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(57) A method for fractionating whey proteins, includ-
ing: preparing a solution including a first whey protein
and a second whey protein and separating the first whey
protein and the second whey protein with a membrane;
wherein the first whey protein forms a complex with at
least one of carbonate ion, hydrogen carbonate ion, a
light metal ion, and a transition metal ion; and the second
whey protein satisfies at least one of the following (1) and
(2): (1) the second whey protein forms no complex with
any of the carbonate ion and the hydrogen carbonate
ion; (2) the second whey protein forms no complex with
any of the light metal ions and the transition metal ions.
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Description

Technical Field

[0001] The present invention relates to methods for fractionating whey proteins, methods for producing a composition
including α-lactalbumin, and methods for producing a composition including β-lactoglobulin.

Background Art

[0002] Whey proteins are proteins contained in milk and whey proteins in bovine milk contains approximately 50% by
weight of β-lactoglobulin and approximately 20% by weight of α-lactalbumin.
[0003] Compositions containing α-lactalbumin may be used in breastmilk substitutes with a protein composition similar
to human milk and nutrition compositions such as enteral nutrition diets. Moreover, β-lactoglobulin may be used for
controlling physical properties and enriching nutrition of various foods. Therefore, methods for fractionating whey proteins,
methods for obtaining a composition containing α-lactalbumin, and methods for obtaining a composition containing β-
lactoglobulin have been studied and disclosed.
[0004] Patent Literature 1 discloses a method for efficiently fractionating β-lactoglobulin, α-lactalbumin, and lactoferrin
from various bovine milk whey, involving first separating β-lactoglobulin constituting approximately 50% of the whey
proteins and other proteins by adding NaCl to the whey to have proteins other than β-lactoglobulin adsorbed onto a
hydrophobic interaction chromatography resin, then eluting α-lactoglobulin and lactoferrin adhered onto the resin, and
conducting fractionation by ultrafiltration.
[0005] Patent Literature 2 discloses a process for obtaining an α-lactalbumin enriched fraction by adjusting pH of
unpasteurized cheese whey or unpasteurized lactic acid whey to 6.3-7.0 and the temperature thereof to 30-60°C, process-
ing this with an ultrafilter with a molecular weight cut-off of 5,000 or more, and subjecting a filtrate obtained thereby to
further diafiltration with an ultrafilter with a molecular weight cut-off of 1,200 or 2,000. It is disclosed that the composition
obtained here contains 56% by weight of α-lactalbumin and 37% by weight of β-lactoglobulin and this may be used as
a composition having a protein composition similar to that of breast milk or an enteral nutrition diet used in intensive care.
[0006] Patent Literature 3 discloses a process involving using a starting material containing whey or purified whey
proteins and adjusting pH of the starting material to 4 to 6 when the ash content of the starting material is 0 to 1% and
to 6 to 8 when the ash content is 1 to 3%, then bringing the starting material in contact with a strongly basic anion
exchanger to allow β-lactoglobulin to be adsorbed onto the ion-exchanger, and then eluting β-lactoglobulin from the ion-
exchanger with a solution with a high ionic strength. However, Patent Literature 3 does not disclose the contents of β-
lactoglobulin and α-lactalbumin in the obtained composition.
[0007] The methods mentioned above have been disclosed, but a method for fractionating whey proteins more easily
at an industrial level, a method for producing a composition including α-lactalbumin, and a method for producing a
composition including β-lactoglobulin are desired.

Citation List

Patent Literature

[0008]

Patent Literature 1: Japanese Patent Laid-Open No. 7-203863
Patent Literature 2: U. S. Patent No. 4711953
Patent Literature 3: Japanese Patent Laid-Open No. 3-19654

Summary of Invention

Technical Problem

[0009] An object of the present invention is to provide a method for fractionating whey proteins, a method for producing
a composition including α-lactalbumin, and a method for producing a composition including β-lactoglobulin.

Solution to Problem

[0010] To achieve the aforementioned object, the present invention relates to the following embodiments.
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(1) A method for fractionating whey proteins, including: preparing a solution including a first whey protein and a
second whey protein and separating the first whey protein and the second whey protein with a membrane; wherein
the first whey protein forms a complex with at least one of carbonate ion, hydrogen carbonate ion, a light metal ion,
and a transition metal ion; and the second whey protein satisfies at least one of the following (i) and (ii):

(i) the second whey protein forms no complex with any of carbonate ion and hydrogen carbonate ion;
(ii) the second whey protein forms no complex with any of the light metal ion and the transition metal ion.

(2) The method for fractionating whey proteins according to (1), wherein the first whey protein is a whey protein
mainly including β-lactoglobulin, and the second whey protein is a whey protein mainly including α-lactalbumin.
(3) A method for fractionating whey proteins according to (1) or (2), wherein a fractionation molecular weight of the
membrane is 50,000 or less.
(4) A method for fractionating whey proteins according to (1) or (2), wherein a fractionation molecular weight of the
membrane is 300,000 or less.
(5) The method for fractionating whey proteins according to (1) to (4), wherein the solution has a total concentration
of the first whey protein and the second whey protein of 0.001% by weight to 35% by weight; a total concentration
of the carbonate ion and/or the hydrogen carbonate ion of 0.001% by weight to 35% by weight; and a pH of 5 to 10.
(6) A method for fractionating whey proteins according to (1) to (5), wherein a total concentration of the light metal
ion and the transition metal ion is 0.00001% by weight to 10% by weight.
(7) The method for fractionating whey proteins according to any one of (1) to (6), including one or more steps selected
from the group consisting of a concentration step, a diafiltration step, a sterilization step, a freezing step, a drying
step, and a powdering step.
(8) A method for preparing a composition including α-lactalbumin, including: preparing a solution including a whey
protein including β-lactoglobulin and carbonate ion and/or hydrogen carbonate ion; treating the solution using a
membrane having a fractionation molecular weight of 50,000 or less; obtaining a solution including α-lactalbumin
as a filtrate through the membrane and a solution including a complex formed of β-lactoglobulin, carbonate ion
and/or hydrogen carbonate ion as a concentrate with the membrane; and treating the solution including α-lactalbumin
with a membrane having a fractionation molecular weight of 14,000 or less.
(9) The method for preparing a composition including α-lactalbumin according to (8), wherein a concentration of the
whey protein in the solution is 0.001% by weight to 35% by weight; a total concentration of carbonate ion and/or
hydrogen carbonate ion in the solution is 0.001% by weight to 35% by weight; and pH of the solution is 5 to 10.
(10) A method for preparing a composition including α-lactalbumin, including preparing a solution including a whey
protein including β-lactoglobulin, carbonate ion and/or hydrogen carbonate ion, and a light metal ion and/or a transition
metal ion; treating the solution using a membrane having a fractionation molecular weight of 300,000 or less; obtaining
a solution including α-lactalbumin as a filtrate through the membrane and a solution including a complex formed of
β-lactoglobulin, carbonate ion and/or hydrogen carbonate ion, and light metal ion and/or transition metal ion as a
concentrate with the membrane; and treating the solution including α-lactalbumin with a membrane having a frac-
tionation molecular weight of 14,000 or less.
(11) The method for preparing a composition including α-lactalbumin according to (10), wherein a concentration of
the whey protein in the solution is 0.001% by weight to 35% by weight; a total concentration of carbonate ion and
hydrogen carbonate ion in the solution is 0.001% by weight to 35% by weight; pH of the solution is 5 to 10; and a
total concentration of the light metal ion and the transition metal ion is 0.00001% by weight to 10% by weight.
(12) The method for preparing a composition including α-lactalbumin according to any one of (8) to (11), including
one or more steps selected from the group consisting of a concentration step, a diafiltration step, a sterilization step,
a freezing step, a drying step, and a powdering step.
(13) The method for preparing a composition according to any one of (8) to (12), wherein treatment temperature of
all steps is lower than 62°C, and 70% or more of the α-lactalbumin included in the composition is native α-lactalbumin.
(14) A method for preparing a composition including β-lactoglobulin, including: preparing a solution including a whey
protein including β-lactoglobulin and carbonate ion and/or hydrogen carbonate ion; treating the solution using a
membrane having a fractionation molecular weight of 50,000 or less; and obtaining a solution including α-lactalbumin
as a filtrate through the membrane and a solution including a complex formed of β-lactoglobulin, carbonate ion
and/or hydrogen carbonate ion as a concentrate with the membrane.
(15) The method for preparing a composition including β-lactoglobulin according to (14), wherein a concentration
of the whey protein in the solution is 0.001% by weight to 35% by weight; a total concentration of carbonate ion and
hydrogen carbonate ion in the solution is 0.001% by weight to 35% by weight; and pH of the solution is 5 to 10.
(16) A method for preparing a composition including β-lactoglobulin, including: preparing a solution including a whey
protein including β-lactoglobulin, carbonate ion and/or hydrogen carbonate ion, and a light metal ion and/or a transition
metal ion; treating the solution using a membrane having a fractionation molecular weight of 300,000 or less; and
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obtaining a solution including α-lactalbumin as a filtrate through the membrane and a solution including a complex
formed of β-lactoglobulin, carbonate ion and/or hydrogen carbonate ion, and light metal ion and/or transition metal
ion as a concentrate with the membrane.
(17) The method for preparing a composition including β-lactoglobulin according to (16), wherein a concentration
of the whey protein in the solution is 0.001% by weight to 35% by weight; a total concentration of carbonate ion and
hydrogen carbonate ion in the solution is 0.001% by weight to 35% by weight; pH of the solution is 5 to 10; and a
total concentration of the light metal ion and the transition metal ion is 0.00001% by weight to 10% by weight.
(18) The method for preparing a composition including β-lactoglobulin according to any one of (14) to (17), including
one or more steps selected from the group consisting of a concentration step, a diafiltration step, a sterilization step,
a freezing step, a drying step, and a powdering step.
(19) The method for preparing a composition including β-lactoglobulin according to (16) to (18), including reducing
the metal ion.
(20) The method for preparing a composition according to any one of (14) to (19), wherein treatment temperature
of all steps is lower than 72°C, and 70% or more of the β-lactoglobulin included in the composition is native β-
lactoglobulin.

