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(57) ABSTRACT

The present invention relates to a method for filtering a
microbial culture solution using a membrane module, said
method comprising four stages including (a) cross-flow
filtration of the microbial culture solution, (b) rinsing with
water, (c¢) washing with a chemical solution and (d) rinsing
with water, wherein: the filtrate passing through the mem-
brane module in the cross-flow filtration has a total sugar
concentration of 1,000-100,000 mg/1 inclusive and a protein
concentration of 50-1,000 mg/1 inclusive; the aforesaid stage
(c) comprises step (c-1) for washing with a chemical solu-
tion containing a hypochlorite and a nonionic surfactant; and
the aforesaid stages (a) to (d) are repeated in this order.
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Fig. 2
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Fig. 3
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METHOD FOR FILTERING MICROBIAL
CULTURE SOLUTION USING MEMBRANE
MODULE

TECHNICAL FIELD

[0001] The present invention relates to a filtration method
for filtrating a microbial culture solution using a membrane
module in a field of fermentation industry, a field of food
industry, and the like.

BACKGROUND ART

[0002] For a microbial dispersion solution, a method of
separating a microorganism and a solution using a separa-
tion membrane is known. As the microbial dispersion solu-
tion, activated sludge in wastewater treatment and a micro-
bial culture solution in a fermentation method are
mentioned.

[0003] In the wastewater treatment, a membrane bioreac-
tor in which activated sludge and treated water are separated
from each other using a separation membrane is known. By
using the separation membrane, it is possible to maintain a
high removal ratio of organic substances and nitrogen com-
ponents while keeping microorganisms at a high concentra-
tion in a treatment tank, and a treated liquid can be obtained
at a high purity.

[0004] The fermentation method which is a substance
production method is used for the production of various
products such as beer, wine, vinegar, soy sauce, amino acids,
and organic acids. Centrifugal separation or diatomaceous
earth filtration is carried out as a method of separating a
microbial culture solution in the fermentation method. How-
ever, filtration by a separation membrane is characterized by
a high separation performance and an excellent filtrate
quality.

[0005] As described above, a separation technique for the
microbial dispersion solution is widely applied. However, in
a case where a membrane separation is carried out for a
bio-derived liquid to be treated, there is a problem that
bacterial cells, sugars, proteins, lipids, and the like contained
in the liquid to be treated adhere to a filtration surface and
a permeation flux of a membrane decreases at an early stage.
[0006] Meanwhile, investigations have been made in
which a filtration surface of a membrane is washed in a
periodic or non-periodic manner so that adhered matters on
the filtration surface are removed and a filtration ability is
maintained. For example, Patent Document 1 discloses a
method in which a filtration membrane used for membrane
bioreactor of wastewater that contains an oil component
such as a hydrocarbon compound or an aromatic compound
or a hardly decomposable coloring component is washed
with chloric acid or a salt thereof and a surfactant. In
addition, Patent Document 2 discloses a method in which a
separation membrane after beer filtration is washed with a
solution containing a periodate compound and peroxydisul-
fate.

BACKGROUND ART DOCUMENTS

Patent Documents

[0007]
[0008]

[Patent Document 1] JP-A-2013-31839
[Patent Document 2] JP-T-2010-535097
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SUMMARY OF THE INVENTION

Problems that the Invention is to Solve

[0009] Among microbial dispersion solutions, in particu-
lar, a microbial culture solution has a characteristic feature
that concentrations of sugars and proteins are high. When
the microbial culture solution is filtrated using a separation
membrane, fouling of the separation membrane occurs due
to the above-mentioned substances. The fouled separation
membrane is caused to restore a water permeability by
performing chemical solution washing and can be repeatedly
used. However, in a case where the separation membrane is
easily fouled, a frequency of the chemical solution washing
increases, resulting in an increase of washing costs. In
addition, in a case where filtration of the microbial culture
solution and chemical solution washing are repeated, fouling
substances that cannot be washed accumulate gradually in
the separation membrane, which makes it difficult to restore
the water permeability.

[0010] In the washing method described in Patent Docu-
ment 1, contaminants on the filtration membrane can be
removed by using chloric acid or a salt thereof and a
surfactant. However, a liquid to be treated is wastewater
containing an oil component and a coloring component,
which is different from a microbial culture solution having
high concentrations of sugars and proteins.

[0011] In addition, the washing method described in Pat-
ent Document 2 can be applied to a membrane used for the
production of a liquid with high concentrations of sugars and
proteins. However, a washing agent to be used is expensive,
and as chemical solution washing is repeated, washing costs
increase.

[0012] The present invention has been made in view of the
above. That is, an object of the present invention is to
provide a method for filtrating a microbial culture solution
using a membrane module, in which a separation membrane
used for filtration of a microbial culture solution having high
concentrations of sugars and proteins is washed with an
inexpensive washing agent to allow filtration to be carried
out stably and repeatedly for a long period of time.

Means for Solving the Problems

[0013] In order to solve the above problems, the present
invention provides following [1] to [10].

[0014] [1] A method for filtrating a microbial culture
solution using a membrane module, the method including:

[0015] (a) a step of performing cross-flow filtration of the
microbial culture solution using the membrane module;

[0016] (b) a step of performing water rinsing of the
membrane module after the step a;

[0017] (c) a step of bringing the membrane module into
contact with a chemical solution after the step b; and

[0018] (d) a step of performing water rinsing of the
membrane module after the step ¢, in which a filtrate that has
permeated through the membrane module by the cross-flow
filtration in the step a has a total sugar concentration of 1,000
mg/L. to 100,000 mg/I. and a protein concentration of 50
mg/L. to 1,000 mg/L, the step ¢ includes a step (c-1) of
bringing the membrane module into contact with a chemical
solution containing hypochlorite and a nonionic surfactant,
and the steps a to d are repeated in this order.
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[0019] [2] The method for filtrating a microbial culture

solution using a membrane module according to [1],
[0020] in which the step ¢ has a step which is operated
within a range where a product CT [(mg/L.)-h] of a hypochlo-
rite concentration C [mg/L] in the chemical solution and a
contact time T [h] between the hypochlorite and a separation
membrane contained in the membrane module satisfies
Expression (1):

9.2x10°F-1400<CT<2.5(1/c)+380

[0021] in Expression (1), F represents a ratio of the protein
concentration [mg/LL] in the filtrate which has permeated
through the membrane module by the cross-flow filtration in
the step a with respect to a total organic carbon amount
[mg/L] in the filtrate, and a represents an absolute value
[1/h] of an attenuation rate of a membrane strength initial
value ratio with respect to an immersion time in a case where
the separation membrane is immersed in a Fenton’s reagent
which is a mixed solution of 5,000 ppm of H,O, and 300
ppm of Fe*.
[0022] [3] The method for filtrating a microbial culture
solution using a membrane module according to [1] or [2],
[0023] in which in a case where Expression (2) is satisfied
in the step a, the step proceeds to the step b:

Expression (1)

5<R/Rs<16

[0024] in Expression (2), R represents a filtration resis-
tance value [m~!] during performing the cross-flow filtration
of the microbial culture solution in the step a, and R,
represents a filtration resistance value [m™'] at a start of the
cross-flow filtration.

[0025] [4] The method for filtrating a microbial culture
solution using a membrane module according to any one
of [1] to [3],

[0026] in which the step a comprises:

[0027] (a-1) a step of performing cross-flow filtration of

the microbial culture solution using the membrane module;

and

[0028] (a-2) a step of performing backwashing of the

membrane module,

[0029] when the cross-flow filtration is performed, a mem-

brane surface linear velocity of the microbial culture solu-

tion is set to be 0.1 m/s to 3.0 ny/s and a filtration flux is set
to be 0.1 m*m?d to 2.0 m*/m?d, and, when the backwash-

ing is performed, a backwashing flux is set to be 1.0 m*/m?d

to 10.0 m*/m*d, and

[0030] after the step a-1 and the step a-2 are repeated at

least once, the step proceeds to the step b.

[0031] [5] The method for filtrating a microbial culture
solution using a membrane module according to any one
of [1] to [4],

Expression (2)

[0032] in which the nonionic surfactant has an HLB of 12
to 18.
[0033] [6] The method for filtrating a microbial culture

solution using a membrane module according to any one
of [1] to [5],

[0034] in which the hypochlorite has an effective chlorine

concentration of 0.05% by mass to 1% by mass, and the

nonionic surfactant has a nonionic surfactant concentration
of 0.05% by mass to 3% by mass.

[0035] [7] The method for filtrating a microbial culture
solution using a membrane module according to any one
of [1] to [6],

[0036] in which the chemical solution has a pH of 10to 14

and a temperature of 20° C. to 50° C.
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[0037] [8] The method for filtrating a microbial culture
solution using a membrane module according to any one
of [1] to [7],

[0038] in which the separation membrane contained in the

membrane module is a separation membrane including a

fluorine-based resin.

[0039] [9] The method for filtrating a microbial culture
solution using a membrane module according to any one
of [1] to [8],

[0040] in which the microbial culture solution is beer and

the separation membrane contained in the membrane mod-

ule has an average pore diameter of 0.3 um to 1.0 um.

[0041] [10] A method for filtrating a microbial culture
solution using a membrane module, the method including:

[0042] (a) a step of performing cross-flow filtration of the

microbial culture solution using the membrane module;

[0043] (b) a step of performing water rinsing of the

membrane module after the step a;

[0044] (c) a step of bringing the membrane module into

contact with a chemical solution after the step b; and

[0045] (d) a step of performing water rinsing of the

membrane module after the step ¢, in which a filtrate that has

permeated through the membrane module by the cross-flow

filtration in the step a has a total sugar concentration of 1,000

mg/L. to 100,000 mg/I. and a protein concentration of 50

mg/L to 1,000 mg/L.,

[0046] the step ¢ comprises:

[0047] (c-2) a step of bringing the membrane module
into contact with a chemical solution containing
hypochlorite; and

[0048] (c-3) a step of bringing the membrane module
into contact with a chemical solution containing non-
ionic surfactant, and

[0049] the steps a to d are repeated in this order.
Advantages of the Invention
[0050] The method for filtrating a microbial culture solu-

tion using a membrane module of the present invention is a
filtration method in which the four steps of (a) performing
cross-flow filtration of a microbial culture solution, (b)
performing water rinsing, (¢) performing chemical solution
washing, and (d) performing water rinsing are repeated in
this order. Here, in the step ¢ of the chemical solution
washing, the washing with a combination of hypochlorite
and a nonionic surfactant provides a high washing effect and
enables stable filtration over a long period of time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0051] FIG. 1 is a schematic diagram of a filtration appa-
ratus according to an embodiment of the present invention.
[0052] FIG. 2 is a flowchart showing an example of the
method for filtrating a microbial culture solution of the
present invention.

