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DESCRIPTION
CARPSULE PRODUCTION METHOD, CAPSULE, CONTENT, SOLIDIFIED PRODUCT,

AND COMPOSITION

Technical Field

The present invention relates to a capsule production

method, a

=, a content, a solidified product, and a
composition.

Background Art

In the production of capsules containing contents such as
foods, for example, a submerged curing coating method (oxifice

method) is used. The method is used, for example, to produce

3

artificial salmon roe or the like. In this method, the liquid
{core material) to be encapsulated is dispersed in a polymer

liguid such as alginic acid and dropped into a

containing calcium to provide capsules.

Such capsules can enclose ingredients such as

pharmaceuticals, health foods, foods, and animal

ing film prepared using a solution o

proteins such as
gelatin or polysaccharides such as stavch. Therefore, wide
application includes the food industry, pharmaceutical industry,
and the like.
fonoz]

While capsules are widely used as so-called health foods

such as supplements, general foods using capsules are not well
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known. For example, JP 2007-14252 A and the like disclose a sour

seagoning contailning a capsule formed of a coating film as a

base material of agar and gellan gum and/oxr carrageenan, which

encloses & Segamse aroma conponent .

In addition, JP 2018-143101

capsule for preventing food texture deterioration, which is used

o]

in an edible mediuwm containing =dible oil, the capsule
containing agar as the main component of the coating £ilm. The

capsules disclosed in the above-described Patent Literatures

D

article size of about 3 mm or less, and the amount
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method) . The orifice method is a method of mixing a substance to
be encapsulated (core material) with a polymer, and dropping the
core material mixed with the polymer into a curing liguid to

react with the polymer and cause gelation. For example, JP 2022-

14451 A discloses that a soy sauce golution containing a

[

calcium salt and soy sauce sclubtion lg dropped an agqueous

1]

sedium alginate solution to form capsules. In addition, for
example, WO 2011/138478 A discloses a reverse spheronizatio

process for encapsulating wine such as sparkling wine. The

Literatures

capsuleg disclosed in the above Pate

also small.

Summary of
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chnical Problem

{0005]

The capsuies containing focods and the like disclosed in

the above-described Patent Liter

tures can add new flavorg and

o
sy

to foods that are served together with the food

LAY amount

;..1

However, depending on the application, a

ssulation is reguired.

Cn the other hand, capsules with a large amount of

encapsulat

and £ill

ion are produced by producing so-called empty capsules

ing them with the content. However, a step of producing

empty capsules and a step of filling the content are reqguired,

resulting in poor efficiency. In addition, filling the content

may require high technical skills and specialized equipment.

Sclution to Proble

{anos]

In the corifice method and the reverse orxifice method

{reverse

such as

to produce capsules with a large amount of

In addition, the droppsed cont

surface
Hereirn,

liguig,

method) , productivity is high because capsules are

by dropping the content including the core material inteo

hods a weak force

encapsulation,

ent become flattened on the
of the curing ligquid and then enter the curing ligquid.
if the content has low wettabillity with the curing

a gelled polymer coating £ilm is formed while forming a
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neariy spherical shape due to surface tension in order to

n

minimize the aurface area. Herxein, 1f the surface tension 1

small compared to the volume of the droplet, it is also

droplet to become gpherical. Therefore, it i:

]

difficult for the

-

not easy to produce capsules with a large amount of
encapsulation by using a method of dropping the content into the

curing liguid or the like.

In addition, like the reverse orifice methed (reverse
method), a mixture of a core material and curing liquid is

polymer liguid, which

o]

enclosed in a membrane and poured into
may cause a capsule coating f£ilm to be formed outside the
membrane even if the membrane is xough.
{ooos]

The present inventor has made an intensive investigation

and found that capsules with a large amount of encapsulation can

be produced by putting the content containing a core materiasl

)

iguid into a mold and solidifying them, and charging
the solidified content (hereinafter referred to as the
sclidified content) into a contacting solutiom. The present

digclosure has been made based on the above findings.

One embodiment of the present disclosure includes the

following aspe

A method for producing capsules, comprising:

a step of solidifving a content including a core

and a curing agent to provide a solidified content; and
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a step of contacting the
contacting solution including a

provide a capsule including the

£ilm with the solidifi
{00101
< 2 >
The method
content is

{oo11]

<3>
The method according to <
step of separating the ¢

The method according

)

ot

O <

submerging the capsule in

seolidified

coating-film forming agent to

golidified

A

oY <2>,

material at 35% by volume oxr wore.
{0c13]

<bx»

o «<l» 0¥ <2,

incliudes ethyl alcohol.
[0014]

<6 >

The method according to <l» or <2»,

a thickener.

wherein

content

content

ed content encapsulated,

the

obtained by freezing the content.

further

apsule frxom the contacting

further

wherein

wherein

sol
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comprising

a

solution.

compr

a sclution including the coxe

the content

content

the
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The met
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according to <l» or «<2», whereln the content
s at least ome of xanthan gum and a water-sc
cellulose derivative.
{0018]
<8>

. ile
The method according

g to
ontacting solution

> or <2», wherein a temperature
ig 40°C or more.
<9
The method according to <l»> oY <2», wherein the content
includes a solid material.
{oo1s]
<10>
The method according to <7>, wherein the solid material is
a second capsule encapsulating a second content or f£ruit pulp
{oo19]
<li>
The method according Lo <l» or «2», comprisging a
bringing the capsule into contact with a
golution to chargs a surface of
{0020]

3]

tep of
cation-imparting

The

method according to <l> or <2»>, further comprising
gtep of applying a coating treatment to the surface
capsule.
021]
<12

g a
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The met

amcount of

{oo22]

ml or
<14

The method acceording to , wherein a breakir
load of the capsule ig 1 to 10 N.
[00223]

]

A4

Ie

L

<15>

The method according to <l»> or <2», wherein an average
thickness of the coating film is 10 pm to 10
{0024]

.

<16>
A capsule comprising:

at least one of a content including
solidifd

a

=

core material
ed content including a core material;

m

clidified content;

a coating film encapsulating the content and the
} and

a coating that coats

the coating
least one ©

LR

)

film and incliude
agar and gelatin,

=

=5 at

[#]
o]
=

o

wherein a total amcunt of the content and the solidified
1 ml or more,.
[0025]

The capsule according to <16», wherein the oc
includes ethyl alcohol.

content
[0028]
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<18

The capsule according to <ié> or <17>, wherein the content

and the solidified content include a

€1,

The capsule according to <16> or <17>, wherein the content

and the solidified content include at least one of xanthan gum

and a water-scluble celluloge devivative.
{0028]

<20

The capsule according to <16> or <17»>, wherein the coating

th
e

im seamlessly encapsulates the content and the solidified

The capsule according to <1é»> or <1l7>, wherein the content

includes a solid material.

A

The capsule according to

wherein the solid mat

ig a second capsule encapsulating a second ceontent, or fruilt
pulp.

[0031]

<23>

A content comprising a core material and a curing agent

and used in the production method according to <l>» or <2>.

{0032]
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<24

A solidified content obtained by sclidifying the content

A composition comprising the solidified content according

to «24> and a contacting solution including a coating-£ilm

Advantagecus Effects of Imvention

The production method of the present disclosure can

X

produce capsules with a large amount of encapsulation.
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The contents of the present disclosure will be described

in detail below, but are not limited thereto.

{0036]

In the pres description, “to” indicating a numer:

range is usged to include the numerical values written be
after it as the lower limit and upper limit.

11 ranges described step by step in the

In the numeric

present description, the upper limit value or lower limit value
described in one numerical range wmay be replaced with the upper
limit wvalue or lower limit value of another numerical range

described stepwise. In addition, in the numerical ranges

%o
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described in the present descript the upper limit value ox

lower limit wvalus of the numerical rangs may be replaced with

the values shown in Examples.

A combination of two oxr more preferred aspects ls a more

ed aspect in the present description.

In the present description, the term “core material”

refers to a material encapsulated in a capsule produced by the

i
W
9]
et
[¢]
mw
¢
8
¢

production method of the present dis

{0038]

In the prese cription, “water-gsoluble” means that the

sclubilicy in 100 water with a pH of 7.0 and a liguid

{0
O
th

temperature of 22°C is 0.1 g or more.

{oc3e]

W

In the present description, “contact” between a solidified
content and a solution containing an agent for forming a coating
£ilm includes not only the case where they come into contact
with sach other, but also the c¢asge where the solidified content
ig eubmerged in the solution. In addition, the contact also

come into c¢ontact with each

a case where theay do 1
other, but a case where the solidified content and the solution
containing the agent for forming a ccating £ilm are close enough

te start & reaction.

iMethod for producing capsules]

A method for producing capsules of the present disclosure

10



WO 2025/080859

a step

3

of solidifying
and a curing

a core materi
agent to provide a solidified content; and
a step of contacting the scolidified content with a
contacting solution including a coating-film forming agent to
provide a capsule including the solidified content and a co:
£ilm with the solidified content encapsulated.

The method for producing capsules of the present
disclogure can further inciude a step of geparating the capsule
from the contacting soclution.

The method for producing capsules of the present
digclosure can further include a step of bringing the capsule
into contact with a cation-imparting sclution.

