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LOW ALPHA-LACTALBUMIN, HIGH PROTEIN, DENATURED WHEY PROTEIN
COMPOSITIONS, PRODUCTS CONTAINING THEM, AND USES THEREOF

FIELD OF THE INVENTION

The present invention pertains to a new type of high protein denatured whey protein

compositions having a low content of soluble alpha-lactalbumin and to a method of pro-
ducing 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

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 subsequent-
ly 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:

US 5,096,731 B2 discloses a yogurt where all or part of the fat and/or oil of the yogurt
is replaced with microparticulated protein comprising substantially non-aggregated par-
ticles of denatured protein having a mean diameter of 0.5 — 2 microns when in a dry

state.

US 6,605,311 B2 discloses insoluble, denatured, heat-stable protein particles having a
mean diameter of 0.1 - 3 microns when in a hydrated state, which are dispersible in
aqueous solutions in the form of substantially non-aggregated macro-colloids and are

used in food and beverage products.



10

15

20

25

30

35

40

WO 2015/059245 PCT/EP2014/072790

SUMMARY OF THE INVENTION

An aspect of the invention pertains to a denatured whey protein composition containing:
- a total amount of protein of at least 60% (w/w) on a dry weight basis,

- a total amount of soluble alpha-lactalbumin of at most 6% (w/w) relative to the total
amount of protein, and

- insoluble whey protein particles having a particle size in the range of 1-10 micron,
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.

The present inventors have found that denatured whey protein compositions containing
a low amount of alpha-lactalbumin, when used for producing high protein drinking yo-
ghurts, provide a lower viscosity than denatured whey protein compositions containing a

higher content of alpha-lactalbumin (see Example 3).

The inventors have furthermore found that the present denatured whey protein compo-
sitions, 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).

Another aspect of the 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,
- a total amount of protein of at least 60% (w/w) on a dry weight basis,
- a total amount of soluble alpha-lactalbumin of at most 16% (w/w) rela-

tive 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 micron,
¢) optionally, cooling 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.
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A further aspect of the invention pertains to a method of producing a high protein, acidi-

fied dairy product, the method comprising the steps of:

a) providing a dairy base comprising at least one dairy component and at least one car-

bohydrate,

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

subsequently cooling the dairy base,

¢) 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 more 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
in an amount of at least 2% (w/w), and a total amount of at most 6% sol-
uble alpha-lactalbumin (w/w) relative to the total amount of protein,

or

IT) an ingredient comprising, or even consisting of, the solids of denatured
whey protein composition is added to the dairy base between steps a)
and f) in an amount sufficient to form the acidified dairy product contain-
ing:

- a total 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

- a total amount of at most 6% soluble alpha-lactalbumin (w/w) relative to

the total amount of protein.

Yet an aspect of the invention relates to a high protein, acidified dairy product obtaina-
ble by the method, said dairy product containing a total amount of protein of at least
7% (w/w).
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A further aspect of the invention relates 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,

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.

DETAILED DESCRIPTION OF THE INVENTION

The denatured whey protein composition according to the present invention contains:
- a total 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 micron,
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.

An alternative aspect of the invention pertains to a denatured whey protein composition
containing:

- a total amount of protein of at least 40% (w/w dry-matter basis),

- a weight 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 micron,
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.

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).

In the context of the present invention, the term “denatured whey protein composition”
relates to a composition which contains at least some denatured whey protein and pref-
erably a significant amount of denatured whey protein. The composition may also con-
tain some non-denatured whey proteins, however, the protein of the denatured whey

protein composition preferably has a degree of denaturation of at least 50%.

In the context of the present invention the term “whey protein” relates to the proteins

which are present in the serum phase of either milk or coagulated milk. The proteins of
4
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the serum phase of milk are sometimes also referred to as milk serum proteins or ideal

whey.

In the context of the present invention, the term “whey” relates to the liquid composi-
tion which is left when casein has been removed from milk. Casein may e.g. be re-

moved by microfiltration providing a liquid permeate which is free of or essentially free
of micellar casein but contains the native whey proteins. This liquid permeate is some-

times referred to as ideal whey, serum or milk serum.

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 pep-
tide caseinomacropeptide (CMP), thereby destabilising the casein micelles and causing
casein to precipitate. The liquid surrounding the rennet precipitated casein is often re-
ferred to as sweet whey and contains CMP in addition to the whey proteins which are

normally found in milk.

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 liquid surrounding the acid precipitated
casein is often referred to as acid whey or casein whey and does not contain CMP.

"W

In the context of the present invention, the terms “native alpha-lactalbumin”, “native
beta-lactoglobulin”, “native CMP”, “soluble alpha-lactalbumin”, “soluble beta-
lactoglobulin” or “soluble 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.

The whey proteins used in the present invention are preferably whey proteins from
mammalian milk, such as e.g. milk from human, cow, sheep, goat, buffalo, camel, lla-
ma, horse and/or deer. In some preferred embodiments of the invention the whey pro-

teins are bovine whey proteins.

In some preferred embodiments of the invention, the total amount of soluble alpha-
lactalbumin of the denatured whey protein composition is at most 5% (w/w) relative to
the total amount of protein. Preferably, the total amount of soluble alpha-lactalbumin of
the denatured whey protein composition is at most 4% (w/w) relative to the total
amount of protein, preferably at most 3% (w/w). Even more preferably, the total
amount of soluble alpha-lactalbumin of the denatured whey protein composition is at

most 2% (w/w). For example, the total amount of soluble alpha-lactalbumin of the de-

5
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natured whey protein composition may be at most 1% (w/w) relative to the total

amount of protein, such as at most 0.5% (w/w).

As said, the total protein content of the denatured whey protein composition is prefera-
bly 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 more 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.

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 60%. The protein of dena-
tured whey protein composition may e.g. have a degree of denaturation of at least 70%
such at least 75%. Alternatively, the protein of denatured whey protein composition

may have a degree of denaturation of at least 80%.

Even higher degrees of denaturation may be desirable, thus, the protein of denatured
whey protein composition may have a degree of denaturation of at least 85%. For ex-
ample, the protein of denatured whey protein composition may have a degree of dena-
turation of at least 90%. The protein of denatured whey protein composition may e.g.
have a degree of denaturation of at least 95%, such at least 97%. Alternatively, the
protein of denatured whey protein composition may have a degree of denaturation of at
least 99%.

The degree of denaturation is determined according to the procedure outlined in Exam-
ple 1.9.

In addition to the denatured whey protein, which typically is present in the form of in-
soluble whey protein particles, the denatured whey protein composition may also con-
tain 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.

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 "ny, n,, ..., ni.y, and/or n;" means " n;"

6
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or" ny" or...or "ni;" or "n;" or any combination of the components : ny, ny,...n;.;, and

n;.

The denatured whey protein composition 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 micron. The insoluble whey protein particles are typi-
cally produced by heating a solution of whey protein at an appropriate pH while subject-
ing the solution to a high degree of internal shear. The shear may be provided by me-
chanical shearing, using e.g. scraped-surface heat-exchangers or homogenizers or by

subjecting the solution to high linear flow rates which promote turbulence.

It is also possible to prepare the denatured whey protein compositions using low shear
or non-shear microparticulation 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.

In the context of the present invention the term “insoluble whey protein particles” per-
tains to particulate aggregates comprising denatured whey proteins, which aggregate

can be separated from soluble whey protein by centrifugation.

Insoluble whey protein particles having a particle size in the range of 1-10 micron 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 to the total amount of protein of the com-
position.

The amount (% w/w relative to the total amount of protein) of insoluble whey protein
particles having a particle size in the range of 1-10 micron in a denatured whey protein

composition is determined according to Example 1.1 (P;.19).

For example, the denatured whey protein composition may comprise insoluble whey
protein particles having a particle size in the range of 1-10 micron 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

diameter) as low as 0.5000 micron and as high as 10.4999 micron.

The denatured whey protein composition may e.g. comprise insoluble whey protein par-
ticles having a particle size in the range of 1-10 micron in an amount of at least 65%
(w/w) relative to the total amount of protein of the composition. Alternatively, the de-

natured whey protein composition may comprise insoluble whey protein particles having

7
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a particle size in the range of 1-10 micron in an amount of at least 70% (w/w) relative
to the total amount of protein of the composition. The denatured whey protein composi-
tion may for example comprise insoluble whey protein particles having a particle size in
the range of 1-10 micron, 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% (w/w).

A higher content of insoluble whey protein particles having a particle size in the range of
1-10 micron may be preferred for some applications. Thus, the denatured whey protein
composition may comprise insoluble whey protein particles having a particle size in the
range of 1-10 micron in an amount of at least 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 micron in an
amount of at least 88% (w/w) relative to the total amount of protein of the composi-
tion. Alternatively, the denatured whey protein composition may comprise insoluble
whey protein particles having a particle size in the range of 1-10 micron 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).

In some embodiments of the invention, the denatured whey protein composition may
comprise insoluble whey protein particles having a particle size in the range of 1-10
micron in an amount in the range of 50-100% (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 micron 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 in-
soluble whey protein particles having a particle size in the range of 1-10 micron 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 insol-
uble whey protein particles having a particle size in the range of 1-10 micron in an
amount in the range of 70-85% (w/w) relative to the total amount of protein of the

composition.

Insoluble whey protein particles having a particle size of approx. 1 micron are of par-
ticular interest for the present invention, and in some preferred embodiments the dena-
tured 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 micron effectively covers particles having
a particle size (hydrodynamic diameter) as low as 0.5000 micron and as high as 1.4999

micron. The amount (% w/w relative to the total amount of protein) of insoluble whey
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protein particles having a particle size of approx. 1 micron in a denatured whey protein

composition is determined according to Example 1.1 (P;).

For example, the denatured whey protein composition may comprise insoluble whey
protein particles having a particle size of approx. 1 micron in an amount of at least 55%
(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 of approx. 1 micron in an amount of at least 60% (w/w) relative to the total
amount of protein of the composition. Alternatively, the denatured whey protein compo-
sition may comprise insoluble whey protein particles having a particle size of approx. 1
micron 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 insol-
uble whey protein particles having a particle size of approx. 1 micron 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% (w/w).

