(12) STANDARD PATENT (11) Application No. AU 2015331311 B2
(19) AUSTRALIAN PATENT OFFICE

(54) Title
Lactase solution and milk using same

(61) International Patent Classification(s)

C12N 9/38 (2006.01) C12N 9/96 (2006.01)

A23C 9/152 (2006.01)
(21) Application No: 2015331311 (22) Date of Filing:  2015.10.16
(87) WIPO No: WO16/060224

(30)  Priority Data

(31) Number (32) Date (33) Country
2014-213093 2014.10.17 JP
(43) Publication Date: 2016.04.21

(44) Accepted Journal Date: 2019.07.18

(71)  Applicant(s)
Godo Shusei Co., Ltd.

(72)  Inventor(s)
Nagahata, Naoki;Horiguchi, Hirofumi

(74)  Agent/ Attorney
Phillips Ormonde Fitzpatrick, PO Box 323, Collins Street West, VIC, 8007, AU

(56) Related Art
US 2004/0121041 A1




wO 2016/060224 A1 I A0E VYO 0 0O OO0

12) FHFBAFHNIE SV T AR SN -EREFE

(19) T SANBO R A HE RS 3
EREBERD %
w—

~ 10) B FHES
DY = WO 2016/060224 A1
2016 &£ 4 A 21 H(21.04.2016)
WIPOIPCT
61 EREHD R @) EHEE (RTOLVRY ., £ TOREDOERRK
CI2N 9/38 (2006.01) CI2N 9/96 (2006.01) SENMTEE): AE, AG, AL, AM, AO, AT, AU, AZ, BA,
A23C 9/152 (2006.01) BB, BG, BH, BN, BR, BW, BY, BZ, CA, CH, CL, CN,
o CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG, ES,
(1) EREREES: PCT/IP2015/079259 FL GB, GD, GE. GH. GM. GT. HN. HR, HU, ID, IL. IN.
(22) ERRERER: 2015 £E 10 A 16 H(16.10.2015) IR, IS, JP, KE, KG, KN, KP, KR, KZ, LA, LC, LK, LR,
=z e LS, LU, LY, MA, MD, ME, MG, MK, MN, MW, MX,
(25 ERHBEDEE: BARGE MY, MZ, NA, NG, NI, NO, NZ, OM, PA, PE, PG, PH,
2 43 /\ B8 ) S 5E. g A:E PL, PT, QA, RO, RS, RU, RW, SA, SC, SD, SE, SG, SK,
@6 .[g""ﬁj = #58 SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ, UA,
(30) BEIET—4: UG, US, UZ, VC, VN, ZA, ZM, ZW.
%E8 2014-213093 2014 ££ 10 A 17 H(17.10.2014)  JP — 4 ,
o8 532014 £ 10 A 17 B( ) P s EEE EROHVEY . £ TOEREOELE
(7 HREA: & RERHR R 1 (GODO SHUSEI CO., N AETAE): ARIPO (BW, GH, GM, KE, LR, LS, MW,
LTD.) [JP/JP]; T 1040061 RRERF RXERE 6 — 2 MZ, NA, RW, SD, SL, ST, SZ, TZ, UG, ZM, ZW), 1 —
— 1 0 Tokyo (JP). 5 Y7 (AM, AZ, BY, KG, KZ, RU, TJ, TM), 3 —
0 EHE: KM BB NAGAHATA, Naok T oL G G0 T I R s 1 T LU, L, MG
EFAY=] = PN > > > > > > B > B B B B > >
2710064 TRIVMAT ERBFHER250 & MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM, TR
FEAKRSHBREERBREAMN Chiva (P) L (BE B OF. €6 Ol ONL OA GN GO OW, KM,
. = b An T : OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, KM,
$20 {83 (HORIGUCHL Hirofumi); T 2710064 F ML, MR, NE, SN, TD, TG).
ERMPFHMEABFHR250 SREHHKK S
RUBREZERHFRAA Chidba (JP). RMTARES:
74 {RIEBA. BB RATOH, Atsushi); T 1040045 B — ERRATWME (FMF 21 5%0)
MPREXEML -1 -1 REIEIL 4R Tokyo
(Jp).
(54) Title: LACTASE SOLUTION AND MILK USING SAME
(54) ZBBDRH : SV 2 —EBBRRUVZENZFRALVEA
[E1]
[E1]
70 '
60 *
50 : * * —
** PY ¢
g 40 4 »
#
#a 30 L
® L
® 20
AA
10
4]
| 00 10 20 30 40 50 60 70
RAEE (mgg)
BB

AA Residual activity (%)

BB Reducing sugar content (mg/g)

(57) Abstract: [Problem] To provide a means for stabilizing a lactase solution. [Solution] A lactase solution containing 0.1-100 g/kg
of sugars on the basis of the total mass of the lactase solution, characterized in that the reducing sugar content of the lactase solution
is not more than 2.0 mg/g.

