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METHOD OF DENATURING WHEY PROTEIN

TECHNICAL FIELD

[0001] The present invention relates to a method of dena-
turing whey protein to improve its heat stability and better
denatured whey protein obtained by the method.

BACKGROUND ART

[0002] Whey protein is a protein present in milk and is well
known as a by-product generated mainly by cheese or casein
manufacture. Whey protein is a high quality mineral rich
protein component and is therefore used not only in various
foods but also in other products such as shampoos, hair con-
ditioners, and cosmetics (e.g., creams).

[0003] Whey protein is widely used in such various prod-
ucts, but it is known that whey protein is poor in heat stability
and is therefore rapidly denatured by heating at 70 to 90° C.
(Non-Patent Document 1). However, for example, food
manufacture often involves heat sterilization, and the heat
sterilization is usually performed in a temperature range
higher than the denaturation temperature range of whey pro-
tein. Therefore, whey protein contained in products is dena-
tured by heating in its denaturation temperature range and
undergoes an increase in viscosity, gelation, or aggregation,
which adversely affects the taste and appearance of the prod-
ucts. This creates the need to limit the whey protein content of
products or to replace whey protein with another protein
material.

[0004] Therefore, in order to reduce the adverse effect of
whey protein denatured by heat sterilization on products, it is
conventionally known that whey protein previously dena-
tured by physical or chemical treatment is used. More spe-
cifically, it is known that previously-denatured whey protein
is used to reduce the degree of thermal denaturation of whey
protein caused by heat sterilization, thereby reducing the
effect of denaturation of whey protein such as an increase in
viscosity, gelation, or aggregation caused by heating.

[0005] Forexample, Patent Document 1 discloses a method
of denaturing whey protein, which comprises performing
treatment such as pH adjustment or pre-heating on an aque-
ous solution containing whey protein and reacting the whey
protein with transglutaminase as an enzyme while the aque-
ous solution is heated. Patent Document 2 discloses a method
of producing proteinaceous microparticles, which comprises
removing insoluble matter from a metal element-containing
whey protein solution and mixing the whey protein solution
with an organic solvent.

[0006] Further, a method comprising subjecting whey pro-
tein to both heating for denaturation and shearing for micro-
particulation is also known. Here, microparticulation of whey
protein is performed to prevent the occurrence of aggregation
or precipitation of whey protein or to prevent whey protein
from becoming too thick.

[0007] For example, Patent Document 3 discloses a solid
yogurt containing substantially nonaggregative denatured
protein spheres or aggregates thereof obtained by heating a
whey protein concentrate to a temperature higher than the
denaturation temperature of whey protein under high shear
conditions.

[0008] However, neither of the Patent Documents 1 and 2
discloses a method of producing denatured whey protein by
using only whey protein, because the method disclosed in
Patent Document 1 uses an enzyme or a material containing a
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metal element and the method disclosed in Patent Document
2 uses an organic solvent. Further, these methods are not easy
to use because it is necessary to satisfactorily remove an
additive such as an enzyme or an organic solvent from prod-
ucts, which creates the need to provide equipment required
for safe and reliable removal of such an additive and to tightly
control the operation of the equipment.

[0009] In Patent Document 3, a method disclosed in Japa-
nese Patent Application National Publication No. 6-509475 is
proposed as a method of producing denatured protein spheres
and “Simplesse 100” (manufactured by CP Kelco) is pro-
posed as a product of denatured protein spheres. However,
when a food product such as ice cream or soup is produced by
mixing such denatured protein spheres with other raw mate-
rials and then sterilizing the mixture at high temperature,
there is a problem that, in a taste test (sensory test) for evalu-
ating the texture (e.g., graininess, dustiness, thickness) and
appearance (e.g., gelation, aggregation) of food products, the
food product is evaluated as bad depending on the kind of
food due to its excessive thickness and graininess.

[0010] Patent Document 1: Japanese Patent Application
Laid-Open No. 2000-4786

[0011] Patent Document 2: Japanese Patent Application
Laid-Open No. 7-184556

[0012] Patent Document 3: Japanese Patent No. 3798249
[0013] Non-Patent Document 1: “Comprehensive Ency-
clopedia of Milk” edited by Yamauchi and Yokoyama, 3rd
edition, Asakura Publishing Co., Ltd., p. 61, 1998

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0014] As described above, whey protein is denatured by
heating in its denaturation temperature range during heat
sterilization required for food manufacture, and as a result a
phenomenon such as an increase in viscosity, gelation, or
aggregation occurs. Such a phenomenon adversely affects the
taste and appearance of products. In addition, there is also a
problem that when a product containing a large amount of
whey protein passes through a plate-type sterilizer, denatured
whey protein is likely to be adhered or accumulated in a plate
and therefore it takes much time and effort to remove the
denatured whey protein from the plate.

[0015] Therefore, in order to prevent undesirable denatur-
ation of whey protein, whey protein needs to be previously
treated (denatured) to be better denatured whey protein.
[0016] However, as described above, none of the conven-
tional methods of denaturing whey protein to produce better
denatured whey protein is a method by which satisfactory
better denatured whey protein can be obtained.

[0017] It is therefore an object of the present invention to
provide a method of denaturing whey protein without using
an additive such as an enzyme or an organic solvent to obtain
better denatured whey protein having improved heat stability,
that is, better denatured whey protein which does not
adversely affect the taste and appearance of products even
when subjected to heat treatment after denaturing (i.e., a
method of producing better denatured whey protein) and
better denatured whey protein obtained by the method.

Means for Solving the Problems

[0018] In order to achieve the above object, the present
inventors have extensively studied, and as a result have found
that better denatured whey protein (modified whey protein)
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can be obtained by allowing a whey protein solution flowing
in the form of thin turbulent flow between two concentric
cylinders to be brought into contact and mixed with the whey
protein solution flowing radially from the direction of the
center of circles of the two concentric cylinders and by heat-
ing and shearing the mixed whey protein solution at high
speed while the mixed whey protein solution is allowed to
flow in the form of'thin turbulent flow between two concentric
cylinders in a cylindrical static mixing vessel. The method of
denaturing whey protein according to the present invention is
based on the finding and makes it possible to achieve better
denaturation and microparticulation of whey protein. Better
denatured whey protein obtained by the method according to
the present invention does not undergo an increase in viscos-
ity, gelation, or aggregation even when subjected to high-
temperature heating or sterilization required for, for example,
food manufacture and therefore has no adverse effects on the
taste and appearance of products. That is, better denatured
whey protein obtained by the method according to the present
invention has significantly improved heat stability.

[0019] Inorderto achieve the above object, a first invention
provides a method of denaturing whey protein to improve its
heat stability, the method comprising the steps of:

[0020] 1) preparing a whey protein solution from whey
protein;
[0021] 2) allowing the whey protein solution flowing in the

form of thin turbulent flow at a predetermined shearing speed
along an outer periphery of a cylinder to be brought into
contact and mixed with the whey protein solution separated
from the thin turbulent flow of the whey protein solution and
flowing radially from a center of circle of the cylinder;
[0022] 3) shearing the mixed whey protein solution at a
shearing speed of 5,00057! to 25,000 5" while a temperature
of the mixed whey protein solution is elevated to 76 to 120°
C.;and

[0023] 4) shearing the whey protein solution having an
elevated temperature of 76 to 120° C. at a shearing speed of
5,000 57" to 25,000 s~ for 8 minutes to 0.1 second while the
whey protein solution is maintained at the elevated tempera-
ture.

[0024] The whey protein solution is preferably a whey pro-
tein solution having a whey protein content of 5 to 18% by
mass. According to a preferred embodiment of the first inven-
tion, the steps 2), 3), and 4) are performed sequentially.
[0025] The first invention also provides a method of dena-
turing whey protein comprising the steps of: 1) preparing a
whey protein solution from whey protein;

[0026] 2) introducing the whey protein solution into an
apparatus which allows the whey protein solution flowing in
the form of thin turbulent flow at a predetermined shearing
speed along an outer periphery of a cylinder to be brought into
contact and mixed with the whey protein solution separated
from the thin turbulent flow of the whey protein solution and
flowing radially from a center of circle of the cylinder;

[0027] 3) shearing the whey protein solution introduced
into the apparatus at a shearing speed of 5,000 s~* to 25,000
s~ while a temperature of the whey protein solution is
elevated to 76 to 120° C.; and

[0028] 4) shearing the whey protein solution having an
elevated temperature of 76 to 120° C. at a shearing speed of
5,000 57" to 25,000 s~ for 8 minutes to 0.1 second while the
whey protein solution is maintained at the elevated tempera-
ture.
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[0029] The whey protein solution is preferably a whey pro-
tein solution having a whey protein content of 5 to 18% by
mass. According to a preferred embodiment of the first inven-
tion, the steps 2), 3), and 4) are performed sequentially.
[0030] Further, according to a preferred embodiment of the
first invention, the shearing of the whey protein solution is
performed using an apparatus including a cylindrical mixing
vessel, a rotation axis provided in the cylindrical mixing
vessel so as to be concentric with an axis of the cylindrical
mixing vessel, and a rotary blade which has a diameter
slightly smaller than that of the mixing vessel, which is
attached to the rotation axis, and which includes a porous
cylinder provided on its outer peripheral side and having a
plurality of pores penetrating therethrough in a radial direc-
tion. In this case, the shearing of the whey protein solution is
performed by allowing the whey protein solution to disperse
in the form of'thin turbulent flow along an inner surface of the
cylindrical mixing vessel by rotating the rotary blade at high
speed.

