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(57) Abstract: The invention relates to a low-sugar acidified product, preferably yogurt or quark, and to a process for its preparation,
wherein a milk raw material having a lactose content in the range from about 0.6 weight-% to 2.5 weight-% is used as a starting material.
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Product and process for its preparation

Field of the invention

The invention relates to a low-sugar acidified product and to a process
for its preparation. By means of the process of the invention, it is possible to re-

duce the sugar content of the product and to prepare it in a cost-effective manner.

Background of the invention

There are no completely sugar-free sour milk products, such as yogurts,
in the market at this moment. There is a great interest in as well as a need and
demand for low-sugar sour milk products by the nutritional recommendations,
food specialists and consumers.

Publication WO 2015/008103 (Compagnie Gervais Danone) describes
a process for preparing a fermented dairy product which has a reduced amount of
lactose. The process comprises the steps of hydrolysing lactose and concentrating
proteins and sugars with a filtration process, wherein fermentation of milk is per-
formed after hydrolysis or after the filtration process.

It has now unexpectedly been found that it is possible to produce low-
sugar acidified milk products from a milk raw material having a lactose content of
about 0.6 weight-% to about 2.5 weight-%. The products have sweet taste. In ad-
dition, it was found that post-acidification of the product was limited. Further, the
reduction of lactose in the composition does not slow down the fermentation Kki-
netics. This is an important aspect as the sucrose can then be added after acidifi-
cation via jam, for example, and not into fermentation. This gives maximal sweet-

ness with least total sugar in the end product.

Brief description of the invention

The invention relates to a low-sugar acidified milk product, and to a
process for its preparation. The invention provides for use a new process for pro-
ducing low-sugar acidified milk products. The process is simple, economical and
industrially applicable in large scale.

It has now been unexpectedly found that by using a milk raw material
having lactose content of about 0.6 weight-% to about 2.5 weight-% in a conven-
tional acidification process, it is possible to produce low sugar acidified milk
products, such as yogurts, having an excellent taste and structure, in a simple and

economical manner.
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The process of the invention is suitable for the production of acidified
low-sugar products having excellent taste and structure. By means of the inven-
tion, it is possible to reduce the total sugar content of the acidified product by at
least 30% (by weight) without affecting the sweetness sensation.

The object of the invention is achieved with a product and process that
are characterised by what is stated in the independent claims. Preferred embodi-
ments of the invention are disclosed in the dependent claims.

Further aspects, specific embodiments, objects, details, and ad-
vantages of the invention are set forth in the following drawings, detailed de-

scription, and examples.

Brief description of the figures

Figure 1 show the sensory scores related to the sweetness and acidity
of the yogurts of Examples 1 and 2.
Figure 2 shows the fermentation speed and kinetics in different lactose

concentrations.

Detailed description of the invention

The invention relates to a low-sugar acidified product, and to a process
for its preparation. Typical adjectives describing low sugar acidified products,
such as yogurts, in cases where the amount of added sugar is reduced or no sugar
is added, are reduced sweetness, defects in aroma profile and excess acidity, for
example. In cases where sweeteners are used, the products are characterised to
have off-flavours and artificial taste. Accordingly, the present invention offers a
solution for avoiding organoleptic as well as structural defects in low-sugar prod-
ucts, which have shown to be problematic. In addition, by means of the process of
the invention, it is possible to reduce the acidity as well as post-acidification of
the product since the sucrose is added only after acidification. Thus, the invention
provides means for longer shelf-life for the products. Further, it was discovered
that the reduction of lactose in the composition does not slow down the fermenta-
tion kinetics.

The present invention offers a new solution for the preparation of low-
sugar acidified products, such as yogurt products by a process which comprises
using a milk raw material having a lactose content of about 0.6 weight-% to about
2.5 weight-% in the process. In one embodiment, the milk raw material comprises
about 0.6 weight-% to about 2.5 weight-% lactose. In one embodiment, the milk

raw material comprises about 1.0 weight-% to about 2.5 weight-% lactose. In one
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embodiment, the milk raw material comprises about 1.2 weight-% to about 1.6
weight-% lactose. In one embodiment, the milk raw material comprises about 1.2
weight-% to about 1.4 weight-% lactose. In one embodiment, the milk raw mate-
rial having a lactose content of about 0.6 weight-% to about 2.5 weight-%, or any
subrange thereof set forth above, is yogurt milk. In one embodiment, the milk raw
material having a lactose content of about 0.6 weight-% to about 2.5 weight-%, or
any subrange thereof set forth above, is quark milk.

The milk raw material of the present invention comprises protein in
an amount of about 2.5 weight-% to about 8 weight-%. In one embodiment the
milk raw material comprises protein in an amount of about 3 weight-% to about 5
weight-%. In one embodiment the milk raw material comprises protein in an
amount of about 2.5 weight-% to about 4.5 weight-%. In one embodiment the
milk raw material comprises protein in an amount of about 3.5 weight-% to about
4.5 weight-%.

