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Process for preparing a fermented dairy product with reduced amount of lactose

and improved nutritional and organoleptic properties

The invention relates to a process for preparing a fermented dairy product,
comprising the following steps:
a) hydrolysis of lactose contained in milk;
b) proteins and sugars concentrations through a process of filtration of the
resulting composition under high pressure;
wherein a step c) of fermentation of milk is performed during step a) or after step a)
or after step b).
The invention also relates to a product obtainable according to the process of the

invention.

Fermented dairy products are a good source of proteins and calcium, with a balanced
fat and carbohydrate content. However some people do not tolerate milk-based
yogurts, for example because of lactose intolerance. Thus, there is a need for dairy
products with a reduced amount of lactose, and that still present the advantages of

yogurts, especially a good nutrition source.

In addition, the consumer of fermented dairy products is usually looking for a product
with pleasant sensorial properties, such as a sweet taste. However, some of the
consumers are now very diligent in the matter of the sugar content of a product. The
life style of those consumers may generally include a constant care of the quantity of
absorbed sugars. For meeting those consumers' needs and requests, fermented dairy
product complemented with artificial sweeteners were developed. However, such
products failed to satisfy a category of consumers who are not willing to consume
such artificial sweeteners. There is thus still also an unfulfilled need for a dairy
product with reduced amount of sugars with an improved sweet taste, without added

sugars or artificial sweeteners.
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In addition, there is an unfulfilled need for a fermented dairy product with improved
organoleptic properties, a satisfying sweet taste, and improved nutritional properties
such as an improved content of proteins and calcium, while having decreased

contents of lactose and sodium.

The invention addresses at least one of the needs and/or problems mentioned above
by providing a process for preparing a fermented dairy product, comprising the
hydrolysis of lactose comprised in the milk, followed by proteins and sugars
concentrations through a process of filtration under high pressure, such as

nanofiltration or reverse osmosis.

To date, at the best knowledge of the inventors, there is no application of
nanofiltration or reverse osmosis technologies to the production of acceptable dairy
products. The reason is that the nanofiltration membranes and reverse osmosis retain
lactose, and therefore do not allow draining of the cheese proteins lean dough and

provide a nutritionally unacceptable product.

The inventors thus overcame a technical prejudice by developing a process for
preparing a fermented dairy product, in which nanofiltration or reverse osmosis is
performed. They further managed to optimize the process by performing the
concentration step in a specific pressure range outside of the conventionally used

pressure ranges.

The invention thus relates to a process for preparing a fermented dairy product,
comprising the following steps:

a) hydrolysis of lactose contained in milk;

b) proteins and sugars concentrations through a process of filtration of the resulting
composition under high pressure;

wherein a step c¢) of fermentation of milk is performed simultaneously at the step a) or

after step a) or after step b).
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The fermented dairy product of the invention is selected in the group consisting of a
yogurt, a cream cheese, and a cheese. More preferably, said fermented dairy product
is a cream cheese or a yoghurt, preferably a Greek yoghurt.

The process of the invention also comprises a step a) of hydrolysis of lactose
contained in milk.

Herein milk typically refers to animal milk, for example cow milk. Some alternative
animal milks can be used, such as sheep milk or goat milk. The milk of the fermented
dairy product can be for example whole milk, partially or totally skimmed milk,
skimmed milk powder etc. The milk of the fermented dairy product can be introduced
completely in a liquid form or partly in a milk powder form, mixed with water or with

liquid milk.

In one embodiment, step a) and step c¢) of the process occur simultaneously.

In another embodiment, step c) of fermentation occurs after the step a) or after the
step b) of concentration.

Said step a) is performed by any known lactase. Typically, said lactase is in powder
form.

Preferably, said lactase is selected in the group consisting of Maxilact LG 2000 and
LG 5000. Maxilact LG2000 and LG500 are commercialised by the company DSM.

Said step a) confers valuable features to the fermented dairy product obtained by the

process of the invention.