67 Ef: [RE]

DU —ERBDREMER D FROEEM,
T, ARV —ELRBDEHEEZEEL LT, 1BHEZO.

[fERFER] 394 —ERBRTH-
1g/ kg~100g/ keg&FL. HIitS

V3 —ERBEDETHEEN2. Omg  gUTTHAICELZREHETEHSV 5 —HEBR,



07 Dec 2018

W

2015331311

10

15

20

25

30

DESCRIPTION
LACTASE SOLUTION AND MILK USING THE SAME

Technical Field
[0001]

The present invention relates to a lactase solution containing reducing sugar in a
predetermined value or less, and a method for producing milk, a dairy product, and the like
using the lactase solution.

Background Art
[0002]

Lactase 1s an enzyme that degrades lactose into glucose and galactose. Lactose is
present in a dairy product produced by using a milk raw material such as milk. Lactase is
present in many of the human small intestines, therefore, lactose in a dairy product is
decomposed into glucose and galactose in the small intestine. However, in some humans in
which lactase does not act sufficiently, lactose is not sufficiently decomposed, and symptoms
of diarrhea and dyspepsia are caused. In order to prevent such symptoms, lactase has been
widely used to decompose the lactose in advance to produce dairy products.

[0003]

In the current technical level, it is extremely difficult to chemically synthesize lactase,
therefore, lactase to be used for the production of dairy products is produced using
microorganisms such as yeast, mold, and bacteria. However, the microorganisms also produce
substances other than the lactase, therefore, substances other than lactase are generally
contained in a lactase solution.

[0004]

Herein, there is a drawback that in general, enzymes have low stability against heat,
pH changes, and the like, and further are susceptible to the influence of coexisting substances.
In particular, in a case where the form of containing enzymes is a system containing water or
an aqueous solution, there is an issue that the activity is gradually lowered also during the
storage. As to the deactivation of enzymes, in general, the denaturation deactivation based on
the structural changes due to thermal motion is considered. In addition, in a case where a
proteolytic enzyme is contained as a substance other than the lactase, deactivation due to
mutual degradation of enzymes (self-digestion) is also generated. In order to address these

issues, measures such as the addition of various stabilizers, and the refrigerated storage are

1
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taken.
[0005]

For example, in order to reduce the deactivation by the action of an antiseptic agent,
there is a technique in which sugars are put into a glycerol kinase solution (Patent Literature
1). In addition, it has been proposed to add polysaccharides to stabilize a protease solution
(Patent Literature 2).

Citation List

Patent Literature

[0006]

Patent Literature 1: JP 2004-141162 A
Patent Literature 2: JP 3-4790 A
[0006a]

A reference herein to a patent document or any other matter identified as prior art, is
not to be taken as an admission that the document or other matter was known or that the
information it contains was part of the common general knowledge as at the priority date of
any of the claims.

[0006b]

Where any or all of the terms "comprise", "comprises", "comprised" or "comprising"
are used in this specification (including the claims) they are to be interpreted as specifying the
presence of the stated features, integers, steps or components, but not precluding the presence

of one or more other features, integers, steps or components.

Summary of Invention
[0007]
An aspect of the present invention is to provide a means to achieve the storage

stability of a lactase solution.

[0008]

The present inventors attempted to add sugars into a lactase solution based on the
techniques according to Patent Literatures 1 and 2. However, the present inventors obtained
the findings that the sufficient storage stability of a lactase solution cannot be achieved by
simply adding sugars. The present inventors found that by limiting the amount of the sugars to

a specific amount, and by setting the amount of reducing sugar to a predetermined value or
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less, the storage stability of a lactase solution can be achieved, and thus has completed the
present invention.
[0009]

According to an aspect, the invention provides a lactase solution comprising sugar in
an amount of 15 to 50 g/kg on the basis of the total mass of the lactase solution,

wherein an amount of reducing sugar contained in the lactase solution is 2.0 mg/g or
less on the basis of the total mass of the lactase solution, and wherein the lactase solution
comprises oligosaccharides and/or polysaccharides in an amount of at least 15 g/kg on the
basis of the total mass of the lactase solution.
[0009a]