The method for producing capsules of the present
disclosure can further include a step of applying a coating
treatment to the surface of the capsule

Hach

{0041

The preduction method

with a large am

f the present discl

content including

.oBure

can

cunt of encapsulation.

In addition, the production method of the present
disclosure can produce capsules that are seamless and have
excellent appearance.

produced by the orifice metk
to gel over time, and the

entire capsul

capsules produced by the production method cof the present
disclosure tend not to gel over time.
{on42]

11

esg becomes 1

gel,

&

but
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Step of providing
A method for producing capsules of the present disclosure

includes a step of solidifying a content including a core

material and a curing agent to provide a solidified content.

The sclidified contents include nct only those that have

P4

-

been completely solidified, but also those that are in progress
of solidificaticon and those that have not completely solidified.
In one embodiment, the solidification of the content

involves causing a phase change of the content, such as freezing

¢
9]
]
ot
9]
3
a3

the content or gelling the

g and preferably freezing the
content .

In one embodiment, solidifying the content is to mix a
ligquid state material and a solid state material.

In one embodiment, the solidified content i1s a content

that is capable of retaining a shape thereof at 25°C.

0

The viscosity of the solidified content can bhe 0.1 Pa-8 o

mere, 1 Pa-s or more, 5 Pa-g or more, or 10 Pa-s or more.

In the present disclosure,

i

coslty 1s meazured in

accordance with JI8 K 7117-2.

]

freezing the content, and in this case, it ig preferable to

adiust the freezing temperature propriately depending on the

compogition of the content, and for example, the temperature of

the content is preferably egual to or less than the freezing

point, more preferably from 0 to -120°C, still more preferably

i

from -10 to -70°C, and particularly preferably from -20 to
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50°C. The freezing point cof ethyl alcohel ig -11l7°C
In the present disclosure, the freezing temperature refers
to a temperature of the environment in which the content is
frozen.

The freezing time is not particularly limited, and is
preferably adjusted appropriately depending on the freezing
emperature, and can be, for example, 10 minutes to 48 hours

Freezing of the content can be performed, for example, by
storing the content in a freezer
{00441
In one embodiment, solidifving the content can be
performed after placing the content into a mold having the
degired shape
The shape of the mold is not particularly limited, and the
shape of the capsule to be produced can be determined by the
zhape of the meld, thus allowing to produce
various shapes

the capsule having
and allowing to improve the desi
produced by the producti

0

sign of the capsule

method of the present disclosure.

Examples of the shape of the mold include a sphere, an
ellipse, a cube, a heart, a star, a diamond, and a spade.

The method for taking out the solidified content from the
mold is not particularly limited, and, for example, the
sclidified content may be taken out by breaking the mold, or may

be taken out without breaking the mold.
Examples of the mold are illustrated in Figs. 1 to 2.
As illustrated in Fig. 1, a hemispherical content 510
frozen in a hemispherical mcld 500 may protrude a little

from
13
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the hemispherical mold 500 due

freezin

anothexr he

&

a hemigpherical

alf-cut

s

When preparing a frozen spherical

igpherical

urface

PCT/US2024/050807

To expansion water upon

re-freezing

ct,

content 512, which ig gimilarly frozen in

shape, lg procegsed and overlapped such that

4o

thereof

a a 516 are 2ach cther, and is re-
frozen to allow a frozen spherical object 514 to be formed.
Reference numerals 520 and 530 in Figes. 2 and 3 indicate

ntent>

The content

The content

The content

The amount of
the present disclosure is not particularly limited, and the
production method of the present diszclosure i1s suitable for

producing

caps g with a lavge amcount of encapsulation, which

can be get to 1 ml or more, 3 wml ox more, and even 5 ml Q¥ more.
The upper limit of the amount of encapsulation iz not
particularly limited, and may be 1000 mi oxr legs, 700 mi or
lesas, or 600 ml or less.
[0046]

The alcchol content ra relative to the total veolume of
the content is preferably 30% by velume or less, more preferably

or less.

25% by wvolume or less, and still more preferably 20% by volume
Setting the alcohol content rat o 30% by volume or less

14
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can faveorably promote the freezing cof the content when
sclidifving the content by freezing.

The lower limit of the alcohol content ratio is not
particularly limited, and the content may not contaln alcchol.

Alcohcl content ratio is the content ratic in the content

<

The content can be obtained, for example, by mixing,
digsolving, or dispersing each component.
{on48]

<Core materials

In the present disclosure, the type of the core material

is not particularly limited, and examples thereof include

pharmaceuticals, detergent fabric scfteners, health foods,
codsg, and animal feed.
In addition, the core material may be any of liguid,

powder, and solid.

The core material may be, for example, any of alcchol,

water, saccharides such as glucose, sugar, or fructose, salts,
or other water-soluble liguids or agueous ons.

The core material may be ethyl alcohol or drinks

ontaining ethyl alcohecl. Examples of drinks containing ethyl

alocohol include Japanese sake, wine, whisky, ligueur,; and vodka.
In addition, the core material may be those generally

referred to as fermented liquor, distilled liquor, or mixed

ligquor, which are classified according to the production method.

In addition, the core material may be fats and oils and/or

15
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cll-soluble materials. Examples of the fats and oils include
coconul ©ll, vegetable cil, and animal oil. Examples of the oil-

scluble materiale include perfumes, aroma olls, and menthel.

a3
et
o
[
®

In addition, cor

f

= material may ke an agueous liguild
food such as soy sauce golution, condensed milk, various types

of winegar, white soup stock, carbonated alccholic drinks, lemon

juice, fruit julce, coffee, carbonated fruit drinks,

The soy sauce soclution described above has

I

high sodium
concentration, and fruit duice has a low pH, and thus it hag

been difficult to encapsulate them with the orifice method ox

T

the like. The production method of the

3

resent disclosure can
easily encapsulate even such a core material.

The content can include one or more core materials.

The content ratico of the core material with respect to the

total volume of the content ilg preferably 30 vol% or more, more
preferably 45 veol% or more, =till more preferably 50 vol% or

more, and may be 70% or more or 80 vol% or mors. Setting the

content ratio of the ccre material

the above numerical

ntain, at a high level, core material properties

range can mail
such as taste and aroma,. The upper limit of the content rvatic is
not particularly limited, dbut can be 93 vol% or less and 35 vols
or less.

[0050]

As the curing agent, a polyvalent cation salt can be used,

16
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and examples theresof include a calcium salt, an iron esailt

zing salt, and an aluminum galt.

1

When the core material i3 a food or the like and the

.

disclosure is edible, the calcium salt
preferably those used for food, and examples thereof include

caleium lactate, calcium chloride, and calcium gluccnate.
When the core material is a food or the like and the

capsule produced by the production method of the present

disclosure is edible, 1t is preferable to use calcium lactate as

when the capsule is edible, calcium lactate is preferably used
instead of calcium chloride from the viewpoint of maintaining
the taste and the like.

The content can include one ©r more curing agents.
{00511

The content ratio of the curing agent with respect to the

mass of the content iz preferakly 1% by mass or moxre, more

preferably 1.5% by mass or more, and gtill more

mass or more.
Setting the content ratio of the curing agent to 1% by

mass or more can improve coating-film forming properties.

The content ¥

tio of the curing agent is not particularly

limited, but is, for example, preferably 5% by mass or legs,

more preferably 4% by mass or less, and still more preferably 3%

17
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{ocs2]
The content may contaln a curing liguid containing a

1

curing agent. For example, the content can contaln an aqueous
sclution (calcium lactate agueous solution) containing a curing
agent .

The content ratio of the curing agent with respect to the
total mass of the aguecus solution containing the curing agsnt
ig preferably

to 7% by masgs, and more preferably Z to 5% by

-3

mass.

When the content contains alcohol, it may be difficult for
the curing liguild containing the curing agent to form a solution
with alcchol. Setting the content ratio of the curing agent
within the above numerical range can improve the dispersibility
of the curing solution in alcochol, thereby allowing the sclution

to be easily prepared.
{0053]

<Special materials>

The content may contain a special mate

0]
]
ot

Lal. Examples of

the specilal materials include thickeners, dyes, and other solid

materials. The content may contain one or more special

Examples of the thickener include gelatin, xanthan gum,

guar gum, carrageenan, gum arablc, starch, and water-soluble

cellulose derivatives.

The content contains the thickener, thereby allowing to

-y

improve the coating-£film forming properties and the yield of

18
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capsule production.

From the viewpoint of improving the coating-film forming
properties, the yield of capsule production, and the strength of
the capsule, the thickener is preferably at least one of xanthan
gum and water-soluble cellulose.

When the capsule produced by the preduction method of the

present disclosure is edible, the strength of the capsule is

i

improved, thereby allowing an elastic cture to be lmparted.

From the viewpeint of suppressing the occurrence of
wrinkles in the coating film, the thickener is preferasbly water-
In the present disclosuxre, the cellulose derivative means

a compound in which a substituent such as a methyl group is

o
C
0
o
o]
o
;_J
o
Iy
I
;...l
o

introduced into a hydroxy group in a cellu by an
ether bond or an estexr bond.
oxamples of the water-scoluble cellulose derivative include

thyl cellulose, hydroxypropyl cellulose, carboxymethyl

cellulese, and hydroxzyethyl cellulose.