The use of lactase for the hydrolysis of natural sugar found in milk has been widely
used for the manufacture of milk products in order to reduce the amount of lactose, a
sugar known to cause digestibility problems of milk, especially in subject suffering
from lactose intolerance. Therefore, by decreasing the amount of lactose in the
fermented dairy product, the process of the invention provides a product which is

suitable for subjects suffering from lactose intolerance.
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In addition, said step of hydrolysis of lactose also increases the sweetness of the
fermented dairy product, while keeping the same amount of sugar. Indeed, it has been
shown that products resulting from the hydrolysis of lactose, i.e glucose and galactose,
have a sweetening power higher than lactose. Therefore, the product of the invention

presents a way higher sweet taste without any added sugars or artificial sweeteners.

The inventors have further shown this increase in the sweetness of the fermented
dairy product obtained by the process of the invention, thanks to sensory analysis.
Indeed, the sweetness of the different types of sugars was determined by comparative
sensory analysis with sucrose. The sweetness of these three sugars was then classified
as follows:

- lactose: 27% of the sweetness of sucrose;

- glucose: 67% of the sweetness of sucrose;

- galactose: 60% of the sweetness of sucrose.

A lactose molecule has only 27% of sweetness compared to the swetness of sucrose.
As for glucose and galactose, which are the products of the hydrolysis of lactose, they
generate together a sweetening close to 63.5% the sweetness of sucrose. Thus, the
sweetness of the fermented dairy product obtained according to the process of the
invention could be increased by 2 to 3 times.

The inventors have shown that the product obtained at the end of step a) comprises

much less lactose and more glucose and galactose.

The process of the invention further comprises a step b) of proteins and sugars
concentrations through a process of filtration under high pressure.

Typically, step b) occurs after step a).

Prior art discloses methods for concentrating proteins and sugars based on
centrifugation. Indeed, in the well known conventional methods for producing cheese,
a step of centrifugation of the milk is usually performed. The separations techniques

based on centrifugation are thus widely used in the cheese industry for the separation
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of serum and cream cheese. Centrifugation through separation occurs after the steps
of coagulation and/or milk fermentation. It is used to accelerate and control the
separation of the milk proteins from the serum. Such a step provides a cheese paste
concentrated in proteins (between 8-12% of proteins) and rich in soluble acid whey
lactose, minerals and milk proteins/derived soluble nitrogen. Therefore, the
techniques based on centrifugation are efficient for concentrating the protein, by
about 3 times.

The serum resulting from this separation by centrifugation is an intermediate product
which comprises about 4% to 5% lactose.

Said serum is conventionally treated as a waste, which is unacceptable for ecological,

economic and nutritional reasons.

Hence, the inventors have developed a way to recover said intermediate product,

which may confer important nutritional properties to a product meant to be consumed.

Indeed, by using a process of filtration under high pressure, the inventors managed to
develop fermented dairy products with unexpected and valuable properties such as

improved organoleptic properties and improved nutritional properties.

Preferably, said step b) of the process of the invention is a step b') of nanofiltration.
Said step allows the concentrating proteins as well as glucose and galactose, and
allows the demineralization of sodium.

More specifically, it allows concentrating proteins (in the retentate) selectively from
the soluble phase containing lactose, minerals, non-protein nitrogen (in the permeate).
This separation process is purely physical and because it is a gentle process, both
fractions (permeate and retentate) can be used.

Typically, the step b') of nanofiltration applies after fermentation (pH 4.5-4.6).

Due to the high viscosity of the cheese paste, the used nanofiltration membranes have
a specific configuration of filter press (flat membranes), and the last loop filter that

processes the retentate has a positive displacement pump.
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As used herein, the term "nanofiltration membranes” refers to membranes with a
pore size on the order of nanometers. For example, a nanofiltration membrane can
have a pore size below about 100 nm. Nanofiltration membranes are often rated by
molecular weight cutoff (i.e. threshold of protein molecular mass which are retained),

and can have a molecular weight cut-oft of less than 1000 Da.

In the purpose of optimizing the process of the invention, the inventors further
modified the nanofiltration conditions that are classically used. Indeed, nanofiltration
is conventionally performed at a pressure comprised between 20 to 24 bars. In these
generic conditions, the nanofiltration step defines a molecular weight cutoff of 300 to
500 Daltons. The inventors thus put in light the fact that in these pressure conditions,
the nanofiltration retains products obtained at the end of step a), i.e. the products
obtained by lactose hydrolysis. Indeed, glucose and galactose have a molecular mass

of 180 Daltons.