[0031] Inorder toachieve the above object, a second inven-
tion provides better denatured whey protein obtained by the
method of denaturing whey protein according to the first
invention.

[0032] Further, the present invention also provides the fol-
lowing [1] to [7].

[1] A method of denaturing whey protein to produce better
denatured whey protein, the method including the steps of:

[0033] 1) preparing a whey protein solution from whey
protein; and
[0034] 2A) allowing the whey protein solution to be con-

tinuously brought into contact and mixed with a whey protein
solution flowing in a form of thin turbulent flow between two
concentric cylinders while the mixed whey protein solution
flowing in the form of thin turbulent flow between the two
concentric cylinders is sheared at a shearing speed of 5,000
s~! t0 25,000 s~* at a temperature in a range of 76 to 120° C.
for 8 minutes to 0.1 second.

[2] The method according to [1], further including:

[0035] using an apparatus including:
[0036] a cylindrical static mixing vessel;
[0037] arotation axis provided in the static mixing vessel

so as to be concentric with an axis of the static mixing
vessel; and
[0038] a rotary blade which has a diameter slightly
smaller than that of the static mixing vessel, which is
attached to the rotation axis, and which includes a
porous cylinder provided on its outer peripheral side and
having a plurality of pores penetrating therethrough in a
radial direction,
[0039] wherein the contact and mixing of the whey protein
solution with the whey protein solution flowing in the form of
thin turbulent flow between two concentric cylinders is per-
formed by allowing the whey protein solution introduced into
an inside of the porous cylinder to be discharged through the
pores of the porous cylinder and brought into contact and
mixed with the whey protein solution flowing in the form of
thin turbulent flow in a cylindrical space between the static
mixing vessel and the porous cylinder by rotating the rotary
blade at high speed.
[3] The method according to [1] or [2], further including:

[0040] using an apparatus including:
[0041] a cylindrical static mixing vessel;
[0042] arotation axis provided in the static mixing vessel

so as to be concentric with an axis of the static mixing
vessel; and
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[0043] a rotary blade which has a diameter slightly
smaller than that of the static mixing vessel, which is
attached to the rotation axis, and which includes a
porous cylinder provided on its outer peripheral side and
having a plurality of pores penetrating therethrough in a
radial direction,

[0044] wherein the shearing of the whey protein solution is
performed by allowing the whey protein solution to flow in
the form of thin turbulent flow in a cylindrical space between
the static mixing vessel and the porous cylinder by rotating
the rotary blade at high speed.

[4] The method according to any one of [1] to [3], wherein the
whey protein solution is a solution having a whey protein
content of 5 to 18% by mass.

[5] The method according to any one of [1] to [4], wherein the
better denatured whey protein is whey protein whose taste
and/or appearance are/is maintained and/or improved even
after heat treatment as compared to non-denatured whey pro-
tein (i.e. whey protein which is not denatured by the method
of the present invention).

[6] A better denatured whey protein produced by the method
according to any one of [1] to [5], which has an average
particle size of 0.3 to 13.8 um after heat treatment at 85° C. for
10 minutes.

EFFECTS OF THE INVENTION

[0045] The better denatured whey protein according to the
present invention does not cause the aggregation, gelation, or
precipitation of whey protein particles even when mixed with
foods and beverages and then heat-sterilized (heated), which
makes it possible to provide products with good texture and
taste. That is, the better denatured whey protein according to
the present invention is suitable for use as a food material in
various foods and beverages such as gellies, puddings, ice
creams, drinkable yogurts, juice beverages, milk beverages,
processed milk, coffee beverages, sports drinks, soups, baked
foods, powdered milk, modified powdered milk for infants,
and fluid foods. Further, the better denatured whey protein
according to the present invention can also be used as a fat
substitute in low-fat foods, and is also suitable for use in
shampoos, hair conditioners, and cosmetics such as creams.
The better denatured whey protein according to the present
invention is particularly suitable for use in beverages such as
drinkable yogurts, because it does not undergo precipitation
due to its good dispersibility and is free from graininess and
therefore smoothly passes through the throat.

[0046] Further, the better denatured whey protein accord-
ing to the present invention is very safe for use in foods and
beverages because it can be obtained without using an addi-
tive such as an enzyme or an organic solvent. Therefore, the
better denatured whey protein according to the present inven-
tion can be used to produce products containing whey protein
without any contrivance to remove an additive such as an
enzyme or an organic solvent from the products.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] FIG.1is a schematic sectional view of one example
of a shear apparatus used in the present invention;

[0048] FIG. 2 is a scanning probe microscope image of a
particle surface of better denatured whey protein according to
the present invention; and
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[0049] FIG. 3 is a scanning probe microscope image of a
particle surface of whey protein prepared as a control sample.

DESCRIPTION OF REFERENCE NUMERALS

[0050] 1 shear apparatus

[0051] 2 static mixing vessel

[0052] 3 rotary blade

[0053] 3a rotation axis of rotary blade
[0054] 34 porous cylinder of rotary blade
[0055] 3¢ arm of rotary blade

[0056] supply tube

[0057] supply tube

BEST MODE FOR CARRYING OUT THE
INVENTION

[0058] Hereinbelow, a preferred embodiment ofthe present
invention will be described in detail. However, the present
invention is not limited to the following embodiment, and
various changes may be made within the scope of the present
invention. It is to be noted that in this specification, percent-
ages (%) are by mass unless otherwise specified.

<Whey Protein>

[0059] Whey protein to be used as a raw material in the
present invention is not particularly limited as long as it is
whey which is a protein derived from cow’s milk. For
example, whey obtained by purifying a raw material contain-
ing whey such as cow milk, skimmed milk, dry whole milk, or
powdered skim milk by a conventional method can be used.
[0060] As a method of purifying a whey-containing raw
material, a method in which casein and milk fat are removed
from cow milk or skimmed milk by adding Rennet or the like
can be mentioned. This method may further include the step
of'gel filtration, ultrafiltration, or ion exchange to obtain WPC
(Whey Protein Concentrate) or WPI (Whey Protein Isolate).
The thus obtained WPC or WPI can be used. Further, various
whey protein products such as commercially-available WPC
and WPI can also be used. Common milk products containing
whey protein such as raw milk, skimmed milk, and powdered
skim milk may be directly used.

[0061] Itis to be noted that a solvent for use in dissolving a
powdered product is not particularly limited, and an appro-
priate solvent such as water, raw milk, or skimmed milk is
used.

[0062] As whey protein (raw material) to be denatured by a
method according to the present invention, WPC80 (manu-
factured by Milei GmbH in Germany under the trade name of
“Milei 80”) which is a whey protein concentrate with a high
protein content is preferably used in view of the fact that it is
low in price based on protein content and easily available and
that efficient treatment of whey protein can be achieved. It is
to be noted that a numerical value shown in “WPC80” or
“WPCS50” used in the present invention indicates a whey
protein content of the product. That is, the whey protein
content of WPC80 is about 80%, and the whey protein content
of WPC50 is about 50%.

<Better Denaturation>

[0063] In this specification, the term “better denatured”
used for whey protein means the state of whey protein evalu-
ated as “good” in terms of “heat stability” which will be
defined later. That is, “better denatured whey protein” (modi-
fied whey protein) means whey protein whose “heat stability”
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is “good”. More specifically, the phrase “heat stability is
good” means that the taste and/or appearance of better dena-
tured whey protein are/is maintained and/or improved even
after heat treatment as compared to non-denatured whey pro-
tein (i.e. whey protein which is unmodified by the method of
the present invention).

<Method of Denaturing Whey Protein>

[0064] A method of denaturing whey protein according to
the present invention includes the following steps 1) to 4):
[0065] 1) preparing a whey protein solution, preferably a
whey protein solution having a whey protein content of 5 to
18% by mass from whey protein;

[0066] 2)allowing the whey protein solution flowing in the
form of thin turbulent flow at a predetermined shearing speed
along an outer periphery of a cylinder to be brought into
contact and mixed with the whey protein solution separated
from the thin turbulent flow of the whey protein solution and
flowing radially from a center of circle of the cylinder;
[0067] 3) shearing the mixed whey protein solution at a
shearing speed of 5,00057! to 25,000 5" while a temperature
of the whey protein solution is elevated to 76 to 120° C.; and
[0068] 4) shearing the whey protein solution having an
elevated temperature of 76 to 120° C. at a shearing speed of
5,000 57" to 25,000 s~ for 8 minutes to 0.1 second while the
whey protein solution is maintained at the elevated tempera-
ture.

[0069] According to a preferred embodiment of the present
invention, the steps 2) to 4) are performed sequentially and
simultaneously in the apparatus.

