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DESCRIPTION

CAFPSULE PRODUCTION

CAPSULE, CONTENT, SOLIDIFIED PRODUCT,

AND COMPOSITION

Technical Field
{00C1]

The present invention relates to a capsule production
method, a capsule, 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 (orifice
method) is used. The method is used, for example, to produce
artificial salmeon roe or the like. In this wmethod, the ligquid
{core material) to be encapsulated is dispersed in a polymer
liguid such as alginic acid and dropped intc a curing iliquid
containing calcium to provide capsules.

Such capsules can enclose ingradients such as

pharmaceuticals, health foods, foods, and animal feed in a

SuUCn as

ting £ilm prepared using a solution of ¢

in or polysaccharides such as starch. Therefore, wide
application includes the food industry, pharmaceutical industry,
and the like.

{0003]

While capsules are widely used as sco-called health foods

-t

such as supplements, general foods using capsules are not wel
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known. Fox example, JP 2007-14252 A and the

seasoning containing a capsule formed of a coating film as a
base material of agar and gellan gum and/or carrageenan, which

encloses a Segame aroma oo nponent

In addition, JP 2018-14310

digcecloge a

poet

capsule for preventing food texture deterioration, which is used

capsule

, the

(=]
W

in an edible medium containing edible oi

e

o

containing agar as the main component of the coating £ilm. The
capsules disclosed in the above-described Patent Literatures
have had a particle size of about 3 mm or less, and the amount
cf encapsulation was small.

{0004]

Y

method) . The orifice method is a method of mixing a substance to

be encapsulated (core materxial) 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-
114451 A discloses th a soy sauce golution containing a

calcium salt and a soy sauce sclution ie dropped an agueous
scedium alginate seolution to form capsules. In addition, for

example, WO 2011/138478 A disgcloses a reverse gpheronizatio

process for encapsulating wine such as sparkling wine. The

4

capsules disclosed in the above Patent Literatures e been

pocd

&

3
“

also small.

Summary of Invention
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Technical Problem

{0005]

The capsules containing focods and the
the above-described Patent Literatures can add new flavors and
textures to foods that are served together with the food
capgules. However, depending on the application, a large amount
of encapsulation is required.

On the other hand, capsules with a large amount of
encapsulation are produced by producing so-called empty capsules

and £illing them with the content. However, a step of producing

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

h
-
Y

resulting in poor efficiency. In addition, f£illing the content

may reguire high technical skills and specialized equipment.

In the orifice method and the reverse orifice method

{reverse method), productivity is high because capsules are

formed by dropping the content including the core material into

it
L
D
Q
o
"
-
3
Q0
-

.quid. However, these methods u ize a weak force
such ag surface tension for encapsulation, making it difficult
to produce capsules with a large amount of encapsulation.

{0007]

on the

surface of the curing liguid and then enter the curing liguid.
Herein, if the content has low wettability with the curing

liguid, a gelled polymer coating film is formed while forming a

(o8]
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nearly apherical shape due to surface tension in order to
Y 8p X

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

m

mall compared to the volume of the droplet,
difficult for the droplet to become spherical. Therefore, it is
not easy to produce capsules with a large amcunt of

encapsulation by using a method of dropping the content into the

curing liguid coxr the like.

Lce method (reverse

Ct

method) , a3 mixture of a core material and curing ligquid is

enclosed in a membrane and poured into a polymer liguid, which
may cause a capsule coating £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 lavrge amount of encapsulation can

the content containing a core material

a mold and solidifying them, and charging

{hereinafter referred to a
solidified content) intc a contacting solution. The present

disclosure has been made based on the above findings.

One embodiment of the present disclosure includes the

following

<1l>
A method for producing capsules, comprising:
a step of solidifving a content including a core material

and a curing agent to provide a solidified content; and
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a step of contacting the scolidified content with a

contacting solution including a coating-film forming agent

i1
-+
S

provide a capsule including the solidified content and a

£ilm with the sclidified content encapsulated.
{ocie]

<2>»

The method according to <l», wherein the scolidified
content 1s obtalned by freezing the content.
{o011]

<3>

The method according to <ls» or <2», further comprising a
step of separating the capsule from the contacting sclution.
{o012]

<4 >

The method according to <l> or <2>, further comprising a
step of submerging the capsule in a solution including the core
material at 35% by velume oxr more.
{0131

- I

<D

The method according o <«<l» or «2», wherein the content

-

The method according to <ls» or >, wherein the content

I
S8
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The method according o <«<l» or
includes at

¢ least

one of xanthan gum and a
cellulose dexiv:

{0018]

<8>

The method according

g to <l» or <2>, wherein a
cf the contacting solution i

temperature
{0017]

24

N

(]
o
[@]

more.

method according content
include solid material.
{onye]

to <

fe
e}
D]
W
)
v
[¢]
[nd

«2>, wherein the

<10>

The method according fo

is
capsulating a second content oy fruit pulp.
{0019]
<li>
The method according Lo «<ls»> o <
bringi

2», comprising atep
ng the capsule into contact

ot W
aolution

o

cation-imparting
..... > charge a surface of the capsule with cations.
{oo20]
<1l2>»

The method according

further comprising
appliying a coating treatment to the surface of the
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The method according fo <

21> 0¥ <2», wherein an amcunt of
the solidified content encapsulated in the capsule is I ml ox
mors.
{0022]
<14
The method according to <l» or <2>, wherein a breaking
load of the capsule ig 1 to 10 N.
{0023]

<15>

The method according t

=

Qo <

[}

> or «2», wherein an avera
thickness of the coating f£ilm is 10 uym to 10 mm.
{0024]

<16>

A capsule comprising:

at least one of a content including a d a2
sclidified content including a core material;
a coating film en

ied content;

capsulating the content and the
and

least

o
L

a coating that coats the coating film and in
one

cludes at

agar and gelatin,

wherein a total amcunt content and the
ontent ig 1 ml or more.
{0025]

of the

solidif

The capsule according to
includes etl

<l6>
thyl alcohol.

, wherein the co

content
{00286]

s
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<1l8»
The capsule according to <lé> or <17>, whereln the content

and the solidified content include a

{0027]

<19

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

and the scolidified content include at least cne of xanthan gum

and a water-scluble cellulosge derivative.

<20

[y

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

th

ilm seamlessly encapsulates the content and the solidified

content .

9]

{oo29]

- T N
L >

+

The capsule accordin oy <l7>, wherein the content

g
of
O
A
i
o
v

includes a solid matexial.
{00301

<22>

The capsule according to «<21», whereln the solid material
ig a second capsule encapsulating a second content, 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 <2s>.

{o032]
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<24

A solidified content obtained by sclidifving the content

A composition compriging the golidified content according

to «24> and a contacting solution including a coating-film

ruoing agent.

[ 5t1]

The production method of the present disclosure can

The contents of the present disclosure will be described
in detail below, but are not limited thereto.
{003¢6]

In the present description, “to” indicating a numerical

range is used to include the numerical values writ

after it as the lower limit and upper limit.
In the numerical ranges described gtep by step in the

present description, the upper limit value or lower limit value

-

described in one numerical range may be replaced with the upper
limit walue 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 description,
lower limit valus of the numerical rangs may be

the values shown in Examples.

A combination of two or more preferrved aspects is a

sent description.

In

the present description, the term

refers to in CAD

a material encapsulated
production method of the present disclosure.
{o038]

In the

present description,

solubility in 100 g of watey with a pH of 7.0

N

temperature of 22°C

-
)

In the present description, “contact”

content and a scolution containing an agent for forming a coating

film includes not

with each othexr, but also the where the

submerged in the solution. In addition,

includes a case where they do not come

other, but a cases where the

containing the agent for forming a

start reaction.

[Method for producing capsules]

A method for producing capsuleg of

190

the uppesr limit

roore

*water-goluble” means

between a

olidified

the

sclidified content

PCT/US2024/050807

value oxr

replaced with

material”

a capsule produced by the

that

the

and a liguid

only the case where they come into contact

content

contact also

inte contact with each

and the solution

film are close enough

the present disclosure



WO 2025/080859 PCT/US2024/050807

a step of solidifying a content including a core material
and a curing agent to provide a solidified content; and

content with a

ifie

a step of contacting the scoli

contacting solution including a coating-film forming agent to

oo

provide a capsule including the solidified content and a

£ilm with the sclidified content encapsulated.

