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ABSTRACT
The problem to be solved by the invention is to provide a
method and device for efficiently removing an unwanted
component included in a beverage. The solution to the
problem is a method for removing an unwanted component
included in a beverage, the method including bringing the

beverage into contact with a metal-supported zeolite.
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DESCRIPTION
DEVICE AND METEOD FOR REMOVING UNWANTED COMPONENT INCL.UDED

IN BEVERAGE

Cross-Reference to Related Application
This application claims benefit under Article 4 of the
Paris Convention based on Japanese Patent Application No.

2013-266873 filed in Japan on December 25, 2013.

TECHNICAL FIELD
{0001]

The present invention relates to a method and device
for removing an unwanted component included in a beverage,
and in particular, it relates to a method and device for
removing an unwanted component included in a beverage using

a metal-supported zeolite.

BACKGROUND ART
[oo02]

Distilled alcoholic beverages typified by whisky,
Shochu and the like are the alcoholic beverages, which are
produced by obtaining a fermented Iiquid by alccholic
ferﬁentation with yeast of raw materials, such as grains

and fruits, and distilling the fermented licquid in a

CA 2934794 2019-09-24
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distillation process. Since the distillate immediately
after distillation (new make spitirts) contains a lot of
unwanted components accompanied by an unpleasant smell, it
is usually shipped after the unwanted components are
reduced by storage for a certain period, agitation and the
like. .
[0003]

For example, in case of whisky, 1t is stored and
matured for 4-6 years for the shortest, and for nearly 20
years for the longest, so that, during storage, evaporation
and disappearance of uqstored components such as sulfur
compounds, reactions of components derived from new make
spirits {oxidation reaction, acetalization reaction,
esterification reaction and the like), degradation
reactions of components derived from raw material of
barrels, reactions of components derived from the raw
material, which are eluted inside of the barrels, and raw
whisky, a change 1in state of ethanol and water that
constitute raw whisky and the like occur, whereby a flavor
unique to whisky is brought out.

[0004]

As described above, the long-term storage and
maturation decrease the production efficiency of whisky and
the like, and increase the production cost. Thus it is

difficult to inexpensively provide consumers with whisky
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with a good flavor or the like.
[0005]

So it 1s considered a method for removing unwanted
components for alcoholic beverages such as unstored
components including sulfur compounds, precipitated
components during a cold season, an unpleasant smell and
the like in an active manner without waiting for a change
that naturally occurs by storage.

(00086]

As a method for removing an unwanted component from
alcoholic beverages, for example, a method of bringing
alcoholic beverages into contact with an absorbent obtained
by treating silica with an organic silane compound (refer
to Patent Document 1), a method of bringing alcoholic

beverages into contact with activated carbon (refer to

Patent Document 2), a method using an ion-exchange resin
(refer to Patent Document 3), a method using metal grains
and a resin layer (refer to Patent Document 4), and the

"like are already proposed.

[0007]

However, in the above conventional technologies, there
was still room left to provide a product satisfying a

demand for higher quality.

BACKGROUND ART DOCUMENTS
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PATENT DOCUMENTS

[0008]
Patent Document 1: JP S563-137668 A
Patent Document 2: JP HO03-187374 A
Patent Document 3: JP 2004-222567 A

Patent Document 4: JP 2012-016321 A

SUMMARY OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[0009]

The present invention solves the above conventional
problem, and an object thereof is to provide a method and
device for removing an unwanted component included in a
beverage with high removal efficiency of the unwanted

component, while leaving a flavor inherent in the beverage.

MEANS FOR SOLVING THE PROBLEM
[0010]

The present invention provides a method for removing
an unwanted component included in a beverage, comprising:
bringing the beverage into contact with a metal-supported
zeolite.

[0011]
In one embodiment, a metal which constitutes the

metal-supported zeolite is silver.
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[0012]

In one embodiment, a =zeolite which constitutes the
metal-supported zeolite is Y-type or B-type.
[0013]

In one embodiment, the metal is supported in an amount
of 5 mass % or more and 25 mass % or less based on a total
amount of the metal-supported zeoclite.

[0014]

Furthermore, the present invention provides a method
for removing an unwanted component included in a beverage,
comprising:

bringing the beverage into contact with a metal-
supported zeolite; and

bringing the beverage, which has been brought into
contact with the metal-supported zeolite, into contact with
a metal-trapping material.

[0015]

In one embodiment, the metal-trapping material is a
zeolite.
[0016]

In one embodiment, the zeolite as the metal-trapping
material traps the metal eluted from the metal-supported
zeolite, and also removes the unwanted component included
in the beverage.

