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EP 3 071 047 B1
Description
FIELD OF THE INVENTION

[0001] The presentinvention pertains to a new type of caseinomacropeptide(CMP)-containing, high protein denatured
whey protein compositions and to a method of producing them. The invention furthermore pertains to products containing
the high protein denatured whey protein compositions, particularly high protein, acidified dairy products, and additional
uses thereof.

BACKGROUND

[0002] Denatured, microparticulated whey protein concentrates have for long been used as a food ingredient for the
production of e.g. cheese or yoghurt. Traditionally, the products have been produced by heating a whey protein solution
having a neutral to acidic pH to a protein denaturing temperature whereby whey protein gel is formed, and subsequently
subjecting the gel to high shear conditions so as to convert the gel to microparticles, which can be converted to a powder
by spray-drying.

Prior art:

[0003] US 5,096,731 B2 discloses a yogurt where all or part of the fat and/or oil of the yogurt is replaced with micro-
particulated protein comprising substantially non-aggregated particles of denatured protein having a mean diameter of
0.5 -2 .m when in a dry state.

[0004] US 6,605,311 B2 discloses insoluble, denatured, heat-stable protein particles having a mean diameter of 0.1
- 3 pmwhen in a hydrated state, which are dispersible in aqueous solutions and are used in food and beverage products.
[0005] EP 0 250 623 A1 discloses product comprising a proteinaceous, water-dispersible, macrocolloid comprising
subslantially non-aggregated particles of dairy whey prolein coagulate having mean diameter particle size distributions,
when dried, ranging from about 0.1 .m to about 2.0 um, with less than about 2 per cent of the total number of particles
exceeding 3.0 um in diameter, and wherein the majority of the said particles appear to be spheroidal when viewed at
about 800 power magnification under a standard light microscope, whereby the colloid has a substantially smooth,
emulsion-like organoleptic character when hydrated. EP 0 250 623 A1 also discloses a process for producing the above
described product.

[0006] US 2012/114795 A1 discloses a method for preparing a modified whey protein concentrate (WPC) or whey
protein isolate (WPI) is described. The method involves (a) providing an aqueous WPC or WPI solution having a protein
concentration of 15-50% (w/v), at a pH of 4.7-8.5; (b) heat trealing the solution to more than 50° C, for a time that allows
protein denaturation to occur; the heat treating comprising heating the seclution while under conditions of turbulent flow.
At the end of the heat treatment, the heat treated material may be promptly transferred to a drier or to be mixed with
other ingredients. The heat-treated WPC or WPI is not subjected to a mechanical shear process prior to the transfer
other than where liquid is converted into droplets to facilitate drying. The modified WPC is useful in the manufacture of
food and drinks where a high protein content is desired without undesirable changes in texture.

SUMMARY OF THE INVENTION
[0007] An aspect of the invention pertains to a denatured whey protein composition containing:

- atotal amount of protein of at least 60% (w/w) on a dry weight basis,

- atotal amount of CMP of at least 10% (w/w) relative to the total amount of protein,

- insoluble whey protein particles having a particle size in the range of 1-10 um, where the amount of said insoluble
whey protein particles is in the range of 50-80% (w/w) relative to the total amount of protein.

[0008] The present inventars have found that denatured whey protein compositions containing a significant amount
of CMP contribute to an even lower viscosity than denatured whey protein compositions containing a significant amount
of CMP (see Example 3).

[0009] The inventors have furthermore found that the present denatured whey protein composition, which has a
relatively high protein content, provides high protein dairy products with a higher degree of milky flavour and less dryness
than prior art denatured whey protein compositions (see Examples 4 and 5).

[0010] Yet an aspect of the invention pertains to a method of preducing the denatured whey protein composition, the
method comprising the steps of



10

15

20

25

30

35

40

45

50

55

EP 3 071 047 B1

(continued)

High fat, high protein beverage samples
1 2 3 4
% Scluble alpha-lactalbumin (w/w 50 48 48 4.4
total protein)
o _ ;
tﬁt:o}:l;stlgi:;eta lactoglobulin (w/w 50 48 46 a4
% Soluble CMP (w/w total protein) 15 17.9 21 251

[0363] Source A is a whey protein isolate powder having a total protein content of 82% {w/w) and containing CMP in
an amount of 98% (w/w) relative to the total amount of protein.

[0364] SourceCisasuspensionofdenatured, microparticulated whey protein based on sweet whey protein concentrate
(comprising 15% CMP relative to the total amount of protein) produced according to Example 1 and having a total protein
content of 82% (w/w solids). Source C has a total solids content of 18% (w/w).

Process

[0365] The following process was used to prepare high fat, high-protein beverage samples.

[0366] Allingredients were thoroughly mixed using a motorized mixer and the resulting mixture was allowed te hydrate
for 1 hour at 10 degrees C. The mixture was then preheated to 60°C with a plate heat-exchanger and subsequently
homogenised in two stages at 150 bar followed by 30 bar.

Characterisation

[0367] In order to assess the development of viscosity in the beverage samples during a standard heating treatment
of 90 degrees C for 6 minutes, test samples of the four beverage samples were preheated to 65 degrees C and then
loaded into a rheometer {Anton Paar - model MCR301, Bob-cup model cc27), in which the cup (CC27-53) is preheated
to 90 degrees C. The rheometer is programmed as follows:

step 1: 30 seconds at 90 degrees C, shear: 50 1/s
step 2: 420 seconds at 90 degrees C, shear: 500 1/s

[0368] After treatment in the rheometer, the sample is transferred to a black weighing boat and a photo of the sample
is taken.

[0369] The resulting viscosities are presented in Figure 2 and clearly show a surprising 30% reduction in viscosity (a
change from 0.046 Pa*s (46 cP) to 0.032 Pa*s {32 ¢P)} just from increasing the total amount of CMP from 15% (w/w
total protein) to 17.9% (w/w total protein). Furthermore, the trend of reduced viscosity continues with increased CMP.

Conclusion

[0370] The present example demonstrates that increasing levels of CMP in the high fat, high protein beverages
decrease the viscosity of high protein yoghurts, and a significant drop in viscosity (approx. 30%) takes place between
15% and 18% (w/w) CMP. The same tendency was observed in high protein drinking yoghurt system of Example 3, but
the effect of an increased CMP content is even stronger in the high fat, high protein beverage.

[0371] The inventors have furthermore performed preliminary tests with a similar high fat beverage having a total
protein content of 16%. Again, it was seen that an increase in the content of CMP led to a significant reduction of the
viscosity of the high fat, high protein beverage. This indicates that CMP plays a role in preventing viscosity build-up in
the liquids having a very high protein content.

Claims
1. A denatured whey protein composition containing:

- a total amount of protein of at least 60% (w/w) on a dry weight basis,
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- a total amount of caseinomacropeptide (CMP) of at least 16% (w/w) relative to the total amount of protein,
- insoluble whey protein particles having a particle size in the range of 1-10 pm, where the amount of said
insoluble whey protein particles is in the range of 50-90% (w/w) relative to the total amount of protein.

The denatured whey protein composition according to claim 1, wherein the denatured whey protein compasition is:

- a powder, or
- an agueous suspension.

The denatured whey protein compasition according to claim 1 or 2, wherein the total protein @ ash content weight
ratio is at least 15, preferably at least 20, and even more preferably at least 30, such at least 40 or at least 50.

The denatured whey protein composition according to any of the preceding claims, wherein the total amount of
protein is at least 70% (w/w) on a dry-matter basis, preferably at least 75% {w/w), and even more preferably at least
80% (w/w) in a dry weight basis.

The denatured whey protein composition according to any of the preceding claims, having a weight ratio between
CMP and the sum of soluble alphalactalbumin and scluble beta-lactoglobulin of at least 1.0.

A method of producing a denatured whey protein composition according to any of the preceding claims, the method
comprising the steps of

a) providing a solution comprising whey protein, said solution having a pH in the range of 5-8, said solution
comprising:

- water,
- a total amount of protein of at least 60% (w/w) on a dry weight basis,
- a total amount of CMP of at least 16% (w/w) relative to the total amount of protein,

b) heating said solution to a temperature in the range of 70-160 degrees C and keeping the temperature of the
solution within this range for sufficient time to form insoluble whey protein micro particles having a particle size
in the range of 1-10 pm,

c) opticnhally, cocling the heat-treated solution,

d) optionally, converting the heal-treated solution o a powder,

wherein at least step b) involves subjecting the solution to mechanical shear.
A high protein food product comprising:
- a total amount of protein of at least 4% (w/w),
- the solids of a denatured whey protein composition according to any of the claims 1-5 in an amount of at least
2% (wiw)
- a total amount of CMP of at least 2% (w/w) relative to the total amount of protein.
A high protein, acidified dairy product containing:
- a total amount of protein of at least 7% (w/w),
- the solids of a denatured whey protein compaosition according to any of the claims 1-5 in an amount of at least
2% (wiw),
- a total amount of CMP of at least 2% (w/w) relative to the total amount of protein.
The high protein, acidified dairy product according to claim 8, having a total amount of protein of at least 10% (w/w).
The high protein, acidified dairy product according to claim 8 or 9, having a total amount of CMP of at least 5% {w/w)
relative to the total amount of protein, preferably at least 10% (w/w), and even mare preferably at least 12% (w/w)

relative to the total amount of protein.

The high protein, acidified dairy product according to any of the claims 8-10, which is a stirred yoghurt, optionally
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having a viscosity of at most 2.5 Pa*s (2500 c¢P).

The high protein, acidified dairy product according to any of the claims 8-10, which is a drinking yoghurt, optionally
having a viscosity in the range of 0.015-0.2 Pa*s (15-200cP).

A method of producing a high protein, acidified dairy product according to any of claims 8-12, the method comprising
the steps of:

a) providing a dairy base comprising at least one dairy component and at least cne carbchydrate,

b) pasteurising the dairy base at a temperature in the range of 70-150 degrees C and subsequently cooling the
dairy base,

c) contacting the heat-treated dairy base with an acidifying agent,

d) allowing the acidifying agent to reduce the pH of the dairy base to a pH of at most 5,

e) optionally, subjecting the acidified dairy base to one or mare additional processing steps,

f) optionally, packaging the acidified dairy product in a suitable container.

wherein:

I} the dairy base provided in step a) comprises a total amount of protein of at least 7% (w/w), the solids of a
denatured whey protein composition according to any of the claims 1-5in an amount of at least 2% (w/w), and
a total amount of CMP of at least 2% {w/w) relative to the total amount of protein, or

II) an ingredient comprising, or even consisting of, the solids of denatured whey protein composition according
to any of the claims 1-5 is added to the dairy base between steps a) and f) in an amount sufficient to form the
acidified dairy product containing:

- a total amount of protein of at least 7% (w/w}),

- the solids of the denatured whey protein composition according to any of the claims 1-5 in an amount of
at least 2% (w/w), and

- a total amount of CMP of at least 2% (w/w) relative to the total amount of protein.