The method for producing capsules of the present

disclosure can further include a step of separating the capsule
from the contacting sclution.

The method for producing capsules of the present
disclosure can further inciude a step of bringing the capsule
intoe contact with a cation-imparting solution.

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.

Bach step will be explained below.
foo4u]

The production method of the present disclosure can
produce capsules with a large amount of encapsulation.

In addition, the preoduction method of the present
iisclogure can produce capsules that are geamlesg and have an
excellent appearance

In addition, capsules produced by the orifice method tend
to gel over time, and the entire capsules becomes a gel, but the
capsules produced by the production method of the present
disclosure tend not to gel over time.

{0042]

11
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{Step of providing sclidified content)

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 not only those that have

w
O
P..J
b
joN
-
)
e
¢
,.:u
G
e
o

been completely s that are in progress

ot
-
s
G
0
o
ot
et

cf solidification and 1at have not completely solidified.
In one embodiment, the solidification of the content

involveg cau

a phase change of the content, such as freezing

the content or gelliing the content, and preferably freezing the

In one embodiment, sclidifying the content is to mix a
liguid state material and a solid state matexial.

In one embodiment, the solidified content is a content
that is capable of retaining a shape theveof at 25°C.

The viscosity of the sclidified content can be 0.1 Pa-s or
mere, 1L Pa-s ox more, 5 Pa-8 or more, ox 10 Pa-s Oor more.

In the present disclosure, the viscosity is measurad in
accordance with JIS K 7117-2.
{00431

The golidification of the content s

1 be achileved by

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

e freezing temperature opriately depending on the

composition 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

-

from -10 to -70°C, and particularly preferably from -20 to -
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50°C. The freezing point of sthyvl alcohel is -117°C.

In the present discleosure, tThe freezing temperature refers
o a temperature of the environmment in which the content is

The freezing time isg not particularly limited, and is
preferably adjusted appropriately depending on the freezing
temperaturs, 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.

=

{

(o)

044]
In one embodiment, solidifying the content can be

performed after placing the cont

’D

=nt into a mold having the

desired shape

The shape of the mold is not particularly limited, and the

3 1

hape of the capsule to be produced can be determined by the

h

0

shape of the mold, thus allowing to produce the capsule having
various shapes and allowing to improve the design of the capsule

)

produced by the production 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 limitved, and, for example, the
solidified content may ke taken out by breaking the wmold, or may

be taken out without breaking the mold.

&%)

Examples of the mold are illustrated in Figs. 1 to
As illustrated in Fig. 1, a hemispherical content 510

frozen in a hemispherical mold 500 may protrude a little from

13
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the hemispherical mold 500 due to expansgion of water upon

freezing. When preparing a frozen spherical object, re-freezing

pherical content 512, which ig siwmilarly frozen in

a hemigpherical shape, 1g procegsed and overlapped such the

half-cut surfaces 516 thereof are

(&3]

t

sach other, and is re-

frozen to allow & frozen spherical object 514 to be formed.

Reference numerals 520 and 530 in Figes. 2 and 3 indicate
molds.

{0045]

The content
The content

The content

The amount of the content used in the production method of

producing capsules with a large amount of encapsulation, which

an oe

N

n

et to 1 wml or more, 3 ml or more, and even 5 mi or more.

T

The upper limit of the amount of encapsu

jt
ol
ot
1.
O
=
o
m
o
O
it

]
9]

particularly limited, and may be 1000 ml or less, 700 ml or
lesg, ox 600 ml or less.

{0046]

i

The alcchol content r

io relative to the total volume of

-t
i
5
o]
1)

ontent is preferably 30% by veolume or less, more preferably

25% by wvolume or less, and still more preferably 20% by volume

or less.

Setting the alecohol content ratio to 30% by volume or less

14
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can favorably

promote the freezing of the content when
sclidifving the

ontent by freezing

The lower limi

of the alcchel content ratio is not
particularly limited,

and the

content may not contain alcchol.
Alcohol content ratio is the content ratio
at 25°C.

in the content

The content can be oktained

for example, by mixing,
dissolving, or dispersing each component
{0048]
<Core

materials

In the present disclosure,

the type of the

core mat
is not particularly limited,

terial
and examples thereof include
pharmaceuticals, detexgents, fabric softeners, health foods,
foods, and animal feed
In addition, the core material may be any of liquid,
powder, and solid.

The core material may be, for ample, any of alcchol,
water, saccharidee such as glucose, sugar, or fructose, salts,
or other water-soluble liguids or agueocus

The core material may be ethyl alcohol ox drinl
containing ethyl alcohel. Examples of & kg containing ethyl
alocohol include Japanesge sake, wine, whisky, ligueur,

In addition, ti

and vodka.
he core material may be tl
referred t

e generally
to as fermented liguor, distilled liquor, or mixed
ligquor, which are classified =

according to the production method
In addition, the core material may be fats and olls and/ox
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oll-soluble materials. Examples of the fats and oils include

coconut ©il, vegetable o©11, and animal oil. Exampless of the oil-

goluble materials include pexrfumes, aroma olls, and menthol.

In addition, the core material may be an aguesous liguid

food such as soy on, condensed milk, various types
of wvinegar, white soup stock, carbonated alccholic drinks, lemon
Juice, frult qjuice, coffee, carbonated fruit drinks, and the

like.

The soy

concentration, and fruilt duice has a low pH, and thus it has
been difficult to encapsulate them with the orifice methed ox

the like. 7The production method of the

(o]

regsent disclosure can

-

easily encapsulate even such a cove material.

The content can include one or more core materials.
{0049]

The content ratio of the core material with respect to the
total volume of the content lsg preferably 30 vol% or more, more

preferably 45 veol% or meore, still more preferably 50 wvo

0

G

ot

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

content ratio of the core material within the above numerical

range can maintain, at a high level, core material

guch as taste and avoma. The upper limit of the content ratic is
not particularly limited, but can be 99 vol% or less and 95 vo

or less.

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 salt, a

zing salt, and an aluminum =zalt.

When the core mate: is a food or the like and the
capsule produced by the production method of the present

digelosure is edible, the calcium salt and the like

preferably those used for food, and exampleg therecf include

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

capsule produced by the production method of the present

disclosure ig edible, it is preferable to use calcium lactate as

As the curing agent, calcium chloride can be used, but

when the calcium lactate is preferably used

&

from the viewpeoint of maintaining

The content can include one or more curing agents.

The content ratlo of the curing agent with respect to the
total mass of the content is preferably 1% by mass or more, more

-

.5% by mass or more, and still more preferably 2% by

ey

preferably
mass Or more.

Setting the ceontent ratio of the curing agent to 1% by

mass or more can improve coating-film forming properties.

The content the curing agent is nct particularly

5

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

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

curing agent. For example, the cont

nt can contain an agqueous
sclution (calcium lactate agueous solution) containing a curing
agent .

The content ratio of the curing agent with respect to the
total mass of the aqueous solution containing the curing agent

ig preferably 1 to 7% by mass, and more Z to 5% b

[

mass.

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

to

o

e easily prepared.
{00s3]

<8pecial materials>

The content may contalin a special material. Examples of
the special materials include thickeners, dyes, and other solid
materials. The content may contain one or more spacial
materials.

{0054]

Examples of the thickener include

elatin,

7o)

nthan gum,
guar gum, carrageenan, oun arabic, stavch, and water-soluble
cellulcose derivatives.

The content contains the thickener, thereby allowing to

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 preoduction, and the strength of

the capsule, the thickener is preferably at least one of xanthan

il

ogum and water-soluble cellulose.

When the capsule produced by the producticn method of the

present disclosure is edible, the strength of the capsule is

improved, thereby allowing an eslastic ture to be

From the viewpoint of suppressing the occurrence of

wrinkles in the coating film, the thickener is prefersbly water-

In the present disclosure, the cellulose derivative means

a compound in which a substituent such a

n
w
=
o
ot
)
N
s
e
o
0
e
&
"
w

introduced into a hydroxy group in a cellulose molecule by an

Examples of the water-soluble cellulose derivative include

coxypropyl cellulose, carboxymethyl

=
0
ot
Gl
Pt
Q
o
it
Lol
k
o
8]
4]
D
o
<
fe)
B
3

cellulose, and hydroxzyethyl cellulose.
The content may contaln one or more thickeners.
{0css]
The content ratio of the thickener with respect to the

total mass of the content is preferably 0.