Advantageous Effects of Invention

[0011] The present invention provides methods for fractionating whey proteins, methods for producing a composition
including α-lactalbumin, and methods for producing a composition including β-lactoglobulin.

Brief Description of Drawings

[0012]

[Figure 1] Figure 1 is a flow chart of a method for fractionating whey proteins/a method for producing a composition
containing LA.
[Figure 2] Figure 2 is a flow chart of a method for producing a composition containing LG.

Description of Embodiments

[0013] Methods for fractionating whey proteins, methods for producing a composition including α-lactalbumin, and
methods for producing a composition including β-lactoglobulin of the present invention will be described in detail below.
[0014] Hereinafter, α-lactalbumin may be also referred to as "LA", β-lactoglobulin as "LG", a whey protein concentrate
as "WPC", and a whey protein isolate as "WPI".
[0015] The present inventors have found that mixing (A) a whey protein and (B) carbonate ion and/or hydrogen
carbonate ion results in the formation of a complex of (A) the whey protein-(B) the carbonate ion and/or hydrogen
carbonate ion (hereinafter, referred to as "Complex 1"), but LA does not participate in the formation of Complex 1 and
does not form Complex 1. Accordingly, the first aspect of the present invention is based on the finding of the fact that
LA is not contained in Complex 1.
[0016] The present inventors also found that mixing (A) a whey protein, (B) carbonate ion and/or hydrogen carbonate
ion, and (C) a light metal ion and/or a transition metal ion results in the formation of
a complex of (A) the whey protein-(B) carbonate ion and/or hydrogen carbonate ion-(C) the light metal ion and/or the
transition metal ion, and/or
a complex of Complex 1- (A) the whey protein-(B) carbonate ion and/or hydrogen carbonate ion-(C) the light metal ion
and/or the transition metal ion (hereinafter, referred to as "Complex 2"), but LA does not participate in the formation of
Complex 2 and does not form Complex 2. Accordingly, the second aspect of the present invention is based on the finding
of the fact that LA is not contained in Complex 2.

(Method for fractionating whey proteins and method for producing composition containing LA)

[0017] A method for fractionating whey proteins includes preparing a solution including a first whey protein and a
second whey protein and separating the first whey protein and the second whey protein with a membrane.
[0018] The first whey protein forms a complex with at least any one of carbonate ion, hydrogen carbonate ion, a light
metal ion, and a transition metal ion; and the second whey protein satisfies at least one of the following (1) and (2):

(1) the second whey protein forms no complex with any of carbonate ion and hydrogen carbonate ion;
(2) the second whey protein forms no complex with any of the light metal ions and the transition metal ions.
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(Protein material)

[0019] Protein materials to be used in the method for fractionating whey proteins and the method for producing a
composition containing LA will be described.
[0020] The (first and second) protein materials may be any protein materials as long as they include a whey protein
and are derived from mammals such as cow, buffalo, sheep, goat, and horse and may be composed of a single raw
material or a combination of plural raw materials.
[0021] Specific examples include whey obtained in the production of cheese from milk such as milk from cow, buffalo,
sheep, goat, and horse; whey obtained by adding acid such as lactic acid to milk such as milk from cow, buffalo, sheep,
goat, and horse; powders of such whey; and products in which whey proteins are concentrated by reducing lactose
and/or mineral in such whey. Among these, preferred protein materials to be used in the method for fractionating whey
proteins and the method for producing a composition containing LA are WPC and WPI with little unwanted components
such as lactose and fats and a total percentage of LA and LG relative to the total solid contents of 50% by weight or more.
[0022] The main example of the first whey protein is β-lactoglobulin and the main example of the second whey protein
is α-lactalbumin.
[0023] The carbonate ion and hydrogen carbonate ion will be described.
[0024] The carbonate ion and hydrogen carbonate ion to be used in the method for fractionating whey proteins and
the method for producing a composition containing LA may be generated from any component and by any method as
long as such component and method generate the ions in aqueous solutions and carbonate ion and/or hydrogen carbonate
ion may be generated from a single compound or a combination of plural compounds and/or by a method or a combination
of methods illustrated below.
[0025] Examples of such methods include methods involving adding carbon dioxide, such as blowing gaseous carbon
dioxide or adding liquid or solid carbon dioxide; methods involving adding a hydrogen carbonate salt such as sodium
hydrogen carbonate or potassium hydrogen carbonate or a carbonate salt such as sodium carbonate or potassium
carbonate; methods involving adding carbonated water; and the like.
[0026] The light metal ion and the transition metal ion will be described.
[0027] The light metal ion and the transition metal ions may be any light and transition metal ions, respectively, as
long as they are monovalent to trivalent cations and may each be one or more metal ions. The sources of these metal
ions may be inorganic or organic salts of the light metal and/or the transition metal.
[0028] If the composition containing LA is to be used in a food or a pharmaceutical product, preferred light metal and/or
transition metal ions are those that present in foods or human bodies, such as sodium, potassium, magnesium, calcium,
manganese, iron, copper, and zinc ions.
[0029] If a salt of carbonate ion or hydrogen carbonate ion is used in the generation of the carbonate ion and/or
hydrogen carbonate ion described above, it is not necessary to add a metal ion source other than the salt. For example,
if sodium hydrogen carbonate is used as the carbonate ion and/or hydrogen carbonate ion, an inorganic or organic salt
of sodium or other light metal or transition metal may be or not be added.
[0030] Membranes to be used in the method for fractionating whey proteins and the method for producing a composition
containing LA will be described. The membrane used in the fractionation of Complex 1 and LA may be any membrane
as long as the membrane has a fractionation molecular weight of 50,000 or less and LA can pass through the membrane.
The membrane used in the fractionation of Complex 2 and LA may be any membrane as long as the membrane has a
fractionation molecular weight of 300,000 or less and LA can pass through the membrane.
[0031] The membrane used in the concentration of the composition containing LA obtained as a filtrate fraction of the
membrane treatment described above may be any membrane as long as the membrane has a fractionation molecular
weight of 14,000 or less and LA can be concentrated with the membrane.
[0032] The membrane may be any membrane of a material and with a way of filtration generally used as long as the
fractionation molecular weight of the membrane is in the range described above.
[0033] Examples of the material of the membrane include organic membranes such as polyacrylamide, regenerated
cellulose, polyethylene, tetrafluoroethylene, polypropylene, acetylcellulose, polyacrylonitrile, polyimide, polysulfone, and
polyethersulfone; and inorganic membranes such as aluminum oxide, zirconium oxide, titanium oxide, stainless steel,
and glass.
[0034] Examples of the type of the membrane module include the pleat type module, the spiral type module, the
monolith type module, and the tube type module.
[0035] Examples of the mode of the membrane filtration include dead end filtration, cross-flow filtration, and diafiltration.