The method according to claim 13, wherein the solids of a denatured whey protein composition according to claims
1-5 are added between steps a) and b), during step b), between steps b} and ¢), during step c), between steps c)
and d), during step d), between steps d) and e), during step e} and/or between steps e) and f).

The method according to claim 13 or 14, wherein the dairy base provided in step a) contains a total amount of CMP
of at least 5% (w/w) relative to the total amount of protein, preferably at least 10% (w/w), and even more preferably
at least 12% (w/w) relative to the total amount of protein.

A food ingredient powder comprising, or even consisling of:

i. the solids of the denatured whey protein composition according to any of the preceding claims 1-5 in an
amount of at least 5% (w/w),

ii. optionally, a small amount of water

iii. one or more additional components selected from the group consisting of:

- a caseinate composition,

- a concentrate of micellar casein,

- a milk protein concentrate, and

- a milk powder, such as e.g. skimmed milk powder, and

wherein

optionally, the solids of the denatured whey protein composition are in an amount of at least 25% (w/w),
optionally, the food ingredient powder has a total protein : ash content weight ratio of at least 15,

optionally, the food ingredient powder has a lactose content of at most 35% {w/w), and aptionally, the foed ingredient
powder has a low fat content of at most 8% (wiw).
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Description
FIELD OF THE INVENTION

[0001] The presentinvention pertains to a new type of caseinomacropeptide(CMP)-containing, high protein denatured
whey protein compositions and to a method of producing them. The invention furthermore pertains to products containing
the high protein denatured whey protein compositions, particularly high protein, acidified dairy products, and additional
uses thereof.

BACKGROUND

[0002] Denatured, microparticulated whey protein concentrates have for long been used as a food ingredient for the
production of e.g. cheese or yoghurt. Traditionally, the products have been produced by heating a whey protein solution
having a neutral to acidic pH to a protein denaturing temperature whereby whey protein gel is formed, and subsequently
subjecting the gel to high shear conditions so as to convert the gel to microparticles, which can be converted to a powder
by spray-drying.

Prior art:

[0003] US 5,096,731 B2 discloses a yogurt where all or part of the fat and/or oil of the yogurt is replaced with micro-
particulated protein comprising substantially non-aggregated particles of denatured protein having a mean diameter of
0.5 -2 .m when in a dry state.

[0004] US 6,605,311 B2 discloses insoluble, denatured, heat-stable protein particles having a mean diameter of 0.1
- 3 pmwhen in a hydrated state, which are dispersible in aqueous solutions and are used in food and beverage products.
[0005] EP 0 250 623 A1 discloses product comprising a proteinaceous, water-dispersible, macrocolloid comprising
subslantially non-aggregated particles of dairy whey prolein coagulate having mean diameter particle size distributions,
when dried, ranging from about 0.1 .m to about 2.0 um, with less than about 2 per cent of the total number of particles
exceeding 3.0 um in diameter, and wherein the majority of the said particles appear to be spheroidal when viewed at
about 800 power magnification under a standard light microscope, whereby the colloid has a substantially smooth,
emulsion-like organoleptic character when hydrated. EP 0 250 623 A1 also discloses a process for producing the above
described product.

[0006] US 2012/114795 A1 discloses a method for preparing a modified whey protein concentrate (WPC) or whey
protein isolate (WPI) is described. The method involves (a) providing an aqueous WPC or WPI solution having a protein
concentration of 15-50% (w/v), at a pH of 4.7-8.5; (b) heat trealing the solution to more than 50° C, for a time that allows
protein denaturation to occur; the heat treating comprising heating the seclution while under conditions of turbulent flow.
At the end of the heat treatment, the heat treated material may be promptly transferred to a drier or to be mixed with
other ingredients. The heat-treated WPC or WPI is not subjected to a mechanical shear process prior to the transfer
other than where liquid is converted into droplets to facilitate drying. The modified WPC is useful in the manufacture of
food and drinks where a high protein content is desired without undesirable changes in texture.

SUMMARY OF THE INVENTION
[0007] An aspect of the invention pertains to a denatured whey protein composition containing:

- atotal amount of protein of at least 60% (w/w) on a dry weight basis,

- atotal amount of CMP of at least 10% (w/w) relative to the total amount of protein,

- insoluble whey protein particles having a particle size in the range of 1-10 um, where the amount of said insoluble
whey protein particles is in the range of 50-80% (w/w) relative to the total amount of protein.

[0008] The present inventars have found that denatured whey protein compositions containing a significant amount
of CMP contribute to an even lower viscosity than denatured whey protein compositions containing a significant amount
of CMP (see Example 3).

[0009] The inventors have furthermore found that the present denatured whey protein composition, which has a
relatively high protein content, provides high protein dairy products with a higher degree of milky flavour and less dryness
than prior art denatured whey protein compositions (see Examples 4 and 5).

[0010] Yet an aspect of the invention pertains to a method of preducing the denatured whey protein composition, the
method comprising the steps of
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a) providing a solution comprising whey protein, said solution having a pH in the range of 5-8, said solution comprising:

- water,
- atotal amount of protein of at least 60% (w/w) on a dry weight basis,
- atotal amount of CMP of at least 10% (w/w) relative to the total amount of protein,

b) heating said solution to a temperature in the range of 70-160 degrees C and keeping the temperature of the
solution within this range for sufficient time to form insoluble whey protein microparticles having a particle size in
the range of 1-10 pm,

c) optionally, cocling the heat-treated solution,

d) optionally, converting the heat treated solution to a powder,

wherein at least step b} involves subjecting the solution to mechanical shear.
[0011] A further aspect of the invention pertains to a high protein food product comprising:

- atotal amount of protein of at least 4% (w/w),
- the solids of a denatured whey protein composition in an amount of at least 2% (w/w)
- atotal amount of CMP of at least 2% (w/w) relative to the total amount of protein.

[0012] Yet an aspect of the invention pertains to a high protein, acidified dairy product containing:

- atotal amount of protein of at least 7% (w/w),
- the solids of denatured whey protein composition in an amount of at least 2% (w/w),
- atotal amount of CMP of at least 2% (w/w) relative to the total amount of protein.

[0013] The high protein, acidified dairy product may for example be a high protein yoghurt.
[0014] A further aspect of the invention pertains to a methed of producing a high protein, acidified dairy product, the
method comprising the steps of:

a) providing a dairy base comprising at least one dairy component and at least one carbohydrate,

b} pasteurising the dairy base at a temperature in the range of 70-150 degrees C and subsequently coocling the dairy
base,

c) contacting the heat-treated dairy base with an acidifying agent,
d) allowing the acidifying agent to reduce the pH of the dairy base to a pH of at most 5,
e) optionally, subjecting the acidified dairy base o one or more additional processing steps,

f) optionally, packaging the acidified dairy product in a suitable container.
wherein:

1) the dairy base provided in step a) comprises a total amount of protein of at least 7% (w/w), the solids of a
denatured whey protein composition in an amount of at least 2% (w/w), and a total amount of CMP at least 2%
(w/w) relative to the total amount of protein,

or

II) an ingredient comprising, or even consisting of, the solids of denatured whey protein composition are added
to the dairy base between steps a) and f) in an amount sufficient to form the acidified dairy product containing:

- atotal amount of protein of at least 7% (w/w),
- the solids of the denatured whey protein composition in an amount of at least 2% {w/w), and
- atotal amount of CMP of at least 2% (w/w) relative to the total amount of protein.

[0015] Another aspect of the invention pertains to a food ingredient powder comprising, or even consisting of:

i. the solids of the denatured whey protein composition in an amount of at least 5% (w/w),
ii. optionally, a small amount of water



10

15

20

25

30

35

40

45

50

55

EP 3 071 047 B1
iii. one or more additional components selected from the group consisting of:

- acaseinate composition,

- a concentrate of micellar casein,

- a milk protein concentrate, and

- amilk powder, such as e.g. skimmed milk powder.

BRIEF DESCRIPTION OF THE FIGURE
[0016]

Figure 1 shows the viscosity of low-casein drinking yoghurt as a function of the CMP-content in the yoghurt milk,
Figure 2 shows the viscosity of heat-treated high fat, high protein beverages as a function of the CMP-content in
the beverages.

DETAILED DESCRIPTION OF THE INVENTION
[0017] The denatured whey protein composition according to the present invention contains:

- atotal amount of protein of at least 60% (w/w) on a dry weight basis, and
- insoluble whey protein particles having a particle size in the range of 1-10 um, where the amount of said insoluble
whey protein particles is in the range of 50-100% {w/w) relative to the total amount of protein.

[0018] An alternative aspect of the invention pertains to a denatured whey protein compaosition containing:

- atotal amount of protein of at least 40% (w/w dry-matter basis},

- aweight ratio between total protein and ash content of at least 15, and

- insoluble whey protein particles having a particle size in the range of 1-10 pm, where the amount of said insoluble
whey protein particles is in the range of 50-100% (w/w) relative to the total amount of protein.

[0019] In the context of the present invention, the term "total protein” pertains to the total amount of true protein of a
composition or product and disregards non-protein nitrogen (NPN).

[0020] In the context of the present invention, the term "denatured whey protein composition” relates to a composition
which conlains at least some denatured whey protein and preferably a significant amount of denatured whey protein.
The composition may also contain some non-denatured whey proteins, however, the protein of the denatured whey
protein composition preferably has a degree of denaturation of at least 50%.

[0021] In the context of the present invention, the term "whey protein” relates to the proteins which are presentin the
serum phase of either milk or coagulated milk. The proteins of the serum phase of milk are also sometimes referred to
as milk serum proteins or ideal whey.

[0022] In the context of the present invention, the term "whey" relates to the liqguid composition which is left when
casein has been removed from milk. Casein may e.g. be removed by microfiltration providing a liquid permeate which
is free or essenlially free of micellar casein but contains the native whey proteins. This liquid permeate is sometimes
referred to as ideal whey, serum or milk serum.

[0023] Alternatively, the casein may be removed from milk by contacting a milk composition with rennet enzyme, which
cleavages kappa-casein into para-kappa-casein and the peptide caseinomacropeptide {CMP), thereby destabilising the
casein micelles and causing casein to precipitate. The liquid surrounding the rennet precipitated casein is often referred
to as sweel whey and contains CMP in addition to the whey proteins which are normally found in milk.