(]

1 to 2% by mass, more

B2
I
o]

preferably 0.02 1% by m £ill more preferably 0.03 to

0.7% by mass, particularly preferably 0.05 to 0.5% by nme

[oF)

3
X
6]

88, an
most preferably 0.07 te 0.4% by mass.
Setting the content ratio of the thickener within the

above numerical range can further improve the coating-£ilm
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forming properties, the vield of capsule producticon, and ths

strength of the capsule.

sle cellulose dexivative is

In addi

ion, when a water-soclu

uged as the thickener, setting the content ratio of the

thickener within the above numerical range can furt improve
the coating-film forming properties and the yield of capsule

production, and can effectively suppress the ocourrence of

wrinkles in the coating film.

Ags the pigment, a conventionally known pigment can be
appropriately selected and used. Ezxamples of the pigment include

purple sweet potato pigment, gardenia red pigment, capsicum

plgment, rack pigment, spirulina pigment, onion pigment,
tamarind pilgment, caramel pigment, turmeric pigment, citan

’
t

(sandalwood red), krill pigment, orange pigment,

O
0.
Q
=]
[0}
=]
ot

carctene, blue No. i, vellow No. 4, and green No. 3, but are not
limited thereto.
The content contains a pigment, thereby allowing the

solidified content contained in the coating film to be colored,

and the designability of t© capeule produced by the production

P

method of the pregent disclosure to be ilmproved.

The content can contain one or more plgments.

{0057]

The content the pigment with respect to the total
mass of the content is preferably 0.01 to 0.1% by mass, and more

-~

preferably 0.02 to 0.5% by mass.

o

Setting the content ratio of the pigment within the above

20
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numerical range

Ca

PCT/US2024/050807

n not only further improve the designability
of the capsule, but also maintain the core mater
{(for ezample, when the core mate

.al properties

is food, taste, aroma, and
In the present disclosure,

e

[e¥=1
component other than the core ma
thickener, and the dy
259C.

golid material

e,

&
the curing agent, the
and means a component that is solid at
The content can contain one or more
In one embodiment, the soli
fruilts, vegetables, and the
In

golid materials.
id materials

O

are
like.

mbodiment,
Capst

flesh of

the solid mna

terial is
acond content. Th
h d by tI

]
n
o
[l
0]
Q
9]
]

of the present
2022~

be a capsule produced by the production method
114451
corifice n

net

W

thod,

A, may be a capsuls
method.

L

The

s

produced by
or may be a capsule produced by

the
the reverse

second conitent may be the same as orxr different from

the content or the sclidified content

In one emobodiment, the content containg alcochol ag the
core material, and the second content contaling lemon julce,
fruit Juice, and the like as the core material
In one embodiment, the content contains a detergent as the

core material and the second content containg
core material

a softener as the

21



WO 2025/080859 PCT/US2024/050807

In one embodiment, the solid material is a fiberxr

component. Examples of the fiber component include a water-

insoluble cellulose derivative (cxvatalline celliulose).

The con ~io0 of the sclid mé

terial with regpect to

the total massg of the content ig not particulariy limited, and

is preferably appropriately adijusted according to the purpose.
When the pulp ils used as the golid material, the content

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

j2

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

0 to 4

r'
o
le2

M
=3
O
[
0

oy

, the

-

When the second capsule is used as the solid materia

content ratio of the

U

olid material with respect to the total

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

preferably 10 to 40% by mass.
{00e0]
<Additive:
The content may contain an additive. Examples of the

dditive include a pres . an antioxidant, a stabilizer, a

w

[

o]

regervative, and an

The content ratio of the additive with regpect to the

total mass of the content is not particularly limited, and ie

opriately adjusted according to the purpose.

{Step of providing capsule)

The method for producing capsules of the present

-

disclosure includes a step of contacting the solidified content
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with a contacting solution containing a coating-film forming

agent to provide a capsules including the solidified content and

the solidified content

a coating film encapsulati

“The sclidified content ig contained in the coating film”

the solidified content be pregsent ingide the

coating £ilm, and meang an encapsulation sgtate asg long as at

least a part of the sclidified content is present inside the

capgule, even 1f the melt

content ocozes out from the capsule.

In one embodiment, the solidified content and the
contacting solution come into contact with each cothexr, thereby
causing the curing agent and the coating-£ilm forming age to
undergo a gelation reaction, and forming a coating £ilm on the
surface of the sclidified content.

The ceating £ilm contained in the capsule may encapsulate
a content obtained by melting the solidified content.

In one embodiment, twe or more solidified contents mav be
encapsulated within the coating film. For example, a capsule can

be produced by bonding two sclidified contents and contacting

them with a contacting scolution.

The amount o©f the solidified content encapsulated in the
coating £ilm is not particularly limited, and the production

method ¢f the present disclosure is suilt

(-.

able for preducing

capsules with a large amount of encapsulation, which can be set

o}

to 1 ml or more, 3 ml or more, and even 5 ml or more. The upp

r(-r

limit of the amount of the solidified content encapsulated is

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

14

lesg, 700 ml or less, or 600 ml or less

23
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{0062]

the

From the viewpeoint of improving the strength of
capsule, average

thickness of the coating £
10 pm to 10 wmm, more preferably 20 um t
preferably 30 um to 3 mm,

lm 1s preferably
o B mm, still more
partio
and may be

[

100

arly preferably 50 pm to Z mm,
um to 1 mi.
The average 88

thickne

s

of the coating film is an aver
thickness of any five points.
{0063]

In one embodiment, the contact with the
and the contacting

solidified content
solution each other is performed
solidif

L3

submerging the

fied content in the
The golidified

content may be entirely ©
the contacting

solution.

in
In one ;

embodiment, the contact

g solution onte the s
or

‘fied con
the contacting sclution each other is performed by pouring
contacti

olidified content
the like.

from akove
In one embodiment, the contact with the scolidified
and the contacting solution each other is

content
the contac

g @olution to

rerformed by sprayir
to the

g
aolidified content.

In one embodiment, the contact
and the conts

with the solidified

content
cting sclution each other is performed by leaving
th

(6]

golidified content in an environment
solution isg,

in which
for example,

the contacting
sprayed.
When the solidified content is a frozen conte
congidered that at least a

a part of the frozen content

24
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by contact with the frozen content and the contacting solution

]

each other, and the contained curing agent and cecating-£film

forming agent react with each other to form a coating film on

ol

The time of the contact with the scelidified content and

the contacting solution sach other is preferably approprd

2ly

adjusted according to, for example, wvarious components contained

in the geolidified content and the content ratio thereof, the

type of the cocating-film forming agent contained in the
contacting solution and the content ratio thereof, and can be,
for example, 10 minutes to 48 hours.
{0065]

<Contacting sclutions

The contacting solution c

O

ntains a coating-£film forming

agent.

The contacting solution contains solvent to dissolve or

v

disperse the coating-£film forming agent. HExamples of the golvent
include water and a conventionally known organic sclvent.
Examples of the water include distilled water, purified water,
and deionized water.

{0066]

The content ratio of the coating-film forming

reagpect to the total mass of the

w

contacting solution is

q

preferably 0.1 to 3% by mass, more preferably 0.3 to 2% by mass,

L 4L

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 lwmprove the coating-

film forming properties and the vield of capsule productiocon.

{0oe7]

The type of the coating-film forming agent is not

rticularly limited as long as it

v form a coating f£ilm

around the solidified content when the contacting gclution and

the solidified content come into contact with each other.

In one embodiment, the coating-film forming agent is a
gelling agent. As the gelling agent, alginate is preferable, and
alginate acid metal salt is more preferable.

Examples of the alginate acid metal salt include alkali

metal salts such as sodium

n
n

alts and potasaium salts, alkaline
earth metal salts such as calcium and magnesium salts, and metal
salts such as iron and tin.