[0053] FIG. 3 is a schematic diagram showing a relation-
ship between an F value and a CT value with respect to a
filtrate that has permeated through a membrane module
according to the embodiment of the present invention, in
which the F value is a ratio of a protein concentration [mg/L]
in the filtrate with respect to a total organic carbon amount
[mg/L] in the filtrate.

[0054] FIG. 4 is a schematic diagram showing a change in
membrane break strength of a separation membrane, which
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is a separation membrane according to the embodiment of
the present invention, with respect to an immersion time in
a Fenton’s reagent.

[0055] FIG. 5is a schematic diagram showing a change in
membrane strength initial value ratio of a separation mem-
brane, which is a separation membrane according to the
embodiment of the present invention, with respect to an
immersion time in the Fenton’s reagent.

[0056] FIG. 6 is a schematic diagram showing a relation-
ship between an attenuation rate a of a separation membrane,
which is a separation membrane according to the embodi-
ment of the present invention, and a CT value.

MODE FOR CARRYING OUT THE INVENTION

[0057] Hereinafter, a filtration method using a membrane
module according to the embodiment of the present inven-
tion will be described in detail with reference to the draw-
ings. In the present invention, “upward” and “downward”
are based on a state shown in the drawings and are for
convenience’s sake. A side where a raw liquid flows in is
referred to as a “downward” direction, and a side where a
filtrate flows out is referred to as an “upward” direction.
Usually, in a posture at the time of using a membrane
module, upward and downward directions coincide with
upward and downward directions in the drawings.

[0058] A configuration of a filtration apparatus for a
microbial culture solution according to the embodiment of
the present invention will be described with reference to the
drawings. FIG. 1 is a schematic diagram of a filtration
apparatus according to an embodiment of the present inven-
tion. FIG. 2 is a flowchart showing an example of the
method for filtrating a microbial culture solution of the
present invention.

[0059] First, an outline of all steps will be described using
the flowchart of FIG. 2.

[0060] The method for filtrating a microbial culture solu-
tion using a membrane module according to the present
invention includes the following steps a to d, and the steps
a to d are repeated in this order to allow filtration to be
carried out stably and repeatedly for a long period of time.
[0061] (a) a step of performing cross-flow filtration of a
microbial culture solution using a membrane module
[0062] (b) a step of performing water rinsing of the
membrane module after the step a

[0063] (c) a step of bringing the membrane module into
contact with a chemical solution after the step b

[0064] (d) a step of performing water rinsing of the
membrane module after the step ¢

[0065] In the step a, which is the first step, the cross-flow
filtration of a microbial culture solution is performed using
the membrane module. In this step a, a determination is
made on whether or not a filtration resistance value R
satisfies a condition for proceeding to the next step. In a case
where the condition for proceeding is satisfied, the step
proceeds to the step b, and in a case where the condition for
proceeding is not satisfied, the cross-flow filtration in the
step a is continued.

[0066] In the step b, washing of the membrane module is
carried out by performing water rinsing. When the step b is
completed, the step proceeds to the step ¢, where chemical
solution washing of the membrane module is performed.
When the step ¢ is completed, water rinsing in the step d is
performed. When the step d is completed, an operation
returns back to the step a. The steps a to d are repeated in this
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order, to carry out filtration of the microbial culture solution.
In the present invention, it is sufficient to include the
above-mentioned steps a to d, and, as necessary, it is
possible to add steps other than the steps a to d.

[0067] <Raw Liquid>

[0068] The microbial culture solution of the present inven-
tion is not particularly limited in terms of types of a
microorganism and a fermentation product, and examples
thereof include beer, wine, vinegar, soy sauce, amino acid
fermented liquids, organic acid fermented liquids, and fer-
mented liquids of biopharmaceuticals.

[0069] A characteristic feature of the microbial culture
solution of the present invention is a microbial dispersion
solution in which a filtrate that has permeated through the
membrane module by the cross-flow filtration in the step a
has a total sugar concentration of 1,000 mg/IL to 100,000
mg/L, and a protein concentration of 50 mg/L to 1,000 mg/L..
[0070] Meanwhile, for the total sugar concentration and
the protein concentration in a raw liquid of the microbial
culture solution before permeating through the membrane
module, due to a pore diameter and a structure of a sepa-
ration membrane contained in the membrane module, there
may be a case of having the same concentrations as the
filtrate that has permeated, and a case of having different
concentrations as the filtrate that has permeated. When a part
of the components is blocked by the separation membrane,
concentrations of the components in the filtrate are
decreased with respect to concentrations of the components
in the raw liquid.

[0071] (Step a)
[0072] <Cross-Flow Filtration>
[0073] The microbial culture solution contains various

organic substances such as a microorganism, a protein, a
saccharide, and lipid, and fouling easily progresses in a
dead-end filtration that filtrates all liquids supplied to a
membrane module. Therefore, cross-flow filtration in which
filtration is carried out by flowing the microbial culture
solution as a raw liquid parallel to a membrane surface while
washing the membrane surface is suitable (step (a-1) of
performing cross-flow filtration of the microbial culture
solution using the membrane module).

[0074] As shown in FIG. 1, when performing the cross-
flow filtration, a microbial culture solution (raw liquid) is
supplied from a raw liquid tank 1 to a membrane module 2
by a raw liquid pump 3, and a part of the raw liquid flows
back to the raw liquid tank 1. In addition, a filtrate filtrated
by a separation membrane of the membrane module 2 is fed
to a filtrate tank 6. In order to improve a filtration operability
of the microbial culture solution, pretreatment may be
carried out before membrane filtration. The pretreatment
includes centrifugal separation and adsorption removal.
[0075] As described above, in the cross-flow filtration, the
raw liquid is circulated between the raw liquid tank 1 and the
membrane module 2 in order to allow the raw liquid to flow
parallel to the membrane surface. A membrane surface linear
velocity at this time may be appropriately set according to
properties of the raw liquid, and is preferably 0.1 m/s to 3.0
m/s, and more preferably 0.3 m/s to 2.0 m/s. In a case where
the membrane surface linear velocity is less than 0.1 m/s, a
sufficient washing effect may not be obtained. In addition, in
a case where the membrane surface linear velocity exceeds
3.0 m/s, power costs are increased, which is not preferable.
A flow rate of the raw liquid can be controlled by the raw
liquid pump 3 and a circulation control valve 4.
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[0076] A filtration flux at the time of performing the
cross-flow filtration may be appropriately set according to
properties of the raw liquid, and it is preferably 0.1 m*/m*/d
to 2.0 m*/m*d, and more preferably 0.3 m*>/m*d to 1.5
m?®/m?/d. In a case where the filtration flux is less than 0.1
m?/m?d, the number of membrane modules needed is
increased, which results in an increase in costs. Meanwhile,
in a case where the filtration flux exceeds 2.0 m®*/m?/d,
fouling of the separation membrane may progress abruptly,
which is not preferable. A flow rate of the filtrate can be
controlled by the raw liquid pump 3, the circulation control
valve 4, and a filtration control valve 5.

[0077] In filtration using the separation membrane, a foul-
ing state of the separation membrane can be determined
from an inter-membrane differential pressure obtained by
subtracting a pressure on a filtrate side of the separation
membrane from a pressure on a raw liquid side thereof. In
a case of dead-end filtration, it is possible to calculate the
inter-membrane differential pressure from a pressure gauge
21 on a raw liquid inlet side of the membrane module 2 and
a pressure gauge 23 on a filtrate outlet side of the membrane
module 2. In a case of the same filtration flux, as fouling of
the separation membrane progresses, the inter-membrane
differential pressure rises. However, in a case of the cross-
flow filtration, a large pressure loss occurs when the raw
liquid permeates through a raw liquid side flow path of the
membrane module 2 and flows back to the raw liquid tank
1, and the above-described calculation method also includes
a pressure loss on the raw liquid side flow path. Thus, it is
difficult to properly calculate the inter-membrane differential
pressure.

[0078] Accordingly, in a case where a membrane module
filtrate side pressure (a value of the pressure gauge 23) in a
case of stopping filtration by causing the filtration control
valve 5 to be closed while circulating the raw liquid between
the raw liquid tank 1 and the membrane module 2 is denoted
by P1, and a membrane module filtrate side pressure (a value
of the pressure gauge 23) in a case of carrying out filtration
while circulating the raw liquid is denoted by P2, AP [Pa],
which is a value obtained by subtracting P2 from P1, can be
used as a criterion for determining a fouling state in a similar
manner to the inter-membrane differential pressure.

[0079] In the cross-flow filtration in the step a, as fouling
of the separation membrane progresses, the filtration resis-
tance value R rises. When the filtration resistance value R
becomes equal to or greater than a certain value, the step
proceeds to water rinsing in the step b, and subsequently the
step proceeds to chemical solution washing in the step c.
However, when the filtration resistance value during per-
forming the cross-flow filtration is set to R [m™'] and the
filtration resistance value at the start of performing the
cross-flow filtration is set to R, [m ~'], it is preferable that
the step proceeds to the step b when a condition of Expres-
sion (2) is satisfied.