[0024] Casein may also be removed from milk by acid precipitation, i.e. reducing the pH of the milk below pH 4.6 which
is the isoelectric point of casein and which causes the casein micelles to disintegrate and precipitate. The liguid sur-
rounding the acid precipitated casein is often referred to as acid whey or casein whey and does not contains CMP.

[0025] Inthe context of the present invention, the terms "native alpha-lactalbumin®, "native beta-lactoglobulin”, "native
CMP", "soluble alpha-lactalbumin®, "soluble beta-lactoglobulin” or "scluble CMP" pertain to soluble, non-denatured alpha-
lactalbumin, beta-lactoglobulin or CMP which preferably has approximately the same retention time as the standard of
alpha-lactalbumin, beta-lactoglobulin or CMP when assayed according to Example 1.2.

[0026] The whey proteins used in the present inventicn are preferably whey proteins from mammalian milk, such as
e.g. milk from human, cow, sheep, goat, buffalo, camel, llama, horse and/ar deer. In some preferred embodiments of
the invention, the whey proteins are bovine whey proteins.

[0027] The protein CMP {caseinomacropeptide) is formed during cheese-making when chymosin specifically cleaves
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k-casein (normally between the 105 to 106 amino acid residues). Para-k-casein {residues 1 to 105) coagulates, forming
cheese curd, while CMP (normally residues 106 to 169) remains in the whey.

[0028] CMP (caseinomacropeptide) is a highly heterogeneous protein due to a variety of phosphorylation patterns
and different extents of glycosylations by galactosamine, galactose and o-sialic acid. For this reason, a population of
CMP molecules normally do not have a uniform charge but instead a distribution of charges. Thus, in the context of the
present invention, the term "CMP" relates to soluble CMP which does not form part of the insoluble particles and the
term encompasses:

-  CMP-species which are both non-phosphorylated and non-glycosylated,
- CMP-species which are phosphorylated but non-glycosylated,

- CMP-species which are non-phosphorylated but glycosylated, and

- CMP-species which are both phosphorylated and glycosylated.

[0029] In some preferred embodiments of the invention, the denatured whey protein composition contains:

- atotal amount of protein of at least 60% (w/w) on a dry weight basis,

- atotal amount of CMP of at least 10% (w/w) relative to the total amount of protein,

- insoluble whey protein particles having a particle size in the range of 1-10 um, where the amount of said inscluble
whey protein particles is in the range of 50-90% (w/w) relative to the total amount of protein.

[0030] The present inventors have found that the presence of significant amounts of soluble CMP in the denatured
whey protein composition is advantageous as it contributes to the emulsifying properties of the composition without
forming a gel, and therefore keeps the viscosity of the product low. This is for example demonstrated in Example 6,
where even small increases in the amount of CMP result in significant decreases in the viscosity of high fat, high protein
beverages.

[0031] The denatured whey protein composition may e.g. contain a total amouni of CMP of at least 12% {w/w) relalive
to the total amount of protein. For example, the denatured whey protein composition may contain a total amount of CMP
of at least 14% (w/w) relative to the total amount of protein. The denatured whey protein compaosition may e.g. contain
a total amount of CMP of at least 16% (w/w) relative to the total amount of protein. Alternatively, the denatured whey
protein composition may contain a total amount of CMP of at least 18% (w/w) relative to the total amount of protein.
[0032] A higher content of CMP may be preferred, thus, the denatured whey protein composition may e.g. contain a
total amount of CMP of at least 20% (w/w) relative to the total amount of protein. For example, the denatured whey
protein composition may contain a total amount of CMP of at least 22% (w/w) relative to the total amount of protein. The
denatured whey prolein composition may e.g. contain a total amount of CMP of at least 25% (w/w) relative to the tolal
amount of protein. Alternatively, the denatured whey protein composition may contain a total amount of CMP of at least
28% (w/w) relative to the total amount of protein.

[0033] The denatured whey protein composition may e.g. contain a total amount of CMP in the range of 10-40% (w/w)
relative to the total amount of protein. For example, the denatured whey protein composition may contain a total amount
of CMP in the range of 12-35% (w/w) relative to the total amount of protein. The denaltured whey protein compaosition
may e.g. contain a total amount of CMP in the range of 14-30% {(w/w) relative to the total amount of protein. Alternatively,
the denatured whey protein composition may contain a total amount of CMP in the range of 16-28% (w/w) relative to
the total amount of protein.

[0034] It may also be preferred that the denatured whey protein composition comprises a total amount of CMP in the
range of 17-30%, such as in the range of 17-28% {w/w).

[0035] The denatured whey protein composition may e.g. contain a total ameount of CMP in the range of 18-26% (w/w)
relative to the total amount of protein. For example, the denatured whey protein composition may contain a total amount
of CMP in the range of 18-24% (w/w) relative to the total amount of protein.

[0036] As said, the total protein content of the denatured whey protein composition is preferably at least 60% (w/w).
The denatured whey protein composition may e.g. comprise a total amount of protein of at least 70% {w/w) on a dry
weight basis. Preferably, the denatured whey protein composition may comprise a total amount of protein of at least
75% (w/w) on a dry weight basis. Even mare preferably, the denatured whey protein composition may comprise a total
amount of protein of at least 80% (w/w) on a dry weight basis. Alternatively, the denatured whey protein composition
may comprise a total amount of protein of at least 85% {w/w) on a dry weight basis.

[0037] As said, the protein of the denatured whey protein composition preferably has a degree of denaturation of at
least 50%. For example, the protein of denatured whey protein composition may have a degree of denaturation of at
least 80%. The protein of denatured whey protein composition may e.g. have a degree of denaturation of at least 70%,
such as atleast 75%. Alternatively, the protein of denatured whey protein composition may have a degree of denaturation
of at least 80%.
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[0038] The degree of denaturation is determined according to the procedure cutlined in Example 1.9.

[0039] In addition to the denatured whey protein, which typically is present in the form of insoluble whey protein
particles, the denatured whey protein composition may also contain minor amounts of soluble whey proteins which have
not been denaturated during the heat-treatment. The denatured whey protein composition may for example comprise
soluble beta-lactoglobulin and/or soluble alpha-lactalbumin. The denatured whey protein composition may furthermore
contain CMP, e.g. if the whey protein has been derived from sweet whey.

[0040] In the context of the present invention, the phrase "Y and/or X" means "Y" or "X" or ™Y and X". Along the same
line of logic, the phrase "nq, ny, ..., niq, andfor n" means " ny" or " n," or ... or "ni4" or "n;" or any combination of the
components : N4, N»,...N_4, and n;.

[0041] The denatured whey protein compaosition of the present invention contains insoluble whey protein particles and
preferably a substantial part of the insoluble particles have a particle size in the range of 1-10 um. The insoluble whey
protein particles are typically produced by heating a solution of whey protein at an appropriate pH while subjecting the
solution a high degree of internal shear. The shear may be provided by mechanical shearing, using e.g. scraped-surface
heat-exchangers or homogenizers, or by subjecting the solution te high linear flow rates which promote turbulence.
[0042] Itis also possible to prepare the denatured whey protein compositions using low shear or non-shear micropar-
ticulation methods. Such methods typically involve the use of relatively low concentrations of whey protein during heat-
treatment and precise control of the pH and the concentration of calcium.

[0043] In the context of the present invention, the term "insoluble whey protein particles” pertains to particulate ag-
gregates comprising denatured whey proteins, which aggregate can be separated from soluble whey protein by centrif-
ugation.

[0044] Insoluble whey protein particles having a particle size in the range of 1-10 wm are interesting for the present
invention, and in some preferred embodiments, the denatured whey protein composition comprises insoluble whey
protein particles in this size range in an amount of at least 50% (w/w) relative 1o the total amount of protein of the
composition.

[0045] The amount (% w/w relative to the total amount of protein) of inscluble whey protein particles having a particle
sizein the range of 1-10 micron in a denatured whey protein composition is determined according to Example 1.1 (P_45).
[0046] For example, the denatured whey protein composition may comprise insoluble whey protein particles having
a particle size in the range of 1-10 um in an amount of at least 60% (w/w) relative to the total amount of protein of the
composition. The particle size range 1-10 micron effectively covers particles having a particle size (hydrodynamic di-
ameter) as low as 0.5000 um and as high as 10.4999 u.m. The denatured whey protein compaosition may e.g. comprise
insoluble whey protein particles having a particle size in the range of 1-10 wm in an amount of at least 65% (w/w) relative
to the total amount of protein of the composition. Alternatively, the denatured whey protein composition may comprise
insoluble whey protein particles having a particle size in the range of 1-10 pum in an amount of at least 70% (w/w) relative
o the total amount of protein of the composition. The denatured whey protein composition may for example comprise
insoluble whey protein particles having a particle size in the range of 1-10 um, in an amount of atleast 75% (w/w) relative
to the total amount of protein of the composition, such as in an amount of at least 80% (w/w).

[0047] A higher content of insoluble whey protein particles having a particle size in the range of 1-10 wm may be
preferred for some applications. Thus, the denatured whey protein composition may comprise insocluble whey protein
particles having a particle size in the range of 1-10 pm in an amount of at least 85% (w/w) relative 1o the total amount
of protein of the composition. The denatured whey protein composition may e.g. comprise inscluble whey protein particles
having a particle size in the range of 1-10 pm in an amount of at least 88% (w/w) relative to the total amount of protein
of the composition. Alternatively, the denatured whey protein composition may comprise insoluble whey protein particles
having a particle size in the range of 1-10 pm in an amount of at least 90% (w/w} relative to the total amount of protein
of the composition, such as in an amount of at least 95% (w/w} or approx. 100% (w/w).

[0048] In some embodiments of the invention, the denatured whey protein compaosition may comprise insoluble whey
protein particles having a particle size in the range of 1-10 pm in an amount in the range of 50-100% (w/w) relative to
the total amount of protein of the compaosition. The denatured whey protein compaosition may e.g. comprise insoluble
whey protein particles having a particle size in the range of 1-10 wm in an amount in the range of 60-95% {w/w) relative
to the total amount of protein of the composition. Alternatively, the denatured whey protein composition may comprise
insoluble whey protein particles having a particle size in the range of 1-10 um in an amount in the range of 65-90% (w/w)
relative to the total amount of protein of the composition. The denatured whey protein composition may for example
comprise insoluble whey protein particles having a particle size in the range of 1-10 pm in an amount in the range of
70-85% (w/w) relative to the total amount of protein of the composition.