When the core material is a food product or the like and

the capsule produced by the production method of the present

18C

jod

Is

osure is edible, sodium alginate is preferable as the

alginate acid wetal salt. Using sodi

p

i alginate can cause the
capsule produced by the production method of the present
disclosure to be transparent or translucent, and thus the

encapsulated golidified content can ke vigually cbgerved, and

sule can be improved,

The coating-£ilm fo

ming agent may be used singly or in
compbination of two or more.
{o0e8]

The temperature of the contacting sclution is preferably

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

26
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preferably 40 to 75°C.

Setting the temperature of the contacting soluticn within
3

the above numerical rangs n improve the coating-film forming

properties and the yield of capsule production.
The tempsrature of the contacting sclution means the

temperature of the contacting soluticon before contact with the

golidified content, preferably the temperature of the contacting

sclution within 5 minutes before contact with the
content, more preferably the temperature of the contacting
solution within 1 minute before contact with the solidified
content, and still more preferably the temperature of the
contacting solution immediately before contact with the
solidified content (within 390 seconds).

The difference between the temperature of the contacting

solution and the surface temperature of the solidified content

)

Q

is preferably 30°C to 100°C, more preferably 40°C to 95°C, an

=rably 45°C to 90°C.

Setting the tewperature difference within the above

numerical range can improve the coating-film forming properties
and the yield of capsule production.
{0069]

{Step of separation)

The method for producing capsules cof the present
digclosure can further include a step of separvating the capsule

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

example, can be performed by taking out the capsule from the
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contacting solution with a wire mesh or the like.
The capsule taken cut may or may not be washed with water
such as distilled water as desived.

From the viewpoint of suppressing bonding betwesen

T

capsuleg, 1t ig preferable to wash the ca

6]

&8
[

gules taken out, it is

mere preferable to wash the capsules within 5 minutes aftex
taking out, it is still more preferable to wash the capsules
within 3 minutes, and it is particularly preferable to wash the

capsules within 1 minute.

(Step of contacting with cation-imparting solution)
The method for producing capsules of the present

disclosure can further include a step of bringing the capsule

into contact with a cation-imparting scolution. For example, the

Inciuding the step in the production method of the present
digcliosure can lmprove the strength of the capsule fo be

produced.,

The surfaces of the capsules separated by the separation

p tend to be anionically charged. PBringing the capsule into

contact with the cation-imparting sclution can cause the surface

of the capsul o be charged with

iong, and the strer

thereof can be ilmproved.
{0071]

<Cation-imparting solution>

The cation-impartin

[t8]
w
(8]
o
o
e
K
(o]

n contains a cation-imparting
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agent.

The cation-

uticn contains a solvent to

dissolve or disperse

ing agent. The solvent is

ag described above, and the description thereof is omitted

The cation-imparting agent is not particularly limited as

hal

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

]

cations, and examples thereof include chitosan, protamine, and
poly-L-lysine.

The cation-imparting agent may be used singly, or may be
used in combination of two ox more.
{0073]

The content ratio of the cation-imparting agent with

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

o
H
2,
o
-
<
o

.1 to 5% by mass, wmore preferably 0.3 to 3% by mass
and particularly preferably 0.4 to 2% by mass.

Setting the content wratio of the cation-imparting agent
within the above numerical range can cause the charge of the
cations on the surface of the coating f£iim to proceed well, and
the sgtrength of the capsule can be improved.

A

(8tep of performing ceating treatment)

g
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. The step may be

performed before or after the step of contacting with the
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cation-imparting soluticn, but is preferably performed aftex

{

from the viewpoint of the strength of the capsule.

performing the coating treatment can form a coating on the
surface of the capsule, and the strength thereof can be
improved.

In one embodiment, the coating treatment can be performed

by bringing the capsule into contact with the coating tres

sclution. For example, the coating treatment can be performed by
submerging the capsule in a coating treatment sclution.

{0075]

The coating £ilm and the cocating are partially or entirely
mixed, and thus it is difficult to measure each average

“hickness, bu n the viewpoint of improving the stren
thickness, but from the viewpoint of improving the strer

N

the capsule, the sum of the average thicknesses of the coating

h

ilm and the coating is preferably 10 pm to 10 mm, more

=

preferably 20 um to 5 mm, still move preferably 30 um to 3 mm,

by

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

i3t
The sum of the avervage thicknesses of the coating film and
the coating is measured at any five points.

treatment a coating agent.

treatment soluticon contains a solvent to

dissolve or disperse the coating agent. The solvent is a

,..
n

N

degcribed above, and the description therecof is omitted herein.

{0077]
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The coating agent is

~—

...a

examples thereof include agar (agarose) and gelatin ollagen} .

The ceating agent may be used singly, or may be usad in

combination of two or more.
{oc78]
The content ratio of the coating agent with respect to the

total mass of the coating solution is preferably 0.1 to 5% by

mass, more preferably 0.3 to 3% by mass, and particula
preferably 0.4 to 2% by mass.

Setting the content ratio of the coating agent within the
above numerical range can form the coating well, and the
strength of the capsule can be improved.

{0079]

The type of the coating agent is not particularly limited
as long as it can form a coating £ilm around the solidified
content when the contacting solution and the solidified content

come inte contact with each othe

Ag the gelling agent, alginate is

metal salt is wmoxe preferable.

Examples of the algina

& aclid metal salt include alkali

=
(a1
§
-t
(,‘4
o
o
u
o
aQ
)
o

ags sodium salts and potassium salte, alkaline

earth me salts such ag calcium and magnesium galtes, and metal
galts such as iron and tin.

When the core material is a food product or the like and

the capsule produced by the production method of the present

Ly

[

sodium alginate is preferable as the

digsclosure is edible, meta
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alginate acid metal salt. Using metal

scdium algin

PCT/US2024/050807

ate can cause

the capsule produced by the production method of the present
disclosure to be transparent or translucent, and thus the
encapsulated solidified content can be visually cbserved, and
thus the de bility of the sule can be loproved.
{ooso]

The tempsrature of the contacting sclution leg preferably
25 to 100°C, more preferably 30 to 80°C, and still more

preferably 40 to 75°C.

ing

the contact

of

Setting the temperature f=le}

lution within

the above numerical range can improve 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 tempervature of the contacting
sclution within 5 minutes before conta with the solidified
content, more preferably the temperature of the contacting
solution within 1 minute before contact with the sclidified

content, more preferably the temperature

i

contacting solution immediately before contact
selidified content (within 20 seconds).
{ooeg1i]

The contact time between the sule and the

of the

with the

coating

treatment solution is not particularly limited, and is
preferably appropriately adjusted according to the type of the
coating agent, the content ratio therect, and the like, but can
be get to, for example, & minutes to 2 hours.

[X8]

[oN]
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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 1 >rial on) containing

by volume or more of the core material.

contact can be performed by submergl t

g4

ng

For example,

the

the capsule in a core

material scoluticon. The core material contained in the core
material solution way or may not migrate into the coating £ilm
by the contact.

When the capsule produced by the preduction method of the
present disclosure is edible, it is possible to impart the taste
and avoma of the core material to the produced capsule by

32
X

A

including n method of the present

the contact

The core material has been described

mitted.

cription theresof is ©

above,

The core material contained

and thusg

the

K

=] j8 S O in
the coating £ilm and the core material contained in the cors
material solution may be the same or different.
The core material solution contains a solvent to dissolve
or disperse the core material. The solvent is as described

above, and the description thereof is

{0083l

omitted herein.

From the viewpcint of well imparting the taste and aroma
of the core material to the capsule, the content ratio of the
core material contained in the core material solution is
preferably 40 to 99% by volume, and more preferakly 50 to 99% by
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volume.
{0084
The contact time betwesn the capsule and the core material

sclution is not particularly limited, and is preferably

approp usted according to type of the core

material, the content ratio theresof, and the like, but can be,

N

for example, 2 to 36 hours, 6 to 24 hours, or 10 to 20 hours.

o

i

{o085]

The breaking load of the capsule produced by the

producticon method of the present disclosure described above is

to 10 N, and more preferably 2 to 8 KN.

-2

preferably

The breaking strength of the capsule is measured by using
a creep meter.

Specifically, the capsule is placed on a sample stage of a
creep meter, and the capsule is compressed from above by a
plunger until the height of the capsule reaches a height of 0.8
H (20% reduction) from the height H before compression, thexsby
measuring the breaking strength of the capsule.