The inventors hence modified the well known methods of nanofiltration by increasing
the pressure to a value comprised between about 25 bars and about 35 bars,
preferably between about 30 bars and about 35 bars, more preferably of about 30 bars.
Therefore, in these very specific conditions, the nanofiltration membranes does not
allow the passage of glucose and galactose as well as the passage of calcium In
addition, in these pressure conditions, the nanofiltration step of the invention allow

the passage of sodium. This is depicted in figure 1.

Therefore, step b') is preferably performed at a pressure comprised between about 25
bars and about 35 bars, preferably between about 30 bars and about 35 bars, more
preferably of about 30 bars. The product obtained at the end of step b') maintains its
highly valuable properties, i.e. an improved content of proteins, an improved content
of calcium, a decreased content of lactose, the absence of sodium, and a sweeter taste

thanks to the presence of galactose and glucose.
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The invention thus overcomes a technical prejudice, since the skilled person was
discouraged to perform a nanofiltration step when developing a fermented dairy
product, especially a cream cheese or a yoghurt. Indeed, using nanofiltration in the
conventional acknowledged conditions of pressure would be improper since it is

known that such step would not allow the draining of the proteins of cheese paste.

Preferably, said step b') is performed at a temperature of 40°C. Typically, the
membranes used for carrying out this step b') are membranes such as the membranes
DK Sanitary Series. Said membranes are commercialized by GE Water & Process
Technology. Typically, step b') is performed thanks to a single loop and 2 membranes

put in a parallel.

Alternatively, said step b) of the process of the invention is a step b") of reverse
0SMOSIS.

As used herein, the term "reverse osmosis" refers to a process by which particular
molecules and ions are removed from solution by applying pressure to said solution
on one side of a selective membrane. That is, the solute is retained on the pressurized
side of the membrane and the solvent is allowed to pass to the other side. The
membrane used in reverse osmosis refers to a functional filtering unit, and may
include one or more semi-permeable layers and one or more support layers.
Depending on the membrane employed, reverse osmosis can remove particles varying
in size from the macro-molecular to the microscopic, and modern reverse osmosis

units are capable of removing particles, bacteria, spores, viruses and even ions.

In the purpose of optimizing the process of the invention, the inventors further
modified the reverse osmosis conditions that are classically used. Indeed, reverse
osmosis is conventionally performed at a pressure comprised between 35 and 40 bars.
In these generic conditions, the ultrafiltration step defines a molecular weight cutoff
(i.e. threshold of protein mass which are retained) of 20 to 50 Daltons, which is thus
highly restrictive. The inventors put in light the fact that in these pressure conditions,

the reverse osmosis retains almost all the constituents of the fermented product,
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especially products meant to be eliminated, such as sodium. The presence of sodium
in the final dairy fermented product is not acceptable for the consumer since it confers
a salty taste. Therefore, a step of reverse osmosis in the conventional pressure
condition is improper for developing a fermented dairy product since it provides a

product with unacceptable sensorial properties.

The inventors hence modified the well known methods of reverse osmosis by
decreasing the pressure to a value comprised between about 15 to about 34 bars,
preferably between about 18 bars and about 30 bars, more preferably between about
24 bars and about 30 bars, even more preferably about 30 bars. Therefore, in these
very specific conditions, the reverse osmosis does allow the passage of sodium ions
while still concentrating the proteins, glucose, galactose and calcium. This is well

depicted in figure 1.

Therefore, step b") is preferably performed at a pressure comprised between about 15
to about 34 bars preferably between about 18 bars and about 30 bars, more preferably
between about 24 bars and about 30 bars, even more preferably about 30 bars. The
product obtained in this specific embodiment maintains its highly valuable properties,
i.e. an improved content of proteins, an improved content of calcium, a decreased
content of lactose, the absence of sodium, and a sweeter taste thanks to the presence

of galactose and glucose.

The invention overcomes a technical prejudice, since the skilled person was
discouraged to perform a reverse osmosis step when developing a fermented dairy
product, especially a cream cheese or a yoghurt. Indeed, reverse osmosis is
considered improper since it does not allow the draining of the proteins of cheese

paste.