[0049] For example, the denatured whey protein compasition may comprise insoluble whey protein particles having
a particle size in the range of 1-10 pm in an amount in the range of 55-85% (w/w) relative to the total amount of protein
of the composition. The denatured whey protein composition may e.g. comprise insoluble whey protein particles having
a particle size in the range of 1-10 wm in an amount in the range of 60-85% (w/w) relative to the total amount of protein
of the composition. Alternatively, the denatured whey protein composition may comprise insoluble whey protein particles
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having a particle size in the range of 1-10 pm in an amount in the range of 65-85% (w/w) relative to the total amount of
protein of the composition. The denatured whey protein composition may for example comprise insoluble whey protein
particles having a particle size in the range of 1-10 pm in an amount in the range of 65-80% {w/w) relative to the total
amount of protein of the composition.

[0050] Insoluble whey protein particles having a particle size of approx. 1 pm are of particular interest for the present
invention, and in some preferred embodiments, the denatured whey protein composition comprises insoluble whey
protein particles within this size range in an amount of at least 50% (w/w) relative to the total amount of protein of the
composition. The particle size of approx. 1 .m effectively covers particles having a particle size (hydroedynamic diameter)
as low as 0.5000 pm and as high as 1.4998 um. The amount {% w/w relative to the total amount of protein) of inseluble
whey protein particles having a particle size of approx. 1 pm in a denatured whey protein composition is determined
according to Example 1.1 (P,).

[0051] For example, the denatured whey protein composition may comprise inscluble whey protein particles having
a particle size of approx. 1 wm in an amount of at least 55% {w/w) relative to the total amount of protein of the composition.
The denatured whey protein ccmposition may e.g. comprise insoluble whey protein particles having a particle size of
approx. 1 umin an amount of at least 60% (w/w) relative to the total amount of protein of the composition. Alternatively,
the denatured whey protein composition may comprise insoluble whey protein particles having a particle size of approx.
1 wm in an amount of at least 70% (w/w) relative to the total amount of protein of the composition. The denatured whey
protein composition may for example comprise insoluble whey protein particles having a particle size of approx. 1 pm
in an amount of at least 75% (w/w) relative to the total amount of protein of the composition, such as in an amount of at
least 80% (wiw).

[0052] A higher content of insoluble whey protein particles having a particle size of approx. 1 um may be preferred
for some applications. Thus, the denatured whey protein composition may comprise inscluble whey protein particles
having a particle size of approx. 1 pum in an amount of at least 85% (w/wj) relative to the total amount of protein of the
composition. The denatured whey protein composition may e.g. comprise inscluble whey protein particles having a
particle size of approx. 1 pm in an amount of at least 90% (w/w) relative to the total amount of protein of the composition.
Alternatively, the denatured whey protein composition may comprise insoluble whey prolein particles having a particle
size of approx. 1 wm in an amount of at least 95% (w/w) relative to the total amount of protein of the compesition, such
as in an amount of at least 97% (w/w) or approx. 100% (w/w).

[0053] For example, the denatured whey protein composition may comprise insoluble whey protein particles having
a particle size of approx. 1 wm in an amount in the range of 55-85% (w/w) relative to the total amount of protein of the
cemposition. The denatured whey protein composition may e.g. comprise insoluble whey protein particles having a
particle size of approx. 1 wm in an amount in the range of 60-85% (w/w) relative to the total amount of protein of the
composition. Alternatively, the denatured whey protein composition may comprise insoluble whey protein particles having
a parlicle size of approx. 1 pwm in an amount in the range of 65-85% (w/w) relative 1o the total amount of protein of the
composition. The denatured whey protein composition may for example comprise inscluble whey protein particles having
a particle size of approx. 1 wm in an amount in the range of 65-80% (w/w) relative to the total amount of protein of the
composition,

[0054] Larger particles of insoluble whey protein are often less desirable as they may give rise to a sandy texture of
the food products incorporating the denalured whey protein compositions.

[0055] Thus, in some preferred embodiments of the invention, the denatured whey protein composition comprises
insoluble whey protein particles having a particle size of more than 10 um in an amount of at most 10% (w/w} relative
to the total amount of protein of the composition, preferably at mast 5% (w/w), and even more preferably at most 1% (wiw).
[00568] For example, the denatured whey protein composition comprises insoluble whey protein particles having a
particle size of more than 10 um in an amount of at most 10% (w/iw) relative to the total amount of protein of the
composition, preferably at most 5% (w/w), and even more preferably at most 1% {(w/w).

[0057] Additionally, it is sometimes preferred that the amount of insoluble whey protein particles having a size below
0.5 wm is kept to a minimum as these may provide an undesirably high viscosity to the products comprising them.
[0058] Thus, in some embodiments of the invention, the denatured whey protein composition comprises insoluble
whey protein particles having a particle size of less than 0.5 pm in an amount of at most 10% (w/w) relative to the total
amount of protein of the compaosition, preferably at most 5% (w/w), and even more preferably at most 1% (w/w). In some
preferred embodiments of the invention, the denatured whey protein compaosition comprises:

- insoluble whey protein particles having a particle size in the range of 1-10 um in an amount of at least 50% (w/w)
relative to the total amount of protein of the compesition,

- insoluble whey protein particles having a particle size of more than 10 pum in an amount of at most 10% (w/w) relative
to the total amount of protein of the composition, and

- insoluble whey protein particles having a particle size of less than 0.5 um in an amount of at most 10% (w/w) relative
to the total amount of protein of the composition.
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[0059] For example, the denatured whey protein composition comprises:

- insoluble whey protein particles having a particle size in the range of 1-10 um in an amount of at least 50% (w/w)
relative to the total amount of protein of the composition,

- insoluble whey protein particles having a particle size of more than 10 pm in an amount of at most 5% (w/w) relative
to the total amount of protein of the composition, and

- insoluble whey protein particles having a particle size of less than 0.5 pum in an amount of at most 10% (w/w) relative
to the total amount of protein of the composition.

[0060] Alternatively, the denatured whey protein compasition may comprise:

- insoluble whey protein particles having a particle size in the range of 1-10 wm in an amount of at least 50% (w/w)
relative to the total amount of protein of the compesition,

- insoluble whey protein particles having a particle size of more than 20 um in an amount of at most 1% {w/w) relative
to the total amount of protein of the composition, and

- insoluble whey protein particles having a particle size of less than 0.5 um in an amount of at most 10% (w/w) relative
to the total amount of protein of the composition.

[0061] The particle size distribution of the insoluble whey protein particles is using the procedure outlined in Example
1.1

[0062] Thedenaturedwhey protein composition may furthermore contain salts and minerals, which typically are present
in whey or milk derived preducts. The mineral content of food products are typically represented as the ash content of
the food product.

[0063] The ash contentis a measure of the total amount of minerals present within a food. Ash is the inorganic residue
remaining after the water and organic matter have been removed by heating in the presence of oxidizing agents, and it
should be noted that the product to which the ash content relates does not contain the ash parlicles as such. The ash
content is preferably determined by the technique of dry ashing {see Example 1.7).

[0064] The present inventors have found that it is advantageous to reduce the ash content of the denatured whey
protein composition. The reduced ash content seems to provide high protein dairy products containing the denatured
whey protein composition a more milky flavour relative to high protein dairy products containing denatured whey protein
ingredients having a higher ash content.

[0065] In some preferred embodiments of the invention, the denatured whey protein composition has a total protein :
ash content weight ratio of at least 15. Preferably, the total protein : ash content weight ratio of the denatured whey
prolein composition is at least 20. Even more preferably, the total protein : ash content weight ratio of the denatured
whey protein composition is at least 30. For example, the total protein : ash content weight ratic of the denatured whey
protein compaosition may be at least 40, such as at least 50.

[0066] For example, the denatured whey protein composition may have a total protein : ash content weight ratio in
the range of 15 - 60. The denatured whey protein composition may e.g. have a total protein : ash content weight ratio
in the range of 20 - 55. Alternatively, the denatured whey protein composition may have a total protein : ash content
weight ratio in the range of 25 - 50, such as in the range of 30-45.

[0067] The ash content is determined according to example 1.6 and the total protein is determined according to
Example 1.4.

[0068] In addition to salls and minerals, the denatured whey protein compasition furthermore typically contains fat,
e.g. milk fat or whey fat. For example, the denatured whey protein composition may furthermore comprise fat in an
amount of at most 8% (w/w) on a dry weight basis.

[0069] The denatured whey protein composition may furthermore comprise carbohydrate, typically in the form of
lactose or lactose-based oligosaccharides. For example, the denatured whey protein composition may comprise lactose
in an amount of at most 30% (w/w) on a dry weight basis. The denatured whey protein composition may e.g. comprise
lactose in an amount of at most 15% (w/w) on a dry weight basis. Alternatively, the denatured whey protein composition
may comprise lactose in an amount of at most 10% (w/w) on a dry weight basis.

[0070] Insome preferred embodiments of the invention, the lactose content of the denatured whey protein composition
is even lower, such as at most 4% (w/w) on a dry weight basis. Preferably, the lactose content of the denatured whey
protein composition is at most 3% (w/w) on a dry weight basis. Even more preferably, the lactose content of the denatured
whey protein composition is at most 2% (w/w) on a dry weight basis, such as at most 1% (w/w).

[0071] The present inventors have found that such compositions are particularly advantageous for preparing high
protein, low lactose food praducts or high protein, low carbohydrate food products.

[0072] The denatured whey protein composition may be present in different forms. For example, the denatured whey
protein composition may be a powder, preferably a dry powder. In the context of the present invention, a dry powder
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contains at most 6% (w/w) water.

[0073] Alternatively, the denatured whey protein composition may be a suspension and preferably an aqueous sus-
pension, meaning that the insoluble particles of the denatured whey protein composition are suspended in water. In the
context of the present invention, an agueous suspension contains at least 50% (w/w) water, preferably at least 60%
(wiw) water, such as at least 70% (w/w). Even higher contents of water may be preferred for some applications, thus
an agueous suspension may centain at least 80% (w/w) water, such as e.g. at least 90% (w/w) water.

[0074] The pH of a suspension of denatured whey protein composition typically ranges from 6.4-7.0 when measured
by dispersing 10 g of denatured whey protein composition in 90 g water at 25 degrees C.

[0075] The contents of water in a food product may be determined according to 1SO 5537:2004 {Dried milk - Deter-
mination of moisture content (Reference method)) or by NMKL 110 2nd Edition, 2005 (Total solids (Water) - Gravimetric
determination in milk and milk products). NMKL is an abbreviation for "Nordisk Metodikkomité for Naeringsmidler”.
[0076] In the context of the present invention, the term "dry weight” of a composition or product relates to the weight
of the composition or product when it has been dried to a water content of 3% (w/w)} water.