As a result, the present invention provides:
[1] a lactase solution containing sugar in an amount of 0.1 to 100 g/kg on the basis of the total
mass of the lactase solution, wherein an amount of reducing sugar contained in the lactase
solution is 2.0 mg/g or less;
[2] the lactase solution according to [1], of which a residual activity after leaving the lactase
solution to stand at 50°C for 7 days is 60% or more;
[3] the lactase solution according to [1] or [2], wherein a weight average molecular weight of
the sugar is 500 to 2,000,000;

[4] the lactase solution according to any one of [1] to [3], wherein a lactase activity in

2a
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the solution is 10 to 100,000 NLU/g;

[5] the lactase solution according to any one of [1] to [4], wherein the lactase solution
contains a stabilizer;

[6] milk, which is obtained by adding the lactase solution according to any one of [1] to
[5]; and

[7] a dairy product, which is obtained by using the lactase solution according to any one
of [1] to [5] or the milk according to claim 6 as at least one raw material.

Advantageous Effects of Invention

[0010]

According to the present invention, the storage stability of lactase as an
enzyme is improved. Accordingly, even in a case where there is a time lag between
the production of lactase and the addition of the lactase to milk, high lactase activity can
be maintained at the time of the addition to milk. In a case where lactase is produced
using microorganisms, as described above, the solution containing lactase usually
includes substances other than the lactase. In order to remove from the solution the
substances other than the lactase (for example, proteins or peptides which have different
natures from each other, and various substances with a low molecular weight), various
purification processes are required. According to the present invention, by using the
amount of the reducing sugar contained in the solution as an indicator, the purification
process can be omitted, or the time required for the purification process can be
shortened, therefore, the present invention can contribute to the efficiency of the
purification process of lactase. The present invention can provide a lactase solution

that is excellent in the storage stability, and excellent in the economic efficiency.

Brief Description of Drawings
[0011]

Fig. 1 is a drawing showing the relationship between the amount of reducing
sugar in the lactase solution in which sugars has been added and the residual activity of

lactase after the lapse of 7 days at 50°C in the lactase solution.

Description of Embodiments
[0012]

The lactase solution according to the present invention contains, together with
lactase, sugars in an amount to the extent of minimizing the influence on the lactase

activity by the reductive sugar-terminal, and optionally contains an additive agent such
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as a stabilizer. Hereinafter, (1) component of lactase solution, (2) composition of
lactase solution, (3) nature of lactase solution (in particular, amount of reducing sugar),
(4) production method of lactase solution, and (5) use method and application of lactase
solution will be described in this order as follows.

[0013]

<<Component of lactase solution>>

<Lactase>

(Kinds of biological raw materials)

Lactase is isolated from an extremely wide range of organisms including
microorganisms. The kind of lactase producing microorganisms such as yeast, mold,
and bacteria is not particularly limited. Examples of the microorganisms producing
lactase include microorganisms belonging to Kluyveromyces, Aspergillus, Bacillus, or
Penicillium. Among them, microorganisms belonging to K/uyveromyces are more
preferred. Among the microorganisms belonging to Kluyveromyces, Kluyveromyces
fragillis (K. fragillis), Kluyveromyces lactis (K. lactis), and Kluyveromyces marxianus
(K. marxianus) are preferred, and K. /actis is more preferred. Examples of the
microorganisms of Aspergillus include Aspergillus oryzae, or Aspergillus niger, and
examples of the microorganisms of Penicillium include Penicillium multicolor.

[0014]
(Optimum pH of lactase)

The lactase used in the present invention is neutral lactase or acidic lactase.
The neutral lactase and the acidic lactase may be used as a mixture thereof. As the
neutral lactase, neutral lactase having the optimum pH of the activity in the neutral
region, and having a nature of being deactivated in the acidic region, and further
capable of decomposing lactose in the active state is preferred. The neutral lactase
having the optimum pH of the activity of 6.0 to 7.5, and the deactivation pH of 4.0 to
6.0 is more preferred.  As the acidic lactase, acidic lactase having the optimum pH of
the activity in the acidic region, and capable of decomposing lactose in the active state
is preferred. The optimum pH of the acidic lactase activity is 3.0 to 5.9.