The content may contaln one or more thi

-
<
<
i

—

The content ratilo of the thickener with respect to the

total mass of the content is preferably 0.01 to 2% by mass, more
preferably 0.02 to 1% by mass, still more preferably 0.03 to
0.7% by mass, particularly preferably 0.05 to ¢.5% by

~

most preferably 0.07 te 0.4%

o
<
=
]
W
w

Setting the content ratio of the thickener within the

above numerical range can further improve the coating-£ilm

19
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forming properties, the yield of capsule producticn, and the

In addition, when a water-zcluble celluleose derivative ig

uged ag the thickener, setting the content ratio of the

thickener within the above numerical range can further improve

the coating-{film forming properties and the yield of capsule

production, and can effectively sup

wrinkies in the coating film.

As the pigment, a conventionally known pigment can be

appropriately selected and used. Examples of the pigment include
purple sweet potato pigment, gardenia red pigment, capsicum
pigment, rack pigment, spirulina pigment, onion pigment,

tamarind pigment, carvamel pigment, turmeric pigment, citan
pigment {(sandalwood red), krill pigment, orange pigment,

carotene, biue No. 1, vellow No. 4, and green No. 3, but are not

limited thereto.

The content containg a pigment, thereby allowing the
sclidified content contained in the coating film to be oolored,

> capsule produced by the production

designabili
method of the present disclosure to be ilmproved.

The content can contaln one or more pilgments.

The content ratio of the pigment with regpect to the total

mass of the content is preferably 0.01 to 0.1% by mass, and more

oo

o 0.5%

o]
=
[6]
h
[o]
]
o
o
i_;

N
[en}

)
[\
e ?

by mass.

Setting the content ratio of the pigment within the above

20
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numexrical

of the capsuile,

{for ezample,

like)

{0058]

component othex
thickener, and ©

25°C.

The content can contain one

fruits,

vegetables,

W

thod,

s

In the present dis

th

In one embodiment,

ange <a

-2

PCT/US2024/050807

n not only further improve the designability
but alsc maintain the core wmaterial properties
when the c¢ore material is food, taste, aroma, and

3C

than the

is
COore ma
e a

=
e,

the curing agent, the

&

and means a component that

ig solid at

oY mMore
the s

'

olid

3

golid materials.

materials
and

A,

are flesh of
the like.
In one embodiment, the solid material is a second capsule
encapsulating a second content. The second capsule may be a
capsule produced by the production method of the present
disclosure, may be a capsule produced by the production method
disclo in JP 2022-114451
crifice met

or may
method.

the content the solidi
In one emobodiment,
core

material

and the
fruit juilce,

and

The second content wmay be the same as or different
ox

second content

may be a ¢

3

coduced by the
be a capsule produced by the revers

0l

from
fied content
the

content

containsg alceohol

as the
containg lemon julce,
the like as the core material.
In one empodiment, the content contains a detergent as the
core material and the second content containg a softener as the
core material

21
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In one embod

iment, tThe solid material is a fibex
omponent.  Examples of the fiber component inolude

a water-

ingoluble cellulose derxivative (crystalline celluloge).

The content ratio of

ot

he solid material with respect to

ect
the total mass of the content lg not particularly limited

is preferably appropriately adjusted according to tl

the purpose.

When the pulp ilg used as the go

33

I material, the content

ratio of the solid material with respect to the total mass of

O

i

the content is preferably 3 to 50% by mass, and more preferably

5

10 to 40% by mass

(=N

When the second capsule is used asz the solid material, the

content ratio of the solid material with respect to the total
mass of the content is preferably 3 to 50% by
preferably 10 tc 40% by mass.

{0060]

<Additives

The content may contain an additive. Examples of the

additive include a presgervative, an antioxidant, a stabilizer, a

preservative, and an emuls

The content ratio of the additive with resgpect to the

ot

otal mass of the content is not particularly limited, and is

3
o]
4]

erably

~ed according to the purpose.

,...,
o]
<
(93
}-3

s

{Step of providing capsule)

The method for producing capsules of

U

disclosure includes a step of contacting the s
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with a contacting solution containing a <ocating-£film forming
agent to provide a capsule including the solidified content and

a coating f£ilm encapsulating the solidified content.

“The sclidified content is contained in the coating film~

means that the solidified content may be present inside the

coating £ilm, and meang an encapsulation state

least a part of the solidified content is prese

capsule, if the melted content cozes out from the capsule.

-

In one embodiment, the solidified content and the
contacting solution come into contact with each other, thereby
causing the curing agent and the coating-f£ilm forming agent to
undergo a gelation reaction, and forming a ceoating £ilm on the

aed content.

h
-

joN]

surface of the solic

The ceating

th

film contained in the capsule may encapsulate
a content obtained by melting the solidified content.

In one embodiment, twe or more solidified contents may be
encapsulated within the coating film. For example, a capsule can
be produced by bonding two scolidified contents and contacting
them with a contacting scolution.

The amcunt of the sclidified content encapsulated in the

ing film is not particularly limited, and the production

o]

method of the present disclosure is sultable for producing
capsules with a large amount of encapsulation, which can be set
to 1 ml or more, 3 ml or more, and even 5 ml or more. The upper
limit of the amount of the solidified content encapsulated is

not particularly limited, and may be, for example, 1000 ml or

lesg, 700 ml or less, or 600 ml or less.
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{ooez]

From the viewpoint of improving the strength of the
capsule, the average thickness of the coating film is preferably
10 pm to 10 wm, more preferably 20 uym to 5 mm, still more
preferably 30 um to 3 wm, particularly preferably 50 pm to Z mm,
and may be 100 um to 1 mm.

The average thicknesgs of the ceoating film is an average

thickness of any five points.

In one embodiment, the contact with the scolidified content

and the contacting solution each other is performed by

th

ng solution.

e

ied content in the contact

te

submerging the solid
The solidified content may be entirely ox partially submerged in
the contacting solution.

In one embodiment, the contact with the solidified content
and the contacting solution each other is performed by pourino

the contacting solution onto the sclidified content from above

or the like.

In one embodiment, the contact

and the contacting scolution each other is performed by spraying

<

the contacting solution to the golidified content.
In one emobodiment, the contact with the golidified content

and the contacting solution each other is performed by leaving

the solidified content in an environment in which contacting
solution is, for example, sprayed.
When the golidified content is a frozen content, it is

congidered that at least art of the frozen content

£l

8
o]
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by contact with the frozen content and the contacting solution

each other, and the contained curing agent and ceoating-£film
forming agent react with each other to form a ceoating f£ilm on

the surface thereof.

The time of the contact with the sclidified content and

the contacting solution sack

=

is preferably appropr ely

<

adjusgted according to, for example, various components contained

in the selidified content and the content ratio thereof, the
type of the ccating-£film forming agent contained in the
contacting solution and the content ratio thereof, and can be,
or example, 10 minutes to 48 hours.
[0065]

<Contacting sclutions

The contacting solution contains a coating-film forming

agent .

The contacting soluticon contains a solvent to dissclve or
disperse the ceoating-film forming agent. Examples of the solvent

include water and a conventionally known organic scolvent.

-

Examples

of the water include distilled water, purified water,
and delonized water.
{00661

The content ratio of the coating-£ilm forming agent with

egpect to the total mass of the contacting soluticn is

preferably 0.1 to

3
(o8]
o
o]

-~
=
W
n
w

-

more preferably 0.3 to 2% by mass
and particularly preferably 0.4 to 1% by mass.

Setting the content ratio of the coating-film forming
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agent within the above numerical range can lmprove the coa

film forming properties and the yield of capsule production.
{oce7]

The type of the coating-film forming agent 1s not

=

W

particularly limited as long ag it

can form a coating £ilm
around the solidified content when the contacting scolution and

the solidified content come into contact with each other.

In one embodiment, the coating-f forming age

gelling agent. As the gelling agent, alginate is preferable, and

alginate acid metal salt i

n

more preferable.
Examples of the alginate acid metal salt include alkali
metal salts such as sodium salts and potasaium salts, alkaline

earth metal salts such as calcium and magnesium =zalts, and metal

zalts such as iron and tin.

U]

When the core material is a food product or the like and
the capasule produced by the production method of the present
disclosure is edible, sodium alginate is preferable as the
alginate acid metal salt. Using scodium alginate can cause the

capsule produced by the production method of the present

t or ©

digclosure to be transpar wslucent, and thus the
encapsulated solidified content can be visually cbgerved, and

chus the designabillity of the capsule can be lmproved

The coating-£ilm forming agent

=

may be used singly ox

=

combination of two or more.
{0068]

The temperature of the contacting soluticn is preferably

5 to 100°C, more preferably 30 to 80°C,

and still more
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preferably 40 to 75°C.
Setting the temperature of the contacting sclution within

the above numerilcal rangs can ilmprove the coating-film forming

w

propertie:

nd the vield of capsule production.

The temperature of the contacting soluticon means the

=

temperature of the contacting solution before contact with the

=

ied content, preferably the temperaturs of the contacting

with the golidified

seoluticn within 5 minutes befor

G’J

content, more preferably the temperature of the contacting
solution within 1 minute before contact with the sclidified

content, and still more preferably the temperature of the

9]
O
I
ot
Is
0
o
-
3

g solution immediately before contact with the

ed content (within 30 seconds).