In one embodiment, the milk raw material comprises about 0.6
weight-% to about 2.5 weight-%, about 1.0 weight-% to about 2.0 weight-%,
about 1.2 weight-% to about 1.6 weight-% or about 1.2 weight-% to about 1.4
weight-% lactose and about 2.5 weight-% to about 8 weight-%, about 3 weight-%
to about 5 weight-%, about 2.5 weight-% to about 4.5 weight-%, or about 3.5
weight-% to about 4.5 weight-% protein. As readily understood by those skilled
in the art, any combination of these ranges may be employed in selecting the milk
raw material to be used. In a specific embodiment, the milk raw material com-
prises about 1.2 weight-% to about 1.6 weight-% lactose and about 3 weight-% to
about 5 weight-% protein. In another specific embodiment, the milk raw material
comprises about about 1.2 weight-% to about 1.4 weight-% lactose and about 3
weight-% to about 5 weight-% protein.

In one embodiment, the milk raw material having a lactose content of
about 0.6 weight-% to about 2.5 weight-%, or any subrange thereof set forth
above, is composed of a diafiltered milk protein concentrate. The milk raw mate-
rial of this embodiment may comprise also cream. The selection of a suitable milk
protein concentrate (MPC) belongs to knowledge of a person skilled in the art.

In one embodiment, the milk raw material having a lactose content of
about 0.6 weight-% to about 2.5 weight-%, or any subrange thereof set forth
above, is composed of a diafiltered milk protein concentrate, which is composed
of whey protein and casein protein concentrates. The milk raw material of this

embodiment may comprise also cream. The selection of a suitable whey protein
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concentrate (WPC) and suitable casein protein concentrate belongs to knowledge
of a person skilled in the art.

In one embodiment, the milk raw material having a lactose content of
about 0.6 weight-% to about 2.5 weight-%, or any subrange thereof set forth
above, is composed of a diafiltered ideal whey protein concentrate and a diafil-
tered ideal casein concentrate. The milk raw material of this embodiment may
comprise also cream.

In one embodiment, the milk raw material having a lactose content of
about 0.6 weight-% to about 2.5 weight-%, or any subrange thereof set forth
above, is composed of an ideal whey protein concentrate and a diafiltered ideal
casein concentrate. The milk raw material of this embodiment may comprise also
cream.

In one embodiment, the milk raw material having a lactose content of
about 0.6 weight-% to about 2.5 weight-%, or any subrange thereof set forth
above, is composed of an ideal whey protein concentrate, skim milk, cream and
milk minerals.

In one embodiment, the milk raw material having a lactose content of
about 0.6 weight-% to about 2.5 weight-%, or any subrange thereof set forth
above, is composed of a milk protein concentrate, water and milk minerals. The
milk raw material of this embodiment may comprise also cream.

The lactose content of about 0.6 weight-% to about 2.5 weight-%, or
any subrange thereof set forth above, of the milk raw material in these embodi-
ments of the invention is the main factor which determines the ratios of different
components and which limits the amounts of cream and skim milk or water to be
added, if any.

The ideal whey protein concentrate used in the present invention is
prepared by microfiltering skim milk and concentrating the obtained microfiltra-
tion permeate by ultrafiltration. Accordingly, the ideal whey protein concentrate
is an ultrafiltration retentate of the microfiltration permeate of skim milk. The
ideal whey protein concentrate is poor in Ca phosphate, the major buffer salt pre-
sent in milk, which is bound in the casein micelles. Because of this, the acidity of
products formulated with whey protein concentrate is lower than the respective
products with normal milk protein composition, and thus, the sensation of sweet-
ness in the final product is more promoted. Microfiltration of the skim milk is typ-
ically carried out at a temperature of about 2°C to about 55°C. The ideal whey

protein concentrate contains whey proteins about 70-90% and casein about 10-
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30% of the total milk proteins. Preferably, the ideal whey protein solution con-
tains whey proteins about 80-90%. The ideal whey protein solution contains 3-
casein, but it contains other casein monomers to a lesser extent than milk. Fur-
ther, it is free of caseinomacropeptides and thermally formed k-casein (-
lactoglobulin complexes. It may contain traces of fat. The protein content of the
ideal whey protein solution can range from about 4% to about 25%. The ideal
whey protein concentrate has only been exposed to a mild heat treatment and
thus the proteins are essentially native. In an embodiment, the protein content of
the ideal whey protein solution is about 9%. In one embodiment, the content of 3-
casein in the ideal whey protein solution is about 20% based on total protein. The
lactose content of the ideal whey protein solution can be reduced, if desired. The
lactose removal can be accomplished with methods known in the art, such as dia-
filtration, for example. The ideal whey protein concentrate contains more a-
lactalbumin (a-LA) and (-lactoglobulin (3-LG) in total whey protein than WPC or
WPI manufactured from cheese whey because the caseinomacropeptide fraction
does not exist in ideal whey protein concentrate.

In one embodiment, the ideal whey protein concentrate contains pro-
teins 8.5-9.2% of which 6.4-7.6% are whey proteins and 1.1-2.7% casein (of which
about 50-80% is -casein), lactose 2.4-3.0%, ash 0.48-1.14%, dry matter 11.8-
12.7%, sodium 260-310 mg/kg, potassium 1100-1300 mg/kg, calcium 500-580
mg/kg, magnesium 90-110 mg/kg, chloride 320-460 mg/kg, phosphorus 370-460
mg/kg. In one embodiment, the ideal whey protein concentrate contains proteins
8.8% of which 6.9% are whey proteins and 1.7% casein, lactose 2.7%, ash 0.54%,
dry matter 12.1%, sodium 300 mg/kg, potassium 1250 mg/kg, calcium 560
mg/kg, magnesium 100 mg/kg, chloride 410 mg/kg, phosphorus 430 mg/kg.