A higher content of insoluble whey protein particles having a particle size of approx. 1
micron may be preferred for some applications. Thus, the denatured whey protein com-
position may comprise insoluble whey protein particles having a particle size of approx.
1 micron in an amount of at least 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 of approx. 1 micron in an amount of at
least 90% (w/w) relative to the total amount of protein of the composition. Alternative-
ly, the denatured whey protein composition may comprise insoluble whey protein parti-
cles having a particle size of approx. 1 micron in an amount of at least 95% (w/w) rela-
tive to the total amount of protein of the composition, such as in an amount of at least
97% (w/w) or approx. 100% (w/w).

In some embodiments of the invention, the denatured whey protein composition may
comprise insoluble whey protein particles having a particle size of approx. 1 micron in
an amount in the range of 50-100% (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 of approx. 1 micron in an amount in the
range of 60-95% (w/w) relative to the total amount of protein of the composition. Al-
ternatively, the denatured whey protein composition may comprise insoluble whey pro-
tein particles having a particle size of approx. 1 micron 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 of approx. 1 micron in an amount in the range of 70-85% (w/w)

relative to the total amount of protein of the composition.

9
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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 denatured whey protein com-

positions.

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 micron in an amount of at most 10% (w/w) relative to the total amount of pro-
tein of the composition, preferably at most 5% (w/w), and even more preferably at

most 1% (w/w).

For example, the denatured whey protein composition comprises insoluble whey protein
particles having a particle size of more than 10 micron in an amount of at most 10%
(w/w) 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).

Additionally, it is sometimes preferred that the amount of insoluble whey protein parti-
cles having a size below 0.5 micron is kept to a minimum as these may provide an un-

desirably high viscosity to the products comprising them.

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 micron
in an amount of at most 10% (w/w) relative to the total amount of protein of the com-

position, 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 composi-
tion comprises:

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

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

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

tion.

For example, the denatured whey protein composition comprises:

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

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

tion.

Alternatively, the denatured whey protein composition may comprise:

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

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

tion.

The particle size distribution of the insoluble whey protein particles is using the proce-
dure outlined in Example 1.1.

The denatured whey protein composition may furthermore contain salts and minerals,
which typically are present in whey or milk derived products. The mineral content of

food products are typically represented as the ash content of the food product.

The ash content is 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 re-
moved 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 particles as such. The

ash content is preferably determined by the technique of dry ashing.

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 with a
more milky flavour relative to high protein dairy products containing denatured whey

protein ingredients having a higher ash content.

11
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In some preferred embodiments of the invention, the denatured whey protein composi-
tion has a total protein : ash content weight ratio of at least 15. Preferably, the total
protein : ash content weight ratio of the denatured whey protein 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 ratio of the denatured whey protein composition may be at least 40, such as at
least 50.

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. Alterna-
tively, 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.

The ash content is determined according to example 1.6 and the total protein is deter-

mined according to Example 1.4.

In addition to salts and minerals, the denatured whey protein composition furthermore
typically contains fat, e.g. milk fat or whey fat. For example, the denatured whey pro-
tein composition may furthermore comprise fat in an amount of at most 8% (w/w) on a

dry weight basis.

The present inventors have found that such compositions are particularly advantageous

for preparing high protein, non-fat food products.

The denatured whey protein composition may furthermore comprise carbohydrate, typi-
cally in the form of lactose or lactose-based oligosaccharides. For example, the dena-
tured 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. com-
prise 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.

In some 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).
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The present inventors have found that such compositions are particularly advantageous
for preparing high protein, low lactose food products or high protein, low carbohydrate
food products.

The denatured whey protein composition may be present in different forms. For exam-
ple the denatured whey protein composition may be a powder, preferably a dry powder.

In the context of the present invention, a dry powder contains at most 6% (w/w) water.

Alternatively, the denatured whey protein composition may be a suspension and prefer-
ably an aqueous suspension, meaning that the insoluble particles of the denatured whey
protein composition are suspended in water. In the context of the present invention, an
aqueous suspension contains at least 50% (w/w) water, preferably at least 60% (w/w)
water, such as at least 70% (w/w). Even higher contents of water may be preferred for
some applications, thus an aqueous suspension may contain at least 80% (w/w) water,

such as e.g. at least 90% (w/w) water.

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.

The contents of water in a food product may be determined according to ISO
5537:2004 (Dried milk - Determination of moisture content (Reference method)) or by
NMKL 110 2™ Edition, 2005 (Total solids (Water) - Gravimetric determination in milk
and milk products). NMKL is an abbreviation for "Nordisk Metodikkomité for Neerings-

midler”.

In the context of the present invention, the term “dry weight” of a composition or prod-
uct relates to the weight of the composition or product when it has been dried to a wa-
ter content of 3% (w/w) water.

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.

An aspect of the invention pertains to a method of producing a 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,

- a total amount of whey protein of at least 1% (w/w),

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

a total amount of soluble alpha-lactalbumin of at most 16% (w/w) rela-

tive 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 micron,

¢) optionally, cooling 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.

The method may comprise the steps a) and b), and ¢), and d) in which case the dena-

tured whey protein composition is a powder, and preferably a dry powder.

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.

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.

The solution typically contains a total amount of whey protein of at least 1% (w/w) rela-
tive to the weight of the solution, such as e.g. at least 5% (w/w). For example, the so-
lution may contain a total amount of whey protein of at least 10% (w/w). The solution
may e.g. contain a total amount of whey protein of at least 15% (w/w). Alternatively,

the solution may contain a total amount of whey protein of at least 20% (w/w).

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 pro-
tein 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).

14



10

15

20

25

30

35

40

WO 2015/059245 PCT/EP2014/072790

It is 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 ba-

sis.

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 solution may contain a total
amount of whey protein in the range of 65-95% (w/w) on a dry weight basis. The solu-
tion 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 pro-

tein in the range of 75-85% (w/w) on a dry weight basis.

The whey protein used in the solution may be whey protein from acid whey, whey pro-

tein from sweet whey and/or milk protein from milk serum.

The solution preferably contains beta-lactoglobulin, which is an important component
for the formation of insoluble whey protein particles. The solution may furthermore con-
tain one or more of the additional proteins found in whey, for example alpha-

lactalbumin and/or CMP.

In some preferred embodiments of the invention the solution contains a total amount of
soluble alpha-lactalbumin 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.

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. Alternatively, 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.
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In some preferred embodiments of the invention the solution contains a total amount of
soluble alpha-lactalbumin 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 con-
tain a total amount of soluble alpha-lactalbumin in the range of 4-8% (w/w) relative to

the total amount of protein.

The solution of step a) may e.g. contain a total amount of soluble beta-lactoglobulin in
the range of 20-100% (w/w) 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.

The pH of the solution is typically in the range of 5-8. For example, the pH of the solu-
tion 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.

All pH-values presented herein have been measured in liquids/solutions having a tem-

perature of 25 degrees C unless specified otherwise.

While the content of divalent cations in the solution of step a) may vary, it is often pre-
ferred that the solution 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 so-
lution 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 ele-

mental Ca in the range of 0.3-0.8% (w/w) on a dry weight basis.

Whey contains lactose and the solution of step a) will typically contain some lactose as
well. In some embodiments 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.
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The present inventors have found that solutions having a low lactose content are advan-
tageous for producing denatured whey protein compositions for low carbohydrate or
lactose-free applications. Thus, in some preferred embodiments of the invention the
solution contains at most 4% (w/w) lactose. For example, the solution may contain at
most 3% (w/w) 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.

For example, the solution may contain at most 0.5% (w/w) lactose on a dry weight ba-

sis, such as e.g. substantially no lactose.

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.

The solution typically contains at most 15% fat (w/w) on a dry weight basis. For exam-
ple, 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 solu-
tion 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.

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 pro-
tein microparticles having a particle size in the range of 1-10 micron. 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.

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.
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In some embodiments of the invention, the heat-treatment temperature range is 70-
120 degrees C. For example, 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.

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 sec-
onds 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.

The heat-treatment of step b) and optionally also the cooling of step ¢) involves sub-
jecting the solution to mechanical shear, e.g. using shearing units such as scraped sur-

face heat exchangers, homogenisers and/or high shear mixers.

The mechanical shear may e.g. be present while the temperature of the solution is
raised to the heat-treatment temperature range, particularly 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.

It is furthermore preferred to subject the heat-treated solution to high shear during the

cooling of step ¢), provided that the method involves a cooling step.

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,
homogenization (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 micron to about 20
microns), operation of a scraped surface heat exchanger (e.g. at a rate of at least 200
RPM) and combinations thereof.

The method of producing the denatured whey protein composition may furthermore

include other steps which e.g. may form part of steps b), ¢) or d), or which may take
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place between steps a) and b), between steps b) and ¢) and between steps ¢) and d), or

which may even take place after step d).

In some preferred embodiments of the invention, the method involves a step d) of con-
verting the heat-treated solution to a powder, e.g. by drying, freeze-drying or spray-

drying.

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

The present denatured whey protein composition may be used as a food ingredient and

preferably as an ingredient for high protein food products.

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.

Thus, an aspect of the invention pertains to a high protein food product comprising
- a total 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).

In the context of the present invention the term “solids” of a composition 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.

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.g. at least 8% (w/w). For ex-
ample, 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% (w/w). Alternatively, the high protein food product may e.g. have a total

amount of protein of at least 14% (w/w).

An even higher protein content may be desired, thus, the high protein 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).
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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).

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).

While the high protein food product contains the solids of the denatured whey protein
composition in an amount of at least 2% (w/w), it is often preferred that the denatured
whey protein composition is used at even higher concentrations. For example, the high
protein food product may contain the solids of the denatured whey protein composition
in an amount of at least 4% (w/w). The high protein 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 composition in an

amount of at least 10% (w/w), such as at least 15%.

The high protein food product typically contains the solids of the denatured whey pro-
tein composition in an amount in the range of 2-30% (w/w). For examples, the high
protein food product may contain the solids of the denatured whey protein composition
in an amount in the range of 4-25% (w/w). The high protein food product may e.g. con-
tain 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

composition in an amount in the range of 10-16% (w/w).