[0017]
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In one embodiment, the =zeolite as the metal-trapping
material is Na-type zeolite.
(0018}

Furthermore, the present invention provides a device
for removing an unwanted component included in a beverage,
comprising means for bringing the beverage into contact
with a metal-supported zeolite.

[0019]

Furthermore, the present invention provides a device
for removing an unwanted component included in a beverage,
comprising:

means for bringing the beverage into contact with a
metal-supported zeolite; and

means for bringing the beverage, which has Dbeen
brought into contact with the metal-supported zeolite, into
contact with a metal-trapping material.

[0020]

In one embodiment, a zeolite as the metal-trapping
material traps the metal eluted from the metal-supported
zeolite, and also removes an unwanted component included in
the beverage.

[0021]
In one embodiment, the =zeclite as the metal-trapping

material is Na-type zeolite.
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[0021a]

According to an embodiment, there is provided a method for
removing an unwanted component included 1n a beverage,
comprising: bringing the beverage into contact with a metal-
supported =zeolite; and bringing the beverage, which has been
brought into contact with the metal-supported =zeolite, into
contact with a metal-trapping material, wherein the unwanted
component is at least one selected from the group consisting of
dimethyl sulfide (DMS), dimethyl disulfide (DMDS) and dimethyl
trisulfide (DMTS); the beverage is an alcoholic beverage; a
metal which constitutes the metal-supported zeolite is silver;

and the zeolite as metal-trapping material is Na-type zeolite.
[0021Db]

According to another embodiment, there is provided a
device for removing an unwanted component included in a
beverage, comprising: a beverage which is to be introduced into
the device; a metal-supported =zeolite which absorbs the
unwanted component included in the beverage; means for bringing
the beverage into contact with a metal-supported zeolite; and
means for bringing the beverage, which has been brought into
contact with the metal-supported zeolite, into contact with a
metal-trapping material, wherein the unwanted component is at
least one selected from the group consisting of dimethyl
sulfide (DMS), dimethyl disulfide (DMDS) and dimethyl
trisulfide (DMTS); the beverage is an alcocholic beverage; a
metal which constitutes the metal-supported zeolite is silver;

and the zeolite as metal-trapping material is Na-type zeolite.

CA 2934794 2019-09-24
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EFFECT OF THE INVENTION
[0022]

According to the method and device of the present
invention, an unwanted component included in a beverage is
efficiently removed while leaving a flavor inherent in the

beverage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023]

Fig. 1 is a schematic diagram showing the
configuration of a device for removing an unwanted
component included in a beverage according to the present
invention; and

Fig. 2 is a <cross sectional view showing one
embodiment of a cartridge column used in the device

according to the present invention.

DESCRIPTION OF EMBODIMENTS
10024}
Beverage]

The beverage to be treated by the method and device of
the present invention is not particularly limited as long
as it includes an unwanted component that disturbs a flavor
inherent in the beverage. In general, such beverages are

alcoholic beverages. The alcoholic beverages are not
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particularly limited, and all alcoholic beverages can be
applied. Specifically, all distilled alcocholic beverages
such as whisky, brandy, gin, vodka, tequila, rum, white
liquor, and arrack can be applied. Also, all brewed
alcoholic beverages and mixed liquors such as sake, beer,
wine, fortified wine and a Chinese liquor can be applied.
Among the brewed alcoholic beverages and mixed liquors,
sake 1is preferably used. Furthermore, all shochus such as
barley shochu, rice shochu, sweet potato shochu, kokutoshu,
buckwheat shochu, corn shochu, shochu made from sake lees
and awamori can be applied.

[0025]

The unwanted component is a component that disturbs
the flavor of alcohoiic beverages, and mainly includes
unpalatable components. Examples of the unpalatable
components include sulfur compounds such as dimethyl
sulfide (DMS), dimethyl disulfide (DMDS) , dimethyl
trisulfide (DMTS), and the like. Alsc, they include
nitrogen compounds such as pyridine.

[0026]

Among the sulfur compounds, dimethyl sulfide (DMS),
dimethyl disulfide (DMDS), dimethyl trisulfide (DMTS) are
known as substances having an immature smell included in
whisky. 1In general, they are evaporated or oxidized during

maturation in barrels so that thelir concentrations are
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lowered below sensory threshold values.
[0027]

Among the above alcoholic beverages, since the
distilled alcoholic beverages, 1in particular, whisky,
shochu, brandy, gin, vodka, tequila, rum, white liquor,
arrack and the 1like include sulfur compounds as the
unpalatable components that disturb the flavor of alcoholic
beverages, they are preferred as the beverages to be
treated by the method and device of the present invention.
The most preferred alcoholic beverages to be treated by the
method and device of the present invention include whisky.
[0028]

The method and device of the present invention can
leave flavor and aroma components such as higher alcohols,
fusels, and esters included in the alcoholic beverages,
while removing the above unwanted components included in
the alcoholic beverages.