The ideal casein protein concentrate used in the present invention is
obtained from milk by a membrane filtration procedure comprising microfiltra-
tion, ultrafiltration, nanofiltration, reverse osmosis and/or evaporation. The
membrane filtrations, such as ultrafiltration and microfiltration, can be per-
formed with diafiltration technique.

The microfiltration of the milk retains major portion of the casein in
retentate whereas a major portion of the whey proteins passes into permeate.
The microfiltration is preferably carried out utilizing a uniform transmembrane
pressure loop recirculating the retentate through membrane and permeate
through permeate site of membrane. Microfiltration of the milk is performed in

such a manner that the milk is concentrated by a factor of 1 to 4.5 times by vol-
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ume, preferably 3.5 to 4.5 times by volume. The concentration factor (cf=K) refers
to the ratio of the volume of the liquid fed to the filtration to the retentate, and it
is defined with the following formula: K = feed (L) / retentate (L) (L = volume).
The concentration factor of ultrafiltration is typically in the range of 1 to 10. In an
embodiment, the concentration coefficient is 2 to 5. In one embodiment, the mi-
crofiltration is performed in a temperature below 20°C. In another embodiment
the microfiltration is performed in a temperature range of 2°C to 20°C. In a fur-
ther embodiment the temperature during microfiltration is in the range of 10°C to
14°C.

The microfiltration may comprise a plurality of microfiltration steps.
Different steps may comprise, for instance, changing of process conditions and/or
filtration membranes. A variable condition may be, for instance, filtration temper-
ature, filtration pressure, addition of diafiltration medium (diawater), and/or
concentration factor of filtration. Conditions can be changed by one or more vari-
ables. In the microfiltration comprising a plurality of microfiltration steps, more
than one MF permeate and retentate fractions may be formed.

In one embodiment, the ideal casein concentrate is obtained using a
combination of microfiltration, ultrafiltration, nanofiltration and reverse osmosis.

Ideal casein protein concentrate comprises casein as the main milk
protein component, lactose, calcium ions, phosphate ions and only minor
amounts of whey protein. In one embodiment, the ideal casein concentrate con-
tains milk proteins about 9 - about 50 weight-%, of which about 8.5 - about 50
weight-%, respectfully, are caseins and 0 - about 0.5 weight-% are whey proteins.
In one embodiment, the casein concentrate contains about 9 - about 12 weight-%
milk proteins of which 0 - about 0.5 weight-% are whey proteins. In a certain em-
bodiment, the casein concentrate contains about 8 - about 11 weight-% caseins.
In a certain embodiment, the casein concentrate contains about 9.15 weight-%
milk proteins of which about 8.5 weight-% are caseins and about 0.2 weight-%
are whey proteins. In one embodiment, the ideal casein concentrate contains milk
proteins about 9 - about 50 weight-%, of which about 8.5 - about 50 weight-% are
caseins, lactose 0 - about 2 weight-%, calcium about 2500- about 12500 mg/kg,
phosphorus about 1600 - about 8000 mg/kg. In one embodiment, the milk pro-
tein content is in the range of about 15 - about 30 weight-%, of which about 14.5 -
about 50 weight-% are caseins. In another embodiment, the calcium content is in
the range of about 4000 - about 7000 mg/kg, preferably in the range of about
3000 - about 5000 mg/kg. In a further embodiment, the calcium content is about
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3200 mg/kg. In an even further embodiment, the casein concentrate contains
about 9.15 weight-% milk proteins of which about 8.5 weight-% are caseins and
about 0.2 weight-% are whey proteins. In a certain embodiment, the membrane
filtration of the milk provides an ideal casein concentrate containing milk pro-
teins 9 - 50 weight-%, of which 8.5 - 50 weight-% are caseins, lactose 0 - 0.2
weight-%, calcium 2500 - 12500 mg/kg, phosphorus 1600 - 8000 mg/kg. In a cer-
tain embodiment, the milk protein content is in the range of 15 - 30 weight-%, of
which 14.5 - 50 weight-% are caseins. In a certain embodiment, the calcium con-
tent is in the range of 4000 -7000 mg/kg, preferably in the range of 3000 - 5000
mg/kg. In a certain embodiment, the calcium content is 3200 mg/kg.

In the context of the present invention, the term “milk” refers to whole
milk, low-fat or skim milk, low-lactose or lactose-free milk, or milk reconstituted
from milk powder, organic milk or a combination of these. Preferably, the milk is
skim milk.

In the context of the present invention, the term “cream” refers to
cream having fat content of about 10 to about 40%, protein content of about 1.5
to about 3.5%, and lactose content of about 0 to about 4.5% (w/w).

The composition of the milk minerals of the present invention is typi-
cally as follows (% of dry matter):

- lactose 2.4 to 50%

- sodium 3.5 to 12%

- potassium 0.5 to 35%

- magnesium 0.1 to 1.5%

- calcium 0.1 to 25%

- protein 8 to 20%.