[0080] The filtration resistance value R [m™'] can be
calculated from the above-mentioned AP [Pa], a filtration
flux J [m*/m?%s], a raw liquid viscosity p [Pa-s] by using
Expression (3). The filtration resistance value R, [m~'] at the
start of performing the filtration is a filtration resistance
value at the time when a flow rate and a pressure are
stabilized after the start of the filtration, and a filtration
resistance value at 60 seconds after operating a valve and a
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pump to start the filtration may be set as the filtration
resistance value R, [m-1] at the start of performing the
filtration.

[0081] Inacase where fouling of the separation membrane
excessively progresses, a water permeability of the separa-
tion membrane may not be sufficiently restored even per-
forming the chemical solution washing. Thus, it is preferable
that the step proceeds to the step b when R/R,, is equal to or
less than 16, and it is more preferable that the step proceeds
to the step b in when R/R,, is equal to or less than 12. On the
other hand, in a case where the step proceeds to the step b
under a condition that R/R, is less than 5, a frequency of
chemical solution washing is increased and costs are
increased, which is not preferable.

5<R/Ry<16 Expression (2)
R=AP/(Jx) Expression (3)
[0082] <Backwashing>
[0083] In the cross-flow filtration in the step a, filtration

may be stopped in a periodic manner to perform backwash-
ing (step (a-2) of performing backwashing of the membrane
module). Once a water permeability is restored by back-
washing, a filtration time can be prolonged, and a frequency
of chemical solution washing can be decreased so that
operating costs are decreased. The filtration resistance value
R, [m™!] at the start of performing filtration is a filtration
resistance value at the time of starting the filtration for the
first time in the step a. In a case where the step a-1 (filtration)
and the step a-2 (backwashing) are repeated a plurality of
times in the step a, a filtration resistance value at the start of
performing filtration in the step a-1 at a first round is set to
Ro [m—l].

[0084] The backwashing may be performed with a filtrate
or another liquid such as water may be used. However, in a
case where it is not desired to mix another liquid such as
water into the raw liquid, it is possible to perform back-
washing with the filtrate, or to carry out switching by valve
operation and to perform backwashing so that a backwash-
ing liquid is not mixed into the raw liquid.

[0085] A backwashing flux at the time of performing the
backwashing may be appropriately set according to proper-
ties of the raw liquid and a fouling state of the separation
membrane, and it is preferably 1.0 m*/m?/d to 10.0 m*/m?/d,
and more preferably 1.5 m*/m?d to 5.0 m*/m?/d. In a case
where the backwashing flux is less than 1.0 m’/m?%/d,
washing effect is low, which is not preferable. In addition, in
a case where the backwashing flux exceeds 10.0 m*/m?/d,
power costs are increased and a large amount of liquids are
required for use in backwashing, which is not preferable.
[0086] <Recovery of Concentrate >

[0087] As the cross-flow filtration is continued in the step
a, a liquid amount in the raw liquid tank 1 eventually
becomes small, and circulation of the raw liquid between the
raw liquid tank 1 and the membrane module 2 becomes
difficult. Here, in order to recover the raw liquid remaining
in the raw liquid tank, piping, and the membrane module 2,
dead-end filtration or diafiltration ma be carried out.
[0088] In a case of the dead-end filtration, for example,
there may be a method in which water is charged into the
raw liquid tank 1, the raw liquid is supplied to the membrane
module 2 using the raw liquid pump 3 to perform the
dead-end filtration, and the filtration is stopped before the
water reaches the membrane module 2. In addition, the
dead-end filtration may be carried out by supplying gas to
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the raw liquid tank 1 and the piping. In the diafiltration,
water is charged into the raw liquid tank 1 and cross-flow
filtration is performed, and when a liquid amount in the raw
liquid tank I is decreased, water is charged again and the
cross-flow filtration is repeated so that a recovery ratio of the
raw liquid can be improved.

[0089] (Step b)
[0090] <Water Rinsing>
[0091] In the step b, water rinsing of the membrane

module 2 with water is performed, which is aimed at
reducing contaminant components such as organic sub-
stances before the chemical solution washing in the step c.
In the chemical solution washing, washing with hypochlo-
rite is carried out. If a large amount of organic substances
remain, due to consumption of effective chlorine, the sepa-
ration membrane may not be sufficiently washed. Thus,
before performing the chemical solution washing, water
rinsing of the membrane module is performed.

[0092] As a method for water rinsing, for example, water
is charged into a chemical solution tank 10 and cross-flow
filtration of the membrane module 2 is performed, so that the
membrane module 2 can be washed. At this time, water is
fed from a backwashing liquid tank 7 and backwashing with
water is carried out in combination, so that a washing effect
can be further increased. For membrane surface linear
velocity, filtration flux, and backwashing flux, the water
rinsing may be performed under the same conditions as in
the step a.

[0093] (Step ¢)
[0094] <Chemical Solution Washing >
[0095] In the step c, chemical solution washing of the

membrane module 2 is performed to restore a water perme-
ability of the separation membrane. The chemical solutions
for washing the separation membrane include an acid, an
alkali, an oxidizing agent, a surfactant, a chelating agent.
Among these, it has been found that washing with a com-
bination of hypochlorite as an oxidizing agent and a non-
ionic surfactant is effective to wash the separation mem-
brane after filtration of a microbial culture solution with high
sugar concentration and protein concentration.

[0096] Examples of the hypochlorite include sodium
hypochlorite, calcium hypochlorite, and potassium
hypochlorite. For the hypochlorite, one type can be used
alone, or two or more types can be used in combination.
[0097] In addition, examples of the nonionic surfactant
include polyoxyethylene alkyl ether, polyoxyethylene alkyl
phenyl ether, polysorbate (polyoxyethylene sorbitan fatty
acid ester), polyoxyethylene polystyryl phenyl ether, poly-
oxyethylene-polyoxypropylene glycol, polyoxyethylene-
polyoxypropylene alkyl ether, polyhydric alcohol fatty acid
partial ester, polyoxyethylene polyhydric alcohol fatty acid
partial ester, polyoxyethylene fatty acid ester, polyglycerin
fatty acid ester, and polyoxyethylenated castor oil. For the
nonionic surfactant, one type can be used alone, or two or
more types can be used in combination.

[0098] For a fouling substance such as a protein, a sac-
charide, and lipid, it is considered that a hydrophobic part in
a molecule is attached to the separation membrane. There-
fore, an interaction between a hydrophobic part (lipophilic
part) of the surfactant and a hydrophobic part of the fouling
substance, and a solubility of the surfactant in water affect
washing properties. An HLB representing a hydrophilic-
lipophilic balance of the nonionic surfactant is preferably 12
to 18, and more preferably 13 to 17. When the HLB is in this
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range, the surfactant exhibits an excellent balance between
hydrophilicity and lipophilicity, and a washing effect is
enhanced.

[0099] The hypochlorite and the nonionic surfactant are
dissolved in water to use as a chemical solution. The
hypochlorite and the nonionic surfactant may be used alone,
respectively, in a sequential manner or may be used in
admixture. Specifically, a method of performing a step (c-1)
of bringing into contact with a chemical solution containing
the hypochlorite and the nonionic surfactant, or a method of
sequentially performing a step (c-2) of bringing into contact
with a chemical solution containing the hypochlorite and a
step (c-3) of bringing into contact with a chemical solution
containing the nonionic surfactant is mentioned. In the step
of performing chemical solution washing of the present
invention, it is sufficient to include a step in which the
hypochlorite and the nonionic surfactant are used alone or in
admixture, and a step of washing with another chemical
solution may be further included. By including a step of
washing with another chemical solution, it is possible to
achieve a higher washing restoration ratio.

[0100] Because the chemical solution contains both the
hypochlorite and the nonionic surfactant as in the step (c-1),
a synergistic effect is obtained. In addition, in the step (c-1),
the chemical solution contains the hypochlorite and the
nonionic surfactant, and may further contain an alkali, an
oxidizing agent, an anionic surfactant, a cationic surfactant,
an amphoteric surfactant, a chelating agent, and the like.
[0101] For a concentration of the hypochlorite used for the
chemical solution washing, the hypochlorite has an effective
chlorine concentration of preferably 0.05% by mass to 1%
by mass, and more preferably 0.1% by mass to 0.5% by
mass. In a case where the effective chlorine concentration is
less than 0.05% by mass, a washing effect may be insuffi-
cient. On the other hand, even though the effective chlorine
concentration exceeds 1% by mass, a significantly improved
washing effect is not recognized, which is disadvantageous
from the viewpoint of costs.

[0102] Furthermore, it is preferable to change an addition
condition of the hypochlorite used for the chemical solution
washing in accordance with two parameters of a concentra-
tion of a filtrate that has permeated through the membrane
module and an oxidation resistance of the separation mem-
brane used. In the present invention, it has been found that
a stable operation for a long period of time can be realized
by changing the addition condition of the hypochlorite in
accordance with the above two parameters.

[0103] Specifically, the addition condition is represented
by a CT value [(mg/L.)-h] that is a product of a concentration
C [mg/L] of the hypochlorite in the chemical solution which
is in contact with the separation membrane and an inside of
the membrane module, and a contact time T[h] between the
hypochlorite and the separation membrane.

[0104] By selecting the CT value within a range where the
separation membrane has an oxidation resistance, it is pos-
sible to remove attached fouling substances, and to continue
filtration operation for a long period of time without oxida-
tive deterioration of the separation membrane.

[0105] On the other hand, in a case where the CT value is
high and is exceeding the oxidation resistance of the sepa-
ration membrane, oxidative deterioration of the separation
membrane is accelerated, and a membrane life time is
shortened. In addition, in a case where the CT value is low
and is insufficient to remove fouling substances attached to
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the separation membrane, washing effect is insufficient.
Here, for the amount of the fouling substances attached to
the separation membrane, a concentration of the raw liquid
supplied to the membrane module, or a concentration of the
filtrate that has permeated through the separation membrane
is an index.

[0106] Hence, in order to maintain a life time of the
separation membrane and to obtain a sufficient washing
effect, it is preferable to select an appropriate CT value from
the two parameters of a concentration of the filtrate and an
oxidation resistance of the separation membrane. Methods
of selecting the respective parameters will be described in
detail below.