[0070] A method of denaturing whey protein to produce
better denatured whey protein (a method of producing better
denatured whey protein) according to the present invention
includes the following steps 1) and 2A):

[0071] 1) preparing a whey protein solution (preferably a
whey protein solution having a whey protein content of 5 to
18% by mass) from whey protein; and

[0072] 2A) allowing the whey protein solution to be con-
tinuously brought into contact and mixed with the whey pro-
tein solution flowing in the form of thin turbulent flow
between two concentric cylinders while the mixed whey pro-
tein solution flowing in the form of thin turbulent flow
between the two concentric cylinders is sheared at a shearing
speed of 5,000 57! to 25,000 s™! at a temperature in a range of
76 to 120° C. for 8 minutes to 0.1 second.

[0073] Inthe method of denaturing whey protein according
to the present invention, the concentration of the whey protein
solution expressed in terms of protein content is preferably in
the range of 5 to 18% by mass, but is preferably in the range
of 10 to 18% by mass, more preferably in the range of 10 to
16% by mass from the viewpoint of shearing efficiency. By
shearing the whey protein solution whose concentration is
within the above range, it is possible to efficiently denature
whey protein without causing gelation or aggregation.
[0074] Inthe method of denaturing whey protein according
to the present invention, the pH of the whey protein solution
is in the neutral range, but may be in the slightly acidic range.
According to a preferred embodiment of the present inven-
tion, the pH of the whey protein solution is in the range of 5.5
to 7.5, preferably in the range of 6.0 to 7.0, more preferably in
the range of 6.0 to 6.5.

[0075] The whey protein solution having a concentration
within the above range is placed in a predetermined shear
apparatus and then sheared. At this time, a mixing vessel of
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the shear apparatus may be at room temperature or may be
maintained at any temperature of 60° C. or lower by prelimi-
nary heating with hot water circulating in a water jacket ofthe
mixing vessel.

[0076] Afterthe whey protein solution is placed in the shear
apparatus, the shearing of the whey protein solution is started,
and the step of elevating the temperature of the mixing vessel
of'the shear apparatus (preliminary heating step) is performed
while the shearing speed of the whey protein solution is
maintained at a value in the range of 5,000 s~ to 25,000 s7*,
preferably in the range of 10,000 s to 25,000 s™*. According
to a preferred embodiment of the present invention, the eleva-
tion of temperature of the mixing vessel of the shear apparatus
is achieved in a very short period of time, and therefore a total
time of preliminary heating and heat treatment can be
regarded as heat treatment holding time.

[0077] Afterthe temperature of the whey protein solution is
elevated to a predetermined temperature in the preliminary
heating step, the whey protein solution is subjected to heat
treatment (final heating step) by maintaining the whey protein
solution at the predetermined temperature for a predeter-
mined period of time while the shear treatment of the whey
protein solution is continued. At this time, the shearing speed
of'the whey protein solution is preferably in the range of 5,000
to 25,000 s~*, more preferably in the range of 7,500 to 25,000
s™!, particularly preferably in the range of 10,000 to 25,000
s~! so that gelation or aggregation of whey protein does not
occur in a heating test performed after the shear treatment.
The heat treatment holding time can be appropriately set
depending on the temperature at which the whey protein
solution is maintained, but is generally in the range of 45
minutes (2700 seconds) to 0.1 second, preferably in the range
o130 minutes (1800 seconds) to 0.1 second, more preferably
in the range of 20 minutes (1200 seconds) to 0.1 second, even
more preferably in the range of 10 minutes (600 seconds) to
0.1 second, even more preferably in the range of 8 minutes
(480 seconds) to 0.1 second, even more preferably in the
range of 360 seconds to 0.1 second, even more preferably in
the range of 240 seconds to 0.1 second, even more preferably
in the range of 120 seconds to 0.1 second, even more prefer-
ably in the range of 60 seconds to 0.1 second, even more
preferably in the range 030 seconds t0 0.1 second, even more
preferably in the range of 20 seconds to 0.1 second, and
particularly preferably in the range of 10 seconds to 0.1
second.

[0078] As described above, in the method of denaturing
whey protein of the present invention, the shear treatment and
the heat treatment are preferably performed at the same time.
This makes it possible to allow whey protein particles to have
an average particle size, as measured under conditions speci-
fied in the present invention (which will be described later), in
the range of 0.3 to 13.8 pm, preferably in the range of 0.5 to
13.4 um, more preferably in the range of 0.5 to 10 um, even
more preferably in the range of 0.6 to 6 pum, even more
preferably in the range of 0.6 to 3.42 um, and even more
preferably in the range of 0.6 to 1.87 um. Further, the texture
of better denatured whey protein obtained by the method
according to the present invention is smooth and less thick
than conventional whey protein.

<Shearing Step>

[0079] A shearing step is performed by a shear apparatus,
and is the most distinctive step in the method of denaturing
whey protein according to the present invention.
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[0080] According to a preferred embodiment of the present
invention, the shearing step is performed in the following
manner. The whey protein solution prepared according to the
present invention is supplied from an area near the center of a
circular bottom of a static mixing vessel, is radially dispersed
from the area near the center of the circular bottom of the
static mixing vessel toward the whey protein solution already
flowing in the form of thin turbulent flow in a cylindrical
space due to high-speed rotation of the rotary blade, reaches
the inner surface of the porous cylinder of the rotary blade,
receives a centrifugal force generated by high-speed rotation
of the rotary blade, is discharged through a plurality of pores
penetrating the porous cylinder into the cylindrical space
between the outer surface of the porous cylinder of the rotary
blade and the inner surface of the static mixing vessel, and
flows in the form of thin turbulent flow in the cylindrical space
between the outer surface of the porous cylinder of the rotary
blade and the inner surface of the static mixing vessel due to
high-speed rotation of the rotary blade. In this way, the whey
protein solution continuously supplied is discharged into,
brought into contact with, mixed with, and then dispersed in
the whey protein solution already flowing in the form of thin
turbulent flow in the cylindrical space between the outer
surface of the porous cylinder of the rotary blade and the inner
surface of the static mixing vessel. The whey protein solution
which has reached the inner peripheral surface of the porous
cylinder of the rotary blade forms a thin layer on the inner
peripheral surface due to a centrifugal force and is discharged
through the pores penetrating the porous cylinder so that the
supply of the whey protein solution to the outer peripheral
surface of the porous cylinder of the rotary blade is continued
while the rotary blade continues to rotate at high speed. The
whey protein solution which keeps flowing in the form of thin
turbulent flow in the cylindrical space between the outer
surface (outer peripheral surface) of the porous cylinder of the
rotary blade and the inner surface (inner peripheral surface) of
the static mixing vessel due to a centrifugal force generated
by high-speed rotation of the rotary blade undergoes shearing
action due to the difference in rotation speed between the
inner surface of the static mixing vessel and the outer surface
of the porous cylinder of the rotary blade.

[0081] According to another preferred embodiment of the
present invention, the shearing step is performed in the fol-
lowing manner. The whey protein solution prepared accord-
ing to the present invention receives a centrifugal force gen-
erated by high-speed rotation of the rotary blade, is
discharged into the cylindrical space between the outer sur-
face of the porous cylinder of the rotary blade and the inner
surface of the static mixing vessel through the pores penetrat-
ing the porous cylinder, and is brought into contact with,
mixed with, and dispersed in the whey protein solution
already flowing in the form of thin turbulent flow in the
cylindrical space due to high-speed rotation of the rotary
blade. The whey protein solution which keeps flowing in the
form of thin turbulent flow in the cylindrical space between
the outer surface (outer peripheral surface) of the porous
cylinder of the rotary blade and the inner surface (inner
peripheral surface) of the static mixing vessel due to a cen-
trifugal force generated by high-speed rotation of the rotary
blade undergoes shearing action due to the difference in rota-
tion speed between the inner surface of the static mixing
vessel and the outer surface of the porous cylinder of the
rotary blade. The whey protein solution supplied from the
direction of the center of circle of the porous cylinder and
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continuously discharged through the pores penetrating the
porous cylinder receives a strong centrifugal force, and is
therefore sprayed into and mixed with the whey protein solu-
tion flowing in the form of thin turbulent flow in the cylindri-
cal space between the outer peripheral surface of the porous
cylinder of the rotary blade and the inner peripheral surface of
the static mixing vessel. At this time, the flows of the whey
protein solution flowing in different directions are brought
into contact and mixed with each other, which produces mix-
ing action. This effectively promotes the shearing action.
[0082] The shearing step of the method according to the
present invention may be performed by either of the above
shearing methods.

[0083] As described above, the whey protein solution sup-
plied from the direction of the center of circle of the porous
cylinder and continuously discharged through the pores pen-
etrating the porous cylinder receives a strong centrifugal
force, and is therefore sprayed into and mixed with the whey
protein solution flowing in the form of thin turbulent flow in
the cylindrical space between the outer peripheral surface of
the porous cylinder of the rotary blade and the inner periph-
eral surface of the static mixing vessel. At this time, the flows
of the whey protein solution flowing in different directions
are brought into contact and mixed with each other so that
turbulent flow occurs, which produces mixing action. This
effectively promotes the shearing action.