[0015]
<Sugars>

Sugars include all of the monosaccharides, oligosaccharides, and
polysaccharides. The kind of the sugar constituting the sugars may be one kind, or
may also be two or more kinds thereof. Sugars can have a straight chain structure, a

side chain structure, and a ring structure. One sugar of the sugars may have these
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multiple structures. There is no limitation on the coupling type of the sugar
constituting sugars.

[0016]

(Reducing sugar)

In a case where sugars contain a large amount of reducing sugar, the storage
stability of a lactase solution is largely lowered. Herein, reducing sugar means the one
in which a terminal functional group constituting a certain sugar molecule has
reducibility. All of monosaccharides are reducing sugar, and some of oligosaccharides
and some of polysaccharides are also included in reducing sugar. For example, in a
case where sugars are straight-chain polysaccharides, terminals of the sugar have 0, 1,
or 2 functional groups showing reducibility. The sugars in which the terminals of the
sugar have 1 or 2 functional groups showing reducibility are reducing sugar. In a case
where sugars have a side chain structure, the functional groups showing reducibility
tend to increase based on its structure than those in straight-chain polysaccharides.
From the above definition of reducing sugar, it is preferred to use polysaccharides
having a high polymerization degree as the sugars contained in a lactase solution.
[0017]

The amount of the reducing sugar contained in sugars means a value measured
by a DNS method described later. The amount of reducing sugar contained in a lactase
solution is required to be 2.0 mg/g or less. The amount of the reducing sugar is
preferably 0.5 mg/g or less, and more preferably 0.1 mg/g% or less.  As the amount of
the reducing sugar contained in a lactase solution is increased, the storage stability of a
lactase solution tends to be lowered.

[0018]
<Polysaccharides>

In the present invention, the term “polysaccharides” is referred to as a
saccharide in which seven or more monosaccharides are coupled. For example, starch,
cellulose, dextrin, cyclodextrin, pullulan, dextran, arabinoxylan, chitin, chitosan, pectin,
inulin, galactan, mannan (galactomannan, glucomannan, and the like), indigestible
dextrin, polydextrose, and the like can be mentioned, but there is no particular limitation
as long as the polysaccharides are a saccharide capable of being used as a food or drink.
These may be used singly or as a mixture of two or more kinds thereof.

[0019]
Polysaccharides include insoluble, hardly-soluble, and soluble polysaccharides.

The insoluble or hardly-soluble polysaccharides easily cause a problem of clogging in a
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case of being filtered, sterilized or the like by using a carrier of a film or the like for a
lactase solution.  As the polysaccharides, soluble polysaccharides are preferably used.
The soluble polysaccharides mean the polysaccharides having a solubility of 1.5 g or
more in 100 g of water at 25°C.  Specifically, the soluble polysaccharides are the
polysaccharides in which after adding 1.5% by mass of polysaccharides into water and
gently stirring the mixture for 24 hours, the absorbance (OD 600 nm) of the mixture
solution does not increase by 0.01 or more as compared with that before the addition.
[0020]

(Polydextrose)

Polydextrose suitably used for the present invention is produced by
polycondensation using glucose as the main raw material in the presence of sorbitol and
citric acid, is powdery and water-soluble indigestible polysaccharides, and is widely
used as a food material. For example, commercially available polydextrose, “Litesse”
(trade name, manufactured by E. I. du Pont de Nemours and Company) that is an
improved product of polydextrose, and the like can be mentioned.

[0021]
(Pullulan)

Pullulan suitably used for the present invention is a natural polysaccharide
obtained by culturing one kind of black yeasts, Aureobasidium pullulans with starch as
a raw material, in which maltotriose is linked with regularity by o-1,6 linkage, and is
white powder with tasteless and odorless.

[0022]

Among them, the most suitable polysaccharide is pullulan, and polydextrose,
and among the polydextroses, “Litesse”, particularly “Litesse Ultra” is preferred from
the viewpoint of the small amount of reducing sugar.

[0023]
<Additives>
(Stabilizer)

Into a lactase solution, a stabilizer may be contained. By containing a
stabilizer, the lactase activity of a lactase solution can be maintained over a long period
of time.

[0024]

Specific examples of the stabilizer include sorbitol, glycerol, glycerol

trimethylolpropane, neopentyl glycol, triethanolamine, glycol, diglycol, triethylene

glycol, and glycol, which have a molecular weight of less than 1000. The stabilizer
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can be contained in a lactase solution alone or by mixing multiple stabilizers thereof.
[0025]
(Optional components)

The lactase solution of the present invention may contain various kinds of other
components as needed. As the specific example, metal salts contributing to the
stabilization of lactase, ascorbic acid, inorganic salts having a buffering action, and the
like can be mentioned.