(Flow chart)

[0036] Figure 1 is a flow chart of a method for fractionating whey proteins/a method for producing a composition
containing LA. The method for fractionating whey proteins and the method for producing a composition containing LA
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will be described referring to the flow chart set forth in Figure 1. Although the description will be made for the method
example illustrated in Figure 1, the present invention is not limited to this method example.
[0037] First, in STEP 101: PREPARATION OF SOLUTION, a solution including (first and second) whey proteins is
prepared. The solution including whey proteins are preferably prepared in STEP 101a if the solution includes no metal
ion and in STEP 101b if the solution includes a metal ion.
[0038] STEP 101a: if the solution including whey proteins includes no metal ion, it is preferred to prepare an aqueous
solution with the materials described above such that the solution has a total concentration of the (first and second)
whey proteins of 0.001% by weight to 35% by weight; a total concentration of carbonate ion and hydrogen carbonate
ion in the solution of 0.001% by weight to 35% by weight; and a pH of 5 to 10.
[0039] The preparation of the aqueous solution including whey proteins and carbonate ion and/or hydrogen carbonate
ion at the concentrations described above at pH of 5 to 10 results in the formation of Complex 1 by the interaction
between the whey proteins except LA and carbonate ion and/or hydrogen carbonate ion. LA does not participate in the
formation of Complex 1 and LA does not form Complex 1. Any precipitate containing protein is not observed during and
after preparation of the aqueous solution from the materials described above. The protein materials and the materials
to be a source of carbonate ion and/or hydrogen carbonate ion may be added in any order. The temperature of the
solution is not needed to be adjusted, but is preferably 0°C to 15°C in consideration of growth of microorganisms.
[0040] STEP 101b: if the solution including whey proteins includes a metal ion, it is preferred to prepare an aqueous
solution with the materials described above such that the total concentration of the (first and second) whey proteins in
the solution is 0.001% by weight to 35% by weight; the total concentration of carbonate ion and hydrogen carbonate ion
in the solution is 0.001% by weight to 35% by weight; the total concentration of light metal and/or transition metal ions
is 0.00001% by weight to 10% by weight, and pH of the solution is 5 to 10. It is preferred to prepare an aqueous solution
including the whey proteins, carbonate ion and/or hydrogen carbonate ion, and the light metal and/or transition metal
ions at the concentrations described above at pH of 5 to 10.
[0041] Complex 2 is formed by the interaction of the whey proteins except LA, carbonate ion and/or hydrogen carbonate
ion, and the light metal and/or the transition metal ions. LA does not participate in the formation of Complex 2 and LA
does not form Complex 2.
[0042] In the preparation of the Complex 2, the state where only carbonate ion and/or hydrogen carbonate ion and a
metal ion source that reacts and produce a precipitate are dissolved is not preferred, but otherwise the materials may
be added in any order. Any precipitate containing protein is not observed during and after preparation of the aqueous
solution from the materials described above.
[0043] The temperature of the solution is not needed to be adjusted, but is preferably 0°C to 15°C in consideration of
growth of microorganisms.
[0044] Next, in STEP 103: CONCENTRATION TREATMENT A, the solution obtained in STEP 101 is subjected to a
concentration treatment with a membrane with which the solution can be concentrated. Complex 1 is subjected to the
concentration treatment if an aqueous solution including LA and Complex 1 is prepared in STEP 101, and Complex 2
is subjected to the concentration treatment if an aqueous solution including LA and Complex 2 is prepared in STEP 101.
For fractionating LA and Complex 1, a membrane having a fractionation molecular weight of 50,000 or less is preferably
used (STEP 103a). For fractionating LA and Complex 2, a membrane having a fractionation molecular weight of 300,000
or less is preferably used (STEP 103b). Depending on the content of Complex 1 and Complex 2, one or both steps of
STEPs 103a and 103b can be performed.
[0045] CONCENTRATE 1 obtained by this treatment contains a large amount of Complex 1 when an aqueous solution
including Complex 1 is prepared and a large amount of Complex 2 when an aqueous solution including Complex 2 is
prepared.
[0046] Meanwhile, the filtrate, that is to say, LA-CONTAINING FILTRATE 2, contains a large amount of LA. Here, LA
and LG are fractionated and a composition containing LA is obtained.
[0047] The treatment conditions such as sample temperature, average working pressure, membrane surface flow
velocity, concentration ratio, and the like in this treatment may be adjusted as appropriate such that the LA content in
the filtrate and/or the LG content in the concentrate should be around 50 to 100% by weight per total solid contents.
[0048] In STEP 105: CONCENTRATION TREATMENT B, LA-CONTAINING FILTRATE 2 may be subjected to a
concentration treatment with a membrane that can be used to concentrate LA. In this way, the solid contents of the
composition containing LA can be adjusted as desired. In CONCENTRATION TREATMENT B, a membrane having a
fractionation molecular weight of 14,000 or less with which LA can be concentrated is preferably used.
[0049] The concentrate obtained by this treatment, that is to say, LA CONCENTRATE 3 is a composition containing
LA. Meanwhile, the filtrate, that is to say, FILTRATE 4 includes almost no proteins.
[0050] The treatment conditions such as sample temperature, average working pressure, membrane surface flow
velocity, concentration ratio, and the like in the concentration treatment may be adjusted as appropriate such that the
composition containing LA should be efficiently concentrated.
[0051] The concentration treatment of the composition containing LA in STEP 105 may be performed by a method
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such as freeze concentration or vacuum evaporation concentration, other than the concentration with the membrane
described above.
[0052] In STEP 108: DF TREATMENT C, CONCENTRATE 1 (a fraction containing Complex 1 or Complex 2) obtained
in STEP 103 may be subjected to a diafiltration (hereinafter referred to as "DF") treatment depending on desired purity
and recovery of LA. The "DF treatment" refers to a method involving treating CONCENTRATE 1 with a membrane that
can be used to concentrate CONCENTRATE 1 while adding a suitable liquid to CONCENTRATE 1 as appropriate. For
the DF treatment, filtered water, ion exchanged water, distilled water, ultra pure water, a filtrate produced in the membrane
treatment step, a solution whose pH or ionic strength is adjusted, or a mixture of these liquids generally used for the DF
treatment may be used.
[0053] With this DF treatment, the content of Complex 1 or Complex 2 per total solid contents in the fraction retained
before the membrane, that is to say, CONCENTRATE 5 becomes higher. Meanwhile, a composition containing LA is
obtained as LA-CONTAINING FILTRATE 6, which is the filtrate through the membrane.
[0054] The treatment conditions such as sample temperature, average working pressure, membrane surface flow
velocity, concentration ratio, and the like in DF TREATMENT C in STEP 108 may be adjusted as appropriate such that
the LA content in the filtrate should be around 50 to 100% by weight per total solid contents.
[0055] In STEP 110: CONCENTRATION TREATMENT D, LA-CONTAINING FILTRATE 6 may be subjected to a
concentration treatment similar to that of STEP 105. The concentrate obtained in this treatment, that is to say, LA
CONCENTRATE 7 is a composition containing LA. Meanwhile, FILTRATE 8 contains almost no proteins as similar to
FILTRATE 4 obtained by STEP 105.
[0056] Two or more of STEP 103, 108, 105, and 110 (CONCENTRATION TREATMENT A, DF TREATMENT C,
CONCENTRATION TREATMENT B, or CONCENTRATION TREATMENT D) in Figure 1 can be combined and may be
combined as appropriate for the purpose of attaining desired LA content, LA recovery, or control of facilities, energy
cost, or the drainage, or the like.
[0057] The obtained composition containing LA may be dried by a conventional method into powder after subjected
to sterilization by a conventional method as needed.
[0058] Moreover, by setting the temperature of steps of producing protein materials to be used in this method and
steps in the method of preparing the composition containing LA at a temperature that does not have a large effect on
the denaturation of LA (for example, lower than 62°C), a composition containing LA in which most (for example, 70%
or more) of the LA contained is native can be obtained.
[0059] The method for fractionating whey proteins/method for producing a composition containing LA may include
one or more steps selected from the group consisting of a concentration step, a diafiltration step, a sterilization step, a
freezing step, a drying step, and a powdering step.