[0107] The first parameter is a concentration of the filtrate
that permeated through the membrane module. As a result of
intensive studies, the present inventors have found that by
changing the addition condition of the hypochlorite in
accordance with a protein concentration in the filtrate, it is
possible to obtain a sufficient washing effect regardless of a
type of the raw liquid.

[0108] That is, when a ratio Cp/TOC of a protein concen-
tration Cp [mg/L] in a filtrate that has permeated through the
membrane module by cross-flow filtration in the step a with
respect to a total organic carbon amount TOC [mg/L] in the
filtrate is represented by F, it is preferable to select the CT
value within a range that satisfies Expression (4). Further-
more, it is more preferable to select the CT value within a
range that satisfies Expression (5).

9.2x10°F-1400=CT Expression (4)

3.8x109F-5700=CT

[0109] FIG. 3 shows a relationship between the F value
and the CT value as represented by Expression (4). In
filtration of the microbial culture solution, the higher the F
value in the filtrate, the larger an amount of fouling sub-
stances to block the separation membrane. Hence, in a case
of washing the separation membrane fouled due to filtration
of the microbial culture solution, by selecting a CT value in
accordance with an F value in the filtrate, too less or too
much chemical solution washing is prevented, and, as a
result, a high washing effect can be obtained at low costs.
[0110] In particular, in the present invention, in a method
for filtering a microbial culture solution using a membrane
module, in which a filtrate that has permeated through a
membrane module has a total sugar concentration of 1,000
mg/L. to 100,000 mg/l. and a protein concentration of 50
mg/L to 1,000 mg/L, it has been found that by performing
chemical solution washing at a CT value that satisfies
Expression (4), a sufficient washing effect of the separation
membrane can be obtained, and filtration can be repeatedly
carried out.

[0111] Furthermore, more preferably, by performing
chemical solution washing at a CT value that satisfies
Expression (5), a higher washing effect can be obtained.
[0112] Here, “sufficient washing effect” means that a water
permeability restoration rate, which is a rate of a water
permeability after the chemical solution washing with
respect to a water permeability of an unused membrane
before the filtration, is equal to or greater than 80%.
[0113] The F value may be represented by a protein
concentration in the raw liquid with respect to a total organic
carbon amount in the raw liquid.

[0114] The second parameter is an oxidation resistance of
the separation membrane. The oxidation resistance of the

Expression (5)
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separation membrane varies depending on material and
structure thereof. A test method for evaluating the oxidation
resistance of the separation membrane includes an acceler-
ated oxidation test in which the separation membrane is
immersed in a Fenton’s reagent and an amount of change in
membrane strength initial value ratio with respect to an
immersion time is measured.

[0115] The Fenton’s reagent is a solution containing
hydrogen peroxide and an iron catalyst, and a produced
hydroxyl radical exerts a strong oxidizing power. The Fen-
ton’s reagent is industrially used for oxidative treatment of
contaminated water or the like. In the present invention, the
Fenton’s reagent is used for the accelerated oxidation test of
the separation membrane.

[0116] A specific test method is shown below. First, the
Fenton’s reagent is prepared by adding iron (II) sulfate
heptahydrate to hydrogen peroxide. At this time, an H,O,
concentration is adjusted to 5,000 ppm and a Fe** concen-
tration is adjusted to 300 ppm. The separation membrane is
immersed in the Fenton’s reagent which has been adjusted
to the above-mentioned concentrations for a certain time
period t [h]. The separation membrane is hydrophilized
beforehand by a method such as performing immersion in
ethanol.

[0117] After being immersed in the Fenton’s reagent for t
[h], the separation membrane is washed with distilled water
and vacuum dried at room temperature. A membrane
strength is measured for the dried separation membrane
(denoted by sample M,) and a separation membrane (de-
noted by sample M) which has been vacuum-dried at room
temperature without being immersed in the Fenton’s
reagent. A method of measuring the membrane strength is
not limited, and, for example, a tensile test machine (TEN-
SILON (registered trademark)/RTM-100, manufactured by
Toyo Baldwin Co., Ltd.) is used to perform a test 5 times or
more with different specimens having a measurement length
of 50 mm at a tensile speed of 50 mm/min and to obtain an
average value of breaking tenacities thereof. By dividing the
obtained average value of breaking tenacities by a cross-
sectional area of the membrane, a breaking strength S of the
membrane is obtained.

[0118] FIG. 4 shows a relationship between a breaking
strength S, of the sample M, before being immersed in the
Fenton’s reagent and a breaking strength S, of the sample M,
after being immersed for t [h] in the Fenton’s reagent as
obtained by the above method. Using the obtained S, and S,
a membrane strength initial value ratio at the immersion
time t [h] in the Fenton’s reagent is defined as S/S,.
[0119] FIG. 5 shows a relationship between the membrane
strength initial value ratio S/S, obtained by the above
method and the immersion time t [h] in the Fenton’s reagent.
When the time t [h] for which the separation membrane is
immersed in the Fenton’s reagent is prolonged, oxidative
deterioration of the separation membrane is accelerated, and
thus the membrane strength initial value ratio S/S, is
decreased. The relationship of S/S, with respect to t [h]
varies depending on the oxidation resistance of the separa-
tion membrane, and, in a membrane having an excellent
oxidation resistance, an inclination of change in S/S, with
respect to t [h] becomes relatively small. For example, in
FIG. 5, a membrane A has a small inclination of change in
S,/S, with respect tot [h] as compared with a membrane B,
that is, the membrane A has an excellent oxidation resistance
as compared with the membrane B.
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[0120] In the above accelerated oxidation test, when an
absolute value of the inclination of the membrane strength
initial value ratio S/S, with respect to the time t [h] for
which the separation membrane is immersed in the Fenton’s
reagent is expressed as an attenuation rate o [1/h], a varies
depending on material, structure, and deterioration state of
the membrane, and is an index representing an oxidation
resistance of the membrane. In order to retain a life time of
the separation membrane, it is preferable to select the CT
value within a range that satisfies Expression (6) with
respect to the attenuation rate o [1/h] of the separation
membrane used. Furthermore, it is more preferable to select
the CT value within a range that satisfies Expression (7), and
it is even more preferable to select the CT value within a
range that satisfies Expression (8).

CT=2.5(1/a)+380 Expression (6)

CT=<1.4(1/a)+240 Expression (7)

CT<0.56(1/01)+95

[0121] FIG. 6 shows a relationship between a and the CT
value as represented by Expression (6). By performing the
chemical solution washing at a CT value that satisfies the
expression (6), the filtration can be repeatedly performed
while retaining a life time of the separation membrane. Here,
“while retaining a life time of the separation membrane”
means that a CT value given by the chemical solution
washing is equal to or less than 1/250 of a CT value at which
a membrane strength reaches 80% of an initial value ratio.
In addition, more preferably, by performing the chemical
solution washing at a CT value that satisfies the expression
(7), the filtration can be repeatedly performed while retain-
ing a life time of the separation membrane for a longer time.
Even more preferably, by performing the chemical solution
washing at a CT value that satisfies the expression (8), the
filtration can be repeatedly performed while retaining a life
time of the separation membrane for an even longer time.
[0122] Accordingly, by performing the chemical solution
washing at a CT value that satisfies Expressions (4) and (6),
it is possible to retain a life time of the separation membrane
and to obtain a sufficient washing effect. That is, it is
preferable to select the CT value within a range that satisfies
Expression (1). A lower limit of the CT value of Expression
(1) is more preferably selected within a range which has
been replaced by Expression (5). An upper limit of the CT
value of Expression (1) is more preferably selected within a
range which has been replaced by Expression (7), and even
more preferably selected within a range which has been
replaced by Expression (8).

Expression (8)

9.2x10°F-1400<CT<2.5(1/c)+380

[0123] The CT value is calculated from all washing steps
involving hypochlorite, among washing steps performed in
the step c. A specific calculation method of the CT value is
described below.

[0124] Inthe step c, in a case where a step of bringing into
contact with a chemical solution containing hypochlorite is
performed, and immediately thereafter, the step proceeds to
the step d, it is considered that, in the step ¢, a washing step
with a chemical solution containing hypochlorite is per-
formed once. In this case, a CT value in the once-performed
washing step is set as a CT value in the step c.

[0125] On the other hand, in the step c, a step of bringing
into contact with a chemical solution containing hypochlo-

Expression (1)
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rite and a step of bringing into contact with a chemical
solution without hypochlorite are performed several times in
an alternate manner, and thereafter, the step proceeds to the
step d. In this case, CT values are calculated for the
respective steps using a chemical solution containing
hypochlorite, and a total value thereof is set as a CT value
in the step c.

[0126] In addition, in a case where a chemical solution
used for the chemical solution washing contains a nonionic
surfactant, a concentration of the nonionic surfactant is
preferably 0.05% by mass to 3% by mass, and more pref-
erably 0.1% by mass to 1% by mass. In addition, the
concentration of the nonionic surfactant has a different
critical micelle concentration depending on a type of the
surfactant. However, in order to allow a sufficient washing
effect to be exerted, the concentration is preferably set to be
equal to or greater than the critical micelle concentration.
[0127] The pH of the chemical solution is preferably 10 to
14, and more preferably 11 to 13. Fouling substances in a
microbial culture solution are mainly organic substances,
and a washing power is increased at a high pH condition.
When the pH is less than 10, a washing effect may be
insufficient.

[0128] The temperature of the chemical solution is pref-
erably 20° C. to 50° C., and more preferably 30° C. to 40°
C. In a case where the temperature of the chemical solution
is less than 20° C., a sufficient washing effect may not be
exerted. On the other hand, in a case where the temperature
of the chemical solution exceeds 50° C., decomposition of
hypochlorite is accelerated, which is not preferable.

[0129] In the chemical solution washing, the chemical
solution prepared in the chemical solution tank 10 is sup-
plied to the membrane module 2, and is brought into contact
with the separation membrane and an inside of the mem-
brane module, so that washing is performed. An example of
a washing method is, for example, an immersion washing in
which the chemical solution is supplied to a raw liquid side
flow path of the membrane module 2, and, once the inside
of the membrane module is filled with the chemical solution,
supply of the chemical solution is stopped and such a state
is retained as it is.

