method according to embodiment 24.

33. A sweetener comprising an isomaltooligosaccharide composition according to any one

of embodiments 1, 33, or 34.

36. Food stutt comprising the 1somaltooligosaccharide composition according to any one of
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embodiments 1, 33, or 34.

EXAMPLES

The present application is further described and illustrated according to the examples
provided below. However, it should be noted that the following examples are presented only for

tllustrative purposes and are not intended to limit the scope of the present application.

Example 1:

As shown in Fig. 3, isomaltulose-containing IMO compositions of the present
application were prepared by carrying out a process using starch as a raw material and various

types of enzymes (alpha-amylase, glucoamylase, dextrose-isomerase, fungal-alpha-amylase,

pullulanase, transglucosidase, etc.):

starch (raw material) —» liquefaction—» dextrose saccharification—dextrose filtration—dextrose decolorization—
dextrose 10n-exchange—dextrose evaporation (45~50Bx)—isomerization—

fructose 10on-exchange—fructose decolorization—fructose evaporation

I (55~60Bx)—1fructose separation—high purity fructose ion-exchange—high
purity fructose decolorization—high purity fructose evaporation (70~80Bx)
—mixing (fructose concentrate+high purity fructose concentrate)

1somaltooligosaccharide saccharification—filtration—decolorization—ion-exchange
~>evaporation—IMO composition

Specifically, 2,600 g of corn starch and 6,000 g of water were added to a vessel to

prepare starch slurry. A liquefaction enzyme, alpha-amylase (Liquozyme Supra 2.2X,

Novozymes Korea), was added to the starch slurry in an amount of 0.04 to 0.05% (w/w) based
on the total weight ot solids in the starch slurry at a pH of 5.5 to 6.0, followed by a reaction for 3

to 30 minutes at a temperature of 100 to 110°C to obtain a liquefaction solution with a dextrose
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equivalent (DE) of 10 to 14. Subsequently, the obtained liquetaction solution was subject to the
dextrose saccharification step. Specifically, glucoamylase (Dextrozyme 2.0X, Novozymes
Korea) was added in an amount of 0.05 to 0.08% (w/w) based on the total weight of solids in the
obtained liquefaction solution at a pH of 4.2 to 4.5, followed by a reaction for 40 to 48 hours at a
temperature of 55 to 60°C. The obtained saccharification solution was subject to filtration to
remove the unreacted materials, followed by decolorization by passing the solution through a
carbon column filled with granular active carbon at a temperature of 70 to 75°C for 30 minutes
to 2 hours. Subsequently, ionic components were removed from the solution using a cation
exchange resin (PK218, Samyang) and an anion exchange resin (WA30, Samyang) with a flow
rate of 50 to 150 L/min at 40 to 50°C. Next, the obtained solution was evaporated by means of
an evaporator to 45 to 50 Bx to obtain a dextrose concentrate.

Then, the obtained dextrose concentrate was passed through a column filled with an
Isomerization enzyme (Gensweet, Okjun Biotech) at a temperature of 60 to 65°C and at a pH of
7.7 to 8.0 to obtain an isomerization solution having a fructose content of 40 to 45% (w/w) based
on solids, and ionic substances were removed therefrom using a cation exchange resin (PK218,
Samyang) and an anion exchange resin (WA30, Samyang). To the ion-purified solution was

added powdered active carbon, and the solution was subject to decolorization at a temperature of

70 to 75°C for 30 minutes to 1 hour, followed by filtration using SA and 5C filter papers and
evaporation to obtain a fructose concentrate of 55 to 60 Bx. Subsequently, the obtained
fructose concentrate was passed through a column filled with a resin for a separator (Dowex
Monosphere 99 Ca/320, Dow) at 60 to 62°C to obtain a high purity fructose solution having a

fructose content of equal to or greater than 85% (w/w) based on solids. The obtained high

purity fructose solution was subject to ion purification using a cation exchange resin (PK218,
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Samyang) and an anion e€xchange resin (WA30, Samyang), decolorization using granular active
carbon, and evaporation to obtain a high purity fructose concentrate of 70 to 80 Bx.

Next, the high purity fructose concentrate was mixed with the above fructose
concentrate (55~60 Bx) so as to have a tructose content of 55-57% (w/w) based on solids,
followed by addition of water to obtain a sugar solution of 35 to 38 Bx. The sugar solution was
then mixed with approximately 40% by weight, based on the total weight of the sugar solution,
of the liquefaction solution (Bx: 35 to 38, DE: 10 to 14) to obtain raw material for

iIsomaltooligosaccharide saccharification.