[0026]
<<Composition of lactase solution>>
<Sugars>

The content of sugars is 0.1 to 100 g/kg on the basis of the total mass of the
lactase solution. The content is preferably 0.5 to 50 g/kg, and more preferably 1.0 to
10 g/lkg.  In a case where the content of sugars is to be less than the lower limit value,
the load of the purification process is increased, and it is hard to provide a lactase
solution excellent in the economic efficiency. When the content of the sugars exceeds
the upper limit value, the storage stability of a lactase solution is easily lowered.
Although depending on the kind of sugars, when the viscosity of a lactase solution is
increased, a problem in the handleability is easily generated, therefore, there may be
some cases where a lactase solution excellent in the economic efficiency cannot be
provided.

[0027]
<Optional components>

The amount of other optional components to be contained in a lactase solution
may be appropriately set.
[0028]
<Additives>
(Stabilizer)

The amount of the stabilizer to be contained in a lactase solution is preferably
10 to 90% by mass, more preferably 20 to 80% by mass, furthermore preferably 30 to
70% by mass, and particularly preferably 40 to 60% by mass. When the amount of the
stabilizer is the lower limit value or more, it becomes easy to maintain the lactase
activity of a lactase solution over a long period of time. When the amount of the
stabilizer exceeds the upper limit value, the viscosity of a lactase solution is increased,
and the filtration time is prolonged, and the workability is lowered.

[0029]
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<<Nature of lactase solution>>
<Lactase activity>

The lactase solution of the present invention is desired to have a lactase activity
of 10 to 100,000 NLU/g. The expression “NLU” means Neutral Lactase Unit. The
measurement method of the activity is, for example, as follows. The activity is
measured by hydrolysis of a substrate, o-nitrophenyl-f-galactopyranoside (ONPG) to
o-nitrophenyl and galactose. The reaction is terminated by the addition of sodium
carbonate. The formed o-nitrophenyl turns yellow in an alkaline medium, and the
changes in the absorbance are used to measure the enzyme activity (expressed in
NLU/g). This procedure is published on pages 801-802 / lactase (neutral)
(B-galactosidase) activity, in the 4th edition of Food Chemical Codex (FCC), U.S.A.,
effective July 1, 1996.

[0030]

The lactase activity of a lactase solution is preferably 10 to 250,000 U/mL,
more preferably 100 to 120,000 U/mL, and furthermore preferably 2,500 to 60,000
U/mL. The lactase activity can be adjusted by the addition of a solvent, the
concentration of lactase solution, or the like.

[0031]

Various sugars are contained in a lactase solution, and one of the sugars is
reducing sugar. As the reducing sugar, for example, reducing sugar derived from a
culture medium, reducing sugar derived from the sugars metabolized by
lactase-producing microorganisms, reducing sugar modified by the protein metabolized
by lactase-producing microorganisms, and the like are contained. As the amount of
reducing sugar is increased, it becomes difficult to maintain the lactase activity over a
long period of time, therefore, reducing sugar is presumed to decompose the lactase
protein, and to give an adverse effect on the stabilization.

[0032]
<Method for measuring the amount of reducing sugar>

The amount of the reducing sugar contained in sugars can be measured by the
following manner. In a flask in which 100 ml of water (Milli-Q water) has been
contained, 1.5 g of the sugars to be measured is added, and then the resultant mixture is
stirred at 200 rpm with a magnetic stirrer (manufactured by TIETECH Co., Ltd.), and
completely dissolved. The amount of the reducing sugar in each solution is quantified
by a DNS method (dinitrosalicylic acid method).

[0033]
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The DNS method is performed by the following procedures. (1) In a test tube,
0.6 mL of a DNS solution (0.7%-3,5-dinitrosalicylic acid, 1.21%-sodium hydroxide,
0.02%-Rochelle salt, 0.57%-phenol, and 0.55%-sodium hydrogen carbonate) is
dispensed, and (2) a glucose standard solution (0.1%, and 0.2%) and 0.2 ml of the
above-prepared sugars solution are added in the test tube of (1). (3) The resultant
mixture is heated and color developed for 5 minutes in a boiling water bath, (4) after
water cooling (15°C), 4.2 ml of Milli-Q water is added to the cooled mixture, and the
absorbance at a wavelength of 550 nm is measured with a spectrophotometer. The
glucose is determined from the standard solution by quantifying the amount of the
reducing sugar of the sugars solution as glucose.
[0034]
<Stability of lactase activity>

It can be determined by leaving the lactase solution described later to stand
under a heating environment for a certain period of time (accelerated stability test)
whether or not the lactase activity is maintained for a long period of time. In the
present invention, a lactase solution is left to stand under a heating environment at 50°C
for 1 to 2 weeks, and then the lactase activity of the lactase solution is measured by a
FCC method.