Preferably, said step b") is performed at a temperature of 40°C. Typically, the
membrane used for carrying out this step b") is a membrane such as the membranes

AF Series. Said membranes are commercialized by GE Water & Process Technology.
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Typically, the reverse osmosis is performed thanks to a single loop and 2 membranes

put in a parallel.

Therefore, by using a process of filtration under high pressure, particularly in a
specific pressure range, the inventors managed to optimize the process of the
invention to develop fermented dairy products with improved organoleptic properties
and improved nutritional properties due to, inter alia :

- an improved content of proteins;

- an improved content of calcium;

- adecreased content of lactose;

- the absence of sodium; and

- asweeter taste thanks to the presence of galactose and glucose.

The process of the invention comprises a step c) of fermentation of milk.

In one embodiment, said step c) provides a fermented milk, also referred to as "white
mass".

In another embodiment, said step c¢) includes the addition of an enzymatic preparation
comprising rennin (also called chymosin), preferably the addition of rennet. Rennet is
an enzymatic preparation comprising rennin, pepsin and lipase. Typically, "rennet"
refers to an enzyme preparation which is capable of forming a cheese curd in milk by
cleaving the phenylalanine/methionine linkage in casein type proteins. The term
rennet thus includes proteins such as rennin (also called chymosin) and its precursors
such as prorennin, which is activated to rennin by treating the precursor prorennin at
low pH.

In this particular embodiment, step c) provides a cheese curd.

Fermentation is typically performed by adding lactic acid bacteria to milk and
produces lactic acid that lowers the pH and causes the milk proteins to precipitate and
set. Fermented products typically comprise microorganisms, such as lactic acid
bacteria and/or probiotics (the probiotics can be lactic acid bacteria), dead or alive.

These are also referred to as ferments or cultures or starters. Lactic acid bacteria are
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known by the one skilled in the art. Probiotics are also known by the one skilled in
the art. Examples of probiotics include some Bifidobacteria and Lactobacilli, such as
Bifidobacterium brevis, Lactobacillus acidophilus, Bifidobacterium animalis,
Bifidobacterium animalis lactis, Bifidobacterium infantis, Bifidobacterium longum,
Lactobacillus  casei, Lactobacillus casei paracasei, Lactobacillus reuteri,
Lactobacillus plantarum, or Lactobacillus rhamnosus.

Typically, the fermented dairy product of the invention comprises lactic acid bacteria.
Typically, step c¢) comprises the addition of lactic acid bacteria. The lactic acid
bacteria typically comprise a mixture of Streptococcus thermophilus and

Lactobacillus delbrueckii subsp. Bulgaricus.

The one skilled in the art knows how to perform such a fermentation step. Preferably,
step c) consists of fermentation of milk with a lactic acid bacteria and rennet,
preferably during a period comprised between 15 h and 20 h, preferably at a
temperature comprised between 15° to 30°C, and more preferably at a temperature of
about 28°C. In such a case, when the curd has reached a pH comprised between 4.4 to
4.6, preferably a pH of 4.4, the fermentation is stopped by a step of heat treatment at a
temperature of about 58°C during 2 minutes. The preparation is then cooled at a
temperature of about 40°C.

The obtained cheese curd comprises a protein content of 3 to 4%. It is then
centrifuged to obtain a cheese paste with a protein content comprised between § to
12%. Thus, when step c) is performed with lactic acid bacteria and rennet, a cheese

curd is obtained at the end of said step c).

Thus, specifically and preferably, the process of the invention involves 3 alternatives.

The first alternative is a process for preparing a fermented dairy product, comprising

the following steps:

a) hydrolysis of lactose contained in milk;
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b) nanofiltration of the resulting composition, preferably at a pressure comprised
between about 25 bars and about 35 bars, preferably between about 30 bars and about
35 bars, more preferably of about 30 bars,

wherein a step c¢) of fermentation of milk is performed during step a).

The second alternative is a process

for preparing a fermented dairy product, comprising the following steps:

a) hydrolysis of lactose contained in milk;

b) reverse osmosis of the resulting composition, preferably at a pressure comprised
between about 15 to about 34 bars preferably between about 18 bars and about 30
bars, more preferably between about 24 bars and about 30 bars , even more preferably
about 30 bars,

wherein a step c) of fermentation of milk is performed after step a).