[0130] As a method for further increasing a washing
effect, there is a circulation washing in which the chemical
solution is circulated between the chemical solution tank 10
and the raw liquid side flow path of the membrane module
2. By circulating the chemical solution, a sufficient amount
of effective chlorine can be supplied to the membrane
module.

[0131] As a method for further increasing a washing
effect, there is a method of performing cross-flow filtration
with the chemical solution. By performing the cross-flow
filtration with the chemical solution, the chemical solution is
allowed to even flow into micropores of the separation
membrane. Thus, it can be expected to increase a washing
effect. There are no particular limitations on a membrane
surface linear velocity and a filtration flux at the time of
performing the cross-flow filtration, and the cross-flow
filtration may be performed under the same conditions as in
the step a.

[0132] (Step d)
[0133] <Water Rinsing>
[0134] In the step d, water rinsing of the membrane

module 2 with water is performed, which is aimed at
washing the chemical solution remaining after the chemical
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solution washing in the step c¢. For a method for water
rinsing, the same method as in the step b may be performed.

[0135] <Membrane Module>

[0136] A type of the membrane module used in the present
invention is not particularly limited, and a flat membrane
module, a hollow-fiber membrane module, and the like can
be used. Due to a large specific surface area and a large
amount of liquid that can be filtrated per unit time, the
hollow-fiber membrane is generally advantageous as com-
pared with the flat membrane.

[0137] A structure of the separation membrane includes a
composite membrane having a symmetric membrane having
a uniform pore diameter as a whole or an asymmetric
membrane of which pore diameters change in a thickness
direction of the membrane, a composite membrane having a
support layer for retaining strength and a separation-function
layer for separating target substances.

[0138] An average pore diameter of the separation mem-
brane may be appropriately selected depending on targets to
be separated, and is preferably 0.01 pm to 1.0 um for a
purpose of separating microorganisms such as bacteria and
fungi, or the like. When the average pore diameter is less
than 0.01 pm, a water permeability is low, whereas when the
average pore diameter exceeds 1.0 pum, there is a possibility
that microorganisms and the like leak.

[0139] In addition, in particular, in a case of carrying out
filtration of beer, from the viewpoint of effect on flavor
components and prevention of fouling, it is preferable to use
a separation membrane having an average pore diameter of
0.3 um to 1.0 pm, and it is more preferable to use a
separation membrane having an average pore diameter of
0.4 um to 0.8 um. When the average pore diameter of the
separation membrane is equal to or less than 0.3 um,
necessary flavor components are easily blocked and fouling
also easily progresses.

[0140] A material of the separation membrane is not
particularly limited, and the separation membrane can, for
example, contain a fluorine-based resin such as polytetra-
fluoroethylene, polyvinylidene fluoride, polyvinyl fluoride,
a tetrafluoroethylene/hexafluoropropylene copolymer, an
ethylene/tetrafluoride copolymer, a cellulose ester such as
cellulose acetate, cellulose acetate propionate, and cellulose
acetate butyrate, a polysulfone-based resin such as polysul-
fone and polyethersulfone, or a resin such as polyacryloni-
trile, polyimide, and polypropylene.

[0141] In particular, due to high heat resistance, physical
strength, and chemical durability, a separation membrane
formed of the fluorine-based resin or the polysulfone-based
resin can be suitably used for filtration of a microbial culture
solution.

[0142] Inaddition, besides the fluorine-based resin and the
polysulfone-based resin, the separation membrane may fur-
ther contain a hydrophilic resin. A hydrophilic property of
the separation membrane is increased by the hydrophilic
resin, which allows the membrane to have an improved
water permeability. It is sufficient that the hydrophilic resin
is any resin which can impart hydrophilicity to the separa-
tion membrane, and the hydrophilic resin is not limited to
specific compounds. For example, cellulose ester, fatty acid
vinyl ester, vinyl pyrrolidone, ethylene oxide, propylene
oxide, polymethacrylic acid ester-based resin, polyacrylic
acid ester-based resin, and the like are suitably used.
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[0143] The present invention is not limited to the above-
described embodiments, and improvements and the like are
freely made as appropriate.

[0144] Besides, any materials, shapes, dimensions,
numerical values, forms, numbers, disposed locations, and
the like of the respective constituent elements in the above-
described embodiments are used as long as the present
invention can be achieved, and there are no limitations
thereon.

EXAMPLES

[0145] <Measurement of Average Pore Diameter of Sepa-
ration Membrane>

[0146] The average pore diameter of the separation mem-
brane was measured by the following method.

[0147] Araw liquid obtained by dispersing Uniform Latex
particles manufactured by Seradyn having particle diameters
of 0.103 um, 0.200 pum, 0.304 um, 0.434 pm, 0.580 pm,
0.774 um, 0.862 um, 1.000 pm, and 1.104 pm in pure water
to a concentration of 20 mg/[. was used as supplying water,
and cross-flow filtration was performed with a supplying
pressure of 3 kPa and a membrane surface linear velocity of
0.2 m/s on average being given, to obtain filtrated water.
Polystyrene latex concentrations in the supplying water and
the filtrated water were obtained from an ultraviolet-visible
spectrophotometer (UV 2450, manufactured by Shimadzu
Corporation), and a blocking ratio was obtained from the
following expression. A filtrated water concentration was
obtained by sampling a liquid 30 minutes after the start of
filtration.

Blocking ratio [%]=(1-filtrated water concentration
[mg/L]/supplying water concentration [mg/L])x
100

[0148] From an approximate curve of the particle diam-
eters of such Uniform Latex particles and the blocking ratio,
a particle diameter at a blocking ratio of 90% was calculated
and this was set as the average pore diameter of the
separation membrane.

[0149] <Measurement of Water Permeability Restoration
Rate>
[0150] A water permeability restoration rate after the

chemical solution washing was obtained from a proportion
of a pure water permeability coefficient after the chemical
solution washing with respect to a pure water permeability
coeflicient of an unused membrane module. The pure water
permeability coefficient was obtained from the following
expression by supplying pure water at 25° C. into the
membrane module at a pressure of 50 kPa and measuring a
permeated water amount of the pure water that has perme-
ated through a membrane.

Water permeability restoration rate [%]=pure water
permeability coefficient after chemical solution
washing [m>/m?/hr]/pure water permeability
coefficient in a new module (unused) [m*/m?/
hr]x100

Pure water permeability coefficient [m®/m?/hr]=per-
meated water amount [m>]/(membrane area
[m?]xmeasurement time [hr])

[0151] <Measurement of Total Organic Carbon Amount>
[0152] A specimen solution was filtrated with a syringe
filter (manufactured by Advantec Corporation, pore diam-
eter of 0.45 pm, material of PTFE), and, from the obtained
filtrate, an amount of non-purgeable organic carbon (NPOC)
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was measured using a TOC-VCSH TOC meter (manufac-
tured by Shimadzu Corporation).

[0153] <Measurement of Total Sugar Concentration>
[0154] Total sugars in a specimen solution were quantified
by a phenol-sulfuric acid method. That is, the specimen and
a 5% phenol solution were mixed in equal amounts, and then
concentrated sulfuric acid in an amount of 1.5 times the
mixture was quickly added and stirred. The mixture was
kept at a constant temperature (20° C. to 30° C.) for 20 to
30 minutes. Thereafter, an absorbance of the mixed solution
at a wavelength of 480 nm was measured using an ultra-
violet-visible spectrophotometer (UV 2450, manufactured
by Shimadzu Corporation). Meanwhile, a calibration curve
was prepared with a glucose standard solution, and the
obtained calibration curve was used to calculate a total sugar
concentration (conversion value in terms of glucose) in the
specimen solution.

[0155] <Measurement of Protein Concentration>

[0156] 1350 pL of Coomassie (Bradford) Protein Assay
Reagent (manufactured by Thermo Fisher Scientific) as a
Bradford reagent was mixed in 150 pl. of the specimen
solution, and left to stand at room temperature for 10
minutes for reaction. After the reaction, an absorbance of the
mixed solution at a wavelength of 470 nm was measured
using an ultraviolet-visible spectrophotometer (UV 2450,
manufactured by Shimadzu Corporation). Meanwhile, a
calibration curve was prepared by reacting a bovine serum
albumin standard specimen and the Bradford reagent in the
same manner as above, and the obtained calibration curve
was used to calculate a protein concentration in the speci-
men solution.

[0157] <Accelerated Oxidation Test using Fenton’s
Reagent>
[0158] A Fenton’s reagent was prepared by adding iron

sulfate (1) heptahydrate (manufactured by Wako Pure
Chemical Industries, [td.) to hydrogen peroxide (manufac-
tured by Wako Pure Chemical Industries, Ltd.). At this time,
adjustment was made so that an H,O, concentration was
5,000 ppm and a Fe** concentration was 300 ppm. In
addition, separation membranes were immersed in ethanol
to cause hydrophilization. The hydrophilized separation
membranes were immersed in the Fenton’s reagent which
had been adjusted to the above-mentioned concentrations for
25 hours, 50 hours, 100 hours, 150 hours, and 250 hours,
respectively. The separation membranes immersed in the
Fenton’s reagent for the respective period of times were
washed with distilled water and vacuum dried at room
temperature.

[0159] <Calculation of Attenuation Rate o>

[0160] Membrane strengths for the separation membranes
before being subjected to the accelerated oxidation test and
the separation membranes after the respective immersion
times obtained in the accelerated oxidation test were mea-
sured, respectively. A measurement method will be
described later.

[0161] A membrane strength initial value ratio S,/S,,
which is a ratio of a membrane strength of a separation
membrane after being immersed in the Fenton’s reagent
with respect to a membrane strength of the separation
membrane before being subjected to the accelerated oxida-
tion test was calculated for the separation membranes after
the respective immersion times. The membrane strength
initial value ratio S/S, with respect to time [h] for which the
separation membrane is immersed in the Fenton’s reagent
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was plotted to a graph and an absolute value of an inclination
thereof was calculated as the attenuation rate «[1/h].