[0029]
[Metal~-supported zeolite]

The metal-supported zeolite to be used in the present
invention is a zeolite on which a metal is supported. The
supported metal is preferably silver. The metal-supported
zeolite is preferably at least one selected from B-type and
Y~type. The particularly preferable zeolite is Y-type.

[0030]
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More specifically, the =zeolites are preferably FAU-
and BEA-structured =zeolites with 12- or 1l0-membered ring
pores.

[0031]

The zeolite preferably has a BET surface area of 500
(m*/g) or more and 900 (m?’/g), and more preferably 550
(n@/é) or more and B850 (m2/g) or less. The zeolite
preferably has a micropore volume of 0.05 (cc/g) or more
and 0.40 (cc/g) or less, and more preferably, 0.10 (cc/g)
or more and 0.35 (cc/g).

[0032]

As a method for producing a metal-supported zeolite,
an ion-exchange methed is given. In the ion-exchange
method, metal ions are made to be supported inside the
zeolite «crystals by ion exchange. The metal ions
preferably include silver ions.

[0033]

As a method for supporting metal 1ions inside the
zeolite crystals by exchanging internal ions of the zeolite
crystals with the metal ions, a method is given in which a
zeolite 1s put in a solution containing metal ions so that
the solution containing the metal ions 1is brought into
contact with the zeolite at a temperature of about ambient
temperature to 80°C for one to several hours. This

operation may be repeatedly performed a plurality of times.
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[0034]

Water-soluble metal salts such as nitrates and
chlorides can be used as the solution containing the metal
ions. Furthermore, a solution in which a metal compound is
dissolved 1in agqueous ammonia to prepare metal-ammine
complex ions can also be used. That is, silver nitrate,
and ammonium nitrate can be used.

[0035]

After the metal ions have been supported inside the
zeolite crystals by ion exchange, the resultant zeolite is
washed with water or the like. Thereafter, 1t may be
subjected tc a drying treatment at a temperature of about
50°C or more, preferably at 50°C or more and 200°C or less.
Furthermore, after dried, it may further be subjected to
calcination treatment at a temperature of about 500°C or
less, preferably at 200°C or more and 500°C or less, for
several hours.

[0036]

A total amount of the metal supported on the =zeolite

is preferably 5 mass % or more and 25 mass % or less, more

Q

preferably 5 mass % or more and 20 mass % or less, further
preferably 6 mass % or more and 20 mass % or less, and most
preferably 6 mass % or mecre and 18 mass % or less, based on

a total amount of the metal-supported zeolite. When the

amount of the metal supported is 1less than 5 mass %,
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removal efficiency of an unwanted component included in a
beverage decreases. When it exceeds 25 mass %, since metal
ion exchange hardly occurs, the metal is liable to
aggregates, resulting in an increase 1in the amount cf the
metal eluted into the beverage.

[C0037]

In another embodiment, the total amount of the metal
supported on the zeolite is preferably 7 mass % or more and
23 mass % or less, more preferably 10 mass % or more and 20
mass % or less, and most preferably 12 mass % or more and
18 mass % or less, based on the total amount of the metal-
supported zeolite.

[0038]

The metal-supported zeolite may be shaped by adding a

binder component. The binder component is preferably added

i)

in a ratio of 5 mass % or more and 50 mass % or less, more
preferably 10 mass % or more and 30 mass % or less, based
on a total amount of the metal-supported zecolite shaped
product.
[0039]

The zeolite shaped product preferably has an average
particle size of 0.1 mm or more and 5 mm or less, more
preferably 0.3 mm or more and 3 mm or less, and further

preferably 0.5 mm or more and 2 mm or less.

[0040]
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In another embodiment, the zeolite shaped product
preferably has an average particle size of 0.4 mm or more
and 1.3 mm or less. The metal-supported zeolite in small
particle size tends to easily adsorb an unwanted component
in a beverage. Therefore, the average particle size of the
zeclite shaped product is preferably small as long as it
does not prevent its uniform contact with the beverage.
[0041]

Usable binder components preferably include alumina,
silica and the 1like. From the viewpoint of facilitating
shaping, clay minerals such as bentonite and vermiculite,
and organic additives such as cellulose may further be
added. A metal-supported =zeolite shaped product can be
obtained by adding the above binder components <to the
zeolite, followed by a usual method including extrusion
shaping, tableted forming, reclling granulation, and spray
drying.