[0084] When the whey protein solution forming a thin layer
on the inner peripheral surface of the porous cylinder is dis-
charged onto the outer peripheral surface of the porous cyl-
inder through the pores penetrating the porous cylinder, the
same amount of the whey protein solution flowing in the form
of thin turbulent flow in the cylindrical space between the
outer surface (outer peripheral surface) of the porous cylinder
and the inner surface (inner peripheral surface) of the static
mixing vessel is again introduced into the inside of the porous
cylinder through the upper and lower ends of the porous
cylinder. Therefore, the whey protein solution discharged
through the pores penetrating the porous cylinder and the
whey protein solution flowing in the form of thin turbulent
flow in the cylindrical space between the outer surface (outer
peripheral surface) of the porous cylinder and the inner sur-
face (inner peripheral surface) of the static mixing vessel are
continuously brought into contact and mixed with each other
while the rotary blade continues to rotate at high speed. The
flow of the whey protein solution supplied through supply
tubes joins the flow of the whey protein solution again intro-
duced into the inside of the porous cylinder. Therefore, the
occurrence of turbulent flow which produces mixing action
and the promotion of the shearing action by the mixing action
continue while the rotary blade continues to rotate at high
speed.

[0085] After the shearing of the whey protein solution
starts, the temperature of the whey protein solution is elevated
to a target value and then maintained at a constant value. The
temperature at which the whey protein solution is maintained
can be adjusted by hot water or chilled water circulating in a
water jacket of the mixing vessel. After a lapse of a predeter-
mined holding time, the whey protein solution is rapidly
cooled by chilled water circulating in the shear apparatus,
discharged through a discharge port, and collected.

[0086] It is to be noted that in the present invention, the
shearing speed is a ratio of the velocity (V) of a mixing blade
in the tangential direction to the clearance (C) between the tip
of'the mixing blade and a cylinder wall in the shear apparatus
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that provides shearing action, and is a physical amount having
the dimension of 1/sec. Therefore, a smaller clearance and a
larger velocity of the mixing blade in the tangential direction
increase the shearing speed. The shearing speed can be deter-
mined by the following equation.

Shearing speed(s~)=V/C

[0087] The shearing temperature can be adjusted to any
value as long as it is 130° C. or less. However, in the present
invention, the shearing temperature is in the range of 76 to
120° C., preferably in the range of 80 to 120° C., particularly
preferably in the range of 85 to 120° C. to maintain the quality
of whey protein. Further, from the viewpoint of workability
under atmospheric pressure, the shearing temperature is in the
range of 76 to 100° C., preferably in the range of 80 to 100°
C., particularly preferably in the range of 85 to 100° C. By
selecting a higher shearing temperature, the present invention
can be appropriately carried out even when the holding time
is shorter. In a case where the shearing temperature is set to a
value within a range including 76° C. as the lowest tempera-
ture, the holding time is preferably 8 minutes (480 seconds) or
longer. In a case where the shearing temperature is set to a
value within a range including 80° C. as the lowest tempera-
ture, the holding time is preferably 1 minute (60 seconds) or
longer. In a case where the shearing temperature is set to a
value within a range including 85° C. as the lowest tempera-
ture, the holding time is preferably 0.1 second or longer.
According to a preferred embodiment of the present inven-
tion, when the shearing temperature is in the range of 80 to
120° C., the holding time can be set to a value in the range of
480 to 60 seconds. According to another preferred embodi-
ment of the present invention, when the shearing temperature
is in the range of 85 to 120° C., the holding time can be set to
a value in the range of 480 to 0.1 seconds. According to still
another preferred embodiment of the present invention, when
the shearing temperature is in the range of 80 to 100° C., the
holding time can be set to a value in the range of 480 to 60
seconds. According to yet another preferred embodiment of
the present invention, when the shearing temperature is in the
range of 85 to 100° C., the holding time can be set to a value
in the range of 480 to 0.1 seconds. According to a preferred
embodiment of the present invention, a combination of the
shearing temperature of 76° C. or higher but lower than 80° C.
and the holding time of 8 minutes or longer but 30 minutes or
shorter, a combination of the shearing temperature of 80° C.
or higher but lower than 85° C. and the holding time of 60
seconds or longer but shorter than 8 minutes, and a combina-
tion of the shearing temperature of 85° C. or higher but 120°
C. or lower and the holding time of 480 to 0.1 seconds can be
used.

<Shear Apparatus>

[0088] A shear apparatus used in the present invention
includes a cylindrical static mixing vessel, a rotary blade, and
a rotation axis. The rotation axis is provided in the static
mixing vessel so as to be concentric with the axis of the static
mixing vessel. The rotary blade includes a porous cylinder
provided on its outer peripheral side and has a diameter
slightly smaller than that of the static mixing vessel. The
porous cylinder is a cylindrical body having a plurality of
pores penetrating therethrough in a radial direction. The
rotary blade is attached to the rotation axis. The shear appa-
ratus shears a whey protein solution by allowing the whey
protein solution to flow in the form of thin turbulent flow
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along the inner surface of the static mixing vessel due to
high-speed rotation of the rotary blade. According to a pre-
ferred embodiment of the present invention, the inner periph-
eral surface of the static mixing vessel has surface irregulari-
ties. FIG. 1 is a schematic sectional view of one example of
the shear apparatus used in the present invention. A shear
apparatus 1 includes a cylindrical static mixing vessel 2, a
rotary blade 3, and supply tubes 4 and 5. The rotary blade 3
and the supply tubes 4 and 5 are provided inside the static
mixing vessel 2. The rotary blade 3 includes a rotation axis 3a,
an arm 3¢, and a porous cylinder 36. The arm 3¢ allows the
porous cylinder 354 to be rotatably integrated with the rotation
axis 3a. The porous cylinder 35 has a plurality of pores (not
shown) penetrating therethrough in a radial direction, and the
arm 3¢ has two or more interconnecting pores (not shown)
penetrating therethrough in the axial direction of the rotation
axis. The supply tubes 4 and 5 are arranged near the center of
the circular bottom of the static mixing vessel 2 to supply a
previously-prepared whey protein solution to the shear appa-
ratus 1. The whey protein solution supplied to the shear appa-
ratus 1 is radially dispersed from an area near the outlet ports
of'the supply tubes 4 and 5 toward the whey protein solution
already flowing in the form of thin turbulent flow in a cylin-
drical space due to high-speed rotation of the rotary blade 3,
reaches the inner surface of the porous cylinder 35, receives a
centrifugal force generated by high-speed rotation of the
rotary blade 3, is discharged through the pores penetrating the
porous cylinder 35 into the cylindrical space between the
outer surface of the porous cylinder 36 and the inner surface
of'the static mixing vessel 2, and then flows in the form of thin
turbulent flow in the cylindrical space due to high-speed
rotation of the rotary blade 3. In this way, the whey protein
solution continuously supplied is discharged into, brought
into contact with, mixed with, and then dispersed in the whey
protein solution already flowing in the form of thin turbulent
flow in the cylindrical space. The whey protein solution
which keeps flowing in the form of thin turbulent flow in the
cylindrical space between the outer surface (outer peripheral
surface) of the porous cylinder 36 and the inner surface (inner
peripheral surface) of the static mixing vessel 2 due to a
centrifugal force generated by high-speed rotation of the
rotary blade 3 undergoes shearing action due to the difference
in rotation speed between the inner surface of the static mix-
ing vessel 2 and the outer surface of the porous cylinder 35.
The whey protein solution supplied from the direction of the
center of circle of the porous cylinder 36 and continuously
discharged through the pores penetrating the porous cylinder
3breceives a strong centrifugal force, and is therefore radially
sprayed into and mixed with the whey protein solution flow-
ing in the form of thin turbulent flow in the cylindrical space
between the outer peripheral surface of the porous cylinder 35
and the inner peripheral surface of the static mixing vessel 2.
Atthis time, the flows of the whey protein solution flowing in
different directions are brought into contact and mixed with
each other so that turbulent flow occurs, which produces
mixing action. This effectively promotes the shearing action.
When the whey protein solution forming a thin layer on the
inner peripheral surface of the porous cylinder 35 is dis-
charged onto the outer peripheral surface of the porous cyl-
inder 35 through the pores penetrating the porous cylinder 35,
the same amount of the whey protein solution is introduced
from the cylindrical space between the outer surface (outer
peripheral surface) of the porous cylinder 35 and the inner
surface (inner peripheral surface) of the static mixing vessel 2
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and/or from the supply tubes 4 and 5. Therefore, the whey
protein solution discharged through the pores penetrating the
porous cylinder 35 and the whey protein solution flowing in
the form of thin turbulent flow in the cylindrical space
between the outer surface of the porous cylinder 35 and the
inner surface of the static mixing vessel 2 are continuously
brought into contact and mixed with each other while the
rotary blade 3 continues to rotate at high speed. Therefore, the
occurrence of turbulent flow which produces mixing action
and the promotion of the shearing action by the mixing action
continue while the rotary blade 3 continues to rotate at high
speed. According to a preferred embodiment of the present
invention, the static mixing vessel 2 includes a temperature
control device (not shown) such as a water jacket capable of
circulating water having a desired temperature. According to
a preferred embodiment of the present invention, the shear
apparatus 1 includes a discharge tube (not shown) for dis-
charging a better denatured whey protein solution. According
to a preferred embodiment of the present invention, the shear
apparatus 1 includes a sheathing board (not shown) inside the
static mixing vessel 2. This sheathing board (not shown) is
provided along the inner surface of the static mixing vessel 2
and is located at a position higher than the upper end of the
porous cylinder 35, and is an annular ring-shaped sheathing
board extending from the inner surface of the static mixing
vessel 2 to an area near the rotation axis 3¢ in a direction
toward the center of circle of the cylindrical static mixing
vessel 2. The sheathing board prevents the whey protein solu-
tion flowing in the form of thin turbulent flow in the cylindri-
cal space from reaching an undesired high level at the inner
surface of the static mixing vessel 2 or guides the whey
protein solution flowing over the sheathing board into the
discharge tube (not shown) so that the better denatured whey
protein solution having been subjected to shearing can be
continuously discharged through the discharge tube.