[0077] The insoluble whey protein particles are typically produced by heating a solution of whey protein having an
appropriate pH while subjecting the solution a high degree of internal shear or by adjusting the conditions of the solution
so that particles build up without the generation of a continuous gel in the solution. The shear may be provided by
mechanical shearing, using e.g. scraped-surface heat-exchangers or homogenizers, or by subjecting the solution to
flow conditions which promote turbulence.

[0078] Anaspectofthe invention pertains to a method of producing a denatured whey protein composition, the method
comprising the steps of

a) providing a solution comprising whey protein, said solution having a pH in the range of 5-8, said solution comprising:

- water,

- atotal amount of whey protein of at least 1% (w/w)

- atotal amount of protein of at least 60% (w/w) on a dry weight basis,

- atotal amount of CMP of at least 10% (w/w) relative to the total amount of protein,

b) heating said solution to a temperature in the range of 70-160 degrees C and keeping the temperature of the
solution within this range for sufficient time to form insoluble whey protein microparticles having a particle size in
the range of 1-10 .m,

c) optionally, cocling the heat-treated solution,
d) optionally, converting the heat-treated solution to a powder,

wherein at least step b} involves subjecting the solution to mechanical shear.

[0079] The method may comprise the steps a) and b), and ¢), and d) in which case the denatured whey protein
composition is a powder, and preferably a dry powder.

[0080] The method may comprise the steps a) and b), and d) but not step ¢} in which case the heat-treated solution
is subjected to powder conversion without prior cooling.

[0081] The method may comprise the steps a) and b), and ¢) but not step d) in which case the denatured whey protein
composition could be a suspension containing insoluble whey protein particles.

[0082] The solution typically contains a total amount of whey protein of at least 1% (wiw) relative to the weight of the
solution, such as e.g. at least 5% (w/w). For example, the solution may contain a total ameount of whey protein of at least
10% (wfw). The solution may e.g. contain a total amount of whey protein of at least 15% (w/w). Alternatively, the solution
may confain a total amount of whey protein of at least 20% (w/w).

[0083] The solution may for example contain a total amount of whey protein in the range of 1-50% (w/w). For example,
the solution may contain a total amount of whey protein in the range of 5-40% {(w/w). The solution may e.g. contain a
total amount of whey protein in the range of 10-30% (w/w). Alternatively, the solution may contain a total amount of whey
protein in the range of 15-25% (w/w).

[0084] Itis furthermore preferred that the solution contains a total amount of whey protein of at least 60% {w/w) on a
dry weight basis, such as e.g. at least 70% (w/w) on a dry weight basis. For example, the solution may contain a total
amount of whey protein of at least 75% (w/w) on a dry weight basis. The solution may e.g. contain a total amount of
whey protein of at least 80% (w/w) on a dry weight basis. Alternatively, the solution may contain a total amount of whey
protein of at least 85% (w/w) on a dry weight basis.

[0085] The solution may for example contain a total amount of whey protein in the range of 60-100% (w/w) on a dry
weight basis. For example, the sclution may contain a total amount of whey protein in the range of 65-95% {(w/w) on a
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dry weight basis. The solution may e.g. contain a total amount of whey protein in the range of 70-90% (w/w) on a dry
weight basis. Alternatively, the solution may contain a total amount of whey protein in the range of 75-85% (w/w) on a
dry weight basis.

[0086] The whey protein used in the solution may be whey protein from acid whey, whey protein from sweet whey
and/or milk protein fram milk serum.

[0087] The solution preferably contains beta-lactoglobulin, which is an important component for the formation of in-
soluble whey protein particles. The solution may furthermore contain one or more of the additional proteins found in
whey, for example alpha-lactalbumin and/or CMP.

[0088] In some preferred embodiments of the invention, the solution contains a total amount of CMP of at least 12%
(wiw) relative to the total amount of protein. For example, the solution may contain a total amount of CMP of at |least
14% (w/w) relative to the total amount of protein. The solution may e.g. contain a total amount of CMP of at least 16%
(wiw) relative to the total amount of protein. Alternatively, the solution may contain a total amount of CMP of at least
18% (w/iw) relative to the total amount of protein.

[0089] Solutions having a higher content of CMP may be preferred, thus, the solution may e.g. contain a total amount
of CMP of at least 20% (w/w) relative to the total amount of protein. For example, the solution may contain a total amount
of CMP of at least 22% (w/w) relative to the total amount of protein. The solution may e.g. contain a total amount of CMP
of at least 25% (w/w) relative to the total amount of protein. Alternatively, the solution may contain a total amount of
CMP of at least 28% (w/w) relative to the total amount of protein.

[0090] The solution may e.g. contain a total amount of CMP in the range of 10-40% (w/w) relative 1o the total amount
of protein. For example, the solution may contain a total amount of CMP in the range of 12-35% (w/w) relative to the
total amount of protein. The seclution may e.g. contain a total amount of CMP in the range of 14-30% (w/w} relative to
the total amount of protein. Alternatively, the solution may contain a total amount of CMP in the range of 16-28% (w/w)
relative to the total amount of protein.

[0091] The solution may e.g. contain a total amount of CMP in the range of 18-26% (w/w) relative to the total amount
of protein. For example, the solution may contain a total amount of CMP in the range of 18-24% (w/w} relative to the
total amount of protein.

[0092] The present inventors have found that increasing amounts of CMP in the solution reduces burning and fouling
in the SSHE and increases the time the production plant can operate between cleaning cycles.

[0093] In some preferred embodiments of the invention, the sclution contains a total amount of soluble alpha-lactal-
bumin of at most 16% (w/w) relative to the total amount of protein. For example, the solution may contain a total amount
of soluble alpha-lactalbumin of at most 12% {w/w) relative to the total amount of protein. The solution may e.g. contain
a total amount of soluble alpha-lactalbumin of at most 10% (w/w) relative to the total amount of protein. Alternatively,
the solution may contain a total amount of soluble alpha-lactalbumin of at most 8% (w/w) relative to the total amount of
protein.

[0094] A lower concentration of soluble alpha-lactalbumin may be preferred, thus, the solution may contain a total
amount of soluble alpha-lactalbumin of at most 6% (w/w) relative to the total amount of protein. For example, the solution
may contain a total amount of soluble alpha-lactalbumin of at most 4% (w/w) relative to the total amount of protein. The
solution may e.g. contain a total amount of soluble alpha-lactalbumin of at most 2% (w/w) relative to the total amount of
protein. Alternalively, the solution may contain a total amount of soluble alpha-lactalbumin of at most 1% (w/w) relative
to the total amount of protein, such as e.g. substantially no soluble alpha-lactalbumin.

[0095] In some preferred embodiments of the invention, the solution contains a total amount of soluble alpha-lactal-
bumin in the range of 1-16% (w/w) relative to the total amount of protein. For example, the solution may contain a total
amount of soluble alpha-lactalbumin in the range of 2-12% (w/w) relative to the total amount of protein. The solution
may e.g. contain a total amount of soluble alpha-lactalbumin in the range of 3-10% (w/w) relative to the total amount of
protein. Alternatively, the solution may contain a total amount of soluble alpha-lactalbumin in the range of 4-8% (w/w)
relative to the total amount of protein.

[0096] The solution of step a) may e.g. contain a total amount of soluble beta-lactoglobulin in the range of 20-100%
(wiw) relative to the total amount of protein. For example, the solution may contain a total amount of soluble beta-
lactoglobulin in the range of 30-80% (w/w) relative to the total amount of protein. The solution may e.g. contain a total
amount of soluble beta-lactoglobulin in the range of 35-70% (w/w) relative to the total amount of protein. Alternatively,
the solution may contain a total amount of soluble beta-lactoglobulin in the range of 40-60% (w/w} relative to the total
amount of protein.

[0097] The pH of the solution is typically in the range of 5-8. For example, the pH of the solution may be in the range
of 5.0-8.0. The pH of the solution may e.g. be in the range of 5.5-7.5. Alternatively, the pH of the solution may e.g. be
in the range of 6.0-7.0, such as in the range of 6.0-6.5.

[0098] All pH-values presented herein have been measured in liquids/solutions having a temperature of 25 degrees
C unless specified otherwise.

[0099] While the content of divalent cations in the solution of step a) may vary, it is often preferred that the solution
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e.g. contains a total amount of elemental Ca in the range of 0.05-3% (w/w) on a dry weight basis. For example, the
solution may contain a total amount of elemental Ca in the range of 0.1-1.5% (w/w) on a dry weight basis. The solution
may e.g. contain a total amount of elemental Ca in the range of 0.2-1.0% (w/w) on a dry weight basis. Alternatively, the
solution may contain a total amount of elemental Ca in the range of 0.3-0.8% (w/w) on a dry weight basis.

[0100] Whey contains lactose and the solution of step a) will typically contain scme lactose as well. In some embed-
iments of the invention, the solution contains at most 30% (w/w) lactose on a dry weight basis. For example, the solution
may contain at most 20% (w/w) lactose on a dry weight basis. The solution may e.g. contain at most 10% (w/w) lactose
on a dry weight basis. Alternatively, the solution may contain at most 5% (w/w) lactose on a dry weight basis.

[0101] The present inventors have found that solutions having a low lactose content are advantageous for producing
denatured whey protein compositions for low carbohydrate or lactose-free applications. Thus, in some preferred em-
bodiments of the invention the solution contains at most 4% (w/w) lactose. For example, the solution may contain at
most 3% (wiw) lactose on a dry weight basis. The solution may e.g. contain at most 2% (w/w) lactose on a dry weight
basis. Alternatively, the solution may contain at most 1% (w/w) lactose on a dry weight basis.

[0102] Forexample, the sclution may contain atmost 0.5% (w/w)lactose on a dry weight basis, such as e.g. substantially
no lactose.

[0103] The dry-matter content (solid content) of the solution of step a) is typically in the range of 2-50% (w/w). For
example, the solution may have a dry-matter content in the range of 5-40% {w/w). The solution may e.g. have a dry-
matter content in the range of 10-30% (w/w). Alternatively, the solution may contain a total amount of elemental Ca in
the range of 0.3-0.8% (w/w) on a dry weight basis.

[0104] The solution typically contains at most 15% fat (w/w) on a dry weight basis. For example, the solution may
contain at most 12% fat (w/w) on a dry weight basis. The solution may e.g. contain at most 10% fat (w/w) on a dry weight
basis. Alternatively, the solution may contain at most 8% (w/w) fat on a dry weight basis, such as e.g. at most 6% fat
(w/w) on a dry weight basis.