[0042]
[Contact between beverage and metal-supported zeolite]

Contact between the beverage and the metal-supported
zeclite 1s generally performed by immersing the metal~
supported =zeolite 1in the beverage. For example, the
beverage may be brought into contact with the metal-
supported zeolite in an embodiment in which -the beverage

and the metal-supported =zeolite are put 1in the same
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container, or in an embodiment in which the beverage is
passed through a column filled with the metal-supported
zeolite.

[0043]

Although the temperature at which the beverage 1is
brought into contact with the metal-supported zeolite is
usually room temperature (namely, about 25°C), the contact
may be performed under heating or cooling, if necessary.
When the beverage is passed through the column filled with
the metal-supported zeclite, its flow rate (LHSV) range is
0.1-100 h™, preferably 0.5-50 h™', and more preferably 1-30
ht.

[0044]

The temperature at which the beverage is brought into
contact with the metal-supported zeolite is generally 5°C
or more and 60°C or less, preferably 10°C or more and 40°C
or less, and more preferably 20°C or more and 40°C or less.
The metal-supported zeclite easily adsorbs the unwanted
component 1in the beverage under a high temperature
environment, and tends to prevent a metal from easily being

eluted. It is preferred that the temperature at which the

beverage is brought into contact with the metal-supported

zeolite is higher than room temperature.

[0045]

When the beverage 1is brought into contact with the
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metal-supported zeolite, the metal supported on the metal-
supported zeolite is sometimes eluted into the beverage. A
metal elution amount increases in proportion to the amcunt
of the metal supported on the =zeolite. In order to
increase removal efficiency of the unwanted component, it
is necessary to increase the amount of the metal supported
on the zeolite. On the other hand, it is preferred that a
metal eluted into the Dbeverage i1s removed £from the
viewpoint of safety to a human body. Therefore, it 1is
preferred that the beverage, which has been brought into
contact with the metal-supported zeolite, 1s then brought
into contact with a meta-trapping material. The beverage,
which has been brought into contact with the metal-
supported zeolite, is brought into contact with the metal-
trapping material, whereby the metal eluted from the metal-
supported zeolite is removed.

[0046]

Publicly known chelate resins, ion-exchange resins,
zeolites and the like can Dbe used as the metal-trapping
materials. The metal-trapping materials include zeolites
having ion-exchangeable cations, and, in particular,
zeolites having any one structure from among faujasite, X-
type zeolite, Y~type zeolite, A-type zeolite, ZSM-5 zeolite,
mordenite, and P-type zeolite.

[0047]



10

15

20

25

CA 02934794 2016-06-21

16

The =zeolite for the metal-trapping material 1is
preferably Na-type zeolite or H-type zeolite, which has, as
an ion exchangeable cation, Na' or H'.

[0048]

The most preferred zeolite includes Y-type =zeolite,
and NaY-type zeolite having Na' as an ion-exchangeable
cation.

[0049]

The zeolite has high capability of trapping a metal
eluted from the metal-supported zeolite, and has a long
effective life as the metal-trapping material. Also, using
the zeolite as the metal-trapping material can selectively
adsorb only a specific sulfur compound “while leaving
flavor and aroma components of an alcoholic beverage”.
[0050]

It is considered that, as a result thaf the zeolite
for the metal-trapping material has trapped the metal, the
zeolite for the metal-trapping material functions similarly
to the metal-supported =zeolite, and also removes the
unwanted component included in the beverage. Conseguently,
when the =zeolite is used as the metal-trapping material,
the effect is obtained that the life of the function of the
metal-supported zeolite, i.e., removing the unwanted
component in the beverage, is extended.

[0051]
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When the 2zeolite 1is wused as the metal-trapping
material, its amount used is 0.3-3.0, preferably 0.6-2.0,
and more preferably 1.0-1.5 in a volume ratio based cn the
metal-supported =zeolite. When the amount of the zeolite
used is in a volume ratio of less than 0.3 based on the
metal-supported zeolite, the metal is eluted into the
alcoholic beverage before the adsorption capacity of the
metal-supported zeolite is consumed. When the amount used
exceeds 3.0, the metal-trapping capacity is sufficient, but
this leads to deterioration of the operational efficiency
of the device including economic efficiency.

[0052]
[Device]

Fig. 1 1s a schematic diagram illustrating the
confiquration of a device for removing an unwanted
component included in a beverage according to the present
invention. This device is provided with a beverage tank 1,
a pump 2, and a cartridge column 3, and they are connected
by lines 4. A beverage is stored in the beverage tank 1
after being produced, and sent to the cartridge column 3 by
the pump 2 through the lines 4. The cartridge column 3 is
uniformly filled with a metal-supported zeolite. The
beverage having passed through the cartridge column 3 is
stored as a product.