The third alternative is a process for preparing a fermented dairy product, comprising
the following steps:

a) hydrolysis of lactose contained in milk;

b) reverse osmosis of the resulting composition, preferably at a pressure comprised
between about 15 to about 34 bars preferably between about 18 bars and about 30
bars, more preferably between about 24 bars and about 30 bars , even more preferably
about 30 bars,

wherein a step c¢) of fermentation of milk is performed after step b).

The present invention also relates to a fermented dairy product obtainable according

to the process of the invention.

All the previously mentioned technical features are applicable to the fermented dairy

product of the invention.

Preferably, said fermented dairy product according to the invention is substantially

exempt, preferably exempt, of any added sugars or artificial sweeteners.
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As used herein, the expression "substantially exempt of any added sugars or artificial
sweeteners" refers to a fermented dairy product comprising less than 0.5%, preferably
less than 0,3 %, preferably less than 0,1% in weight of any added sugars or artificial
sweeteners.

As used herein, the expression "exempt of any added sugars or artificial sweetener”
refers to a fermented dairy product which does not comprise any added sugars or

artificial sweeteners.
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Figures

Figure 1 : molecular weight cutoff

This figure shows the molecular weight cutoff provided by nanofiltration and reverse
osmosis when used in the conventional pressure ranges.

Indeed, nanofiltration is conventionally performed at a pressure comprised between
20 to 24 bars, which defines a molecular weight cutoff of 300 to 500 Daltons.

In these pressure conditions, the nanofiltration retains glucose and galactose, which
have a molecular mass of 180 Daltons. When the pressure is increased to a pressure
range between 30 to 35 bars, the nanofiltration membranes allows the passage of

glucose and galactose.

As for reverse osmosis, it is performed at a pressure comprised between 35 to 40 bars,
which defines a molecular weight cutoff of 20 to 50 Daltons. In these pressure
conditions, reverse osmosis retains almost all the constituents of the fermented
product, especially products meant to be eliminated, such as sodium.

When the pressure is decreased to a value comprised between about 24 bars and about
30 bars, the reverse osmosis does allow the passage of sodium ions while still

concentrating the proteins, glucose, galactose and calcium.
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EXAMPLES

The inventors developed fermented dairy products according to the process of the

invention.

1. Preparation of the cheese curd and enzymatic hydrolysis

The cheese curd was obtained by fermentation of pasteurized milk (skimmed or not)
with a lactic acid bacteria and chymosin. This fermentation lasted between 15 h and

20 h at a temperature of 28°C (step c).

A lactase was added during the fermentation step (step a). When the curd reached a
pH of 4.4, the fermentation was stopped by a step of heat treatment at a temperature
of 58°C during 2 minutes. The resulting product was then cooled at a temperature of
40°C.

The cheese curd comprised a protein content of 3 to 4%. A centrifugation step was

then performed to obtain a cheese paste comprising a protein content of 8 to 12% .

The inventors also performed the same experiment without adding lactase in order to

obtain comparative results.

The results are detailed in table 1.

Skim milk 3,3 5 <02 <02 40 120 | 140 | 200
(before

fermentation)

Cheesee curd | 3,3 4,5 < 0,2 < 0,2 40 120 | 140 | 200
without
Lactase

(comparative)

Cheese curd 32 <0,2 1,1 1,9 42 126 | 140 | 208
With lactase

(invention)

PROTEIN LACTOSE GLUCOSE | GALACTOSE NA [CA | K PHOSPHATE
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Table 1: Influence of the hvdrolysis of lactase in the composition of the fermented dairy product

of the invention and comparative results

Table 1 shows that the step of hydrolysis of lactose (step a) dramatically decreases the

content of lactose, while increasing the content of galactose and glucose.

2. Proteins and sugars concentrations

The inventors carried out the two embodiments of the invention, i.e. through
nanofiltration (step b')) and reverse osmosis (step b")).