U
O
i_._l
-
o
-
th
e

The difference between the temperature of the contacting

solution and th

0l
kol

urface temperature of the solidified content
is preferably 30°C to 100°C, more preferably 40°C to 95°C, and
sti1ll mors preferably 45°C to 90°C.

Setting the temperature difference within the above
numerical range can improve the coating-film forming properties
and the yvield of capsule production.

[o069]
{(Step of separation)
The method for producing capsules of the present

disclosure can further inc

sule

from the contacting solution.
The separation method is not particularly limited, and for

example, can be performed by taking ocut the capsule from the

27
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contacting solution with a

wire mesh or the like
The capsule taken out may or may not be washead with water
such as distilled water as desired.
From the viewpoint of suppressing bonding between
capsuleg, it ig preferable to wash the psules taken o it is
more eferable to wash the capsules within 5 minutes after
taking out, it ie still move preferable to wash the capsule
within 3 minuteg, and it is particularly preferable to wash the
capsules within 1 minute
{00701

ep of

ontacting with

cation-imparting solution
or producing capsules of the present

disclosure can further include

into contact with

bringing the capsule
on-imparting sclution For example, the
can be performed by submerging the capsule in a cation
imparting solution.
Inciuding the step in the production method of the present
disclosure can lmprove the strength of the capsule to be
produced.
The surfaces of the capsules separat separation
step tend to be anlonically charge Bringing the capsule into
contact with the cation-lmparting scolution can cause
of the capsule be charged
thereof can be

the surface
with cation and the s
lmproved.
{00711

st
:

trength

clution
The cation-imparting s

=4

olution contains a cation-imparting

28
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agent.

The cation-imparting solubion contains a solvent to

dissolve or disperse the cation-imparting agent. The solvent isg

ag described above, and the description thereof is omitted

herein.

[0072]

The cation-imparting agent is not particularly limited as

long as it can charge the surface of the coating f£ilm with

cations, and examples thereof include chitosan, protamine, and

oly-L-lysine.

The cation-imparting agent may be used singly, or may be
used in combination of two oxr more.

{0073)

The content ratio of the cation-imparting agent with

respect to the total mass of the cation-imparting solution is

1

DY masgss,

a2

preferably 0.1 to 5% by mass, more preferably 0.3 to 3

B

)

rly preferably 0.4 to 2% by mass.
Setting the content ratio of the cation-imparting agent

within the above numerical range can cause of the

cations on the surface of the coating fii well, and
the strength of the capsule can be improved.
[0074]

{(Step of performing coating tresatment)

= =

The method for producing capsules of the present
disclogure can further include a step of applying a coating

treatment to the surface of the capsule. The step may be

N

verformed before or after the step of contactin

g with the
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cation-imparting solution,

from the viewpolnt of i

Performing the
surface of the capsule,

improved.

In one empodiment,

bringing the capsule

solution. For example,

submerging the capsule in a

{0075]

The coating £ilm

mixed, and thus it is

B

thickness, but from the

the capsule, the sum of

film and the is

coating

preferably 20 um to 5 mm,

particularly preferably

mm.

coating treatment can form a cc

difficult

of the average thicknesses

PCT/US2024/050807

but is preferably performed after

e strength of the capsule.

ating on the

and the strength thereof can be

the coating treatment can be performed

into contact with the coating trea

the coating treatment can be performed by

coating treatment solution.

and the coating are partially or entirely

to measure each average

viewpoint of ilmproving the strength of

N

average thicknesses of the coating

preferably 10 upm to 10 mm, more

still more preferably 30 um to 3 wm,

50 um to 2 mm, and may be 100 pm to 1

-t

of the coating fiim and

ot

any five points.

<Coating treatment solutions

The coating treatment

The coating tre:

or
degecribed

[0077]

disperse the coating agent.

above, and the

golution contains a coating agent.
tment soluticn containg a golvent to
The golvent is asg

description therecf ig omitted herein.
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The ceating agent is not particu

S

s

exanp

The ceating

combination of

thereof include

PCT/US2024/050807

4

arly limited, and

{agaroge) and gelatin (collagen).

ACS T
agai

agent may be used singly, or may be usad in

Two or more.

{0078]

The content ratio of the coating agent with respect to the
total mass of the coating solutilon is preferably 0.1 to 5% by
mass, nore preferably 0.3 to 3% by mass, and particularly
preferably 0.4 to 2% by mass.

Setting

above numerica
strength of th

[0079]

The type of the coating agent is no

as long as it

content when t
come into cont

In one embodiment,

the content ratio of the coating agent within the

1 range can form the coating well, and the
e capsule can be improved.

particularly limited

can form a coating film around the sclidified
he contacting zolution and the soclidified content

act with each other.

the coating agent

agent, alginate is preferable, and alginate acid

metal salt is more preferable.

Examples of the alginate acilid wetal salt include alkali
metal salts such as scodium salts and potassium salts, alkaline
earth salts such as calcium and magnesium salte, and metal
gsalts such as ilreon and tin.

When the
the capsule px

logure is

od product and

core material is a fo oY

]

Is)

he produ

[

cduced by ion method of the present

i

edible, metal sodium alginate is preferable as the
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alginate acid metal

the

. Using
capsule produc
disc

& C

m

2tal

=2d by the producti

Jium alginate
“losure to be transpare

encapsulated

nethod of the pres
nt or translucent, and thus
golidified content can he
thus the designabili
{oogol

the
e i
ty of the

igually

chsexrved,
capsule can be improv
The temperature of the
25 to 100°C,
pre

53¢

contacting
more preferably

solution lg preferably
0 to 80°C, and still more
40 to 75°C.
Setting the temperature of the contacting solution within
the above numerical range can ilmprove the coating-film forming
properties and the yield of capsule production.
The temperature of the contacting sclution means the
temperature of the contacting solution before contact with the
solidified content, preferably the temperature of the contacting
solution within 5 minutes before contact with the scolidified
content, more preferably the temperature of the contacting
golution within 1 minute before contact th the =so
content, and still more preferably the
contacting solution i
solid

olidified
content

of the
with the
1]

The con t time between the capsule and the coating
treatment solution is not particularly limited, and is
referably appropriately adjusted according to the type of the
ocating agent, the content ratioc therecf, and the like, but can

e get to, for example, 5 minutes to 2 hours

1

PCT/US2024/050807
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{(Contact with core material solution;

The method for producing a capsule of the present
disclosure can further include a step of bringing the capsule
into contact with a sclution {(core ial soluticn) contalning
35% by velume or more of the core material. For example, the
contact can pe performed by submerging the capsule in a core
material scluticn. The core material contained in the core
material solution may or may not migrate into the coating film
by the contact.

When the capsule produced by the production method of the
present disclosure is edible, it is possible to impart the taste
and arcma of the core material to the produced capsule by
including the production method of the present disclosure and
the contact step.

The core material has been described above, and thus the
description thereof is omitted. The core material contalmed in
the coating f£ilm and the core material contained in the core
material soluticon may be the game oxr different.

The core material scolution cont a solvent to dissolve
or disperse the core material. The solvent is ag described
above, and the description thereof is omitted herein.

[o083]

From the viewpoint of well ilmparting the taste and aroma
of the core material to the capsule, the content ratic of the
core material contained in the core material solution is
preferably 40 to 359% by volume, and more preferably 50 to 99% by

33
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volume.

{0084]

=3

contact time between the capsule and

the core material
lution lg not particularly limited,

appropr

and ig preferably
justed according to the type of the core
content ratio thersof, and the

ac

material,

the

like, but can be,
for example, 2 to 36 houvrs, 6 to 24 hours, or 10 teo 20 hours,
[ocgs]

The breaking load of the capsule produced by the
production method of the present

t disclosure

e}

desgori
referably 1 to 10 XN,

ibed above

is
and more preferably 2 to 8 N.
The breaking strength of the capsule is measured by using
a creep meter.
Specifically,

the capsule is placed on a sample stage
creep meter, and the capsule i1s compressed from above by a
plunger until

A
the height of the
H (20% re:

capsule reaches a height of

0.8
duction} from the height H before compression, thereby
measuring the breaking st

The height b

at which the
plunger comes i

o]

e

W

NSy
gsure.,

gens

RE2-33005 C nmanmufactured by Yamaden Co.,
Ltd.

5

w

wape {(dome)
Load cell: 20 N
Speed: speed 10 mm/sec

34



WO 2025/080859

include steps other than the above steps.
For example, a step of applying sugar, dry
chiocolate powder, ov the like to the surface of a

or a coating may be included.

In addition, the solidified content in
may be melted by performing a trsatment such

room temperature or heating.

The capsule of the disclosure

o]

resent

one of a content

content containing the core material, a

content and the zolidified content,

the

includes
contalning a core material and a

4

coating £

ilm

PCT/US2024/050807

present disclosure wmay

fruit powder,

~oring the

at least

containing

and a coating covering

the coating f£ilm and containing at least one of agar and

and

t“he total amount of the content and the

In a cond embodiment,

the capsule

disclogure
material,

and a coating

selidified content,

gelidified content

£ilm containing the content

and the sclidified content is
content In the seccond embodiment, the coating
encapsulate a content containing a core material.

coating covering a coating £ilm and

of agar and gelatin may be contained.