To the obtained raw material for isomaltooligosaccharide saccharification, 0.03 to 0.06%
(w/w) of fungal-alpha-amylase (Clarase L., Okjun Biotech), 0.011 to 0.014% (w/w) of
pullulanase (Optimax L1000, Okjun Biotech), and 0.024 to 0.027% (w/w) of transglucosidase
(Transglucosidase L "Amano", Sein Corporation), based on the total weight of solids of the raw
material for isomaltooligosaccharide saccharification, were added and followed by reaction at a
temperature of 55 to 60°C and at a pH 5.2 to 5.6 for 40 to 48 hours to obtain an
Isomaltooligosaccharide composition containing isomaltulose. The obtained solution was
subject to filtration to remove unreacted materials and passed through a column filled with
granular active carbon at a temperature of 70 to 75°C for 30 minutes to 2 hours. lonic
components such as sodium and calcium ions were removed from the solution using a cation
exchange resin (PK218, Samyang) and an anion exchange resin (WA30, Samyang), and the
solution was evaporated by means of an evaporator to obtain an isomaltulose-containing
iIsomaltooligosaccharide composition of 75 to 77 Bx.

The term "Bx" used herein indicates the solid concentration in a solution at a given

temperature, which is measured using a Brix-meter. Accordingly, Bx is a measurement of
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sugar solubilized in a solution. The Brix-meter measures the grams of sugar present in 100 g of
solution. For example, 1.0 Bx represents 10 mg/ml of sugar in the solution.

The sugar compositions of the IMO compositions obtained from Example 1 and the
conventional IMO product (IMO-R1, Ingredion Korea) were analyzed by HPLC (High

Performance Liquid Chromatography), and the results are shown in Table 2 below.

<Table 2>
Sugar Composition | Conventional IMOs| IMOs of Example 1
(DB %) (DB %)
fructose 0 I 29~33
dextrose 18~22 29~33 I

i_ iIsomaltooli gosacchéride | I 50~ 55 j 15~ 18 |
iIsomaltulose 0 l 2~5
12~ 18 6~ 10 |

maltose
| maltotriose and higher polysaccharides l 10~ 15 | ~12

Example 2:
As shown 1n Fig. 4, the IMO compositions of the present application were prepared by

carrying out a process using liquid fructose as a raw material and a glucoamylase enzyme:

liquid fructose (raw material)—saccharification (enzymatic reaction)—filtration—decolorization—

ion-exchange—evaporation—IMO composition

Specitically, an 1somaltooligosaccharide saccharification solution with Bx of 70 to 73
was obtained by adding water to a liquid fructose (HFCS-42, Ingredion Korea) having a fructose
content of 42 to 45% (w/w) based on solids and Bx of 75 to 77. To the solution was added a
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dextrose saccharification enzyme, glucoamylase (AMG, Novozymes Korea), in an amount of 2.0
to 2.5% (w/w) based on the total weight of solids in the saccharification solution at a temperature
of 65 to 70°C and a pH o1 4.3 to 4.7, followed by a reaction for 90 to 96 hours. The obtained
solution was subject to filtration using diatomite to remove the unreacted materials,
decolorization by passing through a column filled with granular active carbon at a temperature of
70 to 75°C, 1on purification using a cation exchange resin (PK218, Samyang) and an anion
exchange resin (WA30, Samyang), and evaporation to remove moisture to obtain an
iIsomaltulose-containing 1somaltooligosaccharide composition with Bx of 75 to 77.

The sugar compositions of the IMO compositions obtained from Example 2 and the
conventional IMO products (IMO-R1, Ingredion Korea) were analyzed by HPLC, and the results

are shown in Table 3 below.

<Table 3>
l Sugar Composition Conventional IMOs | IMOs of Example 2 |
- (DB %) | (DB %)
fructose 0 36 —40
| dextrose o 18 ~22 32~36 ]
L_ ) Isomaltooligosaccharide 50~55 I 15~18
isomaltulo_si ) 0 o 5~9 |
maltose 12~18 | ~3
maltotriose zind higher polysaccharides 10~15 ] 0~2

Experimental Example 1: Sensory evaluation of the IMO composition according to

Example 1
The sweetness strength, sweetness sustainability, and body of the

1Isomaltooligosaccharide composition prepared by Example 1 (novel IMO) and the conventional
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Isomaltooligosaccharide product (conventional IMO, IMO-R1, Ingredion Korea) were compared

by a sensory test, and the results are shown 1n Fig. 3.

Specifically, the conventional IMO and novel IMO samples were each prepared into a
10% solution based on solids. After being kept cool at 4°C for 8 to 16 hours, the solutions were
subject to sensory tests in the sensory testing laboratory at room temperature. In the sensory
test, a S-scale test was used to evaluate each property (sweetness strength, sweetness
sustainability, body) and the panel trained on the sweetness of sweeteners was composed of 12
employees of Ingredion Korea aged between 25 and 50.

As shown in Fig. 5, the novel IMO composition according to Example 1 of the present
application showed remarkable differences in the three sensory properties, 1.¢., 1t had a higher
sweetness strength, longer sweetness sustainability, and lighter body in comparison to the
conventional IMOs. It could also be ascertained from the sensory test results that the novel

IMO exhibited sweetness more close to sugar than the conventional IMOs.