The food product containing the denatured whey protein composition may further com-
prise 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 de-
grees 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.

According to one embodiment, the food product comprises one or more vegetable oil(s)
selected from the group consisting of maize oil, sesame oil, soya oil, soya bean oil, lin-

seed oil, grape seed oil, rapeseed oil, olive oil, groundnut oil, sunflower oil, safflower oil
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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 a combination thereof.

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.

The food product containing the denatured whey protein composition may have a fat
content in the range of 1-50% (w/w) relative to the dry weight of the food product,
where the fat may be of vegetable and/or animal origin 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.

The food 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
more additional carbohydrates 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.

Other types of carbohydrate which may be present in the food product are oligosaccha-
rides or polysaccharides. Oligosaccharides and polysaccharides normally do not contrib-
ute to the sweetness of the food product but may be beneficial for microbial environ-
ment of the gastrointestinal system of mammals, e.g. as a source of energy for the pro-
biotic microorganisms of the gastrointestinal system and/or a general source of food

fibres.

The food product may contain one of more additional carbohydrates derived from

mammalian milk or a derivative thereof.

In some embodiments, the food product containing the denatured whey protein compo-
sition 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 further embodiment, the food product compris-

es a first carbohydrate component in addition to the native carbohydrate which may be
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present in the denatured whey protein composition, where the amount of the first car-
bohydrate component in the range of 1-80% (w/w) relative to the dry weight of the

food product.

A food product containing the denatured whey protein composition may further com-
prise 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.

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

In one embodiment, the food product containing the denatured whey protein composi-

tion 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.

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 pro-

tein.

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.

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.

A food product containing the denatured whey protein composition may further com-

prise one of more non-carbohydrate natural or artificial sweeteners.

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) ex-
tracts, Rooibos extracts, Honeybush extracts, Stevia, 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), thaumatin, hernandulcin, phyllodulcin, glycyphyllin, phloridzin, trilobatin, bai-
yunoside, osladin, polypodoside A, pterocaryoside A, pterocaryoside B, mukurozioside,

phlomisoside I, periandrin I, abrusoside A, cyclocarioside I, erythritol, isomaltulose,
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and/or natural polyol sweeteners such as maltitol, mannitol, lactitol, sorbitol, inositol,

xylitol, threitol, galactitol and combinations thereof.

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, Neohesperidin dihydrochalcone and combinations
thereof.

A food product containing the denatured whey protein composition may comprise one or
more mineral(s) such as phosphorus, magnesium, iron, zinc, manganese, copper,

chromium, iodine, sodium, potassium, chloride and combinations thereof.

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

elemental potassium.

A food product containing the denatured whey protein composition may e.g. have a
total ash content (i.e. salt and mineral 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.

A food 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.

A food product containing the denatured whey protein composition may for example
have an elemental phosphorous 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 prefera-
bly in the range of 0.5-0.8% (w/w) relative to the dry weight of the food product.

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

A food product containing the denatured whey protein composition may further com-
prise 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,
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pantothenic acid, biotin, vitamin C, choline, inositol, their salts, their derivatives and

combinations thereof.

A food product containing the denatured whey protein composition may further com-
prise 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, car-
boxymethyl cellulose, microcrystalline cellulose, carrageenans, pectins, inulin and mix-

tures thereof.

The content of the one of more stabiliser 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).

A food product containing the denatured whey protein composition may further com-
prise one of more emulsifier(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.

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).

The denatured whey protein composition is advantageously used as a dairy-based in-
gredient in the production of dairy products. The present denatured whey protein com-
position is even more advantageous for high protein dairy products, i.e. dairy products

which contain a total amount of protein of at least 7%.

Thus, an aspect of the invention relates to a high protein dairy product containing:
- a total 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).

In some preferred embodiments, the high protein dairy product is a high protein, acidi-
fied dairy product containing:

- a total 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).
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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 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.

In some preferred embodiments of the invention the high protein, acidified dairy prod-
uct 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% (w/w). Alternatively, the high protein, acidified dairy product may e.g. have a total

amount of protein of at least 14% (w/w).

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 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).

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). Alternative-
ly, the high protein, acidified dairy product may e.g. have a total amount of protein of at
least 12-16% (w/w).

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).

In some preferred embodiments of the invention, the high protein, acidified dairy prod-

uct is a yoghurt.

In the context of the present invention, the term "yoghurt" refers to an acidic or fer-
mented food or beverage product prepared from a 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
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texturizers. Heat-treated yoghurt and yoghurt-like products are also included by the
term yoghurt. The term "yoghurt" includes set yoghurts, stirred yoghurts, drinking yo-

ghurt and Petit Suisse.

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

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. Alter-
natively, the weight ratio between casein and whey protein of the high protein yoghurt

may e.g. be at most 15:85, such as e.g. at most 10:90.

In some preferred embodiments of the invention, high protein yoghurt is a set yoghurt.
Set yoghurts (or set-type yoghurts) are typically characterised by a jelly-like texture
and are often allowed to incubate and cool in the final package. Set yoghurts are nor-

mally non-pourable and are often eaten out of the packaging with a spoon.

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 liquid 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.

A stirred yoghurt may for example have a viscosity of at most 2500 cP, and typically in
the range of 350-2500 cP. For example, the viscosity of the stirred yoghurt may be in
the range of 400-2000 cP. The viscosity of the stirred yoghurt may e.g. be in the range
of 500-1500 cP. Alternatively, the viscosity of the stirred yoghurt may be in the range of
600-1250 cP.

In further preferred embodiments of the invention, the high protein yoghurt is a drink-
ing yoghurt, which may be perceived as a low viscosity, drinkable yoghurt. A drinking
yoghurt may for example have a viscosity of at most 400 cP, and typically in the range
of 4-400 cP. For example, the viscosity of the drinking yoghurt may be in the range of
10-300 cP. The viscosity of the drinking yoghurt may e.g. be in the range of 15-200 cP.
Alternatively, the viscosity of the drinking yoghurt may be in the range of 20-150 cP.
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In some preferred embodiments of the invention, the high protein, acidified dairy prod-
uct, e.g. a high protein yoghurt, comprises one or more sweeteners, such as carbohy-

drate sweeteners, polyols and/or high intensity sweeteners.

The high protein, acidified dairy product, e.g. a high protein yoghurt, may e.g. comprise
a total amount of carbohydrate sweetener in 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 carbohy-
drate sweetener, such as lactose, it will often be sufficient to add carbohydrate sweet-
ener 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 prod-
uct may comprise a total amount of added carbohydrate sweetener in the range of 4-

8% (w/w) relative to the total weight of the acidified dairy product.

A high protein, acidified dairy product, e.g. a high protein yoghurt, containing the dena-
tured whey protein composition, may further comprise one of more non-carbohydrate

natural or artificial sweetener.

In one embodiment, the high protein, acidified dairy product, e.g. a high protein yo-
ghurt, 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 Momordica Grosvenorii (Mogrosides IV or V) extracts, Rooibos extracts,
Honeybush extracts, 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), hernandul-
cin, phyllodulcin, glycyphyllin, phloridzin, trilobatin, baiyunoside, osladin, polypodoside
A, pterocaryoside A, pterocaryoside B, mukurozioside, phlomisoside I, periandrin I,
abrusoside A, cyclocarioside I, erythritol, isomaltulose, and/or natural polyols such as
maltitol, mannitol, lactitol, sorbitol, inositol, xylitol, threitol, galactitol and combinations

thereof.

In one embodiment, the high protein, acidified dairy product, e.g. a high protein yo-
ghurt, 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 or in
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 Aspar-
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tame, Cyclamate, Sucralose, Acesulfame K, neotame, Saccharin, Neohesperidin dihy-
drochalcone, 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.

In some embodiments of the invention, it is 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 sweet-
ening intensity of at least 10 times that of sucrose. Non-limiting examples of useful HIS
are Aspartame, Cyclamate, Sucralose, Acesulfame K, neotame, Saccharin, Neohesperi-

din dihydrochalcone and combinations thereof.

If used, the total amount of HIS is typically in the range of 0.01-2% (w/w). For exam-
ple, 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).

It may furthermore be preferred that the sweetener comprises or even consists of, one
or more polyol sweetener(s). Non-limiting examples of useful polyol sweeteners are
maltitol, mannitol, lactitol, sorbitol, inositol, xylitol, threitol, galactitol or combinations

thereof.

If used, the total amount of polyol sweetener is typically in the range of 1-20% (w/w).
For example, the total amount of polyol 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% (w/w).

In one embodiment, the high protein, acidified dairy product, e.g. a high protein yo-
ghurt, 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.

Examples of suitable 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.

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

High protein yoghurt may e.g. contain casein in an amount in the range of 0-90% (w/w)

relative to the total amount of protein, such as e.g. in the range of 0-70% (w/w) rela-
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tive 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 yo-
ghurts 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.

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 yoghurts 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.

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 of whey protein con-
centrates 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.

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. Al-
ternatively, 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.

It should be noted that while both casein and native whey protein may be present in the
ingredients of the acidified dairy product, such as 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 there-

fore primarily relate to the ingredients which are used for producing the product.
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The acidified dairy product, e.g. a high protein yoghurt, may furthermore comprise one
or 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.

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.

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).

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 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.

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).

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

- a total 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 at least 70% (w/w) pro-
tein on a dry weight basis relative to the weight of the denatured whey protein composi-
tion,

- casein in an amount in the range of 30-65% (w/w) relative to the total amount of pro-
tein,

- a total amount of fat of at most 2% (w/w), and

- a total amount of carbohydrate in the range of 2-20% (w/w).

In some preferred embodiments, the yoghurt is a stirred yoghurt containing:
- a total 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 at least 70% (w/w) pro-
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tein on a dry weight basis relative to the weight of the denatured whey protein composi-
tion,

- casein in an amount in the range of 30-65% (w/w) relative to the total amount of pro-
tein,

- a total amount of fat of at most 0.3% (w/w), and

- a total amount of carbohydrate in the range of 2-20% (w/w).