35

containing at

of the present

ied content containing a core

B
ne

and

a frozen

film may

In addition,

least

Qne
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The content and the

sclidified content may contailn a
curing agent, a special material, an additive, and the like.
The ceating f£ilm may encapsulate two or mors solidified
contents, or may encapsulate two or more contents.
The type and content ratio of the content, the
content, the curing agent, the g
and the

golidified
pecial material
like

, the additive
game as the

method of the

egcribed in the production
pragsent disclosure, and thus
thereotf is

ug the description
omitted herein

The coating £ilm and the coating are also similar to the
matters described in the production method of the present
disclosure,

ot

o
N
foh

=

escription thereof is omitted herein.
The total amount of the content and the scolidified content
contained in the coating film can be 1 wml or more, 3 ml or more,
or 5 ml or more. The upper limit of the total amount is not
particularliy limited, and may be, for example, 1000 ml or less,
700 ml or less, or 600 ml oxr les
fooss]

From the viewpoint of improving the designabillity of th
capsule, the coating film preferably seamlessly encapsulates the
content and the solidified content.
fooes]

The

breaki

1w load

=y

of the capsule of the present diss

sclosure
0 10 N, and more preferably 2 to 8 N
ule of the present disclosure may be produced by
the above described production method of the

present
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or may be produced by a different method.

One embodiment of the capsule of the present disclosure is

illustrated in, but not limited to, Figs. 23 to 25,
A capsule 100 i1llustrated in Fig. Z3 contalns a coat

£ilm 101 and a content containing a core material encapsulated
in the coating film 101 and/cr a scolidified content 102

containing a core material.

A capsule 200 illustrated in Fig. 24 contains a coating
£ilm 201 and a content containing a core material encapsulated

in the coating £ilm 201 and/or a solidified content 202
containing a core material, and

the content containing the core material and/or the
solidified content 202 containing the core material contains a
second capsule 200 as a solid material.

A capaule 400 illustrated in Fig. 25 contains a coating
film 401 and a content containing a core material encapsulated

in the coating f£ilm 401 and/or solidified contents 402 and 403

containing a cors material. The capsule i1llustrated in Fig. 25

encapsulates a solidified

ing two contentsg and/ox
a core material in a coating £ilm.
{gcoez]

-

Content]

ogure contalng a core

@..a

The content of the present disc

material and a curing agent, and is used in the production

]

method of the present disclosure described above.

The content of the present disclosure may contain a

37
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gpecial material, an additive, and the like.
The type, content ratlo, and the like of the core
material, the curing agent, the special material, and the

additive have been described above, and thus the description

[0

thereof ig omitted herein.
{00331

content]

ied content of the present disclosure ig

cbtained by solidifying the above described content of the

The solidified content has been described in the
production method of the present disclosure described above, and
thus the description thereof is omitted herein.

{0094]
[Composition]
The composition of the present disclosure contains a

sclidified content of the pregent disclosure described above and

Q

contacting scolution containing a coating-filwm forming agent.

The composition of the present disclosure can contain a
coating film encapsulating the solidified content and a capsule
containing a solidified content.

The contacting solution and the capsule have been
described above, and thus description therecof is omitted }
Brief Descripticon of Drawings
[0095]

Fig. 1 is a schematic diagram illustrating an embodiment
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of a mold.
Fig.
of a mold.

Fig.

of a mold.

I

Fig.

1]

L

Fi

[Re]

Fig.
temperature
capsule.

Fig.

temperature

temperature
capsule.
Fig.

Cemperature

temperature
capsule.
Fig.

temperaturs

capsu

e.

capsgules produced in

-
La

is a schematic diagram iilustrating an embodiment
ig a schematic diagram illustrating an embodiment

illustrates a photograph of a capsule (Example 1)

illustrates a photograph of a capsule (Example 2)
ig a photograph illustrating the influence of the

a contacting solution on the appearance of a

7 is a photograph illustrating the influence of the
of a contacting sclution on the appearance of a

8 1s a photograph illustrating the influence of the
of a contacting sclution on the appearance of a

9 ig a graph illustrating the infiuence of the

of a contacting sclution on the formation rate of
10 is a graph illustrating the infiuence of

)

b

contacting scolution on the formation rate of a

iz

a graph illustrating the influence of the

a contacting solution on the formaticon rate of

C

is a diagram illustrating breaking loads of

w

Examples 5a and 6a.

39

PCT/US2024/050807



WO 2025/080859

PCT/US2024/050807

=

trates initial capsule heights of capsules
produced in Examples Sa and &a.

Fig. 14 i

=3

Lo

a diagram illustratin

g an analysils example of

s initial capsule heights
produced in

Examples 6k and 9b.

Fi

[Re]
pat

. 16 is a photograph of
capsule ©

a diagram illustrating &
of Brample 10.

is a diagram illustrating a breaking load
Example 14.

18 is a diagram illustrating an influence on

W

Example 15.

is a diagram illustrating

the

0

influence on the
ample height in Example 15.

Fig.

ting an influence on a

(=3

9]

ad in Bxample 15.

Fig. 21 is a diagram illustrating influence o

on the
gample heilght i

in Example 15.

Fig. 22 is a diagram illus

trating the concentration of a

gsolution in a liquid encapsulatad in a capsule.
23 iz a echematic crose-secticnal diagram

=
(i

ambodiment of a e

Fig. 24 is a schematic crogs-sectional diagram
illustrating an embodiment o

of a capsule of the present
disclosure.

Fig.

b2
(8]
e
W
&

s

Q

4]

hematic cross-sectional diagra
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illustrating an embodiment of a capsuls of the present

disclogure.,

<
[
\O
[»)}

Hereinafter, embodiments of the pregent disclosure will be

cribed with reference to the drawings. However, the present

Cu
[0
[}

=1 o these.

Qs
s
n
¢]
et
s;
=
o
”
0
-
s
O
(%)
et
b
=
e
t
f ')

{Preparation of content]
As a core material, commercially available teguila (ethyl
alcohol 40% (volume basis}, product name: Tequila silver,

production: Souza Tequila Import Company {Mexico), ilmpoxrt:

ngs Limited) and commercially available ovange

)
c
5
:
0
3

N_‘
-
=
O
a...l
o,
=

juice {product name: POM Pon Julce, name: Fruilt Miz Juice
{concentrated reduction), raw material name: fruilt {orange
{(Brazil), unshu mikan {(made in Japan))/fragrance) were prepared.

4% calcium lactate agueous sgcolution (reagent name: calcium

lactate (powder), mass basis, produced by Junsei Chemic
Ltd.) wasg preparsed as a curing agent,
Further, commercially available manthan gum (product name:

X¥anthan gum standard {powder), produced by Unitec Foods Co.,

Ltd.) was prepared as a thickener, and 0.2 and 0.

xanthan gum aqueocus solutions were prepared by us
water, respectively.

In addition, commercially available methyl ce

41
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{product name: methyl celluleose H {(powder), produced by iUniteo
Foods Co., Ltd.) was prepared, and a 0.2% {(mass basig} methyl
cellulose aguecus solutilon was prepared by using delonized

watexr In addition, commercially avallable talline celliulose
{product name: domestic fine powder crystalline cellulose,
produced by Nippon Garlic Corporation) was prepared, and a 0.2%

{mass basis) crystalline cellulose agueous solutlion was

prepared.

In addition, a purple sweet potatc dye (product name: KC

o
©
o
o)
e
W0
o

fis]

agueous liguid), produced by Kobe Chemical Co., Ltd.)
a gardenia red dye (product name: KC Red KL-7 {agueocus liguid},
produced by Kobe Chemical Co., Litd.), and a capsicum dye

{product name: KC Orange PE-EN (capsicum dye emulsion

formulation), produced by Kobe Chemical Co., Ltd.) were

In addition, commercially available lemon fruit {(purchased

{Example 1)

Bgqual amounts {(on a volume basis)

calcium lactate aqueous golution were mixmed to provide a
content.

The content ratio cf calcium lacts

total mass of the content at 2Z5°C was 2% by mass.
The content ratio of ethyl alcchol (containing a teguila)

in the content at 25°C was 20% by volume {the content of the
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{0o9s]
{Example 2)

ual amounts (on a velume basis) of ovange juice and a 4%

calcium lactate aqueous solution were

content . The content ratlo of calelum lactate with respect to

—~

the total mass of the content at 25°C was 2% by mass.
{0100]
{(Example 3}
Egqual amounts {(on a volume basis) of distilled water and a

gueous solution were mixed to provide a

o

4% calcium lactate
content. The content ratio of calecium lactate with respect to
the total mass of the content at 25°C was 2% by mass.

{o1o1]

T

Equal amounts {on a volume basis) of teguila, a 4% calcium
lactate agueous solution, and a 0.5% xanthan gum agqueocus
sclution were mixed to provide a content. The content ratio of
caleoium lactate with respect to the total mass of the content at
25°0 was 2% by mass. The content ratio of ethyl alcohol

ontent at 25°C¢ was 20% by volume

{containing a tequila) in the c

{the content of the tequila was 50% by volume}. The content
ratio of xanthan gum with vespect to the total mass of the
content at 25°C was 0.25% by mass.