The milk minerals can be obtained from milk and whey by different
separation techniques including but not limited to chromatographic separation
and membrane filtration techniques, e.g. ultrafiltration (UF retentate, UF concen-
trate, UF permeate), microfiltration (MF retentate, MF permeate), nanofiltration
(NF permeate; NF retentate), or reverse osmosis (RO retentate, RO concentrate).
Various techniques can be combined in an appropriate manner. The obtained
fractions, retentates and/or concentrates can be further concentrated, evaporated
and/or dried by using techniques known and accepted in the art. The milk miner-
als for use in the invention can thus be provided as a concentrate up to powder. In
one embodiment, the milk minerals is in the form of a RO retentate. In an embod-

iment, the milk minerals is used as a liquid concentrate having a dry matter con-



WO 2018/115586 PCT/F12017/050918

10

15

20

25

30

35

tent of about 9% to about 40%. In one embodiment, the milk minerals are as is
disclosed in the European patent No. 1061811 B1. The milk minerals can be used
to restore the ratio of minerals similar to that of raw milk, which affect both struc-
ture formation in acidification and product flavour profile.

In the context of the present invention, the term “sugar sweetener” or
“added sugar sweetener” refers to sucrose, fructose, a sucrose containing prepa-
ration, a fructose containing preparation or a mixture thereof. In one embodi-
ment, the sugar sweetener is selected from sucrose, fructose, a jam, a fruit/berry
concentrate, syrup and/or honey.

In the process of the present invention, the milk raw material having a
lactose content of about 0.6 weight-% to about 2.5 weight-%, or any subrange
thereof set forth above, is

- optionally homogenised,

- heat-treated,

- acidified,

- optionally enzyme-treated,

- optionally post-heat-treated,

- optionally separated,

- optionally treated with a smoothing device,

- optionally cooled,

- flavoured with a sugar sweetener, and

- optionally packed.

In other words, in an embodiment of the present process, the milk raw
materials is heat-treated, acidified, and flavoured with a sugar sweetener. Option-
al process steps include, preferably after the acidification, one or more steps se-
lected from the group consisting of enzyme-treatment, post-heat-treatment, sepa-
ration, treatment with a smoothing device, and cooling. Alternatively or addition-
ally, the milk raw material may be homogenised prior to the heat-treatment.

In the process of the invention, the milk raw material having a lactose
content of about 0.6 weight-% to about 2.5 weight-%, or any subrange thereof set
forth above, is homogenized using methods known in the art.

Homogenization may be omitted especially in embodiments, wherein
the milk raw material is low-fat or skim milk and/or the milk raw material does
not contain any added vitamin D.

In the process of the invention, the milk raw material having a lactose

content of about 0.6 weight-% to about 2.5 weight-%, or any subrange thereof set
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forth above, is heat-treated using methods known per se. Useful heat-treatment
processes are, among others, pasteurisation, high-pasteurisation, thermisation,
UHT treatment and ESL treatment. Examples of suitable heat-treatments include
heating at 80 - 90°C for 15 seconds to 10 minutes, UHT treatment at 120 - 150°C
for 1 to 6 seconds and ESL treatment at 135°C for 0.5 seconds. The heat-
treatment may also be performed in several steps. In one embodiment, the heat
treatment is performed also as a post-heat- treatment, specifically as thermisation
and/or as pasteurisation for yoghurt or quark.

In the process of the invention, the milk raw material having a lactose
content of about 0.6 weight-% to about 2.5 weight-%, or any subrange thereof set
forth above, is acidified using methods known in the art. The acidification may be
performed by microbiological souring or chemical acidification. Microbiological
souring may be performed by utilising biological starters specific to each product
(e.g. bulk starter or direct to vat starter DVI/DVS). For instance, the Lactobacillus
bulgaricus and Streptococcus thermophiles strains are conventionally used in yo-
gurt production. A mesophilic starter (Lactococcus lactis ssp. cremoris, Lactococ-
cus lactis ssp. lactis, Leuconostoc mesenteroides ssp. cremoris and/or Lactococcus
lactis ssp. diacetylactis) is typically used in the preparation of quark. When using
microbiological souring, it is necessary to make sure that the conditions required
by the used starter bacteria are implemented in terms of nutrients, pH and tem-
perature, for instance. Chemical acidification can be performed by using a chemi-
cal starter, or organic or inorganic acids. Examples of suitable organic acids in-
clude glucono-delta-lactone (GDL), calcium lactate, citric acid, and lactic acid.

In an embodiment, acidification is carried out until pH of about 4.5 to
about 4.7, preferably until pH of about 4.5 to about 4.6. In an embodiment, acidifi-
cation is carried out until pH of about 4.55.

In the process of the invention, an acidified milk material containing
lactose derived sugars less than about 2.0 weight-% is provided after the acidifi-
cation step. In one embodiment, the acidified milk material contains lactose de-
rived sugars from about 0 to 0.6 weight-%.

In the present invention, the term “lactose derived sugars” refers to
lactose, glucose and galactose.

In the process of the invention, the milk raw material having a lactose
content of about 0.6 weight-% to about 2.5 weight-%, or any subrange thereof set
forth above, is optionally enzyme-treated. The enzyme treatment can be done by

a protein, a fat and/or a lactose modifying enzyme. The enzyme treatment can be
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done to the milk raw material and/or to the acidified milk raw material before,
during and/or after acidification.

In the process of the invention, the acidified material containing lac-
tose derived sugars less than about 2.0 weight-% or from about 0 to about 0.6
weight-% is optionally cooled. In one embodiment, it is cooled to a temperature of
about 15 - 25°C. In one embodiment, it is cooled to a temperature of about 5 -
15°C. In one embodiment, there is no cooling step in the process. In one embodi-
ment, the cooling temperature is selected depending on the nature of the biologi-
cal starter.