In some preferred embodiments, the high protein yoghurt is a stirred yoghurt contain-
ing:

- a total 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 at least 70% (w/w) pro-
tein on a dry weight basis relative to the weight of the denatured whey protein composi-
tion, which denatured whey protein composition contains at most 2% lactose (w/w) on
a dry weight basis,

- casein in an amount in the range of 30-65% (w/w) relative to the total amount of pro-
tein,

- a total amount of fat of at most 2% (w/w), and

- a total amount of lactose of at most 1% (w/w), preferably at most 0.4% (w/w).

In some preferred embodiments, the high protein yoghurt is a stirred yoghurt contain-
ing:

- a total 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 at least 70% (w/w) pro-
tein on a dry weight basis relative to the weight of the denatured whey protein composi-
tion, which denatured whey protein composition contains at most 2% lactose (w/w) on
a dry weight basis and at most 0.3% (w/w) fat on a dry weight basis,

- casein in an amount in the range of 30-65% (w/w) relative to the total amount of pro-
tein,

- a total amount of fat of at most 0.3% (w/w), and

- a total amount of lactose of at most 1% (w/w), preferably at most 0.4% (w/w).

In other preferred embodiments of the invention the high protein yoghurt is a drinking
yoghurt containing:

- a total amount of protein in the range of 8-16% (w/w),

- the solids of the denatured whey protein composition in the range of at least 6%
(w/w), which denatured whey protein composition comprises at least 70% (w/w) pro-
tein on a dry weight basis relative to the weight of the denatured whey protein composi-
tion,
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- casein in an amount in the range of 0-30% (w/w) relative to the total amount of pro-
tein,
- a total amount of fat of at most 2% (w/w), and

- a total amount of carbohydrate in the range of 2-20% (w/w).

In other preferred embodiments of the invention the high protein yoghurt is a drinking
yoghurt containing:

- a total amount of protein in the range of 8-16% (w/w),

- the solids of the denatured whey protein composition in the range of at least 6%
(w/w), which denatured whey protein composition comprises at least 70% (w/w) pro-
tein on a dry weight basis relative to the weight of the denatured whey protein composi-
tion, which denatured whey protein composition contains at most 0.3% fat(w/w) on a
dry weight basis,

- casein in an amount in the range of 0-30% (w/w) relative to the total amount of pro-
tein,

- a total amount of fat of at most 0.4% (w/w), and

- a total amount of carbohydrate in the range of 2-20% (w/w).

In other preferred embodiments of the invention the high protein yoghurt is a drinking
yoghurt containing:

- a total amount of protein in the range of 8-16% (w/w),

- the solids of the denatured whey protein composition in the range of at least 6%
(w/w), which denatured whey protein composition comprises at least 70% (w/w) pro-
tein on a dry weight basis relative to the weight of the denatured whey protein composi-
tion, which denatured whey protein composition contains at most 0.3% fat(w/w) on a
dry weight basis and at most 1% (w/w) lactose, preferably at most 0.4% (w/w) on a
dry weight basis,

- casein in an amount in the range of 0-30% (w/w) relative to the total amount of pro-
tein,

- a total amount of fat of at most 0.4% (w/w), and

- a total amount of lactose of at most 1% (w/w), preferably at most 0.4% (w/w).

In other preferred embodiments of the invention the high protein yoghurt is a drinking
yoghurt containing:

- a total amount of protein in the range of 8-16% (w/w),

- the solids of the denatured whey protein composition in the range of at least 6%
(w/w), which denatured whey protein composition comprises at least 70% (w/w) pro-
tein on a dry weight basis relative to the weight of the denatured whey protein composi-

tion, which denatured whey protein composition contains at most 0.3% fat (w/w) on a
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dry weight basis and at most 1% (w/w) lactose, preferably at most 0.4% (w/w) on a
dry weight basis,

- casein in an amount in the range of 0-30% (w/w) relative to the total amount of pro-
tein,

- a total amount of fat of at most 2% (w/w),

- a total amount of lactose of at most 1% (w/w), preferably at most 0.4% (w/w).

Such high protein drinking yoghurts preferably have a viscosity in the range of 10-150
cP, and even more preferably in the range of 10-100 cP.

Yet an aspect of the invention is a dairy product obtainable by the present method of

producing a dairy product.

In some preferred embodiments of the invention, the dairy product is a low fat dairy
product meaning that the total amount of fat of the product is at most 10% (w/w). For
example, the low fat dairy product may contain a total amount of fat of at most 5%
(w/w).

Preferably, the low fat dairy product, e.g. a high protein yoghurt, may contain a total
amount of fat of at most 2% (w/w). Even more preferably, the low fat dairy product,
e.g. a high protein yoghurt, may contain a total amount of fat of at most 1% (w/w),

such as e.g. a total amount of fat of at most 0.5% (w/w).

For example, the low fat dairy product, e.g. a high protein yoghurt, may contain a total
amount of fat of at most 0.4% (w/w). The low fat dairy product, e.g. a high protein yo-
ghurt, may e.g. contain a total amount of fat of at most 0.3% (w/w). Alternatively, the
low fat dairy product, e.g. a high protein yoghurt, may contain a total amount of fat of

at most 0.2% (w/w), such as e.g. at most 0.1% (w/w).

In some preferred embodiments of the invention, the dairy product, e.g. a high protein
yoghurt, is a low lactose dairy product meaning that the total amount of lactose of the
product is at most 2% (w/w). Thus, the low lactose dairy product, e.g. a high protein
yoghurt, may contain a total amount of lactose of at most 1.5% (w/w). Preferably, the
low lactose dairy product, e.g. a high protein yoghurt, may contain a total amount of
lactose of at most 1% (w/w). Even more preferably, the low lactose dairy product, e.g.
a high protein yoghurt, may contain a total amount of lactose of at most 0.5% (w/w).
For example, the low lactose dairy product, e.g. a high protein yoghurt, may contain a
total amount of lactose of at most 0.3% (w/w). The low lactose dairy product, e.g. a

high protein yoghurt, may e.g. contain a total amount of lactose of at most 0.2% (w/w).
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Alternatively, the low lactose dairy product, e.g. a high protein yoghurt, may contain a

total amount of lactose of at most 0.1% (w/w), such as e.g. substantially no lactose.

The low lactose variants of the dairy product, such as yoghurts, are particularly advan-

tageous for persons suffering from lactose-intolerance.

Lactose may be removed enzymatically in which case it is converted to the monosac-
charides glucose and galactose. Both monosaccharides contribute to the total carbohy-

drate content of the dairy product.

In some preferred embodiments of the invention, the dairy product, e.g. a high protein
yoghurt, is a low carbohydrate dairy product meaning that the total amount of carbohy-
drate of the product is at most 2% (w/w). For example, the low carbohydrate dairy
product, e.g. a high protein yoghurt, may contain a total amount of carbohydrate of at
most 1.5% (w/w). Preferably, the low carbohydrate dairy product, e.g. a high protein
yoghurt, may contain a total amount of carbohydrate of at most 1% (w/w). Even more
preferably, the low carbohydrate dairy product, e.g. a high protein yoghurt, may contain
a total amount of carbohydrate of at most 0.5% (w/w). For example, the low carbohy-
drate dairy product, e.g. a high protein yoghurt, may contain a total amount of carbo-
hydrate of at most 0.3% (w/w). The low carbohydrate dairy product, e.g. a high protein
yoghurt, may e.g. contain a total amount of carbohydrate of at most 0.2% (w/w). Al-
ternatively, the low carbohydrate dairy product, e.g. a high protein yoghurt, may con-
tain a total amount of carbohydrate of at most 0.1% (w/w), such as e.g. substantially

no carbohydrate.

In some preferred embodiments of the invention the high protein food product is a high

protein, acidified beverage.

In the context of the present invention the term “acidified beverage” 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, such as e.g. approx. pH 4.6. Even lower pH’es may be employed.

Typically, high protein, acidified beverages have been acidified with chemical acidulants

and without the use of microorganisms.
In the context of the present invention, the term “chemical acidulants” relates to non-

microbial agents that as such are acidic or that are converted to acids, e.g. by hydroly-

sis. Food acids are useful examples of non-microbial agents that are acidic as such.
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The beverage may for example comprise a food acid selected from the group consisting
of citric acid, malic acid, tartaric acid, acetic acid, benzoic acid, butyric acid, lactic acid,
fumaric acid, succinic acid, ascorbic acid, adipic acid, phosphoric acid and mixtures

thereof.

The total amount of food acid in the beverage may be at least 0.1% (w/w) of the total
weight of the beverage, preferably 0.5% (w/w), for example in the range of 1.0 - 5%;
more preferably at least 1.0% (w/w) of the total weight of the beverage. These total
amounts of food acids in the beverage correspond to the sum of food acid, including

both acids, partly deprotonated and fully deprotonated forms of the food acid.

Lactones such as e.g. Glucono Delta Lactone (GDL) are converted to acids by hydroly-

sis.

In some preferred embodiments of the invention, the high protein, acidified beverage
contains substantially no casein, i.e. at most 0.5% (w/w) casein relative to the total

weight of the beverage and preferably at most 0.1% (w/w).

Another aspect of the invention pertains to a high protein beverage obtainable accord-

ing to the method of producing a high protein beverage of the present invention.

The types and amounts of protein ingredients, fat, sweeteners, stabilisers and emulsifi-
ers that are mentioned in the context of the high protein, acidified dairy products can

also be used for high protein beverages in general.

The denatured whey protein composition and ingredients containing the denatured whey
protein composition are also useful for preparing high protein, nutritional products, in-
cluding nutritional beverages, and specialist nutritional products including meal re-
placement products.

Specialist nutritional products (sometimes known as medical foods and enteral foods)
can be prepared for patients and the elderly and administered in liquid form. One of the
challenges to be overcome in the preparation of such foods is attaining sufficient calorie
density.

In some preferred embodiments of the invention, the food product is a high protein,
nutritional beverage having a calorie density of at least 0.1 kcal/mL, such as e.g. at
least 1 kcal/mL or at least to at approx. 3 kcal/mL. Such beverages typically contain a

significant amount of fat, e.g. at least 5% (w/w) fat relative to the total weight of the
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beverage, preferably at least 8% (w/w) fat, and even more preferably at least 10%

(w/w) fat relative to the total weight of the beverage.