[0105] During the heat-treatment of step b), the solution should reach a temperature where denaturation of whey
protein and formation of insoluble whey protein particles take place. The solution should preferably be heated to a
temperature of at least 70 degrees C, and e.g. to a temperature in the range of 70-160 degrees C. The {temperature of
the solution should be kept within this range for sufficient time to form insoluble whey protein microparticles having a
particle size in the range of 1-10 um. The solution is typically held within the above temperature range for 1 second -
30 minutes, depending on which temperature(s) is (are) used. Higher temperatures tend to require a short heat-treatment
whereas relatively low temperatures require a longer treatment.

[0106] In some preferred embodiments of the invention, the heat-treatment temperature range is 70-160 degrees C.
For example, the heat-treatment temperature range may be in the range of 72-140 degrees C. The heat-treatment
temperature range may e.g. be in the range of 74-120 degrees C. Alternatively, the heat-treatment temperature range
may be in the range of 75-120 degrees C.

[0107] Insome embodiments of the invention, the heat-treatment temperature rangeis 70-120 degrees C. Forexample,
the heat-treatment temperature range may be in the range of 72-100 degrees C. The heat-treatment temperature range
may e.g. be in the range of 74-95 degrees C. Alternatively, the heat-treatment temperature range may be in the range
of 76-90 degrees C.

[0108] As said, the duration of the heat-treatment, i.e. the duration in which the solution has a temperature within the
heat-treatment temperature range is typically 1 second - 30 minutes. For example, the duration of the heat-treatment
may be in the range of 5 seconds to 10 minutes. The duration of the heat-treatment may e.g. be in the range of 10
seconds to 5 minutes. Alternatively, the duration of the heat-treatment may be in the range of 30 seconds to 2 minutes.
[0109] The heat-treatment of step b} and optionally also the cooling of step ¢ involves subjecting the solution to
mechanical shear, e.g. using shearing units such as using scraped-surface heat-exchangers, homogenisers and/or high
shear mixers.

[0110] The mechanical shear may e.g. be present while the temperature of the solution is raised to the heat-treatment
temperature range, parlicularly during the last phase where the temperature of the solution reaches the denaturation
temperature of beta-lactoglobulin (approx. 68 degrees C). Additionally, it may be preferred to maintain the high shear
conditions while the solution is kept at a temperature within the heat-treatment temperature range.

[0111] ltisfurthermore preferred to subject the heat-treated solution to high shear during the cooling of step ¢}, provided
that the method involves a cooling step.

[0112] In the context of the present invention, the term "mechanical shear" relates to shear provided by mechanical
agitation of the solution including the action of scraped-surface heat-exchangers, homogenisers, high shear mixers
and/or high pressure pumps. Non-limiting examples of suitable forms of mechanical shear include high shear mixing,
homagenization (e.g. operating at a pressure in excess of about 5000 psi (351.55 kg/cm?), colloid milling {e.g. operating
with a gap size of about 1 um to about 20 pm), operation of a scraped-surface heat-exchanger (e.g. at a rate of at least
200 RPM) and combinations thereof.

[0113] The method of producing the denatured whey protein composition may furthermore include other steps which
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e.g. may form part of steps b), ¢} or d), or which may take place between steps a) and b}, between steps b} and ¢), and
between steps ¢) and d), or which may even take place after step d).

[0114] In some preferred embodiments of the invention, the method involves a step d) of converting the heat-treated
solution to a powder, e.q. by drying, freeze-drying or spray-drying.

[0115] Finally, the denatured whey protein composition is packaged in a suitable container.

[0116] As an alternative to the above-mentioned method of producing the denatured whey protein composition, it is
possible to microparticulate a low CMP, or even CMP-free, whey protein solution and add purified CMP to the low CMP
whey protein microparticles, thereby obtaining a high CMP denatured whey protein composition.

[0117] The present denatured whey protein composition may be used as a food ingredient and preferably as an
ingredient for high protein food products.

[0118] In the context of the present invention, the term "food" relates to ingestible products in general and therefore
encompasses both liquid foods such as beverages, semi-liquid foods (e.g. gels or highly viscous foods products such
as spreadable cheese) and non-liquid foods such as bread or hard cheese.

[0119] Thus, an aspect of the invention pertains to a high protein, food product comprising

- atotal amount of protein of at least 4% (w/w),
- the solids of the denatured whey protein composition in an amount of at least 2% (w/w).

[0120] In the context of the present invention, the term "solids" of a compasition pertains to the material that would be
left if all water of the composition was completely removed. For example, fats, carbohydrates, proteins and minerals all
form part of the solids of a composition. The solid content of a food product is preferably determined according to Example
1.7.

[0121] In some preferred embodiments of the invention, the high protein, food product has a total amount of protein
of at least 7% (w/w), such as e.qg. at least 8% (w/w). For example, the high protein, food product may have a total amount
of protein of at least 10% (w/w). The high protein, food product may e.g. have a total amount of protein of at least 12%
(wiw). Alternatively, the high protein food product may e.g. have a total amount of protein of at least 14% {w/w).
[0122] An even higher protein content may be desired, thus, the high preotein food product may have a total amount
of protein of at least 16% (w/w). The high protein food product may e.g. have a total amount of protein of at least 18%
(w/w). Alternatively, the high protein food product may e.g. have a total amount of protein of at least 21% (w/w).
[0123] Typically, the high protein, acidified dairy product has a total amount of protein in the range of 7-25% {w/w).
For example, the high protein, food product may contain a total amount of protein in the range of 8-20% (w/w). The high
protein, food product may e.g. contain a total amount of protein of at least 10-18% (w/w). Alternatively, the high protein
food product may contain a total amount of protein of at least 12-16% (w/w).

[0124] In some embodiments of the invention, the high protein food product contains a total amount of protein in the
range of 21-25% (w/w).

[0125] While the high protein food product contains the solids of the denatured whey protein composition in an amount
of atleast 2% (w/w), itis often preferred thatthe denatured whey protein composition is used at even higher concentrations.
For examples, the high protein food product may contain the solids of the denatured whey protein compasition in an
amount of at least 4% (w/w). The high prolein food product may e.g. contain the solids of the denatured whey protein
composition in an amount of at least 6% {w/w). Alternatively, the high protein food product may contain the solids of the
denatured whey protein composition in an amount of at least 8% (w/w). The high protein food product may e.g. contain
the solids of the denatured whey protein compasition in an amount of at least 10% (w/w), such as at least 15%.
[0128] The high protein food product typically contains the saolids of the denatured whey protein composition in an
amount in the range of 2-30% (w/w). For example, the high protein food product may contain the solids of the denatured
whey protein compasition in an amount in the range of 4-25% (w/w}. The high protein food product may e.g. contain the
solids of the denatured whey protein composition in an amount in the range of 6-20% (w/w). Alternatively, the high protein
food product may contain the solids of the denatured whey protein composition in an amount in the range of 8-18%
(w/w). The high protein food product may e.g. contain the solids of the denatured whey protein compositionin an amount
in the range of 10-16% (w/w).

[0127] The food product containing the denatured whey protein composition may further comprise one of more fats.
In the present context, the term "fat" relates to the triglycerides in general and includes both fats which have a solid fat
content of at least 50% (w/w) at 25 degrees C and fats which have a solid fat content of less than 50% (w/w} at 25
degrees C (sometimes referred to as "oils"). The one or more fats may be derived from a vegetable fat source and/or
an animal fat source.

[0128] Accordingtoane embadiment, the food product comprises one or more vegetable cil(s) selected from the group
consisting of maize oil, sesame oil, soya oil, soya bean oil, linseed cil, grape seed oil, rapeseed oil, olive oil, groundnut
oil, sunflower oil, safflower oil and a combination thereof. Alternatively, where the food product comprises one or more
vegetable fat(s), the fat(s) may be selected from the group consisting of palm fat, palm kernel fat and cocoanut fat and
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a combination thereof.

[0129] According to a second embodiment, the food product comprises one or more animal fats, such as a milk fat.
The milk fat may be derived from cream, butter or sweet butter milk solids.

[0130] The food product containing the denatured whey protein composition may have a fat content in the range of
1-60% (w/w) relative to the dry weight of the food product, where the fat may be of vegetable and/or animal crigin as
described above. Where the food product is fat-enriched, it may have a fat content in the range of 5-40% (w/w) relative
to the dry weight of the food product; or have a fat content in the range of 10-30% (w/w) relative to the dry weight of the
food product. Where the food product has a low fat content, it may have a fat content in the range of 0.1-10% (w/w)
relative to the dry weight of the food product; preferably in the range of 0-1.0% (w/w} relative to the dry weight of the
food product.

[0131] Thefood product containing the denatured whey protein composition may comprise one of more carbohydrates
which may provide sweetness and nutritional energy to the product. The one or more carbohydrates may be a native
component of the denatured whey protein composition, such as e.g. lactose. The food product may contain one or mare
additional carbohydrate in the form of di- and mono-saccharides such as sucrose, maltose, lactose, dextrose, glucose,
fructose, galactose and a combination thereof that provide both nutritional energy and a sweet taste when the food
product is ingested.

[0132] Othertypes of carbohydrate which may be present in the food product are oligosaccharides or polysaccharides.
Oligosaccharides and polysaccharides normally do not contribute to the sweetness of the food product but may be
beneficial for the microbial environment of the gastrointestinal system of mammals, e.g. as a source of energy for the
probiotic microorganisms of the gastrointestinal system and/or a general source of food fibres.

[0133] Thefood product may contain one of more additional carbohydrates derived from mammalian milk or a derivative
thereof.

[0134] In some embodiments, the food product containing the denatured whey protein composition comprises a total
amount of carbohydrate in the range of 1-80% (w/w) relative to the dry weight of the food product. In a furtherembodiment,
the food product comprises a first carbohydrate component in addition to the native carbohydrate which may be present
in the denatured whey protein composition, where the amount of the first carbohydrate component is in the range of
1-80% (w/w) relative to the dry weight of the food product.

[0135] A food product containing the denatured whey protein composition may further comprise casein. Casein is a
phosphoprotein found in milk, which is mainly found in the form of micelles in milk. Alternatively, the casein may be used
in the form of the caseinate, which is typically prepared by acidification of skimmed milk.

[0136] Thus, the food product may comprise micellar casein and/or caseinate.

[0137] In one embodiment, the food product containing the denatured whey protein composition comprises a total
amount of casein in the range of 0-20% (w/w) relative to the dry weight of the food product, preferably in the range of
6-18% (w/w); more preferably in the range of 10-16% (w/w), and even more preferably in the range of 12-13% (w/w)
relative to the dry weight of the food product.