[0053]
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The plural cartridge columns 3 may .be placed linearly
or in parallel. In one preferred embodiment, the two
cartridge columns 2 are placed linearly or in parallel, the
cartridge column through which the beverage first passes is
filled with the metal-supported zeolite, and the cartridge
column through which the beverage passes next 1is filled
with a metal-trapping material.

[0054]

Fig. 2 1is s <cross sectional view showing one
embodiment of the cartridge column used in the device of
the present invention. The inside of the cartridge column
is divided into two chambers by a filter 5. A chamber 6 on
the inflow port side of the beverage is filled with the
metal-supported =zeclite, and a chamber 7 on the outflow
port side of the beverage is filled with the metal-trapping
material. The filter 5 setup may be omitted by directly
layering the metal-trapping material and the metal-

supported zeolite in the cartridge column.

Examples
[0055]

The present invention will hereinafter be described
more specifically by Examples. It should not be construed
that the present invention 1is limited to the following

Examples.
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[0056]
Example 1

A commercially available NaY-type zeolite shaped
product (manufactured by TOSCH CORPORATION, “HSZ-320NADI1A")
was crushed to have an average particle size of 0.5-1 mm.
Ammonium nitrate (240 g) was dissolved in water (3L), and
the zeolite (1 kg) was put thereinto. The liquid was
stirred for 3> hours, and subjected to 1icn exchange
treatment to obtain NH;Y-type zeolite. After water washing
and drying, the NHsY-type zeolite (1 kg) was put into an
aqueous solution of silver ammine complex ion obtained by
dissolving silver nitrate (394 g) and ammonia (30%) (330 gq)
in water (2.5 L). The liquid was stirred for 3 hours,
silver ion exchange was performed, and further water
washing and drying were performed. Thereafter, calcination
was performed at 400°C for 3 hours to obtain granulated
AgY-type zeolite. The supported silver amount of the
obtained AgY-type zeolite was 13.8 (mass %).

[0057]

AgY-type zeolites with different supported silver
amounts were produced in the same manner as above except
that the amounts of silver nitrate and ammonia (30%)
reacting with NHs;Y-type =zeolite (1 kg) were changed as
necessary.

[0058]



10

15

20

25

CA 02934794 2016-06-21

20

To granules of the AgY-type zeclites, water was added
to suspend them. After the suspensions were washed while
removing floating matter, the suspensions were each put
into a column container having a diameter of 1.0 cm to
prepare a filling body having a height of 6.25 cm. Water

(25 mL) was passed therethrough, and whisky (new make malt

o\@

whisky (alcochol <content: 62 V) (25 mL) was passed
therethrough to prepare a column.
[0059]

Concentrations of sulfur compounds (dimethyl sulfide
(DMS), dimethyl disulfide (DMDS) and dimethyl trisulfide
(DMTS)) in the whisky were measured by using a Headspace
Gas Chromatograph Mass Spectrometer “6890N Type”
manufactured by Agilent Technologies, Inc., and a headspace
injector “MultiPurpose Sampler MPS2” manufactured by
GERSTEL, Inc. In the whisky before the column treatment,
dimethyl sulfide (DMS) (1.1902 ppm), dimethyl disulfide
(DMDS) (0.5082 ppm), and dimethyl trisulfide (DMTS) (0.0045
ppm) were included.

[0060]

This whisky was flown through the prepared column at
room temperature at a liquid-passing rate of SV = 10 h™* to
collect a 1liquid +that has passed through (100 mL).

Concentrations of the sulfur compounds in the liquid that

has passed through were measured in the same manner as
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above. The sulfur compounds were represented with their

removal rates. A removal rate of 100% demonstrates that

the amount of presence after the test is less than a

detectable level. The removal rates of the sulfur

compounds by the column treatment are shown in Table 1.

[0061]

Then, silver concentrations of the liguid that has

passed through were measured by using an ICP emissicn

spectrophotometer “720-ES” manufactured by Agilent

Technologies, Inc. The results are shown in Table 1.

[0062]
[Table 1]

Supported silver amount (mass %)

13.8 6.5 3.5
Removal rate of | DMS 100.0 97.9 95.9
sulfur compound (%) | DMDS 81.8 18.1 0.0

DMTS 100.0 17.4 0.0

Ag concentration (ppm) 9.6 2.9 0.6

[0063]

It was confirmed from the results of Table 1 that the
sulfur compounds included in the whisky were removed in a
specific manner by bringing it into contact with the AgY-
type zeolite. Also, it was confirmed that silver was
eluted into the whisky when it was brought into contact

with the AgY-type zeolite.