{o102]

{(Example 5}

3

1zl

gual amounts (on a volume basis) of tequila, a 4% calcium

£33

lactate agueous solution, and a 0.2% xanthan gum agqueocus
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golution were mixaed to provide a content. The content ratio of

(SR TL

calcium lactate with respect to the total mass of the content at

[
o
S

25°C was 2% by mass. The content ratio of ethyl alcohol

{containing a teguila) in the content at 25°C was 20% by volume

{the content of the teguila was 50% by volume). The content

tan gum with respect to the total wmass of the

content at 25°C was 0.1% by mass.

{(Example 6)
BEgqual amounts (on a volume basis) of teguila, a 4% calcium
lactate aqueocus solution, and a 0.2% methyl celiunlcse were mixed

R
1T

)))
o
O
o
h
0
©
‘,..l
0
2.
g
=]
o
w
o
o
o
)

to provide a content. The content :
respect to the ftotal mass of the content at 25°C was 2% by mass.

{containing a teguila) in the

ey

The content ratio of ethyl alccho
content at 25°C was 20% by volume {the content of the teguila

N

was 50% by volume}. The content ratic of methvl cellulose with

respect Lo the content at 25°C was 0.1% by
mass

{0104]

~3

(Example
Equal amounts {(on a volume basils) of orange juilce, a 4%

caleium lactate agueous solution, and a 0.5% xanthan gum agqueous

sclution were mixed to provide a content. The content ratio of
calecium lactate with regpect to the total mass of the content at

25°C was 2% by mass. The content ratio of zmanthan gum with

respect to the total mass of the content at 25°C was 0.25% by

44
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{01051
(Example 8)

uval amounta {(on a voelume bkasiz) of distilled water, a 4%

calcium lactate aqueous golution, and a §.5% manthan gum agueous

d to provide a content. The conte

v

nt ratio of

golution were mis

calcium lactate with pect to the total mass of the content at

Iy
~
i

4]

)

25°C was 2% by mass. The content ratio of xanthan qum with

1 mass of the content at 2Z5°C was 0.25% by

respect to the
mass.

{0108]

[}

(Example 9)

lactate agqueocus solution, and a 0.2% crystalline cellulose were

content. The content ratio of calcium lactate

3
ot
b
0]
o]
ot
O
ko)
e
O
Q
[]
€0

. Dy.

o

25

W
o

with respect to the total mass of the content at 25°C wa
mass. The content ratio of ethyl alcchol {(containing a teguila)
in the content at 25°C was 20% by volumes {the content of the
tequila was 50% by volume). The content ratio of crystalline

25°C

cellulcose with respect to the total mass of the content

(Ezample 10)

v

Equal amounts (on a volume basis) of orange

n

caleium lactate agueous solution, and a 0.2% methyl celliulese
were mixed to provide a content. The content ratio of calcocium
~

250

@]

lactate with respect to the total mass of the content at

was 2% by mass. The content ratio of methyl cellulose with
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regpect to the total mags of the content at 25°C wag 0.1% by
mass.
{0108]

{Freezing of content]

In each of the above described Emawmples, each of the

was placed in a hemispherical

mold by

7 wl, and frozen to provide a frozen content, The freezing
temperature was -40°C, and the freezing time was 1 hour.

The surface temperature of the frozen content was -5°C.
{0109]

{Preparation of contacting solutioni

Commercially available sodium alginate (product name:
sodium alginate (powder), manufactured by Marugo Corporation}
wag prepared, and 0.5% (mass basis) sodium alginate aguecus

red by u

solution was prep

8 sing dei
fo110]

~

Lon

onized water.

fact with contacting solution]

50 ml of a 0.5% sodium alginate agueous sclution was
placed in a beaker and heated with a heater to provide a
contacting solution made of a 0.5% scdium alginate agueous

about 70°C,

1lm

e at Coating formation was performed by
adding the frozen contents obtalned by freezing the contents of

Examples 1 to 10 to the contacting
about 3cm® hemisphevrical capsules

At this time,

decreased by about 10°C.

{o111]

lutionone by one to provide

the temperature of the contacting sclution
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{Separation from contacting solution]

The formed approximately 3 omd® hemispherical capsules were

m

cooped with wire mesh and separated from the contacting
sclution. Thereafter, the wire mesgh was washed with running
water made of distilled water.

A frozen content and a content obtalned by melting the

frozen content were encapsulater
obtained capsule, and liquid leakage was not confirmed.

In addition, the obtained capsules were all seamless and
had an excellent appearance.

In addition, the obtained

container with a screw cap and stored at 4°C for 1 wmonth. After
storage, the capsule was cut, and the content was confirmed, and

as a reault, gelation was not cbsexrved.

Figs. 4 and 5 i1llustrate photographs of capsules of

[oH
1=
N
ol
=]
O
1..)
0]
N
9]
o
Ing
W
-
(]
N
o}
&
o
4
o
I
ol
o
-
=]
]

zample 1 an
{or12]

a

(Examples La to 4a, Examples 7a and 8a: change

[

n

temperature of contacting sclution)

In addi n, capsules were produced in the same manney ag

frozen contents of

-
ot
I
o

in the production of the capsules with

Examples 1 to 4, 7, and 8, except the temperature of the
contacting solution was changed to 4°C, 25°C, 40°C, 60°C, or
80°C.

A frozen content and a content obtained by melting the

frozen content were encapsulated in the coating £ilm of the

I

obtained capsule, and liquid leakage was not confirmed.
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In addition,

the obtained capsules were all seanml
had an excellent appearance
In addition,

ess and
the obtailned capsules were placed in a
container with a screw cap and stored at 4°C

gtorage, the capsule was

for 1 month.
cut, and the
ag a result, gelation

Aftex

content was confirmed,
was

not
The

and
chserved.
chotographs of the obtained capsules are
gg. & to 8.

O

illustrated
upper -  Fig. 6 illustrates a modification of
e 1.
lower - Fig. 6 illustrates a modification of
upper parxt Fig.
mple 2.

]

modification
lower

- of Pig.
7

el

QO
]
i1

O
O
h

7 illust

strates

o

modification
upper

O
)
h

vt of Fig. 8
Example 3.

i

The

modification
lower

of
t Pig. 8 illustrates
Example §.

1)

modification of

contac!

These figures show that when the temperature of th
ting solution isg 40°C or more,
becomes

ng
0y
0w

o)

amooth, whereby

e surface of the capsule
the appearance of the «

excellent, and

{0113]

the designability is further improved

In addition, Figs. 9 to 11 illustrate the yield
capsules

d of

48
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The horizontal axis represents the temperature of the

contacting solution {(in the figure, described as

1

disso]

Lutlion temperature), and vertical axis represents the

5

capsule formation rate,

The capsule formation rate means the number of

with the coating film undamaged when 10 pleces of capsules are

produced by the above described method.

moedification of

Yanthan gum (-} in Fig. ¢ illustyrs

)
&

Xanthan gum {+) in Fig. § illustrates a modification of

o
=}
Q
jo N
s
h
e
I®]
9]
it
2
9
=)
O
i

in illustrates

Xanthan gum

;
53]
-

(o]
i
o

Xanthan gum {(+) in Fig. 10 illustrates a modification of

o~
]

modification of

W

Xanthan gum in Pig. 11 illustrates
Example 3.

+) in Fig. 11 1llustrates a modification of

o~

Xanthan gum
Example 8.

In Fig. 11, the solid line and the dotted line overlap
each other.
{0114]

{(Examples 5Sa and 6a: use of methyl cellulose}

(Bzample 5a&a) Capsules were produced in the same manner as
described above, except that xanthan gum was changed to methyl
celiviose in Example 5.

{(Example 8a) Capsules were produced in the same manner as
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cribed above, except that methyl cellulose was
zanthan gum in Example 6

A fxrozen conten

d
and a content obtain by melting the
frozen content were encapsulated in the coating £1ilm of the
cbtained capsule, and ligud ge was not
In addition, the obtalned capsules were all seamlegs and
had an excellent appearance.

In addition, the obtained capsules were placed in a
container with a screw cap and stored at 4°C for 1 month. After
storage, the capsule was cut, and the content was confirmed, and

as a result, gelation was not obgerved
The breaking load of the capsules produced in Examples Za
and 6a and the height of the capsules before compression
hereinafter, also referred to as an initial capsule height, and
ig described as a sample height in the drawing] are illustrated
in Figs. 12 and 13.
gs. 12 and 13, the bar graph described as containing
0.1% xanthan gum shows the result of Example €a, and the bar
graph described as containing 0.1% methylcellulose shows the
result of HExample Sa.
The breasking load was measured under the following
conditions with a creep meter. Specifically, the capsule was
disposed such that the cilrcular bottom surface of the
hemispherical capsule was in contact with the sample stage of
the creep meter, and the capsule was compressed from above by a
plunger until the height of the capsule reached a height of 0.8
H (20% reduction) from the height H before c

compression

Before

(]
[es]
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reaching the compression ratio, the capsule was broken. The load
at the time of breaking was taken as the breaking load.