(Method for producing composition containing LG)

[0060] The method for producing a composition containing LG has been completed based on the finding that mixing
(A) a whey protein and (B) carbonate ion and/or hydrogen carbonate ion results in the formation of a complex of (A) the
whey protein-(B) carbonate ion and/or hydrogen carbonate ion (hereinafter, referred to as "Complex 1 including LG"),
but LA does not participate in the formation of Complex 1 including LG and does not form Complex 1 including LG.
Accordingly, the present invention is based on the finding of the fact that LA is not contained in Complex 1 including LG.
[0061] Moreover, in the method for producing a composition containing LG, mixing (A) a whey protein, (B) carbonate
ion and/or hydrogen carbonate ion, and (C) a light metal ion and/or a transition metal ion results in the formation of a
complex of (A) the whey protein-(B) carbonate ion and/or hydrogen carbonate ion-(C) the light metal ion and/or the
transition metal ion and/or a complex of Complex 1 including LG- (A) the whey protein-(B) carbonate ion and/or hydrogen
carbonate ion-(C) the light metal ion and/or the transition metal ion (hereinafter, referred to as "Complex 2 including
LG"), but LA does not participate in the formation of Complex 2 including LG and does not form Complex 2 including
LG. Accordingly, the present invention is based on the finding of the fact that LA is not contained in Complex 2 including LG.
[0062] The protein materials, carbonate ion and hydrogen carbonate ion, the light metal ion and/or the transition metal
ion, and the membrane used in the method for producing a composition containing LG may be the same as those used
in the method for fractionating whey proteins and the method for producing a composition containing LA described above.

(Flow chart)

[0063] Figure 2 is a flow chart of a method for producing a composition containing LG. The method for producing a
composition containing LG will be described referring to the flow chart in Figure 2. Although the description will be made
for the method example illustrated in Figure 2, the present invention is not limited to this method example.
[0064] First, in STEP 201: PREPARATION OF SOLUTION, a solution including (first and second) whey proteins is
prepared. The solution including whey proteins are preferably prepared in STEP 201a if the solution includes no metal
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ion and in STEP 201b if the solution includes a metal ion.
[0065] STEP 201a: if the solution including whey proteins includes no metal ion, it is preferred to prepare an aqueous
solution with the materials described above such that the solution has a total concentration of the (first and second)
whey proteins of 0.001% by weight to 35% by weight; a total concentration of carbonate ion and/or hydrogen carbonate
ion of 0.001% by weight to 35% by weight; and a pH of 5 to 10. The preparation of the aqueous solution including whey
proteins and carbonate ion and/or hydrogen carbonate ion at the concentrations described above at pH of 5 to 10 results
in the formation of Complex 1 including LG by the interaction between the whey proteins except LA and the carbonate
ion and/or the hydrogen carbonate ion. LA does not participate in the formation of Complex 1 including LG and does
not form Complex 1 including LG. Any precipitate containing protein is not observed during and after preparation of the
aqueous solution from the materials described above. The protein materials and the materials to be a source of carbonate
ion and/or hydrogen carbonate ion may be added in any order. The temperature of the solution is not needed to be
adjusted, but preferably of 0°C to 15°C in consideration of growth of microorganisms.
[0066] STEP 201b: if the solution including whey proteins includes a metal ion, it is preferred to prepare an aqueous
solution with the materials described above such that the total concentration of the (first and second) whey proteins in
the solution is 0.001% by weight to 35% by weight; the total concentration of carbonate ion and/or hydrogen carbonate
ion in the solution is 0.001% by weight to 35% by weight; the total concentration of the light metal and/or transition metal
ions is 0.00001% by weight to 10% by weight, and pH of the solution is 5 to 10. The preparation of the aqueous solution
including whey proteins, carbonate ions and/or a hydrogen carbonate ions, light metal and/or the transition metal ions
at the concentrations described above at pH of 5 to 10 results in the formation of Complex 2 by the interaction of the
whey proteins except LA, the carbonic acid ion and/or the hydrogen carbonate ion, and the light metal and/or the transition
metal ions. LA does not participate in the formation of Complex 2 including LG and does not form Complex 2 including LG.
[0067] In the preparation of the Complex 2 including LG, the state where only carbonate ion and/or hydrogen carbonate
ion and a metal ion source that reacts and produce a precipitate are dissolved is not preferred, but otherwise the materials
may be added in any order. Any precipitate containing protein is not observed during and after preparation of the aqueous
solution from the materials described above.
[0068] The temperature of the solution is not needed to be adjusted, but is preferably 0°C to 15°C in consideration of
growth of microorganisms.
[0069] Next, in STEP 203: CONCENTRATION TREATMENT A, the solution obtained in STEP 201 is subjected to a
concentration treatment with a membrane with which the solution can be concentrated. Complex 1 including LG is
subjected to the concentration treatment if an aqueous solution including Complex 1 is prepared in STEP 201 and
Complex 2 including LG is subjected to the concentration treatment if an aqueous solution including LA and Complex
2 is prepared in STEP 201. For fractionating LA and Complex 1 including LG, a membrane having a fractionation
molecular weight of 50,000 or less is preferably used (STEP 203a). For fractionating LA and Complex 2 including LG,
a membrane having a fractionation molecular weight of 300,000 or less is preferably used (STEP 203b). Depending on
the content of Complex 1 including LG and Complex 2 including LG, one or both steps of STEPs 203a and 203b can
be performed.
[0070] After this treatment, LA is mainly contained in the filtrate LA-CONTAINING FILTRATE 2. In this way, CON-
CENTRATE 1 contains a large amount of Complex 1 including LG when an aqueous solution including Complex including
LG 1 is prepared and a large amount of Complex 2 when an aqueous solution including Complex 2 including LG is
prepared, and a composition containing LG is obtained here.
[0071] The treatment conditions such as sample temperature, average working pressure, membrane surface flow
velocity, concentration ratio, and the like in this treatment may be adjusted as appropriate such that LG content in the
concentrate should be around 50-100% by weight per total solid contents.
[0072] In STEP 208: DF TREATMENT B, CONCENTRATE 1 (a fraction including Complex 1 including LG or Complex
2 including LG) obtained in STEP 203 may be subjected to a DF treatment depending on desired purity and recovery
of LG. For DF, filtered water, ion exchanged water, distilled water, ultra pure water, a filtrate produced in the membrane
treatment step, a solution whose pH or ionic strength is adjusted, or a mixture of these liquids generally used for the DF
treatment may be used.
[0073] With this treatment, the content of Complex 1 including LG or Complex 2 including LG per total solid contents
in the fraction retained before the membrane, that is to say, CONCENTRATE 3 becomes higher. Meanwhile, LA-CON-
TAINING FILTRATE 5, which is the filtrate through the membrane, is obtained as a composition containing LA.
[0074] The treatment conditions such as sample temperature, average working pressure, membrane surface flow
velocity, concentration ratio, and the like in the DF treatment may be adjusted as appropriate such that LG content in
the concentrate should be around 50-100% by weight per total solid contents.
[0075] In STEP 210: DEMETALLIZATION, a component having the effect of chelating metal or a component having
the effect of decreasing pH of the fraction to 3.0 or lower may be added to CONCENTRATE 3 (the obtained fraction
containing Complex 1 including LG or Complex 2 including LG) as needed to dissociate metal ions from Complex 1
including LG or Complex 2 including LG.



EP 3 427 594 A1

9

5

10

15

20

25

30

35

40

45

50

55

[0076] By subjecting this for a treatment with a membrane or electrodialysis, a composition containing LG with reduced
metal can be obtained.
[0077] Examples of the component having the chelating effect include citric acid, ascorbic acid, ethylenediamine-
tetraacetic acid, and the like.
[0078] Examples of the component having the effect of reducing pH include hydrochloric acid, sulfuric acid, nitric acid,
and the like.
[0079] Furthermore, the solution may be subjected to STEP 214: STERILIZATION and STEP 216: DRYING into
powder by a conventional method as needed. The obtained dried powder may be used as a metal solubilization agent.
[0080] By setting all temperatures of steps of producing the protein materials used in this method and steps involving
the composition containing LG described above at a temperature lower than 78°C, a composition in which most (for
example, 70% or more) of LG contained is native can be obtained.
[0081] Two or more of STEPs 203, 208, 210 (CONCENTRATION TREATMENT A, DF TREATMENT B and DEMET-
ALLIZATION, STERILIZATION, and/or DRYING) in Figure 2 can be combined and may be combined as appropriate for
the purpose of attaining desired LG content, LG recovery, or control of facilities, energy cost, or the drainage, or the like.
[0082] The method for producing a composition containing LG may include one or more steps selected from the group
consisting of a concentration step, a diafiltration step, a sterilization step, a freezing step, a drying step, and a powdering
step. Moreover, treatment temperature of all steps may be set at a temperature lower than 72°C to obtain a composition
including β-lactoglobulin, in which 70% or more of the β-lactoglobulin included in the composition is native.

Examples

[0083] Examples of the present invention will be described in detail below, but the present invention is not limited to them.