[0035]
<Accelerated stability test>
(Preparation method of samples)

Into a lactase solution (the amount of sugars and reducing sugar is almost 0) in
which the lactase activity is adjusted, sugars to be measured are added so that the final
concentration is 1.5% by mass, and the resultant mixture is stirred at room temperature
so as to be thoroughly dissolved. Subsequently, a sample is obtained through multiple
filtration processes. Further, as the sugars to be used for the present tests, soluble
polysaccharides are used in all of the tests.

[0036]
(Accelerated stability measurement)

The above-prepared sample is dispensed by 10 ml in a 15-ml tube, and stored
at 50°C. The lactase activity is measured at the time of 0-day (before storage), 7-day,
and 14-day storages, and the residual lactase activity is determined as a relative value
when the activity before the storage is set as 100. In the lactase of the present
invention, the residual activity at the time of 7-day storage is 60% or more, and

preferably 86% or more.
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[0037]
<<Production method of lactase solution>>

A specific method for producing the lactase of the present invention includes,
for example, (1) an extraction process of the lactase accompanied by disruption of cell
walls after yeast culture, and (2) a purification process for removing contaminants and
the like, which are derived from the culture, from the extracted lactase. A method for
producing the lactase solution of the present invention includes (3) a process of adding
sugars (and other additive agents as needed) into the lactase (which may be lactase
prepared immediately before the addition or commercially available lactase) as needed,
and adjusting the amount of sugars and reducing sugar in the predetermined range, and
(4) a process of filtering for the sterilization.
[0038]
<Culture and extraction of microorganisms>

The culture of the microorganisms producing lactase is preferably performed at
20 to 40°C for 24 to 180 hours under the condition of pH3 to 10 in a medium containing,
for example, lactose and a nitrogen source. In order to collect a lactase solution from
the obtained culture, the extraction may be performed, for example, from the recovered
cells, or may be performed by using mutant cells or the like that are the cells as
discharged outside cells, or may be performed by using the culture medium itself in a
case of being cultured in a liquid medium.
[0039]
<Purification process>

As the purification method of lactase from a microbial culture, for example, a
method of ammonium sulfate fractionation, chromatography such as affinity
chromatography, and hydrophobic chromatography, and the like can be mentioned. A
variety of substances are contained in a microbial culture, and in order to increase the
activity of lactase, these methods are usually used in combination. In addition, the
lactase solution can also be pulverized by freeze drying, or spray drying.
[0040]
<<Use method and application of lactase solution>>

The lactase solution of the present invention can be widely used for various
kinds of dairy products. Examples of the dairy product include a milk beverage such
as milk, fermented milk, ice cream, and milk jam.
[0041]

A “milk beverage™ is a raw material for fermented milk such as yogurt. In the

10



10

15

20

25

30

35

PCT/JP2015/079259

milk beverage, milk beverages before sterilization, and milk beverages after sterilization
are also included. The lactase-containing composition can be added before
sterilization or after sterilization in accordance with the laws and regulations.

Examples of the specific raw material for a milk beverage include water, raw milk,
sterilized milk, skim milk, whole milk powder, skimmed milk powder, buttermilk,
butter, cream, whey protein concentrate (WPC), whey protein isolate (WPI), o
(alpha)-La, and [ ( beta)-Lg. Gelatin or the like, which are warmed in advance, may
be appropriately added. Raw material milk is known, and may be prepared in
accordance with a known method. As a raw material for a milk beverage in the
present invention, milk is preferably contained. As a raw material for a milk beverage,
the raw material made of 100% milk may be used.

[0042]

The “fermented milk” may be any of yogurt, and the “fermented milk”, “dairy
product lactic acid bacteria beverage”, and “lactic acid bacteria beverage” that are
defined by Ministerial Ordinance concerning Milk. In general, plain yogurt is
produced by filling a raw material in a container, and then fermenting the raw material
(post-fermentation). On the other hand, soft yogurt, and drink yogurt are produced by
subjecting fermented milk being fermented to a micronization treatment or a
homogenization treatment, and then by filling the resultant product in a container
(pre-fermentation). The lactase solution of the present invention can be used for both
of the post-fermentation and the pre-fermentation. As a raw material for fermented
milk, milk is preferably contained. As a raw material for fermented milk, the raw
material made of 100% milk may be used.