[0089] According to a preferred embodiment of the present
invention, the static mixing vessel is equipped with a water
jacket on its outside so that the temperature of a liquid to be
treated can be adjusted by cooling or heating it by supplying
cooling water or hot water to the water jacket.

[0090] According to a preferred embodiment of the present
invention, a series of flow channels for delivering a sample
liquid including the liquid outlet and inlet ports of the static
mixing vessel can create a closed system and is provided with
apressure pump and a pressure valve. The pressure inside the
closed system can be set to any value by operating the pres-
sure pump and the pressure valve. The pressure pump is used
as a pressurizing pump to heat a sample liquid to 100° C. or
higher or to prevent boiling of a sample liquid when the
sample liquid is heated to a temperature around 100° C. By
operating the pressure pump, the temperature of a liquid to be
treated can be increased to 130° C.

[0091] When a liquid to be treated is sheared by the shear
apparatus, heat is generated by the friction between the rotary
blade and the liquid to be treated. Therefore, when a shearing
force larger than 10,000 s~! is applied, a whey protein solu-
tion can be heated by using heat generated by friction. Heat
generated by energy created during the shearing step is
referred to as “shear heat”.

[0092] As an apparatus to be used in the mixing step of the
method according to the present invention, “FILMICS (reg-
istered trademark) FM-80-50" (manufactured by Primix Cor-
poration) can be mentioned by way of example. More spe-
cifically, a high-speed mixing device disclosed in Japanese

Jan. 6, 2011

Patent Application Laid-Open No. 2007-125454, particularly
a device shown in FIGS. 1 and 2 in JP-A No. 2007-125454
can be mentioned by way of example. However, the shear
apparatus is not limited thereto, and any apparatus can be
used as long as a similar shearing effect can be obtained.

<Heat Stability of Whey Protein>

[0093] Better denatured whey protein obtained by the
method according to the present invention has properties such
that aggregation, gelation, or precipitation of whey protein is
not caused by reheating at a temperature higher than the
denaturation temperature of whey protein, that is, better dena-
tured whey protein obtained by the method according to the
present invention has good heat stability. Therefore, the better
denatured whey protein is suitable for use as a raw material of
foods and beverages whose production process involves heat
sterilization.

[0094] Here, the phrase “aggregation, gelation, or precipi-
tation of whey protein is not caused by reheating” means that
aggregation of particles of whey protein is not caused by a
heating test (heating at 85° C. for 10 minutes) simulating heat
sterilization in food production and an average particle size of
the particles is kept within the range of 0.3 to 13.8 um even
after the heating test and that the texture (e.g., graininess,
dustiness, thickness) and appearance (e.g., gelation, aggrega-
tion) of the whey protein are evaluated as good in a sensory
evaluation test performed after the heating test (i.e., the tex-
ture and appearance of the whey protein are kept good).
[0095] Itistobenoted that the heat stability of whey protein
defined in the present invention can be evaluated in the fol-
lowing manner. A whey protein-containing sample is dis-
solved to prepare a sample solution containing the whey
protein-containing sample as solid matter in an amount of
12.5% by mass, the sample solution is subjected to heat
treatment at 85° C. for 10 minutes, and then the heat-treated
sample solution is subjected to a sensory evaluation test and a
measurement of an average particle size.

<Sensory Evaluation Test>

[0096] In the present invention, the sensory evaluation test
is performed by 5 to 10 panelists in the following manner. As
described above, a whey protein-containing sample is dis-
solved to prepare a sample solution containing the whey
protein-containing sample as solid matter in an amount of
12.5% by mass, the sample solution is subjected to heat
treatment at 85° C. for 10 minutes, and the heat-treated
sample solution is subjected to a taste test and an appearance
test. More specifically, the texture (e.g., graininess, dustiness,
thickness) and appearance (e.g., gelation, aggregation) of the
sample solution are each evaluated by assigning a score rang-
ing from 0 (lowest score) to 3 (highest score) with increments
of'1 and an average score of the panelists is calculated. When
the calculated average score A is higher than 2 but 3 or lower
(i.e., 2<A=3), the result of the sensory evaluation test is
defined as “good”, when the calculated average score A is
higher than 1 but 2 or lower (i.e., 1<A=2), the result of the
sensory evaluation test is defined as “slightly good”, and
when the calculated average score A is O or higher but 1 or
lower (i.e., 0=A=1), the result of the sensory evaluation test
is defined as “bad”. When the result of the sensory evaluation
test is “good”, the heat stability of the whey protein-contain-
ing sample can be evaluated as “good”, when the result of the
sensory evaluation test is “slightly good”, the heat stability of
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the whey protein-containing sample can be evaluated as
“slightly good”, and when the result of the sensory evaluation
test is “bad”, the heat stability of the whey protein-containing
sample can be evaluated as “bad”.

<Average Particle Size>

[0097] In the present invention, the average particle size of
whey protein particles can be measured in the following man-
ner. First, as described above, a whey protein-containing
sample is dissolved to prepare a sample solution containing
the whey protein-containing sample as solid matter in an
amount of 12.5% by mass, and then the sample solution is
subjected to heat treatment at 85° C. for 10 minutes. Then, the
heat-treated sample solution is analyzed by, for example, a
laser diffraction particle size distribution analyzer to deter-
mine the average particle size of whey protein particles.
[0098] The relationship between the heat stability of whey
protein evaluated by the sensory evaluation test and the physi-
cal properties of the whey protein will be described below as
a reference example.

Reference Example

[0099] A sample containing whey protein was dissolved to
prepare a sample solution containing the sample as solid
matter in an amount of 12.5% by mass, the sample solution
was subjected to heat treatment at 85° C. for 10 minutes, and
then the heat-treated sample solution was subjected to the
sensory evaluation test. Further, the average particle size of
whey protein particles contained in the heat-treated sample
solution was measured as a physical property of the heat-
treated whey protein to determine the relationship between
the result of the sensory evaluation test and the average par-
ticle size of the whey protein particles.

[0100] It is to be noted that in the present invention, the
average particle size (i.e., particle size at 50% cumulative
distribution) of whey protein particles contained in a heat-
treated sample solution was measured using a laser diffrac-
tion particle size distribution analyzer (manufactured by
Horiba, Ltd. under the trade name of “L.A-500"") under con-
ditions where a circulation flow rate was set to level 2 and a
mixing speed was set to level 2.

[0101] As a result, as can be seen from Table 1, when the
average particle size of the heat-treated whey protein is less
than 13.9 pum, the result of the sensory evaluation test is
“good”, and particularly, when the average particle size of the
heat-treated whey protein is 0.3 to 13.8 pum, the whey protein
has good texture and appearance.

[0102] This result means that when the average particle size
of the heat-treated whey protein is less than 13.9 um, particu-
larly in the range of 0.3 to 13.8 um, the heat stability of the
whey protein can be evaluated as “good”. Therefore, when the
average particle size of whey protein produced by the method
according to the present invention is in the range 0£ 0.3 to 13.8
um, it can be judged that the whey protein is better denatured
whey protein. Further, such better denatured whey protein
can be defined as whey protein having a very fine particle size
having good effect on its taste and appearance.

TABLE 1

Average particle size of whey protein (um) Sensory evaluation

0.6 Good
1.1 Good
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TABLE 1-continued

Average particle size of whey protein (um) Sensory evaluation

13.4 Good
13.9 Slightly good
65.0 Bad
112.7 Bad

[0103] Hereinafter, the above-described sensory evaluation
test and test for the measurement of the average particle size
performed to evaluate the heat stability of whey protein in the
present invention will be sometimes simply referred to as
“heating test”.

<Foods etc. Containing Better Denatured Whey Protein>
[0104] The better denatured whey protein obtained by the
method according to the present invention can be used as a
raw material of foods whose feeling on the tongue or feeling
in the throat when swallowing is regarded as important. More
specifically, the better denatured whey protein obtained by
the method according to the present invention is suitable for
use as a raw material of food groups such as jellies, puddings,
ice creams, drinkable yogurts, juice beverages, milk bever-
ages, processed milk, coffee beverages, sports drinks, soups,
baked foods, powdered milk, modified powdered milk for
infants, and liquid diets.

[0105] It is to be noted that the better denatured whey
protein obtained by the method according to the present
invention is suitable for use not only in the above-mentioned
food groups but also in shampoos, hair conditioners, and
cosmetics such as creams and emulsions.