In the process of the invention, the acidified material containing lac-
tose derived sugars less than about 2.0 weight-% or from about 0 to about 0.6
weight-% is flavoured with an added sugar sweetener. In one embodiment, the
acidified material containing lactose derived sugars less than 2.0% weight-% or
from about 0 to about 0.6 weight-% is flavoured with an added sugar sweetener
containing preparation. In one embodiment, the added sugar sweetener is su-
crose.

The process of the invention may further contain additional optional
process steps, such as post-heat-treatment, whey separation (by separation, cen-
trifugation or draining in a sack, to produce quark and whey), treating with
smoothing-device and/or a further-processing step in which the material is treat-
ed in a manner required by the product being prepared, for instance by adding
ingredients, mixing and/or recovering the product in a manner characteristic to
it. These optional steps are performed in an appropriate stage of the process
known by a person skilled in the art. The process of the present invention may
contain a step of final cooling the product to a temperature of about 4 to 6°C. The
process of the invention may further contain also packing of the product. The se-
lection of suitable optional steps and conditions belongs to knowledge of a person
skilled in the art.

The separation can be effected by a quark separator typically used in
the production of quark products. The quark mass can also be separated by ultra-
filtration where quark mass is retained in the ultrafiltration retentate and the
whey solution is passed through a membrane into a permeate. For example, a
plate & frame ultrafiltration apparatus can be used. The separation is carried out
under the conditions, such as temperature, commonly used in the preparation of

quark.
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As is evident to those skilled in the art, any one or more of the above-
mentioned optional steps may in some embodiments be included in the present
process in any combination. Non-limiting examples of such embodiments are set
forth below.

In an embodiment of the present process, the milk raw material having

a lactose content of about 0.6 weight-% to about 2.5 weight-%, or any subrange

11

thereof set forth above, is

In another embodiment of the present process, the milk raw material

having a lactose content of about 0.6 weight-% to about 2.5 weight-%, or any

optionally homogenised,

heat-treated,

acidified,

optionally enzyme-treated,

optionally post-heat-treated,

optionally separated,

optionally treated with a smoothing device,
optionally cooled,

flavoured with a sugar sweetener, and

packed.

subrange thereof set forth above, is

In a further embodiment of the present process, the milk raw material

having a lactose content of about 0.6 weight-% to about 2.5 weight-%, or any

optionally homogenised,

heat-treated,

acidified,

optionally enzyme-treated,

optionally post-heat-treated,

optionally separated,

optionally treated with a smoothing device,
cooled,

flavoured with a sugar sweetener, and

packed.

subrange thereof set forth above, is

homogenised,
heat-treated,

acidified,

PCT/F12017/050918
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optionally enzyme-treated,

optionally post-heat-treated,

optionally separated,

optionally treated with a smoothing device,

(@)
1

cooled,

flavoured with a sugar sweetener, and

- packed.

In a still further embodiment of the present process, the milk raw ma-

terial having a lactose content of about 0.6 weight-% to about 2.5 weight-%, or

10 any subrange thereof set forth above, is

- homogenised,

- heat-treated,

- acidified,

- enzyme-treated,
15 - optionally post-heat-treated,

- optionally separated,

- optionally treated with a smoothing device,

- cooled,

flavoured with a sugar sweetener, and
20 - packed.

In a still further embodiment of the present process, the milk raw ma-
terial having a lactose content of about 0.6 weight-% to about 2.5 weight-%, or
any subrange thereof set forth above, is

- homogenised,

25 - heat-treated,

- acidified,

enzyme-treated,

post-heat-treated,

separated,
30

treated with a smoothing device,

cooled,

flavoured with a sugar sweetener, and

- packed.

In one embodiment, the process of the invention comprises a step of
35 adding mineral(s), sweetener(s) and/or fibre(s) separately or as a mineral-

sweetener-fibre mixture, the mixture containing at least one mineral, at least one
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sweetener and/or at least one fibre. In one embodiment, the milk raw material
contains mineral(s), sweetener(s) and/or fibre(s) separately or as a mineral-
sweetener-fibre mixture.

It is also possible to add flavours to the product of the invention. Natu-
ral or nature-identical flavours (e.g. lemon, blackcurrant, peppermint) provide the
product with various good and tasty flavour combinations.

The process of the invention is simple and suitable for large-scale pro-
duction.

The process of the present invention may be applied to both batch and
continuous production. The process of the invention is preferably done as a batch
process.

The invention also relates to a low-sugar acidified milk product in
whose production a milk raw material having a lactose content of 0.6 to 2.5
weight-%, or any subrange thereof set forth above, is used.