(Test Example 1: Fractionation of LA and LG by formation of Complex 2)

Materials

[0084] As whey protein materials, Whey powder 1 and Whey powder 2 were used. Whey powder 1 is a powder obtained
by subjecting cheese whey to ion exchanging and ultrafiltration treatments to have a whey protein content of 93.9% by
weight. Whey powder 2 is a powder obtained by subjecting acid whey to ion exchanging and ultrafiltration treatments
to have a whey protein content of 93.5% by weight.
[0085] As a carbonate ion and/or hydrogen carbonate ion material, sodium hydrogen carbonate was used.
[0086] Magnesium chloride, 6-hydrate and potassium chloride were used as light metal ion materials and manganese
dichloride, 4-hydrate; iron sulfate, 7-hydrate; ferric chloride, 6-hydrate; ferric sulfate; and copper sulfate, 5-hydrate were
used as transition metal ion materials.
[0087] Sodium hydroxide was used for the preparation of Comparative Examples. All the water used in Examples and
Comparative Example was ion exchanged water.
[0088] Aqueous solutions according to Examples 1 to 20 and Comparative Examples 1 to 5 set forth in Table 1 were
prepared using the materials described above. pH of the prepared aqueous solution was 7.8-to 8.3. No precipitates were
observed during or after the preparation of the aqueous solutions.
[0089] The prepared aqueous solutions were filtered by dead end filtration with centrifugation at 4000 G, for 15 minutes.
Filter membranes that are made of polyethersulfone and have fractionation molecular weights of 50,000, 100,000, and
300,000 and one that is made of regenerated cellulose and has a fractionation molecular weight of 50,000 were used.
[0090] The solution passed through a membrane filter was collected and the amounts of LA and LG contained in the
filtrate were measured. The amounts of LA and LG were measured by high performance liquid chromatography. The
measurement conditions were set according to the method of Bordin et al (Journal of Chromatography A. (2001) 928,
1, 63-76).
[0091] Examples 1 to 20, which were the filtrates obtained by forming Complex 2 and filtering the solutions with a
membrane as filtrates containing LA, had increased LA/LG ratios as set forth in Table 1. Accordingly, it was found that
Complex 2 tends to not pass through the filter membrane and LA tends to pass through the filter membrane and LA and
Complex 2 were fractionated to provide a composition containing LA as a filtrate.
[0092] Examples set forth in Table 1 had higher LA/LG ratios at all conditions than Comparative Examples, to which
only a metal salt was added, and LA and LG were fractionated more efficiently in Examples 1 to 20 than Comparative
Examples 1 to 5.
[0093] The LA/LG ratio was high in the filtrates through the membrane filters having a fractionation molecular weight
of 50,000. Meanwhile, there was no difference between membranes made of regenerated cellulose and polyethersulfone.
[0094] The LA/LG ratios of the filtrates obtained by filtration similar to that described above after allowing the aqueous
solutions of Examples 1 to 20 and Comparative Examples 1 to 5 before filtration to stand at 10°C for 24 hours were
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98-103% of the values set forth in Table 1 and approximately the same. Moreover, no precipitates were observed in the
solutions allowed to stand for 24 hours.

[Table 1]
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(Test Example 2: Fractionation of LA and LG by formation of Complex 1)

Materials

[0096] As whey protein materials, Whey powder 1 and Whey powder 2 were used.
[0097] For the preparation of Example 21, sodium hydrogen carbonate was used as a carbonate ion and/or hydrogen
carbonate ion material and ion exchanged water was used as water.
[0098] For Example 22 and Example 23, ion exchanged water saturated with carbon dioxide (carbonated water) was
used as a carbonate ion and/or hydrogen carbonate ion material.
[0099] Aqueous solutions according to Example 21 to Example 23 set forth in Table 2 were prepared with the materials
described above. No precipitates were observed during or after the preparation of the aqueous solutions.
[0100] The prepared aqueous solutions were filtered by dead end filtration with centrifugation at 4000 G, for 15 minutes.
The filter membrane that is made of polyethersulfone and has a fractionation molecular weight of 50,000 was used.
[0101] The solutions that have passed through the filter membrane were collected and the amounts of LA and LG
contained in the solutions were measured by high performance liquid chromatography. The measurement conditions
were set according to the method of Bordin et al (Journal of Chromatography A. (2001) 928, 1, 63-76).
[0102] As illustrated in Table 2, the LA/LG ratios of the obtained filtrate was increased by adding whey protein and a
component that generates carbonate ion and/or hydrogen carbonate ion and filtering the solutions containing them with
the membrane. Accordingly, it was found that Complex 1 tends to not pass through the filter membrane and LA tends
to pass through the filter membrane and LA and Complex 1 were fractionated to provide a composition containing LA
as a filtrate.
[0103] Moreover, Example 21 to Example 23 set forth in Table 2 had higher LA/LG ratios and fractionated more
efficiently at all conditions than the solutions before the treatment and Comparative Examples set forth in Table 1.
[0104] The LA/LG ratios of the filtrates obtained by filtration similar to that described above after allowing the aqueous
solutions before filtration to stand at 10°C for 24 hours were 95-101% of the values set forth in Table 2 and approximately
the same (data not shown). Moreover, no precipitates were observed in the solutions allowed to stand for 24 hours.

[Table 2]
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(Test Example 3: Effect of pH on fractionation of LA and LG)

[0106] As a whey protein material, Whey powder 3 was used. Whey powder 3 is a powder obtained by subjecting
cheese whey to ion exchanging and ultrafiltration treatments to have a whey protein content of 95.1% by weight.
[0107] As a carbonate ion and/or hydrogen carbonate ion material, sodium hydrogen carbonate was used. As a light
metal/transition metal ion material, copper sulfate, 5-hydrate was used. Ion exchanged water was used as water. To
adjust pH, 1 mol/L aqueous hydrochloric acid solution from Wako Pure Chemical Industries, Ltd. was used. pH of the
aqueous solutions was measured according to a conventional method.
[0108] Aqueous solutions according to Example 24 to Example 26 set forth in Table 3 were prepared with the materials
described above. No precipitates were observed during or after the preparation of the aqueous solutions.
[0109] The prepared aqueous solutions were filtered by dead end filtration with centrifugation at 4000 G, for 15 minutes.
The filter membrane that is made of regenerated cellulose and has a fractionation molecular weight of 50,000 was used.
[0110] The solutions that have passed through the filter membrane were collected and the amounts of LA and LG
contained in the solutions were measured by high performance liquid chromatography. The measurement conditions
were set according to the method of Bordin et al (Journal of Chromatography A. (2001) 928, 1, 63-76).
[0111] The LA/LG ratio of a filtrate obtained by adding whey protein, a component generating carbonate ion and/or
hydrogen carbonate ion, and a light metal and/or transition metal salt, adjusting pH of the solution containing these, and
then filtrating the solution with a membrane was higher at all pH than the solutions before treatment. Accordingly, it was
found that Complex 2 tends to not pass through the filter membrane and LA tends to pass through the filter membrane
and LA and Complex 2 were fractionated to obtain a composition containing LA as a filtrate. The percent recovery of
LA was 35%, 39%, and 29% in in Example 24 to Example 26, respectively.

[Table 3]
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(Test Example 4: Production of composition containing LA)

Materials

[0113] As a whey protein material, Whey powder 1 was used. As a carbonate ion and/or hydrogen carbonate ion
material, sodium hydrogen carbonate was used. Iron sulfate, 7-hydrate was used as a light metal and/or transition metal
ion material. Ion exchanged water was used as water.
[0114] The amounts of LA and LG were measured by high performance liquid chromatography. The measurement
conditions were set according to the method of Bordin et al (Journal of Chromatography A. (2001) 928, 1, 63-76).
[0115] Thirty kilograms of aqueous solution according to Example 27 set forth in Table 4 was prepared with the
materials described above. No precipitates were observed during or after the preparation of the aqueous solutions.
[0116] This aqueous solution was subjected to concentration treatment A by cross-flow filtration with a filter membrane
(made of a polyacrylonitrile material, having a fractionation molecular weight of 50,000, and an area of membrane of
0.20 square meters). The conditions of filtration treatment were 10°C in temperature and 0.2 MPa in average working
pressure. With this treatment, 10 kg of a concentrate and 20 kg of a filtrate (composition containing LA) were obtained.
[0117] Twenty kilograms of the filtrate was subjected to concentration treatment B by cross-flow filtration with a filter
membrane (made of a polyethersulfone material, having a fractionation molecular weight of 10,000, and an area of
membrane of 1.00 square meters). The conditions of filtration treatment were 10°C in temperature and 0.4 MPa in
average working pressure. With this treatment, 2 kg of a concentrate (composition containing LA) and 18 kg of a filtrate
were obtained. LA and LG were not found in the filtrate.
[0118] The DF treatment of the concentrate obtained in the concentration treatment A was then performed. The filter
membrane and working conditions were the same as the concentration treatment A. The DF treatment was terminated
when the filtrate (composition containing LA) became 18 kg.
[0119] The concentrate obtained at the concentration treatment A and the filtrate obtained at the DF treatment were
subjected to heat sterilization according to a conventional method and then freeze-dried to obtain a powdered composition
containing LA (Example 27).
[0120] The LA/LG ratio of the dried powdered composition containing LA was 6.8, which was markedly higher than
0.3 of Whey powder 1 before the treatment. The percent recovery of LA was 85%.