The height before compression was set to a height at which
the plunger came into contact with the capsule and started to

ety

-Creep meter: RE2-33005 ¢ manufactured by Yamaden Co.,

er: Disc shape (4omoe)

-Speed: speed 10 mm/sec

{o11s]

strength. The vertical axis represents the load (W}, and the

horizontal axis represents the distortion ratio (%) based on the
height. In this figure, the load increases almost linearly until

the distortion ratio approaches 40%, reaches a maximum value at

aken as

about 40%, and then rapldly decresases. This polnt was

the breaking peilnt, and the lcoad was taken as the breaking load,
and interpreted as the harvdness of the capsule. The breaking
measurement corresponds to the mastication operation, and thus

the setting of the compression speed was determined by

serforming a preliminary experiment. Herein, the distortion

ey

3

ratio is considered to be a property as felt as elasticity of

2

the capsule, and the breaking load is considered to be a
property as felt as ease of breaking {(chewy). As a preliminary
test, a sensitive test was performed to investigate the

relevance of these properties from five subjects. A plurality of

(]
=
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samples were prepared such that the distortion ratic up to

breakage was about 30% to about 60%, and the elasticity wa

o3
5]

evaluated by the subjects. At this time, preparing sampls was

verformed under basically the same conditions as in Example 1,

and the concentration, temperature, and submerging time of
scedium alginate aquecus solution were adiusted to adjust t©

film thickness such that the distortion ratic was differen

s

More than about 5C pleceg of gamples were ultimately damaged,

but a majority reported the feeling of being soft. On the

=

o

nand, in the samples of 423% to 45%, the majority reported

other

moderate elasticity and comfortable burst. On the other hand,

the coating f£ilm being extremely thin was ruptured only by

pinching. Further, those subjected to coating treatmenit were

)]

almost the same distortion ratio (43% to 48%) as those wit

coating treatment, the maiority reporited the sensation of

of about 30% or more, aboul 35% or more, oxr about 40 iz

%

or about 0% or lessa

80% oxr lesgs, about 70% ox
congidered to be excellent in texture. Even in the same

distortion ratio, thosge with coati

more excellent in texture.

ected to sensory evaluation. For the coated samples with

hout

treatment wag geem Lo be

From these, it ile considered that a distortion ratio

lent in texture. In additicon, a distortion ratio of about

From the experiment, those corresponding to a distorticn

[V8)
O
o

ratic of about was about 4.5 mm to about 5.7 mm, those

responding to a distortion ratio of about 40% was about

o]
o

mm to about 7.6 mm, and those corresponding to a distortio

[

(]

5.
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ratio of about 50% was

about 7.5
0116]

mm

e
(e

{Ocourrence of wrinkles on capsule
{Examples &b

and %a)
Capsul

&g

2

about

PCT/US2024/050807

9.0 mm.

surface]

were produced in the same manner, that
cellulose used in Examples 6 and S was
illustrated in Fig. 1

4

5.

frozen content were

encapsulated ix

obtained capsule,

and liquid leakag

N

was not
In addition, the

obtained

0

= obtained capsules were p
ontainer with a screw cap and stoved at 4°C for
storage, the capsule was cub,

as a

and the content was
reault, gelation was not cbsexved.
The

initia

et

capsule heilght
gampie helght)

{in the figure,
of each produced capsule

is
ind

tial capsule height

illustra
described above.

In additicon, the left part of Fig.
illustrates a mod
Fig. 15 illustrs

28

ification of Example 6,

hie

Q
From € regulte

illustrated in Fig.

derivative has a larger
produced without use,
surface.

and no wrinkle

o

(]

chang

A frozen content and a content obtalned by

the coating

o

described

, it is
the capsule produced by using the water-soluble cellulose
initial capsule height than the capsu

on the coating £ilm

the

aed to

that

meltin

lm of the

onfirmed.

aeamless and

month. After

confirmed, and

as A

ted in Fig.

. by the method

15

and the right part of
a medification of Example

found that

-

&



WO 2025/080859

{01171

A photograph

o}

roduced with the frozen

PCT/US2024/050807

content

is 16. Herein, water-goluble
cellulose 1z used, and thus no wrinkle occurs on the capsule

gurface.

{0118]

(Bzample 11)

Equal amounts of a teguila to which .5

basis) of the gardenia red dye was added and

lactate agueous solution were mixed to provide

.
of

mass

2.

% {on a volume
4% calceium

a content.

The

with respect to the total

The content

% ratio
of calcium lactate with respect to the total mass of the content
at 25°C was 2% by mass. The content ratio of ethyl alcohol
{containing a tegquila) in the content at 25°C was 20% by volume
{the content ratio of the teguila was 50% by volume)

{0119l

(Example 12)

Equal amounts of a tegui to which ©.5%

bagis) of the above described capsicum dye was
calcium lactate aqueous golution were mimed to

content . The content ratio of the capsicum dye

{on a volume

Q.

B

added and a 4

.
X

o)

with respect to

the total mass of the content at 25°C was 0.25% by mass. The
content ratio of calcium lactate with respect to the total mass
of the content at 25°C was 2% by mass. The content ratioc of
ethyl alcohol {containing a tequila) in the content at 25°C was
20% by wvolume {the content ratio of the teguila was E50% by
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volume) .

Capsules were produced by the method described akove for
the contents of Examples 11 and 12.

A frozen content and a content obtalned by melting the

frozen content were encapsulated in the coating £

of the
obtained capsule, and liquid leakage was not confirmed.

In addition, the obtained capsules were all seamless and
had an excellent appearance.

In addition, the obtained capsules were placed in sz

{u

container with a screw cap and stored at 4°C for 1 month. After
storage, the capsule was cut, and the content was confirmed, and
as a reault, gelation was not cobsexrved.

e designability of the resulting

i
-
o
oy
U
o
D
D
o]
h
Q
o
o]
Q
it
iy
il
-
ok

capsule can be improved by containing the dye in the content.

{(Example 13)
Equal amcunts (on a volume basis) of a tequila and a 4%

calcium lactate agqueous scolutlon were mixed, and about 15% by

3

th

.d material of a lemon frult (pulp oxr the

et

mase o a 80

added to provide a content. The content ratio of calcium
with respect to the total mass of the content at 25°C was Z% by

mags. The content ratio of ethyl alcohol {(containing a tequila)

[u1
eyt
b
0]

at 25°C was 20% by volume {the content of

in the cont

tequila was 50% by volume}. The content ratio of calcium lact

50 %

with respect to the total mass of the content at 25°C was 2% by

Y

3

mass.

Capsules were produced in the same manner as described

(]
n
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above except that the above content was used.

A frozen content and a content obtalmad by meiting the

frozen content were encapsulate the coating f£ilm of the
obtained capsule, and liquid leakage was not confirmed.

In addition, the obtained psules were all seamless and

had an excellent appearance.

In addition, the obtailned capsules were placed in a

iner with a screw cap and stored at 4°C for 1 month. After

o]
O
=]
w1
I

storage, the capsule was cut, and the content was confirmed, and

as a result, gelation wag not cbserved.

The above Example can encapsulate a solid

treatment) ]
(Example 14)
ixcept that xanthan gum was not used, or the content ratio

of xanthan gum te the total mass of the content was

changed to 0.1% orx 0.25%, capsules were produced in the same

1

manney as in Example 4, and the capsules were submergad in a

imparting solution and allowed to stand at room

cation
temperature (25°C)

The cation-imparting soluticn at this time contained ¢.1%

each on a mass basig) of poly-L-lysine {product name: SALAD

i

Thereafter, the capsules charged for submergence were

=d with wire mesh and separated from the cation-imparting

w
Q
3
¢}
3
[¢4]

(]
[ox}
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lution containing a ¢

¢ a ceating treatment
cating agent for submergence, and was
allowed to stand at rcoom temperature (25°C) for about 30 minutes
to form a coating on the coating film surface. The coating
treatment solution contained 0.5% {on a mass basis) of agar
{agarose) (product name: powder agar to dissolve in hot watexr,
manufactured by Ina Food Industry Co., Ltd.).
Thereafter, the capsules
separated,

weres
and wasghed with dist

scooped with wire megh,
A frozen

istilled watexr
content and a content obtained by melting the
frozen content were encapsulated in the coating £ilm of the
obtained capsule, and liguid leakage was not confirmed.
In addition, the obtained capsules were all seamless and
nad an excellent appearance.

In addition, the obtained capsules were placed in a
container with a screw cap and stored at 4°C for 1 wonth. After
storage, the capsule was cut, and the content was confirmed, and

as a result, gelation was not cbsexved.

Ag a comparisocon target, capsules {untreated capsules) not
treated with the caticon-imparting sclution and the coating
treatment golution were separately prepared.

{o122]
of capsule strength]
loads and capsule heights of the capsule
treated with the cation-imparting solution and the coating
treatment solution and the untreated capsule were measured 1 day
and 4 days after capsule production, respectively,

and are

(]
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illustrated in Fig. 17.
{01231
(Example 1%)

nt ratio

Q

pt that zanthan gum was not used, or the conte

i gum with respect to the total mass of the content was

=

of xan
changed to 0.1% or 0.25%,; capsules were produced in the same
manner as in Example 7.