[0106] The particles of the better denatured whey protein
according to a preferred embodiment of the present invention
have micro projections on their surface. The micro projec-
tions can be observed using a scanning probe microscope.
The number of the micro projections present on the particle
surface in a range of 5 umxS5 pm is preferably 100 to 100,000.
Further, the diameter of the micro projections is preferably in
the range of 10 to 200 um. Further, the height (largest point)
of'the micro projections is preferably in the range of 10to 500
um. It can be supposed that the presence of such micro pro-
jections contributes to the properties of the better denatured
whey protein according to the present invention such that
aggregation, gelation, or precipitation is not caused by reheat-
ing at a temperature higher than the denaturation temperature
of whey protein simulating heat sterilization in food produc-
tion and its texture is kept good (i.e., free from graininess,
dustiness, and unpleasant thickness) even after the reheating.

EXAMPLES

[0107] Hereinbelow, the present invention will be
described in more detail with reference to the following
examples, but is not limited thereto.

Example 1
Production Method

[0108] WPC 35 (manufactured by Milei GmbH in Ger-
many under the trade name of “Milei 35”) and WPC 60
(manufactured by Milei GmbH in Germany under the trade
name of “Milei 60”) were mixed in a ratio of 1:1 to prepare
whey protein (hereinafter, also referred to as “equivalent of
WPC 507), and the whey protein was dissolved in water at
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room temperature to prepare a whey protein solution with a
solid content of 12.5% by mass (whey protein content: 10%
by mass). Then, the whey protein solution was placed in a
shear apparatus “Filmics FM-80-50”. The shearing speed of
the shear apparatus was set to 25,000 s~ and shearing was
started. Preliminary heating was performed until the tempera-
ture of the whey protein solution reached 85° C. (temperature
rising step). After the temperature of the whey protein solu-
tion reached 85° C., the apparatus was operated at 85° C. for
1 minute and then shearing was completed. After the comple-
tion of shearing, a mixing vessel was cooled by circulating
chilled water in a water jacket provided outside the mixing
vessel, and then the whey protein solution was discharged
from the shear apparatus and collected. It is to be noted that in
the shearing step, the holding time at 85° C. was 0.1 second
(heating holding step).

[0109] Then, the whey protein subjected to such shear treat-
ment was heat-treated at 85° C. for 10 minutes, and the
heating test including a measurement of an average particle
size and a sensory evaluation was performed on the heat-
treated whey protein. As a result, the average particle size of
the whey protein was 1.21 um, and the whey protein solution
was free from graininess and had good texture. From the
result, it was confirmed that the whey protein had improved
heat stability.

[0110] Itis to be noted that the average particle size of the
whey protein contained in the whey protein solution mea-
sured after the completion of the shear treatment was 0.89 um.

Example 2

[0111] Whey protein was denatured in the same manner as
in Example 1 to obtain better denatured whey protein, and
then corn soup containing the better denatured whey protein
was produced by blending raw materials in a blend ratio
shown in Table 2. It is to be noted that the better denatured
whey protein was a spray-dried product of better denatured
WPC 80 (solid content: 97%) obtained by denaturing WPC
80 (manufactured by Milei GmbH in Germany under the
trade name of “Milei 80”) by the denaturation method accord-
ing to the present invention and then by spray drying the better
denatured WPC 80 .

[0112] (Production Method)

[0113] First, butter was added to water (as a solvent) and
heated to 50° C. Then, the spray-dried product of better dena-
tured WPC 80 and other raw materials (i.e., powdered
skimmed milk, corn puree, chicken extract, vegetable extract,
salt, and glycerin fatty acid ester) were added thereto. These
raw materials were dispersed and dissolved in the water con-
taining butter by mixing them using a homomixer (manufac-
tured by Primix Corporation) at 8,000 rpm for 3 minutes.
Then, the thus obtained mixture was sterilized by heating at
110° C. for 2 seconds. Then, the mixture was homogenized by
a homogenizer (manufactured by Sanmaru Machinery Co.,
Ltd.) at 12 MPa and was then cooled to 10° C. to produce corn
soup.

[0114] The thus produced corn soup was free from aggre-
gation or gelation of whey protein and therefore had good
appearance and taste.

TABLE 2

Raw Materials Manufacturers Blend ratio (%)

Spray-dried product of better — 4
denatured WPC 80
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TABLE 2-continued

Raw Materials Manufacturers Blend ratio (%)

Powdered skim milk Morinaga Milk Industry 2
Co., Ltd.

Corn puree Shin-Shin Foods 20
Co., Ltd.

Salt-free butter Morinaga Milk Industry 4
Co., Ltd.

Chicken extract Tokai Bussan Co., Ltd. 1.2

Vegetable extract Tokai Bussan Co., Ltd. 0.5

Salt The salt Industry 0.3

Center of Japan

Glycerin fatty acid ester San-Ei Gen F.E.L, Inc. 0.1

Water (as a solvent) — 67.9

Total 100

Example 3

[0115] Whey protein was denatured in the same manner as
in Example 1 to obtain better denatured whey protein, and
then ice cream containing the better denatured whey protein
was produced by blending raw materials in a blend ratio
shown in Table 3. It is to be noted that the better denatured
whey protein was a spray-dried product of better denatured
WPC 35 (solid content: 97%) obtained by denaturing WPC
35 (manufactured by Milei GmbH in Germany under the
trade name of “Milei 35”) by the denaturation method accord-
ing to the present invention and then by spray drying the better
denatured WPC 35.

[0116] (Production Method)

[0117] The spray-dried product of better denatured WPC
35 (solid content: 97%) and other raw materials (i.e., sweet-
ened condensed skim milk, salt-free butter, granulated sugar,
corn syrup solid, glycerin fatty acid ester, guar gum, and
carrageenan) were added to water (as a solvent) heated to 50°
C., and were then dispersed and dissolved in the water by
mixing them using a homomixer (manufactured by Primix
Corporation) at 8,000 rpm for 2 minutes to obtain a mixture.
[0118] Then, the mixture was homogenized by a homog-
enizer (manufactured by Sanmaru Machinery Co., Ltd.) at 12
MPa, sterilized by heating at 85° C. for 10 seconds, and
cooled to 10° C. to prepare an ice cream mix.

[0119] The ice cream mix was frozen using an ice cream
freezer (manufactured by CARPIGIANI under the trade
name of “L, 12/C”) to achieve an overrun of 30%. In this way,
ice cream was produced.

[0120] Theice cream produced in Example 3 was free from
graininess and had smooth texture and good taste.
TABLE 3
Blend Ratio

Raw Materials Manufacturers (%)
Spray-dried product of better — 6
denatured WPC 35
Sweetened condensed skim milk ~ Morinaga Milk Industry 4

Co., Ltd.
Salt-free butter Morinaga Milk Industry 10

Co., Ltd.
Granulated sugar Dai-Nippon Meiji Sugar 10

Co., Ltd.
Corn syrup solid Showa Sangyo Co., Ltd. 8
Glycerin fatty acid ester San-Fi Gen F.EIL, Inc. 0.4
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TABLE 3-continued

Blend Ratio
Raw Materials Manufacturers (%)
Guar gum San-Fi Gen EF.I, Inc. 0.04
Carrageenan San-Fi Gen EF.I, Inc. 0.01
Water (as a solvent) — 61.55
Total 100
[0121] Hereinbelow, the present invention will be

described in detail with reference to the following test
examples.

Test Example 1

[0122] Test Example 1 was performed to compare the
results of the test for the measurement of the average particle
size and the sensory evaluation test performed after the heat-
ing test between whey protein denatured by the method
according to the present invention and whey protein subjected
to shear treatment by a conventional method.

[0123] (1) Preparation of Samples

[0124] Better denatured whey protein (equivalent of better
denatured WPC 50) prepared in the same manner as in
Example 1 was used as a test sample 1.

[0125] “Simplesse 100” (manufactured by CP Kelco, whey
protein content: about 50%) which is whey protein subjected
to shear treatment described in the above-mentioned Patent
Document 3 (Japanese Patent No. 3798249) was used as a
control sample 1.

[0126] Further, whey protein treated by a method described
in Japanese Patent Application Laid-Open No. 2003-535609
was used as a control sample 2. The control sample 2 was
prepared in the following manner. Whey protein “Simplesse
100” (control sample 1) was dissolved in water at room tem-
perature to prepare a 20% (by mass) solution. The solution
was heat treated at 77° C. for 30 minutes while being sheared
using a T.K. Homomixer Mark II (manufactured by Primix
Corporation) at a shearing speed of 10,000 s™*. After the
completion of heat treatment, the solution was cooled to room
temperature and was then homogenized using a homogenizer
(manufactured by APV) at 50 MPa (single stage) three times
to prepare a control sample 2.

[0127] Further, whey protein (the equivalent of WPC 50
used in Example 1) not subjected to denaturation treatment at
all was used as a negative sample 1.

[0128] It is to be noted that the whey protein content of
“Simplesse 100" used for preparing the control samples 1 and
2 was the same as that of the equivalent of WPC 50, and the
composition of “Simplesse 100” was substantially the same
as that of the test sample 1.

[0129] (2) Test Method

[0130] Theheatingtest (i.e., the sensory evaluation test and
the test for measurement of average particle size) was per-
formed on each of the samples.