[0043]

In addition, as a specific usage form of the lactase solution of the present
invention, the lactase solution is used in the production of long-life milk. Long-life
milk means long-term storage milk. The production process of long-life milk includes
a sterilization process and a continuous aseptic packing process, in general, long-life
milk is processed by a ultrahigh temperature short time sterilization method at 135 to
150°C for several seconds, and is filled in a paper container in a process capable of
aseptic packaging the paper container that has been sterilized with hydrogen peroxide in
advance.

[0044]
<Application of lactase and the pH profile>

In addition, when considering the application of lactase, the application is
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roughly classified into two types depending on whether the lactase is neutral lactase or
acidic lactase. This is due to the pH profile in application. It can be said that in the
neutral pH application, neutral lactase is usually preferred, and acidic lactase is more

suitable for the application in an acidic range.

Examples
[0045]

The present invention is described in more detail with reference to Examples
and Comparative Examples, but the present invention is not in any way limited to these
examples.

[0046]
<Reference Example 1: Preparation of lactase solution without reducing sugar>

In order to investigate the effect of reducing sugar, a lactase solution not
containing reducing sugar was prepared as follows. A liquid medium containing 7%
of corn steep liquor and 2% of lactose was autoclaved (pH 5.5 after the sterilization),
and then inoculated with K/uyveromyces lactis No. 013-2 (ATCC 8585 strain), and the
inoculated liquid medium was cultured at 30°C for 24 hours with aeration at 12000
L/min. After completion of the cultivation, the medium was left to stand for 4 hours
while cooling, and then the supernatant was removed from the upper part of the tank,
and 1500 kg of fungus bodies aggregated and settled to the bottom part of the tank was
obtained. Next, among the obtained fungus bodies, 1500 g of the fungus bodies was
washed with tap water, and then 80 ml of toluene was added and mixed to the washed
fungus bodies, subsequently 1500 ml of 0.05 M phosphate bufter solution (pH7.0) was
added to the resultant mixture, and the mixture was stirred and homogenized, and sealed
hermetically and left to stand at 30°C for 15 hours for self-digestion.

[0047]

Into 2500 ml of the supernatant obtained by centrifuging this digested liquid,
an equal volume of cold acetone was added, and the resultant mixture was left to stand
overnight. The generated precipitate was collected by centrifugation and dissolved in
600 ml of tap water to obtain an enzyme solution. While 600 ml of the enzyme
solution before concentration was cooled to 4°C, ammonium sulfate powder was
gradually added over 60 minutes to obtain a 50% saturated aqueous solution. The
aqueous solution was left to stand (stand still) at 4°C for 80 hours to precipitate lactase,
and then the solid-liquid separation was performed by filtration to recover lactase in a

solid state. The lactase was redissolved in 600 ml of tap water, and then the resultant
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mixture was subjected to ultraconcentration. Demineralized water was added to the
desalted lactase, and the pH was neutralized to pH 7.5, and then to the neutralized
lactase, ammonium sulfate was added so as to be a final concentration of 1 M, and the
resultant mixture was desalted to prepare a sample.
[0048]

The sample after the desalination in a volume of 20 ml was applied to a 20 ml
HiPrep phenyl 16/10 column with a diameter of 16 mm, a length of 10 cm, and a linear
flow rate of 150 cm/h.  The column was equilibrated with 1 M ammonium sulfate in
100 mM Tris with pH 7.5.  The column was filled, and then washed with an
equilibration buffer at a flow rate of 150 cm/h until reaching the baseline. Elution of
the lactase was performed at 150 cm/h under stepwise gradient (100 mM Tris, pH 7.5).
After the elution of the lactase, the lactase solution was desalted and concentrated.
After the concentration, glycerin was added so that the final concentration is 50%, the
mixture was stirred at 200 rpm with a magnetic stirrer (manufactured by TIETECH Co.,
Ltd.) at room temperature for 18 hours, and a lactase solution (53,000 NLU/g) of
Reference Example 1 was obtained. The amount of the sugars and the amount of the
reducing sugar, which are contained in the lactase solution of Reference Example 1,
were both 0%.
[0049]
<Measurement of the amount of reducing sugar>

In accordance with the above-described measurement method of the amount of
reducing sugar, for each of the three kinds of Litesse suitable for the present invention,
and each of the sugars described in the following Tables 2 and 3, the amount of reducing

sugar was measured. The results are shown in Tables 1 and 2.