The high protein nutritional beverage may for example have a pH in the range of 6-8,
such as approx. 7. Alternatively, the high protein nutritional beverage may be an acidi-

fied high protein beverage as described herein.

The protein nutritional beverages may have a total protein content in the same ranges

as mentioned in the context of acidified high protein beverages.

The fat may e.g. comprise, or even consist of, one or more of the fat or oil types men-

tioned herein.

The denatured whey protein composition may e.g. be used as an ingredient in a mixture
to form a nutritional product comprising the denatured whey protein composition, water
and soluble carbohydrate, and preferably also comprising a significant amount of fat.
Preferably, the mixture further comprises sodium and potassium salts and a source of
fats and vitamins. Preferably, the mixture is heated to a temperature above 70°C, pref-
erably above 100°C, more preferably under at least commercial sterilising conditions.
Preferably, the mixture also includes a magnesium salt. Commercial sterilising condi-
tions are conditions achieved using the application of heat or high pressure to render a
product free of microorganisms capable of growing in the product at non refrigerated

conditions (over 10°C at which the product will be held during distribution and storage).

In some preferred embodiments of the invention, the high protein nutritional beverage
has a calorie density of at least 1 kcal/mL and comprises
- a total amount of protein of at least 4% (w/w),
- a total amount of fat of at least 8% (w/w),
- the solids of the denatured whey protein composition in an amount of at
least 4% (w/w).

For example, the high protein, nutritional beverage may have a calorie density of at
least 1 kcal/mL and may comprise
- a total amount of protein of at least 8% (w/w),
- a total amount of fat of at least 8% (w/w),
- the solids of the denatured whey protein composition in an amount of at
least 6% (w/w).

The food product containing the denatured whey protein composition can be produced

in a number of different ways. The denatured whey protein composition may for exam-
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ple be added as a dry ingredient during the production of the food product or it may be

added in the form of a suspension during the production.

When the denatured whey protein composition is used in the form of powder, it is often
preferred to resuspend the denatured whey protein composition powder in an aqueous
liquid, e.g. water or milk, and give it time to rehydrate, e.g. 10 minutes - 1 hour, be-
fore continuing the processing. However, the general process may already inherently
give the denatured whey protein composition powder sufficient time for rehydration in

which case extra rehydration time is not necessary.

An aspect of the invention pertains to a method of producing a high protein acidified

dairy product, such as e.g. a high protein yoghurt, the method comprising the steps of:

a) providing a dairy base comprising at least one dairy component and at least one car-

bohydrate

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

subsequently cooling the dairy base,

¢) 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 more additional processing

steps,

f) optionally, packaging the final 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
as defined herein in an amount of at least 2% (w/w), and a total amount
of soluble alpha-lactalbumin of at most 16% (w/w) relative to the total

amount of protein, or

IT) an ingredient comprising, or even consisting of, the solids of denatured
whey protein composition 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),
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- the solids of the denatured whey protein composition in an amount of at
least 2% (w/w), and
- a total amount of soluble alpha-lactalbumin of at most 16% (w/w) rela-

tive to the total amount of protein.

The above method includes two variants; variant I) where all or substantially all of the
ingredients are present in the dairy based from the start, or variant II) where at least
some of the denatured whey protein composition is added to the dairy bases after step

a).

For example, the solids of a denatured whey protein composition may be added be-
tween steps a) and b), during step b), between steps b) and ¢), during step ¢), between
steps ¢) and d), during step d), between steps d) and e), during step €) and/or between

steps e) and f).

It should be noted that the term “dairy base” describes the product stream during the
method and that the dairy base may have different compositions during the method -
especially following variant II), but also according to variant I) if sweetener(s) and/or

flavour is added in step e).

Step a) involves the provision of the dairy base comprising at least one dairy compo-

nent and at least one carbohydrate.

In some embodiments of the invention according to variant I), the dairy base of step a)
contains all or substantially all protein ingredients that go into the final product, except

for the protein contribution of the acidifying agent.

The dairy base of step a) may e.g. comprise a total amount of protein of at least 7%
(w/w), solids of the denatured whey protein composition amount of at least 2% (w/w)
and a total amount of alpha-lactalbumin of at most 16% (w/w) relative to the total

amount of protein.

In some preferred embodiments of the invention, the dairy base of step a) contains a
total amount of soluble alpha-lactalbumin of at most 16% (w/w) relative to the total
amount of protein. For example, the dairy base of step a) may contain a total amount of
soluble alpha-lactalbumin of at most 12% (w/w) relative to the total amount of protein.
The dairy base of step a) 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 dairy
base of step a) may contain a total amount of soluble alpha-lactalbumin of at most 8%

(w/w) relative to the total amount of protein.
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A lower concentration of soluble alpha-lactalbumin may be preferred, thus, the dairy
base of step a) 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 dairy base of step a)
may contain a total amount of soluble alpha-lactalbumin of at most 4% (w/w) relative
to the total amount of protein. The dairy base of step a) may e.g. contain a total
amount of soluble alpha-lactalbumin of at most 2% (w/w) relative to the total amount
of protein. Alternatively, the dairy base of step a) 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.

In some preferred embodiments of the invention, the dairy base of step a) contains a
total amount of soluble alpha-lactalbumin in the range of 1-16% (w/w) relative to the
total amount of protein. For example, the dairy base of step a) 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 dairy base of step a) 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 dairy base of step a) may contain a total amount of soluble alpha-

lactalbumin in the range of 4-8% (w/w) relative to the total amount of protein.

In some embodiments of the invention according to variant I), the dairy base of step a)
contains all the solids that will be present in the final acidified dairy product, except for
the solids contribution of the acidifying agent.

Thus, the dairy base of step a) may have the composition of the high protein, acidified

dairy products, e.g. yoghurts, described herein.

In other embodiments of the invention, the dairy base of step a) a carbohydrate, e.g.
lactose, and some of the protein ingredients, but at least some of the solids of the de-
natured whey protein composition, such as e.g. all the solids of the denatured whey
protein composition, are provided after step a), e.g. after the acidification of step d) or

as one of the additional processing steps of step e).

In some embodiments of the invention, the dairy base of steps a) and b) only contains
lactose and a sufficient amount of mineral nutrients to allow the bacterial acidification of
the dairy base to take place. The remaining protein ingredients are added after the acid-

ification of step d).
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The dairy base of step a) may e.g. contain the types and amounts of protein ingredi-
ents, sweeteners, stabilisers, fats, and minerals mentioned in the context of the high

protein, acidified dairy product or the high protein yoghurt.

Step b) involves pasteurising the dairy base of step a) by heating it to a temperature of
at least 70 degrees C, e.g. in the range of 70-150 degrees C, and maintaining the tem-
perature of the dairy base in that range for a duration sufficient to kill a substantial
number of the viable microorganisms of the dairy base. Typically, at least 99% of the
microorganisms are Killed during the pasteurisation. Another purpose of the pasteurisa-
tion may be to denature at least some of the native whey protein which may be present

in the dairy base of step a).

The duration of the pasteurisation depends on the temperature(s) to which the dairy

based is heated and is typically somewhere between 1 second and 30 minutes.

For example, the dairy base may be heated to one or more temperatures in the range
of 70-85 degrees C for 1-30 minutes. The dairy base may e.g. be heated to one or more
temperatures in the range of 80-95 degrees C for 0.5-15 minutes. Alternatively, the
dairy base may be heated to one or more temperatures in the range of 90-110 degrees
C for 0.2-10 minutes. For example, the dairy base may be heated to one or more tem-

peratures in the range of 100-150 degrees C for 1 second-2 minutes.
After the heat-treatment the dairy base is cooled, e.g. to a temperature of at most 50
degrees C, preferably even lower such as at most 45 degrees C or at most 40 degrees

C.

In addition to the pasteurisation, step b) typically contains a homogenisation step which

may be place before or after the heat treatment.

The cooled dairy base of step b) is contacted with the acidifying agent.

The acidifying agent may for example be a bacterial culture, typically referred to as a
starter culture, in which case the addition of the acidifying agent may be perceived as

an inoculation of the dairy base, in which case one obtains an inoculated dairy base.

Thus, in some embodiments of the invention the acidifying agent comprises a chemical

acidifying agent.
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In the context of the present invention the term “chemical acidifying agent” pertains to
a chemical compound capable of gradual or instantaneous reduction of the pH of the

mixture.

The chemical acidifying agent may for example be a food acceptable acid (also referred
as a food acid) and/or a lactone. Examples of useful acids are carboxylic acids such as
citric acid, tartaric acid and/or acetic acid. An example of a useful lactone is glucono
delta-lactone (GDL).

In some embodiments of the invention, the chemical acidifying agent comprises one or
more components selected from the group consisting of acetic acid, lactic acid, malic

acid, citric acid, phosphoric acid or glucono delta-lactone.

The actual concentration of the chemical acidifying agent depends on the specific formu-
lation of dairy base. It is generally preferred that the chemical acidifying agent is used
in a sufficient amount to reduce the pH of the mixture to at most pH 5.5, and preferably

at most pH 5.0, such as e.g. at most pH 4.6.

In some preferred embodiments of the invention, the acidifying agent comprises, or

even is, a starter culture.

In principle, any type of starter culture traditionally used in making yoghurt-type high
protein acidified dairy product may be used. Starter cultures used in the dairy industry
are normally mixtures of lactic acid bacterial strains, but a single strain starter culture
may also be useful in the present invention. Thus, in preferred embodiments, the one or
more starter culture organism of the present process is a lactic acid bacterial species
selected from the group consisting of Lactobacillus, Leuconostoc, Lactococcus and
Streptococcus. Commercial starter culture comprising one or more of these lactic acid

bacterial species may be useful in the present invention.

In some preferred embodiments of the invention, the starter culture comprises one or

more halotolerant bacterial culture(s).

The amount of the added acidifying agent is typically relatively low compared to the

amount of the dairy base.
In some embodiments of the invention, the acidifying agent dilutes the dairy base by a

factor of at most 1.05, preferably at most by a factor of 1.01, and even more preferably

by a factor of at most 1.005.
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Flavouring and/or aromatic agents may be added to the dairy base to obtain a flavoured
acidified dairy product. Flavours may be added as solids, but are preferably added in the

form of liquids.