[0131] More specifically, the sensory evaluation test was
performed by 5 to 10 panelists in the following manner. First,
each of the samples was dissolved to prepare a sample solu-
tion with a solid content of 12.5% by mass, and then the
sample solution was heat treated at 85° C. for 10 minutes.
Then, the texture (e.g., graininess, dustiness, thickness) and
appearance (e.g., gelation, aggregation) of the sample solu-
tion were each evaluated by assigning a score ranging from 0
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(lowest score) to 3 (highest score) with increments of 1 and an
average score of the panelists was calculated. When the cal-
culated average score A was higher than 2 but 3 or lower (i.e.,
2<A=3), the result of the sensory evaluation test was defined
as “good”. When the calculated average score A was higher
than 1 but 2 or lower (i.e., 1<A=2), the result of the sensory
evaluation test was defined as “slightly good”. When the
calculated average score A was 0 or higher but 1 or lower (i.e.,
0=A=1), the result of the sensory evaluation test was defined
as “bad”.

[0132] Further, the test for measurement of average particle
size was performed by measuring the average particle size
(i.e., particle size at 50% cumulative distribution) of whey
protein particles contained in the heat-treated sample solution
with the use of a laser diffraction particle size distribution
analyzer (manufactured by Horiba, Ltd. under the trade name
of “LLA-500") under conditions where a circulation flow rate
was set to level 2 and a mixing speed was set to level 2.
[0133] (3) Test Results

[0134] The results of Test Example 1, that is, the results of
the test for the measurement of the average particle size and
the sensory evaluation test performed on each of the samples
after the heating test are shown in Table 4.

[0135] As canbe seen from Table 4, the texture and appear-
ance of the test sample 1, which is whey protein denatured by
the method according to the present invention, were evaluated
as “good” in the sensory evaluation test performed after the
heating test (heat treatment at 85° C. for 10 minutes). Further,
the average particle size of the test sample 1 was 1.21 pm.
From the result, it was found that the test sample 1 kept its
very fine particle size having good effect on its taste and
appearance even after the heating test. As a result, the heat
stability of the test sample 1 was evaluated as good.

[0136] However, the average particle size of each of the
control samples 1 and 2 as measured after the heating test was
larger than that of the test sample 1 (control sample 1: 94.02
um, control sample 2: 15.03 um). Further, the control sample
1 and the control sample 2 were evaluated as bad in the
sensory evaluation test, because aggregation of whey protein
particles was observed and they had excessive thickness. As a
result, the heat stability of both the control sample 1 and the
control sample 2 was comprehensively evaluated as bad (x).
[0137] It is to be noted that in the case of the negative
sample 1, gelation of whey protein was caused by the heating
test, and therefore the measurement of the average particle
size could not be performed. Further, the result of the sensory
evaluation test was also bad.

TABLE 4
Samples Average Particle Size (um)  Sensory Evaluation
Test sample 1 1.21 Good
Control sample 1 94.02 Bad
Control sample 1 15.03 Bad
Negative sample 1 Gelled Bad

[0138] (4) Consideration

[0139] The solution of the better denatured whey protein
used as the test sample 1 was spray-dried using a Niro dryer
(manufactured by NIRO) to obtain a spray-dried product.
Then, a solution containing the spray-dried product as solid
matter in an amount of 12.5% by mass was prepared, and the
solution was subjected to the heating test. As a result, the
average particle size of whey protein particles contained in
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the solution was hardly changed, and the result of the sensory
evaluation test was also good. From the result, it has been
confirmed that vacuum concentration or spray drying does
not cause adverse effect on (or change in) the heat stability of
whey protein when performed under the conditions of Test
Example 1.

Test Example 2

[0140] Test Example 2 was performed to examine the heat
stability of whey protein raw materials different in whey
protein concentration subjected to the shear treatment and
heat treatment described in Example 1.

[0141] (1) Preparation of Samples

[0142] Better denatured whey protein (equivalent of better
denatured WPC 50) prepared in the same manner as in
Example 1 was used as a test sample 1.

[0143] Better denatured whey protein prepared in the same
manner as in Example 1 except that WPC 80 (whey protein
content: 80% by mass) was used as a whey protein raw
material was used as a test sample 2. Better denatured whey
protein prepared in the same manner as in Example 1 except
that WPC 35 (whey protein content: 35% by mass) was used
as a whey protein raw material was used as a test sample 3.
[0144] (2) Test Method

[0145] Each ofthe samples was subjected to the heating test
in the same manner as in Test Example 1.

[0146] (3) Test Results

[0147] The results of Test Example 2, that is, the results of
the test for the measurement of the average particle size and
the sensory evaluation test performed on each of the samples
after the heating test are shown in Table 5.

[0148] As can be seen from the results shown in Table 5, in
all the cases of the test samples 1 to 3 using the whey protein
raw materials (powder) whose whey protein contents were
35, 50, and 80% by mass, the better denatured whey protein
prepared by the method according to the present invention
kept its very fine average particle size having good effect on
its taste and appearance and the result of the sensory evalua-
tion test was also good. From the result, it was found that the
all the test samples 1 to 3 had improved (good) heat stability.

TABLE 5
Samples Average Particle Size (um) Sensory Evaluation
Test sample 1 1.21 Good
Test sample 2 1.07 Good
Test sample 3 2.03 Good
Test Example 3
[0149] Test Example 3 was performed to examine the effect

of protein concentration of a whey protein solution subjected
to shear treatment and heat treatment on heat stability of whey
protein.

[0150] (1) Preparation of Samples

[0151] A sample using WPC 80 (manufactured by Milei
GmbH in Germany) with a high protein content as a whey
protein raw material was prepared.

[0152] (2) Test Method

[0153] As samples to be subjected to shear treatment and
heat treatment, whey protein solutions with a protein content
of 5 to 20% by mass were prepared. Better denatured whey
proteins were prepared using these whey protein solutions in
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the same manner as in Example 1 except that the shearing
speed was set to 25,000 s~*, the heating temperature in the
final heating step was set to 85° C., and the heating holding
time in the final holding step was set to 30 seconds, and were
then subjected to the heating test in the same manner as in Test

Example 1.
[0154] (3) Test Results
[0155] The results of Test Example 3, that is, the results of

the test for the measurement of the average particle size and
the sensory evaluation test performed on each of the samples
after the heating test are shown in Table 6.

[0156] As can be seen from the results shown in Table 6, in
all the cases where the protein concentration of the whey
protein solution was in the range of 5 to 18% by mass, the
average particle size of the better denatured whey protein was
not widely changed even after the heating test and the better
denatured whey protein kept its very small particle size hav-
ing good effect on its taste and appearance, and the taste of the
better denatured whey protein was evaluated as good in the
sensory evaluation test. From the results, the heat stability of
the better denatured whey protein was comprehensively
evaluated as good.

[0157] On the other hand, in a case where the protein con-
centration of the whey protein solution was 20% by mass,
gelation of whey protein occurred just after the completion of
denaturation process, and therefore the measurement of the
average particle size could not be performed after the heating
test. Further, the result of the sensory evaluation test was also
bad.

TABLE 6
Protein concentration Average Particle Size Sensory
(% by mass ) (nm) Evaluation

5 9.28 Good
10 1.23 Good
12 1.10 Good
14 1.26 Good
16 1.91 Good
18 4.02 Good
20 -(Gelled) Bad

Test Example 4
[0158] Test Example 4 was performed to examine the effect

of a shearing speed in the step of heating and shearing whey
protein on the heat stability of the whey protein.

[0159] (1) Preparation of Samples

[0160] A sample using WPC 80 (manufactured by Milei
GmbH in Germany) with a high protein content as a whey
protein raw material was prepared.

[0161] (2) Test Method

[0162] Better denatured whey proteins were prepared in the
same manner as in Example 1 except that the shearing speed
was changed to a value within the range of 3,000 to 25,000
s~!, and were then subjected to the heating test in the same
manner as in Test Example 1.

[0163] (3) Test Results

[0164] The results of Test Example 4, that is, the results of
the test for the measurement of the average particle size and
the sensory evaluation test performed on each of the samples
after the heating test are shown in Table 7.

[0165] As canbe seen from the results shown in Table 7, in
all the cases where the shearing speed was in the range of
5,000 to 25,000 s7*, the average particle size of the better
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denatured whey protein was not widely changed even after
the heating test and the better denatured whey protein kept its
very fine particle size having good effect on its taste and
appearance, and the taste of the better denatured whey protein
was evaluated as good in the sensory evaluation test. On the
other hand, in a case where the shearing speed was 3,000 57,
gelation of whey protein occurred just after shearing, and
therefore the measurement of the average particle size could
not be performed after the heating test. Further, the result of
the sensory evaluation test was also bad.

[0166] From the results, it has been found that the shearing
speed is preferably in the range of 5,000 to 25,000 s™*, but is
more preferably in the range of 10,000 to 25,000 s™* because
heating can be achieved only by shear heat.

TABLE 7

Shearing speed(s™!)  Average Particle Size (um) Sensory Evaluation

25,000 0.80 Good

15,000 0.79 Good

10,000 0.82 Good

7,500 0.88 Good

5,000 1.04 Good

3,000 -(Gelled) Bad
Test Example 5

[0167] TestExample 5 was performed to examine the effect
of'heating temperature and heating holding time in the step of
heating and shearing whey protein on the heat stability of the
whey protein.