The invention also relates to a low-sugar acidified milk product com-
prising less than 8 weight-% sugar. In one embodiment, the low-sugar acidified
milk product contains about 6 weight-% sugar. In the context of the present in-
vention, the term “sugar” refers to sugars comprising or consisting of sucrose and
lactose derived sugars. In one embodiment, the amount of sucrose of the total
sugars in the product is about 70%. In one embodiment, the amount of sucrose of
the total sugars in the product is at least 70%. In one embodiment, the amount of
sucrose of the total sugars in the product is about 85%. In one embodiment, the
amount of sucrose of the total sugars in the product is at least 85%. In one em-
bodiment, the amount of sucrose of the total sugars in the product is about 90%.
In one embodiment, the amount of sucrose of the total sugars in the product is at
least 90%. In one embodiment, the amount of sucrose of the total sugars in the
product is about 70-90%. In one embodiment, the amount of sucrose of the total
sugars in the product is about 85-90%. The invention also relates to a low-sugar
acidified milk product comprising about 2 to 10 weight-% proteins. In one em-
bodiment, the low-sugar acidified milk product contains about 2 to 8 weight-%
proteins. In one embodiment, the low-sugar acidified milk product contains about
3.5 to 5 weight-% proteins. In one embodiment, the low-sugar acidified milk
product contains about 2.5 to 4.5 weight-% proteins. In one embodiment, the low-
sugar acidified milk product comprises less than 8 weight-% sugar and about 2 to
10 weight-% proteins. In one embodiment, the low-sugar acidified milk product

comprises about 6 weight-% sugar and about 2 to 10 weight-% proteins. In one
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embodiment, the low-sugar acidified milk product comprises about 6 weight-%
sugar and about 3.5 to 5 weight-% proteins. Thus, the present invention relates
also to a low-sugar acidified milk product having a ratio of lactose derived sugars
to protein in the range of 0 to 1.0. In one embodiment the ratio of lactose derived
sugars to protein is in the range of 0.1 to 0.5. In one embodiment the ratio of lac-
tose derived sugars to protein is in the range of 0.15 to 0.4.

In one embodiment, the low-sugar acidified milk product is a flavoured
acidified milk product. In one embodiment, the acidified milk product is flavoured
with a jam. In one embodiment, the acidified milk product is flavoured with
fruit(s), aroma preparation(s) and/or juice(s). In one embodiment, the low-sugar
acidified milk product is yogurt. In one embodiment, the low-sugar acidified milk
product is quark.

The low sugar acidified milk product of the present invention was
found to be less acidic and at least equally sweet as a reference product conven-
tionally and having a higher sugar content.

The following examples describe the performance of the invention, but

do not restrict the invention to said product embodiments.

Example 1 - Sweet low sugar yogurt using ultrafiltration

Yogurt milk with residual lactose content of 1.4% and protein content
of 3.5% was formulated by mixing:

- 28% milk protein concentrate (12% protein, 4% lactose) obtained by
ultrafiltration of skim milk,

- 5.6% cream (35% fat),

- 20% milk minerals on the form of RO retentate,

- 46.4% water.

Yogurt milk (18 kg) was homogenized at 400 bar and pasteurized at
90°C for 5 minutes in a pilot pasteurizer. Pasteurized milk (14 kg) was inoculated
with a yogurt starter (YFL-706, Chr Hansen) and fermented at 42°C until pH was
4.55. Yogurt was smoothened with a rotor stator smoothing pump and cooled
with a plate cooler to 20°C, after which part of it was packed as white base, a part
mixed with liquid sugar (9%), and a part with liquid sugar and low sugar vanilla
jam (10%). The total sugar in the flavoured product was 7.0%, and its protein
content was 2.9%. The sensory properties are compared to traditional low sugar
yogurt having 10% total sugar (reference). The results presented in Figure 1
show that the present low sugar yogurt is less acidic and at least equally sweet as

the reference with higher sugar content. Lower acidity can also be chemically de-
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termined by SH (titratable acidity) in Table 1. The reference has a titratable acidi-
ty of 34 (pH 4.46 and viscosity 200 mPas). From the results of Table 1 it is also ev-
ident that there is no post acidification during storage of 35 days, as both pH and
SH remain practically constant. The reference has pH 4.20, SH 38.3 and viscosity
380 mPas.

Example 2 - Sweet low sugar yogurt using diafiltration

Yogurt milk with residual lactose content of 1.2% and protein content
of 3.5% was formulated by mixing:

- 25.4% casein concentrate (9% protein) obtained by microfiltration
and diafiltration of skim milk

- 6.1% whey protein concentrate (9% protein) obtained by concentra-
tion the above permeate

- 13.7% skim milk

- 5.7% cream

- 20% milk minerals

- 29.1% water

Yogurt milk (18 kg) was homogenized at 400 bar and pasteurized at
90°C for 5 minutes in a pilot pasteurizer. Pasteurized milk was inoculated with a
yogurt starter (YFL-706, Chr Hansen) and fermented at 42°C until pH was 4.55.
Yogurt was smoothened with a rotor stator smoothing pump and cooled with
plate cooler to 20°C, after which part of it was packed as white base, a part mixed
with liquid sugar (9%), and a part with liquid sugar and low sugar vanilla jam
(10%). The total sugar in the flavoured product was 6.8% and its protein content
was 2.9%. The sensory properties are compared to traditional low sugar yogurt
having 10% total sugar. The results presented in Figure 1 show that the present
low sugar yogurt is less acidic and at least equally sweet as the reference with
higher sugar content. Lower acidity can also be chemically determined by SH (ti-
tratable acidity) in Table 1. The reference has a titratable acidity of 34. From Ta-
ble 1, it is also evident that there is no post acidification during storage of 35 days,

as both pH and SH remain practically constant.