[0064]

Example 2
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A commercially available NaY-type =zeolite shaped
product (manufactured by TOSOH CORPORATION, “HSZ~3Z0NAD1A")
was crushed to have an average particle size of 0.5-1 mm.
Water was added to the granular NaY-type zeolite to suspend
it. The resultant suspension was put into a column
container having a diameter of 1.0 cm so that it was filled
tc a height of 6.25 cn with the NaY-type zeolite.

[0065]

Water was added to AgY-type zeolite with a supported
silver amount of 13.8 (mass %), which was prepared in the
same manner as in Example 1, to suspend it. The resultant
suspension was put into the column container filled with
the NaY-type zeolite so that it was filled toc a height of
6.25 cm with the AgY-type =zeolite. Water (25 mL) was
passed through the column container, and whisky (new make
malt whisky (alcohcl content: 62%)) was passed through the
column container to prepare a column.

[0066]

Using the column in which the Na¥Y-type zeolite and the
AgY-type zeolite were layered, whisky was treated in the
same manner as in Example 1 except that the whisky was
first passed through the AgY-type zeclite layer and then
passed through the NaY-type zeolite layer. In the whisky
before the column treatment, dimethyl sulfide (DMS) (1.1614

ppm), dimethyl disulfide (DMDS) (0.4759 ppm), and dimethyl
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trisulfide (DMTS) (0.0049 ppm) were included.
Concentrations of the sulfur compounds in the liquid that
has passed through were measured in the same manner as in
Example 1. Removal rates of the sulfur compounds by the
present column treatment are shown in Table 2.
[0067]

Then, the silver concentration of the liquid that has
passed through was measured in the same manner as above.

The results are shown in Table 2.

[0068]
[Table 2]
Supported silver amount {mass %)
13.8
Removal rate of sulfur | DMS 100.0
compound (%) DMDS 98.9
DMTS 100.0
Ag concentration (ppm) less than 0.01
[0069]

It was confirmed from the results of Table 2 that the
sulfur compounds included in the whisky were removed in a
specific manner by bringing it into contact with the AgY-
type zeolite and that silver eluted from the AgY¥-type
zeolite was also removed.

[0070]
Example 3
AgY-type <zeoclites with different supported silver

amounts and different particle sizes were prepared in the
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same manner as in Example 1. Water was added to each
granular AgY-type =zeolite to suspend it. The resultant
suspension was put into a column container A having a
diameter of 1.0 cm so that it was filled to a height of 23
cm with the AgY-type zeolite. Similarly, a column
container B having a diameter of 1.0 cm was filled to a
height of 23 c¢m with granular NaY-type zeolite. A valve
for sampling the liquid halfway was installed between the
column container A and the column container B to connect
them with tubes made of polytetrafluoroethylene (Teflon
(registered tradename)). As for the particle sizes, Q50%
values corresponding to equivalent circle diameters were
measured by using a CAMSIZER/digital image analysis type
particle size distribution meter (HORIBA, Ltd., Retsch
Technology Gmbh) .

[0071]

Connecting the columns of the AgY¥-type zeolite and the
NaY-type zeolite, whisky was first passed through the Agy-
type zeolite layer, and then the Na-y-type zeolite layer at
a predetermined flow rate. Except for this, the whisky was
treated 1in the same manner as 1in Example 1. The
temperature was adjusted to a predetermined temperature by
immersing the column container A and the column container
in a water bath. In the whisky before the column treatment,

dimethyl sulfide (DMS) (0.35 ppm), dimethyl disulfide
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(DMDS) (0.22 ppm), and dimethyl trisulfide (DMTS) (0.0073
ppm) were included. Concentrations of the sulfur compounds
in the liguid that has passed through were measured in the
same manner as in Example 1. Removal rates of the sulfur
compounds by the present column treatment are shown in
Table 3.

[0072]
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[0073]
Example 4

A spherical shaped product of AgY-type zeolite with a
supported silver amcunt of 16.0 (mass %) and an average
particle size of 1.2 mm was prepared. Water was added to
the granules to suspend them. The resultant suspension was
put into a column container A having a diameter of 1.0 cm
so that it was filled tec a height ¢f 50 cm with the AgyY-
type zeolite.

[06074]

Similarly, water was added to a Na¥Y-type zeolite
shaped product with an average particle size of 1.2 mm so
that it was suspended. The resultant suspension was put
into a coclumn container B having a diameter of 1.0 cm so
that it was filled to a height of 50 cm with the NaY-type
zeolite.

[0075]

The coclumn container A and the column container B were
connected upstream and downstream, respectively. From the
column container A, water (300 mlL) was passed through, and
whisky (new make malt whisky (alcohol content: 62%)) (300
mL) was passed through to prepare a column.