[0138] Additionally, the food product may contain non-dairy protein such as animal, non-dairy protein, e.g. gelatine,
or vegetable protein such as gluten, soy protein and/or pea protein.

[0139] In some embodiments of the invention, the food product may furthermore contain one or more native whey
protein(s), however, in other embodiments, the presence of native whey protein is less desirable.

[0140] A suitable source of milk proteins comprised in the food product of the invention may be derived from either
liquid or dried whole milk, non-fat milk, skimmed-milk, semi-skimmed milk and butter milk.

[0141] A food product containing the denatured whey protein composition may further comprise one or more non-
carbohydrate natural or artificial sweeteners.

[0142] In one embodiment, the food product contains one or more natural sweetening agent(s) selected from the group
consisting of Momordica Grosvenorii (Mogrosides IV or V) extracts, Rooibos extracts, Honeybush extracts, Stevia,
Rebaudioside A, thaumatin, Brazzein, Glycyrrhyzic acid and its salts, Curculin, Monellin, Phylloducin, Rubusosides,
Mabinlin, dulcoside A, dulcoside B, siamenoside, menatin and its salts {monatin 88, RR, RS, SR}, thaumatin, hernan-
dulcin, phyllodulcin, glycyphyllin, phloridzin, trilobatin, baiyunoside, osladin, polypodoside A, pterocaryoside A, ptero-
caryoside B, mukurozioside, phlomisoside |, periandrin |, abrusoside A, cyclocarioside |, erythritol, isomaltulose, and/or
natural polyol sweeteners such as maltitol, mannitol, lactitol, sorbitol, inositol, xylitol, threitol, galactitol and combinations
thereof.

[0143] In one embodiment, the food product contains one or more artificial sweetening agent(s) selected from the
group consisting of Aspartame, Cyclamate, Sucralose, Acesulfame K, neotame, Saccharin, Nechesperidin dihydroch-
alcane and combinations thereof.

[0144] A food product containing the denatured whey protein composition may comprise one or mere mineral(s) such
as phosphorus, magnesium, iron, zinc, manganese, copper, chromium, icdine, sodium, potassium, chloride and com-
binations thereof.

[0145] The one or more mineral(s) may be a native component of the denatured whey protein composition, and/or the
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food product may be provided as an additional source of mineral(s). A suitable source of minerals includes milk or milk
derivatives that contain the inorganic salts elemental calcium, elemental phosphorous, elemental magnesium and ele-
mental potassium.

[0146] A food product containing the denatured whey protein composition may e.qg. have a total ash content (i.e. salts
and minerals content) in the range of 0.1-10% (w/w) relative to the dry weight of the food product; preferably in the range
of 0.5-8% (w/w), more preferably in the range of 1-5% (w/w) relative to the dry weight of the food product.

[0147] Afood product containing the denatured whey protein composition may for example have an elemental calcium
content in the range of 0.3-2% (w/w) relative to the dry weight of the food product; preferably in the range of 0.5-1.5%
{(w/w), more preferably in the range of 0.7-1% {w/w) relative to the dry weight of the food product.

[0148] A food preduct containing the denatured whey protein compasition may for example have an elemental phos-
phorous content in the range of 0.1-1.5% (w/w) relative to the dry weight of the food product; preferably in the range of
0.3-1% (w/w), more preferably in the range of 0.5-0.8% (w/w) relative to the dry weight of the food product.

[0149] A food product containing the denatured whey protein compesition may have a sodium chloride content in the
range of 0.5-0.8% (w/w) relative to the dry weight of the foed product.

[0150] A food product containing the denatured whey protein composition may further comprise one of more vitamin(s)
and similar other ingredients such as vitamin A, vitamin D, vitamin E, vitamin K, thiamine, riboflavin, pyridoxine, vitamin
B12, niacin, folic acid, pantothenic acid, biotin, vitamin C, choline, inositol, their salts, their derivatives, and combinations
thereof.

[0151] A food product containing the denatured whey protein composition may further comprise one of more stabiliz-
er(s). Suitable stabilizers which can be used in the present invention include locust bean gum, guar gum, alginates,
cellulose, xanthan gum, carboxymethyl cellulose, microcrystalline cellulose, carrageenans, pectins, inulin and mixtures
thereof.

[0152] The content of the one of more stabilisers may e.g. be in the range of 0.01-5% (w/w) relative to the dry weight
of the food product, preferably in the range of 0.1 to 0.5% (w/w).

[0153] A food product containing the denatured whey protein composition may further comprise ane of more emulsi-
fier(s). Suitable emulsifiers to be used are mono- and di-glycerides, citric acid esters of mono- and di-glycerides,
diacetyltartaric acid esters of mono- and di-glycerides polysorbate, lecithin, or polyol esters of fatty acids such as propylene
glycol monoester of fatty acids, as well as natural emulsifiers such as egg yolk, butter milk, raw acacia gum, rice bran
extract or mixtures thereof.

[0154] The content of the one of more emulsifier(s) may be in the range of 0.01-3% (w/w) relative to the dry weight of
the food product, for example in the range of 0.1 to 0.5% (w/w}).

[0155] The denatured whey protein composition is advantageously used as a dairy-based ingredient in the producticn
of dairy products. The present denatured whey protein compeosition is even more advantageous for high protein dairy
products, i.e. dairy products which contain a total amount of protein of at least 7%.

[0156] Thus, an aspect of the invention relates to a high protein dairy product containing:

- atotal amount of protein of at least 7% (w/w), and
- the solids of the denatured whey protein composition in an amount of at least 2% (w/w).

[0157] The high protein dairy product preferably contains a total amount of CMP of at least 2% (w/w) relative to the
total amount of protein.

[0158] In some preferred emhodiments, the high protein dairy product is & high protein, acidified dairy product con-
taining:

- atotal amount of pratein of at least 7% (w/w), and
- the solids of the denatured whey protein composition in an amount of at least 2% (w/w).

[0159] In the context of the present invention, the term "acidified dairy product” relates to a dairy product having a pH
of at most 5.5, and e.g. less, such as at most 5.0 or even at most 4.7. An acidified dairy product may even have a pH
of at most 4.4. The pH range of an acidified dairy product is typically pH 3.5-5.5. Preferably, the acidified dairy product
has a pH in the range of pH 4.0-5.0. Even more preferably, the acidified dairy product has a pH in the range of pH 4.2-4.8,
such as e.g. approx. pH 4.6.

[0160] In some preferred embodiments of the invention, the high protein, acidified dairy product has a total amount of
protein of at least 8% (w/w). For example, the high protein, acidified dairy product may have a total amount of protein
of at least 10% (w/w). The high protein, acidified dairy product may e.g. have a total amount of protein of at least 12%
(wiw). Alternatively, the high protein, acidified dairy product may e.g. have a total amount of protein of at least 14% (w/w}.
[0161] An even higher protein content may be desired, thus, the high protein, acidified dairy product may have a total
amount of protein of at least 16% {(w/w). The high protein, acidified dairy product may e.g. have a total amount of protein
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of at least 18% (w/w). Alternatively, the high protein, acidified dairy product may e.g. have a total amount of protein of
at least 21% (w/w).

[0162] Typically, the high protein, acidified dairy product has a total amount of protein in the range of 7-25% (w/w).
For example, the high protein, acidified dairy product may have a total amount of protein in the range of 8-20% (w/w).
The high protein, acidified dairy product may e.g. have a total amount of protein of at least 10-18% (w/w). Alternatively,
the high protein, acidified dairy product may e.g. have a total amount of protein of at least 12-16% (w/w).

[0163] In some embodiments of the invention, the high protein, acidified dairy product has a total amount of protein
in the range of 21-25% (w/w).

[0164] In some preferred embodiments of the invention, the high protein, acidified dairy product is a yoghurt.

[0165] In the context of the present invention, the term "yoghurt” refers to an acidic or fermented food or beverage
product prepared from one or more dairy components, and which has been acidified by means of microorganisms and/or
chemical acidulants. It should be noted that the term "yoghurt” also refers to yoghurt-like products that may include non-
dairy derived lipids, flavourings and food-approved stabilisers, acids and texturizers. Heat-treated yoghurt and yoghurt-
like products are also included by the term yoghurt. The term "yoghurt" includes set yoghurts, stirred yoghurts, drinking
yoghurt and Petit Suisse.

[0166] The yoghurts according to the present invention may, but need not, contain casein.

[0167] For example, the high protein yoghurt may have a weight ratio between casein and whey protein of at most
50:50. For example, the weight ratio between casein and whey protein of the high protein yoghurt may be at most 30:70.
The weight ratio between casein and whey protein of the high protein yoghurt may e.g. be at most 20:80. Alternatively,
the weight ratio between casein and whey protein of the high protein yoghurt may e.g. be at most 15:85, such as e.qg.
at most 10:90.

[0168] In some preferred embodiments of the invention, high protein yoghurt is a set yoghurt. Set yeghurts (or set-
type yoghurts) are typically characterised in a gelly-like texture and are often allowed to incubate and cool in the final
package. Set yoghurts are normally non-pourable and are often eaten out of the packaging with a spoon.

[0169] In other preferred embodiments of the invention the high protein yoghurt is a stirred yoghurt. Relative to a set
yoghurt, a stirred yoghurt is pourable but often still rather viscous. The term "stirred" is most likely based on the fact that
the acidified yoghurt milks originally were stirred to break the formed coagulum/gel and make the product more liguid
and pumpable. However, in the context of the present invention, the term "stirred yoghurt" also encompasses yoghurts
which have not been subjected to stirring, but which have obtained a liquid-like, viscous texture by other ways.

[0170] A stirred yoghurt may for example have a viscosity of at most 2.5 Pa*s {2500 cP), and typically in the range of
0.35-2.5 Pa*s (350-2500 cP). For example, the viscosity of the stirred yoghurt may be in the range of 0.4-2.0 Pa*s
(400-2000 cP). The viscosity of the stirred yoghurt may e.g. be in the range of 0.5-1.5 Pa*s (500-1500 cP). Alternatively,
the viscosity of the stirred yoghurt may be in the range of 0.6-1.25 Pa*s {600-1250 ¢cP). In further preferred embodiments
of the invention, the high protein yoghurt is a drinking yoghurt, which may be perceived as low viscosity, drinkable
yaghurt. A drinking yoghurt may for example have a viscosity of at most 0.4 Pa*s (400 cP), and typically in the range of
0.004-0.4 Pa’s {4-400 cP). For example, the viscosity of the drinking yoghurt may be in the range of 0.01-0.3 Pa’s
(10-300 cP). The viscosity of the drinking yoghurt may e.g. be in the range of 0.015-0.2 Pa*s (15-200 cP). Alternatively,
the viscosity of the drinking yoghurt may be in the range of 0.02-0.15 Pa*s (20-150 ¢cP). In some preferred embodiments
of the invention, the high prolein, acidified dairy producl, e.g. a high protein yoghurt, comprises one or more sweeteners,
such as carbohydrate sweeteners, polyols and/or high intensity sweeteners.