Table 1
Fresh 35d

Example 1 Viscosity pH Viscosity pH
MPC+water (lactose 1.4%) mPas (6-8°C) SH  mPas (6-8°C) SH

White base 170 4.59 24 540 4.66 23.5
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White base + sugar 110 4.56 21.8 4.64 21.4
White base + sugar + jam 200 4.57 19.7 280 4.64 19.0
Example 2
Casein+whey prot.
(lactose 1.2%)
White base 450 4.68 23.7 870 4,68 24.7
White base + sugar 390 4.67 21.7 680 4.65 224
White base + sugar + jam 390 4.67 19.3 710 4.64 199

10

15

20

25

Example 3. Lactose-limiting fermentation

Yogurt milks with residual lactose content of 0.6-1.2% were formulat-
ed by mixing:

Casein concentrate made by microfiltration and diafiltration (protein
content 9%) and lactose concentrate (lactose content 18%) made by nanofiltra-
tion, diluted with water and milk minerals, obtained with RO (ash content 1.7%).

The final protein content of the yogurt milks were 4% and ash content
of 0.3%. Final lactose content for four different yoghurts milks were 0.6% - 0.8%-
1.09% - 1.2%. Masses were heat treated in 80 - 90°C for 7 min, cooled to 39°C. Yo-
ghurt starter culture was inoculated and fermented at 39°C to a final pH of 4.6 or
until the fermentation reached a stable pH. Packed in 100 ml cups and stored in
+6 - 8°C for 4 weeks.

Alternatively diafiltered milk protein concentrate (from skim milk)
was diluted with water and milk minerals in the form of RO retentate to a final
protein content of 4% and ash content of 0.3%. Adjusted with lactose concentrate
(lactose content 18%) to a final lactose content of 1.2%.

The reference lactose concentrate was adjusted to 4.5%.

The masses were heat treated in 80 - 90°C for 7 min, cooled to 39°C.
Yoghurts starter culture was inoculated and fermented in 39°C to a final pH of 4.6
or until the fermentation reached a stable pH. Packed in 100 ml cups and stored
in +6 - 8°C for 4 weeks.

Fermentation speed and fermentation kinetics was not slower than
reference, shown in Figure 2. Samples with low lactose content were less acidic
than reference and no post acidification occurred during storage of 28 days, as

both pH and SH remained constant. The results are presented in Table 2.
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Table 2.

Lactose % 0.6 0.8 1.0 1.2 4.5%* 1,2%
ending pH 5.7 5.35 4.9 465 455 46
fermentation time 5h 5h 55h 60h 55h 55h
pH 1wk 5.75 5.4 4.95 4.68 4.4* 4,56
SH 1 wk 15.6 20.7 259 30.5 38.1* 294
pH 4 wk 5.74 5.35 493 468 427 456
SH 4 wk 15.9 21.0 26.4 29.7 419 29.1

*Diafiltered milk protein retentate

Example 4 - Sweet low sugar yogurt using native whey protein concentrate

Yogurt milk with residual lactose content of 1.2% and protein content
of 3.5%, and 50:50 whey protein to casein ratio was formulated by mixing:

- 12.5% casein concentrate (9% protein) obtained by microfiltration
and diafiltration of skim milk

- 21.5% whey protein concentrate (9% protein) obtained by concen-
tration the above permeate

- 7% skim milk

- 5.7% cream

- 35% milk minerals in the form of a RO-retentate

- 9.3% water

Yogurt milk (18 kg) was homogenized at 400 bar and pasteurized at
90°C for 5 minutes in a pilot pasteurizer. Pasteurized milk was inoculated with a
yoghurt starter (Yo-mix 410, Danisco) and fermented at 42°C until pH was 4.55.
Yoghurt was smoothened with a rotor stator smoothing pump and cooled with
plate cooler to 20°C, after which part of it was packed as white base, a part mixed
with liquid sugar (9%), and a part with liquid sugar and low sugar vanilla jam
(10%). The total sugar in the flavoured product was 6.8% and its protein content
was 2.9%. The sensory properties were very similar to traditional low sugar yo-
gurt having 10% total sugar (reference) except for lower acidity. Lower acidity
was indicated by SH 22 in the sample as compared with SH 38 in the reference.

The viscosities of the products were similar (300 mPas).

Example 5 - Carbohydrate-reduced sugar-containing quark

Quark milk with residual lactose content of 1.4% and 3.5% protein

content was formulated by mixing:
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- 30% milk protein concentrate (12% protein, 4% lactose) obtained by
ultrafiltration of skim milk,

- 20% milk minerals in the form of RO-retentate,

- 50% water.

Quark milk (36 kg) was pasteurized at 86°C for 7 minutes in a pilot
pasteurizer. Pasteurized milk was inoculated with a quark starter (CHN-11, Chr.
Hansen) and 0.00035% chymosin (Maxiren 600) was added. Fermentation was
carried out at 29°C for 16 hours until pH was 4.55. Quark was manually mixed,
thermisized at 62°C for 2 minutes, and concentrated by ultrafiltration at 50°C (UF
Koch Nadir UH030, 30 kDa, 12 membranes) to 11%, cooled in a water bath, mixed
with jam (10% dosing; 46% sucrose) and packed in cups. The filtration permeate
was analysed for residual lactose derived sugars, and the total content of these
was below 1%. Flavoured quark was milder in acidity as compared with the
commercial product and at least as sweet-tasting. The total sugar content of the

product was 5.2% as compared with the commercial product with 9%.