The height before compression is a height at which the

8]

[

plun contact with the capsule and starte to sense

0

exr comes

Ltd.
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include steps cother than ©

For example, a step of applying sugar, dry

chocolate powder, or the like

the gurface of a

or a coating may be included.

In addition, the solidified content in the coating filn
may be melted by performing a treatment such as storing the

capsule at room temperature or heating.

o

e
!
o
o
®

The capsule of the present disclosure includes at least
one of a content contalning a core material and a solidified

=

content containing the core material, a coating £ilm containing
the content and the solidified content, and a coating covering
the coating f£ilm and containing at least one of agar and

gelatin, and

the total amount of the content and the solidified content

e
-
=3
el
Q
3
Q
H
0]

second embodiment, the capsule of the present

disclogure includes a sgolidified content containing a core

and a coating film containing the content and the

content, and the sclidified content ig a frozen
content. In the second embodiment, the coating £ilm may
encapsulate a content containing a core material. In addition,
the coating covering a coating f£ilm and containing at least one

of agar and gelatin may be contained.

(o8]
Ul
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The content and the solidified content may contain a

curing agent, a special material, an additive, and the like.

The ceating £ilm may encapsulate two or mors

contents, or may encapsulate two or more contents.

The type and content ratio of the content, the sclidi
content, the curing agent, the gpecial material, the additive,
and the like are the game as those described in the production

method of the present disclosure, and thus the description
thereof is omitted hevein.

The coating £ilm and the coating are also similar to the
matters described in the production method of the presen
digclosure, and thus the description therecof is omitted herein.

The total amount of the content and the scolidified content

ontained in the coating f£ilm can be 1 ml or more, 3 ml or more,

9]

or 5 ml or more. The upper limit of the total amount is not
particulariy limited, and may be, for example, 1000 ml or less,
700 mi or less, or 600 ml or less.
{oosg]

From the viewpoint of improving the designability of the

capsule, the coating £ilm preferably sesamlessly encapsulates the

centent and the scelidified content.

ing load of the capsule of the present disclosure

1 to 10 N, and more preferably 2 to 8 N,

The capsule of the present disclosure may be produced by

the above described production method of the present disclosure,
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or may be produced by a different metho

{0091]

One embodiment of the capsule of the present disclosure is

in, but not limited to, Figs. 23 to 25.

100 illustrated in Fig. Z3 contains a

£ilm 101 and a content containing a core material encapsulated
in the ceoating £1ilm 101 and/cr a solidified 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 ceoating £ilm 201

=

W

nd/or a solidified content 202
containing a core material, and

the content containing the core material and/oxr the

solidified content 202 containing the core material contains a

£ilm 401 and a content containing a cores material encapsulated

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

containing a cors material. The capsule i1llustrated in Fig. Z5

[

a

P

ol

U

encapsulates a fied content containing two contents and/ox

=1

a core material in a coating £ilm.
{00921
{Content]

The content of the present disclosure contains a core

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

s

W

"

method of the present disclosure degcribed above.

¢

The content of the present disclosure may contain a
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n

special material, an additive, and the like.

The tvype, ceontent ratlo, and the like of the core

1, the curing agent, the special material, and the
additive have beesn described above, and thug the description
thereof is omitted herein.

{0092]

{Solidified content]

ed content of the present disclosure ig

The golidi
obtained by solidifving the above described content of the
present disclosure.

The solidified content has been described in the
production method of the preszent diaclosure described above, and

thus the description thereof is omitted herein.

The composition of the present disclosure contains a

solidified content of the present disclosure described above and

a contacting solution containing a coating-film forming agent.

The composition of the present disclosure can contain a

coating film encapsulating the solidified content and a capsule
containing a golidified content.
The contacting soluticn and the capsule have been

-
]
o}
=
O]
b
]

described above, and thus description therecf is omitted

Brief Degcription of Drawings

is a schematic diagram illustrating an embodiment

rrf
i

[te]
-
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of mold.

A
Filg.
of a2 mold.

Filg.

of a mold.

s

Filg.

Filg.

temperature

capsule.
Fig.

temperatures

capsule.

Fi

te}

)
<

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

ates a photograph of a capsule (Example 1) .

5 illustrates a photograph of a capsule (Example 2).
6 ie a photograph illustrating the influence of the
of a contacting solution on the appearance of a

o]
t

is lustrating the influence of the

sclution on the appearance of

a

a photograph illustrating the influence of the

of a contacting scolution on the appearance of a

9 is a graph illustrating the infliluence of the

of a of
10 is a graph illustrating the influence of the

of a contacting sclution on the formaticn rate of a
11 is a graph illustrating the influence of the

contacting golution on the formation rate of

is a diagram illustrating breaking loads of

capsules produced in Examples 53 and 6a.

[oN]
o

PCT/US2024/050807
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Fig. 13

produced in Examples Sa and
Fig.
capsule strength.
Fig.
produced in
Fig. 16 is a diagram
capsule of Example 10.
Fig. 17 is a diagram

sample height in Example 14.

initial capsule

illustrating

PCT/US2024/050807

of capsules

Sa.

diagram i1llustrating an analveils example of

heights of c

Examples 6k and %hb.

iliustrating a photograph of a

a breaking load and a

Fig. 18 is a diagram illustrating an influence on a
breaking lcoad in Example 15.

Fig. 19 is a diagram illustrating the influence on the
sample height in Example 15.

Fig. 20 is a diagram illustrating an influence on a

Example 15.
a diagram

Example 15.

il

a diagram 111x

lustrating fluence the

on

concentration of a

Tae

core material sclution in a liquid encapsulated in a capsule.

iz a gchematic

odiment of
24 is a schenmatic
illustrating an embodiment of
digelosure.

iz a schematice

crosg-sectional diagram

a capsule of the present

a capsule

X X

crogs-gsectional diagraw

40
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joae

illustrating an embodiment of a capsule of the present

disclogsure.

[003s]

erbodiments of the pregent digclosure will be
described with reference to the drawings. However, the present
digelosure ig not limited to these.
Example

{o0s7]

p—

Preparation of content]

As a core material, commercially available teguila (ethyl

[

\

alcochol 40% (volume basisg}, product name: Tequila silver,

production: Souza Tegquila Import Company {Mexico), impoxrt:

&

Suntory Holdings Limited) and commercially avail

ot
jy
o
—
[0}
O
]
2
3

@O
[0}

juice {product name: PCM Pon Julce, name: Fruit Miz Juice

{concentrated veduction), raw material name: frult {orange

{Brazil), unshu wikan {(made in Japan))/fragrance) were prepare

4% calcium lactate agueous solution (reagent name: calcium

]

lactate (powder), mass basis, produced by Junsei Chemical Co.,
Ltd,.) was prepared as a curing agent.

Further, commercially available =manthan gum (product name:
¥anthan gum standard {powder), produced by Unitec Foods Co.

7

Ltd.) was prepared as a thickener, and 0.2 and 0.5% (mass basis)
xanthan gum aqueous solutions were prepared by using deionized

water, respectively.

In addition, commercially available methyl cellulose

41
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{product nmame: methyl celluleose H {powder), produced by initec
Foods Co., Ltd.) was preparved, and a 0.2% {(mass basls) methyl

ed

cellulose aguecus solution was prepared by using del
water. In addition, commercially available crystalline cellulose

{produ

2: domestic fine powder crystalline cellulose

S0
e

produced by Nippon CGarlic Corpeoration) was prepared, and a C.
{mass basis) crystalline cellulose agueous sclution was
prepared,

In addition, a purple sweet potato dye {product name: KC

]

Red SL-9 (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., Ltd.), and a capsicum dye

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

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

In addition, commercilially available lemon fruilt (purchased
at a supermarket} was prepared.
{00981

{Example 1}

Egual amow a volume basis) of teguila and a 4%

calcium lactate aqueocusg solution were mized to provide a

content .

to the

with respe

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

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

teguila was 5

o
o
o

~
<
C
’-—4
£
=
(h
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{0099]

{Example 2}

of orange juice and a 4%

BEgual amounta {(on a

=d to provids a

calcium lactate aquecusg golution were wmi

with respect to

content. The content ratic of caleium la

[S8]
o

the total mass cof the content at 25°C was by mass.