Experimental Example 2: Sensory evaluation of the IMO composition according to

Example 2
The sensory properties, 1.e., sweetness strength, sweetness sustainability and body of the
1somaltooligosaccharide composition (novel IMO) prepared by Example 2 were evaluated in a
similar manner to that described in Experimental Example 1, and the results are shown in Fig. 6.
As shown 1n Fig. 6, the novel IMO composition according to Example 2 of the present
application also showed remarkable difterences in the three sensory properties, i.c., it had a

higher sweetness strength, longer sweetness sustainability, and lighter body in comparison to the

conventional IMOs. It could also be ascertained from the sensory test results that the novel
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IMO exhibited a sweetness more close to sugar than the conventional IMOs.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. An isomaltooligosaccharide composition comprising from 27% to 42% by weight of
fructose, from 27% to 38% by weight of dextrose, from 10% to 30% by weight of '
isomaltooligosaccharide, from 1% to 20% by weight of isomaltulose, from 1% to 12% by
weight of maltose, from 0% to 14% by weight of maltotriose and higher polysaccharides,

based on the total weight of solids.

2. The isomaltooligosaccharide composition of claim 1 comprising from 29% to 40% by
weight of fructose, from 29 to 36% by weight of dextrose, from 15 to 18% by weight of
isomaltooligosaccharide, from 2% to 9% by weight of isomaltulose, from 1% to 10% by
weight of maltose, from 0% to 12% by weight of maltotriose and higher polysaccharides,

based on the total weight of solids.

3. The isomaltooligosaccharide composition of claim 2 comprising from 29% to 33% by
weight of fructose, from 29% to 33% by weight of dextrose, from 15% to 18% by weight of
isomaltooligosaccharide, from 2% to 5% by weight of 1somaltulose, from 6% to 10% by
weight of maltose, from 1% to 12% by weight of maltotriose and higher polysaccharides,

based on the total weight of solids.

4 The isomaltooligosaccharide composition of claim 2 comprising from 36% to 40% by
weight of fructose, from 32% to 36% by weight of dextrose, from 15% to 18% by weight of
isomaltooligosaccharide, from 5% to 9% by weight of isomaltulose, from 1% to 3% by
weight of maltose, from 0% to 2% by weight of maltotriose and higher polysaccharides, based

on the total weight of solids.

5. A method for preparing the isomaltooligosaccharide composition of claim 1
containing isomaltulose, comprising the steps of:
a) liquefying a starch slurry by contacting with a liquefaction enzyme to obtain a

liquefaction solution;
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b) saccharifying the obtained liquefaction solution to dextrose by contacting with a
first saccharification enzyme;

¢) isomerizing the obtained dextrose-containing product to fructose by contacting
with an isomerization enzyme; and

d) saccharifying an isomaltooligosaccharide saccharification solution to
isomaltooligosaccharide by contacting with a mixture of a second saccharification
enzyme and a third saccharification enzyme, where the isomaltooligosaccharide
saccharification solution is obtained by adding the liquefaction solution obtained

in step a) to the fructose-containing product obtained 1n step c).

6. The method according to claim 5, wherein a purification step, which includes
filtration, decolorization, ion-exchange, and evaporation, is additionally carried out after at

least one step selected from the group consisting of step a), step b), step ¢), and step d).

7. The method according to claim 5, wherein the starch is at least one selected from the

group consisting of corn starch, rice starch, wheat starch, potato starch, sweet potato starch,

barley starch and sorghum starch.

8.  The method according to claim 5, wherein the starch slurry is obtained by suspending

a starch in water at a concentration from 10% to 50% by weight based on solids.

0. The method according to claim 5, wherein the liquefaction enzyme is alpha-amylase.

10.  The method according to claim 5, wherein the first saccharification enzyme is

glucoamylase.

11.  The method according to claim 5, wherein the isomerization enzyme 1s dextrose-

1somerase.
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12.  The method according to claim 5, wherein, in step d), the amount of the liquefaction
solution added to the fructose-containing product is in the range from 30% to 60% (w/w)

based on the total weight of the isomaltooligosaccharide saccharification solution.

13.  The method according to claim 5, wherein the concentration of raw material for
isomaltooligosaccharide saccharification in the isomaltooligosaccharide saccharification

solution is from 10% to 70% (w/w).

14.  The method according to claim 5, wherein the second saccharification enzyme is a

fungal alpha-amylase or beta-amylase.

15.  The method according to claim 14, wherein the second saccharification enzyme
further comprises pullulanase in an amount from 0.001% to 3% (w/w) based on the total

weight of solids in the isomaltooligosaccharide saccharification solution.

16.  The method according to claim 5, wherein the third saccharitication enzyme 1S
transglucosidase.
17.  The method according to claim 16, wherein the amount of the third saccharification

enzyme added is in the range of 0.001 to 3% (w/w) based on the total weight of solids 1n the

isomaltooligosaccharide saccharification solution.

18.  The method according to claim 5, wherein the isomaltooligosaccharide
saccharification step d) is carried out at a temperature in the range from 40° C. to 70° C. and at

a pH in the range from 4.5 to 6.5 for 10 hours to 120 hours.

19. A sweetener comprising an isomaltooligosaccharide composition according to claim 1.
20.  Food stuff comprising the isomaltooligosaccharide composition according to claim 1.
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Fig. 2
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Fig. 3
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Fig. 4
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Fig. 5
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