During step d) the acidifying agent is allowed to reduce the pH of the dairy base of step
Q).

If the dairy base of step c¢) contains a starter culture the dairy base, which is an inocu-

lated dairy base, is incubated under conditions permitting the starter culture to become
metabolically active to produce said acidified dairy product. In some preferred embodi-

ments, the inoculated dairy base is incubated at a temperature between 32°C and 43°C
until the desired pH is reached. The fermentation may be stopped by decreasing the

temperature to around 10°C.

If the mixture contains a chemical acidifying agent, the chemical acidifying agent will
normally start reducing the pH of the mixture as soon as the chemical acidifying agent
forms part of the mixture. Some chemical acidifying agents, such as lactones and slowly
dissolving acids, will provide a gradual pH reduction as they react with water or are dis-

solved.

The temperature of the dairy base during step d) is typically in the range of 20-50 de-
grees C, and preferably in the range of 32-45 degrees C.

The method of producing the acidified, high protein dairy product may contain one or
more process steps in addition to steps a), b), ¢), and d). For example, one or more of
such additional process steps may take place in step e) after the acidification of the

dairy base.

Often, the acidified dairy base obtained in step d) is subsequently subjected to mechan-
ical stirring and/or homogenisation, particularly if the acidification leads to the formation
of strong gels. Thus, step e€) may involve mechanical stirring and/or homogenisation of

the acidified dairy base.

Moreover, if additional ingredients are required in the acidified, high protein dairy prod-

uct, these may be added during step e€) and mixed into the acidified dairy base.

Useful examples of such additional ingredients are sweeteners, flavouring agents, addi-
tional denatured whey protein composition, stabilisers, emulsifiers and vitamins. Exam-
ples of such additional ingredients are mentioned in the context of the composition of

the high protein, acidified dairy product or the high protein yoghurt.
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The packaging of step f) may involve any suitable packaging techniques, and any suita-

ble container may be used for packaging the high protein, acidified dairy product.

The packaging of step f) may for example involve aseptic packaging, i.e. the product is
packaged under aseptic conditions. For example, the aseptic packaging may be per-
formed by using an aseptic filling system, and it preferably involves filling the product

into one or more aseptic container(s).

Examples of useful containers are e.g. bottles, cartons, bricks and/or bags.

The packaging is preferably performed at or below room temperature. Thus, the tem-
perature of the product is preferably at most 30 degrees C during the packaging, pref-
erably at most 25 degrees C and even more preferably at most 20 degrees C, such as at

most 10 degrees C.

The temperature of the product during packaging may for example be in the range of 2-

30 degrees C, and preferably in the range of 5-25 degrees C.

The denatured whey protein composition of the invention is advantageously used as a

component of a food ingredient powder.

Accordingly, one embodiment of the invention is 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), wherein the denatured whey protein composition contains

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

- a total amount of soluble alpha-lactalbumin of at most 6% (w/w) relative
to the total amount of protein,

- insoluble whey protein particles having a particle size in the range of 1-10
micron, 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

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.
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The solids of the denatured whey protein composition, meaning the material that would
be left if all water of the composition was removed, may in some cases be present in
higher amounts in the food ingredient powder. The solids present in the food ingredient
powder may be present in an amount of at least 25% (w/w). For example the solids
present in the food ingredient powder may be present in amount of at least 40% (w/w);

preferably the solids are present in amount of at least 60% (w/w).

The denatured whey protein composition in the food ingredient powder typically has a
total amount of protein of 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) on a dry weight basis.

In a preferred embodiment, the denatured whey protein composition contains soluble
alpha-lactalbumin in an amount of at most 5% (w/w) relative to the total amount of
protein. For example, the denatured whey protein composition may contain soluble al-
pha-lactalbumin in an amount of at most 4% (w/w). In some cases, the denatured
whey protein composition may contain soluble alpha-lactalbumin in an amount of at

most 3% (w/w) relative to the total amount of protein.

In a preferred embodiment, the food ingredient powder has a total protein : ash content
weight ratio of at least 15. In some cases, the total protein : ash content weight ratio of
the food ingredient powder is at least 20. Even more preferably, the total protein : ash
content weight ratio of the food ingredient powder is at least 30. For example, the total
protein : ash content weight ratio of the food ingredient powder may be at least 40,
such as at least 50, preferably at least 20, and even more preferably at least 30, such

at least 40 or at least 50.

For example, the food ingredient powder may have a total protein : ash content weight
ratio in the range of 15 - 60. The food ingredient powder may e.g. have a total protein :
ash content weight ratio in the range of 20 - 55. Alternatively, the food ingredient pow-
der may have a total protein : ash content weight ratio in the range of 25 - 50, such as
in the range of 30-45.

In a preferred embodiment, the food ingredient powder has a water content of at most

6% (w/w), preferably at most 3% (w/w).

In a preferred embodiment, the food ingredient powder has a lactose content of at most
35% (w/w). Preferably, the food ingredient powder has a lactose content of at most
15% (w/w). For example, the food ingredient powder has a lactose content of at most
10% (w/w).
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In one embodiment, the food ingredient powder has a low fat content of at most 8%
(w/w). For example, the food ingredient powder may contain at most 4% fat (w/w). In
some cases, the food ingredient powder contains at most 3% fat (w/w). Alternatively,

the food ingredient powder may contain at most 2% fat (w/w).

In one embodiment, the food ingredient powder additionally comprises casein, either in
the form of a caseinate composition or a concentrate of micellar casein. In one embodi-
ment, the food ingredient powder contains a total amount of casein in the range of 0-
20% (w/w). In some cases, the food ingredient powder contains a total amount of ca-
sein in the range of 6-18% (w/w); such as in the range of 10-16% (w/w). For example,
the food ingredient powder may contain a total amount of casein in the range of 12-
13% (w/w).

In one embodiment, the food ingredient powder additionally comprises one or more of a

milk protein concentrate; and a milk powder, such as e.g. skimmed milk powder.

In some embodiments of the invention, it is particularly preferred that the food ingredi-
ent powder contains at total amount of soluble alpha-lactalbumin and beta-lactoglobulin
of at most 15% (w/w) relative to the total amount of protein. For example, the food
ingredient powder may contain a total amount of soluble alpha-lactalbumin and beta-
lactoglobulin of at most 10% (w/w) relative to the total amount of protein. The food
ingredient powder may e.g. contain a total amount of soluble alpha-lactalbumin and
beta-lactoglobulin of at most 8% (w/w) relative to the total amount of protein. Alterna-
tively, the food ingredient powder may contain a total amount of soluble alpha-
lactalbumin and beta-lactoglobulin of at most 6% (w/w) relative to the total amount of
protein, such as at most 4% (w/w) or even at most 2%. For example, the food ingredi-
ent powder may contain substantially no soluble alpha-lactalbumin and beta-
lactoglobulin i.e. of at most 1% (w/w) relative to the total amount of protein and pref-
erably 0% (w/w).

It should be noted that embodiments and features described in the context of one of the

aspects of the present invention also apply to the other aspects of the invention.

All patent and non-patent references cited in the present application are hereby incor-

porated by reference in their entirety.

The invention will now be described in further details in the following non-limiting ex-

amples.
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EXAMPLES

Example 1: Methods of analysis

Example 1.1: Quantification of the amount of insoluble particles

The amount of insoluble whey protein particles having a particles size in the range of 1-
10 micron (effectively encompassing the size range 0.5-10.49 micron) of a denatured

whey protein composition is determined using the following procedure:

1. Make a 5% (w/w in water) suspension of the sample to be tested.

2. Let the resulting suspension rehydrate for one hour with gentle agitation (stirring).

3. Homogenize the suspension at 100 bar.

4. Centrifuge a first portion of the suspension at 15000 g for 5 minutes.

5. Collect the resulting supernatant and analyse for total protein (true protein). The

amount of total protein of the supernatant is referred to as “A".

6. Analyse a second portion of the suspension (not subjected to centrifugation) for total
protein (true protein). The amount of total protein of the suspension is referred to as
\\BII.

7. Subject a third portion of the suspension to particle size distribution analysis by static
light scattering and determine the percentage by volume of the particles that have a

particle size >10 micron, this percentage is referred to “C".

8. Determine the amount (% w/w relative to total protein) of insoluble whey protein
particles having a particle size the range of 1-10 micron as:
Pi10= (((B - A)/B)*100%)-C

9. Repeate steps 4-5, but centrifuging at 3000 g for 5 minutes instead of 15000 g (only
the largest part of the particles will be removed). The total protein of the supernatant of

step 9 is referred to as “"D”.

10. Determine the amount (% w/w relative to total protein) of insoluble whey protein
particles having a particle size the range of 0.5-1.5 micron as:
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P,= ((D-A)/B)*100%

The procedure is performed at approx. 15 degrees C using a refrigerated centrifuge 3-
30K from SIGMA Laborzentrifugen GmbH and 85 mL tubes (Order no. 15076), in which

the 5% suspension is filled so that the total weight of tube and sample amounts to 96 g.

Particle size distribution analysis is performed using a Malvern Mastersizer (Micro Parti-
cle Sizer, Malvern Instruments Ltd., Worcestershire, UK).

Parameters: Particle refractive index 1.52 (real part), 0.1 (imaginary part) and disper-
sant refractive index 1.33 were used.

Data analysis: The data was fitted using the Mie scattering model (residuals < 2%).

Example 1.2: Determination of soluble CMP, alpha-lactalbumin and beta-lactobulin

The content of soluble CMP, alpha-lactalbumin and beta-lactobulin was analyzed by size
exclusion high performance liquid chromatography (SE-HPLC). A Waters 600 E Multisol-
vent Delivery System, a Waters 700 Satellite Wisp Injector and a Waters H90 Program-
mable Multiwavelength Detector (Waters, Milford, MA, USA) were used. The elution

buffer was composed of 0.15 M Na25S04, 0.09 M KH2P04 and 0.01 M K2HP04. The flow

rate was 0.8 mL min-1 and the temperature 20°C.