These techniques are conventionally characterized by a molecular weight cutoff as
follows:

- Nanofiltration: molecular weight cut off of 300-500 Daltons; and

- Reverse osmosis: molecular weight cut oft of 20-50 Daltons.
The inventors adapted these two techniques for providing the original product of the
invention. For this purpose, they modified the conditions of pressure for both of

nanofiltration and reverse osmosis. This is depicted in figure 1.

a) Nanofiltration (step b"))

Nanofiltration, which is conventionally performed at a pressure range comprised
between 20 to 24 bars, preferably at a pressure of 20 bars does not allow the passage

of glucose and galactose which have a molecular mass of 180 Daltons.

The inventors thus modified the well known methods of nanofiltration by increasing
the pressure to a pressure of about 30 bars. In such conditions, the nanofiltration does
not allow the passage of glucose and galactose as well as the passage of calcium. In
addition, the nanofiltration step of the invention allows the passage of sodium, as

shown in figure 1.
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The inventors performed the nanofiltration at a temperature of 40°C, through the

membranes DK Sanitary Series, commercialized by GE Water & Process Technology.

b) Reverse osmosis (step b"))

As shown in figure 1, reverse osmosis is conventionally performed at a pressure range
comprised between 35 to 40 bars. In such conditions, reverse osmosis retains almost
all the constituents of the fermented product, especially constituents meant to be

eliminated, such as sodium.

The inventors hence modified the well known methods of reverse osmosis by
decreasing the pressure to a pressure comprised about 24 to about 30 bars. In such
conditions, reverse osmosis does allow the passage of sodium ions while still

concentrating the proteins, glucose, galactose and calcium, as shown in figure 1.

The inventors performed the reverse osmosis at a temperature of 40°C, through the

membranes AF Series, commercialized by GE Water & Process Technology.

3. Characterisation of the obtained product.

The inventors developed several fermented dairy products according to the following

experiments :

A) using a step of centrifugation, as commonly used in prior art;
B) using a nanofiltration step at a pressure of 24 bars;

C) using a nanofiltration step at a pressure of 35 bars;

D) using a reverse osmosis step at a pressure of 18 bars; and

E) using a reverse osmosis step at a pressure of 24 bars.

The results are summarised in table 2.
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Table 2: Influence of the concentration step on the composition of fermented dairy product and

comparatives results

PROTEIN

LACTOSE

GLUCOSE

GALACTOSE

NA |CA | K

Experiment A
Via centrifugation
(prior art)

8,5210,5

3,8

<0,2

<0,2

35 115 | -

Experiment B
Via Nanofiltration
24 Bars

6,1

<0,2

1,7

3,1

39 | 240 | 127

Experiment C
Via Nanofiltration
35 Bars

8,5

<0,2

2,2

39 274 | 131

Experiment D
Via reverse 0smosis
18Bars

6,2

<0,2

2,5

3,8

60 | 260 | 218

Experiment E
Via Reverse
osmosis 24Bars

7,36

<0,2

4.5

56 | 285 | 200

The inventors have thus developed a process providing a fermented dairy product

with improved organoleptic, nutritional and sensorial properties.
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CLAIMS

1. Process for preparing a fermented dairy product, comprising the following steps:

a) hydrolysis of lactose contained in milk;

b) proteins and sugars concentrations through a process of filtration of the resulting
composition under high pressure;

wherein a step of fermentation of milk is performed during step a) or after step a) or

after step b).

2. The process according to claim 1, wherein said fermented dairy product is a cream

cheese or a yoghurt.

3. The process according to claim 1 or 2, wherein step b) is a step b') of nanofiltration.

4. The process according to claim 3, wherein said step b') is performed at a pressure
comprised between about 25 bars and about 35 bars, preferably between about 30

bars and about 35 bars, more preferably at a pressure of about 30 bars.

5. The process according to claim 1 or 2, wherein step b) is a step b") of reverse

0SMOosis.

6. The process according to claim 5, wherein step b") is performed at a pressure
comprised between about 15 to about 34 bars, preferably between about 18 to about
30 bars more preferably between about 24 bars and about 30 bars, even more

preferably about 30 bars.

7. The process according to any one of claim 1 to 6, wherein said milk is selected in
the group consisting of whole milk, partially or totally skimmed milk, and skimmed

milk powder.
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8. A fermented dairy product obtainable according to the process according to any

one of claims 1 to 7.

9. A fermented dairy product according to claim 8 substantially exempt of any added

sugars or artificial sweeteners.
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