[0168] (1) Preparation of Samples

[0169] A sample using WPC 80 (manufactured by Milei
GmbH in Germany) with a high protein content as a whey
protein raw material was prepared.

[0170] (2) Test Method

[0171] Better denatured whey proteins were prepared in the
same manner as in Example 1 except that the shearing speed
was changed to 15,000 s™*, the heating temperature in the
final heating step was changed to 74 to 120° C., and the
heating holding time was changed to 0.1 to 3,600 seconds (60
minutes), and were then subjected to the heating test in the
same manner as in Test Example 1.

[0172] (3) Test Results

[0173] The results of Test Example 5, that is, the results of
the test for the measurement of the average particle size and
the sensory evaluation test performed on each of the samples
after the heating test are shown in Table 8.

[0174] As aresult, in a case where the heating temperature
was set to 85° C. and the heating holding time was set to 0.1
second, the average particle size of the better denatured whey
protein was not widely changed even after the heating test and
the taste of the better denatured whey protein was evaluated as
good in the sensory evaluation test. From the results, the heat
stability of the better denatured whey protein was compre-
hensively evaluated as good. Also in a case where the heating
temperature was set to any one 095, 110, and 120° C. and the
heating holding time was set to 0.1 second, the result of the
heating test was good.

[0175] From the results, it has been found that, even when
the heating holding time is 0.1 second, the present invention
can be applied to better denaturation of whey protein as long
as the heating temperature is set to 85° C. or higher.
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[0176] Further, also in a case where the heating temperature
was set to 80° C. and the heating holding time was set to 60
seconds, the average particle size and the taste of the better
denatured whey protein were both evaluated as good after the
heating test. However, in a case where the heating holding
time was reduced to 0.1 second while the heating temperature
was kept at 80° C., aggregation of whey protein was observed
in the sensory evaluation test performed after the heating test.
From the results, it has been found that in a case where the
heating temperature is set to 80° C., the present invention can
be applied to better denaturation of whey protein as long as
the heating holding time is at least 60 seconds.

[0177] In a case where the heating temperature was set to
76° C. and the heating holding time was set to 480 seconds,
the results of both the test for the measurement of the average
particle size and the sensory evaluation test performed after
the heating test were good. However, in a case where the
heating holding time was reduced to 420 seconds, the average
particle size of the better denatured whey protein was
increased after the heating test, and the result of the sensory
evaluation test was also bad.

[0178] In a case where the heating temperature was set to
74° C. and the heating holding time was set to 3,600 seconds
(60 minutes), gelation of whey protein was caused by the
heating test and the result of the sensory evaluation test was
also bad.

[0179] From the results, it has been found that in the final
heating step of the denaturation method according to the
present invention, a whey protein solution is preferably
heated to any temperature within the range of 76 to 120° C.
and then kept at the temperature for 8 minutes to 0.1 second.
In order to efficiently treat a whey protein solution in a short
period of time, the whey protein solution is preferably heated
to a temperature of 85 to 120° C. and then kept at the tem-
perature for 0.1 second.

TABLE 8

Results of heating test

Conditions of heat treatment Average Particle Sensory
Temperature(° C.)  Time (second) Size (um) Evaluation
74 3600 Gelled Bad
76 420 68.78 Bad
76 480 4.14 Good
80 0.1 Aggregated Bad
80 60 0.97 Good
85 0.1 1.07 Good
95 0.1 0.94 Good
110 0.1 0.79 Good
120 0.1 1.41 Good
Test Example 6

[0180] Test Example 6 was performed to compare the sur-
face profile of particles between a dry product of better dena-
tured whey protein obtained by the denaturation method
according to the present invention and a dry product of con-
ventional whey protein.

[0181] (1) Preparation of Samples

[0182] A dry product of a better denatured whey protein
solution (equivalent of denatured WPC 50) prepared in the
same manner as in Example 1 was used as a test sample 1.
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[0183] A powder of Simplesse 100 (manufactured by CP
Kelco, whey protein content: about 50%) was used as a con-
trol sample 1.

[0184] A solution containing the whey protein powder mix-
ture (whey protein content: about 50%) described in Example
1 as solid matter in an amount of 6% by mass was heat-treated
at 85° C. for 360 seconds and then homogenized using a
high-pressure homogenizer (manufactured by APV) at 100
MPa to obtain a homogenate. The spray-dried homogenate
was used as a control sample 2.

[0185] (2) Test Method

[0186] Each of the samples was observed with a scanning
probe microscope under the following conditions.

[0187] Apparatus: SFT-3500 (manufactured by Shimadzu
Corporation)

[0188] Operation mode: Dynamic mode

[0189] Cantilever: OMCL-AC240TS

[0190] Scanning range: 5 133 5 um

[0191] (3) Test Results

[0192] In Test Example 6, the measurement area was 5

umx5 pum. The image of the test sample 1 is shown in FIG. 2
and the images of the control samples 1 and 2 are shown in
FIG. 3.

[0193] As can be seen from the image shown in FIG. 2,
about 150 micro projections having a diameter of 200 nm or
less and a height of 500 nm or less were observed on the
particle surface of the test sample 1. On the other hand, as can
beseen from FIG. 3, the micro projections observed in the test
sample 1 were not observed in the control samples 1 and 2.
From the result, it has been confirmed that the control samples
1 and 2 are different from the better denatured whey protein
according to the present invention in particle surface profile.
[0194] Itis supposed that the presence of the micro projec-
tions on the particle surface of the better denatured whey
protein according to the present invention contributes to the
properties of the better denatured whey protein such that it
does not undergo aggregation, gelation, or precipitation by
reheating at a temperature higher than the denaturation tem-
perature of whey protein simulating heat sterilization in food
production and keeps good texture (i.e., free from graininess,
dustiness, excessive thickness) even after the reheating.

INDUSTRIAL APPLICABILITY

[0195] Better denatured whey protein obtained by the dena-
turation method according to the present invention has sig-
nificantly improved heat stability as compared to conven-
tional whey protein, and therefore does not undergo an
increase in viscosity, gelation, or aggregation even when sub-
jected to high-temperature sterilization or the like. Such bet-
ter denatured whey protein is suitable for use as a raw material
of'various products, such as foods and beverages and cosmet-
ics, whose production process involves heat treatment. The
better denatured whey protein according to the present inven-
tion can be directly used in the form of solution, but if nec-
essary, may be concentrated to obtain a concentrate. Further,
the concentrate may be dried to obtain powder. Therefore, the
better denatured whey protein according to the present inven-
tion can be stored for a long period of time and transported
over a long distance.

1. A method of denaturing whey protein to produce better
denatured whey protein, the method comprising the steps of:

1) preparing a whey protein solution from whey protein;

and
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2A) allowing the whey protein solution to be continuously

brought into contact and mixed with a whey protein

solution flowing in a form of thin turbulent flow between
two concentric cylinders while the mixed whey protein
solution flowing in the form of thin turbulent flow

between the two concentric cylinders is sheared at a

shearing speed of 5,000 s~ to 25,000 s~ at a tempera-

ture in a range of 76 to 120° C. for 8 minutes to 0.1

second.

2. The method according to claim 1, further comprising:

using an apparatus including:

a cylindrical static mixing vessel;

a rotation axis provided in the static mixing vessel so as
to be concentric with an axis of the static mixing
vessel; and

arotary blade which has a diameter slightly smaller than
that of the static mixing vessel, which is attached to
the rotation axis, and which includes a porous cylin-
der provided on its outer peripheral side and having a
plurality of pores penetrating therethrough in a radial
direction,

wherein the contact and mixing of the whey protein solu-

tion with the whey protein solution flowing in the form

of thin turbulent flow between two concentric cylinders
is performed by allowing the whey protein solution
introduced into an inside of the porous cylinder to be
discharged through the pores of the porous cylinder and
brought into contact and mixed with the whey protein

solution flowing in the form of thin turbulent flow in a

cylindrical space between the static mixing vessel and

the porous cylinder by rotating the rotary blade at high
speed.

3. The method according to claim 1 or 2, further compris-
ing:

using an apparatus including:

a cylindrical static mixing vessel;

a rotation axis provided in the static mixing vessel so as
to be concentric with an axis of the static mixing
vessel; and

arotary blade which has a diameter slightly smaller than
that of the static mixing vessel, which is attached to
the rotation axis, and which includes a porous cylin-
der provided on its outer peripheral side and having a
plurality of pores penetrating therethrough in a radial
direction,

wherein the shearing of the whey protein solution is per-

formed by allowing the whey protein solution to flow in

the form of thin turbulent flow in a cylindrical space
between the static mixing vessel and the porous cylinder
by rotating the rotary blade at high speed.

4. The method according to claim 1, wherein the whey
protein solution is a solution having a whey protein content of
5 to 18% by mass.

5. The method according to claim 1, wherein the better
denatured whey protein is whey protein whose taste and/or
appearance are/is maintained and/or improved even after heat
treatment as compared to non-denatured whey protein.

6. A better denatured whey protein produced by the method
according to claim 1, which has an average particle size 0of 0.3
to 13.8 um after heat treatment at 85° C. for 10 minutes.
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