[0162] <Measurement of Membrane Strength>

[0163] A tensile test machine (TENSILON (registered
trademark)/RTM-100, manufactured by Toyo Baldwin Co.,
Ltd.) was used to perform a test 5 times or more with
different specimens having a measurement length of 50 mm
at a tensile speed of 50 mm/min and to obtain an average
value of breaking tenacities thereof. The obtained average
value of breaking tenacities was divided by a cross-sectional
area of the membrane to obtain a breaking strength of the
membrane.

Reference Example 1

[0164] 38 parts by mass of a vinylidene fluoride homopo-
lymer having a weight average molecular weight of 417,000
and 62 parts by mass of y-butyrolactone were mixed and
dissolved at 160° C. This polymer solution was discharged
from a double tube spinneret while allowing a 85% by mass
y-butyrolactone aqueous solution as a hollow portion-form-
ing liquid to be accompanied thereby, and was coagulated in
a cooling bath, which is provided 30 mm below the spinneret
and contains a 85% by mass y-butyrolactone aqueous solu-
tion having a temperature of 10° C., to prepare a hollow-
fiber membrane having a sphere-like structure. The obtained
hollow-fiber membrane had an outer diameter of 1,250 um,
an inner diameter of 800 um, and an average pore diameter
of 0.5 pm.

Reference Example 2

[0165] 38 parts by mass of a vinylidene fluoride homopo-
lymer having a weight average molecular weight of 417,000
and 62 parts by mass of y-butyrolactone were mixed and
dissolved at 160° C. This polymer solution was discharged
from a double tube spinneret while allowing a 85% by mass
y-butyrolactone aqueous solution as a hollow portion-form-
ing liquid to be accompanied thereby, and was coagulated in
a cooling bath, which is provided 30 mm below the spinneret
and contains a 85% by mass y-butyrolactone aqueous solu-
tion having a temperature of 5° C., to prepare a hollow-fiber
membrane having a sphere-like structure. The obtained
hollow-fiber membrane had an outer diameter of 1250 pum,
an inner diameter of 800 um, and an average pore diameter
of 0.3 pm.

Reference Example 3

[0166] 38 parts by mass of a vinylidene fluoride homopo-
lymer having a weight average molecular weight of 417,000
and 62 parts by mass of y-butyrolactone were mixed and
dissolved at 160° C. This polymer solution was discharged
from a double tube spinneret while allowing a 85% by mass
y-butyrolactone aqueous solution as a hollow portion-form-
ing liquid to be accompanied thereby, and was coagulated in
a cooling bath, which is provided 30 mm below the spinneret
and contains a 85% by mass y-butyrolactone aqueous solu-
tion having a temperature of 25° C., to prepare a hollow-
fiber membrane having a sphere-like structure. The obtained
hollow-fiber membrane had an outer diameter of 1250 pum,
an inner diameter of 800 um, and an average pore diameter
of 1.0 ym.
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Reference Example 4

[0167] Millipore Express Plus (manufactured by Millipore
Corporation) which is a commercially available flat mem-
brane formed of polyethersulfone was used. An average pore
diameter thereof was 0.45 pm.

Example 1

[0168] Using a hollow-fiber membrane module prepared
using the hollow-fiber membrane of Reference Example 1,
cross-flow filtration of beer was performed with a filtration
apparatus of FIG. 1 (step a). For the beer, Fujizakura Heights
Beer Pils (manufactured by Fuji Kanko Kaihatsu Co., Ltd.)
which is a commercially available unfiltrated beer was used.
The above beer is denoted by beer A. In the cross-flow
filtration, a membrane surface linear velocity was 0.5 m/s, a
filtration flux was 1 m®/m?%d, a backwashing flux was 2
m?/m?/d, a filtration time per cycle was 29 minutes, and a
backwashing time was 1 minute per cycle, under which
filtration and backwashing were repeated.

[0169] Filtration of the beer and backwashing were
repeated. When R/R,, reached 10, the filtration was stopped
and drainage was performed, and rinsing with pure water
was performed (step b). The rinsing with pure water was
performed for 10 minutes at a membrane surface linear
velocity of 0.5 m/s and a filtration flux of 1 m®*/m?*/d, and,
thereafter, backwashing was performed at 2 m*/m?d for 3
minutes.

[0170] Subsequently, chemical solution washing of the
hollow-fiber membrane module was performed (step ¢). A
chemical solution which contains sodium hypochlorite (hav-
ing an effective chlorine concentration of 0.1% by mass) and
a nonionic surfactant Tween 20 (manufactured by Wako
Pure Chemical Industries, Ltd., polyoxyethylene sorbitan
monolaurate, HLB of 16.7, concentration of 0.2% by mass)
and which had been adjusted to pH 12 with sodium hydrox-
ide was used. Temperature of the chemical solution was 35°
C. This chemical solution was circulated in the membrane
module for 2 hours to perform washing. At this time, a
membrane surface linear velocity was 0.5 m/s and a filtration
flux was 1 m*/m*/d.

[0171] Drainage was performed for the chemical solution
and subsequently rinsing with pure water was performed
(step d). The rinsing with pure water was performed at a
membrane surface linear velocity of 0.5 m/s and a filtration
flux of 1 m*/m?/d for 5 minutes. Thereafter, drainage was
performed, rinsing with pure water was performed again,
and the same operation was repeated five times in total.
[0172] After repeating the above steps a to d three times,
a pure water permeability coefficient of the membrane
module was measured and a water permeability restoration
rate after the chemical solution washing was calculated. As
a result, a restoration rate was 81%.

Examples 2 to 6, Examples 9 to 21, Example 23,
and Comparative Examples 3 to 8

[0173] Filtration of a target liquid was performed in the
same manner as in Example 1 except that conditions were
changed to those described in Tables 1 to 5. In a case where
the chemical solution washing was performed twice, a
first-round washing was performed and then a second-round
washing was performed. A membrane surface linear velocity
and a filtration flux at the time of performing the second-
round washing were the same as the first-round washing.
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[0174] For a raw liquid for filtration, Fujizakura Heights
Beer Pils (manufactured by Fuji Kanko Kaihatsu Co., Ltd.)
as beer A or Ginga Kogen Beer Pilsner(manufactured by
Ginga Kogen Beer Co., [.td.) as beer B was used.

[0175] As the nonionic surfactant, Tween 20 (polyoxyeth-
ylene sorbitan monolaurate, HL.B of 16.7, concentration of
0.2% by mass, manufactured by Wako Pure Chemical Indus-
tries, Ltd.), PERSOFT NK-60 (manufactured by NOF Cor-
poration, polyoxyethylene alkyl ether, HLB of 12.0), Triton
X-100 (manufactured by Wako Pure Chemical Industries,
Ltd., polyoxyethylene octylphenyl ether, HL.B of 13.5), or
NONION K-230 (manufactured by NOF Corporation, poly-
oxyethylene lauryl ether, HLB of 17.5) was used.

[0176] As the anionic surfactant, SDS (manufactured by
Wako Pure Chemical Industries, Ltd., sodium dodecyl sul-
fate) or NISSAN TRAX K-40 (manufactured by NOF
Corporation, polyoxyethylene lauryl ether sulfuric acid ester
sodium salt) was used. After completion of the filtration, a
pure water permeability coefficient of the membrane module
was measured to calculate a water permeability restoration
rate after the chemical solution washing. The results are
shown all together in Tables 1 to 5.

Examples 7 to 8

[0177] Using a flat membrane module prepared using the
flat membrane of Reference Example 4, cross-flow filtration
of beer was performed with a filtration apparatus of FIG. 1
(step a). Filtration of a target liquid was carried out in the
same manner as in Example 1 except that conditions were
changed to those described in Table 1 for a subsequent
filtration operation method.

Example 22

[0178] Budding yeast (Saccharomyces cerevisiae CM
3260 strain) was cultured at 30° C. for 24 hours in a liquid
medium containing 20 g/l of glucose, 5 g/l of ammonium
sulfate, 0.59 g/l of potassium chloride, 0.1 g/l of sodium
chloride, 0.1 g/1 of calcium chloride, 0.5 g/l of magnesium
sulfate heptahydrate, 0.02 g/l of uracil, 0.06 g/l of leucine,
0.02 g/1 of histidine, and 0.04 g/l of tryptophan. For this
yeast culture solution, filtration and chemical solution wash-
ing of the membrane module were repeated three times in
the same manner as in Example 1.

[0179] A water permeability restoration rate after chemi-
cal solution washing was calculated, and, as a result, a
restoration rate was 90%.

Comparative Example 1

[0180] For an activated sludge dispersion solution of
which a seed sludge is an activated sludge acquired from a
wastewater treatment facility of a rural village and is accli-
matized with sewage, filtration of a target liquid was carried
out in the same manner as in Example 1 except that
conditions were changed to those described in Table 5. In the
chemical solution washing, only hypochlorite was used.
[0181] A water permeability restoration rate after the
chemical solution washing was calculated, and, as a result,
a restoration rate was 83%. In a case of a separation
membrane which was used to filtrate an activated sludge
with low total sugar concentration and protein concentration
and was closed, a high water permeability restoration rate
was obtained with chemical solution washing using only
hypochlorite.
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Comparative Example 2

[0182] E. coli was cultured at 30° C. for 24 hours in a
liquid medium containing 20 g/l of LB Broth Base (manu-
factured by Invitrogen). For this E. coli culture solution,
filtration of a target liquid was carried out in the same
manner as in Example 1 except that conditions were
changed to those described in Table 5. In the chemical
solution washing, only hypochlorite was used.

11
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[0183] A water permeability restoration rate after the
chemical solution washing was calculated, and, as a result,
a restoration rate was 81%. In a case of a separation
membrane which was used to filtrate the . coli culture
solution with low total sugar concentration and protein
concentration and was closed, a high water permeability
restoration rate was obtained with chemical solution wash-
ing using only hypochlorite.