{o100]
{(Example 3}
Egual amounts (on a volume basis) of distilled water and a

ium lactate agueocus solution were mized to provide a

et
i

4% ca
content . The content ratio of calecium lactate with respect to

2% by mass.

;U
mn
W
o]
h
ot
n
o]
{
Q
pw]
ot
0]
s}
ot
©
N
o
[
@
N
]
n

the total m
{0101
{Example 4)

i

qual amounts {on a volume basis)

It

lactate agueous scolution, and a 0.5% xanthan gum agqueocus

solution were mixed to provide a content 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 tequila) in the content at Z5°C was Z0% by volume

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

{the cor

nthan gum with regpect to the total mass of the

atio of =

=

0.25% by masgs.

content at 25°C was
{0102]
{(Example 5}

al amounts {on a volume basis) of tequila, a 4% ca

and a 0.2% xanthan gum agqueous
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solution were mixed to provide a content. The content ratio of

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

(]
o~
A

25°C wa by mass. The content rvatio of sthyl alcohel

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

{the content of the teguila was 50% by volume}. The cc ent

ratio of xanthan gum with respect to the total mass of the
content at 25°C was 0.1% by mass.
{o103]

(Example 6)

Equal amounts {(on a volume basis) of teguila, a 4% calcium

ution, and a 0.2% methyl celliulose were mixed

-

lactate aqueous so

1

to provide a content. The content ratio of calcium lactate with

o©

respect to the total mass of the content at 25°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 tegquils

was 50% by volume)}. The content ratio of methyl cellulose with

respect to the total mass of the content at 25°C was 0.1% by

{Example 7)
<

Equal amounts {on a volume basis) of orange juice, a 4%

calcium lactate agueous solutilon, and a 0.5% xanthan gum agqueous

ent. The content ratio of

sclution were mixed to provide a cont
caleium lactate with regpect to the total mass of the content at
- o

2Z5°C was 2% by mass. The content ratio of =

nthan gum with

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

mass.
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{0105]
{(Example 8)

2l

Hgual amounts

volume basi

calcium lact

of distilled
actate

W3

Y, a 4%
agquecus soluticn, and a 0.5% xanthan

Junm adgueous

mixed to provide a

content.
calcium 1

ac
ad

The content ratio of

tate with respect to the

total mass of content at
% by mass.

The content ratio of xanthan gum with
respect to the

i

mase of the content at 25°C was 0.25% by
mass.

(Example )

BEqual amounts {(on a volume basis)

) of tequila, a 4% calcium
lactate aquecus sclution, and a 0.2% crystalline cellulose weve
mixed to provide a

content. The content ratio of

calcium lactate
with vespect to the total mass of the content at 25°0 was 2%
masgs. The content ratio of

=

by
ethyl alcochol {(containing a teguila)
in the content at 25°C was 20% by volums

{the content
50% by volume).

The content ratio of crystalli

alline
egpect to the total mass

of the content
was 0.1% by mass.
{0107]
(Bmample 10)
Equal amounts {on a volume basis) of ors

orange uid
caleium lactate agqueous

solution, and a 0.2%

were mixed to provide a

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

of methyl cellulose with
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respect to the total the

cont

PCT/US2024/050807

ent att 25°C was (.1

T by

85 e 1
mass.
{0108}
[Freezing of content]
bove described Examples, esach of the

icn) was placed

7 wml, and frozen to provide a frozen

in a hemispherical meld by

content. The freezing

temperature was -40°C, and the freezing time was 1 hour.
The surface temperature of the frozen content was -5°C.

{Preparation of contacting solution]

Commexrcially available sodium alginate (product name:
sodiun alginate (powder), manufactured by Marugo Corporation)
was prepared, and a 0.5% (mass basis) sodium alginate aguecus

solution

{o11¢]

[
i<

Contact with contacting solut

prepared by using deionized water.

ion]

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

8
N

contacting solution made of a 0.5

n

J

about 70°C. Coating

to 10 S

to the contacting

about 3cmd

hemispherical capsules.

[

At this time, the temperature

decreased by about 10°C.

{0111]

46

£1lm

frozen contents obtalned by freezing the

odium alginate agueous

formation was performed by

contents of

lutionone by one to provide

of the contacting solution
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{Separation from contacting solution]
The formed approximately 3 om® hemispherical capsules were
gcooped with wire mesh and separvated from the contacting

sclution., Thereafter, the wire mesh was washed with running

made of distilled water.
A frozen content and a content obtained by melting the
frozen content were encapsulated in the coating £ilm of the
obtained capsule, and liquid 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 I month. After
storage, the capsule was cut, and the content wazs confirmed, and
as a reault, gelation was not cbserved.

Figs. 4 and 5 illustrate photographs of capsules of

-

Example 1 and Example 2 obtained at this time.

{o112]
{Examples la to 4a, Examples 7a and 8a: change in
temperature of contacting sclution)

In addition, capsules were produced in the same manner ag

in the production of the capsules the frozen contents of
Examples 1 to 4, 7, and &, except the temperature of the

contacting solution wasg changed to 4°C, 25°%C, 4(4°C, 60°9C, or
80°C.
A frozen content and a content obtained by melting the

frozen content were encapsulated in the coating £ilm of the

obtained capsule, and liquid leakage was not confirmed.

47
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In addition, the obtained capsules were all seamless and
had an excellent appearance.
obtained capsul placed in a

container with a sc
storage, the capsule

as a result,
The photograph
in Figs. & to 8.

rew cap and stored at 4°C for

gelation was not

o

month. After

o and

and the content was confirmed,

EYE]
shsexrved.

of the obtained capsules are illustrated

The upper part of Fig. 6 illustrates a modification of
Example 1.

The lower part of Fig. 6 illustrates a modification of
Bzample 4

The upper part of Fig. 7 illustrates a modification of
Ezample 2.

The lower part of Fig. 7 illustrates a modification of
Ezample 7.

The upper part of Fig. 8 illustrates a modification of
Example 3.

The lower part of Fig. 8 illustrates a modification of
Example 8.

These figures show that when the temperature of the
contacting solution ig 40°C or more, the surface of the capsule
becomes smooth, whereby the appearance of the capsule is
excellent, and the designability is further improved.

i

{0112]
In addition,

capsules.

Figs.

illustrat

=

@

48
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The horizontal
contacting solution

dissolution temperature),
capsule formation rate.
iticn

The capsule forms

axis represents
{in the figure,

and

Lcal axis

The ver

rate means the

with the coating film undamaged when 10 pleces of

Xanthan gum {-) in Fig.
Example 1.

Xanthan gum {+) in
Example 4.

Xanthan gum {-) in Fi

Example 2.

Xanthan gum {+) in Fig. 1

7

Example 7.

in

2
e
B

]

Xanthan
Example 3.

Xanthan gum {+) in
Example 8.

In Fig. 1%, solid
each other.
{0114]

{Examples 5S5a and 6a:

{(Bxample Sa)
above, except
in Example 5.

{(Example &a)

produced by the above described wme

Fig. &

3]
=
(o]
.
=)

Fig.

use o

“hed.

g illustys

illustrates

illustrates

illustrates

f)

§t
)

line and the dotted

were

number of ¢

W
=
Q

W
=
Q

11 illustyates a mo

illustrates a modifi

methyl cellulose

PCT/US2024/050807

the temperature of the
described as capsule

repragents the

a modification of

a modification of

of

of

of

produced in the same manner as

zanthan gum was changed to methyl

were produced in the same manner as
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degcribed above, axcept that methyl cellulose was ch

zanthan gum in HExample 6.

A frozen content and a content obtained by melting

frozen content were encapsulated in the coating £ilm of the

2011

chtained and lig

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

-

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

as regult, gelation wag not cbhserved.

I

o]

[

d in Examples 3a

D

The breaking load of the capsules produc
and 6a and the height of the capsules before compression

{hereinafter, also referred to as an initial capsule height, and

egscyribed as

)]
o
[sh
w
i1
o
0]
o
O
bat
0
=
8]
g,
-
Q

0.1% xanthan gum shows the result of HExample €6a, and the bar

graph described as containing 0.1% methyicellulose shows the
result of Example Sa.