Twenty-four hours prior to analysis, suspensions of the denatured whey protein compo-
sitions were prepared by using a sodium phosphate buffer (0.02 M) to obtain a final
protein content of 0.1% (w/v). In addition, standard solutions of alpha-lactalbumin
(Sigma-Aldrich Chemie GmbH, Steinheim, Germany) and beta-lactoglobulin (Sigma-
Aldrich Chemie GmbH) and caseinomacropeptide at a concentration of 1 mg mL-1 were
prepared. Prior to injection, the solutions were stirred and filtered (0.22 micron). A 25
microL sample was injected. The absorbance was recorded at 210 and 280 nm. For all
the samples denatured whey protein compositions and the standards, the total protein

content was determined according to Example 1.4.

Quantitative determination of the contents of native alpha-lactalbumin, beta-
lactoglobulin and caseinomacropeptide was performed by comparing the peak areas

obtained for the corresponding standard proteins with those of the samples.

Example 1.3: Determination of viscosity

The viscosity of liquid products was measured on a rheometer (Haake rheostress) with a
bob/cup system.
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The measurement was performed at 5 degrees C (both the temperature of the liquid

sample and the relevant parts of the rheometer had a temperature of 5 degrees C).

Procedure:

1. Sample preparation
Each sample is filled into bottles during processing and placed in the laboratory cooler

(5°C) to temperate for 1 day.

2. Setup
Set up the program for measurement of the product on the Haake rheostress, see

method setup.

Install the bob/cup system. Check that the temperature of the water bath for

HAAKE rheostress is set at 1°C, if not adjust the temperature.

3. Measuring

Only the sample that is to be analysed is removed from cool storage, the sample bottle
is gently turned upside down 3 times to homogenise the sample if it is phase separated
during storage. Add 40 ml sample to the cup and start the data-sampling programme. A

double repetition is made.

4. Cleaning
When the analysis is finished, dismantle the bob/cup system and clean it with water and
soap and afterwards with cold water to temperate the system before the next meas-

urement. Wipe the bob/cup system and install it again for the next sample.

Results:
The viscosity is presented in the unit centipoise (cP). Based on the cP-value read after
90 sec. (t(seq)), an average of the double repetition is calculated. The higher the meas-

ured cP values are, the higher the viscosity.

Materials:
For this procedure the following is required:
- Haake rheostress 1 rheometer
- Bob: Z34 DIN 53019 series
- Cup: Z34 DIN53018 series probes
- Water bath Haake K20/Haake DC50

Method setup:
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The parameters for the programme were as follows:

Step 1: Measurement position

Step 2: Controlled Stress of 1.00 Pa for 30 sec. at 5.00°C. Frequency of 1.000 Hz.

2 data points are collected

Step 3: Controlled Rate of 50.00 I/s for 120 sec. at 5.00°C. 30 data points are collected
Step 4: Lift apart

Example 1.4: Determination of total protein

The total protein content (true protein) of a sample is determined by:

1) Determining the total nitrogen of the sample following ISO 8968-1/2|IDF 020-1/2-
Milk - Determination of nitrogen content - Part 1/2: Determination of nitrogen content
using the Kjeldahl method.

2) Determining the non-protein nitrogen of the sample following ISO 8968-4|IDF 020-4-
Milk - Determination of nitrogen content - Part 4: Determination of non-protein-nitrogen

content.

3) Calculating the total amount protein as (Mt nitrogen = Mnon-protein-nitrogen) ¥ 6.38.

Example 1.5: Determination of the water content of a powder

The water content of a food product is determined according to ISO 5537:2004 (Dried
milk - Determination of moisture content (Reference method)). NMKL is an abbreviation

for “"Nordisk Metodikkomité for Neeringsmidler”.

Example 1.6: Determination of ash content

The ash content of a food product is determined according to NMKL 173:2005 "Ash,

gravimetric determination in foods”.

Example 1.7: Determination of the dry weight of a solution

The dry-weight of a solution may be determined according NMKL 110 2" Edition, 2005
(Total solids (Water) - Gravimetric determination in milk and milk products). NMKL is an

abbreviation for “Nordisk Metodikkomité for Neeringsmidler”.
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The water content of the solution can be calculated as 100% minus the relative amount

of dry-matter (% w/w).

Example 1.8: Determination of the total amount of lactose

The total amount of lactose is determined according to ISO 5765-2:2002 (IDF 79-2:
2002) “Dried milk, dried ice-mixes and processed cheese — Determination of lactose

content - Part 2: Enzymatic method utilizing the galactose moiety of the lactose”.

Example 1.9: Determination of the degree of denaturation

The denaturation degree of the proteins of the denatured whey protein compositions
was analyzed by size exclusion high performance liquid chromatography (SE-HPLC). A
Waters 600 E Multisolvent Delivery System, a Waters 700 Satellite Wisp Injector, and a
Waters H90 Programmable Multiwavelength Detector (Waters, Milford, MA, USA) were
used. The elution buffer was composed of 0.15 M Na2S04, 0.09 M KH2P04 and 0.01 M
K2HP04. The flow rate was 0.8 mL min-1 and the temperature 20°C.

Twenty-four hours prior to analysis, suspensions of the denatured whey protein compo-
sitions were prepared by using a sodium phosphate buffer (0.02 M) to obtain a final
protein content of 0.1% (w/v). In addition, standard solutions of alpha-lactalbumin
(Sigma-Aldrich Chemie GmbH, Steinheim, Germany) and beta-lactoglobulin (Sigma-
Aldrich Chemie GmbH) and caseinomacropeptide at a concentration of 1 mg mL-1 were
prepared. Prior to injection, the solutions were stirred and filtered (0.22 micron). A 25
microL sample was injected. The absorbance was recorded at 210 and 280 nm. For all
the samples denatured whey protein compositions and the standards, the total protein
content was determined according to Example 1.4

A quantitative analysis of the native whey protein content was performed by comparing
the peak areas obtained for the corresponding standard proteins with those of the sam-
ples. Afterwards, the denatured whey protein content of the denatured whey protein
compositions was calculated by considering the total protein content of the samples and
their quantified native protein. The degree of denaturation was calculated as (Wiotal protein
— Waolutble protein)/ Weotal protein ¥ 100%, Wherein Wio protein iS the weight of total protein and

Wsalutble protein 1S the weight of soluble protein.
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Example 2: Production of a high protein denatured whey protein composition
A denatured whey protein composition was prepared using the following method:

An aqueous solution containing sweet whey protein concentrate was prepared by dis-
solving the whey protein concentrate in water to obtain a dry-matter content of 16%

and adjusting the pH to 6.4.

Denaturation and microparticulation:

Denaturation and microparticulation was performed in a 6+6 Scraped Surface Heat Ex-
changer (SSHE), APV Shear Agglomerator, from APV/SPX, Denmark.

After passage through a holding cell (60 sec), the product was cooled down in a SSHE

followed by a plate heat-exchanger (PHE) to 10°C.

During the heat-treatment (80 degrees C for a duration of 10 minutes) the protein was

denaturated and particles in the size 0.5-10 micron were formed.

The product suspension was pumped to a storage tank, and some of it was subsequent-

ly dried to a powder by means of spray-drying.

The aqueous whey protein solution and the suspension obtained from the heat denatur-
ation/microparticulation were subsequently characterised with respect to content of
native dry-matter, total protein, total fat, total lactose, ash content, content of native
beta-lactoglobulin, content of native alpha-lactalbumin, content of native CMP, degree

of microparticulation, particle size and pH.

Results

The results of the characterisation of the solution of sweet WPC and the suspension of

denatured, microparticulated whey protein are presented in

Table 1. As can be seen, significant amounts of native beta-lactoglobulin and alpha-
lactalbumin of the solution has been denatured (approx. 88% beta-lactoglobulin and
approx. 69% alpha-lactalbumin), whereas the level of CMP seems to be nearly the same

in the suspension as in the solution.
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Table 1 Comparison of the composition of the WPC solution and the product suspension.

Solution of sweet WPC Product suspension

% Dry matter Approx. 16 Approx. 16
% Total protein 13.0 13.0

% Fat 0.90 0.90

% Lactose 0.45 0.45

% Ash 0.55 0.55

% Native beta-

lactoglobulin relative 55.0 6.5

to total protein

% Native alpha-
lactalbumin relative to 18.0 5.5
total protein

% native CMP of total

protein 13.5 13.5
Particle degree* < 10 Approx. 67
Particle size 0.1-1 micron 0.5-10 micron
pH 6.4 6.4

*Content of insoluble whey protein particles in the size range 0.5-10 micron (% w/w total protein)

The non-protein-nitrogen content of the product suspension was 0.15% (w/w).

The spray-dried denatured whey protein composition had a solid content of dry-matter

content of approx. 95%.

Example 3: Production of a low casein, high protein drinking yoghurt model for
testing the impact of the variation of levels of native alpha-lactalbumin in the

yoghurt milk
Five different samples of a low casein, high protein drinking yoghurt model system were

produced to assess how the alpha-lactalbumin concentration of a high protein drinking

yoghurt milk impacts the textural and sensory properties of the final product.

Ingredients

The ingredients used in the five samples and the resulting nutrient content are present-
ed in Table 2 and Table 3.
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Table 2 Recipes for testing the effect of alpha-lactalbumin in high-protein drinking yo-

ghurt.
Samples
6 7 8 9 10

Source C % (w/w) - 0.26 0.50 1.20 2.38
Source D % (w/w) 12.78 12.50 12.23 11.46 10.18
Lactose % (w/w) 2.50 2.50 2.50 2.50 2.50
Cream, 38% fat % 1.80 1.80 1.80 1.80 1.80
(w/w)

Water % (w/w) 82.92 82.94 82.97 83.04 83.14

Table 3 Calculation of the content of selected nutrients in the high-protein, low casein,

drinking yoghurt samples.

Samples
6 7 8 9 10
Total protein 10.03 10.03 10.02 10.02 10.03
Native alpha- 5.1 6.8 8.5 13.6 22.1

lactalbumin % (w/w)

relative to total protein

The total solids of the samples were approx. 15.3 (w/w). The cream was the only source
of casein which was present in an amount of approx. 0.3% (w/w) relative to the total

amount of protein.