[0076]
Using the column in which the AgY-type zeolite and the

NaY-type zeolite were layered, whisky was, at 35°C, first
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passed through the AgY-type zeolite layer, then through the
NaY-type zeolite layer, and the whisky was subjected to
liquid-passing treatment at an LHSV of 5 hr™* to the AgY-
type zeolite. In the whisky before the column treatment,
dimethyl sulfide (DMS) (1.79 ppm), dimethyl disulfide
(DMDS) (0.31 ppm), and dimethyl trisulfide (DMTS) (0.0039
ppm) were included.

[0077]

A liquid that has passed through the column container
A and the licquid that has passed through the column contain
B were sampled to measure sulfur and Ag concentrations.
The results of 3 hours after, 580 hours after, and 1200
hours after the liquid-passing was started, are shown in
Table 4.

[0078]

Cn a liquid-passing time of 580 hours, the DMDS
removal rate at an outlet port of the column A became 88%,
whereas the ligquid-passing time required to achieve the
same DMDS removal rate at an outlet port of the column B of
88% was 1200 hours. It was found that DMDS was absorbed by
silver trapped by the NaY-type zeolite to extend its life.

[0079]
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[Table 4]
Liquid—passing time: Liguid-passing time: Liquid—passing time:
3 hours 580 hours 1200 hours
Column Column Column Column Column Column
container container container container | container container
A B A B A B

DMDS

removal rate

(%) 100 100 88 96 28 88

[ Ag

concentration

(ppm) 11 £0.01 8 <0.01 3 <0.01

[0080]

Example 5

A spherical shaped product of AgY¥-type zeolite with a
supported silver amount of 12.8 (mass %), and an average
particle size of 1.2 mm was prepared. Water was added to
the granules to suspend them. The resultant suspension was
put into a column container A having a diameter of 2.3 cm
so that it was filled to a height of 58 cm with the Agy-
type zeolite.

[0081]

Similarly, water was added to a Na¥Y-type zeoclite
shaped product with an average particle size of 1.2 mm so
that it was suspended. The resultant suspension was put
into a column container B having a diameter of 2.3 cm so
that it was filled to a height of 58 cm with the NaY-type
zeolite.

[0082]

The column container A and the column container B were
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connected upstream and downstream, respectively. From the
column container A, water (1.2 L) was passed through, and
whisky (new make malt whisky (alcohol content: 62%)) (1.2
L) was passed through to prepare a column.

[0083]

Using the column in Which the AgY-type zeolite and the
NaY-type =zeolite were 1layered, whisky was first passed
through the AgY-type zeolite layer, then passed through the
NaY-type zeolite layer, and whisky was subjected to liquid-
passing treatment at room temperature at an LHSV of 2.5 hr
! to the AgY-type zeolite. 1In the whisky before the column
treatment, dimethyl sulfide (DMS) (0.35 ppm), dimethyl
disulfide (DMDS) (0.22 ppm), and dimethyl trisulfide (DMTS)
{0.0073 ppm) were included.

[0084]

Immediately after the 1liquid-passing was started,
sampling was performed from the outlet of the column B to
measure sulfur and Ag concentrations. The treated liguid
was collected in three portions, i.e., start time of iquid-
passing to 450 hours, 450 to 900 hours, and 900 to 1300
hours, to measure the sulfur and Ag concentrations
according to the similar manner. The results are shown in
Table 5.

[0085]
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[Table 5]
Start time of | Start time of [ 450 to 900|900 to 1300
liquid passing liquid passing to | hours hours
450 hours
DMDS removal
rate (%) 95 95 89 81
Ag
concentration
(ppm) <0.01 <0.01 <0.01 <0.01
[0086]
Example 6
The measurement results of compositions of flavor

components of the whiskies subjected to the liquid-passing

treatment in Example 5 and the untreated whisky are shown

in Table 6.

It was confirmed that there were no great

changes in concentration of major flavor components due to

the liquid-passing treatment.

[0087]
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[Table 6]

Flavor component concentration (ppm)

Untreated Start time of | 450 to 900 | 900 to 1300
liquid passing | hours héurs
to 450 hours '

Ethyl Lactate 51 4.7 5.2 47
furfural 8.7 8.7 : 8.9 8.7
B~Phenethyl alc. , 29.0 282 - 28.5 21.7
i—~Amyl acetate , 22.7 21.8 22.2 21.5
Ethyl Caproate 2.7 2.6 2.8 2.7
Ethy! Caprylate 13.9 13.1 134 13.0
-Phenethyl acetate 13.1 13.0 13.3 130
Ethyl Caprate 46.1 41.8 425 41.5
Ethyl Laurate 40.6 33.1 340 334
Ethyl Myristate 7.5 4.8 4.9 438
Ethyl Palmitoleate 174 13.0 . 13.1 13.0
Ethyl Linoleate ' 20 14 1.4 14
Acetoaldehyde ' 243 215 214 26.3
Ethyl acetate 235.8 249.5 250.8 248.6
Methanol 25.0 26.6 26.8 272
n—Propanol 233.0 251.5 252.8 249.2
i~Butanol 545.6 588.2 591.3 582.9
i~Amy alcohol 1249.8 1348.5 1354.2 1349.2
[0088] '