The breaking load was meagured under the following
conditions with a creep meter. Specifically, the capsule was

the clrcular bottem surface of the

disposed such ti

62}
o+
o
8
o]
(@]

hemispherical capsule was in contact with the sample
the creep meter, and the capsule was compressed from above by a

the height of the capsule reached a height of (.8

[ =]

plunger unti

H (20% reduction} from the height H before compression. Before

i
o
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reaching the compression ratio,
at the time of breaking was taken as the

The helght before compression was
the plunger came into contact with the
gense pressure.

-Creep metexr:

Ltd.

-Plunger: Disc shape {4ome)
Load cell: 20 N
-Speed: gpeed 10 mm/sec

{0115]
Fig.

strength.

horizontal axis

[§
&

height. In this figure, the load increases
the distortion ratio approaches 40%, reaches

and then rapldly decres

)]
W
wm
D
m

about 40%,

and the lcad was

the breaking point,

and interpreted as the hardness of the capsule.

measurement corresponds to the mastication operation,

&

the setting of the compression

capsule

The vertical axis represents the

represents the distortion rvatic {%) based

Thig point was

PCT/US2024/050807

The locad

breaking load.

set Lo a ight at which

<

AIa

started to

o~

RE2-33005 C manufactured by Yamaden Co.,

14 illustrates an analysis example of the capsule

N

load the
on the

almost linearly until

a maximum value at

caken as the breaking load,

The breaking

and thus

gpeed was determined by

performing a preliminary experiment. Herein, the distortion
ratio is considered to be a props t as elasticity of
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

i
i)

subjects. A plurality of
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gamples were prepared such that the distorticn ratic up to

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

evaluated by the subjects. At this time, preparing sample was
performed under basically the same conditions as in Example 1,

the

and the concentration, ©

pey
scedium alginate aquecus solution were adijusted to adiust the
film thickness such that the distortion ratic was different.

More than about 5C pieceg of gsamples were ultimately damaged,

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

(a3
C

nand, in the samples of 43% to 45%, the majority reported
moderate elasticity and comfortable burst. On the other hand,

the coating £ilm being extremely thin was ruptured only by

pinching. Further, those subjected to coating treatment wexe

elasticity. ¥From these, it is congildered that a distoxti
of about 30% or more, about 35% or more, oy about 490 1is

lent in texture. In addition, a distortion ratio of aboutn

-]

exce

or about §0% or less is

<
E
o
=

80% or less, about 7

cengidered to be excellent in texture. Even in the same

digtortion ratio, thoge treatment wag seem to be

more excellent in texture.

From the experiment, those corresponding toe a distortion

ratic of about 30% was about 4.5 mm to about 5.7 mm, those

orresponding to a distortion ratio of about 40% was about 6.0

fan

(@]

(o)

mm, and those corresponding to a distortion

=

mm to about 7.

[hy]
[X8]
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ratio of about 50% was about

[011¢6]
{Ocao

urrence of wrinkle

{(Examples 6b and Sa)

-5 0N capsuie

PCT/US2024/050807

about 9.0 mm.

surface]

Capsules were produced in the same manner,
cellulose used in Bxamples 6 and 8 was changed to that
illustrated in Fig. 15

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

In addition, the obtained bsules 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 I month. After
storage, the capsule was cut, and the content wazs confirmed, and
as a result, gelation was not o© rved

The initial capsule height {(in the figure, described as a

gampie helght) of each produced capsules

5. The initial capsule height is

is illustrated in Fig.

ed by the method

measure
described above. In addition, the left part of Fig. 15

:
A

.

llustre modification of (3

Example

, and the right part of

Fig. a modification of Brample 9.

From the results illustrated in Fig. 15, it is fcound that
the capsule produced by using the water-soluble cellulose
derivative has a larger initial capsule height than the capsule
produced without use, and no wrinkle occurs on the coating £ilm

surface.

i
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{01171

A photograph of a capsule produced with the frozen content
e < S X

<

cof Example 10 is illustrated in

16. Hered

water-soluble

cellulose 1g used, and thus no wrinkle occurs on the capsule
surface.
{0118]
{(Bxample 11)
Equal amounts of a teguila to which 0.5% {(on a velume
basis) of the gardenia red dye was added and a 4% calcium
lactate agueous solution were mixed to provide a content. The

content ratio of the gardenia red dye with respect to the total

[

S

mass of the content at 25°C was 0.25% by mass. The content ratio

{containing a tequila) in the content at 25°C v
{the content ratio of the tequila was 50% by volume).

fo1ig]

{(Example 12)

Equal amcunts of a teguila to which ©.5% {(on a volume

basis) of the above described capsicum dye was added and a 4%

6]

5

calcium lactate aqueocusg solution were mized to provide a
content. The content ratio of the capsicum dye with respect to

the total mass of the content

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 ratio of

ethyl alcohol {(containing a tequila) in the content

o]
e
)
57
<
@]
z
Qi
0w

20% by wvolume {the content ratio of the teguila was

%]
O
o
o

&

(2]
S
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volume) .

Capsules were produced by the method describesd above for

the contents of Examples 1

2 frozen content and a content obtalned by melting the

coating lm of the

obtained capsule, and liquid leakage was not confirmed.

In addition, the obtailned 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 month. After

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

as a result, gelation was not cobsexrved.

~

It has been found that the designability of the resulting
capsule can be improved by containing the dyve in the content.
{o120]

{Example 13)

Equal amcunts {on a volume bagis) of a tequila and a 4%

calcium lactate agueous soluticon were mixed, and about 15% by

mase of a solid material of a lemon frult {(pulp ox the 1il

~

added to provide a content. The content ratio of calcium lactate

with respect to the total mass of the content at Z5°C0 was 2% by

mass. The content ratio of ethyl aleccohol {(containing a

in the content at 25°C was 20% by volums {(the content of the

tequila was 50% by volume). The content ratio of calcium lacts
with respect to the total mass of the content at 25°C was 2% by

magss.

Capsules were produced in the same manner ag described

[
Ul
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above except that the above content was used.

A froze
frozen content were encapsulate

obtained capsule,

obtained

In addition,

had an excellent appearance.

In addition, obtained
container with a screw cap and g
the

storage, capsule wag cut,

as a result, gelation was not

The above Example can encapsulate

Rein of capsule

AR

i

treatment

{Example 14)

Except that xanthan gum was

of xanthan gum wi

changed to 0.1

manner ag in Example 4, and the
cation-imparting solution liguid

tored at

and ligquid leakage was not

(¥

C¢

content and a content obtalnad by me

in the coating

sules were a

sules were p

=

4°C

and the content was confirmed,

obhsexrved.

&

for

golid mat

PCT/US2024/050807

..

ting the

.m of the

11 nless and

laced in a

month. After

A

and

erial.

ating film (coating

not used, or the content ratio

total mass of the content was

weres produced in the same
capsules were submergsad in a

and allowed to stand at room

temperature (25°C) for about 10 minutes
The catilon-imparting soluticn at this time containsd C.1%
{each on of poly-L-lysine {prcduct name: SALAD

KEEP,

Thereafter, the

manufactured by Ckuno Chem

ical Industries Co.,

Lta.) .

r submergence were

scooped with wire mesh and separated from the cation-imparting

solution.

(23]

[
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Then, the capsules wers chargsd into a ceating treatment

solution containing a coating agent for submergence, and was

allowed to st at room temperature (25°C) for about 30 minutes
te form a coating on the coating £film surface. The coating

<)

tment solution contained 0.5% {on a mass basig) of agar

{agarose) (product name: powder agar to dissolve in hot water,

td.}.

et

manufactured by Ina Food Industry Co.,

Thereafter, the capsules were scooped with wire mesh,

- -

separated, and washed with distilled watexr.

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

In addition, the obtained capsules were all seamless and

had an exzcellent appearance.

0

ontainer with a screw cap and stored at 4°C for I month. After

confirmed, and

storage, the capsule was culb, and the content wa
as a vesult, gelation was not obgexved.
As a comparison target, capsules {(untreated capsules) not

treated with the cation-imparting sclution and the coating

treatmer golution were separately prepared.

e strength]

The breaking loads and capsule heil

ghte 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

[
N
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illustrated

(SR

in Fig. 17.

{0123]

{Examp

)

Except that xanthan gum was

of xanthan gum with respect to the

changed to 0.1% or 0.25

&g

capsules

i
manner as in Example 7.