Denatured whey protein compositions containing varying amounts of alpha-lactalbumin
were prepared by mixing a denatured whey protein composition (Source D) based on
sweet whey protein concentrate with varying amounts of highly purified alpha-

lactalbumin (Source C).
Source C was whey protein isolate powder having a total protein content of 85% (w/w)
and containing native alpha-lactalbumin in an amount of 90% (w/w) relative to the total

amount of protein.

Source D was the denatured, microparticulated whey protein powder produced in Ex-

ample 1 having a total protein content of 82% (w/w) (Source D).
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Process

The following process was used to prepare high-protein drinking yoghurts.

All dry ingredients were thoroughly mixed in the liquids using a motorized mixer and the
resulting mixture was allowed to hydrate for 1 hour. The mixture was then preheated to
65°C on a plate heat-exchanger and subsequently homogenised at 150 bar. The ho-
mogenized mixture was then pasteurised at 80°C for 5 minutes and then allowed to
cool to 42°C.

0.02% of the culture YC-183 from Chr. Hansen was added to the yoghurt mixture and

allowed to incubate until a pH below 4.60 was reached.

The acidified mixture was then smoothed by subjecting it to homogenisation at 180 bar

and finally cooled. The final product was stored at 5°C.

Characterisation

The samples were characterised by sensory testing and by measuring their viscosity and
degree of syneresis 2 days after product.

The drinking yoghurt samples having the highest content of alpha-lactalbumin in the
yoghurt milk also had the highest viscosity. The inventors did not see any signs of syn-
eresis or sedimentation 2 days after production of the drinking yoghurts.

The products had an acceptable mouthfeel and no detectable off-tastes.

Rheological studies

In addition to the above experiments, the inventors investigated the rheological chang-
es in different mixtures of Ingredients C and D in water, all mixtures having a pH of
approx. 6.4 and a total protein content of 11.5% (w/w). The samples were heated to 90
degrees C for 7 minutes and continuously monitored for viscosity changes during the
heating. The samples having a high level of alpha-lactalbumin (more than 7% (w/w)
alpha-lactalbumin relative to the total amount of protein) were subject to significant
viscosity increases after 400 seconds of heating, whereas the viscosity changes of the
low alpha-lactalbumin samples (less than 7% (w/w) alpha-lactalbumin relative to the

total amount of protein)) was insignificant.
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Conclusion

The present example indicates that it is advantageous to reduce the level of native al-
pha-lactalbumin in yoghurt milk of high protein yoghurts and that this may be done by
using a denatured whey protein composition having a low content of native alpha-

lactalbumin.

Example 4: Production of high protein stirred yoghurt

A high protein, casein-containing, stirred yoghurt was produced with the following in-
gredients:
Ingredient Content
% (w/w)
Denatured whey protein 3.80
powder of Example 2
(total protein: 82%)
WPC80 1.89
Na-Caseinate 2.21
WPC35 0.57
Whey permeate 2.13
Skimmed milk 89.40
Nutritional composition:
Component Content
% (w/w)
Protein 10.05
Fat 0.44
Carbohydrates 6.51
Total solids 18.38
Whey protein part in 54.99
recipe
Casein part in recipe 45.01
Process

The powders were mixed with the liquid ingredients and allowed to hydrate for 1 hour at
5°C. Subsequently, the resulting suspension was preheated to 65°C and homogenized

in two steps (first at 200 bar and subsequently at 50 bar). After the pasteurisation, the
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suspension was pasteurised at 90°C for 5 min, cooled and incubated with 0.02% lactic
acid starter culture (YC-183 from Chr. Hansen) and allowed to incubate at 42°C until
the pH reached pH 4.5. The incubated product was subjected to smoothing at 9 bar
using back pressure, mixed with the strawberry fruit composition and finally cooled and

stored at 5 degrees C.

Evaluation

The high protein stirred yoghurt was subjected to sensory evaluation and was compared
to a stirred yoghurt product containing only 7% (w/w) protein but containing a compa-
rable amount of a lower grade, denatured whey protein powder (45% w/w protein).
The present high protein yoghurt was found to be a nice, spoonable product which, de-
spite its higher protein content, had a lower degree of dryness and a more milky taste

than the yoghurt containing the lower-grade denatured whey protein powder.

The viscosity of the present stirred yoghurt was determined to 2265 cP.

Example 5: Production of high protein drinking yoghurt

A high protein, casein-containing drinking yoghurt was produced with the following in-

gredients:

Ingredient Content
% (w/w)

Denatured whey protein 7.05

powder of Example 2

(total protein: 82%)

WPC80 1.59

Sucrose 5.00

Cream, 38% fat 3.10

Skimmed milk 83.26
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Component Content
% (w/w)
Protein 10.00
Fat 1.79
Carbohydrates 9.39
Total solids 22.28
Whey protein part in 76.18
recipe
Casein part in recipe 23.82
Process

The powders were mixed with the liquid ingredients and allowed to hydrate for 1 hour at
5°C. Subsequently, the resulting suspension was preheated to 65°C and homogenized
in two steps (first at 200 bar and subsequently at 50 bar). After the pasteurisation, the
suspension was pasteurised at 90°C for 5 min, cooled and incubated with 0.02% lactic
acid starter culture (YC-183 from Chr. Hansen) and allowed to incubate at 42°C until
the pH reached pH 4.5. The incubated product was subjected to smoothing at 9 bar

using back pressure and finally cooled and stored at 5 degrees C.

Evaluation

The high protein drinking yoghurt was subjected to sensory evaluation and was com-
pared to a drinking yoghurt product containing only 7% (w/w) protein but containing a
comparable amount of a lower grade, denatured whey protein powder (45% w/w pro-

tein).

The present high protein drinking yoghurt was found to be an easily drinkable product
which, despite its higher protein content, had a lower degree of dryness and a more
milky taste than the yoghurt containing the lower-grade denatured whey protein pow-
der. The observation of lower degree of dryness and less off-taste is identical to the

observations done in the previous Example relating to high protein stirred yoghurts.
The viscosity of the present high protein drinking yoghurt was determined to only 50 cP,

which is surprisingly low for a high protein drinking yoghurt containing 10% (w/w) total

protein and which both have a good mouth-feel and a low level of dryness.
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CLAIMS

1. A denatured whey protein composition containing:

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

- a total amount of soluble alpha-lactalbumin of at most 6% (w/w) relative to the total
amount of protein, and

- insoluble whey protein particles having a particle size in the range of 1-10 micron,
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.

2. The denatured whey protein composition according to claim 1, wherein the denatured
whey protein composition is:
- a powder, or

- an aqueous suspension.

3. The denatured whey protein composition 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.

4. 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, pref-
erably at least 75% (w/w) and even more preferably at least 80% (w/w) in a dry weight

basis.

5. The denatured whey protein composition according to any of the preceding claims,
wherein the total amount of soluble alpha-lactalbumin is at most 5% (w/w) relative to
the total amount of protein, preferably at most 4% (w/w), and even more preferably at

most 3% (w/w).

6. A method of producing a denatured whey protein composition according to any of the

claims 1-5, 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,
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- a total amount of soluble alpha-lactalbumin of at most 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 suffi-
cient time to form insoluble whey protein micro particles having a particle
size in the range of 1-10 micron,

¢) optionally, cooling 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.

7. A high protein food product comprising

- a total amount of protein of at least 4% (w/w),

- denatured whey protein composition according to claim 1 in an amount of at least 2%

(w/w),

- a total amount of soluble alpha-lactalbumin of at most 6% (w/w) relative to the total

amount of protein.

8. A method 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 cooling the dairy base,

¢) 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,

€) optionally, subjecting the acidified dairy base to one or more additional

processing steps,

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

I) the dairy base provided in step a) comprises a total amount of pro-
tein of at least 7% (w/w), the solids of a denatured whey protein
composition according to any of the claims 1-6 in an amount of at
least 2% (w/w), and a total amount of at most 6% soluble alpha-
lactalbumin (w/w) relative to the total amount of protein, or

IT) an ingredient comprising, or even consisting of, the solids of dena-
tured whey protein composition according to claim 1 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 claim 1 in an amount of at least 2% (w/w), and

- a total amount of at most 6% soluble alpha-lactalbumin (w/w)

relative to the total amount of protein.

9. The method according to claim 8, wherein the dairy base provided in step a) contains
a total amount of at most 5% (w/w) relative to the total amount of soluble alpha-
lactalbumin of at most 5% (w/w) relative to the total amount of protein, preferably at

most 4% (w/w), and even more preferably at most 3% (w/w).

10. A high protein, acidified dairy product obtainable by a method according to any of
the claims 8-9, said dairy product containing a total amount of protein of at least 7%
(w/w).

11. The high protein, acidified dairy product according to claim 10, having a total

amount of protein of at least 10% (w/w).

12. The high protein, acidified dairy product according to any of the claims 10-11, which

is a stirred yoghurt.

13. The high protein, acidified dairy product according to claim 12 having a viscosity of
at most 2500 cP.

14. The high protein, acidified dairy product according to any of the claims 10-11, which
is a drinking yoghurt.

15. The high protein, acidified dairy product according to claim 14 having a viscosity of
at most 400 cP.
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16. A food ingredient powder comprising, or even consisting of:
i. the solids of the denatured whey protein composition according to any of the 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.

17. The food ingredient powder of claim 16, wherein the solids of the denatured whey
protein composition are in an amount of at least 25% (w/w), preferably at least 40%

(w/w), more preferably at least 60% (w/w).

18. The food ingredient powder of claim 16 or 17, wherein the food ingredient powder
has a total protein : ash content weight ratio of at least 15, preferably at least 20, and

even more preferably at least 30, such at least 40 or at least 50.
19. The food ingredient powder of any of claims 16 to 18, wherein the food ingredient
powder has a lactose content of at most 35% (w/w), preferably at most 15% (w/w),

more preferably at most 10% (w/w).

20. The food ingredient powder of any of claims 16 to 19, wherein the food ingredient

powder has a low fat content of at most 8% (w/w).
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