The capsules were treated with a catlon-imparting solution

and a coating treatment solution in the same manner as in

Thereafter, the capsules were scocped with wire mesh,
separated, and washed with distil

A frozen content and a content obtained by melting the
frozen content were encapsulated in the coating £ilwm of the

obtained capsule, and liguid leakage was not confirmed.

In addition, the obtained capsules were all seamless and

s}

had an excellent appearance.

In addition, the obtailned capsules were placed in a
container with a sovew cap and stored at 4°C for 1 month. After

storage, the capsulie was cut, and the content was confirmed, and

ag a result, gelation was not cbserved.

not

g
o
-
o
s

A

5 & comparison tax -, capsules {(untreated caps

treated with the

The breaking loads and capsule heights (in the figure,

described as a capsule height) of the capsule treated with the

(]
(o2}
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cation-imparting solution and the coa treatment solutlon and

the untreated capsule were measured 1 day and 4 days after

capsule productilon, respeactively, and

& to 21,

-3

{(Example 16)

The capsules produced with the content of Example 1 were

)

submerged in a t

stock geolution, a teguila solution

containing calcium chloride, or a teguila sclution containing

(a3

calcoium lactate for 42 hours, and the content ratic of ethyl
alcohol with respect to the total mass of the solidified content

and the content encapsulated in the capsule coating f£ilm was

XS]

measured aftex hours, ¢ hours, 12 hours, 18 hours, 30 hours,
and 42 hours, respectively.

Both the content ratic of calcium chloride with respect to
the total mass of the tequila solution containing calcium

chloride and the content rvatic of calcium lactate with vespect

o the total

=

nasg of the tegquila solution containing calcium

atio of tequila with respect to the

mass of the teguila solution containing calcium chloride was 98%

b

by volume, and the content ratioc of teguila with respect to the
teguila solution contalning calecium lactate was 0% by volume.
The results are illustrated in Fig. 22.
In Fig. 22, a line graph connecting black dots indicates a

change with time in the ethyl alcohol content ratio of the

capsule left standing in the ailr, the line graph connecting the

w0

(]
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black square points indicates the change with time in the ethyl
alocohol content ratic of the capsule left standing in the

a stock solution, and the line graph conmecting the white

[wl
yt
e}
[0]

triangle points indicates the change with time in ethyl

alcoohol content ratio of the capsule left standing in the

teguila solution containing calcium chloride, and the line graph

connecting the white rhombus peoints indicates the change with

time in the ethyl alcoheol content ratio of the capsule left
standing in the tequila solution containing calcium lactate.

From the above results, it hag been found that the

transfer of tequila into the sclidified content in the

*...
-
w
n
it
)
a
Q
]
O
oy
e
o
0
g
Q
9

film proceeded by submergence in the tegu

the like, and the taste and aroma when the capsule was eaten

&

were enhance
{0126]

{(Example 17)

The capsules produced with the content obtained in Example
3 was tyeated with a cation-imparting solution and a coating
treatment solution in the same manner as described above to form
a coating on the surface.

A frozen content and a content obtalned by melting the
frozen content were encapsulated in the coating £ilm of the

5

obtained capsule,

nd ligquid leskage was not confirmed.

In addition, the obtained capsuleg were all seamless and
nad an excellent appearance.

In addition, the obtained capsules were placed in a

container with a screw cap and stored at 4°C for 1 month. After

60
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atorage, the capsule was cut, and the content was
as a result, gelation wag not cbhbserved,
{0127]

{(Example 18)

0.5% seodiunm alginate agueous solutlon in a
sclution was changed to a 1.0% sodium alginate

agueosus

PCT/US2024/050807

confirmed, and

contacting

solution

and the content obtained in Example 3 was used to produce
capsules in the same mannesr asg described above

A frozen content and a content obtained by melting the
frozen content were encapsulated in the coating £ilm of the
cbtained capsule, and liguid leakage was not confirmed.

In addition, the obtained capsules were all seamless and
had an excellent appearance

In addition, the obtained capsules were placed in a
container with a screw cap and stored at 4°C for 1 month. After
atorage, the capsule was cut, and the content was confirme and
as a result, chsexrved.

{01281

{Example 19)

The capsules cobtained in Example a
cation-imparting solution and a coating treatment golution in
the same manner as described above teo form a coating on the
surface

A frozen content and a content obtained by melting the
frozen content were encapsulated in the coating £ilm of the

confi

not

wag

and liguid leakage

In addition, the obtained capsules were all

&l

med.

seamlegs and
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had an excellent appearance.

In addition, the obtalined capsules were placad in a

container with a screw cap and stoved at 4°¢C for 1 wmonth. After

S

st
i

corage, the capsule was cut, and the content wag confirmed, and
as a regult, gelation was not cbserved.
{012¢9]

(Bzample 20)

The hemispherical mold containing the content wag changed

w
e}
I

spherical mold, and the content obtained in Example 3 was
used to produce capsules in the same manner ag described above.
The volume of the content was 100 ml.

A frozen content and a content obtained by melting the

In addition, the obtained capsules were all seamless and
had an excellent appearance.
In addition, the obtained capsules were placed in a

container with a screw cap and stoved at 4°¢C for 1 wmonth. After

storage, the capsule was cut, and the content was confirmed, and

gelation was not cbsexved.

(Example 21)

The hemispherical mold containing the content was changed
to a spherical mold, and the content cobtained in Example 3 was
used to produce capsules in the same manner as described above.

The volume of the content was 600 ml.

A frozen content and a content obtained by melting the



WO 2025/080859

frozen content were encapsulated

obtained capsule,

In addition, the obtained

nad an excellent appearance.

In addition, the obtained

with a
rage, the capsule was cut,

at
ST

as a result, gelation wag not

{o121]

capsules wa

gscrew cap and stored at 4°C for 1

and the content was confirmed, @

PCT/US2024/050807

and liquid leakage was not confirmed.

re all seamless and

sules were placed in a

month. After

nd

G

chserved.

<Measurement of average thickness>

The average thickness of the
in Examples 3 and 17 to 21 {case of

the average thicknesses of the

measured and summarized

capsule coating £ilm cbtained

having the sum of

a coating,

coating f£ilm and the coating) was

Average thickness

{mm)

Example 3 0.36

Example 17 0.24

0.65

-
i
[

s
pa
&)

&3
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CLATMS
1. A method for producing capsules, comprising:
a step of solidifying a content including a core material

and a curing agent to provide a solidified content; and

a step of contacting the scolidified content with

centacting solution including a coating-film forming a

=

provide a capsule including the solidified content and a

£1lm with the sclidified content encapsulated.
2. The method according to claim 1, wherein the solidified

content is obtained by freezing the content.
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The method according to claim 1 ox 2, further comprising s

i

step of separating the capsule from the contacting sclution.

4. The method according to claim 1 ox 2, further comprising a

step of submerging the capsule in a solution including the core

5. The method according to claim 1 or 2, wherein the content

5. The preduction method acoording to claim 1 orxr 2, wherein

the content includes a thickener.

7. The method according to claim 1 or 2, wherein the content

includes at least one of xanthan gum and a water-soluble

celluloge devivative.

8. The method acceording to claim 1 or 2, wherein a
temperature of the contacting golution ig 40°C or more.
9. The method according to claim 1 or 2, wherein the content

includes a solid matexrial.

10. The method according to claim 7, wherein the solid
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material 1s a second capsule encapsulating a second content, or
frult pulp.
i1, The method according to <laim 1 or 2, comprising a step of

bringing the capsule into contact with a catlon-imparting

o]

golution to charge a surface of the capsule with cs

12. The method according to c¢laim 1 or Z,

o]

the surface of the

step of applying a coating tr

13. The method according to claim 1 or 2, wherein an amount of

the solidified content encapsulated in the capsule is 1 ml or

4. The method according to claim 1 or 2, wherein a breaking
load of the capsule is 1 to 10 N.
i5. The method according to claim 1 or 2, wherein an average

thickness of the coating f£ilm is 10 um to 10 mm.

i6. A capaule comprising:

2t one of a content including a corve material and a
gclidified content including a core material;

a coating film encapsulating the content and the

ed content; and

a coating that coats the coating f£ilm and includes at
least one of agar and gelatir

wherein a total amocunt of the content and the solidified
content is 1 ml or more.
i7. The capsule according to claim 186, wherein the content

includes ethyl alcohol.

o
(9]
=
b
]
=
v
5
[6]
=
o
e
o
153
=y
[

i8. The capsule according to claim 1
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content and the
19.
and the

content

xzanthan gum and

ontent includes

]

2. The capsul

material is a second

fruit pulp.

accoxrding to

The capsule according to

A solidified content
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golidified content include a thickener.

claim 16 or 17, wherein the

golidified content include at least of

one

a water-goluble cellulose derivative.

The capsule according to claim 16 or 17, wherein the
film geamlessly encapsulates the content and the

ied content.

The capsule according to claim 16 or 17, wherein the

a sgolid material.

e according to claim 21, wherein the solid

capsule

encapsulating a second content, or
comprising a core material and a curing agent

obtained by scolidifving the content

claim 23.

25. A composition compriging the solidified content according
to claim 24 and a contacting scluticon imcluding a coating-film