The capsules wer

¢

and a coating treatment solution in the

Example 14.

Thereafter,

£

sepavrated,
A frozen

frozen content were encap

taine

ob

the obtained capsu

had an exce appearance.

In addition, the obtailned capsu

container with a sorvew cap and stored

+
(&

storage, the capsule was cut, and the

ag a result, ion wt chser

ge

wWais

=3

=

treated with ing

treatment solution were

{0124]

The

and cap

described ight) of the

i

were

the coating

sule heights

PCT/US2024/050807

us

ed,

1 masg of the content was

produced in the same

cation-imparting solution

[y

same

manne

with wire mesgh,

by melting the

=

ilm of the

lez were all seamless and

[

ules were placed in a

o) 1
3 -

at 4°C £« month. After

content was confirmed, and

e,

psulesg)

cap

(in the figure,

gule treated with the

caps
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cation-imparting soluticn and the coating treatment solutlon and

the untreated capsule were measured 1 day and 4 days after

are illustrated

capsule production, respsectively,

{0125]
{(Example 16)

The capsules produced with the content of Example 1 were

rged in a t

stock solution, a teguila sclution
containing calcium chloride, or a teguila solution containing
calcoium lactate for 42 hours, and the content ratio of ethyl
alochol with respect to the total mass of the sclidified content
and the content encapsulated in the capsule ccating £ilm was

measured after 2 hours, 6 hours, 12 hours, 18 hm

&
i
0
i
o
by
@]
o
=
]

and 42 hours, respectively.

Both the content ratio of calcium chlorxide with respect to
the total mass of the tequila sclution containing calcium
chloride and the content ratlc of calcium lactate with respect
o the teotal mass of the teguila solution containing calcium
lactate were 2% by mass.

The content ratlo of tegquila with respect to the total

mass of the teqguila scolution contailning calcium chloride was $8%

by volume, and the content ratio o

b

tegquila with regpect to the

ion containing calcium lactate was 50% by volums.

teguila solu
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 air, the line graph connecting the

i
o
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black sqguare peints indicates the change with time in the ethyl

aloohol content vatic of the capsule left standing in the

ne graph connecting the white

Tequi gcolution, and the

langle points indicates the change with time in the etl
triangle points indicates the change with time in the ethyl

nt e capsule left standing in the

alcohol conte
teguila solution containing calciuvm chloride, and the line graph

5 1

connecting the white rhombus peints indicates the change with

time in the ethyl alcohol content ratio of the capsule left

standing in the tequila solution containing calcium lactate

From the above results, it has been found that the
transfer of teguila into the sclidified content in the coating

£ilm proceeded by submergence in the teguila stock scolution ox
were enhanced.
{o126]

{Example 17)

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

en content and a content obtalned by meliting the

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

suleg were all seamless and

In addition, the obtained
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

€0
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ot

storage, the capsule was cut, and the content was confirmed, and
ag a result, gelation was not observed.
{01271

{(Example 18)

0.5% godium alginate

ous soluticon in a contac

ng

sclution was changed te a 1.0% sodium alginate agueous solution
and the content obtained in Example 3 was used to produce
capsules in the same manner as 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.

0

3

In addition, the obtained capsules were placed in

[V

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

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

& a result, was not obsexrved,

W

{0128]

{Example 19)

The capsules obtained in Example 18 was treated with a
catilon-imparting solution and a coating treatment golution in

the same manner as described above to form a coating on the

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

€l
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had an excesllent

PCT/US2024/050807

In addition, the obtalned capsules were placad in a
containery with a screw cap and = at 4°C for 1 month. After

storage, the capsule was cut,

as a result, gelation was not

{0129]
{(Bxample 20)

The hemispherical mold

e}

and the content

I

spherical mold,

used to produce capsules in the same

The volume of the content was

containing t

content wag confirmed, and

N
ne

content was changed
obtained in Example 3 was

o}
=

manner ag described above.

100 ml.

3

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

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

In addition, the obtained capsules were placed in a
container with a screw cap and stoved at 4°C for I month. After
storage, the capsule was cut, and the content was confirmed, and
as a vesult, gelation was not cobgexved.

[0130]

{(Bxample 21)

The hemispherical mold

to spherical mold, and the content

used to produce capsules in the same
The wvolume of the content wasg
A frozen content and a content

contalning the content was

changed

chtained in Example 3 was

manneyr ag described above.
600 ml.
optained by melting the
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frozen content were encapsulated in the ccating film of the
okbtained capsule, and liquid leakage was not confirmed.

all seamless and

In addi

obtained capsul

ion, the

had an excellent appearance.

In addition, obtained sules were placed in a

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

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

ag a result, gelation was not cbserved.
{0131]

N

<Measurement of average thicknes

Ui

>

The average thickness of the capsule coating film obtained

je!
0

in Examples 3 and 17 to 21 {case of having a coating, the sum of

the avervage thicknesses of the ceoating film and the coating) was

measured and summarized in Tabkle 1.

Average thickneas (mm)

Example 2 0.36

]
=
9]
o

Example 1

o]

Example 18 0.65

Example 19 0.62

Ny
fow]
P

i
28]

Example

i

)
Py
s
[
(e}

ixample

€3
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CLAIMS

1. A method for producing capsules, comprising:

a step of =zolidifying a content including core ma

and a curing agent to provide a solidified content; and

{
U

a step of contacting the sclidified content with a
contacting solution including a coating-film forming agent to

provide a capsule including the solidified content and a coa

£ilm with the scolidified content encapsulated,

2. The method according to claim 1, wherein the solidified
content is ocbtained by freezing the content.

3. The method according to claim 1 ox 2, further comprising a
step of separating the capsule from the contacting sclution.

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

0
ot
(]
ko]
o]
e
u
ped
>
o3
=]
{
]
Q
[
ja]
iQ
o
by
D
R
»
ko)
mn
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}-J
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e
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W
n
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Pt
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=

ion including the coxe

2, wherein the content

U
!
=y
0]
=]
D
o
o
O
o}
@
9]
[¢]
Q
e
e
5
Q
it
O
0
i,-l
]
e
=]
o
O
[

includes ethyl alcohol.

5. The production method according te claim 1 or 2, wherein
the content includes a thickener.

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

-gsoluble

includes at leagt one of xanthan gum and a wa

celluloge devivative.

8. The method according

to claim 1 ox Z, wherein a

<

temperature of the contacting solution is 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 c¢laim 7, wherein the solid
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material 1s a second capsule encapsula
fruit pulp.
i1, The method according to claim 1

bringing the capsule into contact with
to charges a surface of the ca
12. The method according to claim 1

gtep of applying a

coating treatment ©

capsule.

13. The method according to claim 1

=

the solidified content encapsulated in
more.

4. The method according to claim 1
load of the capsule is 1 to 10 N.

15 The method according to claim 1

ckness of the
A capsule comprising:

least one cof a content

at

ied content including a core ma

=y
&

a coating film

and

ied content;

a coating that coats the coating

least one of agar and gelatin,

coating £ilm is 30 um

includ
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ting a second content, or
or 2, comprising a step of

a catlion-imparting

)

psule with mions.

Z, further comprising a

o

o the gurface of the

or 2, wherein an amount of

the capsule is 1 ml ox

or 2, wherein a breaking
or 2, wherein an average

10 mm.

ing a core material and a

terial;

ncapsulating the content and the

£ilm and includes

wherein a total amcunt of the content and the solidified
content is 1 ml or more.
17. The capsule according to claim 16, wherein the content
incliudes ethyl alcohol.
ia. The capsule according to claim 16 cor 17, wherein the
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content and the solidified content include a thickensr.

19. The capsule according to clailm 16 cor 17, wherein the

N

content and the golidified content include at le

=t one of
xanthan gum and a water-soluble cellulose derivative.
20, The capsule according to claim 16 or 17, wherein the

coating £ilm seamlessly encapsulates the content and the

ed content.
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21. The capsule according to claim

7, wherein the

content includes a solid wmateris

b2

2. The capsule according to claim 21, wherein the solid
material is a second capsule encapsulating a second content, or
fruit pulp.

23. A content comprising a core material and a curing agent

and used in the production method according to claim 1 ox 2.
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