[0050]
[Table 1]
[Table 1]

Name Of product Amount of reducing sugar (mg/g)
Litesse 11 1.3
Litesse Powder 1.2
Litesse Ultra 0.0

[0051]

<Accelerated stability test>

13
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(1) Each of the sugars in the following Tables 2 and 3 was added to the lactase

solution of Reference Example 1 to prepare a sample.

[0052]

5 (Amount of the reducing sugar and residual activity)

Similarly, as to the sugars described in the following Table 2, for the

relationship between the amount of reducing sugar measured by the above-described

method and the residual activity when the conditions of accelerated stability

measurement was set at 50°C and after the lapse of 7 days, the results are shown in

10  Table 2 and Fig. 1.

[0053]
[Table 2]
[Table 2]
. . Am(?unt of Residual activity
Trade name Classification educing sgar (o

Amicol No. 1 Starch 57 40
Pinedex #1 Starch decomposition product 3.7 48
Pinedex #2 Starch decomposition product 43 47
Pinedex #4 Starch decomposition product 6.6 45
Pinedex #100 Starch decomposition product 02 54
H-PDX (H-Pinedex) Starch decomposition product 00 61
MAX 2000N Starch decomposition product 34 51
Pine Fibre Indigestible dextrin 41 46
Celldex SH-20 Cyclodextrin 59 28
Celldex SL-20 Cyclodextrin 43 41
Dixie Pearl SD-20 Cyclodextrin 00 63
Isoelite 40P Cyclodextrin 56 31
Fujioligo #450 Oligosaccharide 59 43
Fujioligo #G67 Oligosaccharide 56 39
Cluster dextrin — 02 50
Pullulan - 0.0 60
SE 100 Sugar alcohol 0.0 62
Litesse Ultra Polydextrose 00 63

[0054]

15  (Accelerated stability measurement)
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For the sample of each of the lactase solutions to which sugars in the following
Table 3 were added, by the above-described accelerated stability measurement method,
the lactase activity was measured at 50°C and at the time of 0-day, 7-day, and 14-day
storages, and at 40°C and at the time of 0-day, 31-day, and 61-day storages, and each
residual activity was determined. The results are shown in Table 3.
[0055]

[Table 3]
[Table 3]
50°C 40°C
Oday 7days 14days Oday 31days 61days
Litesse Ultra 100% 87% 46% Litesse Ultra 100% 88% 44%
Pullulan 100% 86% 44% Pullulan 100% 90% 40%
Dixie Pearl 100% 81% 23% Dixie Pearl 100% 79% 11%
[0056]
(Results)

It was found that when the amount of the reducing sugar in lactase is 2.0 mg/g
or less, the residual activity is at least 60% or more at 50°C and at the time of 7-day
storage.

By using the amount of the reducing sugar contained in a lactase solution as an
indicator, the purification process of the lactase solution can be omitted, or the time
required for the purification process can be shortened, therefore, the present invention

can contribute to the efficiency of the purification process of lactase.
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The claims defining the invention are as follows:

1. A lactase solution comprising sugar in an amount of 15 to 50 g/kg on the basis of the
total mass of the lactase solution,

wherein an amount of reducing sugar contained in the lactase solution is 2.0 mg/g or
less on the basis of the total mass of the lactase solution, and

wherein the lactase solution comprises oligosaccharides and/or polysaccharides in an

amount of at least 15 g/kg on the basis of the total mass of the lactase solution.
2. The lactase solution according to claim 1, of which a residual activity after leaving the
lactase solution to stand at 50°C for 7 days is 60% or more, wherein the residual activity is

determined as a relative value when the activity before the storage is set as 100.

3. The lactase solution according to claim 1 or claim 2,

wherein a weight average molecular weight of the sugar is 500 to 2,000,000.

4. The lactase solution according to any one of claims 1 to 3, wherein

a lactase activity in the solution is 10 to 100,000 NLU/g.

5. The lactase solution according to any one of claims 1 to 4, wherein

the lactase solution contains a stabilizer.

6. The lactase solution according to any one of claims 1 to 5, wherein the sugar comprises

polydextrose.
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