[0171] The high protein, acidified dairy product, e.g. a high protein yoghurt, may e.g. comprise a total amount of
carbohydrate sweetenerin the range of 1-20% (w/w) relative to the total weight of the acidified dairy product. Alternatively,
the acidified dairy product, e.g. a high protein yoghurt, may comprise a total amount of carbohydrate sweetener in the
range of 4-15% (w/w) relative to the total weight of the acidified dairy product. Since other ingredients of the acidified
dairy product inherently may comprise some carbohydrate sweetener, such as lactose, it will often be sufficient to add
carbohydrate sweetener in an amount of about 2 - 10% relative to the total weight of the acidified dairy product to reach
the desired sweetness of taste. Alternatively, the acidified dairy product may comprise a total amount of added carbo-
hydrate sweetener in the range of 4-8% (w/w) relative to the total weight of the acidified dairy product.

[0172] A high protein, acidified dairy product, e.g. a high protein yoghurt, containing the denatured whey protein
composition may further comprise one or more non-carbohydrate natural or artificial sweeteners.

[0173] In one embodiment the high protein, acidified dairy product, e.g. a high protein yoghurt, contains one or more
natural sweetening agent(s) that are not sugars. These natural sweetening agent{s) may be provided as a component
of a second sweetening agent, either alone or in combination with a carbohydrate sweetener, as described. The natural
non-sugar sweetening agent(s) may for example be selected from the group consisting of Momeordica Grosvencrii (Mo-
grosides IV or V) extracts, Rooibos extracts, Honeybush extracts, Stevia extract, Rebaudioside A, thaumatin, Brazzein,
Glycyrrhyzic acid and its salts, Curculin, Menellin, Phylloducin, Rubusasides, Mabinlin, dulcoside A, dulcoside B, sia-
menoside, monatin and its salts {monatin 8S, RR, RS, SR), hernandulcin, phyllodulcin, glycyphyllin, phloridzin, trilobatin,
baiyunoside, osladin, polypodoside A, pterocaryoside A, pterocaryoside B, mukurozioside, phlomisoside |, periandrin |,

15



10

15

20

25

30

35

40

45

50

55

EP 3 071 047 B1

abrusoside A, cyclocarioside |, erythritol, isomaltulose and/or natural polyols such as maltitel, mannitol, lactitol, sorbitol,
inositol, xylitol, threitol, galactitol and combinations thereof.

[0174] In one embodiment the high protein, acidified dairy product, e.g. a high protein yoghurt, contains one or more
artificial sweetening agent(s). These artificial sweetening agent(s) may be provided as a component of the first sweetener,
either alone orin combination with other of the sweeteners as defined above. The artificial non-sugar sweetening agent(s)
may for example be selected from the group consisting of Aspartame, Cyclamate, Sucralose, Acesulfame K, neotame,
Saccharin, Neohesperidin dihydrochalcone, Stevia extract, Rebaudioside A, thaumatin, Brazzein, Glycyrrhyzic acid and
its salts, Curculin, Monellin, Phylloducin, Rubusosides, Mabinlin, dulcoside A, dulcoside B, siamenoside, monatin and
its salts (monatin SS, RR, RS, SR), and combinations thereof.

[0175] In some embodiments of the invention, itis particularly preferred that the sweetener comprises or even consists
of one or more high intensity sweeteners (HIS). HIS are both found among the natural and the artificial sweeteners and
typically have a sweetening intensity of at least 10 times that of sucrose, Non-limiting examples of useful HIS are
Aspartame, Cyclamate, Sucralose, Acesulfame K, neotame, Saccharin, Neohesperidin dihydrechalcone and combina-
tions thereof.

[0176] If used, the total amount of HIS is typically in the range of 0.01-2% (w/w). For example, the total amount of HIS
may be in the range of 0.05-1.5% (w/w}. Alternatively, the total amount of HIS may be in the range of 0.1-1.0% (w/w).
[0177] It may furthermore be preferred that sweetener comprises or even consists of one or more polyol sweetener(s).
Non-limiting examples of useful polyol sweetener are maltitol, mannitol, lactitol, sorbitol, inosital, xylitol, threitol, galactitol
or combinations thereof.

[0178] If used, the total amount of polyol sweetener is typically in the range of 1-20% (w/w). For example, the total
amount of polycl sweetener may be in the range of 2-15% {w/w). Alternatively, the total amount of polyol sweetener may
be in the range of 4-10% (wiw).

[0179] In one embodiment, the high protein, acidified dairy product, e.g. a high protein yoghurt, contains the casein,
e.g. in the form of caseinate or micellar casein. The use of micellar casein is sometimes preferred as it contributes less
to the viscosity of the final product than caseinate.

[0180] Examples of suilable sources of micellar casein are whole milk, non-fat milk, skimmed-milk, semi-skimmed
milk and butter milk. These sources may be used both as liquid milk or in dried, powdered form.

[0181] The caseinate may e.g. be Na-caseinate or Ca-caseinate or other caseinate salts.

[0182] High protein yoghurt may e.g. contain casein in an amount in the range of 0-80% (w/w) relative to the total
amount of protein, such as e.g. in the range of 0-70% (w/w) relative to the total amount of protein. When using a high
casein level the yoghurts tend to become highly viscous and may even form a non-pourable gel. Stirred high protein
yoghurts often contain casein in an amount in the range of 25-60% (w/w) relative to the total amount of protein, such as
e.g. in the range of 30-55% (w/w) relative to the total amount of protein, or even in the range of 35-50% (w/w) relative
to the total amount of protein.

[0183] High protein drinking yoghurt may e.g. contain casein in an amount in the range of 0-35% (w/w) relative to the
total amount of protein, such as e.g. in the range of 0-30% (w/w) relative to the total amount of protein. High protein
drinking yoghurts may e.g. contain casein in an amount in the range of 5-30% (w/w) relative to the total amount of protein.
For example, high protein drinking yoghurts may contain casein in an amount in the range of 10-30% (w/w) relative to
the total amount of protein. Alternatively, high protein drinking yoghuris may contain casein in an amount in the range
of 15-30% (w/w) relative to the total amount of protein, or even in the range of 20-30% (w/w} relative to the total amount
of protein.

[0184] In some embodiments of the invention, the acidified dairy product, e.g. a high protein yoghurt, furthermore
contains native whey protein e.g. in the form for whey protein concentrates or whey protein isolates. Native whey protein
is also provided by several milk protein sources such as liquid or dried milk and by milk protein concentrates.

[0185] High protein yoghurt may e.g. contain native whey protein in an amount in the range of 0-40% (w/w) relative
to the total amount of protein, such as e.g. in the range of 2-30% (w/w) relative to the total amount of protein. High protein
yoghurts may e.g. contain native whey protein in an amount in the range of 3-30% (w/w) relative to the total amount of
protein. For example, high protein yoghurts may contain native whey protein in an amount in the range of 4-25% (w/w)
relative to the total amount of protein. Alternatively, high protein yoghurts may contain native whey protein in an amount
in the range of 5-20% (w/w) relative to the total amount of protein, or even in the range of 6-15% (w/w) relative to the
total amount of protein.

[0186] It should be noted that while both casein and native whey protein may be present in the ingredients of the
acidified dairy product, such a high protein yoghurt, they often aggregate and form part of gel networks and/or particles
during the processing of the acidified dairy product - especially if prolonged pasteurisation is involved. The amounts of
protein components of the acidified dairy product which are mentioned herein therefore primarily relate to the ingredients
which are used for producing the product.

[0187] The acidified dairy product, e.g. a high protein yoghurt, may furthermore comprise one of more vitamin(s) and
similar other ingredients such as vitamin A, vitamin D, vitamin E, vitamin K, thiamine, riboflavin, pyridoxine, vitamin B12,
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niacin, folic acid, pantothenic acid, biotin, vitamin C, choline, inositol, their salts, their derivatives, and combinations
thereof.

[0188] The acidified dairy product, e.g. a high protein yoghurt, may furthermore comprise one of more stabilizer(s}).
Suitable stabilizers which can be used in the present invention include locust bean gum, guar gum, alginates, cellulose,
xanthan gum, carboxymethyl cellulose, microcrystalline cellulose, carrageenans, pectins, inulin and mixtures thereof.
[0189] The content of the one of more stabiliser(s) may e.g. be in the range of 0.01-5% {(w/w) relative to the dry weight
of the product, preferably in the range of 0.1 to 0.5% {w/w).

[0190] The acidified dairy product, e.g. a high protein yoghurt, may furthermore comprise one of more emulsifier(s).
Suitable emulsifiers to be used are mono- and di-glycerides, citric acid esters of mone- and di-glycerides, diacetyltartaric
acid esters of mono- and di-glycerides polysarbate, lecithin or polyol esters of fatty acids such as propylene glycol
monoester of fatty acids, as well as natural emulsifiers such as egg yolk, butter milk, raw acacia gum, rice bran extract
or mixtures thereof.

[0191] The content of the one of more emulsifier{s) may be in the range of 0.01-3% (w/w) relative to the dry weight of
the product, for example in the range of 0.1 to 0.5% (w/w).

[0192] In some preferred embodiments, the yoghurt is a stirred yoghurt containing:

- atotal amount of protein in the range of 9-18% (w/w),

- the solids of the denatured whey protein composition in an amount of at least 3.5% (w/w), which denatured whey
protein composition comprises atleast 70% (w/w) protein on a dry weight basis relative to the weight of the denatured
whey protein composition,

- casein in an amount in the range of 30-65% (w/w) relative 1o the total amount of protein,

- atotal amount of fat of at most 2% (wiw)

- atotal amount of carbohydrate in the range of 2-20% {(w/w), and

- atotal amount of CMP of at least 2% (w/w) relative to the total amount of protein.

[0193] In some preferred embodiments, the yoghurt is a slirred yoghurt containing:

- atotal amount of protein in the range of 2-18% (w/w),

- the solids of the denatured whey protein composition in an amount of at least 3.5% (w/w), which denatured whey
protein composition comprises at least 70% (w/w) protein on a dry weig