Example 7

Whiskies on which the liquid-passing freatment was
performed by the method in Example 5 ((1) immediatély after
to 450 hours, (2) 450 to 900 hours, (3) 900 to 1300 hours),
and untreatedehisky (untreated) Qere stored in barrels for
6 months. Sensory tests of:the whiskies after storage in
the barrels were conducted by 9 expert panelists on a scale
of 7 with 1 being the lowest and 7 being the highest. The
results thereof are shown 1in Table 7. While an average

score of the untreated products was 4.00, the whiskies (1),
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scores of 4.46, 4.67, and 4.54,

of them had a favorable flavor

compared to the control.

as

[0089]
[Table 7]
Score Panelists’ comments
(average)
Untreated 400 Heavy, immature feeling
Start time of
liquid passing to | 4.46 Sweetness, fullness, vanilla, refreshing
450 hours
450 to 900 hours | 4.67 Sweetness, vanilla, woody, mild
900 to 1300
hours 4,54 Sweetness, vanilla, woody, richness

DESCRIPTION OF REFERENCE NUMERALS

[0090]
1 :++ beverage tank
2 -+ pump

3 +-- cartridge column

4 +++ line

5 «++ filter

6 --+ chamber on inflow port side of beverage

7 +++ chamber on outflow port side of beverage
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CLAIMS:

1. A method for removing an unwanted component included in a

beverage, comprising:

bringing the beverage into contact with a metal-supported

zeolite; and

bringing the beverage, which has been brought into contact
with the metal-supported zeolite, into contact with a metal-

trapping material, wherein

the unwanted component is at least one selected from the
group consisting of dimethyl sulfide (DMS), dimethyl disulfide

(DMDS) and dimethyl trisulfide (DMTS);
the beverage is an alcoholic beverage:;

a metal which constitutes the metal-supported =zeolite 1is

silver; and
the zeolite as metal-trapping material is Na-type zeolite.

2. The method according to claim 1, wherein a zeolite which

constitutes the metal-supported zeolite is Y-type or B-type.

3. The method according to claim 1 or 2, wherein the metal is

supported in an amount of 5 mass % or more and 25 mass % or

less based on a total amocunt of the metal-supported zeolite.

CA 2934794 2019-09-24
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4. The method according to any one of claims 1 to 3, wherein
the zeolite as metal-trapping material traps the metal eluted
from the metal-supported zeolite and thereby, the zeolite
functions similarly to the metal-supported =zeolite, and the
zeolite also removes the unwanted component included in the

beverage.

5. A device for removing an unwanted component included in a

beverage, comprising:
a beverage which is to be introduced into the device;

a metal-supported =zeolite which absorbs the unwanted

component included in the beverage;

means for bringing the beverage into contact with a metal-

supported zeolite; and

means for bringing the beverage, which has been brought
into contact with the metal-supported zeolite, into contact

with a metal-trapping material, wherein

the unwanted component is at least one selected from the
group consisting of dimethyl sulfide (DMS), dimethyl disulfide

(DMDS) and dimethyl trisulfide (DMTS);

the beverage is an alcoholic beverage;

CA 2934794 2019-09-24
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a metal which constitutes the metal-supported zeolite is

silver; and
the zeolite as metal-trapping material is Na-type zeolite.

6. The device according to claim 5, wherein a zeolite which

constitutes the metal-supported zeolite 1s Y-type or PB-type.

7. The device according to claim 5 or 6, wherein the metal is
supported in an amount of 5 mass % or more and 25 mass % or

less based on a total amount of the metal-supported zeolite.

8. The device according to any one of claims 5 to 7, wherein
the zeolite as metal-trapping material traps the metal eluted
from the metal-supported zeolite and thereby, the =zeolite
functions similarly to the metal-supported =zeolite, and the
zeolite also removes the unwanted component included in the

beverage.

9. The device according to any one of claims 5 to 8, wherein
the means or bringing the beverage into contact with the metal-
supported =zeolite comprises a cartridge column in which the
metal-supported zeclite is included and into which the beverage

is to be introduced.

CA 2934794 2019-09-24
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DRAWINGS

Product/Storage



Product/Storage
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