[Table 4]
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(Test Example 5: Production of composition containing native LA)

Materials

[0122] Fresh milk (14% total solid contents and 4.1% fat contents) was used as a protein source.
[0123] As a carbonate ion and/or hydrogen carbonate ion material, sodium hydrogen carbonate was used. Ferric
chloride, 6-hydrate was used as a light metal ion and/or transition metal material. Ion exchanged water was used as water.
[0124] The amounts of LA and LG were measured by high performance liquid chromatography. The measurement
conditions were set according to the method of Bordin et al (Journal of Chromatography A. (2001) 928, 1, 63-76).
[0125] Fresh milk was treated with a centrifuge to obtain nonfat milk, from which fat contents were removed. This
nonfat milk was subjected to cross-flow filtration with a filter membrane (made of a ceramic material, with a fractionation
molecular weight of 0.1 mm, and an area of membrane of 1.05 square meters) to obtain a filtrate containing 0.05% by
weight whey protein.
[0126] Thirty kilograms of an aqueous solution according to Example 28 was prepared by adding 0.05% by weight
sodium hydrogen carbonate and 0.005% by weight ferric chloride, 6-hydrate in terms of iron ion to the aqueous solution
containing this whey protein. No precipitates were observed during or after the preparation of the aqueous solutions.
[0127] This aqueous solution was subjected to cross-flow filtration with a filter membrane (made of a polyacrylonitrile
material, having a fractionation molecular weight of 50,000, and an area of membrane of 0.20 square meters). The
conditions of filtration treatment were 10°C in temperature and 0.2 MPa in average working pressure. 10 kg of a con-
centrate. With this treatment, 20 kg of a filtrate (composition containing LA) were obtained. The LA/LG ratio of this filtrate
was 4.13, which is markedly higher than 0.5 before the treatment.
[0128] The concentrate obtained in the previous stage was he subjected to a DF treatment. The filter membrane and
working conditions used were the same as those described for the previous stage. The DF treatment was terminated
when the filtrate (composition containing LA) became 18 kg.
[0129] The filtrates obtained in the stage before the previous stage and the previous stage were subjected to cross-
flow filtration with a filter membrane (made of a polyethersulfone material, having a fractionation molecular weight of
10,000, and an area of membrane of 1.00 square meters). The conditions of the filtration treatment were 10°C in
temperature and 0.4 MPa in average working pressure. With this treatment, 4 kg of a concentrate (composition containing
LA) and 34 kg of a filtrate were obtained. LA and LG were not found in the filtrate.
[0130] The concentrate of the previous stage was subjected to freeze-drying according to a conventional method to
obtain a dried powdered composition containing LA (Example 28). The LA/LG ratio of Example 28 was 4.1 and denatured
LA was 1%. Moreover, the percent recovery of LA was 62%.

(Test Example 6: Production of composition containing LA)

Materials

[0131] As a whey protein material, Whey powder 2 was used.
[0132] As a carbonate ion and/or hydrogen carbonate ion material, sodium hydrogen carbonate was used. As a light
metal/transition metal ion material, copper sulfate, 5-hydrate was used. Ion exchanged water was used as water.
[0133] The amounts of LA and LG were measured by high performance liquid chromatography. The measurement
conditions were set according to the method of Bordin et al (Journal of Chromatography A. (2001) 928, 1, 63-76).
[0134] Three-hundreds grams of an aqueous solution according to Example 29 set forth in Table 5 was prepared. No
precipitates were observed during or after the preparation of the aqueous solutions.
[0135] This aqueous solution was subjected to cross-flow filtration with a filter membrane (made of a polyethersulfone
material, having a fractionation molecular weight of 50,000, and an area of membrane of 0.20 square meters). The
conditions of the filtration treatment were 10°C in temperature and 2.5 bar in average working pressure. With this
treatment, 90 g of a concentrate and 200 g of a filtrate (composition containing LA) were obtained.
[0136] A concentrate obtained in the previous stage was subjected to a DF treatment. The filter membrane and working
conditions used were the same as those described for the previous stage. The DF treatment was terminated at the time
when the filtrate (composition containing LA) became 180 g.
[0137] Three-hundreds and eighty grams of the filtrates obtained in the stage before the previous stage and the
previous stage were subjected to cross-flow filtration with a filter membrane (made of a polyethersulfone material, having
a fractionation molecular weight of 5,000, and an area of membrane of 0.050 square meters). The conditions of the
filtration treatment were 10°C in temperature and 2.5 bar in average working pressure. With this treatment, 40 g of a
concentrate (composition containing LA) and 340 g of a filtrate were obtained. LA and LG were not found in the filtrate.
[0138] This concentrate was subjected to freeze-drying according to a conventional method to obtain a dried powdered
composition containing LA (Example 29). The LA/LG ratio in the dried powder was 5.2 and denatured LA was 31%.
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Moreover, the percent recovery of LA was 96%.

[Table 5]
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(Test Example 7: Fractionation of LA and LG by formation of Complex 2)

Materials

[0140] As a whey protein material, Whey powder 2 was used. As a carbonate ion and/or hydrogen carbonate ion
material, sodium hydrogen carbonate was used. Magnesium chloride, 6-hydrate was used as a light metal ion material
and ferric sulfate was used as a transition metal ion material. Ion exchanged water was used as water. Aqueous solutions
according to Example 30 to Example 36 set forth in Table 6 were prepared with the materials described above. No
precipitates were observed during or after the preparation of the aqueous solutions.
[0141] The prepared aqueous solutions were filtered by dead end filtration with centrifugation at 4000 G, for 15 minutes.
A filter membrane that is made of regenerated cellulose and has a fractionation molecular weight of 50,000 was used.
[0142] The solution passed through a membrane filter was collected and the amounts of LA and LG contained in the
filtrate were measured. The amounts of LA and LG were measured by high performance liquid chromatography. The
measurement conditions were set according to the method of Bordin et al (Journal of Chromatography A. (2001) 928,
1, 63-76).
[0143] Examples 30 to 36, which were the filtrates obtained by forming Complex 2 and filtering the solutions with a
membrane as filtrates containing LA, had increased LA/LG ratios as set forth in Table 6. Accordingly, it was found that
Complex 2 tends to not pass through the filter membrane and LA tends to pass through the filter membrane and LA and
Complex 2 were fractionated to obtain a composition containing LA as a filtrate.
[0144] Moreover, Example 30 to Example 36 set forth in Table 6 had higher LA/LG ratios and were fractionated more
efficiently at all conditions than the solutions before the treatment and Comparative Examples set forth in Table 1. The
percent recovery of LA was 33% to 45%.

[Table 6]
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(Test Example 8)