TABLE 1
Separation membrane
Membrane Permeation liquid
pore Total sugar Protein
diameter Membrane a concentration concentration
[pm] material [I/h] Type [mg/L] [mg/L] F value
Ex. 1 Ref 0.5 PVDF 5.0 x 1072 Beer A 43,000 180 0.0026
Ex. 1
Ex. 2 Ref 0.5 PVDF 5.0 x 1073 Beer A 43,000 180 0.0026
Ex. 1
Ex. 3 Ref 0.5 PVDF 5.0 x 1073 Beer A 43,000 180 0.0026
Ex. 1
Ex. 4 Ref 0.5 PVDF 5.0 x 1072 Beer B 26,000 340 0.0050
Ex. 1
Ex. 5 Ref 0.5 PVDF 5.0 x 1072 Beer B 26,000 340 0.0050
Ex. 1
Ex. 6 Ref 0.5 PVDF 5.0 x 1073 Beer B 26,000 340 0.0050
Ex. 1
Proceeding Water
Membrane condition rinsing
surface Back- Back- for chemical before
linear Filtration washing Filtration washing solution chemical
velocity flux flux time time washing solution
[m/s] [m3/m2/d] [m3/m2/d] [min] [min] R/RO washing
Ex. 1 0.5 1 2 29 1 10 Yes
Ex. 2 0.5 1 2 29 1 10 Yes
Ex. 3 0.5 1 2 29 1 10 Yes
Ex. 4 0.5 1 2 29 1 10 Yes
Ex. 5 0.5 1 2 29 1 10 Yes
Ex. 6 0.5 1 2 29 1 10 Yes
Chemical solution used Chemical solution used Water permeability
First round Second round Hypochlorite restoration rate after
Contact Contact CT chemical solution
time time value Surfactant washing
Composition pH [h] Temperature Composition pH [h] Temperature [(mg/L) - h] HLB [%]
Ex. 1 Sodium hypochlorite 12 2 35° C. — 2,000 16.7 81
0.1%
Tween 20
0.2%
Ex. 2 Sodium hypochlorite 12 2 35° C. — 6,000 16.7 88
0.3%
Tween 20
0.2%
Ex. 3 Sodium hypochlorite 12 2 35° C. — 200 16.7 60
0.01%
Tween 20
0.2%
Ex. 4 Sodium hypochlorite 12 2 35° C. — 4,000 16.7 81
0.2%
Tween 20
0.2%
Ex. 5 Sodium hypochlorite 12 2 35° C. — 2,000 16.7 75
0.1%
Tween 20

0.2%
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TABLE 1-continued
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Ex. 6 Sodium hypochlorite 12 1 35°C. — 4,000 16.7 84
0.4%
Tween 20
0.2%
TABLE 2
Separation membrane
Membrane Permeation liquid
pore Total sugar Protein
diameter Membrane a concentration concentration
[um] material [I/h] Type [mg/L] [mg/L] F value
Ex. 7 Ref 0.45 PES 53x 107 Beer A 43,000 180 0.0026
Ex. 4
Ex. 8 Ref 0.45 PES 53 x 1074 Beer A 43,000 180 0.0026
Ex. 4
Ex. 9 Ref 0.5 PVDF 5.0 x 107 Beer A 43,000 180 0.0026
Ex. 1
Ex. 10 Ref 0.5 PVDF 5.0 x 107 Beer A 43,000 180 0.0026
Ex. 1
Ex. 11 Ref 0.5 PVDF 5.0 x 107 Beer A 43,000 180 0.0026
Ex. 1
Ex. 12 Ref 0.5 PVPF 5.0 x 107 Beer A 43,000 180 0.0026
Ex. 1
Proceeding
condition Water
for rinsing
Membrane Back- Back- chemical before
surface linear Filtration washing Filtration washing solution chemical
velocity flux flux time time washing solution
[m/s] [m3/m?/d] [m3/m?/d] [min] [min] R/R, washing
Ex. 7 0.5 2 2 29 1 10 Yes
Ex. 8 0.5 2 2 29 1 10 Yes
Ex. 9 0.5 1 2 29 1 28 Yes
Ex. 10 0.5 1 — 30 — 10 Yes
Ex. 11 0.5 1 2 29 1 16 Yes
Ex. 12 3 2 3 19 1 5 Yes
Water
Chemical solution used Chemical solution used permeability
First round Second round Hypochlorite restoration rate
Contact Contact CT after chemical
time time value Surfactant solution washing
Composition pH [h] Temperature Composition pH [h] Temperature [(mg/L) - h] HLB [%]
Ex. 7 Sodium hypochlorite 12 2 35°C. — 1,000 16.7 80
0.05%
Tween 20
0.2%
Ex. 8 Sodium hypochlorite 12 2 35°C. — 200 16.7 71
0.01%
Tween 20
0.2%
Ex. 9 Sodium hypochlorite 12 2 35°C. — 6,000 16.7 70
0.3%
Tween 20
0.2%
Ex. 10 Sodium hypochlorite 12 2 35°C. — 6,000 16.7 78
0.3%
Tween 20
0.2%
Ex. 11 Sodium hypochlorite 12 2 35°C. — 6,000 16.7 82
0.3%
Tween 20
0.2%
Ex. 12 Sodium hypochlorite 12 2 35°C. — 6,000 16.7 90
0.3%
Tween 20

0.2%
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TABLE 3
Separation membrane
Membrane Permeation liquid
pore Total sugar Protein
diameter Membrane a concentration concentration
[um] material [I/h] Type [mg/L] [mg/L] F value
Ex. 13 Ref 0.5 PVDF 5.0 x 107 Beer A 43,000 180 0.0026
Ex. 1
Ex. 14 Ref 0.5 PVDF 5.0 x 107 Beer A 43,000 180 0.0026
Ex. 1
Ex. 15 Ref 0.5 PVDF 5.0 x 107 Beer A 43,000 180 0.0026
Ex. 1
Ex. 16 Ref 0.5 PVDF 5.0 x 107 Beer A 43,000 180 0.0026
Ex. 1
Ex. 17 Ref 0.5 PVDF 5.0 x 107 Beer A 43,000 180 0.0026
Ex. 1
Ex. 18 Ref 0.5 PVDF 5.0 x 107 Beer A 43,000 180 0.0026
Ex. 1
Proceeding
condition Water
Membrane for rinsing
surface Back- Back- chemical before
linear Filtration washing Filtration washing solution chemical
velocity flux flux time time washing solution
[m/s] [m3/m?/d] [m*/m?/d] [min] [min] R/Ry washing
Ex. 13 0.5 1 2 29 1 10 Yes
Ex. 14 0.5 1 2 29 1 10 Yes
Ex. 15 0.5 1 2 29 1 10 Yes
Ex. 16 0.5 1 2 29 1 10 Yes
Ex. 17 0.5 1 2 29 1 10 Yes
Ex. 18 0.5 1 2 29 1 10 Yes
Water
Chemical solution used Chemical solution used permeability
First round Second round Hypochlorite restoration rate
Contact Contact CT after chemical
time time value Surfactant solution washing
Composition pH [h] Temperature Composition pH [h] Temperature [(mg/L) - h] HLB [%]
Ex. 13 Sodium hypochlorite 12 2 35°C. — 6,000 12 72
0.3%
PERSOFT NK-60
0.2%
Ex. 14  Sodium hypochlorite 12 2 35°C. — 6,000 13.5 85
0.3%
Triton X-100
0.2%
Ex. 15  Sodium hypochlorite 12 2 35°C. — 6,000 17.5 78
0.3%
NONION K-230
0.2%
Ex. 16  Sodium hypochlorite 12 2 35°C. — 1,000 16.7 76
0.05%
Tween 20
0.05%
Ex. 17 Sodium hypochlorite 9 2 35°C. — 6,000 16.7 73
0.3%
Tween 20
0.2%
Ex. 18  Sodium hypochlorite 10 2 35°C. — 6,000 16.7 80
0.3%
Tween 20

0.2%
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TABLE 4
Separation membrane
Membrane Permeation liquid
pore Total sugar Protein
diameter Membrane a concentration concentration
[um] material [I/h] Type [mg/L] [mg/L] F value
Ex. 19 Ref 0.5 PVDF 5.0 x 107 Beer A 43,000 180 0.0026
Ex. 1
Ex. 20 Ref 0.3 PVDF 43 x 107 Beer A 43,000 180 0.0026
Ex. 2
Ex. 21 Ref 1 PVDF 5.1 x 1072 Beer A 43,000 180 0.0026
Ex. 3
Ex. 22 Ref 0.5 PVDF 5.0 x 107 Yeast 18,000 95 0.0040
Ex. 1 culture
solution
Ex. 23 Ref 0.5 PVDF 5.0 x 107 Beer A 43,000 180 0.0026
Ex. 1
Proceeding
condition Water
Membrane for rinsing
surface Back- Back- chemical before
linear Filtration washing Filtration washing solution chemical
velocity flux flux time time washing solution
[m/s] [m3/m?/d] [m*/m?/d] [min] [min] R/Ry washing
Ex. 19 0.5 1 2 29 1 10 Yes
Ex. 20 0.5 1 2 29 1 10 Yes
Ex. 21 0.5 1 2 29 1 10 Yes
Ex. 22 0.5 1 2 29 1 10 Yes
Ex. 23 0.5 1 2 29 1 10 Yes
Water
Chemical solution used Chemical solution used permeability
First round Second round Hypochlorite restoration rate
Contact Contact CT after chemical
time time value Surfactant solution washing
Composition pH [h] Temperature Composition pH [h] Temperature [(mg/L) - h] HLB [%]
Ex. 19  Sodium hypochlorite 12 2 20° C. — 6,000 16.7 80
0.3%
Tween 20
0.2%
Ex. 20 Sodium hypochlorite 12 2 35°C. — 6,000 16.7 84
0.3%
Tween 20
0.2%
Ex. 21  Sodium hypochlorite 12 2 35°C. — 6,000 16.7 88
0.3%
Tween 20
0.2%
Ex. 22 Sodium hypochlorite 12 2 35°C. — 6,000 16.7 90
0.3%
Tween 20
0.2%
Ex. 23 Sodium hypochlorite 12 2 35°C. Tween 20 12 2 35°C. 6,000 — 84
0.3% 0.2%
TABLE 5
Separation membrane
Membrane Permeation liquid
pore Total sugar Protein
diameter Membrane a concentration concentration
[um] material [I/h] Type [mg/L] [mg/L] F value
Comp Ref 0.5 PVDF 5.0 x 107 Activated 3.8 120 0.0005
Ex. 1 Ex. 1 sludge