Example 6 - Different starter cultures in low-lactose fermentation

Commercial starter cultures Yo-mix 209 (Danisco), YoFlex Creamy 1.0
(Chr Hansen), YFL-706 (Chr Hansen), Yo-mix 410 (Danisco), and YoFlex Premium
(Chr Hansen) were studied in low-lactose fermentation conditions of Examples 1,
2 and 4. Fermentation time and final pH are presented in Table 3.

The difference in end pH-values demonstrates the different abilities of
the starter cultures to ferment lactose-derived sugars. The strains, which do not
use galactose efficiently, are limited at higher pH-values. The different ratio of
milk proteins between examples 4 and 2 results in difference in buffering capacity
of the milk bases (colloidal mineral are associated with casein) and thus, less lac-
tic acid needed to decrease the pH to certain level. Therefore, the amount of lac-
tose in the milk base depends on both the buffering capacity and the starter cul-

tures used to ferment it.

Table 3

Milk base Starter culture Final pH | Fermentation time
Asin Example 4 | Yo-mix 209 4.53 4 h 20 min

As in Example 4 | YoFlex Creamy 1.0 | 4.46 4 h 5 min

Asin Example 4 | YFL-706 4.55 3 h 25 min

As in Example 2 | YoFlex Creamy 1.0 | 4.55 3 h 15 min
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Asin Example 2 | Yo-mix 410 4.64 4 h 25 min
Asin Example 2 | YoFlex Premium 4.69 4 h 30 min
Asin Example 1 | YFL-706 4.62 5h
Asin Example 2 | YFL-706 4.63 5 h 15 min
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Claims

1. A process for the preparation of a low sugar acidified milk product,
wherein a milk raw material having a lactose content in the range about 0.6
weight-% to 2.5 weight-% is used as a starting material, characterized in that
the starting material is

- heat-treated,

- acidified, and

- flavoured with a sugar sweetener.

2. The process as claimed in claim 1, wherein the lactose content of the
milk raw material is in the range about 1.0 weight-% to about 2 weight-%.

3. The process as claimed in claim 1 or 2, wherein the lactose content
of the milk raw material is in the range about 1.2 weight-% to about 1.6 weight-
%.

4. The process as claimed in any one of claims 1-3, wherein the lactose
content of the milk raw material is in the range about 1.2 weight-% to 1.4 weight-
%.

5. The process as claimed in claim any one of claims 1-4, wherein the
milk raw material comprises protein in an amount of about 2.5 to 8 weight-%.

6. The process as claimed in claim any one of claims 1-5, wherein the
milk raw material comprises protein in an amount of about 3 to about 5 weight-
%.

7. The process as claimed in claim any one of claims 1-6, wherein the
milk raw material comprises protein in an amount of about 3.5 to about 4.5
weight-%.

8. The process as claimed in claim any one of claims 1-7, wherein the
milk raw material comprises protein in an amount of about 2.5 to about 4.5
weight-%.

9. The process of any one of claims 1 to 8, wherein the milk raw mate-
rial is composed of a diafiltered milk protein concentrate and optionally of cream.

10. The process of claim 9, wherein the diafiltered milk protein con-
centrate is composed of a whey protein concentrate and a casein protein concen-
trate.

11. The process of any one of claims 1 to 8, wherein the milk raw ma-
terial is composed of a diafiltered ideal whey protein concentrate and a diafiltered

ideal casein concentrate and optionally of cream.
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12. The process of any one of claims 1 to 8, wherein the milk raw ma-
terial is composed of an ideal whey protein concentrate, a diafiltered ideal casein
concentrate and optionally cream.

13. The process of any one of claims 1 to 8, wherein the milk raw ma-
terial is composed of an ideal whey protein concentrate, skim milk, cream and
milk minerals.

14. The process of any one of claims 1 to 8, wherein the milk raw ma-
terial is composed of a milk protein concentrate, water, milk minerals and option-
ally cream.

15. The process of any one of claims 1 to 14, wherein the milk raw ma-
terial is yogurt milk or quark milk.

16. The process of any one of claims 1 to 15, wherein the acidification
is carried out until pH of about 4.5 to about 4.7.

17. The process of any one of claims 1 to 16, wherein the acidification
is carried out until pH of about 4.5 to about 4.6.

18. The process of any one of claims 1 to 17, wherein the milk raw ma-
terial is homogenised prior to the heat-treatment.

19. The process of any one of claims 1 to 18, wherein the milk raw ma-
terial, preferably after acidification, is further enzyme-treated, post-heat-treated,
separated, treated with a smoothing device, and/or cooled.

20. A low sugar acidified milk product produced according to any one
of claims 1 to 19.

21. The low sugar acidified milk product accoding to claim 20, wherein
the product comprises

- less than 8 weight-% sugar, of which at least 70%, at least 85% or at
least 90% is sucrose, and

- about 2 to 10 weight-% proteins.

22. A low-sugar acidified milk product, which comprises

- less than 8 weight-% sugar, of which at least 70%, at least 85% or at
least 90% is sucrose, and

- about 2 to 10 weight-% proteins.

23. The low sugar acidified milk product according to claim 22, in
whose production a milk raw material having a lactose content of 0.6 to 2.5
weight-% is used.

24. The low-sugar acidified milk product according to claim 22 or 23,

wherein the product is yogurt.
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25. The low-sugar acidified milk product according to claim 22 or 23,

wherein the product is quark.
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