Materials

[0146] As whey protein materials, Whey powder 1 and Whey powder 2 were used. Whey powder 1 is a powder obtained
by subjecting cheese whey to ion exchanging and ultrafiltration treatments to have a whey protein content of 93.9% by
weight. Whey powder 2 is a powder obtained by subjecting acid whey to ion exchanging and ultrafiltration treatments
to have a whey protein content of 93.5% by weight.
[0147] As a carbonate ion and/or hydrogen carbonate ion material, sodium hydrogen carbonate was used.
[0148] Magnesium chloride, 6-hydrate and potassium chloride were used as light metal ion materials and manganese
dichloride 4-hydrate, iron sulfate, 7-hydrate, ferric chloride, 6-hydrate, ferric sulfate, and copper sulfate, 5-hydrate were
used as transition metal ion materials.
[0149] Sodium hydroxide was used for the preparation of Comparative Examples. All the water used in Examples and
Comparative Example was ion exchanged water.
[0150] Aqueous solutions according to Example 37 to Example 56 and Comparative Example 6 to Comparative Ex-
ample 10 set forth in Table 7 were prepared. pH of the prepared aqueous solution was 7.8-8.3. No precipitates were
observed during or after the preparation of the aqueous solutions.
[0151] The prepared aqueous solutions were filtered by dead end filtration with centrifugation at 4000 G, for 15 minutes.
Filter membranes that are made of polyethersulfone and have fractionation molecular weights of 50,000, 100,000, and
300,000 and one that is made of regenerated cellulose and has a fractionation molecular weight of 50,000 were used.
[0152] Example 37 to Example 56 and Comparative Example 6 to Comparative Example 10 were obtained as con-
centrates retained before the filter membrane and the amounts of LG and LA contained in the concentrate were measured.
The amounts of LA and LG were measured by high performance liquid chromatography. The measurement conditions
were set according to the method of Bordin et al (Journal of Chromatography A. (2001) 928, 1, 63-76).
[0153] As illustrated in Table 7, the LG/LA ratio of the concentrates obtained by adding whey protein, a component
generating carbonate ion and/or hydrogen carbonate ion, and a light metal and/or transition metal salt and filtrating the
solution containing these with a membrane was increased. Accordingly, it was found that Complex 2 containing LG
tends to not pass through the filter membrane and LA tends to pass through the filter membrane and Complex 2 containing
LG and LA were fractionated to obtain a composition containing LG as a concentrate.
[0154] Examples set forth in Table 7 had higher LG/LA ratios at all conditions than Comparative Examples, to which
only a light metal was added, and LG and LA were fractionated more efficiently in Examples 37 to 56 than in Comparative
Examples 6 to 10.
[0155] The LG/LA ratio was high in the filtrates through the membrane filters having a fractionation molecular weight
of 50,000. Meanwhile, there was no difference between membranes made of regenerated cellulose and polyethersulfone.
[0156] The LG/LA ratios of the filtrates obtained by filtration similar to that described above after allowing the aqueous
solutions of Example 37 to Example 50 and Comparative Example 6 to Comparative Example 10 before filtration to
stand at 10°C for 24 hours were 97-102% of the values set forth in Table 7 and approximately the same (data not shown).
Moreover, no precipitates were observed in the solutions allowed to stand for 24 hours.

[Table 7]
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(Test Example 9)

Materials

[0158] As a whey protein material, Whey powder 1 was used.
[0159] As a carbonate ion and/or hydrogen carbonate ion material, sodium hydrogen carbonate was used. As a light
metal/transition metal ion material, copper sulfate, 5-hydrate was used. Ion exchanged water was used as water.
[0160] The amounts of LG and LA were measured by high performance liquid chromatography. The measurement
conditions were set according to the method of Bordin et al (Journal of Chromatography A. (2001) 928, 1, 63-76).
[0161] Thirty kilograms of an aqueous solution according to Example 57 set forth in Table 8 was prepared with the
materials described above. No precipitates were observed during or after the preparation of the aqueous solutions.
[0162] This aqueous solution was subjected to cross-flow filtration with a filter membrane (made of polyacrylonitrile,
fractionation molecular weight: 50,000, area of membrane 0.20 square meters). The conditions of filtration treatment
were 10°C in temperature and 0.2 MPa in average working pressure. With this treatment, 10 kg of a concentrate (com-
position containing LG) and 20 kg of a filtrate were obtained.
[0163] Ten kilograms of the concentrate obtained was then subjected to a DF treatment. The DF treatment was
terminated at the time when 18 kg of the filtrate was obtained.
[0164] To the DF treated concentrate, 1% by weight of L-ascorbic acid was added and gently stirred for 60 minutes
at room temperature and then this was further subjected to a filtration treatment. The filtration was performed with a filter
membrane (made of a polyacrylonitrile material, having a fractionation molecular weight of 50,000, and an area of
membrane of 0.20 square meters) at 10°C and 0.2 MPa in average working pressure.
[0165] The concentrate obtained in the previous stage was powdered by a freeze-drying treatment. In this way, a
composition containing LG having an increased LG/LA ratio of 7.21, in comparison with the LG/LA ratio 3.24 of the
solution before the treatment, and a metal content of 0.5% by weight was obtained (Example 57).

[Table 8]
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(Test Example 10)

Materials

[0167] As whey protein materials, Whey powder 1 and Whey powder 2 were used.
[0168] For the preparation of Example 58, sodium hydrogen carbonate was used as a carbonate ion and/or hydrogen
carbonate ion material and ion exchanged water was used as water.
[0169] For Example 59 and Example 60, ion exchanged water saturated with carbon dioxide (carbonated water) was
used as a carbonate ion and/or hydrogen carbonate ion material.
[0170] Aqueous solutions according to Example 58 to Example 60 set forth in Table 9 were prepared with the materials
described above. No precipitates were observed during or after the preparation of the aqueous solutions.
[0171] The prepared aqueous solutions were filtered by dead end filtration with centrifugation at 4000 G, for 15 minutes.
The filter membrane that is made of polyethersulfone and has a fractionation molecular weight of 50,000 was used.
[0172] Concentrates were collected and the amounts of LG and LA contained in the concentrates were measured.
The amounts of LG and LA were measured by high performance liquid chromatography. The measurement conditions
were set according to the method of Bordin et al (Journal of Chromatography A. (2001) 928, 1, 63-76).
[0173] As illustrated in Table 9, the LG/LA ratio of the obtained concentrates were increased by adding whey protein
and a component generating carbonate ion and/or hydrogen carbonate ion and filtrating the solution containing these
with a membrane. Accordingly, it was found that Complex 1 containing LG tends to not pass through the filter membrane
and LA tends to pass through the filter membrane and LA and Complex 1 containing LG were fractionated to obtain a
composition containing LG as a filtrate.
[0174] Moreover, Example 58 to Example 60 set forth in Table 9 had a higher LG/LA ratio and LG and LA were
fractionated more efficiently at all conditions than the solutions before the treatment and Comparative Example 6 to
Comparative Example 10 set forth in Table 7.
[0175] The LG/LA ratios of the filtrates obtained by filtration similar to that described above after allowing the aqueous
solutions of Example 58 to Example 60 before filtration to stand at 10°C for 24 hours were 95-101% of the values set
forth in Table 9 and approximately the same (data not shown). Moreover, no precipitates were observed in the solutions
allowed to stand for 24 hours.

[Table 9]
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(Test Example 11)

[0177] Example 60 was powdered by freeze-drying (Example 61). The water content of Example 61 stored at 10°C
for 1 month was 5.1% by weight. This was dissolved in ion exchanged water to prepare an aqueous solution at a
concentration of 1% by weight. To this aqueous solution, 0.01% by weight ferric chloride, 6-hydrate was added and the
mixture was stirred and sterilized by heating to 95°C. After heat sterilization, the solution was cooled to 10°C immediately
and stored at 10°C for 3 days just after the cooling and the state of the aqueous solution was observed by viewing.
[0178] As a result, neither precipitates nor cloudiness were found just after cooling and after 3 days of storing at 10°C
and the powdered composition containing LG had the ability to solubilize metals.

(Test Example 12)

[0179] Fresh milk (14% total solid contents and 4.1% fat contents) was used as a protein source.
[0180] As a carbonate ion and/or hydrogen carbonate ion material, sodium hydrogen carbonate was used. Ferric
chloride, 6-hydrate was used as a light metal ion and/or transition metal material. Ion exchanged water was used as water.
[0181] The amounts of LG and LA were measured by high performance liquid chromatography. The measurement
conditions were set according to the method of Bordin et al (Journal of Chromatography A. (2001) 928, 1, 63-76).
[0182] Fresh milk was treated with a centrifuge to obtain nonfat milk, from which fat contents were removed. This
nonfat milk was subjected to cross-flow filtration with a filter membrane (made of a ceramic material, with a fractionation
molecular weight of 0.1 mm, and an area of membrane of 1.05 square meters) to obtain a filtrate containing 0.05% by
weight whey protein.
[0183] Thirty kilograms of an aqueous solution according to Example 62 was prepared by adding 0.05% by weight
sodium hydrogen carbonate and 0.005% by weight ferric chloride, 6-hydrate in terms of iron ion to this aqueous solution
containing whey protein. No precipitates were observed during or after the preparation of the aqueous solutions.
[0184] This aqueous solution was subjected to cross-flow filtration with a filter membrane (made of polyacrylonitrile,
fractionation molecular weight: 50,000, area of membrane 0.20 square meters). The conditions of filtration treatment
were 10°C in temperature and 0.2 MPa in average working pressure. With this treatment, 20 kg of a filtrate and 10 kg
of a composition containing LG as a concentrate were obtained.
[0185] The LG/LA ratio of this concentrate was 5.22, which is markedly higher than 2.14 before the treatment.
[0186] This concentrate was further subjected to a DF treatment. The DF treatment was terminated at the time when
an amount of filtrate of 18 kg was achieved.
[0187] To the DF treated concentrate, 1% by weight of L-ascorbic acid was added and gently stirred for 60 minutes
at room temperature and then this was further subjected to a filtration treatment. The filtration was performed with a filter
membrane (made of a polyacrylonitrile material, having a fractionation molecular weight of 50,000, and an area of
membrane of 0.20 square meters) at 10°C and 0.2 MPa in average working pressure.
[0188] The concentrate of the previous stage was subjected to freeze-drying according to a conventional method to
obtain a dried powdered composition containing LG
[0189] (Example 62). The LG/LA ratio in the dried powder was 4.98 and denatured LG was 1%. Moreover, the percent
recovery of LG was 65%.