Treated water
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TABLE 5-continued
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Comp Ref 0.5 PVDF 5.0x 107 E. coli 300 70 0.0061
Ex. 2 Ex. 1 culture
solution
Comp Ref 0.5 PVDF 5.0 x 107 Beer A 43,000 180 0.0026
Ex. 3 Ex. 1
Comp Ref 0.5 PVDF 5.0x 107 Beer A 43,000 180 0.0026
Ex. 4 Ex. 1
Comp Ref 0.5 PVDF 5.0x 107 Beer A 43,000 180 0.0026
Ex. 5 Ex. 1
Comp Ref 0.5 PVDF 5.0 x 107 Beer A 43,000 180 0.0026
Ex. 6 Ex. 1
Comp Ref 0.5 PVDF 5.0 x 107 Beer A 43,000 180 0.0026
Ex. 7 Ex. 1
Comp Ref 0.5 PVDF 5.0x 107 Beer A 43,000 180 0.0026
Ex. 8 Ex. 1
Proceeding
condition Water
Membrane for rinsing
surface Back- Back- chemical before
linear Filtration washing Filtration washing solution chemical
velocity flux flux time time washing solution
[m/s] [m*m?d] [m*m?/d] [min] [min] R/Ry washing
Comp 0.5 2 2 29 1 10 Yes
Ex. 1
Comp 0.5 2 2 29 1 10 Yes
Ex. 2
Comp 0.5 1 2 29 1 10 Yes
Ex. 3
Comp 0.5 1 2 29 1 10 Yes
Ex. 4
Comp 0.5 1 2 29 1 10 Yes
Ex. 5
Comp 0.5 1 2 29 1 10 Yes
Ex. 6
Comp 0.5 1 2 29 1 10 Yes
Ex. 7
Comp 0.5 1 2 29 1 10 No
Ex. 8
Water
Chemical solution used Chemical solution used permeability
First round Second round restoration rate
Contact Contact Hypochlorite after chemical
time time CT value  Surfactant solution washing
Composition pH [h] Temperature Composition pH [h] Temperature [(mg/L) - h] HLB [%]
Comp  Sodium hypochlorite 12 2 35°C. — 6,000 — 83
Ex. 1 0.3%
Comp  Sodium hypochlorite 12 2 35°C. — 6,000 — 81
Ex. 2 0.3%
Comp  NaOH 12 2 35° C. — — — 28
Ex. 3 0.0IN
Comp  Tween 20 12 2 35° C. — — 16.7 40
Ex. 4 0.2%
Comp  Sodium hypochlorite 12 2 35°C. — 6,000 — 58
Ex. 5 0.3%
Comp  Sodium hypochlorite 12 2 35°C. — 6,000 — 59
Ex. 6 0.3% (Anionic)
SDS
0.2%
Comp  Sodium hypochlorite 12 2 35°C. — 6,000 — 59
Ex. 7 0.3% (Anionic)
NISSAN TRAX K-40
0.2%
Comp  Sodium hypochlorite 12 2 35°C. — 1,000 16.7 62
Ex. 8 0.05%

Tween 20
0.2%
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[0184] In Comparative Examples 3 to 8 in which high total
sugar concentration and protein concentration are exhibited
in a filtrate that has permeated through the separation
membrane, a water permeability restoration rate after the
chemical solution washing was 28% to 62%. On the con-
trary, in all of Examples 1 to 23, the water permeability
restoration rate was equal to or greater than 60%. From these
results, it has been found that the filtration method of the
present invention enables stable filtration of a microbial
culture solution over a long period of time.

[0185] While the present invention has been described in
detail and with reference to specific embodiments, it will be
apparent to those skilled in the art that various changes and
modifications can be made without departing from the spirit
and scope of the present invention. The present application
is based on Japanese Patent Application (Japanese Patent
Application No. 2016-068781) filed on Mar. 30, 2016, the
contents of which are incorporated herein by reference.

INDUSTRIAL APPLICABILITY

[0186] The method for filtrating a microbial culture solu-
tion of the present invention can be used for filtration of a
microbial culture solution in a field of fermentation industry,
a field of food industry, and the like.

DESCRIPTION OF REFERENCE NUMERALS
AND SIGNS

[0187] 1: Raw liquid tank

[0188] 2: Membrane module
[0189] 3: Raw liquid pump

[0190] 4: Circulation control valve
[0191] 5: Filtration control valve
[0192] 6: Filtrate tank

[0193] 7: Backwashing liquid tank
[0194] 8: Backwashing pump
[0195] 9: Backwashing control valve
[0196] 10: Chemical solution tank
[0197] 11 to 20: Valves

[0198] 21 to 23: Pressure gauges
[0199] 24 to 26: Flow meters

1. A method for filtrating a microbial culture solution
using a membrane module, the method comprising:

(a) a step of performing cross-flow filtration of the micro-
bial culture solution using the membrane module;

(b) a step of performing water rinsing of the membrane
module after the step a;

(c) a step of bringing the membrane module into contact
with a chemical solution after the step b; and

(d) a step of performing water rinsing of the membrane
module after the step c,

wherein a filtrate that has permeated through the mem-
brane module by the cross-flow filtration in the step a
has a total sugar concentration of 1,000 mg/L. to 100,
000 mg/L. and a protein concentration of 50 mg/L. to
1,000 mg/L,

the step ¢ includes a step (c-1) of bringing the membrane
module into contact with a chemical solution contain-
ing hypochlorite and a nonionic surfactant, and

the steps a to d are repeated in this order.

2. The method for filtrating a microbial culture solution

using a membrane module according to claim 1,

wherein the step ¢ has a step which is operated within a

range where a product CT [(mg/L)-h] of a hypochlorite
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concentration C [mg/L.] in the chemical solution and a
contact time T [h] between the hypochlorite and a
separation membrane contained in the membrane mod-
ule satisfies Expression (1):

9.2x10°F-1400=CT=2.5(1/a)+380 Expression (1)

in Expression (1), F represents a ratio of the protein
concentration [mg/L] in the filtrate which has perme-
ated through the membrane module by the cross-flow
filtration in the step a with respect to a total organic
carbon amount [mg/I.] in the filtrate, and a represents
an absolute value [1/h] of an attenuation rate of a
membrane strength initial value ratio with respect to an
immersion time in a case where the separation mem-
brane is immersed in a Fenton’s reagent which is a
mixed solution of 5,000 ppm of H,O, and 300 ppm of
Fe**.

3. The method for filtrating a microbial culture solution

using a membrane module according to claim 1,

wherein in a case where Expression (2) is satisfied in the

step a, the step proceeds to the step b:

5<R/Ry<16 Expression (2)

in Expression (2), R represents a filtration resistance value
[m™] during performing the cross-flow filtration of the
microbial culture solution in the step a, and R, repre-
sents a filtration resistance value [m™'] at a start of the
cross-flow filtration.

4. The method for filtrating a microbial culture solution

using a membrane module according to claim 1,

wherein the step a comprises:

(a-1) a step of performing cross-flow filtration of the
microbial culture solution using the membrane module;
and

(a-2) a step of performing backwashing of the membrane
module,

when the cross-flow filtration is performed, a membrane
surface linear velocity of the microbial culture solution
is set to be 0.1 nV/s to 3.0 m/s and a filtration flux is set
to be 0.1 m*m%*d to 2.0 m*m?%d, and, when the
backwashing is performed, a backwashing flux is set to
be 1.0 m*/m?d to 10.0 m*/m?/d, and

after the step a-1 and the step a-2 are repeated at least
once, the step proceeds to the step b.

5. The method for filtrating a microbial culture solution

using a membrane module according to claim 1,
wherein the nonionic surfactant has an HLB of 12 to 18.
6. The method for filtrating a microbial culture solution
using a membrane module according to claim 1,

wherein the hypochlorite has an effective chlorine con-
centration of 0.05% by mass to 1% by mass, and the
nonionic surfactant has a nonionic surfactant concen-
tration of 0.05% by mass to 3% by mass.

7. The method for filtrating a microbial culture solution

using a membrane module according to claim 1,

wherein the chemical solution has a pH of 10 to 14 and a
temperature of 20° C. to 50° C.

8. The method for filtrating a microbial culture solution

using a membrane module according to claim 1,

wherein the separation membrane contained in the mem-
brane module is a separation membrane comprising a
fluorine-based resin.

9. The method for filtrating a microbial culture solution

using a membrane module according to claim 1,
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wherein the microbial culture solution is beer and the
separation membrane contained in the membrane mod-
ule has an average pore diameter of 0.3 um to 1.0 pm.

10. A method for filtrating a microbial culture solution

using a membrane module, the method comprising:

(a) a step of performing cross-flow filtration of the micro-
bial culture solution using the membrane module;

(b) a step of performing water rinsing of the membrane

module after the step a;

(c) a step of bringing the membrane module into contact
with a chemical solution after the step b; and

(d) a step of performing water rinsing of the membrane
module after the step c,

wherein a filtrate that has permeated through the mem-

brane module by the cross-flow filtration in the step a

has a total sugar concentration of 1,000 mg/L. to 100,

000 mg/L. and a protein concentration of 50 mg/L. to

1,000 mg/L,

the step ¢ comprises:

(c-2) a step of bringing the membrane module into
contact with a chemical solution containing
hypochlorite; and

(c-3) a step of bringing the membrane module into
contact with a chemical solution containing nonionic
surfactant, and

the steps a to d are repeated in this order.

#* #* #* #* #*