(Test Example 13)

Materials

[0190] As a whey protein material, Whey powder 2 was used. As a carbonate ion and/or hydrogen carbonate ion
material, sodium hydrogen carbonate was used. Magnesium chloride, 6-hydrate was used as a light metal ion material
and ferric sulfate was used as a transition metal ion material. Ion exchanged water was used as water. Aqueous solutions
according to Example 63 to Example 69 set forth in Table 10 were prepared with the materials described above. No
precipitates were observed during or after the preparation of the aqueous solutions.
[0191] The prepared aqueous solutions were filtered by dead end filtration with centrifugation at 4000 G, for 15 minutes.
A filter membrane that is made of regenerated cellulose and has a fractionation molecular weight of 50,000 was used.
[0192] The solution retained before the filter membrane was collected and the amounts of LG and LA contained in the
concentrate were measured. The amounts of LG and LA were measured by high performance liquid chromatography.
The measurement conditions were set according to the method of Bordin et al (Journal of Chromatography A. (2001)
928, 1, 63-76).
[0193] As illustrated in Table 10, the LG/LA ratio of the obtained concentrate was increased by adding whey protein,
a component generating carbonate ion and/or hydrogen carbonate ion, and a light metal and/or transition metal salt and
filtrating the solution containing these with a membrane. Accordingly, it was found that Complex 2 containing LG tends
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to not pass through the filter membrane and LA tends to pass through the filter membrane and LA and Complex 2
containing LG were fractionated to obtain a composition containing LG as a filtrate.

[Table 10]
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Claims

1. A method for fractionating whey proteins, comprising:

preparing a solution comprising a first whey protein and a second whey protein and
separating the first whey protein and the second whey protein with a membrane;
wherein the first whey protein forms a complex with at least one of carbonate ion, hydrogen carbonate ion, a
light metal ion, and a transition metal ion; and
the second whey protein satisfies at least one of the following (1) and (2):

(1) the second whey protein forms no complex with any of carbonate ion and hydrogen carbonate ion;
(2) the second whey protein forms no complex with any of the light metal ion and the transition metal ion.

2. The method for fractionating whey proteins according to claim 1, wherein the first whey protein is a whey protein
mainly comprising β-lactoglobulin, and the second whey protein is a whey protein mainly comprising α-lactalbumin.

3. The method for fractionating whey proteins according to claim 1 or 2, wherein a fractionation molecular weight of
the membrane is 50,000 or less.

4. The method for fractionating whey proteins according to claim 1 or 2, wherein a fractionation molecular weight of
the membrane is 300,000 or less.

5. The method for fractionating whey proteins according to claims 1 to 4, wherein the solution has a total concentration
of the first whey protein and the second whey protein of 0.001% by weight to 35% by weight; a total concentration
of the carbonate ion and/or the hydrogen carbonate ion of 0.001% by weight to 35% by weight; and a pH of 5 to 10.

6. The method for fractionating whey proteins according to claims 1 to 5, wherein a total concentration of the light
metal ion and/or the transition metal ion is 0.00001% by weight to 10% by weight.

7. The method for fractionating whey proteins according to any one of claims 1 to 6, comprising one or more steps
selected from the group consisting of a concentration step, a diafiltration step, a sterilization step, a freezing step,
a drying step, and a powdering step.

8. A method for preparing a composition comprising α-lactalbumin, comprising:

preparing a solution comprising a whey protein and carbonate ion and/or hydrogen carbonate ion;
treating the solution using a membrane having a fractionation molecular weight of 50,000 or less;
obtaining a solution comprising α-lactalbumin as a filtrate through the membrane and a solution comprising a
complex formed of β-lactoglobulin, carbonate ion and/or hydrogen carbonate ion as a concentrate with the
membrane; and
treating the solution comprising the α-lactalbumin with a membrane having a fractionation molecular weight of
14,000 or less.

9. The method for preparing a composition comprising α-lactalbumin according to claim 8, wherein
a concentration of the whey protein in the solution is 0.001% by weight to 35% by weight;
a total concentration of carbonate ion and/or hydrogen carbonate ion in the solution is 0.001% by weight to 35% by
weight; and
pH of the solution is 5 to 10.

10. A method for preparing a composition comprising α-lactalbumin, comprising
preparing a solution comprising a whey protein, carbonate ion and/or hydrogen carbonate ion, and a light metal ion
and/or a transition metal ion;
treating the solution using a membrane having a fractionation molecular weight of 300,000 or less;
obtaining a solution comprising α-lactalbumin as a filtrate through the membrane and a solution comprising a complex
formed of β-lactoglobulin, carbonate ion and/or hydrogen carbonate ion, the light metal ion and/or the transition
metal ion as a concentrate with the membrane; and
treating the solution comprising the α-lactalbumin with a membrane having a fractionation molecular weight of 14,000
or less.
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11. The method for preparing a composition comprising α-lactalbumin according to claim 10, wherein
a concentration of the whey protein in the solution is 0.001% by weight to 35% by weight;
a total concentration of carbonate ion and/or hydrogen carbonate ion in the solution is 0.001% by weight to 35% by
weight;
pH of the solution is 5 to 10; and
a total concentration of the light metal ion and/or the transition metal ion in the solution is 0.00001% by weight to
10% by weight.

12. The method for preparing a composition comprising α-lactalbumin according to any one of claims 8 to 11, comprising
one or more steps selected from the group consisting of a concentration step, a diafiltration step, a sterilization step,
a freezing step, a drying step, and a powdering step.

13. The method for preparing a composition according to any one of claims 8 to 12, wherein treatment temperature of
all steps is lower than 62°C, and 70% or more of the α-lactalbumin comprised in the composition is native α-
lactalbumin.

14. A method for preparing a composition comprising β-lactoglobulin, comprising:

preparing a solution comprising a whey protein and carbonate ion and/or hydrogen carbonate ion;
treating the solution using a membrane having a fractionation molecular weight of 50,000 or less; and
obtaining a solution comprising α-lactalbumin as a filtrate through the membrane and a solution comprising a
complex formed of the β-lactoglobulin, carbonate ion and/or hydrogen carbonate ion as a concentrate with the
membrane.

15. The method for preparing a composition comprising β-lactoglobulin according to claim 14, wherein
a concentration of the whey protein in the solution is 0.001% by weight to 35% by weight;
a total concentration of carbonate ion and/or hydrogen carbonate ion in the solution is 0.001% by weight to 35% by
weight; and
pH of the solution is 5 to 10.

16.  The method for preparing a composition comprising β-lactoglobulin, comprising:

preparing a solution comprising a whey protein, carbonate ion and/or hydrogen carbonate ion, and a light metal
ion and/or a transition metal ion;
treating the solution using a membrane having a fractionation molecular weight of 300,000 or less; and
obtaining a solution comprising α-lactalbumin as a filtrate through the membrane and a solution comprising a
complex formed of the β-lactoglobulin, carbonate ion and/or hydrogen carbonate ion, the light metal ion and/or
the transition metal ion as a concentrate with the membrane.

17. The method for preparing a composition comprising β-lactoglobulin according to claim 16, wherein
a concentration of the whey protein in the solution is 0.001% by weight to 35% by weight;
a total concentration of carbonate ion and/or hydrogen carbonate ion in the solution is 0.001% by weight to 35% by
weight; and
pH of the solution is 5 to 10;
a total concentration of the light metal ion and/or the transition metal ion in the solution is 0.00001% by weight to
10% by weight.

18. The method for preparing a composition comprising β-lactoglobulin according to any one of claims 14 to 17, com-
prising one or more steps selected from the group consisting of a concentration step, a diafiltration step, a sterilization
step, a freezing step, a drying step, and a powdering step.

19. The method for preparing a composition comprising β-lactoglobulin according to claims 16 to 18, comprising reducing
the light metal ion and/or the transition metal ion.

20. The method for preparing a composition according to any one of claims 14 to 19, wherein treatment temperature
of all steps is lower than 72°C, and 70% or more of the β-lactoglobulin comprised in the composition is native β-
lactoglobulin.
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